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1. Introduction
The advent of the National Lottery in the UK provoked widespread interest, and the amount of money spent on
tickets exceeded everyone's expectations and, perhaps more surprisingly, spending has continued at a high
level even after several years!  Ignoring the moral debate about whether the government should be encouraging
such betting on a national scale, we will concentrate here on its implications for mathematics teaching!  Our
contention is that the National Lottery is not only a very useful context for work on combinatorics, but is also
appropriate for the delivery of parts of the UK National Curriculum for mathematics.

2. Supporting A-level Teaching
For many years, questions of the type

"How many ways can a committee of 2 men and 3 women be found from 4 men and 6 women?"

have been causing students (and their teachers) anguish.  They are never well answered, however simply they
are set in examinations!  Part of the reason is surely motivation – no one really wants to know the answers to
questions like the one above.  The National Lottery, though, does provide a relevant context, where answers, if
not exactly needed, are at least of some interest.

We will briefly outline the procedure for the UK National Lottery (NL)..  For any one draw, you pay £1 for a
line of any six different numbers from

1 2 3 4 .... 48 49

On Wednesday and Saturday evenings each week, a draw is made and the winning six numbers (and a bonus
number) are announced.  The following prizes are offered by 'Camelot', the agency contracted to run the NL:

Winning Selections Odds Expected prize

Jackpot. Match 6 1 in 13,983,816 £2,000,000
main numbers (win or share)

Match 5 main 1 in 2,330,636 £100,000
numbers plus the

bonus number

Match 5 main 1 in 55,492 £1,500
numbers

Match 4 main 1 in 1,033 £65
numbers

Match 3 main 1 in 57 Guaranteed £10

              The overall odds of winning a prize are 1 in 54

This type of lottery is well known, particularly in the USA, but often different numbers are used.  The UK
lottery is known as a  '6/49'  lottery, since 6 numbers are chosen from 49.  Other examples of lotteries are:

California 6/53

Virginia 6/44

New York 6/54
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Of course, everybody wants to win the jackpot (all six numbers matching those drawn) so the first problem for
any discerning mathematician is to check the advertised probability.  Post 16 students should recognise this as
'1 in 49

6C ' for the UK lottery, since n rC  is the number of combinations of r different numbers from n.

You don't have to use this particular notation.  The total number of ways of choosing the first number is 49, the
second, 48, etc.  This gives

49 48 47 46 45 44× × × × ×

but this includes each set of six numbers in all possible orders.

There are

6 5 4 3 2 1× × × × ×

different ways of ordering 6 numbers, giving the total number of different tickets as

49 48 47 46 45 44
6 5 4 3 2 1

× × × × ×
× ×  × ×θ

= ( )(  )49
6

In what follows, we will use the n
r(   notation, but it is worth remembering that it is just a convenient notation.

One way to guarantee that you win is to buy a line for every combination of numbers!  But is it worth it?  For
the UK lottery, the number of lines needed is

 
49

6 13 983 816
14

C   =
≈  million

But as has been seen, the jackpot can be more than £14 million, particularly when there are 'rollovers', that is,
when there has been no jackpot winner and so the jackpot is added to the next draw.

There have been many successful attempts at a lottery coup by buying lines for all the possible number
combinations.  An Australian gambler, Peter Mandral, has (quite legally) used this method to win on more than
one occasion.  His major coup was in the Virginian lottery, where the jackpot (because of rollovers) had
reached $27 million.  For this lottery, the total number of possible different lines is

44
6 7C ≈  million

He actually spent about 10 million dollars in obtaining the lines (manpower and laser printers for the tickets),
and in fact only obtained 90% of those possible, since a couple of workers did not buy their allocated share –
but it was enough to win, and make a substantial profit.

Checking the odds for the other prizes in the UK lottery is a good source of relevant combinatorical problems.

The bonus number creates problems.  For the second prize, matching 5 main numbers plus the bonus number,
there are

6
5C  ways of matching 5 main numbers

1
1C  ways of matching the bonus number

Hence the number of successful ways is
6

5
1

1 6 1 6C × = × =C

giving odds of

1  in  
13 983 816

6
2330636

, , =  ,  as advertised.

This method of deriving the odds can now be readily extended.  The number of successful ways of winning the
next prize, for matching 5 main numbers, is given by
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6
5

42
1C C×

since the non-matching number can be chosen in 42 ways (49  minus 6 winning numbers and minus
the bonus number).

So the odds are

1  in   
49

6

5
42

1

C
C C

    1 in 55 4926 ×
≈

and, in general, the odds for matching r main numbers are given by

1  in   
49

6
42

6

C
C C6

r r× −

If you have been buying one line with the same numbers each week, you could check whether the
matching of one or two numbers has been consistent over a long period.  For example, the odds of
matching one number are

1  in   
49

6

1
42

5

1 2
C

C C
    in  .7406 ×

≈

So in about 4 weeks out of 11, you should have one number the same!

These types of ideas are very suitable for project work in mathematics.

Here are some possible starters for suitable projects:

(1) Are the numbers being chosen at random?  In the long run, the frequency of the 49 numbers
should be about the same, but how much variation could be tolerated without rejecting the
hypothesis that they are chosen randomly?

(2) Similar to (1) above, the total sum (or mean value) should be distributed normally about

150 6 25×(  ).  Is this the case?

(3) From the number of people winning particular jackpots, can you conclude anything about the
numbers chosen by the public?  For example, is has been suggested that many people use birth-
dates, which, if true, means fewer people winning when the numbers are high.

(4) Over a period of a year, if you stick to the same numbers, you should win £10 on average at least
once.  Check whether this actually happens.

(5) Design different strategies – for example, choose 12 different numbers, and buy all the lines so
that every combination of 4 of these numbers appears on a ticket.  Does this improve your
chances of winning?

(6) Compare the chances of winning with other forms of gambling (e.g., horses, football pools) or
investments (e.g., premium bonds).

The data needed for some of these projects can be readily obtained from the internet at:

http://lottery.merseyworld.com/Winning_index.html

To be able to effectively answer the suggested project (6) above, you certainly need more
information about how the money is allocated.

Firstly, about 50% of the stake money is deducted – this goes as:

retailer commission – 5%

treasury duty – 12%
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operating costs and profit – 5%

good causes – 28%

The money left is then used to pay out the guaranteed £10 prizes.  The remaining prize money is
allocated in the following way:

Jackpot – 52%

Bonus – 16%

5 out of 6 – 10%

4 out of 6 – 22%

This should give sufficient information to calculate the expected winnings if you buy one line.  It is,
though, probably no surprise to discover that it is not a good investment.

3. National Curriculum Mathematics in the UK
Whilst the analysis above is applicable to post 16 maths teaching, there is also much scope for
enhancing maths teaching for GCSE (the national examination taken by essentially all UK pupils at
age 16+).

Many of the suggested projects outlined above could also be used as the basis of practical GCSE
projects, although clearly not using the range of statistical tests available to more advanced students.

You can also consider smaller lotteries, where it is possible to list all the combinations in order to
find the odds, and in this way decide on prizes that will ensure a suitable return.  For example,
suppose you wish to design a 3/6 'school' lottery; that is, you choose 3 different numbers, out of 6, for
your ticket.

Using the numbers
1   2   3   4   5   6

it does not take too long to list all the possible lines, namely

1 2 3 2 3 4 3 4 5 4 5 6

1 2 4 2 3 5 3 4 6

1 2 5 2 3 6 3 5 6

1 2 6 2 4 5

1 3 4 2 4 6

1 3 5 2 5 6

1 3 6

1 4 5

1 4 6

1 5 6
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giving giving possibilities10 6 3 1 20+ + + =

So the odds of winning the jackpot are 1 in 20, i.e. probability of  
1

20
.

Suppose there is also a second prize for getting 2 matching numbers.  What are the odds of winning
this?  (You could, of course, use a general formula.)  Using the listing, if, for example (1, 2, 3) is the
winning set of numbers, the number of lines that win the second prize is

6 + 3 + 0 + 0 = 9

So the odds of winning the second prize are 9 in 20 giving a probability of 
9

20
.
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If the prizes offered are

£5 = jackpot (all 3 matching numbers)

£1 = exactly 2 matching numbers

then the expected winnings for one £1 line bought are

5
1
20

1
9

20
1

6
20

× + × − = − .

Hence, if 100 lines are sold, the organiser should win, on average, £30.

Of course the prize money can be readily changed and the expectation found (e.g., have £10 jackpot
and no second prize).  So the design of a 'school' lottery would be a suitable coursework activity,
including

• mathematical analysis to find the expectation,

• practical work through putting the lottery into practice, and then

• linking the theoretical model with practical outcomes.

It is, for example, easy to simulate this smaller type of lottery in the classroom, not, of course, using
real money!

4. Final Remarks
The first few years of the National Lottery in the UK have seen consistently high levels of sales – up
to £50 million has been spent per week.  Whilst the mathematics is relevant and interesting, there are
moral questions raised by the whole concept.  These may not be directly relevant to maths lessons,
but whatever is taught, it must be made clear that this sort of analysis should not encourage anyone to
gamble.  Indeed, the focus should be on showing that the National Lottery gives, on average, a poor
return on money spent.

It does, though, provide us as maths teachers with a relevant and practical topic, which can be used to
initiate and stimulate established topics in our curriculum.  We hope that some of the ideas given will
be helpful for your teaching.

One final point: we asked one of our colleagues who fully understands the mathematics behind the
Lottery, why he continues to buy a ticket.  His reply was,

"If you don't buy a ticket you certainly won't win!"


