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Kshirsager & Cheng’s Wonmgv::% Measure

The recent paper by Kshirsager & Cheng (1996) surprised us
(i) it failed to mention Draper & Pukelshein, (1990) and other recent related work,
such as Draper et aj. (1991, 1993) and Draper & Pukelshein, (1993)
(ii) the rotatability measi o Proposed by Kshir
:_maﬁ_:wnw which we discussed i 1990 with
‘Guttman (1988), and Khuri (1988).

The papers by Khurj (1988), Draper & Pukelshein (1990) and Kshirsagar & ( heng
:.cwe are certainly i agreement in that eacl, of them nuses rotatability measyre that
is an 2 statistic for regression of t))e moment matrix of 4 given design o the monieny
matrix of a rotatal)e design. The essential differonceg between the (ree results are iy
the weights allocated to (he moments in (o regressions, and iy ()ye way the desipns are
scaled before t]ye regression is applied .

In an ordinary n=!'x'x matrix format, wlere quadratic an higher order topmg are
counted just once, Khuri’s weights are chosen by ignoring al| of-diagonal terms below
the main &wmc:mr and <<o_.m:::m by the number ol terms of Various Lypes (| af remain.
_mmEnmmmmw & Cheng use weights which are the squares of coeflicients obtaiyeq by Box
& Hunter (1957) in a generating functioy exXpansion of (}e moments of a rotatal)e
design and having valye (before Squaring) of

n two ways:

sager & Cheng has o particular type of
respect Lo criterja offered by Draper &

(2d)!

(2d—0)16,T " 6,10 ()

where d is the order of rotatability of ¢he design (cg. d =9 for second order roraga.
bility), and § — bt 45, No rationale for using the lat ey weights s apparent (o
us.

Draper & Pukelshein (1990) tackle the problem through a Kronecker algebra
which makes rotatability simple to work with, and weight by (he number of termg iy,
their (expanded and singular) X'x matrix. These weights are, ip fact, those given by
(1), and not, the Square of (). .

i ires scaling.
iti fa ¢ > nt requires a re
ich has the problem that addition of a centre poi _:_m_:_nq ).
i they are doing what Khuri does but, co
. 1 1
& Cheng say

n
instead of the more usual M:u_ Liy
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'or scaling, Khuri chooses

n

MJL.“.V:H: (i=1,...,k),

u=1 |
Kshirsager

n

MU 2 =1 (i=1,... k),

u=1

.v |
e i i vithin the -
i ts lie on or w
& Pukelsheim (1990) scale so that all A_wv._n: _M.cx_:i.::.e ol e
S ! A, ling is not aflected by the addition of a ceines painiy a1 hete
et i .f_._a _:,@ :..A_ by rotating the design in the r-spacc
iterion i affecte ; :
criterion 1s not a \ . a iy ) | -
ther measures. An illustrative comparison fc i all hree papers. Since a compar
(8] $ CS. . . is used as an examp i PIB: » e
The 3% factorial design is used as @ i GO T
yer e raper & Isheim's .
__,.w 3 F _cx.pv rotatability measure and Draper & Puke il sl il b
o S JOO al A . oo A ,
ison of 7_::”_ ( spears in the latter paper, we discuss _.:: f e (106) s
e P SN A - ) . " et » . i
Eobizea A_.:_ﬁr Cl _ ng's treatment. Suppose we follow Kshirsags
Kshirsagar & Cheng's tre:

i n
define

Mby,. . 6x) = M\ &

5
L
tre gy

‘e need only k= 2 here, for

[ Is as ¢ ntas they do). We neec y k= e for
‘ 3 vdo not refer to this as a momc : g el e
A._:__:._._r__,”,n AA ‘onsider the nine points (1, -£1), (4 _;Wf :._.:‘_.,W.:A.,. a e it a.\
—,_:._:7..::_ :.:. ate them about (0,0) through an angle 6 ._::v ey
design. Ol T s es =), (s e, =sde), (=8 " ey
UL ..|__,_ AM.V:W., here are now seven non-zero k_:>__>_.'..vx_”“._._ ._r»m.
i ._:: ,:ﬁ.“w 0) = M(0,2) = 1, necessary to apply the I
ling to make / 0) = \

Alter ares .
Cheng (1996) criterion, we have
9

>\A.w<_v\ l\)\A_”: = ..i.Ay - v\_a, ) ~V\
\ = = 1 f<..v ) \ (2, 2) = —Jds7e 9.
/ €, )
NV now hecomes CVML?.:\V where

’ 2 H sasure (5.
Kshirsagar & Cheng’s rotatability measure (
shirsage

] QL2 2 gh
2(0) = 9(1 = 257 ) /(9 = 2857 ¢ 4 125"

aga € Arses on 5 = re= :, 1.¢.
hen 0o
gal & Ch ng ari vV wihi

90°, or multiples of 90°. 1t is evident

i

The value 0.9260 quoted by K e ik _
% i b ! 5i bhut depends on

v rdesign s nob rota . ‘ . : e e

e ::_ ! _” ssessiment. of rotatability is not constant for B

that such an asses:

. S . anoer &
ici i0s riteria of Draper
ientated. A similar eriticisim applies to the eriteri
llow the points are orienta X

e s Do :..xx_v_ hirsagar & Cheng's rotatability measure is (lawe
i ‘ shirsagar § :
ary, we believe that Kshirs:
I summary, we
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