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16.1

Cumulative Frequency

Averages

In this section we revisit the three types of averagemiemn, mediaandmode.
We also use theangeof a set of data.

sum of the values
Mean =
number of values
Median = middle value (when the data is arranged in
order); where there are two central values,
the median is their mean
Mode = most common value
Range = difference between largest and smallest valugs
Example 1

For this sample,

(@) calculate thenean (b) determine thenedian,
(c) state thenode, (d) calculate theange.
Solution
1+7+8+2+3+6+5+10+3
(@ Mean =
9
=%
9
=5

(b) To find the median, first write the numbers in order.

(©)
(d)

1 7 8 2 3 6 5 10 3

1233@67810

Median

As the number of data items is odd, the median will be the middle numbe
which is 5 in this case, so

Median =5
The mode is the most common value, which is 3 for this set of values.

Range= 10-1
=9

1%
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Example 2

Determine thenedianof the following set of values:

44 32 88 19 33 74 62 31 33 56

Solution

First write the numbers in order:

19 31 32 33(33 44 56 62 74 88

In this case, there are 2 middle numbers, 33 and 44. The median will be the 1
of these.
Median = 33+44
2
_
2
= 385
Example 3

A class collected data on the number of people living in their home, which is g
in the following table:

(@)
(b)
(€)

Number of People Frequency
Living in Home
2 3
3 9
4 10
5 2
6 3
7 1
8 1
9 0
10 1

Calculate theneannumber of people living in each home.
Determine thenedianof the data.
State thenodeof the data.

nean

hown
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Solution

(@)

(b) As there are 30 values, the median is the mean of the 15th and 16th val
From the first table we can see that both the 15th and 16th values are 4,
the median is 4 people per home.

(c) The most common value is 4 so the mode is 4 people per home.

Exercises

1. Calculate theneanand therangeof each of the following sets of data:

@ 3 17 5 6 12
() 30 42 19 21 33 62
(c) 7 8 3 14 31 3 8 9 13 22
(d) 114 115 110 119 114 118 123 133
2.  Determine thenedianand themodeof each of the following sets of data:

MEP Y9 Practice Book B

The first step is to complete the table below:

Number of People Frequency Number of Peoplerequency
Living in Home
2 3 6
3 9 27
4 10 40
5 2 10
6 3 18
7 1
8 1
9 0
10 1 10
TOTALS 30 126
Mean = 126
30

4.2 people per home

@ 8 5 19 32 19

(by 33 14 16 19 22 33 16 33 22

¢ 5 9 19 3 14 21 5 7

(d 11 21 19 11 13 16 11 19 22 20

Ues.
SO
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In which of the following data sets is threeanthe same as theedian
A 34 6 19 17 9

B 29 12 17 18 44 13 17 40

C 101 107 183 51 57 77 100 92

D 27 92 56 83 45

Which of the following data sets has tasgestrange:
A 14 27 88 73 56 61

B 374 521 628 314 729

C 888 912 897 907 887 893

The following table gives the results of a survey question asking people
how many television sets they had in their home.

Number of Televisions Frequency

3
18
64
73
22
14

6

oS o1 A W N B O

For this data,
(@) calculate thenean,
(b) determine thenedian,

(c) state thenode.

A car park manager recorded the number of cars entering her car park each

hour. The data she collected is listed below.
16 22 17 6 5 8 32 15 9 7 14 33
21 11 6 5 11 14 12 22 19 11 3 14
14 7 23 41 32 16 5 19 14 33 7 12

For this data:
(@) calculate thenean, (b) determine thenedian,
(c) determine thenode, (d) calculate theange.

Which of the 3 averages should the manager use to convince her emplg
that the car park is going to make a large profit?
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John looks at the price of a computer game in 8 different shops. The pri
he sees are:

£29.99 £25.00 £34.99 £29.00
£24.99 £29.99 £31.00 £29.95
(@) Calculate theneanof this data.
(b) State thenodeof this data.
(c) Determine thenedian.

ces

Which of these averages should he use to argue that the computer game is

too expensive?

For the set of data given below, calculatenti@anand determine the
median.

4 7 3 9 5 6 142 3 7 11

Describe the advantages of using the median, rather than the mean in this ¢

A student collected data on the number of visits to the dentist made by
members of his class in one school year.

His results are shown in the following bar chart:

Frequency

B
O B

~N @ ©

O MW D®

Number of Visits

For the data:

(a) state thenode,

(b) calculate thenean,
(c) determine thenedian.

A set of three numbers haanll, medianl2 andrange13. What are the
3 numbers?
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Grouped Data

When dealing with grouped data it is important to think about the type of data
is being processed. You also have to decide the range of values that each grg
contains.

When calculating the mean of grouped data, we assume that all the values lie
the midpoint of the group.

These ideas are illustrated in the following examples.

Example 1

The table below shows the times taken by a group of walkers to complete a
15-mile walk. Their times have been recorded to the nearest hour.

lllustrate the data using a bar chart and a frequency polygon.

Time(hours) 3 4 5 6 7 8

Frequency 2 5 12 11 4 3

Solution
. . . 1
A time of 5 hours actually means a time that is greater than or eq(heztl tours

: 1 : L :
but is less tharSE hours, so the bar representing this time on the bar chart will

begin at 4.5 and end at 5.5.
Similarly, the bar for a time of 3 will begin at 2.5 and end at 3.5.
The bar chart is shown below:

Frequency

L H

~N @ © O Fr N

O PR N W B g ®

Time|(hours)
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The frequency polygon is shown below. We obtain it by joining the midpoints of

the tops of the bars from the previous graph.

A

5}
<5

Frequer

~
/

R
O KN

O P N W A g O N @O ©
|

Time|(hours)

Example 2

At a school fair, visitors enter a 'Guess the weight of the cake' competition. Their

guesses, rounded to the nearest 100 grams, were recorded in the following ta

Guesgkg) 05-0.7| 08-10f 11-13 14-1p 1.7-19

Frequency 5 32 26 11 6

(@ Ilustrate the data using a bar chart.
(b) Estimate the mean of the data.

(c) State the modal class.

Solution

(&) The guesses have been recorded to one decimal place, in other words t
nearest 100 grams. This means that the first category, nominally descril
as '0.5 - 0.7 kg' actually includes guesses greater than or equal to 0.45 K
less than 0.75 kg. The precise description of the first category is therefo

0.45 kg < guess < 0.75 kg

The nominal descriptions of the other classes must also be interpreted
precisely if we are to represent the data accurately.

Guesgkg)| 045G <0.75| 0.75<G<1.05| 1.05<G<1.35 | 1.35<G<1.65 | 1.65<G<1.95

Frequency 5 32 26 11 6

The precise descriptions of the classes indicate how the bars should be
drawn on the bar chart.

ble:

o the
ned

g but
re
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Frequen

w
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0.8

09 |10 |11 |1p |13

(.8

1.9

Gu

ess(kg)

(b)

(©)

The mean can be estimated by assuming that all the values in a class a

equal to the midpoint of the class.

Estimate of mean

The modal class is the one with the highest frequency. In this case, the
modal class has nominal description '0.8 - 1.0 kg', which means guesses

1.1 kg

=2 = 1.12875kg
80

Class Midpoint Frequency FrequeneyMidpoint
0.45<G<0.75 0.6 5 5x06 =3
0.75G<1.05 0.9 32 32 x09 =288
1.05sG<1.35 1.2 26 26 x1.2 =312
1.35<G<1.65 15 11 11 x15 =165
1.65<G<1.95 1.8 6 6 x1.8 =10.8

TOTALS 80 90.3
90.3

to 2 significant figures

the interval 0.75 kg < G <1.05kg, i.e. 750 grams< G <1050 grams.
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Exercises

1.

The following table lists the results of a survey that recorded the heights
pupils in one year group. The heights have been given to the nearest 1(

Height(cm) 140 150 160 170 180 190

Frequency 3 5 57 63 30 2

(@) Illustrate the data on a bar chart.
(b) Estimate the mean height of the pupils.

The following table lists the masses of a group of students, recorded to t
nearest kg:

Mass(kg) | 60 | 61| 62| 63| 64 65 66 67 68 60 70

Frequency | 3 7 9 11 | 10| 22| 17| 23 11 9 5

(@) [llustrate the data using a frequency polygon.
(b) Estimate the mean mass for these students.

An English class looked at the number of words per sentence for an ess
that one of them had written. Their results are summarised in the follow
table:

Number of Words 6 - 8 9-11| 12-14 15-14 18-20

Frequency 13 10 8 4 3

(a) Estimate the mean number of words per sentence.
(b) What is the modal class?

The time taken for people to solve a puzzle is recorded, to the nearest
minute, in the following table:

Time(mins) | 2-5 6-9 10-13 14-1y 18-21

Frequency 3 19 20 12 6

Estimate the mean time taken to solve the puzzle.

176
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5.  The bar chart shows the results of a survey into the height of 14-year-olc
pupils.

Frequenty

a

a

al

g g O D N N 0 O W

a oD A

N

a

a

NN W w B

[HN
a

(=Y

[«=]N¢)]

' | 140 150 160 170 180 190
Height(cm)

(a) State the modal class.
(b) Calculate an estimate of the mean height.

6. The heights of some plants grown in a laboratory were recorded after 4
weeks. The results are listed in the following table:

Height(cm) | 11-15| 16-20] 21-25 26-30 31-35 36-40

Frequency 3 7 19 20 11 2

(a) Draw a frequency polygon for the data.
(b) State the modal class.
(c) Calculate an estimate of the mean height.
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7.  Estimate the mean of the data illustrated in the following frequency polygon:

Frequepcy

[HN

EN
N W B

[HEY

H

EN
D

OGN WH P d©

11 12

Time(seconds

8.  Children were asked to sell tickets for a school play. A record was kept

how many tickets each child sold.

Tickets Sold| 0-10 | 11-20| 21-50 51-100
Frequency 7 42 8 3
(@) Estimate theneannumber of tickets sold.

(b)

9. Acompany owns a fleet of 20 vans. The mileage on each van is record

Estimate théotal number of tickets sold.

The results are given in the following table:

~

Mileage | 0<M<5000(5000<M <10000| 10000<M <15000| 15000< M <20000
Frequency 1 4 8 7

(@) [llustrate the data with a bar chart.

(b) Estimate the mean mileage.

10. Joshua is given the data below and asked to estimate the mean.
Value 100 - 104 105 - 109 110 - 114 115 - 119
Frequency 5 16 32 7

(@) Calculate an estimate of the mean.

(b) Joshua also calculates that the mean must be greater than 107.9.
Explain how he obtained this value.

(c) Determine a value that the mean must be less than.
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11. Lyn recorded the temperature at lunch time every day for a week.
She started to draw a bar chart to show her results.

(@)

Temperature

(°C)

(b)

The temperature dfriday was 25 °C.

The temperature dBaturdaywas19 °C.
On a copy of Lyn's bar chart, draw the barsFoday and
Saturday.

Lyn's Bar Chart

30

20

107

0- Sun Mon Tues Wed Thurs Fri Sat
What was the temperature Monday?

Five more pupils recorded the temperature every day for different
weeks in the year.

BAR CHART 1 BAR CHART 2

30° 30°
20" 20°
10° 10°-

0° 0°d

Sun Mon Tues Wed Thurs Fri  Sat Sun Mon Tues Wed Thurs Fri  Sat

30° 30°4
20° 20°-
10° 10°

““Sun Mon Tues Wed Thurs Fri Sat 0~ Sun Mon Tues Wed Thurs Fri  Sat
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Match the pupils' comments to their bar charts. The first is done fo

you.

30°-

20°-

10°-

0

MEP Y9 Practice Book B

BAR CHART 5

Sun Mon Tues Wed Thurs Fri

Sat

PUPILS' COMMENTS

Pupil A: "It was very warm at first, then it suddenly got much colder.
Pupil B: "Each day was colder than the day before."
Pupil C: "The temperature was about the same all week."
Pupil D: "Each day was hotter than the day before."
Pupil E: "There were 5 warm days and 2 cold days."

Pupil A:
Pupil B:
Pupil C:
Pupil D:
Pupil E:

Bar Chart 2

Bar Chatrt ......
Bar Chart ......
Bar Chatrt ......
Bar Chart ......

180
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Cumulative Frequency

Cumulative frequencies are easy to calculate from a frequency table. Cumulat
frequency graphs can then be used to estimate the median of a set of data. In
section we also look at the ideacpfartiles theinterquartile rangeand thesemi-
interquartile range

When you have a set of values, in order,

Lower quartile = n—+1th value
Median = nTJrlth value

+
Upper quartile = 3(n4 1) th value

Interquartile range upper quartile — lower quartile

interquartile range
2

Semi-interquartile range =

If the data is arranged in an ordered list, and the number of data valisesgd
then then—+1th value will be a single item from the list, and this will be the

median. For example, ih =95 the median will be thes?52—+1 = 48th value.

e n+1 . .
However, ifnis even thenT will determine the two central values that must

156 +1 _ 785,

be averaged to obtain the median. For example,#156 then

ive
this

which tells us that we must average the 78th and 79th values to get the median.

For large sets of data, we estimate the lower quartile, median and upper quarti

using thegth, "th and 37:th values. For example, ifi = 2000, then we would

estimate the lower quartile, median and upper quartile using the 500th, 1000tk
1500th values.

e

1 and
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Example 1

For the following set of data,

4 7 18 3 9 5 10
(@) determine thenedian,
(b) calculate thenterquartile range,

(c) calculate thsemi-interquartile range

Solution

First list the values in order:
3 4 5 7 9 10 18

+
(@) Asthere are 7 values, the median will bethe} = 4th value.

Median = 7.

(b) The lower quartile will be thg;:—l = 2nd value.

Lower quartile = 4.

Lo 3(7+1)
The upper quartile will be the4— = 6th value.
Upper quartile= 10.
The interquartile range upper quartile — lower quartile
= 10-4
=6

interquartile range
2

The semi-interquartile range

W Nlo

Example 2

(a) Draw a cumulative frequency graph for the following data:

Height(cm)| 150<h<155 | 155<h<160| 160<h<165 | 165<h<170

170<h<175

Frequency 4 22 56 32

5

(b) Estimate thenedianfrom the graph.
(c) Estimate thenterquartile rangerom the graph.
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From the data table we can see that there are no heights under 150 cm.
Under 155 cm there are the first 4 heights.
Under 160 cm there are the first 4 heights plus a further 22 heights that
between 155 cm and 160 cm, giving 26 altogether.

Under 165 cm we have the 26 heights plus the 56 that are between 160
and 165 cm, giving 82 altogether.

Continuing this process until every height has been counted gives the
following cumulative frequency tadl

are

cm

175

Height(cm) | Under 150| Under 155 Under 160 Under 165 Under 170 Under
Cumulative 0 0+4 4+ 22 26 + 56 82 + 32 114 +5
Frequency =4 =26 =82 =114 =119

The cumulative frequency graph can now be plotted using the points in the

table, (150, 0), (155, 4), (160, 26), (165, 82), (170, 114) and (175, 119).

To obtain thecumulative frequency polygowe draw straight line sections
to join these points in sequence.

Cumutativ
Frequency
X
1
11
/
0 /
. /
Ji
1
8 1
1
: [
[
: [
” o
]
4 At :
[l
. [
8 .
1|7 f
2 i
// L
1 1 1
t /T
X (N !
O 1 1 1
\ 150 | 155| 160 165 {170 |[17b
Heijght(cm)
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(b) There are 119 values, so the median will be%t-JhgéeJr—l = 60th value.

This can be read from the graph as shown above.
Median= 163 cm.

The lower quartile will be given by t 194+ 1§h value.

Lower quartile=160.5 cm.

A9+ 1) th value.

The upper quartile will be given by t
Upper quartile= 166.5 cm.

Using these values gives:

166.5 - 160.5

6 cm

Interquartile range

Example 3

Estimate the semi-interquartile range of the data illustrated in the following
cumulative frequency graph:

Cumulative,
Frequency
1!:

~ o0 O

O L N W h doa

Solution

+
The sample contains 15 values, so the lower quartile will b%e%l?e% = 4th value.

Similarly, the upper quartile will be the 12th value.
These can be obtained from the graph, as follows:
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Cumulative,
Frequency
15
A /
L4 /
s ——
LZ]
1t
1f\
o
J
8
7
6
5
4
3
2
T
0
D 1 D 3 4 b
Mass(kg)

Lower quartile= 1.4 kg
Upper quartile= 3 kg

Interquartile range 3-1.4
= 1.6 kg

Semi-interquartile range 0.8 kg

Exercises

1.

Determine the median and interquartile range of the following set of date
11 8 5 9 7 3 4 8 14 16 2

Calculate the semi-interquartile range of this sample:
42 26 32 41 52 33 88 71 38 52 53 27 46 32 59

In a sample, the semi-interquartile range is 14. The lower quartile is 5 le
than the median. Determine the median if the upper quartile is 91.

Below are the times, in minutes, spent on homework one evening by a g
of students.

Time Spengmin)| 0<t<10 | 10<t<20 | 20<t<30 | 30<t<40 | 40<t<50

Frequency 3 7 10 15 4

185
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5. Estimate the median and interquartile range of the data illustrated in the

6. (a) Gather data on the height of the pupils in your class.

7. Use a cumulative frequency graph to estimate the median and interquar

8. A factory collected data on the time for which a particular type of candle

MEP Y9 Practice Book B

(@) Copy and complete the following cumulative frequency table:

Time(min) |Under O | Under 10| Under 20 Under 30 Under 40 Under|5Q

Cumulative
Frequency

(b) Draw a cumulative frequency polygon for this data.
(c) Use the polygon to estimate the median.
(d) Use the polygon to estimate the semi-interquartile range.

following cumulative frequency graph:

Cumulative,
Frequericy

AN
1N

5N

~N o ©

DO H N W B oD

Height(cm

(b) Draw a cumulative frequency graph for the data.
(c) Use the graph to estimate the median height and the semi-interquartile ran

range of the following data:

Cost (£) 10<c<11 1l1l<c<12 12<c<13 13<c<14 14<c<15

Frequency 8 12 40 2 1

would burn. The data is summarised in the following table:

Time(mins)] 0<t<10 | 10<t<20 |20<t<30 | 30<t<40| 40<t <50

Frequency 1 2 12 15 5

ge.

tile
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(@) How do the mean and median compare?
(b) Determine the semi-interquartile range for the data.

9. The number of passengers on a bus route was recorded over a period 0
time, to give the following data:

Number of Passengers Frequency
0 <£n<10 3
10 £n<20 7
20 £n<30 12
30 £n<40 13
40 <n<50 29
50 £ n<60 27

Determine the median and semi-interquartile range of the data.

10. Give an example of a sample for which the semi-interquartile range is a
guarter of the range of the sample.

11. The cumulative frequency graph shows the height of 150 Norway fir trees.

7

150

125 /

100

Cumulative
Frequency

75
50 /
25

0 >
| o055 0.60 0.65 0.70 0.75 0.80
Height of Treegm)

(&) Use the graph to estimate thedianheight and thenterquartile
rangeof the Norway firs.
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(b) Which one of the following sketches of frequency diagrams shows
distribution of heights of the Norway firs?
A A
Number| Number|
of of
Trees Trees
Height of Trees Height of Trees
Diagram A Diagram B
A A
Number| Number|
of of
Trees Trees
Height of Trees Height of Trees
Diagram C Diagram D

40 students worked on a farm one weekend. The cumulative frequency

(KS3/98/Ma/Tier 6-8/P2)

graph shows the distribution of the amount of money earned. No one
earned less than £15.

Cumulative

(@)
(b)
()

40

/|

30

Frequency
20

10

/

0 >
0O 5 10 15 20 25 30 35 40 45 50
Amount of Money Earndd)

Read the graph to estimate thedianamount of money earned.
Estimate th@ercentagef students who earndelss than £40.

On a copy of the graph, show how to work outitiherquartile range
of the amount of money earned.
Write down the value of the interquartile range.
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(d) 30 of the students work on the farm another weekend later in the
year. The tables which follow show the distribution of the amount @
money earned by the students.

Money Earned£) | No. of Students§ Money Ear{é)l | No. of Students
= 25 and< 30 1 <25 0
> 30 and < 35 2 <30 1
> 35 and <40 3 <35 3
> 40 and <45 4 <40 6
> 45 and <50 10 <45 10
> 50 and <55 7 <50 20
>55 and <60 3 <55 27
<60 30

Draw a cumulative frequency graph using a copy of the axes below.

30

25

20
Cumulative
Frequenci/:

10

0 5 10 15 20 25 30 35 40 45 50 55 60
Amount of Money Earngd)

(e) State whether each of the following statementsiesor false.
A. Three of the students earned less than £35 each.
B. The median amount earned is between £40 and £45.

C. Most of the 30 students earned more than £50 each.
(KS3/97/Ma/Tier 6-8/P1)
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Box and Whisker Plots

A box and whisker plot is based on tneimum and maximum valyekeupper
and lower quartileand themedian This type of plot provides a good way to
compare two or more samples.

Minimum T T T Maximum
Value Lower i Upper Value
Quartile Median Quartile

Note Box and whisker plots must always be drawn accurately to scale.

Example 1
Given the information below, draw a box and whisker plot.
Minimum 82
Lower quartile 94
Median 95
Upper quartile 102
Maximum 110

Solution

The box and whisker plot is shown below.

o
o
12N
(=]
=
[c»)

Example 2
Draw a box and whisker plot for this sample:
5 7 1 9 11 22 15

Solution
First list the sample in order, to determine the median and the quartiles.

Minimum Lower Median Upper Maximum

quartile quartile
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The box and whisker plot is shown below:

Example 3
A gardener collected data on two types of tomato. The box and whisker plot
below shows data for the masses in grams of the tomatoes in the two sample

Compare and contrast the two types and advise the gardener which type of to
he should grow in future.

Type A
Type B
40 45 50 55 - 60
Mass in grams
Solution
Type A Type B
Median 52 grams 52 grams
Lower Quartile 49 grams 51 grams
Upper Quartile 57 grams 54 grams
Range 14 grams 8 grams
Interquartile Range 8 grams 3 grams

From this table we can see that both types of tomato have the same average
because their medians are the same.

Comparing the medians and interquartile ranges shows that there is far more
variation in the masses of the type A tomatoes, which means that the masses
type B are more consistent than those of type A.

However, comparing the two box and whisker plots, and the upper quatrtiles,
shows that type A tomatoes will generally have a larger mass than those of ty

Nevertheless, there will be some type A tomatoes that are lighter than any of
type B.

Taking all this together, the gardener would be best advised to plant type A
tomatoes in future as he is likely to get a better yield from them than from type

[*2)

mato

mass

of

De B.
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Draw a box and whisker plot for a sample that has:

Minimum 10
Lower quartile 14
Median 16
Upper quartile 20
Maximum 29

Draw a box and whisker plot for the following sample:
17 22 18 33 14 36 39 41
25 31 18 19 16 21 21

A sample has:
Minimum 3 Range 21
Semi-interquartile range 4 Median 17
Upper quartile 20

Draw a box and whisker plot for the sample.

For the sample illustrated in the following box and whisker plot, determir

(@) therange, (b) the semi-interquartile range.

0 4 8 12 16 20 24 28 36 40 44 48 52 56 |60

What are the median and the semi-interquartile range of the following
sample:

192
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6. The two box and whisker plots show the data collected by the
manufacturers on the life-span of light bulbs.

5
E-
o
-~
9
-~
vy}

,_ﬂ
N
w
N
al
()}
~
@

Time (1000s hours)

From this data, which manufacturer produces the better light bulb?
Give reasons for your answer.

7. A maths test is given to two classes. The results are illustrated below.
Compare and contrast the results.

Class 9p

Class 9(

8.  Abuilder can choose between two different types of brick that are coloured
red or yellow. The box and whisker plots below illustrate the results of tests
on the strength of the bricks.
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From the data illustrated in the box and whisker plots:
(@) give one reason why the builder might prefer toredéricks.
(b) give one reason why the builder might prefer toyade®w bricks.

9. Aclass took an English test and a Maths test. Both tests had a maximum
possible mark of 25. The results are illustrated below.

Compare and contrast the results.

10. Acinemais showing 3 films, A, B and C. The ages of people watching t
films are illustrated in the following box and whisker plots:

) 10 20 30 40 50 60
Age(years

Answer the following questions, giving reasons to support your answers,
(@8 Which film do you think you wouldot be allowed to watch?
(b)  Which film wouldyou probably enjoy most?

(c)  Which film wouldyour parentgrobably enjoy most?
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