Hypothesis Testing with Binomial distribution [70]

During the 2006 Christmas holiday, John, a maths teacher, realised that he had fallen
ill during 65% of the Christmas holidays since he had started teaching.

In January 2007, he increased his weekly exercise to try to improve his health.
For the next 7 years, he only fell ill during 2 Christmas holidays.

(a) Using a binomial distribution, investigate, at the 5% level of significance, whether there is
evidence that John's rate of iliness during the Christmas holidays had decreased since
increasing his weekly exercise.

[6 marks]

(b) State two assumptions, regarding illness during the Christmas holidays, that are
necessary for the distribution you have used in part (a) to be valid.

For each assumption, comment, in context, on whether it is likely to be correct.
[4 marks]

(Total 10 marks)
2.

(i) The random variable R has the distribution B(6, p). A random observation of R is found to be
6. Carry out a 5% significance test of the null hypothesis H: p = 0.45 against the alternative
hypothesis H,: p # 0.45, showing all necessary details of your calculation. [4]

(ii) The random variable S has the distribution B(n, p). H; and H, are as in part (i). A random
observation of S is found to be 1. Use tables to find the largest value of n for which H is not
rejected. Show the values of any relevant probabilities. [3]

(Total 7 marks)
3.

Consultations are taking place as to whether a site currently in use as a car park should be developed
as a shopping mall. An agency acting on behalf of a firm of developers claims that at least 65% of the
local population are in favour of the development. In a survey of a random sample of 12 members of
the local population. 6 are in favour of the development.

(i) Carry out a test, at the 10% significance level, to determine whether the result of the survey 1s
consistent with the claim of the agency. [71

(ii) A localresidents’ group claims that no more than 35% of the local population are in favour of the
development. Without further calculations, state with a reason what can be said about the claim
of the local residents’ group. [2]

(iii) A test 1s carried out, at the 15% significance level, of the agency’s claim. The test 1s based on a
random sample of size 2n, and exactly » of the sample are in favour of the development. Find
the smallest possible value of » for which the outcome of the test 1s to reject the agency’s claim.

[4]
(Total 13 marks)



4.
A company sponsors a series of concerts. Surveys show that on average 40% of audience members
know the name of the sponsor. As this figure 1s thought to be disappointingly low, the publicity
material 1s redesigned.

After the publicity material has been redesigned, a random sample of 12 audience members 1s
obtamed. and 1t 1s found that 9 members of this sample know the name of the sponsor. Test.
at the 5% significance level, whether there 1s evidence that the proportion of audience members
who know the name of the sponsor has increased. [7]

(Total 7 marks)
5.

A television company believes that the proportion of adults who watched a certain programme is 0.14.
Out of a random sample of 22 adults, it is found that 2 watched the programme.

(i) Carry out a significance test, at the 10% level, to determine, on the basis of this sample, whether

the television company is overestimating the proportion of adults who watched the programme.
(8]

(ii) The sample was selected randomly. State what properties of this method of sampling are needed
to justify the use of the distribution used in your test. [2]

(Total 10 marks)
6.
A pharmaceutical company is developing a new drug to treat a certain disease. The company will
continue to develop the drug if the proportion p of those who have the disease and show a substantial

improvement after treatment is greater than 0.7. The company carries out a test, at the 5% significance
level, on a random sample of 14 patients who suffer from the disease.

(i) Find the critical region for the test. 3]

(ii) Given that 12 of the 14 patients in the sample show a substantial improvement, carry out the test.
(5]
(Total 8 marks)
7.
A travel company finds from its records that 40% of its customers book with travel agents. The

company redesigns its website, and then carries out a survey of 10 randomly chosen customers. The
result of the survey is that 1 of these customers booked with a travel agent.

(i) Test at the 5% significance level whether the percentage of customers who book with travel
agents has decreased. [7]

(ii) The managing director says that “Our redesigned website has resulted in a decrease in the
percentage of our customers who book with travel agents.” Comment on this statement. [1]

(Total 8 marks)

It 1s known that on average one person in three prefers the colour of a certain object to be blue. In a
psychological test, 12 randomly chosen people were seated in a room with blue walls, and asked to state
mdependently which colour they preferred for the object. Seven of the 12 people said that they preferred
blue. Carry out a significance test, at the 5% level, of whether the statement “on average one person in three
prefers the colour of the object to be blue” 1s true for people who are seated in a room with blue walls. [7]

(Total 7 marks)



