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STRUCTURED LEARNING 
SITUATIONS: LEARNING 
STATISTICS THROUGH A 
PRACTICALIEXPERIMENTAL 
APPROACH 

ERlC PLANT 

It is possible to use almost any classroom as an experimental 
laboratory workshop provided careful consideration is given to the 
topics which are to be investigated. The studies described below 
include descriptive statistics, probability distribution, functions, 
hypothesis testing and inference. They were carried out with 
pupils and students, in ordinary classrooms using a PRACTICAL1 
EXPERIMENTAL APPROACH. 

The materials which were used were, in many instances, 
simple, readily available or were quickly and cheaply made. 
Cubical dice and coinsfor example, can be used to provide data for 
constructing a binomial distribution testing the acceptabilityofthe 
distribution or its bias, (if any) and applying (X2) "chi squaredn 
tests of significance. If dice are not obtainable, SPINNERS may be 
made from cardboard. 

A regular polygon is constructed and cut out of cardboard 
and divided into triangles. A toothpick is pushed through the 
centre to make it into a SPINNER. The spinner which is then 
available may be varied using different polygons and a greater 
number of situations may be explored. If we wish to simulate a 
cubical die, for example, a regular hexagonal spinner is made as 
follows: 
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A frequency distribution is determined by recording the 
number on the triangle, the edge of which rests on the table. By 
constructing different regular polygons the binomial distribution 
model (p+q)" may be applied in a variety of situations where the 
values of p and q are determined by the number of edges around 
the polygon and n is chosen as appropriate. 

1 4 
A regular pentagon gives p =--; q =- 

5 5 

1 6 
A regular heptagon gives p =- q =- 

7 ' 7 

1 7 
A regular octagon gives p =I q =- 8 8 

and so on. 

Teaching strategies may vary along a continuum from direct 
teaching to discovery. The workshop laboratory method, which is 
suggested here, will fit into a Gagne type model of learning, as 
outlined below: 

Direct teaching and learning 

Guided discovery learning 

Discovery learning 

The second category of guided discovery could be 
subdivided into two further sections as follows: 

STRUCTURED DISCOVERY 
This type is when the teacher displays structural 
apparatus in which the material is so constructed as to 



44 Teaching and Learning 

reveal the underlying mathematical structure of the 
situation, for example, Dienes' multi-based arithmetic 
blocks (M.A.B.). 

STRUCTURED SITUATIONS 
The ideas which are described in this article fit into 
this second sub-division. They involve practical 
activities, which are determined by the mathematical 
statistics of,the situation. These activities are designed 
so that data may be collected in a systematic way and 
this enables the teacher to structure the activity, the 
analysis and the mathematical thinking in a way which 
reveals the underlying skills, concepts and principles. 

' 

Some of the activities are described fully below and a brief 
description of others is given. These could be adapted and used in 
a practicaI/experimental approach. 

ACTIVITY 1 

Aim: To introduce the tally method of constructing 
a frequency distribution. 

Apparatus: A page of any suitable book. 
Data sheet as shown below. 

Instruction: Make a count of the words (as shown on data sheet) 
from the page. Record on the data sheet as shown. 
Tally using a stroke for each one and collect each 
five into a gabe (1 11 1 ). Total each item when com- 
plete. Put the totals in the frequency column (f). 

WORD 

and 

of 

but 

with 

for 

TALLY 

W W M  
W 1 

and so on. 

(f) 

10 

6 
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ACTIVITY 2 

Draw a BAR CHART to illustrate this DISTRIBUTION. 

Aim: To determine and calculate the mean, mode, 
median. 

Materials: 20 boxes of matches. 

Procedure: Count mafches in each box. 
Make atally on thedata sheet. 
Total each class interval. 
Make a frequency distribution. 
Calculate arithmetical average as if matches were 
shared equally among the 20 boxes. Statistically 
this is known as the mean. 

The largest group of boxes which has the same 
"Number of Matches per box", is called the mode. 
The boxes are arranged in ascending order from the 
box with the least to the box with most matches in it. 
The one in the centre of this arrangement is the 
median. 
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DATA SHEET 

ACTIVITY 3 

Aim: To derive data from a practical activity. To record 
it systematically on the data sheet and then examine 
the frequency distribution. 

f 

20 

Number of 
matches1 

box 

40 

4 1 

42 

43 

44 

45 

46 

47 

48 

49 

50 

5 1 

52 

53 

54 

55 

56 

Tally 

TOTAL 
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Materials: Shaker, 2 Dice, Data Sheet. 
Procedure: Roll two dice and record the number of sixes. Repeat 

this 72 times. Compute the totals for each class 
interval. Compare the frequency distribution 
with a theoretically expected model. 

DATA SHEET 

THEORETICAL MODEL 

BINOMIAL DISTRIBUTION 

(p + q)" 

where p is the probality of 6 ie. 1. 
6 

5 q is the probality of not 6 ie. -. 
6 

Thus 
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So with 2 cubical dice 

1 . . -is the probability of getting 2 sixes 
36 

10 
-is the probability of getting 1 six 
36 

25 
-is the probability of getting 0 sixes 
36 

Thus in 72 throws the expected theoretical distribution is 

Number of Sixes W 

Total 

A X* ''Goodness of Fit" test may be applied to test the Dice for 
accuracy or bias. 

EXPERIMENT 4 

RANDOM NUMBERS 

Twenty sets of Tippett's Random Sampling Numbers 

Random numbers can be constructed by means of a good 
(unbiased) six-sided die according to the following scheme. 
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Divide the digits from 0 to 9 into two equal groups as shown 
in the third row of the table. 

First Throw: 

4,5or6 First Throw: 

Second Throw: 

Random Digit: 

Throw the die and determine by the result the group from 
which the random digit is to come. If 1, 2 or 3 is scored the first 
group is chosen and 4,5 or 6 gives the second group. 

1,2or3 

Second Throw: 

Throw the die again. Any number except 5 will determine the 
random digit. If a 5 turns up repeat throwing until another number 
is obtained. 

The reader should easily verify the following sequence of 
throws. 

First Throw Second Throw Number Selected 

2 4 4 

5 4 9 

4 5,1 6 

3 5,5,1 1 

3 6 0 

Example 4.1 : 

Select a random number between 0 and 9999 using a die. 
First determine the integer in thousands place say, for example, 7. 
Repeat this for integers in the hundreds, tens and units place. If the 
integer in the thousands place is zero it is, of course, not rejected. 
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Numbers such as 0198 (198), 0082 (82) or 0003 (3) are just as valid 
as, say, 3967. 

Example 4.2: 

Select a random number between 0 and 1199. The easiest 
way to do this is to first find a random number between 0 and 9999 
and then reduce this to the range 0 to 1199 by multiplying by 1200 

10000 
and neglecting any fractional part. For example, 8327 is obtained 
by a random process. 8327 X 12 = 999.24, and the required 

100 
random number between 0 and 1199 is 999. Similarly, to pick a 
random number between 0 and 37 first find a random number 
between 0 and 99, multiply by 38 and neglect the fractional part. 

100 
This process can be applied to numbers of any size. 

These exercises are most suitably carried out by a team. 
Equipment required is one die. 

A Determine 20 random numbers between 0 and 99 calculate 
their mean and standard deviation. Theywill be very roughly 
mu = 11. = 50 and o = 30. 

B In a class of 30 or 40 students select a random sample of l0 by 
giving each student a number and then choosing 10 random 
numbers. Calculate the average age of the sample and 
compare it with the average age of the aggregate (the class). 
The same student may be picked twice. If so, would you 
include his age twice in the ten ages? 

The above approach has been used in Singapore and in other 
countries. The results have proved effective and the evidence 
suggests that pupils are: 

more motivated 

more fully involved in the experimental procedures 

learn, understand and retain the underlying concepts 
more efficiently. 

prefer the approach particularly for these topics. 
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