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General OnéFactor Tutorial
(Part 2¢ Advanced Features)

Digging Deeper Into Diagnostics

If your bowling datais active in DesignExpert® software from Part 1 of this
tutorial, continue on. If you exited the program, restart it and useFile, Open
Design to open data file Bowling.dxp). Otherwise, set upthis data file as
instructed in our General OnefFactor Tutorial (Part 1z The Basics) Then, under
the Analysis branch (you may already be heretlick the Score node and pressthe
Diagnostics button.

7 A 6 goiAg tolook ata newgraph in the Diagnostics Tool. Click thelnfluence
option on the Diagnostics Toopalette. Thenclick on DFFITS. This statistic, which
stands fordifference infits, measureshe change in each predicted value that
occurs when that response is deletedThe larger theabsolutevalue of DFFITSthe
more it influences the fitted model. (For more details on this statistic and the
related deletion diagnostic, DFBETAS, seer program Help or refer toRaymond
MyersoClasical and Mo@rn Regression with Applicationsi®Edition (PWS Pub. Co.,
1990).)

0o anows | [ Disgnostics |- Model Graphs

DFFITS vs. Run

2.00

Diagnostics Tool [
Diagnostics | Influence

1.00 — EI

[ Ext. Student e m
[o] Leversge m

DFFITS m =
(= Dreetas
[l cooksD
Report

0.00 =

DFFITS
]
5]
m

Color by | Score = L] =
-1.00 —|
Pop-Out View

-2.00

Run Number

DFFITS graply highest point clickedyour graph may differ due to random runs

Notice that one pointlies above the rest. The pattern on your graph may differ

from what we show here due to randomized run order, buthis E O b dofizern in

this discussion.) Thetop-mostpoint E O - Aighl§am®, which earlier created
controversy, particularly among competitors Pat and Shari: A OE § GallfarE1 O
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below a relatively conservative high benchmark of plus-or-minus two for the

DFFITS Sq taking all other diagnostics into consideration, wé T TadviSe that this
particular run be investigated further. Nevertheless, for purposs of learning how

to use new DesigrExpert software features, right-click- AOE 8 O @ithBoubi ET O
mouse and selecHighlight Point as shown below.
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Graph preferences...
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Highlighting a point

Myers demonstratesmathematically that the DFFIT Sstatistic is really the

externally studentized residual nultiplied by high leverage points.Click the
Leverage AOOOT 1T AT A Hliruddekhibit equilAevetagahete because an
equal number of runs were made at each treatment level (all thre@owlers rolled
Six games each).
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Therefore,this DFFITS exhibits a pattern identical to that shown on the externally
studentized residual graph which youstudied in the preceding tutorial. (If you

AT 180 O0AigkDinia OB E Bx@Rpardiaghostics Tool.) The reason wie O A
reviewing this is to set the stage for what) T Gdd later in this tutorial z unbalance
the leverages to makehis sessionmore significant for diagnostic purposes.

( A OA G&fibal DebidnExpert software feature for youbefore we leave the
Diagnostics Tool: dick the Report button to get a table of statistics caséy-case
in standard order for the entire experiment. For those of you whorefer numbers
over pictures (statisticians for sure!), this should satisfy your appetite Notice that
- A O E 8 @95 gdmeishighlighted in blue text as shownbelow.
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: Diagnostics Case Statistics
| Internally Externally Influence on
Standard Actual Predicted Studentized Studentized Fitted Value Cook's Run
Order Value Value Residual Leverage Residual Residual DFFITS Distance Order
1 160.00 15367 633 0167 0.740 0728 0.326 0.036 9
Diagnastics Tool i 2 15000 15367 -367 0167 -0.428 -0.416 -0.186 0.012 7
Diagnosics| Infusnze.| 3 14000 15367 -1367 0.167 -1.596 -1.693 -0.757 0.170 2
4 167.00 15367 1333 0.167 1.557 1.643 0.735 0.162 16
] B Studert & 5 15700 15367 333 0167 0.389 0.378 0.169 0.010 8
LDFW?S 6 148.00 15367 567  0.167 -0.662 -0.649 -0.200 0.029 5
ENE 7 16500 17833 1333 0.167 -1.557 1643 -0.735 0.162 6
Lo codksD 8 18000 17833 167 0.167 0.195 0.188 0.084 0.003 15
R Rt 9 17000 17833 833 0.167 -0.973 -0.971 -0.434 0.063 4
10 185.00  178.33 667 0167 0.779 0.768 0.343 0.040 11
11 195.00  178.33 16.67  0.167 1.947 2,175 0.973 0.253 14
Clear Points 12 17500 17833 333 0167 -0.389 -0.378 -0.169 0.010 3
| Fop-outview | 13 166.00  156.17 983 0167 1.149 1.162 0.520 0.088 10
14 15800  156.17 183 0.167 0.214 0.207 0.093 0.003 1
15 14500 15617 1117  0.167 -1.304 -1.338 -0.598 0.113 17
16 161.00 15617 483 0167 0.565 0.551 0.247 0.021 12
17 15100  156.17 517 0167 -0.603 -0.590 -0.264 0.024 18
18 156.00  156.17 -017  0.167 -0.019 -0.019 -0.008 0.000 13

Report with case statistics used for preceding diagnostics graphs

Remember,you can rightclick anyvaluein reports of this nature within
DesignExpert softwareto view context-sensitive Help with statistical details.

Modifying the Design Layout

DesignExpert offers great flexibility when modifying data in its design layout.
7 A8 1 Inthi®Bodling scenariohow our software allows you to modify an
existing design withadded blocks and factor levels

The outcome of the bowling match appears to be definitive, espetid U A£O0T I - AO
perspective. But Pat and Shari demand one more chance to protleemselves

worthy of theteam. 4 EAU OOEI | OBEdafie washallitkéeden thdadgh E

thisE OT 8 O O dédiagndskicianalysis.Mark objects and a disputeensues.

Attempting compromise, theteam captain decides to toss out the highest and
lowest games for each of the three bowlerand replacethem with two new scores
each. But Ben, anewly hired programmer and avid bowler,arrives at the alley and
is allowed to participate in this second block of runs(Yes, this makes little sense,
but it will add some interest to thistour of Design% @D A 008 O MAeshwaRAET E O
analysis of experimentsz no matter how convoluted they become in actuality.

0

) O NOEAEI U AAAT T AO APPAOAT O OEAO OEE
T 001

xEOE A EOCA ET T E QOdafgedate thisAadabili®i Al
Ben does somethig very different from other bowlers z he does not

put his thumb in the A A 1 hbl&niade for that purpose.When" AT 8 O

odd approachworks, the pins goflying. Butaslikely as not, that ball RN
slides off into the left gutter or careens overhie edge on the ight.

T Ax
i 8

The resultsfor Ben and the three original bowling team candidateare below.

¢
w
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Block Game Pat Mark Shari Ben
1 1 160 165 166 NA
1 2 150 180 158 NA
1 3 140 170 145 NA
1 4 167 185 161 NA
1 5 157 195 151 NA
1 6 148 175 156 NA
2 1 162 175 163 200
2 2 153 180 166 130

Bowling scores with high and low games replaced by two new games (plus a new guy)

To enter thisnew data (and ignore some of the old) click the Design node near the
upper left of your screen. Yowshould now see the bowling data fronthe first
tutorial . - A O E & Q95 Ban€ré&mains highlighted in blue text (assumingyou
clicked on it as instructedon page 2of this tutorial while performing the
diagnostics).

Right clickthe Select column headerand click Block. This design attribute is now
needd A O AAAT I 11T AAOQA" AEnBodigdseoreAlatac 1 A OGS O

Std |Run Block

Select

v Std Order

= « Run Order
Design ID

v Block
Point Type
Comments

'l Display All

= Default »

= Sort 3

=T Cr Ll

Selecting blocko displayit as a column in the design layout

Right clickthe Response column headerand chooseSort by This Response.

Q Notes for Bowling.dxp Factor 1 RESDDI'ISE 1
ﬁ peaomBetual} § Std |Run Block A:Bowler| Score
f Summary o Person |  Pins
- L] Graph Col s
F 3 2 Blocki  Pat 149 Edtlo.
— ] . Insert Response 3
Analysis | 15 17 Block 1 Shari M5 e
gfmi:;f.:.r: T | s 5 Block1  Pat 148 Fi Wit Rendom
i¥] Numerical L 2 7 Block 1 Pat 150 Simulate Response
Zﬂ Graphical | 17 18 Block 1 Shari 151 Equationlinty
* %] Point Frediction .| 18 13 Block 1 Shari 156  Sort by This Response

Sorting Runs by Response
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- AOEG O AdWAOOICERD AOT OEA GikgethimAitfisOw dlagdate , A OGS
Pat and Shari.Right-click the square buttonin the Select colum® IOA OO Of x j - A
195 score). ClickSet Row Status, then Ignore as shown below.

10 11 Block 1 Mark 185
41 14 Black 1 Mark 195
Insert Row [
Set Row Status 3 Normal
Delete Row(s] Ignore
Duplicate Highlight
Edit Comment I

) GT T OET Chgan®ES O EEC
"U OEA xAUh EOG8O ivhen raodifyidgiydui desfyn laybub¥ou | ET A
AAT -EG@O1T OA S clibkingdetRovAStatus, Normal

consideration. Clickthe square butonET OEA 3 A1 AAO; ARDODI 8Dx O
140 game) and while pressingdown the Shift key, alsoclick the button in the

your mousewithin the Selectcolumnd f@st or second row, right-click and choose
Set Row Status, Ignore for these two low gamesas shown below

= Factor 1 |Response 1
£ | 5td [Run Block ABowler| Score
@ Person Pins
a: =2 Blockt  Pat 140
15 Block 1 Shar 145
Insert Row 1 Dat 148
T Set Row Status » Mormal 1 150
— Delete Row[s] Ignore i
— Duplicate Highlight | 151
= Edit Cornment ] Shari] 156

Ignoring the low games for Pat and Shari

Now movedown a fewrows andclick OEA ONOAOA AOOOIT ET OEA
showing- A O E 6 G55 gainex

Noticethe tworows AAT T x - AOE 8 O zthd high ganpes forShari (£66)

and Pat(167). 10 &d time for Shari and Pato paythe price for complaining.

While first pressing andholding down the Shift key, click the following two square

AOOOI T O ET OEA 3ATAAO AT1 O0i 1680 O1 xd 3EAOE
Releasehe Shift key. Three rows shoulchow be highlightedin light blue as shown

below. + AAD U1 OO i1 OOA xEOEET OEA 3ArdAO AT I (
click and chooseSet Row Status, Ignore.
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.

|+ 6 Block 1 blark 185

| 13 10 Block 1 Shan 188
4 18 Elogk 1 Pat 187
Insert Row L BAads 170

| Set Row Status » Maormal

— Delete Row(s] Ignore 175

| Duplicate Highlight 180
Edit Comment [‘1 Mark 185

J4444 Block1  Mark 105

CITTOETC -AOES8O 11 x CAI A ATA OEA EECE CAI A

Nowi A f@étade theoriginal layout order. Right-click the Std column header, then
chooseSort by Standard Order. Compareyour screen with what we show below.
If there are differencesfix them now to match thisscreenshot However,

OAIl AT AARO OEAO OEA 001 1 0i AAO EO OAT AT I h OI
- Factor 1 |[Response 1
215td Run Block A Bowler| Score
i Person Pins
| 1 9 Block 1 Pat 160
o 2 T Block 1 Pat 150
| 3 2 Block 1 Pat 140
| 4 18 Block 1 Pat 167
.| 5 8 Block 1 Pat 157
| 6 5 Block 1 Pat 148
| + & Block 1 Mark 185
| 8 15 Block 1 Mark 180
o 9 4 Block 1 Mark 170
| 10 1 Block 1 Mark 185
R Block 1 Mark 495
| 12 3 Block 1 Mark 175
| B 1 Blogk 4 Shad 158
| 14 1 Block 1 Shari 158
| B Bloghk 1 Shan 145
| 16 12 Block 1 Shari 161
| 17 18 Block 1 Shari 151
| 18 13 Block 1 Shari 156

Back to standard order after low and high garmsénored for each bowdr

Now create a new block' neededfor the second round of bowling by right-clicking
the Block column headerand choosingEdit Info as shown below.
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Factor 1 |Response 1
% Std |Run Block A'Bowler| Score
- Person Pins
19 Block 1 tife- )
2 7 Block 1~ ortbyBlock )
| 3 2 Bieekd  MeEes )
A4 16 Bloele 1 Paot 157
Creating anew block
Youd ek a formallowing you to assignnamesto the block(s). $1 1 8 O AT OEAO

this now. As shown below, chang&umber of Blocks at the topto 2. Press the
Tab key to seethe change take effect(If the name field truncates,click and move
the right border of the columnheaderto re-size it.)

Edit Block Info o]

The default contrasts 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.

Number of blocks: 2

@ iUze nominal default contrasts:

Edit nominal contrasts

Name [1]
1 |Block 1 1
2 |Block 2 -1

Addng a second lock of runs

Click OK. It seems Inat nothing changed, but actually the program now knows that
you will be conducting another block of runs.

Now you are ready to begin adding and/or duplicating rows. This can be
accomplished in different ways, depending 1o your ingenuity. 7 A &dlldw routes
revealing as many of the editing features as possihlalthough theymay not
demonstrate the most elegant approachs. As shown belowyight click the Select

AT 1 O bguavedutton at theleft of thefirstrow j 0 AOS O ptapbring GpiHe A q
editing menu. Clickthe first selection, Insert Row.

- Factor 1 |Response 1
£ [ 5td |Run Block A:Bowler| Score
@ Person Pins
1 9 Block 1 Pat 160
Inzert Row
t1 Pat 150
= Set Row Status L |
— Delete Row(s] 1_1- Pat +40
I Duplicate 1_1' Pat 187
Edit Comment 1 Pat 157

Inserting a new row

You now see a new roveontaining blanks for the bowler and the score(Dol 8 O
worry ifEO08 O A A Ezicr@ssesl Gt thaDidzAor the moment.) Click thefirst

Design9 ELISNI y | aSNDna DdzA RS General One Factor TutoriglPart 297



rowd O Al 1T AE baldw the bidciEfi@dh&adlér,then click the list arrow.
SelectBlock 2 as shown below.

Factor 1 |Response 1
Std [Run Block A:Bowler| Score
Person Pins

Select

1 19|Block 1 -

2 g Block 1 Pat 160
— Block 2
| 3 7 Pat 150

Changingthe block rumber

Qlick the blank field for bowler and pressthe list arrow (). SelectPat. (7 A5 O A
using categorical factorshere, but ifthis were a numerical field,U | Cebitér a

value.)
. Factor 1 |Response 1
2| Std |Run Block ABowler| Score
@ Person Pins
o 1 19 Block 2 |<missi ~
2 9 Block 1 160
— Mar
| 3 7 Block 1|ghari 150
4 2 Block 1 <missing: 140

Entering acategorical value forfactor
Againright-click OEA 3 AT AAO AT 1 Oi 1 Gefhof dNifdthawko AOOOT T A
bring up the editing menuas shown below ClickDuplicate.

Factor 1 |Response 1
% Std | Run Block A-Bowler| Score
@ Person Pins
119 Block 2 Pat
Insert Row 1 Pat 160
. Set Row Status » 1 Pat 150
— Delete Row(s] a
| Duplicate Pat +48
| Edit Comment Pat 167

Duplicating a row
DesignExpert may pop up a waning like the one shown below.

Warning lé

Categoric contrasts do not match actual number of
levels present. Adjusting contrasts for:
Blocks

Warning about categoric contrasts

The program is recognizing a potential problem here and is alerting you that only

one bowler is in the second block. You need not worry at this stage because you

will be adding others. Clickthe check optionDo not show this warning again.

ThiswillsavA Ui & ACCOAOAOE| 3youwh Goktanprotécted 5 O xi OOU
indefinitely. This warning will be re-enabled the next time you start the program.
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Do not show this warning again

[ oK H Help I

Turning off a warning (it will come back the next time yown the program)
PressOK to proceed.
Right-click the Block column headerand chooseSort by Block.

5 Factor 1 |Response 1
L] 5td |Run Block ABowler| Score
. Person Pins

1 19 Block Edit Info...

2.9 Block {  SortbyBlock
B 3 7 Rinck 1 Hide Blocks

Sorting by bock

Two new rows are nowseen at the bottom ofyour design layout. We need two new

Ol xO APEAAA A O 3ibplydplicdtd0A O 6/00vimBwd and A 08 O
update the names Do this by firstclickingOEA 3 A1 AAO AT 1 01180 ONC
left| /£ dirAt@éw@ow, so it is highlighted. Then while holding down th&hift
key,clickthe3 AT AAO AT | Kuitdn &t e |€t/oiD ABECEd new row

Both rows should now be highlighted. (This is a bit tricky, but it savetime.)

Now right-click AT U 3 AT AAO Ai il 61160 d&nyAighted AOOOIT T
block and selectDuplicate. (If the warning screen pops up again, click OK.)

J 19 13 Block 1 Shari 156
1| 19 Block 2 Pat
[ o0l on Blaclk 2 Pat
Insert Row
Set Row Status 4
Delete Row(s]
Duplicate
Edit Comment

Duplicating a block of ows

In the first duplicated row, click the field forBowler and selectMark.

| 19 13 Block 1 Shari 156
119 Block 2 Pat
| 20 20 Block 2 Pat
L 21 2 Block 2[Pat__ -]
| 22 2 Block 2 Pat
Shari
<missing:

Changing name of twler

Design9 E LJS NJi
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Do the same for the last row. You now should have two new rows for both Pat and

it is highlighted. Then while holding down theShift key, clickthe3 AT AAO AT 1 Oi
square button atthe left of - A O EeGaddnew row. Both rows should now be

the highlighted block and selectDuplicate.

| Ay

A [ Y

Insert Row

Set Row Status »
Delete Row(s]
Duplicate

Edit Comment

1 Shari 156
2 Pat
2 Pat
2 Mark
2 Mark

Duplicating two more ows

In the first duplicated row, click the field forBowler and selectShari. Do the same
for the last row.

19

1
20
21
22
23

24

13 Block1  Shari 156
19 Block 2 Pat
20 Block 2 Pat
21 Block 2 Pat
22 Block 2
23 Block 2 <missing:
24 Block 2

Completing lineup for block 2 the second round of bowling

But what aboutthe new kid z Ben? We need to identify him as a new competitor in
this bowling contest. Do this byight-clicking the header forBowler and selecting

Edit Info.
Factor 1 Response 1|«

E Std |Run Block A:Bowler Score
“ Person Pins

3 7 Block 1 pat  owinfer
— Make Murmeric 3
] 4 2 Block Pat Insert Factor »
= 5 18 Block 1 Pat Delete Factor
| 6 8 Block 1 Pat Sort by This Factor

Getting ready to add a new level for the factor

10y General One Factor Tutorig|Part 2
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ChangeNumber of Levels to 4 (seebelow left). PressTab once. Clickhe field
intersecting at Name column and row4 (below right). Type the nameBen.

Edit Factor Info Name | A[1]] Al2]| Al3]|
Hame: Bowler 1_Pat 1 0 0
2 |Mark 0 1 0

Units: a
=0 Rkl 3|shari 0o 0 1
Number of levels: 4 4 |Ben| A4 -1 -1

Entering the new bowler

PressOK.. I x AOPI EAAOA c‘)xA'l' i 'I'AC)A Ol xO AU Al EAE
button at the left of thefirst of SM OE 6 O O x 1. Wbi@e@ol@g}dg\&fﬂhe’ o
shitEAUh Al EAE OEA 3 A1 AAO lek of th@asirndn OFindllg, OA OA
right-click AT U 3 AT AAO AT 1 Oi 1 deh of hélliighlighted Blddkxed T A O
selectDuplicate.

19 13 Block 1 Shari 156

119 Block 2 Pat

e Dt--ir 2 Pat
— Insert Row
— Set Row Status 3 2 Mark
N Delete Row[s] 2 Mark
B Duplicate 2 Shari

Edit Cormnment 2 Shari

Duplicating two more rowsso the new bowler can be included

In both of these new duplicated rows, click the field for Bowler and selectBen.

Block 2
Block 2 Pat
Block 2 Mark
Block 2 pgt ™
Block 2 Mark

Block 2 onad

Block 2 <missing:

Block 2

Pat

Ben now on the list as a bowler

Design9 E LJS NJi
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An important aside: Always randomizeyour run orders for actual experiments. For
purposes of this tutorial, this will just be a bother, so do this only if you wish to try
AOO EGidmpy righitdick theARAOddluntdihead&riand do

EO

I 66h

this for Block 2 as shown.

Select

Std

Run

Factor 1
Block A:Bowler
Person

Randomize Run Order == E

@ All blocks

~) Single block Block1 ~
P— Block 1 =
[ o || Cancn'F |
T T T

How to randomize the run order in the second block

Now enter the new data as shown below.

1
20
21
22
23
24
25
26

19
20
21
22
23
24
25
26

Block 2
Block 2
Block 2
Block 2
Block 2
Block 2
Block 2
Block 2

Pat
Pat
Mark
Mark
Shari
Shari
Ben

Ben|130

162
153
175
180
163
166
200

Data entered for second block oames

Go ahead now and ranalyzeyour data by clicking the Score node under

Analysis. Movethrough Transform and click on theEffects button. Here, you
i ABEATA@GA E@ ET Al OAAA EI
O0O0OA EO EO EAAT OEoEEAIAe AdU -B\d kv |Gnmhésiable jo £
Ofi CCl A E& MBOT |

TAAA Ol

OAd OI

Selection: | Manual - |

Order: | Main effect -

| Term | df |5um of Sguares |Mean Square| F Walue | Prob = F |
il Intercept
[ A-Bowler 3 1722.82 37427 3.05 0.0611
(=] Lack Of Fit 2 4272 21.36
(=] Pure Error 13 2782.25 214.02
Reziduals 15 2824 97 138.33

Effects button results

129 General One Factor Tutorig|Part 2
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Proceed toANOVA and thento Diagnostics. On the floatingDiagnostics Tool,
change (click) frominfluence to Diagnostics. Do not worry if this model gets

1 AAAT AA OB Ayl BegEBomAthing is abnormal abouhis data. Do
you notice that theresiduals now line up very poorly, especially at the extreme
points as shown below? On the floatingDiagnostics Tool changeColor by to A:
Bowler.

Diagnostics Tool @ Y e |1 e [ oo

Design-Expert® Software
[Biagnestics’ Infiusnce P

Studentized Color points by level of
owler

Normal Plot of Residuals

| Marmal Plot

!

& vs. Pred

& vs. Run w5

Pred. vs. Actual

Bax Cox

L e

& ws. Factor

Normal % Probability

corv s :
Standard Orde;
Clé Run S P

Block
Pop Design ID
Point Type
e Score

None Internally Studentized Residuals

Diagnostics for bowling resultg part two: Normal plotwith poorly aligned residuals

Now you see thathe results from Bendo not fit with the others (his games are the

two outliers z low and high), which should be no surprise considering his odd style

of bowling. Click thelnfluence button to bring up the externally studentized

residualsz a god tool for detecting outliers.

$0AC UI OO0 i1 6OA 1T OAO " ABdhpoirdslsiividindwoe O A0
highlighted. We mustignore or delete them. (Sorry Ben, odd behavior by

programmers is considered normal at StaEase, but not when it comes to bowling!)

" AT pii1 0

Qu

O GCAIRIOC OADBAABAA

Qu
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