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RANDOMIZED COMPLETE BLOCK
DESIGN (RCBD)

Description of the Design

- Probably the most used and useful of the experimental
designs.

» Takes advantage of grouping similar experimental units into
blocks or replicates.

* The blocks of experlmental units should be as uniform as
possible. cleay) jai; 3a8 ga (1985 & G

 The purpose of grouping experimental units is to have the
units in a block as uniform as possible so that the observed
differences between treatments will be largely due to “true”
differences between treatments.



Randomization Procedure

eEach replicate is randomized separately.

» Each treatment has the same probability of being assigned to a
given experimental unit within a replicate.

« Each treatment must appear at least once per replicate.



Layout of the experiment
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Complete or Incomplete Designs

Can all treatments be accommodated in each block?

Complete Block Design. Every treatment occurs in each block.
Incomplete Block Design. Not every treatment occurs in each block.
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Advantages of the RCBD

1.Generally more precise than the CRD.

2. No restriction on the number of treatments or replicates.
3. Some treatments may be replicated more times than others.
4. Missing values are easily estimated.

5. This design is more efficient than CRD design



Disadvantages of the RCBD

1. Error df is smaller than that for the CRD (problem with a
small number of treatments).

2. If there Is a large variation between experimental units
within a block, a large error term may result (this may be due
to too many treatments).

3. If there are missing data, a RCBD experiment may be less
efficient than a CRD



ANDOMIZED COMPLETE BLOCK DESIGN (RCBD)

efine:

¥;; = the value of the response variable when block s uses
treatment /

V.. = the mean of the 7response variable observed when using
treatment /

= the treatment 7/ mean

y.; = the mean of the b values of the response variable when
using block

= the block ymean

y = the mean of all the £=#values of the response variable
observed in the experiment

= the overall mean



ANDOMIZED COMPLETE BLOCK DESIGN (RCBD)
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Linear Models for the RCBD

Vi =H+T + [+ &
=120t j=12...b

where:

Y- The observation in /" block receiving the " treatment

L - Overall mean
7, . The effect of the A" treatment

B; - The effect of the /" block

8,-/-: Random error



The ANOVA Table, COMPLETE
RANDOMIZED BLOCK DESIGN (CRBD)

Degrees Sum of Mean F
Source of Freedom Squares Squares Statistic
Treatments t-1 SST MST =SST  F(trt)= MST
t-1 MSE
Blocks b-1 SSB MSB =SSB  F(blk) = MSB
b-1 MSE
Error (t-1)x(b-1) SSE MSE = _ SSE
(t-1)(b-1)
Total (txb)-1 SSTO

where SSTO = SSTret. + SSB+ SSE

Y.’

C.F =
rxb




Sum of Squares

SST measures the amount of between-treatment
variability 2 o2
SSTreat= bz V.- V) ZY J t

SSB measures the amount of varlablllty due to

the blocks Y? o y?
SSB= tZ(y, gpo2fi Y

t  bxt
SSTO measures the total amount of varlablllty

SSTO= ZZ(yu y)z ZYZ_'—

SSE measures the amdunt of the varlablllty due
to error

S55¢ = 5570 = SS7rear. — S5




F-Test for Treatment Effects

H,: No difference between treatment effects

H,: At least two treatment effects differ

MST SST/(t-1)

Test Statistic: F= =
oot StasHe MSE  SSE/|(t-1)b—1)]

Reject H, if
F>F, or

p-value < o 5

F, 1s based on p-1 numerator and (£1)x
(6-1) denominator degrees of freedom

Reject H,
if F>F,




Missing Data

For each missing value in the experiment, you loose one
degree of freedom from error and total.

* Reasons for missing data include:
1. Animal dies
2. Break a test tube.
3. Animals eat grain in the plot.
4. Spill grain sample
* The value for a missing plot can be estimated by using
the formula:



v - bB+tT -G
-1 (b-1)

b : number of blocks

t : number of treatments

B : replicate total of blocks with missing value

T : treatment total of treatment with missing value
G : Experiment total (Y..)

[Y.j o (t _1)Yij ]2
t(t—1)

Y.j : replicate total of blocks with missing value before estimate
Yij : Missing value

Where:

AdjustSS’ = SSt



Relative of Efficiency of RCBD

o Relative Efficiency of RCBD to CRD (how many times as
many replicates would be needed for RCBD CRD to have as
precise of estimates of treatment means as RCBD does):

RE(RCBD, CRD) = ~>Eceo
I\/ISERCBD

(b —1)MSB +b(t —1)MSE
(bt —1)MSE

%RE =

OR

vegs  _ dfa MSBL+ (df, +df

(CRD) df

Treat.

YMSE

error

+df,, +df

error

%RE — ( error +1)(dferror(CRD) +3)MSE(CRD) %100
+3)(dfror,,, +DMSE df’  =df, +df

error crp)

( error error

Error



Balanced Incomplete Block Design

These are randomized block designs in which every treatment
IS not present in every block.

The experimenter is not be able to run all the treatment

combinations in each block because:
[1Shortages of Experimental Apparatus or Facilities

[1'The Physical Size of the Block

Balanced Incomplete Block Design (BIBD)

An incomplete block design in which any two treatments
appear together an equal number of times. This happens
when all treatment comparisons are equally important and
the treatment combinations used in each block should be

selected in a balanced manner,



Suppose that there are a treatments and that each block can hold
exactly k where (k < a) treatments. A balanced incomplete block
design may be constructed by taking binomial coefficient of a and
kblocks and assigning a different combination of treatments to
each block.

Assume that there are a treatments and b blocks. In addition,
assume that each block contains k treatments, that each treatment
occurs rtimes in the design (or is replicated r times), and that there
are N = ar = bktotal observations. Furthermore, the number of
times each pair of treatments appears in the same block is

rik — 1) rfosd il gs oy s o

KigUadll 8 dup ail) adall) 23
a— | arclallaa) 2

A

If a= b, the design is said to be symmetric.



The Statistical Model for the BIBD

The statistical model for the BIBD
Vi = pt 7+ Bt e

where y;; is the ith observation in the jth block, w is the overall mean, 7; is the effect of
the ith treatment, 3; is the effect of the jth block, and e, is the NID (0, ¢*) random error

The BIBD ANOVA Table

Source of Degrees of

Variation Sum of Squares Freedom Mean Square Fa
Treatments k E Qez SSTn:atmcnts[.b:IjJSIﬂd:n MSTreﬂmnm[adjumdj

. — il — 1 ‘Flfl e
(adjosted) Ad a-1 MS;
1 < v S8 Blocks

Blocks T2y b1 Pa—
E 88; (by subtraction) N ~a— b+ 1 e

1ror £ {by subtraction a N —a-bt1

2
Total PR AT N -1



2
ssr=2 3% %
i J

SST _— SSTrcatmems(adjusled) + SSBlocks =+ SSE

1 i
SSBiocks = ",; 2 y.z,- — ﬁ

i=1
a
2
k2, O
SS _ i=1
Trecat ts(adjusted)
reatments(adjusted) AQ

1 2
Qi’_‘yi-—_z"ij)’.j = 1,:2; voin
kj'—»l

Rejection Criteria

F

0>F

a,(a-1),(N-a-b+1)



Relative Efficiency of BIBI

Steps:
1) Converting BIBID to RCBD and calculating ANOVA table

2) Calculate the Active Error

Coefficient of Relative C.R = L
t+1
Where .

(Active Error) A E = MSE
C.R

2) Calculate the Relative of Efficiency

 MSE

RE=—-—
AE



Example:

lA chemical engineer thinks that the time of reaction for a chemical process is a
function of the type of catalyst employed. Four catalysts are currently being
investigated. The experimental procedure consists of selecting a batch of raw
material, loading the pilot plant, applying each catalyst in a separate run of the
pilot plant, and observing the reaction time. Because variations in the batches of
raw material may affect the performance of the catalysts, the engineer decides
to use batches of raw material as blocks. However, each batch is only large
enough to permit three catalysts to be run. Therefore, a randomized incomplete
block design must be used. The balanced incomplete block design for this
experiment, along with the observations recorded in the following table.

Block (Batch of Raw Material)

Teratment
(Catalyst) 1 2 3 4 I
1 713 74 — 71 218
2 — 75 67 72 214
3 73 75 68 — 216
- 75 — 72 15 222

y, 221 224 207 218 870 = y.



e

a=4b=4k=3,A=2:N=12

SS.,:ZEH—-E
63,156

_ (870)°
= 09, T 81.00
I < 2
SSBlocks = 3 2:[ }'fr- - %
2
1 870)*
= 2 (@217 + QO7) + (224 + 218)"] — 2~ 55.00

0, = (218) — (221 + 224 + 218) = —9/3
0, = (214) — 1207 + 224 + 218) = =713
Qs = (216) — 1221 + 207 + 224) = —4/3
0, = (222) — 3221 + 207 + 218) = 20/3



k2D O

i=1

SSTremmants{aﬂjustm;r = M
_3[(=9/3)* + (=73)" + (—4/3)° + (20/3)’] _ 975
(2)4) '
SSg = 85+ — SSTmatm:nm{aﬂjum:d] — SSBlocks
= 81.00 — 22.75 — 55.00 = 3.25
Source of Sum of Degrees of Mean
Variation Squares Freedom Square Fo P-Value
Treatments (adjusted 22.75 3 7.58 11.66 0.0107
for blocks)
Blocks 55.00 3 —
Error 3.25 5 0.65
Total 81.00 11
F =F = 3.41

a (a-1),(N-a-b+1) 0.05.3.5



