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Multifactor RSMTutorial
(Part 1¢ The Basics

Response Surface Design and Analysis

This tutorial shows how to useDesignExpert® software for response surface
methodology (RSM). This class of designs is aimed at process optimization. A case
study provides a reallife feel to the exercise.

Due to the specific nature othis case study, a number of features that could be
helpful to you for RSM will not beimplemented in this tutorial. Many of these
features are used in theGeneralOne FactofRSMOne Factoror Two-Level
Factorial tutorials. If you have not completed all these tutorialgonsider doing so
before starting this one

We will presume that youare knowledgeable otthe statistical aspects of RSMFor

a good primer on the subject, seRSM SimplifiedAnderson and Whitcomb,
Productivity, Inc., New York 2005). You will find overviews on RSM and how i
done via DesigrExpert in the on-line Help system.To gain a working knowledge of
RSM, we recommend you attahour Response Surface Methodsif Process
Optimization workshop. Call StatEase or visit our websitefor a schedule at

www. statease.com

The case study in this tutorial involves production of a chemical. The two most
Ei BT OOAT O OAODPI T OAOh yohA EOANJAOAA AU OEA
1 yi- Conversion (% of reactants converted to product)
1 y2-Activity.

The experimenter chose three process factors to study. Their names and levaile
shownin the following table.

Factor Units Low Level (-1) High Level (+1)
AzTime minutes 40 50
B z Temperature degrees C 80 90
Cz Catalyst percent 2 3

Factors for esponseurface sudy

You will study the chemical processisinga standard RSM design called a central
composite design (CCP) 08 O x Al 1
usually works well for process optimization. The thredactor layout for this CCD is
pictured below. It is composed of a core factorial that forms a cube with sides that
are two coded units in length (from-1 to +1 as noted in the table above). The stars
represent axial points. How far out from the cube these should goasmatter for

OOEOAA &I O AEOOEI ¢ A

much discussion between statisticians4 EAU AAOECTI AOA &EEO AEOC

measured in terms of coded factor levels. As you will sd@esignExpert offers a
variety of options for alpha.
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Central Composit®esign for threedctors

Assume that the experiments will be conducted over a twday period, in two
blocks:

1. Twelve runs: composed of eight factorial points, plus four center points.

2. Eight runs: composed of six axial (starpoints, plus two more center
points.

Design the

Experiment

Start the program by finding and double clicking the Desigxpert software icon.
Take the quickest route to initiating a new design bglicking New Design near the
center of the openingscreen as shown below. Two other routeare available:
Cick the blank-sheet icon/ on the left of the toolbar, or chooseFile, New Design
(or associated Alt keys¥rom the main menu atop your screen

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

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

1. New Design
ar

2. Open Design

DesignExpert opening screen
Click theResponse Surface folder tab to show the designs available for RSM.

Factorial
Combined
Mixcture

Rezponse Surface

Central Composite Eeil
Box-Behnken
COne Factor
Miscellaneous
Cptimal
User-Defined
Historical Data

Responsaurface designtab
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The default selection is theCentral Compositedesign, whichis usedin this case
study. Click the down arrow in theNumeric Factors entry box and SelecB as
shown below.

Numeric Factors: (2 to 50) @ Horizontal
Categoric factors: EZ- i ||:IJ to 10} Vertical
Name 4 || Low High -alpha +alpha
A [Numeric] | a é -1 1 7 7
B [Mumeric] |g 7 - q 168179 | 63179
C [Numeric] |c g -_1 q 168179 | 63179

Selecting 3 numeric factors

To see alternative RSM designs for three factordiak at far left on Box-Behnken
(notice 17 runs near the screen botton) and Miscellaneous designs where you
find the 3-Level Factorialoption (32 runs, including 5 centerpoints). Now go back
andre-selectCentral Composite design.

Before entering factors and ranges, clickptions near the bottom of the CCD
screen Notice that it defaults to &Rotatable design with the axial (star) points set
at 168179 coded units from the centerz a conventional choicefor the CCD.

CCD Options =5

Replication

Replicates of factorial points: 1
Replicates of axial (star) points: 1

Center points: &

@) Enter factor ranges in terms of +/- 1 levels Alpha
Enter factor ranges in terms of alphas @) Rotatable (k < 6) 168179
Type: | Full - Blocks: |1 - Spherical 1.73205
Points Orthogonal Quadratic 1.52465
Not center points 14 Practical (k = 5) 1.31607

Center points 6 Face Centered 1.0
Other:
alpha = 1.68179 20 Runs

20 Runs

| oK || Cancel || Help |

Default CCD option for alphaet so desigis rotatable

Many options are statistical in nature, but one thaproduces less extreme factor

of the number of factors (in this case Bor 1.31607). SeeRSM Simplifie€Chapter 8 ) )
O%OAOUOEET C 91 O 3ET OI A +11 xforldddilsoOthig #$ O | A
practical versus other le\els suggested for alpha in CCRsthe most popuar of o
xEEAE | AU AA OEA 0&A Aoke).wredsOxlt@abokaithg Al DPEA
rotatable value.

Using the information provided in the table on page 1 of this tutorial (or on the

screen capture below), type in the details fofactor Name (A, B, C)Units, and Low
andHigh levels.
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Numeric Factors: |3 w | (2 to 50) '@ Horizontal
Categoric factors: |0 w | (0 to 10) Vertical
Name | Units | Low | High | -alpha +alpha
A [Numeric] [ Time min. 40 50 4
B [Mumeric] |Temperature |degC 20 a0 76.591 4
C [Mumeric] |catabyst % b4 ; 3409 0.659104

Completedactor form
91 06 OA 1

| %

DesignExpert calculatedOEA AT AAA AEOOAT AA OAlI PEAG

~~~~~~ bl OOET T 1.
El O

points in the central composite design Alternatively, by clicking® E éntef@d

FAAOT O OAT CAO EI
for each of your factors

OAOi O

I £ Al PEAOGS6 T DPOEITT U

Now return to the bottom of the central composite design form. LeavEype at its

default value ofFull (the otherT D OET 1

EO A OOi Al 16 ##$h xEEA

recommend unless you musteducethe number of runs to the bare minimum).
You will need two blocks for this design, one for each day, so click tBéocks field

and select2.
Type:! | Ful = | Blocks:
Points h “1

Mot center points

8

6

Center points 4 2

alpha = 1.68179

Options...

20 Runs

Selectingthe number of locks

Notice the software displays how this CCD will be laid out in the two blocksfor
example, 4 center points will go in one and 2 in the otheClick Continue to reach

OEA OAATT A DPACA

I £/ OEA OxEUAOAOdYouBbW AOEI AE

have the option of identifyingBlock Names. EnterDay 1 andDay 2 as shown

below.

Block NE!ITIE.‘E|

Day 1
Day 2

Block names

PressContinue to enter Responses. Select2 from the pull down list. Now enter
the responseName and Units for each response as showhelow.

4 9 Multifactor RSM Tutoriak Part 1
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Responses. 2 -

Name | Units

| Conversion %
A ctivity |

Compléed responsdorm

At any time in the designbuilding phase, you can return to the previous page by
pressing theBackbutton. Then you can revise your selectiongPressContinue to
view the design layout four run order may differ due to randomization

Design% @D A OO0 1T £EAO0O 1 AT U xAUO O 11T AEAU OEA

screen. Preceding tutorials, especially Part 2 for General One Factor, delved into

OEEO ET AAOAEI h OF ¢iI AAAE AT A 11TTE OEEO

button for a refresher.

[ Motes for MyDesign.dxp 5 Factor 1 Factor 2 Factor 3 Response 1 | Response 2
E Design [Actual) % Std | Run Block ATime B:Temperaturel C:Catalyst Conversion Activity
A wl min. deg C % %
=] Summary "
L"-I Graph Columns 1 Dy 1 40.00 20.00 2.00
L. ] Evaluation | e oz Day 1 45.00 85.00 250
. ] Analysis 11 3 Day 1 45.00 85.00 250
_L'| R1:Conversion (Emp 12 4 Day 1 45.00 85.00 250
RZ:Activity (Empty) | | 10 5 Day 1 45.00 85.00 2.50
ﬁ Optimization 7 [ Day 1 40.00 90.00 3.00
L ) —
Hijtianccal 8 7 Day 1 50.00 90.00 3.00
Graphical |
%3 Graphics 2| 8 Day 1 50.00 80.00 2.00
... %] Point Prediction
5 9 Dy 1 40.00 20.00 3.00
| 3 10 Day 1 40.00 50.00 2.00
| 4 11 Dy 1 50.00 50.00 2.00
[ 12 Dy 1 50.00 20.00 3.00
| 16 13 Day 2 45.00 93.41 2.50

Designlayout (only partially shown,your run order may differ due to randomization

Save the Data to a File

I x OEAO UT O860OA ET OAOGOAA O1 i1 A OGEI A ETOI
your work. Click theFile menu item and selecSave As.
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Edit View Display Options Design Tools He

Mew Design...

Open Design... Ctrl+O [
Close Design... Ctrl+W
Save Ctrl+5 K
Save As... ;
Print... Ctrl+P i

Print Preview

Page Setup...

Import Design from file... 3

Export Design to file... 3

Save Aselection

Youcannow specifyyour File name (we suggesttut-RSM) to Save as typ&.dxpd
in the Data folder for DesigrExpert (or wherever you want to Save in).

BN Save As L_J&
[ |
File name: tut-RS M| e - Save
Save as type: | Design File (*.dxp) hd | | Cancel |

File Save Adialog box
Enter the ResponsPatac Create Simple Scatter Plots

Assume that the experimenis how completed Obviously at this stagehe
responsesmust be enteredinto Design-Expert. We see no benefit to making you
type all the numbers, particularly with the potential confusion dueto differences in
randomized run orders. Therefore, wse theFile, Open Design menu and select
RSM.dxp from the DesignExpert program Data directory. ClickOpen to load the
data.

, AOB O A@AI, whicA cadeidwitiitAeGild you openedr(o need totype it
in!). Move your cursor to the top of th&td column andright-click to bring up a
menu from whichto selectSort by Standard Order (this could also be done via
the View menu).

| | F
St rum e ot Teimn
Sort by Standard Order

Hide Standard COrder

| Select

Sorting byStandard (Std) @der
Now right-mouse clickthe Select column headerand choosePoint Type.
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o Factor 1 Factor 2 Factor 3 Response 1 | Response 2
% Std | Run Block Type A:Time B:Temperaturel C:Catahyst Conversion Activity
w min. deg C e e
_1 1 Day 1 Factorial 40.00 20.00 2.00 740 532
| 2 12 Day 1 Factorial 50.00 80.00 2.00 1.0 62.9
| 3 7 Day 1 Factorial 40.00 50.00 2.00 88.0 534
| 4 5 Day 1 Factorial 50.00 50.00 2.00 70.0 626
| 5 11 Day 1 Factorial 40.00 20.00 3.00 71.0 573
| 6 ] Day 1 Factorial 50.00 80.00 3.00 80.0 67.9
| 7 2 Day 1 Factorial 40.00 50.00 3.00 66.0 59.3
| 8 8 Day 1 Factorial 50.00 50.00 3.00 57.0 67.8
| ] 10 Day 1 Center 45.00 85.00 2.50 81.0 592
| 1w 3 Day 1 Center 45.00 85.00 2.50 75.0 60.4
| 1 6 Day 1 Center 45.00 85.00 2.50 76.0 59.1
| 1z 4 Day 1 Center 45.00 85.00 2.50 83.0 60.6
| 13 14 Day 2 Axial 36.59 85.00 2.50 76.0 536
| 14 13 Day 2 Axial 5341 25.00 2.50 75.0 659
_| 15 20 Day 2 Axial 45.00 76.59 2.50 85.0 60.0
| 16 18 Day 2 Axial 45.00 9341 2.50 g7.0 80.7
|7 16 Day 2 Axial 45.00 85.00 1.66 55.0 574
_ | 18 17 Day 2 Acxial 45.00 85.00 3.34 81.0 632
_| 18 19 Day 2 Center 45.00 85.00 2.50 80.0 60.8
20 15 Day 2 Center 45.00 85.00 2.50 %1.0 529

Displaying thePoint Type

Notice thenew column identifying pointsasO & Ar&l® O # Xfbr@dhtérdoint),
and so on Notice how the factorial pointsalign only tothe Day 1 block. Then in
Day 2 the axial points are run. Center points are divided between the two blocks.

Unless you change the default setting for the Select option, do not expect the Type
column to appear the next time you run DesigifExpert. It is oly on temporarily at
this stage for your information.

Before analyzing this, it might be interesting to look at some simple plotsClick the
Graph Columns nodebranchingZ£0T I OEA AAOECT OO01I 1 06 AO
screen. You should see a scattelgp with factor A:Time on the Xaxis and the
Conversionresponse on the Yaxis. For now it is most useful to produce a plot

showing the impact of blocks because this will be literally blocked out in the

analysis. Therefore, m the floating Graph Columns tool click the X Axis droplist

arrow and selectBlock.
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Design-Expert® Software

Correlation: 0.152
Color points by 100
Run

20 L =
1 o

am

am

Conversion

Day 1 Day2

Block

Graph Columnéeature for designayout

The graph shows a slightorrelation (0.152) of conversion by block. Change thé
AXis to Activity to see how ifs affected by the dayto-day blocking(not much!).

Graph Calumns @

Color By FRun -

[ Clear Points

[ Pop-Out View

Changing responséesulting graph not shown)

Finally, to see how the responses correlate with each other, change teAxis to
Conversion.

Graph Calumns @

¥ axiz: | Conversion -

II

Y axis: | Activity

Color By Run -

[ Clear Points

[ Pop-Cut View

Plotting one response versus the otheesulting graph not shown)

Feel free to make other scatteplots. Notice you can also color selected factors,
including run (default). For example, choos€olor by Block to see which points
were run in block 1 (black) and block 2 (red).
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& 2?9

Correlation: 0.224
Color points by
Block

LI

n2

Design-Expert® Software

70
m -
a
- - -
= - LN | L]
> 60 — - a
o = - =
<
L] -
Geaph Columns. = ==
vos | Conversen v ™ = -
¥ axis | Activly
—
Char Poats. 50 —
Pop-Out View
T T T T T
50 60 0 80 %0 00
Conversion

Graph columns with points colored by Block

However, do not get carriedaway with this, because it will be much more
productive to do statistical analysis firstz before drawing any conclusions.

Analyze the Results

| %

IstédrtGbalyzing the responses numericallyUnder the Analysis branch

click the node labeledConversion. A new set of buttons appears at the top of your
screen. They are arranged from left to right in the order needed to complete the
analysis. What could be simpler?

b= HE

? Ak

[ Notes for RSM.dxp

- 171 Design (Actual)

_'| Summary

L‘I Graph Columns
i %] Evaluation

. E| Analysis

R1:Conversion

L Reactivity

M Optimization

ﬂ Numerical

ﬁ Graphical

.. ¥ Point Prediction

y:'\ Tranzform

EE Fit Summary

fix) Model [LL  anova

DModeI Graphs

@ Diagnostics

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

Transformation

Sguare Root
Natural Log

Base 10 Log
Inverse Sqgrt
Inverse
Power
Logit
ArcSin Sgrt

Equation

None (lambda=1.0)

y'=y

Slud Resld

Prediced Value

Use with a typical response.

Coding for Analysis:

Aratio greater than 10 usually indicates a transformation is reguired. For ratios

Response ranges from 51 to 97.
Ratio of max to min is 1.901%6

less than 3 the power transforms have little effect.

Beginanalysis of Conversion

DesignExpert provides a full array of response transformations via th@ransform
option. Click Tipsfor details. For now, accept the default transformation selection

of None.

Design9 E LJS NJi
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Now dick the Fit Summary button. At this point DesignExpert fits linear, two-
factor interaction (2FI), quadratic, and cubic polynomials to the responseAt the
top is the responseidentification, immediately followed below, in this case by a

x AOT ET Cd O4 Edhd HigheAdteAliasedd DA hot be alarmed. By design,
the central composite matrix provides too few unique design points to determine
althA OAOI O ET OE Aet AploAlyEdk thd duaivhtic Biodel JoB6nt
subset). Next you will seeseveral extremely usefukables for model selection(To
move through the display, use thdloating Bookmarks palette or theside/ bottom
scroll bars). Each tabléas discussed briefly below.

Thetable of O3 ANOAT OEAT -1 ARIOAAGT ER RISBoNTHED HOE
terms of increasing complexity contribute to the toal model. The model hierarchy
is described below:

T O, EivdBloeo d OEA OECI EAEAAT AA Theée AAAET C (
mean and blocks,

T Oc @s)linecan d, OEA OECI EAZEAAT AA 1T £ AAAET ¢ Ot
terms to the mean, blockand linear terms already in the model

T 010AARARDEKA OEA OECT EAZEAAT AA 1T £ AAAET C
terms to the mean, block, linearand two-factor interaction terms
already in the model,

T O# O¥s@Bhadratid , OEA OECIT E £E Addeypdidall £ OEA AD
other terms.

yh Transtarm EE Fit Summary  f{x)  Model DModelGraphs

| | | | | |-

Lo anova ‘: Disgnostics

Response 1 Conversion Transform: None Bookmarks @
== WARNING: The Cubic Model and higher are Aliased! = T

1 g

— SumITEty

__ | Summary (detailed tables shown below) Sum of Syuares

_ Sequential Lack of Fit Adjusted  Predicted T LackofFit |
| Source p-value p-value R-Squared R-Squared W
| Linear 0.1640 0.0442 0.1374 -0.4582 Pop-Out Yiew
| 2FI 0.0033 0.1442 0.5803 0.3651
_ Quadratic 0.00M7 0.8574 0.8881 0.78591 Suggested

Cubic 0.8538 0.43386 0.8396 -3.6389 Aliazed

| Sequential Model Sum of Squares [Type ]

_ Sum of Mean F p-value
| Source Squares df Square Value Prob>F
Mean vs Total 1.226E+005 1 1.226E+005
Block vs Mean 64.53 1 64.53
Linear vs Block 763.05 3 25435 1.96 0.1640
| 2Flvs Linear 1191.38 3 39713 5.28 0.0083
| Quadratic vs 2F| 607.39 3 202.45 12.00 0.0017 Suggested
_Cubic ws Quadratic 30.95 4 T4 0.32 0.8538 Aliased
| Residual 120.90 5 2418
Total 1.254E+005 20 5269.80

"Sequential Mode! Sum of Squares [Type [J" Select the highest order polynomial where the

additional termz are =significant and the model iz not aliased.

Sequential Model Sum of Squares
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For each source of terms (linear, etc.), examine the probabilfyO0 €1 &6 q@ Oi OA
it falls below 0.05 (or whatever statistical significance level you choose). So far,
DesignExpert is indicating (via underline) thequadratic model looks best these

terms are significant, but adding the cubic order terms will not significantly

improve the fit. (Even if they were significant, the cubic terms would be aliased, so
theywoOl AT 60 AA OOAAEDI AsddhehdndyBookrdaRs oD OODT OA
scroll down to the next table for lack of fit tests on the various model orders.

Lack of Fit Tests
| sum of Mean F p-value
| Source Squares df Square Value Prob >F
| Linear 1845.37 11 167.76 6.38 0.0442
| 2F 653.99 ] 81.75 3N 0.1442
] Quadratic 45 60 5 932 035 0.8574 Suggested
| Cubic 15.65 1 15.65 0.58 0.4836 Aliased
| Pure Error 105.25 4 26.31
"Lack of Fit Testz". Want the selected model to have inzignificant lack-of-fit.

Summary Table: Lack of Fit Tests

4EA O, ARAE T £ &EO 4A0006witODARDAA Add DIAORA O 04
replicated design points. If there is significant lack of fit, as shown by a low

DOl AAAETI EOU OAI OA j 6001l Ae&oqgh OEAT AA AAC
predictor. In this case, the linear model definitely can be ruled out, because itsoBr

> F falls below 0.05. The quadratic model, identified earlier as the likely model,

does not show significant lack of fit. Remember that the cubic model is aliased, so it

should not be chosen.

Scroll downto the last table in the Fit Summary reportwhich® OT OEAAO O- 1T AA]

30i i AOU 30AOEOOEAOS &I O OEA OAT O0OT 1 1ETAS
Model Summary Statistics
| Std. Adjusted Predicted
| Source Dev. R-Squared R-Squared R-Squared PRESS
| Linear 11.40 02812 0.1374 -0.4582 358414
| 2FI 7.95 07202 0.5803 0.3691 171158
| Quadratic 411 0.9440 0.8881 073931 57220 Suggested
Cubic 492 0.9554 0.8396 -3.6399 12581.11 Aliased

"Mode! Summary Statistics™. Focus on the model maximizing the "Adjusted B-Sguared”

and the "Predicted R-Squared™.

Summary Table: Model Summary Statistics

4EA NOAAOAOGEA 11 AAI ATTAO 100 AARAOOd ) O Ag
$ A0O8 06 qh3 RKEEAQHA AGRT AATAOA @6 OO0 2 %3

4EA DPOT COAI AOOI i AGEAAT T U O1 ARAOI ETAO AO I
confirm this suggestion byviewing these tables.Check Tips for moranformation

about the procedure for choosing model(s).
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DesignExpert allows you to select a model for irdepth statistical study. Click the
Model button at the top of the screen to see the terms in the model.

ES Fit Summary | f(x) Model  LL anova
Add Term

yh Transform E Disgnostics DModeI Graphs

Process order: | Quadratic -
Selection: | Manual -

Intercept
A-Time:
B-Temperature
C-Catalyst
AB
AC
BC
A2
B
cz
ABC

Model results
4EA POI COAI AAEAOI OO sibivnirdte Aarli@ Filsgrada® OA A6 11
table. If you want, you can choose aadternative model from the Process Order

pull-down list. (Be sure to do this in the rare cases when Desidfxpert suggests
more than onemodel.)

,

Modified
Selection:  Design Model
WMean
Linear
2FI
el Quadratic |

A-Timg... Cubic
The options for process order

E=E=ZEZZ=ZE=Z=ZZ=

At this stage you could press the Add Term button and insert higher degree terms
with integer powers, such as quartic (4 degree). However,dr this case study,
xA611 1 AAOA QhddidticOAT AAGET T AO

Also, you couldnow manually reduce the model by clicking off insignificant effects.
For example, you will see in a moment that several terms this case are marginally
significant at best. DesigrExpert also provides several automatic reduction

Al ¢T OEOEI O AO Al OAOT ACEOGAO O1 OEA Ai-FT OAl o
03 OA B x E OA Sdectiorfist oéaté us€tiede.

Click the ANOVA button to produce theanalysis of varianceor the selected model.
The ANOVA table is available in two viewsBy default it adds text providing brief
explanations and guidelinego the reported statistics. To turn this onj Vo off,
chooseView, Annotated ANOVA
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Display Options  Design Tools  Help  Tips
v Annotated ANOVA
Sl LS orm EE Fit Summary | f(x) Model % ANOVA Z Diagnostics DModel Graphsz!
Pop-Out View
’ | | | ‘ ‘ Bookmarks @ ‘-J =
1 v Toolbar mouse to right click on individual cells for definitions.
v Status Bar se 1 Conversion ke
ARONA
| | Show Backmarks WA for Response Surface Quadratic Model PYE—
T ——[rmerysis of variance table [Partial sum of squares - Type IHi] r—
izstion | Sum of Mean F p-value Equations
eal __|Source Squares df Square Value Prob>F Pop-Out Yiew
raphical __|Block 64.53 1 64.53
it Prediction __|Model 2561.82 ] 284,65 16.87 0.0001 significant
| A-Time 14.44 1 14.44 0.86 0.3790
__| B-Temperature 22296 1 222.96 13.21 0.0054
| C-Catalyst 525.64 1 525.64 31.15 0.0003
_| AB 3613 1 3613 2.14 01774
_ | AC 103513 1 103513 61.35 < 00001
_ | sc 12012 1 12012 7i2 00257
- A2 51.76 1 51.76 3.07 01138
- B2 119.19 1 11919 7.08 00261
_ | 397.61 1 397.61 23.57 0.0009
__|Residual 151.85 9 16.87
| Lack of Fit 46.60 5 9.32 0.35 0.8574 not significant
| Pure Error 105.25 4 26.31
__|Cor Total 2778.20 19

Statistics for selected model: ANOVable

The ANOVA in this case confirms the adequacy of the quadratic model (the Model
Prob>F is less than 0.05.)¥ou can also see probability values for each individual
term in the model. You may want to consider removing terms with probability
values greater than 0.10. Use process knowledge to guide your decisions.

Next, see that DesigiExpert presents various gatistics to augment the ANOVA
most notably various RSquared values Theseare very goodz near to 1

Std. Dev. 411 R-Squared 0.9440
Mean 78.30 Adj B-Sguared 0.83881
CV. % 525 Pred R-Squared 0.7891
PRESS 572.20 Adeq Precision 168.254

PostANOVA statistics

Scroll down (or use the Bookmark)to bring the following details on model
coefficientsto your screen. The mean effectshift for each block is listed here too.

Design9 E LJS NJi
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_ Coefficient Standard 95% CI 95% CI

= Factor Estimate df Error Low High VIF

__|Intercept &1.60 1 1.69 a7 85.43

__|pay1t .82 1

= Day 2 1.92

__|A-Time 1.03 1 1.1 -1.48 3.54 1.00

I B-Temperature 4,04 1 1.1 1.53 6.55 1.00

__|C-Catalyst 8.20 1 1.1 3.69 872 1.00

_AB 213 1 1.45 -1.16 5.41 1.00

__|AC 11.38 1 1.45 a.0% 14.88 1.00

= BC -3.87 1 1.45 -7.16 -0.58 1.00

_Az -1.50 1 1.08 -4.34 0.55 1.02

- B2 288 1 1.08 0.43 533 1.02
cz -3.23 1 1.08 -7.70 -2.81 1.02

Coefficients for thejuadratic model

Againscroll down to bring the next section to your screen: the predictive models in
terms of coded versus actual factors (shown sidby-side below). Block terms are
left out. These terms can be used to rereate the results of this experiment, but
they cannot be used for modeling future responses.

i i
| Final Equation in Terms of Coded Factors:
Final Equation in Terms of Actual Factors:
Conversion =
| Conversion =
+31.50

— +1028 77403

+1.03 *A
— -11.58383 *Time

+404 *B
— -18.70551 * Temperature

+5.20 *C
— +44 50242 * Catalyst

* *

— *213 TATE +0.085000 *Time * Temperature
| #1138 *A*C +4.55000 *Time * Catalyst
— -3.87 *B*C -1.55000 * Temperature * Catahyst
| -1.80 *AZ -0.075838 *Time?
| #2388 *B? +0.11508 *Temperature?
] -525 *C2 -21.01830 * Catalyst®

Final equation: codedversus actual

You cannot edit any ANOVA outputs. However, you can copy and paste the data to
your favorite Windows word processor or spreadsheet.

Diagnose the Statistical Properties of the Model

The diagnostic details provided by DesigiExpert can best begrasped byviewing
plots available viathe Diagnostics button. The most important diagnosticz
normal probability plot of the residuals z appearsby default.
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Internally Studentized Residuals

Normal probability plot of the esiduals

Data points should be approximately linear. A notlinear 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 ithis data.

Find the floating Diagnostics Tool palette on your screen First, notice that
residuals are studentized unless you uncheck the first box on the floating tool
palette (not advised). Studentized residualscounteract varying leverages due to
design pointlocations. For example, center points carry little weight in the fit and
thus exhibit low leverage. Each button on the palette represents a different
diagnostics graph. Check out thether graphs if you like. Explanations for most of
these graphs were covered iprior Tutorials. In this case, none of the graphs
indicates any cause for alarm.

Now click theInfluence optionfound on the Diagnostics Tool palette( AOAS8 O x EAC
youfindBil T 00 &£ O A@OAOT A1 U OOOAAT OEUAA OAOGE
other plots that may be helpful for finding problem points in the design. Also, from

here you canclick Report to bring up detailed caseby-casediagnostic statistics,

many which have already beershown graphically. (In previous versions of Design

Expert, this report appeared under ANOVA.)
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