STAT 5200 Handout #18

Randomized Complete Block Design [RCBD] (Ch. 13)

Motivating Example: Turkey Diets

An experiment is carried out to evaluate the effects of two dietary factors on the growth
of turkeys. The two dietary factors are Sodium and Chloride. Both of these factors have
two levels—“High” and “Low”—so there are four combinations of factor levels. Four
buildings are available for the experiment. Each building contains four pens. Within each
building, the four combinations of Sodium and Chloride are randomly assigned to the
pens. At the end of the experiment 30 turkeys are randomly selected from each pen and
the average weight of the 30 turkeys is recorded for the corresponding pen.

Building: 1 2 3 4
Sodium: | H{H|L|/L{H/ H|L|L\VH/H|L|L|HJ HJ|L]|L 7 Sqftarse
Chloride: |[H|L|H|L{H|L|H|LIH|L|{H|L|H|L | H|L “"‘l°'l""'?i+h.5‘
Pen: [ 1[4 3|26 |8|5[7|12]9]10]11|13]16[15]14
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What if we fit this as a CRD (completely randomized design), with experimental units
(Pens) having been randomly assigned to treatments (Sodium-Chloride [factorial]
combinations)

data TurkeyDiets;
input Building Pen BodyWeight Sodium $ Chloride $ @@;
cards;
1 1 969 High High
12 903 High High
4 1036  High Low
9 959 High Low
3 1046 Low High
10 931 Low High
2 1021 Low Low
11 924 Low Low

6 928 High High
13 961 High High
8 885 High Low
16 1067 High Low
5 970 Low High
15 1038 Low High
7 883 Low Low
14 932 Low Low
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proc glm data=TurkeyDiets plots=diagnostics;
class Sodium Chloride;
model BodyWeight = Sodium|Chloride;
lsmeans Sodium*Chloride;
titlel 'Completely Randomized Design';
run;



Completely Randomized Design

Source DF| TypeIll SS | Mean Square | F Value | Pr>F
Sodium 1 85.56250 85.56250 0.0210.8785
Chloride 1 95.06250 95.06250 0.03/0.8720
Sodium*Chloride | 1]10557.56250| 10557.56250 3.01/0.1083
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What are we missing?
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This is actually not a simple completely randomized design.

Instead, it is a randomized complete block design (RCBD) because experimental units
(Pens) are randomly assigned to treatments (Sodium-Chloride [factorial] combinations)
within blocks (Building).
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General Discussion

Sometimes experimental units are already in natural (& homogeneous) blocks (or
groupings) such as:

e Batches of raw material (from supplier; sometimes litter [rats])

e Spatial groupings (fields or neighborhoods)

e Temporal groupings (week or day)
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We can use these blocks (and their natura omogerfiiy:/ ol

1. Variance reduction (another term for “blocking”, or using blocks in a design)
e We get a better estimate of 62 (error variance, or variance among
“homogeneous” experimental units; homogeneous” because after

accounting for trt. differences, there is no other real difference among

units) &tz MsiZ

2. Increase statistical power
e Probability of detecting real treatment differences

Note: Blocking (or block structure) is an inherent characteristic of the experimental units
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Key features of a randomized complete block design (RCBD):

poin blods

e Randomly assign experimental units to treatments
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e Each randomization/'s independent of others
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Back to Example: Turkey Diets

Model: lf = + S+ CJ + SCCS + E\\ * .Ef&h
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Although we use Block in the model, we will ignore inference on Block
e We did not [randomly] assign experimental units to blocks
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e We just blocked to make exwm.&%t between blocks
e Block is just an@xtraneou'slsource of variation not ml lw‘sﬂA 'l"\b_ \ ‘7qu

Why no interaction with Block? we skl wed *p A £ B¢ ?’F
e Primarily because we ignore Block-related inference
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proc mixed data=TurkeyDi
class Building Sodium [Chloride;
model BodyWeight =\Building\Sodium|Chloride;
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ts plot=residualpanel method=type3;
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titlel 'Randomized Complete Block Design'; YYL§1‘“”\
— ey,
run; mge.
/* NOTE: could also do post-hoc mean tests, contrasts, ( E- ¢ S
and interaction plots where appropriate */ s “t%*’ r'w\ﬂb1m
ek
Type 3 Tests of Fixed Effects (C m)
Num | Den
>
Effect DF| DF | F Value| Pr>F LMWSL 0‘@ Z
Building 30 9 79100068 5#««\5 Wlocht et
[«
Sodium 1 9 0.07/0.8022
Chloride 19 00707918 ey *’?S“‘£
Sodium*Chloride 1| 9/ 821/0.0186| &
Residuals for BodyWeight
40 o ’ 304 ]
N o ) / \_
- o o = 207
"g 0 o o o §
£ |° o & |
220 ° 10
40- o lﬂ\
- /
T = T T T 0 T T T T T T T T T T
900 950 1000 1050 90 -70 -50 -30 -10 10 30 50 70 90
Predicted Mean Residual
Residual Statistics
Observations 16
M inimum -52.44
_ Mean 0
S M aximum 46.563
= Std Dev 27.774
& Fit Statistics
Objective 98.29
AIC 100.29
AICC 100.86
BIC 100.49
T T T T T
2 1 0 1 2
Quantile




