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Learning Objectives 
By the time the candidate has completed this module, he or she should understand: 
x how to use the statistical tables; 
x how to estimate a population parameter using a confidence interval; 
x how to carry out and interpret appropriate hypothesis tests. 

4.1 Introduction 
Researchers do not often have the luxury of having access to data about the whole 
population that they are interested in. Usually this is because of constraints on time, 
finance and resources and on the availability of the actual data. As a result, data have 
to be collected from a sample, and these results are used to make inferences about 
the actual population. Such data are often used to provide estimates of the value of 
a particular population parameter, such as the mean, the variance or proportion. 
These estimates are usually provided in the form of confidence intervals. 

Sample data are also used to test hypotheses about the values of particular statis-
tics in the population. There are a wide variety of tests available, but it is important 
that an appropriate test is used, that the underlying assumptions are satisfied, and 
that the correct conclusion is reached.  

This module looks at the ways in which sample data can be used to provide esti-
mates about population parameters and to test hypotheses about population values. 
All the methods illustrated depend on the use of one of the four main statistical 
distributions, so these distributions are described, together with examples of the use 
of the tabulations. 
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4.2 Statistical Distributions 

4.2.1 Introduction 

The methods for estimation and hypothesis testing that are described in this module 
are all based on one of four standard statistical distributions. These are the normal 
distribution, the t-distribution, the F-distribution and the chi-squared distribution.  

Each of these distributions is a theoretical probability distribution and can be 
represented by a mathematical formula. The formula could be used to calculate the 
probability of obtaining a particular range of values, but tables are available that 
show these probabilities. Unfortunately the formats used to display the values in the 
tables often vary, so it is important to understand how to extract the key data that 
are required. 

 
Figure 4.1 The normal distribution 

Figure 4.1 illustrates the normal distribution, a typical probability distribution. 
The area under any part of the curve represents a probability. The area under the 
whole curve represents a probability of 1, i.e. all the observations.  

Note that probability is usually measured on a scale from 0 (will not occur) to 1 
(will definitely occur). Sometimes probabilities are stated as percentages, ranging 
from 0 per cent to 100 per cent. It is important to be familiar with both scales, and 
to be able to convert from one to the other. 

The statistical tables, in Appendix 1, are used to provide the information needed 
for determining probabilities and the subsequent calculations. The use of the tables 
will be explained for each of the four main distributions: the normal distribution, t-
distribution, F-distribution and chi-squared distribution. 

4.2.2 The Normal Distribution 

There are many examples of data that follow a normal distribution, such as people’s 
heights, the contents of a drinks can, and the length of phone calls. The normal 
distribution is also important as it provides the foundation for the statistical theory 
behind estimation and hypothesis testing. 

Probability = 1.0
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4.2.2.1 Normal Distribution Tables 
Figure 4.2 shows the area of the normal distribution that is tabulated in 0 in 
Appendix 1. For a given value of the z-statistic, the standard normal deviate, the 
table shows the area from the centre of the distribution towards the right tail. This 
represents the probability of z lying between 0 and the specified value. 

 
Figure 4.2 Area tabulated for the normal distribution 

Example: Using the normal distribution tables to find a 
probability 
If the z-statistic is 1.62, find the probability that: 

a  0	 	z	 	1.62	
b  z	 	1.62	
c  1.62	 	z	 0	

Solution 

a  z	 	1.62	
The corresponding area in 0 is 0.4474. This is illustrated in Figure 4.3. 

 
Figure 4.3 Using the normal distribution tables to find a probability 

The probability of z lying in the range 0 ≤	z ≤ 1.62 is 0.4474.  
This can be written mathematically as: 

 P(0	≤	z	≤	1.62)	=	0.4474 
(b) Since the probability of getting a value in the right half of the distribution is 0.5, the 

probability of z being greater than 1.62 is: 
	P(z	>	1.62)	=	0.5	−	0.4474	=	0.0526 

(c) Note that the normal distribution is symmetrical, and that the value of z is zero 
under the peak of the curve. The z-statistics will be negative on the left side of the 

0 z

Area tabulated

0

Probability
0.4474

Probability
0.0526

1.62
z
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distribution. Hence: 
P(−1.62	≤	z	≤	0)	=	P(0	≤	z	≤	1.62)	=	0.4474 

0 can also be used to determine the range of z-statistics that correspond to a given 
probability. In this case, the value of the probability is found in the body of the table and 
the corresponding z-statistic is read at the side. 

Example: Using the normal distribution tables to find a z-
statistic  
If the probability of z lying in the range 0 ≤ z ≤ z1 is 0.4945, what is the value of z1? 
Solution 

 
Figure 4.4 Using the normal distribution tables to find a z-statistic 

P(0	≤	z	≤	z1)	=	0.4945	
This is the area tabulated in 0 as shown in Figure 4.4, so the corresponding z-statistic is: 

z	=	2.54	=	z1	

4.2.2.2 Using the Normal Distribution for Estimation 
In estimation, the area in the centre of the distribution is of importance, and 
represents the level of confidence. This is illustrated in Figure 4.5, which shows an 
area of 95 per cent in the centre of the distribution. The limits of this area are 
known as the 95 per cent confidence limits. 

The relevant values of the z-statistics (z1 and z2) are determined from the normal 
distribution table, as shown below. 
Area	required	=	95%	
Probability	=	0.95	
P(z1	≤	z	≤	z2)	=	0.95	

0

Probability
0.4945

z1

2.54
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Figure 4.5 95 per cent confidence limits for a normal distribution 

Since the curve is symmetrical:  

0 0.95
2 0.475	

From 0, the corresponding z-statistic is: 
z	=	1.96	=	z2	

By symmetry, z1 = −1.96. 
This gives the values of the z-statistics, 1.96 and −1.96, for calculating the 95 per 

cent confidence limits. The values of the z-statistics for calculating the 99 per cent 
confidence limits can be found in a similar manner, and are 2.58 and −2.58. 

4.2.2.3 Using the Normal Distribution for Hypothesis Testing 
In hypothesis testing, the areas in the tails of the distribution are of interest, and 
are known as the critical areas. Figure 4.6 shows the critical areas of the normal 
distribution giving 1 per cent in both tails combined. 

 
Figure 4.6 Critical areas of the normal distribution giving 1 per cent in 

both tails combined 

The values of the z-statistics (z1 and z2) are determined from the normal distribu-
tion, 0, as shown below. 
Area	in	tails	(both	tails	combined)	=	1%	
Area	in	right	tail	=	0.5%	

95%

z2.5%

–1.96
z1

z2.5%

1.96
z2

0.5%0.5%

z0.5%

–2.58
z1

z0.5%

2.58
z2

Area in both tails combined = 1%
Area in each tail = 0.5%
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Probability	in	right	tail	=	0.005	
Probability	shown	in	table	=	0.5	 	0.005	=	0.495	
P(0	≤	z	≤	z2)	=	0.495	

From 0, the corresponding z-statistic is: 
z	=	2.58	=	z2	

By symmetry, z1	= −2.58. 
The values of the z-statistics that give an area of 1 per cent in both tails com-

bined are 2.58 and −2.58. The values of the z-statistics that give an area of 5 per 
cent in both tails combined can be found in a similar way, and are 1.96 and −1.96. 

A hypothesis test might be used only to determine whether there is a significant 
increase. In this case the critical area is in the right tail as shown in Figure 4.7. 

 
Figure 4.7 Critical area of the normal distribution with 1 per cent in the 

right tail 

The relevant z-statistic is determined as: 
Area	in	right	tail	=	1%	
Probability	=	0.01	
Probability	shown	in	table	=	0.5	−	0.01	=	0.49	
P(0	≤	z	≤	z1)	=	0.49	

From 0, the corresponding z-statistic is: 
z	=	2.33	=	z1	

The value of the z-statistic that gives an area of 1 per cent in the right tail is 2.33. 
The value of the z-statistic that gives an area of 5 per cent in the right tail can also 
be found and is 1.65. 

Note that if the hypothesis test is testing for a significant decrease, then the criti-
cal area will be in the left tail and the corresponding values will be −1.65 giving 5 
per cent, and −2.33 giving 1 per cent in the left tail. 

4.2.3 The t-distribution 

The t-distribution is used instead of the normal distribution when working with 
small samples, usually when the sample size is less than 30. It is also used when the 
assumption that the population is normally distributed cannot be made. The t-

1%

z1%

2.33
z1
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distribution is also used to test the significance of the regression coefficients and the 
correlation coefficients in regression analysis. 

4.2.3.1 t-distribution Tables 
The t-distribution is symmetrical, but its shape depends on the number of degrees 
of freedom (d.f.). The degrees of freedom are calculated from the sample size. 0 in 
Appendix 1 shows the values of the t-statistics for particular areas of the distribution 
and degrees of freedom. Note that when the degrees of freedom are large, 30 or 
more, the t-distribution can be approximated by the normal distribution. 

 
Figure 4.8 Area tabulated for the t-distribution, 15 d.f. 

The area tabulated in 0 is the area in the right tail, as shown in Figure 4.8. The 
table is used mainly to determine the t-statistics that correspond to a particular 
probability. 

Example: Using the t-distribution tables to find a t-statistic 
If a sample has 15 degrees of freedom, what is the t-statistic that gives a probability of 5 
per cent in the right tail? 
Solution 

Probability	in	right	tail	=	5%	=	0.05	
Degrees	of	freedom	(d.f.)	=	15	
t‐statistic	=	1.753	

4.2.3.2 Using the t-distribution for Estimation 

Example: Using the t-distribution tables to determine the 95 
per cent confidence limits 
Find the values of t for the 95 per cent confidence limits with 15 degrees of freedom. 
Solution 
The 95 per cent confidence interval is shown in Figure 4.9. 

5%

t5%

1.753
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Figure 4.9 95 per cent confidence interval for a t-distribution, 15 d.f. 

Area	required	=	95%	
Probability	=	0.95	
P(t1	≤	t	≤	t2)	=	0.95	
Since the curve is symmetrical: 

0 0.95
2 0.475	

Probability	in	right	tail	 	0.5	 	0.475	 	0.025	
From 0, the corresponding t-statistic with 15 d.f. is: 

t	=	2.131	=	t2	
By symmetry, t1	= −2.13. 
The values of the t-statistics for calculating the 95 per cent confidence limits are 2.13 
and −2.13. 

4.2.3.3 Using the t-distribution for Hypothesis Testing 

Example: Using the t-distribution to determine the values of t 
that give an area of 1 per cent in both tails combined 
Find the values of t that give an area of 1 per cent in both tails combined, with 15 
degrees of freedom. 
Solution 
Figure 4.10 shows the values of the t-statistic that give an area of 1 per cent in both tails 
combined. 

95%

t2.5%

–2.131
t1

t2.5%

2.131
t2

2.5%2.5%
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Figure 4.10 t-distribution with 1 per cent in both tails combined, 15 d.f. 

Area	in	both	tails	 	1%	
Area	in	right	tail	 	0.5%	
Probability	 	0.005	
From 0, the corresponding t-statistic with 15 d.f. is: 

t	=	2.947	=	t2	
By symmetry, t1	= −2.947. 
The values of the t-statistics that give an area of 1 per cent in both tails combined are 
2.95 and −2.95.  

4.2.4 The F-distribution 

The F-distribution is used to compare two variances in the form of a ratio. It is also 
used in analysis of variance and in testing the significance of a regression model. 
The distribution is not symmetrical. The shape of the curve is determined by two 
sets of degrees of freedom, those for the numerator and those for the denominator. 

4.2.4.1 F-distribution Tables 
The values tabulated for the F-distribution, 0 of Appendix 1, correspond to areas of 
5 per cent and 1 per cent in the right tail of the distribution. The value shown in the 
roman type represents the value giving 5 per cent in the right tail, and the value 
shown in bold type corresponds to an area of 1 per cent in the tail. The first degrees 
of freedom (Φ1) are shown in the column and the second degrees of freedom (Φ2) 
are shown in the row.  

Example: Using the F-distribution tables for hypothesis testing 
Find the values of the F-statistic that give areas of 5 per cent and 1 per cent in the right 
tail when there are 6 and 10 degrees of freedom. 
Solution 
As the degrees of freedom are 6 and 10, the F-statistics are found in the column headed 
6 and the row labelled 10, in 0. 

F	at	5%	=	3.22	
F	at	1%	=	5.39	

0.5%0.5%

t0.5%

–2.947
t1

t0.5%

2.947
t2

Area in both tails combined = 1%
Area in each tail = 0.5%
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These values are illustrated in Figure 4.11. 

 
Figure 4.11 F-distribution with 5 per cent and 1 per cent in the right tail, 

6 and 10 d.f. 

4.2.5 The Chi-squared Distribution 

The chi-squared (χ2) distribution is used to compare a sample variance with a 
population variance. It can also be used to compare an observed distribution with a 
theoretical distribution, which would be important when building a simulation 
model. The other main use is in testing whether there is a significant association or 
dependence between two categorical variables. 

The chi-squared distribution is not symmetrical, and its shape is determined by 
the degrees of freedom. 0 in Appendix 1 shows the areas in the right tail of the 
distribution.  

Example: Using the chi-squared distribution for hypothesis 
testing and estimation 
Find the values of the χ2 statistic that give an area of 5 per cent in both tails combined, 
when there are 20 degrees of freedom. 
Solution 

 
Figure 4.12 Chi-squared distribution, with an area of 5 per cent in both 

tails combined, 20 d.f. 
Figure 4.12 shows the values obtained from the chi-squared distribution when there are 
20 degrees of freedom and the area in both tails combined is 5 per cent. 

Area	in	both	tails	combined	 	5%	
Probability	in	both	tails	combined	 	0.05	
Probability	in	right	tail	 	0.025	

F1%

5.39

F5%

3.22

1%

!
2

2.5%

34.17

2.5%

2.5%

!
2

97.5%

9.59
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From 0, using the row for 20 d.f.: 

. % 34.1696	
Probability	in	left	tail 0.025

Probability	shown	in	table 1.0 0.025 0.975
. % 9.59083

	

4.2.6 Summary 

This section has looked at the use of four standard distributions, the normal,  
t-, F- and chi-squared distributions. Each of the tables provided in Appendix 1 uses 
a different format to display the values for the distribution. Other texts may use 
another format to present the same information. When using any of these distribu-
tions it is important to be clear about the values that are tabulated, and how they can 
be used to provide the probabilities that are required. As shown in the examples, it 
is always helpful to use a sketch diagram to illustrate the areas involved. 

4.3 Estimation 

4.3.1 Introduction 

As discussed earlier, most research data are likely to have been collected from a 
sample. Provided certain assumptions are met, the sample data can be used to 
provide an estimate of the value of the population mean, proportion or variance. 
This estimate is usually provided in the form of a confidence interval, indicating that 
there is a certain confidence that the true population value will lie in the specified 
interval. The levels of confidence that are generally used are the 95 per cent, 99 per 
cent and 90 per cent levels. 

4.3.2 Estimating a Population Mean, μ, when the Sample Size is at Least 
30 

Provided that the sample was selected at random and that the sample size is at least 
30, the normal distribution can be used to estimate the population mean, μ. 
If	  sample	mean

sample	standard	deviation
	sample	size	
population	mean

	

The confidence interval for the population mean, μ, is given by 

√ √
	

where  
z	=	1.96	at	the	95	per	cent	level	of	confidence	
z	=	2.58	at	the	99	per	cent	level	of	confidence	
z	=	1.65	at	the	90	per	cent	level	of	confidence	
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Example: Calculating a confidence interval for a population 
mean, μ, when the sample size is at least 30 
A researcher has taken a random sample of 49 employees in a company. The average 
number of hours worked per week was 39.5 hours, with a variance of 9 hours2. 
Estimate the average number of hours worked per week by the population of employ-
ees in the company using the 95 per cent level of confidence. 
Solution 
The sample was selected at random and the sample size is at least 30, so the normal 
distribution can be used. The critical values are shown in Figure 4.13. 

 
Figure 4.13 Critical values of z for the 95 per cent level of confidence 

n	 	49  39.5  s2 	9  s	 	3 
The 95 per cent confidence interval for the population mean, μ, is given by 

√ √
	

39.5 1.96 3
√49

39.5 1.96 3
√49

	

39.5 0.84 39.5 0.84	
38.66 40.34	
The researcher can be 95 per cent certain that the average number of hours worked 
per week by the population of employees in this company lies in the interval from 38.7 
hours to 40.3 hours. 

In this example the normal distribution was used to estimate the population 
mean as the sample size was at least 30. For smaller samples the t-distribution 
should be used, provided that the sample is selected at random and that the popula-
tion is normally distributed.  

4.3.3 Estimating a Population Mean, μ, when the Sample Size Is under 30 

Provided that the population is normally distributed and that the sample was 
selected at random, the confidence interval for the population mean, μ, is given by  

√ √
	

95%

z2.5%

–1.96
z2.5%

1.96
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The value of t comes from the t-distribution tables with (n	−	1) degrees of free-
dom, as the shape of this distribution depends on the degrees of freedom. 

Example: Calculating a confidence interval for a population 
mean, μ, when the sample size is less than 30 
The manager at a call centre has recorded the duration of incoming calls and has found 
that they are normally distributed. A random sample of 25 calls was monitored and has 
shown that on average the length of call is 5.7 minutes with variance 2.2 minutes2. 
Estimate the average length of call for all in-coming calls using a 99 per cent level of 
confidence. 
Solution 
The sample was selected at random and the population was normally distributed. 
However, as the sample size is under 30, a t-distribution must be used. The critical 
values of the t-statistic for the 99 per cent level of confidence are shown in Figure 4.14. 

 
Figure 4.14 Critical values of t for the 99 per cent level of confidence 
The t-statistic of 2.797 is the value that gives 99 per cent in the centre of the distribu-
tion with 24 degrees of freedom. 

n	 	25  5.7  s2 	2.2  s	 	1.483  d.f.	 	n	 	1	 	24 
The 99 per cent confidence interval for the population mean, μ, is given by  

√ √
	

5.7 2.797 1.483
√25

5.7 2.797 1.483
√25

	

5.7 0.830 5.7 0.830	
4.87 6.53	
The manager can be 99 per cent confident that the average length of call, μ, for all 
incoming calls lies between 4.9 minutes and 6.5 minutes. 

4.3.4 Estimating a Population Proportion, π, when the Sample Size Is at 
Least 30 

The population proportion can also be estimated from a sample proportion. 
However, this can be done only if the sample is random and its size is at least 30, so 
that the normal distribution can be used.  

99%

t0.5%

–2.797

t0.5%

2.797
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The confidence interval for the population proportion, π, when the sample size is 
at least 30, is given by 

1 1 	

where 
z	 	1.96	at	the	95	per	cent	level	of	confidence	
z	 	2.58	at	the	99	per	cent	level	of	confidence	
z	 	1.65	at	the	90	per	cent	level	of	confidence	
Example: Calculating a confidence interval for a population 
proportion, π, when the sample size is at least 30 
A random sample of 80 shareholders in a company found that 20 per cent were not in 
favour of a proposed merger. Estimate the percentage of all of the company’s share-
holders who were not in favour of the merger, using a 90 per cent confidence interval. 
Solution 
The sample was selected at random and the sample size is at least 30, so the normal 
distribution can be used. The critical values of the z-statistic for the 90 per cent 
confidence level are shown in Figure 4.15. 

 
Figure 4.15 Critical values of z for the 90 per cent level of confidence 
Note that the formula uses proportions, so the percentages given in the example need 
to be converted. 

n	 	80  p	 	20%	 	0.20 
90 per cent confidence interval for population proportion, π, is given by 

1 1 	

0.20 1.65 0.20 1 0.20
80 0.20 1.65 0.20 1 0.20

80 	

0.20 1.65 0.045 0.20 1.65 0.045	
0.20 0.074 0.20 0.074	
0.126 0.274	

90%

z5%

1.65

z5%

–1.65
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12.6% 27.4%	
The company can be 90 per cent confident that the percentage of its shareholders who 
are not in favour of the proposed merger lies between 12.6 and 27.4 per cent. 

4.3.5 Estimating a Population Variance, σ2 

A population variance can be estimated from a sample variance if the sample was 
selected at random, and the population is normally distributed. If the population is 
not normally distributed, the sample size must be at least 30. 

The 95 per cent confidence interval for the population variance, σ2, is given by 
1
. %

1
. %

	

where 
s2	 	sample	variance	
n	 	sample	size	

The values of χ2 come from the chi-squared distribution with (n	−	1) degrees of 
freedom. 

Example: Calculating a confidence interval for a population 
variance, σ2 
A random sample of 41 employees was monitored to determine the length of time that 
they spent on accessing the Internet. It was found that the average time spent per day 
was 15.1 minutes with a variance of 6.2 minutes2. Estimate the variance of the time 
spent by all the company’s employees, using the 95 per cent level of confidence. 
Solution 

n	 	41  15.1	minutes  s2 	6.2minutes2  d.f.	 	n	 	1	 	40 
The critical values of chi-squared are those that give 95 per cent in the centre of the 
distribution. This means that there should be 2.5 per cent in each of the tails. 

. %  59.3417	for	the	right	tail
. % 24.4331	for	the	left	tail 	

They are illustrated in Figure 4.16. 

 
Figure 4.16 Critical values of χ2 for the 95 per cent level of confidence 

1
. %

1
. %

	

!
2

2.5%

59.34

!
2

97.5%

24.43

95%
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40 6.2
59.3417

40 6.2
24.4331	

4.18 10.15	minutes 	
The company can be 95 per cent confident that the variance of the time spent per day 
on the Internet by all its employees is between 4.18 and 10.15 minutes2. 

4.4 Hypothesis Testing 

4.4.1 Introduction 

An important element of research is to test hypotheses about the values of particu-
lar statistics in the population. In most cases the data will have been collected from a 
sample, but statistical methods can be used to test hypotheses about the population 
parameters. Before carrying out a hypothesis test it is important to be familiar with 
the terminology that is used, the various steps involved, and the way in which the 
results should be interpreted. Once these have been mastered, it is relatively easy to 
carry out and interpret most of the statistical tests that are available. However, it is 
essential to check that a specific test is appropriate for the data, that all the assump-
tions are satisfied, and that the results from the test make sense in the area of 
research. 

This section provides an introduction to the terminology and the steps involved 
in hypothesis testing, and illustrates these by giving examples of some of the 
frequently used tests. 

4.4.2 Choosing the Hypothesis Test 

There are many different hypothesis tests available. Figure 4.17 shows the main tests 
that are used when comparing means, variances, proportions and counts. The 
choice of test usually depends on the parameter that is to be compared, the number 
of samples involved, and the size of the samples. Each test requires certain condi-
tions to be satisfied, and results in the calculation of a particular test statistic. 

When using any hypothesis test it is important to make sure that the proposed 
method is appropriate for the data, that any assumptions are satisfied, and that the 
results agree with common sense. 

There are many other hypothesis tests available. Most statistical packages contain 
a wide variety of tests. If considering another test, check the data requirements and 
the underlying assumptions carefully. It is essential that an appropriate methodology 
is used, otherwise the results will be invalid. If there are any doubts, consult an 
expert before starting the data collection! 
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Figure 4.17 Choosing the hypothesis test 

4.4.3 Formulating the Hypotheses 

Once the decision has been made on the type of test to use, the hypotheses must be 
formulated. The hypotheses should be defined in terms of the relevant population 
statistics and should cover all the possibilities available. Two hypotheses are used: 

H0: the null hypothesis. 
HA: the alternative hypothesis. 

The null hypothesis is the original or ‘no change’ hypothesis: it represents the 
‘status quo’. The alternative hypothesis represents the new hypothesis that is being 
tested. These two hypotheses should cover all the possibilities. The wording of the 
original research question usually acts as a clear guide to the correct form of the 
hypotheses.  

Suppose a researcher is interested in the average weekly expenditure by smokers 
on cigarettes. Last year national data showed that smokers spent an average of £20 
per week on cigarettes, so the population mean, μ, was £20. The researcher has 
surveyed a random sample of smokers and wants to compare the average spend this 
year with the national average last year. If the aim of the hypothesis test is to decide 
whether there is a significant change or difference, the hypotheses would be:  

H0: μ = £20 
HA: μ ≠ £20 
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Here the null hypothesis represents the ‘no change’ scenario, that the population 
mean, μ, is still £20. This would require a two-tailed test, since if the result from 
the sample suggested that the current value was far above or far below £20, it would 
indicate support for the alternative hypothesis. The alternative hypothesis is that the 
average amount has changed from £20. 

If, however, the aim of the hypothesis test were to determine whether the popu-
lation mean is significantly greater than or significantly higher than last year’s 
value of £20, the hypotheses would be: 

H0: μ ≤ £20 
HA: μ > £20 

The alternative hypothesis is that the population mean is now greater than £20. 
All the other possibilities are contained in the null hypothesis. This would be a one-
tailed test since the alternative hypothesis would be supported only if the value of 
the test statistic were far above £20. 

Similarly if the researcher wanted to test whether the population mean is signifi-
cantly lower than or significantly smaller than last year’s value of £20, the 
hypotheses would be: 

H0: μ ≥ £20 
HA: μ < £20 

The alternative hypothesis is that the population mean is now less than £20. This 
would be a one-tailed test since the alternative hypothesis would be supported only 
if the average in the sample were far below £20. 

These scenarios are summarised in Figure 4.18. 
Note that, in each of these examples, the hypothesis that the researcher wants to 

test has been used to form the alternative hypothesis. 

4.4.4 Carrying Out a Hypothesis Test 

If the research question implies that a hypothesis test is required, it is important to 
choose the correct type of test. The first step is to identify what statistics are being 
compared (means, variances, proportions, counts or rankings), how many samples 
are involved and the sample size(s). This gives a clear indication of the appropriate 
test and of the test statistic that should be calculated. It is essential to decide at the 
outset whether a one- or two-tailed test is required, so that the null and alternative 
hypotheses can be specified. 
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Figure 4.18 Hypotheses for testing a change, an increase and a decrease 

The next step is to check whether the data satisfy the assumptions that are re-
quired for the test. If so, the statistical theory indicates that the test statistic 
calculated in a hypothesis test will follow a particular statistical distribution, such 
as the normal, t-, F- or chi-squared distribution. Tables are available in most 
statistical textbooks to show the values for a particular distribution. Note that the 
format of these tables may vary. Always check the diagram and example at the top 
of each table to ensure that the correct values are obtained. The tables can be used 
to obtain the critical values of the statistic that give a certain area (usually 5 per 
cent or 1 per cent) in the tail or tails of the distribution. It is usually helpful to 
illustrate these critical values in a sketch diagram. Figure 4.19 shows the critical 
values for a two-tailed test based on the normal distribution.  
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Figure 4.19 Critical values for a two-tailed test based on the normal 

distribution 

The z-values of −1.96 and 1.96 cut off an area of 2.5 per cent in each tail, giving 
a total of 5 per cent in the tails. These are the values used for testing at the 5 per 
cent level of significance. 

The z-values of −2.58 and 2.58 cut off an area of 0.5 per cent in each tail, giving 
a total of 1 per cent in the tails. These are the values used for testing at the 1 per 
cent level of significance. 

The data from the sample are used to calculate a test statistic, which is then com-
pared with the distribution of values found under the null hypothesis. If the value of 
the statistic calculated from the sample lies in the centre of this distribution, it is 
highly likely that it comes from the distribution represented by the null hypothesis. 
The statistical decision would be to reject the alternative hypothesis, HA. 

If the statistic calculated from the sample lies in the tail of the distribution, it is 
highly unlikely to come from the distribution represented by the null hypothesis, 
and the conclusion is that the null hypothesis, H0, should be rejected. There is a 
small chance that the calculated statistic does actually come from this distribution, 
but this has been ignored, thereby giving the possibility that a Type I error has been 
made. Note that a health warning should always be included with the decision to 
‘Reject H0’, usually worded as ‘at the x per cent level of significance’. The level of 
significance indicates that there is an x per cent chance that the wrong decision has 
been made. 

Other terms that may be used are ‘a Type II error’ and the ‘power of a test’. A 
Type II error occurs when the alternative hypothesis is actually true, but the result 
of the test indicates that the alternative hypothesis should be rejected. The power of 
a test is the probability of rejecting the null hypothesis when the alternative 
hypothesis is actually true. 

Once the statistical decision has been made, it must be interpreted in terms of the 
original question to enable communication. It is also useful to carry out a reality 
check at this stage, to ensure that the conclusion does reflect the values found in the 
data. 

The steps in hypothesis testing can be summarised as follows: 
x Determine whether the test involves: 

� Means 
� Proportions 

z0.5%

–2.58
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–1.96
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1.96
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� Variances 
� Counts 
� Rankings. 

x Determine whether the test is: 
� One-sided 
� Two-sided. 

x Determine the number of samples: 
� One 
� Two (check whether paired) 
� Three or more. 

x Check the sample size. 
x Choose the appropriate test. 
x Check the assumptions. 
x Formulate the hypotheses H0 and HA. 
x Select the appropriate level of significance. As a default, use the conventional 5 

per cent and 1 per cent levels. 
x Calculate the test statistic. 
x Use tables to give the critical values. 
x Draw a sketch diagram showing the distribution under the null hypothesis, H0, 

the critical values, and the test statistic. 
x Make decision:  

� If |Test statistic| > |Critical value| in table: 
Reject H0 at the **% level of significance.  

� Otherwise reject HA. 
x State the decision in words in terms of the original question. 

Examples of most of the frequently used tests are included in this module. Each 
demonstrates how the hypothesis test should be carried out and the conclusion that 
should be reached at the end of the test. The examples illustrate how hypothesis 
tests can be used to monitor company performance and record differences in 
company cultures. 

4.4.5 Testing a Hypothesis about a Population Mean, μ, when the Sample 
Size Is at Least 30 

The normal distribution is used to test hypotheses about the population mean, μ, 
provided that the sample was selected at random and that the sample size is at least 
30. 

The test statistic, z, is given by 

/√
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Example: Testing a hypothesis about a population mean, μ, 
when the sample size is at least 30 
A survey of all UK employees last year indicated that the average hours worked per 
week was 39 hours. A company has taken a random sample of 49 employees, and has 
found that the average number of hours worked per week was 40.5 hours, with a 
variance of 9	hours2. 
Determine whether the average number of hours worked per week by the company’s 
employees is: 
(a) significantly different from the UK average for last year; 
(b) significantly greater than the UK average for last year. 
Solution 
(a) The sample was selected at random and the sample size is at least 30, so the normal 

distribution can be used. 
n	 	49  40.5	hours  s2	 	9	hours2  s	 	3	hours 
This is a two-tailed test, as it is testing whether the mean is significantly different 

from the UK average. The hypotheses are: 
H0: μ = 39 hours 
HA: μ ≠ 39 hours 

Calculating the test statistic, z, gives 

/√
40.5 39
3/√49

1.5
0.43 3.49	

The distribution under the null hypothesis that the population mean is 39 hours is 
shown in Figure 4.20. As this is a two-tailed test the diagram shows the critical val-
ues of z2.5	(1.96 and −1.96) that give a total of 5 per cent in the tails, and also the 
values of z0.5	(2.58 and −2.58) that give a total of 1 per cent in the tails. 

 
Figure 4.20 Distribution under the null hypothesis, μ = 39, two-tailed test 

The figure also shows the value of zcalc that was calculated from the sample re-
sults, in this case 3.49. This value is out in the right tail, so it is very unlikely to 
come from a distribution whose population mean is 39 hours.  

There is a very small chance (less than 1 per cent, based on the area in the right 
and left tails together) that the value zcalc could actually come from this distribution. 
This must be indicated in the formal decision, which is:  

  

Reject the null hypothesis, H0, at the 1 per cent level of significance. 
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The conclusion is that the average hours worked per week by the company’s em-
ployees are significantly different from the UK average found last year, at the 1 per 
cent level of significance. 

The result of the hypothesis test could also be recorded as the probability of get-
ting a z-statistic that is more extreme than the value of zcalc. In this case the normal 
tables should be used with z as 3.49. However, as the value of 3.49 does not appear 
in the table, the probability of the highest value of z, 3.09, is used instead. 
P(0	≤	z	≤	3.49)	>	0.4990
So	P(z	>	3.49)	<	0.5−	0.4990	=	0.0010
Since the test was two-tailed, both tails must be considered: 
| | 3.49 2 0.0010 0.002	

As this probability is very small, the result indicates that the formal decision is: 
  

Reject the null hypothesis, H0, at the 0.2 per cent level of significance. 
  

This method is frequently used in computer packages to report the outcome of a 
test. A probability is usually considered as significant if it is less than 0.05.  

(b) The second part of the example requires a test to show whether the average is 
‘significantly greater than’. This indicates that a one-tailed test is needed, and that 
attention should focus on the right tail of the distribution. The hypotheses are: 

H0: μ ≤ 39 hours 
HA: μ > 39 hours 

The calculation of zcalc is the same as before. 
zcalc	 	3.49	

The distribution under the null hypothesis that the population mean is 39 hours is 
shown in Figure 4.21. In this case a one-tailed test is required to test for an in-
crease, so the diagram shows the critical value of z5, 1.65, which gives 5 per cent in 
the right tail, and also the value of z1, 2.33, which gives 1 per cent in the right tail. 

The value zcalc	 that was calculated from the sample, in this case 3.49, is also 
shown. This value is out in the right tail, so it is very unlikely to come from a distri-
bution whose population mean is 39 hours.  

 
Figure 4.21 Distribution under the null hypothesis, μ ≤ 39, one-tailed test 

However, there is a 1 per cent chance that this value of zcalc	could actually come 
from this distribution. This does not affect the decision, but an appropriate health 
warning must be given in terms of the level of significance. The formal decision is:  

  

z5%

1.65

z1%

2.33 zcalc

3.49
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Reject the null hypothesis, H0, at the 1 per cent level of significance. 
  

The conclusion is that the average hours worked per week by the company’s em-
ployees are significantly greater than the UK average for last year, at the 1 per cent 
level of significance. 

Note: The decision on whether a one-tailed or two-tailed test is most appropriate 
should be made before starting the research, so that only the relevant test would be 
carried out. 

4.4.6 Testing a Hypothesis about the Population Mean, μ, when the 
Sample Size Is Less than 30 and the Population Is Normally 
Distributed 

If the sample size is less than 30, the t-distribution has to be used instead of the 
normal distribution. The shape of the t-distribution varies with the size of the 
sample, so the appropriate degrees of freedom must be used. The test statistic, t, is 
given by 

/√
 	with	 1 	degrees	of	freedom	

Example: Testing a hypothesis about the population mean, μ, 
when the sample size is less than 30 and the population is 
normally distributed 
A company has monitored the duration of incoming calls and has found that they are 
normally distributed. Company data indicate that the average duration of an in-coming 
call is 3.8 minutes. A random sample of 25 incoming calls at one of the company’s call 
centres has shown that on average the length of call is 4.2 minutes with variance 1.8 
minutes2. Determine whether the average duration of incoming calls at the call centre is 
significantly different from the company average. 
Solution 
Sample is random, with sample size 25, and the population is normally distributed, so 
the t-distribution must be used. 

n	 	25   4.2	minutes s2	 	1.8	minutes2   s	 	1.34	minutes 
As the test is to determine whether there is a ‘significant difference’, the test must be 
two-tailed. The hypotheses are: 

H0: μ = 3.8 minutes 
HA: μ ≠ 3.8 minutes 

/√
4.2 3.8
1.34/√25

0.4
0.268 1.49	

Degrees	of	freedom 1 24	
The distribution of t-statistics under the null hypothesis that the population mean is 3.8 
minutes is shown in Figure 4.22. The critical values of t are obtained from tables of the t-
distribution with 24 degrees of freedom. 
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Figure 4.22 Distribution under the null hypothesis, μ = 3.8 minutes, two-

tailed test 
Since the calculated value of t, 1.49, is in the centre of the distribution, it is highly likely 
to come from a distribution with mean 3.8 minutes. Formally the decision is: 
  

Reject the alternative hypothesis, HA.  
  

The conclusion is that the average duration of incoming calls at the call centre is not 
significantly different from the company average. 

4.4.7 Testing a Hypothesis about Two Population Means, μ1 and μ2, when 
the Combined Sample Size Is at Least 30 

If there are two samples, hypotheses about the two population means can be tested 
using results from the samples. Provided that the samples are selected at random, 
and the combined sample size is at least 30, a z-statistic can be used. The critical 
values are obtained from the normal distribution. 

The notation used for the two samples is: 
First sample: Size	 	n1   Mean   Variance  
Second sample: Size	 	n2  Mean   Variance  

The test statistic is given by 

1 1 	

where 

	pooled	variance	 1 1
2 	

Example: Testing a hypothesis about two population means, μ1 
and μ2, when the combined sample size is at least 30 
A call centre operates with a morning and an evening shift. It has selected a random 
sample of the members in each shift and has recorded the time spent on dealing with 
calls. 36 members were selected from the morning shift, and it was found that the 
average time spent was 5.05 minutes with standard deviation 0.52 minutes. In the 

t0.5%
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evening shift 49 members were selected, and it was found that the average time spent 
was 4.62 minutes with a standard deviation of 0.37 minutes. 
Test whether the average time spent on a call by the evening shift is significantly less 
than the average time spent by the morning shift. 
Solution 
Both samples were selected at random. The combined sample size is 85, so a two-
sample test is required to compare the means using a z-statistic.  
Morning shift: nM	 	36  5.05  sM	 	0.52 
Evening shift:  nE	 	49   4.62   sE	 	0.37 
Note that the average in the morning shift is larger than the average in the evening shift, 
so if  is calculated, the result will be positive. This is much easier to work 
with, so the z-statistic is calculated using the morning shift as the first sample, and the 
evening shift as the second. 

1 1 	

As the test is to determine whether ‘the average in the evening shift is significantly 
lower than the average in the morning shift’, a one-tailed test is needed. It is important 
to ensure that the calculation of the test-statistic, z, and the definition of the hypotheses 
are in agreement. If the evening shift average is less than the morning shift average, then 
the value of z will be positive, and the right tail of the distribution is the area of interest. 
The hypotheses are: 

H0:	μE	≥	μM	
HA:	μE	<	μM	

First the pooled variance has to be calculated: 

1 1
2

35 0.52 48 0.37
36 49 2

9.4640 6.5712
83

16.0352
83

0.193195
√0.193195 0.43954

	

Calculating the test-statistic, z: 
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1 1

5.05 4.62 0

0.43954 1
36

1
49
   Note	the	assumption	that	 	in	H

0.43
0.43954 0.2195
4.457

	

The distribution under the null hypothesis is shown in Figure 4.23. Remember that this 
is a one-tailed test, and that the critical values of z are those that give areas of 5 per 
cent and 1 per cent in the right tail of the distribution. 

 
Figure 4.23 Distribution under the null hypothesis, μE	 	μM, one-tailed test 
As the calculated value of z lies in the 1 per cent tail on the right side of the distribution, 
the decision is: 
  

Reject the null hypothesis, H0, at the 1 per cent level of significance. 
  

The conclusion is that the average time spent on a call for the evening shift is significant-
ly less than the average for the morning shift, at the 1 per cent level of significance. 

4.4.8 Testing a Hypothesis about Two Population Means, μ1 and μ2, when 
the Combined Sample Size Is Less than 30 

If the combined sample size is less than 30, the normal distribution cannot be used. 
However, provided that the samples are selected at random, and the populations are 
normally distributed, the t-distribution can be used instead. In this case the test 
statistic is 

1 1   	with	 2 	degrees	of	freedom	

The test is carried out in the same way as in the previous example, but the critical 
values must be taken from a t-distribution with (n1	+	n2	−	2) degrees of freedom. 
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4.4.9 Testing a Hypothesis about the Means of a Paired Sample 

Pharmaceutical companies often use controls when testing the effect of a particular 
drug. Patients are matched for their age, sex and other characteristics. One of the 
pair is selected at random to receive the drug and the other receives a placebo. 
When carrying out the hypothesis test, the difference in values is calculated for each 
pair. The test used is a one-sample test based on the average difference of the pairs. 

Similar methodology should be used in a business context when there has been 
deliberate pairing in the research design. For example, two different training 
methods could be compared. Employees would be matched for certain characteris-
tics and then allocated at random to one of the two methods The difference in 
outcome would be measured for each pair and used in the hypothesis test.  

Example: Testing a hypothesis about the difference in 
population means for a paired sample 
Kell Gardens have recorded the number of visitors over the last six weekends. The 
numbers are summarised in Table 4.1. 

Table 4.1 Numbers of visitors by week 
  Number of visitors  
  Week 
  1 2 3 4 5 6 
Saturday 242 263 274 213 298 335 
Sunday 225 296 251 293 321 326 

  

Test whether the average number visiting on a Sunday is significantly higher than on a 
Saturday. 
Solution 
As the data refer to a Saturday and Sunday each week, this has to be treated as a paired 
test. The factors, such as the weather, that encourage or discourage visitors are likely to 
be very similar on the Saturday and Sunday in the same week.  
Looking at the data, it seems that the number of visitors on a Sunday was higher than on 
a Saturday, so in order to avoid too many negatives, the difference was calculated as: 

Difference	 	d	 	Sunday	 	Saturday	
The mean and variance of the differences are also calculated, as shown in Table 4.2. 
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Table 4.2 Calculation of the difference (d) for each week 
Week Saturday Sunday Difference 

(Sun − Sat)
Calculation of statistics 

   d     
1 242 225 −17 −31.5 992.25 
2 263 296 33 18.5 342.25 
3 274 251 −23 −37.5 1406.25 
4 213 293 80 65.5 4290.25 
5 298 321 23 8.5 72.25 
6 335 326 −9 −23.5 552.25 
  Total 87 0.0 7655.50 

  

Mean ∑ 87
6 14.5

Variance ∑
1

7655.5
5 1531.1

√1531.1 39.13

	

The management has confirmed that the distribution of differences in the population is 
likely to be normal. As there are only six pairs, the t-distribution should be used for the 
hypothesis test. 

/√
14.5

39.13/√6
0.908	with	5	degrees	of	freedom	

The test asked whether ‘…attendance was significantly higher on the Sunday’, so a one-
tailed test is required, with the critical area in the right tail. The hypotheses are: 

H0:	μdiff	≤	0	 	 i.e.	Sun	 	Sat 
HA:	μdiff	>	0	 	 i.e.	Sun	 	Sat 

The critical values of t are obtained from the t-distribution with five degrees of freedom. 
The distribution under the null hypothesis is shown in Figure 4.24. 

 
Figure 4.24 Distribution under the null hypothesis, paired sample, one-

tailed test 
As tcalc lies in the centre of the distribution, it is highly likely to come from the distribu-
tion under the null hypothesis. The formal decision is: 
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Reject the alternative hypothesis, HA. 
  

The conclusion is that the average number visiting on a Sunday is not significantly higher 
than on a Saturday. 

4.4.10 Testing a Hypothesis about a Population Proportion, π, when the 
Sample Size Is at Least 30 

The normal distribution can be used to test a hypothesis about a population 
proportion provided that the sample is selected at random and the sample size is at 
least 30. The test statistic is  

1
	

where π = population proportion and p = sample proportion. 
Note that there is no equivalent test using the t-distribution when the sample size 

is less than 30. 

Example: Testing a hypothesis about a population proportion, π, 
when the sample size is at least 30 
A company is considering its policy on directors’ remuneration. It believes that 75 per 
cent of its shareholders would favour the proposed policy. A survey is carried out, 
selecting 64 of the shareholders at random, and shows that 60 per cent of those 
sampled are in favour of the proposed policy. Test whether the proportion in the 
sample is significantly lower than the management’s initial hypothesis. 
Solution 
The formula for z is based on proportions, so the percentages in the example must be 
converted into proportions. The sample was selected at random and the sample size is 
at least 30, so a z-statistic can be calculated and compared with the normal distribution.  

π	=	0.75	 	p	=	0.60	 	n	=	64	
The hypothesis is whether ‘the proportion in the sample is significantly lower…’ so a 
one-tailed test is required, and the critical area is in the left tail of the distribution. The 
hypotheses are given by 

H0:	π	≥	0.75	
HA:	π	<	0.75 

The test statistic is 

1
0.60 0.75
0.75 1 0.75

64

0.15
0.75 0.25

64
0.15

0.433
8

0.15
0.0541

2.77

	

The distribution under the null hypothesis is shown in Figure 4.25. The critical values 
are obtained from the normal distribution. 



 Module 4 / Data Analysis 

Introduction to Business Research 3   Edinburgh Business School 4/31 

 
Figure 4.25 Distribution under the null hypothesis, π	 	0.75 , one-tailed 

test 
The calculated value of z lies in the left, 1 per cent, tail of the distribution, so the 
conclusion is that it is highly unlikely to come from the distribution shown. The formal 
decision is: 
  

Reject the null hypothesis, H0, at the 1 per cent level of significance 
  

The conclusion is that the proportion of shareholders found in the sample who are in 
favour of the remuneration policy is significantly lower than the management’s initial 
hypothesis, at the 1 per cent level of significance. 

4.4.11 Testing a Hypothesis about the Difference in Two Population 
Proportions, π1 and π2, when the Combined Sample Size Is at Least 
30 

The normal distribution can be used to test a hypothesis about the difference in two 
population proportions provided that the sample is selected at random and the 
combined sample size is at least 30. The test statistic is  

1 1 1  	where	 	

and the notation is: 
Sample 1: π1 = population proportion, p1	= sample proportion, n1	= sample size 
Sample 2: π2 = population proportion, p2	= sample proportion, n2 = sample size 

Note that there is no equivalent test using the t-distribution when the combined 
sample size is less than 30. 

Example: Testing a hypothesis about the difference in two 
population proportions, π1 and π2, when the combined sample 
size is at least 30 
Two companies are considering a merger. A sample of 64 employees in Company X has 
been interviewed and 75 per cent indicate that they are in favour of the merger. A 
sample of 50 employees in Company Y has also been interviewed and 54 per cent are in 
favour of the merger. Is there a significant difference in the proportions of the popula-
tions in the two companies that are in favour of the merger? 

z1%

–2.33
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Solution 
Sample 1: p1	 	0.75  n1	 	64 
Sample 2: p2	 	0.54  n2	 	50 

H0:	π1	=	π2	
HA:	π1	≠	π2 

As the population proportions are expected to be the same under the null hypothesis, a 
pooled proportion, p, can be calculated. 

64 0.75 50 0.54
64 50

48 27
114

75
114 0.66	

1 1 1
0.75 0.54 0

0.66 1 0.66 1
64

1
50

0.21
√0.00799

2.35	

The distribution under the null hypothesis is shown in Figure 4.26. 

 
Figure 4.26 Distribution under the null hypothesis, π1	 	π2, two-tailed test 
The value of zcalc lies in the right tail of the distribution, so is unlikely to have come from 
the distribution under the null hypothesis. The formal decision is: 
  

Reject H0 at the 5 per cent level of significance. 
  

The conclusion is that the proportion in Company X that is in favour of the merger is 
significantly different from the proportion in Company Y, at the 5 per cent level of 
significance. 

4.4.12 Testing a Hypothesis about a Population Variance, σ2 

A hypothesis about a population variance can be tested using the chi-squared (χ2) 
distribution, provided that the sample is selected at random and that the population 
is normally distributed. If the population is not normally distributed, the sample size 
must be greater than 30. The test statistic is 

1  	with	 1 	degrees	of	freedom	
where s2 is the sample variance and σ2 is the population variance. 
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Example: Testing a hypothesis about a population variance, σ2 
Using the information from the call centre: 
A call centre operates with a morning and an evening shift. It has selected a random 
sample of the members in each shift and has recorded the time spent on dealing with 
calls. 36 members were selected from the morning shift and it was found that the 
average time spent was 5.05 minutes with standard deviation 0.52 minutes. In the 
evening shift 49 members were selected, and it was found that the average time spent 
was 4.62 minutes with a standard deviation of 0.37 minutes. Last year the variance of 
the time spent on calls was 0.1625 minutes2. 
(a) Test whether the variance of the hours worked for the evening shift has changed 

significantly from the variance in call time that was measured last year. 
(b) Test whether the variance of the hours worked for the morning shift has increased 

significantly from the variance in call time that was measured last year. 
(c) Test whether the variance of the hours worked for the morning shift is significantly 

greater than the variance for the evening shift. 
Solution 
The initial data are: 
  

Morning shift Evening shift 
36  49  
5.05	minutes  4.62 minutes  
0.52 minutes  0.37 minutes  

  

(a) This is a one-sample test of variances. The sample was selected at random and the 
sample size is greater than 30, so the χ2 test can be used. The sample size is greater 
than 30, so the population does not have to be normally distributed. 

As the question asks whether the variance has ‘…changed significantly’, this indi-
cates that a two-tailed test must be used. The hypotheses are: 

H0:	σ2=	0.1625	minutes2	
HA:	σ2≠0.1625	minutes2 

The test statistic is 

1  	with	 1 	degrees	of	freedom

1

49 1 0.37
0.1625

48 0.1369
0.1625

40.44	with	48	degrees	of	freedom

	

The distribution under the null hypothesis, σ2	=	0.1625	minutes2, is shown in Fig-
ure 4.27. The critical values are obtained from the chi-squared distribution tables, 
but note that this distribution is not symmetrical. 



Module 4 / Data Analysis 

4/34 Edinburgh Business School   Introduction to Business Research 3

The calculated value of χ2 lies in the centre of the distribution, so the conclusion 
is that it is highly likely to come from the population represented by the null hy-
pothesis, where the population variance is 0.1625 minutes2. The decision is: 

  

Reject the alternative hypothesis, HA. 
  

The conclusion is that the variance of the call time for the evening shift has not 
changed significantly from the value obtained last year for all the calls. 

 
Figure 4.27 Distribution under the null hypothesis, σ2=0.1625 minutes2, 

two-tailed test 
(b) In this example the question is whether the variance ‘…has increased significantly’, 

so a one-sample test of variances is required. The χ2 test can be used, for the same 
reasons as in (a) above.  

The hypotheses are: 
H0:	σ2≤0.1625	minutes2	
HA:	σ2>0.1625	 minutes2 

The test statistic is 

1  	with	 1 	degrees	of	freedom

35 0.52
0.1625

35 0.2704
0.1625

58.24	with	35	degrees	of	freedom

	

The distribution under the null hypothesis, σ2	  0.1625 minutes2, is shown in Fig-
ure 4.28. The critical values are obtained from the chi-squared distribution tables by 
taking the average of the values for 30 and 40 degrees of freedom, this is known as 
interpolation. This is a one-tailed test where the critical area is in the right tail of the 
distribution. 
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Figure 4.28 Distribution under the null hypothesis, σ2≤0.1625 minutes2, 

one-tailed test 
The calculated value of χ2 lies in the right, 1 per cent, tail of the distribution, so 

the conclusion is that it is highly unlikely to come from the population represented 
by the null hypothesis. Formally, the decision is: 

  

Reject the null hypothesis, H0, at the 1 per cent level of significance. 
  

The conclusion is that the variance of the call time for the morning shift has in-
creased significantly from the value obtained last year for all calls. 

(c) This example uses results from two samples, and so must use the test comparing 
two population variances. This is discussed in the next section.  

4.4.13 Testing a Hypothesis about Two Population Variances	  and	  

A hypothesis about two population variances can be tested using the F-distribution, 
provided that the sample is selected at random and that the populations are normal-
ly distributed. The test statistic is 

 	with	 1 , 1 	degrees	of	freedom	

where for first sample: Variance = 1
2 and sample size = n1 

and for second sample: Variance = 2
2 and sample size = n2 

In this test the largest of the two sample variances must be put in the numerator 
of the F-statistic. This test is a one-tailed test. 

Example: Testing a hypothesis about two population variances, 
 and  

The data are taken from the example in Section 4.4.13 and are summarised below. 
  

Morning shift Evening shift 
36  49  
5.05	minutes  4.62 minutes  
0.52 minutes  0.37 minutes  
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Test whether the variance of the call time for the morning shift is significantly greater 
than the value obtained for the evening shift. 
Solution 
This test compares two sample variances, so the F-distribution is required. The samples 
were selected at random. No information is given on the distribution of the call times, 
so it would be necessary to check that they follow a normal distribution before 
proceeding with the test. 
The question asks whether the variance is ‘…significantly greater than’ so a one-tailed 
test is required. The hypotheses are: 

H0:  
HA:  

The test statistic is given by  

 	with	 1 , 1 	degrees	of	freedom	

The variance for the morning shift, , is the largest and must be put in the numerator. 

 	with	 1 , 1 	degrees	of	freedom
0.52
0.37
1.975	with	 35, 48 	degrees	of	freedom

	

The distribution under the null hypothesis, , is shown in Figure 4.29. The critical 
values are obtained from the F-distribution tables by interpolation. This is a one-tailed 
test so the critical area is in the right tail of the distribution. 

 
Figure 4.29 Distribution under the null hypothesis, , one-tailed 

test 
As the calculated value of F lies in the right (5 per cent) tail of the distribution, it is 
highly unlikely to come from the population represented by the null hypothesis. 
Formally, the decision is: 
  

Reject the null hypothesis, H0, at the 5 per cent level of significance. 
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The conclusion is that the variance of the call time for the morning shift is significantly 
greater than the variance of the call time of the evening shift, at the 5 per cent level of 
significance. 

4.4.14 Testing a Hypothesis about Three or More Population Means 

When the test compares means from three or more samples, a specific method of 
testing called analysis of variance (ANOVA), has to be used. This technique was 
developed initially for agricultural crop trials, and the terminology used reflects this: 
treatments refer to columns and blocks to rows. The test assumes that the data have 
been selected at random and that the populations were normally distributed. 

The test-statistic is an F-statistic, and the critical values are obtained from the F-
distribution, with the appropriate degrees of freedom.  

Example: Testing a hypothesis about three or more population 
means 
A local authority wants to test three new road surfaces, coloured red, green and black 
in order to help with its traffic management policy. The authority has chosen four 
different locations for the test. At each location, three sections of road 25 metres long 
were identified, and one of the new road surfaces was allocated at random to each of 
the sections. When the road surfaces had been installed, regular checks were carried 
out to determine the number of months before repairs were required, i.e. the lifetime 
of the surface. 
Table 4.3 summarises the lifetime of the surfaces in months. 
(a) Test whether there is a significant difference in the average lifetimes of the three 

road surfaces. 
(b) Test whether there is a significant difference in the average lifetimes at the four 

locations. 

Table 4.3 Lifetime by surface and location 
  Surface colour 
Location Red Green Black 
Barnton 26 24 34 
Dalry 24 20 31 
Gilmerton 31 27 29 
Leith 31 26 33 

  

Solution 
Tests of the hypotheses on the average lifetime for the surface colour and on the 
average lifetime for the locations are required, so a two-way analysis of variance should 
be used. 
The average for each column (colour), for each row (location) and the overall average 
should be calculated. These are shown in Table 4.4. 
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Table 4.4 Average lifetime by surface and by location 
  Surface colour     
Location Red Green Black Total Mean 
Barnton 26 24 34 84 28.00 
Dalry 24 20 31 75 25.00 
Gilmerton 31 27 29 87 29.00 
Leith 31 26 33 90 30.00 
Total 112 97 127 336   
Mean 28.00 24.25 31.75   28.00 

  

Grand	mean ∑ 336
12 28.00	

The following statistics are also required for the ANOVA calculations: 

Total	sum	of	squares	 TSS ∑
26 28 24 28 ⋯ 33 28 194	

Sum	of	squares	for	treatments	 SST ∑ 	
where nb	  number of blocks (rows)  

and   mean of the jth treatment (column) 

SST 4 28 28 24.25 28 31.75 28
4 0 14.06 14.06
4 28.12
112.48

	

Sum	of	squares	for	blocks	 SSB ∑ 	
where nt	  number of treatments (columns) 
and     mean of the ith block (row) 

SSB 3 28 28 25 28 29 28 30 28
3 0 9 1 4
3 14
42

	

Sum	of	squares	for	error	 SSE TSS SST SSB
194.00 112.48 42.00
39.52

	

Degrees of freedom (d.f.) 
Treatment d.f.  = number of treatments (columns) − 1 = 3 − 1 = 2 
Block d.f.  = number of blocks (rows) − 1 = 4 −1 = 3 
Total d.f.  = number of observations − 1 = 12 − 1 = 11 
Error d.f.  = Total d.f. − Treatment d.f − Block d.f.  = 11 − 2 − 3 = 6 

  

This information can be summarised in an ANOVA summary table as shown in Ta-
ble 4.5. The degrees of freedom are shown in the first column of data, and the sums of 
squares are shown in the next column. 
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Table 4.5 ANOVA summary table – two-way analysis 
Source of 
variation 

Degrees of 
freedom 

Sums of 
squares 

Mean square F-ratio 

Treatments 2 112.48 56.24 8.53 
Blocks 3 42.00 14.00 2.12 
Error 6 39.52 6.59   
Total 11 194.00     

  

The remaining values in the table are calculated as: 

Mean	square Sum	of	squares
Degrees	of	freedom	

‐ ratio	for	treatments Treatment	mean	square
Error	mean	square 	with	 treatment	d. f, error	d. f. 		

‐ ratio	for	blocks Block	mean	square
Error	mean	square 	with	 block	d. f. , error	d. f. 		

(a) The first hypothesis test on the means for the three surfaces can now be carried 
out. The hypotheses are: 

H0:	μRed	=	μGreen	=	μBlack 
HA:	μRed,	μGreen and μBlack	are not all equal 

The test-statistic is the F-ratio for treatments with (treatment d.f, error d.f.). 
F	 	8.53	with	 2,6 	d.f.	

The distribution of F-statistics under the null hypothesis that the population 
means for the surfaces are equal is shown in Figure 4.30. The critical values of F are 
obtained from the F-distribution tables with 2 and 6 degrees of freedom. The test is 
always carried out as a one-tailed test, where the critical area is in the right tail. 

The calculated value of the F-statistic is in the tail of the distribution, so the con-
clusion is that it is very unlikely to come from the distribution under the null 
hypothesis where the population means for the surfaces are equal. The decision is: 

  

Reject H0 at the 5 per cent level of significance. 
  

The conclusion is that there is a significant difference in the average lifetimes of 
the three road surfaces at the 5 per cent level of significance. 

A more detailed comparison of the average lifetimes for the three road surfaces 
can be made by analysing the contrasts. Details of these calculations are given in 
many of the standard statistical texts. 
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Figure 4.30 Distribution of F-statistics under the null hypothesis that the 

population means for the surfaces are equal 
(b) The hypothesis test on the means for the locations can now be carried out. The 

hypotheses are: 
H0:	μBarnton	=	μDalry	=	μGilmerton	=	μLeith	
HA: Not all of μBarnton,	μDalry,	μGilmerton and μLeith	are equal 

The test-statistic is the F-ratio for blocks with (block d.f, error d.f.). 
F	 	2.12	with	 3,6 	d.f.	

The distribution of F-statistics under the null hypothesis that the population 
means for the locations are equal is shown in Figure 4.31. The critical values of F 
are obtained from the F-distribution tables with two and six degrees of freedom. 
The test is always carried out as a one-tail test, where the critical area is in the right 
tail. 

 
Figure 4.31 Distribution of F-statistics under the null hypothesis that the 

population means for the locations are equal 
The calculated value of the F-statistic is in the main part of the distribution, so the 

conclusion is that it is very likely to come from the distribution under the null hy-
pothesis where the population means for the locations are equal. The decision is: 

  

Reject the alternative hypothesis, HA.  
  

The conclusion is that there is no significant difference in the average lifetimes at 
the four locations. 
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4.4.14.1 One-way Analysis of Variance 
If the only concern was whether there was a significant difference between the 
average lifetimes for the surfaces, a one-way ANOVA based only on comparisons 
between the treatments (columns) would have been used. The calculations for 
blocks would have been omitted, resulting in different values for the error sum of 
squares and for the subsequent calculations as shown in Table 4.6. 

Table 4.6 ANOVA summary table – one-way analysis 
Source of 
variation 

Degrees of 
freedom 

Sums of 
squares 

Mean square F-ratio 

Treatments 2 112.48 56.24 6.21 
Error 9 81.52 9.06   
Total 11 194.00     

  

The hypotheses are: 
H0:	μRed	=	μGreen	=	μBlack	
HA:	μRed,	μGreen and μBlack are not all equal 

The test-statistic is the F-ratio for treatments with (treatment d.f, error d.f.). 
F	 	6.21	with	 2,9 	d.f.	

Figure 4.32 shows the distribution under the null hypothesis that the population 
means for the surfaces are equal. 

 
Figure 4.32 Distribution of F-statistics under the null hypothesis that the 

population means for the surfaces are equal 

The calculated F-ratio lies in the 5 per cent tail, so it is unlikely to come from the 
distribution under the null hypothesis. The decision is: 
  

Reject the null hypothesis, H0, at the 5 per cent level of significance. 
  

The conclusion is that there is a significant difference, at the 5 per cent level, in 
the average lifetime of the three surfaces. 
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4.5 Hypothesis Testing Using Non-parametric Tests 

4.5.1 Introduction 

The hypothesis tests that have been used in the previous section are all dependent 
on an assumption about the shape of the population distribution. In most of the 
tests the population distribution was assumed to be normal. This is not always a 
feasible assumption, so different hypothesis tests are required. There are many 
alternative tests available: these are known as distribution-free or non-parametric 
tests. They are particularly useful if the data collected are recorded as ranks or order 
statistics. Two types of non-parametric test are described in this section; another 
test, the Spearman’s rank correlation test, is described in Module 5. 

4.5.2 Testing for an Association Between Variables 

If data on two variables have been collected, the responses can be classified in a 
two-way tabulation. A hypothesis test can be carried out to determine whether there 
is a significant association between the two variables. The data should have been 
collected from a random sample. 

The test-statistic is a chi-squared statistic (χ2), where 

∑ Observed Expected
Expected  with	 1 1 	degrees	of	freedom		

where r = number of rows, and c = number of columns. 
The expected value is the value that would be calculated using the overall propor-

tions: 

Expected	value Row	total Column	total
Overall	total 	

The distribution of chi-squared statistics is found from the chi-square tables 
using the appropriate degrees of freedom. It is always a one-tailed test, where the 
critical area is in the right tail. 

The chi-squared test belongs to an important series of tests that do not use 
summary statistics such as the mean and variance. They are called non-parametric 
tests.  

Example: Testing for an association between variables 
A random sample of 250 employees was selected. Each employee was asked their 
employment status and whether they had been informed of the outcome of the 
company’s strategic review. The findings are summarised in Table 4.7. 
Test whether there is a significant association between employment status and the 
receipt of information on the company’s strategic review. 
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Table 4.7 Information on outcome of strategic review by employment 
status 

Employment status Information received 
  Yes No 
Professional 27 33 
Skilled 14 56 
Unskilled 6 74 

  

Solution 
Since this is a test for ‘… association’, a chi-squared test should be used. The appropri-
ate hypotheses are: 

H : There is no association between employment status and receipt of information 
on the outcome of the strategic review. 
HA: There is an association between employment status and receipt of information 
on the outcome of the strategic review. 

The row and column totals are calculated, as shown in Table 4.8. These should add up 
to the overall total. 

Table 4.8 Calculation of row and column totals 
Employment status Information received 
  Yes No Total 
Professional 27 33 60 
Skilled 14 56 70 
Unskilled 6 74 80 
Total 47 163 210 

  

The expected values are calculated for each cell, and are shown in Table 4.9. For 
example, the expected value for professionals who did receive information is given by 

Expected	value 	 	
	 13.43		

Table 4.9 Expected values 
Employment status Information received 
  Yes No Total 
Professional 13.43 46.57 60.00 
Skilled 15.67 54.33 70.00 
Unskilled 17.90 62.10 80.00 
Total 47.00 163.00 210.00 

  

The chi-squared value for each category is calculated, as shown in Table 4.10. For 
example, the chi-squared value for professionals who received information is given by 

Observed Expected
Expected

27 13.43
13.43 13.71	
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Table 4.10 Chi-squared values 
Employment status Information received 
  Yes No Total 
Professional 13.71 3.95 17.66 
Skilled 0.18 0.05 0.23 
Unskilled 7.91 2.28 10.19 
Total 21.80 6.28 28.08 

  

Summing the values in the table gives 

∑ Observed Expected
Expected 28.08	with	 3 1 2 1 	degrees	of	freedom

28.08	with	2	degrees	of	freedom
	

Figure 4.33 shows the distribution of chi-squared values under the null hypothesis that 
there is no association between employment status and receipt of information. Note 
that this is a one-tailed test, and that the critical area is in the right tail of the distribu-
tion. 

 
Figure 4.33 Distribution of chi-squared values under the null hypothesis 

that there is no association between employment status and 
receipt of information 

Since the calculated value of chi-squared lies in the 1 per cent tail, the decision is: 
  

Reject the null hypothesis, H0, at the 1 per cent level of significance.  
  

The conclusion is that there is a significant association between employment status and 
the receipt of information at the 1 per cent level of significance. 
The proportion of professional workers who have received information on the outcome 
of the strategic review is high, whereas the proportion of unskilled workers who 
received information is comparatively low. These categories make the highest contribu-
tion to the total chi-squared value. 
When using the chi-squared test, adjacent categories should be combined if any of the 
expected values are less than 5.  
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If the table has only two rows and two columns, a Yates’ correction should be applied. 
The formula becomes 

∑ |Observed Expected| 0.5
Expected 	

4.5.3 Testing the Locations of Two Sample Distributions: Mann–Whitney  
U-test 

When a z-statistic or t-statistic is used to compare two sample means, as illustrated 
in Section 4.4.7 and Section 4.4.8, the assumption is made that both of the popula-
tions are normally distributed. However, when this assumption does not hold, the 
non-parametric test, the Mann–Whitney U test, has to be used. 

The Mann–Whitney U test assumes that: 
x the samples are independent and random; 
x the data values of the variables are continuous; 
x the distributions of the population will differ only in their location. 

The test is carried out by combining both samples, and then ranking the observa-
tions in ascending order. The ranks are then summed for each of the samples. The 
test statistics are: 

1
2 ∑

1
2 ∑

	

where  	number	in	first	sample
	number	in	second	sample
	rank	of	item	in	first	sample
	rank	of	item	in	second	sample

	

Check that: 
	

Provided that each sample size is at least ten, the test distribution can be approx-
imated by a normal distribution, where the z-statistic is 

2
1

12
	

The test may be used as a one-tailed or two-tailed test. The relevant hypotheses 
and test statistics are summarised in Table 4.11. 
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Table 4.11 Summary of hypotheses and test statistics for a Mann–
Whitney U-test 

Type of test Two-tailed One-tailed 
(greater than) 

One-tailed 
(less than) 

Null hypothesis H0:	μ1	=	μ2		 H0:	μ1	≤	μ2		 H0:	μ1	≥	μ2		
Alternative hypothesis HA:	μ1	≠	μ2		 HA:	μ1	>	μ2		 HA:	μ1	<	μ2		
Test statistic U1 or U2  		 		

  

Example: Testing the difference in locations of two sample 
distributions: Mann–Whitney U-test 
A company is intending to introduce an aptitude test as part of its new assessment 
procedures for potential recruits. Prior to the launch of the new procedures, the test is 
given to a random sample of 12 of the company’s employees who are graduates and also 
to a random sample of 12 of the other employees. The test scores are shown in 
Table 4.12. 
The company does not think that the test scores are normally distributed. It wants to 
test the following hypotheses: 
(a) The two populations of graduates and of other employees have different average 

scores. 
(b) The scores for the population of graduates tend to be higher than the scores from 

the population of other employees. 

Table 4.12 Score in aptitude test for a sample of graduates and a sample 
of other employees 

Score 
Graduates Other employees 

58 57 
69 61 
72 71 
61 63 
78 50 
65 75 
63 62 
76 70 
72 55 
66 54 
68 60 
72 56 

  

Solution 
The individual scores from the two samples are put together and are then sorted into 
ascending order. The lowest score, in this case 50, is given the rank 1, and the next 
value, 54, is given the rank 2. If two or more employees have the same score, then each 
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is given the average of the ranks that should have been allocated. For example, there 
were two employees who had a score of 61. These scores should have been ranked 8 
and 9, so each of these employees is given the average of these ranks, in this case 8.5. 
The final ranking is shown in Table 4.13. 

Table 4.13 Scores and ranking for the two samples combined 
Score Type Rank Final rank 

50 O 1 1 
54 O 2 2 
55 O 3 3 
56 O 4 4 
57 O 5 5 
58 G 6 6 
60 O 7 7 
61 G 8 8.5 
61 O 9 8.5 
62 O 10 10 
63 G 11 11.5 
63 O 12 11.5 
65 G 13 13 
66 G 14 14 
68 G 15 15 
69 G 16 16 
70 O 17 17 
71 O 18 18 
72 G 19 20 
72 G 20 20 
72 G 21 20 
75 O 22 22 
76 G 23 23 
78 G 24 24 

  

The final ranks can be listed for each sample as shown in Table 4.14. 
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Table 4.14 Final ranks for graduates and other employees 
Graduates  Other employees 

Score Final rank  Score Final rank 
58 6  50 1 
61 8.5  54 2 
63 11.5  55 3 
65 13  56 4 
66 14  57 5 
68 15  60 7 
69 16  61 8.5 
72 20  62 10 
72 20  63 11.5 
72 20  70 17 
76 23  71 18 
78 24  75 22 

Total 191   109 
  

The ranks can now be summed for each group. 
∑ 191
∑ 109	

1
2 ∑ 12 12 12 13

2 191 31
1

2 ∑ 12 12 12 13
2 109 113

	

Checking 
31 113 144
12 12 144 	

Note that UG	+	UO	=	nG	×	nO	=	144 so the calculations of the U-values are correct. 
As both samples have more than ten employees, the normal approximation can be used.  

(a) In the first part of the example, a test was required to determine whether the 
populations of graduates and of other employees have different average scores. 
This is a two-tailed test, so the hypotheses are: 
H0:	μG	=	μO	
HA:	μG	≠	μO 

UO is used as the test statistic, so the z-statistic is given by: 

2
1

12

113 12 12
2

12 12 12 12 1
12

41
17.32 2.37	

The distribution of z-statistics under the null hypothesis is shown in Fig-
ure 4.34. 
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Figure 4.34 Distribution under the null hypothesis that the means are 

equal, two-tailed test 

As the z-statistic lies in the right tail of the distribution, the decision is: 
Reject H0 at the 5 per cent level of significance. 

The conclusion is that there is a significant difference in the location of the 
scores for the graduates and for the other employees, at the 5 per cent level of 
significance. 

(b) In the second part of the example, a test was required to determine whether the 
scores from the population of graduates tend to be higher than the scores from 
the population of other employees. This requires a one-tailed test with the hy-
potheses: 
H0:	μG		≤		μO	
HA:	μG	>		μO 

In this case the value UO must be used as the test statistic. As both samples have 
more than ten observations, the normal approximation can be used, where the z-
statistic is calculated as 

2
1

12

113 12 12
2

12 12 12 12 1
12

41
17.32 2.37	

The distribution of z-values under the null hypothesis is shown in Figure 4.35. 

 
Figure 4.35 Distribution under the null hypothesis, μG	 	μO, one-tailed test 

As the z-statistic lies in the right tail of the distribution, the decision is: 
Reject H0 at the 1 per cent level of significance. 
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The conclusion is that the scores obtained by the population of graduates are 
significantly higher than the scores obtained by the other employees, at the 1 
per cent level of significance. Note, however, that the z-statistic was only slight-
ly higher than the critical value of z at the 1 per cent level. 

Learning Summary 
This module has provided a summary of some of the frequently used techniques for 
data analysis. Four of the standard theoretical statistical distributions have been 
described, and examples illustrate how key values can be extracted from the 
tabulations. Worked examples show how sample data can be used to calculate 
estimates of the population parameters in the form of confidence intervals. Exam-
ples have also been given of the hypothesis tests that are frequently used for 
business data: these are summarised in Table 4.15. 

Table 4.15 Summary of hypothesis tests 
Variable Number of 

samples 
One 
tail 

Two 
tails 

Hypothesis 
on 

Test 
statistic 

Degrees of 
freedom 

Comment 

Mean 1 ✓ ✓ μ z or t 1     
                

Mean 2 ✓ ✓ μ z or t 2     
                

Mean (paired 
sample) 

1 ✓ ✓   z or t (number of 
pairs − 1) 

Use average 
difference 

                

Mean 3 or more   ✓ μ F (treatments, error) 
(blocks, error) 

ANOVA 

                

Variances 1 ✓ ✓     1     
                

Variances 2 ✓     
/   

n1 1 , n2 1   Assumes 
  

                

Proportions 1 ✓ ✓ π z   30  
                

Proportions 2 ✓ ✓ π  z   30  
                

Association   ✓   Association   1 1   r = rows 
c = columns 

n = sample size 
  

When using any of these techniques, it is always important to make sure that the 
proposed method is appropriate for the data, that any assumptions are satisfied and 
that the results agree with common sense. If there are any doubts, consult an expert 
before starting the data collection!  

There are many other hypothesis tests available. Most statistical computer pack-
ages contain a wide variety of tests. If considering another test, check the data 
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requirements and the underlying assumptions carefully. It is essential that an 
appropriate methodology is used, otherwise the results will be invalid. 

The main steps that should be used in hypothesis testing are: 
x Determine whether the test involves: 

� Means 
� Proportions 
� Variances 
� Counts 
� Rankings 

x Determine whether the test is: 
� One-sided 
� Two-sided 

x Determine the number of samples: 
� One 
� Two (check whether paired) 
� Three or more 

x Check the sample size. 
x Choose the appropriate test. 
x Check the assumptions. 
x Formulate the hypotheses H0 and HA. 
x Select the appropriate level of significance. As a default: use the conventional 5 

per cent and 1 per cent levels. 
x Calculate the test statistic. 
x Use tables to give the critical values. 
x Draw a sketch diagram showing the distribution under the null hypothesis H0, 

the critical values and the test statistic. 
x Make decision:  

� If |Test statistic| > |Critical value| in table: 
Reject H0 at the **% level of significance.  

� Otherwise reject HA. 
x State the decision in words in terms of the original question. 
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Review Questions 

True/False Questions 

Statistical Distributions 

4.1 The normal distribution is symmetrical. T or F? 

4.2 The area under the t-distribution curve represents frequencies. T or F? 

4.3 The shape of the F-distribution does not change. T or F? 

4.4 The chi-squared distribution is used to compare means. T or F? 

4.5 P(z	>	1.45) from the normal distribution is 0.4265. T or F? 

4.6 The probability shown in the table for the t-distribution represents the area in the right 
tail. T or F? 

4.7 The value of the F-distribution that gives an area of 1 per cent in the right tail when 
there are ten and eight degrees of freedom is 5.06. T or F? 

4.8 The F-distribution is used to compare variances. T or F? 

4.9 The value of the χ2 statistic with 20 degrees of freedom that gives an area of 1 per cent 
in the right tail is 28.4120. T or F? 

4.10 The area in the right tail of a normal distribution is 0.1075, so the corresponding value 
of z is 1.24. T or F? 

Estimation 

4.11 In estimation, the area of importance is in the tail of the distribution. T or F? 

4.12 Estimation is used to deduce a sample value from the population value. T or F? 

4.13 The confidence interval is usually located in the centre of the distribution. T or F? 

4.14 The F-distribution is used to estimate the population mean. T or F? 

4.15 The chi-squared distribution is used to estimate the population variance.  
T or F? 

4.16 The normal distribution can be used to estimate a population proportion for a sample of 
size 24. T or F? 
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4.17 The t-distribution can always be used to estimate the population mean when the sample 
size is 26. T or F? 

4.18 The 95 per cent level of confidence is frequently used. T or F? 

Hypothesis Testing 

4.19 The normal distribution is the only distribution used to test hypotheses. T or F? 

4.20 In hypothesis testing the critical area is in the tails of the distribution. T or F? 

4.21 The sketch diagram should show the distribution under the alternative  
hypothesis. T or F? 

4.22 If the value of the test statistic is in the tail of the distribution, the alternative hypothesis 
should be rejected. T or F? 

4.23 The null hypothesis should reflect the ‘status quo’. T or F? 

Questions 4.24 to 4.30 refer to the following. 
A sample of 27 employees in a company was selected at random, and details of the em-

ployees’ sickness absences were recorded. It was found that the average number of days 
absent was 22 days with a standard deviation of 5.1 days. A hypothesis test is carried out to
determine whether the average number of days lost through sickness this year, is significantly
higher than the company average of 17 days last year. The company believes that the number 
of days absent is normally distributed. 

4.24 This is a test on means. T or F? 

4.25 It involves two samples. T or F? 

4.26 It is testing for a significant increase. T or F? 

4.27 It is a two-tailed test. T or F? 

4.28 It can be tested with a z-statistic. T or F? 

4.29 The chi-squared distribution should be used. T or F? 

4.30 Degrees of freedom will need to be calculated. T or F? 
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Multiple-Choice Questions 

Statistical Distributions 

4.31 The probability of getting a z-statistic that is greater than 1.78 from the normal 
distribution is: 
A.   0.0307  
B.   0.0375  
C.   0.4625  
D.   0.04693  

4.32 The value of z that gives an area of 0.1711 in the right tail of the normal distribution is: 
A.  0.07  
B.  0.43  
C.  0.44  
D.  0.95  

4.33 The probability of getting a z-statistic that is less than −2.16 from the normal 
distribution is: 
A.  0.0154  
B.  0.4846  
C.  0.5154  
D.  0.9846  

4.34 The values of z that give an area of 99 per cent in the centre of the normal distribution 
are: 
A.  −1.65 and 1.65  
B.  −1.96 and 1.96  
C.  −2.33 and 2.33  
D.  −2.58 and 2.58  

4.35 The critical value of z that gives an area of 5 per cent in the left tail of the distribution is: 
A.  −2.33  
B.  −1.65  
C.  1.65  
D.  2.33  

4.36 The critical values of z that give an area of 1 per cent in both tails combined are: 
A.  −1.65 and 1.65  
B.  −1.96 and 1.96  
C.  −2.33 and 2.33  
D.  −2.58 and 2.58  
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4.37 The values of t that give an area of 95 per cent in the centre of the  
t-distribution, with 14 degrees of freedom, are: 
A.  −1.761 and 1.761  
B.  −2.145 and 2.145  
C.  −2.624 and 2.624  
D.  −2.977 and 2.977  

4.38 The critical value of t, with 25 degrees of freedom, that gives an area of 5 per cent in the 
left tail of the distribution is: 
A.  −1.708  
B.  −2.060  
C.  −2.787  
D.  −3.725  

4.39 The critical values of t, with ten degrees of freedom, that give an area of 1 per cent in 
both tails combined are: 
A.  −1.372 and 1.372  
B.  −2.764 and 2.764  
C.  −3.169 and 3.169  
D.  −4.144 and 4.144  

4.40 The critical value of F, with five and eight degrees of freedom, that gives an area of 1 per 
cent in the right tail is: 
A.  3.69  
B.  4.82  
C.  6.63  
D.  10.27  

4.41 The critical value of the χ2 statistic, with 22 degrees of freedom, that gives an area of 5 
per cent in the right tail is: 
A.   33.92  
B.   36.78  
C.   40.29  
D.   42.80  

4.42 The critical value of the χ2 statistic, with ten degrees of freedom, that gives an area of 1 
per cent in the left tail is: 
A.  2.16  
B.  2.56  
C.  15.99  
D.  23.21  
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4.43 The critical values of the χ2	statistic, with 15 degrees of freedom, that give an area of 1 
per cent in both tails combined are: 
A.  −32.80 and 32.80  
B.  −30.58 and 30.58   
C.  4.60 and 32.80  
D.  5.23 and 30.58  

Estimation 

4.44 When using the normal distribution to estimate a population mean at the 95 per cent 
level of confidence, the values of z are: 
A.  −1.65 and 1.65  
B.  −1.96 and 1.96  
C.  −2.33 and 2.33  
D.  −2.58 and 2.58  

4.45 When using the χ2 distribution, with 25 degrees of freedom, to estimate a population 
variance at the 90 per cent level of confidence, the values of the χ2 statistic are: 
A.  −34.38 and 34.38  
B.  −37.65 and 37.65  
C.  14.61 and 37.65  
D.  16.47 and 34.38  

Hypothesis Testing 

4.46 The level of significance is: 
A.  the probability of rejecting the alternative hypothesis when it is true.  
B.  the probability of rejecting the alternative hypothesis when it is false.  
C.  the probability of rejecting the null hypothesis when it is true.  
D.  the probability of rejecting the null hypothesis when it is false.  

Questions 4.47 and 4.48 refer to the following information. 
A hypothesis test has been used to determine whether the mean from a sample is signifi-

cantly different from the population mean. The calculated value of the z-statistic is −2.73. 

4.47 The formal decision is: 
A.  reject the null hypothesis only at the 5 per cent level of significance.  
B.  reject the null hypothesis at the 1 per cent level of significance.  
C.  reject the alternative hypothesis.  
D.  the test is invalid.  
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4.48 The conclusion should be: 
A.  the mean from the sample is significantly lower at the 1 per cent level of 

significance. 
 

B.  there is no significant difference in the population means.  
C.  there is a significant difference in the population means only at the 5 per cent 

level of significance. 
 

D.  there is a significant difference in the population means at the 1 per cent level 
of significance. 

 

4.49 A hypothesis test is required to compare variances from two samples. The statistic that 
should be calculated is: 
A.  z  
B.  t  
C.  F  
D.    

4.50 A hypothesis test is required to determine whether there is a significant association 
between two variables. The statistic that should be calculated is: 
A.  z  
B.  t  
C.  F  
D.    
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Learning Objectives 
By the time the candidate has completed this module, he or she should be able to: 
x carry out and interpret a bivariate regression analysis; 
x calculate and interpret a correlation coefficient; 
x understand the requirements for multivariate regression analysis and interpret 

the computer output; 
x analyse and interpret the residuals; 
x carry out and interpret a Spearman’s rank correlation test; 
x understand the key components of time series analysis; 
x perform and interpret time series analyses. 

5.1 Introduction 
This module describes how some kinds of data may be analysed by exploring the 
relationship between two or more variables. Once relevant graphs of the data have 
been produced, an attempt is made to represent the relationships between the 
variables by a mathematical model. Several different potential models may be 
explored and the most appropriate model selected. This can be used in modelling, 
simulation and forecasting. 

The first two methods described are bivariate linear regression, which looks at 
the relationship between two variables, and multivariate regression, which analyses 
relationships between more than two variables. The significance of the regression 
model, the individual regression coefficients and the correlation coefficients can be 
investigated using hypothesis tests. The importance of analysing the residuals is 
emphasised, as these are the best identifiers of the fit of the mathematical model to 
the data. Another method of testing the correlation between two variables, using the 
Spearman’s rank correlation coefficient, is also described. 
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Many kinds of business data are recorded at intervals over a time period. Data 
from longitudinal studies are also recorded at given time points. These kinds of data 
can be analysed using time series analysis. Here the aim is to identify the main 
components of the time series, the trend, the seasonal effect and the cyclical effect 
so that a mathematical model can be used to describe the historical data. Analysis of 
the residuals is also important in time series analysis. If the model is a good fit to the 
data, it can be used in forecasting. 

5.2 Bivariate Linear Regression 

5.2.1 Introduction 

Bivariate linear regression is used to describe the relationship between two variables, 
when they have a linear (straight line) relationship. It describes the way in which the 
dependent variable, y, is related to the independent variable, x.  

This relationship can be described using a mathematical equation: 
y	=	a	+	bx	
where a and b are constants, a is the intercept on the y-axis and b is the gradient. 

Before describing in detail all the steps required in the regression analysis, the 
following example outlines the main elements and key output of the analysis. 

5.2.2 An Example of Bivariate Regression Analysis 

Operators at a call centre have been contacting potential customers about purchas-
ing car insurance. Records have been kept of the number of customers that have 
been contacted by phone and the number of policies that have been purchased. The 
data are shown in Table 5.1. 

Table 5.1 Number of policies purchased by number of customers 
Operator Number of customers 

contacted (‘000s) 
Number of policies 

purchased 
  x y 

1 2.2 30 
2 3.5 42 
3 4.1 22 
4 2.6 30 
5 3.0 50 
6 4.5 48 
7 1.6 26 
8 2.8 32 
9 2.7 34 
10 3.2 36 
11 3.3 41 
12 2.5 30 
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The manager of the call centre thinks that there is a linear relationship between 
the number of customers contacted and the number of policies sold, and wants to 
investigate the nature of the relationship and its significance. 

As the manager is interested in the relationship between two variables, the meth-
od of bivariate linear regression seems appropriate. The number of customers 
contacted is used as the independent variable, as the number of policies purchased 
depends on the number of customers contacted. 
Independent	variable	 	Number	of	customers	contacted	 thousands 	 	x	
Dependent	variable	 	Number	of	policies	purchased	 	y	

In order to determine the nature of the relationship, a scatter diagram of the data 
should be drawn, as shown in Figure 5.1. 

 
Figure 5.1 Scatter diagram: number of policies purchased by number of 

customers 

From the scatter diagram it can be seen that the data appear to follow a straight 
line, which has a positive slope. However, there are two values that do not follow 
this pattern, those for 3000 and 4100 customers, and these are known as outliers. 
The analyst would need to check whether these values are correct and, if they are, 
determine the reasons for the unusual number of sales. Note that outliers should 
not be removed from the analysis unless there is an extremely good reason. 

The data are then used to calculate the equation of the regression line. The equa-
tion is  
y	 	21.03	 	4.68x	

This equation indicates that, for every 1000 customers contacted, 4.68 policies 
will be purchased. However, this only holds within the range of the observed data, 
in this case from 1.6 to 4.5 thousand customers. 
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Figure 5.2 Scatter diagram with regression line 

The regression line should be drawn on the scatter diagram, as shown in Fig-
ure 5.2. This provides a good check that the regression equation is realistic, as the 
line should go through the middle of the data points. This figure also emphasises 
the outliers that were identified earlier. 

Some important statistics can now be calculated. The first of these is the correla-
tion coefficient, which measures the closeness of the relationship between the two 
variables. The correlation coefficient takes values in the range from −1 to 0 to +1. 
In this example: 
Correlation	coefficient	 	r	 	0.434	

This indicates that there is a positive correlation between the number of custom-
ers contacted and the number of policies sold. The correlation is not very strong. 

Another important statistic is the coefficient of determination, which measures 
the percentage of the variation in the dependent variable (y) that is explained by its 
relationship with the independent variable (x). For this example: 
Coefficient	of	determination	 	R2	 	r2	 	0.188	 	18.8%	

This indicates that 18.8 per cent of the variation in the number of policies pur-
chased is explained by the relationship with the number of customers contacted. 
This percentage is not very high, and it implies that it may be possible to find a 
better model that explains more of the variation. 

The closeness of the regression model to the data can also be measured by calcu-
lating the residuals for each data point. The residual is the difference between the 
value observed and the value that would be obtained from the regression equation. 
Residual	 	Observed	value	 	Value	from	the	regression	equation	

The residuals should be plotted against the x-variable, as shown in Figure 5.3. 
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Figure 5.3 Residuals by the number of customers contacted 

The residuals appear to be random, with about half of them positive and, half 
negative. There are two large residuals, which correspond to the two outliers 
identified earlier.  

A hypothesis test can be carried out to determine whether the regression model 
explains a significant proportion of the variation in the number of policies sold. The 
relevant data are shown in Table 5.2. 

Table 5.2 Summary of variances for testing the significance of the 
regression model 

Source of 
variation 

Degrees of 
freedom 

Sums of 
squares 

Mean 
squares 

F-ratio 

Explained  1 153.19 153.19 2.32 
Unexplained  10 661.72 66.17  
      
Total  11 814.92   

  

The outcome of the hypothesis test is that the regression model does not explain 
a significant proportion of the variation in the number of policies. This implies that 
the model is not a very good fit to the data and that a better model should be found. 

The analysis indicated that there were two outliers in the data, the correlation 
coefficient and the coefficient of determination were relatively low, and the regres-
sion model did not fit the data very well. Alternative models should be considered, 
perhaps involving other independent variables that may affect the sales of policies, 
such as the gender of the operator, the length of service, and the amount of training 
received. This would allow a multivariate analysis to be carried out, which might 
indicate a better model for the data. 
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This example has illustrated how a regression analysis should be carried out and 
the conclusions that should be drawn. Details of the calculations are given in 
Section 5.2.3 to Section 5.2.11.  

5.2.3 Finding the Equation of the Regression Line 

The equation of the regression line is given by 
y	=	a	+	bx	
where a and b are constants, a is the intercept on the y-axis and b is the gradient. 

These are calculated using the equations 
∑

∑ 	

where  and  are the means. Table 5.3 shows the calculations. 

Table 5.3 Calculations for the equation of the regression line 
Operator Number of 

policies 
Number of 
customers 
contacted 

(‘000s) 

Calculations 

  y x     	   

1 30 2.2 −5.08 −0.8 0.64 4.07 25.84 
2 42 3.5 6.92 0.5 0.25 3.46 47.84 
3 22 4.1 −13.08 1.1 1.21 −14.39 171.17 
4 30 2.6 −5.08 −0.4 0.16 2.03 25.84 
5 50 3.0 14.92 0.0 0.00 0.00 222.51 
6 48 4.5 12.92 1.5 2.25 19.38 166.84 
7 26 1.6 −9.08 −1.4 1.96 12.72 82.51 
8 32 2.8 −3.08 −0.2 0.04 0.62 9.51 
9 34 2.7 −1.08 −0.3 0.09 0.33 1.17 
10 36 3.2 0.92 0.2 0.04 0.18 0.84 
11 41 3.3 5.92 0.3 0.09 1.78 35.01 
12 30 2.5 −5.08 −0.5 0.25 2.54 25.84 

Total 421 36.0 0.00 0.0 6.98 32.70 814.92 
Mean 35.08 3.0     TSS 

  



 Module 5 / Data Modelling 

Introduction to Business Research 3   Edinburgh Business School 5/7 

∑ 36
12 3.0

∑ 421
12 35.083

∑
∑

32.70
6.98 4.68

35.08 4.68 3.0 21.03

	

The equation of the regression line is y	 	21.03	 	4.68x 
Note that the estimation of the regression coefficient, b, does have a variance 

associated with it and should strictly be quoted in the form of a confidence interval. 
However, this is beyond the scope of this text. 

5.2.4 Calculating the Correlation Coefficient 

The correlation coefficient, r, measures the closeness of the association between the 
x and y variables. It can have values in the range from −1 (perfect negative correla-
tion) to 0 (no correlation) to +1 (perfect positive correlation). The calculation is 
given by 

∑
∑ ∑

32.70
√6.98 814.92 0.434	

The correlation coefficient of 0.43 implies a positive correlation between the 
number of customers contacted and the number of policies purchased. This 
correlation is not very strong. 

Large values of r indicate a strong correlation. A negative value indicates that, as 
one variable increases, the other variable decreases. 

5.2.5 Calculating the Coefficient of Determination 

The coefficient of determination measures the percentage of the total variation in 
the dependent variable that is explained by the relationship with the independent 
variable. It is calculated as 
Coefficient	of	determination	 	R2	 	r2	 	0.4342	 	0.188	 	18.8%	

A high coefficient of determination indicates that the model is a good fit to the 
observed data. In this example the model is not a good fit to the data. 

An alternative method of calculating the coefficient of determination is shown in 
Section 5.2.7. 

5.2.6 Calculating the Residuals 

Once the regression equation has been determined, the value that the equation 
would give for a particular value of x can be calculated. The difference between the 
value generated by the equation and the observed value can be calculated: this is 
known as the residual. 
Residual Observed	value	of	 	Value	of	 	generated	by	the	regression	equation	
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If a residual is small, it means that the observed data value is very close to the 
value generated by the regression equation. A large residual indicates that there is a 
big difference between the observed data and the value on the regression line. The 
residuals are calculated as shown in Table 5.4. 

Table 5.4 Calculation of the residuals  
Number of 
customers 

(‘000s) 

Number of 
policies 

Value from 
regression 

equation 

Residual Squared 
residual 

x y     2  
2.2 30 31.34 −1.34 1.78 
3.5 42 37.43 4.57 20.92 
4.1 22 40.24 −18.24 332.57 
2.6 30 33.21 −3.21 10.30 
3.0 50 35.08 14.92 222.51 
4.5 48 42.11 5.89 34.69 
1.6 26 28.52 −2.52 6.37 
2.8 32 34.15 −2.15 4.61 
2.7 34 33.68 0.32 0.10 
3.2 36 36.02 −0.02 0.00 
3.3 41 36.49 4.51 20.35 
2.5 30 32.74 −2.74 7.51 

Total   0.00 661.72 
     SSE 

  

The residuals should also be investigated by drawing a graph of the residual 
against the independent variable. The residuals should be random and small. If a 
residual is large, it indicates that there is an outlier. If the residuals are not random, it 
indicates that there is a pattern in the data that should be included in the regression 
model, so an alternative model should be tried. 

The randomness of the residuals can be tested by a runs test as described in 
Section 5.2.11. 

5.2.7 Testing the Significance of the Regression Model 

The significance of the regression model is tested with an F-statistic. This statistic is 
calculated from a variance summary table that has the same format as the table used 
in analysis of variance (ANOVA). The data required are summarised in Table 5.5. 
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Table 5.5 Summary of variances (ANOVA table) for testing the 
regression model 

Source of 
variation 

Degrees of 
freedom 

Sums of 
squares 

Mean square F-ratio 

Regression 1 SSR MSR = SSR/1 MSR/MSE 
Error n 	2 	 SSE MSE = SSE/ 

(n − 2) 
  

Total n 	1  TSS     
  

number	of	data	points
TSS Total	sum	of	squares ∑
SSE Error	 residual 	sum	of	squares ∑
SSR Regression	sum	of	squares TSS SSE ∑

	

where 
observed	value
mean
value	from	the	regression	equation

		

The calculation of TSS is shown in the last column of Table 5.3, and the calcula-
tion of SSE is shown in the last column of Table 5.4. 

For the hypothesis test the F-statistic is calculated as shown in Table 5.5, and has 
one and (n	−	2) degrees of freedom. 

The variance summary table for the call centre example is shown in Table 5.6. 

Table 5.6 Summary of variances (ANOVA table) for testing the 
regression model 

Source of variation Degrees of 
freedom 

Sums of 
squares 

Mean 
squares 

F-ratio 

Regression 1 153.19 153.19 2.32 
Error 10 661.72 66.17  
Total 11 814.92   

  

The hypotheses are: 
H0: The regression model does not explain a significant proportion of the varia-
tion in the number of policies sold 
HA: The regression model explains a significant proportion of the variation in 
the number of policies sold 

The hypothesis test is based on the F-distribution, with one and ten degrees of 
freedom.  

From 0 in Appendix 1, the critical values of the F-statistic are: 
F5	 	4.96	
F1	 	10.04	

The distribution under the null hypothesis is shown in Figure 5.4. 
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Figure 5.4 Distribution under the null hypothesis for testing the signifi-

cance of the regression model 

As the calculated value of the F-statistic lies in the main part of the distribution, 
the formal decision is: 
  

Reject the alternative hypothesis. 
  

The conclusion is that the regression model does not explain a significant pro-
portion of the variation in the number of policies. This implies that the model is not 
a very good fit to the data and that a more appropriate model should be found. 

Note that the coefficient of determination can also be calculated from the data 
shown in Table 5.6. 

Coefficient	of	determination SSR
TSS

153.19
814.92 0.188 18.8%	

This indicates that only 18.8 per cent of the variation in the dependent variable 
(number of policies) is explained by its relation with the independent variable 
(number of customers). 

5.2.8 Testing the Significance of the Regression Coefficients 

A hypothesis test can be carried out on the regression coefficient, b, to determine 
whether it is significantly different from zero. If the value of this coefficient was 
close to zero, the coefficient would have little influence on the regression equation. 
This would imply that the independent variable was not playing an important role in 
the regression equation and should be removed and replaced by another variable. 

On the other hand, if the regression coefficient was found to be significantly 
different from zero, this would imply that the independent variable was making a 
significant contribution and should be retained. 

This forms the basis of the hypothesis test on whether the value of the popula-
tion regression coefficient, β, is significantly different from 0. It is a two-tailed test 
and the hypotheses are: 

H0:	β	=	0	
HA:	β	≠	0 

F5%

4.96 10.04

Fcalc

2.32

F1%



 Module 5 / Data Modelling 

Introduction to Business Research 3   Edinburgh Business School 5/11 

This test requires the calculation of a t-statistic, using the formula: 

 	with	 2 	degrees	of	freedom	

where 	standard	error	of	 SSE/ 2
∑ 2  

For the call centre example the calculations are: 

SSE/ 2
∑

661.72/10
6.98

66.17
6.98 √9.4799 3.08

4.68
3.08 1.52	with	10	degrees	of	freedom

	

The critical t-statistics are obtained from 0 in Appendix 1, with ten degrees of 
freedom.  
t2.5	 	2.228	
t0.5	 	3.169	

The distribution under the null hypothesis is shown in Figure 5.5. 

 
Figure 5.5 Distribution under the null hypothesis for testing the signifi-

cance of the regression coefficient 

As the calculated value of the t-statistic lies in the centre of the distribution, it is 
very likely to come from the distribution under the null hypothesis. The formal 
decision is: 
  

Reject the alternative hypothesis. 
  

The conclusion is that the regression coefficient β is not significantly different 
from 0. This implies that the variable ‘number of customers contacted’ should be 
replaced in the regression equation. 

t0.5%

–3.169
t2.5%

–2.228
t0.5%

3.169

t2.5%

2.228
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5.2.9 Testing the Significance of the Correlation Coefficient 

A hypothesis test can also be carried out to determine whether the correlation 
coefficient is significantly different from zero. If the coefficient is zero, there is no 
correlation between the two variables. 

The hypothesis test determines whether the population correlation coefficient, ρ, 
is significantly different from 0. The test is two-sided, and the hypotheses are 

H0:	ρ	=	0	
HA:	ρ	≠	0 

The test statistic is: 

1 / 2
	with	 2 	degrees	of	freedom	

For the call centre example: 

1 / 2
0.434

1 0.188 /10
0.434
0.285 1.52	with	10	degrees	of	freedom

	

From 0 in Appendix 1, the critical values of t are 
t2.5%	 	2.228	
t0.5%	 	3.169	

The distribution under the null hypothesis is shown in Figure 5.6. 

 
Figure 5.6 Distribution under the null hypothesis for testing the signifi-

cance of the correlation coefficient 

As the calculated value of the t-statistic lies in the centre of the distribution, it is 
very likely to come from the distribution under the null hypothesis. The formal 
decision is: 
  

Reject the alternative hypothesis. 
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The conclusion is that the correlation coefficient, ρ, is not significantly different 
from 0. This implies that the correlation between the number of customers and the 
number of policies is not significantly different from zero. 

Note that, in the case of the bivariate regression, it is necessary to carry out only 
one of the hypothesis tests, usually testing the significance of the regression model. 
In multivariate regression analysis each of the tests should be used. 

5.2.10 The Properties of the Least Squares Method 

Section 5.2.3 showed how the equation of the regression line was determined. It did 
not, however, attempt to describe how and why this particular line was chosen. The 
method behind the calculation is the method of least squares. This selects the 
regression line as the one where the sum of the squared residuals is as small as 
possible.  

The properties of the least squares method are: 
x The residuals sum to zero: 

∑ 0 
x The sum of squared residuals is a minimum: 

∑  is a minimum 
x The point ,  is on the regression line. 
x The residuals are normally distributed with zero mean and constant variance. 

Analysis of the residuals is important, to determine whether they are random and 
whether they are normally distributed with zero mean and constant variance. This is 
discussed in more detail in Section 5.2.11. 

5.2.11 Testing the Randomness of the Residuals 

In Section 5.2.10 the properties of the least squares regression model were dis-
cussed. One of the important properties was that the residuals should be random. 
This can be tested using a hypothesis test known as the runs test. 

Before starting the test, the data should be ordered in ascending order of the x-
variable. The runs can then be identified; a run is defined as a group of consecutive 
residuals that have the same sign. The number of runs observed is compared with 
the number of runs that would be expected if the residuals were random. 

H0: The residuals are random 
HA: The residuals are not random 
n1	 	number of positive residuals 
n2  number of negative residuals 
If both n1 and n2 are less than or equal to 20, the critical values at the 5 per cent 

level of significance are shown in 0 in Appendix 1. 
If n1 or n2 is greater than 20, then the normal distribution can be used, where 
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2 1

2 2
1

	number	of	runs
	

Using the data from the call centre example, the residuals are shown in Table 5.7. 

Table 5.7 Residuals 
x Residual 
   

1.6 −2.52 
2.2 −1.34 
2.5 −2.74 
2.6 −3.21 
2.7 0.32 
2.8 −2.15 
3.0 14.92 
3.2 −0.02 
3.3 4.51 
3.5 4.57 
4.1 −18.24 
4.5 5.89 

  

From the residuals, there are eight runs. 
Number	of	positive	residuals	 	n1	 	5	
Number	of	negative	residuals	 	n2	 	7	
Number	of	residuals	 	n	 	12	

H0: The residuals are random 
HA: The residuals are not random 

From 0 in Appendix 1: 
Lower	limit	at	5%	 	3	
Upper	limit	at	5%	 	11	

Eight runs were observed, and this lies within the critical 5 per cent limits. The 
decision is: 
  

Reject the alternative hypothesis. 
  

The conclusion is that the residuals are random. 
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Example 
Suppose that a data set had 35 observations. There were 25 positive residuals, ten 
negative residuals and three runs. Test whether the residuals are random. 
Solution 

n	=	35	 	n1	=	25	 	n2	=	10	
Number of runs = X = 3 
As n1 is greater than 20, the normal distribution can be used for this test. 

2 1 2 25 10
25 10 1 15.29

2 2
1

2 25 10 500 25 10
35 34

500 465
35 34 √5.58 2.36

	

So the z-statistic is 
3 15.29
2.36

12.29
2.36 5.21	

H0: The residuals are random 
HA: The residuals are not random 

The distribution under the null hypothesis is shown in Figure 5.7. 

 
Figure 5.7 Distribution under the null hypothesis for testing the ran-

domness of the residuals 
As the value of the z-statistic is in the left tail of the distribution, it is very unlikely to 
come from the distribution under the null hypothesis. The decision is: 
  

Reject the null hypothesis at the 1 per cent level of significance. 
  

The conclusion is that the residuals are not random. 

These tests have illustrated how the residuals may be tested for randomness. 
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5.2.12 Summary of Bivariate Linear Regression Analysis 

The previous sections have indicated the main features of bivariate linear regression. 
The steps involved can be summarised as follows: 
x Identify the independent and dependent variables. 
x Draw a scatter diagram. 
x Identify any patterns. 
x Check any outliers. 
x Calculate the equation of the regression line. 
x Plot the regression line on the scatter diagram. 
x Calculate and interpret the correlation coefficient. 
x Calculate and interpret the coefficient of determination. 
x Produce forecasts, but check whether the x-values are within the observed 

range. 
x Calculate the residuals. 
x Plot the residuals against the independent variable and examine for patterns. 
x Test the significance of the regression model. 
x Test the significance of the regression coefficient. 
x Test the significance of the correlation coefficient. 
x Test the randomness of the residuals. 
x Revise the regression model and analyse again.  
x Write a report on the analysis. 

5.3 Multivariate Regression 

5.3.1 Introduction 

Multivariate regression is used to describe the relationship between one dependent 
variable (y), and two or more independent variables (x1,	 x2,	 x3,	 x4	 … etc.). The 
relationship can be described using a mathematical equation 

⋯	
where y is the dependent variable; 
x1,	x2,	x3 and x4 are the independent variables; and 
b0,	b1,	b2,	b3 and b4 are constants, known as the regression coefficients.  
Dummy variables  

Sometimes a researcher may wish to include a qualitative variable in the regres-
sion model. This can be done by using a dummy variable that is coded numerically 
to reflect the qualitative attributes. For example, the classification of a location as 
urban or rural can be made using a dummy variable with the value 0 for urban and 1 
for rural.  
Curvilinear regression 
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The relationship between variables may not always follow a straight line; there 
may be a curvilinear relationship. For example, if the data appear to follow a U-
shaped curve, they may satisfy a quadratic equation of the form 

	
where a,	b and c are constants.  

Multiple regression analysis can be used here, with the first variable x1 equal to x2 
and the second variable x2 as x. The equation would become 

	
The main stages in multivariate regression analysis are similar to those described 

for bivariate linear regression in Section 5.2. A computer program is usually used to 
carry out the calculations, so it is important to understand the various different 
kinds of output and their interpretation. These are illustrated by the following 
example. 

5.3.2 An Example of Multivariate Regression Analysis 

A shoe manufacturer thinks that the level of sales at a retail outlet depends on the 
size of the local population, the socio-economic status of the area and the median 
income of the area. Information has been collected for each of the company’s 134 
retail outlets on the following factors: 
  

Sales: measured in £000s. 
Population:  local population, measured in thousands. 
Status:  status of area measured on a scale from 1 to 5. 
  1 indicates an area with a high socio-economic status.  
  5 indicates an area with low socio-economic status. 
Income: median income of area (in £000s).  

  

As the manufacturer believes that the sales are dependent on the three demo-
graphic factors, it seems that multivariate regression analysis might be appropriate. 
Sales level was used as the dependent variable (y), and the other three factors were 
used as the independent variables (x1, x2 and x3). The data were analysed using a 
multivariate regression program. 

5.3.3 Finding the Equation of the Regression Line 

The first part of the output from the multiple regression equation is shown in 
Table 5.8. This provides information on the regression coefficients. The coefficients 
are shown in the second column and are used to derive the regression equation. 
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Table 5.8 Regression coefficients 
Variable Coefficient Standard 

error 
Constant −42.00 231.17 
Population 0.47 0.14 
Status −0.43 95.35 
Income 22.40 10.78 

  

The regression equation is 
Sales	 	 42.00	 	 0.47	 	Population 	 	 0.43	 	Status 	 	 22.40	 	Income 	

This equation can be used to estimate the level of sales that could be expected for 
a particular area. For example, if an area had a population of 12 500, a socio-
economic status of 2 and a median income of £14 200, the sales would be estimated 
as 
Sales	 	 42.00	 	 0.47	 	12.5 	 	 0.43	 	2 	 	 22.40	 	14.2 	
	 42.00	 	5.875	 	0.86	 	318.08	
	£281.10	thousands	
	£281 100	
Note that the data have to be inserted in the units that were used to run the 

computer model. This calculation assumes that the regression model shown is 
realistic, and that the data values for the estimate are within the range of the values 
in the original data that were input to the regression program. 

The estimation of each regression coefficient does have a variance associated 
with it, and should be quoted in the form of a confidence interval. For details 
consult a more advanced statistical text. 

5.3.4 Calculating the Coefficient of Determination 

The next part of the computer output, shown in Table 5.9, can be used to calculate 
the coefficient of determination. 

Table 5.9 Variance summary (ANOVA) table 
Source Degrees of 

freedom 
Sums of 
squares 

Mean square F-ratio 

Regression 3 103.24 34.41 27.53 
Error 130 162.36 1.25  
Total 133 265.60   

  

The coefficient of determination (R2) is used to provide an indication of the fit of 
the regression model. 

Coefficient	of	determination Regression	sum	of	squares
Total	sum	of	squares

103.24
265.60 0.389 38.9%
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This indicates that 38.9 per cent of the variation in the dependent variable is 
explained by the mathematical relationship with the three independent variables. If 
an alternative model was available that explained a higher percentage of the varia-
tion, it would provide a better fit to the data. 

Some computer packages also calculate an adjusted R-squared value, Rbar-
squared 

2
. This takes account of the number of independent variables that are 

included in the model. If the Rbar-squared value is available it should be used and 
interpreted in a similar way. 

5.3.5 Testing the Significance of the Regression Model 

The next stage in the analysis is to investigate the significance of the regression 
model, using the variance summary (ANOVA) table shown in Table 5.9.  

The significance of the model can be tested using a F-statistic, with the hypothe-
ses: 

H0: The regression model does not explain a significant proportion of the varia-
tion in the dependent variable. 
HA: The regression model does explain a significant proportion of the variation 
in the dependent variable. 

From Table 5.9 the calculated value of the F-statistic is 27.53 with three and 130 
degrees of freedom. 

From 0 in Appendix 1, the critical values are: 
F5	 	2.68	
F1	 	3.94	

The distribution under the null hypothesis is shown in Figure 5.8. 

 
Figure 5.8 Distribution under the null hypothesis for testing the signifi-

cance of the regression model 

As the calculated F-statistic lies in the right tail of the distribution, it is unlikely to 
come from the distribution under the null hypothesis. The formal decision is:  
  

Reject the null hypothesis at the 1 per cent level of significance.  
  

F5%

2.68 3.94
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The conclusion is that the regression model does explain a significant proportion 
of the variation in the dependent variable, at the 1 per cent level of significance. 

5.3.6 Testing the Significance of the Regression Coefficients 

The significance of the regression coefficients can be tested using a t-statistic. The t-
statistic is calculated for each of the regression coefficients using 

	

as shown in Table 5.10.  

Table 5.10 Calculation of t-statistics 
Variable Coefficient Standard 

Error (Sb)  
t-statistic 

Constant −42.00 231.17  
Population 0.47 0.14 3.36 
Status −0.43 95.35 −0.005 
Income 22.40 10.78 2.08 

  

This significance test determines whether the population regression coefficient, β, 
is significantly different from zero. If it is, it implies that the independent variable is 
playing a useful role in the regression model and should be retained. If the coeffi-
cient is not significantly different from zero, then the independent variable should 
be removed from the regression model, and an alternative model should be devel-
oped and analysed. 

A significance test needs to be carried out on each of the regression coefficients. 
It is a two-tailed test with the following hypotheses: 

H0:	β	=	0	
HA:	β	≠	0 

The critical values are obtained from the t-distribution with the degrees of free-
dom that correspond to the error term in the ANOVA table, shown in Table 5.9. 

From 0 in Appendix 1, the critical values of the t-statistic are: 
t2.5	 	1.980	with	130	degrees	of	freedom	
t0.5	 	2.617	with	130	degrees	of	freedom	

As each of the tests will have the same critical values of the t-statistics, the infor-
mation can be combined in one diagram as shown in Figure 5.9.  
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Figure 5.9 Distribution under the null hypothesis for testing the signifi-

cance of the regression coefficients 

For the variable Population, tpop	= 3.36. 
This lies in the right tail of the distribution, and is very unlikely to come from the 

distribution under the null hypothesis. The decision is: 
  

Reject the null hypothesis at the 1 per cent level of significance. 
  

The regression coefficient for the variable Population is significantly different 
from 0 at the 1 per cent level of significance, so this variable should be retained in 
the regression model. 

For the variable Status, tstatus	= −0.005. 
This lies in the centre of the distribution and is highly likely to come from the 

distribution under the null hypothesis. The decision is: 
  

Reject the alternative hypothesis. 
  

The regression coefficient for the variable Status is not significantly different 
from 0, and this variable should be removed from the regression model. 

For the variable Income, tincome	= 2.08. 
This lies in the right tail of the distribution and there is only a 5 per cent chance 

that it could come from the distribution under the null hypothesis. The decision is: 
  

Reject the null hypothesis at the 5 per cent level of significance. 
  

The regression coefficient for the variable Income is significantly different from 
0 at the 5 per cent level of significance, so should be retained in the regression 
model. 

These results indicate that the variable Status should be removed from the re-
gression model, as it is not making a significant contribution.  

The analysis has shown that the current regression model explains 38.9 per cent 
of the variation in the dependent variable, and that the proportion of the variation 
explained by the model is statistically significant. These results indicate that the 
variable Status should be removed from the regression model, as it is not making a 
significant contribution. A revised model should be derived, run through the 
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regression program and then tests carried out on the significance of the model and 
on the significance of the individual regression coefficients. Other variables such as 
unemployment rate, proportion of children, number of competitors in area could be 
considered for inclusion in the regression model. 

5.3.7 The Correlation Matrix 

The correlation coefficient, r, measures the closeness of the relationship between 
two variables. The values of the coefficient range from −1, perfect negative correla-
tion, to 0, no correlation, to +1, perfect positive correlation.  

Information on the correlation between two variables is shown in a correlation 
matrix as in Table 5.11. 

Table 5.11 Correlation matrix 
  Sales Population Status Income 
Sales 1.00 0.52 0.14 0.45 
Population 0.52 1.00 0.17 0.38 
Status 0.14 0.17 1.00 0.42 
Income 0.45 0.38 0.42 1.00 

  

The first column in the table shows the correlation between the dependent varia-
ble, y, and each of the independent variables. A test could be carried out to 
determine whether each of the correlation coefficients is significantly different from 
zero, as shown in Section 5.2.9.  

The table also shows the correlation between the independent variables, and the 
significance of each of these coefficients can be tested. If a high correlation is found 
between two of the independent variables, known as collinearity, it indicates that 
both variables may not be required in the model. One of the variables should be 
removed, the new regression equation obtained, the coefficient of determination 
calculated, and the significance of the model and the regression coefficients tested. 

5.3.8 Assumptions of the Regression Model 

The assumptions underlying the regression model are: 
x The relationship between the dependent variable and each independent variable 

is linear. 
x The residuals are normally distributed with a mean of zero and constant 

variance. 
x The residuals are random. 
x Successive values of the dependent variable are not correlated, i.e. there is no 

auto-correlation. 
The best method of determining whether the assumptions are satisfied is to 

analyse the residuals. This is described in the next section. 
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5.3.9 Analysing the Residuals 

A residual measures the difference between the value that would be generated by 
the regression model, , and the observed value, y. 
Residual Observed	 	value	 	Value	calculated	by	the	regression	equation	

A small residual indicates that the model is a good fit to the data, while a large 
residual indicates that the model does not fit very well. A large residual may also 
indicate that there is an outlier in the data. 

Plotting a graph of the residuals against the value of y generated by the regression 
equation will indicate whether there is a definable pattern in the residuals. If there is 
a pattern, this implies that the regression model is not as good as it should be. 
Figure 5.10 shows residuals that are random and have a constant variance: this 
satisfies the underlying assumptions of the regression model. 

 
Figure 5.10 Random residuals with a constant variance 

Figure 5.11 shows residuals that are not random; this kind of pattern should be 
detected by a runs test as described in Section 5.2.11. In this case the assumptions 
are not satisfied. 

R
e
si

d
u
a
l

–3

–2

0

1

2

4

–4

–1

3

ŷ
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Figure 5.11 Non-random residuals  
 

 
Figure 5.12 Random residuals with increasing variance 

Figure 5.12 shows residuals that increase in size as the size of the independent 
variable increases; this is known as heteroscedascity. The assumptions are not 
satisfied. 

Analysis of the residuals often provides the main indicator that the regression 
model is not satisfactory. It is very important that this analysis is carried out. 

5.3.10 Summary of Multivariate Regression Analysis 

The previous sections have indicated the main features of multivariate regression. 
The major steps involved are: 
x Identify the independent and dependent variables. 
x Input the data to the computer program. 
x Derive the regression equation. 
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x Calculate and interpret the coefficient of determination. 
x Test the significance of the regression model. 
x Test the significance of the regression coefficients. 
x Test the independent variables for collinearity. 
x Plot the residuals against the value of y generated by the regression equation. 
x Test the residuals for randomness. 
x Revise the regression model by adding or deleting variables. 
x Repeat the analysis. 
x Write a report. 

5.4 Spearman’s Rank Correlation Coefficient 
One of the statistics that is important when investigating the linear relationship 
between two variables is the correlation coefficient. Section 5.2.4 showed how the 
correlation coefficient can be used to describe and interpret the strength of the 
relationship between two variables in bivariate regression. The coefficient is used in 
a similar manner in multivariate regression. In both of these analyses, it is assumed 
that the variables are numeric and that the joint distribution of the variables is 
bivariate normal. There may, however, be instances where these assumptions do not 
hold, and the Spearman’s rank correlation coefficient should be used instead. 

As its name implies, the Spearman’s rank correlation coefficient compares the 
order or the ranks of the observations in each variable. If the ranking in each 
variable is similar, there is a high correlation between the two variables. The range of 
values for the rank correlation coefficient is from −1 to +1, with a value of 0 
implying that there is no correlation between the variables. The strength of the 
relationship can be tested by carrying out a hypothesis test on the rank correlation 
coefficient.  

The data for each variable are ranked in ascending order. If two or more data 
observations have the same values, the average of the ranks is used. The ranks for 
the two variables are then compared and the difference in ranks, d, for each 
observation is calculated. The Spearman’s rank correlation coefficient, rs, is calculat-
ed as 

1 6∑ 	
where 

difference	in	ranks
sample	size
1 1

		

The hypothesis test compares the value of the population rank correlation coeffi-
cient, ρs. The hypotheses are: 

H0:	ρs	=	0	
HA:	ρs	≠	0 

The test statistic is a t-statistic where: 
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2
1  	with	 2 	degrees	of	freedom	

The Spearman’s rank correlation coefficient is another example of a non-
parametric, or distribution-free, statistic. 

Example 
A random sample of employees was selected, and the employees were asked to give 
their opinion of the company’s latest strategic plan, using a score between 0 and 20. A 
score of 0 indicated very dissatisfied, and a score of 20 indicated very satisfied. The 
analyst believes that there may be a significant correlation between the score given and 
the age of the employee. Table 5.12 shows the data collected. 

Table 5.12 Score given to the strategic plan by age of employee for a 
sample of 15 employees 

Score Age 
10 37 
15 45 
16 48 
9 29 
17 53 
13 35 
18 43 
17 38 
12 36 
8 33 
14 42 
13 47 
19 52 
11 50 
17 46 

  

Solution 
The first step is to rank the values for each of the variables. The rankings are shown in 
the first two columns of Table 5.13. Note that the score 13 occurred twice, so each 
was given the average ranking of 6.5. The score of 17 occurred three times, so each was 
given the ranking of 12. There were no duplicates in the ages. 
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Table 5.13 Ranks for score and age and difference in ranks for a sample 
of 15 employees 

Rank for Score Rank for Age Difference in 
ranks 

Squared difference 

  d d2 
3 5 −2 4 
9 9 0 0 
10 12 −2 4 
2 1 1 1 
12 15 −3 9 
6.5 3 3.5 12.25 
14 8 6 36 
12 6 6 36 
5 4 1 1 
1 2 −1 1 
8 7 1 1 

6.5 11 −4.5 20.25 
15 14 1 1 
4 13 −9 81 
12 10 2 4 
 Total 0 211.50 

  

Table 5.13 also shows the calculation of the difference in the ranks, d, where: 

d	 	Rank	for	Score	 	Rank	for	Age	
Spearman’s rank correlation coefficient:  

1 6∑ 1 6 211.5
15 15 0.6223	

H0: ρs	 	0 
HA: ρs	 	0 

2
1 0.6223 13

1 0.6223 2.87	with	13	degrees	of	freedom	

The distribution of t-statistics under the null hypothesis is shown in Figure 5.13. 
As the calculated value of the t-statistic is in the right tail, the decision is to formally 
  

Reject the null hypothesis at the 5 per cent level of significance. 
  

The conclusion is that the Spearman’s rank correlation coefficient is significantly 
different from zero. This implies that there is a strong positive correlation between the 
ranking for score and the ranking for age. 
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Figure 5.13 Distribution of sample means under the null hypothesis for 

testing the significance of the rank correlation coefficient 

5.5 Time Series Analysis 

5.5.1 Introduction 

Many different types of business data are recorded over time, providing a time 
series. It is important to be able to analyse the main components of such data, so 
that this key information can be used in decision-making and in forecasting future 
patterns. This is a type of data modelling; once again it is important to find an 
appropriate model and to be able to compare different models.  

5.5.2 Time Series Components 

A time series is generally considered to have four major components, which are the: 
x long-term trend; 
x seasonal component; 
x cyclical component; 
x random component. 

A particular time series will usually have at least two of these components, one of 
which will always be the random component. Drawing a graph of the data, with 
time as the x-variable, can identify the relevant components. 

5.5.3 Long-term Trend 

The underlying trend can usually be identified from the graph. Figure 5.14 illustrates 
three different trends: Product A shows a trend that is increasing over time, Product 
B shows a series with a decreasing trend, and Product C is stationary. 
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Figure 5.14 Analysing the trend 

Many different methods of analysis can be used for the trend component. The 
major types are: 
x moving averages; 
x bivariate regression; 
x multivariate regression; 
x exponential smoothing. 

5.5.3.1 Moving Averages 
A moving average calculates the average value of the series over a given period of 
time. This has the effect of smoothing the series and removing the random varia-
tion. In business a four-point moving average is often used to give a year-on-year 
picture for quarterly data, and a twelve-point average is used for monthly data. If the 
moving average contains an even number of points, the averages must be centred, 
to give a value that corresponds to an observed time point. 

Example: Calculation of a four-point moving average for 
quarterly data 
The calculations are shown in Table 5.14. 
The first moving average, which corresponds to halfway between Quarter 2 and 
Quarter 3, is 
16.30 21.90 25.10 18.30

4
81.60
4 20.40	
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Table 5.14 Calculation of centred four-point moving average for 
quarterly data 

Year Quarter Sales Total 4 
point 

Moving 
average 4 

point 

Centred moving 
average 4 point 

2000 1 16.30    
 2 21.90    
   81.60 20.400  
 3 25.10   20.800 
   84.80 21.200  
 4 18.30   21.825 
   89.80 22.450  

2001 1 19.50   22.963 
   93.90 23.475  
 2 26.90   24.425 
   101.50 25.375  
 3 29.20   25.700 
   104.10 26.025  
 4 25.90   26.250 
   105.90 26.475  

2002 1 22.10   26.550 
   106.50 26.625  
 2 28.70   26.813 
   108.00 27.000  
 3 29.80   27.238 
   109.90 27.475  
 4 27.40   27.700 
   111.70 27.925  

2003 1 24.00   28.363 
   115.20 28.800  
 2 30.50   28.838 
   115.50 28.875  
 3 33.30    
 4 27.70    

  

The second moving average, which corresponds to halfway between Quarter 3 and 
Quarter 4, is 
21.90 25.10 18.30 19.50

4
84.80
4 21.20	

The centred moving average is the average of the first two values and corresponds to 
Quarter 3. The centred moving average corresponding to Quarter 3, 2000, is  
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20.40 21.20
2 20.80	

Figure 5.15 shows the original data and the centred four-point moving average. The data 
show a typical seasonal pattern. 

 
Figure 5.15 Quarterly sales data and four-point centred moving average 

5.5.3.2 Bivariate Regression 
Bivariate regression can also be used to determine the trend in a time series. Time is 
the independent variable, and the time points should be numbered sequentially. The 
regression equation is 
yt	=	a	+	bt	
where t is the time-point, and yt is the observation at time t. 

Example: Calculation of the trend using bivariate regression for 
quarterly data 
This example uses the same data as in the previous example. Here the quarters have to 
be numbered sequentially, as shown in the third column of Table 5.15. 
The coefficients are calculated as 

∑
∑

247.20
340.00 0.7271

25.41 0.7271 8.5 19.23
	

The regression equation is given by 

yt	=	19.23	 	0.73t	
The trend is illustrated in Figure 5.16. The definite seasonal pattern is evident from the 
data, and the regression line shows the increasing trend.  
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Table 5.15 Calculation of the trend using linear regression 
Year Quarter Time Sales      

         

2000 1 1 16.30 −7.50 −9.11 56.25 68.34 19.96 
 2 2 21.90 −6.50 −3.51 42.25 22.83 20.69 
 3 3 25.10 −5.50 −0.31 30.25 1.72 21.41 
 4 4 18.30 −4.50 −7.11 20.25 32.01 22.14 

2001 1 5 19.50 −3.50 −5.91 12.25 20.69 22.87 
 2 6 26.90 −2.50 1.49 6.25 −3.72 23.59 
 3 7 29.20 −1.50 3.79 2.25 −5.68 24.32 
 4 8 25.90 −0.50 0.49 0.25 −0.24 25.05 

2002 1 9 22.10 0.50 −3.31 0.25 −1.66 25.78 
 2 10 28.70 1.50 3.29 2.25 4.93 26.50 
 3 11 29.80 2.50 4.39 6.25 10.97 27.23 
 4 12 27.40 3.50 1.99 12.25 6.96 27.96 

2003 1 13 24.00 4.50 −1.41 20.25 −6.36 28.68 
 2 14 30.50 5.50 5.09 30.25 27.98 29.41 
 3 15 33.30 6.50 7.89 42.25 51.27 30.14 
 4 16 27.70 7.50 2.29 56.25 17.16 30.87 

Total  136 406.60 0.00 0.00 340.00 247.20  
Mean  8.5 25.41      

  

5.5.3.3 Multivariate Regression 
Sometimes it may be appropriate to analyse the trend in a time series using multivar-
iate regression. Economic variables often follow a relationship with variables that 
have been measured at a previous time point: these are referred to as lagged 
variables. 
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Figure 5.16 Quarterly sales data and trend from linear regression 

5.5.3.4 Exponential Smoothing 
Exponential smoothing is a smoothing technique that is used when there is only a 
short series of data; it is particularly useful for forecasting sales of a new product or 
take-up of a new service. The technique allows the analyst to select the relative 
weights that should be placed on the most recent piece of data, alpha, and on the 
previous smoothed values of the series. This is illustrated in Figure 5.17, which 
shows the effect of different weightings with alpha values of 0.1, 0.4 and 0.7. 

 
Figure 5.17 Exponential smoothing using different weighting coefficients 
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0.7 is used, the smoothed series follows the observed values much more closely. The 
calculations are shown in Table 5.16. 

Table 5.16 Exponential smoothing with a weighting coefficient (α) of 0.1 
Week Sales Series 

t     
1 55 55.00 
2 72 56.70 
3 41 55.13 
4 63 55.92 
5 38 54.13 
6 83 57.01 
7 46 55.91 
8 66 56.92 
9 73 58.53 

10 53 57.98 
  

The general formula for exponential smoothing is 
1 	

where 
smoothed	series	at	time	
weighting	coefficient
observed	value	at	time	

	

Therefore, the calculations are 
55

1 0.9 55 0.1 72 56.70
1 0.9 56.70 0.1 41 55.13

	

A more sophisticated type of smoothing is used in Holt’s method, as it 
smoothes the series and the trend. Details of this are given in the MBA Quantitative 
Methods text. 

5.5.4 Analysing the Seasonal Component 

The seasonal component may reflect monthly, quarterly, weekly, daily or hourly 
effects: this will depend on the type of data that are being analysed. For example, 
sales of walking boots in the UK have higher sales in the second and third quarters. 
Demand for electricity depends on the timing of the advertising breaks on televi-
sion. 

It is easier to analyse the seasonal component once the underlying trend has been 
identified. Usually the seasonal factors are measured as a percentage of the trend. 
The seasonal factor is calculated for each time point in the series and then the 
average factor for a particular season can be found. 
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Example: Analysing the seasonal factors for quarterly data 
The data showing quarterly sales, where the trend was found using linear regression, are 
used for this example. An initial assumption has to be made about the type of model. In 
this case the assumption is that the seasonal factor is multiplicative and that the model 
can be written as 

Observed Trend	 Seasonal	factor
100 	Residual	

The seasonal factor can be calculated for each time point as 

Seasonal	factor Observed
Trend 100	

These calculations are shown in Table 5.17. 

Table 5.17 Calculation of the seasonal factors for the quarterly sales 
data 

Year Quarter Time Sales Trend from 
regression 

Seasonal 
factor 

      
2000 1 1 16.30 19.96 81.66 

 2 2 21.90 20.69 105.87 
 3 3 25.10 21.41 117.21 
 4 4 18.30 22.14 82.65 

2001 1 5 19.50 22.87 85.27 
 2 6 26.90 23.59 114.01 
 3 7 29.20 24.32 120.06 
 4 8 25.90 25.05 103.40 

2002 1 9 22.10 25.78 85.74 
 2 10 28.70 26.50 108.29 
 3 11 29.80 27.23 109.44 
 4 12 27.40 27.96 98.01 

2003 1 13 24.00 28.68 83.67 
 2 14 30.50 29.41 103.70 
 3 15 33.30 30.14 110.49 
 4 16 27.70 30.87 89.74 

  

The seasonal factor for the first quarter in 2000 is 

Seasonal	factor Observed
Trend 100 16.30

19.96 100 81.66	
When a seasonal factor has been calculated for each time point, the average seasonal 
factor can be calculated for each quarter. The calculation for the first quarter uses the 
first quarter seasonal factors that are shown in bold in Table 5.17. 
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Average	seasonal	factor	for	Quarter	1 81.66 85.27 85.74 83.67
4

336.34
4 84.09%

	

The average seasonal factors for the other quarters are found in a similar way, and are 
shown in Table 5.18. 
Note that if there were no seasonal factor, the value would be 100 per cent for each 
quarter, giving a total of 400 per cent over the year. The calculated seasonal factors are 
adjusted to give the same annual total of 400 per cent. 

Table 5.18 Average seasonal factor by quarter 
Quarter Average seasonal factor 

1 84.09 
2 107.97 
3 114.30 
4 93.45 

Total 399.80 
  

Adjustment	factor 400
399.80 1.0005	

Multiplying each average seasonal factor by the adjustment factor gives the adjusted 
average seasonal factors as shown in Table 5.19. 

Table 5.19 Adjusted average seasonal factor by quarter 
Quarter Average adjusted seasonal 

factor 
1 84.13 
2 108.02 
3 114.36 
4 93.50 

Total 400.00 
  

These factors show that the sales in the second and third quarters are on average 8 per 
cent and 14 per cent respectively above the trend, whereas the sales in the first and 
fourth quarters are on average 16 per cent and 7 per cent below the trend. This 
confirms the seasonal pattern observed in Figure 5.16. 

5.5.5 Analysing the Cyclical Component 

If the cyclical component is to be analysed, a long series of data covering many years 
is required. The cyclical factor for each time point is measured by calculating the 
ratio of the moving average to the trend from the regression equation. By graphing 
this factor, the length of the cycle can be determined. The average cyclical factor is 
then calculated for each point in the cycle. An example is given in the MBA 
Quantitative Methods text. 
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5.5.6 The Random Component 

By its nature, the random component is impossible to model, as it arises from the 
unexplained variation that is present in every series of data. However, it should be 
analysed to see whether there are any discernible patterns in the data. If a pattern 
can be detected, it should be modelled mathematically and integrated in the time 
series model. Graphing the residuals against time is a useful way of illustrating the 
random variation. 

Example: Calculation of the residuals 

Table 5.20 Calculation of the residuals 
Year Quarter Time Sales Trend from 

regression 
Average 
adjusted 
seasonal 

factor 

Model Residuals 

        
2000 1 1 16.30 19.96 84.13 16.79 −0.49 

 2 2 21.90 20.69 108.02 22.35 −0.45 
 3 3 25.10 21.41 114.36 24.49 0.61 
 4 4 18.30 22.14 93.50 20.70 −2.40 

2001 1 5 19.50 22.87 84.13 19.24 0.26 
 2 6 26.90 23.59 108.02 25.49 1.41 
 3 7 29.20 24.32 114.36 27.81 1.39 
 4 8 25.90 25.05 93.50 23.42 2.48 

2002 1 9 22.10 25.78 84.13 21.68 0.42 
 2 10 28.70 26.50 108.02 28.63 0.07 
 3 11 29.80 27.23 114.36 31.14 −1.34 
 4 12 27.40 27.96 93.50 26.14 1.26 

2003 1 13 24.00 28.68 84.13 24.13 -0.13 
 2 14 30.50 29.41 108.02 31.77 −1.27 
 3 15 33.30 30.14 114.36 34.47 −1.17 
 4 16 27.70 30.87 93.50 28.86 −1.16 

  

This example uses the quarterly sales data with the trend from the regression equation.  
It has been assumed that the relationship between the components is given by 

Observed Trend	 Seasonal	factor
100 	Residual	

This indicates that the seasonal factor is a percentage of the trend and that the random 
variation, residual, is an additive factor. The series is not long enough to determine 
whether there is a cycle. 
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From the equation: 

Residual Observed Trend	 Seasonal	factor
100 Observed Model	

The value generated by the model is shown in the seventh column of Table 5.20. For the 
first quarter of 2000 the calculation is 

  Model Trend	 Seasonal	factor
100 19.96 84.13

100 16.79

Residual Observed Trend	 Seasonal	factor
100 Observed Model

16.30 16.79 0.49

	

The residuals are shown in the last column of Table 5.20. A graph of the residuals by 
quarter is shown in Figure 5.18.  

 
Figure 5.18 Residuals by quarter 
This shows that the residuals are random, have a mixture of positive and negative 
values, and are relatively small. It appears that the model used fits relatively well to the 
observed sales data. 

5.5.7 Comparing Models 

There are two summary statistics that can be used to compare different forecasting 
models: the mean squared error and the mean absolute deviation. In both cases 
the forecast produced by the time series model is compared with the observed data 
by calculating the difference for each time point.  
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The statistics are: 

  Mean	squared	error	 MSE ∑ Observed	value Forecast	value
Number	of	time	points	compared

Mean	absolute	deviation	 MAD ∑|Observed	value Forecast	value|
Number	of	time	points	compared

	

In the mean squared error the squared term avoids the problem of positive and 
negative differences cancelling each other out, but it also gives more weight to large 
differences. The mean absolute deviation deals with the sign problem by using the 
absolute value.  

The analyst should decide which of these two measures is most appropriate for 
the data. When comparing two or more time series models, the one with the lowest 
value of the relevant statistic is usually preferred. 

Learning Summary 
This module has indicated some of the ways in which data can be modelled. 
Examples have been given of bivariate linear regression, multivariate regression, 
Spearman’s rank correlation coefficient and time series analysis. However, there are 
many other techniques and combinations of methods that could be used. It is 
important to graph the data, identify the main features, and then try to build an 
appropriate model. Several different models should be investigated. The final 
selection should be made by analysing the residuals and using either the mean 
squared error or the mean absolute deviation to indicate the model that provides the 
best fit to the data. 

In the sections on regression analysis, some hypothesis tests were used. These are 
summarised in Table 5.21. 

Table 5.21 Summary of hypothesis tests for data modelling 
Variable Number of 

samples 
One 
tail 

Two 
tails 

Hypothesis on Test 
statistic 

Degrees of 
freedom 

Comment 

Regression 
model 

  ✓   Proportion of 
variance 
explained 

F (regression, 
error) 

  

Regression coefficient    ✓ β   (error)   
                

Correlation coefficient    ✓ ρ   (error)   
                

Residuals     ✓ Randomness  or number 
of runs  

  Normal dist. 
or Table A1.5 

Spearman’s rank          (n	 	2)    
Correlation 
coefficient 

2   ✓     where n = 
sample size 
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Review Questions 

True/False Questions 

Regression 

5.1 Bivariate linear regression can only be used when the relationship is a straight line.  
T or F? 

5.2 In the bivariate regression of y on x, y is the independent variable. T or F? 

5.3 In the regression equation y	=	a	+	bx, a represents the intercept on the x-axis. 
T or F? 

5.4 The range of values for the regression coefficient is −1 to +1. T or F? 

5.5 The coefficient of determination measures the proportion of the variance in the 
independent variable that is explained by the regression model. T or F? 

5.6 Testing the significance of the regression model uses a t-statistic. T or F? 

5.7 Testing the significance of a regression coefficient requires a two-tailed test.  
T or F? 

5.8 A correlation coefficient of −0.82 implies that there is a strong correlation between the 
variables. T or F? 

5.9 An R2 value of 32 per cent implies that 32 per cent of the observations lie within one 
standard deviation of the mean. T or F? 

5.10 When testing the regression model, the null hypothesis is that the model does explain a 
significant proportion of the variation in y. T or F? 

5.11 When testing the significance of a regression coefficient, the null hypothesis is that the 
observed coefficient is zero. T or F? 

5.12 The regression degrees of freedom are used when testing the significance of a 
regression coefficient. T or F? 

5.13 When testing the significance of the regression model, the degrees of freedom that are 
used are those for the regression and the total. T or F? 

5.14 If a regression coefficient is significantly different from zero, it implies that the associated 
variable should be removed from the regression model. T or F? 



 Module 5 / Data Modelling 

Introduction to Business Research 3   Edinburgh Business School 5/41 

5.15 If the null hypothesis is rejected when testing the significance of the model, it implies 
that the model is a good fit to the data. T or F? 

5.16 Collinearity between two variables indicates that there is a strong correlation.  
T or F? 

5.17 The significance of a correlation coefficient can be tested using an F-test. T or F? 

5.18 When testing the significance of a correlation coefficient, there are (n	 	1) degrees of 
freedom. T or F? 

5.19 Autocorrelation means that there is a correlation between successive measurements of 
the dependent variable. T or F? 

5.20 A residual is the difference between the observed value and the value generated by the 
model. T or F? 

5.21 If there is a pattern in the residuals, the model is a good fit to the data. T or F? 

5.22 The null hypothesis in the runs test is that the residuals are not random. T or F? 

5.23 The normal distribution can be used for the runs test, provided that the number of 
residuals is at least 20. T or F? 

Spearman’s Rank Correlation Coefficient 

5.24 Spearman’s test is used to test whether there is a correlation between three or more 
variables. T or F? 

5.25 In Spearman’s test, the data for each variable are ranked separately. T or F? 

5.26 The alternative hypothesis in Spearman’s test is that the rank correlation  
coefficient is zero. T or F? 

Time Series Analysis 

5.27 A moving average is used to estimate the seasonal effect. T or F? 

5.28 The trend can be estimated using bivariate regression. T or F? 

5.29 In exponential smoothing, successive values are added together. T or F? 

5.30 Two possible models have been fitted to a set of data. The model with the highest mean 
absolute deviation provides the best fit. T or F? 
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Multiple-Choice Questions 

 
 
 
 
 
 

Questions 5.31 to 5.37 refer to the following information. 
The output produced from a multiple regression package shows: 

  

Source Degrees of 
freedom 

Sums of squares 

Regression 5 346.25 
Error 14 245.64 

  

  

Variable b   

1  13.50 6.12 

2  −2.45 0.80 

  

5.31 What is the value of the F-ratio? 
A.  0.25  
B.  0.71  
C.  1.41  
D.  3.94  

5.32 What is the critical F-statistic at the 1 per cent level of significance? 
A.  2.96  
B.  4.64  
C.  4.69  
D.  9.77  

5.33 What decision should be reached on the significance of the regression model? 
A.   The model does not explain a significant proportion of the variation in the y 

variable.  
 

B.   The model does explain a significant proportion of the variation in the y 
variable at the 5 per cent level of significance, but not at 1 per cent.  

 

C.   The model does explain a significant proportion of the variation in the y 
variable at the 1 per cent level of significance.  

 

D.   The test is inconclusive.  

5.34 The regression coefficient for X1 is: 
A.   significantly different from 0 at the 1 per cent level of significance.  
B.   significantly different from 0 at the 5 per cent but not the 1 per cent level of 

significance. 
 

C.   not significantly different from 0.  
D.   The test is inconclusive.  
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5.35 The regression coefficient for X2 is: 
A.   significantly different from 0 at the 1 per cent level of significance.  
B.   significantly different from 0 at the 5 per cent but not the 1 per cent level of 

significance. 
 

C.   not significantly different from 0.  
D.   The test is inconclusive.  

5.36 The following variables should be retained in the regression equation: 
A.    only.  
B.    only.  
C.   X1 and X2.  
D.   Neither of them.  

5.37 The value of R-squared is: 
A.  41.0 per cent.  
B.  41.5 per cent.  
C.  58.5 per cent.  
D.  70.9 per cent.  

5.38 The coefficient of determination measures: 
A.   the correlation between the independent variables.  
B.   the proportion of the total variation in the dependent variable that is explained 

by the regression model. 
 

C.   the proportion of the total variation in the independent variable that is 
explained by the regression model. 

 

D.   the proportion of the values of the dependent variable that are positive.  

5.39 Spearman’s test is used to determine whether: 
A.  the residuals are random.  
B.  there are a significant number of positive residuals.  
C.  there is a significant rank correlation between two variables.  
D.  a variable should be retained in the regression equation.  

5.40 When testing residuals for randomness, the null hypothesis is: 
A.  the z-statistic is zero.  
B.  the z-statistic is not zero.  
C.  the residuals are random.  
D.  the residuals are not random.  
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Questions 5.41 to 5.50 refer to the following information: 
A manufacturer has seven computer-controlled machines in its factory. The machines were 

installed individually during recent years. A record has been kept of the weekly cost of
maintaining each machine, together with the age of the machine. This information is shown in
the table below. The manufacturer believes that the cost of maintenance depends on the age
of the machine. 
  

Age of machine  Cost of maintenance 
(years) £ 

6 568 
4 184 
1 85 
7 457 
3 126 
4 246 
5 173 

 

5.41 The average age of the machines is: 
A.  4.3 years.  
B.  30.0 years.  
C.  262.7 years.  
D.  1839.0 years.  

5.42 The average cost of maintenance is: 
A.  £4.3  
B.  £30.0  
C.  £262.7  
D.  £1839.0  

5.43 The value of the regression coefficient is: 
A.  −75.70  
B.  −61.72  
C.  61.72  
D.  75.70  

5.44 The value of the intercept on the y-axis is: 
A.  −75.70  
B.  −61.72  
C.  61.72  
D.  75.70  

5.45 The equation of the regression line is: 
A.  61.7 75.7   
B.  75.7 61.7   
C.  75.7 61.7   
D.  61.7 75.7   
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5.46 The correlation coefficient is: 
A.   0.69  
B.   0.83  
C.   0.12  
D.   −0.51  

5.47 The correlation coefficient indicates that there is: 
A.  a strong positive correlation.  
B.  a strong negative correlation.  
C.  a weak positive correlation.  
D.  a weak negative correlation.  

5.48 The coefficient of determination is: 
A.  1 per cent.  
B.  26 per cent.  
C.  48 per cent.  
D.  69 per cent.  

5.49 An outlier occurs at age: 
A.   3 years.  
B.   4 years.  
C.   6 years.  
D.   7 years.  

5.50 The average cost of maintenance predicted by the regression model for a machine aged 
5 years is: 
A.  £75  
B.  £317  
C.  £378  
D.  £440  
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Review Questions 

True/False Questions 

The Challenge of Writing a Thesis 

6.1 A doctoral thesis is no more difficult to write than, for example, a novel.  
T or F? 

6.2 The thesis does not need any formal structure. T or F? 

6.3 Candidates often delay the start of the writing-up process. T or F? 

6.4 One reason why some candidates postpone starting is because of the fear of exposing 
themselves to criticism by the supervisor. T or F? 

6.5 It is not the supervisor’s job to be critical. T or F? 

6.6 Candidates should try to issue the supervisor with some draft work as early as possible 
in the writing-up process. T or F? 

6.7 Candidates also often worry about the degree of originality that they have been able to 
develop within the research programme. T or F? 

6.8 Originality can be evidenced by the application of independent critical power. T or F? 

6.9 It is sufficient for the candidate to demonstrate an ability to make an independent 
critical assessment of a practice or event, provided this assessment adds to the 
knowledge of the subject area. T or F? 

6.10 Candidates should start writing as soon as possible. T or F? 

6.11 Candidates should try to build up a writing momentum and then maintain it throughout 
the writing-up process. T or F? 

6.12 Most writers are at their most productive and creative during the afternoon.  
T or F? 

6.13 Candidates should take regular long breaks of several weeks where no writing is done. 
T or F? 

6.14 The first draft of a chapter should be more or less the same as the final draft. T or F? 

6.15 Good writing is a natural talent and cannot be learned. T or F? 
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6.16 There is no requirement for integrative skills in writing a thesis. T or F? 

Structure and Enlightenment 

6.17 Structure relates to the limitations of the scope of the research and to the major points 
to be made within this scope. T or F? 

6.18 The obvious way of developing a structure is to adopt a work breakdown structure 
(WBS) approach. T or F? 

6.19 Generally, each paragraph should contain one main idea. T or F? 

6.20 Generally, the first sentence should be an introduction and the second sentence, if 
possible, should introduce the main idea. T or F? 

6.21 Generally, other sentences should support the main idea by developing it more, giving 
examples or linking it to other paragraphs. T or F? 

6.22 Generally it is wise to introduce a second or third idea in the same paragraph. T or F? 

Writing Style 

6.23 Jargon is confused, barbaric or unintelligible language. T or F? 

6.24 Jargon is hardly ever encountered in the literature. T or F? 

6.25 Technical terms should be explained, preferably in a glossary. T or F? 

6.26 Expletive beginnings should be included where possible. T or F? 

6.27 Clichés are expressions that have become monotonous and irritating through overuse 
or because reading them leads to misunderstanding. T or F? 

6.28 Clichés reinforce clarity and should be included wherever possible. T or F? 

6.29 The expression ‘a well-known fact’ is a cliché. T or F? 

6.30 Sexist language should be used wherever possible. T or F? 

6.31 Split infinitives must not be included in the thesis. T or F? 

6.32 A double negative is a sentence that contains the word ‘no’ twice. T or F? 

6.33 The active voice should predominate in the thesis. T or F? 
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6.34 The word ‘data’ is singular. T or F? 

Editing 

6.35 The supervisor is responsible for editing the candidate’s draft work. T or F? 

6.36 It is not necessary to edit every draft chapter in detail. T or F? 

6.37 The examiners cannot require the candidate to correct spelling and grammatical errors. 
T or F? 

6.38 The maximum number of edits required on any given chapter is two. T or F? 

Multiple-Choice Questions 

The Challenge of Writing a Thesis 

6.39 Candidates often delay the start of writing up their thesis because: 
I. they are not capable of completing the thesis. 
II. they do not have sufficient time to complete the thesis. 
III. they are afraid of being criticised by the supervisor. 
IV. they are concerned about the degree of originality contained within the thesis. 
Which of the above are true? 
A.  I and II.  
B.  II, III and IV.  
C.  III only.  
D.  III and IV.  

6.40 Research contributions can take numerous forms including: 
I. new reviews of existing literature (literative contribution). 
II. new knowledge about the world of management and business (substantive contribu-

tion). 
III. new theories and conceptual ideas (theoretical contribution). 
IV. new methods of investigation (methodological contribution). 
Which of the above are true? 
A.  I only.  
B.  I and II.  
C.  I, II and III.  
D.  II, III and IV.  
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6.41 Other forms of originality include: 
I. displaying originality in testing someone else’s idea. 
II. carrying out empirical work that has not been done before. 
III. using already known material but with a new interpretation. 
IV. taking a particular methodology and applying it in a new area. 
Which of the above are true? 
A.  I only.  
B.  I, III and III.  
C.  I, II, III and IV.  
D.  II, III and IV.  

6.42 Candidates should: 
I. not put off starting the first chapter. 
II. not delay sending the first draft chapter to the supervisor. 
III. start writing up as soon as possible. 
IV. send as much draft work to the supervisor as possible. 
Which of the above are true? 
A.  I, III and III.  
B.  I, II, III and IV.  
C.  II, III and IV.  
D.  III and IV.  

6.43 Most writers agree that their least productive part of the day is: 
A.   the morning.  
B.   the afternoon.  
C.   early evening.  
D.   overnight.   

6.44 Candidates should try to develop the habit of writing: 
A.  every day.  
B.  every second day.  
C.  one day each week.  
D.  one day each month.  

6.45 Ideally the candidate should achieve a writing competence where he or she: 
I. becomes so addicted to writing that he or she develops withdrawal  

symptoms when not writing. 
II. finishes today’s writing session by defining tomorrow’s. 
III. writes before doing everything else. 
IV. doesn’t worry about done or undone writing. 
Which of the above are true? 
A.  I and II.  
B.  I, II and III.  
C.  I, II, III and IV.  
D.  II, III and IV.  
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6.46 When writing the thesis, candidates should remember that: 
I. there is no need to structure each module. 
II. draft chapters do not have to be right first time. 
III. the order of chapters or modules can be changed if required. 
IV. spelling and grammar are not important. 
Which of the above are true? 
A.  I and II.  
B.  II and III.  
C.  II and IV.  
D.  III and IV.  

Structure and Enlightenment 

6.47 Thesis structural design can be assisted by the use of a: 
A.  CBS-based approach.  
B.  WBS-based approach.  
C.  CNN-based approach.  
D.  BBC-based approach.  

6.48 Most WBS-based approaches include a numbering system that goes down: 
A.  one level.  
B.  two levels.  
C.  three levels.  
D.  four levels.  

6.49 In terms of structuring a paragraph: 
I. each paragraph should contain one main idea. 
II. the third sentence, if possible, should introduce this idea. 
III. other sentences should support the main idea by developing it more, giving 

examples or linking it to other paragraphs. 
IV. it is good practice to introduce a second idea within the same paragraph. 
Which of the above are true? 
A.  I only.  
B.  I and III.  
C.  II, III and IV.  
D.  III and IV.  
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Writing Style 

6.50 Clichés are: 
A.  abbreviations that are over-used, resulting in reader confusion.  
B.  self-contradictory statements within the same paragraph.  
C.  sentences that contain dangling participles.  
D.  expressions that have become monotonous and irritating through overuse or 

because reading them leads to misunderstanding. 
 

6.51 An example of a double negative is: 
A.  I would be surprised if it rains today.  
B.  I would be surprised if it doesn’t rain today.  
C.  I wouldn’t be surprised if it rains today.  
D.  I wouldn’t be surprised if it doesn’t rain today.  

6.52 The thesis should be written in: 
A.   the past tense.  
B.   the present tense.  
C.   the future tense.  
D.   a combination of past and present tense with possibly some future tense.  

Editing 

6.53 The responsibility for editing the text lies with: 
A.  the candidate.  
B.  the supervisor.  
C.  the senior supervisor.  
D.  the internal and external examiners.  

6.54 Common errors that have to be corrected during editing include: 
I. research objective realignment. 
II. spelling errors. 
III. grammatical errors. 
IV. punctuation. 
Which of the above are true? 
A.  I only.  
B.  I and II.  
C.  II, III and IV.  
D.  III and IV.  
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Learning Objectives 
By the time the candidate has completed this module, he or she should be able to: 
x devise a structure for the thesis; 
x develop an outline of what he or she intends to write; 
x define clearly the scope and content of the abstract, literature review, method-

ology, results, and discussion chapters; 
x write the thesis in a clear and logical way but with a feeling for words and an 

ability to provide contrast in the sentence structure; 
x design the thesis so that it complies with University requirements;  
x edit the thesis rigorously; 
x appreciate what is required in the viva voce examination. 

7.1 Introduction 
A significant proportion of EBS DBA candidates have no prior experience of 
writing a thesis. Some candidates may have written a dissertation or major project 
for a first degree, and some EBS MBA graduates may have written a major project 
as part of an MBA specialism. In the vast majority of cases, however, the candidate 
has no experience of writing a doctoral thesis. This is important, because writing up 
a thesis presents a great challenge and is often considerably more demanding than 
most candidates envisage.  
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Candidates should appreciate that the thesis is the primary instrument for com-
municating the research to the examiners. In assessing the research, the examiners 
can only consider what is actually presented in the thesis. If the research is excellent 
but the thesis is poor, the examiners will probably arrive at the conclusion that the 
research is poor. The candidate has an opportunity to address such a situation to 
some extent at the viva voce examination, although there is limited time available, 
and the candidate will still be faced with a requirement to make any necessary 
changes to the thesis. 

Most experienced supervisors would probably agree that it is difficult for inexpe-
rienced candidates to do full justice to their research in the content of the thesis. It 
can take a considerable amount of practice and effort before a candidate learns how 
to express more complex issues effectively. Even where candidates are particularly 
good at the art of writing, there are still numerous other issues to be considered, 
such as the balance between text and diagrams, and the balance and flow between 
chapters and sections. 

When the thesis is complete, the candidate faces the issue of the viva voce exam-
ination.  

This module explains in some detail how to write the thesis and how to defend it 
in the viva voce examination. It will be recalled that the Latin term ‘viva voce’ 
literally means aloud in English although it can also be translated as living voice. The 
candidate is required to present his or her research to examiners and then defend 
the research against their critical evaluation of it. This process is carried out face to 
face, sometimes with other people present. The viva voce examination can be an 
extremely daunting prospect for a candidate: it is therefore imperative that adequate 
preparation is made.  

7.2 Writing Up 

7.2.1 Introduction 

The process of writing the thesis is a substantial undertaking. It represents a major 
challenge to anybody, irrespective of individual potential and ability. The research 
itself must be properly conducted; the writing-up process has to be properly ordered 
and developed. In addition, the thesis has to be presented according to current 
University regulations. In many cases there are times when writing up seems endless, 
and it may appear that the thesis will never see completion. Psychologically, it is 
important that the candidate makes a good start on the writing-up process and is 
then able to generate a momentum that is retained throughout the entire process. 
This section covers some of the main factors for consideration in making that good 
start.  

7.2.2 The Process of Writing Up 

The challenge presented by writing up a complete thesis has already been discussed 
in Module 6. Most doctoral graduates will agree that the thesis is probably the most 
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challenging document they ever have to write. It is only ever likely to be surpassed if 
a graduate goes on to write a high-level textbook or similar. 

Different people have different approaches to writing up. Some candidates prefer 
to write the thesis in strict section order, completing each section in sequence before 
moving on to the next section. Other candidates prefer to jump around from one 
section to another and between chapters while slowly drawing everything together. 
The best approach is probably a compromise between these two extremes. Most 
candidates logically prefer to start at the introduction section and work through the 
various chapters in sequence to the conclusions section but with a flexible approach 
where some sections may be written ahead of others. This approach, involving 
jumping around and addressing sections out of sequence is very important as far as 
integration is concerned. It is very difficult to integrate text when it is being written 
in a strict sequence. It is much easier to build links into the text if the writer moves 
around and develops links and cross-references as they occur. 

When it comes to writing up, EBS DBA candidates have the advantage over 
most doctoral students that the literature review has already been completed, at least 
to a considerable extent. Candidates have to complete a satisfactory literature review 
before being allowed to proceed to the data collection and analysis stage. This 
literature review may not be in its final form, and it will certainly be out of date, 
given that it might have been written a year or more before the data collection and 
analysis stage is completed. The literature review is, however, a significant piece of 
work, and with some adjustment and updating it provides a large element of the 
final thesis more or less complete. 

Most candidates follow the following basic sequence in writing up. 
1. Update the literature review. 

It is important that the literature review is kept right up to date. It should be 
updated to include all new relevant publications right up to the point where the 
thesis is submitted. Even then the candidate should monitor the literature up to 
the date of the viva voce examination in case further important work is pub-
lished that could have an impact on the contribution made by the thesis.  

2. Redefine any significant literature review elements.  
Any new important publications should be incorporated, and the elements de-
veloped from the literature review, such as the literature synthesis and theory 
development, should be modified accordingly. Ideally, at the end of this stage 
the candidate should have a full first draft covering the literature review chap-
ters, synthesis and theory development chapter and pilot study chapter (if 
appropriate).  

3. Write up the introduction chapter.  
The next most logical progression is to develop the introduction. This acts as an 
anchor for the entire thesis and, in particular, for the literature review chapters, 
as these usually follow directly on from the introduction. The candidate may 
notice an immediate difference in writing style between the literature review and 
introduction chapters. As discussed in Module 6, the candidate will have learned 
a great deal in the time between writing the literature review and making a start 



Module 7 / Writing the Thesis and Attending the Viva Voce Examination 

7/4 Edinburgh Business School   Introduction to Business Research 3

on the introduction chapter; such an increase in knowledge and understanding 
usually shows in the candidate’s writing.  

4. Write up the methodology, analysis and results and conclusions chapters.  
After completing the introduction and literature review chapters it is logical to 
move on to the ‘second half’ of the thesis, comprising the methodology, data 
collection and analysis and results and conclusions chapters. It is usually easiest 
to write these essentially in sequence, with some moving around between chap-
ters and sections to increase integration.  

5. Carry out the initial review.  
When the entire thesis is ready as a first draft, it is advisable to carry out an ini-
tial review. This basically involves reading the entire thesis word for word. Some 
obvious questions to ask in relation to each sentence or paragraph during this 
process are listed below. 
� Is the spelling correct?  
� Is the grammar correct?  
� Does this section of text contribute anything to the thesis? 
� How well does it communicate its intended meaning? 
� Could the wording be more efficient and effective? 
� Is this section consistent with the rest of the text 
� Would it benefit from the inclusion of a diagram? 
� Does it repeat any previous section?  
Some candidates employ a professional copy-editor for this process. A profes-
sional copy-editor usually goes through a printout of the text line by line and 
marks the paper where there are errors and where modifications are necessary. 
He or she also usually assembles a schedule of issues where there appear to be 
errors or inconsistencies in the text. Typical schedule issues include the follow-
ing. 
� Incomplete sentences. 
� Incomplete references. 
� Erroneous cross-references and links. 
� Errors in logic. 
� Erroneous references to events etc. 
� Apparent contradictions. 
Good copy-editors can often find a surprising range and number of issues with 
even a well-written first draft. They make a very significant difference to the 
quality and presentation of a thesis. The downside, of course, is that they are 
very expensive. Most candidates copy-edit and proofread the first draft them-
selves and ask an appropriate relative, friend or colleague to second-read it.  

6. Carry out the final draft review.  
The final draft review is a kind of final, final read after all errors and omissions 
are supposed to have been identified and corrected. It is common for numerous 
small errors still to exist even after copy-editing and several careful read-
throughs.  
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The relationship with the supervisor is important in the writing-up process. Some 
supervisors are happy to read draft chapters as and when they are completed. 
Others prefer to wait until larger sections of work are complete before reading and 
offering feedback. Some supervisors prefer to wait until the entire first draft is 
complete before reading the document in its entirety. The approach adopted varies, 
and depends on informal agreement between the candidate and supervisor. Assum-
ing the supervisor is prepared to read the drafts chapter by chapter, the easiest way 
to achieve this is usually by email. The candidate sends the supervisor a copy of the 
draft chapter as an attachment to an email. The supervisor then reads the draft and 
either writes directly in the text, usually in a different colour, or attaches a schedule 
referring to named sections within the text. As stated previously, the supervisor is 
not responsible for editing the text. The candidate cannot expect the supervisor to 
check the text for spelling and grammar, although some supervisors do this as part 
of their duties. The supervisor is required only to offer advice and guidance on the 
content of the chapter, especially in relation to the standard required.  

Candidates adopt different approaches to the mechanical process of writing. 
Some candidates type the entire text into a word processor unassisted. Others 
employ a professional word processor operator to enter the text. Many make use of 
word processor staff who work in the same organisation as the candidate. Whichev-
er approach is used, it is important that all necessary safeguards are in place to 
protect the draft text. Occasionally disasters occur where the candidate loses some 
or even all data and he or she has not taken the precaution of backing up the 
relevant files. Back-up procedure is very much standard practice but it is surprising 
how common it is to find candidates who do not take the necessary back-up 
precautions, and occasionally disasters do occur. In one recent example a candidate 
backed up everything onto a CD each evening and kept the CD on a separate shelf 
beside his PC. The PC and monitor were routinely left on overnight, and one night 
there was a short circuit and the monitor caught fire. Thankfully the fire was soon 
detected and damage was limited to that one room. Both the PC and the back-up 
CD, however, were lost in the fire. The candidate lost six months’ work and literally 
had to start again.  

Other examples of disasters have included the sudden and unexpected cata-
strophic failure of a PC hard drive coupled with a back-up system that only updated 
back-up files monthly and a viral infection that corrupted both the original files on 
the PC and the back-up, and ultimately destroyed both. Candidates should make 
every effort to make sure their draft work is regularly and reliably backed up, and 
that adequate precautions are taken with regard to the back-up medium itself. 

When writing up, the candidate should try to link the various chapters together as 
much as possible. This process can be very difficult at first, but it tends to become 
easier over time as the candidate becomes more used to it. Initially it may help to 
keep a summary of each chapter as it is written. Different sections can be classified 
in relation to how important they are in developing the central theme or argument 
that runs through the text. When writing the methodology chapter, for example, the 
candidate should use as many references as possible to reinforce the development of 
the text. The candidate should also, wherever possible, refer back to the literature 
review chapter directly. In other words the methodology chapter should ideally 
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contain a combination of new references and references that have already been 
critically assessed in the literature review. For example, consider the following 
paragraph from a draft literature review chapter.  
  

The primary data collection tool was a programmed series of structured inter-
views (Bloggs 1998, Jones 1999) backed up by research questionnaires that 
were issued to randomly selected respondents (Bloggs 1998). A total of 50 
interviews were carried out over a 6 month period covering all levels of man-
agement within the case study company. It will be recalled that this basic 
methodological approach is identical to that used by Johnson (2000) in his study 
on management perceptions of the effects of strategic change (see literature 
review p. 266).  

  

This paragraph is making use of new references, such as Bloggs, together with 
linking references from the literature review. The more the candidate can link parts 
of the thesis together the better. 

In terms of flow, most candidates find that their work becomes more lucid and 
refined as a function of time. Writing style, like many other things, improves with 
practice and experience. Most candidates develop a writing-up routine over the first 
few weeks of the process, and find that writing becomes almost a way of life after a 
while. By the time the final chapters and sections are reached, the candidate will 
probably have developed a peak in terms of writing style and ability.  

7.3 Format 

7.3.1 Introduction 

Candidates must produce the thesis to a format that is acceptable to the University. 
This short chapter goes through some of the more common format problems in 
theses. The complete regulations on thesis submission and format will be provided 
separately or can be obtained by mail from the University Postgraduate Office. The 
relevant regulations can also be viewed on the main university website. The web 
address at the time of writing was http://www.hw.ac.uk 

Candidates are strongly advised to study the relevant regulations in detail. Theses 
that do not comply with the relevant regulations may be rejected by the University 
Postgraduate Office.  

7.3.2 The Format of the Thesis 

Candidates should note that this section addresses some of the common format 
areas where theses are incorrectly presented. This section is not intended to cover all 
of the appropriate regulations. It is the candidate’s responsibility to ensure that the 
thesis is submitted in a format that complies with all relevant University regulations. 
Candidates should also note that the sample regulations discussed below were 
current at the time of writing. It remains, however, the responsibility of the candi-
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date to ensure that the most up-to-date version of the relevant regulations is 
considered.  

As with most UK doctoral theses, the format of the EBD DBA thesis is based 
on British Standards Institution recommendations, specifically BS4821:1990 titled 
Presentation of Theses. A copy of this standard is available for consultation on CD in 
the main University library. University regulations require some divergences from 
BS4821. These are detailed below. 
x Language. The first important requirement is that the thesis has to be written 

in English, unless the candidate has applied for and been given permission by 
the University Postgraduate Studies Committee (UPSC) to use an alternative 
language.  

x Size. In most cases the thesis should be no longer than 80 000 (eighty thou-
sand) words or be longer than 400 pages unless the UPSC has given permission 
for the thesis to exceed these dimensions. In most cases the candidate has to 
make a formal application for permission to exceed these limits as early as pos-
sible in the writing-up process. It is obviously inadvisable for the candidate to 
embark on a larger thesis on the assumption that the necessary permission will 
be given. 

x Paper. The issue of paper may seem trivial, yet it causes large numbers of 
problems in thesis submissions. The first point to note is that the thesis must 
normally be produced on international A4-sized paper. This requirement often 
causes problems in countries where this standard size is not widely used, for 
example in the US. Generally only one side of the paper should be used, and the 
paper itself should be of good quality and be of sufficient opacity to allow nor-
mal reading. The density of the paper should be between 70g/m2 and 100g/m2. 

x Layout. The text should be arranged so that there is a 40mm margin along the 
binding (left side) and a 20mm margin elsewhere. Text should be black with a 
12 point font. The recommended style is Times New Roman. The text itself 
should be arranged as a single column with lines set at one and a half spaces. 
Page numbers should be located centrally at the bottom of each page, with each 
number being around 10mm from the bottom edge of the paper. All pages 
must be numbered consecutively throughout the text. Preliminary sections can 
be numbered using lower-case roman numerals if required.  

x The title page. It is surprising how often candidates fail to arrange the title 
page correctly. The title page of every volume should give the information listed 
below. 
� The full title of the thesis, and subtitle if any. 
� The total number of volumes, if more than one, and the number of the par-

ticular volume. 
� The full name of the author, followed by any previous qualifications and 

distinctions. 
� The qualification for which the thesis is submitted. 
� The name of the institution to which the thesis is submitted. 
� The department in which the research was conducted, if appropriate. 
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� The month and year of submission. 
� The copyright statement given below. 

  

This copy of the thesis has been supplied on condition that anyone who 
consults it is understood to recognise that the copyright rests with its au-
thor and that no quotation from the thesis and no information derived 
from it may be published without the prior written consent of the author 
and of the university (as may be appropriate).  

  

x The abstract. See Section 7.4.3. 
x Table of contents. The table of contents should be positioned immediately 

after the acknowledgements page. The table of contents should list, with page 
numbers, all sections and subsections of the thesis including appendices, the list 
of references, the bibliography and, where appropriate, index.  

x Lists of tables and figures. The list of tables and figures should include every 
table and figure contained within the text, together with corresponding page 
numbers.  

x The introduction chapter. See Section 7.4.4. 
x Chapters. Chapters should be numbered consecutively and should be divided 

into appropriate sections and subsections. All headings should be in bold, 14 
point for chapter headings and 12 point for subheadings. Chapter headings and 
subheadings should include capitalised initial letters. Chapter headings should 
be preceded by the chapter number followed by the word ‘chapter’. Each chap-
ter should begin with a new page. It is generally recommended that the chapters 
are structured to follow a logical and ordered progression. The chapters should 
reflect natural changes in content and subject emphasis within the text. Arabic 
numerals should be used for chapter headings. Sections should be numbered 
1.2, 1.3 and similar, with subsections numbered 1.2.1, 1.2.2 and similar.  

x Referencing. The Harvard referencing system is recommended (see Introduction 
to Business Research 2). References should be listed according to the Harvard sys-
tem under separate sections either at the end of each chapter or at the end of 
the chapters, entitled References. The reference details should be sufficient to 
identify each citation clearly.  

x Headers and footers. Headers and footers are not recommended. Footers 
should be used only for the display of page numbers. 

x Tables and figures. Tables and figures should be numbered consecutively 
within individual chapters. Figure 7 in chapter 1 should be identified as Figure 
1.7, whereas Table 3 in chapter 4 should be identified as Table 4.3. Figures and 
tables should be referred to as such in the text. The use of fig and tab should be 
avoided.  

x Illustrations. Where these are in landscape format illustrations should be 
bound so the top of the illustration is attached to the spine of the dissertation. 
Any captions should appear at the bottom of the illustration. All annotation 
should be clear and properly aligned. 
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x Equations. Equations should be located on separate lines and should be 
individually numbered by chapter. Equation 1 in Chapter 3 should be numbered 
as 3.1. Equation numbers should be located at the right-hand side of the page, 
level with the equation, and should be enclosed by round brackets. Equations 
should be referred to in the text as equation followed by the equation number, as 
in equation 5.6.  

x Colour. The thesis may contain coloured material (other than black and white) 
provided that the coloured elements are the same in all copies of the thesis that 
are submitted. It is generally recommended that the use of colour is kept to a 
minimum, and that colour is not used unless the communication of a particular 
point requires it.  

x Miscellaneous materials. The candidate may occasionally wish to include 
miscellaneous materials such as maps, computer print-outs, web-page print-outs 
and similar material within the thesis. In such cases the margin should be 40mm 
all round and the material should be located as close as possible to the appro-
priate text. Material that cannot be easily bound into the body of the thesis, 
such as CDs and diskettes, should be packed in strong securing materials and 
bound into the thesis at some point. Transparent sleeves and folders are often 
used for this purpose in the case of CDs. Where a large amount of such miscel-
laneous material is to be presented, it should ideally be bound into a separate 
volume to be submitted with the main thesis.  

x Appendices. See Section 7.4.10. 
x Bibliography. The thesis may contain a list of relevant publications not cited in 

the main text. These should be located in a separate bibliography section enti-
tled Bibliography. Entries should generally be listed in alphabetical order.  

x Binding. There are two types of binding: presentation binding and temporary 
binding. Theses are usually submitted in temporary binding. This is because the 
examiners may require minor or major amendments before the award of the 
degree is recommended. Temporary binding must be secure. Pages should not 
have any holes or stitching in them, and should ideally be secured by adhesive 
along the spine. There is no requirement for temporary binding to have any 
lettering on the cover of the spine. Double-sided printing may be used. 
Candidates who are subsequently recommended for the award of the degree 
must submit the required number of theses in presentation binding. The thesis 
should be bound in black buckram or equivalent. The binding should be per-
manent, with the pages strongly secured. The binding boards should be 
sufficiently rigid to support the thesis when it is stood on its base.  
The spine of the bound work should show the following in 24pt gold lettering: 
� the title of the degree (DBA) at the head of the spine; 
� the name of the candidate, running from the bottom of the spine (initials 

followed by surname); 
� the year of submission at the bottom of the spine; 
� the number of each volume where appropriate. 
The front cover may be left blank or may feature the title of the thesis. If the 
title is featured the lettering should be at least 24pt. 
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An example is shown in Figure 7.1 below. Candidates should note the following 
points. 
� The degree reads horizontally at the top of the spine. 
� The year of award reads horizontally at the bottom of the spine. 
� The name of the degree-holder appears vertically, reading bottom to top, 

on the spine. 
� The title of the research programme (if required) appears on the front cov-

er.  

 
Figure 7.1 Example of a presentation binding spine 

 

7.4 Thesis Structure 

7.4.1 Introduction 

There is no single thesis structure or layout that has to be used in all cases. Universi-
ty regulations (see Section 7.3.2) impose some requirements, and convention and 
common usage impose others. There are some sections, such as an introduction 
chapter, that must always be included, simply because they act as structural mem-
bers for the thesis. Without an introduction there is no foundation for the work. 
Other sections are equally important but may not necessarily be included if their 
presence is not needed in a particular thesis. An obvious example is appendices. If 
additional material is to be included, it should be placed in the appendices. There 
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may, however, be cases where no additional material and, therefore, no appendices 
are required.  

This section provides an overview of some of the main structural components 
that are likely to be encountered when writing up the thesis. Not all of the sections 
will be relevant to each individual candidate. The important points to remember are 
that the thesis should be structured in an ordered and logical fashion, and that the 
various sections and chapters should all follow a smooth and logical progression.  

7.4.2 The Basic Layout 

Most doctoral theses feature the following common sections. 
x Title page 
x Abstract 
x Dedication 
x Acknowledgements 
x Declaration statement 
x Preface 
x Contents 
x List of tables 
x List of figures 
x Main chapters 
x Appendices 
x List of footnotes ordered by chapter 
x List of references. 

Most of these section headings are self-explanatory. For example, the acknowl-
edgements section acknowledges any help or assistance offered by other people such 
as proof-readers or typists. All tables and figures are consecutively numbered and 
are summarised in relevant tables.  

The heading Main chapters describes the main body of the thesis. It contains the 
chapters that make up the bulk of the text. These include the introduction, literature 
review, research methodology, analysis, and results and conclusions chapter. In most 
cases these chapters account for perhaps 90 per cent of the volume of the thesis, 
although in some cases the volume of the appendices can be significant.  

In most cases the basic sequence of sections covered by the thesis is as shown 
below.  
x An introduction. 
x A literature review. 
x A research question, theory or hypothesis section. 
x A research method development section. 
x A data collection and analysis section. 
x A conclusion.  
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The chapters themselves are arranged in order to achieve the best possible flow 
of development. In the simplest form the arrangement of chapters might be as 
shown below. 
x Introduction 
x Literature review 
x Research design and methodology 
x Analysis and results 
x Conclusions and discussion 
x References 
x Appendices 

A slightly more detailed arrangement could be as shown below and as discussed 
in Introduction to Business Research 1. 
x Preliminaries.  
x Introduction.  
x Literature review.  
x Literature synthesis and generation of hypotheses. Pilot study and theo-

ry/hypothesis and refinement.  
� Literature review. 
� Literature synthesis. 
� Basic theory. 
� Pilot study. 
� Pilot study outcomes.  
� Synthesis of the pilot study outcomes and the literature synthesis. 
� Formal theory. 
� Research question. 
� Research aims and objectives. 
� Research hypotheses. 
� Operational hypotheses. 

x Research methodology.  
x Data collection and analysis.  
x Results.  
x Literature reappraisal and theory development.  
x Conclusions and suggestions for further research.  

This type of structure is typical where the candidate is assuming a positivist ap-
proach. The candidate is clearly using the literature review to develop some kind of 
hypothesis or theory that can then be tested and analysed using a specifically 
developed research methodology. The results of this analysis will be used as the 
basis for the conclusions of the research.  

The following section briefly outlines the general content of each of the main 
sections of the thesis listed above.  
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7.4.3 The Abstract 

The abstract is a very important section. It acts as a brief summary of the research, 
and is intended primarily as an aid to other researchers. By reading the abstract any 
other researchers should be able to grasp the main thrust of the research, and 
should take no longer than 20 0r 30 seconds or so in doing this. The idea is that 
researchers can search for and read large numbers of abstracts quickly, and in doing 
so can identify those theses that may be useful to them among the majority that will 
not be appropriate.  

Candidates should note that an additional copy of the abstract is required on the 
University abstract of thesis form, which is available from the University Postgradu-
ate Office. This copy is sent to the British Library for use in their referencing 
systems.  

The following is a list of points candidates should remember when preparing the 
abstract. 
x It should be no more than about 200–250 words in length. 
x It should be written as efficiently and effectively as possible.  
x It should appear on its own on a single sheet of paper.  
x It should give a basic idea of the research objectives, methodology, results and 

conclusions. 
x It should identify the contribution to the knowledge base made by the research. 
x It should take no more than 20 or 30 seconds to read and understand. 
x It should contain no ambiguous terms or contradictions. 
x It should contain no technical terms that require separate definition. 
x It should be written in the past tense.  
x It should be accurate, and should fairly summarise the research.  

Consider an example.  
Abstract 
The aim of the research was to establish the functional relationship between the 
degree of strategic alignment developed by merger and the potential for the 
positive development of human capital in UK retail organisations. The research 
involved a survey of over fifty UK retail companies. The degree of strategic 
alignment was measured using the Viduka-Kewell system. The potential to 
positively develop human capital was evaluated using the Sarah-Ryan content 
analysis method, using data collected by structured interviews, questionnaire 
surveys and transcriptions of merger implementation team meetings. Tran-
scripts were coded and analysed using a combination of frequency and 
concordance analysis treatments. The companies were classified using a pur-
pose-designed system based on the Muffin-Ail classification typology. Results 
indicated that there was a clear functional relationship between the degree of 
strategic alignment achieved and the potential to positively develop human 
capital. The functionality was found to be most pronounced at senior manage-
ment levels. The functionality generally was found to apply to levels of strategic 
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alignment ranging between 10% and 90% on the Viduka-Kewell scale. Validation 
results suggested that the functional relationship may apply to non-retail 
companies.  

In this case the abstract contains 189 words. It is written primarily in the past 
tense and goes into more detail on the major research question, the methods of 
investigation and the important results and conclusions. The abstract assumes that 
the reader is familiar with a number of specific classification systems and research 
methods. The reader, having read the abstract, should have developed an under-
standing of the following areas. 
x the aim of the research: to establish the functional relationship;  
x the research methods used: Sarah-Ryan content analysis based on data 

obtained through questionnaires, structured interviews and meeting transcrip-
tions, coupled with Viduka-Kewell company classification systems; 

x the important results and conclusions: the functionality exists and is more 
pronounced at senior management levels. The functionality is maintained in all 
but the most and least strategically focused cases. The functionality may apply in 
non-retail companies. 

The importance of the abstract cannot be over-emphasised. The candidate 
should place himself in the position of a weary researcher who is assembling a 
literature review ten years from the present. This hypothetical researcher has to 
search through large amounts of information, most of which is not relevant to his 
or her research. A good, clear and precise abstract like the ones shown above can 
considerably assist the hypothetical researcher in carrying out his or her literature 
search.  

7.4.4 The Introduction Chapter 

At odds with those who prefer to write the introduction chapter first (see Section 
7.2.2) or at some other point (see Section 6.2.3) some researchers actually prefer to 
write the introduction chapter last. This may sound odd, but it is likely that the best 
time to write an introduction to a work is when the writer has the greatest under-
standing of the subject area and of the research programme in general. That point of 
greatest understanding is likely to occur when the candidate has finished the 
research and also written most of the research up as the thesis.  

The length of the introduction chapter varies according to the nature of the 
research. Most introduction chapters are between 1000 and 2000 words in length. 
Having read the introduction chapter, the reader should understand exactly what the 
research is all about, what it was trying to achieve, any limitations on scope or range, 
and any assumptions made. The introduction chapter sets the scene and acts as a 
foundation for the rest of the thesis. Having read the introduction chapter, the 
reader should understand the basics of the following elements.  
x why the research area was chosen; 
x what the aims and objectives of the research were; 
x the salient areas of the knowledge base;  
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x the basic methodology used and why; 
x any assumptions that were made and why; 
x any limitations that apply to the research.  

Some sample extracts from a theoretical Introduction chapter are given below. 
Chapter 1. Introduction 
Why the research area was chosen 
“The research was based on earlier work carried out by Smith and Jones (1998), 
whose research built on earlier work by Bloggs and Bloggs (1995) and Johnson 
and Jones (1995). The Smith and Jones (1998) study clearly confirmed the two 
earlier works in showing that there is probably a measurable relationship 
between the degree of strategic alignment exhibited by an acquisition and the 
likelihood of that acquisition being successful within a 5 year timescale. The 
definition of success here is based on the five-point scale developed by Whifflet 
(1994) and as cited in Bloggs and Bloggs (1995), Johnson and Jones (1995) and 
Smith and Jones (1998). Smith and Jones (1998) support Bloggs and Bloggs 
(1995) in the assertion that this apparent functional relationship has great 
potential value as acquisitions are becoming increasingly common (Buy 2000, 
Windfall 2001, Bargain and Plunder 2002) in all areas of commerce and industry, 
and the overall proportion of acquisitions that are successful within 5 years is 
decreasing (Gremlin 1999, Misfortune 2000, Blunder and Blagg 2001). Given that 
acquisitions in the UK commercial sector alone now (2004) amount to £36.1bn 
(Coin and Note 2004, Dosh 2004), which represents a 10.4% increase on 2003 
(Boom 2004, Rockett 2004), it is clear that while UK commercial companies are 
increasingly making very large investments in acquisitions (Take and Over 2004) 
an increasing number of these acquisitions are not making the returns anticipat-
ed (Shortfall 2004), and companies are wasting large amounts of capital that 
could be more gainfully employed elsewhere.  
The current research is considered to be justified given that (a) acquisitions are 
increasing, (b) successful acquisitions are decreasing, and (c) companies are 
clearly losing more and more money from unsuccessful acquisitions. Any 
research contribution that can show a clear functional relationship between the 
likelihood of acquisition success and variable X will have made a valuable 
contribution to the applied management literature on mergers and acquisitions. 
So long as variable X is an entity that can be achieved and measured (in this case 
strategic alignment) the proven functionality can be used directly by senior 
managers in the relevant sector to increase the likelihood of acquisition suc-
cess”.  
Note: This example cements the early development of the argument in the 
literature and extends itself into applied potential. EBS DBA examiners are 
always looking for that applied element where the results are of direct use and 
application to commerce and industry in general or to a specific company in 
particular.  
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The salient areas of the knowledge base 
Much of the existing knowledge base on the potential functional relationship 
between acquisitions and strategic alignment is recent and is based on the 
founding work of Bloggs and Bloggs (1995) and Johnson and Jones (1995). These 
research studies were both carried out by lecturers and/or research associates 
in UK universities. The clear suggestion from the results of both studies was 
that there is a measurable functional relationship between the degree of 
strategic alignment and likely acquisition success. Neither study showed the 
functionality conclusively, although the indications from both main studies were 
clear. The Smith and Jones (1998) research built on these two earlier studies 
and attempted to prove the functionality beyond all reasonable doubt. The 
extent to which the research achieved this has been the subject of some debate 
in the literature. Sceptic (1999) identified a range of methodological errors in 
the Smith and Jones (1998) research, and Heresay and Wimsey (1999) suggest-
ed that the results of the research could have been interpreted differently from 
the results supplied.  
It is clear that acquisitions are increasing in all areas (Buy 2000, Windfall 2001, 
Bargain and Plunder 2002, Boom 2004, Coin and Note 2004, Dosh 2004, 
Rockett 2004) while acquisition success is decreasing (Gremlin 1999, Misfortune 
2000, Blunder and Blagg 2001, Loss 2003, Shortfall 2004). This phenomenon 
clearly suggests a condition where the overall level of acquisition-based financial 
loss risk is increasing (Actuary 2004, Re and Re 2004). 
Companies have recognised the importance of this condition to some extent. 
Jalfrezi (2002) commissioned a £250 000 research contract into acquisition 
success factors in 2001. Results are confidential until 2011. Masala plc are 
known to be conducting internal research driven by external consultants in this 
area.  
Note: This sample section again concentrates initially on published research by 
other researchers and only later moves on to consider the more applied 
aspects, where it looks briefly at research conducted within or for large compa-
nies.  
Any assumptions that were made and why 
A number of important assumptions were made in association with the research 
programme.  
Success is obviously a relative term (Frend 1904, Engelbert 1940, Jones 1968). In 
a business and management context the word ‘successful’ has been taken to 
have numerous different meanings, including short-term financial return (Quick 
and Buck 2000), long-term financial return (Long and Haul 2000), increased 
stakeholder approval (Investor 2001, Trader 2002), and share value (Parr 2004, 
Stock 2004). It can be argued that the measure of success should relate to the 
strategic objectives of the company concerned. For example, ‘success’ for a 
long-term investment house could be measured in terms of returns over 25 
years or more (Hit 2000, Split and Double 2002). In other cases ‘success’ could 
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be measured in terms of short-term increases in share value over a matter of 
weeks (Dollar 2003, Cent 2004). In some cases such short-term increases could 
have tactical importance (Shift and Respond 2002, Retaliate 2003) in terms of 
the achievement of long-term strategic objectives (Visionary and Seer 1999, 
Seuth and Sayer 2000).  
In this research programme ‘success’ is defined in terms of the five-point scale 
developed by Whifflet (1994) and, as previously stated, cited in Bloggs and 
Bloggs (1995), Johnson and Jones (1995) and Smith and Jones (1998). Whifflet’s 
five-point scale includes short-term return, long-term return, shareholder 
perception, stakeholder perception and ‘others’. It is accepted that this typology 
is limited and requires further development (Doubt 2000), but the use of the 
typology by the principal researchers in the field was considered to be a 
justifiable reason for using it in the current research. It is accepted that alterna-
tive measures and approaches are available.  
Note: The introduction chapter may alternate between past and present tense 
according to rules as explained earlier.  

Only three areas are covered above. The candidate should, however, approach all 
parts of the introduction chapter with equal care and emphasis.  

7.4.5 The Literature Review, Synthesis and Theory Development 
Chapters 

The structure and format of the literature review, synthesis and theory development 
chapters were covered in Introduction to Business Research 2. The candidate will already 
have completed these chapters at least to final draft standard before moving on to 
Introduction to Business Research 3.  

7.4.6 The Methodology Chapter 

Introduction to Business Research 2 covered methodology to the extent required for 
completion of the literature review submission. It was explained in Introduction to 
Business Research 2 that a section on the proposed methodology must be included in 
the literature review and theory development so that the EBS Research Committee 
can appraise the proposed methodology in the context of the theory or proposal 
and decide whether or not the approach is suitable. 

In the main thesis the research methodology usually has a whole chapter to itself. 
The methodology chapter describes the operational processes involved in develop-
ing and executing the research. As stated in Introduction to Business Research 2, the 
methodology chapter is similar to a recipe for baking a cake. Anybody who reads 
the recipe, understands it, and then follows it carefully should be able to bake 
exactly the same cake as described in the recipe. If all the ingredients are as de-
scribed, if they are all mixed together and if the mix is cooked as described for the 
correct period of time and at the right temperature the cake should come out the 
same every time. The research methodology chapter should contain similar detail. 
The idea is that an informed reader, having read the research methodology chapter, 
should be able to set up exactly the same research conditions and, provided the 
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methodology is followed precisely, the results should be replicated. This idea of 
replicability is very important in scientific research. From a positivist point of view, 
observed results developed from empirical research should be universal characteris-
tics and should be observed on each occasion the necessary experimental conditions 
are set up. Supposed facts based on observations where the outcome varies may not 
be facts at all.  

The methodology chapter should be written largely in the past tense. There may 
be some exceptions to this general rule, for example where the candidate is referring 
to known results or facts. The methodology chapter should be fully referenced, and 
the choice of methodology should be supported using appropriate citations. Typical 
areas that should be addressed include the following. 
x how the sample was chosen; 
x consideration of the suitability of the sample; 
x the basic philosophical approach adopted (positivist or phenomenological); 
x the basic structure adopted (longitudinal or cross-sectional); 
x the basic orientation adopted (exploratory or hypothesis testing); 
x the basic data collection techniques used; 
x the basic data processing techniques used; 
x justification for the above based on appropriate citations.  

The methodology chapter, most of which should be written in the past tense, 
should outline how the research problem was investigated and why particular 
methods were used. The text should report the procedures in sufficient detail so 
that another researcher could replicate the study and, hopefully, record similar 
results. In a positivist study this will include: 
x details of sample size and design; 
x questionnaire design, piloting, administration and follow-up; 
x specification of hypotheses; 
x reliability and validity of methods used; 
x details of statistical techniques, levels of confidence accepted; 
x major information sources; 
x procedures for hypothesis testing. 

In all cases these areas should be developed to a level of detail that allows replica-
tion where necessary. For example, in terms of describing the basic data collection 
techniques and data processing techniques used, some typical issue headings are 
shown below.  
x Data collection method (e.g. interviews or questionnaires).  
x Details of method design (e.g. questionnaire question design). 
x Appropriateness of the method in relation to the sample. 
x Data types and classification (e.g. coded references). 
x Basic quantitative analysis techniques used (e.g. regression model). 
x Treatment of bias and reactance (e.g. experimental direct observation). 
x Levels of confidence of results.  

These are effectively sub-headings of the main heading ‘Basic Data Collection 
Techniques’. Each of these areas must be fully addressed, as the examiners will be 
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specifically looking at any areas where there are gaps or where the methodology 
contains contradictions or errors. In doing this, the examiners are not trying to catch 
the candidate out. They are simply satisfying themselves that the methodology as 
presented is reliable and is worthy of presentation in a doctoral thesis. A sample 
research methodology chapter is given in Appendix 7A. This example is based on a 
past Introduction to Business 3 examination paper and is much shorter than would 
normally be expected for a research methodology chapter. It does, however, 
illustrate the main areas to be included.  

7.4.7 The Data Collection and Analysis Chapter 

This chapter provides complete details of the data collection and analysis process. 
The format of the chapter varies depending on the orientation of the research and 
on the corresponding characteristics of the data. In a highly quantified research 
programme, the data could be completely numerical, and the chapter could be 
restricted to a description of the quantitative methods used and of the quantitative 
results produced. In a more qualitative approach the data could include a quantita-
tive element, but there might also be a considerable descriptive element. For 
example, interview responses could be subject to both objective quantitative analysis 
and more subjective qualitative analysis. Different types of data and different 
processing approaches are likely where different data types are in use, such as where 
the candidate is attempting to strengthen the data through triangulation.  

The main sections to be addressed in this chapter are listed below. 
x Sources of data (interviews, questionnaires). 
x Types of data (qualitative or quantitative). 
x Collection techniques.  
x Main analysis philosophy (quantitative or qualitative). 
x Quantitative methods used. 
x Interpretation techniques.  
x Reliability and confidence issues. 
x Bias and reactance issues.  
x Presentation and interpretation. 

The data collection and analysis chapter should fully detail all aspects of where 
the data were obtained, how they were obtained, how they were processed, and how 
the relevant results were generated. The section should also address issues such as 
interpretation and bias. Data can often be interpreted in different ways, and the 
influence of bias can be significant.  

7.4.8 The Literature Reappraisal and Theory Development Chapter 

This chapter is to some extent optional. The idea of including it is to give the 
candidate an opportunity to demonstrate that he or she has acquired new knowledge 
from the research programme and is able to use this new knowledge to view the 
original literature review and formal theory ‘in a new light’. This is quite a difficult 
concept to try to explain. Consider an example. A person may read a novel about a 
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crime, such as a murder. The writer may include a whole series of clues within the 
novel text that indicate possible leads and threads for further evaluation. Some clues 
may be accurate and may point to the real culprit, whereas others could be ‘red 
herrings’, indicating a conclusion that is in fact incorrect. When the reader first goes 
through these clues it is very difficult to make complete sense of them. As the 
reader continues through the text and acquires more knowledge about the circum-
stances around the crime, he or she builds up a clearer picture of what actually 
happened. Eventually the real culprit is unmasked (hopefully) and the whole story is 
revealed. If the reader now goes back and reads the novel again, many of the clues 
that made little sense in the first read of the book now make considerably more 
sense because the outcome of the novel is known. 

Exactly the same principle applies to a research programme. The original litera-
ture review may well provide a detailed insight into the knowledge base on a 
particular subject. The candidate may, however, not be able initially to exploit the 
contents of the literature because his or her knowledge of that literature is limited. 
As the research progresses, he or she becomes much more knowledgeable about the 
subject, to the point where expert knowledge is developed. Having achieved this 
level of expert knowledge, the candidate can now take a much more informed view 
of the literature, and may well see subtle connections and implications that were 
simply not visible before because the candidate did not have a sufficiently developed 
knowledge of the subject to be able to identify them.  

The same basic argument applies to the theory development subsection. The 
formal theory was developed from the literature synthesis and from the pilot study. 
The development of the formal theory represented the candidate’s knowledge and 
understanding of the literature and the outcomes of the pilot study at that time 
(before the main study data collection and data analysis stages). Having completed 
these stages, the candidate may now be in a position to be able to advance the 
formal theory by incorporating the newly acquired knowledge. 

It is important to stress that neither the literature review nor the formal theory is 
changed in the literature reappraisal and theory development chapter. The literature 
review is reappraised rather than being modified or altered in any way, and the 
theory is developed rather than altered or amended. 

Examiners tend to look rather carefully at the literature reappraisal and theory 
development chapter. The examiners will be looking for evidence that the candidate 
has used the knowledge gained in the main study data collection and analysis stages 
to revise his or her perceptions of the initial formal theory and the literature that led 
to the development of that theory, as a direct consequence of having carried out the 
research. When it is done well, the candidate can use this chapter to demonstrate 
that he or she has been able both to develop new knowledge and to use it to refine 
the initial perceptions of the research. Such application can be useful in helping the 
candidate generate final conclusions and suggestions for further research.  

The literature reappraisal and theory development chapter could take a number 
of different forms. The most obvious format is for the candidate to go through each 
of the major sections of the literature synthesis again and review each section 
relative to the primary outcomes from the main study. The candidate should clearly 
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identify and stress any new insights derived from the literature synthesis that could 
not previously be derived. The candidate should focus especially on areas where the 
literature synthesis sections can be linked together more effectively using any newly 
acquired knowledge. The candidate should then discuss the formal theory in the 
context of any new knowledge. Since the theory was developed largely from the 
literature, new insights into the literature are likely to provide new insights into the 
theory. 

The literature reappraisal and theory development chapter usually ends with a 
brief conclusion paragraph, which provides a link to the conclusions and discussion 
chapter.  

7.4.9 The Results, Conclusions and Discussion Chapter 

In some ways this chapter is the most important chapter in the thesis in that it 
represents the end product or outcome of the thesis. It also represents the contribu-
tion to the knowledge base made by the research. The chapter is used for the 
generation of final results and conclusions from the analysis of the research data. In 
the case of hypotheses based research, the hypotheses are tested in this chapter. 

The results, conclusions and discussion chapter is usually presented in past tense and 
generally includes a mix of text and other forms of information presentation such as 
diagrams, graphs and presentations. It is often useful for sections of text to be 
interspersed with tables of results where the table acts to support the text. The issue 
of balance has been raised earlier in this module. The candidate should make every 
effort to balance the text with appropriate diagrams and other forms of graphical 
representation where possible.  

For example, the chapter might be presenting results from questionnaires on 
whether or not senior managers feel that the degree of strategic alignment achieved 
in an acquisition has a measurable impact on the likelihood of the strategic success 
of that acquisition. An extract from a sample results, conclusions and discussion 
chapter is given below. 
Example extract from results, conclusions and discussion 
chapter 
Results were obtained using the structured questionnaire format described in 
the text. Sample questionnaires are given in appendix 4.1. The responses to the 
following questions are given below. 
  

Question: In your opinion is there a functional relationship between the degree of 
strategic alignment achieved by an acquisition and the likelihood of the long-term 
success of that acquisition?  

  

Results were as shown in table 1 below.  
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Table 1. Distribution of responses questionnaire 4.2 question 1  
Sector Seniority Yes No Don’t know 
Banking  A1–A2 10 (66%)  5 (33%)  0 (0%) 
Insurance A2–A3 15 (100%) 0 (0%) 0 (0%) 
IT B1 10 (50%) 10 (50%) 0 (0%) 
Computing A3 and below 30 (60%)  20 (40%) 0 (0%) 
Scientific A1 18 (55%)  12 (45%)  0 (0%) 

  

The results indicate a clear majority in agreement with the statement across all 
sectors and seniority levels. The greatest majority in agreement (100%) was in 
the insurance sector. This result was based on questionnaires issued to 15 
different companies with responses from managers of seniority levels A2–A3. 
The greatest division occurred in the case of the IT sector with managers of 
authority level B1.  
These results generally suggest that senior managers do perceive a functional 
relationship between the degree of strategic alignment offered by an acquisition 
and the likelihood of the long-term success of that acquisition. The results 
further indicate the following.  

x Senior managers generally perceive the functional relationship more than 
less senior managers.  

x The functional relationship appears to be more pronounced in banking and 
insurance companies than in scientific and computing companies.  

These observations were confirmed and also extended by the results of the 
longitudinal study. The same question was put to senior managers over a period 
of time, both before and after acquisitions took place. The results for a six-
month period are shown in figure 1 below. These curves suggest that for 
insurance and banking there is a general increase in the level of agreement with 
the proposed functionality in the lead-up to the acquisition, followed by a fall in 
agreement in the period immediately after the acquisition, followed by a longer-
term increase in agreement. The post-acquisition decrease in agreement is 
clearly defined in all sectors, but is most defined in insurance and banking and 
least in scientific and IT.  
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Figure 1. Long-term pattern for Insurance and Banking 
The results suggest that senior managers tend to agree more with the function-
ality in the build-up to the acquisition, perhaps because they are confident about 
the move and are in favour of going ahead. Once the acquisition has been made, 
the overall level of agreement decreases rapidly. Figure 2 illustrates this with the 
fitted curve for the entire financial sector respondents over a six-month period 
with 90 per cent confidence limits shown.  
These observations were supported by a range of interviews with the senior 
managers both before and after the acquisition. Some examples are reproduced 
below. 
Insurance company C Manager F1 
Interviewed 3 months post acquisition  
‘I think in the period leading up to the acquisition everybody is excited and it is easy to 
get caught up in the overall positive sense of everything. The acquisition is very focused 
in terms of the strategy of the company, and everybody feels optimistic and is anxious 
for the acquisition to proceed and be a success. After the acquisition people sometimes 
become disillusioned because it is taking longer for the acquisition to deliver than was 
expected. In most cases, however, as time goes on the overall success of the acquisition 
becomes apparent.’  
Bank B Manager A1 
Interviewed 2 months post acquisition  
‘It’s a logic and balance thing. Everybody can see that strategically focused acquisitions 
should work because they reinforce the key activities of the company. People see this 
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clearly before the acquisition but they often lose some of this belief after the acquisition 
takes place because it does not deliver the goods all at once. It is only in the longer 
term when people see the benefits of the acquisition that the clear functionality 
between strategic alignment and success becomes apparent.’  

 
Figure 2. General fitted pattern with 90 per cent confidence limits 
This sample extract makes use of different diagrams and tables to balance the 
text. Primary observations generated by one set of data are either reinforced by 
other data or they lead into areas that are supported by other data. The use of 
the diagrams and tables also breaks up the text and makes it more readable and 
easily understandable. Notice also how one element is used to extend from and 
build on another element. The time-based analysis is basically an extension over 
time of the cross-sectional or snapshot analysis given in table 1.  
The candidate should also note that the use of selected quotes from respond-
ents can be a useful way of introducing a balanced quantitative–qualitative 
element. Most people relate more easily to words than to numbers and the use 
of quotations in support of tables and diagrams can help to reinforce what is 
being presented in people’s minds.  
The candidate should also note that there should be a separation between 
results and conclusions. The results are generated purely by the data without 
any interpretation from the candidate. The conclusions are effectively the 
candidate’s interpretation of what the results show. It is, however, important to 
link results and conclusions so that a reader can see clearly where a particular 
conclusion has come from. The conclusions themselves should be clearly stated 

50%

Acquisition point
Time

Proportion of senior managers
agreeing with the functionality

Fitted line



 Module 7 / Writing the Thesis and Attending the Viva Voce Examination 

Introduction to Business Research 3   Edinburgh Business School 7/25 

and should be free from any ambiguity. In most cases the conclusions section is 
considerably shorter than the results section. In some cases the results and 
conclusions sections may be linked by a literature reappraisal and theory 
development chapter. This approach is particularly useful where the results 
section is large and where the results themselves are used to form some kind of 
general theory that builds on the original research theory. This idea is shown 
schematically below.  
In Figure 3 the candidate has developed an initial theory from the literature 
synthesis, based on the existing knowledge base. He or she has then initially 
tested this theory by the use of a pilot study. The candidate has then used the 
outcomes of the pilot study to develop a formal research theory, containing 
research and operational hypotheses. The candidate has also used the outcome 
of the pilot study to assist in the development of the research programme itself. 
He or she has designed a suitable methodology and has collected and analysed 
sufficient relevant data to allow the development of results. The results are then 
used to reconsider the research theory, along with a reappraisal of the litera-
ture. It is this reassessment and development of the research theory, based on 
the results and a reappraisal of the literature, that forms the basis of the final 
conclusions.  
The candidate will appreciate that there is no single format for results and 
conclusions. The layout and approach depend on the nature of the research and 
on the writing style of the candidate. In some cases the results and conclusions 
may be contained in a single chapter, whereas in other cases results and 
conclusions could be completely different chapters. These separate chapters 
might be further separated by the inclusion of an additional chapter on, for 
example, literature reappraisal and theory development.  
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Figure 3. The concept of literature reappraisal and theory development 

7.4.10 Appendices 

Appendices should be used for supportive or additional material that is not required 
to be in the main body of the text or which would interrupt the flow of information 
provided in the main text. References should be consecutively numbered. Some 
writers prefer the use of letters as in Appendix A, whereas others prefer to use 
numbers. The recommended format is the use of letters with numbers used for 
subdivisions of a main appendix as in Appendix A1.1. Appendices should be written 
in the same basic style as the preceding chapters. Typical elements that might be 
found in an appendix include the following. 
x Copies of blank questionnaires.  
x Copies of structured interview questions. 
x Printouts of any specifically written or non-proprietary software used. 
x Explanations of classification or coding systems with examples. 
x Copies of any supportive material such as meeting minutes. 

Literature review

Literature synthesis

Initial theory Pilot study

Final theory

Conclusions

Literature re-appraisal

Results

Results methodology
Research design
Data collection
Data analysis

Research theory
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In some cases appendices can run to a considerable length and can make up a 
significant proportion of the total volume of the thesis. Appendices are usually 
excluded from the formal word count for the thesis, so the university limit of 80 000 
words excludes appendices. Candidates should ensure that appendices are used to 
present only material that is relevant and necessary to the full understanding of the 
thesis.  

7.5 Chapter and Section Sequencing 

7.5.1 Introduction 

Candidates often have difficulty in being able to determine the most effective and 
efficient sequence in which to present the various chapters, sections and subsec-
tions. This is an important consideration, because the thesis is communicated to the 
reader through the thought processes generated in the reader’s brain as he or she 
reads the text. Most readers read the thesis from start to finish, albeit with some 
minor ‘jumping around’. The reader therefore receives information in the sequence 
in which the writer orders it. In some cases this order can significantly affect the 
level of understanding that the reader can obtain from the text.  

Consider again the example used above of baking a cake to a written recipe. The 
obvious sequence of presentation is ingredients first, followed by how to prepare, 
how to mix and how to cook. The same information presented in a different 
sequence would be more difficult to understand. The same information would still 
be present and the reader would be able to work it out in time, but the effectiveness 
and efficiency of the communication process would be reduced.  

The candidate should therefore give careful consideration to the sequence in 
which the various chapters, sections and subsections of the thesis are presented. 
This section considers some of the main sequencing options available.  

7.5.2 Sequence Options 

There are a number of obvious sequencing options, and the most appropriate 
choice will depend on the nature of the thesis and the characteristics of the content.  
x Logic driven. The most obvious sequence is that defined by logic. In the recipe 

example the most logical sequence is determined by the actions necessary to 
bake the cake. The actions necessary can be broken down into individual sub-
actions; a logical sequence can be defined, and the optimum logical sequence 
will always be the same. The logic-driven sequence is not the same as the time-
driven sequence. For example, in the logic-driven sequence, actions may be car-
ried out in an order that is not defined by time. In the recipe example, the oven 
has to be switched on before mixing starts so that the cake can be placed in a 
hot oven.  

x Time driven. The time-driven sequence is determined by the chronological or 
time-based order in which actions are taking place or have taken place. An ob-
vious example is a piece of text that is concerned with relating historical events. 
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A writer who is relating an account of a historical event is most likely to address 
what happened in a time-driven sequence.  

x Category driven. This approach could be applicable where the research relates 
to different categories or types of subject matter. For example, the research 
might be concerned with the effects of professional development courses on 
company directors. The results could be presented according to the categories 
that exist for these directors, for example effects on finance directors, managing 
directors, IT support directors and so on. The results could be presented so that 
the effects of the development courses on each category of director are ad-
dressed separately. 

x Contribution driven. Another sequence option is to present the information in 
order of the contribution it makes to the work as a whole. The writer might 
decide to present what is considered to be the most important material first, 
followed by less and less important material. This approach is sometimes used 
in executive reports, where there is a brief executive summary giving a problem 
statement and solution followed by additional material providing a more and 
more detailed analysis as the reader continues. The idea is that a busy senior 
manager can quickly read what the problem is and make a decision on the pro-
posed solution. The report can then be considered in more detail as plans are 
put in place for implementing the solution.  

x Subject driven. A literature review is likely to be structured to reflect the title 
of the research. For example, consider a likely format for the literature review as 
part of a thesis titled as follows. 

  

An Investigation into the Functional Relationship Between Strategic Align-
ment and Alliance Success in the UK Retail Sector. 

  

This title has three main components: 
� strategic alignment; 
� alliance success; 
� the UK retail Sector. 
The research itself links the three components in terms of a functional relation-
ship. It would therefore be appropriate to develop a literature review that 
reviews the literature on (a) strategic alignment, (b) alliance success and (c) alli-
ance success in the UK retail sector, where each section could be a separate 
chapter. Additionally, a fourth chapter could review any literature on the func-
tionality between these variables. In this case the literature review is subject 
driven in that it is divided up into different subject areas taken from the re-
search title.  

x Pro-forma driven. Occasionally the sequence of chapters and sections within a 
thesis may be determined by some kind of pro-forma that is set by the sponsor-
ing company. The company may have agreed to assist in the development of the 
research provided the research addresses a specific problem faced by that com-
pany. In addressing this problem the company may feel that the research and 
any results emerging from it will be most useful if they are presented in a se-
quence set by the company.  
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7.5.3 Section and Content Sequencing 

Most theses are written to reflect the standard structure considered above. Within 
this, each chapter and section can be structured differently as required by the 
candidate. The obvious basic format for a chapter is as shown below.  
  

Chapter 6. Methodology 
6.1 Methodological issues 
6.2 Methodological issues 
6.3 The chosen research method 
  6.3.1  Structured interviews 
  6.3.2 Questionnaires 
  6.3.3 Longitudinal and cross-sectional approaches 
  6.3.4 Combined quantitative and qualitative approaches 
6.4 Summary  

  

In most cases these introduction and summary sections should be numbered as 
separate subsections and should be titled ‘Introduction’ and ‘Summary’ or similar.  

The chapter introduction section should briefly indicate the main points covered 
in the chapter. It is also useful to refer briefly to the previous chapter. An example is 
shown below.  
  

Chapter 3 considered the significance of mergers and acquisitions as a driver of 
long-term organisational success. The literature made it clear that there is a 
discernible functional relationship between mergers and long-term success. 
This chapter builds on that outcome by considering the primary merger drivers 
that determine long-term success.  

  

This brief paragraph acts as a link between the two chapters. It emphasises that 
the current chapter is building on the previous chapter in order to develop a 
progressive overview of the relationship between mergers and acquisitions and long-
term success.  

An example of a typical summary subsection at the end of the current chapter is 
shown below. 
  

This chapter has reviewed the literature on long-term merger success drivers. 
It is clear that cultural positivity and organisation attitude are the two primary 
drivers. When the magnitude of these two drivers is high, the corresponding 
likelihood of long-term success is also high. The following chapter goes on to 
consider these two drivers in more detail and attempts to show the sub-
drivers that determine the magnitude of these primary drivers in more detail, 
particularly as a function of strategic alignment.  

  

This subsection identifies the main outcomes of the current chapter, which are 
the identification of the two primary drivers that determine the likelihood of long-
term success. The subsection makes it clear that this outcome will now be used as a 
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foundation for the following chapter, which will consider the primary drivers in 
more detail and especially as a function of strategic alignment.  

The inclusion of these two brief sections in each chapter may seem trivial. It is, 
however, surprising how effective such short sections can be in improving the flow 
and readability of the thesis.  

The main sections of the chapter are positioned between the introduction section 
and the summary section. Most chapters will comprise between three and eight 
sections including the introduction and summary. Each section typically comprises 
between three and six subsections. Under University regulations numbering can 
only go as far as the subsection level. Any further sub-sub sectioning is not num-
bered, although it can still be achieved with non-numbered headings. The sections 
are normally laid out as if the writer is telling a story. The introduction sets the 
scene, and the chapters that follow build up somewhat in detail and complexity. 
This is possible because the reader learns about the various subject areas as he or 
she reads the text. The reader is able to handle more complex developments 
towards the end of a chapter than at the beginning. It is therefore logical to put the 
more complex and interrelated issues in later sections of a chapter rather than into 
earlier sections.  

Ideally, sections and subsections within a given chapter should all be of a similar 
size. It can be distracting for a reader to move from a ten-page section straight into 
a two-page section. This type of occurrence cannot, of course, always be avoided; 
however, large variations in section and subsection size should generally be avoided 
where possible.  

Technical words that are introduced for the first time may have to be defined in a 
glossary, and they may also be made to stand out from the main body of the text by 
placing them in bold. This gives greater emphasis to the new word and reminds the 
reader to make sure he or she understands what the word means before proceeding. 
An example is shown below. 
  

This research is concerned with the functional relationship between strategic 
alignment and long to medium-term company success.  

  

Some candidates may wish to make use of footnotes. These are much more pop-
ular in some countries than in others. Footnotes should appear at the bottom of the 
relevant page and should be identified by a number appearing in the main text to 
which the footnote refers. Footnotes are generally to be discouraged unless they are 
necessary for the understanding of a piece of text. Occasionally more than one 
footnote may be used per page, in which case different numbers in superscript 
should be used to identify the appropriate location in the text. Footnotes should 
always be contained on a single page if possible, and should not extend beyond that 
single page unless absolutely necessary.  



 Module 7 / Writing the Thesis and Attending the Viva Voce Examination 

Introduction to Business Research 3   Edinburgh Business School 7/31 

7.6 Submitting the Thesis 

7.6.1 Introduction 

At some point the candidate will have completed the thesis in final draft form and 
the long-awaited submission can take place. Most doctoral graduates will agree that 
they always remember the hour when they finally finished writing up the thesis, not 
least because of the sense of achievement that results from completion. In practice, 
the final stages can take several weeks or months as the candidate and any assistant 
proofreaders or editors go through the final draft with great care and precision to 
make sure that everything is in order and the thesis can at last be sent for binding. 
This section provides a basic checklist of some important points the candidate 
might want to consider before submitting the final thesis.  

Candidates should remember that, in most cases, the thesis should not be hard 
bound prior to the examination. It is common for examiners to require amend-
ments. These may be minor, such as the correction of a small number of minor 
spelling mistakes, or they could be major, such as rewriting a chapter or restructur-
ing a theory. In both cases it is useful if the candidate can simply replace those pages 
or sections of the thesis affected before having the amended thesis permanently 
bound.  

7.6.2 A Checklist for Submitting the Thesis 

The following section contains a basic checklist of items to be considered before the 
thesis is submitted.  

7.6.2.1 General writing style 
The candidate should check the general writing style carefully. Examiners can easily 
be distracted by minor grammatical and spelling errors. In the case of a good thesis, 
such errors can detract from the overall quality of the work. In the case of a mid-
range thesis they could make the difference between minor and major amendments. 
The candidates should ask the following questions.  
x Is the level of spelling acceptable? 
x Is the level of grammar acceptable?  
x Is the use of English acceptable? 
x Could it have been written better and can it still be improved? 
x Is all the tense and voice logic correct?  

It is worth spending time in trying to correct as many errors as possible prior to 
submission of the thesis. Well-written theses immediately stand out from those that 
have been written with less care and attention to detail.  

7.6.2.2 General format 
The candidate should also look at how well the various sections of the thesis fit 
together. A common problem with theses is that they have not been fully developed 
and the various chapters and sections do not link together and work together as 
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perhaps they could. Putting forward a thesis is like putting forward any other kind 
of major argument. There should be a strong central thread that builds as the thesis 
develops. Ideally, all chapters and sections should link together as much as possible. 
The candidate should ask the following questions. 
x How well do the chapters link together? 
x Does the whole piece feel logical and reasonable? 
x How well do the sections and subsections fit together? 
x Is there a strong emergent central theme or argument? 
x Is there a sufficient degree of interlinking and cross-referencing? 
x Is there an acceptable degree of triangulation? 
x Does the thesis comply with University regulations? 

Some of these are more important than others. For example, the thesis must 
comply with University regulations or it may be rejected. Other issues such as the 
degree of triangulation are largely methodological and depend on the detail of the 
methodology design.  

7.6.2.3 General content 
The candidate should make every effort to ensure that the general content of the 
thesis is to an acceptable standard. The examiners will be looking specifically at the 
general content and how well the various sections work together. The candidate 
should ask the following.  
x Is the text easily understood? 
x Are there any contradictions and, if so, are these adequately explained? 
x Are there enough references in each section? 
x Have all the supervisor’s recommendations been addressed? 
x How good is the balance? 
x Are there sufficient diagrams and other figures? 
x How effectively have tables been used? 

Where the balance appears to be wrong the candidate should consider alternative 
formats of presentation. In some cases it is obvious that large sections of monoto-
nous text need the introduction of diagrams or summary points or something, 
simply to break up the flow of text.  

7.6.2.4 Introduction 
Having read the introduction, the reader should understand exactly what the 
research is about and what the research intends to show. It is often the first section 
after the abstract that the examiners read in detail and it is often the subject of their 
first questions in the examination. The candidate should ask the following questions.  
x Is sufficient detail provided? 
x Are the aims and objectives clear? 
x Have any assumptions been made clear? 
x Has the scope of the research been made clear? 
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If the draft is found to be lacking in any of these areas, appropriate corrective 
action must be taken, as they are all reasons for examiners asking for amendments 
to the thesis.  

7.6.2.5 Literature review, synthesis, basic theory and pilot study 
The original literature review will already have been written anything from one to 
several years prior to the submission of the final thesis. In that time both the 
literature base and the writing style of the candidate are likely to have changed 
considerably. The candidate should rewrite the original literature review as necessary 
to ensure that it is both up to date and written in the same style as the rest of the 
thesis. The candidate should ask the following questions.  
x Have a sufficient number and range of references been cited?  
x Are the references sufficiently up to date? 
x Have the citations been correctly used? 
x Is there a sufficient level of critical analysis? 
x Has a thorough understanding of the knowledge base been demonstrated? 
x Has the research been adequately oriented within this knowledge base? 
x How robust is the basic theory? 
x How reliable is the pilot study? 
x How well have the literature synthesis, pilot study and theory been linked 

together?  
This section requires a strong element of flow across a number of different areas. 

The writing style and format have to be able to link the literature to the develop-
ment of a theory effectively. This process requires extended thought in that the 
candidate must develop his or her own ideas from what has already been written. It 
can be very difficult to explain and justify this process in writing as part of a thesis.  

7.6.2.6 Research methodology 
This section is particularly likely to be subject to scientific rigour. The examiners are 
required to look for any errors or omissions in the methodology. The candidate 
should check each part of this section in detail to make sure that all arguments are 
fully supported and that the choice of approach and design of methodology is fully 
defended. The candidate should ask the following questions.  
x Is the choice of methodological approach fully justified? 
x Is it appropriate for research of this type? 
x Is the methodology fully supported by the literature? 
x Have sufficient comparable applications been cited? 
x Have all weaknesses been identified and addressed? 

The wording of this chapter or section is extremely important as it underlies the 
replicable capability of the entire research programme. Any gaps in logic or reason-
ing are likely to be detected and explored by the examiners.  
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7.6.2.7 Data collection and analysis 
This section is often dependent on numerical analysis, and therefore may be 
daunting to a non-numerate reader. The candidate should make sure that the 
chapter is written in a style that allows a relatively non-numerate person to read and 
understand it. The candidate should ask the following questions.  
x Are the data clear? 
x Have different types of data been used effectively together? 
x Have all the calculations been carefully checked? 
x Are all the data identifiers reliable? 
x Is the analysis process appropriate? 
x Would the analysis stand up to close scrutiny by a statistician? 
x Could a non-numerate person follow the chapter? 
x Are any further levels of mathematical development required?  

The candidate should consider rewriting sections if they become difficult to 
follow as a result of being too dependent on statistical analysis. Ideally, all sections 
should be capable of being understood by a reader who has only basic numeracy 
skills.  

7.6.2.8 Results, literature reappraisal and theory development and conclusions 
The candidate should give particular thought to the wording of this section as it is 
central to establishing the candidate’s contribution to the knowledge base in the 
appropriate subject area. This section must present the results and use them, where 
appropriate, to adjust the theory that forms the outcome of the work and therefore 
the contribution to the knowledge base. The conclusions should be distinct from 
but clearly derived from and related to the results. The candidate should ask the 
following questions.  
x Are the results clear and accurate?  
x Are the results clearly supported by the data? 
x Are there any contradictions, and have these been explained?  
x Have different types of data been combined effectively? 
x What range of literature has been reappraised, and is this sufficient? 
x How effectively has the theory (if any) been developed? 
x Are the conclusions clear, and distinct from the results? 
x Are the conclusions fully supported by the results? 
x Have the results and conclusions been reconciled with the literature?  
x If one chapter has been used, are more/separate chapters required? 
x Has the type of contribution been made clear?  

This section can often be extremely challenging and very difficult to get right. It 
is, however, very important to try and structure the section as effectively as possible 
as the examiners will read it with great interest. The flow of the various elements 
and sections is of paramount importance in this section.  
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Candidates should generally make every effort to check the thesis before submit-
ting it. Most experienced examiners can easily identify a thesis that has been 
submitted early and before it is fully prepared for examination. Candidates some-
times submit theses early to meet deadlines imposed by their employment. This may 
happen where a candidate has been given a certain amount of time off work to 
complete the thesis and subsequently finds that the time off allowed is insufficient. 
The candidate then makes the decision that it is better to rush the writing-up 
process and submit the thesis before it is really ready rather than continue working 
on it once normal employment duties have been resumed. In other cases candidates 
rush the completion of the thesis simply because they are in the final stages of what 
has been a long and arduous process and they want to draw a line under this process 
and prepare for the examination. Whatever the reason, it is never justifiable for 
candidates to try to write up a thesis too quickly or to submit it for examination 
before it is ready. The examiners will identify any errors and require the candidate to 
correct these at a later date anyway.  

7.7 The Viva Voce Examination 

7.7.1 Introduction 

This section attempts to provide candidates with some preparation for the viva voce 
examination. It will be recalled that ‘viva voce’ means literally aloud or living voice. The 
viva voce examination is an extremely daunting prospect for a candidate, and it is 
natural for candidates to be extremely nervous both before and during the examina-
tion. This nervousness, although natural, can have a very negative effect. It is very 
common for candidates to express disappointment after the examination with words 
to the effect that: ‘I didn’t give my best in the examination because I was so 
nervous.’ It is vitally important that the candidate thinks carefully about the exami-
nation in advance and then makes every effort to perform to his or her full potential 
in the examination itself.  

7.7.2 The Format of the Examination 

The oral examination or viva voce is an integral part of the doctoral assessment 
process. It is a stressful experience partly because of the uncertainty as to where the 
discussion might lead. There is also the pressure of doing justice to the candidate’s 
writing in the oral format. Candidates can often minimise the strain by rehearsing 
presentations with friends or colleagues. Sometimes the supervisor may offer to 
conduct a practice or mock examination. Most candidates report that practice and 
rehearsal help in terms of being able to deal with the examiners’ questions. 

The viva voce examination is conducted in English. 
In terms of the examination itself the normal procedure starts with the arrival of 

the examiners at the examination room. There are usually two examiners – an 
internal and an external examiner. The candidate usually waits in an adjacent area 
until called into the examination room. The supervisor may or may not be present. 
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The internal examiner is usually a member of staff of Heriot-Watt University, 
whose main roles are to examine the thesis and ensure that the standards achieved 
are compatible with the doctoral standards required of the University. The internal 
examiner has supervised and/or examined other Heriot-Watt University doctoral 
theses before, and is therefore familiar with the quality control systems and academ-
ic standards required by the University. The internal examiner may be a member of 
the EBS faculty or may be a member of another university faculty. 

The external examiner is usually a senior academic member of staff of another 
university, although in exceptional circumstances he or she could also be a suitably 
qualified practitioner working as a consultant and/or for a private company. Either 
way, the external examiner will have supervised and/or examined other doctoral 
theses for other universities. The internal and external examiners may not have met 
previously.  

Prior to the examination, both examiners will have received a copy of the thesis, 
usually in temporary bindings (see Section 7.3.2). The examiners will have read the 
thesis carefully and will have completed draft examiners’ reports. Before the 
examination starts, the examiners usually have a brief discussion before the candi-
date is called. If there are obvious strong points or problem areas, the chances are 
that both examiners will have identified these, and these issues may form the basis 
of the discussion. In other cases, one examiner may wish to raise an issue that the 
other examiner has not necessarily seen.  

When they are ready, the examiners call the candidate. 
The candidate proceeds to the examination room and is introduced to the exam-

iners. In face-to-face examinations it is customary for the candidate to shake hands 
with the examiners. The examiners are professional in their attitudes and will 
generally try to do everything they can to put the candidate at ease. They realise that 
in many cases the candidate will be extremely nervous and apprehensive. Experi-
enced examiners can tell stories of candidates who were almost faint with 
apprehension! The external examiner will often try to take the pressure off the 
candidate by taking the initiative and speaking a few words of encouragement. In 
many cases this initiative can help because it takes the focus of attention away from 
the candidate, even if only for a few minutes, and this gives the candidate time to 
adjust to the new surroundings and to the presence of the examiners. 

The examiners will then usually open the proceedings by asking some general 
questions. Thereafter the examination is entirely under the control of the examiners. 
The examiners can ask any questions they wish. The candidate should remember 
that the questioning is an opportunity to add to the thesis by showing the full level 
of knowledge and understanding acquired in the course of the research. 

In levelling questions and criticism, the examiners will be specifically trying to 
determine:  
x that the thesis is the candidate’s own work; 
x whether or not the thesis is of an adequate standard generally; 
x whether or not the thesis outcomes form a contribution to knowledge of the 

subject; 
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x whether or not the thesis affords evidence of originality; 
x whether or not the originality element is supported by the discovery of new 

facts; 
x whether or not the originality element is supported by the exercise of independ-

ent critical power; 
x the extent to which the candidate understands the complexities involved. 

When the examiners have finished with their questioning, they will indicate this 
to the candidate. In many cases the examiners will ask the candidate if he or she has 
any further comments or anything that he or she would like to ask the examiners. 
The candidate may take advantage of this opportunity if required. The candidate 
may decide to ask for further clarification of a particular issue: for example, ‘What 
do you see as being the primary barriers to the positive development of human 
capital in your own research experience?’ This kind of response shows a willingness 
to learn more about a specific subject area in order to have the potential to improve 
or develop the thesis.  

The examiners will then ask the candidate to leave the examination room but to 
remain close by to return when called. In most cases the candidate may wish to pace 
up and down in the nearest open space outside or adjacent to the examination 
room!  

When the candidate leaves, the examiners discuss the thesis and the presentation 
again and agree on a recommendation.  

The basic recommendations are the following. 
1. to award the degree; 
2. to award the degree subject to minor amendments; 
3. to require resubmission of the thesis with major amendments without a further 

viva voce examination; 
4. to require resubmission of the thesis with major amendments with a further 

viva voce examination; 
5. to fail the candidate. 

Consider each case in more detail. 
x Case 1 applies where the examiners agree that the thesis as it stands is sufficient 

for recommendation of the award of the degree. This case is relatively rare. 
x Case 2 is the most common outcome. The examiners recommend the award of 

the degree subject to minor amendments as agreed at the examination. In most 
cases these minor amendments can be completed quickly and can be ‘signed off’ 
by the internal examiner alone. The expression ‘signed off by the internal exam-
iner’ means that the internal examiner can examine the revised and amended 
thesis and verify that the required amendments have been made without further 
reference to the external examiner. In some cases the external examiner may ask 
to see a copy of the amended thesis.  

x Case 3 applies where the candidate is required to make major amendments but 
there is no requirement for a second viva voce examination. In such cases the 
examiners may agree that the resubmission can be ‘signed off’ by the internal 
examiner alone. In most cases there is a prescribed time limit within which the 
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thesis must be resubmitted. This time limit could be anything from six months 
to a year.  

x Case 4 applies where the candidate is required to resubmit the thesis with a full 
second viva voce examination. This is basically a repeat of the initial submission 
process. It occurs only where the submitted thesis requires extensive work but 
still shows sufficient potential for resubmission. As with case 2, in most cases 
there is a prescribed time limit within which the thesis must be resubmitted.  

x Case 5 is extremely rare. A thesis that is not of a sufficient standard should not 
be submitted for examination.  

The examiners usually recall the candidate to the examination room to communi-
cate the decision. Thereafter the examination is concluded.  

In all cases the examiners complete a joint declaration form that clearly states the 
position. In the case of resubmission, the examiners have to complete a further joint 
declaration form to show that they agree that all required amendments have been 
carried out to their joint satisfaction.  

7.7.3 Viva Voce Examination Tips 

All viva voce examinations are difficult, and it can be dangerous to generalise. It is 
reasonable, however, to put forward a number of general pointers or ‘tips’ that 
candidates should remember before going into the examination. 
x Stay cool. Candidates should stay cool. It is useful to remember that to get this 

far the candidate must be good. The viva voce should be regarded as a final as-
sessment of a good piece of research.  

x Role reversal. It is worth remembering that the examiners hold doctorates and 
they have been through this same process, sitting right where the candidate is 
now.  

x Don’t take it personally. The examiners are obliged to raise criticism. Candi-
dates should not take this personally. The examiners have to ascertain the 
candidate’s knowledge and understanding of the subject. In order to do this 
they have to evaluate it critically. 

x Quality. The examiners are trying to determine whether or not the thesis is 
worthy of the recommendation for the award of the degree. Candidates are ef-
fectively asking to join the international doctoral community. The thesis has to 
be up to the appropriate standard. The examiners are effectively protecting the 
value of their own doctorates when critically evaluating the candidate’s thesis.  

x Refer. Candidates can refer to the thesis text at any time. There is always the 
possibility that an examiner has misunderstood a particular sentence or para-
graph. Where necessary the candidate can refer the examiners to an appropriate 
explanation or extension within the text.  

x Alcohol free. Candidates who drink alcohol should avoid the temptation to 
imbibe the night before the examination! Candidates need to have a clear head 
and their wits about them. 

x Don’t argue. Candidates should never, ever lose their cool and argue with an 
examiner. It is acceptable to have differences of opinion. It is not acceptable for 
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debate to degenerate into an open argument. The only circumstances under 
which it is acceptable to confront an examiner is where the candidate is sure 
that the examiner has made a mistake and the thesis can be referred to as posi-
tive proof.  

x Home alone. Candidates should not rely on the supervisor to ‘help them out’. 
The supervisor may not even be present. If he or she is present, he or she is not 
able to contribute to the discussion unless specifically invited to do so by one or 
both examiners. Candidates are effectively ‘on their own’.  

x Banter. Examiners often enjoy ‘banter’. The candidate should try to establish a 
favourable face-to-face relationship with the examiners wherever possible. Ex-
aminers often appreciate a professional but informal approach from candidates. 
An element of humour and/or humorous exchange can often achieve a great 
deal in breaking down the psychological barriers between the examiners and the 
candidate.  

x Cheer up. Candidates should look on the bright side. In some countries such as 
Denmark and Sweden, many doctoral viva voce examinations are open to pub-
lic scrutiny! Examinations are held in public buildings and potentially large 
numbers of members of the public are free to observe.  

x Smile. Examiners are often impressed by a confident and pleasant  
demeanour. It is important that the candidate smiles and appears to be happy 
even if he or she is quaking in his or her shoes! Self-confidence and image can 
be very important psychologically.  

x Stay in control. The examiners control the progress of the examination but the 
candidate can control the defence. If an examiner identifies a problem and 
works on it, the candidate can address this by taking swift action to address the 
problem. The sooner the examiner is satisfied, the sooner he or she will move 
on to the next issue.  

x Don’t lose it. An examiner may sometimes raise an issue that never occurred to 
the candidate during the preparations for the examination. When this happens it 
is absolutely essential that the candidate does not allow this to upset concentra-
tion. The best thing to do is accept it, then forget it and move on to the next 
question (although see ‘take note’ below) 

x Take note. It is extremely important that brief notes are taken. The supervisor 
usually performs this function. If the supervisor is not present the candidate 
should take time out to record important examiner comments. Candidates 
should remember that most doctoral theses require at least minor modifications 
after the examination. It is essential that the modifications required by the ex-
aminers are carefully noted and subsequently implemented to the letter. 

x Take an interest. Examiners often raise issues relevant to the research. The 
candidate should pick up on these and try to show that he or she understands 
what the examiner is talking about and can see how the discussion is related to 
the thesis.  

x Savvy. Examiners, particularly external examiners, are often experts in the 
relevant area. They may have published widely in the area. In such cases it is 



Module 7 / Writing the Thesis and Attending the Viva Voce Examination 

7/40 Edinburgh Business School   Introduction to Business Research 3

prudent to play up on areas where the thesis and the publications of the exam-
iner coincide.  

x Poker face. It is often worthwhile for the candidate to prepare a list of the 
primary outcomes of the research. The examiners may discuss only some of 
these outcomes. It is sometimes useful for the candidate to ‘throw in’ another 
outcome while discussing an identified outcome, especially if the two outcomes 
are related.  

x Shake a leg. Candidates should always appear interested and enthusiastic, and 
should carefully note any amendments required by the examiners (see ‘take 
note’ above). Examiners can quickly become irritated by candidates who appear 
nonchalant and who disregard, or do not act upon or respond to, their observa-
tions or advice.  

x Divide and conquer. Sometimes examiners differ on a particular point or 
issue. In such cases the wily candidate can exploit this situation by acting as the 
‘informed intermediary’. The candidate should never attempt to play one exam-
iner off against the other (very risky), but there may be an opportunity to act as 
an intermediary by introducing further clarification or elaboration.  

x Keep a weather eye. The supervisor, if present, has probably seen all this 
before. An experienced supervisor can quickly see how well a candidate is do-
ing. Simple indicators such as a smile or a frown can act as important feedback 
to the candidate even though no words are exchanged. In extreme circumstanc-
es the supervisor might exhibit a rising raised clenched fist (good) or wear a 
frown (bad)! 

x Nice touches. Simple additional touches such as the provision of handouts can 
often help. The examiners are not obliged to consider any material that has not 
been previously issued, but they may appreciate notes on very recent relevant 
publications, for example.  

x Detail. Candidates should always remember that they have conducted the 
research, and in nearly all cases know more about the specific detail of the re-
search than the examiners. This puts the candidate in a strong position relative 
to the examiners as far as detail is concerned. If the candidate is challenged on a 
particular point, it may be worth moving towards detail as the candidate may 
then be able to ‘out-fox’ the examiner.  

x Expand. Building on the detail issue, the candidate has to be able to respond to 
criticism instantly. The safest way of doing this is by developing a discussion that 
expands on the issue and introduces more detail. In this way, the knowledge of 
the supervisor may diminish in relation to the knowledge of the candidate.  

x Nobody’s perfect. The candidate must remember that no research is perfect. 
Even the greatest scientific theories are open to criticism, and many have been 
questioned over the years. Criticism does not mean that the research is not wor-
thy of the award of a doctoral degree.  

x Anything goes. The candidate should remember that the examiners can ask 
any questions they want. They may ask the candidate about related issues such 
as how the candidate developed professionally from the research or about their 
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experiences generally in conducting the research. The candidate should be pre-
pared for any such questions.  

x Admit it. Finally, there is always the chance that the examiners may ask a 
question that the candidate cannot answer. The candidate can either respond by 
admitting that he or she does not know the answer or can use a more ‘crafty’ 
response such as saying that the research did not focus on that particular issue 
but ‘perhaps if it had…’, leading on to a further discussion. This response ad-
mits that the question is not answerable but shows a willingness for the 
candidate to explore the area further in the amendments if required.  

Viva voce examinations are extremely variable, and it is very difficult and risky to 
offer generalised advice. The tips listed above provide some indication of the 
possible responses that a candidate might make in a given scenario.  

7.7.4 Online Conferencing Viva Voce Examination Tips 

EBS DBA viva voce examinations may occasionally be carried out by video link 
conferencing or Skype. This system can be adopted at the discretion and, in the case 
of a video link, expense of the candidate. A video link or Skype has the obvious 
advantage that the people involved do not have to travel. This can save a considera-
ble amount of money where the examiners and the candidate, for example, all live 
thousands of miles apart.  

In the case of a video link, the procedure involves the establishment of a live 
video link between the examiners and the candidate. In some cases all three people 
might be in different locations. In other cases the internal and external examiner 
might be together at one location and the student (perhaps with the supervisor) is in 
another location. The appropriate IT and communications people set the link up 
and then the viva voce examination is carried out in exactly the same way as if it 
were conducted on campus. If candidates do elect to undertake the examination via 
live video link, some important tips to remember are listed below. 
x Speak slowly and clearly.  
x Make sure each person present can hear everybody else.  
x Allow for the transmission time lag. This can be up to two seconds over very 

long distances.  
x Listen for all parts of any questions.  
x If a word or sentence is missed, ask the speaker to repeat it carefully.  
x Make sure everybody can see any tables or diagrams forming part of any 

presentation.  
On a more technical note, it is vital to make sure that the video link set-up is 

reliable. It can be very annoying if a video link breaks down before all necessary 
business has been concluded. Some further technical tips are given below.  
x Make sure the technicians involved know what they are doing.  
x Always assume it is going to take longer than planned to set up the video link.  
x If a presentation is involved, make sure there are several different cameras at the 

candidate’s location. A zoom camera may be needed for some graphics.  



Module 7 / Writing the Thesis and Attending the Viva Voce Examination 

7/42 Edinburgh Business School   Introduction to Business Research 3

x Ensure there is no background noise, especially from nearby traffic and air-
conditioning systems.  

Candidates should also be aware that video link conferencing can be very expen-
sive, depending on the geographical location of the people concerned.  

Learning Summary 
The candidate should now be able to:  
x devise a structure for the thesis; 
x develop an outline of what he or she intends to write; 
x define clearly the scope and content of the abstract, literature review, method-

ology, results, and discussion chapters; 
x write the thesis in a clear and logical way but with a feeling for words and an 

ability to provide contrast in the sentence structure; 
x design the thesis so that it complies with University requirements;  
x edit the thesis rigorously; 
x appreciate what is required in the viva voce examination. 

Writing Up 
x The process of writing the thesis is a substantial undertaking. It represents a 

major challenge to anybody, irrespective of individual potential and ability.  
x Most doctoral graduates will probably agree that the thesis is probably the 

most challenging document they ever have to write. It is only ever likely to 
be surpassed if a graduate goes on to write a high-level textbook or similar. 

x Different people have different approaches to writing up. Some candidates 
prefer to write the thesis in strict section order, completing each section in 
sequence before moving onto the next section.  

x Other candidates prefer to jump around from one section to another and 
between chapters while slowly drawing everything together.  

x The best approach is probably a compromise between these two extremes. 
Most candidates logically prefer to start at the introduction section and 
work through the various chapters in sequence to the conclusions section 
but with a flexible approach where some sections may be written ahead of 
others.  

x Some candidates employ a professional copy-editor to proofread final draft 
chapters. 

x Good copy-editors can often find a surprising range and number of issues 
with even a well-written first draft. They make a very significant difference 
to the quality and presentation of a thesis. The downside, of course, is that 
they are very expensive.  

x Most candidates copy-edit and proofread the first draft themselves and ask 
an appropriate relative, friend or colleague to second read it. 
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x Examples of disasters have included the sudden and unexpected cata-
strophic failure of a PC hard drive coupled with a back-up system that only 
updated back-up files monthly, and a viral infection that corrupted both the 
original files on the PC and the back-up and ultimately destroyed both. 

x Candidates should make every effort to make sure their draft work is 
regularly and reliably backed up and that adequate precautions are taken 
with regard to the back-up medium itself.  

x When writing up, the candidate should try to link the various chapters 
together as much as possible.  

Format 
x Candidates must produce the thesis to a format that is acceptable to the 

University. Candidates are strongly advised to study the relevant regulations 
in detail. Theses that do not comply with the relevant regulations may be 
rejected by the University Postgraduate Office.  

x As with most UK doctoral theses, the format of the EBD DBA thesis is 
based on British Standards Institution Recommendations, specifically 
BS4821:1990 entitled ‘Presentation of Theses’. A copy of this standard is 
available for consultation on CD in the main University Library. University 
regulations require some divergences from BS4821. These are detailed be-
low. 

x The thesis must be written in English. 
x In most cases the thesis should be no longer than 80 000 words or no 

longer than 400 pages unless prior agreement has been reached. 
x The title page of every volume should give the information listed below. 

� the full title of the thesis and subtitle if any; 
� the total number of volumes if more than one and the number of the 

particular volume; 
� the full name of the author followed by any previous qualifications and 

distinctions; 
� the qualification for which the thesis is submitted; 
� the name of the institution to which the thesis is submitted; 
� the department in which the research was conducted, if appropriate; 
� the month and year of submission. 
� the copyright statement. 

x Equations should be located on separate lines and should be individually 
numbered by chapter.  

x There are two types of binding; presentation binding and temporary binding. 
x Theses are usually submitted in temporary binding. This is because the 

examiners may require minor or major amendments before the award of 
the degree is recommended.  

x Temporary binding must be secure. Pages should not have any holes or 
stitching in them and should ideally be secured by adhesive along the spine. 
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There is no requirement for temporary binding to have any lettering on the 
cover of the spine.  

x Candidates who are subsequently recommended for the award of the 
degree must submit the required number of theses in presentation binding.  

Thesis Structure 
x Most doctoral theses feature the following common sections. 

� A title page 
� An abstract 
� A dedication 
� Any acknowledgements 
� A declaration statement 
� A preface 
� A list of contents 
� A list of tables 
� A list of figures 
� The main chapters 
� The appendices 
� The list of footnotes ordered by chapter 
� The list of references. 

x In most cases the basic sequence of sections covered by the thesis is as 
shown below.  
� An introduction. 
� A literature review. 
� A research question, theory or hypothesis section. 
� A research method development section. 
� A data collection and analysis section. 
� A conclusion.  

x The chapters themselves are arranged in order to achieve the best possible 
flow of development. In the simplest form the arrangement of chapters 
might be as shown below. 
� Introduction 
� Literature review 
� Research design and methodology 
� Analysis and results 
� Conclusions and discussion 
� References 
� Appendices 

x A slightly more detailed arrangement could be as shown below and as 
discussed in Introduction to Business Research 1. 
� Preliminaries.  
� Introduction. 
� Literature review.  
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� Literature synthesis and generation of hypotheses. Pilot study and theo-
ry/hypothesis and refinement.  
� Literature review. 
� Literature synthesis. 
� Basic theory. 
� Pilot study. 
� Pilot study outcomes.  
� Synthesis of the pilot study outcomes and the literature synthesis. 
� Formal theory. 
� Research question. 
� Research aims and objectives. 
� Research hypotheses. 
� Operational hypotheses. 

� Research methodology.  
� Data collection and analysis.  
� Results.  
� Literature reappraisal and theory development.  
� Conclusions and suggestions for further research.  

x The abstract acts as a brief summary of the research and is intended 
primarily as an aid to other researchers.  

x The abstract should be accurate and should fairly summarise the research. 
x The length of the introduction chapter varies according to the nature of the 

research. Most introduction chapters are between 1000 and 2000 words in 
length.  

x Having read the introduction chapter the reader should understand exactly 
what the research is all about, what it was trying to achieve, any limitations 
on scope or range, and any assumptions made.  

x The methodology chapter describes the operational processes involved in 
developing and executing the research.  

x The methodology chapter should be written largely in the past tense. There 
may be some exceptions to this general rule, for example where the candi-
date is referring to known results or facts.  

x The methodology chapter should be fully referenced, and the choice of 
methodology should be supported using appropriate citations.  

x The main sections to be addressed in the data collection and analysis 
chapter are as follows. 
� Sources of data (interviews, questionnaires). 
� Types of data (qualitative or quantitative). 
� Collection techniques.  
� Main analysis philosophy (quantitative or qualitative). 
� Quantitative methods used. 
� Interpretation techniques.  
� Reliability and confidence issues. 
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� Bias and reactance issues.  
� Presentation and interpretation. 

x The data collection and analysis chapter should fully detail all aspects of 
where the data were obtained, how they were obtained, how they were 
processed and how the relevant results were generated.  

x The literature reappraisal and theory development chapter allows the 
candidate an opportunity to demonstrate that he or she has acquired new 
knowledge from the research programme and is able to use this new 
knowledge to view the original literature review and formal theory ‘in a new 
light’.  

x The results, conclusions and discussion chapter is usually presented in past 
tense and generally includes a mix of text and other forms of information 
presentation such as diagrams, graphs and presentations.  

x Appendices should be used for supportive or additional material that is not 
necessary in the main body of the text or which would interrupt the flow of 
information provided in the main text.  

Chapter and Section Sequencing 
x The most obvious sequence of chapters and sub-chapters is that defined by 

logic.  
x Time driven sequences are determined by the chronological or time-based 

order in which actions are taking place or have taken place. 
x Sequences may also be defined by category. This approach could be applica-

ble where the research relates to different categories or types of subject 
matter. 

x Theses may also be sequenced in relation to the importance of contribution 
made by different pieces of research.  

Submitting the Thesis 
x In practice the final stages of writing up can take several weeks or months 

as the candidate and any assistant proofreaders or editors go through the 
final draft with great care and precision to make sure that everything is in 
order and that thesis can at last be sent for binding. 

x Theses should generally not be hard bound until after the oral examination. 
x It is common for examiners to require amendments.  

The Viva Voce Examination 
x The oral examination or viva voce is an integral part of the doctoral 

assessment process. It is a stressful experience partly because of the uncer-
tainty as to where the discussion might lead.  

x The internal examiner is usually a member of staff of Heriot-Watt Universi-
ty.  

x The external examiner is usually a member of staff of another university, 
although he or she could also be a practitioner working as a consultant 
and/or for a private company.  
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x The candidate makes his or her presentation in a structured and logical 
progression. The examiners may wish to ask questions during the presenta-
tion or they may prefer to wait until the presentation is complete.  

x The examiners can ask any questions they wish. 
x In levelling questions and criticism, the examiners will be specifically trying to 

determine:  
� that the thesis is the candidate’s own work; 

� whether or not the thesis is of an adequate standard generally; 
� whether or not the thesis outcomes form a contribution to knowledge 

of the subject; 
� whether or not the thesis affords evidence of originality; 
� whether or not the originality element is supported by the discovery of 

new facts; 
� whether or not the originality element is supported by the exercise of 

independent critical power; 
� the extent to which the candidate understands the complexities in-

volved. 
x The examiners may choose one of a number of possible outcomes: 

� to award the degree; 
� to award the degree subject to minor amendments; 
� to require resubmission of the thesis with major amendments without a 

further viva voce examination; 
� to require resubmission of the thesis with major amendments with a 

further viva voce examination; 
� to fail the candidate. 

Appendix 7A: Sample Shortened Research Methodology Chapter 
This section contains a sample literature review chapter taken from a past examina-
tion paper. The chapter is considerable shorter than would normally be expected 
and is presented for illustrative purposes only.  
Chapter 6. Research Methodology 
6.1   Introduction 
This chapter describes the methodology used in this research. The aim of the 
chapter is to communicate the approach to data collection and processing used 
in the generation of the research data and results. It is not possible within the 
space allowed to produce a full and complete summary and description of the 
entire research methodology; the chapter therefore attempts to provide a 
working knowledge of how the methodology was designed and applied. 
The methodology was designed to allow the candidate to address the following 
operational research hypothesis. 
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H0: Project team interaction dynamics are a function of the perceived authority 
of the project manager.  
H1: Project team interaction dynamics are not a function of the perceived au-
thority of the project manager.  

  

6.2   Study philosophy 
The research adopted a primarily positivist paradigm. The underlying philosophy 
was based on the direct observation of project team dynamics from an impartial 
viewpoint. The research was kept detached from the development of the team 
as the observer was not part of the team and did not interact with the team in 
any way. Observations were then quantified and were combined with similar 
quantitative results from questionnaires and interviews. The overall quantitative 
analysis of the data provided an insight into the patterns of behaviour and 
perceptions exhibited both by teams and by individual team members. A 
phenomenological element was introduced in the subjective interpretation of 
interview responses. These were used in association with the quantitative 
analysis of interview responses to generate a combined results set.  
The operational methodology chosen for the research was based on a combina-
tion of longitudinal and cross-sectional case studies. The longitudinal case study 
ran for three to six months and was primarily intended to collect time-based 
data from the primary sample. The cross-sectional case studies were operated 
after the main longitudinal case study and were designed to provide snapshot 
back-up for the main longitudinal study results.  
The underlying rationale behind this arrangement was that the longitudinal case 
study could be used to provide the primary data for the research, whereas the 
cross-sectional studies should be used to provide supportive or secondary data. 
The idea is to gather data from the longitudinal studies over a considerable 
period of time and then use the cross-sectional studies to provide additional 
information that corroborates the data emerging from the longitudinal study. 
The cross-sectional study results may also be used to validate the main study 
results and to assist in triangulation.  
This combination of cross-sectional studies used in support of a primary 
longitudinal study is well established in the literature. In 1997 Osprey used a 
combination of longitudinal and cross-sectional studies in her research on group 
dynamics in senior management teams in the petroleum industry. Buzzard 
(1998) uses a similar number of cross-sectional and longitudinal studies in his 
research on team development and evolutionary cycles, while Merlin (1999) 
uses Buzzard’s (1998) basic approach in similar research in manufacturing 
industry. Owl (2000) has suggested that the combined use of longitudinal and 
cross-sectional studies is an ideal method of validating data and triangulating 
results. Other researchers have taken a similar view, including Hobby (2000) 
and Eagle (2002). Harrier (2003) suggested that ‘longitudinal studies are best 
supported by cross-sectionals where long timescales are concerned’ while 
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Hathcock’s (2003) results suggested that longitudinal reliability can be improved 
by the use of supportive cross-sectional case studies.  

6.3   Sources of data 
Six UK commercial organisations agreed to act as samples for the main study. 
One of these companies acted as the source of data for the pilot study (see 
chapter 5). The sample companies were all of a similar size and have similar 
backgrounds, and all operated in the same commercial sector. Despite their 
individual differences they were considered to be compatible to a level where 
they were suitable for use in the main study.  
Project teams were generally assembled in response to demand from senior 
management. In most cases the project managers were not senior managers and 
were appointed because of their skills. In some cases project managers had 
previous experience of running major change projects. In other cases they were 
selected on the basis of their specialist knowledge and understanding of the 
change discipline itself.  
Each sample company had formed a strategic project team for planning and 
implementing a major strategic change. The exact nature of the strategic change 
varied but the disruption and general impact on the company concerned was 
the same in each case. In all cases the company concerned was embarking or 
had already embarked on a major strategic change. The project teams used as 
samples were charged with planning and implementing these changes. The 
average team size was twelve members. The project managers had different 
levels of perceived power depending largely on their organisational status prior 
to their appointment as project managers.  
Data on the pre-project status of the project managers was provided from 
internal company sources. A simple classification system was developed that 
allowed the status of the project manager to be established in relation to 
power, authority, position, experience and age. The classification system was 
based on the approach used by Whippet and Hound (1995) in their definitive 
work on project manager status profiles. Similar approaches have also been 
used by a number of other researchers including Spaniel (1999), Corgi (2000), 
Dalmatian (2000) and Dachshund and Mongrel (2001).  
Of the six sample companies, three were studied on a longitudinal basis and 
three on a cross-sectional basis.  

6.4   Data collection 
In the three longitudinal studies the sample teams were observed over a period 
of six to nine months as they addressed the problem of designing and imple-
menting strategic change. The candidate acted purely as an observer at this 
stage, recording all communications at official and unofficial project team 
meetings. In some cases these communications were digitally recorded and later 
transcribed. In other cases the communications were recorded manually prior 
to transcription.  
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In the cross-sectional studies the candidate also acted as an observer. Formal 
project team meetings were observed and recorded as for the longitudinal 
studies. The cross-sectional studies were classified on a time-based scale so that 
the position of each cross-sectional observation could be standardised against 
the timescale applying to the longitudinal study. In most cases the group interac-
tion process was observed either once or twice in the cross-sectional studies. 
Corresponding ‘snapshot’ questionnaires and interviews were executed at or 
around the same time.  
Support data were obtained by the use of questionnaires issued to project team 
members on both the longitudinal and cross-sectional studies. The question-
naire was specifically designed to collect data relevant to the changing dynamics 
of the project teams over time. A copy of the questionnaire used on the 
longitudinal studies is provided in appendix 1.2 and a copy of the questionnaire 
used in the cross-sectional studies is provided in appendix 1.3 (note: these 
references are fictitious). 
A further layer of data was collected by the use of structured interviews. These 
were very time consuming, and it was not possible to interview all members of 
each project team. The interview questions were however, designed to gener-
ate representative response data indicative of the attitudes of each project team 
member. Interviews were conducted by the candidate and were generally timed 
to coincide as far as possible with the times when major project team meetings 
took place. This approach ensured that interview responses were obtained at or 
about the same time as the observation data from the project team meetings 
were being processed.  
This approach of direct observation, questionnaires and interviews is well 
established by the literature. The same basic approach has been used by Aspen 
(1998), Cherry (1998), Pine and Poplar (2000) and Hornbeam (2001). These 
researchers all defended the basic approach on the grounds of applicability and 
triangulation. 
All observation, interview and questionnaire data were stored on a central 
research database. This database categorised data by type, date, team involved 
and relevance to the research. The database allowed the candidate to store 
research data reliably and access data quickly as required.  

6.5   Data processing 
As discussed above, all research data were stored on a large central database. 
The processing approach used depended on the type of data. 
1. Team dynamics. 

Project team meetings were generally digitally recorded and the discussion 
was then transcribed to Word format. The text was then analysed using a 
proprietary word analysis program called Reveal. This package was devel-
oped in 2000 by the Macrohard corporation specifically to assist researchers 
in analysing written and/or verbal communication by isolating patterns in the 
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use of words or phrases. Reveal can be fine-tuned to allow it to extend the 
analysis to include emphasis. 

Reveal can perform relatively simple operations such as word frequency 
counts and word association calculations, and can also perform complex 
analyses such as monitoring the changing pattern of word use over time for 
individuals and groups. Numerous researchers have used Reveal in doctoral 
research. Examples include research into team dynamics by Plum (2000), 
Apple (2001), Cherry and Lemon (2001) and Apricot (2002). In all cases 
Reveal was used as the primary research data collection technique, and in all 
cases the verbal content of group interaction was taken to be the primary 
driver of group dynamics.  

2. Questionnaires.  
Sample questionnaires are presented in appendices 1.2 and 1.3. The data 

provided by the questionnaire responses were analysed using simple spread-
sheets. The data were primarily processed to produce simple frequency and 
concordance results. The spreadsheets allowed the questionnaire responses 
to be shown in terms of how often respondents had chosen similar or dif-
ferent responses to the questions and how these responses were related to 
each other.  

3. Structured interviews. 
Structured interviews were generally digitally recorded and then tran-

scribed into word format. The text was then analysed using Reveal as 
discussed above. The interview responses were also studied qualitatively by 
me. It is generally advisable to consider interview responses using a combi-
nation of quantitative and qualitative assessment because a discussion 
includes information at both an obvious level and at a non-obvious sub-level 
(Cranberry 1997). The Reveal analysis again produced quantitative presenta-
tions of word frequency and concordance. The combination of quantitative 
and qualitative analysis approaches to the interview data allowed a degree of 
triangulation.  

6.6   Summary 
The research methodology in this research has been developed using a combi-
nation of published methodologies and new approaches developed specifically 
for this application. The research methodology makes the assumption that 
communication patterns within project teams can be used as a direct measure 
of group dynamics. The measurement of communication patters, coupled with 
classification of the perceived power and authority of the project manager, 
allows the research to explore the relationship between power and dynamics. 
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Review Questions 

True/False Questions 

Writing Up 

7.1 Candidates should start writing up as early as possible. T or F? 

7.2 Writing up should follow a phased approach. T or F? 

7.3 There is no need for the supervisor to review every draft chapter. T or F? 

7.4 Chapters should always be produced in chronological order. T or F? 

7.5 The candidate should develop a habit of writing. T or F? 

7.6 The candidate should set aside certain times each day for writing. T or F? 

Format 

7.7 The thesis can be written in any language as a matter of course. T or F? 

7.8 The thesis can be produced on any desired paper size provided the paper is opaque.  
T or F? 

7.9 The submission copies of the thesis must be presentation bound. T or F? 

7.10 The title page should show only the name of the author and the year of submission.  
T or F? 

7.11 Chapters should be numbered consecutively. T or F? 

7.12 The Harvard referencing system is recommended. T or F? 

7.13 Full references can be shown as footnotes in footers. T or F? 

7.14 All diagrams must be in full colour. T or F? 

7.15 The spine of the thesis must be blank. T or F? 

Thesis Structure 

7.16 The thesis must be structured in a precise manner according to prescribed regulations. 
T or F? 
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7.17 The abstract should stand independent from the thesis and provide a synopsis of the 
research. T or F? 

7.18 The abstract must outline the major research questions addressed, the methods of 
investigation, and a summary of the important results and conclusions. T or F? 

7.19 The first chapter must be an introduction chapter. T or F? 

7.20 The introduction chapter should establish, among other items, the scope of the 
research. T or F? 

7.21 The introduction chapter should establish, among other items, the limitations of the 
research. T or F? 

7.22 Appendices must be included. T or F? 

7.23 Appendices should contain material that is necessary but which would interrupt the flow 
of the main text. T or F? 

Chapter and Section Sequencing 

7.24 Chapters should be ordered according to the chronological order in which the major 
events of the research programme occurred. T or F? 

7.25 The results chapter could be located within the literature review. T or F? 

7.26 The abstract must appear immediately after the table of contents. T or F? 

7.27 Chapters can be subdivided into numbered sections, subsections, sub-subsections and 
sub-sub-subsections. T or F? 

7.28 Chapters should never be linked. T or F? 

7.29 There is no need for the candidate to proofread the thesis before submitting it. T or F? 

7.30 A thesis cannot be referred for amendments purely because it contains  
grammatical and/or spelling errors. T or F? 

7.31 Systematic errors appear randomly throughout the thesis. T or F? 

Submitting the Thesis 

7.32 The constant misspelling of ‘witch’ for ‘which’ is an example of a systematic error.  
T or F? 

7.33 It may be useful to employ the services of a professional proofreader. T or F? 
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The Viva Voce Examination 

7.34 The viva voce examination is essentially an oral examination. T or F? 

7.35 The candidate is not required to attend the viva voce examination. T or F? 

7.36 The supervisor may decline to attend the viva voce examination. T or F? 

7.37 If present, the supervisor leads the discussion. T or F? 

7.38 The external examiner is a member of staff of Heriot-Watt University. T or F? 

7.39 It is not possible for the examiners to fail a thesis. T or F? 

7.40 Theses referred for amendments must always be formally resubmitted. T or F? 

7.41 Theses referred for amendments must always be presented for a further viva voce 
examination. T or F? 

Multiple-Choice Questions 

Writing Up 

7.42 Ideally the candidate should write the thesis: 
I. all in one go and present the finished entire work for review. 
II. section by section, with each section being subject to supervisor review. 
III. consistently, with no major pauses or breaks. 
IV. intermittently. 
Which of the above are true? 
A.  I only.  
B.  I and II.  
C.  II and III.  
D.  IV only.  

7.43 Ideally the candidate should attempt to write the thesis so that: 
I. the chapters are linked together. 
II. the various citations are cross-referenced. 
III. a strong central theme develops as the literature review progresses. 
IV. all assertions and postulations are supported. 
Which of the above are true? 
A.  I and II.  
B.  I, II, III and IV.  
C.  II, III and IV.  
D.  III and IV.  
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Format 

7.44 Unless prior approval is obtained, the thesis:  
A.  can be written in any language.  
B.  must be written in English.  
C.  must be written in a European language.  
D.  can be written in several different languages.  

7.45 Among other details, the title page must show the: 
I. full title of the thesis and subtitle if any. 
II. total number of volumes if more than one and the number of the particular volume. 
III. full name of the author followed by any previous qualifications and  

distinctions. 
IV. qualification for which the thesis is submitted. 
Which of the above are true? 
A.  I and II.  
B.   
C.  I, II, III and IV.  
D.  II, III and IV.  

7.46 The chapter heading should be in: 
A.  8 point type.  
B.  10 point type.  
C.  12 point type.  
D.  14 point type.  

7.47 The spine of the bound work should show the:  
I. university name. 
II. title of the degree (DBA) at the head of the spine. 
III. name of the candidate running from the bottom of the spine (initials followed by 

surname). 
IV. year of submission at the bottom of the spine. 
Which of the above are true? 
A.  I only.  
B.  I, II, III and IV.  
C.  II and III.  
D.  II, III and IV.  
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7.48 The front cover of the bound work should: 
I. be left blank. 
II. show the title of the thesis. 
III. show the name of the candidate. 
IV. show the university name. 
Which of the above are true? 
A.  I and II.  
B.  III only.  
C.  III and IV.  
D.  IV only.  

7.49 Any wording on the front cover should be in: 
A.  10 point gold type.  
B.  16 point gold type.  
C.  20 point gold type.  
D.  24 point gold type.  

Thesis Structure 

7.50 Generally the acknowledgements (if any) should appear: 
I. after the title page. 
II. after the abstract. 
III. before the dedication. 
IV. after the table of contents. 
Which of the above are true? 
A.  I and II.  
B.  II and III.  
C.  II, III and IV.  
D.  III and IV.  

7.51 Generally the list of figures (if any) should appear: 
I. after the title page. 
II. before the main chapters. 
III. after the declaration statement (if any). 
IV. after the list of tables. 
Which of the above are true? 
A.  I, II, III and IV.  
B.  II, III and IV.  
C.  II and III.  
D.  IV only.  
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7.52 In terms of sections, generally the research methodology development section should 
appear: 
I. before the data collection and analysis. 
II. after the literature review. 
III. before the introduction. 
IV. before the research question and hypothesis development. 
Which of the above are true? 
A.  I only.  
B.  I and II.  
C.  I, II and IV.  
D.  II, III and IV.  

Chapter and Section Sequencing 

7.53 Chapters can be ordered: 
I. chronologically. 
II. categorically. 
III. sequentially. 
IV. perceived importance.  
Which of the above are true? 
A.  I and II.  
B.  I, II and III.  
C.  I, II, III and IV.  
D.  II, III and IV.  

7.54 Chapters should be subdivided to a maximum of:  
A.  one level.  
B.  two levels.  
C.  three levels.  
D.  four levels.   

Submitting the Thesis 

7.55 Proofreading of the draft thesis is: 
A.  not necessary.  
B.  an option.  
C.  recommended.  
D.  essential.  
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The Viva Voce Examination 

7.56 The examination normally involves the: 
I. candidate. 
II. internal examiner. 
III. external examiner. 
IV. chairperson of the EBS Research Committee. 
Which of the above are true? 
A.  I only.  
B.  I, II and III.  
C.  II, III and IV.  
D.  II and IV.  

7.57 In levelling criticism the examiners are attempting to: 
I. be deliberately inflammatory. 
II. determine that the thesis is the candidate’s own work. 
III. determine whether or not the thesis is of an adequate standard generally. 
IV. determine whether or not the thesis outcomes form a contribution to knowledge 

of the subject. 
Which of the above are true? 
A.  I only.  
B.  I and II.  
C.  II and III.  
D.  II, III and IV.  

7.58 Statistically the most common outcome of the examination is a recommendation to: 
A.  award the degree.  
B.  require resubmission of the thesis with major or minor amendments  

without a further viva voce examination. 
 

C.  require resubmission of the thesis with major amendments with a further viva 
voce examination. 

 

D.  fail the candidate.  

7.59 Arguing with the examiners is: 
A.   strongly recommended.  
B.   acceptable.  
C.   to be congratulated.  
D.   absolutely unacceptable.  
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7.60 If the examiners find a mistake the best things to do are: 
I. admit it. 
II. argue. 
III. accept the error and expand on what the candidate could have done if the mistake 

had not been present. 
IV. quickly forget it and move on. 
Which of the above are true? 
A.  I only.  
B.  II only.  
C.  I, III and IV.  
D.  III and IV.  
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Table A1.1 Normal distribution tables 

 

                      

z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09 
                      

0.0 .0000 .0040 .0080 .0120 .0160 .0199 .0239 .0279 .0319 .0359 
0.1 .0398 .0438 .0478 .0517 .0557 .0596 .0636 .0675 .0714 .0753 
0.2 .0793 .0832 .0871 .0910 .0948 .0987 .1026 .1064 .1103 .1141 
0.3 .1179 .1217 .1255 .1293 .1331 .1368 .1406 .1443 .1480 .1517 
0.4 .1554 .1591 .1628 .1664 .1700 .1736 .1772 .1808 .1844 .1879 
0.5 .1915 .1950 .1985 .2019 .2054 .2088 .2123 .2157 .2190 .2224 

                      

0.6 .2257 .2291 .2324 .2357 .2389 .2422 .2454 .2486 .2517 .2549 
0.7 .2580 .2611 .2642 .2673 .2704 .2734 .2764 .2794 .2823 .2852 
0.8 .2881 .2910 .2939 .2967 .2995 .3023 .3051 .3078 .3106 .3133 
0.9 .3159 .3186 .3212 .3238 .3264 .3289 .3315 .3340 .3365 .3389 
1.0 .3413 .3438 .3461 .3485 .3508 .3531 .3554 .3577 .3599 .3621 

                      

1.1 .3643 .3665 .3686 .3708 .3729 .3749 .3770 .3790 .3810 .3830 
1.2 .3849 .3869 .3888 .3907 .3925 .3944 .3962 .3980 .3997 .4015 
1.3 .4032 .4049 .4066 .4082 .4099 .4115 .4131 .4147 .4162 .4177 
1.4 .4192 .4207 .4222 .4236 .4251 .4265 .4279 .4292 .4306 .4319 
1.5 .4332 .4345 .4357 .4370 .4382 .4394 .4406 .4418 .4429 .4441 

                      

1.6 .4452 .4463 .4474 .4484 .4495 .4505 .4515 .4525 .4535 .4545 
1.7 .4554 .4564 .4573 .4582 .4591 .4599 .4608 .4616 .4625 .4633 
1.8 .4641 .4649 .4656 .4664 .4671 .4678 .4686 .4693 .4699 .4706 
1.9 .4713 .4719 .4726 .4732 .4738 .4744 .4750 .4756 .4761 .4767 
2.0 .4772 .4778 .4783 .4788 .4793 .4798 .4803 .4808 .4812 .4817 

                      

2.1 .4821 .4826 .4830 .4834 .4838 .4842 .4846 .4850 .4854 .4857 
2.2 .4861 .4864 .4868 .4871 .4875 .4878 .4881 .4884 .4887 .4890 
2.3 .4893 .4896 .4898 .4901 .4904 .4906 .4909 .4911 .4913 .4916 
2.4 .4918 .4920 .4922 .4925 .4927 .4929 .4931 .4932 .4934 .4936 
2.5 .4938 .4940 .4941 .4943 .4945 .4946 .4948 .4949 .4951 .4952 

                      

2.6 .4953 .4955 .4956 .4957 .4959 .4960 .4961 .4962 .4963 .4964 
2.7 .4965 .4966 .4967 .4968 .4969 .4970 .4971 .4972 .4973 .4974 
2.8 .4974 .4975 .4976 .4977 .4977 .4978 .4979 .4979 .4980 .4981 
2.9 .4981 .4982 .4982 .4983 .4984 .4984 .4985 .4985 .4986 .4986 
3.0 .4987 .4987 .4987 .4988 .4988 .4989 .4989 .4989 .4990 .4990 

  

z

Area tabulated
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Table A1.2 t-distribution tables 

 

                      

Degrees Upper-tail area α 
of freedom .4 .25 .1 .05 .025 .01 .005 .0025 .001 .0005

              

1 0.325 1.000 3.078 6.314 12.706 31.821 63.657 127.32 318.31 636.62
2 .289 0.816 1.886 2.920 4.303 6.965 9.925 14.089 22.327 31.598
3 .277 .765 1.638 2.353 3.182 4.541 5.841 7.453 10.214 12.924
4 .271 .741 1.533 2.132 2.776 3.747 4.604 5.598 7.173 8.610

              

5 0.267 0.727 1.476 2.015 2.571 3.365 4.032 4.773 5.893 6.869
6 .265 .718 1.440 1.943 2.447 3.143 3.707 4.317 5.208 5.959
7 .263 .711 1.415 1.895 2.365 2.998 3.499 4.029 4.785 5.408
8 .262 .706 1.397 1.860 2.306 2.896 3.355 3.833 4.501 5.041
9 .261 .703 1.383 1.833 2.262 2.821 3.250 3.690 4.297 4.781

              

10 0.260 0.700 1.372 1.812 2.228 2.764 3.169 3.581 4.144 4.587
11 .260 .697 1.363 1.796 2.201 2.718 3.106 3.497 4.025 4.437
12 .259 .695 1.356 1.782 2.179 2.681 3.055 3.428 3.930 4.318
13 .259 .694 1.350 1.771 2.160 2.650 3.012 3.372 3.852 4.221
14 .258 .692 1.345 1.761 2.145 2.624 2.977 3.326 3.787 4.140

              

15 0.258 0.691 1.341 1.753 2.131 2.602 2.947 3.286 3.733 4.073
16 .258 .690 1.337 1.746 2.120 2.583 2.921 3.252 3.686 4.015
17 .257 .689 1.333 1.740 2.110 2.567 2.898 3.222 3.646 3.965
18 .257 .688 1.330 1.734 2.101 2.552 2.878 3.197 3.610 3.922
19 .257 .688 1.328 1.729 2.093 2.539 2.861 3.174 3.579 3.883

              

20 0.257 0.687 1.325 1.725 2.086 2.528 2.845 3.153 3.552 3.850
21 .257 .686 1.323 1.721 2.080 2.518 2.831 3.135 3.527 3.819
22 .256 .686 1.321 1.717 2.074 2.508 2.819 3.119 3.505 3.792
23 .256 .685 1.319 1.714 2.069 2.500 2.807 3.104 3.485 3.767
24 .256 .685 1.318 1.711 2.064 2.492 2.797 3.091 3.467 3.745

               

25 0.256 0.684 1.316 1.708 2.060 2.485 2.787 3.078 3.450 3.725
26 .256 .684 1.315 1.706 2.056 2.479 2.779 3.067 3.435 3.707
27 .256 .684 1.314 1.703 2.052 2.473 2.771 3.057 3.421 3.690
28 .256 .683 1.313 1.701 2.048 2.467 2.763 3.047 3.408 3.674
29 .256 .683 1.311 1.699 2.045 2.462 2.756 3.038 3.396 3.659

                 

30 0.256 0.683 1.310 1.697 2.042 2.457 2.750 3.030 3.385 3.646
40 .255 .681 1.303 1.684 2.021 2.423 2.704 2.971 3.307 3.551
60 .254 .679 1.296 1.671 2.000 2.390 2.660 2.915 3.232 3.460
120 .254 .677 1.289 1.658 1.980 2.358 2.617 2.860 3.160 3.373
∞ .253 .674 1.282 1.645 1.960 2.326 2.576   2.807  3.090 3.291

2.5%

t0.025

For example, in a sample with
11 degrees of freedom, the
value of   that gives a probability
of 2.5% in the upper tail area is

= 2.201

t

t
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Table A1.3 F-distribution tables 
Percentage points of the F-distribution                     

 

5% (roman type) and 1% (bold face type) points for the distribution of F 

  Φ1 degrees of freedom (for greater mean square)    

Φ2   1 2 3 4 5 6 7 8 9 10 11 12 14 16 20 24 30 40 50 75 100 200 500 ∞ Φ2  
1 161 200 216 225 230 234 237 239 241 242 243 244 245 246 248 249 250 251 252 253 253 254 254 254 1 
  4052 4999 5403 5625 5764 5859 5928 5981 6022 6056 6082 6106 6142 6169 6208 6234 6258 6286 6302 6323 6334 6352 6361 6366   

2 18.51 19.00 19.16 19.25 19.30 19.33 19.36 19.37 19.38 19.39 19.40 19.41 19.42 19.43 19.44 19.45 19.46 19.47 19.47 19.48 19.49 19.49 19.50 19.50 2 
  98.49 99.00 99.17 99.25 99.30 99.33 99.34 99.36 99.38 99.40 99.41 99.42 99.43 99.44 99.45 99.46 99.47 99.48 99.48 99.49 99.49 99.49 99.50 99.50   

3 10.13 9.55 9.28 9.12 9.01 8.94 8.88 8.84 8.81 8.78 8.76 8.74 8.71 8.69 8.66 8.64 8.62 8.60 8.58 8.57 8.56 8.54 8.54 8.53 3 
  34.12 30.82 29.46 28.71 28.24 27.91 27.67 27.49 27.34 27.23 27.13 27.05 26.92 26.83 26.69 26.60 26.50 26.41 26.35 26.27 26.23 26.18 26.14 26.12   

4 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.93 5.91 5.87 5.84 5.80 5.77 5.74 5.71 5.70 5.68 5.66 5.65 5.64 5.63 4 
  21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14.66 14.54 14.45 14.37 14.24 14.15 14.02 13.93 13.83 13.74 13.69 13.61 13.57 13.52 13.48 13.46   

5 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.78 4.74 4.70 4.68 4.64 4.60 4.56 4.53 4.50 4.46 4.44 4.42 4.40 4.38 4.37 4.36 5 
  16.26 13.27 12.06 11.39 10.97 10.67 10.45 10.27 10.15 10.05 9.96 9.89 9.77 9.68 9.55 9.47 9.38 9.29 9.24 9.17 9.13 9.07 9.04 9.02   

6 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 4.06 4.03 4.00 3.96 3.92 3.87 3.84 3.81 3.77 3.75 3.72 3.71 3.69 3.68 3.67 6 
  13.74 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87 7.79 7.72 7.60 7.52 7.39 7.31 7.23 7.14 7.09 7.02 6.99 6.94 6.90 6.88   
                                                    
7 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68 3.63 3.60 3.57 3.52 3.49 3.44 3.41 3.38 3.34 3.32 3.29 3.28 3.25 3.24 3.23 7 
  12.25 9.55 8.45 7.85 7.46 7.19 7.00 6.84 6.71 6.62 6.54 6.47 6.35 6.27 6.15 6.07 5.98 5.90 5.85 5.78 5.75 5.70 5.67 5.65   
                     
8 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.34 3.31 3.28 3.23 3.20 3.15 3.12 3.08 3.05 3.03 3.00 2.98 2.96 2.94 2.93 8 
  11.26 8.65 7.59 7.01 6.63 6.37 6.19 6.03 5.91 5.82 5.74 5.67 5.56 5.48 5.36 5.28 5.20 5.11 5.06 5.00 4.96 4.91 4.88 4.86   
                     
9 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.13 3.10 3.07 3.02 2.98 2.93 2.90 2.86 2.82 2.80 2.77 2.76 2.73 2.72 2.71 9 
  10.56 8.02 6.99 6.42 6.06 5.80 5.62 5.47 5.35 5.26 5.18 5.11 5.00 4.92 4.80 4.73 4.64 4.56 4.51 4.45 4.41 4.36 4.33 4.31   
                     
10 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 2.97 2.94 2.91 2.86 2.82 2.77 2.74 2.70 2.67 2.64 2.61 2.59 2.56 2.55 2.54 10 
  10.04 7.56 6.55 5.99 5.64 5.39 5.21 5.06 4.95 4.85 4.78 4.71 4.60 4.52 4.41 4.33 4.25 4.17 4.12 4.05 4.01 3.96 3.93 3.91   

   

5% of area

3.13

1% of area

5.26

0 1 2 3 4 5 F

Example

P(F
P(F

For = 9 degrees of freedom:
>3.13) = 0.05
>5.26) = 0.01

"1 = 10, "2
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  Φ1 degrees of freedom (for greater mean square)    

Φ2   1 2 3 4 5 6 7 8 9 10 11 12 14 16 20 24 30 40 50 75 100 200 500 ∞ Φ2  
                                                    
11 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90 2.86 2.82 2.79 2.74 2.70 2.65 2.61 2.57 2.53 2.50 2.47 2.45 2.42 2.41 2.40 11 
  9.65 7.20 6.22 5.67 5.32 5.07 4.88 4.74 4.63 4.54 4.46 4.40 4.29 4.21 4.10 4.02 3.94 3.86 3.80 3.74 3.70 3.66 3.62 3.60   
                                                    
12 4.75 3.88 3.49 3.26 3.11 3.00 2.92 2.85 2.80 2.76 2.72 2.69 2.64 2.60 2.54 2.50 2.46 2.42 2.40 2.36 2.35 2.32 2.31 2.30 12 
  9.33 6.93 5.95 5.41 5.06 4.82 4.65 4.50 4.39 4.30 4.22 4.16 4.05 3.98 3.86 3.78 3.70 3.61 3.56 3.49 3.46 3.41 3.38 3.36   
                                                    
13 4.67 3.80 3.41 3.18 3.02 2.92 2.84 2.77 2.72 2.67 2.63 2.60 2.55 2.51 2.46 2.42 2.38 2.34 2.32 2.28 2.26 2.24 2.22 2.21 13 
  9.07 6.70 5.74 5.20 4.86 4.62 4.44 4.30 4.19 4.10 4.02 3.96 3.85 3.78 3.67 3.59 3.51 3.42 3.37 3.30 3.27 3.21 3.18 3.16   
                                                    
14 4.60 3.74 3.34 3.11 2.96 2.85 2.77 2.70 2.65 2.60 2.56 2.53 2.48 2.44 2.39 2.35 2.31 2.27 2.24 2.21 2.19 2.16 2.14 2.13 14 
  8.86 6.51 5.56 5.03 4.69 4.46 4.28 4.14 4.03 3.94 3.86 3.80 3.70 3.62 3.51 3.43 3.34 3.26 3.21 3.14 3.11 3.06 3.02 3.00   
                                                    
15 4.54 3.68 3.29 3.06 2.90 2.79 2.70 2.64 2.59 2.55 2.51 2.48 2.43 2.39 2.33 2.29 2.25 2.21 2.18 2.15 2.12 2.10 2.08 2.07 15 
  8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89 3.80 3.73 3.67 3.56 3.48 3.36 3.29 3.20 3.12 3.07 3.00 2.97 2.92 2.89 2.87   
                                                    
16 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54 2.49 2.45 2.42 2.37 2.33 2.28 2.24 2.20 2.16 2.13 2.09 2.07 2.04 2.02 2.01 16 
  8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.78 3.69 3.61 3.55 3.45 3.37 3.25 3.18 3.10 3.01  2.96 2.89 2.86 2.80 2.77 2.75   
                                                    
17 4.45 3.59 3.20 2.96 2.81 2.70 2.62 2.55 2.50 2.45 2.41 2.38 2.33 2.29 2.23 2.19 2.15 2.11 2.08 2.04 2.02 1.99 1.97 1.96 17 
  8.40 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68 3.59 3.52 3.45 3.35 3.27 3.16 3.08 3.00 2.92 2.86 2.79 2.76 2.70 2.67  2.65   
                                                    
18 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46 2.41 2.37 2.34 2.29 2.25 2.19 2.15 2.11 2.07 2.04 2.00 1.98 1.95 1.93 1.92 18 
  8.28 6.01 5.09 4.58 4.25 4.01 3.85 3.71 3.60 3.51 3.44 3.37 3.27 3.19 3.07 3.00 2.91 2.83 2.78 2.71 2.68 2.62 2.59 2.57   
                                                    
19 4.38 3.52 3.13 2.90 2.74 2.63 2.55 2.48 2.43 2.38  2.34 2.31 2.26 2.21 2.15 2.11 2.07 2.02 2.00 1.96 1.94 1.91 1.90 1.88 19 
  8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52 3.43 3.36 3.30 3.19 3.12  3.00 2.92 2.84 2.76 2.70 2.63 2.60 2.54 2.51 2.49   
                                                    
20 4.35 3.49 3.10 2.87 2.71 2.60 2.52 2.45 2.40 2.35 2.31 2.28 2.23 2.18 2.12 2.08 2.04 1.99 1.96 1.92 1.90 1.87 1.85 1.84 20 
  8.10 5.85 4.94 4.43 4.10 3.87 3.71 3.56 3.45 3.37 3.30 3.23 3.13 3.05 2.94 2.86 2.77 2.69 2.63 2.56  2.53 2.47 2.44 2.42   
                                                    
21 4.32 3.47 3.07 2.84 2.68 2.57 2.49 2.42 2.37 2.32 2.28 2.25 2.20 2.15 2.09 2.05 2.00 1.96 1.93 1.89 1.87 1.84 1.82 1.81 21 
  8.02 5.78 4.87 4.37 4.04 3.81 3.65 3.51 3.40 3.31 3.24 3.17 3.07 2.99 2.88 2.80 2.72 2.63 2.58 2.51 2.47 2.42 2.38 2.36   
                                                    
22 4.30 3.44 3.05 2.82 2.66 2.55 2.47 2.40 2.35 2.30 2.26 2.23 2.18 2.13 2.07 2.03 1.98 1.93 1.91 1.87 1.84 1.81 1.80 1.78 22 
  7.94 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3.35 3.26 3.18 3.12 3.02 2.94 2.83 2.75 2.67 2.58 2.53 2.46 2.42 2.37 2.33 2.31   
                                                    
23 4.28 3.42 3.03 2.80 2.64 2.53 2.45 2.38 2.32 2.28 2.24 2.20 2.14  2.10 2.04 2.00 1.96 1.91 1.88 1.84 1.82 1.79 1.77 1.76 23 
  7.88 5.66 4.76 4.26 3.94 3.71 3.54 3.41 3.30 3.21 3.14 3.07 2.97 2.89 2.78 2.70 2.62 2.53 2.48 2.41 2.37 2.32 2.28 2.26   
                                                    
24 4.26 3.40 3.01 2.78 2.62 2.51 2.43 2.36 2.30 2.26 2.22 2.18 2.13 2.09 2.02 1.98 1.94 1.89 1.86 1.82 1.80 1.76 1.74 1.73 24 
  7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.25 3.17 3.09 3.03 2.93 2.85 2.74 2.66 2.58 2.49 2.44 2.36 2.33 2.27 2.23 2.21   
                                                    
25 4.24 3.38 2.99 2.76 2.60 2.49 2.41 2.34 2.28 2.24 2.20 2.16 2.11 2.06 2.00 1.96 1.92 1.87 1.84 1.80 1.77 1.74 1.72 1.71 25 
  7.77 5.57 4.68 4.18 3.86 3.63 3.46 3.32 3.21 3.13 3.05 2.99 2.89 2.81 2.70 2.62 2.54 2.45 2.40 2.32 2.29 2.23 2.19 2.17   

   

    Φ1 degrees of freedom (for greater mean square)    
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   1 2 3 4 5 6 7 8 9 10 11 12 14 16 20 24 30 40 50 75 100 200 500 ∞ Φ2  
                                                      
  26 4.22 3.37 2.98  2.74 2.59 2.47 2.39 2.32 2.27 2.22 2.18 2.15 2.10 2.05 1.99 1.95 1.90 1.85 1.82 1.78 1.76 1.72 1.70 1.69 26 
    7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.17 3.09 3.02 2.96 2.86 2.77 2.66 2.58 2.50 2.41 2.36 2.28 2.25 2.19 2.15 2.13   
                                                      
  27 4.21 3.35 2.96 2.73 2.57 2.46 2.37 2.30 2.25 2.20 2.16 2.13 2.08 2.03 1.97 1.93 1.88 1.84 1.80 1.76 1.74 1.71 1.68 1.67 27 
    7.68 5.49 4.60 4.11 3.79 3.56 3.39 3.26 3.14 3.06 2.98 2.93 2.83 2.74 2.63 2.55 2.47 2.38 2.33 2.25 2.21 2.16 2.12 2.10   
                                                      
  28 4.20 3.34 2.95 2.71 2.56 2.44 2.36 2.29 2.24 2.19 2.15 2.12 2.06 2.02 1.96 1.91 1.87 1.81 1.78 1.75 1.72 1.69 1.67 1.65 28 
    7.64 5.45 4.57 4.07 3.76 3.53 3.36 3.23 3.11 3.03 2.95 2.90 2.80 2.71 2.60 2.52 2.44 2.35 2.30 2.22 2.18 2.13 2.09 2.06   
                                                      
  29 4.18 3.33 2.93 2.70 2.54 2.43 2.35 2.28 2.22 2.18 2.14 2.10 2.05 2.00 1.94 1.90 1.85 1.80 1.77 1.73 1.71 1.68 1.65 1.64 29 
    7.60 5.42 4.54 4.04 3.73 3.50 3.33 3.20 3.08 3.00 2.92 2.87 2.77 2.68 2.57 2.49 2.41 2.32 2.27 2.19 2.15 2.10 2.06 2.03   
                                                      
  30 4.17 3.32 2.92 2.69 2.53 2.42 2.34 2.27 2.21 2.16 2.12 2.09 2.04 1.99 1.93 1.89 1.84 1.79 1.76 1.72 1.69 1.66 1.64 1.62 30 
    7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.06 2.98 2.90 2.84 2.74 2.66 2.55 2.47 2.38 2.29 2.24 2.16 2.13 2.07 2.03 2.01   
                                                      
  32 4.15 3.30 2.90 2.67 2.51 2.40 2.32 2.25 2.19 2.14 2.10 2.07 2.02 1.97 1.91 1.86 1.82 1.76 1.74 1.69 1.67 1.64 1.61 1.59 32 
    7.50 5.34 4.46 3.97 3.66 3.42 3.25 3.12 3.01 2.94 2.86 2.80 2.70 2.62 2.51 2.42 2.34 2.25 2.20 2.12 2.08 2.02 1.98 1.96   
                                                      
  34 4.13 3.28 2.88 2.65 2.49 2.38 2.30 2.32 2.17 2.12 2.08 2.05 2.00 1.95 1.89 1.84 1.80 1.74 1.71 1.67 1.64 1.61 1.59 1.57 34 
    7.44 5.29 4.42 3.93 3.61 3.38 3.21 3.08 2.97 2.89 2.82 2.76 2.66 2.58 2.47 2.38 2.30 2.21 2.15 2.08 2.04 1.98 1.94 1.91   
                                                      
  36 4.11 3.26 2.86 2.63 2.48 2.36 2.28 2.21 2.15 2.10 2.06 2.03 1.98 1.93 1.87 1.82 1.78 1.72 1.69 1.65 1.62 1.59 1.56 1.55 36 
    7.39 5.25 4.38 3.89 3.58 3.35 3.18 3.04 2.94 2.86 2.78 2.72 2.62 2.54 2.43 2.35 2.26 2.17 2.12 2.04 2.00 1.94 1.90 1.87   
                                                      
  38 4.10 3.25 2.85 2.62 2.46 2.35 2.26 2.19 2.14 2.09 2.05 2.02 1.96 1.92 1.85 1.80 1.76 1.71 1.67 1.63 1.60 1.57 1.54 1.53 38 
    7.35 5.21 4.34 3.86 3.54 3.32 3.15 3.02 2.91 2.82 2.75 2.69 2.59 2.51 2.40 2.32 2.22 2.14 2.08 2.00 1.97 1.90 1.86 1.84   
                                                      
  40 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12 2.07 2.04 2.00 1.95 1.90 1.84 1.79 1.74 1.69 1.66 1.61 1.59 1.55 1.53 1.51 40 
    7.31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.88 2.80 2.73 2.66 2.56 2.49 2.37 2.29 2.20 2.11 2.05 1.97 1.94 1.88 1.84 1.81   
                                                      
  42 4.07 3.22 2.83 2.59 2.44 2.32 2.24 2.17 2.11 2.06 2.02 1.99 1.94 1.89 1.82 1.78 1.73 1.68 1.64 1.60 1.57 1.54 1.51 1.49 42 
    7.27 5.15 4.29 3.80 3.49 3.26 3.10 2.96 2.86 2.77 2.70 2.64 2.54 2.46 2.35 2.26 2.17 2.08 2.02 1.94 1.91 1.85 1.80 1.78   
                                                      
  44 4.06 3.21 2.82 2.58 2.43 2.31 2.23 2.16 2.10 2.05 2.01 1.98 1.92 1.88 1.81 1.76 1.72 1.66 1.63 1.58 1.56 1.52 1.50 1.48 44 
    7.24 5.12 4.26 3.78 3.46 3.24 3.07 2.94 2.84 2.75 2.68 2.62 2.52 2.44 2.32 2.24 2.15 2.06 2.00 1.92 1.88 1.82 1.78 1.75   
                                                      
  46 4.05 3.20 2.81 2.57 2.42 2.30 2.22 2.14 2.09 2.04 2.00 1.97 1.91 1.87 1.80 1.75 1.71 1.65 1.62 1.57 1.54 1.51 1.48 1.46 46 
    7.21 5.10 4.24 3.76 3.44 3.22 3.05 2.92 2.82 2.73 2.66 2.60 2.50 2.42 2.30 2.22 2.13 2.04 1.98 1.90 1.86 1.80 1.76 1.72   
                                                      
  48 4.04 3.19 2.80 2.56 2.41 2.30 2.21 2.14 2.08 2.03 1.99 1.96 1.90 1.86 1.79 1.74 1.70 1.64 1.61 1.56 1.53 1.50 1.47 1.45 48 
    7.19 5.08 4.22 3.74 3.42 3.20 3.04 2.90 2.80 2.71 2.64 2.58 2.48 2.40 2.28 2.20 2.11 2.02 1.96 1.88 1.84 1.78 1.73 1.70   
                                                      
  50 4.03 3.18 2.79 2.56 2.40 2.29 2.20 2.13 2.07 2.02 1.98 1.95 1.90 1.85 1.78 1.74 1.69 1.63 1.60 1.55 1.52 1.48 1.46 1.44 50 
    7.17 5.06 4.20 3.72 3.41 3.18 3.02 2.88 2.78 2.70 2.62 2.56 2.46 2.39 2.26 2.18 2.10 2.00 1.94 1.86 1.82 1.76 1.71 1.68   

  

  

    Φ1 degrees of freedom (for greater mean square)    
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  Φ2   1 2 3 4 5 6 7 8 9 10 11 12 14 16 20 24 30 40 50 75 100 200 500 ∞ Φ2  
                                                      
  55 4.02 3.17 2.78 2.54 2.38 2.27 2.18 2.11 2.05 2.00 1.97 1.93 1.88 1.83 1.76 1.72 1.67 1.61 1.58 1.52 1.50 1.46 1.43 1.41 55 
    7.12 5.01 4.16 3.68 3.37 3.15 2.98 2.85 2.75 2.66 2.59 2.53 2.43 2.35 2.23 2.15 2.06 1.96 1.90 1.82 1.78 1.71 1.66 1.64   
                                                      
  60 4.00 3.15 2.76 2.52 2.37 2.25 2.17 2.10 2.04 1.99 1.95 1.92 1.86 1.81 1.75 1.70 1.65 1.59 1.56 1.50 1.48 1.44 1.41 1.39 60 
    7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 2.72 2.63 2.56 2.50 2.40 2.32  2.20 2.12 2.03 1.93 1.87 1.79 1.74 1.68 1.63 1.60   
                                                      
  65 3.99 3.14 2.75 2.51 2.36 2.24 2.15 2.08 2.02 1.98 1.94 1.90 1.85 1.80 1.73 1.68 1.63 1.57 1.54 1.49 1.46 1.42 1.39 1.37 65 
    7.04 4.95 4.10 3.62 3.31 3.09 2.93 2.79 2.70 2.61 2.54 2.47 2.37 2.30 2.18 2.09 2.00 1.90 1.84 1.76 1.71 1.64 1.60 1.56   
                                                      
  70 3.98 3.13 2.74 2.50 2.35 2.23 2.14 2.07 2.01 1.97 1.93 1.89 1.84 1.79 1.72 1.67 1.62 1.56 1.53 1.47 1.45 1.40 1.37 1.35 70 
    7.01 4.92 4.08 3.60 3.29 3.07 2.91 2.77 2.67 2.59 2.51 2.45 2.35 2.28 2.15 2.07 1.98 1.88 1.82 1.74 1.69 1.62 1.56 1.53   
                                                      
  80 3.96 3.11 2.72 2.48 2.33 2.21 2.12 2.05 1.99 1.95 1.91 1.88 1.82 1.77 1.70 1.65 1.60 1.54 1.51 1.45 1.42 1.38 1.35 1.32 80 
    6.96 4.88 4.04 3.56 3.25 3.04 2.87 2.74 2.64 2.55 2.48 2.41 2.32 2.24 2.11 2.03 1.94 1.84 1.78 1.70 1.65 1.57 1.52 1.49   
                                                      
  100 3.94 3.09 2.70 2.46 2.30 2.19 2.10 2.03 1.97 1.92 1.88 1.85 1.79 1.75 1.68 1.63 1.57 1.51 1.48 1.42 1.39 1.34 1.30 1.28 100 
    6.90 4.82 3.98 3.51 3.20 2.99 2.82 2.69 2.59 2.51 2.43 2.36 2.26 2.19 2.06 1.98 1.89 1.79 1.73 1.64 1.59 1.51 1.46 1.43   
                                                      
  125 3.92 3.07 2.68 2.44 2.29 2.17 2.08 2.01 1.95 1.90 1.86 1.83 1.77 1.72 1.65 1.60 1.55 1.49 1.45 1.39 1.36 1.31 1.27 1.25 125 
    6.84 4.78 3.94 3.47 3.17 2.95 2.79 2.65 2.56 2.47 2.40 2.33 2.23 2.15 2.03 1.94 1.85 1.75 1.68 1.59 1.54 1.46 1.40 1.37   
                                                      
  150 3.91 3.06 2.67 2.43 2.27 2.16 2.07 2.00 1.94 1.89 1.85 1.82 1.76 1.71 1.64 1.59 1.54 1.47 1.44 1.37 1.34 1.29 1.25 1.22 150 
    6.81 4.75 3.91 3.44 3.14 2.92 2.76 2.62 2.53 2.44 2.37 2.30 2.20 2.12 2.00 1.91 1.83 1.72 1.66 1.56 1.51 1.43 1.37 1.33   
                                                      
  200 3.89 3.04 2.65 2.41 2.26 2.14 2.05 1.98 1.92 1.87 1.83 1.80 1.74 1.69 1.62 1.57 1.52 1.45 1.42 1.35 1.32 1.26 1.22 1.19 200 
    6.76 4.71 3.88 3.41 3.11 2.90 2.73 2.60 2.50 2.41 2.34 2.28 2.17 2.09 1.97 1.88 1.79 1.69 1.62 1.53 1.48 1.39 1.33 1.28   
                                                      
  400 3.86 3.02 2.62 2.39 2.23 2.12 2.03 1.96 1.90 1.85 1.81 1.78 1.72 1.67 1.60 1.54 1.49 1.42 1.38 1.32 1.28 1.22 1.16 1.13 400 
    6.70 4.66 3.83 3.36 3.06 2.85 2.69 2.55 2.46 2.37 2.29 2.23 2.12 2.04 1.92 1.84 1.74 1.64 1.57 1.47 1.42 1.32 1.24 1.19   
                                                      
  1000 3.85 3.00 2.61 2.38 2.22 2.10 2.02 1.95 1.89 1.84 1.80  1.76 1.70 1.65 1.58 1.53 1.47 1.41 1.36 1.30 1.26 1.19 1.13 1.08 1000 
    6.66 4.62 3.80 3.34 3.04 2.82 2.06 2.53 2.43 2.34 2.26 2.20 2.09 2.01 1.89 1.81 1.71 1.61 1.54 1.44 1.38 1.28 1.19 1.11   
                                                      
  ∞ 3.84 2.99 2.60 2.37 2.21 2.09 2.01 1.94 1.88 1.83 1.79 1.75 1.69 1.64 1.57 1.52 1.46 1.40 1.35 1.28 1.24 1.17 1.11 1.00 ¥ 
    6.64 4.60 3.78 3.32 3.02 2.80 2.64 2.51 2.41 2.32 2.24 2.18 2.07 1.99 1.87 1.79 1.69 1.59 1.52 1.41 1.36 1.25 1.15 1.00   
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Table A1.4 Chi-squared distribution tables 

 

            

Degrees Area in upper tail  
of freedom .995 .99 .975 .95 .90 

1 .000039 .000157 .000962 .0039321 .0157908 
2 .0100251 .0201007 .0506356 .102587 .210720 
3 .0717212 .114832 .215795 .351846 .584375 
4 .206990 .297110 .484419 .710721 1.063623 
5 .411740 .554300 .831211 1.145476 1.61031 
6 .675727 .872085 1.237347 1.63539 2.20413 
7 .989265 1.239043 1.68987 2.16735 2.83311 
8 1.344419 1.646482 2.17973 2.73264 3.48954 
9 1.734926 2.087912 2.70039 3.32511 4.16816 
10 2.15585 2.55821 3.24697 3.94030 4.86518 
11 2.60321 3.05347 3.81575 4.57481 5.57779 
12 3.07382 3.57056 4.40379 .22603 6.30380 
13 3.56503 4.10691 5.00874 5.89186 7.04150 
14 4.07468 4.66043 5.62872 6.57063 7.78953 
15 4.60094 5.22935 6.26214 7.26094 8.54675 
16 5.14224 5.81221 6.90766 7.96164 9.31223 
17 5.69724 6.40776 7.56418 8.67176 10.0852 
18 6.26481 7.01491 8.23075 9.39046  10.8649 
19 6.84398 7.63273 8.90655 10.1170 11.6509 
20 7.43386 8.26040 9.59083 10.8508 12.4426 
21 8.03366 8.89720 10.28293 11.5913 13.2396 
22 8.64272 9.54249 10.9823 12.3380 14.0415 
23 9.26042 10.19567 11.6885 13.0905 14.8479 
24 9.88623 10.8564 12.4011 13.8484 15.6587 
25 10.5197 11.5240 13.1197 14.6114 16.4734 
26 11.1603 12.1981 13.8439 15.3791 17.2919 
27 11.8076 12.8786 14.5733 16.1513 18.1138 
28 12.4613 13.5648 15.3079 16.9279 18.9392 
29 13.1211 14.2565 16.0471 17.7083 19.7677 
30 13.7867 14.9535 16.7908 18.4926 20.5992 
40 20.7065 22.1643 24.4331 26.5093 29.0505 
50 27.9907 29.7067 32.3574 34.7642 37.6886 
60 35.5346 37.4848 40.4817 43.1879 46.4589 
70 43.2752 45.4418 48.7576 51.7393 55.3290 
80 51.1720 53.5400 57.1532 60.3915 64.2778 
90 59.1963 61.7541 65.6466 69.1260 73.2912 
100 67.3276 70.0648 74.2219 77.9295 82.3581 

   

Area of probability

0 !#

2
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Entries in the table give 2 values, in which a is the area or probability in the upper tail of the chi-square distribution. 
For example, with 10 degrees of freedom and an area of 0.01 in the upper tail, 2

.01  
            

Degrees of Area in upper tail 
freedom .10 .05 .025 .01 .005 

1 2.70554 3.84146 5.02389 6.63490 7.87944 
2 4.60517 5.99147 7.37776 9.21034 10.5966 
3 6.25139 7.81473 9.34840 11.3449 12.8381 
4 7.77944 9.48773 11.1433 13.2767 14.8602 
5 9.23635 11.0705 12.8325 15.0863 16.7496 
6 10.6446 12.5916 14.4494 16.8119 18.5476 
7 12.0170 14.0671 16.0128 18.4753 20.2777 
8 13.3616 15.5073 17.5346 20.0902 21.9550 
9 14.6837 16.9190 19.0228 21.6660 23.5893 
10 15.9871 18.3070 20.4831 23.2093 25.1882 
11 17.2750 19.6751 21.9200 24.7250 26.7569 
12 18.5494 21.0261 23.3367 26.2170 28.2995 
13 19.8119 22.3621 24.7356 27.6883 29.8194 
14 21.0642 23.6848 26.1190 29.1413 31.3193 
15 22.3072 24.9958 27.4884 30.5779 32.8013 
16 23.5418 26.2962 28.8454 31.9999 34.2672 
17 24.7690 27.5871 30.1910 33.4087 35.7185 
18 25.9894 28.8693 31.5264 34.8053 37.1564 
19 27.2036 30.1435 32.8523 36.1908 38.5822 
20 28.4120 31.4104 34.1696 37.5662 39.9968 
21 29.6151 32.6705 35.4789 38.9321 41.4010 
22 30.8133 33.9244 36.7807 40.2894 42.7958 
23 32.0069 35.1725 38.0757 41.6384 44.1813 
24 33.1963 36.4151 39.3641 42.9798 45.5585 
25 34.3816 37.6525 40.6465 44.3141 46.9278 
26 35.5631 38.8852 41.9232 45.6417 48.2899 
27 36.7412 40.1133 43.1944 46.9630 49.6449 
28 37.9159 41.3372 44.4607 48.2782 50.9933 
29 39.0875 42.5569 45.7222 49.5879 52.3356 
30 40.2560 43.7729 46.9792 50.8922 53.6720 
40 51.8050 55.7585 59.3417 63.6907 66.7659 
50 63.1671 67.5048 71.4202 76.1539 79.4900 
60 74.3970 79.0819 83.2976 88.3794 91.9517 
70 85.5271 90.5312 95.0231 100.425 104.215 
80 96.5782 101.879 106.629 112.329 116.321 
90 107.565 113.145 118.136 124.116 128.299 
100 118.498 124.342 129.561 135.807 140.169 
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Table A1.5 Runs test critical value tables 
(a) Lower critical values                     

                            

n1		 n2		 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

                                       
 2                       2  2  2  2  2  2  2  2  2

 3           2 2 2 2  2  2  2  2  2  3  3  3  3  3  3

 4         2 2 2 3 3  3  3  3  3  3  3  4  4  4  4  4

 5       2 2 3 3 3 3  3  4  4  4  4  4  4  4  5  5  5

                                       
 6     2 2 3 3 3 3 4  4  4  4  5  5  5  5  5  5  6  6

 7     2 2 3 3 3 4 4  5  5  5  5  5  6  6  6  6  6  6

 8     2 3 3 3 4 4 5  5  5  6  6  6  6  6  7  7  7  7

 9     2 3 3 4 4 5 5  5  6  6  6  7  7  7  7  8  8  8

                                       
10     2 3 3 4 5 5 5  6  6  7  7  7  7  8  8  8  8  9

11     2 3 4 4 5 5 6  6  7  7  7  8  8  8  9  9  9  9

12   2 2 3 4 4 5 6 6  7  7  7  8  8  8  9  9  9 10 10

13   2 2 3 4 5 5 6 6  7  7  8  8  9  9  9 10 10 10 10

14   2 2 3 4 5 5 6 7  7  8  8  9  9  9 10 10 10 11 11

                                       
15   2 3 3 4 5 6 6 7  7  8  8  9  9 10 10 11 11 11 12

16   2 3 4 4 5 6 6 7  8  8  9  9 10 10 11 11 11 12 12

17   2 3 4 4 5 6 7 7  8  9  9 10 10 11 11 11 12 12 13

18   2 3 4 5 5 6 7 8  8  9  9 10 10 11 11 12 12 13 13

19   2 3 4 5 6 6 7 8  8  9 10 10 11 11 12 12 13 13 13

                                       
20   2 3 4 5 6 6 7 8  9  9 10 10 11 12 12 13 13 13 14
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 (b) Upper critical values                         
                                          

n1			 n2		 2 3 4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 

                                          
 2                                         
 3                                         
 4          9  9                             
 5       9 10 10 11 11                         
                                          
 6       9 10 11 12 12 13 13 13 13                 
 7         11 12 13 13 14 14 14 14 15 15 15           
 8         11 12 13 14 14 15 15 16 16 16 16 17 17 17 17 17 
 9           13 14 14 15 16 16 16 17 17 18 18 18 18 18 18 
                                          

10           13 14 15 16 16 17 17 18 18 18 19 19 19 20 20 
11           13 14 15 16 17 17 18 19 19 19 20 20 20 21 21 
12           13 14 16 16 17 18 19 19 20 20 21 21 21 22 22 
13             15 16 17 18 19 20 20 21 21 22 22 23 23   
14             15 16 17 18 19 20 20 21 22 22 23 23 23 24 
                                          

15             15 16 18 18 19 20 21 22 22 23 23 24 24 25 
16               17 18 19 20 21 21 22 23 23 24 25 25 25 
17               17 18 19 20 21 22 23 23 24 25 25 26 26 
18               17 18 19 20 21 22 23 24 25 25 26 26 27 
19               17 18 20 21 22 23 23 24 25 26 26 27 27 
20               17 18 20 21 22 23 24 25 25 26 27 27 28 
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Appendix 2 

 Examination Formulae Sheet 
Sample size 

Estimating a population mean 

Minimum	number	of	respondents 	
where	 ‐ statistic	for	a	given	level	of	confidence	

sample	standard	deviation	
level	of	accuracy

	

Estimating a population proportion 

Minimum	number	of	respondents 	
where	 ‐ statistic	for	a	given	level	of	confidence	

proportion	with	a	particular	characteristic
proportion	without	that	characteristic	
level	of	accuracy

	

Summary statistics 

Ungrouped data 

Mean ∑

Variance	 population ∑

Variance	 sample ∑
1

Standard	deviation √Variance

	

where	 	sample	size	
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Grouped data 

Mean ∑
∑

Variance	 population ∑
∑

Variance	 sample ∑
∑ 1

	

where	 mid‐ point	of	the	group
frequency	of	the	group 	

Estimation 

Confidence interval for a population mean, sample size at least 30 

√ √
	

where 	 sample	mean
‐ statistic
sample	standard	deviation
sample	size	
population	mean

	

Confidence interval for a population mean, sample size under 30 

√ √
where	 ‐ statistic	with	 1 degrees of freedom

Confidence interval for a population proportion, sample size at least 30 

1 1 	

where	 sample	proportion	
‐ statistic
sample	size	
population	proportion

	

Confidence interval for a population variance 

1 1 	
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where	 sample	size	
sample	variance
chi‐ squared	statistic	with	 1 	degrees	of	freedom
population	variance

	

Hypothesis Testing 

Testing a hypothesis about a population mean 

Sample size at least 30 

/√
	

Sample size less than 30 and population normally distributed 

/√
 with	 1 	degrees	of	freedom	

where 	 sample	mean
population	mean
sample	standard	deviation
sample	size

	

Testing a hypothesis about two population means 

Combined sample size at least 30 

1 1 	

Combined sample size less than 30 

1 1  with 2 degrees of freedom	

where pooled	variance 1 1
2

  

First sample Second sample 
sample	mean  sample mean  
population	mean  population mean  
sample	size  sample size  
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Testing a hypothesis about the means of a paired sample 

At least 30 pairs 

/√
	

Less than 30 pairs 

/√
 with	 1 	degrees	of	freedom	

where	 	difference	for	pair
	number	of	pairs 	

∑

∑
1

	

Testing a hypothesis about a population proportion, sample size at least 30 

1
	

where	 sample	proportion	
population	proportion
sample	size	

	

Testing a hypothesis about the difference in two population proportions, 
combined sample size at least 30 

1 1 1 	

where	 	
  

First sample Second sample 
sample proportion  sample proportion  
population	proportion  population proportion  
sample size  sample size  

  

Testing a hypothesis about a population variance 

1  with	 1 	degrees	of	freedom	
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where	 sample	size	
sample	variance
population	variance

	

Testing a hypothesis about two population variances 

 with	 1 , 1 	degrees	of	freedom	
  

First sample Second sample 

sample	variance  sample variance  
sample	size  sample size  

  

Testing a hypothesis about three or more population means 
∑

Total	Sum	of	Squares	 TSS ∑
Sum	of	Squares	for	Treatments	 SST ∑

Sum	of	Squares	for	Blocks	 SSB ∑

	

where  	observation	in	 th	block	 row 	and	 th	treatment	 column
total	number	of	observations
number	of	blocks	 rows 	
mean	of	the	 th	treatment	 column
number	of	treatments	 columns 	
mean	of	the	 th	block	 row

	

Testing for an association between variables 

∑ Observed Expected
Expected  with	 1 1 	degrees	of	freedom		

Expected	value Row	total Column	total
Overall	total 	

where	 number	of	rows	
number	of	columns	

Yates' correction 

∑ |Observed Expected| 0.5
Expected 	
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Testing the locations of two distributions, Mann-Whitney U-test 
1

2 ∑
1

2 ∑

2
1

12

	

where  number	in	first	sample
number	in	second	sample
rank	of	item	in	first	sample
rank	of	item	in	second	sample

	

Bivariate linear regression 

Equation of the regression line 

∑
∑ 	

where  and  are the means 

Correlation coefficient 

∑
∑ ∑

	

Testing the regression model 

Total	Sum of Squares	 TSS ∑
Error	 Residual Sum	of Squares SSE ∑
Regression Sum of	Squares	 SSR TSS SSE ∑

SSR/1
SSE/ 2 with	1 and	 2 degrees of freedom

where	 number	of	observations
observed	value
mean
value	from	the	regression	equation
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Testing the regression coefficient 

with	 2 	degrees of freedom

where SSE/ 2
∑

Testing the correlation coefficient 

1 / 2
 with	 2 	degrees	of	freedom	

Testing the randomness of the residuals 
number	of	positive	residuals
number	of	negative	residuals	

If n1 or n2 is greater than 20 

 where	 number	of	runs
2 1

2 2
1

	

Spearman's rank correlation coefficient 

1 6∑ 	
where	 difference	in	ranks

sample	size 	

Testing the rank correlation coefficient 

2
1  with	 2 	degrees	of	freedom	

Time series analysis 

Bivariate regression 
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where	 time‐ point
observation	at	time	
∑

∑
	

Exponential smoothing 

General formula 
1 	

where  smoothed	series	at	time	
weighting	coefficient
observed	value	at	time	

	

Starting assumptions 

1 	

Comparing models 

   Mean	square	error	 MSE ∑ Observed	value Forecast	value
Number	of	time	points	compared

Mean	absolute	deviation	 MAD ∑|Observed	value Forecast	value|
Number	of	time	points	compared

	

 



  

Introduction to Business Research 3   Edinburgh Business School A3/1 

Appendix 3 

 Practice Final Examinations 
These two papers are practice examinations. They are designed to give a basic appreciation of the 
level of detail and understanding that is likely to be required in the examinations.  
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Practice Final Examination 1 

Question 1 

 
 
 
 
 
 

Consider the following extract from a research methodology chapter. 

Chapter 7  Research Methodology 

7.1 Introduction 
This chapter details the research methodology used in the research. The primary
objective of the chapter is to communicate the design and function of the research
methodology so the reader can appreciate exactly how the research data were 
generated and how the data were analysed in order to provide the basis for the
generation of results and conclusions.  

7.2 Study Philosophy 
7.2.1 Study Type 
The research methodology chosen for the research was based on a combination of 
longitudinal and cross-sectional studies. The underlying rationale behind this arrange-
ment was that the longitudinal case study could be used to provide the primary data
for the research while the cross-sectional studies should be used to provide support-
ive or secondary data. The idea was to gather data from the longitudinal study over a
considerable period of time and then use the cross-sectional studies to provide 
additional information that corroborates the data emerging from the longitudinal
study. This combination of cross-sectional studies used in support of a primary
longitudinal study is well-established in the literature (Skeesome (2000), Skeesome
and Ryan (2001), Holly (2001)).  

7.3 Data Sources 
7.3.1.1 Subject Teams 
Data were collected and analysed from the primary longitudinal study and from the
various supportive cross-sectional studies. The primary data collection technique was
direct observation at team meetings where the entire proceedings were recorded
and later transcribed. A full list of the teams used as data sources appears in appendix
1 (not provided). The number of subject teams was maximised in order to optimise
the generalisability of the results. The range of team types was also maximised in
order to allow for individual variations between teams and different lifecycle phases 
were used in the cross-sectional studies in order to allow for group lifecycle devel-
opment effects.  
The data source teams were all structured in the same basic manner with a team
leader being in charge of a series of subordinates. The teams all had compatible target
populations (Muffin 2001) and in all cases the team membership fell in the range of a
minimum of three members to a maximum of ten members (Ryan 2002, Ail 2002).
The individual and group dynamic effects were all compatible (Pikes 1999, Bo 2000).  
The compatibilities exhibited between the subject teams couples with the literature
synthesis and pilot study outcomes suggest that the teams all followed the same basic
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stages of individual and group development. As such it could be assumed that all 
associated stages and characteristics of individual and group dynamics would be
compatible. This assumption could also be extended to individual dependencies and
interrelationships, leadership requirement, individual and group perception and likely 
participation and interaction profiles.  
7.3.1.2 Observation Period Philosophy 
The senior manager teams were observed both longitudinally and cross-sectionally. 
The strategic decision making process takes place on an ongoing basis and there may 
be considerable preliminary discussion before a strategic decision is actually made.
The observation period was designed so that a representative sample of strategic
decisions could be observed in terms of the interaction within the team in the period 
leading up to the strategic decision being made. The idea of this was to record the
discussions that took place as the strategic decision was being arrived at and then to
look for patterns within the discussion. Any such discourse had to be correctly 
calibrated against the stage of team development that the team had reached and
related to the lifecycle leadership style adopted by the team leader.  
As the team develops, it should be expected that the balance between people and
task orientation vary in line with accepted theories on team development. The
observation philosophy comprised longitudinal and cross-sectional elements.  
1. Longitudinal element. 

The main longitudinal study involved direct observations spread out over a one-
year period. In this time the group used developed from the initial to final stages
of team development. This study allowed the researcher to observe all stages of
the development of the group and to monitor and record the development of 
three major strategic decisions over the course of the year.  

2. Cross-sectional element. 
A series of other teams were observed on a cross-sectional basis. The idea was 

to take ‘snapshot’ views of a larger number of additional teams in order to pro-
vide data that would complement the data provided by the main longitudinal
study. It was not possible within the time constraints to perform more than a sin-
gle longitudinal study, so a series of cross-sectional studies were carried out and 
the results from each corresponding stage of strategic decision making develop-
ment was compared to the appropriate phase in the longitudinal study. 

The longitudinal study clearly provided a clearer understanding of both the de-
velopment of the senior management team and of the development of the various 
strategic decision making processes. A longitudinal study, however, clearly neces-
sitates the use of a considerable amount of time. The research programme
allowed only one longitudinal study, although the pilot study (see chapter 6 – not 
provided) was designed on a longitudinal basis.  
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7.4 Data Collection 
The literature on experimental direct observation of group interaction and decision
evolution is dominated by two main methodological approaches. These are listed
below. 
1. Experimental direct observation. 

This approach involves transferring the team into a laboratory setting where all
interaction can be observed under carefully controlled conditions. It was rejected
for use in this research because: 
� it was impractical on cost and logistics grounds; 
� researcher reactance would have been a problem. 

2. Naturalistic direct observation. 
This process involves observation of the team in its own environment with no

environmental impact or engineering. It was selected for use in this research be-
cause: 
� it was acceptable on cost and logistics grounds; 
� as an approach it has an established track record in this type of research;  
� standardised observation, data collection and coding procedures exist; 
� the multidisciplinary nature of the subject teams fits well with a naturalistic 

approach. 
Within naturalistic direct observation there are three established data collection
techniques. These are listed below. 

x Observation codification. 
x Research questionnaire. 
x Research interview. 
These approaches were all accepted for use in this research on the following grounds. 
The justification for each type is given below. 
1. Observation codification. 

� Direct observation has an established track record in research of this type. 
� Observer reactance can be reduced to very low levels. 
� Subject members do not react to the observation environment. 
� Standard codification systems are available. 

2. Research questionnaire. 
� Research questionnaires have an established track record in research of this

type. 
� Almost everybody is familiar with the concept of the questionnaire. 
� Questionnaires can be designed to provide multiple responses. 
� Questionnaires can be used to compliment interviews. 
� Questionnaire design can vary from unstructured to structured.  
� Standard questionnaire designs are available. 

3. Research interview. 
� Research interviews have an established track record in research of this type. 
� Interviews can be used to compliment questionnaires.  
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� Interview design can vary from unstructured to structured.  
� Standard interview designs are available. 

The three approaches generally: 

x have been widely used together in the past in research of this type. 
x provide an ideal opportunity for triangulation. 

7.5 Data Processing 
The literature on studies involving naturalistic direct observation is characterised by a 
range of different classification and codification techniques. Studies range from purely
subjective assessments (Davie 1998, Jurana 1999) to highly structured quantitative
classification systems (Sarah and Ryan 2001, Skeeker 2000, Cornbread 2001). 
A large number of studies have used a technique called Interaction Process Analysis
(IPA). As the name suggests this is a form of analysis for the interaction process
between individuals in groups and teams. It was first developed by Hoddett and 
Doddett (1956). It should be noted that IPA is only one of six primary interaction
analysis approaches that feature prominently in the literature. The six approaches are
as follows. 

x Interaction process analysis (Hoddett and Doddett 1956). 
x Frequency and concordance analysis (Watchem and Count 1960).  
x Evaluation and assertion analysis (Tussle and Debate 1965) 
x Group dynamic analysis (Argue and Squabble 1970) 
x The Muffin–Breadcake tool (Muffin and Breadcake 2000) 
x The Sarah–Ryan typology (Sarah and Ryan 2000). 
It is clear that IPA is simply one of a range of similar tools that are available and have
been widely used in similar research. Each approach works basically by recording the
information provided by direct observation, research questionnaires and research 
interviews and then by codifying this information in some way so that further analysis
can take place.  
IPA was chosen over and above the other alternatives because: 
x the classification system is the most structured;  
x it was the first such tool to be developed; 
x it is relatively simple and straightforward to use; 
x it is highly reliable; 
x there is a good track record of use in business research. 
The other forms of evaluation tools were not considered to be as applicable as IPA in
the current research. 
Example codification systems using the IPA approach are shown in appendix 2 (not
provided).  

7.6 Methodology Summary 
The methodology used in this research is based on data collected from a number of
sample senior management teams that were actively engaged in debating and arriving
at important strategic decisions. The teams were observed using naturalistic direct 
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observation. One team, which formed the primary sample, was observed on a
longitudinal basis over a period of one year. The remaining teams were observed over
a similar one year period but on a cross-sectional basis. Each team was observed once 
or twice within the one year period and the observation results were compared to
the corresponding results from the longitudinal study at the corresponding phase or
point in its development. 
The interaction of the various team members was observed and recorded using 
Interaction Process Analysis (IPA). This is an established tool that was first developed
by Hoddett and Doddett in 1956. It is considered to be particularly relevant to this
research because of the range and depth of the classification system and because it 
has a long and developed track record of use in similar research areas.  

1 Part (a) 
x Identify the strengths and weaknesses of the draft research methodology chapter 

and provide a rationale for each.  
x Do the strengths compensate for the weaknesses as the draft research methodolo-

gy chapter stands? 
x Suggest how the major weaknesses you have identified should be addressed. 
x Appraise each step in the chain of logic that has been used in developing the final 

research methodology. 
x Based on the preceding analysis, comment on the suitability of the proposed 

research methodology.  
(30 marks) 

Part (b) 
Identify the most problematical area of the draft research methodology chapter and re-
draft it in a form that makes it more appropriate. You can make any assumptions you 
wish provided these are reasonable and do not conflict with the contents of the mini 
case study. 
(20 marks) 
(Total 50 marks)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Question 2 

 
 
 
 
 
 

A researcher is investigating the performance of a company and wants to provide reliable
forecasts of its retail sales for the next year. The company has two retail sales outlets in the
UK, at York and Bath. Quarterly sales figures for each outlet have been recorded over the last 
four years; these are tabulated in Table A3.1 and graphed in Figure A3.1. 
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Figure A3.1 Retail sales (£’000s) by quarter, 2010–13 

 

Table A3.1 Retail sales (£ ‘000s) by quarter, 2010–13 
Year Quarter Sales (£ ‘000s) 

    York Bath 
2010 1 21.2 32.5 

  2 29.8 44.1 
  3 27.5 47.3 
  4 25.1 37.8 

2011 1 27.3 35.1 
  2 34.7 46.4 
  3 30.7 49.2 
  4 27.9 38.6 

2012 1 33.6 36.3 
  2 41.2 45.2 
  3 37.4 49.5 
  4 35.1 39.7 

2013 1 39.2 36.7 
  2 46.5 46.7 
  3 42.9 50.3 
  4 37.4 41.2 
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The researcher is unsure how to analyse the data and has asked a friend for help. The
friend has used a spreadsheet to do some initial calculations; these are shown in Table A3.2
and Table A3.3.  

Table A3.2 Initial calculations for the retail outlet at York 
Year Quarter   Sales       

             

2010 1 1 21.2 56.25 92.95 153.61 
  2 2 29.8 42.25 24.66 14.39 
  3 3 27.5 30.25 33.52 37.13 
  4 4 25.1 20.25 38.22 72.14 

2011 1 5 27.3 12.25 22.03 39.61 
  2 6 34.7 6.25 −2.77 1.22 
  3 7 30.7 2.25 4.34 8.37 
  4 8 27.9 0.25 2.85 32.42 

2012 1 9 33.6 0.25 0.00 0.00 
  2 10 41.2 2.25 11.41 57.86 
  3 11 37.4 6.25 9.52 14.49 
  4 12 35.1 12.25 5.27 2.27 

2013 1 13 39.2 20.25 25.23 31.43 
  2 14 46.5 30.25 70.98 166.57 
  3 15 42.9 42.25 60.49 86.61 
  4 16 37.4 56.25 28.55 14.49 

Total   136 537.5 340.00 427.25 732.61 
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Table A3.3 Initial calculations for the retail outlet at Bath 
Year Quarter   Sales       

      yt      
2010 1 1 32.5 56.25 73.41 95.80 

  2 2 44.1 42.25 −11.78 3.29 
  3 3 47.3 30.25 −27.57 25.13 
  4 4 37.8 20.25 20.19 20.14 

2011 1 5 35.1 12.25 25.16 51.66 
  2 6 46.4 6.25 −10.28 16.91 
  3 7 49.2 2.25 −10.37 47.78 
  4 8 38.6 0.25 1.84 13.60 

2012 1 9 36.3 0.25 −2.99 35.85 
  2 10 45.2 2.25 4.37 8.48 
  3 11 49.5 6.25 18.03 52.02 
  4 12 39.7 12.25 −9.06 6.70 

2013 1 13 36.7 20.25 −25.14 31.22 
  2 14 46.7 30.25 24.27 19.47 
  3 15 50.3 42.25 52.08 64.20 
  4 16 41.2 56.25 −8.16 1.18 

Total   136 676.6 340.00 114.00 493.42 
  

2   
a. Part (a) 

Produce an analysis of the sales performance of the two retail outlets and use this 
to obtain forecasts of the sales for each quarter next year. Detail any assumptions 
that you have made. 
(40 marks) 

b. Part (b) 
Write a critical assessment of the analysis that you have performed. Describe any 
further analyses that should be carried out.  
(10 marks) 

(Total 50 marks)  
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Practice Final Examination 2 

Question 1 

 
 
 
 
 
 

Extract from a discussion between a DBA candidate and his supervisor.  
Note: In this case study the supervisor is called Mary and the candidate is called David. David is now well into his
research programme. He has developed a testable theory based on the drivers behind the extent to which
strategic alignment is enhanced in mergers, particularly from a human point of view. David is now trying to
develop a suitable research methodology. The following is a transcript of a section of conversation that occurred
during one of numerous general progress meetings.  
You can make any assumptions you wish so long as you write them down and they do not conflict with the detail
provided in the case study itself. 

Excerpt 
David: ‘I’ve now developed my research to a point where I have isolated a testable
theory on the drivers behind the degree to which the attainable level of strategic
alignment available is increased or enhanced as a function of positive cultural ac-
ceptance in mergers. I developed the theory using the process outlined in the course
text [Introduction to Business Research 3]. I developed a basic theory from a synthesis of 
the literature and I then designed and carried out a small pilot study to see whether
or not there was any mileage in the theory. As you know, I looked in detail at that
merger between Neeps and Tattie in 2002, and I got some really interesting results,
some of which agreed with my theory and some of which seemed to point the other
way…’ 
Mary: ‘OK. I saw your outline results from Neeps and Tattie and we discussed them
some weeks ago. I said they were OK so long as you remember that they are results
from a sample size of one. I said that your basic approach was fine, so long as you
developed a suitable research methodology for the main study, preferably using the
pilot as a foundation.’  
David: ‘Yes. In the pilot I used Neeps and Tattie as a longitudinal case study over a
period of three months either side of the actual merger itself. I measured the overall
degree of strategic alignment available using my own scale developed from the
Cornbread–Pikelet scale. As you remember that scale uses a 12-point scale that aligns 
strategic objectives with key business activities and processes. In terms of each
defined variable the degree of match between the strategic objective and the corre-
sponding key business activity is defined as a simple correlation. Where all 12
correlations are greater than 0.5 the organisation can be regarded as strategically
focused. Neeps and Tattie were pretty unfocused at the start, but by increasing the
motivation of their people they were able to increase the range of key business
activities that derived any given strategic objective. I suppose it comes back to the old
saying that “a happy workforce is a productive workforce”.’ 
Mary: ‘How representative of the sectors as a whole is Neeps and Tattie?’  
David: ‘It appears to be extremely representative. I have conducted a couple of post-
pilot interviews since then and in both cases the respondents indicated that they
considered the Neeps and Tattie results to be a fair and true representation of the 
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picture across the sector in general.’  
Mary: ‘So what are your thoughts so far on the design of the research methodology
for the main study?’ 
David: ‘Well, the pilot was obviously a type D research orientation. It was looking at
a single sample size, albeit representative, and trying to analyse in detail to find out
what was going on inside it. In the main study I can either adopt a type C orientation
where I keep the same exploratory approach but increase the sample size, or I can
align towards a type B where I keep the sample size low but introduce a hypothesis-
testing element. I’m not sure which orientation to go for yet. Type B looks most
attractive as it maintains a small sample size and that’s really what I want given my
limited time constraints. Moving to type B, however, brings in the hypothesis-testing 
element, and I will almost certainly have to move towards more quantitative-based 
research, whereas it was always my intention to keep to a qualitative approach
wherever possible. That’s not because I’m poor at statistics or anything, it’s simply
because I think you can develop a much deeper understanding and command of what
is going on by immersing yourself totally in it so that you become a part of it. I also
think that research of this type, where the researcher is looking at primarily human
issues as a function of another less human variable, a qualitative approach is the most
obvious one to go for.  
I think therefore that’s it’s looking like an orientation B type. Having used Neeps and 
Tattie I will try and find a couple of similar merging companies and develop a compat-
ible research programme but this time build it around a series of form research and
operational hypotheses that I can evaluate quantitatively. I’ve given some thought to a 
possible set of hypotheses. I suppose the obvious research null and alternative
hypotheses would be: 
  

H0: In manufacturing UK companies the degree of strategic fit available during mergers in-
creases as a function of the degree of cultural approval to the merger exhibited by the 
workforce. 
H1: In manufacturing UK companies the degree of strategic fit available during mergers does 
not increase as a function of the degree of cultural approval to the merger exhibited by the 
workforce. 

  

In other words, as cultural approval towards the merger increases, the eventual
degree of strategic alignment that can be achieved also increases. This certainly
happened in Neeps and Tattie. I’m pretty sure the same thing will be observed in
similar mergers in the same sector…’ 
Mary: ‘What about your operational hypotheses?’ 
David: ‘Well, I have to look at the drivers that are involved in the main research
hypothesis. I suppose the variables included in the research hypothesis are “the
degree of strategic fit”, “mergers” and “the degree of cultural approval exhibited by 
the workforce”. Each of these three variables has to be measured. I have a tried and
tested measure for the degree of strategic fit (Cornbread–Pikelet) but I don’t yet 
have a measure for mergers and cultural approval. I certainly need to develop a 
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formal classification system for these two variables, preferably making use of existing
and tried typologies. I don’t yet have a suggestion for these.’  
Mary: ‘So what about the operational hypotheses?’ 
David: ‘Well, I’m still not sure.’ 
Mary: ‘OK, what about the degree of qualitative and/or quantitative approach used?’ 
David: ‘Assuming I do go for a type B orientation I’ll be looking to recruit one major
manufacturing company that is about to merge with another similar company. I’ll use 
this company as my main source of data for the primary study. I’ll work within the
company for a period of six months or so before and after the actual merger goes
through. I’ll issue a series of questionnaires to people at all levels within the company 
at regular intervals both before and after the merger, and I’ll back these up by
conducting a long series of structured interviews, again including people at all levels
within the company.  
‘The structured nature of the questionnaires and the interviews will provide plenty of 
quantitative data that I can analyse numerically for change over time. In measuring
personal attitude I’ll use a series of established methods ranging from measures of
motivation such as Happy and Smile’s established typology to measures of cultural 
approval such as Fitt and Well. There is plenty of evidence in the literature to suggest
that these methods can be used effectively in research of this type. I’ll also analyse the
interviews from a qualitative point of view in an attempt to develop deeper meaning 
and understanding from what the respondents said. I might also carry out a series of
unstructured random interviews to try and develop a more detailed qualitative
response base.’  
Mary: ‘What about validation?’ 
David: ‘Even though I intend to use a type B orientation, there will be a requirement
for a validation study. I haven’t identified a suitable case study company yet, so it is
difficult to say what the exact characteristics of the validation study will be. It is clear, 
however, that I’ll need to identify a number of other companies that are comparable
to the main study company, and try to secure their agreement to assist in the re-
search. The most logical way to use any such companies would be as cross-sectional 
studies. I suppose I would use the same interview and questionnaire methods on
them, but this time on fewer people within each company and only at selected points
along the time continuum. Hopefully the same patterns in human attitude change will
occur as a function of time. If the same patterns indeed occur in the validation study
samples, the strength of my main study findings will be substantially increased.’ 
Mary: ‘I take it you would include some qualitative element in the validation study?’ 
David: ‘Yes. I would use the same qualitative approach in support of the main
quantitative findings.’ 
Mary: ‘Do you intend to use purpose-made existing questionnaires and interview 
questions or do you intend to design your own?’ 
David: ‘I intend to design my own questions, but I’ll make sure I base the design on
existing questionnaire and interview pro-formas that appear in the literature. I’ll use a 
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combination of standard questions from the pilot study questionnaires and interviews
together with new questions specifically designed for the companies that eventually 
agree to participate in the validation study.’  
Mary: ‘Have you thought about a classification system for the validation companies?’ 
David: ‘I don’t see what you mean.’ 
Mary: ‘Well, you are going to have a number of different companies merging with a 
series of other different companies. In each case the characteristics of the two
companies that are merging will be different from any other pair of merging compa-
nies that are included in your sample. There are numerous variables that determine 
these differences. I suppose the obvious ones are company size, value, merger
experience and so on. You need to be able to summarise these variables in some way
and show how each of the validation study company variables relates to those of the 
main longitudinal case study. I would have thought that some kind of measurement
scale where you identify the five most important variables in terms of defining a
company. As I said, some obvious ones would probably be number of employees, 
company value – that kind of thing. You might then say that company X is a type A1
company (say over a certain number of employees and valued at more than a certain
amount) whereas company Y is a type B1 (smaller number of employees but valued in 
the same band as company X). The main study might be a type A1, so the validation
results from company X would be expected to show a closer correlation to the main
study results than those from company Y. I think that’s important when you are
talking about a relatively small sample size.’ 
David: ‘I see what you mean. I’ll look through my literature review and find out all I
can on classification systems for validation studies. I remember reading a couple of
papers where the researchers had attempted to classify either validation study 
samples or main study cross-sectional case study samples.’ 

1 Part (a) For the case study specifically: 
x Identify and discuss the advantages and disadvantages of David’s current proposed 

approach to methodology design and suggest improvements where appropriate. 
x Examine the effectiveness of Mary’s contribution and suggest how she could have 

offered more assistance to David. 
(40 marks) 

Part (b) 
Discuss the primary differences and underlying philosophies between quantitative and 
qualitative research methods and examine the extent to which these appear to have 
been considered in the discussion. 
(10 marks) 
(Total 50 marks)  
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Question 2 

A company conducted a strategic review and decided that some of its business units should be
relocated to the centre of Glasgow. The company asked the Human Resources manager to
monitor the views of employees in these units before and after the relocation. 64 per cent of 
the employees in these business units at the time of the initial survey were male. 

The manager decided to select a sample of 75 employees for the initial survey. One of the
assistants was asked to select 75 names from the list of employees in these business units and 
to send out the questionnaire using the internal mail.  

Responses were obtained from a total of 33 employees, of which 23 were males. 28 of the
respondents indicated that they were not in favour of the relocation. The average time taken 
to travel to work was 35 minutes with a standard deviation of 15 minutes. 

The final survey was carried out nine months later, after the relocation had been complet-
ed. The manager decided that a sample of 42 employees should be used. The names were 
selected by one of the assistants and the questionnaires were sent out on the internal
electronic mail system. 

Responses were obtained from a total of 12 employees, of which 10 were males. 9 of the
respondents indicated that they were in favour of the relocation. The average time taken to
travel to work was 47 minutes with a standard deviation of 18 minutes. 

2   
a. Discuss critically the data collection methods that were used in these surveys. 

Indicate any changes that you would recommend.  
(15 marks) 

b. Analyse the data, using hypothesis tests where relevant. Indicate any assumptions 
that have been made. 
(35 marks) 

(Total 50 marks) 
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Examination Answers 

Practice Final Examination 1 

Question 1 
 1 Part (a) 

The draft research chapter is of a reasonable standard although it does have a 
number of serious shortcomings that make it unlikely to be of an acceptable 
standard.  
In terms of strengths, the draft chapter follows a logical progression in building 
from the basic philosophy of what is involved up into the more detailed levels. The 
progression from the combined longitudinal/cross-sectional approach to the use of 
experimental direct observation is logical. The progression to the use of observa-
tional coding, research questionnaires and research interviews is also reasonable. 
In terms of weaknesses, the whole draft methodology chapter suffers from a severe 
lack of references. Some references have been included at valid points, and these 
appear to strengthen the development of the chapter. The total number of refer-
ences is, however, inadequate to support this volume of text. The author should 
have made use of appropriate reference material in support of each major subject 
area and in support of each major point made. Typical examples include the 
underlying rationale behind using a longitudinal basis with reinforcing cross-
sectional studies. This approach appears to be logical and promises to provide a 
sound basis for the research design, but as an approach it should be reinforced with 
reference material citing other researchers who have used the same approach in 
similar research.  
The choice of data collection tools appears to be appropriate, although again the 
choice of these tools should be supported by citations from the literature wherever 
possible. The chapter does not give any detail on the underlying design rationale 
behind the interviews and questionnaires, although samples are referred to in the 
appendices. It would have been useful if the candidate could have firmly established 
the approach adopted in designing the interviews and questionnaires. It would also 
have been useful if the candidate had elaborated on the potential for triangulation in 
the use of the three separate approaches.  
Overall the strengths contained in the sample chapter probably do not compensate 
for the weaknesses. The lack of references is a fundamental problem and must be 
addressed. In addition the lack of detail on the underlying design rationale behind 
the questionnaire and interview layout is very important. It is unlikely that any 
degree of improvement elsewhere could outweigh these problems. 
The problem with references can be addressed simply by increasing the number of 
references cited. In all areas, the candidate needs to develop the literature review and 
cite examples of other researchers who have been active in the various areas 
covered. References should also be used to reinforce and links within the chapter, 
for example, in linking longitudinal and cross-sectional studies, especially in the 
context of naturalistic direct observation. 
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The lack of connectivity between the various major elements in the chapter could be 
improved by the use of additional references and also by the adoption of a more 
effective writing style.  
The chain of logic used in developing the overall methodology is reasonable. The 
general development is shown below. 
  

Subject teams 
  ⇓   
Observation duration 
  • Longitudinal 
  • Cross-sectional 
  ⇓   
Data collection 
  • Naturalistic direct observation 
  • Research interviews 
  • Research questionnaires 
  ⇓   
Observation analysis tools 
  ⇓   
Interaction process analysis 

  

This basic sequence appears to be logical. It builds on the general level as the 
amount of available increases and the detail becomes more specific. The logic could 
be strengthened considerably by the inclusion of additional references and by 
developing the interlinkages between the various levels. For example it is not clear 
why the candidate chose interaction process analysis (IPA). The reasons given 
include the fact that: 
x the classification system is the most structured;  
x it was the first such tool to be developed; 
x it is relatively simple and straightforward to use; 
x it is highly reliable; 
x there is a good track record of use in business research. 
Some of these reasons, including ease of use and the fact that IPA was the first tool 
developed, are hardly valid justifications for the choice of IPA as a tool. If anything, 
the fact that IPA was the first such tool developed could actually be a weakness 
since it is unlikely to be as refined as some of the alternatives available. 
Overall the chapter contains some good material but is unsuitable as it stands. It 
needs to be expanded and the underlying sequence of reasoning and the links 
between each phase need to be improved. The literature review element needs to be 
considerably expanded, and the chapter should be modified to include clear 
introduction and conclusion elements that contain links to the preceding chapter 
and to the following chapter. 
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Part (b) 
There is no single most problematic area, and candidates can identify any area that 
they consider to match this description. The most obvious choice is the data 
processing subsection. The candidate might propose to redraft this section as 
follows.  
Data processing 
The literature on studies involving naturalistic direct observation is characterised by 
a range of different classification and codification techniques (Coder 1956; Marker 
1980; Watcher 1990). Studies range from purely subjective assessments (Davie 1998; 
Jurana 1999) to highly structured quantitative classification systems (Sarah and Ryan 
2001; Skeeker 2000, Cornbread 2001). Most recent doctoral research studies have 
made use of combined quantitative and qualitative assessments (Scholes 2000). 
Examples of combined naturalistic direct observation codification-based work 
include Daisy (1995), Rose (1997), Ivy (2000) and Periwinkle (2002).  
A large number of studies have used a technique called Interaction Process Analysis 
or IPA. (Counter 1995; Button 1998; Dice 2000; Spinner 2001). Some researchers 
have used IPA in directly comparable management research using naturalistic direct 
observation (Muffin 1997; Parkin 1998; Pikelett 1999). 
As the name suggests, IPA is a form of analysis for the interaction process between 
individuals in groups and teams (Bottle 2001). IPA was first developed by Hoddett 
and Doddett (1956) and has been widely used in practice since (Harrier 1966; Jaguar 
1970; Tornado 1989; Hunter 1990). It should be noted that IPA is only one of six 
primary interaction analysis approaches that feature prominently in the literature. 
The six approaches are as follows. 
x Interaction process analysis (Hoddett and Doddett 1956). 
x Frequency and concordance analysis (Watchem and Count 1960).  
x Evaluation and assertion analysis (Tussle and Debate 1965). 
x Group dynamic analysis (Argue and Squabble 1970). 
x The Muffin–Breadcake tool (Muffin and Breadcake 2000). 
x The Sarah–Ryan typology (Sarah and Ryan 2000). 
These various alternative approaches were reviewed by Boycott and Hutton (2000). 
They found that of the six primary alternatives, IPA had been used as the basic tool 
in 56% of all published applications during the period 1956–2000, rising to 90% in 
the case of doctoral level research over the same period. Muffin (2000). If standard-
ised IPA coding is used across observations, interviews and questionnaire wording, 
effective and reliable triangulation becomes an option (Wise 1999; Dim 2000; Spark 
2001). The Triangulation issue is particularly important in the context of this 
research as it is important to tie the longitudinal and cross-sectional elements 
together using a standardised method where possible (Penn 1998; Cill 1999; Sharp 
2000).  
It is clear that IPA is simply one of a range of similar tools that are available and 
have been widely used in similar research. Each approach works basically by 
recording the information provided by direct observation, research questionnaires 
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and research interviews and then by codifying this information in some way so that 
further analysis can take place.  
IPA was chosen over and above the other alternatives because: 
x the classification system is the most structured (Flett 2000);  
x it was the first such tool to be developed (Flett 2000); 
x it is relatively simple and straightforward to use (Erkenbrand 2000); 
x it is highly reliable (Helm 2001); 
x there is a good track record of use in business research (Rohan 1999). 
The other forms of evaluation tools were not considered to be as applicable as IPA 
in the current research. 
Example codification systems using the IPA approach are shown in Appendix 2 
(not provided).  
Additional marks can be awarded as the candidate develops different parts of the 
answer. The example given above has concentrated primarily on increasing the 
number of references and using these to help in introducing a more coherent floe of 
words and the development of an evolving central theme. Marks should be awarded 
in relation to the validity and applicability if any development made. The candidate 
can make any assumptions required provided these are reasonable and do not 
contradict the information contained in the mini-case study.  

Question 2 
 2  

(a) The first step in the analysis should be to graph the data for the two retail 
outlets and to examine any patterns in the data. A graph of the sales data is 
shown in Figure A3.2. 
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Figure A3.2 Retail sales (£’000s) by quarter by retail outlet, 2010–13 

It is easy to identify the main features of the data from the graph. At the York 
outlet there is a strong upward trend in the data, with sales of £21 200 in the 
first quarter of 2010 and sales of £37 400 in the last quarter of 2013. This repre-
sents an increase of 76.4 per cent over the four years. There is also a marked 
seasonal pattern in the data, with sales reaching a peak in the second quarter and 
then decreasing in the third and the fourth quarters. 
At the Bath outlet there is a slight upward trend in the data, with sales of 
£32 500 in the first quarter of 2010 rising to £41 200 in the last quarter of 2013. 
This represents an increase of 26.8 per cent over the four year period. The sales 
also show a seasonal pattern, but this differs from the one observed at the York 
outlet. At Bath, the sales show an increase in the second and third quarters, 
reaching a peak in the third quarter, and subsequently decreasing in the fourth 
quarter. 
As the patterns are markedly different for each of the outlets, there should be a 
separate analysis for each outlet. The resulting sales forecasts can be combined 
to give a UK forecast. 
These sales data can be analysed as time series data. As the data are available for 
sixteen quarters it should be possible to analyse the trend and the seasonal fac-
tors. For each outlet the trend appears to be linear and could be analysed using 
bivariate linear regression. Sales is the dependent (yt) variable with the time 
point (t) as the independent variable. The regression equation is 

	
where t is the time-point, and yt is the observation at time t. 
For the outlet at York, the regression coefficients are calculated as 
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∑
∑

427.25
340.00 1.257

33.59 1.257 8.5 22.91
	

The regression equation is given by 
22.91 1.26 	

This indicates that on average the sales increase by £1260 each quarter. 
For the outlet at Bath, the regression coefficients are calculated as 

∑
∑

114.00
340.00 0.335

42.29 0.335 8.5 39.44
	

The regression equation is given by 
39.44 0.34 	

This indicates that on average the sales increase by £340 each quarter. 
This analysis has assumed that the underlying trend is linear and that analysis 
using bivariate regression is appropriate. The residuals should be normally dis-
tributed with a mean of zero and constant variance There may be other factors 
such as location, population type and sales area that should be taken into ac-
count, in which case multiple regression would be more appropriate. 
Each series is too short to determine whether there is a cyclical effect, so this is 
assumed to be constant for each outlet. 
An appropriate time series model would be 

Observed Trend Seasonal	factor
100 Residual	

where the seasonal factor is assumed to be multiplicative. The trend is calculat-
ed from the regression equation. 
The seasonal factor can be calculated for each time point as 

Seasonal	factor Observed
Trend 100	

The calculations of the trend and the seasonal factors for the York outlet are 
shown in Table A3.4 and Table A3.5. Note that the calculations were carried 
out using the regression coefficients correct to 4 decimal places, and the output 
was then rounded. 
This confirms the pattern that was observed for the seasonal factors at York, 
with the peak sales occurring in the second quarter, and the lowest sales occur-
ring in the fourth quarter. 
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Table A3.4 Calculation of the seasonal factors for the outlet at York 
Year Quarter Time Sales Trend Seasonal 

factor 
    t  yt      

2010 1 1 21.2 24.17 87.72 
  2 2 29.8 25.43 117.20 
  3 3 27.5 26.68 103.06 
  4 4 25.1 27.94 89.84 

2011 1 5 27.3 29.20 93.51 
  2 6 34.7 30.45 113.95 
  3 7 30.7 31.71 96.82 
  4 8 27.9 32.97 84.63 

2012 1 9 33.6 34.22 98.18 
  2 10 41.2 35.48 116.13 
  3 11 37.4 36.74 101.81 
  4 12 35.1 37.99 92.39 

2013 1 13 39.2 39.25 99.88 
  2 14 46.5 40.51 114.80 
  3 15 42.9 41.76 102.73 
  4 16 37.4 43.02 86.94 

  

Table A3.5 Calculation of average adjusted seasonal factors for the 
outlet at York 

Quarter Average seasonal 
factor 

Average adjusted  
seasonal factor 

1   94.82     94.85   
2   115.52     115.55   
3   101.10     101.13   
4   88.45     88.47   

Total   399.89     400.00   

The calculations for the retail outlet in Bath are shown in Table A3.6 and Ta-
ble A3.7. Note that the calculations were carried out using the regression 
coefficients correct to 4 decimal places, and the output was then rounded. 
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Table A3.6 Calculation of the seasonal factors for the outlet at Bath 
Year Quarter Time Sales Trend Seasonal factor 

            
2010 1 1 32.5 39.77 81.71 

  2 2 44.1 40.11 109.95 
  3 3 47.3 40.44 116.95 
  4 4 37.8 40.78 92.70 

2011 1 5 35.1 41.11 85.37 
  2 6 46.4 41.45 111.94 
  3 7 49.2 41.78 117.75 
  4 8 38.6 42.12 91.64 

2012 1 9 36.3 42.46 85.50 
  2 10 45.2 42.79 105.63 
  3 11 49.5 43.13 114.78 
  4 12 39.7 43.46 91.35 

2013 1 13 36.7 43.80 83.80 
  2 14 46.7 44.13 105.82 
  3 15 50.3 44.47 113.12 
  4 16 41.2 44.80 91.96 

  

Table A3.7 Calculation of average adjusted seasonal factors for the 
outlet at Bath 

Quarter Average seasonal 
factor 

Average adjusted 
seasonal factor 

1   84.10     84.10   
2   108.34     108.34   
3   115.65     115.65   
4   91.91     91.91   

Total   400.00     400.00   
This also confirms the pattern that was observed in the graph of the sales data 
at Bath, the third quarter shows the highest sales, while the first quarter shows 
the lowest. 
This information can now be used to produce forecasts for the next four quar-
ters at each retail outlet, as shown in Table A3.8 and Table A3.9. These 
calculations assume that the trend continues and that there are no other external 
factors. 
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Table A3.8 Forecast of sales for the outlet at York 
Quarter Time Trend Seasonal 

factor 
Forecast 
(£’000s) 

1 17 44.28 94.85 41.99 
2 18 45.53 115.55 52.61 
3 19 46.79 101.13 47.32 
4 20 48.04 88.47 42.51 

  

Table A3.9 Forecast of sales for the outlet at Bath 
Quarter Time Trend Seasonal 

factor 
Forecast 
(£’000s) 

1 17 45.14 84.10 37.96 
2 18 45.47 108.34 49.26 
3 19 45.81 115.65 52.98 
4 20 46.14 91.91 42.41 

These can be combined to produce a forecast of the retail sales in the UK, as 
shown in Table A3.10. Note that the forecast is only given to one decimal point, 
in order to reflect the inaccuracy of the methods used in producing the forecast. 

Table A3.10 Forecast of sales for the outlets in the UK 
Quarter Forecast (£’000s) 

  York Bath UK 
1 41.99 37.96 80.0 
2 52.61 49.26 101.9 
3 47.32 52.98 100.3 
4 42.51 42.41 84.9 

(b) The analysis that was carried out has assumed that the cyclical factor is constant. 
The trend has been analysed using bivariate linear regression. The significance 
of the regression model could have been tested using an F-test, alternatively the 
significance of the regression coefficient, b, could have been tested using a t-
test. The correlation coefficient could also have been calculated. The coefficient 
of determination, R2, could have been used to indicate the proportion of the 
variation in the sales data that was explained by the regression model. 
The seasonal factors were calculated on the assumption that the model was 
multiplicative, this may not be appropriate. The residuals should have been cal-
culated, graphed and analysed. The fit of the time series model should have 
been analysed using either the mean square error or the mean absolute devia-
tion. 
The trend could have been analysed using a multivariate regression model or a 
four-point moving average. 
The calculations of the forecasts have assumed that the trend and the seasonal 
factors are unchanged, and that they are not affected by any additional factors. 
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Practice Final Examination 2 

Question 1 
 1 Part (a) 

The candidate should realise that the excerpt contains relatively little direct infor-
mation about the research programme, and he or she therefore has to rely heavily 
on deduction based on the content of the discussion. 
The candidate appears to have carried out a reasonable pilot study using a real 
company as the sample. The supervisor immediately raised the issue of the single 
sample used for the pilot and the associated implications for and limitations on 
outcome validity. The candidate appears to have measured the degree of strategic 
alignment available to the pilot study using his own version of an existing (Corn-
bread–Pikelet) scale. This is always risky, as the original Cornbread–Pikelet scale was 
probably specifically designed and calibrated for use on a specific research project. It 
is sometimes possible to take an established tool and modify it for a different piece 
of research, but there are often problems associated with this, simply because of the 
number of variables involved and the number of specific factors that have to be 
considered. 
The candidate seems to have some understanding of the use of Cornbread–Pikelet 
in measuring the degree of strategic alignment that is available to a company, 
although the explanation given in the text appears to suggest a less than complete 
grasp of the mechanics of the process.  
The candidate appears to make a dangerous assumption in claiming that the pilot 
study results appear to be ‘extremely representative’. In this context ‘dangerous’ 
means high risk in that there appears to be very little hard fact to actually support 
the assertion. The candidate does not provide any support for this assertion. This is 
exactly the sort of area that an examiner would pick on during the viva voce 
examination. The examiner would look at the link between the pilot study and 
theory development section and the subsequent research methodology section and 
would look for the strength of the links and connections between these two 
sections. He or she would look at the design of the main research methodology and 
then look to see whether it has evolved from a successful pilot study methodology. 
In this case, the candidate clearly intends to assert that link, but there appears to be 
no credible evidence to actually support the link.  
The candidate appears to have a reasonable appreciation of the research orientation 
of the pilot and main studies. He appears to be still unsure about whether to adopt a 
type C or type B orientation. The candidate appears to understand the time implica-
tions of the two options, and apparently understands that a type B orientation is 
likely to be less time consuming than a type C orientation, simply because of the 
sample size involved. The candidate also appreciates that moving to a type B 
orientation generates the need for a formal hypothesis as opposed to the pilot study 
approach, which was based largely on the exploratory analysis of a single sample. 
The candidate has also correctly identified the danger of switching to a predomi-
nantly or largely quantitative approach when the main data set is likely to be ‘soft’ 
variables, centring on human issues. The trade-off appears to be between time 
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constraints and operational processes, and it appears that time constraints are 
coming out on top at the moment. 
The research hypothesis as stated appears to be reasonable, although the candidate 
does not support it in any way. It would be much more logical to talk the supervisor 
through the chain of reasoning involved in developing the hypothesis, and to show 
that the hypothesis was developed as part of a logical progression of events includ-
ing the completion of the literature review and literature synthesis, the generation of 
a basic theory, the execution of the pilot study, and the development of a final 
testable theory or hypothesis. This progression and sequence is very important and 
must be clearly demonstrated, both in the development of the research methodolo-
gy and in the final thesis itself.  
The candidate was unable to break the main research hypothesis down into a series 
of operational hypotheses. This is a particularly worrying development. It is also 
commonly seen in research programmes where candidates may be good at conduct-
ing literature reviews and thinking about what other researchers have said, and yet 
have great difficulty in formulating their own formal research theory and testable 
research and operational hypotheses. The candidate has to be able to break the main 
research hypothesis down into components that can be individually evaluated, 
unless he can establish a primary functional relationship between the only two 
primary variables within the research hypothesis. The supervisor should really have 
pushed David much more on this issue. If David had still been unable to provide a 
reasonable response the supervisor should have asked him to think about it and be 
prepared to discuss it in more detail at the next meeting.  
The discussion on validation appears to be more or less in order, although the 
candidate could have provided more information and detail. The idea of using time-
based cross-sectional supportive studies appears to be sound, although there 
appears to be an issue with the validation study classification. The supervisor must 
have raised this point in relation to the pilot study and the proposed main study in 
the past, and it does not appear to have caused any serious problems in relation to 
the pilot study. The candidate’s ideas on validation sample questionnaire and 
interview question design appear to be rather vague and could have been more 
effectively supported. 
Overall the candidate gives the impression of having developed a reasonable 
understanding of the requirements for the design of the main study. He could 
certainly strengthen and develop the links between the literature synthesis, pilot 
study, development of the basic and formal theory and the design of the main 
research methodology itself. Most parts of the candidate’s discussion could have 
been improved by the use of greater detail. 
The supervisor was generally attentive and focused, although too much of her 
dialogue was based on asking questions rather than on providing advice and 
guidance. The supervisor is not responsible for directing the student or for telling 
him how to do this or how to do that. The supervisor should, however, offer 
assistance and guidance as appropriate. In the entire discussion, the only significant 
advice offered by the supervisor was the material in relation to classifying the 
validation study sample companies. The supervisor should have offered more advice 
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in a number of areas, particularly in relation to establishing the link between the 
literature synthesis/pilot study and the main research methodology design, and in 
the area of generating a series of operational hypotheses from the main research 
hypothesis.  
The candidate could expand the answer and pull in a wide range of additional 
observation and suggestions based on the information provided. Marks should be 
awarded based on the applicability and relevance of any such areas.  
Part (b) 
The answer should clearly differentiate between quantitative and qualitative research 
using measures or descriptions that are clearly definable for each approach. For 
example, quantitative research tends to be characterised by the use of objective 
methods whereas qualitative research tends to be characterised by the use of more 
subjective measures. The easiest way to present the comparison is using a simple 
table as shown below. The table should include as many clear differences as 
possible. Marks can be awarded for the clarity and logic of the comparison. It is 
unlikely that any candidate could reproduce this number of differences, and the 
table is shown for indicative purposes only.  
  

Quantitative research Qualitative research  
Uses objective measures  Uses subjective measures 
Based on a specific hypothesis or set  
of hypotheses  

Based on a research question or postu-
lation  

Used more often in research in the pure 
sciences and engineering  

Used more often in research in the 
social sciences 

Uses a positivist philosophy  Uses a phenomenological philosophy 
Adopts a hypothesis-based approach  Adopts an exploratory-based approach 
Produces definitive results  Produces indicative results 
Uses a random sample that is repre-
sentative of the population as a whole  

Uses a selected sample that may or may 
not be representative the population as 
a whole 

Makes inferences to the population  Does not make inferences to the 
population 

Appropriate for showing the relation-
ship between two or more variables  

Useful for generating concepts and 
ideas 

Appropriate for defining what happens  Appropriate for defining why some-
thing happens 

Uses a relatively large sample size  Uses a relatively small sample size 
Based on a deductive philosophy  Based on an inductive philosophy 
Should be replicable  Need not be replicable 
Events occur in sequence. One event 
leads to another  

Events are interlinked with other events 

May ignore hermeneutics  May accept hermeneutics 
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Quantitative research Qualitative research  
May ignore semiotics  May accept semiotics 
The researcher is isolated from the 
sample 

The researcher may interact with the 
sample 

Typical in engineering and the pure 
sciences 

Typical in the social sciences 

People don’t naturally tend to think in 
quantitative terms 

People naturally tend to think in 
qualitative terms 

Uses statistics as the primary analysis 
tool  

Uses words as the primary analysis tool 

Interviews and questionnaires should be 
formally structured with no divergences 

Interviews and questionnaires can 
include ‘off the cuff’ tactical additions  

Takes a selective view  Takes a holistic view 
Results are replicable  Results may not be replicable 
The subject matter can be subjected to a 
WBS-based approach. It can be broken 
down into sufficiently small elements 
that each can be understood  

The subject may be so complex that it 
cannot be broken down to lower levels 
that can be individually understood  

By understanding elements of the 
whole, the whole itself can be under-
stood 

There may be more than one whole 

Appropriate for quantitative content 
analysis  

Appropriate for qualitative content 
analysis 

Can generate theories for subsequent 
qualitative analysis  

Can generate theories for subsequent 
quantitative analysis 

The researcher can suspend his or her 
values for the duration of the research  

The values of the researcher are intrinsi-
cally linked to how the researcher 
observes and understands events 

  

David appears to have a reasonable appreciation of some of the primary differences 
between quantitative and qualitative research. He appears to have used a quantitative 
statistically based technique, based on simple regression analysis in the pilot study. 
He appears to have had no major problems with this approach, although he does 
raise the issue of the limitations of quantitative approaches in trying to analyse 
human behaviour in depth. He also says that he does not have any problem with the 
use of a statistics-based approach if required. He obviously understands the quanti-
tative–qualitative implications of choosing between the type B orientation and the 
type C orientation. He appears to understand that, if he does align his research 
towards a type C orientation, he will probably retain as much freedom of choice in 
terms of the balance between the quantitative and qualitative elements of the 
research as if he moved towards a type B orientation. 
The discussion suggests that David appreciates that a move towards orientation B 
will probably involve smaller sample sizes although with a quantitative bias. This will 
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be less time consuming than an equivalent orientation C approach but does impose 
the quantitative element that will be needed to address the research hypothesis.  
David’s comments in relation to the validation study do not reveal much infor-
mation. He appears to be aware that the validation study will use a combination of 
longitudinal and cross-sectional approaches, but he does not make clear the extent 
to which he intends to use quantitative and qualitative approaches within these 
studies in order to correctly balance the approach proposed in the main study. He 
also mentions triangulation, and a combined qualitative–quantitative approach 
provides obvious opportunities for this, but David’s development of this area does 
not give enough information to see how well he understands how to exploit this. 

Question 2 
 2  

(a) Part (a) 
The information provided gives no clear indication of the aim of the research. 
There is no attempt at monitoring the views of the same sample of employees 
before and after the move. The sample sizes do not appear to have been calcu-
lated on any sensible basis. Account should have been taken of the accuracy 
required in any estimates of population values and the likely response rates, in 
order to calculate the minimum number of employees that should be surveyed. 
No reason is given for the decrease in sample size for the final survey. 
Employees should have been chosen at random. When selecting the sample, use 
could have been made of random number tables, or of a random number gen-
erator. A copy of the list of employees should have been made at the time of 
the selection for the initial survey. Taking a stratified sample in terms of gender, 
business unit and possibly type of job would have given a more representative 
sample. 
There were no clear instructions to the assistants on the way in which the em-
ployees were to be selected. This is likely to have led to some kind of bias, even 
if only subconsciously. Some employees may have decided to leave the compa-
ny or to request a transfer to a unit that was not moving. These employees 
would not be included in the final survey. It is not clear whether the same list of 
employees was used for the final survey. 
As this was an in-house survey, the use of the internal mail for the initial survey 
seems appropriate. However this may lead to concern amongst employees as to 
why they were not selected. There is no indication of whether there was any 
incentive to return the questionnaire, or whether non-respondents received a 
reminder. Electronic mail was used to distribute the final survey. Was this a de-
liberate decision to try to improve the response rate? Usually similar methods 
should be used in both surveys, so that the effect of the relocation could be 
measured, rather than the effect of different delivery modes. It is not clear 
whether identifying information was included in the questionnaire – usually this 
would reduce the response substantially. Returning the questionnaire electroni-
cally may lead to problems in ensuring that the return is anonymous. 
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(b) Part (b) 
The first stage in the analysis is to look at the response rates. In the initial sur-
vey, 33 employees responded out of the 75 selected, giving a response rate of 44 
per cent. In the final survey, 12 of the 42 employees responded, giving a re-
sponse rate of 29 per cent. 
The response rate for the initial survey was relatively high, but this may have 
been caused by the controversial nature of the relocation proposal. In contrast, 
the final survey received a poor response, perhaps reflecting the fact that the 
relocation had already taken place and the respondents’ views were unlikely to 
change the position. 
There appears to be a differential response from males and females, although 
there is no information about the proportion of males and females in the sam-
ples selected. The numbers responding are summarised in Table A3.11. 

Table A3.11 Respondents by gender 
Gender  Initial survey Final survey Population 
  Number % Number % (%) 
Male 23 69.7 10 83.3 64 
Female 10 30.3 2 16.7 36 
Total 33 100.0 12 100.0 100 

69.7 per cent of the respondents in the initial survey were male, while 83.3 per 
cent of the respondents in the final survey were male. This contrasts with the 64 
per cent of the employees in the relevant business units at the time of the initial 
survey who were male. 
Information was also obtained on the proportion of the respondents who were 
in favour of relocation, this information is summarised in Table A3.12. 

Table A3.12 Respondents by view on relocation 
Relocation  Initial survey Final survey 
  Number % Number % 
In favour  5 15.2 9 75.0 
Not in favour 28 84.8 3 25.0 
Total 33 100.0 12 100.0 
Only 15.2 per cent of the respondents in the initial survey were in favour of the 
relocation, while in the final survey 75 per cent were in favour. Many staff that 
were not in favour of relocation are likely to have left the company or moved to 
a different unit, and would not have been included in the final survey. 
The other information relates to the time taken to travel to work, this is summa-
rised in Table A3.13. 

Table A3.13 Average time for travel to work for respondents 
Travel time Initial survey Final survey 
Mean  35 minutes 47 minutes 
Standard deviation 15 minutes 18 minutes 
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The average time taken by respondents for travelling to work has increased 
from 35 minutes in the initial survey to 47 minutes in the final survey. The 
standard deviation has also shown an increase from 15 minutes to 18 minutes. 
Hypothesis tests can be used to make some comparisons between the two sur-
veys. Initially the response by gender can be compared, using a test on 
proportions. The hypotheses should have been decided before the data collec-
tion stage, in this case a two-sample test would be the most appropriate. The 
test compares the proportion of respondents in the initial survey who were male 
with the proportion in the final survey. It is assumed that both samples were 
selected at random. 
Initial survey:  p1 	0.697	 n1 	33 where p is the proportion male 
Final survey:   p2 	0.833	 n2 	12 
The hypotheses are: 

H0: π1 π2 
HA: π1 π2 

The pooled proportion, p, can be calculated as: 
33 0.697 12 0.833

33 12
23 10
45

33
45 0.73

1 1 1
0.697 0.833 0

0.73 1 0.73 1
33

1
12

0.136
√0.02240

0.91	

The distribution under the null hypothesis is shown in Figure A3.3. 

 
Figure A3.3 Distribution under the null hypothesis, π1 π2 

The value of zcalc lies in the centre of the distribution, so is highly likely to have 
come from the distribution under the null hypothesis. The formal decision is: 

  

Reject the alternative hypothesis, HA. 
  

The conclusion is that the proportion of respondents in the initial survey who 
were male is not significantly different from the proportion of respondents in 
the final survey. 
Another hypothesis test could be carried out to determine whether the propor-
tion of respondents in the initial survey who were male is significantly different 
from the proportion of employees in the relevant business units who were male. 

z0.5%

–2.58

z2.5%

–1.96

z2.5%

1.96

z0.5%

2.58

zcalc

–0.91
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This should be a two-tailed test. It is assumed that the sample was selected at 
random. 
π	 	0.64   p	 	0.697   n	 	33 

H0: π	 	0.64 
HA: π 0.64 

The test statistic is 

1
0.697 0.64
0.64 1 0.64

33

0.057
0.64 0.36

33

0.057
0.0836 0.68	

The distribution under the null hypothesis is shown in Figure A3.4.  

 
Figure A3.4 Distribution under the null hypothesis, π	 		0.64 

The calculated value of z lies in the centre of the distribution, so the conclusion 
is that it is highly likely to come from the distribution shown. The formal deci-
sion is: 

  

Reject the alternative hypothesis, HA. 
  

The conclusion is that the proportion of respondents in the initial survey who 
were male is not significantly different from the proportion in the relevant busi-
ness units who were male.  
It is not possible to carry out a similar test for the final survey as the sample size 
is too small. 
A hypothesis test can also be used to compare the proportions that were in fa-
vour of the relocation plan in the two surveys. The assumption is that the 
surveys were selected at random. A two-tailed test would be required. Note 
however, that those included in the final survey are more likely to be those who 
supported the relocation, as they were still in the relevant units, so a formal 
comparison may be meaningless. 
Comparisons can also be made on the time taken to travel to work. The main 
test would be to compare the average times, but before this can be done, the 
variances must be tested to ensure that they are similar. 

To compare the variances, an F-test is required. 

z0.5%

–2.58

z2.5%

–1.96

z2.5%

1.96

z0.5%

2.58
zcalc

0.68
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 Initial survey Final survey 
33  12  
35 minutes  47 minutes  
15 minutes  18 minutes  

This test determines whether the variance of the travel time for the final survey 
is significantly greater than the variance obtained for the initial survey. The test 
assumes that the samples were selected at random and that they follow a normal 
distribution. 

H0: 2
2

1
2 

HA: 2
2

1
2 

As the variance for the final survey is the largest, the test statistic is given by  

 with	 1 , 1 	degrees	of	freedom
18
15
1.44	with	 11, 32 	degrees	of	freedom

	

The distribution under the null hypothesis, 2
2

1
2, is shown in Figure A3.5.  

 
Figure A3.5 Distribution under the null hypothesis, , one-tailed 

test 

As the calculated value of F lies in the centre of the distribution, it is highly like-
ly to come from the population represented by the null hypothesis. Formally, 
the decision is 

  

Reject the alternative hypothesis, HA. 
  

The conclusion is that the variance of the travel time for the final survey is not 
significantly greater than the variance of the travel time for the initial survey. 
A two-tailed hypothesis test to determine whether there is a significant differ-
ence in the average travel time for the two surveys can now be carried out. It is 
assumed that both samples were selected at random.  
Initial survey: 1 33	 1 35	 1 15 
Final survey:  2 12	 2 47	 2 18 

F

2.86
1%F

2.10
5%

F

1.44
calc
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H0: μ1 μ2 
HA: μ1 μ2 

The pooled variance is 
1 1

2
32 15 11 18

33 12 2
7200 3564

43
10 764
43

250.3256
√250.3256 15.82	minutes

	

Calculating the test-statistic, z 

1 1

35 47 0

15.82 1
33

1
12
  note	the	assumption	that   in H

12
15.82 0.3371 2.250

	

The distribution under the null hypothesis is shown in Figure A3.6.  

 
Figure A3.6 Distribution under the null hypothesis, μ1 μ2 

As the calculated value of z lies in the five per cent tail on the left side of the 
distribution, the decision is: 

  

Reject the null hypothesis, H0, at the five per cent level of significance. 
  

The conclusion is that the average travel time for the initial survey is significant-
ly different from the average for the second survey, at the five per cent level of 
significance. 
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Module 1 

Review Questions 

True/False Questions 

What Has To Be Submitted? 
1.1 False 1.2 True 1.3 False 1.4 True 1.5 True 

The Aims and Objectives of the Research Methodology 
1.6 True 1.7 True 1.8 False 1.9 False 1.10 True 
1.11 False  

The Aims and Objectives of Data Collection and Analysis 
1.12 True 1.13 True 1.14 True 1.15 True  

The Aims and Objectives of the Results and Conclusions Section 
1.16 True 1.17 False 1.18 True 1.19 True 1.20 False 

The Aims and Objectives of the Literature Reappraisal and Theory 
Development 

1.21 False 1.22 True 1.23 False 1.24 True 1.25 True 
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The Aims and Objectives of the Final Conclusions and Business 
Contribution 

1.26 True 1.27 True 1.28 True 1.29 True  

The Validation Study 
1.30 False 1.31 False 1.32 False 1.33 False  

The Supervisor, Senior Supervisor and EBS DBA Research 
Committee 

1.34 False  

Progress Reports 
1.35 False 1.36 False 1.37 False 1.38 False 1.39 False 

Multiple-Choice Questions 

What Has To Be Submitted? 
1.40 B 1.41 C 1.42 B  

The Aims and Objectives of the Research Methodology 
1.43 D 1.44 C 1.45 C  

The Aims and Objectives of Data Collection and Analysis 
1.46 C 1.47 B  

The Aims and Objectives of the Results and Conclusions Section 
1.48 D 1.49 B  

The Aims and Objectives of the Literature Reappraisal and Theory 
Development 

1.50 A 1.51 D  

The Aims and Objectives of the Final Conclusions and Business 
Contribution 

1.52 B 1.53 B 1.54 A  

The Validation Study 
1.55 D  

The Supervisor, Senior Supervisor and the EBS DBA Research 
Committee 

1.56 D  
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Progress Reports 
1.57 B  

Timescales for Completion 
1.58 C 1.59 B  

Module 2 

Review Questions 

True/False Questions 

The Concept of Quantitative Research 
2.1 False 2.2 True 2.3 False 2.4 True 2.5 True 
2.6 True 2.7 True 2.8 False 2.9 False 2.10 False 
2.11 False 2.12 False 2.13 False 2.14 True  

The Concept of Qualitative Research 
2.15 False 2.16 True 2.17 True 2.18 True 2.19 True 
2.20 True 2.21 True 2.22 False 2.23 True 2.24 True 

A Comparison of Quantitative and Qualitative Research Approaches 
2.25 False 2.26 True 2.27 False 2.28 True 2.29 False 
2.30 True  

The Case for Combined Quantitative and Qualitative Research 
Approaches 

2.31 False 2.32 False  

Frequently Asked Questions on the Quantitative versus Qualitative 
Issue 

2.33 False 2.34 False  

Multiple-Choice Questions 

The Concept of Quantitative Research 
2.35 A 2.36 B 2.37 C 2.38 B 2.39 D 

The Concept of Qualitative Research 
2.40 C 2.41 C 2.42 C 2.43 D  
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A Comparison of Quantitative and Qualitative Research Approaches 
2.44 D 2.45 A  

The Case for Combined Quantitative and Qualitative Research 
Approaches 

2.46 A 2.47 C  

Frequently Asked Questions on the Quantitative versus Qualitative 
Issue 

2.48 C 2.49 D  

Module 3 

Review Questions 

True/False Questions 

Data Collection 
3.1 True 3.2 False 3.3 False 3.4 True 3.5 False 
3.6 False 3.7 False 3.8 False 3.9 True 3.10 False 
3.11 True 3.12 True 3.13 True 3.14 False 3.15 True 
3.16 False 3.17 True 3.18 False 3.19 False 3.20 False 

Data Analysis 
3.21 False 3.22 True 3.23 False 3.24 True 3.25 False 
3.26 False 3.27 True 3.28 False 3.29 True 3.30 True 

Multiple-Choice Questions 

Data Collection 

3.31 D 3.32 B 3.33 D 3.34 B 3.35 C 
3.36 D 3.37 D 3.38 B 3.39 C 3.40 B 
3.41 A 3.42 B 3.43 C 3.44 D 3.45 B 
3.46 B 3.47 D 3.48 C 3.49 A 3.50 C 
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Module 4 

Review Questions 

True/False Questions 

Statistical Distributions 
4.1 True 4.2 False 4.3 False 4.4 False 4.5 False 
4.6 True 4.7 False 4.8 True 4.9 False 4.10 True 

Estimation 
4.11 False 4.12 False 4.13 True 4.14 False 4.15 True 
4.16 False 4.17 False 4.18 True  

Hypothesis Testing 
4.19 False 4.20 True 4.21 False 4.22 False 4.23 True 
4.24 True 4.25 False 4.26 True 4.27 False 4.28 False 
4.29 False 4.30 True  

Multiple-Choice Questions 

Statistical Distributions 
4.31 B 4.32 D 4.33 A 4.34 D 4.35 B 
4.36 D 4.37 B 4.38 A 4.39 C 4.40 C 
4.41 A 4.42 B 4.43 C  

Estimation 
4.44 B 4.45 C  

Hypothesis Testing 
4.46 C 4.47 B 4.48 D 4.49 C 4.50 D 

Module 5 

Review Questions 

True/False Questions 

Regression 
5.1 True 5.2 False 5.3 False 5.4 False 5.5 False 
5.6 False 5.7 True 5.8 True 5.9 False 5.10 False 
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5.11 True 5.12 False 5.13 False 5.14 False 5.15 True 
5.16 True 5.17 False 5.18 False 5.19 True 5.20 True 
5.21 False 5.22 False 5.23 False  

Spearman’s Rank Correlation Coefficient 
5.24 False 5.25 True 5.26 False  

Time Series Analysis 
5.27 False 5.28 True 5.29 False 5.30 False  

Multiple-Choice Questions 

5.31 D 5.32 C 5.33 B 5.34 B 5.35 A 
5.36 C 5.37 C 5.38 B 5.39 C 5.40 C 
5.41 A 5.42 C 5.43 D 5.44 B 5.45 D 
5.46 B 5.47 A 5.48 D 5.49 C 5.50 B 

Module 6 

Review Questions 

True/False Questions 

The Challenge of Writing a Thesis 
6.1 False 6.2 False 6.3 True 6.4 True 6.5 False 
6.6 True 6.7 True 6.8 True 6.9 True 6.10 True 
6.11 True 6.12 False 6.13 False 6.14 False 6.15 False 
6.16 False  

Structure and Enlightenment 
6.17 True 6.18 True 6.19 True 6.20 False 6.21 True 
6.22 False  

Writing Style 
6.23 True 6.24 False 6.25 True 6.26 False 6.27 True 
6.28 False 6.29 True 6.30 False 6.31 False 6.32 False 
6.33 True 6.34 False  

Editing 
6.35 False 6.36 False 6.37 False 6.38 False  
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Multiple-Choice Questions 

The Challenge of Writing a Thesis 
6.39 D 6.40 D 6.41 C 6.42 B 6.43 B 
6.44 A 6.45 C 6.46 B  

Structure and Enlightenment 
6.47 B 6.48 C 6.49 B  

Writing Style 
6.50 D 6.51 D 6.52 D  

Editing 
6.53 A 6.54 C  

Module 7 

Review Questions 

True/False Questions 

Writing Up 
7.1 True 7.2 True 7.3 False 7.4 False 7.5 True 
7.6 True  

Format 
7.7 False 7.8 False 7.9 False 7.10 False 7.11 True 
7.12 True 7.13 False 7.14 False 7.15 False  

Thesis Structure 
7.16 False 7.17 True 7.18 True 7.19 True 7.20 True 
7.21 True 7.22 False 7.23 True  

Chapter and Section Sequencing 
7.24 False 7.25 False 7.26 False 7.27 False 7.28 False 
7.29 False 7.30 False 7.31 False  

Submitting the Thesis 
7.32 B 7.33 A  
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The Viva Voce Examination 
7.34 A 7.35 B 7.36 A 7.37 B 7.38 B 
7.39 B 7.40 B 7.41 B  

Multiple-Choice Questions 

Writing Up 
7.42 C 7.43 B  

Format 
7.44 B 7.45 C 7.46 D 7.47 D 7.48 A 
7.49 D  

Thesis Structure 
7.50 A 7.51 A 7.52 B  

Chapter and Section Sequencing 
7.53 C 7.54 B  

Submitting the Thesis 

7.55 D  

The Viva Voce Examination 
7.56 B 7.57 D 7.58 B 7.59 D 7.60 C 

 



  

Introduction to Business Research 3   Edinburgh Business School I/1 

Index 

abstracts, thesis 7/13–7/14 
acquisitions 

quantitative research 2/12–2/16 
variable measurement 2/12–2/16 

action research, data collection 3/3 
alternative hypothesis 4/17–4/21 
Analysis of Variance (ANOVA) 

bi-variate linear regression 5/8–5/10 
hypothesis testing 4/37–4/42 
multivariate regression 5/19–5/20 
one-way 4/41 

analysis phase, research methodology 1/9 
appendices, thesis 7/26 
application phase, research methodology 

1/9 
bias 

human factors 3/12 
interviewers 3/11, 3/12–3/13 
questionnaires 3/13 
responses 3/12 
sample selection 3/13 
sampling 3/6 
sampling frames 3/12 
types 3/12–3/13 

bi-variate linear regression 
call centre example 5/2–5/16 
data modelling 5/2–5/16 
example 5/2–5/6 
outliers 5/3–5/4, 5/5 
trends 5/31–5/33 

bridging process, research methodology 
1/9–1/12 

call centre example, bi-variate linear 
regression 5/2–5/16 

case studies 
data collection 3/4 

chi-squared distribution 
statistical distributions 4/10–4/11 
tables 1/9–1/1 

cluster sampling 3/8 
coefficient of determination 

bi-variate linear regression 5/7 
multivariate regression 5/18–5/19 

computer processing, questionnaires 
3/16 

conceptual collective phase, research 
methodology 1/9 

conclusions 
process model 1/6 
thesis chapter 7/21 

confidence intervals, statistical 
distributions 4/11–4/16 

confidence levels, statistical distributions 
4/4–4/5, 4/7–4/8 

confidence limits, statistical distributions 
4/4–4/5, 4/7–4/8 

construct validity 3/13 
content validity 3/13 
correlation 2/2 
correlation coefficient, bi-variate linear 

regression 5/7, 5/12–5/13 
correlation matrix, multivariate regression 

5/22 
criterion validity 3/13 
critical areas, normal distribution 4/5–

4/6 
Cronbach’s coefficient alpha, reliability 

3/13 
curvilinear regression, multivariate 

regression 5/16 
cyclical component, time series analysis 

5/36 
data analysis 4/1–4/51 

estimation 4/4–4/5, 4/11–4/16 
example 3/24–3/28 
hypothesis testing 4/5–4/11, 4/16–

4/42, 4/42–4/49 
preliminary 3/21–3/28 
statistical distributions 4/2–4/11 

data collection 3/1–3/28 
action research 3/3 
aims 3/1, 3/2 
case studies 3/4 
data analysis, preliminary 3/21–3/28 
ethnography 3/4 
feminist research 3/4 
interviews 3/11 
longitudinal study 3/5 
main factors 3/5 
methods 3/10–3/12 
populations 3/2 
questionnaire design 3/14–3/21 
reliability 3/13 
research methodology 3/3–3/5 



Index 

I/2 Edinburgh Business School   Introduction to Business Research 3

sample selection 3/6–3/13 
sample sizes 3/2 
survey analysis 3/5 
triangulation 3/5 
validity 3/13 

data collection and analysis 
aims 1/12–1/14 
objectives 1/12–1/14 
process model 1/5–1/6 

data modelling 5/1–5/40 
bi-variate linear regression 5/2–5/16 
hypothesis testing 5/1–5/39 
multivariate regression 5/16–5/25 
Spearman’s rank correlation 

coefficient 5/25–5/28 
time series analysis 5/28–5/39 

diaries, data collection method 3/10 
disintegration reliability, quantitative 

research 2/10–2/12 
dummy variables, multivariate regression 

5/16 
EBS Research Committee, role 1/27 
Enterprise-Wide Risk Management 

System (EWRMS) 2/24 
estimation 

data analysis 4/4–4/5, 4/11–4/16 
normal distribution 4/4–4/5 

ethnography, data collection 3/4 
exploratory approaches, quantitative 

research 2/6–2/7 
exponential smoothing, time series 

analysis 5/33–5/34 
face validity 3/13 
face-to-face interviewer surveys 3/11 
F-distribution 

statistical distributions 4/9–4/10 
tables 1/4–1/8 

feminist research, data collection 3/4 
final conclusions and business 

contribution 
aims 1/21–1/24 
objectives 1/21–1/24 
process model 1/6 

focus groups, data collection method 
3/10 

forecasting models, comparing 5/38 
galaxies, quantitative research 2/5–2/7 
grammatical errors, writing 6/22–6/29 
hermeneutics, qualitative research 2/19–

2/20 
hypothesis testing 4/16–4/42 

ANOVA 4/37–4/42 
association between variables 4/42–

4/49 
chi-squared distribution 4/10–4/11 
choosing the hypothesis test 4/16–

4/17 
data modelling 5/1–5/40 
F-distribution 4/9–4/10 
hypothesis formulation 4/17–4/19 
non-parametric tests 4/42–4/49 
normal distribution 4/5–4/6 
one-tailed tests 4/18–4/19, 4/23–

4/24, 4/27, 4/31 
paired samples 4/28–4/29 
population means 4/37–4/42 
population proportions 4/30–4/32 
population variances 4/32–4/37 
sample sizes 4/21–4/27 
steps 4/19–4/21 
summary 4/50 
t-distribution 4/8–4/9 
two-tailed tests 4/18–4/19, 4/22–

4/23, 4/25, 4/33–4/35 
Internet surveys 3/11, 3/14–3/15 
interviews 

bias 3/11, 3/12–3/13 
data collection 3/11 
face-to-face interviewer surveys 3/11 
qualitative research 2/40–2/41 
quantitative research 2/40–2/41 
semi-structured 3/12 
structured 3/11 
unstructured 3/11 

investigative approaches, quantitative 
research 2/4–2/6 

jargon, writing 6/19–6/21 
least squares method, bi-variate linear 

regression 5/13 
literature reappraisal and theory 

development 
aims 1/17–1/21 
objectives 1/17–1/21 
process model 1/6 
thesis chapter 7/19–7/21 

literature review 
sample 7/47–7/51 

literature review, thesis chapter 7/17–
7/19 

longitudinal study, data collection 3/5 
Mann–Whitney U-test 4/45–4/49 
mean, statistical distributions 4/11–4/15 



 Index 

Introduction to Business Research 3   Edinburgh Business School I/3 

methodology 
thesis chapter 7/17–7/19 

moving averages 5/29–5/31 
multistage sampling 3/8 
multivariate regression 

data modelling 5/16–5/25 
example 5/17–5/24 
summary 5/24–5/25 
trends 5/32 

non-parametric tests, hypothesis testing 
4/42–4/49 

normal distribution 
statistical distributions 4/2–4/6 
tables 1/2 

null hypothesis 4/17–4/21, 4/31–4/32, 
4/33–4/35 

observation, data collection method 3/10 
one-tailed tests, hypothesis testing 4/18–

4/19, 4/23–4/24, 4/27, 4/31 
ordering chapter sections, thesis 7/27–

7/30 
outliers, bi-variate linear regression 5/3–

5/4, 5/5 
phenomenological paradigm, qualitative 

research 2/18 
pilot studies 3/2 
population means, hypothesis testing 

4/37–4/42 
population proportions, hypothesis 

testing 4/30–4/32 
population variances, hypothesis testing 

4/32–4/37 
populations, data collection 3/2 
postal surveys 3/10, 3/14–3/15 
practice final examinations 3/1–3/14 
pragmatics, qualitative research 2/20–

2/21 
presentation, thesis 7/6–7/10 
primary data, quantitative research 2/9–

2/10 
probability, normal distribution 4/2–4/6 
process model 1/3–1/6 
progression stages, research programme 

2/37–2/39 
qualitative research 

appropriate uses 2/18–2/19, 2/22–
2/27 

assumptions 2/21–2/22 
cf. quantitative research 2/22–2/28 
characteristics 2/16–2/21 
concept 2/16–2/22 

credibility 2/39 
data collection methods 2/17–2/18 
detailed explanations 2/18 
exploratory-based approach 2/19 
frequently asked questions 2/35–2/41 
hermeneutics 2/19–2/20 
interviews 2/40–2/41 
issues 2/22 
non-quantitative measurement 2/18 
phenomenological paradigm 2/18 
pragmatics 2/20–2/21 
qualitative–quantitative interface 

2/30–2/35 
quantitative research, combining 

2/28–2/35 
questionnaires 2/17 
sample sizes 2/19 
semantics 2/20–2/21 
semiotics 2/20–2/21 
syntactics 2/20–2/21 
theory generation 2/19 
vs. quantitative research 2/1–2/46 

quantitative research 
advantages 2/8 
appropriate uses 2/7, 2/22–2/27 
assumptions 2/8 
cf. qualitative research 2/22–2/28 
characteristics 2/3–2/7 
concept 2/2–2/16 
credibility 2/39 
data issues 2/8–2/16 
disintegration reliability 2/10–2/12 
exploratory approaches 2/6–2/7 
frequently asked questions 2/35–2/41 
galaxies 2/5–2/7 
general issues 2/7–2/8 
interviews 2/40–2/41 
investigative approaches 2/4–2/6 
methods 2/8 
primary data 2/9–2/10 
qualitative research, combining 2/28–

2/35 
quantitative hypothesis issue 2/10–

2/16 
quantitative–qualitative interface 

2/30–2/35 
secondary data 2/9–2/10 
traditional approach 2/3–2/4 
variable measurement 2/12–2/14 
vs. qualitative research 2/1–2/47 

questionnaires 



Index 

I/4 Edinburgh Business School   Introduction to Business Research 3

bias 3/13 
computer processing 3/16 
data collection method 3/10–3/11 
design 3/14–3/21 
example 3/17–3/21 
Internet surveys 3/11, 3/14–3/15 
postal surveys 3/10, 3/14–3/15 
qualitative research 2/17 
question design 3/15–3/16 
validity checks 3/16 

quota sampling 3/8 
random component, time series analysis 

5/37–5/38 
regression 

bi-variate linear regression 5/2–5/16 
multivariate regression 5/16–5/25 

regression coefficients 
bi-variate linear regression 5/10–5/11 
multivariate regression 5/20–5/22 

regression lines 
bi-variate linear regression 5/6–5/7 
multivariate regression 5/18 

regression model, assumptions 5/22 
reliability 

data 1/13 
data collection 3/13 
disintegration reliability 2/10–2/12 

research hypotheses, results and 
conclusions 1/16 

research methodology 
aims 1/9–1/12 
data collection 3/3–3/5 
objectives 1/9–1/12 
process model 1/5 

research questions, results and 
conclusions 1/16 

residuals 
bi-variate linear regression 5/7, 5/8, 

5/13–5/15 
multivariate regression 5/23–5/24 

responses, bias 3/12 
results 

process model 1/6 
thesis chapter 7/19 

results and conclusions 
aims 1/14–1/17 
objectives 1/14–1/17 
positioning 1/16 
presentation 1/15 
research hypotheses 1/16 
research questions 1/16 

substantiation 1/16 
risk management, EWRMS 2/24 
runs test critical value tables 1/1–1/2 
sample 

literature review 7/47–7/52 
sample selection 

bias 3/13 
data collection 3/6–3/14 

sample sizes 3/8–3/10 
data collection 3/2 
hypothesis testing 4/21–4/28 
qualitative research 2/19 

sampling 
bias 3/6 
cluster 3/8 
multistage 3/8 
quota 3/8 
simple random 3/7 
stratified 3/8 
systematic 3/8 

sampling frames 3/6–3/7 
bias 3/12 

seasonal component, time series analysis 
5/34–5/36 

secondary data, quantitative research 
2/9–2/10 

semantics, qualitative research 2/20–
2/21 

semiotics, qualitative research 2/20–2/21 
semi-structured interviews 3/12 
senior supervisors, role 1/26–1/28 
simple random sampling 3/7 
Spearman’s rank correlation coefficient, 

data modelling 5/25–5/28 
statistical distributions 

confidence intervals 4/11–4/16 
data analysis 4/2–4/11 
estimation 4/11–4/16 
F-distribution 4/9–4/10 
normal distribution 4/2–4/6 
t-distribution 4/6–4/9 

statistical tables 1/2 
statistics 2/3 
stratified sampling 3/8 
structured interviews 3/11 
submission, thesis 1/7–1/9 
substantiation, results and conclusions 

1/16 
supervision/supervisors 1/26–1/28 

role 1/27 
thesis writing 7/5 



 Index 

Introduction to Business Research 3   Edinburgh Business School I/5 

viva voce examinations 7/36 
survey analysis, data collection 3/5 
surveys 

Internet 3/11, 3/14–3/15 
interview 3/15 
postal 3/10, 3/14–3/15 

SWOT analyses, quantitative research cf. 
qualitative research 2/27–2/28 

syntactics, qualitative research 2/20–2/21 
systematic sampling 3/8 
t-distribution 

statistical distributions 4/6–4/9 
tables 1/4 

telephone surveys 3/11 
tense, writing 6/17–6/19 
thalidomide 

disintegration reliability 2/10–2/11 
quantitative research 2/10–2/12 

theoretical collective phase, research 
methodology 1/9 

theses 
abstracts 7/13–7/14 
appendices 7/26 
conclusions chapter 7/21 
contents 7/6–7/10 
format 7/6–7/10 
getting started 7/2–7/6 
introduction chapter 7/14 
literature reappraisal and theory 

development chapter 7/19–7/21 
literature review 7/17–7/19 
methodology chapters 7/17–7/19 
ordering chapter sections 7/27–7/31 
presentation 7/6–7/10 
progression 1/7 
results chapter 7/19 
sections 1/7 
structure 7/10–7/27 
submission 1/7–1/9 
supervision/supervisors 7/5 
writing 7/1–7/47 

time series analysis, data modelling 5/28–
5/39 

timescales, for completion 1/34 
timing, writing 6/8–6/9 
trends, time series analysis 5/28–5/34 
triangulation 2/2 

data collection 3/5 
two-tailed tests, hypothesis testing 4/18–

4/19, 4/22–4/23, 4/25, 4/33–4/35 

type I/II errors 4/20–4/21 
unforeseen findings 1/20–1/21 
unstructured interviews 3/11 
validation studies 1/24–1/26 
validity 

construct 3/13 
content 3/13 
criterion 3/13 
data 1/13 
data collection 3/13 
face 3/13 

validity checks, questionnaires 3/16 
variable measurement, quantitative 

research 2/12–2/14 
variance, statistical distributions 4/15–

4/16 
verbosity, writing 6/19–6/21 
viva voce examinations 7/35–7/42 

checklist 7/31 
format 7/35–7/38 
on-line conferencing 7/41 
supervision/supervisors 7/36 
tips 7/38–7/41 

voice, writing 6/17–6/19 
work breakdown structure (WBS), 

writing 6/13–6/16 
writing 6/1–6/52 

active voice 6/18 
clichés 6/21–6/22 
common errors 6/32–6/35 
editing 6/29–6/32 
enlightenment 6/16–6/17 
examples 6/35–6/47 
getting started 6/7–6/8 
grammatical errors 6/22–6/29 
integration 6/9–6/12 
jargon 6/19–6/21 
misuse of English 6/22–6/29 
ongoing review 6/12–6/13 
passive voice 6/18 
plurals 6/26 
psychological barrier 6/3–6/7 
singulars 6/26 
structure 6/13–6/17 
styles 6/17–6/29, 6/35–6/47 
tense 6/17–6/19 
thesis 7/1–7/47 
timing 6/8–6/9 
verbosity 6/19–6/21 
WBS 6/13–6/16 

 


	About the Authors
	Contents
	Module 1: Introduction
	Contents
	Learning Objectives
	1.1 Introduction
	1.2 The Process Model
	1.3 What Has To Be Submitted?
	1.3.1 Introduction
	1.3.2 The Thesis Submission

	1.4 The Aims and Objectives of the Research Methodology
	1.4.1 Introduction
	1.4.2 The Research Methodology

	1.5 The Aims and Objectives of Data Collection and Analysis
	1.5.1 Introduction
	1.5.2 Data Collection and Analysis

	1.6 The Aims and Objectives of the Results and Conclusions Section
	1.6.1 Introduction
	1.6.2 Results and Conclusions

	1.7 The Aims and Objectives of the Literature Reappraisal and Theory Development
	1.7.1 Introduction
	1.7.2 Literature Reappraisal and Theory Development

	1.8 The Aims and Objectives of the Final Conclusions and Business Contribution
	1.8.1 Introduction
	1.8.2 The Final Conclusions and Business Contribution

	1.9 The Validation Study
	1.9.1 Introduction
	1.9.2 The Validation Study

	1.10 The Supervisor, Senior Supervisor and the EBS Research Committee
	1.10.1 Introduction
	1.10.2 The Supervisor
	1.10.3 The Role of the Senior Supervisor
	1.10.4 The EBS DBA Research Committee

	1.11 Progress Reports
	1.11.1 Introduction
	1.11.1.1 Compulsory Formal Quarterly Progress Reports
	1.11.1.2 Optional Review


	Learning Summary
	Review Questions
	True/False Questions
	What Has To Be Submitted?
	The Aims and Objectives of the Research Methodology
	The Aims and Objectives of Data Collection and Analysis
	The Aims and Objectives of the Results and Conclusions Section
	The Aims and Objectives of the Literature Reappraisal and Theory Development
	The Aims and Objectives of the Final Conclusions and Business Contribution
	The Validation Study
	The Supervisor, Senior Supervisor and EBS DBA Research Committee
	Progress Reports

	Multiple-Choice Questions
	What Has To Be Submitted?
	The Aims and Objectives of the Research Methodology
	The Aims and Objectives of Data Collection and Analysis
	The Aims and Objectives of the Results and Conclusions Section
	The Aims and Objectives of the Literature Reappraisal and Theory Development
	The Aims and Objectives of the Final Conclusions and Business Contribution
	The Validation Study
	The Supervisor, Senior Supervisor and the EBS DBA Research Committee
	Progress Reports
	Timescales for Completion



	Module 2: Quantitative versus Qualitative Research
	Contents
	Learning Objectives
	2.1 Introduction
	2.2 The Concept of Quantitative Research
	2.2.1 Introduction
	2.2.2 Characteristics of Quantitative Research
	2.2.2.1 Investigative Approaches
	2.2.2.2 Exploratory Approaches

	2.2.3 General Issues
	2.2.4 Quantitative Data Issues
	2.2.4.1 Primary and Secondary Data
	2.2.4.2 The Quantitative Hypothesis Issue
	Disintegration Reliability
	Variable Measurement



	2.3 The Concept of Qualitative Research
	2.3.1 Introduction
	2.3.2 Characteristics of Qualitative Research
	2.3.2.1 Hermeneutics
	2.3.2.2 Semiotics

	2.3.3 General Issues
	2.3.4 Qualitative Data Issues

	2.4 A Comparison of Quantitative and Qualitative Research Approaches
	2.4.1 Introduction
	2.4.2 A Comparison

	2.5 The Case for Combined Quantitative and Qualitative Research Approaches
	2.5.1 Introduction
	2.5.2 The Combined Quantitative–Qualitative Approach

	2.6 Frequently Asked Questions on the Quantitative versus Qualitative Issue
	2.6.1 Introduction
	2.6.2 Some FAQs

	Learning Summary
	Review Questions
	True/False Questions
	The Concept of Quantitative Research
	The Concept of Qualitative Research
	A Comparison of Quantitative and Qualitative Research Approaches
	The Case for Combined Quantitative and Qualitative Research Approaches
	Frequently Asked Questions on the Quantitative versus Qualitative Issue

	Multiple-Choice Questions
	The Concept of Quantitative Research
	The Concept of Qualitative Research
	A Comparison of Quantitative and Qualitative Research Approaches
	The Case for Combined Quantitative and Qualitative Research Approaches
	Frequently Asked Questions on the Quantitative versus Qualitative Issue



	Module 3: Data Collection
	Contents
	Learning Objectives
	3.1 Introduction
	3.2 Aims
	3.3 Types of Research Methodology
	3.3.1 Introduction
	3.3.2 Action Research
	3.3.3 Case Studies
	3.3.4 Ethnography
	3.3.5 Feminist Research
	3.3.6 Longitudinal Study
	3.3.7 Survey Analysis
	3.3.8 Triangulation

	3.4 Main Factors
	3.5 Sample Selection
	3.5.1 Introduction
	3.5.2 Sampling Frames
	3.5.3 Method of Selection
	3.5.4 Size of Sample
	3.5.5 Data Collection Methods
	3.5.5.1 Observation
	3.5.5.2 Diaries
	3.5.5.3 Focus Groups
	3.5.5.4 Questionnaires
	3.5.5.5 Interviews

	3.5.6 Types of Bias
	3.5.7 Reliability
	3.5.8 Validity

	3.6 Questionnaire Design
	3.6.1 Introduction
	3.6.2 Postal and Internet Surveys
	3.6.3 Interview Surveys
	3.6.4 Designing Questions
	3.6.5 Computer Processing
	3.6.6 Validity Checks
	3.6.7 Example of a Questionnaire

	3.7 Preliminary Data Analysis
	3.7.1 Introduction
	3.7.2 Determining the Response Rate
	3.7.3 Checking the Range and Validity of the Data
	3.7.4 Summary Tables
	3.7.5 Graphs and Charts
	3.7.6 Summary Statistics
	3.7.7 Analysing Qualitative Data
	3.7.8 Further Analysis
	3.7.9 Example of Data Analysis

	Learning Summary
	Review Questions
	True/False Questions
	Data Collection
	Data Analysis

	Multiple-Choice Questions
	Data Collection


	Module 4: Data Analysis
	Contents
	Learning Objectives
	4.1 Introduction
	4.2 Statistical Distributions
	4.2.1 Introduction
	4.2.2 The Normal Distribution
	4.2.2.1 Normal Distribution Tables
	4.2.2.2 Using the Normal Distribution for Estimation
	4.2.2.3 Using the Normal Distribution for Hypothesis Testing

	4.2.3 The t-distribution
	4.2.3.1 t-distribution Tables
	4.2.3.2 Using the t-distribution for Estimation
	4.2.3.3 Using the t-distribution for Hypothesis Testing

	4.2.4 The F-distribution
	4.2.4.1 F-distribution Tables

	4.2.5 The Chi-squared Distribution
	4.2.6 Summary

	4.3 Estimation
	4.3.1 Introduction
	4.3.2 Estimating a Population Mean, μ, when the Sample Size is at Least 30
	4.3.3 Estimating a Population Mean, μ, when the Sample Size Is under 30
	4.3.4 Estimating a Population Proportion, π, when the Sample Size Is at Least 30
	4.3.5 Estimating a Population Variance, σ2

	4.4 Hypothesis Testing
	4.4.1 Introduction
	4.4.2 Choosing the Hypothesis Test
	4.4.3 Formulating the Hypotheses
	4.4.4 Carrying Out a Hypothesis Test
	4.4.5 Testing a Hypothesis about a Population Mean, μ, when the Sample Size Is at Least 30
	4.4.6 Testing a Hypothesis about the Population Mean, μ, when the Sample Size Is Less than 30 and the Population Is Normally Distributed
	4.4.7 Testing a Hypothesis about Two Population Means, μ1 and μ2, when the Combined Sample Size Is at Least 30
	4.4.8 Testing a Hypothesis about Two Population Means, μ1 and μ2, when the Combined Sample Size Is Less than 30
	4.4.9 Testing a Hypothesis about the Means of a Paired Sample
	4.4.10 Testing a Hypothesis about a Population Proportion, π, when the Sample Size Is at Least 30
	4.4.11 Testing a Hypothesis about the Difference in Two Population Proportions, π1 and π2, when the Combined Sample Size Is at Least 30
	4.4.12 Testing a Hypothesis about a Population Variance, σ2
	4.4.13 Testing a Hypothesis about Two Population Variances ,𝝈-𝟏-𝟐. and ,𝝈-𝟐-𝟐.
	4.4.14 Testing a Hypothesis about Three or More Population Means
	4.4.14.1 One-way Analysis of Variance


	4.5 Hypothesis Testing Using Non-parametric Tests
	4.5.1 Introduction
	4.5.2 Testing for an Association Between Variables
	4.5.3 Testing the Locations of Two Sample Distributions: Mann–Whitney  U-test

	Learning Summary
	Review Questions
	True/False Questions
	Statistical Distributions
	Estimation
	Hypothesis Testing

	Multiple-Choice Questions
	Statistical Distributions
	Estimation
	Hypothesis Testing



	Module 5: Data Modelling
	Contents
	Learning Objectives
	5.1 Introduction
	5.2 Bivariate Linear Regression
	5.2.1 Introduction
	5.2.2 An Example of Bivariate Regression Analysis
	5.2.3 Finding the Equation of the Regression Line
	5.2.4 Calculating the Correlation Coefficient
	5.2.5 Calculating the Coefficient of Determination
	5.2.6 Calculating the Residuals
	5.2.7 Testing the Significance of the Regression Model
	5.2.8 Testing the Significance of the Regression Coefficients
	5.2.9 Testing the Significance of the Correlation Coefficient
	5.2.10 The Properties of the Least Squares Method
	5.2.11 Testing the Randomness of the Residuals
	5.2.12 Summary of Bivariate Linear Regression Analysis

	5.3 Multivariate Regression
	5.3.1 Introduction
	5.3.2 An Example of Multivariate Regression Analysis
	5.3.3 Finding the Equation of the Regression Line
	5.3.4 Calculating the Coefficient of Determination
	5.3.5 Testing the Significance of the Regression Model
	5.3.6 Testing the Significance of the Regression Coefficients
	5.3.7 The Correlation Matrix
	5.3.8 Assumptions of the Regression Model
	5.3.9 Analysing the Residuals
	5.3.10 Summary of Multivariate Regression Analysis

	5.4 Spearman’s Rank Correlation Coefficient
	5.5 Time Series Analysis
	5.5.1 Introduction
	5.5.2 Time Series Components
	5.5.3 Long-term Trend
	5.5.3.1 Moving Averages
	5.5.3.2 Bivariate Regression
	5.5.3.3 Multivariate Regression
	5.5.3.4 Exponential Smoothing

	5.5.4 Analysing the Seasonal Component
	5.5.5 Analysing the Cyclical Component
	5.5.6 The Random Component
	5.5.7 Comparing Models

	Learning Summary
	Review Questions
	True/False Questions
	Regression
	Spearman’s Rank Correlation Coefficient
	Time Series Analysis

	Multiple-Choice Questions


	Module 6: The Challenge of Writing
	Contents
	Learning Objectives
	6.1 Introduction
	6.2 The Challenge of Writing a Thesis
	6.2.1 Introduction
	6.2.2 The Psychological Barrier
	6.2.3 Making a Start
	6.2.4 Developing a Routine
	6.2.5 Learning to Integrate
	6.2.6 Ongoing Review

	6.3 Structure and Enlightenment
	6.3.1 Introduction
	6.3.2 Structure
	6.3.3 Enlightenment

	6.4 Writing Style
	6.4.1 Introduction
	6.4.2 Tense and Voice
	6.4.3 Verbosity and Jargon
	6.4.4 Clichés
	6.4.5 Common Misuse of English
	6.4.5.1 Excessive Use of Commas
	6.4.5.2 Apostrophe Abuse
	6.4.5.3 Lack of or Poorly Defined Subject
	6.4.5.4 Use of Split Infinitives
	6.4.5.5 Misplaced Prepositions
	6.4.5.6 Double Negatives
	6.4.5.7 Run-on Sentences
	6.4.5.8 Abstract Nouns
	6.4.5.9 Over-used or Obsolete Metaphors
	6.4.5.10 Plural and Singular Forms
	6.4.5.11 The Use of Numbers
	6.4.5.12 Common Grammatical Errors
	6.4.5.13 The Assignment of Gender


	6.5 Editing
	6.5.1 Introduction
	6.5.2 The Process of Editing
	6.5.3 Common Errors
	6.5.3.1 Typing Errors
	6.5.3.2 Sections and Section Numbering
	6.5.3.3 Semicolons and Bullets
	6.5.3.4 Hangers
	6.5.3.5 Balance
	6.5.3.6 Inconsistent Text
	6.5.3.7 Rambling
	6.5.3.8 Waffle
	6.5.3.9 Abbreviations


	6.6 Example of Checking for Good Writing Style
	6.6.1 Introduction
	6.6.2 Sample Draft Chapter
	6.6.3 Evaluation of the Draft Chapter
	6.6.4 Specific Potential Improvements

	Learning Summary
	Review Questions
	True/False Questions
	The Challenge of Writing a Thesis
	Structure and Enlightenment
	Writing Style
	Editing

	Multiple-Choice Questions
	The Challenge of Writing a Thesis
	Structure and Enlightenment
	Writing Style
	Editing



	Module 7: Writing the Thesis and Attending the Viva Voce Examination
	Contents
	Learning Objectives
	7.1 Introduction
	7.2 Writing Up
	7.2.1 Introduction
	7.2.2 The Process of Writing Up

	7.3 Format
	7.3.1 Introduction
	7.3.2 The Format of the Thesis

	7.4 Thesis Structure
	7.4.1 Introduction
	7.4.2 The Basic Layout
	7.4.3 The Abstract
	7.4.4 The Introduction Chapter
	7.4.5 The Literature Review, Synthesis and Theory Development Chapters
	7.4.6 The Methodology Chapter
	7.4.7 The Data Collection and Analysis Chapter
	7.4.8 The Literature Reappraisal and Theory Development Chapter
	7.4.9 The Results, Conclusions and Discussion Chapter
	7.4.10 Appendices

	7.5 Chapter and Section Sequencing
	7.5.1 Introduction
	7.5.2 Sequence Options
	7.5.3 Section and Content Sequencing

	7.6 Submitting the Thesis
	7.6.1 Introduction
	7.6.2 A Checklist for Submitting the Thesis
	7.6.2.1 General writing style
	7.6.2.2 General format
	7.6.2.3 General content
	7.6.2.4 Introduction
	7.6.2.5 Literature review, synthesis, basic theory and pilot study
	7.6.2.6 Research methodology
	7.6.2.7 Data collection and analysis
	7.6.2.8 Results, literature reappraisal and theory development and conclusions


	7.7 The Viva Voce Examination
	7.7.1 Introduction
	7.7.2 The Format of the Examination
	7.7.3 Viva Voce Examination Tips
	7.7.4 Online Conferencing Viva Voce Examination Tips

	Learning Summary
	Appendix 7A: Sample Shortened Research Methodology Chapter
	Review Questions
	True/False Questions
	Writing Up
	Format
	Thesis Structure
	Chapter and Section Sequencing
	Submitting the Thesis
	The Viva Voce Examination

	Multiple-Choice Questions
	Writing Up
	Format
	Thesis Structure
	Chapter and Section Sequencing

	Submitting the Thesis
	The Viva Voce Examination



	Appendix 1: Statistical Tables
	Appendix 2: Examination Formulae Sheet
	Sample size
	Estimating a population mean
	Estimating a population proportion

	Summary statistics
	Ungrouped data
	Grouped data

	Estimation
	Confidence interval for a population mean, sample size at least 30
	Confidence interval for a population mean, sample size under 30
	Confidence interval for a population proportion, sample size at least 30
	Confidence interval for a population variance

	Hypothesis Testing
	Testing a hypothesis about a population mean
	Sample size at least 30
	Sample size less than 30 and population normally distributed

	Testing a hypothesis about two population means
	Combined sample size at least 30
	Combined sample size less than 30

	Testing a hypothesis about the means of a paired sample
	At least 30 pairs
	Less than 30 pairs

	Testing a hypothesis about a population proportion, sample size at least 30
	Testing a hypothesis about the difference in two population proportions, combined sample size at least 30
	Testing a hypothesis about a population variance
	Testing a hypothesis about two population variances
	Testing a hypothesis about three or more population means
	Testing for an association between variables
	Yates' correction

	Testing the locations of two distributions, Mann-Whitney U-test

	Bivariate linear regression
	Equation of the regression line
	Correlation coefficient
	Testing the regression model
	Testing the regression coefficient
	Testing the correlation coefficient
	Testing the randomness of the residuals

	Spearman's rank correlation coefficient
	Testing the rank correlation coefficient

	Time series analysis
	Bivariate regression
	Exponential smoothing
	General formula
	Starting assumptions

	Comparing models


	Appendix 3: Practice Final Examinations
	Practice Final Examination 1
	Question 1
	Question 2

	Practice Final Examination 2
	Question 1
	Question 2

	Examination Answers
	Practice Final Examination 1
	Question 1
	Question 2

	Practice Final Examination 2
	Question 1
	Question 2



	Appendix 4: Answers to Review Questions
	Contents
	Module 1
	Review Questions
	True/False Questions
	What Has To Be Submitted?
	The Aims and Objectives of the Research Methodology
	The Aims and Objectives of Data Collection and Analysis
	The Aims and Objectives of the Results and Conclusions Section
	The Aims and Objectives of the Literature Reappraisal and Theory Development
	The Aims and Objectives of the Final Conclusions and Business Contribution
	The Validation Study
	The Supervisor, Senior Supervisor and EBS DBA Research Committee
	Progress Reports

	Multiple-Choice Questions
	What Has To Be Submitted?
	The Aims and Objectives of the Research Methodology
	The Aims and Objectives of Data Collection and Analysis
	The Aims and Objectives of the Results and Conclusions Section
	The Aims and Objectives of the Literature Reappraisal and Theory Development
	The Aims and Objectives of the Final Conclusions and Business Contribution
	The Validation Study
	The Supervisor, Senior Supervisor and the EBS DBA Research Committee
	Progress Reports
	Timescales for Completion


	Module 2
	Review Questions
	True/False Questions
	The Concept of Quantitative Research
	The Concept of Qualitative Research
	A Comparison of Quantitative and Qualitative Research Approaches
	The Case for Combined Quantitative and Qualitative Research Approaches
	Frequently Asked Questions on the Quantitative versus Qualitative Issue

	Multiple-Choice Questions
	The Concept of Quantitative Research
	The Concept of Qualitative Research
	A Comparison of Quantitative and Qualitative Research Approaches
	The Case for Combined Quantitative and Qualitative Research Approaches
	Frequently Asked Questions on the Quantitative versus Qualitative Issue


	Module 3
	Review Questions
	True/False Questions
	Data Collection
	Data Analysis

	Multiple-Choice Questions
	Data Collection

	Module 4
	Review Questions
	True/False Questions
	Statistical Distributions
	Estimation
	Hypothesis Testing

	Multiple-Choice Questions
	Statistical Distributions
	Estimation
	Hypothesis Testing


	Module 5
	Review Questions
	True/False Questions
	Regression
	Spearman’s Rank Correlation Coefficient
	Time Series Analysis

	Multiple-Choice Questions

	Module 6
	Review Questions
	True/False Questions
	The Challenge of Writing a Thesis
	Structure and Enlightenment
	Writing Style
	Editing

	Multiple-Choice Questions
	The Challenge of Writing a Thesis
	Structure and Enlightenment
	Writing Style
	Editing


	Module 7
	Review Questions
	True/False Questions
	Writing Up
	Format
	Thesis Structure
	Chapter and Section Sequencing
	Submitting the Thesis
	The Viva Voce Examination

	Multiple-Choice Questions
	Writing Up
	Format
	Thesis Structure
	Chapter and Section Sequencing

	Submitting the Thesis
	The Viva Voce Examination



	Index

