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Measures of Spread

® The spread of a distribution refers to how much
variability the data has.

e Common measures are the five number summary,
variance, and standard deviation.

® A very basic measure is to look at just the
minimum and maximum values.

® The is the difference between these two.

Variance

® The variance s2 of a set of observations is an
average of the squares of the deviations of the
observations to the mean.
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Standard Deviation

® The standard deviation s is the square root of the
variance.
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Important Facts About s2
and s

Both variance and standard deviation will ALWAYS be
non-negative values.

® s=0 means that all observations have the same value.

® The units of are the square of the
units of the data.

® The units of are the units of the
data.

® Both are affected by outliers.
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® letxy,..., x, be a sample and ¢ be a non-zero

constant.

Proposition

® If y,=Xx;+¢, ..., ¥, = X,*+C, then s,=s,

® If y; =cxy ..., ¥, =CX,, then s=|c|s,

Example

X X-Xx (x - x)?
1600 616.5 380072.25
1157 173.5 30102.25

937 -46.5 2162.25

800 -183.5 33672.25

707 -276.5 76452.25

700 -283.5 80372.25

X 9835 Sum = 602833.5

s? = 602833.5/ (6-1) = 120566.7

s =347.2
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Calculating Quartiles

1. Arrange data in ascending order.
2. Locate the median.

3. Q,; is the median of all data to the left of the
overall median.

4. Qs is the median of all data to the right of the
overall median.

The Five-Number Summary

Minimum, Q, X , Q;, Maximum

® A quick summary of both center and spread.
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Box Plots

Max
: : Q;
Graphical Displays of )
Five-Number Summaries * (Vertical
Display)
Min Q X Qs Max Q,
(Horizontal Display) Min

Example: Quartiles

Original:
6 -5.2 -1 35 32 17 -15 1 49 14 7 37 -12

Qarted:
12 52 17 -15 -1 1 14 32 35 37 49 6 7
| To the left of the median: | To the right of the median:

-12 52 -1.7,.-15 -1 1 32 35 37,49 6 7
t Median t
Q=[-1.7+(-1.5))/2=-1.6 Q;=[3.7+(4.9)]/2=4.3

Five-Number Summary:

-12, -1.6, 14, 43, 7
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Example: Box Plot

Five-Number Summary‘
2, 1 4 4. 3 7
|
| | | | | | | | | | | |
N N N I E E E E E N R
-10 0 10

Comparisons Using Box
Plots
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Waiting time (minutes)
Big Bank Best Bank
low value (min) = 4.1 low value (min) = 6.6
lower quartile = 5.6 lower quartile = 6.7
median = 7.2 median = 7.2
upper quartile = 8.5 upper quartile = 7.7
high value (max) = 11.0 high value (max) = 7.8
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Fourth Spread

® The Fourth Spread (or Inter-quartile range) is a
measure of variability that is resistant to outliers.

fi=0;-0,

e Qutlier:

® An observation more than 1.5, from the nearest
quartile

® Extreme Outlier:

® An observation more than 3.5f, from the nearest quartile

Choosing a Summary

® s2 and s are best used to describe the spread of
relatively symmetric datasets with no outliers.

® s should only be used with )? not the median

® The five-number summary is best used for skewed
distributions or those having extreme outliers.
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