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Abstract

The Chinese Online Lottery provides field evidenE¢hree anomalies. The first anomaly, which
has previously not been documented when there finaacial incentive to overcome, is the
guidance effect. Since the target game in thisgetdp a pari-mutuel game, which means people
will share the jackpot with other winners, the betsategy should be to choose the least popular
numbers among others — information that peopledcobtain on the webpage. However, to my
surprise, instead of doing so, people would chdbsemost popular numbers among others. The
second anomaly tested is the gambler’s fallacyhd\lgh it is proved that the gambler’s fallacy
does exist, the influence lasts only three daysichvhis much shorter than prior research.
Furthermore, the dataset’s availability makes ggilole to show how the two fallacies unfold over
time within a round. This was unlikely before theepomenon of online betting. The result
demonstrates that later entrants are subject t@ fadiacies than earlier ones. Finally, the paper
adds to the evidence showing the additional, callurcontingent pull of special numbers. In
China, bettors prefer to choose the lucky numbew8n it won the game in prior rounds, but they
are reluctant to choose the unlucky number 14 éveas not been picked for a long while.
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1. Introduction

www.500wan.corris the biggest Chinese online gambling companyckvBupplies more than 20
types of game in mainland of China. The game thteaas my attention is “pick 5 out of 22",
since the game’s webpage updates information céllet and cold number information” that
displays what were the most/least popular numb@sgdold numbers) among those previously
entered by bettors in the same round of the gamgr&sping the information data, | try to dig out,
first, how this information influences bettors’ laefior other than winning numbers in prior
rounds. More importantly, what | intend to inveatig is how bias unfolds across time, if any bias
exists in the market. To the best of my knowledgsth points have not been documented in
lottery games before.

Principally, predicting winning numbers in lottegames is an impossible mission. Because the
drawing procedure is (assumed to be) random areperntient, the winning probability should be
equal across numbers in each draw. And the frequefith which a number was drawn in a
previous game does not provide any hint about venetie number will be chosen again in a
current game. However, over the past decades,nibmalies that violated these statements were
found among bettors’ behavior both experimentaligd @mpirically. Therefore, | shall consider
the following anomalies caused by hot and cold remiaformation, as well as previous winning
numbers that would possibly appear in the market.

The first bias that could be taken into considerais the favorite-longshot bias which describes
bettors underestimating the winning probability faf/orite and overestimating the winning
probability of longshot (Ali, 1977). It has oftemppened in both financial market and racetrack
games. In horse racing, when bettors join the gaihas, could see the temporary odds for each
horse. It has been empirically proved that bettdtesn give a horse a lower subjective probability
when it has a higher objective probability of wimgj and a higher subjective probability when it
has a lower objective probability of winning. Resba&rs gave out some possibilities for the bias,
e.g., it is a Kahneman-Tversky type error, and feepjoy choosing the longshot, even for some
irrational reasons, such as the position of thesd¢Bee Thaler and Ziemba, 1988). Furthermore,
people argued that the bias is caused by the insédiers (Shin, 1991, 1992, 1993) or the
transaction cost (Terrell and Farmer, 1996). In rierket | investigate, hot and cold number
information is considered to be a similar type mfbimation to the odds shown in horse race.
Therefore, it is reasonable to conjecture thatobetin the lottery market are subject to favorite
longshot bias after seeing the information.

The second anomaly that was often found in lotgaynes in prior research is the gambler’s
fallacy. Gambler’s fallacy is the belief that thelpability of an event becomes smaller after the
event has occurred recently, even though it isativjely known that the probability of the event is

independent across trials. This first emerged ierSky and Kahneman’s (1974) experimental
work which pointed out that subjects acted as ifaent was negatively correlated with a prior
event, even though it was common knowledge thahellevents were independent. Tversky and
Kahneman propose that people view chance as ase#eting process, which means a deviation
in one direction will lead to a deviation in thepagsite direction so as to keep the equilibrium. The
existence of gambler’s fallacy has been provedomby in the lab, but also in the field. Terrell
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(1994) examined a pari-mutuel game in New Jerségravthe payoff was shared by all bettors
who hit the particular number. He found that thé te numbers that had won the game in
previous days decreased significantly and thisceffértually lasted for a long while. Such
negative recency effect not only existed in lottgaynes, but also showed up in many other areas,
for example in greyhound races (Terrell, 1998)Casinos (Croson and Sundali, 2005), and so
forth. On the homepage of the “pick 5" game, therimation about which numbers were picked
in the past is available as well. It could be tlasecthat Chinese bettors are affected by this
information, as in other markets. Therefore, thelgiar's fallacy is the second bias tested in the

paper.

While there is some evidence of biases, the egistiridence is less clean than one might ideally
wish. The existing evidence suffers from the follogvlimitations: first, in horse racing, where the
favorite longshot bias was found, not every gamhdeuld hold the idea that the winning
probability is objectively equal for every horsedait is difficult to adjust such a thought in orde
to compare the betting amount on each candidatst kgearch calculates the objective winning
probability, which is not possible to be availabdebettors in advance. Further, it is hard to find
out which participant has inside information thauld help to bet more accurately, and the
transaction cost is unknown as well. Second, inrprésearch, only each game’s final bet data
were available, which implies that researchers wetg able to use simulations to know what was
going on during the procedure of the game. Thanigmperfect alternative for such investigation.
A lot of detailed information is lost in this cadéhird, either in horse racing or lottery gamess it
not easy for bettors to receive clues about whagrstdid during the game. For example, bettors
bought a lottery ticket in a lotto shop where isvdifficult to have full information about what the
others chose. For gamblers in horse racing, theldamnly deduce what others did from the odds.
Therefore, it is hard to assess the influence ettivices of others.

By contrast, in my data set, all the limitationsnti@ned above can be solved. Compared to horse
racing, the objective probability of a number beigpsen is identical for each number, i.e., 1/22.
Meanwhile, it excludes the possibility of insidaders or information: people have no way to
increase their guessing accuracy by means of amaittransaction. Hence, the first limitation is
solved. Second, the internet is a perfect mediunmvestigate the time pattérmof betting with
real-time serial data that shows what happeneddh &éxed period of time, e.g., each half hour. It
is more accurate than simulation for getting towrmww the bets have developed across time.
And it is more powerful to conclude how bettors imfluenced by the choices of others, since this
information is more straightforward.

After all the limitations have been solved, | vifilvestigate the market in the following steps. frirs
it is necessary to know how the hot and cold nuniflermation influences bettors’ behavior, as
well as whether the gambler’s fallacy exists aneracts with this information. If any anomaly
exists in the market, the second step would beaslaly how it develops across time. To the best

1 There are 26334 possible 5-number combinationsd®et 1 and 22.Therefore, the winning probabilityeath

5-number combination is 0.0000379.
2 n this paper, the time pattern represents whatheus are picked over time within each draw of ltteery
game, e.g., how many wagers each number has freretinning until the updated time which is showrihiot
and cold number information”.
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of my knowledge, this is the first research on tinge pattern of bias with a single round of a
lottery game with real data instead of using simioite technology. Last but not least, | will

attempt to find out whether bettors rely on Chinesenber culture in making their choice of
number combination.

The paper is organized as follows. Part 2 introdube game in detail and describes how the data
are collected. Part 3 lists the hypotheses thadtheitested in the paper. Part 4 gives an overview
of betting behavior in the market. Part 5 will shthe main findings in the market. Part 6 is the
conclusion.

2. Game and Data Collection

2.1. The Game

As mentioned above, www.500wan.com is the first tmedbiggest online gambling company in
mainland China. It supplies almost all the statenligfing games and is regulated by the
corresponding authority. The final draw is execuigdhe state lottery institution and shown live.
“Pick 5" is a game where bettors choose 5 numbetwden 1 and 22. Only the 5 numbers in the
combination matter, but not the order of the nurebBach lottery ticket costs 2RMB/0.31USD
and each bettor can buy infinite number of suclketie The bettor whose five-number
combination is the same as the final draw geth#westhe jackpot. The money is distributed on a
pari-mutuel basis, that is, earning is equal to jiekpot divided by the number of winning
wagers® The size of jackpot is 50% of the present roursdle and will not be carried forward.
The rule reveals that the more money is put ineogame, the bigger the prize is, but the more
wagers win the game, the smaller each wager’s BiZEhere are small earnings as well. In each
5-number combination, the payoff depends on howynmambers match the winning numbers. If
4 numbers match, the payoff is 50RMB/7.6USD peravaghile if 3 numbers match, the payoff
is only 5RMB/0.76USD. These payoffs are fixed amdrimed in advance.

2.2. Data Collection

The data is collected automatically by a JAVBrogram that works on a server, so that it can
collect data continuously. It grasps data fromdbee of the webpage every half hour and
generates a .csv file every day.

The dataset includes two main parts. One partdsgineral information for each time of draw
which contains the combination of winning numbéheg, final bet frequency for each number, the
total bet each day, etc. The data was collecteah ftactober 2009 to August 2010 (the round
numbers are shown in Appendix I).

The other part is the time series data, informatthat is shown in “hot” and “cold” numbers. This
information displays the top 10 hot numbers anditdmold numbers among bettors who entered
game prior to the update of the information, whinbludes how many bet on hot and cold

3 In the past, researchers often described the gacebeing divided by the number of winners. Thisot fully
correct, since it is possible that one bettor bagse than one lottery ticket. Therefore, | use wagestead of

winners.
4 The program is available upon request.



numbers and the percentage of the bet (see App#jtifhe game starts at 19:40 (Chinese time)
and ends at 19:40 the next day. Since the infooma$i updated every half hour, for each round
(24 hours) there are 48 sets (each set has 2padiata) of observatiof:.

3. Hypotheses

3.1. Timing of Entering

In Terrell and Farmer’'s (1996) paper, they defited types of bettor in gambling market: the
pleasure bettor and the professional bettor. Ipfebet for fun, they enter the game as early as
possible so as to have more enjoyment from punsbabkee lottery ticket. This was recently tested
experimentally (Kocher etc. 2009). Professionaldssf the other type, enter the game a short time
before the end of the game because they can gaetly final odds information in order to share
the jackpot with fewer bettors. If two types of toetboth show up in the market, there will be
significantly more bettors entering during thetfad last few hours of the game than in between.
It should be noticed that | only assume that pleagplayers prefer to enter at the beginning of the
game and professional players prefer to entereavé¢iny end of the game. However, it cannot be
deduced that all bettors who entered earlier araspire bettors, nor that bettors who entered later
are professional bettors.

Hypothesis 1: At the beginning and the end of theagne, more bettors enter than in
betweer.

3.2. Hot and Cold Number Information

Supposing the aim of purchasing a lottery tickdbisvin as much money as possible, given that
bettors do not have the ability to change the wigrprobability as they want, by intuition it will
be rational to choose the least popular numbershaippeople can share the jackpot with less
winners and earn more money. For the game | irgastihere, it specifically means people
should focus on the cold numbers shown in the in&tion and choose the five which have the
least bets of all.

Hypothesis 2: The less popular (cold) a number wathe more bettors chose it.

The more popular (hot) a number was, the feer bettors chose it.

3.3. Gambler’s Fallacy

It is proved both in the lab (Tversky and Kahnenid##v4; Morrison and Ordeshook, 1975) and
in the field (Clotefelter and Cook, 1993; Terrdlf94) that bettors were subject to gambler’s
fallacy in the lottery game. In Clotfelter and Ctolpaper (1993), they found that after a

® From the code of the webpage, | get all 22 numiveaigers in each half hour. Therefore, this is t dataset
instead a dataset showing only the top 10 and fmoti®.
® The last half hour’s information could not be segrthe bettors since the new round had alreadyeBut we
could get this data from the code of the webpagaralysis.
” Time possibly influences the entrance as wellcSithe game starts at 19:40, people would geteepsand go
to work afterwards. Therefore, at the beginning #nredend of the game, it is easier for bettormterethe game.
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number was picked in the previous game, the amoiupéts on this number fell sharply and it
took a few months for this number to recover togiodl bet level. Later, Terrell (1994)

challenged this result with a parimutuel lotterymgaand found similar results, although the
effect was weaker than before. | suppose that énntlarket | have investigated, bettors are
influenced by prior winning numbers as well. Bygrbpose the effect will not last as long, for
the following reasons: first, for each day, 5 numshare picked. Therefore, each number will
receive less focus than the games mentioned abmeg in their games, only one number was
picked for each round of game. Second, in the “@itlgame, there are only 22 numbers to
choose from, and each time, people need to chodseuaber combination, which means the
re-picking rate is higher than before. Therefdne, effect could last for a very short time only.

Hypothesis 3: Bettors are subject to gambler’s fadicy. But the effect lasts for a short
while.

3.4. Time Pattern of Biases

3.4.1.Gambler’s Fallacy

Suppose the market has two types of bettor, asiomext above. By intuition, pleasure bettors
would be influenced more by prior winning numbensiles professional bettors would insist
that prior winning numbers are independent of theadin the present round. Therefore, if
pleasure bettors enter the game earlier, whileeggibnal bettors enter later, the effect of
gambler’s fallacy should become weaker over time.

Hypothesis 4: The gambler’s fallacy effect becomegeaker across time in a round of the
game.

Jorgensen et al. found that if a number was omrealsti.e., if that number won the game
continuously, people’s attitude would switch to fprechoosing it; this is called “hot-hand
fallacy”. Therefore, | make the hypothesis that iiumber was picked continuously in the “pick
5 game”, bettors’ attitude towards this number wiawitch from gambler’s fallacy to hot-hand
fallacy.

Hypothesis 5: Gambler's fallacy switches to hot-hahfallacy if a number won the
game extremely often.

3.4.2 Hot and Cold Number Information

At the beginning of the game, the sample size &aramd cold number information is relatively
small. Pleasure bettors prefer their own favoritenhers more than the numbers popular among
others® And professional bettors who intend to enter thmg later in a round would rely on
this information more, since this is an indicatifon the odds which directly related to how
much they could earn in the game. Therefore, inftion about hot and cold numbers should
make people go in the opposite direction. This reg¢hat the more popular a number was in the

® In the paper by Jargensen papered al., it is prtivat most players did not change their numberbboation

week after week.



information, the less likely it is that people wihoose it. And later entrants are affected more
than earlier ones, since more professionals eatter. |

Hypothesis 6: The influence of hot and cold numbenformation is getting stronger over
time.

3.5. Number Preference

It is necessary to notice the influence of Chinesmber culture which often gives an indication
for how numbers are chosen, especially in gambNany Chinese hold the idea that number 8 is
a lucky number, while number 14 is an unlucky drigherefore, it could happen that more people
would like to choose number 8, but not number h4he lottery market, especially for pleasure
bettors.

Hypothesis 7: Number 8 will have more wagers, whilaumber 14 has less.

4. Overview

For the ease of understanding, | first explainrtb&tions that are used in this paper. In a “pitk 5
game, there are 22 numbers that bettors can cHomse which are notated as(i=1, ..., 22).
Eachround (r) of the game starts at 19:40 Chinese time and enti8:40 the next day, which
means each round of the game lasts for 24 houespdimt at which the information updated is
marked witht (t=1,...,48). At each timé, there is one set of observations that has 22 piztdas
that show how many bets BETthere are on each number

Principally, if bettors are unbiased, 22 numbersuthreceive nearly equal bets at the end of each
round of the game. In order to know whether thithis case, Figure 1 shows the mean of final
wagers on each number. The solid line is the mdamagers if people hold the idea that the
winning probability is the same across numbers ramdlomly choose 5 numbers out of 22. The
dash line is the mean of real wagers on each nurtthsobvious that people put different bets on
each number and the discrepancy is huge, which stowias towards numbers. Among all,
number 8 has 1342 wagers on average, which isthder chosen most often, while humber 1
has only 934 wagers. Numbers 14 and 22 are therb@tand 3 numbers and have 1121 and 1127
wagers on average, respectively. Apparently, théerdnce cannot be simply ignored. As
mentioned before, Chinese number culture does haveffect on choosing numbers, since
number 8 has the most wagers, while number 1&ksedimuch less often than the average.

® Number 8 is a lucky number because it has a sirpilanunciation with “fa” in Chinese, which mearisig
fortune”. Number 14 is a bad number because itahsisnilar pronunciation to “yao si” in Chinese, wfiimeans

“will die”.
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Figure 1 Mean of Final Wager for Numbers®

As mentioned before, both professional bettors plerdsure bettors are possibly in the market.
Since the game | am studying now is a pari-mutaeheg the best strategy for bettors, especially
professional ones, would be to enter the game & shmle (e.g., in the last half hour) before the
end of the game because people could have theriafam of the odds near the end and bet on the
least popular numbers, in order to share the jackjib less people to earn more money. On the
other hand, pleasure bettors could enjoy more pleai$ they held the lottery ticket from the
beginning of the game. Therefore, pleasure bettandd like to enter the game once it starts. If
the game has both types of bettor, it is possibleatve more bets at both ends of the time line than
in between. This is proved in figure 2, which shdle mean of the increase of bets across time. It
is obvious that, in each round, at the beginnirdytae end of game, there are more wagers than in
between. The amount of bets increases sharply Treinand reach the peak at T=7. Then, it falls
down dramatically until around T=16. After thatrécovers gradually and has grows relatively

fast from T=37 until the end of game. Hypothesis dupported.

10 see Appendix Ill Table 1 for a summary statisfibets on each number.
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5. Results

In this paper, | only focus on the information sliggh by the main webpage of the game which
includes the winning numbers from the last eighinds, the previous round’s payoff, hot and
cold number information and so forth. | do this d&se my main focus is the influence of hot
and cold number information and the time patterhiages. The main webpage supplies enough
information for these research goals.

In this session, | will discuss what | got in twaimparts. In 5.1, | mainly introduce regressions
of bet on different information (e.g., prior wingimumbers, hot and cold number information)
in order to show what biases are found in the mailkeen, in part 5.2, | will figure out how the
biases unfold across time in a single round ofgame namely “the time pattern” of biases.
And in part 5.3 the Chinese number culture is wsed possible explanation for findings in part
5.2.

5.1. Biases towards Information

In this part, | mainly analyze how the informatishown on the homepage influences betting
behavior, and | report all the biases found in rierket step by step. First, | will test whether
bettors are subject to gambler’s fallacy in then@ébe market, with each round’s final data as prior
research. Then, | add hot and cold humber datar@gression and report the results tested with
full data set.

In order to control for the amount of daily saleyde the bet’'s proportion; l? instead of the
absolute bet for analysis:

P..=BET/(XBET,, + BETi,,) (i) @



BET;, -Bets number has at time in roundr.
P.r-Percentage of bets numbéras at time in roundr.

First, | examine whether bettors are subject to ljarts fallacy, as observed in prior studies.

Although bettors could have full information abawmbers that won the game before, the main
purpose of this paper is to test the influencenfdrimation on the homepage of the game which
lists the information about the winning numbersrirthe previous eight rounds, particularly with

regard to hot and cold numbers. Therefore, | tédsther the winning numbers from the previous
eight rounds influence betting behavior with regies (2)**

FR,=a + BiWIN; .1 +BoWIN; o+ BaWIN; 3 +B4WIN; 1 4+BsWIN;  5+B6WIN; 6+, WIN; . 7+BsWIN; g @

FP,- numberi s final percentage of bet in roundthat is P, 45 (t=48);
WIN ;- Dummy for number in roundr-1; WIN ; ;=0 if number was not picked in round1;
otherwise WIN,.;=1. It is the same for all the other WIN dummies.

The result in regression (2) shows that not all whiening numbers in past eight rounds have
significant influence on betting behavior, so | the stepwise estimation from regression (2).
Finally, | get the result that only winning numbarghe previous four rounds significantly affect
betting behavior, as shown in regression (3).

FR,= 0.0475632 - 0.0048778W|N - 0.0027007 WIN.,-0.0014202 WIN,5 -0.0002903 WIN., ®)
SE  (0.0000791)  (0.0001291) (0.0001291)  (0.0001291) (0.0001291)  adFR.2436

In the regression, all the coefficients are stadly significant at high level (see Appendix I,
Table 2). The negative marks of the WIN dummies'efficient indicate that bettors
underestimated the probability of a number beirged in the present round if it won the game in
any of the past four rounds, which gives supportigpothesis 3 that bettors are subject to
gambler’s fallacy as in previous research. Moreptiee coefficients show that the effect of
gambler’s fallacy fades as the win is further tavndhere are 22 numbers on which players can
bet, which are drawn with equal probability. If toe¢ are unbiased, all WIN dummies’
coefficients should therefore be 0, and the comstam the regression should be equal to
1/22=0.0455. Each number should be chosen witreptage 4.55%. The fact that the constant is
larger is the result of the fact that all coeffit® of WIN dummies are negative. In the present
round, the percentage of bets on numbers that vimen game in the previous round is
0.0475632-0.0048778=0.0426854, which is 93.91%efibrmative percentage, i.e., 6.09 % less.
And for the number which only won the game in row®] this percentage increases to 98.70%,
i.e., only 1.30% less, which means the influencawhbers that won in round r-2 is weaker than
the ones in round r-1. This is similar to the restdund by Clotfelter and Cook (1993) and Terrell
(1994), who found that the winning numbers’ impdetreases gradually over time. However, if

1 Here 1 only analyze whether bettors are subjegaimbler’s fallacy with final wager data as in priesearch.
The time serial data will be regressed later. Tine pattern for the influence of gambler’s fallaeyl be shown in

5.2.
10



the number won both in round r-1 and round r-2,libEs percentage is 87.97% of the normative
percentage (more details in the discussion), whielans that a repeated win convinces bettors
that this number will not be picked again for saotinge. However, it will be proved later that if a
number was continuously picked four times, peoplestart believing that this number will be
picked again with a higher probability.

In this market, the influence of winning numbersbatting behavior lasts for only four days,
which is a much shorter period than for previowsiits, e.g., sixty days. | propose that this is
caused by the fact that the choice set in the “plojame is much smaller (choose 5 numbers out
of 22, ratio=1/4.4), compared to past games (etepose 1 number out of 1000, ratio=1/1000),
which leads to faster re-picking of the numbers.

Result 1: Bettors are subject to gambler’s fallacyThe overall betting behavior is influenced
by the past four rounds’ winning numbers ifonly each round’s final data is taken
into consideration.

Besides winning numbers in past rounds, the honeegagultaneously supplies information of
hot and cold numbers among bettors who entereghriggent round earlier. It is noticeable that
“pick 5" is a pari-mutuel game that means the pafmfeach is the jackpot divided by the number
of winning wagers. As conjectured before, the Bsitegy in such a type of game is to choose the
least popular numbers among others because thiteeviéss people to share the jackpot.

First, | calculate the following percentage:
PG, 1=(BET;; +BET;+)/(Z(BET, BETj :2)+(BET;BETi; 1)) (i7)) <

(BET,+ BETi,+.1) - Bets on numberbetween timeé-1 andt in roundr;

S(BET,, BETj1) - Sum of bets on numbg(i = )between time-1 andt in roundr;

PGt — Relative change of bets on numbé&etweert-1 andt in roundr. T stands for the time
slots between t-1 and t, T=1,....,47.

It is already proved that winning numbers in theviwus four rounds influence betting behavior.
Now | take both winning numbers in the previousrfmunds and hot & cold humber information
into account. First | regress R€on winning numbers in the previous four rounds tredrank of
numberi at timet-1 in roundr.

PG, =0.0415483 - 0.003705 WJN-0.0018319 WIN.-0.0008743 WIN,.;-0.0001049 WIN,.,+0.0004575 RANK .1 (5)

SE  (0.0001021)  (0.0000955) (0.000093)  (0.0000922) (0.0000918) (6.42¢-08lj R=0.0426

RANK;, 1-Rank of number 's bets at timé&1 in roundr (e.g., the hottest number’s rank=22 and
the coldest number's rank=1).This information is updated every half hour aneréhis no

2 If there is a tie, | give each number the meark s follows: RZRi/n. R-rank of numberZR;-sum of ranks
ignoring the tie; n-the amount of numbers whose lagé equal. For example, the bets for numbersiamber
11=20, number 12=23, number 13=26, number 14=2@&beul5=26, numberl6=29. If we ignore the tie, dekr
for number 13, 14, 15 should be 3, 4, 5. Theny afbasidering the tie, the rank should be the nwfahree ranks
11



history of such information available.

In regression (3), | get the result that WlNinfluences bettors’ behavior with other variablest
in regression (5), this effect is not significartésAppendix 111, Table 3 and Table 6 for detaffs).
Therefore, | regress RG on all variables except Wi, and get the following result:

PG, 1=.0415234 - 0.0037045W|N - 0.0018336WIN., - 0.0008759WIN.;+ 0.0004576RANI; ., ©6)

SE  (0.0000998)  (0.0000955) (0.0000929)  (0.0000922) (6.42¢-06) j R%0.0426

The result in regression (6) confirms that both ems fallacy and guidance effétaffect
bettors’ behavior (see Appendix Ill, Table 4 andl&a6 for details). The coefficients in the
regression show that winning numbers still haveegative effect on betting behavior and the
number’s rank has a positive effect. This rejedtatwas suggested in Hypothesis 2. For example,
if a number was picked in the past round (WHN1) and has the highest rank now
(RANK; .1=22), it is still preferable than in the unbiased ondition
(0.0415234-0.0037045+22*0.0004576

=0.0478861, which is larger than 0.0454545), whiaans the influence of hot and cold number
information is stronger than gambler’s fallacy itk a condition. This indicates that hot and cold
number information shifts part of the bettors’ atien from winning numbers in previous rounds
to possible winning numbers in the present roumd, tae higher the rank of a number is, the
stronger the effect is.

Because bettors’ choices are subject to gamblaltac, which means the rank is partly the result
of prior winning numbers, | add interaction itemetieen WIN dummies and RANK into

regression (6), as shown in regression (7).

PG 7=.0411476-.0030395WIN; -.0013974WIN2-.0005271 WIN:.3 + .0004878 RANK; .1 -.0000726 WIN:.1*

SE (0.0001201) (0.0001735) (0.0001781) (0.0001827) (8.39¢-06) (0.000016)
RANK; 1 -.0000423WIN,.2* RANK .1-.0000306 WINy.s* RANK .1 ™
(0.000015) (0.0000148) adfe0.0427

The result of regression (7) supports the ideahibataind cold number information interacts with

winning numbers in past rounds (see Appendix idhI€ 5 and Table 6 for details). Take the case
where the winning number from the past round isdineent hottest number (and therefore has
rank=22). Then the predicted net effect equals 1¥046-.0030395 + 22*.0004878 -

22*.0000726=0.456332955, which is larger than 0484%. It reveals that the current hottest
number is to be chosen, even if it was picked i phevious round. This is also the case for
hottest numbers that won the game in even eadignds (see the discussion for more details).

ignoring the tie that is (3 + 4 + 5)/3=4.

13 Here, the data | use is different from the oneeigression (3). In regression (3), | used the fifsh here. But
here | use the full data. Therefore, in regresénthe result is different from the one in regiea (3). The test in
regression (3) is used as a comparable test with igsearch only.

141 define the effect of hot and cold number infotimia as “guidance effect”, since it gives bettotsdgnce on
which number to choose in the game. It could aksaldfined as the reverse of extreme type of fawdoitg-shot

bias.
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Here, Hypothesis 2 is rejected by even strongetezwie. The more popular a number was among
earlier entrants, the more people pick it afterwaithis could partly be caused by the cultural
attachment to special numbers, which will be diseddater.

Result 2: The hotter a number was among bettors whentered the game earlier, the
more bettors who entered later picked this number.

In regression (6) and (7), while the correlatiomsen betting behavior and winning numbers is
negative, the relationship is positive between RANKNd PG, . To my surprise, the influence
of hot and cold number information is on the opfeosif what the best strategy suggests for
parimutuel game. As the definition of guidance effghows, later entrants followed the direction
given by prior bettors in the same round insteatblldwing the best strategy. This phenomenon
is similar to the so-called “wisdom of crowds”. tihre “wisdom of crowds” situation, people have
both private information and information about whéters did. As more people made the same
choices, it becomes more convincing that somethimgprtant will happen, such as the looking
sky story described in Surowiecki’s bodR. In such a situation, people prefer to make a @etis
on what others did rather than deciding on theshafstheir own information. But there is a slight
difference between the wisdom of crowds and guidagifect which leads me to prefer to use the
guidance effect, i.e., in a lottery game, peoplevkifor sure that there is no “private information”,
because the winning probability is objectively ddfoa all numbers and nobody could influence
the lottery’s draw. Therefore, what others did doesprovide any hint about something that later
entrants do not know. They cannot use such infaomab convince themselves that what others
did will happen with a higher probability.

One more thing worth mentioning is that | run tegression with a time lag as well, which tests
whether the previous few slots of hot and cold neinibformation jointly influence the selection
of a number combination. The result shows that anie effect does not have any lag
consequence. | give out the following possible saagy for future research: first, the rank did not
change dramatically within a single round of thengaTherefore, it does not make sense to waste
time on observing the information for a relativieing time (e.g., more than half an hour). Second,
since there is no history of such information,dhsumes a lot of effort to record it. So, it isieas

to rely on one piece of such information. Thirdjsitabout different types of bettor. Pleasure
bettors would like to enter the game as early asipte. Their focus is to enjoy the waiting time
until the end of the game more than seeing whapémpat the end of the game. Therefore, they
would be more likely to pick some numbers they Idkan rely on this information. As for
professional bettors, they only need to look upitffi@rmation when the game is nearly over, so as
to choose numbers that could give them more pa&ssininings. It is not necessary to observe the
information for a long while. Therefore, there @ significant time lag of the influence of hot and
cold number information within a round of the loytgame.

It is important to note that the influence of hatlacold number information is different with the

15 This is an experiment conducted by social psyajists Stanley Milgram, Leonard Bickman, and Laweenc
Berkowitz. They put an increasing number of peapiea street corner and let them look up at the Bhgy found
that the more people were standing there at thinbieg, the more pedestrians would join the groog ok up
at the sky as well.
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hot-hand fallacy. Hot-hand fallacy refers to a ékin positive autocorrelation of a non-auto
correlated random sequence. For example, bettolievéethat a lottery ticket's winning
probability is higher if they buy the ticket fronshop that has sold a lot of winning tickets; ihis
defined as “lucky store effect” (Guryan and Kearn2@08). In this case, the reference is the
shop’s performance in prior events. If the perfanogawas good in the past, people increase their
estimation of the probability that a good perforg®mvill occur again in future in such a shop.
But what | investigate here is the influence obmfation that pops up simultaneously with the
event. Therefore, there is no indicator to show leell the information will finally work in the
present round. People would argue that bettorstrhigld the idea that the information performed
well on predicting in previous rounds of the gaidence, they believe in the information they see
in the present game. Therefore, this phenomenoefésred to as a hot-hand fallacy. But this
argument is actually not supported by empiricatlentce since the information is not that accurate.
In order to know the degree of information accurd@alculate it in the following way:

a= (Ruin-Rmin)/(RmaxRrin) @)
a-accuracy of hot and cold number information;

Ruin-mean rank of winning numbers’ BET,

Rmin-the minimum mean rank of 5 numbers (the mean oéskcoldest/least popular numbers), R=3;
Rmaxthe maximum mean rank of 5 numbers (the mean ofrtkhottest/most popular numbers), R
=20.

If a=1, it means this information is 100% accurate. 3inaller thea is, the less accurate the information
is. The result isa =0.48449, which indicates that the information didt give out accurate
prediction on winning numbers. If hot-hand fallasythe explanation, bettors will not follow the
information since it is not actually accurafe.

Another difference worth noticing is that in gamtdeallacy or hot-hand fallacy, the information
of past performance will not influence present ghipecause the two events are independent, but
the hot and cold number information could influeneach wager's payoff. Although the
information is in the past, because it is still thiormation for the present round, the influense i
different with the information that results in gdetts fallacy or hot-hand fallacy.

5.2. Time pattern of biases

Now | switch the attention to the time pattern éddes in lottery game. To the best of my
knowledge, this is the first research on bias tpattern in lottery game. This will give us a direct
picture of how the biases unfold across time indghene and supply more information on how
bettors behave.

In order to see the effect of winning numbers om ltlet, | first calculate the mean of PE£by
separating WIN.;=0 or WIN ;.;=1(gambler’s fallacy). Since in the regression®hauded that

18 |t is possible the case that bettors had illusibaut the accuracy of the hot and cold number iinégion which
leads them subject to hot-hand fallacy. Or peopld the idea that prior entered bettors have thegpdo control
the winning numbers or predicting the winning nunsb&hich actually is an illusion.
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the winning numbers in the past round had the gesheffect, | first show the time pattern of the
gambler’s fallacy caused by numbers won in the pastd.
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Figure 3 Time Pattern of the Gambler's Fallacy (1)

Figure 3 displays the time pattern of the influené¢he previous round’s winning number. The
solid line is the mean (which is equal to 1/22=6%Mof the bet’s relative change if there is no
bias. The lower curve (dash line) shows the medPGfr over time if number i was a last-round
winning number, which indeed is the time patterntltd gambler's fallacy. The upper curve
(dotted line) is the mean of RG across time if number i was not a winning numbetha
previous round. From t=2 to t=6, the relative betwnge for numbers that won the game in the
last round (WIN=1) decreases sharply, which indisahat the proportion of earlier bettors who
were subject to gambler’'s fallacy increased fasvnft=5, this trend becomes smooth, which
shows that the effect of gambler’s fallacy incresadmit in a relatively slower speed than before.
The dotted line above the average displays thatenhbattors choose numbers that were not
winning numbers in the last round (WIN=0) and; RGs pretty stable across time. The difference
of aptness towards numbers won the game in thedastd and numbers that did not win in the
last round became gradually salient across time tiound of the game. The figure captures the
fact that bettors who enter the game later areestilp more influence by numbers that won in the
last round than bettors who entered earlier. Th&ult rejects what Hypothesis 4 suggested.
Actually, the influence of winning numbers in theyious round becomes stronger over time.

If follows what was discussed in 3.1. Figure 3 dohbk interpreted as earlier entrants who are
possibly pleasure bettors and are influenced lgsthé last round’s winning numbers than later
entrants who are mostly supposed to be professimttrs. This means professionals are possibly
not that professional, which could be tested wittividual data in future.
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Result 3: The later a bettor enters the market, thenore serious he is subject to gambler’s
fallacy.

As shown in regression (3), the previous four r@inginning numbers have an influence on

betting behavior and it should be noticed that mimer could possibly win in more than one round.
Therefore, in Figure 4, | separately show the tpattern of gambler’s fallacy by the frequency

with which a number won the previous game.
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Figure 4 Time Pattern of the Gambler's Fallacy (2)

In Figure 4, each line stands for the time patt#rRG, + by how many times the number won the
game in the past four rounds. For example, thekhdadted line marked with WIN=2 shows the
mean of the bet’s relative change for numbers ttlhdtbeen drawn twice in the past four rounds
(but may not be continuously picked). The figurflects the fact that the more times a number
won the game in the past four rounds, the feweloizethose this number in the present round.
The time pattern is pretty stable across time tonbers that have won the game less than 4 times.
It is worth noting that people’s attitudes towatkde numbers that won in all previous four rounds
fluctuated considerably. Sometimes, it even wegbhd the P 1 of numbers that never won the
game in the past four rounds. Consistent with prasearch (Jgrgensen etc., 2011), the bias
switches to hot-hand fallacy for numbers that abwagn the game.

Result 4: the more times £3) a number won the game in the previous four rounsl the
fewer bettors picked it, and the influence is pretty sable over time.
If the number is on streak, i.e., won inlaprior four rounds, the effect switches
from gambler’s fallacy towards hot-hand fallacy.
16



In order to see how bettors integrate the inforomatif winning numbers in the previous four
rounds as a reference, | distinguish the meaneob#t’s relative change (RG) for numbers that
did not win the game in any of prior four roundshamumbers that won the game at least once in
the past four rounds (Figure 5).
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Figure 5 Time Pattern of the Gambler’s Fallacy (3)

Figure 5 displays the time pattern of PCbetween two types of number. From the lines it is
obvious to see that the time pattern of the garitbfaliacy is pretty stable, as in Figure 4. The
discrepancy of PGt between winning numbers and non-winning numbengssat the beginning

of the game and it did not change too much acioesThe difference is statistically significant
(paired t-test, p=0.00, two-tailed). This indicateat when we think about whether the number
was picked in the past 4 rounds, the attitude tdsvauch information is pretty uniform among
bettors, no matter when they entered the game. @imgbFigure 3 with Figure 5, one may find
that people who joined the game later considere mbout what numbers had been picked in the
last round, while earlier entrants tended to baahe influence of winning numbers in the past
four rounds more.

Now | switch to the time pattern of the guidancieef The website lists the top 10 most popular
numbers (hot numbers) and the top 10 least populabers (cold numbers) at the same time. But
actually, bettors only need to choose a 5-numbenbaoation. Therefore, | provide the time
pattern of the top 10 hot and cold numbers, as agethe top 5 hot and cold nhumbers’ influence at
the same time (Figure 6).
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Figure 6 Time Pattern of the Guidance Effect

Figure 6 displays the mean of the bet's relatiange (P¢ 1) across time for the top 5 hot, top 10
hot, top 10 cold, and top 5 cold numbers. Agaishibws that hot and cold number information
does affect bettors’ behavior, as found in the @sgipns, and that the influence has become
stronger across time. At the beginning of the gahere is already a slight difference of the bet's
relative change between hot and cold numbers. Eueeppancy grows gradually bigger when the
information is composed by more bettors’ choices. it numbers, the top 5 numbers’; BGas

a faster increase than the top 10 numbers’ oneshwheans the hotter a number was among prior
bettors, the more people will pick it. The diffecenof PG, between top 5 and top 10 hot
numbers is statistically significant (paired t-tgst0.00, two-tailed). Similarly, for cold numbers,
the colder a number was, the fewer people prefetrethis difference is significant as well
(paired t-test, p=0.00, two-tailed). The time pattef the guidance effect proves that hot and cold
number information has a striking influence on &t behavior. The later a person joins the
game, the more he is affected by the choices of féttors. This suggests that people concern
more about what the others have already choseerréithn how many winners will share the
jackpot,. They believe that, for a number, the mueeple chose it, the higher the probability is
that this number will win the game. This is cormigtwith what Mannes (2009) found in lab
experiments that concluded that people thought @hktrger group’s decision would be more
accurate than a smaller group’s decision. Hyposhésis supported, but the influence is the
opposite of what is suggested in Hypothesis 2.

Result 5: The later a bettor enters the game, thedavier he is influenced by the
hot and cold number information.
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5.3. Number Preferences

From Figure 6 we could see that, at the beginninth® game, there is already a discrepancy
between the bet's relative changes of top hot aid mumbers. By intuition, there should be no
such big difference of bets among numbers, sin¢bdrfirst half hour the sample size of hot and
cold number information is pretty small. But thésniot the case in the market. There must be some
other reasons that influence bettors’ choices éalbeat the beginning of the game. This is what |
want to test next, i.e., preference towards spetiaibers. For thousands of years, Chinese have
been heavily addicted to special numbers, espgdiaklinessman who would like to pay more for
getting a “good” number, e.g., a special cell phanenber, car license number, etc. In Chinese
number culture, 8 is an important number which ddaring big fortune, while 14 is an unlucky
number which people try to avoid. Now, | mainlyroduce the influence of Chinese number
culture which could partly explain the issue weaslied in Figure 6.

In order to illustrate, first, | calculate the maafrranks for each number in the following way: for
each round r and time t, | calculate the incredsets between timel andt and sort the changes.
Then | give the number with the highest bet’s inasewith rank=22 and so forth. If there is a tie, |
just use the average rank instead. Finally, | dateuthe mean of ranks for each number across all
datd’. The result is shown in Figure 7.
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Figure 7 Mean of Numbers’ Rank
In Figure 7, the solid line is the mean of overaliks for each number. The dash line shows the
mean of ranks for each number if it did not win gamne in prior one round. And the dotted line
indicates the mean of ranks for each number ibih the game in the previous round.

7 This rank is different with RANK dummy in regresss. In regression, RANK stands for the rank of
aggregated bet from the beginning until time t,levhiere the rank of the bet's change in each tiotelsis shown.
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It is clear in Figure 7 that once the number has wee game in the previous round, its rank
decreases in the current round, but in differemfreles for different numbers. And for numbers
that were not drawn on the previous day, the réwalk® a slight increase. From the perspective of
preferences towards numbers, the solid line in rféigd clearly displays that bettors are
edge-number-averse, that is, players are reluttacihoose edge numbers 1 and 22. Meanwhile,
number 8 is the most popular number since it hasihest rank in all three conditions. Number
8's rank is significantly higher than number 5, g@hiis the second-most popular one among
numbers (t-test, p=0.00, two-tailed). Except edgelmers, number 14 has the lowest rank, which
indicates bettors are not fond of it. The differeind rank between numbers 8 and 14 is 14.2. The
dotted line shows the mean of ranks if the numbzan the game in the previous round. This is an
indicator of gambler’s fallacy on each number. Careg to other numbers, number 8 still has the
highest rank, although it is lower than the oth&o tconditions, while number 14 and edge
numbers have lower ranks among numbers. Especiatiyber 1 always has the lowest rank no
matter whether it has won the game in the prewiousd or not. The comparison of ranks proves
Hypothesis 7.

Besides the comparison of mean ranks, | also exphow the influence of special numbers
develops across time (Figure 8). It demonstratearlyl in Figure 7 that the edge numbers 1 and
22 have very low ranks; number 1's rank in particdias nearly no change in any conditions. |
refer to this phenomenon as “edge number aversion”.
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Figure 8 Time Pattern of Edge Numbers’ Rank

Figure 8 displays the mean rank of no. 1 and noa@a&ss time. It is obvious that from the
beginning of the game, bettors already do not tlilese two numbers, since their ranks are lower
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than average, which is equal to 11.5. From Figuied®uld be read that no.1’s rank declines very
fast across time and falls to the bottom at t=1 Tank remains there from t=10 until the end of
the game. For the other edge number, no.22, thestaf a little bit weaker, but as stable as the
time pattern of number 1 from t=4 until the gamever. There is no special cultural reason that
people do not like edge numbers. This is a questiofurther research.

Now we turn to the time pattern of ranks for thekpnumber 8 and the unlucky number 14, as
shown in Figure 9.
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Figure 9 Time Pattern of Lucky and Unlucky Numbers

At the beginning of the game, bettors start showireir preference towards the lucky number 8
and not towards the unlucky number 14. The luckynloer 8, which has a higher rank than
average, holds this position from the very begigrofithe game. This advantage goes up until t=
9 and does not fall too much afterwards until the ef the game. On the other hand, the unlucky
number 14’s initial rank is already lower than ager and drops very fast until t=9. This tendency
does not relieve much from then on. First, Figurpa®tly explains why, in the initial part in
Figure 6, there is already a gap between hot afdl rmembers even though the information is
composed by a pretty small sample size. Meanwttike fime pattern in Figure 9 proves that the
bettors who entered the game later have a straitggrhment to special numbers than people who
bet earlier.

6. Conclusion

This paper empirically studies anomalies in then@sé online gambling market. The research is
inspired by the hot and cold number information ahhiists the most and least popular numbers
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among earlier-entered bettors on the webpage dpilk 5 out of 22” lottery game. In the game,
people do not follow the best strategy of pari-neligame, which is to choose the least popular
numbers over others so as to share the jackpot feitler winners. Instead, they go with the
directions given by the information and chooserttost popular numbers over others. This is the
first main finding of this research which has neeh documented before. Besides the guidance
effect, consistent with previous research, betanes subject to the gambler’s fallacy as well.
However, compared to other research, the gamifliaey lasts much shorter in this game.

The second contribution of this paper is the tirattggn of anomalies found in the market. As
shown in the figures, if only one winning numbeprfr a previous round is taken into

consideration, the gambler’'s fallacy grows strongegr time, which indicates that professional
bettors are influenced more by prior winning nursttbian pleasure bettors if both types of bettor
are in the market. Moreover, if one takes numbmis account that were picked in the previous
four rounds, the gambler’'s fallacy becomes stabieich reveals that later entrants put more
weight on the winning number from the previous mhwvhile earlier entrants prefer to combine

the four previous rounds’ winning numbers. On tlieeo hand, guidance effect is increasingly
bigger over time as well. The more popular a nunfifzerbeen, the more people like to choose it;
and the less popular a number has been, the legdeplke to choose it. Bettors who join the

game later are influenced more, which could berésailt of the increasing sample size of the
information.

From the time pattern of the guidance effect, waldcaleduce that, at the beginning of the game,
there is already a discrepancy between hot-numbeércald-number bets, which is surprising

since the information is drawn from a very smalinpte size. Therefore, | investigate whether
such a phenomenon is caused by Chinese numberecattd confirm that Chinese number culture
does influence people’s choice of number combinatierom the perspective of average ranks,
number 8 always has the highest rank under any ambfe conditions, since it is a lucky number
in China, while number 14 has a pretty low ranigsiit is an unlucky number. Besides, from the
perspective of time pattern, number 8's rank isvaeltbe average from the beginning of the game
until the end, while number 14’s rank drops draosdly. Moreover, Chinese bettors are averse to
edge numbers, which means they do not like to e¢hdbe edge numbers 1 and 22. This
phenomenon is subject to future investigation.

The biases found in this paper give hints to batlgling authorities and operators, e.g., lottery
ticket sellers. The main attraction of such game gamblers is that, with an extremely low
probability of winning, people could earn a hugeoamt of money once they get the draw.
Although actually it is not possible to forecast tiraw combination, people could get hints from
others from the hot and cold number informationiclitould increase the volume of sales. This
also adds fun for bettors who join the game foaglge. It would be interesting to test whether the
information about the behavior of others has alammfluence on other markets as well, e.g., on
the stock market. Because the stock-market tradenbaeal end, as each day’s final draw in the
lottery market does, the influence of the informatcould be more powerful if there is any effect.
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Discussion

1. Gambler’s fallacy in regression (3)
In regression (3), | regress the final percentaigthe bet on numbers that were picked in the
previous 4 rounds, and get the following result.

FR,= 0.0475632 - 0.0048778WIN - 0.0027007 WIN.2-0.0014202 WIN,.3 -0.0002903 WIN-4 (3)

First, | discuss the effect by how many times a meimwas picked continuously from round r-1.
Suppose that only WIN;=1, that is, the number was a winning number iry anie previous
round, the net effect should be equal to 0.0475568248778=0.0426854, which is 93.91% of the
normative percentage, i.e., 6.09% less. The smtikemet effect is, the stronger the gambler’s
fallacy is. The other situations are calculated Bimilar way and listed in Table I.

Table | Net Effect of Continuous Winning

Continuous Win| Net Effect| Normative Percentage (46)
1| 0.0426854 93.91
2| 0.0399847 87.97
3| 0.0385645 84.84
4 0.0382742 84.20

Table | displays the fact that the more times alemvon the game continuously before, the less
people choose this number in the current roundthimueffect fades a lot as time passes, e.g., if a
number was picked in both round r-1 and r-2, tentinuous win=2, the net effect is 0.0399847.
If a number was picked once more in round r-3, tiés effect decreases to 0.0385645. The
difference of the normative percentage is 87.97%88%=3.13%, while if a number was picked
once more in round r-4, the change of the normaiafreentage is 84.84%-84.20%=0.64% which
is much smaller than 3.13%. It is obvious thathetime when a number won the game again, the
weight that people place on this number decredsesefore, although the effect gets stronger, the
increase of the speed of effect slows down. My axation is that the more often a number was
picked before, the higher the possibility is thas number will not be picked again. And the more
recently a number has won the game, the lower dssilpility is that this number could be the
winner one more time.

2. Anomalies in Regression (7)
Now | turn to regression (7) which reports theuefice of winning numbers in the previous three
rounds and numbers’ present ranks with interagtste

PG, =.0411476-.0030395WIN; -.0013974WIN|,-.0005271 WIN,3+ .0004878 RANK; .1 -.0000726 WIN..;* RANK 11
-.0000423WIN: 2* RANK i 11-.0000306 WIN: 5* RANK i 1 ™

It makes sense that there is an interaction effetveen WIN dummies and number rank in the
current round because the numbers that bettorssetare affected by previous winning numbers,

which would partly cause the change of ranks. Thidearly proved in regression (7). Suppose a
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number won the game iRl and its rank is 22 (the most popular number inpifesent round, e.g.,
number 8). The percentage of the bet's increasepdriod T is 0.0417476-.0030395 +
22*,0004878 - 22*.0000726= 0.456332955, which rgéda than 0.454545. This means, although
the number won the game before, because it wamtist popular number among bettors in the
present round, it still has a 0.178% net incre@able Il lists all the possible situations in which
the number won the game only once before.

Table Il Difference between Net Effects (WIN=1)

Rank WINi,r-1=1 WINi,r-2=1 | WINi,r-3=1
22 0.001787955 0.004096655 0.00522435
21 0.001372755 0.003651155 0.00476715
20 0.000957555 0.003205655 0.00430995
19 0.000542355 0.002760155 0.00385275
18 0.000127155 0.002314655 0.00339555
17 -0.000288045 0.001869155 0.00293835
16 -0.000703245 0.001423655 0.00248115
15 -0.001118445 0.000978155 0.00202395
14 -0.001533645 0.000532655 0.00156675
13 -0.001948845 8.71545E-0% 0.00110955
12 -0.002364045 -0.00035834 0.00065235
11 -0.002779245 -0.00080384 0.00019515
10 -0.003194445 -0.00124935 -0.00026205
9 -0.003609645 -0.00169485 -0.00071925
8 -0.004024845 -0.00214035 -0.00117645
7 -0.004440045 -0.00258585 -0.00163365
6 -0.004855245 -0.00303134 -0.00209085
5 -0.005270445 -0.003476854 -0.00254805
4 -0.005685645 -0.00392235 -0.00300525
3 -0.006100845 -0.00436785 -0.00346245
2 -0.006516045 -0.00481335 -0.00391965
1 -0.006931245 -0.00525885 -0.00437685

Remember that, if people are unbiased, the netteffe ;should equal 0.454545. But if people
are influenced by information on the webpage, @gmbers that have won the game before or hot
and cold number information, the net effect shoodd different from 0.454545. Compared to
0.454545, if the net effect is larger, it indicathat the guidance effect is stronger than the
gambler’s fallacy. Otherwise, the gambler’s fallasyweaker than the guidance effect. Table Il
shows the difference between net effect with biasebs without biases. The first column is the
possible rank a number has, i.e., from 1-22. CokgyB3, and 4 show the difference of net effect
if @ number was picked only in round r-1 or r-2re8. First, place attention on each row. The
longer ago it is that a particular number has baieked in the game, the bigger the difference
between net effects is, i.e., the stronger theandd effect is. Especially for Rank 11-17, at the
beginning, the competing result between gambleatady and guidance effect is that the
gambler’'s fallacy wins. Later, however, the resmuttches to positive, which means guidance
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effect has become stronger than gambler’s fallacy.

Now we turn to each column. The numbers change fpositive to negative at Rank=17 in
column 2, Rank=12 in column 3, and Rank=10 in columThe switching between positive and
negative gets slower and slower. This means thepettive nature of the guidance effect
becomes stronger and stronger. Therefore, theiymsituation could last longer, i.e., when the

number was picked in round r-2, it lasts until RehkBut when the number was picked in round
r-3, it could last until Rank=11.
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Appendix | Dataset?®

The round is counted with a five-digit number. Thist two digits stand for the year, e.g., “09”
means “Year 2009”. The last three digits show thie éh the year (e.g., Feb."™2i the 5% day of
the year. Therefore, the last three digits are 055)

09294 09295 09296 09297 09298 09299 0093 09301 09302 09304
09305 09306 09307 09308 09309 09321 2893 09324 09325 09326
09327 09328 09329 09330 09331 09332 3893 09335 09336 09337
09338 09340 09341 09346 09347 09348 4993 09350 09351 09352
09353 09354 10012 10013 10015 10016 170010018 10020 10021
10022 10023 10024 10025 10026 10027 2800 10029 10030 10031
10032 10034 10035 10036 10037 10038 3900 10040 10041 10042
10043 10045 10046 10052 10053 10055 5400 10059 10060 10061
10062 10063 10064 10065 10066 10067 6800 10069 10070 10071
10072 10073 10074 10075 10076 10078 7900 10080 10081 10082
10083 10084 10085 10086 10087 10088 8900 10090 10091 10092
10093 10094 10095 10096 10097 10098 0001 10101 10102 10103
10104 10105 10106 10107 10108 10109 1201 10113 10114 10115
10116 10117 10118 10119 10120 10122 2301 10124 10125 10126
10128 10129 10130 10131 10132 10133 3401 10135 10136 10139
10140 10141 10142 10143 10144 10145 4401 10147 10148 10152
10153 10154 10155 10158 10159 10160 6101 10162 10163 10164
10168 10169 10170 10171 10172 10173 7401 10175 10176 10177
10178 10179 10180 10181 10182 10183 8401 10185 10186 10187
10188 10189 10190 10191 10192 10193 9401 10195 10196 10197
10198 10199 10200 10201 10202 10203 0402 10205 10206 10207
10209 10210 10211 10212 10213 10214 1302 10216 10217 10218
10219 10220 10221

'8 For technical reasons, there are data missingdimie rounds.
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Appendix Il

Table 1 Summary Statistic of Bet on Each Numbeobs.=400)

Number Mean| Std.Devj Mip Max Number Mean  Std.Dev. in M Max
1 934.345| 209.9722 498 1692 12 1181.418 274.15042 (60963
2 | 1180.922| 256.974% 57D 1896 13 1159.190 245.34644 (61851
3 1311.67| 270.2174 659 2095 14 1121.415 235.39261 (60865
4 | 1206.015| 248.629 634 1931 15 1200.922 260.16440 (51856
5 | 1326.698| 287.5438 714 2088 16 1164.975 255.55786 (51936
6 | 1219.435 244.6254 66[1 1885 17 123437 251.63348 |61939
7 | 1329.995| 269.768] 69h 2109 18 1277.603 266.7874 (62060
8 | 1342.458 271.089 758 2113 19 1337.063 263.187 |72920
9 | 1295.805| 256.295 685 1997 20 1292.348 285.19735 |62121

10 | 1187.902| 274.4139 619 1967 Pl  1217.608 277.973P4 | 1975
11 1199.08| 246.138 626 1990 22 1127.025 284.958715 |51825

Regression (3)

FRa + ByWIN; 1+ BaWIN; o+ BaWIN; 3 +B4WIN; g

Table 2 Result of Regression (3)

source | 55 df MS Number of obs = 6292
————— - S R F( 4, 6287) = 507.37
Model |  .037363896 4 .009340974 Prob > F = 0.0000
Residual | .11574652 6287 . 00001841 R-squared = 0.2440
————— —+-- ————- ———— Adj R-squared = 0.2436
Total | .153110416 6291 .000024338 ROOT MSE = .00429
finalpercent | Coef std. Err. T P>t [95% conf. Interwal]

_____ R . ———— ———— ——— R
1] -.004877 .0001201  -37.7 0.000 -.0051309  -.0046247
2 | -.0027007 .0001291 -20.92  0.000 -.0029538  -.0024476
3 | -.0014202 0001291 -11.00 0. 000 -. 0016733 -. 0011671
4 | -.0002903 L0001291 -2.25 0.025 -. 0005434 -. 0000372
o | 0475632 . 0000791 601.23 0. 000 L D474081 L04771B3

Regression (5) RGr =0+B1WIN; 1 +B2WIN; 2+ BsWIN 3 +BaWIN g+ ¥ RANK 11
Table 3 Result of Regression (5)

source | 55 df M5 Number of obs = 229196
————————————— e ] F({ 5,229190) = 2039, 38
Model | 3.45427476 3 .690854952 Prob = F = 0.0000
Residual | 77.6398405229190 .000338758 R-squared = 0.0426
————————————— e adj R-squared = 0.0426
Total | 81.0941153229195 000353821 ROOT MSE = .01841
percentdis | coef std. Err. T p>|t] [95% conf. Interwval]
_____________ T
1] -.003705 .0000955 -38.7 0.000 -.0038922  -,0035177
2 | -.0018319 . 000092 -19.7 0.000 -. 0020141 -. 0016497
3| -.0008743 . 0000922 -9.49 0.000 -.001055 -. 0006937
4 | -.0001049 . 0000918 -1.14 0.253 -. 0002848 . 000075
vl . 0004575 6.42e-06 71.27 0. 000 . 0004449 . 00047
o | 0415483 0001021 406. 82 0. 000 0413482 0417485
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Regression (6)

REGr=a+B1WIN; 1 +BWIN; 12+ BWIN o+ v RANK 11

Table 4 Result of Regression (6)

229196
2548. 89
0. 0000
0.04286
0.0426
. 01841

-.0035173
-.0016514
-. 0006953
. 0004702
. 0417189

source | 55 df MS Number of obs
————————————— o F( 4,229191)
Model |  3.45383249 4  ,8B63458121 Prob > F
Residual | 77.6402828229191 000338758 R-squared
————————————— e Adj R-squared
Total | &1.0941153229195 000353821 ROOT MSE
percentdis | Coef std. Err. t P>|t] [95% Conf.
_____________ T
1 | -.0037045 . 0000955 -38.7 0. 000 -. 0038917
2 | -.0018336 . 0000929 -19.7 0.000 -. 0020158
3| -.0008759 . 0000922 -9.50 0. 000 -. 0010566
A" . 00045786 6.42e-06 71.31 0. 000 0004453
e | . 0415234 . 0000998 416.21 0. 000 0413278

Regression (7)

Mode]

+ 8 WIN;.2* RANK 01+ 8 WIN;.5* RANK 4

RGr=0a+B,WIN; 1 +BoWIN; o+B3WIN g+ v RANK i+ 8 WIN; .1* RANK 11

229196
146l1.67
0.0000
0.0427
0.0427
.0184

Interval]

-. 0026995
-. 0010484
-.000169

. 0005043

-.0000413
-.000013

-1.71e-06
. 041383

Table 5 Result of Regression (7)
55 df M5 Number of obs
—————————————————————————————— F( 7,229188)
3.46558079 7 .49508297 Prob > F
77.6285345229188 000338711 R-squared
—————————————————————————————— Adj R-squared
81.0941153229195 .000353821 RODT MSE
coef std. Err. T P>t [95% conf.
-.0030395  .0001735 -17.52  0.000 -.0033795
-.0013974  .000L781 -7.85  0.000 -. 0017464
-.0005271  .0001827 -2.88  0.004 -. 0008852
.0004878  8.39e-06 58.11  0.000 . 0004714
-. 0000726 . 000016 -4.55  0.000 -.000104
-. 0000423 . 000015 -2.83  0.005 ~. 0000716
-.0000306 .0000148 -2.08 0.038 -. 0000596
.0411476  .0001201  342.59  0.000 . 0409122
Table 6 Summary of Regressions
w @ )
PC PC PC
WINCr-1) -0.00370=** -0.00370%=* -0.00304%==
(0.0000955) (0.0000955) (0.000173)
WIN(r-2) -0.00183=** -0.00183==* -0.00140% ==
(0.0000930) (0.0000929) (0.000178)
WIN(r-3) -0, 000874 % %% -0. 00087 6%%% -0.000527%*
(0.0000922) (0.0000922) (0.000183)
WIN(r-4) -0. 000105
(0.0000918)
rank 0.0004 57 %8% 0.000458%%% 0.00048gwx*
(0.00000642) (0.00000642) (0.00000839)
dummyl -0.0000726% %=
(0.00001860)
dummy2 -0.0000423%%
(0.0000150)
dummy 3 -0.0000306%
(0.0000148)
_cons 0.0415%%* 0.0415%%*% 0. 0411 #%*%*
(0.000102) (0D.0000998) (0.000120)
N 229196 229196 229196
R-5q 0.043 0.043 0.043
adj. R-sg 0.0432 0.043 0.043
rmse 0.0184 0.0184 0.0184

Standard errors in parentheses
* p<0.05, ** p<0.01, *** p<0.001
dummy1=wIN(r-1)*rank
dummy2=WIN(r-2)*rank
dummy3=wIN(r-3)*rank

29



References

Albert E. Mannes. (2009): “Are We Wise About thesdbm of Crowds? The Use of Group
Judgments in Belief Revision,” Management Scieb6e1267-1279.

Ali, Mukhtar M. (1977): “Probability and Utility Bsnates for Racetrack Bettors,” Journal of
Political Economy, 85,803-815.

Clotfelter, Charles, and P.J.Cook (1989): “Sellihgpe: State Lotteries in America,” Cambridge,
MA: Harvard University Press.

Clotfelter, Charles, and P.J.Cook (1993): “The ‘G#ernis Fallacy’ in Lottery Play,” Management
Science 39, 1521-5.

Croson, Rachel, and Sundali, James (2005): “Thel®ain Fallacy and the Hot Hand: Empirical
Data from Casinos,” Journal of Risk and UncertaBt§95-209.

Erik Snowberg & Justin Wolfers (2010): "Explainitige Favorite-Long Shot Bias: Is it Risk-Love
or Misperceptions?," Journal of Political Econorbypiversity of Chicago Press, vol. 118(4),
pages 723-746, 08.

Hurley, W. and L. McDonough (1995): “A Note on thdayek Hypothesis and the
Favorite—Longshot Bias in Parimutuel Betting,” Amsan Economic Review, 85, 949-955.
Jonathan Guryan & Melissa S. Kearney (2008): "Garghbat Lucky Stores: Empirical Evidence
from State Lottery Sales," American Economic Reyi@merican Economic Association, vol.
98(1), pages 458-73, March.

Langer Ellen (1982): “The lllusion of Control,” Dieh Kahneman, Paul Slovic, and Amos
Tversky (eds.), Judgment under uncertainty: Hdéosisind Biases. Cambridge University Press.
Martin Kocher, Michal Krawczyk and Frans van Wind¢2009): “Let Me Dream on!
Anticipatory Emotions and Preference for TimingLiatteries,” Tinbergen Institute Discussion
Papers 09-098/1.

Matthew Rabin & Dimitri Vayanos (2010): "The Gamtdeand Hot-Hand Fallacies: Theory and
Applications," Review of Economic Studies, Blackiliblishing, vol. 77(2), pages 730-778, 04.
Morrisey, Rebecca S., and Peter C. Ordoshook (19R&}ional Choice, Light Guessing, and the
Gambler’s Fallacy,” Public Choice 22, 79-89.

Paton (1997): “Why is There a Favourite-LongshasBin British Racetrack Betting Markets,”
The Economic Journal, 107, 150-158.

Sauer, R. D. (1998): “The Economics of Wagering hé#s,” Journal of Economic Literature, 36,
2021-2064.

Shin, Hyun Song (1991): “Optimal Betting Odds agaiinsider Traders,” Economic Journal, vol.
101, pp. 1179-85.

Shin, Hyun Song (1992): “Prices of State Conting€iaims with Insider Traders, and the
longshot bias,” Economic Journal, vol. 102, pp.-886

Shin, Hyun Song (1993): “Measuring the Incidence lokider Trading in a Market for
State-Contingent Claims,” Economic Journal, voB,1fp. 1141-53.

Surowiecki James (2004): “The Wisdom of Crowds:Whg Many Are Smarter Than the Few
and How Collective Wisdom Shapes Business Econgr8eseties, and Nations, ” Little, Brown,
London.

Thaler, R. and W. T. Ziemba (1988): “Anomalies: ifartuel Betting Markets: Racetracks and
Lotteries,” Journal of Economic Perspectives, 2-1G4.

30



Terrell, Dek (1994):“A Test of the Gambler’s Falja&vidence from Parimutuel Games,” Journal
of Risk and Uncertainty 8, 309-17.

Terrell, Dek(1998): “Biases in Assessments of Phdlies: New Evidence from Greyhound
Races,” Journal of Risk and Uncertainty 17, 151-166

Tversky, Amos, and Daniel Kahneman(1974): “Judgmamder Uncertainty: Heuristics and
Biases,” Science 185, 1124-1131.

Woodland, Linda; Woodland, Bill (1994): “Market kffency and the Favorite-Longshot Bias:
The Baseball Betting Market,” Journal of Financé,¥® (1), pp. 269 — 280.

Terrell, Dek and Amy Farmer (1996): “Optimal Betfimnd Efficiency in Parimutuel Betting
Markets with Information Costs,” The Economic Jalrh06, 846—868.

31



