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ALL QUESTIONS CARRY EQUAL MARKS.
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QUESTION ONE. . [7+ 8 + 10 marks]

1.1 Define Principal component analysis and discuss its all important properties.
1.2 State and discuss the four steps of the procedure for a principal component analysis.

1.3 Consider the following table:

Eigenvectors
Component | Eigenvalue X, % X X X
1 12,616 0.452 0.462 0.451 0471 0.398
2 1.532 —-0.051 0.300 0.325 0.185 —0.377
3 0.386 0.691 0.341 —0.455 —0.411 -0.179
4 0.302 —0.420 0.548 —0.606 0.388 0.069
5 0.165 0.374 —0.530 —0.343 0.652 —0.192

a. How many components will you choose? Explain why.

b. List those selected components and interpret those in terms of original variables, X;°.

QUESTION TWO. [3+3+3+4+12 marks]

2.1 Discuss the purpose of the discriminant function analysis.
2.2 State the criteria for selecting canonical discriminant functions and also state the number of

functions you can select.

2.3 The following table shows the eigenvalues and correspbnding eigenvectors of W'B:

Eigenvectors
Xi X2 X3 X4

0.437 -0.0107 0.0040 0.0119 —0.0068
0.035 0.0031 0.0168 -0.0046 -0.0022
0.015 —0.0068 0.0010 0.0000 0.0247
0.002 0.0126  —0.0001 0.0112 0.0054

Component | Eigenvalue

W N -

a. How many groups and variables were considered in this problem?

b. List all the canonical discriminant functions.

c. Assuming that the it sample size, n; =30 foralli=1, 2, 3, 4, 5; test whether each of these
functions varies significantly from group to group.
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QUESTION THREE. . [8 + 10 + 5 + 2 marks]

3.1 Define factor analysis and compare its properties with those of principal component analysis.
3.2 Discuss the procedures of principal component factor analysis to determine the final factors.
3.3 Using the table given in Question 1.3, write the unrotated factor model.

3.4 Compute the communalities.

QUESTION FOUR. [15 + 10 marks]

4.1 Suppose we have two groups, with 10 subjects in each group. The means for the two
variables (X; and X;) measures in group A are 10 and 7.5, while the means in group B are 9
and 9.5. The respective pooled sample variances are 9 and 4 for variables X; and X, while
the pooled correlation is 0.7. Perform Hotellings’ T? test and also perform univariate # tests
for each of these two variables at 5% level of significance. Compare the results.

4.2 Suppose we have three variables in each of the 3 groups, with 10 subjects per group. Let the
sum of squares matrices are as follows:

1.68 138 -1.26 1.24 0.06 0.56 292 144 -0.70
B=|138 114 -1.08), W=]0.06 108 0.18|, & T=| 144 222 -090
-126 -1.08 1.26 056 0.18 274 -0.70 —-090 4.00

Compute Wilk’s A statistics and use * approximation to test the equality of population mean
vectors.

QUESTION FIVE. [3+3+4+4+3+ 8 marks]

The following tables are part of the complete output running SPSS for a set of multivariate
variables; not necessarily from the same set of variables. Tables 1-6 are obtained running Factor
Analysis and Tables 7-9 are from Discriminant Function Analysis:

Table 1: Table 2:

Correlation Matrix Component | Eigenvalues

XA X2 X3 X4 X5 X6 X7 1 2.965

Correlatio X1 | 1,000 | 036 | -671| -400| -538 | -645| -764 3 1950
X2 036 | 1.000| .445| .405| -026| -495| -221 :

X3 | -671| .445| 1000| .385| 494| .080| .200 3 0971

X4 -400 405 385 [ 1.000 060 199 185 4 0.643

Xs | -538| -026| 494 .060| 1000| 271| 210 3 0359

X6 | -p45| -495| .o0s0| 99| 271| 1.000| 424 5 0211
x7 | -764| -221| 200| 85| .210| .424| 1.000 :

7 0.000
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Table 3:
Component Matri»@
Component
1 2 3 4 5 6
X1 -.986 | 5.070E-02 | -2.47E-02 113 102 | -2.99E-02
X2 -1.24E-02 .936 |7.822E-02 -.109 | 3.541E-04 325
X3 .683 .566 -.258 | -3.93E-02 - ..333 -.186
X4 .483 .481 .590 327 241 -.1563
X5 621 | 4.503E-02 -.677 .186 .344 | 4.014E-02
X6 641 -.562 A79 .402 -.186 212
X7 .705 -.319 246 -.560 .166 | 2.041E-02
Extraction Method: Principal Component Analysis.
a. 6 components extracted.
Table 4: Table §5:
Component Matri@ Rotated Component Matri®
Component Component
1 2 3 1 2 3
X1 -.986 |5.070E-02 | -2.47E-02 X1 -.764 -.550 -.301
X2 -1.24E-02 .936 |7.822E-02 X2 -.515 .185 .761
X3 .683 .566 -.258 X3 8.5652E-02 .756 .523
X4 483 481 .590 X4 295 | -2.72E-02 .851
X5 .621 | 4.503E-02 -.677 X5 .185 .892 -127
X6 641 -.562 179 X6 .858 | 8.626E-02 -.124
X7 .705 -.319 .246 X7 .790 141 .120

Extraction Method: Principal Component Analysis.

a. 3 components extracted.

Table 6:

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

Component Score Coefficient Matrix

Component .
1 2 3
X1 -.270 -.170 -.103
X2 -.263 078 433
X3 -.102 422 .169
X4 192 -.291 .584
X5 -113 .658 -.290
X6 .400 -.097 -.063
X7 .365 -.099 .083

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 6 iterations.



Table 7:
Wilks' Lambda
Wilks'
Test of Function(s) | Lambda Chi-square df Sig.
1 through 2 147 39.244 12 .000
2 656 8.655 5 124
Table 8: Table 9:
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standardized Canonical Discriminant Function Coefficients Canonical Discriminant Function Coefficients

Function Function
1 2 1 2

X1 268 1.193 Xt 018 083

X2 202 -1.065 X2 305 ~ -1.603

X3 412 .938 X3 .059 135

X4 573 478 X4 1.512 1.263

X5 129 097 ig _g;g _ggz

X6 -1.040 -.249 : -
(Constant) 217 -3.732

Unstandardized coefficients

a. Examine Table 1 and discuss the suitability of principal component analysis. How many
principal components will you have?

b. How many factors will you choose if you wish to use factor analysis method? Explain
your answer.

c. How many factors will you get in your factor model from Table 3? List the last two
equations of your model and compute their communalities.

d. Suppose the same data were analyzed using with a restriction on the number of factors.
How many factors were chosen in Table 47 List the first two equations of your model and
compute their communalities.

e. List all equations needed to compute factor scores.

f.  Write all the discriminant functions and test whether each of those are significant at 5%
level of significance.
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