AVERAGES AND RANGE

Averages are measures that give us information about data. Along with the range
they allow us to make comparisons beiween data.

The median

Averages and discrete data There are 3 types of averages that we use:

The mode

Check first that you:

» understand the different types of data:
discrete data is data that can only take certain values

continuous data is data that can take any value

* can order numbers

= understand frequency tables including those for grouped data.

The range is a measure that tells us about the spread of the data. THEfange = Nighest Jlowestvalue
E.q. Find the median, mode, mean and range of the following test scores: 12,15, 12, 13,170,715, 19, 8

We place the numbers in ascending order: 8,10, 12,12, 13, 15,15, 19

= This average is the middle - This awerage is the most - This average is found

value when the data is arranged in common value. by dividing the total of i 12413 _an. o

order of size. - Itis possible have more allthevaluesbythe | Themedian 81012(2713151519 =,°-125  Therange 19-8=11

- If there are two middle values than one mode and it is also number of values. B+10+12+12+413+15+15+19 104
then we find the mean of the two possible to have no mode when Themode £,10,12,12 13 88 19 12and15 Themean - -5 =13
values by adding them and dividing || 3/l Values appear the same

the total by 2. number of times.

Remember the range tells us how close together the data values are. The smaller the range the more consistent the data is.

Frequency tables Rather than listing the individual data values, it can be easier to display it in a frequency table. E.g. The table shows the number of children in 75 households on Heol Hir. Find the median, mean,
mode and range. .
Median

Mean Mode
Number of children | Frequency Adding the frequencies tells us how many households thers are. To find the mean we need the total of all the children living in Heol Hir The made is number of children
0 16 16+25+20+9+2+3=75 75+1 znd then we divide this number by the total number of households. with the highest frequency. The
The median is the middle value and its position is given by 2 = 38 If we muktiply the number of children (x) with the frequency () and then rnedal number of children per
1 25 No of | B ) T add these values we get the total number of children. housshold is 1 with a frequency
2 20 children {x) 38" Number of | Frequency | No of children x frequency of 25.
3 2 0 16 16 110 children () 0 2]
4 2 — — =
= | 25 16+25=41 > 17" 41 4 15 i Range
5 3 2 20 41 +20 =61 437 _ g1 1 25 1=25=25 The highest number of children
3 3 51+9-70 270" 2 2 2-20=40 12 S endlonest number of
Take care! When finding 4 F0+2=72 71 720 2 2 329227 ange=5-0=5
the mode or range, don't 5 3 72+3=75 730750 4 2 4-2-8 e
» mode ge, =
o . 5 3 5x3=15
confuse ?hE fre'que"c'}' The data is already ordered therefore we add the frequencies (cumulative — i
values with the actual data frequency) to find where the 38" househeld lies. From the table we see that Total =75 =115
values. the median number of children for a household in Heol Hiris 1. Mean = total number of children E E =15(1dp) % means the ‘sum of
total number of households oA —75 i

Continuous grouped data Continuous data i.e. data that can be measured such as height or weight, will also be displayed in a frequency table but the data will be grouped in equal dlass intervals. E.g. The table
shows the time taken for pupils in Year 11 to travel to school. Find an estimate for the mean length of travel time for pupils in Year 11.
Use the same method as in

Remember with grouped data we can only find estimates as we don't know the individual data values.

Time, ¢ (minutes) | Frequency :::dﬁ?d‘::}a\;ir:;:dn& Time (minutes) Midpoint x Frequency f | Midpoint = frequency (fx) & 1620 the exan_'[ple ahm'e_to ﬂpf
D<¢=10 5 24 5= 24=120 Mean = Sf - 86 the median or modal class
0<t<10 24 o Wrﬂ?‘?‘w’?ﬁm 10=r<20 15 16 15 =16 = 240 ) but remember to write the
10<¢=20 16 :LTQ??SEQ?;;;::“ P — 5 25 %352 875 =19 minutes glagsf,z Irr:LEr:;tal': :? rr:;ir: |atri.§::er
;g : :f ig ?'15 estimate of every value 30 =<r<40 35 e 35x11=385 (to the nearest minute) o Yo B
= recorded in that group. Total 3f=86 ¥fc = 1620 class is 20 < £ = 20,




STATISTICS

Constructing and interpreting bar charts, vertical line diagrams, line graphs and pictograms

Constructing a bar chart

This table shows the number of hours Ben spent on his jobs around the
house in one week.

. Walking .
Job Cooking  Laundry the dog Repairs
Hours
. 14 7 9 3

The hours worked is the frequency, and this =hould go on the -axis.
The bar widths should be the same.

The scale on the p-axis should be uniform.

Bath axes should be labelled, and a title should be given.

A graph to show the number of hours Ben spent doing
different household jobs in one week

Remember:

Constructing a line graph

‘When the data is continuous, & line graph would be appropriate in order to
display the data.

For example, you can use a line graph to show the temperature over a perod of
time. On thess graphs, the time should always go on the x-axis.

Example
The table shows the outsids temperature, recorded every four hours for one
summers day in Wales.

00:00 0400 0800 12:00 1600 20:00
Temperature (*C) 15 13 14 23 20 17

Cutside temperature (C) over time in ane day
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Constructing a vertical line diagram

This type of diagram iz similar to & bar chart, but instead of bars, lines are used.
The chart will indicate that the data is discrete (as the lines don't touch each
other).

Example

The following table shows the sizes of shoss that differsnt people bought at &
shop in one particular week.

Size 3 4 L 6 7 8 9 10 N
Frequency | 6 9 14 23 20 8 1M 30 7 4

"arbial e Suara o vhoss the sbes of vhiss Bosghtin ore sess

The frequency should  segesy

go on the p-axis. "
The scale on i
the y-gxis should be s
uniform.

Both axes should be
lzbelled, and atitle
should be given.

Check that you can:
»  interpret scales on axes

» understand the difference between qualitative and
guantitative data, and continuous and discrete data.

Constructing pictograms

When you want to display your data as & pictogram, you must first pick
& symbal that is easy to draw. It should also be symmetrical so that it is
clear how many objects it represents if you draw a fraction of it. Write a
key to let your reader know how many objects your symbol represents.

Here are some good symbols to use: . .

Here are some symbols which arent
50 good &3 they are not symmetrical: ' -

Example

The following table shows the type of snack chosen by some pupils at
break time.

Type of snack Apple Orange Toast Yoghurt

Freguency 12 15 7 10
Here is a pictogram to display these results.

Key: =« represents two pupils.

Snack
Apples I R
et Nt N s e s
Orange L O R R
e
Toast & & B 5 &
N N N Ay
'fagur: L I I I )
e M e s

Interpreting graphs:

It is important to loo efull
understand the information being d

« read the title

+  inspect the axes
check the scales
look for a key
take accurate readings.




CUMULATIVE FREQUENCY DIAGRAMS

When working with continuous grouped data we estimate the different averages as the individual
data values are not known, only the class interval they fall into. A cumulative frequency diagram

Check first that you:

understand the difference between the averages
as a measure of central tendency and the range as
a measure of the spread of the data

understand how data is grouped into class intervals
can find averages of grouped data

can read scales on a graph

is a good way of estimating one of those averag

s, the median, and also the interquartile range.

can plot points on a graph
can find % . 1 andﬁ of a number.

Drawing a cumulative frequency diagram

E g. The frequency table shows the length of time in minutes it took pupils to -

complete a puzzle. Draw a cumulative frequency diagram for this data.

Time (minutes) | 0<ts5 S<t=210 [10<¢t=£15| 15<t=20
Frequency 4 7 16 3

We draw a cumulative frequency diagram by plotting the upper boundary of each
class against the cumulative frequency therefore we use the information in the

table to create a cumulative frequency table.

‘Cum ulad ree Frequery
s

Time (minutes) =0 £5 =10 =15

=20

Cumnulative 1]
frequency

0+4=4 | 4+7=11 | N +16=27

27+3=30 T---:- 4 [ 1 " 12

Using a cumulative frequency diagram We use a cumulative frequency diagram to find the following:

Median

This is the middle value of the data. It is located at ¥z of the total
freguency.

To find the median, draw a straight line from this ¥z way value on
the vertical axis (cumulative frequency) across to the curve. Where
it meets the curve, draw a line down to the horizontal axis and read
off the value. In the diagram below, the total frequency is 30 so we
draw a line from 15 on the vertical axis to the curve

Interquartile range

This is a measure of the spread of the middle 50% of the data.
Interquartile range = — lower quartile.

The lower quartile is found at a 4 of the total frequency and the
upper quartile is found at % of the total frequency. In the diagram
below the total frequency is 30, so we draw a line from 7-5 (LO)
and 22-5 (UQ) on the vertical axis, to the curve and then draw a line
down to the horizontal axis to read off the two values.

In this example time should be on the horizontal
axis and the cumulative frequency should be on
the vertical axis.

Plot each upper group boundary against

the cumulative freguency ensuring that the
cumulative frequency of the last point is equal to
the total frequency.

Connect the points using a ruler or by free hand to
get @ smooth curve.

Less than and more than values

In this example, if we wanted to find the number of pupils that took
a) less than 4 minutas,
b) more than 14 minutes to complete the puzzle,

we would draw lines from the horizontal axis (time) to the curve and
read off the values on the vertical axis to get the cumulative
frequency. The diagram always shows values for less thar', therefore
to obtain a 'more than value, the less than' value needs to be
subtracted from the total frequency.
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We can see that the median length of time it took to solve the

We can seethatthe LQ is 8 and the UQ is
puzzle was 11 minutes to the nearest minute.

interquartile range is 17 — 8 = 5 minutes.

therefore the
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a) 3 students
b) 30 — 25 = 5 students

set and also the interquartile range.




~ STATISTICS

Grouped frequency distributions — This is where data is arranged in groups within a range of values.

Displaying grouped data: frequency polygons

A visual way of dizplaying the data in grouped frequency tables is by

constructing a frequency polygon. Frequency polygons are best used

1o display more than one st of freguencies on the same graph.

The information in the following example is taken from question 7 in
the Mathematics — Numeracy Unit 2, Intermediate Tier, Autumn 2018

paper

Here are the recorded number of bikes made each day by Tube Cycles:

Number of bikes, & Frequency

1000 = &< 2000 3
2000 < &< 3000 12
3000 = &< 4000 9
4000 < &< 5000 7

Here is a frequency polygon of this information:
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The frequency polygon is constructed by joining the mid-points of
each class interval.

The mid-point is the value halfway between the limits of the class
interval.

For example, for the class interval 1000 < b < 2000, the midpoint
i5 1500.

Mote that

the frequency always goes on the vertical axis

each axiz is labelled

there is 3 linear, uniform scale on each axis

wou should never label the horizontal axis with the groups
the scales do not need to start at 0 (although they doin this
example).

Estimating the mean from a grouped frequency table

To estimate the mean from a grouped freguency table, we must follow these
steps:

1. Find the mid-point of each class interval.

2 Multiphy the mid-point for each group with the frequency for that
groug.
Find the total of the frequency » mid-paint values.
. Find the total of the frequencies.

5. Divide the total of the frequency » mid-point by the total of the

frequencies.

The information in the following worked example has been taken from question
Q in the Mathematics Unit 3, Higher Tier, Winter 2075 examination paper.

Amount, = (£) Frequency

oW

The amount of money that some
customers spend in a supermarket on a

Saturday afternoon iz shown in this table. O<s<20 5
Find the estimate of the mean amount W<s=40 19
of money that the customers spentina 40 <s <60 34
supermarket on a Saturday afternoon. 60 <5< B0 12
BO<s<100 12
100 <5 = 120 10
120 <5 <140 B

Afrer following the first four steps to estimate the mean, the table will look like
this:

Amount, s (f) Frequency  Midpoint Frequency x midpoint
0520 & 10 5= 10=50
20 = 5 40 19 30 19 = 30 =570
40 < 5 < 60 34 50 34 = 50 =1700
60 < 5 = B0 12 70 12 = 70 = B40
B0 = 5100 12 90 12 =90 = 1080
100 < s« 120 10 110 10 = 110 =1100
120 < 5 140 8 130 8 =130 =1040
100 6380

Then for the final step, divide the total of the frequency x midpaint by the total of
the frequencies:
Estimate of the mean = £6380 < 100 = £63.80

Remember to look &t the table for the correct units. Also, check that your
answer is sensible!

Your answer should be between £0 and £140.

Remember:

ins data that has been

Check that you can:

»  recognise the inequality symbols =

»  interpret simple inequalities such asx>=7orx=4
« group discrete and continuous data into a grouped

frequency table
display grouped data in a frequency diagram.

Finding the class interval which contains the median from a
grouped frequency table

If the data iz in & grouped frequency table, we do not know the exact value of
each item of data, just which group it belongs to. Therefors, we cannot find
the exact value for the median, but we can find the group that contains the
median.

The median iz the middle number or values in a 3=t of data which has been
placed in ascending (or descending) order. The middle value is the *£-th value,
where n is the total freguency. We always use the median as the 2-th valus
for small sets of data. For example, with 17 data velues arranged in order, the
median is the 5 = 6th data valus. For 30 data values, it would be the 15%th

data value (midway between the 15th and 16th).

For sets of data with many data velues, it is usuzlly acceptable 1o use the
Tth value instead of the 24 th value as they should be very close.

Example
e e oney thet o | Amount,: (£) _ Frequency |
customers spend in a supermarketon a 0 m:,f} Freqenc‘y
Saturday aftermnoon is shown in this table. <5
Find the group that contains the median 20<:€40 19
amount of maoney. 40 <s560 34

60 <5< BO 12

80 <5< 100 12

100 <s= 120 10
Answer 120 <5 < 140 8

The total frequency is 100. We nesd to
find the 12 th = 50th value in the table. To do this, we will work our way down
the frequency column, adding up the frequencies as we go until we hit 50.

Amount, = (f)  Frequency

D=5<20 5 ]
20<s540 19 5+19=24
40 <5 60 34 HM+24=58
60«55 B0 12

80 <5< 100 12

100 <5120 10

120 <5 140 8

The 50th value is in the 40 < 5 « 60 group.
The group that contains the median amount of money = £40 < 5« £60.

Mote: if we found the 23 th value, then the median would be the 50-5th value,
which liez between the 50th and 513t value. Both of these values lie in the
£40 = 5 g £60 group.



STATISTICS

Grouped frequency distributions — This is where data is arranged in groups withina range of values.

=5 than or equel to

> Greater than or equal 1o

Below iz an example of a grouped frequency table using discrete data.
Here are the numnber of customers that visited a market stall over 30
consecutive days:
16 9 15 14 3 17
e 19 5 19 12 5
10 13 13 20 n
4

12 15 ] 13 17
7 15 3 15 mn 18

Here is the completed grouped frequency table for this data:

Mumber of customers Freguency

0—4 2
5—8 4
g—12 B
13-16 9
17—20 7

The modal group is 13 —16.

Grouped frequency table using continuous data

The monthly average temperatures for a city are recorded each month for

ayear
5-3°c 5-1°Cc 6-5°C  9-0°C
10-8°C 14-7°C 16-4°C 16-1°C
15-0%C 11-5°C B-1%C 5-9°%C
'We can put these temperatures into a grouped freguency table.
Temperature is an example of continuous data.

Below is an example of a grouped frequency table with six class intervals
or groups.

The termperature is represented by x.
It is very important that you kook at the inegualities carefully.

Temperature, x “C Frequency
IExed
T<xg9
9xg 11
M=<x<13
13<x<15
15<xg17

Thiz interval or group will contain all the temperatures that are
greater than 11°C, but less than or equal to 13°C. Note that 11 *C
itself will be in the 9 < x « 11 class interval.

Look at how the following table is different.

Temperature, x "C Frequency
SExed
T=xg9
9=<x=11
M<xg13
13<x€15
15<xg17

Thiz interval or group will contain all the temperatures that are
greater than or equal to 11 °C, but less than 13°C. Note that 13°C
itself will be inthe 13 < x < 15 class interval.

‘Where the width of groups is the same, the modal group is the one which
has the highest frequency.

Below is an example of a grouped frequency table using continuous data.

Check that you can:
= recognise the inequality symbols <
» imterpret simple inequalities such as

Frequency diagram

A visual way of displaying the data in grouped frequency tables is by
canstructing a frequency diagram.

The information in the following example is taken from question 7 in the
Mathematics — Numeracy Unit 2, Intermediate Tier, Autumn 2078 paper.

Here are the recorded number of bikes made each day by Tube Cycles:

Mumber of bikes, & Frequency

1000 < & < 2000 3
2000 < &= 3000 12
3000 < & <4000 9
4000 < &= 5000 7

Here is a frequency diagram of this information:

The bar is drawn

at the group limits,

- e.g. 1000 and 2000 for the
first bar.

194 The height is the frequency,
e.g. 3 for the first bar.

There are no gaps between
5 the bars in the frequency
diagram as the data is

4 continuous.

Frequency

humber
of bikes
100 300 3000 400 B

Mote:

The frequency always goes on the vertical axis.

Each axis iz labelled.

There iz & linear, uniform scale on each axis. You should never label the
horizontal axis with the groups.

The scales do not need to start at 0 (although they do in this example).

Remember:

int 1. |
are no gaps be
numbers can appear in that set




HIGHER PROBABILITY

Understanding conditional probability, and the difference between dependent and independent events.

How to use tree diagrams for dependent events and to calculate probability of dependent events.

INDEPENDENT EVENTS

This iz the term used to describe events that have no connection to each other, but it is possible to calculate their
probability.

Twao events are independent when the outcome of the first event does naot affect the outcome of the second event.
The multiplication rule for independent events states that:

P& n B) = P{A) x P(B).
For example, the probability of throwing & six on & dice and throwing a head on & fair coin is:

P{six and head) = P(six) x P(head)
1 1 1
_ N — = —,
-1 2 12
The probability of throwing a six on a dice twice is:

P{two sixes) = P{six} x P{six)
1 1 1

_— K —
-1 -1 EL

DEPENDENT EVENTS

This term iz used in the context of probability. It describes an event that is affected by a previous event.

Consider the following situation. There are five counters in & bag, two are rad and three are blue. Every time a counter is
removed from the bag without replacement, the probability of choosing a blue counter or & red counter changes.

For example, two counters are removed from the bag without replacement. The probability of choosing a red counter the
first time and & red counter the second time is:

2 1 _ 2 _ 1
s T Ts T T w
The probability of choosing & red counter the first time and a blus counter the second time is: m
2,3 _6_3 ® 0
5 4 20 10

‘When the probability of an event is dependent on the outcome of another event, it is

described 2s conditional probability.

A bag containg three green counters and seven purple counters. . . . . . . . . . .
Three counters are taken from the bag and placed on a table.

EXAMPLE
What is the probability that the second counter placed on the table is purple if

a) The first counter put on the table was green?
Selecting & purple counter after one green counter has already been selected means that there are atill seven purple
counters remaining, but only nine counters in total.

7
Answer = —
9

&) The first counter put on the table was purple?
Selecting & purple counter after one purple counter has already been selectad means that there are still six purple
counters remaining, but only nine counters in total.

& 2
Answer = — = —
9 3

e probability of

Sampling or selecting items without replacement is an example of where you would have conditional
probability. Consider the counters taken from the bag in the example. When the first counter is taken,
depending on its colour, it will affect the probability of selecting & purple or green counter the second time and
30 on. So, when considering conditional probability, yvou nesd to remember that the probability of the second
event will alter depending on the cutcome of the first evert (or any further events depending on previous
events).

USING TREE DIAGRAMS FOR DEPENDENT EVENTS

EXAMPLE

& box of chocolates contains 11 =oft centres and 9 hard centres. One chocolate is chosen &t random and
eaten, & second chocolste is then chosen, again at random, and eaten.

Below is a tree diagram showing all the possible outcomes. The probabilities of each selection have been
added to each branch.

1% selection 2 selection Cutcome 11 10 110 11
s Sy S T wm
w "
%
il 3 g
k1 B — 11 3 39
PISH) = —— » — = —
H SH (SH) 20 19 380
HS 9 11 99
s PHS) = — % — = —
% e (HS) 20 19 380

1%
— 5 8 72 18
H 2H = — — = — = —
HH (HH) FTIRET] 380 95

Take note of the second set of branches. As the first chocolate selected has been eaten, it isn't possible
for this chocolate to be sslected & second time. This is why the totals are out of 19. The probabilities of all
the possible outcomes have been calculated using the information on the tree diagram and are displayed
alongside the end of each branch.

Remember to check that all possible outcomes add to one.
11 L] 39 18
+

—_— =1

3@ 380 380 95

Mote, it is often easier to check that the sum of the possible outcomes is one if the probabilities are not
simplified.
110 a9 -] 72 380
— + + +

— t ——f—=— =1

380 380 3so 3a0 380

REMEMBER! The probabilities at the end of the bra

should all sum




Check that you can:
+ calculate areas of squares and rectangles

find the missing length or width of a square or rectangle, given the area and
either a length or width

group data into a grouped frequency table
transfer data into a graph format, selecting appropriate scales for the axes.

STATISTICS

Histograms — A histogram is used instead of a frequency diagram when the class intervals .
of a grouped frequency table are of unequal width.

Histograms Finding the frequency densities

The number of minutes a group of pecple spent watching a certain The class width of the first class interval =100-0=100 We can use this information to draw a histogram. The frequency density will
television channel on a particular day is shown on the frequency table The frequency density of the first class interval =6=100 glways be on the vertical axis.
below. =0-06 Here you can see the Frequency demity
Time, ¢ (minutes) Frequency Time, ¢ (minutes) completed histogram. 04 !
0= ¢ <100 1 * : = ]
100 < ¢ < 200 6 D< 1100 6 100 0-06 " e
200 « ¢ < 300 24 100 < r«g 200 36 100 D-36 [
300 ¢ < 500 16 200 < ra£ 300 24 100 0-24 . | | | | |
500« ¢ < 8300 6 300 < rag 500 16 200 0-08 - i T | T .
500 < r= 800 6 300 0-02 ﬂ;‘l WG M0 M0 400 500 &N M0 0D

An incorrect frequency diagram which attempts to represent this
information iz shown below:

Frequency Matice that the class intervals are
not equal.

Therae, £ rvimaies)

e EE NI
Tt 7 mmmre

The first three class intervals
have a class width of 100
minutes.

300 = ¢ < 500 has a clazs width
of 200 minues.

500 < ¢ < 800 has a class width
of 300 minutes.

Because the class imenvals are
unegual, the frequency diagram

ssen above does not represent the data fairly. Look at the size of

the bars for 0 ¢ < 100 and 500« ¢< 800, where both have 2
frequency of six. This impliss that there are six people in each of the
groups 500« ¢ < 600, 600 < ¢ <700 and 700« r < 800 which is

clearly incorrect.

Instead of a freguency disgram, 2 histogram is used when the class

intervals are of unequal width.

In & histogram, the area of the bars represents the frequency.
By multiplying the width and the height of the bar together, we get the

frequency of that class interval.

The width of the bar is represented by the

class, or interval width.

The height of the bar is called frequency

density.

To find the frequency density of a class
interval, we divide the area (frequency) by

the class width.

The time taken to run & distance of 400m was
recorded for each member of a running club.

The histogram below shows the results for the
members who are under 30 years of age.
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To calculate how many members of the running
club are under 30 years of age, we nesd 1o look &t
the areas of the bars.

The area of each bar gives the freguency. To find
the total frequency, find the area of each bar and
add them together.

Rememiber:

Frequency = class width = frequency density
4x1=4 i

4=x4=18 ' [

4x3=12
8x=05=4
4+76+12+4=
36 members , . I HiE|

L EEEE]

Tiowa v

These frequencies can be written in the bars for use

later.

To calculate (to the nearest whole number) an
estimate of the percentzge of members that took
more than ong minute to run 400m, we need to find
the area of the bars shaded red in the diagram
below.

Tregem desd

b T ikl
R ]

As the frequencies have glready besn written on the

bars, the answeris 12 +2 +4 =10

This can also be calculated using 2= 3= 6 and
BE=x05=4.

The number of members that took mare than one
minute to run 400m

=6+4

=10.

The percentage of members that took more than
one minuwe to run 400m

= 3 100% = 27777777_%

= 28% to the nearest whole number,

To calculate an estimate of the median time taken
by the under-30s to run 400m, we consider the
following. Az the median value is the middle value,
we need to find the value which divides the total
area in half. We therefore need the value with areas
of 36 = 2 =18 both below and above it.

Vi vaiee b n b
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By looking &t the areas of the bars, since

4 + 16 = 20, the median lies in the bar between 54
and 58 seconds.

For the second bar we need a frequency of 14, so
we need 1o find w.

‘Where:

4xw=14 thenw=14+4=35
So, our estimate of the median is
54+ 35=57-5 seconds.




PROBABILITY

Probability tells us how likehy an event will happen.
We canuse a scale from 0 to 1 to describe the probability of an event.

We can estimate the probability that an even can ccour,

FINDING PROBABILITY
There ars several terms we use to describe the probability of an event happening.
We can show probability on a probability scale which is always between 0 {impossible) and 1 (certain).
of landing on Heads.

E.g. &fair coin has an

Probabilities can be written as fractions,

decimals or percentages. @ ‘ o

If an event has a probability of 0, then the | | |
event is impossible. 5 Urdbety L Lely 1

Imposaite Even chance Certaln

If the event has a probability of 1 (or 100%),
itis certain of happening.

The probability of an event happening is: w

the number of times the outcome can happen ....
the total number of possible cutcomes ° ..

The probability of choosing & red ball is:

the number of red ballsinthebag & Wi ite this as: Pleed)— &
the total number of ballsinthe bag — 10 & canwrite this as: P(red) = 10"

We could also write it as a decimal: P{red) = 0-6, or as a percentage: P(red) = 600 .

What is the probability of choosing a purple ball from the bag?

TOTAL PROBABILITY IS ALWAYS 1

If you throw a fair coin, the probability it lands on heads is %and the probability it lands on tailz is alzo é

Throwing & coin only has two cutcomes and the sum of the probabilities of all possible outcomes is 1.

So P(head) + P(mi) =4 +1=1.

Check that you can:

als and percenfages

Example 1: The probability that kMrs Khan is late for work is % .
There are twio possible outcomes for Mrs Khan: being late and not being late.

LATE +—— NOTLATE —&

The sum of the probabilities must add up to 1, so the probability of not being late is;

2_5
1 ==

Example Z: The probability that & football t2am wins its next game is 0-7.

There are twio possible outcomes for the football tearm: winning and not winning. Mote that not winning’
could mean losing or drawing the game.

The sum of the probabilities must add up to 1. So, the probability of not winning is:
1—-0-7=03.

Example 3: The probability that it will rain in & town tomorrow is 8904,

There are twio possible outcomes for the weather in the town tomorrow: rining and not raining.

The zum of the probabilities must add up to 1, so the probability of it not raining is:

100% — 89% = 11%.

FINDING THE EXPECTED NUMBER OF TIMES AN EVENT WILL

We know the probability of rolling & 5 with & fair, six-sided dice is %

We can use this to calculste how many times we would expect 1o s2=
a 5 if we rolled the dice 300 times.

Expected number of Ss rolled = probability of rolling a 5 = number of
times the dice is rolled.

Expected number of 5s rolled = éx 200 = 50.

REMEMBER! it q minators




STAT IST I CS Check that you can:

»  work with numerical data
« group data and present it in a table

+ think critically about information you are given and express
your ideas clearly in written form.

Questionnaires and surveys — A guestionnaire is a set of questions to ask an individual. A survey isthe process of
collecting, analysing and interpreting data from many individuals.

Make sure you understand the meanings of these key words.
Choice of categories

Hypothesis

Having a choice of categories will make it easier to collect and analyse the responses.

How many times a week do you go to the supemmarket?

0
1-3
47
More than 7
. . Your categories must not overlap.
Questionnaires and surveys Hers is an incorrect example:
If vou need to collect information to prove a hypothesis or to You should consider: How many times a week do you go to the supermarket?
collect people’s opinions, one way this can be done is to create ho L
2 questionnaire and undertake & survey. Who you are as ng ) ) 0
) ) i when you are asking them (i.e. the time of day) 1—3
Questicnnaires need to be designed carefully to ensure that they are: ) i A
where you are asking them (i.e. the location).
easy to understand . . . } . -7
not bi If we consider the question Which of the subjects taught in school
ased | do you think is the most important?, you want the opinicns of school More than 7
not personal. pupils on the topic. Therefore, you would not go and stand on & high . - - ) 2
Surveys need to be planned carefully to ensure that a representative  Street during & school day and ask the first 100 people that walked Which box would you tick if you visited the supermarket three times a week
sample of the population under study is included. past! You would get a better idea if you went to a schoal and asked Your categories not have gaps and you should have considered all possible
The population under study is the whole group of people whose school F'UD'IS' o ) responses.
opinions are required. If you wish 1o get the opinions that represent a wide range of Here is an incorrect example:
ples: different people of 2ll ages, then you need to consider carrying out :
Exam ] . ] the survey in & place and 2t & time that ensures that the people likely How many times a week do you go to the supermarket?
For a survey of favourite school subject, the population under study  to be thers are representative of the whole population under study. . kel e
would be all pupils in schoal. ) - 0
For a survey of favourite food of toddlers, the population under study Are the questions apprupnale.. ) 1—2
would be parents or carers of toddlers. Some pecple may be offended if you asked them their age, where
X . i i . they live or any other personzl guestion for that matter. You must 4-7
Questionnaires should not be biased or have leading questions. think of whether the question is relevant to what you are trying to ) L . .
For example, you want school pupils’ opinions on which subject find out. Which box would you tick if you visited the supermarket three times a week?
taught in school is the most impartant. i Which box would you tick if you visited the supermarket eight times a week?
Vou ask some pupils: Is it eazy to collect the answers?
ik athematio s he most important subec sught nschool which (L T8 4110 [0S 08 SHEORES LYo GuEiare. These ouneedtobe specifc about the imeseale.
of the sulects taught in school do you think is the mest important? . ) o Here iz an incomrect example:
If there aren't any categaories, you may receive a number of different
This question is biased towards Mathematics. It has an opinion, responses, and these may be difficult 1o analyse. How many times do you go to the supermarket?
therefore making it & leading question’. Some pupils may just agree 0
with the person asking the question. Therefore, the results of the
survey may be unrelizble. 1-3
A better question would be; 4-7
‘Which of the subjects taught in school do you think is the mast importamt? More than 7

‘What is the timescale in this question? Some people may answer based on how often
they visit & supermarket in a day, & week, @ month or some may even consider how
often in & y=ar!




RELATIVE FREQUENCY

Check that you can:

How to find the relative frequency or estimation of probability of an event as the proportion of times it has occurred. . ine the |

Comparing an estimated probability from experimental results with a theoretical probability.

Probability is the term used when discussing how likely it is that an event will happen.

Here are the results after throwing the dice 10000 times. The relative probability of throwing a 4 is

Frobabilities can be written as fractions, decimals or percentages.
EXAMPLE

If & fair, six-sided dice iz thrown, the theoretical probability of throwing a four is:

= 0-1666
= 16-666..04%
However, if a fair, six-sided dice is thrown 120 times, you may not get exactly twenty 4s (1 x 120), although it

should be close to this amount. If you do an experiment of throwing a dice 120 times, you might get a result
that looks like the following:

Dice-throwing experiment - 120 rolls

30
25
25 20 23
18 18
Q‘ZD 16
g 15
&
= 10
5
0
L J L L I L B} - 9
L] L] L] . 9
L] L] L ] L L ]

Dice number rolled

The number of times a 4 appears is the relative frequency or experimental probability of throwing a 4.

The number 4 appeared 18 times, 3o the relative frequency or the experimental probability of throwing a 4 is:
—
=015
=150

The more times we throw the dice, the maore reliable the relative frequency is as an estimate of the probability.

_ ez

=0-1642
= 16-42%%

We can see from the above that as the number of trials {throws) increases, the relative frequency of throwing
2 4 gets closer to the theoretical probability of throwing 2 4, which is (3 = 0-1666 = 16-66..%).
Dice-throwing experiment - 10000 rolls
2000 1721
1a00 1646 1678 1638 1642 1675

1600
1200
1000
20
600
400
200

0

O 0 e o] [v o] Jo o

z
(=]

Freguency
o

Dice number rolled
Relative freguency (also referred to as the experimental probability of an event) is used to estimate the
probability of an event, if conducting an experiment, test or survey, or when we do not know the theorstical
probability.

‘We can estimate the probability of an event by using the following formula:

the number of times an event happens
the total number of trals

Relative frequency of an event =

Relative frequency can be written as fractions, decimals or percentages.
It i= important to remember that the most accurate estimate for the probability, or the relative frequency, of an
event is found by using the greatest number of trials.

REMEMBER!

sing the



RELATIVE FREQUENCY

How to find the relative frequency or estimation of probability of an event as the proportion of times it has occurred.

Comparing an estimated probability from experimental results with a theoretical probability.

Check that you can:
determine the p
rert DEI‘.#"E

Plotting and interpreting a graphical representation of relative frequency against the number of trials.

Probability is the term used when discussing how likely it is that an event will happen.

Probabilities can be written as fractions, decimals or percentages.

EXAMPLE
If a fair, six-sided dice is thrown, the theoretical probability of throwing a four is:
=1
&
=0-1666
= 16-666..0%

However, if a fair, six-sided dice is thrown 120 times, you may not get exactly twenty 4s [ x 120), although it should

be close to this amount. If you do an experiment of throwing & dice 120 times, you might get & result that looks like the
following:

The number of times a 4 appears is the relative frequency 120 rolls
or experimental probability of throwing a 4.

Dice-throwing experiment -
s

The number 4 appeared 18 times, so the relative frequency
ar the experimental probability of throwing a 4 is

— 18 .
= 120
=015

OHEEEE

Dice= number rolled

Frequency
B

s

The more times we throw the dice, the more reliable the
relative frequency is as an estimate of the probability.

Here are the results after throwing the dice 10000 times.

We can estimate the probability of an event by using the following formula:

the number of times an event happens
the total number of trigls

Relative frequency of anevemt =

Relative frequency can be written as fractions, decimals or percentages.

It iz important to remember that the most accurate estimate for the probability, or the relative
frequency, of an event is found by using the greatest number of trials.

GRAPHICAL REPRESENTATION OF RELATIVE FREQUENCY AGAINST THE NUMBER OF TRIALS

(Example adapted from (Legacy) Unit 1, Foundation tier, Winter 2017, Question 10, Worked

A machine is used to pack tins of coffes beans. To check the machine, 100 tins of coffee
beans are selected on the hour for 10 consecutive hours. There should be 800 coffee beans in each
tin. Each hour, the number of tins containing exacthy 800 coffee beans is recorded.

- - . . . - . . o o
Tiarm o | Tem | Jam |4am | Sam |Gam | Tam [Bam  Sem | Dam
t | t { | t { 1 v |
Mutrbai ol
e HHD s

I with papcily 8 0 -] B 1] 2 4 ] 2 in
B00 cotes

If we record and plot the relative frequencies for the information shown in the previous table, the
results would look like this:

10000 ralls

Dice-throwing exper ment -

2000
. ) . ) 1721

The relative probability of throwing a 4is: 1sca 1646 1678 1638 1842 1675

1600

— A&z -, 1800

— Toon £ 1209

2 1000

= 01642 g a0

= Goa

&00

= 16-4205 ?Ei'.l

‘We can see from the above that as the number of trils
(throws) increases, the relative frequency of throwing a 4
gets closer to the theoretical probability of throwing a 4,
which is § (3 = 0-1666 = 16-66..%).

0 O ) R D

Dice number rolled
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We can use the plot to best estimate the probability that a tin selected at random will contain
exactly 800 coffee beans. The last plot on the graph uses all the data from the experiment. It
therefore gives the most accurste estimats of the probability: 0-056

Relative frequency (also referred to as the experimental probability of an event) is used to estimate the probability of an
event, if conducting an experiment, test or survey, or when we do not know the theoretical probability.




PROBABILITY: SAMPLE SPACE

How to list all possible outcomes of compound events in a sample space diagram.

Check that you can:
- gde ne the probability ¢
How to calculate probabilities and solve guestions using a sample space diagram.

COMPOUND EVENTS SAMPLE SPACE DIAGRAMS
Flipping & coin AMD spinning a fair 4-sided spinner (with sections labelled 1, 2, 3 and 4) is an example of ‘When listing the outcomes of a compound event, sometimeas it is better 1o use & semple space dizgram.
compound event. It is a combination of maore than one event. This will help make sure that you include zll the possible outcomes.

The outcome when flipping & coin is head or tail.
The outcome when spinning the 4-sided spinneris Tor2or3or 4.
0One possible outcome of this compound eventisa heedand a 1.

Example 1
4 Twao fair dice ars rolled, and the scores are noted.

3 1 Answer
> Find how many outcomes each event has.
»  The first dice has 6 outcomes.

VWhen we list all possible outcomes, we need 1o be systematic and
change one item at a time.

The second dice has 6 outcomes.
This means there are 6 x 6 = 36 cutcomes in total.
Draw & table & » & and label Dice 1" and ‘Dice 2°.

Here iz one way of listing &ll the outcomes:
(starting with head and then changing the cutcome of the spinner each time).

Head, 1 |5 there a way of checking you have listed all the possible cutcomes? Complete the table with all the possible outcomes. This is called the sample space.
Head, 2
Head, 3 4
Head, 4 - m
Tail, 1 &t 3 ¥ _DICE2
Tail, 2 v 2 1/2¥3]4]5]6
T-Eil,. 3 B A
Tail, 4 2 gutcomes x 4 outcomes = & outcomes 1111213 6-"51:5 1.6
- 2112,2(2,3(2,4|2,5(2,6 am
If & player wins a prize if the coin lands on tails and the spinner shows the number 4, what is the probability of w . _',.7
winning a prize by playing the game once? g 3,113,2|13,3(3.4 éj’ 3.6

4,1[4.2[4,3[4,4[4,5/4,6]
Fe =

5,1(5,2]5,3[5,4/5,5|5,6

6,1(6,2|6,36,4/6,56,6

Murmnber of cutcomes showing a tail and a 4 = 1 outcome (Tail, 4).

Total number of possible outcomes = 8 m !

The probability of winning a prize = 1

mhLﬂ-P-UJM—‘

8
Example 2
Two fair dice ars rolled, 2nd the scores are noted. DICE 2
What is the probability that both scores are even numbers?
REMEMBER! 4 sample space dizgrarn helps you to list all the outcomes of a Answer 112|13(4|5|6
e anard i o enretarmatie Faahin We can use the samiple space to help answer this question.
CO ound event in a syst AT .
ormpound event in a systematic fashion Circe all the outcomes where both of the Scores are sven 1 (1.1 :,2‘11,3 1,:11,5 ‘I,l':
—
numbers. = | 2 [21[22]2,3[2.4]2,5[2.6)
Both scores are sven =19 % 3 |3.1(3.2|3,3[3.4]|3,5|3.6
4 |41[a.2]4.3[a.4]4,5[4.6)
Total number of possible cutcomes = 36 - A -
5 |91 5.2|5,3|5,4|5,5|5,6
The probability that both scores are even numbers: 6 |61 5. 716,316,416 5[5 6]
+116.2)6,3{6.4]6,516.6)

TG



SA M P L I N G Check first that you:
+ understand the difference between gualitative

data (words) and guantitative data (numbers)
can identify what information is needed to test a
hypothesis

can design and criticise questions for a
questionnaire

understand fairness and bias.

When working with data we have to ensure that we collect relevant information. We may need 1o

collect data from a large population but it may not be possible to gather this information from
everyone. This could be due to time, money or other constraints. Therefore, it is useful to use a
sample of the population.

Sampling techniques In order to ensure that we get a fair and non-biased sample we use one of the following sampling techniques:

Simple random sampling Systematic random sampling Stratified random sampling

- This is when sach member of the population has the - This Is very similar method to random - This method of sampling is used when each member of the
same chance of being selected for the sample. sampling but the population would first be population can be distributed into & certain group such as gender
- The sample may be chosen by drawing names from a ordered according to specific criteria such or age.
hat. as listing names of people in the population | | - A random sample is taken from every group but the number
« It could also be chosen by giving all individuals in in alphabetical order. of members selected from each of the groups should be in
the population a number and then using a calculator, = The sample would be drawn by selecting proportion to the size of the group within the whole population.
computer or random number tables to generate every n person. For example every 100 + The number selected from each group is given by:

st . . oL
L numbers for individuals to be chosen. L person in the list )\ Wo. selected from group = —— B size of sample y

Remember that the popula-
tion is the whole of the data

but a sample is just a part of
this data.

Remember to ensure that the
sample size is large! This is
important to ensure that it is
representative of the whole
population we are gathering
information on.

Simple random sampling We will look at two methods of randomly selecting numbers o choose a
sample of 40 when all the members of a population of 200 have been previously numbered 1 — 200.

Stratified random sampling E.g. The table shows the number of students of each nationality studying
at The Welsh International College.

Random numbers Random numbers table Nationality American British Chinese French Spanish
generated by a 16405 82950 30197 64500 91130 58106 26415 72358 Number of students 29 a8 1 18 26
calculator 80937 54607 31138 68716 83922 27129 28755 41225
To generate random 16405 87050 30797 A4500 21200 98166 24435 /2318 The Dean of the college would like to carry out a survey on student welloeing. A stratified random sample of
numbers on the calculator 10538 A4917 51678 28736 43474 57378 88137 14207 30 students is to be used. How many students of each nationality will be included in the sample?
we use the RAN button.

62551 81560 34246 15420 23452 78109 54010

First we find the size of the population, i.e., the number of students at the college: s T Q1 GIRIL =

In this particular case we
want to generate numbers

To select our sample using a random numbers table like the one
shown above, we read the digits in groups of three to generate

29+48+31+18+26=152

number for each
group add to

up to 200 therefore we type: 3-digit numbers (because the population is a 3-digit number). _— ive the s |
Looking at the firstline 16405 82950 30197 64500 91130 We then use: No. selected from group = —2c OLEOD e of sample give the sample
200 Shift RAN 58106 .. size of population size needed, in

A nurmber is generated

The numbers generated are 164, 058, 295, 030, 197 645 009,
113, 058, 106 -

to find the number of students of each nationality that needs to be in the sample.

this case 30. It's
possible to have 1

and the corresponding No. of American shidents = ——— s 30 h stodents = — = more or 1 less then
numbered member of the We ignore 295 and 645 as they are larger than 200 (the size of oo ST No. of French < e <% needed. This will
population is selected for the population). 58 is repeated so we only include this the once. = 6 (to nearest person) = 4 (to nearest parson) be due to rounding

the sample. If a decimal is
generatad it will need to be
rounded.

The sample would therefore include the members numbered 164,
5B, 30,197,9,113 and 106.

We continue reading the digits in groups of three until we have

A8
152
=9 (to nearest person)

No. of Bniish students = =30

No. of Spanish students = —— x 30

152
= 5 (to nearest person)

the answer to the
nearest person,
therefore you may
have to adjust an

We continue with this our sample of 40. .
method until we have a g Mo. of Chinese siudents = 13512 =30 answer so that
sample of 40. = 6 (to nearest person) it fits with the

sample size.



Sampling

Understanding the reasons we use sampling, and two different sampling techniques - simple

random sampling, and systematic sampling.

Why do we need to sample?

Check that you can:
understand the difference between gualitative data (words) and
guantitative data (numbers)
identify what information is needed to test a hypothesis
design and criticise questions for a questionnaire
understand fairness and bias.

Sampling techniques

When investigating a particular guestion or hypothesis, we havs to
ensure that we collect relevant information or data.

We may need to collect data from 2 large population under study. The
population under study is the whaole group of people whose opinions

are required. It may not be possible to gather the information from the
whole population under study. This could be due to time, money or other
constraints.

For example, if 2 pupil wanted to ask the opinion of other pupilz ina
particular class on a subject, then this is possible if the pupil had enough
time and there weren't too many pupils in the class. However, it would be
very difficult to collect the opinions of all the 1100 pupils in a school.

When it is not possible to collect data from a population under study, it
iz usaful 1o use & sample of this population.

There are & number of ways to choose the sample. The sample should
be:
fair and unbiased
large enough in size to be representative of the whole population
under study.

Haowever, it is important to remember that different samples will give
you different results. If your sample is large enough, and you have used
a good, unbiased sampling methaod, the sample should reasonably
represent the whole population under study.

In order to ensure that we get a fair and non-biased sample, we use one of the following sampling technigues:

Simple random sampling Systematic sampling

This is when each member of the population has the same
chance of being selected for the sample.

The zample may be chosen by drawing names from a hat.

It could also be chosen by giving all individuals in the population a
number and then using a calculator, computer or random number
tables to generate numbers for individuals to be chosen.

v

= This is & very similar method to random sampling, but the
population would first be ordered sccording to specific criteria
=uch &s listing names of people in the population in alphabstical
order.

»  The sample would be drawn by selecting every ' person. For
example, every 10t person in the list.

Liza wants a random sample of the 800 people who waork in her office
building.

Give some examples of simple random sampling methods she could
use.

Answer
Assign a number to &ll of the office workers and use a calculator to
get S0 random numbers.
Put everyone's name in & hat and pick 50.

A simple random sample is when each member of the population under
study has the same chance or probability of being selected for the
sample.

The following options are not rendom, as not all the office workers have
the same chance of being chosen:

Choose the first 50 people who arrive at the office.

Choose 50 people whose surname begins with J or T.

List all the office workers in alphabetical order and choose every 5
name cn the list.

A company manufactures bottles in a factory.
In order to ensure high guality, the manager wants to take a systermatic
sample of seven bottles from the first 100 produced.

Explain how the manager could use systematic sampling to obtain this
sample.

Answer

Mumber the bottles 1 to 100.

The sampling interval = 100 +7 = 14- 285 We can round this number
downto get 14

Pick one number at random from the first 14.

If the random starting number is 11, you then pick every 14™ number
from thers on until you have an additional six numbers.

S0, the sample in ascending order would be 11, 25, 39, 53, 67, 81, 95.
The corresponding numbered bottle is selected for the sample.




Check first that you:
+ understand coordinates and can plot points on a graph
+ can understand and read scales on a graph

SCATTER DIAGRAMS

Scatter diagrams are used to see if a relationship exists between two sets

of data or variables.

number of values.

+ know how to find the mean by dividing the total of the all values by the

Correlation This describes the type of relationship between two sets of data.

Positive Correlation

+

A5 the values of one set of data increase, the values of the other set of data
also increase. E.g. the time exercising and number of calories burned.

Megative correlation

Asthe values of one et of data increase, the values of the other
set of data decrease. E.g. the value of a car and its mileage.

Mo Correlation

There is no relationship between the values of the two sets of data. Eq.
the height and salary of employess of a company.

Can you give your own examples? Can you explain why a scatter diagram does or doesn’t show correlation?

Drawing a scatter diagram The table shows the length and corresponding weight of baby boys born

at Cwmbran Heospital.

Length {cmj) 455549 [ 48 [ 53 |45 48

53 | 47 |47 |50 | 47 (52 |54

Line of best fit

‘When there is positive or negative correlation, we can draw a line of best fit by eyve on the scatter diagram.
This line allows us to estimate a value of one vanable if we know a value of the other variable.

c) Draw a line of best fit by eye on the scatter diagram for the length and weight of baby boys born at

Weight (kg) 25|48|38(35|42]29]33 39| 4 [36[38] 3 [41]43 Cwmbran Hospital.
a) Draw a scatter diagram to display this data ; ; ; - Using a ruler, draw a straight line that
4d play - We plot the length (horizontal axis) against 2 T follows the trend of the data. You
. the weight (vertical axis). Here are the first ! shouldtry and get as many points a
. . e T e L ] possible on the line. You should also
v . Length{cm) | 45| 55|49 | 48 | 53 E D 1 try and get an equal number of points
B . 11 — Weight (kg) |25(48[38|35|42 Eu- ' lying above the line and lying below
‘ o : i
? e We don't connect the points on a scatter o . ] izl
5 I diagram. wl !
tt] 1 |
w o b) Dascribe the relationship between the o A . S S A S A S N g) Use the lin of best fit to estimate the
" weight and length of baby boys shown by 0T T T e length of a baby that weighs 3-4kg.
“ | s LA . the scatter diagram.

Take care when reading the scale on each of the axes.
They may not be the same!

The diagram shows positive correlation
between the lkength and weight of baby
boys. As the length of the baby increases
the weight also increases.

d) Use the line of best fit to estimate the weight of a baby that is
51cmin length.

Draw a straight line from 51 cm on the horizontal axis (length)
to the line of best fit. Where they mest draw a line across to the
vertical axis to read off an estimate for the weight. 3-9kg

Draw a straight line from 3-4kg on
the vertical axis (weight) to the line of
best fit. Where they meet draw a line
down to the horizontal axis to read off
an estimate for the length.

Take care: the line of best fit won't necessarily need to go through the point of intersection of the axes.




Check first that you:
+ understand coordinates and can plot points on a graph

SCATTER DIAGRAMS

+ can understand and read scales on a graph

Scatter diagrams are used to see if a relationship exists between two sets

of data or variables.

+ know how to find the mean by dividing the total of the all values by the
number of values.

Correlation This describes the type of relationship between two sets of data.

Positive correlation

As the values of one set of data increase, the values of the other set of data
also increase. £.0. the time exercising and number of calories burned.

Megative correlation

As the values of one set of data increase, the values of the other
set of data decrease. E.q. the value of a car and its mileage.

There is no relationship between values of the two sets of data. E.g. the
height and salary of employess of a company.

Can you give your own examples? Can you explain why a scatter diagram does or doesn't show correlation?

Drawing a scatter diagram The table shows the length and corresponding weight of baby

Line of best fit When there is positive or negative correlation we can draw a line of best fit by eye on the scatter

boys born at Cwmbrén Hospital. diagram. This line allows us to estimate a value of one variable if we know a value of the other variable.
Length (cm) 45| 55] 4048534048 ][50 (53|47 [47[50]47[52[54 Line of best fit by eye Line of best fit using the mean
Weight (kg) 550283835 22]20(33] 2 (39| 4 |36|38| 3 |41 23 c) Draw a line of best fit by eye for the scatter diagram  The scatter diagram below shows recorded rainfall (fo the

a) Draw a scatter diagram to display this data.

a4
u
1

We plot the length (horizontal axis) against
the weight (vertical axis). Here are the first
five points highlighted on the diagram.

b} Describe the relationship between the

Ll

Take care when reading the

scale on each of the axes.
They may not be the same!

= weight and length of baby boys shown by
the scatter diagram.

The diagram shows positive correlation
between the length and weight of baby
boys. As the length of the baby increases
the weight also increases.

for length and weight of baby boys.

You should try and get as many as possible of the
points on the line and an egual number of points
above and below the line.

d) Use the line of best fit to estimate the length of a
baby that weighs 3-4kg.
Draw a straight line from 3-4kg on the vertical
axis (weight) to the line of best fit. Where they
meet draw a line down to the horizontal axis to
read off an estimate for the length.

Take care: the line of best fit won't necessarily need to go through the point of intersection of the axes.

nearest 5mm) at Barry Island and the number of deck chair
rentals over @ period of 10 days.

Draw a line of best fit knowing the mean rainfall was 25mm
and the mean number of deck chair rentals was 40.

.I . 5
. s Length(cm) | 45[ 55|49 48[ 53 PR "m&‘

3o I . . Weight (ko) [2-5(4-8[3-8[35]a2 ; i

55 3 We don't connect the points on a scatter L0 ferm) i ! T

) diagram. Draw a straight line that follows the trend of the data. ! e

T w ¥ ¥ ¥ §_ W & W W

Raindall {poon)

Plot the meant rainfall value, 25mm on the horizontal
axis against the mea number of deck chat rentals,

40 on the vertical axis. Draw a straight line that goes
through this mean point that follows the trend of the
data. You should also try and get as many as possible
of the points on the line and equal number of points
above and below the line.

Remember if the mean isn't given, we need to find it by adding the values for one variable on the horizontal axis and dividing by the total number of values. Then we repeat for the other variable on the vertical axis.



~ STATISTICS

Sorting data — Classifying different types of data and how to sort and present data in tables and using tally charts.

Classifying data

Sorting data: grouping data

Check that you can:
+ put numbers in order from smallest to largest
» understand what it means to ‘classify’ something.

Grouping discrete data

Data can be divided into two main types: qualitative data and
guantitative data.

Qualitative data d=als with data that can only be written in words.
Examples include hair colour, favaourite football team and type of
weather.

Quantitative data deals with numbers and things you can measure.

Quantitative data can then be divided into two types: discrete data
and continuous data.

Discrete data can only have certain values. This type of data is
usually found by counting. The number of pupils in a class would
be discrete because you can only have whole numbers. Shoe sizes
would also be discrete, you can have half sizes, but nothing in
between them. For example, you can buy a shoe size 7 or 7-5, but
not size 7-341.

Continuwous data can have any value within a certain range. This
type of data is usually found by measuring. The length of & pencil
would be an example of continuous data. It is important to realise
that your ruler is only marked to the nearest millimetre, but there
are measurements between these values.

Types of data: an example

Dyfan has receivad his school report from his teacher — it contains
three pisces of information. For each one, state whether the data
is qualitative or guantitative. If the data is quantitative, also state
whether it iz digerete or continuous.

a) The number of homework assignments Dyfan has been given
this term.

Answer

The number of homework assignments Dyfan has been given this
term can be counted, therefore this data is quantitative. [t can also
only be a whole number. Therefore, this is discrete data.

) How long Dyfan took o talk through his class presentation.
Answer

The length of Dyfan's class presentation is given as a time

which is quantitative; the result could be any value. Therefore, it

is continuous data.

c) A paragraph written by Dyfan's teacher explaining how well he is
doing in school.

Answer

This paragraph describes something and gives the
teacher's opinion of Dyfan's progress in school. This data is nota
number and cannot be counted. Therefore, this is qualitative data.

Example

Here are the marks obtained by 100 students in their mathermnatics test.
72 61 63 66 62 6B 69 64 65 67 69 56 B0 66 62 57 72 67 65 70
64 66 71 73 67 65 64 63 61 5B 64 62 69 66 65 63 63 59 61 64
65 57 66 71 68 70 67 66 60 62 65 58 63 6B 64 61 62 65 66 59
62 65 65 60 64 671 64 69 62 64 62 63 68 67 65 62 65 6B 61 63
62 72 62 66 66 65 63 67 66 63 63 66 65 63 62 62 66 64 B2 62

When the data is presented in this form, it can be hard to make sense of it.

When data is collected, it is usually for 2 purpose. Say you were locking for the
mast popular scors or the range of scores, the answer would be much easier to
spot if the results were displayed as & table. This is known as tebulating data.

Remember, frequency means how many times something happens.

Score Frequency Score Frequency

56 1 65 13
57 2 66 12
5B 2 67 6
59 2 6B 5
&0 3 69 4
61 6 70 2
&2 15 71 2
63 n 72 3
64 10 73 1

The most popular score (the modal score) is 62. This is the one with the highest
frequency, 15.

The range of scores is the highest score minus the lowest score, which is:
73-56=17

It could be even longer with some data tables, which is not very ussful.

To avoid having such long tables, it is better to group the data.

Remember:

enm quantitative data, think about the word quantity (the

The numbe tis an example of discrete data, 2= it will always

be given as

any value.
Qualitative data des s, but this data is not 2 number
and cannot be coun

es something in

Test scores like those you just saw are an example of discrete data, as each
scove is & whole number.

[tis glways best to keep the group widths the same.

36—38 5
9961 11
62—64 36
6367 31
68—70 L
71—-73 ]

The only disadvantage to grouping data is that you lose accuracy slightly.

When data is continuous, we need to use a different notation for the
boundaries of our groups.

Grouping continuous data

Example

The time taken by pupils in & sports lesson to complete 50 star jumps is an
example of continuous data.

Again, it is always best to keep the group widths the sarme, but this time, we
need to consider that time can take any value.

Time taken, r (seconds) Frequency

30= r<35 2
IS <40 6
A0 145 7
45 ¢ 30 8
S0 ¢35 10
55 r<B0 5

Look &t the group below taken from the table.
30« 135 2

This information tells us that two pupils tock from 30 seconds up to, but
not including, 35 seconds to complete the exercise. A pupil who took 35
seconds would be included in the second group.

The only disadvantage to grouping data is that you lose accuracy slightly:
Take for instance the group below:

S50 +<55 10

‘fou can see that 10 pupils took between 50 and 55 seconds to complete
the exarcise, but you do not get to know their exact imes.




VENN DIAGRAMS: SET NOTATION

Set notation is an easier and quicker way to list the values or number of values in each subset of a

| with Venn diagrams

set of data, which could also be represented using a Venn diagram.

‘You will have already come across the universal set, which is denoted by Here iz Set A shown in a Venn diagram. Motice how some values are glso The union of Set A and Set B are the objects that are in Set A or Set B (or
the symbol ‘e’ (epsilon). The universal set contains all of the objects. in Set B, where the circles overlap. bath). This can be written as A w B.

e £ £

A o \a A 8
‘ |
/‘
The intersection of a Venn diagram is the region where the valuss in the The values not in Set A are represented by A (A dash). This is called The values that are in Set 4, but not in Set B, are representad by
sets overlap. This can be writtenas A m B, the complement of Set A AnE.
> £ £

X

REMEMBER!
antains ina ] Ay that are part of

but do not fit intt C ) [ nn diagram, should
y the rectangle




VENN DIAGRAMS

Venn diagrams can be used to sort sets of data.

Check that you can:

Terminology of Venn diagrams Sorting sets of data using Venn diagrams Using Venn diagrams to solve problems

The first step in drawing a Venn diagram is to draw a rectangle. This rectangle will contain all the data values
that are 1o be considerad for the Venn diagram. The name givan to these data values iz the universal s=t, and it
denoted by the Gresk letter epsilon, which is written as the symbol e. This symbol, g, is usuzlly placed at the

side of the rectangle.

Inside this rectangle, we can then draw circles 1o represent sets of values, which contain values from the
universal set. Although these values form sets, they are sometimes referred to as subsets of the universal sst.
A=z zome velues may belong to more than one of these sets, the circles will normally intersect.

4 3et is the name given to & collection of data values, which could be numerical values, descrbed valuss or

objects.

We use curly brackets { } to list the values within a set.

Example

Here, the universal set = all the people shown.
£ ={Mali, Erhan, Anita, Dewi}

The circles inside the rectangle are used to group
these four people from the universal set.

The people listed in the different regions within these
circles are called subsets.

From the example above, the subsets are

people with black hair = {Erhan, Mali}
people who wear glasses = {Mali, Dewi}.

Anita does not have black hair and she does not wear
glasszes; therefore, ner name is placed outside the
circles but still within the rectangle.

Black hair Wears
glasses

Anita

The intersection of two or maone sets within a Venn
diagram is the region where the sets averlap.

This is represented by the red region in the diagram
above. Here, we have the name of the person who
haz black hair AMD &lso wears glasses.

Intersection of both sets = red region = {Mali}
The union of & Venn diagram contains the objects
that are in either set. Here, we have the names of the

people who have black hair OR wear glazses OR both

LUnion of both s=ts = blue + red + green regions =
{M&li, Erhan, Dewi}

Example from Mathematics Unit 1, Foundation Tier,
Auturmn 2018, Question T2

1E. Place v sprmbars 1, 2. 3, 4, 8 bn i Vern diagram below =

[
me:llL N Bquas uThaTY

/%\

"‘x _ __;><i__ J

Answer
Factorz of 16 = {1, 3,5}
Square numbers =1, 4}

The value, or values, that are comman to both sets is
given by factors of 15 AMD squars numbers = {1}.

2is not & factor of 15 or & sguare number, so it should
be placed outside of the circles but still within the
rectangle.

Factors of 15 . Square numbars

fg\

REMEMEER!

Example from Mathematics Unit 2, Intermediate Tier,
Auturnn 2020 Question 8

8. Eachos 3 sudests sudes Oeman, Spansh of both engeages.

A mhadmnt i chomen ot
mmmmnuu.wmmwwwm; L] ;

Compleis e 'Yern dagan [E]

Answer

There are 30 students. This is our universal set.

At the end, we must check that all regions in the Venn
diagram add up to 30.

1 —
T * 30 =10

This means that 10 students study both German and
Spanizh. Therefare, 10is placed in the middle. The
only region that is l=ft to complete is the number of
students that study only Spanish.

All the regions in the Venn diagram must 2dd up to 30.
Therefore,

7=30-17-10-0=13

GernV 7§ Smimsh

\>Z/

£
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