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Size Your Design for Success

üPower to size factorial designs

üPrecision in place of power

ÁIntroduce FDS

üSizing designs for precision (RSM)

ÁTwo-component mixture

ÁThree-component constrained mixture

üSummary
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Size Your Design for Success
Factorial Design

During screening and 

characterization the emphasis 

is on identifying factor effects.

What are the important design 

factors?

For this purpose power is an 

ideal metric to evaluate 

design suitability.
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Factorial Design Process
page (1 of 2)

1. Identify opportunity and define objective

2. State objective in terms of measurable responses

a. Define the change ( y) that is important to detect for 

each response

b. Estimate experimental error ( ) for each response

c. Use the signal-to-noise ratio ( y/ ) to estimate power

(Power is used to size factorial designs!)

3. Select the input factors to study (Remember that the 

factor levels chosen determine the size of y.)
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Factorial Design Process
page (2 of 2)

4. Select a design and:

Á Evaluate aliases (fractional factorials and/or blocked 

designs); generally use two-factor interaction (2FI) 

model

Á Evaluate power (desire power > 80% for effects of 

interest); generally use main effects

Á Examine the design layout to ensure all the factor 

combinations are safe to run and are likely to result in 

meaningful information (no disasters)
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Size Your Design for Success

Truth is...

No Effect

Effect

ANOVA says...

Retain H0 Reject H0

OK

OK

Type I error

(alpha rate)

False alarm

Type II error

(beta rate)

Failure to
detect

What is Power?
No Factor Effect; H0: = 0 

Power = (1ī)*100%

Power is the probability 

of revealing an active 

effect of size delta ( ) 

relative to the noise ( ) 

as measured by signal-

to-noise ratio ( / ).

Desire power to be high  

(at least 80%) for effect 

size of interest.
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Factorial Design ïPower
23 Full Factorial =2 and =1

Power is reported at a 5.0% alpha level to detect the specified signal/noise ratio.

Recommended power is at least 80%.

R1

Signal (delta) = 2.00 Noise (sigma) = 1.00 Signal/Noise (delta/sigma) = 2.00

A B                    C

57.2 %           57.2 %            57.2 %

The following three slides dig into how power is computed.
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One Replicate of 23 Full Factorial 
C = (XTX)-1 matrix

i i i
i

2 2
i ii

t-value  = 
SE c Ĕ 0.125 Ĕ

The design determines the standard error of the coefficient:
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Noncentrality Parameter
23 Full Factorial =2 and =1

i

i
i

2 2

ii ii

2

2noncentrality  = 
c Ĕ c Ĕ

1

0.125 1

1
2.828

0.3536

The reference t distribution assumes the null hypothesis of 

= 0.  The noncentrality parameter (2.828) defines the t 

distribution under the alternate hypothesis of = 2.
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Factorial Design ïPower
23 Full Factorial =2 and =1

noncentral t =0.05,df=4 with noncentrality parameter of 2.828

Power = 57.2%

Size Your Design for Success
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Factorial Design ïPower
Two Replicates of 23 Full Factorial =2 and =1

Power is reported at a 5.0% alpha level to detect the specified signal/noise ratio.

Recommended power is at least 80%.

R1

Signal (delta) = 2.00 Noise (sigma) = 1.00 Signal/Noise (delta/sigma) = 2.00

A                    B                    C

95.6 %           95.6 %            95.6 %
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Two Replicates of 23 Full Factorial
C = (XTX)-1 matrix

i i i
i

2 2
i ii

t-value  = 
SE c Ĕ 0.0625 Ĕ
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The design determines the standard error of the coefficient:
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Noncentrality Parameter
Two Replicates of 23 Full Factorial =2 and =1
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Factorial Design ïPower
Two Replicates of 23 Full Factorial =2 and =1

Power = 95.6%

noncentral t =0.05,df=12 with noncentrality parameter of 4.0

Size Your Design for Success
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Size Your Design for Success

Power
The probability of finding an effect!

Power depends on:

ÁThe size of the difference :

the larger the difference the higher the power

ÁThe size of the experimental error :

the smaller the higher the power

ÁThe risk chosen:

the larger the higher the power

ÁChoosing a design appropriate to the problem:

more orthogonal and larger designs have more power

ÁThe number of replicates:

the more runs the higher the power
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Conclusions

Factorial DOE

During screening and 

characterization (factorials) 

emphasis is on identifying 

factor effects.

What are the important design 

factors?

For this purpose power is an 

ideal metric to evaluate 

design suitability.

Size Your Design for Success
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Size Your Design for Success

üReview ïPower to size factorial designs

üPrecision in place of power

ÁIntroduce FDS

üSizing designs for precision (RSM)

ÁTwo-component mixture

ÁThree-component constrained mixture

üSummary

Size Your Design for Success
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Size Your Design for Success
Response Surface Design

When the goal is optimization 

emphasis is the fitted surface.

How well does the surface 

represent true behavior?

For this purpose precision 

(FDS) is an good metric to 

evaluate design suitability.
(Assuming model adequacy; 

i.e. insignificant lack of fit.)

Size Your Design for Success



Response Surface Design Process
page (1 of 2)

1. Identify opportunity and define objective.

2. State objective in terms of measurable responses.

a. Define the precision that is required for each response.

b. Estimate experimental error ( ) for each response.

c. Use fraction of design (FDS) space to quantify 

precision.

3. Select the input factors and ranges to study.

(Consider both your region of interest and region 

of operability.)

Size Your Design for Success 20



Response Surface Design Process
page (1 of 2)

4. Choose a polynomial to estimate.

(For process designs quadratic is common & for mixture 

designs quadratic and special cubic are common.)

5. Select a design and:

ÁSize design for precision needed .

(FDS is used to size response surface designs!)

ÁExamine the design layout to ensure all the factor 

combinations are safe to run and are likely to result in 

meaningful information (no runs outside the region of 

operability).

Size Your Design for Success 21
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1. Estimate the designed for polynomial well.

2. Give sufficient information to allow a test for lack of fit.

XHave more unique design points than coefficients in the model.

XProvide an estimate of ñpureò error.

3. Remain insensitive to outliers, influential values and bias from 

model misspecification.

4. Be robust to errors in control of the component levels.

5. Provide a check on model assumptions, e.g., normality of errors.

6. Generate useful information throughout the region of interest,

i.e., provide a good distribution of .

7. Do not contain an excessively large number of trials.

2ĔVar Y

Design Properties
Desired for Response Surface Designs

Size Your Design for Success
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Fraction of Design Space
FDS

Fraction of Design Space:

ÁCalculates the volume of the design space having a 

prediction variance (PV) less than or equal to a 

specified value.

ÁThe ratio of this volume to the total volume of the 

design volume is the fraction of design space.

ÁProduces a single plot showing the cumulative fraction 

of the design space on the x-axis (from zero to one) 

versus the PV on the y-axis.

Size Your Design for Success
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FDS ïPV
Fraction of Design Space

Prediction Variance:

PV is a function of:

x0ïthe location in the design space (i.e. the x 

coordinates for all model terms)

X ï the experimental design (i.e. where the runs are in 

the design space)

10
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Ĕvar
T T

y
PV x x X X x

s
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FDS ïStdErr
Fraction of Design Space

Prediction standard error of the expected value:

0

10

0 0 02

Ĕ

0 0

Ĕvar
T T

y

y
PV x x X X x

s

s
StdErr x PV x

s
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FDS Plot

Fraction of Design Space

1. Pick random points in the design space.

2. Calculate the standard error of the expected value.

3. Plot the standard error as a fraction of the design space.
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FDS ïStdErr
Two-Factor Face-Centered CCD

Size Your Design for 

Success
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FDS Graph

Fraction of Design Space
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(3,3) Simplex-Lattice
Augmented and 4 Replicates

Size Your Design for 

Success
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Size Your Design for Success

üReview ïPower to size factorial designs

üPrecision in place of power

ÁIntroduce FDS

üSizing designs for precision (RSM)

ÁTwo-component mixture

ÁThree-component constrained mixture

üSummary
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Two-Component Mixture
Linear Model
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Two-Component Mixture
Linear Model
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Note: The actual precision 

of the fitted value depends 

on where we are predicting.
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The solid center line is the fitted model;

is the expected value or mean 

prediction.

The curved dotted lines are the 

computer generated confidence 

limits, or the actual precision.

d is the half-width of the desired 

confidence interval, or the desired 

precision.  It is used to create the 

outer straight lines.
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Two-Component Mixture
Linear Model

Evaluate the standard error as a fraction of design space for 

this design.
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Two-Component Mixture
Linear Model

33

Click on ñEvaluateò and then ñGraphsò:
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Two-Component Mixture
Linear Model

üWant a linear surface to represent the true response 

value within 0.64 with 95% confidence.

ü The overall standard deviation for this response is 0.55.

Size Your Design for Success 34

Enter:

d = 0.64

s = 0.55

a ( ) = 1 ï0.95 = 0.05



Two-Component Mixture
Linear Model

35

Only 53% of the design space 

is precise enough to predict 

the mean within 0.64.

We entered a standard deviation 0.55 ð

where does the StdErr of 0.45 come from?

For the answer see the next few slides!
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Define Precision
Half-Width of the Confidence Interval

Confidence interval on the expected value:

The mean response is estimated and the precision of the 

estimate is quantified by a confidence interval:

We will use the half-width of the confidence interval (d) 

to define the precision desired:

36
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