

Tests included:

A:  Proportions

B:  Chi-square

C:  t-tests

D:  Non parametric tests

E:  Anova

F:  Regression

Chris Grover  Oct 2006
This booklet contains past exam questions.

Each week do some of the questions leaving 1 or 2 for revision purposes.

Each exam question is worth 10 marks
7 marks are awarded for carrying out the test with full explanation (see below) and 3 marks to the further question (in italics) which require knowledge of theory and generally awareness of issues. 

For each question, carry out an appropriate hypothesis test.
Each answer should include:

H0, H1


Why the chosen test is used*

Computer results (or manual)


Decision based on p value or test statistic


Any further comments related to the decision
Note:

In the exam you are not told what test to use – you have to decide and give reasons why.
A: Proportions

1.
The survey found that 8 out of 30 males and 14 out of 30 females answered yes to the statement “I chose to work longer hours because I enjoy my job”. Is the difference significant?

Why else might people work long hours? Could this be a gender issue?

2. Research in the mid 90s indicated that 25% of students work over 16 hours a week during term time. To test if this was still true on 2004, a sample of 20 Business students are sampled and 8 claimed to work over 16 hours a week.

Carry out a suitable test at 5% significance level and comment on the results.

How valid do you think the research is?

3. In recent research by a national estate agency, the number of young adults living at home was recorded. The survey found that 9 out of 30 males and 4 out of 20 females were still living at home by the age of 28. By using coding in MINITAB, test to see if there is a gender difference. 

      Suggest why such a difference may exist.






4.   In recent research by a holiday company, the number of young adults (under 30) seeking an ‘Ibiza’ experience was recorded. The survey found that whereas 18 out of 30 males showed an interest, only 10 out of 20 females did.  Test to see if there is a gender difference. 

Could the age of the respondents make a difference to the results?. 

B: Chi-Squared test
1.  A firm’s employees were asked which working-hours model they preferred. 
Is there a preference? 

Do you think it would be useful to compare gender or age differences?
	9 to 4.45 with half an hour for lunch
	32

	9 to 5.15 with 1 hour for lunch
	34

	Flexi-time (variable start) with half an hour for lunch
	45

	Flexi-time with chosen lunch duration
	40


2.  A large national grocery chain commissioned a survey to find out customer views on in-store music.

Was there a preference? 

Could the type of sample affect the results?





	Preference
	Number in favour

	No music
	20

	Classical
	18

	Lively
	30

	Any type
	24


3. A group of shoppers to find out their views on loyalty card rewards.

   Was there a preference?  What would you recommend the supermarket to do?







	Type of reward
	Number ranking as preferred reward

	Air miles
	30

	Vouchers available as they are earned
	45

	Vouchers awarded every 3 months
	20

	Points earning a % reduction on goods.
	25


4.  Research conducted into party supporter views on the Euro produced the following table. Analyse the results. 








	Views on GB joining the Euro

	Party


	For
	Unsure
	Against

	Labour
	21
	13
	26

	Conservative
	33
	13
	14


5.    A survey of newspaper readers found the following results. Is there a relationship
       between gender and class and the newspaper read? 
Carry out a suitable hypothesis test and comment on the results.

	
	Times
	Independent
	Mail
	Sun

	Male Class I/II
	45
	32
	12
	6

	Male Class III
	10
	18
	34
	15

	Female Class I/II
	26
	34
	15
	8

	Female Class III
	7
	25
	35
	20


6. Research conducted into social-economic politics produced the following results. 

Explain the statistical results and comment on the hypothesis carried out and what the results show.  Do you think these research results were as expected?





	
	Social-economic class

	Party
	I
	II`
	III

	Labour
	43
	26
	52

	Conservative
	65
	33
	20

	Lib-Dem
	24
	57
	27


7. 320 males were interviewed by the New Zealand Tourist Board to ascertain if age was an important factor in demand for adventure holidays which included such activities such as bungee-jumping and white water rafting. Previous experience was also noted. Analyze the data by carrying out a suitable hypothesis test.

	Intention/age
	Under 30
	30-45
	Over 45

	Interest and been on similar holiday before
	45
	30
	10



	Interest but not been on similar holiday before
	50
	20


	5

	No Interest but been on similar holiday before
	10


	15
	15

	No Interest and not been on similar holiday before
	40
	40
	40


8. 390 people were interviewed to see if the events of the year have changed their travel plans to the Far East or Australasia. Comment fully on the results.

	Intention/age & gender
	Male Under 30
	Female Under 30
	Male   Over 30


	Female Over 30



	No change of plans


	32
	30
	20
	25

	Changing my route to Australasia
	10
	10
	50
	60

	Changing my holiday destination
	10
	15
	26
	35

	No longer going to fly anywhere
	5
	10
	22
	30


9.   The following data records the number of different types of vehicles being caught in speed traps on different types of road.

Analyse the data to see if there is a relationship and comment fully on this.

	road type
	coaches/

buses
	lorries
	cars
	motorcycles

	motorways


	5
	49
	53
	58

	dual carriageways
	39
	116
	47
	53

	single carriageways
	17
	65
	8
	23


C: t-tests – One sample. Two samples: independent and paired
1.
It is believed the life expectancy of male smokers in the UK is 65. A sample of  50 smokers are taken from the Registrar of Births, Deaths and Marriages. The mean age at death is 62.3 with a standard deviation of 6.2.

Carry out a suitable hypothesis test by hand.  





2. 
A market research firm wants to find the average number of hours spent food shopping. They interview 20 people. Previous research has been inconsistent, with figures of 3 or 5 hours suggested. Which is correct?
	2.3   1   4.5   0.5   3.4     4.6   10    6.3    6.5     8     4     2.5    3    6    4    5.5    2.5    3    1   5.5  


3.   
Two samples of male and female employees at lower management level were asked their salaries (£000). Are males paid more than females?

What other factors could explain the difference.

	males
	24  32  21  26  24  21  20  20  19  23  24  18  18  22  24  25 

	females
	22  20  19  21  24  22  20  18  18  22  23  21  20  22  24  21  


4.
The number of hours a group of males and females spent shopping each week is given in the table. Is there a significant difference at 10%?

	Males
	0.5   0   0.5   1     1.5   1.6    1.75   2    2.1      2     2.5   2.5   3     3.5   4      0 

	Females
	0.5   1   1.5   1.5    2    2.5     2       2.3    2.5   4     3      5     3.5   3.5   6      3    


Why might a direct comparison between males and females not be useful?
5. 
10 Doctors in a practise record the number of patients seeking advice over the month prior and after a TV  health programme . Has the programme affected the numbers seeking advice? 









What else could have contributed to any changes in level?

	Practitioner
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Before
	4
	4
	6
	5
	8
	12
	15
	6
	4
	8

	After
	5
	7
	5
	8
	9
	18
	20
	9
	2
	6


6. An advertising company records sales of suntan cream (in £100s) in 10 shops according to the gender of the buyer. Carry out a suitable test to see if there is a difference.  

What can be deduced from the result?






	Male
	4.5
	5.2


	4.7
	3.6
	2.4
	5.6
	3.6
	4.5
	5.6
	3.5

	Female
	4.0
	6.7


	5.3
	4.2
	3.7
	4.5
	7.2
	6.2
	5.9
	6.5


7. Numbers of missed inoculations ( per 50 appointments) were noted in the fortnight before and after an article on side effects of the triple MMR vaccine, for 10 Health Practices.

Has the article affected the uptake? 





What other factors could affect the results?



(10 marks)

	Practitioner
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Before
	3
	4
	6
	5
	8
	12
	15
	6
	4
	8

	After
	5
	7
	5
	7
	9
	18
	20
	10
	2
	6


8.   
12 pairs of male and female employees at lower management level were matched by age and experience. Their salaries (‘000) were recorded.  Does this evidence support the hypothesis that males are paid more than females?

Explain why matched  pairs were selected.

	Males
	24   22   21   20   24   21   20   20   19   23   24   18  

	Females
	 22   20  18   18   22   23   21   20   22   24   21   15


9.  
A survey to ascertain the time spent by two samples of customers in a store when “peaceful” music is playing and when no music is playing is detailed below. 

Test if there is a difference.

	no music
	20  32  45   24  18  26   37  45  40   36  28  42   55  57  42   36  15  25  

	Peaceful music
	28  54  36   42  44  56   38  48  50   25  20  16   33  44  30   63  56  35


10.
Ten males and ten females students were asked how much they had spent on books (£) at the start of the semester. Was there a difference?

Is the answer as you would expect ?  Would you expect the results to be different if the 
        students were grouped according to subject studied rather than gender ?

	male
	20
	40
	30
	60
	30
	0
	0
	20
	50
	10
	0
	20

	female
	60
	40
	20
	0
	30
	60
	40
	20
	10
	20
	40
	20


11.  Sales levels (in millions) of   “XXXX” in 9 different locations were noted before and after an advertising campaign.

a. How effective do you think the advertising was?

b. Discuss what other factors could affect changes in sales.

	Region
	a
	b
	c
	d
	e
	f
	g
	h
	i
	J

	Before
	4.2
	5.3
	8.9
	7.6
	5.4
	3.2
	1.9
	7.2
	6.4
	5.2

	after
	4.3
	5.6
	9.6
	7.8
	5.7
	3.4
	2.1
	7.0
	6.4
	5.4


12. Random samples of the patient waiting times (in months) for heart surgery at two hospitals are given below. Is there a significant difference?

How would you interpret these results if you were a customer?

Hospital 1:  
20    12    14    15    26    14    18    20    25    34    27    19

Hospital 2:  
29    30    26    28    25    21    23    21    20    28    27    20

D: Non-Parametric tests
1.  The level of satisfaction before and after a chef is replaced in a restaurant is measured. Has the change made a difference?

What other factors could have influenced the results?

	Before 
	5    6    4    5    3    5    6    4    5    2    3    4    5    6   8

	After
	6    6    5    6    4    5    5    5    4    3    4    5    4    6   9


2. 
Two samples of 15 guests were asked to assess the service given by Reception at a   3* and a 4* hotel. The scores out of 20 are given below. Is there a difference in the service?

What reasons could there be for any or no difference?
	3* hotel
	15   12   12   9   14   16   17   17   18   13   14   15   17   10   14

	4* hotel
	15    9    12  12  12   18   19   16   16    17  15    15   16   11   13


3. Two samples of regular customers took part in a survey to measure customer satisfaction one before and one after a staff training course. The maximum score is 20.   Did the course make a significant difference?

Comment on the validity of this research.

	Before
	12    9       8       7    5    11      15     17    14    15    11      8      9    10    12 

	After
	14   10    12     10    6     15     17     15    16    12    11    10     9     11    13 


4. 15 regular diners were asked to assess a restaurant’s food before and after a new menu was introduced. The scores out of 20 are given below. Is there a difference in people’s perceptions?

Do you think that the change in the menu is the sole reason for any difference?

	Before
	15   10   12   8   14   16   19   17   18   15   14   16   17   10   12

	After
	12    9    12  10  12   13   19   16   16    17  15    12   16   11   11


5. A group of ten Oz travellers had booked to visit Uluru at dawn and dusk. The tour organisation asks them to complete a questionnaire about the trips to determine which time gives the best experience. The scores are given below. 

Is there a difference in the ratings? If so, why could this be?

An adviser for the organisation tells them there is a flaw in how they carried out the survey. What could this be and how could it be corrected?

	dawn
	10
	9
	10
	8
	9
	10
	8
	9
	10
	7

	dusk
	8
	9
	7
	8
	8
	8
	6
	7
	8
	5


6.  The number of customer complaints in 3 fast-food outlets is recorded over 12 weeks. Would you say service is the same in each outlet? 

Should the management be concerned?

	outlet
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	A
	1
	2
	2
	2
	1
	0
	1
	2
	2
	1
	0
	0

	B
	1
	0
	0
	0
	1
	1
	2
	1
	1
	0
	1
	0

	C
	0
	0
	1
	0
	1
	1
	2
	2
	2
	3
	3
	4


7.     15 customers in three different hotels rate their service out of 20.

a. Carry out a statistical test to see if there is a difference in perceptions.

b. Discuss if the results really do indicate the “best” hotel?

	Hotel A  

( ( ( ( (
	12  15  17    12    8    9     11   10  13    15  12   15    10   11   12

	Hotel B  

( ( ( (
	13  11  10    12    9   11     15  11  10      9   11   13    8   15   12

	Hotel C  

( ( (
	12  11  13     12   11  10    17   15   16    13   10   11   10  12   8


8
The Personnel department, of a company, carries out a staff training course on half of a department to try to increase employee motivation. Scores of the control and treatment groups are recorded. Is there a difference? 


















	Control
	4
	7
	8
	4
	5
	6
	8
	3
	6
	9

	Treatment
	5
	6
	8
	7
	9
	8
	10
	6
	6
	9


9.  The number of complaints in three outlets, are recorded over 2 weeks. Analyse the results.

Is there cause for concern?                                     




	Outlet 1
	3    4    2    3    5    6    3    2    1    0    3    2   1    4

	Outlet 2
	4    5    3    4    3    2    4    3    2    2    1    3    3    2

	Outlet 3
	1    0    3    5    6    4    3    7    3    1    0    2    2    6 


10. The extent of agreement with the statement “Socialising with work colleagues is something I enjoy” was recorded on a +2 (strongly agree) to -2 (strongly disagree) scale. Comment on the results.

	Women with children living at home
	2     2     1     0     -1     -1     0     0     2     2     1    0   1   1 

	Women without children 


	2     1     1     2      2      -1     2     1     1    2     2    2   3   1


Explain why a researcher might carry out a directional (one-tail) test rather than a non-directional one. Does it make a difference to the decision?

E: ANOVA
1. Time (hours per week) spent reading a newspaper was tabulated according to social class. Analyse the data to see if there is a significant difference and propose possible reasons for this.
	AB
	4    4     1.5    1.5   2       2    3     3     2     5     5     6     8   10   5   

	C
	1    1     1       1.5   1.5    2    4     4     5     2     2     3     3    4    4

	DE
	1    2     3       2      2       5    5      5    6     7     6     4     5    3    2


2. 
The amount of takings (‘000) in 3 outlets belonging to a fast-food chain are recorded over 12 weeks. Would you say levels of sales differ in the outlets?

By plotting the data, comment on the overall pattern and trends

	Outlet
	

	A
	1.2   1.5   1.8   1.5   2.3   2.5   3.6   3.2   2.8   2.9   2.5   2.6

	B
	2.4   2.5   2.2   2.0   1.9  2.0    2.3    2.5   2.2   2.1   1.9   2.1

	C
	1.6   2.6   2.1   2.5   2.3  1.9    2.4    2.4   2.6   2.2   2.9   2.8


3.    
Exam results from 3 different modules are given. Do you think there is a difference in the results?
	Marketing
	45 56 64 67 55 57 67 70 35 42 55 58 57 48 62 60 66 59 59 55 63 52 

	HRM
	55 62 66 73 51 59 60 66 38 48 66 62 60 50 64 66 63 60 47 50 58 53

	Research Methods
	40 55 62 70 58 66 73 72 30 42 60 60 55 43 60 61 70 55 42 45  50 54 


Initially assume there are different students on each module.
Repeat the test assuming that the same students take all three modules.

Regression
You can use Excel or Minitab to plot the data and fit a model (equation).

1.   Sales of  DVDs (in ‘000) over the last 8 months are given in the table below.  Show the data on a scatter graph and plot a regression line.

.     

      Fit a regression equation to the data and use it to predict the sales for the next 4 months.

      Comment on the accuracy of the predictions.

	Month
	1
	2
	3
	4
	5
	6
	7
	8

	Sales
	21
	26
	24
	33
	36
	42
	33
	44


2. The table below records tourist (‘000) visiting a resort over the last 8 years.

	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004 

	53.1
	45.8
	56.2
	63.2
	65.3
	69.5
	65.7
	70.3


a. To help the town council, predict the numbers for the next 3 years.

b. Discuss how accurate you think the predictions are.

   What factors could affect future numbers?

3. The number of hotel booking (10,000) in S.E. Asia are given in the table below. Fit a suitable model to the data and use it to predict the likely bookings for the next year. 










	2001

Qtr 1
	Qtr 2
	Qtr 3
	Qtr 4
	2002

Qtr 1
	Qtr 2
	Qtr 3
	Qtr 4

	5.4
	6.2
	6.4
	6.6
	6.9
	7.1
	6.5
	6.1


Explain why you have fitted or not fitted a linear model. 

4.
A government body has been collecting data over a number of years into the percentage of jobs employing the over 21s, that are paid below the minimum wage.

Fit a linear and a quadratic regression model to the data using EXCEL or MINITAB.

Comment fully on the results.
Why do you think that the percentage may have started rising from 2002?

What is a realistic prediction for 2004? Give reasons for your answer.

	year
	1998
	1999
	2000
	2001
	2002
	2003

	% jobs
	6
	2
	1
	1
	1.2
	2


5.
The sales of DVDs have risen steeply. Recently the electronic retailer Dixons announced that it would no longer stock videos.

Sales of DVDs (‘000) in a high street store

	1999
	2000
	2001
	2002
	2003
	2004

	0
	4
	6.6
	12.8
	23.4
	52.6


i. Plot all the data and fit a quadratic model.
ii. Plot the data from 2002 onwards and fit a linear model

iii. Comment on the best model in the light of your knowledge of the market

iv.  Predict what the sales for this year would be. 
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