BUILDING THE REGRESSION MODEL I:  SELECTION OF THE PREDICTION VARIABLES

Overview of Model-Building Process

1. Data Collection and Preparation

2. Reduction of Explanatory or Prediction Variables (for Explanatory Observational Studies)

3. Model Refinement and Selection

4. Model Validation

Surgical Unit Example

	





Box Plots of Predictor Variables

	


	



	


	





Correlation and Scatter Plot Matrix of Predictor Variables

	



	





Basic Model for Starting Point

	



	





Check for Interaction Effects and Need for Log Transform to Attain Additive Model – X2X3 is Strongest

	


	



	


	



	


	




Log Transform of Y is Taken

	Basic model has good R-SQ

Normal P-P Plot is good

Interaction has disappeared




	



	


	





All-Possible Regressions Procedure for Variable Reduction

	Pool of variables: X1, X2, X3, X4

Possible additive models:  

	One Variable: 

X1

X2

X3

X4
	Two Variables:

X1,X2 

X1,X3

X1,X4

X2,X3

X2,X4

X3,X4
	Three Variables: 

X1, X2, X3

X1, X2, X4

X1, X3, X4

X2, X3, X4
	Four Variables:  

X1, X2, X3, X4


Model Summaries 
	Model Summary
	
	
	
	(a)
	(b)
	
	
	(c)

	Variables
	p
	Df
	SSE(p)
	R Square
	Adjusted R Square
	MSE(p)
	C(p)
	Std. Error of the Estimate

	X1
	2
	52
	3.4961
	0.1200
	0.1031
	0.0672
	1510.5895
	0.2593

	X2
	2
	52
	2.5763
	0.3515
	0.3390
	0.0495
	1100.0122
	0.2226

	X3
	2
	52
	2.2153
	0.4424
	0.4317
	0.0426
	938.8651
	0.2064

	X4
	2
	52
	1.8776
	0.5274
	0.5183
	0.0361
	788.1481
	0.1900

	X2, X1
	3
	51
	2.2325
	0.4381
	0.4160
	0.0438
	948.5500
	0.2092

	X3, X1
	3
	51
	1.4072
	0.6458
	0.6319
	0.0276
	580.1453
	0.1661

	X4, X1
	3
	51
	1.8758
	0.5278
	0.5093
	0.0368
	789.3404
	0.1918

	X3, X2
	3
	51
	0.7430
	0.8130
	0.8056
	0.0146
	283.6695
	0.1207

	X4, X2
	3
	51
	1.3922
	0.6496
	0.6358
	0.0273
	573.4372
	0.1652

	X4, X3
	3
	51
	1.2453
	0.6865
	0.6742
	0.0244
	507.8964
	0.1563

	X3, X2, X1
	4
	50
	0.1099
	0.9723
	0.9707
	0.0022
	3.0393
	0.0469

	X4, X2, X1
	4
	50
	1.3905
	0.6500
	0.6290
	0.0278
	574.7100
	0.1668

	X4, X3, X1
	4
	50
	1.1156
	0.7192
	0.7023
	0.0223
	451.9870
	0.1494

	X4, X2, X3
	4
	50
	0.4652
	0.8829
	0.8759
	0.0093
	161.6625
	0.0965

	X4, X2, X3, X1
	5
	49
	0.1098
	0.9724
	0.9701
	0.0022
	5.0000
	0.0473



Criteria for Model Selection:

	R-SQUARE
	



	ADJUSTED R-SQUARE
	



	Cp
	



	PRESSp
	




R-SQUARE Plot for All Possible Models (EXCEL)

	


	



	· Choose Best Model with p = 4 as R2 does not increase appreciably with more variables in the model.
	· Adjusted-R2 accounts for the number of variables in the model – R2 does not.

· MSE(p) is equivalent to Adjusted R2.


Cp Plot of All Possible Models 
	



	· Goal is to find model with Cp as small as possible and then as close to p as possible
· Such a model has least number of variables and minimal bias.



Forward Stepwise Regression - An Automated Search Procedure for Variable Reduction

	



	· First, STEPWISE uses Extra-Sum-of Squares: 
F = MSR(Xk | Prior Model)/MSE(Xk | Prior Model), 

· A variable has to have F ratio as great as 4.0 to be a candidate, STEPWISE chooses the variable with largest F ratio to include in the model.

· Second, STEPWISE checks the other variables in the model, STEPWISE discards the variable if its Extra-Sum-of Squares F ratio is not as great as 3.9.

· STEPWISE repeats these two steps until no more variables can be entered nor discarded.
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Model Summary

Variables

p

df

SSE(p)

R Square

Adjusted R Square

MSE(p)

C(p)

Std. Error of the Estimate

X1

2.0

52.0

3.496056014586684

0.11999586393271444

0.10307270746988202

0.06723184643435931

1510.589506009026

0.2592910458044383

X2

2.0

52.0

2.5762745726164287

0.3515171753289359

0.33904635177756925

0.049543741781085164

1100.0121982737755

0.22258423524833282

X3

2.0

52.0

2.2152704836184287

0.44238674095659103

0.4316634090519101

0.04260135545420055

938.8651255249334

0.20640095797791383

X4

2.0

52.0

1.8776320240882662

0.5273748646142882

0.5182859197030245

0.036108308155543584

788.1481362749432

0.19002186230942897

X2, X1

3.0

51.0

2.232486310725421

0.43805328663069854

0.4160161606162161

0.04377424138677296

948.5500250254966

0.2092229466066592

X3, X1

3.0

51.0

1.407180428719975

0.6457938338802867

0.6319033959932391

0.02759177311215637

580.1452588171123

0.1661077153902141

X4, X1

3.0

51.0

1.8758224768440666

0.5278303518984339

0.5093138951101371

0.03678083287929542

789.3403802126425

0.19178329666395721

X3, X2

3.0

51.0

0.7430108818222433

0.8129742068151972

0.8056398619844206

0.014568840820043985

283.6694527159599

0.12070145326400998

X4, X2

3.0

51.0

1.3921529078687995

0.6495764622045171

0.6358343626831257

0.027297115840564695

573.4371879956417

0.16521838832455876

X4, X3

3.0

51.0

1.2453274458951495

0.6865343980263998

0.6742416293215527

0.024418185213630383

507.89639739761276

0.15626319212671416

X3, X2, X1

4.0

50.0

0.10985862714617248

0.9723471117545195

0.9706879384597906

0.0021971725429234495

3.0393231554511573

0.04687400711400135

X4, X2, X1

4.0

50.0

1.3905237661200187

0.6499865390085457

0.6289857313490584

0.027810475322400375

574.709962371584

0.16676473045101706

X4, X3, X1

4.0

50.0

1.1155979987583375

0.7191890378759314

0.7023403801484872

0.022311959975166752

451.9870238128201

0.14937188482163152

X4, X2, X3

4.0

50.0

0.4652086226703999

0.882900757202966

0.875874802635144

0.009304172453407998

161.662489277984

0.0964581383472022

X4, X2, X3, X1

5.0

49.0

0.109770534823625

0.972369285772291

0.9701137172639066

0.00224021499640051

5.0

0.04733090952433209

R Square

Variables

p

df

SSE(p)

R Square

Adjusted R Square

MSE(p)

C(p)

Std. Error of the Estimate

X4

2.0

52.0

1.8776320240882662

0.5273748646142882

0.5182859197030245

0.036108308155543584

788.1481362749432

0.19002186230942897
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Model Summary

Variables

p

df

SSE(p)

R Square

Adjusted R Square

MSE(p)

C(p)

Std. Error of the Estimate

X1

2.0

52.0

3.496056014586684

0.11999586393271444

0.10307270746988202

0.06723184643435931

1510.589506009026

0.2592910458044383

X2

2.0
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2.5762745726164287

0.3515171753289359

0.33904635177756925
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0.19178329666395721

X3, X2
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0.7430108818222433

0.8129742068151972

0.8056398619844206

0.014568840820043985

283.6694527159599

0.12070145326400998

X4, X2

3.0

51.0

1.3921529078687995

0.6495764622045171

0.6358343626831257

0.027297115840564695

573.4371879956417

0.16521838832455876

X4, X3

3.0
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1.2453274458951495

0.6865343980263998

0.6742416293215527
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R Square

Variables

p

df

SSE(p)

R Square

Adjusted R Square

MSE(p)

C(p)

Std. Error of the Estimate

X4

2.0

52.0

1.8776320240882662

0.5273748646142882
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Model Summary

Variables

p

df

SSE(p)

R Square

Adjusted R Square

MSE(p)

C(p)

Std. Error of the Estimate

X1

2.0

52.0

3.496056014586684

0.11999586393271444

0.10307270746988202

0.06723184643435931

1510.589506009026

0.2592910458044383

X2

2.0

52.0

2.5762745726164287

0.3515171753289359

0.33904635177756925

0.049543741781085164

1100.0121982737755

0.22258423524833282

X3

2.0

52.0

2.2152704836184287

0.44238674095659103

0.4316634090519101

0.04260135545420055

938.8651255249334

0.20640095797791383
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2.232486310725421
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0.04377424138677296
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5.0
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R Square

Variables

p

df

SSE(p)

R Square

Adjusted R Square

MSE(p)

C(p)

Std. Error of the Estimate

X4

2.0

52.0

1.8776320240882662

0.5273748646142882
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