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GCSE Maths — Probability

Theoretical Probability, Frequency and
Expected Outcomes

Worksheet
WORKED SOLUTIONS

This worksheet will show you how to work out different types of probability
questions. Each section contains a worked example, a question with hints
and then questions for you to work through on your own.

This work by PMT Education is licensed under CC BY-NC-ND 4.0
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Section A

Worked Example

The probability that a biased coin will land on heads is 0.6. Jessie is going to flip the
coin 200 times. Calculate an estimate for the number of times the coin will land on
tails. Explain why this value is only an estimate.

Step 1: The question gives you the probability of the coin landing on heads. Use this to work out the
probability of the coin landing on tails.

The total probability of all possible events must add up to 1. This means the sum of the
probability of getting a head and the probability of getting a tail is 1.

P(T) + P(H) = 1
P(T)+0.6=1
P(T)=1- 0.6

P(T) = 0.4

Step 2: Multiply the probability by the number of trials to find the expected outcomes.
There are 200 trials, as she will flip the coin 200 times.
200x 0.6 = 120
The coin should land on tails 120 times.
Step 3: Explain the reason for this value being an estimate.

120 is an estimate because the probability is theoretical not experimental, and each trial is
a new random event.

Guided Example

The probability that a biased die will land on four is 0.2. Elisha is going to roll the die
560 times. Calculate an estimate for the number of times the die will land on four.

When she rolls the die, it lands on four 137 times. Explain why this is different from
your value.

Step 1: Multiply the probability by the number of trials to find the expected outcomes.
probability ¥ land on 4 = 0.2
2-2x 560 = na
Estmoate number of fimes the die will land on 4 = 112 kmes
Step 2: Explain why your calculated value is not the same as the experimental value.

Ny s d‘ms-l an estimate becouse the Pralomlm’li+|j i€ thepreti cod nof
E.;Lpam'mwfal - Each dial g a new rangdam event hence, the offferent value -

y,
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Now it’s your turn!
If you get stuck, look back at the worked and guided examples.

1. The probability of a biased coin landing on heads is 0.72. Percy flips the coin 1400
times. Estimate the number of times it lands on tails.

PCH) = 032 = P(T) x number orwm-l';
PCHY+ PCT) = | = 0.2¢ x 400
0-72 + P(1) =1 = 392
PCT) = 0-2% The number of himes it lands on tails @ 392 fimes

2. Jack plants 200 trees. The probability of a tree growing is 0.95. Estimate the number
of trees that will not grow.

f’('f\’ﬁei ngWiﬂﬂ) = 09% The eshiimate numlbser of trees
P(trees not 3mwm5) [-0-9% that will not grow 110 trees
= 0 lo‘;

[

= 0-05x3200 = 1lo

3. Anderson LTD makes 10,000 doors a day. Each door costs £5.10 to make and sells
for £13.99.

The probability of a door being faulty is 0.0045.

a) Estimate the number of faulty doors made in one day.

0-0049 x 10,000 = 45 doorg

b) Calculate an estimate for the profit that Anderson LTD makes in one working
week (5 days) (assuming no faulty doors are made during the week).

Profit - £1399- £6.10 = £ ¢-99
= £689*10,000 x & = L44y4,500

c) On Wednesday, a machine breaks down. Anderson LTD makes 138 faulty
doors. Calculate the theoretical probability of a door being faulty on
Wednesday.

Thergotical pobability = 128 b1 = 0.013¢
o, 000 5000

d) Anderson LTD wants to start making 500 kettles a day. Each kettle costs
£4.99 to make and sells for £7.10. The probability of a kettle being faulty is in
the range 0.25 < P(Faulty) < 0.3. The new item will only be approved if it will
make the company a daily profit. Should Anderson LTD start selling kettles?

Profit : £ #10-F 499 = £2.11
Lowes+ non-f'mlm leetle Pmo{uceol <« 0.Fx500 =360
Profit in A day : £2.nx350=£ 3385
es, they should since an estimoke daily grofit of £7338.5 can be obtained -
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Section B

Worked Example

A 6-sided die is rolled 100 times. Complete the table:

Number 1 2 3 4 5 6
Frequency 15 16 19
Relative frequency 0.2 0.15

Step 1: Work out the missing relative frequencies using:

Number of times outcome happened

Relative frequency =
freq Y Number of times experiment was carried out

15

The relative frequency of rolling a 1 = E = 0.15
. . 16

The relative frequency of rolling a 3 = E = 0.16

19
The relative frequency of rolling a 5 =—— = 0.19

100
Number 1 2 3 4 5 6
Frequency 15 16 19
Relative frequency 0.15 0.2 0.16 0.15 0.19

Step 2: Work out the missing frequencies by multiplying the relative frequency by the total number
of trials (100).

Frequency of 2= 100x 0.2 = 20

Frequency of 4= 100 x 0.15 = 15

Number 1 2 3 4 5 6
Frequency 15 20 16 15 19
Relative frequency | 0.15 0.2 0.16 | 0.15 | 0.19

Step 3: Calculate the rest of the values using the known total number of trials.

Frequency of 6 = 100-15-20-16-15-19 = 15

15
The relative frequency of rolling a 6 = E = 0.15

Number 1 2 3 4 5 6
Frequency 15 20 16 15 19 15
Relative frequency | 0.15 0.2 0.16 | 0.15 | 019 | 0.15

y,
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Guided Example

A biased coin is flipped 400 times. It lands on heads 350 times. Find the relative
frequency of the coin landing on tails.

Step 1: Work out the number of times the coin lands on tails.

Number of fimes the coin lands on tails - 400 —350

= Sb times
Step 2: Use the formula to calculate the relative frequency.
iV e - SO I T
r&lﬂ}he {}equemg’ S0 - L s
coin$ land on Tails 400

Guided Example 2

A spinner has four sections labelled A, B, C and D. Cara spins the spinner 32 times.
The following information gives information about the results of the spins. Complete
the table.

A B C D
Frequency 12 (- |8 b
Relative Frequency |2-371% | 0.2 | 0-25 |0.19

Step 1: Fill in the missing frequency values.

quymw] for = 0.2 x39 = 6.4 =6 tmes
Frequency for D = 32— (-8 -12 = € dimes

Step 2: Use the formula to calculate the missing relative frequency values.
Raaative frequency frA= 12 _3_ 0335
22 ]
Relative fveowrmaj fr C = 8§ _ 1= 0.35
h 4

M&I‘ﬁ\/a Puvmnfq for D = "/32 = BAL: 0-18%5 =~ 0.19

Y,
~
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Now it’s your turn!

If you get stuck, look back at the worked and guided examples.

4. Lanais asks some people in her village what their favourite sport is.
22 people said hockey
56 people said football
14 people said rugby

a) Work out the relative frequency of someone in the town liking hockey.

Telal number of poople in dhe village : 22456+ 1y = T

Fef{t?lf'\/ﬁ F‘lﬁﬁpueh‘/‘j O_F = 21 — _“_ — 023(1

-

someone  |ikiny) lt\O(/'LElj 99 4¢
¥ 0.2y

b) There are 2000 people living in Lanais’ village. Using your answer to part a),
estimate the number of people whose favourite sport is hockey.

redative fequenty x number of pesple
0-2Y4 x 2000 = 480 pevple

There are approimately 4go people in Lanais’ village w hose
Fovounite ;Par{' Is l«oola,!nﬂ.

5. A tin contains some biscuits. The flavours of the biscuits and the amount of each
flavour are shown in the table.

Flavour Chocolate | Lemon Ginger | Caramel
Frequency 14 16 28 8

a) How many biscuits are in the tin?
Total biscwifs - 14+ 16 +28 +8 = (b

b) What is the relative frequency of a chocolate biscuit?

relotve frequenwy - 4 o F - 50
of chowlate 66 3%
bis onit
(depnd ent wents)
c) Jordan takes two biscuits from the tin one at a time without replacing them. Find
the probability that they are both not lemon biscuits.

Prvbabﬂﬁg of tavHﬂntg Hhe firgf non-)emom bisauf - (14¢2948) _ 50 - 2%
66 66 %%

Probakility of gettng the second hon-lemon bigcuif - 42
by

probability of geating both non-feman biscuits © 25 x 1 - p.5%

% b5
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6. A bag contains only red, green and yellow counters. The relative frequency of each

counter is shown in the table.

Red | Green | Yellow

Colour
0.6 009

Relative Frequency | 0.35

a) Find the relative frequency of a yellow counter.

Todau redative frequency = | relative frequen =
W Mj of yellow counter

1-0-35 0. = 0.95

b) Jolene takes a counter from the bag. What is the probability that it is not red?

= 0-6+005 = 0,066

Probos lity) of not being red =

c) There are 5 yellow counters in the bag. How many green counters are in the

bag?
005~ 5 Number of = 0.6x [0D
green voun fers
total number of ounfert = 6o
blal number = & 5,
0'{‘\ count et 005

7. A spinner is labelled with numbers 1 to 5. Tarig spins the spinner 52 times, and the
results are shown in the following table.

1 2 3 4 5
Frequency 12 6 9 7 13
Relative frequency | 0:-27% 0-1% 0-13 013 029
umber 5 = 62-11-6-9-3 = 1§
a) Complete the table H”W%Mj " 1
1223 - 03 helafive frequency = F = 043
52

fiv humber [
Fedative &EM%M g2 12

. b _ 3 =
wahve (H‘Q&V,lé/nmj ]‘\MIMIO'?/Y‘ 2 g-_J_: = 2._4_6 012 lb(’,lﬂ'h.\f"— geq}/‘e"h’ T !? - 0_3];
5a
- 013 humper &

humber 4§

Redative rF‘enlM@nMﬂ humber 3 : %1

b) Estimate the probability that an odd number is obtained when the spinner is spun.

Probability f{‘:ﬂ&#ﬁn@ an odd humber : add all relatve fequency with
odd nuwmberSs

023 + 0¥+ 0.35

= 075
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Section C

Worked Example

A bag contains 26 green balls, 14 red balls and 10 blue balls. What is the probability
of picking a red or blue ball from the bag?

Step 1: Identify the target groups.

The question asks you to find the probability of choosing a red OR a blue ball.
Red and blue balls are the target groups.

Step 2: Find the probability of picking each of the target groups.

There are 14 + 26 + 10 = 50 balls in total.
There are 14 red balls so the probability of choosing a red ball is %’

10
There are 10 blue balls so the probability of choosing a blue ball is PR
Step 3: Apply the formula for the OR rule.
The OR rule is: P(AU B) = P(A) + P(B)

Let A be the event of picking a red ball.
Let B be the event of picking a blue ball.

14 10 24
P(AUB)=%+%=%

The probability of choosing a red or blue ball is %’

Guided Example

In Maia’s village, there are 200 people. 68 of them play football, and 120 of them play
tennis. Maia picks two people at random. What is the probability that neither of them
plays football?

Step 1: Find the number of people who do not play football (remember that some people play
neither sport).

200 - 6% = 132

Step 2: Find the probability of one person not playing football.

132
- = }_i = 0k
200 S0

Step 3: Apply the AND probability rule.
Probabifty of choosing 2 people not = 6L °-66 - 0-4%
playing footbodl

y,
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Now it’s your turn!
If you get stuck, look back at the worked and guided examples.

8. A fair 6-sided die is rolled.

a) What is the probability of rolling an odd number?
Odd number - {1,2,5 ]
Proboboility of gettng = 3~ L

an odd number b 2
b) If the die is rolled 100 times, how many times would you expect to get an odd
number?
71 = 0+ We would exfeof o ﬂu an odd rumber
045 x 100 = 50 50 Himes -

c) Mariana rolls the die 100 times. She gets an odd number 68 times. Explain why
this is not the same as the value that you calculated in part b).

The value caladaded is only an esfimate smce fhe probability that
was used wAS Hheoretical and not experimental. Each hin) i 4
pew randem avent  which exploins why the valye ic diffecent
Han cal oot ed .

9. An unbiased 10-sided die is rolled. Complete the sentences below using the words:

Likely Unlikely Even Chance Certain Impossible
el
a) Itis ™Y ihat the die will land on 1.
. evem dhance .
b) Itis................. that the die will land on an even number.
_impossible o
c) ltis............... that the die will land on 11.

lileel
d) ltis...... . ‘j ..... that the die will land on a number bigger than 1.

e) ltis ...l that the die will land on a number between 1 and 10.
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10. Harriet flips a drawing pin 100 times. It lands with the point upwards 68 times.

Harriet says:

“Because the pin can only land point up or point down, the probability of it landing
point up should be 0.5.”

Comment on her statement.

her statement is corvect - The Heorefical probovlaﬂi‘f;‘j of the pin lmwﬂmfj

Pa.\n[ up should Le .'—li if the pin is unbiased- Thi¢ is because He

droww'mg ph only has 2 expecteol oufeome which © pomt up or pomt

down- However, #he experimental value may be different as every

tal s a new random event-
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