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i Plan Experiments to Have:

= A reasonable chance of distinguishing
anticipated treatment differences

= The optimum number of replicates
required to meet objectives

= An efficient experimental design and
randomization for desired precision

s Cost-effective utilization of the available
experimental area
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i Why is Planning Critical?

= Can reduce costs by selecting optimum
number of replicates and samples

= EXpected treatment differences are
typically < 10%, and frequently < 5%,
so small precision gains can help to:

= Distinguish an actual treatment difference
(reject null hypothesis H,)

= Strengthen evidence of no treatment diff.)
(do not reject null hypothesis H,)
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ARM 2015
* Power and Efficiency Planner

i5 Protocol Settings

| General | Desian | Treatmert | Application | Layout |

| Randomized Complete Block (RCB) - | FPowerand Hfficiency
] i e CV [10.0 [+|Reps [4 [+|Power (80 [2]|aSL|5% % Mean Diff [10.0 £
e Treatments fields to Lock at [ [
A | H5 {2 [Donotmege ~ CV | Reps =| Power asL % Mean Diff | Error DF | 'Plot EUs
B: | d | . | Do not merge 383 3 2 15
- | Ij |:| Do not merge < 453 4 12 20
The Treatment editor Type column field) uses 53 5 16 i
the factor description entered above as the Clear 53 6 20 30
default entry. G 7 a0 5, 0 24 a5
6.9 8 28 40
2 11 40 55
10 17 &4 85
12 24 92 120
14 32 124 160
| I I I I I I I
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i Power and Efficiency Planner

Power and Hficiency

CV 100 = Reps [4 ={Power 80 = I:I!SL|5=J:'=. ~r|?';l'n'1naan Ciff |10.0 =
Lock at J 7 v

= 'Lock at" to keep 3-4 columns constant

= Calculates table of possible values for
"unlocked" columns (e.g. Rep or CV)

= Values entered by protocol writer are
carried into trials created from protocol,
conveying protocol expectations to trialist

January 2015



i Power and Efficiency Planner

Plan replicates to achieve required precision
5 treatments with CV=5, 10% mean diff.

Power and Eficiency

cv/50 =|Reps 4 =] Power 30 [ uSLi-;Mean i [100 |2

Lock at [ [

C\ Reps Power asL « | % Mean Diff | Error DF
7 1% 24
B R% 16
4 10% 12

B 4 a0 15% 10
3 20%
3 25% .
3 30%
2 40%
2 RO% :
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Summary
Reps | aSL=Significance

7 1% 0.01
5 5% 0.05
4| 10-15% | 0.1-0.15
3| 20-30% | 0.2-0.3
2| 40-50% | 0.4-0.5
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i Power and Efficiency Planner

CV effect on minimum detectable % mean
difference at 5% aSL for 10 treatments, 4 reps

Power and Efficiency

cv/50 [“Reps 4 [=!Power [80 =] aSL *:-; Mean Diff[10.0 1

Lock at ] v v ¥ O Detectable Difference
______ C V o Reps Power aSL % Mean Diff | Error DF between Trt. Means
e N vV | % Mean Diff
39 : 3| 6.17% difference
4 8.2
486 ) . .. 10 . 4| 8.2% difference
5; € > 1?23 5| 10.3% difference
6 123 6| 12.3% difference
T e T 7| 14.4% difference |




i Randomization Quality Review

Goal is to improve experiment precision:
1. Arrange replicates as squares, not strips

2. Equalize treatment distribution

a. Balance average distance from all other
treatments

b. Balance “Edge effect” across treatments
3. Randomize all replicates
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[Properties 7 x|
Color by
) Replicate
@ Treatment
(7)) Current Treatment

[ Auto-=select for move

@ Treatment
306 310 312 &y 15 ) 'Plot’ Experimental Unit
11 19 14 [ () Replicate
212 |2 14 16217 3 9% 262 404 128
9 3 s 120 2 765 266 191 128
3 8 246 468 138
2 82 200 468 17
2 89 210 383 106
IR 102 (103 104 [105 106 LK 109 112 114 116 2 67 133 | 4 @
N2 3 4 5 [B 9 12 14 16 2 88 182 276 102
2 66 256 191 M7
2 847 232 255 117
2 89 192 276 104
2 86 218 255 106
g 61 223 255 125
— -
|Option5||‘u'|ovemer|t PuTcwslTreatmerrt Desmmicnlmmmeﬂ@ a Z? ;ZE 2;'23 15255
Suggested block size ("=optimum): _ 3 l Randomize Al Replicates ] 2 64.7 223 276 123 -
Block Size g | & | 12 “ — Replicate 1is defined as 2 15 40 27e 13
Rep\Width | 505 675 1015 2035 | | | |nonsandomized. k is best 2 57 250 276 110
_— statistical practice to
F‘{ED Leng'th 103 i 51 25 randomize all rE:p|iC:EItES. 2 60.6 19.2 213 102 Re-MNumber "Plots
Surfacelfrea | 0.059 0056" 0059 0.090 2 63 242 276 125 ——
Trial Width | 505 675 1015 2035 2 79 274 255 128
Trial Length | 415 311 207 103 2 69 270 143 121
Unused ‘Plot | 0 0 1 o 2 . 260 143 110 Hem
. A 3 b 277 283 138
o .
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Arrange Replicates as Squares

not Strips

“Optimum” is sma

| Options | Movement Amows | Treatment Description | Comment | Guality |

llest surface-to-area ratio

| Options | Movement Amows | Treatment Description | Comment | Quality |

Suggested block size ("=optimum):
- Replicate shape
BlockSize | 6 | & | 12 N
Rep \width BO5 675 1015 2035 |
Rep Length 103 IE A1 25
Surface/frea | 0.059 0056 0055 0.050
Trial Width B05 675 1015 2035
Trial Length | 415 an 207 103

Suggested block size ("=optimum):

- —  Replicate shape
Block Size B & .E 24

Rep \whdth B05 675 1015 2035
Rep Length 103 IEi A1 25
Surfacelfrea | 0.055 0.056 0059 0.090
Trial Wwidth | 505 675 1015 2035

Trial Length | 415 n 209 103

| Options I Movement Amows | Treatment Description | Comment | Quality
Suggested block size ("=optimum):

Apply
- Replicate shape
Block Size & ; 12 24
Rep Width BO5) 675 115 2035
Rep Length 103 77 51 25
Surface/irea | 0.059 0.056° J0.05% 0.050

Trial Width | 50.5] 675 1015 2035
Trial Length | 415 n 207 103

| Options | Maovement Amows | Treatment Description | Comment | Quality |

Suggested block size ("=optimum):

Apply _
Bocksze D & | 12 | 2 [ enestere
Replidth | 505 675 1015 2035
Rep Length 103 Iri 81 25

Surface/frea | 0.053 0056 0053 0030
Trial Width | 505 6&7E 1015 2035

Trial Length | 415 n 207 103
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Substantially reduces avg. dist. between trt.
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i Equalize Treatment Distribution

“Undesirable” layout of 7 treatments and 5

replicates in Randomized Com

= Trt. 6 in middle 3
columns of all reps

= Trt. 5in right 2 cols
for all but one plot
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Example from Federer, “"Experimental Design” 1955
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Uses “Average Distance of

i Treatment” Comparison (ADTC)

van Es and van Es, “Spatial Nature of Randomization and Its
Effect on the Outcome of Field Experiments”, Agron J,
85:420-428 (1993).

Goal is to create spatially-balanced designs.

Comparison between treatments 1 and 2 is taken from 5
plots for each treatment.

Measure the plot-to-plot distance for each plot containing
treatment 1 to the paired plot within replicate containing
treatment 2, for a total of 5 distances.

ADTC for treatment pair 1-2 is average of the 5 distances.
Repeat this comparison for all treatment pairs.
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‘L Unequal Treatment Distribution

= Average distance from 17.9 to 24.6
= Ranges from 11.9(T3,T6) to 34(T2,T5)
= Error variances for treatments may not
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‘L Unbalanced “Edge effect”

= Treatment 1 occurs at edge 4 times,
T2 and T3 at edge only 2 times

Properties

Color by
201 [ (202 ||1503 | (204 ||505 Treatment @ ) Replicate
7 2 G 3 4 ) Treatment

Trt | At BEdge | Awe Dist. | StDev | Min | Max

207 | el £0° (204 |05 nmm S, Curert Treatmen
2 L & 6 ! 246 556 17 Auto-select for move
301 | [302 |[303 |[304 |[305 @ 98 | 566 | 119 | 55 @ Treatment

! 3 4 6 2 3 211 118 17 955 ) "Plot’ Expermental Unit
202 203 | P04 |05 ; 2.7 5'53 znﬁ 3"4 ) Replicate

1 7 3 4 6 f : :

101 | [102 [[103 | RloEM [105 @ 173 33 | na| &

2 A 7 1 6 T 3 238 4.3 187 29
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Balanced Treatment
‘L Distribution and Edge Effect

= Average distance from 21.3 to 24.4
= Distances range from 18.7 to 27.2
= Edge effect” is balanced
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i Post-hoc Power Analysis

= In example, LSD can distinguish 25% mean
difference (largest existing difference is 18%)

= Current AQOV Trt P(F) > A
is 0.2979, so use me o
0.30+ significance 3] 81672
level to separate 5] 95332

LSD P=.03% {% mean diff) 21.8081(25%

treatment means Standard Deviaton 10978

= Need 8+ replicates to iiamsm sescas ova=50) ==
. . L t M Diff % di 16.333 (18%)
reject null hypothesis feamente — —1541
Treatment Prob(F) 0.2979

at 0.05 significance
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i Summary

Software tools can help improve trial
quality and efficiency:

= Plan appropriate number of replicates
= Improve quality of randomizations

= Analyze results to improve planning of
follow-up experiments
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