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THE LABORATORY 
APPROACH TO 
TEACHING MATHEMATICS: 
SOME EXAMPLES 

LOH CHU YIN 

Introduction 

One way to help weak pupils understand mathematical 
concepts or ideas is to use the laboratory approach. In this 
approach, a pupil can have hands-on experience through the 
manipulation of concrete materials, from which he can. see how 
some ideas or concepts have come about. This paper illustrates 
the use of the laboratory approach to the teaching of two topics, 
one in primary six mathematics and the other in secondary two 
mathematics. 

Factors, Prime Numbers and Composite Numbers 

The first example is a lesson introducing factors, prime 
numbers and composite numbers. The teacher, using the labo- 
ratory approach for this lesson, needs to prepare about 900 small 
square cards of the same size. These cards can be cut from a 
vanguard sheet. Each card can have sides of 2 cm long but the 
teacher can choose any size he prefers. The teacher also needs to 
prepare (a) a transparency of Figure A I  (see Annex A), (b) answer 
sheets (see Figure A2 in Annex A), and (c) worksheets (see Figure 
A3 in Annex A). 

The teacher can use the following activities to conduct the 
lesson: 

(a) Give each pupil 20 square cards, one answer sheet and 
one worksheet. 

(b) Revise with the pupils whatthey have learnt about areas 
of rectangles in  their primary four classes. 

(c) Point out to the pupils that each card is considered to 
have sides equal to 1 unit and hence it has an area of 1 
square unit. 
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(d) Get each pupil to take out 6 cards from his pile of cards 
and ask questions such as these: 
"When the 6 cards are put together to form a rectangle, 
what will be the area of the rectangle?" (Expected 
response: 6 square units.) "How many possible rec- 
tangles can you form using all the 6 cards each time?" 
(Expected response: 2. The teacher may need to 
demonstrate how the 2 possible rectangles can be 
formed if some pupils have doubts.) 

(e) Have the pupil form the possible rectangles with his 6 
cards and ask the following question: 
"What would be the breadth and the length of each of 
the possible rectangles which you have formed?" 
(Expected responses: l and 6,2 and 3.) 

(f) With the help of the transparency on the OHP showing 
Figure A I ,  discuss with the class this point: 
6 square cards can form 2 possible rectangles (see Parts 
I and I1 of Figure A l )  which have the same area but have 
different breadths and lengths. Part I of Figure A l shows 
that 6 can be expressed as a product of l and 6and Part I1 
shows that it can be expressed as a product of 2 and 3. In 
other words, the whole number 6 has 2 product 
expressions, which are 1 X 6 and 2 X 3. 

(g) Ask the pupil to  use his cards to find all the possible 
product expressions of other whole numbers from 2 to 
20 and then record his findings on the answer sheet. 
Playing with the cards to find the product expressions of 
whole numbers can make the lesson more interesting 
for the pupils. With hands-on experiences, the pupils 
can have a better understanding of how the possible 
product expressions of a whole number come about. 
They can discover that for certain numbers of cards, 
only one possible rectangle can be formed, that is, each 
of these numbers has only one product expression. 
They can also observe that the two numbers in each 
product expression are themselves whole numbers. 

(h) Go through with the pupils their findings to ensure that 
they have written down all the possible product 
expressions. An analysis can then be made of their 
findings with questions such as these: 
"What have you observed of the pair of numbers for 
each product expression?" (Expected answer: Each 
number of the pair is a whole number and is less than or 
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equal to the whole number corresponding to the 
product expression.) 
"How are the product expressions of some whole 
numbers different f rom those of other numbers?" 
(Expected answer: Some whole numbers have only one 
product expression, and other whole numbers have 
more than one product expression.) 

At this point, the pupils should be ready to see how the 
definitions of factors, prime numbers and composite 
numbers can be formulated. Formulate the definitions: 
a The numbers in each product expression of a 

whole number are called the factors of the whole 
number. 

a Those whole numbers which have only one 
product expression are called prime numbers. 
In other words, a prime number is a whole 
number which has only 1 and itself as factors. 

a Those whole numbers which have more than one 
product expression are called composite numbers. 
In other words, a composite number is a whole 
number which has factors other than 1 and itself. 

( j )  To round up the lesson, have the pupils complete the 
worksheet. 

The lesson illustrated above will take two class periods. The 
lesson aims to help the weak pupils in primary six classes 
understand the abstract definitions of factors, prime numbers 
and composite numbers through the manipulation of small square 
cards. 

Factorization of Quadratic Polynomials 

The second illustrated lesson is on the factorization of 
quadratic polynomials. For this lesson, the teacher needs to 
prepare small square cards (each can have sides of 2 cm long), 
rectangular cards (each can have breadth 2 cm and length 20 cm), 
and big square cards (each can have sides of 20 cm long), which 
can be cut from a vanguard sheet. The sizes given within 
parentheses are just a suggestion. The teacher can choose other 
sizes of his preference. However, when using these cards for the 
factorization of quadratic polynomials, the dimensions are to be 
considered differently inthe following way (see Figure B1 in Annex 
B) : 
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Each small square card has sides 1 unit long, and its 
area is 1 square unit; 

Each rectangular card has breadth 1 unit and length X 

unitsand its area is X square units; 

Each big square card has sides X units long, and its area 
is x2 square units. 

The teacher also needs to prepare (a) a transparency of Figure 
B1 (see Annex B) for the OHP, (b) another transparency of Figure 
B2 (see Annex B) for the OHP, and (c) worksheets (see Figure C1 in 
Annex C). 

The teacher-guided activities for this lesson are as follows: 

(a) Divide the class into small groups, each having 3 to 4 
persons. 

(b) Give each group 4 big square cards, 5 rectangular cards 
and 4 small square cards. 

(c) Show Figure B1 (the first transparency on the OHP) and 
explain clearly the dimensions of the various types of 
cards. 

(d) Write down the quadratic polynomial, x2 + 3x + 2, on 
the blackboard and ask each group to take out 1 big 
square card, 3 rectangular cards and 2 small square 
cards. 

(e) Show Figure B2 (the second transparency on the OHP) 
and explain how the cards are associated with the 
quadratic polynomial, x2 + 3x + 2: 1 big square card has 
an area of X' square units; 3 rectangular cards put 
together have a total area of 3xsquare units; and 2 small 
square cards put together have a total area of 2 square 
units. When all these 6 cards are put together to form a 
plane figure (see Parts I, II and Ill of Figure B2), it must 
have a total area of (X' + 3x + 2) square units. 

(f) Ask the question: 
"Can these 6 cards be put together in such a way that a 
rectangle is formed?" (Some pupils may give a positive 
answer and others may wonder how.) 

(g) Explain step by step how the 6 cards can be arranged to 
form a rectangle and draw the rectangle on the 
blackboard (see Figure C2 in Annex C). 
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Ask questions such as these: 
"What is the area of the rectangle?" (Expected 
response: x2 + 3x + 2.) 
"What are the breadth and the length of the rectangle?" 
(Expected response: X + 7 and X + 2.) 

Discuss the answers with the class and then write the 
following on the blackboard: 
Area of the Rectangle = Breadth X Length 

x2 + 3x + 2 = ( X +  I ) x ( x + 2 )  

Introduce the term "Factor": 
We have used the 6 cards to form a rectangle, from 
which we have expressed x2 + 3x + 2 as a product of 
X + 1 and X + 2. We have factorized x2 + 3x + 2 as 
(X + 1)(x + 2). 

Give each group a worksheet and ask them to refer to 
the second quadratic polynomial in  the worksheet with 
the following question: "How many big square cards, 
rectangular cards and small square cards do we need to 
use to factorize the quadratic polynomial x2 + 4x + 3 in 
the same way as what we have done for X' + 3x + 2?" 
(Expected response: l big square card, 4 rectangular 
cards and 3 small square cards.) 

Get each group to take out 1 big square card, 4 
rectangular cards and 3 small square cards, and ask 
them to put the cards together to form a rectangle. (Let 
the pupils try it and eventually they will form a 
rectangle.) 

Repeat the questions in (h). 

Have the pupils complete the second and third columns 
of the worksheet for the polynomial x2 + 4x + 3. 

Ask the pupils to use their cards to factorize the other 
polynomials in the worksheet and also to complete the 
other columns of the worksheet. 

Discuss the completed worksheet and from his 
manipulation of the cards lead the pupil to  note the idea 
of the factorization of quadratic polynomials. That is, to 
factorize a quadratic polynomial is to find two linear 
polynomials whose product is the quadratic polynomial 
just like the product of breadth and length is the area of 
the rectangle. 
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This second illustrated lesson wil l also take two class periods. 
The lesson aims to make the weak pupils in secondary two classes 
understand the process of factorizing quadratic polynomials. 

Concluding Remark 

In the laboratory approach to mathematics, concrete 
materials are used to help weak pupils visualize the concepts or 
ideas of mathematics. It is therefore suggested that whenever 
possible, mathematics teachers should make use of such an 
approach to help slow learners enjoy mathematics. 
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ANNEX A 

Figure A I  

Area = Breadth X Length 

l 6 = 1 x 6  

I I 6 =  2 X 3 
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Figure A2 Figure A3 

ANNEX B 

Figure B1 

WORKSHEET 

Possible Product 
prime numbers 

0 
Each card has small sides square Each has breadth rectangular I 1 unit card and I Each hassides big square equal to card 

equal to 1 unit. length X units. X units. 
Area = 1 sq. unit Area = ( l ) (x)sq.  units Area = (x)(x) sq. units 

= X sq. units = x2sq. units 

7 

20 

6 

7 

20 
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Figure B2 
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Some possible configurations formed by the 6 cards: 

I m II Ill 

Area = x2 + 3x + 2 Area = x2 + 3x + 2 Area = x2 + 3x + 2 
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ANNEX C 

Figure C1 

(Note: Sample quadratic polynomials are shown here. The teacher can replace 
some of them by others if he wishes to. The polynomials shown in the worksheet 
determine the number of cards that the teacher should give to  each group - 4  big 
square cards, 5  rectangular cards and 4  small square cards). 

WORKSHEET 

Figure C2 

Quadratic 
Polynomial 

Area 

x2+3x+2  

x2+4x+3  

x2+5x+4  

2x2+5x+2 

2x2+3x+ 1 

3x2+4x+1 

4x2+5x+ 1 

Factorization 

Area = Breadth X Length 

x 2 + 3 x + 2 = ( x + 1 ) ( x + 2 )  

Factors 

Breadth 

x + l  

Length 

x + 2  
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