Regression Analysis

A brief overview of some basic aspects

What is regression analysis?

Regression analysis is a methodology for examining and testing the relationship between an endogenous variable (usually denoted as Y) that is dependent on one or more exogenous or independent variables (denoted as X1…..Xn). The Y variable is also known as the regressand and the X variables are known as the regressors.

Cross sectional regression analysis versus time series regression analysis

In cross sectional regression analysis the Y and X variables consist of observations that are measured at the same point in time. Each observation is denoted as yi or xi
In time series regression analysis the observations in the variables are measured over a length of time. Each observation is denoted as yt or xit
The simple linear regression model

In the simple linear regression model, there is only one independent variable, and the relationship between X and Y is linear.
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Ordinary Least Squares (OLS) Regression

The objective of the regression model is to fit the straight line that best fits the data and to estimate the parameters of the model ( and (. Some technique must be applied to achieve this. OLS is the technique used for the purpose. 

The OLS technique gives us the best possible estimator of the model parameters. These estimators 
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, are referred to as Best, Linear, Unbiased Estimators (BLUE) for ( and (. 

The OLS technique is based on minimising the squares of the differences between the actual observations Yi and the values predicted by the fitted line 
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. In another words, minimising the squares of the error terms, ei.

Assumptions underlying the OLS regression model:

We assume that the model that we set up is a good representation of the true behavior of the variables that we are trying to model. This assumption implies certain properties about the residual, or error term. 

(1) The error term is normally distributed with a mean of zero and a constant variance.

ei ( N(0,(2)

(2) The error terms are independent of each other. That is their covariance is zero.





Cov (ei, ej)  = 0

(3) The independent variable is non-stochastic.

Violations of the OLS model assumptions

Heteroscedasticity

The residuals do not have a constant variance.

A test used for heteroscedastcity is the Godfeld- Quant test.

Autocorrelation

The residuals are not independent.

A test used for testing autocorrelation is the Durbin-Watson (DW) test. If the DW test statistic is close to 2 there is no positive autocorrelation. If it is close to zero there is perfect positive autocorrelation and if it is close to 4 there is perfect negative autocorrelation. 

Multicollinearity

Some or all the independent variables are inter-related. In such a case it is difficult to identify the influence of each X variable on the Y variable.

Testing the adequacy of the Model

Once the regression model is set up and its parameters are estimated, we are interested in checking out whether we have a good model or not. 

We use several measures to check this out.

The coefficient of determination (the regression R2)

We would like to know how well the model that we set up fits the data. In other words, how well the X variables are capable of explaining the variation of the Y data. This is given by the R2.




R2  =  
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Where SSR is the sum of squares of the regression and SST is the sum of total squares.

The Adjusted R2
If we add more regressors in to the model, invariably the R2 will increase. But this may not reflect a better model fit. The adjusted R2 takes care of this.
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Hypothesis testing

A statistical hypothesis is an initial assumption about the value of the model parameters. Our assumptions may be based on some Finance or Economic theory or simply based on a hunch. This is called a null hypothesis, denoted by H0.

For example: 

H0:
( = 0

But we are interested in checking out this assumption. We test this against an alternative hypothesis, H1.



H1:
( # 0

To test the hypothesis we need to calculate the t statistic for the ( coefficient. This is calculated as




t =  ( / standard error of (
Under the assumptions of the regression model the t statistic is t-distributed. That is, the t-statistic is t-distributed with n-2 degrees of freedom.

The regression coefficient is significant if the calculated t-statistic is greater than the value given in the t-distribution. Then we reject the null hypothesis.
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