468 INCOMPLETE BLOCK DESIGNS 11.72a

TABLE 11.10a FaACTORS FOR OBTAINING VARIANCES IN CHAIN BLOCKE DESIGNB

Treatments foz Fu Jiz
In same group | O 0 b—1)/3
1 group apart | (b — 2) -1 h— 1}/3

2 groups apart | (3b - 8) 2b — 4) (56 — 9)/3
3 groups apart | (56 — 18} 36 —9 (95 — 25)/3

In finding the shortest distance apart, number the groups as follows.

Block 1 2 3 .- b
Gn G1 Gz Gb—l
Gl Gz G3 Gy
it gz g3 13

where g; stands for the groups of treatments that are replicated once.
In table 11.7a, for instance, A and I are one group apart, since A is in
G5 and T in (4. Similarly 4 (in G;) and ¢ (in g} are 2 groups apart
while € (in &4) and k (in g,} are considered in the same group.
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TABLE 11.3 INDEX TO PLANS
b At B Plan

k r Type
4 2 3 6 1 67 1.1 v
3 3 4 2 .89 * v
5 2 4 10 1 62 11.2 v
3 6 10 3 .83 11.1a v
4 4 5 3 04 v
6 2 5 15 1 .60 11.3 I
3 5 10 2 .80 11.4 TIL
3 10 20 4 B0 11.5 I
4 10 15 6 .80 11 I
5 5 6 4 .96 * v
7 2 [ 21 1 .58 11.2a II
3 3 7 1 .78 11.7 v
4 4 7 2 .88 11.8 v
6 ] 7 5 .97 * v
8 2 7 28 1 57 1.9 I
4 7 14 3 .86 11.10 I
7 7 8 ] .08 * v
9 2 8 36 1 56 11.3a II
4 8 18 3 .84 11.11 11
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TABLE 11.3 Inpex To pLANs {Continued) PLANS
: i _r b r i B Plan Type Plan 11.1 t=4k=2,r=3b=6r=1E=.67 TypeV
9 5 16 18 5 .60 11.12 II Block Rep. I Rep. IT Rep. XTI
6 8 12 5 .94 11;13 I% w1 2 @ 1 3 ¢ 1 1
8 8 9 7 .98 9 3 1 —
10 2 o 45 1 .56 1L14 I @ w2 ¢ ® 2 3
3 <] 30 2 S 11.15 11
4 3] 15 2 B3 11.16 11
5 9 18 4 80 11.17 TH Plgn 11.2 t=5k=2r=4b=10x=1,FE = 62, Type V
6 9 15 5 .93 11.18 111 Reps. I Reps, I
9 9 10 8 .99 * v Block and IT and IV
11 2 10 55 1 55 11.4a I 5 1T 3 —
b 5 11 2 .88 11.%9 v (2} 3 i ©® 1 4
6 8 11 3 92 11.20 v 2 m 2 3
10 10 11 9 .99 * w ® 2 5 8 3 &
13 3 6 28 1 .72 11.21 1T 4 1 3 o 1 5
4 4 13 1 81 11.22 v (5) 4 5 (i) 2 4
9 9 13 6 .96 11.23 v
15 3 7 35 1 .71 11.24 I
7 7 15 a .92 11.25 v
8 8 15 4 .94 11.26 v Plant1fa  t=5k=3,7r=6b=101=3 F = .83 Type V
16 6 6 16 2 89 11.27 Iv Reps. I, 1T, Reps. IV, V,
3] 9 24 3 .89 11.28 11 Block and ITI and VI
10 10 16 6 .96 11.29 v 1 179y
19 3 o 57 1 0 11.30 i E2; — © 12 4
9 9 19 4 .94 11.31 v M 13 4
10 10 19 5 .95 11.32 v @ 1 435 ® 1 3 5
21 3 10 70 1 (4 11,33 I 9 2 3 4 N 2 3 5
5 5 21 1 L84 11.34 v {5) 3 4 5 (10) 2 4 5
7 10 30 3 a0 11.35 11X
25 4 8 50 1 78 11,36 1T
9 9 25 3 93 11.37 v Plan 11.8 l=6k=2r=5b=15\=1F =
28 4 9 63 1 78 11.38 1 ’ ’ o 5= 60, Type
7 9 36 2 .89 11.39 111 Block Rep. 1 Rep. IT Rep. II Rep. 1V Rep. V
31 i} [ 31 1 .86 11.40 v a 1 2 {4) 1 3 M 1 4 0 1 5 a3 1 8
10 10 . 31 3 .93 11.41 v ? 3 4 & 2 5 ® 2 6 1 3 4 (o 3 3
37 9 9 37 2 .91 11.42 v @ 5 6 (6) " © 3 5 12
41 5 10 82 1 82 11.43 11 Uz 3 6 (5 ¢4 5
57 2] 8 57 1 20 11.44 v '
73 9 9 73 1 .90 11.45 v
o1 10 10 91 1 .91 11.48 v Plan 114  t=6,k=38,r=5>b=10,% =2, E = 80, Type III
Block
t Number of times that two treatments appear together in the same block. :c
* These plans are constructed by forming all possible combinations of the { num- m1235 ® 2 3 4
bers in groups of size k. The number of blocks b serves as a check that no group has 2128 (M 2 3 6
beer. missed. @ 13 4 ® 2 4 6
4 1 3 6 9 3 5 6
5 1 4 5 ay 1 5 6
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Plan 11.5 l=6k,k=23r=10b=20h=4 E =80, Typel ' Plan 1.3 t=T7k=4r=4b=T,12=2E =88 TypeV
Block Rep. T | Rep. II Rep. 11 Rep. TV Block
n 1 2 3 3 1 2 ¢ 1 2 5 n 126 (1 3 5 6 7 4 1 2 36 M 245 6
(2 5 6 4 3 5 6 6 3 4 6 ® 3 4 5 2 1 4 6 7 6) 2 3 47
- @ 1257 6 1 3 4 5
Rep. V Rep. VI Rep. VII Rep. VIII
© 1 3 4 (1) 1 3 5 (13 1 3 6 (15) 1 & & .
Bloek Rep. I Rep. 11 Rep. 11T Rep. IV
Rep. IX Rep. X 1 2 & 1 3 1 4 as 1 5
(i) 1 4 6 (19 1 5 & @ 3 4 & 2 8 (100 2 7 a4 2 3
(18 2 8 & (20) 2 3 4 N (3 5 I @ 4 5 (an 3 6 (15 4 7
@ 7 8 (& 6 7 (12) 3 8 {6y 6 8
Plan 116 t=8 k=45 =108 = 15 X = 6, E = 90, Type IT an lRe"‘VG o ?‘*”‘ V_f, 25 }}ep' VISI
Block Reps. I and IT Reps. IIT and IV Reps. V and VI as) 2 1 22 2 g 26) 2 5
ay 1 2 3 4 M1 2 3 5 M1 2 3 6 (9 3 5 ) 3 z en 3 7
2 1 4 35 6 ® 1 2 4 6 ® 1 3 4 5 e 5 5 @9 1 5 (28 1 5
@ 2 3 5 6 ® 3 4 5 6 © 2 4 5 6 :
Reps. VII and VIII Reps. IX and X
ay 1Tz 1 5 ay 15 5 6 Plan 1110 t=8k=4r=T7b=14 72 =3 E = 86, Type I
(11) 1 F) 5 6 (14) 1 3 4 [ Block Rep.l Rep. 1T Rep. il Rep. v
e T 2 5678 4 3458 ® 2 45 7 (8) 2 35 8
Plan1i2a t=Tk=2r=8b=21,x=1 E = 58 TypeIl _Rep. V_ Rep., VI Rep. VIT
X @ 1256 (1) 1357 (13 1458
ook it o @ Ti73 onI48s 09 Tee7
w1 2 8 1 3 (5 1 4
@ 2 6 o 2 4 (16) 2 3 Plan 1182 t=90,k=2r=8b=2386% =1, E = 56 Type II
3 4 10) 3 5 17
(2) i = (11) 3 : (18} i 6 Reps. 1 Reps. 11 Reps. V Reps, VII
4 (1D (18} 5 Block and IT and IV and VI and VIII
® 1 5 (2) 5 7 (‘92 2 & m 1 2 am 1 3 ag 17 2 28 1 5
® 5 6 {8 1 6 0, 6 7 @ 2 8 an z 5 @) 2 & @) 2 4
ms 7 a2 7 CIV S @ 3 4 1) 3 6 (2 2 3 (30) 3 8
) 4 7 (13) 4 9 (22) 4 5 (31) 4 6
Pla t=T,k=8r=3b="nr=1EFE:= 18 TypeV ® 5 8 (1) 5 8 (23) & ? @2) 8 8
117 =hk=dr=3b=7r=1F.13 lype 6 1 6 (5 & 7 (29) & 8 @) 6 9
Block N 3 7 (16) 1 7 25 7 9 (39) 2 7
m 1 2 4 3 3 4 6 B8 & 6 1 M 713 (8 8 9 an 4 8 26) 1 8 (35) 7 8
2 235 @ 4 5 7 ® 6 7 2 © 5 9 (18) 2 9 (2n 3 9 36) 1 9
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Plan i111 #=9,k=4,r=80b=18x =3 E = 84, Type 11 ' Plan 1105 1=10k=2r="0b =45\ =1, B = .56, Type I
Reps, 1, I, Reps. V, VI, Block Rep. T Rep. IT Rep. Il Rep. IV Rep ¥
Block III, and IV VIJ, and VIII 1 2 @®1 3 (apr 4 (@) 1 65 (@1 6
(1 4 6 7 ey 1 2 5 7 @ 8 4 M2 7 (ax 2 10 (179 2 8 (@ 2 9
(2 2 6 8 9 {any 2 3 5 6 @5 6 (® 4 8 (133 7 (8% 3 10 (23 3 8
% 1 3 8 9 (12) 3 4 7 9 W7 8 ®35 9 (45 8 (9 4 § (29 4 10
4 1 2 3 4 (13 1 2 2 9 %) 9 10 () 6 10 (15 6 9 (20 6 7 (2) b5 7
© 1578 (19 1 5 6 9 Rep. VI Rep. VII Rep. VIII Rep. IX
Eg; R SZ; o @) 1 7 @)1 3 @01 5 @110
® 2 4 5 8 {17 3 2 5 8 @ 2 & G2 3 602 4 6D 8
® 75 7% ® T 75 s (28 3 % (33 4 6 (38 3_5 (43 3 6
@) ¢ 5 (39 5 10 (39) 6 8 (49 4 7
GO 810 @57 9 4y T @8 9
Plan 11.12 t=9,lcm5,r=10,b=18,}#5,E=.9@,Type11 Plan 1116 t=10,k=3,r =9, b =30, A =2, E = 74, Type II
Reps. I, I, Reps. VI, VII, Reps. I, Reps. IV, Reps. V1,
Block ITI, IV, andV VIIL, IX, and X Block IT, and HI V,and VI VIII, and IX
W1z s 78 (1) 1 2 3 5 9 m 12 3 (an 1 2z 4 2n 1.3 &
@ 1 2 4 6 8 (my 1 2 5 6 8 2 25 8 (12) 2 8 8 (22) 2 6 7
3 2 3 58 9 (12 1 3 4 5 6 @ 8 4 7 (1 38 4 8 (23 3 8 9
4 2 3 4 6 9 (13 2 3 4 7 8 4 1 4 & (14) ¢ 5 9 (24) 2 4 10
% 1 3 14 5 7 (14) 2 £ 5 7 9 t5 5 7 8 s 1 5 7 (25) 3 5 6
6 2 4 5 6 7 (15 3 5 6 7 8 © 4 6 9 (16 6 8 9 26) 1 6 8
(M 1 3 6 7 9 (16) 1 4 7 8 9 M 17 9 (17 3 7 10 @n 2 7 9
8 1 4 5 8 9 (1) 3 2 6 8 9 ® 2 8 10 (1) 1 8 10 (28) 4 7 8
® 56 7 8 9 (18 1 2 6 7 9 @ 3 9 10 (9 275 9 (20 1 9 10
(1, 5 6 10 (200 8 7 10 (30) & 5 10
Plan 11.13 t=0k=8r=85=12 =5 K = 94 Type IT Planlﬁ.liﬂck t=10, k=4, r=06;b=15 A =2 E = 83 Type III
Block Reps. Tand IT Reps. 111 and TV W T2 3 4 ® 1 6 8 1 1) 35 5 10
@ 12 45 78 4 125678 2 125 8 m 2 3 6 9 a2 3 6 7 10
2 23 56 8 9 B 1.8 45809 9 13 7 8 ® 2 4 7 10 (13 3 4 5 8
@ 1384679 ® 28 46738 @ 1 49 10 © 258 10 149 1.5 6 7
Reps. V and VI Repe. VII and VIII () 1 5 7 9 (10 2 7 8 9 (15 4 6 8 9
M 135678 (1) 456789 Plan 1117 t=10,k =57 =09,b =18 A = 4 E = .89, Type IIT
® 1 2 46 8.9 () I 23 25 & Block
9 2 3 4.5 7.9 (122 1 2 3 7 8 © () 1 234 5 (T 145610 (13 2 56 8 10
2 1 236 7 (8 1489 10 (14 2 6 7 9 10
@ 1. 2 46 9 (9 15 7 9 10 (15 3 4 6 7 10
4 1 257 8 (1) 2 8 48 10 (6 3 45 7 9
5 18 68 9 (1) 2 8 59 10 (7 3 5 6 8 90
® 1 3 7 8 10 (1 2 ¢ 7 8 9 (18 4 5 6 7 8
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Plan 11.18 t =10k = 6,7 =0,b =15 X = 5 E = .93, Type III Plan 1181 =13,k =3,7=6b =126 = 1, E = .72, Type It

Block
IV
M 1 2 458 9 (8 23 46810 () 1 457 810 Block IIR?:;%’II \l}‘,es;dlvi
@ 56 78810 (H 12670910 (12212335710 (1)?’"”3—_9 0y T3
@ %4 56910 (® 13568 9 (18233567 8 @ 7 1T an 387
@ 712467 8 (12380910 (149 13 45 6 10 3 35 am 7S
% 3 4789 10 (0 23457 9 (613467 9 e T an 58
Plan 114a =11, k=2 r=10,b = 55X = 1, B = .55, Type I EZ; f ; 1: 82; 3_—1%—%’
Reps. I Reps. 111 Reps. V Reps, VIE Reps. IX m 2 7 9 20 2 11 12
Bloek and II and TV and VI and VIII and X ® 3 8 10 @1 AETIRT
m 1 2 (2 1 8 @) 1 4 (B9 1 5 (@) 18 e T 02 110 13
@ 2 11 (13 2 6 (2 2 3 (3 2 9 (46 2 5 a0y 501z @p T %11
(3 3 10 (4 3 6§ (25 3 7 (3 3 6 (4N 3 4 an 518 on 33 12
@ % 5 (15 4 10 (26) 4 6 (D 2 4 (48 4 7 ap 17 % @) 3 11
(%) 5 6 (6) 5 9 (2D 5 10 (&%) 5 7 (49 8 0y T E ) T 1 5
% 8 7 (N 6 8 (28 6 6 (39 6 10 (50) 6 1l
m 17 a8 2 7 (@) 7 1I @0) 78 (s1) 7 10
8 3 8 (9 1 8 (3 2 8 @y 4 8 (62) § ¢ Plon 1182 §=15k=4,r=4,b=13 A =1, E = .8, Type IV
@ 24 98 (0 7 9 (3D 1 9 (42 ¢ 11 (53 3 9 Block
(10y 9 10 {21} 100 11 {32) 8 10 (43) 1 10 (84) 2 10 m W ® 6 9 2 {an Tl——_l—m
Gl) 8 11 (22 4 11 (38 5 11 (44 3 11 (85 I 1l @ 73 51 m TR 03 o 12018 2 8
@ 3 2 6 12 ® 8 174 (3 18 139
Plaﬂﬂ.lé)m z: 1,k =5r=55=11,x=2E = 88, Type IV W 157D @ 50 55 = - =7
OC| —————— —_—
W 123 5 8 A BT % 5 68 1 (0 10 11 13 86
2 2 3 4 6 9 ® 8 9 10 1 4
@ 3 45 710 @ 9 1011 235 Plan 11,88 t= 13,k =0, =9, b = 13, A = 6, E = .96, Type IV
@ 456 & 11 ) 1 1 1 3 6 Block
® 567 9 1 an n_ 1 2 47 1 3 56 78 9 11 12 13 ® 1 2 365 6 7 10 12 13
% 6 7 8 10 2 @ T 4678 9 10 12 13 @ 12 3 46 7 8 11 13
@ 12 578 9 10 11 13 am 1 2 3 4 5 7 8 9 12
Plan 1100 =11,k m 6 r =66 =11, % =3, E = .92, Type IV 4 12368 9 10 11 12 (i) 2 3 4 5 6 8 9§ 10 13
Block (5) 2 3 4 7 9 10 11 12 13 (12) 1 3 4 5 6 7 ¢ 10 11
(hH 4 6 7 9 100 11 M 12 4 5 6 10 6 1 8 4 5 8 10 11 12 13 (13 2 4 5 6 7 8 10 11 12
@ 15 7 8 10 11 8 2 3 5 6 7 11 M 712 256 ¢ 11 12 13
@ 1268 0 i @ 17345 7 8
1237 9 10 (1) 24 5 7 8 9
) 2 3 ¢ 8 10 11 ) 3 56 8 9 10
1 3 4 5 9 11
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Pian11.2f t=15k=38,r=7,b=35x=1,E =.71, Typel

Block Rep. I Rep. I Rep. 1IT Rep. IV

w1 z 3 @ 1 4 & (1 1 7 6 1 8 9

@ 4 8§ 12 m 2 8 10 (12 2 g 11 an 2 13 1

(3 5 10 15 (8 3 13 14 (13 3 12 15 as) 3 & 7

4 & 11 13 @ 6 9 15 (14 4 10 14 (19 5 11 14

B 7 ¢ 14 e 7 11 12 5 5 8 13 (200 6 10 12
Rep. V Rep. VI Rep. VII

@y 1 10 11 26 1 12 13 (81) 1 12 15

@) 2 12 14 @n 25 7 382) 2 £ 6

@3 3 5 6 (28 3 9 10 39 3 8 11

(24) 4 9 13 20) £ 11 15 3 5 9 12

25 7 8 18 @30 6 8 14 @5 7 10 13

Plan 1125 t=15k="7r="Tb=15% =3 E = 92 Type IV

8ee incomplete latin squares Plan 13.7; randomize units in blocks ignoring repli-
cations,

Plan 11,26 1 =15k =8,r =8b =15 r =4, F = 04, Type IV

See incomplete latin squares Plan 13.8; randomize uniés in blocks ignoring repli-
eations,

Plan 1187 t=16,k=6,7r =6,b =16, » =2 F = .89, Type IV

See incomplete latin squares Plan 13.9; randomize unitg in blocks ignoring repli-
cations.

Plan 1188 1 =16,k =6,r =9, b =24, » =3, E = 89, Type II

Reps. 1, I, Reps. IV, V, Reps, VI, VIII,
Block  and III and VI and IX
)12 5 611 12 (9918 6 81315 {114 5 81011
(2)34 ¥ 8 910 (10y24 5 71416 (I8) 23 6 7 912
{356 91013 14 (1) 57 91113156 (1958 91213 16
4) 7811121518 {12) 6°8 10 12714 16 (20014 6 713 16
(512 9101516 (13) 24 6 8 911 (21 14 912 14 15
(6) 3411 12 15"11 (413 5 71012 (22) 6 7 10 11 14 15
(MH12 7 813 14 (15) 2 4 10 12 13 15 (23) 2 3 10 11 13 16
8)34 5 61516 (16) 13 911 14 16 (24) 23 5 B 14 15

PLANS 79
Plan 1189 $w=16,k = 10,r = 10, b = 16, A = 6, E = .96, Type IV

See incomplete latin squares Plan 13.10; randomize units in blocks ignoring repli-
cations.

Plan 1180 =19,k =3,r =0b =57, =1, E = .70, Type II

See extended incomplete latin squares Plan, 13.15a; randomize units in blocks ig-
noring replications.

Plan 1181 §=19,k=9,r=9,b =191 =4, E = .04 Type IV

See incomplete latin squares Plan 13.11; randomize units in blocks ignoring repli-
eations.

Plan 1132 {1 =10,k = 10,7 =10, b = 19, % = 5, B = .05, Type IV

See incomplete latin squares Plan 13.12; randomize units in blocks igﬁon'ng repli-
cations,

Plan 1133 t=2Lk=38r=10,b=70, A =1, E = 70, Type I

Block Rep. I Rep. II Rep. 1 Rep. IV Rep. V
1 1 2 3 @ 1 415 (15 1 517 (22 1 6 9 (29) I 721
@ 4 5 6 ® 2 511 (16) 2 414 (23) 2 716 (300 213 17
@ 789 (0 3 916 {17 3 711 (24 3 82t (31) 31018
(4101112 (1) 6 1720 (18 6 10 19 (25 41719 (32) 4 811
5
6
9

5131415 (12} 71219 (19) 81620 (26) 51013 (33 16 19
(6) 16 1718 (13} 813 18 {(20) 9 15 I8 (27) 11 15 20 (34 1215
(M102021 (14 10 1421 (21) 12 413 21 (28) 12 14 18 (35 14 20

Rep. VI Rep. VII Rep. VIII Rep. IX Rep. X
(B 1 810 (43) 11118 (50) 11220 (57 11310 (84) 1 14 16
(37 21819 (49 21020 (51 2 6 8 (58 ¢ 912 (65 9 15 91
(3% 31517 (45) 3 512 (52) 31419 (50) 3 420 (66) 3 6 13
(39 41216 (46) £ 913 (5% 41821 (80) 5 B 14 (67 4 710
(40) 5 921 (47 61621 (59 5 716 (B1) G 718 (68) 5§ 18 20
(41) 61114 (48 71417 (55) 910 17 (62) 10 16 16 (69) 8 12 17
(42 71320 (49 81519 (56 111316 (63 1t 17 21 (70) 9 11 19

Plan 1184 1 =21, k=58r=50b=21, A =1 E = .84, Type IV

See incomplete latin squares Pian 13.13; randomize units in blocks ignoring repli-
cations,
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t=2,k=77r=10b=230,1 =3 F = .90, Type IIl

480
Flan 1186
Block
(y 2 5 10 11 17 19 20
2 3 6 11 12 18 20 21
(3 4 7 12 13 19 21 15
(49 5 1 13 14 20 156 16
5y 6 2 14 8 21 18 17
® 7 3 8 9 15 17 18
(m I 4 9 10 16 18 19
8 3 4 8 13 17 19 20
™ 4 5 9 14 18 20 21
(1) 5 6 10 8 1% 21 15
(1vy 6 7 11 9 20 15 16
a ¥ 1 12 10 21 16 17
() 1 2 13 11 15 17 18
(14) 2 3 14 12 16 18 19
(15 1 6 9 12 17 19 20
Plan 11.38

See extended incomplete latin squares Plan 13.16a;
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(26)
27
(28)
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t=25k=4,r=80b=50x=1E=.78 Typell

noring replications.

Plan 11.37

See incomplete latin squares, Plan 13.1a; randomize units in blocks ignoring rep-

lications,

randomize units in blocks ig-

t=25,k=0r=950b=25x=3E = 93 Type IV

Plan 11.38
Block Rep. I
(H 28 1 10
@ 2 9 13
@3 3 8 1
(4) 7 B
3 5 6 20
8 12 17 22
7y 14 15 21
Rep. IV
22y 28 4 13
23y 5 3 16
2 6 2 i
(25 7 1 26
(26) 8 9 23
(2ry 15 11 25
{28) 17 18 24
Rep. VII
(43) 28 7 16
(44) 8 6 10
(45) 9 b5 17
46 1 4 20
“n 2 3 26
(4% 18 14 19
49 11 12 27

PLANS

fe= R k=4, r=00b==63n=1FE=.78 Typel
Rep. I

19
16
18
24
2
35
%

22
10
12
27
21
19
20

25
13
15
21
24
22
23

&)

@
{10
{1
{12)
(13)
(14)

29)
30
@B1)
(32)
(33)
(34
(35

(50)
(51)
(52)
(53)
(54}
(55}
(56}

28
3

13
15

~I| GO O D

16

11
14
12
24
21
23
22

Rep. V

Ll SR AR

10

14
17
15
27
24
26
25

20
17
10
25
19
26
v

23
11
13
19
a2
20
2t

Rep. VIII

Sh =3 oo

W | o

13

17
11
18
21
27

19

26
14
18
22
25
23
24

(18)
(16)
an
(18)
(19)
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