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Section 2 — One Factor Tutorial

Introduction

In this tutorial you will build a one factor design using Design-Expert” software. This
type of design can be very useful for simple comparisons such as who’s the best
supplier, or which type of raw material works best. The data for this example comes
from the Stat-Ease bowling league. Three bowlers must compete for the last position on
the team. They each bowl six games (see data below).

Game Pat Mark Shari

1 160 165 166

2 150 180 158

3 140 170 145

4 167 185 161

5 157 195 151

6 148 175 156
Mean 153.7 178.3 156.2

Bowling Scores

The captain knows better than just to simply pick the bowler with the highest score.
Maybe it’s a fluke that Mark scored highest and Pat’s score is low. He wants to know if
the scores are significantly different, given the variability in individual scores.

This one factor case study provides a good introduction to the power of simple
comparative design of experiments (DOE). It will exercise a number of handy features
provided by Design-Expert software. We won’t explain all features displayed — some
will be covered in follow-up tutorials. Many other features and outputs will be covered
only in the help system, which can be accessed by clicking on Help on the main menu,
or in most places via a right click or by pressing the F1 key (context sensitive).

Design the Experiment

We will assume that you are familiar with the graphical user interface on your computer
and the use of a mouse. Start the program by finding and double clicking on the icon for
Design-Expert. You will then see the main menu and icon bar.

Design-Expert 6 User’s Guide One Factor Tutorial ¢ 2-1



File Edit “iew Dizplay Options

Deszign Tools

Help
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Main Menu and Tool Bar

Click on File in the main menu. (Unavailable items are shown in a secondary color.)
(If you prefer using the keyboard, press the Alt key and underlined letter, in this case Alt

F, simultaneously.)

File Edit “iew Dizplay Options  Design Tools
Mew Dezign...
Open Degign... Ctrl+0
[Elmze [MesiEm.. [Er{#Fo
Save Chl+5
Save s,
File Menu

Select the New Design item with your mouse. (The blank-sheet icon 00 on the left of
the toolbar is a quicker route to this screen. If you’d like to check this out, press Cancel
to re-activate the tool bar.) You should now see four tabs on the left of your screen. The
Factorial tab comes up by default. Select General Factorial for this design because
the factor is categorical. (If your factor is numerical, such as time or temperature, then
you would use the One Factor option under the Response Surface tab.) Leave the
number of factors at its default level of 1 and then click on Continue.

| cossed

Mixture
Response Surface

Factarial

2 Level Factarial
Irregular Fraction

General Factarial
C-Optimal
Flackett Burman
Taguchi OA
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General Factorial Design

Design for 1 to 12 factors where each factor may have &
Surface Design.

Categorical Factars: |1 vl [1t012)

General Factorial Design

Enter the Design Parameters

Type Bowler as the name of the factor. Tab to the Units field and enter Person.
Then Tab to the Levels field and enter 3. Click on the Treatments field and enter

Pat, Mark, and Shari.
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Factor Marme: IEIDWIer
Factor Units: IPersnn
Factor Levels: |3 (210200

Treatments |

Pat

hark
Shati|

General Factorial Design Builder Dialog Box - Completed

Press Continue to specify the remaining design options. In the Replicates field,
which becomes active by default, type 6 (each bowler bowls six games). Tab to the
Blocks field but leave it blank. Design-Expert now recalculates the number of
experiments (runs): 18.

Replicates |5| [T Azsign one block per replicate

18 Experiments

Design Options Entered

Press Continue. Leave the number of Responses at the default of 1. Then click on
the Name box and enter Score. Tab to the Units field and enter Pins.

Responses: |1 vl

| Marme | Units

JScnre ‘F‘ins

Response Name Dialog Box - Completed

Click on Continue to accept the response name. Design-Expert creates the design and
takes you to the design layout window.

Save the Design

When you complete the design setup, save it to a file by selecting File, Save As.
Type in the name of your choice (such as Bowling.dx6) for your data file.
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Savejn:laData j ﬁl

Purity. d=6
Rsm.dx6
Rsm-a.d«6

T aguchi-L16.d«6

butor-3.d=E

File name: |anling.dHE Save I
Save as type: IDesign File[*.dxE) j Cancel |

Save As Dialog Box

&

Then click on Save. Now you’re protected in case of a system crash.

Create a Data Entry Form

Go to the View menu and select Data Entry Sheet from the menu to get a recipe sheet
of your experiments. It provides space to record the responses.

File "Edit TView ™ Diisplap Optioris — Diesign Tools ™ Help ™ DEBUG
O | D’*“ v Hun Order

P — Std Order

[ Moo f | =~

Diata Ertry Sheet Run #1 Run #2 Run #3

Colurnn Infa Sheet Block Block 1 Block 1 Block 1

Graph Columnz .
Biowler Shari Person Pat Person Mark Person

Scorel:lpins l:lpins l:lpins

Show Graph Legend

v Toolbar
v Status Bar

e Run #4 Run #5 Run #6
Data Entry Sheet View (Your Run Order May Differ)

It’s not necessary for this tutorial, but if you have a printer connected, you can select
File, Print and OK to make a hard copy. You can do the same from the basic design
layout if you like that format better. Return to this screen by selecting View, Design
Layout.

Enter the Response Data

When you do your own experiments, you will need to go out and collect the data.
Simulate this by doing a File, Exit. Click on Yes if you are prompted to Save. Then
re-start Design-Expert and use File, Open Design (or file open icon "7on the toolbar)
to open your data file (Bowling.dx6). For an actual experiment, the runs would have
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been performed in randomized run order, which is the order Design-Expert defaults to.
This run order will be different each time a design is created from scratch. For this
example, you must enter the data in the proper order to match up with the correct
bowlers, so right click at the top of the Std column and choose Sort by Standard

Order.

St

Run

Black

Dizplay Design 1D

Display Standard Qrder

Factor 1
A Biowvle
Candliclat

Sort by Standard Order
Sort by Design [D

Ey

HIoCE T

Sort Runs by Standard Order

Then enter the responses from the table on page one, or use the following screen as a

template.
Factar 1 Response 1
atd | Run Block A:Bowler SCore
FPerson Fins

1 9 Block 1 Pat 160
2 7 Block 1 Fat 150
3 2 Block 1 Pat 140
4 1B Block 1 Pat 167
5 8 Block 1 Pat 157
B 5 Block 1 Pat 148
7 B Block 1 Mlark 165
8 15 Block 1 ark 180
9 4 Block 1 Mark 170
1m0 11 Block 1 Mark 185
11 14 Block 1 Mark 195
12 3 Block 1 Mark 175
13 10 Block 1 Shari 166
14 1 Block 1 Shari 158
15 17 Block 1 Shari 145
1B, 12 Block 1 Shari 167
17 18 Block 1 Shari 151
18,13 Block 1 Shari 156

Design Layout in Standard Order with Response Data Entered

Your design layout window should now look like that shown above, except for run
order. When you do your own experiments, be sure to do the runs and enter the
response(s) in randomized order. Standard order should only be used as a convenience
for entry of pre-existing designs.
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Save your data by selecting File, Save from the menu (or the save icon & on the
toolbar).

Before starting the statistical analysis it might be enlightening to simply sort the results.

You can do this by right-clicking on the Response column and selecting Sort by
This Response.

Response 1
SCore
Pin= .
Edit Infa...
160 Insert Response

150 elete Bespatse

Fill with Randam
140 Simulate Fesponze
167 Equation Only

Sorting on a Response Column (also works for factors)

This is a very useful feature. It works on factors as well as responses. In this case you
can see that the highest games were bowled by Mark.

Analyze the Results

Next, begin the data analysis. Click on the Score node on the left side of your screen
under analysis. The Transform dialog box will be displayed in the main window of
Design-Expert on a progressive tool bar. You will click these buttons from left to right
and do the complete analysis. It’s a very easy process. The first dialog box gives you

the option of selecting a transformation for the response, which may improve the
statistical properties of the analysis.

1 Motes for Bowling.dx6

e | ot ] 5

Statuzs
2] Ewalustion

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

Transtormation Equation
| Analysis
+ Suare root MNone {lambda = 1.0}
i.a | Optimization Matural log |
=] Numerical Optimizati | |E#s= 10109 VoS
Irverse sort
=] Graphical Optimizati Inverse
Paint Prediction Pawer #
Logit [
ArcSin sgrt g
3
w

Predicted ‘Walue

Use with a typical response.

Response ranges from 14010 195, Ratio of max to min is 1.39286

A ratio grester than 10 usually indicates a transformation iz reguired. For
ratios less than 3 the powwer transforms have little effect.

Transformation Button — The Starting Point for the Statistical Analysis
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The program provides some data-sensitive advice at the bottom of the screen. If you
need some background on transformations, go to the Help command on the main menu
and select Contents. Then Search on “transformations.” In this case, there’s no need for

a transformation, so press ahead with the default of None by clicking on the Effects
button.

Examine the Analysis

Things get a bit complicated from here on out. If you’re not a statistician, you may not
understand all the numerical outputs. We advise you attend a basic class on regression,
or better yet, a workshop on DOE such as Stat-Ease’s Experiment Design Made Easy.

s [EZ0| o

Disgnastics

it

Term DF |Sum of Zquares |Mean Square |  F Value Prob = F |% Contribution
I P 2 221211 1106.06 1257 000086 G2 64
B Lack CfFit 0 0.000 0.000
& Pure Error 14 1318.50 grar 3736
Residuals 15 131850 arar
Effects Button Results

The really important outputs on the effects are the F-value and associated probability
(“Prob>F”). In this case, there’s a very small probability, near 0.06%, that the
differences in bowling averages are due to chance variation. In other words, it appears
at this stage that the difference between bowlers is significant.

To get more details press the ANOVA (Analysis of Variance) button. Then select View,
Annotated ANOVA. This tells the same story: there is a significant difference.

CElETTEdE T View  Dhepla Dptions — Oesign Mook Help

v Annotated ANDWVA

Show Cell Barders

« Pop out View

N Toolbar
-H| Ané v Status Bar

ERNwR = to right click on individual cells for definitions.

IEponse: Score

AHOVA for Selected Factorial Model

Analysis of variance table [Partial sum of squares]

0 Sum of Mean F
g_.l Pairt Prediction - Source Squares DF Square Value Prob >F
_|mode! 22121 2 1106.06 1257 0.0008 significant
| A 22421 4 1106.06 {1257 2.0006
- Pure Error 1319.50 13 arer
__|<or Total 3531 B1 17

) The Model F-walue of 12.57 implies the model is significart. Thers is only

I 0.06% chance that & "Model F-%alue" this large could occur due to noise.

Annotated ANOVA Results
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Next you see a section of the output that reports various summary statistics.

St D, 9.38
Mesan 162.72
M. 576
PRESS 1900.058

R-=guared
Adi B-Sguared
Pred R-Zguared

Adeq Precizion

The "Pred R-Sguared” of 0 4620 is in reasonable agreement wwith the "Adj R-Squared"” of 05766,

"Adeq Precizion” measures the signal to noise ratio. & ratio greater than 4 is desirable. Your

ratio of 6.442 indicates an adequate signal. This model can be used to navigate the design space.

06264
0.57EE
0.4620

6442

Summary Statistics

The annotations tell you what you need to know, but don’t be shy about clicking on a
number and getting on-line Help via a right-click or the F1 key. In most cases you will
then get helpful advice on the particular statistic.

Now click on the scroll down arrow (at the bottom right side of screen) until you get to
the section labeled “Treatment Means.”

Estimated

Mean

i1 -Pat 15367

-hark 178.33

ti-Shari 15617
Mean

Treatment Difference

1ws 2 -24 BT
Tws 3 -2.50
2wz 3 227

1= significant.

i not significant.

Treatment Means (Adjusted, f Hecessary)

Standard
Error
383

383

383

Standard
Error
a4
sS4
5.4

Walues of "Prob > {t|” less than 0.0500 indicate the difference in the two treatment means

Walues of "Prob > {t|” greater than 0.1000 indicate the difference in the two treatment means

tfor Hi
Coeff=0

Prob > [t|
-4 56 0.0004
-0.45 0.E509
4.09 0.0o1a

Treatment Means

2-8 ¢ One Factor Tutorial

Design-Expert 6 User’s Guide



Rev. 10/26/00

You now can evaluate how the means compare. You can see from the treatment
comparisons: Pat is different from Mark (1 vs 2). Pat is not different from Shari
(1 vs 3). Mark is different from Shari (2 vs 3).

Analyze Residuals

Click on the Diagnostics button. Ideally this will be a straight line, indicating no
abnormalities. In this case the plot looks OK.

Normal plot of residuals

89 —
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70 =
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]
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-1.60 -0.71 0.18 1.06 1.95

Studentized Residuals

Normal Probability of Studentized Residuals

Select Residuals vs. Predicted from the list shown on the Diagnostics Tool.
Notice that the label on the Y-axis says “Studentized” residuals. This is a rescaling that
reflects the number of standard deviations between the actual and predicted response
values. More details on this may be found by searching Help. The actual residuals can
be displayed by unchecking the default “Studentized” mode on the Diagnostics Tool.
However, when some runs have greater leverage (another statistical term to look up in
Help!), only the Studentized form of residuals will produce valid diagnostic graphs.
Therefore we advise that you not turn this feature off.
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Studentized Residuals

Residuals vs. Predicted

3.00 —
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Studentized Residuals versus Predicted Values

The size of the studentized residual should be independent of its predicted value. In
other words the spread of the studentized residuals should be approximately the same for
each bowler. In this case the plot looks OK.

Select Outlier T from the Diagnostics Tool to see if any points stand out.

Qutlier T

Qutlier T
3.50 -
]
1.75 -
=
= m] -
5}
0.00 8 = =
5}
5} = =
=
m
2175 =] |
-3.50 -
rFr~rr>r 17T 1r T T 7 T T
1 3 5 7 9 "M 13 15 17
Run Number

Outlier T Plot (Note: your graph may differ due to random run order)
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On the outlier t plot we are looking for points outside the plus and minus 3.5 standard
deviation limits, not patterns. All points in this case fall within the limits.

You can check other residual plots as well, but the three reproduced above are the most
important. Since there’s no indication of abnormality, it’s OK to move on to the model
graph. This will tell the story about the effect of changing bowlers.

View the Means and Data Plot

Select the Model Graphs button from the progressive tool bar to display a plot
containing all of the response data and the average value at each level of the treatment
(factor). This plot gives an excellent overview of the data and the effect of the factor
levels on the mean and spread of the response.

One Factor Plot
195 ] ®
&
181 —
) ®
0‘_05 18- o . o
164 ]
e
- e
| | |
Pat Mark Shari
A: Bowler
One Factor Graph

The squares represent the mean responses for each factor level (bowler). The vertical
bars represent the 95% least significant difference (LSD) intervals for each treatment.
Mark’s LSD bars do not overlap with Pat’s or Shari’s, so we can say with at least 95%
confidence that Mark’s mean is significantly higher than the means of the other two
bowlers.

You can get a numerical value for the length of the LSD bar by clicking on one of the
squares that represent the predicted score. It appears to the left of the graph. Give this a
try. (You can also click on any round points to get the actual score. Check it out!) Pat
and Shari’s LSD bars do overlap, so we cannot say which of them is the better bowler.
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DESIGN-EXPERT Plot One Faotor Plot

Score 195 — ®
Score = 178.333
LSD: 11.5418

X: A: Bowler = Mark
181 —

@ Design Points

g 168 ¢
O - @
2] & L J
154
L]
140 4 @
l l l
Pat Iark Shari
A: Bowler

LSD Bar Quantified by Clicking on Mean for Mark
Save the results by going to File, Save. You can now EXit Design-Expert if you like

(and head for the nearest bowling alley!), or keep it open and go on to your next design
of experiments project.

N

4 \ /
Y2 S\ 7
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Modifying the Design Layout (Advanced Topic)

Design-Expert software offers a great deal of flexibility to modify data in its design
layout. Let’s see what can be done in the bowling case. (Warning: we now depart from
the simple and straightforward design laid out earlier. If your brain is already full with
new things, skip this section or come back to it later.)

The outcome of the bowling match appears to be definitive, especially from Mark’s
point of view. However, Pat and Shari demand one more chance to prove themselves
worthy of the team. Mark objects and an argument ensues. To achieve compromise, the
captain decides to toss out the highest and lowest games for each of the three bowlers,
and replace them with two new scores each. The results can be seen below.

Block Game Pat Mark Shari
1 1 160 165 166
1 2 150 180 158
1 3 146 170 H45
1 4 167 185 161
1 5 157 195 151
1 6 148 175 156
2 1 162 175 163
2 2 153 180 166

Bowling Scores with High and Low Games Replaced by Two New Games

To enter this data, you must modify the original design layout. If you exited the
program, re-start Design-Expert and use File, Open Design to open your data file
(Bowling.dx6). Otherwise, click on the Design node at the upper left of your screen.
You now should see the bowling data from before. Right click at the top of the
Response column and choose Sort by This Response.

Response 1
Score

Pins  E it info..
Inzert Responze
elete Hespanse
Fill waith Randaom
Simulate Responze

E quation Orly

Sorting Runs by Response

The next task will be to exclude the low and high games for each of the three bowlers.
Right-click on the square button to the left of the first row (Pat’s low game) and select
Toggle Ignore Status as shown below. (The data can be restored by repeating the
Toggle Ignore Status procedure. Give it a try!)
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Factar 1 Response 1

atd | Run Block A Bowler SCore

Persaon Pins
2 Blnrk 1 Pat 140

— Inzert Bow ]

Toogle lgnore Status 1 Shari 145
_ Delete Row(s] 1 Pat 143
Duplicate 1 Pat 150

Ignoring Pat’s Low Game

Select Toggle Ignore Status for Shari’s low game, which should be next in line. Go
down a number of rows and do the same for Mark’s low game. Then for each person’s
high games, which appear towards the bottom of the design layout, also select Toggle

Ignore Status. When you finish, your screen should look like that below.

Factor 1 Fecpanse 1
Std | Run Block A Bowler Score
Fersan Fins
| 2 Black 1 Bat 140
| B H BElock1 Shan 145
| B 5 Block 1 Pat 145
I 7 Block 1 Pat 150
| 17 1B Block 1 Shari 151
| 18 13 Block 1 Shari 156
| 5 8 Block 1 Pat 157
| 14 1 Block 1 Shari 158
| 1 9 Block 1 Pat 160
| 1B 12 Block 1 Shari 161
| F = Black 1 LA ETS 165
| B W BElock 1 Shan 166
| 4 ik Elack 1 Bat 1:7
| 4 Block 1 Mlark 170
I 3 Block 1 hark 175
| 8 15 Block 1 Ilark 180
| 1o 1 Block 1 Mark 185
B M Elock 1 T 125

Design Layout After Ignoring Low and High Games for Each of the Bowlers

Return the layout to the original order by right-clicking on the Std column heading and
choosing Sort by Standard Order. Now, create a new block by right-clicking at the
top of the Block column and choosing Edit Info.

2-14 ¢ One Factor Tutorial

Design-Expert 6 User’s Guide



Factar 1 Fesponze 1
Std | Run Block A:Bovweler Scare
Edit Info... =
— ! 3 Dizplay Block.s 160
L 2 7 Dizplay Paoint Type 130
— 2 = Sort by Block, e
= 4. 18 = Sart by Paint Type 161
5 g Pt 157
Creating a New Block

Rev. 10/26/00

You now see a form, which allows users to give whatever name they want to the
block(s). Don’t bother doing this now. As shown below, change the Number of
Blocks to 2. Press the Tab key to see this change take effect. Then press OK.

Edit Block Info

Mumber of Blocks: I 2

[T Make cortrasts editable

et Contrasts o default |

The default cortrasts estimate the difference between the block
average and the overall average. In other words, adding the block
correction to the intercept estimates that block's average.

]|

Mame I I
1 |Block 1 1
2 |Block 2 -1
Add Block Form

Now you are ready to begin adding and/or duplicating rows. This can be accomplished
in different ways, depending on your ingenuity. We will follow a procedure that
exercises as many of the editing features as possible, so it may not be the most elegant
approach. Right click on the square button at the left of the first row to bring up the
editing menu. Move the mouse over the first selection Insert Row and click.

Factar 1 Response 1
Std | Bun Block A:Bowler SCore
Petson Pins
Inzert Bow 1
Togale lgnore Status Pat 160
- Delete Row(z]
| Duplicate Pat 150

Inserting a Row

You now will see a new row with blanks for the bowler and the score. Click on the
block field and then on the list arrow. Select Block 2 as shown below.
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Factar 1 Response 1
Std | Run Black A Bowder Score
Ferzan Fins
1 19|Block1 =]
| 2 Pat 160
| 3 Pat 150
Changing Block Number

Next, click on the blank field for bowler and then on the list arrow. Select Pat (the
default value). (If this were a numerical field, you would simply enter the value.)

Factar 1 Respaonse 1
Std | Run Block A Bowder SCore
Ferson Pins
| 1 13 Block 1
| 2 9 Block1 e 160
| 3 Block 1 150
4 2 Black 1 [Smissing= 140

Entering a Categorical Value for Factor

Again right-click on the open square at the left of the first row to bring up the editing
menu. Move the mouse over the selection to Duplicate and click.

Factor 1 Response 1
=td | Run Block A:Bowler Score
Person Pins
11 14 Filael: 1 Fat
m Insert Row
_  Toagle Ignore Status 1 Pat 160
Delete Fow(s] 1 Pat 150
Duplicate oa o

Duplicating a Row

Right-click on the Block column heading and Sort by Block.

Factor 1 Fespons
Std | Run Block A:Bowler Srcore
Mew block... Pins
1 19 Edit Black Infa...
B 2 g Diizplay Blocks
— Dizplay Paint Type
= 3 7
Sort by Block,
= 4 : Sart by Point Type
5 1=
Sorting by Block
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Now, the two new rows can now be seen at the bottom of the design layout. We need
two new rows apiece for Shari and Mark. Let’s just duplicate the new rows for Pat and
change the bowler’s name. Do this by first left-clicking the button (open square) to the
left of the first new row for Pat, so it is highlighted. Then while holding down the Shift
key, click the button to the left of the second new row for Pat. Now both rows should be
highlighted. (This is a bit tricky, but it will save time.)

Now you can right-click on any button (open square) on the left-most part of the
highlighted block and select Duplicate.

19 13 Block 1

Inzert Bow
Toggle Ignore Status
Delete Fow(z]
Duplicate

Duplicating a Block of Rows

In the first duplicated row, click on the field for Bowler and select Mark.

i AR CITOGE T T T
A Block 2 Fat

I Lt Block 2 Fat
A Block 2 |Fat i
A Block 2

Shari
Zmissing

Changing Name of Bowler

Do the same for the last row. You now should have two new rows for both Pat and
Mark. Click the button to the left of the first new row for Mark, so it is highlighted.
Then while holding down the Shift key, click the button to the left of the second new
row for Mark. Both rows should now be highlighted. Right-click on any button (open
square) in the left-most part of the highlighted block and select Duplicate.

Block 2
Block 2

Ihzert Fow | VIAMK |
Togale lgnore Status
Delete Row(z]
Duplicate

Duplicating Two More Rows

Design-Expert 6 User’s Guide One Factor Tutorial e 2-17



In the first duplicated row, click on the field for Bowler and select Shari. Do the same
for the last row. You are now ready to enter the new data as shown below.

[ }= I3 BEack 1 EET] [§a]a]

1o Block 2 Pat 162

| 2o o Block 2 Pat 153

oz 2 Block 2 Mark 175

| 2 = Block 2 Mark 180

| B = Block 2 Shari 163
24 24 Block 2 Shari |168]

Data Entered for Second Block of Games

Go ahead now and re-analyze the data. It turns out that the added games cause no
change in the overall conclusions as to who’s the better bowler. Mark remains on top. It
would now be appropriate to recover the low and high games for each bowler from
block 1. Since this data was not deleted, only ignored, getting it back is simply a matter
of right-clicking to the left of each of the six rows and re-selecting Toggle Ignore Status.
Give this a try! Then re-analyze one last time.

By working through this exercise you now see how easy it is to manipulate data in
Design-Expert’s design layout. Keep this in mind should the need arise for editing your
own data.
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