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Section A: Introduction to Counting Methods

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]

> W@ultiplied] the options as Sam will chgose one option [or/and] the other.
t\ ’.:.‘i ;!S
SR A

Addition Principle

M Nags

7N
N
n Nngs

» Associated with the use of the word ” Qe"’

Total Possibilities =m +n
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Question 1
A restaurant offers three vegan dishes or four vegetarian dishes.

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

244 = }OV-\COVL{'
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0

Sub-Section: Multiplication Principle

Q
®
+ € a
The Multiplication Principle ‘-% samQ \

M Na\gs n Nags

@ Q

»  Associated with the use of the word

Definition

Total Possibilities = m x n

Question 2
Emily has two different pants, five different tops and three different pairs of shoes.

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

Ix5S 3 = 30 owtfit

Space for Personal Notes
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Section B: Arrangements (Permutations)

O [
Sub-Section: Introduction @ @ ‘

What are arrangements?

Arrangements

» Definition: It is a study of a number of ways to (:ﬂ dLQ! things.

Discussion: How many ways can you arrange letters a, b,c ?

> 137]9

: @ZIZ o b ways

]Z;g (6(9,\ \4 = 34 X|
> (bO\. 1\ T {' -'3'
(T |

Is there a way to visualise the number of arrangem

v

v

Box Diagram for Arrangements Definition

» Definition: We can use it to write down a number of avﬂl‘ ;Mr each position
represented by each ‘993(
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Question 3 Walkthrough.

.Cl ( b( C
3 different letters are ordered fora 3 letter word
-__—d

(slall) =32 (31)

Question 4
A family of 4 sits next to each other and is interested in a number of ways they could be seated.

How many different ways can the family of 4 sit in their 4 seats?

(7]32})7 =29 Ways

J
4\

Space for Personal Notes
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Calculator Commands: Factorial on Technology

» Mathematica » TI-Nspire » C(Casio Classpad
& Exclamation Mark & Menu51 abe | aBy | Math | symbol |
| Tl Tals[xle[ " [cD =] |
x! tl2 @l t|\v]]

Y~ o (=] ||
- H

( i!c x‘\ln-‘r €
- * | Space | EXE ‘

Question 5 Tech-Active.

A school is organising a photo session for 8 students. They are to stand in a single row for a group picture.

In how many different ways can the 8 students be arranged in a row?

s Toolbox
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@

o

Sub-Section: General Arrangement

What if we do not have enough spots for everything? .

Exploration: General Arrangement

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

CUE: How many ways c@eople Sit |

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

CUE: How many w7ys can 5 people sit @ats?

v

6 “Ll" — (3x2%

» In summary:

5P,

5

-L
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» Let's generalise this for n people with only » many seats! (n > r).

& The numerator jepresents a number of ways where we seat everyone.
N =—tc14)
Yy = order

& The denominator represents a number of arrangements we missed out due to lack of a seat.

How many people aren't sitting? [n, r, <n - r)]
Hence, the denominator is given by [n!, r(, (n— r)!]’

It is given by (n!Jr!, (n — r)!].

Tl

Number of ways for n people to sit in r seats

& We call this ™P.! Or Permutations!

Arrangement . me-mdfu\’m

» Generally: " |

Ways to arrange/order n many things for r spots = _%W_F}L

»  We call this "B..

np =

Definition

Space for Personal Notes
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Question 6 Walkthrough.

James is trying to make thrqe-digi number by using the numbers 1, 2, 3,4, 5, 6, 7 without repeating them.
S
How many different numbers can James have?

= 7! 7) _ww&y‘ﬁ
Ps ~5 " = b2l

NOTE: We did not arrange all 7 numbers we had, as the number was three-digit. ﬁ/

Question 7

The teacher decides to pick 2 students from 10 student class and appoints them as a class captain and a vice-
captain.

How many different ways could the teacher do this?

o o o\

s gL =(0x9
=90 pays

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

Calculator Commands: Arrangements on Technology

» Mathematica » TI-Nspire

& Just use factorial. Rip

» (asio Classpad

Mathl "pine! ™ | ym | & >

Math2 - o" In lf.')}‘.."“ -\*’

Mathd B x* | x7 Hog(l)| solve(

Tri i 1

g RO0 {toDMS| {™ {1} ()

Var '

o= sin cOS fan |
<« | 5y | %= | ans | EXE
tandard Real Rad

77\ :
nPr JnCr ‘
La s
sm | &% | M \
A - . ans | EXE
Alg Standard Real Rad G|
"B-(n,1)

Question 8 Tech-Active.

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

2 >\
Ps{a

A painter is to paint the five circles of the Olympic flag. He cannot remember the colours to use for any of the
circles, but he knows they should all be different. He has eight colours of paint available.

A
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. O
Sub-Section: Composite Arrangements ==) (Iroufaj ®
[

Négteok ﬂﬁ,
™~
Discussion: How can we arran@f a and b needs to be next to each other? p o

al

c [ar)ia ] 3] x2

CEE———N

q) ®® M‘M‘m

/—sl

F

53 3 ¥ NG O

» Definition: Occurs when an arrangement happens within another arrangement.

Composite Arrangements

» Steps:
& Consider each group as one object and find the arrangements.

& Consider the arrangements within the groups and multiply.

Question 9 Walkthrough.
Consider a family of 4 which consists of a mum, dad, son, and daughter.

If it is known that the mum must sit next to the daughter and the dad must sit next to the son, how many different
ways could they be sitting7—

2x2x2] =& wags
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Question 10

Pranit wants to install seating plans for his rowdy class of 10 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 Pranit come up with?

U - [
(
) Hi

21 2§

\

'S.( X (2()5- pa 58"‘1‘0

rfj_}f T)T
v

2 2\ 2|\

Space for Personal Notes
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Question 11 Tech-Active.

There are 12 animals in the animal farm; 4 dogs, 4 cats and 4 hamsters. Nayuta decides to label them with
numbers ranging from 1-12. He decides to finish labelling all animals in the specific txpe of species before
labelling animals from different species.

a. How many different ways could the animals be numbered?

growps T gjﬁ%g 1(:&(\]
G 3

Wity

2)xt Xl k<
= 827

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

compared to part a. or less? /

2 MoRE

Space for Personal Notes

MM12 [3.3] - Combinations & Permutations - Workbook ‘14




G.ONTOURE[)UC ATION VCE Mathematical Methods %2

0

|

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 <
ﬁ
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.

Question 12 Walkthrough.

How many different odd numbers betwefn 1000 - 9999 gkist, which only have the dig
each digit can only be usedjonce?

QM WGEW- ookl

:?-
P o
T Gen)r

= &40 Ways

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

MM12 [3.3] - Combinations & Permutations - Workbook ‘1 5
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Question 13

that are:

a. @igit numbers.

—

b. Even three-digit numbers.

mag

_
LP}

c. Three-digit numbers greater than 700.

6
bl

65 4

=2k

llllll

4

&

iL c 9‘6'9'7[
U4 s |

=20 pmbers

?

P XY
(
el

= (2O numie

= 2K éP:»
6!
T\

= v.,[D num et

TIP: Target the digit with restrictions first.
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Question 14 Tech-Active.

arrange themselves:

It growgs: 21

Wi P

b. If the girls want to be at ite ends of the line.
@ L 4v (] 3

zox¥l x|

@r\ Wewyyone 2\se )

Four boys and two 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, Raj, insists on being on (either) one of the ends.

S|

= && NS

Space for Personal Notes
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Orde_Juesnd,

e e

Sub-Section: Introduction to Selections @ ‘

J
[ Soleotion

™ 5‘
Discussion: Two different permutations AB and BAf\re they considered to be different selections%

Question 15

Consider letters 4, B, C.

a. State the number of ways we cwo letters from A4, B, C.

b. State the number of ways we ca( select a)vo letters from A4, B, C.

MM12 [3.3] - Combinations & Permutations - Workbook

(5( = b WayS




G.ONTOUREDUC ATION VCE Mathematical Methods %2

Okay, let’s try generalising this/ .

Exploration: Selections

» Consider the following example.

Number of selections when we selelphabets from 4, B, C?
e

» We can first solve for the number of arrangements.

3 2¢
Numbero@s= Pk = 6'3 )

How do we find number of selections?

» Let's consider the number of arrangements with the same selection.

» How many different arrangements

Number of Selections

Number of Arrangements

no. of aovpemenss for dre 25 elesmert

[

_ Number of Arragenements

rr
|

1)
» Let's generalise this for n people with only » many selected! (n > r)

& The numerator represents number of ways where we arrange n people in r spots.
Itis given byn!, r!].
& The denominator represents number of arrangements in the same selections.

Itis given by [n (n—n)!.

MM12 [3.3] - Combinations & Permutations - Workbook ‘1 9
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& We call this *C,.! Or combinations! ?

v
Number of Selections =.?— - nir), l

Selection

» Generally:
Ways to select r things from n many things =

» We call this "C,,
P

» Where r = number of selection spots.

Question 16 Walkthrough.

possible? f n - l\

e = N\ nl
3 i) T z18)

r=3 - (5

n

r!

Py

A leadership team of three people is to be chosen from a group o< eleven )tudents. How many different teams are

Definition

MM12 [3.3] - Combinations & Permutations - Workbook
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Discussion: Why do we divide @gain?

U

brokev  Joesnit wmater

A

Question 17
How many ways are there to choose exactl@rom a store with 8 dogs and 12 cats?

2 20! 20X 4K, s
CL = —

\

(&) 2 ),Z‘,z_[

7,0)/\?

2

=10 (/\IO'*:)S

\I

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

Space for Personal Notes
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CAS
Calculator Commands: Combinations of Technology
» Mathematica » TI-Nspire » (asio Classpad
G Binomial [n,7] Menu 53 Meth! el ™ | vm | x | »
Math2 . | o" [ In .lﬂp‘..ﬂv .‘ﬁ
"Cr (n,1) Mathd "l | @ | 1 loge®|solve(|
T8 7500 frobms| (™ | €1 | ¢) |
Var f t {
e sin cOS tan
N e | B | T= | ans | EXE |
Alg tandard Real Rad

Catalog [ipe | int 1 t | nPr |

Advegee | o 1 u, | en | rSIy
Num | |
1 +2 n
F Fa= | L [

B | Am Awm
sh | &0 | Hn
R - | 5y = | ans

Alg Standard Real Rad

\
nCr

e

|
EXE ‘

L]

"Cr (n,7)

Question 18 Tech-Active.

A team gfthree boyg/and {hree girls is)to be chosen from a group @n@ow many different
teams ar ibke?

¢
T(,ZK Ca

= 680
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Section D: Probability with Counting Method

y

000

Sub-Section: Probability with Arrangements

|

1,3,4,57

Discussion: How would you find the probability of gettin@umber from arrangements of '&"’.
_—

),

no-  ouven avaﬁmr%’l\('
<olal

AeStredd

—

Probability with Arrangements tU ‘q ‘ D

p n (Wanted Arrangements)
r =

n (Total Arrangements)

Space for Personal Notes
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Question 19 Walkthrough.

Three-letter ‘words’ are to be made by arranging the letters of the word METHODS. We cannot use the same
letter twice: m\/ \/

a. How many three—lett/ervwords can be made from the leﬁe@ ? (daﬁg
+! 2\
-+ L o= T F-6- LY

e - ——

b. How many three-letter wor§s start with the vowel?

c¢. Hence, what is the probability that the word begins with a vowel?

Oefirad) _ begins with Lone] _ 60

— =

o

NOTE: We get a different word depending on their arrangements. Hence, we use arrangements ﬁ/
rather than selections!

ALSO NOTE: In combinations and permutations ‘word’ is used to mean an arrangement of letters, it does
not have to be an actual English word.

MM12 [3.3] - Combinations & Permutations - Workbook ‘24




(S4ONTOUREDUCATION

VVCE Mathematical Methods 2

Question 20

Four-digit number is to be made by arranging the numbers 1, 2, 3, 4. We cannot use the same number twice.

a. How many four-digit numbers can be made in general?
Ca—

41 =2

b. How many four-digit even numbers can be made?

[TT] - siv=
[ /

3]

c¢. Hence, what is the probability that the four-digit number is an even number?

NOTE: That was an obvious answer but make sure to follow these steps for harder questions!

4

P

Space for Personal Notes
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0

Q)
Sub-Section: Probability with Selections @ ‘

Discussion: How would you find the probability of selecting 4 and B out of 4 letters 4, B, € and
D?

Probability with Selections

pr n (Wanted Selections)
re n (Total Selections)

Space for Personal Notes
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Question 21 Watkthreugh.

We decide to make a team of 4 people from the pool©6f 4 males n@
a. How many different selections &ree wome? ad one man jk possible?

~
]
-~

b. How many different teams of 4 can we make from the selection?

g

Cop = Fo

c. What i the probabilityAhat a team of 4 would consist of three women and one man?

b -8
TJO0 35

Space for Personal Notes
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Dagiree &
Question 22 ——
Tofal &
What is t that a team of four chosen at random from a group of eight friends, four males and four

females, would consist of three women and one man?

A
35

TIP: Find the humber of selections for three women and one man first.

Space for Personal Notes
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Question 23 Tech-Active.
We decide to select a team of 11 from the pool of 5 bowlers and 12 non-bowlers.

a. How many different possible teams can be selected?

b.

c¢. Hence, what is the probability of having a team of 4 bowlers?

3?50 - 44; )
(2376 (541

Space for Personal Notes
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Contour Check

G

O Learning Objective: [3.3.1] - Find number of permutations and combinations

Key Takeaways

0 Box Diagram for Arrangements

ented by each

O Definition: We can use it to write down number of Wf“"‘j e '1or eac@n

O
O Generally:
Ways to arrange/order n many things for r spots =
O We call tffis ™P..
€) n
"Pr = Lup-e)
0 Selection

O Generally:

Ways to select r things from n many things =

O We call this "C,.. V\ '\

o T

O Where r = number of selection spots.

nPT

r!

MM12 [3.3] - Combinations & Permutations - Workbook
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with restrictions/composite

O Learning Objective: [3.3.2] - Find number of permutations and combinations

Key Takeaways

Composite A/angements ~ “— 670“("““0

O Steps:

O Arrangements with Restrictions
O Definition: The general principle to deal with restrictions is to:

0 Use a box diagram.

O Definition: Occurs when an arrangement happens within another arrangement.

0 Consider each group as V\Q objext and find the arrangements.

0 Consider the APMMMithin the groups and multiply.

O Fill in the number of options for the slot that has the restriction‘_‘ iY.S" .

MM12 [3.3] - Combinations & Permutations - Workbook
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O Learning Objective: [3.3.3] - Find probabilities using counting methods

Key Takeaways

0 Probability with Arrangements

_ n (Wanted Arrangements)

T p (o))

0 Probability with Selections

n (Wanted Selections)
N (ta) )

Pr =

MM12 [3.3] - Combinations & Permutations - Workbook
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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 + ATARs).

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 0

bit.ly/contour-methods-consult-2025
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