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Part 1 — Categoric Treatment

Introduction — A Case Study on Battery Life

DesignExpert® software version10o f f e Mustileval Categori¢
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how this option handles one multilevel, categorical factor. In tlitwo-part tutorial
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you will learn how to set up a design for multiple categorical factors. Part 2 shows
you how to convert truly continuous factors, such as temperature, from categorical

to numerical. With this you can generate response surface graphsat provide a
better perspective of your system.

If you are in a hurry, skip the boxed bits—these are sidebars for those who want to

spend more time and explore things.

Th

e experiment

n this

c a s eDesigw and Ankalysis 0 me s
of Expeiments, seeks consistently long life in a battery that will be subjected to

extremes in ambient conditions. It evaluates three materials (factor A) at three

levels of temperature (factor B). Four batteries are tested at each of the nine two

factor combinations in a completely randomized design. The responses from the

resulting 36 runs are shown below.

Material Temperature (deg F)
Type 15 70 125

Al 130 155 34 40 20 70
74 180 80 75 82 58

A2 150 188 136 122 25 70
159 126 106 115 58 45

A3 138 110 174 120 96 104
168 160 150 139 82 60

General factorialdesign on battenfife (data in units ofhours)

The following questions must be answered:

» How does material type and temperature affect battery life?

* Do any materials provide uniformly long liferegardless of temperature?

The big payoff comes if the battery can be made more tolerant to temperature

variations in the field.

This case study provides a good example of applying statistical DOE for robust
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Design the Experiment

To build the design, choosé&ile, New Design as shown below(or to save strokes,
simply click the blank-sheet icon(/ ) on the toolbar).

Edit View Display Options Design Tools Help  Tips

MNew Design...

Open Design... Ctrl+0

Starting a new design via menu (option: clitkank-sheet icon/ ) onthe toolbar)

Then from the defaultFactorial tab, clickMultilevel Categoric. Choose2 as the
number of factors. If you are in Horizontal entry mode, change it t&/ertical.
(DesigrrExpert will remember this the next time you set up a design.)

=

Combined

Multilevel Categoric Design

Mixture Also known as "General Factorial”, this is a design for 1 to 12 factors where each factor may have a different number of levels.
Response Surface

Factorial

Categoric factors: (1t012) O Horizontal

Randomized (@) Vertical

Regular Two-Level

Min-Run Characierize A [Categoric]

Irregular Res v Name A

Min-Run Screen

Plackett-Burman Units

Taguchi OA Type .

Mutiilevel Categaric VP Mominal

Optimal (custom) Levels 2
Split-Plot

Regular Two-Level L Level 1 af A

Multilevel Categoric L[2] Level 2 of A

Optimal {custom})
Simple S8ample

Selecting number of factors fanultilevel-categoric generaifactorial design

Enter Material for factor name A (Categoric). Key in the wor@ype as yourUnits.
Enter the value3 for the number of levels Change the treatment names a1, A2
and A3. Notice that Type in the far left column defaults toNominal (named) as
opposed to ordinal (ordered). This difference in the nature of factors affects how
DesignExpert codes the categorical levels, which changes the model coefficients
reported under ANOVA irthe subsequent response analysis. Your design should
now appear as that shown below.

Categoric |2 - | (110 12}

A [Categoric] B [Categoric]
Name Material B
Units Type
Type Maminal Nominal
Levels 3 2
L[1] Al Level 1 0f B
LI2] A2 Level 2 of B
L[3] A3 |

Entering material as a nominal factor

W Explore details in Help onFactor Types Tutorials such as this one on general factorials will quickly get you up to
speed on bw to use DesigiExpert software, but it does not serve as a statistical primer for design and analysis o
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experiments. If you crave sudetails, Help is at your finggps! For example, go tdelp, Contents and work your
way downthe tree structure tbhugh thebranchegrom Factorial Designs>Additional Factorial Topics->Factor
Coding in Factorial Designs Note the details on the distinction in categoric contrasts (Nominal vs Ordinal).

@Help
© & B

Contents  Search Favorites

- i} X

Welcome
Q Hints_and_FAQs
@ Getting Started
() Factorial Designs
@ Randomized
@ SplitPlot
@ Simple Sample
() Additional Factorial Topics
Blocking
[7 Center Points
Standardized and Normal Effects
Factor and Block Generators
[7 Factorial Models
Replicates
@ Response Surface Designs
@ Mixture Designs
@ Combined Designs
@ Design Node
[ Analysis Node
Q Optimization Node
@ Post Analysis Node
@ Output
@ Support
Q Context Sensitive

Factor Coding in Factorial Designs

Design descriptions and analyses for designed experiments are best done with coded
factors. Coding reduces the range of each factor to a common scale, generally -1 to +1,
regardless of its relative magnitude. Scaling establishes factor levels that can be orthogonal
(or nearly so). Also, it may be easier to think in terms of changes from low to high for the
factors than to think about their actual values - especially when thinking about squared
terms and interactions. For example, one factor may vary from 100 to 200 while another
varies from 0.1 to 0.5. Typical coding has -1 as the lower level of a factor, +1 as the upper
level, and 0 as the middle level. The values used for coding are called contrasts. The default
contrasts generate coefficients that have simple interpretations.

After building the design, you can freely choose to display either coded or actual levels of
the factors at any time from the Display Options menu.

Examples:

1) Two-level Nominal and Ordinal Categoric Factors

[A]
Levell -1
Level2 1

For a two-level categorical factor the coefficient "[A]" is half the difference between the
averages at the high and low values. (This is the same as for a two-level numeric factor.)

2) Three-level Nominal Categoric Factor

A1l A2
Levell 1 0
Level2 0 1
Level3 -1 -1 v

Help onFactor Coding in Factorial Designs

Close Help by pressing on its window.

Now enter factor B data by keying infemperature for factor name B (Categoric),
deg F for units, 3 for the number of levels, andl5, 70 and 125 for the levels. Press
Nominal, click the arrow on the drop list, then ©i1coseOrdinal as shown below.
This change fromNominal to Ordinal indicates that although this factor is being
treated categorically (for example, due to controls offering only the three levels),

temperature is really a continuous factor.Click Continue a t

right.

t he

screen
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A [Categoric] | B [Categoric] |

Name Material Temperature
Units Type deg F

Type Mominal

W 3 Nominal

L[1] A I
L[2] AZ 70

L[3] A3 125

Entering information on factor B

Enter 4 for replicates. The number of runs (36) won’'t be
the Tab key or move from the cellLeave the blocks option alone because these
experiments are completelyrandomized.

Replicates 4 iAssign one block per replicatel

35 Runs Blocks: |1 -

Entering the number of eplicates

Click Continue to move on to the entry screen for responsed.eave the default
responses at 1. Enter name dsife and units ashours.

Now we will walk you through a calculation of powerthe ability of your

experiment to detect meaningful differences in treatments. If you do too few runs
andunderpower your experiment, an important cf
wi || become obscured by normal system/test
be a wage of time and materials. DesigiExpert makes the calculation of power

easy and puts it upfront in the desigrbuilding process so you have a chance to

bol ster your experiment, i f necessary. L et
by at least50 hours to be of any interest and that quality control records produce a

standard deviation 0of30. Enter these values as shown beloviab (or click) out of

30, and DesignrExpert then calculates the signal to noise ratio.

Responses: 1 + (1to999) | Edit model for power... |

Diff. to detect Est. Std. Dev. Delta/Sigma
Name Units Delta("Signal™) Sigma("Noize™) (Signal'Noize Ratio)

J Life hours 5p 3p IR

Respose atry screen

PressContinue to see the power of this design for the difference that the engineers
hope to detect, at a minimum. It is calculated to be 94.5 % probability of seeing a
difference (delta) as small as 50 hours. This exceeds the rdé&thumb for power

of 80 % at a minimum thus it can be concluded that the planned design will suffice.
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Poweer is reported at a 5.0% alpha level to detect the specified signalineize ratio.

Recommended power is at least 80%.

Life hours
Signal (delta) = 50.00 Noise (sigma) = 30.00 Signal/Noise (delta/sigma) = 1.67
A B
94.5 % 94.5 %

Power calculation

Click Continue to complete the design specification processDesignExpert now
displays the 36 runs (in random order) from thereplicated 3x3 factorial design.

Analyze the Results

To save time, simulate the experimental results bgight-clicking the response

header and selectingSimulate.

W Explore simulation tools A headsup for statistics educators: You can build your own simulations via the Desig
Tools. Feel free tbring up the controls for this and psddelp for details on using it.

Responze 1 -

Li[
haot Edit Info...

Insert Response

Delete Response
Simulate...

Fill With Random

Sort Ascending
Sort Descending

TIEN,

Choosing aimulation

Then chooselLoad an existing simulation and click Next>. Finally, d¢ick the file
namedBattery.simx and Open it. If this file does not appearchooseHelp,
Tutorials>Find Tutorials Online and you will be directed to a website to download

t hem. | f

y 0 ue-mait suppdrt@statease.¢onfdr help.dyou should

now see data from the experiment.This is agood time to preserve your work:
SelectFile and Save As. Change the file name tBattery.dxpx and Save.

Now go tothe Analysis branch of the program andclick the node labeledR1:Life.
This brings upoptions for applying response transformations.

Design-Expert 10 User’s Guide
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Dﬂﬂ'ﬂs for Battery.dxpx Transform Effects ANOVA Diagnostics lodel Graphs.
¥ Design (Actual)

[l confirmation
[£] cosfficients Table OLogt
() Arcsine Square Root

£ summary
-[£] Graph Coumns Transformation b
[&] evaluation @ one
[E] Analysis Example Residuals vs. Predicted Mo Transform (1 = 1)
() Square Root
i L[ risLite
L[LJ optimization (O Natural Log -
i L7 Numerical () Base 10 Log ) )
z Y3y
i LJ Graphical () Inverse Square Root H
L[ Postanaysis Onverse ]
[ Point Prediction B
() Pawrer H
H
H
g
i

Use with a typical response

Predicted

Response ranges from 20 to 188.
Ratio of max to min is 9.4

Aratio greater than 10 usually indicates a transformation is required. For ratios less than 3 the power transforms have ittle effect

Coding for Analysis: | Coded ~

First step in the analysig transformation options

Leave the transformation at t Haktheefault of
Effects button displayed nextin the toolbar for response analysis. Desigixpert
now provides an initial effect selection and diplays it graphically on a specialized

H H u 113
statistical -pbotmatalled a hal f
Transform Effects |[B] anoua | [=] oiagnostics [ ] wodei graphs |
Design-Expert® Software
Lite Half-Normal Plot
A Error estimates
A’ Material
B: Temperature 990 |
i =
Effects Tool 5] | B-Temperature|
-y
£ 550 ] .
3 - = Aateril
g 00 3 =
= o E S
E i
= E Y
5 80.0 5
g 70.0 =
z
= 50.0
T
30.0
200
10.0
0.0 =
I I I I I I I I
0.00 0.90 179 269 3.59 443 5.38 6.28
|Normal Effect|

Initial effect selection

W Explore details on how the hathormal plot is constructed for general factorial desigrnghe program displays the
absolute value of all effects fdted as squares) on the bottom axis. The procedure is detailed in a presentation by
Patrick Whitcomb orii Gr ap hi cal fSelcdct ii mn GefR08EFall Techknical Comferenaelce 0

sponsored by the American Society for Quality andAimerican Statiical Association) contact StaEase for a copy.

DesignExpert pre-selected two outstanding effects-the main effects of factors A
and B. You can, and in this case should, modify the default effect selectiblove
your mouse cursor overthe unlabeled square and click it (Note that this goes both
ways, that is, you can deselect chosen effects with a simple mouse click.)
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Interaction AB is now identified. Notice that DesigiExpert adjusts the line to

exclude the chosen effects. You will gain more practice on the use of rafmal

plots for picking effects in theTwo-Level Factorial Tutorial I't's best to
aheadin this case.

W Explore the Numeric (Effects)List: For statistical detads, press thé&lumeric bar on thefloating Effects Tool.

Order: |2FI v Auto Select...
Selection To...n
- Term | d1] Sumofsquares |_Mean Square |_F Vale |_Pron»F
Intercept
D bl ool ﬁ A-Material 2 10683.72 5341.86 781 0.0020
M  BTemperature 2 11572 1955036 2887  <0.0001
* M AB 4 9613.78 2403.44 356 0.0186
Clear Selection e Lack of Fit 0 0.000
e Pure Error 27 18230.75 B75.21
Recalculate Residuals 27 18230.75 675.21

Numeric Selection showing Effects

Notice the designation AMO for t he s ¢he puretreodinenmahise | t er m¢
statistical spreadsheet. You may be wondering why there are so many estimates of pure error. (If not, skip ahgad!)

Each subgroup of 4 replications provides 3 datgrrees of |
combinations (3x3) which yields 27 df (= 3*9) in total for estimating pure error

This screeralsoprovides many features for model selection, which will be covered in tutorials on response surfage
methods (RSM).

Clickthe ANOVA tab to see the analgis of variance for this chosen model. If you
do not see annotations in blue text as shown below, select View, Annotated ANOVA.

Design-Expert 10 User’s Guide General Multilevel-Categoric Factorial Tutorial e 7



yi\ Transform ‘lL Effects % AR, @Diagnosﬁcs EModelGraphS

P U=e your mouge to right click on individual cells for definitions.

Response 1 Life
ANOVA for selected factorial model

Analysis of variance table [Classical sum of squares - Type ll]

P Sum of Mean F p-value

P Source Squares df Square Value Prob>F

i |Model 5841622 ] 7427.03 11.00 < 0.0001 significant
A-Material 10683.72 2 5341.86 7.91 0.0020
B-Temperal 38118.72 2 19559.36 28.897 = 0.0001

i | AB 9613.78 4 2403.44 3.56 0.0186

. Pure Error 18230.75 el 67521

i |Cor Total TT646.97 35

;| The Medel F-value of 11.00 implies the model iz significant. There is only

a 0.01% chance that a "Model F-\falue™ this large could cccur due to noise.

L Values of "Prob = F" less than 0.0500 indicate model terms are significant.
- In thiz case A, B, AB are significant medel terms.
| Values greater than 0.1000 indicate the model terms are not significant.

If there are many insignificant model terms (not counting these reguired to support hierarchy),

model reduction may improve your model.

Annotated ANOVA Report

W Explore the other details provided under the ANOVA taBcroll down or press bookmarks on the flogtiool to see
postANOVA statistics such as48quared.As you can conclude for yourself by reading #mmotationsthe results look

good. Further down the report are details of the model based on nominal contrasts. We provide a breakdown oh this in

the Experi ment Design Made Easy workshop. To keep
mathematics of modeling categorical factors, so press ahead

Openthe Diagnostics tab and examine theresidual graphs. By default you see the
normal plot of residuals, which ideally fall moreor-less in line. The pattern here is
a bit askew butnot badly abnormal, so do not worry.

[ 7 Transform [[E etteats [ ] anova | L] piagnostics |[E] wodet Graphs |

Design-Expen® Software

Lie Normal Plot of Residuals

Color points by value of
Life:

188
- = 99 —|
20 Diagnastics Tool [ =
7 =

95 —
- -
Normal Piot 0
80 —
70 =
[ Resia. vs. Factor

20 =
%] Clear Points. 103 EID
[ rop-outview ] 5 &

=4 Resid. vs. Pred

Resid. vs. Run

| Pred. vs. Actual
[T Box-Cox

Normal % Probability
|

-4.00 -3.00 -2.00 -1.00 0.00 1.00 2.00 3.00

Externally Studentized Residuals

Normal plot of residuals looks OK
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W Explore all the other diagnostic plotsTake some time now to click your way down the floating tool and then over to
the Influence side for viewing every one of the diagnostics plots and the final report.

The tedious, but necessary, modsdiltting and statistical validation is now
completed, soyou are free and clear to finally assess the outcome of the experiment
and decide whether any materials provideuniformly long battery-life regardless of

temperature.

Present the Experimental Findings

Clickthe Model Graphs to view the long-awaited results. DesigrExpert

automatically presents the AB interaction plot-identified by the Term window on
the floating Factors Tool.

|y Transform [ 1] estects

[[&] anova

| L= Diagnostics

Design-Expert® Software
Factor Coding: Actual
Life (hours)

# Design Points

X1 = A Material
X2 = B: Temperature

| B115
A B270
+ B3125

Gauges Shest
Defaut ||Run#
’_—

ﬁ B Temperature
Term |AB i

| 2] Model Graphs:

Interaction

200 —

150 —

100 —

Life (hours)

50 —{

B: Temperature (deg F)

A: Material (Type)

Default model graply interaction plot with A on bottom (X1) axis

W Explore an oversimplified factor plot: Choose the OnEactor plot view via the View menu, or by simply pressing
the appropriate button on the floating Graphs Tool. Another way to bring upfaaaeplot (the main effect of A or B|
in this case) is by clicking the dowist arrow (' ) for the Term selectionn the Factors Tool. Try all these approaches
if you like, but expect to be warned about presenting main effects of factors that interact. This can be very mislg
In this case it will be a mistake to look at either material or temperature effents because erfactor depends on the

other. However, while you are at this, explore options onRfxetors Tool for B: Temperature. Press the three button
from left to right and notice how much the effects change due to the interaction. Thavgress

Factors Tool @ Factors Tool @
‘GaugsE Sheet ‘GEUQEE Shest

| I}efaurt”Run# v| | I}efaurt”Run# v|
|x1 A:Material |x1 A:Material
oo bzl ||| 30

| 125 v| |r’-‘\~rerage v|

Term | A hd

Term | A -

Viewing eachTemperatureand then its averag®r the effect plot of Material

rading.

D
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Notice how thdeast significant difference (LSD) bars contract after the averaging. But nevertheless, this is not h
becaise it obscures the interaction. On@raphs Tool press thenteraction plot to bring back the true picture.

Graphs Tool @

One Factor ]

|| Interaction ]

P
4 Contour |
#| Pred. vs. Actual |

. 3D Surface
l Pop-Out View

Graphs tooli interaction plot selected

Right- click the Temperature factor on the floatingFactors Tool and change it to
the X1 Axis, thus producing an interaction graph with the odinal factor displayed
in a continuous manner and the nominal factor (material) laid out discretely as
separate lines. This makes it easier to interpret your results.

Design-Expert® Software .
Factor Coding: Actual Factors Tool @ |nteract|0n
Life (hours)
# Design Points SavgelE sheetl | 200 — A: Material (Type)
Default | Run#
X1 =B: Temperature mm -
X2 = A: Material r - -
i K1 axis
m A1A1 Average N
& AZA2 Term | AB L 180 — el -
* A3A3 T
- ~ T
[ . -
=1 T Tl -
=} - ~ Tl
£ 100 — R e
< . .
2 -~ ‘
4 . -
- .
~
__________
50 —|
[
0]
I I I
15 70 125
B: Temperature (deg F)

Effect gaph with temperatureon bottom ais

W Explore how the software identifiepoints Click the highespoint (green) at the upper left tie graph.

Design-Exper® Software
Factor Coding: Actual Interac
Life (hours)

# Design Points

200 —| A: Material

Sid# 2 Run # 32

¥ = Life (hours) = 188
X1 =B Temperature = 15 -
X2 = A Material = A2

9

150 —| )
m A1 AT B
A AZA2

+ A3 A3

100 —| ~

Life (hours)

Point highlighted for ide;tification
Note howto the left of the plothe softwaredentifies the point by:
- Standard order number (2) and run number (randomized)
-Fact or X dtenjperdtuse offil5 with material A2
- Actual responsé Y @.88)
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The actual results are represented by varamlsred circles.If there are multiples, the program displays a humber; i
this case quite a few | ab enksaadseedetdils on eaChlandekerybrie efshéon. p 0i nt s

can also click on theon-circularsymbols (square, triangle or diamond) to display the predicted outgaimése
comparisons Try this!

To produce a cleaner looking plot, go t¥iew and deselectShow Legend. Now

let’ s do s o rup formaportepurppses Right-click over the graphand
selectGraph Preferences.

et Y
Graph preferences...

e

Right-click menu selection for graph preferences

Now click the All Graphs tab and turn off (uncheck) theShow design points on
graph option, as shown below.

Graph Preferences [—Zhj
-] Graphs General Graph Options
¥ fods L [CliShow design points on graph including:
Interaction Lines i I I :
ored lizsi Verificatio
XY Graphs gnor issing rification
All Graphs | Show unitz
Fonts and Colors | Show warnings on graph

/| Animate on drag

Display vertical axis label horizontally on 2D graphs

Turning off design points
PressOK.

W Explore copy/past to Microsoft Word (or the likeYhis is an optional sidetrack on this tutorial: To have your graph

look like that shown belovior reporting purposes, do the followingdit, Copy from DesignExpert, therPaste into
Microsoft Word

Design-Expert 10 User’s Guide General Multilevel-Categoric Factorial Tutorial e 11



Interaction
200 —| A: Material (Type)
A2
150 —
A3
ALRL
v
=}
o
< 100 —
Q
=
50 —
0—
I I I
15 70 125
B: Temperature (deg F)

Cleanlooking interaction graph

From this graph you can see that all three materials work very well at the low
temperature (15 degrees). Based on the overlapping LSD bars, it would be fair to
say that no material stands out at this low temperature end of the scale. However,
the Al mataial clearly falls off at the 70 degree temperature, which would be
encountered most often, so it must be rejected. None of the materials perform very
well at the highest temperature (125 degrees), but the upper end of the LSD bar for
A2 barely overlaps he bottom end of the LSD bar for A3. Thereforeijjth respect to
temperature sensitivity, material A3 may be the most robust material for making
batteries.

Finally, if you do have an opportunity to |
new and easyway to display general factorial effects with DesigiExpert: Click3D
Surface on the floatingGraphs Tool.

Now place your mouse cursor on the graphk notice that it changes to a handi().
While pressing the left mouse button spin the graph so the tempertre axis is at
the bottom. (Alternatively, to match our graph most precisely, select View, Show
Rotation and enter coordinates of h (horizontal) 20 and v (vertical) 80.)

12 e General Multilevel-Categoric Factorial Tutorial Design-Expert 10 User’s Guide
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Life (hours)

B: Temperature (deg F)

3D surface plot rotated slightly for a better view

The 3D view presents a diffeent perspective of the general factorial effects more
on a macro level of the overall experimental landscapéNow the inferiority of
material Al (red bars) becomes obvious: The other two materials tower over it at
the mid-temperature of 70 degrees F. I€arly the next step is to eliminate material
Al from contention and perhaps do some further investigations on A2 and A3.

PR
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General Factorial Tutorial
(Part 2 — Making Factors Numeric)

Continued — A Case Study on Battery Life

In the preceding,General FactorialTutorial —Part 1,you treated all factors

categorically. The main purpose of Part 2 of this tutorial is to illustrate some of the

functions built into Design-Expert that can be used to make effects graphs better fit

the type of data we’'re dealing with, in addi
interpret and understand. (We' ve already
experiment could have been handled by using the Response Surface tab in Design

Expert software and constructing a onefactor design on temperature, with the

addition of one categorical factor at three levels for the material type. Never fear,

we ' | | cover response surface methods |i ke
Response Surface Tutorials.But to demonstrate the flexibility of
DesignEx pert, | et’ s see h oomcayegouctcnamericafterk e t he

the-fact, even within the context of a general factorial design.

To get started,re-open the file namedBattery.dxpx saved earlier. If the file is
already open,then click the Design node.

Changing a Factor from Categoric to Numeric

Place your cursor on theB: Temperature factor column headingyright click, and

move your cursor toMake Numeric and thenContinuous Numeric. (The

“di ®c¢reotpti on could also work in this case.
that for conveniencesake must be set at specific levels. For example, imagine that

the testing chamber for the batteries has only three settings 15, 70 and 125.)

File Edit View Display Options Design Teols Help Tips
Ded
(20 Motes for Battery.dxpx T Factor 1 Factor 2 Response 1 | *
_El Design (Actual) % Std | Run | AcMaterial |B:Temperature Life.
] - Type deg Edit Info... |
|:| Summary 10
L‘ Graph Columms | 1 Al Make Numeric 4 Continuous Numeric
@ Evaluation I 2 Al Insert Factor 4 Discrete Numeric
-[E] Anatysis Ll = 3 AZ Ignore Factor
L Risife | B e A3 Delete Factor
Optimization 1 5 Al .
&Ed " cal = Sort Ascending
umerica 1B 6 A3 )
Ed a— = Sort Descending
S 30 T A3 e 1o

Options forediting a factor

The softwarepops up a warningnot to do this if the factor reallyis categorical. To
acknowledgeit and move on click theOK button below the message.

14 e General Multilevel-Categoric Factorial Tutorial Design-Expert 10 User’s Guide
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Re-Analyzing the Results

To re-analyzeyour data, click the analysis node labeletife. Then click theModel
tab. When you designated a factor being numeric, Desigexpert automatically
shifted to fitting a polynomial, such as those used for response surface method
model non-linear responseto temperature (factor B), doubleclick the ABZterm, or
via a right clickadd it to the Model as shown below.(Squared terms capture

curvature.)

il Edit View Display Options

e By

Design Tools  Help  Tips

G

I3 notes for Battery dxpx

[ Design (actualy
[ summary
[ Graph Columns.
[ Evalustion

[E Anatysis

L) ridife

[£] optimization
73 Humerical
[ Graphical

[# Post Analysis
[%1 Point Prediction

| ] Transtorm |l Frsummary | [f6d woger

Add Term
Frocess order: |Modified -

Selection: 7

M ntercept
M A-Material
[y

ANOVA

| [ Diagnosties

| B wodei Graphs

14 confirmation
[E] coefficients Table

B Model
ABY Exclude
Bt

Model selectioncreen

Click the ANOVA tab. You will get a warning about hierarchy.

G

Warning

The medel you have selected is not hierarchicall

Would you like the hierarchy corrected automaticaly?

Hierarchy warning

This warning arises because you chosetagher order term without support by
parent terms, in this case: AB and®B dick Yes and move on.

W Explore statistical reasons for maintaining model hierarchfford et ai | s,

C h e dnkh& Help System.

search out t

I
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The ANOVA report now displays irthe view (annotated or not) that you used last.
By comparing this output with the ANOVA done in Part Onebservethat the lines
for the model and residual come out the same, but the terms involving B differ. In
Part Onewe treated factor B (temperature) categorically although in an ordinal
manner. Now that this fctor is recognized explicitly as numericwhat wasthe

effect of B is nowbroken down to two model terms—B and B, and AB becomes AB

plus AB.
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H [¥*] Transform | Fit Summary | Model | ANOVA HE Diagnostics | [ Model Graphs

| Use your mouse to right click en individual cells for definitions.

_Response 1 Life
| Hierarchical terms added after manual regression

AB, B2

ANOVA for R

p Surface Red d Cubic model

_Analysis of variance table [Classical sum of squares - Type Il]

| Sum of Mean F p-value
| Source Squares df Square Value Prob=>F
__[Model 59416.22 8 T427.03 11.00 = 0.0001 significant
| A-Material 10683.72 2 5341.86 7.91 0.0020
| B-Temperaty 39042 67 1 39042 67 57.82 = 0.0001
_ | AB 2315.08 2 1157.54 1.71 0.1881
| B2 76.06 1 76.06 011 0.7358
| AB? 7298.69 2 3649.35 540 0.0106
__|Pure Error 18230.75 7 675.21
__|Cor Total T7545.97 35

ANOVA atput

The whole purpose of tlis exercise is to make a bettelooking effects graph. et ' s
see what this looks like by clickinghe Model Graphs tab. Go to thdloating
Factors Tool, right-click B (Temperature) and change it to theX1 Axis.

Diagnostics ‘ =] Model Graphs ‘

Factors Tool =]

omon® e Interaction
| 200 | A: Material (Type)

[ o J
X2 axis
Term | AB
180 —

100 —

Life (hours)

B: Temperature (deg F)

Viewing the nteraction with temperature on Xaxis

You now have a plotharacterizing the data fromPart One of this ongoing case
study, except that theabovelines are now continuous with temperature, whereas
in Part One they were displayed as dcrete (categorical) gments. Notice that the
curves by temperature (modeled by B) depend on the type of material (A). This
provides graphical verification of the significance of the ABerm in the model.

The dotted ines are the confidence bands, which in this case caus®re trouble

thant hey’ re worth for convegonighatghG@apuncert ai
Preferences to take these off. Firstight-click over the graphand selectGraph
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Preferences. Now click the XY Graphs tab andin the Polynomial Graphs
section click the None option as shown below.

Graph Preferences X
= Graphs Interaction Graph Options
X Axis
Y Asis Different line styles [ Auto adjust y scale
Interaction Line Polynomial Graphs Factorial Graphs
XY Graphs Use: (O)LSD bars Use (@) LSD bars
All Graphs (O)Bangs () Bangs
Fonts and Colol =
(@) None () Hone

[ shew end points Show end points

Bands Displayed

[#] confidence [ Prediction [ Tolerance

[Juse average LSD values for selected points

DFFITS/DFBETAS Limit Lines.
Show model dependent limts [ show +-2 limits

[ show 2D graph grid lines

Show reference point on trace/perturbation plots

Turning off confidence bands

PressOK. That <c¢l eans up the picture, but perh
back on for perspective. Agairright-click over the graphand selectGraph

Preferences. Now click theAll Graphs tab and turn on (check) theShow design

points on graph option. Your plot should now look like that copied out below.

(Note: if you don’'t have the Al, A2, and

graph by going to View>Showlegend).
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Presentation of battery life made of various materials versus temperatone
continuous scale
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The conclusions remain the same as before: Material A3 will maximize battery life
with minimum variation in ambient temperature. However, by treating
temperature numerically, predictions can be made at values between those tested.
Of course, these findings are subject to confirmation tests.

Postscript: Demo of “Pop out” View

Before exiting DesigrExpert, give this a try:Press thePop out View on the
floating Graphs Tool (or go to the View menu and seled?op out View).

| Perturbation
| One Factor
[ Interaction

. Pred. vs. Actual
[ Fop-Out View:

Graphs Tool @
|
|

Pop out View

This pushes the current graph out of
floats around on your screen. Now on theriginal Factors Tool right click on A
(Material) and return it to the X1 Axis. Then do an AKTab to bring back the clone
of the previous view back on your current window.
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For Help, press F1

Two ways of viewing the battery life results

You can present DesigiExpert outputs both ways for your audience:
e Curvesfor each material as a function of temperature on the X1 axis, or
o Two temperature lines connected to the three discrete materials as X1.

Another way to capture alternative graphs is to copy and paste them into a word
processor, spreadsheet, or presentatin program. Then you can add annotations
and explanations for reporting purposes.
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