STA 471 – Fall 2003

St. Laurent

Solutions to Assignment #5

Problem 1:

Bivariate Fit of SBP By Age
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Linear Fit

SBP = 97.077084 + 0.9493225 Age

Summary of Fit

	RSquare
	0.712179

	Root Mean Square Error
	9.56333

	Mean of Response
	139.8621

	Observations (or Sum Wgts)
	29


Analysis of Variance

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio

	Model
	1
	6110.1017
	6110.10
	66.8083

	Error
	27
	2469.3465
	91.46
	Prob > F

	C. Total
	28
	8579.4483
	
	<.0001


Parameter Estimates

	Term
	 
	Estimate
	Std Error
	t Ratio
	Prob>|t|

	Intercept
	
	97.077084
	5.527552
	17.56
	<.0001

	Age
	
	0.9493225
	0.116145
	8.17
	<.0001


(a) There is strong evidence for a linear relationship between AGE and SBP.  

(b) Using JMP to carry out this calculation, gives (120.44, 130.67) mmHg.  Hand calculation:  
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, so that the 95% CI is 
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.  The interpretation of this interval is:  under repeated sampling of age and systolic blood pressure of 
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 healthy adults, 95% of confidence intervals formed will contain the true mean systolic blood pressure for healthy adults age 30 yrs.
(c) Using JMP to carry out this calculation gives (105.28, 145.84) mmHg.  Hand calculation: 
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, so that the 95% prediction interval is 
[image: image12.wmf]00

ˆˆ

(2,0.975)()125.552.052(9.88)(105.28,145.

82)mmHg

YtnsepredY

±-=±=

.

(d) Inverse prediction interval: 
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.  The 95% inverse interval has the form 
[image: image15.wmf]0

0

ˆ

()

ˆ

1

XXg

XM

g

-

+±

-

 where 
[image: image16.wmf]22

222

1

2.052

0.063

()8.17

XX

t

g

bsS

===

 and 
[image: image17.wmf]2

2

0

1

ˆ

()

12.052(9.56)/0.949(55.7545.07)0.937

4.89

10.9376779.8629

XX

XX

tsb

g

M

gSn

-

×

--

=+=+=

-

 so that the resulting interval is 
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Bivariate Fit of Age By SBP
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Linear Fit

Age = -59.85513 + 0.7501969 SBP

Analysis of Variance

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio

	Model
	1
	4828.4745
	4828.47
	66.8083

	Error
	27
	1951.3876
	72.27
	Prob > F

	C. Total
	28
	6779.8621
	
	<.0001


Parameter Estimates

	Term
	 
	Estimate
	Std Error
	t Ratio
	Prob>|t|

	Intercept
	
	-59.85513
	12.93361
	-4.63
	<.0001

	SBP
	
	0.7501969
	0.091783
	8.17
	<.0001


(e) Using JMP to carry out this calculation, gives (48.92, 56.43) years.  Hand calculation:  
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, so that the 95% CI is 
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(f) Note that the inverse estimation-based confidence interval is wider than the interval based on the regression of AGE on SBP.   The inverse-estimation interval provides a more meaningful estimate of age range associated with an SBP of 150 since it treats SBP as the variable measured with error and treats AGE as the fixed variable, which is practically the more appropriate assumption from the standpoint of statistical inference.  
Problem 2

A:  regression of Y on X:  the line is 
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B:  regression of X on Y:  the line is 
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C:  orthogonal regression relating Y and X:  the line is 
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D:  geometric mean regression relating Y and X:  
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In answering parts (a) through (d), first note that if two regression fits have the same x-slope then they must have the same y-intercept since for each of A, B, C & D, the estimate of the y-intercept is 
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 is an estimate of the x-slope.  (This statement is obvious from the formulas for fits A, C & D, but requires proof for fit B.)

(a) Yes, it is possible for fit A and fit B to result in the same x-slope y-intercept.  For A we have: 
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.  Thus the two lines will be the same only if 
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(b) Yes it is possible for fit A and fit C to result in the same x-slope and y-intercept.  Suppose that 
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but we know from part (a) that when 
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(c) Yes it is possible for fit A and fit D to result in the same x-slope and y-intercept. 
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.  Thus fits A and D will be the same when all the points lie exactly on a straight line.

(d) Yes it is possible for fit C and fit D to result in the same x-slope and y-intercept.  Suppose X and Y data values are equally variable, so that 
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Problem 3

(a) Let 
[image: image69.wmf]HT18

X

=

 and 
[image: image70.wmf]WT18

Y

=

, first need summary statistics: 
[image: image71.wmf]25

n

=

, 
[image: image72.wmf]180.08

X

=

, 
[image: image73.wmf]70.036

Y

=

, 
[image: image74.wmf]22

(1)24(6.524505)1021.66

XXX

Sns

=-==

, 
[image: image75.wmf]22

(1)24(8.642621)1792.68

YYY

Sns

=-==

, 
[image: image76.wmf]0.2828561021.66(1792.68)382.798

XY

XYXXYY

XXYY

S

rSrSS

SS

=Þ===


Fitting model A:  
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 so the fitted line is 
[image: image78.wmf]ˆ

2.5640.3747

YX

=+


Fitting model B:  
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 so the fitted line is 
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Fitting model C:  
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so the fitted line is 
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Fitting model D:  
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so the fitted line is 
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(b) see plot below

Bivariate Fit of WT18 By HT18
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Linear Fit

WT18 = 2.5631971 + 0.3746824 HT18

Orthogonal Regression 

	Variable
	Mean
	Std Dev
	Variance Ratio
	Correlation

	HT18
	180.08
	6.524505
	0
	0.2829

	WT18
	70.036
	8.642621
	
	

	Intercept
	Slope

	-773.295
	4.68309


Orthogonal Regression 

	Variable
	Mean
	Std Dev
	Variance Ratio
	Correlation

	HT18
	180.08
	6.524505
	1.754671
	0.2829

	WT18
	70.036
	8.642621
	
	

	Intercept
	Slope
	LowerCL
	UpperCL
	Alpha

	-168.505
	1.32464
	.
	.
	0.05000


Orthogonal Regression 

	Variable
	Mean
	Std Dev
	Variance Ratio
	Correlation

	HT18
	180.08
	6.524505
	1
	0.2829

	WT18
	70.036
	8.642621
	
	

	Intercept
	Slope
	LowerCL
	UpperCL
	Alpha

	-366.894
	2.426311
	.
	.
	0.05000


(c) In this problem both weight and height values are measured with error.  The question of which regression method to use does not have a definitive answer.  One approach would be to use a method that takes into account that both variables are measured with error.  In that case, clearly it does not make sense to use orthogonal regression as that assumes that the error in the two variables is of the same order of magnitude, and as the variables are measured on different scales there is no reason to believe that that assumption is tenable.  Which would lend support for the geometric mean modeling (D).  Alternately, as is very often done in regression modeling, we can consider treating the predictor variable as fixed in value.  In essence, reposing the original question as:  “For fixed values of height find a best fitting relationship that can be used to predict height.”  This would argue then to use (A), fitting Y=WT18 on X=HT18.  The advantage of this strategy, as pointed out by the text, is that it permits the formulation of confidence intervals for parameters and for the fitted line.
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