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bonedata
�� �$�

cbbones.txt*

Cmd> y <- read("","bonedata") # read from cbbones.txt
bonedata      276      6 format labels
) Bone measurements on n = 276 outbred female chickens, all in mm.
) Col. 1:  skull length
) Col. 2:  skull breadth
) Col. 3:  femur length (leg bone)
) Col. 4:  tibia length (leg bone)
) Col. 5:  humerus length (wing bone)
) Col. 6:  ulna length (wing bone)
Read from file "TP1:Stat5401:Data:cbbones.txt"

Cmd> n <- nrows(y); r <- cor(y) # sample size and correlati0n matrix

Cmd> print(r,format:"9.6f")
r:
          SklLngth  SklBrdth  FemLngth  TibLngth  HumLngth  UlnLngth
SklLngth  1.000000  0.583009  0.569111  0.602259  0.621119  0.602334
SklBrdth  0.583009  1.000000  0.515310  0.547599  0.583552  0.524505
FemLngth  0.569111  0.515310  1.000000  0.926105  0.877221  0.877453
TibLngth  0.602259  0.547599  0.926105  1.000000  0.873628  0.893610
HumLngth  0.621119  0.583552  0.877221  0.873628  1.000000  0.936879
UlnLngth  0.602334  0.524505  0.877453  0.893610  0.936879  1.000000

Cmd> results <- facanal(r,2,method:"mle") # 2 factor MLE estraction
Convergence in 20 iterations by criterion 2
estimated uniquenesses:
    SklLngth   SklBrdth   FemLngth   TibLngth   HumLngth    UlnLngth
    0.59902    0.65349    0.12138   0.0028552   0.00015955  0.098034
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unrotated estimated loadings:
             Factor 1     Factor 2
SklLngth       0.6239      0.10827
SklBrdth      0.58523     0.063435
FemLngth       0.8848      0.30942
TibLngth      0.88481      0.46287
HumLngth      0.99964    -0.023485
UlnLngth      0.94034      0.13315
minimized mle criterion:
(1)      0.15079

facanal()
���������&��  ���������$��

LOADINGS�PSI��
&
CRITERION

,!��!����!�!��#�"#�*

Cmd> list(LOADINGS,PSI,CRITERION)
CRITERION       REAL   1    
LOADINGS        REAL   6     2     (labels)
PSI             REAL   6     (labels)

Cmd> rhohat <- LOADINGS %*% LOADINGS' + dmat(PSI)

Cmd> betahat_reg <- solve(rhohat,LOADINGS) # regression method coeffs

Cmd> betahat_reg # estimated regression methodcoefficients
             Factor 1     Factor 2
SklLngth   0.00015889    0.0022456 Computed using rhohat as
SklBrdth   0.00013662     0.001206 estimated correlation matrix
FemLngth    0.0011121     0.031671
TibLngth     0.047277       2.0141 Mainly determined
HumLngth      0.95582      -1.8287 by x4 and x5
UlnLngth    0.0014633     0.016874
��,#��

r
���!���!��

rhohat 
����������&�����$����������̂*	�#+��
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Cmd> solve(r, LOADINGS)
             Factor 1     Factor 2
SklLngth   0.00015889    0.0022456 Computed using r as
SklBrdth   0.00013662     0.001206 estimated correlation matrix
FemLngth    0.0011121     0.031671
TibLngth     0.047277       2.0141
HumLngth      0.95582      -1.8287
UlnLngth    0.0014633     0.016874

Cmd> # Standardize y since model estimated from correlation matrix

Cmd> x <- standardize(y) # standardized y;s

Cmd> # The covariance matrix of these standardized variates is r

Cmd> f_reg <- x %*% betahat_reg # Compute scores by regression methods

Cmd> # Now compute weighted least squares estimates of scores

Cmd> deltahat <- LOADINGS' %*% dmat(1/PSI) %*% LOADINGS

Cmd> deltahat
             Factor 1     Factor 2
Factor 1         6554  -7.8132e-15   Note the large diagonal
Factor 2  -1.1713e-14       79.492
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Cmd> betahat_ls <- dmat(1/PSI) %*% LOADINGS %*% solve(deltahat)

Cmd> betahat_ls
        Factor 1     Factor 2
(1)   0.00015891    0.0022738 Weighted LS factor score coeffs
(2)   0.00013664    0.0012211 They are very close to reg. method
(3)    0.0011122     0.032069 scores because the diagonal elements
(4)     0.047284       2.0394 of deltahat are large
(5)      0.95596      -1.8517
(6)    0.0014635     0.017086

Cmd> f_ls <- x %*% betahat_ls # compute weighted least squares scores

Cmd> list(f_reg,f_ls) # sizes of matrices of factor scores
f_ls            REAL   276   2     (labels)
f_reg           REAL   276   2     (labels)

Cmd> tabs(f_reg,covar:T)
(1,1)      0.99985   2.0739e-16
(2,1)   2.0739e-16      0.98758

Cmd> tabs(f_ls,covar:T)
(1,1)       1.0002   1.0234e-16
(2,1)   1.0234e-16       1.0126
	�#�������!�����!����� ��������&������!������"$����������
�$��������&���"$������$�����X�*

Cmd> cor(f_reg,f_ls)[run(2),-run(2)]
(1,1)            1  -4.7873e-17
(2,1)    3.822e-16            1
����!���&�����!��,������ ���������"�� ���$%�����$���&,��!���
����!��*�������"$���,

�$$���&������$f

Cmd> # Scatter plots of scores computed by both methods

Cmd> plot(Factor_1:f_reg[,1],Factor_2:f_reg[,2],symbols:" \1", \
title:"ML regression method Factor scores")

Cmd> plot(Factor_1:f_ls[,1], Factor_2:f_ls[,2],symbols:" \1", \
title:"ML weighted LS method Factor scores")

�



���������������������

�!��,�"$��������&�����+#��!��$�*�&���!�!�,���#�$���*
���b����!�,,�$$�!���������& �����������"��&����&�!����#�$����
��5��,!��,��+!��&�%�!�$��&��+���&�����$�&���2���!����+���$
#����*

Cmd> ybar <- describe(y,mean:T); sd <- describe(y,stddev:T)

Cmd> yhat <- ybar'+ (f_reg %*% LOADINGS') * sd'

Cmd> labels <- vector("Skull length","Skull breadth","Femur length", \
"Tibia length","Humerus length","Ulna length")

Cmd> for(i,run(2)){ Skull length and breadth
plot(y[,i], yhat[,i], symbols:" \1", \
xlab:labels[i],ylab:"Predicted value",title: \
paste("Predicted",labels[i],"vs",labels[i]))

}

Cmd> for(i,run(3,4)){ Femur and Timbia
plot(y[,i], yhat[,i], symbols:" \1", \
xlab:labels[i],ylab:"Predicted value",title: \
paste("Predicted",labels[i],"vs",labels[i]))

}
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Cmd> for(i,run(5,6)){ Humerus and Ulna
plot(y[,i], yhat[,i], symbols:" \1", \
xlab:labels[i],ylab:"Predicted value",title: \
paste("Predicted",labels[i],"vs",labels[i]))}
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