Heinemann Solutionbank: Statistics &

Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 2
Exercise A, Question 1

Question:

During a village show, two judges, P and O, had to award a mark out of 30 to some
flower dizplays. The marks they awarded to a random sample of 3 displays were as

follows:

Dhsplay A B C D E F G H
Judge P 25 19 21 23 28 17 16 20
Judge Q 20 9 21 13 17 14 11 15

a Calculate Spearman's rank correlation coefficient for the marks awarded by the

two judges.
After the show, one competiter complained about the judges. She claimed that there
was 1o positive cotrelation between their matks.
b Stating your hypotheses clearly, test whether or not this sample provides support
for the competitor's claim. Use a 5% level of significance. E

Solution:
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Eemember to rank the data Tt does
not matter whether you rank from
highest to lowest or vice versa as
long as yvou do the same for both
udges.
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The sum of vour &'s should be zero,

The d@* should all be positive.

Using r, =1-—=— from the

formula boolk.

6 d?

alnt — 13

If vou give your answer as a decimal
it should be given to 3 significant
figures.

Page2 of 2

Make sure your hypotheses are clearly
written using the symbol 2. Thiz iz a one-

tail test 20 only interested if positive 1.e.

ry 1-tail 5% critical walue 1z 0.6429

0.619 =0.642% 20 accept Hy or not significant.

Soinsufficient evidence of a positive correlation
hetween judges

or

competitor's claim 1z justified.
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Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 2
Exercise A, Question 2

Question:

The Director of Studies at a large college believed that students' grades in
Mathematics were independent of their grades in English. She examined the results of
a random group of candidates who had studied both subjects and she recorded the
number of candidates in each of the & categories shown

Mathematics Mathematics MMathematics
grade A or B grade C or D grade ¥ or I
Enghsh grade A 55 55 10
or B
Enghish grade C
to U 5 30 15

a  Stating your hypotheses clearly, test the Director's belief using a 10% lewvel of
significance. Tou must show each step of vour working
The Head of Englizh suggested that the Director was losing accuracy by combining
the English grades C to T in one row. He suggested that the Director should split the
English grades into two rows, grades C or D and grades E or T as for Mathematics.

b State why thiz might lead to problems in performing the test.

Solution:
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a  H,: Mathematics grades are independent of English grades

ar
ne association between Mathematics grades and English
grades.

H,: Mathematics and English grades are dependent.

or

There iz an association between Mathematics grades and
English grades.

Page2 of 2

*— For a contingency table.
For H vou should use the

words ‘no association’ of
‘independent’.
For H, you should use the

words “is an association’ or

“dependent’.
Expecied frequencies B My | Moap | Mag
B,z | 16.364 30 13.636
B | 13:636 25 11.264
Ezxpected frequency “Maths 4 or B and
‘English A or B’ 60x30 _ 16,364 4+— Show the working for at least one
calculation of an expected value.
R 2
Test statistic =" M
- &
. 2 o d r 2
_ (25-16.364) +(25 1) +___+(15 11.264)
16.364 25 11.264
te =13.5%

Degrees of freedom = 2-11x(3-11=2
Critical value = X3 (10%) =4.605

tz = cv sinee 13994 =4 405

goreject Hy .

Conclude there 15 evidence of an association between Mathematics and

English grades.

b May have some expected frequencies < 5 {and hence
need to pool rowsicolumns).

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\s3 rev2 a 2.|

3/23/201.
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Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 2
Exercise A, Question 3

Question:

A quality control manager regularly samples 20 items from a production line and
records the number of defective items x. The results of 100 such samples are given in

Table 1 below.

X 0 1 2

2

LA

T or more

Frequency 17 31 19

14

0

a Estimate the proportion of defective items from the production line.

Table 1

The manager claimed that the number of defective ttems in a sample of 20 can be
modelled by a binomial distribution He used the answer in part a to calculate the

expected frequencies given in Table 2,

b Find the value of r and the walue of & giving wour answers to 1 decimal place.

. 0 1 5 3 5 & For
more
Expected 122 27.0 r 19.0 3.2 0.9 0:2
frequency
Table 2

¢ Stating wour hypotheses cleatly, use a 2% level of significance to test the

managet's claim.

d  Explain what the analysis in part ¢ tells the manager about the cccurrence of
defective items from this production line,

Solution:
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0x174+1=314+---+6x3 _ 200 _

TP e 100 g ]

restriction in
part «.

a mean number of defectives =

Total frequency =17 +314+---+3=100

e This 13 1 restriction in
In binomial distribution with » =20 patt c.
mean =xp so 2=20xp
Lp=0l
b s |, "| (0 1330 98 | Tou could use the tables to
\ 2} worle this out
=22 517 100 (06769 -03917
=285{1dp)

*+— The total of the expected frequencies iz
the same as the total of the observed
frequencies. Here 1t 1 100

£=100-91=9.0(1dp)

¢ H,:B20, 01715 a goodisuitable model/fit
H,: B(20, 0.1) 15 #of a suitable model

x 0 1 2 5 =4 *— The claszes ford, 5, & and 7 or more
o 17 31 19 14 19 have been combined. This 15 so that
z. 122 | 270 | 285 | 1920 | 133 all the expected frequencies are
. ; greater than 5.
% 1889 | 0593 | 3167 | 1.316 | 2.443

g 2
Test statistic =y % =9.41

or
zo_f_ e 17 +£+...+ 19 _100 *— It iz often easier to usze the formula
E, 122 27 123 z oy .
=541 E, '
_s_9-3 *— Degrees of
v=2Tes freedom = (number of cells after pooling) —

{restrict ons)

.. 2
critical value = 25 (5%0) =7.815 +——Look up the walue under 0.05 in the

percentage points of the & ? distribution
Cuote the figure in full.

ts = oo soreject Hy.

{significant result) binomial distribution 15 not a suitable model

d  Defective items de not eccur independently or *—— 25006 the binomial does not £t then the
not with constant probability. laws for a binomial distribution can not
be true.

© Pearson Education Ltd 2C
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Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 2
Exercise A, Question 4

Question:

The table below shows the price of an ice cream and the distance of the shop where it
was purchased from a particular tourist attraction

Ihstance from
Shop tourist attraction Price (£)
{1}
A a0 1.75
B 175 1.20
& 270 2.00
D 375 1.05
oy 425 095
i SR80 1.25
7 710 0.80
H 780 075
! 8520 1.00
J R0 .85

a Find, to 3 decimal places, the Spearman rank correlation coefficient between the
distance of the shop from the tourist attraction and the price of an ice cream.

b Stating your hypotheses clearly and using a 5% one-tailed test, interpret your rank
cotrelation coefficient. E

Solution:
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. . =
Shop | Distance | Price 2 d *— Eemember to rank the data. It dees not
A 1 ? -3 64 matter whether vou rank from highest
L 2 7 - 22 to lewest or vice versa as long as you
C 3 10 —7 49 deo the zame for both distance and
L 4 & = 4 price.
£ o 4 1 1 ,
= 3 2 5 7 *— The sum of your &'s should be zero.
I 7 5 5 55 The &? should all be positive.
H 8 1 ki 49
! 9 ] 4 16
S 10 3 K 49
D d* =286
_ 6y d’
&% 286 /Usmg r,=1-—%="— from the
R e nin—11
100100 -1
formula bool
11
T 15 ers0iEs 4 If you give wour answer as a decimal it
should be given to 3 significant
figures.
b H,: =0
Wake sure vour hypotheses are clearly
H o< written using the parameter 2.
s
test statistic = —0.733
cw =—-05636 = Look up the value under 0.03 in the
ts < cow since —0.733 < —0.5636 table for Spearman's. Quote the figure

in full.

Eeject Hy, evidence there 1z a signific ant negafive
correlation between the rank of the price of an ice cream
and the rank of the distance from a tourist attraction. ¥ | Draw a conclusion in the
i e. the further from a tourist attraction vou travel the less | context of the question.
vou are likely to pay for an ice cream.

© Pearson Education Ltd 2C
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Solutionbank S3
Edexcel AS and A Level Modular Mathematics

Review Exercise 2
Exercise A, Question 5

Question:

Five coins were togsed 100 times and the number of heads recorded. The results are

shown in the table below.

Number of 0 1 5 3 4 5

heads

Frequency | # 18 | 2% [ 34 | 10] 3

a  Buggest a suitable distribution to model the number of heads when five unbiased
coing are tossed.

b Test, at the 10% lewvel of significance, whether or not the five coins are unbiazed.
State wour hypotheses clearly. E

Solution:
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a B(5 05

b H, E(5, 0.3) iz a suitable model

H;: Bi(5, 0.5) 1z a not a switable model

Total frequency =6 +184+29+344+104+3=100 <—— This is | restriction.

{good fit)

(not a good fit)

Expected value for no heads = 100x 0.5 = 3,125

5
Expected walue for 1Thead =100 x[ JD.ﬁj =15625
%
Expected value for 2 heads =100

Expected valuefor Zheads =100x

5
2

5

Expected value for 4 heads =100 .

5

Ezpected valuefor Sheads =100x s
_
0 g | @&

E

Oorl 24 1875 1.47

2 29 31.25 0162

3 34 3125 0242

4 or 5 13 1875 176

i
test statistic =Z%= 3.64

or

25 .
ZE_‘N—

e

297

2 13

0:55 =31.25

o
[;Joﬁs—zl 25
o
o

show the worltiing for at
least one calculation of an
expected value,

+—— Write down all the

05 =15 625 expected values.

0.5 =3125

It 1s often easier to use the
2

I
fi 1 = N
:E-[;-——'—_'__ ormuaZ‘Ei

=364

&

+ + +
1875 3125 3125 1875

B (10%) =6.251

t.s <o osince 364 < 6251

Degrees of
freedom = (number of cells after pooling) —1

since the parameter p iz known,

Look up the value under 0.05 in the

. G
percentage points of the 27 distribution.
Cuote the figure in full.

Insufficient ewidence to reject H, .

B3, 0.5} iz a suitable model

Mo evidence that coins are biased.

© Pearson Education Ltd 2C
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Heinemann Solutionbank: Statistics &

Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 2
Exercise A, Question 6

Question:

People owver the age of 65 are offered an annual flu injection A health official tock a
randotm sample from a list of patients who were over 63, Zhe recorded their gender
atidd whether or not the offer of an annval flu injection was accepted or rejected. The
results are summarized below,

Gender | Accepted | Rejected
LIale 170 110
Female | 220 140

Taing a 5% significance lewel, test whether or not there is an association between
gender and acceptance or rejection of an annual flu injection State your hypotheses
clearly. E

Solution:
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H,: He agseciation between gender and acceptance _
For a contingency table

For H, wou should use the words

or
gender 15 independent of acceptance

H,: There is an association between gender and acceptance | 0O association or independent’.
For H, vou should vze the words

or
gender is not independent of acceptance “ig an association” or “dependent’.
7 5 . : 450 280 .
male’ and “accepted’ expected frequency = ———— =180 4—— Show the working for at
E d 700 least one calculation of
xpecte an expected value.
Erxpected | Accept Nat Total *+— Write down all the expected
fobs) aecept i
Meales 150 100 280 '
{170 {11
Females 270 150 420
(280 {14m
Totals 450 250 700
a2
g The formula Z — % izin
170 180 0.5556 &,
110 100 1.0000 the formula book. Write down at
280 270 0.3704 least two of the calculations.
140 150 06667
_nd
EH =259
f‘ , , ; It iz often easier to use the
) 170° 110 140 2
YA _N= + +..+ =700 +— O _
1
=259
R TP Contingency table therefore
v Vgl b e DR e R\ —-
freedom =(c—-11(7-1).
Ilj (A% =3841 *+— Look up the value under 0.05 in the
: 2omd A
percentage points of the 37 distribution
Cuote the figure in full.

3.841= 2,59 There 15 insufficient evidence to reject Hy

There iz no association between aperson's gender o
atied their acceptance of the offer of a flu jab.

Draw a conclusion in the contest
of the question,

© Pearson Education Ltd 2C
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Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 2
Exercise A, Question 7

Question:

An area of grass was sampled by placing a Im > 1m sequare randomly in 100 places.
The numbers of daizies in each of the squares were counted. It was decided that the
resulting data could be modelled by a Potsson distribution with mean 2. The expected
frequencies were calculated using the model

The following table shows the cheerved and expected frequencies.

Number of | Observed Expected
daisies frequency | frequency
0 g 13.53
1 32 27.07
2 27 i
3 18 g
4 10 902
5 3 361
& 1 1.20
7 0 034
=8 1 i

a Find walues forr, s and £

b Tlsing a 5% significance level, test whether or not thiz Poisson model 15 suitable.
state your hypotheses clearly.

An alternative test might have been to estimate the population mean by using the data

givet,

¢ Explain how thiz would have affected the test. K

Solution:
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a =100 {06767 - 040600 =27 .07
g =100x(0.8571-067671=15.04

£ =100-[1353+27.07+27.07+15.04
+2.024+3614+1.20+0.34]

£ =012

*— The total of the observed values

*— {1z worked out using the total of

b H,: APoissen model Po(2) 13 a suitable model
Hi: A Potzzon model Po(2) 15 nof a suitable model

15 100,

the expected frequencies 1z 100,

Page2 of 2

Mumber | Obzerved | Ezpected
of The classes for 5, 6, 7 and =8
daizies have been combined. This iz 5o
0 g 1353 that all the expected frequencies
1 30 27 07 are greater than 5.
2 27 27.07
3 18 18.04 The formula
4 10 9.02 (Oi=mad,
= —_ th
=5 5 5.27 Z E LSEIINE
formula bool, Write
¥ ©-E) _-1353° (2-27.07)"  (5-527)° down at least two of the
E, 12,52 2707 2,27 calculations.
=3 28 (awrt)
ok 4— It 1z often easier to uge the formula
oF g 32 5 o
—-N= + +-- 4 =100 Z_z‘_N
E 1255 27.07 5,27 F3 '
= 3.28 (awrt) Degrees of freedom = number of cells—1
e Se T since the parameter A is known.

¥ (5%)=11.070

Y

3.28=11.070 There 15 insufficient evidence to

reject Hy
Po(2) iz a suitable maodel

Look up the value under 0.05 in the

percentage points of the ¥ distribution.
Cote the figure in full.

¢ The mean must be calculated and then A =mean. The expected values, and hence

_
27(0 EE) would be different, and the degrees of freedom would be 1 less, also

changing the critical value.

© Pearson Education Ltd 2C
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Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 2
Exercise A, Question 8

Question:

The numbers of deaths from pneumoconiosis and lung cancer in a developing country
are given in the table.

2Agie graup 20-29 | 30-39 | 4049 | 50-59 | so—o | o
{years) over
Deaths from

puneunmoconiosis 12.5 2.9 18.5 124 31.2 31.0
(1000s)

Deaths from

lung cancer 37 9.0 10.2 12.0 12.0 180
(10005)

The cotrelation between the number of deaths in the different age groups for each

dizease 1z to be investigated.

a (ive one reason why Spearman's rank correlation coefficient should be uzed.

b Calculate Spearman's rank correlation coefficient for these data.

¢ se a suitable test, at the 5% significance level, to interpret vour result State vour
hypotheses cleatly. E

Solution:

file://C:\Users\Buba\kaz\ouba\s3 rev2 a 8.| 3/23/201.
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Page2 of 2

a  The variables cannot be assumed to be normally distributed.

b
20—29 | 30-3% | 40—4% | 50-5% | 60—65 | 70+ | * | Femember to rank the data Tt
does not matter whether you
Fank x 5 & ] 3 1 2 rank from highest to lowest or
vice versa as long as vou do
Rank y 8 5 ] 1 3 o the same for both
) -1 1 0 2 -2 0
d? 1 1 0 4 % 0| *«——The sum of your &'z should
be zero. The & should all
be positive.
>d*=10
L G Y
: e sing » =1— —=—— from the
63610 g7 (i —1)
formula book
= E or 07714
7 *—If you give vour answer as a decitnal it should
ke given te 3 significant figures.
c H,:pe=0 ‘

H:o=z00rp =0

n=16=5% critical value =0.8857

(or 0.3286)

07714 < 0.8857 {or 0.714 <0.3826)

Mo evidence to reject Hy Mo evidence of

apositive correlation between the rates of
deaths from preumoconiosis and lung cancer

© Pearson Education Ltd 2C

paratneter o

Make sure your hypotheses are
clearly written using the

Look up the value under 0.05 in
the table for Spearman's. Quote
the figure in full.

*— Draw
of the

a conclusion in the contesxt
question.
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Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 2
Exercise A, Question 9

Question:

students in a mixed sizth form college are classified as talting courses in either arts,
science of humanities, & random sample of students from the college gawe the
following results.

Course
Arts Sclence Humanities
sy Boy 30 a0 35
i TS 40 20 42

showing vour wotling clearly, test, at the 1% level of significance, whether or not
there iz an association between gender and the type of course taken State your
hypotheses clearly. E

Solution:
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H,: There is no association between course and gender

or course 15 independent of gender *—For acontingency table

H,: There is an association between course and gender  |For Hy you should use the words
or course 15 dependent on gender ‘no association’ of Tindependent’
For H, vou should uze the words

1g an association’ or “dependent’.

Arts | Sciewce | Humes | Total
Bay 30 50 35 115
Fird 40 20 42 102
Total 70 70 77 217
Expected frequency "hoy and “arts’ *+— Show the working for at least one
_ 11570 — 37 0967 caleulation of an expected walue,
217 '
Expected A = H
(Obs) .
Boy 771 77 1 40,5 1 Write down all the expected
(30) (50) (35) walues.
Girl 329 329 362
1) (20 4

(O-E)®  (30-37.1) (40-32.97 @zege)? e -
v = + + ': i :' :
"2 The formula ¥ 21— Zi!

B 2 32.9 36.2 e formula 3’ T

=1358+4485+0.824 +1 5324+ 5058+0.929=14 15 in the formula book. Write

down at least two of the

calculations.
2 2 2 2
{or ".T‘_O——N= = +4|:J +...+42 —217‘} *— It iz often easier to use the
— K 371 329 362 o
=14.2(3af) formula Zj—m

i

v=(3-12-1)=2

*+— Clontingency table therefore
degrees of
freedom = (e -11(r-1).

I:f (1%} critical walue 15 9.210 *— Look up the value under 0.01 in

the percentage points of the 7
14.18 > 3.210 distribution. Quete the figure in
significant result or reject null hypothesis, Full

There 15 evidence of an association between *—— Draw a conclusion in the context
course taken and gender of the question

© Pearson Education Ltd 2C
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Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 2
Exercise A, Question 10

Question:

The product-moment correlation coefficient 15 denoted by » and Spearman's rank
correlation coefficient is dencted by 7,
a  =ketch separate scatter diagrams, with five points on each diagram, to show

1 r=1,

i r=-1hbur=-1
Twro qudges rank seven collie dogs in a competition. The collie dogs are labelled & to
G and the rankings are as follows.

Rank 1 2 3 4 5 [ 7
Judge 1 A C D E E F €
Judge 2 A B D i E & F

b 1 Calculate Spearman's rank correlation coefficient for these data
n  Stating your hypotheses clearly, test, at the 5% lewvel of significance, whether
of not the judges are generally 1n agreement. E

Solution:

file://C:\Users\Buba\kaz\ouba\s3 rev2 a 10.
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a 1
$ +
+
+
+
+
ii
b+
|
+.
+
+
b 1
Although the data is ranked it iz
" 1 4 7 T 5 & 7 / easiest to rewrite it in a familiar
form.
7 1 2 4 R 7 &
p 5 5 5 T T ] *— The sum of your &'s should be zero.
The @* should all be positive.
g4 0 ) ) oo 1 1
Yat=10 3
- Using » =1- —=— from the
e S BB R
Tds=1) formula bool
=Eor D821(3=1) :
28 *+—If you give your answer as a
decimal it should be givento 3
significant figures.
i Hyp, =0 Hy:p >0 *— Make sure your hypotheses are clearly
written using the parameter &, This time

yolu are

testing if in agreement therefore you

are testing if positively correlated.

test statistic =7 = 0.821

critical wvalue 15 0.7143

Look up the value under 0.05 in
the table for Spearman's. Quote
the figure in full.

0821 =07143 so zsignificant result or reject

null hypothesis. g

There 1z evidence of a (positive) correlation

Draw a conclusion in the contesxt
of the question,

between the rank s awarded by the judges or the
judges agree.

© Pearson Education Ltd 2C
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Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 2
Exercise A, Question 11

Question:

Ten cuttings were taken from each of 100 randomly selected garden plants. The

numb ers of cuttings that did not grow were recorded.

The results are as follows.

Number

of cuttings 8,9
which did 0 : 2 - & - 6 ? or 10
not grow

Frequency | 11 21 30 20 12 3 2 1 ]

a Show that the probability of a randomly selected cutting, from this sample, not

growing 1g 0,223,

A gardener believes that a binomial distribution might provide a good model for the

numb er of cuttings, out of 10, that do not grow.

He uses a binomial distribution, with the probability 0.2 of a cutting not growing The

calculated expected frequencies are as follows.

Number of cuttings a 1 2 4 5or
which did not grow fnote
Expected frequency r 26.84 2013 8.81 i

b Find the values of v, 5 and é.

¢ State clearly the hypotheses required to test whether or not this binomial
distribution is a suitable model for these data.
The test statistic for the test iz 4. 17 and the number of degrees of freedom used 12 4.

d  Explain fully why there are 4 degrees of freedom.

e Stating clearly the critical wvalue used, carry out the test using a 2% lewel of

significance.

Solution:
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d

_ 0114+ 1= 214+ 2% 304 +77 =]
114+ 214+ 30+...+1

1Tl e Al

223

mean = —— =223
100

In binomial, » =10, mean =xp, 2. 23=10xp

so p=0223

r=(08"%x100=107374=1074 (2 dp) *+— You could use the tables to work these

10 . ,
5=, |(0.87%(0.2x100=30.198...

=30.20(2dp)
§ =100—[r+s+26.84+20.13+8.81]
=328

out. But you will need to use p =02

so it 15 easier to do them this way.

The total of the expected frequencies 1s
the same as the total of the observed
frequencies. Here 1t 13 100.

H,: B(10, 0.2) 15 a suitable model for these data.
Hi: B(10, 0.2) 15 s0f a suttable model for these

data.

since ¢ <=5, the last two groups are combined and v=35-1=4
since there are then 5 cells and the parameter p 1z given

Critical value # (5%)=9.438 «—]

Lock up the wvalue under 0.05 in the

percentage points of the v
distribution Quote the figure in full.

417 < 9488 so not significant or do not reject null hypothesis.

The binomial distribution with p =02 iz a suitable model for the number of

cuttings that do not grow.

© Pearson Education Ltd 2C
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Heinemann Solutionbank: Statistics &

Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 2
Exercise A, Question 12

Question:

A researcher carried out a survey of three treatments for a fruit tree disease.

Remove diseased

Spray with

hevond 4 vears

No action branches chemicals
Tree died within 1 10 5 5
year
Tree swrvived for 5 9 7
1—4 vears
Tree smvived 5 6 =

Test, at the 3% lewel of significance, whether or not there 15 any association between
the treatment of the trees and their survival. State your hypotheses and conclusion

clearly.

Solution:
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H,: There 15 no association between treatment
atied survival or treatment is independent of survival
H,: There iz association between treatment and

For a contingency table
For H, vou should use the words “ne

survival or treatment 15 dependent on survival

Mo action and tree died within 1 year
021

association’ or “independent”
For H; vou should uze the words "1z

at association’ of “dependent’.

=how the wotking for at least one
calculation of an expected value,

expected frequency Z0 7
Expected | Mo Eemowe | Spray Totals | +—— Write down all the
(Obs) action | diseased | with expected values
branches | chemicals

Tree died | 7(100 | (5 TED 21

within 1

year

Survived | 7(3 | 79 T 21

1—4 years

Survived | 6{0) &6} &7 18

=4 years

Totals 20 20 20 &1

Z(O—E}:‘ 9 4 1 4 4 1 1
E

=ttt —+—+0+—+0+—
TR
=324761..
o
O.ﬂ 2 2 2
A B LR, I
E 7 o 7
=32476159

ey

The formula z M 15 1n
E,

the formula boole, Write down

at least two of the calculations.

*— It iz often easier to use
2
the formula Z % -,

v=(3-1)x(3-1)=4

Critical value % (5%)=0438

Contingency table therefore degrees
of freedom =(c -1 —1).

or CR: 7 > 9.488

3247619 = 94588

Look up the value under 0.05 in the

_ 2
percentage points of the &
distribution Cuote the figure in full.

{or since 3. 47619, 15 #af in the critical
region (1.e. < 9488 there 13 insufficient
evidence to reject Hy

There 12 no evidence of association between tre

© Pearson Education Ltd 2C

Draw a conclusion in the context of
the question.

atment and length of survival
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Heinemann Solutionbank: Statistics &

Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 2
Exercise A, Question 13

Questi

on:

Crweer a period of time, researchers tock 10 blood samples from one patient with a
blood disease. For each sample, they measured the lewels of serum magnesium,
s mgfdl, in the blood and the corresponding lewvel of the disease protein, & mgfdl. The
results are shown in the table,

5

1.2 129 32 359 2.5 4.5 57 4.0 1.1 5.5

d

3.8 7.0 11.0 | 120 | %0 120 | 135 | 122 | 20 138

[Use s° =14151,2 d*=1081.74 and > sd =386.32]

d

e

f

Draw a scatter diagram to represent these data

wtate what 15 measured by the product-moment correlation coefficient.

Calculate &, o4 and S,

Calculate the value of the product-moment correlation coefficient » between & and
i

Stating your hypotheses clearly, test, at the 1% significance level, whether or not
the correlation coefficient 13 greater than zero.

With reference to your scatter diagram, comment on your result in parte. &

Solution:
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d

14
o
2 XK % X
[
X
b
X
f
4
X
2 ¥
il -
| 2 3 4 5 I

The strength of the linear link between two variables.

2
Hee =141.51- B 26,0880, = 1524445, = 53.524
o 53,524 *— The formulae for these are under 51

«f]52.444 * 26,589 in the formula boole
=(0.934%4 .
Make sure your hypotheses are clearly
H, p=0H, p=0 / written using the parameter g
test statistic=p = 0.935
Eibtiialvvaligay 196 =0 7155 *+— Look up the walue under 0.01 in the
0935 = 07155 table for product-moment coefficient.
Chote the figure in full.

soreject Hy o lewels of serum and disease are €——{ Draw a conclusion in the

positively correlated. contesxt of the question.

Linear correlation significant but scatter diagram locks non-linear.

The product-moment correlation coefficient should not be used here since the
associationfrelationship is not linear,

© Pearson Education Ltd 2C
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Heinemann Solutionbank: Statistics &

Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 2
Exercise A, Question 14

Question:

Pagel of 2

The number of times per day a computer failz and has to be restarted iz recorded for

200 days. The results are summarised in the table

Hunher ol Freguency
restarts 3
0 ]
1 65
2 22
5 12
4 =

Test whether or not a Potsson model 1z suitable to represent the number of restarts per

day. Uze a 5% level of significance and state your hypothesis clearly.

Solution:
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H,: Poisson distribution 15 a switable model

H;: Poizzon distribution 15 not a suttable model

) : . s +—| &8 A is not given you must work
,J,:w 9+ (1= 6+ + (4 2)=E=U.?65 SO
200 200
Total frequency =200 % Thig 15 1 restriction.
Q7652
Expected f f (== =22 %200 <+—— Show the working for at least
Hperted Hedheney for otie calculation of an
=27.23250 expected value.
Mumber of restarts gives
X Ok d E ted
fregsglecy frjzzecniy *+— Write down all the expected
0 29 93.06678... ok
1 65 7119604,
2 20 27 D350 Combine the classes for 3 and
3 21 || 60y T B50M68 e (B Tz R0 At allthe
= 5 expected frequencies are
=4 J 1.56040... greater than 5.
b3 (0, —E)  (99-93.07...)° . (14-8.505)°
E §3.066... 8.505 It iz often easier to use the
=547 2
fortmula Z O—’—N.
or / E
o 99 14
——N= + + — 200
2 E 93.066... 8505 S Emeet

v=4-2=2

Critical walue 2’22 (5% =

-
I
-+

5591

freedom =number of cells— 2

It had to be estimated from the
information given,

since the parameter /2 15 unknown

*+— Look up the value under 0.05 in the

; 2
percentage points of the 2
distribution. Quote the figure in
full.

test statistic < c.w. so 547 is not in the critical region so accept H .

Humber of computer failures per day can be modelled by a Poisson distribution.

© Pearson Education Ltd 2C
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Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 2
Exercise A, Question 15

Question:

A research worlcer studying colour preference and the age of a random sample of 30
children obtained the results shown below.

Age In years Red Blue Totals
4 12 & 18
5 10 7 17
12 & 9 15
Totals 28 22 a0

TTzing a 5% significance lewvel, carry out a test to decide whether or not there 15 an
association between age and colour preference. State your hypotheses clearly,. XK

Solution:
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H,: Mo asseciation between age and colour preference

ithey are independent) —

e For a contingency table
H,: Association between age and colour preference

For H, you should use the words
(they are not indep endent) ‘no association” or ‘independent’.

For H, vou should use the words

‘1z an association’ or “dependent’

4 and ‘red’
18% 28 .
expected frequency v = =10.08 *— Show the working for at least one
calculation of an expected walue.
o £ (0 — &
E *— Write down all the expected values.
12 10,08 | 0.3657..
& 782 0.4654...
10 952 0.0242...
7 743 0.0308...
6 8.4 0.6857...
9 6.6 0.8727...

2
test statistic= » % = 2.4446..

i

or

55100l 1 .k ” —500 Tt is oft fer t the formul

ZF oo " Tse 1552 en easier to use the formula

=2.4446... 2N
i

v={3-T1x(2-1)=2 *— Contingency table therefore

degrees of freedom =z -1y — 1)
i 2
critical value = 42 (5%) =5.991 *— Look up the value under 0.05 in the
4 percentage points of the 7

(or CR: & > 3.531) distribution. Quote the figure in
full.

2.4446 <5951

so insufficient evidence to reject H,.

Mo association between age and colour preference.

© Pearson Education Ltd 2C
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Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 2
Exercise A, Question 16

Question:

A manufacture claims that the batteries used in his mobile phones have a mean
lifetitme of 360 hours and a standard dewiation of 20 hours, when the phone 12 left on
standby. To test thiz claim 100 phones were left on standby until the batteries ran flat
The lifetime £ hours of the batteries was recorded.

The results are as follows.

t 200— 20— 40— 250— 60— 30— 380— 400—
Frequency 1 9 28 a0 16 158 7 1

A researcher beliewves that a normal distribution might provide a good model for the
lifetime of the batteries
whe calculated the expected frequencies as follows using the distribution I ~. (360,207

: =320 | 320— | 340— | 355— | 365— | 370— | 3380— | 400—
Expected | 500 | 1359 | 2496 r s 1498 | 1350 | 228
frequency

a Find the values of # and =.
b Stating clearly your hypotheses, test, at the 1% lewel of significance, whether or
not this normal distribution 15 a suitable model for these data.

Solution:
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a p(355{ﬁ355;.=P[2{M]_p[zqw] _ x— i
20 20 TTaing z = :
= P(z < 0.25)— F(z < —0.25) &
=0 5987 -{1- 035987
=0.1974

r=01974 =100
*— You could uze the normal
=18.74 distribution to wotle out the
g=100-228-1359-24 26 -1274-14 98-1559- 228 | expected value. This is

=528 ruicker.

b H,: M~ (360,20) is a suitable model.
H,: I~ (360,200 15 not a suitable model

4 =340 | 340— | 355— | 365~ | 370— | 80—
Chserved 10 28 20 16 1s 8
frequency
Expected | 1087 | 2426 | 1274 | 9.28 14,95 | 1587
frequency

— gye _ 2 - 3
teststatistiu:=i.(o" ) :(10 15.87) + +m

E 1587 1587
=12.13
or
It iz often easier to use the formula
oF 107 52 PR o
Y L-N= +.+ ~100 YL -N.
E 1587 1587 =,

*— Degrees of
freedom =number of cells—1

since [ and o are given

Critical value ;1’_3 (1%) =15.086

*+—— Look up the value under 0.01 in the

- 2
12,153 =15.086 so accept H, . percentage points of the 2
distribution. Quote the figure in
The distribution can be modelled by full.

a 17 o (360, 20).

© Pearson Education Ltd 2C
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