R, Correlation and regression

ROBINSON Worked solutions

This topic online

n Ten students recorded the number of hours, h, they spent revising for a test and their mark, m. The
scatter diagram shows the results.

a. Describe the correlation between h and m.
b. Interpret this correlation in the context of the question.

c. State which variable is the explanatory variable.
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o.) Pocnts rise From (.Q.J,t to r:.aht

Posit:.ve. corre.(.o.t:.on

b) So.y what it means For these students

Students who revised For more hours

tended to score k:.alne.r morls
r.) Whieh Varioble o.ocJ;e.r.‘ts the other?

Reviscon £ime mma o.é‘.l,e.c.k the mark

his the e..x\o(.ou\o.korv variable
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n A café owner records the daily maximum temperature, x °C, and the number of ice creams sold, y, on
20 days in summer. The temperatures ranged from 14 °C to 28 °C.

The equation of the regression line of y on x is
y =125+ 3.2x
a. Give an interpretation of the gradient of the regression line.
b. Estimate the number of ice creams sold on a day when the maximum temperature is 20 °C.

¢. Comment on the reliability of using the line to estimate the number sold on a day when the

maximum temperature is 35 °C. (4 marks)

o) Gradeent = cko.nae. wn Y for each \ unck of x

©
Each\ C tacrease wn temperature

Sozs with about 3.2 more ce creams sold
b) Substitute x = 20

y = \2.94+3.2x 20
J = 12.5 + ¢4
= 76.5

About 7€ or 7T tce creams

¢) Is 35 cnside the data rmnﬁo.?

[~ 0o
Oata run From v Cto28 C
3S °C is outside thes ro.nae.

Extrapolation, so uareliable
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n For each pair of variables, state which is the explanatory variable and which is the response variable,
and state whether you would expect positive or negative correlation.

a. The amount of fertiliser given to a tomato plant and the mass of tomatoes it produces.

b. The outside temperature and the amount of gas a house uses for heating each day. (4 marks)

E.zp(.o.l\o.'(:ory = the varwable that o.l,l,tcts the other

o)

Fertiliser ml.l.e.c.ts how mo.nv toma toes grow
Exp(.o.no.torol amount ooc oce.r'(:a(,ise.r

Qe.sponse.i ma.55 o L toma toes

More J.e.r‘ti(.iszr, more tomatoes

Posctive correlation
)
Te.mpe.rd:ure, “ococuts how much ke.d::.ns ¢ vused

E.z.p(.o.m.korvl ovtside '(:e,mpuod:ure.
Response: qas vsed

Colder da:’s, Mmore aas

Nzao.t:.ve. correlation

n A council collects data for 15 towns in a region. For each town it records the number of cafés and
the number of road traffic accidents last year. The data show strong positive correlation.

A councillor says, “Cafés cause road accidents, so we should stop new cafés opening.”
a. Explain why the councillor’s conclusion is not justified.

b. Suggest a variable that could explain the correlation. (3 marks)

m) Correlation ts not cavsation

The doata onLJ show that towns with more co.l.és
tend o have more accidents

This does not mean the oo.acés cavse the accidents
b) L ook For swne.'(:k‘ms that o.J:J,Lc'(:s both

6&33&( towns have more co.océs

oand more tro.cc,l.:.o, so more accidents

The popu(.at'\o(\ of the town

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Tuition Page 3 of 11



a The table shows the engine size, x litres, and the fuel economy, y miles per gallon, of eight cars.

Engine size, x (litres) 10 |12 (14 |15 | 18 | 20 | 25 | 3.0

Fuel economy, y (mpg) | 56 54 51 50 46 43 37 31

The equation of the regression line of y on xisy = 68.9 — 12.7x
a. State, giving a reason, which variable is the explanatory variable.
b. Give an interpretation of the gradient of the line.
c. Estimate the fuel economy of a car with a 1.6 litre engine.
d. Explain why the value 68.9 has no practical meaning here.

e. Explain why the line should not be used to estimate the engine size of a car that does 40 mpg. (5 marks)

m) Wheeh m}tects the other?

X, engine scze: ot o.ac,oc,e.c.ts oc,ub(. Lconomy

b) Groadient = cho.nac w g per \ Letre

Eoch extra Likre of engine size

aoe.s with abouvt \2.7 oce.we,r miles per So.L(,cm
¢) Svbstitute x = 1.6

3 = 6.9-12.T %16
J = ¢2.9-20.32
= “42.9%

4%.¢ mpa (3 soc)

d) 68.9 is the valuve when x = O

A cor cannot have o O Litre Q.AS'..M.

(and O is For ovkside the data)
e.) Whieh Wo.:) does £he Line work?

Tt is the regression Line of Yon x
so it is on(.d For Lst:.mo.‘hma J From =,
not = l.rom J
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The table shows the age, x years, and the value, y thousand pounds, of eight cars of the same model
sold by a garage.

Age, x (years) 1 2 3 4 5 6 7 8

Value, y (£1000s) | 16,5 | 14.0 | 122 | 10.1 | 158 | 70 | 56 | 4.1

a. On the grid, draw a scatter diagram of these data.
b. One point does not fit the pattern. Write down its coordinates and suggest a reason for it.

c. Describe the correlation shown by the other seven points.
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16 X O
14 X
12 X

10 X

Value, y (£1000s)

0 1 2 3 4 5 6 7 8 9
Age, x (years) (4 marks)

o.) Plokt each (JL, J) with a cross
(\, .5), (2, 14.0), (3,12.2), (4, 104)

(s,15.8), (¢, 1.0), (7, 5.6), (%, 4.\)
b) Wheeh point s o.wo.:) From the rest?

(s,15.8)

This car s worth cc,o.r more thaa e..zpe.c.'(:e.d. J,or ¢t aSQ.

C.q. very Low mt(.e.o.ﬁe., of a recording error

¢) The other seven pou\ks

’.o.(.(. From (.e.oc.‘h to r:.ak(:, close to a strmiakt Line

Strona Ae,so.t'we. correlation
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A researcher measures the foot length, fcm, and the reading score, r, of 14 children: seven from Year
3 and seven from Year 9. The scatter diagram shows the results.

a. Describe the correlation shown by all 14 points.

b. Kofi says, “Children with longer feet are better readers.” With reference to the scatter diagram,
comment on Kofi's claim.

c. Describe the correlation within each year group.
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70 X X

60 % X
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Reading score, r

40 X
| X xxx
20 x
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Foot length, f (cm) (4 marks)

&) ALL =+ po:.nts rise From (.O.oc‘b to rtaht

Posctive correlation

b) Look ot the shape °f the J.'w.ara.m
The Pou\‘ks Form two se.po.ro.(:e. 3"’0?5

Yeor 3: short J;e.e.{:, Low scores
Year 9 (.ons J:e.e.(:, k:.ak scores
Pae cavses both, not l.oo‘k (.e.astln

Kooc,i.,s claim ¢s not suppor'ee.d.

¢) Look taside each grovp

No clear po.‘tte.m in ecther grouy

Lcttle or no correlation within ecach Je.ar
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n Lewis uses data from a UK weather station for 31 days in May. He records the daily total sunshine, s
hours, and the daily maximum temperature, t °C. The values of s range from 0 to 14.2

The regression line of tonsist = 13.4 + 0.62s
a. State the units of the gradient and give an interpretation of the gradient.
b. Give an interpretation of the value 13.4
c. Estimate the maximum temperature on a day with 8 hours of sunshine.

d. The sunshine for one day was recorded as n/a. Explain how Lewis should deal with this day
before finding the regression line. (6 marks)

o.) Uncks ooc 3(&&“.4\(: = uncts of ¢
vaits of

Q
C per hour

Each extra hour of sunshine goes with

[~
abovt 0.62 C hiaku mo.ximum Lemperature

\o) 13.%4 s t whens =0
Estimated maximum te.mpe.ro.ture. on o J.o.y

(~Y
with no sunshene ts 12.4 C
¢) Subskitute s = 8

t = P4 +042%9D
t = 3.4 +4.9%
£ = \8.3¢

.4 OC (3 soc_)

J.) n/o = not available

There is no sunshine value J‘.or that do..v

so remove that J.o.v From the data
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n A taxi firm models the cost, £y, of a journey of x miles by the regression line
y =2.80 + 1.65x
a. Give an interpretation of the values 2.80 and 1.65

The firm decides to record distances, k, in kilometres, where 1 km = 0.621 miles.
b. Find the equation of the regression line of y on k, giving the gradient to 3 significant figures.

c. Use your equation to estimate the cost of a 12 km journey. (5 marks)

o.) Inkzrce.p‘t and 3ro.d.:.e.l\t in context
2.80: o J.:..z.e.d. c.ko.rae. of EZ.%O bztore. o.n:) distance

145 eoch mile costs about £1.4S more
b) Wrike x tn terms °of k

0.62\

X
J = 2.80 +\.45 X O0.42\k
= 2.20 +\.0246She

y= 2.80 ¢+ 1.02%

¢) Substitute k = 12 (vse £he varounded 3ro.d.ie.ak)

v = 220 4+ 1.O02446S % \2
J = 2.20 +12.2958
= \5.095%

Poout fis.10
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m The scatter diagram shows the speed, x mph, and the stopping distance, y metres, of a car in six
tests. The regression line of y on x is

y=-274+1.69x
a. Describe the correlation between x and y.
b. Give an interpretation of the gradient of the line.

c. With reference to the scatter diagram, state, giving a reason, whether a linear regression model is
suitable for these data.

d. Use the line to estimate the stopping distance at 10 mph, and comment on your answer.

100
X
90
80
70
60
50 X
40
30
20 X

10 X

0

Stopping distance, y (m)

0 10 20 30 40 50 60 70 80
Speed, x (mph) (6 marks)

o) Pocats rise From Le.oc.t to riaht

S‘Erona positive correlation

b) Grodient = okmﬁse. N J per | mph
Each extra | mph adds albout 1.61 m

to the s‘toppu\s distance
c,) Look ot the shage °of the po'mts

The Pou\‘l:s Lie on a curve that acts steegper
A skraight Line cs too high in the middLe

and too Low ot each end

Not suctable: the relationship s curved

d) Substitute x =\0

Yy = -274+ .69 % 10
y = -27.4 +1\6.9

y = -10.9
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A stoppu\s distance cannot be M.So.‘ki.\le.

10 mph s outscde the data: e.ac.tro.po(.o.t&.oﬂ

m An ice cream seller works at two sites. She models her daily takings, £y, against the daily maximum
temperature, x °C.

Site Regression line of y on x | Temperatures in the data
Beach | y=-120 + 22x 15°Cto 30 °C
Park y =40 + 9% 12 °C to 28 °C

a. Give an interpretation of the value 22 in the beach model.

b. Find the temperature at which the two models predict the same takings.

c. Comment on the reliability of your answer to part (b).

d. The forecast maximum temperature for tomorrow is 26 °C. Find how much more the models
predict she would take at the beach than at the park.

a) 22 is the Sro.d.i.!.nt of the beach Line

©
Each\ C rise in temperature

aoes with about E?.?. more tahu\ﬁs ot the beoach
b) Set the tuwo predictions eq ual

-120 + 22x = 40 + Ix

132 = GO
13

x = |2.30...

x=123 C

c.) Ts12.3 cnscde both data ru\aes?

Po.rk: 12 to 28, so yes

Beach: 15 to 30, so no

Exkro.po(,mt:.o(\ For the beach, so uareliable

d) Substitute x = 26 in both

Beach: Y =

Pork: J =

Oal.oce.ru\ce. =

-120 4+ 22 % 24 = 452
40 + 1% 26 = 274
4S2 - 274

EI'?% more ot the beach

(7 marks)
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m A school nurse records the height, h cm, and the mass, m kg, of 25 fourteen-year-olds. The heights
range from 148 cm to 182 cm. She codes the data using
_ h-150
X = J—
5
The regression line of yon xisy = 4.2 + 0.85x

and y=m-40

a. Find the equation of the regression line of m on h in the form m = a + bh
b. Give an interpretation of the value of b.
c. Estimate the mass of a fourteen-year-old who is 170 cm tall.

d. The nurse uses the line to estimate the mass of an adult who is 195 c¢m tall. Give two reasons why
this estimate may be unreliable. (8 marks)

o) Substitute both codes cato the Line

- - h=-15S0
m =40 = '-r.z-bo.sSxT

m-40 = 4.2 + o.17(h -150)
m=40 = 4.2 + O.ITh - 25.5
m = 40 + 4.2 - 25.5 + O.17h

m=18.7T+ 0.I7h

b) b s the SruL:.e.At
Each extra |l em °f he.x.sk't Soe.s with

abovt 0.\ 7 k3 More moss
¢) Substitute h = 170

m = \9.740.17%170
m = 19.7 +2%.9

m= 7.6 kﬂ

&) Two reasons

195 em s ovtside the data ro-nge (14% £0 192 cm),
so this ¢s extrapolation

The data are For oc,ourte.e.n-Je.a.r-o(.is,

so the model ma.y not apply ‘o adults
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