Unit 3 Chapter 5 Investigating and modelling time series
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7 Complete the table below by indicating which of the listed features are present in each
of the time series plots shown below.
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Describing time series plots

8 The time seris plo for the number £ 120
of mobile phones per 100 people: z e
from 2000-2019 is shown to the g1
right. Describe the features of the. E
time series plot. §

i
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9 The data below shows the population (in millions) in Australia over the period
2012-2021.
Year 2012[2013[ 2014 [ 2015 [ 2016 [ 2017 [ 2018 [ 2019 [ 2020 [ 2021

Population | 22.73[23.13 | 23.4823.82 24.19 | 24.60[24.98 | 25.37[ 25.69 | 25.97

a Construct a time series plot of the data.
b Describe the features of the plot.
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10 The table below shows the motor vehicle theft rate per 100000 cars in Australia from
2003 10 2018.

Year 2003 | 2004 [ 2005 | 2006 | 2007 [ 2008 [ 2009 | 2010
Thefi rate | 500.9 | 442.4[398.3 [ 367.2 [ 337.6 3200 | 274.2 | 2148
Year 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Thefi rate | 220.0 | 228.4 2042 [191.0 | 1945|2310 [ 2133 | 2141

a Construct a time series plot of the data.
b Describe the features of the plot.
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11 The time series plot below 5000

shows the number of measles
cases reported in Australia oo
from 1988 0 2019. Describe § 3000
the features of the plot. k
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1000 J

1985 1990 1995 2000 2005 2010 2015 2020
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42 The time series plot below shows the number of overseas arrivals (millions of people
per month) in Australia from November 201 1 until December 2021. Describe the
features of the plot.
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13 a The time series plot shown shows the
smoking rates (%) of Australian males
and females over the period 1945-92.
i Describe any trends in the time series
plot
Did the difference in smoking rates
increase or decrease over the period
1945-927

males

females

Smokers (percentage)
o53888338

1945 11955 1965 1975 1985 1995
Year
b The table below shows the smoking rates for females and males aged 15 years at
several time points from 2000-2018 (smoking rate data is not collected every year)

Year [2000]2005]2007[2010]2011] 20122013 2018 | 2014 [ 2015|2018
Female| 22.4 (189199 [17.9 [154 166 [ 14.4 [ 156 [ 135 [ 145 136
Male |267(22.9(249(229(19.1[21.9]180(207 [17.0[ 197] 187

Use a CAS calculator to construct time series plots of the male and female data.

Describe any trends in the time series plot.
Did the difference in smoking rates change over the period 2000-20187
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Exam 1 style questions

14 The time series plot below shows the quarterly room occupancy rate for a chain of
hotels over the years 2013 to 2019.
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“The time series plot is best described as having

Occupancy rate (%)

A seasonality only B iregular fluctuations only
© seasonality with irregular fluctuations

D an increasing trend with irregular fluctuations

E an increasing trend with seasonality and irregular fluctuations
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15 The time series plot below shows the annual sales (in $ millions) for a car sales
company.
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‘The time series plot is best described as having
A seasonality only

B imegular fluctuations only

© seasonality with irregular fluctuations

D irmegular fluctuations with an outlier

E seasonality with an outlier
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Note: A CAS caleulator may be used to constructthe time seris plots.

Calculating the smoothed values of an odd number of individual points
1

s (123 ]a]s[e[7]s
ylsl2s]a[1]o]2]3s
For the time series data in the table above, find:
a the three-mean smoothed y-value for

ir=4 =6
b the five-mean smoothed y-value for

ir=3

7
© the seven-mean smoothed y-value for

ir=4

d the nine-mean smoothed y-value for
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2 The table below gives the temperature (°C) recorded at a weather station at 3.00 p.m.
each day for a week.

Day Mon | Tue | Wed [ Thu [ Fri [ sa | sun
Temp(°C) | 289 | 335 [ 216 [ 181 [ 162 | 179 | 264

@ Find the three-mean smoothed temperature for Wednesday.
b Find the five-mean smoothed temperature for Friday.
© Find the seven-mean smoothed temperature for Thursday.

3 Complete the following table.

h 1234 s[e ] 7] s

¥ 0 | 2|8 [ 4[]8 [0

3-moving meany | — -

S-moving meany | - | - -

g a time series plot (odd number of points)

4 The maximun temperature of a city over a period of 10 days is given below.

Day 123 a]s[e[ 7] 8] 9]0
Temperature ("C) | 24 [ 27 [ 28 [ 40 [ 22 |23 [ 22 [ 21|25 [ 2
3-moving mean 263 300 23 227|240
5-moving mean 282 27 234
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a Construct a time series plot of the temperature data.
b Use the five-mean and seven-mean smoothing method to complete the table.
@ Plot the smoothed temperature data and compare the plots.

5 The value of the Australian dollar in US dollars (exchange rate) over 10 days is given below.

Day 1l2]3fa[s[e[7]s8]9o 0
Exchange rate [0.743(0.754/0.737[0.751{0.724]0.724]0.712/0.735/0.716 /0711
3-moving mean| |0.745(0.747) 10.733] 07210721
5-moving mean| 10.738[0.730) 0722,
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a Construct a time series plot of the data.
b Use the three-mean and five-mean smoothing method to complete the table.
¢ Plot the smoothed exchange rate data and compare the plots.
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Caleulating the smoothed values of an even number of individual points
3

el f2[aafs]e][7]s8]0
yl s[2]s]s]iJof[2]3]0

For the time series data above, find the two-mean smoothed y-value centred at:
ar=3 bi=8

7 Use the time series data in the table in Question 6 to find:
a the four-mean smoothed y-value centred at £ = 3
b the four-mean smoothed y-value centred at
© the six-mean smoothed y-value centred at £ = 3
d the six-mean smoothed y-value centred at £ = 6

8 The table below gives the minimun daily temperature (°C) recorded at a weather
station over a 10 day period.

Day 1[2]3]a]s5]e[7]s]o]w0

Temperaure (*C) |89 (3516 14.1 [125[133[6.4[8.5[9.1 45

a Find the two-mean smoothed temperature with centring for Day 5.
b Find the four-mean smoothed temperature with centring for Day 5.
 Find the six-mean smoothed temperature with centring for Day 5.
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‘Smoothing and plotting a time series plot (even number of points)

9 The table below gives the number of complaints recorded at a customer service centre
over a 12 month period.
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Month. Jan | Feb [Mar | Apr[May | Jun [July [ Aug [Sep[Oct[Nov [Dec
Number of complaints| 10 [ 12 [ 6 | 5 [22 [18[13[ 7 [o]iw0] s [15
2-moving mean 10073 [95|168[17.8[128[ 9.0 93[103

a Construct a time series plot of the data.

b Show that the two-mean smoothed value with centring for September is equal to 8.8
(rounded to one decimal place).

@ Plot the smoothed data and compare the plots.

“The table below gives the amount of rain (in mm) recorded each month at a weather
station.

Month Apr [ May [ Jun | July [ Aug [ Sep [ Oct [ Nov | Dec
Rainfall (mm) | 214 | 405 [ 523421 589 [ 799 [ 815 [ 543 [ 500
4-moving mean 48534 611615

a Construct a time series plot of the data.

b Show that the four-mean smoothed value with centring for Augustis equal to 62.0
(rounded to one decimal place).

¢ Plot the smoothed data and compare the plots.
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Exam 1 style questions

11 Hay Lam records the number of emails (emails) he receives over a one-week period.

Day Mon | Tue [ Wed [ Thu | Fri | Sat | sun
Emails | 85 | 65 | 71 10

The numbers of emails he received on Thursday, Friday and Saturday are not shown.
‘The five-mean smoothed number of emails he received on Friday is 39.
‘The three-mean smoothed number of emails he received on Friday is:

A 36 B39 © 40 D4 E 45
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12 The table shows the closing price (price) of a company’s shares on the stock market
overa 10 day period.

Day 123 ]als[e[7[s8][o]w0

Price(s) | 099 | 1.05 | 110 | 125 | 129 | 1.37 | 242 | 1.95 | 205 | 235

‘The six-mean smoothed with centring closing share price on Day 6 i closest to:
A SL56 B SL62 © $164 D $1.88 E SL72
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The following information relates to Questions 13 and 14

The time series plot below shows the amount that Amold saved each month (in dollars) over
a 12 month period.
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13 Ifhe saved a total of $831 over the period from May to September, the five-mean
smoothed amount that he saved in July is closest to:

A $277 B $190 c s182 D $152 E $166

14 If seven-mean smoothing is used to smooth this time series plot, the number of
smoothed data points would

A3 B4 cs D6 E7
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Note: Copies of all plots in this section can be accessed through the skillsheet icon in the Ineractive
Textbook.

Locating the median of a set of data points graphically
1 Mark the location of the median point for each of the sets of data points below.
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Smoothing a time series graphically
2 The time series plot below shows
the maximum daily temperatures
(in“C) ina city over a period of 10
consecutive days.

Temperature.
SoRRERAS

0123456780910
Day

Use three-median smoothing to determine the smoothed temperature for:
a dayd b days

3 The time series plot below.
shows the annual sales (in
S millions) for a car sales
company. Use three-moving
‘median smoothing to
‘raphically smooth the
plot and comment on the

. plot. 002 2013 204 33 366 017 90 209 20 221 202

Carsaks (Smilions)
SoEEEEREERE

4 Use the time series plot in Question 2 to find the five-median smoothed
temperature for:
a dayd b day8
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5 The time series plot opposi
shows the value of the
Australian dollar in US dollars
(the exchange rate) over a
period of 10 consecutive days
in 2009
Use five-moving median
smoothing to graphically
smooth the plot and comment
on the smoothed plot.

Exchange rate
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6 Use the graphical approach to smooth the time series plot below using:

a three-moving median smoothing

b five-moving median smoothing.
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7 The time serics plot opposite shows 6
the percentage growth of GDP ! BN
(gross domestic product) over a S
13-year period. 81
i
&1 \/
2

1234567800112
Year

a Find the median value of the percentage growth in GDP over the 13 year period.
b Smooth the times series graph using:
i three-moving median smoothing five-moving median smoothing.

© What conclusions can be drawn about the variation in GDP growth from these
smoothed time series plots?
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Exam 1 style questions

Use the following information to answer Questions 8 t0 10

‘The time series plot below shows the amount that Lulu saved each month (to the nearest $)
over a 12 month period.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

8 During the year shown in the time series plot the median monthly amount Lulu saved is
closest to:
A $180 B 155 © $130 D $190 E 5200

9 The five-median smoothed amount saved by Lulu in July is closest to:
A $130 B $150 © 5170 D $19 E 5200

10 The nine-median smoothed amount saved by Lulu in August is closest to:
A $132 B 160 © 5168 D 180 E $218
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Basic skills and interpretation
Use the following information to answer Questions 1 0 4

The table below shows the monthly sales figures (in $°000s) and seasonal indices (for
January to November) for a product produced by the U-beaut company.

Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug [ Sep | Oct | Nov | Dec
Sales ($°000s) | 96105 | 86 71 [60[54 6472]83 174
Seasonalindex | 12| 13| 1.1 [ 1.0[ 10 [09 o8] 07 [09[10] 11

1 a Find the seasonal index for December.
b Interpret the seasonal index for February.
 Interpret the seasonal index for September.




image30.png
2 a Find the deseasonalised sales figure (in $°000s) for March, giving your answer
rounded to one decimal place.
b Find the deseasonalised sales figure (in $'000s) for June, giving your answer
rounded to one decimal place.
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3 a The deseasonalised sales figure (in $'000s) for Augustis 5.6. Find the actual sales
(in $°000s), giving your answer rounded to one decimal place.
b The deseasonalised sales figure (in $°000s) for April is 6.9. Find the actual sales (in
$°000s), giving your answer rounded to one decimal place.

4 a By what percentage should the sales in August be increased or decreased in order to
correet for seasonality? Give your answer as a percentage rounded to one decimal
place.

b By what percentage should the sales in February be increased or decreased in order
10 correct for seasonality? Give your answer as a percentage rounded to one decimal
place.

S The table below shows the quarterly newspaper sales (in $°0005) of a comer store.
Also shown are the seasonal indices for newspaper sales for the first, second and third
quarters.

Quarter | Quarter2  Quarter3  Quarterd
Sales 1060 1868 1642
Seasonal index 08 07 13

a Find the seasonal index for quarter 4.

b Find the deseasonalised sales (in $'000s) for quarter 2.

© Find the deseasonalised sales (in $'000s) for quarter 3.

d The deseasonalised sales (in $'000s) for quarter 1 are 1256. Find the actual sales.
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Deseasonalising a time series
& The following table shows the number of students enrolled in a 3-month computer
Systems training course along with some seasonal indices that have been calculated
from the previous year's enrolment figures. Complete the table by calculating the
seasonal index for spring and the deseasonalised student numbers for each course.

Summer  Autmn  Winier  Spring
Number of students. 56 125 126 9%

Deseasonalised numbers ] ]
Seasonal index 0.5 1.0 13 ]

7 The number of waiters employed by a restaurant chain in each quarter of 1 year, along
with some seasonal indices that have been calculated from the previous years’ data, are
given in the following table.
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Quarter | Quarter2  Quarter3  Quarterd
Number of waiters 198 145 86 168
‘Seasonal index 130 058 110

a What is the seasonal index for the second quarter?

b The seasonal index for quarter 1 is 1.30. Explain what this means in terms of the
average quarterly number of waiters.

© Deseasonalise the data.
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Quarter | Quarter2  Quarter3  Quarterd
Number of waiters 198 145 86 168
‘Seasonal index 130 058 110

a What is the seasonal index for the second quarter?

b The seasonal index for quarter 1 is 1.30. Explain what this means in terms of the
average quarterly number of waiters.

© Deseasonalise the data.

Calculating seasonal indices

8 The table below records quarterly sales

Quarter | Quarter2  Quarter3  Quarter 4
60 56 75 78

Use the data to determine the seasonal indices for the four quarters. Give your results
rounded to two decimal places.

$°000s) for a shop.
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9 The table below records the monthly visitors (in *000s) to a museum over one year.
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1213 14 17 18 15 9 10 8 11 15 20

Use the data to determine the seasonal indices for the 12 months. Give your results
rounded to two decimal places.

10 The table below records the monthly sales (in $°000s) for a shop over a two year
period.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2 19 25 23 20 18 20 15 14 11 23 30
20020 23 25 2 17 19 17 16 1125 3l

Use the data to determine the seasonal indices for the 12 months. Give your results
rounded to two decimal places.

11 The daily number of cars carried on a car ferry service each day over a two-week
period, together with the daily seasonal indices, are shown in the table below:

Week Mon Tues Wed Thur Fri  Sat  Sun
1 12410 45 67 230 134 330
2 120 108 57 74 215 150 345

Seasomalindex 08 07 03 05 L5 10 22
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a Use the seasonal indices to descasonalise the data, rounding the answers to the.
nearest whole number.

b Use your calculator to construct a time series plot the the descasonalised data.
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12 The numbers of retail job vacancies advertised on an online job board each quarter in
each of three consecutive years are shown in the following table.

Year  Quarter ]  Quarter2  Quarter3  Quarterd
1 212 194 196 227
2 20 197 196 239
3 231 205 203 25

a Construct a time series plot of the data.

b Use the data to calculate seasonal indices, rounded to two decimal places.
© Use the seasonal indices to construct a table of the deseasonalised data.

d Construct a time series plot of the descasonalised data.
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Exam 1 style questions

Use the following information to answer Questions 13 to 15.

The table below shows the number of customers each month at a restaurant and the long
term seasonal indices for the number of customers at the restaurant each month of the year.
‘The number of customers for August is missing.

Jan | Feb | Mar [ Apr [May [ Jun | Jul | Aug | Sep [Oct [ Nov | Dec
Seasonal index 136[1.19[ 1.05 [ 1.01[ 093 [0:82 [0.75 [0.68 [ 0.87 [ 09 [ 118 [ 1.26
Number of customers | 934 | 836 [ 736 [ 716 | 649 | 554 | 541 598 [ 626 | 826 | 873

13 To correct the number of customers in May for seasonality, the actual number of
customers should be:
A increasedby93.0% B decreasedby93.0%  C decreased by 7.0%
D decreased 7.5% E increased by 7.5%

14 To correct the number of customers in November for seasonality, the actual number of
customers should be:

A increased by 18.0% B decreased by 84.7% € increased by 15.3%
D decreased 153% E decreased by 18.0%

15 If the deseasonalised number of customers for August is 700, the actual number of
customers in that month is closest to:

A 1029 B 768 © 570 D 607 E 476
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16

17

The table below records the monthly average electricity cost (in dollars) for a home.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
223 190 253 236 201 189 203 153 143 111 235 307

“The seasonal index for August is closest to:
A L00 B 075 © 125 D 080 E 087

The table below shows the room occupancy rate for a chain of hotels over the summer,
autumn, winter and spring quarters for the years 2020-2022.

Season 2020 2021 2022
summer quatter 720 7.5 720

auumn quarter 724 719 727
inter quarter 684 67.7 683

spring quarter 723 730 735
Quarterly average 713 710 716

“The seasonal index for winter is closest to:
A 0960 B 0957 © L6 D 0969 E 1003
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Fitting a least squares line to a time series plot (no seasonality)

1 The data show the number of commencing university students (i

b

Australia o the period 2010-2019.
Year | 2010] 2011|2012 [ 2013 | 2014 ] 2015 | 2016 [ 2017 | 2018 [ 2019
Number | 488 | 490 | 510 | 538 | 569 | 569 | 595 | 619 | 632 | 645
The time series plot of the data is shown below.

Commenton the .

plot.

0

Fit aleast squares =
regression trend line o

o the data, giving 550

the values of the. sof

coeffciens o 5 -

significant figures,

and interpret the o0 010 2011 2012 2013 204 2013 16 017 208 019 200
Sope. Year

Use this equation to predict the number of students expected o commence.

university in Australia in 2030 to the nearest 1000 students.
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2 The table below shows the percentage of total retail sales that were made in department
stores over an 1-year peri

Yar |1 [2[3[a][s]e[7][8][o]w[n
Sales (%) | 123|120 | 117 115 | 110 | 105 | 106 | 107 104 | 100 | 9.4

a Using your CAS calculator, construct a time series plot.
b Comment on the time series plot in terms of trend.
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 Fita trend line to the time series plot, find its equation and interpret the slope. Give
your answer rounded to 3 significant figures.
d Use the trend line to forecast the percentage of retail sales which

department stores in year 15.
The median ages of mothers in Australia over the years 2010-2020 are shown below.

be made by

[Year|2010]2011]2012[2013]2014]2015[2016]2017]2018]2019]2020]
lAge [30.7[30.7]30.7[30.8[30.8[30.9[31.1[312[31.3[31.4 315

a Fita least squares regression trend line to the data, and interpret the slope. (Give the
values of the coefficients rounded to 3 significant figures.)

b Use the trend line to forecast the average ages of mothers having their first child in
Australia in 2030. Explain why this prediction is not likely to be reliable.
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4 The average weekly carnings (in dollars) in Australia during the period 2014-2021 are.
given in the following table.

Year 2014 [ 2015 [ 2016 | 2017 | 2018 [ 2009 [ 2020 [ 2021

Earnings | 1454.10 | 1483.10[ 1516.00 | 1543.20 | 1585.30 | 1634.80 [ 1713.90 | 1737.10

a Fita least squares regression trend line to the data, and interpret the slope. Give the
values of the coefficients rounded to four significant figures.

b Use this trend relationship to forecast average weekly earnings in 2030. Explain
why this prediction is not likely to be reliable.
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Fitting a least-squares line to a time series with seasonality
5 The table below shows the deseasonalised quarterly washing-machine sales of a

company over 3 years.

Year | Year2 Year3
Quarter 1] 2] 3] a5 6] 7] 8] ofw0[n]n
Deseasonalised sales | 53 | 51| 54|55 [64 |64 | 61 63| 676968 | 66

a Use least squares regression to fita trend line to the data.

b Use this trend equation for washing-machine sales, with the seasonal indices below,
o forecast the sales of washing machines in the fourth quarter of year 4.

Quarter 1 2 3 4

Seasonal index | 090 | 081 | 111 | 118

& The quarterly seasonal indices for the sales of boogie boards in a surf shop are as
follows.

Seasonal index | 113 | 047 [ 062 [ 177
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The actual sales of the boogie boards over a 2-year period are given in the table.
Year  Quarter | Quarter2  Quarter3 _ Quarter4
1 138 60 7 230
2 283 15 163 417

a Use the seasonal indices to calculate the deseasonalised sales figures for this period
10 the nearest whole number.

b Use a CAS caleulator to plot the actual sales figures and the deseasonalised sales
figures for this period and comment on the plot.

© Fita trend line to the deseasonalised sales data. Write the slope and intercept
rounded to three significant figures.

d Use the relationship calculated in ¢, together with the seasonal indices, to forecast
the sales for the first quarter of year 4 (you will need to reseasonalise here).
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Exam 1 style questions

7 The number of visitors to an adventure park is seasonal. A least squares regressi
has been fitted to the data, and the equation is:
deseasonalised number of visitors= 38345 + 286.5 X quarter
‘where guarter number one is January ~ March 2022.

‘The quarterly seasonal indices for visitors to the adventure park are shown in the table
below.

Quarter Jan-Mar | Apr-Jun | Jul-Sept | Oct-Dec
Seasonal index | 1.17 091 078 114

‘The predicted number of actual visitors for the April-June quarter in 2025 is closest to:

A 42070 B 42356 © 38544 D 46545 E 37501

8 An electrical goods retailer knows that the sales of air conditioners are seasonal. A
least squares regression line has been fitted to the data collected by the retailer in 2021
and 2022, and the equation is:

deseasonalised number of air conditioners = 197 + 1.2 x month
‘where month number one is January 2021
The monthy seasonal indices for air conditioner sales are shown in the table below.

Month Jan | Feb | Mar | Apr [May [ Jun [ Jul [ Aug | sep | Oct [Nov

Seasonal index | 1.36 | 1.19 | 1.05 | 1.01 | 0.93 | 0.82 |0.75 | 0.68 | 0.87 | 090 | 1.18

1.26
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The predicted number of actual sales for November 2025 is closest to:
A 268 B 27 © 299 D 333 E 316
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Multiple-choice questions

1 The time series plot below shows quarterly house sales for a real estate agency over a
three year period.
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R
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‘The time series plot is best described as showing

A seasonality only

irregular fluctuations only

seasonality with irregular luctuations

an increasing trend seasonality and irregular fluctuations

B
c
)
E a decreasing trend with seasonality and irregular fluctuations
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2 The time series plot below shows the annual profit (in S000) for a manufacturing
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‘The time series plot is best described as having

A increasing trend

B decreasing trend
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© seasonality with irregular fluctuations
D increasing trend with an outlier
& increasing trend with a structural change

Use the following table to answer Questions 3 10 6.

Time period[1 |2 [3 [a [5 [6
Datavalue [2.3[3.4|44[27[5.1]37

3 The three-moving mean for time period 2 is closest to:
A 34 B 36 © 39 D40

E 42
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4 The five-moving mean for time period 3 is closest to:
A 34 836 © 39 D41 Ed42

5 The two-moving mean for time period 5 with centring is closest to:
A21 836 © 39 D40 Ed42

& The four-moving mean for time period 4 with centring is closest to:
A21 836 © 39 D41 Ed42

Use the following information to answer Questions 7 and 8.

The time series plot for hotel room occupancy rate (%) in a large city over a three year
period is shown below.
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‘The three-median smoothed value for Quarter 2 i closest to:
a6 563 c e 065 67

“The five-median smoothed value for Quarter 3 is closest to:
a6 B 64 65 D68 E 6
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9 The seasonal indices for the number of customers at a restaurant are as follows.
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
10 p L1 09 10 10 12 L1 L1 LI 10 07
The value of p is:

n0s 807 co0s 010 El2

The following information relates to Questions 10 and 11

10 The table shows the closing price (price) of a company’s shares on the stock market
overa 10 day period.

Day 123 ]a[s[e[7][s8][o]w

Price(s) | 285 | 280 | 278 | 240 | 2.80 | 3.15 [ 342 [ 3.95 [ 405 | 335

‘The six-mean smoothed with centring closing share price on Day s closest to:

5280 B $289 © 5291 D 5299 E 5308

11 If five-mean smoothing was used to smooth this time series, the number of smoothed
values would be:
as 86 c7 o8 E9

12 Suppose that Lyn spent a total of $427 on dining out over the period from January to
March, and then another $230 over the period April-May. The five-mean smoothed
amount that she spent in March is closest to:

A sis B 5129 © $131 D $142 £ $329




image54.png
Use the following information to answer Questions 13 1o 16.

‘The seasonal indices for the number of bathing suits sold at a surf shop are given in the
table.

Quarter Summer | Autumn | Winter | Spring
Seasonalindex | 18 04 03 15

13 The number of bathing suits sold one summer is 432. The descasonalised number is
closest to:

4n B 240 o 78 D 540 E 346

14 The deseasonalised number of bathing suits sold one winter was 380. The actual
number was closest to:

A 114 B 133 c 152 D 380 E 1267
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Constructing a time series plot

Note: A CAS caleulator may be used to constructthe time series plots. You may assign numerical values to
the values of the time variable where convenient o do so.

1 Construct a time series plot to display the following data.

[Year [ 2015 [ 2016 [ 2017 | 2018 [ 2019 [ 2020 [ 2021 [ 2022
(Saes | 2 [ 23 [ 3 [ 3[4 [ n e |0

2 Researchers recorded the number of penguins present on a remote island each month
for 12 months. Construct a time series plot of the data.

Month | Number of penguins | Month | Number of penguins
January 449 July 180
February 214 August 241

March 170 September an

April 265 October 499

May 434 November 598

June 102 December 674
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15 The seasonal index for spring tells us that, over time, the number of bathing suits sold
in spring tends to be:
A 50% less than the seasonal average
B 15% less than the seasonal average
© the same as the seasonal average:
D 15% more than the seasonal average
£ 50% more than the seasonal average

16 To correct for seasonality, the actual number of bathing suits sold in Autumn should be:

A reduced by 50% & reduced by 40% © increased by 40%
D increased by 150% E increased by 250%
17 The number of visitors to an information centre each quarter was recorded for one year.
The results are tabulated below.
Quarter | Summer | Auwmn | Winter | Spring
Visitors | 1048 677 593 998
Using this data, the seasonal index for autumn is estimated o be closest to:
A 025 810 c12 0 082 £ 021

Use the following information to answer Questions 18 and 19.

Atrend line is fitted to a time series plot displaying the percentage change in commencing
intemnational student enrolments in Australia each year compared to the previous year
(enrolments) for the period 2012-2019.

is: % change in enrolments = —3480 + 1.73 X year
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18 Using this trend line, the percentage change in enrolments from the previous year
forecast for 2026 is:

n 2498 B 1105 EREE 01211 E 2462

19 From the slope of the trend line it can be said that:

A on average, the number of commencing international student enrolments in
Australia is increasing by by 1.73 each year.

& on average, the number of commencing international student enrolments in
Australia is increasing by 1.73% each year.

© on average, the number of commencing international student enrolments in
Australia is decreasing by 1.73% each month.

© on average, the number of commencing international student enrolments in
Australia is decreasing by 1730 each year.

£ on average, the number of commencing international student enrolments in
Australia is decreasing by 1.73% each year.
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20 Suppose that the seasonal indices for the wholesale price of petrol are:

Day | Sunday

Monday

Tuesday

‘Wednesday

‘Thursday | Friday [ Saturday

Index| 12

10

09

08

07 12 | 12

The equation of the least squares regression line that could enable us to predict the
deseasonalised price per ltre in cents from the day number is

deseasonalised price = 189.9 +0.23 X day number
where day number 1 is Sunday March 20. The predicted actual price for Sunday April

3is closest to:

A 16L1cents B 193.1cents ©

193.4 cents.

D 2317cents E 232.0cents
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Written response questions

1 The table below shows the carbon dioxi
for the period 2013 10 2020.

‘emissions in Australia (in tonnes per capita)

Year | 2009 [ 2010 [ 2011 [ 2012 [ 2013 | 2014 [ 2015 | 2016 [ 2017 | 2018
€O, | 182 [ 176 | 173 | 170 | 164 | 158 | 158 | 159 | 157 | 155

& Use your calculator to construct a times series plot of the data.

b Briefly describe the general trend in the data.

© Fita least squares line to the time series plot that will enable emissions to be
predicted from year. Write down the equation for the least squares line, rounding
the intercept and slope to four significant figures.

d Use the least squares equation to predict the carbon dioxide emissions in Australia
in 2026. Round to three significant figures.

@ Explain why the prediction you made in part d may not be reliable.

2 The table below shows the annual inflation rates in Australia and China for the period
2010-20.

Year [2010[2011]2012]2013]2014]2015]2016[2017]2018]2019[2020]

Inflation Australia (%)| 29 | 33 [ 1725 |25 | 15|13 [20] 19| 16| 09

Inflation China (%) |33 |54 |26(26|20]14 20| 16]21]29]24

These data are plotted in the time series plot below.
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Inflation rate (%)

000 203 2015 207 2019
Year
—— Inflation Australia (%) —— Inflation China (%)
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@ i Find the equation of the least squares line which allows inflation to be predicted
from year for China.

Draw the least squares line on the time series plot.

i Find the equation of the least squares line which allows inflation to be predicted
from year for Australia.

Draw the least squares line on the time series plot.

Explain why the equations of the least squares lines predict that the inflation rate for
China will always remain higher than the inflation rate for Australia.

d Find the two-mean centred smoothed inflation rate for Australia for 2015.

o
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3 The table below shows the number of dolphins spotted in a bay over each of the four
seasons for the years 2020-2021.

Year  Summer  Auumn  Winter  Spring
2020 97 12 480 678
2021 107 145 496 730

& Use the data in the table to find seasonal indices. Give your answers rounded to two
decimal places.

& The number of dolphins spotted in each of the four seasons in 2022 is shown in the
table below.

Year  Summer  Auumn  Winter  Spring
02 B 86 350 540

Use the seasonal indices from part a to deseasonalise the data. Round your answers
10 the nearest whole number.
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Multiple-choice questions

1 The time series plot below shows quarterly house sales for a real estate agency over a
three year period.

700

600

g

B g8

House sales

°

‘The time series plot is best described as showing

A seasonality only

irregular fluctuations only

seasonality with irregular luctuations

an increasing trend seasonality and irregular fluctuations

B
c
)
E a decreasing trend with seasonality and irregular fluctuations
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2 The time series plot below shows the annual profit (in $000) for a manufacturing

o
e
g A
sl \
3
Feo i
2 600
g
s

1995 2000 2005 2010 2015 2020
Year

‘The time series plot is best described as having

A increasing trend

B decreasing trend
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© seasonality with irregular fluctuations
D increasing trend with an outlier
& increasing trend with a structural change

Use the following table to answer Questions 3 10 6.

Time period[1 |2 [3 [a [5 [6
Datavalue [23]34]44[27]51[37

3 The three-moving mean for time period 2 is closest to:
A 34 836 © 39 D40 Ed42

4 The five-moving mean for time period 3 is closest to:
A 34 836 © 39 D41 Ed42

5 The two-moving mean for time period 5 with centring is closest to:
A21 836 © 39 D40 Ed42

& The four-moving mean for time period 4 with centring is closest to:
A21 836 © 39 D41 Ed42
Use the following information to answer Questions 7 and 8.

The time series plot for hotel room occupancy rate (%) in a large city over a three year
period is shown below.
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3 The following table shows the maximum temperature in Melbourne during one week in
March. Construct a time series plot of the data.

Day Mon | Tues | Wed [ Thur | Fri [ Sat | Sun
Temperaure °C) | 240 | 242 | 17.4 [ 177 [ 183 [ 195 | 174

Identifying key features in a time series plot

4 Complete the table below by indicating which of the listed features are present in each
of the time series plots shown below.

Plot .

N

Feaure A B C| o

Ire fluctuations 2 s
Increasing trend »
Decreasing trend :;
s

i
o

FiTa— me s
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‘The three-median smoothed value for Quarter 2 is closest to:
A 62 B 63 c 64 D65 E 67

“The five-median smoothed value for Quarter 3 is closest to:
a6 B 64 65 D68 E 6
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9 The seasonal indices for the number of customers at a restaurant are as follows.
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

10 p L1 09 10 10 12 L1 L1 LI 10 07
The value of p is:
n0s 807 co0s 010 El2

The following information relates to Questions 10 and 11

10 The table shows the closing price (price) of a company’s shares on the stock market
overa 10 day period.

Day 123 ]a[s[e[7][s8][o]w

Price(s) | 285 | 280 | 278 | 240 | 2.80 | 3.15 [ 342 [ 3.95 [ 405 | 335

‘The six-mean smoothed with centring closing share price on Day s closest to:
A $280 B $2.89 © $291 D $2.99 £ $3.08
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11 If five-mean smoothing was used to smooth this time series, the number of smoothed
values would be:

as 86 c7 X E9
12 Suppose that Lyn spent a total of $427 on dining out over the period from January to

March, and then another $230 over the period April-May. The five-mean smoothed
amount that she spent in March is closest to:

A SIS 8 5129 © $131 o s142 £ $329
Use the following information to answer Questions 13 to 16,

‘The seasonal indices for the number of bathing suits sold at a surf shop are given in the
table.

Quarter Summer | Autumn | Winter | Spring
Seasonalindex | 18 04 03 15

13 The number of bathing suits sold one summer is 432. The descasonalised number is
closest

4n B 240 o 78 D 540 E 346

14 The deseasonalised number of bathing suits sold one winter was 380. The actual
number was closest to:

A g 5133 © 152 0380 E 1267




image68.png
15 The seasonal index for spring tells us that, over time, the number of bathing suits sold
in spring tends to be:
A 50% less than the seasonal average
B 15% less than the seasonal average
© the same as the seasonal average:
D 15% more than the seasonal average
£ 50% more than the seasonal average

16 To correct for seasonality, the actual number of bathing suits sold in Autumn should be:

A reduced by 50% & reduced by 40% © increased by 40%
D increased by 150% E increased by 250%
17 The number of visitors to an information centre each quarter was recorded for one year.
The results are tabulated below.
Quarter | Summer | Auwmn | Winter | Spring
Visitors | 1048 677 593 998
Using this data, the seasonal index for autumn is estimated o be closest to:
A 025 810 c12 0 082 £ 021

Use the following information to answer Questions 18 and 19.

Atrend line is fitted to a time series plot displaying the percentage change in commencing
intemnational student enrolments in Australia each year compared to the previous year
(enrolments) for the period 2012-2019.

is: % change in enrolments = —3480 + 1.73 X year
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18 Using this trend line, the percentage change in enrolments from the previous year
forecast for 2026 is:

n 2498 B 1105 EREE 01211 E 2462

19 From the slope of the trend line it can be said that:

A on average, the number of commencing international student enrolments in
Australia is increasing by by 1.73 each year.

& on average, the number of commencing international student enrolments in
Australia is increasing by 1.73% each year.

© on average, the number of commencing international student enrolments in
Australia is decreasing by 1.73% each month.

© on average, the number of commencing international student enrolments in
Australia is decreasing by 1730 each year.

£ on average, the number of commencing international student enrolments in
Australia is decreasing by 1.73% each year.
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20 Suppose that the seasonal indices for the wholesale price of petrol are:

Day | Sunday

Monday

Tuesday

‘Wednesday

‘Thursday | Friday [ Saturday

Index| 12

10

09

08

07 12 | 12

The equation of the least squares regression line that could enable us to predict the
deseasonalised price per ltre in cents from the day number is

deseasonalised price = 189.9 +0.23 X day number
where day number 1 is Sunday March 20. The predicted actual price for Sunday April

3is closest to:

A 16L1cents B 193.1cents ©

193.4 cents.

D 2317cents E 232.0cents
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Written response questions

1 The table below shows the carbon dioxide emissions in Australia (in tonnes per capita)
for the period 2013 10 2020.

Year | 2009 [ 2010 [ 2011 [ 2012 [ 2013 | 2014 [ 2015 | 2016 [ 2017 | 2018
€O, | 182 [ 176 | 173 | 170 | 164 | 158 | 158 | 159 | 157 | 155

& Use your calculator to construct a times series plot of the data.

b Briefly describe the general trend in the data.

© Fita least squares line to the time series plot that will enable emissions to be
predicted from year. Write down the equation for the least squares line, rounding
the intercept and slope to four significant figures.

d Use the least squares equation to predict the carbon dioxide emissions in Australia
in 2026. Round to three significant figures.

@ Explain why the prediction you made in part d may not be reliable.

2 The table below shows the annual inflation rates in Australia and China for the period
2010-20.

Year [2010[2011]2012]2013]2014]2015]2016[2017]2018]2019[2020]

Inflation Australia (%)| 29 | 33 [ 1725 |25 | 15|13 [20] 19| 16| 09

Inflation China (%) |33 |54 |26[26|20]14|20|16]21]29]24

“These data are plotted in the time series plot below.
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a i Find the equation of the least squares line which allows inflation to be predicted
from year for China.

Draw the least squares line on the time series plot.

i Find the equation of the least squares line which allows inflation to be predicted
from year for Australia.

Draw the least squares line on the time series plot.

< Explain why the equations of the least squares lines predict that the inflation rate for
China will always remain higher than the inflation rate for Australia.

d Find the two-mean centred smoothed inflation rate for Australia for 2015.

b
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3 The table below shows the number of dolphins spotted in a bay over each of the four
seasons for the years 2020-2021.

Year  Summer  Auumn  Winter  Spring
2020 97 12 480 678
2021 107 145 496 730

& Use the data in the table to find seasonal indices. Give your answers rounded to two
decimal places.

& The number of dolphins spotted in each of the four seasons in 2022 is shown in the
table below.

Year  Summer  Auumn  Winter Spring
02 B 86 350 540

Use the seasonal indices from part a to deseasonalise the data. Round your answers
10 the nearest whole number.
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5 Complete the table below by indicating which of the listed features are present in each

of the time series plots shown below.

Plot

Feature. A

B

g

Trr fluctuations
Increasing trend
Deereasing trend
Cyeles
Seasonality

- plota
2

E otB
»

15

0

N plotC
o

W w2 205 w4 wis

Year
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& Complete the table below by indicating which of the listed features are present in each
of the time series plots shown below.

Em W
Feature A B c|®
I fluctuations o poA
Struc change. 3
Increasing trend 20 plot B
Decreasing trend 15
Seasonality 10 /\/\/\/\
s plot©
o

011 2012 203 2014 2015
Year




