PAGE  
13.3.12

13.3 Fitting the model and interpreting the ( estimates

· Use the least squares method to determine the 
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's that allow SSE = ((Y-
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ˆ

)2 = ((residual)2 to be minimized
· Since by hand calculations are long and messy (need to understand matrix algebra) we will exclusively use the computer to calculate the 
[image: image3.wmf]b

ˆ

's.  

Example (see ad_responses.xls)

Suppose you want to determine the effect that advertisement size (inches2) and newspaper circulation has on the number of advertisement responses.  Suppose the data below is advertisements placed in newspapers of 6 different communities.  

Ad. Responses
Size
Circulation

100
1
20,000

400
8
80,000

100
3
10,000

300
5
70,000

200
6
40,000

400
10
60,000

Regression Statistics


Multiple R
0.9867

R Square
0.9737

Adjusted R Square
0.9561

Standard Error
28.8827

Observations
6

ANOVA







df
SS
MS
F
Sig. F

Regression
2
92497.36
46248.68
55.44
0.0043

Residual
3
2502.63
834.21



Total
5
95000.00





Coef
S.E.
t
p
Lower 95%
Upper 95%

Intercept
6.3972
25.9863
0.2462
0.8214
-76.3028
89.0972

size
20.4921
5.8822
3.4838
0.0399
1.7724
39.2118

circulation
0.0028
0.0007
4.0887
0.0264
0.0006
0.0050

Observation
Predicted Ad
Residuals
Standard Residuals

1
82.9877
17.0123
0.7604

2
394.7276
5.2724
0.2357

3
95.9227
4.0773
0.1822

4
305.2021
-5.2021
-0.2325

5
241.5466
-41.5466
-1.8570

6
379.6134
20.3866
0.9112

Multiple regression model:


[image: image4.wmf]Y

ˆ

=6.3972 + 20.4921X1 + 0.0028X2
where 

[image: image5.wmf]Y

ˆ

 = Estimated # of responses

X1 = Ad. size (in.2)

X2 = Newspaper circulation 

Interpretation of 
[image: image6.wmf]b

ˆ

1 and 
[image: image7.wmf]b

ˆ

2:


[image: image8.wmf]b

ˆ

1: The # of advertisement responses is expected to increase by 20.49 for each 1 in.2 increase in advertisement size holding circulation constant.


[image: image9.wmf]b

ˆ

2: The # of advertisement responses is expected to increase by .0028 for each 1 person increase in circulation holding advertisement size constant.  

A more meaningful way to view 
[image: image10.wmf]b

ˆ

2 is to consider a 10,000 person increase in circulation holding advertisement size constant.

In this case, the # of advertisement responses would increase by 10,000*0.0028 = 28.    
Estimate the # of advertisement responses for a 5 in.2 advertisement in a newspaper with a circulation of 50,000.


[image: image11.wmf]Y

ˆ

=6.3972 + 20.4921*5 + 0.0028*50,000

   =248.8577

On average, about 249 advertisement responses should be expected.

In section 13.8 we will discuss CI and PI for Y.

Since there are two independent variables and one dependent variable, we need a three dimensional graph to view the estimated response plane.  Unfortunately, these can not be done in Excel.  Here is a 3D plot done in the statistical software package called S-PLUS.


[image: image12.wmf]Ad. Responses 3D plot 

With Estimated Regression Plane


We can hold one independent variable constant and look at a two dimensional graph.


[image: image13.wmf]Ad. Responses vs. Size (Circualtion=50,000)
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=6.3972+20.49*X1+0.0028*50,000


[image: image15.wmf]Ad. Responses vs. Circulation with Size=9
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=6.3972+20.49*9+0.0028*X2

Example: Evaluating the effectiveness of NBA guards (see nba_example.xls) in the 1992-3 season

One measure of effectiveness (performance) is the number of points scored per minute (PPM) of playing time.  For example, Michael Jordan played 3,067 minutes and scored 2,543 points.   Then PPM=2,543/3,067=0.8291.   

Note

Points scored per game (PPG) is usually used a measure of performance instead of PPM.  In Jordan’s example, he played 78 games and scored 2,543 points for a PPG=2543/78=32.6.  PPM will be used in this class because not all of the “effective” guards get the same amount of playing minutes.  

What factors could affect PPM?

1) Minutes per game (MPG) – usually a team’s offense is centered on their regular players (the players with more minutes per game).

2) Height – Taller players can shoot over smaller players.

3) Age – Younger players are learning the game and/or players production decreases once they get past the prime of their career.

4) FTP - Free throw percentage measures how successful a player is in scoring points at the free throw line.  

5) FGP – Field goal percentage measures how successful a player is in scoring points when they shoot the basketball (not at the free throw line).  
Many other factors could also be examined.
A sample of NBA guards is taken from the 1992-3 season.  Below is a partial listing of the data

Last Name
First Initial
PPM
MPG
Height(cm)
FTP
FGP
Age

Abdul-Rauf
M. 
0.5668
33.8750
185.0
93.5
45
24

Adams
M. 
0.4086
36.2174
178.0
85.6
43.9
30

Ainge
D. 
0.4419
26.7037
196.0
84.8
46.2
34

Anderson
K. 
0.4624
36.5455
185.0
77.6
43.5
23

Anthony
G. 
0.2719
24.2714
188.0
67.3
41.5
26

Armstrsong
B.J.
0.3998
30.7654
188.0
86.1
49.9
26

Bagley
J. 
0.2371
9.7000
210.0
83.3
36
33

Barros
D. 
0.4393
17.7571
180.0
83.1
45.1
26

Using MPG, Height, and FTP to estimate PPM:

SUMMARY OUTPUT





Regression Statistics


Multiple R
0.421311972

R Square
0.177503778

Adjusted R Square
0.153073197

Standard Error
0.106646191

Observations
105

ANOVA







df
SS
MS
F
Sign. F

Regression
3
0.2479
0.0826
7.2656
0.0002

Residual
101
1.1487
0.0114



Total
104
1.3966





Coef
S. E.
t Stat
P
Lower 95%
Upper 95%

Intercept
-0.4022
0.3010
-1.3361
0.1845
-0.9993
0.1949

MPG
0.0040
0.0012
3.4983
0.0007
0.0017
0.0063

Height(cm)
0.0036
0.0015
2.4208
0.0173
0.0006
0.0065

FTP
0.0006
0.0012
0.4742
0.6364
-0.0019
0.0030

Multiple regression model:


[image: image17.wmf]Y

ˆ

 = -0.4022 + 0.0040*X1 + 0.0036*X2 + 0.0006*X3
Could also write as:


[image: image18.wmf]Ù

PPM

 = -0.4022 + 0.0040*MPG + 0.0036*Height + 0.0006*FTP

Interpretation of 
[image: image19.wmf]b

ˆ

1,
[image: image20.wmf]b

ˆ

2, and 
[image: image21.wmf]b

ˆ

3:


[image: image22.wmf]b

ˆ

1: PPM is expected to increase by 0.0040 for each additional MPG (holding the other variables constant).


[image: image23.wmf]b

ˆ

2: PPM is expected to increase by 0.0036 for each additional cm in height (holding the other variables constant).


[image: image24.wmf]b

ˆ

3: PPM is expected to increase by 0.0006 for each additional free throw percentage point (holding the other variables constant).

Estimate the PPG of a guard who plays 39.3205 minutes per game (on average), is 198cm (6 foot 6 inches) tall, and has an 83.7% free throw percentage. 


[image: image25.wmf]Ù

PPM

=-0.4022 + 0.0040*39.3205 + 0.0036*198 + 0.0006*83.7

[image: image1.wmf]b

ˆ


[image: image26.wmf]Ù

PPM

= 0.5181

These are Michael Jordan’s values in the data set.  Jordan had PPM=0.8291

Translating this to points per game (PPG):


[image: image27.wmf]Ù

PPG

 = 
[image: image28.wmf]Ù

PPM

 * # of minutes play per game = 0.5181*39.3205 = 20.37

PPG = 0.8291*39.3205 = 32.6

So the model does a poor job for Jordan. 

Estimate the PPG of a guard who plays 34.9146 minutes per game (on average), is 185cm (6 foot 1 inch) tall, and has a 79.8% free throw percentage. 


[image: image29.wmf]Ù

PPM

=-0.4022 + 0.0040*34.9146 + 0.0036*185 + 0.0006*79.8

[image: image32.jpg]



[image: image30.wmf]Ù

PPM

= 0.4513

These are John Stockton’s values in the data set.  Stockton had PPM=0.4325

Translating this to points per game (PPG):


[image: image31.wmf]Ù

PPG

 = 0.4513*34.9146 = 15.8

PPG = 0.4325*34.9146 = 15.1

So the model does a better job for Stockton.  
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_962286624.bin
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_967357500.xls
Chart1

		1

		8

		3

		5

		6

		10



Estimated

Size (inches squared)

Ad. Responses

Ad. Responses vs. Size (Circualtion=50,000)

166.8893

310.334

207.8735

248.8577

269.3498

351.3182



Regression Output

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.986740321

		R Square		0.973656461

		Adjusted R Square		0.9560941017

		Standard Error		28.8827295794

		Observations		6

		ANOVA

				df		SS		MS		F		Significance F

		Regression		2		92497.3638		46248.6819		55.4400		0.0043

		Residual		3		2502.6362		834.2121

		Total		5		95000.0000

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

		Intercept		6.3972		25.9863		0.2462		0.8214		-76.3028		89.0972

		size		20.4921		5.8822		3.4838		0.0399		1.7724		39.2118

		circ		0.0028		0.0007		4.0887		0.0264		0.0006		0.0050

		RESIDUAL OUTPUT

		Observation		Predicted Ad		Residuals		Standard Residuals

		1		82.9877		17.0123		0.7604

		2		394.7276		5.2724		0.2357

		3		95.9227		4.0773		0.1822

		4		305.2021		-5.2021		-0.2325

		5		241.5466		-41.5466		-1.8570

		6		379.6134		20.3866		0.9112





Regression Output

		1

		8

		3
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		10



size

Residuals

size  Residual Plot

0

0

0

0

0

0



Data

		20000

		80000

		10000

		70000

		40000

		60000



circ

Residuals

circ  Residual Plot

0

0

0

0

0

0



Ad vs. size with Circ.=50000

		1		1

		8		8

		3		3
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		10		10



Ad

Predicted Ad

size

Ad

size Line Fit  Plot

100
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400

394.7275922671

100
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200
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400
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Ad. vs. Circ. with Size=9
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		Get descriptions from my computer's file

		Ad		size		circ

		100		1		20000

		400		8		80000

		100		3		10000

		300		5		70000

		200		6		40000

		400		10		60000





		

		Ad		size		circ

		100		1		20000

		400		8		80000

		100		3		10000

		300		5		70000

		200		6		40000

		400		10		60000

		Fix Circulation at 50,000

		Ad		size		Estimated Ad

		100		1		166.8893

		400		8		310.334

		100		3		207.8735

		300		5		248.8577

		200		6		269.3498

		400		10		351.3182





		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Actual

Estimated

Size (inches squared)

Ad. Responses

Ad. Responses vs. Size (Circualtion=50,000)

0

0

0

0

0

0

0

0

0

0

0

0



		

		Size held constant at 9

		Ad		Circ		Estimated Ad

		100		20000		246.8261

		400		80000		414.8261

		100		10000		218.8261

		300		70000		386.8261

		200		40000		302.8261

		400		60000		358.8261





		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Actual

Estimated

Circulation

Ad.Rrespones

Ad. Responses vs. Circulation with Size=9

0

0

0

0

0

0

0

0

0

0

0

0




_996088056.unknown

_996088113.unknown

_967357527.xls
Chart2

		20000

		80000

		10000

		70000

		40000

		60000



Estimated

Circulation

Ad.Rrespones

Ad. Responses vs. Circulation with Size=9

246.8261

414.8261

218.8261

386.8261

302.8261

358.8261



Regression Output

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.986740321

		R Square		0.973656461

		Adjusted R Square		0.9560941017

		Standard Error		28.8827295794

		Observations		6

		ANOVA

				df		SS		MS		F		Significance F

		Regression		2		92497.3638		46248.6819		55.4400		0.0043

		Residual		3		2502.6362		834.2121

		Total		5		95000.0000

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

		Intercept		6.3972		25.9863		0.2462		0.8214		-76.3028		89.0972

		size		20.4921		5.8822		3.4838		0.0399		1.7724		39.2118

		circ		0.0028		0.0007		4.0887		0.0264		0.0006		0.0050

		RESIDUAL OUTPUT

		Observation		Predicted Ad		Residuals		Standard Residuals

		1		82.9877		17.0123		0.7604

		2		394.7276		5.2724		0.2357

		3		95.9227		4.0773		0.1822

		4		305.2021		-5.2021		-0.2325

		5		241.5466		-41.5466		-1.8570

		6		379.6134		20.3866		0.9112
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Ad vs. size with Circ.=50000
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		Get descriptions from my computer's file

		Ad		size		circ

		100		1		20000

		400		8		80000

		100		3		10000

		300		5		70000

		200		6		40000

		400		10		60000





		

		Ad		size		circ

		100		1		20000

		400		8		80000

		100		3		10000

		300		5		70000

		200		6		40000

		400		10		60000

		Fix Circulation at 50,000

		Ad		size		Estimated Ad

		100		1		166.8893

		400		8		310.334

		100		3		207.8735

		300		5		248.8577

		200		6		269.3498

		400		10		351.3182
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		Size held constant at 9

		Ad		Circ		Estimated Ad

		100		20000		246.8261

		400		80000		414.8261

		100		10000		218.8261

		300		70000		386.8261

		200		40000		302.8261

		400		60000		358.8261
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