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I. INTRODUCTION

The widespread popularity of lotteries in general and the introduction of the
U.K. National Lottery in November 1994 has generated concern over the
potential addictiveness of gambling and numbers games in particular.
Indeed, the Director General of the Of®ce of the National Lottery (who
regulates the U.K. game that is operated by a private sector franchisee) is
directed by the Secretary of State not to license games that encourage
`excessive participation'. Despite this concern there has been no economics
research into the extent to which lottery participation is subject to addiction.

Most modern lottery games are variations of the pari-mutuel `lotto'
design: players buy a ticket where they have chosen m numbers from n;
when the draw takes place m numbered balls are selected randomly from n;
prizes are shares of a proportion of the stakes and the remaining portion of
the stakes (the take-out) is used to administer the game, pay the ticket
outlets, and cover tax liabilities and other charges; and prizes are awarded
to ticket holders that match different numbers of the balls drawn (usually
there is a large jackpot prize pool for those few that match all m, and
smaller prize pools are shared by those who match mÿ 1, mÿ 2 etc.). The
distinctive feature of such games is that there may be no m-ball matches in
a given draw in which case the jackpot is `rolled-over' to the following
draw. Rollovers give rise to variations in the expected value (de®ned as the
price of a ticket minus the expected winnings) of tickets between regular
draws (where the jackpot from the previous draw has not rolled over) and
rollover draws. This generates systematic variation in the level of sales
across draws because a rollover induces an exogenous change in price that
causes a movement along the demand curve.

The excess of revenue over prize payouts, which is approximately 50
percent of sales, is divided between the operator (5%, on average), the
distributor (5%), sales tax (12%), and `good causes' (28%, on average)
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which is deposited with several `Distribution Funds' and then allocated to
charitable and other causes. This is typical of most lotto games which are
run with the aim of raising revenue for such causes or for general
government expenditure.

Traditional economic theory assumes that preferences are exogenous and
has dif®culty addressing the issue of addiction. Becker and Murphy (1988),
hereafter BM, present a theoretical model where individuals maximize
utility over a good to which they can become addicted. A distinction
between the long- and short-run elasticities is an important consequence of
the presence of addiction. In a model with addiction the long run elasticity
is greater than the short run elasticity. That is, we would expect increases in
consumption which arise due to a fall in price to be magni®ed over time
given that the good is addictive. Thus rollovers can induce higher sales in
future draws as well as the current draw.

Cook and Clotfelter (1993) ®nd that rollover-induced variation in the
expected value of a ticket as an important determinant of sales1. Gulley and
Scott (1993) also include the expected value in a study of U.S. lottery
participation. Farrell and Walker (1999) also use the expected value to
identify the price elasticity using cross section data pooled across regular
and rollover draws. Here we apply a similar methodology to estimate the
elasticity of demand for the U.K. National Lottery using time series data,
and to test for addiction among players which results in the long-run
elasticity exceeding the short-run elasticity.

The realization that the true elasticity can be identi®ed from changes in
the expected return to a ticket caused by rollovers is an important observa-
tion as the face value of a ticket is ®xed (at £1 in the case of the U.K.
National Lottery). However the expected price of the ticket is not the face
value, but the amount that is not returned in the form of prices (i.e. (1ÿ V )
where V is the expected value of a ticket). Since there is observable
variation in the expected value, due to the presence of rollovers, there is
implicitly price variation from which one can estimate the price elasticity of
demand.

There is, however, one potential problem with our approach. We are
relying for identi®cation on the existence of rollovers and these should
occur with relative infrequency2. Surprisingly this has not been the case for
the U.K. lottery. Rollovers have, in practice, occurred with a much higher
frequency than would be expected by statistical chance. Farrell et al. (1999)
show that one reason for this is that players appear to select their numbers

1However due to collinearity between the expected value and the size of the jackpot which is
also included as a regressor, this variable performs poorly in their model.

2The rollover probability for level of sales of C, if players select their numbers randomly, is
given by (1ÿ (n!=m!(nÿ m)!)ÿ1)C. So in the case where n � 49 and m � 6 it follows that the
chance of a given ticket winning the jackpot is 1=14 million so with sales of about 70 million per
draw we would expect to see approximately 5 jackpot winners per week. With a standard deviation
of approximately 2, this implies that there should be no winners in approximately 1% of draws.
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in a non-uniform way. As a result more players pick the same combinations
of numbers than would otherwise occur if they selected their numbers
uniformly. This leads to a lower coverage of the possible combinations of
numbers and so increases the probability of a rollover occurring3.

We use data from the inception of the game until the introduction of the
second weekly draw. By including a lag of sales in the model we are able to
identify the long run effects of price changes as well as the short run
effects4. The importance of the price elasticity relates to the regulatory
framework ± the U.K. game is effectively required to maximise sales which
implies a price elasticity of ÿ1. In contrast pro®t maximisation will require
the elasticity to be ÿ1:06, given the marginal costs implied by the game
design for the U.K. Thus we would like to be able to discriminate between
these two to test the effectiveness of regulation. Moreover, the level of
addiction, in comparison with other goods such as cigarettes, is itself of
interest.

The paper is organised as follows: section II summarizes Becker and
Murphy's (1988) model of addiction and introduces the lotto expected value
function; section III presents the econometric methodology; section IV
presents the results; and section V summarizes and concludes.

II. THEORETICAL FRAMEWORK

Becker and Murphy's theoretical model distinguishes between myopic
addiction, where individuals only take account of past purchases in deter-
mining present consumption, and rational addiction, where individuals are
forward looking and so also take account of expected future prices, and
therefore future consumption, when making current consumption decisions.
If rational addiction is present then a fall in expected future prices will
increase both future sales and present consumption. That is, to get the
maximum utility from the anticipated increase in future consumption
individuals need to build up their stock of addiction through increased
consumption today. It is possible to test for `rationality' in this sense in our
application because it depends on there being variations in expected future
prices. There is some variation in the expected future prices because this is
the probability weighed sum of rollover and non-rollover prices and these
prices vary systematically across the data because rollovers affect the
expected value. That is, a rollover in the current draw affects the expected
price in the next draw. Thus our estimates can, in principle, be used to
examine the rationality or otherwise of addiction.

The model set out in BM considers utility maximisation de®ned over a

3The introduction of a random number selector into the lottery terminals, from week 70, has
increased the weekly coverage and a slight impact on the number of rollovers appears to be visible
in the data.

4The introduction of an autoregressive component is discussed later.

A TIME SERIES ANALYSIS OF U.K. LOTTERY SALES 515

# Blackwell Publishers 1999



good assumed to be addictive. Addiction implies that current consumption
will depend, in part, on the stock of addiction generated by past consump-
tion. Single period models imply that current consumption is independent
of past consumption under the conventional assumption of intertemporal
additive separability. This is relaxed in BM, simply by allowing this period's
utility to be a function of both present and past consumption of the addictive
good. The utility function can thus be expressed as

Ut � U (yt, ct, ctÿ1, et), (1)

where yt is a composite commodity, ct is the current period consumption of
the potentially addictive good, ctÿ1 is the one period lag of ct and et

captures the effects of unobservable variables and current period shocks on
utility. Past consumption of the addictive good enters directly into this
period's utility since it is a suf®cient statistic for the stock of addiction.

As this is a utility maximization problem we must assume concavity of
the utility function. However in the context of the purchase of lottery tickets
this presents a problem. Participating in an unfair gamble is clearly at odds
with conventional expected utility theory. One generalisation is to postulate
that individuals are risk averse, and so would normally reject unfair bets,
but that participating in the lottery generates some additive positive non-
pecuniary effect on well-being5. In order to maintain the concavity assump-
tion it is further necessary to assume that the utility from the act of playing
itself is diminishing in the number of tickets purchased. The high level of
participation, from across the income distribution, and the low levels of
expenditure per person seem to be consistent with this motivation for
playing.

Consumers choose ct, yt so as to maximise this (expected) utility
function over their (in®nite) life-time subject to the usual budget constraint
that the life-time discounted sum of consumption must be equal to the
present value of wealth, at the maximum. This is, the problem is to

max
X1
t�1

â tÿ1U (ct, ctÿ1, yt, et) such that
X1
t�1

â tÿ1(yt � Ptct) � A0, (2)

where â � 1=(1� r), r is the rate of time preference, Pt is the current price
of the good and A0 is the present value of wealth (including the expected
winnings from lottery play). BM show that the solution to this problem for a
utility function quadratic in ct, yt and et, is a linear difference equation
whereby current consumption of the addictive good is a function of past and
future consumption, the current price and the error terms6. Aggregated
across all individuals they obtain the following equation

Ct � á� èCtÿ1 � âèCt�1 ÿ è1 Pt � è2et � è3et�1, (3)

5See Conlisk (1993) and Quiggin (1991) for a full analysis of such models.
6For a full derivation from the associated ®rst order conditions see Becker and Murphy (1988).

516 BULLETIN

# Blackwell Publishers 1999



where Ct, Ct�1, Ctÿ1 are the aggregate current, future and past consump-
tion's respectively, and á, è, è1, è2, è3 are preference parameters from the
quadratic utility function.

The level of addiction of a good is higher the greater the reinforcement of
past consumption on present consumption, that is, the higher is è. The
theory suggests that both the lag and lead of sales will be signi®cant
determinants of consumption whose coef®cients differ only by the discount
factor. BM refer to this as rational addiction. However there are two
quali®cations to this. First, as individuals tend towards the myopic then,
r!1 and so â! 0. In this extreme case only the lag will have a
signi®cant coef®cient; a case which BM call myopic addiction. Secondly,
when there is no variation in expected future prices then data cannot identify
the rate of time preference since future sales only appears because of
expected movements in future prices. Here, there is expected variation in
future prices ± in each draw individuals expect the price in the next draw to
be determined by the weighted sum of the expected values when there is a
rollover and when there is no rollover, where the weights are then given by
the probabilities that these events occur. While it is the case that rollovers
are random events the expected future value of the price depends on
whether a rollover has already occurred: the expected price in the next draw
will be higher if the current draw has featured a rollover. Thus, we estimate
the model in (3) as well as the special cases of myopic addiction and no
addiction. The short and long run price elasticities, calculated at the mean,
are therefore given by åjC tÿ1

� è1((1ÿ V )=C) and åjC tÿ1
�

(è1=(1ÿ è1))((1ÿ V )=C) respectively.
Estimating (3) requires data on V. The formal expression for the expected

value of a lottery ticket was ®rst derived in Sprowls (1970) and has
subsequently been adopted and re®ned in Lim (1995) and Scoggins (1995).
Here we will consider the case where players are assumed to select their
numbers uniformly7. The size of the jackpot is equal to the sales revenue
times the proportion of ticket sales in week t going to the jackpot prize pool
and plus any rolled over prize money from the previous draws draw. We
denote Ct as the sales revenue (aggregate consumption) and Rt as the
amount rolled over; which in most draws will be zero. Finally ð6 t is the
proportion of ticket sales in draw t going to the jackpot prize pool. The size
of the jackpot in draw t, is thus expressed as

Jt(ð6 t, Rt; Ct) � Rt � ð6 tC t: (4)

The probability that this jackpot is won, p6, is determined by the character-
istics of the game as explained earlier. The probability of there being a

7Cook and Clotfelter (1993), pp 636±7, speculate that the theoretical structure of the game is
unchanged if individuals pick their numbers non-randomly (they call this `conscious selection').
Farrell et al (1996) consider this more complex conscious-selection case and prove that the most
important theoretical properties of the game are indeed unaffected by this generalisation. They
also show that conscious selection has minimal impact on the estimated elasticity.
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rollover is equal to the probability that none of the players win the jackpot,
(1ÿ p6)C t . In the case of the U.K. National Lottery there are also smaller
prizes awarded for matching any ®ve, four or three of the main numbers and
a further prize pool for matching any ®ve main numbers plus a seventh
bonus ball, (5� b). The expected value of holding a lottery ticket taking
account of the smaller prizes is therefore8

V (Rt, ð6 t, ð jt, p6; Ct) � [(1ÿ (1ÿ p6)C t ][ð6 tC t � Rt]�
X

j

ð jtC t

( )
=Ct

(5)

where j � 3, 4, 5, 5� b, p6 is the probability of a single ticket winning the
jackpot, pj is the probability of correctly selecting any j numbers, ð6 t is the
proportion of ticket sales in draw t allocated to the jackpot prize pool and
ð jt is the proportion of ticket sales going to the jth prize pool in draw t so
that,

P
jð jt � ð6 t � (1ÿ ô), j � 3, 4, 5, 5� b, where ô represents the

takeout. The takeout is the proportion of sales revenue not returned in the
form of prizes which covers the operator's costs, pro®ts, tax, and, in the UK,
contributions to a number of good causes9. It is straightforward (see Farrell
and Walker (1998)) to show that VR . 0, Vp6

. 0, and Vt , 0 where sub-
scripts indicate partial derivatives. The effects of the level of sales, Ct, is
more dif®cult. In the case where R � 0 it is simple to show that VC t

. 0 and
VC t C t

, 0, but in general

VC t
� ( p6Ct(1ÿ p6)C t ((1ÿ ô)Ct � Rt)ÿ Rt(1ÿ (1ÿ p6)C t ))=C2

t (6)

which is not necessarily monotonic and Figure 1 depicts the possibilities
together with the relationship for R � 0. V (R) always asymptotes towards
(1ÿ ô), but for R . 0 it is from above and at a slower rate than for R � 0
when it is faster and from below. For R . 0 the relationship may attain a
maximum for some ®nite Ct but for suf®ciently large R the relationship will
be monotonically decreasing. Notice that V is always higher in rollover
draws than in regular draws, irrespective of the level of sales. Thus, it is
impossible to arbitrage away the differences in V no matter what the
variation in sales. This implies that there will always be some exogenous
variation in V arising from the random incidence of rollovers. It is, indeed,
possible in theory for the expected value to exceed unity, the cost of a ticket,
so the net expected return becomes positive.

Figure 1 shows how the expected return varies with the level of aggregate
sales. This is effectively the inverse supply function for industry and it

8It will be assumed, for expositional convenience, that the smaller prizes do not rollover. Whilst
it is possible for them to do so, in practice they never have and the probability of them doing so is
very small.

9For the UK National Lottery Treasury duty is 12% of ticket sales, the retailer's commission is
5%, operator's costs and pro®ts are 5% on average, and `good causes' get 28% on average.
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illustrates why it is unlikely that the expected return would ever be greater
than the cost of a ticket since it would require a low level of sales in a draw
with a large jackpot accumulated from previous rollovers. Superimposing
an aggregate demand function D in Figure 1 shows how a rollover shifts the
inverse supply function and induces a movement along the demand curve.
Thus, it is rollovers that identify the price elasticity otherwise draw to draw
variation is simply a result of draw speci®c shocks to demand that induce
endogenous variation in V along the inverse supply curve for R � 0.

III. ECONOMETRIC METHODOLOGY

The theory suggests that equation (3) should form the basis for our
econometric modelling. The functional form arises from the assumed
quadratic in levels utility function and it is dif®cult to derive explicit forms
from other speci®cations. One complication is that the expected value is
endogenous in this model since it is itself a function of the number of tickets
sold in a given draw. In order to account for this we estimate the model
using instrumental variables, instrumenting the expected value of a lottery
ticket with the size of the rollover.

Following BM and Becker, Grossman and Murphy (1994), hereafter
BGM, we test the signi®cance of last period's consumption by incorporating
the lagged value of the dependent variable in a regression of current sales
on the instrumented current expected value. This allows us to see if past

Figure 1. The Relationship between Sales and the Expected Return

A TIME SERIES ANALYSIS OF U.K. LOTTERY SALES 519

# Blackwell Publishers 1999



behaviour reinforces present consumption. However the introduction of a
lag of the dependent variable is likely to lead to serial correlation due to the
intertemporal correlation of unobservables. Consequently it is necessary to
instrument the lag using the same instruments as those used to instrument
the expected value. BGM instrument using price but in the case of lottery
play the price (expected value) is itself endogenous and therefore not a
suitable instrument. The exogenously determined rollovers and their size
provides a reasonable set of instruments in this case. In any case including a
lag of the dependent variable we distinguish between the long-run and
short-run effects of a change in the return to a lottery ticket10.

BM emphasises the possibility of rational addiction and uses variations in
expected future prices to capture this possibility. Here, the expected price in
the next draw depends on the difference between the expected value of a
ticket if there is a rollover in the current draw and the expected value when
there is no rollover. This difference is, in practice, close to being a constant
since in the U.K, the game features large sales so that the price is largely
independent of variations in sales. Thus, our data is unlikely to yield a
precise estimate of the discount rate that could be used to judge the
plausibility of the rational addiction hypothesis. Our data records aggregate
weekly National Lottery ticket sales per draw for the on-line game only (i.e.
excluding scratch cards). There are 116 observations starting from the ®rst
week that lottery tickets went on sale in November 1994 and end in
February 1997 when a midweek draw was introduced11. Over this period
total sales per draw averaged approximately £68.7 million and reached more
than £100 million in double rollover draws. Figure 2 shows the sales
revenue per draw for the duration of the data set. Over this period there
were 18 single rollovers and 2 double rollovers, (a double rollover occurs
when the jackpot is not won for two consecutive draws.

Since tickets cost £1 each we can directly infer revenue per draw from the
sales and from sizes of the prizes won we can derive the proportion of ticket
sales allocated to each prize pool each draw. One feature of the U.K. game
is that 3-ball winners receive a ¯at prize of £10 rather than a share of a pool
and that the pools for 4-ball, 5-ball etc winners then receive shares of the
remainder. Thus we compute the expected number of 3-ball winners
(approximately the number of tickets sold divided by 57) and then calculate
the contribution of the 4-ball, etc prize pools to the expected value of a
ticket accordingly, allowing for rollovers to add to the jackpot 6-ball prize
pool.

10The extent to which the estimated elasticities can be applied to the effects of permanent
changes in price is unclear. Rollover induced price shocks are temporary and players may react
differently to permanent changes such as alterations in the design of the lottery. That is, players
may engage in intertemporal substitution in response to anticipated rollovers. However, our
preliminary analysis of the data post the introduction of the Wednesday, which increased the
potential for such behaviour, suggests that this is not a feature of the data.

11This leads to new dynamic issues that take us beyond the scope of this paper.
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IV. RESULTS

Before we turn to the results two more data issues need to be addressed. It is
now well known that many time series are nonstationary which, when these
variables are used in a regression, can lead to a spurious regression problem
(see Granger and Newbold (1974)). In order to avoid this problem it is
necessary to identify the order of integration of the data. This was achieved
using the widely accepted Augmented Dickey-Fuller test (see Dickey and
Fuller (1979, 1981)). The results from this test13 conclusively reject the null
hypothesis of a unit root for both sales and the expected value and it is
therefore valid to estimate the relationship between them using conventional
regression techniques.

Cook and Clotfelter (1993) drop the observations for the period when the
product was new. Here, we wish to preserve the largest possible sample size

Figure 2. UK National Lottery Ticket Sales Nov. 94±Feb. 9712

12Figure 2 might suggest that an ARIMA model may give a good characterisation of the data,
however the R2 for the structural model is approximately twice that of any ARIMA model we
estimated and is thus a signi®cantly better characterisation of the data.

13The test statistic for C was ÿ3.115 and for V was ÿ3.039 compared to a critical value ÿ2.89.
The test was run with a constant and four augmenting lags but no trend. The Dickey-Fuller test is
biased against rejection of a unit root in the presence of structural breaks. Given this we also
applied Zivot-Andrews tests (Zivot and Andrews, (1992)) which test the null of a unit root against
that of stationarity with structural breaks. This test is particularly useful as it identi®es the
breakpoints endogenously and is therefore not subject to the same pre-test bias as are more
conventional tests. Again the hypothesis of a unit root was rejected.
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and attempt to control for the rise in sales at the beginning of the period by
including the (log of) the number of sales terminals14. The operator's
contract speci®ed the growth path in the number of terminals and it can
therefore be regarded as exogenous.

Our initial estimates of (3) indicated that the coef®cient on the lead of
sales was small, very badly determined and implied an extremely implau-
sible rate of time preference15. Thus, we proceeded directly to the myopic
model and the results for this and the no addiction models are presented in
Table 1.

In the conventional, no addiction, model we ®nd that all the coef®cients
have the expected sign and are statistically signi®cant. Attempts to general-
ize the speci®cation to allow for a time trend proved not to add to the model
once we had controlled for the variation in the number of sales terminals. In
the estimates of the myopic addiction model, which includes a lag of
consumption, the coef®cient on lagged consumption is positive and signi®-
cant suggesting that lottery play is addictive since consumption in the
previous period has a positive and signi®cant effect on consumption in this
period. The coef®cient on the expected value changes only marginally

14Dropping the ®rst 19 observations does not change the coef®cients signi®cantly when
compared with the estimation including the sales terminals variable.

15We found that the coef®cients on the lag and the expected value were insensitive to the
inclusion of the lead of sales and to the inclusion of other controls. For example, for a model with
no other controls we found that the estimate of âè was 0.08 with a standard error of 0.06 implying
that the weekly rate of time preference was approximately 12. BGM report similar, but less acute,
problems with estimated rates of time preference between 0.56 and 2.23.

TABLE 1
Two Stage Least Squares Estimates and Tests

Conventional speci®cation Addiction speci®cation

Ctÿ1 ± 0.33 (0.11)
Vt 136.60 (32.85) 134.82 (5.02)
Constant ÿ193.05 (28.04) ÿ145.70 (17.92)

R2 0.67 0.74

LM (AR1) 2.55 (0.11) 4.18 (0.04)
LM (AR2) 2.52 (0.08) 2.20 (0.11)
LM (AR3) 3.95 (0.01) 2.11 (0.10)
LM (AR4) 4.18 (0.00) 1.65 (0.16)
Hetero (squared) 6.26 (0.00) 3.60 (0.00)
Hetero (cross product) 5.04 (0.00) 2.75 (0.00)
ARCH 0.66 (0.41) 1.87 (0.17)

Note: The dependent variable is the level of sales. The log of terminals is also included. The standard
errors in parentheses are heteroskedasticity robust (using White's method). LM statistics are for AR1 etc
and are Breusch-Godfrey LM tests for ®rst and higher order serial correlation which are distributed as
chi-squared ± the terms in parentheses are the P values for these tests. Tests for heteroskedasticity where
we include the squares of the X variables and for the cross products.
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relative to that of the conventional model. That is, sales increase in rollover
weeks and while they fall afterwards they remain higher than prior to the
rollover occurring16. This means that rollovers heighten the potential
addictiveness of numbers games; the more rollovers, the more potential
there is for addiction to develop. We can see that post-rollover effect in
Figure 3 where we plot how sales evolve, on average, after rollovers in the
data and compare this with the predicted post rollover sales. A typical
rollover raises sales by 20 percent but sales do not return to their previous
level immediately. Thus a rapid succession of rollovers can effectively
ratchet sales upwards.

It is notable that we ®nd a signi®cant but relatively small addiction
coef®cient when compared to those found by BGM for cigarette addiction.
Our estimate of the coef®cient on the lag of consumption is 0.33 whereas
the corresponding coef®cient reported for cigarette consumption are typi-
cally of the order of 0.45. This suggests that lottery play is less addictive
than cigarette consumption, which seems plausible given that lottery play is
not physically addictive.

We conducted exhaustive testing of the myopic addiction speci®cation to
check for: mispeci®ed dynamics, stability of coef®cients, etc. We also tested
for the inclusion of additional lags using pseudo-F tests (see Davidson and
Mackinnon (1993) which allows for the use of instrumental variables)
which showed clearly that the myopic addiction model has the correct

16The lottery industry refers these higher than average sales following a rollover as the halo
effect.

Figure 3. Post Rollover Sales Behaviour
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dynamic speci®cation17. The LM statistics reported in the table for ®rst and
higher order serial correlation indicate their absence in the myopic addiction
model. The heteroskeasticity tests indicate its absence. The ARCH test
(Engle (1982)) amounts to a rejection of ARCH.

We tested for stability using tests proposed by Hansen (1992)18 and ®nd
that each individual slope coef®cient is stable and that although they are
jointly unstable we ®nd that it is the constant and the terminals coef®cients
that are responsible for this19. Thus we are reasonably con®dent that we
have captured the correct rollover effect and the short run dynamics post
rollover that are important for policy.

Table 2 reports the long and short run elasticities. The short run elasticity
gives the response in period t to a change in the expected value of a ticket,
whereas the long-run effect pertains to the response to a change in the
expected value across all periods. Thus the long-run effect must exceed the
short-run effect. The elasticities show that there is a negative relationship
between sales and the price of a ticket and therefore a positive relationship
between sales and expected value20.

The long-run effect does exceed the short-run as predicted, although not
signi®cantly so. From this estimated long-run elasticity of ÿ1:55, and its
standard error of 0.04, we are clearly able to reject both revenue maximisa-
tion, which implies an elasticity of ÿ1.00, and pro®t maximisation, which
implies an elasticity of ÿ1.06. However we could reject neither with the
short-run estimates21. Thus our long-run result seems to suggest that the
pricing of the product is not consistent with the regulator's objective and the

17Testing one lag against none yields an F statistic of 31.52, and testing one lag against two,
three and four lags yielded F statistics of 0.20, 0.90 and 0.59 respectively.

18Similar tests are proposed by Nyblom (1989) and Andrews (1993).
19The test value for the joint stability of coef®cients was 7.07 compared to a critical value of

1.47, and for Ct ÿ 1, V, Ln T , the constant, and the variance of the residuals were 0.34, 0.35, 0.40,
0.40, and 0.14 compared to a critical value of 0.47 at the 5% level.

20This is a signi®cant improvement upon those results offered by Cook and Clotfelter (1993).
21At the margin Camelot retain 1% of their 2% share of the purchase price of a ticket, and the

vendor received 5% implying that marginal costs are 6% of revenue. Assuming constant costs and
noting that MR � MC � P(1� (1=å)), what å is the price elasticity, pro®t maximisation implies
that 1� 1=å � 0:06 so that å � ÿ1:06, while revenue maximisation implies that MR � 0 so that
å � ÿ1.

TABLE 2
Long and Short Run Elasticities

Elasticity Conventional Myopic Addiction

Long-run ÿ1.05 (0.25) ÿ1.55 (0.04)
Short-run ÿ1.04 (0.04)

Note: the standard errors in parentheses were obtained by scaling by the ratio of the mean price to the
mean sales.
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regulator could elicit greater sales if the take-out rate were reduced and the
prize pool increases.

V. CONCLUSION

This paper tested for addiction among lotto players. Earlier tests of addic-
tion have tended to concentrate on physically addictive goods such as
cigarettes. Our raw data suggests that there is quite considerable addiction
and that this is essentially induced by rollovers, since sales are higher than
average after a rollover. However, lotto play is found to be less addictive
than physically addictive goods such as cigarette consumption.

The price elasticity is identi®ed through changes in the expected value of
holding a ticket, variations in which are driven exogenously by rollovers
and, surprisingly, we ®nd that the implied long-run elasticity is estimated
with suf®cient precision to reject revenue maximisation (which is what the
regulator demands). Our results suggest that changing the distribution of
sales revenue so that a higher proportion is allocated to prizes would
generate a suf®ciently large increase in sales that revenue to `good causes'
could be increased22.

University of Manchester
ESRI, Dublin,
University of Warwick.
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