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Getting Started with v&f DesigrExperf’Software
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StatEase welcomes you to version 8 (v8) of Desigixpert software
for design of experiments (DOE). Use this WindoWs
based program to optimize your product or process. It "‘
provides many powerful statistical tools, such as ‘//S\
f  Two-level factorial screening designstdentify %"
the vital factors that affect your process or !
product soyou can make breakthrough improvemest
1 General factorial studiesDiscover thebestcombination of
categorical factors, such as source versus type of raw
material supply,
1 Response surface methods (RSMygind the optimal process
settings to achieve peagerformance
1 Mixture design techniques:Discover the ideal recipe for you
product formulation,
1 Combinations ofprocess factors, mixture components, and
categorical factors:Mix your cakgwith different
ingredients) and bake it too!

Your DesignrExpert program offers rotatable 3D plots to easilyiew
response surfaces from all angles. Use your mouse to set flagd a
explore the contours on interactive 2D graphs. Our numerical
optimization function finds maximum desirability for dozens of
responses simultaneously!

To learn more about the benefits these features provide, work
through our tutorials 8 4 mdudei d Aour installation CD-ROM
and also posted atvww.statease.com(more on this later). Our
detailed tutorials show you specific ways you can use Desigexpert
to your advantage. Please rmte that the tutorials teachyou to use
the software rather than DOE itself. If you wish, we can help you
further via our hands-on statistics workshops.)
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that is literally at your fingertips only a few keystrokes away.

&l 0 A EAI DA&OI AT11AAOQGEI T The AEAAE
Handbook for Experimente®  fr@e @a@libreqgistered users

Furthermore, for quick primers on the principles d design and

analysis, we recommend you read the following two softover
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http://www.statease.com/

books from StatEase Principalsvark Anderson andPatWhitcomb
? published by Productivity Press of New York city:
1 DOE SimplifiedPractical Tools for Effective Experimentation
1 RSM 8nplified: Optimizing Processes Using Response Surface
Methods for Design of Experiments

Andersorl a_nd, Whitcomb have also vylrit,te(l zi’r[mgar on I\{Iixtu_re, ) o
Design 10 @d3tedfree for alltoreadOEA OEA O) 61 A &1 O]
on the StatEase home page.

Go D http://www.statease.com/prodbook.html for details and
ordering information on the books listedabove.
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software will be impressed with the many improvements in
Version 8. Here are the highlights

New graphics and improved interface
U Half-normal selection of important effects onall factorial

designs.: Simple and robust method for selecting important
effect® formerly available
only far two-level designs.
For examplethe screen "
shotto the right isfrom an
experiment on 5 woods
glued with 5 adhesives
using 2 applicators with 4
clamps at 2 pressures. The £ f
vital effects become
apparent at a glance! o .
FOS5SUIAT SR Ay &DNELKAOLL {-5.1£.5.0i
ionaF 9FFSOGaA Ay 2DviyeSdiiie Sheviall Anial fod | £ & ¢
best presentation athe 2007 Fall Technical Conferen@®-sponsored by
the American Society for Quality and the American Statistical Association.)

Half-Normal Plot

Half-Normal % Probability
o
>
3

2 { Getting started withv8 of DesigrExpert software


http://www.statease.com/prodbook.html

)

(g\tQt—GC’ISG Software, Training & Consulting Statistics Made Ea$yRev.6/30/10
Smoother colorgradationson 2D contours: More impressive for
presentations to ey

management, clients

or colleagues.
Roundedcontour
values:More
presentable defaults
requiingl AOO O A
for reporting purposes. ‘ L
Plantflags on 3D -
surfaces:Previouslyyou could only t flags on 2Dcontour plots.
To the rightwe seea flag planted
by numerical optimization on
turbidity of a detergent
formulation via mixture design

a specialized application of
response surface methods (RSM)
New and fully configurable mesh
option that reflects smooth,
lighted colors off your 3D
surface:Dazzle your customers and colleagues while providing
highly-informative graphicsshowinghow responsewill react to
process changegMesh can be turned off if you like

3D graphsthat you can spin withyour mouse:When yousee
your cursor turn into a hand ( ), simply grab and rotate!
Doubleclick the graph to go back to the starting angle.
Push-button averaging on the factors toolProvidesfar easier

8 lemperature

Turbidity

main effectsplotting and L —
makesinteractions more B e
meaningful. Previouy,the | ,,ﬁg
only option to average e [
factors came via hidden —
drop-list. Thescreen shot : e P
series at right showshe o i
result of simply pressing E
OEA  O!50uoils gibdC E P

with 5 adhesives using2 |

applicators at 2 pressures.
This causes the least significant difence (LSD) bars to shrink,
revealingan important difference between two particular clamps.
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U More-interactive cube plots: Click on design points to see factor
levels and response predictision graph legend, as below

Y vt Tt 404 2 et - Desgn b BT
Cube
shrinkage
141 092
®
C+:1800.00 [ 087 038
o
& i
z 051 058 D+ 0.15
£
o
D: moisture
C- 150000 © 053 061 D005
B-: 25.00 B cyelé ine B+: 30.00

U Direct setting ofdiscrete (fixed) numeric levels in response

SPrface de5|gn§: ZEELY Optimal Design
lelt faCtOI’ Sett'ngs Combined Aflexible design structure to accommodate custom
to reasonable levels Hidurs
but Stl” prOduce R Mumeric Factors: (1 to 30}
continuous models. 1§ ... compeste weumfmr{rsliwm
Th e eXampI etO th e gl:gEF:gLKren — T:"[‘:umencl :‘a{l::!gnncl
r|ght ShOWS that3 Units  |pegF Type:
battery types must | wswcuos R e
be tested at 3 an e 81
discrete =L o2

Li3) 125 ‘93 |
temperatures.
Previouslythis would have been possible but very tricky via a
work-A OT OT A8 .1 x EOGB8O AAOUA

U Discrete factor levels adhered to in numeric optimizationFind
the most desirable setting for factors that are not continuous,
such as the number of passes through a spray coater.

U Enter input variables vertically (as shown above)When
entering many levels, this may be more convenient than the
horizontal layout.

U Reference lines on plotsHorizontal, vertical, andree stylellnes

enhance plos. At )

the right it . é ‘ -
becomes S LN
completely tear -

that four clamps
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tested for a wooeadhesive application fall into twalistinct
groups? acceptableversusnot acceptablebased on a cutoff of
50.

Predicted vs. Actual grapravallabmty in Model Graphs, not just
in Diagnostics: fore [ e T o [ e

Thisis useful when | &= Predicted vs. Actual
a response has I o '
been transformed
becausen Model
Graphsmode, you
can change the
view back tothe
more relevant
original scale.

Predicted

Confidence, predictionand tolerance intervals (CI Pl & TI)
plotted with configurable colorsin one- -
factor response plots:Conweyprediction
uncertaintiesvia bands around the best fit B S
Thescreen shot at righshowsactual run v o
results represented@sred circles. The solid
line is the predicted value based on the
polynomial model. The bands are the ClI ST I
(narrowest), Pland TI (widest).

Color-coded response surface graphshow where standard
error increases:

Thismakes it Conversighyedeion 1040
easier to o
understand why o]

a predicted

response will get
you introuble by
extrapolating

87.00 —

83.00 —

B: temperature
g
o
°
>
°

beyond actual
experimentation "7

regions. The °

exampleat right e

showsa flag set
beyond the axial
points of a central composite designmaking the prediction
meaningless.

A: time
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Better mixture design and modeling tools

u

Partial quadratic mixture (PQM) analysisModel nonrlinear
blending behavior most effectivelyThe
exampleat right shovsan orange drink
formulated usingartificial flavorings. Primary
tasteintensity, asmeasured by a sensory
panel, provesto be nonlinear in a way thatis
modeled bestisingPQM.

Design for linear plus squared terms n
mixture models: Reduce theaumber of blends
required for optimally-designed experiments
that revealnon-linear blending.

Design for special and full quartic mixture
models: Capture extremely notlinear
relationships amongall components.
Blocking expanded to simplex mixture
designs:For example,blend your cakeand
bakethemin two oven batches.

Trace plot options show end points as actual values when

building designsusing U-pseudo coding4 EA OPDBDAO | 056

bounded approachs advantageousvheninverting regions in
certain constrained mixtue situations. However, due to axis
flipping, itd sy to misinterpret trends when viewing a trace plot
without this new feature.

Increased limit on components for screening and historical*
designs. DesignExpert now handles up to 50 individual
ingredients? up from 40 and 24respectively.

*(An example is happenstanceata collected by assaying
retained samples from a period of material production.)

More choices when custom-designing your experiment

u

D-, IV-, and Aoptimal design selection:Newand expaned
crlterla Fins

Use: [Coordinate Exchange |  Optimaity \D | Model points: [ 16
When Edit model.. | Quadratic To estimate lack of it [5
Crafting Scheffe Replicates: |5
eXperimentS Bocks: [z | Addtional center points: [0
Totalruns: 26 | :

to modek of

choice within realistic constraints.
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Constraints calculator:Simplifiesderivation of constraint
inequalities.At right, food ?
scientiss cooking starch
must bake itlonger at as ] S

low temperatures. With °
program Helpguidance,
the AAOECT loweb A As
left corner can be .
excludedusinga
multilinear constraint
equation generated from o - - -
a few user inputs An

optimal design ighen
fitted to this region.
Tolerance-interval-based design sizingEnhancesyour fraction
of design spacéds) plotsto assess whether your planned
experiment is large enough, given the underlying variability
(noise), to establisltoleranceswithin the acceptable range

>
B Time
Bo
Oug

A: Temperature

FDS Graph

TI Multiplier

Fraction of Design Space

o il e L e

Additional statistics and more concise reporting of vital results

u

Improved curvature testing for factorials with center points:All
designpoints are now fitted to the polynomial model used for
predictions This provides more realistic impact of significant
non-linear response behaviorDiagnostics can be done fohé
model adjusted for curvature or, via a view option, unadjusted.
Modekwithout a term for curvature (unadjustedare used for
model graph and point predictions.

Getting started withv8 of DesigrExpert software]] 7



0 Coefficients summaryAﬂe[modteng your response(s), see a
concise table of coefficieaD E AcOl@-Eodedby relative
significance Below,the second response is modeled only by main

effects, twdbeingsignificant at the p<0.1 level.
i EE i e P S P S S S

e orars a0

Summary Tock

Dsitn Sy
Contiomis Tae

5 —
u #1171 AAT OAA O&E O s&(italidetadsvo modeh A1 A g
choices before delving into all the particular Belowyou can see

why the program recommends one model over others (note the
superior Rsquared values for quadratic)

(] Notes for RSM-a.dxp
L. 27 Design (Actual)

Mudel Graphs

y* Transtom Ft summary f(x) Model [T\ anova |£D\agnusﬂcs

=+

] Summary | | | | |
L Grapn columns L |Response 1 Conversion Transform: Hone Bookmarks =l =
4] Evaluation __| ™ WARNING: The Cubic Model and higher are Aliased: Tp
Analysis
| Summary
[ rt:conversion (a —
Summary (detailed tables shown below) Sum of Squares
Pl Reactivity (Analyze [—] _
: Sequential Lack of Fit  Adjusted Predicted Lack of Fit
i A] Optimization — Y ——
. ’ X ' Souare:
o | Source  pvalue  pvalue R-Squared R-Squared Frou
op-Cut View
15 Graphical . Linear 0.1640 0.0442 0.1374 -0.4882 P
-] point pregiction || 2FI 0.0083 01442 0.5803 0.3601
. Quadratic Lon7 08574 0.8881 07891  Suogested
Cubic 0.8538 04836 0.83% 36399 Aliased

U Tolerance interval (TI) estimates on point prediction:Thisis
important for verification studies to ensure your process stay
within manufacturing specifications For example, the Tl show
below provides assurancehat thicknesswill remain within a

required range of 4400 t@600.

P P ————| I I I T
== o
m
"
m R et

8 11 Getting started withv8 of DesigrExpert software



33

Stat-€ase  software, Training & Consulting Statistics Made EasyRev.6/30/10

Increased visibility and versatility of tools and features

0 Manynew, highvisibility tools: Options previously available via
hidden View menu optionare now easily seen andapitalized
upon. The Design Tool showd &l T AGET ¢8 11 OEA
is oneexample

U Design layoutcolumn widths now adjust automatically by
double-clicking column-header boundaries: Multiple columns
adjust simultaneously!

0  Attach row comments by right-clicking on row headers: Ahandy
way to record important observations, as stvn below.

b=l & 7R
03 Notes for R3M d-opt dxp | 5 Factor 1 Factor2 | Response 1 | Design Tool B
B Design (Actual) 2| 51 [ Aun | Block Comments |4 Temperature|  B:Time R1 = = &
B Summary @ Deg C Min Design Layout
Q e g 1 Block 1 Starch Sticky 127.50 2075 100 Run Shest
@] Evaluation I Block 1 Smooth 145.00 1825 g3| _Column info Sheet
e = s 3 Block 1 Lumpy 156,67 1767 100 Pop-Cut View
| |
] Analysis 8 4 Block 1 162.50 1875 99

Note: The runs with a comment will be marked with an astski
as in the screenshot abev

U The new comments are alsovisible when a point is highlighted
on a plot See howhe e
GtarAE OOEAEUG ?éi’ichﬂmff Al
from aboveis carried over | Yoo
to the plot, alerting the
experimenter to the unique
observations about this o
treatment. G

U Topic Help(F1), Tutorials,and Sample Filesiow also reside in
the main Help menu:Follow these alternate paths for getting
timely program advice.

U In addition, Topic Help (F1) contenthas been enhanced
Contextspecificinformation is right at your fingertips Just press
the Flkey.

U Response surface method (RSM) models can be fitted with
factors in their actual levels: This enables néntercept model
functionality.

2.00

1.00 o

DFFITS
=]
=}
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U Screen Tipsis now amain menuitemj O 4 E ®réadvigiljlity
and easy access t@ry useful justin-time advice shown below

Enhanced design evaluation

U Several new matrix measures are now providedvlost notabk is
the Gefficiency. (This criterion, expressed on a 0 to 100 percent scale
with higher beingbetter, leads to designs that generate more consistent
variance of your predicted response. However, like any other single
measure, it may not accurately reflect the overall effectiveness of a
DAOOEAOI AO | AOOERX@ert pravides Gndatday of Batrix $ A OE C
statistics and graphics for overall design awation.)

U  Fraction of paired design space (FPDSJPhis resourceful tool lets
you assess the
power of RSM or
mixture designs to
detect specified
signals(response
differences judged
important) in the
presence of noise
(systemstandard
deviation). At
right, less than
half the design
space reveals the
difference of
interest. Ideally, this exceeds 80 percent, so here the
experimenter should consider adding more runs to the design.
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