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Chapter 2: Analyzing Data with
Statistics
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Aa mmﬁﬂﬁ‘lﬁ”‘lumsmﬁaaqﬂmaaju”auua Lﬁ'amsaﬁmﬂﬂmé’nmmwaoﬁagaﬁ
AdvAnE Iz amutayan lafinissusiunvintu nanlalisgunsa
i llaeds wiadludmunulvdudayainalule sindaualugduas ase
WNUATW UKL Sasay dagiu wastgulng Asuanuasnud Ansm
ARl AMTiaANuFuRusIenIvaIns tiusiu

L)

L)

Inferential Statistics: #fiGiAvanvav
Huwmafiaildlumsiwszitayaannnaudiadie (Sample) wariinzaagi
lellaaasiunradylarvdsfivansaizaailszanng (Population) tzu Aade
A1ANNLUTUTIU ARudavtuunasgIu AanFuNUs tilusu

Aa I laaanngudatng (Sample) > Aadd (Statistics)
AN larannnguilsging (Population) - awisidiaas (Parameters)



Basic Statistics

Example: siagsn1sdnuaiauadauiiuiu 10 au 69t
20 25 45 45 45 55 25 30 30 60

asAwaAdayaaiy 10 audl dnfludayadsanns (Uaralisnuad
10 Aau) nBanAmndnalailin windeas waddayaiiilungudiatineg
(Fuunanniszanng) indanmnemIalaiin agaa
Note: Tunil sunsindayasvnantidungusliacng



Basic Statistics

e InAInald (Measure of Central Tendency)
1. mala (Average sa Mean)

LiXi X1+ Xo+Xs+ ..+ Xy

<
|

n n
20 + 25 + 25 + ... + 60
— = 38

>

2. Aifsugiu (Median) AaAriatnsenansszningdiayanizaearduiioviun

20 25 25 30 30 45 45 45 55 60
v

T5851U atsznine 2 Andl

Alsag U = (30+45)/2 = 37.5

3. agusiay (Mode) Aarinaiy detdanunanndayaniinnsahduunnige
Tuni srudian Aa 45



1 Basic Statistics
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4, maulna (Quantile) Aa ArdvudaavsiiLtInRItDNR ABVHANANTIAS
IR LNINUA

Quartile (Q) wivtayaaantilu 4 &u wving Au s uuIinLeg 3 @n
Aa Q; Q, Q;

o . i 1

funUIURY Q= l(n: )
Decile (D)) udviayaaaniilu 10 &u wving Au s rUIinLaf 9 @n
Aa D, D, D5 ... Dg

GLLKiuIUaY D=

i (n+1)

10 .
Percentile (P,) wivtayaaantilu 100 &ru 1ving fu snundeiuieg 99
A@Aa P, P, P5 ... Pg

i(n+1)
100

GLviuguay P=




f 88514 = Q,= D= By,

. Qy 2, 2y
Cruartil
e | . | |
i D
Decile | | [ [ | .5 | | | | |
| | | | | | | |
. PSiI
Percentile Lo o '
T |
1 R 1
FITURE ETHTN

P75 nunady fidayaat 75 & a1n 100 &Hu Add1s6nin P75 4



Basic Statistics

1165IRAIN15ATEANE (Measure of Dispersion)

1. anuudsisiu (Variance) Aa A auadnanIanav&adsesnindiayals
RLAIAUAILRAE

{‘=1(Xi—§)2
n-1

Varianceggmpre :  S* =

_ (20-38)%+(25-38)%+ ...+ (60—38)2
- 10-1

SZ

= 190

2. ahul,ﬁﬂomummgm (Standard Deviation w3a SD w%a S) Aa a1n1s
nszae duitiluarAiinannsinuinnagavaavainuuilsilsiu

S = Vs2

S =+v190 = 13.784



Basic Statistics

3 mﬂmmﬂaaummsmu (Standard Error, SE) 1flu Anaaintadausdu

Lﬂiﬂ\‘)ﬂJ'\Q']ﬂﬂ']’i&ﬁJﬂﬂﬁJG\')Bﬂ?O mnaumamommm‘mm ﬂ']ﬂ')']llﬂa']ﬂ
Lﬂaauauumuaﬂ LLG\ﬂWﬂ&NG\JBﬂW\‘]ﬂJ‘HW\G\L&ﬂ mmmﬂmmﬂaauauum

AN
S
13.784
SE = 70 4.359

SE flugiufiagiuudeaiadanadnaudiatineatineainaladauadisyanns

mnaumam\mﬂaummnﬂsvmnsmumsuanu,:mﬂnm 1I&INTanaN e
msvmnm’mnjauu 95% mtaamaaﬂs 21NTALHANTLIRIN

X 4+ 1.96(SE) = 38 + 1.96(4.359) #3a 38+ 8.54




Basic Statistics

4. azuuun1asg U (Standard Score, Z) Aa muuumnan‘lumswmwauauuu
mmﬂmw(mﬂsawmﬂ +) wiadaaniAada(fiedasvung - ) Hufwin
AUl uUNNIATFIU

guunssIvaadrunidanig 30 daa

30—38
L = = -0.58
13.784




1 Basic Statistics

5. e (Range) Aa A1A1sATYANE ﬁoﬁwu:mmnwamowaomqoam
(Maximum) Aua16&a (Minimum)
20 25 25 30 30 45 45 45 55 60

Range = 60-20 = 40

6. NdasznIvAIasna (Interquartile Range, IQR)

IQR=Q3 — Qq
IQR =Q3 — Qq
=47.5-25

= 22.5



Basic Statistics

1165 INAINITHAALLAY (Distribution) Aaviaua
1. @Al (Skewness)

wWulaviné
Mean = Median = Mode ° —

Avias / ¢h Normal curve annn / aa
Mean = Median = Mode

WWulAvtdadn wia Liun e
Mode < Median < Mean oo o

ation ] e Positive skew Awnn / g
Mode < Median < Mean
[ masnthiu +)

lWUlAILL2ie 1192 Lay Mo Medion 1iod
Mean < Median < Mode *—o—o

nias } e Negative curve fann § gu
Mean < Median < Mode
[ Avasnditu - )




2. AN (Kurtosis)

Lepto kurtic Platy kurtic Meso kurtic

TavunnnNUnd Tevdaaniidné 169U nA
Kurtosis = - Kurtosis = + Kurtosis = 0
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Display Descriptive Statistics...

% Store Descriptive Statistics...
{ Graphical Summary...
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1-5ample Z...
1-Sample t...
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1 Proportion...
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1 Vanancg...
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| [E]

L}
(=]
-

Correlation...

Covariance...

b

Mormality Test...

=

Goodness-of-Fit Test for Poisson...

g @EE
| N T |

Session

HANT DUNG PAPE
CT ca

Begression
J I - ANOVA 2
DOE 2
Control Charts 4
Mean of wanmsaalll - Quality Tools »
Reliability/Survival »
Multivariate 3
13/6/2 Time Series 3
Tahles 3
Welcome to Minitahb, MNonparametrics 4
Retrieving project EDA >
Power and Sample Size »
<
e
+ Cc1 c2 C3-T
vamsqady | ansan | aiavdd:
1 56.00 11.1 1
2 51.10 135 |1
3 60.90 103 |1
4 46.30 16.3 |1
5 56.30 1731
6 42.80 126 |1
T 43.20 1721
8 48.70 14.2 EI
9 52.40 1.2 1 I

840 3
840
840
840
840
840
840
840

o e e s W

1.13033
1.01284
1.21219
1.23805
1.10037
1.23553
1.15229
1.04922



Basic Statistics

NnUaya NsdidnrzadnIsnaaasditianseay Tiasgvinailunisaadiuiin
laiFn&9 Stat > Basic Statistics = Display Descriptive Statistic

fuilsAsiasn1siasen

anjnjqaafm Variables:
€2 mumyW
c4 ATIULEITEY
C5  uadida
Co6 Llogy
By variables (optional):
Select | Statist - | v Mean [~ Trimmed mean [¥ M nonmissing
— S v SE of mean [~ Sum v M missing

v standard deviation [ Minimum [~ M total
H;Ipl OK I Cancel | ¥ Variance [ Maximum [T Cumulative M
[~ Coeffident of variation | Range [~ Percent
[~ Cumulative percent

v First quartile [~ Sum of squares
v Median v Skewness

¥ Third quartile ¥ Kurtosis

¥ Interguartie range [~ MssD

v Maode

Help | QK I Cancel




Basic Statistics

ita Worksheet 12lun1sa1uaau

Welcome to Minitaek, press Fl for help.
Betrieving project from £ile: "D:WCMUONZ255444N\LABMVELEE - LMPJ"

Results for: ELEPHANT DUNG PAPER.HTW[‘iIﬁHﬁ’JﬁLﬁE =1)

Descriptive Statistics: nain1saatu ANRAAANITAUIAINNITATUIN

Z—

H N* Mean SE Mean StDev Variance Minimum Q1
ﬂ1iqnﬂh 27 04389 2391241 15408 879 3540 4630

N for

ariable 03 Maximum Range IOR Mode Mode Skewness

Kurtosis
angy 595.30 60.90 52.11 19.90 56.1 2 -088 074
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Chapter 3: Graphical Data Display



< AsudavnaIadglawnsu (Histogram)
< ANTUIAINAGIE WHUAIWAIsULRLTU (Stem and Leaf)
< AsusaINanIE Box and Whisker Plot

<2 AMsuandnanlel Interval Plot

< AMsugaInanIInagal Normality @y Normal
Probability Plot
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SBH/ S 1 @ v L Scateplot.
- | Bl Matrix Plot...
[ Marginal Plot...

—
5

dlh Histogram...
#4i Dotplot...
16/6/2013 iz Stem-and-Leaf...
Welcome to Minitab, pre b# Probability Plot...

|« Empirical CDF...
Results for: ELEPHANT

{\. Probability Distribution Plot...

Histogram of naINIRE ligh Boxplot...

[t1* Interval Plot...
[z} Individual Value Plot...
[X  LinePlot...

< 0l Bar Chart...
@ PieChart...

Q

IR EER L.
v| x

3 ELE

3 C1-T C |#* Time Series Plot... cs 6
wlevh@da | e M Area Graph.. Ansa vl

11 Bl Contour Plot... 11.1

2 |1 s 3D Scatterplot... 13.5

3 |1 B 30 Surface Plot.. 10.3

4 1 540 B3 46.30 16.3

5 1 840 4 55.30 17.3

6 1 840 4 42.80 12.6

7 1 840 5 43.20 17.2

8 1 840 5 48.70 14.2

9 1 840 5 52.40 11.2

c2
C3
C4
C5

ATIULEIsEY
umdide
VIRIATAAEY
anmzatyld

Graph variables:

vatnsaasy’ Lainisaiul’

Select |

Help |

Scale... | Labels... | Data View...
Multiple Graphs. .. | Data Options. .. |
oK Cancel
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Stem and Leaf

< Wlunsineuatayailnaldauasiaya’asinnan
< FTARUIABULTLYATIULRZNITATTAN L UDIUDNR L6
< fdayagaudvaantilu 2 &2u da d16u wazlu
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Stem and Leaf

iy Aayansuuusgauitnadfuacindau 10 au Hudsil
75 52 80 96 65 79 71 87 57 61
- Bavardudayaanniaaldunn lageil
52 57 61 65 71 75 79 80 87 96
- wivrayalilu 2 dHu Aa udn&u (su) uaz nanuie (lu) uasuans
AYR 61

=

Stem | eaf
5 2 7
6 15
7 159
8 07
9 6
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- (Stem and Leaf

C2 mnudisay Graph variables:
el
C3 uvamea _ T p——
C4 LRInsgaEy
C5 uamsayd
By wariable:

[T Trim outliers G.f_J LR olll

Increment: | 0.1
Select

Help oK Cancel
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Stem and Leaf

Results for: ELEPHANT DUNG PAPER.MTW
Stem-and-Leaf Display: naynisaiuivl

* THCEEMENT specified was too small

MILAUAGIU

Stem-and-leaf of nmwmsaulvl ¥ = 81
af Tnit = 0.10 5
ALauly

t
AN UARTRN 3 ﬂ Eiiﬁ

12 12 55&7

18 13 345574

25 14 0244878

23 15 02455 A1sa1uml 3 10 039

16 0113348 L ,
(7) 17 0122239 ﬂsznanmumaga 3 Al
37 18 044569 A

1 oos leun 10.0 10.3 10.9
28 20 2

27 21 0368
23 22 4

22 23 07
20 24 06
18 25 0088
14 26

14 27 449
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< Box and Whisker Plot \fluta3asfiafizdiausnidnazuasziayasie fa
gudnatvaastaya (Median) 150528 LARLANHAULAMNLLUDIADYA

Box

IQR
50%

< Maximum
250 Whisker
— Q3
N
<« Median
— 01
25%
\

Minimum



File Edit Data Calc 5tat| Graph Editor Tools Window Help

ﬁﬁl%laﬁgp%gcmpm I Y TEEL Tl

- i Matrix Plot... =

[#% Marginal Plot... j| Lot | q J R T OO N

fh Histegram... Se:
#£i Dotplot..,

Stem-and-leaf of naAEA
Leaf Unit = 0.10

iz Stem-and-Leaf...

Lh—

|« Probability Plot...
Empirical CDF...
3 10 0335 Li =t
a8 11 01225 ™. Probability Distribution Pleot...
12 12 55&7
25 14 0244878 |I_II Interval Plot...
30 15 02455 L
37 1f 011334% Il_E: |ﬂdIEIdUE|VE|UE Plot...
{(7) 17 0122239 |i Line Plot...
< Nl Bar Chart...
@& PicChart...
FiEE] ELEPHANT DUN
N C1T C |#* Tirne Series Plot... cs 6 7
- o |adi Area Graph...
iavidaida | AL pansanulv
1 1 . Contour Plot... 11.1
2 |1 i 3D Scatterplot... 13.5
3 |1 & 20 Surface Plot... 10.3
4 |1 e T I6.30 16.3
5 |1 840 4 55.30 17.3
= bl 2An A A7 an 17 /A




With Groups

Multiple ¥'s
Simple With Groups
é é éé #é AT EITEY Graph variables:
EERE C3  wuaidide
wow2 LA ] C4 Laimegatu _—
vatmsatull
Help | [0]4 Cancel

Categorical variables for grouping (1-4, outermost first):

- e ma
‘miaWEED

Scale... Labels... Data View...

Select Multiple Graphs... Data Options. ..




Boxplot of nainisqgazu

Ln
L]
1

.
=

Ll
L
1 1

PRINSAG UL

%]
=
]

—
Lo}
1

L]
1

T T T
1 2 3
stienidiia




< Interval Plot da wwuNWRIEIANULTEATY BaIA QA
< JdslaridlunTnagaugnuagIu

File Edit Data Calc 5tat| Graph Editor Tools Window Help

@ H [ @] % @]« Lt scatapir. :JEg-1-1o!

) g |

= Matrix Plot... ﬁ
I j E{l Marginal Plot... M i | ! |”T —
dh Histegram...

Boxplot of nainsgai £ Dotplot..

élﬁg Stem-and-Leaf...
|« Probability Plot...
| Empirical CDF...
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Asnasiad Normality

< Wlunsmeagaunisnsyanauastayailaunindnisnszanawuudnd (normal
distribution) waa'l1

< neadgauala Normal Probability Plot
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Chapter 4: Quality Tools with Minitab
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/ QC Tools

+ Pareto Diagram

 Fishbone Graph/ Cause and Effect Diagram
- Scatter Graph

+ Graph

+ Histogram

+ Control Chart

» Check Sheet




1 Pareto Diagram
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Pareto Diagram
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4 Pareto Diagram on Minitab

Stat - Quality Tools - Pareto Chart

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

Jﬁn|§‘é’éi Basic Statistics 'ﬁ'|®?ﬂ J@@[
Begression 3 —
/] B , -l x|q
DOE 3
Control Charts »

—— 20/6/2 IEEERETEIIINND 4 Ron Chat..
Refabity/Suival | [

Welcome to Minitab,

Multivariate ¥ | 3> Cause-and-Effect...
Time Seri 3
e eres 7% Individual Distribution Identification...
Tabl (3
~anies % Johnson Transformation...
Monparametrics » - .
Capability Analysis »
EDA
B Capability Sixpack »
Power and Sample Size »
Gage Study »
< “/)c Attribute Agreement Analysis...
@ Acceptance Sampling by Attributes.., Wo
. . y —
: ci 2 c3 ca Acceptance Sampling by Variables C
~ Multi-Vari Chart...
[é Symmetry Plot...

Ak W M|
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1 Pareto Diagram on Minitab
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Worksheet 1 ***
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Select |
Help |

™ Chart defects data in:

BY watiable in:

I (optional)

¥ Default (all on one graph, same ordering of bars)
{~ Cne group per graph, same ordering of bars
{ Cne group per graph, independent ordering of bars

& Chart defects table

Labels in:

I ‘Anracyady
I ‘Frurunandy

Freguencies in:

= Combine remaining defects into one category after this percent: I g5

* Do not combine

o]

Pareto Chart of énuazuaads
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Cum %a 27.3 46.6 61.9 74.4 85.2 93.8 100.0

Percent




Fish Bone Diagram
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Fish Bone Diagram with Minitab

Cause and Effect Diagram
Stat = Quality Tools > Cause-and-Effect

File Edit Data §a|c| Stat Graph Editor Tools Window Help

ﬁn|§|éﬁi Basic Statistics >ﬁ|®?g J@@@
Regression r
- B | x| q
= ANOVA 3 J | | q
=L DOE 3 Sess|
Control Charts r
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Multivariate » ﬂ Cause-and-Effect... |
Time Seri 3
e 2eres 7% Individual Distribution Identification...
Tabl (3
~anes % Johnson Transformation...
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Capability Analysis »
EDA
- Capability Sixpack [
Power and Sample Size »
Gage Study [
< % Attribute Agreement Analysis...
@ Acceptance Sampling by Attributes... Workshe
. . N
n c1 2 3 c4 Acceptance Sampling by Variables 9
- Multi-Vari Chart...
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2
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i Worksheet 1
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File Edit Data Qalc| Stat Graph Editor Tools Window Help
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% Johnson Transformation...

Capability Analysis 3
Capability Sixpack 3
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1 Fish Bone Diagram with Minitab

Cause-and-Effect Diagram

Material Personnel
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Control Chart
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NuNdMIUAUN X - R (X - R Chart)
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A15&5719 X Chart
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A15&919 R Chart
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Sample
number Xy X X3 X4
1 6 9 10 15
2 10 4 6 11
3 7 8 10 5
4 8 9 6 13
5 9 10 7 13
6 12 11 10 10
7 16 10 8 9
8 7 5 10 4
9 9 7 8 12
10 15 16 10 13
11 8 12 14 16
12 6 13 9 11
13 16 9 13 15
14 7 13 10 12
15 11 7 10 16
16 15 10 11 14
17 9 8 12 10
18 15 7 10 11
19 8 6 9 12
20 13 14 11 15




namber | X X2 X Xs
1 6 9 10 15 Yo X,
2 10 4 6 11
3 7 8 10 5 m
4 8 9 6 13
5 9 10 7 13
6 12 11 10 10
7 16 10 8 9
8 7 5 10 4
9 9 7 8 12
10 15 16 10 13 m p
11 8 12 14 16 (=1""1
12 6 13 9 11 m
13 16 9 13 15
14 7 13 10 12
15 11 7 10 16
16 15 10 11 14
17 9 8 12 10
18 15 7 10 11
19 8 6 9 12
20 13 14 11 15




Xbar-R Chart of X1, ..., X4
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Observations for a subgroup are in one row of columns:
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NuNdmIUAN X - S (X - S Chart)
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Control Limits

A15&519 X Chart
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NuNdmIUAN X - S (X - S Chart)

AN5&919 S Chart
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i=15i

m
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MIatiNg NMTNARAULIING compressive strength Tunsyulunns injection
molding TaanisnagaunsinaannnIsgueaaciig 20 nang ag 5 datng

X1 X3 X3 X4 Xs X R S

83.0 |81.2| 78.7 | 75.7 | 77.0 | 79.12| 7.3 | 2.99 —~
88.6 |78.3| 78.8 | 71.0 | 84.2 | 80.18| 17.6 | 6.65 5o Zi=1di
85.7 |75.8| 84.3 | 75.2 | 81.0 | 80.40 | 10.5 | 4.79 m

80.8 |74.4| 825 | 74.1 | 75.7 | 77.50| 8.4 3.88
83.4 |78.4| 826 | 78.2 | 78.9 | 80.30| 5.2 2.49
753 |79.9| 87.3 | 89.7 | 81.8 | 82.80| 14.4 5.78
74.5 |[78.0| 80.8 | 73.4 | 79.7 | 77.28| 7.4 3.22
79.2 |84.4| 81.5 | 86.0 | 74.5 | 81.12| 11.5 4.53
80.5 [86.2| 76.2 | 84.1 | 80.2 | 814 | 10.0 3.86
75.7 [75.2| 71.1 | 82.1 | 74.3 752N.0 4.01
80.0 |81.5| 78.4 | 73.8 | 78.1 | 78.36| 7.~J. 2.8
80.6 |[81.8| 79.3 | 73.8 81.7 §79.44| 8.0 [~3-31
82.7 |[81.3| 79.1 | 82.0 | 79.5 | 80.92| 3.6 1.‘&\\

79.2 74.9 | 78.6 77.7 75.3 | 77.14 4.3 1.94
85.5 82.1 | 82.8 /3.4 71.7 § 79.10 | 13.8 6.14

78.8 [79.6] 80.2 | 79.1 | 80.8 [ 79.70 | 2.0 0.81 - YmoX
82.1 |78.2| 755 | 78.2 | 82.1 | 79.22| 6.6 2.85 X = -
84.5 |76.9] 835 | 81.2 [ 79.2 |81.06| 7.6 3.11

79.0 /7.8 | 81.2 84.4 81.6 | 80.80 6.6 2.55
84.5 73.1 | 78.6 78.7 80.6 | 79.10 | 11.4 4.12




Xbar-S Chart of X1, ..., X5
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File Edit Data Calc 5tat Graph Editer Tools Window Help
EH S smreloc B AaEOQ2@ |-
EEIV AR

1 83.0 81.2 78.7 3.7 77.0
2 88.0 78.3 78.8 71.0 84.2
3 85.7 /5.8 84.3 /3.2 81.0
4 80.8 4.4 82.5 4.1 75.7
5 3.4 78.4 82.6 78.2 78.9
6 73.3 79.9 87.3 89.7 81.8
7 4.5 78.0 a0.8 734 79.7
8 79.2 84.4 81.5 86.0 4.5
9 80.5 86.2 76.2 84.1 80.2
10 5.7 5.2 1.1 82.1 4.3
11 80.0 81.5 78.4 73.8 78.1
12 80.6 81.8 79.3 /3.8 81.7
13 82.7 81.3 79.1 82.0 79.5
14 79.2 74.9 78.6 7.7 73.3
15 85.5 82.1 82.8 734 7.7
16 78.8 79.6 80.2 79.1 80.8
17 821 78.2 73.5 /8.2 82.1
18 84.5 76.9 83.5 81.2 79.2
19 79.0 7.8 81.2 4.4 81.6
20 84.5 731 78.6 8.7 80.6




File Edit Data Calc| Stat Graph Editor Tools Window Help

= & | & | ¥ § Basic Statistics 3
Regression 3

| - AMOVA 3
ias DOE b
X1 1 Quality Tools k

1 83.0 Reliability/Survival 3
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4 80.8 Tables 3

5 83.4 Monparametrics k

6 73.3 EDA "

- 74.5 Power and Sample Size #
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Eﬂi Box-Cox Transformation...
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Observations for a subgroup are in one row of columns:

¥1%2 %3 x4

\

Scale... |

Labels. ..

Multiple Graphs. .. |

Data Opfions...

¥bar-A Options. .. |

its I Tests I Stages I Box-Cox I Display I Storage I

IDmit the following subgroups when estimating parameters (eg, 3 12:15)

=

—Method for estimating standard deviation
—Subgroup size = 1

" Pooled standard deviation

¥ Use unbiasing constant
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Individual-Control Chart 115a I-MR
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AN5&919 X Chart

CL = X = 2=
m

UCL = X + 32K
dz(n)

LCL = X —3 MR




A15&5719 MR Chart

n
n-—1

UCL = MR +3ds "~ = D,MR
2

CL = MR =

LCL = MR - 3d3 % = D, MR
2

Note: MR, = X, — X,_1
MR, =0
MRZ - XZ _XLMR?, - X3 _Xz,
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Individual-Control Chart 115a I-MR

fAiating AananNurUInadaan’lasuadiueiu Silicon Wafers ﬁa{umﬁwm
30 Yu

MR, = 48.6-45.4 = 3.2
Water Thci)cxllg:ss MR _y Water Thci)cxllg:ss MR
1 45.4 -/ 16 58.4 13.3
2 48.6 3.2 17 51.0 7.4
3 49.5 0.9 18 41.2 9.8
4 44.0 5.5 19 47.1 5.9
5 50.9 6.9 20 45.7 1.4
6 55.2 4.3 21 60.6 14.9
7 45.5 9.7 22 51.0 9.6
8 52.8 7.3 23 53.0 2.0
9 45.3 7.5 24 56.0 3.0
10 46.3 1 25 47.2 8.8
11 53.9 7.6 26 48.0 0.8
12 49.8 4.1 27 55.9 7.9
13 46.9 2.9 28 50.0 5.9
14 49.8 2.9 29 47.9 2.1
15 45.1 4.7 30 53.4 5.5




~ uWundaIuau X - MR

Individual-Control Chart 115a I-MR

I-MR Chart of X
UCL=65.14
w &0 - M
:_: L //w .»'"1 A /\.\i/’. ¥=49 8L
3 VNS Y -
o
- LC1L=34.55
m 1 T T T T T T T T T T
1 4 7 10 13 15 19 22 25 28
Observation
0 4
UCOL=18.79
5
;: c | .\/A\J/\.’\ .'?\1\'\'_./‘ \V/A\/\/. ﬁH=5I?5
0 - LCL=0D
1 4 7 10 13 16 1% 2 25 28
Observation




nNuAlaIuad I-MR with Minitab

File Edit Data Calc 5tat Graph Editor Tools Window |
FH S tmRcox Bt L1 HE O1
[ ity p2|[

4 Cci c2 c3 c4 C5
X
1 45.4
2 48.6
3 49.5 I I Eile Edit Data GCalc| Stat Graph Editor Tools Window Help
44 - ] : . ——
4 - D‘E|§‘c¥:i Basic Statistics Pﬁ'|®?g J@@@___#
5 . Regression »
E Sl x|3 J

[ 35.2 ANOVA »
7 43.3 E DOE 4 WAFERMTW #=
8 22.8 N ci ) Control Charts J Eﬂ Box-Cox Transformation... ca Co ci0
9 45.3 litw Tool »
10 46.3 X Quality Took Variables Charts for Subgroups »

- Reliability/Survival 4

1 434 cliability/Surviva Vaniables Charts for Individuals » % I-ME...
11 53.9 2 48.6 Multivariate » .
40.8 Attributes Charts 4 =
oL . 3 49.5 Time Series » . . o Z-MR...
13 46.9 4 44.0 i , Time-Weighted Charts >
40.8 : L= Multivariate Charts 4 ]E Individuals...

14 - 5 50.9 Monparametrics ’ %= Moving Range...
15 45.1 6 55.2 EDA »
16 8.4 7 43.3 Power and Sample Size »
17 21.0 a8 52.8
i8 41.2 9 45.3
19 47.1 i0 46.3
20 45.7 11 53.9
21 60.6 12 49.8
22 51.0




nNuAlaIuad I-MR with Minitab

Cl1 X Variables:
X
Scale... | Labels... |
Multiple Graphs... | Data Options. .. |
Select |
€ Estmate |5 )its | Tests | Stages | Box-Cox | Display | Storage |

Help | — | e y
Omit the following subgroups when estimating parameters (eqg, 3 12:15)

—Method for estimating standard deviation
—Subgroup size = 1

-~

C > Average moving range .

" Median moving range

Length of moving range: @

Help DK Cancel




n n
p: dansiunaddalunausiating

N nuienualungudacing
np vida d: Inudunadidalungudliaeng

AUAUDINFNIALN (77) Avhudusiayalu p chart wia np chart au1sa
wasunlaels Wasanndadarilunsaziuarafisluiwindu §oilu 6ay
AnaamnnamIuAl (UCL, LCL) &nsum 77 Waaga?



A& PChart

UCL = p+ 3 |BEP)

n

LCL = p—3 [P0=P

n

Note: g1 n fidliaeil UCL, LCL azfididdaundaslunnngudiacng



\’ ’
P 4
- :

fiaatng AayRUDILRE

RNUANAILAN p

1
a a

NN UU

[ 4
=2

v

Tun1sHaAaaNTENU Taailtayanianuea 25 ngu

nFUT Yuti FUIUATIAFAY 77 Fuuuaada d
1 29 2385 47
2 30 1451 18
3 31 1935 40
4 1 2450 \\ 42
5 2 1997 \ \ 39
6 5 2168 ~ 52
7 6 1941 | p'lieen |47
8 7 1962 34
9 8 2244 29
10 9 1238 22
11 12 2289 45
12 13 1464 26
13 14 2061 49
14 15 1667 34
15 16 2350 31
16 19 2354 38
17 20 1509 28
18 21 2190 30
19 22 2678 63
20 23 2252 58
21 26 1641 24
22 27 1782 19
23 28 1993 30
24 29 2382 32
25 30 2132 46




Eile Edit Data Calc 5tat Graph Editor Tools

Window Help

Eld &S s2@a o~ |EH 1T 1 AE Q2

A&y 2]

n x
1 2077 36
2 2079 i
3 2581 89
4 3583 110
o 2580 42
6 2582 69
T 2582 63
& 2582 62
9 2583 8z
10 3584 67
11 3583 54
12 3681 25
13 3683 44
14 2580 42
15 3581 22
16 3583 52
17 3584 73
18 3584 60
19 3583 61
20 3582 55



Eile Edit Data Qalc| Stat Graph Editoer Tools Window Help

= = | &h | 5 N Basic Statistics

k

FAINEA:

Regressicn k
= || ¥
I - ANOVA » J | | q E
] DOE g BIKE WHEEL DEFECTIVEMT
: c1 ] Control Charts k Eﬂﬁ Box-Cox Transformation... cs Co | C10 |
lity Tool s 1
n SRl Variables Charts for Subgroups » LAUULTOT
Reliability/Survival  » SH51&D
1 2385 eliability/Surviva Variables Charts for Individuals » / _amﬂz\humamﬁﬂ
o . —_—
2 1451 Multivariate T — Y = p..
1935 Time Seri r
3 TE SENEs Time-Weighted Charts b B Np,
4 2450 Tables > - S|
Multivariate Charts == -
5 1997 Monparametrics » e L SRR
6 2168 EDA > =4 .., AIUIUADILRE
7 1941 Power and Sample Size »
8 1962 EL
9 2244 29
10 1238 22
11 2289 45




Eile Edit Data Calc| Stat Graph Editer Tools Window Help

= | §| % § Basic Statistics

-

PAINE A |

BOZ
Coz

= x|a

Box-Cox Transformation...

i

BIKE WHEEL DEFECTIVEM

cs8

co

C10

Variables Charts for Subgroups »
Vanables Charts for Indniduals »
Attributes Charts
Time-Weighted Charts
Multivariate Charts

Begression »
I - ANOVA 3
s DOE v
n Cuality Tools 3
1 2385 Reliability,/Survival ]
2 1451 Multivariate [
3 1935 Time Series »
4 2430 Tables 3
5 1997 Monparametrics r
6 2168 EDA .
7 1941 Power and Sample Size »
a8 1962 L2
9 2244 29
an 1770 2

Variables:

d

Subgroup sizes: I n

(enter a number or column containing the sizes)

Scale... | Labels...

P Chart Options... |

Multiple Graphs... | Data Options...




nNuNAIUAN p with Minitab

P Chartof d

M—Mﬁ UCL=0.02697

i v/‘/\/\/ﬂ\/\/

Lelog ‘I_I_I_I_u—|_|—|_|—|_|_|_|—|_|—'_'—|_l_,_l_L LCL=0.00957

1 3 ] 7 g 11 13 15 17 19 21 23 25
Sample

0.030 4

Proportion

Tests performed with unequal sample sizes




File Edit Data Calc| Stat Graph Editer Tools Window Help

E’*E|§|%i EBasic Statistics >ﬁ|®?g J@@@%
Regression 2
] = ||
I = AMNOVA k J | | Q
R DOE 4 BIKE WHEEL DEFECTIVE
3 ci | Control Charts k Egi Box-Cox Transformation... cs 9 ci0
lity Tool [
n Quality Tools Variables Charts for Subgroups »
Reliability/Survival 3
1 2385 eliability/Surviva Yariables Charts for Individuals »
Multivariat L4
2 1451 ~oEvarate Attributes Charts ;,E B..
3 1935 Time Series » . :
= Time-Weighted Charts ==l NP...
4 2450 Tables b o l
Multivariate Charts r ==
5 1997 Monparametrics k = &
[ 2168 EDA » LE U...
8 1962 3%
n 77AA 0 €1 n Variables:
cz d r

Subgroup sizes: I n

{enter a number or column containing the sizes)

Scale. .. | Labels. .. |

Multiple Graphs... | Data Options... | MNP Chart Options... |

Select |
Help | oK | Cancel |




NP Chart of d

70+

60 |

20 ~

Sample Count

20 -

s

10 + o

: KJ‘E A

UCL=57.51

NP=38.96

LCL=20.40

1 3 2 7 9 11 13 15 17
Sample

Tests performed with unequal sample sizes




RNUANAIUAN C

TalunisAiIuAuaauANIadIKIaTaaEIUlNUTUNRAAUYN (62 1 KUIaATIFFAU)

ANIRIILNUNTAIVAN C Ao UUFNNAFIUTIIN IuIaunwsaslutuIAad
1 dagasIAFaLUU dn15ATZNLRILUU Poisson araaInIsiiteas ¢

ANTRNIUNUNTAIUAN C
m

CL = c‘=i=Tlci S M IUNFUAIALN
UCL=c+3p,=c+3V¢
LCL=c—3p,=¢c—3V¢ ;1 LCL<0->LCL=0



Control Chart

\' ’
.
- S

fhatng dayainwiursunwsasinulusdrudsenavtaslunisasiagauia’dasine

Sample Number | Number of Nonconformities (c¢) CL UCL LCL
1 1 8.59091 17.384 0
2 1 8.59091 17.384 0
3 3 8.59091 17.384 0
4 7 8.59091 17.384 0
5 8 8.59091 17.384 0
6 10 8.59091 17.384 0
7 5 8.59091 17.384 0
8 13 8.59091 17.384 0
9 0 8.59091 17.384 0
10 19 8.59091 17.384 0
11 24 8.59091 17.384 0
12 6 8.59091 17.384 0
13 9 8.59091 17.384 0
14 11 8.59091 17.384 0
15 15 8.59091 17.384 0
16 8 8.59091 17.384 0
17 3 8.59091 17.384 0
18 6 8.59091 17.384 0
19 7 8.59091 17.384 0
20 4 8.59091 17.384 0
21 9 8.59091 17.384 0
22 20 8.59091 17.384 0




File Edit Data Calc 5tat Graph Editor Tools

Window Help

EEd S s2@a o[ 11 #ME 078

&k &+ Pz

+ c1 c2 c3 Cc5 c7
C
1 1
2 1
3 3
4 7
5 8
[ 10
7 3
8 13
9 ]
10 19
11 24
12 "]
13 9
14 11
15 15
16 8
17 3
18 5]
19 7
20 4
21 9
22 20




e
File

Edit Data Calc| Stat Graph Editoer Tools Window Help

= | =) | X § Basic Statistics »
Begression »
I - ANOVA 3
@ DOE 3
C Quality Tools *
1 1 Reliability/Survival »
2 1 | Multivanate 3
3 3 Time Series 4
4 7 Tables 3
5 8 Monparametrics 3
6 10 EDA b
7 3 Power and Sample Size »
a8 13
9 ]
10 19
11 24

FAINE A : |

4B

Sl x[a

NC OF RADIO.MT

ui Box-Cox Transformation... g

c9 C1(

Variables Charts for Subgroups »

WYanables Charts for Individuals ¥

Attnbutes Charts
Time-Weighted Charts
Multivariate Charts

Cl ¢ Variables:
d
Scale... | Labels... |
Multiple Graphs... | Data Options. .. | C Chart Options. .. |
Select |
oK | Cancel |

Help |




c Chart with Minitab

C Chartof c
25 1

.

—

UCL=17.38

Sample Count
= —
= wn

e

C=8.59

0 - LCL=0

1 3 ] 7 9 11 13 15 17 19 21
Sample




1 LNUAUAIUAN U
.3

1alun1sAiuANnuANTaIuTasaas uiisInlundasiue iaaurauassiating
nigasIARaY (Au1nuadnau n = 1)

ATEIILHUNTMIUAN U foatuuaNNEFIUTIN IuIauansasluauInad
1 daansIAFaLUU dA15ATZNLRAILUU Poisson graaInIsiteas v

ANTRNIUNUNLAIUAN U

m

CL=a=i=Tlui ©m : UUNRUGIAENS
UCL=1u+3 |*

ni
LCL=ﬂ—3\/§;a”1 LCLL0>LCL=0

Note: a1 ndi@lumein UCL, LCL azdiavdaaunidasiunnnguaiacing



RNUANAYLAN U

ML w”aagaﬁmaumaoLz’f’mmnmsmsaaaanifua’mmﬁﬂwaoa’imﬂsznan
Disk-Drive

sS4 Number of Assemblies Total Ngmber_ of
Inspected (n) Imperfection unit (©)
1 2 10
2 4 30
3 2 18
4 1 10
5 3 20
6 4 24
7 2 15
8 4 26
9 3 21
10 1 8




RNUANAIUAN U

5+75++8

u=

10

Number of Total Number of Number of
oo | psermbies | impertecton un o | imeerecionper
1 2 10 5 7 12.6125 1.38751
2 4 30 7.5 7 10.9686 3.03137
3 2 18 9 7 12.6125 1.38751
4 1 10 10 7 14.9373 0
5 3 20 6.6667 7 11.5826 2.41742
6 4 24 6 7 10.9686 3.03137
7 2 15 7.5 7 12.6125 1.38751
8 4 26 6.5 7 10.9686 3.03137
9 3 21 7 7 11.5826 2.41742
10 1 8 8 7 14.9373 0




u Chart with Minitab

J@ File Edit Data Calc 5tat Graph Editer Tools Window Help

IR IR Y Y AR A

||_

[] &t v e+ 2] EIRIS
n C

1 2 10
2 4 30
3 2 18
4 1 10
> 3 20
6 4 24
7 2 15
3 4 26
9 3 21
10 1 8
11

12




@ Eile Edit Data Calc| Stat Graph Editor Tools Window Help

INEA:

co c10

I

cam

o0

T
|==]
5
g
=
_|
=
{=1]
3
o
o
=
3
{=1]
o,
=}
=

Wariables Charts for Subgroups »

Variables Charts for Individuals »

Attributes Charts
Time-Weighted Charts
Multivariate Charts

= E | % | ‘:"% g | Basic Statistics 3
I J Begressicn L
AMNOVA 3
+ c1 Cc2 DOE b
- = Control Charts 4
1 2 ! Quality Tools L
2 4 - .
Reliability/Survival L
2 1
e Multivariate 3
4 1 1 . .
Time Series 3
5 3 2
m Tables L
6 4 2
7 2 1 Monparametrics »
]
8 4 2 EDA
9 3 Power and Sample Size »
10 1 8
11

c2

ariables:

c

Subgroup sizes: I n

{enter a number or column containing the sizes)

Labels... |

Multiple Graphs... | Data Options... |

U Chart Options. .. |




u Chart with Minitab

U Chart of c

16

14

12 4

Sample Count Per Lhit
o o

4
5 ] 1
D_ I
1 2 3 4 ] ] 7 8 9 10
Sample

Tests performed with unequal sample sizes

UCL=14.94

LCL=D




1BausHIun1slHiGn15153au a9 4 uaz 5



Chapter 5: Process Capability



.
ANTAAIANNRINITaRRIATTUIUANS (Process Capability Study)
h mmnmmaaﬂﬂsvnaummmmaaﬂummuﬂswumao

NTELIUNITNRA Farnlilde au 1A3agdns IRQAU NNTIA LAY
Rouaaan Wadasandenisidasundaslusedununinuay
ANMUFINTaGUAN A INADINTTLIUANT (Process Potential
Capability) 31 aAszuiun1IsiauaNlR §550UY LAEAINLLLUEN
AU LA

Taah'll AnuulsduniAadulunssiiunisduiiasinannanime
TaaassnnAvinTilAnA RN BUEURIAMUN TN IHANNATTHRG
(Quality Characteristics) i@ luuduay wazdn1suantiadiu
1lné (Normal Distribution)



Normal Distribution

i == 95in 100

S 4in100
== 3in1000

™

o 4

™

o —

~

o -

o

o

-3¢0 =26 =lo ¥ lo 20 30
95.45%

99.74%

ALANHUZADIAUATWAITAL LU +30 (99.47%)



| o

H
it

=
uauLantaiInue (Specification Limit) Aa ﬁ;w%amanmmﬁﬂau%’uvlﬁmao
fud1 Wiausnstiueg TaaanafidiAuatiuivaauiuantanivuaaie (Lower
Specification Limit) uas aautaandafiiviuauu (Upper Specification Limit)
waafiiavaauaasAls Tnaiauanrauzaasnunwiliaglu
Aautaanaansule daintdunaaide

Design Design
5990'“:3“0"3 Speciﬁcgtions
r \ A
T . b
Process Process
+30 fimun > AsLUIUN1Y +30 fimlag > nsvulIunisil
ANULUsEuNNN 2 TandLiauaY ANuLlsiulag = lan&ia
L&eunn AaILIeias




pk



andIunavuautaatanInua (Specification Limit) aaivuauius
AadANNLUsRuaaInsEuIuUA1g (+30 )

LSL

Cp

usL

p——four Process Spread = t 30—

+— Performance Spread Acceptable to the Customer = { USL - LSL ) —

USL — LSL
60

C, =1-> (USL-LSL) = 60

61 C, = 1 Asz1IUNTiANURIUNITa

flo C, fignun > AszanunsiianuaInisann
C, = 1.33 - benchmark

C, = 1.33 > AranuansanadInszunsiian

§9 tasnnfidannisdfiasndndauaifisunn
vWed 0.007%



ok

A6 1RIUAIUALLAANAD AN UAG A UIVUAULAAADIAINNLLUTHUADY
N3YUIUNTT NINTAUE LR UIAAAUETNRIUDINTEUIUNTAIE

Design
Desi
speclﬂcgaons Specllkations —
¢ A C, fAvindu
| LLAANNFINNGA
AU
B Process Process
c - Ust-u a1 Cpr =1 2 C, =1 2 n5guIUNSH
pu = T 34 ANURINTA
C. = U—LSL
pl — "3, a1 Cpr = 1 2nssnunsiianuaiunsa

C

pk — min(Cpl, Cpu)

fl9 Cpp AAINNA 2> ANNEINNTANN



faatng: WaannNTinnasulidravRIndauLad1latina1nAT Diameter d9gn
Aiualacszining 0.457+0.010 mm

C, , Cpk with Minitab

Item Dia. Item Dia. Item Dia.
1 0.454 21 0.451 41 0.455
2 0.452 22 0.452 42 0.455
3 0.454 23 0.453 43 0.454
4 0.454 24 0.454 44 0.452
5 0.451 25 0.452 45 0.453
6 0.454 26 0.46 46 0.452
7 0.455 27 0.451 47 0.454
8 0.454 28 0.451 48 0.454
9 0.451 29 0.451 49 0.454
10 0.454 30 0.451 50 0.451
11 0.455 31 0.453 51 0.452
12 0.454 32 0.453 52 0.454
13 0.455 33 0.453 53 0.454
14 0.452 34 0.455 54 0.455
15 0.454 35 0.455 55 0.452
16 0.452 36 0.454 56 0.456
17 0.455 37 0.456 57 0.452
18 0.454 38 0.454 58 0.454
19 0.454 39 0.455 59 0.451
20 0.454 40 0.453 60 0.452




File Edit Data Calc 5tat Graph Editer Tools

C, , Cpk with Minitab

Window Help

FH & s nalox Bt 14 O7H

ﬁ Diameters.MTW ***

cEIYEEE

BB T EEE

(I

/I TOON = 19

+ C1 c2 c3 c4 C5 Cb c7 c8 L] 10 11 C12 L
1 0.454
2 0.452
3 0.454
4 0.454
5 0.451
6 0.454
7 0.455
8 0.454
9 0.451
10 0.454
11 0.455
12 0.454
13 0.455
14 0.452
15 0.454




JE File Edit Data Calc| Stat Graph Editer Tools Window Help

2H & % me

/|

E

¥ c1 c2
1 0.454
2 0.452
3 0.454
4 0.454
5 0.451
6 0.454
7 0.455
8 0.454
9 0.451
10 0.454
11 0.455
12 0.454
13 0.455
14 0.452
15 0.454
16 0.452
17 0.455

Basic Statistics r
Regression L
ANOVA 3
DOE 3
Control Charts r
Reliability/Survival L
Multivariate »
Time 5eries r
Tables r
Monparametrics L
EDA 3

Power and Sample Size »

Gage Study

‘/x Attribute Agreement Analysis...

% Multiple Variables (Mormal)...

Acceptance Sampling by Attributes...

Acceptance Sampling by Yariables

% Multiple Variables (Monnormal)...

L;TTJ Binornial...

-~ Multi-Vari Chart...
[ﬁ Symmetry Plot...

L‘ﬂ Poisson...

INEE | CBEOHE D @EE| |
1 x/a| |*ToON -1

IC5 Cco c7 cs c9 C10 Ci1 c12 Ccl
Bun Chart...

[ﬂ: Bareto Chart...

=% Cause-and-Effect...

"'D?Q“ Individual Distribution |dentification...

ﬁ lohnson Transformation...

Capability Sixpack M| Gy Between/Within...
ﬁ:] Monnarmal...



Data are arranged as Box-Cox... |

f+ Single column:
Estimate...

Subgroup size:
Options...

(use a constant or an ID column)

Storage...
{~ Subgroups across rows of: L

Lower spec: I 0,947 [ Boundary

LUpper spec: I 0,457 [~ Boundary

Historical mean: I (optional)
Seleck |

Historical standard deviation: I {optional)

Help |




Process Capability of C1

LSL USL
Process Dtz | Within
L=t E'qq'? | — mm Oerall
Targst
s 0,467 | Potential (Within) Capability
Szmple Maan 0453417 | Cp 117
Sample M &0 | CPL  1.4D
StDev{Within)  0.00153264 CPU 255
StDev{Oversl] 0.00167019 | Cpk 14D
| Owerzll Capability
| Pp 200
| PPL 1.2B
PPU 271
| Pok  1.28
| Cpm *
|
|
1 I

0.447 0.450 0.453 0.456 0.459 0.462 0.465

Obsarved Performance Exp. Within Performance Exp. Oversll Performance
PPM = LSL 000 PPM = LSL 14,15 PPM = 5L &1.05
PPM = 5L 000 PPM = USL 000 PEM = USL 00D
PPM Totzl .00 PPM Totzl 14,15 PPM Totzl &1.0%




Chapter 6: Data Analysis with
Hypothesis Testing



Hypothesis Test

Taavial sUvuvaassundsruidinualunsnesgaufiagg 2 suuuy
h
< FUNAFIUUULINNILAELN

Hy: <0 Hi:u>0

“ FUYAFIULUUIFDINNY

HO:‘U=O Hl,u;t()



Hypothesis Test

Qe

unaulunITgsIvnUi luNITNa&aL

. ANua Hy uae Hy

. AINNRUATLAUULRALY

. MURUAMINAFTAUIAALRLANUIUMINATA LA
. ANNUALANINOA

. f7dnanisnasau

P value < « - reject H,

guT A W NN —~ B



Hypothesis Test of Mean

T-test
small sample size (<=30)
used when o is unknown

Z-test
large sample size (>=30)
used when o is known

File Edit Data Calc| Stat Graph Editor Tools Window Help

armesallil 81 10425

One-Sample Z: na

Test of mu = 20 w3
The assumed standal

Variable N
pamsasll 81 19425

Regression
ANOVA

DOE

Control Charts
Quality Tools

Reliability/Survival

Multivariate
Time Series

Tables

Monparametrics

EDA

-

-

-

-

-

Power and Sample Size »

J = | = | 4 i 25 Display Descriptive Statistics...

Es Store Descriptive Statistics...

12 1-5ample Z..

b

1t 1-Samplet...
b

2t 2-Samplet..

&Eaired t..

1P 1Proportion...
2P 2Proportions...
51p 1-Sample Poisson Rate...

<% 2-Sample Poisson Rate...

a2 1Variance..

”i.; 2 Variances..,

@ Correlation...

@ Covariance...

+ C1-T

C2 C3

A Normality Test..

TEST

P | =
TuawIalda AUEsaU

-
Nanalia

nani xz Goodness-of-Fit Test for Poisson..,

1|1

840

3

e
n-.nqj:-
=
—

20.00 1.1



flating Indayananisnaaadditdanszanryanig sasn1snagauinalRas
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J File Edit Data (Calc| Stat Graph Editor Tools Window Help

= & | i | X i 25 Display Descriptive Statistics...

BEegression

]
| £ | =8 2 oo dii | -
|

()

Polynomial Regres

# ERRCE * Ill-cond:

ANOVA
DOE

Control Charts
Quality Tools
Reliability,/Survival

Multivariate

Tirme Series

Tables

Menparametrics

b

EE Store Descriptive Statistics..,

» g Graphical Summary...

' 2 T

11 1-Samplet..
21 2-5amplet..
1t Paired t...

b

b

» 1P 1Proportion...
v | 2P 2 Proportions...
» 51|:| 1-5ample Poisson Rate...

b <% 2-Sample Poisson Rate...

“§u§ 2 Vanances...

HWTDD\

Session

ANT DUNG PAPER

My

=

A" @ Correlation...

Y

@ Covariance...

<A Normality Test...

TEST

}:2 Goodness-of-Fit Test for Poisson...

< EDA
|@ Power and 5ample 3ize *| 52 1 Variance...
4 C1-T c2 c3
Fiimdiia Aunsisay nadda
1 1 840 3
2 |1 840 3
a |1 840 3
4 |1 840 4
5 |1 840 4

17.3 55.30

& P



Hypothesis Test with Minitab

{* Samples in columns:

"IRnsgaEy’

" Summarized data

—
—

Sample size:

Mean:

Standard deviation:

¥ Perform hypothesis test

Select | Graphs... Confidence level:
Help |

Alternative: Im'{tllllllﬁﬂﬂ‘ﬂﬁlﬁ]

Help |

Ok I Cancel |




One-Sample Z: nain1sgaHu

Teat of ma = 20 w3 not = 20
The assumed standard deviation = 7

Wariable H Mean tDewv SE Mean 95% CI Z E
pameardy 81 46.457 10928 0.778 (44.932, 47.981) 34.02 0.000

NalunsnadauINNAFIUTATUSWATN 518903 A1 Z dAvindy 34.02uasan
P-Value winfiu 0.000 disiiaanin@l 0.5 Asinnua

vinlviaginsdfiassundgiu Hy wszasiuhisnunsasgllaindiadauag
narlunisgaaiuvvingu 20




AsItaTEiAlIuisidsiu (Analysis of Variance, ANOVA)

WHudnniieignsnmegdianlalunsnasauauyfgiu
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< Two-way ANOVA flunsnagauaiadadivsutayadanaudu
1 Teadidaaunnnii 1 4
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One-way ANOVA: nai1n1se@adil versus Hiaaiawia

Snurce_ DF 55 M5 F B
siimsizEnga 2 422 211 1.80 0172

Errocr = Q132 117

Total a0 9554

S = 1lo.82 BE—-Sg = 4.42% E—-Sgi{adj) = 1.39g8%

ITndisridual 95% CI=s For Mean Based on
Pooled Sthew

Lewvel M Mean Sthewv ————— +-———— +-——————— +-—————— +——
1 27 435.89 12.41 (—————— H————————— ]
= 27 45,435 11.70 {f—————— e ——————— ]
3 27 45.05 T.76 {(——— e —————— ¥
—————— ———————
42 .0 45.5 49 .0 52.5
Fooled StDew = 10.82

Tukewy 95% Simmaltansecus Confidence Intervals )
211 Pairwise Comparisons among Lewvels of shesizids

TITndiwvidual confidence lewvel = 93.07%



Tukey 95% Simultanecus Confidence Intervals .
211 Pairwise Compariscns among Lewvels of efiesizido

Individual confidence lewvel =

wiesizfido = 1 subtracted from:

2 -1.4% 5.54 12.58
3 -4.88 2.16 9.20

& -

giieyiiilo = 2 subtracted from:

siiLasi

92.07%

ffla Lower Center Upper —-—-—-—-——- - - - +——

L)

-10.42 -3.39 3.85
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Chapter 7: Data Analysis with
Regression



1 Regression Analysis
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h g Regression Analysis
: /.- : ”‘ LN\ LN N\
AMUFUWUDTZWINILUT 2 67

- gudsdasy (Independent variable) Aa sawdsiilusuiie
- gudseanun (Dependent variable) fa audsAtiunalaaniuun

> Maanginsanaaaatinddng (Simple regression analysis) i
Mlsadse 1 aauwis

> Matanginsanaaaidveiau (Multiple regression analysis) #
Mmndsaaszunnnin 1 suils

> Mstansiauduwus (Correlation analysis) tilunaisiasievi
ANMUFUNUDTZKINEILUT 2 daudds laudgunNusduunniag
e e waztiduldlunaniala




" Lo
TAANuRNTUSLEILEUATITERINMILUTAN Way suds
AR5Y LU

o AaNuFuRussTuIvaanafuelsaasilsens

andsenu: aanana , andsasgsy: e'leadseaunnsg
o ANUFUNUTIEUIINARAIATEYaandudnsILantdaau
Milsau: yaansgIaan , Mtlsadse: aanuantlau




h g Simple Linear Regression Analysis
W3
N1TRIRANNITARDAE
< MuuamILlsadsy X wasawdsanu Y
< U1A1 XY WaazaAu&dnNunInnsnseang (Scatter
Diagram)
< gfinu T idudguanse > ANFuRUsuaIAIUls X

e Y tiluanudunusidotduansy aun1sanaaainiii
Aasaztdugun 1L duUnsy

<o g Auun TN dutguldy 2 anugunusuagdaruds X
wae Y MiluanuguWusidatduansd aunisannaa
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21 AUT ARALIRLAATARTULAAA
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D Simple Linear Regression Analysis
il

sdnuunsaaaaau U AL BILEUATY

Y; = I,Bo + 61X + g
Y; ifluAdotnai /aassiudsanu
X; fue&onaii / uasdiudsdasy
B, \Huaaiiidunnnaadaunu Y
£, HluAmranuaintuaaItdunsy
g; luanueananauiiinduiaa sy

daguufnadsduuulunisimsisvinisanaas gl

1) anuaanaiadau (g;) dnsuanuasniiudsssdunuudnd fidadavindu
0 uwasfimnuudsdsruvindgu o2

2) X; dudulsdsasyndrvuadld wazinlaglifiannuaaiaindau

3) NnUaFUNG WuAwaRzA1uad X agldszrinsuas Y fiinnsuanuadui
Und fiaadn B, + F1X; uazdarianuudsdsuvingu o2
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NAAaFNUAN 1 §rusarniaalauad Yidadsnuannaiuas X laaedl

Yi = Bo + b1Xi + &
E(Y;)) = E(Bo + B Xi + &)
= fo + B1X; + E(&)
= Po + BiX;
E(Y;) = Uyx , Hyx = Po + B1X; Husunisanaasuasdseanns M4 Bo
uay B tiunwsfiveas
JUNITAANDEIUDIAIDELINY

Y; = by + b X;
dl ¥; \fuddszunaina o, a X = X;
by tHluaiszunaiuas B,
b, \Hlurrdszunaiuag B,



o
ANTWAN by URY by au"lmmﬁmaoaaouaﬂmam (Least Squares
Method) suomuaﬁmsm by WRY b mmﬂuwamﬂmaoaawaa
mmﬂmmﬂaau (sum of square error, SSE) fl9 SSE = Y e’
umm‘mam Taan1TIaUWUSLAIRIUUAY SSE LAaUAY byUas by
uaIAMnuaTwtvinAueue

N ¢ =Y, — ¥, = anuaatandauainnisussunai /
e SSE=Ye?=Y(Y;,—Y,)2=3(Y; — by + b1 X;)?
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sun1sanaasn ¥, = by + by X; fnauautididoil

. Wuanaasilaniuae X, 7 dolludadeuas X uas Y
2 -7)=Xe =0

- (Y -Y)2=Xe? fiAeNgn
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381N W X = azuuugaunaivana Y = astuudauldanania
NAayafILIUAIENY 9 Ledeil
X =707 Y. Y= 658
X = 78.556 Yy =73.111
Y. XY= 53,258 Y X?= 57,557 Y Y?= 51,980

XYY 707(658
; 2 XY — ) nZ 53258 — (9 ) 1568.444 0777
1 = > = > = = U.
5 X2 (2;() — (7097) 2018.222
_ _ 658 (707)
bo=Y—-bX = < " (0.777)T = 73.111 — 61.038 = 12.073

aum'samaaﬂm"lmﬂa = 12.073 + 0.777X;



s Simple Linear Regression Analysis
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1 Simple Linear Regression Analysis

/
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.
- S

AN nw"auaﬂzLLuuaauna1aﬂ1ﬂLtasﬂ N1ENTA

wle $2,, =

=379.241 doilu S, = 19.47 Azuuy

7 X Y 7= 12.073 + 0.777X (V; — Yi)?
1 77 82 71.902 101.970
2 50 66 50.923 227.316
3 71 78 67.240 115.778
4 72 34 68.017 1157.156
5 81 47 75.010 784.560
6 94 85 85.111 0.012
7 96 99 86.665 152.152
8 99 99 88.996 100.080
9 67 68 64.132 14.961
533 707 658 2653.985
_ 2653.985




1 Simple Linear Regression Analysis
‘ /: ‘
ANSNaFauINNAIIV (B, wa B4)
ATNAFaUAT S
Hunsneagauuuuaadniy Susnaudadl
1. AMMuUa Hy: By =c VSHy: By # ¢
2. AMNUUAAT
3. MNAKAUIOH
_ bo—PBo _ 1 X?

SbO

4. Critical Region
fWTU Hy: B #c At >ta . WAt < —ta
2

—n—2 ?n—z

Hl: ﬁo > C ﬁa t > ta,n_z
Hl: ﬁo <cC ﬁa t < _ta’n_z



. 3
faatid AayaAsLuugaunaIvAIALardaranIa Jsnagauii £,

fimunnnI1 10 M a = 0.05

181N
1. Hy: By <10
Hi: By > 10
2. AMuAA1 a = 0.05
3.t = 12.0659-10 _ 2.0656 _ 2.0656 — 0263
J19- w7t +27081.58.526222) J1943(3.169)  7.855

4. CR: t > t0.05’7 —_ 189

g9 aandu H, Nsvautiagagy 0.05 71 B, A1 luunnnin 10
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AINAFAUAT B, ¥IN'l6 2 uuu Aa
- ASVAFAL B, ENTNAFALLLY ¢ HanegauI B, = 0 wia'la
a1 f; = 0 339 waavIeIulsasss X hifiangwasacmiudsanu Y
AsnaFauldunauaail
1. mMuuUa Hy: By =c VSHy: By +¢C
2. AMNRUAA a
3. NARAURAA
b1—B1
Sb,

4. Critical Region

815U Hy: By #¢c Aat > ta, , WAt <—ta, ,

Hi: B1>c Aat >ty )
Hi: Bi<chat<—tyn_o

Sy x
L(X-X)?

t =

, Sp, = , t Answanuadnud t:d.f=n—2



- MInagau B, laalinisimszvainuuilsdsiunlaannnisuanmainu
NuLlsaanaIngLie

SST = SSR + SSE
it SST = Total SS = ¥(Yi — ¥)?
SSR = REgression SS = Y. (Y, — Y)?
SSE = Error §§ = ),(Yi — Yl-)z
AUAUNITN AR L

(24
74

1'HO: ,31=C VSHl: ﬁl#—'c
2. MAUNAT «

3.SST =Y (Yi—7)? =y vz - &

n
SSR =% (7,— 7)? = b, (T XY —2221)  SSE = SST — SSR
4.CRIF>F 24




A3 3LATIZViANLUsUsU

LRRIANEULLLS df SS MS F
X)Y MSR
AMUDAnAE 1 SSR = b, (2 xy - 252 ) MSR | MSR
n MSE
P = T 2 ZXZ Y
ANUARNALANAU n-2 | SSE = Z(Y" —-Y)—b zXY S MSE
57 n-1 SST = Z(Yi —Y)?




W3
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dFoAu (Jusedau 57u 12 wdau uwauam”l,mmmaumsmaaﬂuau
ARG 9 lafail

Y, = 16.146 + 5.800X;

> X; =328 >Y; = 384
YX-X)?=1731 YX-X)(Y-Y)=1004
>(Y —Y)?=1080

Q

AInadaunaaaunadua T alun1s T iU W UL AU
wIa'lutealyd a = 0.05



1 Simple Linear Regression Analysis

389

< aslmngvlaalaian t-test
1. Hy: 51 =0 Hi:B; #0
2. Mnua a = 0.05

3. MINARAUREHH

52, = 1080—5.800(100.4)
12-2

= 49.768

Sy x 49.768

Y(x- X)2 1731 1.696

= bim B _ 58— 0 _ 349
Shy 1.696

4, CR: t > 2.23 wia t < —2.23
5. Ufjias Hy, evilu e Tanalunisiarangdaninasananuiadua




1 Simple Linear Regression Analysis

/
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- S

2 AtAngvitaaladauunisisiu

1. HO: Bl = O

2. ANUA a = 0.05

3. SST = ZYZ —
SSR = by (L XY -

SSE = 1080 — 482.32 = 497.68

Hl:ﬂl +* O

2
2 ¥° _ 1080
n

ZXnZ Y) — 5.800(100.4) = 582.32

4. CR: F > E05(1’10) — 496
5. Ufuds H, &otiu aldanalunisiawanfidninasasnanunafusn

WURIAMNNAULLS df SS MS F
AUaRnAL 1 582.32 582.32 11.701
ANNARIALARAY 10 497.68 49.768

3N 12-1 =11 1080
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b - tCZZ,( _2) Sbo — :BO S bO + t%,(n—Z)'

1

Wla Sho= SYX\/[

- msiszanaa By @ by duaAilszinauundgenuas gy lunis
Uszanaudn B, wuuavaglaaoanudiaiu (1 — a)100% ua9

b1 - tCZZ,( _2) Sb1 ﬁl < b1 + tOl( _2) S

Sy x

VEX-X)?

Wia S, -



& 3
- msdszanaARdnuag Y (uy x) Jladvueeiuae X
Uy x = Bo + B1X aglarreazlazdigmnuitiadiu (1 — «)100% a9 py x

2 O (X;=X) 5
A Y — t%,(n_z) SYX\/ + T (X—X)2 < Uy x <Y+

(Xi—X)"
' (n-2) SYX\/ T San?

o AsUszanalauaY Yidaauaaiuag X
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dasfuflu 95% a9ilszanaziganuiiiaiuuag Bo, B1

a) saamunewdn Wadmualvalawaniiu 250,000 vn

b) uaswadIAIldFI@TuATTRaiu 250,000 un

381N
< AU (1 — a)100% a9 B,
bo - t%,(n—Z)'SbO ﬁo < bo + ta( _2) S
bo — 16146 t0_25’10
1 X 2.73
Sbo—SYX\/[ +Z(X X)Z] 7055 _+m—34‘6

mam’mnjauuwao ,80 Aa
16.146 — 2.23(3.46) < B, < 16.146 + 2.23(3.46)
8.430 < B, < 23.862
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1 Simple Linear Regression Analysis

< ah9anuLdiaiu (1 —a)100% a9 B,

b4 tczr( _Z)Sblﬁﬁlﬁbl-l-tczz( _2)5

bl — 5801 t0_25,10 — 223

Sy x __7.055 — 1.696

= Z(x-X)? V1731

danuiaiuuas B, da
5.800 — 2.23(1.696) < 8; < 5.800 + 2.23(1.696)
2.018 < B, < 9.582

lafianlaaensluan T o 100, OOO U ganunaANdy 2.018 &1u
U1 89 9.582 aurnsiaaiuiialiu 95%



< ah9adnuLiiaiu (1 — a)100% a9 uy x

Y Sy x (i — X7 Y Sy x (X ok

—tozr(n 2)" +Z(X X)Z —.uYX = +t62¥(n 2)" Z(X X)Z

Wia g’i A1 lwEreu 250,000 un azdlszanaaanaaadnlsiiu 30.643 & uuin
U

Y =16.143 + 5.8(2.5) = 30.643 QY

=S + (X; — X)° _ 7055 | L 4 &2~ 2.73)° 2.067
vx = 0K Y (X — X)2 127 1731~

aheanudaiu 95% wav Uy x
30.643-2.23(2.067) < py x < 30.643+2.23(2.067)
26.034 < uy y < 35.252

ﬂammmaamuaﬂsumw 26.034 mumm &9 35.252 duun wlaan
Tarautily 250,000 wan shaANuLdaiu 95%

Su




% theanadiaiu (1 — @)100% a9 Y

P —t Syx |1+ L K= phy 5, |14 Lq Wiz XS
(=) n(X —X)2 " G- VX [T T TS Ry
\la ¥=30.643 WRE L2510 = 2.23

Sy =Syy |14+~ +(X_ X = 7.055 1+1+(2'5_2'73)2—7351
oo n YX-X)?2 12 1731

shvaNuLdaiu 95% uagy
30.643-2.23(7.351) <Y < 30.643+2.23(7.351)
14.250 <Y <47.036

aanuNaciAaLTe1INg 14.250 mumm aa 47.036 anuun aralaanalu
A Tasrau iy 250,000 U s aAINNLE ATy 95% aztAuNA1UsTINaLUU2AD
a9 Y ANV mwmﬂsummuunmamao Uy x
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AN UL UARY Y ALAiaan X

Mmua (Coefficient of Determinati

2

r- = v
ANULUTHUADY Y 19NUG
_ X(Y-7)?
C N(Y-7)2
_ b S-R-P) _ S xr-2EET dq 2 = SR
-2 32 B2 SST
n

el fieiu 0691 drr? 171'“161”:1mam‘lﬁmwudwmmﬁuuﬂs‘lu Y una
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faating ndayaaanaduaIldInalunisiagan KA1 72 Lagadune
AMURUNEADIANU 6
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r
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Simple Correlation Anal

y ANsItAs IR INWUSatNYdI
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dagundidassiuAmAuganduwugasingdne
1. uds X uazdiwds Y flududsgu Afinnsuanwasuuuilné
2. ANUARNALAARUINATFIULAINITUSTINALAT Y azvindug 1 usunnaluag X
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Regression Analysis with Minitab

Regression Analysis: 11a1A156@ 1 VErsus a1uLi1sail
The regression equaticn is
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Enalysis of Variance

Source DF 33 M3 F F
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