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Exercise A, Question 1

Question:

a Describe what 15 meant by the expression “a statistical hypothesis’
b Describe the difference between the null hypothesis and the alternative

hypothesis.
¢ What symbols do we use to denote the null and alternative hypotheses?

Solution:

a This iz an assumption made about a population parateter that we test using evidence

from a sample.

b The null hypothesis 15 what we assume to be correct and the alternative hypothesis
1z what we conclude if our assumption 1z wrong,

¢  Mull Hypothesis = Hp  Alternative hypothesizs = Hy
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Exercise A, Question 2

Question:

Dimitri wants to see whether a die 15 biased towards the value 6.
He throws the die 60 times and counts the number of s1zes he gets.
a Describe the test statistic.

b Write down a suitable null hypothesis to test this die

¢ Write dowen a suitable alternative hypothesis to test thiz die.

Solution:

a The test statistic 15 N — the number of sixes.
1

h Hpp= E

1

‘mm L

c Hip z
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Exercise A, Question 3

Question:

=hell wants to test to see whether a coin 15 biased. She tosses the coin 100 times and
counts the number of times she gets a head.

a Describe the test statistic.

b Write down a suitable null hypothesis to test this coin.

¢ Write down a suitable alternative hypothesis to test this coin.

Solution:

a The test statistic iz AN —the number of times you get a head.
1
bh Huyp= 5

¢ Hip#s
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Exercise A, Question 4

Question:

Owver a long period of time it is found that the mean number of accidents. A,
occurring at a particular crossroads 15 4 per month MNew traffic lights are installed.
Jess decides to test to see whether the proportion of accidents has increased,
decreased or changed in any way.

a Describe the test statistic,

b Write down a suitable null hypothesis to test Jess’ theory.

¢ Write down three possible alternative hypotheses to test Jess” theory

Solution:

a The test statistic 15 the number of accidents (in a given month or other specified
time period).

h Ha A=4
¢ Change Hy: A #£4 (2 tail); or Decrease Hy: A <4 or Increase Hy: A = 4 (both one
tail).
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Exercise A, Question 5

Question:

In a survey it was found that 4 out of 10 people supported a certain particular
political party. Chang wishes to test whether or not there has been a change in the
proportion () of people supporting the party.

a Write down whether it would be best to use a one-tail test or a two-tail test.

Give a reason for your answer,

b Zuggest suitable hypotheses.

Solution:

a A two tail test would be best The support could get better or could get worse,
h Hpp=04
Hyi:p#£04
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Exercise A, Question 6

Question:

In a manufacturing process the proportion () of faulty articles has been found, from
long experience, to be 0.1,

The proportion of faulty articles in the first batch produced by a new process is
measured.

The proportion of faulty articles in this batch 15 0.0%.

The manufacturers wish to test at the 3% lewvel of significance whether or not there
has been a reduction in the proportion of faulty articles.

a Suggestazuitable test statistic,

b Suggest suitable hypotheses,

¢ Ezxplain the condition under which the null hypothesiz is rejected.

Solution:

a A suitable test statistic is p — the proportion of faulty articles in a batch

b Hypp=01 Hpp=01

¢ Ifthe probability of the propottion being 0.09 or less ig 3% or less the null hypothesis
1z rejected.
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Exercise A, Question 7

Question:

A spinner has 4 zides numbered 1, 2, 3 and 4. Hajdra thinks it iz biased to give a one
when spun. She sping 5 times and counts the number of times, A that she gets a 1.

a Describe the test statistics M

=he decides to do atest with a level of significance of 5%

b What values of M would cause the null hypothesiz to be rejected.

Solution:

a The test statistic 1z M — the number of times Hajdra getza 1.
b B35 025

AN 0 1 2 3 4 5
PN= ) [ 02570325 | 0.264 | 0.058 | 0.015 | 0.001]

There i a0.0154+ 0001 =0.016 = 1.6% chance of getting one 4 or 5 times,
There is a 0025+ 0,001 +0.0153=0.104 = 10.4% chance of getting one 3,4 or 3 times,

If A7 iz 4 or 5 then the null hypothesis would be rejected, since P(4 of more) = 1.6% < 2%
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Exercise B, Question 1

Question:

For each of the guestions 1 to 7 carry out the following tests using the hinomial
distrihution where the random variahle, X, represents the numher of successes.
Hy:p=025 H;: p=025 #=10,x=5 and using a % level of significance.

Solution:

Distribution B(10, 0.25)
Hy:p=025 Hy:p=025
PX=0=1-PX=4
=1-05219
=0.0781
00781 =005
There iz insufficient evidence to reject Hy.
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Exercise B, Question 2

Question:

Hy:p=040.H;: p =040, »=10,x=1 and using a 5% level of significance.

Solution:

Distribution B{10, 0.407%
Hy:p=040 H;:p <040
P =1 =0.0464
00464 =005
There 1z sufficient evidence to reject Hyp so 2 <= 0.04.
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Exercise B, Question 3

Question:

Hy p=030, Hy:p=030, »=20,x=10 and vsing a 5% level of significance.

Solution:

Distribution B{20, 0.307)
Hy:p=020 Hy:p=0230
PX=1=1-PX =%
=1-0.25520
=0.0430
0.0480 = 0.05
There 1z sufficient evidence to reject Hp so p = 0.30.
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Exercise B, Question 4

Question:

Hy p=045 H,: p <045, #=20,x=73 and using a 1% level of significance.

Solution:

Distribution B(20, 0.43)

Hy:p=045 H; p <045

B =3 =0.004%9

00049 =001

There iz sufficient evidence to reject Hy so p = 0,45,
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Exercise B, Question 5

Question:

Hy p=050;, Hy: p£ 050, #=30,x=10 and using a 5% level of significance.

Solution:

Distribution B(30, 0.50}

Hy:p=030 H;  p=0350

P =100 =0.04%4

0.04534 = 0.025 {two-tailed)

There 15 insufficient evidence to reject Hp
so there 15 no reason to doubtp =05,
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Exercise B, Question 6

Question:

Hy:p=026, H: p <028, #»=20,x=2 and using a 5% level of significance.

Solution:

Distribution B{20, 0.28)
Hy:p=028 H) . p <028
PA=2)=PE=0M+PE=1+F=2)
=10.7220 + 20x0.721%x0.28 + 190x0.7218x(0 282
=0.0014 + 00108 +0.0403
=0.0526
0.0526 = 0.05
There 15 insufficient evidence to reject Hy
so there 12 no reason to doubtp =0 25,
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Exercise B, Question 7

Question:

Hy p=032, Hy:p=032, #=8,x=7 and using a 5% level of significance.

Solution:

Distribution B(8, 0.32)
Hy:p=032 Hy p=032
PA=2T=PE=N+PX=8
=8 x0.3227x0.68 + 0.3
=0.001% + 0.0001
=0.0020
00020 =005
There 15 sufficient evidence to reject Hy so p = 0.32.
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Exercise B, Question 8

Question:

For each of the questions 8 to 10 carry out the following tests using the Poisson
distribution where A represents its mean.

Hy A=8,H,;:A=8, x=3 and vsing a 3% level of significance.
Solution:
Distribution Pa(s)
Hp:4=8 H;:1<8
DX = 3)=0.0424
00424 = 0.05

There is sufficient evidence to reject Hyso 1 < &,
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Exercise B, Question 9

Question:

Hy A=65H;: A <65, x=2 and using a 1% level of significance.

Solution:

Distribution Po(6.5)

Hop:d=65 H :1<65

PY=2)=00430

0.0420 > 0.01 {1% sig. level)

There iz insufficient evidence to reject Hp so there iz no reason to doubt 1 < 6.5
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Exercise B, Question 10

Question:

Hy A=55H;:A =55, x=18 and using a 5% level of significance.

Solution:

Distribution Po (5.3
Hyp:A=35 Hy:1=55
PX=8=1-PX=TN
=1-0.8085
=0.1505
01205 =005

There 1z insufficient evidence to reject Hp so there 13 no reason to doubt 1 > 5.5
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Exercise B, Question 11

Question:

The manufacturer of “Supergeld’ margarine claims that people prefer this to butter
Az part of an advertising campaign he asked 5 people to taste a sample of
"Supergold’ and a sample of butter and say which they prefer. Four people chose
"Supergold’. Assess the manufacturer’s claim in the light of this evidence. Tze a 5%
level of zignificance.

Solution:

Distribution B(S, 0.5)
Hy:p=025 Hy :p=03
PA=hH=1-PF=3
=1-08125
=0.1875
01875 =005
There 12 insufficient evidence to reject Hy (not significant).
There 15 insufficient evidence to suggest
that people prefer “Supergold’ to butter.
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Exercise B, Question 12

Question:

Ttossed a comn 20 times and obtained a head on & occasions. Is there evidence that
the coin 15 biased? Use a 2% two-tailed test.

Solution:

Distribution B(20, 0.50)

Hy:p=030 H; :p=050

PX=6)=00577

0.0577 = 0.025 {two tailed)

There 1z insufficient evidence to reject Hp 50 we conclude there 15 no evidence the coin 1s

brased.
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Exercise B, Question 13

Question:

A die ueed in playing a board game i suspected of not giving the number & often
enough. During a particular game it was rolled 12 times and only one & appeared.
Dioes this represent significant evidence, at the 3% lewel of significance, that the

probability of a & on this die is less than é?

Solution:

Distribution B(12, 1)

Hyp= % H p=< %
PX=1=PE=0M+P=1)
1
-7 )
=0.3213
03813 =005

There 1z insufficient evidence to reject Hy (not significant).

There 1z no evidence that the probability 15 less than é

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Statistics Z

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise B, Question 14

Question:

The success rate of the standard treatment for patients suffering from a particular

skin disease 12 claimed to be 68%,

a Inasample of » patients, X 15 the number for which the treatment is successful.
Write down a suttable distribution to model & Give reasons for your choice of
model

A random sample of 10 patients receives the standard treatment and in only 3 cazes

was the treatment succeszful It iz thought that the standard treatment was not as

effective as 1t 15 claimed.

b Testthe claim at the 5% level of significance.

Solution:

a
Distribution B, 0.68)

Fized number of trials.

Outcotnes of trials are independent

There are two outcomes success and failure,
The probability of success 15 constant

b
Distribution B{10, 0.68)
Hy:p=068 H;:p<068
PA=3=PE=00+PEA=1+DPA=2+PF=2)
= 032104 1000 32P(0.68) + 45(0.320%(0.63)% + 120(0.32)7(0. 68
=0.0000+ 00002+ 00023 +0.0130
=0.0155
0.0155 =005
There 1z sufficient evidence to reject Hp so p = 0 68
The treatment 15 not as effective as 15 claimed.
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Exercise B, Question 15

Question:

Every vear a statistics teacher takes her class out to observe the traffic passing the
school gates during a Tuesday lunch hour. Over the years she has established that the
average number of lotries passing the gates in a lunch hour 15 7.5 During the last 12
months a new bypass has been built and the number of lorries passing the school
gates in this yeatr's experiment was 4. Test, at the 3% level of significance, whether
of not the mean number of lotries passing the gates during a Tuesday lunch hour has
keen reduced

Solution:

Distribution Po(7.5)

Hyp:1=75 H; :4<75

PX=41=01321

0.1321 =005

There 1z insufficient evidence to reject Hy (not significant).

There 1z no evidence of a decrease in the number of lorries passing the gates in a lunch
hour.

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2

Edexcel AS and A Level Modular Mathematics

Exercise B, Question 16

Question:

Crver a long peried, John has found that the bus taking him to school arrives late on
average 9 times per month. In the month following the start of the new summer
schedule the bus arrives late 12 times. Assuming that the number of times the bus iz
late haz a Poisson distribution, test, at the 3% level of significance, whether the new
schedules have in fact increased the number of times on which the bus iz late, State
clearly your null and alternative hypotheses

Solution:
Distribution Po(9)

Hy:A=9 H A9
P8 =1=Dr=1))

=1-018758
=10.1242
01242 = 0.05

There 15 insufficient evidence to reject Hp (not significant).
There 15 no evidence that the new schedules have
increased the number of times the busg iz late.
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Exercise C, Question 1
Question:
For each of the questions 1 to 6 find the critical region for the test statistic X
representing the number of successes. Assume a hinomial distribution.
Hy:p=020; H;: p=> 020, =10 using a 5% level of significance.
Solution:
B(10, 0.2)
P4 =1-PX=3=1-03791=0120% =005
PA=0=1-PA=4)=1-09672=00328 < 0.05

The critical value 15 x = 5 and the critical region s X = 5
since PLA = 0 =0.0328 = 0.05,
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Exercise C, Question 2

Question:

Hy:p=015 H;: p <0.15; # =20, using a 5% level of significance.
Solution:

B(20, 0.15)

PX=1=01736 =005

PA=00= 00388 = 0.05

The critical value is x =0 and the critical region 1 X =0
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Exercise C, Question 3

Question:

Hy p=040. H;: p# 040, »=20, using a 5% level of significance (2.5% at
each tail).

Solution:

Ei20, 0.4)

PiX=41=00510>0025

PIX=3=00160=<0025

The critical value 1s x = 3
PiXz13)=1-PA=12=1-09730=00210 < 0.025
PiXz12)=1-PX=111=1-09435=00565 > 0025
The critical value 15 x =13

The critical region s & = 13 and X = 3.
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Exercise C, Question 4

Question:

Hy p=018, H;: p <0.18; # =20, using a 1% level of significance.

Solution:

B(20, 018}

PX=00=0824=00189 <0.05

PLX=1)=00189+20(0 82)17(0.18) = 0.0189 + 0.0829 =0.1018 = 0.05
The critical value is x = 0. The critical region 18 X =0,
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Exercise C, Question 5

Question:

Hy:p=063, H:p=>036; =10, using a 5% level of sigmficance.

Solution:

B(10, 0.63)
POX =10y = 0.6310 = 00098 < 0.05

POX = 9)=0.0098 + 10(0.63)° (0.37)=0.0675 = 0.05

The critical value 15 x = 10 and the critical region 15 &= 10.
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Exercise C, Question 6

Question:

Hy:p=022, H p£ 022, =10, using a 1% level of significance (0.003 at each
tail).

Solution:
B0, 0,22
PX=0y=07810=00834 = 0.005
PX=z6)=0010=0.005

PA="n=00016 <0005
Crticalregionis X = 7.
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Exercise C, Question 7

Question:

For each of the guestions 7 to 9 find the critical region for the test statistic X given
that X has a Po(%) distribution

H,:A=4, H;: A =4, using a 5% level of significance.

Solution:

Foid)
PX=81=1-PA=T7=1-0%483%=00511>0.05
PX=91=1-PA=3)=1-09%9736=00214 = 0.05
Crticalregionis X = 2.
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Exercise C, Question 8

Question:

Hy A=% H;:A <9 using a 1% level of significance.
Solution:

Po(9)

PX=2y=0.0062 <001

PX=3y=00212>001

Critical region 15 X = 2.
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Exercise C, Question 9

Question:

Hy:A=35,H;: A <35, using a 3% lewvel of significance.

Solution:

Po(3.3)
PY=0)=00302 =005
PXY=1)=01339>005
Critical region i X =10,
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Exercise C, Question 10

Question:

A seed merchant usually kept her stock in carefully monitored conditions. After the
Christmas holidays one year she discovered that the monitoring system had broken
down and there was a danger that the seed might have been damaged by frost She
decided to checl: a sample of 10 zeeds to see if the proportion p that germinates had
keen reduced from the usual walue of 083, Find the critical region for a one-tailed
test using a 3% level of significance.

Solution:

H~B{10, 0,85 let ¥~ B(10, 0.15)

Hy:p=08> H;:p<083

PiA=6)=P(Fz 4)=1-P(F=2)=1-053300=0.0500=0.05

Critical region s £ = 6.
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Exercise C, Question 11

Question:

The national proportion of people experiencing complications after hawing a
patticular operation in hospitals 13 20%. A particular hospital decides to take a
sample of size 20 from their records.

a State all the possible numbers of patients with complications that would cauce
them to decide that their propottion of complications differs from the national
figure at the 3% level of significance ensuring that the probability in each tail is
as near to 2 5% as possible.

The hospital finds that out of 20 such operations, 8 of their patients experienced

complications.

b Find critical regions, at the 2% level of significance, to test whether or not their
propottion of complications differs from the national proportion The
probability in each tail should be as near 2.5% as possible,

¢ State the actual significance level of the abowve test

Solution:
X ~B{20, 020
a

Hy:p=020 Hy - p=020

PiA=11=006%2

PX=0y=00115

{0015 nearest to 0.025)

critical value =10

PAX=29=1-PX= &=1-02%00=00100
PIX=8)=1-FXF< N=1-0978=00321
critical value = 8 {0 0321 nearer to 0.025)
Crtical region & = 0 and & = 8.

b X==%1izin the critical region. There 1z encugh evidence to reject Hp.
The hospital’s propottion of complications differs firom the national figure.

¢ Actual sigmificance level 15 0.0115 40,0321 =0.0436
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Exercise C, Question 12

Question:

Ower a number of years the mean number of hurricanes experienced in a certain area
during the month of August 15 4. A& scientist suggests that, due to global warming,
the number of hurricanes will have increased, and proposes to do a hypothesis test
kazed on the number of hurricanes this year.
a Suggest suitable hypotheses for this test,
b Find to what lewel the number of hurricanes must increase for the null hypothesis

to be rejected at the 5% level of significance.
¢ The actual number of hurricanes this year was 8. What conclusion did the scientist

cotme to?

Solution:

Pod)

a Hpd=4H;:4 =4

h PA=8)=1-PX="7=1-0243%=00511>0.05
PX=9)=1-PX= 3)=1-09736=00214 < 0.05
Criticalregion1: X = 9.

¢ 818 not in the critical region. The scientist concluded
there was not encugh evidence to suggest an increase
it the number of hurricanes,
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Exercise C, Question 13

Question:

An estate agent usually sells properties at the rate of 10 per week.

During a recession, when money was less available, over an eight-week period he
sold 55 properties.

TTzing a suitable approximation test, at the 3% level of significance, whether or not
there is evidence that the weelly rate of sales decreased.

Solution:

Ho:Ad=10 H;:1<10

Let ¥=properties sold in 8 weeks

Tnder Hp ¥~ Po(B0)

P(Y =55 = P(W < 55.5) where W~ MNi{B0, 800

T 2{55.5—80]
J30

=1-P(Z <274

=1-10.9570

=0.0030

0.0030 = 0.05 Reject Ha,

There 1z evidence that the rate of weekly zales has decreased.
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Exercise C, Question 14

Question:

A manager thinks that 20% of hiz workforce are absent for at least one day each
month. He chooses 100 workers at random and finds that in the last month 2 had

been absent for at least one day.

Tsing a suitable approximation test, at the 5% lewel of significance, whether or not
this provides evidence that the percentage of worlcers that are absent for at least 1

day per month 15 less than 20%.

Solution:

B(100, 0.2)

Hy:p=02 H) p=02

FiX=2)=P(¥= 25 where ¥~ N 20,49
2.5—20]

N3

P(Y<25)=P [z::

=1-P{Z=47375)
=0.000 < 0.05
Eeject Hy

There 1z evidence that the percentage of wotlcers

who are absent for at least 1 day per month 12 less than 20%.
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Exercise D, Question 1

Question:

Mai commutes to work five days a week on a train. She does two journeys a day.
Cwer a long period of time she finds that the train iz late 20% of the time.

A new company takes over the train service Mat uses. Mai thinks that the service
will be late more often. In the first week of the new service the train iz late 3 titnes.
Tou may assume that the number of times the train is late in a week has a binomial
distribution,

Test, at the 3% lewel of significance, whether or not there is evidence that there iz an
increase in the number of times the train is late. State vour hypothesis clearly.

Solution:

H~B{10, 020

Hy:p=020 H :p=020

PiX==1-PXA =2 =1-06778=03222

02222 =005

There 15 insutficient evidence to reject Hp.

There 15 no evidence that the trains are late more often.
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Question:

Crrer a long pertod of time it was observed that the mean number of lorries passing a

hospital was 7.5 every 10 minutes.

A new by-pass was built that aveided the hospital. In a survey after the by-pass was

opened, it was found that in one particular week the mean number of lorries passing

the hospital was 4 every 10 minutes. It iz decided that a significance test will be done

to test whether or not the mean number of lorries passing the hospital has changed.

a  State whether a one- of two-tailed test will be needed. Give areason for your
ANSWET,

b Write down the name of the distribution that will be tested. Give areason for
yvour choice.

¢ Carry outthe significance test at the 3% level of significance.

Solution:

a A two-tail test will be needed. We are looking to see

if the number of lorries has changed
b X~ Pol7 2 Lorries arrive independent of each other, singly and at a constant rate.
¢ Hp:A=75 Hy:1=75

PlA=4=01321

0.1321 = 0.025

There iz insufficient evidence to reject Hy,

There iz no evidence that the rate at which lorries pass the hospital has changed.
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Question:

& marketing company claims that Chestly cheddar cheese tastes better than
Cumnauld cheddar cheese.

Five people chosen at random as they entered a supermarket were asked to say
which they preferred. Four people preferred Chestly cheddar cheese.

Test, at the 2% level of significance, whether or not the company s claim is true.
state vour hypothesis clearly.

Solution:

A~ B(5, 0.50%

Hy:p=030 H :p=0350
PXz4=1-PX=3) =1-08125=01873
01875 =005

There 1z insufficient evidence to reject Hp. There 15 insufficient evidence that the
company s claim 15 true.
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Question:

In 2006 and 2007 much of Greebe suffered earth tremors at arate of 5 per month.

A survey was done in the first two months of 2008 and 13 tremors were recorded.
Stating vour hypothesis clearly test, at the 10% level of significance, whether or not
there 15 evidence to suggest the rate of earth tremors has increased.

Solution:

X~ FPolll

Hy:4=10 H;:1=10

PX=13=1-PH=12) =1-07216=02024

02084 =0.10

There is insufficient evidence to reject Hp,

There 15 no evidence that the rate of tremors has increased.
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Question:

Historical information finds that nationally 30% of cars fail a brake test

a (ive a reason to support the use of a binomial distribution as a suitable model
for the number of cars failing a brake teat.

b Find the probability that, of 5 cars taking the test, all of them pass the brake test

A garage decides to conduct a survey of their cars. A randomly selected sample of

10 of their cars iz tested. Two of them fail the test.

¢ Test, at the 3% level of significance, whether or not there iz evidence to support
the suggestion that cars in this garage fail less than the national average.

Solution:

a Fized number; independent trials; two outcomes (pass or fail);
p constant for each car

h X~B({5 030
P(all pass) =0.70% = 0.16807
c K~B(10, 03
Hy:p=030 H;:p=<0230
Pl =21=03328
0.3828 = 0.05

There 15 insufficient evidence to reject Hy. There 15 no evidence
that the garage fails fewer than the national average.
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Question:

a Ezplain what vou understand by an hypothesis test.
During a garden fete cups of tea are thought to be sold at a rate of 2 every minute.
To test this, the number of cups of tea sold during a random 30-minute interval 1z

recorded,
b State one reason why the sale of cups of tea can be modelled by a Poisson
distribution,

¢ Find the critical region for a two-tailed hypothesis that the number of cups of tea
sold occurs at arate of 2 every minute. The probability in each tail should be as
cloze to 2 5% as possible.

d  Write down the actual significance level of the abowe test

Solution:

a A hypothesiz test about a population parameter Jtests a null hypothesiz Hy which
specifies a particular value for & against an alternative hypothesis Hy which is that
Fhas increased, decreased or changed.

H; wrll indicate if the test 15 one-or two-tailed.
b Toucan count the number of cups of tea that were served in a given

time interval (20 minutes). (Y ou cannot count the number of of cups that were »oe
served.

c X~Told)
Hy:A=2 H;y:1=2
PA=0=01353>0025
Mo lower critical value
PX=0=1-PK=4) =1-09%73=00527
PX=81=1-PK¥=5 =1-0%534=00166
Crntical value x = 6 since 0.0166 1z cloger to 0.025
Critical region 15 X = 6.

d Actual level of significance = 0.0166
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Question:

The probability that Jacinth manages to hit a coconut on the coconut shy at a fair 1z
0.4, She decides to practise at home. After practising she thinks that the practizing

has helped her to improve. After practising Jacinth 15 going to the fair and will have
20 throws,

a Find the critical region for an hypothesis test at the 3% level of zsignificance.
After practizing, Jacinth hitz the coconut 11 times,

b Determine whether or not there 1z evidence that practizing has helped Jacinth
improve. State your hypothesis clearly.

Solution:

a X~B(20, 04
Hy:p=040 H;:p =040
PX=12=1-PX =110 =1-09435=0.055 > 0.05
PX=z13=1-PX=12) =1-09720=0.0210=0.05
Critical region 1z X = 13

b Hp:p=040 H;:p=040
111z not in the critical region.

There 15 insufficient evidence to reject Hp. There 15 no evidence that practice has
improved Jacinth’s throwing
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Question:

The proportion of defective articles in a certain manufacturing process has been

found from long experience to be 0.1

A random sample of 50 articles was taken in order to monitor the production. The

number of defective articles was recorded.

a Using a 2% level of significance, find the critical regions for a two-tailed test of
the hypothesis that 1 in 10 articles has a defect. The probability in each tail
should be as near 2.3% as possible,

b State the actual significance level of the abowve test.

Another zample of 20 articles was taleen at a later date. Four articles were found to

be defective.

¢  Testat the 10% significance level, whether or not there 1z ewvidence that the
proportion of defective articles has increased. State your hypothesiz clearly.

Solution:

a X~B0 0.1
Hy:p=010 H;:p=0.10
PA=1=003238
PX=0=010052
Critical value x =1 {00238 nearer to 0.023)
PXz9=1-PX=8 =1-09421=00379
PAX=1=1-PX =% =1-09755=00245
Critical value x = 10
Crticalregion X = 1 and X = 10.

b Actual significance lewel = 0.0338 + 00245 = 0.0583

c B20,071)
Hy:p=01 H;:p=01
PXz4=1-FPX=3)
=1-0.8670
=0.133
0133 =01
Arccept Hy. There s no ewvidence that the proportion of defective articles has increased.
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Question:

It 1z claimed that 50% of women use Oriels powder. In a random survey of 20
women 12 said they did not use Oriels powder.

Test at the 5% significance level, whether or notthere 15 evidence that the proportion
of wotnen using Oriels powder 13 0.5, State yvour hypothesis carefully.

Solution:

K~B(20,0.5)

Hy:p=030 H :p=0350

& uzed Oriels poweder,

PlX=8=02517

0.2517 = 0.025

There 1z insufficient ewvidence to reject Hy.
There 12 no evidence that the claim 12 wrong
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Question:

A large caravan company hires caravans out for a week at a time. During winter the

mean number of caravans hired 13 & per week.

a Calculate the probability that in one particular weelt in winter the comp any will
hire cut exactly 4 caravans.

The company decides to reduce prices in winter and do extra advertising. This

results in the mean number of caravans being hired outrising to 11 per week,

b Test, at the 2% significance level, whether or not the proportion of caravans
hired out has increased. State your hypothesis clearly.

Solution:

a A~ FPol(f)
PA=4=PA=dH-PA=3=02851-01512=0.1329

b Hp:i=6 H;:1=6
PX=110=1-PX=10h=1-05574=00426
0.0426 < 0.05

There 1z sufficient evidence to reject Hy.

There 1z evidence that the rate of hiring caravans has increased.
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Exercise D, Question 11

Question:

The manager of a superstore thinks that the probability of a person buying a certain

make of computer 15 only 0.2,

To test whether this hypothesis 15 true the manager decides to record the make of

computer bought by a random sample of 30 people who bought a computer.

a Find the critical region that would enable the manager to test whether or not
there iz evidence that the prob ability i different from 0.2, The probability of
each tail should be as closge to 2.5% as possible

b Write dowen the significance level of this test.

13 people buy that certain malke.

¢ Carry outthe significance test State yvour hypothesis clearly.

Solution:

A-B(0, 02

a PY=4=00185 (closer to 0.025)
X =5 =00480
c1=4
PX=160=1-PX=151=1-096592=0.0308
PX=1T=1-PX=161=1-09856=0.0144
oz = 16 (00308 nearer to 002507
Critical region 15 ¥ =4 and &= 16,

b Actual significance lewel = 00185+ 00308 =0.0493
c Hy:p=02 H :p=02

1313 not in the critical region.

There 1z insufficient evidence to reject Hy.

There iz no evidence to suggest that the propottion of people
buying that certain make of computer differs from 0.2,
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Question:

At one stage of a water treatment process the number of particles of foreign matter
per litre present in the water has a Potsson distribution with mean 10, The water then
enters a filtration bed which should extract 72% of foreign matter,

The manager of the treatment works orders a study into the effectiveness of this
filtration bed. Twenty samples, each of 1 litre, are taken from the water and é4
patticles of foreign matter are found.

Tsing a suttable approximation test, at the 5% level of significance, whether or not
there 1s ewvidence that the filter bed 1z failing to work properly.

Solution:

Po(50) since 1f 75% removed then A=20x(0.25x 10)
Hop:A=350 H;:4=30
PX = 6d) e P(Y > 63.5) where ¥~ N30, 50}
[ 63.5—50]
mPl2r—————

50

=1-05718

=0.0282

0.0281 =< 0.05 Eeject Ho

There 1z evidence that the filter bed 15 failing to work properly.
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Question:

A shop finds that it sells jars of onion marmalade at the rate of 10 per week. During a
telewizsion cookery program, onion marmalade 15 uzed in a recipe.

Crrer the next six weeks the shop sells 84 jars of onion marmalade. Using a suitable
approximation test at the 5% significance lewel whether or not there 1z evidence that
the rate of sales after the television program has increased as a result of the televizsion
progra.

Solution:

Po (60)
Hy:A=60 H 4> 60
PLX = 84) = P(F 283.5) where ¥~ (60, 60)

HP[Z}BB.S—&]]

J60

=1-0593%9

=0.0011

00011 = 0.05 Reject Ha.

There 15 evidence that the rate of sales of onion marmalade
haz increased after the program.
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Question:

A manufacturer produces large quantities of patterned plates. Tt 15 known from
previous records that 6% of the plates will be seconds because of flaws in the
patterns.

To verify that the production process 13 not getting worse the manager takes a
sample of 150 plates and finds that 15 have flaws in their patterns. Use a suitable
approzimation to test, at the 5% significance level, whether or not the process 13
getting worse.

Solution:
E(150, 0.08)
Hy:p=00& H . p=006
#ig large (1500, p 1z small (0.06)

so a Poisson approzmimation should be used

A=wnp=150x006=5

e Fo (9

Tppertall PLY = 12 =1— PLY =14)
=1— 09585
=0.0415 =005

Eeject Hy.

There 1z evidence that the process 18 getting worse.
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Question:

Tack grows apples Ower a pertod of time he finds that the probability of an apple
keing below the size required by a supermarket 15 0.45

He has recently set another orchard using a different variety of apple. & sample of
200 of this new type of apple had 60 rejected as being undersize.

Tze a suitable approximation to test, at the 5% significance level, whether or not the
new variety of apple is better than the old type of apple.

Solution:

B(200, 0.45
Hy:p=045 Hy :p=<045
PiX =6 =D(F = 60.5) where ¥~ A90, 49.5)
_ s 60.5—90]
F [Z 9.5
=P {(Z=-41%
=0.0000 =005
Eeject Hp.

The new wariety 15 better.
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