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Two-Level Factorialutorial
(Part 1¢ The Basics)

Introduction

This tutorial demonstrates the use of DesigiExpert® software for two-level

factorial designs. These designs will help you screen many factors to discover the
OEOAT EAxh AT A DPAOEADPO EiT x OEAU ETI OAOAAODE
Factor tutorials that precede this (at least The Basics), please do sow because it

will be assumed that you already have some familiarity with the software.

4EA AAOA UT O xEIT TT1Tx AT AIT UUA AT iDeksgn £OT |
and Analysis of Experimentpublished by John Wiley and Sons, New York.wafer-

board manufacturer must immediately reducethe concentration of formaldehyde

used asa processing aid for a filtration operation. Otherwise they will be shut

down by regulatory officials. To systematically explore their options, process

engineers set up dull-factorial two-level design on the key factors, including
concentration atits current level and an acceptably low one.

Factor Units Low Level (i) High Level (+)
A. Temperature deg C 24 35
B. Pressure Psig 10 15
C. Concentration Percent 2 4
D. StirRate Rpm 15 30

Factors andevels for fullfactorial design eample

At each combination of thes@rocesssettings, the experimenters recorded the
filtration rate. The goal is to maximize the filtration rate and also try to find
conditions that allow a reduction in the concentration of formaldehydeFactor C.
This case study exercises many of the twievel design features offered by Design
%@DAOOS8 )y O OET O A CcAO UT O xAl1 AT x1

Design the Ex@riment

Start the program by finding and doubleclicking the DesigrExpert icon. Clickthe
blank-sheet icon/ on the left of the toolbar, or selectFile, New Design, or try our
new easystart option by clicking New Design as shown in red below.

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

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

1. New Desiagn
or

2. Open Design

Start-up pagez New Desigroption highlighted in red

Design9 E LJS NJi

y asSNna Two-Level Factorial Tutoriat Part 191



Yoy now see f~oyr ;abstq theJeft of your screen Sjcay yvitb the Facto__rial cpqicg, A
xEEAE Al 1 AO Ob AU AAZEAOI 08 29 kv@ dacioriah A

(@}
(@)

Combined

2-Level Factorial Design

Design for 2 to 21 factors where each factori
higher, Yellow = Res IV, and Red = Res Il

Mixture
Response Surface

Factorial

2-| evel Factorial [l

Min Run Res V
Min Run Res IV
Irregular Fraction
General Factorial
Optimal
Plackett-Burman
Taguchi OA

Runs

Two-level factorial design builder

This design builder offers full and fractional twclevel factorials for 2 to 21 factors

in powers of two (4, 8, 1@) for up to 512 runs. The choiceappearin color on

your screen. White squares symbolizefull factorials requiring 2k runs for k (the
number of factors) from 2 to 9. The other choices are colored like a stoplight: green
for go, yellow for proceed with caution and red for stop, which represent varying
degrees of resolution:OV, IV, and lll, respectively. For a quick overvieof these
color codes, press thescreen tips® button (or selectTips, Screen Tips) and click
topic 1: QVhat type of information do you want?0

2 4 [ DXBHelp = | ||
2-Level Fact & o
Show Print  Options

Design for 2 to 21 fack
higher, Yellow = Res |

2-L evel Factorial Build Screen

Choosing the correct design for a project is the most
important step in the process. Here are some basic
pointers, but please also explore the Help System for mare
information.

Click on a topic to display the information.

1. What type of information do you want?

The Res V and higher designs (green or white) will estimate
a minimum of all main effects and two-factor interactions
(2FT's). Res IV {yellow) designs will estimate main effects,
but 2FI's will be confounded together. Res Ill {red) designs
will not cleanly estimate any terms. All of these designs
estimate only factorial models. If you want to estimate
curvature, you need to use a response surface design.

Runs

2. How many runs can you afford?
3. Replication
4. Blocks

5. Center Points

Screen tips for factorial design builder

Close the Screen Helpy pressingX at the upper right of the popup window. You

now seethat the notation shavn on thenon-x E E OA A Tr@dkhére ;E o O C
designates thefraction of the desigr8 &1 O A @ik @nbidily of B ZOA S O
design

i 5 factors will be tested each tatwo levels
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1 A 21or one-half (1/2) fraction, with the optimal resolution, will b e selected
from the original 25 (32) combinations, thus this option appears in the 16
run row (one-half of 32).

For complete details on fractional factorials, and the conceff resolution, refer to
the Montgomery textbookor see Chapter 5 irDOE Simplified2d Edition (Anderson,
Whitcomb, Productivity Press NY,NY,2007). To gain a working knowledge of twe
level desigrs, attendour StatEase computerintensive workshop titled Experiment
Design Made Easy

, AG6O CAO 11 xE6&filfdotarll desidrd BlickhéwhiteAdudke
labeled 2* in column 4 (number of factors) in the Runs row labeled 16. It turns
black once it is selected, as shown below.

6-2 73 84
27 27 25

:

Runs

Selecthg a full, two-level design ondur factors which produces 16uns

At the bottom of thescreenyou see options to select the number of replicates of the
design, the number of blocksand the number of center points.Leave them at their
defaults.

Click theContinue button. You are now able to set up your experiment by

entering the names, units of measurgand levels for your factors.Use the arrow
keys, tab keyor mouse to move from one space to the next. The Tab (or Shift Tab)
key moves the cusor forward (or backward) between entry fields.

Factors can be of two distinct typeg O. O1 AOEAS6 160 O# A GOEIAO BAA O,
characterizesa continuous scale such as temperature or pressure. Categoric data,

such as catalyst type or automobile model, aars in distinct levels. DesigrExpert

permits charactersj £/ O AGAI Bl Ah x1 OArtheevdelBof O, 1 xo6 T
categorical factors. You change the type of factor by clicking on cells in the Type

AT10I 1T AT A AET T OET ¢ O# A @A @ byQyidgd» 6EQITTO GE Ao
for numeric). Give this a tryz back and forth!, AAOA OEA AAZAOI O AO
factors in this case.Then enter for each factor (A, B, C and D) tiName, Units,

Low and High levels shown on the screen shot below.
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@ Horizontal
Factors
Vertical
Name Unitz Type Low High
A [Numeric] |Temperature |deg C Numeric 24 a5
B [Mumeric] |prezsure psig Mumeric 10 15
C [Numeric] |concentration percent Mumeric 2 4
D [Numeric] | stir Rate rpm 1E- 30
Numeric

Factorsz after entering name, unitsand levels(plusapeee AO T BDPOETI T O £ O O

Now click Continue to bring up the Responses dialog boXWith the list arrow you
can enter up to ®9 responses (more than that can be added later if you like). In
this case we only need to enter a single response name (Filtration Rate) and units
(gallons/hour) as shown below.

Responses: 1 -

‘ Mame Unitz
JFirtratiun Rate |gallons/hr]

Response values entered

At this stageyou can skip the remainder of the fieldsg used for calculating the
power of your designz and continue on. However, its good to gain an assessment
of the power of your planned design of experiment. In this cas@manufacturing
managementdoes not care if averages differ by less tinal0 gallons per hourand
engineeringrecords provide the sandard deviation of5. Enter these values as
shown below so DesigrExpert can computea signal to noise ratioof 2.

Optional Power Wizard: For each response, you may enter the minimum change the de=ign should detect as
statistically significant and alzo the estimated standard deviation of each response (generally obtained from
historical data). The ratio will then be calculated in the Defta/Sigma field. Press Continue to see the calculated
power for each response. A probabilty of 80% or higher is recommended. If power is low, consider adding runs
by choosing a larger design or replication, or reconcile vourself to not detecting a signal this small.

Leave Sigma and Delta fields blank to skip power calculation.

Responges: 1 w [1to599) | Edit model for power... |

Diff. to detect
Dela™Signal™)

Est. Std. Dev.
Sigma("Noise™)

Delta/Sigma
(SignalMoize Ratio}

‘ Name ‘ Units

JFirtrﬂtiun Rate |gallons/hr 10 5 =

Optional power wizardz necessary inputs entered

PressContinue to view the positive outcome z power that exceeds 80 percent
probability of seeing the desired difference.
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Poweer is reported at a 5.0% alpha level to detect the specified signalnoise ratio.

Recemmended power is at least 80%.

| Filtration Ratigallons/hr

] Signal (delta) = 10.00 Noise (sigma) = 5.00 SignaliNoise (delta/sigma) = 2.00
| A B C o
85.3 % 85.3 % 85.3 % 85.3 %

Results of power calculation

Click Continue to accept these inputs and generate the design layout window.

91T O60A 11 x AT i Bl AOA kthddedgn. Afticeh&xthBEdnOd 1 £ $
three main features offered by DesigfExpert software, the others being Analysis

and Optimization. 9 T O &l€0 Arovidedan area to write notesfor yourself and

others accessing the designsClick theNotes nodeO1T OAEA A 11T E A0 x
there by default. Add your own comments if you like.

5 Notes for MyDesign.dxp
- 271 Design (Actual)

_'| Summary

L‘l Graph Columns

ﬂ Evaluation
- E| Analysis

_L'| R1:Fittration Rate (Empty)
E Optimization

ﬂ Mumerical

i\a Graphical

.. %] Point Prediction

Design comments. ..

This data file created by Design-Expert 8

Notes on data file
971 O60A POO ET OI T A xiI OE AO OE®Oquiekesel O OI
way of doing thisis to press the standard save icos . But you can also go to the

File menu and selecGave As. Type in the name of your choicésuch as
Factorial.dxp) for your data file. Then clickSave.

BN Save As &J
Save in: Data - @ z Ml
< Mame ’ Date modified Type Size
ke o This folder is empty.
Recent Places
Desktop
i
Wl
Mark Anderson
Computer
|
- 4 LU L3
MNetwork
File name Filtrate dap -
Save as type: lDesngn File {".dxp}) v] l Cancel ]

Saving the design

Design9 ELISNI y | aSNDna DdzA RS Two-Level Factorial Tutoriat Part 115



Enter the Response Data

Exit the notes page by clicking th®esign node. (Noticethe node appears as
Design (Actual) z meaningyour factors are displayed in actual levels, as opposed
to coded form). At this stage you normally would print the run sheet, perform the
experiments, and record the responses. The software automatically listhe runs

in randomized order, protecting against any lurking factors such as time,
temperature, humidity, or the like. To avoid the tedium of typing numbers, yet
preserve a reallife flavor for this exercise, simulate the datay right-clicking the
Response column headerto bring up a new menu. (Notice that one of the options
ZInsert Response z allows you to insert more responsesas mentioned eatrlier.)
SelectSimulate Response.

Response 1
AL Edit Info...
gallo
Insert Response »
Delete Response

Fill With Random
Simulate Response

Equaticn Only

Sort by This Response

Simulating the response
91 6 xEI 1T 11 x OAADodbletligkGiliraté.sin (O PrEss OperyEE1 A O 8
Thefiltration process simulation now generates the response dataRight clickthe

Std column header (on the gray square labeled Std) and selegort by Standard
Order as shown below. Note that the Column Headerfor Factor 3 is truncated

[ Notes for Fittrate.dxp e | Factor 1 | Factor 2 | Factor 3 Factor 4 Response 1

E| Design (Actual) 2 Sort by Standard Order [.:g:ceen;;at D:Stri; ik F";:T:nlr =
—-I EOET) ]l Hide Standard Order

L‘] Graph Columns — o . . : 4.00 15.00 80

.. © Evaluation | 14| 2 35.00 10.00 4.00 30.00 86

.. E| Analysis | 15 3 24.00 15.00 400 30.00 70

t.]] RiFitratonRate | | 18 4 35.00 15.00 4.00 30.00 95

E Optimization | 3 5 24.00 15.00 2.00 15.00 43

ﬂ Numerical | s 8 24.00 10.00 2.00 30.00 43

zﬁ Siaghical | w0 7 35.00 10.00 2.00 30.00 100

R e 1 e 24.00 10.00 2.00 15.00 s

| 8 9 35.00 15.00 400 15.00 5

] 2 35.00 10.00 2.00 15.00 71

I K 2400 15.00 2.00 30.00 45

7| 2 2400 15.00 400 15.00 a0

| 4 13 35.00 15.00 2.00 15.00 85

| 12| 14 35.00 15.00 2.00 30.00 104

| 3] 15 24.00 10.00 4.00 30.00 75

| 5| 1. 2400 10.00 400 15.00 88

Designlayout instandard orderz response dta entered (via simulation)
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(ie.# 1 T A AT pgeroeAtd 8o automatically re-size the column, nove the cursor to
the right border of the column header until it tuns into a double-headed arrow
(<=>). Double-click and the column will be resized to fit the Column Header.

Your data will now match the tutorial except for adifferent random run ordet
(When doing your own experiments, always do them in random order. Otherwise,
lurking factors that change with time will bias your results.)

I x OEAO Ui O80A Cci &6 OAODPIT OAO OAAT OAAANR
updated file by clicking the Savécon< .
The response data amein under a general format. You will get cleaner outputs if

you change this to a fixed fomat. Placeyour mouse over theResponse column
heading (top of the response columnyight click and selectEdit Info...

Response 1

Fittration F— -
gallons! Edit Info...

Insert Response b

Delete Response

Selecting Edit Info option
Clickthe Format arrow and choose0.0 from the drop list. Press OK.

Response &J

Mame: Filtration Rate

Unitz:  gallons/hr

Format. | [Elee]

General
Std dev: |0

Advanced 0.00

0.000
@ Analyz b hooo

Analyz 0.00E+00
0.0000E+00 =

Changing the format

Usingthe same Edit Info feature, gu canalsochangeET D O 0 fatkdt,@dme 6
or levels. Try this by right clicking any other column headings. Then continue with
this tutorial.

DesignExpert provides two methods of displaying the levels of the factors in a
design:

1 Actual levels of the factors.
1 Coded as1 for low levels and +1 for high levels.

The default design layout is actual factor levels in run order. Tdew the design in
coded values, cliclDisplay Options onthe menu bar and selecProcess Factors
- Coded. Your screen should now look like the one shown below.

Design9 E LJS NJi
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File Edit View | Display Options | Design Tocls Help Tips
= Process Factors » Actual
=
{23 Notes for Fitrate Mixture Components b | v  Coded I-'actur4

E—I Design (Cod ./  Fecponees in Original Seale Zure C:Cunc&nt;ﬂt.. D:Stir Rate
i s percen rpm

~ %] Summary Responses in Transformed Scale

-] Graph Cola : }.000 1.000 -1.000

o Evaluation | e 2 1.000 -1.000 1.000 1.000

Design layout coded factor évels(your run order may diffe}

Notice that the Design node nowA EOPiT AUO OAT AAZDesighi DPAOAT OEA
(Coded). This can be helpful to see at a glance whether anyone changed any factor

levels from their design points.

Now convert the factors back to their original values by clicking oisplay
Options from the menubar and selectingProcess Factors - Actual.

Pre-Analysis of Effects viBata Sortsand Simple Scatter Plots

DesignExpert provides various ways for you taget an overall sense of/our data
before moving on to an indepth analysis. For exampleyia the sane right-click
menu used to Edit Infoyou can sort by any column.

To see this, neve your mouse to the top of columrractor 1 (A: Temperature)and
right-click. Then selecBort by This Factor.

Factor 1 Factor 2 Factor 3 F:
I Temperature B:Preszure |C:Concentrat.] xS
%8E  EditInfo.. L
3 Make Categoric L |
& Insert Factor (3 |
2 Delete Factor
3
N Sort by This Factor

Sorting thedesign on adctor

You will now see more clearly the impact of temperature on the response. Better
yet, you can make a plot of the response versus factor A by selectihg Graph
Columns nodethat branchesfrom the A A O E C 1 at ti@@ppér @ of your screen.
You shouldnow see a scatter plot with factor A:Temperature othe X-axisand the
response offiltration Rate on the Yaxis.

Observethat temperature makes a big impact on the response. Notice the high
correlation reported on the legend.
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D Notes for Fitrate.dxp
L. 77] Design (Actual)
E ] Summary
Graph Columns
2] Evaluation
i E]| Analysis
| L RiFitration Rate
ég Optimization

ﬂ Numerical

ﬁ Graphical

L. %] point Prediction

Design-Expert® Software

Correlation: 0.571

Color points by
Run
16

Graph Columns

=]

X axis:
¥ axis:

Color By Run

A Temperature

Fitration Rate

Clear Points

Pop-Out View

-

Legend for default grapltolumns on filtration data

The points are colored by run number. Just for fun, mouse over to tleFaph
Columns floating menu, click theColor By drop-down list and select
C:Concentration as shown below.

110 —]

100 —

90 —

80 —

70 —

Filtration Rate

60 —

50 —

40 —|

X axis: _\'Temuaralure -
Color By :
Standard Order
‘Run
Block
[ Poemo
Foint Type
ATemperature

B:Fressure

C.Concentratior

D:5tir Rate
Fitration Rate
None -

2|

26.20

28.40 30.60

A:Temperature

32.80 35.00

Graph columns for temperature versus filtratiorate, colored by concentration

Do you see how two colors stratify at each level of temperatugbut oppositely 7
red at the top for the rates plotted athe left (temperature 24) versus bluecoming
out higher for filtration rate at the right? Considerwhat this may indicate about
how concentration interacts with temperature to produce an effect on filtration
(i xAOAOR
thorough analyses using much more sophisticated graphical anstatistical tools.

OAOAsS

You may wonder why £ A

I AOG othid id 0Bly agplelBnindnEtdniode |

T 0i AARO O¢d

£ 1 C

ADPPAAOO AAOGEAAO A

This notation indicates the presence of multiple points at the same location. Click
on one of these points more than once to identify the individual runsComing up

Design9 E LJS NJi
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soonyou will use powerful analysis features in DesigfExpert software tofind out
xEAOG O OA An thisivaf€ibdaid grodlction process

Analyze the Results

To begin analyzing the design, click thEiltration Rate response node on the lgf
side of your screen. This brings up the analytical tool bar across the top of the

screen. To do the statistical analysisimply click the buttons progressively from
left to right.

The Transform button is initially highlighted , as shown below It disgays a list of

mathematical functions that you may apply to your responsef-or details press the
Tips button.

[:l Notes for Filtrate.dxp

Y e — ) .
: Transfarm Effects AN +, Diagnostics | [, Maodel Graphs
i. 221 Design (Actual) y |L F+ ls2s Limg |_ 13
] Summary To analyze this response, click on the above icons in succession.
|7 Graph Columns
H * Trans formation Equation
i. %] Evaluation
H] Analysis Square Root None (lambda=1.0)
R1:Filtration Rate Natural Log
i L
i AJ Optimization Base 10 Log Yy =y
g Inverse Sqrt
ﬂ Numerical INverse
.73 Graphical Power =
R Logit
i.. ¥| Point Prediction ArgSin Sqrt ;
w
Predicted Valus
Use with a typical response.

Coding for Analysis: | Coded -

Rezponze ranges from 43 to 104,
Ratio of max to min is 2.4186

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

Transformation options

Nearthe bottom of your Transform screen, DesigrExpent notes that the response

rangeis 2.4foldj O2 AOET 1 £0O A®B 1Qly ¢io Eitalls beoti Bed 1 O AAO
ratiol £ o 8 pokedBansorms have little effectd Therefore,you can leave

the transformation at its default: None.

Choosing Effects to Model

Click theEffects button. The program displays the absolute value of all effects
(plotted as squares) on a hathormal probability plot. (Color-coding provides
details whether the effects are positive or negative.)
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Y Transtorm | e

£ ova

Design-Expert® Software
Filtration Rate

Shapiro-Wilk test
W-value =0.915
p-value = 0.163
A Temperature
B: Pressure

C: Concentration
D: Stir Rate

=
= Negative Effects

Half-Normal Plot

Select significant terms - see Tips

Half-Normal % Probability
|

0.00 360 721 10.81 14.42 18.02 2163

|Standardized Effect|

Half-normal plot of dfectsz nothing %lected

Note the message oryour O A O ASklead sigificant termsg see Tips3 & 91 O 1 OO«
choose which effects to include in the model. If you proceedthout doing so at

this point, you will get awarning messagestating Orou have not selected any

factors for the modeB 0 4EA DOT COA procee, IbitwitiAdnly thex UT O &

mean as the model (no effects), or you can opt to be sent back to Eféects view
(a much better choice!).

You can select effects by simplglicking on the square points. Start with the largest
effect at the right sideof the plot, as shown below

Half-Normal Plot

oA

| % Probability

I
]

First effect chosen

Keepselecting individual effectsfrom right to left until the line matches up with the
majority of the effects near zero. Notice that DesigBxpert adjusts the line to
exclude chosen effectsAt the point where you should stopthis line umps up,8
leaving a noticeable gapas shown below In this case the gapappearsbetween the
main effect of factor C and the neazero effects that fall on the line.

Design9 E LJS NJi
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@
3

@
&

= —
e =
8 90 E = AC
[s] 3
o 80 é = AD
2 3 Bp
— 70 @l
£ o™ y
o
2 50 ET
Wt
© w g
T n &
10 m
0 &

0.00 360 [l 1081 1442 18.02 2163

|Standardized Effect|

Half-normal probability plot - all big &fectsselected

Until you get familiar with the half-normal plot, it is best that you continue picking

effects ;e at a time from the largest (rightmost) on down. However, after doing

this many times, you will get tired of all this mouseclicking. Instead you may want

01 Qaphgdd OEA 1T AOGET 001 U OECT EEZEAAT O AEEAADOS
first go to the floating Effects Tool and pressClear Selection as shown below.

Half-Normal Plot

sesToo  [5]|NO terms are selected.
I Half-Mormal

Mormal Plot
Pareto Chart
Etfects List

w
@

1
1[EF=

w
&

Clear Selection

Recalculate

w
2

@
=1

HHHH'IHIHHI‘H 11 ‘ L1
E]

-
=

=

Clearing the selection of effects

Now, as shown in the screenshot below, doraouse drag(depress left button and
pull down) to form a box around the effects that stand off at the righfrom the
trivial many that are lined up near zero.This islike a cowboyroping stray cows.
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Half-Normal Plot

-/ oa
1 1
| Bac |
| O AD |
. =0 1
L___Q _______________ _

Roping theeffects

Notice thatwhen you release the mouse button Desigaxpert labels theroped
effects.

Now is a good time to click the handy screetips @ button. Then click the topic
Select Terms for a re-cap of the process for choosing effects just demonstrated in

this tutorial.

[ DX8 Help = | E i
i
Show Print ~ Options

Half-Normal Plot of Effects (click on the topics to see an explanation)

(Note: Video Clips require a Flash Player. If you don't have one, it can be downloaded from
Macromedia’s Flash Player Download Center)

This view is the primary selection tool for 2-level factarial designs.

! Select terms to go into the ANOVA model by clicking on the orange squares
that are farthest fo the nght and working from nght fo left. The squares should spiif info two
groups - those on the left (they should fall on a relatively straight line onginating from zero)

are pooled info the error group. Those on the nght (they should “fall off” the line) will be
included in the model when they are selected (biue).

You can also select terms by drawing a box around all the squares you want fo include!
Show Select Terms Video Clip

o Aliases: Show Select Aliases Video Clip

Screen Tips for halhormal plot of effects

Now try the Show Select Terms Video Clip for amovie that illustrates how to

OAl AARO AEEAADOS I FOAO OEAxET ¢ OEEO OAAIlI
and tips, X out of this window.

It may help you visualize the magnitude of the chosen effects by displaying theon

an ordered barchart. Do this via the floatingeffects Tool, Pareto Chart. Notice

the vertical axis shows the ivalue of the absolute effects. This dimensionless

statistic scales the effects in terms of standard deviations. In this caseniakesno

difference to the appearance of the chart, but when you encounter lubted factor

levels, missing dataand the like, the tvalue scale provides a more accurate

Design9 ELISNI y | aSNDna DdzA RS Two-Level Factorial Tutoriat Part 1913



measure of relative effects.Click the next biggest baand notice it is identified as
ABD as shown below(lower right) .

A

Effects Tool

@ |
|:| Half-kormal M

Mormal Plat

Pareto Chart
[ EffectsList | [T

ABD
Clear Selection WL L [ ﬂ D I D D . D [ |
I Recalculate ‘ I I I I I I I I I I I I I

1 2 3 4 5 6 T 8 9 10 " 12 13 14 15

Bonferroni Limit 3.95422

t-Value Limit 2 26216

Pareto chart of effectsvith ABD picked (a mistake!)

Notice thatthe ABD bar falls below the bottom limit, soclick off the ABD bar.
Now, to see quantitative detail on the chosen model effects and those remaining for
estimation of error, on thefloating Effects Tool click Effects List.

Selection: Order:
| Term | Stdized Effects |Sum of Square5|% Contribution | Effects Tool @
=] Intercept
¥ A-Temperature 21.63 1870.56 3264
&  B-Pressure 313 39.06 0es ||| [ teithonmal |
[l c-Concentration 9.38 39008 8.81 Mormal Plot
[ D-Stir Rate 14.63 855.56 1483 Q Pareto Chart
e AB 0.12 0063  1.091E-003 Dm
gl AC -18.13 1314.06 2293
gl AD 16.63 1105.56 18.28
e BC 237 2256 0.39
e BD -0.38 0.56  9.315E-003
e ch -1.13 5.06 0.088
e ABLC 1.88 14.06 0.25
e ABD 413 63.06 1.1%
e ACD -1.62 10.56 0.18
e BCD -262 2755 0.43
e ABCD 1.37 7.58 0.13
Lenth's ME 6.75
Lenth's SME 13.70
Effects list

) £ U1 O Q@rAodel dedignated for ABD, doubleAl EAE E O(erA)AE Ol

For detailsregarding this screen, investigate Tips. However, it may be best to move

on fairly quickly so you can finish this tutorial before being overwhelmed with too
much information (TMI). You can always return to screens later (perhaps after a
suitable period of rest) ard study the detailsfound in Tips andour program Help.

ANOVA and Statistical Analysis

It is now time to look at the statistics in detail with the analysis of variance
(ANOVA) table. Click thANOVA button to see the selected effects and their
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coefficients. By default, DesigrExpert provides annotatiorsin blue text. This can

be toggled off viathe View menu. Note that if turned off, it will not tell you if your

model is significant.
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2 to right click on individual cells for definttions.
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considers values 0f50.05 to be significant. Viddit, Preferences, Matfhthe
significance threshold can be changed to 0.1 or 0.01, depending on how much risk

you wish to accept.Also inspect the pvalues for the model terms A, C, D, Aghd

AD: All pass the 0.05 test with room to spare.

ANOVA for selected factorial model

Analysis of variance table [Partial sum of squares - Type lll]

Sum of Mean F p-value
Source Squares df Square Value Prob>F
Model 5535.81 5 110716 5574 = 0.0001 significant
A-Temperature 1870.56 1 1870.56 95.86 = 0.0001
C-Concentration 390.06 1 390.06 19.99 00012
D-Stir Rate 855.56 1 855.56 43.85 = 0.0001
AC 1314.06 1 1314.06 67.34 = 0.0001
AD 1105.56 1 1105.56 S6.66 = 0.0001
ANOVA eport

Pop-up definitions for numbers on the ANOVA table can be obtained bight

clicking and choosingHelp. Try this for the Mean Sqare Residual statistic as

shown below.

Accessing contex$ensitive Help
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