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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 10.2015
i Power and Efficiency Planner

a5 Protocol Settings

WA=

General | Design |Treatrnani I Application I Layrm.:t|

Power and Ffficiency

| Randomized Complete Block (RCE) -
CV[100 [2]Reps|4 =|Power [80 |2 OSL[5%  ~|% Mean Dff[10.0 [+
Factors: Treatments Lock at
A | d |5 Ii" CV = Reps Power QOSsL % Mean Diff | Error OF | "Plot’ Els
B: | gl E 3.83 3 8 15
C: | Ij I: 453 4 12 20
The Treatment editor Type column field) uses 53 > 18 2
the factor description entered above as the 5.3 6 20 30
default entry. g 7 20 - 10 24 35
B35 8 28 40
8 11 40 L)
10 17 64 a5
12 24 g2 120
14 32 124 160

[ Save as Default ][ Save Set “

oK

J[ Canecs
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ARM 10.2015
i Power and Efficiency Planner

= Calculates "power" based on:
» Estimated CV of key assessment (e.g. yield)
=« Number of replicates

= Power = Level of certainty to detect “real”
treatment effects (80% or 90%)

= Observed Significance Level (e.g. 5%, 10%)

= % Mean Diff = estimated treatment effect,
expressed as percentage of overall (grand)
mean across treatments of key assessment
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;| Power and Efficiency Planner
Power and Efficiency

CV 100 =-|Reps 4 == Power 80 (= D5L|53:;. ~r|3';|"-'1|33n Ciff [10.00 =
Lock at f o ¥

= '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 protocal,
conveying protocol expectations
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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 20 2 DSL‘;;Mean i [100 |2

Lock at ] ] Summary
CV_ | Reps Power DﬁE ol E”‘;DF Reps | OSL=Significance
5 5% 16 7 1% 0.01
4 10%
: = 12 5 5% 0.05
3 20% 41 10-15% | 0.1-0.15
3 25% 3
: 5 . 0% " 3| 20-30% | 0.2-0.3
2 40% 4 2| 40-50% | 0.4-0.5
2 50%
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‘L Power and Efficiency Planner

Compare effect of significance level on
m|n|mum replicates for CV=6% vs. 10%

nnnnnn d Efficiency
CY (100 = Reps |4 |=| Power B0 H{DSL |5 v) Mean Oif 10.0 =

lockat [0 [
o Reps Power an d Hfficiency
477 9 CV 10.0 = Reps |4 = Power 80 :H‘DSL 10% v)‘l’:-l"-"lean Diff 0.0 =
5.05 4 lockat [ [
EEE; 2 CV Reps Power O5L % Mean Diff
: 493
714 2

3
5.7 4
: E\ 5.3 5
8 1 = -
10 15\\m\s
12 23 - -
14 31 \ 2

10 13

12 18
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i Power and Efficiency Planner

CV effect on min. detectable % mean
difference at 5% OSL for 10 trt., 4 reps

Power and Efficiency

cv[50 “|Reps 4 =] Power [20 [ CISLT;Mean Diff[10.0

Lock at [] 0 Detectable Difference
lllll CV ~| Reps Power 0SsL % Mean Diff | Error DF between Trt. Means
..... 232 B 0 -
e > = cv Yo Mean Diff.
19 3 3| 6.17% difference
4 g2
486 ) . N 10 . 4| 8.2% difference
5; <€ —> ‘15-;‘ | 5| 10.3% difference
5 123 6| 12.3% difference
= < S - 7 | 14.4% difference




ARM 10.2015
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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| Options I Maovemert Amows I Treatment Description I Ccmmer@

Suggested block size ("=optimum):
BockSize | 6 | 8 | 12 [JERID
Rep Width B0 675 1015 2035
Rep Length 103 T 51 25

Surface/frea | 0.058 0056~ 0055 0.050
Trial Width | 505 &75 1015 2035
Trial Length | 415 an 209 103
Unused "Plot’ 0 0] 1 0

b

Replicate shape

14 16217
16 10720
114 116 18
14 16 18 |

3

’ l Randomize All Replicates ]

Replicate 1is defined as
non-andomized. It is best
statistical practice to
randomize all replicates.

414 20
20

b e
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[Properties q

Color by

) Replicate

@ Treatment

(7 Curmrent Treatment

[ Auto-sslect for move
@ Treatment

() "Plot” Experimental Unit
() Replicat

(1]
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Lwe Dist.

96
/6.5
86

53
58
56
847
53
86
3
56
547
715

60.6
63
73
69

T

262
256
246
20.0
21.0
13.9
18.2
256
232
19.2
218
223
17.6
228
223
24.0
250
18.2
242
274
270
260
27

404
19.1
468
468
83
43
27E
191
285
276
255
255
213

128
128
138
17
106
102
102
7
17
104
106
125

85
125
123
13
110
102
125
128
121
110
138

276
276
276
213
276
255
149
145
383

Settings. .
Re-Randomize
Re-Mumber ‘Plats’
Accept Cument

Cancel
Help
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Arrange Replicates as Squares

Not

Strips

“Optimum”

IS SMa

llest surface-to-area ratio

| Options | Movement Amows | Treatment Description | Comment | Qualty |

| Options | Movement Amows | Treatment Dezscription | Comment | Quality |

Suggested block size ("=optimum):
- Replicate shape
BlockSize | 6 | 8 | 12 RIS
Rep Wwidth B0E 675 1015 2035 |
Rep Length 103 IEi A1 25
Surfacelirea | 0.055 0.056° 0055 0.050
Trial Width BB 675 1015 2035
Trial Length | 415 i 207 103

Suggested block size ("=optimum): Apphy
Block Size & a8 .g 24
Rep Wwidth B05 675 1015 2035
Rep Length 103 77 51 25
Surfacelfrea | 0.055 0.056 0055 0.05%0
Trial Width | 505 675 1015 2035
Trial Length | 415 n 200 103

—  Replicate shape

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

Suggested block size ("=optimum): Spply
BlockSize | 6 (M| 12 | 24
Rep \width 0Bl 675 115 2035
Rep Length 103 77 51 25

SurfacefArea | 0.059 0.056° J0.055 0.090
Trial Width | B0} 675 [1015 2035
Trial Length | 415 311 ) 207 103

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

Replicate shape

Suggested block size ("=optimum): Apphy
Block Size I 8 | 12 | 24
Rep \width B05 675 1015 2035
Fep Length 103 7 51 25
Surface/frea | 0.059 0.056 0059 0.090
Trial Whdth | 505 675 1015 2035
Trial Length | 415 n 200 103

Replicate shape
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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 (ATDC)

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

= 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 the treatment pair 1-2 is the average of the 5
distances.
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‘L Distances, Treatments 1-2

= Average distance = 3 plots = 24 feet

for 8 foot . 4e || 7e . be || 3¢ || Se
wide pIOtS 7d || 3 6d 5

Ic 5¢ 4c b¢ 3c E
3b 6b 7b 5b 4b
Ta 6a 3a 43 5a
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i 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
be homogeneous

Trt| At Edge | Ave Dist. | StDev | Min | Max
ﬂﬂﬂﬂ =TT
1

5
il el e
SEEEEEE




i 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 i Treatment

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

nm

245 556 17

401 | Eloea 403 | 404 | (405 @ Cumert Treatment

2 L 3 & 7

Auto-select for move

301 | [302 | [203 |[304 |[305 2 ko sl
[ L L ) @ 198 56 119 255 |ff O TeAmeR
ZRgll 202 | 203 |[204 | [205 3 212 31 17 255 |F HED;"CE:;Eﬂrnerrta rit
7 0B Il | 3 27 583 204 M :

179 353 ML 2
101 (102 | 103 | ez (103 | (106 | 107 - @ 218 43 187 29
2 4 7 1 b 3 ] ' : !
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Balanced Treatment
i Distribution and Edge Effect

= Average distance from 21.3 to 24.4
= Distances range from 18.7 to 27.2
= Edge effect” is balanced

ol 5
5 2
ol )
{]4 306 Qg307
5 |
R
TR

7
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i Randomize All Replicates

= This frame displays when a non-
randomized replicate is defined in Settings

= Select "Randomize All Replicates” to
follow recommended statistical practice

Options | Movement Amows | Treatment Description | Comment | Guality

Sugagested block size (“=optimum): [ Randomize Al HEDEE,IHJ

- - Replicate shape
Block Size & 8 12 Replicate 1is defined as
Rep'width | 505 675 1015 2035 | | nnnﬁndlnmized. It is best
- statistical practice to
Rep Length | 103 o o1 23 randomize all replicates.

Cirfaralfire=s | MNRG  MNORE*  NMORG MG
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ARM 10.2015
i Post-hoc Power Analysis

= Optional descriptive statistic printed on
AOV Means Table report

= Lists, for each assessment column, the
minimum number of replicates required
to statistically separate treatment
means based on Treatment P(F) and
current significance level

= Use for planning future trials
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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) > .
is 0.2970, so use me o
0.30+ significance 3] 81672
level to separate 5] 9533a

LSD P=.035 {% mean diff) 21.808\(25%

treatment means Standard Deviaton 10972

= Need 8+ replicates to iiamum sésieas pova=w0) =
. . L t M Diff S di 16.333 (18%)
reject null hypothesis [freamentr 1541
Treatment Prob(F) 0.2079

at 0.05 significance
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i Summary

July 2014

New ARM 10.2015 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

ARM 10.2015 is available 4Q 2014
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