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     For the Teacher

Objectives:
The Time Series aplet is designed to allow students to easily and quickly analyse Time Series style data, by calculating moving averages of lengths 2 to 8 points, seasonal residuals, trend lines and seasonally adjusted data.  It is more a working tool, or a teacher’s demonstration tool, than it is an investigative tool.

For example, as a teaching tool, the aplet can be used to illustrate the greater or lesser smoothing effects of changing the length of the moving average.

See the final page “Some Mathematical Notes” for a summary of the calculation details.

Functionality:
	When the student presses START the menu on the right is shown in order to give the user a chance to retain data and/or calculations from a previous session with the aplet.  The first option clears all columns, the second all except C1 (data number) and C2 (data values) and the third leaves all columns untouched.

The user is then presented with the VIEWS menu on the right.  The first option Enter data asks the user to nominate the number of data points they will be using, fills column C1 with the appropriate data numbers, and then prompts the user to enter the data into column C2.

The user must now manually enter the data values into column C2. 

The next VIEWS option of Moving Avge offers the choice of a anything from a 2 pt centred moving average to an 8 point. 

Important note:
Whenever a moving average is calculated, there will always be at least one missing point at the start and end of the column of averages.  However, the calculator will not allow a blank entry in a column and entering a zero is not feasible, since this would produce false results when graphed.

Hence C3 is filled (see right) with a second set of data numbers, with the first value being the data number for the first non-blank moving average value. The new column will start at 2, 3, 4 or 5 depending on which moving average was chose.

The moving average values are placed into column C4.

Graphing the moving average values for a variety of different lengths can be quite instructive when deciding on the length of the data cycle. It can be seen that the best smoothing is achieved when the moving average length matches the length of the data cycle.

The next VIEWS option of Seas. Adjusted produces a total of four more columns.

The residuals  (data - m.avge) are placed in C5.  These are then averaged (the number of these averages will vary according to the length of moving av. chosen) and the averages are stored in column C7.  These averages are then used to produce the column of seasonally adjusted values (data - av. resid.) stored in C6.

The last of the calculation options Avgd Resids simply displays in a message box the values also shown in column C7.

The next VIEWS option of Graphs… produces a second menu of seven possible graphs.

In all except the last case the aplet automatically scales the y axis  according to the largest and smallest values in the data column.  In the case of the residuals, the axis is scaled by the max & min values of the residuals column.

Example graphs are shown on the next page.

The Data graph is shown on the right.  

When more than one set of data is displayed, as for example in the option of All three, then it may become difficult to tell which graph is which.

The Trace option has been switched on to help in this case.  

The data sets are:
S1 (C1 vs. C2)  Data




S2 (C3 vs. C4)  Moving average




S3 (C3 vs. C6)  Seasonally adjusted




S4 (C3 vs. C5)  Residuals

In making predictions, the user needs a line of best fit for the trend, plus a value for the seasonal component.  The second value has already been derived (column C7 of average residuals).  The line of regression can be easily found by graphing the moving average values only and then hitting the FIT button  (see right).

The actual equation is found in the SYMB view  for the second data set  S2: (C3 vs. C4).

Because the space available in the SYMB view is generally too limited to read the equation, the best results are found by highlighting the equation and hitting SHOW.

Predictions can now be made in the home view by using the PREDY function.  For example, if a prediction is desired for a point whose data number would be 22, then the screen on the right.  It is, of course, up to the user to determine the correct data number and to decide which of the averaged residuals applies!
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Additional Exploration:
	This is intended to be mainly an aid to calculation.  The teacher may find it valuable as an illustrative tool for the classroom because of the ability to quickly calculate values for 3, 4 and 5 point moving averages, thereby showing clearly the differences without the need for tedious recalculation.

  


Ideas can be applied to:





Statistics






Programs associated with this aplet:

.TS.S,   .TS.ED,   .TS.AV,   .TS.SA,   .TS.RE,   .TS.PL

Aplet & documentation copyright ©1996,2000,2003,2005, C. Croft, Applications in Mathematics.

http://www.hphomeview.com
Some Mathematical Notes
More than many other branches of mathematics, the topic of Statistics tends to be treated in different ways in different educational systems.  For that reason some brief notes are given here on the mathematical assumptions behind this aplet.  It is assumed that the reader is already familiar with the topic of  Time Series Analysis.

The data model assumed is:

data = trend component + seasonal/cyclic component + error

Providing that the length of the moving average is chosen to fit the length of the cycle in the seasonal nature of the data, the moving average values can be treated as essentially “pure trend”.  At high school level it is assumed that the underlying rule for the trend is linear.  

Thus performing a linear regression of moving averages on data numbers will give an equation for a linear predictor of trend which can be used to extrapolate beyond the given data.  If the moving averages (the trend) are subtracted away from the data values giving residuals, then, by our earlier model:

residuals = data  -  moving avgs  =  seasonal/cyclic component + error

If it is assumed that the errors are distributed with a mean of roughly zero, then averaging the residuals which occur at corresponding points in the data cycle will tend to minimize the influence of the error component.

avgd corresponding residuals  =  seasonal/cyclic component

In making predictions it is assumed that the  error component is unpredictable by its very nature.  Hence any predicted value consists of:

predicted value  =  trend component  +  seasonal/cyclic component




(line of best fit)
(corresp. avg. residual)

Note:  A caution is given here about the use of the word “residual”.  Strictly speaking, a residual is the difference between the real data value and the predicted value.  Hence the use here is not strictly correct.  If it is desirable to find the residuals in the strict sense of the word (true - predicted) then one must produce predictions and subtract them from the data values.  In some examination questions this has been required.
























