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Answer all questions in the spaces provided.

1 (a)

A random sample X is taken from a population with an unknown distribution.

Another random sample Y is taken from a second population, again with an unknown

distribution.

The table below shows details of the two random samples.

Sample Sample Size Sample Mean Sample Variance
X 100 9.5 4.2
Y 120 10.1 4.8

The samples are used to conduct a test at the 1% level of significance with the

hypotheses

HO:
H1:

Hy = Hy
Hy > Hx

where 1, is the population mean of sample X

and u, is the population mean of sample Y

Determine the critical value for the test, giving your answer to four significant figures.

[1 mark]
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1 (b) Determine the conclusion of the test. * Stioi °
[4 marks]
1 (c) State an assumption you have made to conduct the test.
[1 mark]
6
Turn over for the next question

Turn over »

0 3

IB/G/Jan22/FM04



host country.

The results are shown in the table below.

2 An international football tournament is taking place in a particular (host) country.

A total of 500 randomly selected football supporters were asked to predict which team
will win the tournament.

Of these 500 supporters, 300 were from the host country and 200 were from outside the

Predicted Winning Team

Brazil Germany Other
Host country 140 101 59
Outside the host country 72 48 80

Test at the 1% level of significance if there is an association between the location of a
supporter (inside or outside the host country) and their predicted winning team.

[8 marks]
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3 A random sample of size n is taken from a population which is normally distributed.
The population variance is known to be 6.25

The sample mean is used as the test statistic in a hypothesis test to investigate the
population mean.

The width of a 95% confidence interval for the population mean is set at 1.4

3 (a) Find the value of n
[3 marks]
Answer
3 (b) A particular sample has a mean of 6.3
3 (b) (i) Find the confidence interval, giving your values to one decimal place.
[1 mark]

Answer

3 (b) (ii) Hence determine the conclusion of a hypothesis test at the 5% level of significance with
hypotheses

Hy: u=354
Hi: u#54
[1 mark]
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3 (c) The true population mean is 5.7 box
Find the power of the test used in part (b)(ii).
Give your answer to three significant figures.
[4 marks]
Answer 9
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4 (a)

Two independent random samples of sizes n and m

X, X, Xqo X, and Y, Y, Y,....7,

are taken from the same population with mean x4 and variance o?

Unbiased estimators for ¢ from each sample are determined as

where

4 (a) (i) Determine whether or not 7' is an unbiased estimator of u

[3 marks]
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4 (a) (ii) Show that the variance of T is °
n+m
[2 marks]
4 (a) (iii) Determine whether or not T is a consistent estimator for either sample.
[2 marks]

Question 4 continues on the next page
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4 (b)  The statistic ¥ is an unbiased estimator for o and is given by

p=_""1 g2, g2
n+m—-2 7% y

4 (b)(i) Show that k=—"""
n+m-—2
[3 marks]
4 (b) (ii) State the name givento V'
[1 mark]
4 (b) (iii) State a type of hypothesis test which would use V
[1 mark]
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5 The percentage of trains that arrive at stations on time is recorded for 8 railway lines in a
particular country each year.

Higher percentages for a railway line mean that more trains arrive at stations on time.

The table below shows the percentages for the 8 railway lines in 2020 and 2021.

Year 2020 2021

Line A 94.4% 97.1%
Line B 88.3% 91.1%
Line C 94.7% 94.5%
Line D 76.8% 81.0%
Line E 95.2% 93.1%
Line F 99.2% 97.5%
Line G 92.9% 94.3%
Line H 95.3% 98.4%

Test at the 10% level of significance if the percentage of trains that arrive at stations on
time for the 8 railway lines has increased.
[11 marks]
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Two technology companies, A and B, manufacture silicon chips which are stored in

boxes.

Both companies put the same number of silicon chips in each box.

The mean number of faulty silicon chips in a box is the same for both companies.

Company A claims that its manufacturing process is better as the variance in the number
of faulty silicon chips in each box it manufactures is less than that for Company B.

The number of faulty silicon chips x in each of 12 boxes from Company A and 12 boxes

from Company B is used to test this claim.

The summary statistics are shown in the table below.

S

>

Company A

482

19 498

Company B

477

19 531

Test Company A’s claim at the 1% level of significance.

[8 marks]
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7 The discrete random variable X has the probability distribution box
X 0 1
P(X = x) 1-p p

where 0< p<1

7 (a) Show that MX(t) the moment generating function of X is of the form
M (t)=A4+Be'

where A4 and B are expressions in terms of p
[2 marks]

7 (b) The discrete random variables X, for {i=1,2,---,n} are independent and each have
the same distribution as X above.

The sum of these variables is S

State the moment generating function for S
[1 mark]

Answer
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7 (c) (i) Use the moment generating function for S to find E(S) interms of n and p

[3 marks]

Answer

7 (c) (ii)) Use the moment generating function for S to find Var(S) interms of n and p

[4 marks]

Answer
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8 A government analyst is investigating the number of successful startup companies X box
in each of the 400 business parks in a country.

The number of successful startup companies in each business park for a particular year
are summarised in the table below.

Number of successful
startup companies

Frequency 40 | 103 | 113 | 83 45 14 2 0

8 (a) The analyst believes that the number of successful startup companies on a business
park could be modelled as a binomial distribution X ~B(6,p) where p is the

probability that the startup company is successful.

8 (a) (i) By calculating the mean X justify why the analyst should choose a value of p=0.35
[1 mark]

8 (a) (ii) The expected frequency table below shows five values calculated using this binomial
model, correct to two decimal places.

Complete the expected frequency table below using this binomial model, giving your
values to two decimal places.
[2 marks]

Number of
successful 0 1 2 3 4 5 6
startup companies

Expected frequency | 30.17 | 97.46 | 131.20 38.04 8.19
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8 (a) (iii) Test at the 2.5% level of significance whether a binomial model is a suitable distribution box
for the analyst to use in this situation.
[7 marks]

Question 8 continues on the next page

Turn over »

19

IB/G/Jan22/FM04



20

Do not write
tside th
8 (b) The analyst also tries a Poisson distribution as a possible model and tests this at the o
2.5% level of significance.
8 (b) (i) The expected frequency table below shows five values calculated using this Poisson
model, correct to two decimal places.
Complete the expected frequency table below using this Poisson model, giving your
values to two decimal places.
[2 marks]
Number of
successful 0 1 2 3 4 5 >6
startup companies
Cxpected 102.86 | 108.01 | 75.60 | 39.69 8.18
requency
8 (b) (ii) The test statistic for the data is 8.41
Find the critical value and state the conclusion of the test.
[3 marks]
Critical Value
Conclusion
8 (c) Using the results of your tests in part (a)(iii) for the binomial model and in part (b)(ii)
for the Poisson model state with a reason which is the better model for successful startup
companies in business parks.
[1 mark]
16
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