Homework 5 Solutions

1.  

(a) Between GPA and IQ, 
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of the varation in GPA).  Between GPA and self-concept, 
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of the variation in GPA).  Since gender is categorical, the correlation between GPA and gender is not meaningful.

(b) Model:
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(c) The regression gives the equation
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Based on the reported value of 
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, the regressions explains 47.1% of the variation in GPA (So the inclusion of self-concept only adds about 6.9% to the variation explained by the regression.)  

(d) The question of interest is whether self-concept contributes to explaining GPA after the effect of IQ on GPA is taken into account.  This question translates into following null and alternative hypotheses
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This can be tested by a two-sided t-test and the results are reported in the JMP output.  The p-value is 0.0024.  We conclude that there is strong evidence that self-concept contributes to explaining GPA after the effect of IQ on GPA is taken into account.

JMP output for this problem:

Response GPA

Whole Model

Actual by Predicted Plot
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GPA Predicted P<.0001 RSq=0.47

RMSE=1.5471


Summary of Fit

	RSquare
	0.471095

	RSquare Adj
	0.456991

	Root Mean Square Error
	1.547146

	Mean of Response
	7.446538

	Observations (or Sum Wgts)
	78


Analysis of Variance

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio

	Model
	2
	159.90229
	79.9511
	33.4012

	Error
	75
	179.52461
	2.3937
	Prob > F

	C. Total
	77
	339.42689
	
	<.0001


Lack Of Fit

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio

	Lack Of Fit
	74
	177.86112
	2.40353
	1.4449

	Pure Error
	1
	1.66349
	1.66349
	Prob > F

	Total Error
	75
	179.52461
	
	0.5919

	
	
	
	
	Max RSq

	
	
	
	
	0.9951


Parameter Estimates

	Term
	
	Estimate
	Std Error
	t Ratio
	Prob>|t|

	Intercept
	
	-3.882036
	1.472233
	-2.64
	0.0102

	IQ
	
	0.0772026
	0.015388
	5.02
	<.0001

	Self Concept
	
	0.0512527
	0.016328
	3.14
	0.0024


Effect Tests

	Source
	Nparm
	DF
	Sum of Squares
	F Ratio
	Prob > F
	

	IQ
	1
	1
	60.252354
	25.1716
	<.0001
	

	Self Concept
	1
	1
	23.583480
	9.8525
	0.0024
	


Residual by Predicted Plot
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2.

11.20.  

The correlations between GPA and the explanatory variables are the following: GPA and IQ, 0.634; GPA and Age, -0.389; GPA and sex, -0.097; GPA and SC, 0.542; GPA and C1, 0.441; GPA and C2, 0.601; GPA and C3, 0.495; GPA and C4, 0.267; GPA and C5, 0.472; GPA and C6, 0.401.  The variable which does the best job of explaining GPA in a simple linear regression with only one variable is the variable with the highest 
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.  You can find this variable without doing all of the regressions by just looking for the variable whose correlation with GPA has the highest absolute value.  Thus, IQ is the variable is the variable which does the best job of explaining GPA in a simple linear regression with only one variable.  About 40.2% of the variation in GPA is explained by the relationship with IQ.

11.21

(a) The regression gives
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and 
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.  For the coefficient of C3, the p-value for testing whether it equals 0 is 0.006; thus, there is strong evidence that C3 contributes to explaining GPA when added to IQ.  C3 increases 
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(b) The regression now gives
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and 
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.  For the coefficient of C3, the p-value for testing whether it equals 0 is 0.436 – thus, there is no strong evidence that C3 contributes to explaining GPA once IQ and self concept are taken into account.  If we regress GPA on IQ and SC, 
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so it seems that C3 does not raise 
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 enough to be of practical value (Of course, “practical value” depends on the problem at hand so there is no clear answer to the question of whether C3 raises 
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 enough to be of practical value without subject matter knowledge). 

(c) The coefficient 
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has different meanings in the regressions of part (a) and part (b). For part (a), the coefficient is interpreted as an estimate of the mean increase in GPA when C3 is increased by one point and IQ is held fixed.  For part (b), the coefficient is interpreted as an estimate of the mean increase in GPA when C3 is increased by one point and both IQ and SC are held fixed.  Even if we had all the data in the population (so that there was not sampling variability involved in estimating 
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), we would not expect the coefficient 
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to be the same in parts (a) and (b) unless self-concept is uncorrelated with C3 or if self-concept does not contribute to explaining GPA once IQ and C3 are taken into account (look at Lecture Notes 19).   Coefficients are particularly sensitive to changes in the model when the explanatory variables are highly correlated (the correlation between SC and C3 is about 0.80).  In this case, the predictive information of SC and C3 overlap, so that the two of them together add little more than either one separately (with IQ).  

11.22

(a) The regression gives 


[image: image26.wmf]5

142

.

0

1

183

.

0

0815

.

0

94

.

4

C

C

IQ

A

P

G

+

+

+

-

=

)

,


[image: image27.wmf]%

5

.

52

2

=

R

 and 
[image: image28.wmf]475

.

1

=

s

.  With the given values of IQ, C1, and C5, 
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(b) According to the fitted model, GPA would increase by about 0.0815 per IQ point (the coefficient of IQ).  The standard error of 
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 is 0.01367 (from the JMP output).  The degrees of freedom are 74 , 
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from Table D with 60 degrees of freedom.  The 95% confidence interval is thus 0.0543 to 0.1087 (or 0.0542 to 0.1088 for 
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(c) The residual plots are below.  The residual for OBS=55 stands out as being                      extraordinarily low; this student had the lowest GPA and, at 15 years old, this student was the oldest student in the sample

(d) Regression now gives
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.  Removing this observation did not greatly change the model or the prediction, although the coefficient of C5 is not quite significant under the new regression.

Residual Plot

Residual by Predicted Plot
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The model with observation 55

Response GPA

Whole Model

Actual by Predicted Plot

[image: image39.wmf]0

2

4

6

8

10

GPA Actual

0

1

2

3

4

5

6

7

8

9

10

11

GPA Predicted P<.0001 RSq=0.53

RMSE=1.4754


Summary of Fit

	RSquare
	0.525415

	RSquare Adj
	0.506175

	Root Mean Square Error
	1.475415

	Mean of Response
	7.446538

	Observations (or Sum Wgts)
	78


Analysis of Variance

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio

	Model
	3
	178.33993
	59.4466
	27.3086

	Error
	74
	161.08697
	2.1769
	Prob > F

	C. Total
	77
	339.42689
	
	<.0001


Lack Of Fit

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio

	Lack Of Fit
	71
	160.39407
	2.25907
	9.7811

	Pure Error
	3
	0.69289
	0.23096
	Prob > F

	Total Error
	74
	161.08697
	
	0.0415

	
	
	
	
	Max RSq

	
	
	
	
	0.9980


Parameter Estimates

	Term
	
	Estimate
	Std Error
	t Ratio
	Prob>|t|

	Intercept
	
	-4.937454
	1.491287
	-3.31
	0.0014

	IQ
	
	0.081452
	0.013673
	5.96
	<.0001

	C1
	
	0.1830796
	0.064749
	2.83
	0.0060

	C5
	
	0.1420451
	0.066633
	2.13
	0.0363


Effect Tests

	Source
	Nparm
	DF
	Sum of Squares
	F Ratio
	Prob > F
	

	IQ
	1
	1
	77.253213
	35.4885
	<.0001
	

	C1
	1
	1
	17.403589
	7.9948
	0.0060
	

	C5
	1
	1
	9.892551
	4.5444
	0.0363
	


Residual by Predicted Plot
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The model without observation 55: 

Response GPA

Whole Model

Actual by Predicted Plot
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GPA Predicted P<.0001 RSq=0.57

RMSE=1.3026


Summary of Fit

	RSquare
	0.574334

	RSquare Adj
	0.556841

	Root Mean Square Error
	1.302552

	Mean of Response
	7.536364

	Observations (or Sum Wgts)
	77


Analysis of Variance

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio

	Model
	3
	167.11224
	55.7041
	32.8320

	Error
	73
	123.85487
	1.6966
	Prob > F

	C. Total
	76
	290.96711
	
	<.0001


Lack Of Fit

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio

	Lack Of Fit
	70
	123.16198
	1.75946
	7.6179

	Pure Error
	3
	0.69289
	0.23096
	Prob > F

	Total Error
	73
	123.85487
	
	0.0588

	
	
	
	
	Max RSq

	
	
	
	
	0.9976


Parameter Estimates

	Term
	
	Estimate
	Std Error
	t Ratio
	Prob>|t|

	Intercept
	
	-4.678375
	1.317725
	-3.55
	0.0007

	IQ
	
	0.0805009
	0.012073
	6.67
	<.0001

	C1
	
	0.1970669
	0.057241
	3.44
	0.0010

	C5
	
	0.1094996
	0.059235
	1.85
	0.0686


Effect Tests

	Source
	Nparm
	DF
	Sum of Squares
	F Ratio
	Prob > F
	

	IQ
	1
	1
	75.438174
	44.4632
	<.0001
	

	C1
	1
	1
	20.109564
	11.8526
	0.0010
	

	C5
	1
	1
	5.797818
	3.4172
	0.0686
	


Residual by Predicted Plot
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Extra Part (a)

The full model includes the explanatory variables IQ, C1, C5, age and self concept.  The JMP output for the full model is shown below:

Summary of Fit

	RSquare
	0.545886

	RSquare Adj
	0.514351

	Root Mean Square Error
	1.463151

	Mean of Response
	7.446538

	Observations (or Sum Wgts)
	78


Analysis of Variance

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio

	Model
	5
	185.28846
	37.0577
	17.3101

	Error
	72
	154.13843
	2.1408
	Prob > F

	C. Total
	77
	339.42689
	
	<.0001


Parameter Estimates

	Term
	
	Estimate
	Std Error
	t Ratio
	Prob>|t|

	Intercept
	
	1.3231769
	4.674861
	0.28
	0.7780

	IQ
	
	0.0789015
	0.016222
	4.86
	<.0001

	C1
	
	0.2164612
	0.090174
	2.40
	0.0190

	C5
	
	0.2067427
	0.098135
	2.11
	0.0386

	AGE
	
	-0.42982
	0.292153
	-1.47
	0.1456

	SC
	
	-0.025519
	0.032089
	-0.80
	0.4291


The reduced model only includes the explanatory variables IQ, C1 and C5.

Summary of Fit

	RSquare
	0.525415

	RSquare Adj
	0.506175

	Root Mean Square Error
	1.475415

	Mean of Response
	7.446538

	Observations (or Sum Wgts)
	78


Analysis of Variance

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio

	Model
	3
	178.33993
	59.4466
	27.3086

	Error
	74
	161.08697
	2.1769
	Prob > F

	C. Total
	77
	339.42689
	
	<.0001


Parameter Estimates

	Term
	
	Estimate
	Std Error
	t Ratio
	Prob>|t|

	Intercept
	
	-4.937454
	1.491287
	-3.31
	0.0014

	IQ
	
	0.081452
	0.013673
	5.96
	<.0001

	C1
	
	0.1830796
	0.064749
	2.83
	0.0060

	C5
	
	0.1420451
	0.066633
	2.13
	0.0363


The extra sum of squares is the sum of squares error for the reduced model minus the sum of squares error for the full model, 161.08697-154.13843=6.94854.  The estimate of 
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F=
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Under 
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, F has an F distribution with 2 degrees of freedom in the numerator and 78-5-1=72 degrees of freedom in the denominator.  Looking in Table E and using 60 degrees of freedom for the denominator , we find that the 0.95 quantile of the F distribution with 2 degrees of freedom in the numerator and 60 degrees in the denominator is 4.00.  Thus, the p-value is greater than 0.05 and there is not strong evidence against 
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If you excluded observation 55 from the model, then your F-statistic should be

F=
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, F has an F distribution with 2 degrees of freedom in the numerator and 77-5-1=71 degrees of freedom in the denominator.  Using Table E as above, the p-value is greater than 0.05.  There is not strong evidence against 
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, whether or not you excluded observation 55.

3.

Let 
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 denote a dummy variable for species 2, i.e., 
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th crab is a lophopanopeus bellus.  Also let 
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denote a dummy variable for species 3, i.e., 
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if the 
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th crab is a cancer productus and 0 otherwise.   

(a) A parallel regression lines model for the relationship between lforce and lheight is
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(b) A separate regression lines model for the relationship between lforce and lheight is
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(c) In terms of the separate regression lines model, a test of whether the slope in the regression line of lforce on lheight is the same for species 2 as it is for species 1 is a test of 
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.  This test can be carried out using a two-sided t-test.  The p-value is 0.0014 as reported on the JMP output from the fit of the separate regression lines model (see below).  

Parameter Estimates

	Term
	
	Estimate
	Std Error
	t Ratio
	Prob>|t|

	Intercept
	
	0.519144
	1.00007
	0.52
	0.6073

	lb
	
	-4.29917
	1.528251
	-2.81
	0.0083

	cp
	
	-2.486417
	1.760556
	-1.41
	0.1675

	lheight
	
	0.4083128
	0.48685
	0.84
	0.4079

	lheight x lb
	
	2.5653385
	0.735376
	3.49
	0.0014

	lheight x cp
	
	1.6601382
	0.788937
	2.10
	0.0433


(d) In terms of the separate regression lines, the difference between the slope for        species 3 and the slope for species 1 is the parameter 
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.  According to the above JMP output, the standard error for the estimate 
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is 0.7890.  There are n-p-1=38-4-1=33 degrees of freedom so that 
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for a 95% confidence interval (using 30 degrees of freedom in Table D).  Thus, a 95% confidence interval is
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(e) The slope is the same for the three species if 
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 using an extra sum of squares F test.  The full model includes the explanatory variables lb, cp, lheight, lheight x lb and lheight x cp.  The JMP output for the full model is given below: 

Summary of Fit

	RSquare
	0.794543

	RSquare Adj
	0.762441

	Root Mean Square Error
	0.432909

	Mean of Response
	2.159514

	Observations (or Sum Wgts)
	38


Analysis of Variance

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio

	Model
	5
	23.192170
	4.63843
	24.7501

	Error
	32
	5.997134
	0.18741
	Prob > F

	C. Total
	37
	29.189304
	
	<.0001


Parameter Estimates

	Term
	
	Estimate
	Std Error
	t Ratio
	Prob>|t|

	Intercept
	
	0.519144
	1.00007
	0.52
	0.6073

	lb
	
	-4.29917
	1.528251
	-2.81
	0.0083

	cp
	
	-2.486417
	1.760556
	-1.41
	0.1675

	lheight
	
	0.4083128
	0.48685
	0.84
	0.4079

	lheight x lb
	
	2.5653385
	0.735376
	3.49
	0.0014

	lheight x cp
	
	1.6601382
	0.788937
	2.10
	0.0433


The reduced model includes only the explanatory variables lb, cp and lheight.  The JMP output for the reduced model is given below:

Summary of Fit

	RSquare
	0.712855

	RSquare Adj
	0.687519

	Root Mean Square Error
	0.496504

	Mean of Response
	2.159514

	Observations (or Sum Wgts)
	38


Analysis of Variance

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio

	Model
	3
	20.807750
	6.93592
	28.1357

	Error
	34
	8.381554
	0.24652
	Prob > F

	C. Total
	37
	29.189304
	
	<.0001


Parameter Estimates

	Term
	
	Estimate
	Std Error
	t Ratio
	Prob>|t|

	Intercept
	
	-2.055691
	0.747985
	-2.75
	0.0095

	lb
	
	0.9925269
	0.19597
	5.06
	<.0001

	cp
	
	1.0143283
	0.220717
	4.60
	<.0001

	lheight
	
	1.6702559
	0.360778
	4.63
	<.0001


The extra sum of squares is the sum of squares error for the reduced model minus the sum of squares error for the full model, 8.381554-5.997134=2.38442.  The estimate of 
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from the full model is 0.18741.  The extra sum of squares F-statistic for testing 
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F has an F distribution with 2 degrees of freedom for the numerator and 32 degrees of freedom for the denominator.  Using Table D with 2 degrees of freedom for the numerator and 30 degrees of freedom for the denominator, the p-value is less than 0.01.  Thus, we reject 
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