DTU M.SC(ENG) EXAM Page 1 of 16 pages.
Enclosure: 11 pages.

Written test, date: 8. December 2009 Course no. : 02409
Course name: Multivariate Statistics “Multivariat Statistik”.

Aids allowed: All usual ones

“Weighting”: The questions are given equal weight.

This exam is answered by:

(name) (signature) (study no.)

There is a total of 30 questions for the 9 problems. The answers to the 30 questions must be written into
the table below.

Problem | 1 1 1 1 1 1 2 2 2 2
Question | 1.1 1.2 13|14 ]15]16 |21 (22|23 |24
Answer

Problem 2 2 3 3 3 3 3 4 4 4
Question | 2.5 |26 |3.1|3.2 3334|3541 42|43
Answer

Problem | 4 4 4 5 5 6 7 8 9 9
Question | 4.4 | 45|46 |51 [52|6.1|71]81/]9.1]9.2
Answer

The possible answers for each question are numbered from 1 to 6. If you enter a wrong number, you may
correct it by crossing the wrong number in the table and writing the correct answer immediately below. If
there is any doubt about the meaning of a correction then the question will be considered not answered.

Only the front page must be returned. The front page must be returned even if you do not answer
any of the questions or if you leave the exam prematurely. Drafts and/or comments are not considered,
only the numbers entered above are registered.

A correct answer gives 5 points, a wrong answer gives —1 point. Unanswered questions or a 6 (corresponding
to “don’t know”) gives 0 points. The total number of points, needed for a satisfactorily answered exam is
determined at the final evaluation of the exam. Especially note that the grade 10 may be given even if only
one answer is wrong or unanswered.

Remember to write your name, signature and study number on the front page.



Please note, that there is one and only one correct answer to each question. Furthermore, some of the
possible alternative answers may not make sense. When the text refers to SAS-output the values may be
rounded to fewer decimal places than in the output itself. Please check that all pages of the exam paper and
the enclosure are present.

Problem 1.

Enclosure A with the SAS-program and the corresponding SAS-output belongs to this problem.

The data are part of a study on two species of male flea-beetles: Chaetocnema concinna and Chaetocnema
heikertlinger.

The variables are:

Variable Description

species i ”Conc” = Chaetocnema concinna, ”Heik” = Chaetocnema heikertlinger

number : observation number within species

1 : width of the first joint of the first tarsus in microns (the sum of mea-
surements for both tarsi)

To :  the same for the second joint

T3 :  the maximal width of the aedeagus in the fore-part in microns

Option "simple” in the "proc discrim” statement gives various univariate statistics.
Question 1.1.

Mahalanobis’ distance between the two groups is:

(193.8—183.1)2
267.2

2 0 | —290.6 — (—245.9) |
O 1—0.0323

O 15.07

50 9.52

6 O Don’t know.

The problem continues on the next page



Question 1.2.

The usual test statistic for testing a difference in mean for the two groups is distributed as F(v1, o) where
V9 equals:

10 46

2 0 47

3 0 48

4 0 49

5 0 50

6 O Don’t know.

Question 1.3.

The pooled variance estimate for variable z; is:

10 267.2

267.2
24 193.8

147.494-222.13
30 :

20-147.49430-222.13
40 20430

21-147.49+431-222.13
50 21431

6 O Don’t know.

Question 1.4.

T
A new flea-beetle specimen is collected. It is classified as ”Conc” if d' - | zo | > c.
3

The constant c is:

10 —44.63
2 0 44.63
3 O 15.07
4 0 9.52
50 10

6 O Don’t know.

The problem continues on the next page



Question 1.5.

The generalised variance of the pooled covariance matrix is:

10 13618.0
20 267.2-72.1-6.6

304 em

40 12,172+ 7.2 +2.22 + 14.9% + 6.6% + 2.3?
50 50

6 O Don’t know.

Question 1.6.

In order to construct a quadratic classification rule with equal priors based only on variable 1 we do not
need the value:

10 183.1
2 0 147.5
3 O 201.0
4 0O 222.1
5 O 193.8

6 O Don’t know.



Problem 2.

Enclosure B with the SAS-program and the corresponding SAS-output belongs to this problem.
The data are part of a study on a single species of male flea-beetles: Chaetocnema heikertlinger.

The variables are:

Variable Description

number : observation number

1 : width of the first joint of the first tarsus in microns (the sum of mea-
surements for both tarsi)

To :  the same for the second joint

T3 :  the maximal width of the aedeagus in the fore-part in microns

T4 :  the front angle of the aedeagus (1 unit = 7.5 degrees)

5 :  the maximal width of the head between the external edges of the eyes
in 0.0lmm

T6 :  the aedeagus width from the side in microns

Question 2.1.

We are analysing the correlation matrix. In this case the total variance is:

101

20 2.71

3 0 3.81

40 2.71-1.10
506

6 O Don’t know.

Question 2.2.

The usual test for the partial correlation pys456 has the following number of degrees of freedom under the
null hypothesis:

1029
20 28
3 0O 27
4 0O 26
50 25

6 O Don’t know.

The problem continues on the next page



Question 2.3.

Consider a principal component analysis based on the correlation matrix. For the first observation the value
of the first principal component is found as:

6 O

[ 0.52 ]
0.47

| 0.26 |
[ 0.52 ]
0.47

026 | |
[ 0.52 ]
0.47

026 | |
[ 0.52 ]
0.47

026 | |
[ 0.52 ]
0.47

0.26

Don’t know.

Question 2.4.

201
119.3

81

8.9

-1

4 -1

186 201
107 119.3
84 81
186 201
107 119.3
84 81
201
119.3
81

For the two factor model the varimax rotation correponds to a rotation of:

10

20

30

4 0O

50

6 O

30.7 degrees
75.7 degrees
104.3

-14.3 degrees
14.3 degrees

Don’t know.

The problem continues on the next page



Question 2.5.

Compare the two factor and the three factor model. The increase in the proportion of the variance explained
by going from a two factor model to a three factor model is:

10 0.33
20 0.15
3 O 0.19
4 0O 0.18
5 0 0.64

6 O Don’t know.

Question 2.6.

Compare the two factor and the three factor model. The proportion of the variance explained for each
variable changes dramatically for one of the variables. Which one?

10 24
2 0 x9
3 0 x4
4 0O x4
50 x5

6 O Don’t know.

Problem 3.

Enclosure C with the SAS-program and the corresponding SAS-output belongs to this problem.

The data originate from an experiment where a supermarket chain randomly assigned different prices (in US
dollars) to a house brand of coffee. The coffee was advertised (advertise=1) in a standard way in all cases.
The amount of coffee sold (in pounds) was registered. Some weeks later the experiment was conducted
again but without advertising (advertise=0). The squared values of the prices are also included in the data
(variable: price2).

The first proc glm corresponds to a regression model with individual intercepts, individual coefficients to
the first degree term (price), and individual coefficients to the second degree term (price2). Consider this
model as "M”.

The second glm corresponds to a simplified regression model. Consider this model as "H”.
In some of the following questions the notation in the ANOVA-table on p. 136 in the book is used.

The problem continues on the next page



Question 3.1.

Going from model "M” to model "H” the fraction of variance explained drops by:

1 O 5.697
202

O 0.203

0 0.000156
5 0 1356.08

6 O Don’t know.

Question 3.2.

|| Py (Y) — Py (Y) || equals:

10 3252.47 —1896.39
2 0O 610.1

3 O 44042.21

4 0 14.17—13.97

5 0 298.9

6 O Don’t know.

Question 3.3.

k — r equals:

04
505

6 O Don’t know.

The problem continues on the next page



Question 3.4.

|| Y — Py (Y) ||? equals:

10 3211.7
2 0 1903352
3 0O 1896.4
4 0O 200.7
5 0 0.9983

6 O Don’t know.

Question 3.5.

n — k equals:

10 14
2015
3 0 16
4 0 17
50 18

6 O Don’t know.

Problem 4.

A supermarket chain randomly assigned different prices (in US dollars) to a house brand of coffee. The
amount of coffee sold (in pounds) was registered. The following data corresponds to a subset of the original
data in Enclosure C.

Pounds Price

1124 3.0
830 3.4
619 3.8
451 4.2
296 4.6
194 5.0

In the following we choose to analyse the data by means of orthogonal polynomials.

The problem continues on the next page
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Question 4.1.

We first consider constructing the orthogonal polynomials directly based on the original values of ”price” in
dollars. In that case the first order (orthogonal) polynomial is:

1 O price

2 0O price — 3.5
3 O price — 4.0
4 0O price + 3.5
5 O price +4.0

6 O Don’t know.

Question 4.2.

In order to use the framework in the book we need to perform the following:

price—3.0

1 O Transform the price by *=5=5

2 O Transform the price by %%:3'0 +1

price—2.0

3 O Transform the price by “=5=55

price—2.0

4 O Transform the price by 0q

5 O Transform the price by %‘?5'0 +1

6 O Don’t know.

Question 4.3.

In order to conduct the analysis we need the following entry in table 4.1:

1 O The entry corresponding to n = 8
2 O The entry corresponding to n = 2
3 O The entry corresponding ton =7
4 O The entry corresponding to n =4
5 O The entry corresponding to n = 6

6 O Don’t know.

The problem continues on the next page



Question 4.4.

A polynomial of order two was chosen.

The estimated residual variance is: 187.6.

11

The standard errors of the parameter estimates for the individual orthogonal polynomials (using transformed

prices) are as follows:

Order Estimate Standard error

0 585.7 5.59
1 -91.7 1.64
2 14.1 1.49

The coefficient for the second order orthogonal polynomial is

1 O significant at level 0.001 but not at level 0.0005
2 O significant at level 0.005 but not at level 0.001
3 O significant at level 0.01 but not at level 0.005

4 O significant at level 0.05 but not at level 0.01

5 O significant at level 0.1 but not at level 0.05

6 O Don’t know.

The problem continues on the next page



Question

4.5.

A polynomial of order two was chosen.

The estimated residual variance is: 187.6.

12

The standard errors of the parameter estimates for the individual orthogonal polynomials (using transformed

prices) are as follows:

Order Estimate Standard error

0 585.7 5.59
1 -91.7 1.64
2 14.1 1.49

We wish to construct a confidence interval for the expected value of a new observation at (transformed)
price: p. The constant ¢ used in the construction of a confidence interval for the expected value of a new

observation is:
10 [1pp2].
20 [1pp].
30 [1pp].
40 [1pp2].

5D[1pp2]

559 0 0 1
1 2
0 0 1.49° p?
5.592 0 0 1
187.6 0 1642 0 P
0 0 1.49° p?
5.59 0 0 1
1
0 0 1.49 p?
559 0 0 1
1876 0 164 0 P
0 0 1.49 p?
5.592 0 0 1
0 1.64° 0 P
0 0  1.49? p?

6 O Don’t know.

The problem continues on the next page



13

Question 4.6.

A polynomial of order two was chosen.
The estimated residual variance is: 187.6.

The standard errors of the parameter estimates for the individual orthogonal polynomials (using transformed
prices) are as follows:

Order Estimate Standard error

0 585.7 5.59
1 -91.7 1.64
2 14.1 1.49

In order to make a 95% confidence interval for the expected value of a new observation we need the following
percentile from a t-distribution:

10 5.841

2 0 3.182

3 0 2.353

4 0O 4.303

5 0 2.920

6 O Don’t know.

Problem 5.

Consider the two random vectors: X and Y.
Assume: E(X) = Mx, D(X) = EX)(, E(Y) = My, D(Y) = Eyy, C(X,Y) = EXY

Furthermore, consider the constant matrices A and B and the constant vector e. All have dimensions so
the involved matrix-vector operations exist.

Question 5.1.

E(AX + BY + ¢) equals

10 Apx + Bpy

20 AuyA'+ BuyB' +c
30 AA'ux + BB'uy + ¢
40 Apy + Bupy +c¢
50 AB' + pxply

6 O Don’t know.

The problem continues on the next page
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Question 5.2.

D(AX + BY) equals

10 AXxx + BYY, + AXxy + BEyy B’

20 AXyxA + BXyyB' +¢c

30 AXyxA + BXyyB’

40 AXyxA' + BY\A'+ AS xyB' + BEyyB' + ¢
50 AXxxA + BYy A + AXxyB' + BSyy B’

6 O Don’t know.

Problem 6.

Consider a linear discrminant analysis with 3 or more groups.

Question 6.1.

An overall assessment (test) for the null hypothesis: ”all group means are equal” is best tested using:

1 O Three Hotellings T? in the one-sample case

2 O Three Hotellings T? in the two-sample case

3 O A multivariate one-sided analysis of variance

4 O A multivariate two-sided analysis of variance

5 O A test for equality of the last three eigenvalues of the covariance matrix

6 O Don’t know.



Problem 7.
Question 7.1.

Only one of the following matrices can be a covariance matrix. Which one?

4 0 0
10 |0 3
0 2 1|
1 0 0]
20 |0 3 2
0 2 4
[ 2 3
O
3 -3 2
.
O
4 L
(2 1
O
o2 1]

6 O Don’t know.

Problem 8.

Consider two populations: 71 ~ N(u, X), mo ~ N (e, X)

Assume: (py — po)'S H(py — pg) =1

Classify as m ift 2'3 (g — po) — i oy + SpubE tpy >0
Question 8.1.

The probability of misclassification for population 1 is:

10 0.1587
2 0 0.3085
30 0.5

4 0O 0.6915
5 0 0.8413

6 O Don’t know.
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Problem 9.

An experiment is conducted with 4 levels of factor A and 5 levels of factor B. For each combination of levels
of A and B there is one observation. The outcome is measured using a bivariate variable.

Question 9.1.

The usual test statistic for the hypothesis: ”"no overall effect of factor A” is distributed as U(vy, o, v3) where
vy is:

6 O Don’t know.

Question 9.2

The usual test statistic for the hypothesis: ”"no overall effect of factor A” is distributed as U(v1, o, v3) where
Vo is:

303
4 0 4
505

6 O Don’t know.
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