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PREUKSARAT SITTIPONG : RELATIONSHIPS ANALYSIS FOR
PROCESS VARIABLES THAT AFFECT HARD DISK QUALITY. THESIS

ADVISOR : NARA SAMATTAPAPONG, Ph.D., 73 PP.

HARD DISK/FAILURE/QUALITY/CORRELATION

Losing of hard disk manufacturing process, the caused was from the hard
disk’s products did not past the verification process. The verification process of hard
disk was very complicated and very hard for verification of quality. In quality
checking process of hard disk, manufacturing were measured by many variables and
variety of processes. These variables affected directly in the quality checking process.
In variety of manufacturing, there had many variables which included “Quantitative
Variable” and “Qualitative Variable”. If the manufacturers know about how the main
variable that affected to hard disk’s quality when they manufacture in each time, the
issues and cause that made hard disk did not pass the quality test would be analyzed,
also affect to the increasing the amount of hard disk, it would give more chance to pass
the quality. Since there is a huge amount of variables and enormous information, it is
hard to use the tools and analyze the relation of variables and the result of the test.

The purposes of this research were to find out the relation value of variables
that affected to the quality test of hard disk, and to study how the variables affected to
the quality of hard disk from the company’s case study. The information that the
researcher got from the company was a value measurement from hard disk’s quality
checking process, there were 57,232 variables from qualitative variable (dependent

variables) of hard disk, and the variable that related to quality of hard disk



(independent variables) 74 variables. The researcher has classified 53 variables of
qualitative variable, and 21 variables of quantitative variable. This research was used
to find the value relation of information with Mutual Information method by used
program R, and verified with Logistic Regression method by used program SPSS®.
The result of study was found that analyzing the relation of variable which
affected to quality to hard disk by 2 methods can summarized that, the independent
variable that affected to quality of hard disk were same as follows; variable A 07,

A 18,A 19,A 20, A 21,and A _28.

, <
School of Industrial engineering Student’s Signature W71V 150 %
|

4

Academic Year 2017 Advisor’s Signature  yr> e




Paanssuszma

vy a A

Aa A - @ ' [l A 2 Aa
'JV]ﬂTuWH‘ﬁﬂUUﬁﬁ’]lﬁﬁ]aaQ\‘]ﬂ?ﬂﬂ !u@fi%’]ﬂ"lﬁ}§Uﬂ313Jsﬁjﬂ!ﬁaﬂ@ﬂ']Qaﬂq WQ&JTU'JGB']ﬂTi

q

9 o A o =3 o 1 A Y A A A 9 1
AIUNTAUUUOIU MUTNE U1 FI8Man asAIudu 1 NNYIVBI ATINYAAALUAZNANIANG

] Y 1
A149 9 laun

o o o s (= A A S g Y
"U'E)ﬂﬁ"lllﬂl@‘].lWigﬂm 919178 AT.UTT FUADHNINIA ﬂTﬁ]TﬁﬂVI‘]JiﬂHT'JVIfﬂuWH‘ﬁ “Vlsl‘ﬁ

o g’; a o o g’/ ' a a Jd 1 1 <
ﬂ?‘]ﬁﬂkﬂﬂﬂiﬂﬂ@a@ﬂ ‘VIx‘lﬁHL!’Jﬂﬂﬂﬁ ALUSUN i’Jll‘VN%’JEJGﬁ’Jﬁ]VHHLLfﬁﬂJ’JTIEJ”IMW‘L!‘ﬁLaiJﬁi]uLﬁii]

auysol

YONIIVYDUNITLA 50IAIAANTI9150 AT.NTA3 29na Yszsunssumsasuinges
Fnondinug Aldsuauouus lumsUsulyudlvinensinug

YONTIWVOUNILAD TINEAAT19158 #3590 193719 ©19158M1AINIAINTTURARINNG

a = 1 o [ Y A a g a a 4
U IMeaesee Iy d1vsums mnesadlunssumsaeuIne unus

9 q

YDUDUNTZAD AUNIANT ATUIANI AVIITWIA gNTUIAA uaznuAANIYl gaga

]
o

= o 2 ~ a a Y = A Al A o
uﬂﬁﬂH”ﬁ%ﬂ‘]J‘]JiiUuﬂuJW]i TIVNIAINTTNYATINNIT NWTJVI?JTQEJW]FITHIE]EJQSUW? NIIVUDNNIU

3

3

' Yy A
AQANAIYA

Q

Gl
YoVOUNIZAY UHIINAoA Tu Tadgsuian 19 lenaniamsanmn

9 dy YA o a v = g o w @ o w a
FAMYU AIVYVDVDUNITSAM VAT NUITAT LASATDUAT? Gmtﬂumaﬂilﬂumﬂmuax e

o

=

o 1 1 { o 2N a Jo <
Tomal® 1dsumsAnvuaiGeu aesrismias Ny liineiinusdnsa laalea

v da A d
NHNBITAU TNTNIA



a31iey

4
Hin
UNAATO (NTHVING) oo eeeeeeeeeeee e eeoeeesseeeee e 0
UNARTD (D THTDINGE).eeeereeeeeeereeeeeeeeseeeseeeeeeeeeseeeeseseeseeseeseeesseeeseseessesesesesseeessesesseeeeeseesseeeeseesee Y
AN T TULTEN I oo 9
TVTUY oot ?
TTUTYN VTN oo G
AVTURYTU s ol

4

uni
T UMY oot 1

I o w
L1 anudunuazanu@ AU ITUMY oo 1
12 AAQUTEAIRUBIMNITIVY toesrereeoesoeeeoeeeee oo 2
13 UBUIUANTT IV oo oo see s eeseeseseeeeseseeeeeeeeens 3
4 1 (%
14 U5 TOBUAIATI0L TRTU oot eeeeeessssesee e 3
aa A Vv o

2 NGURNNEIVOWASYTNANITIUNTIN oo 4
2.1 ADIURHIBUDT “UDA oo ee s es e 4
2.2 ﬁﬁﬁ@mumu (Inferential StALISTICS) ...eeveeeeeereeeeeeeiieee e eeeeee et eeee et eeeeeeeseeeeeeeene 4
2.3 ADABINTTI (DESCIPLVE STALSHCS)...vviersesieressiersereereereeseeseeseeseesseseeseeseeseesesseeseee 5
231 UTEANUBITOUA oo 5
232 agUadAm NS S AN IFIUQIUATO e 6

a 4 o v
24 MTUATICUNNITOADDULLASAUANNUD (Regression and Correlation Analysis)....8

241  1FUDADDULUUIAUATI (Linear REEIeSSion) ... .. vveeeeeeeeeerrrsssrsrreeeereeeeeeeee 9
242 M9 3Lﬂﬁ1$ﬁﬁ st uﬁ’uﬁ (Correlation Analysis) .......ccceevevevrereeeerierereererennas 9
2.5 AT AT IEHENAIA YT oo eeeneeeeeee e 10
251 MIUINNQUATOMITUUNNGUAWUT oeorooeeeen 10
252 TS WUNNQUVOO....oooreooooeeeee oo 11

a Jd
253  MITUATIERANIYUUTUT U oo 12



13118y (710)

254 DT UATIZIEAVIUDADOY oo 12

255  mMIuANeHaNuoanoes liiBady (Nonlinear Regression Analysis)...15

2.6 ATAUNATIY (Mutual INFOrmation) .......omveeeveeeoeeeeeeeeeeeeeeeeeeeeeee oo 15
D7 TUTUDTH R oo 15
2.8 TUTUATH SPSS® oo s s s eee e 17
A o J A A 9
2.9 UTNAUITTUNTTUTUNGIUDT oo 17
K 115 8 VAT L VL1 R L 13 OO oo 19
3.0 UTEBINTUAEOGUADDIN ..o 19
a Z d' 9 a v
3.2 n5oUUUIAAUAZAMUT NG IUAITIVY oo, 19
32,1 NIOULUIAA (Conceptual Framework)...........oo.covoveeereeveecrssereerseeeereee 19
322 AT (VALHADIES) oo se e 20
Aas a d Y
33 AT UATIEHUDL .o sssssss s sssssss s 20
IR 1NN A LA B O o L 1 TR 20
3.5 DITA IR T IV ¢ oeeereeeeee oo sseesessesssseeseesssessessessesssesseesssesseesseessessseessssss s ss s s seeens 22
[ LK) 1 9 a d [ v 9
351 madfuuaaveyaneugmsinziamnnNuduiusveveya ....22
3}./ o A a 4 [ CYR-2 9 Aas
3.52  TUADUMIANTUNITAATITHANYFTUNUT Iae T1/51n5U R 92875
MULUAL TN TOTINALION ¢ et e e e et eeeeeeeeeaeeeeeeeenaeeaeeeeeeens 28
3’-/ Y Aaxy
353 YuauUNINIUdaUNa 1aglilsunsy SPSS® R85
LOZIStIC REEIESSION ....oeviieiiiiiieeieieeeeeieee ettt te et es s s b se s e veeasennas 36
A BAMITAVHUDNT IV oo e e s s s e e e s s 42
o Aa Aawv 1 v o 9 9
41 HaMIAHUMIINENAMIMIAIANNFUuTuestoya laslylysunsy R
9 asy .
AFYUID MUtual INTOIMATION .ottt e e e e e e e e eeeeeeeeeeeeeeeaaaaaes 42
a 4 o .
411 MIUATIEHANANNMIAUIUAI8ID Mutual Information ................... 45
[ v 7 9 9 kY am ..
42 HamMINIUTUANNFUUTUITeYa lnalyl1sinsy SPSS® A187T Logistic

REEIESSION ...cutitieiieiicieteeetete ettt ettt et e st e b e st e be st e e tesbeessenbeenaenseesaensenns 47



13118y (710)

£
¥
a J o F) anl . .
421 MSIATILHHAMINIUETDUNAMIMUIUAIIT Logistic
REGIESSION ...ttt ettt ettt et e s et ene e e eneesessessensesseneen 49
= Y
5 AFUHAMISANHMIAZUDITUDIUE ..ooooooeeeeeeeeeee s 51
=
5.0 AFUNAMITANYY oo 51
52 DA oo, 52
53 A BUUDIUE oo 53
PR T R LRI R Co o oo 54
AMAFUIN
ady a g}/
AMAHUIN D, ATNITAAAITUTIUOTH R 57
A Yo a A 4 1
MAFNUIN . UNANUN LA URVTANUIINIUNT oo 64
UTETARDOU oot 73



MIN

2.1
22
23
24
3.1
4.1
4.2
5.1

5.2

a3 UYMIN

~
N B
AU aDABINT TN TFIUIUATY oo 7
a QQd'Q 4 @ v J % %
ﬁ'?ﬂL“I/Iﬂllﬂ“l/lNﬁﬂﬂ‘Vl’Jlﬂﬁgﬁﬂ’NNﬁhwuﬁﬂlﬂﬂﬁﬂllﬂi 2 TSR 8
a o o v o ~ L= T 3 @ Y o
NITUAIICUAINNUTUNUD 2 GIQLL‘]_ITVIVIJJMﬂ']ﬁLL“]J\?L‘]JL!@’Jllﬂﬁﬂullagﬁﬂllﬂﬁﬂ'lil ............... 8
I T o a £
Lﬂﬂl“l’lﬂ']ﬁl,!f]_]ﬁWﬁﬂ')']iJﬁiJ"lfJﬂ']ﬁiJﬂigﬁﬂ‘ﬁ ......................................................................... 10
a 4 1% v o %
ﬁ?ﬂﬂ?iﬂlﬂi']$1ri’ﬂ'ﬂ§Jﬁ3JW1!‘ﬁ5UfJ\Wl’JLL‘]J§ 210 TR TR TR OO U RTUPRRPPPPPPPION 27
UAAIAT MI DIAAITAIUIUAIEID Mutual INFOrmation ............eeeeeeeeeeeesereeeeeeeeesresseee 42
LI@AY Score 1INMIAIUIUAIID Logistic Regression ..........ccceeeveruerierienieneeceeneseeseens 47
=} o w 1 @ Y4 1 asy
NITLTYIAIAUA T ITH TN D UD T S D et e e et eeeeaaee s 52
A o = 1 @ a = [ 1 Jd Aa 4
Wﬁﬁ?ﬂm@°I/nf‘l']§Lﬂﬁﬂuﬂ'ﬁlﬂﬁ@nllﬂiﬂﬁi% G])'Qﬁwﬁ\‘mﬁ@lﬂﬂﬂ!ﬂWWGUfNﬁ"l'iﬂﬂﬁﬂ ............ 53



SaN
=i
=).

3.1
3.2
33
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20
3.21
3.22
3.23

3.24

CRENLTE]

£
YN
Y o D) o o z £
UEAINA A IINA 112U THAAURNINVAT VAU oooseeeeeeeeeeeeeee 16
DTOULUIAALIHTVY oo seeeeeee s seesseeeseseeeeeees e seess e eses e esesseeeeessees 20
v
A9 (Flow Chart) YUADUNITAUHUGIUIVY 1ovvoooeeeeeeeeeeeeeeeee e eeeeeeeseeeesseeeeesseeeeeee 21
9 A o A ' 9 1w
HaaIMInIeIveyands A 01 tNoQAIUBIVOYAMINY 1 ..vvvvveveveeeeeeeeeeeeseeessornne 23
HAAININT09oYa AT A_01 INDAAIVOIVOYAIINU 2 ..ooeeeeeeeesre 24
AN Significance VOIAMUTANM (OUTPUT). ....oooereoeeeeeeeeeseseeeeeeeeeeeeseeeeeeeeeeeesseseee 25
LAAINITNTZVIIAIUDTIAILUTATH covoereeeeeeeeeeeee e e ee s ses s seeeeeee s 25
HAA9AT Significance YDIAMUTOATE A 01 eoooovvvvveeeereeeeeeeeeeseeeeeeeeeeeessesseeeeeeereeessseeeeee 26
UAAINTNTZVIIAIVDIAMUTOTTE (A 01) oo eesses s seesseee 26
MIATIFIIUVDITUTURTH R 30
aa 2’, <3
ATAAAILINDEND INFOTNCO .ttt et et e e et eeeareeen 30
an <3
TB THAAUTININD TNFONCO ..o sieesesseesssseseeeeeeeeeeeeeeseeeseseeeeseeeeseeeseseesesees s esesseeeseeeeeeesssees 31
Y 1 9 <
NHIANINT THITUUDIUNAUND TFOLREO vverreeereeeeerse e eese e e e ee s e s sesseseeseone 31
b utdoya excel DM TUTUTUNTU Revevvvcrrooeseeeeseeses e 32
a A S0 & A 9 o
ATNUNEATTIN LAV MI oo esee e e e ee s ee s ee s ee s 32
a Aa S0 & A 9 o % a o A
FWUNAAIN TFAUID M TUABUTBATEATOU v 33
9 = Y
UAAa IAAIINMTIVEUAIY VBA DU TUTUATU EXCEL.rrrrrerierrsieeereeeeeeeeeeseeeesseeeeseeeeeee 34
uaaanan Iaa1mmiannmsen 1aa VBA U TUSHATY EXCel e 35
1 [ o (% @ 4 1
HAAINTHINA19Ue9 1U51ATH R ¥a491nIATARADNNAaN5In VBA 1 ld ... 35
v
LLEANAT MI VAIUE TTIVIHR oo eeeeeees e eeseeeee s eeseseees e eeseseesseeeees e seseseeeseeeees 36
UAAINEIA1901T THOIUUBITUTUATU SPSS oo 37
o 4
uaraa3smsriusvoyaan 1ua Excel 111 TuTU5un5 SPSS .oooooce 37
4 i o o
uaasInlddoya Excel N111n15180nd 8 TUSUNTY SPSS....oooeceoeeeee 38
Y o o o Y 9
HAAIHIIA19Y0 T TUATURAIDININITH UV VLD oooeeeeeeeeeeeee s 38

1 o v J
ut‘fm’i’%mimmmmauwuﬁmmi’agaﬁ’mﬁ Binary Logistic Regression.................... 39



SaN
=i
=).

3.26
3.27
4.1
4.2
n.1
.2
n.3
n.4
n.5

.6

2

U |
a3yl @)

£

i

LAAINTNIAIVDINTAIUIY Logistic Regression.........ccoveeviererienierienieneenieseeeesieeeeseens 40
HAAINSanA M saNuaz AT ATL IUMIT AU oo 40

[ ARl v 1 [ [ 4 =Y
MW A IUNIIIAMTIIAIANUTUHUTAIEIT Logistic ReGreSSion .o, 41
[ v 4 1 @ a 1 [
AFTINLAAIANNFUNUTTEHINAYTOATEAE ) DU MI Value oo, 46
[ o 4 [ @ a 1 [
AFINULEAIANNFUNUTTEHINAMUTOATEANL ) AU SCOLE werrrreerrereeeeeeeeesreeeeereeeeeee 50
Y < 4
YRt R R TR T AT OSSO 55
A A
HOULAAUNDIADNUTEINF oo 56
o o [ a A .
uoua1 Ivaa 15005y R dmsuseuuUQuants Windows ... 57
Y
DUAITAARG LUTUNTU oo 57
o

UDUATIU THAA TUTUNTH Reroeeeeeeeeeeeeeeeeoeeeeeeee oo 58



11 anwiwenuazanumagvesilayn

v 3 a J a I o o v X I v o
dszma Ineiuidugiumsnanarsadanidinyuaniicueslan Juouauaedses

I o a

a 4 1
NI (ﬂuﬂ’lﬁ]ﬁlﬂﬁﬂ’i“lﬂﬂ, 2558) Iﬂﬂ@@ﬁ?ﬁﬂﬁiuﬂﬂuwmﬁ@ﬁlmg daulsznevvesdszing

[

Jd A o I a [ Jd [ { A [ a { @
Tnefiesadaniuransusinannanduay 1 lu 3 vosdumnadeieldldnulszmalne
] 4
(1901 1RSI 1591, 2014)

S a o . TR o o A SR 1o g
g1Iaaan (Hard Disk) lf]J“L!ﬁ’Ju‘]_]'igﬂﬁ]‘]JﬁTﬂﬂJﬂl@QiZUUﬂ@iJW’JMﬂi %Qlﬂullﬁﬁﬁﬂﬂlﬂﬂ

9 = = o 9 (=} Jd A 4 a I3 [ o Y
VIYaVIITUY ﬂ@??ﬂﬂ?1ﬂﬁ1ﬂﬂ3ﬂ1ﬂﬂ1ﬁ1ﬂquﬂ mﬁﬂﬂﬁﬂﬂ@uwamasmz'lnmmmmam”lw

A A o Aq Y 2 o =Ry A A s Y 1y '
L‘Hf’]\?’ﬂ?ﬂﬂﬂﬂﬁ@ﬁﬁﬂ‘ﬂclsb'cluﬂ']iLﬂ‘]Jllu’Vlﬂm@gaﬂl@ﬂmi@ﬁﬂ@u’wqmﬂ5 AIINTTINANUIDYIN

3 a a <3 o A 3 [] 1 1
i’JﬂLi'Jle@QW]ﬂIuIﬁ?JﬂﬂllW’Jm@guaz aumaiummm%}aga%zmaﬁu@mmm A1AITNIN

a J

9 v Y A A < A 1 <3 1 ' 3| 4
90% vovoyaluiniuanwaaluTanazgninu 3 ludouimandiulugazifluaisaden

4

1 4 o Jd a
(Pinheiro et al., 2007) Tag 15 1unnaua1sdeInITAFoNulugunINvoIaIsAAdN

]
A o v

4 <
iesnng o lslumsinudoyandinn
J a 4 Y a 4

Y 1w J| o o
Tuthyiugaaiunssuarsaaaniinisuasvuge guansirsa lasillaviniswaun

Y

e

Jd @ 1.

maluladmsnsivaeunandusiadual) 1994 (Joseph F. Murray et al., 2005) USENATAIANY
A a A a Jd A 4 a Jd A 4
%\1(59]}@\‘]ﬂwilwuﬂﬁgﬁﬂﬁﬂWWﬂigﬂquﬂ"ﬁWa@]?.nﬁﬂﬂﬁﬂ ﬂ']ﬁf}jﬂéllﬁﬂsllﬂ\‘]ﬂigﬂguﬂ']ﬁp\lﬁ@a1ﬁﬂﬂﬁﬂ
a @ o Jd a s U (DR Pl
ﬁ']!,ﬁ@!u']fﬂ']ﬂp\lﬁ@ﬂmm?ﬂiﬂﬂﬁﬂ‘ll']\iﬁﬁuulllw']lglﬂﬁgU’Ju’f]']iﬁj'ﬁ]ﬁaﬂ (%THW qUDITHULAL
a a J a o, @ o [
‘]J”IS!JJ?( YAau, 2556) Llagﬁjﬂﬂigﬂ’luﬂ15Na@]m@Q315ﬂﬂﬁﬂﬁﬂjqucﬁﬂ%}@u%\iﬂ']iﬁjfnﬂﬁ@ﬂ'ﬁ
Aa J a o H g
ATIVFADUAUNIN Tﬂﬂﬂﬁz’UUUﬂqiwa@l315ﬂﬂﬁﬂlu‘ﬂu@lf’]uﬂ']i@]ijﬁ]ﬁ@ﬂﬂmﬂ']wgﬂgﬁﬂ']ﬁ')ﬂ
LY 1 a d' A d' 1 4‘ =S
ﬂ']@’ljllﬂj{l]']ﬂﬂig‘]_lflu’ﬂ]j@nq d| 1uﬂ1§Na@] Iﬂﬂﬂﬂﬁgﬂjlxlﬂ”ﬁﬂ@ ATOINATDULAALIATDIVS Y
] ¢ a £ Jd a c’d'g) 9 A A o A
TUIUANIUF U UIITAATNNADINITISNATD ULV UATOUNDNINITNATDULAL LHONATDU
< a Y A A v '
IV UNINUNNIUNTNATDU (PASS) Wﬁf’]ulllw']uﬂ'lﬁmﬂﬁa‘ﬂ (FAIL) (ﬂ5$ﬁ1u HUINDDU,
= dy Y1 ow 1 A [ Jd A s A 1 3’/
2557) C]NﬂigufJUﬂ']iuﬂg‘lﬁﬂT@]fJ!Lﬂjﬁ1\1 1 NAIAANUAUNTINUYDIFITAATN NITHIUVUADU
A ! A d A o a - L. . o,
ﬂTi@]ijﬂﬁﬂﬂﬂmﬂWWﬂiﬂqu IﬂEJiJVNm‘lJUG]’JmJ’iLW‘lJimm (Quantitative Variable) LlaZ#17
= . . . 1 Y A 2 o v Aa
LLTJ’;"L‘NﬂmmW (Qualitative Variable) V]Quw']ﬂlﬂwaﬁﬁ1llTjﬂﬂﬁwuﬂ\iﬂjllﬂiﬁaﬂ‘ﬂllﬂaﬂjgcﬂll
1 Jd a L a 1 a 4 { o
@@ﬂmﬂ1wmﬂ\1aTiﬂﬂﬁﬂ‘IUﬂnliNa@]“@agﬁﬂuuéj? %3@‘1%13"5\3&?1513141?[@7”&[@13 wiﬁimﬂﬁm

TWensaaad hirumsnaaon1d Fezihldgmsdsulssnuamwuesmsnanlagndeauas



1 1 A a Jd a S 9 ds! A 9 a o
ﬁﬂﬂaﬁ@ﬂ1ﬁlwuﬂﬁu1ma’]iﬂﬂﬁﬂﬂWWHﬂ1§ﬂﬂﬁﬂUVlﬂﬂJ'}ﬂﬂlu uatienelsuavesauls

° Y A =2 o q ¥ A Y A A an
VTUIUUINLAL maga‘nmmma ﬂ\‘i‘l’nﬁlﬁﬂﬁﬁiﬁ‘U‘]ji‘lJu‘l’i'lﬁlUﬂ']iLa@ﬂﬁlsﬁlﬂiﬂ\‘luﬂllﬂz I5N13

v o 1

alﬂﬁgﬁﬂﬁnlﬁi]“l/‘lu‘ﬁigﬁ’JNﬁj’Jll‘]JiGiN S UATHAVDINITINATOU

Av aa ) o = o 4 J o A s 1
\111:!’)‘08]1/]!,71835116Qﬂ‘Uﬂ1iﬁﬂBWﬂ313JﬁiJWH‘ﬁi&ﬁ’JNﬂ’JLL‘]JS‘VIiJNaﬁﬂﬂmﬂ1wsllﬁ)\1

) 1

g1saaan neluldszmalnedsliogne ualudnisldare95 1d5unsy R lunisnian

Q

v o Y Y

S a o {
ﬂ’NiJﬁiJWl!‘ﬁGU@Q‘ll’f)iJaﬂ']uQﬂﬂ'TﬂﬂﬁiiJ‘éﬂiﬂﬂﬁﬂ Iﬂfﬁ‘ﬂillﬂﬁll R L‘].]‘L! Open Source Software ﬁ

U

'4
a a 1

a 1 1 1 o { & 4
tavansua luidearld9relumsldau amnsaand Tnaaulfldnninalan (Mg qu
@ 4 a A a 4 @
n3Ng, 2559) Hlszaninmgalunmsinsizridoya aunsoaaudasldanudesns 141aus
4 a I'4 1 [ o
VUIATINDNWAADSHDUA 9 119192 1HUU Windows, Mac OS %30 Linux 7181 R Watn1m
o 45! A aa A 4 A
1 S Taevianvunuie Iluauada G150l egamuzna, 2559) tieson Tsunsy R
< & v S a d9 9 a sy vy
WuTdsunsuls Feesaadunuussgadinssuarsaadn luamumsanzidoya’la suilu
Tsunsuiiaulalumsihnldau

o v @ <] < o w 1
nndymainanniediteds ldauauanudingvesns 19 ldsunsy R wangely

v
= 1

o @ a 4 4
ﬂﬁﬁﬂ‘l&ﬂﬂ’ﬂﬂﬁuwuﬁlﬂl@\i‘ﬁ}ﬂy’a ?NW?I@IﬂﬂmﬂWWﬂJﬂﬂa"lgﬂﬂﬁﬂLLﬁx Lwdamummﬂuﬂﬁuﬁ'"lm

=

2 <3 A a A a J a J a o
ﬂiyﬁ’]llﬁ}@iﬂﬁ'llﬁﬂﬂ']ﬂ%u ﬂuﬂlu‘l’lﬁﬂﬂﬂgLWNﬂﬁzﬁVl‘ﬁﬂ’]WﬂﬁzU'JuﬂWﬁWﬁﬂ315ﬂﬂﬁﬂﬂlﬂ\1cﬂﬁﬂ°ﬂ

Q

N R
AIUANHI

U

d Aav
1.2 nglszanvaInI3Iay
121 iemiaInnudunusszni1edlsaie q flnadensnadounaun 1Ny
Jd a 4
gsaadn

v

A = o A [ S a A o AR
1.2.2 !W@ﬁﬂ‘]&lﬂlﬁﬂllﬂiﬂﬁqWaﬁi’]ﬂmﬂ"lwellaqEﬂﬁﬂﬂﬁﬂ VOIUITHNNIUFANBN

1.3 UaUUAN1SIY

(Z ]

a 4 g‘/ % [] o U
1.3.1 ﬁﬂy”ﬁﬁ'@yjamamwmaﬁﬂﬂaﬂmwm 57,232 @081 1nauals 74 a9
[~ Y a 1 A a o @ Y] a =Y o v 2 &
sl ua) s FanauUToIInMMNTINIUY 53 Aauay A srafsna iy 21 @1 Faily
@ A 9 Jd Aa d g’/
aulsi ldnnnszurumsnadounaunImYeaIsaAANMILY
9 3 A A A P v o 9
132 1gTlsunsu R dwasesiie lunmsdinsiznanuduiusuesvoya

133 Idmaiiamsmaanudunusaieds Mutual Information



¢ v Y
14 ﬂsziﬂsﬂuﬂﬂ‘]ﬂg‘]ﬂzﬂﬂ%ﬂ
A o S a o ) N { 79 ¥
141  Us¥ngasmmnssuasaaanamisnieuidei lilszgnd 19
Y A 1 9 ) ] = [ o 3 A 1
142 l@msideaens Ivaudmsumsansnnudunusvesdunlsidwase
AMNNYDITIIAREN

A g 7 S a
1.4.3 LW@L‘]J‘IJ!LU'J‘VI'NEI,HﬂTﬁWﬂTﬂimﬂmﬂTWﬂl@ﬂ?J']iﬂﬂﬂ'ﬂ@@]ll]



a
unn 2

dd' d' Y v d
‘VIE]‘H{]‘YI!ﬂﬂ?ﬂlﬂﬂ!!ﬁ%lﬁ‘nﬂuﬁ’i’imﬂ’i’iu

a 4 o v @ J {
N AATIZTHANVAUNUTVDIAILUTA9 9 ﬁid.lWaGlUﬂﬁgU?uﬂWﬁﬂﬂﬁﬂUﬂmﬂWWGUfN
S a d A s o A ' v o & v o 1 = 1
g1Ianan” 3Jﬂqﬂﬂﬁ%ﬁ\?ﬂ‘ﬁ'aﬂLWfJW']?nﬂ'J']llﬁiJWU‘ﬁﬁﬁﬂ'J’l\‘]ﬂ'J!Lﬂﬁ@’N ] NUAADNITNATDU
J A J A = @ A 1 J A J 2 1
AUNINUBDITITAATNIAL LW@f’Tﬂ‘HW@YJLLﬂﬁﬂﬁQWa@]@ﬂﬂ!ﬂ’]wmﬂﬁﬁ'ﬁﬂﬂﬁﬂ Gluuwu%zﬂan

@ =2 = a2 o A A 9 @ a Jd v o 9
Tﬂﬂmwﬂmﬂqyguaz ﬂi“ﬂﬁu’)ﬁ3fL!ﬂﬁﬁll“I/l!ﬂEJ’JGUE]\’iﬂ“Ufﬂﬁ'J!ﬂﬁ?%ﬁﬂ']ﬂ'J']iJﬁiJWU‘ﬁ‘lJ@QGU@Ha

21 ANNKNGVY “ann”

a a

ANNNINBVD “dDA” g 2 Uiz Ao
= o Aa A Yy Aa A ' 2 A
° UGN ANAVADA NUAAIVDINIVIIVDITIAN ) 1FY TIVDI JANA 3D
g v v
Usingmsaian q Tavazlsznouaedamanats 9 42
= aa 4 < = an a 4
° MueDe “dgoamans” 1 uLUHINHavedlITn1snIInemdas lag
< ) @ o
Usznoudie ManudeyanInnIsd1329n3enaasd Nsiaszuy Msduduedoya ns
a d Y 9 [ 4 a aadA
ATz Teyaar MIndannuneveieya IngilszasAveinanane vsseeuazagll
AMANYUZY0UTLIINg

q

(%A3 WNATAUL, 2560)

U

a aa 4 [ 1 A
Gmamﬁmmﬁmumgﬂu 2NN ND

Y

® adAmeYNIY (Inferential Statistics)

®  FOAFINITAN (Descriptive Statistics)

2.2 ﬁﬁﬁﬁfﬁ@gﬂ]‘u (Inferential Statistics)

aa A

. . I = ' (J ' 9 = 1
TOALBIDYNIY (Inferential Statistics) LﬂUﬂ']ﬁﬁﬂHTﬂan@'J@ﬂ'N Tﬂﬂﬂlﬁvﬂqygmmm%

=

I~{ H v @ [ l g‘; v @ ] a3 @
Wuagdruaidnu Idanngualedisaznguilszmngtiu Taengualegndeuiludoyada

o '
Lmu‘l/lﬂ"ll@\‘]ﬂquﬂig%”lﬂi



aAa A

2.3 aaAIEINIIM (Descriptive Statistics)

aa A . . .. EX [ 9 é Yo U
TAOAUBINT IUT (Descriptive Statistics) 1%1uﬂ13a§ﬂaﬂymzmawaya«mﬂﬂﬂmmu 1

v 9

Aa 1 A VoA < Y 9 A o a3 @ a d
NaY 59802 AURAY ANVIUVUNINTIIU L‘iJ‘Lle VINVBDUANNINITLNVIIVITIY (Nay NUBY

d
1Y, 2549)

aa a

A 9 a o L] U A o [ a A
mil,aaﬂﬂhfﬁammwa‘imﬂmm?%ﬂumgﬂu 2 NQY A9 THITUVUDYALTINUNINHID

9 Aa 1 o v 9 a = & é‘ @ A 9 k4
Yoyalynguiia ﬁ']‘ﬁﬁllﬂlf’)ﬂ;l‘ﬁLGINTJﬁJTill"])'\islluﬂﬂﬁlﬂaﬁiﬂﬂigmﬂ‘ﬂﬂ\‘]m@y’a 2191520 U

sﬁlmg,awmﬂwmﬂﬂszmm%a%’agm%qﬂ?umuaw%g%mmmw Ws01U1H019152N0UAY
Joyata 4 aina
231 dszanvesteya
lumsihisenasinedsznnuestoya iilosnndszanvesdoyaszimua

a a L4 aaa o 4 ! 9 ' Y v
L‘V]ﬂl.lﬂﬂ'l'H"Jlﬂi'l%?ﬁ/nﬁﬁﬂ@'ﬁ/l!ﬁW%guHthf Iﬂﬂﬂ'ﬁ!lfﬂ\‘]‘ﬂi%Lﬂﬂﬂlﬂﬁﬂlﬂuyﬁuﬂiqﬂﬁa'lﬁlaﬂ‘lzlﬂw

[

1
JU

o nsusmuNvesteyamusontala 2 Uszian fe doyailgu

7

(Primary Data) 11824 03aNAonl (Secondary Data) Tagtoyailgugiaz laninmsiinider

"9 YA 1% Jd o I Y ' 9 a a g
JIVIINNNUHAIVDY LN ﬂ1ﬂ1%3‘ﬁﬂ13°ﬂﬂa@q qumvel dune 1Wuau ﬁ%uﬂlﬂuanﬁﬂ{]mﬂu

QU

9 = Y

Y, 1 A~ A 3 9 Y Y & o o ¥ o '
GU'E)QZTVIllﬂ’i]']ﬂﬁu'ZIEN']UWTE)?J?’IU@HW‘U"U@HQ'l'JLLﬁ'J“]Nﬁ'l‘lﬂﬁﬂuuxl'lclsb'llﬂmﬂ Vl'lslﬁﬁgﬂ'lﬂllﬂ

v 19 A

N2 uatoyanionn liisane

€

T @ . i I a . .
o njsmwanyazvesvoyadwtiediu doyaiFigaunin (Qualitative Data)
A =) = 1 é T 9 a 1 9 a =) . . 9J a
¥30/38N8NDE1ANUINVOYAIFINGNLAE ToYaIFIUTNIY (Quantitative Data) 1AgUDY AL
1 2 d‘d 1 9 1 1 1 [ (] 1 9 a =Y ]
aunmazeglugivosdalsnala 2 avwu s v <lirmu srudeyasilsnaazey
< o { v 1 1 @
Tugindluduavsiannsaiamld davenanuuindosvesdmls1d
] ] I [ 1
® jsmuinasvataya e Iaiiu 4 1as A3l (Steven, 1960)
@ A . I 19 3
— WATUNTYYA (Nominal Scale) 1 umsuiiavayaseniy 2 dsznn
1w 3 ° ' ' o " A o A A '
aausitlumssuundsznn wu <6’ 0 “lurv” wseswuamamnawiude ¥y
a dAa I 9 [] = o w A = 1 Y
Wns Asaa oaa udu luamwsaFesdny ievenlsuuanuuanaiald
o ' . 3 9 A 1 Y
— WATOATIAIU (Ratio Scale) i udoyanvonanuuanaielag amso
=} 1 Y 1 o =} o o =Y [l [
Ssumeuanuuanaiald adlsauisaisesdiaunazuenSanNUUANAITEHIN

1 1 ] o 13 4 1 a @
Llﬁa$ﬂ11ﬁ981ﬂ%@!ﬂullﬁ$ flmzﬂuf,{umﬁjwu UIY A ’q@ 150 LHUALUAT DU U8 B f,:f\? 300

IFUAINAT FIVON TR B ganI1118 A 150 I5UALATIAZ W18 B 9071 118 A A0



@ I 9 A 1 Yy
— WA50UATNIA (Interval Scale) 1 uTpyanivonaNuuana1ela 1
=< =Y L= 1 9 1 =1 1 [} = o =Y
vondelsuanuunnd desnduiiedla mdaunlsansaisessdiduuag venlsuiuni
1 1 1 1 9 1 o 9 [ dy (=} LA
HANANTZHANUABZ A1 IR0 1TARIY doyaveainsouasnaiiag luligudud
v @ . 1w ~ o w Yy 1 ]
— WIATOUAD (Ordinal Scale) amilsGosdranu’la ualuansoven
Ysuraanuuanas Ilunsutenguua luawnsavenlSmuanuuana9senilauaaz Al
] Y v o w g ] Y o ] a
laodnedanu msdadiaudoadinmaians By 5zAUMIANET AUHEINNMTDINS
) Ay 9 a ) ) v oA
nntoya 4 1A IdeTVIe919AY ansauendeya laitlu 2 nqu Ao
a 2 3 [ ' v
o FoyaFetSua iudoyainasonsiaiu (Ratio Scale) Hazu1ATEUATAIN
(Interval Scale)
a I o CZR [ Y
o AoyaFInan N 1 udoyanIaTuINIYlA (Nominal Scale) HAZWIATOUAL
(Ordinal Scale)
an o Ia o
(AT¥Y WIHIBY, 2556)
232 ayladfimanssannldluanidy
aa Av o a [ a Jd o
msidenldadanssaulumsitenusiiavesdinadoya (a1 NweiyN,

2549) laargal13asis



A aa A Aq Y a v
137190 2.1 ﬁg’ﬂﬁﬂﬂl‘lﬁw35'11!']1’]1‘])’11!\1'11&'3%8

SITERGREGIT ADAITINT TR

1. aNauLInNgy (Nominal Scale) 1 617 - anwd Sooaz

- 9 Uiy (Mode)

2. d@NaouAU (Ordinal Scale) 1 A2 - a1ud Seuas

- MWBegIU gIuilon

3. @aulawaSuna (Interval or Ratio Scale) | - AINAN (AURAY AMITIgIU §1Ution )
167 - anszae (Awalsdsiu wae a
HOULUNINTTIU)
4. @waFangu 2 69 - 319197 (Crosstab) uaaasiuIvLay
)
 GE
5. awalsFarsua 1 a0 nazaualsiza - AINANLAZAINTNTEBUDIAITIF
Ny 147 YSuaenaungueosvosdnl s
nau
Y] a =Y o a 4
6. aulsiFar)suna 2 ar - ASANTITHANNDADDY

@ a Q'! 1% 4
- duilszansavdaunus

a A @ v o @ v A a o a J
mﬂuﬂﬂi%’iuﬂﬁ’mﬂ’ﬂhﬁﬂwL!‘ﬁ*’UENG]’JLLlIi 2 A7 Urnanumnaua (Nag1 NULY

Ty, 2549) ldagildaaningin 2.2 -23



M5199 2.2 agdmaianeadaninszianuduiusuesduls 2 @

a [} @ a [} a a J Aana
yiaaulsaunsoaauals FUAVDIA MU TAN MANANTUATIEHNTDA
a5Y
(%3 =Y Al %3 é (%3 =) =) %
1. @) 51angu 1 69 &9 alsisadsui 1 an t-test, Z-test

[ 1 ]
uudiu 2 NNy

2. 1INy 1 60 &9 A 5iFa5una 109 F-test (1-WAY ANOVA)
[~ 1 ] 1 9
wsilunquessog1etios 2

nqu

Y a =Y [ (Y] a =Y @ a o 1
3. gt saasuna 1 a9 anlsaadsuin 1 an N1 AATIZTHANNDADDEDE

919 (Simple Regression)

J @

A a o ¥ W ~ 12 [ @ Y J
M1T19N 2.3 MIAATIEUANUTUNUD 2 mwﬂi‘n”lwmsLLanu@mﬂmuuazmuﬂsmu

¥uaueIn s 2 a2 MANANIAATIZHN DA
Y

a U 19} (Y] o
1. 139NN 2 A7 mIsnaaou laauaas

a =Y g}/ % [ a Q( 1% v A o
2.1%9131UN9 2 1 duilszansavaunusiies du

Y [} [ [ [} a Q( [ [} Jd J
3. aulsanaoual 2 a9 - dulszansavaunusaitlesuuu

- AN (gamma)

a 4 v ¢ . .
24 N131A912HN1I0ADBBUAZAHANWUS (Regression and Correlation
Analysis)
a L4 o v Jdq A A aa i £ Aq 9
ﬂTﬁ'Jlﬂ513‘Viﬂ"liﬂﬂﬂi’)EJLL@$’€T°H?I’1]Wu‘ﬁlﬂumi@ﬂu@ﬂ%‘lﬁﬂ@]ﬂEﬂ\iﬁu\iﬂj‘lﬂuﬂWﬁ
a d v 3’; 1 @ da! = = YY) [ v A 9
ARTIZRAML AR 2 m:1611u‘1‘1J”mm’mlmmwunuiugﬂgmﬂmmz ANUTUNUIUNINUDY
= o o/ = v o @ v A a ¢ o o & A
eela Jﬁlijﬂi%ﬁﬂﬂﬁlUﬂ“ﬁﬁﬂBWﬂ’ﬂNﬁllWH‘ﬁizﬁ’JNG]’JL!ﬂi eAATIZHAMU AU
1 % d' cs'd' 9 é @ d‘d Y =1 = 1 g’; a 4
NIV Llsou ] NMNYIUDN Faawsnanyidealiiiosdu@e iy Taemsunsiew
v 4 J a 4 o o J ] ]
Tuanyaeilisond MIAATIZHNTIADILAZAHTUNUTO 19918 (Simple Regression and
. . dd‘ Y = =\ % g =~ 1 a 4
Correlation Analysis) TINNTUNADINITANYIN 2 ausuu leeFeni mslnsizyimsonnes

uazaNFUNUTIFINY (Multiple Regression and Correlation Analysis) (130 JA1%60A, 2535)



24.1  1dUDADREUULIAUATI (Linear Regression)

o J Y A

o ~ < @
aumsanudunusuuuiduasene Y=a+pBX+e Taoh o uaz Briludn

A A A Aa 2 & 4 A & 4 < 2
NN LS € ADAITUADIAAADUNINAVU Gﬁﬂﬂﬂ1lﬂﬂﬂlﬂuﬂu&t!a$ mmuﬂiﬂi’;mﬂu Oy x

ot py x= a+BX vie Yo=a+f

9 & Y a J
EU’E)G]ﬂaﬂmﬂﬁﬁuluﬂﬁ’lmiTg‘Hfﬂiﬂﬂﬂf’]ﬂ

@ a @ Y v o J 9
aunlsoase X uazdwlsan Y doslinnuduiusuunauas
(J <3| @ ' 1 4 { o a <
dulsmudouiludwlsguuuudeiiios luvazidwlsdasziluga
VBIAINN 9
Ao Y ' 9 1= v o Jo
amnduna lduaazmdes lulianuduiusnu

1 I % 1 1 Y I
MIUINLIIANNUIIIUYeIAIuls Y udaza1ved X apauiunisuan

wuUlna

d v o d
242 MIUATZAARTUNUS (Correlation Analysis)

a d v o 2 @ Y v o d ' @ '
luﬂ1iﬁlﬂi1$‘ViﬁﬁE‘Tll‘WL!ﬁL‘iJ‘L!ﬂ153ﬂ§$ﬂﬂﬂ’JﬁJE"flJWH‘ﬁixﬁ’JN@’JLL‘IJi’Nﬁ

[ v 9 ~
ANVANNUTVIN RN 1a

v J

9 & Y a e o
ﬁuamﬂaqmamu“lumsamswwammwuﬁ

Fnlsddasy X nazamilsa Y deslianuduiusuuuduasa
@ a o Y I o 1 a [ A
aulsdaszuazdilsamasadudnnlsguursiianaiiiod

v a Z Y = a
alsoaszuaza ) sauaeaumsuanuauUlna

w |l ) =1 l %
alsumazanealanuulsdsiuminu

Y
ﬂwmmuﬂiaﬁizuazmmmmuﬂimu“luﬁumﬂu

v JY

Y a £ (% A Jd o o
TumsvimdudszansandunusaiedIsveunasau ﬁﬂﬂﬁﬂﬂ?ﬂ?ﬂ!]l&gl)ﬂ"lﬂ

A
1o Ty

L NYXY-(ZX)(ZY)
Y JINTXZ-C XN Y2-(T Y)?]

< 1 o a £ v o A o
HJ‘Llﬂ'lﬁll']JiZﬁﬂ‘ﬁﬁﬁﬁﬂwuﬁuﬂﬂlw&iﬁu

9 o

< A o o A
Yx  dluwaswvestoyanialdnndunlsdin 1 (x)

U

I A o % v A
YY Flumasivvesteyanialanndialsdin 2 (v)

U



10

3

< vy A
Z XY !‘lJllWﬁi’Jll“ll@Qﬂﬁﬂﬂ‘!i%ﬁ?%‘ﬁl@yaﬁﬁuﬂﬁﬂ 1uag 2

I o w o o v A
YX2  Alumasiuvesmdiasdvedveyanialanndiualsdaan 1

U

3 o { o o o A
Y2 dlumasiuvesmdiasdvedveyanialaandiuilsaan 2

U

3 1w v
N AUvUIAYDINGUAIDYY

(AN3F AUATAUYALAL DTTONT ININE, 2556)

[

Aas A o QY o w dy
Taed5vouiesdu Uod1na Agil
% A 9 g‘/ ] [ A [} 1
L4 ’Jllﬂiﬁiﬂ“lli’]yjﬁ‘ﬂﬁ 2 9 @Qil&ﬂ”l@]ﬁ@l!ﬂiﬂWﬂ HIDUIANTIDATITIU

9
4

pyans 2 a Inmsuenuasnulnd wazlianuduiusiFuduas

q

[ )
=3

9 ' Yy A I a I
Gumq"acl,mmazG]gmzmmummgﬂuaaimaﬂu

[

A 4 1 o a £ =) a o o £ = dy
ATTNWN 2.4 mmmmmﬂawammwmamﬁuﬂﬁgﬁwﬁ (LAAURDU IUFATIANA, 2555) UAIU

MILAUANUTUNUT seAUANNFURUT
0.81 - 1.00 N
0.61 - 0.80 ADUTgN
0.41 —0.60 1hunan
0.21 — 0.40 Ao TG
0.01 —0.20 f17n

a d Y
25 maaanzviriasauls
a v o ! o dﬂ@} = as A a
MANANTMIANNANTUTIznI19 2 dalsiu T ivannareds lumsidenmatialuy
T Y (] A A 9 a
MInadeunlITnsIuNTeyaveusieglulszimnnlavazanala iodenlsmaiinlunis
Y 1 Y o a Jo
naaeu lnodagndes (fae Nwdiyn, 2546)
a L4 o A 1 2 o 1 dy
MIAnsIzEnaealsiaznanne asae lil
251 msulangursemswunngudanls
a a Ld @ . I a o ! ] 1
MALANITANTIZHII8 (Factor Analysis) iilumatiana ldaldlumsutngu
A o 1 o a a 4 v A A | Y] I 1
vsomadwunnguals Taamatamsinnegiiseihunaianuisdulseendungu o
A o Aa o v o ' = (2 A v A o J ~ I
wsoswanlsiianuduiusiu 3 lunguidednu nielutlwuderny Tasalsheglu

= v

(Y] (% [} [} J v [} [} 4 ] a 1
1998 (Factor) 1A8INUATUANUAUHUTAUNIN MInANUdNNUToY IuNANMIURAgINUIZIAT

o J

[ a £ @ a3 "y @ v J ] a [ 9 Al ow a £
dudseansandunusiuuin Lmﬂ1ﬂ’NMﬁﬂwu‘ﬁﬂgiuﬂﬁﬂiﬁﬂiﬂﬂuﬂl"m wuMaNszans



11

o o =)

v o Ja Y o A [ v o 1A J v = v o Jo
anaunusuavuas ﬂ'W]')!UJTVVE)an\‘iﬂ%ﬂﬂﬂuﬁ]gllllllﬂ']’]mﬁuwu‘ﬁﬂuwﬁ@ UANUAUNUTNUY

a

o

Y a a 4 o Y1 v a £ o v . [ o
Yoo lumatan1sinsiziilaveas l¥aaulssansandunus (Correlation) IAANVTUNUT
[ @ @ { A a 4 [ a3 Y a a
szl dawlsnez ldmaiiansiasizilateldarsdludnal 1395w (Interval
A .
1199 Ratio Scale)
a a 4 v 3 a o (% o v
MmANAMI AT IZHI e umaia lunisanduIua s 3nduIua s
A [ 1 YR~ 4 o ]
wn 9 MWimdeiies lundade (Factor) Tasazdiendteiluisiniieazideavesdilsodlu
@ 3’/ c;y/ = 9 a a 4 aad a o [ v A %
T9981U 1NN HNATANITUATITHNEDADU 9 W1 UATILHU98 1w 1 1998 Ao 1 @9
a5
252 msdwunnaudeya
MITMuNNguiyanIaMILLINguToANIBH MIULINGUYDI AU dAT
A I Y I [ [l o A ~ [ 1 ~ Y] ~ 9 ] 1
faved uau unqudes 9 Tasau dad d9ved Nedlunguineinuazinnuaaieny ¥y
sUsNanBUZAT AL NYANTTUARIBNY AIUNINTNBYAIINGUIZTANUAIAY 195U 31519
@ 1 @ A ] ) A A ° v A A
dnvagaeny nganssuaeny Tasmaiadldlumssuun au dad deved il 2 maiia fie
® (Cluster Analysis
™ Aa ' ' = o oA I 9
Wumaiinlunsu1anqu Case 1ae Case U809 AU FaT T9U09 1 uau
I [ 1 A 9 R o 1 1 = o 9 v ~ 1 ° 9
unquées lag Case NUANUAAIBARINUIZRY IUNquUAeINY Taglsaanlsnaianoziiln
1 (% =< a . 1o & 9 o 1 ] 1 1 3 ~ 1
Case AN1AU FUNALA Cluster Analysis JuTuduasanswsiviungudosasutuilunngy
"y 1 (] 1 1 a dy [ 1 = (4 d’
uaz Tideans 1091 Case lnogngu lvuwinou maiatisziangu Iasdny191naaumlsi
Wl lumsuiangy
® Discriminant Analysis
a 7o ' A . .. .3 =
M1521A51¢NTMUNNGNNT O Discriminant Analysis 11 utnatialunis
1 1 ) A A 1 o [l I 1 ] 1 9 o 4
HUNNGUIDYANID Case WIDHUIWA WU UNQUEDY 9 Watw ) nguasldrdninaainis
a 4 a A o Y4 ] a Y 2w I @ a 1
ATIERANNDADRUFINYNANU TN UTag TugiFuay deda)saudluduilsdangu

1 Y a I (% a = A 1 A 1 1 = v = Y =
aauaulsoasziluaindsmalsum Iﬂﬂﬂuﬁiﬂﬁuﬂﬂﬂ@giuﬂﬁ]mﬂEJ’Jﬂu ZUANUAYAA

]
A A

Tualsidn Funaaiideansiuuneud uaazniteegngulauaz Tiwaunngu Tag
Y

@ 4 A AA = [ A 1] Y A g v o @ o Y A
Tanlszasdveunaiiaiiaemsdnyinaulivsetavelatenduidtsdag i lvaunso

Q

' (2 ' L ' v o o 1 4 [ v A g: o a
HUIYAIDINIYANNANNU L!%ﬁuWﬁ’JL!ﬂﬁLﬁﬁWﬁNWﬁWﬂ’JWNﬁJJWM‘ﬁL‘INLﬁ%}u NUUUITUNITLIBN

Y o 1 Jd A J A 1 1 ' 1
UAINANIUINYINT ] Wﬁ@ﬂﬁgﬂ\l']m?']ﬂuﬁﬁﬂﬁu’)ﬂiﬂﬂﬂﬁi@giuﬂ@ﬂiﬂ
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253 msaanzvanudsdsiu
a 4 o
M3AAT1ZHANNLYTUT MV UTMUAMIUAYY (1-Way ANOVA) 11215
SuunaNulsTINIDYaeINe (2-Way ANOVA) 15 lunsaindesmsifSsuiisuanae
g’; 1 3 1 [ I~ [ v J 1 %
voalszmnsaaus 3 Uszansvuly wsenarnlan dlumsfnmanuduiusszrinednls
= & Y Aa a ~ o o a A d o a A g’; 1 o
auaatluanlsdafsuanies 1 ez dawlseaszndludlsiranuninniaua 1 a7
49! ] = 9 [ dy
vu'll Tagaznandamsvensnisld ANOVA @il
® MANOVA (Multivariate Analysis of Variance)
3 a a 4 4 % 3 o a
Wmatanisinsizranuulsdsiv iediuasarududualsiag
=) g’; 1 Y 3 1 Y Y a <3 o a c;y/ 1 Y 3
Ysnaaaua 2 aaau i audulsdunsednlsdasziluaulsFquamaa 1 davull
® ANCOVA (Analysis of Covariance)
3 a a 4 4 % a3 % a
Wumatanisiasizranuulsdsiv ieadudlsarauiludanilsiFa
a % % ] a < Y] a
YSurm 1 @ nazdudsdunseamlsdaszitludiulsiFaquain nazdoan1sAny,
1% [ 4 1 ] ] a = o w = % a a ~
ANNANNUTIZHINAIsatazdlsedase ualnsdna nienuguaILl B uIAN
= [ v Jdo % 1
uaNuFuuEIUA s uurieg
d
254  M5IIATIZHANNOADDE
a J I~ a a 4
NITUATITNANUDADDY (Regression Analysis) Wumatalunmsimsie
o o 4 (Y Z’, J @ da! = a 4 =\ A X 49! @
ANUFURUTYRIA I saaua 2 a3 u Tl Fan1sAmsizinsonnvslaleANAFIAIUN Y
Uszindunlsvestoya
a 4 Aa A o
® M3IATIEHANNDADOY lavdAnd (Logistic Regression Analysis)
a 4 a A 4 1
MINATIZHANNDADOE TAVAANALUL 2 N (Binary Logistic Regression
I a 4 ~ [ [ a A o I %] a
Analysis) (Hunsaasizianuaanesh lildeglugiimadu Taendunlsamiludn s
1 1 [l o a I %] a
AUNINNAUNEI 2 A1 (Dichotomy or Binary Variable) @21au1l5daszo1vaziluaanlsia
a A o a A = g’a o Aa a @ a I ¥
YsuanieanlsiFaunimwioetalinedndsiFalsuanas dAulaFaaninnla ns
a 4 a a 4 A A = % %] a A
Nnszranuanassladaand lulieu lumernunsuanuasvesduilsdaszuay Rou'ly
d‘ [ a g 1 [ ] a 4 a
MenuwmInsawlsiliiuuas wlsilsiusivveaaazngy nsunszianuoaneslad

a o 1 ddyw a1 Y A 1A v [ g}.: o =
TANTLUY 2 NQY °1uﬂimumuﬂmm Y Nﬂ'l]l@L‘WEN 21 a0 00U 1 muumuﬂimm:umi

J
HANUIWVLIVDITYA (Bernoulli distribution)

P{Y=y}=p¥(1-p)!¥;y=0,1 @.1)



dvsudegantiien i az1dn
o1 1-y; _
P{Y;=yi}=p”'(1-p)¥i;y; = 0,1
eI (2.2) e y;=0 a'la

P{Y,=0}=p°(1-p)}°=1-p

]
=

de y;=1 s lfaumsi 2.2) naedlu

P{Y;=1}=p'(1-p)*'=p
E{Yi}= D Y; P{Yi=y;}
=0-P{Y;=0}+1-P{Y;=1}
~ E{Y}=0-(1-p)+1-(p)=p

Fanli 0<E(Y}<1

13

(2.2)

(2.3)

A A Y A 1A = o Y [ Y4 1 MY
IUONIN Y iJﬂﬂﬂL‘WFN 2100 0 tag 1 v ldanudunussene X uagy lliJ]lﬂi’)Q

TugiFadu uaoglugl

eBot+B1X 1
1+ePotB1X T 11 o-(Bo+B1X)

E{Y}=

Tagisonaunisi 2.4 N Logistic Response Function Tagh OSE{Y}Sl

A v
IMNFUNITIN 2.3 LIag 2.4 ‘Dzllﬂ

eBotB1X

E{Y}:p: —1+e80+B1X

Taofi p=P{Y=1}=P{mamsaiiiaula}=E{Y}

~P{hiRamgmsaliiaula}=P{Y=0}=1-p

(2.4)

(2.5)
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Y v
AuTUNINETUNTN (2.5) 92 1an

P{iAamamsa}=P{Y=1}= Trafo TP
Bot+B1X
A e
vin P{Y=1}=p= T3 ePotPX
1

= T1o(GoTh0 (2.6)
a 4 Aa A 4 Y 9 Y] ] 1 a 4
UGN N1TIATICHANNDADDY LaaANFILABI IFUUIAAIDEIL n WIANIINITIAATIZHAIIY
A ) { 1 ) Y A
aanvanuulnd Taenald n = 30p Taeh p iduswiuauilsaase
o 4 a 4 a A 4
gilseaadveansunzianuaanos lavaand
d‘ = [y o 4 1 @ [ Y a Y g’l =
® [HBANHIANNANNUTIZHINA WY saunuaIulsodase WTounIAny
[ [ v J 1 % a J v v W A R 1w a Y A
SEAUANNANNUTIZHINAMsoaseuaazaInUaulsmu vseanyINawlsoase Iaden
aAa A A A 1 %
Hansnavselnansznuaenulsnu
A P2 ~ A o = A
e onnsal lomanszmamgmsainaulannaumsimunzay Tagns
A o a ~ A o Y S 3 4 9 =W
endaunlsaase iz auiemllesudnnugnasslunisneinsallaigige
d' a 4 a A A=Y dy
Rou lvweansinszianuannes ladaand Uadll
%] a I a 1 1 I
o uilsdase Xos e19duteyariia Dichotomus (HA11d 2 A1) ey
o o [ <
UINTDUNTNIA (Interval Scale) HATNINTONTIAIU (Ratio Scale) ala
1 9 ' A < s A
® amanIsveImnananuilugud ¥ie E(e) =0
I a ]
o e uay e udaiziu
I a o
o ¢ uaz X; Hludasznu

(% a ] o v Jo T Aa
o gunlsoase lulianuduiusniu wie lumatlayni Multicollinearity
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d
255  MIIANTnNNoAee 3BT (Nonlinear Regression Analysis)
3 a I’ 4 v o o
Nonlinear Regression 11n133A5121iA1 MR alo AN dUW LT Y0 9A 115

li'ldoglugiisadu

2.6  @15aNAIIN (Mutual Information)
MIAUNATIN IR UMINAUIVURANNITVOING BT AU (Information Theory)

HazuUIAAT0Ue U TIN5t ue 1ng Shannon (1948) ﬁumimiﬁumﬁimﬁmam”lﬁ’mﬂqm

9 1
ATUAN
Z I [y Ky Doy (v
"N P (X0, Py yi)

we N fuvnavesnguaieds

X, Vi ilugfae619 bivariate

s . aye . d’ v 1
Px,y (x,yi) (14 Join Probability Density NYAAIDYN
P.(x;) . Py (vi) i Univariate Marginal Probability Density ‘ﬁ@ﬂﬁ’)@fﬁﬁ

2.7 ldsupsu R

Tasunsu R 114 Open Source Software i 1814965 aunsadaulasldamdosnis §
SududouTisunsy R Ao Robert Gentleman 1182 Ross Thaka (aim‘w? Witisn Infiana, 2550)
Tdsunsy R 1RQNIAGLWS 1Y General Public License 113 1995 1Hu Tusunud 19183 v
m%mauﬁamaimmhm 13371921901 Windows, Mac OS, %39 Linux 7181 R WaL111910
A1 S FaianntunielF s (150 ogauzna, 2559) Tsunsu R lumaden
wilafauly fesnn Tsunsy R duTemuseda Addszan snmgalumsimszvdoya
wagiuitnmasuaumnltidenlddeceazan dulisunsuiitavans ud ldidos 1910
Tumsldan amsaai Tnaanld1dyaiitalan (Ml funing, 2559) TaeluTusunsy
R agfiufimnafinarnnais ]y 1diden 19 lavi ludeudon Idawe aunsaani Tnaauininam
1F18 aursoadasandinne sy T sunsy R 16 TasfiuRninufugamidanie
Hadduareg Andidowdudunas desmsuralulddou1814820 aunsadh lgd

< ) {
https://cran.r-project.org/web/views/ H38AUNT LAAINIAIAIAUNADIN1T 1Y http:/rseek.org/
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[
= a A

Tuniiade Analyzing Linguistic Data (Baayan 2008) I%j.}!ﬁll gu'ldadauiininanae languageR

¥

) [ a o Aa o ' 4 a o o

mmu“l%’ﬂizﬂaummww“luwmﬁa L§1ﬁ13J']'iﬂﬂﬂ@\‘lllwmﬂﬂ‘ll@ﬁﬁu\‘lﬁ@LﬁuﬁiﬂﬂWﬂJWﬂWﬁﬂ
o ] a 4

install.packages f1MNNIDEYTY (159U 93UNIUELNA, 2560) install.packages(c("rpart", "chron",

"Hmisc", "Design","Matrix", "lme4", "coda", "e1071", "zipfR", "ape", "languageR"), repos =

"http://cran.r-project.org")

4 A s < { 4 @ < ' 4
TisunsuazieunadumoasiiialUf cran.r-project.org 1o A13Y IHaauANNIAII9N

A g £ 3 ) o o’ - @ Vo
381 INDLATVAUISINUITIYNUNG W’i@ﬂJVN‘U’E]ﬂ’NLLWﬂ!ﬂﬁ]uuﬂW’JuTﬁﬁﬂNTlllﬂ folder Ul‘ﬁu

H Y
%

AU uinNIA1e 9 AAAARIIUAZOYR folder c:\Program Files\R\R-2.11.1\library

1| 1
= ECR ~=

A

"R R Console

trying URL 'http://cran.r-project.org/bin/windows/contrib/3.4/ape_5.1.zip’
Content type 'application/zip' length 2079041 bytes (2.0 MB)
downloaded 2.0 MB

trying URL 'http://cran.r-project.oxg/bin/windows/contrib/3.4/languageR 1.4.1.z%
Content type 'application/zip' length 2389433 bytes (2.3 MB)
downloaded 2.3 MB

package ‘rpart’ successfully unpacked and MDS sums checked
package ‘chron’ successfully unpacked and MD5S sums checked
package ‘Hmisc’ successfully unpacked and MD5S sums checked
package ‘Matrix’ successfully unpacked,and MDS sums che
package ‘lme4’ successfully unpacked and MDS sums check
package ‘coda’ successfully unpacked and MDS sums check
package ‘el071’ successfully unpacked and MDS sums chec
package ‘zipfR’ successfully unpacked and MD5 sums checke
package ‘ape’ successfully unpacked and MDS sums checked
package ‘languageR’ successfully unpacked and MD5 sums checked

n

The downloaded binary packages are in
C:\Users\PANG.DESKTOP-LSAF9H5\AppData\Local\Temp\RtmpuAxéM8\downloaded $

Warning message:

package ‘Design’ is not available (for R wversion 3.4.2)

~ Y o v o = g 2
gﬂ‘ﬂ 2.1 uﬁﬂmumN‘Viaamﬂaﬁﬁmnuiwaﬂuwmﬂmmﬂﬁu
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2.8  Tdsunsu SPSS®
T15un53 SPSS® (Statistical Package for the Social Sciences) NI058NDNFONLIN

< 9 & ) o a 4 aa o
T1/51n5% IBM SPSS Statistics 11 u Tusunsuduiagdmsumsimsizvddoyaniedna s

=

a o [ a [ 4 a 14 a aa

TaguSHn SPSS Inc. anigouing lusdaldnuinieosnouninosyialiingo
A s o <

wwsuaounaes asurlawamuirldsunsy spss® 1T u spss/pC+ &4l

9 o
¥NU

a Aa

a J A a J 1 < Aa
luTasnoununeivie aeuiumesaruyaaa Tilsunsu SPSs® Wulisunsuniivsz@nsam
a d aa ' a L4 2
g9 Aldmunsodnszidoyalasldanalszianais 9 asougaInan1sAATIZH AN
A a A ' 9 "o 9 Y Y ! o
A519N5 0 LU Rriaa1e q ms1FauvesTlsunsy lidudeu Uszurana ldgndeuiud

<
e 379137

o d A\l A\l
2.9 fsnarnssanssunnNgIveg

=\

1 1 [ v J
nnMsAnEIMgERuaznunIuIssanssuagl1an memmanudunusvesdoyall

ax A ya 1 @ & ' an @ 1
NANUAYITUDS Nau“lsuslumﬂ%mgmmmu"lﬂ FUAALITONHVIZANN VLA sZInN

[} [} Y] o 1 9 [}

g v J o <3 g ' o
ﬂlﬂﬁﬂijﬂuuauu 9 !,Wlﬁ mﬂﬁzmmﬁmﬂuﬁa L‘]J“LJﬂ']ﬁﬁTﬂ’JTJJﬁiJW“LJ‘ﬁﬁgﬁ'JN‘U’E)Qﬁ ANUUNBDUN

Q

v 9

A Aax Yy 9J Auv A 1 d‘
N13L@DNITNIT Q’Jﬂﬂﬁﬁ]\i‘ﬂiﬂfﬂﬁ$Lﬂ1/15116\1611634“ﬁﬁluﬂ"li’)%ﬂlﬁflﬂﬂullaﬁi ﬂl\‘]l’:]ull‘llﬁluﬂ'liﬁ"l
ax Y

ANUFURUTVRAUAAZIT 12T IaT0ENIB NI UM IA I NUFURUT

= Aawu A A Y Y a 4 o v J 9 Aa 1
INNITANHINIUIVYNLINYIVDIATUNITUATIEUAITNAVUNUTUDIVDOYANUNAND

'
adAa v A

J a o A v A 4 Y o [
AUNNUBIZITAATN NUITIVeNMaINHA1eA0 B luie Aamwiing (2554) Tahnmsdsuilgs
a o o a J A o A a A
Auameansua lunisnanarsaadn Iagasunugian 1l (Decision Three) Tasduai13sn1s
a 4 a 4 { a
1F952 VY (System Asthmatic Approach) HIOHI1N15 1A NHUILaNIUNTZUIUMITNEA
J A 4 = @ AR A [ a I'4 1
g1saaanuaz inendaneanuiiuzanlumslivlgamaiwes wsz hiswsonaae
v Y Y Y a = ad A A A o A o
HAAWS 18 ludn MiIadouase lduauedIsmsnunyene lumsihuisiediuilge
A 2q Yt 2 = o q ¥ A Y a oy =2 A A A
WIFIHRO5 IMANINTYE 910MSANEI I anInaumNvoudotiosad 12% Ua0NITNITIF
[ a J a d 0 a 4 o A 9
szuuunlsvlysanmlumsnanaisaqan aenn suaa qANIA (2557) MiMiiesvoya lag
A Aaa 4 Y] 9 A Y g’/ Y o a K
@onueanitmuaz Usuuasoyan lduannszurumsnagonganin mnuulgoanesiy
Jd Aa 4
C5.0, Neural Network, C&R Tree, SVM ttag CHAID Tumsizouiilszinnvoudovesasaaan
zé = [ L 1 Qdd‘ [ = Jd A 9 ] o d‘ z:'?
FunfFouivuwadns luuraz s Rannsadauenmadevesariaaan lauiuthuniga ¥
[ o [ a K Y [ S Y ] o d' = | 9
WU BUDTIa090aNn03 Ny C5.0 TAnadns lauiuduniige Tasiin1nnugnaod 99.79%
A 9 a d A I 1 =} L] =Y a
HOIHB9INTOYAVRINTEVIUMINARTARaNNVUIA THY 9113 Y1IMeay auaT uge

Aa I Yq Yas A Y 1 = @ v =3 o A o A A 9
’Jh],a (2560) ﬂ”lﬂ“lsm‘ﬁmmwayawummnmmmm FUINDI LUASTNAT ‘ummm”la %31%
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a a 4 a a 4 4 @ a o 1

matAMIIATIzHMInaneeladaand ieAnudlsdase NdInanIzNUADAUATNUDY
Jd a d ao
grsaaan a1 lud11ns 19 Mutual Information (MI) TAAMNUIHIVBUD Luis M. de Campos
o o
(2006), Nara Samattapapong (2559) 182 Haodi Jiang et al. (2017) 19131191 umsmanuduius
Ao o ) o [
Yp3voya 1989 1UIV0UD Luis M. de Campos (2006) lashilensumsInazuundmsuitous
¥ 4 3 A

Bayesian Networks UUWUF 14U Mutual Information ttag mMsnagevideu lvanuiludase
9 o & Y} ] . A o o v o
yostoya Tagwialansunis1dazuuuly Mutual Information 1N01A5ZAUANNTUWUS
Vo B v ¥ A 1 Aad = Y
serineandsulFlumsdumlnssadrunioviehafige Fananiinaassuoanin 14
Y5z ANTNIMNINNIITNITOYUIUIATOYIGOYNTUIAWMUVDY 9 FINVIIUIVYVDI Nara

J

Samattapapong (2559) ‘1814 Mutual Information (MI) il ua@iunilalumsinszveyanou

A

4 Jd A 4 a 1 @ !
NTNINTUAUNINUDIIITAANN Tﬂﬂi‘lﬂllﬁlﬂ‘ﬁUWﬂ’N Mutual Information €131501a0NAML5N

o @

= d A 9 A [ 9 ) o v J 9 1 A YR 1
tanudunusizadunse liFadu msmmuaanuduiusvesdoyanounisidonldva i
o & aal P & Y o VY A D)
suilu AFmusoasdouyadeyanivua laed1esiaE lae lideslimsdszuranadoya
ABULAY Haodi Jiang etal. (2017) 1AANBUNEINVIAINTTUEDUNSY GRNs 11a¥ RNMs U0
¢ v . . o D, . A
iyaa 1ag 1Y Dynamic Bayesian Network 8 Wansun1511¥AZ1UY Mutual Information (W
Y- [ v . . 9 Y o ax
OULTU GRNs LA RNMs U0 44a8 19 1agon 1137A11n time series Yoayavoya wanw 141is
S @ A, 1
WanFun13 1AL UUA187T Mutual Information Y84 Luis M. de Campos (2006) 19114114323
Y
Ay
9 = Aw A X a s Y aa 1T A L=
AumsanyIuIten lg Tl sunsylumsiiansideyanwadanua dsua Wuaun
[y Jd = o
wag ouad 11ana, 2557 WEsumeunisiiauvesldsunsy R vaz Tdsunsy sPSs® Tunis
a 4 [ a 1 a [ 1 o
Anszithideningiudoyaliuiunasesiievesuiineasvounnu Iagairealumaduun
A A a A ' 9! 2 a 7 ~ o
MsouANRUINNATeInI1e Taely 1Usunsy R uag SPSS® F9lmsemdsouiounisiiau
a a a v 1 = A 1
nag UsgdnsammuedTdsunsuainmanizdtewua Tsunsy R Banudanguyeagiuny
4 { o 1 [ { < J
TWddoyamindwinnimas InssamsdoyansinGs IaudeTagTilsunsy sPSs® i
Y o w o a <Y v 9 A =} @ A a J
dodinalumsihanuuas Innzidoyaneudauniomeunt Tisunsy R Nensaingigs
Y
Aaa o o a 4
doyaanaruglaiag dsensninziveyalavainvalegluuy
Av o ] Av Aq Y = [ o 4
nnmsannudsed linoau3seR 19 1sunsy R lumsansianuduiuives
Y] A ' S A IR Yanw = 9
doyanlnaneguaInvedaIsaaan FegIteaaaula Tlsunsy R unihunsesilelunsise
4 3| aaa J
iesanTdsunsy R uTdsunsuneadanldldvuas Tilszansamgalumsinsizy
Joya FaamsomoanalfevessinnsdianmluBewesdvansserdnsnadni
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a d Y Aaaa a o o A a v = = v 1 dy
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® MTAUUUNITIVY

3.1 dszannsuazngudiedns

9 Y
9 [

ad A o ) iy v 2
doyalunisitensstiuonnuiEnnsaiany Tasdoyai lduinnduaounszuiums

J a J = Y X g AN Yo ~ o 3’; (J
ﬂﬂﬁ@ﬂﬂmﬂ1wm®ﬂE’Iﬁﬂﬂﬁﬂﬂ@uﬁﬂi‘lﬁ\lﬂ@lﬂﬂ'l mm@yaw”lmummmaumwm 57,232 61N

32 nseummaauazdunlsilumsise
32.1  nIOUMUIAG (Conceptual Framework)
TumsisefvennsIve fai
Uszns Ao wamsmﬁauﬂmmwmmaﬁﬂaﬁﬁﬁi’mauﬁ’mm 57,232 a1 lag

a o (2

a a &
UnsouLUIAAlUNTITY A9l
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ATNADUAUNINVDITIS AR 1) FIUMTATIIADUABNIN
UIU 74 A5 2) hifumsasiaon
AUNIN

517 3.1 AFPVUUIAANUINY

322 awils (Variables)

o Jd a d
aatlsany ﬁ@ HAaNIINATBUAUNINUDIFITAAN (NWHﬂﬁ@]i’Ji}ﬁ@UﬂmﬂWW/

lirumsasavdouamnin )

dulsvase ae . (iansadlameanununsvesnlssaszuaazda’la
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o a J o 1 {0 1
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Tests of Normality
Kolmogorov-Smirnova
Statistic df Sig.
OUTPUT 513 39605 .000

a. Lilliefors Significance Correction

51 3.5 uaaIn Significance Vo3RI 30113 (OUTPUT)

Normal Q-Q Plot of OUTPUT
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Tests of Normality
Kolmogorov-Smirnov?
Statistic df Sig.
A_01 .057 39605 .000

a. Lilliefors Significance Correction
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Normal Q-Q Plot of A_01
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1) WaTisunsy R (A3319 3.9) Greaz@eadisnisaaadlilsunsy R e
NMAKNUIN N)
o a K <3 1 o !
2) MMIAANIUNNLIND (Package Infotheo) NDUNITAIUINU Tag'l1n Packages
> Install Package(s) > (HTTP mirror) > Thailand > Infotheo 1 33 19 3.10)
A, a & < a ¥ Y o < A
3) WONINITAAAILNNLINVTIUITOYLLAN ‘Vl"lﬂ']iiﬁaﬂll‘i/‘lﬂlﬂ’ﬂ Tﬂflllﬂ‘ﬂ
Packages > Load Package(s) > Infotheo (ﬁ\ig 17 3.11)
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4 Tdsunasuazvumieanslauveainmng Infotheo Taa ¥ lasdaly
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library(readr)

data <- read_csv("ﬁﬁlij"‘ll@QlIWET/%B]lWE{ excel.csv") (éﬁgﬂﬁ 3.13)
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A998
library(readr)

data <- read_csv("C:/Users/User/Desktop/senior project/rawdata Rstudio.csv")

'
v A

6) unimdai 19 e M fail
mutinformation(dataS¥oaodu /5o ase, dataS¥o R0 FUTe 15013, method="emp") (A4
3171 3.14)
freg1emda
mutinformation(data$A_01, dataSOUTPUT, method="emp")

7) fumdufuuanlasusensduiauasusuaunedutive sl saase i
3 nanfenlaeunedue dawsA 01 1y datasa 02 11508 9 %umunn%ﬁ’mﬂs@ﬁizﬁ'ﬂ 74
i (Fagit 3.15)
Freg1emda
mutinformation(data$A 02, dataSOUTPUT, method="emp")
mutinformation(data$A 03, dataSOUTPUT, method="emp")
laounadu] Rawdata$A 01 i1 Rawdatasa 02 11508 o %umunﬂ%eﬁmﬂﬁ@ﬁszﬁy’ﬂ 74
M1

8) 1loulda VBA Lﬁmugﬂ%aﬁ’mﬂi%mzﬁq 74 & (Fag1ii 3.16)

9) ¥hmsraaonradnsi 18I VBA (a1 3.17) Tdlumsmitiang
voamse M1 luTusunsu R (a3 3.18)

10) ¥1A30@ Enter 92 18HARNEU09 MI Value Hanun (ﬁ’qgﬂ‘ﬁ 3.19)

Y
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R RGui (64-bit)
File Edit View Misc Packages Windows Help

R version 3.3.3 (2017-03-06) -- "Another Canoe"
Copyright (C) 2017 The R Foundation for Statistical Computing
Platform: x86_64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTIELY NC WARRANTY.
You are welcome to redistribute it under certain conditions.
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.
Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HIML browser interface to help.

Type 'g()' to quit R.

[Previously saved workspace restored]

>

File Edit View Misc [Packages| Windows Help

Load package...

Set CRAN mirror...

Type 'license()'
]
R is a collaboraf z 5. Packages

Type 'contributo;
‘citation()' on i  Install package(s) from local fies..

influence.SEM A
Type 'demo(}' for seme demos, 'help()' for on-line help, infl R
‘help.starc()' for an HIML browser interface to help. Influencel
Type 'g()' to quit R. infeDecompuTE
. Information
[Previously saved workspace restored]

InformationValue
o
informR

> utils:::menulnstallPkgs ()
--- Please select a CRAN mirror for use in this sessio

Error in contrib.url(repos, type)

trying to use CRAN without setting a mirror
> utils:::imenulnstallPkgs ()
--- Please selsct = CRAN mirror for use in this session ——- N
Error in contrib.url (repos, type) : infra

trying to use CRAN without setting.a mirror infraFOTD. assist
> utils::imenulnstallPkgs () x
--- Please select a CRAN mirror for wse in this session ——-
Error in contrib.url(repes, type)

vying to use CRAN without setting a mirror

(33

51/ 3.10 F5AaAANIND Infotheo



Set CRAN mirrol

Select repositories...
Install package(s)...
Update packages...
Install package(s) from local files..

‘citation() ' on

Type 'demo()' fo
'help.start()' £
Type 'q()' to qu

Select one

[Previcusly saved workspace restored] hil‘l'll'ﬂ'ld etg
> utils:::menulnstallPkes ()
--- Please selsct a CRAN mirror for use in this session —-——
Error in contrib.url (repos, type)

trying to use CRAN without setting a mirror
> utils:::menulnstallPkgs ()
—--- Please select a CRAN mirror for use in this session --—-—

Uy

Error in contrib.url(repos, type)

KernSmooth
knitr
labeling
lattice

trying to use CRAN without setting a mirror
> utils:::menulnstallPkgs ()
--- Please select a CRAN mirror for use in this sessiol
Error in contrib.url(repos, type)
trying to use CRAN without setting a mirror
local({pkg <- select.list(sort(.packages(all.available = TRUE)),graphics=TRUE)
if (nchar (pkg)) library(pkg, character.only=TRUE)})

if (nchar (pkg)) library(pkg, character.only=TRUE)})

>
+
> local({pkg <- select.list(sort(.packages(all.available = TRUE)),graphics=TRUE]
+
>

51091 3.11 35 Tniaauiinine Infotheo

File Edit View Misc Packages Windows Help

> local(ipky <- select.list(sort(.packages (all.available = TRUE)),g:apridCs=TRUE)
+ if (nchar (pkg)) library(pkg, character.only=TRUE}})
>

. . )
510 3.12 wihanms 19auveauiama Infotheo
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File Edit View Misc Packages Windows Help
EECIREEEE

R R Console

(E=1 Eoh

o

» library (readr)

» Rawdata <- read cav("C ““\Desktop\\Senior projecth‘\Rawdata.csv") I

\\U=sers\\User

3.13 nudndeya excel i luTsunsy R

=)
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R RGui (64-bit)
File Edit View Misc

EECEEEIE

{R R Consc

> mutinformation (datafh 01,
[1] ©.0095159488

>

Packages Windows Help

0]

e

data$0UTPUL, method="emp™)

CaNn
=
=).
w
N

=]
=)
z
=
o}
-
),
Lo
=h.
—3
RKe
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‘R RGui (64-bit)
File Edit WView Misc Packages Windows Help
E
R (== fe=]
> mutinformation (data$h 01, data$OQUTPUT, method="emp")
[1] 0.009519488
> mutinformation(datash 02, data$CUIPUT, method="emp")
[1] 3.221784e-05
> mutinformation(data$h 03, datafCUIPUT, method="emp")
11 o

> mutinformation(data$h 04, data$QUTPUT, method="emp")
[1] 0.000B8454746

> mutinformation(data$h 05, data$CUIPUT, method="emp")
[1] 0.00813131

>

'
ax a d o o

A Aq Yo v a o A
31U 3.15 FpwuA e laaoa Mi ludwlseaszdipu

o a a 4 [ o 4 9 an
ANTAULUNITUATIZHANNTUNUT Ias]lunsy R 92835 Mutual
. o < Y1 g . o A . ° ' )
Information #4na12 vzwiu ldNdounnsesvewinng A bigansamulan MI lansunn
%] a A A =< a o @ 9 A Y a g’/ o
awtlssaszaeluiifer FamsnuimasIned 1 Fauauasunnyodulsoaszne 74 a1 ag
a 4 o @ o 4 4 Y]
Tdnarlumsiuridoyatszanm 2 92 1ue fate3eihimsidieulne VBA e ugiseaiuls
a g‘/ Y] é 1 9 (% a g‘; =S d’ Yo A 9
9a3ZNT 74 A1 Feemsoia lansunnalsodasznieluniuden weditediouIdan
gJJ o v JaAy Y = Y 1 1 1 =
VBA mntiuiiwadnin ldanns@euldaulalulylsunsy R a3uv9In13nIa1 MI 44013
S A @ d @ a a v Y v
@WeouTsunsulumsiugilFoneduidunlseaszofuieasauaiy
. . A A Y a 1 I @ ° < (3 A
Visual Basic N¥Havesteyanatoria lunvzdludimysiuimdy duaviil
a 9 % a 1 I~ Y 9 [} a sltg A a3
nertion 491N AAAVNINITEY ANNATING 1D UAY Toyauaazwiiaez lsnunlunisny
Ty daulstlslumsdenTdsunsuazuanasnuauatiadoya (data type) Tu VBA 13u
. . y I o = A2 =
Integer, Single, String 18 Variant (JUAY (¥a1ae 29381, 2558) Tuitideamisienlsunsu
4 % 4 1 % a % 4 1% Jd o a
I ugivessensduiivewaazamlsoaszldnsunndiuilsias Feaeduiaulsdase
o ' 3 o 3 = 3w ' ~ P @ A A H
aana1utuiiuuan 1seneniluaiuils Integer nounaz lFualsnIoMAINNNAT
A25U52M A5 (variable declaration) Now 1o 19 Visual Basic §11duilsidoan1s1dau
Tdunudoyariialadawsd visual Basic oyanalildanuaudslalaelideslsemadauls
. A o o ] [ o
Dim A0 A4 ( statements) d@115UU5E AR5
¥ ] v Y Y
ife ¥evosdwdsideenisdseaie unilidunls i iuaana A 01 B4
A_09)

As Ao dauNuen 1 Visual Basic n31uNaeimsmvuayiinvesdoya
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A a 9 s . 1y PRI 4 A

Datatypes 9 ¥UAVDIVDYAN Visual Basic aUUAYU Tunu data type f1®

Integer
Y

NNHuAaMI I UA s A 10 59 A 32 Fadsemadiutls junudans i

11199910 A_01 D4 A_09 Ftav 0 i av 1-9 Jedeasemadus lmiuag dszmaduns k
@ 4 a I @ XY [ %
unuanls jleannduidludiuils Atribute (A) uadansdnlufe @auils Continuous (C)
A (% A [ 4 (% a A @ Y @ 4 =
dsudnlsaunsunnonsanivesanlsdase Wwenaiuaz lanaansanmsdou
v oA 1] [ {

Tsunsudae VBA msdeulisunsy VBA uazwaadnin ldanmssundansgd 3.11 - 3.12

AN

Sub MI()

Dim i As Integer

For i =1 To 9

Cells(i, 2).vValue = "mutinformation(data$A 0" & i & "" & ", data$OUTPUT, method=""emp""" & ")"

Next i

Dim j As Integer

For j = 10 To 32

Cells(j, 2).Value = "mutinformation(dataSA_" & jJ & "" & ", dataSOUTPUT, method=""emp""" & ")"
Next j

Dim k As Integer

For k = 33 To 38

Cells(k, 2).Value = "mutinformation(datasc_" & k& " & ", dataSOUTPUT, method=""emp""" & ")"
Next k

Dim 1 As Integer

For 1 = 39 To 46

Cells(l, 2).value = "mutinformation(data$A " & 1 & "" & ", datajOUTPUT, method=""emp""" & ")"
Next 1

Dim m As Integer

For m = 47 To 60

Cells(m, 2).Value = "mutinformation(datas$C " & m & "" & ", data$OUTPUT, method=""emp""" & ")"
Next m

Dim n As Integer

For n = 61 To 65

Cells(n, 2).Value = "mutinformation(dataSA_" &n & "" & ", dataSOUTPUT, method=""emp""" & ")"
Next n

Dim o As Integer

For o = 66 To 68
Cells (o, 2).Value = "mutinformation(datasc_" & 0 & ""¢& ",,dataSouUTPUT, method=""emp""" & ")"
Next o

Dim p As Integer

For p = 69 To 74

Cells(p, 2).Value = "mutinformation(data$A " & p & "" & ", datajOUTPUT, method=""emp""" & ")"
Next p

End Subl

517 3.16 uaasTAanmsloudrs VBA vuTalsunsy Excel
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0 B o Calibri 1 A A v er.F’anpTexl General . JL] ;‘) N
P e Fomatpaimer | B I W IE- /& A- === EdMergesiCenter -+ § - % 2 | B 3 r:’y‘:;::ﬂ":', it
Clipboard & Font a Alignment & Number w

V6 - S

4 A B c D E F | H 1 ) K | v M | N q
1, mutinformation(data$A_01, dataSOUTPUT, metho

2 mutinformation(data$A_02, dataSOUTPUT, metho
a8 mutinformation(data$A_03, dataSOUTPUT, metho
4 mutinformation(data$A_04, dataSOUTPUT, methox

S mutinformation(dataSA_05, dataSOUTPUT, metho
6| mutinformation(data$A_06, data$OUTPUT, methos
Zl mutinformation(dataSA_07, dataSOUTPUT, metho
8 mutinformation(data$A_08, dataSOUTPUT, metho

9| mutinformation(data$A_09, dataSOUTPUT, metho
10 mutinformation(dataSA_10, dataSOUTPUT, metho
11| mutinformation(data$A_11, dataSOUTPUT, metho
12 mutinformation(data$A_12, dataSOUTPUT, metho
13 mutinformation(dataSA_13, dataSOUTPUT, method=
14 mutinformation(dataSA_14, dataSOUTPUT, methot
15| mutinformation(data$A_15, dataSOUTPUT, metho
16 mutinformation(data$A_16, dataSOUTPUT, metho
17 mutinformation(data$A_17, data$OUTPUT, method='
18 mutinformation(data$A_18, dataSOUTPUT, metho
19 mutinformation(data$A_19, dataSOUTPUT, methi
20 mutinformation(data$A_20, dataSOUTPUT, metho
21 mutinformation(data$A_21, data$OUTPUT, method=
22 mutinformation(dataSA_22, dataSOUTPUT, metho
23 mutinformation(data$A_23, dataSOUTPUT, metho
24 mutinformation(data$A_24, dataSOUTPUT, metho
25 mutinformation(dataSA 25. dataSOUTPUT. method="emp")

51 3.17 uaaewa Iddmnilaninmadoulan VBA uullsunsy Excel

A ) 1 v oA 9 =\ 9 9 v o A
!1]@7]’]ﬂ'|35uWaaW‘ﬁﬂhlﬂﬂ1ﬂﬂ1ilﬁllﬂu1ﬂﬂ VBA %&’UlﬂWﬁaW‘ﬁﬂﬂﬁﬂﬂ 3.17

U

Y1

Y v Y ]
nnduihwadwsn a1 laluarmuvosnisn M1 ulisunsy R asiuaeui 8) az'lda Mi

Value

‘R RGui (64-bit)
File Edit View Misc

Packages

Windows Help

e/  FYVYVYVY Y L\\Z

31

~
N

’ >, mutinformation (data$iA 01, dataSOUTPUT, method="emp")
! mutinformation(data$a 02, dataSOUTPUT, method="emp")
mutinformation(data$A 03, data$CUTPUT, method="emp")
matinformation(datasi , data$OUTPUT, method="gemp'")
formatiof (datash 05, data$CUIPUI, metHod="emp")
ormation(data$i 06, dara$OUTBUL, method="emp")
mutinformation(data$h 07, data$CUTPUT, method="emp")
mutinformation(data$i 08, dataSOUTPUTI, method="emp")
mutinformation(data$A 09, data$CUTPUT, method="emp")
mutinformation(data$i 10, dataSOUTPUT, method="emp")
mutinformation(data$h 11, data$OUTPUT, method="emp")
mutinformation(dataSi 12, dataSOUTPUT, method="emp")
mutinformation(data$h 13, dataSOUTPUT, method="emp")
mutinformation(data$i 14, dataSOUTPUT, method="emp")
utinformation(data$ad_ 15, data$OUTPUT, method="emp")
mutinformation(data$iA 16, dataSOUTPUI, method="emp")
mutinformation(data$A 17, data$CUTPUT, method="emp")
mutinformation(dataSi 18, dataSOUTPUT, method="emp")

i o [ @ [ 4 1
3.18 LLﬁﬂ\iﬂ’]iﬁﬁ’]ﬂ’]\ﬂlﬂﬂjﬂﬂlﬂﬁﬂ R Hada0InmmsAnaenkaansan VBA unla
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R RGui (64-bit)
File Edit View Misc Packages Windows Help

‘R R Console

> mutinformatiorm (data$h_0l, dataSOUTPUT, method="emp")

A 02, data$OUTPUT, method="emp")
03, dataSOUTPUT, method="emp")
. 04, data$OUTPUT, method="emp")

05, dataSOUTPUT, method="emp")

06, dataSOUTPUT, method="emp")
07, dataSOUTPUT, method="emp")
08, dataSOUTPUT, method="emp")
> mutinformation (datas$h_09, dataSOUTPUT, method="emp")

Mo
2> mutinformation (datash 10, data3OUTPUT, method="emp"

rmation (dataSh_14, data$OUTPUT, method="emp")

> mutinformation(datasa 1S, data$OUTEUT, method="emp")

mation (data$A 16, data$OUTPUT, method="emp")

mation (datasA 17, datasOUIPUT, method="emp")
011

v Y
517 3.19 ua@A9A1 MI Value NIMUA

U

v
g

353 dumeumsnivasuNalaglilsinsu SPSS @835 Logistic Regression
a d 9 Ao X v A a A A A
INNIAAIITHVDYANIIVEFUHIZAVITN A0 Tadadnd lua13199
o A J A L= L] A . . 1 gﬂ = &
3.1 Tagaauilsgufe AN INYeIISAAANNANNINY 0 %30 1 (Binary Variable) 1M11u i) u
] a o a A o A L Jd a SR A g’/
autlsaaqaumnitaz dalsdaszae alsNdinanenuNINVDIIITAAANTINNIHNA 58
o ] d o a 2 (J a . . .
auals Dantunediuilsmalunaazdaals1¥enanIn (Continuous Variables and Attribute

Y Y v
Variables) 1A8UUADUATHIAIAIYIT Logistic Regression LAAIAITHADUN 1) — 9)
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1) AlaTdsunsy SPSS (A931/7 3.20)

A Untitied1 [DataSet0] - 1BM SPSS Statistics Data Editor
Data Transtorm Analge DirectMarketing Graphs Utiies Extensions Window  Help

File  Ednt  View
SHEMNec» Bl h BE B {090
var var var var var a | v var var var var

51/ 3.20 naaantharmslFauvesTsunsy SPSs

2) maduhdeyann g Excel unlulisunsy spss Tasdh 117 File

> Import Data > Excel (ﬁigﬂﬁ 3.21)

R Untitied1 [DataSet0] - IBM SPSS Statistics Data Editor
File  Eot  View Data Transform Analze DirectMarketing Graphs Utiiles Extensions  Window

Help
» - .
. .!Lﬂ BE Bai 4909 %
Import Data * | Datapase T AR\ "\
| oY +F4 Excel var | e ) < var var var var
L CSVData..
av TextData .
4 Save Al Data SAS .
Export * lstgta
B 2 ogase \
. Lotus
M Rename Dataset sYLK.
Display Data File information | coones Ta1..
£ Cache Data. Cagnos Business Intelligence
[ Collect variabie information
® s
@ Switch Server
Repository 4
LY
&
Welcome Dialog
Recently Used Data »
Recently Used Files »
Ext
23

3N 3.21 uaﬂnﬁmimmmammﬂ"lwa Excel 9 1uTal5uns1 SPSS
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o a J o Y
3) hmsaanidenliddoya Exce Ndosmsdiuioudnndsllsunsy Tag

-]

File Edt View Data Transform Analze DirectMarketing Graphs Utilities Exensions Window Help

.E‘l.‘ e Bl H BE B

v U vae | e | e | var var

_var A var A .
1 3 Read Excel File X
2
3 D’\master degree\Data xisx
4

Worksheet |Rawdata [A1:8X39606] . L

5
Range: | ]

6

7 ¥/ Read yariable names from first row of data

8 | ¥ Percentage of values that determine data type:

9 ¥ Ignore hidden rows and columns
10
H Remove leading spaces from string values
= Remove trailing spaces from sting values.
13 Preview
14 POUTPUT LA01  HA02  LA04
15 1 1 a4 1 3 L

- 2 1 44 1 3
L] 3 1 44 1 3
17 4 1 4 1 3
® 5 1 44 1 3

6 1 44 1 3

19 va 1 a4 1 a 4%
20 il 0]
2 @ Final data type Is based on all data and can be different from the
2 preview, which Is based on the first 200 data rows. The preview
= displays only the first 500 columns
24

5

3N 3.22 uﬁm"lv\lamem Excel Timaidenidungalasunsy SPSS

o ° I @ {
4) Tilsunsuazyhmsiuddoyann lldniaen (fagili 3.23)

(o ) (Paste Gpeset (cancet) (e |
— ,

Ele EGt View Data Jransform Analge DirectMarketing Graphs  UNillles Extensions \indow  Help

var

) ] ° Y a o d'
Tﬂmﬂiu%zuﬁmwumwawagaiumimmm NUUAAN OK (ﬂ\ig‘ﬂ‘ﬂ 3.22)

ECEY P L

BILE CENFLE

| &ourur P2 Y

1 m 1
1 44 1

> 1 au 1

« 4 1 “ 1

5 1 44 1

6 Y 1 m 1

7 1 4 1

| 1 m 1
_ 9 1 u 1
10 1 368 1

1 1 368 1

2 1 368 1

13 1 368 1

u 1 368 1

15 1 368 1
16 1 368 1
7 1 368 1

18 1 1“4 1
19 1 1" 1
20 1 " 1

21 1 " 1

2 1 " 1
23 1 " 1

$Am FA0s BA% | @A
549
549
549
549
549
549
549
549
549
pes
53
534
534
534
534
534
534
535
535
535
535
535
535

0w e e e e w e wewew
RRNRNRNRNRNNRNRN NN DR NN DN NN

NNRNNRNRNRNRNRNRNNRNRNRN RN NN NN o

&AM

N Y O I Y PP

SA R

‘]Jﬁ 3.23 LLﬁﬂQ‘HHWIN51]’6QITJiLLﬂiﬂﬁaﬂi]'lﬂ%'lﬂ'liu'll"ll'l‘llﬁma

MR RN R RN NN RN NN RN NSRS
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° 1 o v d a . . . .
5) mmsmmmmanWuﬁmm%nvaﬁ’am‘ﬁ Binary Logistic Regression Taa

ERNEIET Analyze > Regression > Binary Logistic (ﬁﬂg 17 3.24)

File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Extensions Window Help
= = Reports » : (A
ErTL TS BE B
i ) = Descriptive Statistics » = i
‘ [ Tables »
| @outrur | &|  compare Means » 4 | LA | @A0E
(-1 1 General Linear Model » 3 549
2 1 Generalized Linear Models » 3 549
3 1 Mixed Models » 3 549
2 1 Correlate » 3 549
8 1
= - Regression ’ Automatic Linear Modeling...
- - Loglinear » [ Linear...
3 1 Neural Netsgrks ’ [E curve Estimation...
Classi » -
9 1 assiy Partial Least Squares...
Dimension Reduction »
10 1 = ; [ Binary Logistic...
1 1 o
Nonifaoft sts < [l Muttinomial Logistic...
12 | %]
S Forecasting » Ordgnal..
13 1 1 =i
1 1 Sunvival » Probit...
[ 15 1 Multiple Response » Nonlinear...
16 1 Missing Value Analysis... [ Weight Estimation...
17 1 Multiple Imputation 4 E 2-Stage Least Squares...
18 1 ComplexSamples » Optimal Scaling (CATREG)...
19 1 B2 simuiation... 3 535
20 1 Quality Control » 3 535
|z 1 ROC Cure... 3 535
2 1 Spatial and Temporal Modeling...  » 3 535
23 :| 153 T 3 535

U

= Aas 1 v o d 9 Y ax . . . .
5UN 3.24 HAAITNITHIAANNTUNUTUDIUDYANIYIT Binary Logistic Regression
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9

Y
6) TisunsuaziunA1eaveansAIuIn Logistic Regression a8 1416 14911

(3

File Edt View Data Transform  Analyze

ontloudmilsuaazaanldlumsmiuin (A3 3.25)

Graphs  Utiites Exensions Window Help

U

SHE M - » Bk

HEEBLE 100

A A2

E BB EJE~E 35 JE 35

2
g

A6 AT

©
2
~
~

HAN

NN

Dependent

[ | —

Block 10f 1

Covariates

@)

Methoa | Enter. =

Selection Variaple:

00| —

3 535

x

3101 3.25 uaaaniA19weINsAIUIA Logistic Regression

[
[Lgptons.. J
[NET.
[ Bootstap. |

$A

1 a = (2 =) (J d‘d‘ 1
7) Tuauveany Dependent aan@enallsay Aedwlsnyon

aauals 1IMiuna OK (A9317 3.26)

3 54y
3 549

il £an

Q Logistic Regression

& A1

Block1 of 1

Covariates:

U

3.26 naaamsaendlsautazamlsvasz lumsiuiu

1 a @ a 1 1 Jd A (g',
OUTPUT tazaIuva4d Covariates ﬂaﬂlﬁ'ﬂﬂﬂﬁllﬂiﬂﬁigﬁﬁNa@]@ﬂmﬂWWﬂlﬂﬂaTiﬂﬂﬁﬂ‘ﬂﬂ 58
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v oA 9 9 = (= Y ~
3) waaw15v1"lmmﬁm1uwu1 OUTPUT WQ@Q@ﬂﬁu1¢lN'ﬂuﬂﬂl@ﬂTﬂi!miN R

Score

Step0 Variables A_01 33.994
A_02 304
A_04 15.766
A_05 53913
A_06 24.709
A_07 39605.013
A_11 004
A_12 50.410
A13 25.969
A_16 1.162
AT 25.969

A_18 35794883
A_19 39604987
A_20 39605.013
A2 39604.987

A_22 1.011
A_23 318
A.24 12.826
A_25 28.392
A_26 6.530
A_27 005

~ v d & 1 v v JY A L. .
E‘IJ‘V] 3.27 FANTEIUUUINNNITHIAANUAUNUTAIYIT Logistic Regression

Y
9) AUFANITNINUY
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unn 4

o a\ a W
HaNIIAUUUNITIVY

9 9
v A

Y v
Tuuniinauenanisaniun1sdven laainnisiseasail UnsulausHanis
a & ] Y] v [ 3 o a Aaw ] Y] % 4
AT Iuuaaz v daeaniy 1) Han1Ia I UN1TIENNITHIAIANUTUNUTUD
P v Y an . v o
doyalagly 115105y R 42875 Mutual Information 1 2) HANINIUTDVANVTUNUTVD

doyaIagld 1151031 SPSS® #1075 Logistic Regression

o A a v (Y v d
41 wamsaudumITgaInMsmimanudniuivesdeyalaglillsunsy R

% =
?2895 Mutual Information

o A aw 1 o v 9 Y 9 ax
ﬁ]"lﬂﬂﬁﬂ”lmuﬂﬁiﬁlﬂ“rﬁﬂ"lﬂ’nmE‘TﬂJ‘W‘LlTJ"]J@Qm@HﬁIﬂﬂi%TﬂiLlﬂiM R @187D Mutual

Information llﬁl MI Value HEAIA99015197 4.1

A1319% 4.1 uaAIA1 MI 1INMIAIUINUAI8IT Mutual Information

Variable MI Value
A 01 0.009519488
A 02 3.22E-05
A 03 0
A 04 0.000845475
A 05 0.008131310
A 06 0.000526011
A 07 0.009519488
A 08 0
A 09 0
A 10 0
A 11 4.51E-08
A 12 0.001095786




A13197 4.1 HaAAIA1 MI INMIAIUIUAI8ID Mutual Information (7D)

43

Variable MI Value
A 13 0.000526011
A 14 0
A 15 0
A 16 0.009519488
A 17 0.000526011
A 18 0.009519488
A 19 0.009519488
A 20 0.009519488
A 21 0.009519488
A 22 0.009519488
A 23 0.000645846
A 24 0.001328113
A 25 0.000892669
A 26 0.00304748
A 27 0.000780168
A 28 0.009519488
A 29 0
A 30 0
A 31 0
A 32 0
A 39 0.00359721
A 40 0.00052668
A 41 0
A 42 0.000938156
A 43 0.003444311
A 44 0
A 45 0




A3197 4.1 UEAAIAT MI 1INMIAIUIUAI8ID Mutual Information (79)

44

Variable MI Value
A 46 0
A 52 0
A 54 0
A 61 0
A 62 0.000351165
A 63 0.000526011
A 64 0.000526011
A 65 0.000526011
A 69 3.53E-05
A 70 0.000843444
A 71 0
A 72 0.000183608
A 73 2.13E-05
A 74 0.00097782
C 33 0
C 34 0
C 35 0
C 36 0.008324255
C 37 0.006514658
C 38 0
C 47 0
C 48 0
C 49 0
C 50 0
C sl 0
C 53 0
C 55 0
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A3197 4.1 UEAAIAT MI 1INMIAIUIUAI8ID Mutual Information (79)

Variable MI Value
C 56 0
C 57 2.52E-07
C 58 0
C 59 0
C 60 0
C 66 0
C 67 0.001249962
C 68 0.000526011

a d o a
4.1.1 ms’Jmﬂmwamnnﬁmmmﬁw:1% Mutual Information
a 4 ~ ) 1 o v 7 [ %] A 1
INNITAUATICHNIT NN 4.1 L‘]Juﬂﬁ‘ﬁWﬂWﬂ’NllﬁﬂJWl!ﬁigW’JNG]’J!I,‘]JNMJWﬁﬁfl
J a 4 Y Y as . A A 1 a
ﬂmﬂ1W6U’EN81iﬂ@ﬁﬂ1ﬂ‘61“}11ﬂiuﬂﬂ\l R @7877% Mutual Information A9 tUDA1UDI MI YA

[ A

1 A 1 (=} ] v o 9 "9 1 9 = ~
NINU Oﬂxﬂaaﬂmnmmﬁnwuﬁﬂumawaya UAD1UINAN1 MI ﬂlﬂﬁﬂlflyﬁuﬂ'lil'lﬂﬂq@mgﬂﬂ o

5._
e

9
9 = Y )

v o J { 1 { o < 4 1
']Gll’f]EaiJﬂj'uJﬁijuﬁjJ']ﬂﬁq@] NUUUINTMI ﬁulﬁjﬁ]']ﬂﬂ']iﬂ']uqmll'lwa’f]@]ﬂi']V\ILWd@@ﬂ'] MI

.

d‘d !
NUAININ
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0.010000000
0.009000000
0.008000000
0.007000000
0.006000000

0.005000000

MI Value

0.004000000

0.003000000

0.002000000

0.001000000

0.000000000

¢ N0 N Vg Yo o

oYeYeteYeYe) 000

[V I D O B B
nlnlnlalnlalnlnlnlnlnlnlnlnlllllllllllll)l

Variables

U 4.1 nsmluaasnnuduiussniednlsdaseais 9 AU MI Value

~ 4 o < o v 1 o a 1
131U 4.1 Wehmsnasansuaasanuduiussenaednilsdaseans
[} I~} 1 1 d‘d 1 o
9 11 MI Value 921711 182181 MI Value ATiA1gane aauis A 01, A 07, A 16, A 18, A 19,

A 20,A 21,A 22 U8 A 28
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42 wamsmuasuaANNdNHTvesvayalasldllsunsn SPSS® A183E

Logistic Regression

47

=)

oA aw 1 v o 9 Y Y as
NAMIAUTUMNTITEHIAIANNANWUTVoIvoya lasly11sunsy SPSS® A187T

Logistic Regression WeNIUAO LN 19 Score LAAIAINTIN 4.2

M15199 4.2 11aA9 Score MANMITAIUIUAIWIT Logistic Regression

Variable Score
A 01 33.99429
A 02 0.30426
A 04 15.76633
A 05 53.91322
A 06 24.70874
A 07 39605.01
A 11 0.003508
A 12 50.40973
A 13 25.96921
A 16 1.161705
A 17 25.96916
A 18 35794.88
A 19 39604.99
A 20 39605.01
A 21 39604.99
A 22 1.011486
A 23 0.317657
A 24 12.82611
A 25 28.39208
A 26 6.529822
A 27 0.005457
A 28 39605.02




M13197 4.2 UEA9 Score 1NMIMUIUAIIT Logistic Regression (AD)

48

Variable Score
A 39 9.493716
A 40 25.4476
A 42 23.05433
A 43 26.31965
A 52 0.060753
A 54 18.01042
A 62 25.07876
A 63 25.96922
A 64 25.96922
A 65 16.59341
A 69 1.543499
A 70 25.52092
A 72 5.508935
A 73 1.469338
A 74 0.322971
C 33 1804.469
C 34 2.123813
C 35 3.369443
C 36 408.4829
C 37 4322.44
C 38 2202.393
C 47 0.522372
C 48 4.185113
C 49 0.548506
C 50 5.836463
C 51 13.3804
C 53 15.36177




49

M13197 4.2 UEA4 Score MNMIMUIUAIYIT Logistic Regression (#10)

Variable Score
C 55 0.47309
C 56 23.93921
C 57 0.019003
C 58 1.026098
C 59 0.97152
C 60 2.232858
C 66 41913
C 67 7.213522
C 68 19.01106

a d ° a
4.2.1 MFTVIANTHNANITNIUAO VD nmsmmmﬁam% Logistic Regression

7 A

a I v o 1 @
INNITAUATIZHATITINN 4.2 WUNITHANMINIUFDUANVTUNUTIZHINA

A 1 J a J Y Y ag .. . A 4
wlsnlmanenunInvosarsaadn laglylilsiunsy SPSS A1875 Logistic Regression A0 110

@

s [ % A 1 = I v 9 19 v 9 =
Score UAUNINY O %zaa:n"lmmmﬁuwuﬁﬂumawaya HADININAT Score YBITVDYANATUIN

s v
% o =

A A Y1 Y = v o d A k4 o <3
wqmzaa”lmwau“aummauwuﬁquﬂ 1NUUUI Score 1/]1@1%1ﬂﬂ1591u’3m3ﬂ1/‘m’0@ﬂ511/\|

A A
IWB9 Score NUATNIN
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5N 4.2 AT AIANUTNNUT T2 M@ 5D aT2A1 9 AU Score

50

A A o <] v v 1 o a 1
ﬁ]?ﬂgﬂ‘ﬂ 4.2 WeINISNaeANT IMLEAIANUA NN LTIz s oasza1e
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[Home]

Download

CRAN

R Project

About R

Logo
Contributors
What's New?
Reporting Bugs
Development Site
Conferences
Search

R Foundation

Foundation
Board
Members
Donors
Donate

Help With R
Getting Help

Documentation

Manuals
FAQs

The R Journal
Books
Certification
Other

Links

Bioconductor
Related Projects

The R Project for Statistical Computing

Getting Started

R is a free software environment for statistical computing and graphics. It compiles and runs on a wide
variety of UNIX platforms, Windows and MacOS. To download R, please choose your preferred CRAN
mirTor.

If you have guestions about R like how to download and install the software, or what the license terms
are, please read our answers to frequently asked questions before you send an email.

News

- The R Foundation has been awarded the Personality/Organization of the year 2018 award by the
professional association of German market and social researchers.

- Rversion 3.5.1 (Feather Spray) prerelease versions will appear starting Friday 2018-06-22. Final
release is scheduled for Monday 2018-07-02.

- Rversion 3.5.0 (Joy in Playing) has been released on 2018-04-23.

News via Twitter

Ri The R Foundation
1 @_R_Foundation

Useful advice for package maintainers using tidyverse.
O b Jun 24, 2018

The R Foundation Retwested

a8
ﬁ useR!2018
@useR20M8_conf

Woohoo! Programme details are available at
user2018.r-project. org. Thanks to the committee for
pulling this all together! Information for presenters is
also there too. If you see any problems please let us
know and we will try to accommodate reasonable
changes “¥ %

A Y 3 s
gﬂ‘ﬂ .1 wmmwmnu"lw
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2) Hupuseyedsumaliiaon aaniaon Thailand

Spain
hitps://fip.cixug es/CRAN/
hitp://fip_cixug es/CRAN/
https://cran.rediris es/

hitp://cran rediris es/

Sweden
hitps://ftp.acc.umu.se/ mirror/CRAN/
http://ftp.acc.umu. se/mirror/CRAN/
Switzerland
https://stat.ethz.ch/CRAN/
http://stat.ethz.ch/CRAN,
Taiwan
hitps:/fip vzu.edu tw/CRAN/
http://fip.vzu.edu.tw/CRAN/
hitp://cran.csie ntu_edu.tw/
Thailand
http://mirrors.psu.ac.th/pub/cran/

N

[ . ]
Turkey l 1a®n Thailand

hitps://cran.pau.edu.tr/

hitp://cran.pau.edu.tr/

hitps://cran.ncc.metu.edu.tr

hitp://cran.ncc.metu.edu.tr/

hitps:/wwnw_stats. bris ac.uk/R/
http://www.stats.bris.ac.ulkd R/
https:/'mirrors.ebt.ac.uk/CRAN,
hitp://mirrors.ebiac. ul/CRAN/

hitps://cran.ma.impenal ac uk

http://cran.ma.imperial.ac.uk/
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3) Aan Download 11515 ZU‘]J‘]JJ?]‘UwaﬂTi Windows (Download R for Windows)

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:

= Download R for Linux
o Doaunlond B for (Mas) O8N

[ Download R for Windows l

R is part of many Linux distributions, you should check with your Linux package management system in addition to the link above.

Source Code for all Platforms

Windows and Mac users most likely want to download the precompiled binaries listed in the upper box, not the source code. The
sources have to be compiled before you can use them. If you do not know what this means, you probably do not want to do it!

+ The latest release (2018-04-23, Joy in Playing) R-3.5.0.tar.gz. read what's new in the latest version.
+ Sources of R alpha and beta releases (daily snapshots, created only in time periods before a planned release).

« Daily snapshots of current patched and development versions are available here. Please read about new features and bug fixes
before filing corresponding feature requests or bug reports.

» Source code of older versions of R is available here.

« Contributed extension packages

{ o 9 [ a oa .
319 n.3 upua i Inaalisunsy R d1isuszuul§iians Windows

U

Y Y
4) fan install R for the first time. Gluﬁﬂslgl}’r) base ﬁ°1W§UﬂzjﬂﬂﬁﬂﬂiuﬂiN R ATILLIN

Subdirectories:

base Binaries for base distribution. This is what you Wan[to install R for the first time.

Binaries of contributed CRAN packages (for R >= 2.13.x; managed by Uwe Ligges). There is also
contrib information on third party software available for CRAN Windows services and corresponding
environment and make variables.

Binaries of contributed CRAN packages for outdated versions of R (for R < 2.13.x; managed by Uwe
Ligges).

Tools to build R and R packages. This is what you want to build your own packages on Windows, or
to build R itself.

old contrib

Rtools

Please do not submit binaries to CRAN. Package developers might want to contact Uwe Ligges directly in case of questions / suggestions
related to Windows binaries.

You may also want to read the R FAQ and R for Windows FAQ.

Note: CRAN does some checks on these binaries for viruses, but cannot give guarantees. Use the normal precautions with downloaded
executables.

1 Y
71U n.4 woumsaaasllsunsy
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5) Aan Download R 3.4.0 for Windows

R-3.5.0 for Windows (32/64 bit)

[Qovmload R 3.5.0 for Windows (62 n}gabytes. 32/64 bit)

Inetaiat - -
CRAN v fi res in this version
Mirrors
What's new? If you want to double-check that the package you have downloaded matches the package distributed by CRAN, you can compare the md3sum of’
Task Views the .exe to the fingerprint on the master server. You will need a version of md3sum for windows: both graphical and command line versions are
Search available.
About R Frequently asked questions
R Homepage
The R Journal * Does R run under my version of Windows?

* How do I update packages in my previous version of R?

Software * Should T run 32-bit or 64-bit R?
R Sources
R Binaries Please see the R FAQ for general information about R and the R Windows FAQ for Windows-specific information.
Packages
Other Other builds

{ o
319 n.5 upva Inaalasunsu R
d < J o a &
6) 11® Download l@3veruysal MimsAaas Tagn1s RUN Tusunsy TaeTisunsy R
A A o a 4 A < A Y 9 .
widonszuimnz aunuaeuNaaes uamonuiuly awsadonlan szldszun 32 bit

130 64 bit 113209 Next

E] Setup - R for Windows 3.4.0 - : L=
Select Components s
\» Which components should be installed? @

Select the components you want to install; clear the components you do not want to
install. Click Next when you are ready to continue.

[User‘- llation « N v]
i - e =
[[@] Core Files 72.5M8
H [V} 32bitFiles 45.7M8
| [¥] 64-bit Files 46.8MB
[V] Message translations 7.3M8

Current selection requires at least 173.2 MB of disk space.

[ <gack ][ Next> ][ concel |

|

Y

v 9
JU7 n.6 minalumsdaasTsunsy
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7) AANIADN No (accept defaults) 1o 1anAa 11/5uATUANAITUAY 1AINA Next

#3) setup - Rfor Windows 340 C=AEos
Startup options
Do you want to customize the startup options? @
Please specify yes or no, then dick Next.
: () Yes (customized startup)
| @) No (accept defaults)
[ <gack | nNext> | [ concal |
| = — == J

H 9
g1 n.6 vihaelumsanasTisunsy (ao)
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) DONIATEIHIN g9nNY 11%04 Save version number in registry 401& Associate R with

v ] 9
RData files 9UA1 defaults N1 1U5ATUAINUA tlAZNA Next tWoAaad 11/50A51

35! Setup - R for Windows 3.4.0

Select Additional Tasks &
Which additional tasks should be performed? @

Select the additional tasks you would like Setup to perform while installing R for
Windows 3.4.0, then dick Next.

Additional icons:

Create a desktop icon

[7] create a Quick Launch icon
Registry entries:

Save version number in registry
Assodiate R with .RData files

[ <Bock [ Net> | [ concel |

e S, T e :ﬂ
—_

9
g1 n.6 niharalunisanasTisunsy (ao)
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Preuksarat, S. and Samattapapong, N. (2018). Relationships Analysis for Process Variables
That Affect Data Storage Device Quality. International Conference on Mechanical
Engineering and Industrial Automation. 23-24 March 2018. Pattaya, Thailand. pp. 156-
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Storage Device Quality
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Suranarec University of Technology. S uranaree University of Technology.
111 Suranaree University Avenue, 111 Suranaree University Avenue
Muang district, Nakhon Ratchasima 30000. Muang district, Nakhon Ratchasima 30000.

Abstract— The purpose of this research was to study the in the production p These vaniables affect the quality
relationship between variables that affect data storage of the data storage device to pass the quality inspection
device quality. There are 39,605 samples of data storag p Variables in the manufacturing process, which
device from 74 variables. There were 53 quantitatives includes a variety of quantitative variables and qualitative
variables and 21 qualitatives variables. The research variable. If the manufacturer knows the main parameters
tools is R Program. Use Pearson Correlation and that affect the quality of the data storage device in each
Mutual Information to find the correlation between the production cycle. Can analyze the problem and find out
data. The results of this research show that the why the data storage device failed to pass the test. This will
relationship between the two method given the Iead to improved quality of the production process and will
similarity factor. Comparing Pearson Correlation and increase the volume of tested data storage device.
Mutual Information. The Mutual Information method A. Related Theory
can be more accurately described than the Pearson 1) Correlation: Correlation is a study of relationships
Correlation method. between two or more variables (or two sets of data). The
Keywords— Data Storage Device, Failure, Quality degree or magnitude of the relationship will be used the
I. INTRODUCTION number of comelation cocfficients. If the correlation
Curmently, the data storage device industry is highly coefficient is near <1 or 1 indicates a high degree of
competitive. Case Study, a data storage device correlation. But the value close to 0 indicates a low or no
manufacturing company, wanits to optimize the production corrclation.
process. By the loss of the data storage device +, - The bers page 1 to the direction of the
manufacturing process is caused by some data storage relationship. If so
device prod not through the p of inspection. r is marked with + means the relationship is in the same
Manufacturing process of data storage device, with a direction. (One variable is high The other one is high.)
complex and massive data, thus making it difficult to venfy r marked - means to have a relationship in the opp
quality. Data ge device facturing p in the direction (an variable is high Another variable is low.)
quality inspection p is d by  pr
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Except for some correlation coefficients that have the
characteristic 0 < r < 1, only the size or level of the
relationship is known. Can not tell the direction of the

Pearson’s Correlation Coefficient
Pearson's Correlation Coefficient use the symbol r, A
hod for ing the relationship between two

variables or data. The two variables or data must be in the
form of data in the Interval or Ratio scale. The formula is
calculated as follows.
NIXY - (EX)EY)
[NZX? = @X)?JINZY? = (EV?]

When r, is Pearson's Correlation CoefTicient.

Ty =

X is sum of data measured from vaniable 1 (X).
Y is sum of data measured from vaniable 2(Y)
XY is sum of multipliers between variables 1 and
2.

X2 is sum of the squares of data measured from
variable 1.

YA is sum of the squares of data meawdfmm
varniable 2.

N is size of the sample.

Pearson's Correlation Coefficient use only suitable for
data that has a linear relationship. Therefore, in the
Iculation, if r = 0 interpretation of unrelated data may not
be accurate. Since it is possible that the data is related in a

non-lincar manner.

2)  Mutual Information: The mutual information
method doesnot require the development of a forecasting
model beforc mise and can be considered a model-free
method (unlike & model-based method, which requires the
model to be developed béfaéhpﬂ):—'l‘he odel-free method
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is simpler because it requires less time to screen the dagy
because there is no need to run a model. MI has beey
developed based on the principles of information theory ang
the notion of entropy proposed by Shannon (1948) in [
The mutual information equation for bivariate data is showy
below.

P,

~1eN Xy
MI N .,ln [m] (l)

Where x;and y; are the bivariate sample pair,
N is the sample size.

Py (X, Y1) is the join probability density at the sample  point,

Py(x;) and Py(y,) arc the univariate marginal probability
densitiesat the sample point, respectively.
Gray R.M (1990) If the value of MI is 0, then no

correlation. But If the value of M1 is the highest, the datais

most likely to be correlated in [2].

3) R Program: R Program is open source software that
is free to use, can be adapted as needed. The beginners of
the program are Robert Gentleman and Ross Thaka. R
Program is a free program available on various computers.
Whether used on Windows, Mac OS, or Linux. The R
language developed from the S language developed for use
in statistical applications. The R program is an interesting
altemative. Because R is an open source, high-performance
data analysis and a lot of packages to choose from. The
program is copyrighted but free of charge. Can be
downloaded anywhere in the world.

B. Related Research

From the study of related research on data storage
device quality forecasting to fncrease productivity, there are
various methods ofidiscovery. Each research will have 3
different way as follows:

|
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Nara Samattapapong (2559) The system of forecasting data
storage device production using the GRNN method, there
are three additional methods includes Particle Swarm

variables that affect the quality of the data storage deyice
using the R program,

II. RESEARCH METHODOLOGY

This study investigates the variables that affect the quality
of the data storage device of a company. The infonmti.on

Optimization (PSO), Unrestricted Search Optimization
(USO) and Interval Halving Optimization (THO). To bring
the results of all the parative methods. Fi ing the

system using GRNN is the best way to provide predictable
results close to the actual value and the next best way is the
THO method in [3].

Joseph F. Murray and group (2005) Comparison of machine
lcamning methods using data from internal attributes of each
drive. There are 3 ways to compare includes support vector
machines (SVMs), unsupervised clustering and non-
paramctric  statistical tests (rank-sum and reverse
amrangements). The best way is non-parametric statistical
tests (rank-sum and reverse arangements) in [4). Yu Wang
and group (2014) Using a two-step parametric method in
forccasting failure hard drives. Based on the findings,
failures can be detected as 68% and the error rate is 0% this
results in better support vector machine and hidden Markov
models in [5). Thanadon Suchatpong and Krischonme
Bhumkittipich (2014) Predict the production of failure data
storage device using Decision Tree Leaming and data
collection process in [6]. In the study of research related to
the use of the R program to find the relationship between
the variables is PhD Candidate Stefan Cristian CIUCU
(2014) A statistical analysis was performed using R and
PHP. Case study of foreign direct investment and GDP of
the Republic of Moldova in [7). This research does not
predict data storage device quality. However, it is studying
the variables that affect. the quality of the data storage
device. Rescarcher did not find therescarch-on finding the
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btained from the case study company can not be
disseminated. Only the methods and results of the research
are shown. The steps of the research are shown in Fig. 1.

Paanvon Corralabion,
Mutoal Information

Selectr values with valses
closetol,-1

¥

Analyiisand compansen
of reruls

Method selechion

Fig. | Shown Research Methodology

Fig. | shown the tesearch p from the beginning. Once

the dnformation: from the company. Rescarchers have
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adapted the information, Cut the results of the data storage

device quality testing p with 74 incomplete variants,

Only 74 results are available for the next process is R

Program. Finding r values arc Pearson Cormrelation and

Mutual Information, which show the procedure below.

A. Step to find the r value by Pearson Correlation
Method.

1) Open the R program.

2) Import data from Excel program into R program.

Go to : Data > Import data > From excel file select OK.

The screen show pop up, select OK. Then select the

. 3) Enter the command to calculate the MI

mutinformation(dataScolumn name attributes,

- dataSOUTPUT, method="emp")

4) Enter the original command, but change the
column name until the attribute column is full. Change
column dataSA 01 to dataSA_02 until all 74 variables.
5) End of calculation.

III. RESULTS
A. Result of Pearson Correlation method.
TABLE I
Shown the r value by Pearson method.
Achws | eTodw | Ledete | Vil
P R T R

desired excel file and press the Open button. (Availabl.
in .xIsx and .csv)
3) Validate by select View data set.
4) Calculate the relationship of data by Pcarson
hod. Go to : Statistics > S ics > Correlation

5) Select all the data to find comelation, and select
Pearson, then sclect OK |

6) The program calculates the correlation (r vl!ua)to
all Matrix in the Output columns.

7) End of calculation.

B. Step to find the r value by Mutual Information
Method.

1) Open the R program, the program will show the
Packages Info Theo window. Enter the command in the
R Console.

2) Import data from excel to R program. Need to save

the excel file into the .csv format. (Because this method
imports csy’ format only.) Type the following
command: library(readr) data <- read_csv("Address of
file / file name cxccl‘.ui;f);
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Calculated by Pearson Cur_cialiou. If the relation of the
data is close to | or -1, then the data is very closely related.
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From calculate the variables that affect the quality of the Fig 2 Shown relationship b iables with value r
work. Can sort the relationship as shown in Fig. 2. by Pearson correlation method.
e 8. Result of Mutual Information Method
ol ' - Table I
2 0| e sty () souet -* :
1 ,
Shown calculation MI value by Mutual Information the data is most likely to be correlated. The error is caused
Atirbate | M Vil | dceobate | MVihe | Atrbeu | MTib by the data type is discontinuous as shown in Fig. 3.
AL | SHBOY | A6 | emaMlE | C8l Eoer
AR | E® | AL | e | AR || LEw N il =
] 7 | T35 || e il ! i b '
AN | DS | AN ] A | Eax g | i L
O S ] TH | 2h
AW | T | AN ] T | Eaw |
AN | nW | AR 7 T | BEs 2 (S
%] ] tH | tm | €N | e i !
W7 | | B | o |k of WA I
Al ) (%] Eme cH Emer 48 AN (B 44 AY WA LS O AB AP VX RTY]
AN | GEW | Ca6 | jwnes| AS [0
AL | DWWAH | Ca1 | VN | A8 | Atmbuies
AL | AT | CR | (B | AR | 0MeR
Al ! AD | T | AG -0 Fig. 3 Shown relationship between variables with MI
|53 i3
tf: ;w:ims :ﬁ ﬁz?ﬁ 2::-‘ m&? it by S in rmation.
AN | e | A | Vemms | o | o IV. CONCLUSION
AN | (e Al |0 T o | anan Analysis of the relationship between variables affecting
Al | s | AM v A8 | GOEL the quality of data storage device drive production
A-io iEﬁSZNSS Al ! ‘\-:" din using Pearson Correlation and Mutual Information. It
:::l ;m 2:? E:K '::‘f JZ“.'i?!:é was found that the correlation coefficient and data
A8 | e | G| B | AN (| BEd s ¥ iy it each ictod - gavo stnulac
AN NG| cH By A4 ] correlation cocfficient.
A [raenm | ca | fm

Calculated by Mutual Information if the value of Ml is 0,
then no correlation. Buidf the value of MLis the highest,
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The variables that affect the quality of the data storage device
are the highest value of MI, which has 10 attributes, is shown in
Table IV. i

Table IV

Variables that affect the quality of data storage device
by Mutual Information

No Aticibuts t Value
1 A0 10000000000
2 A_1S 09506825353
3 ALY -10000000000
] A_20 10000000000
S A2l 10000000000
3 A28 10000000000
7 C_i3 02134517521
§ C_36 01015574730
9 C37 03303615004
10 C_38 02358155205

B. Results of Operations by Mutual Information

5 O R o == ~
Y s ..)

.
. ""_o.' o ” )|

The variables that affect the quality of the data storage
device are the r values closest to 1, -1. There are 10
attributes shown in Table I11.

Table 111

Variables that affect the quality of data storage device
by Pearsoni Comrelation.

161

No. Attributa MI Valua
1 A_01 0009519488
2 A_07 0009519488
3 A_l6 0009519488
4 A_l8 0009519488
5 A_19 0009519488
6 A_20 0009519488
7 A 21 0009519488
8 A_22 0.009519488
9 A_28 0.009519488
10 C_36 0.008324255

Summary of Operations between Pearson Correlation and
Mutual Information. The Mutual Information can be more
accurately described than the Pearson Correlation. The
correlation between the two methods gives the correlation
between the variables and the quality of the data storage
device is the same 7 variables as the table V.

Tadle V
Tk

yaribl
wae [A0T|ANS[AI9]A0]AITAS]C36]
simila

2 botk methods
V. SUGGESTION
A. Finding correlation values for both methods yielded
similar results. Therefore, choose the appropriate
method of data.
B. Mutual Information can find more precise relationships
of data, but dara must be discrete.
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