STA 6207 – Homework 5
Part 1 – Polynomial Regression 
An experiment was conducted to measure the effects of two rocket nozzle area ratios at various propellant mixture ratios on the response Vacuum Specific Impulse. Fit a polynomial regression model that best describes the relationship. Note that nozzle area ratio can enter only linearly, as it has 2 levels. Consider any interactions and polynomials in the model. Include a plot, as well as any tables in your analysis.
Part 2 – Trigonometric Regression 
Fit a trigonometric regression describing revenues per available room for the Miami hotel data. Use only the first 72 months in your analysis. Choose the lowest order model that meets an  = 0.05 threshold to stay in the model.

Part 3 –Response Surface Model
Description: Experimental Results of a Turning operation, relating

Tool Life (minutes) and Surface Roughness (mu_m) to 3 Factors:

Speed (m/min), Feed Rate (mm/rev), Depth of Cut (mm)

Due to model theory, all variables are transformed to logs

in model fit.

Variables/Columns

Run #   7-8

Speed    10-16

Feed Rate   18-24

Depth of Cut   26-32

Tool Life   34-40

Surface Roughness  42-48

Fit a second-order polynomial model relating ln(Tool Life) (Y) to ln(Speed) (X1), ln(Feed Rate) (X2), and ln(Depth of Cut)  (X3). Fit the Complete Model (all main effects, quadratic terms, and 2-factor interactions), then try and fit a simpler model that contains fewer parameters, but retains good predictive qualities.
Part 4 – Regression Models with Qualitative Factors
Dataset: egyptcttn.dat

Source: Hamza, A.A. and Z.N. Sokkar (1981). "Brightness of Egyptian Cotton Fibers," Textile Research Journal, Vol. 51, pp. 587-590.

Description: Luminance scores and quality grades for 5 varieties of Egyptian cotton. Model fit for each variety:     Lum=a+b*ln(Grade)

Variables/Columns

Variety    1-7

Luminance    12-16

ln(grade)   18-24

Grade      30-32

Giza69 Dummy   40

Giza67 Dummy    48

Giza70 Dummy    56

Giza68 Dummy    64

1. Write out the model for each of the 5 cotton varieties.

2. Fit the full model using SAS or R’s regression routine, as well as in matrix form.

3. Test whether the slopes relating ln(Grade) to Luminance  are the same for each cotton variety, using both matrix form (K’=m) and regression package (SS(ResFull) and SS(ResReduced)) at the =0.05 significance level.

4. If you failed to reject the null hypothesis in 3, Test whether the intercepts (and thus the regression lines) relating ln(Grade) to Luminance are the same for each bullet type, using both matrix form (K’=m) and regression package (SS(ResFull) and SS(ResReduced)) at the =0.05 significance level.

5. Based on Model 1, Use Bartlett’s test to test for Equality of Variances.

Hint: This problem involves fitting 3 models:
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Part 5: Mortgage Yields in U.S. SMSAs (Circa 1965)

A study obtained mortgage yields in n=18 U.S. metropolitan areas in the 1960s.  The researcher obtained the following variables and fit a linear regression model to see which factors (variables) were associated with yield (each variable was obtained for each metro area):

· Y = Mortgage Yield (Interest Rate as a %)

· X1 = Average Loan/Mortgage Ratio (High Values ( Low Down Payments/Higher Risk)

· X2 = Distance from Boston (in miles) – (Most of population was in Northeast in the 1960s)

· X3 = Savings per unit built (Measure of Available capital versus building rate)

· X4 = Savings per capita

· X5 = Population increase from 1950 to 1960 (%)

· X6 = Percent of first mortgage from inter-regional banks (Measures flow of money from outside SMSA)

For all parts, obtain the regression through a Regression package (e.g. SAS’ PROC REG, R’s lm function, EXCEL, SPSS,…)  and also through a matrix program. Conduct all tests at  = 0.05 significance level. For all parts, formally give your results, as well as computer output.

a) Fit the full model:  
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i. Test whether any of the independent variables are associated with mortgage yield. That is, test 
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. What proportion of variation in Y is “explained” by the independent variables?

ii. Obtain the parameter estimates and t-tests for the individual partial regression coefficient and test 
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 individually for each variable (controlling for all others). 

iii. Obtain the partial sum of squares for each independent variable, and conduct the F-tests for 
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 individually for each variable (controlling for all others). Show that this is equivalent to the t-tests in the previous part.

b) Test whether X2 (Distance from Boston), X5 (Population increase from 1950 to 1960), and X6 (Percent of first mortgage from inter-regional banks) are associated with mortgage yield, after controlling for X1,X3, and X4. That is, test 
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Part 6: LPGA 2008 – Regression Analysis – Model Development
The dataset lpga1.dat contains statistics for the 2008 Ladies Professional Golf Association, containing the following variables:

· Golfer

· X1 = Number of Rounds

· X2 = Average Distance for Drives (Yards)

· X3 = Percent of Fairways hit

· X4 = Percent of Time on green in regulation

· X5 = Average number of putts per round

· X6 = Average number of sand traps hit per round

· X7 = Percent of time making par when in sand

· Y = ln(Prize Winnings per round ($))
1) Download the dataset lpga1.dat, 

2) Obtain the best models with p’=2,…,8 in terms of R2, Adj-R2, CP, AIC,SBC (BIC in R).

3) Plot each of these versus p’.
4) Which model do you select?

5) Run the stepwise regression: 

· If using SAS: with significance levels to stay and enter (sls=.15, sle=.15). What model is selected? Print out the results of this analysis.

· If using R, based on using minimum AIC criterion
Part 7. Problems
QB.1. A forensic study related Hand (X1) and Foot (X2) lengths to Stature (Y) for a sample of n = 75 adult females (each variable in 100s of mms). Consider the following three models.
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[image: image8.emf]Model 1 (Hand) Model 2 (Foot)

X'X X'Y X'X X'Y

75 142.185 1199.70 75 176.062 1199.70

142.185 270.1992 2276.80 176.062 414.390402 2819.37

INV(X'X) beta-hat INV(X'X) beta-hat

5.586829 -2.93992 8.9042 5.087522 -2.16153487 9.3261

-2.93992 1.550753 3.7408 -2.161535 0.920784244 2.8413

Y'Y Model 3 (Hand,Foot)

19208.28 X'X X'Y

75 142.185 176.062 1199.70

142.185 270.1992 334.2884 2276.80

176.062 334.2884 414.3904 2819.37

INV(X'X) beta-hat

6.640061 -1.95728 -1.24223 7.4414

-1.95728 2.467531 -1.15897 2.3760

-1.24223 -1.15897 1.465136 1.7253

 


p.1.a. Compute 
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 and the Total (Corrected) Sum of Squares.

p.1.b. Compute the Residual (Error) Sum of Squares for each model.

p.1.c. Compute  
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p.1.d. Use the general linear test for Model 3 to test 
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QB.5. A researcher fits a multiple linear regression model, relating yield (Y)  of a chemical process to temperature (X1), and the amounts of 2 additives (X2 and X3, respectively). She fits the following model:
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She wishes to test the following three hypotheses simultaneously:

· The mean response when X1=70, X2=10, X3=10 is 80

· The average yield increases by 4 units when temperature increases by 1ºF, controlling for X2 and X3
· The partial effect of increasing each additive is the same (controlling for all other factors)

p.5.a. Fill in the following matrix and vectors that she is testing (this is her null hypothesis):
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p.5.b. She obtains the following results from fitting the regression based on n = 24 measurements while conducting the experiment:
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p.5.c. Conduct her test at the  = 0.05 significance level.

· Test Statistic:

Reject H0 if the Test Statistic falls in the range: ____________________________________

QB.8. A regression model is fit, relating total team payroll (Y, in millions of £s) to offensive goals scored (X1) and defensive goals allowed (X2) for the n=20 teams during the 2013 English Premier League season. For this problem, we will treat this as a sample from a population of all possible league teams.


[image: image15.emf]Rank Team Y X0 X1 X2 X'X X'Y

1 Man City 233 1 66 34 20 1035 1048 1806

2

Chelsea 179 1 75 39 1035 57445 52509 104325

3 Manchester United 181 1 86 43 1048 52509 58202 85017

4 Arsenal 154 1 72 37

5 Liverpool 132 1 43 28 INV(X'X) Beta-hat

6 Tottenham 96 1 66 46 2.994125 -0.02661 -0.02991 88.84439

7 Aston Villa 72 1 47 69 -0.026608 0.000336 0.000176 1.953057

8

Newcastle United 62 1 45 68 -0.029907 0.000176 0.000397 -1.90105

9 Sunderland 58 1 41 54

10

Everton 63 1 55 40 Ybar Y'Y

11 Fulham 67 1 50 60 90 220320

12 Swansea City 49 1 47 51

13 West Brom 54 1 53 57

14

Stoke City 60 1 34 45

15

Norwich 75 1 41 58

16 West Ham 56 1 45 53

17 Southampton 47 1 49 60

18 QPR 78 1 30 60

19

Reading 46 1 43 73

20 Wigan 44 1 47 73


p.8.a. Complete the following ANOVA table.
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df SS MS F F(0.05)

Regression

Residual
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p.8.b. Test whether the offensive goals scored and defensive goals allowed effects are of equal magnitude, but opposite direction:   H0: 

[image: image17.emf]Rank Team Y X0 X1 X2 X'X X'Y

1 Man City 233 1 66 34 20 1035 1048 1806

2

Chelsea 179 1 75 39 1035 57445 52509 104325

3 Manchester United 181 1 86 43 1048 52509 58202 85017

4 Arsenal 154 1 72 37

5 Liverpool 132 1 43 28 INV(X'X) Beta-hat

6 Tottenham 96 1 66 46 2.994125 -0.02661 -0.02991 88.84439

7 Aston Villa 72 1 47 69 -0.026608 0.000336 0.000176 1.953057

8

Newcastle United 62 1 45 68 -0.029907 0.000176 0.000397 -1.90105

9 Sunderland 58 1 41 54

10

Everton 63 1 55 40 Ybar Y'Y

11 Fulham 67 1 50 60 90 220320

12 Swansea City 49 1 47 51

13 West Brom 54 1 53 57

14

Stoke City 60 1 34 45

15

Norwich 75 1 41 58

16 West Ham 56 1 45 53

17 Southampton 47 1 49 60

18 QPR 78 1 30 60

19

Reading 46 1 43 73

20 Wigan 44 1 47 73

                                 

Test Statistic: _____________________   Rejection Region: _________________  Reject H0?   Yes   /   No
QB.11. A study considered noise level of the Teheran-Karaj express train (Y, in dB) in terms of distance to the center of the track (X1, in meters) and speed of the train (X2, in km/h), with n = 50. Consider the following models (in matrix form).
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p.11.a. The sum of the speeds of the 50 observations is 
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p.11.b. For Models 01, 02, and 012, you obtain the following   
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[image: image23.emf]X01'Y Beta-hat01 X02'Y Beta-hat02 X012'Y Beta-hat012

4174.2 88.5825 4174.2 75.7838 4174.2 80.1494

186706 -0.1133 332604.84 0.0967 186706 -0.1158

332604.84 0.1073
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p.11.c. Obtain the Sequential and Partial sums of squares for X1 and X2, and their corresponding F-statistics.
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QC.4. Regression models were fit, relating height (Y, in mm) to hand length (X1, in mm), foot length (X2, in mm) and gender (X3=1 if male, 0 if female) based on a sample of 80 males and 75 females. Consider these 4 models:
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[image: image27.emf]ANOVA Model1 ANOVA Model2 ANOVA Model3 ANOVA Model4

df SS df SS df SS df SS

Regression 5 1201091 Regression 3 1193101 Regression 2 208298 Regression 2 110552

Residual 149 157138 Residual 151 165128 Residual 77 88305 Residual 72 68833

Total 154 1358229 Total 154 1358229 Total 79 296603 Total 74 179385

CoefficientsStandard Error CoefficientsStandard Error CoefficientsStandard Error CoefficientsStandard Error

Intercept 744.14 83.68 Intercept 582.16 60.55 Intercept 439.42 97.49 Intercept 744.14 79.67

Hand 2.38 0.51 Hand 2.81 0.34 Hand 3.29 0.47 Hand 2.38 0.49

Foot 1.73 0.39 Foot 2.06 0.26 Foot 2.38 0.35 Foot 1.73 0.37

Male -304.72 125.47 Male 39.61 8.50

MaleHand 0.91 0.68

MaleFoot 0.65 0.52


p.4.a. Confirm the equivalence of the regression coefficients (but not standard errors) based on the appropriate models (Hint: set up the fitted equations based on the two models):

Females:   
Males:

p.4.b.  Test H0: = 0   (No interactions between Hand and Gender or Foot and Gender).

Test Statistic: __________________  Rejection Region: ______________________   p-value    >   or   <   0.05?

p.4.c. Use Bartlett’s Test to test whether the error variances among the individual regressions are equal: 
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Test Statistic B = _____________________   Rejection Region: ________________  p-value    >   or   <   0.05?
p.4.d. What fraction of the total variation in height is explained by the set of predictors: hand length, foot length, and gender (but no interactions)?

p.4.e. Compute the standard deviations among the 80 Male heights and among the 75 Female heights (ignoring hand and foot length).

Males: SD = ___________________________      Females: SD = _________________________________

_1633925096.unknown

_1633925117.unknown

_1633925121.unknown

_1633925123.unknown

_1633925135.unknown

_1633925137.unknown
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Model 1 (Hand) Model 2 (Foot)


X'X X'Y X'X X'Y


75 142.185 1199.70 75 176.062 1199.70


142.185 270.1992 2276.80 176.062 414.390402 2819.37


INV(X'X) beta-hat INV(X'X) beta-hat


5.586829 -2.93992 8.9042 5.087522 -2.16153487 9.3261


-2.93992 1.550753 3.7408 -2.161535 0.920784244 2.8413


Y'Y Model 3 (Hand,Foot)


19208.28 X'X X'Y


75 142.185 176.062 1199.70


142.185 270.1992 334.2884 2276.80


176.062 334.2884 414.3904 2819.37


INV(X'X) beta-hat


6.640061 -1.95728 -1.24223 7.4414


-1.95728 2.467531 -1.15897 2.3760


-1.24223 -1.15897 1.465136 1.7253





Sheet1

		Gender		Height		Hand		Foot		Male		MaleHand		MaleFoot

		1		1760.2		208.6		269.6		1		208.6		269.6																		SUMMARY OUTPUT																				SUMMARY OUTPUT

		1		1730.1		207.6		251.3		1		207.6		251.3																																																														ANOVA		Model1						ANOVA		Model2						ANOVA		Model3						ANOVA		Model4

		1		1659.6		173.2		193.6		1		173.2		193.6																		Regression Statistics																				Regression Statistics																										df		SS						df		SS						df		SS						df		SS

		1		1751.3		258		223.8		1		258		223.8																		Multiple R		0.9403756708																		Multiple R		0.8380202092																						Regression		5		1201091				Regression		3		1193101				Regression		2		208298				Regression		2		110552

		1		1780.6		212.3		282.1		1		212.3		282.1																		R Square		0.8843064023																		R Square		0.702277871																						Residual		149		157138				Residual		151		165128				Residual		77		88305				Residual		72		68833

		1		1818.3		213.4		268		1		213.4		268																		Adjusted R Square		0.8804240668																		Adjusted R Square		0.6945448287																						Total		154		1358229				Total		154		1358229				Total		79		296603				Total		74		179385

		1		1798.7		213.2		272.4		1		213.2		272.4																		Standard Error		32.4749143337																		Standard Error		33.8647458105

		1		1664		200		252.1		1		200		252.1																		Observations		155																		Observations		80																								Coefficients		Standard Error						Coefficients		Standard Error						Coefficients		Standard Error						Coefficients		Standard Error

		1		1808.7		214.5		274.7		1		214.5		274.7																																																														Intercept		744.14		83.68				Intercept		582.16		60.55				Intercept		439.42		97.49				Intercept		744.14		79.67

		1		1782.9		210.4		266.6		1		210.4		266.6																		ANOVA																				ANOVA																								Hand		2.38		0.51				Hand		2.81		0.34				Hand		3.29		0.47				Hand		2.38		0.49

		1		1804.7		213.9		273.9		1		213.9		273.9																				df		SS		MS		F		Significance F												df		SS		MS		F		Significance F														Foot		1.73		0.39				Foot		2.06		0.26				Foot		2.38		0.35				Foot		1.73		0.37

		1		1745		206.5		261.1		1		206.5		261.1																		Regression		5		1201091		240218		228		0.00										Regression		2		208298		104148.792160722		90.8152112321		5.51731734234966E-21														Male		-304.72		125.47				Male		39.61		8.50

		1		1725.4		204.7		257.6		1		204.7		257.6																		Residual		149		157138		1055														Residual		77		88305		1146.8210088124																		MaleHand		0.91		0.68

		1		1840.3		218.3		282.1		1		218.3		282.1																		Total		154		1358229																Total		79		296603																				MaleFoot		0.65		0.52

		1		1821		216.3		270.6		1		216.3		270.6

		1		1693.2		202.9		255.2		1		202.9		255.2																				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%						Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		1		1737.9		205.5		259.3		1		205.5		259.3																		Intercept		744.14		83.68		8.89		0.00		578.79		909.50		578.79		909.50				Intercept		439.42		97.49		4.51		0.00		245.2979890344		633.5479737737		245.2979890344		633.5479737737

		1		1815.7		214.8		272.9		1		214.8		272.9																		Hand		2.38		0.51		4.66		0.00		1.37		3.38		1.37		3.38				Hand		3.29		0.47		7.00		0.00		2.3540935794		4.224491377		2.3540935794		4.224491377

		1		1782.5		212.3		267.7		1		212.3		267.7																		Foot		1.73		0.39		4.39		0.00		0.95		2.50		0.95		2.50				Foot		2.38		0.35		6.83		0.00		1.6850485716		3.071323799		1.6850485716		3.071323799

		1		1849.9		218.5		281.1		1		218.5		281.1																		Male		-304.72		125.47		-2.43		0.02		-552.65		-56.79		-552.65		-56.79

		1		1806.6		215.6		276.3		1		215.6		276.3																		MaleHand		0.91		0.68		1.34		0.18		-0.43		2.26		-0.43		2.26

		1		1788.9		211.2		266.6		1		211.2		266.6																		MaleFoot		0.65		0.52		1.27		0.21		-0.37		1.67		-0.37		1.67

		1		1668.3		199.4		249.4		1		199.4		249.4

		1		1748.4		207.9		262		1		207.9		262

		1		1786.9		211.8		268.1		1		211.8		268.1																		SUMMARY OUTPUT																				SUMMARY OUTPUT

		1		1771		210.4		265.7		1		210.4		265.7

		1		1691.4		201		257.1		1		201		257.1																		Regression Statistics																				Regression Statistics

		1		1712.5		204.7		261.5		1		204.7		261.5																		Multiple R		0.937242762																		Multiple R		0.7850361867

		1		1759.2		209		264.1		1		209		264.1																		R Square		0.8784239948																		R Square		0.6162818144

		1		1771.2		209.7		263.7		1		209.7		263.7																		Adjusted R Square		0.8760085775																		Adjusted R Square		0.6056229759

		1		1814.9		212.5		267.2		1		212.5		267.2																		Standard Error		33.0690672894																		Standard Error		30.9195127638

		1		1764.5		209.9		263		1		209.9		263																		Observations		155																		Observations		75

		1		1769.8		210.6		265.2		1		210.6		265.2

		1		1709.1		204.6		259		1		204.6		259																		ANOVA																				ANOVA

		1		1681.3		204.2		254.4		1		204.2		254.4																				df		SS		MS		F		Significance F												df		SS		MS		F		Significance F

		1		1807		214.6		272		1		214.6		272																		Regression		3		1193101		397700		364		7.44448529645748E-69										Regression		2		110552		55275.7640295151		57.818852869		0

		1		1739.5		207.9		261.8		1		207.9		261.8																		Residual		151		165128		1094														Residual		72		68833		956.0162695505

		1		1709.4		203.7		259.8		1		203.7		259.8																		Total		154		1358229																Total		74		179385

		1		1658.2		197.5		254.1		1		197.5		254.1

		1		1689.8		203.1		261.9		1		203.1		261.9																				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%						Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		1		1611.5		195.1		245.3		1		195.1		245.3																		Intercept		582.16		60.55		9.61		0.00		462.5270385485		701.8003698914		462.5270385485		701.8003698914				Intercept		744.14		79.67		9.34		0.00		585.3170022137		902.972936824		585.3170022137		902.972936824

		1		1732.9		206.1		262.5		1		206.1		262.5																		Hand		2.81		0.34		8.22		0.00		2.1371224719		3.4897401066		2.1371224719		3.4897401066				Hand		2.38		0.49		4.89		0.00		1.407796138		3.3442282468		1.407796138		3.3442282468

		1		1651.7		200.6		260.1		1		200.6		260.1																		Foot		2.06		0.26		7.98		0.00		1.5513240167		2.5727628842		1.5513240167		2.5727628842				Foot		1.73		0.37		4.61		0.00		0.9792079264		2.4713490284		0.9792079264		2.4713490284

		1		1808.9		213.3		266.8		1		213.3		266.8																		Male		39.61		8.50		4.66		0.00		22.8229828313		56.4054817936		22.8229828313		56.4054817936

		1		1694.6		202.2		256.1		1		202.2		256.1

		1		1787.8		213.4		266.6		1		213.4		266.6

		1		1699.5		203.8		261.8		1		203.8		261.8

		1		1710.1		204.2		263.6		1		204.2		263.6

		1		1611.4		194.1		242		1		194.1		242

		1		1745.9		208.2		260.9		1		208.2		260.9

		1		1758.9		208.8		265.4		1		208.8		265.4

		1		1833.3		215.2		268.8		1		215.2		268.8

		1		1738.8		207.4		261.7		1		207.4		261.7

		1		1709.3		205.4		256.1		1		205.4		256.1

		1		1806.7		213.7		270.4		1		213.7		270.4

		1		1812.4		214.2		275.4		1		214.2		275.4

		1		1668.2		199.5		258.5		1		199.5		258.5

		1		1856.1		217.9		275.9		1		217.9		275.9

		1		1687.6		202.3		255.2		1		202.3		255.2

		1		1787.4		212.8		265.1		1		212.8		265.1

		1		1749.8		208.7		262.1		1		208.7		262.1

		1		1650.9		198.5		245		1		198.5		245

		1		1746.1		208.2		260.2		1		208.2		260.2

		1		1729.2		205.3		260.9		1		205.3		260.9

		1		1858.6		220.3		274.8		1		220.3		274.8

		1		1735.6		206.5		260.8		1		206.5		260.8

		1		1790.3		212.6		269.3		1		212.6		269.3

		1		1888.7		227.7		276.4		1		227.7		276.4

		1		1755.4		208		262.9		1		208		262.9

		1		1740		207.1		260.8		1		207.1		260.8

		1		1857		218.9		278.5		1		218.9		278.5

		1		1741.9		208.4		261.5		1		208.4		261.5

		1		1728.6		205.3		260.2		1		205.3		260.2

		1		1649.7		199.4		245.1		1		199.4		245.1

		1		1776.5		210.9		266		1		210.9		266

		1		1683.6		204.5		263.1		1		204.5		263.1

		1		1857.3		219.5		283.1		1		219.5		283.1

		1		1703.2		205		261.7		1		205		261.7

		1		1763.8		210.5		265.3		1		210.5		265.3

		1		1708.1		204.6		260		1		204.6		260

		2		1606		195.6		257		0		0		0

		2		1585.2		178.9		210.4		0		0		0

		2		1576.4		194.5		224.3		0		0		0

		2		1551.3		133.7		236.2		0		0		0

		2		1618.4		193		200.8		0		0		0

		2		1653.1		196.6		245.6		0		0		0

		2		1564.6		186.4		230.5		0		0		0

		2		1539.2		183.4		222.5		0		0		0

		2		1702.9		214.6		280.4		0		0		0

		2		1593.5		189.5		233		0		0		0

		2		1614.8		191.5		236.7		0		0		0

		2		1721.3		205.7		263.2		0		0		0

		2		1614.6		191.6		236.1		0		0		0

		2		1614.4		191.3		236.5		0		0		0

		2		1485.3		174.1		212		0		0		0

		2		1640.1		193.7		238.5		0		0		0

		2		1550.9		184.9		227.4		0		0		0

		2		1597.2		189.4		232.4		0		0		0

		2		1577.4		189.3		237		0		0		0

		2		1531.1		173.9		204.2		0		0		0

		2		1669.5		199.7		246.6		0		0		0

		2		1583.5		189.9		238.2		0		0		0

		2		1634.1		195		240.5		0		0		0

		2		1594.8		189.2		232.1		0		0		0

		2		1619.5		193.3		239.9		0		0		0

		2		1620.5		193.7		241.3		0		0		0

		2		1571.7		188.5		232.2		0		0		0

		2		1584.6		189		232.2		0		0		0

		2		1682.6		200.7		249.7		0		0		0

		2		1631.2		195.1		242.3		0		0		0

		2		1611.8		190.8		235.3		0		0		0

		2		1607.6		188.4		230.6		0		0		0

		2		1510.4		184.7		237.2		0		0		0

		2		1685.5		202.1		250.9		0		0		0

		2		1555		184.9		227.2		0		0		0

		2		1627.7		193.6		239.8		0		0		0

		2		1535.8		188.6		242.8		0		0		0

		2		1527.3		178.6		219.2		0		0		0

		2		1559.5		187.5		230.9		0		0		0

		2		1534.7		182.1		220.6		0		0		0

		2		1519.4		177.2		219.3		0		0		0

		2		1646		195		241.5		0		0		0

		2		1581.7		186.3		226.8		0		0		0

		2		1572		188.2		230.5		0		0		0

		2		1645.9		196.6		244.4		0		0		0

		2		1670.8		198.6		251.4		0		0		0

		2		1582.8		189.5		232.6		0		0		0

		2		1575.9		187.5		232.8		0		0		0

		2		1562.1		185.9		229.9		0		0		0

		2		1587.4		190.4		234.5		0		0		0

		2		1639.6		191.3		233.8		0		0		0

		2		1570.6		186.5		231.9		0		0		0

		2		1541.6		182.7		227.5		0		0		0

		2		1676.8		201.4		252.7		0		0		0

		2		1617.4		193.7		240.3		0		0		0

		2		1661.2		195.9		239.2		0		0		0

		2		1663.2		189.5		226.2		0		0		0

		2		1607.3		190.2		233.9		0		0		0

		2		1627		191.3		234.1		0		0		0

		2		1643.3		190.3		231.7		0		0		0

		2		1607.6		190		233.8		0		0		0

		2		1713.1		202.3		260.4		0		0		0

		2		1582.7		187.5		230.5		0		0		0

		2		1562.3		190.6		237.9		0		0		0

		2		1630.2		196		247.2		0		0		0

		2		1605.4		189.6		231.7		0		0		0

		2		1582.8		189.1		233.4		0		0		0

		2		1588.5		188.5		232.3		0		0		0

		2		1604.1		189.9		231.4		0		0		0

		2		1606		189.1		232.6		0		0		0

		2		1541.3		182.6		225.7		0		0		0

		2		1604.8		188		230.6		0		0		0

		2		1592.1		188.9		232		0		0		0

		2		1518.3		184.6		227.2		0		0		0

		2		1553.6		186.8		230.3		0		0		0
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Sheet1

		ID		distance		speed		noise		X0		X1		X2		X0		X2				X0'X0		X0'Y						X01'X01						X01'Y				X012'X012								X012'Y								X01'Y		Beta-hat01				X02'Y		Beta-hat02				X012'Y		Beta-hat012

		1		25		79.8		86.2		1		25		79.8		1		79.8				50		4174.2						50		2250				4174.2				50		2250		3981.1				4174.2								4174.2		88.5825				4174.2		75.7838				4174.2		80.1494

		2		25		78.3		85.7		1		25		78.3		1		78.3												2250		111250				186706				2250		111250		179383.5				186706								186706		-0.1133				332604.84		0.0967				186706		-0.1158

		3		25		58.4		84.8		1		25		58.4		1		58.4				INV(X0'X0)		B-hat0																3981.1		179383.5		319533.95				332604.84																				332604.84		0.1073

		4		25		79.8		85		1		25		79.8		1		79.8												INV(X01'X01)						B-hat01

		5		25		86.2		87.5		1		25		86.2		1		86.2												0.2225		-0.0045				88.5825				INV(X012'X012)								B-hat012

		6		25		77.1		86.1		1		25		77.1		1		77.1				Y'Y		Y'(J/n)Y		Y'P0Y				-0.0045		0.0001				-0.1133				2.6477600943		-0.0037776911		-0.0308679008				80.1493956876						Variable		Sequential  SS		Sequential F				Partial SS		Partial F

		7		25		83.4		87.2		1		25		83.4		1		83.4				348653.92		348478.9128																-0.0037776911		0.0001002151		-0.0000091933				-0.1158116094						X1

		8		25		76		84.8		1		25		76		1		76																						-0.0308679008		-0.0000091933		0.0003928763				0.1073337361						X2

		9		25		89.6		86.2		1		25		89.6		1		89.6												X02'X02						X02'Y

		10		25		86.9		86.1		1		25		86.9		1		86.9												50		3981.1				4174.2

		11		35		90.8		85.7		1		35		90.8		1		90.8												3981.1		319533.95				332604.84

		12		35		70.9		83.4		1		35		70.9		1		70.9

		13		35		76		84.4		1		35		76		1		76												INV(X02'X02)						B-hat02

		14		35		75.4		84.4		1		35		75.4		1		75.4												2.5053569347		-0.03121445				75.7837822542

		15		35		79.5		84.7		1		35		79.5		1		79.5												-0.03121445		0.000392033				0.096709675

		16		35		76		84.5		1		35		76		1		76

		17		35		87.3		85.6		1		35		87.3		1		87.3														X01'Y		Beta-hat01

		18		35		76		84.2		1		35		76		1		76														4174.2		88.5825

		19		35		72.7		83.8		1		35		72.7		1		72.7														186706		-0.1133

		20		35		83.7		85.5		1		35		83.7		1		83.7

		21		45		85.8		83.1		1		45		85.8		1		85.8

		22		45		65.3		82		1		45		65.3		1		65.3

		23		45		84.8		83		1		45		84.8		1		84.8

		24		45		80		82.7		1		45		80		1		80

		25		45		70.2		83.3		1		45		70.2		1		70.2

		26		45		81.7		82.6		1		45		81.7		1		81.7

		27		45		81.7		82.8		1		45		81.7		1		81.7

		28		45		69.7		82.1		1		45		69.7		1		69.7

		29		45		102.2		87.3		1		45		102.2		1		102.2

		30		45		83.1		83.2		1		45		83.1		1		83.1

		31		55		85.5		83.3		1		55		85.5		1		85.5

		32		55		78		81.6		1		55		78		1		78

		33		55		75.7		81.7		1		55		75.7		1		75.7

		34		55		85.1		83.1		1		55		85.1		1		85.1

		35		55		77.1		81.8		1		55		77.1		1		77.1

		36		55		68.6		81.1		1		55		68.6		1		68.6

		37		55		77.4		81.5		1		55		77.4		1		77.4

		38		55		82.4		82.3		1		55		82.4		1		82.4

		39		55		73		81.8		1		55		73		1		73

		40		55		80.1		82.3		1		55		80.1		1		80.1

		41		65		77.4		81		1		65		77.4		1		77.4

		42		65		85.1		82.4		1		65		85.1		1		85.1

		43		65		80.4		81.5		1		65		80.4		1		80.4

		44		65		88.8		82.8		1		65		88.8		1		88.8

		45		65		81.7		81.7		1		65		81.7		1		81.7

		46		65		80.8		81.3		1		65		80.8		1		80.8

		47		65		82.7		81.6		1		65		82.7		1		82.7

		48		65		78.6		80.6		1		65		78.6		1		78.6

		49		65		70.7		80.5		1		65		70.7		1		70.7

		50		65		83.7		82.4		1		65		83.7		1		83.7







Sheet2





Sheet3






Sheet1

		ID		distance		speed		noise		X0		X1		X2		X0		X2				X0'X0		X0'Y						X01'X01						X01'Y				X012'X012								X012'Y								X01'Y		Beta-hat01				X02'Y		Beta-hat02				X012'Y		Beta-hat012

		1		25		79.8		86.2		1		25		79.8		1		79.8				50		4174.2						50		2250				4174.2				50		2250		3981.1				4174.2								4174.2		88.5825				4174.2		75.7838				4174.2		80.1494

		2		25		78.3		85.7		1		25		78.3		1		78.3												2250		111250				186706				2250		111250		179383.5				186706								186706		-0.1133				332604.84		0.0967				186706		-0.1158

		3		25		58.4		84.8		1		25		58.4		1		58.4				INV(X0'X0)		B-hat0																3981.1		179383.5		319533.95				332604.84																				332604.84		0.1073

		4		25		79.8		85		1		25		79.8		1		79.8												INV(X01'X01)						B-hat01

		5		25		86.2		87.5		1		25		86.2		1		86.2												0.2225		-0.0045				88.5825				INV(X012'X012)								B-hat012

		6		25		77.1		86.1		1		25		77.1		1		77.1				Y'Y		Y'(J/n)Y		Y'P0Y				-0.0045		0.0001				-0.1133				2.6477600943		-0.0037776911		-0.0308679008				80.1493956876

		7		25		83.4		87.2		1		25		83.4		1		83.4				348653.92		348478.9128																-0.0037776911		0.0001002151		-0.0000091933				-0.1158116094

		8		25		76		84.8		1		25		76		1		76																						-0.0308679008		-0.0000091933		0.0003928763				0.1073337361

		9		25		89.6		86.2		1		25		89.6		1		89.6												X02'X02						X02'Y

		10		25		86.9		86.1		1		25		86.9		1		86.9												50		3981.1				4174.2

		11		35		90.8		85.7		1		35		90.8		1		90.8												3981.1		319533.95				332604.84

		12		35		70.9		83.4		1		35		70.9		1		70.9

		13		35		76		84.4		1		35		76		1		76												INV(X02'X02)						B-hat02

		14		35		75.4		84.4		1		35		75.4		1		75.4												2.5053569347		-0.03121445				75.7837822542

		15		35		79.5		84.7		1		35		79.5		1		79.5												-0.03121445		0.000392033				0.096709675

		16		35		76		84.5		1		35		76		1		76

		17		35		87.3		85.6		1		35		87.3		1		87.3														X01'Y		Beta-hat01
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Sheet1

		Manchester City		Joe Hart		26		£80,000		2016

		Manchester City		Richard Wright		35				2014

		Manchester City		Costel Pantilimon		26		£20,000		2016

		Manchester City		Vincent Kompany		27		£120,000		2018

		Manchester City		Joleon Lescott		30		£94,000		2014

		Manchester City		Matija Nastasic		20		£75,000		2017

		Manchester City		Aleksandar Kolarov		27		£65,000		2015

		Manchester City		Gaël Clichy		28		£90,000		2017

		Manchester City		Micah Richards		25		£60,000		2015

		Manchester City		Pablo Zabaleta		28		£70,000		2015

		Manchester City		Javi García		26		£75,000		2017

		Manchester City		Jack Rodwell		22		£55,000		2017

		Manchester City		Fernandinho		28		£90,000 		2017

		Manchester City		Yaya Touré		30		£200,000 		2017

		Manchester City		James Milner		27		£80,000		2015

		Manchester City		Samir Nasri		26		£140,000		2015

		Manchester City		David Silva		27		£135,000		 2017

		Manchester City		Jesús Navas		27		£80,000 		2017

		Manchester City		Scott Sinclair		24		£55,000		2016

		Manchester City		Stevan Jovetic		23		£75,000 		 2018

		Manchester City		Álvaro Negredo		27		£100,000		2017

		Manchester City		Edin Dzeko		27		£90,000		2015

		Manchester City		Sergio Kun Agüero		25		£220,000		2017

		Manchester City		John Guidetti		21		£10,000		2015





Sheet2

		Rank		Team		Y		X0		X1		X2				X'X								X'Y

		1		Man City		233		1		66		34				20		1035		1048				1806												SUMMARY OUTPUT

		2		Chelsea		179		1		75		39				1035		57445		52509				104325

		3		Manchester United		181		1		86		43				1048		52509		58202				85017												Regression Statistics

		4		Arsenal		154		1		72		37																								Multiple R		0.8307444681

		5		Liverpool		132		1		43		28				INV(X'X)								Beta-hat												R Square		0.6901363714

		6		Tottenham		96		1		66		46				2.9941250175		-0.0266083367		-0.0299073205				88.8443892985												Adjusted R Square		0.6536818268

		7		Aston Villa		72		1		47		69				-0.0266083367		0.000335748		0.0001762095				1.9530572422												Standard Error		32.3000968391

		8		Newcastle United		62		1		45		68				-0.0299073205		0.0001762095		0.0003967267				-1.9010515569												Observations		20

		9		Sunderland		58		1		41		54

		10		Everton		63		1		55		40				Ybar		Y'Y																		ANOVA

		11		Fulham		67		1		50		60				90		220320																				df		SS		MS		F		Significance F

		12		Swansea City		49		1		47		51																								Regression		2		39502.1636510942		19751.0818255471		18.93142213		0.0000473097

		13		West Brom		54		1		53		57																								Residual		17		17736.0363489058		1043.296255818

		14		Stoke City		60		1		34		45																								Total		19		57238.2

		15		Norwich		75		1		41		58

		16		West Ham		56		1		45		53																										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		17		Southampton		47		1		49		60																								Intercept		88.8443892985		55.8906022532		1.589612309		0.1303456757		-29.0744739897		206.7632525868		-29.0744739897		206.7632525868

		18		QPR		78		1		30		60																								GF13		1.9530572422		0.591848501		3.2999276654		0.004230758		0.704366055		3.2017484293		0.704366055		3.2017484293

		19		Reading		46		1		43		73																								GA13		-1.9010515569		0.6433533193		-2.9549106221		0.0088663544		-3.258408412		-0.5436947018		-3.258408412		-0.5436947018

		20		Wigan		44		1		47		73

																ANOVA

																		df		SS		MS		F		F(0.05)

																Regression

																Residual

																Total
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