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Taguchi Design Tutorial

Introduction

4ACOAEESO 1T OOET CITAI AOOAUO DPOT OEAA Al
Factors and interactions are assigned to the array columns via linear graphs. For
example, look at the first of 18 linear graphs fothe Taguchi L16 (16 run twolevel
factorial).
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First linear graph for L16 aray

The figure atupper left displays 15 column numbers available for effect estimation.
To the right you see the corresponding factor letters. Starting at the top and going
counter-clockwise, you can see that factor C is connected to AB, implying
confounding of factor C with the AB interaction. Factor F is connected to BD, and so
forth. Theserelationships describe aliasing for a handful of the possible
relationships. The complete alias structure for the L16, generated by
DesignExpert® software, is shown below.

[A] =A-BC-DE-FG - HJ -KL - MN - OP
[B] =B -AC - DF - EG - HK -JL - MO - NP
[C] =C-AB -DG - EF - HL - JK - MP - NO
[D] =D -AE-BF-CG-HM-JN -KO - LP
[E] =E-AD-BG-CF-HN-JM-KP-LO
[F] =E-AG-BD - CE-HO-JP - KM- LN
[G] =G -AF-BE-CD-HP-JO-KN-LM
[Hl =H-AJ-BK-CL-DM-EN-FO-GP
[J] =J-AH-BL-CK-DN-EM-FP-GO
[K] =K-AL-BH-CJ-DO-EP-FM-GN
[L] =L-AK-BJ-CH-DP-EO-FN -GM
[M| =M-AN-BO-CP-DH-EJ-FK-GL
[N] =N-AM-BP - CO-DJ-EH - FL - GK
[0] =O-AP-BM-CN-DK-EL-FH-GJ
[Pl =P-AO-BN-CM-DL -EK - FJ - GH

Aliasing of main effects vii two-factor interactions for L16 (first linear graph)
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Second linear gaph for L16

This second linear graph reveals the underlined, italicized effects shown below.

[A] =A-BC-DE-FG
[B] =B - AC - DF - EG

[C] =C-AB - DG - EF -
-HM - JN - KO - LP

[D] =D - AE - BF - CG

[E] =E-AD-BG - CF-

-HJ -KL-MN - OP
-HK - JL - MO - NP

HL - JK - MP - NO

HN - JM - KP - LO

[F] =E-AG-BD-CE-HO-JP-KM-LN
[G] =G-AF-BE-CD-HP-JO-KN-LM
[Hl =H-AJ-BK-CL-DM-EN-FO - GP
[ =J-AH-BL-CK-DN-EM-FP-GO
[K] =K -AL-BH-CJ-DO-EP-FM-GN
[L] =L-AK-BJ-CH-DP-EO-FN-GM

[M] =M-AN-BO-CP-DH-EJ-FK-

GL

[Nl =N-AM-BP-CO-DJ-EH-FL-GK
[0] =O-AP-BM-CN-DK-EL-FH-GJ
[Pl =P-AO-BN-CM-DL-EK-FJ-GH

Aliasing of main effects v two-factor interactions for L16 (second linear graph

In theory, you could build the entire alia structure by going through all 18 linear

graphs. But why bother? The complete alias structure is given by DesiBrpert

software via its Design Evaluation tool.

Case Study

To see how Desigito@DA OO O £#0xAOA EAT A1 AO 4AGOAEE
example out ofSystem of Experiment Desigiolume 1, page 189 (Quality

Resources, 1991). The experimenters identified nine factors (see table below).
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Factor Units Level 1 Level 2
Brand J100 B17
Current amps 150 130
Method weaving single
Drying none 1 day
Thickness mm 8 12
Angle degrees 70 60
Stand-off mm 15 3.0
Preheat none 150 deg C
Material SS41 SB35

Factors for welding gperiment

The experimenters wanted estimates of several interactions: AB, Aénd BD.
Looking at the first L16 linear graph (reproduced in part below), we see that
column C can be used to estimate the AB interaction, column E to estimate AD,
column F to estimate BDand column O to estimate AP. Taguchi used columns M
and N to esimate error.

4
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Subset ofirst linear graph for L16 on velding

The factor assignments are summarized below.

Column Factor Column Factor
A Brand
B Current J Angle
C AB K Standoff
D Method L Preheat
E AD M
F BD N
G Drying ®) AP
H Thickness P Material

Factor assignments for L16 oneiding

Columns M and N (blank) will be used to estimate error. (Note: there is no column 5
I AAAT AA O0)d6 EI OEEO 10O 1TOEAO AAOECI O AAAZ
predictive model.)
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Design the Experiment

, AOBO AOEI A O EiedlewiADefidhoff tBe mert Bdr. (Tikeblank-
sheeticon/ TT OEA T A&ZO 1T &£ OEA OIT1 AAO EO A NOEAE
to check this out, press Cancel to ractivate the tool bar.But the fastest way, new

Ol $8yh EO O Al EAE . Ax $AQPEneifrohthe OEA O £O
default Factorial tab click Taguchi OA (orthogonal array) and choosel 16(2" 15)

from the pull down menu.

File Edit View Display Options Design Tools Help Tips
? O
s Taguchi OA Design
Mixture Orthogonal array designs from Taguchi's textbook. Explore Two-Level Factorial ar
Response Surface
Factorial
Design Designation: | L16 (2*15) - '@ Horizontal
La (2'3) 2 Vertical
2-L evel Factorial L& (2"7) -
Min Run Res V Mz LS (384} Levels | L[1] L[2]
Min Run Res IV ; L12 (2*11)
i A [Categoric] |2 Lewel1of & |Level 2 of &
Irregular Fraction R — <8 {] il Hese
General Factorial B [Categoric] [5  L16 (45) Level 10fB Level2 of B
Optimal T L18 (2*1 % 3°7)
C [Categoric] |- L18 (22 % 3"8) Level 1 of © | Level 2 ofC
Plackett-Burman —— 125 (5%6)
= I 5 (5
EEFTETITNN <, 2(Ceewrello 27 S0, Lovel10f0)_Leve 201D
E [Categoric] |g L27 (3"22) Level10fE |Level 2 of E
N L32 (2%31)
F [Categoric]
[Categoric] |F 132 (211 x 4°9) Lewvel1of F | Level 2 of F
G [Categoric] |G L36 (211 % 3M12) Level10fG Level2 0f G
N L36 (23 % 3*13)
HICategoricl |H |\ 5y (o0 x 5711) Level1ofH |Level2ofH
J [Categoric] | L54 (21 x 3%25) Level1o0f] |Level 2 ofl
e E— L&4 (263)
K [Categoric] | L64 (4°21) - Level 1 of K |Level 2 of K
L [Categoric] || 2 Level 1 0f L | Level 2 of L
W [Categoric] |1y 2 Level1of M |Level 2 of M
N [Categoric] [y 2 Level 1 0f N |Level 2 of N
0 [Categoric] (g 2 Level10fQ |Level2of0
P [Categoric] (p 2 Level 1 of P |Level 2 of P

Selecting the Taguchi orthogonalreay (OA)

Click theContinue button. The software then presents the alias structure for the
chosen design. Notice that C is aliased with AB, E is aliased with AD, F is aliased .
with BD, and O is aliased with APAIso, Desigho@DA OO OAOAOOAO OEA 1A

interceptin prediA OEOA 11T AAT 6h O1 EO OEEDPO A&AO0I 1 AEAAC
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[A]=A-BC-DE-FG - HJ-KL-MN - OP
[B] =B - AC - DF - EG - HK - JL - MO - NP
[C]=C-AB-DG -EF - HL - JK - MP - NO
[D]=D-AE -BF -CG - HM - JN - KO - LP
[E]=E-AD-BG-CF-HN-JM-KP-LO
[F]=F-AG-BD-CE-HO-JP-KM-LN
[G]=G-AF-BE-CD-HP -JO-KN - LM
[H]=H-AJ-BK-CL-DM-EN-FO-GP
[J]=J-AH-BL-CK-DN-EM-FP-GO
[K]=K-AL-BH-CJ-DO-EP-FM-GN
[L]=L-AK-BJ-CH-DP-EO-FN-GM
[M|]=M-AN-BO-CP-DH-EJ-FK-GL
[INJ=N-AM-BP - CO-DJ-EH - FL - GK
[0]=0-AP-BM-CN-DK-EL-FH-GJ
[P]=P-AO-BN-CM-DL-EK-FJ-GH

Alias gructure for L16 two-level design ()

Click the Continue button. On all other designs you would now be prompted to
enter factor names. However, for Taguchi designs this will be done lateafter you
generate theruns layout. DesignExpert now shows the response screen. Enter the
1response nd A Aedsiléd AT A OEKg/MdPr®HBO AO O

Responses: 1 -

‘ Name ‘ Units
JTen zile kg/mm*2

Responserdry

At this point you can skip the remainder of the fieldg used for calculating the
power of your designz and continue on. HoweverE O 8 Go gAil & @ssessment
of the power of this Taguchi deign. Assume that its beneficial to increaseweld
tensile strength by at leastl unit on average, and that quality control data
generates a standard deviation 00.5. Enter these values as shown below so
DesignExpert can compute the signal to noise t@ z for this design: 2.

Optional Power Wizard: For each response, you may enter the minimum change the design should detect as
statistically significant and alzo the estimated standard deviation of each response (generaly obtained from
historical data). The ratio will then be calculated in the Delta/Sigma field. Press Continue to see the calculated
power for each response. A probability of 0% or higher is recommended. If power is low, consider adding runs
by choosing a larger design or replication, or reconcile yourself to not detecting a signal this small.

Leave Sigma and Delta fields blank to skip power calculation.

Responges: 1 » (1 to 959) | Edit model for power... |
Diff. to detect Est. Sid. Dev. Delta/Sigma
Name Units Delta("Signal™) Sigma(“Noise™) (SignalMoize Ratio)
JTensiIe kgmm2 05 2

Optional power wizardz necessary inputs entered
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PressContinue to see the calculated power, which in this case faxceedsthe
recommended level 080 percentz the probability of seeing the desired difference
in one maineffect (an assumption made by Desigi&xpert for resolution IIl designs
like this).

Power is reported at a 5.0% alpha level to detect the specified zignal'noize ratio.

Recommended power iz at least 80%.

_Tensile kg/mm*2
Signal (delta) = 1.00 Noise (sigma) = 0.50 SignaliNoise [(delta/sigma) = 2.00
| A
96.0 %

Results of power calculation

Click Continue to accept these inputs and generate the design layout window.
DesignExpert now displays theexperimental runsin random order. Right clickthe o
Std column and chooseSort by Standard Order OT OAA 4ACOAEES6 O AAOE

File Edit View Display Options Design Tools Help Tips
0= = S ? Y

i D Notes for MyDesign.dxp
.. [F Design (Actual)

- 55 Summary
L‘l Graph Columns p—

| Factor 1 Factor 2 |

| Select

Sort by Standard Order
Hide Standard Order

Sorting design by standard order

Next,right click the factor A headingand chooseEdit Info: %1 OBrand® AO OEA
I Al A JA00A AB1A OA O |1 A& 2. These Aré dominal (named)
contrasts, so leave that option as the defaulClick OK.

Edit Factor Info [

The default contrasts generate coefficients that have simple
interpretations. For a two-level categoeric factor the coefficient
is half of the difference between the averages at high and
low levelz. (The same as for a two-level numeric factor.) For
multilevel categoric factors the first coefficient is the
difference of level 1 from the overall average, the second
coefficient is the difference of level 2 from the overall

@ Use nominal default contrasts  average and so0 on. The negative sum of all the coefficients is
the difference of the last level from the overall average.
Editing the contrasts will change the interpretation of the

) Use ordinal default contrasts coefficients — edit with care!

Mame: Brand
Units:

Number of levels: 2

~) Edit nominal contrasts

~) Edit ordinal contrasts

Name | A1] |

1 J4100 -1
2 |B17] 1

Usingedit factor infoscreen
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Theremaining factors can be entered in the same way, but to save tipread in the
response data viaFile, Open Design from the main menu. Select the file named
Taguchi-L16.dxp.

Recall that several of the columns (C, E,dnd O) are being used to estimate inter
actions. Two others (M and N) arbeingused to estimate error. We can delete all
these columns and fit the interactions directly. This greatlgimplifies the analysis.

To do this,right click the header for columnO (Factor 14) to bring upthe menu
shown below. ChooseDelete Factor and confirm with aYes.

Factor 14 Factor 15 | Response 1 |

DAI‘I M-Elatarial Tanmila
interac Edit Info...
Make Mumeric k
Insert Factor k

Delete Factor

Sort by This Factor

— e - 0 ) - e i e

Right-click menu forfactor column indesignlayout

When deleting factors, the letters associated with the remaining factors change, so

to avoid confusion,always start at the right and work left. All this work will

eventually pay off by putting you in position to take advantage of Desigh@D A 006 O
powerful analytical capabilities.

Repeatthe Delete Factor operation on the columns for factoraN, M, F,E and C.
When you finish deleting columns, only nine experimental factors shodilremain.
Right clickthe Std column andSort by Standard Order. Your design should now
look like that pictured below.

B Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor & Factor 9 Response 1
% Std  Run A:Brand B:Current C:Method D:Drying E:Thickness F:Angle G:Stand-off H:Preheat J:Material Tensile

w amps. mm degrees mm kg/mm*2

_1 10 J100 150 weaving none g 70 15 none 5541 437
| 2 16 J100 150 weaving none 12 50 8.0 150 deg C SB35 402
| 3 4 J100 150 single 1 day g 70 15 none SB35 424
| 4 13 J100 150 single 1 day 12 &0 6.0 150 deg C 5541 447
| 5 [ J100 130 weaving 1 day 8 70 6.0 150 deg C 5835 42.4
| (] 5 J100 130 weaving 1 day 12 50 15 none 5541 459
| T 3 J100 130 single none 8 70 6.0 150 deg C 5541 422
| 3 2 J100 130 single none 12 50 1.5 none SB35 408
| 9 1 B17 150 weaving 1 day 8 &0 1.5 150 deg C 5835 42.4
| 10 12 B17 150 weaving 1 day 12 70 5.0 none 5541 455
| m 7 B17 150 single none 8 &0 1.5 150 deg C 5541 436
| 12 ] B17 150 single none 12 70 5.0 none SB35 408
| 13 14 B17 130 weaving none g 50 8.0 none 5541 44
| 14 1 B17 130 weaving nene 12 70 15 150 deg C 5835 40.2
| 15 9 B17 130 single 1 day g 50 8.0 none SB35 425
. 15 B17 130 single 1 day 12 70 1.5 150 deg C 5541 45.5

Taguchi L16 after deleting columns so orfyfactors remain

It is helpful to make a table for crosgeferencing the original assignment of factor
letters with the new (condensed) list.

¢
w

Design9 ELISNI y | aSNDa DdzA Taguchi DesigiTutorial 1 7



Original (9) New (9) Discarded (6)
A: Brand A: Brand K: Standoff
B: Current B: Current L: Preheat

C: AB C: Method M: error
D: Method D: Drying N: error
E: AD E: Thickness O: AP
F: BD F: Angle P: Material
G: Drying G: Standoff
H: Thickness H: Preheat
J: Angle J: Material

Crossreferenceable forfactor letter assignments

Note that some interactions also get réabeledas shown in the table belowAB
staysAB, but AD becomesAC, BD becomeBCand AP become#\J,

To review alias structure, click the desigrEvaluation node. For Order select2FI
(two -factor interaction) and click Results. In therelated table below, weignored
interactions of three or more factors and underlined twefactor interactions of

interest.

Factorial Effects Aliases
[Est. Terms] Aliased Terms
[Intercept] = Intercept

[A] = A-EF- GH

[B] = B-EG-FH
[C]=GHJ

[D] = D-EJ

[E] = E AF- BG-DJ
[F] = R AE-BH

[G] = G AH-BE

[H] = H- AG- BF- CJ
[J] = 3 CH-DE

[AB|=AB + CD + EH + FG
[AQ=AC +BD +GJ

[AD] = AD BC+ FJ
[AJ=AJ+ CG + DF
[B1=BJ + CF + DG
[CE]=CE + DH

Aliasstructure after deleting olumns from L16

Notice that all the main effects, plus the four interactions of interest, are aliased
with one or more two-factor interactions. The effects now labeled BJ and CE are
the two columns used to estimate error, but they too are aliased with twdactor
interactions. All of these aliased interactions must be negligible for an accurate

analysis.

8 9 Taguchi Desigitutorial
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Analyze the Results

To analyze the results, follow the usual procedure for twdevel factorials as

demonstrateA A AQOI EAO EI

S0, go back and complete this tutorial.)

OEA &AAOT OEAI

$AOECIT

Click the analysis node labeled@ensile, which is found in the tree structure along
the left of the main window. Then, click theEffects button displayed in the toolbar
at the top of the main window. Click the two largest effect{J and D) on the half
normal plot of effects orrope them off as shownbelow.

|y“ Tearsdam ‘J-- Eifecia  fl AMVA

;n.,m.uh 'mmomm‘

Tensile

Shapiro-Wilk test
Wevalue = 0.933
p-value = 0.375
A: Brand

B: Current

C: Method

D: Drying

E: Thickness

F: Angle

G: Stand-off

H: Preheat

J: Material

-]

B Negative Effects

Design-Expert® Software

Half-Normal Plot

LL RN S

Half-Normal % Probability

Iy

Do by g Ly

&y

0.00

155 2% 310

|Standardized Effect|

Half-normal plot of dfects

On thefloating Effects Tool pressPareto Chart for another view on the relative

i ACT EOOAA

I £ AEEAAOOS

)y 666 OAoOU Al AAO

Design9 E LJS NJi

y asSNna

Taguchi Desigftutorial 19

4



Pareto Chart

J
1137 —| —
853 —
D
3
=
E 568 —
Effects Tool @ ‘S
(0]
=)
|:| Half-Marmal ‘>U L Bonferroni Limit 3 58384
Eal et | >
Mormal Plot = 280 —|
L0 tValue Limit 2.16037)
[2] Effects List I I I I I
Aliss List I
| UL EEEE N — _
T T T T T T T T T 1

Clear Selection

Recalculate

e
IS
-
S
H

Rank

Pareto chart of effects

Click the ANOVA button. DesigrExpert now warns you about aliasing anaffers a
list for you to view.

Warning Iﬁ

Thiz de=sign contains aliased terms.

Do you want to switch to the View, Alias List in order
to select them?

Yes=Switch to View, Alias List

MNo=Continue with current selected Model

Warning that design contains aliased terms

Click Yes to see thealiases agaigk OE E O
AT A OEA T OEAOO 1 AAAI

o O
>: T
T>

O X
m O

109 Taguchi Desigiutorial Design9 E LIS NIy
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ARJONA,

y'“ Tranzform |,J'_ Etfects %

@ Diagnostics

Ehﬂodel Graphs

Term

Intercept
A-Brand
B-Current
C-Method
D-Drying

Effects Tool

=

D Half-Marrmal

Mortmal Plat

@ Pareto Chart

E-Thickness
F-Angle
G-5Stand-off
H-Preheat
J-Material

AB

AL

AD

AE

AF

A

AH

Al CG DF AC

BC AD F

BD

BE

BF

BG

BH

BJ CF DG ACE ADH BCH BDE EGJ FHJ

ch

CE DH ABJ ACF ADG BCG BDF CDJ EHJ

[5] Effects List

. Alis List

Recalculate

M2M222220M22222200Z00MODEROOE

View of alias list

Again dick ANOVA. You should now see an annotated ANOVA repory llefault. If
not, selectView, Annotated ANOVA The ANOVA&onfirms that the effects of D and J
are statistically significant.

File Edit Display Options  Design Tools  Help  Tips

O & & v Annotated ANOVA
(3 Motes fo Show Cell Borders . ne . -
o ," Effects = AR, .=+ Diagnostics |-__Mode| Graphs
Pop-Out View | | | | | | i
v Toolbar & to right click on individual cells for definitions. B
v Status Bar 1 Tensile

4 || itz r selected factorial model

“— - ysrsorvariance table [Partial sum of squares - Type Ill]
: %;pt::::::;l | Sum of Mean F p-value
5.;‘3 Graphical | Source Squares df Square Value Prob >F
;‘g_-l Point Predichon __|Model 56.93 2 2845 95.68 < 0.0001 significant
| D-Drying 18.49 1 18.48 £2.15 =0.0001
| J-Material 36.44 1 38.44 125.21 = 0.0001
_Residual 3.87 13 0.30
__|cor Total 50.80 15 Bookmarks =]
—1 Top
| The Model F-value of 35.68 implies the model is significant. There is only AN A
_ |2 0.01% chance that a "Model F-Value” thie large could occur due to noise. R-Squared
| Coefficient s
__|alues of "Prob = F" less than 0.0500 indicate model terms are significant. Equations
__|Inthis case D, J are significant model terms. Pop-Out View
_ Values greater than 0.1000 indicate the model terms are not significant.

ANOVAeport

Scroll down, or use the handy bookmarks, for more statistics. Theliok ahead to

the Diagnostics. Thediagnostic resultsAT T 6 O 1  for Exargp@ Ahk Gormal

Design9 ELISNI y | aSNDna DdzA RS Taguchi Desigiutorial 11



plot of residuals looks a bit offkilter ZA 00 OEAUS8 OA AANMFBOAAI A8 #
Graphs button and, if not already picked by defaultselect factorD as theTerm on
the floating factors tool. The following graphshould now appear.

y* Transtom |L iects |J,z= anova |;mgnm;|@nwam

Design-Expert® Soft
Tenste T onAre One Factor

# Design Points 47 —|

X1 = D: Drying

Actual Factors
A: Brand = J100

B: Current = 150

C: Method = weaving
E: Thickness = 8

F: Angle =70

G: Stand-off = 1.5 “—
H: Preheat = none
J: Material = 8541

Tensile

1day

D: Drying

Onefactor plot of the main effect of factor D (ging)

You may be wondering about the circulared symbol. As indicated by the legentb

the left of the screen in redthis is anactual design point. Due to the fractional

T AOOOA 1T £ 4ACOAEE AAOGECI Oh UI O xi1680 OAA O
effects. Clickany point(s) that do appear tosee readoutsof their actual response

value.

On thefloating Factors Tool, dick the Term down arrow now and selectJ (or
right-click on the J bar to make it the Xaxis). Notice that DesigrExpert defaults to o
OEA OI 1T xAoo 1 AOGAT 1T &£ OEA AAOACT OEAAI AEAAOQT

Factors Tool @

[Gauges sheet| || Default

|tl:' ABrand . ava H:IE:Stand—:}ﬂOE

H} B:Cument . avg| H} HiFreheat . avg|

H} CMethod avg| |

[ ooving  ava] | 5541
E:Thiginess . ava| Term

Plotting the second significant main effect (J)

On the factors toolclick the O O B B A Oar riigtk Goikt) of D:Drying, which we
now know is best for tensile strength. This shifts the red line to the far right as
shown below.

129 Taguchi Desigiutorial Design9 ELISNI y ! aSNna D
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Design-Expert® Software
Tensile

X1 =J: Material

One Factor

Actual Factors

A: Brand = J100

B: Current = 150

C: Method = weaving
D: Drying = 1 day

E: Thickness = 8

F: Angle =70

G: Stand-off = 1.5

H: Preheat = none

ss41

J: Material

SB35

Plot of main effect J (material) with factor D set at higével

The square symbols at eitheend of the lines show the predicted outcomes. The
vertical I-beamshapedbars appearing throughthese points represent the least
significant difference (LSD) at a 95% confidence level (the defaultLClick the
square symbol predicted value) at the upperleft to get a readout on the LSDit(

appearsto the left of the graph). Note that this LSD does not overlaiprough an
imaginary horizontal line with the LSDat the lower right. This provides visual

verification that the effect shown on the plot isstatistically significant.

Design-Expert® Software
Tensile

Tensile = 45.5875

LSD: 0.721584

X1 =J: Material = SS41

Actual Factors
A: Brand = J100
B: Current = 150

Factors Tool E

Gaugesty Shest Defautt
H) ABrand ) ava H)c Stanc-off , sva|
H) B:Cunent  avg] H, HPrcheat -\ aug

H) CMainod o ava] [1] S material

: ) o J:ﬂ“day =

C: Method = weaving Thigne . oy

D: Drylng =1 day |Woajﬂarm e -

E: Thickness = 8 2

F: Angle = 70

G: Stand-off=1.5 2

H: Preheat = none g
()]
|_

47 —

16 —]

45

44 —

43 —

Maximal point clicked with predicted response noted and Li&ported

This concludes our tutorial on Taguchi orthogonal arrays. Use these designs with

caution! Take advantage of Desighhe@D A O0O6 O AAOECI

AOAI OAOQEIT 1

examining aliases. Make sure that likely interactions are not confounded with main
effects. For example, in this case, only two main effects (D and J) appear to be
significant, but as shown in the alias table, perhaps D is really EJ, and J could be CH
and/or DE. Therefore, it would be a good idea to do a follewp experiment to

confirm the effects of D and J.
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