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Mixture Design Tutorial  

(Part 1 ς The Basics) 

Introduction 

In this tutorial you are introduced to mixture design.  It is assumed that at this 
ÓÔÁÇÅ ÙÏÕȭÖÅ ÍÁÓÔÅÒÅÄ ÍÁÎÙ $ÅÓÉÇÎ-Expert® software basic features by having 
completed preceding tutorials.  Before starting this one, at the very least you ought 
to first complete the General One-Factor tutorials ɀ both basic and advanced. 

We presume you comprehend the statistical aspects of mixture design.  To gain a 
full working knowledge of this powerful tool, we recommend you attend our 
workshop titled: Mixture Design for Optimal Formulations.  Call Stat-Ease or visit 
our website at www.statease.com for a schedule.  For a free primer on mixture 
design, go to the Stat-Ease home page and follow the link that says Ȱ)ȭÍ Á 
ÆÏÒÍÕÌÁÔÏÒȢȱ  If you seek statistical details on this topic, see John CornellȭÓ 
Experiments with Mixtures, 3rd edition , published by John Wiley and Sons, New York, 
in 2002. 

This tutorial demonstrates only essential program functions.  For more details, 
check our extensive Help system, accessible at any time by pressing F1.  Its 
hypertext search capability makes it easy for you to find the information you need. 

The Case Study ς Formulating a Detergent 

A detergent must be re-formulated to fine-tune two product attributes, which are 
measured as responses from a designed experiment: 

¶ Y1 - viscosity 

¶ Y2 - turbidity.  

Three primary components vary as shown: 

¶ 3% Ѕ A (water) Ѕ 8% 

¶ 2% Ѕ B (alcohol) Ѕ 4% 

¶ 2% Ѕ C (urea) Ѕ 4% 

These components represent nine weight-percent of the total formulation, that is: 

A + B + C = 9% 

Other materials (held constant) make up the difference: 91 weight-percent of the 
detergent.  For purposes of this experiment they are ignored. 

Experimenters chose a standard mixture design called a simplex lattice.  They 
augmented this design with axial check blends and the overall centroid.  Vertices 
and overall centroid were replicated, increasing the experiment size to 14 blends 
total. 

http://www.statease.com/
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Augmented simplex 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 Design-Expert software icon.  
Take the quickest route to initiating a new design by clicking New Design on the 
opening screen as shown below.  Another route is File, New Design (or associated 
Alt keys). 

 
Handy new opening screen ɀ New Design highlighted 

Click the Mixture folder tab.  The design you want, a simplex lattice, comes up by 
default. 

 
Choosing a mixture design 
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Some on-screen details appear, but more are available by pressing the screen tips 
button  (or via Tips, Screen Tips). 

 
On-screen details via Tips button 

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

 
Looking for more Help 

Double-click Mixture Designs, then Mixture Design Choices.  Select Simplex-
Lattice Design. 

 
Details for simplex-lattice design via Help contents 
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Close Help by pressing X.  Now change the number of Mixture Components to 3.  
Enter components and their limits as shown below in all Name, Low, and High 
fields, pressing the Tab key after each entry.  Enter 9 in the Total field and % as 
your Units. 

 
Entering components, limits, and total 

Press Continue.  Immediately a warning appears. 

 
Adjustment made to constraints 

Press OK.  Notice that although you entered the high limit for water as 8%, Design-
Expert adjusts it to 5% ɀ leaving room 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%.  Design-Expert recognizes that this does not compute.  Very 
helpful! 

Press Continue and the softwareȭÓ ÁÄÊÕÓÔÍÅÎÔ lets you move on.  Now you must 
choose the order of the model you expect is appropriate for the system being 
studied.  In this case, assume that a quadratic polynomial, which includes second-
order terms for curvature, will adequately model the responses.  Therefore, leave 
the order at Quadratic.  Keep the default check-mark ÁÔ ȰAugment designȱ but 
change Number of runs to replicate to 3.  Press your Tab key to display the 
correct number of total runs. 

 
Simplex-lattice design form (after pressing Tab key) 

By keeping (accepting) the Ȱ!ÕÇÍÅÎÔ ÄÅÓÉÇÎȱ check-mark, you allow  
Design-Expert to add the overall centroid and axial check blends to the design 
points.  4ÈÅ Ȱ.ÕÍÂÅÒ ÏÆ ÒÕÎÓ ÔÏ ÒÅÐÌÉÃÁÔÅȱ field, which had defaulted to 4, causes 
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the specified number of highest leverage experiments to be duplicated.  In this case, 
there are three points with highest leverage ɀ the vertices of the triangular simplex. 

Press Continue to proceed to the next step in the design process.  In the 
Responses droplist, choose 2.  Then enter all response Names and Units as 
shown below. 

 
Response entries 

5Ð ÔÏ ÎÏ× ÙÏÕȭÖÅ been able to click the Back button at the lower right of your 
screen and move through the design forms to change requirements.  When you 
press Continue on this page, Design-Expert completes the design setup for you. 

Examine the Design and Modify It If You Like 

Some columns in the design layout can be added, deleted, and/or modified to be 
more descriptive.  ,ÅÔȭÓ ÌÏÏË ÁÔ Á ÆÅ× ÅØÁÍÐÌÅÓ:  Right click the Select column 
header at the upper-left corner and pick Design ID.  (It becomes a new field for 
identifying each of ÙÏÕÒ ÍÉØÔÕÒÅ ȬÒÅÃÉÐÅÓȢȭ)  Or un-Select the Std Order column.  
(The column disappears.)  You can also Select (display) or un-Select (not display) 
the Block column.  Select (display) the Point Type column.  This is very helpful 
for insights about design geometry.  Finally, try the Comments column.  Now to 
move on, your selections should look like those below.  (The default option is 
shown only for comparative purposes). 

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

Next, right click the column header labeled Id, and select Sort by Design ID.  Now, 
because the Type column sorts by point type (center, vertex, and so on), you get a 
feel for where those point types are located and which ones are replicated.  (Run 
order, however, is randomized and thus may ÄÉÆÆÅÒ ÆÒÏÍ ×ÈÁÔȭÓ ÓÈÏ×Î ÂÅÌÏ×ȢɊ 
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Initial design sorted by ID with point type shown (run order randomized) 

The experimenters ran an additional centroid point, so in the box to the left of Id 0 
(point type = Ȱ#ÅÎÔÅÒȱɊ right -click and select Duplicate. 

 
Duplicating the centroid 

Whenever you insert, delete, or duplicate rows, always right -click the Run column-
header and chose Randomize. 

 
Re-randomizing the run order 

A box pops ÕÐ ÁÓËÉÎÇ ÉÆ ÙÏÕȭÄ ÌÉËÅ ÁÌÌ ÂÌÏÃËÓ ÔÏ ÂÅ ÒÁÎÄÏÍÉÚÅÄȢ  )Î ÔÈÉÓ ÃÁÓÅ ÔÈÅÒÅ ÉÓ 
only one block, so simply press OK.  Notice that run numbers now change. 

Again, right -click the Run column-header, but this time choose Sort by Run 
Order. .ÏÒÍÁÌÌÙ ÙÏÕȭÄ now do a File, Print tÏ ÐÒÏÄÕÃÅ Á ȬÒÅÃÉÐÅȭ ÓÈÅÅÔ to run your 
experiment.  Go ahead if you wish. 
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Save Your Work 

Because ÙÏÕȭÖÅ ÉÎÖÅÓÔÅÄ ÔÉÍÅ ÉÎÔÏ ÙÏÕÒ ÄÅÓÉÇÎȟ ÉÔ is prudent to save your work.  
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 extension dxp.  (We suggest tut-mix.dxp).  Click Save. 

Analyze the Results 

Assume your experiments are completed.  You now need to enter responses into 
the Design-Expert software.  For tutorial purposes, we see no benefit to making you 
type all the numbers.  So to save time, read the response data in from a file that 
×ÅȭÖÅ placed in your programȭÓ $ÁÔÁ directory .  Select File, Open Design.  Click 
file Mix.dxp.  Press OK.  You now should be displaying the response data shown 
below.  (Note the design layout returns to the default selection, which we have not 
changed.) 

4ÈÅÒÅȭÓ ÎÏ ÎÅÅÄ ÆÏÒ ÔÙÐÉÎÇ ÉÎ ÔÈÉÓ ÃÁÓÅȟ ÂÕÔ ÎÏÒÍÁÌÌÙ ÙÏÕȭÄ ÈÁÖÅ invested much 
more work by this stage, so click File then Save to preserve all response data. 

 
Ready-made response data 

Go to the Analysis branch of Design-Expert and click the Viscosity node. ,ÅÔȭÓ 
progress through the buttons atop the window. 
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First step in analysis: Transformation options 

First, consider doing a transformation on the response.  In some cases this 
improves the statistical properties of the analysis.  For example, when responses 
vary over several orders of magnitude, the log scale usually works best.  In this case 
the ratio of maximum to minimum response is only Á ÂÉÔ ÏÖÅÒ τȟ ×ÈÉÃÈ ÉÓÎȭÔ 
excessive (see detail at bottom of the screen), so leave the selection at its default, 
None, because no transformation is needed.  Also, leave the coding for analysis as 
pseudo because this re-scales the actual component levels to 0 ɀ 1.  For complete 
details on coding mixtures, see the textbook by Cornell mentioned at the outset of 
this tutorial.   In the meantime, bring up Help, Contents, then on the Contents tab 
double-click Mixture Designs and Mixture Statistical Information.  Select 
Component Scaling in Mixture Designs. 

 
Statistical detail on coding available via Help 
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Close Help by pressing X.  Then click the Fit Summary button.  Here Design-Expert 
fits linear, quadratic, special cubic, and full cubic polynomials to the response. 

 
Fit summary reports 

You may need to enlarge some columns horizontally so all outputs appear in full.  If 
so, simply place the cursor at any column-ÈÅÁÄÅÒȭÓ left edge until the cursor 
changes to a double-ended arrow.  Drag it to the right.  In similar fashion, you can 
also adjust column widths in any table or report.  This may be necessary to display 
all text.  To move around the display, use the floating Bookmarks palette or the side 
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 design ɀ an augmented simplex 
design.  Remember, you chose only to fit a quadratic model, so this should be no 
surprise. 

Next, study ÔÈÅ Ȱ3ÅÑÕÅÎÔÉÁÌ -ÏÄÅÌ 3ÕÍ ÏÆ 3ÑÕÁÒÅÓ [Type I]ȱ ÔÁÂÌÅȢ  Analysis 
proceeds from a basis of the mean response.  This is the default model if none of the 
factors causes a significant effect on the response.  The output then shows the 
significance of each set of additional terms: 

¶ Ȱ,ÉÎÅÁÒ vs Meanȱȡ ÔÈÅ ÓÉÇÎÉÆÉÃÁÎÃÅ ÏÆ ÁÄÄÉÎÇ ÔÈÅ ÌÉÎÅÁÒ ÔÅÒÍÓ ÁÆÔÅÒ 
accounting for the mean.  (Due to the constraint that the three 
components must sum to a fixed total, you will see only two degrees of 
freedom associated with the linear mixture model.) 
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¶ Ȱ1ÕÁÄÒÁÔÉÃ vs Linearȱȡ ÔÈÅ ÓÉÇÎÉÆÉÃÁÎÃÅ ÏÆ ÁÄÄÉÎÇ ÔÈÅ ÑÕÁÄÒÁÔÉÃ ÔÅÒÍÓ ÔÏ 
the linear terms already in the model. 

¶ Ȱ3Ð Cubic vs Quadraticȱȡ ÔÈÅ ÃÏÎÔÒÉÂÕÔÉÏÎ ÏÆ the special cubic terms 
beyond the quadratic and linear terms. 

¶ Ȱ#ÕÂÉÃ vs Sp Cubicȱȡ ÔÈÅ ÃÏÎÔÒÉÂÕÔÉÏÎ ÏÆ ÔÈÅ ÆÕÌÌ ÃÕÂÉÃ ÔÅÒÍÓ ÂÅÙÏÎÄ ÔÈÅ 
special cubic, quadratic, and linear terms.  (In this case, these terms are 
aliased.) 

For each set of terms, probability ɉȰ0ÒÏÂ Є &ȱɊ ÓÈÏÕÌÄ ÂÅ ÅØÁÍÉÎÅÄ ÔÏ ÓÅÅ ÉÆ ÉÔ ÆÁÌÌÓ 
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 
ÓÐÅÃÉÁÌ ÃÕÂÉÃ ÌÅÖÅÌȟ ÔÈÅÒÅȭÓ ÎÏ ÆÕÒÔher improvement.  The program automatically 
underlines at least one Ȱ3ÕÇÇÅÓÔÅÄȱ ÍÏÄÅÌȢ  !Ì×ÁÙÓ ÃÏÎÆÉÒÍ ÔÈÉÓ ÓÕÇÇÅÓÔÉÏÎ ÂÙ 
reviewing all tables under Fit Summary. 

On the floating Bookmarks tool click Lack of Fit to move on to the next table.  
This table compares residual error with  pure error from replication.  If residual 
error significantly exceeds pure error, then deviations remain in the residuals that 
can be removed using a more appropriate model.  Residual error from the linear 
model shows significant lack of fit (this is bad), while quadratic, special cubic, and 
full cubic do not show significant lack of fit (this is good).  At this point the 
quadratic model statistically looks very good. 

 
Lack of fit table 

Now view the bottom ÔÁÂÌÅȡ Ȱ-ÏÄÅÌ 3ÕÍÍÁÒÙ 3ÔÁÔÉÓÔÉÃÓȢȱ  Here you see several 
comparative measures for model selection. 

 
Summary statistics 
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Ignoring the aliased cubic model, the quadratic model comes out best: low standard 
ÄÅÖÉÁÔÉÏÎ ɉȰ3ÔÄ $ÅÖȱɊȟ ÈÉÇÈ Ȱ2-3ÑÕÁÒÅÄȱ ÓÔÁÔÉÓÔÉÃÓ, ÁÎÄ ÌÏ× Ȱ02%33Ȣȱ 

Before moving on, you may want to print the Fit Summary tables via File, Print.  
These tables, or any selected subset, can be cut and pasted into a word processor, 
spreadsheet, ÏÒ ÁÎÙ ÏÔÈÅÒ 7ÉÎÄÏ× ÁÐÐÌÉÃÁÔÉÏÎȢ  9ÏÕȭÒÅ ÎÏ× ÒÅÁÄÙ ÔÏ ÔÁËÅ ÁÎ ÉÎ-
depth look at the quadratic model. 

Model Selection and Analysis of Variance (ANOVA) 

Click the Model button atop the screen to see the model suggested by Design-
Expert software.  Press the screen tips button  to see very helpful information 
about what you can do at this stage. 

 
Choosing the model (With Tips appearing on screen) 

You may select models other than this defaulting quadratic model from the pull 
down list.  (Be sure to do this in the rare cases when Design-Expert suggests more 
than one model.)  On the current screen you 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 under the Ȱ-ÏÄÅÌ 2ÅÄÕÃÔÉÏÎȱ ÓÕÂheading appearing here in the Tips 
screen, Design-Expert provides several automatic reduction algorithms as 
alternatives to Ȱ-anualȱ displaying in the Selection droplist:  Backward, Forward, 
and Stepwise.  Click the ÄÒÏÐÌÉÓÔȭÓ ÄÏ×Î ÁÒÒÏ× ÉÆ ÙÏÕȭÄ ÌÉËÅ ÔÏ ÔÒÙ ÏÎe.  We 
ÒÅÃÏÍÍÅÎÄ ÙÏÕ ÎÏÔ ÒÅÄÕÃÅ ÍÉØÔÕÒÅ ÍÏÄÅÌÓ ÕÎÌÅÓÓ ÙÏÕȭÒÅ ÓÕÒÅ, based on subject-
matter knowledge, that this makes sense. 

Close Tips by clicking X.  Press the ANOVA button for details about the quadratic 
model.  There are two views available for the ANOVA report: plain or annotated.  
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&ÏÒ ÔÕÔÏÒÉÁÌ ÐÕÒÐÏÓÅÓ ÉÔȭÓ ÂÅÓÔ ÙÏÕ use View, Annotated ANOVA to help with 
interpretation s.  Design-Expert defaults to whichever view was last chosen. 

 
ANOVA report with annotations on 

The statistics look very good.  The model has a high F value and 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 average response and are tested 
together.  Use Bookmarks to jump to the next report ɀ R-Squared statistics. 

 
R-squared and other statistics after the ANOVA 
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These statistics, many of which ÙÏÕȭÖÅ already ÓÅÅÎ ÉÎ ÔÈÅ Ȱ-odel Summary 
3ÔÁÔÉÓÔÉÃÓȱ ÔÁÂÌÅȟ ÁÌÌ look good.  Note the more than adequate precision (Adeq 
Precision) value of 27.943. 

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

 
Coefficients for the quadratic model 

(Continue further to see several alternative models that vary by how components 
are coded.  These alternatives may be of most interest to mixture design students 
rather than actual formulatorsȢɊ  &ÏÒ ÎÏ×ȟ ÌÅÔȭÓ ÍÏÖÅ on.  Press Diagnostics. 

Diagnose the Statistical Properties of the Model 

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

 
Normal Probability Plot of Residuals 

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


