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Basic Probability ,

Your notes

Basic probability
What is probability?

= Probability describes the likelihood of something happening
= |nreal-life you might use words such as impossible, unlikely and certain
= |nmaths we use the probability scale to describe probability
= Thismeans givingitanumberbetweenOand
= 0 meansimpossible
= Between 0 and 0.5 means unlikely
= 0.5meansevenchance
= Between 0.5 and 1meanslikely
= Tmeanscertain

= Probabilities can be given as fractions, decimals or percentages

D\—A

Y
IMPOSSIBLE | UNLIKELY | EVEN CERTAIN
CHANCE

What key words and terminology are usedin
probability?
= Anexperimentis anactivity thatis repeated to produce a set of results
= Results canbe observed (seen)orrecorded
= Eachrepeatiscalled a trial
= Anoutcomeis apossible result of atrial

= Aneventisanoutcome (ora collection of outcomes)
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= Forexample: ,

= adicelandsonasix Your notes
= adicelandsonanevennumber

= Eventsare usually given capital letters

= n(A)isthe number of possible outcomes from event A
= A=adicelandsonanevennumber(2,4oré)

= nA)=3
= Asample spaceis the set of all possible outcomes of an experiment

= |tcanberepresentedasalist oratable

= The probability of event Ais written P(A)

= Aneventissaidto be fairif there is an equal chance of achieving each outcome
= [fthereisnotanequal chance, the eventis biased

= Forexample, afaircoin has an equal chance of landing on heads or tails

How do | calculate basic probabilities?

= |f alloutcomes are equally likely then the probability for each outcome is the same

1
Total number of outcomes

= The probability foreach outcomeis

= |fthere are 50 marblesinabagthen the probability of selecting a specific oneis

1
50

= The theoretical probability of an event can be calculated by dividing the number of
outcomes of that event by the total number of outcomes

Total number of outcomes for the event

« P(A)=

Total number of outcomes
= This canbe calculated without actually doing the experiment

= |fthere are 50 marblesinabagand 20 are blue, then the probability of selecting a blue

20

marbleis —<

50

How do | find missing probabilities?
= The probabilities of all the outcomesaddup to1

= |f youhave atable of probabilities with one missing, find it by making them all add up
tol

= The complement of event Ais the event where A does not happen
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= Thiscanbe thought of asnot A ,
= P(eventdoesnothappen)=1-P(event does happen) Your notes

= Forexample, if the probability of rainis 0.3, then the probability of notrainis 1-
0.3=0.7

What are mutually exclusive events?
= Two events are mutually exclusive if they cannot both happen at once

= Whenrolling adice, the events “getting a prime number” and “gettinga 6” are
mutually exclusive

= |f Aand B are mutually exclusive events, then the probability of either A or B happening is
P(A) + P(B)

= Complementary events are mutually exclusive

o

Examiner Tips and Tricks

= |[fyouare nottoldinthe question how to leave your answer, then fractions are
best for probabilities.

o

Worked Example

Emiliais using a spinner that has outcomes and probabilities as shownin the table.
Outcome Blue Yellow Green Red Purple
Probability 0.2 0.1 0.4

The spinnerhas an equal chance of landing on blue orred.

(a) Complete the probability table.

The probabilities of all the outcomes should add up to 1
1-0.2-0.1-0.4=0.3

The probability thatitlands onblue orredis 0.3
As the probabilities of blue and red are equal you can halve this to get each

probability
0.3+2=0.15
Now complete the table
Outcome Blue Yellow Green Red Purple
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Probability 0.15 0.2 0.1 0.15 0.4 ,

. - . Your notes
(b) Find the probability that the spinnerlands on green or purple.

As the spinner cannotland on green and purple at the same time they are mutually
exclusive
This means you can add their probabilities together

0.1+0.4=0.5
P(GreenorPurple) = 0.5
(c) Find the probability that the spinner does not land on yellow.

The probability of not landing on yellow is equal to Tminus the probability of landing
onyellow

1-0.2=0.8

P(Not Yellow) = 0.8
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Possibility (Sample Space) Diagrams

Possibility Diagrams
What s a possibility diagram?

= |nprobability, the sample space means all the possible outcomes

= |nsimple situationsit canbe given as alist

= Forflipping a coin, the sample spaceis: Heads, Tails

= thelettersH, T canbeused

= Forrolling a six-sided dice, the sample spaceis: 1,2,3,4,5,6

= |f there are two sets of outcomes, a grid can be used

= These are called possibility diagrams (or sample space diagrams)

= Forexample, roll two six-sided dice and add their scores

= Alist of all the possibilities would be very long

= You might miss a possibility

= |twould be hard to spot any patternsin the sample space

2nd dice
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= Combining more than two sets of outcomes must be done by listing the possibilities ,

= Forexample, flipping three coins Your notes

= The sample spaceis HHH, HHT, HTH, THH, HTT, THT, TTH, TTT (8 possible
outcomes)

How do | use a possibility diagram to calculate
probabilities?

= Probabilities can be found by counting the number of possibilities you want, then
dividing by the total number of possibilities in the sample space

= [nthesamplespacel,2,3,4,5,6,7,8,9,10, there are four prime numbers (2, 3,5 and
7)

4 2

105

= The probability of getting a prime numberis

= Using the possibility diagram above forrolling two dice, the probability of getting an

5
eightis ——

36

= There are 5 eightsin the grid, out of the total 36 numbers

= Be careful, this counting method only works if all possibilities in the sample space are
equally likely

= Forafairsix-sideddice:1,2,3,4,5, 6 are allequally likely
= Forafair(unbiased) coin: H, T are equally likely
= Winning the lottery: Win, Lose are are not equally likely!

= You cannot count possibilities here to say the probability of winning the lottery

is

1
2

o

Examiner Tips and Tricks

= Some harder questions may not say "by drawing a possibility diagram" so you
may have to do it on your own.

o

Worked Example

Two fair six-sided dice are rolled.
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(a) Find the probability that the sum of the numbers showing on the two dice is an odd /

number greater than 5, giving your answer as a fractionin simplest form.
Your notes
Draw a possibility diagram to show all the possible outcomes

2nd dice
3 | 4
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Circle the possibilities that are odd numbers greaterthan 5
(5isnotincluded)
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2nd dice 4

Your notes

3 | 4

@
©

co

1| 2
23|45
31456
456 (7)
5 16 ((7)] 8
6 (7)| 8
(7)) 8 |(9)] 10

Count the number of possibilities that are circled (12) and divide them by the total
number of possibilities in the diagram (36)

12
36

1st dice

U1 | B WIN | =

12

@;@oo@o\cn

Cancel the fraction

12 12x1 |

36 12x3 3

(b) Given that the sum of the numbers showing on the two dice is an odd number
greater than 5, find the probability that one of the dice shows the number 2. Give your
answer as a fractionin simplest form.

From part (a) you already know there are 12 ways to get an odd number greater than 5
Out of these 12 possibilities, only two possibilities had the number 2 on a dice: (2, 5)
and(5,2)

So the probability we are looking foris 2 divided by 12

2
12
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Cancel the fraction ,

2 _ 2X1 1 Your notes
12 2x6 6

o\ =
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Relative & Expected Frequency ,

Your notes

Relative frequency

Whatisrelative frequency?
= Relative frequency is an estimate of a probability using results from an experiment

= Foracertain number of trials of that experience, the probability of ‘success’is:

Number of successful outcomes

Total number of trials

= |fyouflip anunfaircoin 50 times anditlands onheads 20 times, an estimate for the

20
50 '

probability of the coinlanding on heads is its relative frequency)

= Thatisthe best estimate we can make, given the data we have
= We do not know the actual probability
= The more trials that are carried out, the more accurate relative frequency becomes

= |tgetscloserand closerto the actual probability

When will | be asked to use relative frequency?

= Relative frequency is used when actual probabilities are unavailable (or not possible to
calculate)

= Forexample, if youdo not know the actual probability of being left-handed, you can
run an experiment to find an estimate (the relative frequency)

= Sometimes actual probabilities are known, as they can be calculated in theory (called
theoretical probabilities)

= The theoretical probability of a fair coinlanding on headsis 0.5

1

6

= The theoretical probability of a fair standard six-sided dice landing on a sixis
= Relative frequency can be compared to a theoretical probability to testif a situationis
fair or biased

= |f 100 flips of the coin give arelative frequency of 0.48 forlanding on heads, the coin
is likely to be fair

= Thetheoretical probabilityis 0.5and 0.48 is closeto 0.5

= |[f100 flips of the coin give arelative frequency of 0.13 forlanding on heads, the coin
is likely to be biased (not fair)
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What else do | need to know about relative j
frequency? Your notes

= Relative frequency assumes that there is an equal chance of success on each trial
= Thetrials are independent of each other

= Forexample, if choosing something out of abag (a ball, ormarble etc), it would
needto be replaced each time to use relative frequency

= Any experiments used to calculate relative frequency should be random

= |fthe experimentis notrandom, this couldintroduce bias

o

Examiner Tips and Tricks

= Exam questions will not necessarily use the phrase relative frequency
= |fyouhave to choose the best estimate, choose the one with the most trials

o

Worked Example

There are an unknown number of different coloured buttonsinabag.
Johanselects abutton atrandom, notesits colour andreplaces the buttonin the bag.
Repeating this 30 times, Johan notes that on 18 occasions he selected ared button.

Use Johan’s results to estimate the probability that a button drawn at random from the
bagisred.

Taking ‘red’ to be a success, Johan had 18 successes out of a total of 30 trials.

18 3
P(red) = 30 = 3

Expected frequency

What is expected frequency?

= Expected frequency refers to the number of times you would expect a particular
outcome to occur

= |tis found by multiplying the probability by the number of trials
= [fyouflipafaircoin100 times, youwould expect 0.5 x 100 =50 heads
= Sometimes youneed to calculate the relative frequency first

= |fyouflip abiased coin 40 times and get 10 heads, how many heads would you
expect when flipping 100 times?
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10 ,
= Therelative frequencyis 4—0 =0.25 fromthe first experiment
Your notes

= 0.25x100 =25, youwould expect to get heads 25 times from 100 throws

o

Examiner Tips and Tricks

= Exam questions will not necessarily use the phrase "expected frequency", but
might ask how many you "would expect"

o

Worked Example

There are 6 blue, 4 red and 5 yellow countersinabag.
One counteris drawn at random and its colour noted.
The counteris thenreturned to the bag.

(a) Find the probability that a counter drawn from the bagis yellow.

There are 5 yellow counters out of a total of 6 + 4 + 5 =15 countersin the bag

5 1
P(Yellow) = —— = —

15 3

(b) How many times would you expect a yellow counter to be drawn, if this experiment
isrepeated 300 times?

Thisis expected frequency so multiply the number of trials by the probability from

part (a)

1
300 X §=100

We would expect 100 yellow counters
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