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The perception of randomness is very importanhénstatistical science. It is therefore of critical
importance that statistics students master the epnof randomness. It is usually difficult to
change deep rooted perceptions of randomness. Mtatigtics students in South Africa are so-
called historically disadvantaged students. Theg elassified as such because they generally
received poor mathematics teaching at school leeehpared to other statistics students. The
lottery game can be regarded as an ideal opporjutdtteach randomness and other statistical
concepts. Three data sets are compared: The latinimg numbers, random numbers generated
and the random numbers generated by two groupssbf/éar statistics students.

INTRODUCTION
In any lottery gamen winning numbers are selected frolh possible numbers. In South
Africa 6 numbers from 49 numbers 1,2,...... ,49 are ctetk using a mechanical device. The

method consists of the selection of 6 numbered batie after another, without replacement from
a glass box containing 49 numbered balls. It isegaly accepted that the method is fully

random. This means that any of th&C, combinations of 6 numbers has the same chance of

being selected.

The lottery game can be regarded as an ideal tppiyrto teach randomness and other
statistical concepts. The reason is that playiedatto is very popular in South Africa, especially
amongst students.

The results of Boland and Pawitan (1999) were ugetthis study and applied to the
South African situation.

THE EXPERIMENT

First year statistics students were asked to éh@oaumbersat random in any order
from the 49 numbers 1, 2,....., 49 as if they wesgiplg the Lotto. This was done during a class
test to ensure that the results are objective.t#l tf 1054 students participated. The student data
comprises two sets, namely a total of 334 Afrikasmsaking students and a total of 710 English
speaking students. The majority (90% plus) of tHastorically disadvantaged students” fall in
the latter group. The data were cleaned from ‘dléghoices. For example, zero's, numbers
repeated, and numbers bigger than 49. From th&asinis group, 97% were correctly completed
against 93.7% from the English group. This resuilte835 Afrikaans students and 665 English
students.

The results were compared with 456 available wigmmmbers of the Lotto since its
inception in March 2000 until 5 October 2005 andhva simulated data set of 500 Uniformly
distributed numbers.

The results can be used to teach several staltistioaepts, e.gsampling distribution of
the meangoodness-of —fit testtheCentral Limit Theoremsimulation etc.

RESULTS
The data were analyzed using Microsoft Excel. Thisoftware readily available to all
students and proved easy to use.

MEANS OF SUCCESSIVE CHOICES
The following figures present histograms for theams of successive choices of the four
datasets.
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In the case of truly randomly selected numbersethsrould be no trend in the means of

successive choices. From Figures 1 and 2 randorimebsious, which is not the case in Figures

3 and 4. Here an obvious trend exists showing detecy to select smaller numbers first. Similar

results were found by Boland and Pawitan (1999).da& can also be used to compare the
means of successive choices using proper stalit#ita in each of the datasets.

FREQUENCY DISTRIBUTIONS OF NUMBERS SELECTED

The frequency distributions of the numbers setkee shown in the figures below. The
horizontal line on each graph indicates the expefterjuency if the selections are truly random.
The expected frequencies are: Lotto winning numbé&s.8; Simulated numbers:61.2;

Students (Afrikaans)41.0; Students (English)31.4.
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From Figures 5 and 6 it is clear that in the caké¢he Lotto and simulated data no
preference for specific numbers exists. In the cddegures 7 and 8 (student data) it is obvious
that there is a tendency to select smaller numlbieis.even more obvious in Figure 8 (Student
data: English). It seems that the English groupisleustanding of randomness is somewhat
weaker than the Afrikaans group.

DISTRIBUTION OF THE SAMPLE MEANS
The distribution of the sample means can also et using the results of the

Lotto experiment. Although the sample size is reéasmall (n = 6) there were a large
number of samples. L&t= (Xl, ) SR xn)represenError! Obj ects cannot be created from editing

fidd codesnumbers in the sequence they have been selected {ﬂ:&, ...... ,n}. Then, if the
+ + -
selections are truly randonE()‘() = %andVar()'() = W :
n

Thus, in the case of random selections of 6 fro@ wWe expect:

x ~ N(25 5546°)
The distribution of the sample means, with the etgxk normal distribution, for random

selections, for the different data sets, are ghalow:
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From the above figures it is clear that the disttitn of sample means in the case
of the Lotto data and the Simulated data is famdymal, which is not the case for the

student data.

TESTS FOR UNIFORM MARGINAL DISTRIBUTIONS.
The asymptotic distribution, under the hypothesisiwe randomness, of

- O -E

X? = NN 1 Z( IE ) is y>with N —1degrees of freedom (Joe, 1993).
-m

The results of our experiment appear in Table 1.

Table 1: Testing for Uniform marginals

Data Set | Lotto | Simulation| Afrikaans| English
n 456 500 335 665

X2 48.31 60.32 444.79| 1178.81

With a = 005 we have y’ss005 =6517.The hypothesis of a Uniform marginal
distribution is clearly rejected in the case of #tadent data. This result confirms the earlier

results.
It is interesting to discuss the results with thedents. Especially the tendency to select

smaller numbers. This can be used to teach theepbraf randomness, bearing in mind the
student’s perceptions.

SUMMARY

» Itis useful to use Lotto data to determine stustgmerceptions of randomness.

» This type of data catches the imagination of sttglen

* The data can be used to teach a variety of elemyestiatistical concepts.

* The outcome of our experiment is that first yeautS8cAfrican students of statistics do
not really know what is meant by randomness. It wasn more so in the case of
historically disadvantaged students.

* There was no reason to doubt the randomness abthein South Africa.
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