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1) a&lidiefl (T-Test) wiagfaanaW (F-Test) 9INNIIFAIWIUTAININNIIET NIDA1LON
NNMIaa1319
2) \fanasaudn F-Test: @ Sig. < OL Arnua
3) \Wonasauen T-Test (One-Sample T-Test)
3.1) NMINAFY 2 N
Ho o W= W,
Hl : M = MO
UIEs H, e sig. (2-Tailed) < OL fifhnua
3.2) NMINagay 1 N4
HO : M < MO
Hl : M > MO
Uias H, e (1) Sig. (2-Tailed) « ot Aifmua uaz (2) e T > 0 wiad T
deauduuan (+) 2
3.3) MINagay 1 N4
HO : M 2 MO
Hl : M < MO
Ufias H, 1o (1) Sig. (2-Tailed) . 1, firimua uas (2) 1 T < 0 wiaen T
deauduau (-) 2
4) \Wonasauen T-Test (Independent Sample T-Test)
4.1) NMINAFY 2 N4
Ho o W= W,
Ho W=
UIEs H, e sig. (2-Tailed) < OL fifhnua
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4) ilzﬂi’mg]ﬁﬁwiw Power and Sample Size for 1-Sample Z: Option 1#i&an Not Equal @1y

auNdpufifvuenasay 2 ma
H, : W= 1,000
H, : W= 1,000

Power and Sample Size for 1-5ample Z: Options

Alternative Hypothesis
" Less than

Bl Mot equal
" Greater than

Significance level:

Help |

0.05

O

Cancel |

5) aaniu [ o |

Power and Sample Size for 1-5ample Z

Spedfy values for any two of the following:

Sample sizes: I

Differences:

|1

Power values: | .9
Standard deviation: | 1|

Options... I

Graph. ..

o]

Help |

Cancel

6) 9= 1ANRANTAIT

Power Curve for 1-Sample Z Test
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Differences uAianuuanadnnagaurimuagiwidaauy

e 1 niadayauanuasin

ASIIASIKIIA:D2NIIUUNISNAaDVAdY Minitab (Analysis and Design of Experiments with Minitab)

18/11/2565 BE 10:43 ‘ ‘



Histogram of Gram_China, Gram_Japan
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Test and Cl for Two Variances: Gram_China, Gram_Japan

Ratio = 1 vs Ratio # 1

95% Cl for o{Gram_China) / o{Gram_Japan)

~

UEAIFAF AN U

=g 2 nau AuduTe

A & oo o '
ANVULTDNUNUIRU O LRAIN

' v Flest ANNLLIUTINYEY 2 nau
I P-Value 0316 9
4 T 1 ' o
1#u 0 >! laduanenenu
a8 10 12 14 16 14 20 S
95% Chi-square Cls for o -~
G s ? 7y ; shidnaraudaniien
. < .
. \ ]
2 ! . P-Value = 0.316
20 25 a0 as 40 a5 50 ~
Boxplot of Gram_China, Gram_Japan (
Gram China e FRNUFIUNU UFIAIT
Gomopn | AwuLTsues 2 ngw
850 o5 04 a5 a50 a5 . o 6o
Tduanenenu
A
Test and Cl for Two Variances: Gram_China, Gram_Japan
Method
(E;éﬁé;:ﬁ]éﬁ:i&ﬁ of é?a’nIEHiBQT - ( a A:L o e
| 0= standard deviation of Gram_Japani_“‘ MARATILTIATIENLLIN
Ratio: 04/0= \
F method was used, This method is accurate for nermal data only. 1 StDev
3' Descriptive Statistics 3
i Variable N StDev Variance 95% Clforg i: ROAUITLY
| Gram_China 23 3494 12210 (2702 4.946) |
| Gram_japan 23 2813 7911 (2.1753981) |
Ratio of Standard Deviations
95% ClI for
Estimated  Ratio using
Ratio F
124230 (0.809, 1.908)
T danden = 1.54
Null hypothesis Heioi /02 =1
Alternative hypothesis  Ha:c. /02 2 1
Significance level a =005
Statistic | DF1_ DF2 P-Value ( .
: 2 22 |0316% P-Value > OL NN1%UA
F9waniu H,
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General Linear Model: Defect versus Level

Method UG OMERLGRIGYY
Factor coding  (-1,0, +1)

Factor Information

Factor Type Levels Values ( - & B
level Fied 4 1,234 mMIezRa ML IUIIu

Analysis of Variance P-Value = 0.000 L&A

Source | DF |AdjsSs AdjMs 3 F-value ED-Va\ue L Uau%’u H ﬁuﬁa ﬂ’nNL%’J
Level | 3 | 2540 @4678 | 7537 | 0000 | 8 .
Error 1 116 | 1303 1124 maamawwmﬁauﬁwada

Total | 119 | 3844

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, , PN linIztlasdieni
Model Summary

AN J

S R-sq R-sg(adj) R-sg(pred)
1.05998 66.09% 65.21% 62.71%

Coefficients

Term Coef SECoef T-value P-value VIF

Constant 4.8833 00968 5047  0.000

Level vl 'IML 3 295
NLITLUNITUAINCH

2 0883  0.168 527 0000 150

3 1917 0168 1144 0000 150 ANaulTTIY

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1 -1.183 0.168 -7.06 0000 150 1
|
|
|
|
|
!
. . |
Regression Equation |
|

Defect = 4.8833 - 1.183 Level_1 + 0.883 Level_2 + 1.917 Level_3 - 1.617 Level_4 |
)

Fits and Diagnostics for Unusual Observations
Obs  Defect Fit Resid Std Resid

gf']LmﬂqﬁaNaﬁﬁ 34 8000 5767 2233 214 R .
N »% el Rl I | undifioyaniionaaas
ANNARIALARDURY 0000 : : e E— » 4-
N N e BR BB : fanuananfaug

(6.1) i Residual Plots for Defect
(6.1.1) Normal Probability Plot @339gauaNuemaIndeuiinisuanuaslng
ninly
(6.1.2) Versus Fits arnsauhanuamaeiauienuaiiauensoly Unfidaya
ﬁﬁéﬁaaﬁ@muaﬁnawaﬁunﬂnéuﬁmaau
(6.1.3) Versus Order aTasauaNuludzIzdanuvasioya §nwm:ﬁa§aﬁﬁﬁaa
ﬁﬂawuﬂaWQLﬂﬁauﬂsxawstEJ’LG]”mimqu?iaLLazLﬂuLLuuﬂﬂﬁ
(6.2) i General Linear Model: Defect Versus Level
(6.2.1) fl Analysis of Variance L&@I71379 ANOVA N133LATIZ1e P-Value =
0.000 Gatfandy Ol = 0.05 fifvua MInaseuaNGzIUTIfIEs H,
lumsBia a1k ANOVA winwudauiu H, usashdnadsvasdszmnsmaiinglal

Aa A '

UANENIME MTIATIEAI AN LIVUN UAMINHENITINTAUED H, ugesdaisvesdszoing

2

' [ '

wianiuegetios 1 duaneenu Janeseudaliidlauandraiuiihslulsunsy Minitab aglfens

TuWariTu Comparisons

unA 3 Ms3IAS1KNISNaavILUdUEaLYSA (Completely Randomized Design: CRD)
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10) Adny oK Iaﬂﬁwaﬁw%ﬁagﬂ

Sidak Simultaneous 95% Cls
Differences of Means for Defect

' Y |
LHUTANNLTBAUT 2= R i
a o g |
msiieuiisudle 5.1 oy ;
|
NULEY O (Fud) 0 [Tt S ! ,
U i I T 1 I Al 1 !
. T | | | an'luuanei
useadguula 3 3 ! 3 v ;
e Ses | L e ERGRIGHE]
UANGENINY R :
~ - 4-2 |

i
|
|
|
|
|
|
|
|
|
3 k] P S [ F 4 3 [

If an interval does not contain zero, the corresponding means are
significantly alifferent:

Comparisons for Defect

Sidak Pairwise Comparisons: Level

Grouping Information Using the Sidak Method and 95% Confidence
Level N Mean Grouping

3 4 ?.si'AE_ (o ) .

2 4 60 AjB L afliuandssasdiaiy }
4 4 30 T ICig

1 3 30 iBlc)

Means that do not share a letter are significantly different,

NRAWDIINNIIIATIZA Analysis of Variance Wun1snagaudiuaiiddien deuviiny 12.29

Wz P-Value = 0.001 sdfjiwsaua@gin H, Budannuiirvassuniwdeuiinadadiuiuneinall

o o aad

niziloslidmiuansaniegeiitomayneaianizay 0.05 uasnamsilsuisudiaiuagas

5989 Sidak FANULANA1INY @95

UG

1) Level 37U Level 1
2) Level 4 NU Level 2
3) Level 4 NU Level 3
ﬁ;(ﬂdaumaamimaaqm‘%mnwLLNumWﬂaaaLmu CRD enuenag9il HiaeldaanIndenng

Jmiwmaa"l,ﬁmmzmmuLLmumi'ﬂ@aaa CRD LNTETITNTAVRINTHRG mMyiaszdandunsls

ATNIUATIEAANVLLTUIIUULUNILGEEY (One-Way ANOVA)

76 ASIIASIKIIA:D2NIIUUNISNAaDVAdY Minitab (Analysis and Design of Experiments with Minitab)
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10) adnilu OK Ia]v“l,waawﬁm;m

Tukey Simultaneous 95% Cls

Differences of Means for Value

2.1 [

Treament

0.000 0025 0.050 0075

Ifan interval does not contain zerg, the corresponging means are
significantly different

Comparisons for Value

Tukey Pairwise Comparisons: Treament

Grouping Information Using the Tukey Method and 95% Confidence|

Treament N Mean Grouping

4 4 00730 A

3 4 0.0450 B

2 4 0.0400 B C
1 4 00175 C

Means that do not share a letter are significantiy different.

Tukey Simultaneous Tests for Differences of Means

Difference

of Treament  Difference SEof Simultaneous 95% Adjusted
Levels of Means _ Difference (¢} T-Value  P-Value
P 0.02250 0.00784 (-0.00078, 0.04578) 2.87 0.059
ey 0.02750 0.00784  (0.00422, 0.05078) 3.51 0.020
4-1 0.05750 0.00784  (0.03422, 0.08078) 733 0.000
22 0.00500 0.00784 (-0.01828, 0.02828) 0.64 0918
4-2 0.03500 0.00784 (0.01172, 0.05828) 4.46 0.004
4-3 0.03000 0.00784  (0.00672, 0.05328) 3.83 001

Individual confidence tevel = 55.83%

1l Tukey Simultaneous 95% Cls ua@giuandInuALenlduand MU lasgnuane1aiu
wWunIdugasudulse lunidgnliuandnaiu ldun 6 2 Ay 1 uaze 3 Au 2 dude niawud 2 fiu
a 6 1 1 o a 6 o a 6 1 1 o 1 a o 1 a 6
NIeand 1 THuanadeny wasnIawud 3 NUNTaNUa 2 TUuanensnusuasInu §IunIawue 3
> a 6 a 6 o a 6 a 6 o a 6 a 6 o a 6
AUNTANUG 1, NIGLNUG 4 NUNTAWUA 1, NIAWUA 4 NUNTAWUA 2 LRSNIGLUUG 4 NUNIALNUG

3 wan@nuad I NS AN 1IRHANTzeY .05

7 Comparisons for Value UM ILaaIaafeuaInIawuue Ly nIawud 1 wiiny 0.0175
NIAWUG 2, 3 LAz 4 1¥NAU 0.0400, 0.0450 La 0.0750 AINEIAL

f Tukey Simultaneous Tests for Differences of Means W UAITIILEAIANNLANGIIBIAN

RRYLFRzdURINTAIUG (TU ANULANFTRIAIRREANI AW 2 AU 1 W 0.0400 - 0.0175 =

0.0225 uAzUaAIAT (T-Value) uazd1 P-Value fiUfuudn wazvngniowudladdrifasnit .05

wdiRsruudziu Hy fdufeniawudgiuienuuandunuegnidedidyniaifnnasoy
A o ' o A o o A = Ada |
uennniildsunsufuaasdszauanuidadusasdoyaiiuriusinan luniid i 98.83%

unA 3 Ms3IAS1KNISNaavILUdUEaLYSA (Completely Randomized Design: CRD)
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(4) msulSsuisusisg
miuIsuifisunednsdimilenzianuulsdnuiim Wanuhmmesaudjias H,
daslianzilTsufisunegirudsinunsiensianuulsdsiu

m31E Minitab 3151235 ANCOVA 11 CRD finmsnsandayaagy

+ 1 2 c3
Treament X Y

1 1 3 6
2 1 1 4
3 1 3 5
4 1 1 3
5 1 2 4
6 1 1 3
7 1 4 6
8 2 4 8
9 2 5 g
10 2 5 7
11 2 4 9
12 2 3 8
13 2 1 5
14 2 2 7
15 3 3 6
16 3 2 7
17 3 2 7
18 3 3 7
19 3 4 8
20 3 1 5
21 3 4 7

d:// a 6 o :
NTUADUNITUATIEAAIU

1) \#ané&s Stat > ANOVA > General Linear Model > Fit General Linear Model

Stat Graph Editor Tools Window Help Assistant

Basic Statistics 3 j| x| ‘“J > TOoOON ° |1 MHIﬁ‘
Regression Pl : D m{jﬁﬁg’%
t._H._. One-Way...
DOE F= Analysis of Means...
Control Charts a5 Balanced ANOVA...
Quality Toels General Linear Model ﬂ Fit General Linear Model...

Reliability/Survival Mixed Effects Model

»
j: Comparisons...
Fully Mested ANOVA...

Ly Predict...
General MANOVA... =< Factorial Plots...
D Contour Plot...
& Surface Plot...

Multivariate

Time Series

Tables

;,‘-3:-

Nonparametrics Test for Equal Variances...

Interval Plot...

Main Effects Plot...

Equivalence Tests X
Overlaid Contour Plot...

*r v v v v v v v v vER ~

X5 EQ

Power and Sample Size

Response Optimizer...

Interaction Plot...

UNA 5 MS3IAS1:KANLIIUSUSIUSIU (Analysis of Covariance: ANCOVA) 137
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Mpd1N 5.2 USHNUYINIIADINITNARDUAIINUUIVDIFINERNLARDUUULNANLE Y

a '

(Metal Sheet) 910 3 UTEN TaznNurwILI9E19TwAIe 1l lauanureIgans e o uuumnan

°
v o '

wrutua e ulaniwag ﬁaﬁﬁQﬁwammmwmm‘wuwaaﬁanzﬁﬁmﬁauuumﬁmwiuﬁ"lﬁﬁmm
'wmLmn@mﬁmﬁmstwzmmqmmnmimﬁawaw%ﬁwwhﬁu WINUARAMUULANGENNULNIIZA
VUNTBIMENUHUEIY 9T ﬂ'aumimﬁauﬁan:ﬁ%maauﬁﬁmmwwmmaqmﬁmw\iuﬁo 3 UTEn
fau usznagauranuRuanunLaneaiums ey i OL = 0.05
MTIATIZHEY Minitab tRamMEIWIIMINAFEL (Power of Test: P) Sunaudail
dui 1 ﬁaamuagmmsmaaa
HO ‘Ltl = ‘LlZ = MS
H U = ‘Llj
duft 2 msuieghsmanzanlunsiinszd ANCOVA lu CRD

1) Lﬁaﬂﬁ’]g\‘} Stat > Power and Sample Size > One-Way ANOVA

e Sample Size for Estimation...
Stat Graph Editor Tools Winc [i| Sample Size for Tolerance Intervals...

Basic Statistics

~=

i 9\ 1-Sample Z...

Tables I, 1 Variance...

Nonparametrics AL 2 Variances...

Equivalence Tests »
£

2) 9z niined Power and Sample Size for One-Way ANOVA

Equivalence Tests

Regression 3 ﬂl o
e il J. 2-Samplet...
:~ not d “ﬂl\ Paired t...
H Control Charts 3 T -
Quality Tools b = roportion...
Reliability/Survival y| 4% 2Proportions...
Multivariate » Ilﬁ 1-Sample Poisson Rate...
Time Series » t" 2-Sample Poisson Rate...
3
3
3
»

Power and Sample Size

3) nyendeayaayz
u G

Power and Sample Size for One-Way ANOVA X

Mumber of levels: I 3

Spedify values for any two of the following:

Sample sizes: I
Values of the maximum

difference between means: I 1
Power values: I a9

Standard deviation: |1
Options... I Graph... |

Help | OK | Cancel |

ASIIASIKIIA:D2NIIUUNISNAaDVAdY Minitab (Analysis and Design of Experiments with Minitab)
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n1s(d Minitab 31AS1:Kn1snaaoviiuu
wnnoisga

M3z HEANs1U5Iu Factorial in CRD @28 Minitab

@Modwi 6.1 HITuaulagas (Formula) Mhwaadin (Tads A) Aawduan 3 g0 dans

faimziuia (Adhesion) mvuaiiuileds B 2 anwme fa Wuldiiuiulu tiudeyaduiutiuged

FANURI INNNITTANTLYINAIUUFILRZNN TN

q

Q’iﬁﬁmwLmumimaamuu Factorial Experiment

Design 2 238 628735 CRD WUU 3 x 2 1 3 39 LeNaaIil

U099 A
gnsdlwanadin SR Al) Al
Uode B (lu) | Guld (b,) |GuyuBwus (b,)| duly (b,)| BuguBiuus (b,) | Gull (b,) |GuguBious (b,)
1 4 7 10 8 14
T () | 2 3 6 12 9 16
3 5 8 14 10 13
w%azmmuﬁaﬁ
0090 A gnsdn Uode B duio nsdnInn:
N1SNAadv
(Formular) (Floor) (Adhesion)
1 Formular 1 Wooden 4
2 Formular 1 Wooden 3
3 Formular 1 Wooden 5
4 Formular 1 Cement 7
5 Formular 1 Cement 6
6 Formular 1 Cement 8
7 Formular 2 Wooden 5
8 Formular 2 Wooden 6
9 Formular 2 Wooden 7
10 Formular 2 Cement 10
11 Formular 2 Cement 12
12 Formular 2 Cement 14

ANSIIAS1KIIa:09ANIIUUNISNAaVAdY Minitab (Analysis and Design of Experiments with Minitab)
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DA 6.4 HUNITUIULIBNTWRVBIAIUNINVDIUNUBTTHANTY FIURIUNENDIAU

UzTaad (Basalt) Wazfiuning (Sandstone) MuAdmadadiugduaududy 2 35 1dun 75Und (Regular)

[
a =

e300 9 U UG8UIINAM (Low) 2edINAGaANNLDILTI (Strength) v89B3wIalal lawaanuuus

o

@
=1

‘maaJLLUULLWﬂmSaaLﬁmzﬂLLuuﬁm%ﬂﬁa 2 320U TANANIINARDIAIN

n1snAaooi Mix Method Strength
1 Basalt Regular 16
2 Sandstone Low 11
3 Basalt Low 7
4 Sandstone Regular 21

NARBUBNTWRNANUALANTNATINIIRINRGBANNUTILTIVaIUNUEINT
YUABUNIINATIZR

1) &¥19 Worksheet Lianf&4 Stat > DOE > Factorial > Create Factorial Design lagiiandaya

o &
JU

Create Factorial Design *
Type of Design
¥ 2devel factorial (default generators) (2 to 15 factors)
" 24evel factorial (spedfy generators) (2 to 15 factors)
” 24evel split-plot (hard-to-change factors) (2 to 7 factors)
" Plackett-Burman design (2 to 47 factors)
" General full factorial design {2 to 15 factors)

Mumber of factors: I 2 - Display Available Designs. .. |

Designs... | Factars. ., |
Options... | Results. ., |
Help | 0K I Cancel |

1.1) Tudaupa9 Designs LRanalLIuNINAIH

Create Factorial Design: Designs *

Designs Runs Resolution 220kp)

MNumber of center points per block: I 0 vl

MNumber of replicates for corner points: I i 'l

Mumber of blodks: I 1 vI
Help | Ok I Cancel

200 ANSIIAS1KIIa:09ANIIUUNISNAaVAdY Minitab (Analysis and Design of Experiments with Minitab)
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Center Points

Main Effects Plot for Yield

Fitted Means

Speed

Point Type

—=e— Comer
@ —w— Center

160

150

140
1304
1204

8 PR A N
100+

50—

Mean of Yield
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fian : (wANTd $3:3502, 2563: 313)

myeanuuumsnesaslfldaunsidulds suiudosasnuuuniimasedaRuiinouauas

(Response Surface Methodology: RSM) Fofmurniiu 3 Snwoe 1éun 1) MmInaaadunnnaiTua@u

JUuuuEmTUaYY 3 320 2) MINAaILUUEIULTzENAINA19 (Central Composite Design: CCD)
uaz 3) NMINA8aILUUTanT-LURULAY (Box-Behnken Design)

11 Minitab 1AW IR TUN RN CCD ez Box-Behnken @911 eI Haziauasuazidoaaniy

2 35fiviiu

1. msnaaasnuudnlseana1na1d (Central Composite Design: CCD)

MINAFBILUY CCD LTUN300NLULNINGRY UANUARILARINUNINANBILWNNITIALAN
JULDDETUIRTY 2 520U LANNINARDILLY CCD finsifinuuny (Axial Points #3a Star Points)
amIa¥19aunIfdsaes %a@@ﬁﬁwLﬁﬁm%nﬁﬂﬁmsmaaaﬁ@hﬂmqﬁa 0 twEN 1 6 Gatin
mMInaaeddslaniu 3 s=du 1eur +1, 0, -1 welfiRsiwadon e TsiaumImiees uaz
AIIATIEAMBNTWARAN (Main Effect) ULazBNTWaIIW (Interaction Effect) lenilaunisdiaiizi

msmaamﬂnmﬁymﬁmgﬂLLuuﬁwﬁuﬁﬁa 2 yzaueNUné

UNA 6 NMISIIASEKINUNNSNaaavIuUIWNNDIZYa (Factorial Experimental Analysis)
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(1.2) adndu [ oc  Jacldnaiwiaogy

Multiple Response Prediction

dvasilasy Variable  Setting
Aoy o A 133.636 PNIVIWY
Aidieansdmin | ) o e — -
_—— c 75,0545 nIaseueazfady Cur il
N ' Response Fit | SEFit  95%Cl szauhiaiuilinadfige
NAGBURWEY [ > Response 04567 | 0.0349 (0.3789, 0.5345) | (053712, 0.5421) 2adudazifady
Adiaana l
| S —
B e e e e T e R
g!::.ar‘o:l igh i 133.6359 288.4090 86.0454 i
B Cur i [133.6359] [238.4090] [75.9546] |
Low I 663641 2715910 759548 |

ARIRMGERN

NfINy

mw\ILLamwaﬁw%ﬂﬁmmmaﬁwﬁ“ﬁ@i’wﬁq@ 114@13719 Multiple Response Prediction uaeiladoil
FaamasmIunIa e Lﬁaﬁa:lﬁ"tﬁﬁwmawaawaﬁwﬁ“ﬁ@ﬁﬁq@ TufiiiAe A = 133.6359, B = 288.4090
W8z C = 75.9546 fi Response HadWiidasn13fe 0.4567 last19a1uidosu (Confidence Interval)
SufemnmImasesuunidue g uasmaaisrznuilemafierldTudaisveinanauauadde
@i"ﬂﬁgmaaw§<ﬂﬁmsﬁlﬁsﬂum:mumiNﬁmﬂagjluﬁ'w 0.3789-0.5345 U3zu1mu 95% (95% Cl)
dufi 95% P (Prediction Interval) 1Hug19n13viu0e ﬁuﬁamﬂmiwmamumﬁu%ﬁs] LRZUAN
wavaznuhlamafieldTudiaiuvainanauruadde @ﬁq@mmmfﬁmﬁm%ﬁﬂlum:mumimﬁ@@m

agﬂilwﬁaa 0.3712-0.5421 15z3704 95% (95% PI)

2. mInaaasuuuiana-1wiuiin (Box-Behnken Design)
mInasaduuuiians-1wkuiu (Box-Behnken Design) lumInasasfiadoiuunnna5ea
T,myﬁmiw(ﬂaaaLLWﬂ‘ﬂaL’%'sjﬂﬁ]:l%ﬁﬁ@i’ﬁl,l,ﬂuwwqm &IUNINANBILUY Box-Behnken azlbeuniaan
NA9TBILA =TT UNUA B IIFNNIITNEIFEY LTULGBIIUNMINARBILLY CCD UAZMINARILLY
Box-Behnken ¢ioad 3 Tadpdull usazifafedien 3 5260 @ +1, 0 uaz -1 FrumsdnInaass

LUV Box-Behnken LLam'Hﬁagﬂ

ANSIIAS1KIIa:09ANIIUUNISNAaVAdY Minitab (Analysis and Design of Experiments with Minitab)
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1. minazeuenseenuuUlTsEnTMwsILuaeailudmuargnslfnunnininaves
Taduensq loun (1) sliavesiandvihanniauuaiaal (Material_Type) uaz (2) gunadl
(Temperature) lunslFanu duiduiminiunsldou andeyavesnsiuuaae’’|y

Neaadlt uazduwiuliou uresliaiansvdaluid (Douglas, 2009: 167)

A; sUndnnAu (Material_Type)

1 (a,) 2 (a,) 3 (ay)
B; grungimsiéoiu (°F) (Temperature)
15°F (b,) | 70°F (b,) | 125°F (b,) | 15°F (b,) | 70°F (b,) | 125°F (b,) | 15°F (b,) | 70°F (b,) | 125°F (by)
130 34 20 150 136 25 138 174 96
74 80 78 159 106 58 168 150 82
155 40 70 188 122 70 110 120 104
180 75 58 126 115 25 160 139 60

‘ ‘ Chapter_6.indd 247

fian (Douglas, 2009: 167)

2. unueTIIFaUgNIWIBIlTINUAaduEafuantl diTsaulafinmuavesnifeud

&
e Femzdfihndaiedameen 3 Tadu ldun (1) gm%ﬁawﬁﬂﬁlﬁ 3 803 30U
anuduaunan ldun gas 1, 2 uaz 3 (2) qquﬁm%w mvualdu 3 szau 1dun 30,
45 sz 60 w1l uaz (3) mInaudnmdaduiu 3 szau leun 32au 1 = 5 Wi, 36y
2 = 10 Wl U8zIZAU 3 = 15 Wl

Taglfaumnuvinnuly 3 129198719194 10 Blocks 1@un $a9usniaidi 8.30-11.30 u.

1971 2 (NA9TU) 1981 11.31-14.30 u. WazT2971 3 1981 14.31-17.30 W. VS IRRR I

%
o A

Meghaiumessuenudinvesdndauuiled siuudayauzasldeai

Factorial_3 x 3 x 3 RCBD 41 3 %1

UNR 6 MsalAs1KInuNIsnaaaviuuiwnnalsga (Factorial Experimental Analysis)
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General Linear Model x

1) \Rend&9 Stat > ANOVA > General Linear |

2 Control Row
C3

Model > Fit General Linear Model LLagnian G e

Value

Factors:
o = o *Control_Column' 'Control_Row' T
TaNalaanadgy
U U
Randompest... | model.. | optons.. | codng.. |
select | sepuise.. | gaphs.. | gesitn. | sporage.. |

Help oK Cancel

2) Tugupad Model danauflusunsumimvuali

3) Tudrupad Results 1Ranasil

General Linear Model: Results X
Display of results: [Simple tables -
v method

¥ Factor information
V¥ analysis of variance
I~ odel summary:

I Coeffidents: Default coeffidents  +

I Regression equation: |Separat equation for each set of factr levels |

™ Fits and Crly for unusual observations -

¥ Expectsd mean squares and error terms for tests

¥ Variance components

W Means

Help oK Cancel

a 1 ¥ o 6 o 2"
4) aandu | o |eldimaawseil

General Linear Model: Value versus Control Column, Control Row, Tr

Method
Factor coding  (-1,0, +1)

Factor Information

Factor Type Levels Values

'
Control_Column  Fixed A: 3234, . . Al
ComtrolRow  Fixed 4 1.2.3.4 971N Analysis of Variance %1
ar Fixed 4 1,234

Control_Column, Control_Row LLag
Analysis of Variance

Tr 67 P-Value < 0.05 33U {iaD H

i
Source DF AdjSS AdjMS F-Value| P-Value

3 Ipfdyneada 0
Control_Column 3 7.500 25000 5.76 i 0.002 i @ ) .
Control_Row 3 10500 3.5000 806, 0000 ! =2 2 a = ' A
r 3 16500 55000 12671 0000 | ﬁ]ﬂﬂ@aa'ﬂLWE’]L']_J?HULV]EJ‘]J@']LQNU
' 1
Eror 38 16500 04342 0 T o,
Lack-of-Fit 6 4500 07500 200 0095 YA EJVLII
Pure Error 32 12000 03750 U
Total 47 51.000
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Sidak Pairwise Comparisons: Control_Row

Grouping Information Using the Sidak Method and 95% Confidence
Control Row N Mean Grouping

3 12 250 A
4 12 173 B (
2 12150 B < Wisuifsusneg
1 12125 B ¥
- 1238AILANNIT Row
Means that do not share a letter are significantly different. q

Sidak Simultaneous Tests for Differences of Means

Difference of

Control_ Row  Difference SEof  Simultaneous Adjusted
Levels of Means _ Difference 95% CI T-Value  P-Value
izl 0.250 0.269 (-0.497, 0.997) 043 04930
hed) 1.250 0.269  (0.503, 1.997) 4.65 0.000
4-1 0.500 0.269 (-0.247, 1.247) 1.86 0356
Biz2 1.000 0.269  (0.253, 1.747) 3.72 0.004
4-2 0.250 0.269 (-0.497, 0.997) 043 0.930
4-3 -0.750 0.269 (-1.497, -0.003) -2.79 0.048

individual confidence level = 95.15%

Sidak Pairwise Comparisons: Tr

Grouping Information Using the Sidak Method and 95% Confidence
Tr N Mean Grouping

= 275 A
1 12 1.50 B (
2 1z 150 B < wWisuifisuaug
4 12 1.25 B ' N
Means that do not share a letter are significantly different. ﬂﬁ]ﬁ] gnui ﬁula VL@ il Treatment: Tr

Sidak Simultaneous Tests for Differences of Means

Difference  Difference SEof  Simultaneous Adjusted
of TrLevels  of Means  Difference 95% CI T-Value  P-Value
251 -0.000 0269 (-0.747, 0.747) -0.00 1.000
3= 1.250 0.269  (0.503, 1.997) 465 0.000
4-1 -0.250 0.269 (-0.997, 0.497) -0.93 0.930
isid 1.250 0.269  (0.503, 1.997) 4685 0.000
4-2 -0.250 0.269 (-0.997, 0.497) -0.93 0.930
4-3 -1.500 0.269 (-2.247, -0.753) -5.58 0.000

Individual confidence level = 95.15%

11 Sidak Pairwise Comparisons: Control_Column WUI1RABANT 2 LANAINABANT 3 LATABANY

aa

4 EUADANE 1 LANENINADANYE 3 UazAaaNt 4 gty AN IaDanIzdy .05

'
' A

14N Sidak Pairwise Comparisons: Control_Row WUILDY 1 LANE1NINLAT 2 107 3 LAZLD
4 88T E Ay Iaiiffisziiu .05 uazun 2 Ut 3 uazund 4 luuandeiu

i Sidak Pairwise Comparisons: Control_Tr WUNIAWUA 1 UANFENINNIANUA 2 NIALNUG
3 unznSaund 4 atnsfituaaneahiafiszdy .05 uasnSawud 2 nSewud 3 uasnSawud 4

Tduanaany
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1. dayadaldfldviiudmnzianuudsdsiu LS

u

Uodeningadavson 1

1 2 3 4
fhisffizadias D=1 C=2 B=3 A=3
6t 2 A=4 B=2 C=2 D=2

c=2 A=5 D=2 B=1
B=1 D=1 A=4 c=1

Tagdifagaaula 1 723y 4 5200 1édun A, B, C 18z D [¥NagauanuLandsuaIni s uan

A =0.05

2. MINAFBILUY LS UT2nau@ie 4 fanaasy ae A, B, CuazD LLGiﬂﬁﬂli']EJVI@ﬂadLﬁ‘]Jil’aﬂ;JJa

3 @1 WANIITNARDIAIN

pedul (Jodenineadenson 1)

1 2 3 .
um (8) (D) (A) (C)
(Tadafifiandiad 1,31 1,1,1 1,2,2 3,3,3
i 2) © () (D) (8)
4,2,3 2,2,1 1,2,1 1,2,2
(D) (©) (B) (A)
1,2,1 3,2,3 2,2,1 2,3,1
(A) (B) (C) (D)
2,1,1 2,3,1 2,2,2 1,1,1

Tagnagaudl OL = 0.05
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unA 7 Ms3IAS1KNIsNaavILUIaSaaIau (Latin Square: LS)
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