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Conditional Probability /

Your notes

Set notation

Whatis set notation?

= Setnotationis a formal way of writing groups of numbers (or other mathematical entities
such as shapes) that share acommon feature - each numberin a setis called an element
of the set

= Youshould have come across common sets of numbers such as the natural
numbers, denoted by N, or the set of real numbers, denoted by R

= |nprobability, set notation allows us to talk about the sample space and events withinin
it
= S U, Zj & are common symbols used for the Universal set In probability this is the

entire sample space, or the rectangle in a Venn diagram

= Events are denoted by capital letters, A, B, C etc

» Theevents“not A", “not B",“not C"aredenotedby A', B', C' etc (Strictly

pronounced “A prime” but often called “A dash”) A'iscalled the complement of A

In probability we are often looking at combined events

= TheeventAandBiscalled theintersection of events Aand B, and the symbol N is
usedi.e. AandB iswrittenas AN B

= OnaVenndiagram this would be the overlap between the bubble forevent A
and the bubble forevent B

= From Basic Probability, forindependent events

P(ANB)=P(A)xP(B)

The event A or Bis called the union of events A and B, and the symbol U isusedi.e. Aor
Biswrittenas AUB

= OnaVenndiagram this would be both the bubbles forevent A and event Bincluding
their overlap (intersection)

= From Basic Probability, for mutually exclusive events
P(AUB)=P(A)+P(B)

= The othersetyoumay come acrossin probability is the empty set The empty set has no
elements andis denoted by @

= Theintersection of mutually exclusive eventsis the empty set, @

= Andfinally, P(A") =1-P(A)
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4

Your notes

A u B (UNION) A nB (INTERSECTION)
'A OR B OR BOTH" "A AND B"

A’ (COMPLEMENT)
"NOT A’

How do | find probabilities from sets?

Recognise the notation and symbols used and theninterpret them in terms of AND ( n),
OR(U)and/or NOT (‘) statements

Venn diagrams lend themselves particularly well to deducing which sets or parts of sets
are involved- draw mini-Venn diagrams and shade them

Practice shading various parts of Venn diagrams and then writing what you have shaded
in set notation

With combinations of union, intersection and complement there may be more than one
way to write the setrequired

= eg. (AUB)=A'NB'" (ANB)'=A'"UB' Notconvinced? Sketcha

Venn diagram and shadeiitin!

= |nsuchquestionsit canbe the unshaded part that represents the solution

o

Worked Example

The members of alocal tennis club can decide whether to play in a singles
competition, a doubles competition, both or neither.

Once allmembers have made their choice the chairman of the club selects, at
random, one member to interview about their decision.

S'is the event amember selected the singles competition.
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D is the event amember selected the doubles competition. ,

Giventhat P(S) =2P(D), P(SUD) = 0.9 and P(SN D)= 0.3 ,find Your notes
i P(S")

iy P(S'ND)

@iy P(SUD')

i) P((SUD))

Answer:

Sketch a Venn diagram and use it to help work
out the missing probabilities

S D|6

z

° P(Sn D)=0.3

P(S) = 2P(D) . x + 0.3=2(0.3 + y)
x — 2y=0.3

PSuDI=092 <~ x+ 03+ y=0.9
x +y=0.6

Solve simultaneously, 3y=0.3, y=041
x=05

As all probabilities total 1, 0.5 + 0.3 + 01 +z =1
z=01

Final Venn diagram

S D|G
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ot S*
0.1+ 0.1=0.2

P(S=0.2

(ii) P(S’n D}

P(S’n DY=04

(iif) P(S u D"

(iv) PUS u D))
Method 1
PUS uDY)=P(&S n D)

Answer is the region
shaded twice

PUS uDrI=041

o

Examiner Tips and Tricks

aquestion

Now use this and, if they help, shaded mini—Venn ,
diagrdms to dnswer the questions

Your notes

P(SN=1 - P(SI=1 - (05 + 0.3)

Blue shading is "'not S
(I, Purple shading is D
N is AND, so part shaded twice is the answer

Blue shading is S
@ Purple shading is "not D"
U is OR, so all shaded parts are needed

P(SuD1=05+ 03 + 01=0.9
(You may also spot from the mini—Venn diagram this is 1 — 0.1)

Method 2
Start by shading Su D

D,

(SuD) is "not S uD"so the
answer is the unshaded region

= Donottrytodo everything using a single diagram - whether given onein the
question orusing your own; use mini-Venn diagrams and shading for each part of

= Do double check whetheryou are dealing with union ( U)orintersection (N ) (or
both) - when these symbols are used several times near each otherin a question,
itis easy to get them muddled up or misread them

bonditional probability
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What is conditional probability ? 4

= Conditional probability is where the probability of an event happening canvary Your notes
depending on the outcome of a prior event

= You have already been using conditional probability e.g. drawing more than one
counter/bead/etc from a bag without replacement

= Note that, mathematically, that drawing one, not replacing then drawing anotheris
the same as drawing two at the same time.

= Considerthe following example

= e.g. Bagwithéwhiteand 3redbuttons. Oneisdrawnatrandom and not
replaced. Asecond buttonis drawn. The probability that the second buttonis white

given that the first buttonis white is E .
= The key phrase hereis “given that” - it essentially means something has already
happened.
= Insetnotation, “given that” isindicated by a vertical line (] ) so the above example

. . . . 5
would be written P(214 {s Whlte| 18t is white) = 3

= There are other phrases thatimply or mean the same things as “given that”

= Venndiagrams are helpful again but beware - the denominator of fractional
probabilities willno longer be the total of all the frequencies or probabilities shown

= “giventhat” questions usually reduce the sample space as an event (a subset of the
outcomes of the first event) has already occurred

A B |G BLUE SHADING IS EVENT A

PURPLE SHADING IS EVENT B, GIVEN
THAT EVENT A HAS ALREADY OCCURRED

P(AnB)
&~ PB|A) = N

B|A

"B, GIVEN A"

A B |G BLUE SHADING IS EVENT B

PURPLE SHADING IS EVENT A, GIVEN
THAT EVENT B HAS ALREADY OCCURRED
) _ P(AnB)
~ PAIB) = 5]

AlB

"A, GIVEN B"
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= Thediagrams above also show two more conditional probability results
« P(ANB)=P(A)xP(B|A)
« P(ANB)=P(B)xP(A|B)

= These are essentially the same as letters are interchangeable

= Forindependenteventswe know P(A NB) =P(A) xP(B) so

. P(BlA)=w

= andsimilarlyP(A|B) =P(A)

=P(B)

4

Your notes

= Theindependentresult should make sense logically - if events Aand B are independent
then the fact that event B has already occurred has no effect on the probability of event

Ahappening

o

Worked Example

(a)Find
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i P(A|B) ,

(i P(B|A') Your notes
i P(C'|A")
(b) Show, in two different ways, that the events Band C areindependent.
Answer:

Before starting we can work out some bdsic probabilities

that are likely to be useful

P(A)=0.18 + 0.16 + 0.1 + 0.07 = 0.51

P(B)=0.16 + 0.2 + 0.1 + 014 =0.6

P(C)=0.07 + 0.1 + 014 + 0.09=0.4

a) i) Mini ‘Venn’
P(ANnB)
Formula: P(A|B) = 56

0.16 + 0.1 13
. = LA+ VA palB = =
~ P(A|B) e | 0
Use fractions rather
i) Mini ‘Venn’ than rounding
 PIA’nB)
Formula: P(B|A) = A
0.2 + 0.14 34
n= 227 27 plAN= 2L
PBlA7 1 - 051 | 49
P(A) = 1 - PA]
iii) Mini ‘Venn’
P(A’ nC*)
Formula:  P(C’|A” =P
0.2 + 0.06 26
LPIC A= 2T 22 PIC|AN =52
| 1 - 0.51 | AQ

4 SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 8


https://www.savemyexams.com/?utm_source=pdf

b) For independent events, "P(A n B) = P(A) x P(B)' ,

d, "P(A|B) = P(A)"
a | Your notes

P(BNC)=0.1+ 014 =0.24
P(B) x P(C)=0.6 x 0.4 =0.24
~Events B and C are independent

pelc)= 210N 4

0.4
P(B)=0.6
~Events B and C are independent

(For the second method, you could show
P(C|B) = P(C) instead:

0.24
P(C|B)= === = 0.4, P(C)=0.4)
| 0.6 ’

o

Examiner Tips and Tricks

= There are now several symbols used from set notation in probability - make sure
you are familiar with them

= union(U)
= intersection()
= not ()
= giventhat(|)
= |f givenaVenn diagram with all the separate probabilities you may find it easier to
work out P(A), P(B) etc first

Two-way tables

What are two-way tables?

= |nprobability, two-way tables list the frequencies for the outcomes of two events - one
event along the top (columns), one event down the side (rows)

= Thefrequencies, alongwith a “Total” row and “Total” column instantly show the values
involved in finding probabilities
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For two events, A and B, ,

Your notes
A A Total
B AnB A'n B B
B’ AnB’ A'n B’ B’
Total A A’ %

Try sketching a Venn diagram
for each ‘total’ cell.
Here’s the one for A:

A B |6

Overall: A

How doll find probabilities from two-way tables?
= Questions will usually be wordy - and may not even mention two-way tables

= Questions willneed to be interpreted interms of AND ([ , intersection), OR (U,
union), NOT (‘) and GIVEN THAT (|)

= Complete as much of the table as possible from the information given in the question

= |f any empty cellsremain, seeif they can be calculated by looking forarow or
columnwith just one missing value

= Eachcellinthe tableis similar to aregioninaVenndiagram

= Withevent A outcomes oncolumns and event B outcomes onrows

= PN Q (intersection, AND) will be the cell where outcome P meets outcome

Q

= PU Q (union, OR) will be all the cells for outcomes P and Q including the cell
forboth

= Beware! Asunionincludes the cell forboth outcomes, avoid counting this cell twice
when calculating frequencies or probabilities

= (see Worked Example Q(b)(ii))
= Youmay need touse theresults

» P(ANB)=P(A)xP(B|A)
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= P(A |B) =P(A) (forindependent events)

o

Worked Example

owners to their cat(s) or dog(s).

Theincomplete two-way table below shows the type of main meal provided by 80

Your notes

Dry Food Wet Food Raw Food Total
Dog 1 8
Cat 19 33
Total 21

(a) Complete the two-way table

(b) One of the 80 owners is selected at random. Find the probability

(iii) the owner feeds raw food toits pet, givenitis adog.
(iv) the ownerhas a cat, given that they feed it dry food.

Answer:
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a)

b)

o

The key valve here is the grand total of 80 — given
in the wording of the question

Dry Wet Raw
food food food Total
Dog 1 28 3 47
Cat 10 19 4 33
Total 21 47 12 80

(i)  Pleatnraw) = 30

(i) Pldog uwet) = 47 r— = ——

BO
|P(dog) %/li(wet):}j w Beware! P(dog nwet)

would’ve been counted
twice

‘Dog ‘raw food’

(i) P(raw | dog) = ==
47 F—E’ It’s given "it’s a dog"|
(iv) Pleat|dry) = % - ferCat’ ‘dry food’ |
é\E*I‘t’s given "dry food"

Examiner Tips and Tricks

= Ensure any table - given ordrawn - has a “Total” row and a “Total” column

= Do not confuse atwo-way table with a sample space diagram - a two-way table

does not necessarily display all outcomes from an experiment, just those
(events) we are interestedin

4

Your notes

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com

12


https://www.savemyexams.com/?utm_source=pdf

Venn Diagrams with Conditional Probability /

Your notes

Venn diagrams with conditional
probability

How do | find conditional probabilities from a Venn
diagram?

= |nterpreting questionsinterms of OR( U),AND(N), complement (‘) and “given that” (|
)

= Conditional probability may now be involved too

= Use mini-Venn diagrams to sketch and shade the regions you are dealing with - use
different coloursif available or different styles of shading if not

= Shading canhelp you see the answer

P(ANB)
= sinceP(A |B) = ————— shade B first, thenshade AN B
P(B)
" double shading"
= the answer will then be " ——
all shading
A B |G
Event A|B
"A given B"
s - P(ANB) o Shade second
- P(B) o Shade first
_ ‘'double shading"
K\d P(A'B)— "Gl.l. Shading"
p
Worked Example

Three events, A, Band C are such that
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events A and Care mutually exclusive ,
P(ANB)=0.2 Your notes
P(BN C)=0.3

P((AUBUC(Q))=0.1

P(B)=0.7

P(A')=0.75.

(a) Draw a complete Venn diagram to show the probabilities connecting the three
events.

(b) Find

() P(A|B)

i P(A'| C)

@iy P(C|(AU B)")

Answer:

a) Events A and C are mutually exclusive so their bubbles
will not overlap.

P(An B =0.2

PB NnC)=0.3

PAAUBuUCY =01 ~P("not (A or B or C)")=0.1
P(B)=0.7, ~P('only B"Y=0.2

P(A”) = 0.75, sSP(only A"=1 - 0.75 — 0.2=0.05

and so P("only C")
=1 - (005 +02 + 0.2+ 03+0M=01

(Check by seeing if all probabilities total 1 and so no single
probability is greater than 1)

“0.8-)

G
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b)

i)

iii)

o

1, SaveMyExams

Use mini—Venn diagrams and/or formulae

Working out P(A), etc. first can help cut down lLater work.

P(AY=1 - 0.75 = 0.25
PB)=0.7
P(C)=0.3 + 0.15 + 0.45

P(A|B)
Mini—Venn:

PA|B) = 2
=

PA’|C)
Mini—Venn:

6
PA|C = =
| 1

P(C|(A uB))
Mini—Venn:

P(C | (AUBY) = %

Examiner Tips and Tricks

© 2026 Save My Exams, Ltd.

(From information given)
(Given in question)
(From Venn digaram)

Formula:

P(ANB) 0.2
PAIBI= —5E = 5.7
Formula:

1~y PIATNCY)

P(A’|C") =Py
_ 0.2 + 041
T 1 - 0.45
Formula:

. PICn(AUB))
P(C [(AuB)) = PUALBY)
B 0.15
T 015 + 0.4

= Always draw the boxin aVenn diagram; it represents all possible outcomes of the
experiment sois a crucial part of the diagram, the bubbles merely represent the
events we are particularly interestedin

= Youmay be able to answer some questions by applying formulae or you may
preferto use shaded mini-Venn diagrams; complicated questions tend to be
easier with mini-Venn diagrams

s

Your notes

Get more and ace your exams at savemyexams.com
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Tree Diagrams with Conditional Probability /

Your notes

Tree diagrams with conditional
probability
How do | find conditional probabilities problems from
tree diagrams?

= Interpreting questionsinterms of AND (1), OR(U)and complement ()

= Conditional probability may now be involved too - “given that” (|)

= This makesit harderto know where to start and how to complete the probabilitiesona
tree diagram

= e.g.If given, possibly inwords, P(B |A) then event A has already occurred so start
by looking for the branch event A in the 15t experiment, and then there would be the
branch for event B in the 2" experiment

= Similarly, P(B |A') would require starting with event “not A ” inthe 15t experiment
and event Bin the 2"d experiment

| 1%t EXPERIMENT ] | 2" EXPERIMENT |
P@BIA) B P (A n B)
. 4 B’ P(A B
P (A)
P (A% A’ P (B|A") 5 B (A’ 1 B)
P B AT B P(A" 0 B

= The diagram above gives rise to some probability formulae you will see in the next
revisionnote

" P(B | A) (“giventhat”)is the probability on the branch of the 2"d experiment

= However, the “given that” statement P(A | B) is more complicated and a matter of
working backwards

P(ANB)

= from Conditional Probability, P(A|B) = P(B)

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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= from the diagram above, P(B) = P(ANB) + P(A' N B) ,

P(ANB) Your notes

s |eadingto P(AlB)= P(ANB)+P(A' NB)

= Thisis quite acomplicated looking formula to try to remember so use the logical
stepsinstead - and a clearly labelled tree diagram!

o

Worked Example

The event F has a 75% probability of occurring.

The event W follows event F, andif event F has occurred, event W has an 80%
chance of occurring.

Itisalso knownthat P(F N W) = 0.15.

Find

i P(W|F')

i P(F| W)

(iii) the probability that event F didn’t occur, given that event Wdidn't occur.

Answer:

Drawing a tree diagram will help determine values in probabilities,
you cdn then focus on interpreting the operations

Event W

3
F
{ /

iw P(F' nW)=0.15
o W’ P(F 0 W =0

A P(FnW) =0.6

B

W’ P(F n W) =015

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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i) PIW|F") F’ on "It experiment’, W on "2m" ,

S PIW|F)=0.6
Your notes
il P(F|W) Use "P(A|B) = % and logic...
P(F n W) = 0.15
P(W’) = P(F n W*) + P(F’ n W)
=0.15 + 0.1=0.25

. . 0.5
~ PFlw) = 0.25
~ PFIW)=0.6

i) This is the same as P(F’|W’) and so a similar formula and logic
would be recommended
But to show how the formula in the revision note would apply,
we've used that below

s P(F’ n W’)
PIFIW) = SE W + PE A Wi
= _ 01
0.15 + 0.1
_ 04
0.25
~ P’ |W) = 0.4
\
;
Examiner Tips and Tricks
= |tcanbe tricky to getatree diagramlooking neat and clear first attempt - it can
be worth drawing arough one first, especially if there are more than two
outcomes or more than two events; do keep an eye on the exam clock though!
= Always worth another mention - tree diagrams make particularly frequent use of
theresult P(not A) = 1 -P(A)
= Treediagrams have built-in checks
= the probabilities for each pair of branches shouldadd up to1
= the probabilities for each outcome of combined events should add up to'1
\
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Probability Formulae 4

Your notes

Probability formulae

What are probability formulae?

= |fyou have seen any of the other Revision Notes on probability, almost every one
contains aformula

= These however are often disguisedin Venn diagrams, tree diagrams etc
= Sometimes adiagram can be easierto use than aformula

= This Revision Note rounds up all these formulae and introduces one or two new ones

What probability formulae do | need to know?
= Some formulae only apply under certain conditions
= Theformulae for probability you should’ve encountered so far
= forindependentevents, P(ANB)=P(A)xP(B) (“AND”,intersection)
= formutually exclusive events, P(A U B) =P(A) +P(B) (“OR”, union)
« P(A")=1-P(A) (“NOT”, complement/prime/dash)

P(ANB)

P(B)
This second versionin particularis referred to as the MULTIPLICATION FORMULA
(see diagram below)

«» P(A|B)= or P(ANB)=P(B)xP(A|B) (“GIVENTHAT”)

. Forindependentevents,P(A|B) =P(A)

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 19
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Consider the shaded parts of the Venn diagram ,
a Your notes
A B

P(A) is shaded blue

P(B) is shaded purple

P(ANB) is shaded twice
P(AUB) is shaded at least once

From this we can deduce
P(AuB)=P(A) + P(B) = P(AnB)

Subtract the region that
gets counted twice

This is called the ADDITION FORMULA
It can easily be rearranged to

P(A nB)=P(A) + P(B) — P(AuB)

There is also a MULTIPLICATION FORMULA
Consider the top branches (or any pair really) of this tree diagram

P (B|A) B P(A nB)
48’

B (A) A P(B’| A)

P (A1 A’ P (B|A"

: B
P (B’|A") B’

P(A n B) = P(A) x P(B|A)

So we can deduce

= All of the formulae above are given in the formulae booklet but some are “hidden”

= e.g.Theformulae booklet lists the addition formula

P(AUB)=P(A)+P(B)-P(ANB)

= butitdoesnotlisttherearranged version of it

= nordoesit pointout thatif A and B are mutually exclusive then PLANB) =0

4 SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 20



https://www.savemyexams.com/?utm_source=pdf

= andsoP(AUB)=P(A)+P(B) ,

How do | use probability formulae? Yournotes

Thisis a combination of
= Recognising the set notationused
= Taking note of any independent or mutually exclusive events
= Using anappropriate diagram (Venn, mini-Venn, tree, two-way table)
= Converting worded questionsinto AND, OR, GIVEN THAT etc statements

= Knowing when a formula could be used and using the formulae booklet to double-
checkand confirm

In the majority of cases a diagram can be used - so if you do not like using the formulae
or find them confusing

= Foreventsthat happeninsuccession, use atree diagram; Venn diagrams suit most
other purposes but two-way tables can be easier to follow

= Of course, a question may give or demand the use of a particular diagram

o

Worked Example

In the fictional World Stare Out Championships players compete by staring at each
otherwith the player blinking first losing. A match cannot be drawn.

During each day of the championships three matches are scheduled to take place but
if the first two matches both take more than an hour each, then the third match cannot
take place that day.

A statistician notices from past fictional championship records that the probability of
the first match taking longer than an houris 0.15 and that the probability of only two
matches taking place onany day is 0.06. They also notice that the probability that at
least one of the first two matches takes longer than an houris 0.32.

Find the probability that
(i) the second match of a day takes longer than an hour to complete

(i) the first match takes longer than an hour given that the second match takes longer
thananhour.

Answer:

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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(i

(i)

©

Let M; be the event match i takes more than an hour to complete ,
The question tells us Your notes
P{M4) = 0.15 (first match more than an hour)

P(M;, N M,) =0.06 (only 2 matches —i.e both 1°* two matches take

more than an hour)
P(MqUM2l =0.32 (at least 1 match takes longer than an hour)

P(M1n M2) isrequired. Using "P(A n B) = P(A) + P(B) — P(AuB)"
P(M4 n M) = P(Mq) + P(M2) — P(My u M)

0.06 =0.15 + P(My) — 0.32

“P(M3) =0.23

P(M1 | M2) is required. Using "P(A n B) = P(B) x P(A|B)"
P(M4 n M3) = P(M2) x P(Mq | Mz)

0.06 =0.23 x P(Mq | M)

SPMy | M) = 26—3
Note:

The context of this question has one experiment (match 2) following
dnother (match 1) so lends itself to a tree diagram.

If you’re confident using tree diagrams, drew one and use it. Do be
aware that some questions like part (ii) above are not obvious from a
diagram and so the formulae are still important. For completness
the final tree diagram would be.

15t MATCH 2" MATCH

P (M1anMz2) =0.06

P(MsnM3) =0.09
M, 1 2

M
0.4 i ?
M3
0.85 M
: 0:2 Mz P (MjynM,)=0.17
0.8 :
M;

P (My n M3) = 0.68

Examiner Tips and Tricks

= |finany doubt always start with a diagram

= aVenndiagram canbe used formost problems
= atwo-way table canbe easiertoreadifit’s possible to construct one
= atreediagramis usefulif you arelooking at an event that follows another
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= Remember that all probability formulae are givenin the formulae booklet but not ,
necessarily in the most user-friendly way; a quick look could just be enough to jog
your memory though! Your notes
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