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[5+4+2+4+10 marks]

a. “Principal components analysis does not always work, in the sense that a large number of
original variables are reduced to a small number of transformed variables. Indeed, if the original
variables are uncorrelated, then the analysis achieves nothing”. Explain.

UESTION ONE.

b. Check the suitability of principal component analysis for the eight variables given in the
following correlation matrix. Explain your evaluation.
S e T RN L S S S A L e 1 L iy
Correlation Matrix
| x1 X2 x3 x4 x5 x6 x7 x8
Correlation x1 1.000 -.018 -.183 -.070 -.031 -064 | -.050 .085
x2 -.019 1.000 221 129 .152 .031 -.165 -144
x3 -.183 221 1.000 .756 744 850 -.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 -.608 -.800
x7 -.050 -.165 -358 | -.583 -.508 -.608 1.000 .607
x8 .085 -.144 -733 -.962 -.937 -.900 .807 1.000
c. Consider the following partial SPSS output:
Total Variance Explained
Initial Eigenvalues Extraction Sums of Squared Loadings
Component Total % of Variance | Cumulative % Total .| % of Variance | Cumulative %
1 1.337 - 33.432 33.432 “1.337 33.432 33.432
2 1.206 30.160 63.592 1.206 30.160 63.592
3 762 | 19.060 82.852 762 19.060 82.852
4 694 17.348 100.000 .694 17.348 -100.000
Extraction Method: Principal Component Analysis. '
Component MatrixX
Co nt
1 2 3 4
x1 -471 623 - .820 -.076
x2 714 379 -011 | -589
x3 778 -.014 410 AT7
x4 .041 821 -.458 .338

Extraction Method: Principal Component Analysis.
2. 4 components extracted.

i
ii.

State the total number of original variable in the data set.
How many components will you get? How many will you select? Explain why?

iii. Listall possible principle components. Explain all steps to obtain these components.
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QUESTION TWO. [5+8+ 12 marks]

a.  State and define the general factor analysis model.

b.  List the important differences between factor analysis and principal component analysis.

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

B R B o Elgenvmrs
Component | Eigenvalue
ompo 8 Xi X2 X3 - X
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

. How many components will you have? How many components w111 you choose?
* Explain why?
ii. List those selected components and interpret those in terms of original variables, X,

UESTION THREE. [6+12+6+ 1 marks]

Suppose we have three variables in each of the 3 groups thh sample sizes n=3, ng=4 and nc=5.
Consider the followings:

T4 13 5 4.25 57) [ 2170 -0.258 -2435
x=/6 10 6|, X=|11.58 S?=[8.6], C'=|-0258 0.156 0.148
312 7] . \ 6.17 1.6) ~2435 0.148 3.643

42.0 39.0 10.0 [62.25 24.25 8.5

W=[39.0 78.0 110, & T=]2425 9492 8.83

10.0 11.0 10.0 | 85 883 17.67

where X is the matrix of means, the first row represents the means ofthethreevanablesmgroﬁp
A etc; X 1s the vector of means of the three variables; S? is the vector of variances of the three

vanables C! is the inverse of the pooled covariance matrix of group B and C; W is the within
sumofsqmrematnxandTlsthetotal sum of squire matrix.

Answer the following questions:

a. Perform Hotellings’ T test conmdenng group B and C. Specify the null and alternative
hypotheses.

b. Compute Wilk’s A statistic. Use ¢* and F approximation to test the equahty of population
mean vectors. Specify the null and alternative hypotheses.

c. Perform the one-way analysis of variance procedure to test the equallty of variable means for
each of those three variables.

d. Comment on the results found in part (b) and (c).
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QUESTION FOUR. [6+2+2+5+10marks ]

a.  Define Discriminant Function. State the important properties of these functions.

b. Discuss the main reason why we prefer the Discriminant Function Analysis over Factor
Analysis.

c. The following table shows the exgenvalues and corresponding eigenvectors of wB:

Eigenvectors
Eigenvahle Xl X2 X3 X4 X5
3.111 0.512 0375 -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

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

ii.  List all the canonical discriminant functions.

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

QUESTION FIVE. [6+2+2+2+3+ 10 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 1-4 are obtained running Factor
Analysis and Tables 5-7 are obtained running Discriminant Function Analysis:

Table 1:
Total Variance Explained
Component Initial Eigenvalues Extraction Sums of Squared Loadings
Total % of Variance | Cumulative % Total % of Variance | Cumulative %

1 3.279 46.842 46.842 3.279 46.842 46.842
2 1.507 21.527 68.369 1.507 21.527 68.369
3 1.124 16.053 84.422 1.124 16.053 84.422
4 608 8.706 93.128
5 .346 4.947 98.074
6 132 1.801 99.965
7 002 .035 100.000

Extraction Method: Principal Component Analysis.
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Table 2: Table 3:
Component Matri Rotated Component Matrif
Component 1 Com_pzonem -
2 3

Y1 469 722 279 :; .169 ,gs; ,:g;

Y2 410 740 341 - .085 _15 00
Y3 819 .084 -A4T7 . 920 .131 104
Y4 751 080 -.547 v .92(1) A1 ._059
Y5 770 - 461 429 N 22 968 058
Y6 772 -.459 427 7 -2f3 ﬁj .106
Y7 683 -.067 -190 ] 614 _ , |
Extraction Method: Principal Component Analysis. Extraction Method: Principal Component Analysis.

a. 3 components extracted.

Table 4:

Table 5:

Rotation Method: Varimax with Kaiser Normalization.
a. Rotation oonverged in 5 iterations.

Component Score Coefficlent Matrix

Component
1 2 3
Yi -.052 -.026 555
Y2 -.102 -012 581
Y3 479 -122 -.039
Y4 507 -.163 . -.085 |
Y5 -.118 530 -.018
Y6 -116 528 -.018
Y7 265 .054 -.034

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

Wilks' Lambda
Wilks' o
| Test of Function(s) | Lambda | Chi-square | df- Sig.
1 through 3 .890 2554.401 18 .000
2 through 3 .882 386.582 10 .000
3 994 128.247 4 .000
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Table 6:
' Standardized Canonical Discriminant Function Coefficients
Function
1 -2 3
X1 923 | -456 199
X2 326 .396 | 637 |
X3 008 [ -207 .949
X4 121 -.162 -.150
X5 -.140 691 -.301
X6 -.044 .740 .091
Table 7:
Canonical Discriminant Function Coefficients
Function
1 2 3
X1 989 -.489 213
X2 023 028 .046
X3 014 -447 2.055
X4 118 -.158 -.146
'X5 -312 1541 |  -671
X8 . -.052 879 .109
(Constant) -2.808 -1.316 -1.908
-Unstandardized coefficients '

a. Examine Table 1. State the number of original variables and number of total principal

components you can get from the analysis. How many principal components will you select?
- Explain. How many factors will you select? Explain.

b. How many factors were chosen in Table 2? Explain the reason. Do you agree? If disagree,
explain why?

c. List the first two equations of the model chosen in Table 2 and compute the1r communalities.

d. List all equations needed to compute factor scores based on the number of factors chosen in
part (b).

e. Is it possible to say how many groups and variables were considered in discriminant function
analysis (Tables 5-7)? If possible write the number of variables and the number of groups;
either exact number or the range of numbers.

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