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Section A: Introduction to Counting Methods

V/CE Specialist Mathematics %2

Sub-Section: Addition Principle

Context: Addition Principle

» Sam is choosing between his 4 pants and 3 shorts to go on his date with Emily.
» How many different options does he have@/lz ]

> \/\Ie(added )multiplied] the options as Sam will choose one optio@ and] the other.

Addition Principle

» Associated with the use of the word ” ()&

M Nags

Q@

n Nngs

Total Possibilities =m +n

Q\temwoct el
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Question 1

How many selections of one main meal does a customer have?

4+ 4=(3 opAtons

The restaurant offers four vegan dishes and nine vegetarian dishes.

Space for Personal Notes
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Sub-Section: Multiplication Principle

0

The Multiplication Principle

»  Associated with the use of the word ” A!\_’D

Total Possibilities = m x n

M Nags n NAUS

Q
®
a

Definition

Space for Personal Notes
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Question 2

2x 4 x2

James has three different pants, four different tops and two different pairs of shoes.

How many different choices does she have for a complete outfit?

= 24 optlons

Space for Personal Notes
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Question 3 Walkthrough.

Travelling from left to right, how many paths are there from point A4 to point B in the following diagram?

A B

NOTE: You go through the first, second and third bridges. Hence, we use the multiplication principle. ’/

Space for Personal Notes
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Question 4

Travelling from left to right, how many paths are there from point A4 to point B in the following diagram?

==

3 X 2¥ 3 = \&pahy

Space for Personal Notes
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Section B: Arrangements (Permutations)

V/CE Specialist Mathematics %2

Sub-Section: Introduction to Arrangements o ‘
‘/M

| I
O

What are arrangements?

> permuctoriion” a

Arrangements

» Itis astudy of the number of ways to GW things.
~ g‘
Discussion: How many ways can you arrange the letters a, b, c? 'ﬁ
> A\
> O.C/y 3 x2-X L =6 opiion
> hoc ‘ \ \
> Yea ) -
> ccy
> __cha

Space for Personal Notes
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Is there a way to visualise the number of arrangements? .

3ox Diagram.fef Arrangements Definition
>

oo use e posSiviiieg

» Definition: We can use it to write down a number of

represented by each ho X .

for each position

Space for Personal Notes
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0

O
Sub-Section: Arrangements for n Many Things in n Spots @

Arrangements for n Many Things in n Spots

» When everything is ordered.
Eg: 10 people sitting in 10 seats.

» Itis given by factorial.

Ways to arrange/order n many things = r!

Space for Personal Notes
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Question 5 Walkthrough.

5 different letters are ordered f@.r

How many different words can you get (even the incoherent ones)?

|5 akz kot )]

5)

'l

[>> waye

Space for Personal Notes
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Question 6

—

| 3laf |

N

A family of 3 sits next to each other and is interested in the number of ways they could be seated.

How many different ways can the family of 3 sit in their 3 seats?

— é 6ption§

CAS

Calculator Commands: Factorial on Technology

» Mathematica

& Exclamation Mark

x!

» TI-Nspire

& Menu 51

» (asio Classpad

gbc | ofy | Math | Symbol |

Space for Personal Notes
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OL >
Q
Sub-Section: General Arrangement ® ‘

What would happen if we had n things to arrange in only r spots? .

Exploration: General Arrangement

» Previously, we considered the case where everything was ordered.

How many ways can 5 people sit in 5 seats?

S 2 3 2 )

)

» What would happen if we don't have enough seats for everyone?

How many ways can 5 people sit in 2 seats?
» Insummary: /
G5 | =1 )

N

N

2|.>

N =tota|

Y =—O0velevinag
v c
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» Let's generalise this for n people with only » many seats! (n > r).
&  The numerator represents a number of ways where we seat everyone.
Itis given by [n!, r!, (n — r)!].
& The denominator represents a number of arrangements we missed out on due to a lack of a seat.
How many people aren't sitting? [n, r, (n = r)]

Hence, the denominator is given by [n!, r!/(n = r)!]
Number of ways for n people to sit in r seat

& We call this "B.! Or Permutations!

General Arrangement Definition

» Generally,

Ways to arrange/orde@any things fér r)spots=___ ~

» We call this "B,

Space for Personal Notes
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Question 7 Walkthrough.

L and
-

—

hPY

Nn=da

Sam is trying to make a four-digit humber by using the numbers 1, 2, 3,4, 5, and 6 without repeating them.

How many different numbers can Sam have?

= 3x%)
= 2x |20

Space for Personal Notes
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Question 8

The teacher decides to pick 3 students from 12 students in her class and appoints them as class captain and two
different vice-captain roles.

How many different ways could the teacher do this?
1o (2 \ 2\
>P3 = ((1-—3)‘ I

\

)

TIP: Only multiply the numbers after all the common factors are cancelled in the fraction.

Space for Personal Notes
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CAS

Calculator Commands: Arrangements on Technology

» Mathematica » TI-Nspire

¢

& FactorialPower /) vV & Menus2

| n
rFactorialPower[n, r] P-(n,7)

& OR make your own:

nprin , r 1:=n!/(n-r)!

» (asio Classpad

Math! | ine| ™ |
Math2 . |
Math3
Trig
Var

abc

Catalog | [ ine | int \ :

Advagce an bn Cn | rSlv
1 2 n
= = ;

Vvl n »

e® | In lloggl| VO
135 X ™1 Hoge(l)| solve(
BOO [toDMS| {™ | ()} | ()

sin cOS fan

v - | 5Z B ans EXE*

tandard Real Rad D]

T
nPr | nCr ]

Nl i & [N
M | 6% | Hu }
<+ |y | 55 | ans | EXE
Standard Real Rad G|
"P.(n,1)

Space for Personal Notes

In[1]:= 5!

Out[1]= 120

Out[4]= 220

In[2]:= FactorialPower[12, 3]

Out[2]= 1320

", Bvomead L )

In[4]:= Binomial[1l2, 3]
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Question 9 Tech-Active.

In how many ways can he paint the circles on the flag?

HINT: How many options are there for the first circle? How many for the second?

0Pc = 3oa%o

In[5]:= FactorialPower[10, 5]

out[5]= 30240

A painter is to paint thg five circlegdf the Olympic flag. H t remember the colours to use for any of the
circles, but he knows they should all be different. He h@yf paint available.

Space for Personal Notes
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Q
Sub-Section: Composite Arrangements @
e

L> Sewa(-kw’-j
hrd
]N 58:' avwthwv ‘S%
Discussion: How can we arrange ab,cd (a and b nébd to be next'to each other?
el

(. Ovker— @ youp 3!

D2l a
Composite Arrangements @D I Definition

@ \v

» Definition: Occurs when an arrangement happens within another arrangement.
» Steps:
& Consider each group as one object and find the arrangements.

& Consider the arrangements within the groups and multiply.

Space for Personal Notes
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M F S D

Question 10 Walkthrough.

Consider a family of 4 which consists of a mum,&s, son and daughter.
b

If it is known that the mum must sit next to theQagd, how many different ways could they be sitting?

M F—]_S_l@

(D omler govps 3
@ uitwin 2!

3x2l =62

Space for Personal Notes
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Question 11

Pranav wants to install seating plans for his rowdy class of 8 students. Fearing the backlash of the students, he lets
them choose one friend to sit next to each other.

How many different seating plans could Pranav come up with?

S /¢

Space for Personal Notes = ? & Lr W“‘QS'
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Question 12 Tech-Active.
There are 12 animals in the animal farm; 5 dogs, 4 cats and 3 hamsters. Rei decides to label them with numbers
ranging from 1-12. He decides to finish labelling all animals of the specific type of species before labelling
animals from different species.
a. How many different ways could the animals be numbered?
?\ In[8]:= 3! *5! %411 %3!
@ CatS @ . out(8]= 103 680
5\ &) 3!
Awange = 3\ x5! x1) =3)

b. IfRei decided to label the animals without considering their species, are there more ways to number them

compared to part a. or less? —s ( 2 .c

Space for Personal Notes
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. |
O
Sub-Section: Arrangements with Restrictions @
Discussion: What do we have to consider when making a 4-digit number with 0,1, 2, 3? p <
—
hot ©
[2[2]a]
Arrangements with Restrictions Definition

» Definition: The general principle to deal with restrictions is to:

& Use the boxes.

@ Fill in the number of options for the slot that has the restriction first.

Space for Personal Notes
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Question 13 Walkthrough.

How many different odd numbers between 10000-99999 exist, which only have the digits 2, 3,4, 5,6, 7, and 8
given each digit cazponly be used once? f —

- ¢ -
[6 [cld33) Torm

= (080 hWwhe?

TIP: Consider the number of options for the last digit. And do this before considering the rest! =

Space for Personal Notes
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Question 14

If no digit can be used more than once, find how many numbers can be formed from the digits 2, 3, 4,5, 6,7, 8, and

9 that are: - =
[ 4

a. Four-digit numbers?

BlHoY = 1630 weys

b. Odd three-digit numbers?

Lfa
R[] = lr ways

c. Four-digit numbers greater than 7000?
CE——

RG]l = 630 wae

TIP: Target the digit with restrictions first.
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Question 15 Tech-Active.

arrange themselves:

@‘F@?
o! |

b. If two of the girls wish to sit at (either) end together.

2 &

D=

x>

Three boys and four girls sit in a line on stools in front of a counter. Find the number of ways in which they can

a. Ifone of the boys, Bob, insists on being on (either) one of the ends.

@wz, el

A\

s

G| )(z.‘l = [‘f\fDW‘cw

Space for Personal Notes
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Section C: Selections (Combinations)

Sub-Section: Introduction to Selections [
M N ]
> (O

Discussion: When selecting two letters out of every letter in the alphabet, are AB and BA

considered two different selections? /

Same
Cowbatiov

H Selection) Definition

» Definition:

& Number of ways to M%{ things.

G For selections, th@ d@

Okay, so how do we solve for the number of selections (combinations)? .

Exploration: Selections ‘

» Consider the following example.

Number of selections when we select two alphabets from 4, B, C?

» We can first solve for the number of arrangements.

NU|||ber OI Arrangements = [3- = |
W\g/'\/\’ _é‘».
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How do we find the number of selections?

1 . . . ]
» Let's consider the number of arrangements with the same selection. —
= Gvevist

Eg: AB and BA
g—:." - m

Number of Arrangements

oMbt~ ot dlouble-ufr e

Number of Arragenements
B 2

Number of Selections =

» Let's generalise this for n people with only » many selected! (n > r)

&  The numerator represents the number of ways where we arrange n people in r spots.

Itis given b ["PAn!, r']. 5 Afb@c

& The denominator represents the number of arrangements in the same selections.

It is given by [n!@n -7

Number of Selections =

& We call this ™c,! Or combinations!

== s
» How many different @s with the same selection of letters? % — \ 56(60%

§'l

Space for Personal Notes
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O. [
Sub-Section: General Selection @
- |
General Selection Definition
» Generally,
. . np_
Ways to select r things from n many things = -
» We call this "C, nl
| Lace )\
ne. = Y" [V\ r>.

» Where r = number of selection spots.

Discussion: Why do we divide by r!?

L> Cancel o overlapS

r'=number of ordersfor the same selection. In the previous example,
the number of arrangementsfor same selection were 2! Astherewere 2 dots.

%

Space for Personal Notes
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Question 16 Walkthrough.

A leadership team of four people is to be chosen from a group of ten students. How many different teams are
possible? —

lo (

A (w

ol (o-«gk--?@
tlel  (frax)E)
(0-3 4+

— Q I~ £ 24 £
=20 wvtﬁ\)

]

(bc

o—
L

Space for Personal Notes
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Question 17

20

C3z = 31003

20 |

ﬂ

How many ways are there to choose exactly three pets from a store with 7 dogs and 13 cats?

LYCRI

S —

S+

(o

So- [4-18 131
3

A

f,g'-z(

(140 Weys

NOTE: We can treat dogs and cats the same although dogs are better.

CAS
Calculator Commands: Combinations of Technology
» Mathematica » TI-Nspire » Casio Classpad
& Binomial [n, 7] & Menu53 Meth! Line] ™ | vm | z | »
Math2 o | o ||, '1;1,;.'5'.;”
nC‘r‘ (nl T) Math3 | | ' Hoge(B)| solve(
Trg [ Tal ;..I‘MQ (= ' ()
Var
= sin cOS fan
v - ans | EXE
Alg tandard Real Rad @“

Catalog!| Line | int | ! | nPr | nCr |
Advagce Aan bn Cn rSly
Num | [
1 .2 n
Fo— | Fa= | La= | Ly e
b Pl Hn
A -~ ans | EXE
Alg Standard Real Rad @‘
n
G- (n,7)
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Question 18 Tech-Active. ) Am v

A team of four boys and four g#ls is to be chosen from a group of ten boys and eight girls. How many different
teams are possible? w —_— —

IO&T_,( Ga{,

L
o

| In[10]:= Binomial[10, 4] *Binomial[8, 4]

| out[10]= 14700

Space for Personal Notes
n 1

W
Ho mamJ worslS  an e forwwa bv AVY Bngemovte

Lammwwmmf -
1748

\

In[11]:= 12! / 16

Out[11]= 29937 600
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Free 1-on-1 Consults

What Are 1-on-1 Consults? %

Who Runs Them? Experienced Contour tutors (45 + raw scores and 99 + ATARsS).

Who Can Join? Fully enrolled Contour students.

When Are They? 30-minute 1-on-1 help sessions, after-school weekdays, and all-day weekends.
What To Do? Join on time, ask questions, re-learn concepts, or extend yourself!

Price? Completely free!

One Active Booking Per Subject: Must attend your current consultation before scheduling the next. :)
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SAVE THE LINK, AND MAKE THE MOST OF THIS (FREE) SERVICE!

Booking Link @

bit.lv/contour-specialist-consult-2025






