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Introduction

Aims

The Aims of this Project are:

� To analyse some of the statistics of the national lottery (especially sales information), and
to see whether there are any trends, similarities, patterns, or correlations in the data.

� To check whether some of the statistical variables surrounding the national lottery fit a
known statistical distribution.

How the Statistics Were Collected

The statistics were collected from the Internet. I originally found complete information on the
first 187 lottery draws, but decided that this was too many to be easily manageable. Therefore
I decided to randomly select 50 draws from this set of information. I used my calculator to
generate random numbers from 1 to 187 (without generating previous numbers), and used this
to select a final table of data which contained 50 randomly selected lottery draws, which I then
sorted by draw number. The data will be reproduced in portions throughout the project. No
difficulties in collecting data were encountered.
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How the Lottery Works

People who play the lottery pick six different numbers on a ticket from the range 1 to 49. Any
person can play the lottery as many times as they like, but each ticket sold counts separately in
the final statistics.

Six numbers are selected using a a machine which selects six ‘random’ balls from a selection of
balls marked 1 to 49. This is done without replacement. The machine also selects a ‘bonus
ball’. There are three different machines, and there are ten separate ball sets. The machine and
ball set that are used for each lottery draw are selected by two separate people. Camelot, the
company that run the lottery, claim that this ensures the randomness of the lottery draw.

After the balls are selected by the machine, people can collect their prizes if they have matched
enough balls. Possible valid matches (in descending prize order) are:

� All of the six main numbers matched (jackpot).
� Five of the numbers plus the bonus number matched.
� 5 numbers matched (not including the bonus ball).
� 4 numbers matched (not including the bonus ball).
� 3 numbers matched (not including the bonus ball). 
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Analysis of the Lottery Statistics

Sales Statistics

The first attempt I made at finding patterns in the national lottery was to look at the statistics
for sales. This is because these are fairly easy to predict. A table summarising the sales
statistics for all of the randomly chosen 50 draws is below.

17,141,525702,73238,092,2771997Jul2159
29,047,8561,298,11864,550,7921997Jun14154
28,080,4881,160,79962,401,0851997Jun7152
11,308,420441,46325,129,8231997May28149
11,402,757548,76925,339,4611997Apr30141
11,571,899640,19425,715,3301997Apr23139
26,981,7751,467,49559,959,5001997Apr12136
29,045,7971,038,92264,546,2161997Mar22130
11,988,287449,22726,640,6381997Mar19129
27,886,6501,271,75161,970,3341997Mar8126
28,212,5621,332,59862,694,5831997Mar1124
12,822,534557,95228,494,5201997Feb19121
31,120,8171,137,41269,157,3721997Jan18114
31,113,5041,290,68469,141,1211997Jan11113
31,713,2891,443,90070,473,9761996Nov2103
31,529,3801,156,40670,065,2891996Oct12100
30,890,1091,094,35468,644,6871996Sep2898
30,496,1611,228,15867,769,2461996Sep1496
30,438,1021,493,51467,640,2271996Aug3194
30,730,312978,99368,289,5821996Jul686
29,907,6121,009,67866,461,3611996Jun1583
30,930,154896,34268,733,6751996Jun181
31,343,637967,07869,652,5261996Apr1374
33,256,4351,415,03573,903,1891996Feb1766
35,156,6691,643,44778,125,9311996Feb364
29,619,1271,086,25865,820,2821995Nov2554
29,612,5411,398,78965,805,6461995Nov1152
29,498,2251,418,88165,551,6111995Nov451
29,591,8341,302,30665,759,6301995Oct2149
29,622,9601,201,19965,828,8001995Oct1448
29,612,3861,091,13665,805,3021995Sep3046
29,071,9241,106,05864,604,2761995Sep943
28,532,646930,98863,405,8791995Aug538
28,715,737716,98663,812,7481995Jul2937
33,036,3041,203,74773,414,0081995Jul834
29,027,3601,046,99164,505,2451995Jun2432
29,172,042972,51764,826,7611995Jun329
33,647,2911,430,67574,771,7571995May2728
28,115,7691,350,11162,479,4861995Mar1818
30,459,8871,386,41967,688,6371995Mar1117
27,585,6401,477,00961,301,4221995Feb2515
21,718,590888,16548,263,5331994Dec33

Total Prize FundTotal Prize WinnersTotal Ticket SalesYearMonthDateDraw No.
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11,959,707368,48526,577,1261997Sep10179
11,988,828487,95826,641,8401997Sep3177
26,059,364826,80257,909,6971997Aug30176
12,196,626486,63327,103,6141997Aug20173
25,707,1231,032,36357,126,9401997Aug16172
12,276,826582,80127,281,8351997Aug13171
12,549,564652,63727,887,9191997Jul30167
12,440,921568,54227,646,4901997Jul23165

There ought to be a correlation between ticket sales and the total number of prizewinners
(because the more tickets are bought, the more people should win prizes). To check whether
this is the case, I carried out the following correlation calculation1:

H0: There is no correlation between ticket sales and the total number of prizewinners ( )q = 0
H1: There is a correlation between ticket sales and the total number of prizewinners ( ).q ! 0

Sxx = 1.443 % 1016

Syy = 5.680 % 1012

Sxy = 2.445 % 1014

r =
Sxy

Sxx % Syy
= 0.854

(  is the product-moment correlation coefficient)r

Using critical value tables, the critical value for a sample size of 50 at a significance level of
5% (a typical significance level used) is 0.2353,

0.854 n 0.2353

The correlation coefficient is in excess of the required critical value,  I reject H0, and I canâ
conclude that there is a significant positive correlation between ticket sales and the total
number of prizewinners. The correlation is more obvious when one looks at a scatter diagram
of the data, together with a best-fit line. The calculation of the best-fit line and the scatter
diagram are below.

y = a + bx

b =
Sxy

Sxx
= 0.017

a = y − bx = 1.034 % 106 − (0.017 % 5.671 % 107) = 7.288 % 104

â y = 7.288 % 104 + 0.017x
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The best-fit line has been drawn on the scatter diagram and it clearly shows the pattern - as
ticket sales increase, in general, so do the number of prizewinners.

Prizes
45.0%

Good Causes
28.0%

Lottery Tax
12.0%

Running Costs
5.0%

Retailer Reward
5.0%

Reserved for Scratchcards
5.0%

Distribution of

Lottery Revenue

Because the total prize fund depends entirely on the number of sales (as shown above, 45% of
the revenue generated by people playing the national lottery goes towards the prize fund), the
correlation coefficient for the number of sales and the prize fund should be 1 (if two variables
are in direct proportion, the correlation coefficient between them should be 1).

Thus, I checked the correlation coefficient between the number of sales and the prize fund:
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H0: The number of sales and the prize fund are in direct proportion ( ).r = 1
H1: The number of sales and the prize fund are not in direct proportion ( ).r ! 1

Sxx = 1.443 % 1016

Syy = 2.923 % 1015

Sxy = 6.495 % 1015

r =
Sxy

Sxx % Syy
= 1

 I accept H0: There is a direct proportion relationship between ticket sales and totalr = 1, â
prize fund, as I expected. This is shown on as a scatter diagram below, and the diagram is
overlaid by a best-fit line, which goes through all the points.
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Also, if there is a directly proportional relationship between these two factors, the correlation
coefficient of total prizewinners and the total prize fund should be the same as that between
total sales and total prizewinners ( ). I tested this:r = 0.854

H0: There is no correlation between the number of total prizewinners and the total prize fund ( ). q = 0
H1: There is a correlation between the number of total prizewinners and the total prize fund ( ).q ! 0

Sxx = 2.923 % 1015

Syy = 5.680 % 1012

Sxy = 1.100 % 1014
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r =
Sxy

Sxx%Syy
= 0.854

I reject H0 - there is a correlation between the number of total prizewinners and the total prize
fund, and the correlation coefficient is the same as before.

The Numbers Chosen by the Lottery Machine

Another test I performed was to see whether there was any correlation between the number
chosen by the lottery machine for each of balls (1st ball drawn, 2nd ball drawn etc., up to the
6th ball chosen), and the total number of lottery winners that week. One might expect some
correlation, if, for example, people in general tend to pick lower numbers. The data for the
balls chosen, and the total number of winners each week, is presented in a table below.

449,2271729134816401997Mar19129
1,271,751422039529121997Mar8126
1,332,59842284923331997Mar1124
557,952411911936391997Feb19121
1,137,412262131348221997Jan18114
1,290,684351811443161997Jan11113
1,443,900732234335481996Nov2103
1,156,4063039164515251996Oct12100
1,094,3543136392326191996Sep2898
1,228,15821148389101996Sep1496
1,493,51444144753271996Aug3194
978,9931326434547441996Jul686
1,009,6784613441825471996Jun1583
896,3423936372445351996Jun181
967,0784049442347381996Apr1374
1,415,035154221614181996Feb1766
1,643,44726922443221996Feb364
1,086,2582330162842461995Nov2554
1,398,789307104828231995Nov1152
1,418,881442748181461995Nov451
1,302,30647621219171995Oct2149
1,201,1994745930251995Oct1448
1,091,1362932104033111995Sep3046
1,106,058452024122121995Sep943
930,98884530251351995Aug538
716,9864546284934411995Jul2937
1,203,74740120111431995Jul834
1,046,991421521454351995Jun2432
972,517322140291311995Jun329
1,430,6751344372512451995May2728
1,350,111249183119411995Mar1818
1,386,419272946132221995Mar1117
1,477,00910531833181995Feb2515
888,1654029301711211994Dec33

Total Prize Winners6th
Ball

5th
Ball

4th
Ball

3rd
Ball

2nd
Ball

1st
Ball

YearMonthDateDraw
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368,4853235434520311997Sep10179
487,9583010381422431997Sep3177
826,802206383046331997Aug30176
486,633362720418281997Aug20173
1,032,36338199204921997Aug16172
582,801434151017291997Aug13171
652,63744645319121997Jul30167
568,542273421112841997Jul23165
702,732451022416181997Jul2159
1,298,11834443168101997Jun14154
1,160,7991214254030211997Jun7152
441,463325244836191997May28149
548,769824171040161997Apr30141
640,194431781234231997Apr23139
1,467,495294244273791997Apr12136
1,038,9224314402739411997Mar22130

I found the product-moment correlation coefficient between each ball drawn (1st drawn, 2nd
drawn, and so on up to the 6th ball drawn) and the total number of prize winners. The
calculation is not given, but it was performed in the same way as before. The resulting
correlation coefficients are given in the table below:

-0.0926
-0.2025
0.1274

-0.0843
-0.0412
-0.2401 

r =Ball No.

Next I tested the correlation coefficients I had found:

H0: There is no correlation between each ball drawn and the total number of prizewinners.
H1: There is a correlation between each ball drawn and the total number of prizewinners.

The critical values for n  50, at the 5% level, are  (found from tables).= !0.2353

Not Significant6
Not Significant5
Not Significant4
Not Significant3
Not Significant2

Significant1 
Is the Correlation Coefficient Significant?Ball No.

Thus there appears to be a correlation between the first ball drawn every week and the total
number of prizewinners, although the correlation is only just valid, because the value of the
correlation coefficient is very close to the critical value.
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The correlation is negative, which implies that the lower the value of the ball chosen as the 1st
ball, the higher the number of prizewinners that week. This may seem strange, but it can be
explained. 

One simple explanation, which may or may not be the case, is to do with birthdays: if people
pick their birthday dates for lottery numbers, as many do, then low numbers (below 31) are
more often picked. When these numbers are selected by the lottery machine, more people will
win prizes.

Ball Set and Machine Used

After checking whether the number of prizewinners was influenced by the balls drawn, I
checked whether there was a correlation between the ball set used and the number of
prizewinners, as well as the machine used and the number of prizewinners. The data for the
ball sets, the machine used and the total prizewinners for each week are presented below.

 1038922 52
 449227 22
 557952 33
 967078 61
 896342 22
 930988 81
 826802 62
 1332598 13
 368485 32
 972517 42
 582801 22
 486633 72
 1493514 31
 1156406 13
 1201199 83
 640194 43
 1398789 31
 1137412 22
 1160799 41
 888165 22
 441463 43
 1094354 31
 1415035 43
 1477009 71
 702732 12
 1302306 21
 548769 83
 1290684 32
 652637 101
 1271751 53
 1106058 41
 1091136 83
 1228158 23
 1298118 41
 1467495 32
 1418881 73
 1046991 22
 568542 31
 1203747 42
 1032363 61
 1643447 23
 1386419 71

 Total Winners Ball SetMachine Used
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 1443900 33
 1009678 72
 1086258 61
 1430675 82
 978993 83
 487958 11
 1350111 41
 716986 72

Again, the working is not given for the calculation of the product-moment correlation
coefficient, but the coefficients are given in the table:

r = −0.045Correlation between Machine Used and Total Prizewinners:
r = −0.011Correlation between Ball Set and Total Prizewinners:

As can be seen, these coefficients are almost 0, and certainly do not indicate any relationship
between the factors involved.

Is the Lottery Random?

Theoretically, the balls chosen by the national lottery machine should follow a uniform
distribution. This is what one would expect if the system used is truly random. One can test
how well the balls chosen fit a uniform distribution. First I counted the total number of times
each ball occurred in my sample of 50 draws. The data is presented below in a stem and leaf
diagram.

5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 6, 6, 6, 6, 6, 7, 7, 7, 7, 7, 7, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 94
0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 2, 2, 2, 2, 2, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 4, 4, 4, 4, 4, 4, 4, 4, 4, 44
5, 5, 5, 5, 5, 6, 6, 6, 6, 7, 7, 7, 8, 8, 8, 8, 8, 9, 9, 9, 9, 93
0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 1, 2, 2, 2, 2, 2, 3, 3, 3, 4, 4, 43
5, 5, 5, 5, 5, 5, 5, 6, 6, 6, 6, 7, 7, 7, 7, 7, 7, 7, 8, 8, 8, 8, 8, 9, 9, 9, 9, 9, 9, 92
0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 1, 1, 2, 2, 2, 2, 2, 2, 2, 3, 3, 3, 3, 3, 3, 3, 4, 4, 4, 42
5, 5, 5, 6, 6, 6, 6, 6, 6, 6, 7, 7, 7, 7, 7, 7, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 9, 9, 9, 91
0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 1, 1, 2, 2, 2, 2, 2, 2, 3, 3, 3, 3, 3, 3, 4, 4, 4, 4, 4, 4, 41
5, 5, 5, 5, 5, 5, 6, 6, 6, 6, 6, 7, 7, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 9, 9, 9, 90
1, 1, 1, 2, 2, 2, 2, 2, 2, 2, 3, 3, 3, 3, 3, 4, 4, 4, 40

Testing the numbers picked in the 50 draws at the 5% level,

H0: The numbers fit a uniform distribution (they are random).
H1: The numbers do not fit a uniform distribution (they are not random).

Expected number of times each ball is picked = 6
49 % 50 = 6.122
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 0.7366.122449
 0.1266.122748
 0.0026.122647
 0.2066.122546
 2.4576.1221045
 2.4576.1221044
 2.4576.1221043
 0.2066.122542
 0.5766.122841
 1.3536.122940
 0.2066.122539
 0.2066.122538
 0.2066.122537
 0.7366.122436
 0.2066.122535
 1.5926.122334
 1.5926.122333
 0.2066.122532
 0.0026.122631
 1.3536.122930
 0.1266.122729
 0.2066.122528
 0.1266.122727
 0.7366.122426
 0.1266.122725
 0.7366.122424
 0.1266.122723
 0.1266.122722
 0.1266.122721
 0.1266.122720
 0.1266.122719
 0.1266.122718
 0.0026.122617
 0.1266.122716
 1.5926.122315
 0.2066.122514
 0.0026.122613
 0.0026.122612
 0.1266.122711
 1.3536.122910
 0.1266.12279
 0.1266.12278
 2.7756.12227
 0.2066.12256
 0.0026.12265
 0.7366.12244
 0.2066.12253
 0.1266.12272
 1.5926.12231

 
(O i−Ei)2

E i
 Expected ( )E iObserved ( )O iBall

S
(O i−Ei )2

Ei
= 29.0

Degrees of Freedom = y = 49 − 1 = 48

|48
2 (5%) = 65.17

29.0 \ 65.17
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I do not reject H0: there is no evidence to suggest the selection of the first ball is notâ
random.
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Conclusions

The Conclusions drawn from this project are summarised below:

� There is a very significant correlation between the number of lottery winners and the
number of ticket sales, as would be expected.

� The total prize fund is in direct proportion to ticket sales, as claimed by Camelot, the
lottery operators.

� There is a negative correlation between the first ball picked and the total number of
prizewinners. The pattern suggests picking high numbers would be a good idea to
maximize potential jackpot earnings.

� There is no correlation between the ball set used and the total number of prizewinners.
� There is no correlation between the machine used and the total number of prizewinners.
� There is no evidence that the selection of the lottery balls is not random.
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