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12.8 The Coefficient of Determination 

· Assesses how much the errors in the prediction of Y can be reduced by using X

· In Chapter 3, we would use 
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to predict Y

· A measure of "how good" 
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does is ((actual Y - predicted Y)2
=((Y-
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(called SS(Total) on p. 675 chapter 13 since it is the total sum of squares)

· In chapter 12, we use 
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· A measure of "how good" 
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does is ((actual Y - predicted Y)2
=((Y-
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)2
=SSE = sum of squares error

· How much do we improve by using this additional knowledge of X? 

· SSyy – SSE = SS(Total) - SSE

· The percent reduction in SS(Total) is the Coefficient of Determination
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In other words, this gives the percent reduction in error from using
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 to predict Y instead of using 
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.

· Usually referred to as "R2" rather than the "coefficient of determination." 

· 0 ( R2 ( 1

· Interpretation

· 100*R2% of the variation in Y can be explained by using X to predict Y

· The error in predicting Y can be reduced by 100*R2% when the regression model is used instead of just 
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R2 is a measure of "fit" for the regression line
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· Note for section 12.7: In simple linear regression r2=R2 and Sincich uses r2 to denote the coefficient of determination.  

· Note for Chapter 13 (p.675): Sincich switches to using "R2".  In multiple regression R2 will not be the same as r2.

· Example: Sales and Advertising

 Calculated before: SSyy=6, SSE=1.1
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· 81.67% of the variation in sales can be explained by using advertising to predict sales.  

· 81.67% of variation in sales is due to advertising
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· Example: College and HS GPA (HS_college_GPA.xls)
Regression Statistics


Multiple R
0.9144

R Square
0.8361

Adjusted R Square
0.8270

Standard Error
0.2964

Observations
20

· 83.61% of the variation in College GPA can be explained by using HS GPA to predict college GPA.  

· The model fits the data relatively well.

· See the plot demonstration of what R2 measures.
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· (Y-
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· SSR = Sum of Squares for Regression 
= ( (
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· SSR is often referred to as the amount of variability in Y explained by doing the regression. 

· 
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 in chapter 13’s notation

Example: College GPA and Pizza (HS_college_GPA.xls) 

Regression Statistics


Multiple R
0.0356

R Square
0.0013

Adjusted R Square
-0.0542

Standard Error
0.7317

Observations
20

· 00.13% of the variation in college GPA can be explained by using the number of times a student eats pizza to predict college GPA.  

· The model fits the data poorly.
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Data

		Student		X		Y		Y_hat		(X-X_bar)^2		Low CI		Up CI		Low PI		Up PI

		1		3.04		3.10		2.8349		0.22		2.6780		2.9919		2.1927		3.4772

		2		2.35		2.30		2.3496		0.05		2.2063		2.4930		1.7105		2.9887

		3		2.70		3.00		2.6003		0.02		2.4595		2.7411		1.9618		3.2388

		4		2.05		1.90		2.1443		0.27		1.9842		2.3045		1.5012		2.7874

		5		2.83		2.50		2.6851		0.07		2.5403		2.8298		2.0457		3.3245

		6		4.32		3.70		3.7297		3.06		3.4272		4.0322		3.0373		4.4221

		7		3.39		3.40		3.0791		0.67		2.8914		3.2668		2.4286		3.7296

		8		2.32		2.60		2.3314		0.06		2.1870		2.4758		1.6921		2.9707

		9		2.69		2.80		2.5921		0.02		2.4515		2.7326		1.9536		3.2305

		10		0.83		1.60		1.2844		3.04		0.9827		1.5861		0.5924		1.9764

		11		2.39		2.00		2.3788		0.03		2.2368		2.5208		1.7400		3.0175

		12		3.65		2.90		3.2597		1.16		3.0434		3.4760		2.6004		3.9190

		13		1.85		2.30		2.0014		0.52		1.8237		2.1792		1.3538		2.6491

		14		3.83		3.20		3.3864		1.58		3.1482		3.6246		2.7196		4.0532

		15		1.22		1.80		1.5627		1.81		1.3136		1.8119		0.8919		2.2335

		16		1.48		1.40		1.7427		1.18		1.5252		1.9603		1.0830		2.4024

		17		2.28		2.00		2.3048		0.08		2.1588		2.4508		1.6651		2.9445

		18		4.00		3.80		3.5081		2.05		3.2478		3.7684		2.8331		4.1831

		19		2.28		2.20		2.3036		0.08		2.1575		2.4497		1.6639		2.9433

		20		1.88		1.60		2.0209		0.48		1.8458		2.1960		1.3739		2.6678

								SUM:		16.44

		Beta_hat_0		0.7059984076

		Beta_hat_1		0.7005210491

		X_bar		2.57

		n		20

		t distribution value		2.1009236661

		MSE		0.0878778146
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		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9143710075

		R Square		0.8360743393

		Adjusted R Square		0.8269673582

		Standard Error		0.2964419245

		Observations		20

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		8.0676993373		8.0676993373		91.805871305		0.0000000172

		Residual		18		1.5818006627		0.0878778146

		Total		19		9.6495

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		0.7059984076		0.1991145683		3.5456893663		0.002309965		0.2876738987		1.1243229164		0.2876738987		1.1243229164

		X		0.7005210491		0.0731115449		9.5815380449		0.0000000172		0.5469192741		0.854122824		0.5469192741		0.854122824

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		2.8349457211		0.2650542789

		2		2.3496238486		-0.0496238486

		3		2.6003027756		0.3996972244

		4		2.14430811		-0.24430811

		5		2.685064328		-0.185064328

		6		3.7297201577		-0.0297201577

		7		3.0790740804		0.3209259196

		8		2.3313837274		0.2686162726

		9		2.5920557642		0.2079442358

		10		1.2843975194		0.3156024806

		11		2.378765096		-0.378765096

		12		3.2597090796		-0.3597090796

		13		2.001436076		0.298563924

		14		3.3863604412		-0.1863604412

		15		1.5627201745		0.2372798255

		16		1.7427383061		-0.3427383061

		17		2.304829688		-0.304829688

		18		3.5080826039		0.2919173961

		19		2.3035895817		-0.1035895817

		20		2.0208929207		-0.4208929207





		3.0390911398		3.0390911398

		2.3462898697		2.3462898697

		2.7041362576		2.7041362576

		2.053199835		2.053199835

		2.8251341241		2.8251341241

		4.3163895705		4.3163895705

		3.3875865342		3.3875865342

		2.3202519353		2.3202519353

		2.6923635758		2.6923635758

		0.8256698533		0.8256698533

		2.3878892585		2.3878892585

		3.6454445949		3.6454445949

		1.8492487415		1.8492487415

		3.826240535		3.826240535

		1.2229779077		1.2229779077

		1.4799553845		1.4799553845

		2.282345809		2.282345809

		4		4

		2.2805755462		2.2805755462

		1.8770235596		1.8770235596



Y

Predicted Y

HS GPA

Freshman College GPA

Scatter Plot with Estimated Regression Line

3.1

0

2.3

0

3

0

1.9

0

2.5

0

3.7

0

3.4

0

2.6

0

2.8

0

1.6

0

2

0

2.9

0

2.3

0

3.2

0

1.8

0

1.4

0

2

0

3.8

0

2.2

0

1.6

0



		Pizza		Y				Z=# of time had pizza for dinner in the last month

		2		3.1						SUMMARY OUTPUT

		9		2.3

		3		3						Regression Statistics

		5		1.9						Multiple R		0.0355501531

		3		2.5						R Square		0.0012638134

		1		3.7						Adjusted R Square		-0.0542215303

		4		3.4						Standard Error		0.7317143049

		7		2.6						Observations		20

		8		2.8

		4		1.6						ANOVA

		1		2								df		SS		MS		F		Significance F

		3		2.9						Regression		1		0.0121951673		0.0121951673		0.0227774274		0.8817157865

		2		2.3						Residual		18		9.6373048327		0.535405824

		15		3.2						Total		19		9.6495

		1		1.8

		6		1.4								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		4		2						Intercept		2.468866171		0.2899871556		8.5137087043		0.0000000999		1.8596252929		3.0781070491		1.8596252929		3.0781070491

		5		3.8						Pizza		0.007527881		0.0498793071		0.1509219248		0.8817157865		-0.0972647357		0.1123204978		-0.0972647357		0.1123204978

		6		2.2

		7		1.6

										RESIDUAL OUTPUT

										Observation		Predicted Y		Residuals		Standard Residuals

										1		2.4839219331		0.6160780669		0.865037132

										2		2.5366171004		-0.2366171004		-0.3322348074

										3		2.4914498141		0.5085501859		0.7140568994

										4		2.5065055762		-0.6065055762		-0.851596368

										5		2.4914498141		0.0085501859		0.0120053426

										6		2.476394052		1.223605948		1.7180689214

										7		2.4989776952		0.9010223048		1.2651282237

										8		2.5215613383		0.0784386617		0.1101359691

										9		2.5290892193		0.2709107807		0.3803866706

										10		2.4989776952		-0.8989776952		-1.2622573809

										11		2.476394052		-0.476394052		-0.6689063718

										12		2.4914498141		0.4085501859		0.5736465881

										13		2.4839219331		-0.1839219331		-0.2582453589

										14		2.5817843866		0.6182156134		0.8680384676

										15		2.476394052		-0.676394052		-0.9497269945

										16		2.5140334572		-1.1140334572		-1.564217846

										17		2.4989776952		-0.4989776952		-0.7006161354

										18		2.5065055762		1.2934944238		1.8161995479

										19		2.5140334572		-0.3140334572		-0.4409353551

										20		2.5215613383		-0.9215613383		-1.2939671445
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		Student		X		Y

		1		3.10		3.10

		2		2.30		2.30

		3		3.00		3.00

		4		1.90		1.90

		5		2.50		2.50

		6		3.70		3.70

		7		3.40		3.40

		8		2.60		2.60

		9		2.80		2.80

		10		1.60		1.60

		11		2.00		2.00

		12		2.90		2.90

		13		2.30		2.30

		14		3.20		3.20

		15		1.80		1.80

		16		1.40		1.40

		17		2.00		2.00

		18		4.00		3.80

		19		2.20		2.20

		20		1.60		1.60





		Student		X		Z		Y		Random N(0,.25)				Student		X=HS GPA		Y=College GPA		Predicted Y

		1		3.04		7.00		3.10		-0.0609088602				1		3.04		3.10		2.8349

		2		2.35		9.00		2.30		0.0462898697				2		2.35		2.30		2.3496

		3		2.70		11.00		3.00		-0.2958637424				3		2.70		3.00		2.6003

		4		2.05		5.00		1.90		0.153199835				4		2.05		1.90		2.1443

		5		2.83		3.00		2.50		0.3251341241				5		2.83		2.50		2.6851

		6		4.32		5.00		3.70		0.6163895705				6		4.32		3.70		3.7297

		7		3.39		10.00		3.40		-0.0124134658				7		3.39		3.40		3.0791

		8		2.32		7.00		2.60		-0.2797480647				8		2.32		2.60		2.3314

		9		2.69		0.00		2.80		-0.1076364242				9		2.69		2.80		2.5921

		10		0.83		4.00		1.60		-0.7743301467				10		0.83		1.60		1.2844

		11		2.39		1.00		2.00		0.3878892585				11		2.39		2.00		2.3788

		12		3.65		3.00		2.90		0.7454445949				12		3.65		2.90		3.2597

		13		1.85		2.00		2.30		-0.4507512585				13		1.85		2.30		2.0014

		14		3.83		15.00		3.20		0.626240535				14		3.83		3.20		3.3864

		15		1.22		1.00		1.80		-0.5770220923				15		1.22		1.80		1.5627

		16		1.48		0.00		1.40		0.0799553845				16		1.48		1.40		1.7427

		17		2.28		4.00		2.00		0.282345809				17		2.28		2.00		2.3048

		18		4.00		5.00		3.80		0.4301170975				18		4.00		3.80		3.5081

		19		2.28		6.00		2.20		0.0805755462				19		2.28		2.20		2.3036

		20		1.88		1.00		1.60		0.2770235596				20		1.88		1.60		2.0209

										Intercept		0.7059984076

										X=HS GPA		0.7005210491
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College GPA vs. HS GPA

		SUMMARY OUTPUT

										Y mean

		Regression Statistics								2.505

		Multiple R		0.9143710075						0

		R Square		0.8360743393

		Adjusted R Square		0.8269673582

		Standard Error		0.2964419245

		Observations		20

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		8.0676993373		8.0676993373		91.805871305		0.0000000172

		Residual		18		1.5818006627		0.0878778146

		Total		19		9.6495

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		0.7059984076		0.1991145683		3.5456893663		0.002309965		0.2876738987		1.1243229164		0.2876738987		1.1243229164

		X		0.7005210491		0.0731115449		9.5815380449		0.0000000172		0.5469192741		0.854122824		0.5469192741		0.854122824

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		2.8349457211		0.2650542789

		2		2.3496238486		-0.0496238486

		3		2.6003027756		0.3996972244

		4		2.14430811		-0.24430811

		5		2.685064328		-0.185064328

		6		3.7297201577		-0.0297201577

		7		3.0790740804		0.3209259196

		8		2.3313837274		0.2686162726

		9		2.5920557642		0.2079442358

		10		1.2843975194		0.3156024806

		11		2.378765096		-0.378765096

		12		3.2597090796		-0.3597090796

		13		2.001436076		0.298563924

		14		3.3863604412		-0.1863604412

		15		1.5627201745		0.2372798255

		16		1.7427383061		-0.3427383061

		17		2.304829688		-0.304829688

		18		3.5080826039		0.2919173961

		19		2.3035895817		-0.1035895817

		20		2.0208929207		-0.4208929207
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Data

		X		Z		Y		Y_mean

		3.0390911398		7		3.1		2.505

		2.3462898697		9		2.3		2.505

		2.7041362576		11		3		2.505

		2.053199835		5		1.9		2.505

		2.8251341241		3		2.5		2.505

		4.3163895705		5		3.7		2.505

		3.3875865342		10		3.4		2.505

		2.3202519353		7		2.6		2.505

		2.6923635758		0		2.8		2.505

		0.8256698533		4		1.6		2.505

		2.3878892585		1		2		2.505

		3.6454445949		3		2.9		2.505

		1.8492487415		2		2.3		2.505

		3.826240535		15		3.2		2.505

		1.2229779077		1		1.8		2.505

		1.4799553845		0		1.4		2.505

		2.282345809		4		2		2.505

		4		5		3.8		2.505

		2.2805755462		6		2.2		2.505

		1.8770235596		1		1.6		2.505
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