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Multiple Linear Regression 
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Estimation of Regression Coefficients 
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Hypothesis Testing  

 

To test the coefficients of the multiple linear regression model, we 

follow the standard steps as: follows: 
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Step 1: The hypotheses  
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Step 2: The test statistic  
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Step 3: The Critical regions 

 
Use the quantiles of t distribution to find the critical regions corresponding the 
null hypnosis   (0)

1 : , ,
iiH or     respectively, as  

1 / 2, 1 / 2, 1 , 1 ,( , ) ( , , ), ( , ) ( , )n p n p n p n pt t t or t                 

 
 
Step 4: The decision: Reject H0, if the calculate test statistic in step 2 

belongs to the corresponding critical region.    

 
p-value approach:  
one can use p-value approach testing the hypotheses.  
 
Remark: 
Testing the significance of any of the coefficient is equivalent testing 
whether that   coefficient is zero.  
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Example: (Dwaine Studios) 
 

Test the significance of coefficients in the Dwaine Studio data (use  = 

5% if it is not given). 

68.9 1.46 1 9.37 2.Y X X     

In this model, we run the test as follows: 

 

Testing 0  

 Step 1: The hypotheses  
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Step 2:  
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Step 3:  

The Critical regions 

The critical region in this case is  

1 / 2, 1 / 2, 0.975,18 0.975,18( , ) ( , , ) ( , ) ( , )

( , 2.101) ( 2.101, )

n p n pt t t t            

      

Step 4:  

The test statistic belongs to the acceptance region, then accept H0. 
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Testing 1  

Step 1: The hypotheses  
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Step 2:  

The test statistic  
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Step 3:  

The Critical regions 

The critical region in this case is  

1 / 2, 1 / 2, 0.975,18 0.975,18( , ) ( , , ) ( , ) ( , )

( , 2.101) ( 2.101, )

n p n pt t t t            

      

Step 4:  

The test statistic belongs to the rejection region, then reject H0. 

 

Testing 2  

Step 1: The hypotheses  
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Step 2:  

The test statistic  
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Step 3:  

The Critical regions 

The critical region in this case is  

1 / 2, 1 / 2, 0.975,18 0.975,18( , ) ( , , ) ( , ) ( , )

( , 2.101) ( 2.101, )

n p n pt t t t            

      

Step 4:  

The test statistic belongs to the rejection region, then reject H0. 

 

Also, one can use p-value approach 

 

The R-results in this example as: 

Coefficients: 

            Estimate Std. Error t value Pr(>|t|)     

(Intercept) -68.8571    60.0170  -1.147   0.2663     

X1            1.4546     0.2118   6.868    2e-06 *** 

X2            9.3655     4.0640   2.305   0.0333 *   

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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ANOVA TEST (F-test) 

 

Step 1: The hypotheses  
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Step 2:  

The test statistic  
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Step 3:  

The Critical regions The critical region in this case is  

1 , 1,( , )p n pF      

Step 4:  

If the test statistic belongs to the rejection region, then reject H0. 

Example: (Dwaine Studios) 
 

Test the significance of model in the Dwaine Studio data (use  = 5% if 

it is not given). 

68.9 1.46 1 9.37 2.Y X X     

In this model, we run the test as follows: 
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Step 1: The hypotheses  
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Step 2:  

The test statistic  

 

 
 

24015.28 / 2
99.1

21180.93/18

MSR
F

MSE
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Step 3:  

The Critical Region: The critical region in this case is  

1 , 1, 0.95,2,18( , ) ( , ) (3.55, )p n pF F         

Step 4:  
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If the test statistic belongs to the rejection region, then reject H0. The 

model is significant.  

Also, one can use p-value in such test. 

 

R-results are: 

F-statistic:  99.1 on 2 and 18 DF,  p-value: 1.921e-10 

 

 

 

coefficient of multiple correlation 

The coefficient of multiple correlation is given by  

 

2 0.917 0.96R R    
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Then  

. ( ) 7.656 2.77hS E Y    

90% CI for the mean of Y is 
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 
(1 / 2, ) . ( )h hn pY t S E Y   

191.10 ± 2.101 (2.77) 

 

 

 

 

For City A, we have 

 

A 100(1 )%  CI  for newY  

 
(1 / 2, ) . ( )new newn pY t S E Y   

 . ( ) var( ) 121.626 7.656 11.35new hS E Y MSE Y      
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 
1 / 2 , . ( )new newY t n p S E Y   

 

 

Similarly, For City B, we have 

 

 

 

 

R code 

mydata=read.table("Dwaine Studios.txt",header=TRUE) 

Y=mydata$Y 

X1=mydata$X1 

X2=mydata$X2 

n=length(X1) 

model=lm(Y~X1+X2) 

summary(model) 

one=matrix(1,n) 

X=cbind(one,X1,X2) 

b=solve(t(X)%*%X)%*%t(X)%*%Y 

p=3 
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J=matrix(1,21,21) 

#  SSTO=Y'Y - 1/n(Y'JY) 

SSTO=t(Y)%*%Y-1/n*(t(Y)%*%J%*%Y) 

SSE=t(Y)%*%Y-t(b)%*%t(X)%*%Y 

SSR=SSTO-SSE 

MSR=SSR/(p-1) 

MSE=SSE/(n-p) 

F=MSR/MSE 

RS=SSR/SSTO 

R=sqrt(RS) 

vb=vcov(Model) 

MSE[1,1]*solve(t(X)%*%X) 

Xh=c(1, 65.4, 17.6) 

Yh=t(Xh)%*%b 

vYh=t(Xh)%*%vb%*%Xh 

vYh[1,1] 

seYh=sqrt(vYh[1,1]) 

vYnew=MSE+vYh[1,1] 

seYhnew=sqrt(vYnew) 

newx = data.frame(X1=65.4, X2=17.6) 

predict(Model, newx, level=0.95,interval="confidence")  

predict(Model, newx, level=0.95,interval="predict")  
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model=lm(Y~X1+X2) 

summary(model) 

anova(model) 

r=model$res 

sum(r^2) 

 


