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2. Numerical Descriptive Measures of Central Tendency and Variability.

Measures of Central Tendency


Usually, we focus our attention on two aspects of measures of central location:

-- Measure of the central data point (the average)

-- Measure of dispersion of the data about the average
The central data point reflects the locations of all the actual data points.

Arithmetic mean

This is the most popular and useful measure of central location

Mean = Sum of Measurements/Number of measurements

Sample mean: 
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Population mean:

Here n is the sample size, and N is the population size.
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Example 1 The mean of the sample of six measurements 7, 3, 9, -2, 4, 6 is given by 

Example 2

When many of the measurements have the same value, the measurement can be summarized in a frequency table.  Suppose the number of children in a sample of 16 employees were recorded as follows:

            NUMBER OF CHILDREN      0     1     2     3
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NUMBER OF EMPLOYEES  3     4     7     2

The median

The median of a set of measurements is the value that falls in the middle when the measurements are arranged in order of magnitude.

Example 3 

Seven employee salaries (in 1000s) were recorded : 28, 60, 26, 32, 30, 26, 29. Find the median salary.

Odd number of observations

First, sort the salaries. Then, locate the value in the middle:

26,26,28,29,30,32,60
Suppose one employee’s salary of $31,000 was added to the group recorded before. Find the median salary.

Even number of observations

First, sort the salaries. Then, locate the value in the middle:

26,26,28,29,30,31,32,60

We have two values in the middle. In this case median is (29+30)/2=29.5.

The mode

· The mode of a set of measurements is the value that occurs most frequently.

· Set of data may have one mode (or modal class), or two or more modes.

Example 4

The manager of a men’s store observes the waist size (in inches) of trousers sold yesterday: 31, 34, 36, 33, 28, 34, 30, 34, 32, 40.

The mode of this data set is 34 in. 

Relationship among Mean, Median, and Mode

· If a distribution is symmetrical, the mean, median and mode coincide

· If a distribution is non-symmetrical, and skewed to the left or to the right, the three measures differ. 
A positively skewed distribution (“skewed to the right”) typically gives

mode < median < mean

A negatively skewed distribution (“skewed to the left”) typically gives 

mean < median < mode

The geometric mean

This is a measure of the average growth rate.

Let Ri denote the rate of return in period i (i=1,2,…,n).  The geometric mean of the returns R1, R2,…,Rn is the constant Rg that produces the same terminal wealth at the end of period n as do the actual returns for the n periods, i.e.
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Example 5

A firm’s sales were $1,000,000 three years ago. Sales have grown annually by 20%, 10%, -5%. Find the geometric mean rate of growth in sales.

Solution

Since Rg is the geometric mean 
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Thus,  
Measures of variability

Measures of central location fail to tell the whole story about the distribution. A question of interest still remains unanswered:

· How much spread out are the measurements about the average value?

The range

· The range of a set of measurements is the difference between the largest and smallest measurements.

· Its major advantage is the ease with which it can be computed.

· Its major shortcoming is its failure to provide information on the dispersion of the values between the two end points. 
The variance

· This measure of dispersion reflects the values of all the measurements.

· [image: image16.wmf]%.
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The variance of a population of N measurements 
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 having a mean 
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· The variance of a sample of n measurements 
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The standard deviation of a set of measurements is the square root of the variance of the measurements.

Sample standard deviation: 
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Population standard deviation: 
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The standard deviation can be used to

· compare the variability of several distributions

· make a statement about the general shape of a distribution 

The empirical rule

[image: image18.wmf]1

)

(

2

1

2

-

-

å

=

=

n

x

x

s

i

n

i

The empirical rule: If a sample of measurements has a bell-shaped distribution, the interval
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contains approximately 68% of the measurements,

contains approximately 95% of the measurements,
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contains practically all the measurements.

Range approximation:
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Chebyshev Theorem

Given any set of observation and a number 
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Exercises:  2.41, 2. 42, 2.57,  2.72
References:

1. Chase and Bown, General Statistics 

2. Hildebrand and Ott, Statistical Thinking for Managers
3. Keller and Warrack, Statistics for Management and Economics
4. McClave, Benson, and Sincich, A First Course In Business Statistics
� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���








� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���











� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���























[image: image21.wmf])

3

,

3

(

s

x

s

x

+

-

[image: image22.wmf]N

x

i

N

i

2

1

2

)

(

m

s

-

å

=

=

[image: image23.wmf]N

x

i

N

i

1

=

å

=

m

[image: image24.wmf]1

)

(

2

1

2

-

-

å

=

=

n

x

x

s

i

n

i

[image: image25.wmf]n

x

x

i

n

i

1

=

å

=

[image: image26.wmf]5

.

4

6

6

6

5

4

3

2

1

6

1

=

+

+

+

+

+

=

å

=

=

x

x

x

x

x

x

x

x

i

i

[image: image27.wmf]5

.

1

16

)

3

(

2

)

2

(

7

)

1

(

4

)

0

(

3

16

...

16

16

2

1

16

1

=

+

+

+

=

+

+

=

å

=

=

x

x

x

x

x

i

i

[image: image28.wmf]1

)

1

)...(

1

)(

1

(

2

1

-

+

+

+

=

n

n

g

R

R

R

R

[image: image29.wmf]%.

84

.

7

,

0784

.

1

)

05

.

1

)(

1

.

1

)(

2

.

1

(

3

or

R

g

=

-

-

+

+

=

[image: image30.wmf])

,

(

s

x

s

x

+

-

[image: image31.wmf])

2

,

2

(

s

x

s

x

+

-

_1050912415.unknown

_1060598610.unknown

_1071653631.unknown

_1071653702.unknown

_1122188283.unknown

_1071653692.unknown

_1071653574.unknown

_1052211143.unknown

_1060598565.unknown

_1052211226.unknown

_1052211004.unknown

_1050912454.unknown

_1050912032.unknown

_1050912148.unknown

_1050912182.unknown

_1050912394.unknown

_1050912098.unknown

_1050911893.unknown

_1050911938.unknown

_1050912000.unknown

_1050911862.unknown

