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Why replication?

1. Reduce noise effects.
2. Estimate confidence intervals for effect sizes.

3. Analyze dispersion effects.



Sample variance across replicates

If a run is replicated r times with responses y1, y2, ..., y» and mean y,
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Sample variance across replicates

If a run is replicated r times with responses y1, y2, ..., y» and mean y,
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. 2
sample variance = s° = 1
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For a factorial design with N unreplicated runs (N = 2* for a full factorial or
N = 2k=P for a fractional factorial),

mean(s?)

standard error of effects = SE(8;) = N



Visualizing the data

farplot(data, C(HBII,HCH’HDII,HEH’HQII)’ "height")
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Linear models find the “best fit" effect sizes

model <- lm(height ~ B*C*D*ExQ,

show_model (model,
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Half-normal & dot plots — significance based only on effect size
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Location vs. Dispersion

» Sometimes we want to study the variation in the response, not the response
itself.

» Location describes the central tendency of a response

» Mean, median, mode
» All of our models so far use response = location



Location vs. Dispersion

» Sometimes we want to study the variation in the response, not the response
itself.

» Location describes the central tendency of a response

» Mean, median, mode
» All of our models so far use response = location

» Dispersion describes the spread of a response
> Range, inter-quartile range (IQR), variance, standard deviation



Location vs. Dispersion

» Sometimes we want to study the variation in the response, not the response
itself.

» Location describes the central tendency of a response

» Mean, median, mode
» All of our models so far use response = location

» Dispersion describes the spread of a response
> Range, inter-quartile range (IQR), variance, standard deviation

» Location can be studied with unreplicated or replicated designs
» Studying dispersion always requires replicates



Studying dispersion

» The variance o2 is the natural statistic for studying dispersion with linear

models fit by least-squares
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» However, the sample variance s? is not a good response for studying o

> 52 is left-censored (s? > 0)
> 52 follows a x?2 distribution, not a normal distribution
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Studying dispersion

» The variance o2 is the natural statistic for studying dispersion with linear

models fit by least-squares

» However, the sample variance s? is not a good response for studying o

> 52 is left-censored (s? > 0)
> 52 follows a x?2 distribution, not a normal distribution

» Both problems are fixed by modeling In s? instead of s>

» Moreover, maximizing — In s? minimizes the variance, so we can keep the
same maximization-based framework used for location models



Calculating In s?

disp <- add_dispersion(data,

head(data, 16)
## B C D E Q height

## 1 -1 -1 -1 -1 -1 7.56
## 2 -1 -1 -1 -1 -1 7.62
## 3 -1 -1 -1 -1 -1 7.44
## 4 -1 -1-1-1 1 7.18
## 5 -1-1-1-1 1 7.18
## 6 -1 -1-1-1 1 7.25
##7 -1-1 1 1-1 7.50
## 8 -1 -1 1 1 -1 7.56
## 9 -1-1 1 1-1 7.50
## 10 -1 -1 1 1 1 7.50
## 11 -1 -1 1 1 1 7.56
## 12 -1 -1 1 1 1 7.50
## 13 -1 1 -1 1 -1 7.94
## 14 -1 1 -1 1 -1 8.00
## 156 -1 1 -1 1 -1 7.88
## 16 -1 1 -1 1 1 7.32
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Visualizing the dispersion

farplot(disp, C(”B","C“,"D”,"E","Q”), "lns?")
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Visualizing the data

farplot(data, C(HBII,HCH’HDII,HEH’HQII)’ "height")
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Building the model

disp_model <- lm(-1lns2 ~ B+C+D+E+Q +

B:Q + C:Q + D:Q + E:Q + B:C + B:D + B:E,

disp)

Confounding in the 257! design
with I=BCDE:
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DQ

EQ
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BD=CE

BE=CD

show_effects(disp_model, "abs")
## (Intercept) 4.93131
## B -.94543
## D:Q -.55538
## B:E -.33523
## c:Q -.2989
## B:Q .29437
## C -.28434
## B:D -.21234
## Q -.13976
## D .12375
## E -.10777
## E:Q -.06457
## B:C .00079



Factors affecting location (spring height)

daewr: :halfnorm(na.omit(get_effects(model)))
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## zscore= 0.0417893 0.1256613 0.2104284 0.2967378 0.3853205 0.4770404



Factors affecting dispersion (In s?)
daewr: :halfnorm(get_effects(disp_model))

abs(effects)
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## zscore= 0.05224518 0.1573107 0.264147 0.3740954 0.4887764 0.6102946



