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¥ Fractional Experiment With Hard-
To Change and Easy-To-Change
Factors

What is hard-to-change factor
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Five different run order scenarios

Completely randomized
« RRO
Completely restricted

Partially restricted

Classical split-plot procedure

Completely randomized
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RRO

Random run order with the hard-to-change
factor 1s not reset successive runs have the
same level of that factor

TABLL L. & Run Crder for 3 27 Croecirient

Completely restricted

Hard-to-change factor 5 flilevelc\Zh vt A1)
Fblock [ 1
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- : Covariance Matrix(V) for the
Partially restricted (V)

The runs at each level of the hard-to-change
factor are randomly divided into two groups
of equal size or of sizes that differ by a run

Run Order Scenarios

& s be the error of easy-to-change factor With a
mean zero and a various O s

Ew be the error of hard-to-change factor With a
mean zero and a various O »
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Covariance Matrix(V) for the
Run Order Scenarios-»&/

V:(Gz+(l—p)g;)1+(pG;)UrUi

p 1s the probability that any two runs having
the same setting of the hard-to-change
factor are in the same block

Covariance Matrix(V) for the
Run Order Scenarios-»&/

Completely restricted p=1
Completely randomized p=0

Partially restricted .
--block is even p= L -2
277 -1
' Lk—l _1
--block is odd p= m
2
RROP= [ Tne2

For completely randomized
Vor

(o2 + ofy )T = 0’1
because the whole-plot factor reset on each run
For a completely restricted
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For a RRO design

the 22 experiment : 3,1,4,5,8,7,6,2
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V(p) in the L'system

Y=XB+¢
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For L experiment using different run order scenarios
Clov(b)

= (XX IX'VX(X'X)?

= r.rg. { X'rX:l_l

+ad (X)X [[:1 —p)1 +Jl:T_TT_T":| X(X'X)~!
= a2 f1(X) + ofy f2(X).

Compare the variance of b,

L k! 2 y & i
V [.EJ:',I = ;03 - .--:-.:Tﬁ.- i=10.1.....

a and ¢ value for 2 experiment
with X', Hard-To-Change
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Completely randomized v.s.

completely restricted

* In hard-to-change factor
completely randomized is better

* In easy-to-change factor
completely restricted is better

» About price
completely restricted is better

Split plot v.s. partially restricted

 For the hard-to-change factor
both has the same standard error
(because they have four blocks)

 For all other factors
split plot is better than partially restricted
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Classical Split Plot Blocking

Two different scheme
1. four blocks 7=X =XX XX,
2. eight blocks /=X, =X,X,=XX,X,

For the four blocks scheme

X matrix is written in the standard order

24 G-efficiency

When costs and prediction variance are
criteria, G-efficiency is important

: 4 C
Completely randomized 2" factorial is a G-
optimum experiment

11(c; +0o,,)/16 for a main effects plus
interaction model

G-efficiency--(continued)

» Split —plot experiment with four blocks

the maximum variance is o;/2+11c}, /16

» Split-plot design can be superior to
“optimum” designs
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Concluding Remarks

When errors are introduced by changing
the level of the factors,

RRO and completely randomized are not
well for easy-to-change factor

Restricted experiments are more
economical

but there is a large variance for the hard-
to-change factor

Concluding Remarks--(continued)

» Some people use partially restricted
it is not good
we can use Split plot blocking procedures
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