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— When to stop
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Examples
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Pooling

 What Is Pooling

— Pooling is the act of removing factors or interactions that are not
significant, in order to gain degrees of freedom to estimate

experimental error.

 Why Use Pooling

— Pooling of the mean squares can help facilitate the identification
of significant effects.

— Allows you to reduce the model and provide a more powerful
search for main effects.

— Minimize terms in a predictive equation

a
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When To Use Pooling "

» Use Pooling...
— When the mean square error has fewer than 6 degrees of freedom.

— If the F statistic for the factor being pooled is not significant at a
large alpha value (.25)

Do Not Use Pooling...

— When the mean square error has more than 6 degrees of freedom.

— If the F statistic for the factor being pooled is significant at a large
alpha value (.25)
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Pooling Concepts e S

 Eliminate Effects
— Based on use of other tools

* Pool Less Significant Effects Into Error

— Recalculate the mean square and F statistic ratios before
testing the main effects. This would be equivalent to eliminating
the interactions line from the model in an ANOVA analysis.
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Pooling Concepts,

* Where To Start

— Pool the terms with the smallest effect

— As additional terms are pooled , the error should not increase
significantly if the terms are in fact insignificant.

 When To Stop

— |t is possible to pool to much. If this happens the noise will
increase significantly and will make other significant terms

appear insignificant.

— When R square adjusted level begins to fall significantly (Fitféd
Line Plot)
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Pooling Rules

1) Begin with smallest effects (insignificant high order
interactions)

2) Do not pool a main effect without removing all
interactions.

3) If there is a significant interaction do not pool the main
effects associated with it.
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Risks of Pooling The Tech Grodp

« There is risk that one may pool the mean square for a
factor that is really significant with error. This mistake
would show as an artificial inflation of the new residual
mean square error and make other significant effects
harder to detect.
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Real World Experience

Frequently, resources are not available to run a replicate of an
experiment. For example, we would like to run a 24 design (16
runs / treatments) which would be replicated (32 runs /
treatments), but the budget will only allow us to run 16 total runs.

What can we do in this situation?

— We can drop a factor we suspect is not likely to be significant,
thus ending up with a 23 design. A 23 design is a 8 run full
factorial, therefore we could replicate.

— We could run a fractional factorial 24" and replicate.
— We could keep the 24 design and eliminate the replicate.

However, what if we could only afford 8 runs?

Copyright 2007, The Tech Group Inc., All Rights Reserved Page 9



AT

RS

Downfalls of Un-replicated e e crou

Designs

« \We have no estimate of random chance
variation (experimental error)

« We can't ...
— Use ANOVA to analyze

— Compare random variation (within) to the variation
between group (factor) means. '

Copyright 2007, The Group Inc., All Rights Reserved ( Page 10




o

N
N

3 - - Ti pS For AnaIyZi n g The Te::h ’Group

Un-replicated Designs

« Normal Probability Plot of the Effects
— A graphical technigue that is somewhat subjective.
— Minitab uses Lenth’'s method to label significant effects when no error term
exists. For replicated designs Minitab uses ANOVA (defaulta = 0.10).
+ Pareto Chart of the Effects
— Ancther graphical technique that is subjective.
— Minitab uses Lenth’'s method to generate the significance line when no error
term exists. For replicated designs Minitab uses ANOVA (default a = 0.10).
« ANOVA
— Assume that certain high-order interactions are negligible and combine their
mean squares to estimate error. This is an appeal to the sparsity of effects
principle; thatis, most systems are dominated by some of the main effects
and low-order interactions and most high-order interactions are insignificant.
— The risk with this method is that occasionally, real high-order interactions
exist.
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« Suppose that | could eliminate some effects based on
use of the other tools?

Normal probability
plat, effects pareto,
ANOVA?

A plan!! Effects
pareto then ANOVAL
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Using MINITAB

« To improve PC-4 release consistency, a DOE was planned to
determine the key factors effecting silicone coverage and aged
release based on the silicone coater set-up. Because of the
number of factors (8) that needed to be considered, a full
factorial design would have required 256 runs. The cost and
coater time required was prohibitive.

« Based on a balance of cost, coater time, and information
required, the decision was made to go with a 2 4 , design that
would allow us to identify the main effects (ignoring three way
interactions) and identify possible two way interactions for
further work. The experiment was not replicated because of the
cost and time required. -

The effects pareto and normal probability plot for the
initial analysis are on the following page.
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Pooling Example-1

Normal Probability Plot of the Effects

(response is D-E Avg., Alpha = .10}
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Pareto Chart of the Effects
{responsa is D-E Avg., Alpha= 10)
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Pooling Example-1

Fractional Factorial Fit

Estimated Effects ard Coefficients for D-E (coded units)
Analysis of Variance for D-E (coded units)

Term Effect Coef

Constant 24 310 Source DF SeqgSS AdjSS AdiMS
TRIBUR N 3527 -1.764 kP

GR/TR Ni 0623 -7.311 Eﬂaiﬂ Effects 8 437.34 437.34 54 .67 o
Line Spe Al 239 Z-\Way Interactions 7 92.84 92.84 13.26
Tournigu 1.385 0687 % %

Sil Gtw -5.487 -2.744 Residual Error 0  0.00 000  0.00
Bath Tem -4.747 -2.374 Total 15 53019

Total Te 0.675 0.338

Tension 0485 0242

TRIBURN*GR/TR NI 2230 1.145
TR/BUR N*Line Spe  -1.552 -0.766
TR/BUR N*Tourniqu  -0.763 -0.381
TR/BURNSI CtW 0830 0415
TR/BUR N*Bath Tem  0.875 0438
TRIBUR N*Total Te 2327 1 184
TR/BUR N*Tension  -2.857 -1.429
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Pareto Chart of the Standardized Effects

{response is D-E Avg., Alpha = .10)
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Pooling Example-1

The Tech Group

Normal Pmtﬁability Plot of the Standardized Effects

{response is B-E Avg., Alpha = 1)
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Pooling Example-1

Pareto Chart of the Effects Pareto Chart of the Standardized Effects

(response is D-E Avg., Alpha = .10) {response is D-E Avg., Alpha = 10}

8: GRTR NI C: Line Soe
C: Line Spe o Tma pe
D: Tourniqu : Tournigu
E SilCtW E: Sil CtW
F: Bath Tem F: Bath Tem
& Total Te 5: Total Te
3: H: Tension

H: Tension
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Before Pooling After Pooling
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Pooling Example-1

Fractional Factorial Fit: D-E Avg. versus TR/BUR Nip P, GR/TR Nip Im, ...

Eztimated Effects and Comfficlents for D-E {(coded units)

Tearm Effect Coef 88 Coaf 7 F
Constant 24 510 o,4114 Sa.02  0.004
TRA/BUR H 5,527 -1.%64 O.4119% -4 .25 0,023
GE/TR Wi -0, B23 R O,8114% -0.76 0,505
Lime Spe G420 3,210 O.411% T.78 D, oG4
Tournigqu 1,365 0,857 O,411% 1.68 0,185
211 ot W -5, 4a7 -2,744 0,411 —&, 86 4,007
Bakh Tem —-4,747 2,374 D,.£115 =578 0,010
Total Te 4, €%5 0,338 O,21145 .82 0,474
Tansian 8,885 0,242 O,81148 0,58 0,587
TEAEUR H*GR,/THE i 2. 2an 1,145 0,811%6 2.7 0,080
TR/BUR HN*Line Spe —-1.532 -0, 66 G,4119 -1.886 0,180
THLABUR N+ Total Te 2,827 1,164 0.811% 2.82 0,088
THABUR He¥Tension -3, 857 -1.424% D,8115 -3 4% 0,844

]
&
e
e
|
=1

Analysis of Variance {eoded units]

Bouree DF Seq 32 Ady BE Ry MEZ ¥ P
Main Bffests # 437,342 £3T, 342 Bi,esE 20,14 G,016
2-Way Interactions : B4, 701 g4, 702 21,875 TLEG O, 0B
Fezidual Errer 3 £.144 2,244 pURE S 3

Toakal 15 530,188

NOTE: Minitab displays T values instead of F values.

They are equivalent in this case (The square of a T random variakle with v degrees of
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Pooling Example-2 The Tech Group

Creating A Regression Plot and R Squared Adjusted

Fitted Line

« Stat > Regression> Fitted Line Plot
« Select Distance in'Y

« SelectFITS1Tin X

» Check Linear

it s i@grﬁfjgj =
« R? Adjusted - % of data that BT e
is described by the model = -

~ Between 0 and 100%
—~ 100% - all data can be
explained by the model

Bistarne
%
|

)
———— BRI
— BER P
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Pooling Example-2 The Tech Group

Deleted 3,4,5 way interactions — R2 Adjusted 100%

Regression Plot
FITEL = Q0000 + 1 Distance

Pareto Chart of the Effects
{response Is IDistEn0s, Algha = 05}

S=0 RSg=1000% P-Solc)= 1000 %

ome
mE Qo>
2

FITS2
g
I

{} P
I i f
£ £33 101
Distance
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Pooling Example-2 e Techarou

Pooling in Minitab

Stat > DOE > Factorial >Analyze Factorial Design > Terms
Select insignificant terms

Select single back arrow [_<

The insignificant terms will be removed from the DOE model
Ok, Ok

P.areto Chart of the Effects
{responise i5 Distance, Alpha = 105}

monm e
me o >
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Pooling Example-2 The Tech Group

Pooling in Minitab

Stat > DOE > Factorial >Analyze Factorial Design > Terms
Select insignificant terms

Select single back arrow

The insignificant terms will be removed from the DOE model
Ok, Ok

Pareto Chart of the Effects
{responise Is Dislance, Alpha = 05}

Analyze Factorial Design . Térmg .

monm e
mogno >

Q19080880 09z¢e
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Pooling Example-2 e ecn crow

Pooled Out AD, BE, CD, CE — R squared adjusted 99.9%

i Regression Plot
Fareto Chart of the Standardized Effects

{respnnos i3 Distancs, Alphe = D5} FITES = SBLENESE » & S22S2% Disinnce
) N S 0ETEIEY R-on e 3E5%  Roysdl- 229 %
W L
8: E
o .
o C B —
£: E
[l |
e e
= = —
[ .
5 —
| | I
el 0 B
Distance

All remaining terms are significant
except B, the BC interaction is significant, there for the B term
cannot be pooled

Would you stop pooling here?
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Pooling Example-2 The Tech Group

Pooled Out AB, BD, AE, AC — R squared adjusted 97.5%

Fegression Flot

T e DR DN G G TR TeREeon:

Paretc Chart of the Standosdized Effects

R e TROSTT B = QTS % Ry - Q8 NS

i 90 >

FITS4

, T T T
| w w2 TR
r : : Diistanos
13 4 & 10

DE and BC are now insignificant when they were significant —
Possible Type Il error (Beta error)
From the effects plot, does the effect of DE and BC have a practical

effect on the response?
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Pooled Out B, DE, BC—-R

Parete Chart of the Standardized Effects
{resspores s Distance, Algie = 05}

Pooling Example-2 The Tech Group

squared adjusted 95.5%

Regression Plot
TYTES - & EERAS I (N SEECL e

Tow SEIEIT  RTmw GRS CRDmime e DeE0

Diztance
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Pooled Out E — R squared adjusted 92.4%

Pooling Example-2 e Tech rouw

Regression Plo
Pareto Chart of the Standardized Effects ERTIR . TR L [ TS Thatimrom
{response Is Distance, Aipbe = 05} 5= LEESED SeSpe SEE TR S-Syl = ERe T
wz —
m —
i —_—
= s
= T
o o —
—— ]
e —
Q s
T 1
= =z
Diztance
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POOI | ng Exam ple-2 The Tech Group

Pooled Out A — R squared adjusted 69.0%

Regression Plot
Rarete Chart of the Standardized Effects FERLT o ELTNELS. DUPEERIE Eiabure
{response is Distance, Aipha = 055 I 2O BSge-TLER 2EswS - ERET

FITS?
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Pooling Example-2  meTecncrow

Sparcity of Effects Principle

Alph Its in acti el e :
\Ipha error — results in action ,.
, ’p | . ; | R2 Adjusted - ~" Alpha error —
taken when not necessary | Keeping
causing cost and schedule impact | & > insignificant terms
S Beta error - - ol

Beta error — results in significant | = 8 - | Removing e
terms being ignored causing significant terms
customer impact and rework .

Elv ”1?50 155

Number of model terms
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Pooling the mean square of insignifiCant factors and
interactions provides degrees of freedom to estimate
experimental error.

Pool when the mean square error has fewer than 6
degrees of freedom.

Pool only if F statistic for factor or interaction is NOT
significant at a large alpha value (.25)

Start with terms with smallest effects and stop when R?
falls significantly.
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