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Abstract

The representativeness heuristic (RH) has been proposed to be at the root of several types of biases in judgment. In this
project, we ask whether the RH is relevant in two kinds of choices in the context of gambling. Specifically, in a field experiment
with naturalistic stimuli and a potentially extremely high monetary pay-out, we give each of our subjects a choice between a
lottery ticket with a random-looking number sequence and a ticket with a patterned sequence; we subsequently offer them a
small cash bonus if they switch to the other ticket. In the second task, we investigate the gambler’s fallacy, asking subjects what
they believe the outcome of a fourth coin toss after a sequence of three identical outcomes will be. We find that most subjects
prefer “random” sequences, and that approximately half believe in dependence between subsequent coin tosses. There is no
correlation, though, between the initial choice of the lottery ticket and the prediction of the coin toss. Nonetheless, subjects
who have a strong preference for certain number combinations (i.e., subjects who are willing to forgo the cash bonus and
remain with their initial choice) also tend to predict a specific outcome (in particular a reversal, corresponding to the gambler’s
fallacy) in the coin task.

Keywords: gambler’s fallacy, lottery choice, perception of randomness, number preferences in lotteries, representativeness

heuristic

1 Introduction

The representativeness heuristic, RH, (Kahneman & Tver-
sky, 1972) has been used to explain numerous findings in
the judgment and decision making literature, particularly in
the context of risk and uncertainty. It delivers clear pre-
dictions in gambling when both the functional form and the
parameters of the underlying random process are known.
Specifically, RH-related gambler’s fallacy may lead to the
belief that a win is “due” after a streak of losses (Sundali &
Croson, 2006). Equally telling of RH is that lottery players
who can choose their own numbers typically avoid recently
drawn combinations (Clotfelter & Cook, 1993; Suetens et
al., 2016; Wang et al., 2016), even though they are equally
likely to come out in the following draws. Moreover, other
types of preferences for particular combinations of numbers
are often reported in Lotto gambles; namely, many players
tend to spread their choice of numbers as evenly as pos-
sible (Lien & Yuan, 2015; Wang et al., 2016), and favor
“random-looking” combinations, such as [12, 23, 24, 27, 31,
39] over distinctive ones, such as [1, 2, 3, 4, 5, 6] (Holtgraves
& Skeel, 1992; Ladouceur et al., 1995; Henze & Riedwyl,
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1998; Hardoon et al., 2001; Chdliz, 2010), even though the
probability of winning is the same. Clearly, [1, 2, 3, 4, 5,
6] is not representative of a uniform distribution over 1-49.
For this reason, it may be perceived as less likely to come up
in a draw.

In this study, we looked at two distinct predictions of the
RH in the context of gambling and the link between them.
First, we observed how many people do indeed prefer “ran-
dom” combinations on their lottery tickets over distinctive
combinations. Second, we investigated perceptions of the
most likely outcome of a coin toss, depending on whether
the previous three outcomes were all tails or all heads. Addi-
tionally, we looked at the link between these two choices, par-
ticularly whether individuals with a preference for “random-
looking” combinations tend to expect a reversal (a tail after
three heads or vice versa). The latter question, a novelty
in this literature, is of interest because one may expect that
people applying the RH in one task will be more likely to
also use it in the other one.

Our main task was incentivized, involving a choice be-
tween real lottery tickets (from a state-wide lottery game)
which, if drawn, could result in an exceptional win for the
subject. This is in contrast to most previous studies on
lottery ticket preferences (e.g., Holtgraves & Skeel, 1992;
Ladouceur et al., 1995; Hardoon et al., 2001; Rogers & We-
bley, 2001 and Chdliz, 2010), which involved merely hypo-
thetical choices. Most of these used small student samples,
whereas our subjects were a large and heterogeneous sample
of passers-by in the streets of Warsaw, Poland.
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The subjects were given two tasks. First, we asked them
to choose between two tickets from the popular Multi Multi
lottery game. The numbers on one of them were randomly
generated, while those on the other formed a pattern (e.g.,
[35,40,45,50,55,60,65,70,75,80]). Since the RH involves
expecting a randomly drawn sample to resemble the general
population in its main characteristics (Tversky & Kahneman,
1971), we expect a clear preference for the “Random” tickets
over the “Distinctive” ones.

The subjects were then invited to reconsider their choice
after a small cash bonus was added to the rejected ticket. A
similar procedure had previously been used to study subjects’
(un)willingness to exchange lottery tickets by Bar-Hillel and
Neter (1996). Although reluctance to take the bonus and
switch to the other ticket may reflect a number of specific
mechanisms, including regret aversion and status-quo bias,!
it generally suggests a stronger liking of the ticket chosen
initially; in the case of indifference, the subject should gladly
switch, thereby allowing them to cash in the bonus.

In the second, hypothetical, task, respondents were asked
which outcome of a coin toss was more likely after a sequence
of three heads (or three tails). RH proposes that even in a
small sample, about half the tosses should bring heads, so
that, say, after a sequence of three heads, a tail is more
representative (reversal). We asked whether people who
prefer “random” combinations of numbers on their ticket
tend to be the same people who think a head is more likely
after three tails (or a tail after three heads).

2 Method

The experiment was run during several days between August
and October 2017. The 472 subjects were random passers-by
approached in several locations in the city of Warsaw, includ-
ing two metro stations, the central train station, a shopping
center, a farmer’s market, outside an office building, a sports
center, a central roundabout and a crossing of two streets
near one of the lottery offices.

Roughly 53% of subjects were female. Subjects’ age var-
ied between 9 and 86 years, with a mean of 36.5 and a
standard deviation of 16 years.?

'Bar-Hillel and Neter (1996) ran several versions of their classroom
experiments (many of which would have been hard to replicate in our field
environment) to distinguish between competing explanations of the general
reluctance to exchange lottery tickets. They concluded that this reluctance
was in all likelihood primarily driven by the anticipation of regret (and in
particular not by the perceived difference in the probability of winning).
However, Bar-Hillel and Neter’s setting was different from ours in many
important respects; in particular, it was fairly obvious that each ticket in
their lottery (run by the authors themselves) indeed had the same chance
of winning. Reluctance to trade in our setting could very well reflect
differentiated perception of chances.

2In Poland the population is: 52% female; mean age 42, standard devi-
ation 22 years.
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The main task involved a choice between two lottery tick-
ets. For this purpose, a popular Multi Multi game from
Totalizator Sportowy (a state-owned monopolist in the field
of numbers games and lotteries in Poland) was selected. The
game involves guessing up to 10 numbers between 1-80. In
each game, 20 numbers are randomly drawn (twice daily),
and the amount of matching numbers determines players’
payoff. The cost of a single ticket used in the experiment
was 2.5 PLN (ca. 0.67 USD). The prizes in Multi Multi
(see Table 1) are guaranteed, generally meaning that every
combination of, for example, 10 numbers is as good as any
other,3 and yields about 1 PLN in expectation.

Every choice involved one “Random” and one “Distinc-
tive” ticket, each with 10 numbers in an ascending order.
On Random tickets, the 10 numbers were generated using
the “quick pick” random generator provided by the lottery
operator. None of them were rejected ad hoc, as all appeared
to be more random than the Distinctive ones. If the subjects
thought differently, they had the opportunity to express this
when they were asked to justify their choice.# These Random
tickets were paired with the Distinctive ones at random.

For Distinctive tickets, one of six very specific combi-
nations was always used; see Table 2. The labels “low”,
“medium” and “high” mean that the sequence involved low,
medium or high numbers (on average); these labels were not
given to the subjects. We chose three sequences with con-
secutive numbers and three with numbers ending in O or 5,
as these can be easily identified as specific when printed out
in a row (as they are on Multi Multi tickets).>

The subjects were greeted and told that the researcher was
a representative of the University of Warsaw conducting a
brief study; furthermore, subjects were told that in return
for participating they would receive a pre-paid lottery ticket
(see Appendix A for the wording of a typical interaction).
The lottery ticket being an incentive might have caused a
selection bias towards those who regularly play games of
chance. However, from our sample we see that 51% of the
subjects declared that they play lotteries at least once a year,
which is similar to the general population.® This is consistent
with our observation that the majority of the passers-by who
refused to participate did so before even hearing what the
study was about.

Those who agreed to participate were presented with two
Multi Multi tickets — the Distinctive and the Random — for the
soonest draw (taking place later that day) and asked which

3This is not true in games with a pari-mutuel format, such as Lotto, in
which the jackpot is shared among the winners.

4In fact, only one subject said that they chose the “Distinctive” one
because it looked more random to them than the “Random” one

SMultiples of 10 would have been even more prominent given our dec-
imal system, but there are only eight numbers ending with a zero in Multi
Multi.

¢In a survey conducted by Poland’s Centre for Public Opinion Research
(CBOS) on a representative sample of inhabitants of Poland, 49% declared
that they played at least once during the preceding year (CBOS, 2017).
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TaBLE 1: Distribution of prizes in Multi Multi.

# of matches out of 10 10 9 8 7 6 5 4
Prize in PLN 250,000 10,000 520 140 12 4 2
Probability 1/8,911,711 1/163,381 1/7,384 1/621 1/87 1/19 1/8

TABLE 2: Types of “Distinctive” combinations used

Average Distance: 1 5

Low L1:[1,2,3,4,5,6,7,8,9,10] L5: [5,10,15,20,25,30,35,40,45,50]

Medium M1: [1,2,3,4,5,76,77,78,79,80] MS5: [5,10,15,20,25,60,65,70,75,80]
High H1: [71,72,73,74,75,76,77,78,79,80]  H5: [35,40,45,50,55,60,65,70,75,80]

one they liked more; subjects knew that they would receive
their preferred ticket for free. About 13% said they were
indifferent and were urged to choose one nevertheless. Once
subjects had stated their preference, they were asked the
same question again, but this time the experimenter offered
either .5 PLN or 1 PLN in cash as a bonus associated with
the unwanted ticket (explaining that this was the last choice
to be made). Note that .5 PLN (1 PLN) is equivalent to 20%
(40%) of the standard price of the ticket or ca. 50% (100%)
of the expected value of the prize. We registered whether
subjects stayed with their initial choices or switched. They
were then asked to justify their choices.

Subsequently, they were asked to answer a simple ques-
tion:

“If we toss this coin (or any other) three times, and three
times in a row we get heads, then what is more likely to come
up the fourth time?”

This task was not incentivized. Finally, the subjects re-
ported whether they ever gambled, and their age, and then
were free to go; the experimenter noted the location and
approximate time of the subject’s participation, and the sub-
ject’s gender.

The experiment used a 6x2 (six types of Distinctive se-
quences; 0.5 PLN vs. 1 PLN offered as a bonus for the
unwanted ticket) fully randomized between-subject design.”

3 Results

Table 3 shows the proportion (and number) of people choos-
ing Random vs. Distinctive. Overall, there is a very clear
preference for the former (70%, z = 8.65, p < .001). For

7We also manipulated several nuisance variables: whether the Distinc-
tive ticket was displayed on the right vs. on the left; whether there were
three heads vs. three tails in the coin tossing sequence; whether the subjects
were approached before the first vs. before the second drawing of the day;
and the specific location. None of these made any difference, so collapsed
results are presented.
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TaBLE 3: Subjects’ choices in the lottery ticket task.

Random Distinctive

Initial preference 70% (330) 30% (142)

Stay 85% (280) 82% (116)
Switch 15% (50)  18% (26)

either option, the majority of subjects stayed with their ini-
tial choice, even if a cash bonus was added to the rejected
ticket.® Unsurprisingly, there was a somewhat stronger ten-
dency to switch for the higher bonus (20% vs. 13%, z =
—2.05, p = .04); even so, no link between initial preference
and switching with the bonus (z = 0.86, p = .4) could be
found.

Subjects’ preferences for each of the six Distinctive pat-
terns can be seen in Table 4. Initial choices relatively often
favored the Distinctive ticket when it involved medium num-
bers M1 and M5, z=2.8, p=.01; M5 was the only condition
in which the initial choices of Random and Distinctive were
not significantly different, see the rightmost column of Table
4). Conditional on having initially chosen the Random ticket,
our subjects were more willing to switch when the distance
between the numbers on the Distinctive ticket was 5 rather
than 1 (z = 2.7, p = .01). Overall, these patterns are con-
sistent with the notion that less representative combinations
of the parent population, such as L1, were least appealing,
whereas the arguably more representative M5 was slightly
more attractive.

After this first task, the subjects were asked to justify their
initial choice of ticket. Although the justifications were not
always completely coherent, some common themes, which
are not mutually exclusive, could be identified (see Appendix

SInterestingly, of the 13% who were initially indifferent to the tickets,
only 48% decided to switch when the bonus was offered.
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TaBLE 4: Percent (and number) of preferences for each of the 6 distinctive patterns. P-values are for two-sided proportion
tests of the hypothesis that random and distinctive are equally common.

Initial choice: Random Distinctive
With the bonus Stay Switch Stay Switch  p-value

L1 (81) 68% (55) 14% (11) 17% (14) 1% (1) <.001
M1 (79) 49% (39) 14% (11) 30% (24) 6% (5) .018
H1 (77) 57% (44) 17% (13) 22% (17) 4% (3) <.001
L5 (77) 69% (53) 6% (5) 22% (17) 3% (2) <.001
M5 (80) 58% (46) 3% (2) 38% (30) 3% (2) .074 (NS)
HS5 (78) 55% (43) 10% (8) 18% (14) 17% (13) .007

Total (472) 70% (330) 30% (142) <.001

TaBLE 5: Percent (and number) of justifications of ticket choice in the lottery ticket task.

Choice : Random Distinctive

Justification Stay Switch Stay Switch Total
Nice sequence 5% (15) 6% (3) 33% (38) 42% (11) 14% (67)
Favorite numbers 13% (37) 8% (4) 30% (35) 12% (3) 17% (79)
Indifferent 7% (19) 42% (21) 12% (14) 35% (9) 13% (63)
Intuition 14% (38) 2% (1) 26% (30) 8% (2) 15% (71)
Aware (of the same prob.) 2% (5) 12% (6) 1% (1) 4% (1) 3% (13)
Higher probability 16% (46) 10% (5) 5% (6) 0% (0) 12% (57)
More random numbers 50% (140) 28% (14) 1% (1) 0% (0) 33% (155)
More spread out 9% (25) 12% (6) 3% (4) 4% (1) 8% (36)

Note: Several subjects gave more than one justification, while some gave none. In total, the 472 subjects
provided 541 justifications, meaning that the numbers in the columns may add up to more than 100%.

B for the typical justifications, and Table 5 for their preva-
lence).

Among those who preferred the Distinctive ticket, justi-
fications categorized as referring to a “nice sequence” were
most commonly used (35%). Another 27% said that some of
their favorite numbers (often associated with dates) were in-
volved, which is a finding consistent with that of Wang et al.
(2016). Those with a strong preference (choosing to remain
with their initial ticket and forego the bonus (Stayers)) were
relatively likely to say that they picked intuitively, without an
in-depth thought process (as did 26% of Distinctive Stayers,
in contrast to 8% of Switchers).

Subjects with a strong preference for Random (choosing
Random and Stay) often said that these numbers were indeed
“More random” (50%). The second most popular, albeit con-
siderably less common (16%), answer in this category was an
explicit statement that Random yielded a higher probability
of winning.

Subjects with a weak preference (the two Switch columns)
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relatively often mentioned that they were in fact indifferent.
Forty-two percent of those who decided to switch after ini-
tially choosing Random and 35% after choosing Distinctive
said they were indifferent between the tickets, while only 7%
of the Stayers, who were initially Random, and 12% who
were initially Distinctive, decided to switch with the bonus.

We now move on to subjects’ behavior in the coin task.
Overall, 34% (158 subjects) predicted a reversal (heads af-
ter three tails, or vice versa). Predictions of continuation
(e.g., tails after three tails) were given by 19% (89) of the
subjects. The rest, 47% (215), gave the normatively cor-
rect answer of 50/50.° These findings are broadly consistent
with previous research showing that both positive recency
and negative recency are observed in forecasting tasks, with
the latter dominating when the random mechanism is un-
ambiguously presented as a series of independent random
draws (Oskarsson et al., 2009).

210 of our 472 subjects did not give any coherent answer.
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TAaBLE 6: Behavior across the tasks: Initial ticket preference
and the coin task.
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TaBLE 7: Relationship between reaction to the bonus and
choice in the coin task.

Initial preference Random Distinctive
70% (330%)  30% (142*")
Reversal (gambler’s fallacy) 33% (110) 34% (48)
Continuation (hot hand) 16% (54) 25% (35)
50/50 (normatively correct) 48% (157) 41% (58)

* 9 invalid so the column below adds up to 321.

** 1 invalid so the column below adds up to 141.

Looking across the tasks, we failed to observe a signifi-
cant link between subjects’ initial preference (Random vs.
Distinctive) in the lottery ticket task and their behavior in
the coin task; see Table 6 (p = .921 for the chi-square test
of dependence between a dummy variable indicating Rever-
sal and initial choice in the lottery ticket task; p = .104 for
the three-way split in the coin task and initial choice in the
lottery ticket task). The use of RH in one task does not
therefore predict its use in the second task, contrary to what
we expected. Notably, self-reported gambling habits are not
correlated with the observed choices for either the lottery
ticket or the coin task.

However, it is clear that those 75 subjects willing to switch
to another ticket when offered the bonus in the lottery task
made different predictions in the coin tasks than the remain-
ing 387 subjects (who were unwilling to switch); see Table 7.
The prevalence of predicting 50/50 was significantly higher
among the “switchers” than among the “stayers” (in a two-
sided test of proportions, z = —5.38, p < .001), while the
“stayers” were three times more likely than the “switchers”
to predict a reversal (z = 4.1, p < .001). The difference in
the less common prediction of continuation was not signif-
icant (z = 1.7, p = .09). These effects were robust when
controlling for other variables. Also, the “switchers” were
almost twice as likely to predict reversal (38%) than con-
tinuation (21%), whereas there was no such difference for
the “stayers”. This result indicates that subjects who made
the normatively incorrect decision with respect to the bonus
were more susceptible to the gambler’s fallacy.

4 Summary

In the current study, we asked whether people preferred
“random-looking” lottery combinations over distinctive
ones. We confirmed a preference for “random” combi-
nations, even in the face of an additional payoff, which is
consistent with the previous literature and the notion of rep-
resentativeness heuristic. In line with Lien and Yuan (2015)
and Wang et al. (2016), we found that subjects preferred se-
quences with numbers spread out more evenly. The study’s
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Reaction to

Prediction the bonus Stay Switch Total
50/50 41% (159) 75% (56) 47% (215)
Dependence 59% (228) 25% (19) 53% (247)
Reversal 38% (148) 13% (10) 34% (158)
Continuation 21% (80) 12% (9) 19% (89)

84% (387) 16% (75) 462

qualitative results, gathered after asking subjects to explain
their choices, show that even though people seem to follow
RH, few are willing to admit they believe their chances of
winning are higher. The most common justification among
the Random choosers was an appealing (albeit rather vague)
answer that the numbers were “more random”. Among those
who preferred the distinctive sequence, answers pertaining
to its “nice looking” appearance were the most frequent. In
both groups, even though 13% of the subjects stated their
indifference to the two tickets, only half of them switched to
the other one when offered a bonus.

In our coin prediction task, we found that less than half
of our subjects gave the normatively correct 50/50 response.
In the remaining subjects, reversal of a streak was twice as
common as its continuation, and the two seemed to have
similar determinants. The prevalence of gambler’s fallacy
is consistent with the results of Clotfelter and Cook (1993)
and Suetens et al. (2016). There was no apparent link be-
tween subjects’ initial preference (Random vs. Distinctive)
in the lottery ticket task and their choice in the coin task.
In other words, RH did quite well in predicting behavior in
each task separately. However, no group of subjects consis-
tently following RH across the two tasks could be identified.
Interestingly, we also found that those unwilling to switch
with the bonus were twice as likely to predict streak reversal
as streak continuation, in line with the gambler’s fallacy.

Nevertheless, we did find a correlation between switch-
ing the ticket with the bonus in the lottery ticket task and
predicting 50/50 in the coin task, which means that there
is a general tendency to either be rational or irrational in
both. As discussed by Toplak et al. (2011), cognitive re-
flection may be an explanation of the use of heuristics in
various contexts. In our case, it could be responsible for the
rationality/irrationality in both tasks.
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Appendix A: The protocol
Verbal version:

[INTRO] Hello, I'm from the University of Warsaw, I’'m
conducting a scientific study, can I take 3 minutes of your
time? In return, I have a pre-paid lottery ticket for you for a
Multi Multi game from LOTTO.

[If YES, then:]

[MAIN] So, in the Multi Multi game, out of numbers from
1 to 80, 20 numbers are being drawn, and you can bet on
up to 10 numbers — and so is in the present case. The
prize depends only on how many numbers from the chosen
ticket will be drawn and matched (the fewer the numbers
the smaller the prize), whereas if all 10 numbers are drawn,
there is a guaranteed prize of 250.000 PLN, regardless of the
numbers that other players chose.

I have two tickets here — they differ only in the betted
numbers. Please have look at them and choose one of these
two tickets, with the numbers you prefer.

1) [Subjects select one according to their own criteria and
indicate which one.]

2) And what if I add 50gr/1zt to the other one [the one they
didn’t select], which ticket will you then choose?

[YES - they choose the other one and the cash bonus]:

* Why did you initially choose this one?
e Why did you change your mind?

[NO - they stay with their first choice]
* Why did you choose this one?

I have just three more short questions:

1. If we toss this coin (or any other) three times, and three
times in a row we get heads/tails, then what is more likely to
come up the fourth time?

2. Do you sometimes play the lottery, Lotto or other games
of chance?

And the last question:
3. How old are you?

That’s all, thank you. Have a nice day.
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Appendix B: Common themes from the subjects’ justifications of their ticket choice

Theme

Subjects’ justification of their choice

Indifferent

More random numbers
Favorite numbers

Nice sequence

Higher probability
Intuition

More spread out

The following justifications were
counted both as:

(1) more random numbers and

(2) more spread out

Aware (of the same probability)

Indifferent between the two tickets since they both have the same probability of
being drawn

On the chosen ticket: the numbers are more random
On the chosen ticket:

¢ these are my favorite numbers

* these are my lucky numbers

* these are my numbers

* these are numbers which are important to me

On the chosen ticket:

* this is a nice sequence

* I like the sequence

* the sequence looks nice

* ] like the numbers here more
¢ I like smaller numbers

¢ Ilike higher numbers

There is a higher probability that these numbers will be drawn

¢ I chose it automatically

e T don’t know why I chose this one

* I chose this one because it was on the right/left
* It was my intuition to choose this one

* T had a feeling to choose this one

¢ I chose it randomly

On the chosen ticket:

¢ the numbers are more spread out
¢ the numbers are more scattered
* there are numbers from the whole range

* the numbers are not sequential

On the chosen ticket:

¢ the numbers are more diversified
¢ the numbers are less systematic

* the distances between the numbers are not always 5

This category was used when a subject, regardless of their choice, stated that they
are aware that both tickets have/should have the same probability of being drawn.
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