11.35 
THE SERVICE TIME CASE

The MegaStat output of a simple linear regression analysis of the data set for this case (see Exercise 11.7 on page 442) is given in Figure 11.14. Recall that a labeled MegaStat regression output is on page 461.
	Regression Analysis
	
	
	
	
	

	
	r square
	0.990 
	n  
	11 
	
	

	
	r  
	0.995 
	k  
	1 
	
	

	
	Std. Error  
	4.615 
	Dep. Var. 
	Number of Minutes Required,y

	ANOVA table
	
	
	
	
	
	

	Source
	SS  
	df  
	MS
	F
	p-value
	

	Regression
	 19,918.8438 
	1   
	19,918.8438 
	935.15
	2.09E-10
	

	Residual
	 191.7017 
	9   
	21.3002 
	
	
	

	Total
	 20,110.5455 
	10   
	　
	　
	　
	

	Regression output
	
	
	
	confidence interval

	variables
	 coefficients
	std. error 
	   t (df=9)
	p-value
	95% lower
	95% upper

	Intercept
	11.4641 
	3.4390 
	 3.334 
	.0087
	3.6845 
	19.2437 

	Number of Copiers Serviced,x
	24.6022 
	0.8045 
	 30.580 
	2.09E-10
	22.7823 
	26.4221 


a. b0=11.4641   b1=24.6022
b. SSE=sum of squared residuals殘差=191.7017

(1) mean square error 
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(2) standard error 
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 (d.f.=9)
d. t=30.580> t0.025,9=2.262 所以拒絕H0：β1＝0　@ α＝0.05足以有力證明拒絕H0：β1＝0(y與x相關
e. t=30.580> t0.005,9=3.250 所以拒絕H0：β1＝0　@ α＝0.01足以有力證明拒絕H0：β1＝0(y與x相關
f. p-value=2.09E-10 所以當α＝0.1、0.05、0.01 and 0.001 足以有力證明拒絕H0：β1＝0(y與x相關
g. 95% 信賴區間α＝0.05其信賴區間為 [ b1 
[image: image5.wmf]±

 t0.025,9 Sb1 ]＝[ 24.6022
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2.262
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0.8045 ]= [ 22.782 , 26.422 ] 95%的信賴度說明每增加一個number of copier served，需要增加最少22.782分鐘，最多26.422分鐘。同時又不跨過0，所以拒絕H0：β1＝0，有利於H1：β1≠0
h. 99% 信賴區間α＝0.01其信賴區間為 [ b1 
[image: image8.wmf]±

 t0.005,9 Sb1 ]＝[ 24.6022
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3.250
[image: image10.wmf]´

0.8045 ]＝[ 21.985 , 27.215 ] 95%的信賴度說明每增加一個number of copier served，需要增加最少21.985分鐘，最多27.215分鐘。同時又不跨過0，所以拒絕H0：β1＝0，有利於H1：β1≠0
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j. p-value=0.0087均小於α＝0.1、0.05、0.01與0.001，因此拒絕H0：β0＝0之假設，Intercept-y是存在的。
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12.17 THE FRESH DETERGENT CASE
	Regression Analysis
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	R square
	0.894 
	
	
	
	
	
	

	
	Adjusted R
	0.881 
	n  
	30 
	
	
	
	

	
	R  
	0.945 
	k  
	3 
	
	
	
	

	
	Std. Error  
	0.235 
	Dep. Var. 
	Demand for Fresh, y
	
	
	

	ANOVA table
	
	
	
	
	
	
	
	

	Source
	SS  
	df  
	MS
	F
	p-value
	
	
	

	Regression
	 12.0268 
	3   
	4.0089 
	72.80
	8.88E-13
	=Explained variation

	Residual
	 1.4318 
	26   
	0.0551 
	
	
	=Unexplained variation=SSE

	Total
	 13.4586 
	29   
	　
	　
	　
	=Total variation

	Regression output
	
	
	
	confidence interval
	
	

	variables
	 coefficients
	std. error 
	   t (df=26)
	p-value
	95% lower
	95% upper
	std. coeff.
	VIF

	Intercept
	7.5891 
	2.4450 
	 3.104 
	.0046
	2.5633 
	12.6149 
	0.000 
	

	Price for fresh,x1
	-2.3577 
	0.6379 
	 -3.696 
	.0010
	-3.6690 
	-1.0464 
	 -0.312 
	 1.742 

	Average Industry Price, x2
	1.6122 
	0.2954 
	 5.459 
	1.01E-05
	1.0051 
	2.2193 
	 0.511 
	 2.142 

	Advertising Expenditure for Fresh, x3
	0.5012 
	0.1259 
	 3.981 
	.0005
	0.2424 
	0.7599 
	 0.421 
	 2.729 

	
	
	
	
	
	
	
	
	 2.204 

	
	
	
	
	
	
	
	
	mean VIF


a. SSE=sum of squared residuals殘差 (unexplained variation)=1.4318

a. mean square error 
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b. standard error 
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b. Total variation = Explained variation + Unexplained variation
a. Total variation（總變異）=13.4586

b. Explained variation（解釋變異）=12.0268

c. Unexplained variation（不能解釋變異）=SSE=1.4318

c. 
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d.  
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e. 查表α＝0.05  F(model)=72.8>F0.05(3,26)=2.98 因此 Reject H0：β1=β2=β3 = 0
f. 查表α＝0.01  F(model)=72.8>F0.01(3,26)=4.64 因此 Reject H0：β1=β2=β3 = 0
p-value=8.88E-13 均小於α＝0.1、0.05、0.01及0.001 因此表示在這四種level(at least one of the independent variables x1, x2 and x3 in the model is significantly related to y. 

g. 12.21 THE REAL ESTATE SALES PRICE CASE
	Regression Analysis
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	R square
	0.990123 
	
	
	
	
	

	
	Adjusted R
	0.987301 
	n  
	10 
	
	
	

	
	R  
	0.995049 
	k  
	2 
	
	
	

	
	Std. Error  
	3.241636 
	Dep. Var. 
	Sales Price
	
	

	ANOVA table
	
	
	
	
	
	
	

	Source
	SS  
	df  
	MS
	F
	p-value
	
	

	Regression
	 7,373.9516 
	2   
	3,686.9758 
	350.87
	9.58E-08
	
	

	Residual
	 73.5574 
	7   
	10.5082 
	
	
	
	

	Total
	 7,447.5090 
	9   
	　
	　
	　
	
	

	Regression output
	
	
	
	confidence interval
	

	variables
	 coefficients
	std. error 
	   t (df=7)
	p-value
	95% lower
	95% upper
	std. coeff.

	Intercept
	29.346812 
	4.891442 
	5.999624 
	0.000542 
	17.780398 
	40.913226 
	0.000000 

	Home size
	5.612806 
	0.228521 
	24.561474 
	0.000000 
	5.072441 
	6.153171 
	0.923464 

	Rating
	3.834422 
	0.433201 
	8.851371 
	0.000048 
	2.810066 
	4.858779 
	0.332794 


a. Identify bj, Sbj, and the t statistic for testing H0: βj=0.
	Independent

Variable
	Null

Hypothesis
	Bj
	Sbj
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	p-Value

	Intercept
	H0: β0=0
	b0=29.347
	4.891
	6.000
	0.000542

	Home size
	H0: β1=0
	b1=5.613
	0.229
	24.561
	0.000000

	Rating
	H0: β2=0
	b2=3.834
	0.433
	8.851
	0.000048


b. Using the t statistic and appropriate rejection points, test H0: βj=0 versus Ha: βj≠0 by setting α=0.05. Which independent variables are significantly related to y in the model with α=0.05?
Degrees of freedom=n-(k+1)=10-(2+1)=7 t0.025,7=2.365
(1) For the intercept,
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, we reject H0: β0=0 ( very strong evidence that in this model the intercept is significant
(2) For Home size,
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, we reject H0: β1=0 ( very strong evidence that in this model the Home size is significantly related to y.
(3) For Rating,
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, we reject H0: β2=0 ( very strong evidence that in this model the Rating is significantly related to y.
c. Using the t statistic and appropriate rejection points, test H0: βj=0 versus Ha: βj≠0 by setting α=0.01. Which independent variables are significantly related to y in the model with α=0.01?
Degrees of freedom=n-(k+1)=10-(2+1)=7α=0.01 t0.005,7=3.499
(1) For the intercept, 
[image: image25.wmf]499

.

3

000

.

6

>

=

t

, we reject H0: β0=0 ( very strong evidence that in this model the intercept is significant
(2) For Home size, 
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, we reject H0: β1=0 ( very strong evidence that in this model the Home size is significantly related to y.
(3) For Rating, 
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 we reject H0: β2=0 ( very strong evidence that in this model the Rating is significantly related to y.
d. Identify the p-value for testing H0: βj=0 versus Ha: βj≠0. Using the p-value, determine whether we can reject H0 by settingαequal to 0.10, 0.05, 0.01, and 0.001. What do you conclude about the significance of the independent variables in the model?
	Independent

Variable
	Null

Hypothesis
	p-Value
	α

	
	
	
	0.10
	0.05
	0.01
	0.001

	Intercept
	H0: β0=0
	0.000542
	reject
	reject
	reject
	reject

	Home size
	H0: β1=0
	0.000000
	reject
	reject
	reject
	reject

	Rating
	H0: β2=0
	0.000048
	reject
	reject
	reject
	reject


We have very strong evidence that in this model intercept β0 is significant and Home size & Rating are both significantly related to y at above four rejection points. 
e. Calculate the 95% confidence interval for βj. Discuss one practical application of the interval.
	Independent

Variable
	Bj
	Sbj
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	Practical application at this interval

	Intercept
	b0=29.347
	4.891
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	[17.780,40.913]
	

	Home size
	b1=5.613
	0.229
	
	[5.072,6.153]
	Rating does not change, Home size increases one unit and Sales price will increase by at least 5.072 and by at most 6.153.  

	Rating
	b2=3.834
	0.433
	
	[2.810,4.859]
	Home size does not change, Rating increases one unit and Sales price will increase by at least 2.810 and by at most 4.859.


f. Calculate the 99% confidence interval for βj. Discuss one practical application of this interval.
	Independent

Variable
	Bj
	Sbj
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	99% confidence interval
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	Practical application at this interval

	Intercept
	b0=29.347
	4.891
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	[12.233,46.461]
	

	Home size
	b1=5.613
	0.229
	
	[4.812,6.414]
	Rating does not change, Home size increases one unit and Sales price will increase by at least 4.812 and by at most 6.414.  

	Rating
	b2=3.834
	0.433
	
	[2.319,5.349]
	Home size does not change, Rating increases one unit and Sales price will increase by at least 2.319 and by at most 5.349.
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