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Dummy Variables

All of the situations in the regression analysis course have focused on and assumed that the regression parameters are constant and do not change over the range of variables.  However, constant parameters are not always realistic.  The world and the economy are constantly changing and these changes can and should be taken into account when analyzing regression models over time.  A model with constant parameters is different than one with changing parameters.
The first model is one with constant parameters.  The next model is one where the parameters change from constant level to another constant level.  Then, adding a dummy variable to the regression equation accounts for those changes.  Adding a second dummy variable accounts for more changes and the regression equation is improved.

The spreadsheet contains all of the regressions.  The first one is the regression with stable rates and the second one is the regression output.  This pattern continues through the whole spreadsheet (the first one is the data and the second one is the regression output).
Stable Rates

The first model has both constant inflation parameters and constant loss development parameters.  The values I used are: sigma = .1, alpha = 5, beta1 = -.30, and beta2 = .20.  The adjusted 
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is .99175, which is significant.

The estimated values are: s = .099345, alpha = 4.975187, beta1 = -.29918, and beta2 = .201756.
The residuals are scattered, but there is not a clear pattern to them.

The results given by this regression were expected, and all three of the coefficients are within the 95% confidence interval.
Unstable Rates
The first model uses unstable parameters.  Both the inflation rate and the loss development rate change constant levels once.  The values I used are: sigma = .1, alpha = 5, beta1 = -.3, beta2 = .20.  The inflation changes in year 10 (beta2b = .02) and the loss development pattern changes in year 5 (beta1b = -.15).

The adjusted 
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is .901402.  The estimated values are: standard error of regression = .20754, alpha = 5.202316, beta1 = -.19661, and beta2 = .122704.  So the estimated inflation rate for the 15 calendar years is .122704 and the estimated geometric decay for the 15 calendar years is -.19661.  The estimated inflation rate is lower than the actual rate for the first 10 years and it is higher than the actual rate for the last 5 years, so the residuals are negative in the beginning, they increase until year 10, and then they decrease after that.  The geometric decay is similar.  The estimated decay is lower than the actual decay for the first 5 years and it is higher than the actual for the last 10 years.  So the residuals are positive in the beginning, decrease until year 5, and then increase.

Adding a discrete change to the data introduces more error into the model than one with stable rates, but the model still produces the expected results and the estimated coefficients are within

Dummy Variable 1
Using a dummy variable accounts for the change of inflation in year 10.  The dummy variable (
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) equals 0 for calendar years 0 through 9 and it equals 1 for years 10 through 14.  I used the same values as the unstable rate regression: sigma = .1, alpha = 5, beta1 = -.3, beta2 = .2, beta1b = -.15, and beta2b = .02, and the inflation changes in year 10 and the geometric decay changes in year 5.
The regression equation I used is:
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The adjusted 
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is .933908, so the regression equation with the dummy variable in it has explained a little bit more of the data than the one without the dummy variable.

The estimated values for the one dummy variable regression are: standard error of regression = .169402, alpha = 4.982966, beta1 = -.19568, beta2 = .17562, and beta3 = -.15547.  (Beta3 is the coefficient for 
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in the regression in Excel and the coefficient of 
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 in the regression equation.)  So the estimated inflation rate for the 15 calendar years is .17562 and the estimated geometric decay is -.19568 for the 15 years.
This dummy variable was used to help explain the inflation parameter, so the residual plot for 
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looks more like a horizontal line centered around 0 than it did without the dummy variable.  There is no dummy variable for the geometric decay though, so the residual plot for 
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is still in the shape of a V.

Dummy Variable 2
Using a second dummy variable accounts for the change of the geometric decay in year 5.  This dummy variable (
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) equals 0 for calendar years 0 through 4 and it equals 1 for years 5 through 14.  Again, I used the same values in this regression as I did for the other ones: sigma = .1, alpha = 5, beta1 = -.3, beta2 = .2, beta1b = -.15, and beta2b = .02, and the inflation changes in year 10 and the geometric decay changes in year 5.
The regression equation with two dummy variables is:
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The estimated values for the one dummy variable regression are: standard error of regression = .108133, alpha = 5.086808, beta1 = -.30931, beta2 = .189574, beta3 = -.15987, and beta4 = .157824.  (Beta4 is the coefficient for 
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in the regression in Excel and the coefficient of 
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 in the regression equation.)  So the estimated inflation rate for the 15 calendar years is .189574 and the estimated geometric decay is -.30931 for the 15 years.
Using both dummy variables explains more of the data with the changing inflation and geometric decay parameters.  Neither the 
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 residual plots have a V shape.  They are not a perfect horizontal line at zero because there is an error term, but the residuals are definitely more centered around a line at zero.  This model with two dummy variables seems to be a good fit.
Conclusion
Adding a discrete change to the data introduces more error into the model than one with stable rates, but the models still produce the expected results and all of the estimated coefficients are within the 95% confidence intervals.

The regression equation with 2 dummy variables is a good explanation of the changing parameters.  (There are two changing parameters – inflation and geometric decay – so there are two dummy variables.)  When dummy variables are added to the regression equation, the standard error and the error sum of squares of the regression equation decrease while the adjusted 
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increases.  The error sum of squares is lowest when there are two dummy variables in the equation which means that there is less error.  Therefore, the regression equation with two dummy variables is a better regression equation than one without dummy variables.
	
	2 Dummy Variables
	1 Dummy Variable
	Unstable Rates
	Stable Rates

	Estimate of sigma
	.108133
	.169402
	.20754
	.099345

	Estimate of 
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	----------
	----------
	-.19661
	-.29918

	Standard error of 
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	----------
	----------
	.006016
	.00288

	Estimate of 
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	----------
	----------
	.122704
	.201756

	Standard error of 
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	----------
	----------
	.006016
	.00288

	Adjusted 
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	.974636
	.933908
	.901402
	.989513

	TSS
	54.858687
	51.66979
	51.98534
	111.9907

	ESS
	1.344673
	3.328872
	5.039505
	1.154724


[NEAS: The final regression equation with the two dummy variables gives values for the ordinary least squares estimators that are off by about 1%.  This may occur if σ is large, and it may also occur if the Excel spread-sheet uses a base (0 vs 1) that is not matched to the form of the regression equation. A σ of 0.1 is not that large.

You can check your work by starting with low stochasticity, such as a σ of 0.01.  You should get accurate results, with nearly exact ordinary least squares estimators and residual plots that form horizontal lines.  If you don’t, you have an error in your unrestricted equation using the dummy variable(s).

Some candidates figure they can save time by not running a version with σ = 0.01.  Checking your work as you proceed takes a few minutes.  Deciphering an error from the final form with a higher σ may take an hour or two.

Statisticians often run dummy data through their models to check if it gives reasonable results.  More complex models are likely to have more inadvertent errors, and simple verification saves time.]
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