R tests

ROBINSON .
LR Worked solutions

This topic online

n Ruby records the mean daily screen time, s hours, and the mean nightly sleep, h hours, for a random
sample of 12 Year 12 students. The product moment correlation coefficient between s and h is
-0.614

a. State what is measured by the product moment correlation coefficient.

b. Test, at the 5% level of significance, whether there is evidence of negative correlation between
screen time and sleep. State your hypotheses clearly and the critical value used. (4 marks)

o)
Struxskk of Leneor correlation

) p = PMCC of the population

Ho:p =0

Ha: p <o

Table: n =12, 5%, one tail
critical valve = -0.4973

Compare r with the critical value

-0.4I4 < -0.4973

Tacritical region, so rc\)‘cc‘l: Ho

Evidence °f ne.ao.tave. correlation between screen time and

step
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n A head of sixth form believes there is a relationship between the number of hours a week, w, that
Year 13 students spend in part-time work and their mock exam score, m. She takes a random sample

of 20 Year 13 students and finds that the product moment correlation coefficient between w and m
is —0.402

Test, at the 5% level of significance, whether there is evidence of correlation between w and m. State
your hypotheses clearly and the critical value used. (4 marks)

"o relationship'’: no direction, so two tacls
Ho:p=o0

Hi: p#0O

S% twoe tacls: 2..5./' en each tacl

Toble: n =20, 0.025

ceritical Valuves = :O.H-H-'bﬁ

Compa.re

-0.402 > -0.443%

Nokt tn crikecal regeon, so do not reject Ho

Iasuococ:.c.z.znk evidence of correlation between hours of work

ond Mmock score
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n A microbiologist grows a culture of bacteria. She counts the number of bacteria, N, at time ¢ hours,

and models the data by N = abt, where a and b are constants.
She codes the data using y = logqg N and finds the regression line of y on t to be
y =215+ 0.087¢t
a. Find the value of a and the value of b, giving your answers to 3 significant figures.

b. Interpret the value of b in this context. (4 marks)
o) Take (.0310 °f both sides
N = abf
L03 N = Los o + (.03 bt
L°3N = (.oso.'l't(.oab
Compare with y =215 +0.087¢
L03 o = 215
10*'°

o

o 1-41.29...
(.03 b = 0.087
b

b = 1.221%...

\00.087

o =141, b =122

\o) b s Ehe hour(.y Srowtk oca.c.kor

The auvmber of bocteria increases bd abovt 2.2../° each hour
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n Laila uses records for a random sample of 40 days at a weather station in Wales. She finds that the
product moment correlation coefficient between daily mean wind speed and daily mean
temperature is —0.284

She carries out a test for negative correlation, and the p-value for her test is 0.0379
a. Write down suitable hypotheses for Laila’s test.
b. Using a 5% level of significance, state the conclusion of her test in context.

c. State, giving a reason, whether the conclusion would change if a 1% level of significance were
used.

d. Laila says “This proves that strong winds cause lower temperatures.” Comment on her statement. (5 marks)
a) P = population PMCC

Ho: p=o

Hi: p<O

b) Compwe. the p-value with s’/

0.03%71 £ 0.05

Saanaocioo.ﬁt, s0 rc.:)e.ct Ho

Evidence of nzao.k'we. correlation between wind speed and

{:e,mpua.’curc.

o) Compmrb with \./0
0.0%71 7 0.01

Yes: not siam.acu.mnt ot I°/°, so0 do not re.J'ec.t Ho

d) Correlation ¢s not cavsation

r=-0.284% ¢s on(.y weak correlation

Correlation does not prove couse; another J:o»o'(:or mo.J ach‘,zc‘k
both
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a A sprint coach measures the reaction time, x milliseconds, and the 60 m sprint time, y seconds, for a
random sample of 9 athletes.

x| 182 | 195 | 201 210 | 214 | 226 | 233 | 241 250

y | 742 | 761 | 740 | 766 | 752 | 758 | 782 | 7.55 | 7.80

a. Use your calculator to find the product moment correlation coefficient between x and y.

b. Test, at the 5% level of significance, whether there is evidence of positive correlation between
reaction time and sprint time. State your hypotheses and the critical value used.

c. State, giving a reason, whether your conclusion would be different if the coach had tested for any
correlation at the 5% level. (6 marks)

o) Calevlator: poired data, 1 values
r = 0.67+1

r=0.675
b)p= populateon PMCC
Ho: p=0

Hi:p>o

Table: n =19, 5%, one tail
critical value = 0.5%22
O.4THT 7 O.5%22

Sc Mf,a.co.n‘k, s0 re.:)e.c.'k Ho

Evidence °f positive correlation between reaction time and

spruvl: time

o) Two tails: 1.5‘/0 in each tail
Table: n =9, 0.025

critical value = 0O.666%

O.6T47T > O.466+

No c,lw.l\szi still redzot Ho
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n Ayo is studying the mass, m kg, and the resting heart rate, h beats per minute, of 14 species of
mammal. He codes the data using

x=logigm y=logigh
The product moment correlation coefficient between x and y is —0.962

a. Test, at the 1% level of significance, whether there is evidence of negative correlation between x
and y. State your hypotheses clearly and the critical value used.

The equation of the regression line of y on xisy = 2.36 - 0.24x

b. Find a model for h in terms of m in the form h = amX, where a and k are constants to be found.

c. Use your model to estimate the resting heart rate of a mammal of mass 70 kg.

m) p= popu(.o.tz.oa PMCC
Ho:p=o

(7 marks)

Ha: p<O

Table: a =\, |'/-, one tacl
critical valuve = -0.4\120
-0.9¢2 € -0.4120

Saanicc:.co.n(:, s0 re.je.c‘k Ho

Evidence of ne,aa.'t:.ve, correlation between x and Y

b) Replace x and Yy the Logs
3 = 2.3¢ - O0.242
(.03 h = 2.3¢ - 0.24 Loa m
h = |O23¢- 024 logm
h = 1023 x |\ 024 tog m
Use 109" = m*

k - ‘O 2.3¢ x M-O.Z'-t

102% = 229.014..

h=229mO%
f.) Substituvte m = 70

h = 229.09 x 70°**

h = 226

Pbout %3 beats per menvte
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A start-up company launches a new revision app. The number of downloads, D, in week w was
recorded for the first 10 weeks. The company models D by

D = kc"

where k and ¢ are constants. The regression line of logyg D on w is

logip D = 1.82 + 0.135w
a. Find the values of k and ¢, giving your answers to 3 significant figures.
b. Interpret the value of ¢ in context.

c. Use the regression line to find the first week in which the model predicts more than 2000
downloads.

d. Comment on the reliability of your answer to part (c). (7 marks)
o.) Compo;re. with (.03 0= (.03 Rtw L03 c
(.03 Kk = 1.%2

bk = 10"

[ 8 ¢6.0¢1...

Loao = O0O.I%S

¢ |° 0.3s

¢ = \.36u4s...

k=600, c=1%

b) ¢ is &he wu.\v.(.y Srowfk f,o&‘kor

ODownloads thcrease by about 36./0 eoch week

¢) Need 0 > 2000

Loa 0> (..03 2000
.82 + 0.135w > 3.30\0
0.35w > L4%ho

w 7 10.97

Weel 1l

d.) Oota oALD covers weeks | to \O

Week Wl ts outscde the doto: e..z'bro.po(.o.‘k:.on

OI\LJ small extragolation, but srowtk ma. 4 not s{:o.v

exponential, so treat with cavtion
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n Priya records the altitude, a metres, and the mean July temperature, t °C, at a random sample of 10
weather stations in Scotland. The altitudes range from 20 m to 950 m. The product moment
correlation coefficient between a and tis —0.931

a. Test, at the 1% level of significance, whether there is evidence that altitude and temperature are
negatively correlated. State your hypotheses clearly and the critical value used.

b. State, with a reason, which variable is the explanatory variable.
The regression line of ton ais t = 15.8 — 0.0062a
c. Interpret the gradient of the regression line in context.
d. Estimate the mean July temperature at a weather station at an altitude of 600 m.

e. Explain why it would not be sensible to use the line to estimate the mean July temperature at the
summit of Ben Nevis, 1345 m above sea level. (7 marks)

a) p = population PMCC
Ho:p=o0

Hi: p<oO

Table: a =10,17, one tail
critical valve = -0.71SS
-0.931 € -0.7ISS

S:.am.l.u.ou\t, so reject Ho

Evidence that alitude and Lemperature are ne.ao.{:we.(.y

correlated

b) Whech one mJ;J;Lr.ts the other?

ALtctude o itk can atl,e.ok (:e.mpe.ro.ture.

¢) Gradeent = r.ka.nso. en t per metre

Te,mpe.ro.(:ure. J:.o.(..(..s by 0.0062 °C +or each extro metre of

altitude
d) Subskctute o = ¢0OO

t = 15.% - 0.0062 % (OO
t = 15%-372

£t = 12.0%

20 €

e) Comp«r& with the data rmnnz
IP4S m > 9SO m

Ovtside the range of the datoa: extrapolation
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n A researcher is planning a study of the link between the number of steps walked per day and resting
blood pressure. A pilot study suggests that the sample correlation coefficient will be about r = 0.42

a. Using the table of critical values, find the smallest sample size, n, for which r = 0.42 would give
significant evidence of positive correlation at the 5% level.

In the full study, she takes a random sample of 25 adults and obtains r = 0.42

b. Test, at the 5% level of significance, whether there is evidence of correlation between the two
variables. State your hypotheses clearly and the critical value used.

c. Explain why a significant result does not mean that the correlation is strong. (6 marks)

o.) S./' one ail: need r > critical value

Look down the 0.05 columa

n = 16 eritical valuve = 042519
o.42 < 0.4259%: not saamoca.co.nt

n = 17 eritical value = O.4\24

O0.42 > O.4\2L . s&sml,u‘.an‘k

n=I17

b) "correlakion’: £uwo tails
Ho:p=o
Hi:p # o0
Table: a = 25, 0.025
critical values = 20.396\

O.42 7 0.39¢!

Saanil,aoo.l\t, s0 re.Ju.t Ho

Evidence °f correlation between steps and blood pressure

e) Sism}acu\t does not mean strons
The test OI\L:) shows P is un(.;\v.e.(.y to be O

Laroaer samples make weak r siancpiecant; r = O.42 is pacrl
J f N g )

weok
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m A chemist measures the concentration, C mg per litre, of a substance t minutes after a reaction starts.

t |0 2 4 6 8 10 12

C | 812 | 576 | 431 | 304 | 226 | 159 | 117

a. Use your calculator to find the product moment correlation coefficient between
(i) tand C

(i) t and y, where y = logqg €

b. Explain why your answers to part (a) suggest that C = ab' is a suitable model.
c. Find the equation of the regression line of y on ¢, giving the constants to 4 decimal places.
d. Hence find the values of a and b to 3 significant figures.

e. Using your model, find the time taken for the concentration to halve.

m) Ca.(.cu(.o.tor, pm.re,d. (ests

(i) r = -0.%w
(ic) Moke o Lest of Y= (.0310 C J,f.rst

y: .1096, 1.7¢o, 1.63US, 1.4829, \.3F4H, .20\, \.OGR2

w)r = -0.999%

(i) -0.9¢4 (i) -1.00 (-0.9998)

b) Which s closer £o a stracqht Lene?

I-O.‘i'ﬁal k4 -O.‘i"-&ll: ('03 C s almost Linear en t
C = abt

Losc = Loaa-&t(,oab

(.oa C Linearn & J;i.(:s C = abt

c,) Coaleutakor: re.nre.ssioﬁ of J ont

_v =1.907¢ - 0.0700¢

d) Compo.re. with (.03 C= (.05 att Loa b
L03 oo = \.90T¢
a = 10"°% = $0.%%...
(.03 b = -0.0700%

b = 107997 = 0.8510...

o = %0.%, b = 0.%5

Q.) Halved: C = 0.5a
ab® = 0.5a
b* = o
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t (.03 b = (.03 0.5
t Lo: O.§
(.03 b
t = -0.30\03
-0.0700S

£t = 4.297..

“+.30 minvtes
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m The value, £V, of a model of car is modelled by V = abt, where t is the age of the car in years and a
and b are constants. The graph shows the straight line of logqg V against t. The line passes through
the points (0, 4.30) and (8, 3.62).
a. Find the value of a and the value of b, giving your answers to 3 significant figures.

b. Interpret the value of b in context.

c. Find, according to the model, the age at which the car’s value first falls below £5000

d. Give one reason why the model may not be suitable for very old cars.

44
43
42
4.1

4
39

IOg1o \

3.8
3.7
3.6

35

34

0 1 2 3 4 5 6 7 8 9 10
t (years) (7 marks)
o) Straiskt Line: (.03 V= (.03 ot t Loa b
Tatercept = Log
oa o = 4,
( 9 %+.30
o = 0% =11952.¢...

Grodient = Cog b

Sro.&:.e.nt = 3.42 -4+.30

-0
amdu.nt = -0.08S%

b = 107°°% = 0.2222...

o =20 000 (19 153), b = 0.%922

b)\-0.822 = 0.178

The cor Loses abovt l'f.%./' of its value each Jzo.r

¢) Need V € S000

(.03 V = 4,30 - 0.0%5¢
4.30 - 0.085t & (..03 SO00
4.30 - 0.0%st < 3.41897
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0.085t 7 0.4010%
t > 7.070A...

7.07 Je.o.rs

4) What happens as € gets (.o.rﬁe.?
Model: V ae.ts closer and closer to O

An old car keeps o serap value, or classic cars Ma.y go.in va.lue

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Page 13 of
Tuition 15



m Ellie records the number of pupils, P, at a school of 600 pupils who have caught a winter virus by
the end of day d of an outbreak.

d|1]2]|3

4

5

6

7

8

P |6 | 9|13

21

30

47

68

104

Ellie suggests the model P = ab?, where a and b are constants.

a. Show that this model gives a straight line when logqq P is plotted against d.

b. Find the product moment correlation coefficient between d and logq P, and test, at the 5%

level of significance, whether there is evidence of positive correlation between them. State your

hypotheses and the critical value used.

c. Find the regression line of logg P on d and hence find the values of a and b, to 3 significant

figures.

d. Use the model to find the first day on which more than 500 pupils would have caught the virus,

and comment on this prediction.

m) Toke Loslo of both sides

P = ob*
(.030 = Loao.*l.oa bt

Loap = L03a+dLoab

Form3=c+mxw&tk3=toap,x

=4d

Stro.iah‘l: Line: Sroul.au\t (.05 b, tatercept (.o; a

b) Lest of L031o 4 acirsk
0.7782, 0.9542, \.039, 1.3222, L4, \.6T2), 1.9325, 2.0\7O
r = 04197

Ho:p=o0
Hi:p>o

Table: n =8, 5‘/-, one tacl

critical value
0.9997 > 0.6215

Sc m.ocz.c.o.(\'(:, so reject Ho

0.42\S

Evidence °f posctive correlation between d and Lo; 4

o) Caleulator: re.sre.ss:.oa °of (.03 P ond
L03 P = 0.5981 + 017734

(.030. = 0.59%

o = 10°°%® =3 9¢3...

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

Tuition

(10 marks)

Page 14 of

15



Loﬁb = 0.773

b = 10°" = |.S0ou4...

a=23%,b=150
d) Need ? > so0
O.59%\ + 07734 > (.03 SO0

0.59%1 + 0.1 7734 > 2.649%97
O.177%d > 2.10087
d > Ias

OaJ \2Z
Co(nmc.ml:
Oo.d 12 s outside the data (J.o.ds | to ‘6)

Only €00 pupils, so arow'(:h must slow down

Unrelioble: extropolation, and £he model grows too ocus‘t
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