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4.1  Introduction 

4.1.1 In Unit – 3, we had discussed regarding the concepts of data, variables and the various scales of measurements of variables (i.e., quantitative and qualitative scales and their 

various subtypes). Once a good research question has been developed, we should specify the various variables (exposure, outcome and confounding variables), specify the “scales” 

of measurements and then actually measure, very scientifically, these various variables, for all the subjects selected by appropriate sampling process. Once we have made the 

measurements in the study, we will have with us, a huge collection of “data”, which is basically the organised collection of the values of all the variables and for all the subjects. 



Very often, in epidemiological and medical research work, the data set is quite huge, having collection of values of hundreds of variables and for hundreds or thousands of subjects. 

Therefore, as such one can hardly make out anything by just looking at this data. For this reason, we need to “present” our findings in a summarized manner and convey the findings 

in a meaningful manner to our audience.  

4.1.2. Summarising and presenting the data to our audience can be broadly of two types. Firstly, we may summarise it in a visual form, by reducing the data into “tables” or else 

present it as graphics / diagrams. Secondly, we can develop certain summary figures which describe the central value of the data (as mean and median) and the scatter or variability 

in the data around these measures of central tendency (as Standard Deviation). These are the first and foremost steps in Biostatistical work, and only later do we undertake further 

bio-statistical procedures as estimation and hypothesis testing. In this Unit, we will be dealing with summarizing and presenting the data in the form of tables, graphics, measures of 

central tendency and variability. We will be giving a practice data set abridged from a real time research work, which the students can use for practice in the present as well as 

subsequent units, and we will also be giving examples in various units out of the same data set.  

4.2  Objectives 

After studying this unit, the students should be able to have a basic understanding of: 

 How a typical data set appears like and how the values of various variables are displayed in a data set. 

 Why the huge amount of data contained in a data-set needs to be summarised. 

 How to summarise and display the data in form of tables. 

 How to summarise and display the data (qualitative and quantitative) in the form of graphics. 

 Measures of central tendency and their calculation in grouped and ungrouped series. 

 Measures of variability (spread) and calculation of Standard Deviation & variance. 

 Concepts involved in Standard Error of mean and proportion  

4.3. Part – 1 : A Sample data set for Practice & Understanding 

4.3.1. : Detailed Lay-out of the data-set. In Unit – 3 we had seen that the process of measurements in epidemiology and medical research finally culminates in a “data-set”, which 

is an organized collection of the values of all the various variables of our study for each and every subject studied. We will start this unit by giving you a data set, which has been 

abridged from a real data of a Ph.D. level research. Please keep this data set with you since throughout this unit as well as other units, we will be giving examples and solving 

problems based on this data set. It would be worthwhile if the students can enter this data into an Excel sheet so that they can utilize the various facilities for calculation of the data 

in Excel, rather than entering the data for every problem, into the calculator. The data set is shown as Exhibit – 4.1 below and the description of various variables is given 

immediately after the data set. 

Exhibit – 4.1 : Data Set for Practice Purposes 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) 



Ser-

ial 

No. Age 

Age 

Group Education 

Cigarettes 

per week 

Body 

Wei-

ght BMI BMI category 

Sys-

tolic 

BP 

Dias--

tolic 

BP 

Hyper-

tension 

Total 

White 

Cell 

Count 

Fast-

ing 

Blood 

Sugar 

2 

hours 

PP 

blood 

sugar 

Normal/

IGT/Dia

-betes 

Blood 

Chole-

sterol 

Rest-

ing 

Pulse 

Rate 

RPR 

Rank 

Score 

Heart 

Dis-

ease 

1 46 >=45 Passed 10th More than 20 69 27.29 Overweight 120 80 Normal BP 6702 85 115 Normal 157 60 

2 

0 

2 48 >=45 Passed 10th More than 20 63 26.22 Overweight 134 88 Normal BP 6709 109 141 IGT 143 66 

3 

0 

3 46 >=45 Passed 10th More than 20 75 26.57 Overweight 128 80 Normal BP 6783 90 120 Normal 122 92 

5 

0 

4 45 >=45 Post-Graduate 1 to 10 70 25.71 Overweight 128 76 Normal BP 6593 96 126 Normal 206 72 

4 

0 

5 36 35 to 39 Post-Graduate 1 to 10 77 25.14 Overweight 114 86 Normal BP 6889 102 107 Normal 164 62 

3 

0 

6 40 40 to 44 Post-Graduate 1 to 10 67 25.22 Overweight 122 80 Normal BP 6779 143 186 Diabetes 128 75 

5 

0 

7 45 >=45 Passed 10th 11 to 20 71 26.72 Overweight 134 90 Normal BP 6820 87 116 Normal 190 72 

4 

0 

8 45 >=45 Passed 10th More than 20 65 24.77 Normal Weight 128 88 Normal BP 6772 91 113 Normal 222 68 

4 

1 

9 41 40 to 44 Passed 12th More than 20 66 25.46 Overweight 128 90 Normal BP 6843 93 120 Normal 135 60 

2 

0 

10 46 >=45 Passed 10th Nil 62 24.84 Normal Weight 146 96 Raised BP 6792 113 145 IGT 145 70 

4 

0 

11 38 35 to 39 Passed 10th 11 to 20 63 24.01 Normal Weight 122 80 Normal BP 6784 80 103 Normal 106 72 

4 

0 

12 44 40 to 44 Graduate 11 to 20 69 24.45 Normal Weight 122 70 Normal BP 6516 94 118 Normal 134 52 

1 

0 

13 44 40 to 44 Passed 10th 11 to 20 59 23.63 Normal Weight 128 90 Normal BP 6924 92 112 Normal 104 82 

5 

1 

14 45 >=45 Passed 10th More than 20 71 23.18 Normal Weight 134 98 Raised BP 6967 94 118 Normal 194 52 

1 

0 

15 44 40 to 44 Passed 12th 1 to 10 69 24.74 Normal Weight 124 80 Normal BP 6580 130 160 IGT 173 68 

4 

0 

16 41 40 to 44 Passed 10th 11 to 20 61 19.47 Normal Weight 116 80 Normal BP 6794 88 105 Normal 173 58 

2 

0 

17 41 40 to 44 Passed 10th More than 20 58 21.56 Normal Weight 124 78 Normal BP 6695 94 115 Normal 171 76 

5 

0 

18 49 >=45 Passed 10th More than 20 55 23.19 Normal Weight 138 88 Normal BP 6827 99 130 Normal 120 66 

3 

0 

19 36 35 to 39 Passed 10th Nil 65 23.31 Normal Weight 110 70 Normal BP 6675 89 106 Normal 167 68 

4 

0 

20 37 35 to 39 Passed 10th Nil 70 24.51 Normal Weight 124 70 Normal BP 6482 88 114 Normal 172 56 

2 

0 

21 35 35 to 39 Passed 10th Nil 70 27.01 Overweight 126 80 Normal BP 6593 84 109 Normal 126 58 

2 

0 

22 37 35 to 39 Passed 10th More than 20 66 25.78 Overweight 186 128 Raised BP 7505 83 105 Normal 162 76 

5 

0 

23 38 35 to 39 Passed 10th 11 to 20 56 21.88 Normal Weight 140 90 Normal BP 6854 144 202 Diabetes 167 70 

4 

0 

24 46 >=45 Passed 10th 11 to 20 78 26.37 Overweight 120 80 Normal BP 6737 92 120 Normal 150 60 

2 

0 



25 40 40 to 44 Passed 10th 1 to 10 65 24.77 Normal Weight 118 80 Normal BP 6908 85 87 Normal 163 54 

1 

0 

26 38 35 to 39 Passed 10th 11 to 20 62 21.97 Normal Weight 110 70 Normal BP 6529 90 112 Normal 107 60 

2 

0 

27 35 35 to 39 Passed 10th 11 to 20 66 23.38 Normal Weight 114 70 Normal BP 6527 77 96 Normal 178 66 

3 

0 

28 40 40 to 44 Passed 10th 11 to 20 70 25.40 Overweight 124 80 Normal BP 6694 112 158 IGT 175 66 

3 

0 

29 36 35 to 39 Passed 10th Nil 67 24.61 Normal Weight 128 90 Normal BP 6793 103 132 Normal 171 68 

4 

1 

30 35 35 to 39 Passed 10th 11 to 20 62 23.05 Normal Weight 120 80 Normal BP 6699 68 84 Normal 157 60 

2 

0 

31 39 35 to 39 Passed 10th Nil 72 24.34 Normal Weight 120 80 Normal BP 6678 84 109 Normal 182 70 

4 

0 

32 41 40 to 44 Passed 10th More than 20 58 21.56 Normal Weight 116 70 Normal BP 6624 85 104 Normal 178 60 

2 

0 

33 36 35 to 39 Passed 10th 11 to 20 65 23.59 Normal Weight 120 70 Normal BP 6481 95 115 Normal 131 60 

2 

0 

34 36 35 to 39 Passed 10th Nil 67 25.85 Overweight 128 84 Normal BP 6708 90 113 Normal 170 76 

5 

1 

35 41 40 to 44 Passed 10th 11 to 20 63 23.71 Normal Weight 120 80 Normal BP 6601 92 120 Normal 169 70 

4 

0 

36 40 40 to 44 Passed 10th 11 to 20 59 23.05 Normal Weight 130 90 Normal BP 6830 98 122 Normal 128 60 

2 

1 

37 39 35 to 39 Passed 10th More than 20 68 23.81 Normal Weight 146 100 Raised BP 6968 96 121 Normal 138 76 

5 

0 

38 35 35 to 39 Passed 10th 1 to 10 68 22.46 Normal Weight 118 68 Normal BP 6466 90 106 Normal 164 76 

5 

0 

39 36 35 to 39 Passed 10th 1 to 10 51 20.17 Normal Weight 112 68 Normal BP 6434 90 110 Normal 130 56 

2 

0 

40 41 40 to 44 Passed 10th 11 to 20 55 21.48 Normal Weight 140 90 Normal BP 7075 71 71 Normal 164 70 

4 

0 

41 36 35 to 39 Passed 10th 1 to 10 52 21.10 Normal Weight 130 88 Normal BP 6763 100 122 Normal 139 72 

4 

0 

42 42 40 to 44 Passed 10th More than 20 60 23.73 Normal Weight 116 70 Normal BP 6532 94 124 Normal 163 60 

2 

0 

43 36 35 to 39 Passed 10th 1 to 10 55 20.96 Normal Weight 124 80 Normal BP 6623 92 114 Normal 148 76 

5 

0 

44 38 35 to 39 Passed 10th 11 to 20 52 21.10 Normal Weight 118 70 Normal BP 6539 85 104 Normal 141 68 

4 

0 

45 38 35 to 39 Passed 10th More than 20 66 25.78 Overweight 120 88 Normal BP 6951 82 99 Normal 132 76 

5 

0 

46 40 40 to 44 Passed 10th Nil 60 22.58 Normal Weight 130 84 Normal BP 6763 77 97 Normal 176 76 

5 

0 

47 44 40 to 44 Passed 10th More than 20 62 23.92 Normal Weight 124 88 Normal BP 6933 81 105 Normal 134 76 

5 

0 

48 39 35 to 39 Passed 10th Nil 55 21.48 Normal Weight 116 78 Normal BP 6617 91 114 Normal 189 60 

2 

0 

49 40 40 to 44 Passed 10th 11 to 20 65 24.46 Normal Weight 120 84 Normal BP 6786 90 114 Normal 148 76 

5 

0 

50 42 40 to 44 Passed 10th More than 20 54 20.58 Normal Weight 120 80 Normal BP 6812 76 91 Normal 157 60 

2 

0 



51 40 40 to 44 Passed 10th 11 to 20 63 24.61 Normal Weight 138 90 Normal BP 6857 87 112 Normal 151 76 

5 

0 

52 39 35 to 39 Passed 10th More than 20 60 24.34 Normal Weight 120 90 Normal BP 6929 87 111 Normal 158 50 

1 

0 

53 39 35 to 39 Passed 10th 11 to 20 79 29.73 Overweight 140 94 Normal BP 6879 128 184 Diabetes 139 98 

5 

1 

54 38 35 to 39 Passed 10th More than 20 70 25.71 Overweight 140 100 Raised BP 7050 89 116 Normal 159 60 

2 

0 

55 38 35 to 39 Passed 10th 11 to 20 64 23.80 Normal Weight 120 80 Normal BP 6816 79 86 Normal 135 60 

2 

0 

56 43 40 to 44 Passed 10th 1 to 10 59 22.21 Normal Weight 126 80 Normal BP 6568 114 154 IGT 194 62 

3 

0 

57 40 40 to 44 Passed 10th 11 to 20 59 22.21 Normal Weight 126 90 Normal BP 6932 78 95 Normal 173 50 

1 

0 

58 38 35 to 39 Passed 10th 11 to 20 62 23.62 Normal Weight 126 78 Normal BP 6630 84 101 Normal 140 60 

2 

0 

59 41 40 to 44 Passed 10th More than 20 65 23.03 Normal Weight 140 96 Raised BP 7294 64 75 Normal 156 60 

2 

0 

60 39 35 to 39 Passed 10th 11 to 20 56 20.82 Normal Weight 128 88 Normal BP 6944 80 96 Normal 156 60 

2 

0 

61 39 35 to 39 Passed 10th Nil 62 23.05 Normal Weight 130 88 Normal BP 6775 88 112 Normal 216 76 

5 

1 

62 42 40 to 44 Passed 10th 11 to 20 69 23.05 Normal Weight 130 90 Normal BP 6912 91 113 Normal 202 60 

2 

0 

63 37 35 to 39 Passed 10th Nil 63 24.01 Normal Weight 138 90 Normal BP 6832 80 101 Normal 181 58 

2 

0 

64 40 40 to 44 Passed 10th 11 to 20 65 23.31 Normal Weight 138 90 Normal BP 6923 91 111 Normal 123 70 

4 

1 

65 37 35 to 39 Passed 10th 11 to 20 64 24.39 Normal Weight 120 80 Normal BP 6803 62 79 Normal 123 60 

2 

0 

66 39 35 to 39 Passed 10th Nil 56 22.15 Normal Weight 128 90 Normal BP 6948 77 93 Normal 112 70 

4 

0 

67 37 35 to 39 Passed 10th 11 to 20 68 24.09 Normal Weight 140 96 Raised BP 6956 98 119 Normal 179 70 

4 

0 

68 37 35 to 39 Passed 10th 11 to 20 57 22.55 Normal Weight 124 86 Normal BP 6880 85 100 Normal 151 76 

5 

0 

69 38 35 to 39 Passed 10th 11 to 20 71 26.40 Overweight 124 78 Normal BP 6629 84 109 Normal 144 66 

3 

1 

70 39 35 to 39 Passed 10th More than 20 65 24.17 Normal Weight 128 90 Normal BP 6841 96 125 Normal 169 76 

5 

1 

71 38 35 to 39 Passed 10th 11 to 20 58 21.56 Normal Weight 128 88 Normal BP 6863 76 93 Normal 124 76 

5 

0 

72 40 40 to 44 Passed 10th More than 20 60 20.52 Normal Weight 128 86 Normal BP 6755 85 105 Normal 154 76 

5 

0 

73 38 35 to 39 Passed 10th 11 to 20 62 26.14 Overweight 122 78 Normal BP 6548 99 131 Normal 167 60 

2 

1 

74 36 35 to 39 Passed 10th 11 to 20 72 26.77 Overweight 138 90 Normal BP 6779 106 138 Normal 135 60 

2 

0 

75 35 35 to 39 Passed 10th Nil 63 23.71 Normal Weight 110 70 Normal BP 6461 67 84 Normal 152 76 

5 

0 

76 35 35 to 39 Passed 10th 11 to 20 63 23.42 Normal Weight 138 88 Normal BP 6765 78 97 Normal 138 60 

2 

0 



77 37 35 to 39 Passed 10th 11 to 20 48 19.23 Normal Weight 110 70 Normal BP 6658 66 77 Normal 170 60 

2 

0 

78 41 40 to 44 Passed 10th 11 to 20 63 23.71 Normal Weight 120 80 Normal BP 6631 91 117 Normal 182 76 

5 

1 

79 36 35 to 39 Passed 10th 11 to 20 69 25.97 Overweight 130 84 Normal BP 6666 94 119 Normal 154 60 

2 

1 

80 39 35 to 39 Passed 10th 1 to 10 55 22.03 Normal Weight 110 70 Normal BP 6581 80 97 Normal 132 70 

4 

0 

81 40 40 to 44 Passed 10th 1 to 10 57 21.19 Normal Weight 130 80 Normal BP 6664 75 89 Normal 171 68 

4 

0 

82 37 35 to 39 Passed 10th 1 to 10 58 22.38 Normal Weight 138 90 Normal BP 6878 76 92 Normal 171 90 

5 

0 

83 35 35 to 39 Passed 10th Nil 63 23.71 Normal Weight 130 90 Normal BP 6777 79 100 Normal 91 64 

3 

0 

84 36 35 to 39 Passed 10th 11 to 20 50 19.05 Normal Weight 120 80 Normal BP 6830 76 85 Normal 153 60 

2 

0 

85 44 40 to 44 Passed 10th 11 to 20 58 23.53 Normal Weight 120 80 Normal BP 6649 98 127 Normal 135 60 

2 

0 

86 39 35 to 39 Passed 10th 11 to 20 60 22.86 Normal Weight 122 94 Normal BP 6913 83 105 Normal 127 64 

3 

0 

87 40 40 to 44 Passed 10th More than 20 59 21.67 Normal Weight 122 80 Normal BP 6685 87 108 Normal 129 60 

2 

0 

88 37 35 to 39 Passed 10th 11 to 20 62 21.97 Normal Weight 120 80 Normal BP 6712 70 85 Normal 136 50 

1 

0 

89 37 35 to 39 Passed 10th 11 to 20 68 24.98 Normal Weight 118 80 Normal BP 6761 74 89 Normal 107 66 

3 

0 

90 37 35 to 39 Passed 10th 11 to 20 62 22.77 Normal Weight 122 82 Normal BP 6727 74 93 Normal 130 76 

5 

0 

91 45 >=45 Passed 10th 1 to 10 60 22.86 Normal Weight 128 88 Normal BP 6943 80 103 Normal 106 60 

2 

0 

92 45 >=45 Passed 10th 11 to 20 58 21.83 Normal Weight 124 86 Normal BP 6870 93 116 Normal 141 76 

5 

0 

93 39 35 to 39 Passed 10th Nil 62 23.34 Normal Weight 124 86 Normal BP 6806 81 99 Normal 142 76 

5 

0 

94 39 35 to 39 Passed 10th Nil 72 26.13 Overweight 158 112 Raised BP 7268 77 98 Normal 135 76 

5 

0 

95 38 35 to 39 Passed 10th More than 20 58 21.83 Normal Weight 122 84 Normal BP 6732 82 103 Normal 122 66 

3 

0 

96 35 35 to 39 Passed 10th More than 20 58 21.56 Normal Weight 124 84 Normal BP 6661 84 103 Normal 111 60 

2 

0 

97 37 35 to 39 Passed 10th 1 to 10 62 22.50 Normal Weight 126 88 Normal BP 6870 97 121 Normal 105 70 

4 

0 

98 38 35 to 39 Passed 10th 11 to 20 60 22.04 Normal Weight 124 88 Normal BP 6911 79 96 Normal 123 66 

3 

0 

99 40 40 to 44 Passed 12th 11 to 20 63 22.32 Normal Weight 120 80 Normal BP 6664 78 96 Normal 193 66 

3 

0 

100 35 35 to 39 Passed 10th Nil 67 22.91 Normal Weight 128 88 Normal BP 6910 74 91 Normal 170 76 

5 

0 

101 35 35 to 39 Passed 12th Nil 73 24.96 Normal Weight 120 80 Normal BP 8200 90 69 Normal 104 66 

3 

0 

102 38 35 to 39 Post-Graduate 1 to 10 55 19.49 Normal Weight 120 80 Normal BP 7600 83 67 Normal 165 60 

2 

0 



103 36 35 to 39 Passed 10th 1 to 10 69 23.32 Normal Weight 130 90 Normal BP 7600 65 79 Normal 121 54 

1 

0 

104 53 40 to 44 Graduate 11 to 20 60 22.58 Normal Weight 130 90 Normal BP 6400 73 76 Normal 103 76 

5 

0 

105 53 40 to 44 Graduate More than 20 92 28.71 Overweight 134 90 Normal BP 8200 101 80 Normal 189 64 

3 

0 

106 53 40 to 44 Post-Graduate Nil 76 25.39 Overweight 140 100 Raised BP 6800 100 128 Normal 135 60 

2 

0 

107 45 40 to 44 Post-Graduate Nil 62 22.23 Normal Weight 120 80 Normal BP 6400 173 176 Diabetes 114 74 

5 

0 

108 43 40 to 44 Post-Graduate Nil 78 24.62 Normal Weight 124 84 Normal BP 8200 85 75 Normal 97 60 

2 

0 

109 50 40 to 44 Post-Graduate Nil 75 25.95 Overweight 140 100 Raised BP 6400 82 90 Normal 166 60 

2 

0 

110 47 40 to 44 Post-Graduate Nil 57 24.35 Normal Weight 130 90 Normal BP 7800 82 72 Normal 189 70 

4 

0 

111 54 40 to 44 Post-Graduate 1 to 10 65 21.22 Normal Weight 118 78 Normal BP 6800 110 85 Normal 129 75 

5 

0 

112 40 40 to 44 Post-Graduate Nil 60 21.26 Normal Weight 130 86 Normal BP 7600 142 220 Diabetes 137 92 

5 

0 

113 52 40 to 44 Graduate Nil 50 20.28 Normal Weight 120 78 Normal BP 6400 117 110 Normal 139 76 

5 

0 

114 40 40 to 44 Post-Graduate Nil 65 24.17 Normal Weight 126 82 Normal BP 6600 82 67 Normal 154 60 

2 

0 

115 36 35 to 39 Post-Graduate Nil 65 24.17 Normal Weight 120 80 Normal BP 6000 83 81 Normal 164 62 

3 

0 

116 51 40 to 44 Graduate 1 to 10 66 22.57 Normal Weight 130 86 Normal BP 6800 87 98 Normal 153 80 

5 

0 

117 49 40 to 44 Graduate Nil 60 22.04 Normal Weight 130 86 Normal BP 6600 86 100 Normal 167 72 

4 

0 

118 37 35 to 39 Post-Graduate 1 to 10 56 20.32 Normal Weight 118 78 Normal BP 8400 74 85 Normal 154 70 

4 

0 

119 50 40 to 44 Graduate More than 20 59 20.42 Normal Weight 126 84 Normal BP 6800 85 99 Normal 151 75 

5 

0 

120 39 35 to 39 Graduate Nil 70 23.66 Normal Weight 130 84 Normal BP 4600 76 72 Normal 154 75 

5 

0 

121 36 35 to 39 Post-Graduate 1 to 10 58 20.55 Normal Weight 112 76 Normal BP 6200 158 277 Diabetes 129 62 

3 

0 

122 41 40 to 44 Graduate 1 to 10 62 23.34 Normal Weight 130 88 Normal BP 6800 120 107 Normal 167 80 

5 

1 

123 47 40 to 44 Post-Graduate Nil 60 22.31 Normal Weight 128 86 Normal BP 6800 83 82 Normal 122 75 

5 

0 

124 55 40 to 44 Post-Graduate Nil 56 20.08 Normal Weight 140 100 Raised BP 6800 101 153 IGT 118 68 

4 

0 

125 46 40 to 44 Post-Graduate Nil 69 22.79 Normal Weight 140 100 Raised BP 6800 82 85 Normal 198 90 

5 

0 

126 46 40 to 44 Post-Graduate Nil 60 24.97 Normal Weight 136 88 Normal BP 6400 77 73 Normal 176 66 

3 

0 

127 51 40 to 44 Post-Graduate Nil 60 22.31 Normal Weight 140 90 Normal BP 6800 76 85 Normal 163 68 

4 

0 

128 45 40 to 44 Post-Graduate Nil 63 22.32 Normal Weight 136 80 Normal BP 6800 83 80 Normal 167 75 

5 

1 



129 36 35 to 39 Graduate Nil 64 22.41 Normal Weight 126 80 Normal BP 4200 65 60 Normal 146 70 

4 

0 

130 52 40 to 44 Post-Graduate 11 to 20 69 23.05 Normal Weight 126 86 Normal BP 6600 63 67 Normal 124 90 

5 

0 

131 50 40 to 44 Post-Graduate 1 to 10 69 21.30 Normal Weight 130 90 Normal BP 7200 70 76 Normal 148 100 

5 

0 

132 54 40 to 44 Graduate Nil 68 22.99 Normal Weight 120 80 Normal BP 7200 67 81 Normal 122 62 

3 

0 

133 55 40 to 44 Passed 10th 1 to 10 61 23.53 Normal Weight 136 88 Normal BP 6200 77 134 Normal 181 62 

3 

0 

134 45 40 to 44 Graduate Nil 78 25.76 Overweight 130 86 Normal BP 7800 83 102 Normal 166 75 

5 

1 

135 38 35 to 39 Passed 12th 1 to 10 72 24.34 Normal Weight 126 86 Normal BP 6200 80 76 Normal 187 60 

2 

0 

136 36 35 to 39 Graduate Nil 65 23.31 Normal Weight 120 80 Normal BP 6400 83 92 Normal 125 70 

4 

0 

137 45 40 to 44 Post-Graduate 1 to 10 72 25.51 Overweight 154 90 Normal BP 7200 94 88 Normal 153 90 

5 

0 

138 37 35 to 39 Graduate Nil 56 20.32 Normal Weight 120 80 Normal BP 7300 80 85 Normal 148 64 

3 

0 

139 42 40 to 44 Graduate 11 to 20 52 16.79 Normal Weight 120 80 Normal BP 6600 85 62 Normal 148 75 

5 

0 

140 53 40 to 44 Post-Graduate 11 to 20 75 27.55 Overweight 146 96 Raised BP 6200 70 106 Normal 146 75 

5 

0 

141 39 35 to 39 Graduate 1 to 10 67 24.31 Normal Weight 118 78 Normal BP 6200 86 97 Normal 134 75 

5 

0 

142 39 35 to 39 Post-Graduate 1 to 10 74 25.01 Overweight 126 86 Normal BP 7600 65 110 Normal 147 80 

5 

0 

143 36 35 to 39 Post-Graduate 11 to 20 72 23.51 Normal Weight 110 70 Normal BP 6800 92 117 Normal 142 60 

2 

0 

144 43 40 to 44 Post-Graduate 11 to 20 79 24.66 Normal Weight 130 84 Normal BP 5400 90 110 Normal 184 75 

5 

1 

145 49 40 to 44 Passed 12th 1 to 10 61 21.61 Normal Weight 106 70 Normal BP 7200 90 85 Normal 130 75 

5 

0 

146 43 40 to 44 Passed 10th Nil 60 22.86 Normal Weight 102 70 Normal BP 7800 77 99 Normal 179 60 

2 

1 

147 38 35 to 39 Graduate Nil 78 26.99 Overweight 138 88 Normal BP 7200 100 142 IGT 150 56 

2 

0 

148 40 40 to 44 Passed 12th 11 to 20 67 21.39 Normal Weight 128 80 Normal BP 6200 98 114 Normal 157 68 

4 

0 

149 38 35 to 39 Passed 12th 11 to 20 80 25.83 Overweight 134 86 Normal BP 7000 89 98 Normal 150 64 

3 

0 

150 44 40 to 44 Passed 12th Nil 77 26.64 Overweight 138 92 Normal BP 7800 74 125 Normal 133 72 

4 

0 

 

4.4. Description of Variables in the above data set. The above data set is a real data, abridged from a larger data set of more than 600 subjects and more than 75 variables which 

were studied (Reference : Dr. Rajvir Bhalwar: Thesis submitted for the degree of Ph.D. in Preventive Medicine, University of Pune, Year 2001). The above data is for practice 

by the students. Various examples / problems in this course, in various units, will be based out of this data-set. The above data set has total of 18 columns (numbered (1) to (18), 

out of which column (1) is the serial number of the subjects and remaining 17 columns (2) to (18) are the various study variables. A description of the variables is as follows:  



4.4.1 Age. This is measured as per age in years as on last birthday. On first sight it may look like a “numerical discrete variable” since it has got only integer values, but as already 

explained in Unit – 3, it is actually a “Quantitative (numerical), continuous variable” since age can, at least theoretically, take any value between any 2 integers; thus, if we want, 

we can record age as “37.309128 years” if we start recording it in years, months, days, hours and minutes!  

4.4.2. Age Group: This is measured as “Qualitative, Polychotomous Ordinal variable” in 3 ordered categories, as age 35 to 39 years, 40 to 44 years and 45 years and above. For 

example, subjects with age  39 years and 11 months (who had not completed 40 years) were taken in the group “35 to 39 years”. 

4.4.3 Education: This is also a Qualitative polychotomous ordinal variable, in 4 ordered categories – passed 10th standard, passed 12th , passed graduation and passed post-

graduation. 

4.4.4. Cigarette Smoking: Again Qualitative Polychotomous ordinal variable in 4 categories – non-smokers, smoke 1 to 10 cigarettes per week, 11 to 20 cigarettes, and >20 

cigarettes. 

4.4.5. Body Weight: Recorded in Kilograms (Kg) to the nearest Kg (e.g., 73.49 was taken as 73 while 73.50 till 74.0 was recorded as 74 Kg). Again this is a Quantitative 

(numerical) continuous variable though it outwardly looks like a quantitative discrete variable, as also explained for age above. 

4.4.6. Body Mass Index (BMI): This was calculated for each subject using the formula : BMI = {Weight in Kgs} ÷ {(Height in metres)2}. It was a continuous variable.  

4.4.7. BMI category: This was a dichotomous variable, with those having BMI less than 25 being recorded as “normal weight” and those with BMI 25 or more as “overweight”. 

4.4.8. Systolic blood pressure (SBP) : Recorded to the nearest even number of millimetres of mercury (102, 104, 106, etc.). However, again note that it is a quantitative, numerical, 

continuous variable though at the first sight it appears like a discrete variable which is taking only integer values. 

4.4.9. Diastolic blood pressure (DBP): recording procedure and scale of measurement same as for SBP. 

4.4.10. Hypertension: All subjects with SBP of 140 and above Or DBP of 90 and above (Or both) were categorized as “Raised BP” while the others were categorized as “Normal 

BP”. It was thus a Qualitative, dichotomous variable. 

4.4.11. Total White Blood Cell Count: This was recorded as number of white blood cells counted in every cubic milliliter of blood. It was a “Quantitative, Discrete” variable since 

the count of white cells can take only integer values. 

4.4.12. Fasting Blood sugar: This was recorded as blood sugar in the fasting state in mg per 100 mL blood. For reasons as explained for Age and SBP above, it was a continuous 

variable though it looks like a discrete variable. 

4.4.13.  2 hours PP Blood sugar: This was the level of blood sugar from blood sample drawn 2 hours after giving a dose of glucose by mouth (PP = Post Prandial). This was also a 

quantitative continuous variable. 

4.4.14. Normal / IGT / Diabetes: This was a Qualitative, polychotomous ordinal variable which categorized subjects in three categories – Normal blood sugar, Impaired Glucose 

Tolerance (IGT) which is milder form of aberration of blood sugar, and “Diabetes” which is more severe form of aberration of blood sugar. 



4.4.15. Blood Cholesterol: This was recorded as level of cholesterol in the blood in mg per 100 mL of blood. It was a quantitative, continuous variable. 

4.4.16. Resting Pulse Rate: This was recorded as the number of pulses counted in one minute at the wrist (radial artery). Apparently, it was a quantitative, discrete variables since it 

is “counted” as integers and cannot, even theoretically take decimal values. 

4.4.17. RPR rank: This variable gives ranks (scores) to Resting Pulse rate (RPR), in which 1 = RPR of 54 & less; 2 = RPR 55 to 60; 3 = RPR 61 to 66; 4 = RPR 67 to 72 & 5 = 

RPR 73 & above 

4.4.18. Heart Disease: This was based on the ECG done on the subject and was recorded as either ‘0” (normal. i.e, no evidence of heart disease) and “1” (i.e., ECG shows 

indication of heart disease). Students should note here that it may be looking as a “numerical” variable but it is actually a “qualitative dichotomous” variable, since here the 

numbers 0 and 1 are only surrogate numbers which actually indicate two qualitative categories, namely, heart disease absent or present. 

4.5 Primary (Measured) and “Derived” variables: From the above data set, also note that variables as age, weight, SBP, DBP, Blood sugar etc., have been actually measured in 

the study and hence called as primary or measured variables. On the other hand, BMI, hypertension, diabetes etc. have not actually been directly measured but have been derived 

based on certain conversion formulas and the information available from the measured variables as SBP, DBP (for deriving hypertension), body weight & height (for deriving 

BMI) and fasting and 2 hours PP  blood sugar (for deriving Normal / IGT / Diabetes). 

Part – 2 : Summarising the Data in the Form of Tables and Graphics 

4.6. The First Step in Data Management: Descriptive Statistics. Now, the data presented in Exhibit 4.1 actually represents the culmination of your hard work which has gone in for 

developing the research question, planning and conducting the various measurements, and collecting all the information on various study variables. However, as the table stands, in 

this form, it hardly conveys anything to the medical community or even anything to yourself. Therefore, at the first step, you need to collate and collapse the data and reduce it to 

certain “summarized” versions so that you, as well as others can at least understand your findings. Just to have a little recapitulation, as we had seen in Unit – 1, Biostatistics can be 

broadly of two types – Descriptive statistics, in which we “describe” the data by collapsing the huge data set into tables, graphs and certain “summary figures”. The other part of 

statistics which follows descriptive statistics is the “inferential” (or ‘analytical”) statistics in which we make certain “estimations” regarding the population parameter based on our 

sample statistics or else we undertake testing of hypothesis by comparing two or more means or proportions. Now, the first step in statistical data management is, as we said, to 

describe the data, i.e., “Descriptive Statistics” which we shall deliberate in this chapter. Describing the data by summarizing it can take two broad approaches: 

Activity 4.1 

 Name all the qualitative and Quantitative variables in the above data. 

 Is there any quantitative ordinal variable in the above data set? If yes, which one? 

 Is there and qualitative, polychotomous nominal variable in the above dataset? If yes, which one? 

 Name all the primary and all the derived variables in the above data set. 



 We can summarise the data and describe it visually in the form of either “frequency tables” or graphic presentations, or, 

 We can work out certain summary measures or values, which in one number tend to give a summarized idea of our data. These include proportions or percentages for 

Qualitative data; measures of central tendency (as mean and median) for quantitative data, and, measures of variability (spread) of the data 

4.7. Summarising and Describing the Data by Tabular and Graphical Methods. 

As said above, the first step in summarizing the large amount of data is to collapse it and present it visually in the form of Tables or Graphics. A detailed discussion regarding  these  

methods will now be made. 

4.7.1 Frequency Tables: The commonest method of presenting data is in the form of a frequency table.  The first column has the heading "category", the second column shows the 

number of subjects in that category and the third column shows the percentage.  A last row titled "Total" should always be given (though  it is often forgotten) and the percentages 

should be worked out of  the total.  The table should have a  proper  reference number  (as,  Table-1)  and  a  heading  which   adequately describe its contents. Traditionally, to count 

the number of subjects in each “category” we use the “tally method” as shown in Table 4.1. However, as said that we encourage our students and researchers to enter their data in 

packages like Excel or Access, since these packages can themselves easily do the counting for different categories and thus help you a lot in making the frequency table. Let us take 

the example from our data depicted in Exhibit 4.1 at the start of this Unit. Further, we want to count the number of subjects in each of the four categories of cigarette smoking habit. 

The rough calculations for tally marking would look like follows: 

Table – 4.1 : Tally marking system for counting subjects in various cigarette smoking categories 

Category of Cigarette smoking (Number of cigarettes 

per week) 

Tally Marks Total 

Nil IIII IIII IIII IIII IIII IIII IIII IIII III 43 

1 to 10  29 

11 to 20  53 

More than 20  25 

TOTAL  150 

 

First of all, we make a structure for the table as above and write the details of the various categories in the first column (as Nil, 1 to 10, etc.). Now, for every subject noted in a 

particular category we put one tally mark as “I” in front of this category in the second column. After 4 subjects have been counted in a particular category, the fifth subject is tallied 

as an oblique line cutting across the four vertical lines, thus making a “group”, each group indicating a count of five. The overall total in each category is written in the third column. 

 

 

Activity: 4.2 

Complete the tally marking for the remaining 3 rows (categories 1 to 10, 11 to 20 and more than 20, in table – 4.1 above. 



Once we have completed the tally count in each category, we will construct the frequency table, as follows: 

Table – 4.2  

 Frequency distribution of subjects according to categories of number of cigarettes smoked per week 

Category of Cigarette smoking (Number of cigarettes 

per week) 

Total Number of Subjects Percentage 

Nil 43 28.67% 

1 to 10 29 19.33% 

11 to 20 53 35.33% 

More than 20 25 16.67% 

GRAND TOTAL 150 100.00% 

 

Table – 4.2 is the example of a standard, simple, frequency distribution table. The table should have a table number which should be referred in the main text of the research 

paper. There should be a heading or title, just below the table number. The table should have at least 3 columns – first for the description of the various categories being presented, 

the second for the total number of subjects in that category and the third fir the percentage of subjects in that category out of the total subjects studied. The last row should be for the 

“Grand Total”. In this row, the second column should be the total number of subjects studied (and it should be equal to the sum of all the subjects in various cells in this column). 

The third column in this row should be 100.00% and the percentages in the various cells in this column should add up to 100.00%.  

On certain occasions, additional columns showing the cumulative total and cumulative percentages may be required to be shown, as depicted in table – 4.3. However, in 

most situations, a simple frequency table as shown in Table 4.2 will suffice. 

Table – 4.3  

 Frequency & Cumulative Frequency distribution of subjects according to categories of number of cigarettes smoked per week 

Category of Cigarette smoking 

(Number of cigarettes per week) 

Total Number of Subjects Percentage Cumulative Total Cumulative 

percentage 

Nil 43 28.67% 43 28.67% 

1 to 10 29 19.33% 72 48.00% 

11 to 20 53 35.33% 125 83.33% 

More than 20 25 16.67% 150 100.00% 

GRAND TOTAL 150 100.00%   

 

Table 4.2 is a simple situation in which the data was already recorded as a qualitative (categorical) polychotomous variable according to the 4 categories of cigarettes 

smoked per week. However, many a times, we need to present quantitative, continuous data as frequency tables by “collapsing” the quantitative data into categories.  Let us take the 

case of BMI in our data set. In this case, we take the following steps: 

 Find the range of the data, i.e, identify the lowest value and the highest value in the data (In our data set it is 16.79 to 29.73) 

 Now select out intermediate ranges, depending on the scientific / logical understanding of the variable, so that we can have between 4 to 6 categories. 

 For each category (also called as “class interval” in statistical work), select a lower limit which should be “INCLUSIVE” i.e., any subject with that value will be included 



in that class interval, and an upper level which is “EXCLUSIVE” i.e, any subject with that value will not be included in that class interval but will be included in the next 

higher class interval. Thus, in our example of BMI, we identify the lowest class interval as <20.00 and subsequent class intervals as: 20.00 to 22.50; 22.50 to 25.00; 25.00 

to 27.50; and, >=27.50. Now any subject having BMI value of 22.50 will NOT be included in the class interval of “20.00 to 22.50” but will be included in the class interval 

of “22.50 to 27.50”. We must take care of this aspect when we are breaking down “quantitative continuous data” into frequency distribution tables by making class intervals. 

In case of quantitative discrete data, this problem will in any case not arise since only integer values are possible (see example in table – 4.3). The width of our class intervals 

in Table 4.4 is thus “2.50”  which is a logical class interval width for a variable like BMI. For a variable like Blood sugar or serum cholesterol, the appropriate width could 

have been 10 or even 15. Now, count the number of subjects in each class interval by using the system of tally marks but if you are working on Excel or Access, such 

counting will be much easier. Now display your data as a frequency table as follows: 

Table – 4.4  

 Frequency distribution of subjects according to categories of Body mass Index (BMI) 

Category of BMI Total Number of Subjects Percentage 

< 20.00 5 3.33% 

20.00 to 22.50 45 30.00% 

22.50 to 25.00 69 46.00% 

25.00 to 27.50 28 18.67% 

> = 27.50 (27.50 and above) 3 2.00% 

GRAND TOTAL 150 100.00% 

 

Another important aspect in presentation of data according to tables is that often we need to present the data as cross-tabulation, to study the association between two or 

more variables. For example, in our practice data set, we may be required to depict the cross combination of age groups and blood pressure (normal or raised). In such cases we 

would make out frequency table as follows (Table – 4.5): 

Table – 4.5 

Frequency Distribution table showing the association between blood pressure levels and age groups 

Age Group  Blood Pressure (BP) level 

Normal BP Raised BP Total 

Number % Number % Number % 

35 to 40 years 69 93.24% 5 6.76% 74 100.00% 

40 to 45 years 58 90.63% 6 9.38% 64 100.00% 

45 years and above 10 83.33% 2 16.67% 12 100.00% 

GRAND TOTAL 137 91.33% 13 8.67% 150 100.00% 

 

Besides the general principles in construction of a simple frequency distribution table, as described in earlier paragraphs, also note that the percentages are worked out for 

each row, i.e., grand total of each row is taken as 100%. The reason is that in medical research and epidemiology, the “exposure” variable is always listed along the rows, in the first 

column while the “outcome” variable is listed along the columns. We will have a detailed discussion regarding the concepts of exposure and outcome variables in a subsequent unit; 

however, for the sake of quick understanding, in the above table, increasing age is the “exposure” variable, whose outcome is to bring about an increase in level of blood pressure, 



which is the outcome variable. As would be appreciated from above table, with increasing age group, the proportion (%) of subjects having raised BP increases (6.76% in youngest 

group, 9.38 in next one and 16.67 in the highest age group). 

4.7.2. Summary Presentation of Data in Graphics Form: One  of the basic requirements of research, which  must be mastered by any epidemiologist or medical researcher,  is 

to  give  a  simple,  attractive  but  at  the  same time, comprehensive,   display  of  his  findings.    A   properly presented simple table or figure gives more information to the readers 

than complex statistical tests.  The data should be so presented, that, in a glance, the reader of your research gets to know as to what you want to convey.   Of course,  one  way, (and 

which is also  an  almost mandatory requirement  for research) is to provide  "summary  figures" like mean/median/ proportions and  SD/Range  which  itself would provide a lot of 

information to the readers about  our data.   To make these summary figures look more attractive and informative, various methods of visual display of data are used, as are being 

described in this section. The graphical methods of displaying the data will depend on the type   of data, i.e, whether the data is   qualitative (categorical), or quantitative (numerical). 

4.7.3. Graphical Display of Qualitative Categorical Data : To   recapitulate   from   Unit-2,   a    qualitative (categorical)  data  is  one  in  which the  subjects   are 

allocated  into  "categories" depending on the  presence  or absence of certain attributes.  Such data may be dichotomous (eg., either having normal BP or having raised BP) or 

polychotomous nominal  (eg.,  Blood group A/B/AB/O)  or polychotomous ordinal  (eg,  cigarettes consumed per week: Nil / 1 to 10 / 11 to 20 / more than 20).  Presentation of such 

data can be by one of the two common methods, namely, Bar diagram and pie diagram. Let us take the example of the variable “ cigarettes consumed per week” in our data set. We 

have already demonstrated the summarized findings regarding this variable in Table 4.3 earlier. 

4.7.4. Bar diagram: In  a  bar  diagram the  variable  being   studied   is plotted   along  the  X-axis (horizontal  axis)   and   the counts or 

frequency  (or  other  form  of  frequency,  as  rates, proportions or percentages)  are plotted along the vertical  (Y-axis).   An example is shown in Figure 4.1.   

 

The undermentioned general guidelines should be followed while making a Bar chart 
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 Label the horizontal axis (e.g., “Number of cigarettes per week”) and vertical axis (e.g., Number of subjects”) properly. 

 There should be neither too few nor   too   many categories.   Ideal is to have between 4 to 6 categories  (4 in  our example - non smokers, 1-10 cigarettes,  11-20  and >20) 

 The  width  of  the bars should be kept  same  for  all categories.  

 Intervening spaces should be given between the bars and the successive intervening spaces should be equal in width.  

 The number of subjects (and preferably, the percentage that they form, in brackets) should be neatly written on the top of each bar.  Eg, a total of 43 out of 150 cases were non 

smokers; thus, 43 has been written on the top of the first bar, in figure 4.1.  

 Mention the name of the category (e.g., “Nil”, 1 to 10”, etc in above Figure) at the bottom of each bar. If required, particularly in case of congected or multiple-bar diagrams, 

make a proper legend and explain the symbols, shades or colours that have been used.  

 Remember : Bar diagram can be used to visually describe either qualitative data (dichotomous or polychotomous) and even quantitative data which is either of discrete type or 

ordinal numbers which can take only integer values but it cannot be used to describe quantitative continuous data, for which a “histogram” as described later should be used.  

4.7.5. Multiple Bar Diagram: Bar   diagram  can  be  extended  to   display   visual comparison  between  two groups, as shown  in  Figure  4.2, wherein subjects with and without 

heart disease have been compared regarding cigarette smoking.  In an instant we can make  out that  percentages of  cases  increases  as  the  number  of cigarettes  increases  while 

the trend is  reverse for  the healthy  persons.  More than the complex  statistical  tests like   "tests   for significance  of   linear   trend   in proportions",  which  would  be  done  in  this 

particular situation,  it  is  this simple visual  display  that  gives optimum information to our readers.  When drawing bar diagrams for comparing  two  groups, keep  the same points 

in mind as indicated earlier  for  bar diagram  for  single group.  In addition, remember to keep equal width of the bars for the two groups being compared. 
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4.7.6. Pie diagram: Another common method of displaying categorical (qualitative) data is pie diagram.  A  pie  diagram  is essentially  a  circle in which the angle  tendered  at  the 

center is equal to its proportion (out of one) multiplied by 360  (or, more easily, its percentage multiplied by 360  and divided by 100). A pie diagram in respect of the data on 

distribution of subjects according to cigarette smoking (refer to Figure 4.1 earlier) is presented in figure 4.3.  The angles for the individual categories will be calculated as: 

                                          28.7 

Nil Smokers= 43 ÷150 = 28.7%  =  -----------------  X 360 = 103 degrees 

                                          100 

                                         19.3  

1 to 10 cigareettes = 29 ÷ 150 = 19.3%=         -----------------  X 360 = 70 degrees 

                                         100 

                                          35.3  

11 to 20 cigarettes = 53 ÷ 150 = 35.3%  = ---------------- X 360 = 127 degrees 

                                           100 

                                        16.7  

More than 20 cigarettes= 25 ÷ 150 = 16.7%  = ------------------ X 360  =  60 degrees 

                                        100 

 

 

While making a pie diagram, the following points should be remembered: 

 A pie diagram is best when the total categories are between 3 to 6.  If there are more than 6 categories, try and reduce them by "clubbing" some of the categories, otherwise 

the diagram becomes too overcrowded.  
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FIGURE-4.3 : PIE DIAGRAM OF THE DISTRIBUTION 
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 Give    a   clear   legend   regarding   the    various colours / shadings given in the pie diagram, or else clearly write the various categories just outside and adjacent to their 

corresponding pie, as shown in Fig. 4.3 .  

 Make   sure   that the colours / shadings   stand   out prominently against each other (at least   against   their adjacent categories).  

 Write down the actual numbers (and percentages   in brackets) in front of the particular category, or else inside the respective pie, as shown in Fig 4.3. 

 If  some  categories have very small  percentage,  then "club" them  suitably   with  other   larger   categories, otherwise  the angles tendered by these categories  will  be 

very small (eg., 1% will be equal to only 3.6 degrees),  and their effect will not be appreciable. 

4.7.7. Graphical Methods For Describing Quantitative Data 

The methods of graphical display of quantitative data are line diagram, histogram, scatter diagram and stem-and-leaf diagram.  

4.7.8. Line diagram: Line diagram is an excellent method of displaying the changes that occur in health or disease related variables in relation to time.  It thus helps in assessing 

"temporal trends" and helps displaying data regarding surveillance of diseases, epidemics or localised outbreaks.  An example of such a line diagram showing occurrence of malaria 

during various months in 2016 is shown in Fig 4.4. In  a  line  diagram,  the  number of cases of the disease, or the rate  of  disease  (usually incidence  rates)  are  plotted along 

the  vertical  (Y)  axis.   The  unit  of  time, as applicable to  the  disease  in question,  is plotted along the "X” (horizontal)  axis. This  unit  of time would be hours-time 

in  food  poisoning, days (i.e, as per dates of the month) for cholera, weeks for typhoid, malaria or Hepatitis-A, months for Hepatitis-B  and in years (or even decades) for Heart 

Disease or Lung Cancer. The  number of cases (or the incidence  rate) of the  disease  corresponding  to every unit  of  time  is plotted in  the  form  of  points, indicated  by "      , 

and these points are joined  by  straight lines.   The  resulting  line diagram  gives a  lot  of  insight  and  information  to  the   experienced epidemiologist in analyzing the causes of 

such trends.  

 

4.7.9. Histogram :- The  histogram  is similar to the bar  diagram  in  its general  layout EXCEPTING that, since it is constructed  for continuous data, there are no intervening gaps 
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between   the vertical  bars.   It is constructed for  visual  display  of continuous  data,  which  has been  categorized  into  class intervals, eg, the data on BMI of 150  subjects that is 

presented in Table 4.4 (which has been  categorized into 5 class intervals (<20.00, 20.00 to 22.50 and  so on),  can be used for making a histogram on the same lines as a bar diagram, 

with the exception that there will be no space between the five bars (all the 5 bars will merge into each other). One  thing  is  very  important  when  constructing   a histogram - it is 

the area enclosed by individual rectangles and  not their height which represents the frequency.    

4.7.10. Scatter diagram :- A  scatter diagram gives a quick visual display of  the association  between   two variables,  both  of  which  are 

measured  on  numerical  continuous  or  numerical discrete scale.   An example of scatter plot between Body mass Index (a measure of body weight) and blood sugar levels (2 hours 

after oral glucose, in mg / dL), as derived in the data given in exhibit – 4.1, is presented in figure 4.5. The independent variable is plotted along the horizontal (X) axis while the 

dependent variable is plotted along the vertical (Y) axis. For every subject studied, we first locate the value of the independent variable for this subject on the horizontal axis and 

then go vertically up from this located point, to the location which corresponds with the value of the same subject for the dependent variable  and mark that point of intersection as a 

dot. Thus we complete marking the dots for all the study subjects. For example, the point which is highlighted in figure 4.5 with a black arrow towards its left side, belongs to subject 

number “121” whose BMI was 20.55 and blood sugar was 277, and hence the dot has been placed at that place. The diagram in Fig 4.5 shows that there is a mild linear trend in the 

scatter, and that as the BMI increases, the blood sugar also slightly increases. We can also fit a “trend” line in the scatter diagram (shown as black dotted line in Fig 4.5) which tells 

us about the trend, i.e., it is showing that as BMI increases, blood sugar also tends to slightly increase. 

 

4.7.11. Stem and leaf diagram :- Stem and leaf diagram is a newly developed method of visual display of continuous data.  It comes very handy  if 

we  do  not  want  to  change  a  continuous  variable  into categories  of class intervals.  It is also of much  utility in  quickly  assessing  whether  the  data  is  following  a "normal" 

distribution or not, by seeing whether the stem and leaf chart is showing inverted bell shape or not. Let  us say,  the  following  is  the  data  on  serum cholesterol of 30 healthy young 

adult males : 234, 232, 202, 206,  210, 212, 212, 206, 214, 216, 220, 216, 220, 234, 222, 224, 222, 224, 222, 224, 222, 224, 222, 222, 222, 226,  226, 228, 230, 230. 
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For making a stem and leaf chart, draw a vertical line first of all.  Now, the RIGHT MOST DIGIT will form the leaf and will be written to the right of this vertical line.  All 

the remaining digits of the number (except the right most digit) will be written on the left side of this vertical line.   Thus in our hypothetical data on 30 subjects above, the first value 

is 234. The right most digit is  4,  this will be written on the right side of the vertical line while the  remaining digits (23) will be written, in front of  it, on the left side.  The second 

value is 232.  Now, 2 will  be written  on the right side of vertical line, after 4  (since 23  is already present on the left side).  The third  number is  202, thus 20 will be written on the 

left side, below  23 and  "2" will be written adjacent to "20" on the right  side of vertical line, as follows 

                           23 |  4,  2 

             20 |  2 

The process is continued till all the values have been broken down into stem and leaves.  Now, the entire stems and leaves are put in ascending order, stems along the vertical 

axis and leaves along the horizontal axis.  Thus our data on serum cholesterol of 30 subjects will finally look as follows (Fig 4.6) 

Fig – 4.6 : Stem & Leaf Plot of the data on  blood cholesterol of 30 healthy subjects 

=========================================================== 

Total values 

 20 2,  6,  6        3 

 21 0,  2,  2,  4,  6,  6       6 

 22 0,  0,  2,  2,  2,  2,  2,  2,  2,  24,  4,  4,  4,  6,  6,  8              16     

 23 0,  0,  2,  4,  4       5 

=========================================================== 

The  value of stem and leaf chart will  be  immediately realized  if this page is rotated anticlockwise by  a  right angle so  that  the "stem" (20, 21, 22, 23)  comes  on the 

horizontal  axis.  One can then quickly make out whether  or not  the  distribution  of data is roughly like  a  bell  or "inverted U", or, "inverted V". In  case of variables  whose values 

are small  and  can take  decimal  values also (Haemoglobin,  serum  bilirubin, serum creatinine etc), one can put the decimal values on the "leaf" side and the whole numbers on the 

"stem side". Though for large data sets manual construction of   a stem and leaf chart may become a little tedious, however, biostatistical computer programmes can easily plot the 

stem and leaf chart, even in respect of large data sets. 

4.7.11. Check your progress -1. 

1.  While making a frequency table, each “set” of tally marks will represent a count of : (a) 1  (b) 3  (c)  5  (d)  8  (e) 10. 

2. While making a frequency table for describing the data for “number of children” (a quantitative, discrete variable), with a class interval of 2, the respective class intervals will 

be: (a) 0 – 2, 3 – 4, 5 – 6, etc. (b) 0 – 2, 2 – 4, 4 – 6, etc. (c) 0 – 1.99, 2.00 – 3.99, 4.00 – 5.99, etc. (d) 0, 1, 2, 3, 4 etc. (e) Any one of the above can be used. 



3. While summarising the data for blood sugar levels (a quantitative, continuous variable), the class intervals were 70 – 80, 80 – 90, 90 – 100 and so on. In this type of class 

intervals, which of the following is correct regarding each of the class intervals: (a) The upper limit of each class interval is “inclusive” (b) The lower limit of each class interval is 

exclusive (c) The lower limit is inclusive and the upper limit is exclusive (d) The lower limit is exclusive and the upper limit is inclusive (e) Both upper and lower limits are 

inclusive as well as exclusive. 

4. Which of the following graphical method CANNOT be used to describe “Quantitative Continuous data”:  (a) Histogram (b) Bar Diagram (c) Scatter plot (d) Line diagram (e) 

Stem and Leaf diagram.  

5. In a pie diagram, the area to be allotted to each category is dependent on the “angle, in degrees” which is calculated as a percentage of : (a) 90O (b) 180O (c) 270O (d) 360O (e) 

Actual number of subjects. 

Part – 3 : Summarising and Describing the Data by Summary Figures: Measures of Central Tendency & Variability. 

4.8.  Overview of quantitative summarization of data.  In Unit-2, we had discussed the fundamental principles of data management. To revise it quickly, we saw that not only 

epidemiological and medical research but all scientific practices involve the process of making measurements as the basic issue. The measurements in research are made in respect 

of ‘variables’ like age, sex, presence or absence of a disease (eg., Acute M.I. (Myocardial Infarction - heart attack)), presence or absence of certain characteristics (as smoking habit) 

and so on. Ultimately, we see whether the variables that are of interest to us, are related to each other or not, e.g., whether the variable “tobacco smoking” is related to another variable 

“Acute M.I.”. For making measurement in respect of each variable, we have to specify the “scale of measurement”. These scales of measurement are numerical – continuous, 

numerical – discrete, numerical – ordinal, categorical – dichotomous, polychotomous – nominal and polychotomous – ordinal. An organized collection of the “values” of all the 

variables in respect of all the subjects according to the specified scale of measurement is called “data-set”. As an example, a data-set of a hypothetical research work has already 

been presented as Exhibit – 4.1 in the beginning of this Unit and we will be using it while giving various examples and explanations in this Unit. Now, this data-set does have a lot 

of scientific information but does not convey much to the audience (or, for that matter even to the investigator who has undertaken this research). The investigator should therefore, 

reduce these ‘values’ of the variable measured on the pre-decided scale to certain ‘summary’ figures which convey to him and his audience the state of affairs, enable him to make 

the desired comparisons and draw conclusions. Depending on the type of ‘scale’, the summary figures can be of the following types :-  

 For variables which are measured on a numerical continuous or numerical discrete scale – The investigator would calculate the arithmetic ‘mean’ eg. for Body Mass Index 

(BMI) we may calculate the overall mean as “23.41”. We may further work out the mean BMI among subjects with heart disease as 24.63 and among healthy persons as 

23.24, and make further comparisons between two means, as explained in subsequent units. 

 For variables which are measured on ordinal scale – Here we would work out the ‘median’ values for making comparisons, eg. we may calculate the ‘median’ value of RPR 

rank score as ‘5’ among heart disease cases and ‘3’ among healthy people and make further comparisons, as explained in a later Unit.  

 For variables measured on “categorical” scale – it is the variable measured on a categorical (dichotomous or polychotomous) scale which are the most common in medical 

research & epidemiology. On a number of occasions, we are interested in such outcomes which are dichotomous (eg., Improved / not Improved with a given therapy; survived 

/ died; developed / did not develop the disease of interest; have / do not have the phenomena of interest (as smoking), etc. Less often the interest is in outcomes which are 

“ordinal polychotomous” e.g.., remained normotensive / developed mild / moderate / severe hypertension, or nominal polychotomous (as category of psychiatric illness :- 

Schizophrenia / Bipolar Depression / Neurosis). 



 The reason as to why dichotomous scale is important is because most of the times in epidemiology and medical research we would be mainly interested in knowing whether 

a given disease, or any other health related outcome of interest has occurred or not. Thus, while evaluating the effect of a possible risk factor like smoking, we would be finally 

interested in finding out whether lung cancer occurred or not; evaluation of an anticancer drug would have a final interest as “died or survived”; assessment of new drug for controlling 

blood pressure would involve a final assessment of “hypertension controlled or not”: and, vaccine trial with a new meningococcal vaccine would aim at finding out whether the 

subjects finally developed meningitis or not. Thus, in most of the “usual” settings of clinical and health research, the final “outcome” (i.e., occurrence of disease / death, or relief 

from disease) is generally measured on a dichotomous scale. Now, while “outcome” forms the ultimate end of medical research, the starting point is what we call as “exposure” or 

“cause”, the desire in medical research being to see whether a particular “exposure” leads to a certain “outcome”. Thus, in the above examples, smoking, blood pressure reducing 

drug, and meningococcal vaccine are the “exposures” for the respective “outcomes” of Lung cancer, control of hypertensive state and prevention of meningococcal disease. It would 

also be appreciated that like the outcome, in most of the usual research situations, the exposure is also generally measured on a dichotomous scale (eg., smoker / non smoker ; blood 

pressure reducing drug given / not given ; Vaccine given / not given). As a result of the usual dichotomy of the exposure as well as the outcome in most of the epidemiologic and 

research settings, there results a very important permutation and combination called the “2 x 2 table”, which is the most basic form of presenting and analyzing the data in most of 

the epidemiological / medical research works (Table – 4.6):- 

 

 

Table – 4.6 : Basic Format of a 2 X 2 Table 

Exposure Outcome  Total 

Present Absent 

Present a b a + b 

Absent c d c + d 

Total a + c b + d a + b + c + d 

  

 We would have a further detailed discussion on the 2 x 2 table in a subsequent Unit. For the time being, just try to understand he concept of 2 X 2 table as: Cell “a” includes 

all the subjects who have both the exposure as well as the outcome; “b” are the subjects who have the exposure but do not have the outcome; “c” are the subjects who do not have 

the exposure but have the outcome; and, “d” are the subjects who neither have the exposure nor the outcome. 

4.9. Importance of frequency measures in making comparisons 

 The first trap which the epidemiologist & researcher should always be aware of is that comparing the numbers counted in research is extremely unscientific. One may 

“count” the patients of  “Leprosy” in District “A” as 1000 and in District “B” as 100, thereby inferring that Leprosy is 10 times more common in District “A”. However, this 

difference, in reality may be simply because the population of District “A” is 10 million while that of “B” is only 1 million. In fact, there are (1000 x 100) / 1000,0000 = 0.01% 

Leprosy patients in District A, and the same percentage, i.e., (100 x 100) / 10,00,000 = 0.01% in District B. As a further example, let us examine the following hypothetical study :- 

A study collected the total number of cases of oral cancer (CA) which occurred in a defined province in one year. All the cases were asked about the history of tobacco chewing. A 

total of 300 cases were thus studied, and the replies were as follows (Table – 4.7):-  



Table – 4.7 

   TOBACCO – USERS                 NON – USERS         TOTAL  

Cases of  Oral CA 100    200       300 

 

  

The comparison based solely on numbers would give a fallacious impression that oral cancer is 2 times more common among those who do not use tobacco (200 cases) as compared 

to  those who do so (100 cases). However, when we related the above numbers to a “denominator” i.e., the total population in the same province which were tobacco users or non-

users, we got the correct picture as follows (Table – 4.8):-  

Table – 4.8 

=========================================================================== 

    TOBACCO – USERS    NON – USERS   TOTAL 

Cases of Oral CA  100   200      300 

Total Population  1,00,000   20,00,000  21,00,000 

 

Rate of Oral CA per million population     1000  100   142.9 

 The correct picture which emerges is that Oral CA is 10 times more common among tobacco users (rate : 1000 per million), as compared to the non-users (rate : 100 per 

million). Thus, the point which we should always keep in mind is that whenever we are measuring the variables on a qualitative scale, like dichotomous or polychotomous scales, 

we must convert the numbers, counted in each category, into some form of “frequency” by putting the numbers so counted into a “numerator” and relating this numerator to a 

denominator (e.g., total population in the above example).  

4.10. Ratio, Proportion and Rate. 

Having agreed with the reasoning that the numbers “counted” in a research should be taken as the “numerator” and should be related to “denominator” for converting them into 

“frequency”, the next issue is to decide as to which of “frequency” measures should be used depending on the relationship between the numerator and denominator. Let us say, we 

did a simple study on primary hypothyroidism in our teaching hospital. Out of the 100 patients of primary hypothyroidism in our case series, 10 were males and 90 were females. 

The types of “frequency” measures can be explained as follows :-  

a) Ratio :- In the above example, for relating the females to males, we will use the following equation :-  

                No. of females 

   Ratio of females to males =     ----------------------- 

       No. of males  



            = 90 / 10 = 9 : 1 

 Thus, “ratio” is a measure of frequency in which the numerator is not included in the denominator. In the above example, the numerator (no. of females) is not included in 

the denominator (no. of males). The ratio also gives us the idea of another very important measure – The “odds”. In the above example we can say that given that primary 

hypothyroidism has occurred, the “odds” of being a female in such a disease are 9 times as compared to being a male. Ratio, however, is not as much used in Biostatistical work as 

we use proportions and rates. 

b) Proportion :-   A proportion also has a numerator and a denominator; however, as compared to ratio, in a proportion, the numerator is included in the denominator. For example, 

in the above cited study, the proportion of females in cases of primary hypothyroidism will be calculated as: 

          No. of females patients 

   Proportion of females      =             ------------------------------- 

       Total No. of patients  

            = 90 / 100  = 0.9 

 Here, the numerator (no. of female patients) is included in the denominator (total no. of patients). It would be appreciated that since the numerator can never be less than 

zero, the lowest value that a proportion can take is zero. Also, the highest value that a proportion can reach is one (e.g., all the patients may be females). The proportion can, therefore, 

take a range between “0” and “1”. On the other hand, ratio (or, odds) can take a very wide range, from infinitely high to infinitely low; eg. if out of the 100 patients of hypothyroidism, 

all were females, the ratio of females to males would be 100/0, i.e., infinitely high, while the ratio of males to females would be 0/100. i.e., infinitely low. On the other hand, the 

“proportion” of females would be 100/100 = 1, while of males would be 0/100 = 0. Often a proportion is presented, not as a decimal as explained above, but as a percentage, by 

multiplying it with 100. Thus, in the above example, the proportion of female patients in cases of hypothyroidism is 0.9 or 90%. 

 The “proportion” gives the idea of another very important measure in research methodology and Biostatistics – that of “probability”. In the above example we would draw 

a conclusion that the probability (or “chance”) that a patient of primary hypothyroidism would be female, is 0.9 (or, 90%). (Multiplying a proportion by 100 would give us the 

percentage).  

c) Rate :-  The “rate” a basically a proportion, but with an added relationship with time. Let us say, we assembled 100 healthy ladies in their thirties, and without any evidence of 

hypothyroidism. We now followed them for 10 years and found that over the 10 years period, 10 out of the 100 developed primary hypothyroidism. Thus, the “proportion” of ladies 

who developed hypothyroidism is 10/100 = 0.1 (or, 10%). However by relating it to the time factor, we would say that the “rate of development” (or, occurrence) of primary 

hypothyroidism among ladies, is 10% over 10 years or 1% per year. To extend the concept a little further, we very often say “I drive my car usually at 60 kilometers per hour”. This 

is precisely a “rate” in which the distance (Kilometers) is being related to time (hours). Now, let us say, we assembled 100 healthy ladies as above and followed them up. The first 

lady was followed up for 5 years, the second for 7 years, the third for 10 years and so on, thereby the total of 100 ladies were followed up for a sum total of (5 + 7 + 10 + ------) = 

say, 500 years (more accurately, 500 person years). Let us also assume that out of these 100 ladies, 10 new cases of primary hypothyroidism occurred. Thus, the “rate of occurrence” 

of (new) cases of primary hypothyroidism = 10/500 = 0.02 per person – years. (or, multiplying by 100, it can be stated as 2 per “100 person – years”). We have thus completely 



adhered to the concept of “rate” by relating the disease (cases of primary hypothyroidism) to a unit of time (person – years). Thus, the rate can be calculated by two different 

approaches – firstly by taking the “count” of cases of a disease (or any other variable of interest) as the numerator to the total number of subjects studied in the denominator and 

relating it to a period or time (as we calculated the rate of hypothyroidism among ladies as 10% over 10 years earlier). Secondly, we relate the same numerator to a measure of 

“person-time” in the denominator (as we calculated 0.02 per person-years in the second instance). These two different methods form the basis of calculating two very important 

measures in epidemiology & medical research – the “Cumulative Incidence” and “Incidence Density”  respectively, which we shall discuss in more detail in one of the subsequent 

units.  

4.11. Summarising Quantitative Data: Measures Of  Central  Tendency And  Variability 

In the foregoing paragraphs we dealt with the methods of summarizing “qualitative” data by converting such data into a “frequency measure” as ratio, proportion or rate. 

Now, we will see how to summarise the data which has been recorded on “quantitative” scales, i.e., continuous, discrete or ordinal scale. Let  us take the example of our practice 

data set presented in Exhibit 4.1 earlier. One of the quantitative variable in the data set is “Blood Cholesterol” which has been measured in mg per 100 mL (dL). Our huge data set 

of 150 subjects  does reflect the hard work that has been undertaken by us in collecting the data.   However, it does not convey much to the medical fraternity (for whose benefit, in 

fact, we have done this study). How can we improve on our presentation of the above data-set?  Almost intuitively, you would say that we should present our findings by working 

out and presenting the average value of Blood cholesterol among the 150 subjects studied. I am sure you will be able to calculate it from the data set as “150.3  mg/dL”. Yes, you  are 

very correct.  In fact, what you have done  is that you have reduced the entire, huge data set into a "SUMMARY  FIGURE"  which  describes your entire  work regarding blood 

cholesterol in  a single  value.   For the variables measured on  a  numerical-continuous scale (serum cholesterol), this summary figure is the "average" (or, more technically, the 

'mean") and for the variable   measured  on  a   categorical-dichotomous   scale (History of  precordial pain), this summary figure  is  the percentage  (or,  more  technically,  a 

"proportion"   when recorded  out  of one. This  step  of  converting the  entire  data  set  into certain  summary  figures that describe our data in  two  or three words or numbers is 

the first, but the most  essential step,  in  any epidemiological or research  work. We have to “summarise" the data  before we can proceed with any statistical tests for drawing 

inferences. We have already described in the preceding paragraphs that the most  elementary  descriptive statistics   for   qualitative (categorical)   type   of   data   (whether 

dichotomous, polychotomous-nominal or polychotomous-ordinal) is  "proportion"; when multiplied by 100, the proportion  is converted  into  a  percentage and when related to a 

time factor, it becomes a “rate”.  On the other  hand, for  a numerical-continuous   or numerical discrete type  of  data, the summary statistic is "measure of central tendency" and the 

variability or dispersion around this measure of central tendency. If the data is "numerical-continuous" or “numerical  discrete",  the most  commonly used  summary measure  is the 

“central  tendency”, which is the arithmetic mean for quantitative continuous and quantitative discrete data while  for  a  "numerical-

ordinal"  type  of  data,  it  is  the  "median"  which   is preferred,  since,  as already explained in  Unit-2,  the numbers  used  in  a numerical-ordinal type  of  data,  (e.g., 

dyspnoea  grades  1, 2, 3, 4) are  not  "real"  mathematical numbers,  and hence we are not justified in calculating  the mean in such a situation. 

4.12. Mean :- The "mean" or "average" is the most common  descriptive statistic that is used in epidemiology and medical research.  The “normal” values of the various clinical 

and laboratory parameters that  we  find in the text books of medicine  (blood  sugar, alkaline phosphatase, vital capacity and so on) are  nothing but  the  "mean  values" of that 

parameter,  calculated  by studying  hundreds  of subjects as  regards  the  particular clinical or laboratory related variable and calculating  the "average", i.e, mean. In medical 

research and epidemiology, the term "mean" is actually taken as the “arithmetic mean”.  There are two other types of “means”, namely, the Geometric Mean and the Harmonic 

Mean, but they are hardly ever used in medical research and epidemiology. So, we concentrate on the “Arithmetic Mean” (or simply “mean”), which is calculated by adding up all 



the "values" of that variable and dividing it  by the  total number of subjects (or total number of observations).  It is denoted by the  symbol " X ". Thus, 

                                 Sum of the values of all observations 

Mean ( X ) =      ---------------------------------------------------------------------------   

                      Total number of observations, that is, the total number of subjects (denoted   by "n") 

Thus, in our example on serum cholesterol levels of  150 subjects, given above (please refer to our practice data set in Exhibit 4.1), 

                       157 + 143 + 122 + ---------+ 157 + 150 + 133 

Mean ( X ) =  --------------------------------------------- 

                                        150 

                               22551  

         =     -------------------      =  150.3 mg/dl 

                                                150 

 4.12. Some basic Statistical notations: In  biostatistical work, the value of  each  individual observation  is denoted by the general notation "Xi".   Thus in our above example, there 

are a total of 150 observations, namely  "X1",  "X2", "X3", ------------"X150", and X1 = 157,  X2  = 143, X3 = 122, -----------------, X150 = 133. 

If  we want to indicate that we have to add up all  the values  of the various Xi, we prefix a sign "∑"  (sigma)  to the  Xi,  thus  getting  "∑Xi".  Thus,  "∑Xi"  denotes   "the 

summation of all the various values of individual Xi"; thus, ∑Xi =  X1 + X2 + ...+ X149 + X150 = 157 + 143 + ...+150 +133  = 22551. 

The total number of subjects in the sample are  denoted by the symbol "n".  Thus, in our example   above, n = 150. 

It therefore follows that the equation for  calculating the mean can be written as  

              ∑Xi 

X  =  ----------- 

                n 

Now,  as  far as "numerical-continuous"  or  "numerical discrete"  data is concerned, besides calculating the  mean, there is another way of summarising it.  We can 

convert  the data  into various "categories" (thus  converting  numerical data into categorical data).  Let us see how we can do  this in our above example on serum cholesterol :- 

Table 4.9: Distribution of 150 subjects’ blood cholesterol levels according to class interval of 30 each 

Class Interval (Blood Cholesterol levels in mg / dL) Number of subjects Percentage 



90 to 120 14 9.33% 

120 to 150 58 38.67% 

150 to 180 60 40.00% 

180 to 210 16 10.67% 

210 to 240 2 1.33% 

GRAND TOTAL 150 100.00% 

You   will  appreciate  that  we  have  converted   our numerical    continuous    data   into a    "categorical, polychotomous" type, i.e., having five "categories" of serum 

cholesterol levels, and we have calculated the "proportions" (or, percentages) of subjects in each category.  Also note that as explained earlier also, since this is originally a quantitative 

continuous data, the lower limit of every class interval will be INCLUSIVE and the upper limit will be EXCLUSIVE (e.g., a value of “120” will be included in the class interval 120 

to 150 and NOT in the class interval 90 to 120. Now, in case  we have  to  calculate  the mean, the same  can  be  calculated (though  with  slight approximation), from such  a  "grouped  

data", as explained herewith. 

4.12.2. Calculation of mean from grouped data :- 

For  calculating  the  mean from a  "grouped  data"  as presented  in Table 4.9 above,  make another column showing  the  middle-point  of each respective 

class  interval.   (Class-interval means the various categories showing the two extremes of the individual categories,  e.g., 90 to 120, 120 to 150,  etc.  are  the class intervals).   This 

column is given the heading “m".  It is calculated by taking the average of upper and lower limits of that class interval; e.g., for class interval 90 to 120, m = (90 + 120) / 2 = 105. 

Now, denote the column showing the number of subjects in each individual category by "f".  Next, make another column with the heading "m X  f".  Next, place all the values of  the 

respective "m" multiplied by their corresponding "f" in  this column.  The final table will look like follows (Table 4.10) :- 

Table 4.10: Calculation of mean from grouped data of 150 subjects’ blood cholesterol levels according to class 

interval of 30 each 

Class Interval (Blood Cholesterol 

levels in mg / dL) 

Mid Point of Class 

Interval (m) 

Number of subjects 

(f) 

m X f 

90 to 120 105 14 105 X 14 = 1470 

120 to 150 135 58 7830 

150 to 180 165 60 9900 

180 to 210 195 16 3120 

210 to 240 225 2 450 

GRAND TOTAL  150 22770 

The mean, then is calculated as 

 

               ∑(m X f) 

X   =    ------------ 

                                                n 

 



     ∑ (m X f) = Sum of all values of (m X f) 

                     = (1470 + 7830 + 9900 + 3120 + 450) = 22770 

                  n = total subjects = 150 

              X   =  (22770 ÷150)  = 151.8 (which  is  approximately the same as 150.3 calculated by us the entire  ungrouped data earlier). 

4.12.3. The Limitations Of "Mean" 

While the  "mean"  is the  most  commonly  used measure  of central tendency, besides wide applications  in various statistical tests, it has two important limitations :- 

1.  As far as possible, it  should not be used for numerical-ordinal type  of  data, since,  as  already explained earlier, such a data  are  not mathematically meaningful numbers.  In 

such a situation, the "median"  should be worked out (as  explained  subsequently) and  statistical  tests  based on  medians  (non  parametric tests) should be used. 

2.  The mean  has a tendency to  be  distorted  by  extreme values. On  the  other hand the "median" would not be much affected by  such extreme values. Therefore, if the data has 

a few observations whose values are either very large or very small compared to most of the other values, the median should be preferred in such cases. 

4.13. Median: The  "Median"  is that value which divides  the  entire data set into 2 equal parts, when the data set is ordered in an ascending (or descending) fashion.  In other 

words, it is the "middle" number in an “ordered” data.  The median is calculated as follows :- 

(b) Order the entire data set in ascending (or descending) manner.  

(b) Calculate the median value as        ( n + 1) ÷ 2 

Suppose  there  are a total of 11 subjects  (n  =  11).  Thus, after  ordering the data in an ascending  order,  the median would be the (n + 1) / 2, i.e.,     (11 + 1) / 2, i.e., the  

6th number.  However, if the total number of subjects are in even number, then we will have the median number in  decimal values;  eg  if there  are  12   subjects, the  median value   

(12 +  1) / 2   = 6.5th  number.  In  this  case, what we   will do     is that we will calculate the average (mean) of the 6th  and the 7th values of the ordered data set. 

Let  us work on our example of serum  cholesterol.   In the  first step, we will order the blood cholesterol values of the 150 subjects in our data set in an  ascending order as 

follows:- 

We will first arrange the values of blood cholesterol of the 150 subjects in ascending order. Thus they will look like: 91, 97, 103, ----------- , 206, 216, 221.5 

Next, we will calculate the median value as   

(n + 1) ÷ 2   =   (150 + 1) ÷ 2  = 75.5th value 

Thus, the "median" will be the average of the 75th  and 76th values, with the data in ascending order.  Now, the 75th  value = 150 mg/ dL and the 76th   value = 151 

Therefore, median    =   (150 + 151) ÷ 2 = 150.5 

Note one more aspect – the mean (150.3) and the median (150.5) are almost the same. This is a characteristics of the “Normal Curve” which we shall discuss a little later.. 



4.14. The 'Normal" (Gaussian) Curve 

Having  discussed the concept of "mean"  and  "median", let  us have an overview of a very important  concept  that underlies a large number of statistical procedures which 

we shall discuss subsequently in the relevant Units.  For a numerical-continuous or numerical-discrete type of  data to be analysed by tests which compare "means", the  data  should 

follow a "normal distribution". First of  all,  let  us  see  how  do  we  plot   the "distribution"    of   data before   discussing    "normal distribution".   For plotting the distribution of 

data,  the "values"  are plotted on the horizontal ("X") axis  and  the corresponding  "frequency" (i.e,  the  number  of  subjects having that particular value) is plotted along the  vertical 

("Y") axis. Let  us take a hypothetical example of the  haemoglobin values of 88 pregnant ladies as follows (Table 4.11) :- 

Table 4.11 : Number of female subjects according of Haemoglobin values 

=========================================================== 

Haemoglobin value (g/dl)      5-6    6-7    7-8    8-9    9-10    10-11   11-12   12-13   1-143   14-15   15 & above     Total 

No. of subjects                          2      4        6       10        14       16         14        10         6           4               2                88 

=========================================================== 

(Note :- As explained earlier also, since it is a quantitative, continuous data, the lower limit of class interval in inclusive and upper limit is exclusive; e.g., a lady with Hb% of exact 

12 will be counted in the “12 – 13” group and NOT in the “11 – 12” Group. Now, if we plot the above frequency distribution,  with the values along the X-axis and the frequency 

along the  Y-axis, we will get a "frequency curve" which is depicted  in figure  4.6. 

 

  This  above frequency  curve   in Fig 4.6 is   a   classical representation  of  the "normal distribution",  showing  the following characteristics : 
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(a) It is "bell" shaped, or, "inverted U" shaped. 

(b) The mean and median in such a curve will be the same,  i.e, the mean and median will coincide. In our above data, both the mean as well as median are 10.5 (You can  try 

calculating  the mean by using the equation ∑(m X  f)/n  and see whether it is 10.5 or not; also, arrange all the 88 values in an ascending order and see whether median comes out to 

10.5 or not). 

(c)  The mean, as well as the median will be the value which will coincide with the "maximum frequency" (i.e, the  "dome" of  the curve; 16 in the present example). 

(d) 34% of the values will be within one standard deviation above the mean, and another 34% of the values will be within one standard deviation below the mean.  Thus, 68% 

of the values will be located within one standard deviation (S.D) of the mean.  (We shall discuss about the standard deviation and its calculation in a little while, but for the sake of 

explanation, let us inform you that the standard deviation in this data is 2.26). 

(e) Similarly,  in a normal distribution 95% of the  values will  be located within ± 2 standard deviations,  on  either side of the mean, i.e, 47.5% of the values will be within  + 

two Standard deviations of the mean and another 47.5%  of the  values will be within minus two standard deviations  of the  mean.   To illustrate this point,  since  the  standard 

deviation is 2.26, therefore two standard deviations will be (2.26 X  2) = 4.5.  Now the mean is 10.5; thus mean plus two standard deviations is 10.5 + 4.5 = 15; and mean  minus 

two standard deviations is 10.5 – 4.5 = 6.  Now  the number  of  values  that are lying  within  two  standard deviations    of   the   mean (i.e,   between   6 to 15) are (4 + 6 +.....+ 6 + 

4) = 84.  Thus 84 out of 88, i.e, 95%  of the observations are lying within  ± 2 standard deviations of the mean and only 5% (2.5% each on the lower and upper side) are 

lying  beyond  2  standard  deviations  of  the   mean. Similarly, 99% of the observations will lie within ± 3 standard deviations of the mean. 

4.15. Centiles: If we have 100 values from 100 subjects (say Hb values of 100 subjects) and we arrange them in an ascending order, then the lowest (i.e, the first value in the ascending 

series) will be called the first centile; the second will be the second centile, the 25th will be the 25th centile and so on. Since the median is the middle number, in such   a situation, 

it will be the average of the values of the 50th and 51st centile (since median will be equal to (n + 1)/2 = (100 + 1)/2, i.e, 50.5). Now,  if  we  have 200  observations which  have  been 

arranged in an ascending order, then the 2nd value (and  not the 1st value) will be the 1st centile; similarly, the mean of 100th & 101st value (and  not the mean of 50th & 51st  value) 

will be the  50th  centile.  Thus to find out which particular observation, (in a series of observations which have been arranged in an ascending order) corresponds to a particular 

centile, the equation is:  

Particular observation corresponding to the given centile     

                          Number of the centile 

             = --------------------------------------- X n (where ‘n’ is the total number of values or observations) 

                                100 

 

To give an example, in our data on haemoglobin  values, if we arrange all these values in an ascending order, and we want   to find  the  12th  centile,  then  the particular 

observation,  in the ascending series, which will  represent the 12th centile will be the eleventh value from the lowest, calculated as :- 



12 

         --------    X 88  = 11   (take the nearest integer if you get the answer in a decimal). 

           100 

The concept of centiles is important particularly for the Paediatricians who often mention the normally expected weight of children in terms of 3rd and 97th centile.   The 

3rd  and  97th  centile  means that if  100  children  of  a particular  age  were weighed and their  values  of  weights  were arranged in an ascending order, then starting from  the 

lowest value, the 3rd one would represent the third  centile and  the 97th would represent 97th centile.  If, instead of 100, there were 600 children, then, starting from the lowest, the 

18th and 582nd values will represent the 3rd and 97th centiles respectively. Sometimes the term "quartiles" is used in  epidemiology and medical research.  If the data is arranged in 

an ascending or descending manner, there will be four quartiles – 1st (lowest). 2nd, 3rd and 4th (uppermost). The "lower quartile" is actually the 1st till 25th centile and the "upper 

quartile" is from the 76th to 100th  centile; and  the  values  that  lie  between  two successive quartiles is referred to as "inter-quartile range".  

As said earlier, in  a "normal distribution",  the frequency curve  will take  a bell  shape;  the value of  mean  and  median  will coincide;  also  the  value of  observations  will 

coincide (approximately) as follows, in a normal distribution 

             Mean                           Median 

Mean + 1 S.D.                               84th centile 

Mean + 2 S.D.                               97th centile 

Mean - 1 S.D.                               16th centile  

Mean - 2 S.D.                                3rd centile 

4.16. Practical implications of the "normal distribution" for  the epidemiologist and the medical researcher. Apart from the theoretical discussions of  the  normal curve 

made  above,  the practical  importance   for   the epidemiologist  and   medical researcher  lies in  the  fact that if he is handling  a "numerical" type of data, then  if the  data  is  of 

"numerical-ordinal" type  (eg,  grades  or scores, etc;), then, in any case, the tests meant to compare the  "means"  (`t' test, ANOVA) should not be  used;  rather tests which compare 

the "medians" (non-parametric tests) should be used. Secondly, even if the data is of "numerical-continuous" or "numerical-discrete" the epidemiologist should first ensure that the 

data is following a normal distribution  (at least, roughly) before doing tests for comparing means (like t-test, ANOVA, correlations, linear regressions).   If  the data  is  not  normally 

distributed, then either  the  data should  be  transformed  (eg,  log  transformations)   after consulting  a  Biostatistician / research  methodologist  or  else  the  non-parametric tests 

should be  used. However, if the data set is large enough, then even if data is not normally distributed, parametric tests for comparing means can be used, on the basis of “Central 

Limit Theorem”, if advised by the Statistician. 

How to find out whether data is normally distributed?  

(a) Calculate the mean and median.  If both are  reasonably close to  each  other,  our data  is  quite  likely  to  be following  a  "normal distribution".  For example, in the serum 

cholesterol example, the mean (150.3) and median (150.5) were very close to each other. 



(b) See a visual display of the distribution of data.   For large data sets, this can be easily done by seeing a  "DOT-PLOT" or "STEM-AND-LEAF" display using standard 

computer packages   like   MINITAB or SPSS.    A   "bell   shaped" distribution, visually, indicates that the data is quite likely to follow normal distribution. 

(c) Calculate the mean and standard deviation and find out the values of (mean + 2 X SD) and (mean - 2 X  SD).  In a normal distribution, the values of the observations which 

lie at (mean + 2 X SD) and at (mean - 2 X SD) will roughly correspond to 3rd and 97th centile values. 

For large data sets, (say 100 or more subjects), one need not be so stringent, since the “central limit theorem” becomes applicable.  However, it will be still preferable to 

consult a Biostatistician if   any reasonable doubt is present about normal distribution, even in larger data sets. 

4.17. Variability  (synonyms : dispersion, scatter). Measures of central tendency, as mean and median, are definitely quite important in epidemiology and research 

methodology.   However, in addition to them, there is another aspect which is even more important. Let us start with another hypothetical example.   A hospital starts functioning at 

8 a.m in the morning.   There are two physicians (`A' and `B') in the hospital.  Dr.  `A' arrives on an average at 8 a.m while Dr. B arrives, on an average   at 9 a.m.   Whom would 

you like to   consult? "Naturally,  Dr.`A',  since he is more punctual",  would  be your instant answer. 

Let us see how we worked out the average time of arrival of the two physicians.  We actually noted their time of arrival for 6 working days of a week and worked out the 

average as follows (Table – 4.12) :- 

Table – 4.12 : Time of arrival of Dr. ‘A’ and Dr. ‘B’ on six days of a week 

=========================================================== 

Time of arrival (a.m.)          

  ----------------------------------------------------------  Average time 

                         Mon        Tue        Wed       Thu       Fri       Sat         of arrival 

=========================================================== 

Dr. A                9.30        6.30           8           9        7.30     7.30          8 a.m 

 

Dr. B                 9            8.50        9.20      8.40        9        9.10          9 a.m  

=========================================================== 

After being given the above information, now whom would you like to consult?  Naturally, Dr. B - because he is more  “consistent".   He is more consistent because the 

"variability" around his average time of arrival (of 9  a.m) is very little, just 15 or 20 minutes this way or that  way.  On the other hand, the "variability" of Dr.A is too  much-  

almost one and a half hours earlier or later.  



Thus, besides the mean, there is another aspect which has to be considered - that of variability (or, dispersion or scatter) around the mean.  This aspect  of  variability 

becomes  especially  important  in  the  field  of  medicine because all biological phenomena show marked "variability" - all  human  beings  are  likely to be  different from  each 

other,  be  it  serum cholesterol or  height  or  number  of cigarettes  smoked.  In fact, one of the major reasons of studying the science of epidemiology and biostatistics is the inherent 

variability between human beings.  If there was no variability, say, all human beings were to have the same level of serum cholesterol, then there would have  been  no need  of doing 

a study or using statistics - we  could  have picked  up  any  one  human  being,  measured   his   serum cholesterol  and that would have given us the value for  all the human beings! 

4.18. Measures Of Variability. Once we have agreed that "variability" is as  important as the measures of central tendency, let us see what are the measures of variability. 

4.18.1. Range : The  simplest  measure of variability can  be  computed from  the  above  mentioned arrival  schedule  of  the  two physicians.   The time of arrival of Dr. A ranges 

from 6.30 a.m to 9.30 a.m,  while that of Dr. B is from 8.40 a.m. to  9.20 a.m.  This is what we call as “Range”.  The range gives us   the interval between the lowest and the highest 

values of a data set.  The advantage of range is that it is very easy to compute and gives a quick idea of the state of variability.  However, the problem is that it cannot be used for the 

various statistical tests. 

4.18.2. Standard deviation (SD): 

The  standard  deviation is one of the  most  important measures  of variability and is widely used  in  statistical tests.  It  is also known  as  "Root-Mean-Square-Deviation" 

which very  aptly  summarises  its  calculations.   Let us demonstrate its calculations using our data set (Exhibit – 4.1) on serum cholesterol. Since showing the computing for 150 

subjects which are there in the data set may be impossible due to space constraints, we will pick up, randomly, cholesterol values for 10 subjects from the overall set of 150 subjects. 

Let us say, the 10 values of cholesterol which we picked up randomly were: 128, 173, 107, 128, 176, 194, 112, 138, 127 and 111. We can calculate that the mean of these 10 values 

works out to 139.4 

Now, for calculating the Standard deviation of these 10 values, we will make a table as shown in Table – 4.13. In the first column we will enter the various values of serum 

cholesterol.  Now, in the second column headed (Xi  - X )  we  will put the differences between the  mean  and  the individual  values.  Then, in the third column (Xi - X )2 will  put 

the squares of the values of the second column  as  follows :- 

Table – 4.13: Calculation of Standard Deviation of blood cholesterol of 10 subjects (ungrouped data) 

Subject Number Serum Cholesterol Value 
(Xi - X )               (Xi - X )2 

 

1 128 139.4 – 128 = 11.4 (11.4)2 = 129.96 

2 173 139.4 – 173 =  - 33.6 (-33.6)2 = 1128.96 

3 107 32.4 1049.96 

4 128 11.4 129.96 

5 176 -36.6 1339.56 

Activity-4.   Work out and demonstrate, in a stepwise fashion how the mean of the 10 observations in above example works out to 139.4. 

____________________________________________ 



6 194 -54.6 2981.16 

7 112 27.4 750.76 

8 138 1.4 1.96 

9 127 12.4 153.76 

10 111 28.4 806.56 

TOTAL 1394 0 8472.60 

 

   ∑ Xi 

Mean ( X )  =    --------   = 1394 / 10  =  139.4 

                                n 

Now,   the standard deviation (denoted as S.D or sometimes as S) =    

                                 √  { ∑(Xi - X)2  }÷ (n – 1) 

 

where ∑(Xi - X)2 means that we have  to add up all the values of (Xi - X)2; i.e  129.96  + 1128.96 + .........+ 153.76 +  806.56  = 8472.60. 

                   

S.D =  √  { 8472  }÷ (10 – 1)  = √   8472 ÷ 9  = √   941.33  = 30.7 (approximately)   

 

4.18.3. Calculation of Standard deviation in a grouped data  

Suppose the data on serum cholesterol was grouped, as we had demonstrated earlier in this chapter for calculation of the mean, in Table – 4.10.  Now in the same table, 

make more columns as follows : 

      (a)  A column headed m2 in which all value of squares of respective middle points will be entered. 

(b) A  column  headed  f  X  m2  in  which  all  values  of  respective class frequency multiplied by their corresponding  values will be entered. 

Table 4.13: Calculation of Standard Deviation from grouped data of 150 subjects’ blood cholesterol levels according to class 

interval of 30 each 

Class Interval (Blood Cholesterol Mid Point of Class m2 Number of subjects f X m  f X m2 



levels in mg / dL) Interval (m) (f) 

90 to 120 105 11025 14 14 X 105 = 1470 154350 

120 to 150 135 18225 58 7830 1057050 

150 to 180 165 27225 60 9900 1633500 

180 to 210 195 38025 16 3120 608400 

210 to 240 225 50625 2 450 101250 

GRAND TOTAL   150 22770 3554550 

Now,  

     

SD =  √ [{∑(fm2)}  -  {∑(fm)2 ÷ (n )}] ÷(n – 1) 

now,  ∑ f  X  m = sum up all (f X m) = (1470 + 7830 + --------- + 450) – 22770; therefore, (∑fm)2  = (22770)2= 518472900 

and, ∑(fm2)  = sum up all (f  X  m2) = (154350 + 1057050 + ---------------- + 101250) = 3554550 

Thus, S.D. =       √ [{3554550}  -  {(518472900 ÷ (150 )}] ÷(150 – 1) 

                            = √ {(3554550 – 3456486)} ÷ (149)        

   = √ (98064 ÷ 149)  =  √658.15 = 25.7 (approximately) 

Note that if we had calculated the SD considering each and every of the 150 subjects individually, in an ungrouped manner, the SD would have come to 25.6, which is almost the 

same as 25.7 obtained from present method of calculating it from grouped data.   

4.18.4..   Variance:- 

The variance is another measure of variability and is denoted as S2.   It is simply the square of standard deviation. Thus, in the above example, 

          S2     =    (25.7) 2      =    658.15 

4.18.5. Coefficient of Variation (CV). This is calculated as (SD ÷Mean) X 100. In above example of serum cholesterol of 10 subjects, CV = (30.7÷ 139.4) X 100 = 22%. CV is 

sometimes used to make comparisons regarding the amount of variability in two different data sets but is not much used in medical statistical work. 

4.18.6. Standard Error :- 

The SD is a very important measure of the variability within the sample that we have studied.  In a data set which follows normal distribution, 95% of the values will be 



found within the limits of (mean ± 2 X SD).  Only 5% values will be outside the range, 2.5% above the upper limit and 2.5% below the lower limit.  For the sake of explanation, the 

table on haemoglobin values (Table – 4.11) is reproduced here: 

=========================================================== 

Haemoglobin value (g/dl)      5-6    6-7    7-8    8-9    9-10    10-11   11-12   12-13   1-143   14-15   15 & above     Total 

No. of subjects                          2      4        6       10        14       16         14        10         6           4               2                88 

=========================================================== 

 

Now,  using  the methods described for  calculation  of mean  and  SD  for  grouped  data,  you  can  calculate  for yourself,  that the mean (X) is 10.5 and SD is 2.26.   Thus, 

Mean ± 2 X SD = 10.5 ± 2 X 2.26 = 6 to 15 

Now, the observations which remain below the range of 6 to 15 are the 2 with Hb <5g/dl and the 2 with Hb >15 g/dl.   Thus, 4 out of 88, i.e, about 5% observations lie 

outside this range (approximately of course).  

However,  the mean and S.D of this sample do not   give us  any idea, as such, as to in what range the real mean  Hb in  the total reference population (of millions of  pregnant 

ladies)  would  be.   However, theoretically,  if  we  take repeated  samples (say 100 repeated samples), each of 88 subjects, from  the  same reference  population  of millions of 

pregnant  ladies,  and keep computing the average Hb level of each sample (of  88  each) then each sample will give us a mean  value  which will  be  quite  different from 

the  mean  values  of  other samples.  Now, we can again make a frequency distribution of these "Sample" means, as follows (Table – 4.14):- 

Table 4.14: Distribution of means of 100 repeated samples of 88 subjects each 

============================================================ 

Mean value of Hb from     Number of samples showing 

the sample studied      that average value. 

     (g/dl) 

============================================================ 

 9.9 - 9.99       1 

10.0 - 10.09       2 

10.1 - 10.19       5 

10.2 - 10.29       8 



10.3 - 10.39            14 

10.4 - 10.49           20 

10.5 - 10.59           20 

10.6 - 10.69            14 

10.7 - 10.79       8 

10.8 - 10.89       5 

10.9 - 10.99       2 

11.0 - 11.09       1 

============================================================ 

Total           100 

============================================================ 

Thus, we studied 100 repeated samples of 88 ladies each (theoretically)  from the same large  reference  population.  One of the samples showed mean Hb value between 

9.0 to 9.99,    2 samples gave mean Hb between 10.0 to 10.09 and so on. 

Now,  the above is also a "distribution" but this  time it  is not a distribution of the individual values  obtained from  subjects  in ONE sample of 88 subjects  but  rather  a 

distribution  of the "means of samples", obtained  from  100 different samples, each sample having 88 subjects.  The mean of this  distribution is 10.5 and its standard  deviation as 

0.215.   Now since this distribution of means of samples drawn from  the reference   population   is   also   following   a normal distribution,  therefore, 95%   of the   

"means"  should  be within  the mean ± 2 X SD  of this distribution.   In  other words,  it  follows that we will be 95% confident  that  the real  mean value in the population, whatever 

it be, will  be in the range of mean ± 2 X SD of this distribution of means. 

 But  how  do we find out this SD.  This SD  (0.21)  has been calculated by us, using just a hypothetical example  of having  drawn  100 consecutive 

samples!   In  truth,  nobody would study 100 samples; what to say of 100 samples,  nobody would even want to study the 2nd sample.  We want  to  make our  inference  from just 

one sample that we  have  studied; however the one sample that we have studied gives us the  SD of  this  sample but not the SD of the distribution  of  100 consecutive means ! 

This  is  where  inferential statistics  comes  to  our rescue.  The "SD of the distribution of means" (eg, 0.21  as calculated above), is also called the Standard Error of  the 

mean  (S.E.  of Mean) and gives us the variability  that  is present  in the total  reference population (as against  the S.D of our sample which gives us the variability present  in 

our  sample).   And, for finding out this S.E, we  need  not study 100 repeated samples; just by a single sample we  can calculate the SE as : 

 

             SD 



SE =  -------- 

            √ n 

 

Thus, from our sample results, SD was 2.26 and  n  was 88; hence   

                   2.26      

      SE   = -------- = 0.24  

                              √88 

Now, if we have to make a statement of the value of the actual mean in the total population, we can make certain approximations. We can assume that the actual mean in the 

population would be having the same value approximately, as our sample mean, i.e., 10.5 and that 95% of the values in the population will be within the interval of (population Mean 

+ SE) (since the SE is actually the SD of the distribution of repeated means drawn from the population). Thus 95% of repeated samples if drawn from that population will have 

means in the interval of (10.5 + 2 X 0.24) = 10.5 + 0.48) = 10.02 to 10.98. Now, we can say it in a different manner that we studied only one sample of 88 subjects from the large 

population which gave us a mean haemoglobin (Hb) of 10.5 and SD of 2.26. With this statistic, we are 95% confident that the real value of mean Hb in the large total population will 

be between 10.02 to 10.98 mg / dl. Thus, calculation of SE is a great help to us for making estimates about the total population, based on our findings from the sample. 

4.18.7. S.E. of Proportion. The second type of summary statistic which is used  for categorical data is "proportion".  It is denoted by `p'; its complementary is denoted by `q'; thus, 

q = (1 - p)  

and,  the  standard  error of this proportion (also known as “SE  (p)”  is calculated as  

 

                        p X q 

             SE (p) =             √  ------- 

                                n 

Thus, in our data set given in Exhibit 4.1, as regards hypertension, 13 out of 150 subjects had raised BP (8.7%, or, as a proportion, 0.087 out of 1). Thus, p = 0.087 and  q = 

(1 - p) = (1 - 0.087) = 0.913;  Thus,          

                           p X q               0.087 X 0.913 

 SE (p) =  √ -------------  =     √-----------------------    = 0.09 (approximately) 

                            n                             10 



Once  again,  this  SE (p) will be used  (as  shall  be explained  in subsequent chapters) to make  estimates  about the  proportion  that is likely to be present in  the  total 

reference population, from which this sample was drawn. 

4.19.  Check your progress – 2. 

6. In a research work addressing the question “Is  truck driving profession a risk factor for contracting AIDS?”, which of the following is true: (a) Truck driving is the exposure and 

AIDS is the outcome (b) Both truck driving and IDS are the exposure variables (c) Both truck driving and AIDS are the outcome variables (d) AIDS is the exposure and Truck 

driving is the outcome (e) There is neither any exposure nor any outcome variable since there is no hypothesis. 

7. In epidemiology and research methodology, comparisons between two groups should be based on: (a) The number of subjects having the disease of interest in the research (b) The 

population studied in each group (c) A frequency measure by relating the numbers having the disease to the population studied (d) the ratio of numbers with the disease to those 

without the disease in any one group (e) Whether Mean and Median are the same or not. 

8. Standard Error of the mean will depend upon: (a) Mean and SD of the Sample (b) Mean of the total reference population (c) Mean and number of subjects studied in the sample 

(d) Standard deviation of the sample and subjects studied in the sample (e) Proportion of subjects with the outcome of interest. 

9. Variance is the: (a) Same as Standard Deviation (SD) (b) Square root of SD (c) Square of SD (d) SD expressed as a percentage of the Mean (e) Root-Mean-Square-Deviation. 

10. Which of the following is NOT correct for “Normal distribution curve” : (a) It is bell shaped (b) Mean and median will be the same (c) It is also known as Gaussian curve (d) 1 

SD on either side of the mean will enclose 68% of the observations (e) 2 SD on either side of the mean will enclose 99% of the observations 

 

4.20. Summary 

 In epidemiology and medical research, we always keep a large collection of humanity or “subjects” or simply “units” in mind, on whom we would apply our results of the 

study. However in nearly all situations, we actually study a sample drawn from the population and not the complete population itself. This peculiar activity, when we actually 

study a sample but transpose the results from this sample to the entire population from which the sample was drawn is the basic issue in the concept of “population and 

sample”. 

 Whenever we study a sample, we should draw the sample  in a representative manner, and ensure that the methods of making our measurements in the study are absolutely 

correct and accurate. Once we have done this, we will make measurements on each subject selected for the study in our sample, for each an.  Every variable which we have 

decided to be studied. The values of each and every variable for each subject are recorded in an organized and systematic manner, and this is known as the data-set.  

 A data-set is the culmination of our hard labour spent in or research / epidemiological work – it is like a baby born after a very hard labour. However, unfortunately as it is on 

the face value, it would not be able to convey anything to our readers of our research or even to ourself, because it is huge and unwieldy – a usual data set will have values 

for hundreds of variables and for thousands of subjects. Therefore, we need to “summarise” this huge data into summary presentations, to convey meaningful information 

even to our readers and even to ourselves. This summarization can be by two broad methods : (a) Firstly, by “visual summarized presentation of data, and (b) Secondly by 

calculating and presenting summary measures of central tendency and variability. 

 The most common as well as scientifically appropriate method of summarising and visually presenting the data is the “Frequency distribution table”. The frequency distribution 

table essentially has 2 major depictions – a column showing the “class interval” (which delimits the number of subjects which will fall into that particular range as drawn 

by the upper and lower limits) and another column for the number of subjects counted in this class interval. A third column showing the percentages is quite desirable. We 

need to take care that if the data being presented is of a “quantitative, continuous type” then the lower limit of the class interval will be “inclusive” while the upper limit 



will be “exclusive”; on the other hand, if the data is of any variety of qualitative data or even quantitative discrete or ordinal data, the upper and lower limits of frequency 

intervals are both inclusive.  

 Graphical methods of displaying the data depend as to whether the data is of a qualitative nature of quantitative nature. For qualitative data, the most common methods are 

Bar diagram and pie diagram. For quantitative data, the method very often used are the histogram, which can be used only for quantitative, continuous data and is essentially 

a bar diagram in which the bars are continuous, i.e., the preceding bar merges with the succeeding bar. Quantitative continuous data can be displayed with the histogram but 

not by bar diagram, whereas quantitative discrete and quantitative ordinal data can be displayed with the bar diagram but not histogram. Other methods for quantitative data 

are line diagram (usually for depicting trends related to time), scatter diagram (usually for showing correlation between two quantitative variables) and stem and leaf 

diagram. 

 The other method of summarising the data is to reduce it into “summary figures”, which mainly include calculating the measures of central tendency and measures of 

variability. Both are important for describing the data. Measures of central tendency commonly used in epidemiology and medical research are the “Mean” (which mainly 

refers to the “arithmetic mean” and not to harmonic or geometric mean in medical epidemiological / research work) and the median. In a single number, the mean or median 

give us an idea of the central value around which the data is distributed. The mean is more often used in medical statistical work, while the median is used in case the data 

is consisting of quantitative ordinal values (like ranks or scores) or else the data is not “normally distributed” or the data is based on small number of subjects. If the data is 

normally distributed, the mean and median are the same. Calculation of mean essentially involves summing up the value of all the observations and dividing it by the total 

number of observations (total number of subjects). In a grouped series presented as a table, calculation involves finding out the mid-point of each class interval and then 

making calculations. For median, the data is arranged in an ascending or descending order and the middle most value gives us the median. 

 Measures of variability are equally important in medical epidemiology and research and include the Range, Inter-quartile range, Centiles, Standard Deviation, Variance and 

Coefficient of variation. The most important of these in medical statistical work is the Standard Deviation (SD). It is calculated as “Root – Mean-Square-Deviation” and as 

the term suggests, it is calculated by first taking the amount of “deviation” (i.e., numerical difference) of the value of each observation from the mean, calculating the square 

of each of these deviations, adding these squared values, calculating their average by dividing them with the number of observations and then calculating the square root of 

this final value. The Standard Deviation has many important statistical functions and is widely used in medical statistical work. In a large, normally distributed data set, the 

range encompassed by mean + one SD will enclose 68% of the values, 2 SD will enclose 95% and 3 SD will enclose 99% of the observations. Moreover, SD is the key 

parametre for calculating the Standard Error (SE) which gives us an idea of the variability in the total population from which the sample was drawn. The SE is calculated 

as {(SD) ÷(√n)} for a quantitative type of data and as √{(p X q) ÷ n)}in case of a qualitative data. 

4.21. Glossary 

 Variable: An attribute or characteristic of a subject which can be measured either quantitatively (in mathematical terms) or qualitatively, and is likely to assume a different 

value in different subjects. 

 Data: An organized collection of the values of various variables for all the subjects studied in the epidemiological / research work, arranged in a systematic manner according 

to the various variables and subjects. 

 Primary (measured) variable: A variable whose value is actually measured directly on the subjects studied. 

 Derived variable: A variable whose value is not actually measured directly on the study subjects but is worked out based on certain calculations / equations, from the values 

of  some other primary variables. 

 Frequency Distribution table: (Synonymous with contingency table), is a table arranged according to rows and columns, in which the data from a large data set is summarised, 

with the columns depicting, respectively, the various class intervals, frequency of subjects in that class interval and percentage of subjects in each class interval. 

 Class interval: The first column in a frequency distribution table, which shows the lower and upper limits of the range in which the respective subjects will be included.  

 Bar diagram: A diagram depicting various groups or categories along the horizontal axis and the number of subjects in each group along the vertical axis. The height of the 

bars correspond to the frequency (number) of subjects in each group. There is a distinct space between two consecutive bars. Used to display either qualitative data 

(dichotomous or polychotomous) or else quantitative data of either discrete or ordinal nature but cannot be used for display of quantitative data of a continuous nature. 

 Pie diagram: A visual representation of data in the form of a circle, with the relative frequency of subjects in each group being depicted as “pies” in the circle, and the area of 

each pie dependent on the angle subtended by each group at the centre of the circle, calculated on the basis of the relative frequencies in each group. Used to display either 



qualitative data (dichotomous or polychotomous) or else quantitative data of either discrete or ordinal nature but cannot be used for display of quantitative data of a 

continuous nature. 

 Line diagram: A visual representation of quantitative type of data, with the unit of time arranged along the horizontal axis and the number of subjects (or such frequency 

measure as percentage) along the vertical axis, with the various data points connected in the form of a line which shows the “trend”. Commonly used to depict trends 

according to time. 

 Histogram: Used for visual presentation of quantitative, continuous data. It is essentially a bar diagram with the main differences being that the consecutive bars merge with 

each other (since it represents continuous data) and that the area under each bar indicates the frequency of subjects in that group. 

 Scatter diagram: A method of depicting quantitative data, in which each dot represents the location of intersection of the value for each subject, as regards the independent 

variable along the horizontal axis and the dependent variable along the vertical axis. 

 Measures of central tendency: Summary figures of numerical nature which indicate the central part or “average” value of a data. These include the “mean”, “median” and 

“mode”. 

 Mean: Indicates the “average value” of a data. It can be arithmetic mean, geometric mean and harmonic mean. Mostly in medical research and epidemiology, it is the arithmetic 

mean which is used for statistical procedures and is calculated by summing up all the values of the observations and dividing it by the number of observations. 

 Variability: It indicates the “spread” or “scatter” of the data around the central tendency. Usual measures are range, standard deviation, variance and coefficient of variation, 

of which the standard deviation is most commonly used for statistical wotk. 

 Standard Deviation (SD): Most commonly used measure of variability, in statistical work and is calculated as “Root-Mean-Square-Deviation”. It is a very good statistical 

measure to calculate the variability in te sample studied. 

 Standard Error: A measure of variability in the reference population and is calculated as (SD÷√n) for quantitative data or as √ {(p X q)÷ (n)} in case of qualitative data. 

 

4.22.    Self-Assessment Test 

 Give a brief outline of various methods of graphical presentation of qualitative and quantitative data. 

 Discuss the constructions of a frequency distribution table for continuous data using Systolic blood pressure data in the practice data set (Exhibit – 4.10), and class interval of 

10 millimetres mercury (mm Hg). 

 Enumerate the various measures of variability. Describe the calculation of SD in a grouped data. 

 Compare and Contrast Mean and Median in epidemiology and medical research. 

 Offer a brief comment on the difference between Standard Error and Standard Deviation.  

 

4.23.    Suggested Readings/Reference Material 

 Chapters on Research Methodology & Epidemiology. By: Rajvir Bhalwar (Author & Chief Editor). Text Book of Public Health & Community Medicine. Publishers: WHO 

– India Office and AFMC, Pune. 1st  Ed, 2010. 

 Epidemiology of Syndrome ‘X’ among healthy, middle aged male persons. Thesis for Ph.D. in Preventive Medicine submitted by Dr  Rajvir Bhalwar to the University of 

Pune for June 2001 Examination. 

 Epidemiology. Author : Leon Gordis. 5th Ed, 2014. Publishers: Saunders & Elsevier. 

 Hulley SB, Cummings SR, Browner WS, et al. Designing Clinical Research. Lippincott, Williams & Wilkins & Wolters Kluwer, Philadelphia. 3rd Ed, 2007. 

 Rothman KJ. Epidemiology – An Introduction. Oxford University Press, New Delhi, 2nd Ed 2012, Reprinted 2016. 

 Saha Indranil & Paul Bobby. Essentials of Biostatistics. Academic Publishers, Kolkata. 2nd Ed, 2016. 

 Stewart A. Basic Statistics and Epidemiology. 4th Ed, 2016. CRC Press, London. 



 

4.24.    Answers to Check Your Progress Questions 

1. (c). Each set of tally marks has a count of 5 : four vertical marks and the fifth mark is oblique from lower end of first to upper end of fourth mark 

2. (a) 0 – 2, 3 – 4, 5 – 6, etc. The reason is that this is quantitative, discrete data and can only take integer values. Thus the number of children can be either of 0, 1, 2 etc. In quantitative 

discrete type of data, both the upper as well as lower limits of the class interval will be “INCLUSIVE” as compared to quantitative, continuous data in which the lower limit of a 

class interval is inclusive while the upper limit is exclusive. 

3. (c) The lower limit is inclusive and the upper limit is exclusive. This has already been explained in detail in the text as well as in answer 2 above. 

4. (b) Bar Diagram. Bar diagram cannot be used for a continuous data since there are distinct gaps between the bars. It can be used to describe qualitative data, and even quantitative 

data which is either of discrete nature or ordinal numbers which can take only integer values. 

5. (d) 360O.  This is because 360O represent the full, circle and the angle subtended at the centre of the circle by each individual group will depend on the proportion of subjects in 

each group (out of the total subjects) multiplied by 360O. 

6. (a) Truck driving is the exposure and AIDS is the outcome. While deciding which is the exposure and which is the outcome variable, just ask the question “In this research 

question, is there a hypothesis being tested? If yes, as per the hypothesis, WHAT is that in this hypothesis (exposure) leads to WHAT (outcome)?”. In this question, there is a 

hypothesis which says “truck driving profession” (exposure) is possibly the cause of AIDS (outcome). 

7. (c) A frequency measure by relating the numbers having the disease to the population studied. The basic dictum in comparative (analytic) research is: “never compare the numbers 

counted bit convert it into a frequency measure by relating the numbers with the outcome (as the numerator) to the total subjects in that group as the denominator. 

8. (d) Standard deviation of the sample and subjects studied in the sample. This is because the SE of the mean is dependent on two functions – the sample SD and number of subjects 

studied in the sample (sample size) an dis calculated as: {(SD) ÷ (√n)} 

9. (c) Square of SD. Variance is calculated as Square of Standard Deviation. 

10. (e) “2 SD on either side of the mean is not correct. 2 SD on either side of mean will enclose 95% of the observations, while 99% of the observations will be enclosed by 3 SD on 

either side of the mean. 

 

 


