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QUESTION ONE. [4+4+3+4+10marks]

1.1 What is Discriminant Function Analysis? Why it is important in multivariate studies?
1.2 Discuss the steps to obtain canonical discriminant functions.
1.3 The following table shows the eigenvalues and corresponding eigenvectors of W 'B:

Eigenvectors
Component | Eigenvalue
P g X, X; X X, Xs
1 2.616 0.452 0.462 0.451 0.471 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

How many groups and variables were considered in this problem?

List all the canonical discriminant functions.

c. Assuming that the i™ sample size, n; = 30 for all i; test whether each of these functions
varies significantly from group to group.

QUESTION TWO. [ 6+ 10+ 9 marks ]

o P

2.1 Discuss the differences between factor analysis and principal component analysis.

2.2 Briefly discuss the different stages of the methods of principal component factor analysis.

2.3 Write the unrotated factor model along with the respective communalities using the following
table which shows the eigenvalues and corresponding eigenvectors of C 1.

Eigenvectors
Eigenvalue X, X, X3 X4 Xs
3.111 0.512 0.375 -0.246 -0.315 -0.222
1.817 -0.024 0.000 0.432 0.109 -0.242
1.204 -0.278 0.516 -0.503 -0.292 0.071
0.663 0.016 0.113 0.058 0.023 0.783
0.305 0.025 -0.345 0.231 -0.854 -0.064
QUESTION THREE. ' [10+3 +4+ 4+ 4 marks ]

3.1 State and discuss the important properties of Principal Component Analysis.

3.2 Discuss why the correlation matrix plays an important role in Principal Component Analysis.
3.3 State the four steps of the procedure for a principal component analysis.

3.4 Consider the following table:

Eigenvectors
Component | Eigenvalue
X1 X3 X3 X4
1 1.337 —0.407 0.617 0.673 0.036
2 1.206 —0.567 0.345 -0.013 0.748
3 0.762 0.710 —0.013 0.470 —0.525
4 0.694 —0.091 —0.707 0.573 0.406

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

b. List those selected components and interpret those in terms of original variables, X;°.
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QUESTION FOUR. [8+2+3+2+2+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 1-5 are obtained running Factor
Analysis and Tables 6-8 are obtained running Discriminant Function Analysis:

Table 1:

Correlation Matrix

x1 X2 x3 X4 x5 X6 x7 x8
Correlation x1 1.000 -.019 -.183 -.070 -.031 -.064 -.050 .085
x2 -.019 1.000 221 129 152 031 -.165 -.144
x3 -.183 221 1.000 .756 .744 .650 -.358 -733
x4 -.070 129 .756 1.000 .883 .865 -.583 -.962
x5 -.031 152 .744 .983 1.000 .809 -.508 -.937
x6 -.064 .031 .650 .865 .809 1.000 -.699 -.900
x7 -.050 -.165 -.358 -.583 -.508 -.699 1.000 607
x8 .085 -.144 -.733 -.962 -.937 -.900 .607 1.000
Table 2: Table 3:
Total Variance Explained
Component Initial Eigenvalues Component Matrix 2
Total % of Variance | Cumulative % Component
1 4798 59.976 59.976 1 2 3
2 1.061 13.268 73.244 x1 ~094 908 287
2 192 -.286 .934
3 : 12.494 738 X
4 999 2 85.73 x3 .805 -.256 .039
.659 8.240 93.978 x4 974 018 -.062
5 .290 3.622 97.600 x5 946 022 -.029
6 142 1.774 99.374 x6 921 A14 -143
7 .041 508 99.882 x7 -.684 -.275 -.126
8 009 118 100.000 | L8 973 015 052

Extraction Method: Principal Component Analysis.
a. 3 components extracted.

Table 4: Table 5:
Rotated Component Matri® Component Score Coefficient Matrix
Component Component
1 2 3 1 2 3

x1 -.037 .956 -.004 x1 .032 .902 .020

x2 .081 -.002 .992 x2 -.068 .022 .970

x3 772 -.280 .202 x3 41 -.228 126

x4 974 -.059 .046 x4 .208 -.014 -.041

x5 .943 -.043 .073 x5 .200 .000 -.011

x6 .936 .011 -.066 x6 213 .047 -.146

x7 -.692 -.259 -.116 x7 -.153 -.276 -.060

x8 -.971 .059 -.055 x8 -.207 .014 .031
Extraction Method: Principai Component Analysis. Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization. Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 4 iterations.
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Table 6:
Wilks' Lambda
Wilks'

Test of Function(s) | Lambda Chi-square df Sig.

1 through 4 .096 236.520 20 .000

2 through 4 .374 99.244 12 .000

3 through 4 .704 35.509 6 .000

4 944 5.821 2 .054
Table 7:

Standardized Canonical Discriminant Function Coefficients
Function
1 2 3 4

X2 424 -.043 -.544 .830

x4 -.329 -.881 3.331 2.697

x5 -.221 1.743 -3.062 -2.472

x7 774 .601 473 .340
Table 8:

Canonical Discriminant Function Coefficients

Function
1 2 3 4
x2 .001 .000 -.001 .001
x4 -.049 -.132 499 404
x5 -.037 .293 -514 -.415
X7 1.121 .871 .685 493
(Constant) 3.847 -11.174 -2.615 -2.498

Unstandardized coefficients

4.1 Examine Tables 1 & 2 and explain the suitability of principal component analysis. How many
principal components will you obtain from the original data set? How many principal
components will you choose? Explain.

4.2 How many factors were chosen in Table 3? Explain the reason.

4.3 Do you agree with part 4.27? If not what will you do? Explain why? List the first two
equations of your chosen model and compute their communalities.

4.4 List all equations needed to compute factor scores based on the number of factors chosen in
part 4.2.

4.5 Is it possible to say how many groups and variables were considered in discriminant function
analysis (Tables 6-8)? If possible write the number of variables and the number of groups;
either exact number or the range of numbers.

4.6 Write all the discriminant functions and test whether each of those is significant at 5% level
of significance.
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QUESTION FIVE. [3+6+2+6+ 6+ 2 marks]

Suppose we have three variables in each of the 3 groups with equal sample sizes of 3. Consider
the followings:

4 9 5 5.33 4.5 233 =267 0.00
x=|5 8 6|, X=|6.67 S*=1938]|, C'=|-267 533 -4.00
7 3 7 6.00 1.5 000 -4.00 8.00
22 17 7 36 —-12 16
W=|17 16 8|, & T=|-12 78 -10
7 8 6 16 -10 12

where x is the matrix of means, the first row represents the means of the three variables in group

A, etc.; X is the vector of means of the three variables; S” is the vector of variances of the three
variables; C' is the inverse of the pooled covariance matrix of group A and B; W is the within
sum of squire matrix and T is the total sum of squire matrix.

1.1 Perform a univariate £ tests for variables 1 and 2 at 5% level of significance.

1.2 Perform Hotellings’ T* test considering groups A and B.

1.3 Write the matrix B, between sum of square matrix.

1.4 Compute Wilk’s A statistic and @. Use * approximation to test the equality of population
mean vectors. Specify the null and alternative hypotheses.

1.5 Complete the ANOVA tables, with one extra column for the conclusion, of the one-way

analysis of variance procedure to test the equality of variable means for each of those three
variables.

1.6 Comment on the results found in part (1.3) and (1.4).
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