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QUESTION ONE

(a) The waiting time for a patient attending a medical centre before seeing a doctor is
approximately normally distributed, with a mean of 34 minutes and a standard deviation of 8
minutes.

(i)  Find the probability that a patient will wait between 34 and 40 minutes.
fo= Y

-8 P (Fy < XL4D)

g NP2

Correct answer. GC used.

(i) After how FATRY IR will 9O patients have begun being seen by a doctor?

P when Pz 090 2= 2318515

22X =L
&
#2146 = X -3¢

8

{1816 x8 =2x- 34

0. 2528 t34 = X
x = 44,28 —74% MNUYIS,

At f—thre—perHt @At —ti—hae
Alier—=F@
A(‘-f’@f 4_#{1@1?)“?‘35 ('ZO/ O‘f‘ Pa{feﬂb'

will howe 'bggun b&’r’lg Jjeen by

a cfocfov.//

‘ Correct answer. GC usedJ
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(iii) It is decided that Waltlng tlmes must be changed so that- will be

- DY
change but it is known

reduce by

How many doctors must be added to meet the new requirement?
1) fhad
0-4as

oA when ¢z oas /"Z = 1.6449
A BenPicie a5 o4 4o~ 3¢

& &
@43&;-40:@
&z “4.3Ss |
4 3pSS | -/m
© .y

So dherefore (10 new dockors rmyst

be addec| 4o meef e hew

reg &

Correct z-value identified.
Incorrect standard deviation found

and incorrect working.
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essed on the urgency of their condition. This is done Within &/

(b) At receptioni iatients are ass

It is thought that the waiting time before an assessment is done is apbroximately normally

distributed with a mean of 60 seconds and standard deviation of 20"seconds.
L]

(i) What proportion of patients would be assessed at reception within 90 seconds of arrival?

P <><4 qO) Correct answer. GC used. ‘

p=°-9352 | -
 The proporion of poients uowollae

qssessed wihin 90 Secs of cunalis 04332 (1)}
' v 1

(i) A survey is carried out on BOIEHEHE who arrive at reception. Patients are selected at
random on a particular day. The results are shown in the frequency histogram below.

Assessment time at reception

201

Frequency
=

s 30 - 45 60, 75 90 105 120
Time (seconds)
What proportion of patients in the survey were assessed at reception within 90 seconds

of arrival?
s,y T4 = 6O (g0 =205
7

Correct answer.
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(iii) A statistician states that the assessment times are not normally distributed, but are more ASSESSOR'S
likely to approximate the distribution p(x) below.

px)
1.0

0.8
0.6
0.4

0.2

0.5 1.0 15 2.0
minutes
The associated probabilities (with minutes converted to seconds) are given in the
following table:

Assessment
Time (seconds)

Probability 0.01 | 005 | 0.10 | 0.16 | 021 | 022 | 0.17 0.08

o— | 15— | 30— | 45— | 60— | 75— | 90— | 105-120

Compare the frequency histogram for the survey of 80 patients with the distribution
curve p(x).

You should comment on the comparative shape, centre, and spread of the two
distributions.

It is important to give numerical values to support your statements where possible.
Skep The Shap€ 2§ Yhe nestocy cmn for the & pahents

1S NOY aor mc’llw} dismouree @5 \F has & tew peats

am—

fromy 6O Secoads — A0 seconds, cOm\oonc_d o the
d_lsm\avl‘l’)'on of N cune waewn s 3\\3\qﬂy sKeweol

. (e
Yo e lett but ‘~sqsg=w4-t ngmmw Covperedt ¥ fhe
((\THDCyGM. The Centre ©f +re hystveyzm rs lies benween

Arsrinpunon of the
£0 Jsewnds, The

0O and A0 _Seceads (ompored

e e \ﬁ&s o Mean o \H S —

- O\W&C:?. ok. the ks ro CS(OLM T v There is more space
for your answer on

Chor you nd 757 A0 .S_econdgg?g the following page.
TCA T YL 7
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) why
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the Sqrme VBN Or vhe distubured uag of 78 =

A0 <econas. The spread  of e Biﬂ'oogcvm .

QMtes OJWth Sed out with not mcmj roul S
compered t0 the Disnlxicd cive wnich 1S

’ Skewedk 10 e etk v axail, Thid shows thax

l e syars Dom fre Distivred utne Soy Mok Vg

1\1 {osiér than dre \r\.sbcarom os fhe pmc\oc“a‘u‘ﬂ‘) of
Sowe one %@Hma sevwed Gt O.7\S Seconds 18 | ond
e poitents onuy SGE C?Seﬂh% cssesec afev
1S sewonds Lncih Show  fhe  desmbired cund- 1S

'rcasmv//

Statement about shape but a lot of
incorrect statements about other
aspects.
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QUESTION TWO

A study is conducted of 1500 randomly selected candidates for an international examination to
investigate whether Year 12 candidates were as successful as those from Year 13.

The results are summarised in the table below:

Year 12 Year 13 Total
Passed 347 853 1200
Failed 33 267 300
Total 380 1120 1500

(a) (i) What proportion of candidates in the study passed the examination?

B 0
20 O/ 1S00 _ %/ Correct answer.
o

(i) What proportion of candidates who failed the examination were from Year 127

33 /BOO : 'O‘ H Correct answer.
A&

(iii) There were about 52500 candidates from Year 12 and Year 13 who attempted the
examination.

Using the results of this study, how many candidates would be expected to be from
Year 13, and pass the examination? ]
P P 2, i

8§53 /(W)= O Tble

expeciec aumber = 0-1blb x 5 500
= 29984 .31

O
. iiiifpsmdeﬁ*é from ear (5> would
e e €xumirothoNn ot of

52 500 candidates Hom yv 12 and
Yy 13 who C{Hempked we excming-

tion, =~

Incorrect answer.

1120 used instead of 1500 — |
a common error.
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(iv) Ttis claimed that Year 13 candidates are four times more likely to fail the examination
than Year 12 candidates.

State whether or not you agree with this claim, showing full calculations to support your
view. .

Qv

Yeaw \%=(# 267 /nc@ al
202419 (gdp)
Year 12=( 33/ 3%)
= 0 .09%068 (4.de)
refphve sk = ©-2419  _ Q.7 6T66359
O OFe¥ - 5 fimes mor like{ijded)

The ‘p“@‘obab;‘ld—n of Yy (D candidales f{c:a\'m?}

tve  exam inabion S o.zwlqﬂgwam 1O e o -
Ll of the Yv 12 candidates (—ai\ina Hhe exaninate
N Which (s O .0806¥., L do act Goycee (uith

Hhis claimm as relape (st sShowed that Yr 13

capcliclotes were 2 fimes mue Wely Yo {ail ¥hei,

€xamainuhon Lompored fo Ve 1L Candid ates and
e clam srarecd & himes ohicdh 1S for oee Am
three, fecfore tre dam svOuid C avrey Say
Vv (3 caroliclGHES ove 3 tmes mAe if““e(‘ﬂ to
'l treve exapmnanon Compe than Yer (2

canddcres, //

| Correct absolute risks and relative
risk found.

Correct supporting statement.

0
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(b) The same study also considered the:number of subjects the candidates were taking in their
normal academic courses. It found that of the same salﬁple of Mﬁ_@i@gs, 682 were
taking six subjects, while the rest were taking five subjects. Of the candidates who were
taking five subjects, 192 failed the examination.

The table from page 7 is repeated here to help you answer the questions that follow.

Year 12 Year 13 Total
Passed 347 853 1200
Failed 33 267 300
Total 380 1120 1500
T B subpds | Yes 6 Swpyecks ﬁ

; 1200

[Fassed | o2 =Y 2 .
e : (0P BPOO

OFL Fitle

(i) What proportion of candidates in the study took six subjects and passed?

STY /e 1500

=0 .3¢3
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this evidence. \qcc,uor'"&
6 subjects [faled = 0s/632n b/p = 914 /682
. FeHs¥oisq | = o 842
S Supjects /faled =196 /%1% | S/p 616 /%1%
= 0242 = 0.1%s

e >

Correct absolute risks. Has not
found the relative risk to

% =S acceptable accuracy.
i _\
!' 2 L o 16l '
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Te mec\hhhs thet teer oo canclidebe oOIC 6 subjefs
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'50 762, Hus snows that b is one hmes moce |
iﬂéf’,_fj/af' éadé(andr‘daf@j -&ﬁmha 65"-1!9)86“ angf
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| passing cz[kmuah e pf’oloalai't’mj of @ canditdete |

\ /Cﬂém«’j 6 Supjeds ancl —Fa_flm3 180159  compered

0 a  candidate Haking 8 Sdpjects and failing, |
it ’? ] pmes '
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QUESTION THREE

(a) When calves are born into a pedigree beef herd, decisions are made after they #re’on 1
and again when they are , as to whether they will be kept in the herd or

sold.

Of the remainder, at age {three months
pne  mothta

%ep* /ym(e g

N kemale

| A5

W\odc 0 ay N H 0228 O<':

;Vd/ 5.55
ol SR 4 S

(i)  Find the probability that a randomly chosen calf born into the herd will be male and sold

at age one month.

(0-ssx 0.720) = © 39
o Correct answer.
—

(i) Find the probability that a randomly chosen calf born into the herd will be female and
sold at age three months.

o -80
CO-‘-!S X &~ToX 0-333 : 045 Correct answer.

e

<

(i) What percentage of calves will eventually be kept in the pedigree herd?
™M (O.Ssxo-‘soxo.'lo) = 0.033 =
J_:[O-Q.SXD-KDX O.(:.S)= 0 .23¢

O P33+ 0224 =0 167] K(OQ
= A6. 9 —7 A7 .

Correct answer.
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(iv) In a particular year 550 calves were born.

ASSESSOR'S
USE ONLY
How many male calves can be expected to be kept in the pedigree herd?
" ( 0-55X O 20 X020)
= U wans K
expectecd number = S20X0-023 th.
= \% calves ae expected ™ be
e —
cept =

Correct answer.

(v)

Dre male 4o eyf@r‘j seven females

-
-

m (@ (5 calves )
f (23 cawes)

dbten theeeg
2 males 4o 20 Semales ¥ept' inxue W each
monking,

P(._(?-QS)(,O'SOX@%S)_ ﬁ

0: 0.1%

So_the p{\OPONhQ\ of Irem_c_;t\e Cole s thet wowd howg,

heon 93 (g Q0¥ =02~

Incorrect answer.
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(b) New Zealand fantails are birds which are either pied or black.

Pied fantail

Black fantail
Cherryl Mariner, www.nzbirdsonline.org.nz/species/new-zealand-fantail

They interbreed, and pairs with successful nests are found in the following proportions:

Pair Two pied fantails One pied and Two black fantails
one black fantail
Proportion 0.75 0.2 0.05

Successful nests have between one and four eggs. The proportions of eggs are given in the

table below.
Pair Two pied fantails One pied and Two black fantails
one black fantail
One egg 0.15 0.2 - 0.3
Two eggs 0.3 0.3 0.5
Four eggs 0.15 0.1 0.05
| 0. 5%

Mathematics and Statistics 91267, 2015
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Use calculations to show that the researcher’s claim is justified.

le /Aa :

9‘ /o [3 . Qzuf—m

Theretore % R every SO nesi1s ae found vty
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W 3 egas (Kely to be fom a par of tw lolack
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Incorrect answer.

M S
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QUESTION ONE ASSESSOR'S

USE ONLY

(a) The waiting time for a patient attending a medical centre before seeing a doctor is
approximately normally distributed, with a mean of 34 minutes and a standard deviation of 8

. ___.——-'—'_-'—‘—-—-_—-—-—-
minutes.

(i)  Find the probability that a patient will wait between 34 and 40 minutes.

0-273%// w

Correct answer. GC used.

(i) After how many minutes will 90% of patients have begun being seen by a doctor?

. = X4 mmuiu

¢ how P w”
- MO G0y of pudunts

e fro1e otedur

Consistent answer from
incorrect z-value.
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(iii) Ttis decided that waiting times must be changed so that at least 95% of patients will be
seen by a doctor within’igingmes. gt
Because of the administration required, the mean time cannot change, but it is known
that for each doctor added to the duty teams, the standard deviation will reduce by

0.4 minutes.
= 3y x=4o & =04

How many doctors must be added to meet the new requirement?

226kl
o.,_;QQ—Q(o)('UU ':C,?QGCQ o

=@ doctos thad mud pe added v

et Ahe nodhead gendred Ao /’(’(/»ufffmf’f’l—/}/

Incorrect answer.
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(b) At reception, patients are assessed on the urgency of their condition. This is done within two Agggsgggs
minutes of arrival. ) :
It is thought that the waiting time before an assessment is done is a}:_iproximately normally
distributed with a mean of 60 seconds and standard deviation of 20 seconds.
i dieomigadiobiin ¢
(i) What proportion of patients would be assessed at reception within 90 seconds of arrival?

—

0 4318 T

G- 488 203
= : Incorrect subtraction
/ from 0.5

(i) A survey is carried out on 80 patients who arrive at reception. Patients are selected at
random on a particular day. The results are shown in the frequency histogram below.

Assessment time at reception

Frequency

45 6 75 9 105 120
Time (seconds)

15 30

What proportion of patients in the survey were assessed at reception within 90 seconds

of arrival?
g +1]2(= / ¢C "’@
P

Incorrect answer.
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(iii) A statistician states that the assessment times are not normally distributed, but are more ASSESSOR'S
likely to approximate the distribution p(x) below.

p(x)
1.0 .

0.8
0.6
0.4

0.2

X

N
T

0.5 1.0 .3 1.5 2.0
minutes
The associated probabilities (with minutes converted to seconds) are given in the
following table:

Assessment
Time (seconds)

Probability 0.01 | 0.05 | 0.10 | 0.16 | 021 | 0.22 | 0.17 0.08

0- 15— | 30— | 45- | 60— | 75— | 90— | 105-120

Compare the frequency histogram for the survey of 80 patients with the distribution
curve p(x).

You should comment on the comparative shape, centre, and spread of the two
distributions.

It is important to give numerical values to support your statements where possible.

The frequency "R 5 nod nomadly dilnbukd]

& 1S um’%mmﬁ)/[cdgg wHh the ﬁya%f@fu%afﬂxww
lyng bedwear 60 N A0 seconals ™ The obabledion

s, huwerte, 15 Slhghtly uiure fymmefaca/ | 2
htgw va uad /%Aﬁ bidporn (3 & (S minutes.

+0 xax)J O

TINQ M'r’\li;j un®ealh 3{0\'FL B There is more space
for your answer on

O{f& FU/tj} ’”\-Q h (SJN 9@\% [/‘W I f\%, : the following page.
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ax)d

eonols & fhe disdabhudion )’G\/?AS)E‘/)@“’\? n minuks
The i1 d quw,nué l/uﬂugmm hoy O
colun ol 60 -7 seconoly & iUt mar howrs
lower  fre N 1 d wheh o Aé’—/w\b(?l/]
fine mgm{ G lus  In Tha cfruphj {ha cendt
%/ H(S*‘Uﬁram bovr  hod g smad (et gpﬁqu,emuj/&f
(7 5 WWM Muétr\fg. H loul uwymfmm/fu
w oA ol A The h{gf/uwz bow 1n {ly fﬁ/*’diﬂljwl'”’)
Q\Qqu&m\? o~P 9. T~ cendn op ﬂ\{ of’rH(ﬂbqu/u‘"‘
curve (ool [k H’f IM;HPJ 7lu #u rﬁz’l‘/
Tr JWWMM J}f/uéwfruh c,uvg‘**rl Wi Y
JPch\d foworody (o} / MmtiMj fre curvet
oot ungren - The hu?hu frec{wam%u of fha
hogram are mue shifed o fhe righd  sarme
wah  Hhae o{rH/ugu:(!U}wM?QT\?fﬂmef O 7’“"’\.@/‘,
gl 2
bulh  howe ffmj}/\ valueS f//u#/dl/ fu /AQ ”/?/*h/
Y Ahaw H @(/g/gj olorn. T hu#@)?/am JhowJ
w il Jampl St of £9 peupl (e ceow
{ho Cfff‘r(r,[;uy/.un Curv 0&’(2//1*[ Jell wa fha

Sumpe Jree //

Two correct comparative statements
about two aspects, including
numerical evidence.

o

MS |
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QUESTION TWO

A study is conducted of 1500 randomly selected candidates for an international examination to

investigate whether Year 12 candidates were as successful as those from Year 13.

The results are summarised in the table below:

r Year 12 Year 13 Total
Passed 347 853 1200
Failed 33 267 300
Total 380 1120 1500

(a) (i) What proportion of candidates in the study passed the examination?

urss

1200 =
A SOV -————"‘_// Correct answer.

(ii) What proportion of candidates who failed the examination were from Year 122

2z
4)0 =@ /00

(iii) There were about 52500 candidates from Year 12 and Year 13 who attempted the
examination.

Correct answer.J
=

Using the results of this study, how many candidates would be expected to be from

Year 13, and pass the examination?

PCoar 13 k falad ) f“h’/g;’gwﬁ 013
f(VJQU.r 13 Y pomd) = Ao & DG

£q 500 canololdrcs dof e parc”
’ el xS5O0

Ve f‘FJL.m ¢ 13 ajéd X Uuw L pWJ{O/’ =
— 3D

Incorrect answer.

1120 used instead of 1500 —
a commaon error.
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(iv) Itis claimed that Year 13 candidates are four times more likely to fail the examination
than Year 12 candidates.

State whether or not you agree with this claim, showing full calculations to support your
View. £

267
P(\jecw 13 & Lol exam) = ’;T;u ¥ .15
P C\ﬁecu |4 &‘em(_a,oj ’QKCUV‘) = 33/?,?(_) = 0 08

0'23 - QSE’—B

0- 0k
Ur 13 Gndidedes g 4 Ames moum Irkztg to 2,1 exam thanm
%O” 5 T

71 do nd agreL wrth  the claim {hoc( yI% 13 care) dods
are 4 finag moce likely 4o fail than geow R
candideky . Howtvey ol Sf/wu)nbld the  reladi v
¢Sl /% Yeoe 13 canolidedo Cmff!%fﬁf fimad mu &
Mcwd fo ful  fhan yev 12 CrdlddTT whch >
5 clog fo H . o1
W T_/‘L()kkgl’) g shuolamdsr arent &4 fmd
hens ity Ao fail, they hewt o higher
Choner  of {Euhvuat o m poured ~tha
YOy oL J"’(L\QQQVLJJ} who havt 4 much
(U‘/\Jiv probabJ/’J\‘,}/ ﬁ(()()f) o{) F&f/i"t/?«
7

Correct absolute risks and relative
risk found.

Correct supporting statement.
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(b) The same study also considered the number of subjects the candidates were taking in their
normal academic courses. It found that of the same sample of 1500 candidates, 682 were
taking six subjects, while the rest were faking five subjects. Of the candidates who were

taking five subjects, 192 failed the examination.

The table from page 7 is repeated here to help you answer the questions that follow.

Year 12 Year 13 Total
Passed 347 853 1200
Failed 33 267 300
Total 380 1120 1500

JFolo k € ww/ca

/]
Joipd |

AT TR

1N
[/

><'/f

—

) ] 4
S g

-2

“

(i)  What proportion of candidates in the study took six subjects and passed?

579
gy

=

Incorrect answer.

682 used instead of 1500 —
a common error.

To ol & Teuk S T0 4o/
fosted sS4 6256 1206
,fovj( (Q§ /qacl 3u b
Rt 68 81 & BT
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(i)  On the evidence of this study, would you recommend that candidates take six subjects?

Support your answer with numerical calculations that consider the absolute and relative
risks. You may also wish to comment on the sensibility of drawing any conclusions on
this evidence. '

P tako € yubjeu(iﬁ) pwjj : 0-fY
F(‘}‘U'(.Q & Sub\j&c:b& PC\XJ)"‘ € - 7 (

' g;uyje("sa}
Rt sk 294 = 0
0 76 S
relahiee ask (S subjeg) ™ ——— = 0.9¢

@/ F (¢ SMBK/{Q!]
F(SSU\.‘D &)‘(ﬂ\tj =

Bard on ny caleulosdons 1T kel

pommend Hhod abdd cand.dote fate b
Iubjedj rather fhan S Subj'edj- (s bou
(an Jee {rm my @y lediond i W you

fake € subjecs geamneg qou houe o
hghay chare drypamg (110 7D of pasting

J/gou howe & much lower chome (. 65y7.) o
,(éuhrtj com (M‘Uw’ 40 %akmg 5 subjedd who
hovt q‘f?-%/\) chonee of po | and/
e g mud hgher dane 8 (1.537) of

7% ( {) /\3 : / Correct absolute risks and relative
/ risk found. !
. , . ‘|

Correct supporting statement.
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QUESTION THREE

(a)  When calves are born into a pedigree beef herd, decisions are madé after they are one month
old, and again when they are three months old, as to whether they will be kept in the herd or
sold.

55% of calves born are male. At age one month, 70% of male and 20% of female calves are
sold. Of the remainder, at age three months, 80% of males an‘d 35% of females are also sold.

ASSESSOR'S
USE ONLY

eandin 3 mh L‘ U O
¥ e 0 F ol Usud)
0. / GO 33
$ - Sk et DYk ph ¢ kepl)=
Fsold
O 0 9/0 )
4s ; Fﬂl
0-35 F s/ (F solol) = 063
0
5O¥ 1y p |
‘ O a 65, L
by (F kpt)=|0:234
()  Find the probability that a randomly chosen calf born into the herd will be male and sold
at age one month.
PCHq(Qg/fu(c/cJ /mumlh) = OS5 x G.70 W
o 2_}__?_? o Correct answer.
(i)  Find the probability that a randomly chosen calf born into the herd will be female and
sold at age three months.
Plremele @ suld of 3 muw”w) 0. 495%x0.35 )
£ 1515
@ / Incorrect answer.
(iif) What percentage of calves will eventually be kept in the pedigree herd?
(M kept) = 0.033 =33 7,
(F lkapl) 20234 = 23,4 C

60ROV = A6 T 7

FAT Y,

Correct answer.

7

Mathematics and Statistics 91267, 2015



13
(iv) In a particular year 550 calves were born.

How many male calves can be expected to be kept in the pedigree herd?

(M ijr) = bae s

1\

(& caluveld

0. 033 v SSso = (F 1S
- 7

Correct answer.

(v) The ratio of male to female calves being kept in the herd after three months is about one
male to every seven females. This is to be changed to one male to every ten females.

If the number of male calves remains the same, what proportion of females would have
been sold?

No response.
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(b) New Zealand fantails are birds which are either pied or black.

Pied fantail

Black fantail

Cherryl Mariner, www.nzbirdsonline.org.nz/species/new-zealand-fantail

They interbreed, and pairs with successful nests are found in the following proportions:

Pair Two pied fantails One pied and Two black fantails
one black fantail
Proportion 0.75 0.2 0.05

Successful nests have between one and four eggs. The proportions of eggs are given in the

table below.

Pair Two pied fantails One pied and Two black fantails
one black fantail

One egg 0.15 0.2 0.3

Two eggs 0.3 0.35 0.5

Three eggs 0.4 0.35 0.15

Four eggs 0.15 0.1 0.05

(i) ~ What proportion of pairs with two pied fantails will have a successful nest with more
than one egg?

O-TF 5.3 46w £0:05 ://,

Incorrect answer.
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(ii) A researcher claims that only one out of every 50 nests found with three eggs is likely to
be from a pair of two black fantails.

Use calculations to show that the researcher’s claim is justified.
| = £ el

P(Uequzlmuﬂ Qp OCZ bf&dg‘%{yrfqﬁj = 0. 05 |
3 aggy from o black bt = 015

o e = 5y
__O______S_; oy @ Incorrect answer.
Bl

e et

| The resbouChard (latm Voo nod J‘uJﬂ.jzﬂUJ Y,

‘ I velobive visk Jhodt T guff botd  on My

Cot(cu\aj{,um 5 0033 wlfuch b nud even clol
o 1/so which 5 002, There (£ G oftHernt

of 0‘;?/-/
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