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Section Check In – 2.05 Statistical Hypothesis Testing

Questions

 1.	A supermarket typically has 60% of inhabitants of a town who shop there. The manager wants to see if the new advertising campaign has increased the number of customers. 

	State the null and alternative hypothesis for this test.



 2.	A random sample of size n is taken from a binomial distribution. If 

carry out a hypothesis test given the null and alternative hypotheses. Test at the 3% significance level.


 3.	A television programme called “Cook off” changes three of its presenters. The programme was viewed by 20% of a population of 50 million. The producers want to determine if this change has affected viewing figures. From a random sample of 100 from the population, 28 said they watched the programme. 

	Carry out a suitable hypothesis test at the 5% significance level (stating the null and alternative hypotheses) to determine whether there is sufficient evidence to suggest viewing figures have changed.


 4.	It is known that on average one person in three prefers the colour of a certain object to be blue. In a psychological test, 30 randomly chosen people were seated in a room with blue walls, and asked to state independently which colour they preferred for the object. five of the 30 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” is true for people who are seated in a room with blue walls.


 5.	Harry is taking a multiple choice test with 40 questions. Each question has 4 answers to choose from. Harry gets 2 questions right; he says he guessed them all. Harry’s teacher says that his mark is worse than someone who is just guessing. Carry out a hypothesis test with a 5% level of significance to see if there is evidence to support the teacher’s claim.




 6.	The 2001 method of travel to work census data showed that 3% of the Manchester City Authority population cycle to work. A new system of designated cycle routes have been opened with the aim to increase the numbers cycling to work. A random sample of 450 people in the city centre found that 18 stated that they regularly cycled to work. 

	(a)	Test, at a 10% significance level, whether there is evidence that this survey shows a greater proportion of people cycling to work. 

	(b)	Comment on the validity of this survey to determine the effectiveness of the new system of designated cycle routes to promote cycling to work.


 7.	A common drug for treating a particular minor illness cures, on average, 78% of patients. Twenty people with this minor illness are selected at random and treated with a new drug. Of these, 19 are cured. 

(a)	Carry out a hypothesis test at the 1% significance level to investigate whether there is any evidence to suggest that the new drug is more effective than the old one.

(b)	If the research had chosen to carry out the hypothesis test at the 5% significance level, what would the result have been? Justify your answer.


 8.	Coeliacs are people who must avoid eating gluten. A society monitoring restaurants that offer gluten free menus has established that around 20% of restaurants offer a separate gluten free menu. A local newspaper wants to promote the availability of gluten free dishes and claims that there are more restaurants than this in the area. Of 20 restaurants contacted, 10 said that they do offer a separate menu. 

	(a)	Conduct a suitable hypothesis test with a 5% significance level to see whether there is evidence to support the newspaper’s claim.

	(b)	Determine what the p-value would be for the test.


 9.	Last year it was found that on average 85% of new seeds of a particular variety of tomato will germinate. Ramesh found that he had a large number of seeds left over from last year. Because the seeds are now one year old, he suspects that the germination rate will be lower. He conducts a trial by randomly selecting n of these seeds and sowing them. He then carries out a hypothesis test at the 1% significance level to investigate whether he is correct.

(a)	In a trial with n = 20, Ramesh finds that 13 seeds germinate. Carry out the test.
(b)	If n is small, there is no point in carrying out the test at the 1% significance level, as the null hypothesis cannot be rejected however many seeds germinate. Find the least value of n for which the null hypothesis can be rejected, quoting appropriate probabilities to justify your answer.




10.	To withdraw money from a cash machine, the user has to enter a 4-digit PIN (personal identification number). There are several thousand possible 4-digit PINs, but a survey found that 10% of cash machine users use the PIN ‘1234’. An advertising campaign aims to reduce the number of people who use 1234 as their PIN. A hypothesis test is to be carried out to investigate whether the advertising campaign has been successful.

(a)	Write down suitable null and alternative hypotheses for the test. Give a reason for your choice of alternative hypothesis.

A random sample of 20 cash machine users is selected.

(b)	 (i)  	Explain why the test could not be carried out at the 10% significance level.

(ii)  	The test is to be carried out at the k % significance level. State the lowest integer value of k for which the test could result in the rejection of the null hypothesis.

A new random sample of 60 cash machine users is selected. It is found that 2 of these users have the PIN 1234. 

(c)	Using the same hypotheses as in part (a), carry out the test at the 5% significance level.


Worked solutions


 1.	, where p is the proportion of inhabitants that shop at the supermarket.



 2.	

	


	If is true, 

	This is a one-tail test, 

Therefore, as this is not in the critical region we do not reject which means there is insufficient evidence against the null hypothesis.




 3.	Let be the number of viewers from the sample of 100 watching the “Cook off” and the proportion of the population who watch the “Cook off”.

	


	Under , 

	

	This is a two-tail test, 

Therefore, as this is not in the critical region we do not reject  which means there is insufficient evidence against the null hypothesis that the new presenters have affected viewing figures.



 4.	Let  probability that a randomly person prefers blue

	 

	


	 	 

	 

	No evidence to reject 
	Insufficient evidence that statement is false.






 5. 	Let be the number of questions that someone gets correct and represents the probability of getting a question correct.

	


	Under , .

	

This is a one-tail test, so there is evidence that Harry is doing worse than someone who is just guessing.




 6.	(a)	Let  be the number of people surveyed and  the proportion that cycle to work.

		 

		

		 

		 


		, therefore sufficient evidence to reject 
		There is evidence to suggest that a greater proportion of people do cycle to work.

	(b)	E.g. The survey has only looked at those people that now cycle to work but gives no details as to whether these people have started to cycle because the new cycle routes have been opened, or if they had always cycled (or have recently moved to the area) [oe]



 7.	(a)	Let  and p=probability of a patient being cured (for population)

		 

		

		 

		 So not significant.
There is not enough evidence to suggest that the new drug is more effective than the old one.
	

	(b)	With a 5% significance level rather than a 1% level, the null hypothesis would have been rejected, since . There would be enough evidence to suggest that the new drug is more effective than the old one.
		






 8.	a)	Let  be the number of restaurants offering gluten free menus and represents the 
		proportion of restaurants that offer a gluten free menu.

		


		Under , 

		

		This is a one-tail test, 

Therefore, as this is in the critical region we reject which means there is sufficient evidence against the null hypothesis suggesting there is evidence to support the local paper’s claim that there are more than 20% of restaurants in the area offering a separate gluten free menu.
	

	b)	This is a one-tail test. The critical value, g, is such that 




		Therefore, the test statistic is to reject if  and the p-value is 0.0321.



 9.	(a)	Let  probability of a seed germinating
		H0: p = 0.85
		H1: p < 0.85
		Let X ~ B(20, 0.85)
		P(X ≤ 13) = 0.0219
		2.19% > 1% So not enough evidence to reject H0.
There is not enough evidence to indicate that the proportion of seeds which have germinated has decreased.

	(b)	For n = 2 , P(X≤ 0) = 0.0225  so 2.25%> 1%
		For n = 3 , P(X≤ 0) = 0.0034  so 0.34%< 1%
So the least value of n for which the critical region is not empty and thus H0 could be rejected is 3.



[bookmark: _GoBack]10.	(a)	Let p = probability of a randomly chosen person using 1234 as their PIN (in the 
		population)
		H0: p = 0.1
		H1: p < 0.1
The alternative hypothesis has this form as the advertising campaign aims to reduce the proportion of the population who use 1234 as their PIN.

	(b)	 (i)	For n = 20 , P(X ≤ 0) = 0.1216
			0.1216 > 0.10
	So no point in carrying out the test as H0 could not be rejected (even if nobody in
	the sample uses 1234 as their PIN). oe

		(ii)	Lowest value of k is 13

	(c)	P(X ≤ 2) = 0.0530
		0.0530 > 0.05
		So not significant. Do not reject H0
		There is not enough evidence to support the suggestion that the advertising campaign
		has been successful.
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