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The objective of this research was to study the development of Chinese sausage 

products to conform to customer's expectations using quality function deployment 

(QFD) and experimental design. Experimental design was used as a tool to determine 

proportions of ingredients. The research began by studying the customer' needs by 

the accidental sampling method. Then the house of quality (HOQ) was used to 

determine the product capabilities. The extreme vertices design was the mixture 

design techniques used to design the formulation to improve sensory preferences 

and tastes of Chinese sausage. Results of this study showed that a QFD technique 

was an effective tool for improving the product. The five main customers' needs 

were: 1) raw materials (15.35%), 2) taste (13.58%), 3) product safety (13.57%), 

4) standard certification (8.12%), and 5) price (7. 70%). The raw material and taste 

factors can be controlled and adjusted by the ratio of ingredients. Therefore, ten 

ingredient formulations were produced and sensory tested. For the overall 

appearance, the proportion of lean pork and fat at 70:30 gave the highest test result. 

For the gestation, the proportion of sugar and salt at 72.5:27.5 gave the highest 

satisfaction. The results showed the QFD and experimental design were effective 

tools to improve food products to conform to customers' expectations. 
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~l'EltJ1~Jl1~fl1'J"m::::u1tJSZJ~bb?IVJ~fll1:W?I:W'W'Uu'J":::'VIl1~ x bb(;l::: Y 

Jll'W'J"l:W"lJ'EJ~f)'j'E)i.J~l'Ul~tJ 
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'U'Vl'Vl 1 
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'U'Vl'U1 

1.1 fi1111LU'LI111LL~::fl1111th~ty 

ihFil uu a 1'!?11'M m';i11 a 1'lt11';i LL th';i'l11 utJ ';i~ L vw11 'Vl CJ ~a L tJ ua ~'~ ?11'M m';i11~1 A' ruB ntJ ';i~ L.fl'Vl"M~-:1~ 
" q \.1 , QJ' 

fiB CJ-IJ'U bfl~ B'U'Vl1.:1 bl"! ';i~~fi ~'IJ B.:IU ';i~ b 'VII"! G'f1111';it1?1~1-:i';i1 CJ 1~ ~ tl'U ~U';i~f) B'U f11';i bbfl ~ bf1~1'1 ';if)';i 
~ ~ 

1~ CJI'l ';i-:1 bbfl ~5-:Jfi B b tJ 'U f)1';j b ~1111 f!fl1'1JB.:I~'U fl1'Vl1.:1 f) 1';i b f)~l') 'j bbf!~ 5 .:1?1111 1 ';jt)~~'U11 ~ b U'U~'U fl1 
~ 

~.:~a an hiJI1 CJ a~?f1"Mm111B 1"M11 LL tJ;j1tJ ~.:~ L U'UBI'l ?11"Mm111B ntJ1~ b.fl'Vl~iim1 L ~~ru L~'U L~'~B~1.:~ 
, \J 1 cv 

';i1 ~ b ~1 b ~ B-:1~ 1 f) 1Ji'-r'U fl1 'j ?111 'U G'f'U'U ~ 1 f).fl1 fi-r ~bbfl ~ ~ .:1 ?1111 11 t11 ii'l'l t1 ~ 'U 1 'U fl1 'j bb tJ ';i 1tl~1Jl ~ 1 f) 
, .a q \J 

.n1 CJ 1 utJ1~ L 'VII"! L iJu,hu1 'Mqj~.:~~ai1 L U'UBf1'M~.:~tJ;j~ L.n'Vl1 'U~I'l?f1"Mm111~611A' qJ<ua-:~1 'VlCJ L ~a-:~~1n 
"111 1 ';i t1 "~ 1.:111" fl1 b ~ 111 ~ tl 'U C.J " C.J ~ 1'1 ~ 1 fl.fl1 fl fl1 ';i b f)~ 1'1 'j vl11 ,, 'U "11 1.:1 fl ~ \l tJ bb ';i f) -u B \l tJ 25 57 

~ 

(11n11fl11-ilt1'U1CJ'U) BI'IG'f1'Mf)'j';i11e:l1'M1';ibb U';i1UG'f1111'jt)G'f~1\l'j1CJ 1~ ~tl'UU';i~ b 'Vll"'fl';h 5-6 bb?I'U~1'U 
' ' ~ 

'U1'Vl (611'Uf1\l1'U~\l L?f~11l?f1"Mn~-u'U1~flf!1\l Lbfi~~B11, 2554) ~\l~l'l?f1'Mm111B1'M1';ibb tJ;j~tJ~1'U 1 "Mqj 

~·t.b~na'U fl1';j~~..ij~a CJ1 'Uf1~11f111~1L 'Wun~ f11';il?f1"Mn~<u'U1~f1fl1\lLLfi~'IJ'U1~ ~B11 (Small and 
~ ~ . 
Medium Enterprises: SMEs) ~\l~B11611AqJI'iB':i~'U'ULI"!1~j1n~-ua\ltl1~b 'Vll"'1 'VlCJ ?11111';im ~u1Ji'·)1 

' v o c. ..::::. .cr. Cit. I CIICII 1o::::t II .c::::t. .ca. Cl.l 

f11'j~ 1b 'U'U f1~ f11':i1?11'Mf1~'1J'U1~ f1fl1\l bbfl ~'IJ'U1~ CJ B11'Vl11B CJt1-:l':ie:l CJ fl ~ 99.8 'IJB\l1G'f1'Mf1~'Vl\l'M11~ bbfl~ 
~ 

iim':i~1\l\l1'Un\l~aCJ"~ 78 -ua\lm':i~1\l\l1'U~\ltJ'j~b 'VII"! G'f11J1'jt)G'f~1.:~11CJ 1~ ~n'I.JtJ'j~"lJ1"11'Ubbfl~"~1\l 
':i1CJ 1m ~n'Utl';i~L 'VII"! iim111~1A'rul'iam':i~~u1 Ll"!':i~~fi~-uv\ltl':i~ L 'VII"! ~ n~.:~ii~1'U"Ii1 CJ m~~1 CJfl1111 

... .... 

L~~n~1 tJ~~1'U"I111"11'U!'i1-:J., ~'~111.ni1.n1fl LLfi~L uum':i 1 i'Vl-r-wCJ1m~iiaCJ 1 ul1a\l~u1 ~Ln~tJ;j~ LCJ"Iiumn Dt; \J , I 'U \1 

~\l~u5nJ11 CJ LLI'iJI1tJ 1 uil~~U'UBI'l?f1"Mm';i11B1"M1';i LL tl11tJi1m':iLb oU\l-IJ'U?f.:J LLfl ~fl11111'la.:~ f11';j"~Je:J\l 
1 1 'U \J 

~'U~L.flfi,!'Uiif11';ib tl~CJ'Libb Ufl.:ll'lf!B~b 1fll~'Ub ~B\l~1f1b 'VlfiL 'U LflffiJi'L oU1111i1~1'U~111 1 'Uf11':i~~~'U h ~fl 
~-!l'Vl1\lv11'U~'U~L.fl fl ~.:j b U'U~ fll'M'U~Vi I"''Vl1\l~iit.J" 1'1 B fl11111'1 B\l f)1';j 1 'Wv1'1'UI'i 1\l'l'lJ B\l~'Ufl1 bbfl ~ 

~ ~ I 
Q cv I( 3 1.1 

C.Jfl l'l.flru6fl111 n-uu~1CJ 

C.J~ l'!.tlru,Ja1'lt11';iLL tJ':i;jtJtJ':i~L.fl'Vlf1'UL ;CJ.:J L uu5 nt.J~ I'!Jl ru,J"M~\l~ L U'Ufl1':i'th:.J~~.n ru,J'Vl1-:Jf111 
~ ' 

Lfl~1'11111LL U':i':itl ?1~1\l11flfl1 L ~11 1 ~n'UC.J~I'!.tl rusn'Vl1\l fl1';ibfl~m ?1~1\l':i1CJ 1Ji'LLn"l111"11'U ~\l1 'UU~~uui1 
\J \J , , 

f11';j LL oU\loU'U 1 ul1'v\l191" 1~ ?f\l111n L ~a.:~~ 1 nii f11';i C.J ~ I'!~'Mfl 1 CJ 6'1191 1 "Mfl 1 CJ':itl LL 'U'UI91111~ n~ru~'lJB.:J~B\l~'U 
., " .., 'U o.: 

Lbfi~.IJii.fl1fiU'U 1 Lbfl~i1L Bfl~ n~ru bu'W1~~1 '1-1 \ll5fl11U 1\l';iG'i ~1'UC.JG'f11 191ft B~~'U15fl1';i'U 11~Jl ru,J Lbfl ~ 
' ' 

f)1';i~~~1,ti1CJ tJ':i~na'Un'U1 uu~ ~u'U'Vl1-:JJi'1'U~'U~t.n fi1Ji' L~111~1 ~1 u b~B\l?I'IJ.fl1'W111n~u bbfl~ . ~ ' 
19l';i::'lt1Uf1n\lfl1';j b~Bf1'U~L.flfi~'Ufl1~19l 'j\li'J111fl11111'1 B\l fl1'j t1 f)G'f'IJ~ fl~ru:: ii11119l'j~1'U ~\l,f'UC.J~ l'ln rusn 

~ ' ... 
~'UL ;CJ\l~\li1offm tl~CJ'UL ViCJ'U'Vl1-:Jf11119lm~ 1 uJi'1ul'i1\l1111f1~'UI911111 tJJi'1CJ 

~1 flU qj'M1oU1\ll'i''Uv111 '1-1~~ fl~1 bfl~ Lb 'U1fi~~~:;tJ'j:; ~f)~ LB1b 'Vlfi'Wfi'Vl1\lll"'1 fl';i';i11~?11111':it1 
LLnil (l!"M1 L~CJ1 n'Ufi1111W\l'Wv h-ua\l~ nf11,fu i1~a L 'Vlfi'Wfl m1 m~~ 1 CJ"Mu 1~ L ~.:JfJru.fl1'W (Quality 

Function Deployment: QFD) ~.:Jb U'Ub 'Vlfi'Wfi'Vl1-:Jll"f1f)'j';j1lvTI i611wr'U~~'U1C.J~I'!Jl rusn~iiB~'M~B 
' ~ 

C.J~ 191Jl ru6fl1 "MllViiim ':il9l B'U?f'U B\ll'i Bfl11111'1 B\l fl11"UB\l n~11~nri'1 L tlu"M~ n a ~1\lL U'U';i::'U'U ~.:~~::"111 CJ 



2 

-s:::u fl11l.l ~eN n1'S"1l v-lt=~ n~11 ,x-u~ b 'l'U:ffu t~ tJ a1~ mlf~ n n1 -s bb 'l.Jt=~-lfl11l.l~ v-l n1'S"1l v-l m1l.lt=~ n~1~ 
, \1 , \1 

'S1'U'S1l.l 1~~1 EJ b 'VlfiUfl b :a-lim fl'S'Sl.l bbt=~:::'l.J-s::: dJu A ru~ n~ru::: b ~a 1 ,X~ ~~'~Ji' ru"Vi?l1l.I1'Stll'l v'U?I'U v-lfl11l.l 
' 

~v-lfl1'S"1lv-lt=~n~11~b'iJua~1-l~ 611-l?t1m-smh::: EJ nl'!1 inu~~ I'!Ji' ru"Vi~vtm nvt"1EJ 1 u'l.J-s:::b 'Vll"11 'VlEJ 1~il 
'U , 

m-s'l.J -s::: EJ nl'11 i b 'VlfiUAn 1-sm :::'11 EJvtih~ b :a-lflt~.~Jl1Yi nu~~ 1'1Ji'ru"Vil.l1 nl.I1EJ vl~b "liu m-savmb uu ' . 
au mru61'1vt-ru m-sbll1-s:::1-l~th EJ 1 ,X~'~ au?tuv-ll'i amil.l rn i-l1uau mru bbt=~::: b uuoU'vl.lt=~G1'1vt-ru m-s 

• \1 • \1 , \1 

~~'Ulv'l.J mru1 u v'U1AI'l1 ,X?ta~A~v-ll'ivA11lJ~ v-l m-s"1Jv-lrn i-l1'U au mrubbt=~:::15m-s'W mu1t=~ ~th EJ~ 
, \1 " \l 

~v-1bll1-s:::i'-1 (un?tti-s illJ-1flt=~, 2555) rn-s~~'U1~~~'~Ji'ru"Vim:::b da-11.1-1Vf~-1fi1~'UL~n 1 ,XI'l-s-1~vfl11lJ 
!I IJ dcv ~ oQQ.Ifl' IV d ~cvd' 1'1 tl-1n1'S"1Jtl-1t'l f1fl1 b 'Vitl~~'Ul fl11l.Jbb "11-1 bb 'S -1'Vl'U'Vl1'U"1J tl-1 ~t'II'!Jl tl.l6f1 nl'S~~'U1?1"1ltl-1 ~t'II'!Jlfii'Vl nl'S 

'U 

~~u1tj1VftJ1"1lv-1~~~'~.n ru"Vi m-s~~'U1'U'S'S'l.ti'ru"Vibbt=~::: rn-su-ruu-s -1'S1fl1"1l1 EJ ( i'?t?tir EJ 1-s-sBir 'lu~m, • • 
2554) m-s~~'U1~~~'~Ji'ru"Vi?t'l.ib vtt=~1'11ml.l~~G'l11EJ t~t~ 1 iL 'Vlfli1Am-sm:::'l1EJvti!1~ b :a-lflt~.~Jll~bb uu 

'U ' 

4 b 'I"J?Ibbt=~:::m-saamb'U'Un1'S'Vl~flv-l1 'U~1'U"1lv-l15rn-svt1?11'1'S~bV!lJ1:::?1lJ Mixture design b ~a 1 ,Xm-l 
'U 

v !I !I dv cv d i.l rv 
n'Ufl11l.ll'l v-l m-s"1l v-lfl f1A1'Vll'l a-1 m-sm1l.l'l.J fl v~Jl t~'l1f1?11'SbfllJ bbt=~:::l'l a-1 fl1'Sfl11lJ?t:::vl~fi1'Ufl nu 

'U 'U 

m-sill.l11'1 -s~1'U m -s~ ~ ~'~ ~1 EJ nu 611-l~ fl~1~fi a~~ l'l.ti' ru"Vi?l1lJ1 'Stll'l v'U?I'U v-l A11lJ~ v-l fl1'S"1l a -lfl n~11~ 
~ 'U 

ath-l~bbt=~:::11i~-l~flB'UI'l'S1EJI'iancilJfln~1bbl'iv~1-l1 -s (m~~i't=~ bb?I'U?IiJ'Vl, 2553) ~~'Ul~~I'!Ji'ru"Vi'l1n 
' 'U 

i11 t~ t~ 1 i b 'Vlf1Uflf11'Sm::: '11 EJvtii'1~ b :a-1flti.IJl1'Vi bbfl::: m-saa mb 'U'U fl1'S'Vl~t=~ v-11 'U~1'U"1lv-ll5m-svt1?1 l'l'S 
• 'U 

~b VflJ1:::?1lJ Mixture design 1 ,XI'l'S-1tl'Ufl11lJ~v-1fl1'S"1lv-1flf1~1bbt'I:::Vflfl1~ b VflJ1:::?1lJ 1 'Ufl1'S~~I'l~1tl 
'U 

m:::u1u m-s~~l'lbb 'U'U b a ni'Vl-s-liu m-s'l.J-s:::EJnl'l1 ib 'VlfiUfl m:::'ll EJvtii'l~ b :a-1flfi!Jll'V'J b ~vV!lfl11lJ 
'U • • 

~v-lfl1'S~bbVJ'l~-l"1lv-lt=~n~1~ill'ia"1l'UlJ"1l'Ub~EJ1b~v?I"1JJl1'Vi ('I.Jfl"IJEJ1 ?111'1bb'I"J-l, 2550) 'U , ., 

b tiv-l'11 nm-s'l11 b 'VlfiUA m-sm:::'l1t~vtii'1~ b :a-lflt~.~Jl1Yi?l1lJ1 -st~ b ~lJF111l.l~-ltiv 1 '1"1lv-lt=~ n~11~ 
, 'U 

b tlua ~1-l~bbfl:::l'l 'S-ll'iancim ihvtl.llEJoU~ b 'l'U bbfl::: ?11lJ1 -st~'l.J -s::: EJ m11 inu m-s~~'U1~~~'~.n ru"Vi~ , , 
Vft11 nvtt=~1EJ 1~ a ~1-:Jil'l.J-s::: ~'VlBJl1'Vi ;}1m Vf 1'1-d'vh 1 ~~Pi n~1 ?I'U h b~ m nu m -s~~'U1 vl'l ?11Vf m-sl.l 

, 'U , 

mvt1'Sbb u-s-suu-s::: bJl'Vl nub ~El-l t~EJ'l.J-s:::EJ nl'11 ib 'VlfiUAm-sm:::'l1 EJvttJ1~ b :a-lA t~.~Jl1V'J bbfl:::m-saan bb uu \1 , , , 

m-s'Vl~t=~ v.:J 1 ur.=bu"1Jv-l15m-svt1?11'l'S~1'U~?IlJ~ b VflJ1:::?tlJ lJ11-&1 u m-svt1m 1lJ~ v-lfl1'S"1lv-lfl nf11 bbt=~::: 
'U 'U 

~~'U1~~~'~Ji' ru"Viv1vt1'Sbb tl-s-s'l.J'l.J-s:::bJl'Vlf1'Ub ~t~-l L ~a 1 m~~~~'~.n ru"Vi~u bb tJtl~~'~ -s-1 nu m 1l.l~Pi' v-1 fl1'S"1lv-1 
'U , 

tru~tJlA t~EJI'l'S-1 
'U 

1.2 11'lt~tl-s~a.:~R'"'Ja.:~m-s1:5'£J • 
1.2.1 b ~a~~'Ult.J~I'lnru"Vi~uL ~EJ.:J t~EJvt1~1'1-sG'i1u~alJ~b vtm:::?tlJbbt=~:::~'S-1~vfl11lJI'i'eNm-s"1Jv.:J 

m1lJ~'U~LJlfl 
, 'U 

1.2.2 b ~m11bb u1f1~m-s 1 ib 'VlAiJAm-sn -s:::'l1EJvtu1~b :a -1At~.~Jll'WLLfl::: m-saa n bb uu m-s'Vl~flv-1 
lJ1'l.J-s:::~n~'~1inum-s~~u1~~~'~.nru"Vi ' 

1.3 "1Je!UL"'JI'lL\Jn1'SRm~1 

m-snlvt'U~"1lv'U b "1ll'l-11'U1,Yt~ 1 ~tJ'S'S~I'lll.lll'l~'l.J-s:::?t-1rl"1lv.:J m-saa mb uu~~l'l.t1 ru,J nub ~EJ-1LLfl::: 
v ' 

m-s-w~u 1n~:::'U1'Ufl1'St.J ~~'~~1tl b 'VlfiUA m-s n':i::: '11tJV!U1~ b :a-lflti.IJl1'W bbfl::: fll':ieJV mb tJtJ fll':i'Vl~fl v-l 
ttl'U~-ll'ia1uu ' 
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1.3.1 b -ffLV119Uflf11'H1';i~"ii1C.I'I-1tJ1~L '8~19W.fl1'Wfi~';i~~'U~ 1 L ~Bn1'\.1'U~';i'\.J LL 'U'U"l!B~t-J~I'!.Ji'ru,1 ' ~ 

1.3.2 eJe:JnLLtJtJn1~Vl~~el~~1tJifieJe:JnLL UtJ~1U~~:U L ~eJ1Lfl~1~~?ft911ri1LJf!.J?f:U 
~ 

1.3 .3 t offG1mu~~1 f11';j'Vl~(;lv~1~tJt-J~~'~~'WLL'l.J'U t-J ~ ~'~.n ru,1m.J L ~CJ~ ru 11V111Vlmrr mJ'U(;l';i1"1151U , . 
1.3.4 n~11~1-v~1~L tl'U'\.J';i~"ll1fl';ib ueh L.nmij-v~ ~~wr~v'U(;l';i1'11o1u~1 -&'~1'1-1-r'U~m~1i~tJ . ' 

Q.J .0::::.. QJ ~ q 

flW(;lfl~W~"lJB~t-J(;ll'!.flWSVIfl'UL "lltl~ ' . 
... 

1.4 ;J'1Jtile11Jfl1~~1LiJ1J~11J 

ct .::..cu q~ 

1. f!lfl~1~1'Ul"i!CJLL(;l~Vl~~!)Vl 
... .., 
Lfltll"l!B~ 

., 
2. ~1';il"ii~'UI'IB'Ufl1';i~1 

' ., 
.. 4 QJ Q.l 

~l'!';i'VlL 'I-1111~G111"11B~L 'UeJG111t-JG1LL(;l~ 

';i'G1"1l1~ 

6. Vl~(;leJ~t-J~I'lt-J~I'l.Ji'W,1~'ULL 'U'U 

LY4aVJ~G1a'Un'U ·11~·;m~1~ 

7. 1LFJ'~---~::;~t.Jft 11iJt11tnT~'vH'IG'1iliJ 

191111'11 el'UV11~'\.J ';i ~ G'11Vl ~11 cY G1 LL(;l ~ 

';i'G1'1!1~ 

.. . 
C.l1 'U 'W 'U 5 9. 

7 8 9 10 11 12 13 14 15 16 



4 

1.5 th:: 1attnl~f011~'hlil:: 1~i'u 
1.5.1 1~LL 'U1'VI1..:JL 'Uf11'J"'U1 L 'VIrl'Uflf11'jfl':i~~1t1~1J1~L :a..:~fltu.fl1V'4 LLfl~f11'j€J€Jf1 LL 'U'I..Jf11'j'VJ~fl€l..:J 

' 
:w1'1 . .b~anM1-&'n'Ut.J~Mnru"Vln'UL~a-:~ ' . 

1.5 .2 1~'j'\.J LL 'U'Ue.J~MJl tl.levlfi'UL ~f.J..:J~l91'j-:Jn'Uf!11:WI9i'€1-:Jf11'j"1J€J..:Jfl nl9'1 
'U ' 'U 



..,j 

'U'VI'VI 2 

~1'111-rU·:n'Ul ~ CJ n1'j"~ \9ll'W1t.J ~ 191Jl ru~ ~'W L ;g CJ-!!Ji'l CJ L 'VlflU fl fl1 'j" n ~~OJ 1 CJ'VIU1~ L "8-!!f1 ru.n 1Yi Lb~ ~ n1 'j" 

aamL uurn'j"'VJ~~a-!1 1Ji''I11'Vl')~~~OJ~'I11m1 i'L ~Bfl1'j"eJ1-:JB-:Jb U'Wyt'W511'W1 't.Jfl1'j"~mn1~CJ t~CJi1 
'j"1CJ~~LBCJ~\911:U'1Xl-ffv'VI~n~-!!~B 1 tJ-d 

tJcf d Q.l q 

2.1 fld1m'l'i'W~1'WLnmnun'WL"liCJ-:J 
'-J 0,S , I 

..::to. !I q -. 

2. 2 L 'Vlfl'Wfl fl1'j"n1~0J1CJ'VI'W1'Vl b "11-:Jf1 ru.n 1'1'i 
dil I Q.J I V I 

2.3 n1'j"b~ann~:umaCJ1-:JLL~~"tl'W1~\9llBCJ1-:J 
' 

2A fl1'j"BtJnLLUUfl1'j"'VJ~~B-!I 

2.5 fl1'j"'Vl~?IB'U'Vl1-:JU'j"~?I1'VlG1'lJe4'?1 
' ' <C::Iit,Q.I Ciil Ciil il' 

2.6 -!11'UlOJCJ'V1LnCJl"t!B-!I 

~-!IOJ~tl1L?I'WB\911:1J~1~'U'iXl-ffv 1Ji'~-:JvlB 1 tJ-d 

tJJf d QJ 11::11 

2.1 fl11lJ"J'W'IJ~1'1JLm.nnumJL'ti£J~ 
'U ... • 

"" 2.1.1 fl11:1JVI:IJ1£J't!V~n'IJL'ti£J~ 
1f t tl I 

~'WL~V~ (Chinese Sausage) 'VI:IJ1EJfi-:J16'1man"llu~'VIU~vl10J1nb'iia'VI~LL~~1'1J:U''UVI~ Vi 

tl1lJ1'U~VItJ1'ULb~lt.J?I:ULfl~B-!IU'j"~ L"li'W J11911~ Ln~B LL~~~l'UU~~nv'U~'U~LVIlJ1~?1:U L-d'IJ Lfl~B-!IL'Vlfll 
' 

LL~~?I:U'U 1 'l'i'j" 'li~l tl11 U'lJ'j"'j"OJ 1ffi~tJB10J'VIlJnrlB'U'U'j"'j"OJVf~B hJm~ Lb~Tvh1 ~LL ~~ 
' 1 • 

n'UL ~ EJ-:JL U'W 16'1 ma mL ,X-:Ji1~'Wrh L u~OJ1ntJ'j"~ L 'Vlfll~'W ~~ L tl'W 16'1ma n'U~'VIEJ1'U (Coarse 
' 

Ground Sausaoe) ~~n'IJL~EJ~~~1'VIthv1uvi'a-:J\9lm~i1a~ 2 LL'UU 
;) ' \1 

2.1.1.1 n'UL~tJ-!ILL 'U'Und1~~~ 
' ' 
n'WL ~EJ~ LL 'UUnd1~~~ i1~l'I.Jt.J?I:U"t!B~L 'ifmL~~lJ1n ffi "tllJ'IJUatJ ~l'IJ~l'WBnOJ~ . ' d I d Q.l !l'..::t I tJ tJ Q( a I d 0 C:: I 

L ,_.,tJltJ'IJ L:IJ BOJ'U ~OJ~ 'j"(;inflB'U"tl1~ Lm~ lJ~?ILfllJ:U1 nm1,l1'U LlJB'U1lJ1U'j"~ n BUB1,_.,1'j"OJ~LL "tl~nl 1 
'U \1 

' .. ' 
Lb'U'UB'W1 'j"1fl10J~Lb'l'i~nd1 

2.1.1.2 n'Ub~EJ~LL 'U'ULL~~l . 
• v 

Clf J.l4 .q I 4 Jl I <C:11 5I/ 

n'W L -uv-:J LL 'U'U LL\91 OJl lJ?Il'Wt.J?IlJ"tl a~L 'W mt~~'WBEJ m 1LL 'U'U n'U L OZJEJ~u 'U'U n11~191 ~ 
' ' ' ~~vhl ~~lL~tJ'UL uv'WL~B~'U~OJ~~~mi:uiia i1'j"?l,l1'WU1L~:u t~a't11lJ1tJ'j"~na'Ua1,1'j"OJ~ hht ~~ 

'U \1 1 

'j"1fl1nnn11 
'U 

lJ1 \91 'j"~1'Wt.J ~19l.fi' ru~a\91 ?11,m'j":u nw ~ v~ (2532) 1;( ~fll1lJ,lJ1 EJ"t!B~ nw ~v~11 d.9 , , , 

~'WL~EJ~ ,:u1vfi~ 1~manm.h~,~~~v110J1m da,_.,:u,~a 1n t.J?I:ul!'ULL ~~LL~~Lfl~a~tJ'j"~ LL~l'lJ'j"'j"OJ 1~ 
I '\1 , fl 

t~v,l!nna'WViOJ~'lJ'j"~OJ,~a hlf11Jl LL~1v111 ~LL ~~ na'U-rutJ~~'Vl1'1J~a~v111 ~G'In t.J~I9l.li'ru~n'WL ~tJ~ 
' ' ' 1~-r'Ufll1lJUtJ:w:w1'U1'W LL~l t~tJ LtJ'I'i1~n'WL ;EJ~~v110J1 n L demm ~B~OJ1 n L d a,lJ L tl'Wl' \91 n~'U~,141 v 

, " \1 " 



• 
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~11"11 hlLL 'W'l LL~~ L th.J tl1Vl11~ilf1 ruriTvn'l 1fl"I1'1.J1m1a~riv'U"li'1'l~'l 111ltJLu'W1~e:nVI11th~ Lfl'Vl 1 th&iu~'l . , , 
~1L tJu~am1L~~t:UL&i'U 11'1"1le:J'l~1'lmt.J ( ull11t:ULL~~f1ru~, 2551) ., 

2.1.2 11'1rt~ut 'Un1':if..l~lijn'IJL 1ft~ 'I , . 
2.1.2.1 rdmLI?l'l (Red Meat) LdmLI?l'lvhmum1f..l~~'~n'WL'ilt.J'ltTwJ'n~~tiLifvVI1lLtl'W . , 

Vlc;r n 1111m~ e:Jn 1 'U~l'W~1l.iilm~l?l nae:JutJ~tJ'U 1l.ii1~111 L~e:JI?l~Fi''lv~ 111lt.J~l'W1l1 n~Ut.J1l't11mf..l~l'l~~ , , , 
L~e:JnU~LJrul'l~1 'Wt!L 'W11~LU'U'U~L lru~i:JlJ'I?lf1~13JL.flv"IJ'U1111L V!qj i:JtJ~mruLB'U ~'l~l?lLL~~ 1"1JlJ''ULL'Vl1f1 
01 I II 

l'lle:Jt.J'Ue:Jt.J!J1f) , 
1 tJ1&i'UL uLi1mLU'l1'111lV!'I!1~LL~~m1~~mt.J 1~ 3 "IIUI?lfia 

6(11flf1"Wm~iif1 1 tJ1&iu (Sachoplasmic Protein) ~tll?le:Je:Jf1~1mau LtJ 

n~13JL dmi1VIU1~L tJu~1tJ1~~1'Wfl'U 1 "l!lJ''U 1~~ LL~~lJ'~.UuffiJ1bJf1'11Pi'l 
111 1v1 i"Ju~~m 1 tJ1~'U (Myofibrillar Protein) L tJu 1 tJ~~'W1f1~'1~~1'l~~~c->":cJ 

1~ 'WLn~m i11i'W ~'l,!ut 'W"Ilru~i1'U'Ull?ll"n1L&i1lLn~miauL ~e:J~~ 1~~n111111 1v68'W (Myosin) LLe:Jfl&i'..J 

(Actin) e:Je:Jn~1mau LtJ L ~m-11V!U1~vte:J~3JV!~e:JtJ1~~1'W1e:J'U1 Vlt.JI?lh~u (Fat Droplet) L~e:Jt ~Lnl?l 
~fl1'W~l1'~i'U~f1'11Pi'le:Jt.J 1~'W1'U~'Uf1'Jl~~ 1~1'urn11l~e:J'U ~'lvh 1 ~L dv1ame:Jnf1'1~1 (Forrest, 1975) , 

~1m1111u1~'U (Stroma Protein) Fia 1tJ1~'W~1~~1mdm~mMcn~u 
tJ1~nau~1 t.Jf1a~~1L ~'WL tl'W~l'W 1 V!f:Y 1l.i~~mt.J1 uml?l~1'1LL~~Ln~e:J ~~Vll?l~Pi'l1l1L~e:J1~1'um11l~au 
LL~~L tJ~t.J'IJGifl1'WL tl'Wi''W (Gelatin) ;'IL U'UG11LV!I'I~Vh1 m "lll1''U111l~Pi'l numn~b~~L i1u1~~1f11€lt.J • • 
LLVI'J'l VI~€) 1fl1tJ 1 u1amvn 'I.Je:Jf)~1f1,1'U 1 U1~'UU1~Lfl'Vl-rl'V'l"IJ111lf1111le:J~m 'W~ilrl13J~~'U~'l~€l'IL~~3J , 
~lt.J'Vl~u 11'1'WLL~~'B~L~'~a'W L ~v1 ~ilm111v~m u~~1L tl'Wf11'UtJl'W ~'~L iJum1~'lt.J1n~'ltT'Wf111Vl~ m~ t.J~ • 
m1tmutJ~mrumn cc;rn"IJru1, 2533) 

2.1.2.2 1 "lll1''ULL ~'~ L iJu~l'Ur:J~!J~FlvtJ"Iilt.J~I?l~'U'Vl'U 1 um1r:J~I'lnuL 'iltJ'l L iJur:J~I'l.Orusn~ • • 
1~~1 f1 1 "lllJ''Wi11'11 'W'U11f111th 1 '1JlJ''U LL ~'13.11 L m 'U f111r:J~I'I fi'UL 'iJtJ'l~~~ 'lr:J~ L ~r:J~I'I fi'IJ L 'iJ tJ'li:Jc;r n~ru ~ . , 
f)~'IJ 1~ ~ LL~~f111tJ€l1l1''U~~~~I?l Ll?ltJf1'UL'i!t.J'lilF1113Jtl3J f1111l"li1lrl1 1~"111&1~ LL~~~13J11fl~l?l , , , , 
~'U"fl'Ub'Wf111r:J~I'I~'IJi'ltJ (~n"l!fl.n, 2533) 

2.1.2.3 Lfl~e:J (Salt) dJubd511'l'Vl1'1 1fl"I1'U1fl11"11UVJV!~'l 1~t.Jvr~mb~1fie:J16(1L~tJ3JF1~a • 
h~ (bfl~e:JLLf1'1) ~'IG113J11f1Gitll?l hi'~1flG11'11 LL~~W"II LL~ Lfl~€l~1flW"I1'U1'1Fl~'l€l1~L U'U'W~ Lfl~€l'U~1fl f) 
~11l11flr:J~I'I1~~1ml1'Vl~ L~vr~a~'ULA!J L tl'WLfl~e:J'IU1'ltl1Vl11vi1 ~1G1LA1l~i11l1~'1 LLI'IL u11ru ~11l11fl • 
1 ifi'I.Je:J3Je:J1Vl11 

Lf)~e:Jii 3 U1~Lfl'Vlvit m 'I.Jfl11~1r:J~I'I.0rusnLdv Fia 

Lfl~ e:JG1~'Vl1 (Solar Salt) 1~~1flfl11tJ~aml1'Vl~L~L "li'1!11L 'U~'U~~nn H 
LL~'l LL~I?l~~L U'U~Pi'l f1111~ L VltJ'Il1e:Je:Jf1 1 tJ L~e:Jfll 1!1 L .-ff!l"li''W 1Ji'1~~'U Lfl~€1~~1'1 f)r:J~ fl e:J€lf1!J1 

Lf1~e:J~'UL511 (Bock Salt) 1Ji'~1f1~1~'UV!~e:JI:.J~mn~e:J~1f1511!1"111&iLI?ltJf111b i 
J1~~~1tJe:Je:Jf1!11vr~a~nl?lL tlu1tJi1'WLL~~Ln~a 1Ji' Ln~v-dl1'n"IJ1~511'11e:J ta~u , . 

Lfl~vffiJ1~1f1f111~1LL1X'ILL'U'U~t:yt:y1m~ (Vacuum Dried Salt) 1Ji'~1flf111 
~~~1 t.lr:J~n Lfl~€1~1 f1511!1"111&i LL~l~'U;ff'U!l1L 'U ~UG111~~~1t.J~\1~1b ~L "li'!l"li''U!l1 n;ff'U 1 'ULFl~e:J'liia 
1~LV!t.JLL'U'U~f:Yf:1J1f11~ (~n'1Jru1, 2533) 
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2.1.2.4 lu11'li'Vl (N02) 611':ilu11'li'Vl'ffii61TU1l1fl1m'U':i'lJL'1lL~~JlJ1'U11'li'Vl (NaN02) , 
1~w 1 i~111nuLn~v~~tJ':i~?f,:Jriffi i1 u 11'li'Vl ~m ~v 1 ,'1Jlihn.J'W~iiA111lA,:J~1\'1'11 ~c.J~I'lnru'ti'L -d'vii . , 
':i?l'll1~~m'l:::iJC-Jli'lb 'ULL~fl1':iLn~"llB,:J"'il~'U'V11m~mu'W1:::~~'U'V11v'W1fl Clostridium ?11-:i 1 u 11'li'Vli1c.Jli'lb u • • 
Ld':i?l"l11~1~v 1 u11'li'Vl Lv,:J\'1'1V!U1~L tJu?l1':inu;;;uLLli'l~num':iLn~m':iL Vl~u;;;u 1 u 1 "IJ~'U"IJB,:Jc.J~I'l.fi'ru'ti' 
(~fl"/Jt\.!1, 2533) 

2.1.2.5 J11'11li'l (Sugar) Ltl'Ui'l'l~~u 1~A111lVl11'ULLric.J~I'lnru'ti'Ltl'UVl~n 'Uvn~1nd!:J,:jii 
c.Jli'l1 'Uf11':iL tl'Uv1Vl11"1Jv,:J~?f(;11 u611'Uc.J?f1l"IJv,:J"IJ'U1lU,:J \'1'11 1Xii~m~ru~L Vl1l1~?11l~-d1 v 1 'Ufl11B1lJ11 ,X~ , 
J11'11li'l111l~,:J n~ u LLli'l :::1?1'111 ~"IJ B,:Jc.J ~ l'ln ru'ti' L iJu~ v t~11-fu LLri ~u~1Jl A Aru?f1ltJ'1i ~,:] n~ 11"1Jv,:JJ11'11li'l , . 
~~ii1l1fl1JvVLLA1Vl'U~'UmintJ'llU~"IJv,:JJ11'11li'l ~,:JLLU,:JLU'U 2 fl~1l1mu ~vJ1mli'!vi'11 tJ 1~LLtl f1li'!LA?I 

'U , Cll \I 

-rhnL(;l?f LLli'l~LLli'lALI'l?l Ltl'U~'U LLli'l~J1mli'lVlmwffu L~CJLU'W1~v~1,:J~~J1~1li'l?lv~iuVl~vJ11'11li'l 
' 

LllLli'lflli'lfl 1~LLri '1!LA1?1 llvli'll 'Vl?f LLli'l~fl1LLli'lALI'l?l L tl'U~'U ~~J·wnli'lL Vl~1dm~LU'U11'ltl~tJ 1 'U':iU?I1':i 
, 'U \1 q 'U 

G1,:J Lm1:::l--1'V11,:] LAii~iim 111u ~ ?f'Vli111 flVl~B L tJu B~ ritJ 1::: nt~tJ"IJ a~ ?11 1~1 1Xm111Vl11'U 1'111l5':i11l"l11 ~ • 
L -du J1fl,:J J1at~v L U'U~'U 1~vi1~ n~ru~ L U'Uc.J~li'l~ LBCJ~ L tJuLn~~ L U'UL~~ c.J~ nJ11'11li'lVl~m tJu 

"IJB~LVlli'l1mJi' (Charley, 1982) 
~ ' ~ 
0 .::=lei I ~ Q,l ~ 4 Ct.J f' c:!tl 

tJ'VltJ1'Vl"IJfl,:J'lJ11'11li'l'V11ll'lBFlOJJl1'W"IJfl,:Jc.Jli'll'lJlOJGfl L 'U €1?11'11 FIB • 
J1mli'l\'1'11 1Xc.J~I'li1 ru'ti'ii·meia'U'ull~'U 1~ v~J1mli'l~::: 1 'lJli'lm?IL~llLLli'l:::ilt~~nu • 

J1tJ1,:J611'U~1m'lfm'1(;11~~:::tlfl~~€!Bfl1l1\'1'11 1XA111l~'UtJ1~611'U"IJ€!~ L i!t~ii1?1'111~~~'U LLli'l::: hJLL ~~ LL ~~ , 

J11'11li'l"'il~\'1'1tJnn~V1tltJfl':i~B~~L'W"IJ€J,:JL'lJ1~'ULdt~~1'WFl111l~€J'U\'1'11~ 
" ' 

c.J~~.nru'ti'Ln~ii~t111'11li'lVi~1VlU1 1lB,:J~·t.h-rutJ1:::'V11'U , 
J1mli'l"li1m ~~fl11L tJ~CJ'ULL tJli'l~"IJtl~ L'1lL~CJ1l1 'ULm'VlL uu1 'UI'l~mlt~fl1'1l~\'1'11 ,X 

m1l1t\J?f111 'ULI'l':i'Vl~L Vl~BvCJ L 'Uc.J~~.fi'ru'ti'UmJ , 
2.1.2.6 J1 (Water) J1Ltl'U611'Uc.J?f1l~1mun11\'1'1c.J~I'lnruer~1G1mt~n LLli'l:::LtJ'U~~~ 

ri1!9'qjv~1,:]~,:] n11 L ~1lJ1iiA111lri1!9'qJ 1 un11\'1'1c.J~~.n ru,1G1man~~a~ n11 1 ~Ln~~ n~ru~L tl'U?111 

LL"IJ1'Uli'lBEJ L ~a·1hv1 1Xc.J~I'li1ru'ti'ii~ n~ru:::muJ1 1?1'111~ LLli'l:::~n~ru:::L -d'aG111tr?1~~ f111L ~11J11 u 
U~111ru~ ~fl~ B~~ Bllii Fl1 11lri1!9'qj 1 'U fn':i\'1'11 Vll "IJ~'U Lbli'l:::J11111~~?/1'Ut-J ?lll~'UL i1 tl'U 1~~ (~ (;] 11 

Lbli'l:::Pl~fl1qj~U. 254 7) 

2.1.2. 7 1G1 (Casing) ?111l11tlLL ti~ 1Jl 2 tJ1~LJl'Vl 

1G1LViCJ1l (Artificial Casing) UCJ1l1l1f1 1 'U h~~1'Uc.J~~ 1G1n1Bf1 L ~€J~~1flt-l~1'11~ 
1 'UU~1l1 OJ1l1 fl ':i1Fl1 ~ fllJ"lJ'U 1 ~ LG1'U~ 1~'U cJ flli'l1~ 1 ,XL~ €J n1~1'1111Fl111l~ €1~ fl1 1?1~ 1 L?fll VLLli'l::: Li'Ju-r mn 

1Ji'~1EJ iJ 2 LLtJtJ ~€1 

1G1'LViEJ1l'ftJtJ1:::'V11'W1~ \'1'1~1flVl1!~G11'11 (Regenerated Collagen) ?i1'UA€J 

?I tl~~J CJ?f11li'l ~ li'l1mi1~ ~ 1,:JJ1\'i 1tJn n~ EJ1 tltJ m~ Ln~ fl1 ':i'W €)~~1 LLli'l~ L Vlli'l1i'U L U'U L d m~V1 tl'UU1 L -if 1 

LL tJtJ LLli'l:::~ 1'Uvl1~\'1'11 ~LL ,X~ 1 i tl'Ul-11 fl tltJ 1G1~lJ"IJ'U1~ L~ fl 
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1a\ VimJ~~'t.Jth~'Vl1'U hl1Jl vh'il1 m"l!~~ 1m1~~n~"il1mlJ~~~1vr~a~~wil'U~ 
" 

u~1n r~1lJ1Jl~~~~'W~1~~ n 1G1'~ VivlJtl1~~fl'Vl-dii~-:J~~~"U'U1~~G1''U~·hl"l'UVn~1-:J 1.5-15 ~ "1!'U~~l.l911iir~11ll 
" ~ 

~~ "1!-:J~~ ';i-:J'Vl'U'Vl1'U 

1G1'511l.l"I11~Vt~v1G1'~~~ 1Jl"i11n1G1'Vtl.l 1G1'~~n~ 1G1'11 m~~'W1~Vtl.l 1G1'~-:J11 ii-u'U1~ 
" " 

hi~~1L~l.lm~m.J ~1v 5n-u1~~1tJ ~nu-rm~nmn 11r11~~'W-:J ~~B'l.l11'J~'U~;ti-:J"il~ii1~"111~B~avmau 
LL~~~YilJr~rufi1'Vl1-:J1n"I1'U1n11 (~9111 ~~~~P!~mru"ilu, 254 7) 

• OJ 

~ II .:::1 ~ 
2.2 L 'Vlri'IJRm"m'l::\11£J'VI'IJ1'Vl L "11-:IR ru.n1'W • 

b 'VlRUrln11n1~"il1tJVt'IJ1~'Vl1-:Jrlru.fl1'W (QFD) t:ln~~'U1~'Uri#-:J~b 1n 1 'Utl1~~'Vl!"lnitl'U 1~v Prof. .. "' ~~~~ , 
Shigeru Mizuno b~~~ Dr.Yoji Akao 1Jl~~'U11Bn11~"il~~~'U1~b~~BBflb~'l.J'l.Jt:.Jii9l.n'ru,1~911-:J911lJ 
Pl11l.J~B-:J n11"1JB-:J~ nfh rlB'U~"il ~t:.Jii9l"il~ -:J ;-:JU1l.J1tl1~ tl n911 ~ ~ U'Uri#-:J ~~';in nut:.Jii 9l.n' ru,1ti'-:J ~nuJ 1lJ'U~ 

" . ' 

~~m~B"UB-:J'l.J~~'Vl Kobe Shipyards of Mitsubishi Heavy Industries Ltd. biiv.:J"il1flb~t:.l'UJJi1~Vt~ 

b~~~t:.J~ 1lJ~1l.l11t:l91B'l.l 1"iJ'VlV"UB.:!UruVt11~Vf':h.:~~ Vt91~~~~t:.J~ 1Jl ~~~~ 1 'U~ 1m~Bl.l1'l.l~,;''Vl1911t1~11Ji''l11l.l1 
OJ • 

tl1~tln911 ~"il'Um~~-:J~~ 'W~Vtmv 1~v~Bl.l1'l.l~,;''V11911tJ~11Ji'tr-:Jflu 1 ~~t:.Jii9l~'U?i'J'U~?i-:Jt:.Jii91.A'ru,1L .rr1 . " 
u~,;''Vl1911t1~1~-:JVtlJ~ 1 ~~ 'Vlr~ilr~m1m~"iJ1tJVt'I!1~'Vl1-:Jrlru.n1'W ~ ~mh tlfl'J'l.lfll.lrlru.n1'W"IJB.:Jt:.Jii91.n'ru.vl • • • 
vi11 ~U"il"iltl'U.Q~ 'VlflUfln11n1~"il1tJVt'I!1~'Vl1-:J Arufl1'W 1Jlt:ln'l11m1 ~vci1.:~ ~~ 'W~Vf~1t11 'UB91~1Vt n11ll ' , "' .. 

0 
~ tlc:ta. 

2.2.1 fl111l'VIlJ1£J"lleJ.:I b 'VlR'IJRfiT'm'lZ\11 £JVI'IJ1'Vl b "11.:1fJW.fl1'W 

~ 'VlAilAm1m~"il1 vVt'1!1~ ~ ~-:JArull1'W L U'U ~ 'VlAil A'Vl1.:~1m m1l.lffi ~ci'1Vt-rum1-w'~'U1 • 
t:.J~ 9l.n' ru,1~iivciVf~B t:.Jii 9ln rusn1 VtlJ~91B'l.J ~'UB~ ~am 1lJ~ B~ fl1 ';i"UB~mill~ n A1 ~ U'UV!~ na ci1-:J b U'U 

" . " 
1~'l.l'l.l ~~"il~"li1t11:::um1l.l~B-:Jf111"1JB~~nA11 ~i~~ "il'U~'U 1~tJB1~t1Vt~nfi11Lb tl~~rl11l.J~eJ~fl11"1leJ~ . " 
n~.· 11~ nA1~11'l.l11lJ 1Ji'Ji''J v ~ 'VlflUA~ ~~11"11 n1111 ~~~ :::tl1~ ~iJ'UA ru~ n~ru::: L ~a 1 ~t:.Jii 9l.n' ru,1611l.l11t:l " . 
9leJ'l.l61'UeJ~fl11lJ~a.:~m1-ueJ~~ nfh 1Jl L U'U aci1~~ 

" 
2.2.2 \l~th::&HRL '1Jn1'lth::t~n9lt ~b 'V1RilRfl1'ln'lZ\11£J'VIU1~ ~ ~.:lfl Wll1'W • • • 

2.2.2.1 ~ -r!a H1 'Ufl11aam~uu~~~:::~~'U1t:.Jii9l.A'rusfi1 VtlJ 1~m'IJ'U~fl119leJu61'Ua~~ a 

A11l.l~ eJ-:Jn11"UeJ~~ nA'11J!a ci1-:Jt:1 n~a-:J 
" " 

2.2.2.2 ~ -r!a'lhtm~U'lJVt1~1-:J 1 ~~n~~'U 1 'U~'U9leJ'Ufl11aam~ uu ~~~~-w~'U1t:.Jii9l.n' ru.vl 

~"li'U 1:::v:::~1~1vi1-Ul'Um1aam~uu ~'U'V!'U~~~:::rh 1 ~~1v~1-:J1 ~~n~~'U ~~~:::1~~um1l.J hi~~tl'Ua'Ul 'U 

fl1';ieJeJflbL 'l.J'l.J b U'U~'U 

2.2.2.3 L-r!a"li1v1 ~m1aam~ uu~L~:::~~'U1t:.Jii9l.A'rusn~1L il'U1 tJ1 'U~I"l'V11~~t:ln~a~ LL~::: 
t 0 ~.: "' 

bblJ'Ut11lJ1f1ti~"U'U 

2.2.2.4 L ~eJ"li'JtJ1 ~fl1';i';i'J'l.J';i'J1lri'J1lJ~eJ~fl1';i b~~~n11tl1~blJ'Ut:.l~fl'J1lJ~~'WeJ l"iJ"IJeJ~ 
~ nA'1~1l.l1"mvi11Ji'~1tJU~::: ~ U'U1~uum n~'U 

2.2.2.5 b -rJavi11 ~'l{Amm1 'Uel~rl f11l.JeJ-:JL i1'Uil1'W';i'Jl.J"1JB~fl11'Vll~1'U LL~:::'Vl';i1'l.JiB~ 
~1ll11 t:l91 eJ'l.l~'U a ~1'1 a A'J 1lJ~ B-:J m 1-u a~~ nri'1l~ a ci 1~ t:1 n ~a~ 

" " 
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2.2.2.6 L Yi-v"li1CJ&'I~1-:~ LL~~~~m'J"n'U Lfl'J"-:1&'1~1-:~ 1 'U'J"~'U'U&'I1'J"a'UL VIP! L ~-v-:~~1n~-v .. :d1m'J" 

ufiG1lJ-w''U5n'U~ nfi'11 'U m'J" Ln'U'J"1'U'J"1lJfl11lJ~-v.:~m'J" 

2.2.2. 7 Lviv1 '\Xmwh.:~1'U"I.Im~1mh.:~11 'Uv.:~i"lmLtl'U 1 tJ1 'WVif'IV11'.1L~mnu 1~muvn~ 
~1CJC-J~I'l ~1CJn1'J"I'l~1~ LL~~~1EJ"frl'l!'U1LL~~1~ac.J~I'l.tlru't1 

2.2.3 tl'J":: la"Uti'llt~~ L VlflcUflm'J"m::lil1aVI'll1~ L ~~.., ru.n1-w 
• 

' 
&'!lJ1fllJI'i'1'Ufl1'J"fl1'UfllJfJUJfl1'V'l"I.IB'l~~'U (The Japanese of Society for Quality 

Control: JSQC) 1Ji'a'J"tlc.J~"I.Imm'J"tl'J"~CJfll'l1 oULVlflUflfl1'J"m~~1CJVI111~L "ii..:.!flrum'V'l 1 'Uth~L VJP!uitl'U 
II ~ q 't CLI 't 

ii~~i1 (Yoji Akao, 1997) 

2.2.3.1 "li1CJ11'lbbc.J'Uvl1'UflUJ.fl1'V'lbb~~n1'J"BBflbb'U'U • 
2.2.3.2 b tl'U fl1'J"b tl~ EJ'U b ViCJ'U b "8..:.!1 bfl'J"1~~vl1'Uc.J~1'1Jl ru't1n'Ufl bb ~'I 

" 
2.2.3.3 -v.:~rima1lJ1'J"(loWI'lJ'U1c.J~I'l.tlruen1 VllJ 1~a1 Lfl'J"1~~~1flflbb ~'~ 11'1L tJum'J"i Lfl'J"1~~ 

" .., "' 
LL~~'J"'"J'U'J"'"JlJ"I.IvlJ~ L "1l~flru.fl1'V'l~ 1r1111m~ " . 

2.2.3.4 L tl'Um'J"~B&'I1'J"vl1'U flru.fl1'V'l L~miv'l ntJivlJ~"I.Iv'lm~'U1'Ufl1'J"~~lJ1L tl'Um'J" 
• 'U 

m~~1CJoUBlJ~ vl1'Un1'J"BB fl bb 'U'U ~~1 CJC-J~(?l 
'U 'U 

2.2. 3.5 a1lJ1'J"(ltSti~~~fl1'UfllJ~ci'1ri'ruG1'1VI-r'U m'J"t.lftJth .:~mh.:~~ m ~v.:~ 
C! q CLI q 

2.2.3.6 ~~'UruVI1b~lJ~'U~LMCJ1oUv..:.!ntJflrum'V'l 
v • 

2.2.3. 7 ~~fl1'J"bU~EJ'UbbU~'lvl1'Ufl1'J"vvmL'U'U 
2.2.3.8 ~~ L 1m 1 'U fl1'J"frl'll'U1c.J~(?]Jl ru't1 LL~~~~~'UVl'U 1 'Ufl1'J"oWI'll'U1c.J ~(?]Jl ru't1 • 
2.2.3. 9 v'h 1 'tX~1'ULLtl'lfl1'J"(?lm~L~lJ;'U 
'U t1 n ~ 1 nd L Vl flU fl fl1'J" m:: ~1 a VIU 1~ L "8..:.! fl ru.n 1'V'l iT ..:.!"li1 a 1 'tXv-:~ ri mVI ~B'U ~..;Vl~11'll11 • 

b Vl flU flfl1'J"fl1~~ 1 CJVI'l! 1~ b "ii..:.!fl ru.n 1'WlJ1U 'J":: CJ fl ~1 <if tl'U c.J ~(?]Jl ru~"I.IB-:1 B'lfl fl 'J"VI~ 'V'U~..;Vl,f'U 1~-r'U . ' 
tl'J"~ 1a"llu~'~d 

L 11'Ufl11llci'1Fi' ru~~ n fi'1 L U'UVI~ n L ~ -v-:~~1 n L Vlfl'W fl m'J"m~~1CJ V11J1~ L "8 .:~flru.n1'V'l11'll11 
v " • 

oU'VlJ~fl11lJ~'V-:Jfl1'J"li!1fl~ fl~1lJ1~fl'I~1LL~~1 Lfl'J"1~~fl11lJ~B-:J fl1'J"~Lb Vl~~ 'l"IJ'V-:J~fl~1'V'VfllJ1 vh 1 ~ 
" " 'U 

fl11ll~~'V'lm~ 1 'UL~'V'Ic.J~(?]Jl ruen1 V1:Wiiflru.fl1'V'l hJ(?l'J"-:Jn'U fl11lJ~ -v.:~ fl1'J""I.I v'l~ nfi'1 ~~~.:~ LL~ ~a1lJ1'J"(l~~ 
' 'U 

L 1~1fl1'J"L i1~1'1~1~"1.1-v-:~c.J~(?l.tlru~ L ~-v'l~1n"li1 a~~m'J" LMmntJm1lJ 1:WLL tl'U v'U 1 u m'J"-vvmL 'U'U vh 1 ~ 
" 

'UruVI1fl11lJci1i11 'Ufl1'J"vvmL 'U'Uc.J~(?l.tlruen1 VI:W~~~'~ ii~1'U"li1a~~ Lfl'J"-:~a~1'1"1.1B'loUBlJ~ L ~B'l~1fl 
v 'U 

b VlflUflfl1'J"m::~1 CJVIU1~ b "8..:.! fl rum'V'l~::"li'"J EJ fl1'j~ ~ fl1'J" LM m tl'UoUBlJ~~11'1-r'U~-:J ~~a 1lJ1'J"(lU1lJ11 ml'l 
• 'U 

1~EJ~1EJ LL~~ir-:~~~VI~'W~-vm'J"L tl~EJ'ULL tJ~.:~L~-v-:~~1nLfl'J".:~a~1'l"l.lmi-vlJ~ ·vh 1 'tX Ln~m'J"vh.:~1'UL tJuVilJ 
' " 

b ~ B'l~1 flfl1'J"~~ ~'U 1 ~ ~::;'U B~ tl'U b~EJ 'l~1'U1 VltU~'I b~EJ'I"I.I B'l~ flfl1 bb~:: b~ EJ'I"I.IB'Ifl ru::vhn'U~'l Ln~ 
'U v 'U 

L thVIlJ1EJ~1lJn'UL Yi-v-w'l'll'U1c.J~~nruen1 VI:W 'V'l~vlJ~·wh 1 'tXLn~n1'J"~~n1'J"a1'J"a'UL Vlf'l L ~v.:~~1mVJflufl 
fl1'J"m::~ 1 r.JVI111~ L "ii'lfl ru.fl1'V'l~ ::"li1 EJ n1'J"~ ~ fl1'J" LM EJ'"J ntJ ~~ Lfl'J" '~ a~1'~ LM EJ'"J n'U a1 'J"&'I'UL Vl PI~ LM EJ'"Ji-v '~ 

• 
1Ji' 1~am'J"L~EJ'UoU'Vll~~1'U1'Umn~'~\nui-vlJm~EJ11 um'J"vi'1m'J"1Lfi'J"1::'~ v111 ~Ln~m'J"L tJ~EJ'ULL tJ~'~ 

'U ... 'U 

bb~::tJ-rtJtJ'J".:J'J"::tJ'Ua1'J"&'I'UL VJP1!11EJ1 'U~1 Lb~:: L ~lJU'J"~~VlB.fl1'V'l1 'Ufl1'J"~~a'J"'J"Vl ~'V'lEJ1m1 'U'U~..;VlVI~'V 
-v.:~rim L ~lJ,fl11lJL ~mT'W 11'i'111 oUVl~'V'lEJ1m 1 tJ1 'Ufl11L ~lJF111lJ'V'lv h"l.lm~ nfi'1L 'Uc.J~(?l.tlrusV\ 

'U 



Voice •Jf 

Custon-ter 

n1~1T~u~tl~~ft:1n.:tl· 

CF~ccw::: pl.anr,::"":j;. 
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I 

lL lL 
l ~ 

I 

I 

cl .Q tldQ 
.flTV'l'VI 2.1 b'VIfi'Ufln1'm'a~\11ti'VI'UTVH'IJ~fiW.fl1'V'lbb 'U'U Four-Phase Model • 

~111: eJ4~~ Vl~tJ.fl1A (2549: 6) • 

Q, lld.cr. 
2.2.4 b'VIfi'Ufln1'an-a::\11ti'VI'LI1'VIb'IJ~flru.nTrm 'U'U Four-Phase Model • 
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L~tJ~11 tJ m~'UTWn1':i'UeJ'I b 'VIAi1Arn':im~"ii1tJ'VIih~b ~'IAW.fl1'WG11:W14t;1 bb tl.:~eJeJn Hi'b tl'W 

2 4Ubb'U'U'VI~f1 ~eJ bb'U'U Matrix of Matrices ~'14tlbb'U'Ud"ii~btl'W~'W~:w1'W'IJ4~bVll'lrl1u'WL~tJ~n~ru~ 
~ ~ ~ , 

b~'U 'U eJ 'I 4'IJ bb 'U 'U d ~ eJ "iJ ~A ':i eJ'U A !;l :W oU eJ:W !;l1 'U a 1'\.J 'U eJ 'I f1 141 b A 41 ~ ~ ~ 'U V1 'U f1 14 A1 'U A:W A tu.fl1 'W 
\J , \J , , 

1mm4:WfltuFh 1mm4:WA11:WtJ1b~eJ~eJ btl'W~'W ci1'W~f1bb'U'U~eJ Four-Phase Model ~'IU"ii"i!U'W • • 
b'iJ'W~'WtJ:w 1 o&'e1~1.:~bb 'W~'VImtJ ~.:~"ii~LMm"li-eJ.:~num4w~'W1b:w\Pl~n'll 4 b:w\Pl~n'll ~.:~"iJ::bb tl.:~m4eJeJmb uu 

t:.J~\Pl.ti'tu6fi'bb(;j~f1':i::'U1'Wfl14t:.J~\JleJeJmtl'W~eJtJ6'l 4 .ff'W 4Ubb'U'U~'W\i1'W'UeJ'I QFD 'IJ4::neJu~btJ 4 b~G1 
I " ..., 

' ' "' 
'VI~eJ 4 b:W\Jl~n'll'VI~n\Jl1lJ.fl1'WVi 2.1 ~'~~~.:~iJ 

2.2.4.1 blJI)l~n'llrn111'1bbt:.J'Wc.J~\Jl.tlru6fi' (Product Planning ~.:~1!ni~tJ'U1'1vl1'WL~tJn'i1 

U1'Wbb'IA.:~fltu.fl1'W House of Quality: HOQ) ~.:~btl'Uci1'Umoffci'1'VI-rubbtl4A11:W~eJ'Ifl1':i'UeJ'I!;lf1~1~ 
• 'U 

1tli'm1 ~eJtJ 1 'W4U'UeJ'IA11:W~eJ'Ifl14V11'1tli'1'Ub VlAUA (Technical Requirement) ~'I b tl'W~f1~tu::'VI~eJ 
'U 'U 

AUJG1:WU~'UeJ'It:.J~IJl.ti'ru6f11~tJ"ii:: 1 o&'l'l11~61:!J':i4(;)'\.J:: (Performance Measures) bb Vl'WAtu~ n~tu::V11'1 . ' 
Atu.fl1'V-l ~'l"ii:: bb61~'11 'U4U'UeJ'It:.J!;l~'W5~611:W1':it;11~Fh 11'i'bb!;l::~~~1~'UA11:Wci'1~ru 1 'Ufl14tJ-rutJ4'1bb!;l:: 

" 'U Cl.l , ... 
Q..l ~.:::.~ - -- ,_ ' •• - •• - . • ___ , " .:::111 Q.J ... 

'W~'W11Lifl14A1'UfJ:WfJnl.fl1'Wb'IJ'IG1t;1\Pl t~tat1st1cal vuallty controL: ::,(.JLJ b~tJ:Wfl14\Pl'lb'U1'VI:W'W 

'UeJ'Ifl1':itJ-rutJ1.:~ (Target Value) A1'W1tufl1A11:Wci'1~qj'UeJ'I~11~t:.J(;j.:J1'W (Performance Measure 

Technical Importance) ~'1~'1 SQC bb!;l~fl1A11:Wci'1Aqj'UeJ'IlPl11~t:.J!;l'I1'\.J";J~'Lh h.Jt -&'19ieJ 1 tJ1 'Uci1'U 

19ieJ 1 'IJ\Pl1:W.fl1'W~ 2.2 



~­~~ 

' 0{'1; 

~ 

' ~ 
G: 

,;:J 
"\!5: 
d~ 
:.~ 

""'tf vvtf 

b~ \Yl 'H1otf f111 ~ 6'UJ VfU 5 

(WHATs VS. HOWs) 

u 

t'hVIirncueJ--jfl'J1~J611r1ru 
" 

i.l 0 ..-~ 

CUti~'U€1 n1VI'WVl'Vl1~ b '\11 fl 'Ufl 

d Q.d .Q,Q,I dcttl I 

fl1W'VI 2.2 L1JIWmlil1nT:i11.:1LLt:.I'Ut:.lf;Wlflru91VI':ieJU1'ULL'VHif!ru111W 
d ., .. ,. "' ( ) 
'V11l1: €l':iii1':i 'VII?Wfl1fl 2549: 7 , 
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2.2.4.2 Lll\9l~n'lim':ia€lflLL'U'UtJ~\91Jlru6f1 (Part Deployment Vl~€1 Design 

Deployment) L U'U ~1 u m ':in ':i~ "'il1 t.JVI~€1 LLt.J n ~'d'Uth~ n €l'U"ll€l\l ~'Url1VI~€l'U~ m ':i~ti "'il1':iru 1€11 "'il ~ €1\1 

€11Plt.J LLtJWJDI'lu 1l4 (Tree Diagram) "li1t.J1'Um':iLLt.Jfl~\lfl~11~\l"'il~'VI':i1'U 1~11f!ru~n~ru~~~1~11J 
"ll€1\1 ~'Ufl1VI~€11.J~n1 ':i€1 ti~~'U~'d'UV€1 t.J~TU 1 VI'U (Part Characteristics) 1~ t.Ji1m1:w~1~ru~a n1':i 

u v 
.<:::11 .J c:;: Q.l Q.l CLI ~"='"'~II Q IQ Ill ~Q,.IQ ·~'"'~c:'Yl"Q I''""'IC"\ ,6"" p-..rt rk """"'..-+-- ... ir+i..-f"' t ........... """'""'rt~n..- SV·~L tJq ... 'Vl'J1~tJ~F1~J~ n~ru~ t:.lt:JIIbbU Ubb 1.,6JII I ~r I I<! ~bldfl I 01 \...11a1 0\..lCII.:>ll\...:> II llf'-'VI CAII\..e , 

LVI~1Ju11i1t.~fi~'WBLU'U€1V1\Ih ~\1 Part CharacteristicsLLfl~ Part Characteristics Importance 

"'il~Qm11 hJ'l -&1 'U~1ul'la hJ 

2.2.4.3 Lll\9l~n'llm':i11\ILLtJ'Un':i~'U'd'Un1':i (Process Planning Vl~€1 Manufacturing 

Planning) L tl'U~'d'U~L-irl u.ffu\91€1\J n 1':i LL thfl'J 1:u~ €1\1 n1':i'VI~€l fl ruii1:UU~'V11\1~1'U~'d'U'l..h~ n €l'U"ll€l\l , 
t.~~ !91Jl ru6f1~1~:U1"'il1 n n 1':i€l an LL uu tJ ~ !91Jl ru,11 ~a tit u nJ"ll€l\lfl11:UIIi'a\l m ':iVI~aflruG1:uu~'Vl1\1~1'U 

u u , 

n1~'U'd'Un1':i (Key Process Operations) LLfi~LU'U~'U\91€l'Un1':i':i~i.J'W1':i1DL!91€l~"lJ€1\In':i~'U'd'Un1':i 
(Process Parameters) ~\lii11:U1':itlU1111th~t.Jfl!911 in 'l.Jn1':i11\l LLtJ'Un1':itJ~\91 L vJat ~t.Jfl~w5ffi~at.J 1 'U 

, u 

~tJ"lJ €1\I'W 1 ':i1D L\91 a1"U €1 \1 fl ':i~'U'd 'U f11 ':i l~ tJ "'il ~ L ~:U lli'u "'il1 fl f1 ':i ~'U 1 'U fl1 ':i'VIE;i' fl LLfl :::VI1 fl ':i~ 'U'"J'U fl1 ':i tJ €1 tJ ~ 
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~ 1 L U'U 1 u fl1'S"D v'U<ilv:un L <i!1ri m~um flTrl-1~ n LLn ~'S"~u.fru~ au rn'S"tl f1llii~1'U"ll'tl~ m~u1u rn1 ~ m.J 
~ ~ , dJ 

LL~ll n~~'UG'i'J'Un~ 1 'U~ 1 11~ L:U~ ~ni LLn ~1~u-w1 11ii L~v1~G11ri' qJ"ll€1~ m~tJ1'Ufl1 'S"~~'l~iifl111161:u~wi 
' tltJ~'Uri'J 'U ~v EJ 1 ~ EJt:-1 fl ~ -w5~1~ L U'U'W1'S"1ii L~ v1~ilfl11:U~1rl qj\ll €1 fl'S"~tJ'J'U f11 1~~'1111 u1 m 'U ri1'U 

v 
"~'V11EJ 
' 

2.2.4.4 L:U~~m1fl1111~LLt:-J'Ufl1tJFJ:Um~tJ1'Uf111 (Production planning 'Vl~€1 
' IJ ' 

Production Operations planning) L U'Ufl1'S""~1~m'S"1~Vt~m U'ULvf1"11"q~~~VJ1EJVi"~1~~'U L .Wa 
..r .d 4 cr.~ I ~I d V' d 

~'S"'J'l"vtJ L 'U€l'Vl1'Vl'l~'W'l1'S"ri.I1Fl1tJfJ:Ufl1'S"U!)tJ~~1'U L "ll'U fl11~~fl1 Lfl'S"€1~'1 fl'S" L€1 f1"1'S"fl1Ufl:U€l'U 1 

fl1'S"€ltJ1:U'WI'll'U1 LU'Utol'U 

2.2.5 m~a1~1\lfl11:U~€l.:Jfl1';i'll€l.!l~nfh 
" 

fl11G1'1'S"1li!fl11:UI9i'€l~fl11"1J€l~fl flrl1 L uu.fru~ 'tl'ULL 1f1L 'Ufl11U1~EJn~1-HL 'VlfltJflfl11m~'l1EJ 
~ ' 

V!U1~L~~flrLI.fl1'WDv'UL<il1riL:u~~niLL1fl ~~nAvfl11Vt1L~EJ'i"llv~flflrl1 (Voice of Customers) ij ' ~ ~ 

vr~nm'S"~.:~d (v:u'S"1'~'11 tlu~1, 2545) 

2.2.5.1 vJ1fl111~tJ11'l~vl1fl1'S"~111'lfl11:Utoi'v.:~rn'S"'l1f1Lm '1~ L~:ut'lu~'JEJ rn1n1Vt'U~ 
' 

n~:u L D1'Vl:U1EJ~'i'l~ L uw:b'U~tJvf111flT;j 1 U~1'S"1 '1 fl11:UFi~ L i1'U"ll€l'i 1m· 1~ EJ '1 ~ 191 €l'ioW'l1'S"rLI1fi~fl1'S"'Vl1 
' 

n~:u~m~LD1'Vl:U1EJ (Determine the Target Market) tolv'ivl1fl11L~:U~1'S"1'l~n1~LD1'Vl:U1EJ~ 
1.1 0 I c::t. CV ~ 

~v~ fl1'S"'l1Vt'U1EJt:-J fl~.n ru6Vl 

Pim~nia:uf!"llv~U'S"~"ll1m (Demographics Need to be Established) Fiv 
~ 

f11'S"fiifl~1b~EJ f11'S"ri:U ;~'1~"11J11()tJ€)f) 1~11LL 'U'Jb u:u 1 'Ufl1'S"~€l 1 'U€l'U1fl~'l~ L U'U€1 ~1~1 'S" ;~~'I~ 
' 

19i'v~fl1'S"'Vl'S"1tJ 1~LLn mt~ 1~~tJ'S"1EJ 1~ d]u\9lu 
' 

·fl1'S"fiif1'1~1'V11-:Jfl1EJ.fl1'W (Determine the Geographical Distribution) Av 

v.:~fim~'Yl1Vtu1m'Um'S"ci'1'S"1'119i'v.:~hh~miv~nu (Use a Nonaffiliated 

Survey Organization) L ~a'l1JL ~.Uv:unffi~ii~fii'Ufl~vfh.i~Vt~v~iLnu 1. tJ~~ hJm11-a'v.:~l"lm~iim1:u 
~ 

d t.l I V 'J V ~ d 0 tl d 0 tJ' V 0 1.1 d ") II' .Qf 

LflEJ'J"llv~~anu €11'1 b "llv.:Jflm'Vl'Vl1Vt'W1'Vl"111 'lm1:u~ v.:Jfl1'S"~G'l1~ L 'll1:U1'V11Vt'U1'V1 b~EJ~~~ v~:u 

fl111JjLLG'l~fl11:UL i1 hL~EJ'JtltJc.J~~Ji'rusnVt~vtJ~'Vl11L U'U€1~1~~ L ~€1 1 m~tJ1~ bEJ'lJU'l1flfl1161:U.fl1MU 

"~"~ ~ ' 
fl11ci'1'S"1'l'l.JflflG'l.fl1EJ'UvnViLiim<i!v.:~nuv.:~fim (Survey People External to 

the Organization) fl11~1'S"1~'11fltJflAG'l.fl1EJ'Uvflv~fi mli!~l9i'v~ 1 iri1( i~1t1"~ ~.:~,!uv~fi"mri'J'U1J1n 
' ~ 

'1~1 iA'U.fl1EJ 1 uv~fimL U'ULL Vt~~m -&'Vt1~vw•h Vt~m~EJ.:J"llv.:~nnri1 Vt~vr11&i"lJ:u'l1nG'lnri1LL'Vl'U L ~v 
I I '\J '\J 

Vt~m~v~~fii'Ufl&iVihi~Vt~v~Li1u 1 tl"llv~A'U.fl1tJL 'Uv~fi m L ~v~~1flfl'U.fl1EJ 1 u 1n~"B~nuc.J~~J1ru,LLG'l~ 
LL'U1Fi~"llv.:~v~fim:u1mnu1u 

n11~111~ 1~v1 i'Vl~v 1:u 1 it>l1 v~1-:Jt:-J~~nru6Vl1 'UU~~U'U (Survey with or 

without Samples of t~e current product) fl11L~vn~'Uv~nu~n~ru~"llv~t:-J~~.nrusn,!'U1 L'li'U 
I df c::t. IV t(qq tJ cr. 0 cJ 0 0 t.1 

LL "ll:U'VJ "\J 'Vl1€l!:.JG'l ~.fl ri.I6Vl'Vl:U~'U'VJ'U fl11!:-JG'l~ ~1€11'1"1:U11 ()'VlliJ~'V11 fl11"1 11 'lfl'J 1:U~ €1~ fl11 L~~ EJ fl11 

iit>i'1v~1~ 1 'U"llru~~1()EJ'U!Pi Vt~v t.J~~.nru.ri~ill9i'u'Vl'Ufl11t:.J~~"~ hi"11l11()vJ11~ 
' ~ 
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~q v v 
2.2.5.2 15fli~~'J'U'f:JlJFl'J1lJ(;l€J~fl1~"ll€J~(;lf1fl1 , 

C::tl 4 II' tl tl 11'.:::1 Q.J 

n 1 ~ b nu "ll eJlJ (;'! V!~eJ~'J'U ~'Jl.l"ll eJlJ(;l mt!Fl'J 1l.ll'l €1~ m ~"ll €1~ (;'! n Fl1 bn fl'J nu , , , 
c.~~l'lnru"fim~vh 1~VJmtJ 115 11'lm'11l.l1~t~~1bb um.h~bi1'Vl"lleJ~rn~bnu-ilm;Jmtlu~~.n 

rn~~l'lml.lncil.l (Focus Groups) btltlrn~~l'ln"'l.IG1ti'Vltl1 n"'lJ(;l~th~l.l1ru , , , 
s-12 Fltl bvlm'll'lFlmMmnuc.~~(;l.tlru"fi 11'lfliicr€l1ti1flflJ1lJG1~1'l1nvhVI'u1~€l1ti1tJrn~G1ti'Vltl1 ~~~"' 

, ' \J 

l'ltltl.a~~'li'Jfl 1 urn~G1~1~Fl1ml.lbb(;l~i5vh -m urn~~lJI11~ru 
rn~al.II11~ru (Interview) 1-tlrn~FltJ~~uu 1 l?ieJ 1 nu(;lnFh ~~m~vh1~~~ 

' \J 

'V11~1'1~~V!~tl'V11~ 1 'Vl~Pl'Wvl 

rn~1otlbbUUG1eJ'Uml.l~l'lri~vn~1tJ~~uM (Mail Questionnaires) i5d~~ij 
tJ~~~'V15I11'WfleJti-il1~1Jafl b ~a~'n m1(;l~1f11~(;ltJ'I.J-ru bb(;l~ri~fiuii1J e:Jfl fiatJ~~mru 15-50% "lltJ~ 
bb uuaauml.l~?i~ 1 tJ ~~-n~~~unuF111l.ltJ11"lleJ~bb uuG1auml.lbb(;l~Fl11lJ'l.hG1u h 

rn~~l'l~~FJ~iJnc.~~l'!nru"fi (Product Clinics) btlui5~~'li1tJ1~bi1tit1~l.ll.llJ€l~~ , 

bb~P~n~1~1tJ~1nrn~1if11ml.l~bu'W1~b"il1~"il~ 
rn~a~bf1(;lf11~ru (Personal Observation) 1~Flti~'V11V!1J1~tJ~~~1€lflltl~ 

\J 

bbG1 l'l~~uA'1-ruvb F11 1l.lfil'l b i1u"lla~(;l n A'1 , 
€1~1~ 1 ~nm urn~alJI11~rucralJI11~ru11iF11~mlJ~'J flf11ml.l~'l11 b -w~1~-ilalJ(;l , , 

Fl11lJI'i' tl~f11~"lltJ~(;l n A1~1~~~ii~l"'t1Fl ~ffili~V!~€1&hnu1 tJ b ~tl~"il1 ncralJI11~ru btl~ bb(;l~U1~Fl ~~ cr 
, , \J 

al..II11~ruF11~1'i'a~~~irl'l~d'~ 1 tlf11~bnu-iJalJ(;lflJ1lJI'i'a~n1~~bb Vl"il~~ b ~tl~~1f1U1~Fl~~(;l f1A1"il~Utl n , , 
~1tJ(;l~bBfll'l11Fl'J~'Vl1rn~c.~~l'la~1~ 1 ~ V!~eJaamb uua~1~ 1 ~~~b tlurn~~u1cr~l.JI11~ru~'JtJ , 

2.2.5.3 m1l.lb i1 hbMfl1nUF111l.ll'i'mrn~"lltJ~'Jnf1'1 
d 0 I I II 

~1f1I11'W'Vl 2.3 911lJbbUU"iJ1(;l€J~"ll€l~ Kano G11lJ1~tlbbU~m'llJFIJ1lJI'l€l~fl1~"lltl~ 
' 

~~~'V\'11 ~(;lf1A111it~a h (Dissatisfiers) , 
Dissatisfiers btltl Expected Quality 'Jf1A1~~Fl11'lV!1~11"il~~a~ii dja hlii 

"il~na1 ~bnl'lm1l..l 11i.W~-wa 1 "il bb~"il~ 11itia 1 ~bnl'lm1l.loW~-wa 1 "ilb ~l.l~tlb t~~1~fivd1 b tlu~~~l'i'a~iib tlu 

tJn~~~(;lf1A1"il~11iuambl?itJ1"il~~"il1f1 Customer's Complaints b"liti ~tlfltll'i~~tll..l11 V!li"il~~tl~ , , 
11iii~atJ~I'l"li1ti~~1 ~1ii~a fl~l'l~'Jtlbb~~~nA'1a~bn~P~ b i1u"il~na1 ~bnl'lFJ11lJ hJ.W~t~a h , 

~~~'V\'11 ~(;lf1A1'Wtl h (Satisfiers) 
\J 

Satisfiers btltl Desire Quality btltl~~~(;lnf1'1~€l~rn~bb(;l~irnuannu~c.~~(;l 
, \J 

~~~ n~ru~dbrim ~l.l~tl (b tJ~tJtlbbtJ(;l~1 tJ1 uVi!"''V11~~~~tl) "il~na 1 ~bnl'lFIJ1l..loW~'We:Jh"lla~(;lnA1l.l1n , 
~tl b "liu rn~tJ~~WJI'lJ1irtl"lltJ~~tlfltll'i~~~tltJ~~V!VI'lJ1iJtlmm vh 1 ~(;lf1A1"il~oW~'WtJ 1"ill.l1n~tlb vh,!u , 

~~~vh 1 ~'Jf1A1b Dnu1t1 h (Delighters) 

Delighters btltl Exciting Quality V!~tl Unexpected Quality btltl~~~ 
'J nA'111i1~Fl11'lV!1~ bb~ ~1ii"il~ ria 1 ~bnl'lFJ11lJYi\lt~ a 1 ~ a~1~l.l1n bb(;l~irn"il~ ti a1 ~bnl'll'!(;l11'l1 V!li bi1a 

b 1mc.hu1 tJribb "li~G'11l.l1~tl'W~tl1c.J~(;l.nrusn1 ~ii~n~ru~ 1mi'bfifl~nu~ n~ru~~ dJu Oeliohters (;'! nA'1 , ;;, , 
"il~bnl'lFIJ1l.li~n11bUti~~~Fl1~ii bb(;l~~n~ru~,!tl"il~b tJ~fltlb tlu Satisfiers brimnl'l~tlbb~'J b'liti b&il..l 
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~riaih~uu Central Lock f11tll'U'H'ItJ'l.l~~nfi'l'l~i~nvmha~l~l.nn;.:~rn';ii1';i~UtJ Central Lock 

VU'l.l Delighters l.llbU'U Satisfiers ~~~~19imJ1~1';il:lCJ'l.IV11lii1';i~tJU Central Lock 'l~Otll ~Li1~f111l.l 
1li~.:~'W€l hl\Oia~nfi'1L ~l.l~'l.l 

\1 

Exciting(Oelighter) 
Unspoken 

Satisfaction 

Expected( Dissatisfiers) 
Unspoken 

Dissatisfaction 

ll1'W~ 2.3 tu~J'Wil1'W"ttv~l'l'11'W (Kano's Diagram) 

~~'1: tl';i';i(lfl';i Lri.:!'W~ (2548: 33) 

Q.l v !.1 2.1 

2.2.5.4 n1';i'l~n1';jfltJfll1l.lllltl~fl1';j"lJtJ~~nA1 

Revealed 
(Satisfier) 

lil 1 n nT;j~l.Jm"ttru~nfi'1~n'l::uanfi.:~fl11l.l~B.:~rn';i 1~tJ 1liuanfi.:~L ~!lle.~~;rh\'111l.l 
\1 • 

~~~v~iim1l.l~v.:~m';ivci1-:~Ju 11\.:~Jt~~~l.J.n1"ttru~.:~~v.:~i1m1l.l~L~flln'-tJe.~~V1.nrusriL tlt~v~~~~ L ~B1 ~ 
\1 \1 

~1l.l1';i (lVl ';iltJ (i-3 Alll.l~ €1~ nl';i~ bb Vllil ~ \I'U eJ -3 1;1 nfi' I L ~ V tJ ~l.Jill~ru~:: ~ €l-3'W fJ1 flll.J~~Vl nr11'W~'U €1\1 
'\.1 '\.1 • \J 

~nA'1 L~tltll~ 1-tlm';ieJ~ L Vl'th~v,u ~€lf1l1l.l';il~L ~1 ~~m·hm1uuVin~€lf1lll.l~ e:J-3f11';i t~tJ~::9l'€l~ \1 

'WtJ1tJ1lJ 1 ~lJL dvWIA';itJ~ltlL "111Liil~1tl LL~::Yl1fl1';i';j'JtJ';j'"Jl.Jf111lJ9\'€J\In1';i~b ~ii€ltltltlbbillb otlf11'W~f1tl 
\1 

!;1:muuHL~Vln'U 

2.2.5.5 fl1';j..ij~nG'll.lm1l.l~€l\lfl11 , 

'VI~\IIil 1 n 1~fl11l.l~ e:J\Ifll';j"lJe:J\1~ nA1l.l1LL"'l ~1l.l1';i fiU1 L€l1l.J1-;ij'~ n~l.lf111l.l 
\1 • 

~€l.:Jfl1';j"lJ€J~~ nA1b ~a v5U1tJ 1 ~UAfl~¢lli1rA'~\I~'U~~l.l.n1"ttru'VI~e:JUflfl~~11 tli1A11l.lb "lllllilm \1 ntl 
~ 0 Cit. " Q.l .J" .. .. 
fl'l::~1b tltlfl1';i~\ltl 

~;fltlf111l.l~€l\lfl11LL~~::A11l.l~a.:~m1~\1Utlm~VIl~ 1~tJ 1 -tlm~~~~ 1 ~tl~v 
1 Fl11l.J~€l.:lfl1';i Lb"''J..ij'~nG'il.lmllJ~v.:ln1';i.yif1"'1CJ ntl1l~1tltltl l vt~l.Jl~flfltl~~ 1 U'V!~vtJ~'JlJ::i..ij'tJtJltJ 

, \1 

n~l.l'Ufl~A11l.l~a.:~ nl';i\l'Un ';j~~\11liii n l';i v1 t1 n ~l.J 1 t1 n';j ru~iifl11l.l~ a~ n1';itJ1\Iv ci1\l~~l.l1~n~~fl 
~~1l.J1-;ij'm~u1lfl1'itl~l.l1nfri1 1 n~l.l1 ~"'~1\ln~l.lmll.l!9la.:~m';iL ~l.l 1~m ;tJt!L?im~~~~LLt.iu 1 ~li 
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2.2.6 Lfl~v.:ti'iv~'IJ;J1'1J.yj'!i'J £11 '1Jn1-a~~'ti'va.Jf!L 'IJL 'VIflUfln1'an'a~:jj1tJ'H'iJ1.yjL ~.:tflWI11'W 
... 'U • 

2.2.6.1 LLt.J'IJe'r.:~n~l.JL~Bl.J LEJ'I (Affinity Diagram) 

LLt.J'Uir.:~ncil.JL~Bl.JLEJ.:JVI~B KJ Method (L~E.Jnl?l11J Kawakita Jiro erFi~~'U) 
' 'IJ 

L U'ULfl~B'Iiiavi-d·;w~l'ln1'aoUeJ1Jm "ii.:Jflrufl1~ 1m 'Un1'a'LLm 'Ufl111J~U?I'U L ~a'<iluth~L~'IJ'UfUVI11?h-:J., vi 
'\.1 , CLI I 

iim11l?t~u'li'uiau ~'ILVI~\1 11XL tJuncil.l L U'U'a~uu LLf!~fl1'athllruV111J1?1~1-:J1 1XLnl'lfl1'V'I~-a'I91L~'U~'U 
' ' "' 

~\IL tl'IJVI'IJ'V11\11 urn'a-.ilm 1-:J -.ill'l1m-:J?t~1\1'11 a.:JiJru1-11 LLfl~ n1"H'UI'lnfl EJ'VI5l urn'a'LLniJ ruVI1viL Vl1l1:!?t1J 
"' ' ., ' ' 

~\J-.a~nan~ru~t9l1lJfl1vrV1 2.4 

15m1?1~1-:JLLt.J'Ucr-:Jnci1JL~al.l LEJ.:J (1sm6 ~1l~1 '1119~, 2553) 
' 'IJ 

1) LflBn~1oUB Vl~eJDqjVI1vi~a-:Jn1'a'LLm'U 
2) 'a:!U?I1L'HI?l DfU'H1viL~EJ1oUB\I~\IV11JI'lfi-:J1'U Um?t1LVII?l VI~B UmoUBl.JG'l 

'I " 'll 'I "' 

3) ..ij 191 ncil.J'UB.:JU 1?1 ';j?f1 L Vll?l Ul?l 'aoUBl.Jfl vi b~ EJ1oUeJ.:J n'Ul.J 1 nvi?t 1'11 ~L U'U ncil.J 
'I , 'U , " 

(Affinity Card) 

6) Fi'V~L~an~'UeJ-:JU~?J'al'ia hJL~BEJ '1 ~uni1'a~~U'UB-:Jn1'a'L ~al.l LE.J\I~~fll'lfl\1 
L~BEJ '1 m~~'IL 'HfleJUI?l'aviJJI'l'a11Jn'U 1lJLn'U 5 1 u (m~iiUI?l'aoUB1Jflvi1lJiin11L ~ell.J LEJ-:Jm ~'\.JciaEJ 11 

~ 'IJ 

L "liw!'IJ) 

khanitha
Rectangle

khanitha
Rectangle
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I '---------------- f 

/ 
U\tl5t~mJLa~ U\tl5~~em ta~ 

1\ 
U\tl5t~mJta~ 

... ., ... ,_, "-' ., 
1: : U\tl)"limm tJ?J)'lJt)j._J~ 1J\tl"j"!!t)l..J~ 

'-' '-' \! 

u ., 
"' 

,_, ., 
"' UiJlTi!illJ~ Utfl)"!!m.J~ 'LiiJl5"1lil1J~ 

'U "' 'U 

---
fl1W~ 2.4 bb~'U~-m~1Jb~BaJLt~.:J (Affinity Diagram) 

vl1J1: mJ5~19liJ U'l.l1911 (2545: 18) 

2.2.6.2 bbt-J'l.ltr~Fn11JG11JW'l.ll5 (Relation Diagram) 

v " um"!!mJa 
\! 

bbt-J'l.ltr-lfl111l&11l~'l.ll5 :U~n~ru~fi~1CJntJbbt-J'l.ltr-l b 'VII9lbb~~t-Jfl (Cause and , 
Effect Diagram) b tl'l.lbfl~a-liiavl"li1 CJ~(;J m5-b'a1lf! ~1'VI~u bbm "Ub~a-lvl ~-lCJ1 n t(;J v fl15fl~flfl1CJ fl15 

'U • 

b ~a11 tv.:Jn'l.la~1\li1b 'VII9lt-Jfl 5~'VI11\Ib 'VII91 bbfl~t-Jfl~\lbM v1-b'a\l n'l.l 'VI~a bbt-J'l.ltr\lvlu,.rral.Jfl fi111J~~nvl11'1 
, • '\.1 " 

~1nm55~(;]1J?f1Ja\l 111a6u1v 1 ~b tl'Ub 'VII91 b tl'Wt-Jfl~i1m11lb tl'l.l19155n~m n~\l~'l.l ~'~~~:n~ n~ru~l9111l • 
Jl1WVi 2.5 
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~q 1.1 Cl.J Cl.J CLI ~ 

15fl1';i~';i1~LL~'U~~fld11J~:W'W'U5 

1) tJ1UqJV11~~B~fl1';iV!1~1L Vll?l:w111~~~~~mn~ 
2) ';i~'U~1bVIIW1JB~UruV!1,1'U l1Lita~~'Ubn~~1fleJ~ hth~ 

' ' "' 
3) b "lit.J'ULLI'lrt~?l1b V!l'lrt~'U'UUI'l';i 1 'UV!iJ~ VI~Bma'Um iVI1bb~'Utr~ 

' ' " 
4) ~1:wn'Ui bfl';i1~'1-1-rr a:wr~-ff1 ~~'Uvib "11 t.J'U Vl~a ';j~'IJ-u'U ~'U 1 ~~~1:w\'\'1 bb~'Ucr ~ 

'U ' 'U 

L off1 h11tlqJV11oV1~1'i'tJLL19ir~~il qJV11 Ln~~1n~~ 1~ 
5) ';i'J:WUI'l';i~ii~m~ru~L~t.J'Jn'U 1 ~eJt.J 1 tJn~:wL~mntJ 

'U ' 

6) 1 iLLC-J'Utr~n1~'1Jr~1 tt.J~~:w1-ua~ilqJV11b ~aV!1~:w1-uv~iJqJV!1 LLr~~LL ti~~1~'U 
Fl11:W~1AruL tJ'U~1~'U~'UI'l B'U Lbrt~ LL ti~';i~~'Ufld1:WG11A'ru-ua~iJqJV11 

"' "' 

ll1W~ 2.5 LL~'U~-1Jf'l11:Ufflniwf (Relation Dia~ram) 
.d <' .., "" 
'VI:IJ1: U';i~"IJ1?l';i';ifl LL?I'Uflfl~ (2548) 

2.2.6.3 LL~ucr~~'U1~ (Tree Diagram) 

LL~'Ucr~~'U 1~ L tJtJLFl~v~iia~nn~~'U1:W1~1 nn1';iiLFl';i1~'1-1VI,J1~~1'U 1 'U Value 
'U 

Engineering L~lJ~1flfl1';i~~11'l~'lJ-;i~?f~fl LL~.1~1L tJ'Ufl1';iW .. ~'U1flfi~'V15~'UI9iv l tib~a t.J 1 L ~v1 ~ 
'IJ';j';j'lt-Jrt~1L ~~ vh 1 ~iinrt~'V16G11V!t'U LLtlUqJVI1L tJtJ';j~'IJ'U V!~v L tJw~'1 nfl1~ 1 'U fl1';j'IJ';i';i'll l'l~'IJ-;i~?I~A 
;~nn~~'U1B~1~ii';i~'IJ'ULbrt~iiL Vll'l~fl \'\'11 ~';i1t.J fl1-;i~~1Arua'U 1~B'UVIiJ~ hil'l flVI~'U ;~~~ij~ n~ru~ 

'U ' "' 

l'l1l.Jf11'WVJ 2.6 

i5fl1';i?f~1~LL~'Utr~l'i''U 1~ 

1) L "11 t.J'U L~v~~ ~ v~ n 1-;i LLnh VI~ v L U1VIlJ1 t.J~A' ~ L~ a nlJ 1~ 1 n LLC-J tJtr~ 
Fl11lJ~lJoW'U5rt~1tJum11'l~'lJ-;i~?!~fl (Objective Card) 

2) ';i~'Uoffv~1n~l'l1~., ~-rr~'1111~ 1lJ 1 ~'IJ';i';irti'l'ln'IJ';i~?l~fi' 
~ I ~ 1 
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3) V!115m~~L U'U 1. tl'lv1'~~~Vl1L ~u~~~-r\9l~tl~~?f\ll"lL111~~~U~\IL tJ1 'U um • • • " 15m~ n~~vnh~~ULL~niiL~~n1115m~~1~ULL~n (Primary Means) 

4) '111 "ul91~15m~~1~u LL ~n" LLI'i~~B'Ull1L U'Ul\9l~tl~~?f\lfll'ieJ1 tlL "li~'Ufl~ • 
ti'V1GI'i1\J61 ~~~Vi11~u~~~1191~tl~~?f\lrl ~\IL~~nn'U1115m~~1~U~ 2 , I , , 

5) ~111L~~\IU\9l~l5fl1~19l1l.J~1~U ~1fl'ih~1tlou'J1V!~eJU'U~\1~1\I LL~~ ~1flL~'U 

6) L"li~'ULLC-J'U~\IOUtJ1~1'ieJ 1 tl~'Utl\l~~~u~ 4 LI11~'V1U'Vl'J'ULLI'i~~15n1~fl~u1 tl 
fl~Ull1 (From Objective to Means and Means to Objective) 

7) L~llfl1'~111L~ll1fl;'Ulh~1LU'U 



fl1'j'Vll A 

1~Gi1b~~ 

.n1w~ 2.6 ~1vfh~ttf..J'Uer~~'U1~ (Tree Diagram) 

~1J1: a1J'j-r!'}-u tl'Ul'l1 (2545: 22) 

19 
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2.2.7 m~'U1'l.!n1'HLntl'lJVI1~1hJ (The General Problem Solving Process) 

fl~~'IJ1'W fl1 ~ LLnuruVI1~11 tJ iiF1111J~1A ru~B fl1~BB n bb 'll'I.JiBfl1~l'hn'UL~Biifl1~ 
~ ~ 

BBmL 'll'IJVI~vtJ'i'I.JtJ1\le-J~\91Ji' ru&VJ,!u ~~\lii s .ffu\91 B'W~£111J1~tl'l111 tJH1~a ~1\lb uu~~'ll'll LW~£11J 
L Vl~e-J~ 1 'Ufl1~LLflUt1JVI1 

2.2. 7.1 m~n1VI'W~Ut1JVI1 (Problem Definition) 

fl1~flT\Il'U~Ut1JVI1 1 'Wfl1~rl1VI'U~Ut1JVI1 lil~~B\l1JB\lUqjV11~bn~~'U 1 ~i~Llil'U 
L~miau "'n~ru~"UB\lUt1JVI1lil ~~ B\l L uu~tJ5~~1J ii~1~1~~LL tluau "'n~ru~ut1JVI1£111J1~mwmLtJ~ 
.... ~ .... ~ ' 0 "' ."1 1 "' d .... ~ ~tJ 0 1 'f1 ' d ."1 d 
"llBl.J~ b~ LL~~ bl.Jf11VI'W~~ n~ru~uruVI1 u~n~ru~'Vlfl11\lLfl'W b L'W~1~'Vl1 VI b1J£111J1~m VI'WuruVI1'Vl 

'U ~ ... 

2.2.7.2 m~iLF1~1~~Ut1JVI1 (Analysis of the Problem) 

m~i bF1~1~~UruV11 b U'WoVBl.J~~L uu.Um ~lillil~\l b~tJ1tl'IJUruV11 fl1~iLF1~1~~ 
v 'U v 

~B\JF'I~B'IJ~~l.J~\l~1\lj L mhi11 'Ufl1~i bFl"j1~~Ut1JVI1~1\l B1lilB1flltJVI"'flf11~"lJB\lfl1~Fl1'1J~l.J~ru.n1'W 
m1mtii't~mu'W1~1'UL~B\l"llB\lLLC-J'W.nii"llB\lLVI\9lbL~~e-~~ (Cause and Effect Diaoram) VI~B~L~tJn11 

'U ' :::> 

LLe-l'WJJiin1\ltJm (Fish Bone Diagram) 

vhn~ru1£11 b VIIPlVI"' fl"lJB\JUfi1VI11 'Ubb~~~~1'W L~BoWlil1~t\J1lil'Um'IJ'Vlf1£11 b VIIPl , ot: 'I q 

Vl"'flLL~1B1lil'W'IJ11 lil1fl£11L Vl\91 b Vl~1,r'U ?11 b VIIPl 1~L U'W£11L VIIPl~bL Vllil~\ltJ~1J1t\J1J1flUBtlbLF11 VI'W B1li1Vi1 
' ' ' 

m~1(j]L(jltJB1flltJVI"'nm~'W1 L ~ Ll'l 

1 um~L~amLntlruVI1lil1fl?f1L VIIPl 1~n1Pl11J Lnru&VI~iJtJl.J 1 iL tluLnru,1 um~L~an 
~ ' 

Mia ~m~1tJfl1LL~\l~1~?f~ fi11i~1tJ~\lVI1J(jl~1~?f(jl ~\l'Vl'WUBtJ VI~BF1111J~B\lm~1 u~n~ru~~111 i • • • 
~u~~1'W~L uu~u~i!atJ~£1(jl Vl~a 1 i1?f~a~1\lbn~tJ~~ 1CJ"llu?f\l?f(jl , , \1 , 

2.2.7.3 fl1~VI1i5m~LLflUt1JVI1~LU'W1tJ1~ (Search for Possible Solutions) 

Vl"'\llil1 nm~i LF'i"j1~~UqJV11 bb~1 ~B\lVI1iBfl1~ LLflUqJV!1,!'W 11 ~m \l~(jl~ Li1 (jl 

Ut1JVI1 LL~~lil~~B\lV11lBfl1~~VImnVImtJ IL~tl~VJn15~1'WLL~iiF1111JL U'W 1 tJ1~ lil1fl,r'W'l11 LL~~~151J1 
L tJ~tJ'IJ L VitJ'IJ L ~m~ Bfl LB1lB~~~£1~ • 

VI"' flfl1~ ~B hJfi1~1JB\llil1m~'IJ'IJ fl1"jVi1\l1'WLb 'IJ'IJ L~l.J L .WtJ\lB~1\l L~tJ1VI~B 

~\9ll'W1lil1n15m~L~1Jb~BilB\ltl'Ufl1~Li1(jltlqjVI1~'UBfl 
2.2. 7.4 m~tJ~~Lii'ULL~~L~an15m~LLnutyVI1 (Evaluation of Alternatives) 

L~ B~1'll "j11Ji5n1~ LLntl t1JVI1~ L uu 1 tJ1~~\lVI1J (jl LL~1 .ffu~Pl au~ a 1 tJ ~ an1 "j 

tJ~~ Lii'W'Vl1\l L~ B nviii~\lV!l.J~ b ~BVi1fl1~ L~ Bfl?f~~VI1'Vl1\lL~Bfl~fi~-J1 L VI1J1~?11J~?f~ 1 'Wfl1~tJ~~ Lii'W • 
'Vl1\lb~an-dlil~~B\lFhu\l(i\lVI~1tJ~\lVI~1tJB~1\l~LU'WoVB"illn~ 

Fl11PlB'IJLL~~i5m~LbflUt1JVI1~LU'U1tJ1~iim~L~BnH 3 "'n~ru~ ~B 
1) Fl1\91B'll1'UB~1JF'I~ • 
2) fl11PlB'IJ~",1J1~tl'l111 tJt m~~uVi 
3) Fl1\91B'IJ~£111J1~tl'l111 tJ1 mm 'WB'W1F'IIPlVI~B.fl1CJ1~L~B'U 1"1.1~1\lj L"li'U ·;}1151'1 

L Vll.J1~~1VI'i'll mru~e-J~e-1 ~1Pl~1 CJU L ~l.J~'U VI~B mru~Fl t\J.fl1'W"l.IB\l1 £1 ~?1~1 L?fl.J B VI~ B fl cil.J Fl'W\l1'W 1Ji''i'IJ • • • 
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2.2. 7.5 f11'H~'tW15rn'.ibbtlUqj'I-11LviatJl)~ (Recommendation for Action) 

"iJ ~~ B ..:~lj fl1 '.i~ bb "ii..:J '\11~e:l ~e:l ~1'.i 1 tJ El..:ll.J flflG'l ~ 1..:1 1 ~ b~ CJ'd-iJ'eJ..:J ii..:~ bb 'U'd'VI1..:J n1 '.i 

LLni1ty'I-11L Yim111 tJtJl)u~ '.i1CJ..:J1'U'vh ~vu"ii~L uu.Uam1lJ'I-1~ n-ua..:~rn'.i 1 ~ri1LL u~t!1~ L .Wvu"W~m.J~l v 
-iJ'm.JG'l f11'.iU'.i'.iCJ1CJ"ii~~e:J..:J"v11fld1l.Jb -iJ1 1"iJ 1~~1C!bbG'l~b ~l U1..:JFl~..:J"v11FllUAtlU'.i1CJ..:J1'U "ii~~e:J..:Jljrn'.i 

~ ~ 

LIPI~CJl.Jrn'.i~1'U~B~ 1..:1 1 L"litrh Lbc.J'U.fJi1~1..:J 1 Lbc.J'U.fl1"W~1..:J 1 ~tl.fl1'Wbb uu~1G'le:J..:J rn'.iU'.i'.imm uu 

1ITfl1'.i~bb "ii..:J bb UUIPl'.i..:J 1 UIPI '.i..:Jl.J1 b uu1Bfl1'.i~~1CJbbG'l~b -il'1 h Hi'b ~lf1l1 ~1l.J1'.if.1bb~~..:Jbb '\11~..:JoUm,JG'l ~1..:1 1 

an~.:~~lJl.J~~1ul'11..:~11~mh.:~-a'~L"ii'U LL~~a.:~ljLan~1'.i'l-1~eJ '.i1CJ.:J1'UL~CJ~1t1mu~1 t1~1CJ LLG'l~lj~ij 
eJ1'U1"ii 1 u f1l'.ie:J'U:im Fll'.iiPI '.il"ii~e:Ju~nmlJ"ii'Ub uu~ b .U11 "ii rie:J'U~"ii~f11'.ii..:~ 1 ~1111 b 'Uurn'.i LLnuum1~e:J1 tJ ' ... 

2.3 n1'ltfitJnna:u~1vEi1~tLa~tru1~~1vEi1" • 
2.3.1 n1'.ibile:Jnnfil.J~1e:J~1~ • 

.ffu (PI eJ ud ~ 1'\111 f1 bb, ~ \l m ~-ir ell.J G'l ij ~ 1 'U l'U il el CJ bbG'l ~ ~ 1 b u 'U ~e:l\l Pi f1 ~1~ \l'\11lJ ~ nhJ 
~ ~ 

~1L uu~a-:Ji1n1'.ib~ e1n n~w~1le:J~1\l LL~1~vvi'1 1 tln1'.ii..ijv'V11..:~G1'-:~FJlJI"11~~P~16'11ul.J1mL ,_,~.:~,~mTI ~ ' ~ 

ial.JG'l "ii~i1~1'Ul'Ul.J1 n LLG'l~ e:J~ m~~ ~ m~"ii 1 CJ v1n~ "ii~'.ilU '.ill.J-iJBl.JG'l "ii 1 mmr;:I-:J-iJ'e:Jl.JG'l1Ji'FJ'.iU ~l'U 
llJ 'U 'U '\J 

~..:~,lJ~ n\lLLJJ"ii~'.i"JU'.illJ 1~ LL~n~e:J..:~L~m lG'l1 ..:~utl'.i~mru LbG'l~Lb '.i\l\l1ummfiu 1 tJ hJ~w1uc.~G'l~1Jl 
ua f1"ii1n,!uir\lel1"ii 1Ji'ie:Jl.JG'l~~~'WG'l1~l.J1nni1rn'.i 1 -ifnr;:ilJ~le:J ch\l~l CJ rn'.ii~ vvn-:JG1\l Fll.JI"11~1Pl i~-:Jl! n 

~ ' 
1 -iff11'.i'.ilU'.i'dl.J-iJ'm.JG'l"i11 f1f1~l.J~1 B~1.:! bb 'VI'U f11'.i L~B f1 f1~lJ~l B ~1\lijtJ '.i~ b~'U~~ e:l\lW"i11'.iW1~611Aru 

llJ " " Cll 

2 tl'.i~fl1'.i fie:J 15m'.iL~annr;:ll.J~lB~1..:J LbG'l~"U'U1~n~l.J~lB~1..:J (e:J'.i'.irln'.i Lri..:Jt~G'l, 2548) 
' ' 

15rn'.iL~ann~l.J~1mh\l rn'.iL~e:Jnnr;:llJ~lB~1\li1 2 15 fie:J ' . 
2.3.1.1 f11'.iL~e:JmL uu hib uu~1 LL 'VI'U n1'.ib~e:Jf1bL uud"ii~b~e:Jnnr;:llJ~1e:J~1\liPI1l.Jf11'.i 

' 
~~~'U1"i!"Ue:J\l~1'<ijme:J.:~ '11e:JUWtldCJtJ'.i~'111n'.i (Unit of Population) 1~ '\11~e:Jwt.bCJtJ'.i~'111f1'.ilVI1~ 

fld1lJ~~m f1 n b~el f1'1-11..b m.TumL U'U f1~l.J~lel ~1\l 'VIf1'1-11.hCJ"Ue:J.:Jt1 '.i~'111 n'.i"iidil el f11?1U1~u b~ e:Jnm 
' ' 

b U'U~"JB~1\lhh vh nu ncil.J~') B~1\l~ b~ el f1l.J1lJ n \) ~i1fll1l.J~1 LB CJ\l ~\l hh U'U~') bb 'VI'UU '.i~'111 f1'.i 
' 

c.JG'l n1'.ii :il'CJ ~1Jl "ii 1 n n1 '.i L~ e:J n n~l.J~l e:J ~1\l LL uud v5u 1 CJ 1Jl btl 'WI ~n~l.Jhi?11l.J1'.ifl~1-:J?I~tJ , . ' 
(Generalization) 1tJn\ltJ'.i~'111f1'.i"UeJ\lrn'.ii~m.Tu1Jl 

f11'.iL~eJ mL uul1h U'U~'d LL 'VI'Ulj'\11G'l1CJ15 b "llu b~ e:J f1bb UUL"i11~"ii\l (Purposive 

Sampling) L uum~L"i11~"ii.:JIPI1l.J h'11vu e:JCJ1n 1~FJ'.inL"i11~"ii\lW1LG'lCJ '1-1~e:Jel1"ii"ii~L~e:JmL uuu\lLBqJ 

(Accidental Sampling) 1u 1 tlLnu-iJe:JlJG'l"WU Lfl'.i~L uuwthCJtl'.i~"l11mnc1e:JLmflu,.Tu Lrie:J1Ji'~1'Ul'U 
~ 

L'WCJ\l"WvnL~n,~eJ"ii~L~e:JmLuu1m~P~1 (Quota Sampling) Ji'lCJfl1'.in1'1-1'U~~1'U1'Uti'fl-:Jvltun1'.iL~e:Jn 
b'li'U bell 300 Fl'Ubb'.if1 '\11~B 3 Fl'Ub~elf1 1 Fl'U L~CJ"ii~b~e:lf1Fl'Ul~n1Ji' vl1bbUUoQb~e:JCJ1tJ"ii'U1Ji'~1'Ul'U 

f11'.iL~ e:Jf1bL uu hi L U'U~'dlb 'VI'U.QL~e:Jnn~l.J~l eJ~I..:J 1Jl~~m n~u1vmn 1 iw-w1~ 
' 

mru~tfJ~CJ~el\lfl1'.iUnCJ1CJe:J5U1CJc.JG'lbtl'W1~~hJ~e:J..:Jfl1'.i~1..:J~~tJfi.:~tJ~~'111n'.i f11~b~elf1f1~lJ~lel~1\l 
~ , ' 

bb uuQlji el~ 1 n~'U el f1"ii 1 f1 hi ~1l.J1'.irl Bl-:1 ~'.itJ1 tJE1-:~tJ'.i~'111 f1'.i 1~ bb"'J ir\l hi~1l.J1'.iflri1'Ul W'\111Fl11l.J 
' 

LL tl'.itl'.i'd'U"Ue:J\l f11'.iL~vnnr;:llJ~l e1~1..:1 1Jl ~..:~~ L U'Ufld1lJLL tl'.itl'.il'U.fl1CJ 1 un~l.J '.i~W:i1-:Jnr;:il.JLLG'l~Fll1l.J . . ' 
bbtl'.itl'.il'UflG'l1~LFl~e:Ju 'j')lJ~\l"IJ1~rn'.ifl1UFJl.J~')Lbtl'.i~1..:~1 ~m"iJi1c.~G'll'ie:Jrn~i~mruJi''dv 
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2.3.1.1 m·H~e:Jmb'UtHtl'UI'i''Jbb'Vl'U nTH~e:Jnn~~l'l-w~1~diJm~u'J'Wnl';ib~e:Jmtl'W • 
';i~'U'U';i~b u EJ'UbL tJ'Ue:J'U VJn1.11tJ'JEJt.h~"1!1 miJ1e:Jn1G1119i'~u nl';ib~ Bm vi11 n'U G11~1';i!J'll!1fi'J1~ 

fi6'11(;1Lfi~B'U"lJB~m';j~~ 1191 n~~l'i'1e:J~1~~119i';u~b tl'UI'i''J bb 'Vl'U'Ue:J~tb~"1!1mvit -&1 'Wm';ii~mr'U m';ib~ Bn • • 
LL'UudiJ~B~i~nn'U~'JhJ fiB n1';i~~l'i''Je:J~1~ (Random Sampling) ;~LLU~LU'U 5 15 fiB 

... 
1) n1';i~~e:J~1~~1EJ (Simple Random Sampling) lBn1';iU~~L~e:Jn;u1n 

'll!tJ'JEJ't.h~"ll1fl'Sl(;JEJm~ v\'11t-1'Vlfl'll!tJ'JEJ'lh~"1!1fl'S~~~119)LtJ'UI'i''JLL'Vl'U"lJe:J~tJ1~"1!1fl'S fl1';i~~b~e:Jf1'll!tJ'JEJ • • • 
th~"1!1fl'SLL'UudvT1119i''lllmEJB~1~ lBfl1';i'll!-d~ fiB n1';i-.ij'U~6'11f1 (Lottery Method) L"li'W ll'll!tJ'JEJ 

U';i~"1!1fl'Se:J~ 100 'll!tJ'JEJ ~e:J~fl1';i~m~e:Jfl~1 10 'll!tJ'JV n;u~L~~;y1flfl1';i1-H''lllmm6't"lltb~..ij1'll!tJ'JEJ 
~ . 

t]';i~·znm~~'\11~(;1 L~~;u1n 1, 2, ... , 10 LLG'I~vJTUI'l';i'lll~e:JG16'11n~'U 100 1uL~V'W'lllmmG't"ll6'1~1'WG16'11n 
LL~G't~ 1 'U LL~TYhfl1';i'li!8'U~'Wm 10 1 'U 'll!tJ'JV"lle:J~th~"1!1fl'S~I'l';i~tl'U'll!mmG't"lJ~'li!8'U~11Ji'tl(ie:J-hLU'U 
n ~~1'11 e:J ~1 ~ 63~ fl1';i~~ 1'11 e:J ~ 1~Ji'1 v m1-.ij'UG16'1 1 ndL '111~1 ~nu rn1~~1'11 e:J~1~~iJ'll!tl'J vtl ';i~"111m1J e:J u • • • 
'll!~e:J~e:J~fl1';j..ij1'U'J'WI'i''J B~ 1~1J e:JEJ 1 LL~ thiJ ..ij1'U'J'U'llltJ1 EJtl ';i~"1!1fl1~1 n 1 'll!~e:J~e:J-:~ fl11"ll'U1(;1f1 ~:w 

l'i''Je:J~1-:~mnfi'J';i"Lotlfl1';i~~;u1nm11~b6't"ll~~ (Table of Random Numbers) LLG'I~'ll!~~;u1n1VI • • 
'11!~1m6't"lltl';i~..ij1'll!tJ'J vtJ';j~"IJ1fl'Sfl';j'IJLL~'J L tJ(;l 1'11';i1~;6'1~ b.Ju'U~'J LG't"ll 1 'UI'l111-:J ru ;u(;]L(;ln1Jl ;u1n;u(;]J'U • • 
;u~rJ1'UI'i''JLG't"lJ 1 U'V11~Ji'1'U~1V "lJ11 ~h'U~'U 'll!~e:J~1'UG'I~tl1Ji' bbvl~e:J~L VliJ..ij1'U'J'U'll!~f1"lle:J~~'Jb6'1"1Jbvl1tl'U 
'11!~1VLG'I"lJU';i~"<ij1'\l!tJ'JVtJ';i~"/J1fl'S ~'JLG'I"llbbvl6'1~"1!(;1~~1'W1~51iJI'l';i-:Jtl'U'li!~1EJLG't"lJU';i~"<ij1'11!tJ'JVtJ';i~"IJ1fl'S • 
t~n ~Bl1'llltJ'J vtl ';j~"IJ1 mt!'WL tl'W n~~~ 'Je:J ~1-:~ ~1'WL~Bv 1 'IJ;u'U n·h;u ~ 1~"ll'W1~"lle:J~n~~~'JB~1-:~l?11~ • • 

2) n1';i~~LL'U'tmu~i'W (Stratified Random Sampling) fl1';i~~LL'U'U.Q;u~ 
bLU~'ll!tJ'JVtl';i~"l!1m~~'ll!~~e:Je:JnLtl'Wi'W1 (Strata) m~~m~ru~'U1-:Jtl';j~fl1';i~'Vl';i1'ULL~'Jl1llC-JG't~e:J~'J 
LL U';il?11~ ~-:1e:J1;u;u~ 1~;u1n'Vl~~~'ll!~e:J';i1V-:J1'Un1';il-.ijv~L~m-b'B-:~ mv1 'WLL~G'I~i'W~LL u-:~ 1l';u~iJ~ n~ru~ 
L'll!lle:J'Uj tl'U (Homogeneous Group) ~n~ru~~1iLLU-:Jl~V~'J1tl 1~LLn L'W~ e:J1~ ~1'U~'V11"1 
L~';i~~n;u-"'~fl~ ';j~~um';j"Pin~1 ~B~m~v ~1G1'U1 L"IJ1'Jt1 U'lJ'lJ1 Ltl'U~'U ;u1nt!'W1m5m';i~~B~1\l 
~1EJ ~~L~e:JnL'ULL~G't~i'WmLtl'U"'~a'J'Utl'U 1'11mh-:~ G1~~&i-J1 U';i~"/J1fl'Stl';i~ne:JuJi''JEJ'll!tJ'JEJtl';i~"/J1fl'S • 
A, 8 LLG't~ c ..ij1'U'J'U 30 'llltl1v n1~B-:~rn1a~m..ij1'U1'U 15 'll!tJ'Jv ;u~LLU-:~'11!'111vtl1~"1!1me:JBmtJ'W • 
3 tl';i~L.fl'Vl fiB A ..ij1'U'J'U 12 'll!tJ'JEJ 8 ..ij1'U1'W 10 'll!tJ'JV LLG'I~ c ..ij1'U'J'U 8 'll!tJ'JV ;u1nJ'U~~L~BflLL~ 
G't~fl~~LU'U"'~~1'Utl'U1Ji' A ..ij1'U'J'U 6 'll!tJ'JEJ 8 ..ij1'U'J'U 5 'll!tJ'JV LbG't~ C ..ij1'U'J'U 4 'll!tJ'JEJ ~\l.fl1'W~ • 
2.7 

3) fl1';i~~LL'U'ULU'U';i~'U'U (Systematic Sampling) fl1';i~~LL'U'Ud;u~n1'li!'U~ 
1~uu'111~m~B'W 1 "lJfl1';j~~nB'W11;u~v'i1B~1~ 1 ';j LLG'I~tllju&i~n~J'W 1~v~1 1 tl;u~ri'1'lii'W~'lllmm1;1"ll 1 -Hti'u 

'll!tJ'JVU';i~"IJ1f11rle:J'U LLG't~Le:J1"<ij1'U'J'Ufl~~l']1 e:J~1~~~e:J\ln1';i'll!1';i"Ji''JV"<ij1'U'J'Uth~"IJ1f1';i~~'ll!~~ b "li'W tl1 • 
iJ'llltJ'JVU1~"1!1f11~\l'll!~~ 500 LLG't~~e:J~fl1';i~~m 50 tlLotl 500 '\1!1';i"Ji''JV 50 ;u~1Ji'10 l'i''JLG't"lJ.Q';u~ • 
LLG1~~l11'Ufl1';i~1JI'i''Je:J~1-:! 50 ;u1n 500 J'U ;u~~e:J-:!~~L~e:Jn;u1n 10 fi'U ~~~1 1 fi'U fl1';i~~LL'U'U 

" , " 1 

LU'U';i~uu;u~~~L~e:JflLO'W1~ 1 o fi'ULL ';imvht!'W19i'1EJn11~~e:Jti1-:~~1V G1~~&i11119i''lll~1m6't"ll 3 fi'W~e:J 1 'IJ • • 
n;u~LU'W'll!111m6't"ll 13, 23, 33, .... , 493 m1!~1~U;u'W1~~~'11!~~ 50 ..ij1'U1'W m~~e:J\lfl1';i 
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.. 
4) m~~lJLL'U'UCJflfl~lJ (Cluster Sampling) fl1~~lJLL'U'Uijlii~LLU..:!VIU'JCJ 

th~"lnm-e:mm th.Jn~l.l., LL!9i~ ~ n~l!iJ..:Jfl..:Jii~ n~ru~~~ e:J..:J m~Plm~n L VIii m.ui'u LV~CJll1fllil~ 1 i Ln ru,1m~ 
~ I q I ILl 

LL U..:J1'11ll~n~ru~.ni11"11~1'1~VI~e:J L "111'1 fl1'j'\J flfl'je:J..:J Lb~~ liB11 LL!9i~~n~l!VhL ti..:~'I!'Uii~n~ru~ L VllJe:J'U., n'U 
~ ' I 

lil1mTulil~~lJe:J ~1..:1~1m~B nn~l! LV~fl~l!VI~..:Jll1Pi n~1'VlflVIU1 CJ'\J'j~"/11 m 1 'U n~l!,j'U L "liu 1 imJu1u , , , 1 , '\1 

b'IJ'UbfltuSVJ1 'Ufl1~LL U..:!Lb&.iU1'U 1 'U~1'U~VI~..:J lil1 fl,r'U~lJL~tlfl~'jCJfl1'j~'\J~~1fllJ1 1 Vl&.iU1'U LL~~~eJl1 ' ~ 

mJu1'U'Vlflfl'U 1 'WVI3.iu1'U~~ll 1~L tl'Un~l!l'i'1e:J~1..:~ , 'U , , 

5) m~~llLL'U'UVImCJ~'UI'le:J'U (Multi-Stage Sampling) m~~l!Lb'U'U-d'Ltl'Ufl1~ 
~lJfl~lJI'i'1e:J~1..:J~LotlVI~1CJ1 i5e.J~lltl'U L"li'U ~e:J..:Jfl1'j~lJLL~U1'Utl1~ 20-45 tJ L'U.fl1flLVIUe:JlJ1 

'\J~~ll1tu 300 fl'U flLLU..:!bL~U1'U~..:!fl~11L'U.fl1flLVIUe:JeJe:JflLU'U~..:!VIlV~ ~'U~~1flL~e:Jflll1 2 ~..:!VIlVI 

lil1fl,r'ULL U..:JL U'UeJlL.fltl bL~~~lJL~tlflel1b.fltllJ1bU'U~VJ~'J'Utl'U 1m~ 6 el1L.fltl LL!9i~~el1b.fleJL~eJfl~1CJ 
' 

m~~u~mnll1 1 ~1u~ LL~~LL~~~t911u~~u~mnll1 1 VI~U1'U LL~~ 1 ~LL~U1'U'Vlflfl'U~ew1 'UVI3.iU1'U 
'\1 , 'U '\1 

~~~ 1Ji'L tl'U n~lll'i'1 e1 ~ 1..:~'Vlnflu 
' ' ' 

ul.i~lnhlll.h::'lllm 

!l!lmilu~'l 

+ 
AAAA 

AAAA 

AAAA 

~ 
AAAA 

AAAA 

CBCACC 

BAABBC 

AAAACC 

BBBBAB 

B B B B 

BBBB 

B B 

B B 8 8 

8 8 

"' 
.n1'WVi 2. 7 ~..:~m~alJLL 'U'ULLti~<ti'u • 

d • 
'VllJ1: e:J'j~(1fl1 Lfl..:J'W~ (2548) 

2.3.2 n1'L~eJnenu1~n6i3JtildeJt11~ • 

• CCC 

c c c 
cc 

J 
cc 
cc 

"U'U1V~"lleJ..:J n~lll'i''J eJ ~1..:1 ilruVI1~~1~ru'\J'j~ fl1'jVI~..:J"lleJ..:J m ~~lll'i''Je:J ~1..:1 n~11~e1 m 1 
q '-' IV 'I 

n1VI'U V~"ll'U1V~"U e:J..:J n~lll'i'1 mh:d 1~ ~ ~ eJ~ 1 oti',]1'U1'Ull1 nti eJ CJ L vh LVI~~~ ~ll1 m Yl CJ~'W e:J Vl~eJ ~ ~ L U'U~ 
' 

CJeJll-ru LL~~b~eJ~eJ 1Jl' LVICJ~11 U"U'U1V1'1Je:J~fl~lll'11e:J~1~m m 'ULL~~~b~e:J~~~ii,r1'U'J'UlJ1fltleJmtlCJ~1V~ • ~ ILl 1 !LI 

'I!'U ~~;'Ue:J~tl'U"Ue:J'Ub'1JI'1'1Jtl~~1'Ul~CJ ~'U'\J~~ll1tu nm Lb~~fl1~~fl'UVi~~"li1CJtl'U'Vh~1'Ul~CJ ~1l!Vl~ 
~ 

f111l!L VllJeJ'U (Homogeneity) '1Je:J~VI'I11t.J'th~"l11 m~~eJ~ m~Pin~1 Lb~~;ij 1'\.J1'UlPl1LL '\J ~~~eJ~fl1~ 
Pin~1 'li~n11 'U~1'Ui~ CJiil'i'1bb '\J~l!1flVI~eJLL~~~VIU1CJ'\J~~"IJ1fl':iLbl?l n!9i1~tl'Ull1fl flf11~1il~ 1 otl"U'U1VI"Ue:J~ 
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mh.J~'JB ~1~l.J1 n L -du nu B ~1~ 1 ~n l'm.Jii~~ ~ 1 um~F11u'J UJVI1"ll'U1~"llB~ mi1J ~'J t~ci1~~t! B~~~ ~~ 
• \J , , 

~t~1J-su 1~11l.l1m -w~~vm~~~ 1 iLiJu~1 LL 'Vl'W"llB~th~'l11m 1~ LL~~~mm "lil uf11'W"lruii'VI~1~~~~ ;~ 
~ ~ 

~mvi'liLdt~1Bfl1?1Ln~ (p) LL~~tBm?!hiLn~ (q) ii~~~~Fl1'U'JUJ1~~1~1 "liB.:! Yamane (B~~()m 
Lfl~'Vl~, 2548) fltl 

N 
(2.1) 

n = "ll'U1~"lltl~fl~1J~'JB~1.:! • 
N = "ii'1'W"l'UV!Ll"lt~th~'l11m 
e = fl'J11Jflm~Lfl~B'U~~m.J-ru 1~ 

2.4 nT~aamb uum~'Vl~~a.:~ 

m~aamL 'U'Ufl1~'Vl~~B.:J (Design of Experiment: DOE) dJ'UL'VlflUfl'V11~?1~~vi'lm 'Ufl1~tHu 
Fl1?1Jl1'J~"lJB.:Jm~'U'J'Ufl1~L ~e:~1 m~tJ~~B'U?I'Utl~L U'U 1 tJ~ 12-J~I'i'B.:J fl1~ ;.:JoUBLL~mh~Btl1.:!L i1u 1~-u~ 
~~wh~15m~ 1~~~1 1 tJnuL 'VlflUfl"llB.:Jfl1~eJBflLL uu fl1~'Vl~~tl.:J fiB 15m~ 1~~~1 1 tJ:Wm uw11~ 
'Vl~~B.:JLL 'U'U ~tl~~~~eJ..:I()fl 'V!~eJ 1 -fffl1~Vl~~B.:JtJ-sutff.:JFl1m~'Ul'Ufl1~Vi~~Fl1L ~B 1 m~1J1;..:1Fl11'i'1~tl'U 

~ 

~12-J~fl~UJ~;.:J~~ 1 ~L 1~11 'Ufl1~fi~1Lfl'j1~'i-1'U1'Ufll1 
2.4.1 15m~aBmb 'U'Uci'l'UtJ~l.J (Mixture Design) 

Myers and Montgomery (2002) 1~~F"h"ii'1n~fl11l.J"lleJ~15m~BtlnLL'U'Uffl'UtJ?Il.lH 

11 L U'U fl1~'V1~~ eJ.:Ji Lm1~'1-1F11 tJ~ ~ B'U~ L U'U~'IJ LL 'U'U"ll B.:! L tJ B~ L~'U~~ ~fi"l'W'IJ~~ n tl'U (Components) 

~fl~'JB tl1.:J L -zi'U fl1~Vl~?lti'Ufl'J11J L 'V!-u~'J"llB.:JL~'U1~tr1 ~L U'UtJ~l.J1~1fl~~ff'J'U"lltl.:Jfl1~tJ~1J 
ff'J'UU~~fleJ'U"llB~fl1~'V1BL~'U 1~?112-J'lJU~flB 1~~1~ 1~~.:) bfl~1~'i-1LL~~ 1~~U'U b U'UI'i''U ii1~(1'\.J~~~..:!Fl • 
flBri1~'J ~tJ~ 1J1 eJ'U L tJ BU~ ~1J 1 UJFl1'Vl1~1iJ L~ B 1"ll B.:! LLI'i ~ ~ffl 'UU~~ fltl'U~ ~~'Vll 1 ~tJ ~ 111B'Uii Fl1~~~ ~~ • 
Vl~m U'U 1 '\.JIJ11l.J~er'V1~~ B~l'i'e:~.:J m~ 

~ 

15m~B B n LL uu fil'WtJ ~1J L uu m ~Btl n LL uu~u~1 tJ ~ ~ B'U ?I'U t~..:~tJ~ ~ L.fl'Vl'V!~.:J~lj-if B "i\' 1 nV1 
fltl ~~~'U"lltl..:IU~-;ij ~'V!~Bfil'UU~~flB'U~~ hlL U'UB?I~~I'ltltl'U ~fl~ltltl1.:! L -zi'W ~1"lJB.:JtJ~1J~~~vi1fl1~ 
'Vl~~B~'IJ'j~flB'U 1 tJ~1 ~ 3 fil'WtJ?I1J LL~l L uu 1 tJ1~11 LLI'i~ ~fil'UtJ~1J~~() n 1-if L uu ~~fi1utff..:~ LLI'i 

~ 

~f'~ff #!:!~ lf'dff I I t.J ICV f'df' cl 

0 LUtjdL~LJ~~i.JCl~ 100 bU8'Sb5(1i.J~ bbi;l~e.J?IddlJ 61J8~bb~!;l~?f1U~?tlJ'~~~eJ~L\'l1fiLJ 100 bi.JEJCSL'l1'U~'"l€J~ 

'V!~Bfi~L U'U 1 fil'U ?11'\11-r'U fl1~BB flLL 'U'U~~~11JLB1Fl1~.:J'V!l.J~"lltl.:!~..:!?I11Jfil'UtJ~1J ~tltl'U'Ufil'U"lJB.:J 
~ 

!.1 d I I 0 CV !J 0 CV I 

L~'UIJI~.:J X1 +X2+X3 = 1 61l.:!LLIJl~~~l'UtJ~1J~~~fl~1fl~m~"lltl'UL"ll~ 0 LL~~ 1 ~1'\I!~'ULLIJI~~~~~tl~ 

"lleJ..:I~1l.JL 'V!~~1JL~~n11L U'U~l'UtJ~lJ'U~~'VlB (Pure Blend) 1iufiBfil'UtJ~1J~i1 100 LUtl~L~'U~"llti.:J ... . 
fil'W'IJ~~flB'UU'ULoWt!..:!Btl1.:!L~t11 (Lfl~~.:J 1m 5~~1J~~, 2555) 

i5m~BBnLL'U'U~l'UtJ?I1J (Mixture design) ~11J1~mLti.:Jm1J15m~~1..:!11~~-:~~e:~1tJ-d 
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2.4.1.1 15nTHltlflbl'U'U~TUe.J?Il.Ji8l.Jl~~n'l1ll~91~"11 (Simplex Lattice) 

wn~ (Coordinate) ~~d~h.J~Tutb::;ne:Jul'i1~ 1 "lleJ~flT;j''VI~~eJ~ L~c.ml'i~::;IK'J 
ll tl':i?11l.J1':i(1rlTU1ru':i~~u 1~~~-d 

1 2 
xi = o, -,- , ... , 1 (2.2) 

m m 

1~~~ i = 1, 2, 3, ... , q 

q = "il1'Ult.m~r1tJ':i::;ne:Ju"UeJ~~l'Ue.J?Il.J 
m = ltl'Wi1~~1'U"lle:J·ml'i~::;u\\J~mnn o - 1 (0 - 100 ltle:J{l~u~i) 

1umru~ih11'Wl'U~Tu~?~l.J (q) lvhnu 3 l-1~e:Jii 3 u\\1~~ ~~ltluiK1eJ~1~~titJl.J 
1ill?l~~1~l~'U(i~m':ie:Je:JnLl'U'U~~n~1l vnn m = 3 ~n~vtlJlltl'U~l'Utl':i::;neJ'U"lleJ~ xv x2 u~::;x3 \\1~ 
lU'U 0, 1/3 lb~::; 2/3 911l.lr;\'1~'U "il1'Wl'U"lle:J~\\1~1um':i'VI~~e:J~~~VIl.l~ri'1'1..11ru\\11n 

q 

M= 
(m+q-1)! 

m!(q-1)! 

3(4)(5) 
M = --=10 

1 (2)(3) 

X1w----......,.----w Xz 

q(q+1) ... (q+m-1) 

(1)(2) ... m 

(1, o. 0} (0. 1. 01 

(2.3) 

ll1W~ 2.8 ~.!l'VI~~e:J.!lf11'i'VI~~e:J.!lbb'U'U Scheffe Simplex-Lattice ~ii 3 ~1tttl'i bt~m:~1bb'l.h 
ii 2 'j~~'U bb~::; 3 

2.4.1.2 15m':ie:Je:Jflbl'U'U~l'Ue.J?Il.Jll 'U'U~l.Jl~~n·zib'I!'U'VI':ie:JtJii (Simplex Centroid) lU'U 

m':ie:Je:JmLuu~il~-:J'VI~~eJ-:JLvhnu 2q - 1 bbl'i~~u\\J~~il61~~d'U~bvhnu'Vlnu\\J~~ ~-:l'VI~~e:J,:j 
tl':i~fleJ'U~ltJ~~~Ltl'U~l'U~?Il.JL~m (Pure Component) Vll.l1tJfi-:J ~-:J'VI~~e:J~~iiu\\J~mru 
100 Ltle:J{L~'UI'i Vl~mvhnu 1.0 lb~~ 0.5, 0.5, 0, ... , 0 lU'U~l'Ue.J?Il.J~ (Binary Mixtures) LL~~ 1/3 

,1/3 ,1/3 ,0 ' ... , 0 G11VI~'U~l'U~?Il.J 3 "llU~ bl~::; 1/q ,1/q ' 0, ... ,0 G11VI~'U~l'Ue.J?Il.Jbb'U'U A'J'U11 

(q-nary Mixtures ; Centroid) bl~::;~~~-:Jnm-:J (1/q, 1/q, ... , 1/q) ~~\\J~ii"il1'Ul'UU\\J~Vbb~~IKlbLtl':i 
l'i1~1911l.J.Il1'WVi 2.9 



A 
(1, 0, 0) 

D 
IO.S. 0.6. 0) 

d Cloc:f I Clo ~ tf tf 

.01'W'VI 2.9 LLa~HI1ilfl1~€1VnbLUUa1tJt:-Ja1!6lf1JL'Wftfl6lfb6lft.I'VI'aeltlfl 

~111: al"l'J~-:~,; ~-:~,;P1~n~ (2545) 
' 
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2.4.1.3 LL'U'U Simplex Axial fl1'JvelnLL'U'U Scheffe Simplex-Lattice LL~~ Scheffe 

Simplex-Centroid L Ut.!LL 'U'U~-:J'VIf!~e:J-:Jvi~1'U'lh~ne:J'U"I.le:J-:J~-:J'VIfl~me:J~'U~ L 1UJL~'U"I.le:J'UL U'UVI~fl Lfl tJ 

m~iJ~fl~-:!fl~1-:!'J~VI'h:J~1'Uth~fle:J'UVI~el'U~~tJ!'i1-:~ 1 ~1'ULL 'U'U Simplex Axial ,!'U ~~LU'U~fi~LU'U 
~1t.l't.h~ne:J'UI'i1-:~'1 "l.leJ-:J'VInil~~tJ ~-:JLfll'l~1fl~fl H, I LL~~J LfltJ~fi.X-:~ 3 ~-:~nci11 l.l1~1fl~f!~-:Jnm-:~"l.la 

I 1 , " , 

I I I d 
LLI'J~~G'I1'UtJeJtJ ~1fl.01W'VI 2.10 

vr1n-w~1'Jru1~fl A, o LL~~ E ~~n~n~ru~LU'U 3 LVI~tJl.J~av 1flvi1~fl H LU'U ' , 
~fl~-:!fl~1-:! 3 bVI~tJl.J~-:Jflci11 ~-:!LU'UL'li'UL~t11tl'U~IV1 I LL~~ J ~-:!~~iJ"iJ1'U1'UU~~tJLb~~~1LL'I.J'JI'i1-:J'1 
' ' I ... 

1'11l.J.fl1W'VI 2.10 

D 
(0.5, 0,5, Of 

.01'Wvi 2.10 ~.:J'VIflftv.:!6h'VI~ULLt:-Jt.lfl1~'VIfl6'1eJ.:J LbUU Simplex Axial 

Vil.J1: Bl"l'J~.:J,; W.:J,;Pl~fl~ (2545) • 
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v ' 

2.4.1.4 bb'U'U Extreme Vertices n1':mamL'U'Ubbe.J't.Jn1'j'VII?l~B,l'U B1'0Jb~~n11 bb'U'Uiiiii 

.Umhnl?lLU'Ui1'1?lG'i'J'U (Design with Constraints on Proportion) VI~B bb'U'U~ii.Umhnl?l 
(Constrained Mixture Design) mh1Fia bbe.J'Uf11'j'VII?l~B'ld 'j~~'UL'Ubb~~~ih~~1~~1bU'UI'i'a'lbU'U 
0-100% Ll?l~m--JdJ'U 30-40% (0.30-0.40) VI~B 15-25% (0.15-0.25) LU'UI'i''U ?f1LVII?l~Ltl'UL"Ii'Ud 

q 

b~B'l\11f1fll1l.J~1b U'U Ll?l~~'U\i1'U 1 'I.Jn1'j'VI(;)?fB'U 
"" 

2.4.2 m'l1bfl'l1::,.,n1'Hll?lf1B£Jmholl~1£J (Simple Regression Analysis) 

n1'j1 bfl'j1~,n1'jfl(;)f1Bm U'Ui5'VI1'l~~~;h'l~'lvfl m 'Uf11':iiiJ"OJOtJ bb~~~~1'l~1 bb 'U'U~1'\I!~'U 
flJ1l.J~l.JW'Ui5'llB'l~1bb'\.hvi'l~fll1l.J?f'U h Ll?ltJ~fl1fll?lfiB~ 'OJ~VIl.J1tJfl.:J'OJI?l~oUBl.J~lJbb'Ul 1 1.i'l.J 'OJ~OI?lOB~ 

• 'U 

L <U'11111 ~.:J"OJ~i1m1l.lVIl.J1m U'Ufl1~m'j"OJ~ L U'U'llB.:J~l LL U'jl?lB'U?f'UB.:Ji11tJ 11'i'L~B'U h~ rhVI'UI?l ~1 LL uu 

1(;1 ~~d 1 u~1V!~u m'ji bfl'j1~'1.1m'jfl(;)fla ~.mJi''OJ1 nm'jn1VI'UI?l ~J bb tJ'jB?f'j::: ~~1l.J1'jflfl1'Ufll.J 1Ji' • 
m'j1Lfl'j1:::'1-1m1l.Jfll?lf1BtJB ~1'l~1tJ L tl'Um'jPimnfi.:Jm1l.li1'l.lw'U5'j~VI11'l~1LL tJ'j 2 ~1 

Vl~a;;rm~ru~~~'U hPin~1 2 ;;rn~ru~ Ll?ltJ~I'i'a.:~'VI'j1'l.Jfl1'llB.:J~1LL tJ'j~lVI~.:JVI~al'i'a.:~n1VI'UI?lfl1'llB'~ ~1 
bb U'j~1VI~.:J11~1-:JVI1.i'1 

2.4.2.1 bbe.J'Ui11'Wm:::--J1tJ (Scatter Diagram) 

f11'j1 bfl'j1~'1-1fl11l.J~l.JoW'U5'll B'l~1 bb U'j~1'U1'U ~ B-:1~1 ~~1l.J1'jfl1 bfl'j1:::VI1Ji'~1 CJ 

~~l?lJi'1 CJ f11'ji bfl'j1:::VI1 'U 'jU'lJB.:Jm1'VJ bb~l?l'lfl11l.J!i1l.JoW'U5~ b~~ n-J1 bbe.J'UJI1'W n1'j m:::'OJ1 CJ ~1VI~'U f11'j 
• 'U 

1111 'jUbb'U'Ufl11l.J!i1l.J~'U5'j~VI11-:~~lbbU'j Y bb~~ X J'U1'U.fr'Ubb'jf1'0J:::il1LB1oUBl.J~'llB.:!~1bbU'j~.:J?fB.:!l.J1 
'U 'U 

b~ tJ'U f1'j1'VJ LL~ l?l.:J fl11l.J~l.JW'U 5 n 1 'ji bfl'j1~'1-1--J~ 1'1 a.:~'W"OJ 1'jOJ1 "OJ 1 n Lbe.J 'Ui11'W f11'j f1'j::: "OJ 1 ~11 

m1l.J~l.JW'UB'llB.:J~lLLtJ'j~.:J?ta.:~"OJ~atJ1'U'jtlLL'U'ULI?l L"li'U L61'UI?l'j.:J 'W1'j11-wm L61'U1~.:~ ~'I.J61 .,~., Ll?ltJ~ 
" " I 

'OJ~I'i'a.:J?f1l.J1'jfl b ~CJ'Ufl11l.J!i1l.lw'Uifl ~Btlb 'U'jUbb 'U'U'VI1'lflrul?lf'!1~1?lflJi' ~1B~1'lbLC-J'U.f11'Wf11'j m~'OJ1CJ 
'U 'U 

'llB'l~1LbU'j X bb~~ Y 1Ji'Lb?fl?l'l1ll'U.n1'W~ 2.11 



y 

.. .... " .. ..... ~ .. , _,.. .. ...,. .... 
•• rT.Irj • ..... :.: ... · --·- ... .. .. -~. "' .. 

-~. ;:.,· · ..... 
~--------------• X 
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y 

~------~x 

m 1l.J~l.J~'U5m.n 'U~tJ LG1'Um-l LL(l~ L tl'Uul n 
'IJ 'IJ 

fll1l.l~l.loW'U5m.J1 'U1tJLG1'U~~-!ILLm:dJ'U(ltJ 

y 

• w .. . . " .. . . . 

y 
'IJ 'IJ 

'~ .... .. .... .. ~ ...... 
... ; \. ...... '\.. ... 

lo • • (' .. .. 

~----------------.x ~--------------~x 

fll1l.J~l.JoW'UBe:J CJ 1 'U~tJ LG1'U LA-!~ bb(l ~ b U'UtJl f1 
'IJ 'IJ 

fll1l.l ~l.l ~'U 5 a ci1 'U 1'\J LG1'U t A -!I Lb(l ~ L u 'U (I u 
'IJ 'IJ 

d Q,# I d Q,J Q.l ~ I 

.f11W'VI 2.11 \91'Je:Jt11~.f11Wn1~n'lZ1il1tl'il~LLa\91~fi'J13Ja3JW'U5~ZVI'J1-!I X LLaZ Y 

~3.l1: nmn l1ti"l1f1uqJ"111 (254 7) 

2.4.2.2 f11~lLfi~1~,_;G13Jf111t:l~t:le:JCJe:Jci1-!1~1CJ 

m~iLfl~1~,_;fl11l.l~l.loW'UB~~VI11-ll'i'lLbtJ~ 2 1'11 tJ~~nauiP1lCJI'i'lbbtJ~aG1~~ (X) 

bb(l~(O)lbbthml.l (Y) G1l.lf111t:l~t:le:JCJe:JCJ1 'U~tJLG1'U~~-l f1a 
'IJ 'IJ -

Y = a+bX (2.4) 

Y = Fi1 Y tJ~zl.l1ru11P1 

a = f1afi1fl-l~ Y LU'Ufl1''1le:J-l b~e:J X Ltl'U 0 (Y-Intercept) 

b = f1afll1l.lotl'U (Slope) V1~afi1 Y ~btJ~CJ'UbbU(l-l1tJL~a X bU~CJ'UbbU(l-l1tJ 
1 VIUlCJ ~-lfl1"1Je:J-l b lJFl1b U'U 11P1~-l + bb(l~ -



~1))~~1,..,1''Um~~hF1~1~~ Simple Regression 

fl1'Wlrurh Sum of Square "Uv-:JI91lbbtb 

sxx 
(L:x;)2 

L:xy---
n 

sw = L:l- (L:yJ2 
I n 

LXLY 
sxy L:xy---

n 

"' "' m~ibF1~1:;~ Simple Linear Regression iioV'WI))eJ'W{;),:ru 
"' 

fl1'WlWrl1"lleJ\I a bbG'l::: b (;)\li'j 

b 

2:x2:y 
L:xy--­

n 

2 (L:x)2 
LX--­

n 

a = y- bx 

= 
Sxy 

b~mr;h Regression Coefficient 
Sxx 
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(2.5) 

(2.6) 

bi G. b U'W"ll'W1~"lltl\IF'Il1:W61:W~'U5,~e:J~'Vl5~6'l"lltl\ll91l bL th~G'!~:::\911,1'U~iJt-JG'l~ e:J\911 LL th 
~ Syy 

m:w (Y) ,..,~m~mr:h Partial Correlation "lleJ\1~1LL'lh~G'!~~,!·w1'UI911LLtJ~I))1:W 
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2.5 m'l'VI~aeJu'VI1-:~th::a1VJa3.!N'a 

2.5.1 ~n~ru::'VI1-:ith::a1'VIa3JN'a (Sensory Characteristics) 

fl1'~Vl(;l?fel'UV11·HJ 1~?11VJ611Je'r ?I~~ l ~-ifm.m L~ t!1 n'Ufl ru~ n'l~t:U~V11'lth~?11V161~ eri;"';"IJ ~N 
'U • 

~ ~ (;)Jl ru,;-~6'11~11! LL~ ~ L U'Uth~ bf!'l1'1h1e:J~vhm1~1Vl!'U 1~ ~ \JlJl ru,;- 'IT ni'VI f! 1f'l1?1\Jl { fl11e:J1Vl11 
II' tl q tl'cu 1 

L ~ 1'\I!'U 1Vl fl1'\J FJ1l fl UJ.fl1V'l LL~ ~~ ~ (;! fl11 LL~ 'U fl \911'!1 

n1 )Vl (;!a e:J'UV11'lth~a1VJ~3J era Fi e1 16n1 )V11'll Vlf! 1m a (9l {~1 it 'U n1nh ~ LlJ'U -r 191 w r1 

i Lfl11~'tt1bb(l ~ e:Jiith18 ~ fl~Hi' ~ 1 n fl1'jVJ(;l ?I el'U ~ ~ (;)Jl ru,;-1(;18 t-i1'UV11'l1~'U'U1''U613Jer ?I ~'l1~ bLtl fl1'j 
~ ~ v cu ..::::.. 

3Je:l'lLV!'U fl11(;l:Wflfl'U fl11?1:Wr:.J?I fl11'1l:W 

fl11b\9l~f!1.1191'1 v ~1-:J bbfl~ fl11U1b?I'Uvl91'1v~1'l~v'l~1b U'U rn1m f! 1~an11 ~ bb 1 (;!Gi' v1.1~l1 rn1 

mtJfl:wv~1'lbV!1J1~a1l b~e:J(lfle:Jfl~~1'l 61 1~biifl~'U'uvfl~a(;lbvh~~~btl'U1tJ1Ji' L"li'U ~Vl(;l?fv'U~n~~ , I , 'U 

flfl~'U 1 ~,j''lLb8fle:Jelfl~1fln'U 1~tJ~tJ'Un'U 1 'U1~WJ1'lfl11VJ(;l?fe:J'U b ~Bl1~VJ(;l?feJ'IN~ 1Ji1~flfl'j'Uni"..~ .. ·; :.• 
'U 'U 'U 

1Ji'1'tJ~fl m~VJ'U~1 n~VJ~?Iv'Ufl'U~'U 61 ~ m"il Lb?l ~'lvv n:w1V11'l~VIih bbfl ~vl1V11'l 191'1 a~ 1-:J"il ~ t:1 n'W·: ~~\ c,., c; 
" I " 

Lb 'U'U\911 bfl-u?i:w b ~B11~VJ(;l?fe:J'U"il~ 1~i1e:Jfl~~mJ~\9ln ru,;-
• 'U 

15 n111.11 \911 ;j1'U ~ 1-:J61 L "li'U rn 1 fl1'Ufl1JB ruVI niJ-u v-:J\911 eJ ~1-:J tJ~m ru\911 v ~ 1-:J~'I11 L?I'U v 
~ I , , ~ 

bbfl~"li1-:Jvt1'l'1lv'l1~ fl~ b 1 (11 rn1'111 b?I'U v\911 v ~1-:J ~ v'l1Ji'1'tJ n11fl1'Ufl11Ji'1 fl b "li'UL~fl1 n'U b ~vfl"d ·u r>&J . ' 
m11.1e'r'Ubb u1m~~a-:Jm1 bbfl~vh 1 ~fl1'jVJ~aa'Ub u'U 1 tJv~1'lfln~v'l 

'U 

fl1 'jVJ (;!?I B'UV11 'ltJ 'j~?f1Vl ~1.1 er ?I b U'UlB n 11V11'llV1 f) 1f'l1 ?I(;) {1 'U fl1 )l bfl11 ~~ b ~ -:JtJ~m ru 

1~w~-ile:J:wfl"il1 n\911 v ~ 1-:J ~ 1'l61 mJJ "il1fl fl11Vl ~?lv'U"il~ t:1 n'l11:w1 b tJ~ f!'U V!~e:J'I11m e:J5'U 18fl11:w61:w~w5 
" I " 

1~WJ1'lfl ru~ n~ru~t.J ~ \91Jl ru,;- bbfl~ m11''U~'1l v'l ~'Vl(;l ?IB'U b "li'U ?111.111fltJ1~ LiJ'U 1Ji'11~Vl~?lv'U 1~ 61 
, \1 'U " I 

?11:lJ11flbWflfl111Jbb\9l fl~1'l b oWfJ'l b~fl'IJe:JfJ1~V!-J1'l~1e:J~1'l~1'l11Ji'~flf'l V!~BB1"il 1 ~~Vl~?le:J'UVi1fl11 
1 ~fl~ Lb 'U'U 1~fl~:w~'U5ntJ m11''U~~ii~ma'1l1~V!~an~'U-ue:J-:J~~ \Jlnru,;- b tl'U~'U 

'U 

1 ~ 'U 'U 1'tJ ~1.1 ~a-u e:J'l:W 'U ~~ ~1 i1 'U m 1tJ 1~ blJ'U fl run1 V'l eJ 1'\1!1 1~ 'U tJ 1~ n e:J'U ~11 FJ n 11 • • 
1Je:J'lb~'U m11Ji'~'U, m1a:w~a 1?1'1l1~bbfl~n~'U 'U1'lflf'l)~'U'U1''Ua1l~a"~m'l:w'U~~"il~i1BV15V'lfl~'ln'U • 
bb~~n'U V!~e:J hiL tJ'UBa1~~a n'U b "li'U mV!11~ii~L .U:w~mJ::ClntJ1~biJ'U11i1n~'U'~ab i1li'Un11mV!11~ 

'U 

ij ~e) B'U b U'U ~ 'U 'U 1'lfl f -:j'j ~'U 'U -r'U ir11 ~ ?1'1l eJ 'llJ'U~~ il iifl11:W bb tJ 'j er 'U 1Jl mh 'l hh.h b U'U 1 tJ1Ji' b "li'U • 
LA~v'l~:w~ii~~:w~ bb~'l n~'U 1?1?1\Jl1m 'Ue:J~~'U ~VJ~?Iv'U'U1'lfl'U Bl"il\Jl au'i1~'U L tl'U bfl~B'l~lJ Lb~\1 n~'U 1 a 

'U 

fl(lJ~fl~t:u~V11'lU1~?11Vla1Jer?l'1leJ'leJ1V!1)"iJ::flmb tl'lBBm U'U 3 milJ 
• 'U • 

~ n~ru~tJ11fl!J (Appearance) FJru~n~ru~'Vl1'ltJ1~?11V1~1Je'r?l~'lV!:W(;l'1le:J'll(;)~l(;l1 ~ 
:We:J'lb~'UJi'1f!?l1flm hi11"il~bU'U~ m1:wYitJ fl113.lb~e:J1l~'U'1lv'le:i1V!111 bbfl~fl1111?1~1b?l1lv'1lv'l1tJ~1'l 

'U 

bU'U~'U ~'l~1'lni1a'VI5wfl~am11''Uibbfl~tJlJn~m-ua'l~i1~e:JmV!11~'U1 
n~'U 1?1 (Flavour) m11''U~V11'ltJ1~?11Vla1lira1(;1 f!111J~ bfl(;l;ff'U 1 'U1~V!l1'l fl11VJ(;l ?lt~'U 

'U 

tn'\1!11 ~'l"il~bfl~~'U~'l 1 'U b W1'lU1flbbfl~ 1 W1'l"il:Wfl b~fl~"il~bn~"il1fl1~'U'U1''U1?1t-i1'U~'U bbfl~fl11:W~~n 
'U 'U 

b ~'UtJ1~V!~vfl111J-r~ m~fl18 LFi v'l"il1 nfl111J b~'UV!~ vfl111l b~~ b U'U ~ 'U Lbfl ~ Ln~ "il1m~tJ'U1'tJ n~'Ut-i1'U 
'U 

1 W';i'l"iJ1Jfl \9l1:W~1vl'U 
'U 



31 

L ~mhJtrG'f (Texture) fltu~m~ru:::vn.:Jfl1tl.fl1'V'I"lle:J'le.J~I'l.tl ruo/i~~'Ufl.Jlt~mL 'j.:JVJ1'lflG'I ' ~ 

fl1'j«1JtrG'fbbG'I:::fl1'j1Je:J'lb -MtJ bbG'I:::fl1'j 1~~'t.Jb~tl'l b -dtJ 1J'LJ'l~l'tl1 ifl1'j 1~~'t.Jb~ti'l1 't.Jfl1'j'l_h::: blJ'LJfl111Jfl'je:J'lJ 
' 

~'lb tltJ11ru~ m~ru~VI1.:JL da«:u~6'1~611~'1J1 tJlJtJi:J ~.:JVJa~ma'U LUtJ~tJ (l 'Vi b~'l1i~t1~1l 2545) 

2.5.2 fl1~1'J~fteJUL~"11Lfi,1::1-1LL~::fld11Jtt1VtJ 

fl1'j"VI~G'fa'UVI1'~th:::611V1«1Jer61 6111J1'jmb u.:Jmlfl1~L tltJ 2 "lrw~ 1 'Mqi 1 fia 

2.5.2.1 fl11VI~G'fe:J'Ub'ii'l1bfl'j1~,;- (Analytical Sensory Test 'M~e:J Objective 

Test) fl11VI~G'fe:J'UbbtJ flfl11:U bbl'l ni911.:J mru"lle:J'lfl11VI~G'fe:J'U bWflfl111Jbbl'l ni911.:J ~'lb UtJlBb ~'li bfl'j1~, 
tTtJ ~~li.:JL utJ1 tJ~fl ru~ m~ru~~"il1L 'V'I1~b~1~~'l"lle:J'le.J~I'l.tl ruo/iwd.:J6"1 1~t~1 ~~VI~G'fa'Uu.:~~-hii 

" , I " 

11ru~ m~ru~ 1~tJ 'j1fl!J a~1 tJe.J~ ~P~.fi ru,1tTtJ 1 LLG'I::: 1 tJ'j:::~'U 1~ tJ~:u 1 ru L vh b 'M"1e:J'j::: ma 1G'I1"1le:J'l 

flru~n~ru:::,1tJ11m1tJ1tJL wt~.:J11 ~VI~G'fa'U~a.:J1:u 1 ifl11:U"I1a'UG11tJI91'11!1vl1fl1119i'~~tJ 1 ~ fl1'j"VI~G'fe:J'U ' ~ 

L ~.:JiLF111:::,;-,1tJ ~~ H1 tJ m1~'~ a'Uf11m:u~.:JI91-;mci1.:JI9ia 1 tJd L -dtJ 191'1aci1.:J1~~iifl11:UL~:u1!1nn11 
191'1aci1.:J1~~iifl11:Ubbl'lfll9i1.:~ 1911aci1.:JV1.:! D.:! LLG'I~ hll~bb~P~nl9i1.:JntJaci1.:~ b fl11VI~61a'U b ~.:~1 bfl'j1~l1~~ 
6111J11fiU'l'Ue:Jflfltu~ n~tu~VI1.:J'tJ'j~G'f1VI«:u~611 tJtl1'M1'j 1~ bL19ih.J611:1J1'jfiU11 tJ1 iv11tJ1tifl111J"I1e:J'U • 
"1Je:J'l~'U~L.flfl1m~tll'l1'l fl11VI~G'fe:J'U b ~'llbfl'j1:::l1 1~bbrl fl11VI~G'fe:J'UbWflfl111Jbbt91fll9i1.:J fl11VI~G'fe:J'Ub ~'I 

~ 

'Vi'j'jt1J'LJ1 fl1'jb~ti'lcl'1~'U (.ffi:u 1 "1ifl11b~tJ'lcl'1~'Ufl11:U"I1e:J'U) bbG'I~fl1'j'tJ'j~ biJtJ!1tu.fl1'V'I 

~'~ 'j.:J tltJoU1 :u n'U n11i bfl'j1 ~,;-L ~.:JtJ~mru fl1'j"VJ~G'fe:J'Ufl11:U"I1e:J'U"Ile:J.:Jtru ~1.n fl 
~ 

~11 tJtTtJ ~~~u~e.J~ 1'1Ji'ru"t11 tJ~ n~ru~a.:~fi"tJ'j:::na'U 1~t~'j11J tJN1~t~1 LL 'U'U~tJViYftJ 1~"1la.:~~'U~1.nfl~ii 
~ 'O.J ~ 

~ae.J~t91Ji'ruo/i ~~t~nu.:J'Uanaan1J111"11e:J'U'M~a 1ll"l1a'Ue.J~~'~.n ruo/i,1tJ 'V'I~am!t~wd.:Jnfia e.J~t91Ji' ruo/i,1tJ 
~ ~ 

'1 iifl111J~'~~~ h~atr'U~L.nflb ~t~'~ h fl1'j'Vl~61a'U~'U~L.nfld m1'j~lY~'j~1'~1 tJfl1'j!9'~b~an~~:::L-ff1 
I , , "' \1 

~11JVI~G'fe:J'U ~'ld'V'I1 m "ll1~~~a.:~ b tltJ\911 bb VltJ~~"Ile:J.:J'tJ'j~"1J1mnr;l:u~G'ftJ 1~ 1lifl1'jfi11JFl1fi1:U~mn 
' 

'M"1muvn~L~1~~.:JG'I.:J 1 tJ L~a-:~~1n1li6111!11flfl1~'M1'1~1fl~'U~L.nfl1~11 'V'I1 n b "ll1~~611:1J1'jfl1 ~ia:uG'I~ 
~ ~ 

flfl~ a.:J1~ b 'V'I'j1d1'V'11 m "1!1111 1~~'\J fl1'j!l ni:JtJ1J1 natJLG'I tJ,j'tJ btl'! 
~ 

611:1J1'jf1VJ~61a'U fl11t~a:u~'U'M~am11l"l1e:J'U 1~ tJ 1 -tl''UF1Gi1 fl'j~1ll1~ LMt~1-b'a.:Jn'U 
' 

.:11't.Jfl11VI~G'ftl'UV11'ltJ'j~G'f1VI«:utr61 'M"1e:J 1:u 1~ b UtJerVI~G'fe:J'U~ ~ 1'LJ fl1'j!J m.J tJ 1 ~ ~~ 1 ifl11VI~G'fe:J'U"I1U~.Q' 
~ 

1tJfl1'j(9le:J'Uf11m1J L"litJ "11e:J'Ui:-J~~'~Ji'ru'VJ1~1J1nn11 "IJa'UJJtJmm!am.Wt~.:~b a~bvhll"lla'U btltJ~tJ 
2.5.2.2 fl1'j"VJ~G'fe:J'Ufl11:U"I1e:J'U (Hedonic Test 'M~e:J Affective Test) L"liuvtlmtJfl11 

Vl~?le:J'Ufl11:U"IJe:J'U'M~e:J fl1'jtJe:J1J~'U"Ile:J'l ~'U~L.flfl~iil9iae.J~ 191Jl ruor1 1 im1V1~61e:J'U~'~ nr;l 11 L ~e:JU'j~ LiJtJc.JG'I 
~ 

"lle:J'~ m'M1'j~iil9iam1191 auG'ftJ a.:J"I!m:u'4~v ( fl111J"1Ja'U/m1t~a:u~'U) ~'~JtJ tJl) n~m m1~'~ a'U 61'LJ a'l~1 n 

:U'4~Ve:JV1'lb U't.Ji5'j'j1J"1J1&i ~'~ b UtJ~'l~~e:J'lfl111 tJfl11VI~G'fe:J'U~'l nr;l11 ~'~~~G'f~Vle:JtJ 1 ~L-MtJ5.:Jafl&i~ 
bn~:fftJ 1~uatJ 1 ~.:~ a1~ Li'i~ 1~~'~~1 mJ ~~ tiVI1.:1fl1tJ.fl1'V'IbbG'I~~~'~1VIt~1 ~.:~b iJtJ~'WtJlJ 1 't.Jfl11VI~G'fa'Un'U 
e.J~~P~Ji'ruo/im'M1'jb 'V'I'j1~b tltJ fl1'j"VJ~G'fv'U~6111J11flvl11~~1tl n11 bbG'I~6111J11fl5-:~nG'i1JG'I n~11~:u1 nn11 , ~ 

1~ tJ ~1 tJ 1 'Mqj1 tJ fl11VI ~ 61 e:J'U fl111J"IJ v u G11tJ 1 'Mqj ~ ~ 1 i1561 b n" fl11:U"IJ v u 

(9 point Hedonic scale) ii1~~'Ufl~bbtJtJ fiv 

fl~LbtJtJ 1 'M:U1t~Ci.:J 1ll"l1v'U:U1fl~G'f~ • 



fl~LL'U'U 3 Vll.J1tJfi~ hi"Ue:J'UU1'Umn~ 

fl~LL'U'U 4 Vll.J1tJfi~ hJ"Ue:J'UL~f11Je:JtJ 

fl~LL'U'U 5 Vll.J1tJfi~ LiWj 

"' ~ " fl~LL'U'U 6 Vll.J1tJ~~ "lle:J'ULfltl'Ue:JtJ 

fl~LL'U'U 7 Vll.J1tJfi~ "lle:J'UU1'Utlfl1~ 

fl~LL'U'U 8 Vll.J1tJfi~ "lle:J'Ul.J1tl 

fl~LL'U'U 9 V!l.l1tJfi~ "Ue:J'Ul.l1nVi~wl 
' 

2.6 ~1U1~f1ViLfifJ1eb'V~ 

2.6.1 -11'U1~aL'Utl':i~L'VIf1 
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'U.ii6'fv-rj iil.l~flrt (2555) 1JltJ1~tJ n~1-tl'L 'VIflUfln11m~~1tJV!U1~ L "B~flru.fl1'1"1 L ~a 
' ' 

aanLL'U'Uatln1rua'1V!-r'Um1Lll11~1~~tJ1tJ 1~tJii11'l~tl1~6'f~flL~aaanLL'U'Uatlmru1~1'le:J'U6'f'Ua~~a 
, \.1 " 'I 

n~l.lm i~1'Uatlmru LLrt~L'IJ'U-iJal.lrta'1Vl-r'Um1'Ww.J'W1atl mru1 'Ue:J'U1fll'l1 ~6'fa~fl~ a~~afl'J1l.J~a~m1 
, \1 , '\.1 , 

"Ua~cn i-:~1'Ue:Jtlmru Lbfl~lBn11'1"1tJ1'U1f!~U'JtJ~~ a-:~ Lll11~1~ ~-:J-:11'Ul~ tJlJL U1Vll.J1 tJ 1 'Un11e:Je:J mL 'U'U 
'II ' 'II 

atlmru1 ~ii1tl~1~LLfl~~ n~ru~m11 i-:~1'U~I'l1-:J~e:Jfll1l.J~e:J-:In11"1Je:J-:Im -tl'-:!1'U fl11il1L U'U-:11'Ul~tJ 
• 'II 'II 

L~l.l~'U~1nm1Pin~1ial.lrt"Va-:~~tJ'JtJ Lll11~1-:~1 'U 11-:J'I"'tJ1'U1rt6'f~"llrt1'Uf1~'UVl{ L~m U'U-iJal.lrt1 'Un11 
'II 'II 'II 

n1Vl'U~n~l.l~lmh~ 1 'U mw\'1 L iJ'U~1'Ul~ tJ ~1n,r'U ~~vh m1Pi n~1 L~tJ~fll1l.J~ a~ m1-va~m i~1'U LLrt ~ 
• 'II 

v\'1 m1aamL uu6'fau ml.J L ~aVl1fl~ LL 'U'Ufll1l.la'1Fi' ru 1 'U LL~ rt ~ fll 1l.J~ a~ m1-v a~crt i~1'U ~~-V'al.lrtfll 1l.J 
"' 'II 'II 

~a~m':i-va~m. i~1'ULLrt:::fl::: LL 'U'Ufll1l.JG1'1Fi'ru~:::'l111 tlL U'UoVe:Jl.lrtU1L -V'11 'Um11 Lm1~'1-1Jl1m 'VIf1Ufl 
'II "' 'II 

QFD fl1':ilLF111:::'1-1L 'VIfltJfl QFD LLtJnaamtl'U 2 Ll.JI'l~n'lffia Ll.J111~n'lfm111~LLC-J'Uc.J~111.firu'nL~tJvl1 

m':iLL tln~f111l.l~a.:~ m1-va.:~tTI -tl-:~1'U1 tJ L U'Ufll1l.l~a.:~m1Vl1.:1 L Vlf1Uf1 LLn::: Ll.ll'l~n'llm1aamL 'I.J'I.J 
... 'II .., 

'8'U61'J'U 1~tJvl1 m1 LL tlrt~fll1l.l~a~m1'V11-:JL VJfliJfl1 tJ L tl'W-V'an1V!'U~flru~n~ru:::-va~"8'U61'J'U ~1nm1 • 
il1LU'U~1'Ul~EJLL6'1~.:~1~Li1'Wfi~c.Jrt~'I"'Bvi1Jl~1nn11tl1:::tJnl'l1iL'VIflUF1 QFD fia oVe:Jrl1Vl'U~f1ru~n~ru::: • • 
'tle:J.:I~'U61l'U~~6'11l.l1'HlU11 tla an LL uuatlmru1 ~ii1tl~1.:~ LLn::: m11 i~1'U~m~n'I.Jfl'J1l.l~a~m1LLn::: 

' 'II 

~n~a.:~~a15m1'1"1tJ1'1.J1rt~tJltJ 1 'U'U~~D'U 
'II 'II ' 

16161UtJ 1115U~u~tJ1 (2554) 1Jlvi'1m1tl1:::tJnl'l1-ffb'VIf1UF1fl11m:::~1tJVIU1~L"B.:~F1ru.n1'1"1 • • 
1 'UL 'V'J6'1~ 1 Vl~aD1'ULL 1A~fl ru.n1'1"1 L ~a'Ww.J'U1c.J~111.tl ru,;m~ dra-:~l.J-:~Vl~-:~m~'ULC-J11 ~1111-:~~afll1l.J . ' 
~a~ m1-va~n nfl1l.l1 n~6'1~ 1~t1 1Jlvi'1 n 1111 'I.J1ll.loV e:Jl.lnm 1l.l ~a~ n 11-va~n nfi'1~1n LL 'I.J'I.J 6'fa'I.Jml.l 

\J , " 'U 

-;\'1'U'J'U 100 ~1mh~ ~1mT'W1iLLC-J'Uc4'~n~l.lb~al.JLtJ-:JbLn~Lbc.J'U.n1'1"1~'UhJ -;\'1Lb'Unf1ru~n~ru:::f1l1l.l 
' ' ... ' 1.1 a OJ tf .e. ru c:::t. dl .:::t. tf i.l i.l cv 

1'1 a.:~ m1-va.:~c.J n l'lil ru'r! n1::: L 'I.J a.:~l.J.:~VIrt-:1 f11~'U Lc.J 1 L 'l"'e:Jl Lfl11:::VIV!1fll 1l.ll'l a.:~ rn1-va~ rt nf11 LLn :::'l"'w.J'U 1 
'I I \J I 

~ II II Q.l c:::t. i.1 C11 .:::.. ~ 1 i.1 -=I 

6'f'UI'l1111'ULL 'I.J'I.J1111l.JV!nm Vlf1'UI'lm1m:::~1 tJV!'U1Vlb "1l~flru.n1'1"1 c.Jn~1n m1f"ln~1'1"1'1.J11fll1l.l111a~m1Vl • 
nnfi'11 ~~1Ltl~t11:::~uf1::: LL 'U'Ufll1l.JG1'1ri'rul.l1n 1 'Un11~~~'U 1 ~ L~ an~am~b -da~l.l~VI~~fl1~'ULC-J11JlLLn 
'II "' ' 

m1n'UJ1~l~l.J fll1l.JLL~~LL 1~Vl'UV11'U "V'U1~~LVlm:::6'fl.J-va~c.J~~'~.nru,; 11f11-;\'1VItJ1tJ LLn::: mt1rn11-ff 
' 

mt1 Lbrt:::L~a1 Ll'l11:::'1-1c.JnL tl~EJ'I.J L Vivu nu~Lb "ll.:~ LLn:::tl1:::LiJ'U~nEJ.n1Y~1 'Un11~w.J'U1"Va.:~a.:~Am Lbrt::: 1Jl 
' 'II 

U1b6'f'Ue:JLL 'UlV11~fl1':ioWw.J'U1flru~ n~ru:::c.J~111.tlru,1 'U 5 tJ 1::: b~'Ufia m1oWw.J'U1fll1l.lbb ~~LL 1~Vl'UV11'U 
' c:::.v.- ru d c::a.cvf' cv .:::t. 1.1 c:..cuff v cvf' 

-va.:~c.Jrtl'l.n ru'n fl11V'Iw.J'U16'f-va~c.Jrt111.n ru, fl11V'Iw.J'U1c.J'JV!'U1"Va~c.Jrt111.n ru'n fl11'1"1 w.J'U1'1.J 11~.nru, Lbrt ~ 
' 
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m"J"u-r'Uth .:~ "J"1F11"ll1 t1 1~ t1 C.J~ n1"J"tJ "J"~ bihJF11111y;'~'~"~B 1 ~"l!B'~~ n ~1~il~ aC.J~ ~.n ru,-l~~9l.l'l..nu-r'Uu"J" .:~ 
• 'U • 

b Vi tJ'Un'UC.J~~.n ru,-1 b~11'V'I'U11~ f1~1ilfl1111v;'I'V'Ifl h b ~11~'1.1 
'U 

m'1v1~ LL?t'W?tuVJ (2553) 1~~91J'W1C.J~~'~firu,-l?ttl L Vl~1~1m11~V1~11tJ LVltJ 1 iL VJfluflm1 
'U 

n1~~ 1 tJV!U 1~ b <a.:~ fl ru.fl1'V'I Lb 'U 'U 4 b 'V'l?t bb~ ~ n11a an LL 'U'U n11V1 Vl~ a.:~ 1 u !:11'1.J"l! a.:~15m1Vl1?f ~ 1~ 
• 'U 

b Vl1!1~?f11 Mixture Design b ~a 1 ~m.:~n'Um111;la.:~m1"l!B.:J~f1~1~;,'a.:~ f111fl1111tJ~aV1.n'tJ~1n 
?111 Lflil LL~~;la.:~ n11F11111?f ~ m ~F11'U r1 n'U m1il111~ 1~1i.Jf111t:-~~ ~'~~1 t1 nu LV1 t1ili' ~ t~tJ"J"~?t.:~fi'"lla.:~ 

'U ~ • 

·:11'\.Jl ~ tJ-d~m ~ aVi1 f111~91Ji.J 1C.J ~ ~fi ru,-1 ?fU L V!mli1111'1l1 ~1 ~~'~1 -:ui''U fl1111;la'l f111"ll a'! ~'U ~L.fl fl LV1 tJ 
'U 'U 

1 iL 'YlflUflf111m~~1tJV!U1~ b 'li'lflru.flTW bb~ ~b VJflUfl rn1aan Lb 'U'U fl11VJV1~ a'l111 L Ui.Jbfl~a'lila 1 i.Jf111 
' 

1~ tJ 1 i.J f11'J'~1 L iJ'I.J f11'J'l~ tJ.Qb~11~1 f1 f11'J' LL U~.:Jfl1111;la.:~ f11'J'"llfl.:J~ f1~1 b~ tJ1 n'UC.J~ ~.n ru,-l?fti b Vl~1 
'U 'U 

Li'J''J'11'1!1~1tJ~"Ii1.:!~1'l~ "llel.:J QFD 1~Lbtl f11111.:!bbC.Ji.JC.J~~J1ru,-l f111Bflf1bb'U'UC.J~~J)ru,-l bb~~f11'J' 

11.:1 LLC.Ji.Jf11~'U1'W f111LV1 t1n~11~1a ~1'l"lla'l~ n~1~Vi1m"J"Pi mn 1~ Lbn tJ1~'1!1m 1 i.J b "lll'leJ1b.flmila'l 
• 'U 

~'~'VllVl b ;t1'~1 V!d.l ~1u1u 1 oo fli.J ~1mYuVi1 m "J"~9l.li.J1Ml1 m1 t:-~~ ~'~ ?ftl b Vlmli"J"111'1l1~1V1 t1 m1 
'U 'U 

I I I I 
Q.IQ. ~ ~ ~ 0 cv 

11'1bbC.Ji.J~Vl?f'I'YlV1~ eJ'Ibb 'U'IJ Mixture Design b 'V'IB'Vl1~m'Ylb Vl111~?f11 b11eJ'Y11fl11'YlV1?feJ'Uf11'J'tJeJ111'U 

"lltl'I~'U~L.flfl ~1i.J1i.J 1 oo fli.J tr'U~L.flfl~a-:J1 Vf1~~'UF1~ bb 'Wi.JF11111'1lB'UatJ 1 u"!i1.:~ 7-9 fl~ Lb uu bb~~ 
'U 'U 'U 

tJa11-rtm~~.n'ru,-l111nn11 70 LtJ a1L~uii~u 1 tJ ~'IC.J~~Hi'fiaC.J~ ~firu,-l?f11!11fll'la'U?fi.Ja'lm111 
;leNf11"J""lla'l~ n~11~a~1'l~ bb~~ 1d.lr:i-:JC.J~eJi.Jm1tJI'ia mi11~ n~1bLI'ia ~1'11 "J" 

'U ' 'U 

1?f-r~ 'V'I'JIVTILn11~ (2552) 1~Pim~1m111 b t!u 1 u1~~1i.Jf11"J"b~i.J~1nm"J"Vl1C.J~n1 h~'~'lV11 u 
m"J"C.J~~ brhi~Vi1~1n1mcJer~u1~?f1i.J b ~a?f~1'1 bb 'U1'Y11'1 m"J"i bfl11~~Li1n~ 1 ~?f11111fl?f~1'lli'J'n~ ' . 
LL~~Vl1i'?fV1VJV1 LL 'Yli.J'Yl-r'V'Imm b~11 LVltJ 1 iL VJfliJflm1 LL tJ~'IV!U1~'Y11'1fl ru.fl1'V'I1 u m "J"U -r'Uu"J" '~ L '1"111~ L tlu • • • 
bVJfliJfl~L Ui.Jfl1111;la'l fl11"lleJ'I~ nfi'1 i:11i.Jf1111 ~fl~ bb i.Ji.Jfl1111~11~i.J5l im~'U"Ji.J m1i Lfl"J"1~'\.h '8-:J 

'U 

ci'1~'U.ffu b ~m1a'l nu m1ci' 1 bB tJ'l"lla-:JtrtJ"J"~ Liiu Lb~~Pi m~1m 111 L t!u 1 u1~"lla'ILF1'J' '~ m1~1u m"J" b~u 
'U 

bb~ ~Vl1 C.J~ rh 1 "J"?f'l ?f V1LV1 tJ 1 i?f11 f11"J" b '8-:J b~i.J L ~ ai bfl11~~m 1111.11~ 'IVli.J"ll a 'ILfl"J" 'I m1 i:11u f11"J" 
'U • • 

~1b iJu,nui~tJ~~b~11~1f1f11'J'bbU~'Ib~tJ'l"lleJ'I~nfi'1 1 tJr:i"!i"J'I"lltl'l Two-phases Model fia f111 
'U 'U 

11'1LbC.J"WC.J~~.nru,1 bbG'l~fl1"J"bb UG'l-:Jf111aa mb uu ~i.Jb tJu ~1C.J~~.nru,1 bb~Tl'l1 m~i bfl~1~~Vl1fl1111 

b Ui.J 1 tJ1~~1i.Jf11~b~i.J"lleJ'lLfl~'lf11~ ~1f1fl1~rl1i.J1!:UV!1 11~rl1U~~Di.J?f'Y1B, eJI'l11C.JG'll'leltJbb 'Yli.J.fl1tJ1 i.J, 
'U • • 

~Vlfl11Vli.J LbG'l~Vl1C.J~n11 ~?f'l?fV1~1n LV1tJ1 i?t11f11~b '8-:Jb~i.J ~'IC.J~~~~ 1~-r'U~1f1'11i.Jl~tJtlD'Ud~~v111 m~ 
.. • , '\1 , 

C.J~~.nru'Y11 vrd.l~v11~1f1l~fl~'U 1 Vlll bb~~il.&u~au 1 i.Jfl1"J"?f~1-:JC.J~~.nru,1 V!ll • 
uq'lfm ?f1mb 'V'l-!! (2550) t.hbb u1fiV1m11 iL 'YlfliJfl m"J"m~~1tJV!U1~ b '8-:JfJru.fl1'V'Ibb~~m1 

a a flbb 'U'Uf11'J''Y1V1~a-:J 1 i.JI:11i.J"lla-:Ji5m1Vl1?fl'l"J"~ b Vl111~?f11 Mixture Design 1!1U"J"::mn~1 in'I.Jf111 
'U • 

~9l.li.J1C.J~ I'J.n' ru,-l~1n-ih11 Vfm'l n'Ufl1111~ fl'l fl11"llel'l~ nfh bb~ ~Vl1rl1~ b Vl111~?f11 1 i.Jf11'J'C.J~I'l~1 tJ 
'U 

m~tJ1i.Jfl1~C.J~~ bb 'UtJ Lan'I!VJ~'li'um~tJ~~tJ n~1 iL 'YlflUfl QFD b ~a'Vl1fl1111;) a-:J m~~ bb Vi'~~ -:J"lleJ'I~ nfi'1 
'U • 'U 

~ill'ia"l!i.J11"lltJb~tJ1 b ~a?f"ll.fl1vnfu a6u1t1 1~~1 m 'V'l?f~ 1 b tJuL 'V'l?f~vamL tJ'U b ~afi'u'Vl1m111;Ja-:Jm1 • 
~bb Vf~~'l"lleJ'l~ nfi'1~il~a"lli.J1I"ll'IJ b~ tJ1 b ~a?f"ll.fl1'V'I ~'I"J"~~'Ufl1111;) a.:~m~"lla-:Jtru~L.flfl~ilr;lmbr;l~~ 

'U • 'U 

il~~mfu atJ1 u~~~'Umml'LfitJ-:Jnu111n 
'U 

a11~-r~-u Du~1 (2545) 1iLVJF1iJF1m1m~~1tJV!U1~b'li-:Jflru.fl1'V'IL um1tJ~utJ1-:J • • 
C.J~~.nru,-l"l!a'lb~u 1~"lla'IL1'~'~1i.J~1mh-:J1 ~ilu1~~'Y15.fl1'V'IL um1L-tl''11i.J bb~~b~11F1111Iv;'~'V'Ia h1 ~n'U 



... 1\ 

~~1 fU~Lf!rtU .. leln.~L~rtl..LI1~~~ 1UlJ:::~C.l..~U~~n.tm ~C.p.LrtL_g. 1U~LI1rt1_g.l ~~1 tl..U~B~rtl..C.l:\~..@111 ~L.~:::W 
1\ 1\ 1\ 

1:.~11 L~U~~BR.tl..U~B)ilrtl..C.le\UL~rt~1~~1L~U~~BR.tl..U~B~rtl..C.le\B)il~B~l:l~Bit!L11~1':1~~BR.M.I':I11~LC. 
~ ~ ~ ~ 

tl..U~l~C.p.LrtL_g.1L,ttUtJ~l:IQ.l:llA.1n.l;1 0::10 L~HC.L~U~l (£17~Z') ~rt!lk-~~tn.~ruLU R.t1~t 
1\ 

n.~~~ULrtW~Q.M.~~ 1:::tA.n.n.:::t~BR.tLU~n.tL.UB~~ l BM.~t1rtLC.lel~n.n.:::tEo W~ lL~ 
" ' 

• M.ib~ ~~n.l n.n.:::w l..~Lrtn.~~!:&tl..U~ n.tL.U ~~1~ l B!J M.!J.f"Vb l M.!l=n.n. 11 UBB!:&tLUn.r.n.:::w :::~11 ~Lklt!~tl:\1 

L~n.~ mcp:::t11~:::m1 rt~;n.~:::tn.~f"Vb l M.!!=n.n. 11UBB~n.n.:::t~~!:& 1n.~~~ 1l..f\.1!;.l..~~B~ 1 ~ ~l..~~L~UL~ 
1\ " ' ' 

M.l ~LLJn.n.:::tEo w~~1 rtLlJn.Bit!n.n. 11n.B~tLU£~2ol n.f"Vb l M.!l=n.n. 11 UBB!:&M.~~ 1 :::tA.n.n.:::t~BR.tLUn.r.n.:::W 
-1'1 <'I I 

• :::~11~Lkit!~tl:l1 ~I':IM.[!:1 :::tl1tLU ~'l.~~n.rt~BR.~L~M.~t:~n.L~l..~tl..U UL~Lrt~Bp 1M.Q~L~M.~t: 

rtl..C.le\M.~~Bf}~ r.p.:::~11M.BJ!'L~!:&M.L ~Lgttl..ULVbfu ~~~ M.~U Lrti:.~~B .~lel~L~B ~t M.l..~M.Q. 1 L~lJtl..rtl..lt! 
"' " • 1\ 
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1\ • 
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n.~ n. 1 :::lA. n. n.;:t ~ B R. n.B U ;:tl1rl.C.It!B 1.11 n.tA.;: W ~ l':lrtlA.tl.. U n. r.n. :::W F;::lr I I ra>~ 

1:' B R. ~ ~ ~ ~~;: l..tl:\1 ~U U L 0-9 n.~rt~ rtl.. C. lei~ ~n.l':l11 2-l ~ ~1 tl.. U fl. C. n.;:t U 1:-B R.~ rl.Vbl..lJ B _g.n.g. 1~ ~l 

~n.B U ;:tl1fl.t~ 1:-BR.~rl.VbLlJ B_g.t-~11 11 ~~Q.fl.~ ~ 1 ;:tA.n.Un.n.;:tt-BR.tLU n.r.n.;:Wf1.1':111 ~LC.tLU 

n.n.;:t~BR.~Lklt!~tl:\1 n.n.11UBBtl..Ufl.l ~tp.Lrt 4:)E'OJddV pampnJ:J.S n.mmn.:::tn.n.11UBB 
.,. 1\ 

:::~11~;:L.tle\1 ~tl..Ul:IQ.l:llA. 1 L,tt~~1 1.11~Q.M.~ (} 1 ;:tA.n.L.~n.n.;:t~BR.~Lklt!~tl:\1 n.n. 11UBBtLUfl.l n.um~~rtB_g. 
" • n.g. 1B~ 1 ~~@~;:~1.11~Q.M.~~ 1 ;:tA.n.n.:::t~BR.n.BU:::tl1rl.C.~~~fl.Vbl..lJB_g.B~Vb~ibrtlt!fUlelrl.Q 1~ ln.~~ 1;:1A. 

n.n.:::tt-BR.l:IQ.l:llA. 11:-LlA.~rtVbLlJBH-~~11 11 ~~Q.rl.~(} 1 :::lA.fl.Lt-n.n.:::UL}It!l:'f.l:\1 n.n. 11UBBtLU 

n.~ n. 1:::tA.n.n.:::t~BR.lelrtlellA. 1 I:'LlA.~rl.VbLUBR. to' ~ 0 1'1 

1\ 1\ 

M.Q 111 t n.n.;:tEo w~BR.tLU~B ~ rtl..C.l:l~rtB_g.~~ 11 11~~M.!J.UL~ rtLlJfbBit!n.fb 11 U BBf.L.U::: ~11_tl}~LLJrt~tl..U 
" 1\ 

~ ~1 n.n.;:tEo w~BR.tl.. UN~ )ilrtl.. C.l:lrt C.t n.r.ttl..UU l..~rt~ 1 W~Q.fl.~ (} 1 :::lA.n.L.~n.n.:::tfl.l':l11 ~L.C.tLU 

)apow pase4d 

-JnO.:J }Jo Wl:IQ.lellA. 1UU n.a. 1 l.. ~tLU ~ rl.!J.tLU 1:'@ ~rtL C.lel B )ili:'Bn.lt! n.B ~:::~!:&n.n.:::t~BR.lJtLrtLit!rtLC.lel 
" " ' 1\ b b \ b .. 

;: ~11 tl..U ~B )il n.n.;: tEo W~;:ru~u ~rule\ n.;:t ~ C.floB ~ m LrtVb~f"~~~~ ~1 M.L lJfU lel~l..~Vb~l.. ~:::tU 

tLUlelQ.lellA. 1 B~n-~~~f.L.Un. ljl!:&l:IQ.l:llA. 1 ~B_g.W~1!:&~ n.~n.L~~L)'tVb;:~11l:ll..lJtl..UtQ :::rule\ fl.~~ 1:::lA. 
l'f I I I I 

• 1\ 

~ Lfl.Vb~C.rt;:tl1;:~11 n.~ (} 1:::lA.U_tl.L~fl.lWL~lelfbfl.Bit!~~tl..~L.B:::~11 l..~U~I1~~ tl..~LB ~ C.~n.BU ;:!;.11 
" n. • n. b 

fU~Lf!~n.n.:::t}Jo w~~1 n.n.:::tn.tn.l:IU IA}Jo W~BR.tl..U~B~rtLC.le\B~~BM.It!~ l~~L ~lA.~LVbrt_tl}W ~~L~~ 

~BR.~~Q. fl.~Q. 1 :::tA.n.n.:::t~BR.~L}It!~tl:ll n.n.11UGBtLU~~~ (£17S'Z') iAn.n.~ruk!.!~UM. ~tB 

1A'fU,VW~I':IB ~~ ~ l':l~~~n.~rt~ 1 ~ l BM.I:'t1rtl..tl:l)il11n.~ULrt:::~L.le\Lt 
" ' " • • J:11 tl~L~ B n.~~~ l~ t11n.k11ll tLrtL.It!;:m1tl~L~ B~L~M.~t:~~~L~J:l n.~1 I:'BR.!!sfU lfW ~I':Jn.n. 11U BBtl..UI:'BR. 

" 1\ 

~l..~M.~t:rtLC.lel~~n.~ 1~ lt'~lt!11:::~Jil11n.~Lyt 1 W~1~l..~B~~~ 1L.~n.~B~L.~U~~BR.~l BM.~~rtLC.lel~L}It!~~~ 1 

~11Jt!tf"l ~~ ~!,L.U ~BR.~I':I~~~L~BC.~fl.L~~tl ~BR.!!sfU lfW~I':I~tl1f1~11tLU L~n.~ 1 ~,Bo~L~@ Jt!t n.~ 1~ l~~lt!11 
• Jt!t ~~ttLU ~BR.~I':I f.LUM.C.fb:::W rtl:\n.C.l:\111':111 ~l..C.tl..U :::m1 tL.Un.r.n.:::w 111':111 ~LC.tl..U !!sfUlf1.11 ~l':lfbn.11 U@B 

1\ 

tLU !!sfU lf1.11~1':1/~~l':ltl..U M.L )t!M.1':111 ~LC.tLU !J11~l ~C. flo 17 111; 1U BB fl.L~fl.Q. 1 L~tl..U&-ft 1W~1L~U~ 
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I j.f I tJ 1/ 
-=f 0 Q.J d IQ.I ..::;:,! OJ Cll QJ QJ 4'QJ !.1 0 Q.l 0 Q.l 

Vlfl11lJ?I1fl'lJ~~"il'Uv~mmT:iV1LLt.J'W'U'WlJfl11lJ?IlJ'V'I'U5nufl11lJI"'v.:Jm~ LLn~'W1~'Unfl11lJ?I1fl'lJ"llv.:J 

fl11lJI'i'v.:~m~,!'W Fl1fl11lJGh9qJt•h.:~ 1 ~~ 1Ji'lJ1~1nm~ 1 ~fl~LL 'U'UmlJfl11lJFii'IL~'W"lle:J.:J~nfi'1 
~.:ILL~ L~lJm~1 ~fl~LL 'W'U~~1 im~1 ~fl:;LL 'U'ULL1J1Jfh~lJu~ru ~.:~ii.Ua L~cmmvth:;m~ 

" 
hl'"i1~~ L U'U n1~bJ?11lJ1 ~t:l~~'~ n1~n1Jfl11lJ hJ a~ nu~ a.:~ nu~a v~ Lnl'l~1 n n1~191~'~~'W 1 ~ 1Ji' fl11lJ hJ 

" 
l"'~.:~n'W"llv.:~~1'Um -iii. 'U m~l9li'I~'W 1 ~m~~~l9li'I~'W 1 ~ hi?11lJ1~t:l~~1~ru1fl11lJI'i'a.:~m~Vin~~mv., ~1 

~ " I 

'V'I~e:JlJtl'U 1Ji' LLn ~ n1~~~~~1~ ru1iJ n ~ ~ L ~'UrJ1Vl n fl11lJI'i' e:J.:J n1 ~Gi'1'U LLGi1 LL~i1fl11lJGh9 ru~.:J~'U ~.:J,r'U 
" ' "' 

~.:~1Ji'vhm~'ll-ru'll1.:!n1~1~fl:;LL'U'U1'W~1'U~1.:J111'1t11i Analytical Hierarchy Process (AHP) LoU1 

m"li1t1 LLir11 m~'ll-ru'll~.:~~.:~n~111iJ:;?I1lJ1~t:l~I'I~I'IJi'vtl"lle:J.:Jn1~ 1 ~fl:; LL 'U'ULL uu L~lJ 1 tJ1Ji' LLI'i~1n m~ ' . 
Vll'l~v.:J1m5m~1~fl~LL'U'W~i.h AHP LoU1lJ1"1i1ti'V'11JrJ115~.:~n~11i1oUm~tlfiv na1~Lnl'lfl11lJ~.:Jcnn1'U 

' 
m~fi'1'W1ru'Y111 ~Lnl'lfl11lJ~1Ji:I'U 11'1v Lu'V-11:; L~a0 ·tihJi1fl11lJf L~v.:JVl(]~~ L~t11nu AHP LL~~~ n~ru:; 
"llv.:~ m~L tJ~vu L Vi vu L tl'UFina 1 ~Lfil'lm~"il1 nl'l"il1'U1'Wfl11lJI'i' a.:~m~~~:;i.11lJ1~1iJ1~ru1 L tJ~vu L Vivu 

" 
LLI'iv~1.:1 1 ~tl\111lJ L ~e:J 1 mJi'l-11~-:JoUe:JlJ~~t:l n~e:J.:J LL~:;\11 ~.:~~'] e:Jfl11lJ~~ n"lle:J.:J~'IJ~:; LiJ'UlJ1 n 

" 'U 'U 'U 

~?ll'lm~i.11 AHP lJ1-d1ti1 'Wm~l9li'!~'U h~.:~L tl'U15m~~~ LL~:;L ~lJ1~i:llJlJ1nn11m~l9li'!~'W hLL uu 
' 

~.:~ L~l-1~1-ifa v1 'U QFD LL~:;iJ.:~?I1lJ1~t:l~l'lfl11lJ ~.:~ tl1 n~1Ji:I'U"llv.:J15m~~.:~ n~111Ji'tl'lt1 m~'<ijl'ln~lJ 
" ' ' 

fl11lJ~v.:~m~"lle:J.:J~ nfi'11 ~ii"il1'U1'Wfl11lJ~v.:~m~"lle:J.:J~ nfi'11 'ULLI'i~:;n~lJ hJmn 
" " ' ?11tl~.:~ a'UVJ{L~I"' (2542) 1Ji'~~'W11m.:~i:l~1.:~~:;uu'IJ~~n'WflruJl1'V'I~'U1 'W 1 ~.:~~m~ • • 

'll~~LflVlm~t.J~~"~ww.:~~a 11'1v1m ~~~lJ~I911v~1~ 1 ~~~~~Ltl'Umru~n~1 11"1t:l'll~~?~~fi'~~n"lla~~:;uu 
' 

'IJ~:;n'Uflrufl1'V'I,i fiv ?~1lJ1~t:li:l~1.:~fl11lJoW.:~'V'Ia h 1 ~LLn~nfi'1~~m~1"1Ja.:~.:~1'W m1lJt41'1'W~1~'~1 'Wm~ 
' " 

'Y11~1'Wnl'ln.:J LL~~~'UVJ'Um~t.J~I"'~I'I~.:~ LVlflUfl m~m:;~1v~u1~L ~.:~flruJl1'W 11'1v1 'U~,iL~vn 1 i 
' ' 

L Vlf!Ufl QFD 1 'U~'llbb 1J1J 4 "111~ (Four-Phase) t.J~"lle:J.:Jn1~1~t1 'Y111 mJi'tfl~~i:I~1.:1~~1J1J'IJ~:;n'U 
" flttJJl1'V'I~'ll~~nau1'llJi'1tl 5 ~:;uu~mJ 1~LLn ~:;uum~11~LLt.J'WLLn~..ijl'lm~ ~~uum~l"'~1~?1v1JLL~:; , 

o Q.l .c:t. II Cit. 

fl11JfllJflruJl1'V'I ~~uum~u1~.:~~n~1 ~~uum~u~m~~nfl1 LL~:;~:;uum~I"'~1~1Jll'll"'1lJ 
, • " 'U 

~.:~ii~1'Wtl~:maumt~1 'U~.:~ 5 ~:;uu~at~~1lJn'U~.:~~'W 18 ~1'W Ll'lt~1Ji''Y11m~'Vl~'~~v.:~ 
... 

~1'1191~ 2 ~1'W fiv ~1'U"lle:J~ "m~11~LLt.J'Um~m1~i:le:J1JLLn~mufllJflruJl1'V'I" LLn:;~1'W"lle:J~ "m~ 
' ' 

1"1~1~i:le:Ju~:;~11~m:;1J1'W m~" ~~~~1n,!'U 1Ji''Y11 m~'IJ~:;Lil'Ur:.J~ 1fl~ ~ ?1~1~ ~~uutJ~:; n'U fl ruJl1'V'Ivl1Ji' 

11'1t~ 1 iLL uu'IJ~~ Lil'Ur:.J~ 1 ~~ L ~tl1"!!1fl'~L~ t~1-ii'v~Jl1t~1 'U 1 ~.:J~lJ~ tJ~:; Lil'U~~ ~1'U~ L U'U m~'ll·-ru'll~.:~~ 1 n " ·~:: . 
~1'U~1'W~iiv~LLkJ LL~~~1'W~ L ~lJL~lJ~'Um1 mJ r:.J~m~tJ~~ Lil'Wvl1Ji'~tJ~~Lil'Uiim1lJL ~'W Ll'ltl~1lJrJ1 

" " Lfl~~i:l~1.:~~:;uu'IJ~:;n'Uflrum'V'I~~~'W1~'Wii'IJ~:; 1t~"lli1 LL~:;ii~nt~fl1'V'I1 'Um~?~~1.:~fl11lJoW.:~'V'Ia 1 ~ 1 ~LLn 
' 

e:Jii"!l191 "il1'l11 (2541) i11m~'IJ~:;t1 nl'l15m~"lle:J.:JL 'Vlf!Ufl m~m~liJ1t~~.W1~L ~~flNJl1'V'I . ' 
(QFD) 1 'Um~u-ru'IJ~~.:~1'U"il1tl"lle:J.:~ 1 ~.:~.:~1'UI911e:J~1~ 1 ~ii'IJ~:;~'VlBJl1'W 1 'Wm~ 1 '!Xu~m~ LLn:; L ~lJfl11lJoW.:~ , 
'V'Ie:J h 1 '!Xnu~nFi'111'1mLtJ.:~nT:i~1LU'W~1'Ue:Je:Jmtl'U 4 "111.:~ tJ~"lle:J.:Jm~i~mL?II'I.:J 1 ,XL~'U-:h~i.ht~~1'Wtl1ti 

" 
"ll1tlbb~:;m~I"'~11'1L V'U~U1ti.:J1'UG'f1fi'ruci'1~1JLL ~n~ne:J 1 'iXLnl'lfi~ n1~l.Jn1~"1J1ti~'U n1~~1'11Jl1lJI'ILL~ 

"' " 
~nfi'1 LL~~nm~tJ~:;"!llJ?I~tluru~1':i1lJ~~ii m~11~ LLr:.J'U'W 1vu 1v m~~1 L ii'W n 1~ vi' 11 ~?11lJ1~t:lVl':i11J n.:~ 
\.1 .. .. "' 

i:! fl1 'W n 1 ~ ru "ll e:J ~u ~~'Vl LL~:; FiLL 'll~ e:J ~ 1 ~ 1'1 v L ~ v~ -ru'Vl ':i11J n.:~fl11lJ 191 v '~ n 1 ':i"ll e:J ~ ~ n F11 LL~:; i:!1lJ1 ':i flu -ru 
" " 

LLtJ'U m~tJ !)'11~1Ji' e:J ~1 ~ ':i11'1 L ~1 tJ ~ ~1Ji'-ru ~ 1 n m~'IJ ~:;'qlJlJfl11lJ n11 ~u-1"11 e:J.:J m ':i~ 1 L U'W~ 1'W LL~:; 
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~~'Ut:i~"11e:J'U~otl~L~'W1fl'j~~·h:~LL~~'j1m'l~LBV~n1'jtJnllii'1le:J~~'WI;le:J'W.ffiJl~'Un1'jV~'IJtJ'j~ LL~~L~m.h 
~ ~ . 
n1'jtJ'j~CJn~15m'j'1Je:J~L 'VlfliJ!"ln1'jn1~~1m.nJ1~L ;i~flllifl1~ (QFO) 1 'W fl1'jV~'IJtJ'j~~1'W'111tl"Ue:J~ • • • 
1 'j~~1'W~1e:J~1~1 ~i1tJ'j~~'V16.n1~1 'W fl1'j1 ~u~m'j n~ ~~~ 1 'Wci1'Wfl~m1~~1'1i'e:J'W1 'W fl1'jVh:J1'WLLf1~ 
tle:J~n'Wfl11~t:i~Yif11~ 1Jl~~'W LLfl~L~~f111~-w~Yie:J h"Um~n~11~~~'W 

11YI~'t1 ij~~ (2539) 1~fhM'U~Lnrusn~~~'U hm m 'Ufl11b~e:JnLL 'U'Ue.J~I91J1ru,;~1b ~~~tJ 
1 Vl~ 1~tJm~u1'1.Jm'jci'11'i'u~'WL ;!~1Lfl'j1~~ 1~vnu~,;''Vle.J~\Jl"Ue:J~L~'W 111L ~e:J m'jfin~1~i1m'je.J~\Jl.nru,; 
LLfl~'W~'W1e.J~\Jlnru,;~1V\Jl'WLe:J'lLU'Wmrufin~1 m'jfin~1L~~~1m1i1~.n1~ruflru~m1~m'j~~L~e:Jn 
"Ue:J'l L~'W 1 m.i"Ue:J~u~,;''Vl n~~~~1tJ~ n LLf!~n~~f! n~1vi'11 tJ LL~TU1oUe:J~f!m~~1l Lfl'j1~Vif11'j..ij'~n~~ 

't \.1 , \.1 'U • 

n1V!'W~1191~tJ'j~~~rl Lbf!~Lnrusnm'j~~a'U 1 ~L U'U 1 V1911~flru~~llii~.W~tJ'j~~~rl Lbfl ~-r\91 ~tJ'j~~~rl bfl rusn • • • 
fl1'j~~a'W 1~"Ue:J~m1~~a'W hw11Lnrusn ~~e.Jf1~1~tJ'j1n!J11 e.Jfl m'j~~~'U h 1n~LfitJ~num'j~~L~e:Jn 
~~ ~"Ue:J~'U~,;-'1'1 ~~ LL~ ~~11'1 \91 ~tJ'j~ ~ ~ rl Lbf! ~ Lfl rusn ~~ a'W 1 ~~1~,1'U 1oU'l1'U 1~n~ Lfi tJ~n'U Ln ru,l n1'j • 
~~~'W1~~~'~ LLf1~~1nn1'ji1~.n1~rum1~fi~L~'W~htJLLuu~e:Jum~tJ'j1n!J11 flru~m'j~f11'jrJ~L~e:Jn 

G'i1'W 1 Vlrui11"111~-w~Yie:J h 1 'Ui'191~tJ'j~~~ri'LLf!~Lnrus;i~~a'U t~m~,1'U 
~ . 

2.6.2 ..:J1'W11ij'mnn~h..:~'IJ1::t'Vlfol 

Cardoso, Filho and Miouel (2015) 1~tJ1~Vn~L'VlfliJI"lm~~1VVlih~L:a~flruf11YI ::> • • 

(QFD) 1 'I.Jm'jtJ~utJ'j.:je.J~\Jl.tlrusnL~f!~e.Jfl1m~tJ 1~~1L iJ'I.Jm'j1~v 3 ~'U\Jle:J'U L~~~'U 1~vm'j~'I.Jfll1 
' 

\11'W1~tJ~L~V1oUe:J'ln'Ufl11L iL'VlfliJ!"l QFO 1 'We.J~\JlnrusnLn~\Jl'jB'I.J'Vl~tJ1 'I.J'j~CJ~ L1f11 10 iJeJe:J'WV!~\1 
LLf!~L~e:Jfl'U'Vlf111~1~tJ~b~CI1oUe:J\11~ 13 'U'Vlf111~ ~1nJ'W~'lflf1~1~'U\Jle:J'Wn11V1~~n~ QFO L~e:J 
dJ'WLL 'W1'V11~ 1 'I.Jn1'j~1L iJ'U fl1'jl..ij v~'W~e:J 1 tJ fie:Jfl1'j'j'J'IJ'j1~~ n~ru~'V11\IfJllif11~'1le:J\IL ~f!~~~e:1~m1 
~1 nn~~~1e:JV1\1~1 mL uu~e:Jum~~1nJ'W~~~~1~ LLe.J'Wflii~'W 111 2 'j~l'i'u L ~mL~~'~~ n~ru~'V11\l ' ~ 

flt;1Jf11'W LLf!~tJ'j~LiJ'I.J'j~\Vl'U!"l11~~1rlfiJ 5 1~vl'U L~e:Jn~n~ru~'V11'lflru.f11~~ij'j~vl'Ufl~LL'U'Uj;'f\IL-li1?f 
• ~ • ~ \.1 

L~IJ1'ijniu1'Uflllif11'V'i L"li'W i1~L-lil.Jj;'f~1~ i1bi~·e:Je.Jf111f nJ1mf!1Je:Jv LU'U~'U ~1nJ'W~'l1~rhLU1'\I!lJ1tl 
' 

"Ue:J~~n~ru~'V11~flruf11~ L"li'W i1Lde:Je.Jf11lJ 40%, i1Fi1!"111~LU'Wm~ 3-3.2, i1G'i1'1.JV'j~fle:J'UL~fl~'W • 
0.5-1.5% u'Vlm1l.ldhi1Ji'LL~~'~e.Jfln1'j1Lf111~~L~m!11 tJ~m'je.J~\JlL ~e:Ji'~Fi1m1lJ.W'l~e:J h LU'W 

fl11 LLj;'f ~\l~'U \Jle:J'U fl1'j1 Lfl'j1 ~'\Ill~ tlf! ~La tlVI LLf!~ en~ tJ 1~j;'f'jtJ11 191 f11VIa'U~ 1 Lfl~mB'W'Vl~ ~J'WL~'U l\?1 
~ ' 

e:JV1\l'j1VJL ~1 Lbfl~L'Vlflilfl oFo j;'f1lJ1'j~ 1-ffL~e:JtJ~utJ1\la'U~1Lfl~\911a'U'Vl~tJ1Jl 
' 

Bevilacqua, Ciarapica and Marchetti (2012) 1~'l11L~'We:Jfl1'j'Ww.J'U1e.J~IPlnrus;iJ1l1'W 
~~ne:Jn LV!tl 1 oUL 'VlfliJflm~~1tJVl1J1~ L ;i'!flllif11YI ( QFO) 1 'I.Jfl1'jV~'UV1'le.J~IPln ru,;~1l.Jn'U fl1'jn1V!'UVI 

' ' 
~1LL V1'V11~(Pl'j'jflfo11~1Pl{ L ~e:1"1i1tJ 1 'Wf11'jtJ1~Lii'W~ n~ru~~,~~"Ue:J~J1l1''WlJ~ne:Jn ~~iin11n1V!'WV~ 
tl~~ V~1V!~'Uf! fl~1 Lbfl~U~~ v~iiB'VlGYI~~ e:J fl1'jt) e:JlJ~'Ue.J~\JlJl ru't'ILVIV 1 m5fl1'jj;'f~1'1U 1'U LL vJ'l f1 llif11Yiii 

~ ' 
m1n1V!'WV~~n~ru~~n~ru~m1l.l~e:J\lfl1'j1 'WU1'WLLvi'lflru.n1'We:Jci 4 tJ~..ijvfie:J 'j~"l11~ n~'W ~n~ru~~ . ~ 

tJ'j1fl!J LLfl~f11~lJVl'W1LL'll'W ~,nJ'Wn1Vl'WV~~n~ru~'V11~FJru.n1m tl'W~e:J~ci"J'W 1 Vlqj1 Fie:J ~n~ru~'V11~ 
fl1 tlf11YI LLf!~~ n~ru~'V11~tJ 'j~~1'Vli1lJ~~ 'U'Vlfl"J1~d1Ji'~1fl1'j1 Lf111~~11 L~ e:Ji' ~ Fl1fl"J 1lJVi~'We:J 1 ~ 
~"JlJ nu fl1 'jn 1'\I!'W VI ~1 LL tJ 'j'Vl1'lm'j flfo11~191 {j;'f1lJ11~U'l'U e:J n 1Jl11U ~ ~ tlfl"J 1lJ~ e:J'l fl11"Ue:J'lf1 fl~1 nu 

~ 

~ n~ru~'V11~flruf11'V'i~n1~~'\1!1 n hJ~e:J~fl~ e:J~ n'U ~~ci ~e.J ~ ~ e:J f11 'j'W~'U 1e.J~IP1n rusn1 Vl3J 1~ v~ n~ru~'V11\l • 
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mv.n1-w-ua.:JJ1d!'Wl.l~nantb~nau~-.w Fl11l.lb tl'Wm~ fl11l.lb'iJl.l-ua.:J?i Fl11l.lb 'VIoUV'J G'i'J'WtJ?ll.l?l11 

1~b'VIV bbG'l~ Polyphenols (?111~1'Wel'4lJG'lB?l1~) 

So-Hyun Park, Sunny Ham and Min-A Lee (2012) 1~tb~~nl91b'VlfiUfH.'Vlfl'WA 

m~\J1V'VIti'1~b 'ii.:Jflru.fl1Yi ( QFD) 1 'Wn11tli'utJ1-:JtJ~vu1rusnbda11'VId!nth.:Jbb uu bn1'VI~ (Bulgogi) 1~u 
Pimn 1 'Wfl~l.IG'l ni9'1"1J11?l'VIi'\ia bl.l~m~i'ut.h~'Vl1'We:J1'VI11'1..h~ b.fl'Vld~1 v1fiG'I111\J'OJ1 mb uu?lau m~1 . " "" 
~1 1 tJ 'OJ1flfl11G'fl.Jbb 'U'U?le:J'Ubl1l.Jiifl111Plel'Ubb U'U?lel'Ubnl.JIPI1l.J~fl~ru~ bbVfl~el VIPI1l.J?lbn'W.fl1'W b oU'Wb 'Wf'l • 
mv b~e:J"1J1~ e:n~-w btl'W~'W 1~v1~UbU'Wbyjf'11~fia 'll1V 77 fl'W 'VIru.:J 92 fl'W bbG'l~1lJ1~u?lm'W.n1-w , , v , 

'Vl1..:!b'Wf'1 3 fl'W yje:J?f1tlbb uu?lauml.lbb~lih11b 'iJ1G'im~ul'Wfl11?1~1-:JU1'Wbbvt.:Jf1ru.n1yj 1~ver1~ v 
'l '\J .. 'U 

n1'VI'W~~n~ru~~~el.:lfl111~ 23 U'OJ~tJ bbG'l~n1'VI'W~~n~ru~'Vl1-:lflW.fl1Yi1~ 18 U'OJ~tJ 1~V'OJ1flfl11 
' 

?1~1-:JU1'Wbb vt.:JfiW.fl1Yi?l1l.l11fi~~~1~Um1l.l~a.:Jm1 3 el'W~'Ubb 1n 1~~-:Jdfia 1?l'!l1~ m1l.lcl1"Ue:J.:J • 
b da bbG'l~Fl11l.l?l~ 1 'VIlJ ~P~1l.l~1~'U bbG'l~?l1l.l11fl~~~1~u~n~ru~'Vl1..:!f1ru.n1-w 3 B'W~'Ubb1fl 1\1l;,','l~f~':J • 

' " ci ~ dl CUdlfU CVI .c::l 1 <V 

?lfi1'W'Vlm 1tJ G'l~P~'VI1 tJ fl11'VIl.l m 'W a1 l'VIl.l nv1-:J bb U'Ubfl1'VIG'l fl11Fld'Ufll.l b 1G'l1 'W fl11'VIl.l n bbf. ~ ;, - -;; • 
tli'utl1-:J15n11tl1-:J bbG'l~m1u~m1 IPI1l.J~1~u bbG'l~er1~ v 1~?11u1~11m11 it 'VlflUfl'Vl1-:Jim m1l.J b .U1 

" , \.1 , 

l.J1oU1 Vl bfl11 ~~?11l.J11fi'Vh 1 ~ bi'\~ fl111 1..:! bbe.J'W~w.J'W1e.J ~ IP!Jl rusn a ~1-:Jii1 ~'U'U bbG'l ~-ud v b ~l.JU~l.J1 ru 

~u~1.nf1 b daf1'V1d!n ~1..:! bb uu bn 1V1m 'WI9i1-:Jtl1 ~L 'Vlf'111'lmn~'W 
Yohanes Kristianto ,Mian M. Ajmal and Maqsood Sandhu (2012) 11'l'l11b?l'We:J~~ 

liP! t~tl1~ ?1-:J fi'-u a~u'Vlm 1l.l.Q fia n 11~ 'OJ :::'1.11 b?l'W a tJ G'l n 11 ?1111 'OJ'*.:Jyj a 1 'OJ"ll a..:! G'l n 19'11 'W t~ a~ t~ m nun G'l 
' " 

V'Vl5m m 'Wfl11'U~'VI11~~fl11flruJI1'W11l.J U1l.J11 m 'W u~,;''Vlbb i:l~?l1~ fl1'Ufln'U b 'VlflUfl b 'VlflUflf))~'OJ1V 
' . " 
'VI1i'1~L'ii~flru.n1Yi (QFD) 1 'Wfl11tli'utl1~tJ~~P~.!lru.ri 1~v 1~vhm11..ijv~1vm1G'I111'0JL~V1num1l.l . ' 
fl1~'VIf~tbG'l ~fl11l.J'*.:J-wa 1\J-ua.:JG'l nl9'1 1~v er~P~au tt uu?lau mlJ,!'W b tl'WG'l nl9'1-ua,:ju~,;''Vl~.:l'VIl.J~ ttG'l ~ 

" " " 
~1 b U'W fl111P11l.l m~Ul'Wfl11 QFD 1 'WG'il'W"lle:J~U1'W bb vt.:Jfl ru.n1yj b ~a'l.11l.l11 fl 'Wfl11tli'utl1 ~ ' . 
11..:! bbtJ'WbbG'l~fll'Ufll.Jn1)tJ~~ bbG'l~fl11fll'Ufll.J'Vl1-:lfl1)~(;i1~ 'OJ1fle.J(;i fl11Pi fl~1Yi'Ul1fl11l.J'*,:jyje:J 1 'OJ"llel~ ' . 
~nri'1t ~lJ;'WL~av 11'W<th~?11l.Ju~tJ1'Um 15 OFD 'll1v 1'Wm1aamt uue.~~~.nrusn~?l1l.J11m ~l.Jfl11l.J 
'*~-wa1'0J"lle:J..:!G'lfll9'11~v15m1m1~~'Vli'yjv1m-ua~u~,;''Vl ~'OJ~~P~e:J'U?l'We:J~m1l.l~a~m1-ue:J.:JG'lfll9'1 ttl9i 

" " ii.Umhn~fia tJ~!P1.!lrusn~'l.111 tl1 m~n'Ufl11l bfl11:::~ml.J~1'Wl~Vdfiaere.J~IPI bb U..:!?l1~ b vh,r'W ~lV b 'VI ~Pi " . 
.Q'~,:j1lJ?l1l.J11fi~'OJ~U11 tlnue.J~~P~Jlrusn~'W., 1111 ~~,!'Wm..ij'tJ~~?11tl1\1l-;h fl11 1inG'lV'Vlfi QFO mufinu I \J , , cu 

TOM ,r'W?l1lJ11fl1 m 'W fl1)~w.J'W1bbG'l~tli'utl1~tJ~~.nrusn1~a ~1~iitl1~~'Vl5.fl1YiiPI tl'U?l'Wtl~fld1lJVi--l • 
Via 1\J-ua..:!G'lnl9'11 'Uvhu~?l~--.i1'0J~'I.111 tlG'iG'il'Wtt u~m1~P~m~l.J1n~'Wbbm:n11 1?1-:J?l~ 

'U , 'U 'U , 

~o..c::l <Cit. i.l d <Cit. 

Chee-Cheng Chen (2010) tl1~~nmufl11"lltl~b'Vlfl'Wflfl1~'0J1V'VI'W1'Vlb'll~flru.fl1'V'I 

(QFO) 1 'WmruPi fl~1'0J1fl 11-:J~1'WBIPI?l1'VIfl11l.Je.J~~?l11~~WJ1U1 1~Vfl11'VI1fl11l.J~tl.:lfl11"lltl~G'l nl9'1 . " 
(VOC) bU'WU\J..ijv~ G'l1ri'tyv~1-:J~~ 1 'W fl11~w.J'W1 bbG'l~tJ~~P~tJ~~.!lruo/1 ~'OJ~~au?l'WB~fl11l.l~B--lfl11"llB~ 

1 'W n11Pi n~1 L 'VlflUfl n11 fl1~'0J1 v'VI111~ b<a..:!flruJI1yj'OJ~'ll1 v1 'W n11..ij ~ n11 b ~m ~l.l 
' 

tl1 ~~'Vl5.n1Yi 1 'Wfl11G'l~'Vl'WLbG'l ~ m1a a mt uue.J ~ ~.nrusn~P~G'l a~ 'OJ'W m 1tli'utl1 ~ m~u1'W m1 LLG'l~ m 1G'l~ • • 
~'WI'ltl'Wfl11e.J~~G'l~ b ~a \9le:JU?l'WB..:!m1l.l~a~n11"UB.:JG'l nl9'1 ;--l b tl'WG'il'W'VI~.:J 1 'W m1~'0J1ru11 'WG'i1'W"UB.:J 

" 
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Six Sigma lil1nmruPim~mnn1 1~~1'U~IPlG'I1'1-1m1llt.I~I'IG'I11~~1'11'u1 LLG'IV~~ 1 ~L ~'Ul11il1nm~'\.J1'Uf111 
th~C.J n~ifim1-ue:J~ L 'VlF1UF1m1 m~lil 1 C.Jwthvi b "tl~Fl t1!.fl1~1il~?i~t.~(;t~ e:Jn11?1.;'1~ Lb uu..iJ1(;1 a~ 1 'U f111f:.J ~ (Jl • • 

" 0 

bbr;'l~oU'UI'l e:l'U f11'j"(:.J~ l'lVi b 'l-1ll1~G'Ill 

Pinto, A L. D., and Paiva, C. L. (2010) ~~C.J1~tb~C.JniPl1iL'VlF1UFlm~lil1C.Jt-1U1~L"B~ " . 
F10J.fl1~ ( QFD) 1 'Uf111tJ~utb~t.~~ l'lJl ru.n~1?1~1~.;'e:Jll'\.J~L.flF1 L ~e:JoW(P),J'U11 ~~'~1~n'\.JF111ll~e:J~f111"lle:J~ • • 
~'\.J~L.flFllJ1f1~G'IVI~~ 1 'Ub~eJ~tJ 'j"~ G'I1'Vl~lJ~G'{(9)(;1 e:l~lil'Ub~e:J~ L.fl"li'U1f111 LVICJ 1~Pi f1~1\11f1 mruPin~1 " . 
2 ?lm~1C.Jn'U1V~mL~(;t~G'fl'l1ii?i1'Uf:.JG'IllL'I-1iieJ'Un'UfieJ 5 mh~ Fie:1 1~ LLU~ B'U'U~'U Ln~e:J LL(;t~J1 

" " " 
Lb!'l n~·h-:~n'U~tJ~lJ1W"lle:J-:J?i1'Ut.IG'Ill 1 'U?i1'U"lle:J-:J QFO 'Vl1-:!~~CJ 1~-J1m~'\.J1'Ufl11 1 'U?i1'U"lle:J-:Ifl11?1.;'1-:~ 

" 
LL'U'\.JG'Iaumll ~-:~ LL~m11 iu'Vl~ll.n1~runu(;tnl"i'11~C.Jm~ ?1.;'1-:~ LL uu?~e:Jumll1Pl1ll'l-1~nm1 l~C.J 1 ~ 

" 
Fl~bb'U'UF111ll"tle:l'Ue:Jtl~ 5 1~~'\.J 5 'l-1ll1C.Jfi~ijF111ll"tle:l'\.J'I-1~e:lF111ll~e:J~f111ll1f1~G'IVI1~1~~'\.J{;t~lJ1 b~e:l " . 
t-11Fl11ll~e:J-:~ f111"l!e:J~r;:l n l"i'1Lbr;'l ~ Fl11lloW~~ eJ 11il-u e:J-:J(;t nl"i'1(Jl11JF111lllil ~ ~ b~e:J 1~~ n~ru~~~a-:~ f111bb~1~~ 

" " "t11ll1'VlVIG'Ie:J'\.J'Vl1~tJ1~G'I1'Vl~lltJ?I b ~e:l bb '\.J(;t~tJ'U 1 ~ b U'U?i1'Ut.l G'lll"lle:J~1 (Jl(l~'\.J~I'le:l'\.JG'I'Ue:J-:!Fl11ll~e:J~ f11'j" • 
-ue:J~(;t nl"i' 11~~~?1 ~ 1~ C.J '\.J'Vl Fl11lld1111~ e:JB'\.J 1 C.J fi~ f:.J (;! Fl~ Lb 'U'U~1~~ C.J ~'~ 1 ~ fi~?i1 'U t.1 ?Ill~(;! ~1'11 bb(;t ~ " . 
mm~G'Ill~f:.J~I'l~1?1~1~.;'all'\.J~L.flF1~?11ll11rll'le:J'\.JG'I'UeJ~(;tf1fi'11~~~G'IVI Lb(;t~ 1~?11'1Jl1f111 1 i QFD nu " . . 
f111'Vl~G'IeJ'\.J'Vl1~tJ1~?11'Vl~lltJG'IG'I1ll11rl ~J~e:J'\.JG'I'U e:J~Fl11ll~e:J~fl11"lle:J~(;t nfi'11~e:1 tJ 1~~'1-11 nii m1!l n e:J'\.J1ll 

" 
1 'U m1t.~~l'l Lb(;t~iim1FJ1'\.JFllltJ~ll1ru-ua-:~1 ~J~r~~u ati1-:~r~ n~ a-:~ , . " 

Govers (2001) f1~11l1f111'\.J1~~f1(Jl1i QFD ~eJ-:Jf111Fl11llboU111iJ1'U1~~'\.JtJ~"tlqj1 

ll1nn11~1il~~ nlle:J~--i1L tl'U b ~ C.J~ LFl~e:J~iia ;~~1'Ui~ C.J~1~ 1~e.i1'Ull1irnlil~lle:J~b ~C.J~ LLFitJ1~ LC.J"tlu-ua~ 
m1tJ1~C.JniPl1iL'VlFlUFl QFD 'l-1~e:JlleJ~b~mLLFl QFD LU'Ui5n11L'VlFlUFl ;~Fl11llLU'Uiil~~LL~1 QFD , 
L tl'UiBm1tJ~utJ1-:~t.~~IPl.tlru.natJ1~~ a b ~a~;~ L u'U 1 tJ~'U11Pl m1llm1Pin~1Fl11ll L .U11 \l"ll e:J~e:J-:~1"1 m LLr;'l ~ , 
L tl'U ~1~"111 C.J 1 ~ diV~ m1 L tJ ~ C.J'U LL tJ (;t~"tle:J-:~1 (P),J'U611ll"ll e:J~a~l"l m ;~urut-11"lleJ~m1tJ 1 ~C.J n~ lil~G'I1ll11rl u , 

LLC.Jf11~LU'U 3 ncilJFle:l UUJ'I-11~L~C.J1n'I.Ji5f111 UUJ'I-11~L~CJ1n'\.Je:J~I"i'm Lb(;t~UUJ'I-11~b~CJ1ie:J-:~nu 
~ (lJ v ... 

'U 1C.Ju1 C.J~ 1'Uf:.J~~'~.n ru.fi 'U a nlil1 nd~~iitlru'I-11~1'Uf11111'\.J11lloUe:Jll(;t;~ L tl'Uu rut-11m 'l-1ru~G'I~ fifia 
tll \J '-' Ill II 

U qJt-11~ L~ CJ1 nu eJ ~fi fl1 LL~~ 611ll"tl19i"U e:J~e:J~I"i' f11 ;~ ~ n~ru~"U e:J-3 f111:5' ~ f11 'aLL '\.J'\.J IPl ~')'U IPl fllil ~~ 1 n ~ 
tJ-a~~'VlBe.J~"lle:J-3 L 'VlFlUFl ;~Fl11ll?I'U 11il'W Ll"l~irne:Jti~'U LC.J'\.J1 C.J~1'Ue.J~ ~J~Jl ru;ILLr;'l~i5 m11 'Uf11111llFl'U 

" 
t-1(;11C.J1 'I-1U1~LoU1~lJC.Jfl'U lil1f1be:lf1G'I111 'Uf111'\.J1~~nl'i QFO 1 'Ue:lbll~f11LL(;t~L 'UL6e:J{LL(;t'U~~'\.Jl1i1Fl11ll 
LLIPl n~h~lil1 nm1tJ1~ C.J n1Pl1 'UtTiu'U L tl'U a tJ 1~ll1 n . .... . 

Lowe, A, Ridgway, K., and Atkinson, H (2000) 1~vh1:5'm~C.J1n'I.Jf111oW(P),J'U1 
L'VlFlUFl QFD iim1tJ1~LiJ'UL'VlflL 'UL(;IV~1'Uf111e.J~IPl1 '1-1ll"lleJ~L'V1FlL'U 1~Vf111t.I~IP1L t-1~n semi-solid ;~ 

Thixoforming 1 tJ~f111t.I~IPl~'UI"i'1LV~C.J1~?~.;'1-31Pl111-3blll'!~n61!L~C.J1L'VhJ'U L~C.J1~lle:J~ Customer 

Requirement LU'U Product Characteristics ~~eJ~f111LLr;'l~lle:J~ Technical Requirement LU'U 

Thixoforming Characteristics bL~1iif1111~F11Fl11ll~llw'Uih~'l-1l1~i1'1-ii'm'l-1ci1dLtJ'U 1, 3 LL(;t~ 5 

(iiF111ll~lloW'Ul5uaC.J, 'IJ1'Uf1(;11~ LL(;t~ll1f1) t.lr;'1~~5~1~1il~L U'U Software "Ue:J~ Thixoforming Group 

~"lh C.J 1 'U m1i LFl11~~Flru~ n~ru~-ue:J.:~e.J~I1l.tl ru.n~~e:J~ n11 , 
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Shin (2000) 1~1~m~~1nLJH11 QFD bU'UbF1~B~ilB~"li1V1'Um~11~bbtJ'Un1~vhnu 
~1:U n'U"UB~'UF1Flr;'!VIr;:t1V 61 VI'IJ'1~ ;~"il~"li1~ bb 'IJ r;:t~F111:UI91' B~ f11~"1JB~r;:t ni9'11 'IJG'/~1 ~r;:t~ b~ V~ 1 'Ubb~r;:t~ , I ~ ~ 

.ff'UI'lB'U bb 'U1 m~~\9AJ'U1tJ~I'lJlru6V11 'U1~"il~~1 l'ltJ~I'lnru6fl ;~1 'U~1'Ul~ ~-n"il~b U'Um~1 bF1~1~~ii~tJr;:t~ 
bii~~'U"il1f1f11~b 'IJ~V'UbbUr;:t~m~1 ~F)~~~~'UF111:U~1flqj 1 'U QFD ;~1 'U~1'Ul~~~1~Pin~1:U1Yi'U111 'U 

1'11~1~ HOQ 30 ~1'Ul~~"il~licJl~F1~bb'U'UF111:U~:UW'U5"UB~ Whats bbr;:t~ Hows 1~~ bU'U~:U~'U5'1J'B~ 

U1'Uf1r;'t1~ :U1f1bU'U 1, 3, 9, iJ 17 ~1'Ul~tlbbr;'t~ 1, 3, 5 iJ 5 ~1'Ul~~~'UI b"li'U 1, 2, 4 VI~B 1, 6, 9 

~n 8 ~1'Ul ~v;~ 1 'U~1'Ul ~vd"il~b U'U m~VI1F111:U~:U~'U5"UB~ fl1'j1 ~~~~'UFl~bb 'U'Ufl1~~:u~'U5 Yi'U11 

m~1 ~Fl ~bb 'U'UiJ tJr;:t ~ BFl~ bb 'U'U~1:u bbr;:t~iJtJr;:t ~ ml1VItJ fl"UB~fl ru~ rMru~"UB~l mm~:u (Engineering 

Characteristics) 

Houshmand, A.A. and Lall, V ( 1999) 1~iJ1bFl~B~ilBnT~'IJ~'U'IJ~~bbr;:t~~I9AJ'U1flruJl1'Vi 
B~1~~m~B~ (Continuous Quality Improvement: CQI) ~~bU'UbFl~B~ilB~~~~~1'Um~~~m~ 
&1t:n'Urn~ru~iJm~b'IJ~~'Ubb'IJr;:t~B~1~'j1~b~1m1m'UmruPin~1 The University of Cincinnati 1~v 
'V11~1JVI1l'I'W1~V1~~ ~vi1L 'IJ~ bbm:Uf11 ~B'U 'j:IJ1 ~bbn B1"il 1~V bbr;:t ~'U Flr;:t1 f1'j bbr;:t ~ljfl1~U~~ ~ fl\911 otl 

' ' 
bFl~B~lJBfl1~U~'U'IJ~~FlruJl1YiB~1~~m~B~bVI~1d ;~1~bbn Benchmarkino, TQM, PDCA Cycle, ' ' :::. 

QFD vl11 ~:UVI1l'VI~1~ ~&11:1J1'jfiU 'j:::~nl?lm~11~bbt:-.~'U~1'U~~ bbr;:t:::G11:U1~flm1"il &i~l'l1:Ubbr;:t:::'IJ~'U'IJ~~ 
' ' 

1~'€1~1~~'€1 b ~B~ ;~'UB f1"il1f1"il~'lh vtJ-r'U'IJ'j~FJruJl1Vi 1 'Ufl1~&1B'Ubb~1EJ~"li1 ~ 1 'Ufl1~B'€lf1bb 'U'UVI~ f1&1m 
' ' ~ 

bb~EJ~"li1VU~'UU~~n1~'U~V11~~1'Ubbr;:t~G'/~b&1~:UF1ru.fl1Vivf1~~B~f'ln'j~1V . ' 
Viaene and Januszewska (1999) cr1~~1~'1J~~~nl'l1otlb'VIF1UF1m~"il1VVI'IJ'1~b~~ 

~ ' 
Flru.fl1'Vi (QFD) 1 'Uf11~'1J~'U'IJ~~tJ~I'lJlruEflmVI1~'1J~~bJl'VI~Bf1Lf1bbr;:tl'l"l!U~f1bb 1{\9l{ (couverture) b U'U 

'I , \1 \1 

"11i1~viiJ~n~ru~vhfll~bilW1~~1~B"il~b U'UiJ'Ub~1 (chocolate couverture) 1~v 1 otlfl1~~19AJ'U11 'UG'i1'U 

"UB~VI~ flfl1~U1'U bb 'lti~F1ru.fl1Vi tJr;:t m~1~ ~~1~,!'UiiF111:UG1B~F1r;:t B~n'U filled (composite) • 
chocolate ~B ~BflLf1bbr;:t\9l~B~ 1~bFl~B'U~h~~BflLf1bbr;:tl'l"I!U~mb11\9l1 hl'IJ'Bvn11 15% ~'U\9lB'Ufl1~ 

~ ~ 

l~V'IJ~~fl'€l'U~1V 5 ~'UI?IB'U ~B 1) f11~l~tJbbr;:t~n1VI'U~f1~:UbU1V11!1VB~1~-a'~b"il'U fiBV1V~~VI11~ • • 
20 i)-3 29 tJ 2) lbF1~1~~Yin&\m~:ucr'U~LJlF1bbr;:t~VI1bb ~-3m~~'U~vl11 ~BV1fltJ~LJlF1 3) rl1VI'U~ ., ~ . 
F1ru~ fl~ru~"UB-3tJ~I?lJl ruEfl~'l~1'U bF1iJ - fl1 ~Jl1W l?lr;:tB~"il'UlBfl1~tJ~ l?l bbr;:t:::bF1~B'lilv1 'Un1~tJ~ l?l 
' 

4) 1 bm1~~'VI1'l'IJ~~G11'VI~:uer&1"1JB'~n~:ub il1V1:u1~ 5) 1 bF1~1~~m1:u~:u~'U5~1:un'U~~VI11-3'V11'~ • 
b 'VIF1'WF1 bbr;:t::: n1~l ~'VI1'lU~~G11'VI~:Ue1&11 'UG'i1'U"U B'lD1'U bb 'lti~ F1 ru.n1w bbr;:t :::'IJ ~~:IJ1r;:tt:-Jr;:t"UB~i B:Ur;:t ~1 VlB ' ~ 

ANOVA 

Kim ( 1997) 1~vi1f11~l~Vf11~VI1'j~~tJ"UB~Flru~fl~ru:::"UB~fl1~BBf1bb tJtJ~b VI:U1~&1:U 1 'U • 
b 'VIF1UF1 QFD ;'~1 'U~1'Ul~vd"il:::b U'Ufl1~bb&1~'lii'lrn~il116m~G1~1~bb uu~1r;:tB'l1 'Ufl1~VI1b U1VI:U1~"UB'l 
DC (Design Characteristics) VI~B Hows 1'UI?l1'j1'1 House of Quality ;'lbU'Ub'Vl&1bb~n1'Um~ 
'IJ~~~flvl QFD L~VB~tJ'U~'U~1'Uf11~ 1 otlbb tJtJ~1r;:tB'I'VI1'1F10JI?lfl!1&11?11 ;'l"il:::bb&1~'11 ~b~'Ufi'I~1B~1'1"1JB'I . ~ ~ 

16m~~1r;:tB'Ib YiB"li1 v 1 'Uf11~VI1VI~BBf1bb tJtJFlru~n~ru:::"UB'IF11 b U1VI:U1~ ;'l"il ~&111!1~fl\9l BtJ~'UB'l~B • 
F111:UI9l'B'lfl1~"1JB'lr;:t ni911~m fl~G1~ Jl1 ~ 119l~:::tJ'U bbr;:t~i'€1~1 n~~ 1'UI9l''U'VI'U 1 'U~~tJtJ bbr;:t ~~ n~ru~"UB'l 

~ . . 
'IJ'j~~'VIGJl1'W;'IiB~ fi~B~11J1'jfi'IJ~~~ n\9l1 otl~1:Un'U 1 'UbbtJ'U'I1'U (Spread Sheet) 1 'U'I!B'Vl~bb 11 

Excel 1~ bbr;:t~~1:U1~fiU~~V nl'l1 'U'Ut:UVI1f11~BB f1 bb tJtJ~'U !9'1bbr;:t ~tJ~fl1~ 1~VIr;:t1 fl'VIr;:t 1V1J1fl~'U 
• v 
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Yoji (1997) 1~mh"Jlr!.'U'UV1A11lJL~EJ':Jtl'Ufl11lJLtl'UlJ1"tle:J~ QFD H-:h ~~LLI'ie:J~I'l~'U~~ 
il~~U'ULL~:::e:J'U1AI'l"Ue:J~LV1A~A.ffi~v 1~?t'H.l11 QFD Ltl'Ui5m1~m.J~~m1l.ll'i'e:J~m1"Umcr!:ti (User) 

• ' 'IJ 

L tl'Url1 LL Vl'U"'fl'I~H.1J:::V11~flt:l.l.fl1'V'I (Substitute Quality Characteristics) flt:l.l"' n~ru:::V11~fJt:l.l.fl1'V'I 

(Quality Characteristics) L Ylmlf1fJt:l.l.fl1'V'I~1'Un11e:Je:JmL 'U'U"tle:J~~'Ufh LL~::-:~11 ~Li1~1:::'U'Un11LL tl"~ 
flt:l.l.fl1'V'I b 'Vl~Ttn tJ?f?f1'UU1:::mJ'UV11~F'It:l.l.fl1'V'I LL~:::?f1'Uth::: f1e:Jt.J"Ue:J~m:::'U1'Uf111 LL~::-:~11 ~Ln~ 

, - '\J q 

fl11lJG1lJ~'UGI'i1~~"tle:l~flru"'n~ru:::L'Vl~1.Q LL~:::1~n~11~~ Computer Research Committee 1~ 
11EJ\11'Uc.J~•lJe:J\In11'1.h:::~nl'l1otlL'Vlfl~fl QFD ~1f1 80 h.:~\11'U~I'l?I1'Vlf111lJ1'Uth:::L'Vli31~~'U~\ILLI'itJ 
197 5 ~.:~tl 1987~1f1 The Japanese of Society for Quality Control (JSQC) ~.:~-d "li1El11\ILLc.J'U 

~1'Uflt:I.!Jl1'V'ILL~:::n11e:Je:JnLL 'U'U "li1 EJ 1 'Un11L tJ~EJ'U L Vi EJ'UL ~~l LF111:::t-1"~1'Uc.J~I'lfi'ru.rin'UrlLL ~\I ?11lJ11~ 
• 'IJ 

~w.J'U1c.J~I'lfi'ru'fl1 'VllJ l~ Eli LF111:::~~1 f1rl bb ~~ 1~"li1 EJ 1 'U f111i LF111:::~ LL~::: 11'U11lJie:JlJ~ L ~\If! t:l.l.fl1'V'1~1 f1 
'IJ 'IJ • 

1'1~1~ ?11lJ11~~u.:~~~m'UfJl.l~~1A '1J~1'Vl-r'U f111tl-r'Utl~~e:J~1~1'im ~e:J~ ( Gemba) ~~U'1J'Vl1 b~l.ll'i''U~ 
L~ EJ1ie:J\Itl'Uflt:l.l.fl1'V'I~~ f111 L tJ~CJ'U LL tJ~\1~1'Uf111e:Je:J f1 Lb 'U'U ~~ L 1~11 'U f111~w.J'U1c.J~I'lfi' ru.riLL~:::~ ~ • 
tJl'U'Vl'U 1 'Uf111~w.J'U1c.J~I'lfiru.ri LL~:::~11 ~?i1'ULL U\11?1~1~"Ue:J\I~'U~1L~l.l~'U • 

Glenn (1996) 1~iJm1tl1:::~n1?11otlLV1F'IUF1 QFD LL'U'ULtl'U.ff'UI?le:J'U (Step-by-Step) 1'U 

f111e:Je:JnLL'U'Ui"ll1~?fe:J'U1'UlJ'Vl1lV1EJ1~CJ The University of Michigan College of Engineering 

1"111 Total Quality Management (TQM) 1'VlllL~CJlJe:J\1~1f1~f1~1fim!nPin~1 (.fl1CJ1'U) LL~::: 

~~~f111~1CJi!311f111lJ"tle:J\Ie:J\I~f11 (Jl1CJ'Ue:Jf1) L~CJ1tl'UF111lJ~~~~~f111~1CJi!311f111lJtJle:J\IilL~CJlJ1~~ 
'IJ 'IJ 'IJ 

f1~lJfl11lJ~e:J\If111L~CJ1otl Affinity Diagram LL~::-:1-ti AHP 1'Uf111~~~1~'UA11lJtJle:J\If111"tle:J\I~~~f111 

~1CJ1!311f111lJ LL~:::~~L~e:Jf111e:Je:JnLL'U'U Course Syllabus LL~1L?I~~'V'I'UrJ1i"ll1 TQM 401-diJ 

ei'm1?f1'U"lle:J\IUf1Pin~1~Li1lJ1L~CJ'Ui"ll1.Q'LvllJ~1m~lJ 1 'Ulln11Pin~1 199 5 ;\ILU~?Ie:J'ULLrl 1 l'le:J'U 

(unPin~1 30 F'I'U) 1 'Ullf111Pif1~1 1996 L ~e:J\1~1f1Uf1Pif1~1~~\IL~CJ'Ui"ll1.Q'L~lJ~'U~\ItJle:J\ILU~L~lJL tl'U 

3 l?le:J'U 

~1f1f111Pif1~1oUm;J~ ~1'U'Vl~~~ LL~ :::\11'Ui~ CJ \9) 1\1 ~ L~ CJ1 tl'U f111tJ-r'UtJ ~\l~w.J'U1c.J~I'lfi' ru.ri 

~~L ~'U 1~11n1'Itl<s:::t:Jnl'l1 otlL Vlfi~F'Ifl1'If11~~1 t:J'Vl,j'1~ b ~\IF'It:I.!Jl1'V'I ( QFD) 1 'Uf11-stJ-r'UtJ'I\Ic.J~I'lfi ruen • • • 
L~mu'V'11:::c.J~I'lfiruen ~\I L tl'U15~111 LV1F111lJtJle:J\I f11'I"tle:J\I~ f1~1'Vl~e:J~'U~LJlfllJ1tl-r'U L tJ~ CJ'U'Itl LL 'IJ'IJ L Yl e:J 

'IJ 'IJ 'IJ 

?1~1\11"111lJ-ri\I'V'Ie:J 1 ~ 1 ~~ f1 ~1'\ll~e:J~'U ~L.fl F1 e:J ~1.:~iJ.ff'U(?1 e:J'Ui~ L ~'U LL~ :::G11lJ1 1~(?1 e:J'U ?I'U e:J\IF111lJ tJl e:J\1 f11'I 
'IJ 'IJ 

~~:::?t~1\IF111lJ~~'V'IB1~1'ie:J~n~1'Vl~e:J~'U~1.nF11~B~1\Iiltl1:::~V15.n1'V'I?t~?t~ ~~:::~1nn11~111~ 
'\1 'U '\J " 

\11'Ui~mr\11 'UtJ 'I:::L 'Vli31 LL~ :::1911~'\J'I:::L 'Vli31~::: L i1'U 1Ji'11f111U'I::: CJ n~1 otl L Vlfl~fln11 m:::~1CJ'Vlti1~ L ~\I 
' 

F'lt:l.l.fl1'V'I ( QFD) tl'Uf1111 -ti15mJ nLL 'U'IJ f111Vl~~e:J~~1CJl5e:Je:J mL 'U'U?f1'Uc.J?IlJ L Yle:Ji LF'I'S1:::t-1"?11'l'I?f1'Uc.J?IlJ 
• 'IJ 

J'U?t1l.l1'I~I'le:J'U?f'Umm1l.ll'i' e:J\1 f111"Ue:J\I~ n~11~e:J~1\11?11\I~ ~ 
'IJ ' 

~.:~J'U 1 'U\11'Ui~ CJd~\1 L~ e:Jn1 i15n1'Itl1:::CJ n~1 otlL VlF'IUF'I n11m:::~1CJ'Vl,J1~L ~\IF'It:l.l.fl1'V'I ' . 
(QFD) n'Uf11'I 1-tli5e:Je:JnLL'U'Uf111Vl~~e:J\IJi'1CJi5-vvmL'U'U?i1'Uc.J?flJLL'U'IJ Extreme Vertices L'V'I'I1::: 1 'U 

fl1'Ic.J~I'l fl'UL ~CJ\I,r'U'I:::~'U 1 'ULLI'i~:::iJ~~CJ 1lJ~1L tl'UtJle:J\IL tl'U 0-100% ~\l~f1 L~ e:JnL YlviLF111:::~?fl?l'I 
• 'IJ 'IJ 

~1'Uc.J?flJ lJ1L tl'Ui5f11'I'Vl~~e:J\Itl-r'Utl'I\Ic.J~(?1J)ru.;i fl'UL ~CJ\I'VllJL 'V'111::: L tl'U~~CJlJ1 'U'Vlller'U~L.flfl L~CJ 1 'U 
, , 'V 'U\1 

'U'Vll'ie:J 1 tJ~::: L tJ'U.ff'UI?le:J'Uf11'I~1L ~'U\11'UL Yle:1~11 ~\11'Ui~CJd'U11m tJ1'VllJ1CJ~11~ 11 
' 



d 
tJ'VI'VI 3 

~1..ijv 1~vhm~l1~bbtJ'U15v\'1L il'U~1'U1..ij mJ~1~b tl'U~1~'ll~'U\91V'U L ~eJ 1 ~tJ~m~'Vll11~eJ~~bni11~'U:i1 
" 

tl~~~'Vl~.nTvm~ ~li11~1~ti'IJ~~~ 1 tl \911~1 (9ltitl ~~li1 ~fl"llm~1'U1..ij v 1111 v 1~ bbli1111~ b U'U.f11'W~l~"lJeJ~ meJ'll 
' ' 

3.1 m~tl';i::,ln~i. ifL 'Vlf!Ufl m~n~::~1tJ'Vi'l!1~ b ~.:JflW.f11~ b yje:J'Vi1fl'11~~e:~.:~ m~"lle:J.:J~ nf>i1 
~ ' " 
6:11 II dd il 

3.1.1 ftm~nbb~::';i'J'U~'J~"lle:J~~'Vl LntJ'1"lle:J.:J 
" 0 Q II II 

3.1.2 a1~'1lilbb~::bntJ';j'JtJ~'1~1le:J~~fl'11a.J~e:J.:~m~ 
" 

3.1.3 1Lfl~1~~fl'J1:U<Kv~n1,'tleJ~6\nfl1 
" 

3.1.4 e:~e:~ mb 'U'llbb uuae:~um a.. b yje:~1~';i::~'IJfl'1111~e:J .:~ m~"tle:J.:J~ nf>i1~~e:~a..~.:~tl~::bih.J 
" Q,/ Q Q.l ~~~ Q 

~::flu fl ::bt 'LI'LI"tle:J.:J e.J~ ~.n ru 6fl e:11.:1 e:1 .:~ 

3.1.5 e:le:lnbb'U'UU1'Libb,.;.:lf!Wi11~ (House of Quality) 

~ ol ~" d o "" '>I ~ "" 
;f 3.2 m~u~::vn~ L'l1n1~e:Je:Jmtuum~'Vlfl~e:J.:Jb~e:J'Vi1t't~~a'1'LI~aa..1Je:J.:J~~~.nru6fln'UL'I1tJ.:J 

~ 3.2.; e:~e:~mtuum~'Vlfl~e:~.:~tyjeJ'VI1afl-a~h:e.Jaa..1le:~.:~ti!mra..~a • 
~ " 
~~ 3.2.2 1 tfl~1::~~~ 1flv 1 iim';j'VJflae:~ufl111J"tiv'U'Vl1~tl~~aTviajj~ a 
~·; 
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3.1 n1'ath:mn~L 11L 'VIflilfln1'an"a::o;ntJVIU1~ L ~.:Jf'IW.fl1'W L ~BVI1fl"J111~B.:J n1'a"tteJ.:J~ nfh . . ~ 

3.1.1 An'l~t1LL~::'a1'1.J'a1:UifB:U~~L~tJ1iJeJ.:J 
~ 

3.1.1.1 ~~~nws;im&Pim~n 

-:l1t.l1:ij tJ.Q1~ L~ eJ n~ ~~firus;i nt.l L ~tJ-:J~ ~ ~ ~ 1 t.1 L "tt~ ~ -:J~1 ~B'I.J (;1 ~1'1l51UL tlt.! • • 
~~~nrus;11911e:~~1~ ~~LtltJ~~~nrus;1VI~~I911u(;1VI~~~~~nrusfi (OTOP) s ~11 ~~~nrusfintJL~tJ-:J"llB~ 

• 
..::::lid ..::::11 I CV d d ~ .0. d 

n'HUI"ln'l~mJ?f'Jt.l~?f:U~~m~1~'VI 3.1 LL(;1~:U"ttt.I~Bt.lf11~~(;1~~1:U.fl1'\"l'VI 3.2 

~hu~a:u m:U1Wiibt.l~a:U/1 fil~n~:U 

.r 
800 n~:u L t.IBVI:U 

" 
~'UVI:U 100 n~:u 

" IJ 
0 

80 n~:u 'U1m(;1 .. 
20 n~:u Ln(;1B 

'l"l~n 1'VItJ 1 -ifBt.l'1l1 
., 

"""" 1 -ifB'U'1l1 'IIB1'1l11 
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' ' 
illfl'Ub~tJ·:!'Vi\91111bb~'U.J1bb"ll1'U1BVi'n"J 1Bfl1WU1bi911B'U 

' 

" 'lhvn!nmJL :UEJ.:~ .., , 
19111~G'fvuil1VIi!nnv'U'U11~ 

' 
~uviv11bU'UhJv-mJ 

.UvniV!'UV~V!~v hi 
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0 ..:!:11~ d tV~ I d ::, 
n1'j"V11n'I.Jb"llEJ.:Jb 'j"l.J.:J1'Un1"HmEJ:W11'lti(;]UI'\1:Wi;11'U~i;1:WI'l1:WI'l1'j"1-:JY1 3.1 ~1fl'U'U 

' ' 
b~:W~1flU(;]L-dmb(;l.:Jb~B1~~~b8v(;l bb~~u(;l1'lll1''U1~~~b8EJ(;l 1111:wm~~ 3.3 ~1fl,r'Uth11'lt~~umvh , 
fl1'j" ~!;1:Wll'l r~~u bbr;'l ~ bfl~mth-~~1 v bfl~B.:J~~(;i:W b(;l v b~:W~1 n1G1 b dB bb(;l'JU(;l bb~~ bfl~ B'l'\J 'j" .:~~'lVI:W(;l ~ ~1;1:w 

' ' ' 
b tl'Ub1~1 15 t11Vi ~1n,!t1 1G11 'lllY'Uu(;lm:w~.:~ 1 LJ ~~1;1:w b ut1n~1 2 t11Vi 1111:wf11~~ 3.4 ~f) 1~1111:w 
b 1~TW11 '\J~fl~bfl~B.:~mvfl ~1fl,!'Uvhm'j"mfln1!;11~~bl'l~EJ:w 11m:w'll'U1(;lfl11:WEJ11'1JB.:J 1~ 1111:Wfl1~~ 
3.5 ~B b!;1~~ b~ vu~B mh fl1'j"l(;l bb~~~(;lfl'U b :fiv.:~ b ~fl 1 W.~m1:w E.I11'1Jfl.:Jfl'Ub :fiv.:~~~B~~1v ~ fln1'j"I'J1 n , ' 
'VI~B flU bb ~.:~ bbi!1t111 '\J1111 fl~'j"1'J 'j" fl fl1'j"flU'VI~BI'l1 flbb ~.:~ m:wm~~ 3 . 6 'VI1 m i1 bl'l1BU~~ flUb U'U 

n~1 1 i't~t~v~~Bu bbUU 1 off~1'Ubb~~~'U61i'l~~ b~'U 1~~1flfl1~~ 3 . 7 'VI~ml1b U'Ufl1'j"l'l1flbb ~'l~~l'l1fl 
bb(;l(;lbU'Ub1~1 5 l'U 6/i.:~~~i1~B.:~mm~v1W.~m1:w~v'Ubbil1hJi1~'U~~BB.:!boU1~1flfl1~~ 3.8 ~fl , 
fl'Ub :fiv.:~bb ~.:Jbbil1t11:w1-B'.:~.J1'Vl'Ufll'l1:W'll'U1(;1~'j"~U 11~~u'!Av b(;l v 1 otlbfl~B.:~i'l~.:Jbb uu b ~:wm:wf11~Y1 3 . 9 
' ' 
bb~~bbuu~~l'lfl~ vi'1m'j"u~e.J11n t(;lv 1 otlbfl~B.:~m:wm~~ 3.1 o bU'Ufl1'j"b(;i~~m~u1'Ufl1'j"e.J~~'~ 
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• 
I 
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o ~ II II 

3.1.2 ~1'a'J~LL6'1:::Ln'U11'U'a11J"i..€11!6'11"1'J111\0l€1{1fl1'a 
'U 

1 'U~'J'U"U €1-:J.ff'U l>lB'U n1'~~1'a'J ~ LL~~btl'U 'j'J'lJ111Jfn1lJI'i'B'In11"UB'I~ nfh~~ b iJ'W 
. ~ 

1 'W~'J'l.Jn1'j!;'f~1-:J LL 'U'U!;'IB'Utm.JL vlm1111.J~1Fn1lJI'i' B.:J n11"UB-:J~ nFh~-B'V~ L ~'W1!1n~'W LVI tJlJ.ff'WI>lB'W~-:~d 
~ 

QJ .- ... 

!;'flJ.rn~ru~nfn 
~ 

Ltl'lJ'j'J'lJ 11lJ L~ tJ-:JL~tJ n~B-:J"UB-:1~ n~1~~mi'BtJrh-uB-:~~nF11 (Voice of 
~ ~ 

Customer: VOC) LMtJ'J tl'U e.J~ (;]Jl ru~ n'WL ~tJ-:1 1 'Ub ~B-:~I'i''W1vi'v'hm1fh~'WV~n~lJ"UB.:J~n~1~L iJ'U . . ~ 

Lth~lJ1tJLV~tJ1offn~lJ{;]'Jmh-:~LL'U'U~lJ~1'W'J'W 100 fl'W 1l.J~1tlVIL'V'II'll B1tJ B1~'V'I1'Ub"UI>l~'IWlVI • • • 
eJ'lJ~'j1'1Hi1U ;.:~ 1 iLL 'U'U!;'feJ'UmlJ 1 'Wn11~lJ.rn~run~lJ{;]'Jm.h.:~~-:~1 'W.fl1f1e.J'W'Jn n • • 

'V\'1 n11 !;'I'W 'Vl'W 1 tl'U n~ lJ~ n ~ 1LV~ tJ B1 PltJ n1 1!;'1 B'U C11lJ tl'U'U f1f1~~ L iJ'U . ~ ' 
n~lJL th\-1lJ1tJ 1V~tJ 1 -ffiBlJ~mvi''1''U~1 nn1'j!;'f'lJ'Vl'W1~1nn~lJUL iJ'Wie:JlJ~ 1 'WBBnLL 'U'U LL 'lJ'lJ!;'IB'UmlJL ~e:J 

, \I , \1 

'j'J'lJ11lJL~tJ.:J~n~1 LV~tJ1 offn~lJ~n~1n~lJUL iJ'U{;]'JLL'Vl'W LV~m l1B~11 'Wn11!;'I'W'Vl'W1~:::l1B~ 3 ~1-ITB~c;ln 
\I , \I , \I ... 

QJ "" 

~ -~'U 

(1) 

(2) 

m.h-:~1-:i 

(3) 
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3.1.3 1LI"I'l1::~1"1113J~a.:~m'l"!la.:~~nA'1 
'II 

"i11 n f11'S"GlW11~tWfl n~1'Yi'1L m~fll11J~ el-:1 n1'S""!Jel~G'I n~ 1VI~a Li1 ti~"!Ja~f!n~1~ ~1'1J"ii1n 
" " " 

~111 b~tl~ bb~TVh 1 m~oUal.Jfl~ b~ tl1oUa~ n'U t.J~~J) ruo/i n'IJb "lit~~ 
" ' 

3 .1.3 .1 ..ij111VI1l1111VI1i ~ 11J a~fh.J-s-:: nau -u a~ G1 n~ru::i:l" ..ij t1 ~h t1 bbc.J'IJtr ~ n cil.J b ~t:Jl.J Ltl ~ " . 
(Affinity Diaoram) U1bi1t!\lb~tln~t:J~"!Jt:J\Ifln~1VI~m1t:Jt~fh-ua~f!nfh (Voice of Customer: VOC) 

::, " " 
b~ tl1 nu c.J~ l'lnruo/inub "lit~ \I l.J1~111 b~ t~\ltl'a t~f111 vr1l bbf!:::il1 Lb u nvrm111vr1lti' at~f11~6111J1-s-~u~uanii~ 

' " 
flruG1n~ru::~iJI'iac.J~ l'lnruo/inub ~tl~b ~t:JPin~1 bbf!::~I11VIl.J1111VI1iflruG1 n~ru::f1111l~t:J\I m-s-L111tl 1 off 

• , 'U , 

LLt.J'IJtr~ L ~al.J Ltl~ ~~6111J1'S"~~I11VIl.J1111VI1i"!Jtl\ltl€Jtlfl1 
" 

3.1.3.2 'l11Jflru~n~ru::~1it:J'IJ L111t11 offbLC-J'IJ.niJ~'IJ 1~ (Tree Diaoram) V1Gl~"i11n:ij'111 ' " ::, 

vrm111vr1lm1JG1 n~ru::u"iJ:ij' t~~l t1 LLC-Jutr~ ncil.J b ~al.J 1t~~ Lb~l"ii:: 1~ ncil.JoUt:Jl.Jfl~ ~\li1G1 n~ru::~ ~\1~1iau nu 
'\1 " 'i - \1 

t:J~ b ~a 1 ~G1n~ru::u"ii~tl~fl~ 1t!VI~t:J~1it:J'IJL oU1~1t~nu'Y111 ~biil11f1111J611J'U'ltU"!Ja~ial.Jf!l.J1n~~~'IJ ~~ 
" " " 

6111J 1-s-~ :ij 111 m-s-f11~~1iau 1~ "1 n m-s-'W"ii T~ru 1'1"l'U11iJ f1 ruG1 n~ru::f1111J~ t:J ~ m-s-"!Jt:J\1"' n~1~~1'1it:Ju . " 
tl'IJVIftl tJoU a~\11~ off ~1 Lfi"!J b tl'IJ Lfl ~€J\1VIl.J1 tJ~U ~'U €J nil ~fl ruG1 n~ru:: 1"1111J ~a~ n11"!J €1\lfl n ~ 1~~14f a'IJ n 'IJ . " 
LtJ'IJ~'lVI~e:JbtJ'IJncil.J L"li'IJ 1 n'U 1, 12 tl'U 12 LtJ'IJ{;)'IJ 

"I ' 

3.1.4 elelnLL 'U'U Lb 'U'U~el'Ufi11J b rJa1111'l::~'UI"I111J~el\l fl1'S""!Jel\l~n~1YI~el1J~\I't.h::Lihn::~'U 
'II 

.Q .., tffU ~ 

I"I::LL 'IJ'W"!Jel\lt:-.I~VIIUU6fl£l1\ltl\l 

vr~~"1ni Lf111::t-1-b'al.Jflffi~" 1nm1Gl'1J.n 1~ru"' n ~1~L tJuvrl.Jl 111vr1lLLfl:: 111~1im.J nu LL~l 
" " " do 1J QJI Cl.IO cio OQ.I I ~ 

Ll.Jtl'IJ1fll11JI'ltl~n11111~ nf!111J1"i1111'V11 LL 'U'U61a'Uml.J b 'l"l a61111"ii f1:: bb 'IJ'IJfll 1116111"1 qj Lbf! ::c.Jfl \91 elfi111J'I"l~ 

'l"la 1"ii1 'IJbbl'ifi::U"ii:ij tJf1111J~ a~ n11 b vrci1d -hiJc.ml'it:Jm11J~\I'I"la h1J1mJmH ~tJ\ILI11 ~~~1€1~1\1 
LL 'U'U61t:J'Um1l~~ 1 'IJ.f) 1 flc.J'IJ'J n "!J L111 tJ 1 'IJ bb 'U'U61€J'U m1l 1~ n1VI'IJI111::~'Ufl:: bb 'IJ'IJ H~~VI1JI11 5 'S"::~'U 
fl:: bb 'U'IJ L111tJ 1 '1Jbbl'ifl::1::~ufl::Lb uu"ii:: b tJu~1 bb61111~f1111J~1fi'ru-ua\lflruG1 n~ru::u"ii:ij tJ bbf!::c.J"' m::'Vlu \Pi t:J 

... ' 
f1111J~\I'I"la 1 "iieJ'IJ'W11 tJG'i n11~111~'1J htac.J~ l'ln ru6f11~ L111tJ rhVI'IJI11f1111J~1fi'ru"!Jt:J~'S"::~'Ufl:: bb 'IJ'U~~.a " ... 

5 Vl111tJil\l ~1fi'rul.J1n~61111bbfl::i1c.Jfll'it:Jm11J~\I'I"la1"iil.J1n~61111 ... ' ' 
4 VI111EJfi\l ~1~'1Jl.J1nLLfl::iJC-J~I'it:Jm11J~\IYit:J1"iil.J1n 

3 Vll.J1tJil\l ~1~rutJ1unm\lbLfl::i1c.Jfll'it:Jf1111JW\I'Wa htJ1unm\l ... 
2 Vll.J1tJfi\l ~1~qjut:JmLf!::iJC-J~I'it:Jfi111J.W\I'I"ltl hut:JtJ 

1 vrl.J1tJfi\l ~1fi'nltft:Jv~61111bbfl::iJC-Jfll'it:Jm11J.W~'~"~a huatJ~61111 
"i: ' • 

m1vr1~1 btl~ tl"ii1 n bb uu 61au ml.J b~t:J'V11 m 1~111""' n~11 'IJ~'IJ~ b "!J\91 :ij'\lvr1111t:J'Ufi11"1Hnw 
" ' 

1111 E1 l i :iJ' 1'1J 1 'IJ bb 'U'U 61 €J 'U ml.J ~ ~VIl.J 111 1 00 "!J 111 l 'IJ b'(~' €1\1\9) 'IJ 1~ 'Vi'1 fl11 rl 1 VI'IJ 111 n ci 1J"!J a \1 fl m1'1 ~ b'\J 'IJ . ' " 
b thvrm tJ L111tJ 1 incil.J~l€1~1\lbb 'U'UG'i1J 11l:il1nl11b '1"11"1 a1tJ €11~'1"1 6111J11~VI1~1btl~ tJ'V11~fl ru~l"11611'1TI~ . ' ' 
~~V~111\I~ 3.2L111EJ A vr111tJfi~ m11JW\I'I"lt:Jt"ii"!Jt:J\Ifln~1~i11Pit:Jc.J~I'lnruo/imruPin~1 LLG'I:: s Fiam111 

" 
~t:J\1 m1-ua\l~ nfh~iJ\Pi mJ~V~n ruo/i ~'IJL ~tJ\1 6111J11~vr1~1 btl~ tJfl::Lb 'U'IJf1111J~1 fi'qJ"!Jt:J\IU"ii ~ tJI'i1~ 1 ~iJ 
~'V15'Wf! Lbfl::c.J~ \Pi af1111J~\1Yit:J 1 "1 um1tac.J~V~.tl ruo/i-ut:J\1(;'1 nf\'1'11n bL uu61auml.J L111tJ~1Ltl~tJ1::~u 

" 
fl::bb 'U'IJf1111J~1~qJ·Im~u":ij'tJI'i1~ ~~iJ~'V15'1"l"' vr~t:JiJC-JG'II'iam11J~\I'I"la 1 "1 um1~111~u 1 "tt:JC-J~I'l.tlruo/i 
"!Ja\lf! n fll1~fl1'1Jl ru "ii 1 n61 1'11~ 1 btl~ m 1"!J1 fl ru~ (Geometric Mean) b ~ €1 ~ \11 noUal.Jf! "!J€1 ~ 

" " " 
bb'U'U61a'Uml.Jb tJum11 ~-s-::~ufl::Lb 'IJ'IJ\11noUt:J1JG'I~1~-ru 1 'U n11611UoUt:Jl.Jf!U1:: b.n'Vld~\1 L iJuoU'al.Jf!Lb uu 

'U , '\1 'U 
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~l?ll~~ 15vi't~rhLtl~~U1L~B~B~?f~ ~Bfl1~1~rl1Ltl~m6fi~L~"ll11"Hlil1l (Voice, 1996; eJ1~B~~1fl • 
Bfi"ll111l ~1th, 2541) L~~tlTVI'U~1~ 

X 

1,2,3, ... ,N 

G.M (3.1) 



th~ LEJ"ll'l!t>iv 
i;'f"lJ.fi1'W , 

~mmb~~ 

~1EJ~~bB8~"llv~ 

(eJ.8.) 

51 

A B 



~1~1~-vf 3.2 fhto~avn~flru~fl1~~i"'lt~~~::~ufl113.1'W~tit1L~~m"~~.ti'w6J1tt~::~::~ufl11:U 
~tl~n1~"lltl~~nfh (~tl) 

" 
~1fl1 

"lia.:t'Vl1-:t1 'tJn1~~~ 

~1'VI'LhtJ 

52 

3.1.5 tltlmt'U'UU1'UtLvi~f!Wil1'Vi (House of Quality) 

U1t.J!;ln1~~1~1\Jfl11:U~eJ.:tn1~"lleJ.:t~nfh (Customer Requirements) LL!;l~~~~'U 

fl11:U~1FlflJ"lltl.:tfl111J~eJ~n1~Lbvl!;l~'lh~L~'W (Importance Rating; IMP) 1~tJFi11MP \J~LJI\11n 

Fl1bil~£J"lleJ~n~lJ-ii'tl1l!;l\l~~a.:~'Y11m~'VI1Fl1Ltl~m~"ll1flru\91 (Geometric Mean) ;.:tFl1'W1tu\11m'l1ln1~ 
• 'IJ 

~ 3.1 111'Y11m~Vi\11~ttJ1 1~mL U!;l.:tb tJu-ifan1'VI'W~'Vl1'1L'VlflUfll'i1~1 (Technical Requirements) ~ 
G11111~t1\9leJ'UG1'W eJ.:tfl111J ~a~ m~"ll eJ~!;l nfh 1Jl 'Y11 m~'V11fl111l ~1l'W'W5~:m11-:tm11l~ eJ.:t n 1~"lleJ~!;l n~ 1 

'IJ " 

n'UeUeJrl1'VI'W~'Vl1-:tL 'VlflUflL~tJU1111b ~tJ'WeJ~ 1 u~'IJ"lleJ~L1ll9l~nifl111l~1loW'W5 (Relationships) bb!;l~ 1 i 
v cv (( cv Q.l Q..l tf Ctl 

G1qJ!;lmmJLL61~.:~~~~'Ufl111JG11JY4'W619111lm~1~'Vl 3.3 

"' "' "' 4 ~~~'Ufl::tb 'UtJ ~ru~n~w fl111J'VI:IJ1tl 
"' 

0 hiiJfl111J~lJoW'U5 

1 1 "" .., .., .. lJ 

1Jfl111JG11JY4'U6'U elt.J 

3 3 iJm 11J~lJW'U5'1J 1'W n!;l1~ 

9 9 "" .., .., .. 
1lfl111JG11JY4'W61l1n 
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fl~ LL uu fl11lJ«l.l-w'u5~.:~ m111~ ~L tJul'i'Tua nfhthvn! nm11J611~ qJ"lla.:~eb'anTvltt~Vl1.:J 
LVlfli1flLL~m~eb'a (Absolute Technical Requirement Importance: AI) ~"'1lJ1'H1\91B'U"'tiB.:Jfl11lJ 
~B~f111"lla·:mnfh1~Ltltta~1~~ ~1,.,-r'Urn1fhtt1ruJu1i"'l.lfl11 3.2 

" 

AI = z::C~1fl1111G1'l.loW'wh~w:l1.:~-b'an1'111tt~VJ1.:~LVJfli1fl~am111~a.:~m1"llB.:~"nfh x 
" 

~1Lu~m 1"ll1flru\9lfl1111~B.:If111"l!B.:I"nfi'1 IMP) (3.2) 
" 

% Relative = (AI/l:AI) x 100 (3.3) 

?111f111 3.3 

611'111-r'U~1tt'Utt"l!B.:J HOQ ~L~t!nl1 Technical Correlation JuLtlttf111LL"'(;)~ 
fl1111G1'11.Wtt51~,.,11~ian1'1!1tt(;)VJ1~L Vlfli1fl~1~ 1 11ilfl1111G1'11-w'u6nu1 ttL "li.:~LJ1n,.,~a"'Ua~1.:~1 1 l~t~ 

"' "' " aru~n~ru fl1111'111111EJ ., 

• "" 
.., .., <( 

11 fl1111"'11Vitt i5Vl1.:1 "'U111 n 

"" .., .., " 
0 11 1"11111"' 11Vi tl i5Vl1.:1" 'tJ 

11J iJ m111 G1'11-w' u5 

0 "" .., .., " 
11 fl1111"'11Vitt i5Vl1.:J'U1 n 

• "" ... .., <( 

11fl1111"'11Vitti5Vl1.:J'U1n111n 



3.2 

54 

T::_T- T-T-T r ,--

-;+-~r , i I ~· 
· .. ~ ~ i l ! :~; 

ii;h<·'~"''"''' - --.,t.- -,~-!----+-- +--+-----j----1---- '-··--1---+--~----+------l---f- -- -+--1-~ 
j:tlf."l ~,:.,'0 

l l19 "i/X' 

)192 ~HI. 

.H4 "' :17/j '" 

'3&1 :\ti1f 

~l >:l;:;.::~·.:,l~~ .. :·i":t{l<,..:.;,. l :J 7 .. 

,.J~·~:-",.''t:'~'l~<~t-=•'"· ;a:r: 

~~~::F~:-;;~;;~- ·-------~ 

,., ~ ,.., 
· .. ~.-.· ~--~-4--~~-+-4--+-~-+~--+-~-+-4--~·~·~i 
;,.- ---·t-- -+---+~------{--- -11c--+---lJ---+--I--+--I--T!--+-+:'-'~c_;'; 

iJ'n1111iLI~thhunn1.s 
--- ~~:;:;~.r~;,;:,;-,i;;,~;- ·--

d II t .c:t 

Jl1W'VI 3.11 tJ11..1LLVI-:II'IW.fl1W"lleJ-:Ifl1.JL"llEJ-:I • • 

fl1'~'lh~EJf)\91b 'lfn1'Hlelfl LL UtJn1~'VI~6leJ -:1 L -riaVI1r;i191~6f11..1t:.lr;ilJ"lleJ-:It:.I~\91Jl rusnnt!L iiEJ-:1 . " . 
3.2.1 aamL uum~'VI~ 6lB-:I L -riaVI1r;i191':l~hw:.Jr;ilJ"llB-:i L dmtlJ~r;i 1~c.mamb 'U'1Jf11'j'VJ~(;i B\l~·;m 

" 
15 Mixture Design bb'U'UbBn'VI~:wna{Vi61 (Extreme Vertices) ~1t.lbFl~B.::Jriavfl.U1um~1LFl'j1~'1-1t-~~ 
'VI1\161il~L(;lfJ 1 it U'jbbm:w Minitab R.16 ~1V!-r'IJf11'jeJeJnbb 'U'IJf11'j'VJ~~B\I 

~1 flf11'j'Pl n~1.V a:w~ ~1 tlt-~ 6111"11 B\1 t-~~ I'!Jl ru~~1 a~ 1~'V11~c4'1 ~ v 1.Unu b ;av \l~t-~~1'11 u b -v ~'~ 
" " . 

~.::JV11~au~~1'1151'U ~wuut-~~191n ru'flVI~.::J\9\' 1'1J(;i'VI~\ItJ~\91n ru~ (OTOP) s ~11 b tJut-~~l'lnru'fl , 
mruPin~11~mtJut.~~l'lnrusnnub;aV\1"1lB\ImruPin~1il~1tltJ61:W~\11'11~1\I~ 3.1 bb~~1oU'm~BBf1bb'U'U 

' 
f11'j'VJ~~B~b ~BV!1~m~1tlt-~61:W 1~vaa flbb 'U'IJf11'j'VJ~~B\1~1VlB Mixture Design bb 'U'UbBf1'VI~:W 
na{Vi61 bilW1~ 1 tl~1tl"VB.::JtJ~~611'VI~:WtJ61 hi L~m nu~61'111~1 u.ffub \Ta.::J9lu1~v 1.Um~1 bi'I~1:::-Ht-~~'VI1\I 
61il~1~v 1 it tJ~bbn~:w Minitab R.16 ~1V!'!um~aamb 'U'Ufl1~'VI~~eJ~ ~\I~~ 1~~1tltJ61:W~b'VIlJ1~61:w 
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vvf1lJ1~.:J\JlTH:J~ 3.5L\JltJ~.:J~~v'Uhd1 ~dv'VIlJii?il'Ut:-J~lJ~1~\Jl~1vv~~ 50 (hhllJ~fl~v.:J'lh.:~) ~~~~ 
'IJ ' • 

~.:J~\Jl~1vv~~ 90 ChbllJ~fl~v.:Jtl'l.:J) 1'W?il'U"llv.:JlJ'U'VIlJii?il'Ut:-J~lJ~1~\Jl~1vv~~ 10 ChbllJ 
\1 Cl q 'U q 

~fl~v.:Jth-!1) ~~~~~.:J~\Jl~1vv!;'l~ 50 ('hhllJ~Fl~v.:Jtl'l-:J) 
, '\1 q 't 

V11~1-!l~ 3.5 a1'U~~lJ"tl€l-!11'VIri~'U'VI~f1~€l€lf1b~'U'Uf1Tl"'VI\Jlii'l€l-!1~1t11fi Mixture Design • 
d Q de:;:,. 

~~ 'U'Ub€lf1'VI~lJ~ 1€l~'Vl~ 

a1'U~~lJ ... .., ~fl~vo!!'ll~o!! Chif1\Jl ~ tl'U~\Jla1u) 
"" • ~ 'Utl'VI~ lJ'U'VIlJ ... .. 

0 "" W~f1L'VItJ 
..... 

~\Jl~ 
... 'U1VI1ii'l ~nii'lv Sif€11"!.111 ... 

1 90 10 - - - -

2 80 20 - - - -

3 70 30 - - - -

4 60 40 - - - -

5 50 50 - - - -

3.2.2 1~fl~1~\1~ii'!L\JltJL "tim~'VI~~eJ'Ufl113J'tleJ'U'Vl1-!IU~~~1'Vl~lJe1a ~1v tiT;j 1 i~~ uu~v'I.JmlJ 

15 9-Point Hedonic Scale Test 1~v"il~1-tl15~~n~Fll1lJ'llB'U ii'l~~'Ufl~~~'U'U fiB 

Fl~~'U'U 1 'VIlJ1tJtl.:l 1lJ'llB'I.JlJ1f1~~\Jl 
' 

fl~~~'U'U 2 'VIlJltJtl-!1 1lJ'llB'\.JlJ1f1 

fl~~~'U'U 3 VllJ1tJtl.:l 1ll'llB'I.Jtl1'Uf1!;'11-:J 

Fl~~~'U'U 4 VllJ1tJtl-!! 1ll'llB'\.J~~~~tlBtJ 

fl~~~'U'U 5 VllJ1tJtl-!l ~\ltJ 1 
""' <t ... 

fl~~~'U'U 6 VllJ1tJt;l-!l '1lB'\.J~~f1'UBtJ 

fl~~~'U'U 7 VllJ1tJtl-!l '1lB'I.Jtl1'Uf1!;'11.:1 

fl:::b~'U'U 8 VllJ1tJtl.:l '1lB'\.JlJ1f1 

""' .. Fl~~~'U'U 9 VllJ1Vm '1lB'\.JlJ1n'VI~\Jl , 
~ ~B A~ ~~B n~ m?il'Utl'l::: nB'\.J~ ~ VllJ1~~lJ 1~ tJ'VI\Jl~B'\.J n'\.J n~lJc4''1.J ~1.nfl"ii'1'Ul 'U~.:JVIlJ\Jl 

'IJ ' 'IJ 

30 fl'U L\Jltn~ B nmhJI'llvci1.:J"il1f1'\.Jflfl!;'J~1~~'\.Jf11'l~ n'VI~BB'\.J'llJ1 ,X~ -b'1h1 'U~~B.:Jfll1lJ'llB'U'V11-:J . ' 
I I 1.1 I 

;Jl~ i.'nvlii:wtr 61 ~~ft~f' Y1:W"o BU"'o a~ 'j i>"i"ii 1 ~~~a 11-11;;w ~·~ i?l'J 'i ~>n:w~~'i -:u 1 ni!'Ut11 A~ bb 'W'WYi1Jl "ilifl m~ 
'VI\Jl~B-!!lJ1'VI1Fll1lJiflJ~'Ulft\JltJ 1 otl~~ 'U'U"i\'1~B-:J f11'lt;l\Jlt;lBtJ ~~!;'l~f11'll~Fl'l1~~Fll1lJ ~b tl'ltl~l'U ~ ~m.J1t:-J~ 
"lJB.:Jfll1lJirlJ~'U5m~ tli bfl'l1~~'VI1r11~ ~VIm~ ~:wnu ~nru,1~ n1'VI'U\Jl11 

f11~~-:J~lJlJ&l~1'U 1 'Uf11'l'VI\Jl!;'!B'I ... 
H0 : 'l~vl'\.Jfll1lJ'llB'\.J'VI1'1tl'l~~1'VIif3JtJ~"llB.:Jf1'Ub~tJ.:J~\Jl'l~ 1 tl.:J~\Jl'l~ 5 iifl:::~~'U'U 

' 'IJ 'IJ 

'VI\Jl~au 1li~b\Jl n~1-:~n'U 

Ho : 'l~~'\.Jfll1lJ'llB'\.J'VI1-:Jtl'l~~1'VIirlJtJ~"lJB-:Jc4''VJ\Jl~B'\.J~ 1 tl'lfl'U~ 30 iifl~bb'U'U'VI\Jl~B'\.J 
'IJ 

1li~~\Jl ~~~1.:~ n'U 
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' ' 
HI : 1~1'i''Ufld11J"Iltl'UV11'1'lh~1:'11Vl~1JtJI:'f'lJtl'I~Vl~l:'ftl'Ufl'UVi 1 i:i'IA'UVi 30 iJA~bb 'U'U 

Vl~l:'ftl'Ubb~ n~h'ln'U 

vh~~uwtJ~1~'1J a = o.os 
"' n11lK--11:'11J1J~~1'Ub~'ll:'f~~ 

"' 
Ho : JLa1 = JLa2 = f.la3 = f.la4 = f.las 

Ho : lit, I = JLbz = f.-43 .. · = f.Jb30 

HI : JLai:;:. JLaz:;:. f.la3:;:. JLa4:;:. f.las mhrum.J 1 ~ 
' .., ' 

HI : lit,!:;:. f.Jb2:;:. f.-43 ... :;:. f.Jb30 tltJ1\I'WtlCJ 1 ~ 

b~eJ JLa Vlll1tJfi\l Fl1 bU~ tJ'lJtl'I1~~'Ufl111J"Iltl'UV11'1th~!:'t1Vl~1JtJ l:'f'lltl'lt-1~ ~Jl ru6fi' ~'Ub ;gtJ\1 
' ' 

1:'1~1Vi 1 i:i'll:'f~1Vi 5 
'II 'II 

' ' 
bbfl~ lit, VI1J1tJfi\l A1bU~tJ'lJtl'I1~~'Ufl111J"Iltl'UV11'1U1~1:'11VlG1'1lirl:'f'lJtl'I~Vl~l:'ftl'Ufl'UVi 1 fi'l 

A'UVi 30 
' ' ' Q ~ 1 QV~ .4:::11 d q o<:::il i.l d 

1bfl11~VIA111JbL~n~1\l'lleJ\It.JG'l~.llrusnn'UL "IJC.J\11:'1~1Vl 1 ~\ll:'fmVl s LLG'l~t-~Vl~l:'feJ'UA'UVl 1 
, 'U 'U 'U 

fi'IA'W~ 30 ·:hiim11lLL~n~1\ln'UVI~eJ11l1 'ULL~G'l~Aru~ n~ru~'lleJ\It-~~~.nru6f1' 1~tJ 1 im11LA11~'l-1t-~f1 
' 

A111!G1'1l~'U5hw1 iLL 'U'U~1f1 eJ\1 m1~~~t1tJ LLG'l~ n111 LA11~'l-1A111JLL thtl 11'U ~1C.J15m1LL 'U'U 

Randomized Complete Block Design 

; \1 L~ell Lfl11~ 'l-1Fi1 LU ~ CJ'lltl \11 ~ ~'U fll 11J"Il t1 'UV11\IU 1~!:11VlG1'1JcJ !:I'll tl\lt-1 ~ ~ n ruen n 'U L ;gtJ \1 
' 

i:IIJ11~ 1 fi\1~:~~1~ s LLG'l~crVl~i:feJ'UA'W~ 1 fi\IA'W~ 30 Vl1nm~1LA11~'l-1LL!:f~\11~·;h611'Ut-~i:fll'lleJ\I 
'II 'II 'II 

"' oJIJl~~'UVI~ niit.~ G'1 ~ t11~~'UA~bL 'U'Wfll11l"llt1'UV11\IU1~1:'11Vl~llir!:f'llt1\l n'Ub ;gtJ\IU'U ~\11 LA11~,;-i:f~1 
' ' 'II 

611'Ut-~~:~1l~ii1~~'UA~ LL 'U'U1!1n~l:'f~'lJeJ\1~:~~1t-~~:~1J 1 Vll-l mL tJ~ tJ'U L VitJ'Un'U1~~ml~LL 'U'Wm11J"Iltl'U'V11\I 
' 'II 

tl1~a1'VlG1'1lcJi:f"UeJ\Ii:IIJl1~\IL~1JL~tJ 1 i15 Paired T-Test L tieJ\1~1m tl'Umill~L 'li'1'Vl~'HJ'l.JL U'Un~ll 
'\J 'I 'U , 

L~cnn'U'Vlnam611'Ut-~a1J;\Ifl11'Vl~aeJ'UA111l LLIJl n~1\1~1l1 L tJ'Waa1~~ eJn'U L ~ eJVI1f1l11!G1'1l~'U5 LL~ 
' 'II 

Vl1 n611'Ut-~ a11"U tl\ll ~ ~ ~'U VI~ n 1l.Jiit-~ G'1 ~ eJ1 ~~'U A~ LL 'U'U r1 1 11l"lleJ 'U'V11 \IU1~!:11'Vl G1'1!c4 i:f"U eJ\1 n'U L ;g tJ \1 , . 
1l1~1b tl'U~ e:J\11 Lm1~t-i'l:'fm611'Ut.~ 1:'11J~ii1~~'Url~ bb 'U'U1J1 n~l:'f~"U e:J\11:'1~ 1t-~a11 1 Vll-l 1!1L u~tJ'U L Vit~'U n'U 

'II • " 

1~~'UA~ LL 'W'U m 111 "lle:J'U'V11\Itl 1~ 1:'11'Vl ~1! ir l:'f'lle:J\1 a~ 1~ \1 L~ll b tieJ\1 ~ 1 nri 1 bU~ tJ'lJ eJ\11~~'UA1 11J"Ile:J'U'V11\I 
" 

'l11~a1'V1~1Jir!:f"Ue:J\It-~~~.nru.nn'WL;C.J\Ia~1~ 1 C1\la1Jl1~ s 1~LL~n~1\ln'Ll 
' 'II " 

3.2.3 tltlntL'U'Uf111'Vl~G'ltHIL~e:JVI1~~·a&:f1'U~a11'tle:J.:i'Ht'tJ1~ L~tJe:Je:Jnbb'U'l.Jn11'Vl~G'1€l\1~1tJl5 
Mixture Design LL'U'l.JLBn'Vl~lJL 'Je:J{i'la ~'JC.Jbrl~eJ\Iiie:Jvit oUi, 'Ufl11iLm1~,;-t.JG'1'V11\Ii:f~~1~tJ 1 oUl U1Lbn111 

Minitab R.16 ~1VI-r'Ufl11e:JeJnLb'U'Ufl11'Vl~G'1e:J\I 

VI~\! ~1 f) 1~oUe:J11G'1~1~ ~ 1 n n11'Vl ~ae:Ju fl 'J 11J"Ile:J'l.J'V11\IU 1~a1'VJG1'1J cr a ~ 'J tJ n111 i 
" 

bb'l.Jt.Jae:Jt.Jmlli5 9-Point Hedonic Scale Test b~eJ~~b~e:JnaiJl1611'UU1~ne:J'l.J~LVI111~a1J 1~tJ 
" 'Vl~aeJ'l.J n'Un~l!cr'U~L.Il A~1'U'J'U~'IVI1J~ 30 A'U L~m~ e:J nn~11!K1 mh\1~1 n'UAAG'1m~-ru fl11~ n'VI~e:J 

1 \.1 , 1 

e:J'l.J11J 1 lXb oU11 ~ 1 'UL~e:J\IA'J 11J"Ue:l'U'V11\IU1~1:'11'V1~1JcJa bLG'1~fld11J"IJ€l'l.J'lJ e:J\111:'f"IJ1~ b ~€) t VIL~t.JG'1~~1 \1{;111! 



57 

:U~\1 'Vll 1 \1~fi.:J~1'U~?fl.J"1J B-:111'1 f:l~'U'VI~ fl~1 m 'Ufl1'lbb U.:JeJm1~1'U~ b 'VIlJ1~?fl.Jbb~~?f1lJ1~f:ll'lB'U?f'UB.:J 
'U • 

fl11l.J!Pi' B\1 fl1~"1JB.:J~ flfl11~f:l n\9la~ bb~~b fivvi'11 \1?11l.l1 ~f:ll'lB'U?f'U B~fl11l.ll9i'v.:J fl1~"1JB~~ flfl11 'U~1'U 
'U 'U 'U 

~?1"111&\ b'lll1!1~?fl.l L\9ltiBBflbb'U'Ufl1~'Vl\9l~B.:J~1tli5 Mixture Desi~n bb 'U'UbBfl'V1~1lb1B~Vi?J bu'Y'n~ 1 'U 

~1'U"1JB~~?f"l11&\ hjb~tl1n'U~1'Uc.J?fl.J'VI~fl 1 'U~'Ubdv.:~!Pi''U L~ltl1 -ifm~i bfl~1~'1.1~~'V11.:J?Ji'i&iLI'lt11 m 'lhLLfl11J 

Minitab R.16 a1'VI-r'Ufl1~BBflbL 'U'Un1~'Vl\9l~B.:J ;.:J:U~ 1~~1'U~?fl.J~b 'VIl.J1~?fl.J€l€lfl1J1~.:Jm~1~~ 3.6 

L\9lti~.:J L~B'U1 "1l'"i1 J11'11~iJ~1'U~?fl.l~1?f\91~~€ltl~~ 50 ('W:uTHU1Lul'n~e1!'1~1~1'Ubfl~€l.:~tb.:~) LL~~ 
' ' 

?f'l?f\91~~€ltl~~ 80 ( fi:u1 ~UJ1 bul'n~eJ(?J~1~1'ULfl~B'lth.:J) 1 'U~1'U"1J€l'l bfl~BiJ~1'U~?flJ~1?f\91~~€ltl~~ 'll , , , 

20 ('W :V1 ~ru 1 LO'V'I1~ eJ (?1 ~1~1'U Lfl ~€1-:!'lh 'l) LL~ ~ ?f'l ?f\91~~€1 tl fl ~ 50 ( fi :U 1~UJ 1 bu'Y'11~ell'l ~1~1 'U 
' " ' Lf"l~e:l.:JU~'l) ~1'U"1J€l.:J'W~fl1 'Vlt1LL~~~~1"1J11 dJ'UeJ(?1~1~1'U~mm11~ 1 -if€l'U"I11~'lrl 

' " 

IV11~1-!I~ 3.6 t'11'U~al.l"l.leJ.:JLf'l~B'lU~-!I~BBflbbU'Un1'.i'Vl\9l~eJ.:J~'W15 Mixture Design • 
~ .::::1 de. 

bb'U'ULBO'VI'.il.JL1B'.i'VIa 

t'11'U~a11 "' QJ bf"l~e~-nJ'.i.:~ 
"" ' b'UBV11J ll'UVIlJ l: .. .. 'U "" -w~n1 'VIEJ """" a~VJ'.i 'U11Vl1~ LO~B 6lfel1"1J11 ... 

1 - - 80 20 - -

2 - - 72.5 27.5 - -

3 - - 65 35 - -

4 - - 57.5 42.5 - -

5 - - 50 50 - -

3.2.4 1Lf'l'.i1::\1"~~ L\91EJL 'Ylm'.iVJ\9lavuf"l1111't1B'U'V11.:J'.ia't11~ ~1t1m~ 1-ii'LL uu6'1€l'Uml.li5 

9-Point Hedonic Scale Test L\9lti:U::: 1m5?JLfl~fl11l.l"l1€l'lJ iJ~~~'Ufl~LL'U'U ~€! 

Fl~Lb'U'U 1 ,1J1tlfi.:J hl"l1€l'U111fl~?f\9l • 
f"l~bb'U'U 2 'VIl.J1tlfi.:J hl"l1€l'U1!1fl 

f'l~Lb'U'U 3 'VIl.l1tlfi.:~1li"l1€l'UU1'Uflrt1'l 

f"l~bb'U'U 4 'VI1J1tlfi.:J1li"l1€l'Ub~fl1J€ltl 

fl~Lb 'U'U 5 'VIl.J1tlfi.:J b0t11 
co ~ .., 

Fl~bb i.l'W 6 'Vli(ltJfl~ 60€1Ubf1fli.ifJtJ 

f"l~LL'U'U 7 'VI:J.J1tlfi'l "11€l'UU1'Uflfl1'l 

A~LL'U'U 8 ,_.,l.J1tlfi.:J "11€l'Ul.J1fl 
.,. .. 

fl~LL'U'U 9 'VIl.J1tlf:l\l "11€l'Ul.l1fl'Vl?f\91 
' 

b ~€lrl\9l L~€1 fl?f(?l~ ~1'UU~~ fle:l'U~ b ,l.J1~ ?fl.J L\9l ti'Vl\9l61€l'U nu fl ~l.Jcr'U~L.fl fl~ 1'U1'U~.:I'l-11J\9l 
" • 'U 

30 f"l'U ";J1flJ'U111fl~Lb 'U'U~1~:u 1 flfl1~'Vl\9lrt€l'l1!1'1111fl11l.JG11J'W'Uml9ltl1 -ifLL 'U'U~1~ e:l'l fl1~f:l\9lf:l Btl bLrt~ 
fl1~1 LA ~1~'1.1f0111l.l LL thtJ~1'U b ~€l1l1~~"1J€l'lfl11l.JG1l.lw'U5ffil'lt tJi Lm1~'1.1'1111rl1~ L V!l.l1~61l.l nu Lfl ru6fi'~ 
n1'VI'UI9111 



m~~~?fl.ll.l~hnu 1 um~Vl(;l"'e:J~ ... 
H0 : ~~~'Ufld1l.J"liB'UV11~~?1"111~hm~n'Ub;gCJ~?fiJ1'j~ 1 ii~?fm~ 5 iifl:::bb'U'I.J'Vl(;l?fe:J'U11i . " " 

vh:::~'Uumh•l't1J a = o.os 
" f)1'j~~?fl.Jl.J~~1'Wb"B~?I~~ ... 

Ho : flal = flaz = f.iaJ = fla4 = f.ias 

Ho : fib, = Jlbz = 143 ··· = flb3o 

HI : flal * flaz * f.iaJ * fla4 * f.ias B~1~'1JBCJ 1 ~ 
' ., ' 

H1 : fib,* Jlbz * l43 ··· * flb30 BCJ1~'\.JBCJ 1 ~ 
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d dl d cu ~ .c::::t.Q.I~ ~ d 
bl.JB Jla 'Vll.J1 CJtt~ fl1 bu"' CJ"lle:J~'j:::(;l'\Jfll1l.J"ll B'UV11~ 'j?f"lf1\J1"llB~ j;.m \Pl.n ruSVJ~'U b "liCJ~~I'l~Vl 1 

30 
. ' ' ..:=., f' I Q.Q.If' cl c:l ~ q !/ q 

1 bfl'j1~'Vlfll1l.lbb\J1niJ11~"lJB~r:.miJ1.n ru'rln'Wb "l!CJ~?fm'Vl 1 tt~?fm'Vl 5 bb"'~tJ'Vl(;l?fe:J'Ufi'W'Vl 1 
, \1 \1 \1 

ii~fi'W~ 30 ·:hiim1l.lbb1J1n(;h~nu'Vl~B1l.l 1 'Ubb~"':::flru~n~ru:::"lJB~tJ~IJ1nru, L(;)CJ 1 -tlm'jibm1~'1-it.~"' • 
l"ll1l.J ~1J~'U Bl (;) CJ 1 otl bL 'U'U ~ 1"' B~ n 1 'j tl (;) tl €l CJ LL"'::: n1 'j::,j Ll"l ~1 :::'l-il"ll1l.J LL tJ 1thl 'U ~l CJ15 n1 'j LL 'U 'U 

Randomized Complete Block Design 
I I I I 

;~ Llje:Ji Lfl'j1~'1-iA1 Lu~ CJ"lJB~~:::~'Ufld11J"ll€l'UV11~1?1"111~"lJB~tJ~IJ1nru,n'UL ;gCJ~?f \Pl 'j.yj 1 (i~ 
' " 

?f\'l'j~ 5 bb"'~r:r'Vl(;l?fe:J'Ufi'W~ 1 ii~fi'W~ 30 'Vl1nt.~"'ibfl'j1:::'1-ibb?f(;l~1~-.hcil'UtJ?f1J"lJB~liJ1tt~'U'Vl~niit.~"' 
" " . 

I QJ Q Q ~ d Q ({ I do:::~~ V 

\Pl B 'j:;: (;1'\J 1"1::: bb 'W'Wfld 11J'IlB'UV11~'j ?1'1111'1"/JB~ nub "11 CJ~'W'W "il~l bfl'j 1:::'Vl?fl'l 'j ?fl'W tJ ?11JV11J1:::(;1'\J fl::: bb 'U'Wl.l1 n . " 
~?f(;l"lle:J\I?fl'l'jt:.J?f1l1 'V11i1l1 b tJ~ CJ'U b ViCJ'U tl'IJ'j:::~'Ufl::: bb 'W'WI"ll11l'llB'UV11~'j?f'lf1~"llB~?fl'l'j~~ b~1l l(;)CJl m5 

' " " 4 J ' '"' e• ,.J 1 - "'' I ..,; 

Paired T-Test L 'UB\I"il1nL iJun~1JcJ b "ii1Vl(;l?fe:J'U b iJ'Un~1Jb~CJln'W'VlnMl1?fl'Ut:.JG'f1J'11~m'j'Vl(;l?fe:J'UI"ll11J 
'I 'U " , \1 

bb\J1 n~1\1~111 b U'WB?f'j:::~B nu b ~B'Vl1fll11J~1J~'WBbb~'Vl1 ncil'UtJG'f1J"lJB\Il\Pl tt~'U'Vl~ n 11iiit:.J"'~e:J'j~~'U 
' 

fi~Lb 'W'WI"ll1l.l"liB'UV11~'j?f"lf1~"llB~n'Ub ;gCJ\1 111~1 b tJu ~B\Ii bfl'j1:::'1-i?ll'l 'jcil'UtJ?f1l~ii~:::~'Ufi:::Lb 'U'W1J1 n . " 
~G'f(;l"lJe:J~?fl'l~t:.J?f1J l 'lt11J1J1L U~CJ'UL ViCJ'Utl'IJ'j:::~'UI"l~Lb 'U'UI"ll11J'Il€l'UV11\I~?f'll1~"ll€l\l?f\Pl'j~\lb~1Jb ~B\I"il1n . " " 
A1bu~CJ"llB~~:::~'Ufll11J'IlB'UV11~'j?f"lf1~"llB\It:.J~I'lnru,n'Ub;gCJ\I?f\Pl~~ 1 ii~?f(;l'j~ 5 11lbbl'ln~1\ltl'U 

' " " 



rt~~ ~L~vt.ULI:~vt. ...... 
B X'-~~ L ~vt.U L~vt. 11 t f1!d mn. 11 ~ L ~VI.~ ~ VL.~ B no-1 L ~ 1 ~ ~.~11 1:-B fl.~ Ln.~ n,l n.L~Itl..rtt B ~ m~ L,¥! 

• • 1\ 

~ (!!~~n.2-t~t-~-t-~11t-B~~1-rtvt.rt£t-Bt}1~) f1!'l~~L~vt.UL~V1. Bk'-~~L~vt.UL~vt. (L) 
I I I I /'1 1 

rt~t-L~~LI1.~~rt~W~1B~~ rtp.1 ~1:-~fttMLLJI'LI~ (9) 

rt~Wvt.L~~Gn.n.11~~11 dOlO n.n.mltl. L~LWL~vt.UL~vt.rt (S") 
,.. "' ... 

,.. 1\ 

11 t ULrtrtLlvt. 11 t ULrtrt~U~[lm L rtl~ 11 t ~LO~tm~~ (17) 

ULrtrtLlV1.~~11 rt~~l!fUVI. t rtl~ (£) 

• B~~ ~~~1mtrt~t-L~U~11~1!~LI1.~~~~11 MLLJI'LI~ (G') 

MLLJI'LI~~L~vt.~W1~L~vt.rt (1) 
"' 

t}fl.tB~t-~ 
" • • 

n.B~L~~t t-~!?:1!1U~I'Lilf~~t':lB.~~~t-L.~Bl~rt~Ut-Bfl.rt~1rtLl~ 1 );1B~rtLllL~ULI! 
• t-Lrt~lJ'I'LIU1ULI!LI'LI~LI!~rtLyt 1:-~~mU~fU,V'~~t':lB~I!trt~~~~LUrtt (£) ... • • 

~ tt-LrBrti; 1~ t ~LUI:-B~~I'URU~I'LI~/~ tt-LrBrti; 11:-~~ 1!1U~I'LI,V'~~t':l~ t !.LUt-B~rtLyt (G') 

fl. t l,!to~Lfl.~t-~~ 1!1U~I'LI,V"~~t':ln.~W~1~ tt-LrB~~rtLl~~rtLyt ( 1) 
1\ It 1\ b 

t}t-~U~vt.B~lXlo £ rB~~I!Lrtltl.rt~~LUrt t Lvt.Bt} 1~~1 rtltl. 11l~!1i; 1t}rt~UL~U~rt~U2-L ~~1 ... ... ... 
1\ 1\ It 1\ 

L~U~I:-~~1 rtt,~n,t,~B~ 1rtLlln.B~n.n. 11 n.n. 11 UBBrt t ~rtB~rti; 1t}rt~UULI!Lrtltl.rt~~LUULI!n.~_!P~~rtB~ 
' " ' .. b 1\ b 2-L ~~1 ~Lrtvt.Ll) 1 rt~Urti; 1~~~~n.n.~rtLlln.B~~LU~~LB~~1 L~U ~rt~Un.~Lrtltl.rt~~LUL1'\ 

• • 
U Ulrtt':l~LLJrt tt-~t-LrBl~rt~U!URLLJrt~~LUrt trtLlln.B~n.n. 112-tt-~ t}LQI1.L~~n.B 

~~vt.t-,Q:~n.mt M~LB ~LB ~M1~~L~fttt-~ (aundwes 1e+uapp:::>'d) m~1t-_Q.n.m1t-LrBt-~rt~u 
1\ • • 

UB~1 ~LUHo t ~~1 ~Lrtvt.Ll) 1!11; 1~L~U~t-Bfl.rt.~U~rtvt.L}I~LUL,\Ao_!Pl !1~1:-BO. m t !:-~~ 1!1U~I'LI,V'~~t':ln.~W!;t1 
' " ' 

()01\ ~JaWO+Sn) .:J.O a:::> I Of\) L~U~t-Bfl.L~~BllB~vt.L~U~t-Bfl.t-BW~~ 11:-~~1rtt,~n,r,~n.U1 
" l'i o l'i P II 1'1 F:7 P ~ 

1\ 

t}t-~rtB ~!1£-~~ ~1 !1Q:ULrtrtl! 1 ~,Eo!&L~U ~1:-Bfl.~LU t-B~rtLl~Lvt.l1 t Lfi.B~ mwn.B~n.n. 11 1:-L~~ 
II II 1'1 I I 

1\ 

~LU rtl~rt t !11; 1 ~ I!LJt U ~1:-Bfl.~LU 1:-B ~ rtL l~ rtt,~n,t,~ n.~1 ~ ~11 l!l~L¥!~LU !1@~!1£-1:-Bfl.rtl~rt t 
" • 1\ ~ 

!:-~~ mu~ru~~~l':lU@~1!,l..Urtt ~lll~n.~t-@U.!,l..UI:-@~rtl..t~l2rt@9-ftt!,rl.C,!,!,l..U t. t ·p 
• • MLLJI'U~t-~1~L,tl>!t1.~l..&::W!,l..U~t!-~ltl.1~l,I6U~::!,ft,!,l..UI21':1 t ·p 

• £ !&ltl.n.rtLI6~ t ll..~U_!PWrtL~t-~~ mu~I'LI,V"~~t':lt-Bfl.rt~Hrtl~ 
1\ b I If\ b 

~~~Llti.B~ 1 1:-B~~Iti.~LUn.n. 11 UBB~LU2-ueu ~~~fl,~LU£~~~11 LJtU~I:-Bfl.!.LU 1:-B~rtLl~Lvt.B~ 1 MLLJI'U~ 

1:-& 1 ~L,tl>VI.~ LI!~W ~LU ~!}~lA. 12-t~U ~ ;:~fl,~LU£~& t ~~u-tIt~~ ~1 ~rtB ~rt~rtL~MLL!£1A.~~~ 11~!1~~~!1 
1\ 

1&1:-B~~Iti.~LU~t':l~ t B~ 1 rtB~rt_Q.n.~L~rti; 11:-LrB~,Q:trtLI:-!1!} 1L~£~!1t':l11rtL16~,Q:t!.LU!1!} 1L~.!ft ~]:~ 
' ' " 

ll!St:.,.tLU~H ,.. .... 
17 IA,IM\ 

f' 



(8) ii'Vl~1CJLL'U'ULn'UhJ Vl~1f1Vl~1t.I~~B Vl~1f1V!GntJ~G1'U 
(9) 1l.'I'II1~Vl'J1'Ul11n hia~atJ 

(10) hJii:J.J11'1)~1'U Btl. Vl~1f1Vl~1tJ~G1'U ... 
( 11) ~~B\9h~n'Uii1ULL 'U'U!Ji1~n'U 

'U 

(12) ffi~L~amt~m~ ~~Vll.l 1ri tJ~1 
'U 

(13) 1'11l.ll'l~1~l.'l~ 1l.'l'll1~hJa~amvh1w"1'UV OTOP 
'U 

(14) hJiilJ11'1)~1'U BtJ.1ll'Ue:Jf1?fl'Ut.ll.'ll.l ... 
(15) iiLtJB~l.l1f1 ii'Vl~1CJLL'U'U Vl~1t.I'IIU~ 
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~1f1rl1tnl.l.Ue:J~ 2 F111lGl m~ru~'IIB.:!t.I~I'!Jlf1lsnf1'UL ~t.l~~cr'U~1i1F1F11~Vl'J.:J 1~rl11'!B'U 
, , 'U 

( 1) m~~~ii~'U~'*'U 1 ~LL~l Vl~B~'U~ii"U'U1~'WB~rl1 Ltl'UI'i''U LL~~iif111LLU.:!Ln1~ 1 ~Ltl'U , , 
l.l1\911~1'U L 'li'U'U1~~~B~~iiL~Bn~!Ji1-:JL ~B LLt.lf1F111li11'W 1 ~'Vlf)~~B 1 i~l111'!1~1'UL~m n'UV!l.l~ 

d.S 'I .. d.!l 

(2) ~'UVIlll'i'a.:~ 1l1mm!n 1l1iin~ur:1'U iiFll1l.ll.'l~ 1 Vlll 
'U 

(3) ~'UUBt.i Vll1'Url1~.:!~ ii~~'UI'l1l.l511l.l'll1~ 

(4) 1l1amn1m?i ~'UVIl.lmn 1l1amn1~VIl1'Umn 
'U 

(5) ~~1~qJB~11?i~'UtJ1dh 1l1iin~'U 
(6) l'i'a.:~ f1111 ~~'UUBt.I'Vle:J~LL~l LL ~.:!'WB~ ii1l.'l'll1~ f1~l.lf1~Bl11ll'Vll1'U 'IIB'Uf1'UL ~t.l~ 

' 
tJ~ 1 LL~~I'i' B.:!f1111 ~iiFll1l.l'Vl~1 f1V!Gnt.I"UB.:Jf1'UL ~t.I.:J 'UB n~1 n?fl'Ut.ll.'ll.l~iia~ L 'li'U f1'UL ~t.I.:!L -da 

, 'U , 

Gi'n~ru~'*'Ul.l1'WB~r11 'Vle:J~l.'l~~ln 1lJI'i'a.:~l.l1'*'U 1 ~iia~'UL~B~ 
(7) cl1Ltl'U f1'UL~t.l~ l'i'a.:~ Lll~'U Vll1'U1lll11f1 L~l.l'WB~ 1lJiit.~.:J'II1l.'l 

, 'U 

(8) ~'U'Vfe:J~'U11~1l.'l1 L ~'U~1~'Ufh ~.:J?fl'U 1 V!qjflL~'U~~'Vhn'ULL 'U'U,r'UB~ LL~l 
(9) m1l.ILL ~.:~"Ua.:~~'UL ~t~.:~l'i'a.:~'Wv~11lJLL ~.:~Ln'U 1 tJ'Vl~al.'I~Ln'U 1 tJ LL!Ji'U1.:~Flf.:~Fll1l.la~atJ 

n~'U n'Um1l.ILL ~.:~ LL~ ~l.'l~< naw111 tJtJ1.:~)1'11l.ltJ)~ Li1'Vl"Ua.:~ n'UL ~t.l-:!~1 tJ , , 
(10) LL'Vi~1Vlqj 1ll'Vl11'Ul.l1f1 lJ'UUBt.l LL~~tl1~~~ 

(11) V!Bl.ILFl~B.:!L'Vll"llJ'UUBt.l 1l.'lllL~l.liiVIl1'U 1lJiin~'U 
( 12) iil.'ll.l'U 1 'W')t.ll.'ll.IL .U11 tJ~1t.1 L~B~~ 1~~1Jie:Jl.'I"Ui11'W 1llVI11'U'Vl~B~'ULn'U 1 tJ , ' 
(13) 1lJL~l.l 1llVIl1'ULn'U1tJ Li1a1lJLL~.:!VI~BLL~.:JLn'U 1tJ ii~l'Ut.ll.'ll.l"UB.:!l.'ll.l'U 1 'W) , 
( 14) 1l1e1'U\9111tJ!Jial.'I"Ui11'W iitJ1~ 1t~'lli11Jial.'I"Ui11"W~ltJ~.:~~ 

' ' 
( 15) iiLFl~B~L 'Vl!"lVI~Bl.'ll.l'U 1 'W1t.ll.'ll.l~lt.l~~ 1~Vle:Jl.l L lGn'VlB~ ~'UUBt.l 1ll'Vll1'U Lll L~l.l , 

Ln'U1tJ LiJmL~.:J'WB~ 
~1nf11ml.l.Ua~ 3 i1~,Yt~~iie.~~!Jlam1L~an;ae.~~\9lnru,ln'UL~tJ.:~ 1~r111'1B'U~.:~!Jla1 tJd , 
(1) ~'IXB~LF1t.ln'ULL~1B~Bt.l (cl1~~LU~~1~~B 1 'VlllFll1ffi '!Xoul.l) cl1~~B1llLFlt.ln'U~~ 

1lJn~1~BL~tJ L 'W11~LF1t.l;e:Jn'U 1ll 1~L~t.l iitJ~l.J111l 1 'IXL~Bf1VI~1f1VI~1t.l 
(2) ~'UV!l.l 1l1l.l1n )i.'1'111~n1~.:~~ 1l1Vl11'U~'ULn'U 1 tJ e.i1'Ul.l11'!)~1'U-r'U)a.:~1~'U'Un1')t.l~~'~ 

'U ... 

~~ (GMP) 
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(5) Lb?l ~-:r)'Ue.J~\11 LL~~V!lJ~ tJ1 tJ eJ ~1'1otl~ b \l'U LL?I~'I-if e!lJ~U~~ btJ"lJtivftJi'~'U\11 fl 
' u 

?i1'UtJ~~nau LL61~-:J 11l';i1~'U~v.:~m1l.ltJ~a~.n CJ 1 'U fl1';j'\J~LfiF1 

(6) iJm1~'Ufi'1 hJ1?il'l1l!:ln'UL~tJ J1vtirnm-:Jml.l~';i~uH ~1F11YWbvtl.l1~ tl~e.Jun 
' ' lj~~~bb~~iJ~~'l11~e:J ?11l.J1~!:1V!1~e:J 1\1l~1CJ 

(7) m1l.l"llv'U 1 'U';i?l"ll1~ vt1mm-d'U n'UL~CJ.:~tJm l!'Uuvmlf11'UUvc.JiJtJ~~ LCJ"IltJ ~11"11 
' 

?tm'U~?t~mn~avt~ahJ ~-:Jvc.J1u?tm'U~L-1i'1fi-:J61~~1n tJ~a~Ji'CJ iJ~"ilv~';i!:l tlmmL~~';i1CJ~~LBCJ~ 
u 

Cit. v f' QJ 

"l.le:J-:Je.J~I'lruusn"ll~L"il'U 

(8) F111l.l61~m~ ';j?f"lf1~v~vCJ ';i1F11Lvtl.l1~61l.l '\J';j~\J.tlrusni1F1tufi1'V'l~~ u~e.Jun~ iJ 
' ' 

~61'1..1 hltl~tl1~ lJl'Ue.J~I'lbb~~vtl.l~tnCJ iJPI'U~~~'\\'1vttl1CJ~b vtl.J1~6'1l.l 
u ' u 

(9) F1tufi1V'l~iJtJ-;j~1CJ"Il'l1 ';i1m1:WLLV'l-:! ';i61"1l1~v~vCJ tlmn~'Ufl1'UvflF1';i'U51'U 
' 

( 1 0) ~e:J~~e:J 1 vt:W'"]Fl~-:Jbb ';iflb~CJ-:!~1-:J ';i?l"ll1~l.l1B'U~'ULL~mL~~I"Jrufl1V'l (L vh~l'l'ULeJ-:J\1~ 
~\11~ru1l\1l) 1'11l.Jl.J1 a'U~'U6'1a-:J51';i6'1"lJ1~1:WtJ-;j~l1'U 1 \]\]~ 1:W-Yl\11';itu1~a ~~mru am~ CJ vt~a 51~ a.:~bb~ 1 

V'le:Jn'U 1Jl n\1~'\\'1 HbiJ'U Second choice ?i1'Ul.J1fl\l~~mb~~~m.b~'\\'1~bFlCJb~e:Jfll.J1bb~1. 
(11) ';i1m1:WLLV'l-:J m1~ufh~a-:JiJ ';i?t"ll1~~ iJ~~~'\\'1vt'l11m'IJ'U~ iJ!:l-:J'\J';j';j"iJ.fi'rusn~u~ 

' ' 
~'11l.J1im-:J~~ 

(12) ';i6'1"1l1~~ 1:WL~l.J 1:WV111'U 1:Wl!'Ubn'U 51lJPI'U~~~'\\'1vtU1CJ~~bb'U'UlJ~v-:JJ1 l'lflbb~-:! 
u 

6'11CJ-:J1l.l i11'l~fl~1 ';im~'U 1 ~LL 'U'Uf'l'U~"Ve:J-:JcJ1n i1vtmc.J"V'U1~J1vtirm ~m tl~CJ'UL Vic.J'U~1Fl11'11l.JJ1vtirn 
u 

1(1) 

( 13) ~1Fl11:1JLL m iJ~~e:Jfl1n'U ';i?l"ll1~1:1JL~l.J 1:1JlJ'Ul.J1fl f:lfl?l"l.le:J'U1lJCJ ffi~~tu1n~-:J~ " . 
( 14) ';i1F111:WLL V'l-:J ~61"1l1~v~vCJ iJm-;jtJ~~"ll161'l.lww5e.J~~'~.fltusn~~ i111-:!"l.l1CJI'l1l.l~1'U 

" ' <1s) iJ"l.l'U1~~aeu'UVi'V'la~ ';i1Fl1bvtl.J1~"l.J ';i6'1"ll1~a~aCJ 

4.1.2 n1~1Lfl~1~,;fi111J~v~n1~1JeJ.:JftnA'1 
" 

\11 fl fl1';i61'l.Jfl1~ru~ flfl1'Vh 1 m\1lm 1l.J~e:J-:l fl1';i"V e:J-:J~ flfl1V!~ e:J b~ CJ-:l"l.le!-:J~ flfl1~~1'U\11 fl 
" " " 

~~b~CJ-:lbb~TVh 1 mJloUe:Jl.J~~b~CJ1oUe:J'In'Ue.J~I'!Iltu.fifl'Ub ~CJ-:l 
" ' 

4.1. 2.1 ~~vtl.l1 ~vt:WI1l1l.lv-:JfitJ~~n v'U"Vv-:J~ n~ru~u\1 ~ c.J\1l1 mLe.J'Uer-:Jn~l.l L ~vl.l LCJ-:J 
" ' 

(Affinity Diagram) 1~CJU1L~CJ-:Jb~CJfl{e:J-:J"Ve:J-:J~flfl1VI~e:J5e:JCJrl1"Ve:J-:l~flfl1 (Voice of Customer; 
" " 

VOC) L~CJ1n'Ue.J~ l'l.fi' ru.fin'UL ~CJ-:J l.l1~~L~CJ-:J5aw•h 1 vt:W LL~~'\\'1 LL 'Uflvtl.l1~vt:W5amh~6'11l.l1';if:lU-:J 
• u 

'Ue:J n fi-:J Fltu~ n~ru~~iJ~ e:Je.J ~ I'!Il ru.fi fl'U L ~CJ-:J L ~a~ n~1 ~'16'11l.l1';i 1:1 ~ ~vtl.n ~vt:W"V v-:!5 a CJ r111\1lml.lfl1V'l 
' ' u ..J 

'Vl 4.1 - 4.6 



~'JtJ-:11~ 

hibb~'l~ 

"ll'U1~~B~ 

hib~mn'W h.J 

1~ 1 Vlql bfl'U h.J 

'j~'1J1~~ 

'j~'1J1~edem 

fl"~fl~B~ 

ffi~b~Bfl'VImtJ 

tl~~1ru~a 1 VltbtJ 

((1-:J) 
' 

"" "" "" ~fl"'l.Ji)'j'j~'1J1(?) 

hJiin~'U~'W 

fl~'UVIB~ .. 
VIB~bfl'jtJ-:Jb 'Vl\"1 

hlbb~'lfl~'U 

hibb~'lbn'U h.J 

b-dahlbb~'~ 

bb~'lbn'Wh.J 
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?I"JtJ~1:W 

MlL'I-1~ 

1?1"111~~ 

1?1"1!1~e:dem 

' n (;l :w mm :w 

1~ b Fi:w bi'hAu 
1~bb~~bn'UhJ 

bda1~bb~~ 

1~m~~bn'WhJ 

1in~'U511:W"Ii1~ 

11i1i fl~'U~'U 
fl~'U'I-1el:W 

'I-1B:W bfl'1a~ b V1 PI 

1~31''Ubn'Uh.J 

"" "U'U1~'Wel~ 

12-ib~mn'Uh.J 

1:w1mybn'Uh.J 

1~'1-1"J1'Ubfl'U hJ 

1~bb~~~ 

12-ibb~~fl~'U 

1~1i11'l(ln'Ub~tJ , 

"" 0 bbfl(;leJ11'11 

flelb(;l?fbl'lmem~1 

1i?t:W'U 1 'W1 , 

-ru1v~1~'U'Ufl11t:.~~l'l~~ (GMP) 

-ru1a.:~m1:wtJ(;la~.ntJ~a~u~lflfl (atJ.) 
'U 
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vft~1'mn fl 

~1'Uth~fltl'U 

~1'U'lh~fltl'U"tltl~ 

e.J~\9l.tlru, 

bb?l~·r1''Ut-J~\9lbbfi~ iJ~:a~ 

Vlll~tntl€!~1~-tl~b"il'W 'U~~"il.tlrusn1ll'1 oUtl1~ • • 

v • 

111Vlt1fl\9l~~mllV1~~'U 

lim1~'W~1tl~1~ 

otl~b"il'U 

• 

bb?!~~\9l~11''U~mfl11ll 

tJfit~~.tlv1 'Wfl1~ 

'U~lnfl 
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bb?l~\1191~1fU;ie:J-:J Fl111ltJ~ e:J~.n t.J 1 um~u~1.n fl 
bb?l~-:~-t'e:JlJ~ 1m1u1m~ 

'IJ 

... ., ... 

~~1n?I'Wfi1'Ue:Jnfi~'U~1'W 

tl1VI1!nm\119111l~~~u 11 • 
Cil Q 1.1 I Q.l 

11191 ~16'1'Wfl1e:J tJ 1-:1"11~ b :V'W 

bb?I~-:1191~1~'Wfh 

~nvn?1~~1n 

il~G1uhl~~~1~ 
'IJ 

c.:: (LI Q i.l 

b VI'W19116'1'Wfl1 

tJ~C.Jiln?!lJ'U~ru iJ~<U~ 
'IJ 
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nm1'll1~"111~JJTI't~5~~\9li1ru41Vl~ 

~'leltJL'U~tn'U~boU1(1'1~~\911n 
" 

\9lnbb~.,:)~1'U ~1EJ.,:J1lJb'l-1lJ1~~lJ 

ijBtJn1ruB1'U1EJ~11lJ~~~1n • 
Jf 1 "'' ~1lJ11()'!-11'1!B ~.,:J1EJ 

~.,:JBtJ L 'U~tn'U~tl~B~i1EJ 
" ... ... 
lJ~tn'U'Vl~B~)() 

... 
lJ~"tl1~~81~ • 

Clil f(QJ 0 I d 
lJ~'UtJ~~~1'1-1'U1tJ'Vlb'l-1lJ1~~lJ 

" 
qQIV 0 I ..::11 I 

lJ'V1~~~1'1-1'U1tJ'Vl bb 'U'UB'U 

.:::1 ll .e.. ll 

lJ11.,:J"tJ1tJ\9l1lJ11'U~))'V'I~'U~1 

ij\9l~fl~1 1m~'U1~bb'U'U~'U~"tJB.,:Jt.hn 
" 

11fl1 
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4.1.2.2 11lJ~ru~m~H1J~~1iB'UL~tJ1.ffLL~'UflJJI'i''U1~ (Tree Diagram) <t-1~'1~1n-.tr~ . " 
'l-1lJ1~'1-1l-il'l1lJ~ n~ru~u~-.tr tJ~1 tJ LL~'U~'In~JJL ~BJJ LtJ'I LL~1~~ 1~ n~J.JoUBJJ~~ 8.:Jij~ n~ru~~ 8.:J~1iB'U n'U 

\1 " , \t 

miL ~B 1 ~~ n~ru~u~-.tr tJ~fl~1tJ<t-1~B~1iB'Ub oU1~1tJtl'U'Vll 1 ~Ln~fl11lJ~lJ'U1W"tJB.,:JoUBlJ~lJ1fl~.,:J.fi'U ;.,:J 
" " " ~1m 1() -.tr~m1 F11~~1iB'U 1~ ~1 n n11Vi~ 11 ru 1'V'IU11ij~ ru ~ n~ru~ fl 11JJI'i' B.,:J fl11"tl B.,:J~ n~1~~1iB 'U 

' " tl'U'l-1~1tJoUB~.,:J 1~ -ff~1 L~"tl L U'UL~~B.,:J'!-1lJ1tJ~u'luB nei.:J~ ru~ n~ru~m11JI'i' B'l m 1"tl B.,:J~ n~1~~1iBt1 n'U 
' " 

L'U'UI"i .,<t-1~m tl'Un~JJ L "lit~ 1 ti'u 1, 12nu 12 L tlt~l'i''U mJ.Jm'V'I~ 4.1 LL~~ 4.8 
"I ' 
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~i1'U51111"1!1~ 1 

(;'f'"JtJ\1111 1 

6'1~1VIll 

16'1"1!1~~ 2 

16'1"1!1~edem 2 

nciB11flciB11 2 

1l.l b~11 bn'U 1 t1 

"' 
1l.ibb~\lbn'UhJ 

flW~m~ru:: bi1'a1l.ibb~\l 3 
'V11.:J th:: a TVJ 

1l.ibb~.:~bn'U1tl 3 
"' "' a11~a 

lJfl~'U51111"1!1~ 4 

1l.liJn~'U~'U 4 

fl~'UVIB11 4 

"' VIB11bFl~B\Ib'VIPl 4 Aru~n't!tru::"l..e:HI • 
"' 

1---
1l.il!'Ubn'U 1 t1 3 ~'Ub'tfti.:J 

"lJ'U1~'WB~ 5 

1l.lb~mn'U1u 5 

1111 Vlqj bn'U 1 t1 5 

1l.JbL~\I~ 6 

1l.JLb~\lfl~'U 6 

ih.J';i:: 1a'tf1JLL~:: wiJi'~Qn'Ub~tJ ... 
hivh~1a 1-ul!'U~1 

a'tl.n1'V'l 
d 0 

• LLFl!;iB1~1 

0 
FlBLmH~B1B!;im 

lJ6'111'U 1 'V'l1 , 

1~-rU3.11~';i;i1'U 
-r'U1B.:J1~'U'Ufl11c.J~~~~ (GMP) 

__... ... 1''U1B\IFll111U!;iB~JltJ~B~'U~1.nFl (Btl.) 7 01 

';iU';iB.:ifiWJl1'V'l • 1''U1B\1Fll111U1;1B~Jlt11 'Ufl11'U'11.nFl 7 

m3.11ru ffi~b~BflV11;11tJU~111ru~B 1 Vl'l.btJ(f.l\1) I --,.. 

• 
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LL~~.:r)\Je.J~I'lLL~~'VllJ~81~BCh\loff~L"il'W 8 , 

LL~~\Im1-r'\J'jeJ\Ifld1lJ'l.J~B~Jl ~ 1 'Wn1'j'U~L.fiA 8 

LL~~\1-ilBlJ~ L.fl"li'W1fl1'j 8 
'IJ 

LL~~\1-i!Bl.J~'l.J'j~ 1~"11uvhJJ-ru"il1n&11u'l.J1~nBu 8 
"" 'IJ 

u~nmL6'1::11~6'1:amJ~ 
LL~~\I-iJBlJ~G11'W'l.J1~nB'U"UB\Ie.J~I'lJlt\J, 8 ~ "' "' <{ 'IJ 

"lltHII:-J6'11'lllW'YI 
umn~'UFi'1uBnA1'Ut1'1'W 8 

J1V!1!nm\11'11lJ~1~uH 8 • 
ilm1~'WFhB~1\Ioff~L"il'W 9 

~ "' 
LL~~\11'111~'WA1 9 

"' <{ 

'U':i':ililllW'YI t- "' OJ • 'j~'\J11A1Vl"li~L"il'W • 

'\J1'j"iJJlru,ilArull1'Vl ('\X1-ilB'Vl~ n) • • 
'Vln'Vl1~~~1n 

"' <{ 

'U':i':ililllW'YI 
il~G1u hlu~u1V1 1 o • 

"" ' """" 'IJ 

4 lJAWil1'W'VIVl 
~ cv 4 1.1 • L'Vl'WI'l1~'WA1 10 

uV1e.~'i1n~lJu1ru ijVl:aVl 11 
'IJ 

'U11"ilJlru'n1lJLotlm\l-rV1 11 • 

4.1.3 vv n bb uu bb uuavu r1111 b yjv1 ~':i::~uA111l~v\l n 11"ll v\1 6'1nff1 bb6'1 ::'l.J1::bij'W A1111W\I 
'U 

'Wv Llil"llv\lt:-~~l'l.n'ru'tlel'1..:~il..:~ 

'Vl~\l"il1 n1 bA11~~-i!BlJ~mJi'"iJ1 n fl1'j"G11J.fl1~ru~ n A1~ b D'W'Vl111Vl'Vlli Lb~ ~ 1li.J1iB'W n'U bb~1 
'IJ 'IJ 'IJ 

40 1.1 Q.J I Q.JO .od!O OQ.I 1 d 

"il\I'W 1A11lJ 1'1 B\1 fl11 ~\In~ 11lJ 1 "iJ V1Vl1 bb 'U 'U~B'U t:l1lJ L 'Vl B~1 'D "iJA~ bb 'W'W rrJ 1lJ~1A 'lJ bL~ ~1:-l~ 1'1 BA11lJ'Vl\l 

'VlB 1"iJ1 'Wbb~ ~ ~D"il ~ ~F11111~ B\1 fl11L mhQ ·;hi) e.~~~ BA11lJTI\I'VlB 1"iJlJ 1 n1JB ~LoW ~\11V1 ;\1~1 B~1\l 
bL 'U'U~B'U t:l1lJ~\11 'Wil1Ae.J'W1 n "U LVl ~ 1 'Ubb 'U'U~B'Ut:l1lJ 1Jl n1'Vl'UVl':i~~'UA~ LL 'W'W H~\1'\lll.J ~ 5 'j~~'U 
A~ u 'W'U LV1~ 1 'WLL~~~1~~'UA~ LL 'W'W"il~ L tJu~1 LL~~\IrrJ1lJG'11Fi''lJ"UB\I~ ru~ n~ru::;\1 "il ~ ~ LL~::; e.~~ m::;Vlu~ B 

F111lJTI\I'VlB 1 "ilB'W't.h 1 'l.JG1 fl1'j~~~'W h~Be.J ~l'lJl ru6f11Ji'1~~ n1'Vl'W~A111!G'11Fl ru"UB\11~~'\JA~ LL 'W'W~\I.Q' 
'IJ u 



4 'lt1l.nvfi.:J 6'11!9'qJ:w1m~n~iitJn~am1:u.Wwm 1~:u1n 

3 '!t1:w1vn.:J 6'11!9'qJL11'Unm.:J~~n~iitJn~arr;n:u.W.:J'I·'r~ hllTtmm.:J 

2 'lt1:U1Vn.:J 6'11!9'qJ'l.Jam~n~iitJn~af111:WoW.:)VWh'!Jav 

1 ,mvfi.:J 6'11!9'ru'l.Jav~~(;mn~iitJ(;l~af111:w.W.:Jvmh'!JatJ~~~ 
"' ' ' 
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n1'J"'lt11fl1~tJ~tJ~1m~ uu~aum:u ~~av11m"J"6'11'J"1~r;lnA11 'U~'U~~ "U!?i'<il.:J'lt11~aur;l"J"1"1151U 
'IJ ' 

t~ v1 i:S1'U1m~ uu ~au m:u«.:),:u~ 1 oo "11~ 1 'U~ -d a.:J~'U 1~v11 m 'j n1'\t1'U~ m1:u"lla.:)r;l nfi'1~ dJ'U 
' , 'IJ 

lii1'U1'UVi~~~f1 100 "11~ , 
ia:ur;l~1~!:1 n'J"1'U'J"1:U~~r;l~ ~~Ml.:J'J"1Vr;l~ ~B tJ~ 1 W11fltJ'U1 n f1 H ~1:U1'J"f:l'lt11fl1~tJ~tJ'Vl1.:J 

'IJ 'IJ 

flrui?IP!1~(91{"1Ja.:J'J"~~'Ufl~~~ 'U'U 1~~~Ml.:) 1-rt w•n'J"1.:J~ 4.1 L~tJ A 'lt1111Vn.:J f111:WoW.:JYl€l h"lle:J.:J(;l nfi'1~ii 
'IJ 

I <lli:l>.. Q.l ~ 4:lld' .::!I 1.1 1.1 d.:=t I ~ QJ f' .::::1 

(91€)tJ(;l(9l.fHU'f'lf1'j(]Jf'lf1~1 ~~(;l~ B fl€lf111:W(91€J.:)n1'j"lJ€).:}(;lf1f11'Vl:W(9le:JtJ(;l(91Jl(]J'f'lf1'U~"lJtJ.:) ~1:U1'J"f:l'\ll1 
'IJ ' 

fi1~u~tJfl~~~ 'U'Uf111:U6'11!9'qJ"Ua.:)u~'<iltJ~1.:)1 ~ii~'Vl5vm ~~(;l~tJ(;l~e:Jf111:WoW.:Jvm h 1 'Uf11"J"~atJ~~?~nru~ 
"lle:J.:J~ nfi'1~1 m~ uu~aum:u t~tJfi1m~ V'J"~~'Ufl~~~ 'U'Uf111:U6'11!9'qJ"Ue:J.:)U~'<ilv~1.:) 1~ii~'Vl5V4r;l ,~aii 
tJ(;l~ am1:uoW.:JV4a 1~ 1 'Um"J"I?i'~~'U 1 ~~atJ~ (91Jl ru~"Ua.:J (;lnfi'1 1Ji'fi1'U1 ru~1 n~(91 "J"fi1~u~m "J""U1flru(91 

'IJ 'IJ 

(Geometric Mean) ~~e:J.:)~1nia:un"Ue:J\I~~uu~aum:u~tJ'Uf11'J"l~'J"~~'Ufl~~~'U'U~1f1oU€l:Ur;l~1~-ru l'U 
'IJ 'IJ 

m"J"~"J"tJia:wr;l'IJ'J"~~.n'Vld~.:)~ U'Uia:ur;l ~~ uu~~?~i~tJ i5vtl ~fi1~u~ m11~ ~a~a~~~ fia m"J"1 ~fi1 ~u~ tJ ~ :U\1 
"' '\I \J 't 

~'J""U1flru(91 (Voice. 1996: eJ1.:)~.:)1'U aJi"lJ11?1, 2541) t~tJn1'Vl'U~1~ 

X 

1,2,3, ... ,N 0 '"' = ~1'U1'U"lJ€l:Ur;l 
'IJ 

G.M (4.1) 
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A B 

3.93 3.89 

3.90 4.07 

3.94 3.75 

3.74 3.89 

3.70 3.78 

3.84 3.84 

3.63 3.83 

3.70 4.09 

3.84 3.85 

3.72 3.51 

3.63 3.58 

3.68 3.59 

3.75 3.60 

3.75 3.60 

3.77 3.68 

3.68 4.04 
(e:UJ.) 

3.88 4.05 
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~1ca1{1vl 4.1 fh L'l~EJ'V11{1flW~f11~~i'ti£J{I'5Z~'Ufl11~oW{I'V'lV Llil~ m-tii~firu,LLa::ca::~ufl11~ 
~£J{In1'5'tlv{lanA1(~£1) 

'IJ 

tJ(nflbb~~ 

';i1CJ~::L~CJ~"llm 

';i11"11 

"lia.:~vn~lumT~,~ 

~1'VIthtJ 

A B 

3.80 3.86 

3.81 3.94 

3.65 3.72 

3.60 3.88 

3.75 3.88 

3.67 4.00 

3.65 3.77 

3.78 3.93 

3.54 3.80 

3.67 3.77 

3.54 3.81 

3.79 3.99 

3.68 3.88 

3.65 3.84 

3.68 3.85 

3.64 3.99 

3.54 3.67 

3.62 3.74 

3.35 3.85 

3.63 3.86 

fi1Lu~£J'51~ I 3.71 13.831 



. 

U~1flLL~~ 

·:mm~La~~'llv.:J 

'j"1f11 

"1imV11.:Jlum1'<il~ 

..J1V1'1.h~ 

( e:J.CJ.) 

73 

A B 

3.93 3.89 

3.90 4.07 

3.74 3.89 

3.70 4.09 

3.84 3.85 

3.72 3.51 

3.68 4.04 

3.88 4.05 

3.80 3.86 

3.81 3.94 

3.60 3.88 

3.75 3.88 

3.67 4.00 

3.78 3.93 

3.79 3.99 

3.68 3.88 

3.68 3.85 

3.64 3.99 

3.35 3.85 

3.63 3.86 

' d 
fl1LU~£.1'j"'J3J 3.73 3.91 
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4.1.4 vvmLUtJ1J1'ULL,;..:IfltlUl1'V'l (House of Quality) 

U1C.J~n1~~1~1"ilfl'.l1ll~e:J-!In1~"lle:J.:J~n~1 (Customer Requirements) bb~~~~~tJ 

fl11ll~1~ty"lle:J.:Jfl11ll~v.:Jn1~bbl'i~~th:::b~'U (Importance Rating; IMP) L~E.Jfh IMP \l:::L~"il1n 
' ' ' 

fl1bt:l~ E.l"lle:J-!!f1~lloUe:Jll~"il~~e:J-!!'V11 n1~'V!1fl1bt:l~ m ~"ll1fl ru\91 (Geometric Mean) ~-!!fl1'U1 ru\1 1 n?fll m~ . '\) 

vi 3.1 ll1'Y11m~Yi"il1~ru1L~mb't.J~.:Jbtl'Wie:Jn1'V!'U~'V11-:Jb'VlfloUfll'i1-!!'l (Technical Requirements) vi 

?11ll1~t1\9le:J'U?f'Ue:J.:Jfl'.l1ll~e:J.:J m~"ll e:J-:1~ n~11~ 'Y11 m ':i'V!1fl11ll~ll~'Wth ~'V!'J1-:J fl11ll ~ e:J-:1 m~"lle:J-:1~ n~1 
'\) '\) 

ntJim11'Vl'U~'Vl1-:Jb VlfloUflL~ t.IU1ll1b ~ t.I'Ue:Jt.l 1 'U~'t.J"lle:J-!1 bll\9l~nim1ll~ll~'UB (Relationships) bb~~ 1 i 
'\) '\) 

Cl.ICV ff cv cvvtf d 

ii1ty~n~rubb?l~.:~~:::~tJfl11ll?lll'V'I'U5\911llm~1-:J'Vl 4.3 

OJ .., .., <f 

<;i::~tJI'I::bb 'U'U G'lru!;ln~ru 1'111ll'VIll1ll ., 

0 hJiim1ll~ll~'UB 

1 1 
... .., .., <IV 

llfl11llii1ll'V'I'U5'Ue:JEJ 

3 3 iifl11ll~ll~'U5tht.~m=n.:J 

9 9 
... .., .... <f 

lll'l11ll?fll'V'I'U5ll1f1 

fl~bb'U'Ufl11ll~ll~'UB~.:Jn~11"il~btlwK1ue:Jnfi1J1'VI'Ii'nm1ll~1~ty"lle:J-!!oUvnTvi'U~'Vl1-!! 
~ I U d 

bVIfl'Uflbbl?l~~"lle:J (Absolute Technical Requirement Importance: AI) 'Vl?l1ll1':it1\9le:J'U?f'Ue:J.:Jfl11ll 

l'is..:~m~"llv~!;ln~11~Ltl'Ue:J~1~~ ~1'VI~um~f11t.~1ru,T'U 1i?lllm~ 3.2 
'\) 

"il1n,j'UU1ll1'VI1fl1JTvi'!Jnm1ll~1~ty 1~m 't.J~E.JtJb VJE.JtJ (o/o Relative) ~.:Jfl1'U1UJ"il1f1 
ii1llf11~ 3.3 

~1'VI~tJJi'1'UtJ'U"lle:J.:J HOQ vib~E.lf1l1 Technical Correlation ,j'UbU'Un1~bb?I~.:J 
l"l'l1ll~ll~'U5~~'VI11~ivn1'VI'LI~VJ1~ b VJRiiRI'i1~ '1 11iim1ll~ll~'U5nt.~ 1 tJ b :a.:~u1 n'VI~mluv~1~ 1 ~ 1~a 

' 
~1<;i1-:~Vi 4.4 ~ru"'n~ruLL6'1~..:~~.:~1'111ll~ll~'U5 ., 

fl'l1ll'VI:U1ll 

• 
0 

0 

• 
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.d II I Q 

.fl1'VfVI 4.9 U1'Ubb'VI~f!W.fl1W't.IV~fl'Ub"lftl~ • • 

lil1 fl.fl1V'l~ 4. 9 C.J G'llil1fl n11i bfi11~'VI1 'Ua1'U"!JB·:I1J1'ULL l4'1Fln.t.fl1V'l"!JB'Ifl'U L ~tl'l ~1lJ11rl~1tJ • • • 
Fl11lJ~B'If111~LLVllil~~"!JB'IG'lf1~1~ij~an'Ub~CJ'I ~'11~~tJFl11lJ~B'In11"!JB'I~tJ~l.flFl~ij~BLb~G'l~Uiil~CJ 

'IJ • 'IJ 

~1l.l11rl~ 1~:u1nl"i1J1,.,1Jn"Ua'loffan1'VI'W~'VI1'~ L 'VIFJUFJ c ~m,m~) ~'~i11"11 LL~'~ nl'i1'1n'WV'lB~l.lm1 ~'~ 
'IJ 

~1l.l11rl~~B'U~tJ 5 B'U~tJLL1n1~fia 1) ll'lrl~tJ ~fl1fi~LL'U'U~BCJG'l~ 15.35 2) 1~ ~A1Fl~Lb'U'U~Bt.JG'l~ 
' 

13.58 3) Fl11lJUG'lB~Jltl"!JB'Ie.J~I'!Jlru<ti ~ijfi1Fl~LL'U'U~BCJG'l~ 13.57 4) 1'1111'tJ1B'Ifl11lJUG'lB~Jltl ~ 
' ' ' 

fl1Fl~LL'U'U~BCJG'l~ 8.12 LLG'l~ 5) 11Fl1~~~1'VItJ1ti~'UFJ1 Vifi1Fl~LL'U'U~Bt.JG'l~ 7.70 61i'ILi1el'Wiil11n.t1fl1 



_,. 
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tl1VItJ n"Ue:Wne:Jn1VI'U~Vl1~ L VlfltJ Fl ( ~e:JtJfl ~) LL~'J'Vl1J'i111'lfl~h..J Lbf!~'H'I lJfl1Fl~ LL 'U'U~lnn n11U\l-.il fJ ~'U • 
;~ 1 'Utl \1-.il mr~?!B~ mh~d ?!1:U1';i t~Fl'Ju A:u LLfl ~tH'u L tJ~ fl'UI'l1:Ue1~'~ ';i1"1'U"UB ~ "'J'UC.J?I:u 1~ ~1-.il fl~~'l11 . " 
u\1-.ilf! 1 'UL~t~~11'lfi~1J LLfl~':i?f :U1'Vl~?fe:J1JVI1"'J'UC.J?f:U~L VI:U1~6'1:u;~11'lfi~1JVI~ntl':i~ nt~u 1 tl~'Jfl L -dt~VI:U . . " 
lJ'UVI:U tl1mf! Ln~e:J 'Vl~n1'Vlfl ~~'J"ll1'J ;~\l~lJC.Jfl~e:JAru~m~mt~"lle:J~C.J~I'lfiru,1n'UL:Sfl~~flnfh 

" ' , 'U 

~€!~ n1 ':ibbt'1 ~" ~ C.J f1 ~ e:J b ti €1~ ~ tn nu ':i1Fl1-.il ~ ~ 1VIth EJ ~'U fl1~'J fJ L~ EJ11'1 ~~'IJ VI~ n~~1A qj~~VI:u~d \1 ~ 
'l111 tJtJ-ruu~~C.J~ 1'111 ru,1l~tJ 1 i L VlAtJFl n1':iBBmL uum':iVl~fl t1~~1 fl15 Mixture Design LL uu 

LBn'Vl~:unt~1Vi6'11 'U.ff'UI'lti'U~B 1 tJ 

4.2 ~ilfl1';iU';i~EJnl'l1.ijn1';ie:JvnLLuun1';iVl~ilv~L-ria'VI1al'!';i~b'U~a:u'!la~~~~.nruenn'UL1iEJ~ . .. . 
d I Jl aJ aJ t t.l ~o::::f 

4.2.1 ~iln1';i'Vl~ilB~ L ~BVI1?f~';i?f'J'LI~?f:U'!Je:J~ L 'Lie:J?f:U~a b~tle:Je:J nLL 'IJ'IJ n1 ':i'Vl~fltl~m f!'J5 .. 
Mixture Design LL uuLan'Vl~:UL 'JB1Vi6'1 ~'J mfl~t~~iie:Jm m 'Un1':ilLA':i1~l1C.Jfi'Vl1~6'fn~l~fl 1 it tl':iLLm:u 

Minitab R.16 ~1VI-runT'.Jve:JmL1J1Jn1':i'Vl~f!B~ 

\11nn1':iPln'l!t1imm"'J'UC.J6'1:U"lle:J~ t~tJC-J~I'lfiru,11'11mh~'Vl1~~1-.ilt~1 in'UL:Sf!~ 1 'U~C.J~~ 1 'U 
" " ' 

L"UI'l-.il~V11~t~1Jfl':i1"1l5Tu ;~L U'UC-J~I'lfiru,1VIti~l'l1uf!VI~~C.J~I'lfirusvi ( OTOP) 5 m1 L U'UC-J~I'lfirusvi 
' ' ' dd 4 Q I ..::::. CL1 4( d dd ll !.lo<::~t. CV d 01::11 

m ruf'! n'l!t1 L:U e:J'Vl\11 ':i N16'1'J'UC.J ?f:U"V e:J~C.J fll'l.fl N'Yl n'U L "'l EJ~ mru f'l n'l!t1 LLfl TV11~m \1 t1 Lfl B n'Vl \l~aa n LL u u . " 
n1':iVl~fle:J~L fJvVI1~m"'J'UC.J?f:U L~tle:JtlnLL uu n1':iVl~fle:J~~'J t~15 Mixture Design LL 'U'IJLBn'Vl~:U 
L 'JBiVi?f L1J'Vl1:: 1 'U"'J'U"Vt~~tl':i~6'11Vla:ucr6'1 1l1L~ti'Jnu':i?f"'l1~1 'U.ff'UL dv~~'U t~t~1-&'m':i1Lm1~l1C.Jf!'Vl1~ 
?f~~L~t11 mtl':ibbn':i:U Minitab R.16 ~1VI-r1Jn1':iU€lflbb1J1Jn1':iVl~f!€l~ ;~\1:: 1~"'J'UC.J6'f:Um~vtln:U1~~ 
~1':i1-:J~ 4.5 L~fl~~L~e:J'U 1 "1111 L -d'vVI:uii"'J'UC-J?f:U~16'f~~~e:Jtlt'1:: 50 (1aJ':i'J:U Lfl~e:J.:Jtl':i~) LLt'1::6'1-:J6'1~~ , , , 'U , 

~tJtJf!:: 90 (1l.i':i'JlJLFl~e:J~tJ';i~) 1 'LI"'J\J"lle:J~lJ'UVI:UlJ"'J'UC.J6'f:U~16'1~~~€lfJfl:: 10 (1l.i':i'J:Ubfl~e:J~tJ':i~) bbfl~ , , 1 , 

?f~?f~~~e:JEJfl:: 50 (1l.i':i'JlJLA~mtJ':i~) .. . ' 

.d I aJ Q aJ c::t II II Qc::t • • 

Vl1';i1~'Vl 4.5 ?f'J'LI~a:U'IJe:J~'J~'J~'UVIiln'VlaamL'IJ'IJ~'JEJ'Vl~ile:J~~'JEJ'Jtl M1xture Des1gn 
G c:1 dil:::t. 

U 'U'IJLvn'Vl';ilJL 1B';i'Vl?f 

~bu~a:u el~';i1~b'LI( ~BEJ6l~) 
a~';i .: "' .. b'LIBVI:U :U'UVI~ 

1 90 10 

2 80 20 

3 70 0 30 

4 60 40 

5 50 50 

' " 
VI:U1VLVI~: ?fl'l':iYl 1 Fl€1 ?fl'l':i~~b~:U . " " 
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L~W 1 'U f11';i'Vl~iiHlU fi'J 1lJ"11€1U'Vl1.:!'1.h~?11'Vl~lJc'J ?IL 'U~'J'U"tt€1.:1 fl1';i..J ~ci' 1~U fl1';i'Vl~?laU,Y'U 
'Vl1-:J~i..JCJ1~m5m';i~lJii'i1~'\.J"lleJ.:J?fl'll'j~'J'Ut:.J?IlJ~'JCJ hhLLfl1ll Microsoft Office Excel 2007L~CJi1 

u ' ~ 

i5fl1'j~lJ~'JL~"ll~'JCJG'fl'l'j =RAN DO LLif'JL~CJ.:!ii'i1~'\.J~1 n'IJeJCJ~?I~ 1 UVf1lJ1fl~?l~ v'h 1 m~m'j1-:Jfl1'j~lJ 
.. 'lJ , .. , 

..J~ii'i1~Ufl1';i'Vl~?leJUfl11ll"11€1'\.J'Vl1-:JU';i~?I1'Vl~lJc'J?I eJBU1CJ 1~~.:~-d 
ii'\'1~U VflJ1CJfi.:J ~1~U"lleJ.:I~LoU1'Vl~?I€1'\.J i11-30 fi'U 

~ 

1?11 LL vr'tl.:~ VflJ1CJfi.:J 1'11 LL vr'tl.:Jfl1';i..Jm1-:J"ll€1-:J?Im~'J'Ut:.J?IlJ"ll eJ.:Jfl'UL ;CJ.:! ij 1-5 ~.:!I'11L vr'tl.:~ 
~ ' 

fl1'j'J1-:J?II'Il';i~l'Ut:.J?IlJI'Il1lJVflJ1m~"ll~1'U 1 'UI'Il1';i1-:J ~.:Jm';i1-:J~ 4.6 
'U 
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~ 1 2 3 4 5 
'U 

1 2 5 4 3 1 

2 2 3 1 4 5 

3 2 4 5 3 1 

4 2 4 5 3 1 

5 5 2 4 3 1 

6 5 4 2 3 1 

7 3 4 2 5 1 

8 3 5 4 1 2 

9 2 1 3 4 5 

10 1 5 4 2 3 

11 1 2 4 3 5 

12 2 4 5 3 1 

13 1 3 5 2 4 

14 4 2 1 5 3 

15 1 4 5 2 3 

16 1 4 5 2 3 

17 4 1 3 2 5 

18 3 2 1 5 4 

19 4 2 3 1 5 

20 4 3 1 5 2 

21 2 4 3 1 5 

22 3 5 1 4 2 

23 2 5 3 4 1 

24 1 4 5 2 3 

25 5 2 1 4 3 

26 4 2 5 1 3 

27 5 4 2 3 1 

28 3 1 2 4 5 

29 5 2 4 1 3 

30 5 3 1 2 4 



4.2.2 ll-Jf.'lfl1~~hfl~1::,.,ll-Jf.'l1flv t 'l7m~'VIflfle:J\Jfl11~'tfe:J\J'VI1~\h::fl1'VIa~erfl ~'J v m~ t ~ 
LL'U'U~eJ'UmlJi5 9-Point Hedonic Scale Test LflcJ';;J~Lm5~Lflf.'lfll1lJ"lleJ'U ih~~'Ufi~LL'U'U ~e:J 

fi~LL'U'U 1 VllJ1V~\I hJ"IleJ'UlJ1flvi~fl 
' 

fi~LL'U'U 2 VllJ1tJ~\I 1:J.J"I!eJ'UlJ1fl 

fi~LL'U'U 3 VllJ1tJ~\I 1:J.J"I!e:J'Uth'Um'l1\l 

fi~LL'U'U 4 VllJ1tJ~\I hJ"IleJ'UL~fl1JtltJ 

fi~LL'U'U 5 VllJ1tJ~\I L0t11 
d ~ ., 

fl~LL'U'U 6 VllJ1Vf:l\l "lle:J'ULf.'lfl'U€1£1 

fi~LL'U'U 7 VllJ1tJ~\I "lle:J'U'IJ1'Uflf.'l1\l 

fi~LL'U'U 8 '\.1lJ1V~\I "lltl'UlJ1fl 
' 

fi~LL'U'U 9 VllJ1tJ~\I "ll€J'UlJ1flVi~fl 
' 
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L ~e:Jflfl L~€1 fl~{?}"j"~'J'U'IJ~~ fle:J'Uvi L '\.1lJ1~~lJ Lfl V'VIfl~e:J'U nu m1lJer'U~L.fl fl~ 1'\.J'J'U~\IVllJfl 
" ' " 

30 fl'U Lfl m~ eJ n n~lJ~'J a ti1-:~~ 1 nuA A f.'lvi1~1'um ~rl f1Vl~ a au~lJ 1 ~ L .ff1 h 1 'U L~a-:~m 1lJ"IleJ'U'VI1\I 
' ' 

tJ~~~1'VIii'm'J~LLf.'l ~fi'J1lJ"Il€J'U"lJ€J\I~~"ll1~ L ~e:J 1 m~CJ f.'lvil'l "j" \1 1'11lJ~~\I ~1mT'U'U1fi~LL 'U'Uvi1~~1fl f111 

'Vlflf.'l€J\IlJ1'\.11fi'J1lJii'lJ~'UmfltJ 1 ~LL 'U'U~1f.'l €J\If11~t;lflt;Je:JtJ LLf.'l~ f11~i Lfl~1~~fi'J1l.JLL tJ~tJ~'J'U L ~€J'IJ1t.Jf.'l 
"lltl\lfi'J1l.Jii'l.J~'Ui5vi1m tJi Lfi~1~~Vl1~1vi L VllJ1~~lJn'U Lfl ru6flvi fl1'\.1'Ufl11 

f111~\l~l.llJ~;n'U 1 'U f111'VIflf.'l e:J\1 ... 
H0 : Fi1LO~tJ"lleJ\I~~~'Ufi'J1l.J"ll€l'U'VI1\ItJ~~~1'VIii'l.lc4~"ll€J\If1'UL;V\I~f?l1vi 1 ~.:J~I'l~vi 5 iJ 

' " " 
Fl~LL 'U'U'Vlfi~€1'\.J hiLLI'lf1~1.:Jn'U 

Ho : Fi1LO~tJ"lJ€J\I~~~'Ufl'J1l.J"Il€l'U'VI1\I'IJ1~~1'VIii'l.Jc4~"ll€J\Ier'Vlfl~eJUvi 1 ~\lfl'Uvi 30 iJ 
" 

Fl~LL 'U'U'VIfi~€1'\.J hiLLf?lf1~1\l n'U 

Hl : Fi1LO~tJ"lJ€J\I~~~'Ufi'J1l.J"Iltl'U'Vl1\I'IJ1~~1'Vli1lJc4~"lJtl\lfl'UL;tJ\1~(91"j"vi 1 ~\l~l'l~vi 5 iJ 
' " " 

Fl~LL 'U'U'VIfi~€1'\.J LLI'lf1~1\l n'U 

Ht : Fi1LO~t1"lJ€J\I"j"~~'Ufl'J1lJ"ll€l'U'Vl1\I'IJ"j"~~1'VI~l.lt4'~"ll€J\Ier'VIV1~€J'Ufl'Uvi 1 n\lfl'Uvi 30 i1 
" 

Fl~LL 'U'U'Vlfi~€1'\.J LLf?l f1~1\ln'U 

Vi~~~ut!m11fi'qJ a = o.o5 
"' fl11~\l~l.JlJ~~1'UL:U\I~i)~ ... 

Ho : Jial = Jia2 = Jla3 = f.1a4 = f.las 

Ho : Jib,= Jlb2 = flb3 ··· = Jib3o 

H1 : Jiai +: Jia2 +: Jla3 +: f.1a4 +: Jlas €JV1\ItJtltJ 1 ~ 

H 1 : Jib, +: Jib2 +: flb3 ... +: Jib30 e:Jci1\IU€JtJ 1 ~ 
' ' 

Lila f.1a VllJ1tJ ~-:~ Fi 1 Lo~ tJ"lJ e:J\1~~ ~'Ufi'J 1l.l"lle:J'U 'Vl1.:J'IJ ~~~1'Vl ~l.ltr~-u e:J.:J tJ ~ I'!Jl rueri'n 'U L ;v-:~ 
' d ,. d 

~{?}~'VI 1 t;l\l~{?}"j"'VJ 5 
" " ' ' 

LLf.'l~ Ji VllJ1V~\I fi1LO~V"lJtl\I~~~'Ufl'J1lJ"Il€J'U'Vl1\ltJ~~~1'VI~lJc4~"lJ€J\Ier'VlVl~tl'Ufi'UVi 1 n\1 
" d 

Fl'U'VI 30 
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' ' ' ~ ~ I .o=i:loQ./6' .c::.l .:::iii d.:::,! II .c:::iil 

1bfl':i1~V!rrJ1l.lbb\91n~Pn.:~"Ua.:Je.J~\91flru<fln'Ub"lltJ.:J6'1\91~'Vl 1 t;l.:J?I\91~'Vl 5 bb~~e.J'Vl~?la'UFl'U'Vl 1 . ~ ~ ~ 

i'i.:~Fl'U~ 30 -hi1m1l.lbb~J~nl'i1.:~n'UV!~a 1lJ 1 'Ubbl'i~~Flru~n~ru~"Ua.:~e.J~\91Jirusn 1~t~1-ffnT{)bFl~1~'\.1e.J~ , 
Fl11l.J~l.l~wn~t~1.ffbb uu~1~a.:~ m~t;l~t;)atJ bb~~m~i bFl~1~'\.1Fl11l.Jbb 'lhth'J'U ~1t~i5m~bb uu 

Randomized Complete Block Design 

1 'Un 1~'Vl~?la'U Fl11lJ"Ua'U'V11.:Jth~6'11'Vl~l.l eT?I~'J tJ m~1-ff bb 'U'U6Hl'Uml.li5 9-Point 

Hedonic Scale Test -d bbU.:JaamiJ'U 4 ~'J'U~'Vl~?la'U ~a 
4.2.2.1 m~'Vl~?leJ'UF111l.l"Ua'U'V11.:J'tJ~~6'11'Vl~l.leTG'f~1'U~n~ru~~'tJ~1n!J"Ua'I~'Ub~tJ.:J 
4.2.2.2 n1~'V1~6'1a'UFl'".l1l.l"Ua'U'V11'1U~~G'f1'Vl~l.leT6'1~1'U~6'1"U1~"Ua.:Jn'Ub~tJ-:J , 
4.2.2.3 n1~'V1~6'1a'UFl11lJ"lla'U'V11.:JU~~6'11'Vl~l.leT6'1~1'Ub -d'a~l.leT?I"Ua-:1 n'U b ~ tJ-:1 , 
4 .2.2.4 n1 ~'Vl ~ 6'1 au Fl'J 1l.l"U a'U'V11'1U ~ ~6'11'1'1 ~l.l eY 6'1~1'U Fl'J 1lJ"U a'U 1~ tJ ~'Jl.l"U a-:! n'U b ~ tl'l , 
~-:Je.J~ n1~'V1~6'1a'U'V1~6'1a'UF111l.l"Ua'U'V11'1U~~6'11'Vl~l.lt1'6'1t>i'-:J!'i a 1 u-d 

4.2.2.1 ~ ~ n 1 ~'Vl~?la'UFl'J 1l.l"Ua'U'V11'1U ~~ 6'11'1'1 ~l.l t1' 6'1 ~1'U ~ n~ru~viu~.1 n!J"Ua-:J ~'Ub ~ tl-:1 

i1~~1>i''UFl~bb'U'UFl11l.l"Ua'U'V11-:!U~~6'11'Vl~l.lt1'6'1 t>i'-:~m~1.:Jvi 4.7 
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2 3 4 5 

5 9 6 6 
.. 

4 8 5 5 

4 7 5 5 

4 7 4 4 

4 8 5 4 

4 9 6 5 

4 8 4 3 

5 8 5 5 

5 7 5 5 

6 6 6 6 

6 7 5 5 

5 6 5 5 

6 6 5 5 

6 7 5 5 

5 6 4 4 

5 6 5 4 

5 7 5 5 

4 5 4 4 

5 9 5 4 

5 8 5 5 

5 7 5 5 

5 6 5 5 

6 6 5 5 

8 8 4 4 

7 7 5 5 

5 5 4 3 

5 8 5 5 

5 7 5 5 

4 5 4 3 

7 7 5 5 

5.13 7.00 4.87 4.63 
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~1 m1\.JU11:::~u f1 :::LL 'U'W~1~~1n n1WI~~ eJ~lJ1'1-11f111lJG1lJ.W'U51~tJ 1-if LL 'U'U liJ1~eJ~ n11 

mHleJ tJ LL~ :::m11 Lf111:::,;f111lJLL tJ nh1u L ~eJU1e.J~"lleJ~f111lJG1lJ.W'U5~1~ tJ1 Lf111:::,;'1-11Fh~ 
L 'l-1lJ1~c;1lJnuLnrusn~n1'1-1'U~ 11 

m1~~~l.ll.l9i;nu 1 'Wn11'Yl~~B~ .. 
H0 : 1:::~'Uf111lJ"l.ltl'U'Y11~U1:::~1'Y1&1l.leY~~1'Wt;lmJ{U:::~tJ11W1"1JeJ~n'WL~tJ~~I'11~ 1 fi~ 

:.1 ' \1 

~m~ 5 iiA:::LL'W'W'Yl~?IB'U1liLLI'ln~1~n'U 
\1 

H0 : 1~~'Uf111lJ"l.leJ'U'Y11~tJ1~c;11'Yl~l.leYc;1~1'Wt;lmm.J~~tJ11n{J"lleJ~~'Yl~?~eJ'U~ 1 fi~A'W~ 
30 iiFI:::bb 'U'U'Yl~c;1€l'U 11JLLI'l n~1~tl'U 

H1 : 1:::~'Uf111lJ"l.leJ'U'Y11~tJ1:::~1'Yl~l.leY~~1'Wt;ln~ru:::~tJ11nn"l.feJ~nuL<iitJ~al'l1~ 1 fi~ 
:.1 ' \1 

ai'11Vi 5 iiA:::LL'W'W'Yl~~eJ'ULLI'ln~1~n'W 
\1 

H 1 : 1:::~'Uf111lJ"l.leJ'U'Y11~tJ1:::a1'Y1&1l.leYc;1~1'Wt;l n~ru:::~tJ11n{J"lltl~~'Yl~?leJ'U fl'W~ 1 fi~ 
d ..:S I Q..l 

fl'W'Yl 30 l.lfl~LL'W'W'Yl~c;1eJ'ULLI'lnt'11~n'W 
-=1 cvcvocv 

'Y11:::~uutJa1A'lJ a = o.o5 
" m1~~alJlJ9i;i1'WL~~a~9i ... 

Ho : flal = fla2 = f-la3 = fla4 = f-las 

Ho : fib1 = f.lb2 = f.-43 ··· = f-ib30 

Hl : llal 'f. lla2 'f. f-la3 'f. f-La4 'f. f-las mh~UtltJ 1 ~ 

Hl : fibl 'f. flb2 'f. f.-43 ... 'f. flb30 tl~1~UtltJ 1 ~ 

LijeJ 11a 'l-1lJ1tJfi~ Fl1Lu~tJ"lleJ~1:::~uf111lJ"l.leJ'U'Y11~tJ1:::a1'Y1&1l.leYa~1'Ut;ln~ru:::~tJ11n{l 
"'"'~ ... """""" "lleJ~t:-~~1'11lUJ6VIn'UL"l.ltJ~ai'11'Yl 1 Cl.:Ja1'11'Yl 5 

' \1 \1 

LL~::: fib 'l-1lJ1tJfi~ Fl1Lu~tJ"lleJ~1:::~'Uf111lJ"l.leJ'U'Y11~tJ1:::~1'Y1&1l.leY~~1'Ut;ln~ru:::~tJ11n{l 
... .,I.,."" 

"lleJ~t:-~'Yl~aeJ'Ufl'W'Yl 1 tl~fl'W'Yl 30 
'U 

' ' ' A ~ I ACV4' q d ~ d tl d 

1Lf111:::'\-1f111lJLLI'lni'11~"1Jel~t:-1~1'11lUJ6VIn'UL"l.ltJ~~I'l1'Yl 1 tl~c;11'11'Yl 5 LL~:::e.J'Yl~~el'Ufl'U'Yl 1 
, \J \1 \J 

fi.:~A'U~ 30 -:hiim1lJLLI'ln~1~tl'W'I-1~B 1lJ 1 'ULL~~:::Arut;lm~ru:::"lJB~e.J~I?I.ti'rulfl 1~tJ 1 im1lLf111:::~t:-~~ 
' 

f111lJG1lJ.WWfl~tJ 1-if LL 'U'UiiJ1~ tl~n11ti~CltltJ LL~::: n111 Lf111:::,_;f111lJ LL tJ 1U11'U c;1lJ n11f111lJG1lJ.W'W51~ 

"" 1 "" Jf d <u .J ., ... ~ 'Jf 
~1nal.ln11'Yl 4.4 ~tJ A 'l-1lJ1tJm L'Uel'l-1lJ LL~~ 8 'l-1lJ1tJm lJ'U'I-1lJ 'li~LL~~·h'I-1L'I-1'U11L'Uel 

'U 'U 

vtl.liie.J~F111lJ"l.leJ'U'Y11~tJ1~a1'Y1&1l.leY~i, 'W~1'Wt;l n~ru~~tJ11nn i, 'W'Y11~'U1nsS~a1'U'Y11-!! nui!'Wvtl.l~iie.J ~ 1 'U 
'U :.1 'U 

L~~~'U LL~:::Yi'1n11lLf111:::~m1lJLLU1U11'U ~1tJlBn11LL'U'U Randomized Complete Block 

Design sS~ 1~t:-~~m11Lf111:::,_;e.J~'Y11~a~9i ~~1'1111~~ 4.8 



-
m ~1..:Jvl 4. 8 e-1 ~ n1 ~1 Lfl~1 ::oHfl11 ~ LL tJ ~tJ~'J'lJ'IJv ..:J ~::~'U fl:: LL 'lJ'lJfl11~'1Jv'U'Vl1..:Jtl~::~ 1\'1 ~~~~ 

;J1'W%lm~tw::vltl~1 n!J'Ilv..:J ~'lJ L 1iE~..:J 

Source OF Sum of Mean F P-Value 

Square Square 

~~~ 
'\J 

4 180.707 45.1767 67.11 0.000 

fl'lJ 29 36.773 1.2680 1.88 0.010 

Error 116 78.093 0.6732 

Total 149 295.573 

s = 0.8805 R-Sq = 73.58% R-Sq(adj) = 66.06% 
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'OJ1nm~i bfl':i1~t-1VI1fl11:wG1':w~'Wm~Y~ tJ 1 oUbb uu:il'1t1v\l f11':i()IYI()v tJ bbi;t~n1':ii bfl':i1~t-1m1:w 

bb'lhU';i'J'lJJi''JtJi5 Randomized Complete Block Design lJi'fi1 P-Value 1'W~'J'W'IJB\1~1?1';i~'JW:Jl;'f:W 

1i'ewni1 0.001 bbt'l~ 1'W~'J'W'IJe:J\I~boU1'Vl~Y~l;'fB'Ubtl'W 0.010 ~':i~~uwm11r1ru a = 0.05 
'\J ~ 

f.1a ~\IU5bl;'f5l;'f:W:W~~1'WVI~n bbl;'f\Yi\ll1fl1bu~tJ'IJB\I';i~~'Ufi11:W'IJB'U'V11\IU';i~l;'f1'VlG1':W~l;'fJ)1'W 

~mHll~~'\.J';i1nf1'1JeJ\In'Wb~tJ\Il;'f~';i~ 1 5\ll;'fm~ 5 iJA~bb'W'W'Vl\Yil;'feJ'Ubb~n~1\ln'WB~1\IlJUm11ri'ru 
d.J .. " " QJ 

Ji ~\I'\.Jfibl;'f5l;'f:W:W~~1'WVI~n bbl;'f~\ll1fl1bu~tJ'IJB\I';i~~'Ufi11:W'IJB'U'V11\IU';i~l;'f1'VlG1':W~l;'fJ)Tu 

~n~ru~~'\.J';i1n!J"UB\I~'Vl~Y~l;'fe:J'U~ 1 5\lfl'lJ~ 30 bb~n~1\ltl'We:J~1\Iililm11ri't1J 
'OJ1nfi1G1':w'\.J';i~~'Vl~bbl;'IIYI\If111~1Yl~'W 1'0J (R-Sq) ilfi1~ 73.58% bbt'l~fl1~:W'\.J':i~~'Vl~bbl;'f\Yi\l 

n11~~~'lJ 1"1l~'\.J~u'\.J~\11 ~bVI:W1~l;'f:W (R-Sq (adj)) ~ 66.06% bb~Ji'1m tl'lJ'W(j~m1:Wfl11:W'IJe:J'U'IJe:J\I 
:W'4~V~.:!fl1~b~1t11n ~.:~vi'11mllLVI:W1~l;'f:W~'I11fi1 R-Sq bbt'l~ R-Sq (adj) :W1btl'lJ~'JbbU11'lJn1';i 
ibfl11~V11Jl ~.:!,f'W 1 'W~'J'W'IJe:J.:!fl1G1':w'\.J1~~'Vl~m'l~.:!f111~~~'lJ 1'\l (R-Sq) bbt'l~ fl1~:WU1~~'Vl~bbl;'f\Yi.:!f11';i 
~~~'W1'0J~U~'UU~.:!b~bVI:W1~l;'f:W (R-Sq (adj) eJi~t1~.:!1l.l'I11:W1lbfl11~VI1 'lJ~'W~e:J'W~B 1 '\.J 

~.:IG11'\.J1Jl11~1'We.JG1:W'ilv-:!1~Cl~'UVI~ni1e..~a\Jlv1~~ufl~bb'lJ'lJm1:w"lie:J'U'V11-:IU1~G'f1'Vl~:W~l;'f , , 
Ji'1'U~ n~ru~~'\.J 11 n n-ue:J.:~ n'W b ~ tJ-:1 bbt'l ~~ b oU1'Vl\Yi l;'feJ'UlJt:J a~ v1~~'Ufl ~ bb 'W'Wfl11:W"lle:J'U'V11-:!U1~ l;'f1'Vl 

d.J • '\J 

~:weYl;'fJi'Tu~ n~ru~~'\.J11 nf1'ile:J.:In'WL ~tJ-:1 b~Bi bfl11::~l;'f!Jl 1~'J'Wt:J l;'f:W~iJ1~~u fl~ bb 'lJ'W:W1 n~"' IYI'IJv.:ll;'f IJl ':i 
d.J , '\.1 , " 

e.JG'f:W 1 Vtl.l (l;'lm~ 3) :w1 b '\.J~ tJ'U b VitJu nu':i~~'Ufl~ bb 'W'Wfi11:W'IJe:J'U'V11-:IU':i~l;'f1'VlG1':weYG'IJi'1'W~n~ru~~ 
'\J 

U11nf1'1JeJ\IG'f!J11~\Ib~:w (l;'lm~ 1) b~Y~tJHn5 Paired T-Test LYivV11fl11:W~:w-W''W5 
d.J '\J '\J 
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dh1 f.in3 ~ €l fl1 btl~ CJ"UB-l1~~'U fl~bb 'U'Uf1JUJ'tlffi.J'Vl1\ltl1~ G'I1'Vl~:W~G'I~n'U~ fl~W~~ 

tl11f1Fl"l.I€J\IG'II'l1~ 3 (G'!m~ri1LU~CJ'j~~'Ufl~bb'U'U:W1f1~G'!~) d.J 'U \1 , 

bLG'l~ f.lal ~ €l fl1 bil~CJ"UB\11~~'\.Jfl~U 'U'Ufl11:W'tl€l'U'Vl1\ltl1~G'I1'Vl~:W~ G'I~1'U~ fl~W~~ 

tl11fl£)"U€l\1~1'11~ 1 (~1'11~\IL~:W) ., 
fl11~\IG'I:W:W~\11'UL OU \IG'I~~ ... 
Ho : f.1a3 :::; flal 

H1 : f.1a3 > flal 

vh~~uumh9qj a = 0.05 
' ' 

6/i\I~G'l n11i Lfl11:::,;-~!;l'Vl1\IG'I~~ L YJm.nfl11:W~:WTI'U~~-wi5 Paired T-Test "l.IB\11~~'\.J 

fl~ LL 'U'Ufl11:W'tl€l'U'Vl1\ltl1~G'I1'Vl~:W~G'I~1'U~ n~ru~~tl11n Fl"lJB\IG'Im~m n~G'I~ (G'!I'l1~ 3) nu 1~~'\.J 6.1 'U , \1 

fl~Lb'U'Ufl11:W'tl€l'U'Vl1\ltl1~G'I1'Vl~:W~G'I~1'U~fl~W~~tl11flF1"1J€J\IG'II'l1~\lb~:W (G'11911~ 1) ~\11'1111\1~ 4.9 
~ , , 

~1';i1-:!vl 4. 9 ~fl fl1';i1 bfl';i1::'l-1fl11:W~:WW'U5"l.IB.:i';i::~'Ufl ::bb 'U'Ufl11:W"I.IB'U'Vl1.:!\h::6'11'Vl~:W~6'1~1'U 
~fl'liW::vlth1fl.fl"lJeJ-:16'1~';ivl:W1fl~6'1~n'U';i::~'Ufl::bb'U'U1JB-:16'1~';i~.:lb~hJ 

~ 'U • " 

N Mean Standard SE Mean 

Deviation 
d 

G'lm'Vl3 30 , 7.000 1.145 0.209 
d 

G'll'l1'Vl 1 30 3.633 0.850 0.155 , 
Difference 30 3.367 1.586 0.290 

95% lower bound for mean difference: 2.875 

T-Test of mean difference= 0 (vs > 0): T-Value = 11.63 P-Value = 0.000 

~ ({ Q. Q. d QJ Q.l ({ .., QQ Q.l 

"il1flfl1';i1 Lfl11~VIt.l!;l'Vl1-:IG'Ifll'l L 'V'I't!VI1fld1:WG'I:W'W'U5m CJ15 Paired T-Test 'Ue:J\11::~'U 

fl:: bL 'U'U fl 11:W'tl e:J'U'Vl1\ltl ';i ~ G'I1'Vl~:W ~ G'l ~1'U~ fl~ru~v1tl11 fl Fl'U e:J \IG'II'l 1~:W1 fl ~ G'l ~ 0'\.J';i::~ 'Ufl~ LL 'U'U'U e:J \1 
~ \J ' ., ' 

G'fl'l';i~\IL~:W i1fi1 P-Value < 0.001 vh~~uum11~ru a = 0.05 
\J ~ 

~\ltli) LG'I5G'I:W:W~~1'UVI~ fl Lb£;1~\111 fll LU~ CJ'Ue:J\1 1~~'\.J fl~ LL 'U'Ufld1:W'tl€l'U'Vl1\ltl1~i.'11'Vl«:w ~ 1,'1 

~ 1'U~ n~ru~~tl11 fl!J'U e:J\1 ~ ~'~ 1~ 3 :w1 n n11'j~ ~'Ufl~ Lb 'U'Ufl11:W'tle:J'U'Vl1\ltl1~G'I1'Vl~:w~ i.'1~1'U~ n~ru~v1 
tJ-;j1fl!)'Ue:J\1~1'11v11 mh'li111m11~t1J 

~\li.'11tl1~11 1 ~~'U fl~ LL 'U'U'U€l\li.'11911~1'U~ i.'1:wv1tJ-rutJ1 '11 Vll.J (i.'11'1 1v1 3) i11~~'Ufl~ LL 'U 'U 
, \1 • 'U 

m1:W'tle:J'U'Vl1\ltl1::i.'11'Vl~:W~i.'1~1'U~ m~ru~~tl11 nn:w1nn'i1i.'1~1~\l L~:w (G'!I'I1~ 1) e:J~1-:Jii'l!m11~ru~ 
d.J 'U 'U " 

U= 0.05 
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~ 1 2 3 4 5 
'U 

1 8 8 8 8 8 

2 6 6 6 6 6 

3 5 5 5 6 6 

4 7 7 6 5 7 

5 6 7 7 5 5 

6 5 7 7 6 6 

7 5 6 6 5 5 

8 6 7 8 6 6 

9 7 7 8 8 8 

10 8 6 6 7 8 

11 7 7 7 7 7 

12 7 6 6 8 8 

13 9 8 8 8 9 

14 8 7 7 8 7 

15 7 6 8 7 7 

16 6 5 6 5 6 

17 5 6 5 6 5 

18 8 7 8 7 8 

19 6 7 8 8 7 

20 8 8 6 7 7 

21 6 7 8 8 6 

22 6 7 8 7 7 

23 7 7 7 7 7 

24 6 5 5 5 5 

25 6 6 8 6 7 

26 8 8 6 8 7 

27 9 8 8 7 6 

28 5 6 7 8 8 

29 7 6 5 7 6 

30 8 8 8 8 8 .. 
6.73 Lu~CJ 6.70 6.87 6.80 6.77 
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~1 m1\.JtJ1':i~~'U 1"1~ LL 'l.J'W~1~~ 1 nf11~'Vl~~ B.:llJ1'V111"111lJ~lJ~'Wfib~ t1 b -if LL 'U'U~1~B.:If11~ 
~~~Btl LL~~f11 ~i Lfl~1~t-1ft11lJ LL U~'l.J11'W L .yj BtJ1 ~ ~"llB.:Ifl11lJ~lJ~'Wfi~1~ tJi Lm1~t-1'VI1fl1~ 
L 'VIlJ1~(,'flJnuLnru6fi~n1'VI'l.J~ H 

n1~~-:J(,'flJlJ~~1'Wb'Wn1~'Vl~~a.:~ 
"" 

H0 : ~~~'Ufl11lJ"llB'U'Vl1-:JU~~l,'l1'Vl~lJiJ'(,'f~1'l.J~(,'f'lf1~"llB.:Jn'l.JL~ti.:!Ml~~ 1 (i.:~(,'f~~~ 5 ii . " " 
fi~LL 'l.J'l.J'Vl~l,'IB'U hJLL~Mh-:1 tl'l.J 

H0 : ~~~'Ufl11lJ'llB'U'Vl1'1U~~l,'l1'Vl~lJiJ'(,'f~1'l.J'j(,'f'lf1~"llB\lc!'VlV!l,'IB'U~ 1 (i\lfl'W~ 30 ii 
" 

fi~LL'l.J'l.J'VlV!l,'ltl'U hJLL~nt>i1-:Jn'W 

H1 : ~~~'Ufl11lJ'llB'U'Vl1-:JU~~l,'l1'Vl~lJiJ'(,'f~1'l.J~(,'f'lf1~"llB.:Jn'l.JL~ti\ll,'l~~~ 1 (i.:~(,'f~~~ 5 ii . " " 

' ' 
H1 : ~~~'Ufl11lJ'llB'U'Vl1-:IU~~l,'l1'Vl~lJiJ'(,'f~1'l.J'j(,'f'lf1~"llB.:Jc!'VlV!l,'IB'Ufl'WVi 1 (i.:~fl'WVi 30 ii 

" 
fl~ LL 'l.J'l.J'VlV!l,'ltl'U LL~n\9i1\ln'W 

' 
Vi'j~~uumhoi''!J a = ooo5 

"' m~l'i'\l(,'flJlJ~~1'WL;a\l{,'f~~ 
"' 

Ho : flai = fla2 = J.la3 = fla4 = J.las 

Ho : fit, I = flb2 = f-ib3 ° 0 0 = flb3o 

H1 : flai :f. fla2 :f. J.la3 :f. fla4 :f. J.las €1~1\lUBtl 1 ~ 

H1 : flt,1 :f. flb 2 :f. f-ib3 000 :f. f1b 3o B~1'1tJBtl f ~ 

Lde:J I{ 'l-1lJ 1 t1 fi \l fi 1 Ltl ~ tl"ll e:J-:1 ~ ~ ~ 'U fl11lJ'll e:J'U 'Vl1 \lU ~ ~ l,'f 1 'VI ~lJ tr l,'f ~1 'W ~l,'l'll1 ~ "lJ e:J-:1 

""' "" .. .. .,j ~ .,j 
~:J~(?l.nrusnnub'lltl\ll,'lm'Vl 1 ~.:J(,'f~~'Vl 5 

' " " 
LL~ ~ fit, 'VIlJ 1 tl fi 'I fl 1 Ltl ~ tl "lJ e:J-:1 ~ ~ ~ 'U fl11lJ'll e:J'U 'Vl1 \l tJ ~ ~ (,'f 1'Vl ~lJ tr (,'f ~ 1 'tJ ~ (,'f'lf1 ~"ll e:J 'I 

II .,j ~ .,j 

!:J'VlVJ(,'fe:J'Uft'l.J'Vl 1 ~\jfl'l.J'Vl 30 
" ' ' . 

1Lfl~1~t-1fl11lJbL~nt>i1\l"lle:J\l~:J~~.nrusnnuL;av'~(,'f~~Vi 1 fi'l(,'f~~Vi 5 LL~~cr'VlV~(,'fe:J'Ufi'WVi 1 
, \1 \1 " 

fi'lfi'W~ 30 11nfl11lJLL~Mh\lnu'l-1~e:J hJ 1uLLt>i~~flru~mmJ~"lle:J\lt-J~~.nrusn 1~v1-irm~iLfl~1~t-1t-J~ • 
fl11lJ~lJ~'l.J51V~ v1-ir bL 'U'U ~1~ e:J-:1 m ~ ~ ~ ~ e:J tl~ \l (,'f 1m ~~'\111 (,'flJ m ~ fl11lJ~lJ~'W 51~ ~.:~d 

fl11lJ'lle:J'U'Vl1-:JU~:::l,'l1'Vl~lJiJ'(,'f~1'l.J'j(,'f'lf1~ = 60607 A+60107B+ 1066AB (405) 

~1nl,'l1lJf11'j~ 405 bV!tl A 'VIlJ1tlfi\l L'ife:J'VIlJ LL~::: 8 'VIl.Jltl(i-:1 ll'W'l-1lJ ~\lLLl,'IV1\lb~L~'W11 
" " 

L 'if €l 'l-1lJ bL~ :::lJ'l.J'l-1lJii !:J ~ \9i e:J fl11lJ'll e:JU'Vl1 \lU ~ ~ l,'f 1'Vl ~lJ tr l,'f ~ 1'W ~ i,'f'lf1 ~1 'W L ;a \l'U1 n~\l rl LL~ :::vi1 n 1 ~ 
" " " 

iLm1~t-1ft11lJbLU~U~1'W ~1vi6m~bb'U'U Randomized Complete Block Design ~\l1~~:J~f11~ 
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Source OF Sum of Mean F P-Value 

Square Square 

?I \PI 'a 4 0.493 .. 0.12333 0.22 0.928 

fl'\J 29 103.893 3.58253 6.31 0.000 

Error 116 65.907 0.56816 

Total 149 170.293 

"'il 1 f1 fn1l Lfl11~'\.-h'i1fl'l1:W ~:WVi''WmVI tJ 1-if LL 'U'U '<il1~ €1'1 f111t:l VI t:l€1 tJ LL~ ~ f111l Lfl11 ~~fl11:W 

LL'l .. htl1l'W~-w15 Randomized Complete Block Design 1~Fi1 P-Value 1 'U~l'W'll€l'l~\9l1~l'U~?I:W 
Ltl'U 0.928 LL~~ 1'U~l'U'lleJ'ltr~Li1'VIV~?IeJu'!JeJtJn-;h 0.001 ~1~~uumh•i'ru a = o.o5 

~ v 

I{ ~'I hJiJL '\'i"le.J~:W1f1~ eJ~tJlj L?I5?1:W:W~~1'U'\'i~ f1 LL?IVI'l'i1Fl1 Lu~ tJ'll€1-:11~~'Ufll1:W'lJ€l'U 
'V11'ltl1~?11'VI~:Wtr?I~1'U1?1"111~'ll€l'lf1'UL "iltJ'l?lm~ 1 ~'l?ll?l1~ 5 lJfl~ LL 'U'U'VIVI?Ifl'U hi LLIPl f1~1'ln'UeJci1'llJ ' ~ ~ 

fit, ~ 'ltJ lj L?I5?1:W:W ~ ~1'U'\'i~ f1 LL?I VI '111 Fl 1 Lu~ tJ'U €1 '11 ~ ~'U fll 1:W"ll€l'U'VI1 'ltJ 1 ~ ?11 'VI ~:W tr ?I~ 1'U 
Q II d C1 d Cll I ClJ' I QQJ 0 Q.l 

1?1"111l?l'll€l'l~'VIVI?I€l'U'VI 1 t:I-:Jfl'U'VI 30 :Wfl~ Lb 'U'U'VIVI?Ifl'U LLIPI f1\911'1 f1'U€ltJ1-:J:W'UtJ?I1flru 
~ v 

"':Wtr?I~1'U1?1"111~'ll€1-:lf1'UL "iltJ-:1 LL~tr L i1'VIVI?I€l'UlJe.J~ ~ €11~~'U fl ~ LL 'U'Ufll 1:W"ll€l'U'VI1'ltl1~?11'VIG1':Wtr?I~1'U ' ~ 

1?1"111 ~ 'U€1-:1 f1'W L :S tJ-:1 Ld €11'191 t:I~'U '\'i~ f1 hJiJ e.J ~ ~ m ~ ~'U f1 ~ LL 'U'U fll 1:W"ll €l'U'VI1-:Jtl 1 ~?11'VI~:Wtr ?I~ 'I 
' ' 

hl'<il1L U'U~€1-:Il Lfl11~~fll1:W~:W~'Ul5~€1 

4 .2.2. 3 e-1~ fn'a'VIVI?I el'Ufl11:W"ll fl'U 'VI1-:!tl 1 ~ ?11'VI ~:wtr ?I~ 1'U L i1' €1 "':W tr ?I'll fl.:! f1'U L <8 tJ-:1 iJ 1 ~ ~'U 
' 
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~ 1 2 3 4 5 
'U 

1 5 4 6 7 7 

2 7 3 8 4 6 

3 7 5 8 7 6 

4 6 3 5 6 4 

5 7 6 4 6 7 

6 7 5 4 6 8 

7 4 4 7 6 4 

8 5 8 5 5 5 

9 6 9 5 7 5 

10 4 8 6 7 8 

11 7 7 5 4 6 

12 6 3 4 7 6 

13 2 8 8 4 6 

14 4 7 7 7 5 

15 3 9 5 4 8 

16 4 9 5 5 8 

17 4 4 8 4 5 

18 6 4 7 4 5 

19 7 5 8 6 8 

20 7 4 6 5 8 

21 3 4 5 4 4 

22 4 8 5 4 8 

23 4 6 6 6 4 

24 4 5 8 7 4 

25 2 7 6 4 8 

26 4 8 7 4 5 

27 6 7 5 6 5 

28 4 9 5 4 5 

29 6 5 6 5 8 

30 6 9 6 5 6 
d 

bO~tJ 5.03 6.10 6.00 5.33 6.07 



89 

~1 m~\.JUT~~~'UI"l ~LL 'U'U~1~~1fl n1'j'Vl~~ e:J'll.J1'\-111"1111J~:W~'Ut\1~ tJ 1 off LL 'Umh~e:J'l n1'j 

ti~H1e:J tJ LL~~n1'ji Ll"l11~,_.;1"l'J11JLL 'tht.h'J'U L Yie:JU1eJ~"lle:J'll"l111J~:W~'Ut\~1~hJ1 Ll"l'j1~,_.;'\-11fh~ 
m:w1~?~:wn'ULmuon~n1'\-1'U~ H 

n11~'l?f:W:W~;i1'U 1 'Un11'Vl~~e:J'l 
"" 

H0 : 'j~~'UI"l11:W"11e:J'U'V11-:JU'j~?f1'Vl~:WeY?I~1'ULde:J~:WeY?I"lle:J'lfi'UL<fit~'l?f~1~ 1 i;1-:J?t~1~ 5 i1 . " " 
l"l~bL'U'U'Vl~?fe:J'U hJLL~fl~1'ltl'U 

H0 : 1~~'Um1:W"11e:J'U'V11-:JU1~?11'Vl~:WeY?I~1'ULfYt~~:weY?I"lle:J'l~'Vl~?le:J'U~ 1 1;1-:JI"l'U~ 30 i1 
" 

1"1~ LL 'U'U'Vl~?le:J'U hiLL~ fl~1'ltl'U 

H1 : 'j~~'UI"l11:W"11e:J'UVI1-:JU'j~?f1VI~:WeY?I~1'ULde:J~:WeY?I"lJe:J'lfi'Ub6fitJ.:J?f~'j~ 1 1;1-:J?tm~ 5 i1 . " " 
l"l~bb'U'UVI~?Ie:J'UbL~fl~1'ltl'U 

... ' ' 

H1 : 'j~~'UI"l11:W"11e:J'UVI1-:JU'j~?f1'Vl~:WeY?I~1'ULUe:J~:WeY?I"lle:J'l~VI~?Ie:J'UI"l'UVi 1 1;1-:JI"l'UVi 30 
" ... ' ... 

:WI"!~ LL 'U'U'Vl~?fe:J'U LL~ fl~1'1 fi'U 

Vi'j~~uum11~'1J a = o.os 
" fl1'j~.:J?I:W:W~ ;i1'U L Ofi.:J?I ~~ 

"" 
Ho : f.lai = Jia2 = Jla3 = f.la4 = Jla5 

Ho : flt,1 = Jlb2 = fib3 ··· = J1b30 

H1 : Jiai "~' Jia2 "~' Jla3 "~' Jla4 "# Jla5 tl~1'1Ue:Jtl 1 ~ 

Ht : flt,1 "~' Jib2 "~' fib3 ··· "~' J1b30 e:J~1'lLJeW 1 ~ 
L~ e:J f.1a 'l-1:W1 vi;).:J fl1 Lu~ V"lle:J.:J'j~~'UI"l111J"11 e:J'UVI1-:JU'j~ ?11'Vl~:WeY ?1~1'U b dt~~:weY ?f"ll e:J-:1 

o~~C~oQJ~ a dd d 
t-J~~IHU'Vlfi'UL"lJV'I?I~'.iVI 1 tl'l?l~'.iVI 5 . " " 

LL~~ fit, 'l-11J1Vi;)'l fl1Lu~ V"lle:J'l'.i~~'UI"l11:W"11e:J'UVI1'lU'.i~?I1VI~:WeY?I~1'UL dt~~:WeY?I"lJe:J-:1~ 
d "" d 

Vl~?le:J'UI"l'U'Vl 1 tl'll"l'U'Vl 30 
' ' ' Q 4' 1 aQ./4' d .q ~ d II .c:t 

1LI"l'.i1~'\-11"1111JLL~fl~1'1"lle:J'lt-J~~flrurrlfi'UL"11V'l?fmVI 1 tl'l?f~'.iVI 5 Lb~~t-JVI~?fe:J'UI"l'U'Vl 1 
.. 'U 'U \1 

1;1-:~l"l'U~ 30 11i11"111:WLL~fi~1-:Jtl'U'l-1~e:J 1:w1 'ULL~~~I"lru~m~tru~"lle:J.:Jt-J~~.nruon 1~t~ 1 in1'.i1LI"l'.i1~,..;t-J~ • 

~1fi?I11Jfl1'.i~ 4.6 1~v A 'l-1l.J1Vi;1-:J Lde:J'l-1:W Lb~~ 8 'l-1l.J1Vi;)~ if'U'l-11J ~'lbb?I~'I1~L-H'U':h 
" " 

b d e:J'l-11J LL~ ~if'U'l-1:Wi1 t-J ~~ e:JI"l11:W"11e:J'U'V11'1U'.i ~?11VI ~:W eY ?1~1'U L d e:J ~:W eY ?IL 'U b Ofi ~'U1 fl~~fi LL~ ~vl1 fll'.i 
" " " 

1LI"l'.i1~,..;1"111:WLLU'.iU'.i1'U ~1v15m'.ibb'U'U Randomized Complete Block Design ~~1~e.J~fl1'.i 
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Source OF Sum of Mean F P-Value 

Square Square 

~twa 4 28.893 
'II 

7.22333 2.76 0.031 

fl'U 29 51.093 1.76184 0.67 0.890 

Error 116 303.107 2.61299 

Total 149 383.093 

\11f1fl1~~hrrn~-HV!1i'l11:W61':W'Vr'U51~CJ L -ffLL 'U'U~1G'iB~fl1~t;J~ t;JB CJ LLG'i~fl1~l Lfl~1~-Hi'l11:W 

LL'lJ~'lJ~1'W~1CJlB Randomized Complete Block Design 1~~1 P-Value L'W~1'W"1Jm~m~TUt:J?I:W 

Ltl'W o.031 LLG'l~ 1'W~1'W"1JB~~~LoU'Tvl~?lauLtl'W 0.890 ~~~~uum;1~ru a = o.o5 
'II ' u 

f1a ~~LJ!j L?I6?1:W:W~~ 1'WV!6i' f1 LL?I~~-;h~1 L\J~ CJ"1JB~~~~'Ufl11:W"I1B'U'Vl1~'1J ~~?11'Vl61':W er?I~1'U 
"' . ' d Cl.l Q.J d .o=f ~ o:::!il d I Q.J I .o:;,IQ.I 0 Cl.l 

L'UB?I:Wt:J?1"1JB~n'UL "11CJ~?I!Pl~'Vl 1 t;J~?I!Pl~'Vl 5 :Wfl~LL 'U'U'Vl~?IB'ULL!Plf11P11~f1'UBCJ1~:W'UCJ?I1fl!:U 
1 'U 'll v 

fib ~~ hJiJ L 'Vfi'Jt.IG'i:w1f1~B~'l.Jlj L?I5?1:W:W~~1'UV!6i' n LLMl~·;h~1 L\J~ CJ"1JB-:l~~~'Ufl11:W"I1B'U 
'Vl1~'1J~~?I1'Vl61':Wer?I~1'UL.Q'B61:Wer?I"1JB~~'Vl~?IB'U~ 1 n~fl'U~ 30 lJfl~bL'U'U'Vl~?IB'U hJbb!Plf1~1~tl'UB~1~lJ 

'II 

~~?I ~LJ1~-;h ~1 'Ut-I ?I:W"1J B ~ l !Pl t;J ~ 'UV! 6i' niJ e-1 G'i ~ B ~ ~ ~'U fl ~ Lb 'U 'U fl11 :W"/1 B'U'Vl1 ~LJ ~ ~ ?11'Vl61':W er ?I , . 
~1tib .Q' m1:werG1"1JB~ f1ti b ~EJ~ bb~ ~ b oU1'Vl~?IB'U hJiJe.~G'l~ B~~~'Ufl~ bb 'Utifl11:W"liB'U'Vl1~'lJ~~?I1'Vl~:Wer?l~1ti 

, 'II 

b da61:wer?I"1JB~ f1tib ~EJ~ b~Bl bfl~1~-H?!m~1'Ue.!?I:W~ii~~~'Ufl~bL 'U'U:W1 f1~?1~"1JB~?Ime.J ?I:W LVI~ (?!!Pl ~ 
, "' 1 'll 'U 

~ 2) :w1LD~EJ'ULViEJ'Utl'U~~~'Ufl~LLtitifl11:W"I1B'U'Vl1~'lJ~~?I1'Vl~:Wer?l~1tiL.Q'B~:Wer?I"1JB~?I!Pl~~~L~:W (?I!Pl~ 
'II 'II 

~ 1) 1~v1-b15 Paired T-Test L~BV!1fl11:w61':w'W'U5 
n1~~~?1:W:W~~i1'U L tin1Wl~G'iB~ ... 
L~B f.1ta ~B ~1 L\J~ EJ"1JB~~~~'Ufl~ LLtitifl11:W"I1B'U'Vl1~'lJ~~?I1'Vl~:Wer?l~1ti L da~:wer?I~!Pl~ 

~ 2 (?I!P1~~~1b\J~EJ~~~'Ufl~bL'Uti:W1f1~?1~) 
'II , 

LLG'i~ f.la1 ~B ~1 L\J~ EJ"'JB-:1~~~'\Jfl~ LL 'U'Wfl11:W"I1B'U'Vl1-:ID ~~?11'Vl61':wer?I~1'Wb da61:wer ?I?I!Pl~ 
'II 

~ 1 (?I!Pl~~~b~:W) 
'U 

"' 
f11~~~?1:W:W~~1tiL~~?I~~ ... 
Ho : f.la2 ~ f.la1 

H1: f.la2 > f.lai 

Vi~~~uum11~'1J a = o.o5 
' ' ct Q ~ ~<C. d Q.l Q.l ~II Qq cv 

'l!~e.JG'if11~1Lfl~1~Vfe.JG'i'Vl1~?1t;J!PlmBV!1fl11:W?I:W~'UumEJ15 Paired T-Test "1JB~~~~'U 

fl~ LL titii'l11:W"liB'U'Vl1~'lJ~~?I1'Vl61':Wer?I~1'Ub .Q' a61:wer?I"1JB~ ?I!Pl ~~:W1 f1~?1 ~ tl'U ~~~'Ufl ~ LL titii'l11:W"I1B'U'Vl1~ 
'U ' 

'lJ~~?I1'Vl61':Wer?l~1tiLda61:wer?I"1JB~?I!Pl~~~L~:W ~~!Pl1~1-:l~ 4.14 
'II 
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N Mean Standard SE Mean 

Deviation 
d 

Ml1'VI 2 30 6.100 2.074 0.379 
'U 

t1~1Vl 1 
'U 

30 5.033 1.564 0.286 

Difference 30 1.067 3.028 0.553 

95% lower bound for mean difference: 0.127 

T-Test of mean difference = 0 (vs > 0): T-Value = 1.93 P-Value = 0.032 

"il1flfl11i LF111~~t:.J~'VI1\lt1~~ L ~el'l-nA11l.l61l.l<W''U5Ji'-mi5 Paired T-Test 'lleJ\l1~~u 

A~ LL 'U'UF111l.l'lJeJu'VI1\l'th~t11'V161l.Jtrt1Ji'1'UL deJ61l.Jt1t1'lleJ\lt1~1~mn~t1~nu1~~uA~ LL 'U'U'llel\l t1 ~1~\l L~l.J 
'U • 'U 

iiFh P-Value = 0.032 ~1~~uwmh~'ty a = 0.05 

~\l'I.Ji) bt1ot1l.ll.l~~1'UVI~ n bbt1~\ll1~1 b~~ tJ'lleJ\l1~~tJF1~ bb 'U'U F111l.l'lJeJU'V11\lU1~t11'VI61l.lt1t1 
Ji'1'UL dm1'l.lt1t1'lJeJ\lt1 ~1~ 2 l.J1nni11~~UA~ LL 'U'U A11l.l'lJeJU'Vl1\lU1~t11'VI61l.lt1t1 Ji'1'U L d eJ61l.lt1 t1'lleJ\l t1~ 1 

'U 'U 
d I dV 0 V 

VI 1 elt.l1\ll.J'Ut.lt11Flty 

~\lt11'1.J1Ji'111~~uA~ LL 'U'U'lleJ\lt1~1G11'Ut:.J?Il.l~'I.J~u'I.J1\l1 Vlll (t1m~ 2) ii1~~UA~LL 'U'U 
• 'U • '\J 

FrJ1l.l'lJeJU'Vl1\lU1~?11'VIG1l.lt1?1Ji'1'UL deJ61l.lt1t1mnn11?1m~\lL~l.l (t1~1~ 1) mh\liiumh~n'~ a= 
'U 'U ·~ 

0.05 

4.2.2. 4 t:.J~ fl11'VI~t1eJUF111l.l'lJeJU'VI1\l'I.J1~ ?11'VI61l.lt1t1 Ji'1'U F111l.l'lJeJU 1~ t.1 11l.l'lJ eJ\l~'U L ~ t.i\l 

ii1~~tJFl~bb'U'UF111l.l'lJeJU'VI1\lU1~t11'V161l.lt1t1 ~\!~111\l~ 4.15 
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~ 1 2 3 4 5 
'U 

1 4 9 8 8 4 

2 5 5 9 8 6 

3 4 6 7 5 5 

4 6 9 7 6 5 

5 4 6 9 8 7 

6 6 7 5 8 5 

7 5 8 8 6 7 

8 5 5 6 7 4 

9 6 8 8 6 7 

10 6 8 9 7 6 

11 4 7 9 8 7 

12 5 8 7 4 4 

13 6 6 7 7 6 

14 4 5 9 7 4 

15 6 6 5 6 4 

16 6 9 9 8 4 

17 4 6 9 7 5 

18 5 5 5 6 6 

19 6 9 6 8 7 

20 5 8 5 4 7 

21 6 7 9 8 4 

22 4 5 5 7 7 

23 4 5 9 6 4 

24 5 9 5 8 4 

25 6 8 6 4 4 

26 4 7 6 4 6 

27 5 4 8 5 7 

28 4 7 7 5 5 

29 5 7 5 5 5 

30 6 7 6 8 5 .. 
5.03 6.87 7.10 6.47 5.37 Lur;=ttl 
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"il1 f1,r'U'l111:::1'l'Ufl::: lb 'U'U~1Jl "il1f1 f11 1'Vl~~ e:J'IlJ1Vl1fld1lJ"'lJ.W'Ulfl:~ ~ 141 ll 'U'U ~1~ e:J'I f11 1 

fl~ fl eJ ~ ll~::: f11 1llfl 11 :::'1-1 fll1lJ ll tJ 1'll 11'\J l ~ e:J'l11 C,J ~"1.1 eJ 'lfll1lJ"'lJ.W'U 5~1J11 'llllfl11 :::'I-1Vl1fl 1 ~ 
l VllJ1~6'llJtl'Ulnrusn~n1Vl'U~ 11 

f111~'16'llJlJ~~1'U1'Uf111'Vl~~e:J'I ... 
H0 : 1:::1'l'Ufl11lJ"Ile:J'U'V11'1'll1:::6'l1'Vl"'lJ~6'lJ11'Ufll1lJ'Iie:J'U 1~~1llJ"tle:J'If1'Ul~~'16'll'l1~ 1 (i'l 

, 'U 

6'11'11~ 5 iifl:::bb'U'U'V1~6'le:J'UbJLbl'lf1~1'1tl'U 
'U 

H0 : 1:::1'l'Ufll1lJ"Ile:J'U'V11'1'll1~6'l1'Vl"'lJ~6'lJ11'Ufl11lJ'Iie:J'U 1~~11lJ"tle:J'I~'V1~6'le:J'U~ 1 (i'lfl'U~ 
'U 

30 iifl:::bb 'U'U'Vl~?le:J'U 1lilbl'lf1~1'1tl'U 

H 1 : 1:::1'l'Ufl11lJ'Iie:J'U'V11'1'll1:::6'l1'Vl"'lJ~6'lJ11'Ufll1lJ'Iie:J'U 1~~11lJ"tle:J'If1'Ul~~'16'll'l1~ 1 (i'l 
, 'U 

q q I V 

~ l'lWl 5 lJfl::: ll 'U'U'Vl~?le:J'U lll'l f11'11'1 f1'U 

H 1 : 1:::1'l'Ufl11lJ'Iie:J'U'V11'1'll1:::6'l1'Vl"'lJ~?lJ11'Ufl11lJ'Iie:J'U 1~m1lJ"tle:J'I~'Vl~?le:J'Ufl'U~ 1 fi'l 
'U 

fl'UVi 30 iifl:::bb'U'U'V1~6'le:J'Ubll'lf1~1'1tl'U 

Vi1:::1'luumh~'tl! a = o.o5 ., 
f111~'16'llJlJ~~1'Ul~'l6'l~~ ... 
Ho : f..la! = f..la2 = f.la3 = f..la4 = f.las 

Ho : f-lh1 = Jlb2 = l-43 · · · = flb30 

H1 : f..lal :f. Jla2 :f. f.la3 :f. f..la4 :f. f.las e:J~1'1ife:J~ 1 ~ 

H1 : f-lb1 :t- flb2 :t- l-43 ... * f..lb3o e:J~1'1Uem 1 ~ 
L~e:J I{ VllJ1~tl'l fl1b\l~ ~"1.1 e:J'I1:::1'l'Ufl11lJ'Iie:J'U'V11'1'1J1:::6'l1'Vl"'lJ~ 6'lJ11'Ufld1lJ'I1€l'U 1~~11lJ 

QCV~ Cill dd ,d 
"tl€l'IC-J~I'l.fltusnn'UL"Il~'l?lm'Vl 1 m?ll'l1'Vl 5 

, 'U 'U 

lb~::: f-Ib Vlm~ fi'l 1"11 bo~ ~'11€1'11:::1'1'1.1 m 1lJ'Ii€l'U'V11'1'll1:::6'l1'V161lJer 6'lJ11'Ufld1lJ'I1€l'U 1~ m11J 
.., d d d 

"tl€l'IC-I'V1~6'l€l'Ufl'U'Vl 1 fl'lfl'U'Vl 30 
\J I I I 

q f' 1 ct. 4.1 f' C11 .iCif d .d II d 

1bfl11:::Vlfld1l.Jbb1Jlf11Jl1'1"1J€l'IC-1~1Jl.flfi.Jsrlf1'UL'I1~'16'l1Jl1'Vl 1 fl'l6'l1Jl1'Vl 5 bb~:::C-J'V1~6'l€l'Ufl'U'Vl 1 
~ \1 '\1 \I 

tl'lfl'U~ 30 ·;hiifl11lJbbiJlf1~1'1n'UVl~€11lJ L 'ULl~~:::flru~ f1'1~H1.1:::"1J€l'IC-1~1'1Jltusn 1~W 1<iff111lLfl11:::'1-1C-J~ , 

"il1f16'l11Jf111~ 4. 71~~ A VllJ1~(i'l l.Q€1VllJ bl~~ B Vlm~(i'l 3J'UV!lJ ~'lbl?lVI-:!h1'b~'U';h 
'U 'U 

b .Q €1VllJi1 C-1~ fll1lJ"Il€l'U'V11'1'll1:::6'l1'Vl "'lJ er 6'l J11'U m 1lJ'I1€l'U 1V~ ~1llJ 1 'U'V11'1'U1 f1~ '16'l1'U'V11'1 n'U3J'UVllJ~:W 
'U 'U 

C-J~ 1 'Ub'!i-:!~'1.1 lL~:::'I'11f111lbfl11:::'1-1fl11lJLl tl1'll11'U Jl1~i6m1bL 'U'U Randomized Complete Block 

Design ~'11JIC-J~f111llfl11:::'1-1C-J~'V11'16'l~~ 1'1'11'1111'1~ 4.16 



\911~1.:~fi 4.16 ~~m~1LI"I~1:::-HI"I111lbb 't.htl~1'1J'tltl.:I~:::~'IJI"I:::bb 'IJ'IJI"I1111'tltl'U'VI1.:1tJ~:::~TVI~11~~ 
~1'1JI"I1111'tlti'U1~~~111 

Source DF Sum of Mean F P-Value 

Square Square 

~\91~ 4 101.277 .. 25.3167 14.72 0.000 

I"I'IJ 29 30.033 2.0701 1.20 0.242 

Error 116 199.533 1.7201 

Total 149 360.833 
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~1 n m 11 Li"111~~vn m1:w ~:w~'IJ 51~ v 1-if bb uu~1~ B'l m1~~ ~B v bb~::: m1i Li"111:::~rrn:w 

bb'lh'th1'U~';m15 Randomized Complete Block Design 1~rh P-Value 1w:b'U"IJB'l~~1~TUe.J6'1:W 

umm-J1 0.001 Lb~::: 1'U~1'U"IlB.:Jc!~L-if1Vl~?IBUbtl'U 0.242 ~1:::~u1!m>f1~ru a = 0.05 
~ ~ 

f.1a ~'l'IJ~b6'156'1:W:W~~1'U'Vl~n Lb6'1~'ll1rl1bU~V"IJB'l1~~Ui"111:1J"llBU'VI1'l'IJ1:::6'11'VI~:Wtr6'1~1'U 
i"111:W"UB'\J L~V11:1J"Ilv'ln'UL ~V~6'1~1~ 1 fi'lMl1~ 5 ~i"l:::bb'U'U'VI~6'1BUbL~n~1'ln'UB~1~ih!mc>f1~ru 

, \1 \1 QJ 

f..1t, ~~ 1lJ~L 'Vl~e.J ~:W1n'WB~'IJ~ L6'156'1:W:W~~1'U'Vl~ n LL?I ~'ll1rl1 LU~ tl"IJB'l1::: ~Ui"111:1J"UBU 

Vl1~'1J1:::6'11Vl~:Wtr6'1~1'Ufl11:1J"llBU L~V11:W"IJB~c!Vl~6'1BU~ 1 fi~i"l'U~ 30 ~i"l:::bL'U'UV1~6'1B'U1lJLL~n~h~ 
~ 

Q.l t .ell Q.l 0 .., 

nt.Jam~:w'UV6'11i"1'1J 

~'l6'11'1J1~l1~1'Ut:-.J 6'1:1J"IJB'l1 ~ ~~U'Vl~ n~t:-.J~ ~ B 1:::~'\J 1"1::: LL 'U'Ufl11:W"UB'\J'VI1'l'IJ1:::6'11Vl~:Wtr 6'1 . ' 
~1'Ui"111:1J'tlB'\J L~tl11:1J"IJB'ln'Ub ~tl'l LL~c! b oU1Vl~6'1BU 1lJ~t:-.J~~ 81:::~'\Ji"l:::bL 'U'Ufl11:1J"UB'\J'VI1'l'IJ1:::6'11Vl . ~ 

~:Wtr6'1~1'Ui"111:W"UB'\J L~ V 11:W"IJB'ln'UL ~ tl'l L~Bi bi"l11:::~6'1 ~1~1'Ut:-.l6'1:W~~1:::~u 1"1::: bL 'U'U:W1n~6'1~"1JB'l . ~ . 
6'1~1e.J6'1:W 1 VtlJ (6'1~1~ 3) :W1L 'IJ~tJ'\J b VlVU nu1:::~Ui"l:::LL 'U'Ufl11:1J"llBU'VI1'l'IJ1:::6'11Vl~:Wtr6'1~1'Ui"111:1J"llBU 
~ ~ 

t~tJ11:W"IlB'l6'1~1~.:JL~:w (6'1\911~ 1) 1~v1m5 Paired T-Test L~B'Vl11"111:W~:w'Wt.J5 
~ ~ 

n11~'l6'1:W:W~~1'U 1 'Un11Vl~G'ltl'l ... 
L~B Jl.aJ flB Fl1 bU~ V"IJB'l1:::~'\J i"l:::bb 'U'Ui"111:W"UBU'VI1-!I'IJ 1:::6'11Vl~:Wtr6'1~1'Ui"111:1J"llB'\J 

1~m1:W6'1~1~ 3 (6'1~1~Fl1LU~tJ1:::~ui"l:::LL'U'U:W1n~6'1~) 
~ ~ . 

bL~::: J1.01 flB Fl1 LU~ tl"IJB~1:::~Ui"l::: LL 'U'Ui"111:1J"llBU'VI1'l'IJ1:::6'11Vl~:Wtr 6'1~1'Ui"111:1J"llBU 

1~m1:w6'1~1~ 1 (6'1~1~'lb~:w) 
~ ~ ... 

n11\K'l6'1:W:W~~1'UL~'l6'1~~ ... 
Ho : fl.a3 ::;; flaJ 

H1 : fl.a3 > flaJ 

~ Q.l cv 0 Q,l 

Vl1:::~ut.Jt~6'111"1'1J a = o.o5 
.J ~ 4' Ct. Q. d Q,J' <V 4' IJ' Q.c:il Q..l 

'tl'lt:-.J~n111 Li"111:::Vtt:-.J~Vl1'l6'1~~ L 'WB'Vl1fl11:W6'1:W'W'U 5mtJ15 Paired T-Test "IJB'l1:::~u 
ol <V <V 1/ t .J .J <V <V 

i"l:::U'U'Ui"111:1J"UBU'VI1~u1:::6'11Vl6'1:Wt:-.l6'1~1'Ui"111:1J"llBU ~tl11:W"IJB'l6'1~1'VI:W1n'VI6'1~nU1~~Ui"l:::U'U'U 
~ ' 

i"111:W"llB'\J'VI1'l'IJ1:::6'11Vl~:Wtr6'1~1'Ufl11:1J"llBU L~tl11:W"IJB'l6'1~1~-!IL~:IJ ~'l~111'l~ 4.17 
~ 
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\9l1~1.:rvi 4.17 t:.Ja m~1 Lfl~1::,.;fl11~a~~'W :5'lla.:r~::~ufl::bb 'U'Wfl11~'lJEIU'V11.:r'\.J~::6'11'VIa~N'"~1'W 
fl11 ~'lJEI\J b~ t.l~1 ~'!J El.:l6'1 \9l ~vf ~1 ni'fa ~ 0\J~::~\J fl:: LL 'U'U'lJEI.:16'1 (;I~~.:! Lfi~ 

'II • 'II 

N Mean Standard SE Mean 

Deviation 

?{(;I'JVi 3 
\1 

30 7.100 1.583 0.289 

?{(;I'JVi 1 30 
\1 

5.033 0.850 0.155 

Difference 30 2.067 1.946 0.355 

95% lower bound for mean difference: 1.463 

T-Test of mean difference= 0 (vs > 0): T-Value = 5.82 P-Value = 0.000 

~1 n n11i LA11:::,.;e.Jft'Vl1~?f~~h Yl EIVl1Fn1:WG1:W~'U5~·;wi6 Paired T -Test 'lJEI~'J:::~u 

A::: bb 'U'U Fl11:l.J'lfe:JU'Vl1~U <;i:::?f1'VIG1:wtr ?I~ 1'U rn 1:W'lfe:JtJ t~ CJ 11:W'lJ €1~ ?I \91 1~:l.J1 n~?l ~ tl\J1 :::~UFl::: Lb 'U'U'lJ€1~ 
\1 ' 

~ ' 

~~Pl';i~~L~:w ilrh P-Value < 0.001 Vi';j~~uum11ri'qJ a = 0.05 

~~'\Ji) b?I5?1:W:W~~1'UVl~ n bb?l ~~11ri1 bu~ CJ'lJfl~';i~\?luA~ LL 'U'W m 1:W'lf€JU'Vl1~'\J1~?11'VlG1:wtr?l 
~1'WF111:W'lf€JU t~ CJ11:W'lJ€J~?I\9l';i~ 3 :w1 n n111~~UA~ bb 'U'WA11:W'lfEIU'Vl1~'\J1~?11'VlG1:wtr ?1~1'WA11:W'lf€JU 

'V 

1~CJ11:W'lJm~\9l';i~ 1 mh~il'l!mf1ri'qJ 
~~?11'l11~111~{;)uA~ LL 'U'U'lJ €1~?1 \91 1ci1'Ue.J ?l:w~tJ 1'u'\J';i~ 1 Vl&.l (?f~Pl';i~ 3) iJ<;j~{;)u A~ LL 'W'W 

, \1 , \1 

A11:W'lJeJU'Vl1~'\.J';i~?I1'VIG1:wtr?l ~1'U m 1:w•1mu t~ CJ 11:w:w1 nrd 1?1 m~~ b~:W (?I \9l';i~ 1) €1 ~1~1l't!m1'1ri'n ~~ 
'V 'V "ll 

0.= 0.05 

~1 n n11i LA 11 ~,.;.rrfl:wft 1 'U m 1'Vl ~?1€1\J A11:W'lJ€JU'Vl1~'l11~?11'VlG1:w tr?l~~ 4 ~1'U~'Vl~ ?I€1\J 
\1 

~ ~U1oU e:J:Wft'J::: ~\J A~ bb 'U'U m 1:l.J'lJ €1\J 'Vl1 ~ '\J 'j ~ ?11 'Vl G1:w cr ?I~ ~Vl:l.J ~ mi b Fl 'j 1:::,.; .n 1~ 11 :l.J t ~ CJ m ';i'Vl ~" f)~:l.J 1 
\1 

Vl1Fl11:wa:w~'U 5t~ CJ 1 -u bb u u ~1" €1~ m 1 ~:~ ~ ~:~ €1 CJ bbft ~ m1i bFl1 1~,.; A11:w bb u 1u 11'U b ~ €JU1e.Jft'lJ€1~ 
A11:wal.J~'U5vti.~ uiLA~1~'1-1vr1f'11~ b vrm~?ll.Jnu Lnru~~n1Vl'U~ 11 

n1';i~~?fl.ll.l~hn'W1'WmWJ~fte:J~ ... 
H0 : ';j~~UA11l.J'lJ€JU'Vl1~'\J1~?11'Vla:wtr?l'lJ€J~n'UL~CJ~?I~P~1~ 1 ()~?fmvt 5 ilA~LL'W'W 

' \1 'V 

'Vl~?I€1\J L:l.ibbiPlfll'h~n'U 
' ' 

H0 : 1~{;)um1l.J'lJBU'Vl1~'l11~?11'Vla:wtr?~'lJB~cr'Vl~?IBuVi 1 ()~A'WVi 30 iJA~LL'W'W'Vl~?le:Ju 
\1 

L:l.iLbiPlfliPi1~tl'U 

H1 : 1~~tJFl11l.l'lJ€1tJ'Vl1~U1~?11'VIG1:Wtr?f•!m~n'UL~CJ~?Im~ 1 ()~?fm~ 5 iJA~LL'U'U 
' \1 \1 

'Vl~?lfltJLLIPI flt'll~tl'U 

H 1 : 1~~tJFl11l.J'lfe:JtJ'Vl1~U1~?11'Vla:Wtr?l'lJeJ~cr'Vl~?l€1tJFl'U~ 1 ()~A'Uvf 30 iJA:::LL 'U'U 
\1 

'Vl~?le:Ju bL\91 n!Pi1~n'U 

Vi';j~~u't!m1'1ri'qJ a = 0.05 
~ 

fl11~~?1:l.J:l.J~~1'Ub~~?l~~ ... 
Ho : Jlal = Jla2 = f.la3 = fla4 = f.las 



·1 

Ho : f.iv1 = f.lb2 = f.ib3 · · · = Jib30 

H1 : f.la! * f.la2 * Jla3 * f.la4 * Jla5 B~1-:JU€ltJ 1 ~ 

Hl : f.ivl * f.lb2 * f.ib3 ... * Jib30 BV1-:JU€ltJ 1 ~ 
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b~B f.1a VllJ1 Vfi.:J fl1 bu~ V"UB.:J1~~\JFl11lJ"UB'UV11-:J'l.J1~G'f1Vl~lJerG'f-uB.:J~~t'lJlruGti'~tJb"i1V.:J 
' ' 

G'fl'l1Vi 1 fi.:J?tl'l1Vi 5 
\) \) 

,.J 
fliJVl 30 

..::::.. 6' 1 c.cv6' d ,d 4 d II d 
1bfl11~VIFl11lJbbt'lflt'l1~"1JB~~r;'lt'l.f1ru6flfliJb"UV~G'ft'l1Vl 1 tNG'ft'l1Vl 5 bbr;'I~~Vl~G'fB'UfliJVl 1 

, 'U 'U 'U 

fi.:JfliJ~ 30 -hijfl11lJbLI'lfll'i1-:JntJVI~B 1lJ1 tJLbl'ir;'l~flru~ n~ru~-ua.:J~~t'l.tlru't11~v 1im1lbfl11~~~r;'l 
' 

A11lJ~lJ<W'wfl~v 1.U bb uu "'ii'1r;'l a .:J n11 (1~ (]at~ bbr;'l ~n11i bfll11~~Fl11lJ bL tl1tl11tJ cJI1 v15n11bb uu 

Randomized Complete Block Design ;g.:J1cJI~r;'lfl11lLA11~~~r;'IV11-:J?f~~ ~.:J\?1111~~ 4.18 

V~1~1.:J~ 4.18 f:..lli'tn1~1lfl~1~~fl1111~1n1'uifl~at eULL uu~1li'tv.:Jfl1~tl~tlaa LLli't~fl1111LL thti~1'1J 
"llv .:~~::~u fl:: bb 'IJ'IJ fl111l'!fv'l.J'VI1.:1tl~::linvt ~ 11 ~ 6'1 

Source OF Sum of Mean F P-Value 

Square Square 

6'1VI~ 4 175.18 43.7958 19.10 0.000 
" 
fi'IJ 29 85.47 2.9474 1.29 0.149 

Error 450 1031.75 2.2928 

Total 599 1447.63 

"'il1 n m11 bA11 ~~VI1Fl11lJ~:IJ'Wu 51~ v 1 i bL uu "'ii' 1r;'la.:J fl11(1~ (1 a v Lbr;'l::: m1i LA11 ~~m111 

LLtl'Stl11tJcJl1v15 Randomized Complete Block Design 1cJll"i1 P-Value LtJ?bu-ua.:J~I?11ci1tJ~?flJ 

uavni1 0.001 Lbr;'l~ L\J~1iJ"Ua.:~er~boU1'VI~G'fa'UdJtJ 0.149 ~1~~'U'umh~'ru a = 0.05 
\) v 

f.1a ~-:n.Ji)b?I5G'flJ11~!1tJVIafl Lb?f~~i1fl1bu~V"Ua~~~~'Ufl11lJ"Iffi'U'V11~'l.J'S~?f1'VI~lJer?f-uv.:J 
~ .d d d d I QJ I dCV 0 CV 

fl\Jb"UV~G'ft'lWl 1 (l~G'ft'lWl 5 lJfl~LL\J'IJ'VI~G'fa'ULb\?1flt'l1~fl\JatJ1~lJiJVG'f1flru 
.. 'U \I .... 

11v ~.:J hiij LVI~~ (;'llJ1 n'V'i a~ui) L?t5?tlJlJ~ !1tJVIa n LL?t ~.:J-.h1"11bo~ v-ua~1 :::~'UA11lJ"llau 

Vl1~U1~?11'Vl~lJer?t-ua~er'Vl~?ta'l.J~ 1 fi~fliJ~ 30 ijfl~bb'WiJVl~?fa'U 1lJLLI'lfll'i1~n'WaV1~ijiJm11~ru 
\) v 

~.:J G'f 1tl1 cJI-j 1 ~1'1J ~ G'flJ"U a~ l\?1 (1 ~'l.J VI a flij ~ r;'ll?i a'S ~ ~ 'U Fl ~ bb \JiJ fl1 1lJ"U a'l.JV11~tl1 ~ G'f 1Vl ~lJer G'f 
' ' 

"Ua~ fl\J b "!1v~ Lb~Jier L oU1Vl~?fa'U 1lJij~r;'ll?ia1~~'l.JFl~ LL iJ\Jfl11lJ"Ua'UV11~U1~G'f1Vl~lJer?f-ua~ fliJb "11v~ L~a ' \) . 
lbFl11~~G'ft'l1~1'U~G'flJ~ij1~~'l.JFl~Lb iJ'UlJ1fl~G'f~"Ua.:J?ft'l1~G'flJ 1 VllJ (?11?11~ 3) lJ1 b tl~ti'U b Vivu nu1~~'U 

'U , 'U 'U 

Fl~LL'W'Wfl11lJ"Ua'U'V11~U1~?11'Vl~lJer?t-ua~?tt'l1~~b~lJ (?11?11~ 1) 1~v1i15 Paired T-Test L~aVI1 
- \) 'IJ 

m1lJ~lJ<W'tJ5 
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f111~'1?tl.ll.l~hnu 1 tJ rnw1~~ eJ'I ... 
b~€1 II_ ~€1 fl1LU~tJ"UeJ'I1:::~\Jfl:::LL'\.J'UI"n1l.J"UeJ'UV11'1tb:::?t1Vl~l.Jer?I"UeJ'I?I~1~ 3 (?1~1~ 

rtiJ " " 
' ' 

fl1 LU~tJ1:::~'Ufl:::LL '\.J'\.Jl.J1flVi?tl'l) 
' 

Lb~::: flai ~€1 fl1LU~tJ"U€1~1:::~'Ufl:::LL'\.J'Ufll1l.J"UeJ'UV11'1'\.h:::?t1Vl~l.Jer?I"U€1'1~~1~ 1 (~m 

"' 
fl11~'1?1l.Jl.J~~1'\.Jb~'l?l~~ .. 
Ho : fla3 ::; f.lai 

H1 : f.la3 > f.lai 
Cl CVQJOQJ 

Vl1:::~tJ'UtJ?t1flru a = o.o5 
"' ' ' 

;~~~f111lLfl11~~~~Vl1-:J?I~~L oW€J'I-'111"111l.l~l.loW'\.JB~ .. w15 Paired T-T est "U€1'11~~'\.J 

fl ~ LL '\.J '\.J fll1l.J"U €I'll V11'1 tJ 1:::?11Vl~l.Jer ?I"U €1'1 ?I~ 1~l.J 1 fl~ ?11'1 tl'U 1:::: ~'\.J A:::: Lb '\.J '\.J fll1l.J"U eJ 'U Vl1'1 tJ 1:::: ?11Vl ~l.J er ?I 
" ' "' ' 

"U€1~?1~1~-:Jb~l.J ~'1~111-:!Vi 4.19 
" 

N Mean Standard SE Mean 

Deviation 
d 

?1~1Vl 3 120 6.742 1.357 0.124 
" d 
?1~1Vl 1 120 5.108 1.587 0.145 
" 
Difference 120 1.633 2.150 0.196 

95% lower bound for mean difference: 1.308 

T-Test of mean difference= 0 (vs > 0): T-Value = 8.32 P-Value = 0.000 

~1flfl11lbfl11~~~~Vl1~?1~~1b.Wmlf11"111l.J~l.l~'\.JB~ltJlB Paired T-Test "U€1~1::::~'\.J 

fl ~ bb '\.J '\.J fll1l.J"U €I'll Vl1 'I tJ 1 ~ ?11Vl~l.J er ?I "U eJ 'I ?I~ 1~l.J 1 fl~ ?I~ tl'U 1~ ~'U fl~ Lb '\.J '\.J"U €1'1 ?I~ 1 ~'I L~l.J iJ Fl 1 
" ' " 

P-Value < 0.001 Vi1:::~uumh~''Y a = o.os 
~'I'IJ n b?l5?1l.Jl.J ~ ~1'\.JVI ~ fl bb?l ~~·;h Fl 1 btl~ tl"U eJ ~ 1:::: ~ 'U fl:::: bb '\.J 'Ufll1l.J "U eJ 'U Vl1'1 tJ 1:::: ?11Vl ~l.J er ?I 

"UeJ-:!?~~1~ 3 mnn111:::~tJfl:::bL'\.J'UAl1l.J"IleJtJV11'~tl1:::?t1Vl~l.Jer?t"UeJ'I?t~1~ 1 eJ~1-:Ji11!mh~'fll " " ·~ 
~'1?11'll1~111:::~tJfl::: Lb '\.J'\.J"UeJ'I?I~1?iltJ~?tl.l~tl-rtJtJ1 '11 mJ (?!~ 1~ 3) i11:::~tJfl:::LL '\.J'\.J 

" " , 'U 

fll1l.l"!le:J'LIV11~'ll1:::?11Vl~l.ler?tl.l1flfll1?1~1~~b~l.l (?1~1~ 1) eJ~1~i11!tJ~1~tu~ a= 0.05 
" " "' 

~1 fl f111l bfl11 :::~oUeJl.J~ 1 '\.JVl~~ €1'1 b ~eJVI1?tm?fl'UCJ?Il.J"UeJ'I b .Q' eJ ~l.J er?l bb~::: fl1 1Vl~?leJ'U 
" " 1"111l.l"!leJ'UV11'1U1:::?11Vl~l.Jer?l~-mrn11iLL'll'll?leJ'llml.l15 9-Point Hedonic Scale Test~'~ 4 ?il'U~ 

Vl~?leJ'll ?11l.l11rl?t1tl1~11 ?i1tJ~ ?tl.l"U €1-:Jl~ CJ~'LIVI~ niJ~~~ €11"11 1l.l"!leJ'LIV11-:!'ll1~?11Vl~l.ler ?1;-:J1:::~u 
' ' d 1d QJ I .J' I Q.l d 1/ I 4 ~ .d 

fl:::bb '\.J'\.JVll.J 1fl?l~ €ltJV1?1~1eJ~ 11?11'\.J L '\.J eJVIl.J~ eJl.J'\.JVIl.J LU~ tJ1 eJ tJ~::: 70 ~€1 30 6!1~ L iJ'U ?1~1CJ?Il.JV1 
" 'U 'U 'U \1 'U 

e:JeJflbb 'll'll~'\.J 1 Vl1i 1~tJiJ11tJ~:::LBtJ~ml.lrn1Vl~~eJ'~~'~.Q 
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1 'U f11'Wl~?l BtJ 1"11 1lJ"11BtJ'Vl1,:J'\.J'j:::?f1'Vl61'lltr ?1~1'U~ n~ru:::~'IJ 'j1 f1!J G11 'Uc.J ?llJ"!JtJ,:J-j' (PI~~ tJ 

Vl~ ni1c..~~\9iam1ll"11BtJ'Vl1,:J'\.J1:::?11'Vl61'lltr?I~1'U~ n~ru:::~'IJ 'j1f1 n"!JB,:J n'UL ~ V,:J ;,:J'j::: ~tJfl::: LL 'U'U~ll1 n?l ~ 6J • • 
1d V I J/ I QJ d tl I 

€lti'Vl?f(Pl'jtJ(Pl'j1?f1'UL'UBVllJ(P}BlJ'UVl1J Lu~ti'jeJtl~::: 70 (PleJ 30 
~ ~ ~ ~ 

1 'U n 1'j'Vl~ ?I eJtJ 1"11 11J"11BtJ'Vl1,:J'\.J'j :::?11 'Vl611J tr ?I~ 1'U 'j?f"1J1 ~ "il 1 n n1 'ji Lm 1 :::~i"1111J 

LL '\.J'j'\.h1'U"!JeJ,:Jrl1i"1::: LL 'U'ULL?f~,:J 1 ~b ~'Ul1G11'Uc.J?IlJ"!Jm1(Pltl~tJVl~ n hJi'Jc..~~\9i Bi"11 11J"11BtJ'Vl1,:J'\.J'j:::?f1'Vl • 
v QJ i.l ~ .::::t 

?11Jc.J?I~1'U'j?f"IJ1(Pl"IJB,:Jf1'Ub"11ti,:J • 
1 'U fl1'j'Vl~ ?I BtJ fld 11J"11BtJ'Vl1,:J'IJ 'j:::?f1'Vl 611Jtr ?I ~1'U L -d'eJG11J tr ?I ~1 'U c.J ?llJ"!J m-J (PI tl ~tJ Vl ~ ni'J c.J ~ • 

\9i B m 11J"11BtJ'Vl1,:J'IJ 1:::?11'Vl~1J tr?I~1'U b .Q' v61'1Jtr ?I"!J B~ f1'U L ~tl~;~ 1::: ~tJfl::: LL 'U'U~1J1 f1?1~ B ~~?!~ 1 
.. " " 'U v ' 

Q.l I odll I Q.l q 1.1 I 

eJ~'j1?f1'UL'UBVl1J~B1J'UVllJ bu~t11BV~::: 80 (PltJ 20 , , 
1 'Uf111'Vl~?l€ltJi"1111J"11BtJ'Vl1,:J'\.J 1:::?11'Vl61'1Jtr?l ~1'Ufld11J"11BtJ 1~ ti111J ~1'Uc.J?I1J"!J a~-J~ tl~tJ • 

Vl~ ni'Jc..~~ \9ieJ1"111lJ"11€ltJ'Vl1~'\.J1:::?11'Vl61'1Jtr?I~1'Ui"1111J"11BtJ 1~V111J"!JB~ f1'U L ~ t1~;~1:::~tJ 1"1::: LL 'U'U~1J1 n?l ~ • • t.d QJ I dt I Q..l .d tl I 

€lti'Vl?f~'jeJ(Pl11?f1'UL'UBVl1J~BlJ'UVl1J Lu~ti1Btl~::: 70 ~B 30 
" 'U 'U 'U 

Lb~::: L~BL 'IJ~ tltJ L Vl tltJi"1111J"11BtJ'Vl1~'\.J1:::?11'Vl61'1Jtr ?f~,:J 4 Ji'1'U~'Vl~?l€ltJ ~1'Uc.J?I1J"!J€l~ 
-J (PI tl~tJVl~ ni'J c.J ~ \9i eJ 1"1 1 1lJ"11€ltJ'Vl1~'\.J 1::: ?11'Vl 611J tr ?I"!J eJ~ f1'U L ~ tl~~~ 1::: ~tJ 1"1::: LL 'U 'U~1J1 f1?1 ~eJ ~~?I~ 1 

" " q 'U \1 v ' 

eJ~'j1G11'ULUBVl1J\9iviJ'UVllJ Lu~tl~eJV~::: 70 \9ia 30 , , 
4.2.3 t:-J~f111'Vlfl~e:J-!IL~B\11~fl1thut:-.~~lJ"tlB-!I'Hil"tl1~ 1flt~eJBf1LLtJtJfl11'Vlfl~B~~1ViB , 

Mixture Design LL tJtJ LB n'Vl~l.JL 1B1Vi?l (Extreme Vertices) ~1 mr1~mi'leJffi -til. 'Ufl111Lf111:::~c..~~ 
'Vl1~?1~~1~v1-fft 'IJ'jLLf111J Minitab R.16 G11Vl-rtJf111eJBf1LLtJtJf11'j'Vlfl~m 

Vl~ ~ ~ 1 n 1~-ii BlJ ~ ~1~ ~ 1 n n 11'Vl fl ?I BtJ 1"1 1 1lJ"11 eJ tJ 'Vl1 ~'IJ 1::: ?11'Vl 61lJ er ?I ~ 1 tl n 1'j1-ii , 
LLtJtJ?IBtJtl1ll16 9-Point Hedonic Scale Test Lfia~~L~Bn?I~1G11'U'\.J1:::natJ~LVllJ1:::?1lJ 1flv , 
'Vlfl?IBtJntJncill~tJ~1nf1\11'U1'U~~,llfl 30 fl'U 1flm~anncilJ~1B~1~~1ntJf1fl~m~-rtJm1~nVl~B 

.. \1 , 'I 

€ltJ11J 1 ~L .iJ11 ~ 1 'UL~B~f1111J"11BtJ'Vl1~'\.J'j:::?f1'VlalJtr?l LL~:::i"1111J"11BtJ"!JB~'j?f"1J1~ L Via 1 mJ\c..~~~\Jl'j~~11J 
~l:~ vl11 ~~fi~G11'Uc.J?IlJ"!JB~11Jlt1~tJVl~ nffi m 'Uf111 LL tJ~eJ\Jl'j1G11'U~L VllJ1:::?1lJLL~:::?I1lJ1'jtl\Jl€ltJ?I'UB~ , . 
fl11ll~ eJ~f11'j"!JeJ~~f1~11~t1 n~ B~ LL~:::L vJa'Vi11 ~?11lJ1'jtl\JlBtJ?I'UB~fl11lJ~ B~ f11'j"!JtJ~~ f1~11 'U~1'U , , , 
1?1"111~ L VllJ1:::?1lJ 1flt~BBf1LLtJtJf11'j'Vlfl~B~~1Vi5 Mixture Design LLtJtJLBn'Vl~lJL'deJ{VJ?I Luvn::: 1'U 

~1'U"!JtJ~'j?f"lJ1~ 1&JLMm tltJG11'Uc.J?IlJVl~ n 1 'U.ff'UL \1 B~~'U 1~v1.ifm'j1 Li"111:::~C-J~'Vl1~?1~~1fl v1 offt th LLmll 

Minitab R.16 G11Vl-rtJm1aeJmLtJtJf111'Vlfl~B~ ;~"il:::1~G11'Uc.J?Illm~aanlJ1~~~111~~ 4.20 1flv~~ 
L~B'U 1 "!Jl1 J1~1~i'JG11'Uc.J?I1J~1?1~~~Bt1~::: 50 (oW"iJ1'jtlJ1LuVn:::eJm1G11'ULI"l~eJ,:J'IJ1~) bb~:::?l~?l~~~eltl 

" q 'U , 

~::: 80 (oW~1'jUJ1buVn:::eJ~'j1~1'Ubi"1~B~'IJ1~) 1 'UG11'U"!JB~Lf1~eJi'JG11'Uc.J?IlJ~1?1~~~tltl~::: 20 ('W~11W1 • • 
Lovn:::eJ~'j1~1'ULI"l~eJ.:~'IJ1.:~) LL~:::?f,:J?f~~~eJv~::: 50 (Yl~11W1Lovn:::eJm1G11'ULfl~a.:~'IJ1~) ~1'U"lltl~ 

" \1 " 'I 

Vl~n 1'VlmL~:::~~1"ll11 LiJ'UB\Jl11G11'U~fl1V~1~ 1 .ifeJ'U"111~~ri , 
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1Pl1"a1.:!~ 4.20 ~1'lJ~~1!'tle:l.:!Lfl~e:l.:i'l.h.:i~e:le:lmL'U'U~1e.J'VIIPlfle:l.:i~1e.J15 Mixture Design • co: q de. 

LL 'U'U Le:lfl'VI"a1JL 1e:l"a'VI~ 

~1'lJ~~1! eJIPl"a1~1'lJLfl~e:l.:i'I.J"a.:i (~e:le.Jf!::) • 
~IPI"a lr "" 'II 'lJ1(;11fl Lflfle:l 

1 80 20 

2 72.5 27.5 

3 65 35 

4 57.5 42.5 

5 50 50 
" 

1~ () 1 'lJfn)'Vl~i;'ltl'UFl11l.J"l!tl'U'VI1-:J)i;'1"1!1~1 'U?i1'U"lltl.:Jf11)~ ~~1t?i''U f11)'VI~i;'l tl'U,r'U'VI1-:Je!i~ () 
'II 

1~ii5m1?il.l~1t?i'tJ"lJtl.:Ji;'II'11G'i1'Ue.Ji;'ll.l~Hi'~1nm1BBmL'UtJv11CJi5 Mixture Desion v1'1vhhLLfl1l.l 
' " :> 

Microsoft Office Excel 2007 '¥111 Vftv11'1111-:ln11G'il.l~~~1~'Uf111'Vl~i;'IB'UFl11l.l"l!BtJ'VI1.:11i;'l"1!1~ ~.:~ 
.,J 

1'11)1-:J'VI 4.21 
' 
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~ 1 2 3 4 5 
u 

1 3 4 5 1 2 

2 2 3 1 5 4 

3 4 5 2 1 3 

4 2 5 1 4 3 

5 3 2 4 5 1 

6 5 2 4 3 1 

7 3 1 4 5 2 

8 4 5 3 2 1 

9 2 3 4 5 1 

10 5 1 2 4 3 

11 1 2 5 4 3 

12 5 2 3 1 4 

13 4 1 5 2 3 

14 3 4 2 1 5 

15 5 2 1 3 4 

16 5 4 1 3 2 

17 1 2 5 3 4 

18 5 3 4 2 1 

19 2 3 1 5 4 

20 1 4 3 5 2 

21 4 2 5 1 3 

22 4 3 2 5 1 

23 1 4 5 2 3 

24 5 2 3 4 1 

25 5 2 1 3 4 

26 4 5 2 1 3 

27 1 2 3 5 4 

28 3 2 1 4 5 

29 5 1 4 3 2 

30 4 1 3 5 2 
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4.2.4 e.J~m':i1 t~':i1::'l-1e.J~ 1~v1 im':i'Vl~avu~111l'Y1v'I.J'Vl1~':ia'YJ1~ ~1C.If11':i 1 otlbt uuii'fe:J'Umll 

15 9-Point Hedonic Scale Test 1~v~~1m661bn~m1ll"1fe:JtJ ii':i~~tJ~~bb'U'U fiv 

fl~bb'U'U 1 Vlll1t.Jri'l hl"1fe:J'Ull1f1~61~ , 
fl~tt'U'U 2 Vlmt.Ji:i-:~ hJ"lfvtJmn 

fl~bb'U'U 3 Vlmt.Ji:i-:~ 1:W"1fatJtJ1'Uf1fl1'1 

fl~bb'U'U 4 Vlll1CJ~'I 1:W"1fe:JtJb~f11Je:JCJ 

fl~bb'U'U 5 Vlll1t.Jfi'l bUC.I1 

"' "' ... fl:::bb'U'U 6 Vlll1CJ~'I "lfe:JtJbflti'Ue:lt.J 

fl~tb'U'U 7 Vlll1tJi:i-:~ "1fe:JtJU1'Unm-:~ 

fl:::bb'U'U 8 Vlll1CJ~'I "1fe:JtJlJ1f1 
d .,; 

fl::bb'U'U 9 Vlmvm "1fe:JtJll1f1'Vlii1~ , 
b~v~~b~anii'f~':i~'J'UtJ':i::mJtJ~bVIlJl:::?tlJ 1~v'Vl~61atJntJmill~tJ~1Jlfl~1'U'J'Urr-:~VIll~ 30 

'U , 'U 

fl'U 1 'Uf11':i'Vl~61e:J'I.J f11':i'Vl~ii'fe:JtJfl'J 1ll"1fe:JtJ'Vl1'1':i61"1f1 ~'lffi'l C.J~ (PlJl rusn n'U b ~ CJ'I~'J tJ f11':i 1 -if bb tJtJ61e:JtJfl1ll16 , 
9-Point Hedonic Scale Test -d iii~~tJfl~bb'U'Ufld1ll"1fe:JtJ'Vl1'1':iii1"1f1~~'1~1':i1'1~ 4.22 
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~ 1 2 3 4 5 
'U 

1 8 7 5 5 2 

2 7 9 6 3 2 

3 7 8 7 5 4 

4 6 9 4 2 4 

5 7 9 5 5 3 

6 6 8 7 3 4 

7 6 6 7 5 3 

8 7 7 4 2 3 

9 8 8 6 3 4 

10 6 9 4 3 2 

11 7 9 5 3 2 

12 8 7 8 2 3 

13 7 7 7 2 2 

14 6 5 6 3 2 

15 6 6 6 3 2 

16 5 8 7 4 3 

17 7 8 4 7 4 

18 7 5 4 7 4 

19 8 8 7 5 5 

20 6 7 8 3 3 

21 6 6 4 6 4 

22 6 7 8 4 3 

23 6 9 6 4 2 

24 8 9 6 4 4 

25 5 6 5 3 2 

26 8 5 8 7 2 

27 6 9 7 3 4 

28 8 7 7 3 4 

29 8 9 4 4 2 

30 8 5 8 4 3 .. 
bil~CJ 6.80 7.40 6.00 3.90 3.03 
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~1fl,!'U'l11';i~~'U fl~ bb 'U'U~L~~1fl fl1';i'Vl~fl B-:ll.J1'1-11fl11l.J~l.JoW'U51~ EJ 1 otlbb 'U'U ~1flB-:I fl11 

fl~fiB EJ bbfl~fl111 bfl11~~fl11l.J bb tl1tl-;i1'U b ~B'l11CJf1"1JB-:Ifl11l.J~l.JoW'U~~L~ tJi bfl';i1~~'1-11rl1~ 
L'l-1l.J1~"~-Hl''ULnru.n~n1'1-1'U~ 11 

fl1-;i~-:!?ll.Jl.J~~1'W1'Un1';i'Vl~f1B-:! .... 
' ' 

H0 : ';i~~'Ufl11l.J'llB'U'Vl1-:!';i?l'll1~"1JB-:!fl'Ub"litJ-:!?1~1Vi 1 n-:~?1~1Vi 5 iifl~bb'U'U'Vl~?IB'U 
q " " 

hhb~n\911-:~n'U 
' ' 

H0 : ';i~~'Ufl11l.J'llB'U'Vl1-:11?1'll1~"1JB-:I~'Vl~?IB'UVi 1 n-:Jfi'UVi 30 iifl~bb'U'U'Vl~?IB'U 
" 

hhb~fl\911-:Jtl'U 

30 

' ' 
H1 : ';i~~'Ufl11l.J'llB'U'Vl1-:!1?1'll1~"1JB-:!fl'Ub~tJ-:!?ImVi 1 n-:~?tmVi 5 iifl~bb'U'U'Vl~?IB'U 

q " " 

' ' 
H1 : ';i~~'Ufl11l.J'llB'U'Vl1-:11?f'll1~"1JB-:!~'Vl~?IB'Ufi'UVi 1 n-:Jfi'UVi 30 iifl~bb'U'U'Vl~?IB'U 

" 

Vi';j~~uumh~''\1 a = o.o5 
., 

fl11~-:!?ll.Jl.J~~1'Ub 'il-:~?1~~ ... 
Ho : Pal = Pa2 = f.la3 = Pa4 = f.las 

Ho : fib, = Pb2 = f.-43 ··· = Pb3o 

H1 : Pa1 :t: Pa2 :t: f.la3 :t: Pa4 :t: f.las mh-:~'IJatJ 1 ~ 

Hl : fib, :t: Jib2 :t: f.-43 ... :t: Jib3D mh-:~uaEJ 1 ~ 
' ' ' 

Li1B /{ 'l-1l.J1EJn-:J rl1btl~EJ"1JB-:11~~'Ufl11l.J'llB'U'Vl1-:!';i?f"1J1~"1JB-:ICJ~~i)rusnfJ'Ub~tJ-:I~~';i.yj 1 

' ' ' ~ ,. 1 c.cv4' a c1 a Cil 11 a 
1Lfl11~'1-1fl11l.JLL~fl~1-:1"1JB-:IC-Jfl~.f)UJ6flfl'Ub 'lltJ-:1?1~-;i'Vl 1 fi-:!?1~1'Vl 5 LLfl~CJ'Vl~?le:J'Ufi'U'Vl 1 

Cl "" " \1 

n-:Jfi'U~ 30 i1i1fl11l.Jbb~fll9i1-:Jtl'U'I-1~B Ll.J 1 'Ubb\9\(l~fiUJ~ n~ru~"1JB-:ICJ~~i1rusn L~tJ 1 otlfl111Lfi11~~CJ(l 
q 

fl11l.J"1JB'U'Vl1-:!-;i?l'll1~ = 5.44A-23.11 B+46.14AB (4.8) 

~1fl?ll.Jfl1';j~ 4.8 t~EJ A 'l-1l.J1EJn-:~ J1~1f1 bbfl~ s 'l-1mtJn-:~ Ln~a ~-:lbb?t~-:~1~b~'U11 
tl1~ 1f1i1 m1l.J~l.JoW'U 5 b '8-:~'U'J n tl'Ufl11l.J'llB'U 1 'U~1'U 1?1'll1~ ~?11'U'Vl1-:J n'U Ln~ a~i1fl11l.J~l.J'W'U5 L '8-:~fl'U 

' 
LLf1~~1fl1';iiLm1~~m1l.JLLtl-;itl-;i1'U ~1EJi5n11bL'U'U Randomized Complete Block Design ;-:~ 

1~CJflfl11iLfl11~~e.Jfl'Vl1-:!?l~~ ~-:1~111.:1~ 4.23 
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Source OF Sum of Mean F P-Value 

Square Square 

fl(;l';j 
'II 

4 425.027 106.257 65.50 0.000 

flU 29 43.493 1.500 0.92 0.581 

Error 116 188.173 1.622 

Total 149 656.693 

\11n f11'ji bfl'j1 ~~vt1m1:wG1':w'l~'t.nfl~ v 1 i bb 'U'U"ill"B..:~ f11'jtt~ttB v Lb" ~ n1 'jl Lfl'j1~~m1:w 

bbU'jthllJ~lvi5 Randomized Complete Block Design 1~rh P-Value 1'U~TW"lJB..:l~(;l'j~TUt-J~:W 

1!Bvn11 0.001 LL"~ 1t~~l'U"llB..:~~~Li1'Vl~~B'ULU'U 0.581 ~'j~l'i\rum11A'ru a = o.o5 
'II v 

f.1a :5-:~tJljb~5~:W:W~~1'U'Vl~f1 bb~~.:ll1fl1bu~V"ll€1-:l'j~I')''Uf111:W"ll€l'U'Vl1..:l'j~"lJ1~"lJ€1-:I~'Ub~V.:I 
' ' 

~111'j"Vi 1 fi..:~~111'j"Vi s iifi~LL'U'U'Vl~~B'ULLI'In~h.:~n'UB~1-:~iiirv~1A'ru 
'II 'II v 

Jib :5.:~ hJii b Vl~t-J"lJ1fl'V'j€J~tllj b~5~:Wll~3l1'U'VI~ f1 bb61~..:ll1fl1 btl~ V"ll€1-:J'j~I')''Uf111:W"ll€l'U 
'V11-:J'j~"lJ1~"lJB.:J~'Vl~61B'U~ 1 fi.:~Fl'U~ 30 l1Fl~ bb 'U'U'Vl~~B'U 1liLLI'I nl911.:~ tl'UB~1..:~iiirv~1A'ru 

'II v 

:5 .:J61'j'IJ1~11?il'Ut-J61:W"ll €1-:Jll'l tt ~'Uvt~ niit-J" 191 eJ'j ~l'i''U Fl~ bb 'U'Ufld 1:W"llB'U'Vl1-:J'j61"lJ1&i"lJB.:J . ' 
fl'U b ~V-:1 bbl91~ b -if 1'V1~61€l'U 1lJiit-J~ 191 €J'j:::I')''Uf1~ bb 'U'Ufld 1:W"lJ€l'U'V11-:I'j61"lJ1~"lJ€1\I fl'Ub ~ V\1 b~Bl bfl'j1~~61m .. , .. , 
?fl'Ut-l61:W~ii'j~~'U Fl~ bb 'U'U:W1 fl~ 61~"ll €1\161 m t-l 61:W 1 Vlll (61111 'j~ 2) :W1 b 'IJ~ V'U b Vi V'U tl'U 'j~~'Ufl~ bb 'U'U 

' 'II 'II 

Fl11:W'l!ti'U'V11-:J'j61•tn&i"lltl\161m~.:~b~:W (61111'j~ 1) L~tJ 1i15 Paired T-Test b~B'Vl1Fl11:WG1':w.Ww5 
'II 'II 

f11'j~\I~:W:W~~1'U 1 'Uf11'j'Vl~"€1\l 
"" d 4 I c:J IV ~ d ci1 d 

L:Wtl f.ia2 fiB Fl1bu"tJ"lleJ\I'j:::~'Ufl:::bb'U'UF111:W"llB'U'Vl1\l'j61'lf1111~m'Vl 2 (~m'Vlfl1bu~EJ 

'j~~'Ufl~l.l. 'U'U:W1f1Vi61~) 
' LL~~ f-Lal ?1t1 f'i1Lu~EJ*ilti.:J'j:::~'Ufl:::bb'U'UF111:W'l!tl'U'V11-:I'j~'lf1~~111~~ 1 (~(;l'j~\IL~lJ) 

., 
f11'j~.:J~lJlJ&i~1'Ub~.:l~~&i 

"" 
Ho : f-La2 ~ f-Lal 

H1 : f-la2 > f-lal 

Vi'j~~uirv~1A'ry a = 0.05 

;.:Jt-J~ f11'jl Lfl'j1~~t-J"'V11.:!61~~ b ~B'VI1Fl11lJG1'1!oW'U5~h vi5 Paired T-Test "lltJ\I'j~l'i''U 
' ' ., 

Fl~ 1.1. 'U'UF1111!"1lB'U'Vl1\l'j~'lf1&i"lJB\I~ mVim nVi 61 ~ n'U 'j :::l'i''Ufl~ bb 'U'U Fl111!"1l B'U'Vl1\l 'j~"lJ1 ~"ll€1-:J~I'I'jl'i'.:J b~lJ 
' 'U 't 'U 

l'i'-:!1111'j1-:JVi 4.24 
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N Mean Standard SE Mean 

Deviation 

?tmVi2 30 7.400 1.404 0.256 
\J 

?tmVi 1 30 6.800 0.961 0.176 
\J 

Difference 30 0.600 1.694 0.309 

95% lower bound for mean difference: 0.075 

T-Test of mean difference= 0 (vs > 0): T-Value = 1.94 P-Value = 0.031 

"il1f1n1~lbf1~1:::,_,C-J6'1VI1.:!6'1~~d~t~Vl1fi'"J1ll~ll~'U5JI--w15 Paired T-Test 'll€1-:J~:::Ji''l.J 
' ' "' 

fl:::bb 'U'Ufll1lJ'!lB'UVI1.:1~6'1'!11~'llB.:J6'1mVill1 nViMltl'U~:::Ji''Ufl::: bb 'U'U'llB-:16'11>1 ~Jl.:~ b~lJ iiFi1 P-Value = 
\J ' \J 

o.031 Vi~:::JluutJG1'1Fi't1J a = o.o5 

~.:~tJi) b6'166'1lJlJ~ ~1'UVlc;r f) bb6'11'1-:ll1~:::Jl'U fl::: bb 'U 'Ufll1lJ'!l€J'UVI1.:1~6'1'!11 ~'ll €1.:1~\011~ 2 

1.nn n11~:::Ji''Ur1::: bb 'U'Ufll1lJ'!lB'UVI1-:J~6'1'll1~'llB.:J6'11>l~Vi 1 B ~1-:~ilirtJG1'1F1 ru 
\J v 

~-:16'1~tJ1~11~:::Ji''Ufl::: bb 'U'U'll€1-:16'1\0l~?il'UC-J6'1lJ~t11'Uth-:~1 Vlli (6'1\91~~ 2) il~:::Ji''UI"l:::bb 'U'U 
.. " , \J 

fll1lJ'!lB'UVI1-:J~?t'!l1~'llB-:Jn'Ub ~tJ.:JlJ1nn116'11>1 ~~.:~ b~ll (6'1 1>1~~ 1) B ~1-:~ilirtJG1'1Firu 
.. " 'U " 

"il1 f1 f11 ~l bfl ~ 1 :::t-1i €1 lJ6'1 1 'U VII'! 6'1 €1 .:1 b ~ €1Vl16'1 \01 ~ ?J1 'U C-JG'IlJ'll €1.:1 ~ 6'1'!11 ~ bb6'1::: f11 ~VI\016'1 €1 'U 
\J \J 

l"ll1lJ'!lB'UVl1-:J~6'1'!11~~-mm~1offbb'U'U6'1B'UmlllB 9-Point Hedonic Scale Test 6'11lJ1~{)?f~tJ1~11 
' 

?i'J'UC-J?llJ'lJB-:Jl\91{)~'UVlc;r f1 1 'U?il'U'lJB-:Jbfl~B-:JtJ~-:JiJC-J6'11'iB~:::Ji''Uf1::: bb 'U'U fll1lJ'!lB'UVI1-:1~6'1'!11~'1JB-:J f1'U b ~ tJ-:1 
' ' . d CV d t.d I :: I odl d 1.1 I 

'11-:J~:::~'UI"l:::bb'U'UVIlJ1f16'11'1€JtJVI 6'11>1~6'1l'UC-J?llJ'U1\0116'1\0ltlbf16'1B bu6'1mBtJ6'1::: 72.5 \01€1 27.5 
• \J \J 

"il1 f) n1~l b f1 ~1 :::t-1i till 6'1 ffi~ "il1 f) f) 1 ~VI~ 6'1 €1 'U fll1lJ"1! €1 'U Vl1.:1 tJ ~::: 6'11 VI ~lJ c1 6'1 bb6'1::: fll1lJ'!l €1 'U 
\J 

VI1-:J ~6'1'!11 ~"1.1 B-:1 n'Ub ~ tJ-:1 6'11lJ1 ~ {) 1~6'1 1>1~?il'UC-J 6'1ll~ilFi1 btl~ wu B.:J ~::: Ji''U m 1lJ'!l B'UlJ1 n~6'1 ~Jl.:J\011~1-:J~ 
• \J • 

4.25 

"' 
b U BVllJ : lJ'UVllJ 

\J \J ... 
tJ11>116'1 : bf)~€1 

70: 30 

72.5: 27.5 

~.:Jb tl'U?t 1>1 ~?il'UC-JG'IlJ 1 Vlli~ilal>l~1?il'Ub tJ~ tJ'Ubb t16'1.:J"il1n?tl>l~ b~lJ"il1 nc.J~\Ol.n rusn mru~mn 
\J \J 

bb6'1:::6'11lJ1~{)tJ11 t1Fl1'Ult'\.lfll1lJbbtJ~tr'U 1 t11>11lJ~1f11l\Ol{)~'l.JVlc;r f) 1~ 
' 



d 
'U'VI'VI 5 

a1~~~n11'VI~~~~u~~~~~11~~~ , 

5.1 ~1Ue.Jiiln1':i'VI~iilB.:in1':i'lh::~ntoib'vtfiUflnTlfl':i~\l1tJ'l,n!1~~~.:~fJru.n1'W 
1'Wn11U1~~nl'l1otl~'VIfiUfln11m~\11tJV!ii'1~b;a~~ru.fl1'1"1 (Quality Function Deployment: 

QFD) tl'UtJ~l'l.tlru~n'Ub~tJ~~'W~i~tJ1~b~l.l~'U~1tJn11~111\ll'lmV1bb~~fl11l.l~B~n11"lJa~~flfh~1tJ , , , 
m1"'l.lm'l!trun~l.l~ nfhffi it.J~\Pl.tl ruon b tl'Uth~"ii'~ b ~a 1 m~m1l.l~a~ m1vi bb ~\I~~ ~b~ ~fl ru~ n'l!tru~~v;'~ . , . 
'I"! a 1 \111iat.J~\Pln ruonmh~ bb ~\I~~ bb~~t.h~a tJrh"'l.l.n1'l!truJ'U 6ll.J1 bb u~ bbtJ nV!l.l1 V1V!l-i\Pl1l.lflru~ n'l!tru~ 

I " • 

bb~~D\l~tJ.yjb~tJ1oUB\1~1tJ~1 tJbbtJ'UcJ~n~m ~Bl.l 1tJ\I (Affinity Diagram) bb~~'l11~ru~ n'l!tru~J'U 1 
1l111l.lflru~ fl'l!tru~vl~1ia'U 1V1tJ1 otlbbtJ'U.fllJ~'U bj' (Tree Diaoram) bb~1'111111a amb 'U'U b ~a1m~~'U , , ::> 

fl111l~a~ fl11"1Ja~~ flfl1bb~~fl11l.lfi~'l"la h"lla~~ flfl11Jiat.J~\Pl.fl ru"fl m ru~fl'lj1 1V1 tJ bb 'U'UG'ia'Utnl.l , , 
bb uu 61au ml.l1~ n 1V!'UV1';i~~u fl:: bb 'W'WH~\IV!l.JV) 5 1~~u fl~ bb 'U'U ~111 \I \11 n n~l.l~ n Fi'1"ii' 1'U1'U . , 
1 oo fi'U \11 nJ'U'I11ri1fl~ bb 'U'U fl11l.l~ a~fl11"lla\l~ nfi'161\161V1 20 B'W~'U bb 1n111 b U'U~1 tl1V!'WV1fl111l , , . 
t>la.:~fl11"lla.:~~nfi'1 (WHATs) vl\l~bb thcJ'Wnu.Uan1V!'WV1'VI1-:J b 'VIfiUfl (HOWs) ~.:~ b~a61~1-:Jb U'W1J1'Ubb 'Vi~ , -

fJtti.fl1'1"1 (House of Quality) ~~611l.l11~Fl'UV!1fi111J~a.:~m1~bb~\l~.:J"lla~~nfi'1~ij1Jia~'Ub~tJ~1~ ~.:~ 
':i~~'Ufl111l~ a~ fl11"lJB.:J~ u~1.n fl.yjij~J~ a bb~Ji~~-u\1~ tJ6111J11 ~V11~ \11nri1J 1V!U n"lJ a.:J.U an1V!'W V1'Vl1\l , , 
~ 'VlfiUfl (~atJ~~) ~.:~ijfi1bb\Plnl111-:~n'W'I"Ia61l.lfl11 611l.l11~~V1B'W~'U 5 B''W~'Ubb1n ~\I\Pl111~~ 5.1 

1 15.35 

2 13.58 

3 13.57 

4 8.12 

5 7.70 

. . " 
~'~ bilati\111ru1ri1'111VIir n"lJB\IoU a n1V!'WV1'Vl1\l b 'VlfliJA ( ~ atJ~~) bbiK1'1"1'U1Tr l'l~~'Ubb~~161 ijrh • 

fl~~b 'W'Wvi1l1flfll1D\l~ tJ~'W~-:~1 'UD\l~tJ~~G'ia\1 aci1~-d6111l11~fi1'Ufll.l~b~ nJ~u b tJ~ tJ'U\Pl1l.IBl'l11ci1'U • 
"lla.:~ci1'Ut.J61l.l 1~ m~tJ~-:~'111il\l~ t1 1 'Wb~a-:~1\Pl~~'Ubb~~161 l.l1'VIV161a'UV!1ci1'Ut.J611l~b V!1l1~611l~~1\Pl~~'U , . . 
V!~ntJ1~nau1tJ~1tJ diaV!l.l lJ'UV!l.l J1m~ bn~a 'l"l~n1'VltJ ~~1"ll11 ~\1\l~ijt.J~IJiaflru~n'l!tru~"lJa~ , , . 
e.J~\Pln ru~ fl'U b ~ tJ.:J~~ nfi'1~ a.:~ m1 bb~ ~r:~~t.J ~ 111 a b ti a.:~ b~ tJ1 nu 11fl1 ~ V1 "ii'1V1'111 tJ ~'U fi'1~1 tJ 1V1 tJll'l ~~'U . , . 
VI~ n ~ ~~ ri' qJ~ .:JV!l.IV1-d \I~ '1111 tJtJ ~'U tJ ~ .:~ tJ ~ \PlJl ru"f11V1 tJ 1 i b 'VI flU fl n1 1 a an bb u u n1 1'VIV1 ~a~ ~1 tJ15 

Mixture Design bb'U'UbBfl'VI~1JLJa1Vi61 
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5.2 ~~tle..~~nT~'IJ~::an~i..Um~vvnbb'U'Un1~'VI~~v~b~vVI1~~~fA·;nm~11"ttv~e..~~~.nweti'mJb;la~ . ' ... . 
d ' Jf ., ., 1 .I ~1" "" 5.2.1 e.J~fl1~'VI~~v~b 'WvVI1~~~~1'Ue..l~11'tlv~ b 'Uv~11e.J~ 'Un1~ u~:::CJM\ "llb'VIfl'Uf\01~ 

~ . 
1.1 .c::t.d • ~ .::=1 ~.c::t. I 

vvmb 'U'Ufl1~'VI~~ e:J~mCJ15 Mtxture Design LL 'U'U Le:JflV\~11 L 1m 'VI ?I ?11111~11tle:Jf1bL 'U'U?I1'U~?I11"lle:J~ 

11'ln~'t.JVI~n~?i~~~l'imdmr11tr?t1~CJ~~L~e:J'U1"ll11 Ldm..,11ii?i1'U~?I11~1?1~~~-vc.J~::: 50 (1lJ'j111 . " . 
Lfl~v~'IJ~~) LL~:::?I~?I~~~mm::: 90 (tlJ'j111Lfl~e:J~th~) 1 'U?i1'U"lle:J~d!'Uvtllii?i1'U~?Il1~1?1~~~mm::: 1 o 

, 'll , , 'll 'l 

(tlJ'j'"JlJLfl~e:J~th~) LL~~?I~!;'{~~~e:JCJ~~ 50 (tlJ'jllJLfl~v~'IJ'j~) 1~~'11'11'j1-:J~ 5.2 , 'll , , 

d I QJ .0.. Q.fd II .c:::t..::::ll 

~1~1-:I'VI 5.2 ~1'Ue.J~11'tlv~1~f.l~'UVI~n'VIvvmb'U'Ufl1~'VI~~v-:~~1£115 Mixture Design • 
~ .::::::1 do. 

bb 'U'Ubvn'VI~11b 1v~'VI~ 

~1\Je-.1~11 er~·nfA1'U( ~va~::) 
" "' ~I'\~ "' b'UvVI11 11'UVI11 ~ 

~ " 
1 90 10 

2 80 20 

3 70 30 

4 60 40 

5 50 50 
" 

1 'U fl1~'VI~?Iv'Ufll1ll"llv'U'VI1,:J'IJ~:::?I1'VIG111tr 1;'1~1 CJ fl1'j 1 iLL 'U'Ui;'fe:J'U ml115 9-Point Hedonic 
" ' 

Scale Test ti LLU,:Je:JvmU'U 4 ?il'UVi'VI~?Ie:J'U fit~ 

1. fl1~'VI~?Ie:J'Ufl11ll"lle:J'IJ'VI1.:1U~::?I1'Vl~lltr?I~1'U~ n~ru::~'IJ~1 fl!)'tle:J~~'U b ~fN 
2. m~'VI~?Ie:J'Ufl11ll'llv'IJ'Vl1.:J'IJ~:::?I1'Vl~lltr?I~1'U'j?f"lf1~'tle:J.:!fl'UL ~CJ.:~ • 
3. fl1~'VI~?Ie:JtJfl11ll'llv'IJ'Vl1.:J'IJ~::?I1'VlG1l.ltr?I~1'UL de:J~lltr?l"ttv.:lfl'UL ~f.! .:I • 
4. m~'Vl~?le:J'Ufll1ll'lle:J'IJ'Vl1-:J'IJ~:::?I1'Vl~lltr?I~1'Ufl11ll'lle:J'U 1~mlll"lle:J'I n'Ub ~f.!~ • 
"il1 fl fl1'j1 bfl 'j1::~-if till~ 1 'U'Vl~~ m b ~vVI1?1 m?il'U~?IlJ"tt e:J.:J L d tl~lJ tr ?I LL(;i:::fl1~'VI~?I v'Ufll1lJ'lltl'U 

" " 'Vl1~'1J'j:::i;'f1'VI~l.Jtri;'f~lCJfl1~1 iLL'IJ'IJ!;'{e:J'\Jt:\1lJ15 9-Point Hedonic Scale Test .Jf.:~ 4 ~l'U~'VI~?Ie:J'IJ 
?11lJ1'jf.l?f'j'IJ1~~.:JI'\1'j1.:J~ 5.3 • 
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ei~P~';l1~1'W~~:u 
.f "' 

( b 'IJB'\11~ : :IJ'IJ'\11~) 

70:30 

70: 30 

80:20 

70:30 
II 

';1 1 :u 1'1 11 :l.l'tHJ u 'VI n ~nw 70:30 • 

~'I &'I 1u1J111 ~1 'IJ~?i:IJ"ll t1'11 IPl ~~'U'\11~ nii ~ (;i 1'1 t11'111 :l.l'lffi'U'VI1 'IU 1~&'1 1'Yl61':1.1 cr &'1611'11~ ~'U fl~ bb 'U 'U~ . ' 
:1.11fl&'f(;leJV~&'IIPl1eJm1~1'UbdaV!:wl'imY'UV!:W bu~tJ~mm~ 70 l'ia 30 611'!bU'U&'fm~&'f:u~ammuu~'U1VI~ 

"' \1 \1 \1 \I '\J 

5.2.2 ~~m';l1Lfi';J1::~~1Pl';i~ b 'VI:U1::~:u'tlv.:J';l~'tl1~ 1 'Um1tJ1~ vn~P~1 iL 'Ylr1'Wr1n11e:Je:J mb uum1 
~ ' 

II o:=..Cll ~ c1 tf..:::o. I Q.l Q.l Q.J cl 

'Yl(;l(;ie:J'I(;l1 tJ15 Mixture Design bb tJ'Ubtlfl'Yl1:W b 1ti1'Yl?i &'11:1.111~tltlflbb tJtJ&'f1'U~&'l:W"llti'I1\Pl~(;ltJ'\II(;i f1'Yl 

~'l~(;il'ie:J1&'f"ll1~ L(;ltJ~'Ib~a'Uhrh tl1m(;iii~1'U~&'f:W~1&'f(;l~~atJ(;i~ 50 (~~11tu1Luvn~e11Pl11~1'U 
' 

bfl~tl'l'l . .h'l) bb(;i~&'f'l&'f(;l~~avm~ 80 (~~11tu1buvn~e1m1~1'Ubl'l~ti'IU1'1) 1 'U~1'U'Iltl'l bn~aii~1'U~&'f:w 
, 'U , , 

~1?i(;l~~e:JtJ(;i~ 20 (~~11tu1buvn::e1m1~1'Ubfl~ti'IU~'I) bb(;i~&'f'l?i(;l~~atJ(;i~ 50 (~~11ru1bu'W1~ 
, 'l " .. 

el!Jl';l1~1'Ubr1~v'~tJ~'~) ~1'U'Ilt1'1'W~n1 'Ylt1bb(;i~~~1"ll11 btl'Uei!Jl~1~1'U~1P11tJ~1~ 1 ia'U"ll1~'1Fi 1Jl~'~ 
' 'U ...1 

IJ11~1'1'Yl 5.4 

fii11J~~UJ u , d tl (II ) 
v!Pl~1a1'WLfl~v.:~ ~.:~ ~vu~:: • 

IV 

"" a~P~~ 0 

~ 'IJ1\Pl1~ Ln~a 

1 80 20 

2 72.5 27.5 

3 65 35 

4 57.5 42.5 

5 50 50 
" 

1'Um~'Yl(;l?ieJ'Urll1:W"lJB'U'Yl1'1~?i"ll1~Ji'-wm~1ibb'UtJ&'faum:u15 9-Point Hedonic Scale Test 

1Jlthlf a:w (;i ~~ ~u fl~ bb 'U'U m 1:W"Il au'Yl1 '1~&'1"11 1 ~:w1i b r1 ~ 1 ~~ il1'W ~1:w 1 (;) v f111'Yl (;) (;i a'l:w 1 '\111m 1:1.161':w.W 'U 5 
~ 

L(;l tJ 1 -if bb tJtJ~1(;ieJ.:I f11~ ~(;l~eJtJ bb(;i~ f111l brl~ ~~~rll1:W bb U1U~l'U 611-:t&'f~tJ~ (;i f11~'Yl(;l &'feJ'Urld 1:W"lJeJtJVI1.:1 
' 
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';i?I'!J1&i G11'U~?Ill-ua-:rr~~~h.Jvt~ n1 'UG11'U'lla.:~ LA~a.:~'lh .:~li~G'l ~ eJ';j~ ~ufl~ LL 'U'Ufl11ll'!JeJ'I.J'Vl1-:J16'1'1n&i'lla.:~ • • 
Q ..::i Q.l d 1d I ~ I dil d II I 

fl'UL'!JCJ-:1 '11.:11~~'\.Jfl~Lb'U'U'Vlll1fl?l~tlCJ'Vl6'11)1';i6'(1'U~?Ill'U11)11G'J~tlbflG'ltl LuG'lCJ';itlCJG'l~ 72.5 l)leJ 27.5 
" q 'U 'U 

"il1 fl fl1';i'Vl~6'1 tl'\..J~.:!?Itl-:1 1'\.J LL '\.J'\.J~.:J fl11'Vl~?ltl'I.J fl11ll'lltl'\.J'Vl1-:IU';i~ 6'11'V161ller6'1 LLG'l ~ fl1 1'Vl~?ltl'\.J 
" 

fl11ll'!Jtl'I.J'Vl1-:J';i?I'!J1&i?l1ll1';i~?I~1-:J?I mG11'U~?Ill;'Ull11 vtli~li~G'l ~a Fl11ll'lltl'\.Jll1fl~?l ~ 1JI~.:~m';i1-:J~ 
5.5 

" . 

70:30 

72.5: 27.5 

"il1flfl1';iU1~~fll)11ib'Vli'ltJflfl11m~"il1CJVfih~b~.:lflU.I.flTV~ (Quality Function Deployment: 

QFD) bbG'l~b'VlfltJflfl1';itltlflbb'\.J'I.Jfl11'Vl~G'ltl.:J (Design of Experiment: DOE) 1'Ufl11'Vl~?ltl'\.J~'U~'U 
b ,:;'U 1Ji'l1b~tlL 'lib 'Vli'ltJfl fl1';ifl';i~"il1 CJVI,j'1~b ~.:11'1 ru.n1~ 1 'UG11'U'lltl.:! fl1';i6'1~1-:JU1'Ubb vl-:11'1 U.!.flTWbbG'l~ fl11 • • 
t!tl flbb 'I.J'I.JG11'Ue.J?Ill~1lln'U,!'U6'11ll11~'1h CJ 1 'Ufl11U 1u'l..l ';i .:~G11 'U~?Ill'lltl.:!l 1)1 ~~'\.JVI~ n1 'U fl11 ~~ \)1 fl'U b ~ CJ-:1 • • • 
~.:J'\.J';i~nauh.JJI1v L-davtll lY'Uvtll J1mG'l LLG'l~Ln~a ?11ll11~vhh~\,:;'U~.:J';j~~'\.Jfl11ll'lltl'\.J'Vl1-:J 

" " U';i~6'11'Vl61ller6'1 bbG'l ~ fl11ll'lltl'\.J'Vl1.:!16'1'1!1&i~ L 'l..l~ CJ'U 1 U'Vl1.:1 LL 'U1'Vl1-:J~~;'U ~.:I "il~"li1 tJ'Vh 1 ,X~~ l)lJl ru'V1 

fl'UL :Sv.:~mruPi n~16'11ll1';i~'\.J1u'l..l 1.:~~~ l)lJl ru'tln'UL :Sv.:~ L ~ a61~1-:Jfl11llw.:~~a1 "ilL -H'nuG'l nri'11)1G'JeJ~"il'U 
, , , \1 

5.3 'ti'vLa'Ue:JLL'LI~ 

5 .3. 1 fl11lloW.:!~tl h~a~~l)lJl ru'tl LLG'l~Fl11ll~tl.:Jfl11'lltl.:JG'l flrl1ii fl1';ib 'l..l~ CJ'Ubb UG'l-:1 L?llltl ;'Utlcln'I.J 
" " 

Lb 'U1 t ,j'lJ'\.J~L.flfltJCJlJL 'Ubbl'iG'l~"li1.:! ~.:J,!'Ufl11iifl11~WJ'U1~~1)1JlUJ'fl1~CJfl1';iU';i~CJfl\)11 'lib 'VlfltJFl QFD • 
I I 4 

mn.:~~m'Ua.:~ 

5 .3.2 fl11G'I1';i1"ilfl11ll~ a.:~ n11~ii~a~~ l'lJl ru'tllim1llG'I1A'lJL U'Utlcl1-:Jll1n1 'U fl1';i"li1CJ01VI'U~ 
';i'\.J LL uu Aru~ n~ru~-ua.:~~ ~ l'lJl ru'tl Vl1 nii n1 1 L 'l..l~ CJ'U LL 'l..lG'l.:~VilJVI~eJ n~lJG'l nri'1 1'\.J LL uu ~~ l'lJl ru'tlm"ilii 
\1 , , 'U 'U 

fl11b 'l..l~ CJ'ULb UG'J.:J\)11lJ ~.:J,!'Ufl1';i~~Vf1~'1..lfillii-:~1'U~tltl n61111"il b~CJ.:J'lltl-:1 fl~lJG'l fl rl11 -H'L Vfll1~ ?Ill nu fl1';j 
'U 6J • \1 

... "" ' tltlflbb '\.J'\.J~G'JI)l.flUJ"f'l 

5.3.3 fl11'1.h~~fll'lbib'VlfltJF1 QFD 1 'U~~\)lnru'tlmVI1't "il~bbl'lfl~1.:!"il1flL 'U~~~nru'f1~'U1 
L ~tl.:J"il1n1 'Ufl1';ibb 'l..lG'l.:~fl11ll~eJ.:~m1'lleJ.:J~'\.J~L.nA "il~iin11~"il1';itu1-b'm11vt'U~'V11-:Jb 'Vli'ltJfl t~v 1 i-b'alJG'l 

" " ~ .:~ "il1 n 'Vl1.:~ Jl 1 'U tJ ';i ~ ?11 'Vl61ll er 61 'll a.:~~~ l'ln ru'tl LLG'l ~.u all G'l A ru?~ll'IJ&i 'Vl1.:~ b flii bbG'l ~ m v .n1 ~~?11m 1 ~1 ~ , . 
fh1Ji'"il1mi'l~v.:~rla ll1~1lln'U~"il11ru1 

5.3.4 fl1';iU';i~CJfll'lb iL 'Vli'ltJFl QFD 1 'U fl1';ib~tlflU"il~CJ~U1ll1b U'U~101Vf'U~Fl11ll~tl.:Jfl1';j'lJeJ.:J • 
G'lflrl1(WHATs) fll';iiifl11b~tlfl~VIG'l1 tJbb '\.J'I.J b"li'U b~tlfleJ'U~'\.J~G'l~1-:J~ii';i~CJ~vl1.:!ll1fl~61~1~VIl1.:! , . 
m1ll~v~m1-ua.:~G'l nri'1 nufl11ll-vi.:~~a1 "iJ'lJa.:~G'l nri'1~ at:.J~I'ln ru'tlmruPi n~1 b u'U ~'U , , 
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'IJ'U1~VHJ~ 

11ru~ n1.Yru~ 

'IJtl·:Jn'UL~EJ~ . 

ihJ-s~ LEJ"IJ'LJLL~~ 

hlvh~1EJi:1'll1l1W • 

c.l1'Ul.I1\JI'S!1'Ui'tJ'W~fl11l.lt.l~tJ~.f1EJI'itJ 

5 4 3 2 1 

1~i'ul.l11'1-s!1'U1'mv~ ~u~L[lfl Ct1.EJJ 
~.---------~-----------~--~~.q----~~~--~-+--~~ 

FJrumw !:-J1'Ul.l11'1'j!1'U-su·w~-s~uunTH.J~I'lV1~ 

(GMP) 



O~lfiU~~118~~LB8~ 

'lleJ-:Jt:.J~\Jlnru'ti 

'liB.:~vm1'1.Jm1~~ 

,j1\-1tll8 

~1'\J't.h~fleJtJ 
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5 4 3 2 1 



~ n~omi1LI'l~tl~VIlJ1EJ ./ vr1h~'vl'l111Jvilll'i~nu!'l111JRillL~'\J'!Itl~vi1'1JlJ1nvi~lll 
M111f!LVI~ Lmu,-lm'illltlULLUUG~tlum:uULtl'IJU.UU1.J'i~i.lj'IJ s 'i~~u LlllEJiiLnru,-lm'iU'i~Uj'\J ~~,j' 

5 VllJ1EJii~ a1flqj1J1nvi~lllLL~~ijmwitlfn1:UVi~'Vitl 1\J:u1nvi~lll 
4 VI:U1EJii~ a1flqj:U1nLL~~i:it:.mllitJI'l11:UVi~'Vitl 1\J111n 

3 VI1J1EJii~ a1flqj1..h'IJn~1~LL~~ije.mllitll'l11:UYi~Vitl 1\J1.J1'1Jmm 

2 vr:u1vii~ a1fi'qJU'vmL~~iit-~~llivm1:uVi~'Vitl humJ 

1 VI:U1EJii~ a1flqjUvEJvi~lllLL~~ijt.~~llitll'l111Jyj~'Vitl huvvvi~lll 

l'lru~n~ru:: '!J'U1~"r'fel~ 
' 

'Vl1~'\.h::G'11YI«l.IN'G'I 

... 'i < 
lJ'\.h:: LEJ'll'U~~~:: 

1l.ivh~1EJG'I'!lm'V'l 
' 

~ 1'Ul.I11Jl 1 !1 ufm eJ'II'l11lJ 'I.J ~a ~.n EJ vi a 
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5 4 3 2 1 

1Mul.I11Jl1~1ufma.:J ~u~Lnl'l (a.EJ.) 
~--------------------~----~--~~--~--~~ 

f)rui11'\'l ~1'UlJ11Jl1~1'UfU1eJ'I1::UUf111~~1JlVl~ 

(GMP) 



tiZI£11715i 

n.m1:;t.~n.~:;r. 

17Z1 

:;m1 B r1.~1 Bll.:: ~11 M.lr'1. 1 ~ ijfi:Lf..ij~ iiB ll. 
II 1:1 '=" II 

~LG~I2Lil.~rt .. 
n.u.m~ 

" 
L~U~lll n.p.1 Ut~~l2rtLt.l,mtn.L~!ULUflG~ 

Ut~GI!IA.M.LI.ll2rt 
!'" .. 

rti2:;Lrtlr'1. mWKI2 M.Ltl:-lll11Ulll 
" ' 

~,V~G~fl~M.LUI2r1.1. ~GI:-~ 
' " 

Ut~~I21:-~LE-1~M.LUI2r1.1. ~Gt-~ 
' " 

~Lt-~tGU.Lir'1.UW1LI2 
'" !r 

~~~f\l,Vlll~l':l¥M.~rt»Lll.~~[ltLU~ 

~Lrtlr1L~ 

~~tLUM.Lt-LIA.t-Gp. 

lbf\ll!lll~l':li:'Gil.MLL!f\lblf\Urt12:;Lrtlr'1. 1L~L~ I L~Lt 
" ,.. 't7 " 

... 
l!lw~nrttn.»~~ 

Utl!l:;I2LMUM I ~IA.MLL!f\lblrtlbf\ll!~~~n. 

l!le:~~ !U~I\n:I2Ut}l':ll!IQ 

n.l!1~ll.lAL~Ltfl.:;~ 
"'!'" 

,1;. t n.~~~rtLllli:'~lllU_tLir1Lfl 

M1~ll.i:'L~GhLGl!lrtlr'1.:;~11lll~l':lrl.ti:'l!ll211 
l'lt I 't7 It! 

r1.1!1~Jl.i:'L~GL~r1.12L~lllrt 
l'b I f1 't7 Jr::o 

~ L!l~mwn. L ~,Vl!IG ~flrtLtt.lt-G~n.kL~lllt-~ 1211 

... 
~r\l1flll~l':li:'Gil.fl.GU~~[lrl.t~~rtG]>i:'~l211 

fl.GU~~[lrl.t~ 

UL&fl.kJf~!\l!.~l :;~[l~iiGE-N!!I211 

~LLILML!l ~ftGE-i:-~k!11 

~f" ~" ,.. 

lbf\ll!lll~l':li:-Gil. , "' .. 
~~G1:;~~L~:;~11UL~n .. 

• • t-LaBtlllt-all.1M.UibfUU'III~I':l::ruAU~f\lt.!BIII~I':lN:IA.!.l.Ut-B~N:LC.W 
I 1'8 i=' , 1'8 - n I I=Pf" II 

~L~lll~LU 

lbf\ll!~~~n. , "' 

\ 



" 

ll1FI~'U'ln Fl 

fl'lU'l~~UFI~U'U'UbbUUbbUUfleJUtl13J , 
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... 
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~: '!i'al.lflfl'l111AI11L i1u'!Ja~~1111l'ULL uu~aum11~ij~a "fl1111~v~m'iviiie.Jflfiaflru~n~ru::e.Ji111l.flru'tlnuL ~v~" 
~ n'i~1vl1Lfl~1l~'VI111tl ; 'VIU1'1i'1lfl'l111~11l'l~n'Ufl111JAI11Li1U'!J1l~vl1'U1!1nvl~~ • 

lUJ1VLl1fl Lnru'11m'il111l'ULL'U'Uaauml.ldd'luLL'U'Uth::Uju 5 'i::~u 111lt~iiLnru'l1m'itJ'i::Uju ~~d 
5 'VIl.I1Vfi~ li1R'IJl.l1n~~l1lLLfl::i'je.Jfl~1lfl1111W~'V'm h111n~~111 
4 'VI111Vfi~ li1R'IJ1!1nLLn::iir.Jn~1lfl111JW~Y~aliJ1!1n 

3 'V1111tJfi~ li1R'IJtl1unm~LLn::iir.Jn~1lfl1111W~wa hthunm~ 

2 'VIl.I1Vfi~ li1R'IJU1lVLLn::i'jr.Jn~1lfl1111W~W1l huav 
'VI111Vfi~ li1R'IJU1lvvl~l1lLLn::i'je.Jn~1lfl1111W~wa huavvi~111 

flru~m~ru::: . 
V11\l'lh:::~1Vl~l.Je1~ 

ihh::: LEJ'IJULL&'t::: 

hJvi1&91EJ~'lli11~ . 

1~1'UlJ1{Pl':i,pu~\mJ\I 

f'JOJI11~ 

'!J'U1\11YI1J~ 

(a.tJ.) 

5 4 3 2 1 

15 46 17 2 1 

33 28 14 5 1 

22 23 30 6 0 

19 38 20 4 0 

26 24 19 11 1 

24 29 20 7 1 

20 33 22 6 0 

38 18 21 2 2 

21 33 21 6 0 

18 25 23 10 5 

21 24 21 11 4 

20 23 26 9 3 

17 32 17 13 2 

26 14 27 11 3 

24 22 23 9 3 

34 23 18 5 1 

35 22 17 7 0 



o~1nu~~11~~~L~~~ 

'lle:J.:J~~IJ1Ji'ru,1 

11f'11 

'lie:J.:Jl'11.:J1 unw·~'~ 

,)',,.,,h~ 
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5 4 3 2 1 

23 32 18 8 0 

27 27 22 5 0 

16 34 23 8 0 

26 26 23 5 1 

23 30 23 5 0 

34 20 20 7 0 

22 31 19 5 4 

26 30 20 3 2 

26 20 28 7 0 

23 24 26 8 0 

23 29 20 9 0 

30 22 27 2 0 

22 34 19 5 1 

21 34 19 6 1 

22 33 18 8 0 

25 35 16 5 0 

21 26 22 10 2 

19 30 24 8 0 

19 36 21 5 0 

28 26 17 8 2 



~ niOJ1'VhtR~8~'VI~J1t.l ./ 'VI1hU8R11lJ~~'i~tl\JR'l1lJ~~t~'U'U8~viTUlJ1n~'j~ 
1UJ1Vt'VIIIj Lmu'tim'i~vtJLLtltJ~aumlldLuuLLtJtJt.h:aiiu s 'i:;lilu l~vjjtnru.;lm'i\J'i:;Liiu lil~d 

5 'VIll1Vii-3 ft1flqjlJ1n~'l~LLa:;jje.~a,)aR11lJVi~vw hll1 n~'l~ 
4 'VIll1Vii-3 ~1flqjll1nLLadje.~a,)aR11llVi~wahll1n 

3 'VIll1Vii~ lhfi'qJU1'Una1~LLa:;jje.~a,)am1llVi~wa1'il1J1una1~ 

2 'VIll1Vii-3 ri1fi'qJumJLLadje.~a,)am1llVi-3vwhuav 

'VIll1Vii~ ~1fi'qJuav~'j~LLa:;jje.~a,)aR11lJVi~wa1'iluav~'l~ 

I'Hu"'n~ru~ 'lltJl~VHl~ 
' 

Vll-:n.h~G'11Vl"'l..I~G'1 

'lJB·:JntJL ~f.l~ 
' 

ih.h:: 1EJ'l1tJLL~:: 
hivh~lEJG'1'llfllY-l 

' 

~ltJl..l1~~21u~u~v~~11l..IU~v~nEJ~B 
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5 4 3 2 1 

22 37 19 0 3 

23 34 19 3 2 

29 28 16 6 2 

18 35 19 7 2 

20 27 25 8 1 

23 31 20 5 2 

20 21 33 4 3 

20 29 21 10 1 

22 31 22 5 1 

222525 7 2 

20 25 24 10 2 

21 27 21 10 2 

22 29 19 10 1 

23 25 24 8 1 

24 27 19 9 2 

24 20 27 7 3 111i'~Ul..ll~~21tJ~U~€l~ ~u~1Jl~ (B.EJ.) 
~.------~v~--------~~~q~,q~---+--~--~-+--+-~ 
r:JltJl..ll~~21tJ~u~v~~~uum~r:J~~Vl~ 

(GMP) 
31 21 19 8 2 



ll~1mL~~,-1fl~~LBfl~ 

'lJB.:Jc.J~Ill.ti'ru'fl 

.., ... Q .c.i.c:.~ 
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5 4 3 2 1 

18 38 18 5 2 

23 32 17 6 3 

20 24 28 7 2 

rJill,-1~'Ufl1€J~Wtl~L~'U 17 36 21 5 2 

21 28 18 12 2 

21 23 28 6 3 

17 40 15 7 2 

18 29 17 13 4 

22 23 26 7 3 u,-,-~llru'rllJF)CUilTVfVl~ i'lntn~~mn 
~------------------------~~~~4--+~ 

,.1f11 

'tl€l.:J'Vl1.:!1'Wn11~~ 

,j1VltJ1fJ 

rl~«'U hJo~o1~ 
'II 

i'im.Jmrurl1'U1flf111lJ~~mn L'li'W lll~n-r1 
' "' 1ClL'lJ'U 

17 26 26 8 4 

21 32 21 4 3 

19 32 18 9 3 

16 31 27 4 3 

16 34 22 7 2 

19 31 16 13 2 

19 25 24 7 6 

20 28 21 6 6 

13 25 27 9 7 

26 19 22 8 6 

........................................................................................................................................................................................ 

························································································································································································ 

························································································································································································ 

........................................................................................................................................................................................ 
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.n1R~t.11n .:J 

~ 1e:1 ~1.:! u uutl':i:: tiitJ R11:U'tfv'U 



fi1~LL~.:IL'!Jn1'a\118ULLUUtl"a::Lii'IJ LLUUtl"a::Lii'IJtlUU'ifii~.:!VIll\11 3 6l'l'IJ ~.:~;i 
~: tul.l"'*'1tJL~EJ1nu'!imJ"~·:ru~1 . . 

~: 

romt.z: -if ul.l "f'l111JRfiL ~'U"!! €J ~ ~tJ 'i:: bii'U f1 rum'VI'VI1 ~\J'i:: ('ITVI"'l.l r:J('ILfl Eln1'i'VI fl('l u'Uf111l.l'll€l'U~€l tJi\~J) ruo;l n'UL iiEJ~ " " ~ . 
~: -ifmJ"f111lJRfiL~'ULL"::-ifm('l'U€JLL'U:: . 
tul.I"'*11\JL~£J1nu'!iu1!"4'i1'U~1 (mruTvi1Lfl~u~'VI1!1EJ ./ 'VIU1'!iuf1111l~u ludJ . . . 
L'VIA 0 'li1EJ 0 'VIiij~ 

€11~ (ttJ'ifl'i::t~) ....................................... . 

ftmumwnTHil.l'ifl 0 L('lfl 0 ('llJ'ifl 0 ~'U1 (L'ti'U 'VIEh/1i1EJ/Lwnnuu~) 

0 n(~L'VI'VILL"::ml.lru'fl" 

0 ~~WlfiL'UmflL'VIiju 

0 ~~WlfiL'Umflmm 

0 ~~'VI"lfiL'Umfl~d·uvvm5EJ~L'VIijB 

0 ~~'VI"lfiL'Umfl~::i'uvvn 0 ~~'VIi'fiL'Uinflhi' 

0 ~'U1 c1tJ'ifl'i::\l> ............................... . 

~: '!iul.l"f111l.IRfiL~'U"!!u'I~\J'i::bii'Uflrumwvm\J'i::ft1'VI"'l.lt:rfl1fiEJm'i'VIflftu'Uf111l.l'llu'U~utJi\~J1ru'tlnuLiiEJ~ " "' . . 
~ n(nnmum::~ufl::uuutu'tiu~~,~'VI"'~.;;uf111l.l~~'i~nuf111l.IRfiL~'U"!!u~vi1'Ul.l1n~'1fl 
)Unarn~ Lnru'tlm'i~u'ULL'U'U\J'i::biiudL;l'ULL'U'U\J'i::Uiu 9 'i::~u LfiEJihnru,.Jm'i\J'i::biiu ~~d 

- .,J•• 
fl::LL 'U'U 9 'VIl.J1EICl~ 'li€J'U1J1n'VI<lfl 

fl::LL'U'U a 'VIl.I1Eith 'llu'UJ.nn 

f'I::LL'U'U 7 'VI1!1Eifi~ 'llu'UU1'Umm 

fl::uuu 6 'VI1J1EJfi~ 'lfuuLanuuEJ 

fl::U 'U'U 5 'VIl.J1Eifi~ L0fl1 

fl::u.uu t:1 'VI1J1EJfi~ 11i'lluuLanuuEJ 

f'I::LL'U'U 3 'VIl.I1£Jfi~ W'lf!ltJ\J1un"1~ 

fl::LL'U'U 2 'VIl.I1£Jfi~ W'lf!l'Ul.l1n 

fl::l.i'U'U 1 'VIl.I1£Jfi~ 11i'llu'Ul.l1n~'1fl 

.., .ct d .: ~ 
~ n"t;ru:: ~'1.1 L 11EJ .:i'VItl11 n!J11U'VI 

1 

2 

3 

4 

5 

-s::~ufl:m uu 
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1 

2 

3 

4 

5 

... 
n1'~'YI~6ie:J'Utl1::6'11'Yia~~6'1~1'Ub ile~a~~6i"ll e:J.:I n'U L ~f.l .:1 • 

1 

2 

3 

4 

5 

t .. .: .,j 
fl113J'tlvu flfl'i13J'tlv.:t~'U L 'Ufl.:t'tl'U\'1 'i~~Uf'l:m'U'U 

1 

2 

3 

4 

5 

a d .... Cit. c;;: .... 
1\A\'1 3: '!JeJ:W~f'I11:Wf'lf'ILVItJLL~~'!Je:JL"'tJe:JLLtJ~ 

" 



fh;i'Lb~.:Jt'Un1'iiP'IeJUbbUU'lh::Lij'U bbUUtl'i::Lii'U1lUUifii~.:J'VI~fl 3 ~1'U ~.:Ji:l 
~: iB1lm:\',1tJL~EJlnuieJ1lmhu~• . . 

~: 

IDYilz: '!i'eJ1JaF1111JR(;!Li1'UteJ~~tJ'l~Ui'UFIClJil1'1'4VmtJ'l~~1VI"'1J~~L(;JEJn1'iVJ(;l~eJtJFll11J'lleJtJIIieJ~~I'1JlCU'ti'n'UL-tiEJ~ "' " . ~ 

~: 'l!eJ1Jal'll11JR(;!Li1'ULLa~'tJm~'UeJLL'U::: . 
ia1Javi'•1 tlt~u•nu.Ua1lmh'U~' (mru1vi1LFI~a~vr1J1EJ ./ vru1'l!am11JIIia 1ui1'J . . . 
b'Vll'l D '111u D vr~~ 

v1f! (LU'l(;l'l~'4l ....................................... . 

i'ICI1'Uil1'Vln1'li'I1J'H1 D 1~(;1 D ~1J'l~ D ~'U'l (L'Ii'U vrci1/1hEJ!Lwnn'Ua~) 

D n1~LVJ'1'4ua:::m1Jru'fla 
D -;l~vr-i~1'UmFIL'VIUeJ 

D -;i~vrl(;IL'I.Jil1Flna1~ 

D -;i~vr-i(;lt'I.JmF1111:::-i'UBBm5u~Lvrua 

D -;i~vr-i{;l1'1.JmF1111:::-i'UaBn D -;i~vr-i(;IL'I.Jil1F111il 

D ~'U'l c11J'l(;l'l:::tj) ............................... . 

~ n'Mn'le:Jn'l~~UFI::U'U'UL'U'lieJ~i1~'VI"'~,j'eJF1111J~I'l'l~tlUFI111JR(;ILi1'UteJ~Vh'U1J1n~'1(;1 

'V11J1VLVItj tnru.fim'll'lauuuutJ'l~Ui'UddJ'UuuutJ'i:::Ui'U 9 'l~~u L(;IEJijtnru'ti'm'itl'i~W'U ~~;1 
d .I 

Fl~U'U'U 9 'V11J1EJC1~ 'Ue:JtJ1J1nVI'1(;1 

Fl~U'U'U 8 'VI1J1EJfi~ 'Ue:JU1J1n 

Fl~U'U'U 7 'VI1J1EJfi~ 'Ue:JUU1'Una1~ 

.. " " f'l~U.'U'U 6 'VI1J1EJC1~ '!fvULan'UvEJ 

Fl:::U'U'U 5 'VI1J1EJfi~ LOEJ'] 

A Cll .: d 
'i~'V11Pl'tJeJ.:J nuL '!IV.:J'ti'U'VI • 

1 

2 

3 

4 

5 

Fl:::LL'U'U 4 'V11J1vfi~ UJ'!fauLanuau 

Fl:::LL'U'U 3 'VI1J1EJfi~ UJ'11€JUU1'Una1~ 

Fl~U'U'U 2 'VI1J1EJfi~ UJ'!fe:JU1J1n 
d ,_ ~ .I 

Fl~LL'U'U 1 'VI1J1EJC1~ ~'!f!ltJ1J1nVJ'1(;1 

., 
'i::~UFJ::LL'I.J'I.J 
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........................................................................................................................................................................................ 

........................................................................................................................................................................................ 

........................................................................................................................................................................................ 
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fl1Fit:-.~t.nn liJ 

6'1-ath::~u fl:: bb 'U'Ubb uuth:: biit.~FI11:lJ'tleJU 
' 



fi11iLL~~1'1Jn1'1~ti'ULL'U'U\h::Lil'U LL'U'Uth::Lil'UQU'Utlih~.:J'VI~fl 3 i'I1'U ~~tl 
n:rnill: i't~~avf11tiL~tnnu'li'u~a,bu~1 

~ ~ 

~: i'B1Jafl111JRI'1Li1U'lltl~~\J'i~illtH'l(1U11~Vl1~ti'i~~1Vlli1J~riL1'1Vf11'iVl1'1rltltJfl111J'Ilti\J9\m.J~~1J)ru,JnuLilV~ 
\1 " ~ • 

~: i'ullaf'l111JRI'1Li1ULLa~.UmG1uemu~ 
~ 

trnfu_: iJB1JCivf1 hlL~V1n\J'Utll111"'1U~1 (mru1v'hlfl~tl-3..,111tl ./ 'VI1JTUtlfl111Jiiit11tHlJ 
~ ~ . 

L'Wfl 0 'll1tl 0 '\11~-3 
e:ntj (h.l'il'l'i~'l{) ....................................... . 

tunumwm'itUJ'Ul 0 1&11'1 0 ~1J'l~ 0 5u") (L'Iiu 'VIfh/l.hv!Lwnnut~~) 
0 fl1-31'1'\'l'liii1MJ~l.ICU'I'lll 

0 ~-~'V111l11tJmRI'VIUu 

0 ~-l'VIli'11Ufl1flfll11-3 

0 ~-3'VIlll11Ufl1fl(;l~l\Jtltlfl1Qtl~L'VIUB 

0 ~~'\11')1'11\Jfl1fl(;ll:l\JBtlfl 0 ~~'VIllll1Ui11fl1~ 

0 5u") (hl'illl'll:\.l) .............................. . 

~: -iJv:ual'l111JRI'11i1u'llB-3eJti'i::i,)juflrumwVl1-31.l'i::e\1'Vlli:u~~11llvn1'i'Vllll&"1BUfl11l.l'llvUiiiBt:.~~lllfiru.,\nuL;iv~ 
" " . . 

~ fl1ru1n'itlfl'i~~\Jf'll:IIUU1u'IJv~l1~'VI~~iJufl11lJV(\ll'i-3rl'\Jfl11l.IRI'11i1U'!JB~VhUl.l1flvi~l'1 
Mtl1flLM~ Lnru9lm'illlvuuuutl'i::UjtJdLu\JLL'\J'\JU'i::Uiu 9 'i~~u L1'1tJiiLnru9lm'i\J'i::Uju ~-3d 

... .,j 

l'l~UUU 9 ..,1J1f.JC1~ 'llti\Jl.l1fl'Vl~\ll 

f'I::UUU 8 ..,1J1tJCi-3 'tfti\J1J1fl 

f'I~IL'IJU 7 'VIlJ1tJCi-3 'llti'\J\.hUflal-3 

f'I::LLUU 6 'VIlJ1tJCi~ 'tfv1JL~O\Jtltl 

f'll:LI'\JU 5 'VIlJ1tJCi-3 Lilf.J") 

f'l~U1J1.J 4 ..,1J1tJCi~ 'll.J'Ilti'\JL~fl1J!ltl 

fi~U'\JU 3 ..,1J1tJCi~ 'll.J'tfu\JU1Ufla1~ 

fl~LL1.J1.J 2 ..,1J1tJCi~ 'll.Jtv'\Jl.l1fl 
.. ,_! .,j 

fl~LLUU 1 V11J1!JC1-3 IJJ'Ilfl'\J1J1fl'Vl~l'1 

., .ca d ~ .-=1 
~m;cu::~'U L ~tHVI\.h1n!J~'UVI 1 

1 0 

2 0 

3 0 

4 0 

5 0 

2 

2 

0 

0 

0 

0 

~::~u~::U'IJ'IJ~11~~au 

3 4 5 6 7 

12 11 5 0 0 

0 8 14 5 2 

0 0 3 7 10 

0 7 20 3 0 

3 7 18 2 0 

8 

0 

1 

7 

0 

0 

9 

0 

0 

3 

0 

0 
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d 
LQ~ll 

3.63 

5.13 

7.00 

4.87 

4.63 
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~::~uf'I::Lt'U'Ufi112J'tltJ'U 
oQ q .:.d 

'!iil'ti1An'UL 'tltHI'ti'U'VI • 1 2 3 4 5 6 7 8 9 
d 

LQ!ilV 

1 0 0 0 0 5 9 7 7 2 6.73 

2 0 0 0 0 3 9 12 6 0 6.70 

3 0 0 0 0 4 8 6 12 0 6.87 

4 0 0 0 0 5 6 9 10 0 6.80 

5 0 0 0 0 4 8 10 7 1 6.77 

" n11'VIi1H'IeltJ'lh::~1'V1~1l~~l>i'1'1.JbUeJ~1l~~'UeJ-!l~'l..!b~V-!l 

1 2 3 4 5 6 7 8 9 

1 0 2 2 10 2 7 7 0 0 5.03 

2 0 0 3 6 5 2 4 5 5 6.10 

3 0 0 0 3 10 7 4 6 0 6.00 

4 0 0 0 11 5 7 7 0 0 5.33 

5 0 0 0 5 8 6 2 9 0 6.07 

., 
'!i~~'Uf'I~U'U'Ufl112J~vu 

L .. ~ .a~ 1 2 3 4 5 7 
d 

fi112J'tlv'U ~EJ112J~a.:~n'Ut'tiV.:!~'U'VI 6 8 9 LQf!EJ • 
1 0 0 0 10 9 11 0 0 0 5.03 

2 0 0 0 1 6 5 7 6 5 6.87 

3 0 0 0 0 7 5 5 4 9 7.10 

4 0 0 0 4 4 6 6 10 0 6.47 

5 0 0 0 10 7 5 8 0 0 5.37 

························································································································································································ 
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'-! \1' • ~ 

.d" ..... eua~.., ILl ..,. G "' 
n.nw......2: 'liCll;jl'li'l'J1lJFl111L'I1tii.L~~'lltlL?ItiBLL'lJ~ 

M_t: '!JeJlJ~Vi'1LtiL~tt1nuiau1l~1t1~1 (n'lru1vi1LFl~El~'11l.l1EJ ./ '11u11i'EJF111l.l~a11Jdl 
~ ~ . 

Lfjfl 0 'IJ1tl 0 '~-~tY~ 

~1~ ([ tl~111~::'4) .............................. ······· .. . 

flCJ1'W11Vjm~alJ~a 0 1a111 0 al.l~a 0 ~1..11 (L'!i'lJ '11ci1/a.htr!LLtrnn'lJt~~l 
0 fi1~LVl'ViLLl'l::mlJru'l11l 0 ~~VIi'1111UJ11f\fl~1~ 

0 ~~vri'1111t1fl1f\LVI'Uv 0 ~~VI"llilL'lJfl1f\~::-Juuam5EJ~LVIUEl 

0 .J~'I1i'11111..1fl1f\11l~i't11ltlfl 0 .J~VIi'lilLU111fl1!lf 

0 ~t11 (ttl~l1l'i~'4) .............................. . 

~: '!ial.l~Fl11l.li'i111L~u"!Jt~~~tl'i~l.ijuf\rum'V1'111~th~a1'1ll1'l.l~al\1ltrfl1'i'lll1l?lt:l\Jf\J1lJ'iJB\J~Bf.l~~ti'ru'tlnuL'litr~ 
\1' \1' • • 

~ fl'i"ClJ1fl'i"tlfi~::~'Ufl~I.L'Ut1Ltl'lla~i1~'11~~iJt!fl11lJ~~'i~n\Jf'111lJi'i111Lli'lJ'liCJ~VhulJ1n~a\11 . . 
}UmHMfl tnru'tlm~111CJ\JLI.U'Utl~~l.ijudtuuuuutl'i~Lnu 9 ~~~'U L111EJiitnru'tln1'i"tl~::l.iju ~~d 

.. .I 
f\~LL'IJ'U 9 VllJ1tiCl~ 'lltl\JlJ1fl'l1~111 

l'l~I.L tllJ 8 '11111trii~ 'iltl\JlJ1fl 

fl::LLuu 7 '11ll1Vii~ 'ilvut11un~1~ 

.. " " f')::LL'UlJ 6 ...,lJ1tiCl~ 'iltl\JL~f1'Jtltl 

l'l~LLlJ'U 5 '11lJ1tlfi~ Lilt!'] 

- Clll .: ~ 
~gl'tf191'U i>_, fl'U L 't1 Eh'I'U'U\'1 • 

1 

2 

3 

4 

5 

1 2 3 

0 0 0 

0 0 0 

0 0 0 

0 4 11 

0 11 8 

Fl~Uti'J 4 ...,111t1ii~ 'W'IJv\JL~fiUClEJ 

fl::LL'\Jtl 3 ...,ll1trfi~ UJ'Ilt~Utl1un1l1'1 

i'l~LL Utl 2 ...,lJ1EJfi.:j 'W'Iltl\JlJ1fl 

.. 1' .I i'l~U'Jtl 1 ...,l.J1t1Cl~ l.J'IlCl\Jl.J'lfl'll~l'l 

., 
~:: fi\Jfl:: bb 'U'U fl11~'Uti\J 

4 5 6 7 

0 2 11 8 

0 4 4 7 

7 4 6 8 

6 5 1 3 

10 1 0 0 

8 

9 

6 

5 

0 

0 

d 
9 LQ~EJ 

0 6.80 

9 7.40 

0 6.00 

0 3.90 

0 3.03 
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'U 

u .c.. Q.f tf .c:::t II .Q. II cf .Q. .Q..::::i 

n 1'a'W~'U1 ~ft IPI.OW'VI fl'Ut ~eJ .:J ~ 'J eJ t 'VI fl'U fl fl1'afl'a~1il 1 eJVI'U1'VI t ~.:J flW.01'W ttft~'J5fl1'a 
1 1 
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•v 
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i 

0 
OJ ~ I. 

1 tl1-:J611'Jtti.'li.'l!n1 'W151~{]'J ~;~5\l 'J.J~·-rn1ni 1 
r----------,---- -- ----- ----------------------------------------------------- --~-__,_.----1 

I "' " v tY It' cv-! 'U1-36111~"/1~1i1'H1J 611~~'HV, "t-.J·1i· 71 3'1T'0-t ~l~~I'J'?1J 
r-----~ ------ --~-----------'+---¥----1 

11 



143 

. 
""' liJ liJ I .... 

'ii1 VGffe:l ~ b 1.11 ':i1~ fl1 ':iVI ~ ~ e:l'U fl11ll Gffe:l'UVI1 ~ 'ii~ Gf$1 ~ 
'1.1 

Q,l ~ Q.l' ~ .c::t II' ~ 1.1 d Q. . Q,.c::l 

n11'WW.J'IJ1~~t91nruSVJn'Wb"lf£J.:JIPI1£Jb'VIfl'Wfln11n1~~1£J'VI'IJ1'VIb"lf.:Jflrun1cwbb~~1fm11 
~ ~ 

17 

18 
1------------ 1------- -·-····-·--------·--- -------···· .... -·····--------------+----------

19 
f.-------···· 

20 
--------------.. -------------------+-------------

U1~W~~n~ ~~~~1~~ru ~J~~ 

21 

22 
1---------f---------------- -----------------------1 

23 
J 

7J fiJiiJ? 
~----~---~-----------------------------~-----··_v _______ --1 

24 'Ul~i;'UJW~~ 'Vlfl~fll 
- ---- -----------------! 

25 

26 ' 
1----------- ----------------------· ·------ ------ ------------ -- . --------- ---+--··_) .....:' -~·f _ _____~¥1"--'' iL--'::_·"'_:'!l_ _-' _____ --



144 

tnmnt~"J~i'Vl~ ~ll'VlB-:J 

'V'I.P!. 2543-2549 h-:JL~ti'ULtl~l.J'V'I"J~Lnti"J~~l.JL~Iil'V'I"J~Pl~'Ufl~'U'V11 P!~~~Lfl~ 
.., .., "" 
lil-:JV11V1PI"J~~Ln~ 

'V'I.PI. 2549-2554 l1'V11l'Vlt11~t1B'Um1'1161i:j 1mm"Jl1PI1~(91"j'!Jru~(9} 
' 

~1'111l'111lPI1n"J"Jl.leJ(91~1V1f11"J 
' 

'V'I.P!. 2554-2555 ~1LLV1U\IlPI1m Vi'U~,;'Vl Yahata Fastener Thai Co.,ltd. 

Ufll.JeJ(91~1W1"J"jl.JLJ(;l 1n1 nlml.J(91"j~ 36 L(;l"U~ 127 V11i 9 tl'U'U'U1\I'U1-(9}"j1(;] 
' ~ 

~1'U(;l'U1-:J11 ellLJlB'U1-:J't.h~fl-:J -;l-:JV11Vltl~L~\IL'Vl"J1 24180 

'V'I. PI. 2555-D~U~U'!Ju- 'th~nB'UB"Jn~U\11'UB~"J~L~tl1n'U1Pl1m"Jl.lLL(;l~fl1"J ' , 
q • 0 J,.l 0 q e'Q.J Cl.l q 

BBflLL'U'U L(;l"U'Vl 121 V1l.J 6 (911'1J(;'IV11tl(911l.JeJru B1LJlBJl~\I'VI lil\I'VI1Vlpf"j~~Lfl~ 
~ "' ~ 

l 
( 
~, 


