Solukions

Stage 2 Mathematical Methods
Statistics Test
Subtopics 5.1, 5.2, 5.3, 6.1, 6.2, 6.3
Total Marks - 36

(Calculator and one A4 page of hand written notes permitted)

QUESTION 1 (8 marks)

Based on historical breed data, the weight of adult male Persian cats is distributed
normally with mean ¢ = 6.0 kg and standard deviation ¢ = 0.55 kg. Adult male
Persian cats that weigh more than 7 kg are considered to be overweight.

(a) Based on this distribution, what is the proportion of adult male Persian cats that
are overweight?

X ~ N(60, 055 )

P (x > 7) = 00345 e, 3-45% [r.c,. wnal cdf (7, Ea9, 6, 0 s:s) ]
v v

(2 marks)

In 2017, researchers undertook a study into the weights of adult male Persian cats. In this study, 70 adult
male Persian cats were randomly selected and weighed. This sample of 70 cats had a mean weight of
X = 6.7 kg.

(b) Assuming that the population standard deviation is o = 0.55 kg, use the sample data to calculate a 95%
confidence interval for i, the mean weight of adult male Persian cats in 2017.

U»S'mj tedrmcﬂog\:] ’ 657 < M < 683 Kq LZT-(\L;J\MI ((‘.‘- 55 6T, TL:,D‘“S)J
v v

(2 marks)



The researchers wrote a press release entitled ‘Increase in mean weight of adult male Persian cats'.

(c) Does the confidence interval that you calculated in part (b) support the title of this press release? Justify
your answer.

Yes. The entire confidence intecval calalated in pact &) lies above the histocical mean of G'Okﬂ:/
This suagests tnak the mean weight of adult male Pecsian cats has indeed r’nucmﬁcd‘;/

(2 marks)

(d) The press release states that between 22% and 38% of adult male Persian cats are overweight.

Provide mathematical calculations that support this statement.

Suppose X~ N (6'57 ) 0-551)

Then P(X>7) = 0-217 ie . about 221/} [no:mﬂcd? (7, E99,6-57,/0 ,5)]
Svppose X ~ M(G'SBJ 0.58 )

Then P()( > 7) = 0-379 e. about 38% Lr“’-“'h(ﬂ cd f ( -"r E49, 4 x&?)l 0 L)-.;',) :l

v

(2 marks)



QUESTION 2 (13 marks)

Premium Instant Coffee is produced in sachets. The net weight of the coffee in a randomly chosen sachet

can be modelled by W, a normally distributed random variable with a mean of 4 = 5.6 grams and a standard
deviation of ¢ = 0.2 grams.

The distribution of W is graphed below:

| I¢ gou wank to graph them on caloddor...
\{ = ?‘ll‘li(‘ﬂ.\'\ PL\( ( X.ﬂl‘;'b; o l>

Y, = 'r‘\Jl.'vu_ip(\(‘l (X‘QL 0-2 )
e
Vio

5.0 52 5eh 56 5.8 6-0 62 grams

(a) On the horizontal axis of the graph of the normal density curve above, write numbers to illustrate the
distribution of W.

(1 mark)

These coffee sachets are sold in packs of twenty. Let W,, be the average of the net weights of the sachets
in a randomly chosen pack.

(b) (i) Write down the mean and standard deviation of the distribution of W .

/‘A ‘_’}Zo = 56 3 ‘/ ‘,fﬂ"(i,.‘ = !-'v(

T =~ Lo D BHELG L O3 = Ox

V20 Y
(2 marks)

(i) On the axes of the graph above, sketch the distribution of W .
(A rmuek taller, narcowes nocmal d'is‘.if'-bJHon, cenkred o«f\\/S-éa) (2 marks)
(c) On the graph above, illustrate the fact that P(W < 5.5) > P(W,, < 5.5).

lightly shoded o dackly shaded (1 mark)

oreon agfea

v



The packs of twenty coffee sachets are labelled as containing 110 grams net.

(d) Find the probability that a randomly chosen pack of twenty sachets will contain less than its labelled
weight.

P (s, <o)

H

P(on < %—g—) 4

]

0-0127  ie. \-27% [no;malcﬁi(‘(ﬂEl'ifu, 5.5 56, _c_é,)]
v

/

(2 marks)
The coffee sachets are also sold in bulk in catering boxes. These boxes contain 240 sachets

(e) (i) If0.1% of catering boxes contain less than k grams, find k to the nearest whole gram

SN
N

/ O = Y24ox 0-2

0-1% / % S0 v MS. = Ny

y by e !
\ 4 N

e | _l SIS L qu-o ~ A

K /MSZW =134 7 U:,I1 = ¥n Oy

L inv Nerm (U-UGi , 134Y, Viko &U-l)]

(3 marks)
(i) Would it be appropriate to label the catering boxes as containing 1.3 kilograms net?
Give a reason for your answer.

Yes, it waould be appeopriate. From @ () above P(Szug < 13314-53 = 01%

P ( 52%< 13003) << 0:1%

Ik g Vicjually cectoin that the mker'mﬂ boxes will contain more than I'3wg net, o

(<< means muclh [ess Hm.-n_) (2 marks)



QUESTION 3 (7 marks)

The committee of a large sporting association has proposed the major redevelopment of a stadium. For the
redevelopment to be approved, all members of the association must vote on the proposal and at least three-
quarters must vote yes.

The committee wants to gain information about the likely outcome of the vote. A random sample of 150
members are asked whether they will vote yes or no. Of this sample, 119 plan to vote yes.

(a) What proportion of the sample members is planning to vote yes?

pl=illg | 0798

(1 mark)
(b) Calculate a 95% confidence interval for p, the true proportion of members who are planning to vote yes.

Using tedrndlogy , 0:729 £ p< 0:858 [‘L- PoopZTat (119,150, 0 (l‘D)]
v v

(2 marks)

(c) Tick the appropriate box below to indicate your answer.
This confidence interval suggests that the redevelopment:

Will be approved by the vote D

Will not be approved by the vote D

May or may not be approved by the vote.
v (1 mark)

(d) Justify the answer you indicated in part (c).

Pact of the tonfidence intecval fies below Hhe catical value o? 0-T5, and post akove .
Therefore p Could be below of above the 3 mack necessasy to appreve bne fedevelopment,

& ' v

(1 mark)

(e) The committee plans to gain information from a larger sample of members.

Determine the number of members who need to be sampled in order to obtain a 95% confidence interval
with a width no greater than 0.065.

2 s
n = (M) x 0:793 % 0:207 n = (2 % !-(Ib) P‘(I‘P*)
\ w

0-065
= B£96- 3\

> 697 membecs .

(2 marks)



QUESTION 4 (8 marks)

Heartworm disease — a parasitic condition that affects dogs — is spread by mosquitos. The proportion of
dogs affected by the disease varies from place to place. As part of a study, a random sample of 5400 dogs

in the Adelaide area were tested for heartworm disease. The study found that 162 of those dogs had
heartworm disease.

(a) Calculate p, the proportion of the sample of dogs that had heartworm disease.

p= 162 — 003,
5400

(1 mark)

(b) Calculate a 95% confidence interval for p, the proportion of all dogs in the Adelaide area the have
heartworm disease.

U(S.ma {Gchno!oﬁj " 00255 < ¢ £ p-0346 [1' P‘\){’[_Int ( l;(,l, ‘SLH)C-’ U":“;)]
v v

(2 marks)

A smaller, follow-up study is planned

(c) What sample size would be necessary to obtain a confidence interval with a width of 0.032 or less for p,
the proportion of all dogs in the Adelaide area that have heartworm disease?

2 T .
n > (2_ % l"-'ié)x 0:03 x 0-A7 / n= (7_-\ "“‘6) F‘ﬁfi—{f')
0-032 w /
= Waﬁ'ss
% W31 Ly
(2 marks)

(d) As a cost saving measure, a sample with n = 150 is proposed.
(i) Calculate np.

150 » 0:03 = {.5 i

(1 mark)
(i) Comment on the validity of the confidence interval that would be obtained using this sample size.

The validity of the confidence interval relies on the distribution of 3 being approximately normal.
Foc this to be the mse, we cequire botia np ¥5 and nCl—?) =
Tn biis case np <5, therefore the confidence intecval may not be valid. /

(2 marks)



