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Motivation

Unique dataset on slot machines: “price” and aggregate
demand both observed.

3 goals:
See if people play more when the machine gives back more.

Try to define a price of gambling and see if gambling can be
rationalized.

More broadly, try to understand why people play (not done
here...).

But a limitation: no individual data.
infering gambling behavior from aggregate data might rely on heroic assumptions
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“Context”

The market grew rapidly since 1987: More than 40 Billions bet and 2 Billions spent
in 2006. It does not grow anymore.

40 billions is 2% of France GDP. Gambling represents a higher share in the
household budget than books and newspapers.

15 euros per minute are bet in average on each machine when casinos are open.

The profits are made over a small number of players who play a lot (often on 2 or
3 machines) and often with low socio-professional background.
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Difference with other games

Different from National Lottery which offers very high prizes.

Different from sports or horse races betting and from poker which require skills

But close from Scratch cards

Considered by psychologists as very addictive
possible to play again immediately
high payout rate

human bias: overoptimism. belief that you can win, that gains can actually exceed losses
neurologic explanation: thrill to experience a jackpot
rational economic explanation: cheap leasure
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Data description

1020 slot machines (for a total of 22000 in France)

in 6 casinos (for a total of 197 in France)

monthly data during 2 years (2004, 2005, while casinos exist since 1987)

Available information:
Machine identifying number and place

Date (month)

Minimum bet on the machine (mise minimale): m

Expected Payout rate (Taux de Retour Joueur): te = expected gain for a bet equal to 1
(or ratio between expected gains and amount bet)

Realized Payout rate (Taux de Retour Joueur): tr =average realized gain for a bet equal
to 1.

Number of units bet: n = number of time the minimum bet has been bet.

Turn over or sales (Chiffre d’Affaire): s = n ∗ m = total money bet (including “re-bet” of
gains).

Gross profit (Produit Brut des Jeux): Π = s(1− tr ) with tr = realized payout rate.
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Original data: Modèle 35 des feuillets de la comptabilité publique
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Original data: zoom
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Legal Requirements

The Pre-programmed (Expected) Payout Rate te must be higher than 86%.
Anti-addiction policy should actually impose a ceiling, not a floor.

Machines have many payout rates pre-programmed.

Casinos can change the pre-programmed payout rate.
(This must be done by an external firm which visits every casino in principle every
3 months)

Changes in payout rates induce a double declaration a given month. I have
deleted the observations with double declaration.

Minimal bets and slot machine places can also be changed by the casino.
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Number of changes

Table: Number and proportion of structural changes done by the casinos

Nb. of obs Proportion
te changed 430 2.2%
Minimum bet changed 231 1.2%
Place changed 1064 5.4%
Only te changed 173 0.9%



Introduction The data Descriptive statistics Empirical Analysis 1 Price definitions and rationality Conclusion

Distribution of Minimal Bets
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Distribution of Expected Payout Rates
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Distribution of Realized Payout Rates
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Distribution of Realized Payout Rates
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Evolution of Realized Payout Rates with time
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Turn Over as a function of Expected Payout Rates
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Turn Over as a function of Realized Payout Rates
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Turn Over as a function of Realized Payout Rates
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Contemporary analysis: the link between payout rate in date t and turn over in
date t.

1 Cross-section analysis
2 Panel analysis
3 Reaction to exogenous shocks (Instrumentation)

Analysis of long term effects could also be done (but not today...).
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Cross-section
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Cross-section
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Cross-section
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Panel
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Partial Conclusion/Discussion

The demand reacts strongly to the payout rate, especially the expected payout
rate even though the price is never obvserved.

Cross-section analysis subject to endogeneity because machines with a high
payout rates are different from those with a low payout rate (video poker versus
one-armed bandit (“bandit manchot”)).
Panel analysis might be biased too because the casino chose to change the
payout rate of specific machines (who performed badly for example).

Possible to do falsification tests to check this.

Other idea: Find a purely exogenous shock.
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Exogenous shock

We can write: tr = te + d

d is the difference between what the machine is supposed to give back in the long
run and what it actually paid back a given month.

This is purely exogenous! (since the machine works with a random number
generator...)
Idea:

Run few simple regressions to check if d influence s (sales).
Estimate: ln(s) = αln(tr ) + βX + ε where tr is instrumented by d .
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Really Exogenous?

To be a valid instrument, d should not have any direct link with s.

From the law of large numbers: E[tr ] = te.

From the central limit theorem:

√
N(

∑
ti

N
− te)

N→∞→ N (0, σ2)

with ti the gains at each bet i (ti = 0 if the player loses and ti ≥ 1 if he win)

But
∑

ti
N = tr and s = N ∗m.

This implies that d = tr − te converges to 0 like 1/
√

N

However d ∗
√

N has no direct link with s...

I will use both d and d ∗ √q as instruments.
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Table: Estimation of demand elasticities: various methods

Dependent variable: Log s
(1) (2) (3) (4) (5) (6)

specification OLS 2sls 2sls 2sls 2sls 2sls
log(tr ) 1.512*** 0.605*** 0.205** 0.336*** 0.851*** 1.331***

(0.062) (0.082) (0.092) (0.075) (0.051) (0.116)
Sample All All All N > 105 N > 5× 105 N > 106

Observations 19810 19810 19810 17729 5386 586
R-squared 0.684 0.681 0.677 0.748 0.927 0.943
Instrument: None d d

√
N d

√
N d

√
N d

√
N

Controls:
Date yes yes yes yes yes yes
Casino yes yes yes yes yes yes
Min. bet yes yes yes yes yes yes
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Sales and corrected payout rate

Figure: Correcting for Central Limit Theorem Convergence does not affect the results when tr
greater than 1.
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Gambler’s fallacy

This phenomenon is likely to reflect gambler’s fallacy
i.e. the belief that an event that has happened more frequently than usually will not occur
in the future

How to show it?
without jackpots, central limit theorem applies and D =

√
N ∗ (tr − te) will be too low but

normally distributed, for say N > 100000.

if D exhibits a large positive deviation from 0, this suggests there has been a jackpot

arbitrary consider top .5% of D distribution as jackpots.

then jackpot in month m lowers play by 30 % in month m + 1.

without biased behavior, such a correlation should not exist.
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Economic price (1)

Which good should we consider?

we use the good: gamble once.

since a single bet takes a fairly fixed amount of time (2
seconds), this is equivalent to a good defined in term of “time
spent playing”.

if gamblers maximize their playing time, they should favor
low-bet high-payout-rate machines

might not always be possible because of congestion
but same reaction to price variations in terms of minimal bets and payout rate should be expected
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Economic price

We can define:
- the expected price of a gamble pe = m(1− te)
- the realized price of a gamble pr = m(1− tr )

The expected price is chosen by the casino.

The realized price is the expected price plus a purely random shock.

We then have that the demand q = n and as usual, realized gross profits are
Πr = q ∗ pr .

This price is the more natural definition.
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Price and rationality

Gambling cannot be rationalized as an investment (negative payoff!).

It could be rational as leisure.

In this case, if players are rational, they should react in the same way to price
variations induced by shifts in m or in t .

Since t is not observed directly whereas m is, they should react more to shifts in
m.

We test: ln(q) = α ln(pe) + βX + ε = α ln(m) + α ln(1− te) + βX + ε
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Sales and minimum bets
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Sales and minimum bets
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Table: Demand elasticity: comparing price shifts induced by minimum bets and payout rates

(1) (2) (3) (4)
VARIABLES Log q Log q Log q Log q

logPE1 -0.244*** -0.256***
(0.00594) (0.0194)

logPR1 -0.294*** -0.0836***
(0.00653) (0.00533)

logM -0.710*** -1.081*** -0.675*** -0.993***
(0.00585) (0.0139) (0.00526) (0.0112)

Observations 19811 19811 19126 19126
R-squared 0.649 0.824 0.647 0.830

Control cas*mois cas*mas cas*mois cas*mas
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We have seen that demand reacts strongly to unobserved payout rates.

This explains why casinos chose so high pay out rates.

More broadly, it shows that gambling reacts to price incentives as any other good.

But reaction differs depending on the type of change (minimal bet versus payout
rate).

This might indicate unrational behavior.

There is also indication of gambler’s fallacy: jackpot previous month lowers by
30% turn over

=⇒ Policy implication of all this: put a ceiling on payout rates?

But can we say more?

Can we provide from the data any clever argument explaining why people keep
playing a game with negative expected payoff?
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