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Fisher's Principles of Experimentation

The 3 “R’s”

* Randomization &4
* Replication

* Local Control
(Reduce noise)

Sir Ronald Fisher
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Randomized Complete Block Design (RCBD)

Fertility gradient
* Randomization I ————
Representative unbiased High | Medium | Low

r N .
€SPONSES Rep 1 Rep 2 Rep 3

2

* Replication
No replication, no estimation of >
experimental error. 6
o 1
SE(mean) = T 4

r

3

 lLocal Control

Homogeneity at design stage. (12,3 4,5, 6}
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Randomization Test

List numbers from 1 to 12 in random order!




Sample vs. Replication

* Experimental Unit Definition

Smallest division of experimental
area such that any two units may
receive different treatments.

For example, plots but not samples
in a plot (e.g. dates sampled

to get average weight). \
Replications

150

Samples
‘\ /
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CRD, RCBD, and Alpha Designs

__________

Response = + T + E (CRD) |

Response = u+ T+ T + & (RCBD)

Response=pu+Tt+m+P+¢E (Alpha)

W) grand mean 1) effect of treatments ) effect of replicates B) effect of blocks  §) experimental error
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Replication vs. Block

* Replication:
“Experimental units represents all treatment levels”

* Block:
“Homogeneous group of experimental units”

In RCB Design, Replication = Block

In Alpha Design, Replication > Block
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What is the Right Block Size?

Do NOT ask biometrician that question! It .

is constrained by the physical arrangement An — B

of plots in the field, for example: —
1 Rep 1 :REpE:

 Total number of treatments :

- Field homogeneity ; e

* Plotsize 5 1ia 5

* Field layout (i.e. rows & columns)

= B B R N
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Alpha Design Implementation (1)

| Rep | Block | Plot |

1 1 1

1 1 :

1 1 6

1 2 /

1 2 :

1 2 12

1 3 13

1 3 ; i
1 3 18 ;
1 4 19 z
1 4 : 7
1 4 24 i
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Alpha Design Implementation (2)

Repl Rep 2

Lo =] & n & W R
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Layout Information (1)
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Layout Information (2)

Repl Rep 2

12
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1 1 4] 2
1 4 2
1 4 2
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Meta Data

Experiment name
Description

Coordinator name
Coordinator institute

Coordinator contact
information

Location
Province (state)
Country
Latitude
Longitude

Crop / genotypes %

ﬁﬁﬁﬁﬁ

List of treatments
Season and cycle

Experiment design
Total number of entries
Total number of plots

Number of replications
Block size (plots per block)
Number of rows

Number of columns
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Excel - Generate RCB Design

A B
1 |Treatment Order
2 |Pesticides A |=RAND()
3 |PesticidesB |, - fr
4 |Pesticides C
. A B
5 |Pesticides D 1 reat ; T
6 |Pesticides E rea- r_nen reet
o 2 |Pesticides A 0.88311
7 |Pesticides F o
o 3 |Pesticides B 0.89088
8 |Pesticides G o
9 pesticides H 4 |Pesticides C 0.58081
_L 5 |Pesticides D | 0.23668
6 |Pesticides E 0.10171
7 |Pesticides F 0.79184
8 |Pesticides G 0.41665
9 |PesticidesH | 0.79723
10 &
—
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=RAND()
C
FILE HOME  IMSERT  PAGE LAYOUT  FORMULAS  DATA
B ”=3 E.Dn‘ne:.ti?ns %l Y ;’Iea!r!l”
GetBxternal Refresh — zl|4\$ Sort  Fitter Y
Data~ All - Edit Links A Vo Advanced
Connections Sort & Filter
Bl - ] Sort Smallest to Largest
Lowest to highest.
A B e Tell me more
1 |Treatment |Order
2 |Pesticides A | 0.88311| [ sort Waming
3 PEStiCidES B 089088 Micrasoft F__xcel fou_nd _data next to your selection. Since you have not
4 PEStiCidES C 0.58081 selected this data, it will not be sorted.
.. What do you want to do?
5 |PesticidesD | 0.23668 s
6 |Pesticides E 0.10171
7 |Pesticides F 0.79184
8 |Pesticides G | 0.41665
9 |PesticidesH | 0.79723




Excel - Generate RCB Design (continue)

A B C A

1 Treatment  Order Plot 1 Treatment

2 |Pesticides E 0.07183 1 2 |Pesticides E 1
3 |Pesticides A 0.27052 2 3 |Pesticides A 1
4 |Pesticides F 0.35682 3 4 |Pesticides F 1
5 PesticidesH  0.61784 4 5 Pesticides H 1
6 | Pesticides B 0.63138 5 6 |Pesticides B 1
7 |PesticidesG = 0.87106 6 7 | Pesticides G 1
8 |PesticidesC  0.87696 7 & |Pesticides C 1
9 |PesticidesD  0.89878 8 9 | Pesticides D 1
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GenStat — Generate RCB Design

-

m Genstat

File Edit View Run Data Spread Graphics |Stats | Tools Window Help
" AEEHS| s o X
| | = | m T o R E|H| Bl B I 1 Statistical Tests 3

SREN | R
N R EEE % |

Surnrary Statistics »

[ Data Distributions 3
_____ T3 All Data Regression Analysis k

L3 Vectors Design r Generate a Standard Design...

-3 Matrices Analysis of YVariance » Generate a Factorial Design in Blocks... I}
""" [ Scalars Mixed Models (REML) 3 Generate a Fractional Factorial Design...
E -Fl"-:}r:::rs Multivariate Analysis L Generate a Covariate Design..,

- Other Types Six Sigma k Select Design...

Survey Analysis 3 Generate Factors in Standard Order...
Time Series Randomize...
Spatial Analysis

. AICARDA
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GenStat — Generate RCB Design (continue)

=

[T Spreadsheet [Book:1] E-@
4. Generate a Standard Design E=NBCR Row | PlotNo [{Rep [{Piot ! Treatment
Design: [Dne-wa_u Cesign [in Bandomized Blocks) I, v] 1 11 1 1 :
o 2 12 1 2 ]
, 3 13 1 3 3
Dezign Factor M ame Mumber of Levels
4 14 1 4 8
Blacks: [Fep 3 | 5/ 15| 1] = 4
Units within blocks: |F'|'I't | 6 16 1 [ [
Treatmnent factar: |TfEEltl'l'IEf'It | |B | 7 —l 1 7 7 =
8 18 1 8 2
ﬁ g| =21 2 1 6
10 22 2 2 ]
11 23 2 3 3
12 24 2 4 8
13 25 2 5 4
Replications required...] [ Check Power. .. ] 14 26 2 5 2 bl
Cptions
BT SR Mumnber of Units: 24 15 27 2 7 1
Dizplay design in a spreadsheet  Randomization Seed: 8575 16 28 2 ] 7
17 31 3 1 3
[ Run ] [ Cancel ] [ Options. .. ] [ Defaults ] =
32 3 2 ]
7|~ a4 | m [ »
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GenStat — Generate Alpha Design

-

4 Genstat

File Edit View Run Data Spread Graphics | Stats | Tools Window Help

ER=" il # =52 E.l L B | Ell Summary Statistics 3

T 1T XTI Statistical Tests
=

[£Z Data
- All Data

Sh=ai. e
d PR T 1=

i

whhich type of design would pou like to generate?

" aorthogonal designs [randomized blocks, split-plats etc) ™ complete and quasi-complete Latin squares

" complete or fractional factorials [with confounded interactions] 0%
" factorial designs from a repertoire [with confounded interactions ¢ cyclic designs

£ fractional factorial designs from a repertaire [with blocking) " balanced-incomplete-blocks

™ square lattice designs " neighbour designs

" lattice sguare desigrs central composite designs

:

Flackett Burman [main effect] designs

How many treatments are there [20 to 100]7

24 ak. Help Exit

ak. Help E st
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GenStat — Generate Alpha Design (continue)

18

How many blocks in each replicate? 6

How many replicates? 2

What would you like to call the treatment factor? Treatments
What would you like to call the replicates factor? Replicates
What would you like to call the block factor? Blocks

What would you like to call the unit-within-block factor? Plots
Seed for randomization (-1 for none)? 25185

Do you want to print the generator for the design? No

Do you want to print the design? Yes
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GenStat — Generate Alpha Design (continue)

|'Windm Help .
Close All ?
Cascade = E % | I B o
Tile Horizontally Alt+Shift+F4 _
Tile Vertically Shift+F4 -] Output
. 80 DELETE [REDEFINE=ye=] _statement
Attach to Frame Ctrl+Shift 81 DESIGN [STATEMENT= stacement]
Hide ) _
Treatments on each unit of the design
Mext Ctrl+F&
Previous Ctrl+5hift+F&
Plots 1 2 3 4
Graphics Alt+0 Replicates Blocks
1 1 10 16 12 8
v 1 O0utput s 2 1 7 6 19
2Input Log 30 2 4 0N
4 18 24 2 14
$EETLIT E 3 15 23 13
4 Start Page 6 &5 20 17 9§
Windows... 2 1 3 7 13 17
2 2 16 1 21
3 18 20 3 10
4 19 12 23 N
5 4 24 & 6
6 14 15 9 22
3 1 T 3 4 16
2 1 g 14 6
3 024 12 15 17
4 5 18 21 13
5 23 1 9 10
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GenStat — Generate Alpha Design (continue)

ISpraad Graphics Stats Tools Window Help

Mew k Create... Ctrl+F10
Column N Data in Genstat... I} Shift+F10 @

From Clipboard Alt+F2
Factor L4 * Load Spreadshes

ODBC Data Query... Alt+Ctrl+F10 oo el ees
Calculate L4 . ] Type of Spreadsheet
Delete b DDE Link... Ctrl+Shift+L @ “ector [Vanate, Text or Factar] 1 Matriz
Insert " Bxcel Import Wizard... Chrl+Alt+E ) Scalar ) Table [ ] Tables in column farmat

F URL...
Select r rem Available Data: Data to Load:
Restrict/Filter r Book from Selected Sheets... E:Dtcks - Replicates .

olE Blocks
Sort... Ctrl+F9 Tabbed-table from Genstat... Feplicates Flots
i 3 W K Treatments
Manipulate Append Multiple Files...
¥
Sheet Append Multiple Bxcel Worksheets...
¥

Book Merge Multiple Files...
Add 3
Export »
Update >
Set as Active Sheet

Load in book
’New Book v]
=

[ Load l [ Cancel ]
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GenStat — Generate Alpha Design (continue)

- -

[T Spreadsheet [Book:1] E-@ Output (= [@] =]
Row ! Replicates |} iocks |} Piots [! Treatments Treatments on each unit of the design
1 1 1 10 :
2 1 1 2 16 i
Plots 1 2 3 4
3 1 1 3 12
Replicates Blocks
4 1 1 4 8 1 1 10 16 12 8
L 1 2 1 1 P 1 T 6 19
= 3021 2 4 1N
o 1 2| 2 7 4 18 24 2 14
T 1 2 3 6 5 3 15 23 13 =
3 1 5 2 1o 6§ 5 20 17 9
2 1 8 T 13 17
- 1 3 1 21 2 2 16 1 21
10 1 3 2 22||— 3 18 20 3 10
Ty T : 419 1223 1
12 1 3 4 11 6 14 15 9§ 22 1
13 1 4 1 18 3 1 7 3 4 16
2 11 8 14 6
14 1 4 2 24 3 24 12 15 17
15 1 4 3 2 4 5 18 21 13
6 2 20 22 19 i
17 1 5 1 3
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Thank You

Questions?

Japanese attitude for work:
If one can do it, | can do it. If no one can do it, | must do it.

Middle Eastern attitude for work:

Wallahi... if one can do it, let him do it.
If no one can do it, ya-habibi how can | do it?
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Statistical Details (Skip if you’d like)

23

X1, X9, ey Xy, ~N(u,o?)
XX
x p—
n
N2
X; — X
Var(x) = 2( ln )

SD(x) =0 = /Var(x)

xi—f

Zi — SD(X) ~ N(O, 1)
_ _E-m .
" 5D/ -1
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