
This chapter introduces the areas of statistics, basic concepts and definitions, population and sample, types
of variables, graphical representations of qualitative and quantitative data, numerical summary measures,
measure of central tendency for ungrouped data (mean, median and mode), measures of dispersion for
ungrouped data (range, variance and standard deviation), mean, variance and standard deviation for grouped
data, measures of position including quartiles, percentiles, box-and-whisker plot, skewness and kurtosis.

1.11.11.11.11.1 INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Statistics refers to the field or discipline of study. Statistics is a group of methods that are used to collect,
analyse, present, and interpret data and to make decisions. Decisions made by using statistical methods
are called educated guesses. Statistics has two areas, theoretical or mathematical statistics and applied
statistics as shown in Fig.1.1. Theoretical or mathematical statistics deals with the development, derivation,
and proof of statistical theorems, formula, rules, and laws. Applied statistics concerns the applications of
those theorems, formulae, rules and laws to solve real-world problems. This chapter deals with applied
statistics.

Applied statistics is divided into two branches, Descriptive statistics and Inferential statistics.
Descriptive statistics involves methods for organising, displaying, and describing data by using tables,
graphs and summary measures. The collection of all elements of interest is called a population in statistics.
The selection of a few elements from this population is called a sample. Statistics that deals with making-
decision, inferences, predictions, and forecasts about populations based on results obtained from samples.
Statistics that deals with decision-making procedures is called inferential statistics. This branch of statistics
is also known as inductive reasoning or inductive statistics. Inferential statistics consists of methods that
employ sample results to help make decisions or predictions about a population.

Probability, which measures the likelihood that an event will occur, is an important part of statistics. It
is the basis of inferential statistics, where decisions are made under conditions of uncertainty. Probability
theory is used to evaluate the uncertainty involved in those decisions. Probability statements are about
occurrence or non-occurrence of a certain event under certain conditions.
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Fig. 1.1: Areas of statistics

1.1.1 Population and Sample
A population consists of all elements: individuals, items, or objects, whose characteristics are being studied.
The population that is being studied is also called the target population. The collection of a few elements
selected from a population is called a sample. Thus, a portion of the population selected for study is referred
to as a sample. The collection of information from the elements of a population or a sample is called a
survey. A survey that includes each and every element of the population is called a census. A survey
conducted on a sample is called a sample survey. A sample that represents the characteristics of the
population as closely as possible is called a representative sample.

A sample drawn in such a way that each element of the population has same chance of being selected
is called a random sample. If the chance of being selected is the same for each element of the population, it
is called a simple random sample. An element or member of a sample or population is a specific subject or
object about which the information is collected. A variable is a characteristic under study that assumes
different values for different elements. In relation to a variable, the value of a constant is fixed. The value of
a variable for an element is called an observation or measurement. A data set is a collection of observations
on one or more variables.

1.1.2 Types of Variables
A variable that can be measured numerically is called a quantitative variable. The data collected on a
quantitative variable are known as quantitative data. Quantitative variable is classified as either discrete
variable or continuous variable. A variable whose values are continuous is called a continuous variable.
A discrete variable can assume only certain values with no intermediate values. On the other hand, a variable
that can assume any numerical value over a certain interval or intervals is called a continuous variable.
The time taken to complete a trip to a corner store is an example of a continuous random variable because it
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can assume any value, say, between one and two hours. A variable that cannot assume a numerical value
but can be classified into two or more non-numeric categories is called a qualitative or categorical variable.
The data collected on such a variable are known as qualitative data. The types of variables and types of
data are classified as shown in Figs.1.2 (a) and (b).

Quantitative

Continuous: Weight, Height, Line width measurements

Discrete: Number of students, Number of accidents

Qualitative

Nominal: Black, Green, Yellow, …

Ordinal: High, Medium, Low

Ranked: 1 2 3 etc.

Data collected on different elements at the same point in time or for the same period of time are called
cross-section data.

Fig. 1.2(a): Types of variables

TYPES OF DATA

Quantitative Qualitative

Continuous Discrete

Nominal Ordinal Ranked

Categorical data

Fig. 1.2(b): Types of data

1.1.3 Organising Data
Data recorded in the sequence in which they are collected and before they are processed or ranked are
called raw data.
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1.1.3.1   Qualitative Data
A frequency distribution for qualitative data lists all categories and the number of elements that belong to
each of the categories. A relative frequency distribution lists the relative frequencies for all categories.

Relative frequency of a category = 
frequency of that category

sum of all frequencies
(1.1)

A percentage distribution lists the percentages for all categories.

                                                 Percentage = relative frequency × 100 (1.2)

1.1.3.2   Graphical Representation of Qualitative Data

The bar graph and the pie chart are two types of graphs used to represent or display qualitative data. A
graph made of bars whose heights represent the frequencies of representative categories is called a bar
graph. A pie chart is more commonly used to display percentages, although it can be used to display
frequencies or relative frequencies. The pie chart represents the total sample or population. The pie chart is
divided into different portions that represent the percentages of the population or sample belonging to
different categories.

Example E 1.1

The following data give the results of a sample survey of three categories A, B and C.

A B C C A B A B C C A B C A C

A C A B C A B C C C C A C C C

(a) prepare a frequency distribution table

(b) compute the relative frequencies and percentages for all three categories A, B and C

(c) what percentage of the elements in this sample belongs to category B?

(d) what percentage of the elements in this sample belongs to categories A or C?

(e) draw a bar graph of the frequency distribution.

���������

(a) and (b)

Category Frequency Relative frequency Percentage 
A 9 0.30 30 
B 6 0.20 20 
C 15 0.50 50 

Totals 30 1.00 100 

(c) 20% of the element in this sample belongs to category B.

(d) 30% + 50% = 80% of the elements in this sample belong to categories A or C.

(e) The bar graph of the frequency distribution is shown in Fig. E1.1.
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Fig. E1.1: Bar graph of the frequency distribution

Example E1.2

Draw the pie chart for the percentage distribution in Example E1.1.

���������

The pie chart is shown in Fig. E1.2.

30%

50%

20%

Fig. E1.2: Pie chart

1.1.3.3   Graphical Representation of Quantitative Data
A frequency distribution for quantitative data lists all the classes and the number of values that belong to
each class. Data presented in the form of a frequency distribution are called grouped data. The class
boundary is the midpoint of the upper limit of one class and the lower limit of the next class, while class
width = upper boundary – lower boundary.

The class width is also known as the class size.
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 The class midpoint or mark = 
lower limit  upper limit

2

+
(1.3)

      Approximate class width = 
largest value – smallest value

number of classes
(1.4)

The relative frequencies and percentages for a quantitative data set are calculated as follows:

             Relative frequency of a class = 
frequency of that class

sum of all frequencies

f

f
=
∑ (1.5)

                            Percentage = relative frequency × 100

A histogram is a graph in which classes are marked on the horizontal axis and the frequencies, relative
frequencies or percentages are marked on the vertical axis. The frequencies, relative frequencies, or percentage
are represented by the heights of the bars. In a histogram, the bars are drawn adjacent to each other.

The most common shapes of histograms are symmetric, skewed, and uniform or rectangular. A
symmetric histogram is identical on both sides of its central point. A skewed histogram is nonsymmetric.
For a skewed histogram, the tail on one side is longer than the tail on the other side. A skewed-to-the-right
histogram has a longer tail on the right side while a skewed-to-the-left histogram has a longer tail on the
left side. A uniform or rectangular histogram has the same frequency for each class.

A polygon is another method that can be used to represent quantitative data in graphical form. A graph
formed by joining the midpoints of the tops of successive bars in a histogram with straight lines is called a
polygon. A polygon with relative frequencies marked on the vertical axis is called a relative frequency
polygon. In a similar manner, a polygon with percentages marked on the vertical axis is called a percentage
polygon.

A cumulative frequency distribution gives the total number of values that fall below the upper boundary
of each class.

           Cumulative relative frequency = 
cumulative frequency

total observations in the data set
(1.6)

          Cumulative frequency = cumulative relative frequency × 100 (1.7)

When plotted on a graph, the cumulative frequencies give a curve that is called an ogive. Thus, an
ogive is a curve drawn for the cumulative frequency distribution by joining with straight lines the dots
marked above the upper boundaries of classes at height equal to the cumulative frequencies of respective
classes.

Another technique that is used to represent quantitative data in condensed form is the stem-and-leaf-
display. In a stem-and-leaf display of quantitative data, each value is divided into two portions: a stem and
a leaf. The leaves for each stem are shown separately in a display.

Example E1.3

Out of 27 randomly selected families in a small town, the following data give the number of children less
than 18 years of age:

1 0 2 4 4 2 3 2 0

2 0 0 0 0 1 4 0 2

0 2 0 2 3 2 1 2 2
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(a) construct a frequency distribution table using single-valued classes

(b) compute the relative frequencies and percentages for all classes

(c) find the number of families with one or two children less than 18 years of age

(d) find the number of families with two or three children less than 18 years of age

(e) draw a bar graph for the frequency distribution.

���������

(a) and (b) The frequency distribution, relative frequencies and percentages are shown in Table E1.3.

Table E1.3

Number of children 
less than 18 years  

of age 

Frequency Relative 
frequency 

Cumulative 
relative frequency 

Percentage 
(probability) 

0 9 0.334 0.334 33.3 

1 3 0.111 0.445 11.1 

2 10 0.370 0.815 37.0 

3 2 0.074 0.889 7.4 

4 3 0.111 1.0 11.1 

Total 27   100.0 

(c) Number of families with one or two children under 18 years of age = 3 + 10 = 13.

(d) Number of families with two or three children under 18 years of age = 10 + 2 = 12.

(e) The bar graph for the frequency distribution is shown in Fig. E1.3.
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Fig. E1.3: Bar graph of frequency distribution
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Example E1.4

The frequency distribution of ages of all 60 part-time graduate students in a Master of Science in Mechanical
Engineering degree program of a university is given below:

Age (years) Number of students 

21-25 22 

26-30 13 

31-35 11 

36-40 8 

41-45 6 

(a) prepare a cumulative frequency distribution table
(b) calculate the cumulative relative frequencies and cumulative percentages for all classes
(c) find the percentage of students who are 31 years of age or older
(d) draw a ogive for the cumulative percentage distribution
(e) using the ogive, determine the percentage of students who are 35 years or younger.

���������

(a) and (b) The cumulative frequency, cumulative relative frequency and percentages are shown in Table
E1.4.

Table E1.4

Age  
(years) 

Frequency Cumulative 
frequency 

Cumulative relative 
frequency 

Cumulative 
percentage 

21–25 22 22 0.366 36.6 
26–30 13 35 0.583 58.3 
31–35 11 46 0.766 76.6 
36–40 8 54 0.90 90.0 
41–45 6 60 1.00 100.0 

(c) Percentage of students who are 31 years of age or older = 100 – 58.3 = 41.7%.
(d) The frequency, cumulative relative frequency and the ogive diagram for the cumulative percentage

distribution is shown in Fig. E1.4.
(e) The percentage of a student who is 35 years or younger is about 70%.
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Fig. E1.4: Ogive diagram for the cumulative percentage distribution
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Example E1.5

Following are the overtime monies earned by 15 employers of a company during the month of August 2008.

780, 892, 995, 1168, 883, 1041, 994, 1084, 776, 981, 1129, 1067, 932, 655, 642

Prepare a stem-and-leaf display by arranging the leaves for each stem in an increasing order.

���������

The stem-and-leaf display and the stem-and-leaf display data are shown in Figs. E1.5(a) and E1.5(b)
respectively.

6 55 42 6 42 55

7 80 76 7 76 80

8 92 83 8 83 92

9 95 94 81 32 9 32 81 94 95

10 41 84 67 10 41 67 84

11 68 29 11 29 68

Fig. E1.5(a): Stem-and-leaf Fig. E1.5(b): Stem-and-leaf display of data
                    display of data                    arranged in increasing order

1.21.21.21.21.2 NUMERICAL SUMMARY MEASURESNUMERICAL SUMMARY MEASURESNUMERICAL SUMMARY MEASURESNUMERICAL SUMMARY MEASURESNUMERICAL SUMMARY MEASURES

There are three basic numerical summary (descriptive) measures used to organize and display large data
sets as shown in Fig.1.3. They are:

1. Measures of central tendency

2. Measures of dispersion or scatter and

3. Measures of position.

NUMERICAL SUMMARY MEASURES

Measures of central tendency Measures of dispersion Measures of position

Ungrouped data Range Mean
deviation

Standard
deviation

Mean Median Mode

Quartiles Percentiles Percentile
ranks

UNGROUPED DATA

Fig. 1.3: Three basic numerical summary measures

1.2.1 Measures of Central Tendency for Ungrouped Data
A data set is generally represented by numerical summary measures called the typical values. A measure of
central tendency gives the center of a histogram or a frequency distribution curve. There are three measures
of central tendency: the mean, the median, and the mode.
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1.2.1.1 Mean for Ungrouped Data
An average is a value which is typical or representative of a set of data. Since such values tend to lie
centrally within a set of data arranged according to magnitude, averages are also called measures of central
tendency.

The mean, also called the arithmetic mean or average, for ungrouped data is obtained by dividing the
sum of all values by the number of values in the data set. Thus,

  Mean for population data    
X

N
µ = ∑ (1.8)

        Mean for sample data    
X

X
n

= ∑ (1.9)

where µ is the population mean, ∑X the sum of all values, N the population size, X  the sample mean, and n
the sample size. Sometimes the data may contain a few very small or a few very large values. Such values
are called outliers or extreme values.

1.2.1.2 Median

The median is the value of the middle term in a data set that has been ranked in either increasing or decreasing

order. Median for ungrouped data = the value of the 
1

2

th
n + 

   term in a ranked data set. If the given data

set represents a population, replace n by N. If the number of observations in a data set is odd, then the
median is given by the value of the middle term in the ranked data. Similarly, if the number of observations
is even, then the median is the average of the values of the two middle terms.

1.2.1.3 Mode
The mode for an ungrouped data is the value that occurs with the highest frequency in a data set. A data
set with only one value occurring with highest frequency has only one mode and such a data set is called
unimodal. A data set with two values occurring with the same (highest) frequency has two modes. The
distribution in this case is called bimodal. If more than two values in a data set occur with the same (highest)
frequency, then the data set contains more than two modes and it is said to be multi modal. It should be
noted here that a data set with each value occurring only once has no mode.

1.2.1.4 Empirical Relation among Mean, Median and Mode

For unimodal frequency curves which are moderately skewed (asymmetrical), the empirical relationship is
given by

mean – mode = 3 (mean – median)

Figures 1.4(a) and (b) show the relative positions of the mean, median and mode for frequency curves
which are skewed to the right and left respectively. It should be noted here that for symmetrical curves, the
mean, median and mode and they all coincide.


