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Introduction

In this session we will discuss approaches for summarising

the distribution of the data.

Why is this important?

This is important because we would like to summarise a large 

number of data using only a couple of numbers.

These numerical measures provide information about a 

“typical” observation in the data and are referred to as 

measures of central tendency.

In this section, we present numerical measures — the 

mean, median, and mode—In response to questions 

concerning the location of the center of a data set. 
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One measure of central tendency that quickly comes to mind is the arithmetic

mean, usually just called the mean, or average.

The arithmetic mean (or simply mean) of a set of data is the sum of the data

values divided by the number of observations. If the data set is the entire

population of data, then the population mean, m, is a parameter given by

where N = population size and  𝜮 means “the sum of.”

If the data set is from a sample, then the sample mean, x, is a statistic given by

where n = sample size. 

The mean is appropriate for numerical data.
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MeanEXAMPLE 1
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In a frequency distribution (with classes of different size) the modal

class is the class with the highest frequency density.

Mode

Mode
The mode, if one exists, is the most frequently occurring value. A distribution with 

one mode is called unimodal; with two modes, it is called bimodal; and with more 
than two modes, the distribution is said to be multimodal. 

The mode is most commonly used with categorical data.

Example: Suppose we have the following 10 observations 

35 35 37 40 42 42 42 45 45 46

Mode? 

Xi ni

35 2

37 1

40 1

42 3

45 2

46 1

= 42

5



EXAMPLE 2 mode for frequency distribution Mode

Mode? 6 employees 

n. employees 

(xj) 

number of 

sales points 

(freq. nj)

3 2

4 1

6 3

7 1

10 2

9
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The mean can be misleading when a data set has an outlier because the 

mean will shift toward the value of that outlier. For this reason, there is a 

need for alternative measures of central tendency.  

Median

X (1) X(n)Me

The median is the middle value in a distribution of data listed in non-

decreasing (numeric) order.

Consequently, the median is the value at which the distribution of our data is

divided into two equal parts.

The median is the second quartile (q2) of a distribution.
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MedianHow to calculate  the  median?

• For a set of observations placed in numeric order 
(ranked according to their magnitude):  

• n ODD: the median position is of order: 

• n EVEN: there are two median position of order: 
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Median

Median?

n is ODD: the median position is of order: 
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Median is 45
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Example: 

Think of the variable income and assume that we have two

multimillionaires in our dataset. What is the effect of these two

individuals on the mean income?

Mean, Mode, Median: how to choose

✓ The mean is affected by outliers.

✓ On the other hand the median is not affected by

extreme values.

✓ Median is a robust (to outliers) measure of central

tendency

✓ The mean is easier to work with than the median

✓ The mode is used less often

Guidelines for Choosing a Measure of Central Tendency

The mean is more commonly used. However, the mean is affected by extreme

values (also known as outliers) …
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EXAMPLE
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The Pth percentile is found as follows:

Pth percentile = value located in the (P/100) (n+1) th-ordered position.

Quartiles are descriptive measures that separate large data sets into four

quarters.
• The first quartile, Q1, (or 25th percentile) separates approximately the

smallest 25% of the data from the remainder of the data;

• The second quartile, Q2, (or 50th percentile) is the median;

• The third quartile, Q3, (or 75th percentile), separates approximately the

smallest 75% of the data from the remaining largest 25% of the data.

Percentiles and Quartiles

To find percentiles and quartiles, data must first be arranged in order from the

smallest to the largest values.

The Pth percentile is a value such that approximately P% of the observations
are at or below that number.

Percentiles separate large ordered data sets into 100ths.

Q1 = the value in the 0.25(n+1)th ordered position 

Q2 = the value in the 0.50(n+1)th ordered position

Q3 = the value in the 0.75(n+1)th ordered position
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In describing numerical data, we often refer to the five-number summary. 

The five-number summary refers to the five descriptive measures: minimum,

first quartile, median, third quartile, and maximum: 

minimum < Q1 < median < Q3 < maximum

We present a graph of the five-number summary called a box-and-whisker plot.

A box-and-whisker plot is a graph that describes the shape of a distribution in

terms of the five-number summary:

• the minimum value,

• first quartile (25th percentile),

• the median,
• the third quartile (75th percentile),

• the maximum value
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The inner box shows the 

numbers that span the range 

from the first to the third quartile. 

A line is drawn through the box 
at the median. 

There are two “whiskers.” 

One whisker is the line from the 

25th percentile to the minimum 
value; the other whisker is the 

line from the 75th percentile to 

the maximum  value
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# identification of outliers Q1=first quintile, Q3=third quintile

# x>Q3+lambda(Q3-Q1)

# x<Q1-lambda(Q3-Q1)

# lambda is a positive constant variable equal to 1.5 

Q3=quantile(your_variable, 0.75 ) # define 3rd quintile

Q1=quantile(your_variable, 0.25 ) # define 1st quintile

x_upper<-Q3+1.5*(Q3-Q1)    # upper bound

x_lower<-Q1-1.5*(Q3-Q1)    # lower bound

tousand[tousand>77.58]=NA

summary(tousand) # now there are 348 NA's 

boxplot(tousand) Exercises with R….
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To perform the analysis, please load into R the dataset called “iris”
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From central tendency …

to variability measures 
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The mean alone does not provide a complete or sufficient description

of data. Variation exists in all areas…

✓ In sports, the star basketball player might score five 3-pointers in one

game and none in the next or play 40 minutes in one game and only

24 minutes in the next.

✓ The weather varies greatly from day to day and even from hour to

hour;

✓ grades on a test differ for students taking the same course with the

same instructor;

✓ a person’s blood pressure, pulse, cholesterol level, and caloric

intake will vary daily.

✓ In business, variation is seen in sales, advertising costs, the

percentage of product complaints, the number of new customers,

and so forth. …
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While two data sets could have the same mean, the individual 

observations in one set could vary more from the mean than do the 

observations in the second set. 

Consider the following two sets of sample data:

Sample A: 1 - 2 - 1 - 36

Sample B:  8 - 9 - 10 -13

Although the mean is 10 for both samples, clearly the data in 

sample A are farther from 10 than are the data in sample B. 

We need descriptive numbers to measure this spread … 

In this section we present descriptive numbers that measure the

variability or spread of the observations from the mean. In particular,

we include the range, interquartile range, variance, standard

deviation, and coefficient of variation.
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Same center, 

different variation

Variation

Variance Standard 

Deviation

Coefficient 

of Variation

Range Interquartile 

Range

◼ Measures of variation give 

information on the spread 

or variability of the data 

values.

Measures of Variability
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Range = Xlargest – Xsmallest

0   1   2   3   4   5   6   7   8   9   10   11   12    13   14   

Range = 14 - 1 = 13

Example:

The range is the difference between the largest and 

smallest observations in set of observations.

Range

Simplest measure of variation
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7     8     9     10    11    12

Range = 12 - 7 = 5

7     8     9    10     11    12

Range = 12 - 7 = 5

Disadvantages of the Range

Range = 5 - 1 = 4

Range = 120 - 1 = 119

1,1,1,1,1,1,1,1,1,1,1,2,2,2,2,2,2,2,2,3,3,3,3,4,5

1,1,1,1,1,1,1,1,1,1,1,2,2,2,2,2,2,2,2,3,3,3,3,4,120

Ignores the way in which data are distributed

Sensitive to outliers
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• Can eliminate some outlier problems by using 
the interquartile range

• Eliminate high- and low-valued observations 
and calculate the range of the middle 50% of 
the data

• Interquartile range = 3rd quartile – 1st quartile

IQR = Q3 – Q1

Interquartile Range

Median

(Q2)
X

maximum
X

minimum
Q1 Q3

25%                 25%               25%          25%

12                     30                 45           57            70

Interquartile range 

= 57 – 30 = 27
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The variance measures the average amount by which the 

data differ from the mean. It is obtained as the mean of the 

squares of deviations of individual values from the average 

value.  

✓ The variance is affected by extreme observations

Variance

✓ The numerator of the variance is called Deviance:
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The Standard Deviation (SD)

The standard deviation is simply computed by taking the 

square root of the variance.

Standard deviation 

(SD)

✓ Most commonly used measure of variation

✓ Shows variation about the mean

✓ Has the same units as the original data
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Measuring variation

Small standard deviation

Large standard deviation
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Comparing Standard Deviations

Mean = 15.5

s = 3.33811    12    13    14    15    16    17    18    19    20   21

11    12    13    14    15    16    17    18    19    20   21

Data B

Data A

Mean = 15.5

s = 0.926

11    12    13    14    15    16    17    18    19    20   21

Mean = 15.5

s = 4.570

Data C
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Coefficient of Variation

• Measures relative variation

• Always in percentage (%)

• Shows variation relative to mean

• Can be used to compare two or more 

sets of data measured in different units 
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Comparing Coefficient 
of Variation

• Stock A:

– Average price last year = $50

– Standard deviation = $5

• Stock B:

– Average price last year = $100

– Standard deviation = $5

Both stocks 

have the same 

standard 

deviation, but 

stock B is less 
variable relative 

to its price
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Using Microsoft Excel

• Descriptive Statistics can be obtained 

from Microsoft® Excel

– Use menu choice:

tools / data analysis / descriptive statistics

– Enter details in dialog box
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Chap 3-39

Using Excel

◼Use menu choice:

tools / data analysis / 

descriptive statistics



Chap 3-40

• Enter dialog box 
details

• Check box for 
summary statistics

• Click OK

Using Excel
(continued)



Excel output

Microsoft Excel 

descriptive statistics output, 

using the house price data:

House Prices: 

$2,000,000

500,000

300,000

100,000

100,000
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