Stat II Homework 4

Due October 11, 2007

Multiple Regression
Problem 1 – Multiple Regression with 2 IVs

The following questions all make use of the MAMMALS.sav data set. Perform a multiple regression predicting the total amount of sleep a mammal gets from its predation index and its exposure index.

SPSS produces the following output from a multiple regression predicting TOTSLEEP from PRED and EXPOSURE:


Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	 
	 
	B
	Std. Error
	Beta
	 
	 

	1
	(Constant)
	15.045
	1.042
	 
	14.444
	.000

	
	EXPOSURE
	-1.903
	.389
	-.634
	-4.896
	.000

	
	PRED
	-.041
	.405
	-.013
	-.102
	.919


a  Dependent Variable: TOTSLEEP

From this we can compute the multiple regression equation

TOTSLEEP = 15.05 – 1.90 * EXPOSURE – .041 * PRED

The intercept is 15.05, which is the expected value of sleep when both EXPOSURE and PRED have values of 0.  However, these variables can never take on the value of 0, so the intercept is not interpretable for this analysis.  The coefficient for EXPOSURE is –1.90, which means that if we hold PRED constant, we would expect the total amount of time a species sleeps each night would be decreased by 1.90 hours if exposure index increased by 1.  The coefficient for PRED is -.041, which means that if we hold EXPOSURE constant, we would expect the total amount of time a species sleeps each night would be decreased by .041 hours if the predation index increased by 1.

A) Report and interpret the R2 for the full model.  Test whether your IVs can jointly explain a significant amount of variability in your DV.

The R2 for the full model is simply the square of the multiple correlation coefficient we obtained in problem 1.  .6422 = .413.  The test of the joint ability of your IVs to predict the DV is contained in the ANOVA section.


ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	499.158
	2
	249.579
	19.320
	.000(a)

	 
	Residual
	710.510
	55
	12.918
	 
	 

	 
	Total
	1209.668
	57
	 
	 
	 


a  Predictors: (Constant), PRED, EXPOSURE

b  Dependent Variable: TOTSLEEP

The F test listed here tests whether your entire collection of IVs has a significant influence on the DV.  Since this test is significant, we claim that the IVs are able to account for a significant amount of the variability in the DV.

B) Test whether the parameters of the population regression equation are equal to zero.  Present these in the general form of a hypothesis test of a point estimate.  

The information for these tests are provided in the Coefficients section of the SPSS output.


Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	 
	 
	B
	Std. Error
	Beta
	 
	 

	1
	(Constant)
	15.045
	1.042
	 
	14.444
	.000

	 
	EXPOSURE
	-1.903
	.389
	-.634
	-4.896
	.000

	 
	PRED
	-.041
	.405
	-.013
	-.102
	.919


a  Dependent Variable: TOTSLEEP

Testing the intercept:

1.
H0:  β0 = 0


Ha:  β0 <> 0

2.
Estimate = b0 = 15.0

3.
Standard error = 1.042

4.
Degrees of freedom = n – 3 = 55

5.
t = 14.4

6.
p < .001

7.
The intercept parameter is significantly different from zero, although this does not have a theoretically meaningful interpretation. 

Testing the coefficient for EXPOSURE:

1.
H0:  β1 = 0


Ha:  β1 <> 0

2.
Estimate = b1 = -1.9

3.
Standard error = .389

4.
Degrees of freedom = n – 3 = 55

5.
t = -4.90

6.
p < .001

7.
The coefficient for EXPOSURE is significantly different from zero, indicating that EXPOSURE has a significant independent relation to the amount of sleep. 

Testing the coefficient for PRED:

1.
H0:  β2 = 0


Ha:  β2 <> 0

2.
Estimate = b2 = -.041

3.
Standard error = .405

4.
Degrees of freedom = n – 3 = 55

5.
t = -.102

6.
p < .95

7.
The coefficient for PRED is not significantly different from zero, indicating that PRED does not have a significant independent relation to the amount of sleep.
C) Discuss the relationship between the regression coefficients found in multiple regression and those obtained when you perform simple linear regressions predicting the total amount of sleep from each of the IVs independently.  Provide an explanation for any differences you might observe.

Regressing TOTSLEEP only on EXPOSURE produces the following output.


Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	 
	 
	B
	Std. Error
	Beta
	 
	 

	1
	(Constant)
	14.984
	.850
	 
	17.626
	.000

	 
	EXPOSURE
	-1.927
	.307
	-.642
	-6.271
	.000


a  Dependent Variable: TOTSLEEP

Regressing TOTSLEEP only on PRED produces the following output.

Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	 
	 
	B
	Std. Error
	Beta
	 
	 

	1
	(Constant)
	13.993
	1.210
	 
	11.562
	.000

	 
	PRED
	-1.239
	.384
	-.396
	-3.226
	.002


a  Dependent Variable: TOTSLEEP

We can see that both EXPOSURE and PRED can account for a significant amount of variability in TOTSLEEP individually, but when put into a multiple regression model, the coefficient for PRED is no longer significant.  This indicates that PRED and EXPOSURE are accounting for some of the same variability in TOTSLEEP.  The fact that EXPOSURE is significant in the multiple regression model means that it is able to account for a significant amount of variability in TOTSLEEP above and beyond that accounted for by PRED.  The fact that PRED is not significant in the multiple regression model indicates that PRED cannot account for a significant amount of variability in TOTSLEEP that is not already explained by EXPOSURE.

D) What conclusions can you draw about the relationships among these three variables based on the results of your multiple and simple linear regression equations?

We can conclude that TOTSLEEP is related to both PRED and EXPOSURE from the simple linear regression analyses.  However, PRED does not have a significant relationship to TOTSLEEP when we control for the variability accounted for by EXPOSURE.  The fact that there is a difference between the results of the simple linear regression and the multiple regression analyses also indicates that there is a relationship between PRED and EXPOSURE.
Problem 2 – More Multiple Regression with 2 IVs

In your own data set, perform a multiple regression predicting a DV from two continuous IVs.

A) Provide a theoretical reason why you might expect your DV to be related to your two IVs.

B) Report the regression equation and interpret the regression coefficients.

C) Report and interpret the R2 for the full model.  Test whether your IVs can jointly explain a significant amount of variability in your DV.

D) Test whether the parameters of the population regression equation are equal to zero.  Present these in the general form of a hypothesis test of a point estimate.  Feel free to take both the estimate and its standard error directly from SPSS.

E) Compute a 90% confidence interval around the two parameters corresponding to your IVs.

F) What conclusions can you draw about the relationships among these variables based on the results of your analyses?

See specific comments on your homework.
Problem 3 – Multiple Regression with more than 2 IVs

Use the the MAMMALS.sav data set for this problem.  Use multiple regression to predict the lifespan of a mammal from its exposure index, predation index, gestation period, and the total amount of sleep it receives.

A) Report the multiple regression equation and interpret the regression coefficients.

Performing this regression using GLM in SPSS provides us with the following table.


Parameter Estimates

Dependent Variable: LIFESPAN 

	Parameter
	B
	Std. Error
	t
	Sig.
	95% Confidence Interval

	 
	 
	 
	 
	 
	Lower Bound
	Upper Bound

	Intercept
	24.446
	11.534
	2.120
	.039
	1.230
	47.662

	EXPOSURE
	2.695
	2.328
	1.158
	.253
	-1.992
	7.382

	PRED
	-5.020
	1.982
	-2.533
	.015
	-9.009
	-1.031

	GEST
	.063
	.022
	2.836
	.007
	.018
	.107

	TOTSLEEP
	-.537
	.646
	-.831
	.410
	-1.836
	.763


The regression equation would be:

LIFESPAN = 24.446 + 2.695 * EXPOSURE – 5.020 * PRED + .063 * GEST - .537 * TOTSLEEP

The intercept coefficient tells us that the expected value of LIFESPAN when all of the IVs = 0 would be 24.446.  However, since none of the variables can reasonably have 0 values, this doesn’t have any theoretical meaning.

The coefficient on EXPOSURE tells us that we would expect LIFESPAN to increase by 2.695 if we increased EXPOSURE by 1, assuming that all the other IVs were held constant.

The coefficient on PRED tells us that we would expect LIFESPAN to decrease by 5.020 if we increased PRED by 1, assuming that all of the other IVs were held constant.

The coefficient on GEST tells us that we would expect LIFESPAN to increase by .063 if we increased GEST by 1, assuming that all of the other IVs were held constant.

The coefficient on TOTSLEEP tells us that we would expect LIFESPAN to decrease by .537 if we increased TOTSLEEP by 1, assuming that all of the other IVs were held constant.
B) Report and interpret the R2 for the full model.  Test whether your IVs can jointly explain a significant amount of variability in your DV.

Performing this regression using GLM in SPSS also produces the following ANOVA table.

Tests of Between-Subjects Effects

Dependent Variable: LIFESPAN 

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	8723.725(a)
	4
	2180.931
	10.681
	.000

	Intercept
	917.289
	1
	917.289
	4.492
	.039

	EXPOSURE
	273.578
	1
	273.578
	1.340
	.253

	PRED
	1310.262
	1
	1310.262
	6.417
	.015

	GEST
	1642.324
	1
	1642.324
	8.043
	.007

	TOTSLEEP
	140.968
	1
	140.968
	.690
	.410

	Error
	9392.802
	46
	204.191
	 
	 

	Total
	38817.630
	51
	 
	 
	 

	Corrected Total
	18116.527
	50
	 
	 
	 


a  R Squared = .482 (Adjusted R Squared = .436)

The R2 for the full model is .482, which is the proportion of the variance in LIFESPAN that can be jointly predicted by our full collection of IVs.  The test for this is F test for the overall model:  F(4, 46) = 10.681, p < .001.  From this we can conclude that the IVs can jointly explain a significant amount of the variability in the DV.  It also gives us justification to look at the tests of the individual parameters.

C) Test whether each of population parameters is significantly different form zero.

Testing the intercept:

1.
H0:  β0 = 0


Ha:  β0 <> 0

2.
Estimate = b0 = 24.446

3.
Standard error = 11.534

4.
Degrees of freedom = 46

5.
t = 2.120

6.
p = .039

7.
The intercept parameter is significantly different from zero, although this does not have a theoretically meaningful interpretation.
Testing the coefficient for EXPOSURE:

1.
H0:  β1 = 0


Ha:  β1 <> 0

2.
Estimate = b1 =  2.695

3.
Standard error = 1.982

4.
Degrees of freedom = 46

5.
t = 1.158

6.
p = .253

7.
The coefficient for EXPOSURE is not significantly different from zero, indicating that EXPOSURE does not have a significant independent relation to the mammal’s lifespan. 

Testing the coefficient for PRED:

1.
H0:  β2 = 0


Ha:  β2 <> 0

2.
Estimate = b2 = -5.020

3.
Standard error = 2.328

4.
Degrees of freedom = 46

5.
t = -2.533

6.
p = .015

7.
The coefficient for PRED  is significantly different from zero, indicating that PRED has a significant independent relation to the mammal’s lifespan.

Testing the coefficient for GEST:

1.
H0:  β3 = 0


Ha:  β3 <> 0

2.
Estimate = b3 = .063

3.
Standard error = .022

4.
Degrees of freedom = 46

5.
t = 2.836

6.
p = .007

7.
The coefficient for GEST is significantly different from zero, indicating that GEST has a significant independent relation to the mammal’s lifespan.

Testing the coefficient for TOTSLEEP:

1.
H0:  β4 = 0


Ha:  β4 <> 0

2.
Estimate = b4 = -.537

3.
Standard error = .646

4.
Degrees of freedom = 46

5.
t = -.831

6.
p = .410

7.
The coefficient for TOTSLEEP is not significantly different from zero, indicating that TOTSLEEP does not have a significant independent relation to the mammal’s lifespan.

D) Report the zero-order, partial, and semipartial correlation of each IV with the DV.  Interpret each of these coefficients.

The regression procedure gives us the following output.

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	Correlations

	 
	 
	B
	Std. Error
	Beta
	 
	 
	Zero-order
	Partial
	Part

	1
	(Constant)
	24.446
	11.534
	 
	2.120
	.039
	 
	 
	 

	 
	EXPOSURE
	2.695
	2.328
	.224
	1.158
	.253
	.360
	.168
	.123

	 
	PRED
	-5.020
	1.982
	-.392
	-2.533
	.015
	-.126
	-.350
	-.269

	 
	GEST
	.063
	.022
	.470
	2.836
	.007
	.637
	.386
	.301

	 
	TOTSLEEP
	-.537
	.646
	-.132
	-.831
	.410
	-.396
	-.122
	-.088



Coefficients(a)

a  Dependent Variable: LIFESPAN

The Zero-order correlations between each IV and the DV appear in the third column from the right, the partial correlations (controlling for the other IVs in the model) appear in the second column from the right, while the semipartial correlations appear in the rightmost column.  The zero-order correlations represent the correlation between the whole DV and the whole of each IV.  The partial correlations represent the correlation between the independent part of the DV with the independent part of each IV.  The semipartial correlations represent the correlation between the whole DV and the independent part of each IV.

E) Draw conclusions about the effect of multicollinearity on each IV based on the relation between the zero-order and partial correlation coefficients.

The zero-order correlations for EXPOSURE, GEST, and TOTSLEEP are all greater in magnitude than the partial correlations, indicating that these variables are influenced by standard multicollinearity effects where some of the variance in LIFESPAN that is explained by each IV is also explained by other IVs in the model.  The zero-order correlation for PRED is actually smaller in magnitude than the partial correlation, indicating that there is a suppression effect.  This means that the other IVs in the model are able to account for parts of PRED that are not related to LIFESPAN, making PRED a better predictor in the multiple regression model.  

Problem 4 – Multicollinearity

In your data set, perform a multiple regression analysis using 2 IVs (different from those used in problem 3) that you have reason to expect are correlated with each other.  

A) Perform simple linear regressions predicting the DV from each IV.  Report each of the regression equations.

See specific comments on your homework.

B) Perform a multiple regression analysis simultaneously predicting the DV from all of the IVs.   Report the regression equation.

See specific comments on your homework.

C) Describe the effect (if any) that the correlations have on your regression coefficients in the multiple regression equation.  Use a Venn diagram (also called a “Ballantine” in your text) to provide a reasonable approximation of the relationships between your three variables.

You will most likely have the situation where your two predictors both account for some of the same variability in your DV.  This would be indicated by a reduction in the regression coefficients of your multiple regression model compared to your simple linear regression models.  This situation is illustrated in the following Venn diagram.

[image: image1.bmp]
If one of your variables is strongly related to the DV but the other is not, then you will likely observe a suppression effect.  In this case the regression coefficient for the variable related to the DV in the multiple regression model will actually be larger than the coefficient in the simple linear regression model.  This situation is illustrated in the following Venn diagram.



You might also have a circumstance where your two IVs are related to each other, but neither are strongly related to the DV.  In this case you would not see a significant difference between the regression coefficients in the multiple regression model compared to the coefficients in the simple linear regression models.  This situation is illustrated in the following Venn diagram.




D) Explain what a “suppression effect” is.   Provide an example of a variable that you might add to the regression model you just described that could produce a suppression effect in one of your IVs.  If you can’t think of any for your own data set, just provide any example of a multiple regression where you would expect to observe a suppression effect.

In a suppression effect, the true relationship between one of your IVs and the DV is hidden because there is a large source of variability in your measurement of the IV that is unrelated to the DV.  If you could find another IV that is affected by the same unrelated source of variability but is unrelated to the DV, including that new IV in your statistical model would actually increase the strength of the first regression coefficient.  For an example of a suppression effect, let us say that you were trying to use a dolphin’s performance on an underwater maze to predict their performance in a language program.  Theoretically, the performance on the maze should be an indicator of mental ability, which should make those who perform well in the maze good candidates for the language program.  However, performance on the maze would also be affected by the dolphin’s swimming ability, which is not likely to be related to their performance in the language program.  If we would include a measure of their swimming ability in a multiple regression along with a measure of their maze performance, we should find that the multiple regression coefficient for maze performance should actually be stronger than the corresponding simple linear regression coefficient.

Problem 5 – Computing Multiple Regression Coefficients from Correlations

See the file “multicollinearity 2007-09-18.xls” for an example solution.
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