Created by T. Madas

CORRELATION
&
REGRESSION
Part 1

Created by T. Madas



Created by T. Madas

Question1  (*¥)

The annual car sales of a small car manufactwer,and the annual advertising
expenditure£a, has product moment correlation coefficiegt.

The data is coded as

Xx=c- 7000 and :i,
1000

and the summary is shown in the table below.

Year | 2010| 2011 2012| 2013 2014| 2015} 2016 2017
X 52 340 | 511} 621} 444 700 80p 931
y 120 | 126 134| 138 137 14p 193 160

a) Find, by a statistical calculator, the value of ffreduct moment correlation
coefficient betweerx and y, denoted by, .

b) State with full justification the value aof,.

c) Interpret the value of,..

» [Txy » 0.969, 1 »0.96
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Question 2 (*¥)

Created by T. Madas

The percentage mock exam marks, of a random saai@BeG.C.S.E. students,
Geography and History are recorded in the tablevioel

Student A B @ D E F G H
Geography 80 29 56 56 58 45 67 7
History 78 49 65 50 75 50 60 47

in

Test, at thel0% level of significance, whether there is evidentpasitive correlation
between the percentage mock exam marks in Geogeaphiistory.

, [not significant evidence as_0.4897 §@67
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Question 3 (*¥)

The table below shows the number of Maths teackemorking in 8 different towns
and the number of burglarigs, committed in a given month in the sa@&owns.

Town | A B C D E F G H
X 35| 42 21} 55| 33 29 39 49
y 30| 28| 21| 38 35| 21 30 k

a) Use a statistical calculator to find the productnmeat correlation coefficient
between the number of maths teachers and the nuaidmirglaries, for the
towns A to G.

b) Interpret the value of the product moment corretatoefficient in the context
of this question.

c) Test, at thes% level of significance, whether there is evidendepositive
correlation between the number of maths teachatrshennumber of burglaries,
for the towns A to G.

d) Comment on the statement
“... the Maths teachers are likely to be respondiie¢he burglaries ...”

e) Use linear regression to estimate the valu& gfor town H.

| |, [r »0.792, |significant evidence as 0.792> 0.6§, [k » 31
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Question 4 (*¥)

The table below shows the marks obtained by a gobgpudents, in two separate tests.

Student | A B C D E F G H
Test 1 28| 39| 18] 30f 421 43 3] 1p
Test 2 12| 23| 16] 16 28 194 24 7

The first test is out 050 marks while the second test is out38f marks.

Let x and y represent the marks obtained in Tesind Test2, respectively.

a) Use a statistical calculator to find the value leé product moment correlation
coefficient betweerx andy .

b) Explain how the value of the product moment cotre@macoefficient between
x and y will be affected if the individual test marks wecenverted into
percentage marks.

c) Test, at thel% level of significance, whether there is evidendepositive
correlation betweerx andy.

A student was absent from the second test but taenalol 30 marks in the first test.

d) Use linear regression to estimate this studentik nmethe second test.

> 0.789, unchangek, linconclusive testas 0.789 0.78, [»18
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Question 5  (**)

The table below shows the maximum daytime tempezatn °C, at a certain city
centre, and the amount of a certain pollutant inpmglitre.

Maximum Temperature | 10 | 12} 14| 16| 18] 20 = 22 24
Amount of Pollutant 5131475} 525 530 516 520 507 521

a) Find, using a statistical calculator, the valueha product moment correlation
coefficient for the above data.

b) State, with justification, the value of the prodotdment correlation coefficient,
if the maximum daily temperatures were to be mesbur degrees Fahrenheit.

c) Test, at thel0% level of significance, whether there is evidenéepaositive
correlation in these bivariate data.

| |, [r =0.320, |unchangef, |no significant evidence as 0.320 -~ 0.B[
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Question 6 (**)

The percentage test exam marks, of a random saofiestudents, in Physics and
Chemistry are recorded in the table below.

Student A B C D E F G H
Physics 70 36 56 56 58 45 67 74
Chemistry 78 49 55 50 75 50 60 oY

Test, at theb% level of significance, whether there is evident@asitive correlation
between the percentage test marks in Physics aaohiGtry.

, [not significant evidence as 0.5814 6215
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Question 7 (**)

The table below shows the daily number of shopliftincidents in a shopping mall,
for a given seven day week and the number of thergg guards employed in each of

these seven days.

Number of Shoplifting Incidents

17

20

23| 11} 395 33 21

Number of Security Guards Employed

a) Find, using a statistical calculator, the valuehaf product moment correlation

coefficient for these data.

b) Test, at thel% level of significance, whether there is evidentearelation in

these bivariate data.

c) Briefly comment on the statement:

“... Increasing the number of security guards wiiuk in a decrease in

the shoplifting incidents ...”

| |, [r =-0.932, [significant evidence as  0.932 - 0.8}
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Question 89  (**)

An electrical appliances supplier wishes to inwgg the impact of advertising on the
sales of his washing machines.

He records the number of monthly advertisementseplan the local radio station and
the number of washing machines sold.

This is a table of his results.

Number of 52| 371 66l 451 771 24 8d 19 4]7 JO

Advertisements )

Number of Washing | 1 g0l 9151 1711 166 177] 99 | 174] 100] 143| 164
Machines Sold )

Test, at thel0% level of significance, whether there is evidende correlation
betweenx and y, and explain what conclusions the electrical aués supplier

should make from this value.

, |significant evidence as 0.817  0.54
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Question 9  (*¥)

The table below shows the number of Maths teachersvorking in 8 different
schools and the number of studewtsin each of thes8 schools.

School | A B C D E F G H
X 5 9 | 11} 17} 12 104 9 8
y 225 247|334 811] 382 340 285 k

a) Use a statistical calculator to find the productnmeat correlation coefficient
between the number of maths teachers and the nuafbstudents, for the

schools A to G.

b) Use linear regression to estimate the valuk ofor school H.

Justify the reliability of the estimate.

|, [ »0.913, [k » 252- 253
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Question 10 (**)

The table below shows the times obtained by a gadlgiudents, in two separate runs
of a lap of the school’s stadium.

Student AlBlc| Dbl E|lF| | H
Runl(sec) | 65| 76| 72| 73| 76] 69 6Q . 6
Run2(sec) | 71| 78| 68| 68| 74 75| 64 66

Let x and y represent the times obtained in Ruand Run2, respectively.

a) Use a statistical calculator to find the value leé product moment correlation
coefficient betweerx andy.

b) Explain how the value of the product moment cotr@macoefficient between
x andy will be affected if the individual times were carted into minutes.

c) Test, at thel% level of significance, whether there is evidendepositive
correlation betweerx and y .

d) Repeat the test of pgit) at the5% level of significance,
A student was absent from Rarbut he ran Rur? in 80 seconds.

e) Use linear regression to estimate this studentis in Run2.

, [r » 0.693, |unchangeg, |not significant at 1% as 0.692 0.7,
L. |.lr»0.693, ]| | 1

|significant at 5% as 0.692 0.62, |» 77
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Question 11 (**)

The table below shows the number of priestavorking in8 different towns and the
number of shoplifting incidenty, committed in a given month in the sa®éowns.

g)

Town | A B C D E F G H

y 310 281 215|328 305 277 300) k

Use a statistical calculator to find the productrmeat correlation coefficient
between the number of priests and the number gfliétig incidents, for the
towns A to G. (1)

Interpret the value of the product moment corretatoefficient in the context
of this question. (1)

Explain how the value of the product moment cotiehacoefficient between
x andy will be affected if the burglaries were recordedhundreds. (1)

Test, at thes% level of significance, whether there is evidendepositive
correlation between the number of priests and theber of shoplifting
incidents, for the towns A to G. (4)
Comment on the statement

“... the priests are likely to be responsible for shepliftings ...” (1)
Use linear regression to estimate the valuk ofor town H. (3)
Calculate the residual for town E. (2)
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Question 12 (***)

The table below shows the number of revolutions @fill bit N, and the maximum
temperaturel °C reached by this drill bit after revolving for onenute.

N 600 700 900 1050 1300
T 49 47 52 52 53

a) State, with a reason, which is the explanatoryaldei in the above described
scenario and state the statistical name of tha etréable.

b) Use a statistical calculator to determine ...

I. ... the value of the product moment correlation dogfht betweenN
andT .

ii. ... the equation of the regression line betw@eland N, giving the
answer in the form

T =a+DbN,
wherea andb are constants.
c) Interpret in the context of this question the pbgsimeaning ofa andb.
Comment further on the likely value @fin a real life scenario.
d) Use the equation of the regression line to estirtregevalue ofT when ...
i. ... N=1600C.
ii. ... N=825.

Comment further on the reliability of each of theseestimates.

| |, I.=0.8485, [T =43.7+ 0.0078], | Nyg00» 56
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Question 13 (***)

The table below shows the amount spent per monghn lbgal radio on marketiniyl ,
in £1000, and the number of listenets, in 1000, in that month.

M 6.5 8 11.5| 14.25 15
L 87 139 119 127 147

a) Use a statistical calculator to find ...

I. ... the value of the product moment correlation doefht betweenM
andL.

il. ... the equation of the regression line betw&tnand L, giving the
answer in the form

L=a+bM,

wherea andb are constants.

b) Use the equation of the regression line to estitfenumber of cars that are
expected to be sold in a month where the amoumtspe marketing and
advertising is ...

. ... £9,80C
ii. ... £20,00C

Comment further on the reliability of each of thesewo estimates.
c) Interpret in the context of this question the pbgksmeaning ofa andb.

d) Calculate the residual of the month whér4, 25(was spent.

| |, [r=0.635, |L =80.3+ 3.9M], [Mgg»119, [M,o» 159, [»- 11|
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Question 14 (***)

The table below shows the amount spent per monta tgr dealership on marketing
and advertisingn, in £1000, and the number of carssold that month.

m 6 7 8 9 10
c 8 13 11 12 14

a) Use a statistical calculator to find ...

I. ... the value of the product moment correlation doefht betweemm
andc.

il. ... the equation of the regression line betweerand c, giving the
answer in the form

c=a+bm,

wherea andb are constants.

b) Use the equation of the regression line to estirtfenumber of cars that are
expected to be sold in a month where the amoumtspe marketing and
advertising is ...

i. ... £8,80C.
ii. ... £20,00C

Comment further on the reliability of each of thése estimates.

c) Interpret in the context of this question the pbgsmeaning ofa andb.

| |, [r=0.759, [c=2.8+1.1m, |Ggg» 12|, [cyp » 25
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Question 15 (***)

The table below shows the maximum temperaluf€ on five different days and the
corresponding ice cream saléé, of a certain shop on those days.

T 15 20 25 30 35
N 69 165 172 200 232

a) State, with a reason, which is the explanatoryaldei in the above described
scenario and state the statistical name of tha etréable.

b) Use a statistical calculator to determine ...

I. ... the value of the product moment correlation dogfht betweenr
and N .

ii. ... the equation of the regression line betwé&érandT , giving the
answer in the form

N =a+bT,

wherea andb are constants.
c) Interpret in the context of this question the pbgsimeaning ofa andb.

d) Use the equation of the regression line to estirttetevalue ofN when ...
i. ... T=18C.
i. ... T=37°C.

ii. ... T=45°C

Comment further on the reliability of each of thestimates.

| |, [r=0.934, [N =7.22T - 12.9, [N;5» 117, [N, » 254, [T,5 » 312
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Question 16 (***)

It is anactual fact that “sleeping with your clothes and shoes orirsngly correlated
with waking up with a headache”.

Evidently the conclusion is that “sleeping with yatlothes and shoes on causes a
headache”.

Discuss the validity of the above conclusion intdia how a strong correlation is
possible in the above scenario.

§ |explanation as appropri41
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Question1  (*¥)
The table below shows the marks obtained by a gobgpudents, in two separate tests.

Student | A B C D E F G H
Test 1 27 | 38 17| 29| 41 44 @ 31 g
Test 2 13| 24| 171 170 29 19 2% 8

The first test is out 060 marks while the second test is out38f marks.

Let x and y represent the marks obtained in Tesind Test2, respectively.
The following summary statistics are given.
x=235, ~ x>=7853  y=152, y?=3214, xy=4904.
a) Find the value of the product moment correlatioeficient betweenx andy.

b) Explain how the value of the product moment cotre@facoefficient between
x and y will be affected if the individual test marks wecenverted into

percentage marks.

| |, [r»0.789, [unchangef
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Question 2 (*¥)

The table below shows the number of Maths teackemorking in 8 different towns
and the number of burglarigs, committed in a given month in the sa@&owns.

Town | A B C D E F G H
X 37| 40| 21} 50| 324 294 39 40
y 30| 28| 20| 35| 34 24 31 2¢p

a) Calculate the product moment correlation coeffitieatween the number of
maths teachers and the number of burglaries.

b) Interpret the value of the product moment corretatioefficient in the context
of this question.

c) Comment on the statement

“... the Maths teachers are likely to be responsiimehe burglaries ...”

| i, |I’ »0.692
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Question 3 (*¥)

An electrical appliances supplier wishes to inwggg the impact of advertising on the
sales of his washing machines.

He records the number of monthly advertisementseplan the local radio station and
the number of washing machines sold.

This is a table of his results.

Number of |
Advertisements ) 52 | 37| 66| 45| 774 21 8¢ 19 4]7 Jo

Number of Washing

g
Machines Sold {) 80| 75| 81| 76| 774 49 84 5P 68 44

Find, by detailed calculations, the value of thedmct moment correlation coefficient
betweenx and y, and explain what conclusions the electrical aues supplier

should make from this value.

| |, [r =0.824
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Question 4 (**+)

An electrical tester wishes to test the accuracy wbltmeter used in a lab.

He uses a carefully calibrated voltage source akestreadings with the voltmeter he
wishes to be tested.

This is a table of his results. x

ACt“a'()\(;O'tage 10| 20| 30| 40] 50| 6d 79 8 9|3 100
Voltmeter
Reading §) ol 19] 34| 39| 54 61 64 3 9|z 9]9

a) Show, by detailed calculations, that the productnaot correlation coefficient
betweenx and y is approximatelyi.

b) Determine the equation of the regression line betwe and y, giving the
answer in the form

y =a+ bx,

wherea andb are constants.
Full workings must be shown for this part of theegion.

c) Calculate the residual fox=50.

, |y » 0.667+ 0.99%

4) Rdu_ calcvmr T .
AR W) ST wope 9 ey Stuen T vawe 1mso
Sa- sso Zy = S Tay= W

DESIDUAL = OBSAIVED — PREMTED
= 54 -sos

= 33

7
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Question 5 (**+)

The table below shows the marks obtained by a gobgpudents, in two separate tests.

Student | A B C D E F G H I J
Testl | 17| 11| 16] 9 12} 14 11 4 41 1b
Test2 | 24| 21| 24 201 22 14 1§ 9 Ip 1

Let x and y represent the marks obtained in Tesind Test2, respectively.

d) Find the value of S, Sy and S, .

e) Show that the product moment correlation coefficieetweenx and y is
approximately0.9.

f) Determine the equation of the regression line betwe and y, giving the
answer in the form

y =a+bx,

wherea andb are constants.

'\ [Su=146.4, [s,,=185.4, [S,, =148.3, [y = 7.660+ 1.01%
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Question 6 (**+)
The table below shows0 pairs of bivariate data.

10 30 50| 60] 700 8d 9¢ 1dario]140
15| 8 3 6| 11|} 8 6 2 3 1

a) Determine the value ofS,, S;, andS§,,, and hence calculate the value of the

product moment correlation coefficient betweerand y .

b) Find the equation of the least squares regressierbetweenx and y, giving
the answer in the form

y=a+bx,

wherea andb are constants.

, 1S =1344Q, Syy:l72.l, Sxy:-ll42, r=-0.751,

ly=12.6- 0.085&(

a) ORTANING. SUMMARY THTISTICE (N0 - CAULATE.

x= To Tz s b0 Dxy= Mo
Sy=& Syt 59 n= (o

OUoUTe Sy, Sy vy Sy

B T- BB L ool pyy o
S

oSy Sg- BB s - Sl

P
I s 23 g - Moxe3 Ty,
3y co B ) 2

W
FiNDING. T P CC

P e
Vi Sy JBHomi /

b cruonte Au Aoiusens

i\
cbo B s
P 1340 - 60

o Fa oo g ZI 8 (g

oa= g-b o= e @)xﬂ = lsemd..

HiNGE THE  RESPHION UNE 1§

Q\: 1,6 — 0.08%x e
~

=
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Question 7 (**+)

The table below shows the heights and weights chrmlom sample ofO pupils,
where the heights are given to the nearest cmtendi¢ights to the neareSkg.

Pupil A| B C D E F G H I J
Height (cm) | 148 164 | 156 172| 147 184 | 162| 155 182 165

Weight (kg) | 40 | 60| 55| 75| 40l 8] e sp g Ao

Let x and y represent the respective heights and weights edetlpupils and the
product moment correlation coefficient betweerand y .

a) Determine the value ofS,, S;y andS,, and hence calculate the valuerof

correct to three decimal places.

b) Interpretin context the value of.

c) State the value of if the heights were measured in metres insteamnof

d) Determine the equation of the regression line betwk and y, giving the
answer in the form

y =bx+ a,

wherea andb are constants.

[ [Sx=14803, ]S, =205238, [S, =1677.8, [r» 0.963

|r » 0.962 regardless of un|, |y =1.13x- 124

o) ORFOING. SouAR STISIES 2 THE DATA USING.  CAWIARE. e
Sl %883 Ta= &S Say = 02230 ° g 34 . 65 - 6
E C
Sgs B SqsEs hs o ) °
— = 3355
Al 5:1\?’&5,513 ® a-= \))fby. s~ 2 clas
i = o123 7K5E
oSy = Prele _ATJ = 2e@goy- BB - Wgo.s 12 TIST. 1
545 S8 reis
,S% = S - B s gy - S gy e T BeGorston UNE IS Gvind
oS- Ty - 204 oo - EEHES g o
2y Y 0 o .z 5: =24+ 3
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SN S 16175 U
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Question 8  (**+)

The table below shows the midday daily temperaturen °C, and the number of cups
of teay, sold in a small café.

X 20| 25| 26| 271 29 2d 31 3
y 100]1 80 | 72| 74} 65| 69 63 6l

)

a) Find the value ofS,, S,y andS,, and hence calculate the product moment
correlation coefficient betweer and y .

b) Determine the equation of the regression line betwe and y, giving the
answer in the form

y =a+ bx,
wherea andb are constants.

c) Use the equation of the regression line to estirtieevalue ofy when ...

Comment further on the reliability of these twoirmsites.

S =160, |S,, =1128.875, |S,, =-392, r=-0.923,

ly=141.475 2.4%, [ys0» 43, [ys0» 19

0] _OBRINING SUMMARY SHTSIS Rom A CAWATR,
Sx= 2 Sarmcly | 2ys *S%QJ

Q1 winasdo

4= h-2usxdo = W ks ok m) 2~
Sy = §83 Sy =436lg N =8 P
AS 40 1S VST OSIIDE THE BANGE OF THPERATIES
c P m T BE Ll -2 g0 ko] WA S o PRDICE THE BEERERION. e
oh S% = 3P A g suse _mer A TS Bl SoNG | THE EXTIMATE Gopd
B ocundE
oy = Ty o BN g - 2 Ly /
Py W 5 /////
THE PU.C.COM I B CUMATED 7 T e xes%
Say ~%p B Y= W - 24sxs0 & =20
(= S ~ 0422 7 Vi
VR S Vox et A il Iz
A 8 R ABIE T (UET vAWE oF X
) Teranc: A e Asausarts CIHPRATRE) ikt (Y U0 | T GeATE THE
bl Su BRI s RUGURSioN UNE ) THE STLATE 18 NIT Utery T
Sa 160 BG RRUARE
L
L3l 3l T =

X ol
= PINBEN
l\\j:_“h—7ZBU

e as G- bx = e - (24s)(z8) = 4475

ROt THE BEIEION UNE 8 G BY

4= - 24K
]
/
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Question 9  (***)

The table below shows the average midday temperatwf a seaside town, ifC,
and the number of peoplg, that used a certain restaurant in that town.

d)

f)

X 17| 20| 25| 20| 27 24 24 2k
y 40 | 42| 42| 43| 44 39 4} 4

Find the value of S,,, S, and S, and hence calculate the product moment
correlation coefficient betweer and y .

State the value of the product moment correlatmeffeient betweerx and y
if the temperature was measured in degrees Fahteémstead of Centigrade.

Determine the equation of the regression line betwe andy, giving the
answer in the form

y =a+bx,

wherea andb are constants.

State, with a reason, which is the explanatoryaldei in the above described
scenario and state the statistical name of the otréable.

Interpret in the context of this question the pbgsimeaning ob.

Use the equation of the regression line to estineeralue ofy when ...

Comment further on the reliability of each of thése estimates.

, [r »0.670 regardless of uny, |y =34.4+ 0.33%], [y;5» 40|, | Y35 » 46

[solution overleaf]

Created by T. Madas



Created by T. Madas

ARE =3y . — B3 ag
Bay byl DR =
Chruoie e PMCC
Sy -
e == & 06l0
SHSQ NEEIITS /
\)) THE RALCC, Wl S6 ONGINGED | 48 | 26mNG wnindrrecty
By % -
f SOAG ot. Gple & 10

=

€)oo ROOATE AL HE Aonwsnies

S 8
o b: R Y
Tan T ez T q SO

® 4= g bt < b- (2 Jumg = sty

s =3ty 031y

A) THE xRy Ontinese (INDERET ORIABLE) 13
THE TOURRATRE O | A IT & THE ENRQAMRE TIHAT
ARES THE DINNRY q NOT THE afrR w4y 2oowD
U(M0 o6 DRlS) 1 cise THe 2ponst UM
= >4

=

=

e) b= 623 s The @isinst oF UNE
T 26PRESERIS  THE ©CRA WOMBGE OF DMNAAS
WL TEGREE oF TIMAQATURE TIE o
y

-@) Y e asg
AT Te K CC s T Uy STon, (6@
| Deqmee USS THAN THe Sugger UA0E OF
L WG WA UVD O COMTE THE RRQEION
UNE 20 1T o & Retes
A

~
= 3Liomli < 4o~
Y=3 BNl = 0

JI] (F 3% K Weromiag =4~

G THAT e PM.C.C oIS NS TG~ AD
2215 "Wy Aeoe! THE TherkeT TiRRQATURE
WHIOL (AR 250 T CReaT THE 2662 UNK,
THE &TMATE Wy BE  UNREUARIE

Created by T. Madas



Question 10 (***)

The table below shows the maximum temperaluf€ on five different days and the

Created by T. Madas

corresponding ice cream salés, of a certain shop on those days.

d)

T

15

20

25

30

35

N

79

145

182

255

302

Find the value of S, Syy and Sy, and hence, determine the value of the

product moment correlation coefficient betweerand N .

State, with a reason, which is the explanatoryaldei in the above described

scenario and state the statistical name of the etréble.

Determine the equation of the regression line betwd andT, giving the

answer in the form

N =a+bT,

wherea andb are constants.

Interpret in the context of this question the pbgkimeaning ob.

Use the equation of the regression line to estineeralue ofN when ...

. ... T=18C.

i. ... T=37°C.

iii. ... T=45°C

Comment further on the reliability of each of theséimates.

,

Srr =25

Syy =31145.2,

Sy =278d, [r =0.996,

IN=11.12T - 85.4,

Nig»11

N3; » 326, [Ty5» 41
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[solution overleaf]
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Question 11 (***+)
The table below shows the marks obtained by a gobspudents, in two separate tests.

Student] A B C D E F G H
Test1| 35| 42| 21| 55| 331 29 39 4p
Test2| 30| 28| 21| 38] 395 27 3 k

Use linear regression for the test marks of thdesits A — G , to estimate the value of
k, for student H.

Detailed workings are expected.

| |, [k » 31
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Question 12 (***+)

The table below shows the amount spent per monta tgr dealership on marketing
and advertisingn, in £1000, and the number of cars sold that month.

m 7 8 9 10 11
c 7 12 10 11 13

a) Find the value of the product moment correlatioafficient betweerm andc.

b) Determine the equation of the regression line betwa andc, giving the

answer in the form
c=a+bm,
wherea andb are constants.

Use the equation of the regression line to estirtteenumber of cars that are
expected to be sold in a month where the amoumtspe marketing and
advertising is ...

i. ... £8,80C.
ii. ... £20,00C.

Comment further on the reliability of each of thése estimates.

d) Interpret in the context of this question the pbgsimeaning ofa andb.

| |, [r=0.758, [c=0.7+ 1.1, g5 g » 10|, [cyp » 23
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Question 13 (***+)

The table below shows the tomato yield obtainedalgroup of ten plants that were
given different amounts of fertilizer and allowed grow in otherwise identical
conditions.

Plant AlBlclol el Fl ol H] 1] 3

Amount of Fertilizer | 1 151 29 30| 40l 5d e 70 spb o
(grams)

Tomato Yield 121 19| 220 24 283 2% 3bk |32] 31
(kilograms)

a) Find an equation of the line of least squares utiiegplants Ato G, | and J,
and hence estimate the valuekgffor the plant H.

Detailed workings are expected in this part
b) Interpret in context the gradient of the line aidesquares.
c) Calculate the residual of plant J.

d) The residual of the plant A is0.42. Find the ...
I. ... sum of the residuals for the plants B to I.
ii. ... mean of the residuals for the plants B to I.

Another plant N, not included in the table, wasegi200 grams of fertilizer.

e) Discuss briefly, mathematically and in context, tiee it is appropriate to use
the line of least squares to predict its yield.

| |, [Y =0.0198F + 1.61f, [k =3.0, |R =-0.3, [0.72, |0.09
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Question 14 (***+)
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The table below shows a set of bivariate data wimgltwo variablesx andy .

X

1003

1006

1012 101

1021t

y

0.0017

0.0027

0.0045{ 0.0056] 0.0077

a) Use the coding equations

_x-1012

to find the value of Syy , Sy and Syy .

and Y =10000y- 27

b) Show that the product moment correlation coefficibatweenX andyY is
approximately0.999:¢.

c) State with justification the value of the produabment correlation coefficient
betweenx and y.

d) Determine the equation of the regression line betwe and y, giving the
answer in the form

y =a+ bx,

wherea andb are constants.

L 1S«

22.8,

S,y = 2251.

Syy =226.4, [r =0.9993,

ly=0.0003%- 0.3f
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Question 15 (***+)
The table below shows a set of bivariate data wrgltwo variables andv.

t 151 154 157 163 169
v | 8800 | 7800 74000 650( 310p

a) Use the coding equations

t- 157 v
= and y=—
100

X

to find the value of S, S,y and S,,.

b) Show that the product moment correlation coefficibetweenx andy is
approximately- 0.958.

c) State with justification the value of the produabment correlation coefficient
betweent andv.

d) Determine the equation of the regression line betweand v, giving the
answer in the form

v= A+ Bt,

where A and B are constants.

| [Sx=23.2, |S,,=1910.8, |S,, =-201.6, [r =-0.95§, [v=52717- 290
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Question 16 (***+)
Clinical trials are carried out to determine thfeef of a stimulant.

Ten volunteers were given different amounts of gtimulant, X milligrams, and the
amount of their nightly sleep¥, hours, were recorded in the following night.

The following summary statistics were obtained.
X =900, Y=784, X?=11400¢,  Y?=616.1¢ XY =6834

The following claims are made.

Claim1

For every additionab0 milligrams of the stimulant, the nightly sleep itgly
reduces by40 minutes.

Claim 2
The expected nightly sleep would have b&emours if no stimulant was taken.

Comment briefly on these two claims, fully suppdrbs appropriate calculations.

|, [claims not justified supported by theyression line equatig
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Question 17 (***+)

Dolphins are thought to communicate with each othwerhigh pitch noises they
produce. The frequency, kHz, of the noise made by a dolphin is recorded mt
different sea depthg] m. These data are summarized below.

d=385.5  d?=11543.2t, v=22.5 v?=38.25 dv=650.2¢

a) State, with a reason, which is the explanatoryaldei in the above described
scenario and state the statistical name of the etréable.

b) Find the value ofSyy, S,, and S, for this data.

c) Calculate the product moment correlation coefficlegtweend andv.

d) Interpret the value of the product moment corretatoefficient in the context
of this question.

e) Give areason to support the fitting of a regras$iiee of the form
v=a+bd,
wherea andb are constants.
f) Determine the value cd andb, correct to three significant figures.

g) Interpret in the context of this question the pbgsimeaning ofa andb.

1+ [Syq =1635.9

, [r »0.839, [a»0.369, [b» 0.0440

N

Sv=45, [Sw=7
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Question 18  (****)

The mean and variance d® independent observations of a random variahlere
66.5and85.8, respectively.

Based on of a random sampleldf independent observations of another variaple
the regression line ofy on x is

y=0.094%- 0.013.

Determine the product moment correlation coefficibatweenx andy. assuming
further thatS,, =8.1..

| |, Ir =0.977
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Question 19 (***¥)
A gym opened on the first day of January of a giyear.

The months of that year were numbered as 1, 2, 312.

The number ohew members,N , at the end of each month, was recorded for those
12 months.

The regression line o on m was found to be
N =34+ 35m.

Use the regression line to find the total numbema&mbers which joined that gym
during that year.

No credit will be given for adding 69, 104, 139, ,419, 454.

, 3134
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Question 20  (****+)

Some summary statistics for a set of bivariate ,dadsed two variables andy, are
given below.

n=10, X=15, y=48, s2=186, s-=172, Xy = 8850.

|

a) Find the value of each of the following sums.

X, Yy, X<, ye.
b) Calculate the product moment correlation coefficlmetween x and y .

c) Describe briefly the effect on the product momeatrelation coefficient if
another piece of dat =10 with y=70, is added to the othd& bivariate

observations.

[ ]| x=150,| y=480,| x?=4110,| y*>=2476Q, [r»0.923
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Question 21 (****+)
On a certain mountain climb, a scientist recordeel temperature] °C, at ten
different heightsH m above sea level, and some of his results are suirea below.

T =124, T2=2078, H =27 500, HT =235 50C

If the product moment correlation coefficient fdrigt data is- 0.98, determine an
estimate for the temperature at sea level on tiietithe climb.

', » 25.9°

Created by T. Madas



Created by T. Madas

Question 22 (****+)

The number of letterx in people’s first names and number of lettgrén people’s
surnames is researched.

The summary data of the number of letters in th& flames and the surnames of a
random sample o020 individuals is shown below.

x=125  x?=796, y=140, y?=1032, xy=882
a) Calculate the product moment correlation coeffitlsgtweenx andy.

The name “Richard Edwards” is added to the sammpigking the total number of
people in the sample1.

b) Without a direct recalculation , ...

I. ... show thatS,, of the 21 first names is likely to have a different value
to the original value ofS,, of the original20 first names.

ii. ... determine the effect of adding “Richard Edwartts S,y and S,,.

c) Given further that adding “Richard Edwards” incresisthe value ofS,,

explain with justification whether the product mameorrelation coefficient
betweenx and vy, increases or decreases.

| , r »0.253
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Question 23 (****+)

Two variables,x and y , have the following regression equations, based5on
observations.

y on x : y=18.5+ 0.k
Xxony : x=16.6+ 0.4y
The following summary statistics are also given.
x? = 3215, y? = 2227 E, Xy = 2634
Show that the product moment correlation coefficlstweenx and y is 0.2.

proof
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SPEARMAN'S
RANK
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Question1 (*¥)
Nine gymnasts performed in a gymnastics competition

Their names were Arnold (A), Brian (B), Christia®){ Damon (D), Eli (E), Fabian (F),
Gordon (G), Harry (H) and lan ().

Rank 1 2 3 4 5 6 7 8 9
Judgel| D C E B F A [ H G
Judge 2| D E F C I B A G H

a) Calculate Spearman's rank correlation coefficienttiis data.

b) Test whether or not the judges are generally ir@gent, at th&% level of
significance, stating your hypotheses clearly.

|:|, rS:%»OBBE, evidence of agreement, 0.8333 O.7|2
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Question 2 (*¥)

The data in the table below shows the time, in sdspfor the fastest qualifying lap for

8 different Formula One racing drivers, and theiishing order in the actual race.

|Fastest Qualifying Lap |49.12

49.341 49.07148.55

49.40

49.27

49.77)

48.87

|Finishing Position 5

3

7

4

8

2

a) Calculate Spearman's rank correlation coefficientliis data.

b) Test whether or not there is any association beivilee fastest qualifying lap
time and the finishing position for Formula Oneingcdrivers, at th&% level

of significance, stating your hypotheses clearly.

[ =

.l>|oo
NI~

, |evidence of association, 0.8820 0.7
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Question 3 (*¥)

The table below shows the mileages travelled byeglesalesmen and the commission
they got paid during a given month.

Name Monthly mileage | Monthly commission
Alan 734 £800
Brian 650 £660
Christian 668 £620
Dominic 709 £610
Ethan 437 £450
Finlay 551 £560
Graham 580 £510
Hamish 387 £520
lan 450 £460
James 298 £430
Kevin 325 £390

c) Calculate Spearman's rank correlation coefficienttiis data.

d) Test whether or not there is evidence of positieeratation between the
mileages travelled and the amount of commissiorived, at thel% level of
significance, stating your hypotheses clearly.

s %»0.8818, positive correlation, 0.8818 0.70f
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Question 4 (*¥)
The actual ages, in complete years, of seven €atsown below.

Cat Name Riri Loulou | Ginge Puss Ollie Rex Mog|
Ageinyears] 3 4 18 21 5 11 9

These seven cats were seen by a vet, during a gasgery, and the vet was asked to
order them according to their age by examinatidg.on

He ordered the cats’ ages, older first, as follows.
Ginge, Puss, Mog, Rex, Loulou, Riri, Ollie.

c) Calculate Spearman's rank correlation coefficiattveen the actual age of the
cats and the vet’'s order.

d) Test whether or not the vet has the ability to idenhe age of cats, at tHE%
level of significance, stating your hypotheses itjea

| =53 »0.8214, [no evidence of association, 0.8244 0.
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Question 5 (**+)

Six ordered pairix, y) , Of bivariate data, are shown in the following skeaxes.

y/\

Determine the Spearman's rank correlation coeffidier this data.

L1

oo|oo
gl

» 0.886
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Question 6 (**+)

The table below shows, for a group of students iec@nt mock exam, the number of
marks lost,y, and the corresponding number of papersthey practiced leading up

to that exam.

Student A|lBJC|IDJE]| F|] G} Hj I| J
Number of Papers(x) 1713924126 11)122§125|10) 8 | 6
Number of Marks Lost (y) 121 5| 11{14|10] 9 | 8 | 15} 19| 17

a) Find the value of S, S;y andS,,, and hence determine the value of the

product moment correlation coefficient betweerand y .

b) Comment briefly on the result of p4&).

c) Obtain the Spearman's rank correlation coeffidmttveenx and y .

d) Test, at thel% level of significance, whether there is evidendéenegative

association between the ranks»ofind y .

|, [S«=957.4, |S,, =166, S, =-317

: r:-0.79§,

r=-0.74
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