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Dummy Variables

I. Constant B

First, I simulated a data set with a constant inflation rate of .16 per year and a sigma of .05.  The data used can be seen on the “Constant B – Data” tab.  I preformed regression analysis on this data set and the results along with the residuals and residual plots can be seen on the “Constant B – Results” tab. The regression results are reasonable since the s^2 of .058 is close to sigma (.05) and the estimate of the inflation rate is .1601. This estimate is definitely within 2 standard deviations of its true value of .16. The t-statistics for all the variables are significant along with a very high F-statistic. The r-squared is very close to 1 (.9926). These measures all indicate that the regression is a very good fit to the data. 


Next, we look at the residual plot for this regression. The average residuals by calendar year and by development period are very close to zero, with some slightly above and some slightly below the X-axis. Essentially, the residuals form a horizontal line at the X-axis, with some moderate fluctuations due to the error term. This, too, indicates that the regression line is a good fit to the data. This is what we expect since the inflation rate is stable over the period.

II. Discrete Change – No Dummy Variable

On the “Discrete Change1 – Data” tab, I introduced a discrete change in the inflation rate. Here the data was simulated with an inflation rate of .20 for 2001-2010 and .10 for 2011-2015. Note that this produces an average inflation rate over the entire period of .1667, which is close to the constant inflation rate in the constant B simulation. I again run a regression on the data, but the regression equation is the same as before. In other words, it assumes that the inflation rate is constant. The results of this regression are on the “Discrete Change1 – Results” tab.


After comparing the results of this regression to the first regression, we can see that the second regression does not fit the data as well as the first. The t-statistics, F-statistic and r-squared are still significant (although not as high as before), but these measures are not good indicators of whether the inflation rate is constant or not. We look at other measures. The s^2 is now .11 (compared with .058), while the sigma used in simulating both data sets is .05. The estimate of B2 is .1566, which is close to the average inflation rate in the second data set and close to the constant inflation rate in the first data set. The standard error of B2 is now .00395 (compared with .001689) – a large increase. The sum of squared residuals has also increased from .397 to 1.422. Finally, we look at the residual plots. Not only are the residuals larger than before on average, but the residual plot for x2 look like a V, not like a horizontal line at the X-axis as before. This pattern is a strong indicator that there is a change in the inflation rate, which is not accounted for in the regression equation. 

III. Discrete Change – Dummy Variable
Next, I took the same data with a discrete change in the inflation rate and added a dummy variable to the regression equation. The dummy variable is 0 for calendar years 2001-1010 and 1 for calendar years 2011-2015. The regression equation becomes:

Y = a1 + B1X1 + B2X2 + Da2 + DB3X2  - DB2X2
a2  is the 9 yeas of difference in the inflation rates. We can rewrite the regression equation to get rid of a2.  Then, we create new independent variables which are combinations of  X2 and D. 

x1 = X1,
x2 = X2 – D(X2 – 9),

x3 = X2(D-9) 

The new variables (x1, x2, x3) are on the “Discrete Change2 – Data” tab.


I then ran a regression analysis on the new variables.  We now look at all of the parameters we looked at before in order to determine if the dummy variable has solved our problem. The results are on the “DiscreteChange2 – Results” tab. We can see that the new regression equation is indeed a very good fit to the data. The estimators of the inflation rate before and after the shift are almost right on, the standard error is .0497 and the t-statistics, F-statistic and r-squared are all as high as they were in the constant B regression. The sum of squared residuals is very low and the residual plots show that the residuals are small and randomly clustered around the X-axis. The V pattern is gone. Thus, we can be confident that by using a dummy variable we can create an equation that is a very good fit to the underlying data. 

IV. Continuous Change

The next tabs on the spreadsheet illustrate what happens when instead of a discrete change, there is a continuous change in the inflation rate. The first set of results uses a regression equation that assumes a constant inflation rate. Again, there are indicators that the regression is not a very god fit. The residual plot especially shows that there is a pattern to the data that is not being captured by the current regression equation. In this case, the residual plot look like a parabola; essentially, the V shape we saw previously has been smoothed to a curve. By manipulating the regression equation and adding a third independent variable, we can reflect the fact that the inflation rate is changing from year to year and create a much better fit to the data. An analysis similar to the one that was performed for the discrete change scenario can be done here with very similar results. 

V. Conclusion


This project shows that there are many measures one can look it in order to evaluate goodness of fit or a regression equation. In particular, this project examines the situation where one must decide whether one of the parameters of the equation varies or stays constant over time. In this situation, the residuals and the residual plot provide the most information. While the parameter estimates, t-statistics, F-statistic and r-squared do give us some information about the goodness of fit, they are not very responsive to the fact that the parameter changes over time. The project also illustrates how one can use a dummy variable to account for the change and create more accurate regression equations. Again, one needs to look at the residuals to determine if the dummy variable is necessary, and if it has solved the problems of poor fit.

