Pearson Edexcel
Level 3 Advanced Subsidiary GCE
in Mathematics (8MA0)
Pearson Edexcel
Level 3 Advanced GCE in
Mathematics (9MA0)

Sample Assessment Materials Model
Answers – Statistics
First teaching from September 2017
First certification from June 2018

Sample Assessment Materials Model Answers –
Statistics
Contents
Introduction ............................................................................................................. 3
Content of Statistics..................................................................................................................... 3

AS Level Question 1 ................................................................................................ 5
AS level Question 2 .................................................................................................. 7
AS level Question 3 ................................................................................................ 10
AS level Question 4 ................................................................................................ 13
AS level Question 5 ................................................................................................ 17
A level Question 1 .................................................................................................. 21
A level Question 2 .................................................................................................. 29
A level Question 3 .................................................................................................. 32
A level Question 4 .................................................................................................. 42
A level Question 5 .................................................................................................. 46

2
Pearson Edexcel Level 3 Advanced Subsidiary and Advanced GCE in Mathematics (8MA0 & 9MA0)
Sample Assessment Materials Model Answers – Statistics
© Pearson Education Limited 2017

Introduction
This booklet has been produced to support mathematics teachers delivering the new
Pearson Edexcel Level 3 Advanced Subsidiary and Advanced GCE in Mathematics (8MA0 and
9MA0) specifications for first teaching from September 2017.
This booklet looks at Sample Assessment Materials for AS and A level Mathematics
qualifications, specifically at statistics questions, and is intended to offer model solutions with
different methods explored.

Content of Statistics
Content

Statistical
sampling

Data
presentation
and
interpretation

AS level content

A level content

Population and sample

Population and sample.

Sampling methods: simple random
sampling, systematic sampling,
stratified sampling, quota sampling
and opportunity (convenience)
sampling

Sampling methods: simple random sampling,
systematic sampling, stratified sampling, quota
sampling and opportunity sampling

Histograms, frequency polygons,
box and whisker plots and
cumulative frequency diagrams

Histograms, frequency polygons, box and
whisker plots and cumulative frequency
diagrams.

Scatter diagrams, correlation and
regression lines for bivariate data.
Explanatory (independent) and
response (dependent) variables
Interpolation and extrapolation.

Statistical analysis based on the shape of the
distribution i.e. normally distributed or skewed.

Measures of central tendency and
variation for: raw or grouped data;
continuous or discrete data. Use of
coding.
Interpolation to calculate
percentiles
Use of formulae for standard
deviation
Cleaning data, missing data, errors
and outliers.
Rules to identify outliers
Include or exclude outliers

Recognise when data are a sample or a
population, important for hypothesis tests

Scatter diagrams, correlation and regression
lines for bivariate data. Explanatory
(independent) and response (dependent)
variables Interpolation and extrapolation.
Predictions.
Use of variables other than x and y.
Change of variable e.g.
y=axn or y=kbx into linear form to estimate a
and n or k and b.
Measures of central tendency and variation for:
raw or grouped data; continuous or discrete data.
Use of coding.
Interpolation to calculate percentiles
Use of formulae for standard deviation
Cleaning data, missing data, errors and outliers.
Rules to identify outliers
Include or exclude outliers

3
Pearson Edexcel Level 3 Advanced Subsidiary and Advanced GCE in Mathematics (8MA0 & 9MA0)
Sample Assessment Materials Model Answers – Statistics
© Pearson Education Limited 2017

Content

AS level content

A level content

Probability

Mutual exclusive and independent
events
Venn diagrams, tree diagrams.

Mutual exclusive, independent events and
conditional probability
Venn diagrams, tree diagrams, two-way tables,
set notation or formulae
Modelling with probability

Discrete distributions: binomial
distribution, discrete uniform

Discrete distributions: binomial distribution,
discrete uniform

Use of calculator to find individual
or cumulative probabilities

Use of calculator to find individual or
cumulative probabilities
The Normal distribution

Statistical
distributions

Normal approximation to the binomial
distribution
Continuity correction
Use of calculator to find individual or
cumulative probabilities
Hypothesis test for the proportion
in the binomial distribution

Hypothesis
testing

Hypothesis test for the proportion in the
binomial distribution
Hypothesis test for the product moment
correlation coefficient
Hypothesis test for the mean of a Normal
distribution with know, given or assumed
variance
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AS Level Question 1
1.

Sara is investigating the variation in daily maximum gust, t kn, for Camborne in June and July
1987.
She used the large data set to select a sample of size 20 from the June and July data for 1987. Sara
selected the first value using a random number from 1 to 4 and then selected every third value after
that.
(a) State the sampling technique Sara used.
(1)
This is an example of a systematic sample.
B1

(b) From your knowledge of the large data set, explain why this process may not generate a sample
of size 20.
(1)

Below is an extract from the data in the worksheet Camborne May-October 1987

The Daily Maximum Gusts have not been recorded for some of the days. If any of these days were
selected in the systematic sample the sample size would be less than 20.
B1
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The data Sara collected are summarised as follows
 t = 374

n = 20

 t 2 = 7600

(c) Calculate the standard deviation.
(2)

𝑥̅ =
Population standard deviation

374
20

=18.7

7600

=√

20

− 18.72
M1

= √30.31
= 5.51
A1
Note: Variance cannot be negative.
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AS level Question 2
2.

The partially completed histogram and the partially completed table show the time, to the nearest
minute, that a random sample of motorists were delayed by roadworks on a stretch of motorway.

Delay (minutes)
4–6
7 –8

Number of motorists
6

9
10 – 12

17
45

13 – 15

9

16 – 20

Estimate the percentage of these motorists who were delayed by the roadworks for between 8.5
and 13.5 minutes.
(5)
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The key concept here is:
frequency ∝ area of bar
frequency ∝ height of bar × width of bar
Because there are gaps between the classes, e.g. 4 – 6 and 7 – 8, we close the classes (bars) at the
midpoint of the gap, in this case at 6.5. The boundaries for these data are shown in the table.
We know:
area of the bar ∝ frequency
We use this to find the two missing frequencies and hence the total frequency.
We can match two bars in the histogram with frequencies in the table. These are shaded grey.
Count the whole number of squares in the bar for either class 3.5 – 6.5 or 12.5 – 15.5.

Delay (minutes)

Number of
motorists

4–6

6

7–8

Class boundaries
(minutes)

Area of bar
(square units)

3.5 – 6.5

6

6.5 – 8.5

9

17

8.5 – 9.5

10 – 12

45

9.5 – 12.5

13 – 15

9

12.5 – 15.5

16 – 20

9

15.5 - 20.5

Comparing the frequency and area of bar 3.5 – 6.5 minutes
6 square units = 6 motorists
1 square unit = 1 motorist
Or bar 12.5 – 15.5 minutes
9 square units = 9 motorists
1 square unit = 1 motorist
The area of the bar for the class 6.5 – 8.5 is 14 square units
Therefore the frequency for this class is 14.
M1
Or (to attain M1)
The area of the bar for the class 15.5 – 20.5 is 5 square units
Therefore the frequency for this class is 5.
The two correct frequencies need to be seen
A1
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Number of
motorists

Delay (minutes)

Class boundaries
(minutes)

Area of bar
(square units)

4–6

6

3.5 – 6.5

6

7–8

6.5 – 8.5

14

9

14
17

10 – 12

45

9.5 – 12.5

13 – 15

9

12.5 – 15.5

9

16 – 20

5

15.5 – 20.5

5

Total

96

8.5 – 9.5

Therefore total frequency = 96.
We are asked to estimate the percentage of motorists who were delayed for between 8.5 and 13.5
minutes.

We want the sum of the frequencies for classes:
(8.5 – 9.5), (9.5 – 12.5) and (12.5 – 13.5) read the area for the class (12.5 - 13.5)
from the histogram
= 17

+

45

+

3

= 65
M1

Therefore the required percentage of motorists

65

= 96 × 100
M1
= 67.7%
A1
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AS level Question 3
3.

The Venn diagram shows the probabilities for students at a college taking part in various sports.
A represents the event that a student takes part in Athletics.
T represents the event that a student takes part in Tennis.
C represents the event that a student takes part in Cricket.
p and q are probabilities.

The probability that a student selected at random takes part in Athletics or Tennis is 0.75.
(a) Find the value of p.
(1)
With probability questions it is a good idea to write down what you are given and what you need
to find.
We are given:
The probabilities in the Venn diagram and
P(A  T) = 0.75
We know all the probabilities in the sample space sum to 1.
We need to find p:
Since the sum of all the probabilities in the Venn diagram is 1
P(A  T) + 0.05 + p = 1
0.75 + 0.05 + p = 1
p = 1 – 0.75 – 0.05
p = 0.20
B1
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(b) State, giving a reason, whether or not the events A and T are statistically independent. Show
your working clearly.
(3)
We need to find:
P(A), P(T) and P(A  T) to then use:
If the events A and T are independent then:
P(A  T) = P(A)P(T)
Since P(A  T) = 0.75
q + p + 0.40 = 0.75
q + 0.20 + 0.40 = 0.75
q = 0.75 – 0.20 – 0.40
q = 0.15

since p = 0.2

B1
So
P(A) = p + q = 0.35
And P(T) = 0.40 + p = 0.60
P(A  T) = p = 0.20
P(A)P(T) = 0.35 × 0.60 = 0.21
M1
As in the mark scheme all the probabilities must be correct and a suitable test applied for M1.
Therefore P(A  T) ≠ P(A)P(T)
The events A and T are not independent
A1
The last A1 mark will not be awarded without a proof of the statement i.e. attaining M1.
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(c) Find the probability that a student selected at random does not take part in Athletics or Cricket.
(1)

Using the Venn diagram
We want the shaded area in the Venn diagram
= 0.4 + 0.05 = 0.45
B1
Or 1 – P(A) – P(C) = 1 – 0.35 – 0.2 = 0.45
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AS level Question 4
4.

Sara was studying the relationship between rainfall, r mm, and humidity, h %, in the UK. She takes
a random sample of 11 days from May 1987 for Leuchars from the large data set.
She obtained the following results.
h

93

86

95

97

86

94

97

97

87

97

86

r

1.1

0.3

3.7

20.6

0

0

2.4

1.1

0.1

0.9

0.1

Sara examined the rainfall figures and found
Q1 = 0.1

Q2 = 0.9

Q3 = 2.4

A value that is more than 1.5 times the interquartile range (IQR) above Q3 is called an outlier.
(a) Show that r = 20.6 is an outlier.
(1)

We are given that the upper outlier limit

= 1.5 × IQR + Q3
= 1.5 × (2.4 – 0.1) + 2.4
= 5.85

Candidates must make a comparison to attain B1.
Since 20.6 is greater than 5.85, 20.6 is an outlier.
B1
(b) Give a reason why Sara might

(i) include
(ii) exclude this day’s reading.
(2)

(i) It may be an accurate reading and therefore should not be excluded.
B1
(ii) This could be a mistake i.e. the person entering the data may have meant to enter 2.6. We
cannot assume this so this reading could be excluded.
B1
(A note here: In real life this could be investigated to see if there was a particularly bad storm
and rainfall on that day. Researchers who are investigating storms are often interested in the
extreme cases.)
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Sara decided to exclude this day’s reading and drew the following scatter diagram for the
remaining 10 days’ values of r and h.

(c) Give an interpretation of the correlation between rainfall and humidity.
(1)

It is not enough to just state there is a positive correlation between rainfall and humidity.
As humidity increases (rises) rainfall increases (rises)
B1
Or
As humidity decreases (falls) rainfall decreases (falls)
To gain B1 a correct interpretation of the correlation linked to rainfall and humidity must be
stated.
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The equation of the regression line of r on h for these 10 days is r  12.8 + 0.15h.
(d) Give an interpretation of the gradient of this regression line.
(1)

Gradient =

Change in the vertical direction
Change in horizontal direction

In words
Gradient =
Change in Rainfall (mm)
Change in Daily MaximumRelativeHumidity (%)

Change in Rainfall (mm) per change in Daily
Maximum Relative Humidity (%)
As
r = – 12.8 + 0.15h
Rainfall increases by 0.15 mm as Relative Maximum Humidity increases by 1%
B1
This can be expressed as any correct proportion e.g. Rainfall increases by 1.5 mm as Relative
Maximum Humidity increases by 10
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(e) (i) Comment on the suitability of Sara’s sampling method for this study.
(ii) Suggest how Sara could make better use of the large data set for her study.
(2)

This type of question is asking the candidate whether the sample is representative of the target
population.
(i) The candidate needs to state it is not a very good sampling method with a reason:
 sample is small
 selected from only one location
 selected for only one month.

B1

(ii) Use more than one location in the UK and for many more months. Not data from overseas.
Using software all the data for rainfall and humidity from the UK could be analysed.
B1
(Note from mark scheme: B0 for a comment that says use more than one location without
specifying that only UK locations are required.)
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AS level Question 5
The discrete random variable X ~ B(40, 0.27).
(a) Find P(X  16).
(2)

Given
X ~ B(40, 0.27)
Find
P(X ≥ 16)
Candidates are encouraged to use a calculator for this part of the question as the probability
p = 0.27 is not in the Binomial Cumulative Distribution tables and it would be very time consuming
to calculate and sum the individual probabilities.
Using the calculator
Find STAT-REG (or similar) usually a 2nd function.
Select DISTR
The options are shown in the table
Distributions
4:Binomialpdf

5:Binomialcdf

Description
Probability
density
function for a
binomial
distribution
Cumulative
density
function for a
binomial
distribution

This gives
P(X = x)
E.g.
For X ~ B(10,0.2)
P(X = 2)
P(X ≤ x)
E.g.
For X ~ B(10,0.2)
P(X ≤ 2)

Graph

Input
· n number of trials
· p probability of success
· X the number of successes

Binomial distribution, X~ B(10,0.2)
30

25

20

Percent

5.

15

10

5

0

0

1

2

3

4

5

6

7

8

9

10

x

Candidates need to be careful when calculating probabilities for discrete
variables. The calculator and Binomial statistical tables give the cdfs
i.e. P(X ≤ x)
P(X ≥ 16) = P(X = 16) + P(X = 17) + P(X = 18) + P(X = 19) + … + P(X = 40)
P(X ≥ 16) = 1 – P(X ≤ 15)
= 1 – 0.9491
= 0.0509

M1

· n number of trials
· p probability of success
· x the upper value of the
cumulative number of
successes
Using the calculator
In DISTR
Select Binomialcdf
Number of trials = 40
P(success) = 0.27
X = 15

A1
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Past records suggest that 30% of customers who buy baked beans from a large supermarket buy
them in single tins. A new manager suspects that there has been a change in the proportion of
customers who buy baked beans in single tins. A random sample of 20 customers who had bought
baked beans was taken.
(b) Write down the hypotheses that should be used to test the manager’s suspicion.
(1)
It is important to understand that when carrying out a hypothesis test a sample (or samples) is being
used to make inferences about the population. So the null and alternative hypotheses must be
about the population.
In this question it is stated that past records suggest that 30% of customers who buy baked beans
from a large supermarket buy them in single tins. This is considered the population proportion,
p = 0.3.
It is also stated that the manager suspects there has been a change in the proportion of customers
who buy baked beans in single tins. This means we carry out a two-tailed test as we are testing
for and increase or a decrease in the proportion.
H0: p = 0.3
H1: p ≠ 0.3

two-tailed
B1

(c) Using a 10% level of significance, find the critical region for a two-tailed test to answer the
manager's suspicion. You should state the probability of rejection in each tail, which should
be less than 0.05
(3)

The binomial distribution is discrete and therefore a one- or two-tailed critical region may not be
exactly the size of the level of significance.
Let Y represent the number of customers out of 20 who buy baked beans in single tins.
We have a significance level of 10%
Since we are considering a two-tailed test we wish to have an area of 5 % in each tail.
Considering the lower tail
Using Mathematical formulae and statistical tables, page 26.
For n = 20, p = 0.30
y
0
1
2
3

P(Y ≤ y)
0.0008
0.0076
0.0355
0.1071
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Since we are looking for an area of no more than 5%
from the table we can see that 0.0355 is the closest
value that is less than 0.05. We cannot get an area of
exactly 5%.

X~B(20,0.3)
20

Percent

15

Therefore P(Y ≤ 2) = 0.0355.

10

5

M1
The critical region is Y ≤ 2.

0

0

A1

1

2

3

4

5

6

7

8

9

10

11 12

13 14 15

16 17

18 19 20

x
Percent is calculated within all data.

Similarly for the upper tail
For n = 20, p = 0.30

y
8
9
10
11
12
13
14
15
16
17
18

P(Y ≤ y)

1 – P(Y > y)

0.8867
0.9520
0.9829
0.9949
0.9987
0.9997
1.0000
1.0000
1.0000
1.0000
1.0000

0.1133
0.0480
0.0171
0.0051
0.0013
0.0003
Negligible
Negligible
Negligible
Negligible
Negligible

P(Y ≤ 9) = 0.9520
∴
P(Y > 9) = 0.0480
So the upper critical region is:
Y ≥ 10
A1
(The M1 is for sight of P(Y ≤ 2) = 0.0355 or P(Y ≥ 10) = 0.0480)

(d) Find the actual significance level of a test based on your critical region from part (c).
(1)
From above the actual significance level is:
P(Y ≤ 2) + P(Y ≥ 10) = 0.0355 +0.0480

X~B(20,0.3)
20

15

B1

Percent

= 0.0835 or 8.35%

10

5

0

0

1

2

3

4

5

6

7

8

9

10

11 12

13 14 15

16 17

18 19 20

x
Percent is calculated within all data.
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One afternoon the manager observes that 12 of the 20 customers who bought baked beans, bought
their beans in single tins.
(e) Comment on the manager’s suspicion in the light of this observation.
(1)

From the question the test statistic = 12.
The critical region is Y ≤ 2 and Y ≥ 10.
12 is greater than 10 so it is in the critical region.
The manager’s suspicions are supported.
B1
(The 20 customers must be assumed to represent a random sample)

Later it was discovered that the local scout group visited the supermarket that afternoon to buy
food for their camping trip.
(f) Comment on the validity of the model used to obtain the answer to part (e), giving a reason for
your answer.
(1)
This type of question wants the candidate to comment on whether the assumptions for this
hypothesis test hold.
The conditions (assumptions) to carry a hypothesis test using the binomial distribution. The
sample:
· consists of n identical trials;
· each trial results in one of two outcomes, a success or a failure;
· the probabilities of success, p, and of failure, 1 – p, are constant across trials;
· the trials are independent, i.e. not affected by the outcome of other trials;
· the data are assumed to be random.
The sample should be a random sample of 20 customers. If a group is included in the sample each
member of the group has not been randomly selected so this may invalidate the test i.e. the
binomial model is not valid.
B1
OR
Within the group of scouts each member is probably not independent of the others. They may all
choose single tins of beans or decide to share larger tins. Either way this may introduce bias and
invalidate the test i.e. the binomial model is not valid.

20
Pearson Edexcel Level 3 Advanced Subsidiary and Advanced GCE in Mathematics (8MA0 & 9MA0)
Sample Assessment Materials Model Answers – Statistics
© Pearson Education Limited 2017

A level Question 1
1.

The number of hours of sunshine each day, y, for the month of July at Heathrow are summarised
in the table below.
Hours
Frequency

0y<5

5y<8

8  y < 11

11  y < 12

12  y < 14

12

6

8

3

2

A histogram was drawn to represent these data. The 8  y < 11 group was represented by a bar of
width 1.5 cm and height 8 cm.
(a) Find the width and the height of the 0  y < 5 group.
(3)

A histogram shows the distribution of a continuous variable. Therefore there are no gaps between
the bars. Since the area of the bar represents the frequency if the classes are not the same width
(i.e. the class intervals are not equal) the heights of the columns need to be adjusted.
The key concept here is:
frequency ∝ area of bar
frequency ∝ height of bar × width of bar
For the class 8 ≤ y < 11:
8 is the lower class boundary (lcb)
11 is the upper class limit.
So, 8 is in the class 8 ≤ y < 11. 11 is in the class 11 ≤ y < 12.
For the class 11 ≤ y < 12:
11 is the lower class boundary (lcb)
12 is the upper class limit.
The first point to note is that the class widths are different.
Hours

0≤y<5

5≤y<8

8 ≤ y < 11

11 ≤ y < 12

12 ≤ y < 14

Frequency

12

6

8

3

2

Class width

5

3

3

1

2
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Method 1 - as in the mark scheme
Given
The group 8 ≤ y < 11 was represented by a bar of width 1.5 cm and height 8 cm.
area of bar ∝ frequency
1.5 × 8 ∝ 8
12 cm2 ∝ 8
∴

1 cm2 ∝

8
12

2

= 3 day
M1

The frequency for the class 0 ≤ y < 5 = 12 days
So the area for the class

0≤y<5 =

12
2⁄
3

= 18 cm2

Note: it makes sense that the area of the column for 0 ≤ y < 5 is greater than that for the class
8 ≤ y < 11.
The width of the class 8 ≤ y < 11 is 3 hours represented by 1.5 cm on the histogram.
By inspection of the table you can see the class width 0 ≤ y < 5 is 5 hours so must be represented
by 2.5 cm on the histogram.
B1
Since

area =
height =
=
=

height × width
area
width
18
2.5

7.2 cm
A1

Method 2
Given
The group 8 ≤ y < 11 was represented by a bar of width 1.5 cm and height 8 cm.
Since

So a frequency of

frequency α height × width
8 α 1.5 × 8 = 12 cm2
1α

12
8

= 1.5 cm2
M1
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12 α 1.5 × 12 = 18 cm2

And a frequency of

We know the width of the column for 0 ≤ y < 5 is 2.5 cm
B1
Therefore
Height

=
=
=

Area
width
18
2.5

7.2 cm
A1
Number of hours of sunshine each day for the month of July at Heathrow
14
12
10
Frequency

Opposite is the histogram plotted incorrectly with the horizontal
scale incorrect and the heights of the columns the same as the
frequencies. This distorts the shape of the distribution.

8
6
4
2
0
0≤y<5

5≤y<8

8≤y<11

11≤y<12

12≤y<14

Hours of sunshine

This histogram is correctly plotted. As you can see the
distribution is different from the one above.

(b) Use your calculator to estimate the mean and the standard deviation of the number of hours of
sunshine each day, for the month of July at Heathrow. Give your answers to 3 significant
figures.
(3)
The key point here is to use the class midpoints (also called the mid-interval).
Class midpoint is the midpoint between the ucb and the lcb
Class midpoint =

ucb+lcb

Hours
0≤y<5
5≤y<8
8 ≤ y < 11
11 ≤ y < 12
12 ≤ y < 14

2

Frequency
12
6
8
3
2

Class-midpoint
2.5
6.5
9.5
11.5
13.0
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Method 1- using formula for grouped data:
∑ 𝑓𝑥 2

Standard deviation = √

∑𝑓

− 𝑥̅ 2 where 𝑥̅ =

∑ 𝑓𝑥
∑𝑓

Hours

Frequency (f)

Class-midpoint

0≤y<5
5≤y<8
8 ≤ y < 11
11 ≤ y < 12
12 ≤ y < 14
Totals

12
6
8
3
2
31

2.5
6.5
9.5
11.5
13.0

Class-midpoint Class-midpoint2 ×
× frequency
frequency (f)
30.0
2.52 × 12 = 75.00
39.0
253.50
76.0
722.00
34.5
396.75
26.0
338.00
205.5
1785.25

Candidates are advised to show their working.
Mean =

205.5
31

= 6.629 hours
B1
1785.25

Population standard deviation = √

31

− 6.6292
M1

= 3.69 hours
A1
Method 2 – using the calculator
It is a good idea to use the calculator to check the
answer.
Most calculators have LISTs – L1, L2,…
This may be in data.
In L1 enter the midpoints.
In L2 enter the frequencies.

L1

L2

2.5

12

6.5

6

9.5

8

11.5

3

13

2

Find STAT-REG (or similar), usually a 2nd function.
Select 1-Var Stats
In this function there should be the option to enter DATA in L1 and FRQ (frequencies) in L2
then Enter
This will give the following summary statistics
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N=
𝑥̅ =
𝑠𝑥 =
𝜎𝑥 =

31
6.63
3.75
3.69

∑ 𝑥 = 205.5
∑ 𝑥2 = 1785.25
Min𝑥 =
Q1 =
Q2 =
Q3 =
Max𝑥 =

2.5
2.5
6.5
9.5
13

Mean =

Number of values
Mean
Sample standard deviation
Population standard
deviation
Sum of the x values
Sum of the x2 values
Minimum value
Lower quartile
Median
Upper quartile
Maximum value

205.5
31

Note: these values are all calculated from
the grouped data using midpoints so they
are all estimates.
Candidates should calculate the
population standard deviation as we are
treating these data as a population and not
a sample.
The sample standard deviation is an
estimate of the population standard
deviation calculated from a sample.
These values are different to the values
calculated when using the raw data as the
mid values are used.

= 6.629 hours
B1
1785.25

Population standard deviation = √

31

− 6.6292

= 3.69 hours

M1
A1

The mean and standard deviation for the number of hours of daily sunshine for the same month in
Hurn are 5.98 hours and 4.12 hours respectably. Thomas believes that the further south you are
the more consistent should be the number of hours of daily sunshine.
(c) State, giving a reason, whether or not the calculations in part (b) support Thomas’ belief.
(2)
To answer this question candidates need to have worked with the pre-release data to know Hurn
is south of Heathrow.
For Heathrow
Location
Mean (hours) Standard deviation (hours)
Heathrow 6.63
3.69
Hurn
5.98
4.12
The smaller the standard deviation the more consistent the values.
Since the standard deviation for Heathrow is less than that for Hurn there is more variability (less
consistency) in the hours of sunshine for Hurn than for Heathrow.
M1
So Thomas is not correct.
A1
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(d) Estimate the number of days in July at Heathrow where the number of hours of sunshine is
more than 1 standard deviation above the mean.
(2)
We know for Heathrow:
Mean = 6.63 hours
Standard deviation = 3.69
6.63 + 3.69 = 10.32 hours
So we want the number of days when the number of hours of sunshine was above 10.3 hours.
10.32 hours is in the 8 ≤ y < 11 class. How far in?

10.32 – 8 = 2.32 hours

Hours

Frequency

Class width

Cumulative frequency

0≤y<5

12

5

12

5≤y<8

6

3

18

8 ≤ y < 11

8

3

26

11 ≤ y < 12

3

1

29

12 ≤ y < 14

2

2

31

Method 1
We want the number of days when the number of hours of sunshine was above 10.32 hours.
This can be represented on the diagram below for the class 8 ≤ x < 11:

So

26−𝑥
11−10.32

=

26−18
11−8

8

26 − 𝑥 = 3 × 0.68
x = 26 – 2.67

M1

= 24.19 days
31 – 24.19 = 6.81 ≈ 7 days

A1
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Method 2 - by formula
As above we have found that the 10.32 is in the 8 ≤ y < 11class.
Where L is the number of days below which we are finding the frequency i.e., 10.32
cumulative frequency at start of class
(𝐿 − lower class boundary) × class frequency
+
class width
= 18 +

(10.32−8)×8
3

M1
= 24.19 hours
31 – 24.19 = 6.81 days ≈ 7 days
A1

Helen models the number of hours of sunshine each day, for the month of July at Heathrow by
N(6.6, 3.72).
(e) Use Helen’s model to predict the number of days in July at Heathrow when the number of
hours of sunshine is more than 1 standard deviation above the mean.
(2)
Given
Let X be the number of hours of sunshine each day for the month of July.
Write down what we know
X ~ N(6.6, 3.7²)
Find
P(X > 6.6 + 3.7)
P(X > 10.3)
M1
Using the calculator
Find stat-reg/distr (or similar) usually a 2nd function
Select DISTR
Select 2:Normal cdf
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Description
Cumulative
density
function for a
Normal
distribution

This gives
Although the cdf is
P(X < x) or P(X ≤ x)
The probability can be
calculated by entering the
lower and upper X values

Graph
0.4

0.3

Density

Distributions
2:Normal cdf

0.2

0.1

0.0

·
·
·
·

Calculator input
Mean
Standard deviation
Lower X value
Upper X value

P(X > 10.3) = 0.1574
Since there are 31 days in July the predicted number
of days when the number of hours of sunshine is
more than 10.3 hours is given by:
31 × 0.1574
= 4.8794 ≈ 5 days.

A1

Using the calculator
DISTR
Normalcdf
· Mean = 6.6
· Standard deviation = 3.7
· Lower x value = 10.3
· Upper x value = 1E99
= 0.1574

(f) Use your answers to part (d) and part (e) to comment on the suitability of Helen’s model.
(1)

Helen’s model is probably not suitable as this gives a predicted number of days as 5 whereas in
part (d) the predicted number of days was 7.
B1
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A level Question 2
2.

A meteorologist believes that there is a relationship between the daily mean windspeed, w kn, and
the daily mean temperature, t °C. A random sample of 9 consecutive days is taken from past
records from a town in the UK in July and the relevant data is given in the table below.

2.

t

13.3

16.2

15.7

16.6

16.3

16.4

19.3

17.1

13.2

w

7

11

8

11

13

8

15

10

11

The meteorologist calculated the product moment correlation coefficient for the 9 days and
obtained r = 0.609
(a) Explain why a linear regression model based on these data is unreliable on a day when the
mean temperature is 24 °C.
(1)
The linear regression model based on these data is unreliable on a day when the mean is 24 oC as
this temperature is outside the range of the data.
B1
(Or it requires extrapolation so will be unreliable)

2.

(b) State what is measured by the product moment correlation coefficient.
(1)

The product moment correlation coefficient provides a measure of linear association between two
variables.
B1

2.

(c) Stating your hypotheses clearly test, at the 5% significance level, whether or not the product
moment correlation coefficient for the population is greater than zero.
(3)

Steps to carry out a hypothesis test
Let 𝜌 be the population product moment correlation coefficient.


State null and alternative hypotheses
H0: ρ = 0
H1: ρ > 0
one tail as looking at greater than zero.
B1
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State level of test, α
Given 5%
State the test statistic
In this case the test statistic is the correlation coefficient.
Test statistic = 0.609
Find the critical region
Using Mathematical formulae and statistical tables, page 34 – Critical Values for
Correlation Coefficients.
n=9

H1: ρ > 0

5% in the positive tail

So the critical value is 0.5822 and the critical region is ≥ 0.5822
M1


Decide if the test statistic is in the critical region
Since 0.609 > 0.5822
The test statistic is in the critical region



State conclusion
Reject H0 in favour of H1



Report your findings – always conclude in context
There is evidence to suggest the product moment correlation coefficient between daily
mean windspeed and daily maximum temperature is greater than zero.
A1
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In short
H0: ρ = 0
H1: ρ > 0
B1
α = 0.05 (given)
Test statistic = 0.609
Critical value is 0.5822 (critical region is ≥ 0.5822)
M1
Reject H0 (in favour of H1)
There is evidence to suggest the product moment correlation coefficient between daily
mean windspeed and daily maximum temperature is greater than zero.
A1
Using the same 9 days, a location from the large data set gave t  27.2 and w = 3.5.
2.

(d) Using your knowledge of the large data set, suggest, giving your reason, the location that gave
rise to these statistics.
(1)

This part requires candidates to be familiar with the large data set.
The high average temperature for these days in July suggests the data are from overseas. But not
Perth as it is winter in Perth in July so the average temperature is probably lower.
We are now considering Jacksonville or Beijing. Inspection of the windspeed data for these two
locations show Beijing is much less windy that Jacksonville, the latter being near the sea. So
suggest Beijing.
B1
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A level Question 3

A machine cuts strips of metal to length L cm, where L is normally distributed with standard
deviation 0.5 cm. Strips with length either less than 49 cm or greater than 50.75 cm cannot be used.
Given that 2.5% of the cut lengths exceed 50.98 cm,
(a) find the probability that a randomly chosen strip of metal can be used.
(5)

Given
L is normally distributed
Write down what we know
L ~ N(𝜇, σ2)
L ~ N(𝜇, 0.52)
Note: in this case you have been given the standard deviation. Sometimes you are given the
variance which is the standard deviation squared.
2.5% of the cut lengths exceed 50.98 cm,
Find
49− 𝜇

P(49 < L < 50.75) = P(

0.5

<𝑍<

50.75− 𝜇
0.5

)

Need to find 𝜇.
Use
P(L > 50.98)

= 0.025

Distribution Plot
Normal, Mean=0, StDev=1

B1
P(𝑍 >

50.98−𝜇
0.5

0.4

) = 0.025

0.3

Density

3.

0.2

0.1

From the diagram z will be positive as we are looking for
the z value above which is 2.5% of the area.

0.05
0.0

0

Z

1.645
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Using the calculator
Find stat-reg/distr (or similar) usually a 2nd function.
Select DISTR
The options are shown in the table

3:invNormal

Cumulative
density
function for a
Normal
distribution
Inverse
cumulative
density
function for a
Normal
distribution

Graph
Normal distribution Z~N(0,1)
0.4

0.3

Density

This gives
The height of the distribution
at a given point. This is not
used to calculate
probabilities.
E.g. if you wished to find
P(X = 10) you would use the
Normal cdf
P(9.5 < X < 10.5)
Although the cdf is
P(X < x) or P(X ≤ x)
The probability can be
calculated by entering the
lower and upper X values
The value of X below which
is a given area

0.2

0.1

0.0

-3

-2

-1

0

1

z

2

3

Calculator input
· X value
· Mean
· Standard deviation
Not used to find
probabilities.

·
·
·
·

0.4

0.3

Density

2:Normal cdf

Description
Probability
density
function for a
Normal
distribution

0.2

0.1

0.0

Mean
Standard deviation
Lower X value
Upper X value

· Area
· Mean
· Standard deviation

0.4

0.3

Density

Distributions
1:Normal pdf

0.2

0.1

0.2

0.0

-0.8416

0
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In this question we have to use the standardised Normal distribution as we have not been given
the mean of the Normal distribution.
Using Mathematical formulae and statistical
tables, page 30
Percentage points of the Normal Distribution
tables

Using the calculator
In DISTR
Select InvNormal
· Area = 0.975
· Mean = 0
· Standard deviation = 1

The values z in the table are those which a random
variable Z~ N(0, 1) exceeds with probability
p;that is, P(Z > z) = 1 – Φ(z) = p.

z = 1.96 The calculator gives the cdf
i.e.P(Z < z)

z = 1.96 as we are looking at the area where 𝑍 > 1.96

In this case
So

z = 1.96
These tables give P(Z > z)

50.98−𝜇
0.5

= 1.96
M1

∴

𝜇 = 50.98 – 1.96 × 0.5
= 50 cm
A1
2

For L ~ N(50, 0.5 ) find
P(49 < L < 50.75)
M1
Using the calculator
DISTR
· Normalcdf
· Mean = 50
· Standard deviation = 0.5
· Lower x value = 49
· Upper x value = 50.75
= 0.910
A1
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In short
Given
L ~ N(μ, 0.52) and P(L > 50.98) = 0.025
B1
Find μ
P(𝑍 >

50.98−𝜇

50.98−𝜇

(

0.5

0.5

) = 0.025

) = 1.96
M1

𝜇

= 50.98 – 1.96×0.5
= 50 cm

Using the calculator
Find STAT-REG
Select DISTR
Select InvNormal
Area = 0.975
Mean = 0
Standard deviation = 1

A1
L ~ N(50, 0.52)
M1
(49 < L < 50.75) = 0.910
A1

Using the calculator
DISTR
Normalcdf
Mean = 50
Standard deviation = 0.5
Lower x value = 49
Upper x value = 50.75

Ten strips of metal are selected at random.
2.
(b) Find the probability fewer than 4 of these strips cannot be used.
(2)

Candidates need to recognise this as a different distribution to that in part (a).
Some definitions
The binomial distribution is the number of successes in a fixed number of trials. Parameters are:
n, the number of trials, and p, the probability of success.
Y ~ B(n, p) – this is a discrete distribution as Y can only take the values of whole numbers.
Assumptions:
 The trials are on random samples of size n.
 Each trial is independent.
 The probability, p, of success is the same for each trial.
 There is only the probability of success, p, or failure, (1 – p).
Mean = np

Variance = np(1 – p)
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Given
In this part of the question we have a fixed number of trials, 10.
The probability of success, p, is the probability strips cannot be used.
From part (a)
Therefore

P(strips can be used)
P(strips cannot be used)

= 0.910
= 1 – 0.910
= 0.090
Let Y ≈ the number of strips that cannot be used in a sample of 10 Y ~ B(10, 0.090)
M1
Find
P(Y < 4)
Candidates need to be careful when calculating probabilities for discrete variables.
Method 1
Using the calculator
Find STAT-REG (or similar) usually a 2nd function.
Select DISTR
The options are shown in the table

5:Binomialcdf

Description
Probability
density
function for a
binomial
distribution
Cumulative
density
function for a
binomial
distribution

This gives
P(X = x)
E.g.
For X ~ B(10,0.2)
P(X = 2)
P(X ≤ x)
E.g.
For X ~ B(10,0.2)
P(X ≤ 2)

Graph

Input
· n number of trials
· p probability of success
· X the number of successes

Binomial distribution, X~ B(10,0.2)
30

25

20

Percent

Distributions
4:Binomialpdf

15

10

5

0

0

1

2

3

4

5

6

7

8

9

10

x

The calculator and binomial statistics tables give the cdfs i.e. P(X ≤ x)
P(Y < 4) = P(Y ≤ 3)
= 0.991
A1

· n number of trials
· p probability of success
· x the upper value of the
cumulative number of
successes
Using the calculator
In DISTR
Select Binomialcdf
n= 10
p = 0.09
x= 3
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Method 2 – from the formula
Using Mathematical formulae and statistical tables, page 7 – Discrete distributions.

Given
For Y ~ B(10, 0.090) where Y ≈ the number of strips that cannot be used in a sample of 10
Find
P(Y ≤ 3) = P(Y = 0) + P(Y = 1) + P(Y = 2) + P(Y = 3)
10
10
10
10
= ( ) 0.090 0.9110 +( ) 0.091 0.919 +( ) 0.092 0.918 +( ) 0.093 0.917
0
3
1
2
= 0.3894 + 0.3851 + 0.1714 + 0.0452
= 0.991
A1
In short
Let Y ~ B(10, 0.09) where Y ≈ the number of strips that cannot be used in a sample of 10
M1
P(Y < 4) = P (Y ≤ 3)
= 0.991
A1
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A second machine cuts strips of metal of length X cm, where X is normally distributed with
standard deviation 0.6 cm.
2.

A random sample of 15 strips cut by this second machine was found to have a mean length of 50.4
cm.
(c) Stating your hypotheses clearly and using a 1% level of significance, test whether or not the
mean length of all the strips, cut by the second machine, is greater than 50.1 cm.
(5)
Method 1 – using a test statistic
Steps to carry out a hypothesis test to test if the mean length of all strips is greater than 50.1
 State null and alternative hypotheses
H0: µ = 50.1 50.1 is the population mean
H1: µ > 50.1
we are testing whether the mean length is greater than 50.1
B1
 State level of test, 𝛼
Given 1%
 State the test statistic – given in the Mathematical formulae and statistical tables, page
7
Test statistic

𝑥̅ − 𝜇
𝜎
√𝑛

for a random sample of n observations from N(µ, σ2)
=

50.4− 50.1
0.6
√15

M1
= 1.936
A1
Note: it is important that candidates understand they are using a sample to make inferences
about the population. The null hypothesis is always about the population. µ is the population
mean and 𝑥̅ is from the sample.


Find the critical region
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Using the calculator
In DISTR
Select InvNormal
· Area = 0.99
· Mean = 0
· Standard deviation = 1

Using Mathematical formulae and statistical
tables, page 30
Percentage points of the Normal Distribution
tables
The values z in the table are those which a random
variable Z~ N(0, 1) exceeds with probability
p;that is, P(Z > z) = 1 – Φ(z) = p.

0.4

0.3

Density

z = 2.326 The calculator gives the cdf
i.e.P(Z < z)

z = 2.3263
These tables give
P(Z > z)

0.2

0.1

0.01
0.0

0

2.326

z

Since H1: µ > 50.1 we need the z value above which there is an area of 1%
z = 2.3263
So the critical value is 2.3263 and the critical region is ≥ 2.3263
A1


Decide if the test statistic is in the critical region
Since 1.936 < 2.3263
The test statistic is not in the critical region



State conclusion
Reject H1 in favour of H0



Report your findings
There is insufficient evidence to suggest the mean length of strips is greater than 50.1 cm.
A1
OR
There is sufficient evidence to suggest the mean length of strips is not greater than 50.1
cm.
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In short
H0: µ = 50.1
H1: µ > 50.1
Given 𝛼 = 1%

B1

Test statistic =

50.4− 50.1

M1

0.6
√15

= 1.936
A1
Crical region ≥ 2.3263
A1
Since 1.936 < 2.2363
The test statistic is not in the critical region.
There is insufficient evidence to suggest the mean length of strips is greater than 50.1 cm.
A1
Method 2 – using a p-value






State null and alternative hypotheses
H0: µ = 50.1
50.1 is the population mean
H1: µ > 50.1
we are testing whether the mean length is greater than 50.1
B1
State level of test, 𝛼
Given 1%
Calculate the p-value
Given in the Mathematical formulae and statistical tables, page 6:

P(𝑧 >

(𝑥̅ − 𝜇)

P(𝑍 >

(50.4− 50.1)

𝜎
√𝑛

) gives the p-value

0.6
√15

)
M1

Using the calculator
DISTR
Normalcdf
Mean = 50.1
0.6
Standard deviation =
√15
Lower x value = 50.4
Upper x value = 1E99 or a very
large number

= 0.0264
A1
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Decide if the p-value < level of significance
Since 0.0264 > 0.01
The p-value > level of significance



State conclusion
Do not reject H0
A1



Report your findings
There is insufficient evidence to suggest the mean length of strips is greater than 50.1 cm.
A1
OR
There is sufficient evidence to suggest the mean length of strips is not greater than 50.1
cm.

In short
H0: µ = 50.1
H1: µ > 50.1
Given 𝛼 = 1%
P(𝑍 >

(50.4− 50.1)
0.6
√15

B1

)

M1

= 0.0264
A1
The p-value > level of significance so not significant
A1
There is insufficient evidence to suggest the mean length of strips is greater than 50.1 cm.
A1
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A level Question 4
4.

Given that

P(A) = 0.35, P(B) = 0.45 and P(A  B) = 0.13,

(a) find PA | B ,
(2)
This type of question can be answered using formulae or Venn diagrams.
Note: Venn diagrams must always show the box.
Given
P(A) = 0.35 P(B) = 0.45 and P(A  B) = 0.13
Complete the Venn diagram

PA | B is the probability of not A given not
B, i.e. the probability that A will not happen
given B has not happened.
PA | B  =

P(𝐴′ ∩𝐵′ )

M1

P(𝐵′ )

PA  B  = 1 – PA  B 
= 1 – 0.67
= 0.33
P(B′) = 1 – 0.45
= 0.55
Therefore
0.33

PA | B  = 0.55 = 0.6

P(B )(not B)
= 0.33 + 0.22
= 0.55
PA  B 
=0.33

Therefore
PA | B  =
A1

P(𝐴′ ∩𝐵′ )
P(𝐵′ )
0.33

M1

PA | B  = 0.55
= 0.6

A1
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(b) explain why the events A and B are not independent.
(1)

Method 1
If the events A and B are independent then:
P(A  B) = P(A)P(B)
P(A  B) = 0.13 (given)

Or expressed in fractions as in mark
scheme
7

9

P(A)P(B) = 20 × 20
63

= 400

P(A)P(B) = 0.35 × 0.45
= 0.1575 ≠ 0.13
Therefore P(A  B) ≠ P(A)P(B)

P(A  B) = P(A)P(B)
52

B1
B1 for a fully correct explanation: correct
probabilities and correct comparisons.
So the events A and B are not independent.

P(A  B) = 0.13 = 400
Therefore P(A  B) ≠ P(A)P(B)
So the events A and B are not
independent.

Method 2
If two events A and B are independent then:
PA | B  = P(A′)
PA | B  = 0.6
P(A′) = 0.65
Therefore
PA | B  ≠ P(A′)
So the events A′ and B′ are not independent which implies events A and B are not independent.
B1
The event C has P(C) = 0.20
The events A and C are mutually exclusive and the events B and C are statistically independent.
(c) Draw a Venn diagram to illustrate the events A, B and C, giving the probabilities for each
region.
(5)
We are given that events A and C are mutually exclusive so there is no intersection between
events A and C (shown in Venn diagram).
B1
We cannot assume this is the case for events B and C.
We are given B and C are independent, so
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P (B  C)

= P(B)P(C)
= 0.45 × 0.2
M1
= 0.09
A1

(or show this on the Venn diagram)
Add this to the Venn diagram.
Now the Venn diagram can be completed

M1

Fully correct
A1
(d) Find P( [B  C ]  )
(2)

First identify the area representing this probability
on the Venn diagram.
This is the event not (B union C), i.e. outside
(B union C).
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Method 1
P( [B  C ]  ) = 1 – (0.13 + 0.23 + 0.09 + 0.11)
M1
= 1 – 0.56
= 0.44
A1
Method 2
P( [B  C ]  ) = 0.22 + 0.22
M1
= 0.44
A1
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A level Question 5
5.

A company sells seeds and claims that 55% of its pea seeds germinate.
(a) Write down a reason why the company should not justify their claim by testing all the pea
seeds they produce.
(1)
There would be no seeds to sell as all the seeds would have either germinated or failed.
B1

A random selection of the pea seeds is planted in 10 trays with 24 seeds in each tray.
(b) Assuming that the company’s claim is correct, calculate the probability that in at least half of
the trays 15 or more of the seeds germinate.
(3)

There are two distributions to consider here.
S ~ B(24, 0.55) where S ≈ number of seeds that germinate out of 24
T ~ B(10, p) where T ≈ number of trays, out of 10, where at least 15 seeds germinate
M1
Find the probability that 15 or more seeds germinate in a sample or 24.
p = P(S ≥ 15) = 1 – P(S ≤ 14) = 1 – 0.700873… = 0.2991267…
A1
We want at least half of the trays to have more 15 or more seeds germinate
P(T ≥ 5) = 0.14872… = 0.149
A1

(c) Write down two conditions under which the normal distribution may be used as an
approximation to the binomial distribution.
(2)

n is large

B1

p is close to 0.5

B1
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A random sample of 240 pea seeds was planted and 150 of these seeds germinated.
(d) Assuming that the company’s claim is correct, use a normal approximation to find the
probability that at least 150 pea seeds germinate.
(3)
Given
X ~ B(240, 0.55) where X ≈ number of seeds that germinate out of 220
n = 240
p = 0.55

as this is the size of the sample being used to investigate the company’s
claim
as this is the probability of success (i.e. the seeds germinate) for the
population.

The parameters of a Normal distribution are the mean, µ, and the variance, σ2.
We know the mean and variance for a Binomial distribution are given by:
Mean = np
So

Variance = np(1 – p)

X ≈ N(240 × 0.55, 240 × 0.55 × 0.45)
X ≈ N(132, 59.4)
B1

Continuity correction
This is used when you use a continuous function to approximate a discrete one. For example,
when you wish to approximate a Binomial with a Normal distribution.
The correction is to either add or subtract 0.5 of a unit from each discrete x-value. This fills in
the gaps to make it continuous.
Examples
For a discrete
distribution
x = 150
x > 150
x ≥ 150
x < 150
x ≤ 150

With continuity
correction
149.5 ≤ x ≤ 150.5
x ≥ 150.5
x ≥ 149.5
x ≤ 149.5
x ≤ 150.5
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Using continuity correction
P(X ≥ 150) = (X ≥ 149.5)
= P(𝑍 >

149.5−132
√59.4

)
M1

= 0.0116
A1
In short
Given
X ~ B(240, 0.55)
X ≈ N(240 × 0.55, 240 × 0.55 × 0.45)
X ≈ N(132, 59.4)

Using the calculator
In DISTR
Select Normalcdf
Mean = 132
Standard deviation = √59.4
Lower X value = 149.5
Upper X value = 1E99 (or a very
large number)

B1
Find
P(X ≥ 149.5)
= P(𝑍 >

149.5−132
√59.4

)
M1

= 0.0116
A1

(e) Using your answer to part (d), comment on whether or not the proportion of the company’s
pea seeds that germinate is different from the company’s claim of 55%
(1)

The answer in part (d) could be considered a p-value.
P(X ≥ 149.5) is very small, < 0.05 (often the significance level for a hypothesis test).
This is quite extreme and probably did not happen by chance. So there is evidence the
company’s claim is not correct.
B1
(The percentage of seeds that germinate seems too low.)
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