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ABSTRACT

ARTICLE HISTORY

Problem gambling is characterized by intense urges to repeatedly
engage in gambling and is highly deleterious to individuals’ finan
cial and social well-being. A fundamental issue in problem gam
bling is how repeated and risky betting behavior varies as
a function of outcome history. We used empirical data on gamblers
playing baccarat, one of the most popular casino games, to exam
ine the effects of sequential winning versus losing on subsequent
gambling behavior. Specifically, we analyzed data from 7,935,566
games played by 3,986 players at a land-based casino to examine
changes in the betting amount and in the rate of betting on hands
with different dividend rates according to prior consecutive wins or
losses. The results revealed that the bet amount in baccarat gradu
ally increased according to streak length, and this effect was more
pronounced after sequential winning than after sequential losing.
The proportions of multiple bets, including ‘longshots’ – hands with
low winning percentages and high dividend rates – decreased after
sequential losing but increased after sequential winning. The pre
sent study, as the first attempt to analyze a large dataset on
baccarat betting, indicates that gamblers shift their gambling beha
vior to be more reckless after experiencing consecutive wins more
than consecutive losses.
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Introduction
Casino gambling is a very large and prevalent industry in many countries, although its
expansion inevitably increases concerns about gambling disorder. The fourth edition of
the Diagnostic and Statistical Manual (DSM-IV) classified gambling disorder as an
impulse control disorder, but recently, the DSM-V reclassified it as a substance-related
and addictive disorder (American Psychiatric Association, 2013; Nicholson et al., 2019).
This reclassification has entailed the imposition of new requirements on social and
medical service providers to address problem gambling in the same way that they address
substance-related addictions. Researchers therefore need to address the urgent task of
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identifying potential risk factors for problem gambling; they must also evaluate and guide
effective policy and responsible gambling operations.
Past studies have proposed several biopsychosocial models, such as the pathways
model (Blaszczynski & Nower, 2002) or cognitive-behavioral model (Sharpe & Tarrier,
1993), to account for the progression of problem gambling from initial participation to
impaired control and persistence. One key element shared across these models is the
assumption that the persistence of gambling behavior is closely linked to the experiences
of wins. People receive reinforcement through monetary rewards contingent on wins that
are experienced intermittently, thus increasing the likelihood of a return to gambling.
The models note that the experiences of losses also contribute to the continuation of
gambling behavior, especially problem gambling. Losing streaks or the accumulation of
losses inevitably occur in gambling, which leads to ‘chasing’ behavior characterized by
the continuation of gambling to recoup money that has been lost (American Psychiatric
Association, 2013). Thus, both winning and losing results in continued gambling, and
how repeated and risky gambling behavior varies as a function of outcome history is one
of the fundamental issues in problem gambling.
To date, many studies have investigated the underlying psychological processes of how
the outcomes of prior decisions influence subsequent decisions in different domains,
including lotteries, stock prices, and others (for a review, see Oskarsson et al., 2009).
More specifically, previous studies on gambling have focused mainly on whether winning
or losing is more likely to lead to risky betting, and the results are mixed (e.g. Cummins
et al., 2009; Kostek & Ashrafioun, 2014; Leopard, 1978; Mentzoni et al., 2012; Monaghan
et al., 2009; Smith et al., 2009; Thaler & Johnson, 1990). For example, Leopard (1978)
reported that individuals became more risk-taking following a gambling loss. Before
starting each of four gambling tasks, the subjects were provided with 10USD. The
amount of money participants had at the end of each gambling task was summed to
determine an overall payoff. The results revealed that 67% of the participants became
more risk-taking when they were losing rather than when they were winning. Smith et al.
(2009) also reported that experienced poker players tend to play less cautiously after
a large loss, evidently hoping for lucky hands that will erase their loss. In contrast, Thaler
and Johnson (1990) reported that risk-taking behavior increases after a gambling win.
They presented participants with a list of hypothetical statements such as ‘you have won/
lost X, now choose between gamble A and sure-outcome B’. Here, gamble A was a risky
option with a greater potential payoff, while sure-outcome B was a riskless option with
a smaller payoff. They found that the participants were more likely to choose the risky
option of gamble A after a win than after a loss. Another strand of evidence comes from
an experiment reported by Cummins et al. (2009). They tested whether college students
bet more recklessly following an experimentally induced winning or losing streak in
a computerized game of cards. They showed that participants who initially won bet
significantly more recklessly than did participants who initially lost.
It seems that the findings from the aforementioned studies support different conclu
sions, but they are not necessarily mutually exclusive. Instead, it is possible that both
consecutive wins and consecutive losses lead to risky betting. For example, Ma et al.
(2014) used data from a gambling website and found that long-term cumulative gains
and losses both positively predicted an individual’s increased online gambling. Lister
et al. (2016) used an immersive virtual reality casino and reported that gamblers with
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a higher motivation to win money were more likely to show chasing behavior in response
to both wins and losses. These results suggest a reconciliation between the two competing
hypotheses on the effects of winning versus losing on subsequent gambling behavior.
While these past studies have provided insights into changes in betting behavior,
a major limitation is that many studies have used highly controlled experimental para
digms, which lack ecological validity. Specifically, some studies have exposed participants
to predetermined outcomes (e.g. Cummins et al., 2009; Kostek & Ashrafioun, 2014;
Mentzoni et al., 2012), and others have used hypothetical scenarios rather than an actual
gambling task (e.g. Thaler & Johnson, 1990). These approaches provide a well-controlled
setting to test the specific hypotheses, but the data are largely based on ‘moderately’
motivated participants, making it difficult to detect the exact effects associated with real
monetary decisions. This limitation can be overcome by using field data from casinos.
Casino players, unlike typical university students in experimental studies, are motivated
to make real decisions using their own money, thus providing the strongest test of how
the outcomes of prior decisions influence subsequent gambling behavior.
Another limitation of past studies is that even in the case of field studies, the data on
gambling behavior were aggregated or only partially available (e.g. Croson & Sundali,
2005; Keren & Wagenaar, 1985; Narayanan & Manchanda, 2012; Oldman, 1974; Sundali
& Croson, 2006). For example, Narayanan and Manchanda (2012) reported that approxi
mately 8% of consumers in their sample could be classified as addicted based on data
mainly derived from gamblers playing slot machines. However, the lowest level of data in
their study was a ‘play’, which starts when a customer begins gambling at a station and
ends when she exits the station. Thus, the data for the exact sequence of activities within
a play, such as each time a consumer puts a coin into the slot machine, were not retained.
This limitation prevents researchers from sufficiently analyzing the changes in betting
behavior depending on sequential winning versus sequential losing.
In this study, we use a large empirical dataset on gamblers playing baccarat in a casino
to examine the effects of sequential winning vs. losing on subsequent betting. Baccarat is
the most popular game among high-roller casino players, especially in East Asia,
accounting for the majority of casino revenue in gambling enclaves such as the Macao
Special Administrative Region (SAR) (Loi & Kim, 2010; Philander et al., 2016). The
current dataset on baccarat players has two important features that are suitable for the
present investigation. First, the system used in the present study tracks all bets made by
all baccarat players throughout the day. Specifically, the data are derived from ‘player
account-based gambling’ (Gainsbury, 2011), which is based on a centralized account that
is linked to an individual. That is, the system has unique player identifiers, thus enabling
us to analyze player demographics, including age (by 5-year increments), gender, and
ethnicity. Second, the duration of the game of baccarat is at most approximately a few
minutes, and hence, players often engage in repeated rounds (e.g. even hundreds of times
within a day). Thus, the current dataset has rich information on the gambling behavior of
each player, enabling us to thoroughly analyze how risky betting behavior varies as
a function of outcome history.
The main purpose of the present study was to determine – using empirical data from
casino players – whether winning or losing is more likely to lead to risky betting. For this
end, we have taken advantage of the rules of baccarat: when the players bet, they can
determine the amount of the bet and choose different dividend rates for each hand (i.e. 1
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to 1, 8 to 1, or 11 to 1). We can therefore analyze how the outcomes of prior decisions
influence subsequent decisions in terms of both the amount of the bet and the dividend
rate. To the best of our knowledge, based on empirical data from gamblers playing
baccarat, the present study is the first to demonstrate that gamblers tend to shift to riskier
betting behaviors after sequential winning than after sequential losing.

Method
Basic setup of baccarat
Baccarat is one of the most popular card games played at casinos (Supplementary Figure 1).
A participant may make a bet by guessing whether the ‘player’ hand or ‘banker’ hand will
win. The participant can also make a ‘tie’ wager when expecting a draw. All wagers must be
within the table limit. The maximum and minimum limits of wagers are assigned at each
table, and a participant may choose the limit he/she desires. The dealer draws cards for the
player’s and the banker’s hands according to the drawing rules, and the hand closest to 9
wins. When the total becomes a two-digit number, the first digit is discarded, and only
the second digit retains its value. The player’s and the banker’s hand each receive two or
three cards, and the winner will be determined by the sum of those cards. All winning bets
on the player’s hand will be paid 1 to 1. However, under the commission rule (see below),
all winning bets on the banker’s hand will have to pay a 5% commission to the house.
A winning tie bet will be paid 8 to 1. The original bet (player/banker) is not collected.
The game procedure is as follows: after the dealer finishes the shuffle, the player will be
given an indicator card to cut the cards. After the cut, the dealer loads the cards into the
shoe to begin the opening game. The game starts while the dealer leads the betting. The
dealer proceeds with the game according to the drawing rules. No bets are admitted after
the ‘no more bets’ call. All wagers should be within the limit. When the indicator card
comes out, that game will be the last game of the shoe. The dealer’s mistakes during the
game are managed according to the casino’s guidelines for specific cases.
Several game options are relevant to the present study: commission/no commission
and pair bets. Under the commission rule, five percent of the winning banker’s bet will be
deducted as a commission from the payout. Under the no-commission rule, no commis
sion will be deducted from the winning banker’s bet. However, 50% of the winning
banker’s bet will be deducted as a commission when the banker wins with a total of 6. In
the current dataset, most games are based on the no-commission rule (approximately
one-fifth of the baccarat tables are based on the commission rule).
If the initial two cards in the player’s or the banker’s hand make up a pair (two cards
with the same value), the winner will be paid at a rate of one to eleven. In the case of no
pair, the wager will be taken away. Pair betting is available for both the player’s and the
banker’s hand. 10 – J, 10 – Q, 10 – K, J – Q, J – K, and Q – K are counted as the same value
of 0 in baccarat, but none of these combinations is a pair. A tie bet or a pair bet is accepted
without an original (player/banker) wager. Card drawing must be open.
In baccarat, multiple bets are allowed (e.g. betting on the banker, a tie, and a pair at the
same time). The statistical win frequencies are as follows for eight-deck baccarat: 44.62%
for players, 45.86% for bankers, 9.52% for ties, and 7.47% for pairs. The house advantage
of each hand is 1.24% for players, 1.06% for bankers (for the no-commission rule, 1.45%),
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14.36% for ties, and 10.36% for pairs. We therefore regard betting on ties and pairs as
‘reckless’ betting in the present study. The game rules and further details are summarized
in the Supplementary Materials.
Data acquisition
The data were gathered from baccarat tables at a land-based casino located in the capital
region in Korea from 20 April 2017, to 31 January 2018. The casino is an affiliated company of
SEGA SAMMY HOLDINGS Inc., a funding body of the present study. The casino is open for
operation twenty-four hours a day, seven days a week. All customers are foreign nationals,
and they need to create a customer account with ID cards. The casino’s covenant explicitly
states that the deidentified playing data on customers can be analyzed for the purpose of
academic research. The data are electronically derived from card and chip recognition
systems, which track all bets made by all baccarat players throughout the day. Specifically,
the system records who is playing baccarat (based on the ID card), which table and seat the
player is in, how many chips the player is betting, and the outcomes of each game through the
electronically regulated baccarat tables that can recognize the amount of chips. The ID card
system has unique player identifiers, thus enabling us to analyze player demographics,
including age, gender, and ethnicity, although it does not contain any markers of problem
gambling, such as self-exclusion. We received the deidentified data from the casino through
SEGA SAMMY HOLDINGS Inc. After all the data were anonymized, while keeping the data
on sex, ethnicity, and age in 5-year increments, it was not possible for individuals to be
identified by the researchers. As this study was retrospective in nature, no written informed
consent was obtained from the customers. Due to the contract with the funding body, the
current dataset is not publicly shared in a repository. This study was approved by the Ethical
Committee of Kyoto University Unit for Advanced Study of Mind (29-P-26).
The data set included 27,641 players playing 18,673,193 games. Of these, the games
played by individuals who 1) were aged 21 to 80, 2) visited the baccarat table for at least
3 days (range: 3–220 days), and 3) placed more than 70 bets across single or multiple
sessions within one of the visiting days were extracted. The number 70 was determined
based on the fact that the baccarat game is dealt from a shoe containing 8 decks of cards
shuffled together, and after approximately 70 games, the shoe is renewed with a new set of
8 decks. Thus, the number 70 is an indication of repeated gambling behavior at baccarat
tables. We excluded from the analyses all the data with a bet amount of 0, which indicated
that players remained at the table but did not place a bet. We also excluded the data in
which players used only complimentary chips, but we analyzed the data in which players
used their own chips combined with complimentary chips (see Supplementary
Materials). Then, we confined our analyses to the games that reflect the effects of
sequential winning or losing (once, twice, and thrice) on the change in the betting
amount for each game and the proportions of a bet (i.e. whether to bet) on different
dividend rates. As a result, 7,935,566 games played by 3,986 players were analyzed.
Statistical analysis
To clarify the effects of sequential winning vs. sequential losing on subsequent gambling
behavior, we analyzed the changes in the amount bet on each game and the changes in
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the proportions of a bet on different levels of the dividend rate (i.e. player/banker, tie, and
pair). We regarded an outcome of each game as a win if the payout amount was over the
betting amount, as a loss if the betting amount was over the payout amount, or a draw if
the two amounts were equal. We also regarded a series of gambling outcomes as
sequential wins or sequential losses if a prior win/loss was followed by a subsequent
win/loss within 10 minutes (Supplementary Figure 2). Thus, we did not model what
occurred between two games if the two games were separated by more than 10-minute
intervals. Furthermore, to secure a sufficient number of instances analyzed, we did not
model outcomes preceded by more than four consecutive wins or losses.
Here, we note that the cards used in baccarat are not serially uncorrelated; thus,
previous realizations influence future likelihoods. In this sense, our data suffer from
a violation of independent and identical distribution assumptions (i.i.d), although the
effect is minimal, given that it is virtually impossible to control win frequency based on
the information on the remaining cards in decks.
We applied generalized linear mixed-effects modeling (GLMM) using the ‘glmmTMB’
package (Brooks et al., 2017) implemented in R (R Core Team, 2019), where models
containing fixed and random effects are fitted using maximum likelihood estimation. The
visualization of the regression model’s terms of interest was performed using the ‘sjPlot’
(Lüdecke, 2019) and ‘ggplot2’ (Wickham, 2016) packages. We entered the prior outcome
of each game (1 = win, −1 = loss) and the repetition of outcomes (once, twice, and thrice)
as well as their interactions as the fixed effects. The sequential numbers of wins or losses
were standardized prior to the analysis. In addition to the fixed effects, all possible random
effects (i.e. a random intercept and slopes) for participants were included in the analysis
(Barr et al., 2013). We apply log transformation to the amount bet on each game to reduce
skewness as well as to facilitate the interpretation of results. Models were fit using
a Gaussian family in the amount bet on each game or a binomial family in the proportions
of bets on different levels of the dividend rate. Effect sizes were calculated using the
‘MuMIn’ R package (Barton, 2019), which calculates the marginal and conditional coeffi
cients of determination for mixed-effect models. The marginal R2 of the model (R2m)
calculates the variance explained by the fixed effects, whereas the conditional R2 of the
model (R2c) calculates the variance explained by both fixed and random effects.

Results
Demographics of the players
Supplementary Table 1 shows the age, gender, and ethnicity of the players analyzed. The
available data on age were based on 5-year increments. The estimated mean age was
46.4 years. Most players were males, and the proportions of Japanese and Chinese players
were approximately 40% each. Thus, the typical player in our sample is a middle-aged
Asian male.
Bet amount for each game
Table 1 summarizes the results of the bet amount for each game. We found a significant
main effect of the prior outcome of each game (win vs. loss), suggesting that the
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Table 1. Results of bet amount for each game.
Groups
Fixed effects
(Intercept)
(slope)
The prior outcome of each game
(win vs. loss)
Streak length (once, twice, thrice)
Interaction term
Random effects
Participant
(Intercept)
(slope)
The prior outcome of each game
(win vs. loss)
Streak length (once, twice, thrice)
Interaction term

Estimate

Lower 95% CI

Upper 95% CI

SE

z value

Pr (>|z|)

12.211

12.168

12.255

0.022

551.259

<.001

−0.006

−0.009

−0.002

0.002

−3.332

<.001

0.026
0.008

0.025
0.007

0.027
0.010

0.001
0.001

49.362
9.961

<.001
<.001

SD

Lower 95% CI

Upper 95% CI

1.398

1.368

1.429

0.104

0.101

0.106

0.022
0.044

0.021
0.043

0.023
0.046

participants tended to bet more money after losing than after winning (B = −0.006, 95%
CI [−0.009, −0.002], z = −3.332, p <.001). We also found a significant main effect of streak
length (once, twice, and thrice), suggesting that the participants tended to bet more
money after sequential winning or sequential losing (B = 0.026, 95% CI [0.025, 0.027],
z = 49.362, p < .001). Furthermore, we found a significant two-way interaction (B = 0.008,
95% CI [0.007, 0.010], z = 9.961, p < .001). The R2m was .0003, and the R2c was .723. The
result of the interaction effect is illustrated in Figure 1. We found that the participants
tended to bet more money after sequential winning (B = 0.034, 95% CI [0.032, 0.036],
z = 38.568, p < .001) than after sequential losing (B = 0.018, 95% CI [0.016, 0.020],
z = 16.853, p < .001). In addition, the participants tended to bet more money after losing
than after winning when the streak length was 1 (B = −0.012, 95% CI [−0.014, −0.009],

Figure 1. Results of regression analyses predicting the bet amounts for each game (log-transformed)
according to the prior outcome of each game (win vs. loss) and the streak length (once, twice, and
thrice). The error bands represent the 95% confidence intervals.
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z = −8.670, p < .001), whereas this tendency was not found when the streak length was 2
(B = −0.0002, 95% CI [−0.004, 0.004], z = −0.078, p = .938), and it reversed when the
streak length was 3 (B = 0.011, 95% CI [0.005, 0.017], z = 3.584, p < .001).
Proportions of bets on each hand
The proportions of bets on each hand were analyzed with logistic mixed-effects regres
sions. We emphasize that in baccarat, participants bet on the banker or player in most
games (> 90%), and they can also simultaneously bet on a tie, pair, or both, in addition to
betting on the banker or player. Table 2 summarizes the GLMM results of the propor
tions of betting on the banker or player (dividend rate: 1 to 1). We found a significant
main effect of the prior outcome of each game (win vs. loss), suggesting that the
proportions of bets on bankers or players were higher after winning than after losing
(B = 0.099, 95% CI [0.089, 0.109], z = 19.543, p < .001). We also found a significant main
effect of streak length, suggesting that the proportions of bets on bankers or players
changed with sequential winning or sequential losing (B = 0.008, 95% CI [0.003, 0.014],
z = 2.910, p < .01). Furthermore, we found a significant two-way interaction (B = 0.038,
95% CI [0.031, 0.044], z = 11.312, p < .001). The R2m was .0019 (theoretical) or .0006
(delta), and the R2c was .440 (theoretical) or .146 (delta). The result of the interaction
effect is illustrated in Figure 2(a). Proportions of bets on bankers or players increased
with sequential winning (B = 0.046, 95% CI [0.037, 0.055], z = 9.859, p < .001), whereas
this proportion decreased with sequential losing (B = −0.029, 95% CI [−0.037, −0.021],
z = −7.073, p < .001). In addition, the effect of the prior outcome of each game (win vs.
loss) was remarkable when the streak length was 3 (B = 0.178, 95% CI [0.158, 0.197],
z = 17.903, p < .001) or 2 (B = 0.125, 95% CI [0.113, 0.137], z = 20.018, p < .001), whereas
this tendency was weaker when the streak length was 1 (B = 0.072, 95% CI [0.062, 0.081],
z = 14.872, p < .001).
Table 3 summarizes the GLMM results of the proportions of betting on a tie (dividend
rate: 8 to 1). We found a significant main effect of the prior outcome of each game (win
vs. loss), suggesting that the proportions of bets on ties were higher after winning than
after losing (B = 0.141, 95% CI [0.134, 0.148], z = 40.913, p < .001). We also found
Table 2. Results of the proportions of bets on the banker or player.
Groups
Fixed effects
(Intercept)
(slope)
The prior outcome of each game
(win vs. loss)
Streak length (once, twice, thrice)
Interaction term
Random effects
Participant
(Intercept)
(slope)
The prior outcome of each game
(win vs. loss)
Streak length (once, twice, thrice)
Interaction term

Estimate

Lower 95% CI

Upper 95% CI

SE

z value

Pr (>|z|)

3.416

3.366

3.467

0.026

132.719

<.001

0.099

0.089

0.109

0.005

19.543

<.001

0.008
0.038

0.003
0.031

0.014
0.044

0.003
0.003

2.910
11.312

<.01
<.001

SD

Lower 95% CI

Upper 95% CI

1.587

1.548

1.626

0.210

0.203

0.217

0.040
0.088

0.036
0.083

0.046
0.093
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Figure 2. Results of regression analyses predicting the proportions of bets on (a) the banker or player
(dividend rate: 1 to 1), (b) ties (dividend rate: 8 to 1), (c) pairs (dividend rate: 11 to 1), and (d) multiple
bets, according to the prior outcome of each game (win vs. loss) and the streak length (once, twice,
and thrice). The error bands represent the 95% confidence intervals.

Table 3. Results of the proportions of bets on ties.
Groups
Fixed effects
(Intercept)
(slope)
The prior outcome of each game
(win vs. loss)
Streak length (once, twice, thrice)
Interaction term
Random effects
Participant
(Intercept)
(slope)
The prior outcome of each game
(win vs. loss)
Streak length (once, twice, thrice)
Interaction term

Estimate

Lower 95% CI

Upper 95% CI

SE

z value

Pr (>|z|)

−2.233

−2.287

−2.179

0.028

−81.023

<.001

0.141

0.134

0.148

0.003

40.913

<.001

0.032
0.092

0.029
0.087

0.036
0.096

0.002
0.002

17.584
40.101

<.001
<.001

SD

Lower 95% CI

1.724

1.684

1.765

0.158

0.153

0.163

0.030
0.080

0.027
0.076

0.034
0.083

Upper 95% CI

a significant main effect of streak length, suggesting that the proportions of bets on ties
changed with sequential winning or losing (B = 0.032, 95% CI [0.029, 0.036], z = 17.584,
p < .001). Furthermore, we found a significant two-way interaction (B = 0.092, 95% CI
[0.087, 0.096], z = 40.101, p < .001). The R2m was .0046 (theoretical) or .0027 (delta) and
the R2c was .480 (theoretical) or .279 (delta). The result of the interaction effect is
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illustrated in Figure 2(b). Proportions of bets on ties increased with sequential winning
(B = 0.124, 95% CI [0.119, 0.129], z = 44.992, p < .001), whereas this proportion decreased
with sequential losing (B = −0.060, 95% CI [−0.066, −0.054], z = −19.328, p < .001). In
addition, the effect of the prior outcome of each game (win vs. loss) was remarkable when
the streak length was 3 (B = 0.334, 95% CI [0.320, 0.348], z = 46.392, p < .001) or 2
(B = 0.203, 95% CI [0.195, 0.212], z = 45.797, p < .001), whereas this tendency was weaker
when the streak length was 1 (B = 0.073, 95% CI [0.067, 0.079], z = 24.621, p < .001).
Table 4 summarizes the GLMM results of the proportions of betting on pairs (divi
dend rate: 11 to 1). We found a significant main effect of the prior outcome of each game
(win vs. loss), suggesting that the proportions of bets on pairs were higher after winning
than after losing (B = 0.115, 95% CI [0.108, 0.122], z = 31.715, p < .001). We also found
a significant main effect of streak length, suggesting that the proportions of bets on pairs
changed with sequential winning or sequential losing (B = 0.029, 95% CI [0.025, 0.032],
z = 17.081, p < .001). Furthermore, we found a significant two-way interaction (B = 0.069,
95% CI [0.065, 0.074], z = 30.220, p < .001). The R2m was .0027 (theoretical) or .0019
(delta), and the R2c was .531 (theoretical) or .375 (delta). The result of the interaction
effect is illustrated in Figure 2(c). Proportions of bets on pairs increased with sequential
winning (B = 0.098, 95% CI [0.092, 0.103], z = 34.837, p < .001), whereas this proportion
decreased with sequential losing (B = −0.041, 95% CI [−0.046, −0.035], z = −14.199,
p < .001). In addition, the effect of the prior outcome of each game (win vs. loss) was
remarkable when the streak length was 3 (B = 0.261, 95% CI [0.246, 0.275], z = 34.658,
p < .001) or 2 (B = 0.162, 95% CI [0.153, 0.172], z = 34.471, p < .001), whereas this
tendency was weaker when the streak length was 1 (B = 0.064, 95% CI [0.058, 0.070],
z = 21.439, p < .001).

Proportions of multiple bets
Table 5 summarizes the GLMM results of the proportions of multiple bets, and
Supplementary Table 2 summarizes the results of proportions of single and multiple
Table 4. Results of the proportions of bets on pairs.
Groups
Fixed effects
(Intercept)
(slope)
The prior outcome of each game
(win vs. loss)
Streak length (once, twice, thrice)
Interaction term

Random effects
Participant
(Intercept)
(slope)
The prior outcome of each game (win vs.
loss)
Streak length (once, twice, thrice)
Interaction term

Estimate

Lower 95%
CI

Upper 95%
CI

z value

Pr (>|
z|)

−1.842

−1.902

−1.782

0.031 −60.208

<.001

0.115

0.108

0.122

0.004

31.715

<.001

0.029
0.069

0.025
0.065

0.032
0.074

0.002
0.002

17.081
30.220

<.001
<.001

SD

Lower 95%
CI

1.917

1.874

1.962

0.180

0.174

0.185

0.032
0.090

0.029
0.087

0.036
0.094

SE

Upper 95% CI
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Table 5. Results of the proportions of multiple bets.
Groups
Fixed effects
(Intercept)
(slope)
The prior outcome of each game
(win vs. loss)
Streak length (once, twice, thrice)
Interaction term
Random effects
Participant
(Intercept)
(slope)
The prior outcome of each game
(win vs. loss)
Streak length (once, twice, thrice)
Interaction term

Estimate

Lower 95% CI

Upper 95% CI

SE

z value

Pr (>|z|)

−1.600

−1.655

−1.545

0.028

−56.996

<.001

0.160

0.153

0.166

0.003

48.097

<.001

0.034
0.098
SD

0.031
0.094
Lower 95% CI

0.037
0.002
0.102
0.002
Upper 95% CI

22.682
47.179

<.001
<.001

1.762

1.722

1.803

0.168

0.163

0.174

0.031
0.084

0.028
0.081

0.035
0.088

bets. We found a significant main effect of the prior outcome of each game (win vs. loss),
suggesting that the proportions of multiple bets were higher after winning than after
losing (B = 0.160, 95% CI [0.153, 0.166], z = 48.097, p < .001). We also found a significant
main effect of streak length, suggesting that the proportions of multiple bets changed
with sequential winning or sequential losing (B = 0.034, 95% CI [0.031, 0.037], z = 22.682,
p < .001). Furthermore, we found a significant two-way interaction (B = 0.098, 95% CI
[0.094, 0.102], z = 47.179, p < .001). The R2m was .0055 (theoretical) or .0038 (delta), and
the R2c was .491 (theoretical) or .335 (delta). The results for the interaction effect are
illustrated in Figure 2(d). Proportions of multiple bets increased with sequential winning
(B = 0.132, 95% CI [0.127, 0.137], z = 52.859, p < .001), whereas this proportion decreased
with sequential losing (B = −0.063, 95% CI [−0.069, −0.058], z = −24.081, p < .001). In
addition, the effect of the prior outcome of each game (win vs. loss) was remarkable when
the streak length was 3 (B = 0.365, 95% CI [0.352, 0.378], z = 53.453, p < .001) or 2
(B = 0.226, 95% CI [0.218, 0.235], z = 52.721, p < .001), whereas this tendency was weaker
when the streak length was 1 (B = 0.088, 95% CI [0.082, 0.093], z = 31.966, p < .001).

Discussion
We used casino data on interrelated gambler decisions to analyze the bet amount and the
proportions of bets on each hand in baccarat to clarify the effects of prior winning or prior
losing on subsequent betting. We found that the amount of bets in baccarat gradually
increased according to streak length, and this effect was more pronounced after sequential
winning than after sequential losing. The proportions of multiple bets, including longshot
bets on ties or pairs, decreased after sequential losing but increased after sequential
winning. These results jointly indicate that prior wins on gambling cause baccarat players
to bet more recklessly in terms of both the amount bet and the dividend rate.
The increase in the betting amount after consecutive wins is likely to eventually
cause heavy cumulative losses and is therefore regarded as a sign of shifting toward
risky gambling behavior. The experience of wins supposedly creates expectations that
similar consequences will follow in the future. This expectation, along with the
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intermittent nature of reinforcement in a gambling situation (see Knapp, 1997, on
Skinnerian view), encourages the individual to continue to gamble. The behavioral
tendency observed in a streak of wins can also be interpreted as a phenomenon
reflecting the ‘hot-hand fallacy’, originally proposed in the context of basketball shoot
ing (Gilovich et al., 1985) – that is, the unreasonable and erroneous belief that the
occurrence of a random event is less or more likely to occur. For example, people
playing roulette often bet more after winning (Croson & Sundali, 2005), indicating that
the players have mistakenly inferred from prior outcomes that they are on a ‘hot streak’
and that they are more likely to win in subsequent rounds. Likewise, Chau and Phillips
(1995) reported that subjects in a simulated blackjack game bet more after a series of
wins than they did after a series of losses.
Our interpretation of the effects derived from sequential winning is also substantiated by
the analyses of the proportions of bets on different levels of dividend rates. The analyses
yielded two main findings. First, the proportions of multiple bets increased after sequential
winning. Second, while the change (increase) in proportions of bets on the banker/player
was minimal (< 1%), those on ties and pairs were more remarkable. These findings suggest
that casino players tend to bet on ‘longshot’ hands, in addition to regular banker/player
hands, after sequential winning. These longshot hands are, by definition, disadvantageous
for baccarat players, given that the house advantages of ties and pairs (more than 10%) are
much higher than those of the banker/player (approximately 1%). We speculate that
baccarat players willingly bet on such disadvantageous hands after sequential winning
due to enhanced risk-taking. The present findings are highly consistent with a laboratory
experiment reported by Cummins et al. (2009), in which participants who won initially bet
significantly more chips on hands that were likely to lose than participants who initially lost.
While the effects associated with sequential winning are relatively clear, patterns of
betting behavior after sequential losing are also noteworthy. First, the participants tended
to bet more money after losing than after winning when the streak length was lower.
Second, although to a lesser extent than after sequential winning, the betting amount
increased after sequential losing, despite the decreased proportions of multiple bets.
These effects can be interpreted as chasing behavior – risking larger stakes to try to
recoup losses. Chasing typically refers to the act of returning to gamble on another day to
recoup previous losses (Lesieur, 1977), that is, between-session chasing, but it also refers
to the tendency to gamble too long within a particular session, that is, within-session
chasing (Breen & Zuckerman, 1999). The effects observed here can therefore be inter
preted as within-session chasing, but we do not know whether the present findings
generalize to changes in betting behavior across sessions. We leave this question as
a topic for future research.
Despite the increase in the betting amount, the proportions of bets, especially those for
ties and pairs, decreased after a sequential loss. This finding is consistent with a previous
study on online gambling, which found that a recent loss reduced individuals’ online
gambling, whereas a recent gain increased it (Ma et al., 2014). We propose that while
baccarat players might be relatively insensitive to the increase in betting amount over
time, they can still shift their behavior to be more risk averse in terms of dividend rates
after consecutive losses. It appears that while chasing after losing is an important
component of problem gambling, the experience of a win, especially consecutive wins,
is more influential on forming risky betting behavior, at least in baccarat games.
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The present study has several limitations. First, we have no data on the rates of problem
gambling in baccarat players or individual variables that are related to problem gambling,
such as self-exclusion. The interaction between the individual variables and in-game
markers might explain additional variance in the data. Second, the effect sizes observed
in the present study are quite small, pointing to a need for confirmation in future studies.
Third, we note once again that the present findings do not provide significant insights into
typical chasing behavior, that is, between-session chasing. The analyses focusing on changes
in betting behavior across sessions might further shed light on how repeated and risky
betting behavior are influenced by the session-by-session outcome history.
While the present findings do not underwrite any specific policy recommendations on
gambling operations, it is possible that a better understanding of changes in gamblers’ betting
behavior will fruitfully illuminate the limitations of capacities upon which we rely in
gambling. Given that increased casino visitation is a significant predictor of problem gam
bling (e.g. Zaranek & Lichtenberg, 2008), our field study provides unique and promising
insights into how risky and reckless betting behaviors are escalated even in nonclinical
populations. For future studies on problem gambling, it is important to identify betting
patterns that can serve as signs to predict the development of gambling-related problems.
Further study is needed to classify problem gambling or predict reckless betting behavior on
a single-player, game-by-game basis based on behavioral markers (e.g. Braverman & Shaffer,
2012; Dragicevic et al., 2011).
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Supplementary Materials for

Effects of sequential winning vs. losing on subsequent gambling behavior: Analysis
of empirical data from casino baccarat players

Supplementary Methods
Baccarat rules
The rules described below are adopted in the casino at which the current dataset was
collected.
In Baccarat, the 10, Jack, Queen, and King are all counted as 0. Other cards are
counted at their face value. After all participants place their wagers, the initial 4 cards
are dealt by two alternately in the order of player-banker-player-banker. Depending on
the outcome of the initial 4 cards, the game may end with 5 or 6 cards. The potential
outcomes are as follows: a natural game, a stand game, a more card draw game, and a
both sides draw game.
In a natural game, when the initial 2 cards total 8 or 9 on either side, it is
natural and the game will be over without drawing any more cards. If the initial 2 cards
total 8 or 9 on both sides, the higher value wins. If they are equal, the game ends in a
tie.
In a stand game, when the initial two cards of the player total 6 or 7, or the
initial two cards of the banker total 7, it is called a “stand”, and the side receives no
more draws. If the other side’s card value is less than a stand, one more card is drawn,
and the game finishes. The higher value wins; if the two sides have the same value, the
game ends in a tie. If both sides are a stand, the game finishes without additional draws.

1

The higher value wins; if both sides have the same value, the game ends in a tie.
In a more card draw game, if the player’s two-card value is less than 5 and the
banker’s two-card value is 6 or less, the player draws a 3rd card. Depending on the
player’s 3rd card, the game could end or the banker could draw a 3rd card to end the
game. The banker’s two-card value (6, 5, 4, 3) and the player’s 3rd card decide whether
the banker receives an additional draw or not. When the player’s two-card value is 5 or
less and the banker’s two-card value is 6, the game ends if the player’s 3rd card is 8, 9,
0, 1, 2, 3, 4, or 5, and the banker gets an additional draw and the game ends if the
player’s 3rd card is 6 or 7. When the player’s two-card value is 5 or less and the
banker’s two-card value is 5, the game ends if the player’s 3rd card is one of 8, 9, 0, 1, 2,
and 3, and the banker receives an additional draw and the game ends if the player’s 3rd
card is 4, 5, 6, or 7. When the player’s two-card value is 5 or less and the banker’s
two-card value is 4, the game ends if the player’s 3rd card is 8, 9, 0, or 1, and the banker
receives an additional draw and the game ends if the player’s 3rd card is 2, 3, 4, 5, 6, or
7. When the player’s two-card value is 5 or less and the banker’s two-card value is 3,
the game ends if the player’s 3rd card is 8, and the banker receives an additional draw
and the game ends if the player’s 3rd card is 9, 0, 1, 2, 3, 4, 5, 6, or 7. The higher the
value of the two- or three-card total wins; if both sides have the same value, the game
ends in a tie.
In a both sides draw game, when the player’s two-card value is 5 or less and
the banker’s two-card value is 0, 1, or 2, both sides draw one more card, which is the
final draw. The higher value wins. If both sides have the same value, the game ends in a
tie.

2

Complimentary chips
In the casino at which the current dataset was collected, customers can use
complimentary chips. However, these complimentary chips are not recorded exactly in
the system because some of the complimentary chips are paper-based and cannot be
recognized by baccarat tables. In this study, we excluded the data on games in which
players used only complimentary chips. However, the data in which players used their
own chips combined with complimentary chips remained in the current dataset. We
exactly identified that out of 7,935,566 games, 16,334 “win” records (0.21%) fell under
this category (based on the “atypical” relationship between the amount of money won
and the betting amount), and we estimated that a similar proportion (i.e., approximately
0.21%) of “loss” records were included (which we cannot exactly track within the
system due to the amount of monetary outcome being “0”). Given that the proportion of
these games is less than 0.5%, the effects of these complimentary chips on our
conclusions are thought to be minimal.
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Supplementary Fig. 1. Baccarat table. The participant makes a bet on whether the
“player” hand or “banker” hand will win (dividend rate: 1 to 1). A bet on a “pair” (two
cards with the same value) is available for both the player's and the banker's hands (11
to 1). A “tie” wager can be placed when the participant expects a draw (8 to 1).
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Supplementary Fig. 2. Scheme of sequential winning and losing. We regarded a series
of gambling outcomes as sequential winning or sequential losing if a prior win/loss is
followed by a subsequent win/loss within 10 minutes.
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Supplementary Table 1. Descriptive statistics on baccarat players (N = 3986)
Variable

Number

Percentage

Age
21-25
26-30
31-35
36-40
41-45
46-50
51-55
56-60
61-65
66-70
71-75
76-80

58
247
442
529
629
680
576
368
242
122
63
30

1.5
6.2
11.1
13.3
15.8
17.1
14.5
9.2
6.1
3.1
1.6
0.8

Gender
Men
Women

3474
512

87.2
12.8

Nationality
China
Japan
Korea
Mongolia
U.S.A.
Vietnam
Taiwan
Others (26 countries)

1719
1650
172
107
64
52
45
177

43.1
41.4
4.3
2.7
1.6
1.3
1.1
4.4
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Supplementary Table 2. Proportions of single and multiple bets
hand

Number

Percentage

Single bet
player/banker
tie
pair

5354615
152264
215602

67.5
1.9
2.7

Multiple bets
player/banker and tie
player/banker and pair
tie and pair
player/banker, tie, and pair

358923
782041
290996
781125

4.5
9.9
3.7
9.8
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