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Section 2.5 Measures of variability
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When dealing with averages in the previous section, we were looking for a data value that was
typical or representative of all the data values.

In this section, we will discuss the measure of the spread of the data about the mean to help
us describe the data more fully.

The three most common ways of measuring the spread or variability of data are the range, the
interquartile range and standard deviation.

1. Therange

The range of a set of data is the highest value of the set
minus the lowest value. The range of a set of data
is the largest valuc minus

It sh th d of the data.
stows te spread of the data the smallest valuc.

It is very useful when comparing two sets of data.

The range is a crude measure of spread because it uses only
the largest and smallest value of the data.

The range of the numbers 14,18, 11,2721,19,33,24 is
Range =33 — 11 =22
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2. Quartiles and Interquartile range

When data is arranged in order of size, we have already learned that the median is the value

halfway into the data. So we can say that the median divides the data into two halves.
The data can also be divided into four quarters.

When the data is arranged in ascending order of size:
> the lower quartile is the valuc one quarter of the way into the data
> the upper quartile is the value three quarters of the way into the data

> the upper quartile minus the lower quartile is called the interquartile range.

The lower quartile is written Q4: the median is Q,; the upper quartile is Q;.

Consider the following data which is arranged in order of size. It contains 15 numbers.

The lower quartile is The median is the value The upper quartile is

the value one quarter halfway along. the value three quarters
of the way along. Written as 0, of the way along.
Written as O, Written as Q5

v v v
0 2 4 7 8 10 2 12 13 14 15 16
t 1 1

0, is the 4th value 0, is the 8th value (), is the 12th value

The interquartile range is
upper quartile — lower quartile
=0~ O
The lower quartile Q; = 5.
The median O, = 12.
The upper quartile Q5 = 14.
The interquartile range = Q3 — Q; =14 — 5 =9.
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When n data values are written in order:

> the lower quartile, Oy, is the %(n + 1)th value
> the median, O,, is the %(;1 + 1)th value

> the upper quartile, Qs,1s the 3(n + 1)th value.

The interquartile range is
upper quartile — lower quartile

=03~ O

If you get a non-integer value for %(n + 1)or %(n + 1), e.g., 3%. find the mean of the 3rd and
4th pieces of data.

If you get a non-integer for %(n + 1), take the mean of the two data values on either side.

For example if %(n +1)= 3%, find the mean of the 3rd and 4th data values.

(Example 1 )

These are the test marks of 11 students:

S A8 70 5k 58 4

Find (i) the median (ii) the lower quartile
(iii) the upper quartile (iv) the interquartile range. ® g"‘f‘

' 5 « S ¢ ¥ T 3 de| b
order | 4%, 49ED, 5%, <8 (%0 ‘?-.?1%3’*‘33“
M‘M .G It (uwe;' Mﬁm“ "‘Pl""'
G Al = quartile qurhle
2
& ML 23 O & = el
&

(i) Q@ =52

(@) Qv=73

(i el = #B-52 =2l
&, (auy-= -4 = %
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3. Standard deviation

One of the most important and frequently-used measures of spread is called standard deviation.
It shows how much variation there is from the average (mean). It may be thought of as the
average difference of the scores from the mean, that is, how far they are away from the mean. A
low standard deviation indicates that the data points tend to be very close to the mean; a high
standard deviation indicates that the data is spread out over a large range of values.

The Greek letter o 1s used to denote standard deviation.

Take, for example, all adult men in Ireland.
The average height is about 177 cm with a If the mean is ¥ and o is the standard
standard deviation of about 8 cm. deviation of a large sample, then 68%

For this large population, about 68% of the oillliz ke sizan = crand s = o

men have a height within 8 cm of the mean.

( Example 2 )

Find the standard deviation of the numbers 6. 9, 10, 12, 13.

nse€ calowk e
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{ Example 3 )

Find the standard deviation of the following frequency distribution:

Variable (x) 1 2 3 4 5 6
Frequency (f) 9 9 6 4 7 3

o celowlarop X frea
I I
NBEOREE
3 3 L
Y Y 4
s 5 3
¢ 4 2

o= |6S

Using a calculator to find the standard deviation of a frequency
distribution

We will use a Casio fx-83 ES to find the standard deviation of a frequency distribution.

The following frequency distribution No. of birdies 0 345
table shows the number of birdies
scored per round of golf. Frequency S|6|4|]6]3]/1]0

Find the mean and standard deviation. correct to one decimal place.

Key in and select for statistics mode.

Then select [i] for 1 — VAR and input variables.

-n
a
m

PEUEEEEE
0{0[0j0/0j0j0
FEEEERE
WHOO® LM

For answers key in

(0) Grien) (D 5] D 2
(30 A (D1 E)E)

Mean = 2.0 and sfandard deviation = 1.5

—olt'l:\ue u\o.si :raa««r ot

1.96 = 2.0 = mean (birdies per round) X

1.4554... = 1.5 = standard deviation & X
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(Example 4 )

Find (a) the mean (b) the standard deviation of the following set of numbers:

(i) 5,3, 1.8.2 (i1) 10, 6, 2, 16, 4
X flee
on  calodokon (IR ( _
2 3 J X = 3'?
N
¢ < I S = 2-4¢%
§f 2z
X | fres i
e X= ¥t
* ¢ |
> T | O = %.7¢
("R (A )
S Yy [

(Example 5 )

Here are the marks of 24 students in a science test:

4 54 26 MM K 4T A6 A3 54 2 &b
& 7B o8 AT 8 6 8 A A 7 K
(i) Find Py
(i1) Find Pss
(iii) If Sinead scored 74 in the test, find on what percentile is her score.

AT
2

(s | 1+ L
Or&'f /LA AT ) ¢ 5%, S €2 L4648, ,?Z,* A,
,u‘ " 7 *’,g"l,,gl, é" ﬁ."
Pbo = bd fraadily 7

84 (601)= W f,=72
2% (354 )= 18 (i) Bs =80 =7
ead person. 1S (W) Siuwead is Pq.
oo "= .16

24
o = Ut (3) 708
H
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9. Use your calculator, or otherwise, to show that the standard deviation of the numbers
8

3 4 6 2 ]

5 is2.17
X Feea
| 2 |
A q (
3 (N I
& 2 |
s < t
6t v I
¥ S I
0= 2.k = 2% (2 4yp)

11. hat 2 1s the mean of this distribution.

Hence calculate the standard deviation, correct to 1 decimal place.

Variable
Frequency

0
4

2
3

ustng Ccohead by

3
2

£ -

4
X o 2 3 4 s
F b 3 2 3
£ © 6 ¢ L
= %XF = Z-_"_' = 2

z‘{.‘ i

x fre

o 91

2 2

3 2

4 3

o= 1'SY = -6 (1dp)
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