
Two-Variable Regression Model: 
The Problem of Estimation
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3û

4û
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The principle or the method of least squares 
chooses                 in such a manner that, for a 
given sample or set of data,            is as small as 
possible
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Setting these equation to zero
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Where n is the sample size. These 
simultaneous equations are known as the 
Normal Equation 
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The regression line has the following 
properties:

� Passes through the 
sample means of Y 
and X



� The mean value of the estimated                  is equal 
to the mean value of the actual Y for 
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� The mean value of the residuals         is zero

� The residuals            are uncorrelated with the 
predicted      

� The residuals            are uncorrelated with
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Classical Linear regression model 
(CLRM)

The assumptions underlying the method of least squares:
1. Linear regression model
2. Fixed X values or X values independent of the error 

term
3. Zero mean value of disturbance 
4. Homoscedasticity or Constant Variance of 
5. No autocorrelation between the disturbances
6. The number of observations n must be greater than 

the number of parameters to be estimated
7. The nature of X variables
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Linear regression model

� Linear in the parameters

� May or may not be linear in the variables
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X values independent of the error term
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Zero mean value of disturbance term
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Homoscedasticity
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Homoscedasticity vs. Heteroscedasticity
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Homoscedasticity v.s. Heteroscedasticity

Homoscedasticity

� Equal variance

� The variation around the 
regression line is the same 
across the X values 

Heteroscedasticity

� Unequal variance



No autocorrelation between the disturbances

Given       , the deviations of any two Y values from their 
mean value  do not exhibit patterns such as those shown 
in figures below
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No autocorrelation between the disturbances
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No autocorrelation between the 
disturbances

Given any two X values,       and                  , the 
correlation between any two        and                   is 
zero.
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Where i and j are two different observation and where cov
means covariance
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The number of observations n must be greater 
than the number of parameters to be 
estimated

� The number of observations must be greater than 
the number of explanatory variables



The nature of X variables

� The X values in a given sample must not all be the 
same

� No outliers in the X values



Standard Errors of Least-Squares Estimates
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is the OLS estimator of the true but unknown       

The expression n-2 is known as the number of 
degrees of freedom

is the sum of the residuals squared or residual 
sum of squares (RSS)
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Properties of Least-Squares Estimators:
The Gauss-Markov Theorem

Best Linear Unbiased Estimator (BLUE) of         :

� It is linear, that is, a linear function of a random 
variable, such as the dependent variable Y in the 
regression model

� It is unbiased
� Efficient estimator – an unbiased estimator with 

the least variance
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The Coefficient of Determination 

� A measure of goodness of fit

� A summary measure that tells how well the 
sample regression line fits the data

� Measures the proportion or percentage of the total 
variation in Y explained by the regression model
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TSS ESS RSS= +

Total variation of the actual Y values 
about their sample mean 

(Total Sum of Squares, TSS)

Variation of the estimated Y values about their mean 
(Explained Sum of Squares, ESS)

Residual or unexpected variation of the Y values about the 
regression line (Residual Sum of Squares, RSS)
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Approximately 98 percent of the variation in 
Y is explained by variation in X.



Two properties of 

1. Nonnegative quantity

2. Its limits are 

2r
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The coefficient of correlation: r

�A measure of the degree of association 
between two variables

2r r= ±



Properties of 

1. Can be positive or negative
2. Lies between the limits of -1 and 1
3. Symmetric in nature
4. Independent or the origin and scale
5. If X and Y are statistically independent, the correlation 

coefficient between them is zero but zero correlation 
does not necessarily imply independence

6. No meaning for describing nonlinear relations
7. Does not necessarily imply any cause and effect 

relationship
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