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LEAST SQUARES ESTIMATES OF EFFECTS AND SUMS OF
SQUARES FOR A TIED DOUBLE CHANGE-OVER DESIGN

BU-'73-M . T. Federer ard G. E. Ferris July, 1yst

A group of designs is described on pages U454 to 456 of Federer's
Experimental Design. The purpcse of this paper is to give the least
squares estimates of effects and to verify the sums of squares for the
second design given on page 454, This design is called a "tied double
change-over design" to distinguish it from the double change-over designs.
The linear model for this design is:

kijh = oyt pj + Sh + p_ + €ijh’ (1)

vhere i = 1,2,...,6 and the two groups are not separated; j = 1,2,3,...,7;

i

h = A,B,C; p = A,B,C and is determined by treatment preceding a given

treatment; u = general mean effect, Yi = effect of ith store or column,

ﬁﬁr= effect of jth pericd or row, 6h = direct effect of the hth treatment,

is a random effect associ-

p_ = residunl effect of pth treatment, and €.,
p ijh

ated with the ijhth ohservaticn.

The design and observations are:
Store MNumber

S —— —— ——0

! Group 1 Group 2

L . Period
Period 1 i 2 3 L i 5 6 Totals
. X0 | %o | ¥sic | Fwan | sy | Zeic | Foa.
2 X108 | Xope | ¥soa | ¥uoc | ¥sea | Xeem | X2
3 Yi2e | Foza | Fams | Fums | Fsxe | fem | X3
4 Xqip Xoup X3uc Lyup Zsup Zguc X.y.
2 X15c | %asa | %35 | Xusy | Xsso | Kesa | Xes.
6 X168 | %o6c | Fsen | Fuec | *sea | Pes | %6
! X1 | Yo | Fzie | Xum | Fom | Ferc 7
Store totals X, X5 .. X3" Xy . X5 .. ‘k6 oo ETT.




The treatment totais are X B’ and X and are obtained by summing

TR .C

all observations ‘thich received the hth treatment.

The residual sum of squares is:

Res = §§§ (Y =W = vy = By -0y - p )% s (2)
using the rgstrictions that
L.Il = 0. (3)
Zps = O, (&)
zgh = 0, (5)
and pr = 0, (6)
the resulting normal equations are:
For the mean
L2 ; =X... (7)
For the columns or stores
T+ 3y + 8, =X, (8)
TG+ vy) + 0y =%, ()
(o + ;5) + gc = X5, .. (10)
T +vy) + 8, = %, (11)
TG+ vg) + B = % (12)
T(h +vg) + 85 = Xg (13)
For the rows or periods
6(u + b)) =X (24)
6(n + by) =% (15)
6(n + B5) =X 5. (16)
6k +B,) =X, (17)
6(n + b) = X (18)
6(n + Bg) = X ¢ (19)
61 + by) =X (20)



For direct. effects

lh(a*gA)’égA";l*;u:X A (21)
11*(;*33) - 6313*:;2 +;5 =X B (22)
1u(§+gc)-630+$5+$6_x o (3)
For residual effects
12(n + p,) - 65, -2 6 =a (24)
2(i+py) - 68, -2p =0 (25)
12(3 + py) - 66, -2 By = ¢ (26)
where
a = Xppp * Xyoo + Xoup + Xpgo * Kazp + Xy + King
* Xysp * Xs3c * Xg7p * Xeuc + X668 ; (27)
b= Xys0 * Xyqp + Kope * Kooy F Egue + Xggn * Ky
* Xyuee * Xopp * Xose t Xe3n * X7 (28)
and
¢ =Xypp * Xy * Xomp * Xoqp * Espp * Xsop * Xysp
+ Xh?A + XBHB + X56A + Xgop * X6SA . (29)

Substitution of 8, from formula (8), (11) anda (21), B, from formula

N
(14) and p from formula (7) in formula () results in the following esti-
A

mate for pA:
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= ( ‘ - - - 2%
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= 1 [16a%+ 3x % ) (30)
50 L A
Likewise
3 =___ 16 ) 48 + 21X - X - X, + 16X ~ex )

B (1565-(“"8){ a-B 2 . 5.. .l- o 'j
=Té“6{l6(3b +X, - y =b¥ + 5(7x. - % - x5'_ - 2x' = )}
= E_J_L__ gl6b* + 5XB*2; (31)

50 .
A~ B
Pg =Té—o{h80 +2IX - 5x5” - 3Xg * 16x.l' - 22x.“}
N
=T;%:6{ l6(3c + X'lo - xoo- = c.“.) + 3(7X..C - X30t - X6-- - 2Xaou = Xcﬂjj
= 1 [ 16c% + X *} : (32)

550 { ¢
The guantities with an asterisk (&%, b 7% c*¥, X% X% Xé?) are defined

within the parentheses in the above equations.

The direct effects are estimated to be:

o e

5, = _1 § 6%, %+ Ya*} ; (33)
O ’

5. = 1 [ 6X % o ; (34)
B Ts5 { B }

8, = L1 | €x,%+ 7c*} . | (35)



