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In multiple regression, there are two types of hypothesis tests: 

(I) Test if all of the slope parameters 
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 are zero.  This is an F -test. 

(II) Test if a particular slope parameter 
[image: image3.wmf]j

b

is zero given that all other x's remain in the model.  This is a t -test. 

Testing for Significance of the MLR Model

· To test if all of the slope parameters 
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are zero. The null hypothesis is 
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· The null hypothesis, 
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, states that all of the explanatory variables have slopes that are equal to zero, or, in other words, none of explanatory x 's are useful in estimating the mean response for y. 

· The alternative hypothesis, 
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, states that at least one of the explanatory x 's has a slope that is different than zero, or, in other words, at least one of the explanatory x 's is useful in estimating the mean response for y. 

· The information required to perform this test is included in the analysis of variance (ANOVA) table. This table is included on the Minitab output and has the following structure: 

Analysis of Variance

SOURCE         DF        
SS      
MS          
F          

p

Model          
p         
SSM        MSM    
F= MSM/MSE    
p-value

Error        
n-p-1   
SSE         MSE

Total         
n-1      
SST
where n is the number of data points and p is the number of explanatory variables.

· SSM 
is the sum of squares for the model (sometimes written as SSR, R representing “Regression.”.

· SSE 
is the sum of squares for the error. 

· SST
is the sum of squares for the total. 

· 
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and is the mean square for the model. 

· 
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and is the mean square for the error. 

· 
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and is the test statistic for testing 
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· The P -value is the probability of observing a test statistic F as extreme or more extreme than the actual observed test statistic F if 
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is true. 

· The reference distribution for the test statistic F is an F -distribution with p degrees of freedom for the numerator MSM and n- p-1 degrees of freedom for the denominator MSE. 

· In short, we write F ~ F(p, n-p-1).

· Based on the results of the F -test we do the following: 

· If we reject 
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, then we proceed to test the significance of the individual explanatory variables. 

· If we fail to reject 
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, then we do not proceed to test the significance of the individual explanatory variables. 

Testing for Significance of an Individual Explanatory Variable

· To test if a particular parameter 
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is zero given that all other x 's remain in the model we use individual t -tests. 

· The hypotheses are the following: 
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· The null hypothesis 
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states that explanatory variable xj has a slope that is equal to zero, or, in other words, xj is not useful in estimating the mean response (y ). 

· The alternative hypothesis 
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states that explanatory variable xj has a slope that is different than zero, or, in other words, at x
· j is useful in estimating the mean response (y ) (given the other variables are already in the model). 

· The information required to perform this test is included in the Minitab output and is discussed below:

· The `Parameter Estimate' column contains the least-squares estimates b0 in the Intercept row and bj in the xj row. 

· The `Standard Error' column contains the standard errors 
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for each of the least-squares estimates. 

· The `t -value' column contains the t –statistics 
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for testing 
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· The Pr 
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 column contains the P -values, which are probabilities of observing a test statistic t as or more extreme as the actual observed test statistic t if the null hypothesis is true. 

· There will be p different t -tests because there are p different explanatory variables. 

· The reference distribution for each t -test statistic is a t -distribution with n-p-1 degrees of freedom. 

· In short, we write

Confidence Intervals 

To construct a level C confidence interval for an individual regression coefficient, use 
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, where bj is the least-squares estimate of 
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; t* is the (1-C)/2 critical value from the t(n-p-1) distribution. 
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· To determine how good the explanatory variables (x 's) are in terms of explaining the variation in the response y , we use R2 , the coefficient of multiple determination: 

· Properties of R2 : 

· 
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· The closer R2 is to 1, the more variation of the y values is explained by the model. 

· The closer R2 is to 0, the less variation of the y values is explained by the model. 

· As the number of explanatory variables increases, so does R2 . 
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