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Question 1

Table 1 below describes the steps involved in producing an online advertising video.

(5 marks)

Table 1
_ Time to complete EST LST Prerequisite
Task Description (days) (days) (days) task(s)

A Decide on a theme 2 0 0 None
B Prepare ;torybpard 10 ) > A

and write script
C Obtain equipment 5 2 7 A

and props
D Cast and hire actors 7 12 13 B
E Hire production 3 12 12 B,C
workers

E Prepare scenes 5 15 15 E

and wardrobe

Record scenes 12 20 20 D, F
H Edit recorded scenes 8 32 32 G
J Combine scenes 2 40 40 H

and finalise video
K Prepare web.sne 1 42 4 J
and upload video
(a) State the critical path for producing the online advertising video.
(1 mark)
(b) State the minimum completion time for producing the online advertising video.
(1 mark)
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The network diagram below shows the steps involved in producing an online advertising video.

The network diagram is missing a dummy link.

(c) Using information from Table 1, draw the missing dummy link on the network diagram.

J

G { H @ { K @ finish
<
E

(2 marks)

start .L

It now takes an extra 6 days to hire the production workers.

(d) State why this will increase the minimum completion time of the online advertising video by 6 days.

(1 mark)
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Question 2 (8 marks)

Hamish worked as a lifeguard over the summer holidays. He wants to place his earnings into a
high-interest savings account to save up for a Jet Ski currently worth $9000.

He considers two options offered by his current bank.

» Account A: interest rate of 4.20% per annum, compounded weekly
» Account B: interest rate of 4.28% per annum, compounded quarterly

The effective annual interest rate of Account A is 4.29%.

(a) Calculate the effective annual interest rate of Account B.

(1 mark)

Hamish then sees a third option, Account C, which has an interest rate of 4.40% per annum.

(b) Under what conditions will the effective rate for Account C be equal to the advertised rate of
4.40% per annum?

Tick the appropriate box to indicate your answer.

The advertised rate compounds daily.

The advertised rate compounds fortnightly.

The advertised rate compounds monthly.

The advertised rate compounds annually. (1 mark)

Hamish places a sum of $8000 into Account A for 4 years.

(c) (i) Calculate the balance in his savings account at the end of the third year.

(2 marks)
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(i) Calculate the interest Hamish earns during the third year of his savings account.

(1 mark)

(iii) Hence, calculate the tax he must pay on the interest earned in part (c)(ii), if his marginal
tax rate is 19%.

(1 mark)

The value of a Jet Ski is assumed to rise in line with inflation at a rate of 2.8% per annum.

(d) If the balance on the account after 4 years is $9462.85, use appropriate mathematical calculations
and reasoning to determine if Hamish can afford to buy the Jet Ski.

(2 marks)

page 5 of 26 PLEASE TURN OVER



Question 3

(9 marks)

The median rental costs in metropolitan Adelaide have been steadily increasing. Table 2 below shows

the median weekly rental cost (M) of private rental properties in metropolitan Adelaide from 2005 to
2017, where t is the time in years since 2005.

Table 2
Years since 2005 (1) 0 1 3 4 5 6 7 9 10 12
Median rental cost (M) | 555 | 270 | 275 | 280 | 290 | 300 305 | 310 | 320 & 325
($ per week)
Scatter plot 1 below displays this data.
Scatter plot 1: Metropolitan Adelaide median weekly rental costs 2005-2017
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(a) By applying a linear model, calculate the value of Pearson’s Correlation coefficient (r).
(1 mark)
The data from Table 2 can be modelled using the linear model, M = 5.38¢ + 263.
(b) Interpret the meaning of 5.38 in the context of this question.
(2 marks)
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Using the linear model, M = 5.38¢ + 263, it can be predicted that the median weekly rental cost in 2013
is approximately $306.

(c) (i) State two reasons why the predicted median weekly rental cost of $306 in 2013 could be
considered reasonable.

(2 marks)
(i) Predict the median weekly rental cost in 2025.
(1 mark)

Additional data from 2018 through to 2024 has since been collected and added to the original
Scatter plot 1 to create Scatter plot 2 below.

Scatter plot 2: Metropolitan Adelaide median weekly rental costs 2005-2024
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(d) State why it is not appropriate to apply a linear model to the data from 2005 to 2024.
(1 mark)
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The data for the median weekly rental costs for 2018 through to 2024 is displayed in Table 3 below.

Table 3
Years since 2005 (t) 13 14 15 16 17 18 19
Median Rental Cost (M) | 33, | 340 | 360 | 390 | 430 | 500 | 550
($ per week)

(e) (i) Using the data from Table 3 only, complete Table 4 below by stating the equation of the

exponential regression model.

Table 4
r? value Equation
Linear regression model 0934 M=375/—186
(yv=ax+b)
Exponential I‘Egl’efSIOI’l model 0.959
(y=ab")

(1 mark)

(i) Hence, calculate the predicted median weekly rental cost for 2025, using your exponential

regression model.
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You may write on this page if you need more space to finish your answers. Make sure to label each
answer carefully (e.g. 2(c)(i) continued).
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Question 4 (11 marks)

A committee is set up to organise a school formal. The tasks to be completed are summarised in the
network diagram below. The time taken for each task is given in days.

(a) Explain why the dummy link is required in the network diagram above.

(2 marks)
(b) On the network diagram above, complete the forward and backward scan. (2 marks)
(c) State the critical path for the network above.
(1 mark)
(d) State why task E must always lie on all critical path(s) of this network.
(1 mark)
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(e) (i) Calculate the slack time for task D.

(1 mark)
(i) What assumption has been made in your answer to part (e)(i) above?
(1 mark)
(f) State the latest start time (LST) for task G.
(1 mark)

There has been a delay in completing task G and it now takes 11 days. The network diagram below
has been updated to show this.

start finish

(g) Without doing another forward and backward scan, discuss the implications of this delay for
the minimum completion time and the critical path.

(2 marks)
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Question 5 (9 marks)

Gala wants to borrow $495 000 for a term of 30 years to buy her first home.

She considers two loan options being offered by her current bank:

. An interest rate of 6% per annum, compounded monthly, with no
Option A ) )
establishment fee and no service fee
Obtion B An interest rate of 5.95% per annum, compounded monthly, with a $600
P establishment fee and a service fee of $20 per month

(a) (i) Calculate the comparison rate for Option B.

(3 marks)

(i) Which statement below most accurately describes the best loan option for Gala?

Tick the appropriate box to indicate your answer.

Option A is the best because it has a higher comparison rate.

Option A is the best because it has a lower comparison rate.

Option B is the best because it has the lower nominal rate.

Option B is the best because it has a higher comparison rate.

Option B is the best because it has a lower comparison rate. (1 mark)

Gala chose a different home loan option with an interest rate of 5.70% per annum,
compounded monthly. Her monthly repayment for this loan will be $2873 for 30 years.

(b) Calculate the total interest that Gala would be expected to pay for the 30-year loan.

(1 mark)
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(c) Calculate the outstanding balance of the loan after 10 years.

(1 mark)

At this time, Gala decides to change to a bank with a lower interest rate of 4.80% per annum,
compounded monthly.

(d) Show that the new monthly repayment is approximately $2665 for the remaining 20 years.

(2 marks)

(e) Calculate the interest Gala saved by changing to a new bank after 10 years.

(1 mark)
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Question 6 (10 marks)

Prisha runs a ‘Splash and Swim’ water park in a popular holiday destination. She wants to investigate
the relationship between the daily temperature (7'), in degrees Celsius, and the number of visitors (NV),
that come to the park.

After recording the data, Prisha modelled the data using a linear regression. She found a strong
positive correlation between daily temperature (7') and the number of visitors (V).

(a) Tick one option that best represents the possible » and 2 values for the data.

r=-0.945 and r?>=0.893

r=0.723 and  r?=0.523

r=0.931 and  r?=0.867

r=0.923 and r?=-0.852 (1 mark)

The linear regression model for the two variables was found to be

N=19.2T - 181.

(b) In the context of the question, state why the linear model would not be considered reasonable in
predicting the number of visitors to the water park when the daily temperature is below 9°C.

(1 mark)

On one particular day, the daily temperature was 34°C and Prisha had 482 visitors at the water park.

(c) (i) Calculate the residual value, from the model, for this data.

(2 marks)

page 14 of 26



(i) Add the residual value that you found in part (c)(i) to the residual plot below.
Residual plot for linear model
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(1 mark)

(d) With reference to the residual plot above, give two reasons why a linear model is not
considered appropriate for this data.

(2 marks)

Prisha then calculated the exponential regression model for this data to be N = 52.2 x 1.0657.

(e) (i) Explain, in the context of the question, the meaning of 1.065 in the exponential regression
model.

(2 marks)

(i) Use the exponential regression model to predict the daily temperature when the park would
have 570 visitors.

(1 mark)
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Question 7 (14 marks)

Mei is a 30-year-old self-employed Pilates instructor who owns her own studio. She has just
transferred her current superannuation balance of $9810 to a new superannuation provider, to
which she will make annual payments of $5200. Her new superannuation account earns interest
of 7.8% per annum, compounded annually.

(a) Show that there would be approximately $993 000 in the fund when Mei reaches her planned
retirement age of 65.

(2 marks)

(b) (i) Calculate the amount of interest Mei’s new superannuation account will have earned when
she retires.

(1 mark)

(i) State one reason why the interest earned could be lower than the amount calculated
in part (b)(i).

(1 mark)

Mei would like to retire with $1 500000 in her superannuation account.

(c) What age would Mei be when she could retire with a balance of $1 500 0007?

(2 marks)
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When Mei turns 45 years of age her superannuation balance is $169278. At this time she receives an
inheritance of $50 000, which she places as a lump sum into her superannuation account.

(d) Can she now retire at 65 years of age with a balance of at least $1 5000007

Support your answer with relevant calculations, assuming all other account conditions remain
the same.

(3 marks)

At 65 years of age, Mei deposits $1 000000 of her superannuation savings into a retirement annuity,
which generates interest of 5.7% per annum, compounded fortnightly.

(e) Calculate the amount Mei can withdraw each fortnight if she would like her retirement fund to last
for 20 years.

(2 marks)

Rather than reduce her balance, Mei would prefer to live off only the interest earned in her annuity
account.

(f) (i) How much can she withdraw each fortnight if she wants to live off interest alone?

(1 mark)
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(i) State one reason why Mei might choose the strategy outlined in part (f)(i) rather than the
strategy outlined in part (e).

(1 mark)

(iii) State one reason why Mei might choose the strategy outlined in part (e) rather than the
strategy outlined in part (f)(i).

(1 mark)
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Question 8 (11 marks)

Travellers who check in at Adelaide Airport for domestic flights have weights of luggage that are
normally distributed with a mean weight of 18.5kg and a standard deviation of 2.7 kg.

(a) Calculate the proportion of domestic luggage that would be expected to weigh between
19kg and 21kag.

(1 mark)

Bags for any flight that have a weight of 23 kg or more are required to be labelled with a
Heavy Bag tag.

(b) (i) On the diagram below, shade the probability distribution to show the proportion of bags that
would require a Heavy Bag tag.

Adelaide Airport domestic flight luggage weights

5 10 15 20 25 30
Weight of luggage (kg)

(1 mark)

(i) On a certain day, 7815 pieces of luggage are checked in for domestic flights at Adelaide
Airport. How many of these pieces of luggage are expected to require a Heavy Bag tag?

(2 marks)
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International travellers often fly on airlines that allow a heavier luggage allowance.

The weights of luggage that people check in for their international flights at Adelaide Airport are
normally distributed with a mean weight of 18.5 kg and standard deviation of 4.3 kg.

(c) Which of the following best describes the international check-in luggage weight distribution?
Tick one box to complete the statement below.

People flying internationally have:

less variation in their luggage weight than those flying domestically

a higher mean luggage weight than those flying domestically

greater variation in their luggage weight than those flying domestically

the same variation in luggage weight as those flying domestically. (1 mark)

On fully booked international flights departing Adelaide Airport, the lightest 2% of bags checked in
were originally intended to be carried on board by passengers.

(d) What is the weight of the heaviest carry-on bag that has been checked in?

(2 marks)
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The weight of check-in luggage for domestic flights departing Sydney Airport is normally distributed.

The diagram below shows the probability distributions for the weight of check-in luggage from
domestic flights departing Sydney Airport, along with domestic and international flights departing
Adelaide Airport.

|
5 10 15 20 25 30 35
Weight of luggage (kg)

The mean weight of domestic check-in luggage at Sydney Airport is 20kg.

(e) Using the appropriate probability distribution, estimate the standard deviation for domestic
check-in luggage weight at Sydney Airport.

(1 mark)

The weight of check-in luggage for international flights departing Sydney Airport is normally
distributed with a mean weight of 22 kg and standard deviation of 3.8 kg.

Cassowary Airlines is an international airline that flies from all states in Australia. They will charge
customers for excess luggage when passengers have luggage weighing over 30kg.

It is known that 1.76% of passengers departing Sydney will be charged for excess luggage.

(f) Itis claimed that on a fully booked flight of 375 passengers:

‘1.4% more Cassowary Airlines passengers will pay for excess luggage charges for Sydney
international flights than pay for excess luggage charges for Adelaide international flights’.

Disprove this claim using appropriate mathematical calculations.

(3 marks)
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Question 9 (13 marks)

A theme park has four ride operators - Emma, James, Mia, and Oliver - assigned to four rides:
Roller coaster, Ferris wheel, Bumper cars, and Carousel. The park’'s management wants to assign
each operator to a ride in a way that minimises the time taken to perform safety checks.

Table 5 below shows the time (in minutes) each operator takes to perform the safety checks.

Table 5
Roller coaster Ferris wheel | Bumper cars Carousel
Emma 12 18 14 20
James 22 15 19 17
Mia 16 14 20 21
Oliver 19 17 15 17

(a) Interpret the meaning of the number ‘18’, shaded in Table 5 above.

(1 mark)

The Hungarian algorithm has been applied to the information from Table 5 above to produce the
following reduced array.

(b) (i) Using the reduced array, complete the diagram below by adding arrows to show the
allocation of the three remaining operators to complete the safety checks for each ride in the
shortest possible time.

Emma Roller coaster

James / Ferris wheel
Mia

Bumper cars

Oliver Carousel (1 mark)
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(ii) If all staff must start their safety checks at the same time, which staff member will finish their
safety check last, based on your solution to part (b)(i)?

(1 mark)

(iii) At what time must staff start the safety checks if they are all required to be completed
at least 15 minutes prior to the scheduled opening of the theme park at 9am?

(1 mark)

(c) Inthe context of this question, state why it is not reasonable to add the time of each ride’s
safety check together to establish a total minimum completion time.

(1 mark)

(d) State one limitation of using the Hungarian algorithm to determine when the daily safety checks
for the rides must start.

(1 mark)

Question 9 continues on page 24.
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A new ride operator, Sully, has joined the team. Table 6 below shows the time (in minutes) each
operator takes to perform the safety checks.

Table 7 below shows the partially complete final array after all the steps of the Hungarian algorithm
have been completed.

Table 6
Roller Ferris Bumper
coaster wheel cars Carousel
Emma 12 18 14 20
James 22 15 19 17
Mia 16 14 20 11
Oliver 19 17 15 17
Sully 14 14 19 17

Table 7
0 y z
4 0 0
5 4 0
0 0 0
4 0 0

(e) (i) Inthe space below, show all the steps of the Hungarian algorithm required to achieve the

final reduced array, and hence, state the values of x, y, and z.
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(i) Using the final reduced array from part (€)(i), tick the operator(s) that should be allocated
to complete the safety check for the:

(1) Roller coaster

Emma

(2) Carousel

Emma

James

James

Mia

Mia

Oliver

Oliver

Sully

(1 mark)

Sully

(1 mark)

(f) State why the addition of Sully to the team has not changed the time at which safety checks for

the rides must start.
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You may write on this page if you need more space to finish your answers. Make sure to label each
answer carefully (e.g. 8(f) continued).
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