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Merit Exemplar #1
Paper Total 16

QUESTION ONE

@

(i)

3‘;&7‘76'-'7 \q .

Shaticn B

ASSESSOR"

USE ONLY
(a) Attrain statio@ the time it will take for the next train to arrive is between 2 and 12 minutes,
with all times in between equally likely. -
At train statiopBjthe time it will take for the next train to arrive is between 4 and 9 minutes,
with all times 1n between equally likely. -
Using an appropriate probability distribution model, sketch each distribution on the
same axes below.
Add as much relevant information as possible and clearly label each distribution.
«ihbn A |[Noscaleon Y axis, B
7 l naRRe the same height as A
"l "/
Calculate the probability that it takes more than 8 minutes for the next train to arrive at
train station A and more than 8 minutes for the next train to arrive at train station B.
Give any assumpti rl(s) that needs to be made.
(>8] > Abh =5 P=(z-g)xo.1 =04 > S
Az Azloh » 10=02-2)>b> h=01 R
M r8) > A=bh sA-(G-8)x02 = 0L -~ B
B h D10 =@4)h D=2
= Pstaun A >8mn_and shabn & 5 8min) = 04 x0.% ~ .
| L/’\

= 4 \ i /i
=008+ / R\_.'/? - .

Correct probabilities but no
assumptions given
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3

(b) Itis estimated that 13% of the cars driven on New Zealand roads are red.
Suppose that the colours of the next seven cars that pass in an opposite lane to a driver are

observed. T=0.12 ed

n=7
(i) Using an appropriate probability distribution model, calculate the probability that at

least two of the seven cars are red.

T=03 Plx22) = 1- p(x <) _
'ﬂ:? = " Q‘?‘?‘q
g = = 00/ st L

(1) Justify your selection of a probability distribution model.

Rinomial  dishipuben - - o
« Fixed number of Hds (7 cors obsened) ©

- ged Cclowy i
¢ bach Car™is (ndependent of any olher. <

¢ Q'nh,! b possibl e gu heomes (H‘c‘ o ot (?d) 4 o

. ?mbab{lih} et & car is ced emans  Castant (Ti(\'\?\y;{/ .

(iii) For n number of cars that pass in an opposite lane to a driver, the probability that at least
one of the cars is red is 0.965 (rounded to 3 decimal places).
. Pl 21) = \- P==c)
Determine the value of #. ks
Support your answer with appropriate statistical statements and calculations.

Plx2) =096 rd o) = t-re = o)
POc=0) = 1-0.665 =6035 2 -3382 N o
Pz 0435 =e* X TAH00% =33 £
Y
Slno®5=-1
DA =331 (Bdy) LK 3352 -{1-0a6)
=~ — P- :C ™ (- log 3352 =n

n D -0
0.965 - ( 3357 (1-350)
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Parts (i) and (ii) correct -

l 0 965 = nlgy q2c &
3 ‘”] e => %‘%5 = “'9’ '%57-3 no answer given for n in

-

MDD

= 57 / 'part (iii). Incorrectly using
%1 0.965 // Poisson distribution
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QUESTION TWO

(2)

(b)

A car-driving training company prepares customers for the restricted licence test. The
company has recorded information about customers who were successful at passing the test.

The table below shows the probability distribution of the random variable N, the number of
attempts at the restricted licence test by customers of this company. The number of attempts

includes the attempt where the customer was successful at passing the test.
o%

et

2 k\?bﬂ( 3\\6« 4 o' o & ol

P(N = 1) 0.82 0 0.03 0.01 Sy,

14
BlBFgns) $234, = $ 4l ﬁ;ip 5546
(1)  Calculate the meamnumber of a the restricted~HeenCe test by customers of this

company who were successful at passing the test.

EG) = (ivos2)s (ewon) o (a003) ¢+ Bot0l) =403 .

s
red

(11)  The cost of the restricted license test is $137 per attempt. e pace ()

In addition to this, the company charges a fixed price for customers to prepare them for
the test, regardless of how many attempts the customer takes.

For customers of this company that were successful at passing the test, the mean amount
paid for tests and driving training was $468.51.

Calculate the fixed price charged by the company.

D451 = 3.47  alemply | _4@Y S\- 168 5 I
27 = 830 .
137 x (.22 = ®leg 351 el prce b ;3,?)&@m(wa§3k4,fﬁlﬁﬁ. ugeesy 8§ V13

B previeus qmmﬁ) ;«:;/

A local transport authority has been monitoring the number of bus breakdowns over a long

period of time. Based on the data collected, the mean number of breakdowns per hour is 0.3.
j,(}.g per hour Posswn.

The operations manager for the transport authority uses a Poisson distribution to model the

number of bus breakdowns during a set period of time. Rics

(1)  Using this model, calculate the probability that there are no more than two bus
breakdowns during any four-hour period.

Give any assumption(s) that needs to be made.
. breakddomn J .
A=03 pee hoar A=4h 4 hour pered. L o

P gr) =oge95 Gsgy - o

o Ny kv Ditakdonns Con oty Sxmu:‘rgn'ecush:;
Dssumphons: ¢ Bach breadiomn s odependent o angether ™ -
Reaeesvsin ¥ ¥

brea kdomns . o~
¢ The ok of &—aﬁe@ﬁf eMuNns_Gastanl (3=12) e f I
o The ek d erendS upon the fime intervel (;‘ .2 & 4 heurs) j{//
7/

Y Ur at tandom. 7/
> Breakdamas 0 Mathematics and Statistics (Statistics) 91586, 2015
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The operations manager has produced a graph of the data collected on the number of
bus breakdowns during 12-hour periods (the experimental distribution).

iz' ;\Juu‘

0.24

022 4 o -

0.20 4= ——— e e s

OIS R

016 4

014 -
012 f

0.10 1
0.08 - : : ;B R L
0.06 - . ; : . s : -

Proportion of 12-hour periods

0.04 |- . | j . ¥ . g B
0.02 4- " ' ‘ :

0 1 2 3 4 5 6 7 8 9
Number of bus breakdowns per 12-hour period

Discuss whether a Poisson distribution is a good model for the number of bus
breakdowns for any 12-hour period.

As part of your discussion, you should compare the features of the experimental and
model (theoretical) distributions. You may wish to draw on the graph above, but should
include any probabilities related to these drawings in your working below.

t 2=36 G i how yened: o _
Px=2)-=¢.

\\':epgei e

Plx=0)= d0132  f(-1) =p.04837 770 P(x=3) = 0. 2125

PIx 4] = o84

. CFoEd S\ 0 S o b%b% __0.7.‘7%4

(OXG i)+ (mns) ('L-v()j (3&\\) (Mﬁ 2)r (5x0.00) * (Qx(l 6?)
+(7x009) + \8 @ed)+ (1¢h42) -

0.1 - Plx=1)=045  P(x-2]-0iy

EZE@[@gﬂQ(_ A =

Plx =0) P(x=3): g

1Y)

r(ZuL 4 _ 066 (C’(pcom»‘zi Pabbhes ge  Similer  F thegrehical ;“f\e-t(mf ﬂﬂé Wﬂj‘!x]

AN

\cckma\ at The thegehcal pn.bab;hh,‘ exomplt that  y €4 4 phich glees
pn)babshh' of 0 ?054 the experimentdl prbabil h«l B X <4 is shewn b
07 1

b- 086, Siace  the eruenmenj:a_\‘ pribabil ]11 15 atho the

(0635820 7770) , we @n say thet gesson1s ¢

Credit for correct comparison,
however conclusion is incorrect

P l Hc‘ ‘ﬂ’n lhbah : 4
( u/ &/ 5 _dﬁLL_wm;} /
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QUESTIO

N THREE

(a)  The prices of ten-year-old hatchback cars sold in New Zealand during 2014 can be modelled
by a normal distribution, with mean $7500 and standard deviation $2000.

@

Ten-year-old hatchback cars could be considered “over-priced” if they sold for more

than $9000.
JU———__

(iD)

Based on the model provided, calculate the percentage of “over-priced” cars that sold
for more than $9500.

M =50
o = Wit

$7 “5@5

Dy . _ ‘ . "“', ;\\ ff!,
Px>a5m) = 0isir (af) [\ /s i}

—— = —~———— 1Only one probability I
calculated

A Year 13 student obtained data on a random sample of 49 ten-year-old hatchbacks from
a New Zealand online trading website during 2014. The advertised prices of these cars

are shown in the figure below. I~ = Aq

G
[©]

2000 4000 6000 7 1'@ 000 10000 12000

Advertised price of car ($) /’i/

M %3776[) ~ ’fl,fj/

The student claims that the prices of ten-year-old hatchback cars are not norn{aﬂy
distributed, as the distribution of car prices in the sample is negatively skewed.

Discuss why the student may be incorrect in their reasoning.

Give at least TWO discussion points.

~ Normal  dishibihion 45 o Corhiouews data Set erth an Owverage price e 16 year

2

5
3

L Ghd hakh b

o le
[L7 3 £ i i

acks Shgwn H be appriimokly

BN A 1 AL

57,700 ¢n he Svmph.%%ﬂsﬁ-w
ok “%,’
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(8 quarhle @)

‘@G‘Kinﬁ at_the bov  me con  see dhot  wppe Seerte and  wer  quale AssEssoR's
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N7, 4y noimally disbalked
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) ' §7,700)

dtsh'l'bwl'foi with 24 ad 25 deda Dmr\h e side GF{HW, =

Redvod  boy Ine }v,Suqaes‘hnq noinad  diyibeehin Outller§ identified and
AL / \ recognised as cause of

/ \ |skew

The e punts at < 8B7,600 may  be  ossible autliers  winich s E‘i“bﬂi‘?
Slewed  qraph tF removed | the dota dlSh?buh(!f)/o"dd be moe € 3‘1""““-"‘&1“‘

ell-shaped 1 reSSemtle nmmal dishibahen - 7 4
(b)  The time taken to travel along a stretch of motorway in Dunedin by car can be modelled by a

random variable that takes on values between 3 and 8 minutes. The most likely time taken is

4 minutes.

Using a triangular probability distribution model:

(i)  Calculate the probability that it will take more than 4 minutes to travel along this stretch
of motorway by car.

= b
S -2b-4) =04
P(x >4) I 55 ()

N=ebh =05y(g-4)04 = Pl>a) =08/

(i) Explain why the median time taken to travel this stretch of motorway by car is not

6 minutes.
Pla=e) R =2B-9) 202
0.%bh . M §-4) S

Since  the mest @mmen hme  Faken 45 4 and & the Requencq b
) . ) 18 not 1 el h’
bovrwdes 15 7 et By 4min The means 6 ~onngk te the medion

Medn 43 the middle umber when  al doba 45 odewd.

7

A

2 4 5 ¢ - \0) ‘Fn.'n g4mi.1 k L%;c;n there 18 « deciegie
L L E«Wﬁ Hha—most I:keL( medign witl bg
%’3 F )& 3= o mnnu};//
frd = 0 4 4 44%@ / median is 4.84
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Merit Exemplar #2
Paper total 16

QUESTION ONE

(a) At train station A, the time it will take for the next train to arrive is between 2 and 12 minutes,
with all times in between equally likely.

At train station B, the time it will take for the next train to arrive is between 4 and 9 minutes,
with all times in between equally likely.

(1) Using an appropriate probability distribution model, sketch each distribution on the
same axes below. ‘

Add as much relevant information as possible and clearly label each distribution.

L]

P4

i’)@,k, ‘/} %v

4

=RRTS

Fro

- = 10 D / ' 1/
C I Z23ruas5¢72g ailphiZiziyg /

(ii) Calculate the probability that it takes more than 8 minutes for the next train to arrive at
train station A\@Edjgore than 8 minutes for the next train to arrive at train station B.

<>
R
g

7

[ s
o

P

2 /
Give any assumption(s) that needs to be made.

=
gl

’/%rg ?/Q/Ozc/i/),/v /A,JL fﬂ / W/’/l fﬁé@ wgrz
C{m n 7 [C)[ a % er) /r(’7 Orf }\fé ;f)
?f(j ] /'CW? /‘4 S e L/

B ot o 207 o
S/

-~

Probability of the "and" event not
calculated
No assumptions given
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(b) Itis estimated that 13% of the cars driven on New Zealand roads are red.

Suppose that the colours of the next seven cars that pass in an opposite lane to a driver are
observed.

(i) Using an appropriate probability distribution model, calculate the probability that at
least two of the seven cars are red.

3/‘ d3€9 Vl@f 6)\[(3’7/ Nel2 ’f(//,'g /‘)/” ’W(Q ’;

QQIK:AM {Oa« %dAZ’» —CL L /”z_‘}’(/tc'hlr I CCU” A v\\/ 117{,19_ —
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/é’tf\/\/eé’/( O /L/(// f\V’&{ L/* < ’(g // incorrect probability

gr) Wﬁ&/ I
(i) Justify your selection of a probability distribution model.

. : 5 s § 1 f / )
4’—’ i/\%é(ii _ /:)f/wm r\af ,_ﬁ{ﬂ ";/JLL/_‘AW’:;@@ Wﬁﬁcflﬂ*éagw@

ﬂw‘z VY774 01/v 7lw. f’u,//‘(?}‘ﬂm? S ot/
car, lmoe. ]:;e;nJ@ red tnd  non- red)

3

given

(iii)) For n number of cars that pass in an opposite lane to a driver, the probability that at least
one of the cars is red is 0.965 (rounded to 3 decimal places).

i [/ f £}
Determine the value of . o U ¢ ,/[ s ‘@// // bar / é
Support your answer with-appropr /1ate statistical statements and calculations.

/ i
Ny _12 1 6 b;c.c%ﬁf wma* zfmfne

/f

(,A 1757 /)ﬁt ve U\J/” )/Qf’“é

:tff "‘0 09/{ of (/ cars ﬂ@m7 @/

_ S - ~ {correct answer is 24
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QUESTION TWO

(2)

(b)

A car-driving training company prepares customers for the restricted licence test. The
company has recorded information about customers who were successful at passing the test.

The table below shows the probability distribution of the random variable N, the number of
attempts at the restricted licence test by customers of this company. The number of attempts
includes the attempt where the customer was successful at passing the test.

n 1 2 3 /f' 4
y 2 4 7 3 ral L
P(N=n) 0.82 0.14 0.03 0.01

(i) Calculate the mean number of attempts at the restricted licence test by customers of this
company who were successful at passing the test.

//

(ii) The cost of the restricted license test is $137 per attempt.

In addition to this, the company charges a fixed price for customers to prepare them for
the test, regardless of how many attempts the customer takes.

For customers of this company that were successful at passing the test, the mean amount
paid for tests and driving training was $468.51.

Calculate the fixed price charged by the company.

2 & 5”'7 = 1685/ Yes.b/ ~16gL)
ﬁ&&}i DWice :‘EDOJ /

A local transport authority has been monitoring the number of bus breakdowns over a long
period of time. Based on the data collected, the mean number of breakdowns per hour is 0.3.

The operations manager for the transport authority uses a Poisson distribution to model the

number of bus breakdowns during a set period of time. L /(57 é 7 g 65 % 07 g é 7
¢ / 3 ) b .

(i)  Using this model, calculate the probability that there are no more than two bus
breakdowns during any four-hour period. G 73

L’!“/ E \
v b O )

Give any assumptlon(s) that needs to be made.
i~ ’{’

A5G umu qy 7/‘@7, e f bt _ Scipme _(hdie

z]&/@fx  EXan N\ ¥

%2 X/
___ar &0
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(i) The operations manager has produced a graph of the data collected on the number of

bus breakdowns during 12-hour periods (the experimental distribution).

0.24
0122 feeen

0.20 1

0.18

0.16 4
0.14 1

ion of 12-hour periods

" Proporti
e
o
()}

. Number of bus breakdowns per 12-hour period

N
ty .

Discuss whether a Poisson distribution is a good model for the number of bus
breakdowns for any 12-hour period.

e "\ ¢
N
As part of your discussion, you should Go@t/ features of the experimental and
model (theoretical) distributions. You i e graph above, but should

include any probabilities related to these drawings in your working below.

PC’:S%’W/'\ 77iftnmi on /5 _ ("OGi} \A/L’W

QQLZ& VC/!VL é _in ii«fﬂddyﬂf O\V!(A m%w%
W g Vk} —
01550 _distabul, Yo WOu/oi not _be o

//lg V‘L/\/’ﬂm; @/ éu;

for_

%0@0? mede]

bakdowns for Ay R hewr L(”QLZQ_
EZCO\\A/@ ﬁ\z ouLa @n 7%;6 9/@#4@64045

ik Lfﬂfnj’ Ci"hO(AmT 0/[ Afé&JG’x/f‘?Wﬂ?
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jil@z}.c\ /\/\/Aﬂ) WO [i /95 Ské”h/ﬁ ¥ //QZ
/ x/ /
Vi ‘K}é’gf/i //- —— ————{No comparisions with

/ theoretical model made
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QUESTION THREE

(a) The prices of ten-year-old hatchback cars sold in New Zealand during 2014 can be modelled
by a normal distribution, with mean $7500 and standard deviation $2000.

(i)  Ten-year-old hatchback cars could be considered “over-priced” if they sold for more
than $9000.

Based on the model provided, calculate the percentage of “over-priced” cars that sold
for more than $9500.

0.75 Both probabilities correct
plus conditional
probability calculated

Yuiv
E‘ i ‘—?;*ZSIL://‘ «E v_(;:;.\l:" ‘g?‘~ - 70_:/:) C[ L{G\/(/( F('C(d a
I) v 511 ¥ i/ 5 S

Moz _

(i) A Year 13 student obtained data on a random sample of 49 ten-year-old hatchbacks from
a New Zealand online trading website during 2014. The advertised prices of these cars

are shown in the figure below.

3
Ba o8
o o @@8@083 gc’f 8o 8 o ooocoo o
T T T ‘\} T T
2000 4000 6000 800\0\‘ 10000 12000
Advertised price of car) ($)

.;\;
™

The student claims that the prices of ten-year-old hatchback cafs\axe not normally
distributed, as the distribution of car prices in the sample is negatively skewed.

\\

Discuss why the student may be incorrect in their reasoning.

Give at least TWO discussion points.
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19 V‘/’(?O@/ 5§/}/W/’,/€ C’)[ %%Z //"(/{ /Q?QN?% o
ven ﬁ e %ﬁua (2Sulls o sKewed e can

} \

v~

7Jf // 4'}5 1/’57/’/)’}0/ /‘§'f/’(7téw7l/0ﬁ?_w\ first point about samp
o /7 is well made

le size

second point not enough

(b) The time taken to travel along a stretch of motorway in Dunedin by car can be modelled by a
random variable that takes on values between 3 and 8 minutes. The most likely time taken is

4 minutes.

Using a triangular probability distribution model:

(i) Calculate the probability that it will take more than 4 minutes to travel along this stretch
of motorway by car.

e 5’- 5 / 0

(i) Explain why the median time taken to travel this stretch of motorway by car is not

6 minutes. L e ?

éﬁeca LSe /,m@f% CaEes ?OO k %%ﬁg/]
minutes %O 7[1"0\\/@/ cind f%ﬂi@ encs) O(Ad- HLZ VWJ wy/
i

Not a valid
explanation

N

~—
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