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nl~l~tJA#\ldiJl~(1LJ~~61\lri b~B 1) ~mn~{;1nI'H~ tJ'W~bb 'W1AV1 bAiJ~b~tJl b~B1.ubb'W1Vll\lnI'J~V1nl ~ , ~ 

b~tJ'W~bb'U'U,xB\lb~tJ'Wm~\Jlii'l'W (Flipped classroom) lV1m,i1'Wnl~~V1n~m'JlJ1A~\ln1~ Green Chem 

Green Life ~iJl'i vmllJG11lJ1~(11'Wn1'JA~l bA'Jl~'tt1nBt!bb{;1~VI~\lnl'J~~nl'Jb~m..I~ 2) ~m~It:,mnl'Jb~tJ'U~ 
~ 'lJ 

bb 'U1AV1bAiJ~b~tJl bdB1.ubL'U1Vll\l nl'J~~nl'J b~tJ'W~bb'U'U,xB\lb~ tJ'W n~'UIii'I'U (Flipped classroom) l\1ltJ~l'W 

nl~~\1ln~m'JlJlm\lnl'J Green Chem Green Life ~iJI'iBml:wm~Vlun~v~\lbblV1~BlJriB'WbL{;1~VI~\lnl'J 

~\1lnl'Jb~tJ'W~ n~lJbulV1lJ1CJvlHl'Wn1'Jl~tJd AB iJ~~G11'Ulnl~~mnlVltJ1\'lIG1~~ Aru~m\'lI61~~ .rr'UtJvl 3
'lJ , , 

,x€J\lb1m.Jn~'UIii'I'U~1(J "lA'J\lnl'J Green Chem Green Life" bb~liJmllJ6'11lJ1'J(11'Wn1'JAV11bml~'tt1vl 

rllLtJ~tJ~BCJfI~ 78.43 €J tJ1'W'J~~'U~ bbfl~61\l nl1 nB'W n1'J~V1 n~ n'J'JlJ nl'J L~tJ'Wn1 'J61B'W €J ~ l\liJL1tJ 611 A'ruVll \l 6'1 ~ &l 
" " " 

Abstract 

The purposes of this research were to 1) study effect of ~reen chemistry concept 

learnin~ usin~ the flipped classroom approach with "project green chem green life" on 

analytical thinkin~ ability before and after learnin~ throu~h the flipped classroom approach 

with "project ~reen chem green life " 2) study effect of ~reen chemistry concept learnin~ 

using the flipped classroom approach with "project ~reen chem green life" on 

environmental awareness before and after learning through the flipped classroom approach 

with "project ~reen chem ~reen life" The sample ~roup was 30 chemistry pre-service 

teachers in third and forth year, in academic year 2014. The research instruments were 

analyzin~ ability test with reliability at 0.73, the level of difficulty between 0.26-0.75 and 

environmental awareness questionnaire with reliability at 0.78. The collected data were 

http:0.26-0.75


analyzed by usin~ means, means of percenta~e, standard deviation and the hypothesis WJ<: 

tested by using t-test. The research findin~s were summarized as fOllows: 1) ) After the 

experiment, the under~raduate student who learned throu~h the flipped classroom 

approach with" project ~reen chem green life" had an average scores in analytical ability at 

78.43 percent which hi~her than criterion scores at 70 percent and hi~her than before the 

experiment at 0.05 level of si~nificance. 2) After the experiment, the undergraduate student 

who learned through the flipped classroom approach with" project ~reen chem green life " 

had an average scores in environmental awareness in excellent level at 72.84 percent with 

higher than criterion scores at 65 percent and hi~her than before the experiment at 0.05 

level of si~nificance. 
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t1~~u'U:lJ11'\'m1Ji'~\9lJ1.nb'Vlfll 'U1(1~~1-:J '1 tl~l-:J~mdtlwh1Vlbi1\i)~tlbbUU1 Vllli 1 'UnT'Jltl~l'J'Ubbtl(1-:JJi'l'U 

~1-:J '1 b'Vlfll 'U l~ ~ btJ'U ~ -:J~:lJ11l'ltJ1-rrG"1 ~1-:J bfl ~ tl-:J:W tl Vl ~tl ~ -:J81'Ul (J fl11:IJ 6'1 ~ m n 1 'U n TJ~l b11 'U~1 1i)'U tl n~l n 

b'Vlfll'Ul(1~~~btJ'Ul'Vl(Jlm~1mJ~'1il(J1Vll~~lli)'lJtl-:J:IJ'Ul'l~hUtlltltl~1-:J6'1~mni,'\U1(J:lJ1n~'UbbiKl1 'U'Vll-:Jm1UfI'U, 

l'Vll'J1m~bVl~Td'n6'1~l-:J~~ m~'VlU~tl~-:Jbb lliliKtl:IJhJ~tl(J ~-:JI,'1i'U~fl(J'U1?i' btJ'Ul'J1'U'V11Vl'U~~81'Ul(Jfll1:IJi,'\~lill n 

1 'U n1~ b~'U'Vl1-:J~-:Jl1u lJi'11 b tJ'U~-:J~~l b u'U 1 'U ~1 Ii) tl~~~11'U'lJB-:J:IJ'Ul'l~1'Ul'Jfl\j~~U'Ub~tl:Wfll1:IJ~ tl-:J nlJ~eJ, , , 

~fltJ'U1'l1'Utl~:IJ1ru:lJ1nn~B:IJ:Wm~t:.J~1i)1tltl~:IJ1ru:lJ1 n I, 'Vlfll'~1(1 ~ m~t:.J~ li)~fll'J'U1?i' li)~eJlil~'U mJ1.;r~fl(J'U1?i' I,b~~ 

b~eJ b'V1~-:J bU'UVl~-:J\ill eJ ~1-:J~vl11VI I,nlilt:.J(1 n~~'VluJi'1'U~-:J I,b llil~eJ:IJ:lJln:IJll'J li)l:IJ:lJl b u'U~'U Ji'1l'J bVlli)d~-:Jbn lil, 
, , , 

II. ''''~''''' "'nel"'~' 1<>1<;' ,~I <>"".~e';'.e':., (rusr-,;,,-,hl,",
bbWdllVlb IUdIIUI' dUdbdl,lrlU'JUW \.) LCAIIIUU,-C 

(sustainable development) ~'U1'UVl(1 1 CJ.n lfl~l'UvY-l~l'Um~u~Vll~'Ull'JUll'J m~~~li)bb(1~ n1~i'inl'll 

l\i)l'JVln.n1fl~1'U~1-:J1Vlfll1mhA'ru nu m~~\9lJ 'U 1~ ~-:J 8'Ul1u lJi'11 b tJ'U b~eJ-:J~vh'Vl1 (JeJ~ 1-:J ~-:J ~lVl-rul1n I,fl ~ , v 

~~ li)Jlru"Vi~l-:J"1 eJ ~ 1-:J ~-:J fJ'U bb 'Ul'Vl1-:J'lJBu~ ~1A'~~11n bflii~lbflmmm bb(1~ ~~ b~l'Jl-iJeJ-:Jfll ~Ii)J~Vll1n bb(1 ~"tVi 

fll1:IJ~1A'~Bci1-l~ -l AB m ~ (1 Iil( reduction)'lJ~:IJ1 ru'lJ eJ-:J b~(J~ bnlil~l n m ~ ~ ~ Ii) Vl~tl1-rr'Ulli) n ~~:lJJ'U"1 ~ Iil n 1~1-rr 

-rli)fl~U b~B b'V1~-:J\illvll(1~m (J fll1-rr~ltJ m 1:IJ b~CJ-:J bb~~Ii)~~Vll1n~-:Jfl11:IJA:lJA11 'U m~1i'lJ~~l(J'lJU~l n~ ~Ii) i1rusn, , 

bb'Ulf1\i)lfl:W~l;Um~-:Jfhl1lfl:W~I,;UtJ1Vl~tl "~reen chemistry" 'lJ~lnD~'UI.;rf-:J bb ~n1'U Ufl. fl.1991 bfl:W~b~tJ l 

(green chemistry) bU'Ufll6'11i)1~b~mnUm~(1\i) Vl~ m~(J-:JVl~mh~\i)m~riB1Vlbn\i)e)'UIi)~lCJ11U~-:JbblliliKB:IJ1'U 

mJBBmbutm~li)i1rusv1Vl~eJm~Ultlm~~\lbfl~1~~6'11~ ~1:IJvY\lm~1.;r~~Ii)Jlrusv1'Vl1-:Jbflii~1-:J"1 ~-:JJm11h 
~1A'~'lJeJ-:J bflii~ b;U (Jl ~-:J btJ'U n1~11-:J bbt:.J'U nl~tlBu~1 'U n~~ul'Un1JVl~B~'U1i) eJ'UVll-:Jlfl:Wb vJeJ1Vlb tJ'UiJli)~ f1U 
~.:lbbl\i)~eJ:IJ 

bb 'Ul f11il bfl:W ~ b~ CJ lU ~ ~ n BU1 UJi'l CJVlr;rn n 1 ~ ~'U\i1'U 12 tl ~~ nl ~~-:J btJ'U II 'U1Vl1.:l ~1Vl-rU n 1 Jf1 ~1.. 
m~11-:Jbb~'U eJeJnbb UU ~\9lJ'U1lb(1~m~,111tl~n1~uBu~ lvJBvl11 Vlii n1~(1IilVl~m~nm~1.;rbb~~~~1i)6'11~h 

m~Ul'Um~t:.J~Ii)Vl1\lbfl:W~dJ'UeJ'UIi)~1(J~B;Ulli):IJ'Ul'ltJbl~~~\lbl1\i)~B:IJ (Wardencki, 2005; lU~~, 2554), ~ 

bb'Ulf1\i)~,m~lTtJJ~neJuJi'l (J 

1. m~ueJ-:Jn'Un1~ bnlil'lJB\lb~tJ (prevention) ABn1TVI~nL~(J-:Jn1Jvll1Vllnlil'lJeJ\lb~(J~lnm~t:.J ~ (1) 
, , , tI 

mJ~\lbm1~~Vl~Bm~Ul'UmJ~1\l"1~-:J~B:lJbU'U~-:JVi~nl1nWU1U\i)Vl~mh~Iil'lJB-:Jb~(Jl1'Um(JVlr;r-:J 
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2. nl ~1 if ?I I ~ bflilV) n eJ~ (WeJ :1..11 Vi ~:lJ fll (atom economy) 1'U m~ 'Ul'W nl ~ ~ -:J bfl~I~vi"Vll-:J bflil 

~lbtJ'U~eJ-:Jijnl~BB flbb 'U'U1Vi?l'~~-:J~'WC1 n 1 ifeJ ~ l-:J A':lJ AIVl n B~ (il mJ~-:J nl'JLJ 'J~ bij'W nl'J1 if?ll'J bflilVl nvnll tJ 
'\.I "" " 

0/0 atom economy = 

<u 6' dd ~ v t.I 

3. m~'Ul'Unl'J?I-:Jbfl'JI~VlVlI-:Jbfl:lJVlbu'UeJ11mltJ'UeJtJm (less hazardous chemical syntheses) 

AeJ m'JeJe:Jnbb'U'Um~'Ul'Um'J~-:Jbfl~I~vi"Vll-:Jbfli1~1:WbtJ'UeJ'U(il 'JlCJ bb6'l~fll 'J6'I\?iflll:lJ btJ'U~'tf6'l-:Jl\?itJ 61-:J t:-j1:1 m~Vl'U 

~ eJ?I'lJ.rn~'lJ eJ-:J:lJ'U'tf8 bb6'l~~-:J bb l\?i~eJ:lJ1ViiieJ tJ~?I\?i 

4. ?ll'Jbfli1~~-:Jbfl'Jl~Vl1vi1:w btJ'W~'tfbb6'l~i1LJ'J~~Vl5.rll~ (designing safer chem icals)[:.J~ (iln(U'v1~1v'1 

~ I n nl~~-:J bfl ~l~ ~Vll-:J bflil b tJ 'U?ll ~~1 if-:Jl 'U1J1~ilLJ~ ~ ~Vl5 Jll ~ (il l:lJl(il C1LJ ~~?I-:Jr1"Ue:J-:J n 1 ~ ~-:J bfl'Jl~vi" bb6'l~• 

5. nl~b~eJn1ifrillvlll:1~l:1lmb6'l~rill'lhtJ~LJm)\?inCJ (safer solvents and auxiliaries) nl'J1oti 

rillvlI6'1~6'llCJU6'l~rill'lhtJ~LJ6'le:JVl.tltJ b'li'U ,11 rillvlI6'1~6'lltJi1LJ'J~~ Vl~eJflli'UeJ'U1\?ieJeJn1'll~bVlI:11• 

(supercritical carbon dioxide) bb6'l~b~Bn1if?l.rnl~m~Vl\?i6'leJ-:J~1:W~'Ubb'J-:J b'li'U hJ1oti?lJlll~~btJ'UmVlVl~B 

b'U(f~'J'U bb 'J-:J btJ'U~'W mifm~~~l'HUlVl~ n b~tJ-:JVl~m~ e:Jnlotirillvll6'1~ m tJVl~eJm~'Ul'U nl~~LJ6'I eJ\?i.tltJ:lJl nnll , " 

b'li'U 'U1-:JLJDn~tJln1:lJ1otirillvlll:1~mtJ1'U nl~~-:Jbml~v4(fl~b6'ltJ 

6. m~e:Je:Jnbb'U'Um'JH~~-:J-:Jl'WB~I'1i1LJ~~~Vl5m~ (design for energy efficiency) flTie:JeJnbb'U'U 

nlJloti~~-:J-:Jl'W1'W~'W (il eJ'U mJ~-:J bfl~l~~VlI-:J bflil eJ ~1-:JilLJ J~~Vl5Jll~1\?i tJm~VlUnn.:)[:.J6'I m~Vl'U~e:J~-:JL\'lVl~eJ:lJ 

\'b6'l~bm'tf\ln~fll J6'lVl nlJlotib~m~~-:JVll n b tJ'U1LJ1M~~IJruI15 nl'Jloti~~-:J-:Jl'U~(f I:lJlJfi fll'Uflm~~tJ eJruVlJl:iJ 
~ " ,,'\.I 

1ifVl~eJv1-:J~l n n J~'Ul'U nlJ~'U 'l 1J1vr-:J-d0otifllJ~~IJ rul b~ e:Jn?lIJ~:lJl~1 mbVl~'1[:.J~(ilVl Vl bL Vl'WlJ1B~l-:J~mdeJ-:J 

t\?itJ-W~lJrulflll:lJ btJ'U1LJ1J1vr'lVll-:JLVlfli1fl nlJ1 if?lIJ bbl:1~ flll:lJfi':lJ AlVlI-:J LY'lJ'tf\im?l(il iLJ~~ ne:J'U n'U. ... 

http:eJ\?i.tl


3 

?ll'HA:iJ (protection/deprotection) tJTo\lLn~"'lJvi l'li't.!'(J eJ\lb~tJ~'Umlv1 

9. nl'H~\luiJn~tJ1 (catalysis) 1un1J~\lLml~t-4~~(?1ilru<Vi~nn"'lJ~\lv1'U~h\l1 mJH(I)1d\luiJn~tJ1 

L~J1~ L~mJiJ n~tJl~'U~ ~(I)1 L~ \luiJ n~ tJ1~~ m1'U~Ml1'W L~lJ LL~~?lllJ1Jml1m1'UlJ11-if411v1B n 1 'UuiJ n~tJ1 LL'U'U 

L~tJl fl'L!1JJA11H"'lJ~\l~'Uu~lJ1rulJln 1 Q~~'Unl11-ifr;i'1 L~\luiJ n~tJ1~~'lhtJ1Vle)(?111nlJLn~uiJn~tJ1L~1~'U 

LL1:1~1VI~1:1vi:iJu J~~'Vl5.n1~vi~ nl1uiJ n~ tJ1 LL 'U'U b~ en fl'Uvi:iJ nl11-if?llJ~\l~'U1'L!u~lJ1rulJlnnll'Vf~tJ LVll n 'U 

'l/nhtJu~lJlru~lJ~'L!5 (stoichiometric rea~ent) .g\l~~1VI'(JeJ\lb~tJ1'Uu~lJlruvilJlnnl1Lb1:1~1-if?llJlv1bVltJ\lA f \l 

L~tJl 

10 nl'H1PlfHk1l1J~~(?\.nru.;ivifimmmtJ1v1 (clpsi~n for de~ri'ldi'ltion) Al':11l1lmLUu1V1~~(?\.nru .;i 

L~mj eJ tJ?l 1:11 tJ LL~11JJii nl 1(?\ n A1 \lV! ~ eJ '" ~ ~lJ1'L! ~ \l LL 1 ~ ~eJlJ hi bu'Uvh~ .g\l~'L! eJ ~ fl'U~'U(9l eJ'U nl 1m] n LL 'U'U 
'U 

lA1\l?l~1\l'(JeJ\l'Vl1\l bA:IJ'lJeJ\l~~(?1ilru.;i~'L!Bnv11 tJ 

11. nlJm1~lLflJ1~t-4&i~(?11lJ~m~e),lh)\lfl'L!nl'Hn~lJ(1m1~(?\(1eJ~ni;11 (real-time analysis for 

pollution prevention) AeJ nlJ L~lJ~'U(?1eJ'UnlJ(?111~ ~eJ'Uv!~eJ~w.J'U1151 LAJ1~t-4L~lJL ·1hlJlL~tJ&i~(?11lJ';h 

1~V!11\l m~'U1'L!n11'Vl1\lLAii~'L!'vh1VlLn~lJ(1m1~V!~mU'L! Lv!(9l1, Vlii~11~-1LU'L!e)'L!(?1 11 tJ Ln~~'Uv!~eJ1JJ1~ tJ n1 fl'U 

nl1UJ~ LlJ'L!(?1(1eJm\l~Jnl J1-if\l1'U (life-cycle assessment) ~-1LL~ L~lJ~'L!1~V!11\lm~ul'Unl1 LL(1 ~hi' 

~~(?1ilru.rieJeJnlJl(?1(1eJ~~'L!nlJ1-if~~(?1i1ru.ri~'UVllJ~€JltJ nlJ1-if\l1'U (Doble, 2007) , 

for accident prevention) ~lJmm'UnJ~U1'UnlJ'Vl1..:JLAiim1L~eJnl-if'(JiJ~LL(1~~m'U:::'(JeJ\l~lJ1VlL VllJl~ ?llJ 

L~eJ~~~tJ&iLVl\?)'Vll-1LAiivieJl~ Ln~~'Ulv1L'li'Un1J~11Vl1:1 (releases) n1J1~ bU~ (explosions) LL1:1:::nlJ~ n 1 Vl:W 

(fires) b~11:::1'U n J~U 1'U n1 1'Vl1 \l LAii:IJ A11lJ b~ tJ \l ~ eJ n 1 J bn ~tJu~ bVI(9l(?1 (1 tJ~ L 1 1:11 ~ \lA1 1 L~eJ n1-if?l1 J LAiivi ii, , 

1'UnlJ~eJ'Ul~tJuJ:::~nvlbL'U1A~LA:IJ~L~m~'L! Vllh6'hA~tI~vin1J~eJ'Uvimu~1ufluOlJtJnuiJDi1'U 

VIti \lU liu~ n 1 J 11n LAii ~'U1 VlJJ'U tI n~l n'-il:::iiA11lJ~ bb~ ~Vln~:::'Vl1-1 LAii bL~1 '-il ~ ~eJ..:Jii A11lJ (9l 1:::Vl11n ~11 
d...I, 'V '" 

uiJu&i n 1J'Vl1\l LA:lJvi' eJ\lL U'UlJ (?1 J ~ eJ~\l LL 1 ~~ tllJ Bn v11 tJ 1~ tJ Ej ~Vlf{n n 1 1~'U5l1'U(?11lJ LL 'U1 A~ LAii~ L~ tJ J 

Wardencki, W. LL(1~Aru~ (2005) L~'UmL'U~1Vliinl1?l~1\lA11lJL'ih1'-ilLL'L!1A~Vl~eJVlf{nOlJ~'U5l1'U1'UJ~vl'U 
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'th~b:iJ'Uril ~~~'Uh bb~~e:J5UltJ611bVl~n1'J~~~'UhJ'U1J1~ltlAlllJ(9l'J~Vl'l1n (awareness) bU'U~~~ m~lJ 

~1'Ue:Jl'JlJrubb61~\l~\ln1~1U1 Vl~elm~~~(9l~hun~e:J~\l1~~\lVl~\l~\l bn~~ln~\l b111~tJ~~611lJl~tl~\>lJtll1tlbU ti 
" 

b'OJ(9lA~ riTWtJlJVl~e:J~~Mm~lJ1t1~tI~\l~e:J1tl (~U~ 5\li-utJ bb~~ ilJ~ 6i'l~lqJlliJ'll, 2552) mllJ611lJ1~tl1'U 

n1'J f\~i bml~~bb~~mllJ(9l~~VlUmUtln1~!J n 1 VI~b~ tJ'U1~nm~f\~~lbb'UmbtJmbtJ~mh\l~bVI(9liit:.J(l 1~tJ!lf11~ 
" " , 

(9l 'J~VI'I1fl~\l~\l bbl~~e:JlJbije:JloiJbb tllf\~bA~~b:Um1'Un1~ b~tJtI f11~61e:J'Ubb~l ~\l6i'lAqJ Me:Jf11~~~ n'OJ m,)lJ n1~ b~tJ tI 

n1~61e:J'U~iJtl~~~V15[l1'W 'WUllbbtll'Vll\ln1,)~~fl1,)b~ tJ'Un1'J61e:J'U bb UU1VI:W~'\.h;~'U1'OJ fie:J Vle:J\lb~tJ'Uflr;lUJllti 

(flipped classroom) l~tJ Jonathan Bergmanbb(l~ Aaron SamsA~61e:J'Ul'lllbAil'lJe:J\lh\lb~tJ'U Woodland 

Park High School tl'J~bV1Y'l~Vl~~mlJ~n11J1f\~fl'U~'U1t1u AY'l. 2007 \:J'OJ~U'Ubb'Ul'V11\ln1,)~~fl1,)b~tJtl f11 ~ 

~e:J'Uil\J1bb~~Vlm tJ1tl tJ\lVl~ltJ 'l'th~b'VlY'lbb~ ~bu'U~iJtJlJ b~e:J\l'OJlmU'Ui5fl1~~~n1~b~tJtlfl1,)~e:J'U~~b~tJtI\l ~ 

b~tJ'Ui'lll n1~~Ul'U bb~ ~'Vil f11'Jult1~l ~ \l b~ tJ'U VI~ e:J ~Unl tJ'Vle:J ~mllJ1~Ul'U bb~1lJ16111\lmllJ1~ mJe:J~\llfl 
" " 

1~ tJ10iJbb 'Ul'V11..:! nl':i~~ f11 ,)b~ tJ'U m~61el'UbbUUVle:J..:! b~ tJ'Unr;luJll'u (flipped classroom) b~el..:!\ll ni5~e:J'Ubbuu 

flr;lU'Vll..:!Vlel":!b~tJ'U \l~'(hCJ1~f11,)b~tJ'U~bbUU project-based learning (PBL)'Vil1J1~~mn~'Ub'W,)1~611lJl~{) 

loiJb1~11'U.ff'Ub~CJ'U'Vil1A,)\l\l1'Ubb~~m~nm'lh tJ bb'U~'l.11Vl~el eJl'Ul tJ AlllJ~~ ~l fl1J1lJlfl~tll~ CJ n\l m,)lJ~~i~tJ 
" " 

1J1e:Jel fl bb uulVfiJ ~ (9l 'Vi 1 VI'1e:J ~u A'U bb~ ~Vil btJ'U ~tl 5,),)lJ1~ tJlVfVil fll,) bt:.J CJ bb 'W ~lVI~~'U1'OJ Bfl Jll tJ Ae:J bA '}\l fl1 ')
" " 
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1. b~el Pi n'tlle-Ji.l nl'Jb~ tJ'U l'bb 'U1 f)(i) bfl~~ b~ tJ1 bnel1-i1bb'U1V11'1 nl'J~~nl'J b~ (J'U1'bb 'U'U~e:J'Ib~CJ'U n~'\J~l'U 
" " 

(Flipped classroom) l~tJ~l'Unl'J~~n~m'J:wlfl'J-:Jnl'J Green (hem Green Life ~~l?ia~'I':n:W"llm'JCl1t! 

n 1'J~~1 bfI'J 1~'t1nel'Ubbi.l ~V!~'1 nl'J ~(i) nl 'J b~ (J 'U ~ 
" 

2. b~elPin'tll~i.l nl'Jb~(J'U~bb 'U1f)(i) bfl~~ b~tJ1 bna1-i1bb'U1V11'1 nl'J~~ nl'J l~(J'U~ bb '\J'U~a'l b~CJ'U n~'\J~l'U 
" " 

(Flipped classroom) lml~l'Unl'J~~n~m'J:wlf1'J-:Jm'J Green Chem Green Life ~~l?ielfl'.ll:wm~V!t1nl?iel 

~-:Jbb'W1~mJ nel'U bbi.l~v!~-:Jnl'J~Vlnl'Jb~CJ'U~ 
" 

Green Life 

4. mh.nilTVllJ1tJ ~Am~11• 

'iJ~(;1'J~vl'\J'tJ~'l!'l!lUru.n(;1~'UtJ~ 3 bbi.l~ 4 "1'1Jlnl'JPin'tll1VlCJ1fll"(;1{ l'!llbelmflij(b~CJ1) bbi.l~ 


lVlCJlm"(;11-bfl~ mfl~'U Unl'JPin'til 2557 ~1'U1'U 30 fit! 

S. n'aB'ULL'U1~~ Vlq~nmm'UnTI1:5'tJ 

n 1 'J1 ~(J fI ~-:Jt1b ~BPin'tll~i.ln1 'J b~ (J'U~ bb 'U1~~ bflij ~ b~ (J 1 bi1e:J1 if bb 'U1Vll-:J n 1 'J~~ nl 'J b~ tJ 'U ~ bb '\J '\J 
" " 

~a-:Jb~mm~'\J~l'U (Flipped classroom) lVl(J~l'Unl'J~~n~m'JlJlf1'J'Im'J Green Chem Green Life '1Ja" 

'iJ~(;1'J~~\jtJ~umJluru.n(;1 ~'1"'JtJ b u'U mel'U bb 'U1~Vlnl'Jl~(Jvl'l bb?l Vl'l1'Ubb~'Um'W~ 1 
v v , 



v 

I I 
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V1~'\'fiJ ?I'J'H'itJtJ:lJ (Con structivism) 

flU?l~l.:J <il.:JU'Ufrn:lJ~'1Jel.:Jll~~~fl'U 

I~'Um1:lJ~lU~1~~11"VltJ~\~tJ't.l l~tJ'U~~ \J \J \J 


F1nfl1'JtJ~u&1m)?f'J~1'Ufl1'JAVlll6'l~ 


Vh~;j~l;j'1l~mnUl~el.:J~l~tJ'U~ltJ 


!Vl'U bel.:J bl6'l ~ l~ tJ'U ~u 'J'J tJ1 fl11"1 fl1'J b~ tJ 'U 
" 

classroom) ~,h'Uil~m'J:lJ 

lm.:Jfl1'J Green Chem Green 

Life I fl11:lJVl'J~'V!un~€J~.:JbnVl~€J:lJ
I r~fl1'J'lilm'V!~€J~.:Jn'Uun~n'U 

I-------:'~ 'V!:lJltJ~.:J fl1'J-ru~ l'ihhll~~1~ 
'" " 

frn:lJ~lAf1J1'UtJ'J~ l~'U'V!~€JUf1J'V!l~ 

bnm.;rel.:Jnu~.:JbblVl~€J:lJ 'Jl:lJ~-lfl1'J 

1~bbri fl1'J"il1lb'Un m'JltJ~tJubVitJu 

fl1'Jb~€J:lJltJ.:Jfl11:lJ6Y:lJYl'U5 

6. tJ~~leJ"l1t1~~~1~-rml1nnl~1~~ 
1. tJ~Vl'J~<ilUtJ~ru f.1J1Uru-nVlUl'll1 l€J nlfllJ( l€Jm~ tJ'"J) bln ~l'YltJ 11"11?f Vl ~-lfllJ (l €J n ri) ~ l~tJ'U ~II'Ul A!lllfl :lj

cv v \I 'U 

~l~mlVltJ1ill'Ul'Yl1.:Jfl1'J~Vlm'Jl~tJ'Ufl1'J?I€J'UlluuVi'€J.:J l~tJ'Un~U~l'U(flipped classroom) (;)ltJm'J~Vl 

il-;vm'J:lJlfl'J-lrn'J Green Chem Green Life jjfll1:lJ?fl:lJ1'Jfl1'Ufl1'JAVlllfl'Jl~~ 

2, tJ~ Vl 'J~<ilUtJ~ ruru1Uru-n Vljj fl11:lJ m ~'V!trn~ €J ~-l bb 1 Vl~tJ~llln ~?l1:lJl 'J fl'l11 flll:lJ~~1JlltJ1.utJ'J~ltJ'll'U1 'U 
v v " 

nl'~?I€J'U~ €J 1tJ1'Utl'U1flVl 

3, l~m{j'U bl'Ul'Yl1-l1Vi'n'Utrm~tJ'U D~(91 m 'V!~tl~?f'Uh 1'Urn'J'I11ll'U1AVllfljj?h~m~n~m'J:lJrn'Jl~tJ'U
" " " 

m'J?ftl'Ul9ltl1tJ 

4. l~m~'Ufl1'Jle.Jml'W~ll'UlflVllfllJ~l~m~l'Ulfl'J.:Jm'J Green Chem Green Life 



7 

2 . 1.1.'U1Vli..:jm'.i~~fI1'.il.~tl'tJni'.i?!el'U~eJ..:jI.~CJ'Ufl~LJ~htl (flipped classroom) VlmCJ~..:j '.itJI.I.LJLJVI~..:j'IJtl -:J 
" 

fI1'.i?!tl'Ul~tl~ r:r 1.1CJ'U ~ ~1(ilI.~mJ1~lfl m'.iui'U~1(il~LJ~I'U m'.i1.1CJ'U(il1 CJ(91'Ul.tl..:j~ifl~tll~Vi'I"1U (Video) 'U tl fl" ~ 

i'U I.~CJ'UVI~tl~Ui'U 6'11 'U m'.il.~tJ'U1 'Ui'U I. ~CJ'UtJ fl~J'U ~~ I. D'Um '.i I.~ tJ'U 1.1. 'U'U~'Ur'l'UVlifl1i:W1~1(il~'U~1:wtl'U tllJ 
\J 

1. m'.ithv!'U~~Vl5151.~1I~'UtJ'.i~?!'UfI1'.iru (Experiential EnlSalSement) 

2. m'.i~'Ur1'U1.~tl1~l.il~1I1 'UVlI"1U'.i1'U CJeJ~ (Concept Exploration) 

3. m'.i?!~i..:jeJ..:jf1ml111tl~l-:JlJmi:IJVlmtJ (Meanin~ MakinlS) 
~ 

4. mJ6n6(911.1.(;l~tJJ~~n(911i (Demonstration & Application) 

2. mi:IJ?! illi J fl1 'U fI1 J A~1 I.fI Ji ~ ~ Vl:IJ i CJ~..:j fl1ill ?!i:IJ iJ fl1 'U flI '.i~ ~I 1.1. 'U flbl.tJ flbl.CJ~i tlll(;l tl eJ fib D'U 
\J 

6'11 'U ~ eJ tJ 'l b~ tl Vii fl1i:IJ ~1I~'U5V1~tl fl1i:IJ I. ~ CJ 1 i eJ..:j I. ~ tllllCJ..:j n'U J ~Vlli..:j c11'U ~ tl CJJ'U 1.1.(;l ~r;, i:IJ1 J f:I A'U VII 

VI~fl m'.i~b~tl:IJlCJ..:jc11'Uc! eJCJ~I-:J 'l bD'Uc11'UJ1:IJ1(iltJJ~neJLJ(il'lCJ 3 tl-:Jf1tJJ~ fltlLJlv1l.bn 

2.1 m'.ilbflJi~~Vlthtl c!e)CJ I. tJ'U m'.il.btJ flbI.CJ~.umJ(;l tleJ fib D'UVithtl ~eJtlVl~tl mJr1'UVliVl'ti1 tl 
\J 

Vl~tleJ-:Jf1tJJ~ fleJ'U ~mJ n'U l.~eJ-:JJ11~-:J'\!I:IJ~ 
2 3 fl1Jll.flJl~'l-1V1~flfI1J I.tJ'UmJ'.i~'\.Jlm..:j?!~i..:j'IJtl..:jfl1'.i~(i1J~LJLJ VI~flfl1J "'I)(i111..:j'\!lmCJ

• " <I <I 

1.1.'U1A(i1?hA'1j'IJe:J-:J 1.~e:J..:j I. ~tll~I.ilh mJI.~eJ:IJlCJ..:jI.~ tl1oUtl..:jtl'U 

3. mill(91 J~VlUfl~ eJ~..:j bb1~~eJlI '\!I:IJ1 CJt")..:j mJ~LJi boUl1"'1l I.b(;l~1~mill?hA'1j1'UtJJ~ 1.~'UVl~mJf\!Vll~ 
b~ CJ1oUeJ..:j tlLJ~..:j 1.1. 1(i1 i1eJ:IJ J111~-:J fi1'.ibl.?! (i1..:j eJ eJ nt")..:j fl1111vi1..:j1tl 1 'U~..:j 1.1.1 ~i1eJ:IJ I.l.i.'I(i1..:jYl~&i nJ'.ill mJlJ I.~(91 fl&i(ili 'U 

~..:jI.b1(i1~tlll I.btJ..:jmJl~fl1illm~'\!IUfl~eJ~..:jI.b1~i1e:JlIdJ'U 2 (ill'U fleJ (ili'UI.'<\J(91f1~v1i'U~-:JI.b1(i1~€l:IJ 1.1.i,l~(ili'Um '.i 
, 'v ~ 

tJ~U~ill'U-rlil,n flbfl~eJ..:jlJ€l 2 ~q(i1 ~€l I.l.lJ U (;1 flU m:WflJl:W (9l '.i ~Vi 11n~,:j I.\.l (i161 eJ:W \.\.61~ b\. U U ~jjJl TijfL.iWn:w 

m~V!'I1fl~tl~..:j1.1.1(i1i1eJ:IJ 

http:CJ(91'Ul.tl
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'U'Vl'Vl 2 


QQJdd 21 

bBm11'Hb~~.:jl'Ul~~'Vlbn~1"l.IB.:j 

n~'lJJl1'Uvl';ltJ "1f1'J..:Jfl1'J Green Chem Green Life "~livl e:lf1dl:lJ?l1:lJ1'Jtl1'U fl1'JA(YJl bml~'\,hU;l~f1dl:lJ 

(91'J~Vnrnvl e:l~..:J bb1 (YJ~mJ'lJeJ..:Ju~(i1 'J~<i1'1J'tJ~rurul'uruoV1(i1 ~l~CJ lvl~mn beJ n?ll'Jbbi.l~-:Jl'Ul ~CJ~b~ CJl-VeJ..:J~..:J~ 
v v \J 

2. Vfe:l..:Jb~CJ'Umr'IJJh'U (Flipped classroom) 

3. 6i'n~ru~lfl'J..:Jfl1'J Green Chem Green Life 

1. fl'Jl:lJ'Vl:lJl~"l.IB.:j bflij~b~~'Jbb~~B .:jfhJ';i~m)'U bb'U'J ~(YJ bflij~ b~ ~'J 

bf1li~ b~CJl bU'U fl1'J1otlbf1li b~mJ e:l-:J n'U:lJi.l~~l(YJCJ bQyjl ~ e:l ~1..:J ~-:J bflli~ b~m bU'U fl1 'Je:le:l n bb 'IJ'IJe.J~(i1nru.n 

bf1libbr1 ~m~'Ul'U fl1'J bflli~ bU'\..J:lJ(i1 'J n'U~..:J bb 1(YJ~eJjJ:lJ1 n~'U bf1li ~ b~ CJT'il~'JljJ~n~ru~'l.lU (YJ'lJe:l..:J m~'lJl'U fl1'Jbf1li 

b-Vlvll tJ fl'U b~e:lr1(YJe.Ji.l m~'Vl'IJvn..:Jr1'U~lie,mvl m1'lJmyj'lJeJ..:J:lJ'U~8 bbr1~~..:J bb1(YJ~eJ:lJ~lif111:lJ?(:lJ~'U5vleJn'U1(YJ tJ n l'.i, , 

i.lVlv!~eJ fl1~(YJ fl1'J 1 otl?lWe)'U(91'J1CJ bbr1~'lJe:l..:J b~ CJ~'tJ~ eJCJ eJ eJ n:lJ1~l:lJn'U fl1'J?(..:J bml~~Vl~e:l m~'Ul'U fl1'J bQyjl~'Vll..:J 

bfl~bb'\J'\J1Vl:J~..:J"Il~?llm'Jtlr1V1f1dlJ..1 b~ CJ ..:J~lie.Ji.lvleJ?l'lJmyj:lJ'U~8 bbr1~e.J i.l m~Vl'\J vle:l~..:J bb1 (YJ~e:l:lJlvlL(YJCJ bf1li~ b;U m, , 

?ll:lJ1'Jtl?le:l(YJ bb Vl'Jne:l~11'i1'Ubf1li~'U~l'U bb"l.I'U-:Jvll..:J 11:J1T'iJ ~ bU'U ~'UVl~8bf1li (organic chem istry) e:lU'UVl~8bf1 li 

(inorganic chemistry) ;lbf1li (biochemistry) bf1li;lJllyj (chemical biology)bf1lilbf1'Jl~~ (analytical 

chemistry) Vl~mbJJbbviVJ~rlmf1li (physical chemistry) (i1r1e:l(YJ"Il'Ulifl1'J'tJ'J~~n(i11m'UJllf1'Q(i1?llV!m'JjJ~iJ 

m'J1otlm~'Ul'U fl1'JVll..:Jbflffi 'Ubb'lJ'U..:Jvll-:J 1b'1i'UU1(i1'Jbf1li1yj~ b:lJe:l~'Ull 'Ub Vlf11 'Uli.l ~bu'UJl'U~..:J.nvllCJ1(i1~'tJ'J~?l-:J ri 

-eY '\..l b U '\..l "Il, (YJ :J, -:J Vl :lJ 1 CJ b~ tJ 1 n '\..l ~ e:l n 1 'J Vl11 VI b n (YJ jJ r1J1 1 1 ~ if e:l CJ ~ ?l,VI bb (9i b~ jJ 'tJ 'J ~ ~ Vl5 e.J r1 bb r1 ~ ~n CJ JI 1yj 'lJ e:l-:J 

m~'\Jl'\..ln1'J(;.J~(i1 bbi.l~?(-:J bfl'Jl~~(i1 r1 e:l(YJ"Il'U fl1'J'l1111J1otl'tJ'JdCJ'l.l'U1'UUf1.I"1. 1998 yje:lr1Vl bbe:ltlMl?l (Paul 

Anastas) bbr1~"Ile:l~'\..l~le:J~b'\..leJ~ (John C. Warner) lvlA(YJVl~nfl1'Jfl1'J~VlJ'Ulbf1li~b~mH 12 -VeJ~..:J.n 

(Anastas and Warner, 1998) 

1. n1'Ji:1eJ-:Jn'\..lfl1'Jbn(YJ'lJe:l-:Jb~CJ (prevention) ~e:l fl1'JVl~m~CJ..:Jfl1'J'Yh1Vlbn(YJ'lJe:l-:J b~mllnm'Je.J ~(i1 

http:J~lie.Ji
http:n~ru~'l.lU
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2. fl1~1ii.'11'HfllJVlne:J~\i1tllJ1~fllJri1 (atom economy) 1'lm~~'Ul'Unl~~'Hfl~1~~Vll -:] bfllJ, , 

\IlltJ'U<ile:J-:]lJ nl':i e:Jtlnbl 'U'U1 ~i.'11~~-:]<il'U C1n1ie:J ~ 1-:] fllJ rllVl ne:J~\i1e:JlJ;-:] nl ~'lJ~~ b:lJ'U nl~1ii.'11~ bfllJVl n ViUl ~ 
'\J 'I 'I 'I 

l.JlflhHfl f1fl'UeJ-1f.J~~nruo/i~l'i'eJ~ nl'l
% atom economy = XI00 

l.Jl fl b:W lfl flfl'U eJ~?ll'l~~c;\\.j..r~'VIl.JVl, 

3. m~'Ul'Un1~~-:]bml:-5~v\l-:]lfllJ~ltJ'Uii''U{9r~i1mre:J~~\I (less hazardous chemical syntheses) 

~e:J fl1~e:Je:Jn II 'U'tJ m~'U1'U fl1~~-:] lf1dl~~'Vl1-:]lfllJ~hj btJ'U ii''U\ilJl~ bl~~fll~6WIf111lJ ltJ'UyhoJ~\ll~w ~-:] ~ ~ m~Vl 'U 

~e:Ji.'1'lJm'W'lJe:J-:]lJ'U~~ bb(1~~-:] lll(i1~mJ1~ii'e:J~~i.'1(i1" , 

5. fl1~b~e:JnHv1Tvh~~mmb~~v11'lh~~'lJ~e:J(i1.nCJ (safer solvents and auxiliaries) fl1~1iv1TVh 

~~(11ml(1~v11'lh~~'lJ~e:J(i1.nE.J l'1l'U t11 v1TVh~~~lCJlJ'l.h~~ VI~e:Jf1l4'Ue:J'Ul(i1e:Je:Jnl"1lti1lVl(11 (supercritical 

carbon dioxide) bb(1~b~e:Jn1ii.'1ml~m~v\(i1(1e:J'I~hJ~'Ull~-:] l'1l'U h.J1iMnl:-5~btJ'Um(i1V1~m'Ui.'I~~'Ull':i-:] ltl 'U, , 

tJijn1E.J1mlJ 1 iv11Vh~~mE.J1'Um~~\lbfl~l~~i.'Il~l~ E.J 

6. m~e:Je:Jmb'U'Ufl1~1i'WiA'-:]-:]1'Umh\llJtJ~:-5~Vl5f1TYi (desi~n for ener~y efficiency) fll~e:Je:Jmb'U 'U 

fn':i 1'u'WiA''1nu 1 'U,rr'U\i1 eJ'U rn J J'l ll"lJ'I::;v1Vl'l'lbl"i:wmJ'I'l:W'tJ d:-5 ~VltjJ r I1"lhlEl\ild ~vrUf I~'l];oJ tl fId ::;VI'tJ ~ tl~'l lb'J\91 ~e.JJJ 

ll~::;ll"1':i~~n':il fll~(1 (i1 m ~1il~eJ b'W~\lVlln ltJ'U1tJ1Jl~ ':ill ~111 115fl1~1i'WiA'-:]-:]1'U~i.'11lJ1~flfll'Uflm~~'U e:J ru Vlflll 
cU 'I 'I 'U 

ll(1::;fIlllJ~'U1~ltJ'U~n~1~n~11~e:Ji.'11lJ1':ifl1ifllllJ~'U ru i.'Iml::;'lJn~lb~::;f111lJ1eJ'U~e:Jt\JVlfI:lJ~e:J-:]lJl VI~e:J1i , " 

e:JruVl[)ll~e:J-:] ll\i11.fffl11lJ~'Ui.'1-:] n':il::; btl'Um~b~lJtJ~~~Vl5f11'W'lJe:J\I~ nn~E.J1 bfliJ'Ul'1'lJiJ(i11~
'I '\J 'U d.J 

7. m~Hl(91fl~'UVI~e:Ji.'11~~"hniA''UlJ1H1V1lJl~ (use of renewable feedstocks) l(91fl~'UVI~m~l ':i~ , , 

1m'U m::;'Ul'Ufl1':i~\llf1dl~~Vll-:] lfliJfI1':iltJ'Ui.'Il':i~i.'IllJl':i ml1lJl1.utVI~l~B n;-:]':illJfi-:]l(91fl~'UVI~e:J i.'Il':i~ lVI~ eJ, 

1iVl~e:J~-:]':ill n m::;'Ul'U fl1':i5'U"1 l~~-:]l1mif11 ':i~'<i11':i 1111 b~ e:Jni.'ll~~lJl':ill n IIVI~-:]~~{9lVl(i1ll 'Vl'Ul~tl ~1-:]~ e:J l~e:J -:]
" 

8. ~(i1m':iv11i.'11':ie:J11~'U5 (reduce derivatives) ~e:JfI1':if1(i1m':i~\llfl':il:-5~i.'Il':ie:J11-W'U5~llJ~lltl'U e:J1~ 

m':i't~VllJ{Je:J-:]n'U (bloc kino group) l(i1t.i m~1~VllJ{J e:J-:] n'Ullf1::; m':i1.11V1lJU tl-:] n'U erE) n't 'U.rr'U \i1 tl'U m':i~-:] bml:-5~ 
'\J ::> '\J 'U 

http:ml1lJl1.ut
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9. nlJd-:J'\JlJn~tJ1 (catalysis) 1'UfllJ61-:JlAJ1~~C,j~(ilJlru.n"iJln?llJ~-:J~'U~1-:J1 frd'~1-0(9]1 d-:Jui]n~tJl 

l~Jl~l~eJui]n~cn~'U~~(9]ll~-:Jui] n~ 81"iJ ~ n~u~?lJll~ l~JJ ll~~G11:lJ1Jml1 n~um1.ffJ11vi'B n 1 'Uui] n~tn IIu u 

l~81n'U1~mJ1.ff?llJ~-:J~'Uu~mrumn1 i)~0'U fllJ1.ff<ill l~-:Jui]n~CJ1"iJ~'lh CJ1 VleJ()l'nfllJ ln~ui] n~ 81l~1~'U 

ll~~1Vl~,,~liu J~ ~Vl5Jll~~~ nl1U i] n~ en IIuu l~ m n'U~li n 1 J1-o?llJ~-:J~'U1'UU~:IJ1ruJJlnnl1V1~m 'Yllnu 

Vl'tllCJtJ~JJlru61JJ~'Ui5 (stoichiometric rea~ent) ~-:J"iJ~'lVi'1Jel-:Jl~CJ1'U'\J~:IJlru~~J1nnl1bbGl~1<UG11'J1vi'bY1CJ-:JfI#~ 

10. fllJBBnbbU'tm~(ilj)ru'l'1~~elCJ?l~lCJ1J1 (desi~n for de~radation) mJeJelmbuu1Vl~~(iij)ru'l'1 

l~el ~ el 8G1~1 CJ bbiK11~li nlJ(ii nfll-:JVl~el?l ~?l JJ1 'U ~ -:J bb 1 VI rK 8JJ1~ b U 'U ~'\j ~ -:J~'U 8 ~ nLJ~'U (ii B'U n 1 Jel el n bb UU 
" 

lfl'~ -:JG1 ~l\l'1Jel\lVll-:J bAli'1J el-:J ~ ~ (iij)rusvl0'U B n J11 CJ 

11. fllJ(iiJl"iJlbflJl~"'~VI(iillJ~m~mJB\ln'UnlJLnVlJJGlJlll~(iiGlelViLlm (real-time analysis for 

pollution prevention) ~elmJb~lJ~'U(iiB'UfllJml"iJ?lelUVl~el~(ijJ'U1151 LAJ1~"'b~JJ b .rrl:lJ1 L ~e:J~VI(ii1:1.rJl 

J~V111-:Jm~Ul'UfllJVll-:Jbflli0'U'Yh'1VlbnVllJ~Jlll~Vl~8 bU'UbVI(ii,'1Vlli?llJ~-:J bU'UeJ'U (llJl (J bnVl~'UV1~81~1V1 CJ fhnu 

fllJU'J~ bij'U(ii~8V11 \l "iJ'Jfll'JHi'\ll'U (life-cycle assessment) ~\l bL~ b~lJ~'U'J~Vl';h\lm~ul'Ufl1'J ll~~1J1 

~~(iij)rusvl88n:lJl(iiGle:JVI"iJ'Unl'J1.ff~~(iij)rusvl"iJ'UVllJVl81CJnlJ1.ff\l1'U (Doble, 2007) , 

12. ~ru?llJ'lJ~J11'UmlJJU~8V1j)m~8~~V1~mJel\ln'Unl'JLn~~'lJ~bVl(9) (inherently safer chemistry 

for accident prevention) ?ll'Jm<ill'UnJ~LJ1'U fll'JVll\llfllim'JL~e:J n'l.u'1l{JVlbl~~?lfl1'U~'1J8\lG11'J1Vll Vlm~?l JJ 

b~el~VI~U~LVl(9)Vll\l bflli~81"iJ bnVl~'U1J1b'll'U fll'Jrl1VlGl (releases) fll'JJ~LUVI (explosions) Ll61~fllJ~ n 1 VIii 

(fires) b~Jl~1'Ull 'J~Ul'U fll'J'VI1\llfllili I'll llJ L~CJ \l~ 8 fll'J lnVl m:r~ LV1(ii(ii Gl el~ b 1 nl~\lm'J L~ elll 1.u?ll'J Lflli~ iJ, , 

2. ~eJ\lb~£J'UmrU~1'U (Flipped classroom) 

VlmL~CJ'tJn~uvi'l'U (ii'J\lnUJl1'\jleJ\ln~'\jl1 The Flipped Classroom LU'UI'1~YiUf:1:l~~~{J(J1JJH 

~\ld Flipped Classroom (n.) A Model of Teachin~ which students' homework is the traditional 

lecture viewed outside of class on a video. Class time is then spent on inquiry-based 

learnin~ that would include what would traditionally be viewed as students' homework 

assi~nments. ?l1'\J1J111VleJ\ll~8'Un~uJ11'ULu'U~tJ LL UUV1~\l'1J8\l nlJG1el'U1~ tJ~~b~ (J'U"iJ ~1J1L~ CJ'U%"iJ 1 n Ill'JDl'U 

mJ1-rU~l'Unl'J l~EJ'Uvi'lEJ(ii'Ubel~"iJln~eJl~YfP1U (Video) 'U eln~'U L~CJ'UVl~eJ~Dl'U ~l'Unl'J l~CJ'U1'U~'U L~ CJ'Uun~ 

0'U"iJ~bU'Unl'JL~tJ'ULLUU~uA'UVllmllJ~~1J1-ru~llJn'Unu l~eJ'U~lJJ~'Ul~CJliAJbU'U~fleJCJ1VlmlJJ'lll mVl~ eJ 
" " " 

". " 
~ II'U~ "iJ VI b~JJ ~'U'1J e:J\l1ll J~QlJ'U l'Ul(ii nJ 'JlJU 'J~ LJlVloU lnVl"iJl n fllJ~VI III 'J L~ tJ'U 1ll'J ?leJ'UUnb~ CJ'U'J~~U:U5 (J JJ, 
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U(;11tJ~1 ':i'lb~tJ't.J Woodland Park Hi~h School &El'l Woodland Park ~~ Colorado ?lVI~~m:lJ~f1l hw 


A':i~61e:J'I.Pl'VItJlf1161(il161e:J'lA'U~e:J Jonathan Beromann bb(;1::: Aaron Sams ':illt! A.¥1. 2007 ~b61Jl1~\~:lJ1'11

\l\l 	 :, 

f1l':iu'UVim 'VlUl~1e:J~'lbU'Ubtre:JVll611':i::: f1l':i61e:J'Ub ~e:J1~'l1m~tJ't..l'Lh1uPimn(i'htJ(il'UbeJ'l~th'U bb~11~~b~tJ't.J't,h
\l 

iBnl ':i b~ tJ'U bb'U UdbUti nl':i b ~tJ'U bb 'U 'U nil'U ~l'U bb til A(91 ';;) 1 n bb 'U'U b&l:lJ~ ~e:J'l b~ tJ'U btre:JVll~l ':i 'l b~ tJ'Ubb(;1:::L11'l1'U 

mlU1U1'11t1l eJ~Dl'U l(91tJ1~b~tJ'U bde:JVll~Dl'U~l tJ(iltlbeJ'l bb~1L11'l1'UVI~e:JU':i:::;;1'U m':i ru~1Jl~'U:lJ11'11 f1l':ib~tJ'U~ 
\l 

2.1 	.ue:mfitlUbVitlU"1JeJ~ n 1':ib~tI'UbbUU b~hJti'u fl1'H~tI'U bb 'Uumi'u~l'U 

1~n~ll~'lbb'U1A(91"1JeJ'l~eJ'lb~tJtI flilu~l'Um1'U bdeJ'l~tI,1t1 iiU'VI61':iU bU~ tJUb VltJU1~b~'Uil 'l, 

" 
bb UU b&l:lJ (Traditional Lea rni n~) fl~11 Ae:J f1l':i~(91f1l':i b~ tJ'U m ':i61e:J'UbbUU~e:J'l b~ tJ'Unil'U'VI1'l'l1'U';;):::* b ii'U f1l':i 

;;1 ~1 'l61 ':i ':i rl e:J 'l rl All:IJ ~~1 tJ \911 er b~ tJ 'U be:J '1 (ill:IJ ~n~::: All:IJ ~flll:IJ 611:IJ 1 ':i tl bb (;1::: ?I ~ 1:1 OJ OJ 1 'lIeJ '1 be:J n(il U A A (;1
'\J 	 <lJ \J QJ QJ ~ 

(Individualized Competency) (illJJBmlf1l1JJ611:lJl':itl'VI1'lm':ib~tJtlUt1lm~A'U (Self-Paced) ,;;)lmn~ 

u':i:::;;1um':iru~fI':i~(911~~1'U~m'VIfil 'U1~~ ICT VlmnVl~ltJU':i:::b.n'VI1'U1J~,;;)u'U bb(;'l::: bu'Uilfl~ru~f1l':ib~ tJ 'U~ 
\l 	 , \l 
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\ill 'al 'I ~ 1 b'U1 tJ 'lJ bVi tJ 'lJ n ~ n 'j'jjJ bb{;l ~ b1611 b 1 tJ'U 'j~'VI11~Viv~ b1 tJ'U bb'lJ'lJ l~jJ n'lJViv'l b~ tJ'U n~'lJ ~1 'U 

(l~l'jru VnU'1J, 2556 ) 

-Mv'lL~a'ULL'U'UL~hJ (Traditional 

classroom) classroom) 

d 

'U1Yl oJnl1m~fiVllB~ 'VI~eJ'U5u~ nl'W1Vl{;leJ'l 1 

il1lJ'l 15 'U1Vi 

um1tJ'U AVlbeJ'l 'VI~eJ'U5D~nl'J 

YlVl{;l8~ 20 - 35 'U1Vi 

Q.J.o:;::,I t.I.::.I V 'U .,; ~ cv .QI 

nl'j~~f1l'jb 'JtJ'Uf1l'H'I8'Ubb'lJ'lJ'VIeJ~b 'jtJ'U n{;l'lJ(1)l'U (Flipped Classroom) 'Il~lu'U'Ul\ilm'JjJ f1l'J b 'J tJ 'U 

f1l'a?leJ'U'l'U bb 'lJ'lJ1'VIl.i1'Uf1l'lG'1~l~erb~tJ'U1Vibn~f1l'lb~ tJ'U ~bb 'lJmB'lJ~1'U'VI~8 Mastery Learn ino '!'U \l ~lj
'\J \J '\J :::, 

8'lfitJ'a~ n8'lJ;;11r),\:!~ ln~~'U 4 8 ~fi'U'l~ neJ'lJ ~ bU'U l'D~m (Cycle) 'VI~'U b1tJ'U nt.!eJ81'l b U 'U 'l::;'U'lJ~ ,,'j 

eJ'lfi'U'j~nB'lJ~'l 4 ~ln~~'Ul~bbn 

1. f1l'jnl'V1'U~tJYl61thY1jJ'\"l'UU'l::;6'I'lJ nl'j ru (Experiential Enoaoement) 1~tJljr1)er?l8'UbU 'U~ 
"" :::, ::, \J \J 1) 

:filb'U::;15f1l'l b~ EJ'U-rl Vi n'lJerb~tJ'Ub~m~EJ'Ul.j8'V111~ tJ 81P1tJ15 f11'j~'VI{;lln'VIm tJ~'l f1l'J1i n~ m'jlJ~ nl'V1'U~:ff'U 
" " 

b8~ bnlJ ?lfll'Uf11'aru\il{;l8'l ~eJtJ5~lJ-W'U5 f11'jYl~{;l8\1 'VI~8\11'U~1'U ~"'U::;lb'1J'U\I~I\11 

2. f1l'j~'lJA'Ub~81Vfbn~lJ1'UYI~'\.hl'lJtJ8~ (Concept Exploration) l~tJfl'J~6'lB'UlU'U~fl8 tJ:fibb'U::;
"" " 

3. nl'j6'l~1 'leJ\lr1mllJ~881'lljmljJ'VImtJ (Mea nino Makino) l~tJerb~tJ'UbU'Uer'lJ'lrulf11'JG'1~l\lYlmJ::;
\J :::, :::, ~ ~\J 

eJ'lfirnljJ~~ln~eJ~l~-r'lJ ~1 nf1l'j b~ tJ'U~tii'l tJ\il'Ub eJ'll~ EJ f1l'JG'1~1~m~(1)l'Ufll1lJ~ Bb~ nYl'l8Um1 (Blo~s)
" " " 

Networkin~ & Discussion Boards) 

4. f1l'j6'l15\ilbb"::;U'J~~n\il1i (Demonstration & Application) bU'U f1l'J6'I~l'leJ'lfimllJ~~tJ~b~EJ 'U 

. ~ 

(Presentations) Vibi')~~lnf1l'J-r'l6'l'J'Jr1\11'Ub'VI~liT'U Model 'VI~Blli'l II'U'lJ'IJ eJ \I nl 'J~~ n m'JjJ nl'J b~EJ'U f1l 'J 6'1 8'U 



L 

bb UU~B'lb~EJ'Uml'lwhu (The Flipped Classrooms) ~miT11n 'Ub~e:J'l~'U,r'U ?il:IJl'H"Hhvl'U~ b U'Uil1 'Wb ~'l 

ml~n~'lbb?i~'l1'Ubb~'U.fll'W~ 1 

Educ-ator
Suggested 
H<l nm ·cnr.cl ....r e 
GAme, S u1)t n::. 
In: eI'iXt es 
u pewnent' 
'T/'Ie /ill::; 

J 

Suggested 
Vi eo l.EctIres 
AU<! o l wures 
(pcdC-a!l:S) 
Coment· R~ '/e05-t:es 
Onj' eChw , . 

'--

(http://www.google.go.th/imgres7imgrurl=http:// l .bp.blogspot.com/Pprl) 

2.3 tJ':i~1t1"l1tf~ bn~~lnn1':ib~tI'U bb UU~f)-:j b~tI'Un~u~hu 

ihVI~~(l'\Jl,n.h~nl'J~'\J B n ~'l~rutJ'i~lEJ'll'l1'llB'l fl1 'i6'1B'Ubb'\JU~B'lb~EJ'U n~mll'U (Flipped 

Classroom) ~ Bergmann bb~~ Sams n~TJ1n'UVlU'l~B'lJBW1Jl~~B Flip Your Classroom : Reach 

Every Student in Every Class Every Day 6'1JtJ1~~'l.Q, 

http://www.google.go.th/imgres7imgrurl=http
http:nm�cnr.cl
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5. 'li1mVl~m~n~iJm1~~1~l'HHL\i1 n oll.:)n'W1~n11V1,j'11 'U n1~ b~tJ'W\i11~m1~~lm~f1'1JeJ':) 

\i1'UbeJ':) bY1~1~b~n~1~1~f1~ 'Hll~h11'll'U1tKbeJ':)\)~VltJ~m.:)lV1'WfntK meJn~'U (Review) fntK (9l1~~(9l'UbeJ':)~':)" , 

7. 'li1 tJ1~bnmJ B?(~-W'U5~~Vll1':)b~ nn'U fl~b~~~'U (9l'J.:)n'U'ih~n'U n1'J~b~tJ'Ubb'U'U88'U11;111 

n1~ b~tJ'Wbb'U'U~eJ':)b~tJ'Un~'UtK1'WiJ.:) b'U'W~'lJbb'U'Un1~b~tJ'U~trm~tJ'U tJ':)fl.:)m1'J':) b~ tJ'U bb61 ~trm~ tJ'U 'YfU'lJ ~ n'U fl'l 
" " 

~8':)b~tJ'U n~'\JtK1'U btJ'Un1'J'lJ~~1:11'U n1~l.u'lJ~~lCJ'ti'lh~Vll1':) n11b~CJ'U bb 'U'UeJeJ'U161'1.1 bb61~m~ b~tJ'l.l~~'U'UV'l'UVI,j'l 

'li1m'IJ~ tJ'Wbb61~b~~'UVllJ1Vl'1J8\lfl~1~btJ'Uvr':)~b~tJ\l (Mentor) b~eJ'U b~eJ'U,j'l'U (Nei~hbor) bb61~~b~tJ1'ti1~ 

(Expert) 

t .0::::::. V d ~ 

'ti1 tJ b1:11~Y1(;lJ'U1n1'JVl1\ln1~b~tJ'W'lJm b~n 

9. 'lilm~~'lJB?(~-W'U5~~Vll1':)b~m.ltrm~tJ'UtK1tJn'Ubv.:) \)lnn\)m'J~Vl1\ln1<.ib1tJ'W~fl~~~ 

'IJ ~ ~ 1:1 'U n 1 ~ ru ~ 'W ~ 1 ,r'U ~b~ tJ 'W 1:11 ~ 1 ~ fI ~ \) ~ 'li 1 tJ bVI ~ eJ b~eJ n 61 ;5.:) n'U bb 61 ~ n'U1 tK ~ btJ 'U n 1 ~ 'lJ ~'U btJ ~ tJ 'U 
" " 

fl'U~'U ~\lt!-J61 ~m~ n~beJ11\)1~ n1~b~tJ'U tJB?(~~'U5'J~Vll1.:)trm~tJ'UtK1 tJn'U\)~ b~~~'W1~tJeJ\i11'W11~ 

10. 'li1 tJ1~b~'U fl ruA1'1JeJ':)fl11~ bb(?l n ~ 1,:) (?l1~'lJ n~ bb~11 'U.rr'U b~ tJ'W b~ tJ1 n'U\) ~iJ b~ n~iJ, 
, v 

m1~ bb(?l n ~ 1,:) n'U~1 n iJm1~tl11~ bb61 ~ m1~'tieJ'UV1bb\i1 n~l':) n'W ~.:)11'Wn1~~~ n\) m1~n1~ 1:1 eJ'U bb 'U'U~eJ':) b~tJ'U 

n~'UVl1.:)\)~'li1 tJ1~fl'Jb~'U"il~e:im.l\) ~ bb~.:)'1J eJ':)~b~tJ'Ubb~61 ~fl'U b~eJ(1)l tJn'U nb~'Ubb(l~"lh tJ bVI~ eJn'WtK1CJ"Il~ bb ~\l'lJeJ" 
'\J q q '\J , 

b1tJ'U1tK (?l1~m1~~v\ln1~~\)~vh fl~1:11~1'~ifI'VhV!,j'1~'1JeJ\l n111:1eJ'U~6'11rlru1'Ub:a\l1:1~l\l1:1'J'JA b~m'l ~l .:j" ~ 

flruJl1Y1bbn.rr'Wb~CJ'W 'lilCJ1~b~n~eJ'W1fl(?l'1J eJ.:);gl(?lltK~V11:1~, " , 
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13. '111 CJ1vrbn~fl11lJ1u~'11?11tl n1~~~n1~~n'l'l1 n1'J 1ivrrJ'I b~ tJtlbbuun~u'Vll'11~tJI11?11~~ 

A1?1rJ'U1u11l'Ul~Vlfll1I111Ub~tJ bb~~'VmB'Ub'VlrJ~b{j(i1 b Utl n1'JbU~Ht:-Jm,j'rJVll?ll~~'Vll'1m'Jb~tJtl1Vl?l161~ruoU'U 

1Jl'Vl~lU?l~1'1m1lJb~mj'tl1tlflrum~m'Jb~CJtln1~?lrJtl1vre:Junfl'JrJ'I'Vl'J1U , " 

n1'J~~lh~?lUn1~ru'V11'1m'Jb~tJtlbbuuvrmb~tJ'Un~uJl1tl (Flipped Classroom) Utl '<il ::; 

rlrJ 1 VidiVl m::;U1'U n1 'J?l~1'1 rJ'IAfl11lJ1~ b~ CJ wh "n1 'Jb~tJ'U bb UU'JrJU~Vl~rJ n1 'Jb~ tJ'U1Vi1'<il1 'I (Mastery 
" "" 

Learning)" ;fi'lbUtlm'Jb~CJtl~'111m~lJt:-J6'1~lJ~'VlBVl1'1n1~b~CJ'U'lJeJ-:lb~n b~lJfl11lJ~1:lJ~m::;'\/ri1'1Um~tJtl b~lJ 

fl11:lJ ~'U1'<il1'U(i1'UbrJ'I'lJeJ-:le:Jb~tJ'U bb6'1::;'1l1tJ1VlI.eJn1?l bbriUm~tJ'U1Jlu'iuu'J 'I bUn'IJ(i1tl beJ'I1'l.Jn1''J b~ tJ'UTIvru~~6'1t:-J 6'1 
'U , '\J " 

611r11\!'lJmm~b~CJtlbbUU~'<il1'l (Mastery Learning) ~rJ 

1. e:J?l rJ'U n1V1'U~1(i1 flU ~::;?I 'I ArJ ~ 1-:1 6'1::; bBtJ (i'l1 'U n1 'J b~ CJ'l.J ~b,j'eJVl1 ?l1'J::; ~ n1 ~~~ n~:lJ 
\I., 'U , 
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8. ~?l8'U:nn1'J~vWnllm1lln11Vl-U11'Ufl1'H~tJ'U~mlrr(91f1tJ'J~(;1-:JA'U8-:J~'t,~tJ'U bb(1~bnU-UmJ(1
'U 	 'V 'l 'U '\J 

fIl'Jb~EJ'U~'U8'1~b~EJ'U bU'U'J1EJUflfI(1 bb(1~:nm'J1-u-um.m 1 'UfIl'Jl1'lbbeJ'U nl'Jb~EJ'U-n~bbri~b~EJ'U~81tJ 
\J \I , '\J 	 \J \J 

3. 	rrn~ru~1f1'a~nl~ Green Chem Green Life 

lm'lnl'Jd~~~'Ub~81~u~(911vi1-Ubb(1~bb?l~-:J~-:Jm1ll~ml:W biillu1'U~'U~1'U b~EJl flU bb 'Ulf)~bfl:n~b~EJl
" 	 .. 

1~EJ-U1b?l'U8~8~?I'Uluvl'1 1 tJ~'U(918'Uv1'1d
" 

2. ~?l8'U1VI~Uf1'Un1'JVlV1(18-:JVI~ 8tJBu~n1'J~,j1?l'U1'\lU'U~'U3l1'Ubb'U1AV1bfl:n~b~EJl bbfi1-Ulb?l'U81'U 

~'Ub~EJ'Ul~EJlvi'-ru feedback \)ln8l\)1'Jthbi;1~b~8'U'D~(91 

3. iJ ~ (91 U-ruu 'J -:J bbm'U'I1'U \)1 n~'U b(91 ~ tJ ll~~ bL(;1 V1-:J nl 'J1~A1 lll~b~eJ'I bfl:n~ b~ tJ11 'U 'JU LL UU1tJ?\ b(91 eJ ~ 
, 	 "" 

bL(1~-Ulb?l'UeJ~8~?I'U1<ilvl'11tJ1V1mb?l~ ·m1'JVl~(18'1V11eJtJihj'~fl1'J<il1-:J1VlLLri~?l'Ljhvf11tJ 
" 	 ;.,J" 

4. fl1111Vllll~"~~8'1~tJ~~n~U'U~~fl1111~llll'f11unl~~V1~bfl~1~~ 

4.1 fl1111Vllll~"tm.:jnl~~V1 

fIl'Jb~EJ'U ~i'VltJ1I"1l?l(91~~'U 'U8n<il1n:U-:JVl1'1~<il~~~'U1~L~ EJ'U1 'Uvi'l'U eJ (1~1lf1VltVl1'1 n 1'J b~ EJ'U Lbfil fIl'J 
\J 	 "\J °1 

Good (1973) 1vi1~m1llVlll1EJ'U8'1m'JA~1111 "m'JA~ FleJ m:::m'UfIl'JbLvi 'I nWl'j 'JllVl1-:J(llleJ-:J " 

?leJV1flfieJ-:JflU Kirby and Goodpaster (2002) lvi1~m1llVlll1EJ1111 "fIl'JA~ Fl8 n<ilm'JllVl1-:JCllleJ'I~ 

CI1ll1~f1~eJCl1'Jm1llA~~'UeJeJn1l11vlVl1'1m'J~eJ(;11J" b~'Ub~mfl'UflU Hillgard(1967) 1vi1Vlfl11llVlll1EJ1111 

"fl1'JAV1btJ'UYI'l&im'Jll~bn~~'U.fnEJ1'U ?Ill eJ-:J B'UL~eJ-:Jll1\)ln n1'J1-u~n~ru::: bb Vl'U~'1'UeJ'I LL(1:::?I fI1U m'Jru~l'1 'l " 

~1'U Moseley (2005) 1vleJ6U1CJb~llb~1l11 "m'JAV1btJ'Um~Ul'Um'J~bnV1~'U.fnEJ1'U?llJ8'1~'1b~EJ1-U8'1nU 

btJ~EJ'U LLtJ(1-:JVl1'1?1ll8'1~bnV1<il1nfll'Jlvi'-ru ~b-U11l1Vl1-:JtJ 'J::: C11Vl~ller?l bb(1 ~'J~~ n~'1-UeJll(1~:ij 8 ~ L~ll~-:J~1 EJ1'U 
" 	 " " 

nlJ(I~1'1A11llVllllEJ bVl(91(:.J(1 A11llA~bL(1:::n1J~~~'U " 1'U'Uru~~ Ln~EJ-:JPi'n~ b\)1ru1'1P1Pi'f1~ (2549) lvi1Vf , 	 v 
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, u 

fl1ill?li:lJl':JfI'Vli\ll'Vl tJil"1lMl~ ~d 'U?lll 8\l~fl'Vdl Ln tJdoiJ8\l fl'U fldllJ61ilJ1':Jflali'U m illfi~61~l\l61 ':J':JA "vl\lu'U~ \l 

1;'1':Ju1al1i flI':Jfi~ LU'U n~ m':Jll~Ln~~'U[)ifJ1'U61lJ8\lL~tr.loiJ8\l fl'U flI':J?I~i\l LL~~U'l~lll~oiJ8ll~~1al-r'U L oiJi:lJl'Vli\l , ~ 

U'l~?li'Vl~llcr?ll~ tJ flI'l 1 i~'1J~fll1ru LL'Vl'UoiJ8~~~\lm~L U 'U ~ \l'lJ eJ\l1;1~861 fll'U flI ':J ru~ i \ll 

4.2 fl11llVilllEJ'UB\lfl1'~fi~1 Lml~~ 


flI'lfi~l Lfl':Ji~l1LU'Ufllill?lI:lJl'lfl1'UflI':Jfi~.rr'U?I \lU 'l~ LJl'VI'\ll~\l ~\lUfl flIJ~nl111m~fl11lJ1;1lJ1tJ'lJ8\l 

~ 

fli':Jfi~lLAJ1~1;111vl\ld 

Clark (1970) 1m~fldlllVi:lJltJ'lJ8\lfll':Jfi~lbA':Jl~Vil111 "fl1':Jfi~l LAJ1~1ALu'UflI':Jfi~L~mLtJmbtJ~ 

eJ\lAuJ~n8'U~i\l1 U~d1;'1~1\lfl11ll~ll~'U5':J~1;111\l8\lrluJ~neJ'U~1\l1 ~~mLtJneJmJ10'U" Banks (1985) 1m'IX 

fl11lJ'VI:lJltJ1111 "flI':Jfi~l Lml~'iohu'U flI':JbbtJmbtJ~~l'U~I\l1 'lJ8'1i8~mL~d?l~I\lmlll~ll~'U51'ULL~~~~dlJ 

'VeJ'IoiJ8ll~~'U" Byrnes (1996) 1m~mildH11 "':J~vl'UflI':Jl LA':Jl~l1bU'UflI':JLLtJ mbtJ~oiJ8lJ~~~'U'll8'U88nb'tJ'U 
~ ~ 

8'1AUJ~neJ'U~mJ LL~dA'U1;11fldllJ~ll~'U5':J~'\Il11'18'1AUJ~n8'U~8mr'U" Reilly and Oermann (1999) 1al 

1~fldllJVilJltJ1111 "flI':JlbA'lI~1A Lu'Un1':J~~m~vllfl'U.;r8lJ~~~'\Ji8'Ut~ mLtJ mbtJ~eJeJmu'U~d'U~eJmL(;l~
~ 

61ilJ1':JmL?I~\l~\lfldllJ~lJ~'U5':J~Vi11\leJ\lAU':J~fleJ'\J~eJmVi6'11~'U1al" Michaelis (1992) 1m~fl11lJ1;1:lJltJ111'1 

"n1':Jl Lml~l1L u'U flI':JLLtJ fl~d'U~I\l1 ~\l1'U~I'UB'IA'lh~f)eJ'U AdllJ"lJ~\J5 Vi~nfllJ 1~tJt.Jl'U~8~1\l1 'l:!J';h 

~~LU'UbLe-J'U~ L'VlU Vi~eJl1;'1~~'U'l" LL(;l~ViI"1'Ul LL'VlJlJruLL(;l~Aru~ (2549) 1m-MfldllJ'VIllltJH11 "flIJ1LAJ1~'\A 

~eJ flIJ~ i bl, 'U n LLtJ mLtJ ~~\l1~~ \lVi~ \lVi~ m~ 8\l1~ b~eJ\l'VI~\l L~ 8 A'U1;118\lAU J~ f) eJ 'U LL~~fld ilJ~lJ-WU5J~Vi11\l 

8\lAUJ~f)eJ'U bVi6'1i~'UL~81~Ln~mlllboiJlh 1 'U1,~B\l~U" 611Un\l1'ULmJ15fl1J?I[)lfl1J~m~1 (2548) n6'1il1i 

m~'\Jl'U flIJfi~l Lmi~'iohu'Um~'Ul'U flI':Jvflm'UflIJ~i bL'U n bLtJ n LbtJ~~\l~ L~'U~\l~'Y'l'U~\l~1al~'U~\l~~lJ~?I~\l~ 

;Um?lVi~eJ~\l~~lJn~'ULL~d LLtJ fl8 eJ nall tJ fld llJA~~:lJl'lJeJ\l ~\l~i\l,~H;L~tJ'Ui1ifleJeJ~1JlJeJ\lAuJ~n8'U eJ~I\l1J 

l,~eJllltJ\l~lJ~u5fl'Umh'l1J'UeJfl~1 nd~iUfl\ll'Ui'1lifllJ LL(;l ~lJi m~i'U fl1JPinl1i (2549) 1m-Mfl11lJ1;1lJltJ flI ':J 

fi~i Lfl':Ji~1A11 flIJfi~i LAJi~1Afl8 ntJJ ~'U L~8\l1;1~eJi:l ru1;1i ntJ~i U'U fl LLtJ mLtJ~ I, U1 tJ'U I, VitJ'Ui8lJ~Vi~m~eJ..ij~ 
, v ~ 

fl6'1lleJ~l\l I, u'UJ~'U'UJ~'U1,1;1~[:.J(;l'VI1m~eJllltJ\lfldilJ~ll~'U5'lJeJ\loiJmJ~I,L~~~Jd~1;'1 eJ'UoiJeJlJ~Vi~81;1iieJll~ L~lJ L~lJ 
, , , 'U \.I \J 

L~81 ~L ~tJ\l'Y'leJ1'UflIJ~~~'UhLLni:l ruViifi~1;'1~1\l1;'1JJA~\l?l'lu1al11 Al1lJ611:lJl':Jfl1'Unt'lfi~lLAJi~l1 Vi:lJltJ(i\l
v , 

0 v ~" d v ~a d'1lQ..) 

f111lJ?fllJl ~ f1i b 'U fll~\) 1 LL'U nbbtJ nbbtJ ~6lJ €llJ~ B€) nLU'U?l utJ tl8, L1"Jt)V:iA'JilJ~lJ'V':'U5"')vf11il!Ln tJ~6lJ tJ·~ 
~ 
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4.3 	B"IfltJ';j~nBU"1JB"In1';j~~lbfl';jl~~ 

Bloom (1956) 1~lii'lbb'UnmfhJ'l~mB'U"1JB'ln1'lA~lbml~v1BBmtJ'U 3 ~l'Uvr'lii 

1. n1'llbfl'll~v1Vl'\.htJ~mJ (Analysis of elements) btJ'Un1'l1VfbbtJmbtJ~VI'l1'"W~e:ltJ~1'l1 BBfl:lJ1<5'l 

Vlt11tJ~Bm1'UB1~~dJrn'l mhlD'l-ll~b~'UVI~Bhn~miTJfi'lu ~1'l-ll~ b~'U1~oUBfl11lJ~~m11'lBB nlJ 1 1~bbn 

1.1 fl11lJ~1:lJ1';jfll~n1'l~'UVllLJ'l~b~~vihn~n~1111-ll~b~~ 

1.2 Y(n~~1'Un1'lbLtJmbtJ~::'iJmVl~~~'ln'U?f:lJ:lJ~~l'U 
'" 

1.3 f111lJ~1:lJ1'lfll~m'lLbtJmLtJ:~oUmVl~~~'lBBn~lnoUe:Jf111lJ~11LJ 

1.4 Vi'n~::;1'Un1'l'l~U~'l~'lhbb(l~m".ilii'lbb~fl'Wfl~m'llJL;U'ln(l1n"1JB'lbb~(l~f1'Uue:Jfl~lnmilJ
'\ \I VI 	 , 

2. n1'llLf1J"1::;v1f111lJ~lJ~'U5 (Analysis of reLationship) L'lJ~fll".inlV1'U~fll1lJ~lJ-wwh~VI'il'l 

B'lfiLJ'l::;nB'U~utJ~ltJn'UVI~B'l~VI'il'l~1'U~1'l1 J11tJ n~ 1J1bLrl 

2.1 Vi'fl~~lum'lboUll~f1'J1:IJ~:IJ~'U5JlltJ1~"1JB'lf111:IJA~mtJ1'U'U'Vlf111lJL1'U 

2.2 fl11lJl:11:lJ1J"fll~n1'lm::;VI'unD'l".il tJ(l ~ bBtJ~~61u~f1~u'l n'U f111lJ~".i'l'lJu'ln1'l\9l~~'Ue.JfI 

2.3 fl11lJl:11:lJ1J"fll ~ fll".i';j~~nD'limVl~"'Il~ 'lVl~uiuVi n(l'l~1ii'1 b U'U ~Cltb::; L~'U G=11r1~VI~BiBfI fl b~ tJ'l~ 

'l11:lJ1?lU'U ?l'U'Ub~B'lL1'U1J1, 

2.6 fl11lJ?l1:lJ1 'lfl1 'U n1 'l1 bml~v1fl11lJ ~:lJ-w'U 5'lJ u'loUBfI m~tJ'l L~B1ii'1bb'Un.uClfl11:lJ~?fB~f1iKB.:jm) n 

Ii)ln.uClf1l1:)'I~hli,'\tHi1f1~8~nl~ 

2. 7 f1l1:lJ~llJl'lfll'Un1'l~'ll~61u'Un1J"e'll.:jbVI~e.J(l~~~11'U.uBflm~tJ.:j, 

, 	 " 
b~B.:j".il1U'U 

3. mJ"lbml::;v1V1ti'nfllJ" (Analysis of or~anizational principles) btJ'Un1J"lbml::;Vl1f1J"'l?f~I·~ 'lJB 'l 

n1J"~ml'UJ"l:lJVI~e:JVlti'nfllJ" b ~B1Vfb.ul1~ b~B.:j".il1"1JmmJ"~e:J?ll'llJ1bbn 

3.1 f111:lJ?l1:lJ1J"fll'Un1J"e'l1'lB'l~~lJ'lVl:lJ1CJ :lJ:lJ:lJB'lbb(l~f111:lJ~~n~?f~VfB'Ue:JtlnlJl~ln'l1'U"1JB'l~b;UCJ 'U 
, '\, '\J 	 'lI 

3.2 fl11lJ ?l1:lJ1J" fll~n1J"J"~~nD'lJ"'l1 bb'U'U fllJ" b ;UtJ'U
" 

3.3 fl11:lJl:11:lJ1'lfl1~n1J"lJu'lb~'Un1J"liL'Vlf1iJf11~'t<Jrul"1Jl'Ub~Cl 

3.4 fl11lJt'l1:lJ1J"fl1 'Un1J"J"::;~nD'l:lJlJ:lJe:J'lVl~CloUmhb~tJ\l'lJu'l~b ;UCJ'U , " 
1(1J~'Ubb(;1~Lnm'llB4 (Watson & Glaser. 1964) 1J1n~11D'lm'lA~lbf1J"1~v111'lh~ne:J'UJ1':lCJVi'I"1'Uf1~ 

fl11:lJibb(l~Y(n~~1'Ub~tl'l~1'l1~'lI'le:J1 \.Iii 

1. Y(1"1'Uf1~1'UfllJ"~'Ub?ll~~'lLJJ"~ nB'UJ11 tJ f111lJ?11lJ1J"fl1 'U fll J"b ~'UU ~Vll bb(l~f111:lJc;]B\l nlJ~~ ~ 

http:nD'l".il
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ll!:l:::Vll21t!fl~~n~ l1m.ul-:J~t!~lfl~!:l fl1 'jl~eJ~l-:J Il(9l~'U ll!:l::: lnf1l"llB1?l1'Ull n1'jAVlllfl'jl~~'U 'j::: n mJ 1 U~1 (I 

fl11:IJ?lllJ1'jOc!BeJ I 5 U~:::rn'j~B 

2.1 fl11:W?lllJ1'jo1 t!rn'jeJl-:J~-:J 

.

2.2 fll'jr;l-:J?l:IJ:IJ~'51tJ
'" 

2.3 fl1'jtht!eJ 

2.4 fl1'jll'Uf1fldl:IJ 

2.5 fll'j'U'j~l:W1~.-uB1~blcJ-:J~1-:J1 

LVl'j6'\l"llf1 (Dressel and Mayhew, 1975)l~Bllm:::tJ1'Wfl1'jf\Vlllfl'jl:::~~'W'U'j~nBtJ~1(1~tJ(9lBtJ 5 

nllt1'UVl1~ 

2. ~1'U n 1 'j'j1 U 'j1:IJ.uBljmnVl1tJ fl1~ lLnUt1llt11V1lJ1 eJ (1'lfl11:IJ ?ll:1J1'jol 'U fll'jYl"lll 'j o.n'U 'jl nD fll 'jru 

~1-:J "~1(1ml:WlU'W'U1'11m~Bn.uB:IJ(;l~L~ eJ 1 .uB-:J nuu rult11.uB1\9lLLcJ-:JVI~B.uB:IJ!:l~fl!:l:IJ bfl ~B1vllL?l1-:Jlt11.uB:IJ!:l~ 
I \J Q..I \J " '\J 

~;-I-:J", b-J'W~ '-Ilb UflfrYlii LWI fI\I·;rl~ 'j~vd rl-:J.u Bii f1 ~~dVI L~Urluoif tJii ~ ~ 1"1 f1 ii Lfl~ tJ'UtJ jj f1 ~ L~ tiJ ~(jeJ ~ rlu-teJjj~~hl 
'U \J" \J 'U 

l~eJ1.-uB-:JntJu ruVll.uB L V1"1l~~-:J nUfl1 l:IJA Vl b~'UV1~l'HIJ1.uB:IJ(;l~ LL?l Vl-:J (1-:J m l:IJmd)eJ'lLL(;l::: fl1 'j hJ't~rul'll1'Ul~ B 
v ~ 

ml:IJ~:IJ~'U~L'U'llVlI9lt:.J(;l~~l'jrulYll"l~B nVlmeJ IYl1-:Jl'Ufll'j lUlU '1:] VI l1vl 

5 . vll'U fl1 'j?l'jUlt1:1J1eJ (i"fl11lJ ?ll:Wl 'j() 1 U fll'jAVl~"Ill 'j t:Ul.u Bfl11:IJ fl(;l:IJ Lfl~mffi'l-iJB:IJ(;llVleJ ~1 LL'U n, , ~ 

iVln'U~ (Hudgins. 1977) Vln'lj~~'U'j:::nBuntJLU'Ufll'jf\VllLfl'jl~~ 4 U'j:::m'j~B 

1. ~L~ eJ'U "Il~\9lB-:JjJml:IJL.ul1~ L~eJl ntJ B-:J AU'j::: nBtJ~~1~ru'lJB'ln1'jeJl-:Jllt1(9le.J(;l1VleJ.ff'W\9l'U~l~(I'UIii'B"jJ
'U ...., , '-l 

~'U'51'UYl1-:J:IJ1'UVli"ltJlL(;'j:::.uB:lJmV; eJ WI B?l1V11tJm'jYl~1'jrulfldl:IJ"Il~-:J~m~LU'U1'U1~'lJB-:J fll'jeJl-:J L VlIil ~(;llt1~B..." , 
fldl:IJLU'U1U1vl'lJB'lt:.J(;l~~6~rnVlrn'j ru11'UB n"lllm1tJ~L~eJ'U~:::1ii'B-:Jij~n'ljru~~~lLU'U1'U fll'j'U 'j~ L:W'U eJl-:J 

" 

http:ruVll.uB
http:rult11.uB
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2. erL~(J'U~~a1B-:J LLi:11-:JVl1Vl?ln\jTu~'l.!1JJ11m'U mJeJ1-:JLVll9l~(lVl~BmJ(l-:Ji:1J'\.Jl~(J ~~a1eJ-:J'Yl~1'Hl.!111 
'U d.!l "" 

.uvi:1 J'\.J~'U1lJ1 nci11B1-:Jii.um..J (l "'lJ'U i:1'U'UVl~v1lJ~(l eJ~"'il'U n 1 J'Yl"'il 1 J bl.!111V1 ?In ~TU~'U1JJ1 eJ1-:J B-:J iiB fl ~ 'l;~~ eJh; 
, 'U" <7.3 

3. erL~ (J'U~~a1eJ-:J'Yl"'il1Jru11191~meJ-:J LL(l ~'\.JJ~ L:w'U'Jf-:JVl6ln~1'U~tm.J11.uLL(l~?In~ru~mJ1.uLVll9l~(l~'U1" ... , 
m 1 m'UmJeJ1-:JLVlq~(lneJ'UmJ~~~'UhtJeJlJ~'UVl~eJ'\.J5L"5.ueJi:11'\.JJ'U 

4. erl~(J'Ui:11mJm~'U.umr'Uih~~1'Uffi~n1Vl'U~Vln~~mJllflJl~~v1-:Jif" , ... 

1. rnJt1tJ1lJll(l~mJV11A11lJl.u1h 

1.1 n1Vl'U~tJJ~l~'Ull(l~i:lb1JVl1 

1.2 n1Vl'U~.um~JtJ, 

1.4 n1Vl'U~.ueJfI1mlJ11XLVlJJ1~?!lJ 

1.5 nTJl~eJn?!JJ.umJ(l
" 

1.8 ~11<KLLlJ'Um 

2 . lt1~5mLni:lruVllLl(l~(;1JtJlVll9l~(l 
v " 

..:::.. IIQ.) o<:;loc:::. 6"o6)'l.I Q QJ~6) 

mJl.l.lJ'U (Lipman, 1988) nmlllVln~~mJflm lflJ1~VlVlllVl~flfl(llJfl11:lJ?!1:lJ1J(l19l~i:1'U l"'il 

l~tJ-:Jm-:JJJ1 n n11mllJA~5JJ:lJ~1~-:JtJJ~ neJ'U1tJ~lCJVln~~V)-:J~B1tJif 

1. mJ'\.JJ~I.:W'Urh 

2. mJtJJ~l:W'U~(l 

3. mJlu"'il5CJ 

4 . mJl1'lVl?lnrnJ 

5. mJVl1fll1lJ~lJ~'U5 


" 

6 . mJ~-:J?!:lJ:lJ~\j1'U

'" 
Q ~ 

7 . mJI.?!'UBmllJfl~I.Vl'U 

8. mJ~~~'U1"'il 

v " 

-rr'Ul9lB'UmJA~ll.ml~vi"vl·:rU 

1. m~'Ul'UmJ~~~'U1 ~1.tJ'UnJ:::'Ul'U mJvfl.urht1 (JlJ I.l(l:::VI?In~1'U~1<KJJ1"'il1 n nJ~'Ul'U n 1 J 

llni:lb1JVl1~1<KtJ5u~ml.l~1~-:JtJ J~nB'U~l (J m~'Ul'UmJv1-:J~B1tJif 

http:11B1-:Jii.um
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o V I V~~dI'l/~~

1.1.3 n1~~lbbiJn(;r)e:Jtn;J'1Je:J;J'1Jm'Vl~~~;JVi~e:J'1Je:JAVlb 'WU 

1.2 VIm':!::; n1~\J~rul nl~b{j'Unl~~Vln1~'1Je:J;J~ (ill~~~e:J;Je:Jl~CJ~iJ]liJ~l;J 1lJ11.ff 

'1Jru::;djmnVlbVl(ilnl~ru~~;J, 

1. 3 Vlm':l::;~1..Jrol1..J~ln1~;jb~CJ1..Jb{j1..JVln'l':l::;~11i1~'Un1J~oo.JiJ1'lln1~;J b~CJiJ .. 

2. bnVl:wl1..JVI~,j 

3. GwtJ ~mnVl'll n n1~~Hl~'UoUe:J:wmb~::;:W1iJVlI"1,j~';J '1 b{jiJ'!lTJ(ll~oUm.J(l b~;jtl~:w1ru
It \I I \.I 

..J 2.1 V - :.. " ' :.J cl :;~. 

4. nl 'm ~tl biJtI'1Jvfl11lJJVil~~'U bb~::; LiJ1..Jfl1(;l v'U'1JiJ (lVlVil EJ'1Jv;JU ruVil 
.. \J "V 

5. nlJJ1;JVI~nn1~Vi~e:J n~ Ln ruov1bU1..JnlJJ1;Jn.!jvfJ 1 tl~;J~AA(l11i1~'U n1~~oo.J'Ul bL~ ::; 

tl~::;~n~:wl1..JVI~,j~l;jILoUlIi1JEJn1..J 

3. m::;m1..Jn1~LnVl b~ (il fl&i b{j1..J m::;m1..Jn1~'1Je:J;Jfl11:w~~n'1Je:J;J'UAfl~~11i1~'U n l J 
~ , 

~oo.JiJl~lntlJ::;(I'Un1J ru'Yl11~bnVlfnl:W~~ n'1Je:J'UhJ'lJe:J'UVI~1..JA~Ali1EJ:W 
~ 

Ln~(J;J~n~b~~~1;JI'1~n~ (2549 : 26 - 30) 1Ii1tl5'U1EJ~;Jtl;JAtl~::;ntl'U'1Jtl;Jn1~f)VllLfl~1::;'l.il l bbU;J 

tltlnL{j1..J 4 tl~::;n1JAtl 

1. fnl:W(lllJ1~t11iJ n1~~AJ1:WbJlhl(lllJl~nlLflJl::;-M~;J~l;J 111i1Vil n1:tJ b~:W~1..JIi1J EJ nl'~'Vllfl11:iJboUlh 

oUtl:w~~tl Jln fl b~lJ bb ~ n b ~l~;J~tl;J-W~l~rul-ifvlJ 61 ~11i1~'Ui 1 tl::;1J b u'U tl::;1~ 1i11 EJ nlJ~A1 1:W nlJ &i A1 1:W 
~ ~ ~ 

I , t.I , I , t.I 

"'~ , I 1 ~ .., '" v "<I' Q d" ~ ,,=.., ~ ,~"
""r ",'6.J'Vi",",·n Iq ,. 1n"'!J '"'"' m" • ", >1 • ~ \jqq " I L.~I q 'nI '"\ '" "" '" '"\1'1'•A" .....l6-JbU" ." .... I '" m '" ~ ••n "" '" ." '"\ "''' I """ ICUVlbVIUbl'lL.-6k1bcNbY "' .. "".q q I I q I I IId 6.J Urlb6--}Ud'" YIUVld'JUu'-.;bl L.dL.6 UI,...6 Idbld d Ib\JYICJbl'J.IVI(j\l11 Iddblld .... .., •• I I q '" 

tlJlnDlVlEJ(ilJ;JAtlvlloUtl:!.J61hilli1'UtlnlVlCJ(ilJ;J bb~ btJtl n1J(I~l;Jfnl:WboUl1~~ bniJ nll~;J~tlJlnD B'Ub tJ 1..J n 1 J (I~';J 

fl11l..1b oUlh'U1..J~1..J]l'U'1Jtl;J~;J~tl~lnDl1..JoUtl:!.J(l~iJ llJl1 bAJ1::;-M bn ruov1~ bb~ (l::; A'UloUbUtI:w1(;l J~liJ1 iJ n1~vlVli11..J 

Vi~v b{j1..J1JJb:W(il ~~ bb~ (l ::;fliJ (I~l;J~1..J11..J n1~~ fl11l..1LT'U cJ tl:W bb(;l n~l;J ntlltl(illl..1mll..1~tlJ::;(I'U n1~ruLb(l ::; Ali1EJ:W 
" 

http:1lJ11.ff
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3. fnllJ'(h'l~':lLnl'l"lh'l?1'161tJ ll~~-dl'1mlJUn A~ l~ '11lA 'il~~ "Il ~~8'1~8'1fhJ 'i~ n 8'UvY'I ?11lJl1~llJ~h tJ 

fi8~8'1lU'Ufl'UYl-dl'161'1lnl'l?11lJ1'it:1A'U'W'U AlllJ~~U n~vhlJ nm'l~'1Yl~8 ~l'1~ll~'Ull~ll~iJ 8'U1lJ~ e:J~1 'i lfi~~'U 
" 

'1l8U~'1AlmlJ fl'U ~ll8'1 bb~~fl'U'i8'U 1il'1l~ en fl'U~'1.yjbfi~~'Ul~8'Ul1U~n1'iA~~m~tJ'".l fl'Ul~e:J'I,r'Un1'i~'1fll 
t:11lJ"Il ~'U 11U ~ n1 'i ~'UA'UfnllJ"Il~ '1ll~~ bfi~fll1lJi~ b"Il'U1 'UU 'i~ l~'U.yj~e:J'I nl'illflJl ~ ~'(J 8'U l'(J (Ol fh t:11lJ.yj

'U 

l~tJli8'1fl'Um'iA~llfl'il~~"Il~~~~~nm'i~'1mmlJ1~tJ1-rrfh111A'i (Who) vl18~1J (What) .yj1~'U (Where) 

l~e:J1J (When) vll1lJ (Why) 8~1\l1J (How) r11mlJb~~1dm"ll1lJ~llU'U~8\lHVJnim'W'il~m'i~\lmmlJ~ 

"Il~lJ\l~lJ1 tJ b~e:J1 Vfbil~AlllJi~ b"ll'Ume:J'UA~lJ bl~ ~I'l 'i \lU'i~ l~'U.yj b'il~8'1 n1'i~'Uf\'U, , , 

... b~e:J'I,r'Ub~e:JlJ1tJ\lflU b~e:J'IdHle:J~1'11 'i 

... l~e:J'Idffiml~tJlieJ'l1Jl'1 b~tJli8\lfl'Ue:J~1\l1 'i 

... b~mn~b~8\l11"1l~~\ll!-J~m~'Vl'U8~1\l1 'iUl\l 

... ~lb~l?l.yjnB1Vfbfi~l~l'lm'irud, , 

, " 
= "".1 v 1 v 

... ?1\l'U u'i~n8umtJ8~ 'i'Ul'1 

... bb 'Ul'Vl1'1n1'ibbnUqj~ln8~1 'iUl-:l 

.. .(11v11b-d'Ud"ll~ln~B~1 'i~'U1 'UB'U1fll?l 

.. .ll~~r11mlJ~'U 'l.yjlJ\l~lJltJ m'iBBnLb 'i-:l'Vll'1~lJB'I1Vf~e:J'I'(JUA~e:J~l-:lnb~1'll!-Jm~BlJltJ-:lfl'UI , , 

b~B'I.yjln~~'Uunf1~lbfl'il~~~\l~8-:llu'U~.yj~fnllJ?11lJ1'it:1l 'Um'il-rrb~(Oll!-J~~lbb'UmbtJmbtJ~1~11~-:ll~lU'UAlllJ
'U , 

"Il~\l~\ll~btJ'Uf'l'YllJ b;;l"l) ~\ll~~B\lfhJ 'i~nmj1'U 'i~18 (;1~ b5t.i~, b~ €JlJ18\l~lJ'viwV~'Umh.:j1'JbtJ'Ub'ViiJV1.jfmm~bbi-u 

b~Bl~lll'Ubb~lb'il"1l~ li1'U.fl1'Y'l1'U bb'Ul~nlJ8\l b i1'Ufl11lJ-B'uoffmJ.yje:J ~.fn tJ1 'U~11ll~m~~\l~~ b~ tJ'I~l(i)'U fl'UB ell'll'i 
'U 'U 

t/ .ci I d{ cv 0 '" ~ i/4 d I I Jf tV d V """ .::::a. 

'ilVI(Oll!-J~'Vl8 tJ l U B'l~~-:l nl'i n 'i~'Vl1 'i Bl 'ilJru AlllJ'i~ n'Vl"IJ B'U BtJ b'U e:J \l~~ \l ~~'Ulll~ ~ n 1 'i bb~ ~ \l e:J B n f11'ifl \1i b'1l 'l 
'\J , '\J '\J '\J '\J 

llA'i1~~-dl tJ1 Vf b'i1~iB bVl"ll"ll~'l~b~(Oll!-J~ bde:J\l~~'l'(Je:J'l~'l.yj bn(7)~'U bill"Il fllllJ b u'UlJ1 b u'U 1 U'(J e:J'Il~I?l n1'iru~ I\l 1 
'\J '\J 'I 'I 

http:de:J\l~~'l'(Je:J'l~'l.yj
http:t:11lJ.yj
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nl'~l~(?)~'U1'<\J lbflD ~vnmJ'lJJ~ liJ'Ull61~mJ~(?)~'U1'<\J l~B'l~l'llHiB ~ 1-:1 ~ nvlB-:J'<\J 1 n II 'Ul A(?) l~ tld nu B-:I AU J~ n BU 

'UB-:lfldl:lJ?l1:lJlJt:11tlmJA(?)llflJ1~v1 ~-:I?1Ju1(i111mJA(?)llflJ1~v1uJ~nBu(i1l tJ 3 B'lAuJ~nBmhArufiB , v 

2. nlJllAJ1~v1 All:lJX:lJ~tIl5 l~tI nlJJ~~ AlldJ ~dJ~tIlh~<I..d 1-:1 B'lAU J~nBU ~ BtJ ~1'l1 Vl~ B 

B-:JAUJ~nBU~BtJnUl~B-:lJ1l~-:lVl:lJ(?) 

3. nlJllAJ1~v1Vl~nnlJ ltJtlnlJJ~ULflJ-:I?1~l-:l'UB'lnlJ-.(j'(?)J~UU Vl~nnlJ '<\J(?)lJ-:lVl:lJltJ lltl lA (?)
1 .. 1 

AlldJ(?1J~Vll1n fiB fIdl:lJ(?1J~Vll1n~(?1J-:lnUm~TeJ-:ln~~rh11 "Awareness "'<\JlnmJP1n~llB n ?11 J 

bb61~UVlfld1:lJ~ b~tJd.u€m'lUl1iienVlfld1:lJVl:lJltJ'U B-:lAl1:lJ(9)J~vn1n11~'lti 
'\J 

Good (1973) 1~Vlfld1:lJVl:lJltJA11:lJ(?1J~Vlun1111 ~~~nJJdJ~ll?l(?)-:I~-:lnlJlnVlfld1:lJ~'UB-:I~ flfl i:1 

Vl~BmJ~uflfl61iifld1:lJ~~n~U~VI'1lBU~BDruV11~lnVl~'U 
''\J v 

Wolman (1973) n611l11 fll1:lJ(?lJ~V1Un ltJ'Uil1l~~Uflflm.u1hVl~m'hwnfi-:lUl-:lB~l-:l'UB -:l lVl (9), , 

uJ~?lumJru Vl~Bl(?1t:1~-:I'UB-:lhl, 

Koffka (1978) n~ll l~tJl nUflldJ(?1J~Vll1n11 fId1:lJ(?1J~V111niim1dJVl:lJlt.llVl:iJB'Ufld1:lJ?hwn~,:ntJ 'U 

ml~Vl1'l~(9)~l~tJlnUm1:lJ~~n fll1:lJAVI bli:1~fll1:lJUJ1Jf1'U1 lnVl'<\JlnmJ~u~lli:1~fld1:lJ6hwn l~tI?1il 1l~~ 
'\J '\J 

Uflfl61hW'UTI(?) tJii~-:ll~lmtJ'UB n:lJlnJ~vltl~-:lm"<illtJ'U?l il1~ II1 VI~B:lJV1~BmJ1J1~'Uu J~?1U mJru~l-:1 1 ll~l:U 
, '\J , 

m JU J~ liJ'U rllll61 ~(9) J~VlUn ~'l fId l:lJ?ll A ru~ (?1t1l B-:I:U~ B l Vl (?1 n 1 JruV1~m1 t:11'U m J ruJ'U v , 

n(9)~iliJ :UUJ~~~~ (2551) fll1dJ(?1J~V1un~B~'llllVl~BdJ fiB nlJ~ll~'lli1'U'<\J1-:11'1.H~B-:I~-:lln(?) ~eJ:lJ 
'\J ~ '\J 

LVI tJmP1tJ~w\jl'Ufll1dJ~Vl1-:1J11'U~ -:I bl l(?)~BdJ lli:1~~-.(j'n nl J(;.J?1dJ(;.J?11tl1 tIY'l1?1 (?1 ~ II 'U'U-:I 5'U 1 ~ l~BdJLtJ'l n'U '<\J 'U 
~ ~ '\J 

?11:lJlJf1?1~l-:llU'U:lJLtlm~~l~'U'BJJ:lJ'1l1~'UB-:I~'lJ'U Jl:lJ~'lD~V11 bVl~'UB-:JD~Vll II'U1Vl1-:lllm'Ulli:1~5'U 1 1J1 

l~eJ lnVl fId 1:lJ ~ll~l vlB-:I:U n 1 J?1 ~l'll '<\J (9) fl~Jlltl ~-:I IIIVI~B:lJ 
'\J 

L(?)tJ ?1JU fll1dJ(?1J~VlUn~B~'llnVl~BdJ V1:lJl tJ~'l nlJ~U ~ l'[hh lli:1~1Vlflll:lJ?llAru1'UUJ~ l~ 'U Vl~ B 
, '\J v 

D~Vll~l~tJl.uB'lnU~-:llllV1~B:lJ Jl:lJ~'lmJll?1V1-:1BBn~'lfldldJvil-:l1tJ 1 'U~-:I IIl(?)~B:lJll?1(?)-:I~~~nJJ:lJmJ :Ut.'<\J (9) 

http:niim1dJVl:lJlt.ll
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4.1 <VIe: i/

6. U'U1'V11'1n1'j1~fl11lJ~'j~'Wt.m~B(;I':Hb1~61BlJ 

Ozden (2008) n~11~-:Jml:lJ(»':l~VlUmb"~ blil(»A~~€l~-:Jbb1(?1~mJ l~tJlU~lU'U€l'lflll:lJ\?l ':l ~ VlUn~€l 

~'1bbl(?l~m,J1~bblJ'Inl';l~lill';lrulbUU 2 jJ~ A€l 

1. All:lJ (» ';l ~ VI un ~ €l UruVll~ 'I bb 1 (?I ~m J VI:lJ 1 CJ ~-:J nl~\J ~ihuVll ~ 'I bb l~~BlJbb~~ fll ';l bnVl bb Ul~ (?I 
v " v 

b~CJlnU~~m~'VlU~lU~'1bblVl~€l:lJ1u~lmb::;,hl'U 

2 . fl'11lJ \?l )::;VlUfl~€lnl':l-rU~(?I'U€l'U~'1U'Uflfl" VI:lJ1tJ~~ nl':l bbi.'l(?l-:Jflll:lJ-r'IJ ~ (?I'lJBuV1:W~B~'1 bb1(?1~mJ, 

Zecha (2010) ~lill'lrulmllJ(»':l::;Vlun~8~\lbb1(?1~€l:lJ bUU 3 8-:JrltJ';l::;nB'IJ(»1:lJ~fl~ru::;b.n€lVll1~bbri 

~\l bblVl~tl:lJ bb(;l::;u))lJ'lJl~ .w'lJ ~(»1 bb(;l::;fllllJ~lJ~U5nutJ ':l::; b~U~lU ~\l bb '1 VI~tllJ\?l~BVlIilUi:l'1!VlTv1dlVl~'Ubb~::; 

1.2 fl'11lJ~~b~CJlnUnl)tJ5u~(»UB~1-:Jbuu:D\?l)~8~'1bb1~~€llJ 

2. blil\?lfl~~B~'1bb1~~8lJ VI:lJ1tJ~\l fllllJi.'I'U llilbb"::;fllllJvh-:J1tJ 1 'U~'1bb1~~tl:lJ 

3 . nl)tJ5U~\?l'U~lU~'1bbl(?l~€llJ VllJ1CJ~'1 nl':lbbi.'l~~nl':lm::;vh~b~CJ'1-rrmnU~~bb1~~tl:lJ 1~bbi"l nl'l 

tJ5u~(»u1un~1\?l':lLb::;~11U 'W~~m':l:lJnl)bbi.'l'1'1V11-rr8~"~1':l~'U b'Vlf1~1'U~\l bb l(?l~€l:lJ bb(;l~fl1';l:W~'1U~l:lJ1'U 

nlilm':llJ~lU~'1bbl(?l~tllJ 

Littledyke (2008) 1~bbU'lnl':l~lill':lrulfllllJm::;Vl'Lrn~B~'1bb1(;)~tllJbU'U 3 )::;~'U~'1~ 

1. ml:lJ(»)::;Vlun1U\?lUb8'1 A€l nl':l-r'U1n'l~~m::;'VlU~1'U~'1bb'1V1~tllJlillnfl1'lm~'Vh1u~1(»tJ)::;~11'U
" 

'UB\l\?lUbB'I b"llU fl1':lb~tlflU~l.flfl~Urll 

2. fllllJm::;Vlufl'Vll'l~'1A:lJ A€l nl-ru~n'l~~ m::;'Vl'IJ~l'U~\lbb1(?1~tllJ~lfl'Wf1~m':llJ'U8'1Uflfl(;l~1~-ru 
" °1, 

8'Vl5'W"lillnnl':l:wtJD~:lJ~u51U~'1AlJ b'llU nlilm';l:lJVll'l~'1A:lJ~~'1~~~€lnl';lb~€lfl'U~l.flA~Urll 

3. flll:lJ(»';l::;VlUn'Vll'1~'1bbl(?l~€llJ A8 fll)-ru~~\l~(;lm::;'VlU~lU~'1bb1(?1~€llJ\llflnl';l'UltJ'UltJVll '1 fll ';l
" 

n(»~iJjJ :wtJ)~~~~ (2542) ~\ll':lrulflll:IJ\?l)~VlUn~€l~'1bbl(?1~€l:lJbUU 4 ':l~~u~-:Jd 
1. iifl'11lJ1~i(;)b\l'Ubb~~'(jl'IJ~~ VI:lJ1 tJ C)-:J fll)b-rrll~B~l~~B'I bb 'Vl'1 Ub~€l'l~-:Jbb1(?1~€l:IJ 111~'11(?1f1fl Vl~€l 

" " " 

cd tI 

i.'I-:Jbb1(;)"BlJ 

2. :Wflll:IJ-rmb"~fllllJVll'1bbVlU VI:lJ1 CJn'l -rmb(;l::;Vll-:JbbVlU1'U~'1yjb'ihhmh-:J~tl-:JbbVi'?l1V1 -r'Ub~ B'I)11 

~1'1'" 'U€l-:J~'1bbl\?l~€llJ~'1bu'U~-:J~f1n ~ iitJ ) dCJ'llt1bb,,~ri€l1Vfbn~(:.J~~~€l:IJ'U~CJ'lJl~bb"::;l(;ln 
1 " , 

3 . iifllllJl\?lmb~~vi'1-:JltJ VI:lJ1tJ~-:J 1~mu'Uvil-:Jbb(;l~n-:Jl(;l~-:J~'1~bn(Y1~UnU~-:Jbbl\?1~€llJ b"ll'U buuvil'1 
" 

bb61~n-:J'1~~tl~fl~ru~U~tJ~ b.,;\'U bbri~l ~flm-:J ~ G'ltJ)~LCJ'lJLJ'll nu':l':l:lJ'lJl~L\?I m.blf1'llnfllllJ'W m.w CJ-:J fll 1lJ 

1(»mb6'i~vil'11tJ1'Ui.'I.f)1'WnCJ bb~-:Jbb6'i~ln~\?lfll';lrufl1';l'Ul\?1bbfl6'i'Ulhli-:Jbn~~lflfl1':l(9]\?I1JJvhmtJ'l'h bU'UII1U 

4 . nl';ltJDu~ €l ~1'11il~ '1~-:J bUU~U(»8'U~?l1 A'1!~~\?I b~€l1 tX bn(Y1 fllllJ~)~VlUfllU~\lbb'1~fl8lJ b'W ':l 1~ 

~'U(»tlU~\l 3 -rr€l-rrl\lIl1'U bUUb.wCJ-:J~'U\ilU~ri81 tX bn(Y1t:.J(;l'Vll\l~l'U~n~ru~u~tJ bb~(:.J~'Vll'1)tJ6':l):lJ~~~ b n(?l~U 
~ " 

~lbUU~B\lm~CJnl':ltJDu~mh\l'l~'1~-:J~'1Vll'1\?l':l'l bbG'l~Vll'1BmJ1ul~tJyjlJ~~tJbb~G'l~A'UYl-:Jm~vhh~ 
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'<IllnnlJ Pi m~IUVlfl1'JJ.;),-:)~t! 'I'Iui liJ nlJ n~'1 Ci -:J eJ-:) fhJ J~ n eJU'lJeJ-:J fl11JJ (>1 J~VI-Un l'i eJ~ -:) bb1 ~6'1eJJJ1 t! 

2 ;;rn't'Jru~ AeJ iJ&l bb(;l~J~vi'U l~EJ~ eJ~fl6'1eJ-:) flt! 1 t!tJJ~ b~t! nlJiJfldlJJ~bb(;l ~fl11JJ b,;),1'<1ltJ J~ b~t!~'t! ~-:J bbd ~ ~eJ JJ 
" 

bb(;l~nlJbl~~-:JfldlJJ~U~~'1leJul'ieJ~-:J bbd~~eJJJ b'l5t! mlJJ~l-:J1CJ n1JtJ5U~(>1t!1t!~1(>1tJJ~~11t!~l~EJ1.;)eJ-:)flU 

~-:Jbbd~6'1eJJJ ~-:J6'1JtJl~i1 mlJJ(>1 J~VI-Unl'i 8~-:J bb 1 ~6'1eJJJ AeJ nl~U ~bb(;l~flllJJ b.;)'h 1 t!tJ J~ b~t!VI~eJUruVll~ , " " 

l~CJ1.;)8-:) flU ~ -:J bb1 ~6'18JJ 1VimlJJ~'AqJ bb(;l~ bb~ ~-:J'I'I~~ nJJ:lJ'lJ eJ..'J n1 JiJ b'<ll (>1 fl~l'i8~-:) bll ~~8:lJ Lb ,j-.'JnlJl~ml:lJ 

m~Vlunl'i8~'1bbl~6'1eJJJb~t! 2 J1,t! AeJ J11t!b'<ll(>1fl~J11t!~..'Jbbl~~eJJJ bb(;l~J11t!nlJtJ5u&l(>1t! lV1"1l1mFl~8\lij€J 2 

7. ':J1t!1:S'tJ'viln fJ10U8 \l 

-Om JJru b"ll1'l1~ruru(2549) l~Pin't'JlbtJ~EJUbViEJUflllJJ~IJJ1J(1J1,t!n1Jl bflJl~Vl1t!1'1l1Jl1't'Jl1Vl tJ 
" " 

'U8..'J~t!if5 tJJJPi n't'JltJ~ 3~1~~u n lJ6'1 eJ'U1~ CJ1,;) b VlflU Fl nl J A ~ IIU UVlJJl nVin 1 U flU n lJ6'18 t! tJ n ~ '1'1 U i 1 

-unl~EJt!~l~~u nlJ6'1eJt!l~EJ1ilVlFlUfl n IJA~ lb UUVI:lJl nVi n 1 'U flU nlJ~8t!tJ n~iJ flllJJ6'1IJJ1JflJ1,'U nl J A ~ 

llFlJl:::~ lll'l n~'\lfl'U 

~ (;l EJ 1 ll(>1\l~JJUJru(2551) l~Pi n't'Jl n1J~(i),J'Ul nl J A~llflJl~Vl1~ EJ1in"ll mJJJ nlJ ll~l-:JVll bb(;l ~ 
\J 

d 
Vl.01 

q '~QJ 0 v ~~d <V 

b'JEJ'U8EJ1..'J:lJt!tJ6'11fl'1!Vll-:)~(1I'lVl,):::V1U .01 

Arba ' at Hassan et al. (2008) Pin't'J1J:::vi'U'lJ8\lfldIJJ(>1J:::Vlunl'i€J~\lbld~lK8JJ'lJ8..'Jum~EJ'UJ:::vi'u 

:iT5tJJJ?in't'Jl"1l1mb~t!n1Jb~tJ'Ull~ nl'il..'J flt! 1 t! l 'lJ~ lij€J\lVl(;ll\llb(;l~ b'lJ~tJ~:lJru'Vl(;l 1~tJ~"IllJrul'<1l1n 3 tJJn~t! 

1 J1 bl n J11 t! n 1 J tJ Bu&l (;1 t! l ~ €I Fl 1 1 JJ ~ ..'J ti 'U ~1 t! '1'1 ~ &l m J JJll (;l ::: l"ll (;1 fl ~ bl (;l ::: J1, 'U 81 J JJ ru 1I1 U.;) €I JJ (;l 1'1')tJ 

bbuu~eJumJJll'U'UJJ1(;1JtJJ::::lJlrurll (;,mn1Jl~CJ'I'IUll 1. um~CJ'UVlru..'JiJmlJJm~Vlun~''U~..'Jbbl~6'1BJJ~\lnll 
" \J . . 

v q QJ .<::II d.:::::r. «'d v I ~ 11 I V d d . -~ 

'Um'JtJ'U'1l1 CJ 2. t! m J CJ'U ll~'U nlJ l J CJ'U1Vl CJll"ll~ (;1 JJJ Fll lJJI'l J~VI'U n(>18~\llb1~(;l8JJ~ \lnll'Um') tJt!Vll JEJ 'U 

ll~t!nlJl~CJ'U~(;ltJ::: bb(;l~Jl1't'Jl 3. um~tJt!'<Illn1J..'Jl~tJ'U1'Ub'lJ~ bij8\lVlm-:)iJml:lJm:::Vlun~B~\lbldVl~8JJ~\lnil
\J 

d..::::. ({ Q../ V tJ.d. i.I 

Wang Jinliang et aL(2004) I"ln't'Jl1bflJl~VI(;ln't'Jru~'UB\lmlJJ~'J:::VI'Un~1t!~\lbld~(;lBJJ'<\ll n 

VI~n ~m ~..'J bb 1 ~ ~8:lJ?i n't'Jl'U€J\lU n b~ CJ'UJ ~vi'utJ')~(1JJ bl(;l~J::: vi'uif 5 EJJJ1 'U Kunming ~ (;1 n 1,)1'<ll tJ'I'IUll 
\J 

1, J ~vi'u flllJJ b .;),1 "Ill~tJl nutJ')::: l~'U~''U ~ 'IlllVl~€JJJ lb(;l:::t!lCJ'U I CJVlI 'I ~ 'I bb l~~€JJJ J ~ 191'U ~, 1~ tJiJun l~ CJ'U~ 

~IJJ1Jm::utJJ:::l~'U~nl;;r\ll~'UuruVll~\llld~~B:lJlJ1vwtJ\l 12% J::'UhJ1~ 43.8% um~CJt!'):::vi'u:iT5tJ:lJ?in 't'Jl," , 
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n'U 3. um~tJ'U':i~vi\J'tb~fl:IJf1mniJrnl:IJ(?)J~V!0n~I'LrV'l'l~mJ:IJ~~nlI0m~tJt!J~~uil5tJ:lJf1fn~n 4. 0m~tJ'U 

J:::~Uil5tJ:lJf1mniJml:IJ(?)J~V!Unv11t!fl11:IJ'lAJ-:J1tJ b~ tJ1 nu~~ bb 1~~8:IJ61~nlIUnb~tJ'UJ~~Utb~fl:IJf1mn 
\J 
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d 

U'Vl'Vl 3 


15m)1~£J 

n 1 'J1 ~CJ l~ e:J 'I e.J ~ n 1 'J L~ CJ 'U ~ LL 'U 1 AVI Lfl JJ ~ L~ CJ d1 VI tJ1i LL 'U 1 'Vl1 'I n 1 'J ~VI n 1 'J L~ tJ 'U n 1 'J 1:1 e:J 'U LL'lJU 
" 

'lXB'Il~tJ'Un~U~l'U~lCJ "lfl'J'Im'J Green Chem Green Life "~JJ~e:Jml:IJ1:11lJ1'Jf\1'Unl'JAVI1Lfl'J1~v1Lb~~ 

m1:IJ~'J~Vlun~e:J~'1bnVliKe:J:IJ'Ue:J'Iu~~'J~(?)UtJ~fl.!fl.!luru.vl~ (?)'1ii 

1. n~:lJbU1V1lJ1tJ~p;mn, 

2. nl'JI:1~1'1Lfl~e:J'Iiie:J1'Un1'Jl~tJ 

3. nl'JLn'lJ'Jl:IJ'Jl:IJ-Umm 
" 

U~(?I 'J~(?)UtJ~fl.!fl.!lUru.vl(?l 1'IJ1 Le:J nl'Vl m 1"l11:1(i)~~n'lJ Lflii LL~~ LflJJ l~m 1:11'U1nl'JP;mnl'Vl tJ1 1"l1?f (?l~ 

~'UU~ 3 LL~~ 4 flru~fl'Jl"lll:1(?1~ '<ilVl1~'1mru:IJVl11'VlCJ1~tJ Un1'JPimn 2557 ~l'Ul'U 30 fl'U, , 

2. m)t;1~l\1Lfl~el,:lii'el1'Unl)1~£J 
2.1 Lfl~el\li1el~1-ut'Unl)1~£J 

1. LLe.J'Unl'J~e:J'ULL'nAVILfli1~L~CJ11V1tJ1iLL'U1'Vl1'1nl':i~(;) nl':i L~tJ'Un1':i~e:J'U LL uu'lXe:J'I L~tJ'U 

n~tJ~l'U (flipped classroom) l'U':ilCJ1'IJ1 2721343 Natural Materials th~n'i)'lJ~1tJ.fr'U~e:J'UVI~n 4 

1.1 nl':ifhVl'U(;)~'Vl515L~m;j'U'IJ'J~I:1'lJnl'Jru (Experiential En~a~ement) l\iwii 

me!~e:J'Ul tJ'U~~LL 'U ~15 nl':i L~ tJ'U n'IXn'lJ e! L~ tJ 'U LY1 e:J b~ tJ'U Liie:JVll1V1 tJ e:J1 ~tJ15 m'J~VI~l nVim tJ ~'I m ':iHf 
'\J'\J" '\J '\J 

n'<ilm'J:IJ~n1V1'U(;)~'ULe:J'I Ln:IJ~ ?fm'Un1':iru\ll~e:J'I ~e:J'lJ5~:IJ~'Ut5 nl':i'Vl(;)~e:J'I VI~'i)'ll'U~l'UP1~tJ~LL'U'U'I~l'1'l 

1.2 nl'J~'lJr1'l.!lY1e:J1'lXLnVllJ1'UVlI"l.u'J1UtJe:J~ (Concept Exploration) lV1tJfl~~?fB'U 

LU'Ue!flBtJ~LL'U~1'lXn'lJe!L~tJ'U'<il1n~BVI~e:Jn'<ilm'J:lJVlmtJtJ'J~UI'Vl L'li'U ~e:JtJ1~L.n'Vllme:Ju'UYinnl'JU':i':itJ1tJ n1':i 
" " 

li~Bu'UYim~tJ'I'lh~Ln'Vl Podcasts nl'J1i~e:J Websites VI~B~Be:JB'U1~.u Chats 

1.3 nl':iI:1~1'1B'IAmllJ~e:J~1'1JJfl11:IJVllJ1tJ (Meanino Makino) lV1CJerL~tJ'Ub'LJ'U~ 
'\J ::> ~ '\J '\J 

~ L~ n'Vl'JBun~ (Blo~s) m'Jl.uLL'lJU'Vl(i)?!e:JU (Tests) nl':iH~e:J~'1fl:IJe:Je:J'U1~.ubL~~m~m'U ~1V1-rUe:J.n'IJ'J1tJ 

LLU'lJele:J'U1m1 (Social Networkin~ & Discussion Boards) 

1.4 nl':i?f15(?1LL~~tJ'J~CJn~1.u (Demonstration & Application) bU'Ufn'Jl:1~l'1, 

e:J'IAm1:IJ~~ tJ~b~tJ'U Le:J'I1 'Ub 'B'I?f~l'1?!':i':iA lVi CJ n1 ':i~~vl1 bU'Ulfl'J 'I 'I l'U (Project) ll~~~l'U m~Ul'Ufl1 'J 
" " , u 

t11L?!'Ue:Je.J~'11'U (Presentations) Vhn~'<il1nnl'J-r'lI:1'J'JA'I1'ULVI~111'U 

http:m1:IJ~'J~Vlun~e:J~'1bnVliKe:J:IJ'Ue:J'Iu~~'J~(?)UtJ~fl.!fl.!luru.vl
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2. bb '\J'\J1'~ml~611:lJ1"J11lUnl"JA~1 bml~~ il~'U~eJ'U(i)~d 

2.1 fimnVl'\r~~mb~~beJtl611"J~b~tJl n'Uml~611m"J111'Unl"Jf)~l bfl"Jl~Vi 

2.2 fitl~lbeJn611"Jbb~~~I'Ul~m~tJln'Ubb'UJvm1'Unl"J(1~I~bb'U'Ul~ml~611m"J(11 'U 

bD'U n1"J 1 'iXt1 ~ m:;~ flll~i1~'W'U5"J:;vrh~ el~ fhJ "J~ tlB'\J ~ eJCJ l'il ~ 1 

~~eJmfh.b:; tI'iJ'U cJeJ CJ n'U b~m"Jll~~Vl~~ 

b D'Unl"J 1 'iXt1~~"J:;'U~~n nt"J :;J\9IlJ~VlmCJ bb 'U'JA(9l{;hrlru'lJeJ.:Jb~eJ~"J1J
, , , Q.J 

2 . 4 n1 VI 'U (9l "J :; (i)'U flll ~ 611 ~ 1 "J 111 'U n 1 "J f) \911 bfI 'j 1 ~ Vi :;J 1 n fl ~ bb'U 'U b~ ~ tJ ~ 'iJ tJ ~ ~ 

(~lifn~I'U-r'\J'jeJ~m~"J\il'Ubb~:;lh:; biJ'Uflrum'V1 nl"Jfi n~l( eJ~f1 m"J~Vll'lJ'U), 2557) l'l.:Jm'jl~~ 2 
~ . 

75-89 


50-74 


2 . 5 ~1 b t1 'U n1 'j (1 ~1 '1 bb'U 'U l'\91 b D 'Ubb 'U 'U t.J 'j ifCJ 4 \li'J b ~ eJ n ~ ~ b~ tJ 'U i eJ fi'1 tl1 :u1 'iX 

(1eJ~fl~eJ~m~mlJ1fl"J~(1~I~'lJB'l()1"J1'~ '<ill'UTU 30 ieJ bnru"Vll'Unt"J1'iXfl~bb'U'UAeJ ~1~el'U()tI lvl'l f1~bb'U'U 
" 

~1~eJ'Ue:1~~~elllJ~eJ'U~~eJ~eJ'U:lJ1nnll 1 iel1'iX 0 fl~bb'U'U 

2.6 'l11bb'U'U1'~1'iX ~Vl"J.:Jflrulii1'<ill'UTU 3 fl'Uml:;J61B'UmllJ~"J~b;U~1m.:J~~I~1~tJ" ., 
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2.7 111lluUl~~lvlbJVl~~B~1-linu1J~(91 ~l'Uln1'JfimnlVltJlf'11~(91{ l'IJllBflbflll 

.ff'WtJ~ 2 ~TW1'W 20 fl'W 05~1:Wl~dJ'Wn~~m·h'vn.ntJ1'Wm'Jfim~1, 

mll.Jmn llm:e:ll'WT'Il~lll 'W n 'I"lUll llUUl~fllll.J~1l.J1')t:l1'Wm,)A~l lfl'Jl~~~Alf111:m~ t.mvh nu 

0.73 AlmllJmnmn'W'!h~ 0.26-0.75 lL"~e:ll'Wllil~lll'Wnmn'W'!h~ 0.23-0.71 
~ ~ 

3. LLU'\Jl~mll.J(?1')~t-'I1rnl'iv~~LLl~~vlJ 

LfI~v'liJv~1-li AB LL '\JU?!BU mlJmllJ~\J~~'llBU (?i€l~~ LL l~~BlJlJ~n'tfru~ L-U'Wl.J1(?1'J 

tJ'J~l.Jl ruAl 1 -litJ ')~ L:W'W'I"l 'l~ n 'J 'jlJ~ Ll?l~\lfi~ nl'JlJ fllll.J -ru ~ ~'llBU I?l B~ ~ Ll1 ~~BlJ (91111 LL 'Wl A~ LfllJ ~ L;U tJ1 

~l'Wl'W 12 LL 'W1A~ l~LLri 

3.1 m'Jue:J~n'Wfl1'jln~'UB~l~tJ 

3.2 m'J1-li~l'jbfllJVlne:J~(9le:Jl.J1~AlJfi1, , 

3.3 m~Ul'Wfl1'J~~Lml~~Vll'lLfllJ~L-U'Wer'W(?1'JltJtrmm'l 

3.4 t:-J i!i (9l Jlru.yjffi~"Ill n m 'J ~'l lml~~V11'HfllJhJ l-U'W~'tflL~~lJtJ,)~~Vl5ill'1"l 

3.5 m'JL~BnH'()hvh~~mml~~~l'liltJ~tJ(le:J~JltJ 

3.6 m'JeJe:JnbLUUfl1'jH''W~~'l1'Ue:J~1'liJtJ'j~~Vl5m'l''l 

3.7 m'j1-lil(9lt:l~'\JVI~m'n'j111n~ulJl1i1mJ (l.rrVl-r'l"ltJlme:J~1\lAlJA1), , 

3.9 fll'j1.rr~ld\ltJiJn~!'.n1'Wm'j~'lbfl'jl~~t:-J~(9lJlru.yj 

3.10 m'Je:Je:JnbL'\J'\Jt:-Ji!i(?1Jlru.yj~~e:JtJ?lmt.lM 

3.11 m'J(9l'Jl"lllLfI'jl~~~~(9l1lJt:-J~L~BUe:J'ln'Wrn'JLn~1.J~ill1~(91(le:J~llm 

3.12 flru~lJU~~1'WmllJtJ~e:J~JltJ'Um~1'jLfllJL~B~~Vl1e:JUe:J~n'Wrn'JLn~m:r~LVI(9l, , , 

3.1 fi n'tfl Le:Jn?l1'j1?11'j1 bL(l ~'ll'Ul ~t.J~ LMm-ue:J..:J n'\JfllllJVl'j~Vli(nl'le:J~'lbb1~~e:JlJ1'W 

U~UVl m'j~~m'jL~tJ'WnT~?l€J'W1Vlmm?l(9l{~~Le:Jm;,n'J1'UtJ'j~ LVlI'1LL,,~l'il..:JtJ'J~LVlI'1L~m~~1Jt.I1lJL~~tJ iJu~ nl'~ 

3.2 ~n'tflLL'W1V11.:Jrn'j(;'1-rl.:J LL '\J'\Jl~ml:wm~Vli(nl?l B~~ bL l~~e:JlJlill nLe:J n?l1'J1?11'j1 

'\JVlmllJ(9l(le:J~"Il'U.:Jl'Wl~tJ~.:J1'UtJ1~lVlI'1 bl,,~l'il.:Jth~ bVlI'1 

http:m'Je:Je:JnbL'\J'\Jt:-Ji!i(?1Jlru.yj~~e:JtJ?lmt.lM
http:Wm'j~'lbfl'jl~~t:-J~(9lJlru.yj
http:tJ'J~l.Jl
http:0.23-0.71
http:0.26-0.75
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'W'l~m,):W~bbMl'1~'1fll')iifr;mJ-r'U~Vl'llBU~8~'1 bb 1Vl~mJm:Wbb 'U1AVl bflii~ b~ tJ1 "iiTLl1'U 12 bb 'U1AVl LVlmb'U'U 

lVl.QmJ'Ibu'U 2 (il8'U (il8'U~ 1 b~(ilA~~8~'1bb1Vl~mJ "iiTLl1'U 30 <UB bU'U:lJlmth:;mrufl1 5 d:;~U (il8'U~ 2 

nldUB'I1~(il'Uvll'U~'1bb1Vl~8:W "iil'U1'U 30 <U8 bu'Um(ildu'):;mrufl1 3 ,):;~U bU'U<U8fhml-lb~'1U1n 20 it) 

r\'lm:Wb;U'l~'U 10 <U8 

'W'l~md:W~~eJ'Inl,)lVl (Item Objective Congruence, IOC) Lmlbnru'V11'Unl,)f1Vlb~8n<U8fl11:w~ii~ruJll'W 

f11dii(i)'Ilt1f111:WG'1BVlfl~m :IJlnf111'Vl~mvhnu 0.51vlfh~'Ilt1f111:WG'18Vlfl~B'IB~'):;vdl'l 0.80 - 1.00 \11n,1,..l 
" 

(ild1~G'1eJ'U A11:lJb ~mj''U (Reliability) 'lJ e:l'l bb U ulVl b~m'l1fh~l-lu ddlV1~ bbB~yhfl,)e:l'UUlfl (Cronbach ' 5 

Coefficient Alpha) LVlCJt11bb'U'U1VlhJVlVl~e:l'llotinuD~(iltJ~ 2 ~ii~fl'ctru:;ln~bfitJ'Inun~l-l~hmh'l ~1'U1 'U 

20 fl'U 1vlfhml:Wb~mj''U'lJ8'1bb'U'U1Vlbvhnu 0.78 

4. 	bb UU~:W.f)T\·H1jf111:W(il')~vnrn~B~'1bbdVl~Bl-l 

ii~fl'ctru:; b U'U bbUU ~:wn l'ctrubb'U'U:WLAd 'I G'1 ~l'l fhvi'U mh~b~'U1'U fll ')~l-l nl'ctru ~~).~t1 

4.2 ml:w-rU~Vl'llBU~B~'1bbd\11~B:W 

4.3 A11:l.JG'1'U1\11'U'1l11G'11d~'1bn\11~B:W 
4.4 flldiib\1(ilfl~~B n\1 m,):WbAii~ b~ tJTVl~B n\1 md:Wvll'U~'1bb1Vl~B:W 

2.2 nldG'1~1'lbfl~8'1iieJmm'Ufll,)l~CJ 
cI 	 .d.d v ~ 4:::f IJ d v 

2.2.1 ~ n'ctl bB f1G'11,) bb~ ~1 ') ') ru m'):wVl bf1 tJ1'lJeJ'I b'W 8~ fl'ctl bb 'U1 nldG'1B'UbbUUVl8'1 b d CJ'U n ~'U 

vll'U bb 'UdAVlbflii~b~CJ1 f11ll-lG'11:Wldfl1'U fll,)AVll bfl,)l:;~bb~~ml:W(il,)~Vlt1fl~B~'1 bb l\11~B:W 

2.2. 2 ~Vlv\'lbbC-J'Uf)ld b~ CJ'U-rbb 'U1 AVl bflii~ b~CJ1LVl tJlotiLL 'U1V1l'l f11,)~Vl fll db~ CJ'U fll') G'1e:l'U bb 'U'U 
" 

Vfe:l'lb~t1'Ufl~'Uvll'U (flipped classroom) 1'U,)lCJ1'1l1 2721343 Natural Materials LVltlnlVl'UVl[;..J~nl,)b~tJ'U 

~f1lVlVli''11~L tJ'U1U(illl-li'V) m . .h:;G'1-1r1~ rhVl'U Vlli1'UVl~'flG'1(il')m~lG'1(il dU'ru-vi (il G'11'lJllJ'5CJ:WPi fl'ctll VlCJ 1 m G'1 1?1 i , 	 " , 

2 .2 . 3 flldG'1~l'l bb 'U'UlVl fll1l-l G'1ll-l 1')t:11'Ufll,)AVll bfl dl~~ bb~ ~ Al1:W(il d~Vlt1fl~ e:l ~'1 bb 1 Vl rK eJ:W 

'W~e:ll-l~'1bb'U'U~:WJll'ctru1~Vf~b~cn'lllru"iil'Ul'U 3 fl'U ml~G'1e:l'Uf111:W(il') '1 b;U'lb.Qe:lVll
" " 
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c;l IV 

3. n1'HmJ~1U~1lJ"VBlJ~ 
'\J 

1LJnl'HfhJYJU':i1lJ-UmJrl ~l~tI1(1)~llihJnl'J~-:J(f)€l1LJif 
\J \J 

A~llflJl:::Vi"v€l-:J'D~\91l~tI fll'J1-ullLJLJl~rnllJ?lllJ1'Jfll'Un1'JA~lll'1'Jl:::Vi 

3.2 ~ll'D'Unl'J?lB'UD~\91\911lJll~'Un1'J~~nl'Jl~t.J'U~~rhVl'U~11 
\J 

~~nl'Jl~tI'Un1'J?leJ'U1'U'J:::vlUJJ5t1lJfim~1 llA1~~'Vhll~'U-:Jl'Ullrl:::'Jlt1rl:::djt.J~1f1'J-:Jn1'J Green Chem Green 

Life l~ tlil ~1 ~ tI iI n1 'J~ll \J-:J 'Jl tI rl::: dj tI~"V eJ-:Jlf1'J -:J n1'J1'iX'Vl'J1LJ l~ tJfhVl'U~1'iX'D~\91 €lBnllLJLJ n1'J'Vl~rl eJ-:J~ 
\J 

.
?lB~I'1AeJ-:JnLJ n1'J~~nl'Jl~tI'Unl'J?I B'U 'J::: ~UJJ5 tllJ fi n~lLJ'UYl'U~1'U II'U1 A~ bflil ~ l~ til .... 

3.5 iJ~\91'111l?l'UeJ1flJ-:Jn1'J Green Chem Green Life 1~tlilnl'Jll?l~-:Jn1'J'Vl~rl€l-:J(f)1-:J11'iXllri 

iTm~tI'U fIJ llrl:::~?I'U1\J 
\J \J 

3.6 LJ 'J::: llJ'U fl11lJ ?lllJl 'J fl1'U nl 'JA ~llfl 'Jl:::Vi lb rl::: fl11lJ \91 'J :::VliTn (f) eJ ~ -:J ll1 ~ABlJl~ tI14fllLJUl~ 

fl11lJ?lllJl'J flt'U n 1'J A~llfl'Jl:::Vi llLJU?I BUflllJfl11lJ-rLJe:J~"1l BU ~ B~-:Jll1~ABlJ llrl::: llLJ LJ ~lJ.fll~ru fl11lJ 

\91'J:::Vl11n~B~-:J ll1~AeJWlLJD~\91 n~lJ lD1V1lJ1 tlVI~-:J\Jlm?l~\J~'U1fIJ -:J n1'J 

4. nl~::hml~~"li'mm 
'\J 

n1'Jllfl'Jl:::Vi-uBlJl;1 1 'Un1'Jl~tJif~ll'D'Um'J~-:Jd 
\J 

4 . 2 \911lJVI~nm'Jll'U1A~ lflil~ l~ tl1 l~tI~l~tI1(1)~ n~ll€l n?ll'J 'Vl'1~D~ l~ tl1-U €l-:J 'I11lJlnlV1'U~ 

'1J€lUl'1J\91'1J€l-:Jlif€lVllllrl:::lflJ-:J?I~l-:J'1J€l-:Jn\Jm'JlJ ril~"1liJmllJ?I€l~l'1rK€l-:JBci'J:::VI':h-:J 0.79 -1.90 
\J 
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U'Vl'Vl 
d 

4 

e-JG'\n1~1.ij~ 

m~l~tJ~~1V1t;1tJ~~?l'Wlb~eJPim~l~6'lm~ b~ eJ'U1bb 'lnf)Vlbfl~~b~cnlVl tJ1<ifbb 'Ul'Vll':) m~~Vlm ~ b~{J'Um ~ , ~ 

?leJ'UbbUU~eJ-:Jb~tJ'Un~u<i11'U<i11 {J "lm.:J m~ Green Chem Green Life ,,~~~ tJfll1:lJ?ll:lJ1~t;11 'U n1~AVl 

1bfl ~1~~ bb61 ~ f111:lJV1 ';J~VI iT(wi 8~.:J bb lVl~8:lJ'UtJ ,,,U ~ (9l ~~!i1utJ~ ru ruTuru.n(9l lVl {J e-J 61 n 1 ~l bf)~l ~~.iJ 8:lJ fl1<i1 
v v ~ .., 

111b?l'UmD'U 2 V1tJ'U~.:J\J 

m~l bf)~1~~f)~bb'U'Ufl11:lJ?ll:lJ1';Jt;11'Ufn~AVll bml~~ V1~1~rul"1l1flm~'VlVl?ltJU m~AVll bml~~ri tJ'U 

m~?l8'U(9l1:lJbb~'Um';J~Vln1~ b~(J'U1bbfl~VI~':)~lflU~(9l1<i1vhbu'Ufl1';Jlm.:J fl1';J Green Chem Green Lif 
\J 

b?lhi'U ?I';JtJ1<i1~.:JV11';Jl-:J~ 3, 

(9l1~1.:lvi 3 f1~bb'U'Ubu~(J1tJ(JfI~( X{u[j(\~) 6'11'Ub~(J.:JbU'U:lJ1m~1'U (SO) bb6'l~ril?1~~'VlVl?ltJUYi (t-test) 

'UtJ.:Jf)~ bb 'U'UfI11:lJ?ll:lJ1';Jt;11'U m~Ail11 bml~~'U8-:JU ~V1mi:lJ b t:hVl:lJl{J~~Vll l':) ritJ'Ubbn~VI~-:Jfl1~'VlVlfltJ-:J, 

f)~ bb'U'U t-test 
x S.D. x S.D. 

fl11:lJ?ll:lJl';Jrl 

13.55 64.67 3 .25 16.48 78.43 2.44 *8.53 
1'Um';Jl bml~~ 
~ 4' 

lbml~VI 

4 .66 65 .29 1.11 6 .52 93 .00 0.75 *4.92 
Vltil{J~tJ~ 
~ 4' 

lbf)'Jl~VI 

4.20 60.00 1.41 5.40 77 .14 1.07 *3.72 
f)11:lJ~:lJ~'U5 

3 .22 45.86 1.52 4.65 66.29 1.30 *5 .34 

p < .05* 

ri8'U1<i1-ru m'J?I tJ'U(9l1:lJbb'Ul'Vll-:J m'J~il1 fl1~b~{J'U m~?ltJ'U bb uU~tJ-:J b1tJ'Ufl~U <i11'UeJ l'U "1m.:) m'J Green Chem 

Green Life" ~Alb'Vhnu 64.67 tJCJ1'U'J~~u'WtJl.u bbfl~6'11'Ub~tJ.:JbU'U:lJ1V1'Hil'Ub'Vl1nU 3.25 mtJVl6l-:J1<i1-ru 
v ~ 

m'J?l8'UV11:lJbb'Ul'Vll-:Jm'J~(i)n1';Jb~~'Um'J?ltJ'UbbUU~8':)b~{J'Ufl~u<i11'UeJl'U "lf1~.:)m'J Green Chem Green 

Life" bb~1~rilb'VhnU1tlCJm~ 78.43 tlCJ1'U'J~~u~ bb61~6'11'U b~tJ':)bU'U:lJ1(9l'J\i'l'Ub 'Yl1ilu 2.44 l(i){J'Wullf1~ bb 'U'U 
\J ~ 

http:bb~1~rilb'VhnU1tlCJm~78.43
http:e-JG'\n1~1.ij
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o:::;lI .:;:". ({, I q, ({ vv6' c::. tiQJ V d 

bQ~ CJ'[JeJ\l nl'Jl bA'Jl~VlVI'LIl ~H.JeJ(J nl'Jl bA'Jl ~VlAl llJ?1lJ'V'j'LI5 bb~~ nl'Jl bA'Jl~VlVI"f)nl1 Vm\lnl1 b1CJ'LI nl 1 

?1eJ'LIlbtJtJ,xeJ\lb1CJ'LIf)crUt9l''LI~''LIlm\lm1 Green Chem Green Life bb~1?1\lf)11neJ'LIb1CJ'Uv81\liiuCJ611Aru 
~ v 

Qji./ IV ov 

A~bb'LI'UbQ"meJCJ"~b'Vllf)tJ 93.00 77.14 bb"~ 66.29 ~llJm\?ltJ 

~v'U~ 2 ~~n1'a1bA'al~~A~bb'U'UA11lJ~'a~Vl'l1n~B~,:jbn~~mJ 

1'LI~1'LI'[J eJ\lAlllJ~1~VlUf)~v~ \l bb '1 ~~vlJ tJ1~ biJ'LIVI~\l nl1~~nl1 b1(J'LInl1?1eJ'UVI llJ bb'LI1'Vl1\l m 'J 

~\?Im1b~CJ'LInl1?1v'LIbbUtJ,xv\lb1(J'LIf)~tJt9l1'UeJTw"lm\lm1 Green Chern Green Life" ~1'LIb?1~\J~'LI1\?1CJH 

bbtJU1\?1AdllJ~1~VltTf)~v~\lbbl\?1~eJlJ ;\liiA~bb'U'Ub~lJ 100 A~bb'U'U bbU\lbtJ'U 2 ~eJ'LI fleJ \?l€l'U~ 1 b'J\?lA~~ eJ 

~\l bb 1 \?I~eJlJ bb" ~ ~ eJ 'U~ 2 m1tJBu~ t9l1'LI ~\l bb'1 \?I ~eJlJ A~ bb 'LI'Ub~lJ\?l v'U"~ SO A~ bb'LI'U 1'LI bb~" ~~eJ'LI '[JeJ \l 

bbtJtJ?1eJtJf:lllJ bbU\ltJ1~b~'LIm1?1eJtJf:lllJbtJ'U 12 b~v\l ~llJbbmA\?IbAii~b~m 12 bb'LI1A\?I1t9lbbn 

1. nl1{JeJ\ln'LInl1bn\?l'[JeJ\lb~CJ 

2. nl'JH?11'JbAii'Vlf)eJ~~vlJ1,xAlJfl1, , 

~ OJ 6'dl.1 i.I OJ (j d'" ,C::. Q, d..c.::. ~ 

4. (:.J"(9l .mUo/l'Vll~'Jl nnl1?l\lbA'Jl~VI'Vll\lbAlJ l:l-I btJ'LI'V'j~bbfl~lJtJ 'J~?1'Vl5m'V'j 

5. nl'Jb~eJn1.u~hvh"~,,18 bb"~~'1'lilCJ~U"v\?ln(J 

6. nl'aeJeJf) bb tJtJ nl'a1.u'\"l~\l\l1'LI eJ81\lJjU'J~~'Vl6Jll'V'j 

7. nl'J1.ul(9lt;1~UVl~m~11111n~tJlJl1oUtVI:W (l.u'Vl~'V'jCJlmeJ81\lAlJioh), , 

9.Al1H~lb~\luBn~CJl1'Um'Ji1\lbml~"'(:.J~~nru"Vl 

1 O.nl'JeJeJmbUU(:.J~\?lnru.n~cJeJCJ?1(;11CJlt9l 

11.nl'J(9l 'Jl'J1 bA'Jl~"'~~mlJ(:.J"b~eJ-uv\ln'Unl'Jbn~lJ"ml~\?l"v~ b 1 (;11 

12. ~ ru?1lJU~ t9l1'U Al llJU"v\?In(J'[J eJ\l?ll 'J bAii b~v"\?IV\~ eJ-Uv\l nun 'I 'a bn~~U~ bVII?) 

'Jlmr'W111A~bb 'LI'LI AdllJ\?l1~VlUnt9l1'LI~\lbbl\?l~8lJlJl bV1 (JtJ ntJ bnru"Vl'J~ ~U nl'JCJ eJlJ1'tJlt9l b~8\lfll llJ\?l'J~VlUfl ~eJ 

~'1llJ(i)~m.J~ 65 A~ll'lJ'lJ l(ow Madumere (2012) 

(:.J(;1f)l'Jl bA'Jl~"'A~bb'UumllJ\?l'J~VlUf)~8~\lbbl\?1~eJlJ'[JeJ\l-U~~ n~lJ b-U1VllJl(J bb?1\?1-:J~\l1U~l'Jl \l~ 4, 
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" = V11\mJlMWl 

t'11'U n1 'j tJ llllii (i] 'U 

t'11'Ul\)(i]fl~ 


t'11'U n1'jtJllU~(i]'U 


3. m~'Ul'Un1'j~'Hml~~vn,:jlfliJ~lU'UeJ'U(i]'jltJ'UBCJ61,:j 

t'11'Ub\)(i]fl~ 

t'11W'l'jtJllU~(i]'U 

X SD 

84.88 4:96 

41.94 2.92 

42.94 2.01 

73.92 4.50 

39.12 2.68 

34.80 2.35 

61.49 2.89 

28.65 1.65 

32.84 1.42 

4. e.J~~.nru.nmt'1\) 1 f1 f11'j~,:j bfl'jl~~Vll,:j lfliJhj btJ'U~~bb61 ~iltJ 'j ~ ~Vl5 .fll1"l 77.24 3.76 

t'11'Ub\)~fl~ 39.00 0.26 

t'11'U n1'jtJllU~(i]'U 38.24 2.03 

5. f11'jb~ Bf11-rr~lvll61~mCJ bb61~~161h CJ~tJ61BVI.nCJ 

t'11'Ub\)(i]fl~ 

t'11'U n1'jtJllU~(i]'U 

58.71 3.01 

28.41 1.25 

30.29 1.5? 

76.67 3.47 

v = 
VIl'Ub\)(i]fl(i] 44.12 1.59 

t'11'U n1 'j tJ llllii (i] 'U 32.55 1.78 

81.08 4.00 

t'11'Ub\)(i]fl~ 42.35 2.60 

t'11'U n1 'j tJ llllii ~ 'U 38.73 1.52 

56.47 3.35 

" = V11'Ub\)~fl~ 29.71 1.85 

t'11'Un1'jtJllu~(i]'U 26.76 1.23 

63.84 2.66 

" ~ 29.53 1.02V11'Ub\)~fl~ 

34.31 1.31t'11'Uf11'j'\.JllU~(i]'U 
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10.nI'Je:JeJnlb'U'Ue.J~~JlrusVi~cJeJ tI rI r;n tJ1~ 

~l'Wb~~fl&l 

Jll'Wm'JtJiJu&l~'W 

11.nI'Jml~lbfl'Jl~~&l~~11.Je.Jm~~U~.:ln'Wm'Jbn~1.J~.n11~~~~~L1m 

Jll'Wb~~fl&l 

Jll'Wm'JtJ5u&l~'W 

... = 
~l'Wb~~fl~ 

~1'WnI'JtJ5u&l~'W 

X 

80.18 

42.24 

37 .94 

76.64 

41.60 

35 .04 

83.00 

45 .45 

37.55 

72.84 

SO 

4.83 

2.64 

1.84 

5.05 

2.88 

2.17 

3.89 

1.59 

2.30 

3.86 

v1l'WnI'JtJ5u&l\ll'W ijfl~bb'W'WbQ~mvhn'U 72.84 ;.:l~.:lf)llbf)ru'V1~fh\,'1'W~ AeJ 65 fl~bL'W'W;.:lillLYltl'Un'UnI'J 

~~'J~v1'Ufl1l:lJrll:lJl'J()1~tl1.ubf)ru'V1\1ll:lJ NAEP Writing Assessment 2011 (NCES, 2012) 'W'UlleJ~1'L1'J~v1'U 

'" ~l.Jlf) 

, • 0

bij eJ ~ ~ 1 'J ru 1 fl1l:lJ \Il 'J~Vlt(n~ 'i)~.:l bL 1 ~ ~eJ:lJ'J 1 tI cJmJ~.:l 12 v1l'W ~ 1mb'W1f)~Lflij~ L~tn 'jI'j'U '1l 

'jI'jrJ&l m'J:lJnl'Jijfl11:lJ-r'U~~'lleJ'U~eJ~.:lLLJ~~~:lJ~ijfl~ LL'W'UbQ~tI~.:l~~~1'W~eY'LIv1'U bb 'J n 1v1bbn m'JueJ.:l n'W nlJ 

bn~'lleJ'l L~ tlflrurl:lJU&lv11'Ufn 1:lJ'tJ (;'l ~~JltJ'lJ ~.:lrllJ bfliJ b ~ eJ~ ~Vl~ eJu 'i).:l n'W n 1 J bn ~ eJu&l b'\Il\ll m 'J1 otll' ~ ()&1'UVl~eJ, " , 

84.88 83.00 81.08 bb~~ 80.18 ~1:lJci'1v1'U Lb~~'tJ'J~b~'U~iJfl11:lJm~Vlt(f)Jll'U~.:lbLJ~~'i):lJ1'L1fl~bb'W'W bQ~tI~ 

~l~rI~ lJlbLn ~~m'Jvhrll'JeJ'U~'LI5 ijfl~bb'U'WlU~tI 56.47, , 

'-illnm'J~:lJm~ru'Wi'1~1~ tI1otlbL 'U'U~:lJ.nTl::lruLL'U'\Jmm.:l?t11.:lfhVl'U~'tJJ~b~'LI1'LIm'J~:lJIll~ru ~'l i1 
fJ1 rll..J'hn 'l ~ 'l LbJ 1'1 ~v:lJ fl ';n:lJ ~'\J t:l111"Ot.iU ~itl~ 'l ~~'wIKtl:lJ flYI:lJ ?i't.l1-\i1'W"J-n6'n ~~ 'l bb'J 111 f18:lJ fl-I 'In b~ iii 1"1 ~ iii ·tJ 

'U . . 
n'-il f)'J'J:lJ bfliJ~ b~tllV1~eJn'-il f)'J 'J:lJJll'U~.:l Lb 1~~ 'i):lJ'jI'j'\J ll'W~ \Il ~fl ruAl bL~~ &l ~~1:lJ'l111 rll 'Jv1l'LI~.:l bb 1 ~ t1tl:lJ.u'i) tJ 

'U , 

f)ll'tJ'J~b~'W~'U I ~.:l'tJ'J~ b~'Ui1'-il~iJe.J~~'i)fl1l:lJ?tl:lJ1 'H11 'W nl'Jb~mJ1t1.:lfl1l:lJiJll'L1 b ,18V11bfliJn'\Jbb 'Wlf\~bfliJ 
~ b:U til 'll tl.:l'W ~ ~~.:l ~8'1 ~l~tJ f) 1 'J ~f)~lfl'U fll1 b~:lJ b~ 1.J '-ill f) ~ '1~ L~ tJ'W bb~ ~ &l~~1:lJ'l111 rll'Jv1l'U~'1 bb 1 ~~eJ:lJ tl ti1'1 

http:t:l111"Ot.iU


36 

d 
UVlVl 5 


cyjeJ6i';iUnTH)ihJ';i1Ve.l~ ~~~:;cyjm6i'\.Hm'U:;
• 

~btJtJVieJ-.1b~mm~\JalTualltJ "lm,lfll';) Green Chem Green Life" ~iJ~eJnl)"~1-.1rn1lJ?11lJTH11'Unl) 

f)~lbm1~~bb6l~rn llJ(>1 )~V1i(n~eJ~-.1 bb 1 ~~ellJ vll b 'iJ'Unl':ll ~tJ ntJ mll..l b ihVI:IJltJ AeJ 'iJ ~wff'UtJ~ 3 bb(l~ 4• 

)~(i)tJU~'1J'1J1Uru<V1(>1 ?11'(Jlnl)fim~/llVltJ1m"(>1i l<tllbtlflbAii 1 'U)ltJl<tll 2721343 Natural Material..; 

\ll'Ul'U 30 A'U ;-.1 bntJ )ltJ)llJ.ueJlJ(l~-.1neJ'Ubb6l~V1~-.1 nl':lVl~(leJ-.11~tJu)~ b:IJ'UAlllJ?1l:1J1)(11'Um)f)~lbml~~
\) 

LV'! tJ1.ubbtJtJ1~fldllJ?1l:lJl)(11 'U nl':lf)V'!l bfl )l~~~-.1neJ'Ubb(l~V1~-.1nl)Vl~6l eJ -.1 ~l'U nl)U)~ b:IJ'U rn llJ(>1)~V1i(n~eJ 

~-.1bblV'!~mJl~tJ1-ifbb tJtJ?1eJtJ mlJmllJm~V1i(n~eJ~-.1 bb d~~eJlJVI~-.1 "Il 1 n n l)Vl~(l eJ-.1 "Illm1'U'l11.ueJlJ6l~1~:IJl 
'U 

1bfl)l~~li1l V~l?1(\~ ~l bQ~ v~mm~ (X 'fHJ<tJ ~l'Ub~tJ-.1btJ'U:IJlm3jl'U (SD) ll6l~Vl~?leJU?llJlJ&i3jl'Uli1dtJG'l(\ ~ 

Vl~6'leJtJV1 (t-test) 

~eJ'lb~tJ'Un~tJli1l'Uli1l tJ "lm'lnl':l Green Chem Green Life" ll~liifl~bb'U'UbQ~tJAlllJ?11:1Jl)(11'Unl)f)~ 

llfl)1~~?1-.1~'Un';hriB'Ul~lJVI~(lmeJtil'liii(tJ~1~ruVll'l6'l ~~~)~(i)tJ .05 bb6l ~ el V1'U)~~tJ ~ 'U eJ n"lll nd'iJ~ ~ 8-.1ii 
'U v 'U 

http:l'Ub~tJ-.1b
http:cyjm6i'\.Hm
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Q..I <=II ~ Qd d Q..J d V d OJ 

m~\l\1lm~ b~~'tJnl'~?ltl'U bb 'Ul fI \1l bfllJ?l b'1J m (;)llJ bb 'U1Vn.:J m~~\1lm~ b~ ~'Um~?l tl'U bb'U'UVltl.:Jb ~~'U fl 6'l 'U 

~1'UJ)-W "lf1~.:Jm~ Green Chem Green Life" ~?l1m~fl~V!J'U1f1J1lJ?l1m~fl1'Um~f1\1libml~VI'1~\1l~ 

Y1'U ':h m'J~\1lm~b~~'Um'J?ftl'U1'U~1~1'1J1 Natural Materials ~'HU'U~1~1'lJ1b~tJf1 ~1V1~\J'D~(;)611'lJ l 

fl1 'Jfi mnlV1 m f'l161 (;) ~ i'lJl btl flbfllJ bb6'l ~lV1(nf'lI?l(;)~ -bfllJ l\1ltl 5'J~lJ'lJ1~'1JeJ.:J ~ 1 ~i'lJ1~d 1 ~h m ~tl.:J ~11'lJ eJ.:J 

?llJU~V11.:JmWl1"~ V11.:JbAlJ 1A'J.:J?l~I.:JV11.:JbAlJ tJ5n~mbfllJ ;Z;1~.:Jbm1~l4 bb6'l~m~~.:Jbml~l4(,'fl'J~Y1'U1 'U 

5~'JlJ'lJl~t'il.:J 1 ~bu'UtJ'J~l~'lJut'i eJlJ11't~181\1l miJY11~J)I'U m'J~fl1.~n1 ~A~1.:J 11'U m~~1 'U m~~\1lfl1'Jb~~'Um'J 

(,'f tl'UlJ)?l eJ (1) bb V1~ fl bb 'Ul f)\1l bAlJ ~ b~ til 1\1l ~~'U fl1 ~ n 1 '\Ij 'U \1l ~ V1515 b~lJY1'U tJ ~ ~ 61'U fll 'J ill (Experiential , " 

Engagement) ~61eJ'UbU'U~~bb'U~15m~ b~tI'U¥lVin'U~b~~'Ub~m~~'U b~eJVll1\1l ~eJ1~~15m'J~'v16'l1flVl6'l1 (1
\l 'U \J \I 

1\1l ~ biJ~1 ~ fll ~1-ifn"il n'J'JlJ~ nl'v1'U \1l~'U beJ.:J ~'U fll 'J~'U r1 'U b~ e:J 1Vi bn\1l:JJ1 'UVlf'lU'Jl'U ~eJ\1l (Concept 

Exploration) l\1ltl~61tl'UlJ)n1V1'U\1l1Viu~(;) ~'UAwn'U~:JJmJ'v1m~~1n~tl~l.:J1 b'Ii'U ~eJtJ~~ bJwli~leJu'UVi fl 

fl1'J'U'J'J tll~ m'JH~eJ Websites '\Ij~eJ~eJeJtl'Ulmhb6'l~~~1Aru1'U~'U(;)eJ'Um~61~I'leJ.:JAAl1:JJ~eJ~l.:JlJ 
~ " 

~1 ~ \9l'U beJ'll\1l ~ m~?f ~1'l m~\1l1'U rn 1:JJ ~€ib~ nVl'J tlU n~ (Blogs) ~1'v1~'U tliltJ ~1 mb 'U'UeJ tl'Ulml (Socia l 

Networking & Discussion Boards) l\1l~lJ~(,'fe:J'UbtJ'UerfleJ~~bb'U~ ~l'U~'U(;)eJ'U61\1lVll~fleJ m'J611B(9)bb6'l~
\J" , 

fl1'J~\1lvl1bu'Ulf1~.:Jfl1'J Green Chem Green life bb(;l~~I'Um~'U1'Ufl1~111b61'UeJt-J(;I.:Jl'U (Presentations) ~ 

bn\1l~lflnl~~.:J61 'J~A.:J1'UbVI~IJ'U bbri~61'U1~ 'Ue:J n~1 fl~1 'U fll~~\1l n1'J b~~'U fll~61eJ'UlJ)L11~1e:J~1.:J.:J1'Ui~~~
" 

bb?l\1l.:Jfl1~~'lbfl~I~l4?fl'J~~'U1'U5~'JlJ'lJ1~1\1ltlcJ1'Ubb 'U1A\1l bfllJ~ b~~1 b~tl1'v11J)t-J~\9lnru.yj~li1eJ.:Jm'J Y1~eJ:JJn'U~ 

lJ)n lV1'U \1l1 Vi U ~ (;) eJ tl n bb 'U'U n 1 ~ VI \1l (;I eJ.:J~?f B\1lfll:leJ.:J n'U b ~eJvn (;)1 :JJVI~nMl 'J fl1 'J fi f1~1 ~'U Y1W51'U 'J ~ ~ 'U 
\J ... 

~.:J fl~11 ~ ~vll1Viu ~ (9) \9l eJ'Ufllm:JJ~lJrn 1:JJVI(;Il flVlm ~ ~'l"il ~ ~'l b?f~:JJ1ViU~\91lJfl1~A(1)~f111'l bb(;l~'v1mflVl6'l1 tI 

~'l~'U m~1Vi-ifeJf1 \1l bi1'U ~1 n~?feJ'U bb(;l ~ b~eJ'Uu ~ (;) 'J1:JJ~.:J-ifeJA \1l bi1'U ~1 n fl1'JU 1 b61'U eJ t:-J 6'l.:J1'U m'JeJeJflbb 'U'Um';i 
\J 



38 

2. 	fl11:lJ~~::;Vft1fWiB~.abb1~~el:lJ 

nlJloX~b~ tJ'U~ Bi:l1 J bbi:ll?l.:Jfll1lJ~~n ~.:J nlJ-r'U~ ?I'U1 'OJ bb(;'l~ n 1 J b ~'U fI ruA1'UeJ.:J~.:J bb 11?l rK eJlJ11'lil tJ 
\J 	 'U '\J 't 

~.:Jb6'1~lJfI11lJ~J~V!l1n~B~.:Jbbll?lrKmJ'Um~b~tJ'U 6'1eJl?lflrKeJ.:Jn'Ubb'U1f1I?l'lJeJ.:J Kollmus and Agyeman (2002) 

v1n~ll11 mJlJrufl11lJ~~n:lJfll1lJ6'11ArubU'Umh..:J~..:J~ tl nlJ6'1~1..:JfI11lJb~eJ nlJb~tJflrufh bb(;'l~nlJ:lJ b"J~f1 ~ "" 	 , 
~ eJ ~..:J bb 11?l rK tllJ ;..:Jn1J:lJ~1'U~1:lJVll.:JJl1'UmJlJrufl'"nlJi~ nl1 AB fll1lJ 6'11lJ1 J fl1 'U nlJ?1~l..:JU Bn~ tJ1Vll..:J 

mJlJrub~eJv1 tl..:J b[;.J~run'Ufll1lJ b~eJlJ1'VlJlJ'Utl..:J~..:J bb l~rKeJlJ v!~eJm"Jn~111v111 :lJn1JloXmJ:lJrufl11lJ~~ nl1l eJ 
" 	 " 

bU~tJ'UbbU(;'l..:JmJnJ~vhJl1'U~..:Jbb1I?lrKeJlJ (Chawla, 1999 eJl..:Je).:J1'U Kollmus and Agyeman, 2002) 

6'1eJl?lflrKeJ..:Jnubb'Ulf1I?l'U8..:J Chamber and Smith (2007) v1n~1111 fI11:lJm~VI'I1nl1leJ~..:Jbb1l?lrKeJlJbU'UmJ 

bb G'l1?l..:J B B n ~ ..:J fill :lJ v! 1..:J1 tJ 1 'U ~ .:J bb 11?l rK B:lJ bb (;'l ~ f111lJ ~~ n v1 :lJ ~ B(\ fll 'U n1 J ru b ~ tJ 1 n U i:ll b VI ~ n 1 J n J ~ vi'1 
'U 	 , 

I I , 	 , 

n1J~VlthVi 1'l(;'l€JI?l"J'UfI11lJ-r'U~~'lJ8UVi:lJ~8~..:Jbbll?lrK8:lJ bb(;'l~EJ..:J?1€Jl?lflrKeJ..:Jn1Jbb'U1AI?l'lJ8..:J Zecha (2010) Vil l 

fI11:lJ ~ J~V!'I1n~ 8~..:J bbll?l rK 8:lJ bnl?l"J 1nfl11:lJi:I'Uh bb(;'l~ f111:lJv!1.:J1tJ~eJ~..:J bb1l?lrKeJ:lJ 1111u~ n1J~m~1V!1f111:lJ ~ 
" " 

b~€J1oX bf11?l fll1:lJ b ';;11 "J~..:Jt?l1'Ufll1:lJ~bb(;'l~n1JuBu~ "J'U 6'11:lJ1Jfl:lJ~1'U ~llJ1'U n"J nJJ:lJ~l..:J 1 v1b~ tJl n'U n1J 

€J'U-rn~~..:Jbb1l?lrK€J:lJ1Jl, 

Green Chern Green Life 'lil tJ~..:J b?l~:lJ bb,,~vr\1lJ'U1f111:lJI'lJ:::Vll1nl'i€J~..:Jbbl~rK8:lJ'lJeJ..:Ju~1'l1I?ltJ"il1nn1J"1~tJ"il ~ 

~'Ullf111:lJ(Y1 J~V!l1n~€J~..:J bb11?lrKeJ:lJ'U€J..:Ju~(Y1 €I tJ1'U J~(9)'U~ Li'UA8 nlJ b~tJ'U~11btl'U1Vfu~~ ~€J?llJbb?ll?l..:JfI11 :lJ ~~n 
" " 	 " 

~:lJ~€J?I ClTU n1Jrubbm~u J~ b~'Utl tlJV!lt?ll'U ~,:m11?lrK €J:lJ ~~8:lJ~.:J1VfU~(Y1 AI?l8eJ n bb uu nlJ'VlI?l(;'leJ..:J'U'Uvr'U,~l'U 

bb 'nAl?lbfl:lJ~b~mbbill~86'11J~..:JbVl~lffiVf~f1f1"~'U1 8nt?lltJ 

IV 

'Ue:n61'l..!elbb'U::; 

1'Un1Ji~tJfI~..:J11l81UfllJ~n~lJU bb UUr11fl1lJ~'lil tJloXbnl?ln1J"AI?l.rr'U?I.:J bb(;'l~tl"J~tJv1:lJ[;.J"~ 8 f111 :lJ 
" " 

1'lJ"~VI'I1n t?ll'U~..:J bb 11?lrK€J:lJ'lJ eJ..:JU ~(Y1 b'll'U J~(i)UfI11lJ~~1'U b11eJVl1bfl:lJVI~€J~..:Jbb1l?lrKeJ:lJ f111:lJb';;1h b~ tJl nu nl J 
" 
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nl'J~frt'ilc:JlmVlflltll~~lJ'VI11 'Hn~CJf'1~'lJVllJ., 
~ ~ V I 

~n~CJ~~n~ l~~'kn ':H'l~n~. (2549). nnf7~liJ\!?If)'J7::U (Analytical Thinking), V1lJ~fI-r~Vi 4. 

m~lVl~lJ'V!ltlAJ : ifll'(j?l~b~CJ., 
" " flru~mJlJnlJnlJ~n~l-UtlV;tl~ltl, ~l1.Tn~ltl lb~~l'1JlnlJbL~~lJl(?)J~ltlnlJ~n~l , ~l1.Tn. (2549). 

~ ~ 

cv 6'.oQ CliQ Q,.I e:J d I ~ cv <=:io «::lI 6' 

'J7CJ\J 7'Un7'Jff\!If) 'J7::'I1U 'UJf)~U69::J tf:v~n 7'J' 'JCJ'Un7'Jf{eJ'U'YIff\Im'JJJ'YI n'd::m'if)ml f) 'i7::'11 

nf/3Jff7'J::nnl rCJ'UD'YICJ7f!7ffvri. m ~ bVI~lJVlltlflJ . 1J-1V1lJ~'1JlJtllJ?I'VImrunl'';iln~(?)Jllvi'l , 1)" , , 

'lJJ~bVlP11V1CJ. 

~JbVl'1J b'VIiJfJtl(llJltl . (2551). nnWWJU7'lf~'tJn.;rn'd::m'Jf)~?'f)'J7::U:V7n;j[)a~WmV
• 

lJ'VIllVlCJl~tJf'1~tlfl~tlVlJllJ\9ll. 

Vl~ CJl lb\1l'l(llJ'\JJru. (2551). m'Jfifmj7f.Jf/m 'JwWJ'U7m'Jf)~?'f)'J7::'I17rWZi!i:vnTiJJnnUfTJ\!Vl7llf/::
" 

'IJ[)\!ua~Unffn'd7f)'J'J::vrutijww7~r ch't1'rU'I1~nfTmf)'Jfifn'd7. nJ'l LVI'WlJ'VI1'UflJ: flru~flJP1l?l\1l ~ 
'U IV IV 1.1' '\ , 

~\4l~'lmrulJ'V!11VlCJ1~tJ . (8Vl~lltll), 

iJ~dJJru L~\1lTrruru. (2549 ).m'J' tirmJ' nCJUfJJ7JJff7JJ7 'JfJvJ7'Um 'Jf7~?lf)'J7:m7'U?'lf7!7 7'd7l 'YICJ 
" " 

'IJ[}\!um rCJ'U.ffwJtfCJJJfifn'd7V~ 3~lvJfum 'Jf{[)'UtrWZit, 'YIf)Uf)nnf)riU uU'I1mn'l1n Zun<Vum'Jf{fJ'U 

tin~. nJ'l bVl'WlJ'VIltlAJ: UrusVl\1l1VltJl~tJ lJvnlVlCJl~tJP1~tlfl~tlVlJ11 J\9ll ., 

LVlflLtl1~8lL~~~'lfllJ . JnfTnfifn'd7FT7fT~1 JJ'I17?'YJCJ7~CJ'lJeJ'Ulln''U, 32(3): 48-56. 

1'\J~~ 'lJJ~~~~lltJ'lfil . (2554). lfliJllflJl~v1~L~CJd. J7'Jff7'J?'YImff7fT~1m~n'J::u\!, 20(2): 29-44. 
\) ~ 

ill tJtlfJ n. from http://aqa,onesqa.or.th/ Summary 
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students. Procedia Social and Behavioral Science.2. 1276. 

http:http://aqa,onesqa.or.th
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1. bb'U'U1?lf1l11lJ611lJ1'Hl1'Un1'af1~1 bf1l'a1~~ 

2. bb 'U'U1?lf1l11lJ611lJ1'a(;1f1111lJm~Vl'l1n~1'Ua,:m1V1~ellJ 
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1. 	 bb 'UtrrVlrnl:WG'11:Wl'Hl11Jm~AVllbml~f-hnJ'UdiJ~m~ru~btJ1Jbb'U'UG'1t)'UtJ~tltJ'lJ\JVl 4 1'l1b~t)n 
"'Ill1Jl'L1 30 it) f1~bb1J1Jb~:W 30 f1~bb1J1J 

2. bb 'U'U1Vlfll1:WG'11lJ1~f:l11Jm~AVllbml~~mJ'UffiiblGn11Jm~G'1t)'U~-:J~1J 60 mVi 

3. 1'IX\J~(>jb~CJ'U~€J-'UllJG'1 n(l ~~G'1tJ':i~"'IllI'l11'lXiVlb '<\J1J(l-:J11JnJ~Vl1~Al(>j t)'U, 

4 . VfllJ~Vlb~tJ1J"v1~€Jvilbfl~t)-:Jv!lJ1tJ1Vl'1 (l-:J11J bb 'U 'UlVlQu'Ud 

5. 1'lXe)l1JAlm:Wbb~l b~ €J nAll9l€J'U~ f:lnvl€J-:J~G'1Vl bY; CJ-:JAll9l €J'Ub~tn lVlCJv11 bfl~€J-:J"v1lJ1CJmn'Ul'Vl (X ) " , 
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bEl : b~Elrim.J~l~ DDT VI~m'll~lY1A~eJhlY1~~ji1Gil(}1'jAi:lElbEhvrw'l.JBmnfr\l~HdJ'U!Jl~lbbJJ~\l 

P1(}1'jVl'll bb~1~\l1.u DDT nl~V1tJ\ln'l..JtJ~El\l~t11b~mJlmb~tJlll?ifl'l..J'<\J~\lbVl'jEl
\J , " 

,j : '\l~\l~ Vl6l\l'\llnvhlnlY1CJ1f1lMl~~llll'jfl~'\lbfl~l~~~l'j DDT lilbb~~'Vr\.J';h?lllll'jfl'.1JlllJJ"\l 

l'lilJ tJ\ll~ ~\l1~lJm~t11m1m'l..Jm~nl~V1tJ\l 1V1tJi::J'\fjl~1'l..JY11tJblEl~~m~\llJtJ\ln'l..JtJ~B\l, , , 

" 
?ll'j DDT n'l..JB~l\lbb'\fj~VlmtJ BnVl\l?ll'j DDT EJ\llJ'jlmfln 

" 

DDT ?I~?lJJ1'l..Jb-dm~B'llB\l~1\lmtJ b'V'j'jl~"~BB\l DDT hl?l~ltJl9i'l l?1\ltT'l..J nmlY'l..J'j~lVItJ1t~'l..J 

Bln11'1 (;IJJ~\l?llJJ1'jfl~V1'\fjllY'l..JltJl~vln'VI'l..Jbbv1\l nm~~ElB\lm~Vl'UmlJJb~'l..JlY'U'\l~n~'U1'11, 

bU'l..JVltJV1 DDT \?\n~\l~'l..J ~\lhlmmtJd~'VImV1h~Un1'VltJlf1l?l\?\TI~'V'jU DDT 1 'U1'11'l..Jn 

b'\fjlJn1'l..J bb(;l~'VIlJ~11(;jmU'l..Jflf\lmlJ bb"~(\'1'V1~Ufl'l..J~11tJ,j''l..Jn'VIlllCJfl11ldl (,'\m'l..JmV1~ 

l~~Un1'jQV1yj'l..J~ltJ DDT Bn 150 tJ ~m'l..J~tT'l..JnEJ\ll~u(;lBV1ntJ DDT B~~ 
\J 

Y11'jn~A~BV1BBnJJlnBl'\l~BltJl~~1~?lJJtJd~nBU 

: (}11mb~ll!! ,r'l..Jb'jlnl~?lljJl~flmUflJJe:l'UmltJ'\llnn1'jH?ll'j DDT 1~~, 

dVc:tVod 1 

b'li'l..J ?ll'j Pyrethroid ?ll~ Deltamethrin bU'l..J(}1'U 'Il\lE.J\lfl\lmlmbb~\lEl~ 
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.veJ 1. 'Lh::;b~'U1(iltJl'1~'WU1'UUVl~'UVl'Ul.vl'1J1'U (ibfl';il::;"h,-j1.l1tJCJmJ) 

1. i5nl';inl~(il~'ln'UD~eJ'l, 

2. ~m'Um';iru'UeJ'1HJlJ1mL~CJ 

3. D';idCJ'UUbL6'l::;1vI't:I'UeJ'l~l';i DDT 

n. 1 2 bb6'l::; 3 'U. 1 2 bb(;l::; 4 


fl. 2 3 bb(;l::; 4 '1. 1 3 bL(;l::; 4 


'U. fll1~1~';ieJUfleJu'UeJ'l~niVl~1~1~~1 

fl . m';i'Ul(ilfl11:lJbeJ1 h 1"vieJ~-:)bbl(il~v:lJ'UeJ-:)en-ti~1';i
" 

-tieJ 3 . .veJ1(ilAmb'U1A(ilVl~n'UeJ-:)uVl~'UVl'Ul (i bfl';il::;~Vl~n nl';i) 

n. e)'UmlCJ'Um~l';i DDT 

'U. ~1';i DDT fl'um';inl~'(ilLL~6'l'1 

fl. ~m'Um';iru'1.v:lJ1mL~~1'Uu"ll"llu'U, 
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q

bvltJ VllntJf:l':} l:iJL~'UJ)lCJmjl,:}~,:}n'U.uBml~nr'U 
<$ 

VllJlCJm l:iJL~'UJ)lCJn'Uoife:lI;'l11:IJ~'U 
<$ 

VllJ1CJt:I,:} l:iJ bL tJ~'<\l~ L~'UJ\1 CJVI~Bl:iJL~'UJ)lCJn'UoifeJrnl:IJ~'U 
v 


q ~ i..I Q.J V v 


VllnCJf:l':} bVI'UVl1CJnmmA11:IJ'U'U 
• v 


d ~ V I ~ Q.J V Q...I 


VllntJt:I,:} l VI'U~l tJB CJ I,:} CJ':} n'U'U BAl 1:IJ'U'U 
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"(?I'm 
, 

mn\l 
= 8\l 

1 

1. mJVWI~e:J\lUl\lflf\lm~~eJ\lvhn~rulL~eJfl1.ui.'ll~Lflihj'u~~1...I~ 


e)\.J(11~18tJmJ fl'J1mVl(;mVl'Ui.'Il~ LfliJ~L{j1...l5'UVI~lmJ1n1(?I 8en:u 


L{j'Ui.'Il~ bfliJ~iJ eJ81'UDl'U 

" 

2. eJe:JflbLuu1-MUflb~mJi.'llm~f1(;,J~(111uteJ~L'Il611tiTI1.J-MeJ\l'lJDu~m~ 


lVlmmi.'l(11~LL61~eJl':ut11~ lVl (?I 61 eJ\llU'U l~m'W~\l,h'VI1'u fI1~Vl(?l61 e:J\l 


, , 

vll61~m8lY1eJ61~51.JVI~18'ill n~dvll61~m 8B1.J 1 

4.1'U m~ud'Um~Vl1\llfliJm~e:JeJ nIIuU'tJDn~t.n11Xi.'Il~1~f11.ui.'ll~ 

, ~\l~'Ul~~\l'VI~(?I'VI~mne:Ju~\l'VI~(?I1'UfI1~ln(?llu'U~~(11.nru'V1~ 

"hi \?I'm 
~ ~ 

L'VI'U hJ l"v'I'U mn\l 
v v = 
~lCJ Ll'U1'il m8 8\l 

2 3 4 5 

6. eJeJmluum~Vl~61eJ\lt~81.u small scale lab l~eJ'lJ~~'VIrJ~ 

i i.'Il~lflihb61~'1id861(?l'lJe:J\ll~m'i~\lln~A8~
i '\J 

17. m~'I11'W~\l\l1'Ul~tfIJbl'V'lm1.u ~m{j'U'vn\ll~e:Jn1'V1li ~l~~ 

th~~Vl6m'W11...1 m'J'Vl1'lJD n~ 81Vll\llfliJ~1\l1 

19. m'J~~(11lltli.'lleJt~'Jl 'il'U'ill nn~ l'lleJ'JeJ61~\ll{j'U~61'W61 eJ 81~'ill n 

Im~ud'UfI1'J~~()11ute:J~b'll61 

1 1~. fI1'J1.u bioplasticLlVl'UfI1'J1.u'Wmi.'l&1nn~~ Polyethylene 

'VI'JeJ Polypropylene
I 
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1. rnl:IJG1l.Jl~'lhd?ll~1i11'U~-1 LbJ~~mJ 

1.1 U~(Y1?1'Uh~~(>11:IJ'lhml~1i11'U~-1Ln~~8:IJU1-1V1~8hi 8~1-1b 


1.2 U~(>111i1~'U'lllJ,n~1i11'U~-1Ln~~8:IJ'l1n'll8-1'V11-11~Ul-1 


1.3 l~811i1-r'U'llTd?l1~1i11'U~-1ln~~8:IJ U~(>1iJ15n1~(Y18'U~'UVI~8~~m:IJ'lllJG11~8~1-1~m~fl-1 


VI~flhJ fl~l-1b 


2.1 'lh~b~'UVI~8U'1JVlI1i11'U~-1bbl~~fl:IJ~~~~l1:IJ1'U'IH1J~df1 m~fl-11~Ul-1 


2.2 U~(Y1~'U'lh~L~'UVI~flU'1JVlI1~1'U~l(Y1\.JJ~,hl'U~L~mn'U~-1bbJ(il~8:IJVI~flhi fl~l-11~ 


2.3 u~(>11Ii1Plm}1 ~(il(>11:IJ ?llbVl(9)'lJmU ruVllJ'UVI~flhi fl~l-11~ 
, " 

2.4 U~(Y11Ii1A(ili5{Jfl-1n'Ubb~~bLnt'lJU'1JVllJ'U'1 VI~8hJ 8~I-1h 


3. rnl:IJ~'U~~'llfl'U~8~-1bbJ(il~8:IJ 

3.1 'lJJ~b~'UVI~8uruVll1(ilUl-1~U~(Y1n-11~:IJ1n~?I(il b~~1~ bVI(9)t:·m 1(il 

" " 

4. m~i'iLl\}(9)fl~~flnl\}m~:lJ1i11'U~-1bbl~~8:IJ 

4.1 U~(9)bflt'.dJ:lJlm-1n1~VI~8nl\}m~:lJ1(il'1 ~b~mn'U~-1bb1(il~fl:IJVI~81lJ 8~1-1h 


4.2 nl\) mJ~:lJVI~81flJ-1n1~1~Ul-1~U~(Y1A(ilbb~~~-1iJ8'lJlJU~VI~8~b~:lJ1i11t'.J(>1'Ub8-1 b~ t'.Jl n'U 
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