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Abstract
Teaching Adult Students Mathematical Investigation is based on the continuing research work carried' out for
the last ten years of teaching on the Foundation Course in Mathematics at Goldsmiths, University of London.
Teaching Mathematical Investigation to adult students is a very challenging and often rewarding experience for
adult educators as well as for the adult students.

The theme of the investigation is that adult students are asked to make Ice-cream Cones containing two scoops
of two different flavours. First, they are asked to decide the flavours, then make as many different combinations
of two scoops of Ice-cream Cones, using each flavour only once.

The paper concludes that many adults already have a wealth of experience. Teaching methods such as
"mathematical investigation" and discussion with adults can provide a bridge to new learning initiative for

adult students. Clearly, the evidence in this investigation suggests that adult students gain more when they
know what work they are personally accountable for and what to do when they havefinished, with the "Ah,

Ha! experience.

Introduction

The idea of "mathematical investigation" is fundamental both to the study of mathematics
itself and also to an understanding of the ways in which mathematics can be used to solve

problems in very many fields. (The Cockcroft Report, 1982)

Mathematical Investigation (MI) is a source designed to provide effective practice for teachers of mathematics
in some basic concepts in mathematical education and the development of adults' learning skills in a form that
generates interest and enthusiasm. Many adults already have a wealth of experience, and teaching methods
such as mathematical investigation and discussion with adults can provide a bridge to new learning initiatives

for adult students.

In this investigation, adult students are asked to make Ice-Cream Cones containing two scoops of two different

flavours. First, they are asked to decide on the flavours, then make as many different combinations of two
scoops of Ice-Cream Cones, using each flavour only once. In their different groups, students are encouraged to
discuss their investigation work with each other and use constructive criticism to develop ideas.

Two Flavours

Three Flavours

Strawberry

Chocolate

Toffee

Strawberryry

Only one combination is possible
1

Three possible combinations
3
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On observation, one group introduced the problem by assuming that an ice-cream seller has different flavours
for making cones and that each cone must just contain two different flavours. The group raised the following
question: How many different cones can the seller make with the following 9 flavours: lemon, vanilla,
strawberry, toffee, chocolate, orange, apple, and peach?

The group then went on to identify the purpose of the investigation, which is to find the maximum number of
choices they can have, given a number of flavours and the number of combinations. A combination consists of
two scoops of two different flavours

They let the flavours be represented respectively by their first letter. In order to avoid confusion between
Chocolate and Coffee, which have the same initial letter, Coffee was represented with a K.

L, V, S, T, C, K, 0, A, P.

Method of Investigation and Analysis
We suggested starting the investigation with the two first flavours and then increasing one by one until exhaustion of
the list. That is to say, we will work out from L and V, and then for L, V, and S, ..., and so on. At the end of the list,
we will collect the results in a table and will try to find the rule which allows us to work out the number of
combinations for a given numbering of things if we know how to combine them.

Let us now start.

For 2 flavours L and V, how many ice-cream cones:

As we can use each flavour just once, we have

L,V L+V

For 3 flavours
L,V,S 4 L+V L+S V+S

For 4 flavours
L,V,S,T 4 L+V L+S L+T

For 5 flavours
L,V,S,T,C 4 L+V L+S L+T

11
For 6 flavours
L,V,S,T,C,K L+V L+S L+T

T+C T+K C+K

4 1 cone

4 3 cones

V+S V+T S+T 4 6 cones

L+C V+S V+T V+C S+T S+C T+C 4 10 cones

Ur/1111
L+C L+K V+S V+T V+C V+K S+T S+C S+K

15 cones
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For 7 flavours
L,V,S,T,C,K,O 4 L+V L+S L+T L+C L+K L+O V+S V+T V+C V+K V+O S+T

1M1
S+C S+K S+O T+C T+K T+O C+K C+O K+O 4 21 cones

For 8 flavours
L,V,S,T,C,K,O,A 4 L+V L+S L+T L+C L+K L+O L+A V+S V+T V+C V+K V+O

V+A S+T S+C S+K S+O S+A T+C T+K T+O T+A C+K C+O

C+A K+O K+A 0+A 4 28 cones

For 9 flavours
L,V,S,T,C,K,O,A,P 4 L+V L+S L+T L+C L+K L+O L+A L+P V+S V+T V+C V+K

V+O V+A V+P S+T S+C S+K S+O S+A S+P T+C T+K T+O

VVVVVVVVVVV
T+A T+P C+K C+O C+A C+P K+O K+A K+P 0+A 0+P A+P

VVVVVVVVVVV
4 36 cones

Now let us collect the results altogether in a table; f stands for flavour and c for cone.

TABLE ROA/1

2 1

3 3

4 6-
5 10
6 15

7 21

8 28
9 36

4
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What do we learn by observing this table?

First Observations
The results in the table show that:

When f = 2, c = 1, and when f = 3, c = 3. Thus the difference between c-1 and c equals f-1, i.e., 2.

When f = 4, the difference between c-1 and c equals 3, which is equal to f-1, c = 6, c-1 = 3.

When f = 5, c = 10. Here also there is a difference of f-1 between c and c-1. f-1 = 4 - c-1 = 6.

So, c = (f-1) + (c-1)

When f = 6, c = 15. Again c is different from c-1 by f-1, i.e., 5.

When f = 9, c = 36. Once again c-(c-1) = f-1 = 8.

Second Observation
If c is always different from c-1 by f-1, what about the first row of the table, i.e., the case where f = 2 and c = 1?
Is the first observation also applicable to this case? Let's try!

c must be different from c-1 by f-1.
c = 1, then c-1 = 0 and the difference is 1.
Now f = 2, then f-1 = 1, therefore c is different from c-1 by f-1.

Hence the first observation is applicable to the case where f = 2 and c = 1, the first row of the table.

Third Observation
c increased by arithmetical progression, which means by addition. For example, when

f= 2, c = 1
f=3,c=1+2=3
f =4,c= 1 +2 +3=6
f=5,c=1+2+3 +4 =10
f=6,c=1+2 +3 +4+5=15
f=7,c=1+2+3 +4+5+ 6=21
f=8,c=1+2+3 +4 +5 +6+7=28
f=9,c=1+2+3 +4 +5 +6+7+8=36

Fourth Observation
f = 2, c = f-1
f n 3, c = (f-1) + (f-2)
f = 4, c = (f-1) + (f-2) + (f-3)
f = 5, c = (f-1) + (f-2) + (f-3) + (f-4)
f = 6, c = (f-1) + (f-2) + (f-3) + (f-4) + (f-5)
f = 7, c = (f-1) + (f-2) + (f-3) + (f-4) + (f-5) + (f-6)
f = 8, c = (f-1) + (f-2) + (f-3) + (f-4) + (f-5) + (f-6 ) + (f-7)
f = 9, c = (f-1) + (f-2) + (f-3) + (f-4) + (f-5) + (f-6 ) + (f-7) + (f-8)

So if f = 1, c = f-1, which is nought; since each cone must necessarily have two different flavours, there is no
combination and c = 0.

What does the fourth observation tell us?

5
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It tells us that for any number of f, provided f 2, c will be equal to the sum of f;, +1, + 2 ... until fi (n_I)

[where i = 1]. For example, if f = 3, then n = 2, fi = f-1, and f; + 0n_1) = f-2.

n - 1
So E f is one rule to work out the number of combinations

i = 1

The E is called sigma and means sum

n - 1
E f is read sigma f from i = 1 ton- 1

i = 1

Another way to work out the possible combinations is to apply the following combination formula.

Cp
m!

P (m-P)!

Where m stands for number of elements to combine, C for combination, and p for number of elements in a
combination.

This formula is read as combination of m elements taken p by p equals factorial m divided by factorial p, factor
of factorial m minus p.

Let us open a parenthesis to show how the factorial works.

2!=lx2
3!=lx2x3
4!=lx2x3x4
n!=lx2x3x....xn
1!=1

And by convention, 0 ! = 1

To use this formula for our ice-cream investigation, we just have to substitute f for m to get

Cp = f!
P!(f-P)!

=c

Combination of f flavour taken p by p equals factorial f divided by factorial p factor of factorial f minus p,
equals c.

So, for f= 2 and p = 2, we have c =

for f = 3, p = 2 c=

for f = 5, p = 2, C

for f = 9, p = 2, C

2! = 2 2 2= =2 !(2- 2)! (2x1)0! 2 x 1 2

3 ! = 3 =3x2x1 3 x 2 = 6
2 !(3 -2)! 2x1x1 2 x 1 2

5 ! = 5x4x3x2x1 5 x 4 20= =
2 !(5-2)! 2x1x3x2x1 2 x 1 2

9 ! 9x8x7x6x5x4x3x2x1 9)c8 72= =
2 !(9-2)! 2x1x7x6x5x4x3x2x1 2 x 1 2

6

= 1

3

10
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Conclusion
We have shown through this investigation two ways to work out the possible number of combinations of a set
of elements without repetition, if we are given the number of elements in each combination. The first one is by
arithmetical progression using the sigma

n - 1
f

i = 1

and the second one is the combination formula using the factorial notation: the product of all the positive
integers from n down to 1 is denoted by n!

cp = f!
P (f-P)!

In this investigation, both ways are equivalent. However, I think that the combination formula is easier to use
than the first one for a large number of elements. Nevertheless, we can use the sigma formula for a smaller
number.

From the pictorial representations and observations made, it can be observed that the combination columns
follow that of the Blaise Pascal Triangle of numbers. The numbers in Pascal's triangle also occur when we
consider the number of ways we can combine different flavours. There is need for more research into adults
returning to study mathematics and numeracy, focusing on both cognitive and affective domains. These need
to be complemented by a third, the ontological dimension.

I would argue that whilst teaching techniques in mathematics education of the past have shown that adult
students can be trained to use their minds and not to think, teaching techniques in mathematics education today
(e.g., mathematical investigation) should require adult students to think, as well as young people in the
education system. This has wider educational implications for improving professional teaching standards and
skills for adult educators, improving learning strategies, improving learning objectives, resources, learning
activities, and outcomes. Implications for teaching adult students should be drawing attention to the
professional development, both initial preparation and continuing education, of more practitioners in the field.
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