


Discovering Mathematics 2nd Edition is a series of 
textbooks designed for students in secondary schools. It 
is based on the latest syllabus implemented by the Ministry 
of Education (MOE) from 2013.

The emphasis of this series is on empowering students to learn 
mathematics independently and effectively. New materials 
have been added to enhance the learning experience of 
students, and enable them to make connections within 
mathematics, between mathematics and other disciplines, 
and between mathematics and the real world.

The comprehensive and level-specific textbooks, workbooks and support resources aim to 
the mathematics teaching and learning experience engaging and meaningful. Discovering 
Mathematics 2nd Edition is also the best-selling mathematics textbook series in Singapore.

Concept Development

Chapter Opener
Each chapter begins with an opener, illustrating the concept by establishing a connection 
between the topic and real-life scenarios. Learning objectives for each chapter are also 
provided.

Examples and Try It!
Worked examples demonstrate problem-solving methods and provides sequential 
guides towards the application of learnt concepts to show how ideas and reasoning 
can be expressed clearly in mathematical language. A Try It! feature, similarly fashioned 
after each worked example, is provided to allow students to assess their understanding 
of the concept(s).

Exercises
Exercises are provided after each section of every chapter within the book. They 
are sequenced into three levels of difficulty in order to encourage students to think 
analytically, reason and communicate effectively in mathematical language. A revision 
exercise is also included at the end of every chapter for students to revise the concepts 
taught, and to consolidate their learning.

Class Activities
Learning through exploration and discovery is emphasized as students are prompted 
with questions in order to explore the formulation of a concept through class activities. 
It also fosters group discussions and enriches the overall learning experience for 
students.
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Chapter Opener
	 Introduces a chapter through a 
real-world context and identifies 
the learning outcomes. 

	Videos are available in the Digital 
Book.

Examples & Try It!
	Provides worked examples to 
demonstrate the ideas and 
reasoning behind the concepts 
as well as facilitate students’ 
understanding.

	 Includes a similar question i.e. 
Try it! for students to practise 
and find out how well they have 
grasped the concepts.

Maths Web
	Website references are 
provided to help students 
gather information about the 
concepts discussed.

Maths Matter
	Enriches the learning 
process with interesting and 
fascinating facts related to 
mathematics.

Remark
	Highlights important 
learning points in the 
right margin of the 
textbooks whenever 
appropriate.

Discuss
	Encourages teachers 
and students to engage 
in meaningful classroom 
interaction by posing 
thought-provoking 
questions related to the 
concepts learnt.

Recall
	Helps students to recall 
important mathematical 
concepts and definitions 
covered previously 
and relate them to the 
current topic.

80 Chapter 2 Data Analysis – Measures of Spread

 The table below shows the monthly telecommunications expenditures 
of 50 people.

 
Expenditure ($x) 0 � x � 10 10 � x � 20 20 � x � 30 30 � x � 40 40 � x � 50

Frequency 7 10 13 14 6

 Find the estimated mean and standard deviation of the expenditures. 

  Solution We can present the working in a table.

 

Expenditure 
($ x)

Frequency
( f  )

Mid-value 
(x)

fx fx 2

 0 � x � 10 7 5 35 175

 10 � x � 20 10 15 150 2250

 20 � x � 30 13 25 325 8125

 30 � x � 40 14 35 490 17 150

 40 � x � 50 6 45 270 12 150

 f = 50  fx 
= 1270

 fx2 
 = 39 850

 Estimated mean = fx
f

  = 1270
50

  = $25.40

 Estimated standard deviation = ∑
∑

∑
∑

⎛
⎝⎜

⎞
⎠⎟

–
22fx

f
fx
f

  = ⎛
⎝⎜

⎞
⎠⎟

39 850
50

– 1270
50

2

  = $12.32 (correct to the nearest cent)

 The table below shows the amount of time (in hours) spent watching 
television programmes daily by 60 people.

 
Time (t hours) 0 � t � 2 2 � t � 4 4 � t � 6 6 � t � 8 8 � t � 10

Frequency 11 18 15 9 7

 Find the estimated mean and standard deviation of the amount of 
time spent watching television programmes daily.

Example 24

Try It! 24

REMARK
The mean and standard 
deviation calculated from 
a grouped data are only 
approximations of the 
actual mean and standard 
deviation of the original 
ungrouped data.

This is because each item 
in a class interval is taken 
as the mid-value of each 
interval.

02 S4A (Exp)_Ch02 new.indd   80 27/8/15   4:49 PM

156
Chapter 4 Matrices

Objectives: To use matrix multiplication to encode and decode a message.

In military communication and the Internet, we often need to change a message to a series of 
codes, called an encrypted message, before sending it out to a recipient. Should the encrypted 
message be intercepted by a third party, it will be difficult to decipher its contents. The process 
of converting a message to an encrypted message is called encoding, while the reverse process 
is called decoding. The sender and the recipient have to know their encoding/decoding system. 
One of such systems is using matrix multiplication. Let us explore how it is done for a simple 
message, ‘GOOD MAN ’.

Task

1. We first set up a letter and number correspondence table as shown below, where space is 
assigned to 0, A to 1, B to 2, and so on.

 

A
1

Space
0

B
2

C
3

D
4

E
5

F
6

G
7

H
8

I
9

J
10

K
11

L
12

M
13

N
14

O
15

P
16

Q
17

R
18

S
19

T
20

U
21

V
22

W
23

X
24

Y
25

Z
26

 Complete the table below.

 

G
7

O
15

O
15

D
4

Space
0

M A N

2. Write the numbers corresponding to ‘GOOD MAN ’ one by one to form the columns of a 
matrix M with two rows. If necessary, add a zero at the end to fill out the last column.

  M = 7
15

15
4

0

4

89, 52, 50, ...

Encoding Decoding

Encrypted

Message

Original

Message

Original

Message

Sender Recipient

GOOD MANGOOD MAN
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On the other hand, the range is not always a good measure of spread because it is easily 
affected by the extreme values (the largest and smallest values) of a data set. In addition, 
the range does not show how the data in a set varies between the largest and the smallest 
values. 

In this section, we will learn another measure of spread called standard deviation 
which takes into account all the values in a data set.

For the data set A mentioned earlier, the mean of the data set is

 x = 13 14 15 18 19 22 25
7

  = 18

We consider the deviation, x – x , of each item, x, of the data set from the mean. The 
diagram below depicts the deviations of all the items in data set A from the mean.

Spread of each data value in data set A from its mean

x

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Here, the deviation of 13 from the mean = 13 – 18 = –5,
 the deviation of 14 from the mean = 14 – 18 = –4,
  �
 the deviation of 25 from the mean = 25 – 18 = 7.
Hence, the deviations are –5, –4, –3, 0, 1, 4 and 7 respectively.

Initially, we may think the mean of all these deviations can be a measure of spread. 

However, the mean of all the deviations = –5 + (–4) + (–3) + 0 + 1 + 4 + 7
7

  = 0.

We can overcome this problem by squaring each deviation and then take the mean.

Thus,  the proposed measure of spread = (–5) + (–4) + (–3) + 0 + 1 + 4 + 7
7

2 2 2 2 2 2 2

  = 116
7

.

This measure is fine by itself. However, the unit of this measure is the square of the 
original unit. If the unit of the original data is kg or dollar, this measure would have the 
awkward unit kg2 or dollar2. In order to have a measure of spread with the same unit as 
the original data, we take the square root of the above expression,

116
7  = 4.07 (correct to 3 s.f.).

This new measure of spread is called standard deviation.

REMARK
We choose the deviations 
from the mean instead of 
the deviations from the 
median or mode. This is 
because the manipulation 
of formulae involving mean 
is easier.

We use the notation x  to  
denote the mean of the data 
x1, x2, …, xN

 .

i.e. x  = 
N

N+ + ... +1 2x x x .

RECALL

Range, interquartile range 
and standard deviation 
are measures of spread 
of data. Can you compare 
the advantages and 
disadvantages among them?

DISCUSS
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A computer mainboard (also 
known as motherboard) 
contains thousands of 
logic circuits that perform 
calculations. These circuits 
can be represented by 
rectangular arrays of 
numbers known as matrices. 
Matrices are also used in 
encoding/decoding messages 
and computer graphics 
transformation.

Let’s Learn to
 display information in the form of a matrix

4

 identify the order of a matrix
 interpret the data in a given matrix

Matrices

  perform addition, subtraction, scalar multiplication and 
  multiplication of matrices

  solve problems involving the calculation of the sum and 
  product of two matrices
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Graded Exercises
	Consists of questions with 3 
levels of difficulty
	 Level 1 Straightforward 
questions involving direct 
application of concepts 

	 Level 2 More challenging 
questions involving direct 
application of concepts

	 Level 3 Questions involving 
real-life applications, 
thinking skills and open-
ended answers

Review Exercises
	 Integrates questions after 
several chapters to reinforce 
students’ mastery of the 
concepts they have previously 
learnt.

Go Further
	Provides students with more 
challenging questions and 
extends their mastery of the 
subject.

Flashback
	Recalls previously learnt 
mathematical concepts for 
students to build on in the 
current topic.

Local Bits
	Cultivates within students 
a sense of belonging to 
Singapore by infusing local 
contexts within the content 
and questions.

Problem-solving Processes 
& Heuristics
	Provides a list of general 
processes and heuristics used 
in problem-solving.

Class Activities
	Hands-on activities for 
students to learn mathematical 
concepts through exploration 
and discovery.

Problems in Real-World 
Contexts
	Connects mathematical learning 
with real-world problems by 
getting students to understand 
the real-world situations and 
devise mathematical models 
to solve them. This enables 
students to interpret their 
solution, opening their minds 
to a deeper understanding of 
mathematics and its real world 
applications.

88 Chapter 2 Data Analysis – Measures of Spread

Standard Deviation for Ungrouped Data

Definition: Standard deviation = x x
N

( – )2

 where x  = mean = x
N

 and N = total number of observations.

Formula: Standard deviation = x
N

x
N

–
2 2Σ Σ⎛

⎝⎜
⎞
⎠⎟

When the ungrouped data is in a frequency table, 

  mean = f
f
x

  standard deviation = f
f

x x( – )2

Standard Deviation for Grouped Data

Definition: Estimated standard deviation = f
f

x x( – )2

 where x  = estimated mean = f
f
x

 and  f = N = total number of observations.

Formula: Estimated standard deviation = f
f

f
f

x x–
2 2

Σ
Σ

Σ
Σ

⎛
⎝⎜

⎞
⎠⎟

Using Mean and Standard Deviation to Compare Two Sets of Data
1. Higher mean indicates higher average value of the data set.
2. Higher standard deviation indicates

In a Nut
sh

el
l
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Chapter 4 Matrices

What is the element in 
the second row and third 
column?

Spot Check

4.1 Definition of a Matrix

Volumes of Sales in June
Monitor Printer Laptop

Shop 1 320 358 107
Shop 2 216 195 54

The table above summarises the sales of some items in two shops of a computer company 
for the month of June in a certain year. The data in the table represent the following.
 Shop 1 sold 320 monitors, 358 printers and 107 laptops.
 Shop 2 sold 216 monitors, 195 printers and 54 laptops.

We see that a table is an easy and convenient way to organise data. We can extract the 
data from the table and arrange them in rows and columns within brackets as shown 
below.

320
216

358
195

107
54

This rectangular array of numbers is called a matrix (plural: matrices). The numbers 
in a matrix are called the entries or elements of the matrix. An element is identified by 
its row and column positions in a matrix. For example, the element in the first row and 
second column is 358.

Column 1 Column 2 Column 3
Row 1
Row 2

320
216

358
195

107
54

If a matrix has m rows and n columns, we say that the order or dimension of the matrix 
is m � n. For instance, the order of the above matrix is 2 � 3 (read as two by three).

We usually denote the names of matrices with capital letters.

For example,

A = 
–1

0
8

6
3

–9  
, B = 1

0
0
3  

, C = 
2
5
8

 , D = (16 –17 3 –9), E = (3).

The orders of matrices A, B, C, D and E are 3 � 2, 2 � 2, 3 � 1, 1 � 4 and 1 � 1  
respectively.

A matrix having the same number of rows and columns is called a square matrix. For 
example, B is a square matrix of the order 2 � 2, or simply, of order 2. A matrix that has 
only one column is called a column matrix. The matrix C is a column matrix. A matrix 
that has only one row is called a row matrix. The matrix D is a row matrix.

The history of matrices 
goes all the way back to the  
second century BC in 
China. An ancient Chinese 
mathematical text, known 
as Jiu Zhang Suan Shu 
(The Nine Chapters 
on Mathematical Art), 
contained problems that 
showed arrays of numbers 
resembling modern-day 
matrices being used to 
solve practical problems 
encountered by the people 
in daily life during those 
times.

MATHS matter
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Chapter 1 Set Language and Notation

Write in Your Journal
The photo shows some items on a 
desk. Define a universal set and two 
sets for the items. Is the intersection 
of your two sets an empty set? Explain 
your answer.

1. Let A = {1, 2, 3, 4, 5}, B = {2, 4, 6} and C = {2, 6, 8, 9}.
 (a) Find 
  (i) (A � B) � C,
  (ii) (A � B) � C,
  (iii) (A � C ) � (B � C ),
  (iv) (A � C ) � (B � C ).
 (b) What can you observe from the results in (a)? Verify your findings using Venn diagrams.

2. (a) It is given that A and B are finite sets and A � B ≠ z. Let the number of elements in A, B, A � B and  
A � B be m, n, p and q respectively. Express q in terms of m, n and p.

 (b) In a group of 80 students, 56 students like Korean pop stars, 34 students like US pop stars and  
20 students like both Korean and US pop stars. Find the number of students who 

  (i) only like Korean pop stars,
  (ii) like either Korean pop stars or US pop stars, or both,
  (iii) do not like both Korean pop stars and US pop stars.

Go  Further
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1. The readings of the Air Pollution Index (API) of 
a city on 15 days were recorded as follows:

 

82 76  53 47 90 62 73 58
77 91 102 68 75 80 56

 (a) Find the mean and the median of the data.
 (b) Find the lower quartile and upper quartile of 

the data.

2. The diagram below shows the cumulative 
frequency curve for the durations of 200 pop songs.
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 (a) Use your graph to find the median, lower 
quartile and upper quartile of the data.

 (b) Find the range and interquartile range of the 
data.

 (c) The box-and-whisker plot for the data is 
shown below.

 x1 x2 x3 x4 x5

  (i) State the values of x2 and x4.
  (ii) What does x4 – x2 represent?

3. A survey was conducted to find the volume of water 
a person drinks per day. The results of the survey 
are shown in the cumulative frequency curve.

 (a) Find the median and the interquartile range 
of the data.

 (b) Find the percentage of people who drink more 
than 3.5 litres of water per day.

 (c) Find the 10th percentile of the data.
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4. A survey of the annual incomes of 600 office staff 
in a city is represented by the box-and-whisker 
plot below.

 

Annual incomes of 600 office staff

Annual income ($ thousand)
20 40 60 8030 50 70

 (a) Find the lower quartile, median and upper 
quartile of the distribution.

 (b) Find the range of the distribution.
 (c) If the annual income of each staff in the survey 

is increased by $4000, what would be the new 
interquartile range of the distribution?

5. Four numbers are in the ratio 1 : 2 : 3 : 4. The 
mean of these numbers is 7.5.

 (a) Find the four numbers.
 (b) Find the standard deviation of these numbers.
 (c) If each number is increased by 5, find the 

new mean and the new standard deviation.

REVISION EXERCISE 2

02 S4A (Exp)_Ch02 new.indd   89 27/8/15   4:49 PM



These questions assess students on the application of mathematical concepts, the interpretation 
of the contexts, problem-solving skills, and the ability to justify and reason with mathematical 
concepts. These questions have been carefully crafted to assess students’ ability to provide 
qualitative answers, sometimes applying two or more concepts to solve a problem. Gaining 
positive ground in examinations, summative assessment questions would greatly assist in 
preparing students for examinations. 



These questions are designed to convey to students the relevance of mathematics in familiar 
real-life situations. Students will be guided on how to apply mathematical knowledge obtained 
from these problems, thus enabling them to gain new perspectives on how mathematics 
affects the world around them.

159

Problems in Real-world 
contexts

F  Food Nutrition
 The following table provides the energy and nutrition content of salmon and chicken.

 Source: Health Promotion Board

Items
Energy
(kcal)

Protein
(g)

Total Fat
(g)

Salmon 
(100 g) 204 19.9 13.90

Chicken 
(100 g) 260 17.6 10.64

 A shop provides two set meals as follows.

 

Meal A

100 g of salmon

200 g of chicken

Meal B

150 g of salmon

100 g of chicken

 1. (a) Express by a 3 � 2 matrix N the energy, protein and total fat contents for 100 g of salmon and 
chicken each, with each column representing the energy and nutrition content of each item.

  (b) Express by a 2 � 2 matrix L the masses of salmon and chicken (unit: 100 g) in each set meal, with 
each column representing the information of each meal.

 2. Calculate M = NL. What do the elements in the matrix M represent?

 3. The recommended daily dietary allowances for a 16-year old boy of moderate physical activity are  
3120 kcal of energy and 80 g of protein. 

  (a) If the boy takes meal A for lunch, what percentages of the daily allowances of energy and protein 
are provided by this meal?

  (b) How much more energy and protein does he need from the meals for the rest of the day in order to 
meet the daily dietary allowances?
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Revision topics are a comprehensive end-syllabus package consisting of integrated examples 
and revision practice. These components work in tandem to help students recap key concepts 
and methods, make connections between different topics and ultimately reinforce their 
mathematical concepts and skills through practice.

112 Chapter 3 Probability

3.3 Multiplication of Probabilities

A  Independent Events
Two events are said to be independent events when the occurrence or non-occurrence 
of one event will not affect the probability of occurrence of the other event.

For example, in tossing a fair coin twice, the event A that the first toss shows a head and 
the event B that the second toss shows a head are independent. That is, event A does not 
affect how likely event B will occur, and vice versa. 

On the other hand, if the occurrence or non-occurrence of an event affects the 
occurrence of another event, then these two events are said to be dependent events. 

For example, in tossing a fair coin twice, the event C  that the first toss is a tail and the 
event D that both tosses are tail are dependent events. This is because the occurrence of 
event C determines the occurrence of event D.

Objectives: To discuss and differentiate between independent events and dependent events.

1. A red six-sided die and a green six-sided die are rolled.
 Let A be the event that the red die shows a 3,
  B be the event that the green die shows a 6,
  C be the event that the sum of both dice is 9.
 Determine whether each of the following pair of events is independent or dependent. 

Explain your answer.
 (a) A and B
 (b) A and C
 (c) B and C

2. Two students are selected at random from a class. 
 Let P be the event that the height of the first student is above 170 cm,
  Q be the event that the heights of both students are above 170 cm,
  R be the event that the height of the second student is below 165 cm.
 Determine whether each of the following pair of events is independent or dependent. 

Explain your answer.
 (a) P and Q
 (b) P and R
 (c) Q and R

3. Give an example of two independent events in an experiment.

4. Give an example of two dependent events in an experiment.

3
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Teacher’s Guides
Consist of

	Scheme of Work
	 Assist with lesson planning by cross-referencing 

lesson objectives with relevant activities and 
resources.

	Notes on Teaching
	 Suggest teaching approaches to each chapter and 

section.

	Fully Worked Solutions
	 Include both questions and detailed answers for all 

exercises in the textbooks.

Workbooks
The workbooks supplement the 
textbooks by providing students 
with more opportunities to practice 
and reinforce the concepts learnt.

Online Resources
Consist of

	Classroom Printable Worksheets

	Specimen Test Papers for mid-year and end-of-year 
examinations

	Examination Type Questions

Teacher’s Editions
Include answers printed in 
red for all exercise questions 
to facilitate teachers to view 
the answers at a glance.



The Digital Book is a complete library of electronic resources 
that brings the whole lesson together in one platform. 
Based on the printed textbook, it provides support 
that gives teachers access to electronic resources 
and add their own teaching notes.

The Digital Book includes the digital version of the textbook, 
animations, video clips, worked solutions and step-by-step 
video guide for solving problems. In addition, there are hundreds of 
differentiated questions to cater for students of various learning abilities, 
ensuring ample practice for all students. Fully worked solutions are provided 
for parents and teachers to check the answers conveniently. 

	 Extraction/ Zooming Function in Textbook 
content

	 Video chapter openers

	 Fully worked solutions for all exercises

	 Step-by-step video guide on solving problems

	 Bookmarks for easier navigation

	 Embedded calculator for instant use

	 Interactive whiteboard

	 Drawing pen for user to write freely on any part 
of the Digital Book
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Book Title ISBN Price Qty

Textbook 3A E 978-981-4448-46-8 15.10

Textbook 3B E 978-981-4448-47-5 12.30

Workbook 3 E 978-981-4448-66-6 9.60

Textbook 3A N(A) 978-981-4448-48-2 12.20

Textbook 3B N(A) 978-981-4448-49-9 12.20

Textbook 3A N(T) 978-981-4448-87-1 TBC

Textbook 3B N(T) 978-981-4448-88-8 TBC

Workbook 3A N(T) 978-981-4448-89-5 TBC

Workbook 3B N(T) 978-981-4448-90-1 TBC

Textbook 4A E 978-981-4448-83-3 TBC

Textbook 4B E 978-981-4448-84-0 TBC

Workbook 4 E 978-981-4448-95-6 TBC

Textbook 4A N(A) 978-981-4448-85-7 TBC

Textbook 4B N(A) 978-981-4448-86-4 TBC

Textbook 4A N(T) 978-981-4448-91-8 TBC

Textbook 4B N(T) 978-981-4448-92-5 TBC

Workbook 4A N(T) 978-981-4448-93-2 TBC

Workbook 4B N(T) 978-981-4448-94-9 TBC

Prices are correct at the time of going to print, but are subject to change.
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