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Abstract

A Subset Selection Procedurc for Selecting
the Largest Multiple Correlation Coefficient

! - Let X' = (XO,XIXZ)‘ have a multivariate normal distribution with

arbitrary mean, covariance matrix
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le is t.x t, 222 is  {p-t) x (p-t). Ilet G denote the maximuns of all

(E) possible multiple corselation ccefficients. The geal is to obtain a sub-
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set selection procedure which contsins p° . The appreczch is Bayesian, using
’ e X N

priors suggestod by Geisser (Ann. Math, Statist. 36 156-159), and Lindley
(Jour. Roy. Statist, Scc. 30 31-66). lLet nS have a Wishart distribution witl:
n degrees of frecedom, end expectation m). Then the asymptotic (as n - ®) joln

. . . « P D .. . e . . . .
posterior distribution of all (i) meltiple correlation coefficients is obtairs. -

A result of Siotani (Kansas State University Techwical Report Ne. 16, June, 107i)

A is used. The procedure reduces to a subset selection preblem for means from a

multivariate norpal distvibution,




1, Intfoduction. A recurring problem that a statisticél consultant runs into
is trying to obtain the "best" set of t variables out of p variablesvto predict
another vériabfe, say XU' An‘excellent discﬁssign of various techniques for the
practitioﬁer is found in Draper and Smith [1968]. Recently, in several paperé,
authors have recomnended calculation of all sample multiple correlation coeffi-
cients, or at least enough to guarantee obtaining the largest sample multiple
~ correlation coefficient (LaMotte and Hocking [1970], Furnival [1971]). Oneé pro-
blem is to instruct the computer what to do with all the calculated multiple
correlation cocfficients. The present paper has the goal of obtaining a sub-

set (of randpm‘size) of Multiple‘correlation coefficients which contains the
largest multiple correlation coefficient assecfated with a predictor based on t -
varigbles. The motivation is from Gupta's subset selection rules (see e.g. Gﬁpta
[1965]), 5ut the approach is Bayesian. When costs of the predicfor variables
‘ar¢ known, an alfernativé Bayesian approéch is given in Lindley [1968]. The_
presént paper treats only the asymptotic case.

2. Some distribution theory. Siotani [1971] considers the problem of obtaining
the asymptotic joint distribution of (g) sample multiple correlationfcoéﬁﬁ%-"
cients between a variate and t .variates taken from p possible véfiétes,

t < p. More specifically, Z= (XO, X ’7'°’xp) are assumed to have a

1

(p+1)-variate normal distribution with covariance matrix
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S = (sij)’ i, j =0, 1,...,p is the sample covariance matrix, nS being Wishart
with covariance matrix Z and n degrees of freedom. Let i = (il,..;,it) :

j = (jl""!jAt) L
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and corresponding notation for S. Then
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with corresponding notation for rg(i), the sample multiple correlation coeffi- =

cient.
2
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Then Siotani shows that the joint distribution of the (E) o

(i)'s is
asymptotically normal as n + o with means pg(i), and '
242 2 .2

(2-2) VarLrO(i)) 3’___—_ n po(i) (1—00(1)) .
The covariance between two squared coefficients rg(i) .and rg(j) @ill‘now
. be given.,

Suppose (il""’it) and (jl,...,jt) “have 1r(< t) indices in common, and
we let  (i,k) = (ij,...,i kpseenskdy (K,3) = (kp,..0k 51,..;,jt;r), and

t-r> 1"
from now on (i) = (11""’1t-r)’ ‘(j) = (jl,..;,Jt_r), x) = (kl"'f’kr)‘

¢

Then, following Sictani,
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Note that

0 0 0 v-1 (ki) .. . , | .
i 5y T Lleiy T Lok v Drs the covariance between O and (i)
(1).(k,3) (i) Z\k,])z(k,g)z(l) is the covari (

in the conditional distribution given (k,j), and similarly for the'other‘coﬁdi}l
tional expressions. Siotani also obtains another representation for (2.4) which
will noﬁ be used here.

Neit, the asymptotic joint distribution of partiai rmultiple corrclation

toefficieats vill be obtaiied. Let
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In an attlewpt to sinplify sopic of the wnotation in what follows, let us now’

define some quantitics to be used in subsenucnt caleolations., Let
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Fer what follows, the covarivnce in (2.6) will be cooputed from the full
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Now, the verious coverionces in (2.6) will be evalusted using the technique

Cdescriboed in Siotani.  Pivst
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The proof of (ii.) is similor.
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b. The propozed subset sclection vule. The goal of this section is to
obtain = rule for subsct selection that yiclds a subset (of vandom size) of
. ot . 2 C T TS T3
maltipie corrclation ceefficients thet contains Proe WILH probebility at
least  l-u, vhere the probubility is calculzted with respect to the
asympiotic jeint posterior disteibuticen given in theorem 1. Hence the problen

can be formulated in fhu folleuving teims:

|
Consider the postefior distribution for n, an mx 1 vector,
|cata o R
(3.10) pidata km(r, )

,... .

vhere ¢ is an mx 1 wean vector, U is a positive semi-dzfinite m x ',

knowa covoriauee marrix. Tt o= (Tl,ug.,Tm) is such thut Ty 2Ty 2 oo >

2._. —

wi contains with rostor:cf

T S s AP S o .
the goal is to s=ioet & suboet (of randon © 1

probebility at least l-g

(3.113 W= mEx 1,
Tadiaw 7

T-ua | S,
A C TR,

The prepozed xule is of the form R:  inclede .

1"";“2 in the selccted 

£ ds the {irst index such that

suboot, w

5.19) Pf"'“'(ll ) > J;(uy o el )]u"""’) > l-a,

'zﬁ-dJJbz bution given in theorem 1 is used in (3.10). In practice, one .

mioht . £
hd A

refer to caleulate (3.12) for ssveral valucs of 4.

o e e a1 St ot e 3 e " ,
Fate that for the originzt preblea, m o= (%}, ard thus (3.12) may proeve
difficules to evaiveie on a Computer, at least in closged form. One possible

soluticn is to obtain (3.12) by Monte Carlo tschniques.  For example, let



p=6,t=3, and assume a standard error of at rost .01 is aliowable forv (3.1?).
Then 2500 sois of (g) = 20, or 50,000 pseudo noimal deviastes are noeded, a not
insurmountebie task. wxper problems would reguive simplification.

The avthor isiconstructing-computer progf&xm to implament the proposed
selection rule. Finally, it shovld be again emphasized thot the preposed pro- i
cedure is discussed in the asymptotic case. For moderate saﬁplcs, one, may pfe-

fer a transformation of the parameters (e.g. tanh-l (pO(i)))"
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