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LEAST SQUARES ESTTI.!JATES OF EFFECTS Al\J"D SCv:S OF 

SQUA.-qEs FOR A TIED DOUBLE CHANGE-OVER DESIGN 

BU-'73-M ',!. T. Federer ar.:d G. E. Ferris July, l':))t.1 

A group of designs is described on pages 454 to 456 of I'ederer's 

Experimental Design. The purpose of this paper is to give the least 

sq_uares estimates o.f effects and to verify t~e sums of squares fur the 

second design given on fage 4)4. 'This design is called a "Med douule 

cha11ge-ove:r dcsign 11 to distinguish it from the double change-over designs. 

The linear model for thjs design is: 

== "+V.+P,,+Oh+p +€ 
~ ~ ~J p ijh' (l) 

':There i == l,2, ... ,6 and the tvro groups are not separated; j = 1,2,3, .. . ,'7; 

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

treatment; ll = gene1·a1 mean effect, Y. = effect of i-th store or column, 
~ 

1=)-F= effect of jth pericd or l'ow, 5h =direct effect of the hth treatment, 
J 

p = residn:tl effect of pth treatment, c:.nd €. 'h is a random effect associ-
p lJ 

a ted "\·Ti th the ijh7,h obse:::-vaticn. 

The design and observations are: 
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The treatment totals are X .. A, X .. B' and X .. C and are obtained by summing 

all observations ·rhich received the hth treatment. 

The residual sum of squares is: 

Res = ELE (Y. "h - ~ ~- - b - p )2 
~J - yi - J h p 

ijh 

using the r~strictions that 
A 

ZY. = o. 
~ 

A 

Ef3j = 0, 
A 

and Ep = 0, p . 

the resulting normal equatj.ons are: 

For the mean ----
A 

42 ~ = x ... 

For the columns or stores -----
A A A 

7(~ + yl) + BA =Xl·· 
A A A 

7 (~ + Y 2) + BB = x2 .. 
A A A 

7(~ + y3) +Be= x3 ... 
A A A 

7(~ + y4) + BA = x4 .. 
A A A 

7(~ + y5) + uB = X 5 •. 
A A A 

7(~ +y6) +Be= x6 •• 

For ~ ~ 2!:. periods 
A A 

6(~ + ~1) 
A A 

6(~ + p2) 
A A 

=X .1. 

=X .2. 

6(1l + jj3) = x,,, 
A A 

6(~ + t34) = x.4. 
A A 

6 (!l + ~5 ) = X .: . ) . 
A A 

6(~ + t;)6) = x.6. 
A A 

6 ( ~ + jj7 ) = X • 7 . 
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For direct. effects 
A A. A A ~ 

14 ( Ji + 8 A) - 6 p A + y 1 + y 4 = X •• A 

~ A A ~ A 

14(1-L + 8B) - 6 PB + Y2 + Y 5 = X •• B 

A A A ~ A 

14(1-L + 8c)- 6 Pc +y3 +y6 =x •• c 

!Q! residual effects 
A A ~ A 

12(1-L + pA) - 6 8A - 2 ~1 = a 

A · A " A 

12(1-L + pB) - 6 8B - 2 ~1 = b 

A A A A 

12(~-L + Pc) - 6 8c - 2 p1 = c 

where 

and 

~ 
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(28) 

(29) 

Substitution of 8A from formula (8), (11) and (21), ~l from formula 

" 
(14) and 1-L from formula (7) in formula (2~ results in the fo11mving esti-

mate for pA: 
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"' 
PA = ~ ( 48A + 21X A - 3X1 - 3X4 75(48)l •. .. .. 

+ 16X • 
• 1... - 22X ••• } 

= 4~0 ( 16(3a + x.l.- x ... =a*)+ 3(7X .. A- x 1 .. - x 4 .. - 2X 

= 1 [ 16a * + 3X * lJ. 
450 l A 

Like'.rise 

~ = 16 ( 48b + 21X - 3X - 3X 5 . . + 16X •1 . - 22X • • • 1 
B (150)( 48) l .. B 2.. ) 

(30) 

= 4~0 [16(3b + x.l.- x .•• = b~ + 3(7X .. B- x2 .. - x 5 .. - 2x = ~-;:-)] 

= ..1.... r 16b-lE- + 3~ -l~ {; 
450 l . 

I 

~ = _1_f 48c + 21X .. C - 3X3 .. - 3X6 .. + 16X .1. - 22X ... J 
450l -

= _l_ { 16 ( 3c + X - X = c -l<) + 3 ( 7X - X - X - 2X 
450 .1. . .. ..c 3·· 6 .. 

(" 6 " v 1 
= 4~0 t 1 c;' + 3Xc ____ 5 

The quantities with an asterisk (a·::-, b -:~ c-:~, XA-l~, XB -l5 Xcf) are defined 

within the parentheses in the above equations. 

The direct effects are estimated to be: 

"' I' } o = 1 l. 6x -:~ + 7 a -:~o • 
A -- A ' 450 

5 = 1 ( 6x -:(-+ 7b~;.1· 
B 450 B .J ' 

"' 1 r " \1 o = 1 ) 6x ., '' + ?c·,, .• 
c 450 l c j 

(31) 

"\ 

-X -::; Jt - c 

(32) 

(33) 

(34) 

(35) 

' 


