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Summary

In this paper statistical selection procedures are discussed in general terms. Statistical selection

procedures have been designed specifically to answer questions like "Which treatment or variety

can be considered to be the best?". In a certain sense statistical selection procedures are more

realistic in answering such a question than the usual testing and multiple comparisons procedures.

The statistical selection procedures of Bechhofer and Gupta are considered. Some practical appli

cations are given. Finally, attention is paid to the relatively new combined procedure of (Hsu,

1981, 1984) and the procedures of (Somerville, 1985).

1. The general problem

In the practical situation we often have to

make decisions. To make a decision is not

always an easy task. Especially in the case of

selection we often want to make an optimal
decision.

Before a decision can be made a careful

analysis is necessary. Statistical estimation

and hypotheses testing, statistical inference

in short, provide us a statistical methodology

which can help us to analyse the observations

in a reasonable way. Let us consider the fol

lowing important problem. A breeder is com

paring a number k (k ~ 2) of potential wheat

varieties. A wheat variety is characterized by

the expected yield Il per plot of constant size.

The goal of the breeder is to select one or

more good varieties. Or formulated in a more

accurate way : he wants to select ultimately

the best variety, where the best variety is

defined as the variety with the largest

expected yield per plot.

The statistical approach to the problem of

finding the best variety is indicated by the

term Statistical Selection. The approach usu

ally used in practice. is to test the so-called

Homogeneity hypothesis

H : III =Ilz = ... =Ilk

by analysis of variance techniques. Multiple

comparisons and simultaneous confidence

intervals can give additional information.

The question arises from a practical point of



view whether testing the Homogeneity

hypothesis is a realistic statistical approach.

In the agricultural experiment sketched

before one can expect that the wheat varieties
are genetically different. So having a

sufficiently large number of observations one

would expect to reject usually the Homo
geneity hypothesis. Then the question still is:

"What is the best variety?". For rejecting the

Homogeneity hypothesis can not be in prac
tice the final decision. For further discussion

of testing the Homogeneity hypothesis we
refer to (Otew, 1977). Especially, during the

last ten years, the methodology of statistical

selection has drawn attention of the statisti

cians. Statistical selection procedures have

been developed in particular answering ques

tions like "Which variety is best?". Already

in 1954 Sieben, worldng at the Agricultural
University Wageningen during that time, has

pointed out the importance of a good statisti

cal selection methodology for designing field
experiments in plant breeding and interpret

ing the results of these experiments. In

variety testing the k varieties are often

described by qualitative variables. In that

case the statistical selection procedures are

adequate procedures. For the sake of com

pleteness, we remark that response surface

analysis (cf. Box, Hunter & Hunter, 1978) is

an adequate technique to select the optimal
population for populations described by

quantitative variables. In the opinion of the

authors the application of statistical selection
techniques is a backward area. The methods

of statistical selection are not extensivily

used in practice. Moreover, the practitioners
are used to apply analysis of variance tech

niques (ANOVA). The conversion from

ANOVA techniques to statistical selection

procedures in a number of cases is a great
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step, because one can describe this transition

as a change-over in statistical thinking. Of

course, there are still practical and theoretical

obstacles to surmount in special cases. The

general procedures of ranking and selection

have been explained in a completely non

mathematically way by (Gibbons, Olkin &

Sobel, 1977). (Gauch & Zobel, 1989) wrote

a paper on the influence of accuracy upon

selection success, with special attention to a
New York soybean yield trial. An extensive

overview and literature can be found in (van

der Laan & Verdooren, 1989). Recent

developments have been carried out produc

ing new extensive tables and simulation

results for selection constants in complex

designs. We hope that a better announcement

and understanding of statistical selection pro

cedures will stimulate the applications. This
is the main argument to write this paper.

2. The two basic approaches of statistical
selection

There are two basic approaches developed in

the statistical literature. One approach has
been developed by (Bechhofer, 1954). The

second approach has been thoroughly investi

gated by (Gupta, 1956, 1965). These two per

sons can be considered as the pioneers in the

field of statistical selection. The field of sta

tistical selection continuous to grow. The

research has developed in several directions

in the past thirty years.

Various new developments have been carried

out. In the next two sections we shall

describe the two approaches developed by

Bechhofer and Gupta, respectivily.



2.1. Indifference Zone approach of selec

tion

In this section we shall describe the approach

initiated by Bechhofer. This approach will be

indicated by Indifference Zone approach.

Statistical selection procedures based on this

approach will be indicated by Indifference

Zone procedures.

Assume k(~ 2) varieties denoted by

VI, V2, ••. , Vl are given. The experimental

design can be that of a completely random

ized design with n plots for every variety or a

randomized complete block design with n
blocks each of blocksize k and the plots in a

block randomly assigned to the k varieties.

The response variables, supposed to be in

this paper the k sample means X 1> X2, ... ,

- - 1 11

Xl, where Xi =- L Xij (i =1, 2, ... ,k) is
n j=I

based on an equal number n of independently

and Nonnally distributed random obselVa

tions with expectation Ili and common vari

ance c? For simplicity we assume that the

common variance c? is known.

The ranked parameters Ili are indicated by

Il[I] ~ 1l[2] ~ .•• ~ Il[k]' The ranked sample
means are denoted by- - -
X[l]~X[2]~ ... ~X[k].

The variety associated with Il[i] will be
denoted by V (i). Then we define the variety

V (k) (with associated response X(k»'

corresponding to ~[l], as the best variety. If

there are more than one contenders because

there are ties, it is assumed that one of these

is appropriately tagged. The goal is to select

the variety associated with ~[k], thus the best
variety. We define

- 3 -

~k.k-l =Il[k] -~[k-I]

Then a selection procedure R based on the

Indifference Zone approach and using the

statistics XI, X2, ..• ,Xk is as follows.

Select Vi if and only if Xi =X Ill. In this con

text a correct selection (CS) means that the

best variety is selected. The following proba

bility condition for CS given the selection

procedure R must be fulfilled:

P(CS I R)~ P* if ~k,k-I ~ ~*

with r l < P* < 1. Thus the probability of

selecting the best variety is at least P*,

whenever the best variety is at least ~* away

from the second best variety. This minimal

probability P* can only be guaranteed if the

required common sample size n is large

enough. The minimum of the P(CS I R) is

attained for the so-called Least Favourable

Configuration (LFC) given by

IlU] = 1l[2] = ... =Il[k-l] =Il[k] - ~* . One
can prove that the probability of correct

selection for the LFC is equal to

PudCS) = J <V-I (x + t) d~(x) ,
x=--

where ~(. ) is the standard Nonnal cumula

tive distribution function and

~*~
t=-

(J

Tables for t and thus for n have been con

structed. We have to choose

n=(tO')2
S* '

where the quantity t can be found for various

values of P* and k, in for instance (Gibbons,

Olkin & Sobel, 1977), (Bechhofer, 1954),

(Gupta, 1963), (Gupta, Nagel & Panchapake-



san, 1973) and (Butler & Butler, 1987).

The conclusion deduced from the statistical

selection procedure R can also be fonnulated

as follows. With the chosen minimal n it can

be guaranteed with minimal probability P*

that the selected variety is less than 0* away

from the best variety.

The Indifference Zone approach is an impor

tant approach for designing an experiment. It

provides a value for the common sample size

n needed to meet certain probability require

ments. In practice k, the number of varieties,

should not be large, otherwise the total

number of plots (= kn) will be too large.

Using the Indifference Zone approach in the

situation of an unknown common variance c?
a two-stage procedure is necessary, which is

less attractive in practice. For the Indiffer

ence Zone procedure the first stage is neces

sary in order to get an estimation of c? In the
second stage the estimate s2 is used to obtain

the required size of the second sample.

2.2. Subset Selection approach of selection

The Subset Selection approach has as its goal

to select a subset of the k varieties considered

in section 2.1, in order to include the best

variety with a certain confidence. The size of

the subset is random and depends among

other things on the variance c? and on the

common sample size n. Of course, we desire

a selection rule which makes the expected

number of varieties in the subset as small as

possible. The common sample size need not

to be detennined at the start of the experi

ment. The experimental design can be a com

pletely randomized design with n plots for

-4-

each variety or that of a randomized com

plete block design with n blocks each of

blocksize k and the plots in a block randomly

assigned to the k varieties.

The selection rule R will be based again on
- - -

the sample means X10 X2 ••. ,Xl> where
- 1 n
Xj =- ~ Xjj (i =1,2, ... ,k) is based on

n j=l

an equal number n of independently and Nor

mally distributed random observations with

expectation J.1j and common known variance

c? The rule R can be described as follows.

Select V j in the subset if and only if

- - 0-
Xj~ maxX·-'t - ,

lSiSk J ..J;

where 't > 0 must be detennined such that the

probability requirement of a Correct Selec

tion (CS) with this selection rule R

P(CS I R)~ p*

is met for all possible values of the parame

ters J.1j. In this context a correct selection CS

means that the best variety belongs to the

selected subset. It can be proved that for the

Subset Selection case the Least Favourable

Configuration (LFC) is the limit situation

where J.1[1], ••• , J.1[k-l] are all equal to J.1[k]'

It can be proved that

%=00

PLFcCCS) = J <l>k-l (x + 't) d<l>(x) •
%.......,

Values of 't can be found in the tables men

tioned in 2.1.

The size of the subset reflects the confidence

in choosing the best variety. A large subset

would mean that either the varieties are close

together or the sample sizes are small, or

both.



In the Nonnal means situation with the com

mon variance a'l unknown, a single-stage

procedure can be used for the Subset Selec

tion:

Select variety Vi if and only if

- - 't
Xi ~ XIkl - s ~ ,

where s2 is the unbiased estimator of a'l
based on v degrees of freedom and

't ='t (k, v, P*) can be found in the references

mentioned in 2.1, with the exception of

(Butler & Butler, 1987).

The constant 't is equal to h-fi, where the

fonnula for h is given in section 5. Values of

h are given in e.g. table A4 of (Gibbons et al,

1977).

3. Comparison of the two approaches

The Subset Selection approach has certain

advantages in practice. We mention the pos

sibility to use the Subset Selection method as

screening procedure. Even when the ultimate

goal of the breeder is to choose the best, the

Subset Selection approach can be applied to

eliminate inferior varieties. This is in practice

an interesting feature, especially when the

number of potential varieties is large, as is

usually the case in the field of plant breeding

experiments.

The Indifference Zone approach indicates the

best variety, at least we hope so, whereas the

Subset Selection approach selects in general

more than one variety, so providing less pre

cise infonnation. However, one has to pay

for more precise infonnation in the fonn of

structuring the problem in more detail. Using

- 5 -

the Indifference Zone approach we must

define 3k•k- 1 which is a measure for the dis

tance between the best variety and the second

best variety and we must give 3* , which is in

practice sometimes embarrassing. The

Indifference Zone approach is very useful at

the experimental design stage in order to

detennine the required common sample size

n. The designing aspect is an integral acces

sory of the Indifference Zone methodology.

Detennination of the required sample size is

the central point, rather than the analysis of

obtained samples.

The Subset Selection approach can analyse

the results after the experiments have already

been completed. In this sense one can say

that the Subset Selection approach is more

flexible. Regardless the value of the common

sample size n, the Subset Selection approach

can be applied. However, the size of the sub

set increases as n decreases. That is the toll

one has to pay for small sample sizes. Com

paring this situation with statistical testing

we see in the last situation that one gets a

loss of power when the sample sizes

decrease. In practice, using analysis of vari

ance techniques the confrontation with a cer

tain lack of power of the t or F test is in gen

eral not present. The power is often either

unknown or is not involved in the analysis.

We are of the opinion that control of the

power in the analysis of variance is in gen

eral a desirable, or even required, aspect of

selection. The probability of Correct Selec

tion is the natural counterpart of statistical

power using ANOVA techniques. For strong

requirements (large P *, small 3*) using the

Indifference Zone approach one has to pay

automatically with large sample sizes. In this

sense one can say that the fonnulation of sta

tistical selection is more complete from an



application point of view.

Finally, it can be noticed that the Least

Favourable Configuration (LFC) for the Sub

set Selection approach is more simple than

the LFC for the Indifference Zone approach.

4. Some applications

In Papua New Guinea, oil palm cultivation

started on a commercial scale in 1968. In

1976, about 12,000 ha were planted. To

guide the oil palm cultivation the Dami Oil

Palm Research Station has been founded at

Kimbe, West New Britain, Papua New

Guinea. At this station a dura x pisifera pro

geny trial has been started in 1968. In this

experiment nine ex-AVROS pisifera with

four selected Deli dura palms have been

crossed to get 15 families. These fifteen fam

ilies were arranged in 5 randomized complete

blocks with sixteen (4x4) palms per plot

with a 9 m triangular spacing.

For this example we have taken only ten

families which remain in four complete

blocks, the other families were discarded in

several blocks due to diseases. The average

fresh fruit bunch yield y (in kg/palm) over

the years 1972-1977 of the four inner palms

per plot has been analysed. Further, samples

of Leaf 17 (this is in year 1973) where taken

from all inner palms, bulked per plot, and

analysed at Banting Oil Palm Research Sta

tion (O.P.R.S.), former Harrisons Crosfield

Research Station in Malaysia.

The percentage Magnesium content x (in %)

in Leaf 17 has been determined. It turns out

(Breure, 1987) that this % Mg has a good

correlation (r =0.70) with the yield of oil for

the first 5 years of production (1972-1976);

-6-

hence the % Mg can be used to indicate good

families for oil yield. Because the % Mg

determination has been done with the same

procedure in Banting O.P.R.S. the standard

deviation (J of the % Mg determination is

known to be O. 0186.

The following average % Mg for the 10 fam

ilies over the 4 blocks has been found.

family Xi

Vi %Mg rank number

i=1 0.212 [5]

2 0.222 [7]

3 0.242 [8]

4 0.204 [3]

5 0.210 [4]

6 0.186 [2]

7 0.218 [6]

8 0.244 [9]

9 0.162 [1]

10 0.248 [10].

Following Bechhofer's procedure the Least

Favourable Configuration (LFC) is given by

Jl[1] = Jl[2] = ... = Jl[9] = Jl[10] - S* .

When the minimum probability of correct

selection P* and the common sample size n

have been given, 5* can be determined. From

(Gibbons et al, 1977) we find the following

values for t with k =10 populations for vari

ous values of P* in table AI:

P* t

0.75 2.2637

0.90 2.9829

0.95 3.4182

0.99 4.2456

From the formula 5* = ..;; t we find in this

case the values of S* = O.~86 t for the



values of P* as:

P* : 0.75 0.90 0.95 0.99

B*: 0.021 0.028 0.032 0.039.

Otherwise we can also detennine the number

n of complete blocks to detennine a

B* = 0.02 or 0.01 for the different values of

P' from n ~ [ ;:] 2 rounded to lb. nearest

(larger) integer. In our case we must calcu-

[
0.0186 ] 2

late n ~ B* 't and the results for n

are:

P : 0.75 0.90 0.95 0.99

0* = 0.02 n : 5 8 11 16

B*=0.01n:18 314163.

When we apply Gupta's Subset Selection

procedure to find the minimum subset which

contains the best family with a minimum

probability of correct selection P *. we must

take those families Vi for which

- - (1
Xi~ XUOj- -r; 't.

In our case we find

Xi ~ 0.248 - 0.~86 't

and

P* selection Subset contains
level families Vi:

0.75 0.227 (10.8.3)
0.90 0.220 (10.8.3.2)
0.95 0.216 (10. 8. 3.2. 7)
0.99 0.209 (10.8.3.2. 7. 1.5).

Conclusion
If we want to indicate the families which

give the best oil yield across the first five

years of production we can take the families
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10. 8. 3 and 2 with a minimal probability of

correct selecton P* of 0.90. When we

enlarge P * to 0.99 the subset must be

enlarged with the families 7. 1 and 5.

Now we want to use Gupta's Subset Selec

tion procedure to find the minimum subset of
families which contains the best family with

a minimum probability of correct selection

P* for the average fresh fruit bunch yield y.

The Analysis of Variance procedure gives as

an estimate of the variance~ a Mean Square

Error of 6308.488 based on v = 27 degrees of

freedom. For the yield Yij of family i in block
j we use the following model

Y.. - I1 +",.+R·+ e··I) -,... "I tJ) I)

(i=1,2, ···.lOandj=1.2.3.4).

The least squares mean J.l. + (Xi + ~ for the
family Vi is estimated by the family Vi mean

Yj. The results were as follows:

family Yi

V. kg/palm rank numberI

i=l 999.97 [10]

2 890.50 [6]

3 927.24 [9]

4 888.60 [5]

5 697.90 [1]

6 745.83 [2]
7 863.19 [4]

8 916.06 [8]

9 915.62 [7]

10 854.94 [3].

The Subset Selection procedure of Gupta
selects family Vi if

Yi ~ Y[lOj - -V 630~.488 't.

From table A4 of (Gibbons et al. 1977),

which gives h-values, we derive the follow-
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5. Concluding remarks and some recent

results

P* selection Subset contains
level families Vi:

0.95 856.76 (1, 3, 8,9,2,4, 7)

0.99 816.34 (1,3,8,9,2,4,7, 10).

ing values of t = h .vz for k = 10, v = 27, and

for P* =0.95 and P* =0.99 (we must inter

polate with 1/v for v =25 and v =30 to find
the value of h):

Conclusion

The most promising families for the fresh

fruit bunch yield are the families 1,3,8,9,2,

4 and 7. The probability that this selection

procedure selects in the subset the best fam

ily of the 10 tested families is at least

p* =0.95. When we increase p* to 0.99

this subset must be enlarged with family 10.

To reduce the subsets we must use more

replications in the future.

varieties are the best?" or "Can we indicate

or eliminate the bad varieties?", etc. are of

interest. In general various generalizations

and modifications have been considered and

investigated. We mention in this context res

tricted subset size procedures (Gupta &

Santner, 1973), eliminating strictly inferior
varieties (Carrol, Gupta & Huang, 1975),

generalization of the subset selection goal

(Gupta & Panchapakesan, 1972) and most

economical robust procedures (Dalal and

Hall, 1979).

In particular we shall make some remarks on

recent results obtained by Somerville and by

Hsu. (Somerville, 1984, 1985a and 1985b)

presented and discussed extensively an alter

native selection procedure based on ranges

and F-ratio's, respectively. Monte Carlo

methods were used to obtain estimates of the

expected subset size. There is some evidence

that the procedure is at least as efficient as

Gupta's procedure in terms of expected sub

set size. Somerville presented computational

results, not a mathematical proof.

Only for k =3 (and p* ~ 0.991) it has been

proved that the probability requirement is

met for the F-ratio subset selection for all

possible population configurations. In other

cases no mathematical proofs have been

given.

Interesting research has been performed by

(Hsu, 1981, 1984). Hsu integrated both

approaches, the Indifference Zone approach

and the Subset Selection approach. His

method is known as "Multiple Comparisons

with the Best". His approach can be seen as
multiple comparisons with special attention

to the best variety. The consequence of this

restriction produces an improvement of the

procedure. This method restricts the com-

t =2.55 .vz =3.606

t = 3.27.vz = 4.624 .

P* =0.95

P* =0.99

Hence

We have discussed statistical selection in the
field of variety testing. Statistical selection

procedures are still growing in number as in

quality. In our opinion the approach of sta

tistical selection is in a number of cases a

realistic alternative. As we have already

remarked in the beginning of this paper, the
applications stay behind. Especially in the

field of plant breeding the application of sta
tistical selection must be thoroughly pushed.

Besides the question "Which variety is the

best?", also questions like "Which t (;;::: 2)



parisons to the k differences

J1[kj - J1b J1[kj - J12, ... , J1[kj - J1k ,

thus only comparisons with the best variety

are carried out

The name "Multiple Comparisons with the

Best" reflects the principle of this approach.

An interesting point is the fact that the simul

taneous confidence using this method is

equal to the probability of correct selection

using the subset selection approach.

Again we consider the same situation that we

have k sample means XI, X2, ... , Xk , where
- 1"
Xi = - L Xij (i = 1,2, ... , k) is based on

n j=1

an equal number n of independently and Nor

mally distributed observations with expecta

tion J1j and unknown variance c?
Let S2 be the best estimator of c? based on v

degrees of freedom. Define

- - .L
C ={Vj : min (Xj -XI + hs (2/n)2 )~ O}

bF·j

and, for i =1, 2, ... , k,

I

Di =max[O, max(XI-Xj + hs(2/n)2)]
l~

The constant h satisfies

W=OO %::00

f f tV-I (z +V2hw)
w=O z=--

dtP(z)dG(w)=P* ,

where G(w) is the distribution function of

w = s /(1 and P * is the desired confidence.

Values of the constant h are given in e.g.

table A4 of (Gibbons et al, 1977), see for

other references the last paragraph of section

2. (Hsu, 1981) proved that for all
configurations of the Il'S

- 9-

P [V(k) E C and Il[kj-Ilj$; D j for all i]~ P* .

From this fonnula we see that not only the

Gupta selection has been carried out but also

a confidence statement has been made, and

this all with simultaneous confidence level

P*.

Example

We apply Hsu's method on the fresh fruit
bunch yield of the oil palms given in section

4. The set C of Hsu is the set which is found

with the Subset Selection procedure of

Gupta, where Xj is replaced in this example

by the mean fresh fruit bunch yield Yj for

family Vj. In that example we used the con

stant 't for h V2. The value of h for

k = 10, v = 27 and P* = 0.95 can be found in

table A4 of (Gibbons et al, 1977). For

P* = 0.95 the set C consists of the families

(VI, V3 , V g, V9 , V 2 , V 4 , V7)' The upper
limit D j (i = 1,2, ... , 10) for the difference

J1[IOj - J1j of each family Vj and the unknown

best family V (10) can now be calculated as

follows:

Yj <Y[lOj, thus for i = 2,3, .. ',10

and

Dj =max{0,Y[9j-Y[lOj +h V2 .J; if

Yj = Y[IO) , thus for i = 1 .

I

In our example: n = 4, S = (6308.488)2 ,

Y[9) =Y3 =927.24, YUO) =Yl =999.97 and
h V2 = 2.55 V2 = 3.606.

We find
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D I = max to, 927.24 - 999.97 +
1

3.606 (630~88)1 }
References

Acknowledgement

= max {O, 70.48} = 70.48

Dz = 999.97 - 890.50 +
1

3.606 (630~88)1 = 252.68

Bechhofer, RE., 1954. A single-sample

multiple decision procedure for ranking

means of normal populations with

known variances. Ann Math Statist 25:

16-39.

Box, G.B.P., W.G. Hunter & J.S. Hunter,

1978. Statistics for experimenters. John

Wiley & Sons, New York.

Breure, C.I., 1987. Factors associated with

the allocation of carbohydrates to

bunch dry matter production in oil palm

(Elaeis guineensis Jacq.). Doctor's

dissertation, Agricultural University

Wageningen, The Netherlands.

Butler, K.L. & D.G. Butler, 1987. Tables

for selecting the best population.

Queensland Biometrical Bulletin 2,

Department of Primary Industries,

Queensland Government, Brisbane.

Carroll, R.I., S.S. Gupta, & D.Y. Huang,

1975. On selection procedures for the t

best populations and some related prob

lems. Commun Statist 4: 987-1008.

Chew, V., 1977. Statistical hypothesis test

ing: an academic exercise in futility.

Proc Fla State Hort Soc 90: 214-215.

Dalal, S.R & W.J. Hall, 1979. Most

economical robust selection procedures

for location parameters. Ann Statist 7:

1321-1328.

Gauch, H.G. & RW. Zobel, 1989. Accu

racy and selection success in yield trial

analyses. Theor Appl Genet 77: 473

481.

D7 =279.99

D g =227.12

D9 =227.56

DID =288.24

Hsu's procedure guarantees that the best fam

ily is a member of C and also that each

J.li (i =1,2, ... , 10) differs from the largest

of the ten J.li'S by at most the upper limit

listed, and this all with simultaneous

confidence P* = 0.95.

It is of course possible to restrict ourselves

by giving the limits only for the families in

the collection C.

and analogously

D 3 = 215.94

D 4 =254.58

Ds =445.28

D6 = 397.35

The authors thank Dr. les Bos, Department of

Plant Breeding, Agricultural University

Wageningen, for his critical reading of the

manuscript.



Gibbons, J.D., 1. Olkin & M. Sobel, 1977.

Selecting and ordering populations: A

new statistical methodology. John

Wiley & Sons. New York.

Gupta, S.S., 1956. On a decision rule for a

problem in ranking means. Ph. D.

Dissertation (and Mimeograph Series

No. 150), Institute of Statistics, Univer

sity of North Carolina, Chapel Hill.

Gupta, S.S., 1963. Probability integrals of

multivariate normal and multivariate t.

Ann Math Statist 34: 792-828.

Gupta, S.S.• 1965. On some multiple deci

sion (selection and ranking) rules.

Technometrics 7: 225-245.

Gupta. S.S., K. Nagel & S. Panchapakesan,

1973. On the order statistics from

equally correlated normal random vari

ables. Biometrika 60: 403-413.

Gupta, S.S. & S. Panchapakesan, 1972. On

a class of subset selection procedures.

Ann Math Statist 43: 814-822.

Gupta, S.S. & T.J. Santner, 1973. On selec

tion and ranking procedures - a res

tricted subset selection rule. Proceed

ings of the 39th Session of the lSI. vol.

45, book 1,409-417.

Hsu, J.C.• 1981. Simultaneous confidence

intervals for all distances from the

'best'. Ann Statist 9: 1026-1034.

Hsu, J.C., 1984. Constrained simultaneous

confidence intervals for multiple com

parisons with the best. Ann Statist 12:

1136-1144.

Laan, P. van der, & L.R. Verdooren, 1989.

Selection of Populations: An Overview

and Some Recent Results. Biometrlcal

Journal 31: 383-420.

- 11 -

Sieben, J.W., 1954. Selectie bij de planten

veredeling op grond van proefveld

resultaten. Statistica Neerlandica 8: 179

-189.

Somerville, P.N., 1984. A multiple range

subset selection procedure. J Statist

Comput Simul19: 215-226.

Somerville, P.N., 1985a. A new subset

selection method for Normal popula

tions. J Statist Comput Simul 22: 27

50.

Somerville, P.N.• 1985b. Subset selection,

not multiple comparisons. Proceedings

of the Tenth Annual SAS Users Group

Intern Conf, Reno, Nevada, 1113-1115.



EINDHOVEN UNIVERSITY OF TECHNOLOGY

Department of Mathematics and Computing Science

PROBABILITY THEORY, STATISTICS, OPERATIONS RESEARCH AND SYSTEMS

THEORY

P.O. Box 513

5600 MB Eindhoven - The Netherlands

Secretariate: Dommelbuilding 0.03

Telephone: 040 - 473130

List of COSOR-memoranda - 1990

Number Month Author Title

M90-01 January I.J.B.F. Adan Analysis of the asymmetric shortest queue problem

J. Wessels Part 1: Theoretical analysis

W.H.M.Zijm

M 90-02 January D.A. Overdijk Meetkundige aspecten van de productie van kroonwielen

M90-03 February I.J.B.F. Adan Analysis of the assymmetric shortest queue problem

J. Wessels Part II: Numerical analysis

W.H.M.Zijm

M90-04 March P. van derLaan Statistical selection procedures for selecting the best variety

L.R. Verdooren


