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Section 13 — Program Tips

This section is a “catch-all” for features not described adequately elsewhere. Many of
the interface features, such as file or print, will be well known to users of Windows, so
no further description need be given. Many other features have already been exercised
in the tutorials. Use the manual index as a reference. For more detailed program
reference go to the Help system in the Design-Expert” software.

Help System

The Help menu gives you help on many program-related and statistical topics. You can
access it from the main menu.

You may also be able to access context-sensitive or generic help with the F1 key. The
initial list of topics will look something like the following screen. Click on the plus
signs (+) on the tree structure of contents to get to the root topics, such as “Factor
Coding in Factorial Designs.”

> DX6 Help System O] x| i

File Edit Bookmark DOptions Help

Help Topics  Back | Print |

m LContents |@§§ 1ndex| 3% ﬁearchl

Elm ‘welcome to Design Expert 6
‘welcaome to Design Expert v.6
- [2] Program Hints and FAQ's
[]--@ Experimentation - Getting Started
= Factorial Designs Also, it is easier to think in terms of changes from low to high for the factors than to
El-10) About Factorial Designs think about their actual walues - especially when thinking about squared terms and
[E] Factarial Design Selection interactions. For exarple, one factor may vary from 100 to 200 while another varies
[£] Reeplicates fram 0.1 to 0.5, Typical coding has -1 as the lower |level of a factor, +1 as the upper
2] Blocking level, and 0 as the middle level.
[£] Center Paints
[21 Center Paints and Categarical | [| In Design-Expart, Numeric and two-level Categorical factors are automatically coded
2] Factor Coding in Factarial Des| | -1 for the low value and +1 for the high value.
[£] Factorial Models
[21 Factor and Block Generators The values used for coding are called contrasts. The default contrasts generate
(- Types of Factarial Designs coefficients that have simple interpretations. For a two-level categorical factor the
7@ Response Surface Designs coefficient is half the difference between the averages at the high and low values. (The
7@ Misture Designs same as for a two-level numeric factor.) For multi-level categorical factors the first
7@ Crossed Designs coefficient is the difference of level 1 from the overall average, the second coefiicient is
- Design Layout Soreen the difference of level 2 from the overall average and so on. The negative surn of all the

[
[
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-8 Analysis - Getting Started coeficients is the diffierence of the last level from the overall average.
[]--@ Analysis - Statistical Details
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7@ Optimization For blocks, the default contrasts estimate the difference between the block average and
7@ Advanced Tapics the overall average. In other words, adding the block correction to the intercept

-4 Design Evaluation estimates that block’s average.

]--@ Creating R eports
- Glossary of Tems
]--@ Additional Support

After building the design, you can freely choose to display either coded or actual

Help Contents

The dash-underlined words in the text window represent hypertext, which you can link
to with a mouse click. For example, if you click on the word “orthogonal” in the screen
shown above, you will see the following explanation.
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Orthogonality

experimental levels of the independent variables. In the case of block othogonality it means that the effect of the blocks is

independent of the effects of the variables

Help: Definition of Terms Obtained via Hypertext Link

This leads to several other terms that you can define via more hypertext links. You will
find a wealth of information in the generic help system. Check it out!

Context-Sensitive Program Help

By pressing F1 at many places in Design-Expert you can get context-sensitive program
help. For example, you may want information about a particular user preference, such
as Numeric Optimization, as shown in the following screen.

Desig |

Preference Ares:

De=ign builder
Graph
Forts & colors

Yalid ranges

Mumeric optimization simplex. [, ool -n2
This set= the initial zize of the simplex that iz uzed to search
the design space. The default value may be changed
[probably decreased] it vou are inthe situation where all the

starting simplexes vield no desirable conditions. (Inthiz case
viou should first check your constraints for feasibilityh

Context-Sensitive Help

The same information can be obtained by doing a right-click over the screen to get a
“What’s This?” option.

Walid ranges
Mumeric optimization simplex Ii ool -o02
- 2 This? fraction 0

The “What'’s This?” Route to Help

You will find these features to be very informative on a “just-in-time” basis.
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Statistical Help on Reports
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By right clicking on a particular statistical output, you will get a menu, which often
includes an active option for help. For example, you may want to get help on the
probability statistic (“Prob > F”) in the analysis of variance for a factorial model.

Source
Model

Fesidual
Cor Total

Sum of
Squares

553581
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o 390 06
0o 555 86
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Analysis of variance table [Partial sum of squares]

Mean
Square
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Right Mouse Click to Access Context-Sensitive Statistical Help

Then you will get information on the statistic, for example, probability.

Anova: Model Prob F

Help On Probability Statistic

You’re likely to be presented with one or more underlined terms, which can then be

explored via the hypertext links in the help system.

Interface

Design-Expert presents an innovative interface that offers:

e Standard menu bar at the top, and icon bar just below

e Node icons at left provide structure to design/analysis/optimization

e  Wizard-like process for design building

e Progressive toolbar for statistical analysis

e Extensive availability of menus via right mouse clicks

e Interactive graphics
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e Copy and paste of graphics and data
e Numerical tables and outputs in spreadsheet format
¢ Fixed pane with optional pop out view - updated by changes in data

e Optional user configurations for many features and outputs.

A brief description will be given on some of these features. The other features can be
seen in one or more of the tutorials.

Like most Windows programs, Design-Expert presents a main menu bar at the top part
ofits screen. You select menu items, such a File or Edit, by clicking on the item.
Underscored characters can be accessed via the keyboard by using the Alt key. Then
press the Enter key to activate the command. The current state or context of the
program determines which items are active or disabled (grayed out or in some other
color as configured within Windows display options). The Edit Menu contains standard
graphical interface edit commands, such as Copy and Paste, which can be applied to
most windows in Design-Expert. The Copy and Paste functions can also be activated
via the standard row of icons seen in most Windows software. Icons for Save and Print
are also provided.

The main functions of the program are symbolized by node icons to the left of the main
window. They come up in a tree view.

All numerical tables and outputs come in spreadsheet (column-row) format, which
makes selection for copy and paste much more flexible. This feature makes the program
very compatible with Windows word processors, presentation programs and
spreadsheets.

Design-Expert makes extensive use of right-click menus, especially in the design layout.
For example, select all design cells by clicking the blank square at the upper left corner.
Then do a right click over any data cell and select Copy with Headings.

File Edit “iew Display Optionz Design Tools
O|=|E| #|2|@ S[2]

[ Mates for fitrate cid

Help

Status

Evaluation

alysis

Fittration Ratel&naly
Optimization

Mumerical
Graphical
Pairt Prediction

Example of a Right-Click Menu

Many of the right-click menus are demonstrated in the preceding tutorials. Be sure to
work through these sections. Also, don’t be shy about trying the right-click when you
are seeking a screen-specific feature, such as changing characteristics of a graph.
Experiment!
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Fixed Pane versus Pop-Out View
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By default, Design-Expert presents numerical and graphical output in a fixed window
pane. This reduces screen clutter and prevents confusion. However, in some situations
you may want to simultaneously view several screens. For example, in the tutorial on
response surfaces you analyzed a design with three factors. (The file is on your disk
under the name “Rsm-a.dx6.”) Since only two factors can be seen at a time, you need to
do slices on one of the factors. In this case it would be appropriate to click on View and

select the Pop out View.

File Edit | View Display Options Design Tools Help

O[] v Hedel
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Interaction

Contour N-EXPERT Plot
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v Show Factors Tool emperature
v Show Botation
« Show Legend act
v Show Design Poirts actor
v Show LSD bars yst = 2.50

v Toolbar
v Status Bar

k2 Flzmpzralurz
S
Term |AB T

Canversion

Selecting Pop Out View

Then you can push the slide bar on factor C to the highest setting at the right. Repeat

View, Pop out View and set the C slice at its low level.

i Cloned View =] i Cloned View = [O] ]
Wiew Wiew
DESIGN-EXPERT Flot DESIGN-EXPERT Plat
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Viewing “Cloned” Graphs (C set high versus low) After Selecting Pop-Out View

The same approach could be used to simultaneously view different rotations of a 3D
plot or many other options. (In some cases, such as a change from contour to 3D
graphs, you may need to go back to the main window graph to make a change in the
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popped-out views.) The main output and all popped-out views will be updated if you
make a change to the data or model.

To clean up the screen, just close out the popped-out windows.

User Preferences

You can make changes in configuration of outputs and screens via Edit, Preferences.

Here’s a brief description of the “Math” options (first on the list):

“Numeric optimization simplex fraction” changes the step size used by the
program for its hill-climbing algorithm when it searches for optimums. See
Statistical Details - Analysis for details on the algorithm for optimization.
The default is 0.1 times the factor range.

“Leverage limit” adjusts the level flagged by the program on the output
from design evaluation, and in the case statistics that come after analysis of
variance. It also affects the associated leverage graph accessed from the
diagnostics palette. See the write-up on design evaluation towards the end
of the Advanced Design Features section for details on leverage. The
default is two times the average leverage. (If this value exceeds the
theoretical limit of 1.0, then the limit will not be applied.)

“Analysis outlier-t limit” changes the level flagged by the program on the
output in the case statistics that come after analysis of variance. It also
affects the limits placed on the associated residual plot. The default is 3.5.

“Maximum actual equations with categorical factors” limits how many
equations will be printed in the post-ANOV A output for designs with
categorical factors. For example if two factors in a two-level DOE are
categorical, you will get four equations that cover all combinations of
categorical levels (2x2). As you increase the number of categorical factors
and/or levels, the number of actual equations becomes excessive. The
default limit is 4 equations, but you can print as many as 100.

“Significance threshold” adjusts the significance level (“Prob>F" and the
like) flagged by the program on the statistical outputs. The default of 0.05
can be adjusted down to 0.01 or up to 0.1.

“Coefticient SS” changes the procedure for computing analysis of variance
(ANOVA). The default of partial SS calculates each sum of squares (SS)
corrected for all other terms in the model. If the design is not orthogonal,
this procedure will generate a total SS that differs from the sum of all the
individual SS values for the terms. The option of “sequential SS” corrects
the individual sums of squares for those terms already included in the
model. This avoids the problem noted above for non-orthogonal designs,
but depending on the order that you add terms, individual sums of squares
may vary.

“Force precision” affects how numbers are reported in the statistical
outputs, depending on what you enter for “Significant digits [2-10].”
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“Separated Pure Error on effect plot (DE3 Style)” changes the effects plot
so that it plots the error effects and the factor effects against separate order
statistics. Version 3 of Design-Ease (DE3) used this procedure.

“Do not warn about aliased factorial models” turns off the warning message
and options that come up when the ANOVA button is pressed for an aliased
factorial model.

Press the Default button at the bottom of the Math dialog box to restore the original
preferences that come with the program.

The next series of options comes under the heading of “Design.”

“D-optimal max exchanges” affects selection of candidate points for d-
optimal designs. See Statistical Details - Design Selection for details on the
algorithm used by Design-Expert. The default is five exchanges.

“D-optimal random bootstraps” changes the number of times the d-optimal
procedure will be repeated. This may result in slightly better designs. The
default is four random bootstraps. If you are using a slow computer, we
advise that you eliminate this procedure by choosing zero bootstraps.

“Coded format” changes the number of digits displayed for coded factor
levels. By default it will go to the third decimal place.

“Maximum coded value” affects a check made by the program to prevent
users from adversely coding factors. For example, you may accidentally
type in actual levels when the design layout screen is displayed in coded
form, thus creating nonsense levels. The default is five.

“Do not display design description” when clicked will turn off text that
appears on design screens. This may be necessary when working with
screens set at low resolution (640x480). Otherwise the text crowds out the
entry fields. The default is to display the text.

“Allow orders higher than cubic for models” enables up to 6™ order terms,
depending on the number of factors or components. See Help for details.

Press the Default button at the bottom of the Design dialog box to restore the original
preferences that come with the program.

The next series of options fall under the heading of “Graph” preferences. This dialog
box, which can be also be accessed via a right mouse click from within the affected
plots, offers the following options:

“3D graph drawing method” affects response surface plots. You can select
from these three options:

- “Wire frame” appears with see-through grid
- “Shaded” (default) appears with shadows created by virtual lighting
- “Hidden line” makes the grid opaque.

“Contour graph shading” affects 2D contour plots. You have two options:
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- “Std Error shading” (default) darkens regions with greater standard error
of prediction.

- “Plain background” eliminates the standard error shading.
e “Graph resolution” affects the fineness of display. Choose:

- “Normal” (default) looks best on VGA screens and lower resolution
printers.

- “High” resolution looks better on super VGA screens and printers with
600 dpi or better, but it may take significantly longer to display on
computers with lower speed processors.

e “Horizontal Y-axis label” is an option that may be needed if vertical labels
don’t survive copy and paste operations, a common problem with Windows.

e “Draw lines on graphs” offers three options: thin (default), medium and
thick. These options may produce better output from your specific printer.

e “Draw dotted lines as” solid, dash, dot (default), dash-dot or dash-dot-dot.
The options presented in the next dialog box, “Fonts and colors,” offer you a great deal

of flexibility to change size and font for various screens and outputs, as well as colors
for many screens and graphs. Check this out for yourself by selecting Edit, Preferences.

Miscellaneous Features

Design Status

The Status node under the design root will bring up a screen that provides information
about the open data file. Here’s what it says about the response surface data stored as
“Rsm-a.dx6” on your disk.

1 Motes for Ram-a.dx6 I I I I I |
—1 DESE __|Design Summary -
L. %] Evaluation =
- @] Analysts __|Study Type Response Surface Experiments2Z0
|1 conversionganalyze |__|Initial Design Central Composite Blocks 2
sctivityiAnslyzed) | |Design Model Quadratic
v A
- 2 Qfifision __|Response Name Units Obs Minimum  Maximum Trans Model
il ical .
vmeres ¥1 Conversion % 2 5100 57,00 None Quadratic
Graphical =
£.. %] point Pragiction |2 Activity 20 5320 B7.50 Mone Linear
__|Factor Name Units Type Low Actual High Actual Low Coded High Cod
A time min. Mumeric 40.00 50.00 -1.000 1.000
_|E temperature deg C Mumeric 80.00 90.00 -1.000 1.000
C catalyst % Mumeric 2.00 3.00 -1.000 1.000
KIS i

Design Status Screen

(Note: we widened the first column by clicking it and dragging the border. You can do
this with any spreadsheet-like output, and most of the windows within Design-Expert.
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Factors Tool
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However, due to a peculiarity of Windows, it may be hard to grab the border. If at first
you don’t succeed, try again!)

The “Factors” control is a floating window that represents a “place” in the design space.
This place can be either a specific point or a specific slice, depending on the context the
control is used in. For example, in the point prediction node, the user needs to be able
to specify a constant for each and every factor to make predictions from the response
model. In this case, the factors control represents a point in design space. Another
example occurs in a contour graph, where the user needs to specify what factors to use
for X and Y axes, and what constants to use for all the other factors. The factors control
here is representing a “slice” in design space.

The factor levels can be displayed as coded or actual according to your current choice in
the “Display Options” menu. You may operate the factors control in two modes:
“Gauges” or “Sheet.”

The “Gauges” mode allows you to quickly change factor levels via a slide bar that you
grab with your mouse. (Categorical factors cannot be continuously adjusted — they are
activated by buttons at each discrete level.) If you want to set a factor level with more
precision, you can click on the factor (to select it), then type the value in the edit field at
the bottom of the control, and press Enter. You will see the red needle shift to the
correct location. If the factor in question represents an axis on the current graph rather
than a constant level, then the slide bar will be deactivated. By right-clicking over any
specific factor, you can select it for a specific axis.

The “Sheet” mode offers a more precise numerical entry form for the factor levels and
choice of axes. This view takes up more space on screen, but allows you to type in all
the values for constant factors. You can also change the low and high ranges, or adjust
the axes. If you have a specific position and axis orientation of a graph you wish to
save, you copy it from “Sheet” mode. (Tip: click the button at the upper left to highlight
all cells, then do a right click and select Copy.)

&S0
E
9

Factors Tool

Couges Y]

B temperature

Cut

Copy with Headings

Easte 40,00 42
Clear

el

Copying the Graph Settings from “Sheet” Mode on Factors Tool
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At a later time, you can paste that same data into the “Sheet” view of the factors control.
This will restore all the values; changing your graph back to the same constant setting
and axis choices.

Simulation Models

For classroom purposes, Design-Expert allows you to create simulations that include an
element of random error. Here’s a brief demonstration. Start by clicking on Design
Tools and selecting the Simulation Editor.

Fil=  Edit “iew Displa_l,lgptinns|gegign Tool: Help

Dj E-—uj Ej i !ﬂ;@j = Simulation Editar...
= winite CandidateEile
LCreate Factonal Candidates. ..

Creating a Simulation

You are now ready to create a model with a specified amount variation on the resulting
response. Start by entering Number of Factors, 3. Press the Tab key. The buttons
for entering coefficients then become active.

Simulation Editor i

Open a simulation file Response name: W

Save simulation file Fesponse units: ’_-

Simulation mame: W Std. deviation: [E‘“‘“‘“‘“
Password: ;............................, Significant digits: ;:rw

Wigit (m=); W Lovwer bound: i.............................
Upper bound: ;.............................‘

Mumbet of Factors: 13

Moddel Terms: ] Model equstion

Current transfarm: Mane Transfarm response

Ok Cancel

Simulation Editor

Press Factor attributes to specify the names, type of factor (categorical, numeric or
mixture) and the number of levels.
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Simulation Factors i
| I | Name I Type I Levels |
A Factor A Mumeric _ng
B Factar B Categorical |5
C Factor C Misture 2

Specifying Factor Attributes

Leave all factors Numeric and press Cancel. Then, back at the main screen for the
simulation setup, click on Model Equation.

You now are ready to enter in the coefficients in coded or actual form. Let’s assume for
demonstration purposes that we will simulate a process in terms of actual factors. This
would be the most realistic approach for training purposes. The equation will be
restricted to the two-factor interaction (2f1) order for purposes of training on two-level
factorial design. Type in the equation as shown below.

Simulation Model E|
Example equations: Mizture Componerts
Process: 45+ 24 - 308 + C + 5AC + 25457 | Actual j
Mixture: 1.58 + 5B + 4C + 0,348
Categarical: 234 + {248 + {1,351 Process Factors
+{-3,1} &0 + §0,0,1,0,0,08C |Amua| j

Lewvels: A=2, B=3, C=4 with levelz-1 coefficients for each.

Categorical Factors

. . Coded
Type in an egquation

| 45+25-3h+c+ Sac

Specifying the Equation

Press OK to get back to the main screen for entering simulation parameters. Put in a
Std. deviation of 0.5. This will add realism to the results. The other fields can be left
at their defaults or identified as you see fit.

Simulation Editor i

Open & simulation file I Response name: [EEE-EEF__-

Sawe simulation file I Responze units: W

Simulation narme: IW Std. deviation: ’.D..g.....................,
Password: I— Significant digits: |4—“

Wait (m=) ID_‘~ Lower bound: I_“
Upper bound: l—

Entering Standard Deviation and Other Fields

We left the fields for Lower bound and Upper bound blank, but you may want to fill
these in as a precaution against students making gross errors in entering factors.
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If you want to prevent students from accessing this simulation data, put in a Password.
(We left this empty.) Then click Save simulation file to preserve the simulation. It
will be saved as a .sim file.

Savejn:lEiMisc :j :@;} ‘Qﬂ

BunchOB aloney. sim

Saving the Simulation

To run the simulation, create a two-level factorial with three factors. Normally, we
would make up a good story for a case study and recommend high and low ranges for
suggested factors. Students can then do what they like. We won’t bother with this here.
If you want to see how the simulation turns out, just set up a generic two-level factorial
with three factors, leaving all names and levels at their defaults. After creating the
design, do a right click on the response column and select Simulate Response.

Factor 1 Factor 2 Factor 3 Respaonse 1
Std | Run Block A B:B c:c Response 1
5 Edit Info...
[ 1 Block 1 1.00 -1.00 -1.00 Inzert Respanse
B 2 Block 1 1.00 1.00 1.00 Dielete fesparise
| Fill with B andarm
_— B 3 Block 1 1.00 -1.00 1.00 Simulate Responze
| 3 4 Block 1 -1.00 1.00 -1.00 Eguation Only
[ o 5 Block 1 -1.00 -1.00 1.00 Sart by Thiz Response
| 1 B Block 1 -1.00 -1.00 -1.00
{ 7 7 Block 1 -1.00 1.00 1.00
4 B Block 1 1.00 1.00 -1.00

Running the Simulation

You will then be prompted to Open the simulation file. Double click on the simulation
you just created. You should now see values entered as responses. Analyze the data if
you like. Of course, results will vary, especially for the AC term, which tends to be
obscured by the noise. You can repeat the simulation any number of times, but you will
be warned first before Design-Expert replaces your data.

Warning !

All cellz for this responze are filed with data. Do you
weant to replace all of the data’™

Yes=Replace all. Mo=Cancel.

Warning Before Repeating Simulation

Simulations are very useful for classroom purposes. Not only can they add realism to
case studies, but they save time on data entry.

13-12 ¢ Program Tips

Design-Expert 6 User’s Guide



Rev. 1/17/01

Neat Tricks

Two-Level Factorial Analyzed as a Split Plot

Very often, experimenters set up two-level factorial designs with the best intentions of
running it in random order, but they find that a given factor, such as temperature, cannot
be easily changed. In this case, the analysis should be done by the split plot method
discussed in Section 4 of this manual. For the special case of two-level factorial design,
the handy half-normal plots for effect selection can be adapted to deal with the split plot
structure. This will be illustrated very briefly via a case study.

From the File menu, click Open Design and then double-click on Plasma.dx6. This
data comes from an experiment on a plasma treatment process aimed at making paper
more susceptible to ink (Box, Bisgaard, et al, “Quality Quandries: Two-Level Factorials
Run as Split Plot Experiments,” Quality Engineering, 8(4), 705-708 (1996)). Scrolling
down the design layout you will notice that there are five factors in 32 runs, so this is
obviously a full two-level factorial (2°). Notice that we’ve ignored a possible outlier at
the low end of the response scale. More importantly, if you look carefully at the pattern
of highs and lows, you will see that Factor E (paper type) is not randomized.

Factor 1 Factar 2 Factar 3 Factar 4 Factar 5 Responze 1 [
Std | Run Block A:Pressure B:Powver CiGaz Flow DiGaz EPaper  |Contact Angle| |
Type Type

_5 1 Block 1 -1.00 -1.00 1.00 Crygen E1 376
| 2 2 Block 1 -1.00 -1.00 1.00 Choygen E2 43.3
| 2 3 Block 1 1.00 -1.00 -1.00 Croygen E1 41.2
| 18 4 Block 1 1.00 -1.00 -1.00 Choyigen E2 38.2
| 10 5 Block 1 1.00 -1.00 -1.00 SiCl E1 6.8
26 ] Block 1 1.00 -1.00 -1.00 SiCl4 E2 a26.2

Two-Level Factorial (Run as Split Plot) Case Study Data (partially shown)

To save time, the experimenters set up their plasma reactor at the conditions specified
by factors A through D (randomized), and then processed the two paper types (E)
together. (The actual placement of paper in the reactor, right versus left, was
randomized by a flip of a coin.) This forms a split plot design, broken down as follows:

e  Whole-plot factors - A through D (and associated interactions)

e Subplot factor: E (and any interactions involving this factor)

The trick is to keep these groups separate for the analysis of variance, because the
residual errors differ. Design-Expert makes this very easy, as you will see next.

Click the response node Contact Angle and press the Effects button. Select View,
Effects List. Let’s start by looking at the whole-plot terms. Right-click on factor E
and choose Ignore. Do the same (ignore or “X”) for all interaction terms involving E.
(Suggestion: drag over the last few blocks of E terms to highlight them, and then right-
click to change all of them to ignore.) You can leave ABCDE alone, which became
aliased when we ignored the one run thought to be an outlier.
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Term | stdized Effects |Sum of Syuares | % Cortribution
Irtercept

A 10,25 746 .64 13.89

B 265 40.80 0.76

C -4 .97 234 11 4.39

o

E

K

e

e

e

[ =] -13.52 1395.22 26.20
b4 1.56 168.70 0.35
(=] AB -313 a7 .69 1.08
(=] AC 387 164 .95 308
(=] AD 15.34 1854.03 34.74
b4 AE -4.80 19955 375
[=] BC 0139 0.03 5.803E-004
(=] B -4.51 14112 2.64
¥ BE 073 4.02 0.073
(=] ch 0.2 354 0.066
b4 CE 0.90 E.15 01z
b4 DE -0.015 2431 E-003 4 536E-005
[=] ABC 1.43 2823 0.533
(=] ABD -1.87 45.43 0.
b4 ABE -1.14 352 0.066
=] ACD -0.93 19.50 0.37
b4 ACE -1.41 6.3 012
b4 ADE 0.43 0.032 52.9581E-004
(=] BCD 242 34.93 0.66
¥ BCE -0.40 0.040 7.493E-004
b4 BDE 1.07 .67 011
b4 CDE 1.55 15.62 0.35
[ =] ABCD 512 29327 5.50
X i, |

p

p

P

0.097
d

Lanore Alizzed

Modeling Whole-Plot Factors and Associated Interaction Effects

Now, select View, Half Normal Graph and View, Select by Lenth’s M.E.. The
resulting display is reproduced on the next page (the graph on the left for whole-plot
effects.) The effects of A, D and interaction AD stand out.

Click on the ANOVA button to verify the significance of these whole-plot effects. Do
not look at the Diagnostics or the Model Graphs because the model is missing the
subplot effects. The last step in the analysis will be to combine all of the terms, whole-
plot and subplot, in one overall model. Only then you can get a proper view of
diagnostic and model graphs.

Let’s move on to investigation of the subplot effects. Select View, Effects List once
again. This time double click factor E and all interaction terms involving E for error
(e). (Alternate approach: drag all of the terms to highlight them, then right-click and
select Error.) Then right-click on whole plot factors A, B, C and D, plus all interaction
terms involving these factors (not including E), and choose Ignore (“X”). (Alternate
approach: drag over a block of terms to highlight them, then right-click and select
Ignore.)
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Term

| Stdized Effects |Sum of Squares |% Contritaution |

DE
ABC
ABD
ABE
ACD
ACE
ADE
BCD
BCE
BDE
CDE
ABCD
ABCE
ABDE
ACDE
BCDE
ABCDE

Q@M@ MXMDMDXMDXD XXMM M X XK MmX XX OEEFEAT|

Intercept

1334
-4 50
0148
4.3
0.73
062
0.90
-0.018

1.435

=187

-1.14

-0493

-1.41

0.45

242

-0.40

1.07

1.55

312

-0.50

0.35
-8.007E-003
0.g2

T46.64
40,

18.70
57 69
164 .95
1854.03
199.558
0.031
141.12
4.02

3.54

618

243 E-003
28.25
45.43

352

19.80

E.31

0032
34.93
0.040

567

18.62
293.27
0.48

013

1.80

518
Aliazed

0.33
1.05
3.09
34.74

375
5.505E-004
264

0075
0.066

o1z

4 556E-005
053

0.a1

0066

037

01z
5.951E-004
0.66
7.495E-004
o1

0.35

5.50
9.070E-003
2.530E-003
0034
0.0a7
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Modeling Subplot Factors and Associated Interaction Effects

Now, select View, Half Normal Graph and View, Select by Lenth’s M.E.. You
will see the display shown at the right in the figures shown below.

Half Normal plot

99 —

@ w
HoN
Lo

Half Normal % probability
Lol i

Ha

AL

L]

384 7B 151

|Effect|

15.34

Half Normal plot

99 —

w0 @
& 49
1

@ W
=

Half Normal % probability
33 38
ol

[T
a B
I I

o
1

BAE

0.o0

1.20 240 380 480

|Effect|

Half-Normal Plot of Whole-Plot (left) versus Sub-Plot Effects (right — with E picked)
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The interaction AE stands out. Look at the bottom axis of this graph versus the one
done earlier for the whole-plot effects. Notice that the range is several-fold less for the
sub-plot effects. This reflects the comparatively high variance between repeated whole
plot reactor setups (factors A through D) versus the variance within the subplot factor
(changing paper type E). After manually selecting E, click on the ANOVA button and
say “No” to hierarchy to see the significance of the subplot effects. (By following this
procedure you preserve hierarchy for the sub-plot effects. If asked to preserve hierarchy
(by answering “Yes” to the warning prompt), the software incorrectly adds the whole
plot effect of A to the sub-plot model.) Do not look at the Diagnostics or the Model
Graphs because the model is missing the whole plot effects.

To investigate the whole and subplot effects, press the Effects button and select View,
Effects List. Drag over all the terms to highlight them, then right-click and select
Error. All terms should now be designated as error (except ABCDE, which remains
aliased due to the ignored run in the design layout). Now select A, D, E, AD and AE as
model terms.

J Term | Stdized Effects |Sum of Sguares |% Contribu‘tionl
(@ Intercept

[} S 1025 T456 64 1399
e B 265 40.50 076
e o -4 .87 23411 4.38
[l o] -13.:52 1395.22 26.20
[} E 1.56 18.70 035
e ~B -313 a7 .69 1.08
e AT 387 164.85 308
[} AD 1334 183408 34.74
: 19985 375
e BC 014 0.031 5.605E-004
e BD -4.31 14112 264
e BE 073 4.02 007s
e D 0E2 3.54 0066
e CE 080 B8 012
e DE -0.018 2.431E-003 4 55BE-005
e ABC 1.45 2825 053
e ABD -1.87 48.48 0
e ABE -1.14 352 0066
e ACD -093 19.80 0.37
e ACE -1 B.31 012
e ADE 045 0.032 5 851E-004
e BCD 242 3498 066
e BCE -0.40 0.040 7 495E-004
e BDE 1.07 SE7 011
e CDE 158 1862 035
e ABCD 512 293.27 5.50
e ABCE -0.50 045 9.070E-003
e ABDE 038 043 2530E-003
e ACDE -9.007E-003 1.80 0.034
e BCDE n0s2 5.8 0.0a7
Ay ABCDE Aligzed

Lerth's ME 3.00
Lenth's SME B.0G

Final Model Selection for Diagnostics and Effect Graphs

Click on ANOVA but ignore it. Press ahead to Diagnostics and Model Graphs.
Because the model is now complete, it’s OK to use these tools for validation of the
statistical assumptions and interpretation of the experimental outcome. See Section 4
for more details on the analysis of split plots.

The big question is: would the apparently significant effect of AE be obscured if the
experimenters didn’t recognize the split plot structure of their design? To determine the
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answer, select View, Effects List one more time and re-set all terms to Error. Then,
select View, Half Normal Graph.

The sub-plot effect of AE is obscured by the variance between reactor setups (the whole
plot)! Notice the split structure of the unchosen points at the left of the graph (the small
effects). This reflects the dual error structure of the split plot design. As illustrated

below, the AE effect is buried in the error terms of the whole plot (factors A through D).

Half Normal plot
98 —
| "AD

97 —
oy 95 m
= i D
8 : mp
o 77 " ARBCD
:— a5 _g ]
3 80 3 WAE
—_ El [ ]
= E
E M B AL
S 4 Eﬂ\' D
T
T 40

20 -

0=
I I I I I
0.0 3.84 767 11.81 15.34
|Effect|

Uncovering the AE Interaction

If you click on the points below (to the left) of the one labeled E, you will identify
mostly sub-plot effects (interactions involving factor E), which exhibit less variance
(steeper slope).

The manipulation of effect plots in this split-plot case uncovered a small but significant
interaction that otherwise would’ve been obscured. In all likelihood, overlooking this
effect makes no difference from a practical perspective, because the big breakthrough
effects (AD, A, D) are revealed. For a more complete treatment of this case, attend Stat-
Ease’s Real-Life DOE workshop, presented only occasionally to the public, but always
available for on-site presentation. There you will learn other tricks for manipulating
Design-Expert for split plot design and analysis, such as:

e Sorting your design to restrict randomization

e Generating correct ANOVA statistics, residual analysis and effect graphs

If you think you need consulting help with a split-plot design, contact Stat-Ease. Details
on how to reach us can be found at the end of the Introduction section of this manual.
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Ratio Constraints

In many cases, especially for chemical mixtures, the level of one input depends on
others in the form of a specified ratio. By application of relatively simple math, you can
convert ratios to constraints accepted by Design-Expert. For example, let’s look at the
following composition (the current formulation):

50% of A (the key ingredient)

0.5% B (current stabilizer), based on a requirement that it be 1% of A

0.0% C (a new stabilizer not now used)
49.5% D (everything else)

The total is 100%. The formulator would like to determine the sensitivity of response to
varying levels of the key ingredients and the addition of a new stabilizer:

e A to vary from 50% to 55%

e B to vary from 0% to 2% of component A

e Cto vary from 0% to 2% of component A.

e (B + ) to vary from %% to 2% of component A.

e D to make up the rest.
How do we set up a design to meet the above requirements?

The single component constraints are:
50% < A <55%
0% <B < 1.1% (= 0.02*55%)
0% <C<1.1% (= 0.02*55%)
0% <D < 100%

Notice the computations for stabilizers B and C to meet the ratio constraint with the
main ingredient A. However, we still have not taken into account that the sum of the
stabilizers must be kept within specified limits based on A. This must be done via a
multilinear constraint, which can be expressed mathematically as:

B+C

0.005 < <0.02

This constraint requires some manipulation to get it into the proper format needed for
entry into the software. Let’s first work on the lower bound (0.005):

B+C

0.005 <

0.005A<B+C
0<—-0.005A+1B+1C

Next we need to address the upper bound (0.005) of the multilinear constraint:
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B+C _0.02

B+C<0.02A
-0.02A+1B+1C<0

We’re now ready to set up the design. It must be done as a Mixture design with the D-
Optimal option for 4 components. Enter the single component constraints into the
fields on the main window (as shown below). Then press the Edit Constraints button
and enter the multiple linear constraints.

i File Edit “iew Display Options Design Tool:  Help
1
1
1 q a
i Response Surface D_ODtImaI DESIgn
Factorial Design for 2 to 24 factors that minimizes the variance associated with the coefficient esti
choose the polynomial model to fit and can choose to leave terms out of the model if you
Crossed unimpartant.
Mixture .
Total {100
iz Componerts: |4 vl (210 24)
Units: I%

Simplex Lattice

Simplex Centraid Mame | Loy | e |

Screening -

D-Optimal - | & a0 55

Distance-Based : B i} 11

Modified Distance -

User-Defined | 0 11

o o 100
Multiple Linear Constraints
Enter constraints in 'Actusl values
Example:
0.05 < 148256+ = 0a0
Ly Libmit Constraint Hicgh Litmit |ﬂ
_D 000548 +B +C
0024 +B +C o]

Entering Constraints for Ratio Problem

If you like, reproduce the design as shown above. Press OK for the multilinear
constraints. You will then be warned as follows.

Error

Ranges wil he adjusted to meet constraints.

Warning After Entering Multiple Linear Constraints

Press OK to accept the adjustment and Continue a few times (with defaults accepted)
until you see the design. To see the adjustments, click on the Constraints node.
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1 Netes for yDesion dx6 Ly Lirmit Constraint Higgh Lirmit
- £ Design M 0005A +B +C
= Status | 0024 +B +C 0
- 2] Evalustion - en 55
- @] Analysis " +8 "
-] pot life s=0(Empty) [—1° - 11
-} pot life(Empty)
.. L] Optimization L4B+C4D 100

Final Constraints (adjusted by software)

Notice that component D has narrower limits. If you like, go back to the Design node
and check the ranges of each component and you will find that they meet the ratio
requirements originally specified for the formulation. That’s it! For a more complete
treatment of this case, attend Stat-Ease’s Mixture Design for Optimal Formulations
workshop.

Equality Constraints

Let’s say you want to study four components in a formula. One component is a function
of another, i.e., there is an additional equality constraint. How do you handle this?

Assume that you must deal with the following constraints:
e X, varies from 15 to 25%.
e X, varies from 24 to 40%, subject to equality X, = 1.6(X)
e Xj;varies from 0 to 15%
e X, varies from 0 to 15%
o X;3+X4<18%
o X +X,+X3+Xy4=65%

Hint: For each equality constraint you lose a dimension. There are four components and
two equality constraints. Therefore this is a two-dimensional problem. Picking the
level of X, sets the level of X,. Treat the mixture of X; and X, (X,/X; = 1.6) as a single
component. Therefore:

e A (X+X;) varies from 39% (15+24) to 65% (25+40) where X,/X; = 1.6.
e B (X5) varies from 0 to 15%

e C(Xy) varies from 0 to 15%

e B+C<I18%

e A+B+C=65%

These constraints could then be entered into the Mixture tab, D-Optimal design as
shown below. (To add the multilinear constraint, press the Edit Constraints button.)
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Mizctuire: b
J Total: |55
Wiz Components: |3 vl (2to12)
Units: I%

Simplex Lattice

Simplex Centroid Iame | Loy | High |
Screening
S B 47 65
Distance-Based B: w3 il 15
Modified Distance -
User-Defined il 0 18
Multiple Linear Constraints

Erter constraints in "Actual values

Example:
0.0s 144-25B+0C 0.s0
Loy Limit Constraint High Limit |ﬂ
+B +C 18

Constraint Entry for Problem with Equality Constraint

Go ahead and try this. Then press OK to accept the multilinear constraints and
Continue a few times (with defaults accepted) to see the resulting design. You will
find that the component ranges meet the requirements originally spelled out by the
formulators. For a more complete treatment of this case, attend Stat-Ease’s Mixture
Design for Optimal Formulations workshop.
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