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Abstract

The aim of this -cooperative study is reduce cost of the copyright of statistic
programs and choose another free statistic program such as R. Nowaday Betagro group
use Minitab version 16.-From our survay .in Cooked Chicken Processing factory in
B.Foods Product International Co., Ltd. (Betagro Group) we found 18 computers was
installed Minitab (13.85 percent) and. this factory has to pay around 900,000THB for
copyright.If this cooperative ‘study success, Betagro group could be reduce the
copyright cost. This study may: affect to statistic program user in this company so for
the most useful for any: staff and factory, in the beginning process we survey about
Minitab usage pattern, requirements, data sets for analyzed, command and output
from user. After survey process we study R Commander (Rcmdr) on' R and run these
command for testing R on R version 3.4.1 and-3.4.3 then we compare the output
between R and Minitab for create guild line of R usage;

The result shown that we can use R instead Minitab for 93.75% in statistic
command including Display Descriptive Statisties, Graphical Summary, 1-Sample Z, 1-
Sample t," 2-Sample t, 1 Proportion, 2 Proportions, Correlation, Normality Test, Fit
Regression Model, One-Way, Fit General Linear Model, Pareto Chart, Capability Analysis
and Power and Sample Size but not include Attribute Agreement Analysis. In the graph
command for 100% including Scatterplot, Histogram, Probability Plot, Boxplot and Line
Plot. However, for the beginner R is hard to use and has the limitation about import
and edit data set.
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2.1.5 nIedaUANLANANTBsANdadaY 1 Uszeng (naund [4])
o ) | ol i e a | ]
asdusaeg e . Avenlvg nUszensidnsuaniaaniuiy ield
nageuIIAdnduveslsyvIng (p) daviiuailadvilavseld avledn dadiuves

[
. ol

F79879 (p) agfinsuanuasindnisuanuasund faruuusyswdu 24 asdli
n

a aa _aa a a v =
AHURTIUNNEDR dnnndau LLﬁ%‘UiL’]QJ'JHQG]%%L{:JUGNWHNW 24




&3

M990 2.4 aunAgIuneaEin afifvedou warusnaingn YeINIMARBUAINLANA

YRIANEREI 1 Uszuns

H, H, atfvndou Uinadngm
1. psp; 1. p>p, Z:ﬂ 1. Z>z,
2. p2p; 2. p=p; \/E 2. 42—,
5. P=p 5. P#p, g, VB 3.Z<-z, uay Z >z,
e n=30 2 2

2.1.6 NITVNAFIUAULANGI9YBIATENAIU 2 USzuns (avnd [4])
) | e ' aa - '
DNIENAIDYNN 7, Wag 77, AUTEVINTNANTHINWA MUY 2 UTe9Ins 8819

& = W P o | a1 Y P
\udaszeaiu ielinaaounasivesdrdndiunes 20sewns (p, - p,) udd die n,

way n, NYUAINGY NaATaIAIERAIUTEY 2 #7989 (pl—-pz) iinsuanuaslng

aa

nswaniaand Saruususudy 29 4 2% s ANNAFIUNIADRA
n &

ANAVAADU

a = W o
bbE1&UILIRU nqm'«amﬂummswﬂ 2.7

AT 2.5 ANURFIUNIEER affinaaou LayU3IAANER TBINTNAAUAIILLANAN

YDIPANAIU 2 USEUNT

H, H, affnnaoy Uihaingm
INR .0 INWRS 2 x>z
2. py—py20 2. p=p<0
3. p—p,=0 3. p=p,70
1. py—p,<d, 1. py—p,>d,
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2.1.7 anduwus (Correlation) (Fnsaw [7])
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2171 HFuuszAnianduiusuuuiieddu (Pearson Product-Moment
Correlation Coefficient) (In3nw [7])
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nmagauTisdAy

ANNAFIUYDINTNARD

Hy:p=0 (fuds X uaz Y Luflauduiusi)
H, :p#0 (fhuus X uaz Y danuduiusi)
affivedau WunsadeuwuuapmM

.
-~ df =n-2

=2
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2

R

Waannans1awiTe ¢ Nanwialsiatsenimmsowiniue —
n-2
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2.1.8  @lanagauudunaiiu-n15ae (Anderson-Darling) (353550 [8))
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Hy : oyaiimsuaniaauuuunf
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2.1.9 mﬁmi'}:ﬁmsnﬂnaﬂwn@m (Multiple Linear Regression Analysis)

(a¥u [9))
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Y Ao Arwasiuusnny (zlddydnual y dwmiuariildansions wazldan
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k 9 unuiudsdaseluaunisonney
b= U c] 2/ Qs a -] o/ P oaly v
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ot 1 ] o 4 < as o o <4 [ as
1INAIBYN Uae dansuntdssnaaviedaiie) laen £ wie b, znilugadn
(Intercept) WNW y UBIALNIT
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= 1 d . | 1 1 s
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2.1.10 diRnegauladu (Levene) (a29ws [10])
GHEERY
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Aadanaaeuiifinnuunis (AnuannsalunisaruauauRaInadaul TN
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Fo=dt B k = Smudsens

=1 =i o s'L v o )
L_): 7 HANWHUSNITHINLDY NALABINUNITHINLIILON

Fellosmuaswindu k-1 uaz n—k

2.1.11 msnszianuuustsauwvuiladviies (One-Way ANOVA) (ganws [11)
donnasloiu L deyaluidasngueediinasuanuasni
2. Joyalunsiagnguiodiarmuysysiuwiiu
v ' | oD @ a o
3. dayalunsiagnquietludasz i
= . 1 A 1 aal I st Q.J =
AUNAFIY ANAAE YOIV TEINTWARZN I TNITIZIINY Tufe
Ho iy = S0 = o=
H i # wp 960ps 1@ dmsy i = j

n1snAgaY Mmstianiienuudsusiuvseldeans

MST:
Rz 21 mmswﬁ 2.6
MSE

A19199 2.6 NTAATIEVIANLYSUSALLU ULt AR

(SS) (MS.)
Source of Degree of .
Sum of Mean of F-ratio
Variation (SOV) | freedom (df)
Square Square
Treatment &1 SST MST, MST,
Error n—=k SSE MSE MSE
Total n—1 SST
idle SST. = Sum of square of treatment
SSE = Sum of square of error
SST = Sum of square of total
MST, = SST, _ SST,
df k-1
MSE - SSE _ SSE

df  n—k
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gastunsiwan annsliuuudaes X, =X, +7,+e, uazldusnnauin

AAIADIaIAMLANANTERIAduNaLazALadsoanludiulwy o il
SST = SST + SSE
v s

d13130N3¥918gATY8 Sum Square wailiielunsfunlacad
2

SST = ZZX!.,?— CT. o 0T = Corvection tern = %

k 75
Z ..'=1T1-f

By

way SSE = SST - SST,

SST. = —E7.

2142 mmﬂ?ﬂULﬁﬂuWﬁ@m (Multiple comparison) (¥@a1 [12])

wAdAMSIAs1sRA Wl sUTR T un sRaeuTEilA s e slsLuns

k nquuanatsiumIela-tuans1aiueeditfedfyneadd (Significant) Avzusniiie

1 L 4 I v Idd U 1 L ! 1 1 I q" o
MilAuadsed ey 1 guliaunniieiu usvglivanindugle dusiazdesiinig

NAFBUNAINISILATI¥I (Post hoc test TneATnsiyTauLfisungaa (Multiple

2 a

Comparison) eivateion ey

TneannAgiuvesnmvadevedlugy
HD :#1 = n[‘t‘;
H i # u,

P o o Hp XK R ! a i
e 4,7 \Wudeyandun i wia 7 1o q leeq i)

2.12.1 75 Turkey’s Honestly Significant Different (HSD) (v&a1 [12])

HsmsnFeuiisuneldteulefindnungusetusasngui
WY (m=ny=n, =...=n, =n) laeilgnTvas Diekhoff Auil

MSE
HSD =g, g in| —

V) WIWRINANSNANINGAVBS Studentized rough statistic

W08 df =n—k wag MSE léanesdl 2.6

1 INUIUAIDY1IVINUA
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k%4
aa

% HSD fvumausail

1. AwAn HSD

2. MuanA \E,—L'

3. Wisuifiguen }E;—EJ| fuAn HSD Tow

> HSD Wansn p, # u,

3.2 M |x, e

< HSD uamnin u,=pu,

2.1.13 nsamsiziauulsUsauunuuaastade (Two-Way ANOVA) (1801 [12])
N1T3ATIENAINLYSYTIULULEBI T T Wnne 199NN 3RS 12U SUS U
wuuladeiiivafa lunrsliessvanuuysunuuuuladufsamisofedrsnelungu
Weatuazdadlanuunnitsdutossn eileeshilaldidioiannuulsusiulunis
neas vt lugdeasulddaiauindunnauusususswinang uilunsujsfonn
wuinnslivinedseafiniloutuniofauadreadeiuasdulyldeinun fuuis
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uananedl wasdiusumhevraassluiazudenasldsuninaudsing q asuye
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ANWUIYS s (SST) = manudsusauseminamEneug (SS4) + armuususiu

sewinufen (SSB) + Armususiudy « (SSE)
%30 SST .= 8SA + SSB + SSE

NNSATUIUMIAT Sum, of Square SUAUATNNITUIAA

2
CM (correcied of Mean) = (_ZZ—)C”)
n

SST wiuamukUsusIuseuulalae

' & C
2
SST =YY - CM
i=1 j=1
SSA WUAMULUTUSIUTERI S MIUalULRazAeduY Aulldlae
2

e T
SSA=Y L -CM
j=1 1

SSB wnuanusUsUsIuseInaudenlunsazunl muinlalae
r 2

SSB=Y -~ CM

i=1 n;‘
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SSE = SST — SSA — SSB
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H, :(zf),#0 dmiu i,/ egradey 1 f
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2.1.14 fliiInfnEnMYBIANAETINTOVDINTEUIUNTS (Process Potential
Capability, C,) (1fiesha [13))
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LSL=185 USL=215
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2.1.15 AvIpAMNEIN1I0NNTDI9U89N52UIUNNT (Actual Process Capability
Index, C,, ) (Wsna [13])
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5398t un15338ameans heAnwiuwaziuSsuiisuanuaiuisavalusunsy

Minitab uazlusunsu R Fsarnmsihdeyalulinsgivulusunsuians annsoudsldidu 2
g Aedunounisiinsgitoyauulusunsy wasnaiouileunadwsiildanTusunsy T
AwyhmTinTgideyasmielusunsy Minitab 1195%u 16 way 18 uazlusunsu R 1esdu
3.4.1 uag 3.4.3

4.1 PMIAIUAEAANITEUUN (Display Descriptive Statistics)

nsfanaatinssaul Wlunsiiaueteyanifvaausiuuilastunussesis
dnvaizvesfoyailiivuld deluguuuuuss mens fonu wind wiensimisn « azedue
e doyavilnit IaunsathdE 8 feoyaludusu 4 Jadunnsaguianizdnuoe
Pdayuesdayafifinuviiiy fmsied 4.1 Dudeyaieatidmindound: uazodidusd

n1sgeydeinvasiuileainnisuibu

15797 4.1 fhegredayanlilumsinanaatiing s

_ Weight | . Weight { : Weight .
Weight %Drip " | Weight %Drip | Weight %Drip

Row Start A1l°ter loss Start After loss Start A].Cter loss

| Chilled .. o Chilled ad ~3 Chilled ¢ht

2hr ahr &hr

it 10.136 ]10.121 |} -0.148 | 10.141 | 10.106 | -0.345 | 10.086| 10.061 | -0.248
2 10.186 | 10.171 | -0.147-| 10.081 [ 10.056 | -0.248 | 10.211 | 10.181 | -0.294
3 10.176. |1 10,156 | -0.197 | 10.121. | 10.106 | -0.148 | 10.221]/10.196 | -0.245
4 10.046 | 10.031 | -0.149 | 10.156 | 10126 | -0.295 /| 10.126 | 10.101 | -0.247
5 10.111 | 10.101| -0.099 | 10.091 | 10.001 | =0.892 | 10.296 | 10.266 | -0.291
6 10.146 | 10.131 | -0.148 | 10216 | 10.166 | -0.489 | 10.326 | 10.296 | -0.291
7 10.181 | 10.176 | -0.049 |-10.141 | 10.116 | -0.247 | 10.236 | 10.216 | -0.195
8 10.246 | 10.226 | -0.195 | 10.291 | 10.271 | -0.194 | 10.146 | 10.131 | -0.148
9 10.211 | 10.191 | -0.196 | 10.181 | 10.161 | -0.196 | 10.166 | 10.141 | -0.246
10 10.186 | 10.166 | -0.196 | 10.086 | 10.041 | -0.446 | 10.256 | 10.226 | -0.293
11 10.111 | 10.086 | -0.247 | 10.231 | 10.161 | -0.684 | 10.226 | 10.191 | -0.342
12 10.101 | 10.081 | -0.198 | 10.186 | 10.161 | -0.245 | 10.181 | 10.146 | -0.344
13 10.226 | 10.196 | -0.293 | 10.211 | 10.186 | -0.245 | 10.236 | 10.211 | -0.244
14 10.071 | 10.056 | -0.149 | 10.291 | 10.261 | -0.292 | 10.266 | 10.241 | -0.244
15 10.136 | 10.121 | -0.148 | 10.286 | 10.241 | -0.437 | 10.111 | 10.081 | -0.297
16 10.206 | 10.186 | -0.196 | 10.116 | 10.096 | -0.198 | 10.246 | 10.216 | -0.293
17 10.146 | 10.131 | -0.148 | 10.196 | 10.156 | -0.392 | 10.161 | 10.141 | -0.197
18 10.081 | 10.121 | 0.397 | 10.066 | 10.041 | -0.248 | 10.156 | 10.106 | -0.492
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19 10.191 | 10.171 | -0.196 | 10.281 | 10.251 | -0.292 | 10.296 | 10.271 | -0.243
20 10.166 | 10.146 | -0.197 | 10.096 | 10.061 | -0.347 | 10.191 | 10.161 | -0.294
21 10.126 | 10.111 | -0.148 | 10.281 | 10.246 | -0.340 | 10.131 | 10.106 | -0.247
22 10.246 | 10.231 | -0.146 | 10.276 | 10.221 | -0.535 | 10.206 | 10.191 | -0.147
23 10.156 | 10.136 | -0.197 | 10.266 | 10.231 | -0.3d41 | 10.346 | 10.326 | -0.193
24 10.211 | 10.191 | -0.196 | 10.146 | 10.121 | -0.246 | 10.336 | 10.296 | -0.387
25 10.166 | 10.146 | -0.197 | 10.126 | 10.081 | -0.444 | 10.156 | 10.136 | -0.197
26 10.211 | 10.196 | -0.147 | 10.121 | 10.076 | -0.445 | 10.261 | 10.241 | -0.195
27 10.196 | 10.171 | -0.245 | 10.181 | 10.141 | -0.393 | 10.141 | 10.116 | -0.247
28 10.116 | 10.101 | -0.148 | 10.131 | 10.111 | -0.197 | 10.116 | 10.091 | -0.247
29 10.191 | 10.171 | -0.196 | 10.181 10.156 -0.246 | 10.176 | 10.151 | -0.246
30 10.206 | 10.196 ) -0.098 | 10.141 | 10.116 | -0.247.]| 10.166 | 10.136 | -0.295

LUsuNsy Minitab

Buil 1 4ehds Stat — Basic Statistics —> Display Descriptive-Statistics faguil 4.1.1

[ Minitab - Untitled

|| File Edit Data Calc{Stat Graph Editor Tools Window Help -~ Assistant

Regression
ANOVA
DOE

Control Charts

Tables

Quality Tools
Reliability/Survival
Multivariate

Time Series

Nonparametrics
Equivalence Tests
Powerand Sample Size
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N
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sUN 4.1.1 msldmauiarunnaiainssaun dvsulusunsy Minitab

+| %4 1 Proportion...

'Tﬁ' Store Descriptive Statistics...
L Grnphlcal Surnmary

i 1-Sample Z..

Dsplly Ds:np!l\re Statistics
Summarize your data with descriptive statistics, such as
~ | the mean and the standard deviation, and display the
results in the Session windaw,

Y1\ 1-Samplet..
N, 2-Samplet...
4L Pairedt...

14 2Proportions...
52 1-Sample Poisson Rate...
2 Sample Potsson R:te

‘b 1 Variance...
2% 2Variances...

=11 Correlation...

o? Covariance...

R Normaltty Test...
=+ Qutlier Test...

A Goodness-of-Fit Test for Poisson...

w7164 Display Descriptive Statistics G'}’dgﬁﬁ 4.1.2



Display Descriptive Statistics =]

Cl1  Weight Start 2hi| Variables:

C2  Weight After Ch| [ S

C3  %Drip loss 2hr svgﬁlght Start 2hr'-'%Drip loss
C4  Weight Start 4hi
C5  Weight After Ch -
C6  %Drip loss 4hr
C7  Weight Start 6h| By variables (optional):
C8  Weight After Ch| =

»

C3  %Drip loss 6hr o
5‘9"’:-&
Stafistics... I Graphs... I
Help oK l Cancel I

gﬂﬁ 4.1.2 Wi1eie Display Descriptive Statistics

= s

i d‘ v (3 1 aa i £
YUN 2 LEDNAIUUINRBINITANUIUATARANSIAUN Lalutas Variables:
QUi 3 ARA ___‘Ebﬁsm'“

aUsInguiieing Display Descriptive Statistics: Statistics fssufl 4.1.3

o -  gTipey [ ==

NN )] 1 L= = 5 7

D playDBscrip € Shetist éer 5t

¥ Mean I Trimmed mean ¥ N nonmissing
V' SE of mean 7 sum V' N missing

¥ standard deviation M Minimum I~ N total

¥ Variance ¥ Maximum [T Cumulative N
™ Coeffidentof variation |V Range ™ Percent

™ cumulative percent

V' Eirst quartile I~ Sumof squares  chack statistics
¥ Median I Skewness & Default
[V Third quartile [ Kurtosis " None
™ Interquartile range [ mssD oAl
¥ Mode
Help oK J Cancel

gﬂﬁ 4.1.3 wn9 Display Descriptive Statistics: Statistics

5 d = 1 nﬂd v s 5 -
JUN 4 L FNAEDINR NS IALARINAGNS LaIAEN __g"_.l
) v P
wUTINHAdNSAIgUN 4.1.4
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Descriptive Statistics: Weight Start 2hr, Weight After ... %Drip loss 6hr

Statistics
Variable N N* Mean SEMean StDev Variance Minimum Q1
Weight Start 2hr 30 0 10163 0.00937 0.0513 0.00263 10.046 10124
Weight After Chilled 2hr 30 0  10.147 0.00881 0.0482 0.00233 10.031 10119
%Drip loss 2hr 30 0 -0.1540 0.0209 0.1143 0.0131 -0.2934 -0.1966
Weight Start 4hr 30 0 10177 0.0130 0.0712 0.0051 10066 10121
Weight After Chilled 4hr 30 0 10.142 0.0132 0.0723 0.0052 10.001 10.092
%Drip loss 4hr 30 0 -0.3439 0.0289 0.1583 0.0251 -0.8919 -0.4392
Weight Start 6hr 30 0 10.206 0.0128 0.0704 0.0050 10.086 10154
Weight After Chilled 6hr 30 0 10179 0.0128 0.0701 0.0049 10061 10127
%Drip loss 6hr 30 0 -0.2629 0.0127 0.0697 0.0049 -04923 -0.2939
Variable Median Q3 Maximum Range Mode
Weight Start 2hr 10.171 10.206 10.246  0.200 10.211
Weight After Chilled 2hr  10.151  10.187 10,231 , 0.200 10.171
9%Drip loss 2hr -01723 -0.1477 0.3968 0.6902 -0.196734, -0,196252, -0.195867,
-0.147987
Weight Start 4hr 10.169  10.240 10,291 10.225 10.141, 10.181
Weight After Chilled 4hr 10134  10.195 10.271- ' 0.270 10.161
%Drip loss 4hr -0.2936 -0.2455 -0.1482  0.7437 -0.246524
Weight Start 6hr 10198 -10.257 10.346 ©  0.260 10.156, 10,166, 10.236, 10.296
Weight After Chilled 6hr  10.171 = 10.230 10,3260  0.265 10.106, 10.136, 10.141, 10.191
%Drip loss 6hr -0.2468 -0.2313 -0.1470 0.3453 w
N for
Variable Mode
Weight Start 2hr 3
Weight After Chilled 2hr 4
%Drip loss 2hr 2
Weight Start 4hr 3
Weight After Chilled 4hr 3
%Drip loss 4hr 2
Weight Start 6hr 2
Weight After Chilled 6hr 2
%Drip loss 6hr 0

The data contain at ieast five mode values. Only the smallest four are shown,

JUT 4.1.4 wadwsnmsldmdsieduanmadfinssaun dmsulusunsy Minitab

TUsunsu R
o msldiaylu R Commander

® msAINANIgA (Minimum), A1nane (Median), Aiade (Mean) uazAngedn
(Maximum)
5 = Yo A . 5 " g =
Yui 1 TgAde Statistics — Summaries — Active data set mgw 4.1.5
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h@ R Commander = s

File Edit Data ptaﬁslics] Graphs Models Distributions Tools Help

- Active data set =
Numerical summaries... e

Contingency tables *

R Script |R Markdo Means » Frequency distributions.,..

Proportions » Count missing observations

| »

Variances L Table of statistics...
Nonparametric tests * Correlation matrix...
Dimensional analysis * Correlation test...

L Fit models » Test of normality...

1|

'l ] »

‘ﬂl 2 o Q‘I a‘ 0 ] r'a U 1 EJ U o L
Jun 4.1.5 ﬂ'lﬂf’ummwaﬂflu’ammmqm, AINAN, AR wazAgagn dmsulusunsu R

WUINYNAGNSAIFUN 4.1.6

> summary (Dataset)
Weight.Start.2hr Weight,After.Chilled.2hr X.Drip.loss.2hr Weight.Start.4hr

Min. :1¢.05 Min. :10.03 Min. :-0.2934 Min. #1007
1st Qu.: 1D ¥13 P Oty 013 1lst Qu,:-0.1965 lga QuR:10.12
Median :10.17 Median :10.15 Median :-0.1723 Median :10.17
Mean 40, 18 Mean 220 \I'S Mean :-0.1540 Mean t10.18
3rd Qu.:10.20 3rd Qu.:10.18 3rd Qu.:-0.1478 3rd Qu.:10.23
Max. Ma. 25 Max. =04 28 Max. r— e A 5 Max. §10.29
Weight.After«Chilled.4hr X.Drip.loss.4hr Weight.Start.6hr

Min. :10. 0@ Min. :-0.8919 Min. WADIY

1st Qu. :10R 14 1st Qu.:-0.4263 1st Qu.:10.16

Median :10.13 Median :-0.2936 Median :10.20

Mean :10.14 Mean =0 . @39 Mean 180 2T

3rd Qu.:108 18 3rd Qu.:-0,2458 3rd Qu.:10.25

Max. :10.%A Max. $H\0Y 1882 Max. 1 BOr3h
Weight.After.Chilled.6hr X.Drip.loss.6hr

Min. +1.0.06 Min. :-0.4923

18t Qu. 10,13 1st Qu. ~<0C2935

Median :10.17 Median :-0.2468

Mean 210,18 Mean : =0.2629

3rd Qu.r10.22 3rd Qu.:-0.2430

Max. + 110, 33 Max. :-0.1470

UM 4.1.6 madnsnmslimdaiioduandsings, Anany, Anade uazigega vasdoya
- °o w
MNM5N 4.1 dmsulusunsy R

| ¢al : P . W v Yo o
wanewmeg:  AAeLMEN 1 (Lst Quartile) wazalalngdfl 3 (3rd Quartile) Aldann1sldrds
Statistics — Summaries — Active data set vulUsunsuy R SA21uAana
o L. = = o @ vt v o o X
wasuaNlUSWATY Minitab e sideumduiielilamilndiaeauing sy
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o 1 1 d 1 § I i
®  MSAMUIUAEIUTLUUVUNINTFIY, ATAUARIAAROUNINTTIUVDIA LAY
(Standard Error of Mean), §1uudaya (N Nonmissing) wagdtuaudayagey
#1718 (N Missing)

Fui 1 T9A1ds Statistics — Summaries — Numerical summaries Aegun 4.1.7

[ @ R Commander =L

File Edit Data [Statistics| Graphs Models Distributions Tools Help

- b
— i et .
@ Data set: "m Aetivetisten I <No active model>|
Contingency tables » Numerical summaries...
R Script |R Markdo Means s Frequency distributions...
Proportions L4 Count missing observations
Variances b|  Table of statistics... L

Nonparametric tests * Correlation matrix...
Dimensional analysis » Correlation test...
Fit models > Test of normality...

]
& & £3 Sy Bba - id s e B3 L L

lﬂl v o Q.I lﬂ. o 1 1 ci' U A
UM 4.0.7 anslddaiauiudaduleuinmsgy, mALAaIAaRuLIAT§ILYBY
1 d -] 17 o o
ALady, Snudeya uardnuiuleyagyving daviulusunsy R

9xUTnWIRe Numerical Summaries A3l 4.1.8

A N (GORRONSE L] R e (1 o ATty @

R Numerical Summaries

Data Statistics

Variables (pick one or more)
Weight.After.Chilled.2hr -
.Chilled4hr

Chilled.6hr =

Weight.Start.2hr
Weight.Start.4hr
Weight.Start.6hr -

Summarize by groups... l

@Help ‘ % Reset J J oK x Cancel

# Apply

P ¥ i g s
JUN 4.1.8 wu1ee Numerical Summaries: Data 84084a9 095797 4.1
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i s lﬂ' o U 1 A 1 HI
i 2 WendudsireinsfwinAdlsnuuInsEIY, A uAAIALAR Y

UMSZIUTBIANRAY, IuTeaYa uazTuteyagavne luges Variables

(pick one or more)

Juit 3 Adn

awUsIngmineing Numerical Summaries: Statistics fagufl 4.1.9

‘R Numerical Summaries

[] Mean
Standard Deviation

[C] Interquartile Range

[7] Binned Frequency Co
[] Skewness () Typel
[] Kurtosis @ Type2

) Type3

™ Quantiles: 0, .i5,_ .575_1 4

Standard Error of Mean

[] Coefficient of Variation

unts

&) [oh

Reset ‘

¢OK.

[x Cam:gl ‘ [ F’Apply

gﬂ‘ﬁ 4.1.9 11519 Numerical Summaries: Statistics

& = = 4 aady 2/ v & =
YUN 4 Laaﬂmanmwmaams’[,mammaawai Ba3IAanN

wUsINgHadwisiigun 4.1.10

i oK

> numSummary (Dataset [,c ("Weight .After.Chilled.2hr",
+ "Weight.After.Chilled.4hr", "Weight.After.Chilled.6hr", "Weight.Start.zhr",
+ "Weight.Start.4hr", "Weight.Start.6hr", "X.Drip.less.2hr",
+ "X.Drip.loss.4hr", "X.Drip.loss.6hr"), drop=FALSE], statistics=c("sd",
+ "se(mean)"), quantiles=c(0,.25,.5,.75,1))

sd se(mean) n
Weight.After.Chilled.2hr 0.04823941 0.00880727 30
Weight.After.Chilled.4hr 0.07227442 0.01319544 30
Weight.After.Chilled.6hr 0.07005663 0.01279053 30
Weight.Start.2hr 0.05131853 0.00936944 30
Weight.Start.4hr 0.07121705 0.01300239 30
Weight.Start. 6éhr 0.07037441 0.01284855 30
X.Drip.loss.2hr 0.11431395 0.02087078 30
X.Drip.loss.4hr 0.15834618 0.02890992 30
X.Drip.loss.6hr 0.06974543 0.01273372 30

o w vo & o o 4 ! P i di
FUN 4.1.10 waawsainmsldmdunemuismdiulsnuuuinggiu, AnuAaIAAaaY
NImsgIuTBsAaas, Suiudeya wardnnuteyagyme veadeyaainansan 4.1 dwmsu
TUsunsu R
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O M5WBuAIE9lY R Commander

® ﬂ']'iﬁ’m’]mﬂl"lﬂ?ﬂﬁluﬂi‘lji’iu
A, R —_
VUN 1 1WUAES sapply(Dataset, var, na.rm=TRUE) a9uu R Script PgUN 4.1.11

“R R Commander [ ®@][=]

File Edit Data Statistics Graphs Models Distributions Tools  Help

(R Dataset:[ | <No active datasets| [ Edit data set| [ View dataset| Modek: | £ <No active model>|

R Script IR Markdown

sapply(Dataset, var, na.rm=TRUE) -

a4 —— T e \ Ll —_ L N ] *

Output \ g Submit

-d o y A o ! ] Q
JUN 4.1.11 nasi@iguddaiteruaninnulsysau dmsulusunsu R

WUPINYHRENWSHIFUA 4.1.12

> sapply(Dataset, var, na.rm=TRUE)

Weight.Start.Z2hr Weight.After.Chilled.2hr X.Drip.loss.2hr
0.002633592 0.002327040 0.013067679
Weight.Start.dhr Weight.After.Chilled.4hr X.Drip.loss.4hr
0.005071868 0.005223592 0.025073512
Weight.Start.ehr Weight.After.Chilled.é6hr X.Drip.loss. 6hr
0.004952557 0.004907931 0.004864425

i L7 =i o HIJ § ] 1 A
JUN 4.1.12 magnsannsilaumdaiesiuinainiuysusiu Y0470LAINAITNT 4.1
dawsuluswnsuy R
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® nsAUINAIRIBINGT 1 uazAAelngd 3
Buf 1 Boudds quantile(Dataset$Weight.Start.2hr, probs = seq(0, 1, 0.25),
na.rm = FALSE, names = TRUE, type = 6) a3ut R Script lngifaudaia
witasudeshuusdufuysiiu 4 uasuynd Fagui 4.1.13

‘R R Commander [e==]

File Edit Data Statistics Graphs Models Distributions Tools Help
(R Dataset:| Dataset | [ Editdataset] |[© View dataset| Modek: | = <No active model>|
R Script |R Markdown

quantile (Dataset$Weight.S5tart.2hr, probs = seq(0, 1, 0.25), [_

na.rm = FALSE, names = TRUE, type = §)

m

quantile (DatasetSWeight.After.Chilled.2hr, probs = seqg(d, 1, 0.25),
na.rm = FALSE, names = TRUE, type = §)

quantile (Dataset$X.Drip.loss.2hr, probs = seqg(0, 1, 0.25),
na.rm = FALSE, names = TRUE, type = 6)

< | | »

a4 A = =y =t = 8 & = £ LN Y

Output g Submit

| = ° ) i o ! s 1 al 2/ P
JUM 4.1.13 nsilgudduiodnaninelngi 1 wavnnialndi 3 vesdeyaninmisned
4.1 dmiulusunsu R

o
s

' © o o Q'J Q‘: s GJ
VA 2 yhuoumMAguAITWIER AegUR 4.1.14

R R Commander = | E
Fie Edit Data Statisis Graphs Models Distibutions Tooks Help _

@ Data set: Lm_[)_a_ga_sel_j [ / Edit data set] [j_@l_view data set] Model: | £ <No active model;\

R Script |R Markdown

= =SECr{D e N3 S

Output B o

2/
@

= 3 o o o A4 o i = i =
JUN 4.1.14 msvhuausrquidaiiedwinamelnaf 1 wazaimalnai 3 v

Y o - deit Submit
Sl 3 pan [ |

WUTINGUAGHERIFUA 4.1.15
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> quantile (Dataset$Weight.Start.2hr, probs = seq(0, 1, 0.25),
+ na.rm = FALSE, names = TRUE, type = 6)

0% 25% 50% 75% 100%
10.0460 10.1235 10.1710 10.2060 10.2460

> guantile (Dataset$Weight.After.Chilled.2hr, probs = seqg(0, 1, 0.25),
+ na.rm = FALSE, names = TRUE, type = 6)

0% 25% 50% 75% 100%
10.03100 10.11850 10.15100 10.18725 10.23100

> quantile(Dataset$X.Drip.loss.2hr, probs = seq(0, 1, 0.25),
+ na.rm = FALSE, names = TRUE, type = 6)

0% 25% 50% 75% 100%
-0.2933698 -0.1965892 -0.1722556 -0.1476964 0.3967860

> quantile (Dataset$Weight.Start.4hr, probs = seq(0, 1, 0.25),
+ na.rm = FALSE, names = TRUE, type = 6)

0% 25% 50% 75% 100%
10.06600 10.12100 10.16850.10.23975 10.29100

> quantile (Datasets$Weight.After.Chilled.4hr, probs = seq(0, 1, 0.25),
+ na.rm = FALSE, names = TRUE, type = 6)

0% 25% 50% 75% 100%
10.00100 10.09225 10.13350 10.19475 10.27100

> quantile(Dataset$X.Drip.losgs.4hr, probs = seq(0, 1, 0.25),
+ na.rm = FALSE, names = TRUE, type = 6)

0% 25% 50% 75% 100%
-0.8918839 -0.4392160 -0.2935961 -0.2455253 -0.1482067

> quantile (Dataset$Weight.Start.6hr, probs = seq(0,. 1, 0.25),
+ na.rm = FALSE, names = TRUE, type = 6)

0% 25% 50% T5% 100%
10.08600 10.15350 10.19850 10.25725 10.34600

> quantile (Dataset$Weight .After.Chilled.6hr, probs = seq(0, 1, 0.25),
+ na.rm = FALSE, names = TRUE, type = 6)

0% 25% 50% 75% 100%
10.06100 10.12725 10.17100 10.22975 10.32600

> quantile(Dataset$X.Drip.loss.6hr, probs = ‘seq{0, 1, 0.25),
+ na.rm = FALSE, names = TRUE, type = 6)

0% 25% 50% 75% 100%
-0.4923198 -0.2939450 -0.2468283 -0.2313415 -0.1469724

= o & = o & & o ' = | &
UM 4.1.15 waanwsnMsipuddanomuiumnielvai 1 wazaiaelndi 3 ERRHE
A ] s
NN 4.1 dwsulusunsy R
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#3 sapply(Dataset, range, na.rm=TRUE) a4uu R Script ﬁa‘gﬂﬁ 4.1.16

‘R R Commander E
File Edit Data Statistics Graphs Models Distributions Tools Help
@ Data set: Dataset ’_,f Edit data set] [E@ Viewdatasd:] Model: | £ <No active modeb‘
R Script |R Markdown
sapply(Dataset, range, na.rm=TRUE) -
4 o e NN NNV S S S = S |'
U 4.1.16 msdgumdaiiomuanmigy dvsuldsunsy R
& o a
YUN 5 Aan

wUSINHATHSRFUR 4.1.17

> sapply(Dataset,

Weight.Start.

1,1 10.
[2,] 10.
Weight.After.
(1,]
[ ’
Weight.After.
1,

et

range, na.rm=TRUE)
2hr Weight.After.Chilled.2hr X.Drip.loss.2hr Weight.Start.4hr

046 1.0 3L -0.2933698 10.066
246 10.22% 0.3967860 LO0z291
Chilled.4hr X.Drip.loss.4hr Weight.Start.sghr

10.001 -0.8918839 10.086

10.271 -0.14820867 10.346
Chilled.6hr X.Drip.loss.6hr

10.061 -0.4523198

10.326 -0.1469724

3UM 4.1.17 wadwsonnisifeudrdiifedmnndiidevecdoyasinaisiei 4.1 dwmsu

TUsunsu R
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®  MIATUIUAIFINLEY
g o Vo o [} =
Fuil 1 1dei1da Tools — Load package(s) faguil 4.1.18

(%@ R Commander st

File Edit Data Statistics Graphs Models Distributions - Help
- z B Load package(s)...
- Dat No active dataset>| [ Edit dataset] d
@ had L b ke I Z Load Remdr plug-in(s)...
| R Script [R Markdown Options...

Save Remdr options...
Install auxiliary software...

=

o

P

NNV LSS S L

h
8
v

5UN 4:1.18 mslyrdsdelvaaufinng dwvsulusunsy R

YUTINYVUWN Load Packages ﬁdgﬂ'ﬁ 4.1.19

e LIS IS IR /Uy NS /N LD O L5
R Load Packages g

Packages (pick one or more)
data.table ”
DBI

dbplyr
debugme

1

dichromat

digest

dplyr

evaluate

expm -

@Help ' # GK,,. ‘ “ CanceIJ

5U#l 4.1.19 mii6ins Load Packages

ee

] d = o nIJ 9 =
U 2 1d@enuiining DescTools WalTeurds “Mode” udadn

o OK

Uil 3 Weourds sapply(Dataset, Mode, na.rm=TRUE) aquu R Script ﬁﬁgﬂﬁ
4.1.20

(=]

€e
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‘R R Commander [:::I]

File Edit Data Statistics Graphs Models Distributions Tools Help

@ Data set: L <No active dataset>| LL" Edit data set] Ug View data sq Model: I X <No active model>]

R Seript |R Markdown

sapply (Dataset, Mode, na.rm=TRUE)

| »

4 J b

v

Output &, Submit

{ al o Q:J A e 1 = o L
JUT 4.1.20 Madsuiduiednnamguiey dmsulusunsu R

WUIIMNAANGIFUN 4.1.21

> sapply(Dataset, Mode, na.rm=TRUE)
$Weight.Start. 2hr
[1] 10.28 8

$SWeight .After.Chilled. 2hr
[1] 10.1%1)

$X.Drip.loss.2hr
[1] -0.1967342 -0.1962516 -0.1958672 -0.1479874 -0.1478415

SWeight.Start.4hr
[1] 10.141 1RME1

$Weight.After.Chilled.4hr
[1] 10.161

$X.Drip.loss.4hr
[1] -0.246524

SWeight.Start.6hr
[1] 10.156 10.166 10.236 10.296

$Weight.After.Chilled.6hr
[1] 10.106 10.136 10.141 10.191 10.216 10.241 10.296

$X.Drip.loss.6hr
[1] -0.4923198 -0.3869969 -0.3437776 -0.3422648 -0.2967066 =0, 2951013
[7] -0.2943774 -0.2938008 -0.2927972 -0.2925117 -0.2913753 -0.2905288
[13] -0.2478683 -0.2471333 -0.2468892 -0.2467673 -0.2465240 -0.2459178
[19] -0.2456761 -0.2445945 -0.2442360 -0.2435223 -0.2428127 -0.1969279
[25] -0.1968310 -0.1953888 -0.1949128 -0.1933114 -0.1478415 -0.1469724

JUN 4.1.21 waansannsiisudiduiioruniguisivesdeyaainmaad 4.1 d iy
TUsunsu R




ar

dyu
135199 4.2 NMsiUsuifieuradnsanmsiwimmaianssaun lneldfuus Weight After
Chilled shr WWusagslunisieuiisu

TUswnsY Minitab TUsunsy R

N 30 30
N missing 0
Mean 10.179 10.18
Standard Error of Mean 0.0128 10.01279053
Standard Deviation 0.0701 0.07005663
Variance 0.0049 0.004907931
Minimum 10.061 10.06
1st Quartile 10.127 10.12725
Median 10.171 10.17
3rd Quartile 10.230 10.22975
Maximum 10.326 10.33

10.061
Range 0.265

10.326

10.106; 10:136, 10.141,
10.106, 10.136,
Mode 10.191, 10:216, 10.241,
10.141, 10.191

10.296

N for Mode 2

INATN 4.2 WU

1. wadwsnlusunsuMinitab Uas R dradfflndidsety

2. nsdilifideyagawie Tusunsu Minitab wansandu 0 Tuumeilusunsy R Tuuans

3. Wsunsy Minitab uamgaafids Tutamilusunstl R LansdisingauazA1gean Seamnse
nAaARdels

4. Wsunsy Minitab uansrnguilenldinniign 4 f luvassdlusunsu R wansrgiuilon
lpannndn 4 e

5. Tusunsu Minitab LLamﬁhu'gu%’wamwgmﬁau Tuvniglusunsu R liuansen
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4.2 NMIAUIUNARTUIINVBIAERRKAZNIIN (Graphical Summary)
ﬂ']‘iﬂ’]u’lmwaﬂi‘dﬂl}‘ﬂﬂﬂﬂﬁaﬂmLLauﬂ'i'WJ L'Llumsasﬂmamaml,aﬁumaanmma 9 Ly
WIAMBEN ANTSEFIY LLa.,muwmmummmu ueNNIAINsHaT LI MILINLIIYES
mamamaﬂmw wmaaumsmmmﬂnmmaanmmaauuaummau -89 WarQYAIY
wamuawwmmaa a'summmummﬁnu uagAEgIU Imawauawlmvmwauam
USunas Rams1aft 4.3 Lﬂum’m&lw‘ﬂ@maSuEJ"LTJﬁ’ﬂ‘Hﬂ’ﬁU']L‘lJEJ%JE]ﬂR]"IﬂU‘i'iQﬂﬂJ‘I’WN 3 kuu

AUNAgIU
H;: fayagaiimsuanuaauuuuni

s

! deyageldiinsuanuaiuuund

1397 4.3 Megredeyaiililumsdunmaagusuvesadiwazns

Row 09 0101 N1M2 Row B4 0791 n1m2
1 LAS 2.41 2.05 16 2.81 2,35 Sl
2 2.24 2.63 1.90 17 3.84 2.54 5.18
3 2,92 2.97 XY 1 YA Ve 1.53 3.40
4 ot 3 S 1.51 19 3.20 1.76 2.16
2 225 3.30 2.56 20 3.92 E.2], 1.89
6 3.49 1.47 2.13 21 3.38 1.48 1.32
7 2.53 i) 4 2.80 22 2.68 1.49 2.93
8 3.38 2.49 2.14 23 3.28 1.34 1.54
9 3.05 1.83 1.64 24 1.92 1.26 2.06
10 3.20 2:2% 2.28 28 ) LL 375 1.08 1.52
i 2.26 ol 1.43 26 2.9¢ H19 313
12 2.95 4.55 1.47 27 3.50 1.30 1.32
13 3.00 2.41 1.23 28 o7 1.81 2,18
14 283 1.63 2.74 g 510 1.61 1.50
15 3.18 3,17 2.16 30 2.33 103 2.32
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guit 1 4eda stat — Basic Statistics — Graphical Summary ﬁagﬂﬁ 4.2.1

[ Minitab - Untitled

49

|| File Edit Data Calc [Stat Graph Editor Tools Window Help Assistant

ER Display Descriptive Statistics...

F_O__\.‘.‘ Lata]
: LA

2 | v
|2 <4

Graphical Summary

Summarize your data with descriptive statistics, such as
the mean and the standard deviation, and describe the

distribution with graphs,

Il Regresdion » |7 Store Descriptive Statistics...
e OAKOVE »
e "1 1-Samplez..
@ Control Charts » '«i\ 1-Saropkl..
“ E ﬁ db LE Quality Tools » & 2-Samplet
Reliability/Survival > M\ Pairedt..
Multivariate >
Time Series »| P§ 1Proportion...
Tables y | &4 2 Proportions...
Nonparametrics »| Il 1-Sample Poisson Rate...
Equivalence Tests » ;..' ZSamplthssonRam
Power and Sample Size » .‘i 1 Variance.
£ 2Variances..
-1:1 Correlation...
! Cwmnce
l NarmahtyTes!..
&+ Qutlier Test.,.

A Goodness-of-Fit Test for Poisson...

Uﬁ 4.2.1 ﬂ’]'ﬂ‘Uﬂ’}'ﬁ\ﬂLWE}ﬂ’]U?mNaﬁiU‘i’lﬂJ‘U@Qﬂ"lﬁﬂmLLﬂuﬂi']W dmsulusunsy Minitab

wsnguiivhs Graphical Summary faguil 4.2.2

SN PNE o S\ P IR NERAT EY)
Grapﬁtcﬂ Summary :
Cl m Variables:
C2 mal ‘o'
C3 ma2 = .
By variables (optional):
~

Confidence level: | 95,0

Help oK

I Cancel ]

31]17]: 4.2.2 w7913 Graphical Summary

5 d = s A o 1 = a I .
Ul 2 HendinlsiinesmsAInkaasUTvesAadAuazns v aluges Variables:

wdapdn K |

WUTINYWAANSAIFUN 4.2.3
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Summary Report for a4

Anderson-Darling Normality Test
A-Squared 042
P-Value 0.306
Mean 29867
StDev 0.5082
Variance 0.2583
Skewness -0.228866
Kurtosis -0.517239
N 30
Minimum 1.9200
1st Quartile 2.5300
Median 3.0850
3rd Quartile 3.3050
Maximum 3.9200

95% Confidence Interval for Mean

20 2.7969 3.1764
95% Confidence Interval for Median
2.8352 3.2000

95% Confidence Interval for StDev

04047 0.6832

95% Confidence Intervals

Mean f 1

Median |

.
fl-i

I~ LY v o o o 3 ! aa o ot
JUN 4.2.3 wadnsannisliFduiofuaneagusinvesdatauaznsin dmsulusunsy
Minitab

=

MU 4:2.3 I Pvalue = 03064 > & = 0.05 Sewensu H, fufy UGHELE

o L2 s LY

- 1 %) = a A o
nsWINULIILUUUAR g 1N AgNIeaaa Nszautedfny 0.05
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TUswnsu R
o msldiuylu R Commander

®  NISVAFDUNISLANLAIUNA

Uit 1 T4iFda Statistics — Summaries — Test of normality ﬁdgﬂﬁ‘ 424

R R Commander S

File Edit Data [Statistics] Graphs Models Distributions Tools Help

@ Data ek [ Active data set
' Contingency tables *

Numerical summaries...
R Script R Markdq Means 4

Frequency distributions...
Proportions *|  Count missing observations

Z <No active mudel>|

Variances »|  Table of statistics...

Nonparametric tests * Correlation matrix...
Dimensional analysis »|  Correlation test...

| Fitmodels ¥ ’ Test of normality...

¢ - =J b

& & i3 =y Bis BN P LN Y

1l
=

JU#1 4.2.4 nisladdaiieveaaunisuanuastni dwsulusunsu R

AwUINgMIEENY Test of Normality ﬁﬁg‘dﬁ 4225

‘R Test of Normality

Variable (pick one)
a1al -
a1a2 (4

Normality Test

() Shapiro-Wilk

@ Anderson-Darling

) Cramer-von Mises

() Lilliefors (Kolmogorov-Smirnov)
() Shapiro-Francia Klisibiesr-ok His
(") Pearson chi-square for Pearson chi-square <auto>

Test by groups... |

I &) Help ' ‘ ) Reset of oK { ¢ cancel

# Apply '

gﬂﬁ 4.2.5 vi11613 Test of Normality wm%’ayammmiwﬁ 4.3




&2

< v

4 o v a 1 " .
U 2 Fonfuwlsfinesnsmaaaunsuaniasung lugied Variables (pick one)

o OK

aa

Normality Test lAonMIadANADINITNAGDU LAIAEN
) ) =
WwUTINYHANSAIFUT 4.2.6

> normalityTest (~q:, test="ad.test", data=Dataset)
Anderson-Darling normality test

data: m
A = 0.41947, p-value = 0.3064

i v o @ A a o = o [
U7 4.2.6 nadnsanmslddaiionnasuniswanytasung Y99UBYANNAITNN 4.3 dmsy
TUsunsu R

NJUT 4,26 1¥e-P-value = 0.3064 > G = 0.05 395033 H) dsviu doyagail

Y q

oo

N1THANLANLUYUNRBE T AR NTzauieddey 0.05

*  msAANaae, Adaulsduuanggiy, Arraaud, Aaales wazsiuay

v
VYU
v
8’ d 2 o QIJ . - " - n a |
YU 1 l9rnds Statistics — Summaries — Numerical summaries AIgUN 4.2.7
[ & R Commander (= [ E ]
File Edit Data |Statistics| Graphs < Models = Distributions Tools Help o

\ Databek r Active data set
‘R "' Contingency tables  » [T LT

R Script [R Markdd Means L& Fraquency distributions.
—— 3\, Propoitions r Count missing observations

Variances » Table of statistics... o
Nonparametric tests * Correlation matrix...
Dimensional analysis * Correlation test...
{ Fit models »|  Test of normality...
< | | »

d ¥ o QIJ “. o 1 A 1 1 A 1 v ] 1
UM 4.2.7 msldeduiednnanade, mdmudssuuinasgy, Amamud, Aanulss
wazdnauteya dmsulusunsu R

9zUsIgwtiene Numerical Summaries faguil 4.2.8




‘R Numerical Summaries

Data IStatisticsI

Variables (pick one or more)
1Al

n1A2 K

Summarize by groups...l

@Help [ @} Resle't ' ‘ JOK ! 8Caru:el" ‘ ﬁApply

'
=

i 7 \ <l
U 4.2.8 vid19e Numerical Summarfes: Data wosdioyainmsnadl 4.3

&

i w v o ' é 1 o = ! Y
Wil 2adenfudsidaansfunuaiadY, dwdeanuunasg i, e,
frrala wasdwaudeya ludea Variables (pick oné or more)

Juit 3 pan

! 3 5 . 5 %) P
U5 NYNTENT Numerical Summaries: Statistics PNFUN 4.2.9
T - VLI I RN € W27 O™ S 7i
R Numerical Summiaries ' — /B ~ = |

Data Statistics

Mean
Standard Deviation
[7] Standard Error of Mean
["] Interquartile Range
[C] Coefficient of Variation
("] Binned Frequency Counts
Skewness () Typel
Kurtosis @ Type2

) Type3
I™ Quantiles: 0, .25, .5, .75, 1

@Help r % Reset J J OK ‘ x Cancel

(’ Apply

;a“l.lﬁ 4.2.9 wi%1a Numerical Surmmaries: Statistics

53
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ady v ¢ v A &‘JK

ﬂu7l4 Lﬁﬂﬂﬂ?ﬁamﬂmaﬂﬂﬂilﬂuﬁﬂﬂNaWﬁ L& IARAN

szUsnguARWERIgUR 4.2.10

> numSummary (Dataset [, "p", drop=FALSE], statistics=c("mean", "sd",

+ "skewness", "kurtosis"), quantiles=c(0,.25,.5,.75,1), type="2")
mean sd skewness kurtosis n
2.986667 0.5082107 -0.2288664 -0.5172387 30

ﬂ' s (3 ¥ o u'; dl' o 1 AJ 1 1 q' 1 v 1
JUN 4.2.10 maansannsldmdaieruinaiads, Adndswuuannsgiu, A, f
ALlAY wasdududeya 199783a31nA9197 4.3 dwiulusunsu R

®  MSAWINAINER, AINANY, ALY LazAIEIEn
Y 1 1914 Statistics — Summaries —> Active data set ftgUfl 4.2.11

[ R Comrronir —1— 3Nz 2 X —— \\ ==

Yy
Y. T-- us“ LR

File Edit Data Graphs Models * Distributions Tuols Heélp. @\
\Q Data set: r . Xz <Nuanw;}}i$&el>
Contingency tables » Numem:al summaries.., -
R Script |R Markde . Means b Frequency distributions..,
Proportions > Count missing observations
Variances 4 Table of statistics,..
Nonparametric tests » Correlation matrix...

Dimensional analysis Correlation test...
l_ Fit models » Test of normality...

| »

k

e (3 _— Beowauih AVE W i d\vr 7 f . S48

‘Ll"ﬁ 4.2.11 ms'lﬁmauwaﬂ'lmmmm’lam mnm& mLQaEJ LLa“mﬂﬁﬂﬂ dmsulusunsy R

WUTINHATNERI3UR 4.2.12

> summary (Dataset)
0 mal a2

Min. :1.920 Min. 110306 Min. 11230
1st Qu.:2.567 1lst Qu.:1.500 lst Qu.:1.525
Median :3.085 Median :2.030 Median :2.055
Mean £2.987 Mean 2062 Mean £2 079
3rd Qu.:3.268 3rd Qu.:2.562 3rd O.:2.310
Max. :3.920 Max. :3.300 Max. :13:.730

JUN 4.2.12 waaWﬁmﬂﬂ'ﬁl‘umaamammmﬂ’]mam Anany, Aedy uazAigsan w09

k23

VDY ﬁﬁ]’?ﬂﬁ'ﬁ')ﬂ“ﬁ 4.3 dwsulusunsy R
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4 4 . ¢ al . a2 ¥ o Q.J
waewme:  AMlnaN 1 (1st Quartile) wavanalndd 3 (3rd Quartile) AlFannsldeas
Statistics —> Summaries — Active data set UuUlUSWLASY R dA1uAas
& L. ot = o o o v :JcL v o o ¥
dauNlUsLATH Minitab Sspsilsumdanelvilamdlndifsswnniaty

o 1 = a -] o 1 d
®  ATTATUIUYWAMULYINUAINIUARAY

Fudi 1 TAds Statistics — Means — Single-sample t-test ﬁ'ﬂgﬂﬁ 4.2.13

[ & R Commander B | , (=[G e

File Edit Data [Statistics| Graphs Models Distributions Tools Help

|(QR Datasen ||  Pommores  set| Model: | £ <No active model>|
Contingency tables * — e s S

R Script |R Markdg

i [err—————

Single-sample t-test...

Proportions 4
Variances 4
Nonparametric tests »
Dimensional analysis *
Fit models 4

Independentsamples t-test..,
Paired t-test...
Multi-way ANQVA.,,

T

»

< |

JUW 4.2.13 aosldddanoAnnagiendeiudmivaaie dwiulusinsu R

WUTIGVIEEY Single-Sample t-Test fagUil 4.2.14

- b NV VU S]] TPl 7 e NI - W > 3 ]

R Single-Sample t-Test

Variable (pick one)

nnal -
a1a2 (2
Alternative Hypothesis

@ Population mean != mu0  Null hypothesis mu= 0,0

() Population mean < mu0  Confidence Level: 95

() Population mean > mu0

l @ Help I % Reset | J oK x Cancel

JUi 4.2.14 wifwins Single-Sample t-Test vastoyamnmsadt 4.3
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v I 1
s o e

= <4 a o o 1 = at 1 = 1 =
YU 2 1EaNAILUTNADINTAUIMYIAIUTBLUFMTUALRY Tudes Variable
(pick one)
Alternative Hypothesis lianiA3eaangvaauufigiuniaion

v oo | of OK
haInan

WUSINNANSRIUT 4.2.15

> with(Dataset, (t.test(mq, alternative='two.sided', mu=0.0,
+ conf.level=.95)))

One Sample t-test

data:
t = 32.189, df = 29, p=value < 2.2e-16
alternative hypothesis: true mean is not equal to 0
95 percent confidence interval:
2.796898 3.176436
sample estimates:
mean of x
2.986667

g
as o

P @ Yo o 1 o [ | H 9
JU# 4.2.15 wadnsvnaasliadniaAwudisnnudasiudinsuniags Y878YaN
15799 4.3 dwsulusunsy R

vanewe: 1) nsinereideiudmsuiiaie lunsdifvinnmegdiaundn 149
MSAINIEIE t-test Unu z-test Tnglusunsu R fiflaridu t.test) uluda

2) MsfuratrgoiudviuaLaay Tunsaiftvunaagsdvuinlng

MngRsTRAITeliuRe mean | £ Z*sigmassartin) g 2 Awaalld

dwSuiirndeiusing q fe gnorm() tufiedn inverse w81 cumulative

distribution function



57

O N15108UAEIlU R Commander

®  MsAUINAIANLUTUSIUY
Ui 1 Weurnds sapply(Dataset, var, na.rm=TRUE) aquu R Script AagUN 4.2.16

‘R R Commander =3 =

File Edit Data Statistics Graphs Models Distributions  Tools Help -

@ Data set.‘] | <No active dataset>| [m,f Ed'rtdataset]@‘lﬁewdmm] Model: | £ <No active model)l

R Script |R Markdown

sapply (Dataset, var, na.rm=TRUE) -

¢ & & S e S LAY I o B = — S S : L

Output

d o ‘II d d U o Qs
UM 4.2.16 mad@sudduieAamraunUsyiu dndulusunsy R

p oA
L

=i a
YUN 2 AGN
e & ar P
wUTINYNAANIAIFUN 4.2.17

> sapply(Dataset, wvar, na.rm=TRUE)
03 mal a2
0.2582782 0.4419425 0.4251582

SUN 4.2.17 naswsannsilieumduieduineianuususiy Y84UBYAINA1TNN 4.3
dwsuluswnsy R
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® NsAINAIANILINGT 1 uazAIAIDlNgR 3
YU 1 Teumds quantile(Dataset$gq, probs = seq(0, 1, 0.25), na.rm = FALSE,
names = TRUE, type = 6) aquy R Script faguil 4.2.18

“R R Commander E]

File Edit Data Statistics Graphs Models Distributions Tools Help

@ Data set: | || Dataset [4’ Edit ME[@ View data s-et] Model: LI <No active model>'
R Script |R Markdnwn]

quantile (Dataset$&d, probs = seq(0, 1, 0.25), na.rm = FALSE,
names = TRUE, type = &)

Output

= a Y 1 o 1 & o [y P
JUN 4.2.18 NMslsumduiaduiunalngi 1 wazaalalnad 3 VRIUBYAINAT N
4.3 dgwsulusunsy R

5 q' ’, “7'71 \ ! -
Ul 2 Afn L2
e L A
WUIINYNAGWSAIFUT 4.2.19

> quantile (Dataset$m, probs = seqg(0, 1, 0.25), na.rm = FALSE,
+ names = TRUE, type = 6)

0% 25% 50% 75%  100%
1.920 2.530 3.085 3.305-3.920

o w = o A o i sl ' cal v
JUil 4.2.19 wadwsanmsilguddaieranimelndl 1 kaveeiolndil 3 vesdeya
d o g
31NAN3199 4.3 dwmduldsunsu R
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A15199 4.4 MslUBuifigunadnsaInnsAwMNEETUSINTRIAARRLAENTIN

TUsunsu Minitab TUsunsu R
P-value 0.306 0.3064
Anderson-Darling 0.42 0.41947
Mean 2.9867 2.986667
Standard Deviation 0.5082 0.5082107
Variance 0.2583 0.2582782
Skewness -0.228866 -0.2288664
Kurtosis -0.0517239 -0.5172387
Minimum 1.92 1.92
1st Quartile 2.55 R53
Median . 3.085 3.085
3rd Quartile 3.305 3.305
Maximum 3.92 3.92

95% Confidence
Interval for Mean

(2.7969, 3.1764)

(2.796898, 3.176436)

59

¢=‘ ! L L | . 1 aa = L d“
MNAI319N 4.4 WUt wadwsanlusunsy Minttab was R lea1adfnindidseiy o
ANM150LUARINLULNENINEDT A LAV D UAY TuAD il ILANUAIUTUNR

4.3 MIvAgUANULANATIYEsATRRY 1 Uszyans nsdifingudiagisfivinelve (One
Sample Z-Test)
MsVAFEUATINILARA1ITBdALdY 1 Ussvans nidifingudaetiafivuelng Wunns

UsznaiAniadsreussrmnsuasiUTs uiisuduanidvuaevieadned donsudiu

\WeauusnasgiuvesUsgaans %a’l*ﬁlﬁﬁ’u%’ayaisﬁué’umimw%é’m3'1a':m Fam59i 4.5

Dudeyanzuuungu B

G Hy: =83
H @, # 83
ﬂl 1 A 1
lni My wnuAafigvenzuungy B
= . = I Y]
39 Hy: duadevesnzuuungu B wiriu 83

H,: rwadevesnguuungy B liviiu 83
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A15199 4.5 fedwdeya (Teyaauud) PlumsnageuAULANA19YBIRLaEY 1 Ussns

nsfifingumegadvuinlvg)

lUsLn5Y Minitab

Asvdautannatle iy (Assumption) ¥B4N1SNAGAUAIIULANAIIUDIATRRY 1

Uszuns nsalnngudangielivunnlng
1) Usznsinisuanuasuuuung
AUNRIY

Hy: pruuungu 8 fimsuanuaawuuund

H, 1 pzuuunga B ldfinswanuaanuuund

v
o Yo o

Row B Row B

1 15 13 69
o 95 20 70
3 85 21 90
a4 64 22 83
5 88 23 85
6 91 24 86
1 72 25 15
8 71 26 76
9 81 27 81
10 86 28 84
11 95 29 86
i - 74 30 83
13 72 31 83
14 P ! G2 82
15 85 33 7
16 86 34 74
17 81 35 71
18 82

it 1 Meds Graph — Probability Plot ﬁqgﬂﬁ 4.3.1
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fI Minitab - Untitled
|| File Edit Data Cal Stat | Graph Editor Tools Window Help Assistant
i scatterplot... [ TEON » laM|

”l_"“—_-! ., [ Matrix Plot... = [

|#* Bubble Piot...
[# Marginal Plo..
‘_‘ Histogram...
B ;& Dotplot...

1 _

|~ Empirical CDF... ot

’\__ Prababilky D"f“"“f:";“# Test whether your data follow a particular distribution
and estimate percentiles.

W Boxplot...

[b4 interval Plot...

[i#! Individual Value Piot...

& Llne Piot...

H" E‘ﬁ % |

M Bar Chart..
“) PieChart...

[M Time Series Plot...
|88 Area Graph...
B Contour Plot...

(0 3D Scatterplot...
[ 3D Surface Plot...

l:u' 2 o n'/ dd‘ o o e )
JUR 4.31 msldidaneviaaaunisuaniasund dmsulusinsy Minitab

awUnguiiaeae Probability Plots #tgU7 4.3.2

R WL Do e

Help ' oK Cancel

gﬂﬁ 4.3.2 116109 Probability Plots

YU 2 1Fen Single udAAN oK

UM Probability Plot: Single ﬁ’aguﬁ 4.33




62

Probability Plot: Single (=]
ci1 B Graph variables:
B
Distribution. .. Scale... Labels...
Multiple Graphs... Data Options...
Help ‘ oK Cancel

3Ui 4.3.3 wieing Probability Plot: Single wasdmiaannnnsadl 4.5
5 = = o a‘ v - i .
YUN 3 LaanmaLusnaInsnadaunmsaniasun® laluges Graph variables:

udnan o

v s w a
rUIInguaaNansFUN 4.3.4

Probability Plot of B
Normal - 95% Cl|

99 S

| | Mean  80.83

StDev  7.706

95 N 35

AD 0474

i | P-Value 0226
80-
" 70-
o &

o

30_
20
10
sw

a v o vo & o a v = o w
U 4.3.4 wagwsannislddauieneagaunisuanuasuni VNVIYAINNAITNIN 4.5 @MU
TuUsunsu Minitab



63

=t

MU 4.3.4 IR Pvalue = 0.226 > & = 0.05 Sewendy H, da ABLUUNGY

v @ o W

= = i a0 a aa a
B 4n15uanuatiuvunfegudsdnyIeand negauledifn 0.05

[

2) 'Viswﬁ"autﬁﬂamumﬂsgﬂwawszmns (o)
i 1 afiudsdmiuuansidudsauunnsg

—
B Worksheet 1
C1 c2 c c4 c5 Cé c7 cs c9 c10
B STDEV
75
95
85

88
91

72

7
s/
86

nwiqmmh%wimla -
g

~
-—
o

< v =
JUM 4.3.5 veiping Worksheet ¥83taya9nnns199 4.5

Uil 2 148 Calc = Caleulator Figuit 4.3.6

@ Minitab - Untitled
” File Edit Data ]Calc Stat Graph Editor Tools Window Help Assistant

[E E\woozg} .IOOHIQE@&EDG@'D-EPIIJ iF 7.3y
m_——‘ Column Statistics, AT .

RFRY Staliggicss, Perform mathematical, logical, statistical, and text

Standardize... operations on your data and store the results ina column
— B B | or constant. You can also assign aformula toa column.
Make Patterned Data D

FH Make Mesh Data...
#] Make Indicator Variables...

Set Base...

Random Data 3
Probibllrty Dlstnbutmns »
Matrices >

= o & & o 1 | o o s .
JUT 4.3.6 nsldddaieruinmadudeauunnnsgiu dmiulusunsy Minitab

wusngwieing Calculator faguil 4.3.7



64

Calculator
Ci B Store result in variable: W_
C2 STDEV Epresiins
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R Test of Normality [ &= I
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Normality Test

(C Shapiro-Wilk
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Anderson-Darling normality test

data: B
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Options...

Save Rcmdr options...
Install awdiliary software...
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attach (Dataset)
z.test (B, mu = 83, stdev = 7.70594, alternative="two.sided")
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> attach (Dataset)

> z.test (B, mu = 83, stdev = 7.70594, alternative="two.sided")

One Sample z-test

data: B
zZ = -1.6671, n =35.0000, Std. Dev. = 7.7059, Std. Dev. of the
sample

mean = 1.3025, p-value = 0.0955
alternative hypothesis: true mean is not equal to 83
95 percent confidence interval:
78.27564 83.38151
sample estimates:
mean of B
80.82857
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TUsuA5U Minitab TUswnsu R
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One-Sample t for the Mean
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One-Sample T: Gen A

Descriptive Statistics

N Mean StDev SEMean 95% Clforp
10 84.240 2902 0.918 (82.164, 86.316)

w: mean of Gen A

Test

Null hypothesis Ho: 1 = 85
Alternative hypothesis Hy p # 85

T-Value P-Value
-0.83 0.429
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‘R R Commander lE_IM

File Edit Data |Statistics| Graphs Models Distributions Tools Help
‘Q Data set: m Ritgre fiata il ' X <No active mcldelq
4 Contingency tables » Numerical summaries...

R Script |R Markdg ~ Means »|  Frequency distributions...

Proportions » Count missing observations

Variances 4 Table of statistics...
Nonparametric tests » Correlation matrix...
Dimensional analysis » Correlation test...
Fit models 4 Test of normality...
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WUTINYUUIENe Test of Normality ﬁ’agﬂﬁ 4.4.10
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‘R Test of;N;)rmality

&

Variable (pick one)

Gen.B

< [iz) >

Normality Test
) Shapira-Wilk
@ Anderson-Darling

(©) Cramer-von Mises

() Lilliefors (Kolmogorov-Smirnov)
() Shapiro-Francia \ @ o
(C) Pearson chi-square for Pearson chi-square <auto>

Test by groups... I

’@Help} [ ﬁs;ﬂﬂese:t‘rl of 0K 1 3 Cancel

‘ # Apply ‘

U 4.4.10 g Test of Normality vesdeyasinansieil 4.9

o
s
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of OK
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> normalityTest (~Gen.A, test="ad.test", data=Dataset)

Anderson-Darling normality test

data: Gen.A
A = 0.26952, p-value = 0.5948

=] s Vo o P =
g‘l.hﬂ 4.4.11 NﬂﬁW’Dsﬁ]']ﬂﬂ’lﬂ‘Uﬂ']ﬂﬂLWBﬂﬂﬁ@UﬂﬁiLtﬁ]ﬂLLQﬂUﬂm

9] =
VIVBYAAINAN5199 4.9
dmsulusunsy R

A 1 U = .
NFUN 4.4.11 Azuuungy A 16A1 Pvalue = 0.5948 > & = 0.05 Jawauiu H,
Rty Azuuungy A dnsuanuasiuuunfiegniideddymeadia Assdutiuddny 0.05

5) nqualegelvunndn
6) linsruArAunUsUsIusUsETns (GZ)

mwaﬁaummu,ﬂnmwmmt.aaﬂ 1 Uszens naaiingadangnedounaidn
sufl 1 s Statistics —> Means —> Single-sample t-test fagui 4.4.12
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“\Q Data set: Sumr:nanu
Contingency tables
R Script |R Markdq M 2

Proportions
Variances 4
Nonparametric tests *
Dimensional analysis *
{ Fit models Q|

Independent samples t-test..,
Paired t-test...
Multi-way ANOVA..
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‘R Single-Sample t-Test (=]

Variable (pick one)

a~

Gen.B D

-

Alternative Hypothesis
@ Population mean != mu0  Null hypothesis: mu= 85

() Population mean < mu0  Confidence Level: 95

() Population mean > mul

@ Help , % Reset 1 J oK ‘ x Cancel J ’ 0 Apply ‘

Ui 4.4.13 wthis Single-Sample t-Test wasdiayav1nasnei 4.9

& o - o a v | ' = a o oA
A 2 FenmulsfineinisnaaguainuanisTesAueie 1 Uszeing nsdiinguiiegnel

yundn Tutes Variable (pick one)

: ; o a

Alternative Hypothesis t3oNATBMINE TasALLAgIUMIaERN

] 1 A = I .

AunAaInIageuaNuAgy Tutes Null hypothesis: mu

: oK
LaIAAN A

o & <
wUIINgHaaNENUN 4.4.14

> with(Dataset,  (t.test (Gen.A, alternative='"two.sided", mu=85,
+ conf.level=.95)))

One Sample t-test

data: Gen.A
t = -0.82822, df = 9, p-value = 0.429
alternative hypothesis: true mean is not equal to 85
95 percent confidence interval:
82.16418 86.31582
sample estimates:
mean of x
84.24

a v & v o o | i o a0
Uil 4.4.14 nadwsannslddaiienaaeuauunniavesriuade 1 Usswins nsdiingu

=i =] o s
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Contingency tables »

Numerical summaries...
RScript R Markdg ~ Means g
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Proportions

Variances ¥
Nonparametric tests *
Dimensional analysis *
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Frequency distributions...
Count missing observations
Table of statistics...
Correlation matrix...
Correlation test...

Test of normality...
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w0 whene Numerical Summaries wegU#i 4.4.16
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R Numerical Summan @

Data Statisti;;.l
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-

Summarize by groups...J
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[ Q‘P Apply
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WINTFIUVRIALARY UazduIuTeya Tugaa Variables (pick one or more)

3 ﬂﬁﬂ

wUTINGUIIA Numerical Summaries: Statistics ﬁﬁ‘gﬂﬁ a4.4.17

eee
=b.

U

‘R Numerical Summaries =]

m Statistics

[] Mean

Standard Deviation
Standard Error of Mean
[T] Interquartile Range

[T] Coefficient of Variation
[*] Binned Frequency Counts

[T] Skewness ) Typel
[ Kurtosis = @) Type2
) Type3
[~ Quantiles: 0, 25,5, 75,1

& hep | [ % Reset l of oK 1" fansel

|| 2y |

E‘Uﬁ 4.4.17 wu1@ne Numerical Summaries: Statistics

v(@wox
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sUsngradwsfguil 4.4.18

> numSummary (Dataset[,"Gen.A", drop=FALSE], statistics=c("sd", "se(mean)"),
+ quantiles=c(0, .25 5975, 1)}
sd se(mean) n
2.9018 0.92176298 10
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' a ° v = 0o w
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A15199 4.10 NMSLUSEUNEUNANSIINNITNAADUNISLINLIIUNT (A1SNAFBUAIILLANFNS
YOI NRAY 1 Usyyns nadifinguiegrefivunaidn)

TUsunsu Minitab TUsunsu R
Anderson-Darling 0.270 0.26952
P-value 0.595 0.5948

N5 4.10 Wi wadwsanlusunsy Minitab waz R 1ée1 Anderson-Darling
uay P-value filadiAteiu Fsanunsoudanumnemaadaldiniouty dufe Azuuundy A
fnsuanuauuUnd

A13197 4.11 MSIUSEUIEURAGWSIINNNTNAABUAILLANRIIBIANERY 1 USLanns NSl
nnguetdvwnan

lusunsy Minitab TUsunsu R
N 10 10
Mean 84.240 84.24
Standard Deviation 2,902 2.9018
Standard Error of Mean 0.918 0.9176298
95% Confidence Interval for Mean (82.164, 86.316) (82.16418, 86.31582)
T-value -0.83 -0.82822
P-value 0.429 10,429
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uit 1 1ds Graph —> Probability Plot faguil 4.5.1

Mminiab - Untited] o TSP DNV TR (&) Frcrosmiade 1§

|| File Edit Data Calc Stat |Graph Editor Tools Window Help Assistant

[+ Scatterplot...
“I——-—j ) [F2 MatrixPlot...

~ |#" Bubble Plot..

[Z1 Marginal Plat...

I"‘ Histogram...
« %, Dotplot.,
tﬁ: Stem-and-Leaf...
Probability Piot
|~ Empirical CDF...

=88 ®
Fari

Wi Boxplot..

u Interval Plot...

[i#! IndividualValue Plot...
[> LinePlot...

o Problbllﬂy Distribution

Probabifity Plot

Test whether your data follow a particular distribution
and estimate percentiles.

lull BarcChart...
’ Pie Chart...

Lli\ Time Series Plot...
|_ Area Graph

Il Contour Plot...
{2 3D Scatterplot...
@ 3D Surface Plot...
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JUT 4.5.1 nsldddaiienadeunisuanuasuni dmdulusunsy Minitab

agUsnguiitsing Probability Plots faguil 4.5.2
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5UT 4.5.2 w1513 Probability Plots
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s INgMUIFng Probability Plot; Multiple flaguil 4.5.3

Probability Plof: Multiple &= =
Cl GenA Graph variables:
C2 GenB 'Gen A' 'Gen B' 2

Categorical variables for grouping (0-3):

[V Graph variables form groups

Distribution. .. ’ Scale... l Labels... ]
Select ] Multiple Graphs... l Data Options, .. |
Help 7 { oK I Cancel |

qUil 4.5.3 wifwina Probability Plot: Multiple vasdayaannansnail 4.9
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Probability Plot of Gen A, Gen B
Normal - 95% ClI

I Variable ‘

—8— Gen A
—mB— GenB I

Mean StDev N AD P |
8424 2.902 10 0.270 0.595
| 8554 3650 10 0.150 0.942

Percent

100

= o & o o o = & = ° Qs
JUM 4.5.4 pacwsnmisldddauitionaaounsuaniaIsnd veadoyannisned 4.9 duu
lUsunsu Minitab
MNFUN 4.5:4 Asuuungu A Lidn Pvalue = 0,595 > ; = 0.05 Sewensu A
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Multivariate 1E Fully Nested ANOVA...
Time Series
Tables
Nenparametrics

oy General MANOVA...

Rl Te<t for Equ
=

[#% Interval Piot... Test for Equal Variances

A Biiin Ebecte s Determine whether the variances or the standard
[><¢ Interaction Plot... deviations of two or more groups differ.
J

Equivalence Tests
Power and Sample Size

5U# 4.5.5 msldduionaaaumunUsusiu dwsulusunsy Minitab

IUTINYMIAN Test for Equal Variances faguil 4:5.6

77 —mm o A N\
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Cl GenA IResponse data are in a separate column for each factor level ;]
C2 GenB
Responses:
i 'Gen A' 'Gen B'
Options... Graphs...
Results... Storage...
Help I oK Cancel
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Test for Equal Variances: Gen A, Gen B

Method
Null hypothesis All variances are equal
Alternative hypothesis At least one variance is different
Significance level a = 0.05

95% Bonferroni Confidence Intervals for Standard Deviations

Sample N StDev Cl
GenA 10 290180 (1.65970,6.53916)
GenB 10 3.65033 (2.18733, 7.85175)

Individual confidence level = 87.5%

Tests
Test
Method Statistic ~ P-Value
Multiple comparisons 048 0.487
Levene 0.78 0.390

sl' (%3 3 ¥ o ﬂ.l A | ] s
JU# 4.5.7 maansannnisldmduienaasuniiuuwdsusiy YD4YBLAINGN319T 4.9 dmFU
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2 1 Proportion... Determine whether the mean differs significantly between
ﬁ 2 Proportions... two groups.

lia 1-Sample Poisson Rate...
jut 2.sample Poisson Rate...

A 2Variances...
-11 Correlation...

0% Covariance..,
A Normaiity Test..
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A Goodness-of-Fit Test for Poisson...
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lusias Sample 1: uag Sample 2:

ﬂﬁﬂ Opfions... |

gUsIngwiieine Two-Sample t: Options fagu#t 4.5.10

2
=
=b
W

Two-5ample t: Options I pX4

Difference = (sample 1 mean) - (sample 2 mean)

Confidence level: 95.0

Hypothesized difference: I 0.0

Alternative hypothesis: |DifFerenoe # hypothesized difference Zl

V' Assume equal variances

Help I oK Cancel I

gﬂﬁ 4.5.10 M6 Two-Sample t: Options

Yuii 4 Alternative hypothesis: iieninseuanevesauLigiumaidon
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Two-Sample T-Test and CI: Gen A, Gen B

Method

K mean of Gen A
Yzt mean of Gen B
Difference: p: - Y2

Equal variances are assumed for this analysis.

Descriptive Statistics

Sample N Mean StDev SE Mean
GenA 10 8424 290 0.92
GenB 10 8554  3.65 12

Estimation for Difference

Pooled ~ 95% CI for
Difference  StDev - Difference

-1.30 3.30  (-4.40, 1.80)

Test

Null hypothasis Hoi fla - g2 =0
Alternative hypothesis  Hy py - 2 2 0

T-Value DF  P-Value
-0.88 18 0.320

i e/ vo . o ! ' - i a
JUT 4.5.11 nadws1amsldmasiionagauaiinuandlsvasAiady 2 Ussvinsiiudase
sioru dmiulusunsd Minitab
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lUswnsy R
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sany dmsulusunsy R

Row Y Group
1 89.7 Gen A
2 81.4 Gen A
3 84.5 Gen A
4 84.8 Gen A
5 87.3 Gen A
6 191 Gen A
7 85.1 Gen A
8 81.7 Gen A
9 634 Gen A
10 84.5 Gen A
11 84.7 Gen B
12 86.1 Gen B
th 83.2 Gen B
14 91.9 Gen B
15 86.3 Gen B
16 1955 Gen B
17 82.6 Gen B
18 89.1 Gen' B
19 88 Gen B
20 88.5 Gen B

e Ingunuudeyalul thernuavainlunisldunilu R Commander

© msldiuyly R Commander
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duil 1 14ds Statistics — Summaries — Test of normality ﬁ'ﬂgﬂ‘ﬁl 4.512

R R Commander =lo

File Edit Data IShtlsﬁcs| Graphs Models Distributions Tools Help

Summaries 4 ive d.

@ Shibcels d umm r Active .ata set ) P <NDacti’vemodel>]
Contingency tables * Numerical summaries...

R Script |R Markda  Means 4 Frequency distributions...
Proportions 4 Count missing observations
Variances » Table of statistics.. tod
Nonparametric tests » Correlation matrix...
Dimensional analysis * Correlation test...

t Fit models 4 Test of normality..
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awsIngmieng Test of Normality faguil 4.5.13

Variable (pick one)

Normality Test

) Shapiro-Wilk

@ Anderson-Darling
(Z) Cramer-von Mises

) Lilliefors (Kelmogorov-Smirnov)

(O) Shapiro-Francia Sockes of b

() Pearson chi-square for Pearson chi-square <auto>

Test by groups...l

L e ST SR & L RS T AR & o~ B E
‘R Test of Normality: o

@ Help ’ [ ‘d) Reset 1 J 0K x Cancel

I # Apply

3Ui 4.5.13 e Test of Normality vosdoyaanmsiei 4.12




96

]
=

Tui 2 \Fendiuusfisasnmsmeasunisuanuasuni Tuges Variable (pick one)
Normality Test i@ansiad@nnesnisnaaau

JuT 3 Adn Test by groups...

WUTINGMIEe Groups Faguil 4.5.14

‘R Groups
Groups variable (pick one)
Group T
L

f OK ‘ x Cancel

; NG &
JUT 4.5.14 e Groups 289o1aRINA1519%1 6. 12

'
=l

uil 4 @endudsidieantslilusidnunndy Tutes Groups variable (pick one)
[ j 0K
wa2AaN

AWUSNRENSHIGUT 4.5,15

> normalityTest (¥ ~ Group, test="ad.test', data=Dataset)

Group = Gen A
Anderson-Darling normality test

data: 'Y
A = 0.26952, p-value = 0.5948

Group = Gen B
Anderson-Darling normality test

data: Y
A = 0.15028, p-value = 0.9416

p-values adjusted by the Holm method:
unadjusted adjusted

Gen A 0.59482 ak

Gen B 0.94162 1

i Y o W o a v P
JUN 4.5.15 nadwsannsldduiionaaaunisuaniasund U8390YaINA1S WA 4.12
dmsulusunsy R
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9N3UR 4.5.15 Azunungu A 1# Pvalue = 0.5948 > , = 0.05 Sewandu H,
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Aziuungy B lif1 P-value = 0.9416 > , = 0.05 Jvweuiu Hj faiu Azuuungu B fnns

s

wanuasuuuUnRet1eledAgyveada Asssuteddny 0.05

3) nguAdeEelivuadn

4) linsuAranunusysiuvelszvns (o1.037) 3

6. =0;=0" 38 G #C

v

2 '
O Gen 4 WUAIWLYTUSIUTDIAZULUNGN A

O Gon 5 WVUATINUTUSIURRIAZULULNGH B

Hy* mmutsusiumesngiuungy A whiungu 8

H, - prwuvsysiuvesasiuungs A liwhunay B

AuNFgIY
) 2
HD 'JGenA o Gen B
2 Z
H‘l o Gen A o) Gen B
Tne?
39
Ui 1 19Ra.

(\it R Commander
File Edit Data |

N

INITUIRBTN

A61N Statistics —> Variances — Levene’s test miﬂw 4.5.16

4
o J}ﬁ\.)

istics | Graphs 'Models Du:tnbutmns Tuols Help; £ ¥

@ Data set:
| R Seript |R Markd

[ ]

Summaries »
Contingency tables *
Means 4
Proportions 4

Nonparametric tests *
Dimensional analysis *
Fit models 4

|Gy View dataset| Model: | X <No active model>|

!

Two-variances F-test...
Bartlett's test...

Levene's test...

m

4

1J°7|' 4.5.16 ﬂ’]ﬂ‘ﬂﬂﬁﬂﬂLWB%G\HBUW}’W&JLLU‘SUTJN dmsulusunsu R

$UTINGNUGINY Levene’s Test AagUN 4.5.17
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‘R Levene's Test @
Factors (pick one or more) Response Variable (pick one)
(3 (3
Center
@ median
(©) mean

&) Help ’ L@) Reset ‘ of OK 1 ¢ cancel

' & Apply !

JUM 4.5.17 miaein Levene’s Test vasdoyaainnansned 4.12
3 = 9 =l v @ o 1 I .
Uil 2 Wenmulsndesnslidusmdunngu Tutes Factors (pick one or more)
@enmuysiidesmavaasuruLYsUTIU s Response Variable (pick
one)

& @ i L OK
Center |Jon @ median | x oan ’i

wUsmguaansagul 4.5.18

> with (Dataset, tapply(Y, Group, var, na.rm=TRUE))
Gen A Gen B
8.420444 13.324889

> leveneTest (Y ~ Group, data=Dataset, center="median")
Levene's Test for Homogeneity of Variance (center =
"median")
Df F value Prx(>F)
group 1 0.7752 0.3902
18

Ul 4.5.18 nadnsannisliriduionaaouninuutsusiu vesdoyasinanaed 4.12
dmiulusunsu R

mﬂg‘uﬁ 4.5.18 lde1 P-value = 03902 >, = 0.05 Fewausu H, fafy A

v W s

wUsusiuvesmziuungy A wiriungu B egiifedAgyvneadin issiuiudidy 0.05
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N1SNAFDUAMULANAINYDIANREAY 2 Uszynsmdudasesany
& A o Lo O o
YU 1 1A Statistic — Means — Independent sample t-test m33u# 4.5.19

‘R R Commander sy
File Edit Data | Statistics| Graphs Models Distributions Tools Help

- 5 » =

@ Data set: |: Suml:nanes set} @ View data set Model: l Z <No active mode|>]
Contingency tables *

| R Script |R Markdg

Single-sample t-test...

Proportions » Independent samples t-test...
Paired t-test..,

Multi-way ANOVA...

Variances L4
Nonparametric tests »
Dimensional analysis *
Fit models L

m

¢ £ LN L Y YA e e ’

3U# 4.5.19 msldmduienadeupuuansitsvesneds 2 Ussansiiiudasysaiu dmsu
lUsunsu R

axUsIngmieag Independent Sample t-Test: Data ﬁqgﬂﬁ 4.5.20

Data lomions
Groups (pick one) Response Variable (pick one)
3 (4

(G| (o) o) (R ] B

g‘dﬁ 4.5.20 %1164 Independent Sample t-Test: Data

3 q' = a ej o L2 ) 1 1 "
wuil 2 @ondudsiidesnisiidusmswunngu ludes Groups (pick one)
L2 A 123 U ] H dl -y U L7
LANAIKUSIRDINSNAGBUAMULANGNTBIANRRY 2 UssunsTidudaserody Tu
984 Response Variable (pick one)

ufl 3 ﬂaﬂ

%Uﬂﬂgﬁfﬁﬁha Independent Sample t-Test: Options ﬁ&gﬂﬁl 4.5.21

2ee
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‘R Independent Samples t-Test [=]

Difference: Gen A - Gen B

Alternative Hypothesis ~ Confidence Level ~ Assume equal variances?
@ Two-sided M.E;‘._Smm @ Yes

) Difference <0 ) No

i) Difference > 0

& Apply

@HEIPJ 1 @)Reset} of oK [”Cﬂncel

gﬂ'ﬁ 4.5.21 Wi879 Independent Sample t-Test: Options

Uil 4 Alternative Hypothesis iiBninSeanevesauufigiuviaien
" @ - J
Assume equal variances? iien @ Y& (fpm@innanisadavaguina

1 (- ] o a OK
wsusiuvesnziuungy A whfunds B udinan o4
v ofw -
UTINYHATHSAIUT 4.5.22

> t.test(Y~Group, alternative='two.sided', conf.level=.95,
var.equal=TRUE,
+ data=Dataset)

Two Sample t-test

data: Y by Group
t = -0.88158, df = 18, p-value = 0.3896
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
-4.398082 1.798082
sample estimates:
mean in group Gen A mean in group Gen B
84 .24 85.54

3UN 4.5.22 wadwsainmisldddaionedeuanuunninavasanade 2 Ussansiidudasy
e ¥eeloyannmsnei 4.12 dwsulusunsu R

9N3UT 4.5.27 161 Pvalue = 03896 > , = 0.05 Saweusu H dudu Anade

v @ o

YosRzUULNGH A liuansnean ngu B edhelifeddiyneatin Nsesutivddey 0.05
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° mﬁﬁqmmﬁhdwLﬁaamummgqu, fhm'mﬂmﬂLﬂﬁaummgﬂwaqﬁmaﬁﬂ ey
Tudoya
¥ o ¥ o o A . . . o =
Jui 1 14A1ds Statistics — Summaries — Numerical summaries mgﬂw 1.5:23

(-i’i R Commander L——J—M': B

File Edit Data | Statistics| Graphs Models Distributions Tools Help

Active data set
@ Data set: 2
Contingency tables »

rl'Jl“ENCEl summaries...
RScript R Markdd ~ Means #
13

Proportions

Variances 4
Nonparametric tests » Correlation matrix...
Dimensional analysis » Correlation test...
Fit models ¥ | Test of normality...

X <No active model>|

Frequency distributions...
Count missing observations
Table of statistics..,

| »

1

1

| »

<
& & - & = T oS & L N

3UM 4.5.23 mﬂ%’ﬁﬂﬁqLﬁaﬁwumﬁ'ﬁmmﬁEmmummgm, AIANNARIALAGAULIATFIUYDA
' | o 34 o )
ALRde Lazdwandeta dwsulusunsy R

1 " Y] <
wsIngmiaene Numerical Summaries si3uUf 4.5.24

B3 e O WILS 3 7 F ARAGALAGA L @ YEIN AN G F——
(ﬁ Numerical Summaries E |

Data Stat’sticsl

Variables (pick one or more)

-~

3

-

Summarize by groups... I

‘ # Apply

@Help ' ‘ @) Reset ' J OK ‘ x Cancel

gil“ff'l 4.5.24 w1919 Numerical Summaries: Data maa%’a;&amﬂmiwﬁ 4.12

)

=!' = g GJ o I 1 -:l 1 =
il 2 dendudsfidesmsdwinad@udenuuninsgil, Manueaaadey
1 =l o ! . .
NIMIFIUTBIARRY wazdruIuteya luges Variables (pick one or more)
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SUR 3 Adn Summarize by groups... ‘

UTINgWiene Groups faguil 4.5.25

‘R Groups
Groups variable (pick one)
Group -
(3

-

f OK ‘ x Cancel

U7 4.5.25 wii1ine Groups weedagaainmsei 4.12

U

éeg
=
=b.
=Y

= as = v v 0 ! 1 . .

wenfudsideanisTiduddwunngy Tutdes Group variable (pick one)
V4| adf 0K

WeIAAN o}

Jufi 5 Aan

U INgWiieine Numerical Summaries; Statistics faguii 4.5.26

Bl on . T L Preeeen s NP RO NP, e L 9 e
‘R Numerical Summaries

[] Mean

(V] Standard Deviation
Standard Error of Mean
Interquartile Range

[] Coefficient of Variation
["] Binned Frequency Counts

[C] Skewness () Typel
[T] Kurtosis @ Type2
) Type3

™ Quantiles: 0, 5 5, ?—.‘i, 1

@Heip J 1 4) Reset } J oK ‘ x Cancel

‘ & Apply

UM 4.5.26 mis1e Numerical Summaries: Statistics

o OK

@onANEDANAINTSIRLANINARNS La2AAN
'Y ) =
WUIINYHATHEAIFUN 4.5.27

=
= ee
=n.
(o,
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> numSummary (Dataset [, "Y", drop=FALSE], groups=Dataset$Group,
+ statistics=c("sd", "se(mean)"),
quantiles=c(0, .25, .5,.75,1))
sd se(mean) Y:n
Gen A 2.901800 0.9176298 10
Gen B 3.650327 1.1543348 10

FUN 4.5.27 wadnsanmsldmdaiednnmdnudonuunnnsgiy, Aanunainaiou
1 i ] 124 P -] o
WMsFIUTRIALRAY wasTuiudoya vesdayaainnisned 4.12 dwsulusunsu R

Gl
M15197 4.13 M5IUTUBURaaWSINNITNAAEUNISLANLAIUNT (NSVAEBUAINLLANGAT
U A A - 1 s
YDIANRAY 2 Usswnsmiiudasesionu)

TUsuAsu Minitab TUswnsy R
; Anderson-Darling 0.270 0.26952
nau A
! P-value 0.595 0.5948
, Anderson-Darling 0.150 0.15028
nau B
/ P-value - 0.942 0.9416

915799 4.13 wud waans1nlUsuAsH Minitab wag R Then Anderson-Darling
way P-value WinalAe i Saamsnsauanumnenainisiniiondu dufie azuuungy A
way Ny B ANISUANKIIULUNG

M1579% 4.14 ﬂTﬂU%HlﬂﬁHUNaﬁwéﬂﬂﬂﬂW3Wﬂﬂ8Uﬂﬁﬂquiﬁ31U (MINAADUAMULANAN
1 - = = "
UVBIALRAEL 2 Ui%ﬂﬁﬂiﬂLﬂu%ﬂﬂ'ﬁ%@@ﬂU)

TUsuAs58 Minitab TUsunsy R
Levene 0.78 0.7752
P-value 0.390 0.3902

PNAITNTA 4.14 WU HaansnlUsLATY Minitab uaz R &A1 Levene way P-
value WlnalAgeiy Jeaunsoulaninumuienisaialamilousty tufe AuwUsUsIuYes
AZLUUNGY A Winfiungy B
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o =l =l w € ' J o a
A19199 4.15 NSIUSHUBURAANEANNNITNAGDUAINLANG1NVDIANEAY 2 Ussunsiitu

daszmeny
TUsunsy Minitab TUsunsu R
N 10 10
, Mean 84.24 84.24
nau A
> Standard Deviation 2.90 2.901800
Standard Error of Mean 0.92 0.9176298
N 10 10
, Mean 85.54 85.54
nau B
: Standard Deviation 3.65 3.650327
Standard Error of Mean 172 1.1543348
95% Confidence Interval for Mean (-4.40, 1.80) (-4.398082, 1.798082)
T-value 7 -0.88 -0.88158
P-value 0.390 0.3896

NAT99 4.15 WudN HaawsInlusunsy Minitab waz R @@ T-value wag P-
value 7lndlAeeiy Fagunsowtanuvuienieaniidiviiounu Jufe Aedsvssnzuuy
nau A Liunnsaanngu B

4.6 NIMAFBUAINLANANNIBIAIEAEIY 1 Uszans (One Proportion)

NINAABUAULANATINEIRERAIY 1 Uszains umsvaasufelfuaidndiures 1
Usswns Infidneniefiaulavesusyannsinnndt fegnin Wietamiendea1nAaaLng
ol Tnefidnwairdeyailunimd wasli p Wudaduvssdnunsdanle g Hudndu
vosdnwarilalaule Wy duiuiiiont 18 fu wuiiduideniniunainsivaey 5 3u T
A irivsiituieiniunisasasutetas 50 ﬁqﬁaaejwﬁagamnmswﬁ 4.16

IR Hip.= 0.5
Hyp.# 05
[ P wiudndiuvesiulanuunisnsisdau
%39 H,: #dwmesiuilefiniumsnsivasu wirdu 0.5

H,: ddrwvesduilonriunisnsivaey livindu 0.5

A13N7 4.16 fedndoya (Teyaauuf) Tldlunmsmeasunuunnivesidadiu 1 Usswins

n 18
X 5




lUsLn54 Minitab

il 1 14éda Stat — Basic Statistics —> 1 Proportion ﬁ\‘igﬂﬁ 4.6.1

[ Minitab - Untitled

|| File Edit Data Calc [Stat Graph Edtor Took Window Help Assistant

EEIETFTE :
H"_ - Regression

Tables

Equivalence Tests
Power and Sample Size

ER Display Descriptive Statistics...
*| ] Store Descriptive Statistics...
* aE Graphical Summary..

» if 2P

: 1 Proportion
A .
lsi 1-Sample Poisson Rate...
Determine whether the proportion of an event abserved
i 2-Sample Poisson Rate... | in a sample differs significantly from a specified value.

»

»

|
P 1 Variance..,

AL 2Variances...

21 Correlation...

A Goodness-of-Fit Test for Poisson...
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cl' Yo O d 1 1 oa 1 ] o/
JUN 4.6.1 nisldrdanenaaeurnuunnsseesdediy 1 Uszwins dmdulusunsy

Minitab

ausnguiiehg One-Sample Proportion fguil 4.6.2

s B AP

o % I Y
1 IF AL

T 6116-561'1;#15 Prcpcr‘t{c Y/

Help

I Summarized data ;]

Number of events: I 5
Number of trials: I 18

V¥ perform hypothesis test

Hypothesized proportion: l 0.5
Options... I

Cancel I

gﬂ‘ﬁ 4.6.2 ¥i%13 One-Sample Proportion

]
=

) ey A v a - £
i 2 nydinlifidoyadu den [summarized data ~]
nvun Number of events: wagivum Number of trials:

Ban ¥ Perform hypothesis test

Hypothesized proportion:

° 1A a '
warfmuarseInIadevaLNAgiu Tudeos




v ] =
N 3 AN ﬂ'EF'_J

awUTINgMEg One-Sample Proportion: Options ﬁdgﬂﬁ 4.6.3

One-Sample Proportion: Options @

Confidence level: 95.0

Alternative hypothesis: IProportion # hypothesized proportion _vJ

Method: ] Exact _ﬂ

Help l oK Cancel ]

31Jﬁ 4.6.3 WK1 One-Sample Proportion: Options

¥ d . 2 = a a =
UUN 4 Alternative hypothesis: [@DAIATONMNLIBYDIANLAFIUNULEDN

waimpdan . 9K

WUNNQNAGWSAIUN 4.6.4

Test and CI for One Proportion

Method

p: event proportion
Exact method is used for this analysis,

Descriptive Statistics

N Event Samplep 95% Cl for p
18 5 0277778 (0.096949,0.534802)
Test
Null hypothesis Ho:p =05
Alternative hypothesis Hq p # 0.5
P-Value
0.096

106

FUT 4.6.4 nadnsannslddmduiionnasuauunnansvesidadin 1 Usvwns dmsu

TUsunsy Minitab

NN 4.6.4 liAn P-value = 0.096 > & = 0,05 Fewaus
A.J ﬂ‘l d 1 I L2 1 = e o o aa
BUUBNHIUNITRTIVEDU LNY 0.5 BYNNULAIRUNINETDR

=b
afl
ge
=
P
=
(3

o
e e o |
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Tsunsu R
O MSWEUATEITY R Commander
Y 4 e = o
YUN 1 ASUNYTZVINTUTUIALEN
\Waur1da binom.test( 5, 18, p = 0.5, alternative = "two.sided”) asuu R
v o
Script a93UN 4.6.5

W R Commander E

File Edit Data Statistics Graphs Models Distributions Tools Help
\ﬁ Data set: <Noactivedataset:l ‘zEdltdatase;‘@Viewdatas;t‘ Model:!!.(Naactivemodeb‘

R Script R Markdown

binom.test( 5, 18, p = 0.5, alternative = "two.sided")

v TG |
Output n u-.i- Submit |

t:J =l o n') dl 1 L 1 3 ar
UM 4.6.5 MsBburndulavaasuaLuLANa1IvesadndIy 1 Ussanns dusulusunsy R

Y 4 <° | Testinige |
il 2 laan .11

WUINYHAGHERIFUN 4.6.6

> binom.test (“5, 18,-p = 0.5, ‘alternative = "two.gided")
Exact binomial test

data: 5 and 18

number of successes = 5, number of trials = 18, p-value = 0.09625
alternative hypothesis: true probability of success is not equal to 0.5
95 percent confidence interval:

0.09694921 0.53480197

sample estimates:
probability of success

Q..29771778

JUN 4.6.6 uadnsannsdeudaiionaaounnuunnsisuesindadiu 1 Ussans dmsu
lUsunsu R

2

NFUT 4.6.6 1#A P-value = 0.09625 > & = 0.05 Fawaudu 5, feu dndru

0

'
o o o

YoeBuloNrunInTINaeU windu 0.5 sddiduddgwieda Aseruiod iy 0.05
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Gril
A15197 4.17 MSWUSEURBUNAENEINNINAZBUAIILANA19T8IPNEnaIy 1 Usvanns
TUsunsu Minitab TUsunsu R
Sample P 0.277778 0.2777778

95% Confidence Interval

p (0.096949, 0.534802) (0.09694921, 0.53480197)
orp

P-value 0.096 0.09625

= ' Y] G B I ) o
NNITNN 4.17 WU HaansIINIUsHATU Minitab uag R 18@1 P-value Mlnaifes
AU Geaunsauvanununensa@nnlawilouiu Tufs dadruresdulainunisnsivaau
WinAu 0.5

4.7 NMINAHBUAMULANANVBIANGAEIU 2 Uszyns (Two Proportions)

NINARBUAMLLANA1YBIAEREIY 2 Ussyang Wunmsnaasuifsafusdndiuves 2
Uszuns Manuaefiaulagesyssnnsuiannnit feendt vaelinniiansuiunioll Tne
fisnvoirdeyadunimiualien p  Hudndurssdnuasiianls  iludndiuesdnume
Aliadla iy nsvnasuiuilaiknnmsniinasy 2 vin drdndiutediuiteuilng 1 ik
nsavdeuuansIndaduiind 2 viel Tavdududoniiofn 1 uag 231 401 uas 122
Fu mudiu wuduieudind 1 HiunsesIRaey 349 G4 wasuiewdod 2 iums
p9I9a8Y 91 I fedveensdeyaTnaIsIed 4.18

auudgw . Hy:p-p, =0
Hyp-p, #0
1nen Dy inudndiuvastuiewiad 1 ANAunIInsIadet

o & X o4 d
P> WNUARGINYDITULLDYUAN 2 NNIUNIIATIEDU

VED H,: &ndwvedtwileiion 1 friunsasvaeulivandandndiu
vostuiiloviail 2 fiwnsmsreasy
H,: &ndwmestuilowinil 1 friumsasisasuunnsinsaindndiuues
Fuiifoviadl 2 fiunsmsreasy



15141 4.18 redhedoyaililumsmaasunnuunnsavesndndu 2 Ussanns

n, 401
% 349
n, 122
X, 91

Eﬂmﬂjy Minitab

o/
o o

[ Minitab - Untitied

Buil 1 T4ds Stat — Basic Statistics —> 2 Proportions ﬁﬂgﬂﬁ 4.7.1

109

|| File Edit Data Calc [Stat Graph Editor Tools Window Help Assistant
'ER Display Descriptive Statistics...

2 Proportions

Determine whether the sampie proportions of an event
for two groups differ significantly.

Hl_—_ Regression » | 73 Store Descriptive Statistics...
ANOVA *| aF Graphical Summary...
pE i 7\ 1-sample Z...
- S g Control Charts ¥ tl 18hmpit..
“ E | SE\."‘ oo LE Quality Tools L - 2-Samplet..
‘ ” Reliability/Survival M)\ Pairedt..
Multivariate s N
TimaSeriad » | P& 1 Proportion...
Tables » ﬁl
Noghitametried v i 1-Sample Poisson Rate...
Equivalence Tests vl Z-SamplePoi!f?!!na..
Power and Sample Size  » ’:[ 1Vada;nce.'.."
M. 2 Variances...
-1-1 Correlation...
©0? Covariance...
& Normality Test..
=« Outlier Test...
A Goodness-of-Fit Test for Paissan...

JUN 4.7.1 mslddaieneaounituunnsisuasdidndiuues 2 Ussrns dmsulusunsy

Minitab

awUsINguie1e Two-Sample Proportion ﬁ{l'gﬂﬁ a.7.2



Two-Sample Propertion

&/
o =

N -
ﬂuw3ﬂan.fm

Summarized data _v_l
Sample 1 Sample 2
Number of events: | 349 I a1
Number of trials: | 401 | 122
Options...
Help oK Cancel
JUN 4.7.2 vithsine Two-Sample Proportion
uil 2 nsalitliiidoyanu iden |Summrized datz =
Mwum Number of events: 83 Sample 1 ey Sample 2
s Number of trials: 989 Sample 1 wag Sample 2
A UsINgMEN Two-Sample Proportion: Options AIgUN 4.7.3
R NP L insssssii s
T Qam;..l:. P!cpm‘uon. Ogtions 3

Confidence level: 95.0

Hypothesized difference: I 0.0\

Difference = (sample 1 propertion) - (sample 2 proportion)

Alternative hypothesis: lDiFFerence # hypothesized difference ;]
Test method: IEsﬁmate the proportions separately _v_]
Help oK Cancel I

gﬂ‘ﬁ 4.7.3 ydwing Two-Sample Proportion: Options

,ﬂ ai = P < dl a =
YUN 4 Alternative hypothesis: |deninTaaigvasauufgumaion udpan

wUIINYNadNSHIgURN 4.7.4
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Test and Cl for Two Proportions

Method

p1: proportion where Sample 1 = Event
p:: proportion where Sample 2 = Event
Difference: p - p2

Descriptive Statistics

Sample N Event Samplep
Sample 1 401 349 0.870324
Sample2 122 91 .0.745902

Estimation for Difference

05% Cl for
Difference Difference

0.124423  {0,040464, 0.208381)

Ci based on normai approximation

Test
Null hypothesis Hoipi-p:=0
Alternative hypothesis  Hyipi-p: 20
Method Z-Value P-Value
Normal approximation 2.90 0.004
Fisher's exact 0.002

L

JUT 4.7.4 wadwsnmstddmduiionnasummiansiisuesdadiuuet 2 Usvunns dmsu
TUsunsu Minitab

2/
=1

LUBUYUAN

Ay

9IN3UR 4.7.4 1éiF P-value = 0.002 < & = 0.05 Jafjies H, ey dadauvesiu

a

o w a

dAgynnaan

# NszautydAty 0.05

1 PHIUNITNTIVFDULANANRNFRAIUYITUI YA 2 T un1sns19aaUDE
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TUswnsu R

O mseuddsly R Commander
‘ﬁ'uﬁ 1 L%Uu'ﬁﬁﬁ;d prop.test(x=c(349,91), n= c(401, 122),alternative = "two.sided")
a9uuU R Script fagun 4.7.5

R R Commander El@

File Edit Data Statistics Graphs Models Distributions Tools Help

@ Data set: <No active dataset>| | L{ Edit da;;s;t} ‘ @ \fl-e;u dataset Model: | X <No active model>

R Script R Markdown

prop.test (x=c(349,91), n= c(401, 122),alternative = "two.sided")

;' g Submit |

Qutput

a = o o i b O —. o
JUN  4.7.5 NslgUAFUNEIAABUAINLANANDIAERAIUDY 2 Useuing  dmSu
TUsunsu R

$uit 2 pan | SR
WYINYHAGHTAIFUN 4.7.6

> prop.test(x=c(349,91), n= c(401, 122),alternative = "two.sided")

2-sample test for equality of proportions with continuity
correction

data: c(349, 91) out of c(401, 122)
X-squared = 9.9342, df = 1, p-value = 0.001622
alternative hypothesis: two.sided
95 percent confidence interval:
0.03511874 0.21372636
sample estimates:
prop 1 prop 2
0.8703242 0.7459016

JUN 4.7.6 wadwsnnnsllsudmdaiionnasuauuansisvesandndines 2 Usyanns
dwiulusunsu R
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93U 4.7.6 loAn P-value = 0.001622 < & = 0.05 JeUfuas H, fatiu dadu
SN SRR (Rt | v = T SN p
VYITULUBYUAY 1 NHIUNITATIVADUUANANAINARAIUVDITULUBYRAN 2 NE1UNS
1 al o ° s aa é s st o U
ATIVEADUBYNNUFINYNNANR NTzauUbaEAgy 0.05

Gl
M1519% 4.19 M3 UL UNAENSAINAITNAADUAIULANAISYBANEREIY 2 USEns
TUsA5Y Minitab TUsunsu R
Sample pl 0.870324 0.8703242
Sample p2 ©0.745902 0.7459016

959% Confidence Interval
(0.040464, 0.208381) (0.03511874, 0.21372636)

for Difference

P-value 0.002 0.001622

AT L. 19 WU

1. wadnsnlusinsu Minitab tag R l6e1 Pvalue NlnatAgeiy S9anusnutaninu g
nsadaldmilauiu Yufie dndiuestiudsyiinil 1 AHUNIINGIIABULANFIIN
dndrureduilondnd 2 idwnsnsaaaey

2. TUsunsu Minitab wapedn Z-value TuunislUsunsy R wanee X-squared

3. fin 95% Confidence Interval. for Difference vadlusunsy R AovudngnanaLAionain
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4.8 M5IATIRRENAUNUS (Correlation Analysis)
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[

9197 4.20 fegedoyaiililunsiiamevianduiug

Row Temp Voltage
1 200 6,173
2 210 5.252
3 220 5.970
4 230 51l
5 240 4.638
6 250 4.875
7 260 7.662
8 270 5.204
9 280 B I,
10 290 7.326
i 300 59105
12 310 6.222
13 320 6.083
14 330 8.533
15 340 6.868

16 350 17.840
17 360 8.770
18 370 9.621
19 380 11 883
20 390 11.853
21 400 2% 52
22 410 12.002
23 420 14.538
24 430 15.354
23 440 15.948
26 450 16.820
27 460 20.705
28 470 19.518
29 480 21.979
30 490 24.818
al 500 25.540
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|| File Edit Data Calc [Stast Graph Editor Tools Window Help Assistant

II E

(%8 @%@

Regression
ANOVA

DOE

Control Charts
Quality Tools
Reliability/Survival
Multivariate

Time Series
Tables
Nonparametrics
Equivalence Tests
Power and Sample Size

v ¥ v v w o w o w o w o w w w w

IETEEETED (5 Display Descriptive Statistics..

PR Store Descriptive Statistics...
¥ Graphical Summary...

5o~ -]

| A==z & 8| er

5N\ 1-Sample Z...
Y\ 1-Samplet...
i 2-Samplet...
"\ Paired t...

“E 1 Proportion...

if 2Proportions...

lii 1-Sample Poisson Rate...
|1 2-sample Poisson Rate...
“f, 1 Variance...

Ak 2Variances...

11

0? Covariance...

& Normality Test..
=+ Outlier Test...

A~ Goodness-of-Fit Test for Poisson...

|

| Correlation

Measure the strength and direction of the linear
relationship between twao variables.

3N 4.8.1 misldhduiedins s iavduiug dwdulusunsu Minitab

O 4 g % al
wUTInguuIa Correlation flaguin 4.8.2

F = S Vi A

Cl Temp
C2  Voltage

Select |
Help |

AL ’/\ \,“& & i—:..:’”c;’-i ? =
’ T R
Variables:
Temp Voltage P

Method: lPearson correlation El

v Display p-values

[™ Store matrix (display nothing)

Cancel

JUn

4.8.2 witineg Correlation 194U9Ya1NAT1N 4.20
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YUN 2 HonAmIUsNReINITIAs Izanduwus laluaes Variables:

aa

Method: I3anafffideinmneasy udwedn oK |
zUsngradwsfaguil 4.8.3

U

IL

Correlation: Temp, Voltage

Correlations

Pearson correlation  0.900
P-value 0.000

3UN 4.8.3 nadwsannnisldmdafialiaseiandunus mm%’as&amnmmaﬁ 4.20 @ wsu
TU5un54 Minitab

=

n3UT 483 éiAn Pvallie = 0.000< | = 005 3gufias H dafu gaun il

@ g ar
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bEE

a Q. 7] & o 1 = a aa ei a F 2
wsaulwihdanuduiusiusdrafidedifymiand Assiudeddty 0.05 wavlaan Pearson

w ¢

correlation = 0,900 4a#n411 grunpiinazussiulyihiinnuduiusiunnluiemaseaty

Elj‘SLLﬂjal R

o msldwylu R Commander
Fuii 1 19rnda Statistic —> Summaries —> Corrélation test ﬁagﬂﬁ 4.8.0

ri R Commander A W ﬁ_ L{)é:—;_;j j ,m @ A e -

File Edit Data Gmphs Modds Distributions Tools Help

Uﬁ 4.8.4 m{lﬁmmmmLﬂ'ﬁﬁvwawauwuﬁ dwsulusunsu R

yUsINguee Correlation Test ﬁ'ﬂgﬂﬁ 4.8.5

‘ Active d —

\R‘\JI Data set: [ 5 1'% 3 Baset . X <No active mndclbi
Contingency tables » Numerical summaries..,

RScript |R Markdg  Means » Frequency distributions...
Proportions ¥ Count missing observations
Variances 4 Table of statistics... L
Nonparametric tests » Correlation matrix...
Dimensional analysis * Correlation test...
Fit models 4 Test of normality...

i

=




el

‘R Correlation Test @

Variables (pick two)

F

(3

-

Type of Correlation Alternative Hypothesis
@ Pearson product-moment @ Two-sided

(7) Spearman rank-order () Correlation < 0

() Kendall's tau (©) Correlation > 0

@Help ' ‘ <«‘) Reset ' f oK ‘ x Cancel

‘ # Apply l

g‘th'hi 4.8.5 w14 Correlation Test

1] i = s v a P2 o/ ar & ' \ ke
i 2 denfuwUsains e Igiavduius Tuties Variables (pick two)
Type of Correlation l@anfaanianA NS Ay

3 q < a
Alternative Hypothesis laanLATEMINEYDIANNAFIUNN TN

v | 0K
waAdn

g ot

Y &
WUIINHNARNTAIFUN 4.8.6

> with(Dataset, cor.test(Temp, Voltage, alternative="two.sided",
- method="pearson") )

Pearson's product-moment correlation

data: Temp and Voltage
t = 11.135, \df" =29, p-value =-5:458e-12
alternative hypothesis: true correlation is not equal to 0
95 percent confidence interval:
0.8016034 0.9511661
sample estimates:
cor
0.9002393

JUN 4.8.6 naansanmisldmdaioiinseianduiug dwsulusunsu R

9N3U7 4.8.6 LA P-value = 54582 <, = 0.05 Jefjias H) seviu gaumgdl
o = a o L2 l s o w aa A a L™ ] L5 1
wazusssulnihiianuduiusiuedradidoddynieada Asedutoddy 0.05  waylden

o

Pearson correlation = 0.900 Uanedn gampiinazussrulniindanuduiusiuuinluiiem
Wweniu
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GEi
A19797 4.21 MSIUSUUTBURASNEINNIT AT s andue
TUswNsu Minitab TUsunsy R
Pearson correlation 0.9 0.9002393
P-value 0 5.458 ¢7!2

o i v L. 2
INAITNN 4.21 WU Hadwsanlusunsy Minitab  wag R laA1 Pearson
correlation wag P-value NlnatAeany Feauisaulaninunuienieddslemilousiu Tune
gampiiuazusssulnihdauduiusfuannlufiamafiead

4.9 NMINAFaUNITHANLIIUNG (Normality Test)
nanedeuNILIALINUNA (Wunisfinnsunindeyaiintswanuaswuuuniviel Tne
aunsalianzinnasnaNu sl viavihmsvedevaunigiu fdeyaiisuiutesndn
15 Yoy uazliinisuanuaswuuund A1 Pvalue. Aldanmsludiasedu 9 ol
v = 2 1 o ) -l ) £ R &,
gnmee Jemsiiufiagliinn femsaei 4,22 WuveyalUasigun Yield

GHELRI
Hy s wWesidud Yield finsuanuaalyuung

H,: wlasidus Yield linsuanuasiuuun

15199 4.22 ﬁ"aaEhﬁazgaﬁi‘u”iumiwmaaunmmﬂLmaﬂﬂﬁ

Row Yield Row Yield Row Yield Row Yield
1 130.40% 13 130.16% 29 129.53% 43 134.58%
2 126.47% 16 130.16% 30 7 128.17% a4 129.72%
& 129.48% 17 128.92% 31 129.37% 45 132.40%
4 129.80% 18 128.10% 32 127.24% 46 132.44%
5 130.35% 19 128.06% 3 128.07% a7 130.31%
6 126.17% 20 129.86% 34 130.24% 48 131.94%
7 129.82% 21 132.05% 35 127.98% 49 131.61%
8 129.58% 722 129.83% 36 131.45% 50 132.36%
9 129.73% 23 132.44% 37 128.60% 51 128.07%
10 126.13% 24 129.69% 38 122.59% 52 133.15%
11 131.02% 25 127.82% 39 131.49% 53 130.93%
12 126.68% 26 128.70% 40 132.32% 54 130.57%
13 125.49% 27 130.72% 11 131.98% 55 131.41%
14 132.31% 28 129.58% 42 132.51% 56 130.40%




15199 4.22 r}'f':aﬂwqﬁagaﬁiﬂumiwmaa'umimmLLﬂaUﬂﬁ (9a)
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57 132.45% 65 132.05% 73 131.59% 81 130.35%
58 | 130.88% 66 133.07% 74 127.37% 82 129.92%
59 132.29% 67 123.55% 75 130.10% 83 132.22%
60 | 132.37% 68 130.46% 76 135.13% 84 129.05%
61 131.59% 69 128.48% i 129.69% 85 128.27%
62 | 129.08% 70 130.81% 78 131.04% 86 127.47%
63 129.17% 71 131.98% 79 130.51% 87 132.21%
64 | 161.87% 72 130.09% 80 129.54% 88 129.06%
Tusunsy Minitab
Fuil 1 s Stat — Basic Statistics — Normality Test ﬁogﬂﬁ 4.9.1
{4 Minitab - Untitled TY e SN A BN
|| Fle Edit Date Calc | Stat Graph -Editor ToolsWindow . Help  Assistant fo— \ il
TS 7 isplay Descriptive Statistics. Qe L1 M|
[T 7 Regession »| 7% Store Descriptive Statistics... <) G
,,,,,,,,, g & ANOVA ¥ | a5 Graphical Summary... ﬂi 2 W | i ‘ J
DOE o - e % B ..
R 0 commichims ' Eﬁ i::::f’" S|
|= 8|8 %F Quality Tools AP
s ¥ I Reliability/Survival "% Piret.,
Multivariate » B £
Time Series »| " 1Proportion...
Fablek ¥ ﬂ 2 Proportions...
NongEmmstacy v/ Iad 1-Sample Paisson Rate...
Equivalence Tests v 122 z‘smpfifmt‘m”
Power and Sample Size  * “i-_ 1 Variance...
o 2Variances..,
11 -Conehtion...
o? Cw_m_nnce (2N
A
=« Outlier Test... Normality Test

o 3 Determine whether your data follow a narmal
A Goodness-of-Fit Test for Poisson.., iR, Useaflendbu have continuons

measurements, such-as length or weight.

= o a < = o a .
JUT 4.9.1 nsldedunenaasunisuanuastnd dmsulusunsy Minitab

wUINguEe Normality Test faguil 4.9.2
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Normality Test

Help I

Variable: I Yield

Percentile Lines
{* None

i~ AtY values: l

i~ At data values: |

Tests for Normality

& Anderson-Darling

i~ Ryan-loiner (Similar to Shapiro-Wilk)
" Kolmogorov-Smirnov

Title: I

RN

Cancel

3‘1]471. 4.9.2 wiene Normality Test

YUN 2 FenfulsTiasinisneasuniswanuasun® laludas Variable:

Percent

U

il

Test for Normality i80nsadANmeInIvaaay walAan

gUTINYHANNEAFUR 4.9.3

P <
Probability Plot of Yield
Normal
°
|
15000%  16000%

FMean 1304 ‘
| StDev  0.04025

| N 88
AD 6.983

P-Value <0.005 |

(Y] Yo o o a o 1Y) o
4.9.3 maansnNsiAdauianaaaun1siantasun® dwdulusunsy Minitab
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N3V 4.9.3 1fA Pvalue < 0005 < , = 0.05 Ssufias H, fofu wedidus

. ' a 1 a v oo w aa a o w s
Yield lifimsuanuaswuuunfoghaiideddgweatin Aserulioddy 0.05

Tusunsy R

8 n'l'i‘l"fﬁmd'lu R Commander

il 1 19ds Statistics — Summaries —> Test of Normality ﬁngﬂﬁ 4.9.4

‘R R Commander ==
q File Edit Data ! Statistics | Graphs Models Distributions Tools Help
@ Data set:[ . ARl fima = " X <No active model‘—-|
Contingency tables » Numerical summaries... e
R Script |R Markdg ~ Means 4 Frequency distributions...
Proportions L4 Count missing observations
Variances ’ Table of statistics... Lk

Correlation matrix...
Correlation test...

Nonparametric tests »
Dimensional analysis *
Fit models >

Test of normality..

4

4

&8 P AR TV ol W VA F 4 NG A dxmt = 8 % )

{ 3 o ll:’ d - o o/
3N 4.9.4 msldimdananaasunisusnuasnd dwsulusinsu R

wUTINGMLIEIe Test of Normality fagUi 4.9.5

NI/ S YW TN "SNP e L 7 5

(=

RE V. ity 5
‘R Test ofNo?mality

Variable (pick one)

Normality Test

() Shapiro-Wilk

@ Anderson-Darling

") Cramer-von Mises

) Lilliefors (Kolmogorov-Smirnov)
() Shapiro-Francia Ko iah i -
() Pearson chi-square for Pearson chi-square <auto>

Test by groups... |

@Help ‘ % Reset J J 0K ( x Cancel

l # Apply ’

sUfi 4.9.5 nifeins Test of Normality ma\ﬂﬁayamnmﬁaﬁ' 4.22
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Uil 2 Fendudsfidasmsvadeunisuanuasnd Tures Variable (pick one)

o oK

a v

Normality Test \@onfiafinnneen1smaaey waindn
L & o n‘
WUIINYHATWEAIFUN 4.9.6

> normalityTest (~Yield, test="ad.test", data=Dataset)
Anderson-Darling normality test

data: Yield
A = 6.9829, p-value < 2.2e-16

JU# 4.9.6 naawsannsldddaienaaaunisuanuasund Y8308YAINA13197 4.20
A wsulusunsu R

g

INFUT 4.9.6 1A P-vatue < 2267 <, = 0.05 Jeufas. H, Sy wosidud

o w a

{23
Yield hifinsuanuasuuutnfegeliuddgymeain Asgdudedidty 0.05

@

agy

ﬂ' =} al Qs 6 o
M1999 4.23 N5LUTBUINBUNAANSIINNISNADUNISLINLIIUNR

TUsunsy Minitab TUsunsu R
Anderson-Darling 6.983 6.9829
P-value < 0.005 V. Ny

= | PR 4 e | .
INAITNN 4.23 WU HAGWGDINLUSUNTY Minitab uae R 16ieq Anderson-Darling
wagAn P-value AlnatAseniy Faaursonlamnumngmeannlawilausu Tufe Weosisus
Yield lufinnsuaniauuvuni
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4.10 NM5AATIINTARABENAN (Multiple Regression Analysis)

msaszvinsannoelanyen unsfnviamuduiusseninadul sdasevanesh
fusudsay 1/ efnuiiifudsdassilathaiisiuriunerienenseivieesune
msruwUsvaafILUsIUld fannsned 4.24

aaeil 4.24 fedideya (Teyaauud) Nldlunslinsrzinsanasemmeamo

Row Conc Ratio Temp Time Rating
1 8 a4 100 1 1.4
2 2 4 180 ¥ 2.25
3 7 4 180 1 4.6
a4 10 it 120 5 4.9
5 7 a4 180 g 4.6
6 7 7 180 1 4.75
[/ 7 13 140 1 4.6
8 5 4 160 7 4.5
2 a by 140 3 a8
10 5 1 100 7 1.4
11 8 10 140 3 4.7

12 Z aq 100 3 1.6
13 4 10 180 3 4.5
14 6 7 120 7 4.7
3 10 13 180 3 4.8
16 a 10 160 5 4.6
N 4 13 100 7 a3
18 10 10 120 7 4.9
19 4 100 1 1.7
20 8 13 140 1 4.6
21 10 1 180 i 2.6
22 2 13 140 1 3.1
23 6 9 180 7 a.7
24 7 1 120 7 2.5
25 5 13 140 1 4.5
26 8 I 160 7 2
27 q i 180 7 1.8
28 6 1 160 1 1.5
29 4 1 100 1 1.3
30 7 10 100 Vi 4.6
a1 4 1 100 1 1.4
32 4 1 100 1 1.45
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N5ATIERATENEUNUSTEW IR U Dase

v §

(1) H,: Conc uay Ratio lufimudunusiu

H, : Conc uaz Ratio nudusiudiu

@ € ar

(2) Hy: Conc uay Temp laiimnuduiusiu

H,: Conc uay Temp Hmnuduiusiv
(3) Hy: Conc uay Time lLifianudunusiv
H, : Conc uae Time fanuduiusiu
(4) H,: Ratio uaz Temp laiflanudunusiu
H, : Ratio uag Temp Haraidususiu
(5) H,: Ratio wag Time luflmnuduwusiv
H, : Ratio ua¥ Time Tmyudusiusiu

6) Hy: Temp uag Time laflanauduiusiu

H, : Temp wag Time A udniussiu
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uil 1 T4eids Stat — Basic Statistics — Correlation fagu#t 4.10.1

[ Minitab - Regression.mpj
|| File Edit Data Calc Stst Graph Editor Tools Window Help Assistant

17 8 8] 4 . I 5 o oacwesi.  [BEOG] s o]
”I"__’__“‘ Regression |3 Store Descriptive Statistics... QA 11 MJ
, = ANOVA #| A2 Graphical Summary.. —— - e
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t’L 1-Sample Z...
cN;m: Charts | et
»
RQ:_HH?‘TWI‘ P AU 2-Sample t...
liability/Survival 4 ?Jl Phited £
Multivariate AN ~
Time Series » | %8 1 Proportion,..
Tables »| &4 2Propartions...
NoparaMetrics »| Il 1-Sample Poisson Rate...
EquivalenRa TR »| fid2-Sample Poisson Rate..
Power and Sample Size » "1 1 Variance...
Ao, 2Variances...
o? Covariance...
Sl —| Correlation
A Normality Test... Measure the strength and direction of the linear

=+ Outlier Test...

relationship between two variables.

A Goodness-of-Fit Test for Poisson...

d' [ n'J d a 1 o LV 1 o/ = o s . .
5UN 4.10.1 mslgrmduilinnevismanduiusseninaduysdass dwsulusunsy Minitab

awumnguiinng Correlation MU 4.10.2



Correlation IF_J

Cl_ Conc Variables:

C2 Ratio Conc Ratio Temp Time
C3 Temp

C4 Time

C5 Rating

Method: IPearson correlation l]

iv Display p-values

[” Store matrix (display nothing)

oK Cancel

UM 4.10.2 ithsina Correlation vesdayaannnsadt ¢.24

o
al a L4

{ ) a v | o o & | .
YUN 2 @ansqlUsNRINTILATIEiATandunyS 1aludas Varables:

@ aady a2
Method: (densadnndesnisnadey udindn 9 _ |
WUIINYNAGNERITUN 4.10.3

Correlation: Conc, Ratio, Temp, Time

Correlations
Conc Ratio Temp
Ratio 0.112
0.542
Temp 0.154 0.116
0399 0.526

Time 0.008 -0.012 0.045
0967 0950 0.807

Cell Contents
Pearson correlation
P-Value

' o °o v A a Lo o [ ! v a
JUT 4.10.3 nadwsninnnsldedaiiotinsesinanduiusseninaiiulsdassy

TUsun3u Minitab
NFUN 4.10.3
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(1) fMuus Conc uag Ratio Ifif1 P-value = 0.542 > , = 0.05 Jawausu H, daiiu fauvs
Conc way Ratio lifianuduiusiusgwildudfyneadd Aseduteddey 0.05

(2) #uds Conc uay Temp ldie1 P-value = 0.399 > , = 0.05 Faweniu H fuiu &

i
e

WwUs Conc uag Temp LillauduiusiueeraitodWyneada Asssududdny 0.05

(3) #uUs Conc waz Time lee P-value = 0.967 > , = 0.05 Tawensu H fafu Fauus

o

Conc uag Time luiflauduiusfuagraiitfoddyvneadia Assduaddey 0.05

(4) #uUs Ratio uaz Temp l6iAn P-value = 0526 > , = 0.05 Feweusu H, Fau i

a

. = s L L2 1 =l o @ aa t:l o o a
WUs Ratio way Temp lifinnuduiusiusehafidudwynieada Nseduoddey 0.05

(5) MUUT Ratio uag Time ladn P-value = 0.950 > , = 0.05 Jseousu H, Fatiu Fauus

o as

Ratio uag Time Taifimuduiusiustaiiloddnmieads Aseiuluddn 0.05

&

(6) fuds Temp wag Time laf1 P-value = 0807 > , = 0.05 Fawausu H, fatiu s

I}

wUs Temp uag Time lWilinnsduiusivedisivedigyveata Asseauuddny 0.05

Lﬁamﬂﬁ"aLLUiEaizLLﬁaxﬁlﬁﬁh Povalue > , = 0.05 wanidn lullanduwusiuies

senInemulsdassuinndn 2 suly (Multicollinearity) ¢t ausadtasiginisannes
wanld

NTUATIRINITOANENHAAN
Yuin 1 Tiff1d3 Stat — Regression — Regression —> Fit Regression Model AagUN 4.10.4

8 Minitab - Untitied
|| File Edit Data Calc [stat Graph Editor Tools Window Help Assistant
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SR | fied e Pio.. BN 1AM
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L] Session " DOE '|K Nonlinear Regression... | iy Best Subsets... PR ressidll it
Control Charts L3 A N = & ; - ¥y - g
Stability Study *LY “Predict.. Madel the relationship between categorical or
Quality Tools A N | sl Plok tontinueus predictors and one response, Easlly include
o 2 - piiiogd Intgraction and polynomial terms, or transform the
Reliability/Survival d EY_ O“h"g“"im'gm'm | B Comtouepide. response If needed,
_’:Mi‘:ﬁ_’“! ) ,e! p‘d'ilﬂﬂiquf“ o @ Surface Plet...
TI:E i M Binary Fitted Line Plot... Overlaid Contour Plot:.
ables
Bina jistic Regression r Response Optimizer...
Nonparametrics iJﬁ Ordry:.l:.g iy & -
ogistic on..
Equivalence Tests lgg N o i mﬂ:gusﬂ
jominal
Power and Sample Size sisiob ok e
Poisson Regression »

3UM 4.10.4 mslddmdanelinsegiinisanneenvaa dmiulusunsuy Minitab
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Regression @

Cl1  Conc Responses:
C2 Ratio Pt
C3  Temp bty
C4 Time
C5 Rating
Continuous predictors:
Conc Ratio Temp Time
Crgt_egoricaf predictors:
Model.., Options. .. I Coding... , Stepwise... I
Graphs. l Results J Storage... |

Help ’ oK | Cancel |

o (Y " 1 { L =l
UM 4.10.5 wiinei1e Regression tesdoyaanas e 4.26

Yuin 2 denduusiilusaudsanu laludes Responses:

= )

dendauusiludiuusdase (Faudsvinune) ldludes Continuous predictors:

$. 3 pdn|_Resits.

U5 INYMINE4 Regression: Results ﬁﬂgﬂ'ﬁ 4.10.6

WNT A LYK ETTT — N JJ
Regressigm, R&ults - A 2/ (=]
Display of results: ]Simple tables ﬂ
V' Method

V¥ Analysis of variance

¥ Model summary

IV Coeffidents: 'Default coeffidents _v_l

¥ Regression equation: ISeparabe equation for each set of categorical predictor levels ;_I

I Fits and diagnostics: |Oniy for unusual observations Ll

™ Durbin-Watson statistic

Help | oK I Cancel

31]17'1' 4.10.6 1919 Regression: Results
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wUsInguadwifaguil 4.10.7

Regression Analysis: Rating versus Conc, Ratio, Temp, Time

Analysis of Variance

Source DF AdjS5 AdjMS F-Value P-Value
Regression 4 479096 11.9774 18.17 0.000
Conc 1 3.9232 3.9232 5.85 0.022
Ratio 1 31.0216 31.0216 47.07 0.000
Temp 1 3.6031 3.6031 547 0.027
Time 1 1.9839  1.9839 3.01 0.094
Error 27 17.7953 06591
Lack-of-Fit 25 17.7836 0.7113  121.94 0.008
Pure Error 2. 00117 _ 0.0058
Total 31 65.7049
Model Summary
S R-sq  R-sgfadj)  R-sq{pred)
0.811840 72.92% 68.90% 62.81%
Coefficients
Term Coef SECoef T-Value P-Value — VIF
Constant -0.756 0.736 -1.03 0314
Conc 0.1545  0.0633 244 0.022 . 1.03
Ratio 02171 0.0316 6.86 0.000  1.02
Temp 0.01081 0.00462 2.34 0.027  1.04
Time 0.0946 _ 0.0546 1.73 0.094 1.00

Regression Equation
-0.756 + 0.1545 Cone+0.2171 Ratio + 0.01081Temp + 0.0946 Time

Rating =

3UN 4.10.7 madwsminmisldddaiiefiaszinsanneswmgu dwsulusunsy Minitab
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N5UN 4.10.7
711379 Analysis of Variance
1) yadaumsiimesynisauiy

Hy: = B= 3= B=0
H: §i 70 ogralfos 1 e

Regression 1M1 F = 18.17 uay P-value = 0.000 < , = 0.05 fias M Fafu

FuUImuNEENanUMLUSDasEaENlBE 1 F7 F9IAITNAADUNISITRESUNIEIUAE

2) veERUWITINIMBSUNNEIY

Hy: B=0 o B.8.5 s

H: B#0

s Conc I8l P-value = 0:022 </4/=0.05 Feufjuas  H, fatiu sfauus Conc
fidviswalunsusganm Rating Wledifuys Ratio, Temp 4ag Time 558

Hy: f,=0 (i 3.5, 5, esil
Hjy B#0
AU Ratio 1AA7 P-value = 0,000 <, = 0.05 Fsufjias Hy Fatiu fauds Ratio

ala

a Y 4 o 7] ' 1%
answalumsuszana Rating Liledlfius Conc, Temp Uag Time 57108

Hy: =0 afle .5 B, asi)

HY\B#0

M5 Temp leiAn P-value = 0.027 <, | = 0.05 SsUfjias H, fetiu fauus Temp
fisvSwalunsussanal Rating Wileilfuds Conc, Ratio wag Time s2ude

HQ: ﬂ4=0 (Lﬁﬂ ﬁ:@:ﬂj ﬂ'@ﬁ)
H: B =0
AT Time 1de1 Pvalue = 0.094 > , = 0.05 Fawausu H, fau Muus Time

Tl =) . d‘ al e E I }4 1 o L%
laifidnsnalunisuszuna Rating admiuds Conc, Ratio way Temp 591028 39liaasinem
wUs Time WA I99
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Yuh 5 v uniloudun 1 wilidenduds Time Tdlutes Continuous predictors: Aagun
4.10.8
Regression
Cl1 Conc Responses:
C2 Ratio e
C3  Temp Rating
C4 Time
C5 Rating
Continuous predictors:
I-ConcRaﬁoTemp
Categorical predictors:
Model... Options... ] Coding... l Stepwise. .. I
Select Graphs... | Results... ] Storage... I
Help oK J Cancel l

U7 4.10.8 wiising Regression wasdoyaainmsnedl 4.24 fluithdwus Time udiasient

i 6 AN _9"_!

wUSINNARHEFIUT 4.10.9

v
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Analysis of Variance

Source DF  AdjSS AdjMS F-Value P-Value
Regression 3 459257 15.3086 21.67 0.000
Conc 1 3.9368 3.9368 5.57 0.025
Ratio 1 30,7620 30.7620 43.55 0.000
Temp 1 3.8607 3.8607 547 0.027
Error 28 19.7792 0.7064

Lack-of-Fit 25 19.7675 0.7907 203.32 0.000
Pure Error 3 0.0117 0.0039
Total 31 65.7049

Model Summary

S R-sq R-sq(ad)) - R-sq(pred)
0.840475  69.90% 66.67% 61.46%

Coefficients
Term Coef SE Coef T-Value P-Value VIF
Constant -0.448 0.740 -0.61 0.549
conc 0.1548 0.0656 2.36 0.025 1.03
Ratio 02161  0.0327 6.60 0.000 .02

Temp 0.01117 0.00478 2.34 0.027 103

Regression Equation
Rating = -0.448 +0.1548 Conc + 0.2161 Ratio + 0,01117 Temp

Regression Analysis: Rating versus Conc, Ratio, Temp

5
A9 dusulusunsy Minitab

mﬂguﬁ 4.10.9
#1919 Analysis of Variance

1) yageuwEweivnniTIniy
Hy: f=B=A=0

H . i B#0 aeailoy 1

P o & v oo a a = 1o as .
Ul 4.10.9 nadnsainnislimdsnediasagimsannesnyga Aldirduys Time
L3

Regression 1¢ifin F = 21.67 uay P-value = 0.000 < , = 0.05 3aufjias H, Fathy

MnUsnuiidniwasiuwlsdasyegnetios 1§71 J9mITAdaunIsiwesuNsdIuse
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2) NAADUNITIELNDIUINEIY
Hy: =0 (ileo B,,5, nsfi)
H : B#0
fuus Conc lfn P-value = 0.025 < , = 0.05 Fsufjias H, fafu fauds Conc

ala

avawalunsuseunad Rating Wiellfuys Ratio uay Temp S2ufe

Hy: f,=0(ie B,5 nsil)
H: B+#0
fuUs Ratio 1A P-value = 0.000 < , = 0.05 JeUfjias H, fariu duus Ratio

igvSwalun1susvann Rating Wieilfuds Conc was Temp Saude

H,: B,=0.a38 8.5 )

H : B#0

M3 Temp o P-value = 0.027. <, . = 0.05 Jsujjias H, Fathy faus Temp
fidvidwalunnsUszana Rating (ilefifiauys Conc uag Ratio ausne

#1979 Model Summary

AduUTEaNINsARaula (R-squared) = 69.90% uaneiaduls Conc, Ratio Was
Temp 1dySwasonnsusennnl Rating feiasay 69.90

#1379 Regression Equation
ANNTON00Y A Rating =-0.448 + 0.1548Conc + 0.2161Ratio + 0.01117Temp
naunIsanneuazlaan dadauuali Ratio ~uwag Temp A9 wu3d1 Conc
wWasuwUasdly 1 vite a¢lé Rating walgly 0.1548 wie
frimuali Cone. uae Temp Asfl wudnda Ratio Wileuuvaslu 1 wihe 9gld
Rating Wasull 0.2161 mir
wazinfmuald Conc uag Ratio el w1 Temp wWasuuasly 1 viiae agld
Rating wWaswll 0.01117 wae
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! Ratio way Time JAudunusiu

@/

Conc way Ratio lfanudunusiu

o & as

! Conc wag Temp Tifianudusiusiu

: Conc wag Temp AANNEURUSHY

[

. Conc waz Time lufianuduiusiv
: Conc waz Time AAuduRusiy

! Ratio waz Temp laifimanuduiusiy
! Ratio uaz Temp daudunusiu
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' Temp wag Time Lifinnuduiusiu

: Temp wag Time JANNANNLSAL

O mslfuyly R Commander

Fudt 1 19/1d4 Statistic —> Surmmaries —» Correlation matrix ﬁagﬂﬁ 4.10.10

L35

‘R R Commander = O

File Edit Data | Statistics Graphs Models - Distributions Tools  Help

R ovese| TR cive o ST

1  Contingency tables * Numerical summaries...

Output

RScript R Markdg  Means » Frequency distributicns...
Proportions » Count missing observations
Variances 4 Table of statistics...
Nonparametric tests » Correlation matrix...
Dimensional analysis * Correlation test...

Fit models L4 Test of normality...

| isg Submit |
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Ui 4.10.10 msldmdaiielinseirmanduiussenineiuusdasy dwsulusunsu R

WwUTINYME Correlation Matrix ﬁﬁgﬂﬁl 4.10.11




‘R Correlation Matrix @

Variables (pick two or more)
Rating

Row

Type of Correlations

(®) Pearson product-moment

(O Spearman rank-order

() Partial

Observations to Use

(O Complete observations

@ Pairwise-complete observations

Pairwise p-values

@Help . ' 4:3‘,\ Reset ﬁ; o OK {—x.éa.mcel ¥ _fi Aﬁpiy ;

3U# 4.10.11 w6 Correlation Matrix

3 o U o v = I @ et & ] 4 3
uil 2 dandudsifesnslinszdatanduiug lutes Variables (pick or more)
3y v aadwy
Type of Correlations Laansadnnfean1snaasy

¥ Pairwise p-values ,,‘ = oK
La8nN . P LAaIAaN J

WU INNAGNSAISUT 4,10,12
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> rcorr.adjust (Dataset[,c("Conc", "Ratio", "Temp", "Time")], type="pearson",
+ use="pairwise.complete")

Pearson correlations:
Conc Ratio Temp Time
Conc 1.0000 0.1119 0.1544 0.0077
Ratio 0.1119 1.0000 +1163 ~-0.0116
Temp 0.1544 0.1163 .0000 0.0450
Time 0.0077 -0.0116 .0450 1.0000

ok oo

Number of observations: 32

Pairwise two-sided p-values:
Conc Ratio Temp Time

Conc 0.5419 0.3988 0.9665
Ratio 0.5419 0.5262 0.9496
Temp 0.3988 0.5262 0.8067

Time 0.9665 0.9496 0.8067

Adjusted p-values (Holm's method)
Conc Ratio Temp Time

Cone 1 1 1
Ratio 1 1. 1.
Temp 3. ay .
Time 1 1 1

JUN 4.10.12 _waawdannsldmdaiedinseidranduiussenaedudsdasy  dmdu
TUsunsu R

[

mﬂgﬂﬁ 4.10.12
(1) MuUs Conc way Ratio liF1 Pvalue = 05419 >, = 0.05 Fswausu H, faiy

MUs Conc wag Ratio Willpauduiusives1iivuddnmata Aveadulivddey 0.05

(2) fhuvs Cone wag Temp liAn Pvalue =-0:3988 5, = 0,05 Fswausu H, dnfy

= 7]

fuys Conc uay Temp lifinruduiusiusthiiduddgnisada Mszduludday 0.05

=%

(3) ¢uUs Conc uag Time lamn P-value = 0.9665" > ., = 0.05 Fwausu H Facy

L T -

Muls Conc way Time liflarduiusiuadsiidod dyvneadia Asedutodey 0.05
(4) fuvs Ratio uag Temp lgifin Pvalue = 05262 > , = 0.05 Fawewsu Hj fafu

aa U o

M3 Ratio waz Temp lifiniuduiusiuedraifuddymeadn Aseduiiuddey 0.05

= QJ

(5) fuUs Ratio uay Time ldAn Pvalue = 09496 > , = 0.05 Jewousu H sty
M3 Ratio wae Time Lifinnuduiusiuedaiideddiynsada Asedutioddey 0.05
(6) Muds Temp wag Time lde1 Pvalue = 0.8067 > , = 0.05 Fewensu H, dufu

= v w0 W

FuUs Temp wae Time liflawduiusiuegraihfodfgymeadia fissduiioddey 0.05

= o = I M i I st o o
WasnMmuUsdassusazglad P-value > , = 0.05 wanedn hiflanduiusiuies
seriemudsBaszannndt 2 dauld ansediaseinisannosrvgald
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ATAATIZINTINANDE NN
Y o Yo w o 5 . . 9 =
Uil 1 14dds Statistic — Fit models — Linear regression PI3UN 4.10.13

‘R R Commander - O X
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: i » | ;
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RScript RMarkdg Means ’

Proportions L4
I Variances 4

Nonparametric tests »
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Linear regression...

Linear model...
Generalized linear model...

Multinemial logit model,..

Ordinal regression model,

=i ¥ o ar A o ¢ o w
U7 4.10.13 msldedunedinmgimsanasnvga dmiulsunsu R

2 1 3 4 L2 n‘
WUTINYUUINN Linear Regression A95UN 4.10.14

A= ] W \ S~ 7 2l RIT00T N {4 -D

Enter name for model: ] RegModel.1 ,

T000) 7 fle \

N % 1 o1
R Einear RegfésSiop

Response variable (pick one)

Explanatory variables (pick one or more}

Subset expression

[<a|l valid cases> —l

 @rer | [ Grem [ ok ] R cnca || b ey |

gﬂﬁ 4.10.14 w14 Linear Regression

]
=

d’.’r = /s A L2 1 . .
Yui 2 donmuwusidusiuusany Tutes Response variable (pick one)
wdondudsiuiudsdass (Fudsvihune) lues Explanatory variables (pick

R oK
one or more) WaIAan J
WUTINYNAGNSAIFUT 4.10.15
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> RegModel.l <- 1lm(Rating~Conc+Ratio+Temp+Time, data=Dataset)

> summary (RegModel.l)

Call:
Im(formula = Rating ~ Conc + Ratio + Temp + Time, data = Dataset)
Residuals:

Min 1Q Median 30 Max

=1,12368 -0.61057 -0.01051 0.36179 1.62172

Coefficients:
Estimate Std. Error t value Pr(>|t])
(Intercept) -0.756014 0.736150 -1.027 0.3135
Conc 0.154525 0.063336 2.440 0.0215 *
Ratio 0.217052 0.031638 6.861 0.000000227 **=*
Temp 0.010806 0.004622 2. 98 0.0270 *
Time 0.094643 0.054550 1. 738 0.0942
Signif. codes;” 0 '*x*_ 0,001\ \"\**V 0701 %' 0,05 W.' 0.1 ' ' 1

Residual standard error: 0.8118 on 27 degrees of freedom
Multiple R-squared: 0.7292, Adjusted R-squared: 0.689
F-statistic: 18.17 on-4 and 27 DF, p-value: 0.0000002381

Ui 4.10.15 wpansonmdldmdaiiolinmsnimsanaasmman dwiulusunsu R

NNFUN 4.10.15
1) nedeuNITRInaTYARITINL

Hy: f=B=p=p=0

H: 3 B+#0 agavley 1067

léifi1 F = 1817 uaw Pvalue = 0.0000002381 < , = 0.05 Feufias H, dwiu ¢
wUsanuiiBvawasaulsdaszes1aies 1§ JssnaaaunnniiwasuisdIuse

2) MAABUNITIELNDIUNEILY
. . < 2
Hy: B=0 (ie B,.5,0, am)
H : B#0
fuus Conc el P-value = 0.0215 < , = 0.05 Ssufjias H, fasfu fauus Conc

Hamdwalunisuszana Rating alidus Ratio, Temp uag Time saude

Hy: £,=0aile B.85,,5, ai)

H: B#0

#u15 Ratio l4ieh P-value = 0.000000227 < , = 0.05 FeUfians H fatfu duds
Ratio #9vidwalun1suszanal Rating Wiiefifauds Conc, Temp uas Time $2uane
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" = - o
Hy: B=0 (ie .05, B, af)
H: g+0
#uUs Temp ldf1 P-value = 0.0270 < , = 0.05 JsUfias H, sy fauds
Temp T8vwalunisusvana Rating lafifuus Conc, Ratio waz Time iude

H,: £,=0 uile 8.8, asi)

H : B+#0

#IuUs Time LA P-value = 0.094 > , = 0.05 Fsauiu H, fudu fauds Time
Lifigviswalunisusvana Rating Wefifuus Conc, Ratio wae Temp 3usae Falsinasuing
wUs Time NTLASIEN

¥
=

ui 3 yhdundlouduil 1 udliidendauus Time lutes Explanatory variables (pick one
or more) $agUN 4.10.16

F 5 7 =T AR ERLT  nCIAr B — Y
R LinegrRegression | &3

Enter name for model: eregMode[.Z ‘
Explanatory variables (pick one or mare)

Response variable (pick one)

ime v
Subset expression
E all valid cases> j

@rer | Threm | [T || Wociia] [ sony |

U 4.10.16 1@ Linear Regression 19408Ya31NA15199 4.24 Ailiddauds Time 1

5 i

YU

AATIEN

z g o | of OK
UN 4 AAN

zUTINNARNSHIgUR 4.10.17



139

> RegModel.2 <- 1lm(Rating~Conc+Ratio+Temp, data=Dataset)
> summary (RegModel.2)

call:
Im(formula = Rating ~ Conc + Ratio + Temp, data = Dataset)

Residuals:
Min 1Q Median 30 Max
-1.3721 -0.5992 -0.1521 0.5076 1.5518

Coefficients:

Estimate Std. Error t wvalue Pr(>|t])
(Intercept) -0.44811 0.73964 -0.606 0.5495
Conc 0.15479 L @G5SR R &1 0.0254 «*
Ratio 0.21g4deF 325 6.599 0.000000371 ***
Temp 0 1 Jo7 0.00478 2.338 0.0268 *
Signif. codes: 0 xR 0N0Y|[/AF70701—%" 0B '.' 0.1 ' ' 1
Residual standard error: 0.8405 on 28 degrees of freedom
Multiple R-squared:  0.699, Adjusted R-squared: 0.6667
F-statistic: 21567 “oni/2</and \'28Y) DF, p-value: 0.0000001844

'
=1

Ui 4.10.17 madwsannnsldmdaiiedimsizvinisonnasnyga #lividuds Time 1

5
A5yt dwmsulusunsy R

mngﬂﬁ 4.10.17
1) negeUmIIlnaTNFITINT
H: f=6=B=0
H,: it f#0 o8haios 1 a1
Idfin F = 21,67 wa P-value = 0.0000001824 < , =005 FaUfiers H, saru i

a Qs

wUsMuIBVSnasuUTBdaTEaE 1l 1 §7 FemTnadeUNIS I UNedIuse

2) veEpUNITMTUNNEIY

Hy: B=0ilo B,,5, a)

H: B#0

#uus Conc léfeh P-value = 0.0254 < , = 0.05 Faufias H, dadu dauus Conc
fidvdwalun1sUseana Rating wilefifauys Ratio way Temp Fause

Hy: £,=0de B, rail)
.1 §+#0
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f7uUs Ratio ldieh P-value = 0.000000371 < , = 0.05 Feufjias H, warfu fauvs
Ratio fiavswalunsuszanm Rating Wiedfuys Conc uag Temp $rudae

Hy: B,=0 (ie 8.8 s

H : B#0

fuvs Temp leffin Pvalue = 0.0268 < , = 0.05 FsUfias H, ey Fus
Temp {8vEnalunisuszana Rating lefifuys Conc uay Ratio $amde

Adulszansnisinaula (R-squared) = 0.699 wamiI6aLUT Conc, Ratio Wag
Temp H8vSnasan15UsEaNn Rating Ha¥eeas 69.90
AUN130008Y AD Rating = -0.44811+ 0.15479Conc + 0.21611Ratio + 0.01117Temp

MnaunIsanaeuaslain fadivueld Ratio  waw Temp AR nu3d1 Conc
WasuwUasly 1 wite asld Rating WasulY 0.15479 wine

i munld Cone Juaz Temp Asit wudidn Ratio wasuwiasly 1 mide vl
Rating Waeguly 0.21611 niag

uagfmmusli Conc iy Ratio AT Wu3ada Temp Wagnuwladly 1 wise a¢ld
Rating wWaewly 0.01117 whe

asy
A15197 4,25 MTSEUBUNAENSIANIS RS AN avdT LSS s LS 3as
P-value lUsunsy Minitab sunsu R
Conc & Ratio 0.542 0.5419
Conc & Temp 0.399 0.3988
Conc & Time 0.967 0.9665
Ratio & Temp 0.526 0.5262
Ratio & Time 0.950 0.9496
Temp & Time 0.807 0.8067

o | v .. Y k
N5 4.25 WUl NaaWsIINLUILNTH Minitab waz R leien P-value lndlAes
fiu Gefudsdasusiazglinn Pvalue > , = 0.05 uanein Liflanduiusiuesssnine
wsBaszannnd 2 fiuly dedu aunsaliesginisanosengals

A13197 4.26 MsTBuigURaaNSIINNIMREBUNMITENe T AFTINAY

TUswnsu Minitab TUsunsu R
F 18.17 18.17
P-value 0.000 0.0000002381




Time ¥1ASIEN

A13197 4.27 malFguiiisumadwsanmsneaeunisilinesynisasu Alividauls

TUswns Minitab TUswAsy R
F 21.67 21.67
P-value 0.000 0.0000001844

INANTNA 4.26 UWag 4.27 WU Nadnsanlusunsy Minitab wag R lad F uay
Pvalue WlndlAbeAy  Feaursawlanuruienvanalavilousy Tuds sauyusaius
VINAMILUIDATERENLBY 1 F1 FIATNAFDUNITITIRDSUNNEIUsE

M1 4.28 NSLUSEUE UNAANSIINNITVAEBUNIS MBS U9y

P-value TUsunsu Minitab TUsunsu R
Conc 0.022 0.0215
Ratio 0.000 0.000000227
Temp 0.027 0.0270
Time 0.094 0.0942

NANTNN 428 Wy HaawsMNTUIUASH Minitab waz R 1AA1 P-value 9849 Conc,
Ratio, Temp waz Time #ilnatAeariy

A19199 4.29 MSIUTBUTEURASNEIINNITNAZBUNIT TN 05 U198 7Y TiLUtAeuUS Time

UIATIEN
P-value TUsunsa Minitab TUswnsu R
Conc 0.025 0.0254
Ratio 0.000 0.000000371
Temp 0.027 0.0268

P | g, — o
1NANTNN 4.29 WU HAANSIINLYIUATN Minitab uay R @A P-value ¥89 Conc,
Ratio uag Temp 7ilnalAeariuy

M19719% 4.30 NMsuSeuiguann1sanney

dgunisannse

TUsunsu Minitab Rating = -0.448 + 0.1548Conc + 0.2161Ratio + 0.01117Temp

TUsunsu R Rating = -0.44811 + 0.15479Conc + 0.21611Ratio + 0.01117Temp

i ] 7o) L7 =Y ﬂ‘
INAITNA - 4.30 WU @NNITsa8ntUsunsy Minitab uag R laen fuuseans
(Coefficients) NlnALAsaTY
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4.11 M3IATiauulsUsusuutiadeien (One-Way ANOVA)

N5iATEiauwlTUTIuLULladedes Wunismeaauanuusndnsseninea ey
vefulsdassifisiufeviodedeiden uiswundu 2 sedunie 2 nquiuly Taefiedn
mheliFutiadussduierfuunanussnnsiieniu fulsmuiifssuusiae lnonad
'?ﬂlc«’fmﬂﬁ"au.ﬂwmﬁag‘luizﬁ’vé’ummw%aé’mswmu fan39fl 4.31 \Uudeyailady Paint
Fwundu 4 ngu #e Blend 1 Blend 2 Blend 3 wag Blend 4

GRS Y Hy Mttt = Mgtz = Mt = Htenaa
H,py # p1; ogatlos 1 g d sy i

Tned Mt WNUALRALYDY Hardness 984 Paint Wwuu Blend 1
Moo~ ANUANDAEYDY Hardness 994 Paint LU Blend 2
Loy WALANRAYDS Hardness 999-Paint LU Blend 3

Mgz WNUANIABYDY Hardness ve4 Paint Wuu Blend 4

%390 Hy: éwafuwes Hardness 983 Paint Uy Blend 1, Blend 2,
Blend 3 wag Blend 4 liuanmnariy
ol Anadeuad Hardness Y9 Paint HuU Blend-1, Blend 2,
Blend 3 uae Blend 4 unneirsifuatneion 1 g

319 4.31 fededeya Foyaauud) Mlumsiienesiauuvsusuiuuiadodon

Row Paint Hardness |~ Temp  { Operator
| Blend 2 14.9 30.3 1
2 Blend 3 13 30.9 2
3 Blend 4 15 30.5 2
a4 Blend 1 17 29.4 5
5 | Blendt| 139 30 3
6 Blend 3 l6.4 29.6 1
7 Blend 1 104 29.6 2
8 Blend 2 32 29.9 2
9 Blend 2 1.9 28.9 2
10 Blend 2 7.3 28.6 1
11 Blend 4 17.8 30.8 3
12 Blend 2 9.6 30.8 .
13 Blend 4 22.9 28.9 1
14 Blend 4 17.4 30.6 3
15 Blend 3 153 29.8 3
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= Y v a, a o a
13199 4.31 Medndoya (Teyaauwd) Nldlumsiinseinuudsusiuwuutiedoden

(sio)

16 Blend 1 19.3 30 1

17 Blend 1 16.1 29.9 3

18 Blend 3 6.5 30.6 2

19 Blend 1 11.7 30.1 3

20 Blend 4 16.9 30.7 3

21 Blend 4 18.4 29.9 1

22 Blend 3 11.9 29,5 2

23 Blend 2 14.5 299 1

24 Blend 3 16.8 249 3
1Usin3a Minitab

asvseudennasiosfuvasnisinsreianundsusunuutadeien
1) deyalundazngudasiinsuanuasuni
AUNAFI
Hy: 4p3ia Hardness Tuusiag Paint fnisuwanuasiuuyng

H,: Yoya Hardness Tuusiag Paint Lifimsuanuaawuuing

u

deg

uil 1 1 Graph — Probability Plot fsguil 4.11.1

Dy Miniat - Untided} - w2, T Yo ]lagY NI 3 (PE Tl m A

|| File Edit Data Calc Stat{Graph Editor Tooks Window Help Assistant S JB

[ Scatterplot... A0 o laM

[————'3 . [ Matrix Plot.. Al | &

H— = |#% BubblePlot., 1 4']' ﬁ| -J | rdlcdl
[0 Marginal Plot.. &8

o —— A oRHena T B I=n g

|~ Empirical CDF...
[\ Probability Distribution P

W Borplot..
[#3 Interval Plot...

[ Individual Value Plot...
[> LinePlot..

Probability Plot
Test your data follow a particular distribution
and estimate percentiles,

|l Bar Chart...
“) PieChart...

|M Time Series Plot...
|84 Area Graph...

B Contour Piot..
[Z] 3D Scatterplot...
@ 3D Surface Plot...

JU# 4.11.1 mslddaieonaaeunisuanuasund dwmdulusunsy Minitab
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agUsnguiieine Probability Plots faguil 4.11.2

Probability Plots |

Single Multiple

Help | oK Cancel

gﬂﬁ 4.11.2 %7813 Probability Plots

} 2
s

Fuil 2 1Fon Single wdandn
USING M1 Propability Plot: Single Agui 4.11.3

oK

Probability Plot: Single [ 23
C2  Hardness Graph variables:
C3 Temp "
C4  Operator Hetdapes
Distribution, .. l Scale... Labels...
Multiple Graphs... I Data Options...

Help I oK Cancel

3Uil 4.11.3 wiksine Probability Plot: Single vasfoyaanansnal 4.31

Vv
af

Uil 3 FenduUsiidieansageunisuanuasuni ldlutes Graph variables:

Waman oK

WUTINNASWEAIFUN 4.11.4
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Probability Plot of Hardness
Normal - 95% ClI

‘ Mean  13.59 |
StDev  5.081
N 24
AD 0.540

P-Value 0.149 |

Percent

Hardness

lﬁ. o 0:‘ d = o ld' o @/
FUN 4.11.4 nrslddrdanenaanunIswanuasund veedeyaainnsnei 4.31 dwsulusunsy
Minitab

NNgUT 411416 Pvalue = 01495, © = 0,05

AL

\COHETRY 7 X NVTR M

Hardness 984 Paint innsuaniesiuuunfisgsditdvdfigmisaia asvsuidoddiny 0.05

=)
=D

2) Yoyaluusasngudiosdinamuudsusiuminny
AuNAgIY H, 2 O i =it S s = O
H o) #0] ednlion 1 g dwmsui #
Toei Oﬁ,mﬂ WNUAMNLYIUSIUVDY Hardness U84 Paint Wuv Blend 1
O piongs WMUAIALUTUS IO Hardness 489 Paint wuv Blend 2
o‘;,em WUAULYUTUTIUYBS Hardness U84 Paint LWUU Blend 3

O ptenas WNUANMNLUTUTIUYDY Hardness ¥e3 Paint Luv Blend 4

30 H,: a1uuUsusiuaes Hardness 404 Paint WU Blend 1, Blend
2, Blend 3 uag Blend 4 vinfiu
H, : puudsusiuves Hardness 989 Paint wuu Blend 1, Blend
2, Blend 3 uag Blend 4 liwinuednelos 1 ¢
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$uil 1 1dAnda Stat — ANOVA —> Test for Equal Variances ﬁﬂgﬂﬁ 4.11.5

I Minitab - Untitled

|| Fle Edit Data Calc Stat Graph Editor Tools Window Help Assistant

Basic Statistics v [ TooON o [_1[:][
H’_“_—“‘“—: Regression S AT [ i W
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DOE »| = Analysis of Means.. . _ B} Eanlele,

Control Charts | Ay Balanced ANOVA... -D %‘D_EE.EDE
|% B || % & °  QualityTook #|  General Linear Model ,

Reliability/Survival »|  Mixed Effects Model » PRSI

Multivariate *| €€ Fully Nested ANOVA...

Jame Senes y oy General MANOVA...

Tables » i

Nonpnrlmzlrics » ﬂ est for Equal Vanances

Equivalence Tests » [ Interval Piot... Test for Equal Variances

Power and Sample Size  » [ Main Effects Plot.. Determine whether the variances or the standard

l?‘ Interaction Plot... de\:iiﬂons of two or more groups differ,

= o ar A o @ -
5UN 4.11.5 nsledrdunenaaeuauwysusid dwsulusunsy Minitab

UMY niieind Test for Equal Variances #a5Ui 4.11.6

7 — B0/ O—a — W\
TestforEqual Variances T Mo & 2 Y fors B @
C1 | Paint IResponse data are in one column for all factor levels EI

C2  'Hardness
€3 Temp Response: | Hard,
C4  Operator bl TR
Factors:
Paint &
Options... Graphs...
Results. .. Storage...
Help oK ] Cancel

1J1‘?'i 4.11.6 w8 Test for Equal Variances mawauamﬂmmw 4.31

o
s

ﬂ; = o o
i 2 Henjulvureeyaiihuvagey

IResponse data are in one column for all factor levels _:|
densuusidusuusnu lalures Response:

- ) P u o o 1 | V.
LaanmLLiJiw?fmn'ri‘lmﬂummLLunﬂq:J Taluta Factors: uwaqAan __QK__I

wUTnguAdNEfagUR 4.11.7
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Paint

Method

Null hypothesis
Alternative hypothesis
Significance level

N

StDev

Test for Equal Variances: Hardness versus Paint

All variances are equal
At least one variance is different

o = 0.05

95% Bonferroni Confidence Intervals for Standard Deviations

CI

Blend 1
Blend 2
Blend 3
Blend 4

Tests

Method

D G

3.36254
5.49970
3.72957
2.63641

(1.51614, 12.7760)
(2.78024, 18.6378)
(114839, 20.7504)
(0.55466, 21.4683)

Individual confidence level = 98.75%

Levene

Multiple comparisons

Test
Statistic  P-Value
= 0.305
1.69 0.201

UM 4.11.7 madwsnnmanareuaNidsysiu vesdeyaninaiaisi 4.31 dmsulusunsy

Minitab

INGUR 4117 1 Pavalte = 0,201, = 0,05 Saensu Hy s mmuulsusu

Y84 Hardness %89 Paint Wuu Blend 1, Blend 2, Blend 3uas Blend 4 vinfuegiail
Weddgvnaadia NszAutiuddgy 0.05

3) deyaluudaznqusisaudasyiu

Aimsveassaninsaniuauld nensdusetng Hardness 484 Paint luudaziuy

wmihnsveass Jsamnsnaguladn Hardness vos Paint w3 4 uuy Wudasedy
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Juil 1 Tdd Stat — ANOVA — One-Way a3ufl 4.11.8

[ Minitab - Untitied
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|| File Edit Data Calc Stat Graph Editor Tools Window Help Assistant

|

|88 %® -

Basic Statistics » [ ToOoN«L1M
Regression 4 dixlal e
] || fel e ms 8 B2
DOE * 5= Analysis of Means... One-Way il
Control Charts *|ath Balanced ANOVA... Determine whether the means of two or more groups
Quality Tools » General Linear Model | differ.
Reliability/Survival » Mixed Effects Model » RS
Multivariate »| £ Fully Nested ANOVA...
s Siins *| 4 General MANOVA...
Tables 4 5
Nonparametrics »| OF Testfor Equal Variances...
Equivalence Tests 3 M Interval Plot...
Powerand Sample Size  » | ¥ Main Effects Plot...
[ Interaction Plot...

a 2 o i) 44 o ¢ ) o Y L.
3UM 4.11.8 msldddaivedinTeirrmulsusiuwuutiasefer dmsulusunsu Minitab

WwUTINGUUWI9 One-Way Analysis of Variance ﬁdgﬂﬁ 4.11.9

Fi =)

One-Way Analysis of Variance.

L11”

[ B\ e L S 1)
| ddafdn \ T 0 e ) . R B

(=]

C1
Cc2
C3
C4

Paint
Hardness
Temp
Operator

Help

‘Response data are in one column for all factor levels _-'J
Response: I Hardness
Factor: Paint
Options... Comparisons... Graphs... l
Results... Storage...
oK Cancel

sun
u

4.11.9 ¥i1siN9 One-Way Analysis of Variance
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]
=i

o = % )
YUN 2 La@ﬂg‘dLLUU’U@Q‘UBHﬂquNWVIWﬁSU

lResponse data are in one column for all factor levels _'J

wenduusndesnsiinszauuususiuwuuiladoden ldlutes Response:
wenduusidesmsliidumsuunngy Talures Factor:

5 d =) '
QUi 3 AAN ﬂ’f_l

%Uﬁﬂgwﬁ'}ﬁha One-Way Analysis of Variance: Options ﬁdgﬂﬁ 4.11.10

One-Way Analysis of Variance: Options @
V¥ Assume equal variances

Confidence level: | 95 (for table of means and interval plot)
Type of confidence interval: |Two-sided EI

Help I oK Cancel

g‘lﬁi 4,11.10 w1919 One-Way Analysis of Variance: Options

Lﬁaﬂ V¥ Assume equal variances

gee
=)
B

WosmneanisnagevaguitnuudsUsauees
Hardness @4 Paint LUy Blend 1, Blend 2, Blend 3 uag Blend 4 1v11Au

LaInan _%K__J
{l'uﬁ 5 ﬂﬁﬂ gompansom...i

wUsIYMIwine One-Way Analysis of Variance; Comparisons $aguf 4.11.11



One-Way Analysis of Variance: Comparisons

Error rate for comparisons: I 5

Comparison procedures assuming equal variances

Results

V¥ Tukey
™ Fisher
I Dunnett

Control group level: la]end ;3
™ HsumcB

Best: ILargest mean is best

[ Interval plot for differences of means
¥ Grouping information
[V Tests

Help I oK Cancel

31J°7i 4.11.11 Wi#N9 One-Way Analysis of Variance; Comparisons

150

YUl 6 Comparison procedures assurning equal variarices [danfanffigasnisvaaay
Results @oNNaaNsTIAeIn1sIilans uaaan _Q_K_I

v 6w
WUTINONAANTAY

SUR 4.11.12

Y
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One-way ANOVA: Hardness versus Paint

Method
Null hypothesis All means are equal
Alternative hypothesis  Not all means are equal
Significance level o =005

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
Paint 4 Blend 1, Blend 2, Blend 3, Blend 4

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Paint 3 2817 93.90 6.02 0.004
Error 20 3124 15.60

Total 23 5938

Model Summary

S R-sq . R-sq(adj). R-sq(pred)
3.95012 . 47.44% 39.56%%, 24.32%

Means
Paint N Mean StDev 95% Cl
Blend1 6 1473 3.36..(11.37, 18.1Q)
Blend2 6/ 857 550 (5.20, 1193)
Blend3 6 1298 3.73 (9.62,16.35)
Blendd4 6 18.07 2.64 (14.70,21.43)

Potied StDev'= 3.95012

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Paint N. Mean Grouping

Blend4 6 1807 A
Blendl 6 1473, A B
Blend3 6 1298 A B
Blend2 6 . 857

Means that do not share a letter are Significantly different,

Tukey Simultaneous Tests for Differences of Means

Difference SE of Adjusted
Difference of Levels  of Means Difference 95% Cl T-Value  P-Value
Blend 2 - Blend 1 -6.17 228 (-12.55,0.22) -2.70 0.061
Blend 3 - Blend 1 -1.75 228 (-8.14,4.64) -0.77 0.868
Blend 4 - Blend 1 3.33 228 (-3.05,9.72) 146 0.478
Blend 3 - Blend 2 442 228 (-1.97,10.80) 1.94 0.245
Blend 4 - Blend 2 9.50 228 (3.11,15.89) 417 0.002
Blend 4 - Blend 3 5.08 2.28 (-1.30,11.47) 2.23 0.150

individual confidence ievel = 98.89%

v A oa ¢

sUN 4.11.12 wagwsarnmsidmduiediasizvinnuwlsusautuudadeian d1msu
TUsunsu Minitab
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NNFUA 4.11.12

$1319 Analysis of Variance
1diei1 P-value = 0.004 < , = 0.05 JeUfjias H, fatiu Aladeves Hardness Yo

Paint Uuu Blend 1, Blend 2, Blend 3 uag Blend 4 unnsaiuaeeies 1 g agni

WodAYn9ata Nszautl

gnudBdngy 0.05

nsiSsuLiisunau
ANNAFIY
Hy:p, =H;
H g #

o - ) I . o g
e i, j Wudeyanguini v3a j 1o 9 leefl i=;

#1324 Tukey Pairwise Comparisons

Blend 4~ Blend 2 1§71 Adjusted P-value = 0.002 < , "=.0.05 %'dﬂﬁhaﬁ H
Fatfu Anadeved Hardness 289 Paint LUy Blend 2 innssfudnadvos Hardness 84
Paint wuu Blend 4 agraiitfeid oy 1eadin Asvautudadty 0.05

lUsinsy R

© msldiuylu R Commander
7 & oy = ¢ PV —
A579§8UTaANAUUBIAUYRIVDINITAATIZIAIIMUSUSIURULTR S BIfEn
1) deyaluudasnaudaslinisuaniasuni

AUNRAF Y
. & =l a
Hy: daya Hardness finsusanuaiiuuuni
H: 4oua Hardness liilnsuaniasiuuuni
1 3
2 ' 1 1
Uil 1 19y Statistics —> Summaries — Test of normality fegUfl 4.11.13
‘R R Commander ‘*%?:‘*tmkwvf;; o [ =] B s
I‘ File Edit Data ]Statisiics Graphs Models Distributions Tools Help
(R Dataset] _ NS - [ £ <No active model> |
; Contingency tables Numerical summaries...

R Script |R Markda ~ Means *|  Frequency distributions..,
>

Proportions Count missing observations
Variances 4 Table of statistics...
Nonparametric tests » Correlation matrix...

Dimensional analysis » Correlation test...
Fit models 4 Test of normality...

<

JUN 4.11.13 nsldimduiennasunisuanuasund dwsulusunsy R
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UGN Test of Normality é’dgﬂﬁ 4.11.14

‘R Test of Normality =]

Variable (pick one)

Operator ]

emp =
MNormality Test
() Shapiro-Wilk
@ Anderson-Darling
) Cramer-von Mises
() Lilliefors (Kolmogorov-Smirnov)
© Shapiro-Francia Nurmber of bins
() Pearson chi-square for Pearson chi-square <auto>

Test by groups.ﬁ

‘ @He!p ’ ’ %Reset ] f ‘O‘K § “ Cancel

J # Apply ’

SUT 4.11.14 wiieina Test of Normality 91903a9NA15797 4.31

U

p 24
s < s

i a v - H . .
WA 2 1FanFnlsNfeInsneasunIsuankasung luges Variable (pick one)

. = & v aady by © o J QK
Normahty Test [BDNEDAFWARVIADINTNAADU WAIAGEN

WUTNRAENER13UN 4.11.15

> normalityTest (~Hardness, test="ad.test", data=Dataset)
Anderson-Darling normality test

data: Hardness
A = 0.53996, p-value = 0.1488

JUN 4.11.15 wadwsanarsldmdufienagaunisuanuasund waa%’aa‘gamﬂm‘mﬁ 4.31
dwsulusunsuy R

9N7UR 4.11.15 16 Pvalue = 0.1488 > , = 0.05 Jewensu H, duy Toya
=

° @ aa o

Hardness 484 Paint finsuanuasuuuunfeeeiifeddymeada Assduoddey 0.05

kY =l

2) dayaluusiazngudosinauudsusiuwindy
AN Hy 0how =02

I
Blend] = O Blend2 = O Blends = Blends

H,: o} #0° edwlles 1 gdwiu i =
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= s
Tael O ptonat WNUATINUUTUTIUYDS Hardness 984 Paint wuu Blend 1
O hrengz WMUALUUSUSIUYDS Hardness 483 Paint wuy Blend 2
O ptengs WUAINULUSUTIUYDS Hardness 189 Paint Uy Blend 3

O ptenas WAUATIMLUTUTIUYDS Hardness 984 Paint wuu Blend 4

ED) H,: awdsusiuves Hardness ¥84 Paint wuu Blend 1, Blend
2, Blend 3 ua Blend 4 wihriu
H, : puudsUsiunes Hardness 484 Paint wuu Blend 1, Blend
2, Blend 3 ua Blend 4 luiwihiuagatloy 1 ¢

'
s

mu‘i‘i 1 T9@nda Statistics — Variances — Levene’s test ﬁ'ﬁgﬂ‘ﬁ 4.11.16

File E

@

R Script

dit Data [Statisics| Graphs _Models Distributions Tools Help - N\
‘! Summaries 4 - o WSS
Data set: sex_ del: | % <No-active model
a set: | CotMmney b [) View dataset|  Model: | X <Noactive mo Fﬂ
Means 3
Proportions »

Two-variances F-test...
" Nonparametric tests » Bartlett's test...
r Dimensional analysis ¥ |

Fit models 4

m

1

s

N Y . Pl 2l Tl e Al /e 2 8 NV W e & & f ’

.

T 4.11.16 mslidduienaaeuniuudsusm dmiulusunsy R

& 1 U A
WUIINGMIWI Levene’s Test Aagun 4.11:17

: N, ST WL "
(R Levene's Test @

Factors (pick one or more)  Response Variable (pick one)

Operator
emp
Center
(® median
() mean

!—E;p] [ 4 Reset of OK [ ¢ cancel

T
|

{ (’ Apply Ty

JUM 4.11.17 vitheing Levene’s Test YOeUDYAIINANTIT 4,31
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oA
at

uin 2 @enduusideanistibusmduunngu lutes Factors (pick one or more)

Wonfuusisiasmveaasuauulsusiu Tuties Response Variable (pick one)

o oK

@ median

Center @an WaIAAN

wUsINguAGHERIFUT 4.11.18

> with(Dataset, tapply(Hardness, Paint, var, na.rm=TRUE))
Blend 1 Blend 2 Blend 3 Blend 4
11.306667 30.246667 13.909667 6.950667

> leveneTest (Hardness ~ Paint, data=Dataset, center="median")
Levene's Test for Homogeneity of Variance (center = "median")
Df F wvalue Pr(>F)
group 3 1.6899 0.2012
20

= Y v o a = =
Ui 41118 wadwSaanslirmdaunenaasuamudsusau vadiayaanansned 4.31
dwmiulusunsu R

1nUR 41118 Ldifn Pvalue = 0.201 57, (= 0.05 Segandu H sy Ao
wUsUTIUYed Hardness 984 Paint WuU Blend 1, Blend 2, Blend 3 wae Blend 4 winfu

]
=

pgiltudfiynneata Navsiudadidty 0.05

£

3) dayaluurazngudeadudsaseiu

u

Avimsnaaesanianuauls Tnonisaniating Hardness 484 Paint luusiazuuy
wwihnseaes Isanunsoaguladn Hardness U4 Paint ¥is 4 wuu (Judaseiu
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=y ¢ at o
N1531A9189RAMNLUTUS U UV UL ALY
O ﬂ'!‘i’l’z’fl,mﬂu R Commander

Yuit 1 14Ads Statistics — Mean —> One-way ANOVA #a3uil 4.11.19

‘R R Commander — O X
File Edit Data | Statistics Graphs Models Distributions Tools Help
- Summaries 4 S
@ Data 5et.[ Soriingencytable. ¥ set| @V‘ew dati sit Model: | £ AnovaModel.1
R Script R Markdo Single-sample t-test...
Proportions 4 Independent samples t-test...
Variances > Paired t-test...
Nonparametric tests » One-way ANOVA...
Dimensional analysis »|  Multi-way ANOVA...
Fit models b [
" Submit |
Output g |

ﬂﬁ 4,11.19 ms’[«zﬁﬂwamwmms’uvumwmmiﬂﬂmm‘uﬂwamsn dusulusunsy R

WwUTINYGMIIH19 One-Way Analysis of Variance fagui 4.11,20

D i"t-——*" Iy 8 F /RALALIRLIELIRLARNY |  d 1IN ey 3 ] 7_
i b 4 i - |

‘R Om: ha Analysis/of Varisfice

Enter name for model: IAnwaModel.‘l l

Groups (pick one) Response Variable (pick one)
Operator
emp >

Pairwise comparisons of means
[] Welch F-test not assuming equal variances

| @ | | b w26 conct | [ 6 o |

‘Llﬁ 4.11.20 ¥i#19 One-Way Analysis of Variance

¥ o ) a v v ) ' 1 i
Ui 2 @enduusieeanstiludsuunngu Tdlutes Groups (pick one)
dendiuusidenislinsizdnuuususiuwuutadeiien ldluges Response

Variable (pick one)
Ban Pairwise comparisons of means Lﬁmﬂ%ﬂULﬁﬂUWﬂQm

o oK

Waman
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> AnovaModel.l <- aov(Hardness ~ Paint, datas=Dataset)

> summary (AnovaModel.1l)
Df Sum Sg Mean Sg F value Pr(>F)

Paint 3 281L.7 93 .9 6.018 0.0043 **
Residuals 20 312.1 15.6
Signif. codes: 0 '***' Q0,001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

> with(Dataset, numSummary(Hardness, groups=Paint, statistics=c("mean",
+ "Sd")) )

mean sd data:n
Blend 1 14.733333 3.362539 6
Blend 2 8.566667 5.499697 6
Blend 3 12.983333 3.729567 6
Blend 4 18.066667 2.636412 6

local ({
.Pairs <- glht (AnovaModel.1, linfct = mep(Paint =
print (summary (.Pairs)) # pairwise tests
print (confint(.Pairs)) # confidence intervals
print(cld(.Pairs)) # compact letter display
old.oma <- par (oma=c{0,5,0,0))
plot (confint (.Pairs))
par (old.oma)

"Tukey") )

+ 4+ + + + + + 4oV

o

Simultaneous Tests for General Linear Hypotheses

Multiple Comparisons of Means: Tukey Contrasts

Fit: aov(formula = Hardness ~ Paint, data = Dataset)

Linear Hypotheses:
Estimate Std. Error t value Pr(s|t])

Blend 2, - Blend 1 == 0 -6 . W& 2.281 -2.704 0.06047
Blend 3 - Blend 1l ==.0 sl 7 B\0 2.281 -0.767 0.86816
Blend 4 - Blend 1 == 0 3. 328 2.281 1.462 0.47787
Blend 3 - Blend 2 == 0 4,417 27T28Y 1.937  0.24500
Blend 4 - Blend 2 == 0 9.500 2 . 2810 47.166 < 0//0023 [ *
Blend 4 -.Blend 3 == 0 5.083 2.281 2.229 0.14958
Signif, ‘codes: 0 f‘***' 0,001 F**2 0,01 '¥0405 ', 0.1 ' 'sL

(Adjusted p values reported -- single-step method)

Simultaneous Confidence Intervals

Multiple Compariscons of Means: Tukey Contrasts

Fit: aov(formula = Hardness ~ Paint, data = Dataset)

Quantile = 2.7978
95% family-wise confidence level

Linear Hypotheses:

Estimate lwr upr

Blend 2 - Blend 1 == 0 -6.1667 -12.5473 02139
Blend 3 - Blend 1 == 0 -1.7500 -8.1306 4.6306
Blend 4 - Blend 1 == 0 3.3333 -3.0473 9.7139
Blend 3 - Blend 2 == 0 4.4167 -1.9639 10.7973
Blend 4 - Blend 2 == 0 9.5000 3.1194 15.8806
Blend 4 - Blend 3 == 0 5.0833 -1.2973 11.4639
Blend 1 Blend 2 Blend 3 Blend 4

"a.b " ngn Ilabll' lFbll

JUW 4.11.21 madwsannisliasigianuuususiumuuiiaduiien dmsulusunsy R




158

9N3UN 4.11.21 laiAn P-value = 0.0043 < , = 0.05 JeUias H, sy Anade
Y93 Hardness 489 Paint wuu Blend 1, Blend 2, Blend 3 wae Blend 4 uan@19riuagig
ey 1 ¢ egafitduddgmeana Aszdutuddny 0.05

msIsuliisunyan
AuNRgIY
Hy:p =H;
Hp+u,

4' A V) oA . A : o i
We 4, j \Uudeyangui i vse j 1o 9 lnefl i/

Blend 4 - Blend 2 l¢ifin Adjusted P-valte =-0.00231 < , = 0.05 3sufjias H,

P ANLRAYTDY Hardness U84 Paint wuU Blend 2 uansnefudaadeves Hardness 984
& 1 =l o o Q - o & s s 0 L7
Paint WUU Blend 4 pgnsiidudAnynisadia Asesiuteddty 0.05

aqU

A197°99 4.32 NMSUSBULTEUNAaWEIINNINAAaUNISLIALITUNG (NSTms1giAnL
wUsUsuwuvtaseien)

TUsunsy Minitab Tusunsu R
Anderson-Darling 0.540 0.53996
P-value 0.149 0.1488

= I w & v 4 ! H
INAIT1994.32 WU WadwsIInlusunsy Minitab ey R 1#dY Anderson-Darling
uay P-value . filndiAgany Fsannsauanamiiensadildmiiouiu dude doya
Hardness ¥84 Paint #iAskanuasuuvdng

M15199 4.33  nsiSguiisunadwiannnisvaaounuulsUsiy (MSIiAsEviANY
wUsUsIUUUTaTELRea)

TUswnsy Minitab TUsunsy R
Levene 1.69 1.6899
P-value 0.201 0.2012

INATNA 4.33 WU HaaNSIINTUTUNTH Minitab uaz R 1@A1 Levene way P-
value 7lnalAseiy Feanunsawlaninununeynsadnlawilousy Tuie AuLUsUsILYeY
Hardness 284 Paint wuu Blend 1, Blend 2, Blend 3 wag Blend 4 winfu
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A197199 4.34 MsiSeuiisunadnsannnisiassiauwUsUs LU Ut ELEen

TUswns Minitab TUswnsy R
F-value 6.02 6.018
P-value 0.004 0.0043

INAITNN 4.34 WU HaaWSINTUTHASU Minitab waz R 1a@n T-value wag P-
value 7lnalfssiy Faunsaulamnununenisadaliuilouiu Tuie muwlsUsIuTes
Hardness 984 Paint Wuu Blend 1, Blend 2, Blend 3 wag Blend 4 winfu

] a a Y = P
M19719% 4.35 ﬂ'ﬁL"LJﬁEJ'UW]EJUNaaWﬁ"ﬂqﬂﬂ']'iL'UiEJULWEJUWVJ@m

P-value TUsunsu Minitab | Iusunsu R
Blend 2 - Blend 1 0.061 0.06047
Blend 3 - Blend 1 0.868 0.86816
Blend 4 - Blend 1 0.478 0.47797
Blend 3 - Blend 2 0.245 0.24500
Blend 4 - Blend 2 0.002 0.00231
Blend 4 - Blend 3 0.150 0.14958

NRT199 4.35 WU HadwsINLUSIHASU Minitab wag R 1dan P-value ilnalAes
(Y= aal v v oA i &l .
AU AU TUUAAINNNEN AT R IAnilouiy Tufe AwaYYes Hardness 984 Paint
WUV Blend 2 uanaNNUAILRae99 Hardness 184 Paint wuy Blend 4

4.12 n5ARTinusUsUTINLUYERsdats (Two-Way ANOVA)

MsuaTeAuRUsUTIULUVde st de (T nsAnudndnave sl sdass vsem
wUsiuveliady 2 /i fuikusmuiiesdifier muauidgmuiinvualy lnefinnsiiases
AMNLUTUsIUNUUassladuaninsafnudvinavassiudsdasevaanedn wazdaanunse
Anwrdvsnasinszninsfulsdassieaesiane Imaﬁﬁ"nmiéaizLﬂu%agaL%aﬁmmw 7l
TuunsanduszAunioUseinneg q wagimuUsmaududeyaiBeUsunm Fam15797 4.36 672
wusdasuiudoyaviinvadlane Tnsuvaduvied 1, 2 was 3 Jagariarluniswn wuaduy
100 W1¥ 150 w9 way 200 wdi uagimunusmududeyamuudewedans

aumaﬁqu HU:(Tﬂ)HOO :(Tﬂ)IISO:(rﬁ)]200:'“:(rﬂ)3200:0
H,:(zf),#0 dwiu i, j sgradoy 1 e
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[5Gl (%), WndvEWaTImvaslanewilnd 1 uazarlunisun 100 wait se

Auudavedlany
a o [} a o =l !
(rﬂ)nso wnudvswasmvetlavesila 1 uazailunisid 150 unil sie

Auudavetlavy
(46) 5 wrudvisWaTmvalavzaiind 1 uaziaalunisien 200 Wit de

Auudsvedlans
(78),, Wnudviswasmvadlavyiindt 2 uaziaailunisien 100 wiil de

AuLdevedlany
(48),,,, wudvnwasiuvadlansadent 2 uaziarlun1sun 150 wnil sie

ANULTIvDalany
- - " =) A = 1
(r/fi’),,00 unuBusnaTINvedlavzatan 2 taziaailunisien 200 U fe

Auudaveslany
(7)., wnrdvdwasiuaslansailad 3 uazialunisiea 100 unit sle

Anuavedlany
= a I = A = 1
(28)5, WuBvEnas v laveyling 3 uasnailupisin 150 Wit sle

arndwedans
= o 1 Lo d = 1
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M13199 4.36 Mogrsteya (Feyaauud) AlFlunsiiasevmniususuiuvasstads

Row | MetalType | Strength | SinterTime
| 1 23 100
2 1 20 100
3 1 21 100
4 2 22 100
5 2 19 100
6 2 20 100
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A15199 4.36 fedudeya [eyaauud) Mdlunsieseimuulsunuwuuasstod (so)

7 19 100
8 18 100
9 21 100
10 22 150
ilh 20 150
12 19 150
13 24 150
14 25 150
15 = 150
16 20 150
17 19 150
18 22 1507
19 18 200
20 18 200
21 16 200
22 21 200
23 23 200
24 20 200
25 20 200
26 22 200
27 24 200
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‘fi File Edit Data Calc Stat |Graph Editor Tools Window Help Assistant
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Probability Plot of Strength
Normal - 95% ClI

Percent
3

Mean  20.67
StDev 2130
| N 27
AD 0.350
P-Value 0.447
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Test for Equal Variances: Strength versus MetalType

Method
Null hypothesis All variances are equal
Alternative hypothesis At least one variance is different
Significance level a = 0.05

95% Bonferroni Confidence Intervals for Standard Deviations

MetalType N StDev Cl
1 9 217945 (1.24771, 5.18659)
2 9 198606 (1.16946,4.58518)
3 9 1.87824 (1.00204, 4.79642)

Individual confidence level = 98.3333%

Tests
Test
Method Statistic - P-Value
Multiple comparisons — 0.891
Levene 0.07 0.8930

3UN 4.12.7 nadwdannnasldidaienaaeumnunlsusiuvestaneyia 3 giln  dwdu
TUsunsy Minitab

9N3UR 4,127 18E Pvalue = 0.930 > @ = 0.05 Fewaxy H, o aan

a - Y Wi o w

wUsusiuveslaneaiiain 1, 2 uway 3 whivegsiifeddymeaiia Asviuieddey 0.05
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Tuit 3 v 1 uay 2 edenduusidesnmslidumduunnguiidu ldluges
Factors: Aa3U# 4.12.8




Test for Equal Variances
Cl1  Row |Response data are in one column for all factor levels EI
C2 MetalType
Cc3 Sh’ength Response: | Stren th
C4  SinterTime i 8

Factors:
SinterTime
Options... l Graphs... I
Results I Storage... I
oK I Cancel l

3UN 4.12.8 wileing Test for Equal Variances vasdiayarianlunsiun

Ui 4 Aan oK

Ree

U InguadWERIgUT 4.12.9

167

Test for Equal Variances: Strength versus SinterTime

Method
Null hypothesis All variances are equal
Alternative hypothesis At least one variance is different
Significance level a =005

95% Bonferroni Confidence Intervals for Standard Deviations

SinterTime N StDev Cl
100 9 1.58114 (0.89202, 3.81830)
150 9 2.12786 (1.21381, 5.08202)
200 9 2.58736 (1.55001, 5.88413)

Individual confidence level = 98,3333%

Tests
Test
Method Statistic  P-Value
Multiple comparisons — 0305
Levene 0.83 0.448

SUN 4.12.9 nadnsannsidmduiionaaauninuulsusiureaialunisiunra 3 12an

d1nsulusunsy Minitab
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General Linear Model: Model

Factors and covariates: Add terms using selected factors, covariates, and model terms:

Interactions through order: |2 ﬂ Add

Cross factors, covariates, and terms in the model Add

Qefault] XI &' >

Terms in the model:
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General Linear Model: Strength versus MetalType, SinterTime

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

Factor Information

Factor Type Levels Values
MetalType Fixed 3 qA:2.3
SinterTime  Fixed 3 100, 150, 200

Analysis of Variance

Source DF  AdjSs AdjMS F-Value P-Value
MetalType 2_go@0.7 20 bBsibitsl 4.20 0.032
SinterTime 2 8222 41N 1.71 0.209
MetalType*SinterTime~ 4  46.222 " 11.556 4.80 0.008

Error 18 43.333 2407

Total 26..118.000

Model Summary
S R-sq - R-sg(adj) R-sg(pred)

1.55158.63.28% 46.96% 17.37%
Coefficients
Term Coef SECoef T-Value = P-Value - ViF
Constant 20.667 0.299 69.21 0.000
MetalType
1 -1.000 0422 -2.37 0.029° 1.33
2 1411 0.422 263 0.017 133
SinterTime
100 -0.333 0.422 ~0.79 0440 1.33
150 0.778 0422 1.84 0.082 1.33
MetalType*SinterTime
1100 2.000 0.597 3.35 0.004 1.78
1150 -0.111 0.597 -0.19 0.854 178
2 100 &l - Vil 0.597 -1.86 0.079 1.78
2150 11T 0.597 1.86 0.079 1.78
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® nsulasquanwuzvyesdaya NanadauaduLUsUTIULALALATIZHAINY

wUsUsrunuudasade

Fuil 1 19611 Data — Manage variables in active data set — Covert

numeric variables to factors ﬁﬂgﬂﬁl 4.12.15
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R Script R |

Output

New data set...
Load data set...
Merge data sets...

Import data
Data in packages
Active data set

Manage variables in active data set

v B A R 4

File Edit | Data | Statistics Graphs Models Distributions Tools Help

t@ V;ew dataset Model: | X < No active model >|

L

Recode variables...
Cempute new variable...

Add observation numbers to data set

Standardize variables...

Bin numeric variable...
Reorder factor levels...

Drop unused factor levels...
Define contrasts for a factor...

Rename variables...

Delete variables from data set ...
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WUINYMIIAN Convert Numeric Variables to Factors flaguiil 4.12.16
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e
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J x C_ancel
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il 2 Jonfusiideantsulainndnvazvasdoya lures Variable (pick one or

more)

Factors Levels laonAudnuuzvasaya udinan

o OK

wUsIngradwsRegUil 4.12.17

> Dataset <- within(Dataset, {
+ MetalType <- as.factor(MetalType)
+ SinterTime <- as.factor(SinterTime)

+ 1

UM 4.12.17 maawamnms’l:ummLwaLLuaaﬂmaﬂmeuawaua dwmsulusunsu R
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{?u'i'?i 1 14id1ds Statistics — Summaries —> Test of normality ﬁagﬂ‘ﬁ 4.12.18

‘R R Commander

File Edit Data

@ Data set: .

R Script R Markdg
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- O X
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Summaries

Contingency tables
Means

Proportions
Variances

Statistics Graphs ~ Models

Nonparametric tests *

Dimensional analysis *

l_ Fit models

»

Active data set
Numerical summaries, ..
Frequency distributions...

Z <No active_ﬂ*a_c:dglﬂ

Count missing observations [
Table of statistics..
Correlation matrix...
Correlation test...

Test of normality... ’
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5U" 4.12.18 nsldedaionaaaunisuaniasund dmdulusunsy R

wUIINGWTiwing Test of Normality faguil 4.12.19
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R Test of Normality @

Variable (pick one)
Row

Normality Test

(O Shapiro-Wilk

(® Anderson-Darling

() Cramer-von Mises

O Lilliefors (Kolmogorov-Smirnov)

(O Shapiro-Francia o
Number of bins
O Pearson chi-square for Pearson chi-square
Test by groups... ]

e ——

- @ Hep V¥ 4 rea) o oK ﬁ cann] a | f# Aol

gﬂ‘ﬁ 4.12.19 w1679 Test of Normality maa%’azﬂamnmmﬁ 4.36

Y o a W o Y a | X ,
VUN 2 @eNmIulsineINImna@aunIskanLIaUns Tuzes Variable (pick one)

_Jox

=

Normality Test idanidondiafiang aansnaaay uaipan
WUTINNAANSAIFUN 4.12.20

> normalityTest (~Strength, test='ad.test", data=Dataset)
Anderson-Darling normality test

data: Strength
A = 0.34968, p-value = 0.4475

i s g oo P = =
Ui 4.12.20 madwsannslédidaiennaaunisueniastni veadoyainanaed 4.36
dmiulusunsu R

MU 4.12.20 1A P-value = 0.4475 > & = 0.05 Fawensu H, sy pruds

o/ [

vaslavziimsuanuasuuuunfedaifudfigneada Aseduoddey 0.05

2) Yoyalundazngudasiinaamlsusauwintuy

— enrid
ANNFFIY Hy:0} =0; =0
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E Contingency tables * e W A | R, iy Seimorchidadbuindciol]
RScript RMarkdg Means ¥
Proportions L4
Two-variances F-test...
Nonparametric tests » Bartlett's test..
Dimensional analysis ¥ | EEESUELERREES
Fit models 4 2
o | 4% Submit ]
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JU# 4.12.21 psldmdanenaaeunnuudsusiu dmvsulusunsy R

WUTINgWIENT Levene's Test Miguil 4.12.22

b O P 4 ANTA g

B Levene's Test

Factors (pick one or more)  Response Variable (pick one)
Row

SinterTime

Center
® median
() mean

(=]

@ror | | Gres |[ S0 || Rma

|

I & Aoply |

U 4.12.22 mif1sing Levene’s Test vasdayaviiavadlany
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& o & w P v v o ] | .
ui 2 1Fendudsisieansliusiduunngu ludes Factors (pick one or more)
denfuusiiseansvaaauauulsusiu ludes Response Variable (pick

one)

o oK

Center ion @ median 4030
WUTINYHATWEAIFUN 4.12.23

> with(Dataset, tapply(Strength, MetalType, var, na.rm=TRUE))
1 2 3
4.750000 3.944444 3.527778

> leveneTest (Strength ~ MetalType, data=Dataset, center="median")
Levene's Test for Homogeneity of Variance (center = "median")

Df F value Pr(>F)
group 2 0.0732 0.9296

24

UN 41223 nadwsemnsldddsianedouniiuuusuniuveslanesis 3 vda dwiu
Tsunsu R

NGUT 4.12.23 'd Pvalue = 09296 > @ = 0.05 Setenst B fafu aam

9 a e/ .

5 - 1 u I o e = a A o
wlsUsuzalanens 3 adla winduseailedidymaads nIgaulEaIAgy 0.05

AuNRgI ) e A
H,: 6] #0] otwiloy 1 d AmsU i#)

Taedi ok WnEATULUSUTILYaIAT luAISN 100 Wi
o, WNEANLUSYsTUTaT TUATSING 150 Uil

o o WALANLUTUTINYBIETlUMSLEN 200 Ui

VED H - anuulsusiuvasaanlunisienia 3 1an wihiu
H : anuudsusiuveananlunmswina 3 1ian livihdueg
1

ey 1 ¢

3 = o Il! 5 a s v v e o I v o [}
WA 3 vhdriuil 1 uay 2 leeidenduusidieanishidusduunnguindu Tudes
. Y =
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‘R Levene's Test

Factors (pick one or more) ~ Response Variable (pick one)
MetalType + Row

Center
(® median

(O) mean

| e [T e | b

JUT 4.12.24 e Levene’s Test vasdayanalunisin

WUINGHASWSHIGU 4.12.25

> with(Dataset, tapply(Strength, SinterTime, var, na.rm=TRUE))
100 150 200
2.500000 4.527778 6.694444

> leveneTest (Strength ~ SinterTime, data=Dataset, center="median")
Levene's Test for Homogeneity of Variance (center = "median")

Df F value Pr(sF)
group 2 0.8315 0.4476

24

JUT 4.12.25 wadnsaannisldidnienndaunianudsusiusasianlunisieana 3 van
dwmiulusunsu R

MNGUT 4.12.25 1R Pvalue = 0.4476 5 '@ = 005 Fewouu H fafu mny

aa @/ o

wUsUTwwesnalunswnie 3 iaa whiueereditadidemneain Asvdutuddey 0.05

3) doyaluusiasngusouludaseiu
dvihmsvaassannsaauauld lnensquiegrwiinvedlansuagiatlunisien lu
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wUTINGWIENT Multi-Way Analysis of Variance faguiil 4.12.27
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Factors (pick one ormore) Response Variable (pick one)
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@] | ke [[To ][ coce ] A roey |

31]‘7'{ 4.12.27 yiee Multi-Way Analysis of Variance

]
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of OK
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> AnovaModel.l <- lm(Strength ~ MetalType*SinterTime, data=Dataset,
+ contrasts=1list (MetalType ="contr.Sum", SinterTime ="contr.Sum"))

> Anova (AnovaModel.1)
Anova Table (Type II tests)

Response: Strength
Sum Sgq Df F value Pr (>F)
MetalType 20.222 2 4.2000 0.031843 *
SinterTime 8.222: 2 L.7097 0.209372
MetalType:SinterTime 46.222 4 4.8000 0.008208 **
Residuals 43.333 18
Signif. codes: g PeeaT 0,001 Meed 0 01 tEF Q.05 TV 0Ll Y QL
> with(Dataset, (tapply(Strength, list(MetalType, SinterTime), mean,
+ na.rm=TRUE))) # means
100 150 200

21.33333 20.33333F 1933333
20.33333 23.6068589”" 21.33383%
19.33333 2083833 23-00000

3%}

with(Dataset, (tapply(Strength, list(MetalType, SinterTime), sd,
na.rm=TRUE))) # std. deviations
100 150 200

LS o

1.52758% 1.528#5325
1.527535 T.52%5238
1.5275250l . 584525

1.154701
1.527525
2.000000

xtabs (~ MetalType + SinterTime, data=Dataset) # counts
SinterTime

MetalType 100 150 200

. 3 = 3

2 3 < 3

3 3 8 8

>

ﬁl o i o n'l A a a o a/
JUN 4.12.28 nadwsannnsliddauielinsaiaouidsusauuvuanstiady dwdulusunsu R

0.008208 < & ‘= 0,05 FsUfias ) fadu 1
35N lang1e 3 vilauaginallunIsang 3 Lal sornuudedane agned

sutdeddy 0.05 3tlidndufasimsiinseidvinavewraztasuse

ﬁ]'m“ijﬂ‘ﬁ 4.12.28 1aA1 P-value
ENa
GG

()]

a
Y

AR N5
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gsu

b

A197°97 4.37 MIUSBUTBURAANEINAITNAABUNISLINKIIUNR (N1 IASIEAIY
wUsUsMUUatade)

1UsKN5U Minitab TUsunsy R
Anderson-Darling 0.350 0.34968
P-value 0.447 0.4475

MNP5NH 4.37 Wi wadnwsanlusunsu Minitab way R 16 Anderson-Darling
waz P-value NnaLABINY Faanuisauvaninunuienieaddlawilousy Tufs AuLdves
Tanedin1suaniaauuuns

M15197 4.38 NsiUSuBURRaNSIINNITNAAUALLUTUSIL (N5 IATIERAY
wUsUsuLuUanIlITe)

TUsunsu Minitab TUsunsu R
¥ - Levene 0.07 0.0732
Taneia 3 viln :
P-value 0.930 0.9296
y Levene 0.83 0.8315
VATUM TG 3180
P-value 0.448 0.4476

4=1 U 7 g £, v
NPT 4.38 WU WaaNsIIlUSHASYE Minitab. wag R 1AAd Levene uay
P-value NlnaiAeeiu @saunsontamiumnevieadalamilousy duie auuususiuess
Tavzolaf 1, 2 waz 3 WY Lagasilsusivvesnaluniswnya 3 uan Wiy

A157197 4.39 N15SEUILURAENEIINNITIATIEMANILUSUS T uRLvdastla Sy

TUsASY Minitab lusunsy R
F-value 4.8 4.80
P-value 0.008 0.008208

NAITNN 4.39 WU HAaNSIINTUSUATY Minitab  waz R laan F-value wa
P P v ot aay ¥ oA Iy o ada a |
Pvalue #lnalAseny dearuisawdamnuvuienisainlawmilousy duis I5nsnadau
F8I19lanene 3 slianaziantunIswan 3 Lal seanunsselany
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4.13 uruniiwsla (Pareto)

wwugfinisly e 3esiiodmiunmsasnaeuilymisng q AAatulusadns Tnens
Unetgm anvnresdynn wserdnvesnuluaanadasiu uuwusuenUsean udaises
anuaudAgyvestayasnuinlunies Lﬁaﬁﬂmmﬂmmﬁlmpjﬁqm V3o anvnivinli
Wadgymiunniige wdwinisiarsauidywissanudiduanuuntossoll wazld
nsvdeUHaTitintuIInNsusluUfulg Sdnvazadefunsmuivdosalaunsy winds
fuiuievesdayanuuuinnuusuiidranasmud iy nannsveaunugidnsinlunis
USuuganmam Aemsmiudsiiidvsnasenmuniw (Quality Function) wazi1anmen
Fiawnederazenansenuiy fam1s19d 4.40 Judoyauszinnvesdaunnses  uag
WesiiusinudounwiowusiazUsziam

15199 4.40 dedndeyanlilunsasiunugiinsle

Row defect type percent of total
1 scratch : 10
2 OD Ding 30
3 scuff mark 35
a4 pits 10
5 blisters ]
6 particles 3
7 stains 2
8 bumps 5

1Usunsy Minitab

Juil 1 1einds Stat — Quality Tools —> Pareto Chart ffigui 4.13.1
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|| File Edit Data Calc stat Graph Editor Tools Window Help Assistant

Basic Statistics b [l ToON o Lap]
“I__—““_""‘ Regression '—__,:“ * F Q
S e ANON » |
| folBemz & B2| 3 ] 2]
DOE » N i} - +
|
Control Charts » “Q@..omﬁ[ﬁjmﬂ@]
|8 8| %@ - 24 Run Chart...
‘ Reliability/Survival QW] Pareto Chan S
Muhivnriate }| 3> Cause-and-Effect... _[Pareto chart
Tiftie Sees ’ M\ Individual Distribution Identification... Display defects in order of decreasing frequency to
Tables " prioritize improvement efforts,
) & Johnson Transtormation...
:Iunpalumet::s > Capability Analysis ‘
quivalence Tests 4 g
Capability Sixpack L
Power and Sample Size  » ﬁﬁf-a

il Tolerance Intervals (Normal Distribution)
,f"l Tolerance Intervals (Nonnormal Distribution)...

Create Attribute Ag| Analysis Worksheet.
2‘ Attribute Agreement Analysis...

@8 Acceptance Sampling by Attributes...
Acceptance Sampling by Variables >

[er Multi-Vari Chatt...
i Symmetry Plot...

= Vo _aip & 17 a o L) . %
37 4.13.1 msldmduneadsusnginstn dmsulusunsu Minitab

wUs1nguiiang Pareto Chart figud 4.13.2

IT O T sy O WPy o°
Pareto Chart LY AV st \& 4 :

Defects or attribute data in: ‘defect type'

Frequendes in: | 'percent of total'  (optional)
BY variable in: I {optional)

& Defaultall orisne graphysams drdenng of bars)
" Oneqroup peraraphiysame orderng of Bars
€ One grouprper gbaphy indepéndentardering of bafs

"~ Do not combine

Select

[ e ]
Help |

{+ Combine remaining defects into one category after this percent: | 95

Cancel

31J°7'i 4.13.2 ¥4 Pareto Chart

1%
L =4 v

o =l o ' . :
i 2 Wendudsiliuiuusnunn lalutes Defects or attribute data in:

donsuwdsiilusmuusuiunm Tdludes Frequencies in: udandn _ x|

WU UASWERFUR 4.13.3
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Pareto Chart of defect type
100 - - 100
80+ - 80
g
P 60 -60 E
o 7
2 o
c [
v o
v - 40
(]
o
=20
o , Lo
defect type scuffmark OD Ding pits scratch - blisters  bumps Other
percent of total 35 30 10 10 5 5 5
Percent 35.0 300 10.0 10.0 50 5.0 50
Cum% 354 65.0 75.0 85.0 90.0 950 100.0

5U# 4.13.3 waawamnms‘lﬁmaqLwaamuwunuwnﬂm #1115UlUsuAsY Minitab

= | e = =
INFUN 4.13.3 devenwsesusziny scuff mark iugummnyhiandagvnunniian
Femsusudsaudusudivusn sevauniedeusnnsestselnn OD Ding, pits Wae scratch
LR

lUsunsy R

o mslduylu R Commander

$ufl 1 1deds Tools — Load package(s) fguit 4.13.0

I Nt 7 S ) =
File Edit Data Statistics Graphs ‘Models “Distributions Help -
Ho active model>

@ Data set: I <No active dataset:l

- L Load Remdr plug-in(s)...

R Script |R Marl:downl ;T:or?c:dr options

Install auxiliary software...

U 4.13.4 msliddadiolvanufinine dwsulusunsu R
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wUsINYVIGN4 Load Packages ﬁqgﬂﬁ 4.13.5

‘R Load Packages (2]

Packages (pick one or more)

o

m

o K || 98 cance

3Uﬁ 4.13.5 613 Load Packages

D

) = o 4 n Ju W AT 5 X 8 .
UYUN 2 LGaNUANLNT gec IWBLUEUANEY “pareto.chart()” wannan e

IR

$uit 3 \Teudds
attach(Dataset)
defect<spercent.of total
names(defect)<<defectitype
pareto.chart(defect)
AU R Script ﬁqgﬂﬁ 4.13,6

N\ Py OO AT > 77

(= =]r=]

‘R R Commander
File Edit Data Statisties “Graphs/ dodels Distributions Tools Help~

@ Dataset:| || Dataset [_{_‘ Edit data saq [E@t View datﬂqse?] Model: |_I <No active modeI>J
R Script |R Markdown

attach (Dataset)
defect<-percent.of.total
names (defect)<-defect.type
pareto.chart (defect)

| - , —

Qutput " Submit

1 = o n') dl a o al
sUN 4.13.6 mmaumaqLwaa%'mmuquwwﬂm dwsulusunsu R

U




¥ o a { =g Submit
YUN 4 AaN
wUTINHaaNSHagY

70137

185

> attach (Dataset)

> defect<-percent.of.total

> names (defect) <-defect.type

> pareto.chart (defect)

Pareto chart analysis for defect
Frequency Cum.Freq.

Percentage Cum.Percent.

scuff mark a5 e 1= 35 35
OD Ding 30 65 30 65
scratch 10 75 10 75
pits 10 85 10 85
blisters 5 90 s 90
bumps 15 95 5 95
particles 3 98 3 98
stains 2 100 2 100
Pareto Chart for defect
o
O — e O
T ._F_,_;—'—"
2
o‘”’#
Q
o8 § | /
*
*
5 o\
w
®
=3
o
o
L =
N
= (@) € 2] W w w w
ST e e s
= 0 v iz = = L
= 0 @ o 0 © >
o O O
(7

50% 75% 100%
Cumulative Percentage

25%

0%

JUT 4.13.7 naawsonmiadsuddsieainunugiinists dwmiulusunsy R
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a ) | o Ya P
NFUN 4.13.7 dovannseadszian scuff mark Wuanugivihliifedyuiniiae
FamsuSulgulududuusn sesmanfedeusnniesssian OD Ding pits was scratch
AUEINU

aqU

1. wadwsanlusunsu Minitab wag R Idawesiduduasilofifusazauviniu

2. U Y Meiueweamadnsnluswnsy Minitab asduandedidud lusmsilusunsy
R WWumUasidudazay

3. unu X Yasradnsanlusunsy Minitab fiuanuszinnuostounnses assudaunndes
Usyin particles 3 wag stains 2 \Ju Other 5 Tuvaigdilusunsu R szuanadu
particles 3 WA stains 2 FazBanda

4.14 A15IATIZVAINEINITOVRINTEUAUNTT (Process Capability Analysis)
NMsIAIEAINAINIsAYeIRsTUILNTS AulRTesilen1vadATiddy Feldluns
AIvANLAZNITUUUTInsEUIUNsKAR Tt iduiadesiielunisasivasusdu
ATUANNNIAYOINTEUIUNIHAR LiORAITUTIINTEUIUNTIHART AT MAIN ST AR FUAN
lanudarimunvesgndmislal uisnszuruntsfiranigansalunisndananiusiioglu
seouwinls Mamsne 4.22 Wudoyalesifud Vield Tneiiiasnfnua (USL) wihiu 1.3 was

-l o

AnAmane (LSL) wianu 1,26

TUsunsy Minitab
Yui 1 19ends Stat — Quality Tools — Capability Analysis — Normal AagUN 4.14.1
T8 Minitab - Untitied L W U SO A LES1L W o 1T . o 7
|| File Edit Data Calc [Stat Graph Editor Tools Windew (Help_ Asistant & ) T 1
Basic Statitics [T o e lat]
‘:[—~—_ Regression "«" =\ Vo,
e ANOVA X [ o™ 7
:::tmlchms jo@s0e s n NaElmn \° 7 4
>3 @ % | #%Run Chart.
SN Reliabilty/Survival » [ Pareto Chart...
Multivari » | 3% Cause-and-Effect..
ﬂr\”lndmduﬁw_‘—' W- i

Time Series |
Tibieg " & Johnson Transformation...

S '|_I i
Equivalence Tests 3 -

|
i >I§N Htren .. Normal
[l Tolerance Intervals (Normal Distribution)... |||H W‘f N ___| Determine how well your process output meets customer
m Tolerance I istribution)... . Muttiple Variables (Normal)... requirements when your data are reasanably normal.
e R L —
EB Creste Attribute Agreement Andlysis Worksheet,. | il Binomial..
i Poisson...

& Attribute Agreement Analysis...
@ Acceptance Sampling by Attributes...
Acceptance Sampling by Variables 4
les Multi-Vari Chart..
i Symmetry Plot..,

JUN 4.14.1 mslddauiiolinssinnuanusavesnssuiuns dmsulusunsy Minitab

wusINgniinen Capability Analysis (Normal Distribution) fagudl 4.14.2



=b

Capability Analysis (Normal Distribution)
Data are arranged as Transform...
{~ Single column: |
Estimate...

Subgroup size: I—__

(use a constant or an ID column) ;.pﬁfls;_
{+ Subgroups across rows of: st i

Yield -
Lower spec: | 1.26 [~ Boundary
Upper spec: ] 1.3 [~ Boundary
Historical mean: | (optional)
Historical standard deviation: | (optional)
oK
Help Cancel

3‘Uﬁ 4.14.2 vitising Capability Analysis (Normal Distribution)

,ﬁ"uﬁ 2 \Bon {+ Subgroups across rows of:

\AENFILUINADINISAATIERANANNS DU IEUIUMS talutiaq
nmunadngeusulel Taludas Lower spec:

o 1 al at [}

muadngegangensula laludes Upper spec:

3 ﬂaﬂ Options...

187

UGN Capability Analysis (Normal Distribution): Options ﬁaguﬁ 4.14.3

Target (adds Cpm to table): I

Use tolerance of K x o for capability statistics K = IG

Perform Analysis Display
¥ Within subgroup analysis " Parts per million
¥ Overall analysis (¢ Percents

i+ Capability stats (Cp, Pp)
" Benchmark Z's (o level)

[~ Indude confidence intervals

Confidence level: l 95.0
Confidence intervals: ITWD-SidEd vI

Tite: |

Help | oK | Cancel |

R Ui ey D ST T B o 2z
Capabn[rtyAnalysns {Normal Dn&r'butmn):optmns . \ 3

gﬂﬁ 4.14.3 w914 Capability Analysis (Normal Distribution): Options



p 7
af

U

gﬁve
=n.

@
=

=b.

ﬂﬁﬂ Storage...

#1 4 Perform Analysis \dpn ¥ Within subgroup analysis | 5, M Overallanalysis

Display \dan © Pereents | oy & Capabiity stats (Cp, Pp) | &1 LJ
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wUIINUUWINe Capability Analysis (Normal Distribution): Storage ﬁ'ﬂgﬂﬁ‘ 4.14.4

Capability Analysis (Normal Distribution): Storage

™ variable name

W LsL

[ iS*
[T Target
[T Target*
v usL

[ usi*

¥ Mean

[T Mean*

¥ Sample N

v StDev (Within)
[~ sthev (Within)*
v StDev (Overall)
[~ stDev (Overal)*

HE'D‘

¥ Cp or Z.Bench

[™ Lower bound for Cp or Z.Bench
™ Upper bound for Cp or Z.Bench
¥ CPLorZ.LSL

¥ CPUor Z.USL

v Cpk

[~ Lower bound for Cpk

I~ Upper bound for Cpk

™ ccpk

v Cpm
[~ Lower bound for Cpm

¥ Ppor Z.Bench

I~ Lower bound for Pp or Z.Bench
™ Upper bound for Pp or Z.Bench
¥ PPL or Z.LSL

¥ PPU or Z.USL

¥ Ppk

[T Lower bound far Ppk

[T Upper bound for Ppk

[2]

Observed Performance
|¥ PPMor % < LSL

¥ PPMor % > USL
¥ PPM or % Total

Expected "Within" Performance
¥ PPMor % < LSL

V¥ PPMar % > USL

¥ PPMor % Total

Expected "Overall” Performance
¥ PPMor % < LSL

¥ PPM or % > USL

¥ PPM or 5% Total

[T Bor-Qoman

Johrson Transfarmation
I~ Distributiory bype

I Firstéhape

F Secand shape

[ toration

[ Seale

ok | Cancel |

g‘d‘ﬁi 4.14.4 miw¥ Capability Analysis (Normat Distribution): Storage

WUTINYHATHTAS

sUf 4.14.5

Y
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Process Capability Report for Yield

LSL USL
| Process Data P B Overall
LSL 1.26 i - — — Within
Target % | e R
usL 13 g Overall Capability
Sample Mean  1.30394 | Pp 0.17
Sample N 88 ! PPL  0.36
StDev(Overall) 0.040252 | i PPU  -0.03
StDev(Within)  0.0258365 | ; Ppk  -0.03
i Cpm *
i Potential (Within) Capability
i Cp 026
i CPL. 057
;‘ CPU  -0.05
: Cpk  -0.05
|
=

12787 1R%0>. 1425 5000 <1575

Performance !
Observed Expected Overall Expected Within
% < LSL 341 13.75 4.45
% > USL 53.41 53.90 56.06 |
% Total 56.82 67.65 60.51

' » v e AL
JUN 4.14.5 uadwsannisldduiiadiasisiarinauisavasnssusunis dmsulusunsu
Minitab

mﬂ'gﬂ*?i 4.14.5 1Ad Cp = 0.26 4AAINTEYIUMIAINENIANsoeawUUTLfuIn
Tuvnugdl Cpk' = -0:05 Bafleshinda) Cp = 0.26 Uamsiinasuusansgurunssailalyl
willeuffuiisenwuuly uaziflefatsaneswuia Cpk- fananaaann CPL wansinnsususa
nsvvIuNsIiansBesialunaevesdinas Sudafiesanaiedevesnszuiunis fe
1.30394 azwuiniirgendaninarsan deidafu 1.28 defumngasnsusulsedn cpk
annsavilalaenisusuannszuiumsasluBnidntes

TUsunsu R
A1997t 4.41 61”3a&iN‘ij’m&aﬁlmumﬁLﬂﬁmﬁmmmmmmaamsmumi dwmsulusunsy R
Row Yields AverageMovingl | AverageMoving2 | Sample
1 130.40% 128.44% 128.21% 1
2 126.47% 127.98% 128.81% il
3 129.48% 129.64% 129.86% 1
4 129.80% 130.08% 129.17% 1
5 130.35% 128.26% 128.13% 1
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M1519% 4.41 ﬁ’aaa}w%’ayaﬁl*ﬂumﬁm51sﬁmmmmsmmnwmumﬁ dwsulusunsy R

(#19)
6 126.17% 128.00% 128.85% 1
7 129.82% 129.70% 129.68% 1
8 129.58% 129.66% 128.79% 1
9 129.73% 127.93% 128.25% 1
10 126.13% 128.58% 128.71% 1
11 131.02% 128.85% 127.47% 1
12 126.68% 126.09% 127.49% 1
13 125.49% 128.90% 130.07% 1
14 132.31% 131.24% 130.70% 1
15 130.16% 130.16% 129.85% 1
16 130.16% 129.54% 129.03% 1
17 128.92% 128.51% 128.30% 1
18 128.10% 128.08% 128.52% 1
19 128.06% 128.96% 129.96% 1
20 129.86% 130.96% 130.95% 1
21 132.05% 130.94% 131.04% 1
22 129.83% 131.14% 131.10% 1
23 132.44% 131.07% 129.91% 1
24 129.69% 128.76% 128.51% 1
25 127.82% 128.26% 128.99% 1
26 128.70% 129.71% 129.93% 1
27 130.72% 130.15% 129.85% 1
28 129.58% 129.56% 129.20% 1
29 129.53% 128.85% 128.81% 1
30 128:17% 128.77% 128.54% 1
31 129.37% 128.31% 127.98% 1
32 127.24% 127.66% 128.41% 1
33 128.07% 129.16% 129.13% 1
34 130.24% 129.11% 129.41% 1
35 127.98% 129.72% 129.87% 1
37 128.60% 125.60% 126.32% 1
38 122.59% 127.04% 129.47% 1
39 131.49% 131.91% 132.03% 1
40 132.32% 132.15% 132.20% 1
41 131.98% 132.25% 132.90% T
42 132.51% 133.55% 132.85% i
43 134.58% 132:15% 131.61% 1
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M1319% 4.41 fregndayanitlunmsiniginiuansavesnseuiuns dmsulusunsy R

(s10)

a4 129.72% 131.06% 131.74% 1
45 132.40% 132.02% 131.90% 1
a6 132.44% 131.38% 131.25% 1
a7 130.31% 131.13% 131.45% 1
48 131.94% 131.78% 131.88% 1
49 131.61% 131.99% 131.10% 1
50 132.36% 130.22% 130.41% 1
51 128.07% 130.61% 131.33% 1
52 133.15% 132.04% 131.40% 1
53 130.939% 130.75% 130.87% 1
54 130.57% 130.99% 130.95% 1
55 131.41% 130.91% 131.17% 1
56 130.40% 131.43% 131.55% 1
57 132.45% 131.67% 131.63% 1
58 130.88% 131.59% 131.96% 1
59 132.29% 132.33% 132,16% 1
60 132.37% 131.98% 131.16% 1
61 131.59% 130,34% 129.73% 1
62 129,08% 129.13% 137,32% 1
63 129,17% 145.52% 146,24% 1
64 161.87% 146.96% 139.76% 1
65 132.05% 132.56% 130.44% 1
66 133.07% 128.31% 127.66% 1
67 123.55% 127.01% 128.24% 1
68 130.46% 129.47% 129.56% 1
69 128.08% 129.65% 130.52% 1
70 130.81% 131.40% 131.22% 1
71 131.98% 131.04% 130.94% 1
72 130.09% 130.84% 130.16% 1
73 131.59% 129.48% 129.11% 1
74 127.37% 128.74% 130.68% 1
75 130.10% 132.62% 132.51% 1
76 135.13% 132.41% 131.39% 1
77 129.69% 130.37% 130.57% 1
78 131.04% 130.78% 130.40% 1
79 130.51% 130.03% 129.99% 1
80 129.54% 129.95% 130.04% 1
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:i L2 1 }2 X -y o L7
M1519% 4.41 mamwa;&aﬁi’ﬁumﬂLﬂswﬁmmaﬁmimaaﬂ'ismumi dmsuluswnsy R

(#9)
81 130.35% 130.14% 130.60% 1
82 129.92% 131.07% 130.85% 1
83 132.22% 130.64% 129.65% |
84 129.05% 128.66% 128.27% 1
85 128.27% 127.87% 128.86% 1
86 127.47% 129.84% 130.24% 1
87 132.21% 130.64% 129.85% 1
88 129.06% 129.06% 129.06% 1

wuewg: alildnadwsiieuminiulusunsy Minitab

(Moving Average)

O M51suAIasly R Commander

®  N1SANUIATEDRYBINISIASIZVAIIUFINITOVDINSZUIUNTS LUSLEZ812

(Overall Capability)

Suil 1 1ds Tools = Load package(s) ﬁ’qgﬂﬁ 4.14.6

=3 o o | = = i
FWINNITAIUIALRALIAFOUT

R Script |R Markdown

Options...

= Qe LY IY Y ] Too |-y
® Roommander > 3§ Koo Y RS \C B p © pels
File Edit Data -Statistics Graphs Models - Distributions - Help P o
@ Data set: ( I <No attive dataset:vl " Edit data set l[ ad mdr pIugin(sJ... No-active model>

Save Remdr options...

Install auxiliary software...

| »

1 Yo w 0w
JUT 4.14.6 msldrdaielwaauiining dmdulusunsu R

asUTINgmi1eing Load Packages faguiil 4.14.7
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‘R Load Packages @

Packages (pick one or more)

RColorBrewer H
Repp

RcppEigen

RDCOMClient -

&) Help ‘ of oK ‘ 98¢ cancel

g‘th‘f’i 4.14.7 w9 Load Packages

¥
s

= F 4 = a = o i« » «“ ”
YUN 2 L@NUWNALNT gec IWaBuANds “gec.groups()”, “qgec ()" uay

K

“process.capability()” Laagn
Suit 3 Weunds

attach(Dataset)

Yield <- gccigroups(VYields,Sample)

q <- gec(Yield,type="xbar’, nsigmas=3, plot=FALSE)

process.capability(g, spec.limits=c{1.26,1.3))

890U R Script AygUil 4.14.8

€N 7. A SNEGIT T SRS g7
‘R RCommander . = Ny == N E
File Edit Data Statistics Graphs Models Distributions- Fools=Help 4 V" & .
@ Dataset:L Dataset ‘:/Edltdatauset“fg Vimdm@ Modek{!*:Noactive model>|
R Script |R Markdown
-~
attach (Dataset) FE
Yield <- gcc.groups(Yields, Sample)
g <- gcc(Yield, type="xbar", nsigmas=3, plot=FALSE)
process.capability(q, spec.limits=c(1.26,1.3))
+ [ P : s .
Saud -
Output ‘% Submit

d' =l o n'J dl = s (-] s
JUN 4.14.8 M5 8UAIEANDTLATIZHAINENNITOTINTEUIUNITIUTE 81 dInsy
TUswnsu R




Y o o | deg Submit
wﬁctﬂaﬂ

wUINguAdNERIgUT 4.14.9

U
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Process Capability Analysis

for Yield
L STargeSL
]
[

L] I l.:r = \_\

- 7 1{

i K L

: ." ]

= \

. ; i \

: ;f I 5

1} ' 1

o ! f

04 3

¢ . I \-\
‘ | Y
¥ ! b
Lt o) \
;Jlf ' L\
X V | &
-1 : — N <—i1
T | [ 1 [
1.2 13 14 15 16
Number of obs =88~ Target=128 Cp =0.165 Exp<LSL 14%
Center = 1.303939 LSL=126 - Cp_I =0.363 Exp>USL 54%

StdDev = 0.04036492 USL =13

Cp_u=-0.0325 Obs<LSL 3.4%
Cp_k=-0.0325 Obs>USL 53%
Cpm =0.142

JUN 4.14.9 wadnsannmadigudidauiioiinszinuansovesnszuiunsluszeze

amsulusunsy R
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®  msAuIMAERRYEINITIATIEEANETINNSaYRINTEUIUNS TusT B Y
(Potential (Within) Capability)
it 1 Foudds
attach(Dataset)
Yield <- gcc.groups(AverageMoving2,Sample)
q <- qcc(Yield, type="xbar", nsigmas=3, plot=FALSE)
process.capability(q, spec.limits=c(1.26,1.3))
89UY R Script ﬁqgﬂﬁ 4.14.10

‘R R Commander

(= [@=]
File Edit Data Statistics Graphs Models Distributions Tools Help
(R Dstaset| Dataset | | kdit dataset]| [ View data set] - Modek | % <No active model]
R Script |R Markdown

-~

attach(Dataset)
Yield <- gcc.groups (AverageMoving2,Sample)
q <- gcc(Yield, type="xbar", nsigmas=3, plot=FALSE)
process.capability(qg, spec.limits=c(1.26,1.3))
4 88 = Bosn Hrli LNV A i geoscmmi ey gl 22 B 8§ |’

Qutput

d' =l o q‘/ d‘ a '3 uy.z ] s
31]’” 4.14.10 NMMSLYYUANEIUNDILATIEHRAIINAIHITOVDINTEUIUNSIUTSUS AU AU
TUsunsy R

pUTINgradWSRIFUN 4.14.11




Process Capability Analysis

for Yield
LSL Target USL
: 1 ‘
.lll"f I‘k"
; A
i '*II
of \\\
& L
- | A Tl ' —
7 T | - ]
125 1.30 132 140 1.45
Numberof obs =88  Target=128 Cp =0261 Exp<LSL4.3%
Center = 1.303914 LSL=1.26 Cp_| =0.573 Exp>USL 56%

StdDev = 0.02555477 USL=1.3

Cp_u=-0.061 Obs<LSL 0%
Cp_k=-0.051 Qbs=USL 50%
Cpm =0.19

196

FUT 4.14.11 naawsannn1slsudiduinedinngiaduaunsaveinsguaunslussogdu

dwsulusunsu R

23U 4.14.11 16 Cp. = 0.261 iamenszuaumiasananiimseeniuuithifinn
Tuwnig?l Cpk = -0.051 Faflesnin Cp- = 0.261 uAnTIMIUIURINSEUILNNSS LAl
wiloufuoanuuuly uazilofinsanaenudn Cpk fanduan CPL uansinnnsusuds
nsrvaumsiinnsidesilunisrnvesdinans Fudlefinnsanaadsvesnssuiuns e
1.303914 szwuinilangeninfsnansaiun Jefiandu 1.28 ﬁqﬁuwnnﬁaanﬁ‘sﬂ‘%’uﬂqqm Cpk
ansnildlasnisusuannssuiunisasiudnidnidey
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CEL

AN 4.42 NS HUEUNAaNSDINATIATIEFAINLEINSOUBINSEUILATS

lUsunsu Minitab | Tusunsu R
LSL 1.26 1.26
Target = 1.28
USL 1.3 1.5
Process Data Sample Mean/Center 1.30394 1.303939
Sample N/Number of obs 88 88
StDev(Overall) 0.040252 0.04036492
StDev(Within) 0.0258365 0.02555477
Pp 7 0.165
PPL 36 0.363
Overall
N PPU <0.03 -0.0325
Capability
Ppk -0.03 -0.0325
Cpm Sy 0.142
Cp 0.26 0.261
Potential
_ GPL, 0.57 0.573
(Within)
K CPU -0.05 -0.051
Capability
Cpk -0.05 -0.051
% < LSL 3.41 34
Observed % > USL 53.41 53
% Total 56.82
% <LSL LTS5 14
Expected
Performance % > USL 53.90 54
Overall
% Total 67.65
% < LSL 4.45 4.3
Expected
) % > USL 56.06 56
Within
% Total 60.51

1. naildlamwuaAndwaneg (Target)

- TUsunsu Minitab azuaasantimneidu * Tuvaefilusunsy R 9gduluAl
LSL + USL

wWnunel 91n 2
- TUsunsu Minitab 9zuansdn Cpm 1y * Tuvasgilusunsy R duraditnels
~ Jauanadn Cpm
2. #1% < LSL w83 Expected Within #l#iaanlusunsu R = 4.3 finnumaiaadeuain
Tsunsu Minitab = 4.45
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3. TUsunsu R Liuansen % Total w89 Observed, % Total 984 Expected Overall uag %

Total w84 Expected Within Tuaaueilusunsu Minitab uans

4. nsmkadnsnlaanlusunsy Minitab A859U0153LASIERAINEILISOVRNSLUILNTSTY

‘5388&1']'3LLagﬂ’TﬁLﬂ‘i']ﬁﬁﬂ’;]']ll?l’l&ﬂiﬂ"ﬂBﬁﬂ'SSU’JUHWﬂUiEEJSﬁULﬂUﬂ’iWWLﬁEJ'Jﬁu Tuveg

NUTWATH R 98ianafiaznsnmIunIsIAs e

5. A1 Pp, PPL, PPU Wag Ppk 84015 3tAS1#MAINNAINI5A0INTEUINATTIUSE 881220
Tusunsu R azuanaliudn Cp, CPL, CPU way Cpk

4.15 msUsziliun1sindayauuuii (Attribute Agreement Analysis)
miUszdiumsindeyawuuiiv LwawmimmmmmF_JoLLammmmumawamwlmm

bl ﬂ’ii?ﬂlJﬂ’J’]ll’ﬂ'?ﬂéyE]EJNE}\WIE]ﬂﬁiﬂ’JUﬂJJLLﬁ‘”ﬂ’]iﬂiU‘U‘NﬂﬂJﬂ’]W‘U@Gﬂ‘io‘U')UﬂWiNﬂﬁl Tu
msamﬂmmwmaum’lummm '«uﬂ‘zm'l'sm'maauimaﬂﬁwmsmwamnmmmanwmu

AanmEvIalin N TanBaaignd e warluduruvdedadiundn o
msUszilunsindeyauuuiunsenisnsisasy vilalaenisAndendunuulssnu

15 4 30 Fuay ?z'iaihuuﬂl.i‘lui?}"gaEmﬁﬁasm‘ﬁ‘mmuLLau'LnJﬁaeiwifmw atgaz 1 Tu 3 uas
an1lus msLUwumuLmem Taeutaduanuiuounina (Marginal Conformlty) ey
FUUANS DALY (Marginal Nencoenformity) a&19agi97 9 nu mﬂuuauwuﬂmwmu
MsUseLliunanuinueldIUsENed 2 89 4 Ay NIATIANT AT IVEBUBENIHY Fap15797
4.43 LUu‘uauamammaawmuammwmmu 3 AU

A15199 4.43 é\"saéneﬁaa&aﬁl‘z’ﬂumsﬂixL:‘Jumﬁ'm'iIa:&aLLwﬁ’u

1St 15t 2nd 2nd 3rd 3rd
Row | Standard | Unit'| Appraiser | Appraiser.| Appraiser | Appraiser | Appraiser | Appraiser
Try 1 Try 2 Try 1 Try 2 Try 1 Try 2

1 P 1 F P P P F P
2 P 2 R P P P P P
3 F 5 F s F F P F
4 F q F F F F P F
5 F 5 F I F F F F
6 P 6 F P P P P P
7 P 7 F E B P P P
8 F 8 F F F F F F
9 F 9 E F F F P F
10 F 10 F F F F F F
11 P i1 F P P P P P
12 P 12 F P P 5 F P




A15190 4.43 dhegndeyanlilunsusadumsiadeyauuuiiu (de)
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13 F 13 F F F F p F
14 F 14 F F F F F 3
15 F 15 F F F F F F
16 P 16 p P P p P P
17 F 17 F F p p P P
18 B 18 F F F F P F
19 F 19 F B F F F F
20 P 20 p P P P P P
21 p 21 p p p p p F
22 F 22 F F F F F F
23 F 23 3 - F F F F
24 F 24 F 2 F F z F
25 p 25 P P p p P p
26 F 26 F F F F F F
27 p 27 p P p P P P
28 F 28 F F F F F F
29 P 29 P p p p p P
30 P 30 P F p P F F

LUsLnsu Minitab

Fuil 1 14ds stat— Quality Tools —> Attribute Agreement Analysis ﬁdgﬂﬁ 4.15.1

[ Minitab - Untitied
|| File Edit Data Calc [Stst Graph Editor Tooks Window Help Assistant

e Stcs ’ oellsauo, B O mOmER|MF -t 2l
(NG { | [ Tmoxomrﬁ
ANgg s oG e A S gé;'b'z'wa-nmwm-smvnq
DOE 3 ;
Control Charts »
IR - Ron Chart.
Reliability/Survival »| | Pareto Chart...
Multivariate ¥ | 3> Cause-and-Effect...
T pees *| M\ Individual Distribution Identification...
Tables 4 Y
. | %+ Johnson Transformation...
:"'f"'l"""’:" "I Capability Analysis v
quivalence Tests L4 e o
Capability Sixpack 3
Power and Sample Size 3 sl —
[l Tolerance Intervals (Normal Distribution)...
1 Tolerance e N I Distribution)
GageStudy 3
E& Create Attrib
& _
[ Acceptance Sampling by Attributes... Attribute Agreement Analysis
Accept; [ ling by Variabl Evaluate the consistency and accuracy of subjective
: = Lop ratings that are made by multiple appraisers,
[+2 Multi-Vari Chart...
il Symmetry Plot...

d:‘ 2 o w'! d‘ = a s Lo Lloy
JUM 4.15.1 msldeduiiensusuifiunisiadeyauuuiiu dmsulusunsy Minitab
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wUIINOUINGN Attribute Agreement Analysis ﬁagﬂﬁ 4.15.2

Attribute Agreement Analysis 23
Cl Row Data are arranged as Information. .. l
C2 Standard ™ Attribute column: |
C3  Unit Options...

C4 15t Appraiser Tr Samples: l e ]
C5 1St Appraiser Tr Graphs...
C6 2nd Appraiser Tr Appraisers: I

C7  2nd Appraiser Tr o Results...

C8  3rd Appraiser Tr {* Multiple columns:

€ ArdApaser T [ViSt Appraiser Try 175 Appraeer
Try 2

(Enter trials for each appraiser together)

Number of appraisers: ’ 3
Number of trials: ’ 5

Appraiser names (optional):

] LuRsuM Insaat shn

Known standard fattribute: I Standard (Optional)

[ Categories of the atiribute data are ordered

oK
Help Cancel

gﬂﬁ 4.15.2 vihsn Attribute Agreement Analysis

YU 2 @9 Multiple columns: LLaa:Lé'aﬂﬁ'JLLUiﬁLﬂuﬁ'ayaQ'wmaauﬁmm Taluaina
'la"-ﬁ'ﬂmugmﬁau Turas Number of appraisers:
I o g = 1 i
laswugiinaasy Tuaes Number of trials:
ldvafnaaeu Tutos Appraiser names (optional):
dendudsiudoyaunsgiu Tdlutes Known standard/attribute:

uﬁ 3 AAn InFormaton...l

wUsIngui1sn Attribute-Agreement Analysis: Information flaguit 4.15.3

e

Attribute Agreement Analysis: Informaticn @
Date of study: | 15/06/58

Reportedby: |k Sujitttras

Productname: | 99442671

Miscellaneous: | Defect after freezel

Help , oK Cancel

31]'75 4.15.3 #e Attribute Agreement Analysis: Information




]
=

tuil 4 ldswazBuntuiinaasy lutes Date of study:
ldFerfitnseridoya luges Reported by:
Tadenansnsiildvaaey luges Product name:
Id’ﬁa;‘{aé“'u'ﬁwamﬁamﬁmﬁu Tutas Miscellaneous: Waaman _OK_.J
Fuft 5 mdn .—_lopﬁ""s"'

ﬂsﬂiﬂﬂg%ﬁ’)ﬁi’m Attribute Agreement Analysis: Options ﬁﬂéﬂﬁ 4.15.4

Attribute Agreement Analysis: Options @
I Calaulate Cohen's kappa if appropriate
[ Display disagreement table

Confidence level: |95.0

Help | o Py ] Cancel

JUT 4.15.4 s Attribute Agreement Analysis: Options

D

QU 6 fvuasERUAIILYeu Tutns Confidence level: udaman _ﬂ‘___l

Juit 7 AaN _Reﬁ__l

avUsIngvineng Attribute Agreement Analysis: Results ﬁ’\%gﬂﬁ' 4.155

2

o e vy i s L 7 T N A " e v e Yo W &

AttriBufe Agreéement AhalySis: Rasette 5 4 P

Control the Display of Results
{™ Display nothing
+" Percentages of assessment agreement within and between appraisers
¢ In addition, kappa and Kendall’s (ordinal data) coefficents

Help oK Cancel

g‘ll‘ﬁ 4.15.5 #de Attribute Agreement Analysis: Results

oA
s

wﬁ' 8 &390 ¥ Percentages of assessment agreement within and between appraisers

v = o & s P
LAIAEN _f'.'f__J WUIMNHaaNsAIFUN 4.15.6

201
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Attribute Agreement Analysis for 1St Appraiser Try 1, 1St ... raiser Try 2

Gage Information

Date of study: 15/06/58
Reported by: K.Sujitttras

Name of product: 99442671

Misc: Defect after freezel

Within Appraisers

Assessment Agreement
Appraiser _# Inspected  * Matched Percent 95% CI

AT 30 25 83.33 (65,28, 94.36)
san 30 30 100.00 (90.50, 100.00)
s1lun 30 22 7333 (54.11,87.72)

= Matched: Appraiser agrees with him/herseif across trials.

Each Appraiser vs Standard

Assessment Agreement
Appraiser _#Inspected # Matched Percent 95% Cl

wAsTUM 30 24 80.00 . (61.43, 92.29)
ANTAM 30 29 96.67 (82.78,99.92)
511 30 20 - 6667 (4719, 82.71)

# Matched: Appraiser’s assessment across trials agrees with the kn'own standand.

Assessment Disagreement
Appraiser #P/F Percent #F/P Percent # Mixed Percent

LATUN 0 0.00 1 7.69 5 16.67
ARTARN 1 5.88 0 0.00 ) 0.00
§1un 1 5.88 1 7.69 8 26,67

=P /F: Assessments across trials = P/ standard = F.
= F/P: Assessments across trials = F/ standard = P.
= Mixed: Assessments across trials are notidentical

Between Appraisers
Assessment Agreement
#Inspected # Matched Percent 95% Cl
30 17 5667 (37.43,74.54)

= Matched: Al appraisees’ assessments agree with each other,

All Appraisers vs Standard
Assessment Agreement
# Inspected  # Matched Percent 95% CI
0 17 5667 (37.43,74.54)

= Matched: All appraisers’ assessments agree with the known standard.

' v & o o A a [y v o )
JUM 4156 madwsanmisliduiensussidiunsiadoyauuuiu dwiulusunsu
Minitab

agU

nsUssliunsindeyauuutiu amsedmsigiuulisunsy R 14
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4.16 N1IANUIUAIAIVDINITNARDULAZTYUIAABENY F1UFUNIITNAFBUAIMUBANAIIVDS
Ardndau 2 Uszyns (Power and Sample Size for 2 Proportions)
NSATUINAIFIUBINITNAFDURALTUINAIDENE ANUSUNISNAADUAULANAIIYDIAT

dndru 2 Uszwns iensiaaeuanuduwussening Maanimedou suiniiege way

dadunsiIguiiioy dnldreumafiufeyadwmiunsvaseuddadau 2 ngu ielviuule

Imaveaeuiivuinfiegneiifismes vieudsnsnaasuiiouugsmvaaeunduialy T

manadevazlideyadndiuvesussnsiiaule 2 nau uazindsesnisvaaey fansnei

4.44 Judeyadadiwveadeluiouliunay Weuwweu wazidmsvaasy

M990 4.44 fegeteyanldlunsdimnnwuiaiiedne dmsunismaaeuauunnineed
AdndIu 2 Useyang

b 0.0099
y2) 0.0203
Power 0.6, 0.7 waz 0.8

TUsunsu Minitab
Yuil 1 14 Stat — Power and Sample Size — 2 Proportions FagUi 4.16.1

Equivalence Tests

[ Minitab - Untitled Pa Sample Size for Estimation...
File Edit Data Cal [_S-ta?— Graph Editor Tools  Win ﬂ Sample Size for Tolerance Intervals...
"""""""""""""""""" &= Basic Skt >; AN ooz 7 dli
Regsgsston £) "i]l 1-Sample t...
SRS " 2-Samplet,.
P *| %\ pairedt...
Control Charts. SN B - BTy b ARy G -
Quality Tools » | & 1 Proportion...
Reliability/Survival » g oA
ity ke 3 hé 1~SamplgPufssonRate... Sflwer for Z Pyaghgtions
Time Series 4 ﬂ:i—?ample Pmsso:f.:t_.e“._.“.m Examine the relationship between power, sample size,
Tables » .1 TWitance.. and comparison proportion for a 2 proportions test,
Nonparametrics ¥ 40 2Variances...
13
»

! Equivalence Tests »

=~ One-Way ANOVA...

[T] 2-Level Factorial Design...

5 Plackett-Burman Design...
10 General Full Factorial Design...

ﬂl. Y o ﬂIJ d o s 1 -3 at 1 1 L7 1
5UN 4.16.1 nsldmduiemuinvuniiege dmsunmaaauauwanaIeIrdnaI
2 Useanng dwsulusunsy Minitab

wUsINGWINFe Power and Sample Size for 2 Proportions 13Ul 4.16.2



Power and Sample Size for 2 Proportions @

Sample sizes: |

Comparison proportions (p1): I 0.0093

Power values: [0.6,0.7,0.8

Baseline proportion (p2): I 0.0203

Options... I Graph... |

Help | oK ‘ Cancel I

gﬂﬁ 4.16.2 ¥wina Power and Sample Size for 2 Proportions

84 1 o e‘
UINYUUING Power and Sample Size for 2 Proportions PNFUN 4.16.2

Ff ~— DU rN/7E\NVR49<0 — AN
Power and Sample Size for2 Proportions =
Sample sizes: |
Comparison proportions (p1): | 0.0095
Power values: {0.6,0.7,0.8

Baseline proportion (p2): I0.0ZDS
Options. .. I Graph... I

Help | oK l Cancel l

JUN 4.16.2 wifwind Power and Sample Size for 2 Proportions

Uil 2 fvuae Comparison proportions (p1):
NYUAAT Power values:
AmuAA1 Baseline proportion (p2):
$uil 3 agn _Ovtons.. |
%U‘i’mgwﬁﬂsﬂ"m Power and Sample Size for 2 Proportions: Options ﬁqgﬂﬁ
4.16.3

204
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Power and Sample Size for 2 Proportions: Options @

&+ Less than (p1 < p2)
" Notequal (p1 #p2)
™ Greater than (p1 > p2)

Significance level: | 0.05

Help I oK I Cancel

Uit 4.16.3 wiieina Power and Sample Size for 2 Proportions: Options

U

¥ o i ¥ a
Wil 4 \FenATemuTpsENLRgauaden Udhaan o
WUTNYHATHERIFUN 4.16.4

Power and Sample Size

Test for Two Proportions

Testing comparison p = baseline p (versus <)
Calculating power for baseline p = 0.0203

o = 0.05

Results

Sample Target
Comparison p Size Power Actual Power
0.0099 991 0.6 0.600137
0.0099 1284 0.7 0.700149
0.0099 1700 08 0.800173

The sample size is for each group.

U 4.16.4 wadgwsannislddmduiiemuiasuinieds dmiunismedeuauuandig
VoIAAndIU 2 Usewns dmsulusunsu Minitab

mﬂgﬂﬁ 4.16.4 agleivurniiagiavinfu 991, 1294 wag 1700
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Tusunsy R
O M9TuAdslu R Commander
Uit 1 Woudds power.prop.test (n = NULL, p1 = 0.0099, p2 = 0.0203,
sig.level = 0.05, power = 0.6, alternative = c( "one.sided")) aduu R Script
Tnodsuddadu usudsuaidmesnisnasy (Power) Wy 0.7 uag 0.8 &
5UT 4.16.5

R R Commander - O X
File Edit Data Statistics Graphs Models Distributions Tools Help

*Q Data set: | T

R Seript R Markdown

jataset>] |  Editdataset |[&) View dataset| Model: | £ <No active model>|

power.prop.test (n = NULL, pl = 0,0099, p2
8ig.level = 0.05, power = 0.6, alternative

0.0203,
c( "one.sided"))

power.prop.test (n = NULL, pl = 0.0099, p2
s8ig.level = 0.05, power = 0.7, alternative

0.0203,
c{ "one.sided"))

power.prop.test (n = NULL, pl = 0.0099, p2
sig.level = 0.05, power = 0.8, alternative

0.0203,
c( "one.sided"))

A

ug, Submit |

Output

l:l o Q‘J 4 o L 1 Q .2 1 1
JUN 4.16.5 MITBuAFUROAININIUINRIB1 dIUSUNITNAGEUAILULANA19VDIAT
dnaiu 2 Usens dmsulusunsy R

o
s

Uil 2 YIWaUSAQUANAIVNA AIUT 4.16.6

‘R R Commander — O X
File Edit Data Statistics Graphs Models Distributions Tools Help

,R Data set: | || <No active dataset;; [ /" Edit data set | ‘ @ View data setm | Model: |

R Script R Markdown

Output : “‘GSmeﬂ !

3UT 4.16.6 vhuaumaquAduiefInwInfeE1e SMTUNTNAZEUANLANATITBIA

godiu 2 Userans Nanae
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Y o o | 48 sobmi |
Juil 3 pan | et |

AzUsInguadnEfgUR 4.16.7

0.0203,
c( "one.sided"))

> power.prop.test (n = NULL, pl = 0.0099, p2
+ sig.level = 0.05, power = 0.6, alternative

mnn

Two-sample comparison of proportions power calculation

n = 990.6294
pl = 0.0099
p2 = 0.0203
sig.level = 0.05
power = 0.6
alternative = one.sided

NOTE: n is number in *each* group

> power.prop.test (n = NULL, pl = 0,0099, p2 = 0.0203,

+ sig.level = 0.05, power = 0.7, alternative = c( "one.sided"))
Two-sample comparison of proportions power calculation

1293.488

n =
pl = 0.0099
p2 = 0.0203
sig.level’= 0.05
power = 0.7
alternative = one.sided

NOTE: n is number in *each* group

> power.prop.test (n = NULL, pl = 0.0099, p2 = 0.0203,
+ sig.level .= 0.05, power = 0.8, alternative =c( "one.sided"))

Two-sample comparison of proportions power calculation

£ = 16989.\1's5
pl = 0.0099
P2 =0.0203
sig.level = 0,05
power = 0.8
alternative = one.sided

NOTE: n is number in *each* group

d L7 =l o ﬂ:’ | L] s 1 o s 1
JUN 4.16.7 nadnsa1nn 15 lsumduiomuiaundiagny dmunIsvnaeuALLANATg
YouAdndIu 2 Usewnng dwsulusunsy R

NGUT 4.16.7 axldounndaatnaviviu 990.6294 . 991, 1293.488 . 1294 uaz
1699.155 ~ 1700
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M15199 4.45 NS UEURAANEINNITAIUINTUIAFIDEN ANUSUNTNAGBUAIULANGAS
YDIANENEIU 2 UTEUINg

TUsATH Minitab

TUsunsu R

Sample Size

291 990.6294 ~ 991
1294 1293.488 = 1294
1700 1699.155 = 1700

PNANTIN 4.45 HaansaNLUTHNTY Minitab waz R Idvuiaseg1silnaifesiu a9
msmuuaiiegn mlarndyanalevazdeslatuiale Seirlivuameteilaainisass
TUsunsUWInAY

4.17 UWHUAINAIINSERY (Scatter Plot)
WHLAINNITNTZAE WERTIAduRLSvsdaNanilauaenad 0l (Corresponding

Y

Data) Favngtistayaiunulsinnimeudeaiu ussndunisiaviatudoyaoaniu 2 vda

k%3 =1

= s d b} s
TnedeyailfaufutoyaBasiun dwised 420 Dudeypaampiuazusesulnit

Lﬂj N3y Minitab

1 19613 Graph = Scatterplot ﬁdgﬂﬁ 4.17.1

¥
o

YUN

{ Minitab - Untitled
|| File Edit Data Calc Stat|Graph Editor Tools Window Help Assistant

@000 NEoEn &)l ) .
0 X Lyl

”n E|§‘\;o I

| — %27
-
i B e S T = Examine the relationship between a Y-variable and an

[£4 Marginal Plot.. | X-variable,

Scatterplot

il Histogram...

“#  Dotplot..

iE" Stem-and-Leaf...

[s# Probability Plat...

| Empirical CDF...

"\_ Probability Distribution Plot...

-~

i Boxplot...

Interval Plot...
Individual Value Plot...
[> LinePlot..

ER

[.I_ Bar Chart...
“D Pie Chart...

[P\ Time Series Plot...
|&8 Area Graph...

‘ Contour Plot...
() 3D Scatterplot...
@ 3D Surface Plot...

4.17.1 Mslmduioas 1NN ImNIsnTEae dsulusunsy Minitab

o
un
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WUSINUUEN Scatterplots ﬁ'ﬁ‘gﬂﬁ g.17:2

Scatterplots

With Regression

Simple With Groups ~ With Regression  and Groups

il el

With Connect  With Connect

1
Hep | o P camcel

7 2 \@on With Connect Line waaaan

sUf 4.17.2 vieing Scatterplots

oK

wUsngieias Scatterplot: With Connect Line Waguin 4.17.3

209

Scatterplot: With Connect Line |73
Ci  Temp | Yvariables| X variables| ~
C2 Voltage 1 |Voltage Temp |:F
2
3
| 4 -
<3
6
? -
Scale... Labels... Data View...
Multiple Graphs... Data Options...
Help I oK Cancel

gﬂﬁ 4.17.3 A9 Scatterplot: With Connect Line
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¥ o = 'Y a v @ | . .
YUN 3 LEONAILUTNADINITASNUEUNINAITNTEE Taluead Y variables way X variables
waAan oK
WUTNYHATNTAIIUN 4.17.4

LY

Scatterplot of Voltage vs Temp

25-

20-
@
[=)]
% 15
=

10

& V\’/
200 250 300 350 - 400 450 500
Temp

= v g o wid w o w -
JUN 4.17.4 wadnsannsldmdaieadisununinnisnssate dwsulusunsy Minitab

NN 417.4 usasiulriesuusideuldifiegumgiliudeuld anmnsneSuleléan
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‘R R Commander

R Script R Markdown

@ Data set: Daté

File Edit Data Statistics | ( G;a;hs] Models Distributions

Tools Help

Color palette...

Index plot...
Dot plot...

Qutput

Histogram...

Density estimate...
Boxplot...
Quantile-comparison plot...

E Model: | £ <No active model>

Plot discrete numeric variable...

Scatterplot matrix...
Line graph...

XY conditioning plot...
Plot of means...

Strip chart...

FUR 4.17.5 msldamdaneasnununinnsnsyae dmsulusunsy R

Bar graph...
Pie chart..,

|9 s |

Save graph to file

AwUsngniieng Seatterplot faguil 4.17.6
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R Scatterplot

Data Qptions

x-variable (pick one) y-variable (pick one)

emp
oltage

Plot by groups... ’

Subset expression

| <all valid cases> l

1{@5Hvelpﬂﬁ} ' 4);{eset:

</ oK

d

' * Ca:cel ’ f_ f‘ A-ppl;—E

gﬂﬁ 4.17.6 wsia Scatterplot

& o o ) oy v 1 : <
YUN 2 BoNAILUTIRBINMTATIUNUNNANINSTEI Tdlutios x-variable (pick one)

Way y-variables (pick one) waaman
o & =
wUNNaINERAIIUN 4.17.7

o OK
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Voltage

> scatterplot (Voltage~Temp,

+

data=Dataset)

regLine=FALSE,

smooth=FALSE, boxplots=FALSE,
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4.18 uWunigealaunsu (Histogram)

LquﬂuaaImmiu ﬂmmunmmummam“ 1/1LLﬂmdﬂ’}l’lﬂJﬂQJWUﬁi”WﬂW@NaLU‘H
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Tnefudsidenanin  Fansned 4.1 Wudeyaifeafuimindeu-nds uazwesidudnis
gudeivastuiieanmsudidu

Wsunsy Minitab
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Uil 1 196 Graph — Histogram @fagﬂﬁ 4.18.1

[ Minitab - Untitled
|| File Edit Data Calc Stat [ Graph Editor Tools Window ~Help Assistant

H o ,,L?L"f,i y | &« i_ Scatterplot...
J "'———] ., |53 Matrix Plot...
|#". Bubble Piot...
[Z4 Marginal Plot...
A TR\ N4
5,
T Dotplot... Histagrarn
D Stem-and-Leaf.. Examine the shape and spread of your data by using bars
i,;_:‘ Probability Plot... to show the frequency of data within each Interval. Works
best with moderate to large samples (n > 20},

|~ Empirical CDF..,
'\, _Probability Distribution Plot...

¥ Boxplot...

|3 Interval Plot...

i! Individual Value Plot...
[> LinePlot..

[nll Bar Chart...
“) PieChart...

[P\ Time Series Plot...
|84 AreaGraph...

B Contour Plot...
0 3D Scatterplot...
@# 3D Surface Plot...

3Ui 4.18.1 nsldddaitoairaunugisalaunsy dmsulsunsa Minitab

awUsIngmiieng Histograms faguil 4.18.2
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U 2 1aan Simple w&AdN

Histograms
Simple With Fit
With Fit and
With Groups Groups
Help oK

&

Cancel

E‘Uﬁ 4.18.2 Wi1914 Histograms

AwUTINGUIIR Histogram: Simple ﬁagﬂﬁ 4.18.3
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Histogram=Simple

C1
Cc2
C3
C4
C5
C6
7
Ccs8
C9

. - 2hr

uu. wiaChilled <2 hr
%eDrip loss= 2 hr
. L5ueu- 4 hr
un. naa Chilled 4 hr
%Drip loss=4 hr
Uu.LEN 6u-6 hr

uw. Ma1 Chilled -6 hr
%Drip loss- 6 hr

Graph variables:
'%Drip loss- 2 hr'
Scale... Labels... ! Data View...
Multiple Graphs... Data Options... i
oK Cancel

2/
o =

LaImAaN -

YUN 3 LE9NMIL

sUN

Y

ot

oK

4.18.3 M6 Histogram: Simple

sUsnguadnsfagUT 4.18.4

Usideamsainaunugfisalouwnsu ldludes Graph variables:
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Histogram of %Drip loss 2hr
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JUT 4.18.4 nadwsainmsldmdaieasuaugRaalounsy Swsulusunsy Minitab

NNV 4.18.4 wnugiisalaunsunensenani dulu wWeiludnisguideivesiu
J 1 EI/ | -
tennnsudii 2 alus Taldresdinmsuaniasuuuuni

Usunsy R

O msldlartu R Commander

Iuit 1 196as Graphs — Histogram ﬁagﬂﬁ 4.18.5

‘R R Commander

R Script R Markdown

@ Data set: I___Qatmas;J

File Edit Data Statistics | Graphs ' Models Distributions Tools Help

Color palette..,

Index plot...
Dot plot...

Qutput

Histogram

Density estimate...
Boxplot...
Quantile-comparison plot...

Plot discrete numeric variable...

Scatterplot...
Scatterplot matrix...
Line graph...

XY conditioning plot...
Plot of means...

Strip chart...

Bar graph...
Pie chart...

Save graph to file

ﬂ. o QIJ d £ aa o s
JUM 4.18.5 msldrndaiioadiunugiigalaunsy dmiulusunsu R



Z21r

wUsIngiieng Histogram faguil 4.18.6
R Histogram . @

Data Qptions

Variable (pick one)
Weight.Start.2hr A
‘Weight.Start.4hr
\Weight,Start.6hr

.Drip.loss.4hr
.Drip.loss,6hr

Plot by groups... '

(@ | LA Rt |[ e |

<

31]171' 4.18.6 M"619 Histogram: Data

& o ) = % aa | " i
Ul 2 (dendudsfivainisainunugBalnunan lures Variable (pick one)
R e 2 e

udapdn L

WUIINHARNSAI3UT 4.18.7

U

frequency

| | | | T | T 1
03 -02 -01 0.0 0.1 0.2 03 0.4

X.Drip.loss.2hr

= s Yo o o aa ] s
JUN 4.18.7 madwdanmsldmduiioasaununiidalaunsy dwsulsunsu R
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9NUT 4.18.7 wrugiiBalaunsuuenaenainiu delu wWesiduinsgyduihvesdu
Wavnmsutifu 2 4alue lithaeiinisuanuasuuuind
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NAANSINLUSHASY Minitab  wag R launugiidalaunsuifidnuasuansineiu
- - | e 1t ' ' =
\iosnnlusunsa Minitab Arfiknu X azetienatswsusazuvians il luvugAlusunsus R
ATILAY X 930ENI9ALINYDIUABZILYIINTIN

4.19 nsAuLazilu (Probability Plot)
1 = s 8/ al -] = [ ] a -
nsmm sy uanfisnisnseaefivesdayadithundiasziindiauiinund

viselil lngmngadniFesiniuduiadunse dnvaznisiingalinszgaidungy 9 wagainy
mas“mwwﬂLmaumﬂmaﬂﬂammﬂumumﬂwm uansiayaiinisnszaesiung lnedoya
wmmamsumﬂwanaLmﬂ‘smm Fam59971 4.3 LUumama‘uauaiuavnaﬂ,umwwLuaaan
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lusunsy Minitab

& o

Juit 1 dehds Graph — Probability Plot FeguTl 6.19.1
oo vl | T2 TVHRPN TN G VAT ) V@RI MO LS

|| File Edit Data Calc Stat |Graph Editor Tools Window Help Assistant
| Scatterplot... ”-»TDO\"‘L‘!MI
Hr—-‘*‘—j, , [552 Matrix Plot.. 5 8V T = 0N
—N -i;_ Bubble Plot...
7% Marginal Plct...

(—‘ Histogram...

« "%, Dotplet...

3% Stem-and-Leaf...

Bl Probsbility Plot

| Empirical CDF...

(4N PmbahlhtyDlstnbuhon

a8 % @

Probability Plot

Test whether your data follow a particular distribution
and estimate percentiles,

#? Boxplot...

{3 Interval Plot...

it Individual Value Plot...
[> LinePlot...

[l BarChart...
4 PieChart..

[\ Time Series Plot...
[88 Area Graph

‘ Contour Plot...
5 3D Scatterplot...
@ 3D Surface Plot...

UM 4.19.1 mslaFdaiaatransmanuinozdy dwmsulusunsy Minitab



219

wUsINgUiene Probability Plots faguil 4.19.2

Probability Plots
Single Multiple
Help l oK Cancel

JU# 4.19.2 1 Probability Plots

Ui 2 1den Single WaAEN =

wUINeina Probability Plot: Single ﬁqgﬂ‘?ﬁ 4.19.3

Probability Plot: Single | &=
Cl Graph variables:
C2 ‘mnal a4 »
C3  ma2
Distribution. .. J Scale... Labels... J
Multiple Graphs... ‘ Data Options...

Help | oK Cancel

3Ui 4.19.3 wisina Probability Plot: Single vasyndayaaINn131ef 4.3

P 3 Fendwdsidosnisadinsmanuiiendy ldlutes Graph variables:

w&Aan oK

) =

WUNNNATNEAIFUT 4.19.4

Y
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Prabability Flot of na
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11171‘ 4.19.4 Naawﬁﬁmﬂ'ﬁ'lmmaamaammwﬂmmuwaﬂu dusuluswnsy Minitab

al

UN4.19.4 1dA7 Pvalue = 0.306 > & = 0.05 Fawowsu H, fafu doyagad

o e

= 1 n o @ - a A s
NTLANLAUUUUNFBEWddRgyeaia Assautudety 0.05

1Usunsu R

o msldiuyly R Commander
®  asasrens ANtz
5 o % o a - o ot =
YU 1 Toeds Graphs — Quantile-comparison plot-m33Un4.19.5

R R Commander - ] X
File Edit Data Statistics | Gmﬁs Models Distributions  Tools Help

@ Data set: ‘ Datasj Coiorpahtte s L Modzl <Nu acbve mudel>‘

: Index plot...
R Script R Markdown Dot plot...

Histogram...

Plot discrete numeric variable...
Density estimate...

Boxplot... *

Scatterplot...
Scatterplot matrix...
Line graph...

XY conditioning plot...
Plot of means... F s

Output Strip chart... 4 " Submlt

| Bar graph...
Pie chart..,

Save graph to file 5

UM 4.19.5 mslidduiteasransmiaminondy dwmiulusunsy R
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(R Quantile-Companson (QQ) Plot @

Data Options

\@ﬁabl: (pick one) -
ez

& Help 4 Reset o oK 9 Cancel | @ Apply
o . . ;
JUN4.19.6 W8 Quantile<Comparison (QQ) Plot
Uil 2 @endauusnsesnisainns ey Tudes Variable (pick one)

Y a oK
udanan L
WUTNYHAANGAIFUT 8.19.7

> with(Dataset, ggPlot (g, dist="norm", id=1list (method="y",

+ labels=rownames (Dataset))))
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o = = ' v o . v
MNFUN 4.19.7 Lilasanganndeneysou | Indldunse Taglisenuenuundulse
AU YBYageinIElinITwInLUUUNG

®  NIINAFIUNITLANLIIUNG

AUl 1 1963 Statistics — Summaries —> Test of normality ﬁﬂgﬂﬁ 4.19.8

[ ‘R R Commander @M

File Edit Data lS!lhstrcsl Graphs Models Distributions Tools Help

@ Data set: Lm SRRyt Z <No active rnodel)f

ontingency tables » Numerical summaries...
R Script |R Markdd ~ Means » Frequency distributicns...
Proportions r Count missing observations
Variances 4 Table of statistics.. 2

Nonparametric tests » Correlation matrix...
Dimensional analysis * Correlation test...
Fit models » Test of normality.

4

= o @ o a o 'y
5U# 4.19.8 nisladrdaionaasunisuanuasund dmsulusunsu R

awlrnguiiang Test of Normality faguil 4.19.9

L 57 LA T Loy, @ Al & & 1
R Test of Normafifel | SRS ‘ - @
Variable (pick one)
mal
mal
Normality Test

(O Shapiro-Wilk

(® Anderson-Darling

(O Cramer-von Mises

O Lilliefors (Kolmogorov-Smirnov)

O Shapiro-Francia ek i,

O Pearson chi-square for Pearson chi-square

Test by groups... |

¥ =7

 @rep | | Grea [[ S0k | B || @ aony

ﬂi L 1 . E5 a
JUN 4.19.9 M1A Test of Normality vesyndayadnmisnei 4.3
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b ]
. |

& o P a | . .
Ui 2 Fenmulsndoanisaaeunisuanuasund ludas Variables (pick one)

o OK

Normality Test l@aNAIANRATIFBINISNAADY WAIAEN
[ & o ai
TN HaansAIFUN 4.19.10

> normalityTest (~q, test="ad.test", data=Dataset)
Anderson-Darling normality test

data:
A = 0.41947, p-value = 0.3064

3N 4.19.10 madwsanmsldmdunennaaunsuanuasuni vesyadayaainansei 4.3
dwiulusunsu R

IN3UT 4.19.10 e Pvalue = 0.3064 >, = 0.05 Taweniy H, dufu doyags

W oW o W

= a o
UAITHINLAILUYUNG NisAuusaIng 0.05

aqU

o & i 1 7] | Aal o al [
HAANEIINLUSLASH Minitab wag R lans WA sedunidnuaslndifesty way
v 5 | o v a QA aay v
101 Anderson-Darling wawa7 P-value  filndiAgaii Feanunsaulanumuneynisanle
willoufiu tude Jayaglinsuanuatiuuyad

4.20 WHUAINNEDY (Boxplot)
WHUNINNGRY AzuanIvayaviinuneendn 3 pelnd Insiinsiniueduduvesdoya

w1 Joyafinnagnieldl O (Quartite 1) Fodeya 25% usnainAasduin szuanslugy

174

dunsaviladu (Whisker) doyafinnagniald G Aedeyamilyinnia 25% eufieind 75%
Tnsuanseenunlusufivaeuiui aelu G i axdiand 50% Up470yang I WuUNUIY
umsaegnelugufivdenitui AndRerrnasnesdegasimn (Median) uazassrniade
(Mean) azuvume in3osmunsuin Tngfidtamasmiviesstumnansild dauriinneg
mold @ Radiiunnd 75% Tuly asdouunudieidunsaduientu Q Ffiniaen
Suduves wageranvineves @ 9zi3andn Alaund (Outlier) Weudayndnajunudie *
durnarsazuissnudeyalu O ssnifiudesdiuwh q fu :'fﬁﬁﬁﬂmqﬁhﬂﬁaaim&
naneguUAMALLRAuLN uwmamwﬂﬁwmnﬂﬂmamwwmLLuu"anauaavlmmnu
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i Fam157991 4.9 LUU’UE]JJﬁﬂ“LLu‘LJ‘UENﬂmJ A LLauﬂc’m B



224

lUsLN54 Minitab

Duil 1 19eds Graph — Boxplot ﬁagﬂ‘ﬁl 4.20.1

[T Minitab - Untitled
|| File Edit Data Calc Stat [Graph Editor Tools Window Help Assistant

2 8@ %@ - [€k sctepiot. RO B DROEOG]AF—= b @ 4
I __j oy [ x[Qf[: TaoN » lay]

[Z4 Marginal Plot... gt e

dly Histogram...

& Dotplot...

% Stem-and-Leaf...

|1 Probability Plot...

|~ Empirical CDF...

AN Probability Distribution Plot...

|3 interval Plot.., s

F—l—: Individual Value Plot... Examine the center and spread of your data by plotting

L}_ Line Plot... the median, the quartiles, and any outliers, Waorks best
. . |'with samples of at least moderate size (n > 20).

[l Bar Chatt...

A Pie Chan

[M Time Series Plot...
“ Area Graph...
B ContourPlot...

() 3D Scatterplot...
@ 3D Surface Plot...

JU# 4.20.1 asldmdafioadsununiwnges dmsulusunsy Minitab

agUsagmiiing Boxplots gl 4.20.2

o ST N €. WG7F 4G I [(~
Boxplots L) (s e ot S 23
OneY
Simple With Groups.
E{E] ‘B g, ] 2
A 2
Multiple Y's
: Simple With Groups
l—'_-'* IA1 Z 1.2
Y1 ¥2 Yi yi
Help I oK Cancel

g‘d‘ﬁ 4.20.2 vitnsing Boxplots



Suft 2 1den Simple luduves Multiple Y’s W&andn = |
wUTINYNIR9 Boxplot: Multiple Y’s, Simple ﬁagﬂﬁ 4.20.3

Boxplot: Multiple Y's, Simple
Cl GenA Graph variables:
C2 GenB 'Gen A' 'Gen B' =
Scale... I Labels... ’ Data View...
mltiple Graphs... | Data Options....|
elget ,
Help ’ oK Cancel

sUfl 4.20.3 wieng Boxplot: Multiple Y's, Simple

& o o & %) \ 1 )
Uil 3 Fendaudsnaesnisassurunnnass Talutes Graph variables:

v A oK
A IAEN —

wUsINgRARNERFUR 4.20.4

Boxplot of Gen A, Gen B
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88+
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80

Ge'n B

{ @ Yo o ! ] @ P
3% 4.20.4 wadwsannsldddaiieasnaununinnaes dmsulusunsu Minitab
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9N5UN 4.20.4 anansnesuieladnasiuuvengu A wazazuuwuengu B lifle
Haund AzwuuYeIngu A L4y uLagasuuuaINgu B fin19n32MeannTIAZILUTEINGN A

TUsunsu R
l¥oyaainmnsen 4.12

O nsldiuystu R Commander
Auil 1 19ds Graphs — Boxplot fs3Uf 4.20.5

‘R R Commander
JR Dataset: | Datasel

R Script R Markdown

Output

Color palette...

Index plot...
Dot plot...

| Model: ‘ X <No a.ctl\.;é;é;jrelhf

Histogram...
Plot discrete numeric variable...
Density estimate.,,

Quantile-comparison plot...

Scatterplot...
Scatterplot matrix...
Line graph...

XY conditioning plot...
Plot of means...

Strip chart...

L Submit

Bar graph...
Pie chart...

Save graph to file 4

JUN 4.20.5 msldrdunaasisununmnass dmsulusunsu R

awUsINguang Boxplot Fasuit 8.20.6

D 0 =

R Boxplot

Data QOptions

Variable (pick on

9,

€)

Plot by groups...l

ot L

O N TS 7

FEET™

o OK

% concel || @ nopy |

sUil 4.20.6 wising B

oxplot: Data
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7 =

YU 2 1@enflUsndoIn1sasauNunwnaes Tutes Variable (pick one)

& o a 4
Jun 3 AR Piotbygmups...'

wUTINgMIiFNe Groups faguf 4.20.7

‘R Groups 3 ,

Groups variable (pick one)

Group

o OK * Carice! |

JUN 4.20.7 vi19in3 Groups Y8YATaNATINAITIN 4.9

[
af = o/

Wi 4 \Gonmaudsideansliilusaduunngu Tuos Groups variable (pick one)
o 0K

UTINYHAGNERITUN 4.20.8

LaAaN

> Boxplot (Y~Group, data=Dataset, id=1list (method="y"))
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GenA GenB

Group
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A - & 1 1 1=
INFUN 4.20.8 awnsaedurglaitnzuuuveangy A uazavuuuvangy B lalifld
RAUNG Azuuwengu A Wiy wagazuuuvengy B insnszatennnnitsiuuysngy A

agu

HaaWsANLUSLASL Minitab wag R laununinwnassiidnvuelndifgaty

4.21 uwuiivdy (Line Graph)

wunfidu WuBnsiiavedeya Tngldqauazduveadunsiiiannidousiogn Faus
azgnIzUandUNIoUTI MBIy ALAaYS BT T,ﬂalﬁuﬂuﬁ%uamﬁwm%@%au,assl,mu
UDULARILIAN ﬁaui‘ﬁ'LquqﬁLé'uﬁ’u%aﬂaﬁl,l.amnm,ﬂﬁauLLﬂaqaﬂwﬁiaLﬁ'm R
ABUNSIVIIAT FImN1T1971 4.46 L‘ﬂu‘ﬁ'agaﬁwmuwﬁm’luﬁ'uwﬁwmu’tuﬂs 1 uag 2 Yaalflau
dammuuaziueeuesl 2559

A15199 4.46 ﬁqaéw%’@aﬁaﬂ%‘tumsa%’mmuqﬁ;ﬁu

Row/ | Date | ‘Aug-17 (1) | "Aug-17.(2) | Sep-17 (1) | Sep-17 (2)
1 1 12 8 19 15
2 ¢ 20 10 14 15
3 3 18 12
a4 4 13 6 24 19
5 5 9 15 20 23
6 6 17 23
T 7 21 8 . 19
8 8 15 8 14 18
2 9 11 12 21 23
10 10 12 19
il 11 LT 18 34 26
12 12 25 22
13 13 24 18
14 14 17 10 18 18
15 15 1.1 11 29 19
16 16 15 13 27 21
17 17 10 17
18 18 . 20 30 19
19 19 9 15 28 21
20 20 22 12
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A5 4.46 shetndayanldlunisasaunugiiidu (ve)

21 21 I3 15 21 13
22 22 12 16 28 15
23 23 13 13 19 20
24 24 12 12

25 25 16 13 24 19
26 26 16 20 23 13
2r 27 23 LI
28 28 18 11 18 12
29 29 9 12 16 13
30 30 19 10 17 12
31 31 13 10

Tsunsu Minitab
Fuit 1 19 Graph — Line Plot fguii 4.21:1

m Minitab - Untitled
File Edrt Dala Calc Slat Gn h Editor Tools Window Help Assistant
pl P

I} E | wl 3% i B Y |(-|_ Scatterplot... TR . . n 'DEIIDEED _U} ] | Vi :;| r
=L SRV T
i [Z+ Marginal Plot... 3K P - e

iy Histogram...

& Dotplet...

EE: Stem-and-Leaf...

| Probability Plot..

1__,-: Empirical CDF...

. Probability Distribution Plat...

m Boxplot..
[ Interval Plot...
|_ Individual Value Plot...

[.[ Bar Chart... Line Plot

“) Pie Chart... Visually compare responses for two or more groups, Use
to explore interactions and overall response profiles,

[P\ Time Series Plot...
“ Area Graph...

n Contour Plot...
Z) 3D Scatterplot...
@ 3D Surface Plot...

a ]

= vo o A 14 [ G5
JU# 4.21.1 msldimdaieasraunugiiviu dmsuldsunsy Minitab
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Line Plots
With Symbols
Series in Rows
OneY Multiple Y's  or Columns
Al 2 Y1 ov2
Without Symbols
Series in Rows
OneY Multiple Y's  or Columns
™ ™ ™
Al 2 Y1 Y2 -
Help | oK J Cancel

U 4.21.2 i Line Plots

YUl 2 18an Series in Rows or Columns Tuaruves With Symbols waaAan =
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agUsnguidasing Line Plot: Series in Rows or Columns #agtil 4.21.3

Line Piot: Series in Rows or Colurr;ns [Te |

§ $hug-17A Graph variables:

gz Aug-17 (2) ——— e - :
€3 Sep-17(1) ‘Aug-17 (1)' 'Sep-17 (1)

C4  Sep-17(2)

Label column (optional):

Series Arrangement
" Each row forms a series
¥ Each column forms a series

| Plot Options... | Scale... | Labels... |

Multiple Graphs... , Data Options... I

Help l oK | Cancel |

g‘lJ‘ﬁ 4.21.3 11914 Line Plot: Series in Rows or Columns

1%
L P s

il 3 wendudsiidesnsasiaunugiidu lalutes Graph variables:

%

Series Arrangement 1@an Each column forms a series walAan

WUSINUAGWERagUR 4.21.4



Line Plot of Aug-17 (1), Sep-17 (1)
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Variable
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—m— Sep-17 (1)
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il 1 1 Graph — Line graph G‘fﬂfgﬂ'ﬁ' 4.21.5
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R R Commander

File Edit Data ~Statistics | Graphs. Models Distibutions Tools Help
Color palette...

, Index plot...
R Script R Markdown Dot plot...

B ek [ chigacive

[ ) Histogram...

! Plot discrete numeric variable...
Density estimate...

Boxplot...
Quantile-comparison plot...

Scatterplot...
Scatterplot matrix...

Line graph...
XY conditioning plot...
Plot of means...

Output Strip chart...

g b

>

| Bar graph...
Pie chart...

Save graph to file L
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R Line Plot

y variables (pick one or more)

x variable (pick one)

| 98 Cancel |

| @ Apply |

3U# 4.21.6 w63 Line Plot

# 2 dondudsiidunian lutes x variable (pick-one)

= o a ) ) 1 v ;
Laanmuﬂsmﬂumwam;&a luve9 y variables (pick

v LV of OK
WaIAaN

wlsnguadndfagui 4.21.7

one or more)
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> with(Dataset, lineplot(Date, Aug.17..1., Sep.17..1.))
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nshnselusunsa R wazuiining

Junaun1sadlnanlusunsy R
& o v < ;
Uil 1 Wiiuled https://cran.r-project.org/ :

Wa2Adn Download R for Windows (nsalfldanuldszuy Windows)

a x
e Rimpe o b poetony 8 dewen e
R The Coomprabarary B irch
The Comprehensive R Archive Network A
Download and Install R
Precompiled binary distributions of the base system and contributed packages, Windows and Mac users most Likely
(want one of these versions of R:
CRAN
‘What's pew? = Download R for (Mac) OS X
Task Views
R is part of many Linbx distributions, you should check with your Linux package management system in addition to the
Abour R link a
R Homepage Source-Code for-all Platforms
The R Journal
Sofware Windows and Mac users most likely want (o download the precompiled binaries listed in the upper box, not the source
code. The saurces have to be compiled before you can use them. If you do sot know what this means, you probably do
BM! Binacies not want to do il
Backages * The latest release (2018-04.23, Joy i Playing) R-3.5.0.tar.gz, read what's new in the latest version.
Do * Sources of R alphs and beta releases (daily snapshots. created only in time periods before a planned release).
E‘H!EII * Daily snapshots of current patched and development versions are gyailable here. Please read about new features
FAQs and bug fixes before filing corresponding feature requests or bug repots.
Contributed
* Source code of older versions of R is available here.
+ Contributed extension
lQuestions About R
* If you have questions about R like how 1o download and install the software, or what the license ferms are, please
read s o 3 before you send an email. v

Subdirectories:
base Binaries for base distribution. This 1s what you want tc 1
Binanes of contributed CRAN packages (for R >= 2 nanaged b es). There is also information
CRAN contrib on third party software available for CRAN Windows servicesand correspond vironment and make
i vanables.
"l_ v old contgib Binanies of contributed CRAN packages for ouldated versions of R (for R 2.13.x: imanaged by Uswe Ligges).

Tosk Views Risols Tools to build R and R packages. This is whal you wan! to build yourown packages on Windows, or lo build R
Search Bivols itself.
About R ¥ : .
RH Please do not submut binaries to CRAN. Package developers might want to contact Uwe Ligges directly in case of questions suggestions related to
Mm R ) 1 Windows binaries.
Software You may also want to read the R FAQ and R for Windows FAQ.
Lml Buari Note: CRAN does some checks on these binaries for viruses, but cannot give guarantees. Use the normal with downloaded bl
Packages
Other
Documentation
Manuals
EAQs

Copiributed
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Uuil 3 Alin Download R 3.5.0 for Windows (1e3duanan) iieandlvanuazings

R-3.5.0 for Windows (32/64 bit)

Download R 3.5.0 for Windows (62 megabytes, 32/64 bit)
Instailation and other instructions
HNew features in this version

CRAN
Mirors
What's pew? If you want to double-check that the package you have downloaded matches the package distributed by CRAN. you can compare the md3sum of the .exe to
Task Views the fingerpeint on the master server. You will need a version of md3Ssum for windows: both graphical sad command line vessions are available,
Frequently asked questions
Abowr R
R Homepage
The R Joumal
Software
R Sources Please see the R EAQ for general information about R and the R Windows FAQ for Windows-specific information.
R Binanes
= Other builds
ke * Patches 10 this release are incorporated in the r-patched snapshot build.
Documentation * Abuild of the development version (which will eventually become the next major release of R) is available in the r-devel snapshot build.
* Erevious releases
Contributed Note to webmasters: A stable link which will redirect 1o the current Windows binary release is

<
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UNBUNISANAILNALND R Commander vulusnsy R

1 188n Packages — Install Package(s)

R RGui (64-bit)
File Edit View Misc |Packages Windows Help
B O e
Set CRAN mirror...
S s Select repositories... i

"
Computing

R version 3.4.4
Copyright (C) 20:  Updatepackages..

Placform: x86_64- Install package(s) from local files...

'R is free software and comes with ABSOLUTELY NO WARRANTY.
| You are welcome to redistribute it under certain conditions.
 Type 'license()' or 'licence()' for distribution detaila.

'R is a collaborative project with many contributors.

Type 'contributors()' for more information and
*citaction()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HIML browser interface to help.
Type 'q()' to quit R.

[Previously saved workspace restored)

>

P N L

- |India [https] ~
Indonesia (Jakarta) [https]

Ireland [https) }
ltaly (Padua) [hitps] ;
Japan (Tokyo) [https] |
| |Japan (Yonezawa) [https]

| Korea (Seoul 1) [https]
Korea (Ulsan) [https]
Malaysia [https]

Mexico (Mexico City) [https] |
Norway [https] i
Philippines [https]

Serbia [https]

Spain (A Coru<U+00F1>a) [https]
Spain (Madrid) [https]

Sweden [https]

Switzerland [https]

Turkey (Denizli) [hitps]

Turkey (Mersin) [https]

UK (Bristol) [https]

UK (Cambridge) [https]

UK (London 1) [hitps

USA () [https]
USA (KS) [https]

USA (M1 1) [https]

USA (NY) [https]

USA (OR) [https]

USA (TN) [ttps]

USA (TX 1) [https]

Vietnam [https]

(other mirrors) b

Ok || Caneel |

240
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$udt 2 Fonusemaifasns udaedn L 9K |
UM Packages Matl

Packages

rchallenge A
rchess
RehivalTag
Rchoice
rCheiceDialogs
RChronoModel
rcicr

RCircos

Rclean
RClickhouse
rclimateca
RClimMAWGEN
rClinicalCodes
rclipboard
RClone

rCMA

remdcheck

RemdrMisc
RemdrPlugin.aRnova
RemdrPlugin.BiclustGUI
RemdrPlugin.coin
RemdrPlugin.depthTools
RemdrPlugin.DoE
RemdrPlugin.doex
RemdrPlugin.EACSPIR
RecmdrPlugin.EBM
RemdrPlugin.EcoVirtual
RcmdrPlugin.epack
RemdrPlugin.Export
RemdrPlugin.EZR
RemdrPlugin. FactoMineR v

I OK f \l Ca_ncel ‘

L — —d

¥ o & o ¥ . !
YU 3 Honwnnna Remdr wdadn |
Wien1sAnmsdnsvzUTIngdamuuumiieng R Console fail
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| Platform: x86_64-w64-mingw32/x64 (64-bit)

.R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions. o
Type 'license()' or 'licence()' for distribution details.

'R is a collaborative project with many contributors.
- Type 'contributors()' for more information and
. 'citation()' on how to cite R or R packages in publications.

liType ‘demo()' for some demos, 'help()' for on-line help, or
| 'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

il > utils:::menulnstallPkgs ()

| ——— Please select a CRAN mirror for use in this session ---

| trying URL ‘https://cran.cnr.berkeley.edu/bin/windows/contrib/3.4/Romdr_2.4-4.2z$
. Content type 'application/zip' length 4983089 bytes (4.8 MB)

' downloaded 4.8 MB
Ei

. package ‘Rcmdr’ successfully unpacked and MDS sums checked

! The downloaded/bifiary packages are in
| ' C:\Users\Usexr\AppData\Local\Temp\RtmpsnJBsR\downloaded packages
> i
i< J74 T O—CUMN/LONR4O~~L0 = \\ > .f
: — i B Ss  GUR AN e NS, LT

R—

5 A = uy.v v s 1 o F T " o 1
tuil 5 (Jofadsaiouds wininaazdaliaunsalduld fewhnmsadlwasuiininaneuy
Ineiden Packages —> Load Package

R RGui (64-bit)
File Edit View Misc | Packages | Windows Help

Set CRAN mirror...
| e Select repositories...

('R is free softwa irstall pac 9.

' You are welcome t kagel:

| Type 'license() ") thldmgﬂ A

R is a collaborfy B IMiall packageshfrom localflgs..

| Type 'contributors()' for more information and
'‘citation()' on how to cite R or R packages in publications.

[

' Type 'demo()' for some demos, 'helpl)' for on-line help, or
' '‘help.start()' for an HTML browser interface to help.
--i'rype 'q()' to quit R.

i [Previously saved workspace restoredj

|> utils:::menulnstallPkgs ()

. ——— Please select a CRAN mirror for use in this session --—-

trying URL 'https://cran.cnr.berkeley.edu/bin/windows/contrib/3.4/Remdr_2.4-2.z§
:J Content type 'application/zip' length 4611066 bytes (4.4 MB)

| downloaded 4.4 MB

r{ package ‘Rcmdr’ successfully unpacked and MD5 sums checked

|

The downloaded binary packages are in

] I C:\U.Bers\Ihanyatep\AppData\anul\Temp\Rr.mpclmlyoa\downluadzd_pactaqes
>
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zUsngvieng Select one

Select one

nortest ~
openxlsx

parallel

pbkrtest

pillar

pkgconfig

plyr

promises

qec

qualityTools

quantreg

questionr

R6

RemdrMisc

RColorBrewer

Repp

RcppEigen

readr e
readstatal3 L&
readx! R
relimp J
rematch »
reshape? \ 4
rio 7
rlang

rpart

Rsolnp

rstudioapi

sandwich

scales

shiny v

ok | cancel |
Ol N\ A

Y 4d o -
Jud 6 AonuNNND Remdr waiaanis < 9%
wUTINYWLIA1N R Commander
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File Edit Data Statistics Graphs Models Distributions Tools Help

Q Data set: | <No active dataseb[ ’é Edit data set | | [ﬁ View data ul‘ Model: | £ <No active model>

R Script R Markdown

St F g Submit. }
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1. nMsafeyadoyadisnuias
1.1 msadeyadeyadsnuias Tasnaidsudds
nmsteudeyaidlaense Wunnwes lnefui ¢ awsernduvendwudeya
foyaitoglunnmesieaiudoyarinfertiu wu Wusiauimun wiefsnusiommn

Ly
P XS (10, Tregd. )

windeyamindludagasieedany wwu @uisinasuasindnus aunsodudale
Inedyudds list wazifendoyaianizsundaisoinisliuandld

Pl <= Jist{'malel 734, '3ingle*,.£67.8)
> 1[3]

[f111

{1} ™single”

Ny - aaa v

Tunsaindeyaninldlunisdninataimuusnansda doyaasiidnuusily

U

n154 TngAteyaurazaadudunusiiudsusiazi doyanarefifiiludeyauuy

Metrix @oyannilumsadudeyavinderiu) ie Data Frame (Poyafiogsing

D e

BY)

s & a2 [ 1 = o F% 1 ¢ &
Aoauliludoyanvdafiuld) laswmawisesiudeyavats 9 vinmesiu Data
Frame 19U 528t In@as gend, age way pref wWareiulngi@eusds data.frame

1
LYY
> gend = c('male" W femalke', Yfemale', 'male”, 'female', " female!, 'male’, 'male’, 'female')
> age = c('8-15",%16=85"', '36-=50"'; '16-85" 116435", '36=50"'4Y36-50","'36-50"','8-15")
> pref = c('red', 'gréen',®blue’, 'yellow', 'red"' JtTue )y 'green’, 'blue’, "'zed')
>
> x = data.frame (gend, age,pref)
X

gend age pref

2 male B8-15 red
2 female 16-35 green
3 female 36-50 blue
4 male 16-35 yellow
5 female 16-35 red
€ female 36-50 blue
7 male 36-50 green
8 male 36-50 blue
9 female B8-15 red

i = afuaznslilusunsu R ; 319t agannuena adusne - 11 wwieu 2560
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‘R R Commander

File Edit Déta} Statistics Graphs Models Distri

R

R Script R

New data set..

Load data set...
Merge data sets...

ibutions Tools

Help

i et [ View s Mot & <o acve i

Import data >
Data in packages 4
Active data set »

Manage variables in active data set »

Output

¥ 1
s

UM New Data Set iiensteyntona

i
=

YUN

P pheldeidde \C7 N

F R e 5 L/

Enter name for dat

> W W\ i ‘[:l

a set: l Dataset

of OK

of OK

2 MTeYRTeNa WiRdn

» T
L@ Submit |

g . | 2 d
ayUsanguiiarn. Data Editor: Dataset (Yoyatoya) ifiensontoya

. e, ¥
Ty

(R Data Ed PR
File Edit Help

Add row | Add column

—

Der
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o w o =
2. msdudryadayavnlusunsuduy
- v o w o A vy o
WeanuazaInlumsldeulusunsy R inansadidigateyanlusunsudule wu

SPSS, Minitab %58 Excel Tnen1slaufinina Remdr Feltumnaunail

& = a a a v ° v
Uil 1 (@eniuy Data — Import Data uagidenviialndvesyadeyaiifenisundn

Lrs d“
JU
‘R R Commander — 0O %
File Edit Data | Statistics Graphs Models Distributions Tools Help
- New data set... 1 o | I
@ Daf R data set | [} View dataset Model: | £ <No active model>|
Load data set... - Kecs ‘ -

R Script R Merge data sets...
Import data from text file, clipboard, or URL...
Data in packages | from SPSS data set...
Active data set 4 from SAS xport file...
Manage variables in active data set | from SAS b7dat file...
from Minitab data set...
from STATA data set...
from Excelfile...

s

TNV Import Excel Data Set @44

I T P | | |

Fr &1 20Nl WIS 4 4 9%
A ] (AL LE L 4 L LU el N | 1 i !‘ﬁl

(R Yport Bret Dataiget |

Enter name of data set: lDataset ]
Variable names in first row of spreadsheet

[[] Row names in first column of spreadsheet

[l Convert character datato factors

Missing data indicator: | <empty cell> |

e | &K | [-98 Concet |

of 0K

& o ° = 1Y a
i 2 AvuateuazAdnyNEYDIYAToYA UAIAGN
wUTnguiinuandlidyndayasiie o el
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R/ Open
« bl

» ThisPC > Desktop » pp > BETAGRO »

Organize « New folder

[&] Pictures
B This PC
UPDATE

awidy shpiun

uwil 4 6

mRowin
& OneDrive

I This PC
3 30 Objects
I Desktop
[4 Documents
& Downloads
D Music
[&] Pictures

)
-

DatasetKaizen

|

v O

Search DatazetKaizen

File name:

MS Excel file

Cancel

¥
s

| ¢ 1 v a
Wi 3 FonlWdyntayandeanis winan b o
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AMANUIN A
sUUUNsLdEuM&rng 4 u R Script

®  ATSATUIUAIEDANTIUUN

sapply(X, FUN, na.rm = TRUE)

asue:
X
FUN

na.rm

yafoin1TiATIEh
]

ANANRNADINITANUI (Function)

="TRUE aviuloyage e
= FALSE wanaveyagmng

$179879; sapply(Dataset, var, na.rm=TRUE)

o I '
® N1SAUINATADINA

quantile(x, probs =/sed(0, 1, 0.25), na.rm = TRUE, names = TRUE,-type = 6)

AND3UNY:

X
probs

na.rm

names

type

= o Y =

YoyavayanneInITins1E

Aundsiasiandimsutdayailiy 10 do Ingldiridudndusngen
prob 521114 (0,1) IesA1MuAsseLyIsay 0.25

= Y v e
\Woynvayaiivayagaywie (Missing Data)

= TRUE asliutoyagyvie
= FALSE TGN RHGABIVRE
= TRUE uansde Attribute
= FALSE Waifiuanngalunisduaanniy

denguuuumsmwnmimialng 1 f 9 (alilanadnslndlAaiy
- =4 2 =)
1Usunsu Minitab %30 SPSS masld Type 71 6)

A8 quantile(@q, probs = seq(0, 1, 0.25), na.rm = FALSE, names = TRUE, type

:6)
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of ] =

1 4 o ad I ]
®  ANSNAFDIUANMULANANNYDIANRAY 1 Uszuns 11..!ﬂ‘5£111’|ﬂ?}1.! ']E)EJ"NSJ“U‘U'IG]SL‘IMQ
Tdunnina TeachingDemos

attach(Dataset)

z.test(x, mu = mu, stdev = stdev, alternative = c("two.sided", "less", "greater"))

’

ABsuY:

Dataset  Foyntonaiifesnsinsie

X fuUsiBaUnniifenisiinsey

mu AndsvoslsyrInsiifeINIMAaey

stdev AdudiguuinasguveUssnnsiifesmanaaay

alternative  SULUULATBIMINEYTENLAT UM AGEN
"two.sided" dolpsoamngvetauuagiumaideniiy =
"less” LifaLﬂ?aawuwaﬂaqaumﬁﬁﬁumaLﬁamﬂu <
"greater" WotrIeamunsresaigiumadeniiu >

fn2814;-attach(Dataset)

ztest(B, mu = 61, stdev = 93.4, alternative = "two.sided")

®  NSNAHIUAMULANAIVBIANEAEIY 1 UsLeans
1. ns@ingudsathefiauiedn (n < 30) was p, =0

binom.testlx, n; p = Py, alternative-="e("two sided’,"less", "greater"))

ANBsU"Y:

X Srnunthesognilighvasitaula

n VUINRIDEN

Po armvanduiifeanisneaeu

alternative  JULUUIATBIMINEYBSELLAFILNAASN
"two.sided" LﬁaLﬂ‘%@qwmUmaaauuﬁg’mmuﬁaﬂL"flu =
"less” LﬁaLﬂ%ammwaqauuﬁgmmqLﬁaanJu <
"sreater" Lﬁam'%'awmwmamﬁgmmﬁLﬁamﬂu >

A298814: binom.test(5, 18, p = 0.5, alternative = "two.sided")
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2. nsdinguidetedivunalvg) (n > 30) uag p, =0

prop.test(x = x, n = n, p = Py, alternative = c ("two.sided","less", "greater"))

Aasue:
X Nurumhefegniidnuauzaul
n YURFIDEN
1 g v
Po ANuInlunfeIN s AaeU
alternative  JUKUULATOININEURIANLAFIUNIGERN
i . N - < a & g
two.sided \alAsasnIIgYRENLRFIUN R NITY =
P < a
"less" Hainsesnungresaunagiunindenidu <
< < a
"greater” WiapiasminevasauuRgunndendu >

A28814: prop.testix =95, n = 160, p = 0.5, alternative = "less")

®  ANTVAFDUAINANAINYDIATEREIU 2 Uszung
1. nsgianviua Py, P,

prop.testx =c(xy, X n=clny, n2)pp =Py, Py, alternative=.c{“two.sided","less", "greater"))

?

AnasuNY:
X1, Xz Snuntheiegifiisnuasiaulslufeged 1 waz2 audisu
Ny, N2 PpFIeETIgUNTIINYSEYINT 1 Ay 2 nudd
Py, P, rmthar dUideInTedeuYesYENsT 1 wag 2 ALEIRy
alternative guLmuLﬂ%'awma‘uaaauuﬁgmmuﬁaﬂ
"two.sided" Lﬁam%wmwaaﬂuuﬁgmmqLﬁamﬂu -
"less” Lﬁam%‘awmw*uaaauuﬁ;qmmqLﬁaﬂr‘fJu <
"greater” LﬁaLﬂ%aqwuWamaaamﬁgmmué’amﬂu 2

f98i14: prop.test(x = c(490, 400), n= c(500, 500), p =c(0.7, 0.5), alternative =
"[ess")

2. nsdlitliiavua Py, P,

prop.test(x = c(xy, x2), n = c(ny, ny), alternative = c ("two.sided","less", "greater"))
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A5 uNY:
] 1 @ 1 o = e 1 o o
X1, X2 Tnumheiegrmnianvarnaulaluiegan 1 uaz 2 awasu
s 1 & 1 4 o U
Ny, Ny YWINFIBENNAULNINUTEIINTTA 1 Az 2 AuaIRu
; i a
alternative  JUuUUIATRIMINIBYRIENNAFIUNMERN
H n i ‘d -
"two.sided Wawsomngvadauuigiunadendu =
, 4 d a
"less" \WainTosmngvesauuAgiumadandu <
p { < a
"greater \ainTaanungvaanufgIunadondy >

#i9819: prop.test(x = c(490, 400), n = c(500, 500), alternative = "less")

e msIguiiisunvan 1ne33 Least Significant Difference (LSD) waen153tasnen
AMNUsUTILLUUTadeLRen
1duwnina agricolae

model <-aowv(Y¥= X, data=Dataset)

out <7 LSD.testimodel,"X", p.adj="bonferroni’)

df <+ df.residual{model)

MSerror.<- deviance(model)/df

out <~with(Dataset ,LSD.test(Y/, X' df, MSefror))
out<-£SDtestimaodel," X" pradj="hommel”;,conscle=TRUE)

plot{out,variation="5D")

ANa5UIe:

- Y, e a P
Dataset YoynvouanneInITiATIzy
Y ALUSTIUSUUNADINNSIASIEN
X MU TINgUTFDINNTIATIEY

#998149: model <-aov(Absorption ~ Size, data=Dataset)
out <- LSD.test(model, "Size", p.adj="bonferroni")
df <- df.residual(model)
MSerror <- deviance(model)/df
out <- with( Dataset ,LSD.test(Absorption , Size , df , MSerror))
out <- LSD.test(model, "Size",p.adj="hommel",console=TRUE)
plot(out,variation="SD")
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e nsadraununfinasie
Tdusinina gec

attach(Dataset)
defect <- Y
names(defect) <- X

pareto.chart(defect)

AnaduIY:

d % o w - ¢
Dataset  WeynloyainoinIshAsIen

o a A o v a ¢
Y MuUsBsunnneInsiaTei
X MUUSRAUAINTRDINIT AT IZY

finag4; attach(Dataset)
defect <- percent.of total
names(defect) <- defect:type
pareto.chart(defect)

e ﬂ']ﬁa LS 5ﬁﬁqqﬂﬁqu1'§ﬂ’ﬂﬂq NISUIUNTT
TduNnina gee

attach(Dataset)

Yield <-\gccigroups(x , sample)

q <- qcc( Yield;type="xbar", nsigmas=23; plot=FALSE)
process.capability(gy.spec.limits=e{ESL;USL))

GYORITREE
Dataset  ¥eynloyaiAoin1siATIzn
) a & Y a ¢
X MU UTINanfaINsinsIey
o o i nl L =
Sample  MUUSBINGUTIABINITIATIZN
LSL Yndfina
usL Undfinuu

A70819: attach(Dataset)
Yield <- gcc.groups(AverageMoving2 , sample)
q <- gec(Yield,type="xbar", nsigmas=3, plot=FALSE)
process.capability(q, spec.limits=c(1.26,1.3))
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®  N1SUINIAIVDINISVNATBULAZVUIAAIDENN FIMSUNITNAFDIUAULANAIIVDIAN
dndu 2 Uszunnsg

power.prop.test (n = NULL, p1 = NULL, p2 = NULL, sig.level = 0.05,

power = NULL, alternative = c( "two.sided", "one.sided"))

ANBBUNY:

n YUIRNAIDENS

pl Amtesduresszansi 1

p2 auuazniduvesszannsi 2

sig.level seAuledIAny

power AN SNAADY

alternative qulluuinIamnsvosrLIRgIUNIAden
"two.sided" WaledpmnevesauRgiumadondy -
"one.sided" deinsesmngmasainfgrymadendy < vde >

§i79874: power.prop.test (n-= NULL, pl = 0.0099, p2 = 0.0203, sic.level = 0.05,
power = 0.6, alternative = "one.sided")





