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[bookmark: _GoBack]SPSS syntax and output for Chapter 2: Multiple Regression with Continuous Predictors
Much of the material in this document builds on the SPSS syntax and output for Chapter 1. If necessary, refer back to that document for reminders.

Begin by importing the ‘aggression.txt’ data into SPSS:
GET DATA  /TYPE=TXT
  /FILE="aggression.dat"
  /DELIMITERS="\t"
  /VARIABLES=
  age AUTO
  BPAQ AUTO
  AISS AUTO
  alcohol AUTO
  BIS AUTO
  NEOc AUTO
  gender AUTO
  NEOo AUTO
  /MAP.
EXECUTE.

Scatterplots of BPAQ and BIS scores against age (Figure 2.1):
GRAPH
  /SCATTERPLOT=age with BPAQ.
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GRAPH
  /SCATTERPLOT=age with BIS.
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The CORRELATIONS command gives the correlations:
CORRELATIONS
  /VARIABLES=BPAQ BIS age.

	Correlations

	
	BPAQ
	BIS
	age

	BPAQ
	Pearson Correlation
	1
	.321
	-.207

	
	Sig. (2-tailed)
	
	.000
	.001

	
	N
	275
	275
	275

	BIS
	Pearson Correlation
	.321
	1
	-.138

	
	Sig. (2-tailed)
	.000
	
	.022

	
	N
	275
	275
	275

	age
	Pearson Correlation
	-.207
	-.138
	1

	
	Sig. (2-tailed)
	.001
	.022
	

	
	N
	275
	275
	275




Multiple regression with two predictors
In the REGRESSION command (used to specify linear regression models and estimate them using OLS), one can list any number of predictor variables on the METHOD=ENTER line.
Here, BPAQ is regressed on both BIS and age simultaneously:
REGRESSION
  /DEPENDENT BPAQ
  /METHOD=ENTER BIS age. 

	Variables Entered/Removeda

	Model
	Variables Entered
	Variables Removed
	Method

	1
	age, BISb
	.
	Enter

	a. Dependent Variable: BPAQ

	b. All requested variables entered.




	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.360a
	.130
	.124
	.4905755470000

	a. Predictors: (Constant), age, BIS


The output above reports the multiple R value and R2 statistic described in Chapter 2.

	ANOVAa

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	9.775
	2
	4.888
	20.309
	.000b

	
	Residual
	65.461
	272
	.241
	
	

	
	Total
	75.236
	274
	
	
	

	a. Dependent Variable: BPAQ

	b. Predictors: (Constant), age, BIS



As explained in Chapter 2, the ANOVA above tests the null hypothesis that population R2 = 0; here, because the F test is significant, the sample R2 = .13 is significant.

	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	1.954
	.245
	
	7.980
	.000

	
	BIS
	.444
	.085
	.298
	5.215
	.000

	
	age
	-.018
	.006
	-.166
	-2.910
	.004

	a. Dependent Variable: BPAQ



The output above reproduces the regression model parameter estimates (“Unstandardized coefficients”) and their associated standard errors and t-tests reported in Chapter 2.
Although standardized regression coefficients are typically not recommended, SPSS still computes them by default and, regrettably, refers to them as “Beta” (which is not consistent with the text’s notation nor is it consistent with APA style). Furthermore, the format of the SPSS output leads one to think that the t values and associated p values (“Sig.”) pertain to the standardized coefficients, but technically they only pertain to the unstandardized coefficients.
And we can run the REGRESSION command again, this time asking only for the confidence intervals around the regression coefficients:
REGRESSION
  /STATISTICS=CI
  /DEPENDENT BPAQ
  /METHOD=ENTER BIS age.

	Coefficientsa

	Model
	95.0% Confidence Interval for B

	
	Lower Bound
	Upper Bound

	1
	(Constant)
	1.472
	2.437

	
	BIS
	.276
	.611

	
	age
	-.029
	-.006

	a. Dependent Variable: BPAQ




Simultaneous regression
Specify and estimate simultaneous regression model, with BPAQ regressed on BIS, age, NEOo, and NEOc:
REGRESSION
  /DEPENDENT BPAQ
  /METHOD=ENTER BIS age NEOo NEOc.

	Variables Entered/Removeda

	Model
	Variables Entered
	Variables Removed
	Method

	1
	NEOc, NEOo, age, BISb
	.
	Enter

	a. Dependent Variable: BPAQ

	b. All requested variables entered.



	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.366a
	.134
	.121
	.4911748930000

	a. Predictors: (Constant), NEOc, NEOo, age, BIS



	ANOVAa

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	10.098
	4
	2.524
	10.464
	.000b

	
	Residual
	65.138
	270
	.241
	
	

	
	Total
	75.236
	274
	
	
	

	a. Dependent Variable: BPAQ

	b. Predictors: (Constant), NEOc, NEOo, age, BIS



	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	2.416
	.494
	
	4.887
	.000

	
	BIS
	.370
	.106
	.248
	3.475
	.001

	
	age
	-.017
	.006
	-.158
	-2.699
	.007

	
	NEOo
	-.016
	.059
	-.016
	-.277
	.782

	
	NEOc
	-.072
	.063
	-.081
	-1.148
	.252

	a. Dependent Variable: BPAQ


The output above matches results in Table 2.4, except confidence intervals are missing, which are obtained as below:
REGRESSION
  /STATISTICS=CI
  /DEPENDENT BPAQ
  /METHOD=ENTER BIS age NEOo NEOc.

	Coefficientsa

	Model
	95.0% Confidence Interval for B

	
	Lower Bound
	Upper Bound

	1
	(Constant)
	1.443
	3.389

	
	BIS
	.160
	.580

	
	age
	-.029
	-.005

	
	NEOo
	-.133
	.100

	
	NEOc
	-.196
	.052

	a. Dependent Variable: BPAQ




Hierarchical regression

We can specify two nested models within a single REGRESSION command using two separate /METHOD=ENTER lines:

REGRESSION
  /STATISTICS R CHANGE COEFF CI
  /DEPENDENT BPAQ
  /METHOD=ENTER BIS age
  /METHOD=ENTER NEOo NEOc.
Above, the first /METHOD=ENTER line creates Model 1, in which the outcome variable ‘BPAQ’ is regressed on ‘BIS’ and ‘age’, while the second /METHOD=ENTER line creates Model 2, in which ‘BPAQ’ is regressed on the predictors from Model 1 (‘BIS’ and ‘age’) as well as the additional predictors ‘NEOo’ and NEOc’.
On the /STATISTICS line, the R option produces the R2 statistics for the two models, the CHANGE option produces the R2 difference statistic (as well as its corresponding F test), and the COEFF option produces the regression slope coefficient estimates along with their standard errors and t-tests. 
The output is below:
	Variables Entered/Removeda

	Model
	Variables Entered
	Variables Removed
	Method

	1
	age, BISb
	.
	Enter

	2
	NEOo, NEOcb
	.
	Enter

	a. Dependent Variable: BPAQ

	b. All requested variables entered.



	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Change Statistics

	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change

	1
	.360a
	.130
	.124
	.4905755470000
	.130
	20.309
	2
	272
	.000

	2
	.366b
	.134
	.121
	.4911748930000
	.004
	.668
	2
	270
	.513

	a. Predictors: (Constant), age, BIS

	b. Predictors: (Constant), age, BIS, NEOo, NEOc


As reported in Chapter 2, F(2,270) = 0.67 is non-significant, p = .51, indicating that R2 does not significantly change across the two models.

	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95.0% Confidence Interval for B

	
	B
	Std. Error
	Beta
	
	
	Lower Bound
	Upper Bound

	1
	(Constant)
	1.954
	.245
	
	7.980
	.000
	1.472
	2.437

	
	BIS
	.444
	.085
	.298
	5.215
	.000
	.276
	.611

	
	age
	-.018
	.006
	-.166
	-2.910
	.004
	-.029
	-.006

	2
	(Constant)
	2.416
	.494
	
	4.887
	.000
	1.443
	3.389

	
	BIS
	.370
	.106
	.248
	3.475
	.001
	.160
	.580

	
	age
	-.017
	.006
	-.158
	-2.699
	.007
	-.029
	-.005

	
	NEOo
	-.016
	.059
	-.016
	-.277
	.782
	-.133
	.100

	
	NEOc
	-.072
	.063
	-.081
	-1.148
	.252
	-.196
	.052

	a. Dependent Variable: BPAQ


The results above match values given in Table 2.5. Note in particular that the results for Model 2 are identical to those obtained earlier using simultaneous regression.

Regression diagnostics
Returning to the model regressing BPAQ on BIS and age, as was done in the Chapter 1 SPSS syntax, we can include the optional /SAVE command to save the residuals (RESID), predicted values (PRED), leverage values (LEVER), externally Studentized residuals (SDRESID), and Cook’s distance values (COOK) as new variables:
REGRESSION
  /DEPENDENT BPAQ
  /METHOD=ENTER BIS age
  /SAVE RESID PRED LEVER SDRESID COOK.

The new variables in the active dataset will be named RES_1, PRE_1, LEV_1, SDR_1, and COO_1, respectively.


Plot the residuals against the BIS predictor (Figure 2.6):
GRAPH
  /SCATTERPLOT=BIS with RES_1.
[image: ]
Plot the residuals against the age predictor (Figure 2.6):
GRAPH
  /SCATTERPLOT=age with RES_1.
[image: ]

Can also plot residuals against fitted values, i.e., predicted values (Figure 2.8):
GRAPH
  /SCATTERPLOT=PRE_1 with RES_1.
[image: ]

As in Chapter 1, also can plot univariate distribution of residuals (Figure 2.9):

GRAPH
  /HISTOGRAM=RES_1.

[image: ]




Polynomial regression
To specify and estimate a polynomial regression model, squared and possibly cubed versions of the (potentially) nonlinear predictor should be created as new variables (which I have chosen to name ‘agesq’ and ‘agecube’) before they can be entered in the regression model:
COMPUTE agesq=age ** 2.
COMPUTE agecube=age ** 3.
EXECUTE.
Now these new variables can be included as predictors in the hierarchical regression procedure described in Chapter 2:
REGRESSION
  /STATISTICS R CHANGE COEFF CI
  /DEPENDENT BPAQ
  /METHOD=ENTER BIS age
  /METHOD=ENTER agesq agecube.

	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Change Statistics

	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change

	1
	.360a
	.130
	.124
	.4905755470000
	.130
	20.309
	2
	272
	.000

	2
	.367b
	.135
	.122
	.4910548650000
	.005
	.735
	2
	270
	.481

	a. Predictors: (Constant), age, BIS

	b. Predictors: (Constant), age, BIS, agecube, agesq


The results from this F-test for the R2 change from Model 1 to Model 2 match that given in Chapter 2 for the polynomial regression example.
	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95.0% Confidence Interval for B

	
	B
	Std. Error
	Beta
	
	
	Lower Bound
	Upper Bound

	1
	(Constant)
	1.954
	.245
	
	7.980
	.000
	1.472
	2.437

	
	BIS
	.444
	.085
	.298
	5.215
	.000
	.276
	.611

	
	age
	-.018
	.006
	-.166
	-2.910
	.004
	-.029
	-.006

	2
	(Constant)
	-.114
	1.866
	
	-.061
	.952
	-3.787
	3.560

	
	BIS
	.443
	.085
	.297
	5.189
	.000
	.275
	.611

	
	age
	.215
	.201
	2.031
	1.065
	.288
	-.182
	.611

	
	agesq
	-.008
	.007
	-4.584
	-1.183
	.238
	-.022
	.005

	
	agecube
	8.790E-5
	.000
	2.444
	1.202
	.230
	.000
	.000

	a. Dependent Variable: BPAQ




As in Chapter 1, make index plots of hat values, Studentized residuals, and Cook's distance (Figures 2.10 to 2.12):
COMPUTE index=$casenum.

GRAPH
  /SCATTERPLOT=index with LEV_1.
GRAPH
  /SCATTERPLOT=index with SDR_1.
GRAPH
  /SCATTERPLOT=index with COO_1.
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