HYPOTHESIS
TESTING
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Question 1  (*%)

The discrete random variable X has binomial distribution.

A random sample of 25 observations of X is used to test the hypotheses

Hy: p=0.25 against H,:p>0.25,

at the 5% level of significance.

a) Find size of the test.

b) Given further that p =0.45 determine the power of the test.
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Question 2 (*%)

Bags of cement are filled by factory machinery. It is known from past records that the
weights of these bags are Normally distributed with a standard deviation of 400 grams.

The bags of cement have an advertised weight of 50 kg .

At the start of each month a random sample of 25 bags are weighed, in order to test
the functionality of the machinery.

The test is carried at the 5% level of significance, for
Hy: #=50kg  versus Hy: 4#50kg.
For this test...
a) ... state the probability of a Type I error.
b) ... find the critical region, correct to the nearest gram.

¢) ... determine the probability of a Type II error, if the mean weight has in fact
changed to 50.1 kg .
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Question 3 (**+)

Bags of flour have a nominal weight of 2 kg .

It is known from past records that the weights of these bags are Normally distributed
with a standard deviation of 50 grams.

A random sample of 4 bags are weighed, in order to carry out a test at the 5% level of
significance for the following hypotheses.

Hy: u=2kg  versus H;: u<2kg,

Given further that the mean weight has in fact changed to 1.94 kg, calculate the power
of this test.
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Question 4  (¥*%)

The discrete random variable X has Poisson distribution.
A critical region is determined, to test the hypotheses
Hy,: A=8 = against: H;:1#8,
so that the probability of rejection in each tail is as close as possible to 5% .
a) Find the probability of a Type I error occurring.
b) If A=10, determine the probability of a Type II error occurring.

¢) Determine the power function, for integer values of A, 4<A<7.
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Question 5 (***4)

A train operator claims that the proportion p, of their trains running late, is 0.1.

A test, based on a random sample of 10 trains, is to be used to investigate the train
operator’s claim.

The hypothesis that p =0.1 is to be rejected, if more than 2 trains arrive late.
a) Find the size of this test.

b). Show that the power function of this test is given by
1-(1= p)’ (36p> +8p+1).

¢) Plot the power function of part (b) in a suitably labelled set of axes, using
values from p=0.2 to p=0.7, with a step of 0.1.
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Question 6  (¥*¥%¥)

It is thought that a proportion p, of the tiles produced in a factory, have minor flaws.

A quality test, based on a random sample of 10 tiles from the daily production is
devised, in order to test if p is greater than 0.1.

The hypothesis that p=0.1 is rejected, if more than 4 tiles with flaws are found in the
sample. The table below shows the power function for this test.

p 0.15 0.2 0.25 0.3 0.35 0.4
power | 0.0099 | 0.0328 k 0.1503 | 0.2485 | 0.3669

a) Find the size of this test.
b) Determine the value of &, in the above table.

A second test, based on a random sample of 20 tiles from the daily production is
proposed, in order to test if p is greater than 0.1.

The hypothesis that p =0.1 is rejected if more than 9 tiles with flaws are found in the
sample.

¢) Find the probability of a Type I error occurring, when using the second test.

The table below shows the power function for the second test.

)4 0.15 0.2 0.25 0.3 0.35 0.4
power | 0.0021 | 0.0173 | 0.0713 | 0.1894 | 0.3697 | 0.5754

d) Plot the graphs of the two power functions in the same set of axes.

e) Using these graphs, state the value of p, when the two graphs meet, briefly
explaining the significance if p is smaller or greater than this value.

Ny

0.0016/|, [0.0781], |0.0001|, | p = 0.27

[solution overleaf]
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Question 7  (¥¥¥F)

A private maths tutor has some of his session cancelled randomly, at the constant rate
of 8 sessions per month.

a) Find the probability that, in a given month, ...
i. ... exactly 8 sessions are cancelled.

ii. ... exactly 4 sessions are cancelled in each half of the month.
In a random period of 2 months, 17 sessions were cancelled.

b) Show that the probability of at least 8 sessions being cancelled in each of

. 1\l 17
these 2 months, is exactly (7) x Cq'.

The tutor claims that the rate of his cancelled sessions have decreased, because in the
most recent month he had 4 cancelled sessions.

¢) Stating your hypotheses clearly, ...

i. ... testatthe 5% level of significance the tutor’s claim.
iil. ... state the critical region for this test of part (ii).
ili. ... state the probability of a Type I error occurring, if the critical region

of part (ii) is to be used.

iv. ... determine the power of the test if the rate of the cancelled sessions is
in fact 6 per month.

0.1396/|, [0.0382

not significant, 9.96% > 5%
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