
 
 
 
 

General Maths Unit 3 
 

Core Topic: Data Analysis 
Chapter 5 

Investigating and Modelling Time Series 
 

 
 
Area of Study 1 – Data Analysis 
 

o​ Qualitative features of time series plots; recognition of features 
such as trend (long-term direction), seasonality (systematic, 
calendar related movements) and irregular fluctuations 
(unsystematic, short-term fluctuations); possible outliers and their 
sources, including one-off real world events, and signs of 
structural change such as a discontinuity in the time series   
 
 

o​ numerical smoothing of time series data using moving means 
with consideration of the number of terms required (using 
centring when appropriate) to help identify trends in time series 
plot with large fluctuations   

 

o​ graphical smoothing of time series plots using moving medians 
(involving an odd number of points only) to help identify 
long-term trends in time series with large fluctuations   

 

o​ seasonal adjustment including the use and interpretation of 
seasonal indices and their calculation using seasonal and yearly 
means   

 

o​ modelling trend by fitting a least squares line to a time series 
with time as the explanatory variable (data de-seasonalised 
where necessary), and the use of the model to make forecasts 
(with re-seasonalisation where necessary) including 
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consideration of the possible limitations of fitting a linear model 
and the limitations of extending into the future.   

Time series and trend lines – Ex 5a 
 

●​ When the x-variable (explanatory) is time, and generally, where time 
goes up in even increments such as hours, days, weeks or years, we 
have what is called a time series. 

●​ The main purpose of time series to see how some quantity varies with 
time. For example a company may wish to record its daily sales figures 
over a 10-day period. 

 
Example 

 
Looking for patterns in time series plots 
 
The features we look for in a time series are: 

●​ Trend 
●​ Cycles 
●​ Seasonality 
●​ Structural change 
●​ Possible outliers 
●​ Irregular (random) fluctuations 
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Trend 
The trendency for values in a time series to generally increase or decrease 
over a significant period of time is called a trend 
**Note – describe trend as increasing/decreasing not positive/negative 

 
Sometimes different trends are apparent 

 
Cycles 
Cycles are periodic movements in a time series, but over a period greater 
then 1 year. (e.g. interest rates) 
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Seasonality 
Seasonality is present when there is a periodic movement in a time series that 
has a calendar related period – for example a year, a month or a week. 
 

 
Structural Change 
Structural change is present when there is a sudden change in the 
established pattern of a time series plot. 

 
Outliers 
Outliers are present when there are individual values that stand out from the 
general body of data. 
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Irregular (random) fluctuations 
Irregular fluctuations include all the variations in a time series that we cannot 
reasonably attribute to systematic changes like trend, cycles, seasonality and 
structural change or an outlier. 
 
 
 
 
 
 
Plotting time-series data 
 

●​ It is useful to plot the data in order to make judgements. 
●​ Similar to a scatterplot but with some differences –  

o​ The x-variable (explanatory) is always time: e.g. days, weeks, 
months, quarters 

o​ The x variables may be labels (e.g day 2) and not numerical 
o​ The points are connected as they occur in chronological order. 

Joining them allows us to see the type of trend or time-series 
pattern. 
 

****If using CAS an association table may need to be used so that time 
periods can be converted to numerals 
Association Tables 
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Constructing a time series plot using CAS  

 

 
 
 
 
Ex 5a 
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Smoothing Time Series – Ex 5b 
 
When data fluctuates a lot, it is often hard to see the underlying trend. In 
order to reveal the trend, we may need to try and remove some of the 
fluctuations before attempting to fit the trend line. This process is referred to as 
smoothing. 
 

Smoothing is removing fluctuations 
 
 
Two basic types for smoothing random or cyclical variation 

●​ Median smoothing  
o​ Preferred where there are small data sets 
o​ Can be done graphically on a time series plot 
o​ Can be used when there are many outliers as the median is not 

affected by outliners 
●​ Moving average smoothing. 

o​ This option is preferred for data sets with few random 
fluctuations 
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Moving Average Smoothing 
 
Averages of data are used to represent the original data. 
A number of data points are averaged, then we move on to another group 
of data points in a systematic way and avereage them and so on 
Example 

 
*This is an example of 3-point-moving average smoothing as we are using 3 
points 
*The number of points used can vary, e.g. 4-point, 5-point etc. 
*It is preferential to use an odd number, however an even number can be 
used the method is just a little different. 
*There are fewer smoothed points than original points. 
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Example 

  
 
Step 1 
Put the data in a new table to “smooth” 
Time Temp Smoothed Temp 

   

   

   

   

   

   

   

   

   

 
b) Use CAS  
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c)  To plot….. 

 

 
 
 
 
 
 
How many points should be in the moving average??? 
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Example 2 
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Exam Questions - 2013 

 
Youtube Clip 
 
https://www.youtube.com/watch?v=L6A3dzWUtWM 
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Smoothing with an even number of points 
 

●​ Preferable to use an odd number of points 
●​ When using an odd number the points are automatically “centred” to 

match up with a time value 
●​ A little more work needs to be done for an even amount of points!!! 
●​ We add an extra column which is called “centring” 

 
Example 

 
Note 

●​ The first result, 10.5 is not lined up with a time value 
 
 
 
Plan for smoothing with an even number 

1.​ Average the first 4 amounts 
2.​ Find the average of the first two smoothed points and align it with the 

3rd point 
3.​ Find the average of the next two smoothed points and align it with the 

4th time point 
4.​ Repeat to the end! 

 
 
You tube clips 
https://www.youtube.com/watch?v=U0dF8uJs3mE 
 
Ex 5B 
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Median Smoothing – Ex 5c 
 

●​ An alternative to moving-average smoothing 
●​ We find the median of each group rather than averaging them 
●​ Faster technique with no calculations 
●​ Often it can be done directly on a graph of time series 

 
Median smoothing from a table 

●​ Look at each group of 3 points and choose the middle value 
●​ Progress through the table one point at a time 
●​ Points will be lost at the beginning and end of the table 

Example 

 
 
 
3-Median Smoothing 
Time           
Cost          
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Median Smoothing from a graph 
Locating Medians Graphically 
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Example 
Construct a five-median smoothed plot of the time series shown below 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ex 5c 
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Seasonal Indices – Ex 5d 
 

●​ Seasonal trend is similar to a cyclical trend where there are defined 
peaks and troughs in the time series data, except for one notable 
difference - 

●​ Seasonal trends have a fixed and regular period of time between one 
peak and the next peak in the data values.  

●​ Conversely, there is a fixed and regular period of time between one 
trough and the next trough. 

 
Important points… 

●​ It is difficult to fit a straight line to seasonal data. 
●​ Seasonal data does not lend itself to “smoothing” 
●​ We may have to accept that the data varies from season to season 

and treat each record individually. 
 

**Deseasonalising a time series involves replacing the original time series with 
another one where most or all of the seasonal variation is removed. 
 
The concept of a seasonal index 
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Calculating Seasonal Indices 
 

1.​ Calculate seasonal indices. 
●​ Average over all seasons for each year – these are the yearly 

averages 
●​ Divide each point in the original time series by its corresponding 

yearly average 
●​ Using this new series, average over all years for each season – these 

are the seasonal indicies. 
 

2.​ Deseasonalise the data by dividing each point in the original time 
series by its corresponding seasonal index. 

 

 
 
Explaining seasonal index (plural indicies) 

 
Example 1 
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Reseasonalising Data 

 
 
Example 2 
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Example 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Deseasonalised sales figures 
 
Year Summer Autumn Winter Spring 
1  

 
   

2  
 

   

3  
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Calculating seasonal indicies 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Seasonal Indices 
Summer Autumn Winter Spring 
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Example 

 
 
Part 1 – Calculating Seasonal Indices 
 
Step 1 – Find the yearly average 
 
Year  2005 2006 2007 2008 2009 

Average      

 
Step 2 
Divide each term in the original time series by its yearly average 
 
Year  2005 2006 2007 2008 2009 

Summer      

Autumn      

Winter      

Spring      

 
 
 
Step 3 
To find the seasonal indices, calculate the average for each season 
Year  Summer  Autumn Winter Spring 

Seasonal Index     

 
**Note the seasonal indicies should always add up to the total amount of 
seasons, in this case 4. 
i.e. if adjusting months the seasonal indicies should add to 12 
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Part 2 – Deseasonalize the Data (Take out the fluctuations) 
 
Step 4 
Divide each term in the original series by its seasonal index. That is, dived all 
summer figures by the summer seasonal index, and do the same for the other 
seasons 
 
Year  2005 2006 2007 2008 2009 

Summer      

Autumn      

Winter      

Spring      

 
 
Step 5 
Plot the orginal and the deseasonalized data. 
 
What do you notice??? 
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Correcting for seasonality (Important) 

 
 
 
 
 
 
Example (2011 VCAA) 

 
 
Ex 5d 
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Fitting a trend line and forecasting – Ex 5e 
 
Fitting a trend line  
 

 
 
 
 
 
 
 
Forecasting 

●​ Using a trend line fitted to a time series plot to make predictions about 
the future is known as trend line forecasting 
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Forecasting with seasonal time series 
 
A regression line can be used to make predictions and forecast using the 
deseasonallised data. 
However the new value will be deseasonalised or smoothed value. To get 
back to an original value we use the following rule: 
 

Seasonalised figure or value = deseasonalised figure or value x seasonal 
index 

 
 
Example  
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Making predictions with deseasonalised data 

 
 
 
 
 
 
 
 
 
Seasonal indicies 
As stated before, the sum of the seasonal indicies is equal to the number of 
seasons 
 
Example 
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Exam Questions 
 
2010 

 
 

 

Chapter 5 Time Series Notes, Page 32 



2012 
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2014 

 

 
https://www.youtube.com/watch?v=7Ug2zA0M-1Y 
 
 
 
 
 
 
 
Ex 5E 
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