Simple regression using GLM.

The GLM procedure can also be used to conduct simple regression analyses.

The example looks at the relationship of formula scores to performance of I/O students in the core courses – PSY 506, 512, 516, 511 and 513.  
The specific criterion was based on an equally weighted average of scores in P506, P512, P516 and the average of P511&P513.  This means that one fourth of each criterion score came from each I/O professor.  (Note that Biderman’s courses contributed only one fourth, since it was the average of 511 and 513 that was used in the criterion.  The process of creating the criterion was as follows.  The raw score of each person in each class was converted to a Z score.  In Biderman’s case, the average of the raw scores of each person in 511 and 513 was converted to a Z.  Thus, each student had four Zs  - one from 506, one from 512, one from 516, and one from the average of 511 and 513.  These Zs were then averaged and that average was the criterion score, labeled core1st in the output that follows. 

The formula scores used are labeled newform in the following output.  They were computed as 200*UGPA + (GREV+GREQ)/2.  This is the formula score we are now using, since ETS has dropped the Analytic subsection of the test and replaced it with the Analytic Writing subtest.  Obviously, as soon as enough data have been gathered, the validation of the AW subtest for our program will begin.
Scatterplot of core1st vs. newform.
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The relationship looks promising – it seems to be positive and linear – good for us if we want newform to predict performance in the core courses.  It looks like there is one potential outlier – a person with a pretty high formula score who had the worst performance in the core courses.  Since there is no reason to exclude that person, the whole dataset will be analyzed.

Analyze -> General Linear Model -> Univariate...

Although GLM is most often used for analyses involving qualitative (i.e., nominal or categorical) variables, it includes the capability to analyze continuous independent variables.  In fact, the general linear model, upon which the SPSS GLM procedure is based, is a general analytic framework that includes both qualitative and quantitative independent variables.  So GLM should contain the ability to analyze both.

There is a potential source of confusion, however, in the implementation of GLM in SPSS.  That source is the fact that quantitative independent variables are called Covariates in the program.  This terminology harkens back in time to an earlier day when quantitative independent variables were hardly ever the focus of analyses.  Instead, the foci were the qualitative factors – the grouping factors – and quantitative independent variables were included in the analyses only as variables to be “controlled for” subject characteristics such as age, cognitive ability, etc..  In this context, these variable were called covariates – because they covaried with the grouping differences. 

The term covariate has been carried forth by SPSS into its current programs.  But this may be appropriate, since there are probably many users of the program who still think of quantitative IVs as only covariates.

Specifying the dependent and independent variables

[image: image2.png]@
8 namet
& oy
& dest

® compscar

< compyr
®eh

@ fomula
® usea
® e
®oea
®gea
& awit
g
FEei
st

Dependent Vaiable:

Errr—

Fired Factofs)

Randam Factarfs}

o E:anale[&]

s v
= I

B‘

Model,

Conlrasts.

Plos.

Post Hoz,

Save.

W

Opiins.





Note that the quantitative independent variable, newform, is placed in the field labeled “Covariate(s):”

As above, there are several options that you should specify.  These are chosen by clicking on the [Options] button on the main GLM dialog box.
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They’re all important.  The most important option for analyses involving quantitative independent variables is the “Parameter estimates” check box.  That tells GLM to print out the regression quantities that you’re used to seeing when using the REGRESSION procedure.

Univariate Analysis of Variance  
((this was printed by SPSS)
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The mean of core1st is about zero, as we’d expect if it were a collection of real Zs.  The standard deviation is not 1, as might be expected if the variable were a collection of real Zs. But remember, that core1st is not a variable of Zs, it’s a variable consisting of the averages of 4 Zs. So we don’t expect it to act exactly like a collection of Zs.
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The “Tests of Between-Subjects Effects” box gives us overall information about the relationship, somewhat analogous to the information printed in the Model Summary and ANOVA boxes in REGRESSION.

Corrected Model.  This line contains a test of the significance of the relationship of the dependent variable to the collection of independent variables (in this case that collection contains only 1 IV).  

Intercept.  This line contains a test of the null hypothesis that the intercept (constant in REGRESSION language) in the population is zero.  Usually not of much interest in psychology.

Newform.  This line contains the test of the significance of the relationship of core1st to newform.  It is significant (p<.05). This means that the formula score is a valid predictor of overall 1st year I/O performance.  But R2 = .186, so there’s a lot of variance in performance not predicted by newform.
Partial eta squared.  Eta squared is an effect size used in regression analyses.  The value, .186 is fairly large.

Observed Power.  The observed power is the probability of rejecting the null hypothesis of no relationship if in the population the relationship were the same as that observed in the sample.  That is, if in the population, R-square were .186, the power of the analysis to detect that difference from zero would be .651.
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The ‘Parameter Estimates” box gives regression specific information.  It actually gives information not easily available in the REGRESSION output. Unfortunately, it does not give part and partial rs that ARE available in the REGRESSION Coefficients box.  So you may have to actually run BOTH REGRESSION and GLM to get all the information you want.  Note that 2.4392 = 5.947.  The F is the square of the t for a 1 df test.
Multiple Regression using GLM

The GRE is changing their test format from a 300-800 scale to a scale with mean of 150.  We’ve decided to develop a formula score independent of the actual scale values.  Our new formula will use the percentile ranks of scores on the GRE, rather than the original scores themselves.

Below are data comparing the two methods – scores vs. percentile ranks.

Validity of GRE Scores first – the criterion is the overall Z-score of performance in the 1st year by I-O students.

compute all3PRs = 0.

if (not missing(grevpr) and not missing(greqpr) and not missing(awritpr)) all3PRs=1.

filter by all3PRs.

UNIANOVA core1st WITH ugpa grev greq

  /METHOD=SSTYPE(3)  /INTERCEPT=INCLUDE

  /PRINT=OPOWER ETASQ DESCRIPTIVE PARAMETER  /CRITERIA=ALPHA(.05)

  /DESIGN=ugpa grev greq .

Univariate Analysis of Variance

 [DataSet1] G:\MdbO\Dept\Validation\GRADSTUDENTS.sav

	Descriptive Statistics

	Dependent Variable:core1st Av of Z's of 506,512,516,(511+513)/2

	Mean
	Std. Deviation
	N

	-.0349
	.79452
	83

	Tests of Between-Subjects Effects

	Dependent Variable:core1st Av of Z's of 506,512,516,(511+513)/2

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared
	Noncent. Parameter
	Observed Powerb

	Corrected Model
	22.064a
	3
	7.355
	19.563
	.000
	.426
	58.689
	1.000

	Intercept
	19.897
	1
	19.897
	52.926
	.000
	.401
	52.926
	1.000

	ugpa
	13.734
	1
	13.734
	36.533
	.000
	.316
	36.533
	1.000

	grev
	5.676
	1
	5.676
	15.097
	.000
	.160
	15.097
	.970

	greq
	.780
	1
	.780
	2.076
	.154
	.026
	2.076
	.296

	Error
	29.700
	79
	.376
	
	
	
	
	

	Total
	51.865
	83
	
	
	
	
	
	

	Corrected Total
	51.764
	82
	
	
	
	
	
	

	a. R Squared = .426 (Adjusted R Squared = .404)

b. Computed using alpha = .05

	Parameter Estimates

	Dependent Variable:core1st Av of Z's of 506,512,516,(511+513)/2

	Parameter
	B
	Std. Error
	t
	Sig.
	95% Confidence Interval
	Partial Eta Squared
	Noncent. Parameter
	Observed Powera

	
	
	
	
	
	Lower Bound
	Upper Bound
	
	
	

	Intercept
	-6.400
	.880
	-7.275
	.000
	-8.151
	-4.649
	.401
	7.275
	1.000

	ugpa
	1.238
	.205
	6.044
	.000
	.831
	1.646
	.316
	6.044
	1.000

	grev
	.003
	.001
	3.886
	.000
	.002
	.005
	.160
	3.886
	.970

	greq
	.001
	.001
	1.441
	.154
	.000
	.003
	.026
	1.441
	.296

	a. Computed using alpha = .05

	Correlations

	
	newform

	core1st Av of Z's of 506,512,516,(511+513)/2
	Pearson Correlation
	.626

	
	Sig. (2-tailed)
	.000

	
	N
	83


Now using percentile ranks as predictors – same people, same tests.
UNIANOVA core1st WITH ugpa GREVPR GREQPR

  /METHOD=SSTYPE(3)

  /INTERCEPT=INCLUDE

  /PRINT=OPOWER ETASQ DESCRIPTIVE PARAMETER

  /CRITERIA=ALPHA(.05)

  /DESIGN=ugpa GREVPR GREQPR .

Univariate Analysis of Variance

 [DataSet1] G:\MdbO\Dept\Validation\GRADSTUDENTS.sav

	Descriptive Statistics

	Dependent Variable:core1st Av of Z's of 506,512,516,(511+513)/2

	Mean
	Std. Deviation
	N

	-.0349
	.79452
	83

	Tests of Between-Subjects Effects

	Dependent Variable:core1st Av of Z's of 506,512,516,(511+513)/2

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared
	Noncent. Parameter
	Observed Powerb

	Corrected Model
	22.096a
	3
	7.365
	19.612
	.000
	.427
	58.837
	1.000

	Intercept
	18.324
	1
	18.324
	48.793
	.000
	.382
	48.793
	1.000

	ugpa
	13.834
	1
	13.834
	36.838
	.000
	.318
	36.838
	1.000

	GREVPR
	5.438
	1
	5.438
	14.480
	.000
	.155
	14.480
	.964

	GREQPR
	.949
	1
	.949
	2.526
	.116
	.031
	2.526
	.349

	Error
	29.668
	79
	.376
	
	
	
	
	

	Total
	51.865
	83
	
	
	
	
	
	

	Corrected Total
	51.764
	82
	
	
	
	
	
	

	a. R Squared = .427 (Adjusted R Squared = .405)

b. Computed using alpha = .05



	Parameter Estimates

	Dependent Variable:core1st Av of Z's of 506,512,516,(511+513)/2

	Parameter
	B
	Std. Error
	t
	Sig.
	95% Confidence Interval
	Partial Eta Squared
	Noncent. Parameter
	Observed Powera

	
	
	
	
	
	Lower Bound
	Upper Bound
	
	
	

	Intercept
	-5.038
	.721
	-6.985
	.000
	-6.474
	-3.603
	.382
	6.985
	1.000

	ugpa
	1.243
	.205
	6.069
	.000
	.836
	1.651
	.318
	6.069
	1.000

	GREVPR
	1.186
	.312
	3.805
	.000
	.566
	1.807
	.155
	3.805
	.964

	GREQPR
	.555
	.349
	1.589
	.116
	-.140
	1.250
	.031
	1.589
	.349

	a. Computed using alpha = .05




filter off.

Note that the formula based on percentile ranks has a slightly, though not significantly, larger R2 than the formula based on scores.
This absence of difference has convinced me that we can base our formula on percentile ranks, rather than GRE raw scores.  This frees us from having to change the formula each time ETS changes the format of the GRE.

What formula score should we report on our web site?

The formula score I’ve recommended to the other I-O faculty is based on the following regression.

(This analysis is different from the above because it include AWRITPR.)

filter off.

UNIANOVA core1st WITH ugpa GREVPR GREQPR AWRITPR

  /METHOD=SSTYPE(3)

  /INTERCEPT=INCLUDE

  /PRINT=OPOWER ETASQ DESCRIPTIVE PARAMETER

  /CRITERIA=ALPHA(.05)

  /DESIGN=ugpa GREVPR GREQPR AWRITPR.

Univariate Analysis of Variance

 [DataSet1] G:\MdbO\Dept\Validation\GRADSTUDENTS.sav

	Descriptive Statistics

	Dependent Variable:core1st Av of Z's of 506,512,516,(511+513)/2

	Mean
	Std. Deviation
	N

	-.0349
	.79452
	83

	Tests of Between-Subjects Effects

	Dependent Variable:core1st Av of Z's of 506,512,516,(511+513)/2

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared
	Noncent. Parameter
	Observed Powerb

	Corrected Model
	23.409a
	4
	5.852
	16.099
	.000
	.452
	64.396
	1.000

	Intercept
	18.521
	1
	18.521
	50.949
	.000
	.395
	50.949
	1.000

	ugpa
	12.965
	1
	12.965
	35.665
	.000
	.314
	35.665
	1.000

	GREVPR
	3.157
	1
	3.157
	8.686
	.004
	.100
	8.686
	.829

	GREQPR
	.573
	1
	.573
	1.576
	.213
	.020
	1.576
	.236

	AWRITPR
	1.313
	1
	1.313
	3.612
	.061
	.044
	3.612
	.467

	Error
	28.355
	78
	.364
	
	
	
	
	

	Total
	51.865
	83
	
	
	
	
	
	

	Corrected Total
	51.764
	82
	
	
	
	
	
	

	a. R Squared = .452 (Adjusted R Squared = .424)

b. Computed using alpha = .05



	Parameter Estimates

	Dependent Variable:core1st Av of Z's of 506,512,516,(511+513)/2

	Parameter
	B
	Std. Error
	t
	Sig.
	95% Confidence Interval
	Partial Eta Squared
	Noncent. Parameter
	Observed Powera

	
	
	
	
	
	Lower Bound
	Upper Bound
	
	
	

	Intercept
	-5.066
	.710
	-7.138
	.000
	-6.479
	-3.653
	.395
	7.138
	1.000

	ugpa
	1.209
	.202
	5.972
	.000
	.806
	1.612
	.314
	5.972
	1.000

	GREVPR
	.966
	.328
	2.947
	.004
	.314
	1.619
	.100
	2.947
	.829

	GREQPR
	.438
	.349
	1.255
	.213
	-.257
	1.133
	.020
	1.255
	.236

	AWRITPR
	.560
	.294
	1.901
	.061
	-.027
	1.146
	.044
	1.901
	.467

	a. Computed using alpha = .05

In this analysis, GREVPR, GREQPR, and AWRITPR are values between 0 and 1.


Since it can be shown that B weights will be all within a 2:1 ratio if ugpa is multiplied by 100 and percentile ranks are expressed as integers between 0 and 100, I recommend
FORMULA = 100*UGPA + GREVPR + GREQPR + AWRITPR.

That is, take 100*UGPA and add the percentile ranks of the GRE tests.

The distribution of the 100*UGPA+GREVPR+GREQPR+AWRITPR scores is

[image: image7.emf]
Finally, a plot of the prformula vs. newform.  We advertise 1200 as a rough cutoff on the current formula.  The graph suggests that a cutoff of 500 on the prformula would correspond to that.
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Results of analyses of raw scores





As an aside, R2 for the formula, a specific combination of these predictors is .392, slightly smaller than the .426 from the predictors weighted separately.








Lecture 12_Analyses Using GLM - 8
4/10/2012

