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4.1.1 NIsragaLNIsLanuasLULLNAT89teya (Normal Distribution)

AMAIANUIN A AR A-1 WUINNNTNILANFIIAIEIUANAY  (Residuals)
AMSUAIAMHN LT 11NN9EIANNY (Adhesion) ABINNINARBUTIUNNNAFEA 2° AU 2 19
waem 199tiady F uay G uanaliiiudansnizniangzanasnlseannlenduidunsa vinls

aglddndayadiuualiiunisnszanasauuulng uasdayatiuingene
4.1.2 mangaaaauAuiugaszaesdaya (Independent)

AMNNIANWAN A NINA A-2 N9NszanafaTesdayalilgluuunudueny uasls
gnunsanuwnalsd  waasliiudndaunnAnsaaaaradndansalunistianis i usn Tl

AATZFAAN (Independent)
4.1.3 ﬂ’]ﬁ‘ﬁ]ﬁ")“]@‘ﬂ‘]_lL@ﬁﬂ?ﬂ’]wmﬂ\‘]ﬂqqmuﬂ?ﬂ?’)u (Variance Stability)

AMNAIARUIN A AR A3 BT ULAUNINNNINIZANEFIUBIAIEIUANANY T

=

A Fitted Value 193903aa1nA1ANLTL39T8N98AINNE (Adhesion) wamAalLfiud AN
wilstlauaesdaunnAneinisnseataannuuadudueiisinuuy uazduaelndipsaii
uanIIIANKsUsNTRsdauANANeRANNIATEs  uazAYINLLstsuiluua NN sEan sy

LALIANLNBAIAN LTI IUNN9E AN SN T
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AMNNTIANUIN A ﬂWWﬁ ﬂ*l%QﬁﬁéumuﬂWWﬂqiﬂﬁzqqﬂﬁhﬂ@ﬂﬁWﬁQHMﬂﬁﬁﬂﬂﬂﬂ

{ < =2 = o [ o 1 ! ¥ =

ArANNLILIS NN AINNZIE LA LT ALYastiade F wudnauulslsautesdaunnAied
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AN9NTLANEANNUUNAUALETIIAULY  wazf ua e nAAeiLLgAI9IANL 1991849

a

| v = ¥ o A o o
doumnANEAMNLEDYT wazAuulslununldNA NI AuANTasiladE F

[AMNNIANUIN ﬂ(ﬂWWﬁ A-5 %MﬂuumuﬂﬁWﬂqﬁﬁﬁﬂqﬂﬁhﬂﬂﬂﬁWdQHMﬂﬁhﬁﬂﬂﬂ
1 [ =2 = [ o [ ' ! ¥
ArANNLILIS NN AINNZIME LA LT ALTatadE G WUSIAMNLLTUIIULRIAIUANANS
%

{N19NgzattANUUAUAUETNAIUIN  LazAua N InAAENTULARIN AN ST uTas

' Y = P Y o X oA o o
@QumﬂﬂqQNﬂQWNL@ﬂﬂ?u@zﬂqqﬂuﬂ?ﬂ?quﬂuuQ?MNUWN%HW?&@UQQﬂ@Qﬂ@QEJG

4.1.4 nMaAziuaznisagianimaseadauminneGaa 2° 909144t F uay G

AN9NN 4.1 NANITIATITINIINAADY 2° 184911ad8 F Ay G A1101 2 LINWALAR

Full Factorial Design

Factors: 2 Base Design: 2, 4
Runs: 8 Replicates: 2
Blocks: 1 Center pts (total): 0

All terms are free from aliasing.

Factorial Fit: Adhesion versus G, F
Estimated Effects and Coefficients for Adhesion (coded units)

Term Effect Coef SE Coef T P
Constant 3.5875 0.02795 128.35 0.000
G 0.0250 0.0125 0.02795 0.45 0.678
F -0.2250 -0.1125 0.02795 -4.02 0.016
G*F 0.0250 0.0125 0.02795 0.45 0.678

S = 0.0790569 R-Sq = 80.58% R-Sq(adj) = 66.02%

Analysis of Variance for Adhesion (coded units)

Source DF Seq SS Adj SS Adj MS F P
Main Effects 2 0.102500 0.102500 0.051250 8.20 0.038
2-Way Interactions 1 0.001250 0.001250 0.001250 0.20 0.678
Residual Error 4 0.025000 0.025000 0.006250

Pure Error 4 0.025000 0.025000 0.006250
Total 7 0.128750

Least Squares Means for Adhesion
Mean SE Mean

G
-1 3.575 0.03953
1 3.600 0.03953
F
-1 3.700 0.03953
1 3.475 0.03953
G*F
-1 -1 3.700 0.05590
1 -1 3.700 0.05590
-1 1 3.450 0.05590
1 1 3.500 0.05590
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dl 1 1 < =2 o dl o o
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[ % ?:/ ?:/ dl o a 1 a = 5 o
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D uay E sWawemd 162l

4.2 N133LAZHANINARAUNNND TR 2° Aadilads A.B,C.DUALE LINALART ]

4.2.1 ﬂ’]ﬁ‘ﬁlﬁ"}@@ﬂﬂﬂ’]ﬁ‘LL@ﬂLL@\iLLUUﬂﬂa‘ﬂ@\ﬂslj’ﬂH@ (Normal Probability Plot)

ANAANUIN 4 AR 91 LEANNITNIYANEARUB9491ANANY  (Residuals)
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4.2.3 NIATIRQBLIADETNNTBIANNLLTLITU (Variance Stability)
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4.2.4 nM9aeziuarnisalnanimaaasdiuinynaizas 2° 1849ilade A, B, C, D uaz E 19
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Normal Probability Plot of the Effects
(response is Adhesion, Alpha = .05)
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A9 4.2 wan1saAziAnnulslsunimaaes 2° 184 A B, C,DuarE SNALART 1

Factorial Fit: Adhesion versus A, B, C, D, E

Estimated Effects and Coefficients for Adhesion (coded units)

Term Effect
Constant

A -0.0937
B 0.5687
C -0.0687
D -0.4562
E 0.2688
A*B -0.1812
A*C -0.0438
A*D 0.0687
A*E 0.1187
B*C -0.0062
B*D 0.2063
B*E 0.1313
C*D 0.0437
C*E -0.3063
D*E -0.3688
A*B*C -0.2063
A*B*D 0.0563
A*B*E -0.1438
A*C*D -0.1312
A*C*E 0.0938
A*D*E 0.0313
B*C*D -0.0688
B*C*E 0.1813
B*D*E 0.0687
C*D*E -0.0938
A*B*C*D 0.1312
A*B*C*E 0.1063
A*B*D*E 0.1438
A*C*D*E -0.0438
B*C*D*E -0.0813

A*B*C*D*E -0.0063

Coef
2.4406
-0.0469
0.2844
-0.0344
-0.2281
0.1344
-0.0906
-0.0219
0.0344
0.0594
-0.0031
0.1031
0.0656
0.0219
-0.1531
-0.1844
-0.1031
0.0281
-0.0719
-0.0656
0.0469
0.0156
-0.0344
0.0906
0.0344
-0.0469
0.0656
0.0531
0.0719
-0.0219
-0.0406
-0.0031

Main Effects Plot (data means) for Adhesion

A B

2.8

2.4

2.2

2.8

Mean of Adhesion

2.6

2.2

AN 4.4 NINLAPNANENANANTAINIINAAAY 2° 189 A, B, C, D WAL E LINALAAN 1
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Interaction Plot (data means) for Adhesion
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4.3 N13AZiHaN1IeAaadTsunnnaFaa 2° 984 A, B, C. D LAY E l3WALART 2
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ausuAAuLdusalunnstianng (Adhesion) 109N"9IARLTIUNNNeBaa 2° lINALARN
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Normal Probability Plot of the Standardized Effects
(response is Adhesion, Alpha = .05)
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A9 4.3 Han1TaATziAnNLLsLu 2 A /B, C,DuUarE ENARAT 1 LAZ 2

Factorial Fit: Adhesion versus Block, A, B,C, D, E

Estimated Effects and Coefficients for Adhesion (coded units)

Term Effect Coef SE Coef T P
Constant 2.4453 0.05487 44.56 0.000
Block 0.0047 0.05487 0.09 0.932
A -0.0406 -0.0203 0.05487 -0.37 0.714
B 0.5156 0.2578 0.05487 4.70 0.000
C 0.0344 0.0172 0.05487 0.31 0.756
D -0.3781 -0.1891 0.05487 -3.45 0.002
E 0.3781 0.1891 0.05487 3.45 0.002
A*B -0.1156 -0.0578 0.05487 -1.05 0.300
A*C -0.0469 -0.0234 0.05487 -0.43 0.672
A*D 0.0156 0.0078 0.05487 0.14 0.888
A*E 0.0469 0.0234 0.05487 0.43 0.672
B*C -0.0281 -0.0141 0.05487 -0.26 0.799
B*D 0.1219 0.0609 0.05487 1.11 0.275
B*E 0.1156 0.0578 0.05487 1.05 0.300
C*D 0.0906 0.0453 0.05487 0.83 0.415
C*E -0.0906 -0.0453 0.05487 -0.83 0.415
D*E -0.0406 -0.0203 0.05487 -0.37 0.714
A*B*C -0.1844 -0.0922 0.05487 -1.68 0.103
A*B*D 0.1656 0.0828 0.05487 1.51 0.141
A*B*E 0.0844 0.0422 0.05487 0.77 0.448
A*C*D -0.0156 -0.0078 0.05487 -0.14 0.888
A*C*E 0.0531 0.0266 0.05487 0.48 0.632
A*D*E -0.0719 -0.0359 0.05487 -0.65 0.517
B*C*D 0.0031 0.0016 0.05487 0.03 0.977
B*C*E 0.1094 0.0547 0.05487 1.00 0.327
B*D*E -0.0781 -0.0391 0.05487 -0.71 0.482
C*D*E -0.0844 -0.0422 0.05487 -0.77 0.448
A*B*C*D 0.0219 0.0109 0.05487 0.20 0.843
A*B*C*E 0.0281 0.0141 0.05487 0.26 0.799
A*B*D*E 0.0406 0.0203 0.05487 0.37 0.714
A*C*D*E -0.0906 -0.0453 0.05487 -0.83 0.415
B*C*D*E -0.0094 -0.0047 0.05487 -0.09 0.932
A*B*C*D*E 0.0594 0.0297 0.05487 0.54 0.592

S = 0.438972 R-Sq = 66.36% R-Sq(adj) = 31.64%

Analysis of Variance for Adhesion (coded units)

Source DF Seq SS Adj SS Adj MS F P
Blocks 1 0.0014 0.00141 0.00141 0.01 0.932
Main Effects 5 8.8745 8.87453 1.77491 9.21 0.000
2-Way Interactions 10 1.0416 1.04156 0.10416 0.54 0.848
3-Way Interactions 10 1.6316 1.63156 0.16316 0.85 0.589
4-Way Interactions 5 0.1795 0.17953 0.03591 0.19 0.966
5-Way Interactions 1 0.0564 0.05641 0.05641 0.29 0.592
Residual Error 31 5.9736 5.97359 0.19270

Total 63 17.7586
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Main Effects Plot (data means) for Adhesion
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Contour Plot of Adhesionvs B, E
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AN 4.4 NAN1IAAadFUnTananTnAnaaatiade B way E annldsunsy Minitab

Response Surface Regression: Adhesion versus Block, E, B
The analysis was done using coded units.
Estimated Regression Coefficients for Adhesion

Term Coef SE Coef T P
Constant 3.61000 0.1911 18.889 0.000
Block 0.03846 0.1185 0.325 0.749
E 0.20847 0.1511 1.380 0.184
B -0.10858 0.1511 -0.719 0.481
E*E -0.54562 0.1620 -3.368 0.003
B*B -0.83313 0.1620 -5.142 0.000
E*B 0.15000 0.2137 0.702 0.491

S = 0.6044 R-Sq = 66.0% R-Sq(adj) = 55.2%

Analysis of Variance for Adhesion

Source DF Seq SS Adj SS Adj MS F P
Blocks 1 0.0385 0.0385 0.03846 0.11 0.749
Regression 5 13.4234 13.4234 2.68468 7.35 0.001
Linear 2 0.8840 0.8840 0.44200 1.21 0.320
Square 2 12.3594 12.3594 6.17971 16.92 0.000
Interaction 1 0.1800 0.1800 0.18000 0.49 0.491
Residual Error 19 6.9397 6.9397 0.36525
Lack-of-Fit 11 4.5997 4.5997 0.41815 1.43 0.313
Pure Error 8 2.3400 2.3400 0.29250
Total 25 20.4015

Estimated Regression Coefficients for Adhesion using data in uncoded units
Term Coef
Constant 3.61000

Block 0.0384615
E 0.208471
B -0.108579
E*E -0.545625
B*B -0.833125
E*B 0.150000
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4.6.1 NIAIIRGELNTLANUAIULLLINAT89E83A (Normal Distribution)
AINAMARUIN T AINT D1 WAT B2 WARNNNINIZANEFANTBIAIUANANS
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Test for Equal Variances for Factory Present & Experiment Formula

F-Test

Test Statistic 0.57
Factory Present Formula- I ® | P-Value 0.148

Levene's Test

Test Statistic 1.03
P-Value 0.314

Formula from Experiment I ® |

T T T
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959% Bonferroni Confidence Intervals for StDevs

Factory Present Formula - —ED— R R
Formula from Experiment- ® 4|:D7 ®

T
3.0 35 4.0 4.5 5.0 5.5 6.0
Data

NN 4.1 3 NN9ATIAADLAINULTUIIUTBINAN ARDLTRIATIANN LTS wralunnstimnng

1 %’ a a o o dl 1 dl %4 a o
sendnegmainenguailunisuaniiagiii fugnen Wageganldainniside

(<1

aNN1IATIRdaLANNLL TUINTesHanada LA ANNLdauss lunsE AN

1 % = a v o dl P -dl 14 a o Qi Qi

sendnegrsienguailunisuaaiiaqiuiugasi Wageganldainnisidaiuansluning
dl { 1 = [ o dl [

413 Uaz ANTNN 4.5 Wll')’]ﬂ’Wﬂ’)’]llLLﬂ?ﬂiQuﬁl’ﬂﬂ@ﬂﬂﬂﬁ‘Z‘ﬂqﬂﬁ‘Nﬂ')'\ﬂJiMﬁl’]\iﬂl&Vlﬁ‘ZﬁﬁUﬂ’)’]N

TR 95%



102

ﬁﬂ‘é"]\'iﬁ 4.5 ﬂ’]ﬁ‘ﬁ]ﬁ‘fm@‘ﬂ‘]_lﬂ'ﬂﬂLLﬂﬁ‘ﬂﬁ‘QHﬂ@\‘]N@Wﬂ’&‘ﬂU“ﬂ@\‘]ﬂl’]ﬂ’MQJLLﬁx‘ILLﬁ\ﬂuﬂ’ﬁgﬁLﬂ’]%

FENINANIENNINAR luTaqiiuAuan e NN gAaINNITIAE

Test for Equal Variances: Factory Present Formula, Formula from Experiment

95% Bonferroni confidence intervals for standard deviations

N Lower StDev Upper
Factory Present Formula 28 0.231527 0.302437 0.431591
Formula from Experiment 28 0.307176 0.401255 0.572608

F-Test (normal distribution)
Test statistic = 0.57, p-value = 0.148

Levene"s Test (any continuous distribution)
Test statistic = 1.03, p-value = 0.314

4.6.2 nmanfruuiauAeanlsznsresgasiteguai lunsnaatiaqiuiugnsi tdann

FRLTd

FN9NT 4.6 NMINAFBLANNAFIUIBHANAGELTIRIA1AN LT TUNsE ANIZITUINg

annznanan uilaqiiuiuanineinngaainnisien

Two-Sample T-Test and CI: Factory Present Formula, Formula from Experiment
Two-sample T for Factory Present Formula vs Formula from Experiment

N Mean StDev SE Mean
Factory Present 28 3.696 0.302 0.057
Formula from Exp 28 4.821 0.401 0.076

Difference = mu (Factory Present Formula) - mu (Formula from Experiment)
Estimate for difference: -1.12500

95% upper bound for difference: -0.96586

T-Test of difference = 0 (vs <): T-Value = -11.85 P-Value = 0.000 DF = 54
Both use Pooled StDev = 0.3553

QNN 4.14 Uaz 4.15 wudrArAuwdausslunistiainigi lianngmaungn

v A o

guART M unszuaunnananilaqiiuiiAnszidng 3.6 - 3.8 n.n. NezAUANTENY 95%
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o

dnumAnAuudausslunstianznldangasingguialannRaadAszudN 4.7 - 5.0

! 1 1 ! 14
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1%

nlfannisadeiaigeandngrslunszuounisnanilaqiiuann



(Adhesion) TsEiufiudnAANLduesluNsEAINzIR9g RN ULAN

N NNdgrInnan lullaqiiunseAumATeiu 95%

103

ANANTNN 4.6 LL'&GNN@ﬂ’]ﬁ“l’]ﬂ@@ﬂ@ﬂ?{aﬁ’]uﬁl@\‘}F’]I'?WJ’WNLL%QLL?\‘]sLuﬂ’]ﬁ‘ﬁﬂLﬂ’]g

d9

ay v
Aleannn

a

719

o

d

a
AN

Summary of Factory Presnt Formula

N
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T
55
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—L T =» =
95% Confidence Intervals
Mean{ F—e—
Median{ F———o——
T T
35 4.0 45 5.0

Anderson-Darling Normality Test
A-Squared 0.46
P-Value 0.243
Mean 3.6964
StDev 0.3024
V ariance 0.0915
Skewness 0.65093
Kurtosis 1.02059
N 28
Minimum 3.1000
1st Q uartile 3.5000
Median 3.7000
3rd Quartile 3.8000
Maximum 4.5000

95% Confidence Interval for Mean
3.5792 3.8137

95% Confidence Interval for Median
3.5448 3.8000

95% Confidence Interval for StDev
0.2391 0.4117

i v
NN 4.14 Arpodudausslunistininizaesgastinanguad lunsuantlaqiiv

Summary of Formula from Experiment

Anderson-Darling Normality Test

— A-Squared 0.46

P-Value 0.239

Mean 4.8214

StDev 0.4013

Variance 0.1610

\ Skewness  0.049555

Kurtosis 0.922452

N 28

Minimum 3.9000

1st Q uartile 4.6000

Median 4.9000

T T T T T T 3rd Quartile 5.0000

25 30 35 4.0 45 5.0 55) 6.0 Maximum 5.8000
95% Confidence Interval for Mean

» 4.6658 4.9770
95% Confidence Interval for Median
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95% Confidence Interval for StDev
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