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Calculating Probabilities & Events 4

Your notes

Calculating probabilities & events
What language is used in probability?

= Thelanguage usedin probability can be confusing so here are some definitions of
commonly misunderstood terms

= Anexperimentis arepeatable activity that has aresult that canbe observed or
recorded;itis whatis happeninginaquestion

= Anoutcome is the result of an experiment

= Allpossible outcomes canbe shownin a sample space - this may be alist oratable
andis particularly useful whenitis difficult to envisage all possible outcomes in your
head

= e.g. Thesample space below s for two fair four-sided spinners whose outcomes are
the product of the sides showing when spun.

1%*spinner
10 1 2
_ -3|3 0 -3 -6
£ 11 0 -1-2
o
& 1|10 1 2
N 3|30 3 6

= Aneventis anoutcome oracollection of outcomes;itis what we are interestedin
happening

= Do note how this could be more than one outcome e.g. For the spinners above,
the event “the productis -2” has one outcome but  the event “the productis
negative” has 6 outcomes

= Terminology - be careful with the words 'not’, 'and' and 'or"
= AandBmeansboththe events Aand B happen at the same time
= (Youwill have seen this written as A N B at GCSE)
= AorB meanseventAhappens, orevent Bhappens, orboth happen
= (Youwill have seen thiswrittenas A U B at GCSE)
= not A meansthe eventAdoesnothappen
= (Youwillhave seen thiswrittenas A' at GCSE)

= Notation - the way probabilities are writtenis formal and consistent at A-level
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» P(A)=0.6 “theprobability of event A happeningis 0.6’ ,

» P(A'")=0.4 “theprobability of event A nothappening equals 0.4” Your notes

= (Thisis sometimes written as P(A))

» P(X<4)=0.4 “theprobability of X beingless than fouris 0.4”

How do | find probabilities?

The big difference with probability at Alevel is the language and the notation used

= Recallbasic results of probability

= P("success

"= number of ways to get " success"

total number of outcomes

= |tisimportant to understand that the above only applies if alloutcomes are
equally likely

P(not A)=1-P(A)
= The probability of “not A" is the complement of the probability of “A”

= One of the easiest results in probability to understand, one of the hardest
results to spot!

= Beaware of whetheryou are using theoretical probabilities or probabilities based on
the results of several experiments (relative frequency). You may have to compare the
two and make ajudgement as to whether there is bias in the experiment.

= eg.

The outcomes fromrolling a fair dice have theoretical probabilities but the

outcomes from a football match would be based on previous results between the two
teams

= Ensureyoucaninterpret common ways of displaying data - from frequency tables,
histograms, box plots and other ways to illustrate data

See Revision Notes
2.1.2 Frequency Tables
2.2.1Data Presentation
2.2.2 Box Plots & Cumulative Frequency
2.2.3 Histograms
Be particularly careful when using histograms
= These use frequency density, not frequency

= Using parts of bars may be required due to where class boundaries fall so values
will be estimates (using the proportion of the barneeded, sometimes called
interpolation)

[ -
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s
Worked Example Your notes

100 skydivers took part in an all-day charity event, with the altitude of the aeroplane
at which they jumped from summarised in the histogram below.

12

k7
=
< 8
&
.
g
> 4
D
o

8 | 12 16 20
altitude (thousand feet)

(a) Use the histogram to find the probability that arandomly chosen skydiverjumped
from the aeroplane at an altitude

(i) between14 000 and 16 000 feet,

(ii) between16 000 and 20 000 feet.

(b) Estimate the probability that arandomly chosen skydiver jumped from the
aeroplane at an altitude between 13000 and 15 000 feet.

Answer:
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(Note the use of the word ‘event’ is used in the context of the question, ,

not for its statistical meaning. ) Your notes

a) (i) Notice: o the altitude scale is given in
thousands of feet.
o the histogram uses frequency density (fd)

14 — 16, fd =7 class width (cw)=16-14=2

Sf=7x2=14
&P (altitude is between 14 000
and 16 000 feet)= —%_ (= L)
100 50

(i) 16 — 20, Two groups but work out frequencies
separately
16 -18, fd=12 cw=18-16=2
of =12x2=24
18 -20, fd =9 cw=20-18=2
“f = 9x2=18
S16 - 20, f=24 + 18=42

&P (altitude is between 16 000

and 20 000 feet )= 22 (=£)
100 \ 50

b) Parts of two groups needed, use interpolation on both.
M0-14, fd=6cw=14-10=4
~f=6x4 =24

For 13 — 14, f= %x24=6

14 -16, fd=7 cw=16-14=2 ’ This was also used in par‘ti'
~f=7x2=14
1

For 1415, f= — x 14 =7

“13-15, f=6 +7=13 mmember this is an estimate |

~ P (altitude is between 13 000
13
100

and 15000 feet) =

o

Examiner Tips and Tricks

= Most probability questions are in context so can be long and wordy; go back and
re-read the question, several times, wheneveryou need to
= Trytogetimmersedinthe context of the question to help understand a problem

Independent & mutually exclusive events

What are independent events?

= Independent events do not affect each other
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= Fortwoindependent events, the probability of one event happeningis unaffected by ,
the outcome of the otherevent

Your notes
= e.g. Theevents“rollingaéonadice”and “flipping headsonacoin”are independent -

the outcome “rolling a 6” does not affect the probability of the outcome “heads” (and
vice versa)

= Fortwoindependent events, Aand B
P(A AND B)=P(A)xP(B)
1

1
X—=—
2

= e.g. P("60onadice" AND "headsona coin") = 12

A=

= |Independent events could referto events from different experiments

What are mutually exclusive events?
= Mutually exclusive events cannot occur simultaneously
» P(AAND B)=0

= Fortwo mutually exclusive events, the outcome of one event means the other event
cannotoccure.g. Theevents “rollinga5onadie”and “rollinga é onadie” are mutually
exclusive

= Fortwo mutually exclusive events, Aand B
P(A OR B)=P(A)+P(B)

1 1 2
» eg. P("60onadice" OR "50nadice")=g+g ==

( : )
3
= Mutually exclusive events generally refer to events from the same (single trial of an)

experiment

= Mutually exclusive events cannot be independent; the outcome of one event means the
probability of the other eventis zero

How do | solve problems involving independent and
mutually exclusive events?

= Make sure you know the statistical terms - independent and mutually exclusive

= Remember
= independenceis AND andis X

= mutual exclusivity is ORandis +

= Solving problems will require interpreting the information given and the application of
the appropriate formula

= |nformation may be explained in words or by diagram(s)

= (including Venn diagrams - see Revision Note 3.1.2 Venn Diagrams)
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= Showing or determining whethertwo events are independent or mutually exclusive are ,
alsocommon
Your notes

= Todo thisyouwould show the relevant formulais true

= Justforfun..

= Awell-known sports TV broadcaster used to advertise their football matches as either
“Live and exclusive” or “Exclusively live” - can you tell the difference?

= “Live and exclusive” meant that the broadcaster was airing the football match live and
was the only broadcaster allowed to air any of the match at any time. “Exclusively live”
meant that the broadcaster was the only one airing the football match live, but other
broadcasters would be able to air any of the match afterwards.

o

Worked Example

(a) Two events, Qand R are suchthat P(Q) =0.8 and P(Q and R) = 0.1.
Giventhat Q and R are independent, find P(R)

(o) Two events, S and T are such that P(S) = ZP( T) .Giventhat Sand T are
mutually exclusive and that P(S or T) =0.6 find P(S) and P( T).

(c)Afairfive-sided spinnerhas sideslabelled 2, 3, 5, 7, 11. Find the probability that the
spinnerlands onanumber greater than 5.

Answer:

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 7


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

al For independent events. "P (A AND BY=P (A)xP(B)" ,
~P(Q AND R)=P(Q) xP(R)
0.1=0.8 x P(R)
A

Your notes

o

= —— =0125
P (R) 0.8
P(R) =0.125
b) For mutually exclusive events. “"P(A OR B)=P (A) + P(B)"

~P(S OR T)=P(S) + P(T)
0.6=2P(M+P(T) [Since P(S)=2P (T |

~3P(T)=0.6
P(T)=0.2

~P(S1=2x0.2=0.4

P(S)=0.4
P(T)=0.2

c) You should be able to do this question using common
sense/logic, but you should now be aware P (7) and P (11)
are mutually exclusive

P( gr%c.ter than 5)=P(7/) + P11 =0.2 + 0.2=0.4

In your head
turn this into
an AND/OR statement
"P(7) or P(11) so+"

P (greater than 5) =0.4

\
;
Examiner Tips and Tricks
= Trytorephrase questionsinyourheadinterms of AND and/orOR!e.g. Afairsix-
sided dieisrolled and a fair coinis flipped. “Find the probability of obtaining a
prime number with heads.”
would be
“Find the probability of rollinga2 ORa 3 OR a5 AND heads.”
\
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Venn Diagrams ,

Your notes

Venndiagrams

Whatis a Venn diagram?

= AVenndiagramis a way toillustrate events from an experiment and are particularly
usefulwhenthereis an overlap (orlack of) between possible outcomes

=  AVenndiagram consists of
= arectangle representing the sample space
= abubble (usually drawn as a circle/ellipse/oval) for each event

= Bubbles may or may not overlap depending on which outcomes are shared
between events

= Bubble(s)is notatechnical term but we like it!

How dolinterpret a Venn diagram?

= Therectangleisusually labelled with an S - asit represents the sample space (all
possible outcomes from the experiment)

» [tisoftenreferredto as the Universal Set andis commonly labelled with S, U, f

(the Greek lower case letter Xi) or %(Kunstler script font) There is no standardised
symbol used for this purpose

= Bubbles are labelled with their event name (A, B, etc)

= The numbersinside a Venn diagram (there should be one in each region) will represent
either a frequency or a probability

= |nthe case of probabilities being shown, all values should total 1

A B|S A B|S

4 0.2
VENN DIAGRAM SHOWING THE SAME INFORMATION
FREQUENCIES FROM TWO WITH VALUES GIVEN
EVENTS, A AND B AS PROBABILITIES
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What do the different regions meanonaVenn j
diagram? Your notes
= Thiswilldepend onhow many events there are and how the outcomes overlap

= Venndiagrams show ‘AND’ and ‘OR’ statements easily
= Venndiagrams also instantly show mutually exclusive events

= Independence canbe deduced from the probabilities involved

A@B | | |
EVENT A EVENT NOT A
P (A) P(NOT A)=1-P (A)
A } [ B|S A B|S
EVENT A OR B OR BOTH NEITHER EVENT A NOR B
P (A OR B) 1-P (A OR B)

THE BUBBLE FOR EVENT B LIES
ENTIRELY IN THE BUBBLE FOR EVENT A
IF EVENT B OCCURS, SO DOES EVENT A
(BUT NOT NECESSARILY VICE VERSA)

.>

>
(v3]
@}

THE BUBBLES FOR EVENTS
A AND C DO NOT OVERLAP:
THEY ARE MUTUALLY EXCLUSIVE

g
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How do | find probabilities from Venn diagrams? 4

= Draw, oradd to a given Venn diagram, filling in as many values as possible from the Your notes
information provided in the question

= |tisusually helpfulto work from the centre outwards
= j.e.fillinintersections (overlaps) first

= Thisis particularly crucial with Venn diagrams with three events

= theintersection of events A and B willinclude the intersection of events A B
andC

= aquestionwould make it clearif a given frequency or probability is only for
eventsAandB,andnotC

= Any frequencies or probabilities not given may be able to be calculated from those that
are

= Use theresults from Basic Probability to deduce missing frequencies or
probabilities and answer questions

= P(not A)=1-P(A)
= Forindependentevents, P(A and B) =P(A) xP(B)
= Formutually exclusive events, P(A or B) =P(A) +P(B)

= Checkacompleted Venn diagram that the frequencies sum to the total involved or that
probabilities sumto1

o

Worked Example

40 people were surveyed regarding which games consoles they owned.

8 people said they owned a Playstation 5 (P) and an Xbox Series X (X ); 11 people said
they owned a Playstation 5 (P) and aNintendo Switch (N); 7 people said they owned
an Xbox Series X (X) and a Nintendo Switch (N).

4 people said they owned none of these consoles whilst 2 people said they owned all
3.

Of those people that owned only one games console, twice as many owned a
Nintendo Switch as a Playstation 5 and half as many owned an Xbox Series Xas a
Playstation 5.

(a) Draw a complete Venn diagram to illustrate the information given above.
(b) One of the 40 peopleis chosen at random. Find the probability that this person

(i) owns all three consoles,
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(i) owns exactly two consoles, ,

(i) doesn’t own a Playstation 5. Your notes
(c) Determineif the events X and N are independent.

Answer:

(a} Let the number of people who own an X Box Series X only be x.
Then Playstation 5 only would be 2x. Nintendo Switch 4x

Draw an initial Venn diagram

S

Y

X

(NN

N 4

Set up an equation to find x

2x + 6+ x+ 9+ 2 +5+ 4x + 4=40
7x + 26 =40

x=2

Now draw the complete Venn diagram

)

v

X

(NN
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(b) Use "mini—Venn" diagrams to shade the parts required

(i)
P (P and X and N) = = (=i)
40 | 20

(i1
P (P and X or P and N or X and N)
6 A 9 s 5 _ 20 (:4)

T 40 T 40 40 a0 | 2

(iii)
P (not P)=1-P(P) =1 -
" 40

(c) For independence, "P (A and B) =P (A) x P (B)"
6+2+2+5 15

From Venn diagram P (X) = 0 "~ 10
_ 9+2+5+8 _ 24
PN = 40 T 40
P(X and )= 2+3 _ 7
40 40
_15 24 _ 9
POOXP(NI= 2 x £ = o=

P (X and N) = P (X)xP (N). Therefore the events X and N are
not independent

©

Examiner Tips and Tricks

events we are particularly interestedin

part

1, SaveMyExams © 2026 Save My Exams, Ltd.

4+6+9+2 _

s

Your notes

19
40

= 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

= |ncomplicated problemsit can be helpful to draw a “mini-Venn” diagram for part
of a question and shade/label the regions of the diagram that are relevant to that

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

Your notes

Tree diagrams

Whatis atree diagram?

Atreediagramisusedto

= show the (combined) outcomes of more than one event that happen one after the
other

= help calculate probabilities when AND and/or OR’s are involved

Tree diagrams are mostly used when there are only two mutually exclusive outcomes of
interest

= e.g.“Rollingaéonadie”and “Notrollingaéonadie”

More than three outcomes per event can be shown on a tree diagram but they soon
become difficult to draw and so lose their effectiveness

Tree diagrams are very helpful when probabilities for a second event change
depending on the first event

How do | draw and label a tree diagram?

| 1 EXPERIMENT | | 2™ EXPERIMENT |
B P(A and B)
P(®) :
A not B P (A and not B)
P (A) P (not B)

P (not A) t A
no no % B P (not A and B)
P (not B) not B P (not A dand not B)

Inthe second experiment, P(B) may be different on the top set of branches than the
bottom set

= thisis because the top set of branches follow on from event A but the bottom set of

branches follow on from event “not A ”

= e.g. Thisismostcommonly seenindrawing oneitematrandom, notreplacingit,
then drawing another

Sometimes a second branch may not be needed following a first event
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= e.g. Inaimingto pass atest (experiment) the event fail on the first attempt would ,
require a second attempt but the event pass on the first attempt would not

Your notes
15t ATTEMPT 2™ ATTEMPT
OF TEST OF TEST
F
P (F) :
- P
B (F) P (P)

TEST HAS BEEN PASSED, SO
1-PI(F) P NO NEED FOR A 2" ATTEMPT!

How do | find probabilities from tree diagrams?

Interpret questionsin terms of AND and/or OR (See 1Basic Probability)

Draw, orcomplete a given, tree diagram Determine any missing probabilities; often
using 1 — P(A) and considering if probabilities change depending on the outcome
from the 1stexperiment

Write down the (final) outcome of the combined events and work out their probabilities -

these are AND statements P(A AND B) =P(A) xP(B) (“Multiply along
branches”)

= Do not simplify fractions yet - it’ll be easier to calculate with them later
= you can of course use your calculator

If more than one (final) outcome is required to answer a question then add their
probabilities - these are OR statements
P(AB OR "not A"" HotB") =P(AB)+P(" notA"" notB") (“Add

outcomes”)

= This applies since all the (final) outcomes are mutually exclusive

= Notethat AB, "not A" " not B" areimplied AND statements (forexample AB
means A and B)

Whenyou are confident with tree diagrams you can just pull out the (final) outcome(s)
you need to answer a questionrather thanroutinely list all of them

o

Worked Example

A contestant on agame show has three attempts to hit a targetin a shooting game.
They have a maximum of three attempts to hit the target in order to win the star prize -
aspeedboat. If they do not hit the target within three attempts, they do not win
anything.
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The probability of them hitting the target first time is 0.2. With each successive ,
attempt the probability of them failing to hit the targetis halved.

Your notes
Find the probability that a contestant wins the star prize of a speedboat.

Answer:

Draw a tree diagram and determine missing probabilities
H is the event "hits target"
M is the event "misses target"

15* attempt
to hit target

2™ attempt 3™ attempt
to hit target || to hit target

M P(MMM) =0.8x0.4x0.2 = 0.064

0.2 :
H P(MMH) = 0.8 x0.4 x0.8 = 0.256
M 0.8
0.4 i
H P(MH)=0.8x0.6 =0.48

M 0.6

0.8

0.2 H PH) =0.2

Read along branches write down the outcome and work out
its probability

Answer the question
P (wins speedboat) =0.2 + 0.48 + 0.256 =0.936
Alrenatively, in STEP 2, only calculate P (MMM), then,

P (wins speedboat) =1 — 0.064 =0.936

o

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 addup to1
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