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Combined Mixture-Process Tutorial

Introduction

Design-Expert® software offers designs that combine mixture components and
process factors (numeric and/or categoric). Before embarking on this tutorial, you
should first complete the previous tutorials on mixture design: Part 1 — The Basics,
and Part 2 - Optimization. For details about software features and their statistical
aspects, use the on-screen program Help. Also, Stat-Ease provides in-depth training
in its advanced workshop for mixture design. Call for information on content and
schedules, or better yet, visit our web site at www.statease.com.

In this tutorial, you will apply Design-Expert’s unique features for mixture-process
design and analysis by investigating John Cornell’s famous fish-patty experiment
from his textbook Experiments with Mixtures, 314 edition, published by John Wiley
and Sons, New York.

The food formulators hope to make something delicious from a blend of three
tasty-sounding (?) fish: mullet, sheepshead, and croaker. Yum! The seven blends in
the design include one each of the three fishes, plus three binary blends, and a
blend of one-third each of the individual types of fish. The fish patties can be
cooked at varying deep-frying time, oven temperature, and oven time. Combining
each of these process factors at two levels for all seven blends creates a total of 56
experimental runs. The diagram below shows the blends as points on triangles,
repeated at each of the eight corners of a cube representing the process.

Fish-patty design: Seven blends (on triangles) at eight process combinations (cube)

The response measure is patty texture. (Never mind about taste!)

The Experiment as Originally Run

Start the program by finding and double clicking the Design-Expert software icon.
Take the quickest route to initiating a new design by clicking the New Design
option on our opening screen as shown below. Another route is via File, New
Design (or associated Alt keys).
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Welcome to Design-Expert® Software from Stat-Ease, Inc.

To get started, click on the File menu and select either

1. New Design
ar

2. Open Design

Opening screen — New Design option highlighted in red

Click the Combined folder tab and select the User Defined option. The user-
defined option allows you to reproduce Cornell’s design with all points chosen.
Normally, to save on runs, you want to use the first choice on the list, Optimal,
which selects an ideal subset of design points from a candidate set for a specified
model. We'll explore this option later.

For Mixture 1 Components, select 3 from the droplist. (Notice that Design-Expert
offers the option for adding a second mixture, for example in a two-layer cake, film,
or coating. For the number of Numeric Factors choose 3. Leave Categoric Factors
at zero, but keep in mind for future experimentation that you can add discrete
variables - such as who supplies a given component.

[

Mixture

User-Defined Design

Response Surface User-defined design with both Mixture and Process factors

Factorial

Combined
Mixture 1 components: |3 w | (2 to 20)
Optimal Mixture 2 components: |0 (0, 2to 10)
User-Defined <<
MNumeric factors: (0 to 10}
0 "
Categoric factors: 1 (0to 10)
2
4

Specifying the combined user-defined design

Press Continue and enter the Total for mixture components (fish types) at 100
and Units as %. Then enter fish names as shown below. Low limits remain zero.
Set all high limits to 100.

Mix Components: 3 Total  qqp
@ Horizontal Vertical Units: %
Name Low | High |
A [Micture] | mulet 0 100
B [Mixture] [sheepshead 0 100
C [Mixture] | croaker 0 100)

Entering mixture details

Press Continue to move on to the process design factors. Enter factor names,

units, and ranges (low - L[1] and high - L[2]) as shown below.
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MWumeric Factors: 3 @) Horizontal
Categoric factors: 0 () Vertical
Name Units. Type Levels L[] | L[2] |
D [Numeric] |gyen temp deg F Continuous | M/4 375 425
E [Numeric] |gyen time minutes Continuous | M/ 25 40
F [Mumeric] |deep fry s&C Continuous | N/A 25

Entering process details

Press Continue to define the model you want to design for the combination of
mixture and process variables in this experiment. The default model is quadratic
by quadratic. Click the Edit model button and change the default for Process
Order to Linear.

Base model for design &J

Mix order: | Quadratic -
Process order: |Lingar -

Modified -
Combined order:  Fieers
2F1
Add Term Quadratic
Cubic i

A-mullet
B-sheepshead
C-croaker
AB
ALC
AD

DZZDDD I

Specifying the design model for the mixture and process variables

Click the OK button to implement the change. Now, consider your “candidate”
points. Normally only some of these points would actually make it to the design,
but by choosing the User Defined option, you get all of them. However, there’s a
problem - the Mixture candidate set of points (Mixture tab at upper-left screen
box) contains more points than those chosen by Cornell. Fix this by clicking off
Thirds of edges, Triple blends, Axial check blends, and Interior check
blends. Only vertices, centers of edges, and overall centroid should now be
checked. Press Calculate points to get a count - this subtotals to 7 for the mixture
candidate points.

Candidate points

Midure | Process

Vertices 3
Centers of edges 3
[] Thirds of edges
[] Triple blends
- [ constraint plane centroids

Avg of BTVEr[iCE [] Axial check blends

[ Interior check blends

Overall centroid 1

Total points: TOT Subtotal: T

’ Read list... ] ’ Write list... ] ’ Calculate points ] ’ Reset

Candidate points for mixture
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Now click the Process candidate set of points tab (right of Mixture tab). This
design also contains more points than those chosen by Cornell, so click off every
checkmark except Vertices. Press Calculate points to update total run count.

Candidate points

Migure | Process

[ Centers of edges

[ Thirds of edges

[ Triple blends

[] Constraint plane centroids

[] Axial check points

[ Interior points

[] overall centroid

Total points: 0 Subtotal: 0

Candidate points for the process

You should now see a subtotal of 8 process combinations, which combined with the
7 mixture candidates generates 56 total runs (points).

Press Continue to see the response specification form. Enter Ave Texture with
units of gm*10”-3.

Responses: ﬂ (1 to 999)

| Hame | Units. |

JF\V& Texture | gm*10"-3

Entering response name and units

Press Continue to complete the design. Design-Expert now displays the 56
experiments in random run order.

Analyze the Results

To view response data, right-click the Response column header and select
Simulate Response.

Response 1 =

Ave Texture
gm0-3 Edit Info...

Insert Response »

Delete Response

Fill With Randam

Simulate Response

Equation Only

Sort by This Response

Simulating the response

Click file Fish Patties.sim and Open it.
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Filz name: Fish Patties.sim -
Files of fype: ISimuIatian File: {* sim}) v] I Eemerd I
[ Open as read-only

Opening the fish patty simulation

The simulation displays its processing rate at a readable speed so you can observe
the responses, so be patient - it may take a minute to generate all the data. Results
within the range of 2 to 3.5 are desirable. To preserve the responses, go to File and
select Save As. Change the file name to FishPatties.dxp or some other unique
name of your choice.

To analyze the data, click the Analysis node labeled Ave Texture. Then click the
Fit Summary button. You now see a unique matrix of probabilities that helps you
determine the best crossed model for mixture and process. As shown below, the
software provides suggestion(s) on which combination is best - in this case, a
quadratic (“Q”) mixture model crossed with a linear (“L”) process model.

[:I Notes for FishPatties.dxp A —
. y Transform = Fit Summary f(x} Model L AMNOND, , =« Diagnostics DModeI Graphs:
Design (Actual x Actual) = s
-5 summary | | | | | | :
]| Graph Columns __|Response 1 Ave Texture Transform: None

- =] Evaluation
- 1] Constraints
- El| Analysis |
- R1:Ave Texture —

== Mixture Component Coding is L_Pseudo. ==

Mixture Components ABC

& Optimizati Process Factors DEF

pumization —
-+¥] Numerical —
4 Graphical __| Suggested Model[s] Mix Process
H Sg_-l Point Prediction | Quadratic Linear

Order Abbreviations in Fit Summary Table
M =MWean L=Linear Q= CQuadratic SC=Special Cubic C = Cubic

Combined Model Mixture Process Fit Summary Table

| Sequential p-value Summary Statistics
| Mix Process Mix Process Adjusted Predicted
| Order Order R-Squared R-Squared
| M M
| M L = 0.0001 0.3916 0.3329
| M 2FI 0.9883 0.3561 0.2507
| M Q = = 0.3561 0.2507 Aliased
| M C * *0.8488 0.3432 0.2193 Aliased
| M 1
| L M = 0.0001 0.4450 0.3919
| L L < 0.0001 = 0.0001 0.8211 0.88389
| L 2FI = 0.0001 0.6237 0877 0.8341
| L Q == 0.0001 = 08177 0.8341 Aliased
| L c =< 0.0001 *0.9176 09113 07728 Aliased
| L W
] M 0.5401 0.4373 0.3487
r a L 0.0003 < 0.0001 08501 08240  Suggested
| Q 2FI 0.0028 01129 0.9736 0.8796
Q Q *0.0023 = 0.9736 0.8796 Aliased

Suggested model - quadratic (mixture) by linear (process)

For a detailed explanation about how to interpret sequential p-values in this Fit
Summary table for combined designs, see Stat-Ease’s Handbook for Experimenters
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(provided free of charge to all registered users of Design-Expert software) section
titled “Combined Mixture/Process Analysis Guide.” This section is available upon
request to trial users.

Now click the Model button atop your screen. Design-Expert uses the suggested
model as its default. Accept this for the moment by clicking ahead to the ANOVA
button. Notice that many of the model terms, particularly ones of third-order (for
example, ABF) exhibit high Prob>F values. This is a byproduct of crossing the two
mixture and process models, which creates many superfluous higher-order terms.
When analyzing designs like this, you will often find it beneficial to reduce your
model to only the significant terms, subject to requirements for maintaining
hierarchy (no interactions without their parent terms).

yh Transtorm f(x) Model % AMO, E Diagnostics DMndelGraphs
| | | | | |
Response 1 Ave Texture
ANOVA for Combined Quadratic x Linear Model

e Mixture Component Coding is L_Pseudo. =
] Mixture Components ABC
] Process Factors DEF
] Analysis of variance table [Partial sum of squares - Type lll]
] Sum of Mean F p-value
| Source Squares df Square Value Prob>F
__[Model 28.41 23 128 58.62 = 0.0001
| Linear Mixture 14.04 2 7.02 321.66 < (.0001
| 4B 0.36 1 0.36 16.60 0.0003
| AC 0.27 1 0.27 1217 0.0014
| AD 1.91 1 1.91 87.74 = 0.0001
] AE 4.05 1 4.05 185.50 = 0.0001
] AF 0.062 1 0.062 2.85 01013
| BC 0.048 1 0.048 2.21 0. 1466
_| 80 0.25 1 0.25 11.62 0.0018
_ | e 0.53 1 0.53 2423 < (.0001
| &F 0.052 1 o052 2.38 0.1327
_|co 0.50 1 0.50 23.06 = 0.0001
] CE 1.31 1 1.31 8017 = 0.0001
] CF 7.B24E-004 1 7. E24E-004 0.035 0.8529
| ABD 0.25 1 0.25 11.23 0.0021
_ | ABE 017 1 017 765 0.0094
| ABF 4.246E-003 1 4.246E-003 019 0.6621

Initial ANOVA (no model reduction)

To reduce the model, go back and click the Model button. You could manually
deselect the insignificant terms observed from the ANOVA, but it is quicker to let
Design-Expert do this for you. Change selection mode to Backward.
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yh Transtarm

‘ tsummary | fix) Modsl LN amova ModeIGraphs
. i _ When reducing your model in the
Mix order: Add Term presence of colinearity, we
[ suggest using both backward
PSSR M Model and stepwise model selection
Alpha out odel: | Scheffe | methods. Compare their

. respective ANOWVAS and
CEEETE 0.1000 summary statistics before

Manual
~ A-m Forward
Stepwise

@ Disgnostics

settling on a model.

B-sheel

Selecting backward reduction

This enables automatic model reduction by a backward (stepwise) algorithm. The
criteria for elimination is a probability value of 0.1000, as specified in the Alpha Out
field. Click the ANOVA button. As shown below, the software shows you a report
on eliminated terms.

yh Transtorm Fit Sumemary f(x} Moddel —P_: AR, E Disgn ostics Model Graphs
| | | | | |

| Response 1 Ave Texture
| Backward Elimination Regression with Alpha to Exit = 0.100

Forced Terms A-mullet, B-sheepshead, C-croaker
| Coefficient t for Ho
| Removed Estimate Coefi=0 Prob > |t| R-Squared MSE
__| BCE -6.402E-003 -0.027 0.9738 0.9763 0.021
__| ACF -0.020 -0.083 0.9345 0.9763 0.021
__| CF 8.008E-003 0.7 0.8533 0.9768 0.020
__| ABF 0.10 0.48 0.8510 0.9767 0.020
| ACE -0.12 -0.54 0.5954 0.9765 0.019
__| BCD -0.13 -0.59 0.5512 0.9762 0.019
__| BCF -0.17 -0.87 0.3918 0.9758 0.019
__| BC 0.36 161 0.1161 0.89742 0.019

Report showing removed terms via backward model reduction

The ANOVA table shows that the reduced model fits very well.
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Source
Model

Linear Mixture

AB

AC

AD

AE

AF

BD

BE

BF

co

CE

ABD

ABE

ACD
Residual
__|Cor Total
Std. Dev.
Mean
CV. %
PRESS

Sum of

Squares

2533
14.04
038
028
1.82
471
0.077
026
064
0.096
0.55
1.81
024
018
o1
078
3011

014
1.9
732
157

Analysis of variance table [Partial sum of squares - Type lll]

Mean
Square
1.96
.02
0.38
028
1.92
4.71
0.077
0.26
064
0.096
0.55
1.81
0.24
018
011
0.019

R-Squared

Adj R-Squared

Pred R-Sguared
Adeq Precision

Value
100.58
360.95
19.30
14.23
98.95
242.37
3.97
13.63
3284
492
2815
93.23
12.44
847
543

0.9742
0.9645
0.9477
47.396

p-value
Prob>F
= 0.0001
= 0.0001
= 0.0001
0.0005
= 0.0007
= 0.0001
0.0533
0.0007
= 0.0001
0.0323
= 0.0001
= 0.0007
0.0011
0.0059
0.0250

Analysis of Variance (partially shown) for Crossed Model

Click the Diagnostics button and examine the diagnostic graphs.

y* Trenstorm Fit Summary | f(x) Model

£ wwovn [ venosics. [uoseioronns

Design-Expert® Software
Ave Texture

Normal Plot of Residuals

Color points by value of
Ave Texture:

o 99 —
0.58 Diagnostics Tool ]

piagnosics’_ntuence |

Studentized

7] Nermal Pist

& us.Fred

&ivs.Run

Pred. vz, Actus|

Box Cox

DEENEIE

& vs. Factor

Normal % Probability

[l

|

-2.00 -1.00 0.00 1.00 200 3.00

Internally Studentized Residuals

Normal plot of residuals - looks good

8 ¢ Combined Mixture-Process Tutorial

Design-Expert 8 User’s Guide




DX8-06-Combined.docxx Rev. 12/8/09

The normal plot of residuals looks good, so move on to the Model Graphs to view
the response in mixture (triangular) space.

y* Transtorm | == Fit Summary | &) Model |% ANOVA, |ED\agnwshc$ [ acel Graphs
Design-Expert® Software A: mullet
Ave Texture 100.000
413
0.58
X1 =A: mullet

X2 = B: sheepshead
X3 = C: croaker

Actual Factors

D: oven temp = 400.00
E: oven time = 32.50
F: deep fry = 32.50

100.000
C: croaker

100.000 0.000
B: sheepshead

Ave Texture

Model Graph with view of contour plot for mixture portion of combined design

Click or grab various process factors on the floating tool bar and adjust them to see
how response changes. For example, push all three bars to the right as shown

below.

A: mullet
100.000

Factors Tool

o |

Mixture Process.

e e
e R
[
20.00 Term -

100.000
C: croaker

100.000 0.000
B: sheepshead

Ave Texture

Process slide-bars pushed to their maximum levels

Design-Expert 8 User’s Guide Combined Mixture-Process Tutorial @ 9



Notice by the hotter colors that texture increases at the 100 percent mullet (top of

triangle).

Now right-click the Factors Tool where it shows D:oven temp and select X2
axis. As shown below, the view changes to process (rectangular) space.

Design-Expert® Software
Ave Texture
# Design Points

413

0.58
X1 =E: oven time
X2 = D: oven temp

Actual Components

A: mullet = 33.333

B: sheepshead = 33.333
C: croaker = 33.333
Actual Factor

F: deep fry = 40.00

D: oven temp

426.00

420.00

415.00

410.00

405.00

400.00

395.00

390.00

385.00

380.00

375.00

2800

Ave Texture

31.00 3400 37.00 4000

E: oven time

Changing to process view

Now shift back to mixture coordinates by right-clicking the Factors Tool where it
lists A:mullet. Select X1 axis.

Factors Tool

e s

Mixture Process
X1 axis
= [EH -
. . X2 axis
- B )
I \ X3 axis

+

33.333 | Term |

Back to mixture space

Select View, 3D Surface (or click 3D Surface on the Graphs Tool) and notice the

strong tilt in the A-B axis.
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g"-’-ﬂp— Dusign Tocks _ Help  Tips

v Mode
Standard Emoc =
Pagopan [ sy | 1) ot [ £ svn | i cmpomes | Fsmornn
Tace
R n-Expert® Software
Towo Component M exture
amaction sign points above predicted value
Contour
Contour Mix-Process 3
Predhcted vi. Actual A
v 30 Surtace 8
30 Surtace Mix-Process
e A: mullet
L S Ewcto Yool C: croaker
v Show Graphs Tool
Show Crosshairs Window F‘Clof‘ e
S n temp = 425.00 é
o L In time = 40.00 5
Pop-Out View p fry = 40.00 -
v Toow 2
v Status B <
A (100.000)
C (100.000:

A (0.000)

B (100.000)

3D mixture view

Now select View for the 3D Surface Mix-Process (or click 3D Mix-Process on the
Graphs Tool). It’s very likely you have never seen a plot like this!

P oy Croems Desgn oo e Ton
v Modd
Seandard Eor

Igéllﬁ—vli(l) Modet Ih A l:n-ua-l{_‘--c--v-

Trace

s n-Expert® Software
Two Component Max exture
s sign points above predicted value
Contowr 3
Contour Mu-Process
Preducted vi. Actual b8
30 Surdace
V30 Sodace Mar-Process A: mullet
= B: sheepshead
D: oven temp
v ShowFacton Tool
v Shom Graphs Teol Component
Sy Coosions Yambow laker = 33.333
e Rt Factors
) e Lot n time = 40.00
Pop-Out View p fry = 40.00

Ave Texture

D: oven temp

3D plot of two mixture components versus one process factor!

Now you see the impact of shifting component A (mullet) in direct substitution for
B (sheepshead) on one axis versus the process factor D (oven temp) on the other
axis. Isn’t that something!

Continue if you like and explore different combinations of the mixture components
and process factors in 2D contour view and 3D plots. Keep in mind that any
textures outside of 2 to 3.5 are unacceptable.
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Find the Optimal Solution

The goal of the experimental program is to learn how to produce fish patties with a
texture in the range of 2.00 to 3.50 x 103 grams. The target is 2.75. To find optimal
combinations of formulas and processing, click the optimization node labeled
Numerical. Then select Ave Texture. Selecta Goal of target-> and enter 2.75.
For Limits enter a Lower of 2 and Upper of 3.5. Leave the weights and
importance settings at their default levels. Your screen should now look like that

below.
[:l Motes for FishPatties.dxp
_M Criteria Solutions Graphs ‘
. 7] Design (Actual x Actual) " B
] Summary Amulet Ave Texture
L] Graph coumns B:sheepshead
i %] Evaluation g:cruﬁkter
‘oven temp
- F Constraints E:oven time Erzl 278
L Lowsr_ per
_J,_'l R1:Ave Texture (Analyzed)
R Limits: 2 35
ﬁ Optimization
[ Humerical Weights: 1 1
& Graphical - Importance:
i.. ¥| Point Prediction
2.75

2|/E/ |\]\3'5

Ave Texture

Optimization criteria for texture

Click the Solutions button. Then mouse to the Solutions Tool and select Ramps.
Notice the many solutions listed atop your screen. (Due to the random nature of

the optimization algorithm, your screen may show fewer or more solutions.) The
software defaults to the most desirable solution.
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M citena | _# soutions [7] Grapns
soutonsfi 2 [ 3 | s |5 [ e | 7 | e[ s |10 [z]13] s[5 |s|1s]20z| 2|22z |2 |2e|s0|sn|s2]s[]|s]e[w]|s0]][s0]sn]s2]s
Solutions Tool  [i&]
0.000 100.000 0.000 100.000 0.000 100.000
A:mullet = 64.572 B:sheepshead = 0.000 C:croaker = 35.428
375.00 425.00 25.00 40.00 25.00 40.00
D:oven temp = 377.89 E:oven time = 39.81 F:deep fry = 25.38
275 Desirability = 1.000
2 /\3.5
I ‘ I
0.58 4.13
Ave Texture = 2.75

One of many solutions for optimized texture (your results may vary)

Click solution number 2 and beyond: You will see many combinations that satisfy
the texture requirements. Next press Graphs and look select from the Graphs
Tool the 3D Surface. Move your mouse cursor over the graph and when it turns
into a hand (%) grab it by depressing the left mouse button and rotate it to a
vantage point like that shown below.

1 A\ criteria |/ Solutions Graphs
Solutions [ 1 2|3|4|5|6|7‘&‘9‘WD‘H‘12‘13'11'15'16'1?‘13‘19‘2D‘21‘22‘23‘24'25'26'27'2{Respunse
L3

<

Design-Expert® Software

Desirability
1 1
0
X1=A: mullet Graphs Tool =]
X2 = B: sheepshead 0
X3 = C: croaker Trace
ctual Fac Perturbation
ctual Factors
D: oven temp = 386 36 aQuefocter |
E: oven time = 36.95 _Intersction |
F: deep fry = 37.17 Two Component
Zartaur 1 )
| Ry
4D Surface
3D Mix-Frocess = 0.8
[ =
ube 3 04
Fop-Out View ®
W
o)
(=)
Factors Tool =]
GageT Sheet )] A (100.000)
Hidture: Process ’
I | € (0.000) B (100.000)
[x2Eshespatasa [- Eoven umF +
|E Cocroaker - F:lEEpml +
Term -
3D desirability view

Explore other desirability views if you like. Remember that by right-clicking any of
the process factors on the Factors Tool, you can create a graph in process space. To
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preserve your modeling and optimization work, select File, Save or press the &
icon.

The Experiment via Optimal Design

As noted in the introduction, we want to reproduce the fish patty case exactly as
reported by Cornell in his textbook Experiments with Mixtures. Now let’s try an
optimal design, which is much more efficient. We recommend you use this
approach when designing your own mixture-process experiment. Assuming you
are continuing from before, proceed by choosing File, New Design. The software
asks whether to “Use previous design info?” Click Yes.

Design-Expert 8 &J
Iel Use previous design info?
[ Yes l | No |

Re-using previous design information

You see the builder from the previous user-defined design session. Select Optimal.

Miture Optimal Design

Response Surface Aflexible design structure to accommodate custor

Factorial

Combined

Mixture 1 components: |3 - | (2 to 20)
Mixture 2 components: |0 [ (0, 210 10)

Optimal design option for combined mixture-process design

LIser-Nefined

Press Continue to see that all component names and Low/High values remain
filled in for you. Press Continue again to see your process factors, again at their
previous ranges. Press Continue one more time to bring up the Optimal Design
screen. Notice it’s already set up for the quadratic-linear base model that you want
for the fish-patties process-mixture design.

The objective of this exercise is to pick a subset of runs from Cornell’s actual
experiment so the search must be limited to specific combinations - not just any
coordinate within the mixture-process space. Therefore you must change the
Search droplist from its defaults or “Best” to Point Exchange, as shown below.
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Optimal Design

Runs

Search: lPuint Exchange v] O ptimality: ’N

v] Model points: 24

[ . Best
Ein Coordinate Exchange
Point Exchange

Blocks:

Optimal =
User-Defined

7T

program, or read in from a file.

[ Edit candidate points... ]

Point Exchange searches a set of candidates for the best design points. The candidates can be generated by the

I-pptimal designs provide lower average prediction variance across your region of experimentation. IV-optimality
is. desirable for response surface methods (RSM) where prediction iz important. The algorithm picks points that
minimize the integral of the prediction variance across the design space.

n

To estimate lack of fit:

n

Replicates:
Additional center points: 0

Totalruns: 34

Optimal design search by Point Exchange

Leave the optimality criterion at its default of “IV” — a good choice in this case
where continuous variables must be optimized. This criterion will dictate the
selection of the minimal subset of model points from the candidate set, which in a
moment you will specify as the original combinations run by Cornell. However
before moving ahead, now would be a good time to view Help on the Search term
“Candidate Point Creation”. From there you can link to details on the IV-
optimal and alternative algorithms offered by Design-Expert.

a3y Options  Design Tools  Help  Tips

3 7 [% DX8 Help

Optimal Design - & O

Hide Back Print  Options
Search: | Point Exchange
Edit model.. | Quadrati

Scheffe

Blocks: |1 b

Contents | Index | Search

Type in the keyword to find:

|"Candidate Paint Creation”

Fa

Select Topic to display:
Point Exchange searches a

program, or read in from a il Candidate Paint Creation

I/-optimal designs provide |
is desirable for response sul
minimize the integral of the pi

Edit candidate |:||:|ints.1

Candidate Point Creatiol

Candidate points are the total group of p
individual points within that space, but D
blends, etc. As an example, a design sg
of 245 points is the "candidate list" from
lack of fit points and replicates.

Any design and any list of treatments ca
own subsets of large design spaces, etc
Design Tools, Write Candidate File a
used as a starting point for creating the

factors, the level index, which varies from:

See Also:

RSM Optimal Design
D-optimal Algorithm (Advanced)

[V-optimal Algorithm (Advanced)
A-optimal Algerithm (Advanced)

Help on optimal design details

Exit out of Help (X) to get back to the work of building an optimal design for fish

patty mixture and process development.
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Because the original data had no replicates, set Replicates to 0. Hit the tab key
and you see a total of 29 runs. Leave “Model points” and “To estimate lack of fit” at
their default levels.

Runs
Model points: 24

th

To estimate lack of fit:
Replicates: 0
Additional center points: 0

Total runs: 29

Default for replicates reduced to zero to match textbook case

Before continuing, you need to re-create the points originally selected by Cornell.
(Recall doing this earlier when you set up the User Defined design.) Click Edit
candidate points. In the Mixture tab, checkmark off Thirds of edges, Triple
blends, Axial check blends, and Interior check blends. Press Calculate
points. You now see a subtotal of 7 mixture points.

Candidate pointz

Modure | Process

Vertices 3
Centers of edges 3
[] Thirds of edges
[] Triple blends.
. [] constraint plane centroids

Avg of E\TVEMOE, [] Axial check blends

[ Interier check blends

Overall centroid 1

Total points: o7 Subtotal: T

[ Read list.. ] [ Wirite list .. ] ’Calculate points ” Reset ]

Mixture candidate points after deselecting some defaults

On this same screen, press the Process tab and checkmark off all points except for
Vertices. Click Calculate points. This produces a subtotal of 8 process points.
You now have 56 total candidate points, the same as earlier when you set up this
case study as a User Defined design.

Candidate points

Migure | Process

[] centers of edges

[ Thirds of edges

[ Triple blends

[ Constraint plane centroids
[] Axial check points

[ Interior points
[] overall centroid
Total points: o Subtotal: o

Candidate points total 56 after deselecting some defaults for process
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Click OK to move on to the response specification. Accept the default response
name and units (as in the user defined example) by pressing Continue.

Design-Expert now builds the optimal design. Due to random elements in the
algorithm (configurable via Options), the 29 runs chosen may differ each time you
do an Optimal design, but they will be essentially identical in their matrix
attributes.

Fish patty design: one possible subset of 29 D-optimal combinations

Remember that the point of this follow up to the first part of the tutorial is to show
how you can get by with only a fraction of all possible mixture-process
combinations by using an optimal design - in this case one that includes
combinations from within the original experiment. Thus, this is a “what-if”
exercise. If you were to build a completely new design for this case, it would be
advisable to include the 5 replicates that Design-Expert software suggests by
default. This would provide 4 degrees of freedom to estimate pure error, which
would allow a test for lack of fit, and generally improve the quality of the design.

Final comments

In all but the simplest cases, a User Defined design (all possible combinations of
mixture and process points) is too large to be practical. Consider using an optimal
design, which provides a reasonable subset of points to estimate the model you
specify. For any combined design, but especially if done via optimal for a
minimum-run experiment, it's advisable to over-ride any suggested model that falls
short of what can be estimated without aliases. Then perform a backward
elimination to rid the model of the large number of superfluous terms that are
characteristic of these experiments that combine variables from the mixture and
the process. If all goes well, you can blend your fish and bake it too. However, we
have a suggestion: Include taste as one of your sensory attributes (not just

B )

AN
AA A

A A4 4
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