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Summary

The DOE Wizard can construct and analyze definitive screening designs (DSD) as described in
the articles referenced as the end of this document. Definitive screening designs may be
constructed for any combination of continuous and 2-level categorical factors where the total
number of factors is between 4 and 16. Both blocked and unblocked designs are available.

Definitive screening designs are small designs capable of estimating models involving both
linear and quadratic effects, although second-order interactions are partially confounded with
themselves and with quadratic effects. In addition, designs for 6 or more factors collapse into
designs which can estimate the full second-order model (including interactions) for any 3 factors.

Jones and Nachtsheim (2011) state that using DSD designs often makes it unnecessary to
perform follow-up experiments. They list the following desirable properties of those designs:

1. The required number of runs is very small, usually between 1 and 3 more than twice the
number of factors.

2. Main effects are independent of two-factor interactions.

3. Two-factor interactions are not perfectly confounded with other two-factor interactions,
although they are correlated.
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4. For continuous factors, all of the quadratic effects can be estimated.

5. Quadratic effects are orthogonal to linear main effects and only partially confounded with
two-factor interactions.

6. For designs involving 6 through 12 factors, the full second-order model can be estimated

for any 3 or less factors.

Designs Containing Only Continuous Factors

For designs containing m continuous factors run in a single block, the total number of runs to be
performed is

n=2m’+1 1)
where
m’ =m +Kk. @)

If mis even, k =0, while if mis odd, k = 1. For designs runs in B blocks where B > 1, the total
number of runs is

n=2m +B-k ©)
The designs are constructed using conference matrices as described by Xiao, Lin and Bai (2012).

As an example, a typical screening experiment will be constructed involving 5 factors and 1
response. The example, which involves a chemical reaction, is discussed in Chapter 12 of the
well-known book by Box, Hunter and Hunter (2005). The factors that will be varied are:

X1: feed rate

X2: amount of catalyst
X3: agitation rate

X4: temperature

X5: concentration

There is one response variable:
Y: percent reacted
To begin the design creation process, start with an empty StatFolio. Select DOE — Experimental

Design Wizard to load the DOE Wizard’s main window. Then push each button in sequence to
create the design.
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Step #1 — Define Responses

The first step of the design creation process displays a dialog box used to specify the response
variables. For the current example, there is a single response variable:

Desigr file: <untitled:

Comment: IDefiniti\re zoreening design for 5 factors

Mumber of lesponses:|1 ::ll | Responses 1-16 I Hesponses1?-32|

Responze Mame Units Analyze Goal Target Irmpact [1-5]  Sensitivity Minimunm M asinum
1 |reacted B [ Mean x| [Maimize «| |05 a0 |Medum  ~| [a0.0 [100.0
2 Jva2 | [Mean | [Masimize ~| |05 [20 |Medum ]| | f
3 |Val_3 I IMean ;I IMaHimize ;I |U.5 |3.D |Medium LI I I
4 [vara | [Mean | |Mavimize —| [0.5 [30 |Medum -] | f
5 |Val_5 I IMean ;I IMaHimize ;I |U.5 |3.D |Medium LI I I
6 |Val_8 I IMean ;I IMaHimize ;I |U.5 |3.D |Medium LI I I
7 |Val_? I IMean ;I IMaHimize ;I |U.5 |3.D |Medium LI I I
8 |Val_8 I IMean ;I IMaHimize ;I |U.5 |3.D |Medium LI I I
3 [vas | [Mean | [Masimize ~| |05 [20 |Medum ]| | f
10 |Val_10 I IMean ;I IMaHimize ;I |U.5 |3.D |Medium LI I I
11 |\"'al_1‘| I IMean ;I IMaHimize ;I |U.5 |3.D |Medium LI I I
12 |Val_12 I IMean ;I IMaHimize ;I |U.5 |3.D |Medium LI I I
13 |Val_13 I IMean ;I IMaHimize ;I |U.5 |3.D |Medium LI I I
14 |Var_14 I IMean ;I IMaHimize ;I IU.5 |3.U IMedium ;I I I
15 |Val_15 I IMean ;I IMaHimize ;I |U.5 |3.D |Medium LI I I
18 |Var_18 I IMean ;I IMaHimize ;I IU.5 |3.U IMedium LI I I

ak | Cancel | Help |

Step #2 — Define Experimental Factors

The second step displays a dialog box on which to specify the factors that will be varied. In the
chemical reaction example, there are 5 factors:
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Dezign file: <untited:
Comment; IDefinitive goreening design for B factors
Mumber of controllable process factols:lE_j Mumber of controllable misture components: |0 j Mumber of noise factors: |0 j
Factor MName Units Type Role Lo High Lewvels

A |feed rate flers/min [Cortinuous = | Contrallable {10 15 [1000

B Icatalyst IZ IEnntinunuS | Contollable |1 |2 I-'I.U,T.U

L |agtation frpm [Cortinuous = | Contrallable |10 [120 [10r0

D Itemperature |degree3 IEontinuous ;I Contrallable |14EI |'|ED |-'|.|l1.D

E Icnncentratinn |°/o IEontinuous ;I Cantrollable |3 |E |-'|.|l1.D

F o [FactorF | | Continuaus - | j-10 1.0 [1.23.4

G IFactor_G I ID:untinuu:uus ;I |-1.E| |1.E| |1,2,3,4

H IFactor_H I ID:untinuu:uus ;I |-1.E| |1.E| |1,2,3,4

I [Factr | [ Continuous - | |10 [10 [1.234

J - [Factorl | [ Continuous - | |10 [10 [1.234

K [Factor | [ Continuous - | |10 [10 [1.234

L IFactor_L I ID:untinuu:uus ;I |-1.E| |1.E| |1,2,3,4

M IFactor_M I ID:untinuu:uus ;I |-1.E| |1.E| |1,2,3,4

Total for controllable misture components: I'ID_ Factors A-k | Factors W-Z |

Step #3 — Select Design

The third step begins by displaying the dialog box shown below:
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Design file:  ded5.zgx

Riobust Parameter Dezign

& Combined aray

Camment: IDefinitive screening design for B factars

€ Crossed aray

Segment Factars Rung Blocks Design

Options... | Process factors 5 1] n Press the Options buttarn,
Dphions... | Misture components 0 0 i]
Optians. .. | i] 0 a

COMEINED 5 0 0 Samples pern: [T

BLOCK feed rate catalyst agitation temperature concentration
literz.min ES ES

[ 4
[ 4

degrees

Cancel | Fierand-:-mizel C-:-nstraintsl Help |

Since all of the factors are controllable process factors, only one Options button is enabled.
Pressing that button displays a second dialog box:

— Deszign Class N

¥ Screening
Cancel
" Rezponze Surface

™ Multilevel Factorial Help

dl;

™ Orthogonal Array

™ Computer Generated

Select Screening and press OK. This will display a third dialog box listing all of the screening
designs available for 5 experimental factors:
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M armne Funs  Resolution Error d.f. Block Size
Factorial 25 az v+ 1€ az LI
Factorial 2°3 az v+ 1& az
Factorial in 2 blocks 2" az v+ 15 1€
Factorial in 4 blocks 2°3 az v i3 ]
Factorial in B blocks 2" az = 11 4
Factorial in 1€ blocks 2°3 az Iv= 11 2
Half fraction 2°5-1 1€ v 0 1€
Irregular fraction 2=523/8 iz =TT 1 iz
Quarter fraction 2752 B III 0 B
Mixed level fraction 3=+2°4-1 24 ~TF 7 24
Mixed level fraction a*2~a-2 12 ~IV 1 12
Half fraction in 2 klocks 2°5-1 1& Iv= 1} ]
Definitive screening design g 13
Blocked definitive screening design 13 I o 7
User—specified design
¥ Dizplay Blocked Designs

k. I Cancel Back Help

Two options for creating a DSD are listed:
1. Definitive screening design — creates a design with n = 13 runs, all in a single block.

2. Blocked definitive screening design — creates a DSD in 2 or more blocks. The default
design has n = 13 runs divided into 2 blocks, with a maximum of 7 runs in any block.
Note that the number of blocks may be increased on the next dialog box, which will
increase the total number of runs.

The final dialog box allows the analyst to add additional runs to the design and to specify the
order in which the runs will be performed. If the unblocked DSD is chosen, the dialog box takes

the following form:

— Centerpoints————————————— Feplicate Design
Mumber; Humber:
m o
— Placement
- .
& Randorm ¥ Randomize
" Spaced
" First
i Last

] 4 I Cancel Help
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If a blocked DSD is chosen, the dialog box also contains a field for specifying the number of
blocks:

— Centerpoints————————————— Feplicate Design
Murnber: Humnber:
P P
— Placerment
& Randorm V¥ Randarnize
" Spaced Mumber of blocks:

" First
|3
i Last

] 4 I Cancel | Help

The unblocked DSD for 5 factors in shown below in non-random order:

Design file:  dsd5 sgsx — Robust Parameter Design
— - - & Combined arnay
Camment; IDef|n|t|ve screening design for B factors
' Crossed armay
Segment Factors Rung Blocks Design

Process factors 5 13 1 Definitive screening desiagn

Options... | tisture components 0 I} a

Optians... | i] 0 a

COMBINED 5 13 1 Samples per run: I'I
BLOCK feed rate catalyst agitation temperature cancentration
liters/min b4 1pm degrees 4

1 1 125 20 12000 180.0 B0

2 | 125 1.0 100.0 1400 30

a1 15.0 15 1200 180.0 30

4 1 10.0 15 100.0 140.0 E0

5 |1 150 20 1100 14000 30

6 1 10.0 1.0 1100 180.0 E.0

71 15.0 2.0 100.0 160.0 E0

g | 0.0 1.0 12000 160.0 a0

9 |1 15.0 1.0 100.0 180.0 45

10 1 10.0 2.0 1200 140.0 45

1 1 150 1.0 1200 140.0 E0

12 1 100 20 100.0 180.0 30

13 1 125 15 1100 160.0 45

E
<] D
[u]4 | Cancel | Rerandomize | Constraints | Help |
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Note that each factor is run at 3 levels: at its low level, at its high level, and halfway between the
low and high levels.

If a DSD with 3 blocks is requested, the design takes the following form:

Design file: C:ADocData]8deds. ege Riobust Parameter D esign
— - : & Combined aray
Comment: IDef|n|t|ve zoreening design for B factors
€ Crossed aray
Segment Factars Runz Blaocks Dezsign

Process factors 5 14 3 Blocked definitive screening design

Dphions... | isture components 0 0 i]

Options. .. | 0 ] i}

COMBIMED 5 14 3 Samples per run; |1
BLOCK feed rate catalyst agitation temperature cancentration
liters/min * 1pm deqrees 4

1 3 125 20 1200 180.0 E0

2 3 125 1.0 100.0 140.0 30

3 3 15.0 15 1200 180.0 30

4 3 0.0 15 100.0 140.0 B0

5 |1 15.0 2.0 1100 140.0 30

£ 1 10.0 1.0 1100 180.0 E0

7 15.0 20 100.0 160.0 B0

g 1 0.0 1.0 1200 160.0 30

3 |2 15.0 1.0 100.0 180.0 45

10 2 10.0 20 1200 140.0 45

11 2 150 1.0 1200 14000 E0

12 |2 10.0 2.0 100.0 180.0 30

13 |3 125 15 1100 160.0 45

14 |1 125 15 1100 160.0 45 | |

-

4] D

There are a total of n = 14 runs with each factor at 3 levels. The blocking pattern has been
selected following the methods of Jones and Nachtsheim (2012) which uses the D criterion to
pick an optimal design.

Step #4 — Specify model

The fourth step in the DOE Wizard selects the model to be fit to the data once the experiment is
performed. The default model is shown below:
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DOE Wizard Model Options

Process Factors Model Mixture Compaonents Model
" Mean (*
Cancel

" Linear [Main Effects) lﬁ
™ 2-Factor Interactions - Help
* [Juadratic lﬁ
" Cubic lﬁ

Include: Exclude:

Acteed rate AL

B:catalyst A

[ agitation AE

[:temperature BC

E:concentration BD

A, BE

BB CDh

CC CE

oo DE

EE

AB

It contains 5 main effects, 5 quadratic terms, and 1 two-factor interaction. The selected
interaction is completely arbitrary and is partially confounded with all of the other two-factor
interactions.

To examine the properties of the design, it is helpful to push the Evaluate design button and then
select Correlation Matrix:

Correlation Matrix

A B Cc D E AA BB CcC DD EE AB
A ]1.0000 [0.0000 ]0.0000 [0.0000 ]0.0000 [0.0000 ]0.0000 [0.0000 |0.0000 |0.0000 |0.0000
B 0.0000 [1.0000 |0.0000 |0.0000 |0.0000 [0.0000 [0.0000 [0.0000 0.0000 [0.0000 |0.0000
C [0.0000 )0.0000 [1.0000 |0.0000 [0.0000 |0.0000 |0.0000 |0.0000 [0.0000 ]0.0000 [0.0000
D
E
A

0.0000 ]0.0000 [0.0000 |1.0000 [0.0000 )0.0000 [0.0000 |0.0000 [0.0000 ]0.0000 [0.0000
0.0000 ]0.0000 [0.0000 )0.0000 [1.0000 )0.0000 [0.0000 |0.0000 [0.0000 ]0.0000 [0.0000
A [0.0000 ]0.0000 [0.0000 ]0.0000 [0.0000 |1.0000 [0.1333 ]0.1333 [0.1333 ]0.1333 |0.0000
BB 0.0000 [0.0000 |0.0000 |0.0000 |0.0000 |0.1333 [1.0000 |0.1333 ]0.1333 [0.1333 |0.0000
CC ]0.0000 [0.0000 |0.0000 |0.0000 [0.0000 ]0.1333 [0.1333 |1.0000 ]0.1333 [0.1333 |-0.4655
DD [0.0000 ]0.0000 [0.0000 |0.0000 ]0.0000 [0.1333 ]0.1333 |0.1333 [1.0000 |0.1333 |-0.4655
EE [0.0000 ]0.0000 [0.0000 |0.0000 |0.0000 [0.1333 ]0.1333 [0.1333 [0.1333 |1.0000 [0.4655
AB [0.0000 |0.0000 |0.0000 [0.0000 |0.0000 |[0.0000 |0.0000 |-0.4655 [-0.4655 |0.4655 |1.0000

Notice the following properties:

1. The linear main effects (A, B, C, D, and E) are uncorrelated with any of the other terms.
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2. The quadratic effects (AA, BB, CC, DD, and EE) are uncorrelated with the main effects
but have small correlations with each other. They are also correlated with the AB
interaction.

It is also helpful to display the Alias Matrix, which shows the confounding pattern for effects that
are not included in the model:

Alias Matrix

Effect AC AD AE BC BD BE CD CE DE
constant

A

B

C

D

E

AA -1.0000 |-1.0000 |-1.0000 (-1.0000 |-1.0000 |-1.0000
BB -1.0000 |-1.0000 |1.0000 -1.0000 |1.0000 |1.0000
CcC -1.0000 |2.0000 1.0000 2.0000 |1.0000 |-1.0000

DD 1.0000 |[-2.0000 |2.0000 |-1.0000 1.0000 1.0000
EE 2.0000 |-2.0000 (1.0000 [-2.0000 |2.0000 |-1.0000 1.0000 (-1.0000
AB -1.0000 |1.0000 (-1.0000 ([1.0000 |-1.0000 |1.0000 ([1.0000 |-1.0000 |1.0000

While the main effects are clear of the omitted two-factor interactions, the other terms are not.

In the case of the blocked design, the correlation matrix appears as follows:

Correlation Matrix

block |block |A B C D E AA BB CcC DD EE
block ]1.0000 ]0.5292 [0.0000 |0.0000 {0.0000 [0.0000 [{0.0000 [0.1414 |0.1414 ]0.5374 10.5374 |-0.2546
block 10.5292 1.0000 |[0.0000 |0.0000 {0.0000 [0.0000 [0.0000 [-0.3742 [-0.37420.3742 |0.3742 |0.0000
A 0.0000 [0.0000 |1.0000 |0.0000 {0.0000 |0.0000 {0.0000 {0.0000 |0.0000 [0.0000 [0.0000 |0.0000
B 0.0000 [0.0000 |0.0000 |1.0000 {0.0000 |0.0000 {0.0000 {0.0000 |0.0000 [0.0000 {0.0000 |0.0000
C 0.0000 [0.0000 {0.0000 [0.0000 [1.0000 |0.0000 |0.0000 |0.0000 |0.0000 |[0.0000 |0.0000 |0.0000
D 0.0000 [0.0000 {0.0000 [0.0000 [0.0000 |1.0000 |0.0000 |0.0000 |0.0000 |[0.0000 |0.0000 |0.0000
E
A

0.0000 |0.0000 {0.0000 |0.0000 {0.0000 ]0.0000 {1.0000 ]0.0000 [0.0000 |0.0000 |0.0000 {0.0000
A 0.1414 [-0.37420.0000 {0.0000 |0.0000 {0.0000 |0.0000 {1.0000 |0.3000 |0.3000 [0.3000 |0.3000
BB ]0.1414 [-0.3742]0.0000 {0.0000 |0.0000 [0.0000 {0.0000 [0.3000 |1.0000 ]0.3000 {0.3000 |0.3000
CC [0.5374 ]0.3742 |0.0000 |0.0000 [0.0000 {0.0000 |0.0000 {0.3000 0.3000 {1.0000 |0.3000 [0.3000
DD ]0.5374 [0.3742 ]0.0000 {0.0000 |0.0000 [0.0000 {0.0000 [0.3000 |0.3000 |0.3000 |{1.0000 |0.3000
EE |-0.2546 [0.0000 |0.0000 {0.0000 |0.0000 [0.0000 |0.0000 [0.3000 |0.3000 |0.3000 {0.3000 |1.0000

While the linear effects are orthogonal to the blocks, the quadratic effects are not.

© 2017 by Statgraphics Technologies, Inc. DOE Wizard — Definitive Screening Designs - 10




=a Statgraphics 18

Designs Containing Categorical Factors

Definitive screening designs may also contain two-level categorical factors. Suppose the
experimenter wishes to study m continuous factors and c categorical factors. If all runs are to be
performed in a single block, then a DSD can be constructed containing

n=2m’+2 4)
runs where
m’ =m+c+Kk. (5)

If m+c is even, k =0, while if m+c is odd, k = 1. For designs runs in B blocks where B > 1, the
total number of runs is

n=2m +B-k (6)
if 2m’ + B —k) isevenand

n=2m +B_k+1 )
if 2m’> +B —k) is odd.

As an example, consider a design with 4 continuous factors and 2 categorical factors:
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Design file:  <untitieds

Carnment: |
Murnber of controllable process factors; |6 ::II Hurnber of controllable misture componentz: |0 ::II Murmber of noige factors: |0 ::II
Factor Mame nitz Tupe Rale Lo High Levels

A |Factor_A | [Cortinuous = | Corntrallaple 1.0 1.0 [1.234

B |Factor B | [Cortinuous +| Contrallable |10 1.0 [1.234

C |Facter C | [Cortinuous +| Contrallable |10 1.0 [1.234

D [Factor D | |Continuous v | Contolable |10 [10 [1234

E IFactor_E I IEategnrical ;I Controllable I"I-D I'I.U |1,2

F IFactor_F I IEategnrical ;I Controllable I"I-D I'I.U |1,2

G [Facter G | [ Continuous - | |10 [10 [1.234

H [Facter H | [ Continuous - | |10 [10 [1.234

| IFactor_I I ID:untinuu:uus ;I |-1.E| |1.E| |1,2,3,4

J IFactor_.J I ID:untinuu:uus ;I |-1.E| |1.E| |1,2,3,4

K IFactor_K I ID:untinuu:uus ;I |-1.E| |1.E| |1,2,3,4

L [Facter L | [ Cortinuous - | |10 [10 [1.234

M [Facter_t | [ Cortinuous - | |10 [10 [1.234

Total for cantrallable mixture components: I'ID— Factors A-k | Factors W-2 |

Back | Cancel | Help |

An unblocked DSD consists of the following 14 runs:
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Design file:  C:\DocDatalBudads. sox Robust Parameter Desiagn
% Combined aray
Comment; I
€ Crossed aray
Segment Factors Runz Blocks Diezign
Options... | Process factors 53 14 1 Definitive soreening design
Options... | tisture compaonents 0 I} a
Options. .. | 0 1] a
COMBIMED 5 14 1 Samples per run: I'I
BLOCK | Factar_& Factor_B Factor_C Factor_D Factar_E Factor_F

1 |1 0o 10 1.0 1.0 2 2
2 | oo 1.0 1.0 1.0 1 1
a1 1.0 0o 1.0 1.0 1 1
4 1 1.0 0o -1.0 -1.0 2 2
a5 1 1.0 10 0o 1.0 1 2
& |1 1.0 1.0 0.0 1.0 2 1
71 1.0 1.0 1.0 0.0 2 1
g | 1.0 1.0 1.0 0o 1 2

1 1 2

1 2 1

1 2 1

1 1 2

1 1 1

1 2 2

Cancel | Herandomizel Canstraints | Help |

A blocked DSD with B = 4 blocks has 16 runs:
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Design file:  C:\DocDatalBudads. sox Robust Parameter Desiagn
% Combined aray
Comment; I
€ Crossed aray
Segment Factars Rung Blocks Design
Options... | Process factors 53 16 4 Blocked definitive screening design
Options... | tisture compaonents 0 I} a
Options. .. | 0 1] a
COMBIMED 5 16 4 Samples per run: I'I
BLOCK Factar_g Factor_B Factar_C Factor_D Factor_E Factar_F ﬁ
1 |3 0o 1.0 1.0 1.0 2 2
2 3 na 1.0 1.0 1.0 1 1
3 |2 1.0 0o 1.0 1.0 1 1
4 2 1.0 0.0 1.0 1.0 2 2
5 4 1.0 1.0 oo 1.0 1 2
L 1.0 1.0 0o 1.0 2 1
71 1.0 1.0 1.0 0.0 2 1
g | 1.0 1.0 1.0 0o 1 2
9 4 1.0 1.0 1.0 1.0 1 2
10 4 1.0 1.0 1.0 1.0 2 1
11 1 1.0 1.0 1.0 1.0 2 1
12 1 1.0 1.0 1.0 1.0 1 2
13 |3 0.0 0o 0o 0.0 1 1
14 |3 0.0 0.0 0.0 0.0 2 2
15 |2 0.0 oo oo 0o 1 1
16 |2 0.0 0.0 0.0 0.0 2 2 | |
-
4] LI
Cancel | Herandomizel Canstraints | Help |

The default model has main effects for all of the factors and quadratic effects for the continuous
factors:
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DOE Wizard Model Options

Process Factors Model Mixture Compaonents Model
" Mean {+
Cancel
" Linear [Main Effects) lﬁ
(™ 2-Factar Interactions C Help
{* Quadratic 3
" Cuhbic lﬁ
Inciude: Exclude:
&:Factar_g, AR ”
B:Factor_B AL
C:Factor_C A
O:Factar_D AE
E:Factor_E AF
F:Factor_F BC
A, BD
BB BE
CC BF
oo CDh
CE
CF
DE y

As can be seen from the correlation matrix, there are small correlations between the main effects
of the categorical factors and the main effects of the other factors, although the main effects of
the continuous factors are orthogonal to each other:

Correlation Matrix

A B C D E F AA BB CcC DD

1.0000 |0.0000 |0.0000 ]0.0000 |-0.1690 (-0.1690 ]0.0000 |0.0000 ]0.0000 |0.0000
0.0000 |1.0000 ]0.0000 |0.0000 [0.1690 |0.1690 0.0000 |0.0000 |0.0000 |0.0000
0.0000 ]0.0000 |1.0000 |0.0000 [0.1690 |-0.1690 |0.0000 |0.0000 |0.0000 |0.0000
0.0000 ]0.0000 ]0.0000 |1.0000 ([-0.1690 [0.1690 0.0000 |0.0000 |0.0000 |0.0000
-0.1690 ]0.1690 ]0.1690 |-0.1690 [1.0000 |-0.1429 ]0.0000 |0.0000 |0.0000 |0.0000
-0.1690 ]0.1690 |-0.1690 |0.1690 ([-0.1429 [1.0000 0.0000 |0.0000 |0.0000 |0.0000
A 10.0000 |0.0000 [0.0000 [0.0000 0.0000 [0.0000 [1.0000 |0.3000 |0.3000 |0.3000
BB [0.0000 0.0000 |0.0000 [0.0000 |0.0000 0.0000 [0.3000 {1.0000 [0.3000 |0.3000
CC ]0.0000 [0.0000 [0.0000 ]0.0000 0.0000 [0.0000 ]0.3000 ]0.3000 |1.0000 |0.3000
DD [0.0000 0.0000 |0.0000 [0.0000 |0.0000 0.0000 [0.3000 [0.3000 |0.3000 |1.0000

Z|Tmo(O|m|(>
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