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é The cumulative frequency graph below displays the marks scored by year 12 students
from a cluster of schools in a common trial mathematics exam.

Trial mathematics exam
500 . e oo . . Find:

f 3

@ how many students
sat for the
examination

&  the probable
maximum possible
mark for the exam

400

cumulative frequency

300 the median mark

24

& the interquartile
range

an estimate of the
85th percentile.

200

&

0 50 100 ' 150
marl

A box-and-whisker plot (or simply a boxplot) is a visual display of some of the descriptive sta-
tistics of a data set. It shows:

the minimum value (Ming)

the lower quartile  (Qq) )
the median (Qs) These five numbers form what is known as

the upper quartile  (Q3) the five-number summary of a data set.

the maximum value (Max;)

In Example 16 the five-number summary and the corresponding boxplot is:

minimum = 2

[ I,
Q=45 ! I
: — SR IRPER AN -.-Iw..» NS it 1 EUTRY ESNTWE T N 1 L J. i i ',
median =55 TINS5 6 0 o s 90 10
Q3 =175 £ :
maximum = 9 Min,, Q1 median Qs Max,

Note: e The rectangular box represents the “middle’ half of the data set.
The lower whisker represents the 25% of the data with smallest values.
e The upper whisker represents the 25% of the data with greatest values.
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Forthedataset: 56 76 28 984674543686

a construct the five-number summary b draw a boxplot
¢ findthe i range §# interquartile range

¢ find the percentage of data values below 7

&  The ordered data set is:

8 8 9 (17 of them) 1

2 3 44455 6% 6 6 6
| ! 1
' i {
071 =4 mediaéi =6 Q3 =7
) Min, — 2
Q=4
So the S-number summary is: { median = 6
Qs=7
Max, =0

¢ i range = Max, — Min, # IQR =Q3 - Q
=92 =7—4 i
:7 . = :

75% of the data values are less than or equal to 7.

%
iz

BOXPLOTS AND OUTLIERS

Outliers are extraordinary data that are usually separated from the main body of the data.
Outliers are either much larger or much smaller than most of the data.

There are several ‘tests’ that identify data that are outliers.

A commonly used test involves the calculation of ‘boundaries’:

e The upper boundary = upper quartile + 1.5 x IQR.
Any data larger than the upper boundary is an outlier.

e The lower boundary = lower quartile — L5 x IQR.

Any data smaller than the lower boundary is an outlier.

Outliers are marked with an asterisk on a boxplot and it is possible to have more than one
outlier at either end.

The whiskers extend to the last value that is not an outlier,
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Draw a boxplot for the following data, testing for outliers and marking them,
if they exist, with an asterisk on the boxplot:
3.7.8,8, 5.9 10,12 14,7, 1, 3,8, 16, 8,6, 9,10, 13, 7

The ordered data set is:
1 335 6=7 778 88 8991010 12 13 14 16 (n=20)
Min,, Qs median Q3 Max_,
=1 = 6.5 =8 = 10 = 16

IQR = Qs — Q) = 3.5

Test for outliers:
upper boundary and lower boundary
= upper quartile -+ 1.5 x IQR = lower quartile — 1.5 x IQR
=10+ 1.5 x 3.5 =6.5-15x35
= 15.25 =1.25

As 16 is above the upper boundary it is an outlier.
As 1 is below the lower boundary it is an outlier.

Notice that the
whisker is drawn to
the last value that is

not an outlier.

N

So. the boxplot is: ‘{
N

variable

EXERCISE 5H

A boxplot has been drawn to show

the distribution of marks (out of 100) e ' -
: o 4 ) 20 30 40 50 60 70 80 90 100
in a test for a particular class.

score for test (%o)

s What was the | highest mark i lowest mark scored?
i+ What was the median test score for this class?
What was the range of marks scored for this test?
What percentage of students scored 60 or more for the test?
What was the interquartile range for this test?
The top 25% of students scored a mark between and
4 If vou scored 70 for this test. would you be in the top 50% of students in this class?
% Comment on the symmetry of the distribution of marks.
2 A sel of data has a lower quartile of 31.5. median of 37 and an upper quartile of 43.5.
s Calculate the interquartile range for this data set.

& Calculate the boundaries that identifv outliers.
Which of the data 22. 13.2. 60. 65 would be outliers?
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3 Julie examines a new variety of bean and does a count on the number of beans in 33
pods. Her results were:

5,8,10,4,2,12,6,5,7,7.5,5,5,13,9, 3,4 4,7,8,9,5,5,4,3,6,6,6,6,9,8,7, 6
% Find the median. lower quartile and upper quartile of the data set.
& Find the interquartile range of the data set.
z  What are the lower and upper boundaries for outliers?

#  Are there any outliers according to =7 z Draw a boxplot of the data set.

&  Andrew counts the number of bolts in several boxes and tabulates the data as shown
below:

Number of bolts | 33 | 34 | 3
Frequency 1 5]

36 | 37| 38 | 39 | 40
1312181011

(S

—~J

[

# Find the five-number summary for this data set.
v Findthe ¢ range # 1QR for the data set.
¢ Are there any outliers? Test for them. ¢ Construct a boxplot for the data set.
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The standard deviation is the most widely used measure of the spread of a sample.

The standard deviation measures the deviation between scores and the mean, ie., is a
measure of the dispersal of the data.

The differences between the scores and the mean are squared, and the average of these squares
is then found. The standard deviation is the square root of this average.

The standard deviation gives insight into how the data is dispersed.

The larger the standard deviation, the more widely spread the data would be and vice versa.
The standard deviation provides a better measure of the spread than either the range or the
interquartile range because it considers all scores in the data.

UNGROUPED DATA

The standard deviation, s, can be determined using the formula: s = -

where = is any scoere
T is the mean of the distribution
n is the total number of scores.




