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Research Methods
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Introduction to Statistics 
with R

2

3 4

Working Directory

“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

5

Descriptive Inferential

Description Inference

Sample Population
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Description
• Central Tendency
• Dispersion

Inference
– Exploring Relationships

• Correlation
• Regression

– Comparing Groups
• t-Test
• ANOVA

o One-Way
o Two-Way
o ANCOVA

Describing Data using Statistics

7

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

8

9

Gender Height (m) 

Male  1.89 
Female 1.75 
Male  1.64 
Male  1.81 
Female 1.59 
Male  1.94 
Female 1.88 
Female 1.65 
Male  1.93 
Male  1.74 
Female 1.70 
Male  1.82 
Male  1.91 
Female 1.69 
Female 1.68 
Female 1.80 

10

Data

MFheights.csv

11

Import into R

12

7 8

9 10

11 12
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Summary

13

Various Descriptive Statistics

14

Boxplot

15

Histogram

16

“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

17

Descriptive Inferential

Description Inference

Sample Population

18
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Description
❑ Central Tendency

• Mean, Median, Mode

❑ Dispersion
• Range, Standard Deviation, IQR

Inference
❑ Exploring Relationships

• Correlation
• Regression

❑ Comparing Groups
• t-Test
• ANOVA

– One-Way
– Two-Way

Describing Data using Statistics

19

Correlation

20

There is much interest in whether there is a 
relationship between pupils’ ability at sport and 
their maths ability. Accordingly a study was 
carried out in which both sport and maths ability 
were rated on each of 10 pupils sampled at 
random from a class of first year pupils in a 
secondary school. Sport ability was rated on a 
scale of 1 to 20. Maths ability was measured by a 
pencil and paper test on a scale from 1 to 30. 

21

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

Sports 

score 

15  19 12 14 9 16 20 14 15 19 

Maths 

score 

24 29 20 27 16 28 28 23 21 29 

Correlation

22

Data

23

Import Data

24

Plot the Relationship

19 20

21 22

23 24
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25

Correlation

26

Correlation

The correlation, r, has the value 0.725.

The p-value is the probability that the correlation 
found between the two variables could be a 
chance result. As p here is less than 0.05 the 
correlation is unlikely to be a chance result.

The conclusion is that there is a relationship 
between SPORT scores and MATHS  scores in the 
wider population of first year secondary school 
pupils. The results can be generalised.

27

Correlation

28

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. 

29

IQ

30

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

25 26

27 28

29 30
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IQ : Reading

32

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 

33

Import the Data

34

Regression Equation 

35

x = a + by

a = -8.825
b = .740

Regression Equation 

36

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

31 32

33 34

35 36
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IQ: Reading + Availability of Books

38

H0: READING score cannot be predicted 
from a combination of IQ score and number 
of Books Available

Hypotheses

H1: READING score can be predicted from 
a combination of IQ score and number of 
Books Available

39

IQ/Books : Reading

IQ-Books-Reading.csv 40

Import the Data into R

IQ.Books.Reading <- read.csv("IQ-Books-
Reading.csv", header = TRUE, colClasses = 
c("numeric", "numeric", "numeric", "numeric"))

41

Regression Equation 

42

x = a + by + cz

a = 6.478
b = .531
c = .140

Multiple Regression Equation 

37 38

39 40

41 42
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43

The multiple regression equation 

“READING = 6.478 + 0.531 × IQ + .140 x 
Books Available” 

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

multiplied by its coefficient 0.531 and the 
number of Books Available multiplied by 
.140. 

Multiple Regression

44

IQ/Books/Sex : Reading

IQ-Books-Sex-Reading.csv

45

Import the Data into R

IQ.Books.Sex.Reading <- read.csv("IQ-Books-
Sex-Reading.csv", header = TRUE, colClasses = 
c("numeric", "numeric", "numeric", "numeric“, 
“numeric”))

46

Regression Equation 

model <- lm(IQ.Books.Sex.Reading$Reading ~ 
IQ.Books.Sex.Reading$IQ + IQ.Books.Sex.Reading$Sex + 
IQ.Books.Sex.Reading$Books)

47

Multiple Regression Equation 

Reading = 6.39 + .5 x IQ + .14 x Books + 1.8 x Sex

Note that Sex is a categorical variable with two levels (Males = 1 
& Females = 2).

In this case the regression weighting (1.8) is added to the 
predicted Reading value. So for females 1.8 (1.8 x 1)  would be 
added and for males 3.6 (1.8 x 2) would be added.

48

Multiple Regression: Relative Importance 
Which variables are important?

Install and load the “QuantPsyc” package, and use the function 

“lm.beta” on your model.

You now have the standardised regression coefficients, which you 

can now compare.

IQ: 0.58571381

Sex:  0.08464255

Books Available:  0.44603647

And you can see that the most important predictor is IQ, followed 

closely by Books Available. Sex is not contributing very much.

43 44

45 46

47 48
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Description

Inference

– Exploring Relationships

– Comparing Groups

Describing Data using Statistics

49

“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)

Comparing Groups (2 groups)

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

50

51

Data

52

Import Data

53

Summary

54

Draw a Boxplot

49 50

51 52

53 54
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55

t-test

56

P = 0.08 > 0.05 Therefore not significant

The conclusion is that there is no benefit to the wider population 
from the use of announcements.

Analysis

An experiment was carried out in which 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. The distance to 

stopping the simulator in metres by each group member is 

shown below. 

Comparing Groups (3 groups or more)

57

Comparing Groups (3 groups or more)

58

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 39.0 

THREE UNITS 46.7 45.1 43.2 41.7 40.3

The results were as follows: 

Stopping Distance in Metres

59

Data

60

Import Data

55 56

57 58

59 60
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61

Compare Data

62

Compare Data

63

ANOVA

64

p = < 0.05
Therefore significant

The conclusion is that there is a significant difference between the 

distance it takes to stop a car simulator according to the amount of 

alcohol consumed. 

Analysis

65

Multiple Comparisons

66

Multiple Comparisons

61 62

63 64

65 66
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Tukey Plot

67

Tukey Plot

68

Tukey Plot

69

An experiment was carried out in which 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. The distance to 

stopping the simulator in metres by each group member is 

shown below. 

Comparing Groups

70

Is this the same for both males and females?

Comparing Groups (4 groups and M/F)

71

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 39.0 
THREE UNITS 46.7 45.1 43.2 41.7 40.3

The results were as follows. 

Stopping Distance in Metres

NO ALCOHOL 35.1 32.3 35.4 38.1 35.9
ONE UNIT 32.8 35.9 36.1 40.9 38.2
TWO UNITS 38.1 35.9 40.2 39.8 37.6
THREE UNITS 39.8 31.7 41.2 39.1 37.9

M

A

L

E

S

F

E

M

A

L

E

S

Comparing Groups (4 groups and M/F)

72

alcohol-gender-stopping.csv

67 68

69 70

71 72
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Three Questions

1. Is there a difference in the stopping distance 
according to the amount of alcohol 
consumed?

2. Is there a difference in the stopping distance 
between male and females?

3. Is the effect of amount of alcohol consumed 
on stopping distance different for males and 
females?

73

1 & 2 = main effect
3 = interaction 74

> stopping <- read.csv("alcohol-gender-stopping.csv", 
header = TRUE, colClasses = c("numeric", "factor", "factor", 
"numeric"))

Import Data

75

> boxplot(stopping~alcohol, data=stopping)

> boxplot(stopping~alcohol, data=stopping, 
col=rainbow(4))

76

> boxplot(stopping~gender, data=stopping, 
col=c("red", "blue"))

77

> tapply(stopping$stopping, stopping$gender, mean)

78

> tapply(stopping$stopping, stopping$alcohol, mean)

73 74

75 76

77 78
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79

> tapply(stopping$stopping, list(stopping$gender, 
stopping$alcohol), mean)

80

> count <- tapply(stopping$stopping, 
list(stopping$gender, stopping$alcohol), mean)
> barplot(count, main="Stopping Distance", 
beside=TRUE, xlim=c(0,16), legend=TRUE, 
col=c("red","blue"))

ANOVA

Two-Way Between-Groups ANOVA

Factorial/Multifactorial ANOVA

2 independent variables - two factors

81

One-Way Between-Groups ANOVA

Single independent variable.

82

83 84

79 80

81 82

83 84
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85 86

87 88

89

alcohol:gender - Interaction effect = whether the influence of alcohol on 

stopping distance depends on whether you are male or female – 

significant (p=0.0016)

Interaction Plot

90

> interaction.plot(stopping$alcohol, stopping$gender, 
stopping$stopping)

85 86

87 88

89 90
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Interaction Plot

91

> interaction.plot(stopping$alcohol, stopping$gender, 
stopping$stopping, col=c("red", "blue"), 
trace.label="Gender", xlab="Amount of Alcohol", 
ylab="Stopping Distance (m)", main= "Stopping Distance 
According to Alcohol Consumption")

Interaction Plot

92

No Interaction

93

Tukey HSD

94

> model_aov <- aov(model)
> TukeyHSD(model_aov)

Tukey HSD

95

Tukey HSD

96

3 Units:Male-1 Unit:Female      6.62    0.0097756
0 Units:Male-2 Units:Female   -7.14    0.0043336
0 Units:Male-3 Units:Female   -6.76    0.0078740
2 Units:Male-0 Units:Male        9.42    0.0001006
3 Units:Male-0 Units:Male      12.22    0.0000009
2 Units:Male-1 Unit:Male          5.72    0.0369452
3 Units:Male-1 Unit:Male          8.52    0.0004547

91 92

93 94

95 96
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97

The conclusion is that the effect of alcohol on car stopping distance was 

different for male subjects than for females.

A two-way between-groups analysis of variance was conducted to 
explore the impact of  gender and amount of alcohol consumed on a car 
stopping distance. There was a significant interaction effect between 
the  amount of alcohol consumed and the gender of the person driving 
the car on the distance needed to stop the car F(3, 32) = 6.4, p<0.05). 

Interaction

An experiment was carried out in which 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. The distance to 

stopping the simulator in metres by each group member is 

shown below. 

Comparing Groups

98

Does age make a difference?

Analysis of Covariance

If three or more distinct groups – need 
to control for 3rd variable:

Use one-way analysis of covariance or 
ANCOVA.

99

An experiment was carried out in which 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. 

100

However, we need to control for age.

Data for Analysis of Covariance

Three Questions

1. Is there a difference in the stopping distance 
according to the amount of alcohol drunk?

2. Is there a difference in the stopping distance 
depending on age?

3. Does age affect the stopping distance 
according to the amount of alcohol drunk?

101 102

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 39.0 

Three Units 46.7 45.1 43.2 41.7 40.3

Data for Analysis of Covariance 

The stopping distances (m) obtained by each 
group member is shown below. 
The results were as follows: 

97 98

99 100

101 102
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Age Stopping Distance (m)
No Alcohol 25.00 31.20
No Alcohol 24.00 27.40
No Alcohol 23.50 29.80
No Alcohol 24.70 33.50
No Alcohol 24.20 34.00
One Unit 24.50 31.20
One Unit 26.00 33.70
One Unit 27.00 34.30
One Unit 22.00 39.20
One Unit 25.00 36.00
Two Units 24.30 42.10
Two Units 24.60 40.60
Two Units 28.00 43.40
Two Units 27.00 37.90
Three Units 26.00 46.70
Three Units 25.00 45.10
Three Units 23.00 43.20
Three Units 28.00 41.70
Three Units 31.00 40.30 104

Data for Analysis of Covariance

alcohol-age-stopping.csv

105

Import Data for Analysis of Covariance 

> stopping <- read.csv("alcohol-age-stopping.csv", 
header = TRUE, colClasses = 
c("numeric","factor","numeric", "numeric"))

106

107

Analysis of Covariance 

> ancova<-aov(stopping$stopping ~ 
stopping$alcohol+stopping$age)
> summary(ancova)

108

ANCOVA

No Significant Effect For Age (p=.074)

103 104

105 106

107 108
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109

ANCOVA

Significant Effect For Amount of Alcohol ( = <0.05)
110

111

Presenting the Results from One-Way ANCOVA

112

A one-way between-groups analysis of covariance was 
conducted to compare the effect of amount of alcohol 
drunk on stopping distance on a group of adult drivers. The 
independent variable was the amount of alcohol drunk 
(none, 1 unit, 2 units, 3 units) and the dependent variable 
consisted of the stopping distance after an emergency stop 
in the car at 40 miles per hour. Participants’ age was used 
as the covariate in this analysis.
After adjusting for age, a significant difference (F(3, 15) = 
25.61, p<.001) and was found between the amount of 
alcohol drunk and the stopping distance.

113 114

Method Gender Pre-Test Score Final Test Score

Method 1 Male 25.00 31.20

Method 1 Male 24.00 27.40

Method 1 Male 23.50 29.80

Method 1 Male 24.70 33.50

Method 1 Male 24.20 34.00

Method 2 Male 24.50 31.20

Method 2 Male 26.00 33.70

Method 2 Male 27.00 34.30

Method 2 Male 22.00 39.20

Two-Way ANCOVA

109 110

111 112

113 114
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Method Gender Pre-Test Score Final Test Score

Method 1 Male 25.00 31.20

Method 1 Male 24.00 27.40

Method 1 Male 23.50 29.80

Method 1 Male 24.70 33.50

Method 1 Male 24.20 34.00

Method 2 Male 24.50 31.20

Method 2 Male 26.00 33.70

Method 2 Male 27.00 34.30

Method 2 Male 22.00 39.20

Method 2 Male 25.00 36.00

Method 3 Male 24.30 42.10

Method 3 Male 24.60 40.60

Method 3 Male 28.00 43.40

Method 3 Male 27.00 37.90

Method 3 Male 26.00 39.00

Method 4 Male 25.00 46.70

Method 4 Male 23.00 45.10

Method 4 Male 28.00 43.20

Method 4 Male 28.50 41.70

Method 4 Male 23.60 40.30

Method 1 Female 24.60 35.10

Method 1 Female 29.00 32.30

Method 1 Female 25.90 35.40

Method 1 Female 23.70 38.10

Method 1 Female 30.00 35.90

Method 2 Female 25.00 32.80

Method 2 Female 24.00 35.90

Method 2 Female 23.50 36.10

Method 2 Female 24.70 40.90

Method 2 Female 24.20 38.20

Method 3 Female 24.50 38.10

Method 3 Female 26.00 35.90

Method 3 Female 27.00 40.20

Method 3 Female 22.00 39.80

Method 3 Female 25.00 37.60

Method 4 Female 24.30 39.80

Method 4 Female 24.60 31.70

Method 4 Female 28.00 41.20

Method 4 Female 27.00 39.10

Method 4 Female 26.00 37.90
116

117 118

119 120

115 116

117 118

119 120
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Data for Analysis of Variance (One-Way ANOVA)

A sample of adults was selected and randomly 
allocated to four teaching groups using different 
teaching methods, after which they were given a 
test. 

Group 1: Method 1

Group 2: Method 2

Group 3: Method 3

Group 4: Method 4

One categorical variable – Method

One continuous variable – Final Test Score

121 122

123

Data for Analysis of Variance (Two-Way ANOVA) 

A sample of adults was selected and randomly 
allocated to four teaching groups using different 
teaching methods, after which they were given a test. 

Group 1: Method 1

Group 2: Method 2  Males/Females

Group 3: Method 3

Group 4: Method 4

Two categorical variables – Method & Gender

One continuous variable – Final Test Score

124

125 126

121 122

123 124

125 126
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127

Data for Analysis of Variance (One-Way ANCOVA) 

A sample of adults was selected and randomly 
allocated to four teaching groups using different 
teaching methods, after which they were given a test. 

Group 1: Method 1

Group 2: Method 2  Pre-Test/Final Test

Group 3: Method 3

Group 4: Method 4

One categorical variable – Method

Two continuous variables – Pre-Test Score & Final 
Test Score

128

129 130

Data for Analysis of Variance (Two-Way ANCOVA) 

A sample of adults was selected and randomly 
allocated to four teaching groups using different 
teaching methods, after which they were given a test. 

Group 1: Method 1

Group 2: Method 2  Pre-Test/Final Test

Group 3: Method 3 Male/Female

Group 4: Method 4

Two categorical variables – Method & Gender

Two continuous variables – Pre-Test Score & Final 
Test Score

131 132

127 128

129 130

131 132
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133 134

135 136

137 138

133 134

135 136

137 138
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139 140

141 142

Presenting the Results from Two-Way ANCOVA

143

A 2 by 2 between-groups analysis of covariance was conducted to 
assess the effectiveness of four methods of teaching English for male 
and female participants. The independent variables were the 
teaching method (method 1, 2, 3 or 4) and gender. The dependent 
variable was scores on the final test, administered following 
completion of the intervention programs. Scores on the pre-test 
administered prior to the commencement of the programs were used 
as a covariate to control for individual differences.
After adjusting for pre-test scores, there was a significant interaction 
effect: F (1, 31) = 6.439, p < .001, with a large effect size (partial eta 
squared = .384). These results suggest that males and females 
respond differently to the four methods. Males showed a more 
substantial increase on the final test score after participation the 
class using methods 1 and 2 than methods 3 & 4, whereas females 
did not differ so much.

144

139 140

141 142

143 144
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145 146

147 148

149 150

145 146

147 148

149 150
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151 152

Description
• Central Tendency
• Dispersion

Inference
– Exploring Relationships

• Correlation
• Regression

– Comparing Groups
• t-Test
• ANOVA

o One-Way
o Two-Way
o ANCOVA

Describing Data using Statistics

153
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