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Mixture DesignTutorial
(Part 1¢ The Basics)

Introduction

In this tutorial you are introduced to mixture design. It is assumed that at this
OOACA Ui 08 O6A |1 A CERpe® Adkwalehdsit feadbufeOBhaving
completed preceding tutorials. Before starting this one, athe very least you ought
to first complete the General One-Factor tutorials z both basicand advanced.

We presume youcomprehendthe statistical aspects of mixtire design. To gain a
full working knowledge of this powerful tool, we recommend you attend our
workshop titled: Mixture Design for Optimal Formulatiors. Call StatEase or visit
our website at www.statease.confor a schedule. For a free primer on mixture
design, go to the StaEase home page and follow the linthat saysO) 6 1 A

Al 01 O1 Ifybuiséekstatistical details on this topic, seeJohn Corneld O
Experiments with Mixtures3d edition, published by John Wiley and Sons, New Yaqrk
in 2002.

This tutorial demonstratesonly essential program functions. For more details,
checkour extensiveHelp system,accessibleat any time by pressing F1. Its
hypertext search capability makes it easy foyou to find the information you need.

The Case StudyFormulating a Detergent

A detergentmust bere-formulated to fine-tune two product attributes, which are
measured as responses from a designed experiment

1 Y- viscosity
1 Y2 -turbidity.
Three primary componentsvary as shown:
1 3% SA (water) S8%
1 2% SB (alcohol) S4%
1 2% SC (urea)S4%
These componentgepresent nine weight-percent of the total formulation, that is
A+B+C=9%

Other materials (held constant) make up the difference91 weight-percent of the
detergent. For purposes of this experiment theyare ignored.

Experimenters chose a standard mixture design called a simpléattice. They
augmented this design with axial check blends and the overall centroid/ertices
and overall centroid werereplicated, increasingthe experiment size to14 blends
total.
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Augmentedsimplex lattice (second degree)

This case study leads you through all the steps of design and analysis for mixtures.
The next tutorial, Part 2,instructs how to simultaneously optimize the two
responses.

Design the Experiment

Start the program by finding and double clicking the Desigixpert software icon.
Take the quickest route to initiating a new design bglicking New Design on the

opening screenas shown below Anotherroute is File, New Desigr(or associated
Alt keys).

Welcome to Design-Expert® Software from Stat-Ease, Inc.

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

1. New Design

or
2. Open Design

Handy new opening screegnNew Desigrhighlighted

Click theMixture folder tab. The desig you want, a simplex latticecomes up by
default.

fﬂespu nse Surface

Factorial

Combined

[Simplex Lattice B
Simplex Centroid
Screening
Optimal
User-Defined
Historical Data

¥

Choosing a mixture design
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Someon-screendetails appear, but moreare available by pressing the screen tips
button @ (or via Tips, Screen Tips).

?
Simplex Lattice Design

Mixture design for 2 to 30 where all the components must have the same range. Points are chosen starting with the extreme ve:
axial check blends.

[ % o8 Help SRICI X
i
Show Frint  Options

Simplex Lattice Design
This mixture design can be used for 2 to 30 components. Simplex implies that all component ranges are
equal. Lattice is the method by which points are chosen. The lattice is built from all permutations where,

the component proportions can take the value of ifq; where i =10,1,...q and g is the degree of the design.
This creates a grid layout for the design points.

For a degree 2 design with three components the possible combinations include (1,0,0), (0,1,0), (0,0,1), (1/2,
172, 0), (1/2, 0, 1/2), (0,172, 1/2).

Mixture Components: How many components are involved in this experiment?
note: fillers may be components too unless their proportion of the mixture is held constant.

Total: The sum of all the components must equal the total for all runs.

Onscreen detailyvia Tips button
Close Tips by pressing at its upper-right corner. Now explore Help, Contents.

Help | Tips
Contents

Topic Help F1

Tutorials Ctrl+F1

Sample Files...
Activate/Deactivate...

Check for Updates...
About DXE...

Looking formoreHelp

Double-click Mixture Designs, then Mixture Design Choices. SelectSimplex-
Lattice Design.

L W

[% DX8 Help

{38 & &

Hide  Back Print  Options

Conterts Indexl Search

[7] Welcome to Design Expert v.8

»

Simplex-Lattice Design

[2] Program Hints and FAQ's This design can be used for 2 to 30 components. A simplex-lattice mixture design
@ Experimentation - Getting Started of degree m consists of m+1 points of equally spaced values between 0 and 1 for
@ Web-based Tutorials each component. If m = 2 then possible fractions are 0, 1/2, 1. For m = 3 the

possible values are 0, 1/3, 2/3, 1. The points include the pure components and

@ Factorial Designs 3 ! d : !
enough points between them to estimate an equation of degree m. This design

[ 3 Response Surface Designs

: 'Ill Mixture Designs {Cii:ft?if;i;nela simplex-centroid design by having enough points to estimate a full
{[A) Mixture Design Choices :
[7] Selecting a Mixture Design With the pull down list select a model for your experiment. Selecting the highest =
= | atti 2 degree model will ensure that there are enough design points to estimate the
] Simplex-Lattice Design _
[7] sSimplex-Centroid Design Coefilclenl="
. [2] Simplex Augmentation These designs should be augmented to allow for detection of lack of fit. Note: the

Details forsimplexlattice design via Help contents
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Close Help by pressin. Now change the number oMixture Components to 3.
Enter components and their limits as shown below inall Name, Low, andHigh
fields, pressing theTab key after each entry.Enter 9 in the Total field and % as

your Units.

WMixture components: |3 w [ (2t 30}

Total:

9

3 @ Horizontal Vertical Units: %
MName | Low | High |
A [Micture] | yyater 3 2
B [Mixture] | aicohol 2 4

Entering components, limitsand total

PressContinue. Immediately a warning appears.

]

Warning

Ranges will be adjusted to meet constraints.

The adjusted ranges are
3<hA<h
2=B<4
2=C=4

Adjustment made to constraints

PressOK. Noticethat although you entered the high limit for water as 8%Design
Expert adjusts it to 5%z leavingroom for 2% each of the other two ingredients
within the 9% total. Otherwise, at 8% water and the low levels of alcohol and urea
would total 12%. DesigRExpert recognizesthat this does not compute. Very
helpful!

PressContinue and thesoftwared O A A E Bt©yOu ndolre®n.Now you must
choose the order of the model you expeds$ appropriate for the system being
studied. In this case, assume that a queatic polynomial, which includes second
order terms for curvature, will adequately model the responsesTherefore, leave
the order at Quadratic. Keepthe default checkmark A Augiment desigdbut
changeNumber of runs to replicate to 3. Pressyour Tab key to display the
correct number of total runs.

Simplex points: 4] Order:

| Augment design: 4 Blocks: 1 -
Number of runs to replicate; 3 0 replicates needed for blocking
Total runs: 13

Simplexlattice designform (after pressing Tab key)

By keeping (accepting) theO! OCIi AT ©@chdchnaikgdu allow
DesignExpert to addthe overall centroid and axial check blends to the design
points. 4 EA O. O AAO 1 Edbfield)whizh ad def@ukedl to B daAsesA

4 9 Mixture Tutorial ¢ Part 1
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the specified number of highest leverage experiments to be duplicateth this case,
there are three points with highest leveragez the vertices of the triangular simplex.

PressContinue to proceedto the next step in the design process In the
Responses droplist, choose2. Thenenter all responseNames and Units as
shown below.

Responses: 2 + | (1to999)

Name | Units

Viscosity mPa-sec

e rbidity|

Response enigs

5D O1 1 I beenuddle@ii@dtheBackbutton at the lower right of your
screen and movehrough the design formsto changerequirements. When you
pressContinue on this page, DesigrExpert completes the design setup for you.

Examine the Design and Modify It If Ydike

Some olumns in the design layout can badded, deleted, and/ormodified to be
more descriptive., AO6 O 1 1 1T E A CRight cligkAhe Sefec doluri A O
headerat the upper-left corner and pickDesign ID. (It becomes a new field for
identifying eachofUT OO | E @0 0 @Aun-GadehtAnE Stk @ @ed column.
(The column disappears.)You can als@elect (display) or un-Select (not display)
the Block column. Select (display) the Point Type column. Thisis very helpful
for insights about design geometry.Finally, try the Comments column. Now to
move on, Yur selections should look like those below(The default option is
shown only for comparative purposes).

[:l Notes for MyDesign.dxp

B Component 1 | Component
E—I Design (Actual) % d Run Type AWater B:Alcohol
7 8 s w % %
ummary
Std Order
.- |-1] Graph Columns E 5000 200
°_\'| Evaluation | T P 4.333 233
gﬁ] Constraints v Design ID F 5.000 200
. B Analysis Block b 3.000 2.00
.. F] R1:Viscosity (Empty | ¥ Point Type kx 3.000 4.00
F2:Turbidity (Empty) Comments e 4.000 2.00
{\_;1 Optimization Display All ke 3.000 3.00
A(egca Default | v Std Order )
fﬁ Graphical . R v Run Order 3
.. %] Point Prediction eI : |
A Design ID b
ol 1 cen ¥ Block i
3 1z Wer Point Type )
2 13 Ver Comments )

Changing what will be displayed on thaesign layout (versus the default)

Next, right click the columnheaderlabeledld, and selectSort by Design ID. Now,

because the Type&olumn sorts by point type (center, vertex, and so on)you get a

feel for where those point types are located and whichones are replicated.(Run

order, however,is randomized and thusmayA E £A£A O £0T I xEAO80O OEI
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o Component 1 | Component 2 | Component 3| Response 1 | Response 2
21 W Run Tvne AWater B:Alcohol C:Urea Viscosity Turbidity
i Sort by Design ID | % % mPa-sec

| Hide Design ID |1.66T 2887 2667

| 1 1 Wertex 5.000 2.000 2.000

| 1 3 Wertex 5.000 2.000 2.000

_ | 2 5 Wertex 3.000 4.000 2.000

| 2 13 Wertex 3.000 4.000 2.000

| 3 4 Wertex 3.000 2.000 4.000

_ | 3 12 Wertex 3.000 2.000 4.000

| 4 8 CentEdge 4.000 3.000 2.000

| 5 6 CentEdge 4.000 2.000 3.000

_ | 6 7 CentEdge 3.000 3.000 3.000

| 7 2 AxialcB 4.333 2333 2333

| 8 9 AxialCB 3.333 3.333 2333

| 9 10 AxialCB 3.333 2333 3.333

Initial design sorted by ID with point type show(nun order randomized)

The experimenters ran an additional centroid point, so in théox to the leftof Id 0
(pointtype=0O# A1 @dhtolickland selectDuplicate.

Run Type

Select
(=%

1] 11 Center
Insert Row

Set Row Status 3
Delete Row(s]
Duplicate

Edit Comment

Duplicating the centroid

Whenever you insert, deleteor duplicate rows, alwaysright-click the Run column-
header and chosdRandomize.

Component 1
AlWater
o5

Component 2
B:Alcohol
%

Run Type

Randemize...

Sort by Run Order

Re-Order as Currently Displayed
Hide Run Order

Rerandomizing the run order

AboxpopOD AOEET C E&E UT O8A 1 EEA All AT AEO Of
only one block, so simply pres©K. Notice that run numbers now change.

Again,right-click the Run column-header, but this time choose&Sort by Run

Order.. T O1 Al 1 ndw diblaBié, Brintti DOT AOCAA AtoQuOYokEDAS OE/
experiment. Go ahead if yowvish.
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Save Your Work

BecausedJi 08 OA ET OAOOAA Otsprideri &ve yaniwo® AAOECI
Click File then Save As. The program displays a standard file dialog box. Use it to

specify the name and destination of your data file. Enter a file name in the field

with default extensiondxp. (We suggestut-mix.dxp). dick Save.

Analyze the Results

Assumeyour experimentsare completad. You now need to enter responses into
the DesigrExpert software. For tutorial purposes, we see no benefit to making you
type all the numbers. Soto save time, read the response data in from a file that

x A dpiaded inyour programd O  #likdioA/. SelecFile, Open Design. Click

file Mix.dxp. PressOK. You now shoulde displaying theresponse datashown
below. (Note the design layout returns to the default selection, which whave not

changel.)
4AEAOAGO 11 1 AAA A OA@WDEN Q@i Afivdsted FWiIOO AL OE A O
more work by this stage, salick File then Save to preserve allresponse data.
Component 1 | Component 2 | Component 3| Response 1 | Response 2
Std Run AWater B:Alcohol C:Urea Viscosity Turbidity
£ % % mPa-sec
_3 1 4.000 2.000 3.000 45.5 §30
| 7 2 4333 2.333 2333 35.1 §71
1 5 3 3.000 3.000 3.000 45.3 B49
1 13 4 3.000 4.000 2.000 81.6 546
1 14 5 3.667 2857 2667 34.8 Bo4
| ] 6 3333 2.333 3.333 0T &74
| 12 7 5.000 2.000 2.000 3Tz 378
| [ 8 3.000 2.000 4.000 144 541
| 4 9 3.000 4.000 2.000 ar.g 323
| 1 10 5.000 2.000 2.000 40.8 436
| 11 11 3.000 2.000 4.000 130 786
| 10 12 3 657 2657 2 667 45 1122
| 2 13 4.000 3.000 2.000 67.9 436
| 8 14 3333 3.333 2333 .7 T30

Readymade response data

Go to theAnalysis branch of DesigrExpert andclick the Viscosity node., A 08 O
progress throughthe buttons atop the window.
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I—D Notes for Mix.dxp

- 2] Design (Actual)

: 5] Summary
L—’l Graph Columns
=] Evaluation
FT] Constraints
- E] Analysis
R1:Viscosity
[ | R2:Turbidity
éﬂ Optimization

+F] Mumerical
ﬁ Graphical

i ¥ Point Prediction

y}\ Tranzform ;E Fit Summary | fix) Model % AR E Disgnostics DModeI Graphs

To analyze this response, click on the above icons in succession.

Transformation

Wone ]

Square Root
Matural Log
Base 10 Log
Inverse Sgrt
Inverse
Power

Lagit
ArcSin Sgrt

Equation

None {lambda=1.0)

y'=y

Slud Resld

Pradicted Value

Use with a typical response.

Response ranges from 34.5 to 144,
Ratio of max to min i 4.13793

A ratio greater than 10 usually indicates a transformation is required. For ratios
less than 3 the power transforms have little effect.

First step in analysis: Transformation options

First, consider doing a transformation on the response. In some cases this
improvesthe statistical properties of the analysis. For example, when responses

vary over several orders of magitude, the log scale usually works bestln this case

the ratio of maximum to minimum responseisonfd AEO 1T OAO 1 h
excessive(see detail at bottom of the screen), skeave the selection at its default,
None, because no transformations needed. Also, leave the coding for analysis as
pseudobecause thisre-scales the actual component levels to1. Forcomplete
details on coding mixtures see the textbook by Cornell mentioned at the outset of
this tutorial. In the meantime, bring upHelp, Contents, then on the Contents tab
double-click Mixture Designs and Mixture Statistical Information. Select
Component Scaling in Mixture Designs.
[0 DX Help = | E |t
e & o
Hde Back $ Options
[?] Welcome to Design Expert v.7 Component Scaling in Mixture Designs
[2] Program Hints and FAQ's Three scales are used to transform the component levels to a convenient
L3 Experimentation - Getting Started scale for analysis. The original scale used to input the component levels is
@ Web-based Tutorials the "Actual”. These are converted to the "Real” scale, with each component
@ Factorial Designs re-sc_aled so that the total is 10 In me real scale, the components are 1he_n
@ Response Surface Designs fractlnnasn ‘?rf ehach ;Dr?'gnmﬁlnt |:'1 the mlxthure, Ifthle mltal D;_thde cdntl;npgnaennts is
() Mixture Designs set to 80% then the "Real” values are the actual values divided by 0.80.
@ Mixture Design Choices For analysis, the "Pseudo” scale is preferred. In the pseudo scale each
() Mixture Statistical Information component is rescaled to be a fraction of the "active” part of the mixture. L-
[2] Entering Mixture Companent Names and Let F'seuc!o is_the default scale, but U-F'seudo W?” pe offered if collinearity is
@ lower in this scale. (See mathematical description below_)
[7] Mixture Models (Scheffe) To illustrate, suppose that a three-component nut mixture will always
[7] Slack Variable Model Form contain at least 50% peanuts, at least 15% pecans and at least 5%
; ; - cashews. Therefore, 70% of the nut mix is predetermined. We are going to £
% Eqir;illd;teedicot‘ir;tns(?dfms;ﬁ%nu?;:}qmure [ do an experiment to determine the remaining 30%. In pseudo terms,
o [2] Mixture Caoding for Model Fitting Peanut pseudo component = (% peanut — 50%) / 30%
g C rnbmed (Mi;I(—Mix or Mixture-Process) Designs Pecan pseuda component = (% pecan — 15%) / 30%
@ gilir;it::a?;?lsg?é:ﬁ?nugt ggiee:l Cashew pseudo component = (% cashew — 5%) / 30%
Statistical detail on coding available via Help
8 1 Mixture Tutorial ¢ Part 1 Design9 E LIS NIy
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Close Help by pressin. Then tick the Fit Summary button. Here DesignExpert
fits linear, quadratic, special cubicand full cubic polynomials to the response.

y]\ Tranzform EE Fit Sumimaty f(x} Model —F% ANOYA Z Disgnostics DModeI Graphis
| | | | | | |-
] Response 1 Viscosity Transform: None

_ == WARNING: The Cubic Model and higher are Aliased! ==

== Nlixture Component Coding is L_Pseudo, ==

Summary (detailed tables shown below)

_ Sequential Lack of Fit Adjusted Predicted
| Source p-value p-value R-Squared R-Squared
| Linear 0.0200 0.0037 0.4159 0.1609
] Quadratic < 0.0001 0.8254 0.9781 0.8578 Suggested
| Special Cubic 0.8609 0.7167 0.9728 0.8112
Cubic 0.4676 0.9670 0.9719 0.9613 Aliased

] Sequential Model Sum of Squares [Type I]

] Sum of Mean F p-value
] Source Squares df Square Value Prob=F
| Mean vs Total 61698.88 1 61698.88
| Linear vs Mean 8217.68 pd 4108.84 5.70 0.0200
Quadratic vs Linear 7684 87 3 256162 B86.24 < 0.0001 Suggested
] Sp Cubic vs Quadratic 1.12 1 112 0033 0.8609
| Cubic vs Sp Cubic 62.01 pd 31.00 0.89 0.4578 Aliased
| Residual 174.50 5 3450
Total 77839.06 14 5550.93

] "Sequential Mode! Sum of Squarss [Typs (" Select the highest order polynomial where the

] additional terms are significant and the model is not aliased.

Fit summary reports

You may need teenlargesome columns horizontallyso all outputs appear in full. If
so, simplyplacethe cursor at any column-E A A A 18fGe8g® untilthe cursor
changes to a doubleended arrow. Drag it to the right. In similar fashion, you can
also adjust column widths in any table or report. This may be necessarydisplay
all text. To move around the display, uséne floating Bookmarks palette or theside
and/or bottom scroll bars.

To begin your analysis look for any warnings about aliasing. In this case, the full
cubic model could not be estimated by the chosen desigran augmented simplex
design. Remembetyou chose only to fit a quadratic model, so this should be no

surprise.

Next,study OEA O3 ARNOAT OEAI -[TyseAd G/DAalysissE 3 NOA OAC
proceeds from a basis of the mean response. This is the default model if none of the
factors cause a significant effect onthe response. The output then shows the
significance of each set of additional terms:
1 O, Elvi\Medd ¢ OEA OECT EEEAAT AA 1 &£ AAAET C

accounting for the mean. (Due to the constraint that the three

components must sum taa fixed total, you will see only two degrees of

freedom associated with the linear mixture model.)

Design9 E LJS NJi
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beyond the quadratic and linear terms.

aliased.)

For each set of terms, probability 00 01 A € &6 OET 01 A AA A@GAI E

T O# OwsBSpcubido g OEA Ai 1 OOEAOOEI T 1T &£ OEA £OI
special cubic, quadratic, and linear terms. (In this case, these terms are

below 0.05 (or whatever statistical significance level you choose). Adding terms up
to quadratic significantly improves this particular model, but when you get to the
hek idprdvémerd. ETRe(brodradn alitdmati@HyO O
underlines at least oneO3 OCCAOOA A6
reviewing all tables under Fit Summary.

OPAAEAI AOAEA

i T AAI 8

I xAUO AT 1T £E

On the floatingBookmarks tool click Lack of Fit to move on to the next table
This tablecompares residual errorwith pure error from replication. If residual
error significantly exceeds pure error, thendeviations remain in the residuals that
can be removedusinga more appropriate model. Residual error from the linear
model shows significantlack of fit (this is bad), while quadratic, special cubicand
full cubic do not show significant lack of fit this is good). At this point the
guadratic modelstatistically looks very good.

Lack of Fit Tests

Source
Linear
CQuadratic
Special Cubic
Cubic

Pure Error

Sum of
Squares
774807
63.21
62.09
0.085
174.42

Mean
Square
1106.87

15.80

20.70

0.085
4361

"Lack of Fit Testz" \Want the selected model to have insignificant lack-of-fit.

F p-value
Value Prob > F
2538 0.0037
0.36 0.8254
0.47 0.7167
1.938E-003 0.9670
Bookmarks @
Top
SUmmarty

Sum of Sguares

Lack of Fit

Suggested

Aliased

Lack of fit table

Now view the bottom OA AT Aq O- | A DIA OF &daiyAGséveral
comparative measures for model selection.

| Model Summary Statistics

Source
Linear
Quadratic
Special Cubic
Cubic

and the "Predicted R-Sgquared™.

Std.
Dev.

26.84

5.81
591

R-Squared
0.5091
0.9853
0.8853
0.9892

Adjusted
R-Squared
0.4199
0.9781
0.9728
0.9719

Pre

dicted

R-Squared

"Mode! Summary Statistics”™ Focus on the model maximizing the "Adjusted R-Squared™

01609
0.9578
08112
0.9518

PRESS
1354317

65434 Suggested

1433.58
516.08

Aliazed

Summary statistics

109 Mixture Tutorial ¢ Part 1
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Ignoring the aliased cubic model, the quadratic model comes out best: low standard
AAOGEAOQGETT j O3DROABDAGAIBECESCODOQ %3380
Beforemoving on, you may want to print the Fit Summary tablesia File, Print.

These tables, or any selected subset, can be cut and pasted into a word processor,
spreadsheetl O AT U 1T OEAO 7ET ATl x ADPDPI EAAOGEIT 8 9
depth look at the quadratic model.

Model Selection and Analysisf Variance (ANOVA)

Click theModel button atop the screento see the model suggested by Design
Expert software. Pressthe screen tipsbutton @ to see very helpful information
about what you can do at this stage

A Transform EE Fit Summary | f(x) Modsl iy ANOYA : Diagnostics
= = E5]
Mix order: | Quadratic - T

Model: | Scheffe -

DMode\ Graphs

Selection: | Manual - @ DX8 Help | B
5 I
A-Water =] Show Print  Options
B-Alcohol =]
C-Urea =]
A8 yl Model Button
AL I
BC M On the Model screen, the model selected initially contains all of the terms for that polynomial. If there are terms that you consider
ABC negligible, you can drop them from the suggested model (double-click on them). Design-Expert will recalculate the statistics for the
AB(A-B) new selection of terms. Hierarchy of the effects should be retained for making predictions in the actual factor levels.
AC(A-C) ~
BC(B-C) Here are symbols used on this screen:
AZBC A~ M — term in model
ABIC LY e —term used to estimate error
ABC? b —term identified as a block
AB(A-B)? ~ X —term ignored in current analysis
AC[A-CPR P ~ - term aliased with another term
BC(B-CJ2

Model Editing: In the Model button, a pick list of model terms is displayed. Initially, all terms in the selected model are turned on.
A check mark appears before each selected term. De-select terms from the model by left clicking on those terms and then right
click and choose Clear from the drop down menu (or hit the spacebar key.) Choose Select from the drop down menu to add terms.
Also, double clicking on a term will toggle Select/De-select.

You may create your own terms to add to the model (such as quartic terms). Simply type the desired term into the box to the right
of the Add Term button and then click on the Add button. Added terms are allowed up to the fifth order and the powers must be
positive integers. Inverse terms are not allowed.

Model Reduction: Model reduction consists of eliminating those terms that are not desired. It can be done manually or
automatically.

There are three basic types of automatic model regression:

1. Step-Wise: A term is added, eliminated or exchanged at each step.

2. Backward elimination: A term is eliminated at each step. (Preferred method)
3. Forward selection: A term is added at each step.

Choosing the moddMWith Tipsappearingon screen)

You may select modelsther than this defaulting quadratic model from the pull

down list. (Be sure to do this in the rare cases when Desidfxpert suggests more
than one model.) Ornhe current screenyou are allowed to manually reduce the
model by clicking off terms that are not statistically significant. For example, in this
case, you will see in a moment that the AB term is not statistically significant.

As noted undertheO- T AAT 2 A Af@diGuyappbading Gefeh the Tips

screen DesignExpert provides several automatic reduction algorithms as

alternatives to O -anualddisplaying in the Selection droplist: Backward, Forward,

and Stepwise. Clickthd OT PIAEGDS A 00T x ELA WIWBA T EEA O
OAATTITATA UT O T1 0 OAAOAA | E @& oBubject AAT O C
matter knowledge, that this makes sense.

Close Tips by clickingk. Pressthe ANOVA button for details about the quadratic

model. There are two views available for the ANA report: plain or annotated.

Design9 E LJS NJi
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&1 O OO0O0T OEAI b Cueaview, Athotat@ARNOVA foddp with O
interpretation s. DesignExpert defaults to whichever view was last chosen.

Display Options  Design Tools  Help  Tips

v Annotated ANOVA
Fit Summary ‘ f(x) Model |-Ls anova I:lDiagnostics

Show Cell Borders

EModel Graphs
|

Pop-Out View | |
v Toolbar mouse to right click en individual cells for definitions.
v Status Bar se 1 Viscosity

4 || S VA for Quadratic Mixture Model

- wixture Comp t Coding is L_Pseudo. **

Viscosity (Analyzed)
_Analysis of variance table [Partial sum of squares - Type Ill]

2 Turbidity
ization | Sum of Mean F p-value
Aneracal | Source Squares df Square Value Prob=>F
raphical __|Model 15802.55 5 3180.51 107.07 <0.0001 significant
int Prediction | Linear Mixture 821768 2 4108.84 138.33 = 0.0001
| AB 2.37 1 2.37 0.080 0.7845
| AC 1792.26 1 1792.26 60.34 = 0.0001
_ | BC 4831.78 1 4831.78 162.67 = 0.0001
__|Residual 23783 8 28.70
| Lack of Fit 63.21 4 15.80 0.36 0.8254  not significant
| Pure Error 174.42 4 43.61
__|Cor Total 1514018 13

_The Model F-value of 107.07 implies the medel is significant. There iz onhby

a 0.01% chance that a "Model F-Value" this large could cccur due to noize.

| Values of "Prob = F” less than 0.0500 indicate model terms are significant.

| In this caze Linear Mixture Compenents, AC, BC are significant model terms.

_‘u‘alues greater than 0.1000 indicate the medel terme are not significant.

| If there are many insignificant model terms (net counting these required to support hierarchy),

model reduction may improve your model.

| The "Lack of Fit F-value” of 0.36 implies the Lack of Fit is net significant relative to the pure

__|error. There iz a 82.54% chance that a "Lack of Fit F-valug” this large could cccur due

_tu noise. Men-significant lack of fit is good — we want the model to fit.

ANOVA report with annotations on

The statistics look very good. Thenodel has a high F valuand low probability
values (Prob > F) The probability values show the significance of each term.
Because the mixture model does not contain an intercept term, the main effect
coefficients (linear terms) incorporate the overall aerage response and are tested
together. UseBookmarks to jump to the next reportz R-Squared statistics.

] Sid. Dev. 545 R-Sguared 0.9853
| |Mean 66.39 Adj R-Squared 0.9761 Bookmarks =]
I A 8.21 Pred R-Squared 0.9576 Top
__|PrEss 684.34 Adeg Precision 27.943 AMOY A
R-Squared

The "Pred R-Sguared” of 0.9576 iz in reazonable agreement with the "Adj R-Sguared” of 0.5751. Cestficients
| Equations
| Fop-Cut Wiew

"Adeg Precision” measures the signal to noise ratio. A ratio greater than 4 is desirable. Your E—
] ratic of 27.943 indicates an adeguate signal. This medel can be used to navigate the design space.

R-squared and other statistics after the ANOVA
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Thesestatistics, many ofwhich UT O &lréalyOA AT E bdelGimbnary -
3 OA OE O OE Aobkigood Ndid the moreitiah adequate precisior{Adeq
Precision) value of 27.913.

Next,view the coefficients and associated confidence inteals for the quadratic
model.

| Coefficient Standard 95% CI 95% CI

- Component Estimate df Error Low High VIF
| A-Water 35.54 1 378 29.83 47.25 155
__|B-Alcehal 89.25 1 378 80.54 97.96 155
= C-Urea 136.03 1 3.78 129.32 146.74 1.55
__|AB 6.01 1 228 -43.07 55.08 172
__|AC -165.31 1 2128 -214.38 -116.23 172
__|BC -271.42 1 21.28 -320.49 -222.35 172

Coefficients for thejuadratic model

(Continuefurther to see several alternatie models that vary by how components
are coded. These alternativesmay be of most interest to mixture desigrstudents
rather than actual formulators8 &1 O 1 Tor.hPrebdbigydosdtics. T OA

Diagnose the Statistical Properties of the Model

The mostimportant diagnostic, the normal probability plot of the residuals, comes
up by default.

Y Transform | == Fit Sumimar; v‘((x) Model ‘% ANOVE ‘;Dwagnmcs DMuds\Graphs‘

Design-Expert® Software
Viscosity

Normal Plot of Residuals

Color points by value of
Viscosity:

144
348

Diagnostics Tool ]

ot s |

] studentized

80 — (-]

Normal Piat

E
|

Normal % Probability

BEIENEIE

8 8
[l

Color by |Viscosity
Clear Points
Fop-Out View

Internally Studentized Residuals

Normal Probability Plot of Residuals

The data points should be approximately linear. A nglinear pattern (such asan S
shaped curve) indicates nomormality in the error term, which may be corrected
by a transformation. There are no signs of any problems in our data.
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