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Answer ALL questions. Write your answers in the spaces provided.

1 Yin is the manager of a busy fast-food restaurant. He wants to get customer feedback on
the quality of the service at the restaurant.

Three different sampling methods are considered by Yin.

Method 1
A staff member stands at the main exit to survey customers as they leave the restaurant.

(a) For Method 1, give

(1) one advantage,

(ii) one disadvantage. o .
(1) 5 2
Method 2 =
An internet link to the survey is printed on the back of customer receipts. o o9
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Question 1 continued

Method 3
Customers are asked for their email address when they pay their bill, and a survey is
emailed to them afterwards.

(¢) For Method 3, give

(i) one advantage,

(1)

DONOTWRITEINTHISAREA

(i1) one disadvantage.

0y

Yin would like the survey to be ongoing. He wants to minimise expense to himself and
inconvenience to customers.
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(d) Select which one of the three methods, 1, 2 or 3, you would recommend for Yin to use.

Briefly explain your selection.
(1)
Yin would like the response rate to this survey to be as high as possible.
(e) Make two suggestions for Yin to improve the response rate of his survey.
(2)
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(Total for Question 1 is 9 marks)
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A graph was shown in an article about Summer Olympic teams in The Economist
in July 2021

A section of the graph is shown in Figure 1.

Home advantage
Share of Olympic medals won, top three teams at each games, %

Host nation

80
Bulgaria
E.G 60
Australia <imnany -
Romania
Hungary Japan
40
United
.. 20
United States 0

T T T
4 52 60 68 76 8 92 2000 08 2020
forecast

*United Team of Germany 1 Unified Team (Soviet Union)
¥ Russian Olympic Committee

Figure 1

(a) Estimate the highest proportion of medals won by a single nation in one Summer
Olympic Games.

(1)

(b) State how many Summer Olympic Games saw the host nation score more medals
than any other team.
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Question 2 continued
In the original article, the graph in Figure 1 was printed in colour.

(c) Explain how colour could be used to make the graph clearer and easier
to understand.

0y

(d) State four criticisms, other than the lack of colour, of the graph.
C))

(Total for Question 2 is 7 marks)
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3 Many websites allow various filters, such as product features, to be applied to searches
by online shoppers.
In November 2021, the Currys website had 400 models of television for sale.
Three different filters for televisions were considered. They are described below.
8K resolution (R) A very high-resolution screen with many pixels.
This technology is fairly new and relatively expensive.
Screen size > 75" (S) The screen size is at least 75 inches.
Generally a larger screen is more expensive.
Voice control (V) The television can be controlled using voice commands.
This technology is fairly new.
The three filters were applied singly and in combination with other filters. The number
of models of television found on the website after these filters were applied can be
seen in Figure 2.
Filter applied to Models of
8K resolution (R) Screen size > 75" (S) Voice control (V) television
v 16
v 74
v 304
v v 9
v 4 16
v v 69
v v v 9
(Date source: www.currys.co.uk, accessed 25/11/2021)
Figure 2
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Question 3 continued
(a) Use the data in Figure 2 to complete the Venn diagram frequencies below.
You are reminded that there are 400 models in total.
(6)
&
R S
Vv
One model of television is selected at random from those listed on the website.
(b) Find the probability that the television
(1) has 8K resolution
1)
(i) has a screen size smaller than 75 inches and voice control
(2)
(ii1) will not be displayed if any of the filters are applied
1)
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Question 3 continued

(iv) has 8K resolution, given that the screen size is at least 75 inches.

2

Three events are defined as follows:

R The television has 8K resolution
S The television has a screen size of at least 75 inches
V' The television has voice control

(c) Show that R and S are not statistically independent.

You should provide numerical justification.

2

(d) Suggest a reason, in context, why R and S are not likely to be independent.

(1)

(Total for Question 3 is 15 marks)
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4 A video game is being created by a game developer. In the game, zombies are spawned

into the game at random (a zombie will appear in the game at random).
Zombies are spawned one at a time.

In Version 1 of the game, the time between spawns (in seconds) follows the probability
distribution in Figure 3.

A

Probability ¥
density
(per second)

O I I I >
0 5 10 15 20

Time (seconds)

Figure 3

(a) Write down the value of x

0y

Ahmed is playing Version 1 of the game, and a zombie has just spawned into the game.
(b) Calculate

(i) the probability that no zombies will spawn in the next 10 seconds,

(1)

(i1) the probability that each of the next three zombies will spawn more than 10
seconds after the last.
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Question 4 continued

In Version 2 of the game, the time between spawns (in seconds) follows the exponential
distribution with mean 5 seconds.

Zara is playing Version 2 of the game, and a zombie has just spawned into the game.
(c) Calculate the probability that

(i) at least one zombie will spawn in the next 5 seconds,

3)
(i1) no zombies will spawn in the next 10 seconds,

(2)
(i11) no more than 10 zombies will spawn in the next minute.
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Question 4 continued
The game developer decides that the probability found in (c)(iii) is too low.

She decides the probability that no more than 10 zombies will spawn within a minute of
another zombie should be as close to 0.95 as possible, but no less than 0.95

(d) Using this information, find, to the nearest integer, the average number of zombies
that will spawn in the next minute.

You may use trial and improvement.

(1)

DO NOT WRITE IN-THIS AREA

(e) Using your answer to (d) state the new mean value for the exponential
distribution in (c)

(1)

(Total for Question 4 is 15 marks)
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5 In 1950, W.S. Robinson conducted a statistical analysis of some data from the 1930 §3§§§§§§ :§§§g§
. . . . . . . 0000 %0%% XK KRKKX
census in the USA. Part of his analysis investigated correlation between rates of literacy S 388
. ”0:00 00:’0
and place of birth. S ,:,gtgg
XX
o%
o, . . . QL
In 1930, USA census data was split into 9 geographical regions. 3
. . P05 miat
For each region, the following two percentages were calculated. S
iz
. . .0,:‘:.#.0
Foreign-born  Percentage of the adult population born outside the USA. Cm
="
English literacy Percentage of the adult population able to read English to a standard
sufficient to function in society.
In Robinson’s paper, the full data was not provided, though a scatter diagram was given
similar in form to the one in Figure 4.
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Question 5 continued
< (a) Complete the table below using Figure 4.
o @
B -
S .
I:I_.'. Foreign-born (%) 1 2 2.5 10 11 15.5 18 24.5 27
z
I-I'_J English literacy (%)
= | | | .
e Robinson calculated a correlation coefficient for this data.
1098 el
2 (b) Calculate the value for the Pearson’s product-moment correlation coefficient
S 8 between Foreign-born (%) and English literacy (%) for adults in the 9 regions.
M
a
(c) State one reason why it may be inappropriate to calculate the Pearson’s product-
i moment correlation coefficient between Foreign-born (%) and English literacy (%)
SO for adults in the 9 regions.
2 (1)
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Question 5 continued

In the same paper, Robinson considers correlation between Foreign-born (%) and
English literacy (%) for all of the adults in the census, considered at individual level
(so each data point represents one person, not one region).

He produces the following statistic.
r=—0.118

(d) Explain why this statistic may be unexpected when compared with the result

obtained in (b)
(2)
(e) Using your understanding of the context, give a short explanation to explain how the
unexpected situation regarding the results in (b) and (d) may have occurred.
“4)

(Total for Question 5 is 10 marks)
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6 Asbestos is a type of mineral used in construction that has been linked to health risks.

Riddhi works for an asbestos removal company. She is researching the removal of two

XRRKK

Not all instances of asbestos are removed, as sometimes it is safer to cover the asbestos
up and leave it in place.

X
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Figure 6 shows the proportion of instances in 2022 that were removed, by type

SO

U P <
types of asbestos, o
Z <
»  White asbestos (or chrysotile) 3 %
= £
* Blue asbestos (or crocidolite) D =
4 A
When there is an asbestos find during an inspection, its location and type are recorded. g S & E :
| . o &
An asbestos find is called an instance of asbestos. s E ’
Figure 5 shows instances of the types of asbestos as a proportion of total instances of ,’; S S
asbestos recorded by the company in 2022. 8 8 :
Proportion of total
Asbestos type instances =
White 0.972 S
Blue 0.018 O : S
Other 0.010 = 5
=i
. ot
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of asbestos. 2
Proportion of instances
Asbestos type that are removed
White 0.015
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Other 0.153 g S
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Question 6 continued

(a) Enter the correct probability values into each box in the tree diagram below.

2

Type of asbestos Removal

DONOTWRITEINTHISAREA
=
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(b) Calculate the probability that a randomly selected instance was removed.

2
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Question 6 continued
(c) Find the probability that a randomly selected instance is blue asbestos, given that it
was removed by the company.
C))
(d) Suggest a possible reason, in context, why the probability found in (c) is greater
than the probability that a randomly selected instance is blue asbestos.
(1)
. J
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Question 6 continued

The removal of different types of asbestos requires different types of safety equipment.

Riddhi states that the company should invest mostly in safety equipment for removing
white asbestos, as more than 97% of asbestos instances are of this type.

(e) Explain whether you agree with Riddhi’s statement.

You should include numerical justification from (c)

3

(Total for Question 6 is 12 marks)
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7 Divya carries out a large-sample study to investigate the 2D:4D digit ratio for
adult females
The 2D:4D digit ratio is calculated by dividing the length of the index finger (second
digit) by the length of the ring finger (fourth digit) on their dominant hand.
Previous studies suggest that the 2D:4D digit ratio for adult females is
normally distributed.
Figure 7 shows the values of the sextiles in Divya’s large-sample study.
[A sextile is similar to a quartile, but the data has been split into six equal proportions
instead of 4.]
Sextile Approximate percentile Digit ratio

S, 17th 0.942

S, 33rd 0.958

S; 50th 0.971

S, 67th 0.984

S5 83rd 1.000

Figure 7
(a) State the approximate value of the mean of the digit ratio in Divya’s study.
Explain your answer.
(2)
(b) Explain why the approximate value of the standard deviation of the digit ratio in
Divya’s study is 0.029
3)
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Question 7 continued

Divya also carries out a second large-sample study to investigate the 2D:4D digit ratio
for adult males.

Previous studies suggest that the 2D:4D digit ratio for adult males is also
normally distributed.

Her second large-sample study yields the following statistics:

x =0.952
s = 0.034

(c) Find the probability that a randomly chosen male adult has a 2D:4D digit ratio

(i) greater than 1
(1)

(i1) between 0.9 and 1
(1)

(d) Find the probability that a randomly chosen adult male has a 2D:4D digit ratio lower
than that of a randomly chosen adult female.

You should use your answers to (a) and (b)

C))

(Total for Question 7 is 12 marks)
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