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Statisti


Des
riptive statisti
s are used to des
ribe 
ertain properties of our

measurements.

A statisti
 is a good way to do so, but it is a number that des
ribes

a 
ertain property of our measurements.

Statisti


A statisti
 is a number that is 
al
ulated in a some parti
ular way from

our measurements.

There are many di�erent types of statisti
s that des
ribe di�erent

properties of measurements.

Let us look 
loser at two types of statisti
s:

Statisti
s that des
ribe the 
entral tenden
y of the measurements.

Statisti
s that des
ribe the spread of the measurements.

The two most 
ommon statisti
s are the mean and the standard

deviation.
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Statisti
s that des
ribe 
entral tenden
y

Now look at �ve di�erent statisti
s that all des
ribe the 
entral tenden
y

of measurements

1

Mid range

2

Mode

3

Median

4

Mean (arithmeti
 mean)

5

Weighted mean
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Mid range

Mid range

Assume that we have n measurements x

1

, x
2

, ...x
n

. Let x

min

denote the

smallest one and x

max

denote the largest one. The Mid range is


al
ulated with

Mid range =
x

min

+ x

max

2

.
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Mode

Mode

Assume that we have n measurements, x

1

, x
2

, ...x
n

. The mode is the

most frequent out
ome among the measurements. It is the only statisti


that des
ribes 
entral tenden
y that 
an be used for 
ategori
al data. It

is on the other hand inappropriate to use the mode to des
ribe


ontinuous variables.
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Median

Median

Assume that we have n measurements, x

1

, x
2

, ...x
n

. Arrange the measurements

by order from the smallest measurement to the largest. Then 
al
ulate

index number = 0.5 · (n + 1).

The median is often denoted by M . It depends on whether n is an odd or an

even number how we 
al
ulate the median.

If n is an odd number, then the median is the measurement with the

index number 0.5 · (n + 1).

If n is an even number then the median is the average of the two numbers

that have index numbers next to 0.5 · (n + 1)

CAUTION: 0.5 · (n + 1) is the index number for the measurement, not the

median itself!
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Mean

Mean (arithmeti
 mean)

Assume that we have n measurements, x

1

, x
2

, ...x
n

. The mean is


al
ulated by adding all of the measurements together and divide by their

number.

x̄ =
x

1

+ x

2

+ ...x
n

n

=

∑

n

i=1

x

i

n
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Weighted mean

When the mean is 
al
ulated as des
ribed in the previous slide, all mea-

surements have the same weight. In some 
ases we want to give di�erent

weights to the measurements. Then we 
al
ulate weighted mean.

Weighted mean

Assume that we have n measurements, x

1

, x
2

, ...x
n

and their weights

w

1

,w
2

, ...w
n

. The weighted mean is 
al
ulated as

x̄

w

=
w

1

· x
1

+ w

2

· x
2

+ ...w
n

· x
n

w

1

+ w

2

+ ...+ w

n

=

∑

n

i=1

w

i

· x
i

∑

n

i=1

w

i
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Comparison of statisti
s that des
ribe 
entral tenden
y

All of the statisti
s previously mentioned are interesting and good to


al
ulate when looking at new data

Before de
iding whi
h statisti
 is appropriate to use it is good to

look at graphi
al representations of the data in order to get a

pi
ture of the distribution of the measurements

If the distribution is skewed bimodal or multimodal the median shall

be used rather then the mean

The median should also be preferred if there are outliers in the

measurements
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Comparison of the median and the meani

If the distribution is skewed to the right, the mean is higher then the

median.

If the distribution is symmetri
, the median and the mean are the

same.

If the distribution is skewed to the left, the mean is less then the

median.
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Statisti
s that des
ribe spread

Spread

The spread of measurements des
ribes how spread out the

measurements are.

We will dis
uss 6 statisti
s that des
ribe the spread of measurements

1

Range

2

Quartiles

3

Interquartile range

4

Per
entiles

5

Varian
e

6

Standard deviation

7

Coe�
ient of variation
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Range

Range

Assume that we have n measurements, x

1

, x
2

, ...x
n

and let x

min

denote

the smallest one and x

max

the largest one. The range of the

measurements is 
al
ulated with

Range = x

max

− x

min
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Quartiles

There are three quartiles and they are 
ommonly named Q

1

,Q
2

og Q

3

.

They are often sometimes denoted with Q

25%,Q50% og Q

75%. The former

notation will be used.

Q

1

: The �rst quartile is su
h that 25% of the measurements are lower

then Q

1

. Q

1

is therfore the median of the lower half of the

measurements, ex
luding the median.

Q

1

: The se
ond quartile is su
h that 50% of the measurements are lower

then Q

2

. Q

2

is therefore the median, Q

2

= M.

Q

1

: The third quartile is su
h that 75% of the measurements are lower

then Q

3

. Q

3

is therfore the median of the upper half of the

measurements, ex
luding the median.
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Quartiles

Quartiles

Assume that we have n measurements, x

1

, x
2

, ...x
n

. Arrange the

measurements by order from the smallest measurement to the largest.

Then 
al
ulate

Q

1

- index number: = 0.25 · (n + 1)

Q

2

- index number: = 0.50 · (n + 1)

Q

3

- index number: = 0.75 · (n + 1)

Q

1

is the measurement with index number 0.25 · (n + 1) or the
average of the two measurements that have index numbers next to

0.25 · (n + 1).

Q

2

is the measurement with index number 0.50 · (n + 1) or the
average of the two measurements that have index numbers next to

0.50 · (n + 1).

Q

3

is the measurement with index number 0.75 · (n + 1) or the
average of the two measurements that have index numbers next to

0 75 n 1 .
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Interquartile range

Interquartile range

Assume that we have n measurements, x

1

, x
2

, ...x
n

and let Q

1

denote the

�rst quartile and Q

3

denote the third quartile. The Interquartile range

of the measurements is denoted with IQR and 
al
ulated with

IQR = Q

3

− Q

1

.
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Per
entiles

The idea behind per
entiles is similar to that of quartiles, but instead of

only looking at the borders at 25%, 50% or 75% of the measurements any

proportion at all 
an be used.

Per
entiles

The a% per
entile is the numbers that has the property that a% of the

measurements have values less then that number.

As with the quartiles, there are several di�erent ways to 
al
ulate per-


entiles, and is almost never done "by hand" but a statisti
al software

used to do so.
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Varian
e

Varian
e

Assume that we have n measurements, x

1

, x
2

, ...x
n

. The varian
e of the

measurements is denoted with s

2

and 
al
ulated with

s

2 =

∑

n

i=1

(x
i

− x̄)2

n − 1

s

2

= 0 if and only if all of the measurements are equal, if not, s

2

is

always greater then 0. The further the measurements lie from the mean,

the higher s

2

will be.
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Standard deviation

Standard deviation

Assume that we have n measurements, x

1

, x
2

, ...x
n

. The standard

deviation of the measurements is denoted with s and 
al
ulated with

s =

√

∑

n

i=1

(x
i

− x̄)2

n − 1

s = 0 if and only if all of the measurements are equal, if not, s is always

greater then 0. The further the measurements lie from the mean, the

higher s will be.
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Coe�
ient of variation

One should be 
areful when 
omparing the standard deviation of

measurements that have di�erent units or have very di�erent means.

In these 
ases the 
oe�
ient of variation is used to 
ompare the

spread of two or more groups. It is denoted with CV .

Coe�
ient of variation

The 
oe�
ient of variation is 
al
ulated with

CV =
s

x̄

As CV is higher, the more spread are the measurements.

Anna Helga Jónsdóttir Sigrún Helga Lund () Des
riptive statisti
s De
ember 11, 2012 19 / 1



Comparison of statisti
s for spread

All of the previously noti
ed statisti
s that des
ribe spread are

interesting and good to 
al
ulated when looking at new

measurements.

Varian
e and standard deviation are used to des
ribe the spread of

measurements around the mean and should therefore only be used

when the mean is used to des
ribe the 
entral tenden
y.

Standard deviation is normally preferred to varian
e as the unit of

the standard deviation is the same as for the measurements.

Standard deviation is sensitive to skewness and outliers. Only few

outliers 
an in
rease the standard deviation greatly.

If the measurements are skewed or if there are outliers in the

dataset, a �ve-number summary and a box plot are the best

des
riptives for the spread of the measurements.
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Five-number summary

Five-number summary

A Five-number summary 
onsists of the smallest value (min), the

interquartile ranges and the largest value (max), that is

min, Q
1

, Q
2

, Q
3

, max
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Boxplot

Boxplot is used to look at the


entral tenden
y and spread of

the data.

They re�e
t the measurements

well and show 
learly whether

the distribution is symmetri
 or

skewed.

If the distribution is skewed,

bimodal or multimodal, the

�ve-number summary is the

best method to des
ribe


entral tenden
y and spread.

There are a few di�erent

versions. The one seen here is

the simples one.

0
5

10
15

20

min

Q1

Q2

Q3

max
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Boxplot

Boxplot

A boxplot 
onsists of a box and two lines that go out of the ends of

the box. These lines are often 
alled whiskers.

The box may lie (horizontal) or stand (verti
al), we let it stand in

our explanation. Then the y-axis shall 
over both the smallest and

the largest measurements.

The lower end of the box shall be at Q

1

and the upper end at Q

3

a

line should be drawn through the box in Q

2

.

The lower whisker should tou
h the lowest measurement (min) and

the upper whisker should tou
h the tallest measurement (max).
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1.5 · IQR rule for outliers

Outliers are measurements that di�er greatly from other

measurements and are therefore important to identify.

One method of determining whether a measurement is an outlier is

to 
ompare the distan
e of its value to the next quartile (Q

1

or Q

3

).

1,5 · IQR rule for outliers

First we 
al
ulate the distan
e of the potentially outlying

measurement to the next quartile (Q

1

or Q

3

).

This distan
e is then 
ompared to the IQR. If the distan
e of the

measurement to the next quartile is more then 1.5 · IQR the

measurement is 
onsidered an outlier.
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IQR rule

Many statisti
al programs use the 1.5 · IQR rule when drawing

boxplots and these boxplots are often 
alled modi�ed boxplots.

If the highest and/or lowest value rea
hes further then one and half

of the length of the box, the lines that go out of the box, the

whiskers, stop at that value, but do not rea
h all the way to the

highest and/or lowest value.

The measurements outside the whiskers are outliers and labelled

with a 
ir
le.
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