ניתוח רב משתני -בחינת בית

פרופ' קמיל פוקס       

1) הבחינה כתובה באנגלית
2) יש לפתור את כל השאלות
3) יש להגיש את המחברות למזכירות עד לתאריך 8 באוגוסט 2007
4) מלבד הסעיפים הספציפיים בהם נאמר שיש להריץ במחשב, את כל יתר הסעיפים יש לפתור בעזרת הנתונים מהנספחים בלבד
The questions 1-6 are based on the data from an Altzheimer disease-related mice experiment (presented in Appendix D), with only two variables X1 (=C-L) and             X2 (=H-L). Questions 1, 2 and 7 refer also to the two groups based on Age (30=Group1 and 42 weeks=Group2). There are 25 bivariate observations, 10 observations in Group1 and 15 observations in Group2. Questions 3-6 ignore the groups and refer to all the 25 observations taken together. Appendices A-C present outputs from some computations based on that set of data as follows:
a) Appendix A presents the MINITAB outputs (a statistical package) for the univariate t-tests and ANOVA for the two variables in the two groups.

b) Appendix B presents for :
· Group1

· Group2 

· All 25 observations, ignoring groups 

· Pooled Group1 and Group2

b1) Covariance and Correlations matrices 

b2) their determinants

b3) the inverses of the Covariance and Correlations matrices

b4) their determinants

c) Appendix C presents the eigenvalues and the eigenvectors of the covariance and correlation matrices from all 25 observations (ignoring groups) 
d) Appendix D presents the data

1) Using Hotelling T2 ,  test the null hypothesis that the means in the two groups are equal, i.e. test  H0: μ1=μ2 versus  H1: μ1≠μ2
	(Xbar1-Xbar2)’ = (-0.455, -0.174)

	(Xbar1-Xbar2)’Sp(-1) = (-2.248, -1.611)

	(Xbar1-Xbar2)'Sp(-1)(Xbar1-Xbar2)= 1.305

	T2=(Xbar1-Xbar2)'[Sp(1/n1+1/n2)](-1)(Xbar1-Xbar2) =

= (n1*n2)/(n1+n2)(Xbar1-Xbar2)'Sp(-1)(Xbar1-Xbar2)= 1.305*(150/25)= 7.827

	F=T2*(n1+n2-p-1)/[p*(n1+n2-2)]= 7.827*(25-3)/[2*(25-2)]=3.744

	Prob(F2,25-2-1 >3.744)=.040

	Reject Ho at α=.05


2) For an one-way MANOVA for that set of data , MINITAB provided the following output:

General Linear Model: C-L, H-L versus Age 

MANOVA for Age

                       Test             DF

Criterion         Statistic      F  Num  Denom      P

Wilks'              0.74609  3.744    2     22  0.040

2.1)  Based on the data from Appendix B, compute the Wilk’s delta to test (using   MANOVA),  H0: μ1=μ2 versus  H1: μ1≠μ2
Wilk’s delta=Determinant(W)/ Determinant(B+W)

B+W= S*24
W= Spooled*23
	B+W
	
	  5.1619 
	 1.5146 
	Determinant

	
	
	  1.5146 
	 1.2193 
	4.000

	W
	
	  3.9168 
	 1.0385 
	Determinant

	
	
	  1.0385 
	 1.0372 
	2.984


You may want to use that the Det (cA)= ckDet(A) when c is the denominator of Spooled. Also, when A is a 2X2 matrix,  det(A) =ad-bc

So, Wilk’s delta=Determinant(W)/ Determinant(B+W)= 2.984/4.000=.746
2.2) How do we transform Wilk’s delta, to test H0: μ1=μ2 versus H1: μ1≠μ2?

For g=2, F= {[Σni-p-1]/p}*[1-Delta/Delta]={[25-2-1]/2*(1-.746)/.746=3.744 as above
      2.3)  Run any computer program to test the hypothesis above using MANOVA
3) For the univariate regression analysis of X2 (as dependent variable) versus X1(as independent variable), (part of ) the MINITAB output was as follows:
Regression Analysis: H-L versus C-L 

The regression equation is

H-L = 0.160 + 0.293 C-L

Predictor     Coef  SE Coef     T      P

Constant   0.15967  0.05809  2.75  0.011

C-L              ?  0.08079  3.63  0.001

Analysis of Variance

Source          DF       SS       MS      F      P

Regression       1  0.44440  0.44440  13.19  0.001

Residual Error  23        ? 

Total           24        ?

Based on the data from Appendix B, find the slope of the line, the Residual SS, and the Total SS (denoted by ? in the output)   

	The complete output is:
Regression Analysis: H-L versus C-L 

The regression equation is

H-L = 0.160 + 0.293 C-L

Predictor     Coef  SE Coef     T      P

Constant   0.15967  0.05809  2.75  0.011

C-L        0.29342  0.08079  3.63  0.001

Analysis of Variance

Source          DF       SS       MS      F      P

Regression       1  0.44440  0.44440  13.19  0.001

Residual Error  23  0.77485  0.03369

Total           24  1.21925

Now, From the covariance matrix

 

X1

X2

X1

  0.2151 

 0.0631 

X2

  0.0631 

 0.0508 

1)   b=SSCP(X,Y)/SS(X) = (24*.0631)/(24*.0.2151)=.293
2)  Total SS = 24*SS(Y)= 24*.0508= 1.219 

Error SS = Total SS- Regression SS= 1.219-.444=.775
	
	
	
	
	
	
	
	


  3.1)  Run any computer program to test to fit the regression model
4 ) Using the data from Appendix C on the eigenvalues and eigenvectors of the correlation matrix from all 25 observations (ignoring groups):

4.1) What is the value of the first principal component for the observation which has X1=0.330, X2=0.464 ?

z3 (3rd obs standardized)=[(x1-xbar1)/sd1, (x2-xbar2)/sd2]'=(-.491,.624)'
	z3 (3rd obs standardized)
	PC2
	
	

	-0.491
	0.624
	[0.707]
	=
	0.0941

	
	
	[0.707]
	
	


4.2) What equality should be satisfied relating the correlation matrix from all 25 observations (ignoring groups) and the second eigenvalue and the second eigenvector? Check numerically the equality. 
	Rho
	PC2
	
	Lambda
	PC2
	
	

	       [1.0 
	 0.6037] 
	[-0.707]
	=
	[ 0.3963]
	[-0.707]
	=
	-0.28016

	        [ .6037 
	    1.0 ] 
	[0.707]
	
	[ 0.3963]
	[0.707]
	
	0.28016


5) For the factor analysis, based on the correlation matrix from all 25 observations ignoring groups), and using Unrotated Principal Component Factor Analysis variable, with 2 factors,  (part of ) the MINITAB output was as follows: 
Factor Analysis: C-L, H-L 

Principal Component Factor Analysis of the Correlation Matrix

Unrotated Factor Loadings and Communalities

Variable  Factor1  Factor2  

C-L         0.895   -0.445        

H-L         0.895    0.445        

Variance   1.6037   0.3963       

% Var       0.802    0.198       

5.1) Write the ψ matrix of specific variances for the two cases, when:

· We fit  a single factor, and 
· We fit two factors
Single factor

ψi = 1- h2i = 1 - .8952= 1-.801=.199
Two  factors

ψi = 1- h2i = 1 - .8952- .4452 =0

Single factor
[image: image1.wmf]

[image: image2.wmf] ψ= [ .199      0]

          [0       .199]
Two factors
[image: image3.wmf]

[image: image4.wmf] ψ= [ 0      0]

          [0       0]
For the rotated Principal Component Factor Analysis variable, with 2 factors, (part of ), using Varimax Rotation,  the MINITAB output was as follows:
Rotated Factor Loadings - Varimax Rotation

Variable  Factor1  Factor2  

C-L         0.318   -0.948        

H-L         0.948   -0.318        
5.2) Explain briefly the differences between the unrotated an rotated factor loading, and relate those differences to the maximization procedure of varimax rotation.

The rotation maximizes the differences between the coefficients, and in this case we have in each factor a high coefficient for one variable (.948) and a low coefficient for the other variable (.318). In the unrotated the two coefficients have to be equal in absolute values.
APPENDIX A
Two-Sample T-Test and CI: X1 (=C-L), Age 

Two-sample T for X1
Age   N   Mean  StDev  SE Mean

30   10  0.284  0.185    0.058

42   15  0.740  0.508     0.13

Difference = mu (30) - mu (42)

Estimate for difference:  -0.455533

95% CI for difference:  (-0.804043, -0.107024)

T-Test of difference = 0 (vs not =): T-Value = -2.70  P-Value = 0.013  DF = 23

Both use Pooled StDev = 0.4127

Two-Sample T-Test and CI: X2(=H-L), Age 

Two-sample T for X2
Age   N   Mean  StDev  SE Mean

30   10  0.219  0.128    0.041

42   15  0.393  0.252    0.065

Difference = mu (30) - mu (42)

Estimate for difference:  -0.174167

95% CI for difference:  (-0.353512, 0.005179)

T-Test of difference = 0 (vs not =): T-Value = -2.01  P-Value = 0.056  DF = 23

Both use Pooled StDev = 0.2124

One-way ANOVA: X1 versus Age 

Source  DF     SS     MS     F      P

Age      1  1.245  1.245  7.31  0.013

Error   23  3.917  0.170

Total   24  5.162

S = 0.4127   R-Sq = 24.12%   R-Sq(adj) = 20.82%

                           Individual 95% CIs For Mean Based on Pooled StDev                           

Level   N    Mean   StDev  ---------+---------+---------+---------+

30     10  0.2840  0.1847  (---------*----------)

42     15  0.7395  0.5078                      (--------*-------)

                           ---------+---------+---------+---------+

                                  0.25      0.50      0.75      1.00

Pooled StDev = 0.4127

One-way ANOVA: X2 versus Age 

Source  DF      SS      MS     F      P

Age      1  0.1820  0.1820  4.04  0.056

Error   23  1.0372  0.0451

Total   24  1.2193

S = 0.2124   R-Sq = 14.93%   R-Sq(adj) = 11.23%

                           Individual 95% CIs For Mean Based on Pooled StDev
Level   N    Mean   StDev  ---+---------+---------+---------+------

30     10  0.2187  0.1281  (----------*-----------)

42     15  0.3929  0.2521                  (---------*--------)

                           ---+---------+---------+---------+------

                            0.12      0.24      0.36      0.48

Pooled StDev = 0.2124

                           APPENDIX B
	Group1
	
	
	

	Covariance and Correlations
	Determinant
	Inverses of Cov. And Corr.
	Determinant

	
	 
	X1
	X2
	
	
	 
	X1
	X2
	

	S1
	X1
	  0.0341 
	 0.0079 
	Determinant
	S1-1
	X1
	32.9441
	-15.7725
	Determinant

	
	X2
	  0.0079 
	 0.0164 
	0.000498
	
	X2
	-15.7725
	68.4494
	2006.227

	
	
	
	
	
	
	
	
	
	

	
	 
	X1
	X2
	
	
	 
	X1
	X2
	

	Rho1
	X1
	       1.0 
	 0.3321 
	Determinant
	Rho1-1
	X1
	1.1240
	-0.3733
	Determinant

	
	X2
	  0.3321 
	      1.0 
	0.88968
	
	X2
	-0.3733
	1.1240
	1.124

	Group2
	
	
	
	
	
	
	
	
	

	
	 
	X1
	X2
	
	
	 
	X1
	X2
	

	S2
	X1
	  0.2578 
	 0.0691 
	Determinant
	S2-1
	X1
	5.4758
	-5.9580
	Determinant

	
	X2
	  0.0691 
	 0.0635 
	0.011603
	
	X2
	-5.9580
	22.2226
	86.18831

	
	
	
	
	
	
	
	
	
	

	
	 
	X1
	X2
	
	
	 
	X1
	X2
	

	Rho2
	X1
	       1.0 
	 0.5401 
	Determinant
	Rho2-1
	X1
	1.4119
	-0.7626
	Determinant

	
	X2
	  0.5401 
	      1.0 
	0.708285
	
	X2
	-0.7626
	1.4119
	1.411861

	ALL (Ignoring the group identity) 
	
	
	
	
	

	
	 
	X1
	X2
	
	
	 
	X1
	X2
	

	S
	X1
	  0.2151 
	 0.0631 
	Determinant
	S-1
	X1
	7.3161
	-9.0882
	Determinant

	
	X2
	  0.0631 
	 0.0508 
	0.006944
	
	X2
	-9.0882
	30.9738
	144.0123

	
	
	
	
	
	
	
	
	
	

	
	 
	X1
	X2
	
	
	 
	X1
	X2
	

	Rho
	X1
	       1.0 
	 0.6037 
	Determinant
	Rho-1
	X1
	1.5735
	-0.9500
	Determinant

	
	X2
	  0.6037 
	      1.0 
	0.635513
	
	X2
	-0.9500
	1.5735
	1.573533

	Pooled
	
	
	
	
	
	
	
	
	

	
	 
	X1
	X2
	
	
	 
	X1
	X2
	

	                 Spooled
	X1
	  0.1703 
	 0.0452 
	Determinant
	Spooled-1
	X1
	7.9946
	-8.0046
	Determinant

	
	X2
	  0.0452 
	 0.0451 
	0.005641
	
	X2
	-8.0046
	30.1887
	177.2724

	
	
	
	
	
	
	
	
	
	

	
	 
	X1
	X2
	
	
	 
	X1
	X2
	

	Rhopooled
	X1
	       1.0 
	 0.5152 
	Determinant
	Rhopooled-1
	X1
	1.3614
	-0.7015
	Determinant

	
	X2
	  0.5152 
	      1.0 
	0.734518
	
	X2
	-0.7015
	1.3614
	1.361438


APPENDIX C
Principal Components for All the data (ignoring groups)

Principal Component Analysis: X1, X2             Principal Component Analysis: X1, X2 
Eigenanalysis of the Covariance Matrix   Eigenanalysis of the Correlation Matrix

Eigenvalue  0.23652  0.02936                Eigenvalue  1.6037  0.3963

Proportion    0.890    0.110                Proportion   0.802   0.198

Cumulative    0.890    1.000                Cumulative   0.802   1.000   

Variable       PC1     PC2                  Variable      PC1     PC2

X1                  0.947  -0.322                  X1            0.707  -0.707  
X2           0.322   0.947                  X2                             0.707   0.707
APPENDIX D – The data
	Number
	Age
	C-L
	H-L

	1085
	42
	0.33
	0.464

	1319
	42
	0.382
	0.161

	1321
	42
	0.371
	0.482

	1322
	42
	0.295
	0.488

	1329
	42
	0.548
	0.182

	1330
	42
	0.231
	0.151

	1332
	42
	0.557
	0.133

	1337
	42
	1.855
	0.61

	1346
	42
	0.604
	0.145

	1359
	42
	0.971
	0.472

	1375
	42
	1.695
	0.48

	1376
	42
	0.508
	0.008

	1442
	42
	0.504
	0.495

	1443
	42
	1.228
	0.89

	1444
	42
	1.014
	0.732

	1027
	30
	0.1
	0.08

	1036
	30
	0.354
	0.3

	1087
	30
	0.248
	0.194

	1088
	30
	0.5
	0.181

	1392
	30
	0.263
	0.152

	1400
	30
	0.019
	0.069

	1412
	30
	0.425
	0.433

	1426
	30
	0.129
	0.177

	1440
	30
	0.203
	0.427

	1458
	30
	0.599
	0.174
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