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Design of Experiments Wizard

® Phase 1: Creating an experiment
® Phase 2: Analyzing the results

® Phase 3: Further experimentation
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Phase 1: Creating an experiment

® Phase 1: Creating an experiment
* Step 1: Define responses
® Step 2: Define experimental factors
® Step 3: Select design
* Step 4: Specify model
® Step 5: Select runs
* Step 6: Evaluate design
® Step 7: Save design

® Phase 2: Analyzing the results

® Phase 3: Further experimentation
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Phase 2: Analyzing the results

® Phase 1: Creating an experiment

® Phase 2: Analyzing the results
® Step 8: Analyze data
® Step 9: Optimize responses
* Step 10: Save results

® Phase 3: Further experimentation
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Phase 3: Further experimentation

® Phase 1: Creating an experiment
® Phase 2: Analyzing the results

¢ Phase 3: Further experimentation
® Step 11: Augment design
* Step 12: Extrapolate
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Example - from Response Surface
Methodology by Myers and
Montgomery

Find the settings of time, temperature and catalyst that maximize
the conversion percentage of a chemical process while keeping

the thermal activity as close as possible to 57.5.
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DOE Wizard - Main Window

Experimental Design Wizard EI
Step 1:Define responzes I Step 3:5elect dezign I Step B:Select runz I Step 75 ave expeniment I Step 3:0phimize respunsesl Step 11:4ugment design |
| |

Step 2:Define exp. factors I Step 4:Specify model I Step B:Ewaluate design I Step BAnalyze data I Step 10: Save results I Step 12:Ewtrapolate |

Expermmental Desion Wizard

otep 1: Define the response variables to be measured
You may define between 1 and 16 responses.

The StatAdvisor
Press the buttons on the DOE Wizard toolbar in sequence to step through the creation and anatysis of your experiment.
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Step 1: Define responses

Cancel |

Help |

Design of Experiments Wizard - Define Respanses =

Design file:  <untitled:

Camment: IHSM Examplel

Mumber of responzes; |2 ::ll

Fezponze Mame Units Analyze Goal Tarqet Impact [1-5]  Sensitivity Firirmum I axirmuim
1 Iconversinn IZ IMean ;I IMaMimize LI IEI.E |3.EI IMedium LI IBD I'IUU

Ithermal activity I IMean ;I IHit target LI I5?.5 |3.EI IMedium LI |55 IEU

3 [va3 | [ Mean | [Masimize ~] |05 [z0 [Medim ] | |
4 |vara | [ Mean | [Masimize ~] |05 [z:0 [medim | | |
5 [va5 | [ Mean | [Masimize ~] |05 [z0 [Medim ] | |
5 [vaB | [ Mean | [Masimize ~] |05 [z0 [Medim ] | |
7 |7 | [ Mean | [Masimize ~] [0.5 [z:0 fmedim | | |
8 [vas | [ Mean | [Masimize ~] [0.5 [z:0 fmedim | | |
3 [va3 | [ Mean | [Masimize ~] [0.5 [z0 [Medium -] | |
10 I‘-Fal_m I IMean =] IMaHimize =] IU.5 |3.U IMedium | I I
11 el | [ Mean | [Masimize ~] [0.5 [z:0 fmedim | | |
12 |vai2 | f bean 7| |Masimize ~] |05 EE [Medium -] | |
13 [vali3 | f bean 7| |Masimize ~] |05 EE [Medium -] | |
14 [va14 | f bean 7| |Masimize ~] |05 EE [Medium -] | |
15 [va_15 | [ Mean | [Masimize ~] |05 [z0 [Medim ] | |
1B [Va_16 | [ Mean = |Mavimize ~] |05 [z:0 [Medum  ~] | |
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Step 2: Define experimental factors

I Design of Expenments Wizard - Define Factors

Deszign file:  <untitied:
Comment. |RSK Example
Murnber of controllable process factors: |3_ j Murnber of contrallable misture components: (0 j Murnber of noize factors: |0 j
Factor Mame IIrikz Type Ruole Lo High Levels

A time | mirtes |Continuous | Contrallable |10 [15 [1.23.4

B |temperature |degreesE IEnntinuDus j Contrallable Iw':' |2D':' |'|,2,3,4

L [oatalyst | |Cortinuous »| Contrallable |2 E [1.234

D |Fau:h:ur_D I IE:::ntinuu:uus LI I-'I.U I'I.U |'|,2,3,4

E |Fau:h:ur_E I IE:::ntinuu:uus LI I-'I.U I'I.U |'|,2,3,4

F |Fau:h:ur_F I IE:::ntinuu:uus LI I-'I.U I'I.U |'|,2,3,4

G IFach:nr_G I IEu:untinuu:uus LI I-'I.D I'I.D |'|,2,3,4

H IFach:nr_H I IEu:untinuu:uus LI I-'I.D I'I.D |'|,2,3,4

I IFau:h:ur_I I IEu:untinuu:uus ;I I-'I.EI I'I.EI |'|,2,3,4

J IFau:h:ur_J I IEu:untinuu:uus ;I I-'I.EI I'I.EI |1,2,3,4

K. IFau:h:ur_K I IEu:untinuu:uus ;I I-'I.EI I'I.EI |1,2,3,4

L IFau:h:ur_L I IEu:untinuu:uux j I-'I.EI I'I.EI |'|,2,3,4

[ IFactu:ur_M I IEu:untinuu:uux j I-'I.EI I'I.EI |'|,2,3,4

Total for controllable mixture components: |1EI— Factors A-M | Factors k-2 |
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Step 3: Select design

Design file:  <untitled:

Design of Experiments Wizard - Select Design E

Comment: IHS M Example

Segment

Options. ..
Optionz...

Optionz...

i}

COMBINED

Frocess factors

I ixture components

Factors Runsz Blocks
3 a 0
o o 0
a a 0

BLOCK.

time

minutes

Deszign

Presz the Options buttan,

— Design Class
" Sereening
{* Response Suface

" Multilevel Factorial

" Orthogonal Aray

Ok,
Cancel

Help

Fiobust Parameter Design
¥ Combined aray
" Crossed anay

(118 |

Cancel |

Rerandomize |

Help |
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Step 3: Select design

cont.

Design file:  <untitled:

Design of Experiments Wizard - Select Design

Optionz... bl iseh

i}

Comment: IHS M Example

Segment

Options. .. Process factor

Factors

3

Fung Blocks

a I

Deszign

Press the Ootions button

Fiobust Parameter Design
¥ Combined aray
" Crossed anay

Response Surface Design Selection

DOptians... Mame Runs Erar d.f. Largest Block
Eox-Eehnken de=ign 15 5 15 LI
Co Eox-Eahnken de=ign 15 5 15
Central composite « ] ] ]
Central composite blocked cube-=tar 16 5 9
BLOCK Central composite in 2 blochks hi) 5 7
2-lewvel factorial de=ign: 272 27 hi) z7
2-lewel factorial in 2 blochs 27 15 9
2-lewel factorial in 2 blochs 27 3 2
User-=pecified design

¥ Display Blocked Designs

0K I Cahcel

Back

Help

4]

[»

(118 |

Cancel |

Rerandomize |
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Step 3: Select design (cont.

Design of Experiments Wizard - Select Design

Design file:  <untitled:

Fiobust Parameter Design

Comment: IHS M Example

¥ Combined aray

Segment
Options. .. | Frocess factor
Optionz... | I ixture compo
Optionz... |
COMBINED
BLOCK.

4]

Compasite Design Options

Base Design: Central composite design: 273 + star

Funz 20

Errard.f: 10

— Design Characteristics
* Rotatable
" Onthogonal
" Rotatable and Orthogonal
" Face Centered

— Centerpaints
Mumber:
IE

Placement

= Randaom
" Spaced
 First
& Last

Al Distance:

Feplicate Desian

Murmber:

B

[~ Randomize

1.65173

zzed array

DK

Cancel

Generataors,..

Back

Help

dddNl

[»

(118 |

Cancel |

Rerandomize |
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Step 3: Select design (cont.

Design of Experiments Wizard - Select Design @
Design file:  <untitled: Fobust Parameter Dezign
Commert: |F|5M Example {+
~
Segment Factars Fiunz Blocks Deszign
Process factors 3 20 1 Central composite desigr: 273 + star
fisture components 0 I] 0
1] 1] 0
COMBINED 3 20 1 Samples perrun: [T
BLOCK time temperature catalpst |~ |
minutes degreez C 4
11 100 170.0 20
2 158.0 170.0 2.0
31 100 200.0 20
4 1 15.0 200.0 20
5|1 100 170.0 30
£ 1 150 170.0 30
7 100 200.0 30
g 1 15.0 200.0 30
9 |1 8.29552 185.0 258
10 1 16.7045 185.0 25
11 1 125 159,773 25
12 1 125 210227 258
13 1 125 185.0 16591
14 1 125 185.0 3.3409
1R 1 125 18R 10 2h b~
4] [»
0k Cancel Rerandomize Help
TECHNOLOGIES, INIC.




Datasheet

[

B <untitled> [r=| =] 28
BLOCK time temperature cataly=st COnvYersion thermal -
minutes degrees C % %
1 1 10.0 170.0 2.0
2 1 15.0 1T0.0 2.0
3 1 10.0 200.0 2.0
4 1 15.0 200.0 2.0
3 1 10.0 1T0.0 3.0
13 1 135.0 1T0.0 3.0
7 1 10.0 200.0 3.0
& 1 15.0 200.0 3.0
9 1 8.3 185.0 2.5
10 1 16.7 185.0 2.5
11 1 12.5 160 2.5
12 1 12.5 210 2.5
13 1 12.5 185.0 1.66
14 1 12.5 185.0 3.34
15 1 12.5 185.0 2.5
16 1 12.5 185.0 2.5
17 1 12.5 185.0 2.5
18 1 12.5 185.0 2.5
19 1 12.5 185.0 2.5
20 1 12.5 185.0 2.5
R M| A 4B 4 C 4]
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Step 4: Select model

| DOE Wizard Model Options
Process Factors Model
7 Mean
" Linear [Main Effects)
{7 2-Factor Interactions
{* [Juadratic
~

Cubic

[nizlude:;

Miwture Components bModel

-
~
~
~
~

Ewichude:

Achime
B:temperature
C:catalyst

AB,

AR

A

BB

BC

CC

[

Cancel

Help

il
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e

Step b: Select runs (D-optimal

design only

Design of Experiments Wizard - Select Runs

X5

BLOCE, tirme lernperature catalyzt CONYErgion thermal activity
minutes degiees C 4

1

2

3

4

5

5

7

a

|

10

11

12

13

14

15 1 125 185.0 258

16 1 125 185.0 25

17 1 125 185.0 25

18 1 125 185.0 25

19 1 125 185.0 258

20

E
4] [»
Mumber of minz desired: Select iums using fonwand algorithm D-efficiency: B5.09%
|1 3 | Select mins using backward algorithm A-efficiency: 33.47%
todel coefficients: 10 ¥ Apply exchange algorithm at end G-efficiency: 39.86%
0k | Cancel | Rezet | Help |
STATPOINT
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Step 6: Evaluate design

Tables and Graphs
TABLES GRAPHS
v Analpsiz Sumrmary I Design Points
v Design worksheet I+ Prediction Yariance Plat
v AMOYA Table [+ Prediction Prafile
v Model Cosfficients [v %ariance Dispersion Graph
v Alias Matriz I+ Fraction of Design Space Plat
Iv Correlation Matrix v Power Curve
W Leverage [ Desirability Plot
[ Desirability [ Owerlaid Contour Plots

Ok

i

Cancel
Al
Stare

Help

Pl




Plot of design space

RSM Example

34
31
2.8 A

25

catalyst

2.2
1.9 :

1.6

8.3
105 123 143 153 18.3 160

time

210
190200
180

temperature




Prediction variance plot

Prediction Variance Plot
catalyst=2.5

Stnd. error
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Power curve

Power Curve for A:itime
alpha = 5.0%, sigma estimated from total error with 10 d.f.

0.8

0.6

0.4

Probability of detection

0.2

o

-2 0 2 4
True effect/sigma

A
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g Do the experiment!

Then enter the results:

g =

ﬁ(ﬁumersiun&adhﬂ}r.sgx E EX
BLOCK time temperature cataly=st CONYersion :;:T:::T:I
minutes degrees C * *

1 1 10.0 170.0 2.0 [ra |53.2
2 1 15.0 170.0 2.0 51 62.9
3 1 10.0 200.0 2.0 i 53.4
4 1 15.0 200.0 2.0 0 62.6
5 1 i0.0 170.0 3.0 1 57.3
13 1 15.0 170.0 3.0 a0 67.9
7 1 10.0 200.0 3.0 117 59.8
8 1 15.0 200.0 3.0 a7 67.8
2 1 6.3 185.0 2.9 16 59.1
10 1 16.7 185.0 2.9 19 63.9
11 1 12.5 160 2.5 85 60

12 1 12.5 210 2.5 a7 60,7
13 1 12.5 185.0 1.66 39 57.4
14 1 12.5 185.0 3.34 81 63.2
15 1 12.5 185.0 2.5 81 59.2
16 1 12.5 185.0 2.9 19 60,4
17 1 12.5 185.0 2.5 16 59.1
18 1 12.5 185.0 2.5 83 60,6
19 1 12.5 185.0 2.9 &0 60, §
20 1 12.5 185.0 2.5 91 58.9

M 4 b Ml Conversion & activity. B ( C [4]
STATPOINT
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Step 8: Analyze data

Rezponze

CONYETZION

therrnal activity

Design of Experiments Wizard - Analyze Data

Transformation

FPower

|1.n

INl:nne

|1.n

T [ e e e e e

Cancel |

Help |
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Step 8: Analyze data (cont.

-

Analyze Experiment - thermal activity = |l= | &2 |
Analvze Expermment - thermal activity -
File name: Conversion & activity sgx Standardized Pareto Chart for thermal activity
Estimated effects for thermal activity ) T T T T T
Effect Estimate | Stnd. Error |VIR atime | | | E *
average 59 852 0717986 : Eieatalyst | |
A time TATI0R 0953406 |10 Wl [
Eiemperature  |0511475  |0956539 |10 se | [
Creatalyst 446736 0953406 |10 Bternpersture | []
AL 167108 |092888 101735 ec | []
AR 0775 124514 STATGRAPHICS Centurion @
AT 0075 124514
gg g‘:j:ﬁﬂg ?ijﬁ? B Statistical madels have been fit to the data and a summary added to the 2- ‘i L 8-
- - ¥ main DOE Wizard window. BExamine each response analysis windaw for Standardized sHect
cc 0112128  |0.92888 more details about the fitted models. Andardlzed e

Standard errors ar

e based on total error wil

Analysis of Variance for thermal activity

Maln Effects Flot for thermal actvity

R-souared = 80 2065 percent
R-soquated (adjusted for d.f) = 704924 percent
Standard Frear af Bat =1 TANED

—/

Source Sum of Squares | LF
A time 175419 1

Briemperature  |0.826557 1 |0826557 0.29 0.6045 IS
Cricatalyst 67.926 1 |67924 21.81 0.000%9 = r
A4 100355 1 100355 324 0.1022 ol
AB 1.20125 1 1.20125 0.39 0.5476 = T
AC 0011325 1 |001125 0.00 09532 E [
BE 00752541 1 |00752541 002 0.8793 E ST
BC 0.78125 1 |0.78125 0.25 0.6266 £ [
cC 00451827 1 00451827 JIn)} 0.9063 g
Total error 31.0072 10 |3.10072 r
Total (cor) 287278 10 sl

0.0 15

50 170.0 200.0 an 0
time tam peraturs catalyst

STATPOINT
TECHNOLOGIES, INC.




ANOVA table

Analyze Experiment - thermal activity

o e s

Analysis of Variance for thermal activity

m

Source Sum of Squares | D | Mean Sguare | F-Rafic | P-Value
Actitme 175419 1 175.419 3657 0.0000
Bitemperature  |0B86557 1 [DEBASST 0.29 0.6045
Ccatalyst 67 926 1 |675926 4191 0.000%9
A 10,0355 1 100355 324 0.1022
AB 1.20125 1 1.20125 0.39 0.5476
AC 001125 1 |0011E5 0.00 0.0532
EE 00752541 1 [00752541 002 0.8793
BC 0.78125 1 |0781E5 0.25 06266
CC 00451827 1 [0.0451827 001 0.9063
Total error 31.0072 10 |3.10072

Total (cotr) 87 278 19

4

R-zguared = 202065 percent
F-zguared (adjusted for d.f7) = 794024 percent
Standard Error of Est. = 1. 76020
Ilean ahsolute error = 104743
Dhathin-Watson statistic = 274873 (P=0.2013)
Lag 1 residual autocorrelation = -0.422044

1L
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Pareto chart

Standardized Pareto Chart for conversion

AC

C:catalyst

CC

|

B:temperature

BB

BC

AA
AB

Aitime

1 |I

il

o
N

4 6
Standardized effect
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Exclude effects

Include:

Exclude Effects Options

Exclude:

AL

EE
BC

CC

Atime

B:ternperature

Ccatalyst

Ok,

A
AB

| lgnare Black Mumbers

Cancel

Help
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Final models

. . Standardized Pareto Chart for thermal activit
Standardized Pareto Chart for conversion y

AC O+
-
- Aitime

C:.catalyst

- | I
]
i}

C.catalyst
B:temperature

BB

BC

Aitime

. Standardized effect
Standardized effect
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Step 9: Optimize responses

wr

Optimization Options
Start at
w LCenter of design

v Best obzerved dezign point
w Best predicted dezign point
v Beszt predicted wvertex

w Al dezign points

v Al vertices

o

[

ok |

Cancel

Help




Step 9: Optimize responses (cont.)

STATGRAPHICS Centurion =

@l Responses have been optimized. Desirability at the optimum location
¥ equals §9.50%. See the main DOE Wizard window for details.

| Ok I




Step 9: Optimize responses (cont.

=

g

Expenmental Design Wizard E@
Step 1:Define responses | | | Step 7:Sawve experiment || Step 90 ptimize responsesl Step 11:Augment dezign |
[ Step 2:Define exp. factors | Step 4:Specify model | Step 6:Evaluate dezsign | Step B:Analyze data | Step 10: Save results | Step 12:Extrapolate |

-

Step 9 Optimize the responses
Fesponse Values at Optitoam

Rezspowse Chofimized  |Frediction |Lower 95.0% Limit | Upper 95.0% Limif
COVErsion yes B6.148 872421 105.074

thermal activity | yes 515 S6.5677 SEA333
Desirability

0.207398

1.0

Diptittdzed desirability = 0808353

m

Factor Settings at Optiroam

Factor Seffing
titte 112019
temperature  |2100

catalyst 431889

4 | 1

STATPOINT
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3-D contour plot

catalyst
N
(6]

81 10.1 121 141

time

Desirability Plot
catalyst=2.31889

16.1 181

170
150

210
190

Desirability
. 00
. 1

0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

230

temperature
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Overlaid contour plots

Overlay Plot
catalyst=2.34412

230 [~ —+5128.0 59.0 61.0 163.0 1650 157.0169-:6+T14%0
- 1§7.0—— conversion
T | | 1 L —1990 — thermal activity
= ’H’— e — 0
__/_’—/—/_#_' 1 .
210 __,,J—'——r—-—-—_’_/__-——————-»—u:__}__:_‘_,_, _
e | | T o
S — T
= [ L —
o 190 [~ — =
o B //
§ I — |
170 | /
R ﬂ_’,_,./
L """-\—__\___\___________,___,_>"‘<\_\
n \\ \\\
150 . 1 S — 1 1 1
8.1 10.1 12.1 14.1 16.1 18.1
time
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Step 10: Save results

[ Save StatFolio As ()
Save in: | | wWebinar j - I:j( '
L Mame : Date taken Tags Size F
Py
e am analysis of countries.sgp 1,322 KR
Recent Places —
mm bivariate.sgp 200 KB
! mm defects Lsgp L35 KB
Deskiop am friday.sgp 309 KR
?T=-.| mm My analysis.sgp 3049 KB
F '!',Ij
el
A
Computer
A
. 4 i
M etworl: l 2
File narme: |E|:|rwersiu:|n $ activity ﬂ Save |
Save as bype: |SGWIN StatFalios [*.sgp) j Cancel
Help
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TECHNOLOGIES, INC.




Step 11: Augment design

tirne: temperature

catalyst

minutes degrees C

4

— Action

Add replicates: | I'l
Add a fraction |
Clear mait effectsl

Clear a factar: ||:Iear Itime ;I
Add ztar points |

Total runs: 20

Tatal blocks: 1

Cancel |

Reset |

Help |
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Step 12: Extrapolate

Extrapolation Options

— Stark at
% Center of design
" Best observed design point
" Best predicted design point
" Best predicted vertex

" Derived optimum

Dizplay zteps of:

|1.IZI b

" Other
Change Start Loy High
¥ time |11.2ma |1|1n |15.c|
[¥ temperature |21 0.0 |1m.n |3nn
¥ catalyst |2.31 829 |2.u |3.u
- [o.0 [o.0 1.0
- [o.0 [o.0 1.0
- [o.0 [0.0 1.0
- [o.0 [0.0 1.0
r |n_n |n_n |1_n
r ||:|.n |D.EI |1.c|
r |u.u |D.EI |1.u
- [o.0 [o.0 1.0
- [o.0 [o.0 1.0
r [o.0 [o.0 1.0

Ok

Cancel

Help

tdare...

[kl

STATPOINT
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Step 12: Extrapolate (cont.

Experimental Design Wizard =
m Step 1:Define responses | | | Step 7:Save experment | Step 9:0ptimize responses | Step 17:Augment design |
Step 2:Define exp. factars | Step 4:Specity model | Step B:Evaluate design | Step B:Analyze data | Step 10: Save results || Step 12:Extrapalate |

~

Btep 12: Fibrapolate model
Extrapolated Response Values

Step | Desirability  |conversion  |fthermal acfivify
0 02985446 06.148 57.4999
1 0.913903 08.7047 57.4000
2 0920211 07260 57.4299
3 0.94447 97 2408 574999
4 0050685 08 4202 574000
5 0974853 09,0072 57.4999
i 0980081 006017 57.4000
7 .90 100.204 57.4299
H 0.959549 100.204 574999

Factor Settings for Exrapolation

Sfep  |fime femperafure  |cafalyst

0 112019 |2100 231880

1 112019 |21052 231889

2 11.201% |211.030 231880 1
3 112019 |211.550 231880 3
4 112019 |212078 231889

5 112019 |212.3598 231880

6 112019 |213118 231889

7 112019 |213 837 231880

2 112019  [213437 231889

] 1 P
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More... (next webinar)

® Creating and using RPDs (Robust Parameter Designs)

o Analyzing designs with both process and mixture

components

* Using D-optimal designs to fix a botched experiment
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More Information

Go to www. statgraphics. com

Or send e-mail to info@statgraphics.com
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@ .E‘m " TECHNOLOGIES, INIC. /



http://www.statgraphics.com/
mailto:info@statgraphics.com

