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Research Methods

1

Primary Data Collection: Quantitative 
Data Analysis

2

3

SERNO Respondent’s serial number
AGYRS Age in years
HEIGHT Height (cm) 
WEIGHT Calculated Nude Weight (kg) 
BMI Body Mass Index (wt/ht²)
SMEVER Ever Smoked? 
ALCOHOL Units alcohol last week
SATFAT Saturated fat g/wk
SCLASS Social class
OWNH Own health in general 
HYFEV Forced expiratory volume 
LOWSYS Lowest systolic BP (of three) 
LOWDIAS Lowest diastolic BP (of three) 
MSTATEGP Response to mental state questionnaire

Assignment 2

Wisdom
(applied)

Knowledge
(contextualised)

Information
(structured)

Data
(discrete)

Types of Data

(Saunders & Lewis, 2012:  165) 5

IBM SPSS Statistics

6

1 2

3 4
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SPSS

7 8

Quantitative Data

Two main types: 

Categorical and Numerical data. 

Categorical data – 

• grouped into a descriptive set (nominal);

• put in rank order (ordinal). 

9 (Saunders & Lewis, 2012:  166)

Nominal

Ordinal

Categorical Data

10

Quantitative Data

Numerical data  - measured using numbers. 

Either:

• discrete data – discrete units

• continuous data – any value

11 (Saunders & Lewis, 2012:  166-167)

Discrete

Continuous

Numerical Data

12

7 8

9 10

11 12



09/07/2026

3

Definitions
• continuous data: numerical data whose 

values are measured numerically as 
quantities and can theoretically take any 
value, depending on the level of accuracy 
with which they are measured.

• discrete data: numerical data whose values 
are measured numerically as quantities in 
discrete units and can therefore only take a 
finite number of values.

• ranked or ordinal data: categorical data 
that are put into a definite order.

• descriptive or nominal data: categorical 
data that are grouped into sets (categories) 
that have no obvious rank order.

13

scale

ordinal

nominal
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15

parametric

non-parametric

Types of Data

(Saunders & Lewis, 2012:  165) 16

Preparing Data: Coding

CODING CLOSED QUESTIONS

Each response to a question needs an individual 
code that allows for data analysis. For example, 
Male or Female?

So the coding of the question could be:

 1 = male

 2 = female

 

17

Preparing Data

CODING CLOSED QUESTIONS
Each response to a question needs an individual code 
that allows for data analysis. For example, Male or 
Female?
So the full coding of the question could be:
 1 = male
 2 = female
 3 = would prefer not to respond
 4 = is unwilling to be characterised in this manner
 5 = this information is confidential
 9 = missing

18

13 14

15 16

17 18
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Preparing Data
The analytical socio-economic classes are:

1 Higher managerial and professional occupations

2 Lower managerial and professional occupations

3 Intermediate occupations

4 Small employers and own-account workers

5 Lower supervisory and technical occupations

6 Semi-routine occupations

7 Routine occupations

8 Never worked, and long-term unemployed.

19

Preparing Data

For a scaled question such as 'How enjoyable did 
you find your university studies? Answer on the 
scale 1-6', answer codes might be:

– Very enjoyable  1

– Quite enjoyable  2

– Mostly enjoyable  3

– Not very enjoyable  4

– Not enjoyable 5

– Dreadful   6

20

21 22

Analysing Data Quantitatively
How to prepare your data

Spreadsheet (Excel)

Statistical analysis software (SPSS, R, Minitab)

(Saunders & Lewis, 2012:  168)
23

Analysing Data Quantitatively
How to prepare your data

Statistical analysis software (SPSS)

24

19 20

21 22

23 24
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Analysing Data Quantitatively
How to prepare your data

Statistical analysis software (Minitab)

25

Analysing Data Quantitatively
How to prepare your data

Statistical analysis software (R)

26

MS Excel

27

Explore and understand your data 

 – tables, charts and graphs. 

• Particular tables or graphs are better than 
others for highlighting certain aspects of your 
data

• Categorical and numerical data often require 
different tables and graphs.

• All tables and graphs must be labelled clearly, 
explicitly referred to  and designed so as not to 
distort the data. 

Presenting your Data

28

(Saunders & Lewis, 2012:  170)

Presenting your Data

29

Tables

30

25 26

27 28

29 30
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(Saunders & Lewis, 2012:  171) 31 32

(Saunders & Lewis, 2012:  172)
33 34

35 (Saunders & Lewis, 2012:  173) 36
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To draw a histogram, you could place these data 
into a series of equal width categories such as:

less than 5 hours
5 to less than 10 hours
10 to less than 15 hours
15 to less than 20 hours
20 to less than 25 hours

25 to less than 30 hours
30 to less than 35 hours
35 to less than 40 hours
40 to less than 45 hours
45 hours or more

(Saunders & Lewis, 2012:  173) 37

“bins -> binning”  - “unbinning”

To draw a histogram, you could place these data 
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(Saunders & Lewis, 2012:  173) 38

“bins -> binning”  - “unbinning”

39 (Saunders & Lewis, 2012:  174) 40

41 (Saunders & Lewis, 2012:  175) 42

37 38

39 40

41 42
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(Saunders & Lewis, 2012:  176) 43

Layout

44

Layout

45

Table/Figure

Layout

46

Layout

47

Layout

48

43 44

45 46

47 48
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IBM SPSS Statistics

49

IBM SPSS Statistics

50

Awesome though it is, SPSS is not a 
magic oven that can miraculously 
transform garbage input into haute 
cuisine output. To get useful output, 
you need properly collected data 
and carefully considered statistical 
analysis.

(Colman & Pulford, 2008: 2)

Data Collection

Your sample must represent your population.

51(Saunders et al, 2016:  275)

“When an individual uses descriptive statistics, 
he talks about the data he has; but with 
inferential statistics, he talks about data he does 
not have.”
(Popham & Sirotnik, 1973: 40)

Describing Data using Statistics

52

Descriptive Inferential

Description Inference

Sample Population

Description

Inference

– Exploring Relationships

– Comparing Groups

Describing Data using Statistics

53

Description:

- Organise data into comprehensible form 
so that trends etc. can be communicated 
to others.

- Simplify the organisation and 
presentation of data.

- Reduce the data.

Describing Data using Statistics

54

49 50

51 52

53 54
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Numerical data: Age Distribution

Frequency Distribution

Student Age

1 25

2 27

3 25

4 23

5 24

6 26

7 25

8 26

9 28

10 22

11 24

12 23
55

Numerical data: Age Distribution

Frequency Distribution

X f(X) cf(X) p(X) cp(X)

22 1 1 .085 .085

23 2 3 .17 .25

24 2 5 .17 .42

25 3 8 .25 .67

26 2 10 .17 .83

27 1 11 .085 .91

28 1 12 .085 1

56

X = age of students
f(X) = frequency – number of students at that age
cf(X) = cumulative frequency -  number of students at that age or younger
p(X) = proportion – proportion of students at that age (relative frequency)
cp(X) = cumulative proportion - proportion of students at that age or younger

Frequency Distribution

57

Description:

• The central tendency, which is the common, 
middle or average value.

• The dispersion, which is how the data values 
are spread, or dispersed, around the central 
tendency.

Describing Data using Statistics

58

Categorical data:

The Mode 

The category that occurs most often

Describing Central Tendency

59

Categorical data: The Mode 

Describing Central Tendency

Participant Country

1 France

2 Poland

3 France

4 Portugal

5 Spain

6 Germany

7 France

8 Germany

9 Finland

10 Italy

11 Spain

12 Portugal
60

55 56

57 58

59 60
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Numerical data: The Mode 

Describing Central Tendency

Participant Age

1 25

2 27

3 25

4 23

5 24

6 26

7 25

8 26

9 28

10 22

11 24

12 23
61

Describing Central Tendency

62
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Figure 1: Ages Of Students (2015-16)

63

Bi-modal

Multi-modal

Categorical data: The Median 

22, 23, 23, 24, 24, 25, 25, 25, 26, 26, 27, 28

Describing Central Tendency

64

Quartiles (1, 2, 3) 

Percentiles (25, 50, 75)

Categorical data: The Mean 

22+23+23+24+24+25+25+25+26+26+27+28

Describing Central Tendency

65

= 298 /12 = 24.83

Describing Central Tendency

66

61 62

63 64

65 66
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Describing Central Tendency

67
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Figure 1: Ages Of Students (2015-16)

Normal Distribution

68

Describing Central Tendency

69

Mean = 24.8
Mode = 25
Median = 25

Dispersion

70
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Range

28-22=6

Standard Deviation - σ

71

Dispersion
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Categorical data: The Median 

22, 23, 23, 24, 24, 25, 25, 25, 26, 26, 27, 28

Dispersion

73

Quartiles 

IQR

74

22, 23, 23, 24, 24, 25, 25, 25, 26, 26, 27, 28

Mode – most common

Median – middle value of rank order

Mean – average

Dispersion/Range – highest minus lowest

Standard Deviation – deviation from mean

IQR – middle 50% range

Describing Central Tendency & 
Dispersion

75

Describing Central Tendency & 
Dispersion

76

(Saunders & Lewis, 2012:  172)

77

Mean sales for the organisation’s 30 employees 
were £46,600. As the mean, median and mode 
are virtually the same, this suggests these data 
are normally distributed. Consequently the 
standard deviation of 18.46 indicates that 95 per 
cent of sales fell within the range £10,318 to 
£82,682, the complete range being £68,000.

Example: Descriptive Statistics

78(Saunders & Lewis, 2012:  178)

73 74

75 76

77 78
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Description
• Central Tendency

• Dispersion

Inference

– Exploring Relationships

– Comparing Groups

Describing Data using Statistics

79

Description

Inference

– Exploring Relationships

– Comparing Groups

Describing Data using Statistics

80

“When an individual uses descriptive statistics, he talks about 
the data he has; but with inferential statistics, he talks about 
data he does not have.”

(Popham & Sirotnik, 1973:  40)

Sample – Population

81(Saunders et al, 2016:  275)

Inferring

Description

Inference

– Exploring Relationships

– Comparing Groups

Describing Data using Statistics

82

“When an individual uses descriptive statistics, he talks about 
the data he has; but with inferential statistics, he talks about 
data he does not have.”

(Popham & Sirotnik, 1973:  40)

Relationships:

• The association between two variables.

• The correlation between two variables.

Describing Data using Statistics

83

Correlation/correlate; Association/associate; 
Relationship/relate; Covariance/covariation/covary

(Saunders & Lewis, 2012:  180)
84

79 80

81 82

83 84
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(Saunders & Lewis, 2012:  180)
85 (Saunders & Lewis, 2012:  181) 86

87

Describing Data using Statistics

88

Correlation

(Saunders & Lewis, 2012:  176) 89

Correlation Correlation Coefficient (r)

90

85 86

87 88

89 90
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Correlation Coefficient

91 92

Relationship between Groups

93

Relationship between Groups

94

Examining associations

Sex: male or female

Salary grade: 1-9

Both categorical data - not ranked

The chi-squared test. 

You use this statistic to test whether there is an 
association between someone’s salary grade and 
their sex: chi-squared χ2

Describing Data using Statistics

95

Crosstabulation

(Saunders, Lewis & Thornhill, 2012:  516) 
96

91 92

93 94

95 96
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Crosstabulation

(Saunders, Lewis & Thornhill, 2012:  516) 
97

Chi-Squared Test

(Saunders, Lewis & Thornhill, 2012:  516) 
98

Chi-Squared Test

(Saunders, Lewis & Thornhill, 2012:  516) 
99

Chi-Squared Test

(Saunders, Lewis & Thornhill, 2012:  516) 
100

Correlation Coefficients

(Saunders & Lewis, 2012:  183) 101

Categorical data

• Chi-squared coefficient

Ranked data. 

• Kendall's rank correlation coefficient

• Spearman's rank correlation coefficient.

Numerical data

• Pearson’s product moment correlation coefficient

Relationships

102

97 98

99 100

101 102
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Chi-Squared Test

(Saunders, Lewis & Thornhill, 2012:  516) 
103

Chi-Squared Test

(Saunders, Lewis & Thornhill, 2012:  516) 
104

How likely the relationship between your 
variables has occurred by chance.

 

Significance testing.

If this probability is small (usually 0.05 or less), 
then you can say your relationship is 
statistically significant. 

Significance

105

!!

Interpreting Correlational Research

Even random numbers show some 
degree of correlation.

To what extent could your result 
have happened randomly?

Is it significant?

106

Interpreting Correlational Research

Is it significant?
Significance (alpha level) p
Significant at  p<.05
There is less than a 5% chance that the result 
is due to chance. 
This means that the finding has a 95% 
chance of being true.

Sometimes significant at  p<.01
However, see Shaveleson (1988: 248)

107

Chi-Squared Test

(Saunders, Lewis & Thornhill, 2012:  516) 
108

There is a statistically significant weak positive 
relationship between the sex of the employee and 
their salary grade (r =.295, p < 0.001). 

103 104

105 106

107 108
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How to examine relationships

Numerical/Continuous data. 

Pearson’s Product Moment Correlation

Relationships

109

• Number of television advertisements.

• Number of enquiries.

• Number of sales.

(Saunders, Lewis & Thornhill, 2012:  522) 
110

Advertisements/Enquiries/Sales

(Saunders, Lewis & Thornhill, 2012:  522) 
111

Advertisements/Enquiries/Sales

(Saunders, Lewis & Thornhill, 2012:  522) 
112

Advertisements/Enquiries/Sales

(Saunders, Lewis & Thornhill, 2012:  522) 
113

There is a statistically significant strong positive 
relationship between the number of enquiries 
and the number of sales (r =.726, p < 0.001) and 
a statistically significant but weak to moderate 
relationship between the number of television 
advertisements and the number of enquiries (r 
=.362, p = 0.006). However, there is no 
statistically significant relationship between the 
number of television advertisements and the 
number of sales (r =.204, p = 0.131).

Example

114
(Saunders, Lewis & Thornhill, 2012:  522) 

109 110

111 112

113 114
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Interpreting Correlational Research

Statistical Significance ≠ Meaningful or  Important 

Correlation ≠ Causality

115 116

We see a relationship between A & B

117

It might be:

A B

118

But it could be be:

A B

119

Or:

A B

C

Third variable/Confounding variable 120

115 116

117 118

119 120
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121 122

123 124

(Saunders & Lewis, 2012:  176) 125

Regression

126

Regression

A study looked at the possibility of predicting students’ 
future reading ability (READING) from their 
intelligence score (IQ).
Ten children were included in the investigation, selected 
at random from a primary school class. The children’s 
IQ scores were obtained when they entered the school 
and the corresponding reading score was obtained at the 
end of the first year. The reading score was the result 
out of 100 on a test. 

Statistical Services and Consultancy Unit (2016: 36-42)

121 122

123 124

125 126
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127

Regression

A study looked at the possibility of predicting students’ 
future reading ability (READING) from their 
intelligence score (IQ).
Ten children were included in the investigation, selected 
at random from a primary school class. The children’s 
IQ scores were obtained when they entered the school 
and the corresponding reading score was obtained at the 
end of the first year. The reading score was the result 
out of 100 on a test. 

Statistical Services and Consultancy Unit (2016: 36-42)

128

IQ

129

Pupil No. 1 2 3 4 5 6 7 8 9 10 

IQ Score 98 115 124 97 135 105 117 101 110 127 

Reading 54 74 81 59 88 70 78 73 84 86 

IQ : Reading

130

H0: READING score cannot be predicted 
from IQ score 

H0 = null hypothesis - no relationship between two measured 
phenomena.

Rejecting or disproving the null hypothesis is a central task in 
modern scientific practice.

Statistically significant means that the null hypothesis has 
been rejected.

Hypotheses

H1: READING score can be predicted from 
IQ score 

131

H0 = null hypothesis - no relationship between two measured 
phenomena.

Rejecting or disproving the null hypothesis is a central task in 
modern scientific practice.

Statistically significant means that the null hypothesis has 
been rejected.

Not Statistically Significant means that the null hypothesis 
cannot be rejected.

Hypotheses

132

Regression

A study looked at the possibility of predicting students’ 
future reading ability (READING) from their 
intelligence score (IQ).
Ten children were included in the investigation, selected 
at random from a primary school class. The children’s 
IQ scores were obtained when they entered the school 
and the corresponding reading score was obtained at the 
end of the first year. The reading score was the result 
out of 100 on a test. 

Statistical Services and Consultancy Unit (2016: 36-42)

x = a + by

127 128

129 130

131 132
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133 134

135 136

137

x = a + by

a = -8.825
b = .740

138

The regression equation 

“READING = −8.825 + 0.740 × IQ” 

can be obtained by equating the dependent 
variable Reading to the CONSTANT value 
−8.825, plus the independent variable IQ 

multiplied by its coefficient 0.740. 

Regression

133 134

135 136

137 138
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139 140

The test statistic found from SPSS is t, which 
has the value 4.626 with 8 df and associated 
p-value of 0.002. Since p is very small, i.e. 
below 0.05, the gradient is unlikely to be a 
chance result. Hence it is concluded that 
there is a relationship between IQ and 
reading score for primary school children. 
Hence, we can reject H0 in favour of H1. For 
every primary school child whose IQ is 
known the reading score can be predicted. 

Example

141 142

Coefficient of 
Determination

Coefficient of Determination

R2

A measure of how much variance is 
shared, how much of one variable can 
be explained by another.

143

≡ r2

Coefficient of Determination

144

If the correlation (r) between variable X and variable Y = 0, then the 

coefficient of determination = 02 = 0 or 0%. There is no common variability.

(Burns & Burns, 2008: 349)

139 140

141 142

143 144
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Coefficient of Determination

145

If the correlation (r) between variable X and variable Y = 0.8, then the coefficient of 
determination = 0.82 = .64 or 64%. 64% of the variance in one variable is predictable 
from the variance in the other.

(Burns & Burns, 2008: 349)

Coefficient of Determination

146

If the correlation (r) between variable X and variable Y = 1, then the coefficient of 
determination = 12 = 1 x 100 = 100%: 100% of the variability is common to both 
variables.

(Burns & Burns, 2008: 350)

Coefficient of Determination

147

Example
Consider the relationship between the number of 
customer calls made by a particular salesman and 
the number of orders obtained during the course of a 
10-day journey cycle. Suppose the correlation is 
+.85. This shows a fairly high positive correlation 
between the number of calls a salesman makes and 
the number of orders received. The coefficient of 
determination is 72.25%, i.e. that 72% of variance in 
orders is explained by the number of calls made.

(Burns & Burns, 2008: 350)

Coefficient of Determination

R2

A measure of how much variance is 
shared, how much of one variable can 
be explained by another.

148

Effect Size

Description

Inference

– Exploring Relationships

– Comparing Groups

Describing Data using Statistics

149

(Saunders & Lewis, 2012:  180)
150

145 146

147 148

149 150
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(Saunders & Lewis, 2012:  180)
151

Comparing Groups: Difference

Table 7.3

Example purchase data

Product A

M (sd)

Product  B

M (sd)

Women N = 17 18.5 (2.5) 22.5 (2.0)

Men N = 17 14.5 (3.5) 21.5 (2.5)

152

153

Comparing Means

154

Comparing Means

155

Comparing Means

156

151 152

153 154

155 156
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157 158

159 160

161

Between Groups

Within Groups

t-test
Comparing Means

Do older people buy more than younger people?
Do males buy more than females?

Are students at end of course better than at 
beginning of course?

t

162

157 158

159 160

161 162
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t-test (unrelated) – independent samples t-test
Compares 2 unrelated groups (e.g. different towns) on 
same test. Need one categorical independent variable with 
only two groups (e.g. M/F) and one continuous dependent 
variable (e.g. items purchased).

Exploring Differences between Groups

t-test (related) – paired samples / matched t-tests / 
matched pairs
Compares the same group on 2 occasions (e.g. same 
product at two times). Need one categorical independent 
variable (e.g. time 1 & time 2) and one continuous 
dependent variable (e.g. product).

163

Comparison of Groups

164

An experiment is carried out to see if 
announcing the items on a conveyor belt 
as they pass helps children remember the 
items better.
Twenty-two children, all aged 12 years, 
were randomly allocated; 10 to the 
announcement group, and the remaining 
12 to the no-announcement group.
The children were shown the items on the 
conveyor belt with or without announcing 
each item as they passed. 

165
Statistical Services and Consultancy Unit (2016: 15-19)

The number of items recalled out of each of the 
ten letters in the list was recorded for each child:
 

Announcement: 5 7 8 9 5 4 9 8 7 4 
No Announcement: 3 8 5 6 3 5 9 3 3 4 7 4

166

Announcement Mean: 6.6
No Announcement Mean: 5.0 

Announcement SD: 1.9
No Announcement SD: 2.0 

(Statistical Services and Consultancy Unit, 2016:  17 ) 167 168

163 164

165 166

167 168
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169

H0: the use of announcements makes no difference 
H1: the use of announcements makes a difference 

Generalisation of result

to wider population of twelve-year-old children 

H0 = null hypothesis - no relationship between two measured 
phenomena.

Rejecting or disproving the null hypothesis is a central task in 
modern scientific practice.

(Statistical Services and Consultancy Unit, 2016:  18 ) 170

SPSS Output

171

SPSS Output

(Statistical Services and Consultancy Unit, 2016:  18 ) 172

SPSS Output: Significance

(Statistical Services and Consultancy Unit, 2016:  18 ) 173

SPSS Output: Significance

(Statistical Services and Consultancy Unit, 2016:  18 ) 174

SPSS Output: Confidence Interval

169 170

171 172

173 174
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175

SPSS Output: Confidence Interval

176

SPSS Output: Confidence Interval

Error Bars

Effect Size

• Cohen’s d = 0.79

• η2 Eta Squared = 0.14 

Benchmarks (Cohen, 1988)

177

Small Medium Large

d .20 .50 .80

η2 .01 .15 .35

(Burns & Burns, 2008, chap. 11)

178

H0 : the use of announcements makes no difference 
H1 : the use of announcements makes a difference 

Generalisation of result

to wider population of twelve-year-old children 

The p-value is the probability that the amount of difference 
found between the means of the two groups could be a chance 
result. If p were quite small, e.g. below 0.05, the difference 
would be unlikely to be a chance result. 

179

H0 : the use of announcements makes no difference 
H1 : the use of announcements makes a difference 

Since our p was quite large 0.081, > 0.05, we can conclude that 
the difference may well be a chance result. 

The conclusion is that there is no benefit to the wider 
population from the use of announcements. The apparent 
benefit found in the sample of 22 children was a chance 
finding due to the luck of sampling and random allocation. 
This apparent benefit of announcements cannot be generalised. 

Generalisation of result

to wider population of twelve-year-old children 

180

H0 : the use of announcements makes no difference 
H1 : the use of announcements makes a difference 

An independent-samples t-test was conducted to compare the 
effect of the use announcements on the memory of 22 children. 
There was no significant difference in scores for the 
announcement group (M=6.60, SD=1.95) and the no-
announcement group (M=5, SD=2.089; t(20) = 1.853, p = 
0.081, two-tailed) The magnitude of the difference in the 
means (mean difference = 1.6, 95% CI: -.213 to 3.413) was 
medium (eta squared = 0.14).

Generalisation of result

to wider population of twelve-year-old children 

175 176
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Analysis of Variance

If three or more distinct groups:

Use one-way analysis of variance or 
ANOVA.

181

Comparison of Groups

182

Data for Analysis of Variance 

A sample of adults was selected and randomly 
allocated to four groups. All were asked to 
consume amounts of alcohol as follows: 

Group 1: NO ALCOHOL 

Group 2: ONE UNIT OF ALCOHOL 

Group 3: TWO UNITS OF ALCOHOL 

Group 4: THREE UNITS OF ALCOHOL 

after which they were asked drive a car simulator 
and perform an emergency stop at 40 miles per 
hour. 

183(Statistical Services and Consultancy Unit, 2016:  26-31) 

Data for Analysis of Variance 

The distance to stopping the simulator in metres 
by each group member is shown below. 

The results were as follow. 

NO ALCOHOL 31.2 27.4 29.8 33.5 34.0 

ONE UNIT  31.2 33.7 34.3 39.2 36.0 

TWO UNITS 42.1 40.6 43.4 37.9 

THREE UNITS 46.7 45.1 43.2 41.7 40.3 

184

(Statistical Services and Consultancy Unit, 2016:  30 ) 185

(Statistical Services and Consultancy Unit, 2016:  29 ) 
186
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187

(Statistical Services and Consultancy Unit, 2016:  29 ) 
188

(Statistical Services and Consultancy Unit, 2016:  29 ) 189 190

Description
• Central Tendency

• Dispersion

Inference

– Exploring Relationships

• Correlation

• Regression

– Comparing Groups

• t-Test

• ANOVA

Describing Data using Statistics

191

Reading

192

187 188

189 190

191 192
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Reading

193

Reading

194
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