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Overarching themes

. Overarching themes

The following three overarching themes have been fully integrated throughout the Pearson Edexcel
AS and A level Mathematics series, so they can be applied alongside your learning and practice.

1. Mathematical argument, language and proof

* Rigorous and consistent approach throughout

» Notation boxes explain key mathematical language and symbols

» Dedicated sections on mathematical proof explain key principles and strategies

» Opportunities to critique arguments and justify methods

2. Mathematical problem solving The Mathematical Problem-solving cycle
» Hundreds of problem-solving questions, fully integrated specify the problem
into the main exercises
* Problem-solving boxes provide tips and strategies interpret results _ _
) ) collect information
» Structured and unstructured questions to build confidence
» Challenge boxes provide extra stretch process and C_—L
represent information

3. Mathematical modelling
* Dedicated modelling sections in relevant topics provide plenty of practice where you need it

» Examples and exercises include qualitative questions that allow you to interpret answers in the
context of the model

« Dedicated chapter in Statistics & Mechanics Year 1/AS explains the principles of modelling in

mechanics
Finding your way around the book Access an online
digital edition using
the code at the
Confidence intervals 7 front of the book.
and tests using the
t-distribution
Each chapter starts with o '“'""mwr::':jﬁh et
a list of objectives it a5
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The real world applications
of the maths you are about
to learn are highlighted at
the start of the chapter with
links to relevant questions in
the chapter

The Prior knowledge check
helps make sure you are
ready to start the chapter
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Overarching themes
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Extra online content

. Extra online content

Whenever you see an Online box, it means that there is extra online content available to support you.

SolutionBank

SolutionBank provides a full worked solution for
every question in the book.

@ Full worked solutions are #

available in SolutionBank.

-0
(Y —— B i of A - i

Download all the solutions as a PDF or e :,
quickly find the solution you need online e

Use of technology O
Explore topics in more detail, visualise m Find the point of intersection

problems and consolidate your understanding graphically using technology.

using pre-made GeoGebra activities.

GeaGebra s
GeoGebra-powered interactives bt et

y=2—3z 1

Interact with the maths you are learning __—
using GeoGebra's easy-to-use tools

e+ ly =3

Soldtions: (2, -1) (-1, 5)

T I N R B e N L L R AL
251, X

Access all the extra online content for free at:

www.pearsonschools.co.uk/fs2maths

You can also access the extra online content by scanning this QR code:
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Linear regression

After completing this chapter, you should be able to:
® (alculate the equation of a regression line using raw data or

summary statistics - pages 2-8
® Use coding to find the equation of a regression line - pages 8-10
® (alculate residuals and use them to test for linear fit and identify

outliers -» pages 10-15
® (alculate the residual sum of squares (RSS) -» pages 13-15

-

8/

1 The table shows the time, t minutes, taken to make
p grams of a product during a chemical reaction.

t 1 3| 4 | 7
p | 7 |14 |18 | 30

Prior knowledge check

The equation of the regression line of p on ¢ is given as
p=2.8+ 3.85¢.

a Interpret the value 3.85 in this equation.

b Comment on the validity of using this regression line
to estimate
i the amount of chemical produced after 5 minutes
This can help athletes ii the amount of chemical produced after 10 minutes
optimise their performance. iii the time taken to produce 20 grams of product.
-» Mixed exercise Q5 « SM1, Chapter 4

Sports scientists use
regression models to predict
physiological characteristics.




Chapter 1

@ Least squares linear regression

When you are analysing bivariate data, you can
use a least squares regression line to predict
values of the dependent (response) variable for

@ You should only use the regression line
to make predictions for values of the dependent

variable that are within the range of the given

given values of the independent (explanatory) data. This is called interpolation. Making
variable. If the response variable is y and the predictions for values outside of the range of the
explanatory variable is x, you should use the given data is called extrapolation and produces
regression line of y oen x, which can be written a less reliable prediction. & SM1, Section 4.2

inthe form y = a + bx.

The least squares regression line is the line that minimises the sum of the squares of the residuals
of each data point.

= The residual of a given data point is the
difference between the observed value of m The Greek letter epsilon (¢) is
the dependent variable and the predicted sometimes used to denote a residual.
value of the dependent variable.

Y4 £, is the residual of the data point (x;, ;)

The least squares regression line of y on x is the straight line
that minimises the value of &,2 + &,% + &5 + &,% In general, if
each data point has residual ¢, the regression line minimises
the value of > ¢2.

The observed value of the dependent variable, y,, is less than
the predicted value, so the residual of (x;, 1,) will be negative.

~Y

o

You need to be able to find the equation of a least squares regression line using raw data or
summary statistics.

= The equation of the regression line of
yonxis:

y=a+bx

S.\'_l‘ — et
5. anda=y - bhX m You can calculate @ and b directly
from raw data using your calculator. However, you

might be given summary statistics in the exam so
you need to be familiar with these formulae.

where b =

S,,and S, are known as summary statistics and
you can calculate them using the following

formulae:
NEDEE @
2
Ser= e 2
S, = Yye- (Ziy)z




Linear regression

The results from an experiment in which different masses were placed on a spring and the resulting
length of the spring measured, are shown below.

Mass, x (kg) 20 40 60 80 | 100
Length, y (cm) 48 | 551 [ 563 | 612 | 68

a Calculate S, and S,,.
(Youmay use v =300 3x2=22000 X=60 >.xy=18238 > )2=16879.14
> y=2886 7=57.72)
b Calculate the regression line of y on x.
¢ Use your equation to predict the length of the spring when the applied mass is:
i 58kg
i 130kg

d Comment on the reliability of your

predictions. m Explore the calculation of a least O

squares regression line using GeoGebra.

-\2
a S, =) x*- (Z};\)
- 22000 — 300 Use the standard formulae to calculate S, and
— 4000 — S, Write down a‘ny formulae you are using
3 before you substitute.
8= X XY~
300 x 288.6
=823 —-——-—
= 92p B Use the formulae to calculate @ and b. If you
- want to check your answer using your calculator,
_Sw_ 922 _ make sure you use the correct mode for
b b= S = 2000 = 0.2305
xx linear regression with bivariate data. On some
a=y-bx calculators this mode is labelled y = a + bx.
= 57.72 — 02305 x 60
= 43.89 Remember to write the equation at the end. The

y=43.89 + 0.2305x numbers should be given to a suitable degree of

c | y=4389 + 02305 x 58 i
=57.3¢cm (3 s.f) —‘
i y=4389 +0.2305 x 130 | Substitute the given values into the equation of
= 73.9¢m (3 s.f) J the regression line.

d Assuming the model is reasonable, the
prediction when the mass is 56kg is This is called interpolation.

reliable since this is within the range of

the data.

The prediction when the mass is 130kg is

less reliable since this is outside the range

of the data.

This is called extrapolation.



Chapter 1

SETE o

A scientist working in agricultural research believes that there is a linear relationship between the
amount of a certain food supplement given to hens and the hardness of the shells of the eggs they
lay. As an experiment, controlled quantities of the supplement were added to the hens’ normal diet
for a period of two weeks and the hardness of the shells of the eggs laid at the end of this period
was then measured on a scale from 1 to 10, with the following results:

Food supplement, f(g/day) 2 4

6 8 10 12 14

Hardness of shells, /i 3.2 5:2

53 6.4 T 8.5 9.8

a Find the equation of the regression line of /1 on f.
h =6.543

(Youmayuse Y_f=56 > h=458 [f=8

b Interpret what the values of @ and b tell you.

. 2 Sk
a Su=2fh- =5
= 4226 - 222838 _ 567
2
22/)
Sy = Yot 7
562
=560 - - = 12
b _Sp_56.2
~8y- W2
= 0.5017... hardness units per g per day——
a=h-bf

= 6543 - 05017... x &

= 2.5287... hardness units
h= 253+ 0.502f

b a estimates the shell strength when no
supplement is given (i.e. when f'= Q).
Zero is only just outside the range of f
so it is reasonable to use this value.
b estimates the rate at which the hardness
increases with increased food supplement;
in this case for every extra one gram of
food supplement per day the hardness
increases by 0.502 (3 s.f) hardness units.

S 122560 3. fh=422.6)

m The variables given might not be

x and y. Be careful that you use the correct
values when you substitute into the formulae.
It can sometimes help to write x next to the
explanatory variable in the table (/) and y next
to the response variable (/).

When dealing with a real problem do not forget

I to put the units of measurement for the two

constants.

Make sure you give your answer in the context
of the guestion. Don't just say that one value

increases as the other increases — you need to
comment on the rate of increase of hardness.



Linear regression

A repair workshop finds it is having a problem with a pressure gauge it uses. [t decides to have it
checked by a specialist firm. The following data were obtained.

Gauge reading, x (bars) 1.0 1.4 1.8 2.2 2.6 3.0 3. :
Correct reading, y (bars) 0.96 1.33 1.75 2.14 2.58 2.97 3.38 3.75

(Youmayuse ) x=19.2 DY x2=528 DY y=1886 D> y?=5130 D xy=52.04)

a Show that S, =6.776 and find S...

It is thought that a linear relationship of the form y = & + bhx could be used to describe these data.
b Use linear regression to find the values of @ and b/ giving your answers to 3 significant figures.

¢ Draw a scatter diagram to represent these data and draw the regression line on your diagram.

d The gauge shows a reading of 2 bars. Using the regression equation, work out what the correct
reading should be.

2ELY
asS,= doxy - =

= 5004 — 192%x1886 _ 5 | Quote the formula you are going to use before
& substituting the values.

=-0.0625
Regression line is: y = ~0.0625 + 1.008x
or y = 1.008x — 0.0625

c YA

w
!

To draw the regression line either plot the point
(0, @) and use the gradient or find two points on
the line.

.3

In this case using x = 1 gives y = 0.95 and using
x =3 gives y =2.96.

Correct reading (bars)
[6)]

“Y

Gauge reading (bars)
d y=(1.008 x 2) - 0.0625
y= 125 bar (3 sf)



Chapter 1

Exercise @

1 The equation of a regression line in the form y = @ + bx is to be found. Given that S, = 15,
S,, =90, X =3 and y = 15, work out the values of ¢ and b.

2 Given that S, =30, S,, =165, ¥ =4 and y =8, find the equation of the regression line of y on x.

3 The equation of a regression line is to be found. The following summary data is given:
S, =40 S,, =80 x=06 y=12

Find the equation of the regression line in the form y = a + bx.

4 Data is collected and summarised as follows:

Yx=10 N x2=30 Y y=48 > xy =140 n=4
a Workout x,y, S, and §,,.

b Find the equation of the regression line of y on x in the form y = a + bx.

5 For the data in the table,

x 2 4 5 8 10 m Check your answer using the statistical
y 3 7 8 13 17 functions on your calculator.

a calculate S, and §,,

b find the equation of the regression line of y on x in the form y = a + bx.

® 6 Research was done to see if there is a relationship between finger dexterity and the ability to do

work on a production line. The data is shown in the table.

Dexterity score, x 2.5 3 35 4 5 5 5:5 6.5 7 8
Productivity, y 80 130 100 220 190 210 270 290 350 400

The equation of the regression line for these data is y = =59 + 57x.
a Use the equation to estimate the productivity of someone with a dexterity of 6.
b Give an interpretation of the value of 57 in the equation of the regression line.

¢ State, giving in each case a reason, whether or not it would be reasonable to use this equation
to work out the productivity of someone with dexterity of:

i2 i 14

7 A field was divided into 12 plots of equal area. Each plot was fertilised with a different amount
of fertilizer (). The yield of grain (g) was measured for each plot. Find the equation of the
regression line of g on /1 in the form g = a + bh given the following summary data.

Sh=2209 Y¢=497 S h=4504 S 2=24483 S hg=97.778 n=12
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Chapter 1

A mail order company pays for postage of its goods partly by destination and partly by total
weight sent out on a particular day. The number of items sent out and the total weights were
recorded over a seven-day period. The data are shown in the table.

Number of items, n 10 13 22 15 24 16 19
Weight, w (kg) 2800 3600 6000 3600 5200 4400 5200
a Use thecodingx=n-10and y = 4‘% to work out S, and S,.. (4 marks)
b Work out the equation of the regression line for y on x. (3 marks)
¢ Work out the equation of the regression line for w on n. (2 marks)
d Use your regression equation to estimate the weight of 20 items. (2 marks)
e State why it would be unwise to use the regression equation to estimate the weight of
100 items. (1 mark)
f Use your equation of the regression line found in part b to work out the residuals of the
coded data points (x, »). (2 marks)
g Use your equation of the regression line found in part ¢ to work out the residuals of the
original data points (1, w). (2 marks)
h Explain how your answers to parts f and g are related to the coding used. (1 mark)

The table shows the time, 7 hours, against the temperature, 7°C, of a chemical reaction.

1 2 3 S 6 7 9 10
T 72 68 59 54 50 42 38

Given that the equation of the regression line of 7T on ¢ is 7' = 80.445 — 4.289¢,

a calculate the residual values. (2 marks)
b State, with a reason, whether a linear model is suitable in this case. (1 mark)
Given that S, = 52, S;-=957.43 and S, = —-223,
¢ calculate the residual sum of squares (RSS). (2 marks)
A second chemical reaction has a RSS of 0.8754.
d State, with a reason, which reaction is most likely to have a linear fit. (1 mark)

A meteorologist is developing a model to describe the relationship between the number of
hours of sunshine, s, and the daily rainfall, fmm, in summer.

A random sample of the number of hours sunshine and the daily rainfall is taken from 8 days
and are summarised below:

Ds=534 > s2=39576 D> f=299 > f2=131.93 D sf=171.66
a Calculate S;; and S, (2 marks)
b Find the equation of the regression line of f'on s. (3 marks)

¢ Use your equation to estimate the daily rainfall when there is 7.5 hours of sunshine. (1 mark)

d Calculate the residual sum of squares (RSS). (3 marks)
The table shows the residual for each value of s.

K 3.1 4.2 5.4 6.2 7.1 8.8 9.1 9.5

Residual | -0.177 | —0.196 | 0.256 0.124 % -0.129 | -0.216 | -0.032




Linear regression

e Find the value of x.

(2 marks)

f By considering the signs of the residuals, explain whether or not the linear regression
model is suitable for these data.

(1 mark)

A random sample of 9 baby southern hairy-nosed wombats was taken. The age, x, in days, and
the mass, y grams, was recorded. The results were as follows:

x 2 3 4 ) 6 7 8 9 10
¥y 4 5 7 8 9 11 12 11 15
(You may use S, = 60 S,,=98.89 Sy =175)

a Find the equation of the regression line of y on x in the form y = @ + bx as a model for

these results. Give the values of « and b correct to three significant figures. (2 marks)
b Show that the residual sum of squares is 5.14 to three significant figures. (2 marks)
¢ Calculate the residual values. (2 marks)
d Write down the outlier. (1 mark)
e i Comment on the validity of ignoring this outlier.

ii Ignoring the outlier, produce another model.

iii Use this model to estimate the mass of a baby wombat after 20 days.

iv. Comment, giving a reason, on the reliability of your estimate. (5 marks)

The annual turnover, £z million of eight randomly selected UK companies, and the number of
staff employed in 100s, s, 1s recorded and the data shown in the table below:

t, £million 1.2 1.5 1.8 2.1 25 20d 2.8 3.1
s, 00s 1.1 1.4 1.7 2.2 2.4 2.6 29 3.2
=177 Sis=175 Y2=4233 Ys2=4207 Y.15=42.16)

a Calculate the equation of the regression line of s on 7, giving your answer in the form
s = a + bt. Give the values of @ and b correct to three significant figures. (3 marks)

b Use your regression line to predict the number of employees in a UK company with an

annual turnover of £2300000. (2 marks)
The table shows the residuals for each value of t:
t 1.2 1.5 1.8 2.1 225 2t 2.8 Ll |
Residual 0.0121 -0.0137 -0.0395 0.1347 -0.0997 P 0.0745 0.0487
¢ Find the value of p. (2 marks)

d By considering the signs of the residuals, or otherwise, comment on the suitability of the
linear regression model for these data. (1 mark)

(2 marks)

A random sample of equivalent companies in France is taken and the residual sum of squares
is found to be 0.421.

f State, with a reason, which sample is likely to have the better linear fit.

e Calculate the residual sum of squares (RSS).

(1 mark)

19



Pearson Edexcel AS and A level Further Mathematics
Further Statistics 2

Series Editor: Harry Smith

Pearson’s market-leading books are the most trusted resources for Pearson Edexcel AS and A level Further
Mathematics.

This book covers all the content needed for the optional Pearson Edexcel AS and A level Further Statistics 2
exams.
» Fully updated to match the 2017 specifications, with more of a focus on problem-solving and modelling.

» FREE additional online content to support your independent learning, including full worked solutions for
every question in the book (SolutionBank), GeoGebra interactives.

* Includes access to an online digital edition (valid for 3 years once activated).

* Includes worked examples with guidance, lots of exam-style questions, practice papers, and plenty of
mixed and review exercises.

Pearson Edexcel AS and A level Mathematics books

Year 1/AS

Pearson Edexcel AS and A level Further Mathematics books

Compulsory Options

"%‘; | ;fé)

= e
VAV

For more information visit: www.pearsonschools.co.uk/edalevelmaths2017

www.pearsonschools.co.uk
myorders@pearson.com

ISBN 978-1-292-18338-1

@ AL R LY
Pearson 9 I7812921183381/>




