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Exercise A, Question 1

Question:

Find the upper 5% critical value for a &, , -distribution in each ofthe following cases:
a a=124=1E,

b a=45=11,

c a=6h=9.

Solution:

a 2.34
L 335
c 337
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Exercise A, Question 2

Question:

Find the lower 5% critical value for a F, ,-distribution in each of the following cases:
a a=6h=5,

b a=254=12,

c a=5h=5,

Solution:

1
a — =0.241
Fog

! =04&3

o

i

|

c =0.198

e

S5

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Statistics 4 Pagel of 1

Solutionbank S4
Edexcel AS and A Level Modular Mathematics
Exercise A, Question 3

Question:

Find the upper 1% critical value for a &, ,-distribution mn each of the following cases:
a a=12b=15,

h a=6&=16,

c a=5h=9.

Solution:

a 337
b 4.20
c 608
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Exercise A, Question 4

Question:

Find the lower 1% critical value for a F, , -distribution i each of the following cases:
a a=3h=12,
b a=84i=12,
c a=5h=12.

Solution:

a < e 0.0370

oz

b =0.176

=0.101

1
F].‘J.S

1
R t
s
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Exercise A, Question 5

Question:

Find the lower and upper 5% critical value for a &, , -distribution 1n each of the

tollowing cases:
a a=ab=10,

b a=125=10,
c a=3h=5,

Solution:

a 3.07",L =0.259

104

b 291, =10.364

1.1z

c 5.41,L0.11]
53
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Exercise A, Question 6

Question:

The random wvartable X follows a Fy 1, -distribution.
Find P(X <0.5).

Solution:

P(X <0.5) =P(Fy, <0.5)

1
=PI, =
(Haso 0.5)

= P(Fy>2)
From the tables f, (005 =2
SR Py = 2 =P(Fg < 0.5)=0.05
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Exercise A, Question 7

Question:

The random variable X follows a B, , -distribution.

Find P : <X =328
2.85

Solution:

P(X <3.28) = 1- P(F,, > 3.28)
=1-005=1095
P(X <L) = P(fg <L)
285 285
— P(E,, > 2.85)
“P(X < y=0.05
2.85

1
2.85 )

P|'§ ! L xe308 "|= DX < 3.28)—P|r}{ <
| 285

=0.95-0.05
=090
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Exercise A, Question 8

Question:

The random wvariable & has an F-distribution with 2 and 7 degrees of freedom.
Find P{X =955}, [E]

Solution:

P(X <955)=1-P(F,, »955)
=1-0.01
=0.99
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Exercise A, Question 9

Question:

The random variable X follows an F-distribution with & and 12 degrees of freedom.
a ohow that P{022< X =200)=09,

A large number of values are randomly selected from an F-distribution with & and 12

degrees of freedom.

b Find the probability that the seventh walue to be selected will be the third value to
lie between 0.25 and 3.00. [¥]

Solution:

a P(X <3.00)=1-P(F, > 3.00)
=1-0.05=0095

1
P(X > 025 =P(F,, > —
( el

=P(F, ;=4
=0.95
P{0.25<¢ X <3) =095-0.05
=0.90
b L0901 %09=000109
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Exercise B, Question 1

Question:

Eandom samples are taken from two normally distributed populations. There are

11 observations from the first population and the best estimate for the population
variance is s° = 7.6. There are 7 observations from the second population and the best
estimate for the population variance is & = 6.4,

Test, at the 5% level of significance, the hypothesis H,: o = 0. against the

alternative hypothesis H,: o)* > a,°.

Solution:

Critical value 15 Fp, =406

7.6
Fu == 11875

fiot in critical region

accept H—there is evidence to suggest that o =
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Exercise B, Question 2

Question:

Eandom samples are taken from two normally distributed populations. There are 25
ohezervations from the first population and the best estimate for the population variance

iz 5° =0.42. There are 41 observations from the second population and the best
estimate for the population variance is & =0.17.
Test, at the 1% significance level, the hypothesis Hy: o =&, against the alternative

hypothesis H, o = o,

Solution:

Crtical value 15 H, =229
_ D42

test

=2.4706

In critical region

reject H, — there iz evidence to suggest that o > o
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Exercise B, Question 3

Question:

The variance of the lengths of a sample of 9 tent-poles produced by a machine was
63mm* . A second machine produced a sample of 13 tent-poles with a variance of
225mm? . Both these values are unbiased estimates of the population variances.

a Test, at the 10 % level, whether there 15 evidence that the machines differ in
vartiability, stating the null and alternative hypotheses.

b State the assumption you have made about the distribution of the populations in
order to carry out the test in part a. [¥]

Solution:

a H:ol=c H o #c
352

=)

Critical value 15 f,,
229
o=t =857
tect 63

In critical region
reject H, — There 1z evidence to suggest that the machines differ in variability

b Population distributions are assumed to be normal
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Exercise B, Question 4

Question:

Eandom samples are taken from two normally distributed populations. The size of the
sample from the first population 15 #; =13 and this gives an unbiased estimate for the

population variance 512 =364 The figures for the second population are #, =7 and
5 =526

Test, at the 5% significance level, whether o} =2 orif of > a7,

Solution:

Critical value 15 5y, =285

wile Oy s
26.4

test

not in critical region
accept H—there is evidence to suggest that o] =0
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Question:

Dining chairs Ltd are in the process of selecting a make of glue for using on the joints
of their furniture. There are two possible contenders — Goodstick which 15 the more
expensive, and Holdtight, the cheaper of the two.

The comp any are concerned that, while both glues are said to have the same adhesive
power, one might be more variable than the other.

A series of trials are carried out with each glue and the joints tested to destruction The
torce in newtons at which each joint failed is recorded. The results are as follows:

Goodstick 10.3 8.2 95 9.9 11.4
Holdtight Q4 10.8 9.9 10.8 10.0 10.2

a Test, at the 10% significance level, whether or not the variances are equal
b “Which glue would vou recommend and why?

Solution:

A Ohpes = 1.363
O = 0.24167
Critical value 13 7 ;=519

_ 363 _
0.24167

In critical region
reject H—there 15 evidence to suggest that the variances are not equal

toct

b Heldtight as it 15 less variable and cheaper.
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Exercise B, Question 6

Question:

The closing balances, £x, of a number of randomly chosen bank current accounts of
two different types, Chegrit and Dicaball, are analysed by a statistician. The summary
statistics are given in the table below.

Sample size Sx S
Chegnit 4 276 143 742
Dicabalk 15 354 102 341

stating clearly your hypotheses test, at the 10% significance lewvel, whether or not the
two distributions have the same variance. (T ou may assutne that the closing balances
of each type of account are normally distributed.) [E]

Solution:

Opregs = 22 143.286

R )

Critical valueis Fp, = 285
_22143.286

6570 85238
Tn critical region — there 15 evidence to suggest that their variances differ

= 33699
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Exercise B, Question 7

Question:

EBighorough council wishes to change the bulbs in their traffic lights at regular
intervals so that there 15 a very small probability that any light bulb will fail in service.
The council are anxzious that the length of time between changes should be as long as
possible, and to this end they have obtained a sample of bulbs from another
manufacturer, who claims the same bulb life az their present manufacturer. The
council wishes therefore to select the manufacturer whose bulbs hawe the smallest
Variafce,

When they last tested a random sample of 9 bulbz from their present supplier the
sunmary results were Zx = 9415 hours, sz = DHE3 681, where x represents the

lifetime of a bulb.

A random sample of 8 bulbs from the prospective new supplier gave the following
bulb lifetimes in hours: 1002, 1018, 243, 1030, 234, 263, 1043, 994

a Calculate unbiased estimates for the means and variances of the two populations,
Azsuming that the lifetimes of bulbe are normally distributed,

b test, atthe 10% significance lewel, whether or not the two wariances are equal.

¢ State your recommendation to the council, giving reasons for your choice.

Solution:

a w=1046 &' =181811 and p, =99775 & =1200.21
b Crtical value 18 f, =3.73

_ 118111,

0021

not in critical region

5148

accept Hy—there 15 evidence to suggest that LTf = (_Tg

¢ Use present supplier who appears to have a higher mean
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Question:

A random sample of 10 toothed winkles was taken from a sheltered shore, and a
sample of 15 was taken from a non-sheltered shore. The maximum basal width,
(x mm), of the shells was measured and the results are summarised below,

Sheltered shore: T=25,5° =4 MNon-sheltered shore: T =222 =53,
a Find a 95% confidence interval for the difference between the means.
b State an assumption that you have made when calculating this interval.

Solution:

2o OxX4)+(14x53)
: 10+15-2
5, =2.189

£5(2.5%) = 2.069

(25—22)12.063x2.189, i+i =311.845
15 10

= (1.151,4.849)

b Independent random samples, normal distributions, common wariance

=47313
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Question:

A packet of plant seeds was sown and, when the seeds had germinated and begun to
grow, 8 were transferred into pots containing a sotl-less compost and 10 were grown
oft i a soil-based compost After & weeks of growth the heights, x, in cm of the plants
were measured with the following results:

soil-less compost: 2.3, 27, 78, 100,92, 95,759 89

Sotl-based compost: 12,8, 13,1, 11.2, 1001, 13,1, 12.0, 12,5, 11.7, 11.9, 12.0.
Azsuming that the populations are normally distributed, and that there iz a difference
between the two means calculate a 90% confidence interval for this difference.

Solution:

T, =89125, & =058125
T, =1204 1 =084933
o (7x0.58125)+(9x0.84933)
B 10+8-2
5, = 0855
4 (5%) = 1.746

(12.04 -8.9125)£1.746x 0,555 %+% =3 1275107081

= (2.419,3.836)

=0.731%
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Exercise C, Question 3

Question:

Fotty children were randomly selected from all 12-year-old children in a large city to
compare two methods of teaching the spelling of 50 words which were likely to be
unfamiliar to the children Twenty children were randomly allocated to each method
Six weeles later the children were tested to see how many of the words they could spell
correctly. The summary statistics for the two methods are given in the table below,
where X is the mean number of words spelt correctly, &° is an unbiased estimate of
the variance of the number of words spelt correctly and » 12 the number of children
taught using each method.

2

X 5 7
Method A 327 & 18 20
MMethod B 382 5 o8 20

a Calculate a 29% confidence interval for the difference between the mean numbers
of words spelt correctly by children who used IMethod B and Iethod A

b State two assumptions you have made in carrying out part a

¢ Interpret your result

Solution:
19%6. 17 )+(19%x5.2%
a s§={ J { ]=32.125
20+20-2
5, = 566789

£,(0.5%) = 2.712

(38232127125 66789 2—10 +% =55%4 86083

= (0.6352,10.3608)

b normality and equal variances
¢ zero not in interval = method B seems better than method A
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Exercise C, Question 4

Question:

The table below shows summary statistics for the mean daily consumption of
cigarettes by a random sample of 10 smokers before and after their attendence at an
anti-smoking workshop with ¥ representing the means and s° representing the
unbiazed estimates of population wvariance in each case.

x _5'2 I
Mean daily consumption before the workshop 186 32481 10
Mean daily consumption after the workshop 14.3 33.344 10

stating clearly any assumption you make, calculate a 0% confidence interval for the

difference in the mean daily consumption of cigarettes before and after the workshop.

Solution:

Azsume same variances and that the population of differences is normally distributed
2 (932488 )+ (5 =33.344 )
g = =

: =32.916
10+10-2

s, = 573725
£ (5%%) = 1.734

(18.6-14.3)£1.734 x573725, f% +% =4 3+4.44905

= (0.149,8.749)
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Question:

A random sample of size 20 from a normal population gave ¥ =16,5° =12.

A second random sample of size 11 from a normal population gave ¥ =14,5° =12.

a Assuming that the both populations have the same variance, find an unbiased
estimate for that variance.

b Test, at the 5% level of significance, the suggestion that the two populations have
the same mean

Solution:

2 (15x12)+(10x12)
BT e
b Hyopy, =ty Hyo gy, = oy
critical value £, (0.025)=2.045
critical region iz £ = —2.045 and £ =2.045

g:M:ljgg

gy fhusye L
20 11

Mot in critical region — do not reject Hy

=12 0 5, =12 = 3464

a

There 15 evidence to suggest that the populations hawe the same mean
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Exercise D, Question 2

Question:

Salmon reared in Scottish fish farms are generally larger than wild salmon
A fisherman measured the length of the first & salmon caught on hiz boat at a fish
farm. Their lengths in centimetres were

428,400,382, 37.5,37.0,36.5.
Chefs prefer wild salmon to fish-farmed salmon because of their better flavour. A chef
was offered 4 salmeon that were claimed to be wild Their lengths in centimetres were

420,430,415, 400
Tse the information given abowe and a suitable £-test at the 2% level of significance to
help the chef to decide if the claim iz likely to be correct. You may assume that the
populations are normally distributed.

Solution:

Hyop=uy H: i =g
T=B86E 5l=5587]
% =41:625 wh=15625
,_ (5%5.5827)+(3x 1.5625)
L 6+4—2
critical value £(0.05) =186

critical region § =1.860
. (41.625-38.67)-0

2.I2I]87"\/l+l
& 4

Inn the critical region —reject H, there 15 evidence to suggest that the salmon are wild

=4075 so g, = 4075 =2.0187

=2.270
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Exercise D, Question 3

Question:

In order to check the effectiveness of three drugs against the E. coli bacillus,
15 cultures of the bacillus (5 for each of 3 different antibiotics) had discs scaked in the
antibiotics placed 1n their centre. The 15 cultures were left for a time and the area in

cm?® per microgram of drug where the E. coli was killed was measured. The results for
three different drugs are given belows:

Streptomycin 0210, 0.252, 0.251, 0.210, 0.256, 0.253

Tetracycline 0,123, 0.0%0, 0,123, 0.141, 0.142, 0.052

Erythromycin 0134, 0,120, 0,123, 0.210, 0,134, 0.124

a It was thought that Tetracycline and Erythromycin seemed equally as effective.
Aszsuming that the populations are normally distributed, test this at the 5%
significance level

b Streptomycin was thought to be more effective than either of the others. Treating
the other 2 as being a zingle sample of 12, test thiz assertion at the same level of
significance.

Solution:

a % =01185 &° =00005227
TIZ0H495 B 20001319
2 (5x0.0005227 )+(5x0.0011319)
T 6+6—2
Hy:w=p H:u#zp
critical value £, (0.025)=2228
critical region £ S—2228 and £ 22228

. (0.1425-0.1185)-0 —1445

Eﬁl.lll287"t‘?3\(l+l
& 6

=0.000827 50 5, = 0000827 = 002876

not in the critical region —accept Hy, there is evidence to suggest that Tetracycline

and Erythromyein are equally as effective

b % =02387, &®=0.0004959
% = 01305, s, =0.000%09
2 (11x0.000908 )+ (5% 0.000495% )
T 1246-2
Hy:pwo=p, Hyop, =,
critical value £, (0.05)=1"746

critical region ¢ =1 746

0.2387-0.1305)-0
z={ ) =775

D.E]27"9\,i+l
12 6

in the critical region —reject H, . There ig evidence to suggest that Streptomycin is

=0.000780, so 5, = 0000780 =0.0279

more effective than the others.
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Question:

To test whether a new version of a computer programiming language enabled faster
task completion, the same task was performed by 16 programmers, divided at random
into twe groups. The first group used the new version of the language, and the time for
task completion, in hours, for each programimer was as follows:

49 6.3 96 52 41 7240

The second group used the old version, and their times were summarised as follows:

gl Fhe= 01 0 B tee o

a State the null and alternative hypotheses,

b Perform an appropriate test at the 5% level of significance.

In order to compare like with like, experiments such as this are often performed using
the same individuals in the first and the second groups.

¢ (ive a reason why this strategy would not be appropriate in this case. [E]

Solution:

a Hy:lw = M Hi0lon ® Mg

b %, =7.911 & =>5206

&

X, =59 s =398

6% 3.98)+(8x5.206
s;:{ - TJ; ; )=4.6806 5o 5, = /46806 = 2.1635
+ (-

Crtical value £, =1.761

critical region £ =1.761

7.911-559)-0

( ) =1.84444

2.1635|fl+l
8 7

significant — there iz evidence to suggest that new language does improve time,
¢ Once task is solved the programmer should be quicker next time with either
language.

Test statistic £=

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Statistics 4 Pagel of 1

Solutionbank S4
Edexcel AS and A Level Modular Mathematics

Exercise D, Question 5

Question:

A company undertakes investigations to compare the fuel consumption, x, in miles per
gallon, of two different cars, the Volcera and the Spintono, with a view to purchasing
anumber as company cars,

For arandom sample of 12 Velceras the fuel consumption s summarised by

S V=384 and > P =12480.
A& statistician incorrectly combines the figures for the sample of 12 Volceras with
thoze of a random sample of 15 Zpintonoes, then carries out calculations as if they are
all one larger sample and obtains the results ¥ =34 and &° = 23.

a Show that, for the sample of 15 Spintonos, Zx= 534 and sz =19330,

Given that the variance of the fuel consumption for each make of car is o°

b obtain an unbiased estimate for o .

¢ Test, at the 5% level of signifance, whether there is a difference between the mean
fuel consumption of the two models of car. State vour hypothese and conclusion
clearly.

d State any further assumption vou made in order to be able to carry out vour test in
c.

e (ive two precautions which could be taken when undertaking an investigation into
the fuel consumption of two models of car to ensure that a fair comparizon 13 made.

[E]
Solution:

a  27x34-334=534=17%
5 Dy, 1B
27-1 27(27-1)
Ty =31 810
31810-12480 =19330= 3 x°
b %, =32 & =1745
X, =356, s°=22829
. (14x22.829)+(11x17.45)
¥ 12 ig

384 + 534 =918

= 20464

c Hyop=pn, H p #p
Critical value £, (0.025) = 2.060
Critical region £ =—2 060 and § = 2040
- (35.6-32)-0

— = =20547 —accept H; —no evidence to suggest difference in
-4.52-41’i+i
15 12

treans

d normality
e same types of driving, roads and weather
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Question:

It 15 claimed that completion of a shorthand course has increased the shorthand speeds
of the students.

a Ifthe suggestion that the mean speed of the students has not altered is to be tested,
write down suitable hypotheses for which 1 a two-tailed test is appropriate, and il a
one-tailed test iz appropriate.

The table below gives the shorthand speeds of students before and after the course.

Student A B C D E ¥
Speed hefore in words/minute 35 40 2R 45 30 32
Speed after 42 45 28 45 40 40

b Carry out a paired i-test, at the 5% significance level, to determine whether or not
there has been an increase in shorthand speeds.

Solution:

ail Hp u,=0H u,=0
o H, p,=0H: u,=0

b Dd=30 Dat=0238
d =5

o 2
slaaed 10 sujoe

g =4.185
Critical value £,(5%) =2.015
The critical region s £ > 2.015
.

4185

5

= 2919
In the critical region —reject H, .

There 15 evidence to suggest that there has been an increase in shorthand speed
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Exercise E, Question 2

Question:

A large number of students took two General Studies papers that were supposed to be
of equal difficulty. The results for 10 students chosen at random are shown below:

Candidate A B C D E F G H I J
Paper 1 18 25 40 10 33 20 25 35 18 43
Paper 2 20 27 39 12 40 23 20 35 20 41

The teacher looked at the marks of a random sample of 10 students, and decided that
paper 2 was easier than paper 1.

Given that the marks on each paper are normally distribute d, carry out an appropriate
test, at the 1% lewel of significance.

Solution:

Hy: o =0H =0

Zai' =5 Zdz =59
d =05
E 2
2= w =& 278
& =2.50555
Critical value £{1%) = 2.821

The critical region iz § = 2,821,
0.5-0
T 250555
:;10
= 0&31

Mot in the critical region. Do net reject H,

3

There 1z insufficient evidence to suggest that paper 2 12 easier than paper 1
so the teacher i not cotrect.
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Question:

It is claimed by the manufacturer that by chewing a special flavoured chewing gum
stnolkers are able to reduce their craving for cigarettes, and thus cut dewn on the
number of cigarettes smolked per day. In a trial of the gum on arandom selection of
10 people the no-gum smoking rate and the smoking rate when chewing the gum were
investigated, with the following results:

Person A B C D E G H 1 J
Without gum 20 a5 40 a2 45 15 22 a0 34 40
smoking rate
cigs./day

With gum 15 25 35 a0 45 15 14 25 28 34
smoking rate
cigs./day

a Tse apaired t-test at the 5% significance lewel to test the manufacturer’s claim.
b State any assumptions you have had to make.

Solution:

a Hy:pp,=0H,:u, =0
Yd =47 dd*=315
d =47
E 2
&= w=m_455
g=3234
Critical value £(5%) =1.833
The critical region is ¢ = 1.833
_47-0
- 3234
:hU
= 459
Inn the critical region. Eeject Hy .

i

There iz evidence to suggest that chewing the gum dees reduce the craving for
cigarettes,

b The differences are normally distributed
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Exercise E, Question 4

Question:

The council of Somewhere town are going to put a new traffic management scheme
into operation in the hope that it will make travel to worle in the mornings quicker for
most people. Before the scheme ie put into operation, 10 randomly zelected workers
are asked to record the titme it takes them to come into wotl on a Wednesday morning,
Lfter the scheme iz put into place, the zame 10 wotkers are again asked to record the
time it takes them to come into work on a particular Wednesday morning.

The times in minutes are shown in the table below,

Worker | A B C D E F G H I J
Before 23 27 53 42 39 &0 54 25 46 38
After 13 25 449 42 34 48 52 74 27 37

Test, at the 3% significance level, whether or notthe journey time to wotk has
decreased.

Solution:

Hy: =0, Hi:p, =0
Nd=46 Yd'=336
d=46
_ 2
= el L 13 8292
s=37178
Critical value 4 (5%) =1.833
The critical region iz £ = 1,833
_ 46=0
- 37178
:||' 0
= 391z
Itn the critical region. Reject Hy .

i

There 15 evidence to suggest that the journey times have decreased.
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Question:

A teacher 13 anmious to test the 1dea that students' reaults in mock examinations are
good predictors for their results in actual examinations. He selects B students at
random from thoze doing a mock Statistics examination and records their markes out of
100, later he collects the same students' marks in the actual examination. The resulting
matkes are az follows:

Student A B C D E F G H
Mock examination | 35 3] 70 a1 45 el TE 38
mark

Actual 45 T a1 236 53 71 68 46
exalpnation

a Jze apaired {-test to investigate whether or not the mock examination 15 a good
predictor. (Use a 10% significance lewvel)
b State any assumnptions you have made.

Solution:

a Hy:pup =0Hip, =0
Yd=20 Yd*=604
=8
E 2
2 S0l _meiisg
s =3.8%6
Crtical value £,(5%) =1.895
The critical regions are £ = —1.895 and £ > 1.8%5.
_ 250
~ B.8%%
N
= 0795

Mot in the critical region. De not reject Hy .

i

The mock examination 15 a good predictor.
b The differences are normally distributed
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Question:

The manager of a dress-making company took a random sample of 10 of his
employees and recorded the number of dresses made by each. He dizcovered that the
number of dresses made between 200 and 5.00 p.m. was fewer than the same
employees achieved between 2.00 and 11.00 a.m. He wondered if a tea breal: from
2.45=3100 p.m would increase productivity during these last two hours of the day.
The number of dreszses made by these workers in the last two hours of the day before
and after the introduction of the tea break were asz shown below.

Worker | A B C D E F G H I J
Before 75 L 75 51 74 73 77 75 75 72
After a0 54 79 54 85 54 78 7B a0 83

a Why was the comparizon made for the same ten worlers?

b Conduct, at the 5% lewvel of significance, a patred é-test to see 1f the introduction of

atea break has increased production between 2.00 and 5.00 p.m.

Solution:

a Different people will have different productivity rates. Need a commeon link if want

to compare before and after. This reduces experimental error due to differences

between individuals so that, if a difference does exist, it iz more likely to be
detected.

b Hy:u, =0H,: p, =0
Nd=65 Yd'=569
d=i6:5
i 2
g4 = 20251006:9) 16 278
g =4.0346
Crtical value £,(5%) =1.833
The critical region is £ > 1.833
_ 6.5-=0
40346
:.hD
= 5095
It the critical region. Eeject Hy .

i

There 13 evidence to suggest a tea break increases the number of garments made.
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Exercise E, Question 7

Question:

A drug administered in tablet form to help people sleep and a placebo was given for
two weeks to arandom sample of eight patients in a clinic. The drug and the placebo
were given in randotn order for one week each The average numbers of hours sleep
that each patient had per night with the drug and with the placebo are given in the
table below.

Patient 1 2 3 4 5 G 7 8
Hours of sleep

g : 10.5 &7 5.9 &7 9.2 0.9 11.9 76
with drug
Hours of sleep
with placehbo

103 £.5 8.0 5.3 8.7 75 8.3 12

Test, at the 1% lewvel of significance, whether or not the drug increases the mean
number of hours sleep per night. State yvour hypotheses clearly. [E]

Solution:

Hyopp =0H, =0
Sd =86 Yd*=2073
d =1075

. 2
A T8RN oo

s =12837
Crtical value £,(1%)=2.995

The critical region iz § > 2,298
10750
© 12837

58
= 23636
Mot in the critical region. Do net reject H,.

There 1z no evidence to suggest that the drug increases the mean number of hours
sleep per night
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Question:

The random variable X has an F-distribution with 5 and 10 degrees of freedom. Find
values of @ and & such that Pla < X < &) =050 [E]

Solution:

P(F, 2333)=005=5=333

y { 1
P(F . .2474)=005=P| £, =— |=005
s ) AT

a=021104s.£)
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Exercise F, Question 2

Question:

A chemist has developed a fuel additive and claims that it reduces the fuel
consumption of cars. To test this claim, & randomly selected cars were each filled with
20 litres of fuel and driven around a race circuit. Each car was tested twice, once with
the additive and once without. The distance, in miles, that each car travelled before
tunning out of fuel are given in the table below,

Car 1 2 3 4 3 6 7 3
Distamcs it oyt 163 | 172 | 195 | 170 | 183 | 185 | 161 | 17
additive

Distance with additive 168 185 187 172 180 189 172 175

Azsuming that the distances travelled follow a normal distribution and stating your
hypotheses clearly test, at the 10% lewvel of significance, whether or not there 1z
evidence to support the chemist's claim. [E]

Solution:

@513, -8,2,-3,4,11,-1
(Ed=23,Zd° =409) 4 =2875, sd=6.9987(=7.00)
Hy:pu,=0H,: p,=0
(28750
C O 6.9987
;8
Critical value £ (10%) =1.415 (1 tail)
Critical region is £ > 1415

Mot significant
Tnsufficient evidence to supportt the chemist's claim

=1.1618...(=1.16)
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Exercise F, Question 3

Question:

The standard dewiation ofthe length of a random sample of 8 fence posts produced by
a timber vard was 8 mm. & second timber yvard produced arandom sample of 13 fence

posts with a standard deviation of 14 mm.
a Test, at the 10% zignificance level, whether or not there is evidence that the lengths

of fence posts produced by thesze timmber yvards differ in variability. State your
hypotheses clearly.
b State an assumption you have made in order to carry out the test in part a. [F]

Solution:

S (R | S5 SR S,
a Hy:of =03, H a7 # 0

2 2 / 2 3
14 (8 |
i 3.0625 | or g = 0.32653....

7 T
5 8

i ( . 1 \
Crtical value 5,; = 3.57 | Critical value : &, =35 0.28011

Since 3.0625 15 not in the critical region there iz insufficient evidence to reject H, .

There 1z insufficient evidence of a difference in the variances of the lengths of the
fenice posts.

b The distribution of the population of lengths of fence posts i3 normally distributed.
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Question:

A fartner set up a trial to assess the effect of two different diets on the increase in the

weight of his lambs. He randomly selected 20 lambs. Ten of the lamb s were given diet

A and the other 10 lamb s were given diet B The gain in weight, in kg, of each lamb

over the period of the trial was recorded.

a State why a paired f-test iz not suitable for use with these data

b Suggest an alternative method for selecting the sample which would make the use
of a patred f-test walid

¢ Suggest two other factors that the farmer might consider when selecting the sample.

The following paired data were collected.

Diet A 5 & 7 4.6 .1 57 £.2 7.4 5 3
Diet B 7 7.2 B £.4 5.1 7.9 8.2 6.2 6.1 5.8

d Tsing a paired é-test at the 5% significance level, test whether or not there 1z

evidence of a difference in the weight gained by the lambs using diet 4 compared
with those using diet B,

e State, giving areason, which diet vou would recommend the farmer to use for his
lambs, [E]

Solution:

a The data were not collected in pairs,

b Usze data from twin lambs,

¢ Age, weight, gender

d 4=5-4
d:212118-1,222-1211238
5d=11.9, Zd*=3001
SR b o i M E P
Ho:pp=0H:u,=0

_11%-0

N

10
=9 critical value: f=2.262
since 2.8357 .00 ig in the critical region (£ > 2.262) there iz evidence to reject H .

The {mean) weight gained by the lambs 15 different for each diet.
e DietB - it has the higher mean

H =2.83574..
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Exercise F, Question 5

Question:

A medical student 15 investigating two methods of taking a person's blood pressure. He
takes a random sample of 10 people and measures their blood pressure using an arm
cuft and a finger monitor. The table below shows the blood pressure for each person,
measured by each method.

Ferson A B o n F F L H I J
i 140 | 110 | 138 | 127 | 142 | 112 | 122 | 128 | 132 | 160
enff

Finger 15 | o112 | 156 | 152 | 142 | 104 | 126 | 132 | 144 | 180
monitol

a [Jse apaired {-test to determine, atthe 10% level of significance, whether or not
there 1z a difference in the mean blood pressure measured using the two methods.
state your hypotheses clearly.

b State an assumption about the underlying distribution of measured blood pressure
required for this test. [E]

Solution:

a d:14 218 250 -54 41220

(Qd =91, Yx'=1789)
d=91 s=.f1067=10332.
Hy:py=0 Hppyz0
_(91-0)
10.332

J1o
Critical value £ =+1.833
critical regions: § =—1.83% or £ 21,833
significant. There 13 a difference between blnod pressure measured by arm cufft
and finger monitor.

= 2785

b The difference in measurements of blood pressure 15 normally distributed
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Question:

The lengths, x mm, of the forewings of a random sample of male and female adult

butterflies are measured. The following statistics are obtained from the data.

Number of Sample mean X Niad

butterflies ik
Females 7 5006 17 956.5
Ilales 10 532 283351

Pagel of 1

a Assuming the lengths of the forewings are normally distributed, test, at the 10%
lewvel of significance, whether or not the variances of the two distributions are the
same. =tate your hypotheses clearly.

b Stating your hypotheses clearly test, at the 3% level of significance, whether the
mean length of the forewings of the female butterflies is less than the mean length
of the forewings of the male butterflies. [E]

Solution:

gl e L TR
a Hyo%p=0", Hj:opzay

(17 956.5— 7% 50.6%) = % =5.66333....

o= o]

2
5 F

T
Sy =

(28335.1-10%53.2%) =£; —3.63333....

2

SE—F = 1.5587.. (Feciprocal 0.6415)

el

E o =3.37(or0.297)
Mot in critical region. There i3 no reason to doubt the varignces of the two
distributions are the same

b Hy:up =0 Hy by < Uiy

D x5 66333 +9 =3 63333
15

= 444533
s=211

_ S06-532 _ e

21 l+l
710
Critical value t,,(3%)=-1753

so critical region £ =—1.753

Zignificant. The mean length of the fermale = forewing iz less than the length of the
male’s forewing
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Question:

The weights, in grams, of mice are normally distributed. A biclogist takes a random
sample of 10 mice. She weighs each mouse and records its weight.

The ten mice are then fed on a special diet. They are weighted again after two weeks.
Their weights in grames are as follows:

Mouse A B o D E F G H I J
Weight 00 | 483 | 475 | 340 | 389 | 427 | 501 | 468 | 403 | 41.2
hefore diet

Weight 521 | 476 | 501 523 | 422 | 443 | 518 | 430 | 419 | 436
after diet

Stating your hypotheses clearly, and using a 1% level of significance, test whether or
fiot the diet causes an increase in the mean weight of the mice. [E]

Solution:

Differences 21 —07 26 =17 3316 17 1216 24

Sd=141 Yd*=4065 d=141
Hy py=0 Hyipg=0

s o 2
2\/40.65 sl . e
|' 1.51%. .. '|
Jio

(1%) = 2.821
so critical region £ > 2821

2,935 = 2821 Evidence to reject Hy .

There has been an increase in the mean weight of the mice.
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Question:

A hospital department installed a new, more sophisticated piece of equipment to
replace an ageing one in the hope that it would speed up the treatment of patients. The
treatment times of random samples of patients during the last week of operation of the
old equipment and during the first week of operation of the new equipment were
recorded. The summary results, in minutes, were:

n Zx sz
Old equiprent 10 225 21363
New equipment 9 234 &200.0

a Show that the values of &° for the old and new equipment are 8.2 and 14.5
respectively.

stating clearly your hypotheses, test

b whether the variance of the times using the new equipment 15 greater than the
variance of the times using the old equipment, using a 2% significance level,

¢ whether there 15 a difference between the mean timmes for treatment using the new
equipment and old equipment, using a 2% sigmificance level

d Find 93% confidence limits for the mean difference in treatment times between the
new and old equipment.

Even if the new equipment would eventually lead to a reduction in treatment times, it

might be that to begin with treatment times using the new equipment would be higher

than those using the old equipment.

e (ive one reason why this might be so.

f Suggest how the comparison between the old and new equipment could be
improved. [E]

Solution:
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201363 (225" ;.
< 9 10(10-1)

2 _ 6200 (234 _
. g2 99-1)
b Hyueol=a® Hpyol<sa

Critical value 15 Fy, =323

a

=,

]

so critical region, F =323

14.5
Rui= . SIieR

not in critical region

accept F,—there is evidence to suggest that o, =g ?

2 (9xB.2)+(8x14.5)
7T 10492
Hy:wg=n, Hyp, =4,
critical value £,(0.01) = 2567
critical region { =—2.567 and ¢ =2 567

26—-22.5)-0
t= { ) =2.279%

\311.164?\[%+%

Motin the critical region — do notreject Hy .

=11.1647

There iz evidence to suggest that there 15 no difference in mean times between the

old and new equiptment.

d £,(2.5%) = 2.110

(2622502211011, 1647 = %+% =35%3.23%4

= (0.261,6.739)

e DIMeedto learn how to use new equipment efficiently

f Gather data on new equipment after it has been mastered
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