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STOCKHOLM UNIVERSITY
Department of Statistics
Ellinor Fackle-Fornius

EXAM IN MULTIVARIATE METHODS
November 1 2018

Time: 5 hours

Allowed aids: One A4 size sheet (with formulas, text etc.) brought by the student, pocket
calculator, language dictionary.

The exam consists of five questions. To score maximum points on a question solutions need
to be clear, detailed and well motivated.

Results will be announced no later than November 15.

Question 1. (16 points)

Define and describe the following tests:

a) x? test for Confirmatory Factor Analysis

b) Multivariate Wilks’ A for Discriminant Analysis

¢) —2LogL test for Logistic Regression

Question 2. (16 points)

We have data with scores on various Olympic decathlon events for 33 athletes. The events
are: (1) 100m, (2) long jump, (3) shot putt, (4) high jump, (5) 400m, (6) 110m hurdies,
(7) discus, (8) pole vault, (9) javelin, (10) 1500m. The throwing and jumping events are
measured in metres and the running events in seconds. A Principal Components Analysis
was performed after standardizing the data (that is, based on the correlation malrix) and
the resulting outputs from PROC PRINCOMP are presented on page 2.

a) Draw a scree plot.
b) Explain how many principal componcnts you would usc to summarize the data.
¢) Compute the loadings of the variables on the first PC. Interpret the first PC.

d) The analysis was performed on standardized data. What difference would you expect if
the data had not been standardized? Which type of analysis would you prefer?
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The PRINCOMP Procedure

Observations | 33
Variables 0
Simple Statistics J
I _100m longjump shotputt highjump _400m | _110mhurdles discus
Mean | 1110636364 | 7.133333333 | 1397636364 | 1982727273 49.27666667 15.04878788 | 42.35393939
S 024332101 | 0.304340133 | 133199056 | 0.033963799 | 1.06956019 050676522 | 371913123
Simple Statistics
polevault[ Javedin J5°°:
Mean | 4739393939 | 59.43878788 | 276.0384848
S | 0334470575 | 549599841 | 13.6570975
Eigenvalues of the Correlation Matrix
Elgenvalue | Difference | Proportion Cumulative
1 | 341823814 | 0.81184507 03418 03418
2 | 2.60639314 | 166309673 0.2606 0.6025
3 | 0.94329641 | 0.06527516 00943 0.6968
4 | 087802124 | 032139459 0.0878 0.784_6'_'
5 | 0.55662665 | 006539914 0.0557 0.8403
6 | 0.49122752 | 0.06063230 004 0.8894
7 | 0.43058522 | 0.12379708 00431 08324
8 | 030679812 | 0.03984671 0.0307 0.9631_'
l_9 0.26694941 | D.165(9526 0.0267 U.QE
10 | 0.10185415 0.0102 1.0000
Eigenvectars
Prin1 Prin2 Prind Prind Prin5 Pring Prin7 Prin8 Pring Prin10
_100m 415882 | 0.148808 | 0.267472 | 0.088332 | 0.442214 | -030712 0254298 | -.663713 | 0.108395 | 0.109480
longjump 0394051 | -.152082 | 0.166949 | 0.244250 | -368914 | 0093762 0750534 | -141264 | -.046139 | 0.055804
shotputt 0265106 | 0483537 | -008533 | 0.107763 | 0.009755 | -23002 -110664 | -.072506 | -422476 | D.G50737
highjump 0.212282 | 0027898 | 0.854987 § -387944 | 0.001876 | -074544 .135124 | 0.155436 | 0.102065 | 0119412
_400m 355847 | 0352160 | 0.189496 | -080575 | -.146965 | 0.326929 0.141320 | 0.146839 | -.650762 | -336814
_10mhurdles | -.433462 | 0.069568 0.126160 | 0.382200 | 0.088603 | -210491 | 0.272530 | 0.639004 0.207239 | 0.259716
discus 0.175792 | 0503335 | -046100 | -025584 | -019359 | - 614912 | €.143973 | -002400 0.167241 | -.534503
polevault 0384082 | 0.149582 | -136872 | -.143965 | 0.716743 | 0.347760 0273266 | 0276873 | 0017664 | -.065896
Jjavelin 0.179944 | 0371957 | 0.192328 | 0.600466 | -.095582 | 0437444 341910 | -058519 | 0306196 | -.130932
_1500m -170143 | 0420965 | -222552 | -485642 | -339772 | 0.300324 0.186870 | -007310 | 0.456882 | 0.243118
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Question 3. (16 points)

Consider the six-indicator two-factor model represented by the following equations:

A=085F +0.12F, + Uy4
B =0.74F, +0.07F, + Ug
C =0.67F +0.18F, + Ug
D=021F, +0.93F; + Up
E =0.05F, +0.77F 4+ Ug
F=008F +0.62F + Up

The usual assumptions hold for the above model.

a) What are the pattern loadings of indicators A, C' and E on the factors F| and F, when
1) COTT(F], Fg) o ¢12 =0 23) COTT(F], Fg) = ¢12 =0.27

b) What are the structure loadings of indicators A, C and E on the factors F, 1 and F5 when
1) COTT(F], Fg) == ¢12 =0 ZZ) COTT(FI,F2) = qblg =0.27

¢) Compute the correlations between indicators C and D when i) Corr(F\,F) = ¢ = 0
‘L‘L) COTT(F], Fg) = qﬁ]g =0.2.

d) What percentage of the variance of indicator A is not accounted for by the common
factors when i) Corr(Fy, F3) = ¢1p =0 it) Corr{Fy, F») = ¢1o = 0.27

Question 4. (16 points)

Consider the matrix of distances

1 2 3 4
170
2113 0
3152 65 0

4\18 1 58 0

Cluster the four items using each of the following procedures:
a) Single linkage
b) Complete linkage

¢) Average linkage




Question 5. (16 points)

In order to identify the best sales prospects for a sales campaign, a riding-mower manufactu-
rer is interested in classifying families as prospective riding-mower owners or nonowners o
the basis of z; = income (in $1000s) and z; = lot size (in 1000 ft?). Data were collected and
a logistic regression was fitted:

log (%}) = By + Sz + Boxa

Estimate SE t-stat | p-value

(Intercept) | -29.2640 | 12.7889 | -2.2882 | 0.0221
x1 0.1109 | 0.0543 | 2.0417 | 0.0412

x2 0.9638 | 0.4628 | 2.0825 | 0.0373

P g i e ——

The following table displays observations on 12 riding-mower owners and 12 nonowners as
well as the estimated probability to be an owner based on the logistic regression.

Riding-mower
Nonowners
owners
T) T2 p Ty T2 P

90.0 18.4 0.1746 | 105.0 19.6 0.7801
1155 16.8 0.4333 | 82.8 20.8 0.4904
948 21.6 0.8873| 948 172 0.1018
091.5 20.8 0.7163 | 73.2 204 0.1842
117.0 23.6 0.9984 | 114.0 176 0.5833
140.1 19.2 09916 | 79.2 17.6 0.0287
138.0 17.6 0.9524 | 89.4 16.0 0.0192
112.8 224 09921 | 96.0 184 0.2915
99.0 20.0 07284 | 774 164 0.0076
123.0 20.8 009881 | 63.0 188 0.0154
81.0 22.0 0.7148 | 81.0 14.0 0.0011
111.0 20.0 09103 | 93.0 14.8 0.0091

a) Interpret the parameter El.

b) What are the odds that a household with a $60 000 income and a lot size of 20 000 ft? is
an owner?

c) What is the classification of a household with a $60 000 income and a lot size of
20 000 ft2?

d) What is the minimum income that houschold with 16 000 ft2 lot size should have before
it is classified as an owner?

e) Classify the observations given in the table and compute the sensitivity and specificity of
the classification.
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