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Theoretical Loss and Gambling Intensity:
A Simulation Study

Michael Auer, Andreas Schneeberger, and Mark D. Griffiths

Many recent studies of Internet gam-

bling—particularly those that have analysed
behavioral tracking data—have used variables such
‘‘bet size’’ and ‘‘number of games played’’ as proxy
measures for ‘‘gambling intensity.’’1 However, nei-
ther bet size nor the number of games played
takes into account the house advantage of a game.
Players are risking less when they play games
with low house advantages. A low house advantage,
therefore, corresponds to a high payout. Further-
more, data presented from these studies have typi-
cally been presented by game type (e.g., data are
only presented from online sports bettors or online
poker players). However, using a concise simulation
analysis of online gamblers playing a variety of
games, this short article argues that bet size cannot
be reliably used across games and/or game types as
a measure of gambling intensity.

Griffiths and Auer2 outlined the many advan-
tages and disadvantages of using behavioral track-
ing data in the gambling studies field. The main
advantages of behavioral tracking data are that it
(a) provides a totally objective record of an indi-
vidual’s gambling behavior on a particular online
gambling Web site; (b) provides a record of events
and can be revisited after the event itself has fin-
ished; and (c) usually comprises very large sample
sizes. These are the main reasons that such data
will be used here.

In this article, we describe what we believe is the
best and most stable measure for ‘‘gambling intensi-
ty.’’ This measure is the ‘‘theoretical loss.’’ In the

long run, outcomes in games of chance are always
dependent on the house advantage: games with a
big house advantage lead to higher losses for the
gambler, while games with a lesser house advantage
lead to lower losses. For instance, lottery games typ-
ically have relatively high house advantages (e.g.,
50%), whereas casino games typically have rela-
tively low house advantages: roulette games with
a single ‘‘zero (0)’’ on their wheels, for example,
have a house advantage of 2.7%.

The ‘‘loss/win’’ variable—often referred to as the
gross gaming revenue (GGR)—is the difference be-
tween ‘‘total bet’’ and ‘‘total win.’’ However, as a
measure of a player’s gambling intensity, it is not
suitable, as it is typically distorted by the occasional
winning occurrences by gamblers, particularly in
the short-term. In the very long run, GGR is a
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more reliable indicator of gambling intensity, as
(statistically) it corresponds to the theoretical loss.
This means that theoretical loss is the most reliable
and robust indicator of gambling intensity. The the-
oretical loss of any given game is represented by the
product of the bet size and the house advantage.
Over very long periods of time, the theoretical
loss corresponds to the GGR with increasing accu-
racy. The following formula shows the calculation
of the theoretical loss for a bet on a single game
(g). The house advantage depends on the specific
game in question.

Theoretical Lossg ¼ Total Betg � House Advantageg

The more diverse the gambling behavior, the more
the bet size will typically deviate from the theoreti-
cal loss. For players playing only one game, a high
bet size will always be accompanied by a high the-
oretical loss. However, if the gambling behavior is
more diverse, players with high bet sizes will not
necessarily have a high theoretical loss. Given the
reliance on variables such as bet size and/or number
of games played as proxy measures for gambling in-
tensity, this article examines the properties of theo-
retical loss using a mathematical simulation study
of up to 300,000 gamblers, playing as many as 13
different games. The hypothesis was that the robust-
ness of bet size and number of games played as
measures of gambling intensity would decline as
gaming becomes more hybrid.

METHOD

The authors programmed a procedure in the sta-
tistical package R that simulates different numbers
of players, playing as many as 13 different forms
of gambling games with varying house advantages.
A simulation study is most appropriate to show that
the bet size and the number of games does not com-
pletely explain the theoretical loss, since an empir-
ical study with a sample of gamblers always carries
the problem of validity. For this reason, the mathe-
matical approach of a simulation study was chosen.
(However, the authors also plan to publish a similar
study with real-world online behavioral data.)

Game types

As argued above, casino operators offer a wide
variety of games with different house advantages.

The house advantage is a key structural factor that
influences game attractiveness to players and
helps determine the casino’s revenue stream. High
house advantages tend to be less attractive to the
gambler but yield high profits. Based on our experi-
ence in the field of gambling, as well as our knowl-
edge of the different gaming platforms, we chose 13
games to be part in the simulation study. Table 1 dis-
plays these 13 games and their house advantages.
These house advantages are mean average values,
because different operators sometimes modify
games slightly. For example, slot machines and
video poker, in particular, can vary greatly across
operators. Therefore, we provided two house advan-
tages each for slot machines and video poker.

Viewing the different house advantages also re-
flects the problem of using bet size or number of
games as a measure of gambling intensity. Betting
10 euros on keno actually corresponds to betting
almost 100 euros on roulette with a single zero.
However, to date, all published studies using be-
havioral tracking data have only used bet size as
the measure of gambling intensity. Using the num-
ber of games as a measure of gaming intensity
would be an even-worse measure, as it also ne-
glects the amount bet.

Simulation parameters

As mentioned above, the first advantage of a sim-
ulation study is that gamblers could play up to 13
different games with varying house advantages. A
second advantage is that the simulation can be con-
ducted with different numbers of players. We simu-
lated up to 300,000 players, playing the 13 games.
For each of the players, the simulation calculates a

Table 1. Game Type and House Advantage

Used in the Simulation Study

Game Type House Advantage

Keno 25.0%
Big 6 Wheel 10.0%
Roulette (double zero) 5.6%
Video poker (high house advantage) 4.8%
Sports betting 4.5%
Slots (high house advantage) 3.3%
Roulette (single zero) 2.7%
Slots (low house advantage) 1.8%
Baccarat (banker) 1.7%
Baccarat (player) 1.6%
Blackjack 0.8%
Craps (double odds) 0.6%
Video poker (low house advantage) 0.5%
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specific game-preference pattern. On real world
platforms, it is known that gamblers also play a va-
riety of different games.3 Once the game prefer-
ences had been determined, up to 5,000 games per
player were simulated. Each simulated player had
an individual number of games simulated. The
‘‘drawing’’ of games happens according to the
game preference pattern. Finally, the bet size per
game being played has to be determined. Each play-
er’s range of bet size lies in an individual interval.
The minimum bet size for each player is a natural
number drawn from the interval (1:100). To com-
pute the maximum bet size, a natural number be-
tween 0 and 100 is drawn and added to the
minimum bet size.

Data analysis

The data analysis was performed with the statis-
tical package R. R is a language and environment for
statistical computing and graphics. It is a GNU pro-
ject that is similar to the S language and environ-
ment that was developed at Bell Laboratories
(formerly AT&T, now Lucent Technologies).

RESULTS

The explanatory quality of bet size and number
of games with respect to the theoretical loss can
most easily be determined by performing a correla-
tion analysis. Table 2 shows the amount of variance
of the theoretical loss explained by bet size and
number of games played. Table 2 represents the re-
sults for different numbers of players, wagering on
up to 5,000 single games and playing up to 13 dif-
ferent game types. The amount bet also varies

from 1 to 200 monetary units. It may clearly be
seen that the R2 converges to a specific value for
both parameters. The simulation showed that bet
size explains 56% of the variance of the theoretical
loss, while the number of games played explains
32% of the variance of the theoretical loss. This
means that when using bet size alone, 44% of the
gambling behavior remains unexplained. When
using the number of games played alone, 68% of
the variance is left unexplained. The error when
using bet size or the number of games played is con-
siderable; it is clearly not justified to use only one of
these two indicators as a measure of gaming inten-
sity. All conclusions that have been drawn from pre-
vious studies should therefore be treated with
considerable caution, as a large amount of the be-
havior has not been accounted for.

Table 2 clearly shows that the explained variance
converges towards the two values 56% (bet size)
and 32% (number of games played). Another flexi-
ble parameter is the number of single games being
played per individual. In Table 2, this number was
drawn from the uniform distribution (1:5,000). In
Table 3, the number of players simulated was
fixed at 300,000, but the number of games played
was varied. The first two values of R2 (52% and
29%) are the results from restricting the maximum
number of single games played per individual to
50. The higher the number of single games, the
more valid the result. For up to 1,000 single
games, the two values of R2 remain stable (see

Table 3).

Table 3. Explained Proportion of Theoretical Loss

by Bet Size and Number of Games Played

for Different Numbers of Games Played

R2

# Games Bet Size
Number of

Games Played

[1:50] 52% 29%
[1:100] 55% 31%
[1:1,000] 56% 32%
[1:2,500] 56% 32%
[1:5,000] 56% 32%

Table 2. Explained Proportion of Theoretical Loss

by Bet Size and Number of Games Played

for Different Numbers of Players

R2

n Bet Size
Number of

Games Played

500 59% 38%
1,000 61% 32%
5,000 58% 34%

10,000 56% 32%
50,000 56% 34%

100,000 56% 32%
200,000 56% 32%
300,000 56% 32%

3H. Wardle, A. Moody, M.D. Griffiths, J. Orford, and R. Vol-
berg, Defining the online gambler and patterns of behaviour in-
tegration: Evidence from the British Gambling Prevalence
Survey 2010, 11 Int’l Gambling Stud. 339–356 (2011).
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Another way of demonstrating the difference be-
tween theoretical loss, bet size, and number of
games played is via a contingency table (see Table
4). The contingency table was produced from the
simulation comprising 300,000 players playing a
maximum of 5,000 single games each. Players
were grouped into 10 groups according to theoreti-
cal loss and bet size. There was a correlation be-
tween the two measures, but it was clearly far
from perfect. Of the 30,000 most gaming intense
players with respect to theoretical loss, 14,375 of
them are also among the most gaming intense play-
ers with respect to bet size (therefore, 15,625 are
not). The difference is even greater for moderate
gamblers. For example, of the 30,000 gamblers in
Group 6 of the theoretical loss group (see Table
4), only 5,430 are also in Group 6 of the bet size
group. The error here amounts to 82% ((30,000–
5,430)/30,000).

Table 5 shows that the concordance between the-
oretical loss and number of games is even less. Of
the 30,000 most gaming intense players with respect
to theoretical loss, only 8,649 are also among the
most gaming intense players with respect to number
of games played (therefore, 21,351 are not). This
amounts to an error of 71% ((30,000–8,649)/30,000).

DISCUSSION

As far as the authors are aware, no paper pub-
lished in the gambling studies literature has used
theoretical loss as a measure of gambling intensity,
and when gambling intensity has been examined,
proxy measures, such as bet size and/or number of
games played have been incorporated. The hypoth-
esis that the robustness of bet size and number of
games played as measures of gambling intensity

Table 5. Contingency Table of Theoretical Loss and the Number of Games Played

Number of Games

1 2 3 4 5 6 7 8 9 10 Total

Theoretical Loss
1 20,203 5,220 1,949 974 574 351 247 174 142 100 29,934
2 6,783 9,199 5,169 2,954 1,980 1,287 913 735 523 457 30,000
3 2,108 6,859 6,275 4,425 3,121 2,291 1,785 1,253 1,062 821 30,000
4 646 4,333 5,509 4,986 3,998 3,085 2,452 2,086 1,590 1,315 30,000
5 175 2,511 4,220 4,772 4,472 3,851 3,163 2,699 2,233 1,904 30,000
6 34 1,218 2,988 4,143 4,285 4,314 3,976 3,421 3,003 2,618 30,000
7 4 536 2,173 3,336 3,844 4,318 4,245 4,126 3,853 3,565 30,000
8 — 142 1,226 2,503 3,421 4,193 4,574 4,684 4,711 4,546 30,000
9 — 35 425 1,567 2,930 3,827 4,527 5,068 5,659 5,962 30,000

10 — 2 68 385 1,268 2,552 4,115 5,678 7,283 8,649 30,000
Total 29,953 30,055 30,002 30,045 29,893 30,069 29,997 29,924 30,059 29,937 299,934

Table 4. Contingency Table of Theoretical Loss and Bet Size

Bet Size

1 2 3 4 5 6 7 8 9 10 Total

Theoretical Loss
1 23,687 5,371 742 143 39 15 1 — — — 29,998
2 5,583 13,384 7,295 2,403 838 303 132 46 16 — 30,000
3 668 7,195 8,941 6,987 3,622 1,528 639 262 121 37 30,000
4 53 3,085 6,178 6,999 6,267 4,026 1,981 903 364 144 30,000
5 7 787 4,299 5,275 5,896 5,721 4,167 2,382 1,070 396 30,000
6 — 144 1,885 4,419 4,777 5,430 5,440 4,445 2,555 905 30,000
7 — 31 533 2,744 4,466 4,665 5,230 5,433 4,565 2,333 30,000
8 — 3 105 843 3,022 4,778 5,152 5,594 6,017 4,486 30,000
9 — — 20 170 943 3,022 5,467 6,348 6,706 7,324 30,000

10 — — 2 17 130 512 1,791 4,587 8,586 14,375 30,000
Total 29,998 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 299,998
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would decline as gaming becomes more hybrid was
confirmed.

This article demonstrates that previous mea-
sures used are inadequate for explaining players’
gambling intensity and that theoretical loss appears
to be the most reliable and robust indicator of gam-
ing intensity. The results presented using a concise
simulation study clearly demonstrate that neither
bet size nor (particularly) number of games played
are robust measures of gambling intensity. This
suggests that future studies should not consider
such variables as proxy measures for gambling

intensity, and that theoretical loss is a much more
robust measure.

In order to make statements about overall gambling
behavior, a complete view of gambling behavior has
to be generated (including, for example, sports betting,
casino games, and poker). Results from previous stud-
ies outlined in the introduction were only derived sin-
gularly for sports betting, casino, or poker playing
behavior. The analysis in the study presented here
clearly demonstrates that researchers in the gambling
studies field need to examine individual gambling be-
havior across all game types and not just one type.
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