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ABSTRACT

The estimated treatument effects and variances have been developed for u
number of cases in which plots are missing in the randomized complete i:laekr
design. In particular, trestment effect and variance formulas are given for
(i) one missing plot, (ii) two missing plots for one treatment, (iii) k missing
plots for one treatment, (iv) two missing plots for two trestments in one block,
(v) X missing plots for each of k treatments in one block, (vi) two treatments
each with one missing plot in different replicates, and (vii) k treatments each
with a missing plot in different replicates. Numerical examples are presented
for cases (i) and (ii).
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Although the presence of a formuls for estiméting the yield of a missing
observation is of frequent occurrence in statistical literature, the procedure
for obtaining the astimated treatment effect or ﬁéan is rather infrequent.
Therefore, in order to emphasize the estimation of treatment effects rather
than the computational procedure for the analysis of variance and presumably
the resulting tests of significance, the algebraic derivation of treatment

effects 1s presented below for some situations where observaticns are missing.

One Missing Value

For the first situation consider a randomized complete block design with
one missing observation, say for trcatment 1 in replicate 1. The normal equation:
for this design are given on page 120 of Federer's "Experimental Design." These
equations reduce to the following when the yield X
of yields:

11 is deleted from the array

A
(n—l)(u+t1)—rl =X,
. ~ \ o .
in(u-l-‘ti } = Xi' for 1=2,3,ves,v
A
(v—l)(u+xl}-tl =%,
(o] \
V(H+rj) = ng for j=2,3,*¢,n

"~ .
(vn--l)u-tl-rl =%

From the above equation, the following =olutions are obtained:

ﬁ+ti=§i. for 1=2,3,ses,v ;

N -
u+r1=x.j flor J=2,5’.."n .
(%)
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The sclutions for ﬁ, tl, and ry are obtainred from the following three equations:

N . L
(n—l)(u+tl)-r1 =¥

1e

~
(v-l)(u+rl)~tl =X,
(nv~l)u-t1-r1 =X,

dolving these equations we find that

1.5,

o= nv(n-1)(v-l) ’

X, , (nv=v-n)+vX

1§

, . j
1 -'-("‘——yv T z VX1.+)(.1-X” )* 3

o
]

wand .
'.‘

rl=mlx +nX X'f .

Therefore, the mean for treatment cne is

A 1 ( 3
!H'tl = m; VXl +X.l . o
, X..(nv-v-n)+vxl.+nx.l
nv(n=1)(v=1)
vx1.+ﬁx.l

1
Héxla+ (n=1)(v=l) (

(]

1 ) ’

where‘fll is the formula for a missing plot for treatment one in replicate one,
This means that the estimated treatment mean for treatment one 1s obtained by
summing the observations for treatment one and then adding the computed value
for the missing plot to this total.

Also, it is stated that the treatment and block sums of squares are over-
estimated if the missing plot yield is inserted in the yields and the anelysis
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completed as for equal numbers. At least three methods for correcting these
sums of squares are available (i.z., the method of fitting comstants, covariance,
and using a missing plot analysis together with an .analysis where the squares
are weighted by the number of observations). Since we now have all the ti and

can compute the Qi_=Xi.- neans of blocks in which i'® treatment occurs, it
' v

if1Y

ment (eliminating blocks) effeets. Tae analysis of variance table then becomes:

is possible to obtain the aldjusted sum of squares directly as Qi= treat-

Source of variation daf Sum of squares

; x2 |
Blocks (ignoring treatment) n-1 &;11 - X?,(Zvjzvn-l)

J
Treatments (eliminating blocks )} vel It Q,
Residual (n-1)(v-1)-1 by subtraction
Correction for mean 1 X2 [(av-1)
v Ti R

Total (uncorrected} nv-l iéljgl Xij

The Residual sum of squares obtained by subtraction above is identieal tc
that obtalped from the miss%@g plot analysis or a covariagece analysis.

The variance of a difference between two treatment means for treatments 2
tc v is 20§/n. The veriance of a difference between treatment 1 and any other

treatment, say 2, is obtained as:

- - 2
E[t -t -E(t] te)] . .,
—E{ nv-n+l T e + 1 5 e
haE-D){m-1) j="ij" (a-1)(v-1) i=27i1
1 v n 1 n 2
" o(n-1) (v-1) (4Zy jgleij_ell) " jEIFEJ} .

-02{2 + !
““eln nln-liiv-l$ J -

as given by Yates [1933].



We may obtain this variance in another manner. The solutions for the tl

(o

vel -1 -1
v(n=-1) v(n-1) v(n-1)

-1 | 1 _ __nv-n-v ) -{nv-n-v)
Yo B T ED0))  wEDe-l)

-1 -(nv-n-v)
v(n=-1) nv(n-1)(v-1)
-1 ~(nv-n-v)
v(n=-1) nv(n-1){v-1)

(l _ nv-n-v
n

av({n-1)(v-1)

~(nv-nev)

nv(n-1)(v-l)

-1

vin-lf

-(nv-n-v)
nv(n=-1)(v=-1)

-kﬁv-n~v)
nv(n=-1)(v-1)

\

(l . DVen=v

n " nv(n-1) (v-1)

/

in matrix form are:

1. JQQX,J=Q1,

--n-



‘ The variance of the difference tl-t2 is
_ v-1 1 _ _(ov-n-v) -1
V(tl-tg) T Ve { @-1) "o " w1l -1 " e(vin-ls)}
2 v
= oi {E +anin-l$iv-l$ }‘
Likewise,
_ nv-n-v) -nv-n-v
V(t 3) B { ( nv(n-l)(v-l)) 2(rw(n-_‘(.)(v--l)) }

Eoi/n .

We may contrast the above matrix with the matrix o’btainéd when all yields

are present, i.e.,

{ t ( ;r-l . s —1\ n/x -nx \

i 1
i t2 -1 v=1 -1 -1 see -1 f Xe.-m;
. t5 = %ﬁ; -1 -1 v=1 -1 oo -1 . X3 -nx
), -1 -1 -1 v-1 cee -1 X),  -nx

t k R | -1 -1 v-l) X -nx

The variance of a difference between any two ti is:

V(ti-ti:, i#1) = {;;1 + B“‘ - 2( )} Zoa/n.

The variences and covariances of effects are given on page 129 (loc. cited).

Numerical example -~ Consider the following example taken from Federer’s

"Experimental Design,"” p. 510:



b=

Replicate "~ .| Total
Treatient I I 11
A 6 | 5 b 15
B 15 10 8 N
c 15 15 X33 S0Hs3
36 30 124K, TB#ks3

From the ordinsry missing plot formula, we find

& 3(30)+3(12)-78 _
X35= TG-D-1 - E

Substituting this value in the table of yields and completing the analysis of

variance by the method of missing plots results in the following:

Source of variation af vSum of squares

Replicate 2 a4
Treatment . 2 : 126
Error or residual 3 10
Total (corrected for mean) 7 160

Now, from the above formulae we figd,
78(9-3-3)+3(30)+3(12) _
o - BOEIRRl) -1
_ 3(30)+12-78 _ ]
8 = 2‘3?%317"' =
- 29:2%£§231§ .2
3 3(3-1 f ’ ’

10 + 4

e

e}
!

T
ct
n

%bmm)=m.

The treatment ( eliminating block) sum of squares is computed as:
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1Z1%184= 5(15-30) (15~ (12+10-6))
+ 5(33-3(10)) (53- (12+1046) } 4k (30-12-10)

= 65+5+32=102,

which agrees with the ad justed sum of squares for treatménts in Tables XVI-18
and XVI-21 in "Experimental Design."

The variance of a difference for various pairs of means is:

Actual variance Estimated variance

- -2 | 2 _ .20y _20"
V(xA-xB)- -5c§ SXA-XB- 3( 3) =55

= T Ven2(2 L D __ 102 _ 110 _ 55
v {xy-x, “°e(3 * 3(35) :%A-xc‘ 55 + 122) =736 T 18

T T Ver(2 L 3 2 __0@2 _ _3y_55
V(X'B-XC)-Ui(} * 15) SxB-xc" 3(3 ti5) = B

Two Missing Values for One Treatment

As a second 1llustration, consider the case where treatment one is missing
in replicates one and two. The following normal equations for the effects (page
128, loc. cit.), after applying the equations Ir =Zt =0, are obtained:

(nv-2)£-2tl-rl-r2 =X,,
(n~2)(;:+tl)-rl-r2 =X,.
n(ﬁ+ti) =X, 12,3,00, v
(v-l)(fﬂrl)-’cl =X,y
(v-1) ()t =X,
v(ﬂ+r3) = X,J $1=3,4,++,n

Solving for ry and r, in terms of tl, ﬁ, end the observations and then substituting
the solutions for ry and r, in the equation for tl results in the following:



£ (nv-n-av)

o1 = X +x

l+x ,2

A ' :
nti = Xi.-np, s 1=2,3,c0°,v .

v

Now, divide through by the coefficient of t and the sum. Therefore, izlt =0

(v-1) (X, +X, 4%, 5-0i) 1
nv-n-2v 3 zéxi‘ - (1)

X,, (vo-n-2v)+2vX, (X, +,,)
nv(v-l)(n-e)

Solving,

>

and we now have the solution for the individual t
now may be written as:

T Also, the equation in tl

.. VR KK oK

1 v(n=-2)

and
)

A

X.. (av-n-2v)+2vX, +n(X, +X
Wtty= v (v-1) (o=2)

vX., X, .. -
DGR g S
v{n=-2) - n Ule 711712

are obtained from the formulase on page 134 (loc. cit.).

+

A A
where Xll and X12

The solutions for the ti in matrix form are:




s e+ oo s &v ———r -t

v-l 1 1 1

v(n-2) " v(n=2) T v(n-2) T T y(m=2)

o]

1 1 -n-2v % -n-2v) -p-2v)
~ v{n=2) n " nv?g-g)(v-l) ~ v 2Y2n v-1) T - Bé?gagﬁ(v-l)

1 _ _(nv-n-2v) 1 _ _nv-n-2v ... (nv-n-2v)
n ov(n-2)(v-1) " ov(n-2) (v-1)

“v(n-3)

v (n-2)(v-1)

o1 _ _(nv-n-2v) _ _(ov-n-2v) . 1 _ __ ov-n-2v
v(n=-2) nv(n-2)(v-1 nv(n=2)(v-1) n nv(n=-2)(v-1l)

n
- § X , and Qi- = Xi. - ngx

for i=2,3,°¢°*°,v ,

J

e |
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The treatrent (elimne.ting block e;fects) sum of squa.res is éltiQi- s the

various variances are: .

NV =n=2v

) - v"l _]_.' -
V(tl-ti’ 1=2,3,"*,v) = Ui{ v@2) tn " w(m-g)(v-1)

2(- sy} = o2 2+ ey

) = 2_ _2(nv-n-2v)
3 el n nv(n-2)(v-1)

wh=2
-2(- ni?i-éy(ifl) )} =2 o/

V(t,-

Numerical example -~ Consider the previous example with treatment C missing in
replicate I. The following yields rerinin:

Replicate ,
Treatment I I1 III Total
A 6 5 b X,,=15
B 15 10 8 X,,=33
~ A A A
C | X5 S T B *Xal*xas‘l5*x31*X35
ot A~ ~n -
214%5y 30 12455 - 63

From: missing plot formulae given on page 134 of Federer [1955] we find
vx3_,+(n-l)x.l+x 53X,

5T T D)
15)+(3-1)(21)+12-63 _
—(3-2)(3-1)=2 =18
and N
2 VK X, +(n—-l)X.§ X..

33" (n=2)(v-1)

15)+21+(3-1)(12)-63 _
3.8 (5-1)=2 = 13.5
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Bubstituting the missing plot values in the table of yields and compléeting the

analysié of variance results in:

Source of variation af
Blocks 2
Treatments 2
Error L2z
Correction for mean 1
Total uncorrected T

Sum of sguares
31.50
166,50
7.00
992,25

1197.25

The "anova" using the "method of fitting constants" is:

Source of variation af

Blocks (ign. treat.) 2

Treatments (elim. blocks) 2
Error 2

Correction for mean 1

- Total uncorrected T

| A 0+6(15)+3(21412) _
where W= 303) (3o1) (3-2)=18 - 10.5

1 3 =-5.5

<t
i

o 11-10.5=0.,5

5(15)+21412-63 _ ¢ .
3(3-2) )

15-10 . 5"'10"6-'-'-"11 . 5

O
4
2]

35" 10 . 5"‘10"'6=6 . 5

o

15-10 =5.0

@O
\S .
fl

Sum of squares
25'50 = Zx?j/noj—x?o/no

91.50 = Tt.Q,

T.00 by subtraction

567

691

——
- 3+3)-3
SRR ARIER:
c-2(5af-%

2,0, = (=5.5 )(-11.5)+(.5)(6.5)+(5)(5.0)=92.50 .
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k Missing Values for One of the Treatments

Allgh and Wishart [1930] and Yates [1933 ] were the first to present discus- '
sions for one and several missing values, respectively; Yates (1933] presents an
iterative procedure for two or more missing velues. Federer [19‘51] gavé :missing
plot formulae for k different varieties missingin k different replicates and
for k varieties missing in one replicate (or alternatively, k replicate yields
missing far one variety). Some time later Thompson [ 1956 ] presented the same
Formulae with a numericsl application.

FTor the case of k(k <n) values missing for one of the treatments, say one,

solutions for the ti are given by:

/t 5 /V-l - 1 ' - 1: K ’ - 1 A i /Q \
1 v(n-k) v(n-k) v(n-k) v(n-k) 1e
© - 1 __noven-kv _ . hv=n-kv veo o bven=kv
@ - vin=k ) n " nv(n-k)(v-1) nv(n=k)(v-l nv{n-k)(v-1l) %.
b v(n=k) nv(n=k)(v-1) n  nv{n=k)(v-l) nv(n=k)(v-1) Fe
i ! . av-n-kv . ov-n-kv 1 _ __aven=ky
\\ iy, K v(n-k) nv {n=k) (v-1) nv(n=k)(v=l) n

m(n-k)(v-n/ \Qv. ).

where €, =X, - L x ., Q, =X ~«Z x . for i=2,3,***,ve The variances become:
1 1 J ,j‘—'-‘l d

- Y 2 g, kv }
V(tl ti, 152, ’V)=0€ n + "T‘n n-'_yrk V""i"

and

-t f ' ' 2/,
V(t,~t,, for if i' both>1)=20/n .
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Two Missing Values for Twe Treatments in Cne Block

The normal equations for this situation are, say for treatments 1 and 2 miss-
ing in block 1: Lo | ) R

sz

"N
(ov-2)p-t,~t,=2r, =X

(n-1) (ﬁ-l-tl)-rl = X

(n-1) (ﬁ+t2 )-rl =X

Qe
n(ﬁ-&-‘t.) =X, for i=3,e¢s,v
1 e
N
(v-2)(p+r1)~tl-t2 =X,
v(£+rj) =X,; for j=2,ece,r

Ffrom the above
) - Mtf* te
Whry = (X ottt )Y/ (v'ﬁ?‘éx'l* =

"
~ 0

. Therefore, substitutiné the value for r;‘ Em thé tl and ta equations we obtain:
(nv-v-2n+l)tl-t2= (v-2 )Xl K -0 (v-2)pn

. ~N
=t (nvev-2n+l )tar- (ve2 )X2 X, l--n(v--a u

Solving
b, = o V=v=2ntl { X. (ve2)+ Xp, (v-2)
1 T (nv-v-2n+l)2=1 1o nv=v=-2n+l

n-1)(v-2 A g
+ G . onv-2))

nv-v-2n+l . (v-2)

ty = (nv-v-2n+l)2=-1 {Xe.(v-a )+ nv-v=-2n+l

(n=-1)(v-2

+ nv-v=-2n+l

(%, -n(v-2)D) }
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Also,
ti—-;i "u fOI‘ 133’ oo .,v
Now =t i=0
- Xoo + V(Xlo+x20) + m‘l - aV(v-a)(n"l)
n n{nv-v=2n) nv-ve2n nv=v-2n
Solving,

X,,(av-v-2n)+v (xl,+x2 | J¥enX
nv(v=2)(n=1)=nv(A+l)

.

>

Therefore, for A=nv-v-2n+l and A+l=(n-l)(v-2)

t, = {VX1,+X‘1-X..}/v(n~l)
[¢
ty = {¥y X x,, } /v(ne1)
Dbt = X v-2 v }+ X v
1 1e( A+l nv(A+1) 2¢ DV(AH+L)
- 2n =742 A=l
+X-l{ v Y mr(A+T§} .Gt warD)
= !-.{X + (V—l)xl’+x2-+nx01'xw”
n{ le A+l
1 "N
= E{xlo*x,n} .
Likewise,
A _ l
u+t2 = {Xz.-rxel

: . -
where the formulase for the two missing plot values, }?ll and Xel s are those given
by Federer [1955] in formulae (V-53) and (V-54).

The soluticns for the ti in matrix form are:




AEAL! __2 __1
1 vin=1) vin—;i vin—lf

% SRS Vel R !
2 v{n~-1) v(n-1) vin-1)

to ] =] o L2 1 _ __vn-v-2n
317 v({n=1) v(n-1) n  nv(n-1)(v-2)

LXK )
LR N J

vR-v-2n
" w(n-1)(v-2)

for i=3,k,ees,v

The variance of a difference between the two means having a missing plot,

say 1 and 2, is

~ ~N
V(pftl-u-t2=tl-t2)=26§/(n—l)A .

LR R J

v(n=1)

1

" v(n-1)

Vh=V=2n
" w(n-1)(v-2)

Vn=V=2n

1
n" nv(n—l)(vfe)/

The variance of a difference between two treatments with no missing plots, say 3

and 4, is

V(tjath)=ao§/n .

The variance of quifference between two treatment means, one with a missing plot
and the other with no missing plots, say 1 and 3, is:

V(ﬁ+tl-ﬁ»t3=tl-t3)

nv-v=2n

2(-1)

-1 1
= °§'{v¥n-li R T W@l (v-2) " v(o=1)

2{2 v-1
= ¢ {n t () (v2)
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k Treatments Missing in One Replicate -
Suppose that treatments 1,2,e°s,k (1:<v) are missAing in replicate one and that .
the remaining v-k treatments are present in all replicates. After substitution
4 ere obtained by subtracting 1/ (n-1)(v-k)
times the sum of the first k normal equations from each of the last v~k equations,
and then, dividing through by n to cbtain

/tl 3\ /...3.-.. O *©** 0 0 0O oo 0\ /Q'l.\‘

for the p+r i’ '*bhe solutions for the t

n=l
t, 0 =2 e 0 0 O s 0
.2 n=-1 . : Qa-
[ A X ] ~L’ *0
Y c o e O 0 et 0 %.
11 1 1
Yeel % "8 " g 3 0 0 Y1
1 1 X 1
Y 2 "% "8 9 3 0 %42
: : :
1 I ... .3 P
g - a - a & 0 . 0 QVO

/N VAN

A n . : . n_
where a=n(n-1)(v-k), Qifxi'hgiax‘\i for i=1,2,**¢,k, and Qi.cxi;-.jilx,j for

1=k+l, k+2’ ce .,VO

The sbove matrix may be rewritten as (remember that miﬁao):




k+l

k+2

where b={kn+v-nv)/nv(n-1)(v-k).

lo )

/ Vel 1
vio-1} ~ v(n-1)
1 Vel
“ v({n-1) vi{n-l)
1 1l
“v(n-1) " v(n-1)
1 1
" v(-1) T v(n-1)
1 1
“v(n-1) " v(n-1
1 1
C v(n~1) = v(n=1)

1 1 _ 1
vzn-l) v{n-l) vi{n=1)
11 1
v(n-1) v(n-1)  v(o-1)
vel _ L - 1l
v{n~-1) v(n=-1) v(n-l)

1 1.,
“¥@1) n” b b
1 1
) b a +b
1
v(n-1 o b

v q-l

" v(n-1)

~ v(n-1)

The various variances of differences between treatments sre given below.

o) o)

%,

The variance of a difference between two treatments each of which bhas a missing

value in the same block, say tl and t2, is:

V(t ~t, ) =

202/ (n=1)

The varisnce of a difference in means for two treatments which have no missing

plots, say t

k+l

V(t

and t

k1 ka2

k+2

s 1s:

) = 20Z/n

The variance of a difference between two treatment means for a treatment with a

missing plot and for one with no missing plots, say tl and tk+1’ iss

Vit -ty ) = @{% *

v=k+1

nZn-lffv-ki
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Two Missing Values for Different Treatments in Different Blocks

Assume that treatment one is missing in replicate one and that treatment
. two is missing in replicate th. ﬁhen, the normsl equations become (after using
the restrictions that Z T ,=0= 2 t )

=1 J i=1 1

A(nv-e)u-tl-ta-rlnrz =X, ]
(n-l)(u+tl)-rl =Xy,

(n»l)'(ﬁ+t2)-r2 = X5,

n(u+t, ) L =Xy, for im3,b,ecev
(v'-l)(ﬁ-brl)-tl =X,

(v-l)(§+r2)—t2 =X, 5

V(ﬁ-l-rj) =X,y for J=3,ky000,n

After solving for Ty and s in terms of tl’ta and the observations the fol-
lowing equations in the ti result:

v
Since the izltizo, we sum the above equations and obtain

A V(Xl.ﬁxa‘)+an.lfx,2)ix'.(nv~ndv)
? nv(nven-v4+2)

Also,
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- v-1 N
1~ v(nveven)(nv-n=v+2) {f\n 1) (v -)Xl.

v (nven-v+2 )=n{ve1), _ }
( ~-1) )=y =X X, (ov-n v)

and

~ _ =1 D S oven=v & {

Wty = nv-nev %Xl."' A “‘3

'_" o ~
) Xl- . le,-i-nX.l-nvp
n n(nv-n=-v)
l
{xl.h{n} ,
where )?11 is obtained from formuls (V-55) on page 134 (loc. cited),
Likewise,
t, = el v(n-1)(v-1)X
2 v(nvev-n)(nvev-n+2) 2e
X (oven-v )}

and

Dt = 2 ix £ 3

Bty = 21 %o ¥ 2y 0

A

where X

op 18 computed from farmula (V-56) on page 134 of Federer [1955].

In matrix form, the solutioms for the t 4 ere:
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. . .} . a B \
/tl\ /; o o o ces o\\ ‘;;.; b §.3 = Ql'
. _ J=2
n
t2 [+ a 0 0 . ese 0 Xa.'i.l" § ;C.j = Q2'
J=3
-1 : ‘ n_
ty| | b = 0 ser 0O X3-3§1x'3 = O,
= R - . )
t’-& b b 0 n LR 0 Xh"-:jilx'j = Q‘ll-'
. . _1‘ n -
t. 7 |b b 0 0 oo X =I =
\ v/ \ n / \v. J=lx.'j Q‘v./
where a = (n=1)(v-1)3/ [(n-1)3(v-1)3-1] ,
b = =1/n(ov-n-v+2) , and
¢ = =(v-1)/[ (n-1)3(v-1)2-1] .

The various variances are:
= P2 (ne
V(tl-ta) = QUe(a c) ,
2 -1_
V(tl-t3) = oe(a+n c) , and

V(t3-th) = eu§/n .

k Treatments With One Missing Plot in Each of k Replicates

Suppose that treatments 1,2,*¢*,k (k < the smaller of n and v) each have one
yield missing in such a way that no two treatments have plots missing in the same
replicate. The remaining vek treatments have no missing yilelds in the n repli-
cates., Then, after substituting for p+r 3 values in the normal equations for the
treatments, subtract the sum of the first k equations divided by (n-1)(v-l)+(k-1)
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from each of the last equat:.ons, and Qubtract the sum of the other k-1 equations
. divided by (n=1)(v-1)=(k-2) from ea.ch of the first k equations. After division
by the coefficient for each of the t 3 the following solutions are obtained:

foee N /A € eee C 0 0 ees O\ /Qlo\

1
t C A e C O O o= O %,
t C C ees A O 0 ses 0 Q.
= [ ]
-1
L B B e+« B n 0 0 Qi1
teo| |B B eee B0 nT e 0 .
t B D e B O 0 s nY lq.
® \"/ \ / \"/

v=1){ (n=1) {(v=1)+k=2

where A = TNV (Rel) (VoL ) +E ke
— 1
" n[(n=1)(v-1)+k-1]
- (v=1)

" (n-1)(v-1)[(n-1) (v-1 )+k-2]-k+1

The variance of a difference between two treatments with missing plots, say

’bl and 'ba, is:

V(tl-ta) = 2c§(A-c)
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The variance of a difference between two treatm_eg@s with no missing plots, say

b,y B4 by, st

vt

V(t ) = 202/n .

K+l k+2

The variance of a difference between a treatment with a missing plot and one

with no missing plots, say t and t. kel is:

=o2{iin-n
V(ﬂl:1 k+l) o {n'-bA B} .

Literature Cited ,

Allen, F. E. and Wishart, J., 1950, A method of estimating yield of a missing
plot in field experimental work. Jour.Agric. Sci. 20:399=406.

Federer, W. T., 1951, Evaluation of variance components from a group of experi-
ments with muitiple' classifications. Iowa Agric. Exp. Sta. Res. Bul.
380:241-310.

Pederer, W Te, 1955, Experimental design =~ theory and alppiication. Macmillan,
N. Y. ‘

Thompson, Hs R., 1956, Extensions to missing plot techniques., Biometrics 12:241~
a4k,

Yates, F., 1933, The analysis of replicated expeiments when fzeld results are
incomplete. Emp. Jour. Exp. Agric. 1:129-1k2,




