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The purposes of this research were to study the percentage and learning gain of. 
i 

misconception, alternative, and good conception as well as compare the ability to 

understand knowledge in daily life between pre-test and post-test of students who 
i 

have learnt with students team achievement division (STAD) technique on seven; 

concepts chemical bonding. The one-group pretest-posttest design was employed. , 

Research samples were 32 lOth grade students in the first semester, academic year 

2014. Research instruments were two-tier multiple choices conceptual tests, STAD 

lesson plans, and learning media including the chemical bonding card, the i 

electrochemical kit, the foam-model, and the ball-model. Data were analyzed by: 

percentage, standard deviation, means, and learning gain. The findings showed that : 

good conceptions of students who have learnt through STAD techniques were' 
' 

virtually increased whereas their alternative conceptions and misconceptions were 

decreased. The highest percentage of good conception and learning gain were the : 

concept of nomenclature and writing formulas of covalent compounds, which 

obtained by 60.16o/o and 45.32o/o respectively. On the other hand, the shape of 

covalent molecule is the lowest the percentage of good conception and gain, which 

obtained by 14.16o/o and 11.72o/o respectively. The highest percentage of incorrect & 

error answers from all seven concepts were in the concepts of the properties of ionic, 



-. 
covalent and metal compounds. The ability to understand knowledge in daily life 

showed that the post-test score was statistical higher than the pre-test at .05. 
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"' 

i.J'J::;t1:wf'lm~ntJ~ 6 ~'Wilrm:wf'in~lu~ 3 bbG'l::;~'Wil5CJ:wf'imntJ~ 6 1 'Wi"111VI~n ~u11 1lJih::;~'I.J~'W 1\91 

~1~fl::;bb'W'1Jbu~t.J~..:Jf1l1~e.Jt.JG'l::; 50 ?i1'W~G'lf1l'JVl\91?fe.J'U 1'W'J::;~'I.J'W1'W1"1ll~ Programs for 

International Student Assessment: PISA ~\lbU'Wf1l'JVl\91?fe.J'U11m~t.J'WeJ1t.J 15 tJ bde.J~Iil1'Jrul~~ 
' 

1 'WVlni"1!1 bb~::; bde.J~Iill'Jrulf!::;bb 'W'W"1Je.J..:J11 m~CJ'Wiillni.J'J::;b Vl~~l\1 ., 1 'W.fliJ.fl1fl bm ~t.JI'ld''We.Je.J m5t.J'I1~ 
' I v 

~u11 f)::; bb 'W'Wi.J 1::; b Vll'l bl t.J\91'W1:W~\I b ~'~ b ilVl\91?te.Ju b U'Wfl~\1 bb 1n bbG'l::;i.J 1::; b Vl~~\11"11 i.Ji ~~G'l A::: bb 'W'W?t\1 
v 

f1llfl1bu~t.J (Organization for Economic Co-operation and Development: OECD) bU'W 

e.J..:JA m1 b ~e.Jfl11:W~1:W~e.JVll\l b~'J~:onlil bbG'l::: m1fr~'W1 ~i.J'J::: b Vl~?t:w1~n 34 i.J'J:::b Vll'l b U'WeJ..:JAfll'J~ 
"" v 

b~:W 1fl'l..:J nl'J PI SA 1\91 t.J~\91'\.J'J::: biJ'Wfl rum~'J:::'U'U m1f'in~1 b 'IJ''Wm'li.J 1::: biJ'W?t:JJ'J'Jt1'W::;"1Je.J..:J11n L1t.J'W 

b~t.J1 tl'U m1 1-fffl11:W~bbG'l::;~ n~::; 1 'W~il'llil~..:Jmnn1l m'J b~CJ'W~\911:WVI~n?tm1 'W 1 'J\1 b~CJ'W UlillilD'W~ 
'V cu 'U Cl 

i.J'J:::bVl~lil1f1V(11~n~bi1~1:WVl\91?fe.J'U1'W1fl'l\lf1l'J PISA :W1f1f1ll 70 i.J'J::;bVJ\'1 1'W"1Jru::;~11m~t.J'W1Vlt.J 

1lJ11~i~::: b U'W 1 'J\Ib~t.J'Wil5t.J:wf'in~1 i1'1n\91m:W?t1ilt1J b~:W 11:W~\111'1 b~CJ'W"1Jt.J1CJ 1e.J m?t EJ\1~1"1::: bb 'W'W 1lJii'l 

fi1 bu~ CJ'tle.J\111 m~CJ'W 1 'W nci:wi.J1::: b Vll'l OECD CJ m 1'W h\1 b~t.J'Wbfl~e.J"li1CJ lil'141.fl'JtU bbG'l:::?t151'1 ~\IJ'W 
' ' 

'\.J'J:::b VJP11 VlCJiii'l"ii'1b U'W~m?i..:J b?I~:Wm'Jfr~'W1flrum~m'Jf'in~1~'W~'W:01'We.J~1..:J~e.J b ~e.J\11 'W 1 'J..:J b~ CJ'WVln 
' "" ' 

i.J1::; b.flVl ('W 1CJ'U1CJ~111n'I1'Wflru::; m'l:wm1m'lf'imn~'W~'W:01'W U\1'\.Ji.J'J:::mru 2558) 
"' 

b '~ b~ CJ'Wb~\I'W nVl1 b iJ'W 11 .;j b~ t.J'W "{J'W 1\911 '11111!~ b~~ 1 'Wir..:J n\91~111 n..:J1'W b "{J\91~'\.J~ m1f'in~~ 

ilrm:wf'in~lb'tl\91 28 bU\91?fe.J'W~\Ibb~'J:::~u~'Wil5CJ:Wf'in~1U~ 1 ti..:J'J:::~'U~'Wilfm:wf'in~1U~ 6 'IA1..:Jiilln 

~''hrl1 b.n m~..:J'W nV11 i.J1::::w1ru 2 n1m:wl'l'J m'Jfl:W'W1fl:w?t:::\911 n?t1m1m ~e.1:w 1CJ\InuVln'VIlJ'!J1'W 1 'Wb "{J\91 
' v 
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:wvni'VlCJ1~CJ tlm~Pim~n 2556-2557 Avlb'U'W-rew~~ 63.39 bb~~ 58.66 1111:W~1~'U ?11'1J1~ii'm~CJ'W 

b~Bm~CJ'W L'Wum~Pim~n 2557 ~~b~CJ1-b'mti'u?I1'1J1l'VlCJ11"!1?1111{ b"li'W 1mm~:wl"l1?1111{ l'VlCJ11"11?11111 

'VW1'U1~~1?111l{bb~~?l151~ru?I"'J fi~-re:JCJG'l~ 26.36 (h~b~CJ'Wb~~'Wfl'Vl1, 2556; 2557) ~1noUm..m 
• 'U 

b -d' e:J-:JI'i''W ~ ~ b i1'W 1v111i! n b~ CJ'W 1m -M'rn1:w~11"111Jti'u1'1Jll'Vl CJl~l?l\91{ bb~ m1 m~'Vl~?fe:JU'Vll-:J m~Pimn 
V V I I 

~~~'U'lll~oU'W~'W~l'W ( 0-N ET) fl~'U~'Ull fl~bb 'W'Wl'1Jll'VlCJl~l?l111{ ~~1~llflll~l bQ~ CJ~~~U~-:J'VIl~ .. 
"'~n~ bb~nh~ b 'Vl~ 1~CJ bQ~l~:Wll1l~~l'Wfll~b~CJ'W-r~ 3.2 ?ll~bb~~?l:w'IJ~"'JB-:J?I1~ "'JB~ii'm~CJ'W.ff'W 

... 'U 

~5CJ:wPim·ntl~ 6 L'Wum~Pim·n 2555-2556 ~u11 ~fl~bb'W'WbQ~CJ-re:JCJ~~ 26.64 (SO = 13.41) 

bb~~ 28.04 (SD = 11.34) 1111:W~1~U ~~\?ll'';i1'.1Vl1 

tlm-afiin-en 2555 tlm-afiin-en 2556 
"' 'a~~'U 

x so - so X 

~~~uh-:Jb~CJ'W 26.64 13.46 28.04 11.34 

"" "" "" 28.42 14.60 28.28 14.09 ~~~'U~'.I'\111~ 

~~~u"''.ln~ 31.52 16.13 29.91 13.99 

~~~U'lh~b'Vl~ 31.46 16.19 29.84 14.09 

'Wflfl~lnd~lCJ'.Il'Wt:-J~fll~b~CJ'Wl'1l1bfl~ tlm~Pimn 2555 "'JB'lii'm~CJ'W.ff'W~MJ:WPimntJ~ 4 

'\.J1~~lfllflb~CJ'W~ 1 ~u11 ii'm~CJ'W~t:-J~"':w~'Vl~'Vl1~fll~b~CJ'WbQ~CJi"'J1bflil btl'W 2.21 ~-:Jbtl'WI"il 

~1fll1bnrusvi':w1111~~1'W"'JB'lh-:Jb~CJ'W ~'.lrl1VI'W~11~ 2.50 (h-:Jb~CJ'Wb~-:J'Wfl'Vl1, 2556) ~'.!~1nm~ .. 
611~1~bde:JVI11'Wi'111bflil"'JB'.Ifl1flb~CJ'W~ 1 "'Je:J'.Iii'm~CJ'W.ff'W~5CJ:WPim~ntJ~ 5 bb~~-&'W~5CJ:wPimntJ~ 6 

h'lb~CJ'Wb~~'Wfl'Vll ~1'W1'W 119 fl'W ~Ull b.Q'fl'VI1~CJlfl~?l~~lfl:W1fl1'\.J,j'e:JCJ Afl ?f:WD~'1Jfl'.l5111lbb~~ • • 
?11~'\.J~~ne:Ju -re:JCJ~~ 54 b~fl'.l ~'W5~bfl~ -re:JCJ~~ 43 bb~~e:J~\1le:J:Wbb~~m~l'.l51\?1 -re:JCJ~~ 3 bb~b.Qe:J'\111 

' 
b~fl '.1 ~ 'W 5~ b fl i1 b tJ 'W b d e:J'VIl ~ w fl ~ bb~ ~ ~ e:J 'WoU 1 '-~En n b ~ 11 ~ b d e:J'VIl ~1 'W 1 VI ~il m 1:ws/fu i e:J'W bb~ ~ 
~ fl b~ CJ1 fl'U'\.J 11 flll fl1~ru1 'W~~~'U~ ~fll fl~1J.j G'I1:W11tl:W e:l'.l b ~'W vl1 CJ m b '\.J~l ~'.!Ul~fl~'.l ~G'Ie:l'W \il fl'-11-if 't..J • 'U 

bb'U'U~1~B'-~ V1~eJ"'fY~m1ru~h~11 'Wm~e:JfiulCJ b~B"1i1CJ1 ~ii'm~CJ'W?I-r1'lbb 'W1A~ (~fl1~~ B'W'I.JfY'W~, 

2541) bb~~~1nm~611~1~b i!e:J'VIl~e:JCJ 1 'Wb~fl~ ~'W5~bflil~mn~1VI-ruii'm~CJ'W 1~ CJ b~CJ'.I~lfl:W1n1 '\.J,j'e:J CJ 



3 

3 eJ'W~Ubb1n V1Ul1 Unb~tJ'Wb~eJnbde:JVllb~e:J~ 'tJ5n~tJ16111'\.h:;nm.J1e:Je)e:JtJn n11b~CJ'W~\911bb61:; 
b~CJ n~m'f11brl b 1 b61'W vl brl1~?1~1~ bb UUiil VI bb61:; bb UU b"''W 61e:JV'lrl~e:J~ flU n11~Vl n11L~CJ'Wn1161e:J'W'Ue:J'l • 
~1~CJ tJm1Pim•J1 2556 ~'lbtl'Wie:J:IJ61.ffi~lil1nn11(91)11iJbLUUtin~Vl b~e:J~ ~'U5:;Lfl:i1 V1Ul1 UnL~CJ'W 
'U 'U 

~'J'W 1 VJf1rlj LL 'W'J~Vl~r1611Vl brl~ e:J'W 1 'WL~e:J'lnl':ib ~ CJ'W61\Pl':ibb UUii!Vl LL61~ bb UU L~'W 1~ bbfl brl'";i~?f~l~ bb UUii!Vl 0~ , q , 

5LI o II ::111 
1 e:J:;\91e:J~IiJ:;\91e:J~Ue:Jnlil1'W'J'WVI'JtJ L u'W\91'W 

b ~e:J~Iill n'Vr'Uli~ brlij Ltl'Wb de:JVl1~ijrl11~iuie:J'W bb61~:W'm~CJ'J tlU'\.h1n!Jn11tu1 'W':i~~U~G'lillrl 
~hJ ?11~ 11 fl~ e:J~ b ~'W ~1 t.J \911 b '1J6'i 1 ( Mn'V11 B'Wu ru'W~, 2541) tJ n 1'11 e:1 ~1 ~ b 'li'Wu m~ t.J'WU1~A'W . '"' 
1~ b i1 h11?t?t11'Vln'UiJV~-;J1 b tl'WI'i'e:J~?t~1~Yr'W5~ b Vl'n~um~CJ'W~e:J~ 1~ b ~'W'Vr'W5~ 1V~.., lil1n\91~'1J b Vl~ n 

' I 'U 

1~111il~~e:J~~1 CJ\911b'U6'11Vl~e:J 1.Un~e:J~Iil61'Vl111"1'11 (Taber, 2003) ~'lv111 ~11m~CJ'WbflVIA11~.Jbi1h~ • 
r1611Vl LA~ e:J'W 1~~1 CJ1 'W L~e:J~ 'Vr'W5~ LA:i1 ~~lil~ b ~'W 1~1il1nn1':ib ~ CJ'U?I\911 LL61~ L~CJ n~e:J'Ue:J~6111 L 'li'W 

'U 

um~CJ'WbJbi111ilie:JCJm1'Wn!)e:Je:lnL\91\91 (Octet rule) L~CJ'JtlU~m?I11D1~ne:JUbAL1b61'Wvl b'li'W PCl5 

bb61~ SF 6 (Taber, 2003) b'V111~11m~t.J'W 1 ~A11~6'11flt1JtlUVl~nm1'1Je:J~n!)e:Je:Jm\91\91mmn'U 1 'tJ (Coll 

and Taylor, 2001; Taber, 1995, 2000, 2003) bb61~V1Unlilm1~n11b~CJ'W~\911~bb'W11"le:J'W?I\91-rn{;Fj6/l~ 
'U 

Lvhnu 34.44 Lbfl~ 25.56 m~G'h~u (e:J1111ru ~'W'Vl~~. 2554) 'We:Jnlil1ndnlilm1~1~LV~61m1L~CJ'W~ 
'U 'U 

T5 bbUUm~V11~ V1Ul1~eW61~~ b 'W~~Vl~~b~CJ'W b~e:J~n11b ~CJ'\..I?I\911bb61~ b~CJn~e:J?I11D1~ne:JU 1e:Je:Je:JiJn 
'U 

:n~ 1 'W~ f) n 191 e:J~ ~e:J CJ61 ~ 80 bVl m~ CJ n 1eJ e:Je:J'WU"J n ne:J'W \911~~h CJ 1e:Je:Je:J'U flU bb~1 ~~ b 'tJ~ CJ'Wb~ CJ~Vh CJb U'U 
'U 

1-~ Lb 61 ~ ?11~ 11fl L ~ CJ 'W" \911'1J e:J~" 11'1J 1 ~ n e:JU 1e:J e:Je:J iJ nlill n ~ ru ~ n~ru"tJ e:J~ ul \91 bb61 ~ b61"1l e:J~ \91 e:1 ~~ 
'U "' ' 

tl1Vl'WV11 m~flnl'i'e:J~ ~1'Wn11B1'W~e:J?I11D1~ ne:Ju bA b 1 b61'W\?l :W~e:J CJ61~Vl6l~b~CJ'Wflnl'i'e:J~~e:J CJ61~ 58.59 
'U 'U 

~~11 n b~CJ'W611~11fl L ~ CJ'W~ru~ n~ru"tle:J~u1\91e:J~r1'1J1~ ne:Ju 1Vl CJ L~ CJ~~1~u51 \911~ b~e:J n1Vl'WVl'lltJVl"tle:J~ 
"' . ' 

51\91Vl~e:Jb61'1Je:J~\91e:J~ 1 ~ un b~CJ'W611~11tl b ~CJ'W?I\911bb61~b~CJn~e:Jfl111~t1n\'le:J\I bb~I:J'~:rJ,Jn b~tJ'WUl~~'J'W~ 
• 'U 'U 

~ l ~ d d .<:::!! ~ d '1 f' 1 ..:;:;, ~ ~ il 

~~ b 'W~\91A611Vl br161e:J'Wb 1e:J~n11b "tJCJ'W?I\911bb61~ b 1CJn'lle:Jfl11 bl"l b 1 bfl'W\91 bb61~ e:Je:Je:J'W n rJVI b D'W1e:J CJ61~ 29.29 
'U 

bb61~ 10.1 o m~~1~u (?t~blil\91'11 e:J1~i'lmJ bb61~fln~l"l~ 61.fl1~1, 2554) ~~m11~~ 1.2 
' ' 



\JI1'a1.:1~ 1.2 bb '1..!1~\Jibb~~~ b \J~~~fl~1\Jibfl~ti\J b~tl.:ln1'ab~V\J~\JI'abb~::b~Vn~m'l1'alt!Btliln 

bb~~bflb1b~\J~ 

2. B1'Ub~OU~TU1'Ue:J~~m..J b tJwn~1n~n 

hit1fl~e:l-:J 
'U 

4 

~-!11~\.Jb~e:J~~JJ 1 'WJJ~~flm~bfl~e:J'W ~G'Ie:J'W~e:J-:J1.ffbb'U'U~1~e:J-:J ~~m1tyGl'n~ru~1-:J11 'Ufl1'je:JB'U1tJ 

(Mn'V'l'j B'W'Uru'W~, 2541) '111 CJ 1 ~~ b~CJ'Ub~'U~-:J~Lf1~;fi''U'j~~'U e:J~~ e:JJJ~.:~m~vh 1 ~1"111 bA:W~1tJ;ff'U 
Cl q tU cu 

~-:Jt:-J~~e:Jr111l.Jb.ff1h~A~1~bA~e:J'U~~~-:J1~bU\Je:J~1-:J~ (Selco, 2013) 'j'J~~-!!~11fifl1'j~G'f'Uflb~e:J 
' 

~-:J\?WIAJ1JJG'I'U h 'j'J~~-:JG'I~1-:J~e:Jfl1'jG'fe:J'U~'U~e:J.:i1~~~~ bb 'Vl'Ubb 'U'JA~'V11-:J1'Vl CJ1~1G'II'!{ (Witzel, 2002) 
'U 

1~bbri ~'J~e:J Lego ~1~-r'Ue:JB'U1CJfl1'jb~CJ'U~~'jG'f1'j'lh~fle:J'U1e:Je:Je:J'Wfl (Ruddick and Abby, 2012), 

tl-:J'll e:l-:J bb~ ~m ~ n1l-l ~~ ~ ~1~-r'U fl1'j~ ~~l-l1 ~~~'/Je:J-:Je:J ~ ~ e:Jl-l 1 'W ~1'j1-:Ju1~ bbrt ~?1~1-:J'Yr'W u~'j~~11-:J 
'U ' 

2005) b-t'h.J~'U 

'U eJ fl ~1 fl ~~ ~l-lb]'Vl E~1~ ~1'U bfl t\.lsrl"Ue:J-!1 fl~JJ1'1J1 fl1'j bbrt ~ bb 'U'J fi~~ flrt 1 ~ bA ~ eJ 'U b ~ tJ'J nuvr'U 5~ bA:W 

bb~J c'T-:J'V'l'U11 fl1'j b~tJ'Ufl1'jG'fe:J'U 1 'U~e:J-:J b~CJ'U b'U'Ufl1'j~~fl1'jb~CJ'UTI~m i!'Umb tJ'U~1fl'ru n-:J bb~~~:W fl1'j 
'U 'U "' 

'\Jn'j'\Jfl1'j~fl~1Lb~1 n\?11~ Lb~ e!'-:J'V'l'Ul1A'j 1~u-r'U b u~ CJ'W1fim'j~~fl1'jb~CJ'U~ 1~CJ e!'-:Jti~~-u-:J~e:J b~CJ'U 
d:.Jcu cu cu 

b u'U~Gl'n v111 ~fl1'jb~CJ'U~ou1~A11~G'Ie:l~A~e:l-:Jbb~~b~e:JJJ 1CJ-:Jn'U~il?1u'j~~Tr'U ('J'j'jtl.JVJ'V'l1 'j"EJ~ bb 'j-:Jfi\ 
'U 

2551) 'U eJ fl ~ 1 n15 fl1 'jG'f e:J'U"Ue:l~rl 'j eJ -:J'V'l'U l1 ?11 b ~~~'I! fl b~ CJ'U1~ ?11~1 'jt1l11 rl'J 1JJ n 'll1-rr1 'U 
'U ' 'U 

~1 ~u 'j ~~ 1l'U1~ b ~ e:l-!1~ 1 n?lm'U m 'jru1~ b t ml1'U1 CJ bb~ ~-u m~ tJ'U:Ur11 1JJ n~ b Yl tJ -:J'V'le:l ( ~ f"11r~ 
'U 

?~{e:JtJ5~~1, 2545) vl11 ~'i!flb~tJ'U"U1~Vlfl~~ 1 'Ufl1'jb~e:JJJ 1CJ-:Jfl11JJ{ ~~t!'U fl1'jb~CJ'U{CJA 1 ~~~e:l-:JG'Ie:J'U 
q \I cu 'I 

1 ~i!e:JCJ~-:J bb~~b~CJ'WTI ~l-l1fl;ff'U 1 ~A11l-l~1fl'nln'lJV1n~~l-l1nn11G'f1'j~fl1'jb~CJ'U{ 1 ~'l!m~tJ'UbU'U~~ 
'U 0~ cu 'U 

Vi f"l'V11-:J n1 'j b ~ tJ 'U { b ~ CJ'U bb 'U'U ~J JJ:W e:1 n'U b ~ tJ'U n'U b t1 'U V1JJ bbrt ~u 'j ~ b:U'U ~ mb 'U'U 1 ~~1 ~ CJ mJJ15fi ~ 
'U 

(1~1'jru 'V'lTu"1J, 2555) B n~~ fl1'j b~CJ'U bb 'U'U~'JJJ:Ue:J c'T-:J?~1JJ1'jt1'Vr~'U1t:-J rt~l-lb]'V1E'V11-:Jm'jb~CJ'U 1 'W1'1J1 

bl"l:W1 ~?1-:J~'U G'leJ~I"l~ e:J-:Jn'U bb 'UlAWum1l ne:Jiil?l ~ b~e:J-:J~'U~"ae:JtWleJ~~'U1 mea bbrt~fl1"ab~~lJ~'i:lfl1"a 
'U 
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b ~ CJ'U ~ A 8~'U~ 'j8 CJ ~ m ~ CJ ~t-il \1 'j~V!'h \1 'j ~ #lu vr ~ 'U 1 n1 'j~ b U'U fi) 1\1 n '\J 'j ~ #luvr~ 'U 1 n1 'j~ 611~ l'Hl 
" 

b U'U 1 u1Ji' b~ fli."llm'jtJ bbtltJru'\1!1~ CJ1 mn'U fll1'j~~uvr~'U1 fll'j~ bb Ylfil'1\l"tJ8WtJ1 1Ji' '\1!1 n 1Ji'~u fll'j 
" 

bb 'U~'\.JloU1 CJ b VI~ 8'\l!~el 1Ji'~u i'l11~~1~ijeJfij 1 n ~~ b ~ CJ1"1.l1qj~ilil11~ i."l1~1)tl~ 1 n m 1 bb~ ~ bb 'U1 fl11~~~ 

b~ 8.::1 n11 b61~~ ~ e1 m1 b~tJ'U ~ b u'UuVI'\J1VI~i."leJ'U 1 'U m'j~\1 b61~~vr~'U1 m1'1Jm ~ b~tJ'U bb~ ~ bVl~tJ~m1 
" " " 

~bb'U:m1eJ1 ~fl11~-li1mV!~m~eJ1 ~~b~tJ'U1u~vr~I'U1m11 'U)~#lu~?I.::~~'U (VI~'U1 bb"tl~~ru, 2551) 
" " " 

~n~\lnl'jb~tJ'Ubb'\J'\J~1~ij8vh1~'Wnb~tJ'U1Ji'i1m1tlnVImt~VJ1\I~\Ifl~ bb~~Yin"N~n1'jvJ1\11'Ufl~~ (h~ 

bb61\I'U1~, 254 7) 1~ mo'V'll~ fl11b~CJ'U~1~ljm Vlfl'Wfl bb D\lfl~~e.J~~~'lVIt (Students Team 

Achievement Division: STAD) ;\lb U'Ub Vlfl'Wfl~1 ~~b~tJ'U1Ji'v11nfilm'j~ b U'Ufl~~;\li."lm~nfl~~ 
" ' 

m1~i."l1~1'~mn\l ~8'U tJ1'Un~1.::~ i."l1m'jtJvJ11 ~'Wm~CJ'Uvl1fl~ bb'U'U~lmb uutln~~bb~~VJ~i."l8'\J 1Ji'~ 

b ~8.:Jfil1n'Wn b~CJ'U 1Ji'u1n"N1Vl1~8 fl'Ubn.:J611~1'jmh CJ b Vl~eJ'!Yn b~tJ'U~U1'U nm\1 bb~~~eJ'U 1Ji' 'U8n~1nd 
m1 b~CJ'U bb uu~1~ij 8 b U'U m~'IJ1'U m 1~ ~ m 1 b~ CJ'U ~ n1 Vl'U ~ 1 ~'I! n b~ tJ'U'\J 11~1 VI t1'lJ 1~ 61 -:Jfl1 'U m1 b~ CJ 'U 

' ' 

bb~~'V'l~8~1 n'U (\JqJfi!'V'l1 m'V'lmCJ, 2553) 

n11i."l~1\l~ 1 'U~~FJVICJ1~1i."l~~'U8fl~1fl 1 oU~8fl1)b~CJ'U~bb~1 b Vlflilfl bb D\lfl~~e.J~~~f1VIt;\lb U'U 
" ' "I 

b VJflilfl'Vlll\11 'U n11~ ~m1 b~ tJ'U ibb uu ~1~ije1 ~ij~ ~ b~'U AeJ n11~ ~ n~~-w m~tJ'UVii1m1~611~11t1 

Vl1'lfl1)b~CJ'U~1\In'U v'i1.::~1'U~1~n'U b~81 ~'\J)1~1V~t:~tJ1~61-!lru 'Ufll)b~CJ'Ub~mn'U (\Jnlfi)y.j) ~1'V'lmCJ, 
' ' •jj 

2553) ~n~-!l~-!l·thCJYr~'U1Ylfl"N~1'U~~111"N~ 21 ;\11~m1~G11~qJnuYin"N~~1nn11bd8Vl11~ 

'Wm~CJ'U 1Ji' b~CJ'U ~ bb uu~1~ij8 n'U b~CJ'Un'Ub tJ'UVi~ (:S~11ru 'V'l1i1"1.l, 2555) bb~~v111 ~-w m~CJ'Ui1 
" . "' 

e.J~~~'lVITIVI1-!lfl11b~CJ'U~\I~'U (Y-l1Vl'V'l~ bijeJ\Ibbfll bb~~flru~, 2553; fl'l'Nru1Y-l1 ~'UVI~oW'U'B bb~~flru~, 

2554; tJ:o~11~ Y-l~~Pl'n~ bb~~fl1'U~~~~~LJ1~bi."l~1, 2556) ~1nieJ~"tlmn~1~bVIfl'WflbbD-!lfl~~ 
~ ' ' 

e.J~~~'lVIt bb~~~8fl11b~CJ'U~~'\J~eJ\11J\' ~\1,1'UrJl~CJ~\IlJ1~11oUb~8G1111~~ 1 'U~~ b~eJ\1 Yr'Uli~bflij bb~~ 

u~uu1-!1~8 Lego 1m~~ 1 yj~ tl-!ltJ8-!l bb~~m~n1~~Vl~ bb~~~umrut111 yjoW1eJ~1\1~1tJ b U'U~e1m1 

i."l8'U~U 'j~~"N:filJ\' b8-!l ~\I ~\l'j1fllt1fl bb~~Vl11Ji'~1CJ 11~~\1\Jl bb 'U1VI1\Ifl11U1~ tJn~1 oUi."l8~ bb V11fl 1 'U 
"' " ' 

... tl " ...... 1.2 1111~ ~::a.:Jfl"lle:J.:Jn1~1'<iiV 

\11'Ul~CJV11-!lfl11~fl'N1b~eJ\I e.J~fl111 oUbVIflilfl bbD\Ifl~~e.J~~~'lVIt~8~ 1 'U~~lVICJ1m61~~ b~8-!l 

Yr'Uli~bfli1 bb~~m1~i."l1m1111 'Un11bi1l'ilm1~TI 'U~1~u1~"111i''U i11~t1tJ1~i."l\lrl~-!lV!~~ 4 i8 #1-!ld 
" ' 



' . 
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' ' ' 

1.2. 3 b VlBPlf1'\~1 bb 'U1fh(?JEJUVi~~ bb~~flfn~ bfl~B'U'Vl~'lb1t.J'U"'Il1mb UU'Vl~?IBUeJ(?J1Jt.J 

1.2.4 b~B b u1t.Ju bVit.JUf111~?11~1'H11 'Ufl1'H-t'1 1"'1Jf111~-rl 'U"1Jl(?IU1~~1l'Uf1el'l.Jb~t.J'UbbG1~Vl~'l 
" 

'11'Ul~t.J'Vl1'1fl11Plfl'l~1b~B.:! ~~m11 otlb 'VlfltJflbbU.:Jn~~~~"'~'l'Vl~~ B~ 1 'U~~l'Vlt.J11"11?1(?11 b~B-:1 
fr'U D~ bfli1 bb~ ~ 1"111~6'11~11~ 1 'U fl11 b -rr1 h fl11~n t~:U1 (?IU1~~1l'U l1?1~~~~1'U~?Iel~flil el-:1 nu " ~ 

1.3.2 11 nb 1 t.J'UiJ~ el t.J ~ ~ fl11~ tl11 Vlih~ 1 'U~ ~~ ~ ~ bb~ ~ fl ~ 1 ~ bfl~ el'U~ ~~'I bb~ ~ ~ el t.J ~ ~ 

f1'".n~n11Vl1J1~ 1 'U~~~~nl'i'B.:~?I.:~~'U 
" " 

1.3.3 11m1t.J'UiJbb'l.nr\'1(?leJU~~~bb~~f1m~bfl~B'UVl~.:Jb~t.J'U hJbii'U~Bt.J~~ 50 

1.3.4 1Jm1t.J'UiJm1~?11~11~ 1 'Ufl11b.rr11"'1Jm1~-rl 'U:Ul(?IU1~~1l'l.J Vl~.:Jb1V'U?I'Ifll1riB'Ub1V'U 
" " 

1.4.1 th~"ll1n1 U1~'ll1f11bU'U1!m1vt~.fr'Uiruv~Pim~ntJ~ 4 11~~'1Vl~~"'i11'U1'U 210 fl'U 1t~ 
mflb~V'U~ 1 tJrn1Pin~1 2557 b.:~b1V'Ub~'I'Un'Vl1 B1b.nm~.:~'Un'Vl1 ~.:J'Vll~t.J1?1u1 

1.4.2 nfil~~1mh~ n~~~1B~1-:JbU'U1!m1vt~.fr'UiJut.J~Pim~ntJ~ 4/1 ~1'U1'U 32 A'U 1~m~Bn • • 

1.4.3 ~1bbtl1 

1.4.3.1 ~d bb U1B?I1~ ~ el n"<\1 f111~ fl11 b1V'U bb UU~'d~lim 'VlfltJfl bb U'l n~~~(;j"'~']'Vl~ 

b~B.:~ Yr'l..lu~bf1i1 

.<:::!!~ al 0 Q..l -=1 Q.l q 

'lJ'd(?l u1~"<\111'U b 1el.:J 'V'I'UD~ bfl~ 

1.4.4 1~tl::b1~n1'l..ln11'VI~~Hl~ b~~vhnT~'Vl~G1B'I~'Ibb~l'U~ 24 ~.:J'Vl1fl~ 2557 i:i.:~ 30 

nt~mv'U 25571t~mm1t.J'U~ 1 tJm1Pin~1 25571otlb1m1'Ufl11'Vl~~m 15 i11~.:~ 
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1.5 th~1a'tl'll~fl1~11lil~l~~ulil1nm~1~a 

1.5.1 1Jm1~'W1J1fll1lJi~1JI1u b~PJ'I ~'WD~bfl~ btJ~\9l,J'W1~6'lii1lJ~VI'fiVI1'1f1T;Jb~~'W b ~lJfl~ bb 'W'W 

1'Wf1l'j'VI~?Ie:J'U 0-NET PISA PAT 'j''JlJ-vr'lbU'Wfll1lJ~b~PJ1oU?IBUb1~'W~BlJV!1lVIm6YcH?lBbtJ 
'\) 

1.5.2 1!n b~tJ'W?I1m'j'~'lJ'j'~tJn~m1lJ~~ b1tJ'Wb ~BlJ 1CJ-:Jnu~1\9l'th~'<il'Tr'W ' '\) 

1.5.3 b U'Wbb 'WlVI1'1~1vr1'ufl~1 'Wf11'j'~\9l,J'W1 bb6'l~tJ1'utJ~'If11'j'b1~-wm'j'?fPJ'W 1 'W~l.UB~'W 11~tJ b ,J-w 
.. 

ti b~CJ'Wb U'W~lri' ru 1~CJ 1 oUfn'j'b~CJ'W~bb uu~llJ~e:J b VIfli1fl bb U-:Jf1~lJe.mii1lJnVI5 '\.1 Ill cu , o;JI 

.. 
1.6.1 nliln';i';i3Jn1'H~EJ'Ubb UU~13J!ieHVIflilflbb '\.J .. :miihJ~~fl3Jq'VIB (Student Teams • 

~ Q. .111::11 iJ I dl Q. I I QJ ..! 
Achievement Division: STAD) V!lJlCJ~-!1 f1"ilf1'f'~'lJf11'j'b "aCJ'W"abb UtJ1llJlJBb Vlfl'Wfl bb 'U-!If16'llJt:..~6'l?llJflVILi 

'\) ' ., 
~til~ ~?1~1-!I~'Wb YlB 1 oUU"a~ f1BU fn"a b~~'W fn"a?IB'W b~B-!1 ~'UTI~ bfl~ 1~CJU"a~f1BU Ji1 CJ n"il f111lJ-vr-!!V!lJ~ 

'\) 

b~CJf1~B?f1'j'1flblb6'l'W~ 'j''lJ~1\11lJb6'lf16'11flblb6'l'W~ 3) f11'j'bfl~~'WLi~bBBBiJf1 4) f11'j'b~tJ'W?f\9l'j'bb6'l~ 
'\) ' '\) 

b~tJf1~B'lJB-!!?f1'j''LJ"a~f1BtJ bBBBtJf1 5) ~'Wo~16'l'V!~ bb6'l~?IUU~'lJB'I?I11bBBBtJf11m lb6'l'W~ bb6'l~ 16'l'V!~ bb~ 

m~n"ilm'j'lJ'lJ"a~nBuJiltJ 1um1lJ~ 6) bbuu!Jn~~ bb6'l~ 7) bbtJUVI~?IBUnB'Wb~CJ'W-vr6Y\Ib1CJ'W bb6'l~bbuu 
'IJ 

U'WVi f1fl~bb 'W'W'lJB-!1 milJ 1~CJ n"iJf11"alJ"il~ b U'Wf11"ab'1~'Wbb UtJ~llJiie:J 1~ ~~fl"a b U'Uti'\11 b?I'We:JUVI b'1~'W 
• 'IJ 'IJ 

VI~?IBU milJffiJifl~ bb 'W'W\911lJ bmUen~fl1V!'W~V!~Bfl~ bb 'W'W?I-!!?I~"il::: 1Ji1U"a1-!ll6'l'V!~B f11"a~ f1 ~ B-!l'lllJ b '1l ~ 
• 'IJ • 

1.6.2 3J L 'UlJ~1VIEJ1f11fl~i V!lJ1 ~~-!! bb 'Wlfl~ b "8-!!lVICJ1f'11?1\9l~'lJB-:J1Jm~tJ'Wb~ ~ltltJ f11"aBBU1~ 

m 1lJ 61lJ~'Ulb:::vrl1-!1 b V!\91 nu t:.J6'l b~B\1 ~'Wo::: bfl~ "lt\11~ Hi' "ill f1 f111vi1 bb UUVI ~?IBUl~lJ 1 'WlJ ~ • 
lVICJ11"!1?1\911~~1~~?1~1-!I~'W bU'Wbb'U'\.JU1-J'~'ll'U~Iillb~Bn 2 fl1~U.ff'W (2-tier multiple choice 

conceptual test) "lt-:JbbD\IbU'W 3 'j':::~u ~\ld 
1.6.2.1 lJ1'WlJ~~t1nl'i'v\l (Good conception) V!lJ1CJ~-!1 bb'Wlfl~'lJe:J-:J1!m1~'W~~nl'i'B'I 

'IJ 'IJ 

1.6.2.2 lJ 1 'WlJ~~flm ~ bfl~ B'WV!~e:JlJ 1 'WlJ ~VI1\I b~ e:J n (Alternative conception) 

vrm~~\1 m1lJfll11~11'm1~cu?f~1-!I~'WJil~lill'lJB-:Jb'lJ1be:J-:J1~CJm~mb'Ulfl~~l-:JV!,J1vr~B~~B~riB'W 
'IJ 

(Preconception) "lt-:JB1"il"il::: bb\91 f1~1\11 U"il1f1 bb 'Wlfll1l'lJB'I1!n1VI CJ1m?f\91 ~1~ CJi'Wb "8\l bb\9lf1~1\l b V1 CJ\l 
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Ul\16il'UVl~eJ?feJ~fl~mn\Jbb'WlA~"lleJ·runi'VltJ11"11?f\911 (Clement, 1993; Griffiths and et aL, 

1988) 1~tJ1~ 1~1il1mb 'U'U'Vl~?fm.rr~:w 1 'W:w&i thum~tJ'W\91eJ'U~muvn~6il'U~b'iJ'Wr111'leJ'U'Vl~m Vl\91~61 
~ ' 

~e:~-hum~tJ'W:W:w 1 'W:w&ifl611~bfl~t~'W 

1.6.2.3 :w1'W:w&i~~~ (Misconception) Vl:W1tJ()\I bb'W'JA11:WA~"li8\I-U'nb~tJ'W~hJ 

?fe:l~A~eJ\Irl'UF1l1:W~b ~\ll'VltJ11"11?fl'l1~A'Wvi'lb tJ tJ eJ:W{'U 1~ tJl~lil1 flbb 'U'U'Vl~?feJ'Ul~:W 1 'U:W &i ()1-U'm~tJ'U 
'U 

1.6.3 F111:Wi'l1:W1'H11 'Wn1'HoU1L~F11111rl u;i1~'th::lii11'U Vl:W1tJfi\l A11:W?f1:WTm 1 'Wfl1'j111 
'II 

fi'J1:w~ bbm~tl 'j~?f'U fl1'jruliJ1nfl1'jb~tJ'Ui"ll1 bA:W b~eJ\1 ~'U u~ bfl:W ~1~t'U fl1'j b~tJ'U~~l tJ nliJ m1:wm1 
'U ~ 

b~ tJ'W~ bb 'U'U~1:w:We:~ b 'Vlfi'Wfl bb u\1 n~:w~ m'1:wn'Vlt 1 'IX'!! m~tJ'W~'U fi''W fl1'jtJ'j~ tJ n\911 m 'W~i \9ltJ'j~~1l'W ~ q 01 , 

b~tnn'U?f11bfi:W~b~tJ1.Ue:~\11'W?f11~m'jb~tJ'U~~'~Vl:w~ 7 nliJm'j:w 1~bbn 1) fl1'jbfi~~'Wu~1m1b~'U~ 
'U 

bb~~"ll'W~"llel\I~'U5~ 1flb'Jb~'U~ 2) fl1'jb~tJ'U?f\9l'jbb~~b'1tJfl~el?f111flbl b~'U~ 3) TlH1\11:Wb~fl~ 1fl bd b~'U~ 
'U 'U ' 

4) fl1'jbfl~oW'Wu~ 1e:~e:~e:~'Wn 5) fl1'jb ~tJ'W?fmbb~~b~tJfl~8"lleJ\I?f1'jtJ'j~fleJ'U 1e:~e:~e:~'W n 6) ~'Wn~ 1~Vl~ bb~~ 
'U 

7) ?f:WD&i"ll e:J\1 ?f1'j 1 eJ e:~e:~'W n 1fl b 1 b~'W ~ bb~ ~ 1~Vl~ ~\llil ~'WiiJ1'j UJ11il1 n fl1'jYh tllil fl'j'j:IJbb~~ fl1'jYh 

bb 'U'U'Vl~?feJ'Ul~fll1:W?f1:1J1'jfl1 'W fl1'jb oV1 hm1:w-ri 'W~l\91'\.h~ ~T1'W 
'U 



d 
'U'Vl'Vl 2 

n 1 'j 1 ~ t.J b ~ e.1 ~ n ~1 ~ ~ n 1 'j 1-1! b Vl AD A bb u ~ n ~ jJ ~ ~ ~ jJ 'l Vl ~Iii e.J jJ 1 'U jJ ~ 1 Vl t.J 1 ~ 1 ?l \111 b ~ e.J ~ 

~'Uli~bAiJ bb~~f"l11jj?llm'jfi1'Um'jbi11"ilm1jj-rl'U~l\lltb~~ih1'U fi1Ab~t.J'U~ 1 um'j~n~1 2557 
" 

' .. 
bnt.J1ie.1~~~u 

2.1 bb'U1A\YlbnmnuVl'l~Dm'j?J~1~m1jjiVl'l~DiDt.Jjjb~~~~Ajj 
' ' 

2 . 2 bb 'U1 A\Yl bflt.J1 n1'j b~ t.J'Uibb 'lJ'lJ~'JjjiJe.J b VlADA bb u~ n~jj~~~j_]t]VlTI 

2.3 bb'U1A\Ylb~t.J1ntJm'j'l11m1jj-rl tJ1 m 'U~l\11U'j~"ih1'W 

2 .4 bb'U1A\Ylb~mnujj1'Ujj~ 

2.5 ~1'Ul~t.Jvibnt.J1ie.J~ 

" 

.Q .d Q.l .c:::::l II il .::::til.:::. Q Q.l 

2.1 bb 'U"Ji'llil bmnnUVl{]~.Qn1~61~1-:Ji'l"J1jj~Vl'l~.Q~'UE.Jjj b "!J-!161-:Ji'l:W 

~1'U'lle.J~11ne.J\Yl?l~ (Vy~otsky) ~1~'t11bb'U1A\Ylb~t.J1tl'lJb'll\Yl'lle.J~m'jb~e.Jjj~n1'j~\9lJ'U1 (Zone of 

Proximal Development: ZPD ~~b'U'U-de.J~'-h~'j~VIl1~'j~~'lJn1'j~\9lJ'U1U"il"ilD'U~~b~t.J'Ub'U'Ue.J~"il1n 
' " " 

n1 'j b~ t.J'U~ bb~ ~ bbnu ruV111<Jl<J11 t.J\Yl'U be.J~ nu'j ~ ~u~ ~ b ~ t.J'U "il ~iJ~ nt.Jfi1'W~ l'll'U 11 u fi~ 1<Jl~'U~'je.J t.J Iii e.1 
" " " 

bU~t.JUbVit.JUl1bU'U "\Yle.Jn\lljj" (Buds) Vl~e.J \Yle.Jn1if (Flowers) '1Je.J~~I'll'U1n1'jmnn11~"il~bU'U 
" 

"~~" (Fruits) '1Je.J~~I'll'U1n1'j (Vy~otsky, 1978) 

~'U~'je.Jt.Jiiie.J~I'll'U1n1'j ~e.J u~b1ru~b~nn1~~"il~bi11"il1 'UU1~~~u1~e.J~1~ "il1nn1'jbU'Umbb~~ 
" 

un1 ~ t.J'll e.J~ b '1J1 b '1J1 \ll'j~VIU n e.J ~ b?Jjj e.J"Jl b~ niJA'J1jj?J1jj1'jfl~"il~ bbrlU ruVI1~ bfl'U nl1 'j~~'lJ~ l'll'U1 n 1 'j 
" " 

?l~U~~1~~nl1 ~AAmVI~11ieJ1"ilbU'Ub~eJ'U~iJm1jj?J1jj1'jfl um~t.J'UA'U~'U I ~e.Jbbll A~ Vl~e.J1mil 
1<Jl~iJA'J1jjb ~t.J1'1J1~ 11 tle:J\116'1~1~ ~f11\Jt.J1jj~'U~'je.J t.JiiieJ~I'll'U1n1'j,j'l1 "'j~t.J~9.A1~'j~VIl1~'j~~'lJ 

~l'll'U 1 n1'j~ bb Vi "il ~ ~ ~~ n1VI'U\Yl1\Yl t.J ~ n~ru~ n1'j bbnu ruVI1'1Je.J~ bblii~ ~u AA ~ tl'lJ'j~~'lJ'll e.J~~ n t.J fi1'W bb tA~ 
v ' 
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b~m.J~~fld1lJ?!1lll'HlbVI11Bnl1 "bbm·/1.~n~1l?!i~\J?!tJ'lJBf1l1" ~tJ~':iBCJ~B~~tJ1n1':i1tJ1tJd ~~ 
' 

b tltJ':i::;~\J'IJB-:J~~'lJ1 n1':i1 'lJl'lJ~~ -:Jd B~ 1 ':i nmlJ~ b~ f1?!1lJ1':i~'Vll 1tKt~CJB tlJl1CJ 1~fld1lJ'th CJb VI~B 1 'lJ ' ~ 

1tJd 1tJ~~-:Jdb'IJ1~~r~1m':im;h1~~ltJ~l'IJB-:Jb'IJ1bB-:J b~v-:J1~1'i.Jm':ib~CJtJ~~~n~~'l11m~-:J~~tJ1m':i 
' ~ 

~b~~~~tJ" (Vygotsky, 1978) 

~tJ~':iBt.J~e.J~~tJ1m':i~~e.J~':i~VIl1-:J ':i~~i.J'IJe.J-:J n1':ibb?!~-:J~t]~m':i:w 1~t.J 1~1'i.Jm':i'thmVI~B ni.J 

f11'jvl1-:J1'lJ~ b~ f1vl1 B ~ 1-:J B ?!':i ~~1lJ~ 1~-:J ~'lJ~'j B tJ ~ B'IJB -:J~ ~'lJ 1 f11 'jd1lJ~ fll1lJfl-:J~ 1lJ~ fll1lJ 

bbi.ltJe.JtJ bb~~~ bb tJ':ib tJ~t.JtJ hJ ~-:J1 tJm1llbbU':ibtJ~t.JtJ~tJ 1~vh1 vi\~nmnt.Jll1b'UtJ~~:!Jfll1:W?!1ll1':i~ 1 tJ 
~ 

m':ib~vtJimn~tJbb!;l~~rn1llbi1h1 tJfll1lls/Ji.J-il'BtJ'IJB-:JlJ 1 tJ~~ubb!;l~~m~~~1-:J 1 lJ1n~-:J~tJ B~ hn 

~1ll~b~n 1~1'i.J n1':i'th tJ b VI~B 1 tJB~~ ~~nmtJll1btltJn1':ivl1-:J1tJB~1-:JB?!':i~\911lJ~1~-:J1 tJU~~utJ bb!;l~ 
' 

m':i1~ll1~-:Jfll1ll~ ~n'tl::; n!;115 Vl~e.J~n~m':illnl':ib~t.JtJ~~tJ .., ~:!JflruJl1~?!-:J~tJ ~-:J~tJnl':ib~t.JtJ~ 
'tJ gl 'U I , 'I.J 'V 

Jl1 tJ 1 ~ n 1 ':i bb 'lJ::; '111 'IJ B -:J fl ':i VI~ B ~ ~ tJ ':i ~?! iJ n 1 ':i ru VI~ B ~VI ru VI~ B ~ 1 n n 1 ':i ~ llJ JJ B n iJ b ~ B 'lJ ~ ~ 
'U 'U 'U Q.l 

m1lJ?!1lJ1':i~lJ1nn111lnB~?!m Vfm1lJ6'11fi'runi.Jm'tl1 b ~':i1~~i.J'Vli.J1'Vl?hfi'ru 1 tJm':i~~'lJ1 bfl~milB 
~ ~ 

'Vl1-:JU~~1~-:J btltJ~-:J~~ltJ 1 tJn1':ibbtlU~VI1bb!;l~b tltJbfl~B-:JJJB'1h t.J 1 tJn1':im~vl1n1':i 1~ 11~ 11 ne.J~?!~ 
A l?l VI 115n 1 ':i~ ~ ~v111 Vlb~ n 1~ bfl~e.J-:J:!Je.Jdll 1 bb!;l::;A~VI115nl':i~~::;?!1:W1':i~~l t.J~~tJ1 b~ n 1 VJ?!1ll1':i~ 

~~tJ1bfl~e.J-:JJJe.J'Vl1-:Jururu11 Vf~':i::;~i.J?!-:J~tJn'i1b~lJ 1~v 1iVI61'nm':i~tJ~1tJ 4 tJ':i::;m':i AB 
Q,l Q,l 'U d-9 

(1) b~nbtltJ~?!~1-:Jfll1lJ~~'lJbe.J-:J 
~ ~ 

(2) ~~tJ1n1':i'Vl1-:JU~~1'1Je.J-:Jb~nbbt.JnBBn~1ni.J~i.J'Vl'Vl1-:JiK-:Jfl:w1lJ1~ 

(3) m':ib~CJtJ~v111 Vfbn~m':i~~tJ1m':i 
~ 

b VllJl~?!lJ bb!;l::; 1oVJl1'tl1 b tltJ bfl~ €1-:JJJ B 1 Vf bn ~i.J ~i.J'Vl'V\1-:JiK-:J fllJ nl':i~~ f11'j Pi f1'tl1~1~1'i.J B'Vl5~(;1lJ1~ 1 n 

bbtJlfll1lJA~'IJB-:J1lne.J~?!~ 1~bbri n1':ib~CJtJi~ltJfll1lJ~llJJJB (Cooperative learning) ~Bnm-:JAB 
fl~:W b ~e.J'lJ bb~::; n~ m':i:W~i.h?i m d 1-ir Jl1'tl1 b tltJ bfl~€1-:JJJ B 1 'lJ nl':i bb~ f1 b tJ~ t.J'lJ ~e.J?!1 'j f11'j bb U-:JU'lJ 'j::;VIl1-:l 

' ~ 

' < Q c::l Q,/ d iJ ldl Q I I Q,/ Q 

2.2 bb ti'"Jfl~ bf1ti'"Jf1'Uf111b 'Wti~bb 'U'U':i'"JlJ:WB b 'Vlfltifl bb 'U.:!f1~:W~6'161:W~'V15 

nl ':i?!Bti 1~ tJ 1-iJ':itJ bb i.Ji.J n'<iJ m':ill n~lJfl(;l ~e.J(;liKlJ f1'Vlib tltJ':iU bb i.Ji.JVI~-:J 1 'lJ n1':i b~ t.JtJ ~ bb i.Ji.J~llJJJ B~ 
" , ""I cu 'U 

~~'lJl~'lJ 1~t.J Slavin nl':i?!e.J'lJ\91 1mtJ bb i.Ji.J n~ m'j:IJfl~:Wfl~ ::;e.J~iK:wn'VlBb tltJ f11'j b~t.J'lJ~ ~ b'1t.JtJ 1~ b'1t.JtJ 
'U , "I '\1 

(;1-:Jilm.JBu~~-:J~l-:J 1 ~ltJ\9\'lJbB-:J ~tJbbi.Ji.Jd?!1m':i~1-vt~ni.JVJn 1l'IJ1 ~-:Jflrul?l~l?!IPl11'Vlt.Jlm?!IP11 
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lu"il'W~.:J~mJ~ m~1~-:JI"1&.Jfimn bb61~1-dnu~~~um~Pin~1~-:Jbb~bm~ 2 ~.:J~~~um·nl'VlCJ1~t.lbb61~ 

b Vl&.J1~eJ~1-:J~.:Jnu~1CJ1'll1~ilm~n1Vl'W~"il~th~~.:JI"111eJ ~1-:J-IJ~ b'il'W 1~CJilfi'1~eJu~1CJ~~ 1~CJ15m~ 
' 

~eJ'WbbUu-d'-Jm~CJ'W"il~t\mbU.:JbU'Wn~&.J .., n~&.J61~ 4 l"l'W ~.:JI"161~n'Wm&.J~~~um1&.J~1&.J1~t\ b~fl bb~~ 'U , I , 

b ~€1'll1~ "il1mr'WI"1~"il~'L11 b~'WeJ'U'Vl b~ CJ'W bb~1U m~ CJ'W tl'il~Vh.:J1'W~1&.J tl'W.ll1 CJ 1 'W n~&.J 1~ t.JiJoVeJtl1Vl'WWll 
~ ' 

'Vlnl"l'W 1 'W n~&.J"il~l'i'eJ.:J b .U11 'il b deJVl1~-:JVl&.J~~ b~CJ'W "il1nL1'Wu n b~CJ'W'il ~ 1~vhm~'Vl~~eJu b U'W~1 CJU\"11"1~ 
' ' ' 

n"ilm~&.Jm~b~CJ'Wm~~eJ'W~~oJm~CJ'Wb U'W n~&.J b ~eJ~~1-:JI"111&.J~&.J.Wwh~Vll1-:J~ b~ CJ'W bb61 ~·th CJU n b~CJ'W ' ~ 

~b~CJ'WeJeJ'W1 Vfi!e.J~~&.J~'Vl~'Vl1-:Jn1~b~CJ'W~.:J~'W (Slavin, 1978) 
~ Q 2/ I~ .Q I I Q.l c:! 

2.2.1 m-a:u~nTH -atJ'W~bb uu-a'J~~m'Vll"l'W\"1 bbU·:m~pJ~6'16'1~'J'Vlo 

m~~~m~b~CJ'Wn~CJ1-d'b'VlA'WAbbU.:Jn~&.Je.J~~&.Jfl'Vl~ (Student Team Achievement 
~ ' "I 

Division: STAD) bU'Wm~b~CJ'W~bbUU~1&.JileJBmtlbbUUVl~.:J ~bbU.:J~b~CJ'W~ilm1&.JI:11&.J1~mb~n~1-:Jtl'W 
~ ~ ~ 

eJt~m U'Wn~&.J b ~m11-:J1'W~1&.Jtl'W n~&.J~nb~mru 4-5 A'W 1~CJn1Vl'W~ 1 Vfl:1m;an'VeJ.:Jn~&.J 1~ b~CJ'WTI 'W 
, , 'I 'U 

'VeJ.:Jn~&.J (Slavin, 1978) 
' 

2.2.2 €1 ~rh..J-a~ml'U'll €1 ~ m-a b~ti'W ~bb 'U'U ~'J ~ iie:J b 'Vl r1il r1 bb u ~ nlil ~ ~6'1 ~ ~n'Vl ~ 
<u ' o I 

m~~~m·H~CJ'Wib~CJ1-d'b'VlA'WAbbU.:Jn~:we.J~~&.J~'Vl~ i!eJ.:JAti~~neJu6'11ri'qJ~.:J.Q (Slavin, 

1978) 
v ' v 

2.2.2.1 m~'l11bi:1'WeJb'weJVl1 ~1:1t~'W'Vlu'Vl1'WU'Vlb~CJ'WVJb~CJ'W&.J1bb~~ bb~~'l11bi:1'WmueJVl1 
~ 

1:11~~Vl~eJA11&.JA~~~uCJeJ~1Vl~ 

2.2.2.2 m~vl1-:J1'Wb U'WVl:WVI~eJn~&.J ~1:1€1'W~~~b~CJ'W~ilm1&.JI:11&.Jl~t\~1..:Jtl'W ~~ 1 Vi' A~~ ' ~ ~ 

2.2.2.4 A~ bb 'W 'W.WI9),J'W1 n1~'VeJ.:J ~ b~ CJ'W b U'WA~ bb 'W'W n1~.WI9),J'W1VI~eJA11:W n11VlU1'VeJ.:J 
~ 

1:1&-Jl;a n bb~ 61 ~ A'W ~.:) ~ 1:1eJ'W bb~ ~~ b~ CJ'W ~1&-J tl'W tl1Vl'W~I"1~ bb 'W'Wn1~.WI9),J'W1 b U'W bnruo/i~'W&.J1 n1~ b ~'W 
~ ~ 
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(,f) ru~fl~ bb 'U'U.W~'U 1 fl1~'VeJ-:I er b~ tJ'U~1~1''U fl1 ~~ ~ fl1~ b~ tJ'U1 l.b '\J'\J ~d~ileJ b Vlfl'W f) bb LJ \1 f)~~{;,j ~ ii~flVl i 'tl 'U , gl 

(i)\lm~1\1Vl 2.1 

2.2.2 .5 m~-r'\J~eJ\l{;.I~-:11'Ubt."~ b{;.l mt. Yd~m~tJ\l'VeJ\IVl~ t. U'U m~t.h~fl1~{;.1~\11'U'VeJ\IVl~ 

t.~eJ1''U~eJ\lbb~~tJn~eJ\l'V ~ t.·1w1'W~tlt.t.'\J'\J~1-:~ 1 t.'li'U u~tJ~~m~ 1~~1wY~ !;1-:!"il~VtmtJ•IhJ tJ~~m~ 

b~tJ\1~1~?!1tJ t.u'UI?i''U 

fl~bb 'U'U'Vl~6'1eJ'U~ew fl~bb'W'Wn1':i 

... 
'V'lcnl'W1 

19llfll1fl~bt.'U'Umm101'W ~1nn-J1 10 fl~bb'W'W 0 
"' 

~1fll1fl~bb'U'W~1m101'U hJbi'l'U 10 fl~bb'U'U 10 
"' 

t. Yhn'Ufl~t.b'U'Umm 101 'U'Vl~e:Jmnn11 fl~t.t.'U'U~1m101'U 1~bn'U 1 o fl~bt.'U'U 20 .... .... 

' ~ 1 mnfl11fl~t.t.'U'Umm 10 1'U 10 fl~t.t.'U'U 'V'U tJ 30 
"' 

1 fll'"vlo1'NvloDlJYll"fU\.O 

(Class Presentation) 

4 '1 II ,_.,_.,·fQ.J~If11";7J ;)\ivlo-f11<\'l.J\.O l1Cii'ld'lvlo 

(IndiVidual Improvement Score) 

2. f11'1Yi1\J1~ll.h->rii-l 

(Teams) 

\ - - ~-

} 5 f11'1'1-U'HN t.JiN1Wll EhJ f1 1'ji.l 

(Team Recognition) 

STAD 
(Student Teams Achievement Divis ions) 

t~o• Robert Slavin 
IIH .• di11Tli1U1fl-ll JOHN HOPKINS 

ii 5 .Ji-HIDIIo 

f 
.,..---
Pre,ent,u~ 

3. f11'1\'1CiolD1Jl:JDiJ r -
Teams \ 

'>,----...L _ ____,.,_ Quizzes 
1 

Score 

Recognition (Quizzes) ~ 

2.2.3 
~ . 
QJ QJ .t:::A iJ ld ~I I Q,/ .Q 

'V'W~el'W fl1':i"il~ fl1':i b ':itJ'U~bb 'U'U':i'J~:Uel b 'Vlfl'Wfl bb 'U-:ifl61:U~6'16'1:UqV15 

il~'U ~ eJ'U 1 'U n1 ~~ ~ n 11 b ~ tJ 'U 1 bb 'U'\J ~1~il eJ t. V1 fl'W fl bb LJ \1 n~:u {;.1" ii:u nVl i 
~ , oi (')\1-Q' (Slavin, 

1978) 
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2.2.3.1 ~'Ubl'l~m.ndBvn '\.Jj~nBU~ltJ 
1) n1';i~~bl'l~m.J b -d'mlf1?11';i~ ~?l'iJ'U~~bl'l1m.Jb -d'mn?l1';i~VI~m~'iJ-:J~"'il~1 ~ 

'IJ 

~ b1 tJ'U hi' b1tJ'U~ b'U'U b d'iJVI11 VIJ.i1~ tJ~~n"'il nJjjj 1 ~~ b1tJ'Ufi m~1 b~ tJ'U~~d CJ l?l'Ub'iJ-:J j'Jj.J~-:J~'iJ 1'?1~ 
'U 'U \.1 'U 'I 

" 
2.2.3.2 o/J'U~~Vijj 

~ ?l'iJ'U ~ ~Vijj ~ b1 CJ'U 1~ tJ 1 ~Afl ~ tl'U~-:J b 'Vii"\ bbfl ~ Al 1jj ?11jj1'i C1 Vijjfl ~U';i~jj1 ru 
'IJ 'IJ 

4-5 A'U b'1i'U Vijj~iJ?Im~n 4 A'U 81"'iJU';i~n'iJ'U~ .. W '/J1CJ 2 A'U VitlJ-:! 2 A'U b'U'UA'Ubrl-:J 1 A'U 

U1'Unm-:J 2 A'U eJ'iJ'U 1 A'U bU'U~'U 

2.2.3.3 ~'Ub1CJ'U~ '\.Jj~n'iJu~lCJ 
'IJ 

2) Vijjl 1-:J bb~'U n 1 d b1 CJ'U 1~ mb thm d ~VI~ 1~ n'U b -d'U ~ ei 1'U ~VI1 rh 1?1 'iJ u 
'IJ 'IJ 

~?liru?l'U'U ~tJj~b:W'U bU'U~'U 
'IJ ' 'IJ 

" 
2.2.3.4 o/J'U'Vl~?le:J'U 

1) ~b~CJ'Ubb~fl~A'U'Vlln1';i'Vl~?l'iJ'U~'iJCJ b~'iJl~A'J1jj~A'J1jjb'th 1"'il 1 'Ub -de:JVI1?l1';i~ 
'IJ 'IJ 

3) 'Vjjj~~vl1A~ bb 'U'U n1';i'W~'U1'1J'iJ-:J?lm~mb~fl~A'U bbfl~A~ bb 'U'U n1';i'W~'U 1'/J "€!-:! 

n~jj 1~ CJ'iJ1"'il~~b U'UI?l1';i1-:J~-:Jd 1~ CJ~~A~ bb 'U'Un1';i'W~'U1'1J"€J-:Jir n b~ CJ'U~1~-run1d~~n1';ib~CJ'U~bb uu 
' 'IJ 

' ~ljj:W 'iJ b 'Vl Ai1 A bb U-:J n ~jj ~ f1 ~jj t]'Vl5 



14 

.,; "' 'IJB'Vl:W ......... .......................... .......................... ... ... .......... ... ...... .. ....... ............. . 

0 "' d 
.,; "" fl~bb 'U'U'Vl~6'lB'U~BEJ "' 6'11~'\J'Vl 'IJB6'l1l1'1Jn fl~bb'U'U~1'U fl~bb'U'Un1~'V'l~'U1 .. 

~1:W 

4) 1 ~ bbl?i~ ~VI:w'l11A ~ bb 'U'Un11'W~'U1'/JB \I'Yi:w hJ b'Yi CJ'U nu bmuo/i b ~mn~~(i)u 

Aru.fll'V'j ~\lnlVl'U\?1 b U'U~~(i)u Aru.fll'V'j'/JeJ\lA~ bb 'U'Un11'W(9)Jt!1'/JB'l11 n b~CJ'U~1Jl-ru n11~1?1n11b~CJ'U ~ 
' ' '\J 

"' "' fl~bb'U'Un1~'V'l~'U1 ~~~'Uflf1!.fl1'V'l 
' 

0-30 ~ B ·:rtHmJ ~ \l 
' 

31 -60 1'11~'\.J-r'\J'lJ ~ \l 
' 

61-90 'V'jtJ1-d 

91-120 "' (?) 

121-150 "' 1?1mn 

5) ~'U \il B'U m~-ru1 B \l t:H1 \ll'U bb~ ~ b(;J m b '\f'j~~ m~ CJ\l 'IJB\lVl:W b U'U nT:iLJ ~~ ml"l 

t!-J~\l1'U'IJB\lVl:Wl1bb l?i ~~VI:wBCJ1 'U~~ (i)uAru.fll'\f'j l\?1 -ru1B\lCJn ~ B\l "lJ:W b "lJCJ Vl:w~~A~ bb 'U'Um~'W(9),J'U1?f\ll 'U 
'\J ' '\J 

~'Ubbuu \11 1 \l 1 b'lit! ui?1LJ~~ml"11~~1'l1~ ~\l~1?1vtmv'li11 LJ1~n11"1b~CJ\l\il1:W?f1CJ 
v < 

6) -IJ'U \il B'Un11~1?1nl~b~CJ'Ui bb'IJ 'IJ~1:w~m 'VlAtJAbb U\ln~:W(;J~~:w~'Vl5 ?fl:Wl~fl 

6.1) ~'Ub\il~CJmdm·n H1bbn b\il~CJ:wb-d'mn?tl~~~ b \il~CJ :Wbb'\J'\J 'Vl \?1 ?1 8'\J 

6.2) ~'Ubn'IJ ~1'\J11 :WiB:w~ H1bbn ~1?1?tm:timi1VI:w 
'\J 



6.4) ·~\.J'tJ'j:-;biJ'Ut;..~~ 1~bbn 'Vl~?Je.Ju~e:w mT'ilr;.J~fn'j'Vl~?le.Ju ~~v11A:-;bb'U'U 

nl1~~'W1 bb~~L11fl~ bb 'W'Wb Vi t.J'\J'j~~'Uflill.fi1'\Al 
' 

ill "' 
"()e:J~ 

( 1) ~b~t.J'Wi'Jm1lJ bm1 <J 1~-ru~~'1Je.Jm1ul'11 be.J-:1 bb~~ n~lJ~1w1u?Jm'8 n~u 
'IJ ' 

(2) ~-:~ b?l~lJ 1 VI~ b~t.J'W~i'Jm1lJ?l1m'jt~~1-:~ nu 1~ b~tJu~~lwl'u 
'IJ 'IJ 

"' 0 .., 

"1l~nn~ 

(1) t1'1 ~ b~ tJ'W'IJ 1~ A11lJ be.J11<J 1~ bb~ ~ Al1lJ -ru ~ ~'1Je:JU-:~ 1'\..l<J ~ ~-:~ t;..~ ~ 1 Vlt;..~ ~-:J1'W n ~lJ bb~ ~ 
'IJ ' 

e.J~1-:~1m1'8~~-:~<J:-; 1~t;..~~~ 

~-:J~'U?J'j'LJ1~11 fn'j b~tJ'U~ bb uu~llJ:Wm 'VlfltJflbb u-:~ n~lJr;.J~~lJf1'Vli 1~tJ:Wl'~t~'tJ'j:-;?J-:~Fi 
ct \1 'I <>J 'l 

b ~eJ~-:~ b?l~lJ 1 Vl~b~tJuPimj1fl'Ufll1 m1lJ~~1 tJ~'UbeJ-:1 bb~:-; b ~eJ~-:~ b?l~lJ 1 VI~ b~ tJ'Wtl nV! n~:-; m:-;ul'W fn'j 
'IJ 'IJ 'IJ 

'\111-:J~-:JfllJ 1~ tJfl11lJ~1fi' qJ'I.Jmfn'j b~tJ'Ubb uu~1lJiJm 'Vl AtJflbb tJ-:~ n~lJ t;..~~~lJ ~'Vli fieJ f11'jvl1-:J1'U b tJuYilJ 

Vl~eJn~lJ ~?leJ'W~~~ b~tJ'U~i'Jm1lJ?l1lJ1'jt1~1-:ltl'U .r~ 1 VIA~:-! n'U bb~:-;~bb<J-:11 Vl~b~CJ'\.J'\Il'j1'\J~-:J'U'Vl'U1'Vl 
'I 'U 'U 'V 

~-:~ t;..~~~ eJr;.J~'jllJ'IJ e:J-:1 n~lJ 1~ tJi'J m:-;ul'\..1 f11'j~1 b \Au fn'j ~-:~d 1) ~~~ b~ tJ'W b .U1 n~lJA~:-; m 1lJ?l1lJ1'jti 
' 'IJ ' 

n~lJ~:-; 4 A'W 1~tJi'Ji!m~tJ'Ubn-:~ 1 A'U irm~tJ'W'tJ1'Unm-:~ 2 A'W bb~:-;i!m~tJ'WBeJ'W 1 A'W 2) ?lm'lln 
' 

~ b~tJ'UiileJ-:~v\'1 bb uu'Vl~?leJU 1 'U bb~~:-; ~ eJ'Ubb~:-; bnuA:-; bb 'U'U'I.Je:J-:J~'\..1 11 3) ~ b~ tJ'U'Vl nA'Uvl1 bb uu'Vl~?leJU A~-:~ 
'IJ 'IJ ' 

?l~Vl1tJ ~-:~ b tJu fn'j'Vl~?leJ'\J'jl'\J tJeJ~ bb~:-!Ll1A:-! bb 'U'U'I.Je:J-:J~'\..1 1 'tJVl1A:-; bb 'U'U~~'U1f11'j 
' 

liubu
Rectangle
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e:J L~c.~t~l'i'Tum1:w?l1:w1'W~'Il:::'l11m1:w~ LL~:::15m1Vl1'llVl CJ11"11?1~fl '\.J1 off L ~mLnu ruvn ( L.h:::Vl:w eY ~"1l, 
\.1 \J v 't 'U 

2535) 1t~?lmt~m1ru1vuJ 1~muvn:::B~1'l~'luruvn1t~~l~'lh:::·•ih1t~ (~~"1l1 L~:w~~l?lrw, 2546) 1t~ ., 

hJLLnUqJVl1~'U 1 'UeJnLVl\1eJ'iJ1f1lVlCJ11"11?1~1LL~:::LVlflb'Ul~~ (51:::odCJ ~1ru1"1J~, 2533) L~eJ~L~CJ'U1off 

fld 1 :W ~Vl~ eJ 15 f111 L Vl ~ 1 Jw ~ 'iJ ~ ~ f111 U ru Vl11 Vl JJ 'l ~1JJ Lfl CJVf\J :W 1 tl eJ 'U L~ CJ f1 11'1-JwlJ 'U e:fj'j 
'U v I 'U 

f\11:W?I1:1J11b\ 1 'Un11'111fl11:W-rl '\.J1 oiJll') LLI?itl1 L tJ'Un11 LLnUru'Vl1~ Lfl CJ~U:W1 LL~1 n11'\'l1 LL uuQL tl'UL .W CJ'l " ., 

fl11:W~11:w1'1im1'1111'\.J1off (Klopfer, 1971) 

2.3.2 m~1~fl11:W6i1:W11rl"ll B'l n11'111f111:w-rl u1-ub t~~i~tJ~~~11'U 
" 

""'"' brl ~B.:JilB LL6'1 ~tJ ~~ LiJ'U fl 1 1:W~ ~1'\JCJ 
" " 

~~"1J1 L~:W~~~tJ LL u u 1 ~ m 1 :w ?11 :w11 b\ 1 'U n 11 '111 m 1 :w ~ n ~ :w ?111 ~ 1 Vl CJ 11"11 ?I ~ 1 L ~ eJ -:~ 
" ' 

(2546) ?111'iJ1Vl111U1-d'tt~~1~u1:::~11'U LLUUU11!CJ 4 ~1L~Bn ~1'U1'U 30 <U'e1 

111"1l~1 ~CJ~'i]CJ LL UUl~fld1:W?I1:lJ11b\ 1 'Un11't11fld1:W~ L~eJ.:J 'iJ1Vl11 LL~:::?\11eJ1Vl111 u1 off 
" 

(2552) 1 'U~l~U1:::~1l'U LLUUU11!CJ 5 ~1 L~Bn ~1'U1'U 15 <U'eJ 

1111~ ~Vlo1'1X LL UU G'\'111'\J f111'111 fld1:W~l"1J1YJ~ nr;f 1 G'l'1Vl1'u11"11m 1u1mt~ 
' ' " 
(2554) ~i~u1:::~1i't~ 

~:wu1:::m LL UUVl~?leJUl~f\11:W?I1:W11b\ 1 'Un11'111fl11:W~l"1J1lVl CJ11"11?1~1 L~eJ'l ?111 
" 

Bt~&l:::VJ~B (2553) LL~:::?\:WD~"/JeJ'l?\11 ~1'U1'U 40 <U'eJ 
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-;u1n-11t!i~t.J 1.~ t.J1 nu m~LJ~~ l.lJtlfll 1:w-rl LJ1~ tl~119l'lJ~~~h1t~ -;u ~'Vj'\Jl1 ~ltl1 vmJ 
~ v 

11 n n1 ~~ n~111iltoif 1.1. uu Vl l?l~Bu 611 -1-;u ~ 1. ut~ n1 ~Vl 1?1 ~e1u 1.~ t.Jl nu ~t~1t~ n1 ~ ru1 t~~1 191'\.J ~~-J 11't~'1JB -1 

llm~t.Jtl 11?lt.J1 ~~l.~t.Jt!11'l11.fl~1~'1-h1.~~ 1.~e1:w 1t.J-1num1:w~1VltJll"ll~1911 t!e:Jn-;u1nd1.1. uu?\1~1-;u m~'l11 
~ ~ 

m1:w-rl LJ1oifiJ-11.Utll.fl~B-1ijB~vh 1 ~m~~B'W~~n~l.~t.JtJ1Jl~~-1~'W 8t~-;u~'l111 LJ~m~e:Je:Jml.uun-;um~:w~ 
'U '\J\J 'U 'U 'U 

2.4 I.I.'W1fli11'1JB~:w 1 'W:U~1Vlmf11611111 
2.4.1 fl11:U'Vl:U1tl'1JB~:U 1 'W:U~ 

rh--h:w 1 tl:W~ (Concept) 1 'Wu-;u~u'W~'Wt.J:w 1 oif1 w11~11 Vlt.JiiB ~VIm t.Jrh 1. 'li'W :w 1 'W:W~ 

:w 1 t~Vi'l"lt1 1.1.~~ l.l.tllA\?1 ~.~.~~11nm~~n~1'Vlmt.Jvh'W 1m ~m1:W'Vl:w1t.J'1JB-1:W 1 t~:w~ 11?lt.Jn~1T:h :w 1 t~:w~ 

1. U'Wfl11:W 1. .U11-;u~~~LJ 1. ~ m nu I.~B-111?1 I.~B-1'Vl~-1~ 1.n111-;u 1 n m~ 1Jl~u'lJ~~~u m~ru 1.~ t.J1 nu~-1,1'W VI~B 
' 

l.~tJ1tl'W (~1Vl~ :wmh 1.1.~~8~VltJ :w~rh 2544) l.l.~~m~~'Uflfl~VI~-1'Uflfl~11?l~~l.nl91119lt~VI~B 
, 'U 'U , q , 

LJ~1n£J m~ru~1-1 1 -;u~vh1 ~l.nl?lm~~ui ~.~.~~~flfl~,!'W-;u~'l11m~~uidmLJ5~:w~'W5nu'lJ~~~u m~ru 
b~:W'/Je:J-1\911 1.e1-1 -;u~v'h 1 ~ 1.n(91:w 1 'W:w~611-11. U'Wfll1:W 1. <U'1h 1.~m ntJ1191 ~ V1~8'lJ~1 n£J m~ru,!'W bb~~vh 1 ~ 
\ii'1 be:J-1iifll1:W~m n~'W (.nyj 1.~1VI1 'Vj'lJ~ ~, 2534) ~1:w~-1n1~~-1 bfl~1~~'Vl~e:Jue:Jnfll1:W~:W~'WB-;u1n 

~ ~ 

oife:J:w~~n16i'-1~n~1 l.n(91-;u1nn1~1-if~'WI1l'W1n1~n1~\911?1~'WB~1-1iji.'Vl\91 t:-.~~'1JB-1~1.~t.J'W 11?lt.J:w 1 'W:w~,!'WI. U'W 
~ ' ~ 

~-1~.Vu.ffe:J'Wn'i1 m~~1'U~l:Wfli1:W~~ 1. U'W~~'UtJB~ 1.1.~1 1. ~e1m1:w 1. <U'1 h 1 'Wb~B-1~n16i'-1~n~1 (~1:w~ 
~ ~ ' 

l.~tJll.l.tll, 2540) 1'1-1,1'W:W1'W:W~ iifl11:WVI:W1tJ1(91tJ~1:WflB fll1:WI.oU1h l.b~~~'W\9l'W1n1~B~1-1 

~:wi.'Vl~~:wt:-.~~'1JB-1~1.~t.J'W~I.n(91~'W-;u1nm~~-11.nl91 m~~n~1 l.l.~~m~~uiLJ~1n£Jm~ru~1-1 1 bb~1'l11:w1 
b ~e:J:W 1t.J-1 ntJ'lJ ~~~tJ m~ru'/JB-1~ 1.~ tJ'W 1(91tJ 1-iffl ru~:wu~ fl11:Wfl~1 tJfl~-11.1.~~ fl11:W~:W~'WB l.fl(911. U'W 

~ ' 

2.4.2 fl11:U'Vl:U1 tl:U 1 'W:W~1Vlt~1f11611111 

11nm~~n~1VImc.rvh'W 1m ~m1:WVI:w1t.J'1JB-1 :w 1 'W:w~1Vlt.J11"11~11l41(91t.J 11'ln~11l1 :w 1 'W:W~ 

lVl tJ11"11~11l4 flB fll1:WA(91 fll1:wb -if1 h b~ t.J1 nu ~-11(91~-1VI~-1'Vl~Bb~8'l1111 b~ 8-:J'Vl~-1 ij~,:j~~l'ltJ~ b U'W 

~LJB~~:w I.I.~~'W1:W5~~:w (:WV111Vlt.J16i' t.J~ 1 'lJVi' t.JB~~:w16~1'1J , 253 7) 611-1 1.n1?1-;u1 n m~~-1 1.n191 m~ 1\'l~u 
~ ' 
LJ~~~L.Jm~ru m~1Jl<U'e:J:w~~m-;u1nn1~Vll?l~B-1 ('W.fl1'Vj~ l.l.m1'W'Wi1, 2537) 1911:WVI6i'nm~Vl1-1 

~ 

1Vlt.J11"1l~1914 (m~rum l.b~-1VI~'W 11 tJ, 2534) ~l:w~-1m~t:-.~~:wt:-.~~1'WoUm~-;u-;u~-1~1.U'Wm1:wA(91VI6i' n 1 Vi' 

!.U'W~'lJI.buu1mJ (t:-.~(91-1t.JI"l m-1:w1m, 2523) !.1.~1'l11m'lJ~~m~~:w~'WBI.Ut!oUB~~'lJB~1-1iji.VII9lijt:-.~~ 
'U , , 'I 

l.n(91bU'Wm1:wb<U'1h b~B'l,!tl'1JB-11.1.~~~~flfl~ ~-1:w 1 'W:W~'Vl~-1m-;u1.n111-;u1n:w 1 'W:W~'Vlmt.J 1 8~1-:Jm 

~:w~t~5nt~ (.nyj l.m'Vl1 'Vj'lJ~~, 2534) :w 1 t~:w~1Vlt.J11"1l~1911 fli1:W'Vl:W1t.J 1(91t.J~l:wf1v fli1:WAI?l m1:w 
~ 
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b oU'11"il~d11?l"il1 nm':i61,:nn~ nT~Vll?l~HJ\l ~1'Um~u1'tJn1':iVl1\llVlEJ11"116'1~1 m':i 1~-rut.h~?iu nT~rub~e:J\l 

11?lb~e:J\lVl~\l ~~\l':i~~U~bU'W'Wl:IJ5':i':i~bbfl~':iU5':i':i~ bb~TU1mU':i~~1f!6i~~'U5n'Wmh\l~bVl~e.Jflbfll?l 
'\J ' 

2.4.3 nTH1~1-:J~b'W~~ 

Ausubel (1968) 1~n~11~\1~1~U~'W1'Wnl':i6'1~1\1~1'W~~H~\Id 
(1) lbA':i1~'ltibbfl~bbC.ImbCJ~rn1~bb~n~1\I'Ve:J\I~\Ib ~1 

(2) 6'1~1\l6'1:W:W~i51'Ub~ CJ1 nu~ m~ru~ ~'J:W'Ve:J\1~\1 b ~1 
"' 

(3) Vl\?16'11Jl.J6'1~~~i51'U~6'1~1\I~'W1'W6'1tntlnl':itWVl~\l 
"' 

( 4) b~eJn6'1~:W~i:i1'W~6'11m':it~A':ieJLJf1fl:W~\I b ~1~~~ n~ru~l.Jl\lU':i~ nl':ib Vl~eJ'Wn'W 
"' ' 

(5) '1.11~ n~ru~bU'Y11~'VeJ\l~\lb ~1~f11?11i'"il1n6'1:w~~i:i1'W6i'~~'U5nt.J 1m'l6'1~1\lfn1~AI?l~~ .... 

(6) bbC.ImbCJ~f111:Wbb~n~1\l':i~Vl11\l~ 1 'U~~~1m VljJnLJ~ 1 'U:w~b~~ b~1JV!1rn1:w~:w~'U5 

(7) 6'11Ufn1~Vl~1CJ'V1J\I:W 1 'W:W~~-rl.J 1 Vl:Wb ~A':ie:Jl.Jf1~:w 1 tJ~\16'1:w1:an\1n 1 VlthCJ 1 tln~:w 

(8) Al?lVl1~qJ~ n~ruVJ1\IJl1~1~ b Vlm~6'1:w 1-rrb U'W\i11 bb Vl'W'VeJ\I:W 1 'U:W~~-rt.J:w11 VljJ 

'U 1J n "iJ 1 nd n1 ':i~ lJ f) f) fl "iJ ~ bfl \?)~ 1 'U~ ~1 tl b~ 1J '111?1 b~ 1]\IV!~\1 n ~ 1J b~1Jl.J f) f) fl "iJ ~ ~ 1J \1~ 
' ' 

U'J~6'1t.Jm':irub'Wnl':ib~CJ'W~"il~\l Vl~nm':ibbfl~m'J6'1'Ju':i1:W'VeJ\Ib~emr'W .., mneJ'Wbb~1 Bnu'J~m':iVl~\l 
" ' I 

"il~~eJ\I':i~~nH11~\IJ'W 1 ~~n~ru~bU'Y11~1J~ bu1'111?lmbc.Jn~n~ru~bU'Y11~'Ve:J\I~\IJ'W 1 eJeJn"il1n~\l 
~'W 1~e:J ~1\lil?l b"il'W ;\lf1ru~ n~ru~~1\l~\ln~11 "il~bnl?l1~lii'eJ\Ie:Jl~CJf1ru6'1:wtr~1 'W~1'Wnl':i H m':i~\1 bn~ 

' ' 
bU'Ue:J ~1-:~~ ~\IJ'Wi5m':i~'I.Jf1f1fl "il~ bnl?l:w 1 'W:w~"il~lii'eJ\1 bn\?1~ 1 Wl1'Y1~'U 1 'Wm1:wAI?lb tl'U~'U 1 b~:wlii''U 

"il1nm':i~\l bn~m1~"il~\l Vl~nm':i bbfl~n1':i6'1':iU'J1:W "il1nJ'WbWn~ n~ru~ bU'Y11~bb~16'1~1\l b U'U~ 1 'U~~ 
' 

( lil'1'W\I 'Y1':i1 CJbbcJ~ bb 'V, 2516) m':i6'1~1\I:W 1 'U:W~lVl CJ11"116'1~ 1J'W~e.Jfl ~ eJm':i b~CJ'W ~'VeJ\11! m~CJ'W b 'Y1':i1~ 
'\J 

nl':i b~CJ'W~"il~ b~~ lii''U"il1 nm':i~:W ~6'1-rl.J~U':i1nn n1':itW~1\I .., b U'W b t1'eJ\l~'W bbfl~ b~e:J 1~-rl.J~"il1n~-:~~~ 
~ ~ ~ I ~ 

~n~ru~~1:wn'W ~f111~~:w~'UtSn'Ub ~:w~'UVlfllCJ 1 f1~\l 1!m~CJ'W6'11~1':it1't11m6'11u b U'W~ 1 'W~~1~ b~eJ 
1!m~CJ'Wb~ CJ'W i~1 n~'W ~ n1':i?l~ ?I~~ 1 n~'W n "il~'tl1~ 11.vt 'W m ':i bbnu qJVl1~1\l 1 1~~ ~'~~'W 
( r1ru~ eJ'W m':i~ m ':i m ':i6'11J'W bbfl ~e..~~ ~16'1 l?leJu n ':i run 1 ':i?leJ'Wl Vl m\"116'1 ~ 1'VmVJLJ1\I~Vl1lVl m~ CJ, 25 25) 

' '' 
~\i&J'W1nl':i'V1J\Inl':ib~CJ'W~ltl~~ mJ'I1~bU'W 4 'J~~LJ (u':i~6'11'J mmnfl ru 1JCJ5CJ1, 2531 

' ' 
eJ1\l~l\l"iJ1n Klausmier and et. al, ) ~\ld Mv'hm':il~CJ 'Y1l.Jl1 

(1) ~'W~~b~CJ'Wiil'11~t~~\1~1\l .., bbf!~un~eJ~\IJ'W1~ 
" ' I 

(2) ~'W~~ b~ CJ'Wiil'1~\1Vl~\l~\111?11 'WMl1'Y1n1':itWbbfl~ b1fl1~~1\l n'W 1~ 6'11m':it16'1':iUf111~ 
'\J ' 
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( 4) ·~\.J~~vhmtl'W~'U~erb~ tJ'U~1:w1'H) 1 ~b~e:JJ.Jl<u:w~ e:J5u1tJm1:wVI:w1 tJ "il1bb 'Unm1:w , ~ 

bb~n~1,r~~wh:~:w 1 'U:W~~1\l ., 1~ b tl'U ~~~u~iJm~ b~tJ'U~:w 1 'W:W~e:J~1\l~:wu·m1n1'~~~1\l:W 1 'W:W~ b~:W I ~ ~ 

'<\) 1 n n1 ~~tr n b~ tJ'U1~ b ~ tJ'U ~ bb'IK1 ~ ~ ~~'U'U fl11:W A~ 1~ tJ e:l1 ~ tJ bu~ 1~'ll e:l\ll ~ tl Vl~e:l b VI~ n1~ ru,!'U 
~ , , 

:w~ ('Will~~ bbm1'W'Ui'd, 2537) 

2.4.4 n1161B'UbvlB1~bfl~:Wb'U:W~ 

fl ru~ e:l'U n ~~:w n 1 ~ n1 ~~ \9ll'U 1 n 1~~ e:l'U bb~ ~ 1:-,J ~ ~-r ~ ~ e:JLJ n ~run 1 ~ ~ e:l'U 1 'Vl tJ 1 f'l1 ~ ~ 1'll e:l\l , , , 

'Vl'Ul\l:WVI11'VltJ1~tJ 1~b~'We:JVI~nm~1 'Um~~e:J'Wb~mn~:w 1 'U:w~ bbnirm~t.J'W 11~\l.Q 

(1) H'BLJmru1 ~b VI:W1~?l:Wtl'U'U'Vlb~tJ'Ubb~~lliD'lle:J\lUnb~tJ'U b ~~1~'<\J~'Vll 1 ~b .Q'e:JVI1~t.J1n , , 

n~'U~1 t.J~'U ~\l.afl~'<\J~b tJ'Wer~'<\l1';i ti.J1tl\lfld1:W b VI:W1~?l:W'lle:l\l'U'Vl b~ t.J'Ubb~~U n b~ tJ'U 
~ ~ 

\J';i~?lu n1'H1he:J'lm1-1it 'U m~~e:l'U n~1:W1~t~·vh 1 ~tr n b~ tJ'U bn~fll1:W~:W~'WB'Vl1\lfll1:WA ~~1 tJ ~'U be:J\l 

vh1 ~bn~:w 1 'U:W~~'U:W1~'dtJ~'Ube:l\l1~ 

(3) trm~t.J'UlJ~l'W~l:w1'Wn'<llm~:w~1\l ., ~~e:J~'<Il'U~\lb~~:w1~~~nfi~EJ~1\llJbVI~~:-J~ ~~n I 'U 'I 'U 

~\lbn~ bb~~~~n"il1bb'Un~m~ru~bu~1~'lle:J\l~\l~1\l ., e:Je:Jn:w11~~~b'<ll'U'<\J~vh1~b'll1lJfl11:W~ m1:wb.rr11'<1l 
~ I ~ 

bde:J\l~'UB'U'<Il~1111 LJ~m~?l~1\l:w 1 'W:w~~B1 LJ 
~ 

'<ll~~EJ\lbtl'U~~'<Il11ru1b~EJn15?lEJ'U bb~~n;um1:w~1\l 11~trm~tJ'U 15?le:J'U'U1'l15 b-d'U 15u1~t.J1tJ 

m 1u1m HuB t.J~ ?l~ b ~11 ~ m1?1EJ'U15-d;u ~vh 1 ~tr m~tJ'Ubn~:w 1 wn~~;u~vh 1 ~m~?l~1\l:W 1 'U:W~ , 

El~1\l~~ 11~~1tJ 

'U El n;u 1 n-d n11?l e:J'U:W 1 'U:W ~ fl11 ~ ~VI1D 1~ ?l'U m~ru~ b tl'U ;u~\l n1 ~EJ5'U1 tJ:W 1 'U:W ~;u ~ 

~~b;u'U:w1nn'i1 1~ tJ;u~ 1tJ'l~:W~'UBtl'U~\l~ b .rr11 ;uEJ ~ nEJ'U 1~ tJ bQ~1~VI1 n b tl'U~\l~lJ~ n~ru~ b tl'U'<Il~ \lVI~e:l 
~ 

~ n~ B'l1~~~'W ~\l-dm ~iJ m~ bbtl ~\l n{] ~1\l 11 ~~~ b;u'U b tl'U~\l~"i\'1 b tl'U 1 'W m1~~1\l:w 1 'W:w ~1 ~bbn 
trn b~tJ'W tl~~~u n1~ru~ bbtl~\le:JEJ n:w1e:1 ~1\l~~ b ;u'U,!'W~ EJ:w'<ll~?l~1\l:W 1 'U:w~~t~ n~e:J\l bb~ ~~~ b '<ll'W ~\lVI~\l 

~ 
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?le:J~flil e:J.:J nu fll1~ ~ e:J..:J f11'j'1J e:J,:j~ b~ t.J'W 'j'J~~,:j f11'j 1-iJe:Jt.J fl'j ru1 ~ b Vl~1 ~ ?!~ n'U'UVl b~ t.J'WbbG'l ~~~'U'El.:J 
'J ' ' 

11 n b~ tJ 'W bbG'l ~ 1 ~ ~ b~ t.J'W 1J1Vl ~?I €l 'U~ 1 'W~ ~ Vl~.:} f11 ~ b~ t.J'W 1 m'EJ n 1?1 ~ b~ t.J'W\91 e:J'U?I'W e:J.:J ~..:J'<il ~t.J 'j~?\'U 
'J 'J 

' ~Q./dd iJ Q./ I~ ~ I I Q,/ Q 

2.5.1 .:!1'W'J"~Vl bm.J'J'Ue.J'l nunTHHJ'Wbb 'U'Ui'J~~'El b Vlfl'Wflbb 'tNn61~~616'1~~Vl5 

n 1 'j b~ t.J'W bb 'U'U ~~ ~~ €l b tl'W f11~ b~ t.J'W ~~ b tl'Wttf b~ t.J'W b tl'W6'11 f) ru ~ ~..:) t:-J G11 ~ttr b ~ t.J'W bn ~ fll1 ~ 
'V 'V v 'U 

t:-JG1~~tlVltVJ1-:Jf11'jb~t.J'W~.:J~'Wb~m Vit.Junum'jb~t.J'Wbb uut.Jn~ '<il~b ~'W 1Jl'<il1f1-:J1'W1~ t.J 38 b~B.:J ~u11 
33 b~'El.:J ~f11~b~t.J'W~bb'U'U~l~~B1~t:-JG1~~nVJtVl1-:Jf11'jb~t.J'W~?I..:J~'W (Slavin, 1996: 40) 'We:Jf1'<il1n-d' 

'J 01 'J 

f11'jb~t.J'Wibb'U'U~l~~e:lcJ.:Jbbtl.:Jbtl'WbVlfl11fl~1-:J i1Jlbbtl Ji~saw I II STAO TGT TAl CIRC 

Learning Together (~'jffn~ VlGll'U~1m, 2547) Vl~.:J1'Wf11'jb~t.J'Wibb'U'U~l~~e:J ii''WAeJ bVlfl11fl 

bb u.:J n~~t:-JG'l~~nVJt~tr n m~Pi m~1Vlm t.Jvl1'W 1Jlthm 1-if~ ~ f11'j b~ t.J'Wfb ~nu ttr b1 t.J'W ~.:J'We:J m1n'<il~vh 
C! ul 'V '\.1 

1 ~t:-JG1~~tlVltVJ1-:Jf11'jb1t.J'W~~.:J~'W t!m~t.J'WcJ..:J~b'<il\91fl~bbG1~Vll"l'Wfl~~~~eJ'U'j'jt.J1f111"11 'W.ff'Wb~t.J'W vh 1 ~ 
ttr b~ t.J'W?I'W n ?I'W1'W nu f11 'j b~ t.J'W m ttr ?I €l'W?I1m ~tl'\11~11-iJ ~ ~ f11 'j b~ t.J'W nJl eJ ~ 1-.:JV!Gll f1VlG11 tJ b d eJVl1/ 
'V , 'U'\J 'V 

'j1 t.J1'/.J1 ~.:J'<il ~ b ~'W 1J1 '<il1 n f11'j b ~~t:-JG'l ~~t1Vlt1 'W1'/.J1fl ru\91 1"11 6'1\91 i'UeJ.:Jtl m1 t.J'Wb m~ 5 'Ue:l.:J bf11 ~ 

ue:Ji:Dl~1'UB..:Jm~~m~t:-JG1~~~VltVl~..:Jb~t.J'W~.:Jn11neJ'Wb~t.J'W (Vau~han, 2004: 57 -A) ?le:J~Atie:J..:Jnu 

m'jPimn m~ b~t.J'Wi bb uu bb u..:Jn~~t:-JG1 ~~tlVlt~~~ nu Ji~saw b t.J~t.Ju b Vi t.Ju nun~~mu~~ 1 'Wi'IJ1 

' " ' 
eJ~1-:J~ti't.J6'11r'1ruVi .01 (Chen, 2004: 57-A) 'We:Jf1'<il1n~c1-:J~m~Pim.~1bnt.Jlnum~~~b~t.J'Wi'IJ1 

v 

fl ru\91 1"11?1 (91 i ~.:Jvl 1 f11'j b t.J~ t.J'U b Vi t.J'U t:-J Gl ~~~Vlt~~Vll1-:J f11 ~?I e:J'W bb 'U'U bb U.:J n~~ t:-J Gl ~~tlVlt bbG'l ~ bb 'U'UD n ~ 

'<il1nti'm1t.J'W~'Wth~tJ~Pim~ntJ~ 3 4 bbG'l~ 5 oJ1'Wl'W~eJ.:Jb~t.J'W 30 ~eJ..:J ~'Ul1 t!m~t.J'W~'W 

t.J~~11~Pim~ntJ~ 3 bbG'l~ 51'Wn~~~b~t.J'W~~~~mVJA11flbbU.:Jn~~t:-JG1~~nVJt ~fl~bb'W'W?I.:Jf1l1um~t.J'W 
'I 'I UJ '\J 

mu~~'El~1-:J~ut.J6'11r'1~ (Suyanto, 1999: 3766-A) ~.:Jd '<il1f1f11'j1bm1~~1JeJ~m;;J.:J~rum~ ~'Ul1 

f11'jb~t.J'Wi bb uu~~~~B b VJADA bb ti.:Jn~~t:-JG'l~~tlVlt 1 'W~1 t.Ji'IJ1~-:J A~Pi mn v1'11 ~~ b~t.J'l.Jbn~A~1~ 

?1'4fl?I'W1'W ~..:J?I1m'jtJU11 t.Jt.J~~~n\911 m 'Wf11'j?\€J'Wb~eJ~~m~1-.:Jf11~b~t.J'W'UeJ.:J~b~t.J'W 1J1 (Armstron~, 

2003: 405-A) 

'W eJ n '<il1 n-d'i'IJ11 Vl t.J 1m ?I \91 i cJ.:J 1Jlt11 b Vl AD Am~ b~ t.J'W ~ bb uu bb ti .:J n~ ~ t:-JG'l ~~ nVJt~111J~ ~ 
'J ' 01 

nlil m~~m~b1t.J'Wm~?leJ'W 1~t.Jiil~~u11 ~b~t.J'W~ b~t.J'WJi'1m VJADA bb u.:Jn~~t:-JG1~~~Vlt ~t:-JG1~~t1Vlt~ 

?1-:J~'W bbG'l~~ b'<il\91fl~~?I.:J ~.:J'<il~ b ~'W 1Ji''<il1f1f11~ b ~~t:-JGl~~f1VJtVl1-:J f11'j b~t.J'WbbG'l~~ (91 lVl t.J11"11?1 (91 fl 'Wl"111 v 'J 
0 1 
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Yl~n~ hwH\V1AUf1bbU ·m~:w~61~:W~Vli ~1:wnu Jigsaw b~e:J~ nTHA~m.J~bb'U'U~1~ 1 'W'Ul1 A~bb'W'W 

VI~~ b~CJ'U~·ml1 tle:J'U b~ CJ'W mh-:J~ir CJ~1Aru (:W'U\91~ fll~'Wfll 2548) b "ti'Wb~ CJl nu n11~\Yl nT~b~CJ'U~ 
~ ~ ~ 

b~eN ~11~l1:Wb61~611\YlCJ1odbV1AUAbbU-:Jn~:W~61~:W~Vli ~l:Wn'Ubb'U'U~'UbG'\1~ 'W'Ul1 bb~'Wn11~\Yln11 
6' ' tJ tJ 

b~CJ'Wi~lCJbVlAUAbbU~n~:w~61~:W~VlB ~rh E1/E2 bvhnu 78.30/71.21 6/J~~1'Wbnrusvi 70/70 Vi~\1 

b -w11~ m1 b~ CJ'W 1\Yl CJ b VlAD A bb u-:J n~:w~61 ~:w~Vli 'Y111.Xtr m~ CJ'W 1~~n>J ml':w ml' rJ n m1vt1 f11 \91e:JU ne:J'W 

n11b1CJ'I.J bb61dJn>J m1:w m1rl nm1vt1A1\91€l'Utl€l'Wn11'Yl1 bb'UUVl\Yl~e:Ju b ~e:J1.X~A~bb 'W'W~-:J b ~B1.XVi:w 
~ 

tb~~'U~61~1b ~>J 'Y111.X~tb~~um1ru1 'Wn11bbnu~vt1:W1n~'W 'Vl11.X~1:W11t1'Y11bb U'UVl\Yl~'El'U~e:JCJ bb61~ 
bb'UUV1\Yl~Bu1\Yl~61~:w~Vlivt~~b1CJ'W1~~~'W (~:w1~ tb~1AVI-:J, 2555) 'We:Jn>J1n-dcr~-wu'i1 m1b1CJ'W 

l'il1bA~~~n1TW1n11b1CJ'W~ 5E ~l:Wrl'U STAD ~1vt1uirm~CJ'W.ff'W~fiCJ:Wflmnu~ 4 'W'Ul1 ~b>J\91A~ 
~ 

BfJ1 'W1~~umn~ri1 bu~m vhnu 4.13 ( ~'ll~'WV11 fl~'W61, 2556) b"li'Wb~CJlnu~b~CJ'W~ b1CJ'Wb~e:J~m1 
~ ~ 

A1'WlrutJ~:w1ru~111'WtJ5n~CJ1bA~ ~m1:w~-:Jowe:JhB~1'W1~~umn (owl'.UCJ A1~~~e:Jn, 2550) bb61~ 

n11b~CJ'Wb~€l-:J ~11bb61::;~:w'IJ'~'Il'El'l~11 ~~m1:w~'l'W'El hB ~1::;~umn ~-:J-db -w11~ ~ b~ CJ'W 1~~1'll'W1 
~ ~ 

4 .::::O.IV..:::.I.::::.I tJ Q..l IV ~ i.l I d ~ I I Q.l d t t 

n11fln~1-:J1'W1>J CJVl bnCJl'ile:J-:Jnu n11>J\Yln11b 1CJ'W~ bb um1:w:we:J b VlA'WA bb 'U-:J n~:w~61 ~:w~Vl5 -wm 1 ~'l~ 61 

1.X~ 61~:wnVliV11-:J m1 b1 CJ'W~ -:J~'W ~ n~-:J~ b >J \91 A~~~~ e:Jl'il1~ b1CJ'W 'W e:J n>J1 n-d'E1.:J1~'l11 b Vl AUA bb U-:J n~:w 
01 ~ ' 

~61~:W~Vli 1tJ1-d~\Yln11b~CJ'Wivtmnvt611CJn~:w~11~ vtmnvtmm-d'e:Jvt11~bbn ~-:JA:W J11~TeJ'ln~~ 
Aru\91m~l9111l:W~-:J1VlCJ1f11~1911~1'1J1~1-:J ., 1\Ylmuow1::;~1'1J1l'll1bA~ ~-:J~1u1~11 m1b~CJ'W~bbuu 

I ' ~ 

~l:w~m VlAUA bb u-:Jn~:w~61~:wnVli b U'Wn11~1'll'W11.X~ b~CJ'W~Vin~~ 1 'Wfl11'Yl1-:J1'W~1:Wn'Wb'D'Wn~:w ~ 
q "I cu , 

bb 1-:J1>J~>J::;tJn~:w~w5mCJ 1 'Wn~:w ~-:J~611.X~b~CJ'W 1~1um1:w~1b ~>J ~~61n11b~CJ'W~'l~'W bb61::;~m1:w~'1J 
d.,J 'I 'U 'U 'I 

Q<V d <V d d CLI ~ 

2 .5 .2 .:J1 'W1>Jmm.J1n'U6'1e:Jfl116HJ'U b1 e:J .:J YfULi~ bA:W 

~'W 5~ bA~ b U'W~'W ~1'\.J ~1A' ru'Ue:J·m 11 b~CJ'WbA~ 1\Yl CJ b d e:Jvt1~ Pi n~1~ \Yle:J ~1 'W 1~ ~u e:J~ \91 e:J:w "' ~ ~ 

~1vt1u A 1~>J ~ f\ \Ylvt115 n11~~'W n b ~ B ~~ \Yl \Yl Al1:W~'W 1 >J bb61 ::;~~1~~ e:J n11~ e:J'W ~>J ~ bb Vl'W bb 'Wl f\ \YJV11 ~ 
~ ' ~ 

lVlCJ1f11~1911 (Witzel, 2002) ~-:J>J::;b'~'W1Ji'>J1nm11od~1~€l Lego "lilm~:WA11:Wbod11>J1'Wfl11b~CJ'W 

~mbA~'1Je:J~~11'\.J1::;neJu 1BBBDn 1\YJCJ 1-d~'1JB-:Jbb~61::;u~Bn bU'W1~~ue:Jn'ilu\Yl'1Je:J~'\.J1::;>J 1~bbn ~J1b~'W 
~ ' 
(Ji'1'W'U'W) bbVl'WheJB'W'Uln ~bb\Yl~ (~1'W~1~) bbVl'W1e:Je:Je:J'W61'U bb61::;'\.J1::;~ 1, 2, 3 bbVl'W~lCJ'U~Bn Lego 

'1J'W1\Yl~1~ 1 ~~1:w11t1~e:Jn'W1Ji'B~1~bu'W1~b>J1~>J-:J (n1-w~ 2.2) >J1n,1'W'V111.X~1911~11U1~ne:Ju 
~ 
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1BBtl'W n b'U'Wmn:J 1~t.Jer b~t.J'W~B'l~ e1 Lego b U'W';iU ~ b VI~ mJ~'Werl bb~1'Yl~l';iruleJI?l';il~1'W'IJB'lU~eJ n 
~ ~ 

eJ~l'l~l~~~ bbm.~ih1eJ'W1'1J1l u~Bn~Jlb~'W~~~eJ'leJ~ "bU'Wbbm b~m" u~eJn~bb~'ln~~~eJ'leJ~bbm ' ~ ~ 

b~ ~.n nwl'u~ bb~wdwl''W ~ln~6'1 nl';ifln~TY1Ull ih n';i';i:W~'ln~l1 11 m..hm1offb ~elbb~~'l1 ~b'M'W 
~ 

bb tnA~Vll'l bAiJ 1 'Wb~eJ'lnl';i b ~t.J'W~m~l';iU';i:meJu hBBiJn 1~t.Jum~t.J'W~1offn'iJm';i:w\911~eJ Lego iJ 

A~bb 'W'WVI~'l b~t.J'W~'ln1lum~t.J'W~1~1-ffn~ m';i:w Lego eJ~l'liJutJ~lri'b1J b ~B'l~lnum~t.J'Wbn~ml:w 

~'Wn~'Wl'W';i~V!ll'l'Vll n~ n';i';i:W bb~U n b~tJ'Well~iJ bb 'W1 A~ Am~ bA~ eJ'W 1~ b ~eJ'l~l n~l';iU';i~ neJU 1eJeJeJ 
' 

iJn bU'W~ n~ru~'IJeJ'lbA';i'lt:.J~ n~l'lm"lh t.J ~iJ nl';i~eJ'IJeJ'l1BBeJ'WU1 n bb6'1~ 1BBeJ'W6'1UeJ~l'l~m ~eJ'l b U'W 

~tJ\?ll~lt.J 'lt-:Jum~t.J'Wm~b offl1~~~f1~1l1m'l~~l'l1BeJeJiJn~~ b U'Wbb uu~lt.J 1 b VJiJeJ'W bA';i\l~~l\lb~n 1 

l?ll:W Leoo ~~eJ ~\l,!'W m';iiJmw.J~At.Jnuum~tJ'WVI~\lvhn~m';i:w bb6'l~m~B'llVfum~t.J'Wm~VIun1l 
:::, 'V q 'U 

?1 m~l';iU ';i ~ neJu leleJ eJtJ n~1~~ l n nl';i~ eJ Leoo b U'WbbAeJ\?l';il~1'W1.J eJ t.J~~ m~VIll\11BB eJ'WU1 n bb6'1 ~ 
~ ~ ' 

1BeJeJ'W6'l'U (Ruddick and Abby, 2012) 

'WBn~lndv\11~-ff'IJB\lb~'W K-Nex 1offbbVl'Wb:Wb6'ln6'1Jl (m'V'l~ 2.3a) :wl~~l\lbU'W~eJnl';i 
' 

~eJ'W~'li1t.JeJ5UltJ5';i';i:W'IJl~'IJel\l~'W5~ hJb~';ib~'W (Schultz, 2005) n~m';i:wdmeJUA6'l:W1 'W~1'W~b U'W 
' 

b .Q' eJV!l~eJ5Ul tJ ~tll'W~ b 'li'W nl';iV16'JeJ:W b Vl6'11 bb6'1 ~ nl';i b~ el~'IJeJ\IJ l b~ tJ ~~1Jlb:W b~ 6'1 'IJeJ\IJl1~ tJ 1 off 

K-NEX toy 10 b:Wb6'1~6'lb~t.J1~um~t.J'W'Vllnl-;i?1~l\l~'W5~1~1~-;ib~'W';i~V!ll\lb:Wb6'1~6'1~\l 10 b:Wb6'1~6'1 

(m'V'l~ 2.3b) ~l n,!'Wb 'IJ ~leJ~l\l';i'Wbb ';i\1~\lbnl?lt:.Jm ~eJeJ5Ult.Jnl';ib tJ~ t.J'Wb U'Wbbtl?1'1JeJ\IJl ~ln,!'Wbbt.J n 
' 

1:wb6'1 ~6'1Jl~\l 1 o 1:wb6'1 ~6'1BeJmnnn'Wbb~11 ~0 m~tJ'WVl~6'leJ\l b 'IJ~l b Ul 1 bblK1~\lbnl?l b ~BB5ult.Jnl';j 
' Ad'Ubb'W'W 
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(a) (b) 

'U e:1 n 'OJ 1 nd Ef-:~ iJ n'OJ n11~ n 1 1~ {?! Vl~l (?IVJ:J 51 (91 1{?1 tJ1 .if 61 n:U -:~u e:1-:~ bb61 ~ 611 {?! n1~ ~ Vl ~ 1:1 n 
'V , 'V 'V 

'111m H1 'U (m"W~ 2.4a) 1(?1tJn'OJm1~'0J~:nm1b\91~tJ~ 1~b{?16161\91~-:~Vl~{?l s Vl:l.i 1~1 11 'Uri'~'W~B~m11-:~ 
' '\J ' 

61(91~ EJ-:~1:J:n n11l1'161\9161 -:~1 u 'OJ1 nJ'U 1 ,xr:; b~tJ'U~l~ n'W ~{?!Vl~l (?IVJ:I.i61 (91VJ n'IJtJ(?I~eJ ~1 'Uri 'I ~-:~1 'U 
q , 'U 'V , , 'V 'I 

1~Vll1-:~dl!m~tJ'U'OJ~~'~ bn\91"il1'Wl'W b 1 b61'W~Bb~ n\911eJ'U~ bb~{?l'l~l tJ"il1'Wl'W61J(?I n1~~Vl ~ 11~~'~1~ b{?161d 

Ei'l~1~11rl1 oif~1B\91 fll1~ bb\91 n ~ 1'11~Vll1'1~'W 5~ 11"1 b 1 b61'W~ bb61 ~ 1BB BUn b ~ B'l'il1 n61l {?! n1~~Vl~ b U'W 

i1'lJ~n~rubb VJ'UB b~ n\911eJ'U?!1m1mfl~eJ'UtJ1tJ 1~ bbl'ieJ~1-:~1 1fl\911~ 1~b{?1611?1-:~mi1l1:W?!1m1r~vhmtJ M 

l1b~eJ 1 1'0J~ bn {?! b U'W~'W 5~ 1BeJeJunVl~B 1flb 1 b61'U~ bb61 ~ 1:W~1~11rleJBU 1 tJ~l'IJB'I~'Wli~ 11"1 b 1 b61'W\911~ 

bb~~-:~~l!m~tJ'W'OJ~~eJ'I b ~'WABB b~n\911eJ'W'OJ~Vl'W1bbil'W~B~\91eJ~'IJeJ'IeJeJn"lib'OJ'W (:U-:~'lJB'I 1 61 n ~1'\.JU'W) 
'\J 

~1nn11B~\91B~'IJB'I1®"1{?11b'il'W (:U-:~'lJB'I 2 61n ~1'W~1'1) (Jl1'W~ 2.4b) bb61d1'0Jm1~~11m~tJ'W1~ 
'\J 

eJ~\91eJ~nm-:~ (Selco, 20 13) 'WBn'OJ1nif1U~1-:~1~b61n611m 1 b61'W~El-:~~1~11r11 m~ b{?161LvhJ bb61~ b ~~ 
'\J ' 

VJ~(?11 'Wn111ill61eJ'IeJ~\91B~ 1~ b61 ~61 v111 ,X1J m~tJ'Wb ~'Wm"W 1~-ti{?l b'OJ'W~'I~'W 1 'WVltl~DVltl~D n11r:J~ n ~ 
Bb~nmB'W1'Ul'lblb61'W'Ii (Valence Shell Electron Pair Repulsion theory: VSEPR) 1'W1~UU AB 

bb61~ ABE (m"W~ 2.4c) B'W'OJ~r:i-:~b?!~~h~\n{?lm1eJliu11tJ~l~n'U1~Vl11-:~fl1 l!m~tJ'U b~B'WmtJ1'W 
'\J 

n~~ b~t!l nUfll1~i1~~'Wth~Vll1'1~~~'Uli~ fll1~tJ1l~'Uli~bb61~1U~1'11~b61n61 1l~~'lbb6'\{?1'11 vi\ ~'U 
q 'I 'U , 

bb 'WlA{?I~~~bMtJl nu~'Wli~bfliJ ~1'Wm1~B 1~b{?161ffi oifb 1mueJtJ61-:~ bb~n~uv111 ,Xl!m~tJ'W 1~f\{?1~1n~'W 

(n1'U~\91~~\91,_j l\9Wb6'!611, 255 7) 'OJ~b ~'W1~l1b~b(?161tJ~\91tl~bb61~~Bn11b~tJ'U~~1Jm~tJ'W~1~11t1~Uii1B'I 
' '\J 

1~b Vl~1d 'lilt! 1 ,X~b~tJ'Wb ~'U~'I~bn{?I~'U1~1?lueJ~\91eJ~~'~tl1'0Jvl11 ,X1'1l1 bflil~1tJ~'U~'Ir:J611 ,X:tJm1~ b-il1 h 
'\J 

~fl611{?1bfl~B'W61{?161'11~bU'WB~1'1~ (Selco, 2013) 
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(a) (b) (c) 

m'WVi 2.4 (a) b~ b\916'l6'lfltl'l'\.Je:J'llilTv! -ru1hm-a-a~rn-a~\9l'Vi~1\9l'Vi~b'U\911"a1'l51\9l (b) b~b6'lflml1 
~ ~ ~ ~ 

~1nb~b\916l6lfltl'ltle:J'l (c) 1~b\916lb 'VJ~bb6l~b~~'Vi~\9le:J5u1~-a'\.J~1'lb~b6lfl6lbfl b1 b6l'U~ 
'iJ ~ 'U 'J 

2.5.3 'l1'U1~~~ b~~1-lie:J'lnu111fl11~ft tJ1-tll 'W~1\9ltJ-a~~ih1'W 

rn~~\91 rn~ b~ t.J'Ufl1~6Hl'U 1 'Uthr~nr'U l'i'e:J'lrhu'l~'lfll 1~1il1 b u'U 1 'U n1~'111fll1~n tJ1 -t1 'U ' ~ 

~l\9ltJ~::;IiJTr'U 1\9lt.JbuVn::; fl1~'111fll1~~'Vl1'll'Vl t.J1Pn?l\9lfl tJ'\.b::;t.Jn\911 m vi\n\9ltJ~::; 1t.J'111.i bb~~1flfl1~ 
~ ' 

tJ~::;IiJ11'U~::;ti1u~1 (mvJvh'U b~::;b~::;, 2549; bit.J'lotlt.J bb?l'l'Vle:J'l, 2553; B1'lB'l~1n TW'11~1 ~t.J~e:Jt.J, 

2552) ~l~ ~'liJ rn~ 1-ffVI n~::; bb61::; m::;ul'Ufl1 ~'Vl1'll'Vl t.J 11"!1?1 \911U1'l<i1'1'U 1 'Urn~ bbnu 11JVnfi e:J'Uoff1'lLJe:J t.J 

bb61::; tJ'l'\A/'Ul1 n e:J'U b~ t.J'UtJ n b~ t.J'UiJfl::; bb 'U'U bu~ tJ ~1 n bb '\J'\J'Vl\91?1 e:J'U fl1~'111fll1~ n tJ1 oli1 'U~l \9ltJ ~::;lil1l 'U 
~ 

b~t.J'U?l 'l fll1 n e:J'Ub~ t.J'U ( 'Vll"l ?l'\A/61 'Vl~tJ ~::; b?l'U' 2554) b 'li'U b~ t.Jl nu fl1 ~~w,J'U1fld1~?l1~1 ~bl1 'U fl1~t11 
~ ' ' 

fld1~~l'Vlt.J11"l1?l\9lfl tJ1 oli1 'U~l \9ltJ~::;Iil1l'U b~e:J'l ?l1~bb61::;?l~LJ~'1Je:J'l?l1~ 'Ue:J'ltJ flb~ t.J'U~i1fld1~'\J fl'\A/~e:J'l 
~ 

'Vl1'lfl1~b~t.J'U~::;ti1u.ff'U~ot.J~~n~1u~ 1 'Wu11 fll1~?l1~1~r~1 'Wrn~t11m1~~m 1 oli1 'W~1\9ltJ~::;IiJTr'U 
~ 

'Vi~'l b~t.J'U?l'lfll1rle:J'Ub~t.J'Ue:J ~1'li111mh•l'ru ('~~tJ~::;Jl1 B'U~::;'VI~e:J, 2553) ~'lt1'1 'U~\9lfl1~b~t.J'U rn~ 
~ v 

?le:J'Ub ~e:J~w,J'U1fld1~?l1m~r~1 'U m~t11m1~~'Vl1'll'Vl t.J11"l1?l\9lfl tJ1 oli1 'U~l\9ltJ~::;IiJ1l'U 1'1 e:J'liJtJ~::; b~'U 1 'U 
~ 

m~b~e:J~ 1t.Jw1hnu bb 'UlA\911 'Um.ht.J rn~b~t.J'U~ b 'li'U rn'it11tJ~::; b~'U'li1l~li1?l'U h (bit.J'lit.J bb?l'l'Vle:J'l, 
~ 

2553) ~d~~'liJ fl1~~\9ln~ m~~~i1fll1~VI611flVI611t.J bb6)::; b D\911e:Jfl1?l1 'IX~ b~t.J'U 1<i1A\91 bb61::;v\'1n~ m~~ 
~ 

1'1X~b~t.J'U1<i1'1bm1::;~?Jm'Um~ru ('~~tJ~::;Jl1 B'U~::;VI~e:J, 2553) Bn~'l fl'"J~:Wm~e:JiitJ~1m~e:J 

?j::;VJe:J'Ul1tJ n b~ t.J'U~::;'l11fll 1~ ~~1 n fl1~ b~ t.J'U 1 tJ1 m 'U~l\9ltJ ~::;lil1l'U 1<i1e:J ~1'l1 ~ ( b 1 tJ 'lotl tJ bb?l'l'Vle:J'l' 
~ 

2553) fl'i~?lB'U~~I'i'B'l b 11m'ln~~ m~t111 tJ1m 'U~l\9l'lh~lil11'Umn~'U bb6l::;l'i'e:J'l~m ~e:J'l1 'U'Vl n ., 
'V 'V , I 
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b-d-uvn~~nl':ib~t.J'Unl':i?lB'U (l'lt.Jljj~ 'V1mb?l'U, 2553) ~-:rt:hrilmVI~l-d'll~vh1'1X~\~t.J'UI?ln~~n bbfl~bn~ 
" 

bb'U1A~\ilut.Ju~ 1 'Unl':itllf'nljjn 'tJ1-ff;g11?l'tJ':i~"il11~\il-u 1 'tJ 
" 

'V1 ~ ~ n 'j'jjj~ bb ?l ~~BB nrJ1?\ 1 jj1'j tit11 A11jj i~~ e:l ~1 'tJ1 offt 'U?ltll'U n1 'j ru1 V!lJ 1 bb ~ ~~ bb\91 n\il1~~1 n 

?lm'Um':irub~jj Vl~m tl'U'V1~~ m'jjj~ bb?l~~-u-un 1 'U~m~ru~?llB\91 nl':ib 'tJ~ t.J'Ubb 'Ufl~ m':ibbm 'll m'j'V11 

Gronlund, 1993: 19) ~\11'UmT~~f'nljj?\1m':itl'liB~~b~t.J'U~l'Unl':it11A11jjn 'tJ1-rr1 'U;gl1?1D':i~"il11'U 
" " 

m5m':ll~bb~~D':i~biJ'U1~Vlmt.J151~bbn bbUU'Vl~?le:JU bbUUD'J1Jt.J bbUU':i1t.J\11'Unl':it11m1jjn'tJ1.ff 
" 

l'Vlt.J11'll?ll?lfl 'tJ1offt 'U;gll?lD'J~"iJll'U b~B\1 Bl'Vll':i bbfl~?ll':iBlV!l':i 1 'U;gll?lD':i~"illl'U 1~t.J 1off bb UU'Vl~?\BU 

'tJ'J0t.J 4 ~1b~-un "il1'U1'U 20 .ffeJ (m'I'Jvh'U b'IJ~b\91~, 2549) bbuu'J1t.J~1'Um'Jt11m1jjntJ1m'U 
'U 

;gl\91D':i~"il11'U "il1'U1'U 4 oUeJ D':i~biJ'U~1C.J Rubric (b.Wru1m Vl1ru?lnf1, 2542) bb~~bbUU?1'1'JT<\Jnl':i 
"' "' ' 

t11m1jj~1"1J1YJ~n~ 11mofft'U;g1191'tJ'J~"il11'U (1':i11~ 'V1 'V1 51'1X, 2554) btl'U~'U 
" ' ' 

nl':i'IJ1nnl':ifln'jj1\11'Ul;i)t.J~b~t.J1oUB\Ib~t.J1tlU n1'Jt11A11jjn 'tJ1offt 'U;gll?lD'J~"iJ1l'U 'V1Ul1 
" 

~ b~t.J'U~f'nl:W?llm':ifle:Jt.J1 'U':i~(i)u~1Ci-:J'U1'Unm~ (i)~,!'U m~?leJ'U'<\J~~e:J\l1 '1Xm1jj?1'1flru 1 'Um':i;iJ~m':i 
~ ~ ~~ v 

~1:w~m 'VlAiJA bb D\l n~:w~~~jjn'VlB '<\J~'V111 'IX~ b~ t.J'UD':i~?lu ~~ ?1'1 b ~'<\J 1 'U nl':i b~ C.J'U b ~jj~'U b ~e:J~'<\J1 n ~ b~ t.J'U 
9 °1 ~ ~ 

'<\J~'li1 m Vl~eJ~\Itl'Ubb61~ nm~Vll1~ b~mn\l eltl'U bb6l~D1'l.!nm\l ':il:W~\1 bfl~f'n1:W1'U~~"IJeJU~l:Wtl'U 1 'U 

nl':iU':i':i61 bD1V!mt.J'lleJ\In~:w\ileJ 1 'tJ 
' ' 

2.5.4 \l1'U1:5'~~b~~1oUB\ltlUbb'U1~~bb61~jj b '\.Jjj~ b~B\l ~'U5~bf'liJ 

1 'Un1'j;i)~n 1 ':ib~C.J'Un1':i?le:J'Ub ~e:J~~'U1~6l~:W~'V1B'V11\In1':i b~ C.J'Ubb 6l ~:w 1 'Ujj~ b~e:J~ ~'U5~ 

bfl~ b tl'U ~\I~ A':i~ ?l eJ'U~ e:J~ eJeJ n bb uu n'<\J n 'J'JjJV!~eJ~ bA~e:J~iJ eJ 1 'U n1 ':i~'<\J ~'li1 t.J 1 'IX~ b~ t.J'Ubfl~ :w 1 'Ujj ~ 
"" 'U 

~1~Vl111 b 'V1':i1~'Ue:J n'<\J1 n'<\J~~~'U1jj 1 'Ujj~'lJeJ~~ b~ t.J'Ubbil1 tJ\l'V1UrJ1~ b~ t.J'U~~f1 ~jjn'V1B'V11~ n 11 b~ t.J'U 
" " 01 

?l~~'U b ~eJ\1'<\Jln'<\J ~'1'111 'IX~ b~ t.J'U 1~:w eJ\1 b ~'U 1A':i \1?\~1\11~ t.J'Jljj'lJeJ~ b -deJV!l~'<\J~ b~t.J'U B n~~ m':i b?l'Ue:J 
" " 

Learn in~ Model: PCLM) 1~t.J~n1':irl1Vl'U~D~VI11nflbAt.J~nu?lm'Unl':irub~:W'lle:l~~b~t.J'\~ '1'111 '\X 

~ b~ t.J'U 1~'tJ1mm1 t.J A11:WA~'1J eJ\l l?l'U mh\1~ n~\l ( e:Jm'V1':i b~ t.Jjj61 ~eJeJ, 2552) B n~\lnl':i~A':i~?leJ'U 
\1 'I 'V'U 

'Vl':ilUI'nl:W rl11Vl111Vl~eJI'n1:W Af11~ bfl~ m~ 1 'U nl':i b~ t.J'U ~'iJe:l~ ~ b~ C.J'U '<\J~'V111 'IX A 'a~ ?ltJ'U?l1m'jfiD 1u bbrl 
'U \1 'V'U 
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:w 1 'W:W~'lle:J'l'tTm~EJ'W 1~·n~1b ~l v'h 1-M'lTm~E.J'WiJ:w 1 'W:W~~~n~e:J\l sS-:Jm~61e:J'Wm~ 1offm"jb~EJ'W~I?l1:W 1:w b~~ 
\.1 'UCU 'U 

T5 bbuum~m~ (61:Wb~l?l'l.1 m~~m:i, 2553) 'We:Jm1n-dfl"j~61e:J'Wfl'd"j~~n~m"j:w~vh1-M'Ln~m"j61~1\l 
' "" 

m1:w~~1:w n'WbbrK-:n11:w1e:J.fhh1EJ bb~ m u~ EJ'Wm1:wA~ L ~'W fll"jiJ\J n61:w~'Wlinu"j~Vll1\l n~:w ('Jmi'mj 
" ~ ' 

m.ntJf11b~e:J\l, 2543) l?lG1e:J~~'WI"l'd';iiJ~e:Jfl1';j61e:J'W~VlG11nVlG11~ b~'W \Jmrh fll';j~uri fll';iVllbbe..J'W.niJ 
qo~ '\J '\J 

611EJ1E.Jm1:WA~ fl1"j'VJ~~e:J\lbb~~e:J.fh.h1EJ (~1~€1\l Pl~:W\ll"lru, 2553) m~'Ul'Wfl1"jbVl~1-d~~vh1-M 
' 

m 1:wrl Vljj1~e:J ~1\l b Vl:w1~61:w bb~~iJ fll"ju-ru'll m EJ~ \le..J~ ~e:J fll"j~ (9).J'W11"111:WA~'lle:J\ll'i'l be:J'l1~n11'l'll11\l 
" 

~'W ~\le..J~~m~~61':wt)'VlB'Vl1\lfl1"jb~EJ'W~~\l~'W~e:J1 tJ 
~ 1 n\l1'W1 ~ EJ-iJ1\l~'W611:w1"j ~61"ju1~11 n1"j~(9),J'U 1e..1~ 61:wf1'VlB bb~ ~:w 1 'U:w ~'lJ €1\l~ b~(J'U b~€1\l 

' "I " 

~1n~tJLL'U'lJfl1"jLLnDqJVl1 fl1"j1off T5 m~~1~ l?l~e:J~~'W~e:Jfl1"j61e:J'W~'W '1 L'li'W U\?l"jrh LLe..J'WJ;]iJ fll"j 

'Vl~~e:J\l fll"je:J.flU"j1EJ "j'J:W~\lfll"jbb~ m u~EJ'Wb~EJ'W~ sS-:Jm~'Ul'Wfl1"jil\ln~1l~~vh 1-M'~L~EJ'Wbn~m1:w 
" " 

b-iJ11~ ~(9).J'W1m1:w~ u-rubbn:w 1 'U:w~ ~(9),J'W1m1:wA~ bb~~~(9),J'U1t:-.~~61:wn'VlB1-M'61\l~'U 1~ 
" "I " 



d 
'U'Vl'Vl 3 

m~i~ m ~e:Jfim.~l[;.Jri m~ 1 off 6 Vlfi'Wfl 66 u-:~ n~j_n.Jr~ ~l-lt)VIB~Bl-l 1 'Ul-l~lVItnVl11GW1~ 6~eJ-:~ ~'UB~ 6fl~ 

66rl~fldll-l?lll-Jl~f11 'Un1Wth hmll-l-rl. 'U~l\?lU~~'<i\'Ti''U ~l~t.J 1~~l6'W'Unl~l~t.J\?lll-J~'U\?1B'U~-:I.Q' 
'\J '\J 

3.1 66'\J'\J66[;.J'Unl~l~t.J 

3.2 u~~'lllm66m:;n~l-ll'i'1mh-:~ 
' 

3.1 66'\J'\J 66[;.J'Un1~1~~ 

3.1.1 n l ~ fl m~ll-l 1 'U lJ ~ ~ ~ ~ fl r!l ~ 6 fl ~ m.J 66 r~ ~ 11 n 1'1 eJ-:~ 66 r~ ~ m ~ u ~ ~ t.J n 1911 off fl 1 ll-l ~1 'U 
'\J ' '\J 

1~-ru nl~?leJ'U 1~ t.J nl~~~ nl~6~t.J'U~ 66 uu~1l-l~eJ66'\J'\J 66 u-:~ n~l-J[;.Jr!~l-Jf1VIB 6 U'U66 uu n~l-ll'i'1B~l-:~n~l-l 
\1 , "'I , , 

6~t.Jd ~n1~VI~?IeJ'\JtleJ'U6~~'U66ri~Vl~-:16~t.J'U (One-group pretest-posttest Design) ~~U66'\J'\J ~-:~d 

T 1 ------ X ------ T 2 (3.1) 

' 
X Ae:Jn1~~~n1~6~t.J'Ui6 Vlfi'Wfl 66 u-:~n~l-J~rl~l-lt]VI5 

T 2 AeJ n1~?1eJ'\JVl~-:l~~n1~6~ t.J'Ui 6 Vlfi'Wfl 66 u-:~n~l-J[;.Jr!~l-lt)VIB (Post-test) 

3.1.2 66'U1Al1?1B'\J~~~66rl~flrll~6fl~eJ'U 6~eJ-:i ~'Ui5~6fl~ ~U66'\J'\Jl~t.JmoffVI~?IeJ'\J?Il-ll-l~\il'U'IleJ-:i 
'\J ~ 

X ------ T (3.2) 



b~tJ~ X 
< 

~ V ~ i.l ..::::0. I I V ..::::0. 

fle:Jn1~'il~fl1'H ~tJ'U~ b 'Vlfl'Ufl bb mml:l.J(;.JG'l6U.Jfl'Vlli 
'-' ' "I 
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T ~e:J m~?le:J'\J'Vl~'l~~m~b1t.J'U~b 'Vlfl'Dfl bb U'l mil..I(;.J~~l.Jfl'VlB (Post-test) 
'-' ' "I 

3.2.1 'lh~"ll1n'a 

'\.J~~"ll1 mm~Pi m~1fl~'ldb U'UiJ m~tJ'U~WJlitJl..IPimntJ~ 4/1-4/5 h'l b~tJ'Ub~'I'U fl'Vl1 

eJ1b.flm~'I'Ufl'Yl1 ~'I'Vll~tJb?tli~ bb(;.J'Ufl1~b~tJ'Ul'Vlt.J1Y'l1?!1'1~-flru1'11"11?t1'1~ mm1tJ'U~ 1 tlm~Pimn 

255 7 "il'1m'U 5 Vle:J'I "il'1'Ul'U 21 o fl'U 

3.2.2 n&il..l~'dmh<J 
' 

"" d 
Jl1flb~tJ'U'Vl 1 

tlm~Pimn 2557 b<Jb1tJ'Ub~'l'Ufl'Vl1 eJ1b.fle:Jb~'l'Ufl'Vl1 ~·m1~tJb?!Li~ "il'1'Ul'U 32 fl'U 1~tJfl1~b~e:Jn 

l911e:J~1'1bb'\J'\Jb'i11~'il'l (Purposive sampling) b~e:J'I'i11flfl~:WI911e:J~1'lVle:J'l 4/1 ?t:W'fl~hb-tf1~1:Wfl1~ 

V Ql tJ Q Ql i.l ldl o::::t. I IV~ 
3.3. 1 bbe-J'U fl1 ~'\] ~ fl1~ b ~ t.J'U~\911l.J bb 'U'".J fl1~ b ~ t.J'U b ~tJ'U~ bb '\J'\J ~'".J:W:We:J b 'Vlfl'U fl bb '\J'I fl~:l.J(;.J~ ?!:W~'Vlli 

b~e:J'I 'VY'UTI~bfl:!J ~1Wl'\J~e:Jfl1~?te:J'U~'U:W'LitJl..IPimntJ~ 4 ~1l..l 16 i11:w'l ~'I:!J~'U~e:J'U1 'Ufl1~~~ 

" . 
3.3. 1.1 oU'U~ 1 bbU'Ifl~l..ln~:w~~ 4 fl'U ~fl~~m1:w?t1:w1~r1 bn'l Be:J'U '\.J1'Un~1'~ 

' ' 

b~e:Jl.JbtJ'Ifl'\Jbde:J'Vl1 ~1:Wn'ilm~:W~'I 7 n'ilm~:w bb~1t11b?I'Ue:J1'Ui11l.J'Ib~t.J'U 

3.3. 1.3 ~'U~ 3 mbb~~'\Jm1t.J'Ue:Jli'\.J~1tJ~1:Wn'Ub~tl1n'\Je:J'Iflfl11:W~ 1~tJ1-tf~e:Jfl1~?te:J'U , , 

" ' 
3.3.1.4 oU'U~ 4 bb~'lfl~bb'U'Ubb'U'".lrllml..l bb~~'Vl~?le:J'\J~e:JtJ 

3.3.1.5 ~'U~ 5 :We:J'\J bb?l ~:wu1 Vlfl~:W~?I1:l.J1~rl ~ e:Jmh m:w 1191 r1 fl~ f) 'I bb~ ~:n fl1~?!~'\.J 
' , ' 
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b~e:JV!1 "" off'"Jb~.:! bb~'Un1~ 6'1e:Jn1~6'1e:J'U 

.., 
"' " ~VIn1~b~tl'U~ ... 

1 m ~ bnVI~'W5~ bflllfl b 1 b~'W~ bb~ ~ b~bV~~tJ,nJm 4 

'1JUVI'tl'e.J-:J~'W5~ bflblb~'W~ 

"" "" d 
Ul?l'.Jbb61VI-:J~'U5~ 2 2 n1'.Jb "1J CJ'U?fl?l'.Jbb~~ b '.JCJ f1'1J8611':i 

" 
bflblb~'U~ bflblb~'U~ 

3 TU~1-:J b~b~f1~ bflblb~'U~ b~bVI~bVhJ 3 
" ' 

4 f1l':ibflVI~'W5~ 1B88Uf1 b~bVI~ b~~ 2 

"" "" d 
umbb?fVI-:J~'U5~ 1ere:JBun 2 5 f1l':ib "1J CJ'U611'1':ibb~ ~ b ':i CJ f1'1J8"1J'e.J-:J 

" 
611':iU':i~f18U 1BB8Uf1 

6 ~'U5~b~Vl~ '1JVIV1VI618Un1':i1111 ~Yh 1 
' 

7 ?f~U~"1J8-:J?f1':i1BB8Uf1bflbl '1JVIV1VI?f'e.JU f11':i1111 ~Yh 2 
' 

b~'U~bb~~b~Vl~ 

':il~ 16 

i.l 0 ~0 I .<::!to~ .d 0 Q..l il V i.l 0 d 
bb Vl'U Vll CJm VI f11Vl CJ "\11'Ul'U 3 fl bb~ ~ 'e.Jb~ f1 l?l ':i'e.J'U bVI CJl 611Vl':iU61 ':i1-:l~'U 5~ bb Vl'UVIl CJ m VI f11~~Vl CJ 

" 
0 V I d ~ 0 ~C>. ~ I Q.l il 0 d i.1 

"\11'Ul'U 1 b?l'U 8~1'18~Vl~Vl 6 ~"\11'Ul'U blb~'UI'18b~f11?l':i'e.J'UbV11f1U 6 bbVl'UVIlCJmVIf11~~VICJ 6 b?l'U 
" 

bVI CJ"ii'1'Ul'U~Jb~ f1\)1 ':i'e.J'U AbVIVI b~ CJl bb Vl'U~l CJm VI n1Vl~ "ii'1'Ul'U 2 A bb~ ~B b~ f1\)1 ':i'e.J'U b~ CJl cl'1Vl-ru61~1-:J 
" " 

~'U5~ bb Vl'U~l CJm V~n1~~Vl~"ii'1'Wl'U 2 b~'U ~-:Jm~~ 3.1a "\11 n,!'U~ b~CJ'U?f~1-:J~'U5~ 1ron 1 b~'U~ 
" 

':i~VI'-J1-:J8~1'18~1 ~f1~1CJ b \J'U b~b~f1~ bVICJ~'U5~~bnVI:fi''U \918-:J bflVIf11':i?l~1-:l~U~b lruBb~ f11?l':i'e.J'Ub~CJl~ 
' 



30 

(a) 
(b) 

(c) (d) 

l~€l€l'U 6 b€l€l€l'U bb6'l::;f16'l€lbo:H'11€l€l€l'UR:iJ1"1Jb~CJ~ b€l€l€l'U~m..rmu 6 b€l€l€l'Ub'li'Ufl'U ~~bbVJ'U\'1-;m b~b\?16'1 

1 vjlJ ~\l~'IJ11 "il ~:IJ~'UlJi"l ~ eJlJ 'jeJLJ 6 6'1 n bb6'l ~~'UlJi"l"il~:IJ~'IJ11~ eJlJ'jeJLJ 6 6'1 m -d'U n'U 1mriJ ~:W m 'j 
'U 'U 'V 'U 

b ~eJlJiiieJn'U hJb~eJCJ 01 vlJ'Um~1CJ IY1~'j'\J~ 3.1 c 'UeJn•;nnd1lJbl?16'11 vjlJflnthmtieJ5m m~m'j'\J~1\l 
I 'U 'U 'U 

1lJ b6'l n6'l 11?1 tJ 1 vjlJ~'IJ~i"l bb Vl'U eJ ~ 1?1 B~ n6'11\l 1 vjlJ ~ b ~ CJ'd bb Vl'U e.J~\?1 eJlJ~ eJlJ'j eJU b ~~lJ\?1 bb Vl'U ~)b~ n 1?1 'jeJ'U ri 
'I 'U 'I 'U 

11?1\?lb~CJ'd bb6'l~ 1 'i~\'Tm~tJ'U~'dlJ?l~1\l'jU~1\11lJb6'l n6'11f1nb6'l'UI'1 ~\11 vjlJ~b ~CJ'd bb6-l::;b ~:WlJI?l~~mJ'jeJLJ 1 vj:w 
" ' ' 

3.3.2.3 D\?"l'jbb?ll?l\l'W'U5::; (Bonding Card) tJ1'utJ1\l"il1nl9i''dliieJ Lego (Ruddick and 

Abby, 20 12) b~eJ 1 1X1.Jm~CJ'UVJ'j1'U~\?1~1'U1 'Un1'j'j'JlJtl'U'IJeJ\lbeJeJeJ'U'U'd nbb6'1::; 1BeJeJ'U6'l'U~eJ~b 'U?l1'j 1B 

eJeJ'iJ n bb6'1::;~\?l~'d'U'IJeJ\1511?11 'Un1'j'j'JlJI9i''d tl'U 1 'U?l1'j 1f1 b 1 b6-l'UI?111?1CJm~ CJ 1\'1?1~1\l~e.J~'U "il1 nvh b "il Bi'U Bil?l 
' " 

b ~eJ\l"il1n:IJVImtJ~ bb6'l::;:IJm1lJVI'U1~?11lJ1'jfll9i'l?lb U'U~'\J bb uulii1'li11'1?~::;m n ~\1191\?l~h b"ileJiuBil?ll'i'1'U 

'\Jmt.J1 1Xb U'Ubbi:Jn6'11lJb VI~CJ:w b'1CJnl1 U\il'jbb?ll?l\l'W'U'Ei~ 11?1CJI\JI?lb~'U'IJB\l D(>)'HbM1\l'W'U5~?11lJ1'jflVI1?lm 
' " 
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(Covalent card) bb~~U(9)1bb?I(?).:J~\.m~h:re:rerwn (Ionic card) 1mdh1tJ~~bBtJ(?)'1JeJ.:J~mbM~~n"ilm1:W 

191\lMBhJ~ 

b~ tJn~B?I11bfl n b~'UI?i 1 i~1 b "ileJ~'\JeJ~(?)~M1\l n'U 1~-vr"J1\l B~ (9\ u:wnm'l nueJ~(9)eJ:W~ B:W1B'\J (m~ 3.2a) 

l'i'1'Ui1 tJjjmb6'l~'1J11jjB bb 'Vl'U eJ~(9) B:W nm\l bb6'l~m~(9\ B:W~ BmBu m:w~ 1191'\J 0 m bb~6'l~B'U"il~jj"il(?)~~ 1 
' 

bb 'Vl'U b 1 b~'U l?i:S b~ n (9) 1 B'U'1J B \l\51 (9\ "il (?)~l1\l11 (9) 1:w bb 'Ul1 B tJVl v n Vl:W1 tJ Ci \l<iJ l'Ul'U b 1 b~ 'U l?i:S b~ n (9) 1B'U ~ 
' ' 

lii'B\l m~1 i?l~1\l~'U5~ 61l'U"il(?)~l1-:J 11~n~1'U~B<i31'Ul'Ub 1 b6'l'UI?iB b~ n(9)~eJ'U~hJ1~ i?l~1\l~'U5~ b(?) tJ 
' 

b vi1nu b 1 b6'l'UI?iBb~ n(9\~eJ'U bb~~<i31'Ul'UVl t'J n b vi1nu ~1'Ul'UB b~ n(9)~eJ'U~ lii'B\l n1~1 i~1:w 'UB n"ill n~ 
'I! n b~ tJ'U"il ~ 1~.if B~\l bn(9) b~ tJl nub l b~'UI?iBb~ n(9)1eJ'U'1JB\l e:J~(9) e:J:W n~1\l bb~ ~e:J~(9)e:J:W~ e:J:W ~B'\Jjj b l b6'l'UI?i 

B b~ n(9)~eJ'U b vh nu 8 b 'IJ'U tl'Ub~eJ~l:WB b~ n(9)~e:J'U~1 i~l:Wrl'U bb~~ n"il m~:w~'l!m~ tJ'Uiii' B\ljjflll:W~ 
" 

b~tJn~e:J?I1~ 1uuu'Wn b(?)tJ 1i~lb"ilB~'\JeJ~(?)~M1\ln'U~~Vll1'lth~"il'\JlnnmJ~~"il~'\J (m~~ 3.2b) ~l'U 
' ' 

iltJjjmb~~'1Jl1jjB bb 'Vl'U1..h~"il~'\J bb~~th~"il'\Jl n m:w~1191u U(9)~~1'11'W'llmmbM~~ bbO nbb 'Vl'U~1'Ul'U 
' ' 

~1~?1(?1 bb~~jj b1 B'U hri 1 U(9)~~ b~ tJl rl'U"il ~ lii'u'lMBb~ tJ\l rl'U "b'\J'U bbtn b~ tJl n'U" "il1nt1'U111 b~'1J 
' 

eJ(9)~161l'U~1'Wl'UU(9)~bbM6'l~'1J\J(?)mb ~tJ'Wb D'W?Im?11~'ll~~nuu 1ue:Je:Jun b 'li'W N b D'W'll~~"il6'l'Ubb 'Vl'W~ltJ 
" ' 

Vltlnb vl1tl'\J~1'Ul'U'll~~"il 'Ue:Jn"ill n~'l!m~tJ'U"il~ 1~.Uu~.:Jbn(9) b~tll nu b~'1JVl:!J'1JeJ.:J51(9)?11:W11r1'\JeJn b6'l'1J 
' " ' 

'll~~"il1~191\lil1'W~ 3.2(b) 
' 
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(o) 

~'W~(?ln'\Jm'lnGn'l\ihlJ~U'lle:J'l~en.J"''lm~~n ~1tJ1vJ"il1flfl~e:J'l~1'W1vJt:J1CJ i1 2 ~1CJ ~ltJbb'jfl~m.V1nu 

V!(,1e:J(?l LED bbtln~1 u1n (,1'\.J \?11~~~~n~ru~ue:Jn1'W~11vJ ~1'WBn~1CJu~e:JCJ~'lH "iJ1ntY'W\Ii'(?l~1tJ1vJ 

Bn 1 ~1t~l?imoV'1~1G1U~ LED umt~Bn\9l1'WU~e:JCJ~-:JH (m"''l~ 3 3b) 'Y11fl1'j~(?lbnuumt~~1tJ1vJ~-:J 
~e:J'l~1CJ~tl6'ie:J CJ~'l11m~(?l~UG11 CJ~e:J~"''lm~~n1(?lmbCJflb~'W\?11~bb tntlmt~olim..J~e:J~ (Jll"''l~ 3.3c) 

thum CJ~e:J~"''lm~~ n~i1~1 CJ 1 yj 1 u~~n'\J~l'j\li''Je:J~l'l b ~m>'1 e:J'Jfl1'j'V!1~Jl1'\"lfl1'j'l111 vJ~h (mwVi 
' 

3.3d) 
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j 
\ 
l 

(a) (b) 

(c) (d) 

m'W~ 3.3 "U~'Vl~6'lB'UnT~'Il1lvh~1 (a) Btlmru~1.Uvhm.Jmrum-a'tl1lvh~1 (b) b~mJ~B6'11~1'V'l 
' ' ' 
bb6'1~6'11~1'V'l:u1tlm'lB•Hh'W1'V'l~1m-liTVI6lB~ LED (c) -.5'~di'Utl6'11~~.:! 2 6'11~~tl~B~ 
v\.:~H 1~~~~~n'Utl6'11~~mm6'116'l~n (d) 'Vl~6'1B'Um-a'll11'V'lvh"IJB.:J6'11-a~'dmh.:~:u1n 
n1'a6'111-:J"IJB.:!'Vl6'1B~ LED 

3.3.3 bb'U'U1~a.JbWJ~bb'U'Utl-ati~ 'IJU~~-;Jblliln 2 ~1~'\J~'W (2-tier multiple choice 

conceptual test) b~El.:J ~W5~bAiJ "ilTWl'W 30 -iJEJ1(;lt.J1'W'Vl-d.:J-iJEJtl~~nEJ'UJl1t.J~1b~elfl 2 ~Tu 1Jlbbn 

~TU~ 1 ~El A1bl1JJ'1JU(;l 4 ~~b~Elfl ~~'U~ 2 AEl b'Vl~~~~b~Elflrl1~EJ'U1'U~1'U~ 1 "il1'U1'U 4 ~~b~Elfl 
' 

" ~.:Jbb~ 0.20-0.80 
' ' " 

(.f\1A~'U1fl "il) bb~ ~rl1f111JJb ~El:lJ'U'lJEl.:J bb 'U'U'Vl(;l?IEJ'U~.:J~J'\J'U 
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[ -·~i~ [ ;: ., [ :..~:·..- ·: ~ n ~· .. J.f: r-:... f:!Jt·E"E.; r ~ :.. ·r: ·.·"f.:. .J. I .. ·-f~r ... . ~!l~ ·.1-- !J",; ~,.. .:.{ .. :J· ... t -7' 

L ~ ' , i 
. ... - ~·., ~- •-:;:o .·_ • ... ,_ .-

mv-rVi 3.4 ~1B~1-!lbb'U'U'Vl~mJ'U (a) -r~~h.~~~bb'U'UU':itJ~ "tlti~~1b~Bn 2 ~1~'\J.ff'W 

(b) er~tr~ (c) bb 'U'U1~fl11~611~1':if!b 'Wn1':i111fl11~-n tJ1m 'W~1~tJ':i~~11'W 
'U 

3.3.4 bb'U'U'Vl~?fB'UeJ~'t!tJ '<iJTLrn~ 7 fl\Jn';i';ilJ l?i''JB~1-:Jbb'U'U'Vl~?fB'U~-:J.f11'WVi 3.4b 

34 

3.3.s bb u'Ul'~m1:w?f1ll1';ibl1 t1m';i1l1m1:w~ u1-vt t~~1~Lh~~T1t~ b ut~bb uuu';i't!tJ 4 1?11 b~m~ 
'\J 

I I i,.l I 

1.00 (mfl~t~'Jn \!) bb~1U1:W1Vl1A1fl11:Wb~eJil't~'l.JB-:Jbb'U'U'Vl~?fB'UYl-:Ji:JU'U ~-:Jm'WVi 3.4c 
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iJ d d 

3.4 n1'Hl~1.:! bb~::'V!1AW.fl1'V'l bfl'Hl.:!l.JB 
' 

3.4.1 n1~6'1~1.:! bb~'Wn1~:5'~n1~b~t!'W~~1l.Jrl'Un1"J'l11A11~.J'U Ub m 'W~1\9ltJ<J::::;ij11'W b~t! b otlnl"J 
" " . " "' 

b~V'W~bb 'U'U~1l.J~B b Vlf!Ufl bb U.:! nal.lr-J~~l.J(]V1B~1:5'~1~~1 b U'Wn1~\911l.JoV'W\9lB'W~.:!~B 1 tJ\j 
" ' \J 

bVlfl'WA SATD 

3.1 

nl"Jl~ CJ\911:W~ tli'V!'W~ 111 'W~'U\91 e:J'W nl"J?f~1.:! bbe.J'U nl"J~~ nl"Jb~CJ'W~ \911mtJ bb 'UUfl'il nJ"J:W nl"J b~ CJ'W~ 
" " " 

~l:wnum"JoJ1m1:w~ tJ1 m 'W~l 191U"J~;ijT1'W 1~tJn1"J b~tJ'W~ bb 'U'U~l:W~e:J b VlA'WAbb tJ~n~:we..~~~:Wf1VJB 
'U "' ' ., I 

3.4.2 n1"J6'1~1-:IbbUUV1~6'le:JU1~:Wb'W:W~"UU~~1b~e:Jn 2 lii'1~U~'W 

bbUUVl~?fe:JUl~t;H1~:W~VlB1'Wl"U1bAlJ ~'WlJ6tJ:W~mnu~ 4 b~e:J~ ~'W6~bAlJ dJ'UbbUU 

U"JtJCJ 'll'W~~lb~e:Jn 2 6'\'1~u~'W (2-tier multiple choice conceptual test) ~~~l~tJb~?f~I~~'W 
bm ll~'W\9le:J'W1'Wm"J?f~1~ ~~t1 

" " 3.4.2.1 ~m~1'V!ti n?f \9l"J m "a~ n't}loV'WYl'W :01'W~Vl5vil nJI'IJ 2551 bbi.1 ~ rille:J m"J~~ m"J 
'U d.3 'l 'U 

b~CJ'W~l'IJ1bAll b~mlu"Jl:Wbde:J'\111 bbi.1~:w 1 'W:W~~t!m~CJ'W~e:J~~n't}1 b~m ~'W6~bAll 
" 

3.4.2.2 ~n't}1Vl~'t}5 15m"J?f~1~bbUUVl~?fe:Ju:w 1 'W:W~ 'il1me:Jn?f1"Jbbi.1~"J1tJ-:!1'Wn1"Jl~tJ~ 

?\'i"Jl'il:W 1 'W:W~~Am~ bA~e:J'W 1 'Wb~e:J'l ~'W5~bAllb~tJoVe:Jrhm:w 1~'il1 n m"Ji bml~'t·h de:J'V!1\911:W'V!ti n?f\9l"J 
" 

1 'W 1 'll 1 b A l1 ~ l 'W ~ 1 'W ~ l b ~ eJ n 1 ~ :w 1 'ill n 1 bb 'W l 1"1 1 \91 eJ u ~ oJ n b ~ CJ 'W Vi1 bb u u Vl ~ ?f eJ u ~ ~ l1 :w 1 'W :w ~ ~ 

Ai.11~ bA~e:J'W b ~e:J'l11:wib'lJ'W~lm~ bbi.1~oJ1:W11-iJ\ iJ'Wbb 'WlVll~ 1 'Wn1"J?f~1~bb UUVl~?fe:JUl~:W b 'W:W~Vll'lnl"J 
"" v 
b "JCJ'W"J 

" 
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3.4.2.4 ?!'h:Jbb'U'UYl\91?1e:J'Ul\91:Wlw:w&lbb'U'UD";i"i!t.J 'lJ'U\911'11b~e:Jn 2 ~1~'U~'W (2-tier multiple 

choice conceptual test) b~EJ-:J ~'WB~bfljj 'il1'W1'W 45 oUEJ (loif~~-:J 30 oUEJ) 1mJ1'WVl~-:JoUEJ D";i::;ne:J'U~'dt.J 

l'l1b~EJn 2 ~'d'W 1~bbri rhm:w'lJ'lJ(91 4 1'11b~e:Jn bb61::;bV!\91~61~b~EJnrh191EJ'U1'W~1'W~ 1 1~-liEJ?!EJ'U~-:J~'W 
' 

'I.IEJ-:Jm~1 Vl1fl1 ~'lJtJf111:W ?IEJ\911"1~ EJ-:J ";i~Vll1-:JoU EJr11rmJ'I.I EJ-:J bb 'U'UYl\91?\EJ'Ul \91:W 1 tJ:w&l n'U ~ 61 n1";i b~ CJ'W~ 
'\J 

b~e:JnoUe:J?te:J'U~nr11 1oc ~-:Jbb~ 0.50-l.OO ~-:Jbb?I\91-:Jl1~61n1";ib~CJ'W~ J'Wl'\911~me:J'Uf161:wm\91";i~1'Wm";i 

1Vff1~bb'U'U +1 

1 Vlf)::; bb 'U'U 0 

1 Vlf)::; bb 'U'U -1 

'\J ' "' 

b~e:J bb 'U 1 ~l1oUe:J?Ie:J'U,r'U ?I e:J\911"1~ e:J-:j tl'U ~61 n1";i b~ CJ'U ~ 
'\J 

b~e:J hJ bb 'LJl ~l1oUe:J?Ie:J'U,!'W?Ie:J\91At1 e:J-:J~61 n1'j' b~ CJ'W~ 
'\J 

tl~ 4 Un1";i~n~1 2556 bb~'Wn1";ib~CJ'UAru\91-lYlCJ1fZ11?11911 ~bfiCJ~n~1 b~e:J-:J ~'UB::;bfijj :w1bbt11 

b-:Jb~CJ'Wb~-:J'UnYl1 eJ1bfle:Jb~-:J'WnYl1 ~-:JV!l\91CJL?IB";i 'il1'W1'W 30 A'W l\91v1-irb16111'Wm";ivl1bb'U'UYl\91?1e:J'U 

90 'U1Vi 

3.4.2. 7 .U e:J:W 61 ~1~~ 1 n nl";iYl\9161 e:J-:J 1-ir bb 'U'U Yl \91 ?le:J'Ul \91:W 1 'U:w&l tl1:w11 bfl";i1 ::;~Vl1fl1 m 1:w 
'\J 

t.J1n (p) bb61::;Vl1fl1eJ1'W1~'il1bb'Wn (r) bb'U'UYJ\91?1e:J'U";i1t.J-1i'e:J bb~1b~e:JnoUe:J~n";j::;~LJA11:wmn (p) ~-:Jbb~ 
"' 

0.20-0.80 fl1eJ1'W1~'il1bb'Wn (r) 1'1-:Jbb~ 0.20-0.100 

3.4.2.8 t11 bb 'U'UYl\91?1e:J'UVinfi1e:l1'W1~'il1 bb 'Unm:w bnru"V1 mv1'1m";i1 bm1::;~ Vl1fi1m1:w 

b~mj''W (Reliability) 'l.le:J-:Jbb'U'UYl\91?1e:J'U~-:JuU'U\911:WlB'I.Ie:J-:J Lovett 

3.4.2. 9 tl1bb 'U'UYl\91?\e:J'U~ bbm 'I.ID~'UD";i-:Jbbt11 (mA~'W1 n n) 1 DYl\91?\e:J'Un'UoJ m~t.J'W n~:w 
' ' 



37 

b~eJVl1 0 

beli11~ "' d 
th~blh.!Fh ~1 1bfli1~Vl i'J~ 

1. m':ibfl(1)~\J5::;bAffim1 b"twibb"::;'1Ji1(1) 1 1 2 2 6 

'IJ'iJ·fW'l.!5::; 1A b 1 b"'l.!~ 

2. m':i b ~ CJ'l.!?!~':i bb"::; b~ CJ'l.!~mn':i 1A n 1 1 - - 2 
" 

' b61'\..J ~ 

3. ':iU~1~1~b61n611Ab1b61'l.!~ - 2 3 - 5 
'U ' 

4. fl1':ibfl(1)~'l.J5::;hr€re:Ji1n 1 3 1 - 5 

5. m':i b ~ CJ'l.!?!mbb61::; b~CJ n;zleJ'I.le:J~ - 1 1 - 2 
" 

?ll':i'\J':i::;mru 1e:mBi1n 

6. ~'l.J5::; 1"Vl::; - 1 2 - 3 

7. ?!~D~'I.le:J~?!l':i 1mJBi1n 1An b"'l.!~ - 1 6 - 7 

bb61::;1m11::; 

':i'd~ 9 15 19 3 30 

21 Q,l Q.l Q.l .c::!l 

3 .4 .3 n11~11~ bb uu'Vl (1)m:rue:J~'l.!EJVI6'1~ b 'JEJ'l.! 

bb'IJ'IJ'V1(1)?fe:JUB~ii'CJ ~'l.!JJ5CJ~fim~nt1~ 4 b~'iJ~ ~'l.!5::;bAil 'll~~l~CJ1~?!~1~~'l.!b'iJ~ il 
'U 

" " 3.4.3.1 fin~1Vl~ n?!~':inl':ifl n~1-1J'l.!.yj'l.!~1'l.!~vl51'1 m1'1J 2551 bb61::;fiiJeJm':i~ (1) m':i 
'U 6S 'I 'U 

d d =..<:::::!1 tl v Q.J or::. v d 

3.4.3.2 ~ n~l'Vl~~~ 15fl1':i?l':i1~ bb 'IJ'IJ'V1(1)?fe:J'\JeJ~'l.!CJ ~~ me:Jn?ll':i bb61::;':i1 CJ~l'l.! fl1'a1 'iW'Vl 

~1':i1'0J~ 1 'l.!~~~flm(1)bfl~e:J'l.! 1 'l.!b~B~ ~'l.!5::;bAil1(1)CJoVe:Jrl1tn~ 1~>J1nnl':il bfl':il::;'l-kdeJVllm~Vl~ n?tm 
'U 

' " ' 
~b ~ CJ1'1J1ru~':i1'0J?!BUA11~~':i ~b ;a~ b ~'iJVll e-J"fll':ib~ CJ'l.!~Vim(1)'t.,r1~ m1~ b Vlm::;GW'IJB~m~l Vl1fl1 
'U v 'U 

Q,.l d i..f I i,/ 0 V V V q tJ d i.l d.:::.~ I 

(1)'1J'l.J All~ ?!B 1?1 A" 'iJ ~ ':i::; Vl11~'1J 'iJ m m~ 'IJ e:J~ bb uu'Vl 1?1?! 'iJ u 'iJ ~'l.! CJ nu e-J 61 m ':i b ':i CJ'l.! ':i b" 'iJ n'l.le:J ?!e:JU Vl~Al 
'U 

1oc ~~bb~ 0.50-l.OO 'll~bb?f(1)~l1e-J61fl1':ib~CJ'l.!~ ~vr\1) 1~mBuA"~~~m~1'l.!m':ib~CJ'l.!~bb"::;?t1':i::;m':i 
'U 'I d.S '\1 



1 ,xfl~ bb 'W'W + 1 

1 ,xfl~bb'W'W 0 

1,Xfl~bb'W'W -1 
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U~ 4 Un1'~~n'l~1 2556 bbe..J'Wnl'H~CJ'Wflru(?) -l'Vlt.nf\1?1(?1~ ~bflCJ~n'l~1 b~eN ~'W'O~bflii d-Jlbb6'11 b\1 

b~CJ'Wb~\I'Wn'Vl1 eJ1b.llBb~\I'Wn'Vl1 ~\lvtl\?1CJ1?15~ '<il1'W1'U 30 fl'W 1\?lc.~1oil'n!;n1'Wm~vl'1bb'U'U'Vl\?l?IB'U 90 

"' 'W1'Vl 

diel'vn 0 ... 
\11'W'J'Wt!B 

1. n1~bfl\?l~'W5~ bfliilfl b 1 b61'W~ bb61~'lJtJ\?l'lJB\I~'W5~ 1fl b 1 b61'W~ 5 

2. nl~b ~CJ'W?\(?)~bb61 ~ b~CJ'W~e:J?\1~ 1fl b 1 b61'W~ 4 
'\J 

3. ~LJ~1\11:l.J b61 n611fl m61'W~ 5 
'U , 

4. m~bn\?l~'W'B~ 1BBeJ'Wn 4 

5. m~ b ~CJ'W?\(?)~bb61~ b~CJ n~eJ'lJB\1?11~LJ~~ne:Ju 1BeJeJtJ n 4 
'\J 

6. ~'W'O~ 161vt~ 3 

7. ?l:WU&l'lJe:J\1?11~ 1BeJeJtJ n 1flb 1 b61'W~ bb61d61vt~ 5 

~1:1.J 30 

bb 'U'U'Vl\?l?leJ'U n1~111fl11:W?l1:W1~1:11 'Wn1~b oil'11~fll1:w'fl 'W~1(?)LJ~~'<Il11'W b~e:J\1 ~'W5~ bflii 
'\J 

-5u:W5c.~:w~mnu~ 4 b~e:J\1 ~'Wli~bflii bU'WbbuuLJ~t!CJ 'lJtJ\?lvl1b~e:Jn 4 vi'1b~e:Jn '<il1'W1'W 20 .rre:1 ~\1 
~l~CJ 1~?1~1\I~'Wbtl\1 ii~'W(?)e:J'W 1 'Wnl~?\~1\1 lil\115 
'\J 

' ' " 
3. 4.4.1 ~m~1vt~ n?lm\11'Wl~CJVibi'ic.~1oil'e:J\I 1911~1 bb61~~1CJ61~ bB CJ\?1 b .W eJVI1~1 nvttl\1~ m~ CJ'W 

'U 

?11~~m~ b~CJ'W~~'U\51'W n~:W?\1~~ n1~b~CJ'W~l'VlCJ1f11?\(?)~ i'W:JJ''OCJ:I.J~ mnu~ 4 (?)1:1.JVI~ n?\(?1~ bbn'W nm\1 
'\J ~ 'I \J 'U 

m~~m~1~'W~'W\51'WY~'Vl5Plm1'lJ 2551 b~m.hmb U'W.rre:J:w611 'Wm~?\~1\lbb'U'U'Vl\?l?IB'U 
~ , 'U 
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3.4.4.2 ~1 b ihm1~61~1~ bb 'U'UVl~61e:J'U 1~ t.J61~1~ b .U'Wbb 'U'UVl~61e:J'Ul~fl11~611m~r~1 'W rn~ 

borr1hm1~n'W:Ui\Ylu~~~11''W b~B~ ~'WB~bAii 'UB~'Wm~t.J'W~'W~Bt.J~flmnu~ 4 ~n~ru~'UB~ 
'\J 

m1~611m~r~1 'Wm~'l11m1~f5'lJ1iVlt.J1~161\Ylfl uH1 'W:Ui\Ylu~~~11'W 'Um 'W~~~ ~mA~ (2542) 

1) fl1~~f)~ b ~'W~d f) ~1~'U f) ~Ad 1~ A~ ~d'U tJ fJ~Vl1~lVl t.J1 ~161 (Yl h 1 fl 

u~~61un1~ru1'W:Ui\Ylu~~~11'W 

2) n1 ~111 r11 1~ A~ ~1u tJ f)~ bb~ ~YI n~~Vl1~i Vl t.J1 ~ 161 (Yl1~ b~ t.J'W 1 u1-rrt 'W n1~ 

bbtlDb~JVl1Vl1~b VlA 1 'W 1~ffi 'W:Ui\Ylu1~·h1'W 

3) A1 1:W b orr11 "i!Vl~ n fll ~Vl1~lVl t.J1 ~161 (Yl1 bb~ ~ b Vlfl 1 'W 1~ ~ ~ b~ t.J1 tl'U fJU fl':i ru 
' 

bA~B~'liVl1~bVlA 1 'W 1~ffi 'W:Ui\Ylu1~~1l'W 

4) n1 1 1-if n 1 ~ u 1 'W n1 1 Vl1 ~ 1 Vl tJ 1 ~ 1 61 (Yl n 'W n1 1 bb n -u b1J Vl1 ~ b n ~ ~ 'W 1 'W 

5) A1 1~ b orr 11 "il bb~ ~ fl1~U 1 ~ bil'W~ 11611 1~ b~ t.J1 orr fJ ~ tl'U A1 1~ tl11VltJ 1Vl1 ~ 
.c::::.. ~ d 
1Vlt.J1~161\Yl':i"il1fl61fJ~1~'lJ'W 

6) m1~~~'Wh 1 'Wb~e:J~~b~t.J1 nu61'Um'V1 1n'll'W1f11':ibb~~i~m':i~1b'W'W:Ui\Yl~~ 
' 

e:J ~'U'W~'W~1'W'UB~m1~im1~ b orr1 h m1~A~ 11u t.Je:J~m~iVl t.J1m61 \Yl1 m n n'J1 rn ':i'Ue:J n~e:J 1 n'Wm 

Vl~f) 1.1Jm1~ru 

3 .4 . 4. 3 '111 bb uuVl ~ 61 e:Ju1 ~ m 1:w611:w 1 1t1~61 ~1~~'W b61'W B n 11:w m 1~'\J~ n~1iV1 t.J 1'WY1'W6 

U':i~ dJ'W(:.J~ \Yl':i1"i161e:J'Ufl11~\Yl':i~b ~~ b.Q'fJVl1"il1fl~'lJtim1~61fJ~A~fJ~b {J'W':i1t.Jorre:J IOC \Yl~e:J~"il'Wfl11:W 

-ir~ b"il'Wbb~~m1~r~ n~e:J~ 1 'Wm':i 1-ifm~1 bb~~ bbm 'U\Yl1~orrm61'WB bb 'W~ 
'\J 

3.4.4.4 rl'~b~e:Jmmorre:J61Bu~iifi1~'Uti IOC ~A1'W1ru1~mnn11VJ~mvhnu 0.5 b'V111~ 

~fJl1orrfJ61fJ'U~'Wb {J'W~1 bb Vl'W'UfJ~b .Q'fJVl1~"il~Vl~61fJ'U n1orrfJ61fJ'U~'Wiifi1 IOC ~1fll1 0.5 orrfJ61fJ'U~'Wtlfl 
'\J 

3.4.4.5 1l1 bb 'U'UVl~ 61e:J'U~ ~ 1'W fl11\Yl11 "il 61 e:J'U bbm 'U bb~ ~u -ruu1 ~ bb~1 1 UVl ~~ B~ 1-if (Try 

out) n·u'Wm~t.J'W~'W~5t.J~fln~1U~ 4 Jl1Ab~t.J'W~ 1 Ufl11flfl~1 2556 b~b~t.J'Wb~~'WflVl1 ~~Vll~ 

t.J1615':i ~1:w1'lin~:W~1fJ~1~bb~~bflt.Jb~t.J'Wl'lJ1bAii b~e:l~ ~'W5nAiimbb~1 ~1'W1'W 30 A'W 
' 

3.4.4.6 'l11r1~ bb 'W'W~1~"i11norre:J 3.4.4.5 mi bA':i1~~orreJ61e:J'U':i1 t.Jorre:J VJ1fi1m1:w t.J1fl~1t.J 

(p) bb~~flTeJ1'W1"il~1bb'Wfl (r) 
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3.4.4.7 Al?lb~e:Jmb 'IJ'IJVll?l?I€1'\Jll?lA'J1~?!1~l'H11 'Unl'~t.'ihhm1~~l'1J1bA:rl b~€1~ 'W'U5~ 
'\J 

bAil hJ1m'U~1~'ll':i~~1l'U ~1'U'J'U 20 .Ue:J (mAi:-l'U'Jn A) ~~:rlrhm1~c.nn~1CJ (p) ~~bb~ 0.20-o.so 

bb£;1~rhB1'U11il~1bb'Un (r) ~~bb~ 0.2 ~'U1'll b~m.h1U1.UVJ1?1?!€1'1Jiil1~nun~~l?l'Je:J~1~ 
' 

~~n~1~1btJ'Unl'~Vll?l£;1e:J~nuLJ'm~CJ'U.ff'Uir5CJ~~mntl~ 4/1 mAb~CJ'U~ 1 tlm':i~n~1 2557 
'\J 

1 ';i~b~CJ'Ub~~'Unm ~1'U'J'U 32 A'U bbi:-l'Ub~CJ'U1VlmY'11?t~i-Aru~m?t~i 11?1CJ:rl.ff'U~e:J'U ~~d 
3.5.1 A':ibb 'U~'IJllBnl':i b~CJ'U 11?1 CJ 1-un~U n':i':i~nl':i b~ CJ'U~ bb 'IJ'IJ~'J~:rJm VlAtJA bb U~ n~~ i:-J(;l~~nVJt 

\.1 '\1 'I gl 

b~€1~ 'W'U5~bA:rl '\AI~e:J~~~bbU~n~~LJ'm~CJ'Ue:Je:JflbU'Un~~~e:JCJ n~~£;1~ 4 A'U 11?1mb~~~n~~:rlA'U~b~CJ'U 
'I 'I 'I , 

bri~ 'll1'Unm~ bb~~ele:J'U 

3.5.2 LJ'm~CJ'Un~~Vll?l~€1~vl1bb'IJ'IJV11?1?!€1'\Jli?1~1'U~~rie:J'Ub~CJ'U (Pre-test) b~€1~ 'W'U5~bA:rl ~ 
' 

~1~CJ?t~1~~'U ~1'U'J'U 30 .Ue:J nm 90 'UTVi bb~~bbuul'l?lm':il11A11~-rl'll'll':i~CJn~1-rr~1'll':i~CJn~1m'U 
'U \1 'I 'I 

~1~'ll':i~~1l'U ~1'U1'U 20 .U€1 

3.5.3 LJ n b~ CJ'U bb~ ~A ':i~1 b tJ'U n~U n':i':i~ n1':i?I€1'U 11?1 CJ 1.Un1':i b~ CJ'U ~ bb 'IJ'IJ ~'J~:rJ€1 b VlAtJA bb tl~ n~ ~ 
'\J '\J ' 

i:-l(;i~~t)Vlt~~V!~I?l 7 bbi:-l'U 1ib1m~~V!~I?l 16 -ti'11~~ 11?1mb~~~bbi:-!'U1~~b~CJ'Uvl1bb'IJ'IJVll?l?I€1'\JeJ~LJ'CJ 

rie:J'Ubb~~V!~~b~CJ'U ~1'Ul'U 7 n~Um':i~ 

3.5.4 b~e:J~'U?tl?lm~ul'Unl':ib~CJ'U LJ'm~CJ'Uvl1bb'IJ'IJV11?1?!€1'\Jli?1~1'U~~ b~€1~ 'W'U5~bA:rl 1-rrnm 
' 

90 'U1Vl 

3.5.5 l'1?1Al1~?~1m':ir11'Um':ib.U11~Um1~~1'1J1bA:rl b~e:J'l 'W'U5~bA:rl 1u1m'U~1~'ll':i~~1l''UV!~'l 
'U 

1 'Unl':il bA':i1~vl.u€1~~~hllil1flbb'IJ'IJVll?l?I€1'\Jll?l~ 1 'U~~ b~€1~ 'W'U5~bAiJ ~1VI1'1JLJflb~CJ'U.ff'U 
'\J 

iJ5CJ~~n~1tl~ 4 11911u m':i?te:J'Ubb uu b~ CJ'Ui~1~:rlm VlAtJA bb t!~n~~i:-l~~~t)Vli11?1 CJ bn ruo/i m':i 1 ~A~ bb 'U'U 

~1VI1ul1m~CJ'U~~€1'\Jrhm~ ~~bU'U.U€1?1€1'\..JU':iLJCJ l?llb~e:Jn 2 ~1~'\..J.ff'U (2-tier multiple choice 

" 
conceptual test) ~~1:1 

3.6.1.1 (91€J'\Jr1n~e:J'l~'ll?llb~e:Jmb~~b'V!\91i:-l~ 1191 2 A~bb'U'U 
'\J ' 

3.6.1 .2 \91€1'\Jr1n~e:J~~l'U11?1~l'UV!~'l11911 A~bb'U'U 
'\J 

3.6.1.3 ~€1'\J~(?)~~?I€1~~l'U 1191 0 A~bb'U'U 
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1 bm1::;~f1::; bb 'W'W~Hl"il1nn1Wl~Y161€l'Ul\Ylr-!~61'~~YIB b~B'l ~'Wu::; bfl:W ~ltJ15nT~VI1'l?l~~ 

b\YltJ 1 -llhJ·mm~ SPSS b\Yl tJ n1Tlll1A1 bi:l~ tJ ~l'Wb ~ tJ\1 b u'W~1\?l'Hi1'W bb~::; nT;iVI\Yl?lBu ATVl bb uu?lB\1 n~~ 
~ ' 

61~~w5n'W (Paired t-test) 
. . . 

3.6.2 n1~611~1~bb cudfl1VleJuVi~~ bb~~~~,~ b~~vu~eJ~U'n b~~cu b~eJ~ wcu5~bYlij 

b~CJ'W ~\IV!~\Yl 7 n"ilm~~ b~€1\1 ~'Wu::;bfl:W ~1V!~u11m~CJ'W.ff'WjJuCJ~~mntl~ 4 1~~'Un1~61€l'Wbb'U'U 

b~ CJ'W~~l~:W €l b VlflUfl bb U\1 n~~r-~~61~nVIB ~\Ibn ru'Vln1~ 1 ~fl::; bb 'W'W b U'W bb uu~1\?l ~1~1'Wtl~::;~1ruri 1 
'\J ' "I 

(ratin~ method) b\YJCJml"ilA1\?l€l'Ubb~::;'<i\'1 bb 'WnA1\?l€l'U€l€lnbU'Wn~~ 1 "il1n~'W1.hm1 bf1~1::;~'<i\'1'Wl'W 
il v .:::.1 d.<:::~~ 0 d.Q. d 
~€JCJ~::;'lJ€J\I'Wnb ~CJ'WVI~ bb 'Wlf11\?l€l'UVIr-I\Yl bb~::;flm\Yl bf1~€l'W 

3.6.3 m~1bf1~1~~oUB~~b.yleJfin~1wn~m~1~~1'Wn1~boU1b~f111~-rl'W~1~·th~··ih1''W 
'\J '\J 

1 'W n1 ~1 bf1~1 ::;~.Ue:~~£;1 ~1~ "il1 n bb u uVI IY161 e:~ul' IY1fll1~611~1 ~ ~ 1 'W n 1 ~ b .if 11 "il r111~n 'W 
'\J '\J 

:fi1\?lth::;'<il1l''W b~eJ'l ~'Wu::;bfl:W ~1vt~u11m1tJ'W.ffwJ'utJ~~n~1tl~ 4 t~~um~?IB'Wbb uu b~tJ'W~~l~:We:~ 
'\J 

b VlflUfl bb U'l n~~r-~~61~~VIB b\Yl mnru'Vlm~1 ~fl::; bb 'W'W ~1vt~u11 m~ CJ'W~\?1 Bu f11 m~ ~'l b U'WoUB?lBu 

tl~1!CJ 4 ~lb~Bn ~\1-d 
3.6.3.1 b~BnA1\?1Bubln~B'll~ 1 fl::;bb'W'W 

'\J 

b~€1\1 ~'Wu::; bfl:W b\Yl tJb tJ~tJ'U b Vi tJ'U fl::; bb 'W'W riB'W b~ CJ'Wbb~ ::;vt~'l b1 CJ'W ~l tJl5n1~VI1\I?l~~b\Yl CJ 1 ollb tJ~ bbn';i~ 

SPSS b\Yl CJn1~vt1A1 bi:!~ CJ ~l'Wb ~ CJ\1 b u'Wm\?1~~1'W bb~ ~n1~V11Y161Buri1Vi bb uu?l€1\1 n~~61~~'W6n'W 
~ ' 

(Paired t-test) 



d 
\J'VI'VI 4 

t:.J~n1~1..ijmu;~:e~iith1at:.J~ 

m~i~m~B~ j;.J61m~1offbVlfltJflbbU~n~~e.J61i1'~~Vli~m.J1'W~~1VltJ1~1?1~{ b~B~ ~'Wu~bfl~ bb61~, 

m1~ ?I 1~ 1 ~ !;11 'W n1 ~ b ·ih h fll1~ n 'W~i ~ u ~ ~ \"il 1'1'W 1 'W fl ~ ~.n~1 ~ tJ 1Ji' bi1 u ~1u ~l ~-rr B~ 61 ~~il : 
'\J '\J '\J 

~1tJ61~bBtJ~~~~l11b?l'WB 1 'W'iXl-t'm~tJltl'U 1) e.J61m~i'imn~ 1 'W~~~~~ fl611~bfl~B'Wbb61~t;lfl~em1B'W 
'\J 

b'1tJ'Wbb61~VlGl~ b'1tJ'W 2) j;.J!;j m~f'i fl't!'11'B tJ61~fll1~tl1l'VltJ1~ 1 'W~~~~~ fl611~ bfl~B'Wbb61~t;l fl~B~ 
'\J 

' ' I 

3) e.J61nl~f'ifl't!'11'BtJ~~bb 'Wlrl1~B'UVl~~bb~~fl611~bfl~B'WV!Gl~b'1tJ'W 4) fll1~?11~1~t;l1 'Wnl~b -t'1 h , 

m1~-rl 'W~i~tJ~~\"ilT1'W b~B~ ~'Wu~bflil oue:J~irm1tJ'W~ b'1tJ'WJi'ltJbVlfltJflbb u~n~~e.J61i1'~f1VJi 
" ' "I 

4.1 m-aflm~n~m.lft~"'lel~llb 'Uli~~Nfl flft1flbfl~el'U bbftZ~n~eJ~rieJ'Wb'iV'UbbftZ'VI~~ b'iV'U b~el~ . 

-w'UoZbflij lflv1-tfbb'U'U1'fi111'W11~bb'U'Uth'l!v "'filfl~1b~eJn 2 ih~ui'U 

~1nm~ibfl~1~~~ 1 'W~~ b~B~ ~'Wu~bflil ouB~irm1tJ'W.ffwrutJ~i'in't!'1u~ 4 ~b'1tJ'WJi'ltJil~m~~ • 
b VlfltJflbbu~n~~e.J61i1'~~Vli1~tJm~ibm1~~~1n-t'e:J?le:J'U'\.J~irmJiJ~ 2 l'i'lb~Bfl~1~u.ff'W \"il1'Wl'W 30 -t'e:J 

bbU~bU'Wn~m~~~~Vl~~ 7 ~ 1'W~~ 1~tJ~~1~ru1\911~Vl~mnruevi~11 ~1irm1tJ'W\91Buim1B'Ut;lflbb~61~ 
'\J 

" " vvv~ Vd d ~vvd • 

"Ue:JVl~\911 b~e:J flbb~~ b Vl\9le.J~ t;l flbQ'I"l1~~l b~ e:Jfl'Vl~m Vl\91 e.J~ bb~~e.J~Vl~m b~ e:Jflb Vl\9le.J61 Vl~1 tJfl11m1 
q \J q 'I I 

irm1tJ'W~~ 1 'W~~1 'WiB?te:Ju-t'mT'W b U'W~ 1 'W~~~t;ln\'i'B~ ~ 1 'W~~~flm~bfl~e:J'W bb61~~ 1 'W~~~~ ~ 
'\J 



~b'IJ~~ ~L'IJ~~riv'IJb'iV'IJ (~vv~::) ~ 1 'IJ~~Vi~·u'iv'IJ (~ew~::) 
"" II "" II 

~~ fl~1~ flniPieJ~ ~~ fl~1~ ~n\Piv~ 
'II 

d d 
bfl~el'IJ bfl~el'IJ 

1. nTHnVJ~\Ju~ Lflb 1 b(;1'U~ 38.39 44.64 16.96 15.63 37.95 46.43 

2. n 11 b ~ CJ 'U " \PI 1 bb (;1 ::: 48.44 36.72 14.84 21.88 17.97 60.16 
'U 

b~cm~e:J'1Je:J\Ifl1~ Lflb 1 b(;1'U~ 

3. ~tJ11\IL~b(;1n(;11m1b(;1'U~ 69.53 28.13 2.34 61.72 24.22 14.06 
'U ' 

4. m~bn\?l~'Uu~ 1e:Je:Je:J'Wn 48.44 37.50 14.06 18.75 42.97 38.28 

5. n 1 ~ b ~ CJ 'U " \PI ~ bb (;1 ~ 68.75 25.78 5.47 34.38 21.09 44.53 
'U 

b~CJ n~€J'1J€J\IG'I111Be:J€JoUn 

6. m~bn\?l~'Uu~1m,'l~ 69.79 21.88 8.33 17.71 33.33 48.96 

7. fi~U~'1J€J\I~'Uu:::1eJBeJiJn 51.56 42.97 5.47 30.47 27.34 42.19 

Lfl b 1 b(;1'U~ bb(;1::: 1m'l~ 

bn\?l~'Uu:::Lflb1b(;1'U~ fl\?lbU'U~€JCJ(;1::: 38.39 611Vf1u~1'W~~~tin~e:J\1~1n~G'I\?l ~eJ n11b~CJ'UG'I1P11bb(;1::: 
'U ' 'U 

b~CJ n~€J'1JeJ\IG'I111fl1 b(;1'U~ fl\?lb tJ'W-reJCJ(;1::: 60.16 ~.:rdb ~eJ\I"il1nii~€JUIPI~bb?l\?l\I~'Uu:::~v'h 1 Vf't!m~CJ'U , 

boV11"iJ'V!~nm~b~CJ'U~M~Lflb1b(;1'UMb~~1tJ~'U flfJ\?lfl6i'eJ\ItlU Selco (2013 ) m.ff~eJm~G'IeJ'U Lego · 

61Tvt1u b ~ tJ'UG'IM ~fl111eJB B'Wn 'Y1Ul1 t:-~ (;j~~nVJBVJ1\In1~ b~ CJ'Ufl\ln11 m1~~ b~CJ'U bb uutJ n~ eJtl1\lii '1 

~ ul ~ q 

't!CJG11rl'ru ?i1'U~L'U~~~tln~eJ\111eJtJ~fl\?l ~eJ ~tJ11\IL~b(;1n(;1Lflb'Jb(;1'U~ (fl~b"ilM'I1 eJ1:::~m:i, 2554) 
QJ '\J , '\J , , 

fl\?1 b U'U~eJCJ(;1::: 14. 16 b ~€J\I"il1m U'U~ 1 'U~~~bU'U'U1~u~1~ fle:J'UoV1\I~U.geJ'Um mbrimwhrn1~ b .V1 h 
v'h 1 Vf't!n b~CJ'Wiiii1 'U~~~flmVJ bfl~f)'U~1() Ci\lbb~"il:::iim~"e:J'U L\?lCJ 1 m~b\?1(;1 bbfl\?1\11 Vfb ~'U~tJ11\IL~b(;1n(;1 

'U ' 

't!m~EJ'UtltJ\IboV1hhJ-Ir\?lb"il'U (6UJb"ilM'I1 €J~:::P1m:i bb(;1~Pln~f'l~ fli11~~, 2554) ;\l"il~b~'W1~111'W 
' ' 

m1Pin~1 b~ CJ1~'Uu::: bAiJ-:S1 b U'U~eJ\11off~'U\PI'U1n111P11~m1~f1\?l~'l1n1VJEJ1f'11G'IMTI~eJ5U1 CJ bb~U1\If1~\l 
't!m~EJ'UeJ1"il bn\?l~'UM'U1m~~~\?lbb(;1~f1m\?lbA~eJ'U 1~~1tJ (eJ11~~ru ~'WVJ1'W, 2554) 

'U 



4.2 m~fltm~1~BEJ61::fl11:WnTJ'VI'i!1"tle:J.:J:!J 1 'IJ:!J~~~~ A611~bfl~e:l'IJ bb6'l~~n~e:J.:J b~eJ.:J oW'IJB::br~ii 

1~~1oUbb'U'U1~:w 1 'IJ:!J~bb uutJ~'!!~ "llil~~1b~vn 2 ~1~u.ff'IJ 
' ' 

"il1 n fl1'H tJ~tJ'U b V1 tJ'U~en.J~:::m1l.JflT'J'VI'lhVi~ ~ Am~bfl~ el'W bb~:::t:lfl ~e:l-:1 'V'I'U';h ~1~e:ltJ61::: 
'IJ 

Al1:wth·.l'VIu1t:lfl~B~'Vln:w 1 'W:w~i1~1bU'W'Ulfl bb6Wl~11'VI~~b~m..tirm~m.~i1m1:w b .rr1 ht1n~e:J~b ~:w~'W 1 'W 
'IJ • 'IJ 

~ lJ i.l I 
C::0: IQ .::i 1.1 ~ I I Q..l .t:::~o.c::::l I ..:::11 J,.l !LICit V.t::lil~ 

b 'VI'Ul1 fl "il m'j:!J fl1'H 'W'U ~ b 'Vlfl'IJ fl bb 'U-:1 fl~:!J ~~ ?i:!J ~'V15 :!J~ ~ 1?1 e:J fl1 'j b 'jf.I'IJ ~'l.Je:l-:1 ~ b 'j tJ'IJ 'Vl-:J'U b 'U e:J-:!"il1 fl ; 

n"il m'j:w fl1'j b~tJ'W1~ bu'W1 ~ir n b~tJ'Wvi'1~1'W~l:wn'Ub tl'W mi:w iin1'j"ll1v b 'VI~ B~-:~n'Wbb6'l:::n'U b~ nui-:~ 
' I 

"1!1 m 'VI~ m~n~~e:l'IJ bb~:::tJ1'W nm-:~ ~-:~~-:~ b?i1:!J 1 ~'l!m~tJ'IJ~~eJ'Wbb~:::tJ1'W n~1-:~ b1tJ'W-ri~~~-:J~'IJ ~-:~ 1 

'IJ ' 

?le:J~A~mnubb'\JlA~'l.JmbneJI?l?i~ ~fl~1lfl1'j~b~n~tJD~:wvrw5'V11-:J~-:Jfl:!J (Social Interaction) nu ': 

vJmb~ A~ bb~:::A'IJ~'IJ 1 ffi~m1:Wbmh1~ ~bb6'1 "lllm'VI~mbnb~fl "il:::"lilt!vl11~b~n1~6'l~1-:Jfl1'jb~tJ'\Ji: 

1~eJ~1-:~ 1~i1~~'o\\'1 n~ m1:w"ll1 v b 'VI~ eJ 1 '\Jvr'IJ~'je:JtJ~e:lvr\9lJ'U1fl1'j'\JeJfl"il1 n"iJ:::b iJ'IJtJD~:wvr'IJth:::'VI11-:~ : 

~ b ~tJl'1.11ru nu ~ b~:w~ n~~ bde:J ~ b ~tJl'1.11ru~m1:W?i1:!J1'jf:l:!J1 nn-;h 1~-dl tJ b 'VI~e:l~ b~:!J~ n~~ fl1'j :. 
'U QJ \1 'U QJ 'U 

"1!1 v b 'VI~e:l1 '\Jvr'IJ~'jeJ v~e:lvr\9ll'IJ1 fl1'j~1lneJI?l?i~Hi'eJ5u1v 11J'IJ 1:wi. "lib Ylv-:~ bbrl b~fl~e:l-:Jfl1'j0 'VIqJ~fle:l v . 

1 ~Al1:W"lilm'VI~BbvhJ'IJ bb~EJ-:J'jl:w1 tJ~-:Jfl1'j~tJD~:wvr'IJ5'V11-:~~-:~A:wnub~e:l'IJ 1 'VI~Be:ll"il"il:::nub~n 1 

~e:l tJ i. 'IJ 'j::: liluvr\9ll'IJ 1 fl1'j~ ~ 1-:1 tl'IJ tJ 'j::: fle:J'U n"il m'j:!J fl1'j b~ tJ'U ~~ij~ e:l fl1'j b~ tJ'IJ ~~'11 flb~ tJ'\.1 6'i1:!J1'j(l ~ 'U . 
'IJ 'IJ 'IJ 

~e:l-:1 1~"il:::"lil t1 1 ~~b~tJ'\Jb.rr1 h 1~tlfl~eJ-:J:!J1fl~-:J~'IJ ~m1:wb.rr1 h~Am~bfl~e:J'W~~~-:~ 
'IJ 'IJ 

:!Jb'U:!J~ fl11:1Jtl1'J'VI'i!1 (~e:JEJ61~) 

"' d II 

~~ fl611~ bfl6'le:J'U ClMl€1-!l 
'U 

1. fl1'jbn~vrw)::: 1Ablb61'1JI'i" -22.76 -6.69 29.47 

2. fl1'jb ~tJ'IJ6'i\?l'jbb6'l:::b~tJfl~e:J'l.Je:l-:!6'i1'j bflb lb~'IJI'i" -26.56 -18.75 45.32 
'IJ 

3. 'jtJ~1-:~ l:w b61fl61bfl n b~'\J\91 -7.81 -3.91 11.72 
'IJ q 

4. fl1'jbn~vrw)::: 1BBB'Wn -29.69 5.47 24.22 

5. fl1'jb ~tJ'U6'il?l1bb6'l:::b~tJfl~e:J'l.Je:l-:!6'i1'j 1e:Je:Je:liJfl -34.37 -4.69 39.06 
'IJ 

6. fl1'jbn~vr'IJ5::: 1~'V1::: -52.08 11.45 40.63 

7. ?i:WUM'l.JeN.yr'\Jli::: le:le:Je:JiJn 1A blb61'1JI'i" bb~d61'VI::: -21.09 -15.63 36.72 
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I 

' ' ' I 

~1V!-ruw 1 'W:w~ViiJrrn:wnT"Jfln~B.:JV!thw1nVi?l111 fiB n1'jb~CJ'W?\~'jbb?~~b~cm~B"I.JB.:J?ITI 1fl1 b?~'UI?i 1 

'U ' 'U I 

fi111bU'W1mm~ 45.32 fl11:Wtl11VltJ1f!nti1B.:~tJm.J~?II11 fiB 'jU~1-:Jb:Wb?~n?~1flb'Jb?~'WI?i fil11bU'W1BCJ?I~ 
v d 

11.72 111.:1[)1'\f'l'Yl 4.1 bb?l~ 4.2 

ao 

60 

40 

20 

-2~ 

-40 

'\J , 'U 'I 

2- w~nn."U 

3 - ;m-,,.J, 

fl1'W~ 4.1 ~m.J~~"llv.:JoUm~V'W~ihJ1'U:w~~~n~v.:J fll~1~bfli~V'lJ bb~~~~ riv'Wb~V'W 'Vi~.:Jb~VtJ 

bb~~fll113.1fi11'VioU1b 1..13.1 1 1..13.1~~ 1' 2 bb~~ 3 

6 ' ' q i.l i.J q I I Q,.l ~ I Q.J ~ ~ l/ol::li I I C::. q iJ Q.l .:li I 

b 'W'W~m CJ b Vlfl'Wfl bb u'mG'l:wt:.J?~?I:W~Vlo'j'J:J.Jn'IJ?Ie:Jn1'j b 'jCJ'U~Vl'll'J CJ?I.:J b?\'j:J.J n1'j b 'j CJ'W~"I.JB.:J'Un b 'jCJ'U 'V'I'U11 

'Wm~CJuiJ:w 1 'W:w~~fl n JlB.:~ b ~:w:w1 n~'W bb?~ ~n:w 1 u:w~ fl?~1111 bfl~v'Wbb?~~~l11?~111?~.:~ ~.:~ bb 'W'J 1 t!:wb U'W 1 LJ1 'W 
'U 



80 

60 

c.o 

20 

-20 

-40 

-60 

n'l~I~U\J<:jii~l\<1~ 

~~un;vtav'i'Jn 

<lll\ffi'11a~ <11'1 

lml':Jr, 1f1111<1\.ll'i 

na~l<t'M 

• !jfj 

1i!J 1'1~1~\f'I~D\J 

1; riout~[nJ 

2 ; "'"'~-~~\J 

3; ~nm'h 

46 

lil1flm'V'I~ 4.2 'V'Itr;h l.lbtJlJ~nt~'Ub~m.J b~t~\1 nTnfi~~'U5~1t~t~t~'Wn m1b~tJ'U?t\Pl1bb~~b~tJn~t~ 
'U ' 

?f111t~t~€ltJfl ~'U5:::1~'Vl~ bb~~?fl.I'U~'ll€1\l?f111t~t~€ltJfl 1P~nb~'W~bbf1~1~'Vl~ ~l.l1'Wl.l~~e,j~ bb~~, 

Plf11~ bPI~ B'W:w1 n bb~:::l.l 1 'Wl.l~ fl n ~ t~\111 m.1 1~ C.Jl.l 1 'Wl.l~~fl n ~ t~\111€1 CJ~€1 m1 b ~ CJ'W?f IPl 1 bb~ ~ b~CJ n~t~ 
'U 'U 'U 

1e:Jt~t~'W n bbfl:::?fl.JD~'lltl\1?111 ht~t~'Wn 1P~ n bfl'W~ bbfl~ 1m'l~ 'Vl~\llil1 n~~nlilm1l.lfl11 b~tJ'Wi~1 m VlPitJPI, 

bbU\Ifl~l.l~l:1~l.Jf1VJ~~1l.ln'I..J~tlfl11b~EJ'W~~'1i1EJ?i\l b?f~l.lfl1';ib~EJ'W~'lltl\l'l! n b~EJ'W 'V'I'\..Jl1 'l!n b~ EJ'W~l.l 1 'Wl.l~ , "'I 'tl cu 

~flfl~ €1\1 b ~l.Jl.J1 fl~'U bb\:1~lJlJ 1 'Ul.J~~ ~~ bb~~PI~1~ bPI~tl'Ufl ~fl\1 ;\I bb 'U'J 111l-l b -lJ'W 1 tJ1 'Ubb 'U'J b~tJ'J fl'UVl fl 
'U ' 

~'U5~11:1'Vl~ (~~l.J'V'I';i 11Pl~1~, 2553) 

lil1fl~e:JEJ~~l.l 1 'Wl.l~~flfl~B\1 P~m~bPI~e:J'Wbb!;l~~~ v1\l 7 l.l 1 'Wl.l~ 'V'I'I..JrJ1 'l!m~EJ'WlJb 'Wl.l~~~~!;l~~\1 
'U 

bb\:1 ~~l.J 1 'Ul.J ~~tlfl ~€1\1 b ~l.ll.l1 fl~'U ~bb 'U'J 111l-l bb '\..J'\..J b~ EJ'J fl'UVlfllJ 1 'Ul.l~ ~\l-d€111il b ~€1\ll.l11il1fl'l1 flb~EJ'U~ 
'U ' 

fl1';ivl1\11'U~'Jl.J\11'Wn'Ub -lJ'Wn~l.l bb~~PI~~m1l.l?f1:w1';ifl bn\1 ~€1'\.J u1'Ufl~1\l 1~tJiJbiJ1'VllJ1tJ1 Vi\n~m1 
' 

b~tJ'W~bb~~tJo;j~?f'I..JP111l.lci'1 b ~lil~1l.lrl'W (b 'W\Pl';i'Wfl1 bntJ ';j~?fl.lnlil, 2551) U1~flt~'\..J n'\..J~t~m';i b~EJ'W~~ 
'U 'U 

'11 fl b ~ EJ 'U?f1l.l1 1tl~'\..J ~ B\11~1il ~'1J1 E.l 1 Vi'~ b1 EJ'U b .rr1 1liJ 1~fl fl ~ €1\ll.J1 fl ~\1~'\.J lJfi'J1lJ b oiJ 111il~Pim~ bPI~ €1'\.J 
'U 'U 



. . 
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4.3 n 1"j fimi1 bb 'U1fl1~el'U"tlv·:n1n b~£J'Livi~fl bb~::flmfl bfl~el'UVI~..:J b~fl'U bfl£1 1 oii'bb 'U'U'VIflfilv'U8~'11£J 

bb 'LI1fl1\91 e:J'IJ~flm \91 bfl ~ e:J'U bbfl::: 1'1 1 e:1 ~ 1.:!1"11 \11 e:J'IJ"tl e:J,ru n b~ CJ'W 1\91 CJi bfl"n :::~ b U'W ~1~e:J tJ fl ~~'V'l'IJ "ill n 

bb'IJ'UVl\916'1eJ'UeJ\91'!JCJ ~.:J"il~bwn~"i!TmmlJ'W 7 l.l1'Wl.l~ ~.:Jd 
4.3.1 m·nnfloW'U5::1flb 1b~'U~ .Ym~CJ'W~1'W 1 Vlqj6'11m'jrteJB'IJ1CJn1'nnm~'wi~ bF1b1 b~'W\11'1~ I 

I 

1\91tJeJ~'IJ1tJ11~'WD::: 1flnbfl'W~>i'bn\91"il1nl)1\1le:J 1fl'Vl~'j'Jl.Jnuo1\1le:J 1fl'Vl~b~e:J.:J"il1n~~1 EN 6'1.:J~.:Jbn\91m'j1 i, 
' ' 'V 

~1b~n\1l'je:J'W~1l.ln'U bv!e:J1~m'\J 8 bbf!::: H fl'j'IJ 2 \111l.ln~e:Je:Jm\11\111'W"tJru~b~tJ1n'Wirm~tJ'W~1'W1Vlqj 

1~VJ'j1'\Jl1~b~n\1l'je:J'IJffii~1l.ln'Lifim 1 b~'WI9i'~b~n\91'je:J'W 'W Bn"il1nd.Wm~CJ'W'\J1.:J~1'W~.:J~ bb 'W1~\91~~\91 , 

1 .Wm~CJ'Ub~CJ'L!G'lmbb'\J'\J"il\91 hlt1n~e:J.:J 1\91tJ11\91"il\91 

3 

'U , 'U , 

d ~&::>. '=' ll 

Vl bb Vl'W b 1 bf!'W \11 eJ bf! n\11 'je:J'W"tle:J.:Je:J~\11 e:Jl.lfl e:Jl.J'je:J'IJ 

Vl~e:Je:J:::\1le:Jl.lnm.:J 1~fl'j'IJ'Vl~B bn'W 

v ..:::11 q i.J' d ~ cv 
'Wn b 'jtJ'Wb "tltJ'W6'1\1l'jbb '\J'\J b6'1'WV1 bn\91"il1n'V'l'WD~ 

'V 

1fle:Je:J~b'W\111flnbf!'WI'1 (Co-ordinate 

covalent) 1~t1n~e:J.:J 1\91tJ"il:::b~tJ'WbU'W~'WD~~ 
'V 'V 

oJ'n b~tJ'Wb ~ tJ'Wb 1 bfl'WI'i~b~ n\91'je:J'W~U1l.l11 off 

~1l.ln'W 1\91CJ hi~"iJl'jrulml.ln~e:Je:Jm\11\11 ~.:Je..Jf! 

1~e:~~\91e:~l.Jmn.:Jbn'W 8 Vl~e:~1~fl'j'IJ 8 

.. 
0 

.. 
.. ::5: o: 

ml.ln~e:~e:Jm\91\11 ~.:J~fl'j'IJ 8 

1~ 

o =-~.::a 
0 
II 

0=5-o8 

I 
oe 

40.63 

39.38 

18.75 

18.75 

3.13 

3.13 
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I I I I 

"il1fWl111~VJ 4.3 'V'l'U'J1 tim~tJ'U:i'1bb'tJl~hWeJ'UVJ~\9lbb~~fl~1\9lbfl~eJ'U l.JinVJ~\91 3 a\.J~'U 
' 

ml..l n~eJeJnb\911'1 b'V'111~bU't.J51\9)~~\918~1't.Joil€JtJml''t.J"UeNn~€J€Jm~~ ~€JtJ~~ 39.38 bb61~ 11m1tJ't.J 

b ~tJ't.J~I'11bb'U'U b~'t.J~btl\9l"i11n~'t.J5~ bfleJeJ~b't.JI'lbflb 1 b~'t.J1911l.Jt~n~B~ bbm~tim~tJ't.Jb ~CJ't.J~~1bb'U'U"il\911l.J 
\1 '\J \1 '\ 

~n~m b~m"i11ntim~tJ't.Jb~tJ't.Jblb~'t.J~Bb~nmB't..l~oJ'1m1-ll'~ll..lfl't.J b\9ltJ1l.J~"i111W1\911l..ln~eJBm\91~ ! 

?i~e.J~11XB~\91Bl..lnm~bn't..l 8 'Y1~B1l.Jfi1'U 8 fl\9lbU't.J~eJCJ~~ 18.75 
1 

4.3.2 nTH;iv't.Ja\9l"mt'l~ei1't.J~va1-ath~ml'u bfl b 1btl'U9i' tin b~m.J?il't.J 1 'Y1ru~1l..l11tleJfiu1tJ m1 v v 

'Y1~n 1 'Un11'Y11~mbb~~n11B1't.J~eJ~11th~neJu 1m lb~'U~ btl\9l~'U5~ bflb lb~'t.J\911~ b\9ltJeJTI'U1tJ11~m~ , 
~ ~ 

btl\9l"i11neJ~\91eJl..l c bb~~ 0 btl\9l"i11nm11iBb~n\911eJ'U~ll..lfl't.J b~B11Xfi1'U\911l..ln~ eJBnb\91\91b\9ltJ c: 
~e:J~m11i~ll..l 4 Bb~n~1B't.J ?i1't.J o ~e:J~m11i~llJbbFl 2 Bb~n~1B't.J $\~J't.Ji5~1.U c 1 e:J~\91e:JlJ bb~~' 
o 2 e:J~\91BlJ vh1m~~\911bU't.J C02 bb~fr~'V'1u11tim~tJ't.J'U1~?il't.Jfr~:i'1bb't.Jlfl\91~~\9lbb~~flm\9lbfi~B't.J ~ 

1 

2 

3 

tin b~CJ't.J~"i111tt.n11~m bflffi\911 

~1l..l11mn\9l:fl't.Jhl1~ vnn1l.JbU't.JhJ 

tin b~ t.J't.J'W \111 u.n11~\911 bflffi\911 

~1l..l11mn\9l:fl't.J1~ 'Y11mU't..lhJmlJn~ 
Be:J m\91~ bb~;::-lleJ tJn v'J't..l"Ue:J~n~e:JBn oile:JtJ m l't.J"UeJ~n~ e:JBm\91~ 

b\91\91b\91CJ 1l.Jrhi!~;;i~Bb~nme:J't..l~b'Y1~B 

1e:J'U eJ;:: \91 Bl..l mn ~ ~ B~:i'1"il1't.Jl 't.J b U't.J Fi 
~ 

bflblb~'t.J\911\9ltJn11'tl1th~'<ijl..l11"Ulfl't.J 0Cl2 

bU't.J'Y1~nm1~1~"i11nm1"il1'Y11~m1~ - Cl
4
+ bb~~ 0

2
- th~'<ij1"Ui'n't.Jbtl\9lbU't.J 

~n~m bb191bl.J~eJ\9lfl~mnu~lJ1"Ue:J~ Cl02 

n11btl\91~11th;::neJ'Ubflblb~'t.J~ 



. . 

m~1~~ 4.4 ~m.Jt=~~~ 1cu~~~flt=~1flbfl~v'U b~v~m~b;iacu~fl~bbt=~~ei1cu~vm~tJ~~nm.J 

bflb1bt=~'U~ (\Jiv) 

5 irm~CJ'U 1~.hhubG'1"1.1~1'U1'Uv~l'lv~ 

dJ'Um~1n~n 

6 irm~CJ'U 1lJ b'\J~CJ'Ub~CJ'l'Vl1CJ'Wm-:~fi 

bU'U -ide 

Sulphur exafluoride 

SF6 eh'Ul1 Sulphur fluoride 

N205~1'U"Jl dinitrogen oxide 

Sil 4 ~1'Ul1 Silicon tetraiodine 

49 ' 

40.63 

21.88 

3.13 

~\il'HAinl?l 1 ?11:w1"Jmnl?l~'U1lJ1~ Vl1n1lJbtJ'UhJ\il1~n~]'e:Jvflb\il\il Al?lbU'U~e:JtJG1~ 25 bbG'l~irm~tJ'U · 
1lJ~1'UbG1"1.1~1'U1'Ue:J~\ile:J~ bU'U.fl1~1n~n fil?l b U'U~e:Jt~G'l~ 21.88 

4.3.3 ~tJ~1~ b~bt=~nt=~ bflb 1bt=~'U~ 1!m~CJ'U~1'U1 VltUVl1~1'U'J'U'Vr'U5~bbG'l~Bb~n\il"Jv'UI"i11?11?lb~tJ1 
'll , Q.J 'tr 

1 
v .:::11 0 Q.J 0 

'Uflb "JtJ'UVlT'i11'U'J'U'W'U5~ "i11'U'J'U 53.13 

B b~ n\il"Je:J'UA b\?11?1 b~tJ'Jbl?ltJ'Ue:Jm U'U?Im 
~ ~ 

120 

- SF2 ?l\il"J~1hJ AX2E2 btl'U"J'\J~~'Ie:J 
~ ~ ' 

:n~~'Vr'Uli~ 109.5 
' 

2 irm~tJ'U 1lJ?I1~1"Jfl\\i'U\il'U1 n1"J"J'\J~1'1 43.75 
~ 

1~bG'lnG'lbU'U?I1~iJ~ bl?lCJbu'W1~ "JD~1'1 ' ~ 
d ... 

Vl"J'I?IVl'U1 



so ' 

3 31.25 

4 31.25 - Xel4 ?lli1'i~1hJ AX4E2 i'hJ~~'Wli~ 
'V ' 

'l!m~tJ'W~1"il'1'W1'W~'W5~ "il'1'W1'W 

~ b~ n mB'W flb\11111 b~ tJlL\11 tJ'U e:~ m tl'W?l \i"l'i 90 ~e:m.J~1\l~B 'Vl'i\l~·mh0111bdtJ1 
'V 'V 'V 

- IF5 ~li1'i~1hJ AX5E ih~~~'Wli~ 90 1 'W'i'l.l AXE bb6'l~'\JBmJ~~'W5~ 1Ji'(lfl~B\l 
'V ' 'V 

'i'll~1\llh:::il\11\i1'W?l1~b~~tJ~ 
'V "' 

5 'l!m~tJ'W~1flL11111lb~tJ1'i"B'\JB~Ii1B~flm\l - N03. i1"il'1'W1'W~b~flli1'i"B'WflL111111b~m 12.50 
'V 'V 

'lJB\lb~b6'lfl6'lbflb1b6'l'W~ 'i1~~\lfl~~ bVhn'U 1 fl 
' ' 'V 

QJ .<:::11 0 cv 0 

'Wflb'itJ'W~1"il1'W1'W'V'l'W5::: "i11'W1'W 6 6.25 

AXE 1Jl(ln~m bb~'\.Je:lfl~~e:i\11 vh1 ~'l!m~tJ'Wb 'l.l~tJ'\J bVitJ'U~~~'W5:::'i:::~11'l?l1'ihi"fl~B\l fl\11 b tl'W 
'U 'l q \1 

~BtJfl::: 53.13 'l!m~tJ'W 1:W?J1~1'i(l~'Wii1'W1fl1'i'i'll~1\lL~ bf! nm tl'W?l1~il~ L111t!bu'V'l1::: 'i'll~1\l'Vl'i\l~~iJ1 
'V ' 'V 

4.3.4 fl1'Hn Wl?l1~'ll~~ne:~u 1mmun 11m~ tJ'W?l1~1'i(leJ5'U1 tJ~~ flfl1'i bn\11?11 'i'll 'i::: n B'\J 1e:~ mru fl 

1Jl(lfl~B\lbl1ltJUflb~tJ'WeJ5'U1tJl1~'W5:::1e:~e:~un 'lJB\l BaCl2 bn\1l"il1fl511i1bfl~::: Ba ~\llJfl1 EN ~1~wh 
" ' 

~iJ1vtl ~~b~nme:~'W bn\1l~'W5~n'Ue:~ 1fl~~ o ~\li1fi1 EN ?l\l ~\lvh~iJ1~r'\J~b~nme:~'W ~\lbtl'W~'W5:::~ 
'V 



1 1!m~t.J'Wb:fit.J'W~U.Jm~bi1~?lT~1-erereJi'ln 1~t.J 

1~'Wiil1~ru1m~~6'IIK1b6'1"1.ltJ~~"ili1t.J"'.l11 • • 
2 11m~t.J'W11~ 1m~?l~1~"1JB~?l1~ 

1eeeiJn1~t1nl'i'e~ 1~t.ld1~btl'Wb:Ub6'1tl6'1 
'\J • 

6~tl1b~t.l 1~1~66(;1~.:jt1~ bfl~.:j{;1~1.:j~6tl'W 

1m.:j(:.J~tl~1.:j1?11'll1t.J 

- Ca 
2
+ (g)+ ((g) ~ CaF2(5) 

- Na + (g) + 0 2
-(g) ~ Na20(S) 

+ -
- [Na ] [Cl] 

3 1!m~t.J'W'UBtl~1'W'd'W~h~nl?l~B'Wvi'loU'bb6'1n Na20 i1rn~bb6'1mtJ~t.J'W~ib~nme'W 

bU~t.J'W~~'·d1~L6'1'\.If~b66'1~B16'1'Vl~hlt1nl'i'e'l 1~v Na 2 B~l?lB:U vl1'Vli!1vi1Vf 2 

4 

'\J 

"il1nm~ 1.UB 6~ nl?l~B'W~1:wn'W~~wi1.:j 

b6'1'Vl~tl'\Je:l b6'1'Vl~ 

5 11m~t.J'WBTI'U1t.Jm~~'W'o~ 1eJeeiJn 

1~11 n l'i'e'l b ~B'I"il1n b i11"ilfl11:U'Vl:U1 t.1 
'\J 

11 dv ~ ~ v ~ ..:::~ 
'Vl'W1Vl~'\J 2 Bb6'1tll?l~B'W ~'I'W'W "il'l 

bi1~rn~-r'\Jbb6'1~f11~ 1 VlBb~ nl?l~B'W 

= .,. 
6tl~"'J'W"il1tl 

666'1~ Cl 
0 lJ .d Q.J o0:::1t, ~ I 

- 0 Vl1'Vl'W1Vl~'\J 2 Bb6'1tll?l~B'W ?l1'W 

K l'i'e'lm~an 7 Bb~nme'W ~'11oU' 

Bb~nmeJ'W~1:wn'W6~eJ 1 Vfm'Um:J.Jn~ 

e:JBnb\?11?1 

B~l?le:J:Ub~B~ o "il~ 1#lmu 8 

- 'Vl~ o iJn66'1'WI'lB6~nl?l~B'Wbvhnu 
'\J 

2 666'1~ K iJnb6'1'WI'lBb~nl?l~B'Wbvhnu 

1 ~'lbn~m~1 Vi'bb6'1~-ruBb~nl?l~B'W 

51 . 

46.87 

40.63 

25.00 

25.00 



.. . 

6 ~m~t~'W 1~ b .U1 h?ll.JU~"lJe:J-!1 Li;1'Vl~bbl;1~ 

e:1 Li;1'Vl~v111 Vi'm1e:J6u1t1 m1bfi~ 

6'111tb~ne:Ju 1e:Jm:rwn 1~bln~e:J-:J 
'IJ 

- Ba bU'We:JL1;1'Vl~ bbl;1~ Cl bU'WL1;1'Vl~ 

bfl~bU'W?f1Tth~ne:Ju 1-e:me:rwn BaCl2 

- Ba i1ri1 EN 6'1-!! vl1'VliJ1~bU'WI'i'11Vi' 
'IJ 

I I I I 

52 . 

2.25 

'<il1nl'l111-:JVi 4.6 ~m~tJ'WiJbb'Wlrhl'leJ'IJVi~~bb(;'l~flm~bfl~eJ'W mnVi?t~ 3 eJ'W111'ubb1n fle:J' 
' 

~ n b~ tJ'W b ~ tJ'W?fl.J n11 btl ~?111 1e:Je:Je:JiJ n 1~ tJ 1~TI"il11tu1 n11~1;11'11 bi;1"1Jt.b~'<ili1 tJ"lJ11 ~ ~ b U'W ~e:J tll;1 ~ 
' ' 

46.87 ~n b~tJ'W 1~i1fl11l.J b .U1 hb~m nu Lfi1-!16'1~1-!1"1JeJ-:J?f111e:Je:Je:JiJn~i1 bfl~~'Wli~~e:J b ~e:J-:Jb U'Wt:-J~n~1-:J 

1'11'li1tJ ~~ b U'W~e:JtJ1;1 ~ 40.63 ~ m~tJ'W'Ue:Jmh'Wl'WB b~ nl'l1e:J'W~1-ii'bbl;1 m tJ~ tJ'W1~'Vll1-:J h'Vl~ bbl;1~ 

e:1 Li;1'Vl~ 1~ bln ~e:J-!1 11l.J~-!I~ n b~ t~'W b .V11"il11?111tJ1~ ne:1u 1e:Je:Je:JiJ mn~'<il1n m11-if~h~ nl'l1e:J'W~1l.J n'W i 
'IJ 

1~Vl11-:J L1;1'Vl~ nue:1 L1;1'Vl~ ~~btl'W~e:Jt~l;1~ 2s 

4.3.5 n1'iib~t~'W~l>l'iibb~::ei1'W~v~1'ii1vml'iln ~m~tJ'W~l'W 1 'Vlql?f1l.J11bleJ5u1tJ m1'Vl~n 1 'Wn11 

'Vl1?11'11bbl;1~m1eJ1'W~eJ?f11tJ1~ne:Ju1e:Je:Je:JiJn 1~t~e:J5'U1tll1?fl'l1~bn~'<il1ne:J~I'le:Jl.J Ca bbl;1~ o bfl~'<il1n 
'IJ 'IJ 

m11Vlbbl;1~-ruBb~nmeJ'W b~eJ1Vi'fi1'\JI'l1l.Jn~e:Je:Jml'll'lL~tJ Ca 1Vi' 2 ~)b~nl'l1e:J'Wbfl~bU'W Ca
2
+ ?i1'W 0 

-ru 2 Bb~nmeJ'Wbfl~bU'W 02-l'l~tT'W~-!!1-d Ca
2

+ bbl;1~ 0
2
- Bl'\11~1'1..1 1:1 b~eJ1Vi'?t11tJ1~ne:JubU'Wnm-:J 

vm1 vH'h vh1 W~?fi'\'JbU'W CaO bb~fJ,:j'j!'j'\Jl1~flb~tl'W'U1-!1~1'WfJ-!!i1bb'W1~~~~~bbi;1~flm~bfl~eJ'W L~tl 
'IJ 

~ QJ o<:::t. ~ ~~ tl 0 d~ d Q.l d 
W.l"il tl'd bfi11:t:VIb u'U'HltJ(;'l:t:bb'U1fl11'\eJ'U'Vl~~bbG'1~fiG'\1~bfiG'1eJ'U ~-!11'\TH:J'Vl 4. 7 
'IJ 



-. 

53 

lll 
"l.Jij 

.. -·.. . fflrljf~~..;....:;c.~ .'""-'-.:_·'""-'-.-r-',:~'""-'-~--.c.......;_•··· .. ""---""""--. ·.:_·~--~--.---1-l, 
'l!m~tJ'W~1~~~fl~tU'lle:J.:J51\91Vl11'W~oU'W lron(lll)nitrate b:UtJ'W~\111btl'W 1 37.50 

hJ1Jl ~.:Jvh1Vib:UtJ'W?l\111'lle:J\l?l11'\.h:mmJ lr(N03h, I(N03h,F(N03h 
'\! 

I 

1e:Je:Je:JiJn1:W~n~e:J\l I 

r---+----'\!----------.---+-------------+-----i; 
2 11m~tJ'W"i11b~'ll'\.h~"il'lle:J.:Jfl~:We:J~\1le:J:W~i1 Nitrate = -2 ~\lbbVl'W'\.h~"il'lle:J-:1 

' ' ' 
18.75 

Fe = +2 bV'I11~"il~'Vi'11Vf 

?111'1.h~fle:J'\.JbU'Wflm\lV11.:J1'\I'J~1 

~'l1Jl?l~mU'W FeN03 
f---+---------------+--'\!-----------t-----J! 

3 

4 

5 

6 

lron(lll)nitrate b :U tJ 'W ?I \111 fi e:J 12.50 
'\! 

(Representative) b\9ltJboU11"il111'i'e:J.:J~1'W 

b 'li'Wb~tJ1 tl'Wtl'U b~Vl~fl~:Wbb Vl1'W68oU'W 
' 

FeN03 hw11m~tJ'W"i11b~'1l'\.h~~ 

'1le:J.:J Nitrate 1Jl i1fi1b'Vhtl'\.J -1 ~\l 

bbVl'W'\.h~"il'lle:J-:1 Fe = + 1 bV'I11~"il~ 
' 

1'\I'J~1 

Sulphate b:UtJ'WbU'W Al2(S03h, 
2-

AliS4 )3 

MgBr 2 ~1'W11 bb:Wflih~tJ:W(II)b '\.J1 

1:w\9l Al2(S04h ~1'W11 e:J~~iibi1tJ:w 
'\! 

(lll)im'\I'J\11 

(Transition) CaS ~1'tti1 bbfl~b~tJ:W(II)i~1'\I'J\9l 

12.50 

9.38 

-· 
28.13 

8 11m~tJ'W1:Wb'\.J~tJ'Wb~tJ\lVl1tJV'ItJ1.:Jrl bU'W CaS ~1't.d1 bbflm~tJ:wim'V'Je:J~ 3.13 

-ide 

9 3.13 



•-

.. . 

54; 

i 
I I I I 

"il1fW11'j1\JVl 4. 7 11m~tJ'Wilbb'W1rl1\9l€l'UVl~~bb~~flm~bfl~e:ru l.nn-vl~~ 3 eJ'W~'Ubb 'jfl A€1 
' 

~~dJ'W~€ltJ~~ 3 7.50 11m~tJ'WB1'WU'j~"iJ'll€l\lli1\9l b 'j~~b&/l'Wb VlVl'rl 1~m.U1 h-;h~€1\IB1'Wb 'li'Wb~ ti'Jtl'Wtl'U 

1 

' ' 
1~Vl~ n~l-l bb VJ'j'I.J6ili'W ~~ b U'W~€1 t1~~ 28.13 bb~ ~11m~t~'W~1b~'lJ'\.J'j~"iJ'll€l\ln~l-l€l~\9l€ll-l~iltJ'j~"i] hJ1~ 

Cll , , , 

~~bu'U~€lt~~~ 18.75 

4.3.6 -w''Liil:: l~'VI:: 11m~ t~'W?h'W 1 V!'1J~1l.J1'j {'\ €lfiu 1 t1 fl1'j"TI'W u:: 1~'VI~ 1~ 1~ t1 €1fiu1 t1 fl1'j bn ~ 

TI''Uu~ 1~'VI~ bn~"il1n 1~Vl~;\lill"i1 IE ~1~\l~ru b~ ti~h~ nl'l'j€1'\.J bn~ b u'W1€l€l€l'W'U1 n~\l~~nuVl~ b~ 
\1 v \1 

B b~ n \91 'j€1'\.J bb~ iT \I~'U"h11 n b~ti'W'U1\I ~1'W iT 'Iii bb 'W1 ~~~ ~ ~ bb~ ~ fl~ 1 ~ bfl~ €l'W 1~ t1 ~1 ~ t~1 bfl'j1~vh u 'W 
\1 

' ' ' 

~€ltl~~ bb 'U1rl1\9l€l'UVl~~ bb~~fiG'n~ bfl~ €l'U l'l\l\911'j1\1Vl 4.8 



!II 

'!Jtl 

1 
QJ .r::::iil ~ Q 

'Wflb 1tJ'We:Jl5'U1CJf111bf11'l 

VI::: b61~h~n\911e:J'W 1~f:ln~e:~-:~ 
~ .. 

V!lJe:Jnm61n\911e:J'W 
'IJ 

- bfll'l"il1n'lh:::"iJ'U1flbb61:::'\.b:::"iJ61'UlJ111lJfl'W Iii-:~ , , 

- bfll'l"il1n Le:Je:Je.J'W'U1 n~-:J\11\11 n'U Le:Je:Je:J'W61'U 11'l CJ 
'IJ 

b~ CJ -:~:a \11 ~ \11 n'W bb61::: bfl ~ e:l'W~ eJ CJ "l mi' fl'W 
'IJ 

2 'l!m~tJ'Wb'ih1"il?tlJD~'U1-:J - 161vt:::i1m1lJbb~-:Jbb1-:J ir'W111 bb~btb1::: 

tb:::n11'Ve.J-:J b61V!::: hJ - 161vt:::"il:::i1m1lJb'IJ11::: ~1m1lJVI'W1bbll'W'Ve.J'l 
~ .. ., 

VI::: b61e:Jb61nme.J'W'We:JtJ 

- 161vt:::'l111 vJ.W11~b'V'l11:::i1Bb~n\911t~'Wm:::"iJ1tJ 

3 

~e:Jfl11lJbb~-:Jbb 1-:J'Ve:J-:J b61V!::: Le:Je:Je:J'W + 1 b~e:J'l"il1niJ?tm'V'lbD'W'U1nmn"il:::~'l 

fl611\1lbfl~e:J'W vh1 m~vt:::i1fl11lJbb~'lbb1-:J 

4 'l!m~tJ'We:JB'U1tJf111bfll'l 

5 

~'Wu:::161vt::: hlt:1n~e:J'l 
'IJ 

'11m~ tJ 'W ~ ~rh1~\.! u d61 Vl:::iJ 

~ m~ru::: b'V!lJe.J'Wfl'Wfl'U 

~'Wu::: Le.Je.JmJn 

I ~ ~ !U' 0 

- fl11lJV!'W1bb 'W'W'Ve:J-:JVI::: b61e:Jb61 f1\911e:J'W'We:JtJ"il:::VI1 

hn61V!:::b'IJ11:::bbl91nVi'n~1CJ b~e.J\l"il1n Vl:::b61 

B b~ nme.J'Wi1~61~e.JA11lJbb ~'~ bb 1'l'Ve.J'l161vt::: 

'l '""'"" ' 0 1 '!:") "' - b6'1Vl~VI:Wfl1 EN G'I,:J"iJ~V\1 VI b6'1Vl~:WA11:W 
'IJ 

bb~\lbb 1'1 b~eJ\l"il1fliJfl11lJ?I1lJ11f:l1 'Wn11~'ll'll'l 
'IJ 

- ~'Wu::: 1~vt:::fll'lbvt~mn'W1:::wh-:J1 'IJ1191e:J'Wbb~::: 

~h~nl911t~'W~bfl~e.J'W~1~t~~1\lB?I1::: 

- ~'Wu::: 161vt:::b'iJ'Wbb 1-:Jfll'l b vt~m1:::vt11-:~ Le:Je:Je:J'W 

'U1n ~1'WBb~nl911t~'Wbfl~t~'W~1~B?t1::: 

55 

53.15 

18.75 

15.63 

9.38 

4.69 



-. 
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I I I I 

"il1f11?11"a1·rVi 4.8 '11m~CJ'Wiibb'l . .l1r1'11?1e:J'\JVi~~bb~::;flm~bl"l~e:J'W mnVi?l~ 3 eJ'W~'\Jbbcan ~B 
' 

~BCJ~::; 15.63 I 

4.3. 7 gl3JU~"ll~Hig11"a'Le:le:leJiln bfl b 'Hft'IJ~bbtu: bft'lll:: '11m~tJ'W'\J1'1?i1'WcJ'1ii bb 'W1fl~~~ ~bb~::; . 

l"lm~bl"l~e:J'W 1~CJm~CJ1bm1::;~bU'W~e:JCJ~::;bb'W1r1'11?1e:J'\J~~~bb~::;l"lm~bl"l~B'W ~~1?11"a1'1~ 4.8 
'U 

... 
"lle:l 

hJ?11:W1"at1t'h 1 vHh 1~ bb~ bd Bt·'l~ t~:w b Vl~1 

~b~nme:J'\.J"i]::;?l1:w1cat1bl"l~'€l'Wm~ 

- ?11ca 1e:Je:Je:Jiimde:JVl~e:J:wbVl~1"i]::;bn~b tl'WVJ::; b~ 

~b~fl\?l"aB'W lij~\'hLvh~h1~ 

- ?11ca1e:Je:Je:Jiimdt~Vl~B:Wb Vl~1"iJ::;vh 1 VI bi1~ 

1e:Jt~e:J'W'\J1 mb~::; 1e:Jt~e:J'W~'\J vh1 VI~ b~ nl?lcae:J'W 

bl"l~e:J'Wm~ 

- bf1 n b6l'WI'1 bnl'l'il1fl€lb61Vl~~1:w nuel b61Vl~ ~~ 

e:Jb~Vl~ 1:Wt111 ~~1~~ii"il~b~e:J~"il~Vl~B:WbVlm 
' ' 

3 '11m~CJ'We:JTI'\J1CJbVll?le.J~bflCJ1n'\J - 1t~e:Je:Jiinii?i1'WL.b::;ne:J'\J'lle:J'1b~Vl::; ~'1ii"il~ 25.00 
' ' 

dil ..:::J .dl 

"iJ ~ b~'€1 ~ "iJ ~'Vl~ B:W b 'Vl~1Vl?l ~'lJB ~ bV!e:JV\"il~Vl~B:WbVl~1?1'1 
, q cu , '\.1 

Vl~e:J:Wbvtm?l'1 
'U 

- Le:Je:Je:Jiin1:!J~::;~1ml1 lij'1ii"ilV~b~BV~"il~ 
' ' 

I 
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d 
~111~'VI 4. 9 iem~~~ 1 'U~~~fl~1~bfl~el'W b~B~~~U~"!JB~~1-ale~e~e~Un 1fl b 1 b~'U~bb~:: 1~'VI:: (~B) 

"' "!Jel 

4 

~ 1 'U~~fl~1~ bfl~el'U "' I "' \Pl1mJ1~ "ael~~:: 

tJfl b1CJ'WVl";i1Ul1bG1V!~:iJ"iJ~b~B~ bG1V!~:iJrh EN ~-:J ~-:J~Jb~fl\Pl1B'W1vl~ ~-:JVllb~ 9.38 
' 'I) 

"il~V!G1ell.Jb'VIG11~-:J bb~B5U1CJ "" "" l.J"il~b~el~"il~V!G1Bl.JbV!G11~-:J 
' 'I) ' ' 'I) 

bV!\Pl~G11~t1fl~el.:JbbG1~ 1~ 
' 'I) 

"' ~el~flG'lel-:1 

' ' ' d 
"i11fl\Pl111-:!Vl 4.9 tJflb1CJ'W:iJbb'W'Jrl1\PlBUVi~~bbG'l~flG11~bfl~B'W l.J1flVi~~ 3 el'W~Ubb1fl 

' 
~B tTm1CJ'UVl11tr;h~&Ju~m11111vJvh"tJB-:~1Bmrun1~ bb~B5u1mVl\Pl~G1hl~B~fl~B.:~bbG1~1~t1n~-eN, 

' 'I) 

fl~ b'iJ'U~BCJG'l~ 59.37 tJflb1CJ'UboV1 b"iJl1"il~b~B~"il~V!G1Bl.Jb V!G'l'J"tJB-:1~11bflb'J bG'l'W~~'WB ~\51\PlB bG'IV!~ 
q q 'U , 

b~CJ1~:iJ~B~fl~B'lflUbm'l~~1'l"tlm~11A~btl'W~BCJ61~ 25.00 

bdB~"il1'H1.J1bb 'W'Jfl1\PlBU~flG11~bfl~B'W~'l 7 lJ b 'Wl.J~ b~CJ'V'j'lJl.J b 'Wl.J~~tJ'l:iJbb 'W'Jrl1\PlBU 

fl611~bfl~B'UB~l.J1fl sS-:J&J1flfll1~BCJ61~ 50 ~-:JtJ ~l.JU~"tJB'l~111BBBilflbflb'Jb61'Wiibb61~b61Vl~ b~CJ 
'I) 

CJnl'i'TeJ~1'~ ~111BBB'Wn b~elV!G'lBl.Jb V1mt!11 vJvh1~b 'V'j'J1~~b~fl\Pl1B'Ubfl~m..~~1~~~1~ A~ b ti'U~BCJG'I~ 

59.37 bb61~Yr'U5~ b61Vl~~tJflb~CJ'WB5U1CJ fl11 bfl~Vl~ bG'I~ b~ fl\Pl1B'U 1~t1fl~B'l CJ fll'i''JB ~1-:J Vl~ bG'I 
'I) 

~b~fl\Pl1B'Wbfl~"il1n161Vl~1'J&Jnu 1G1Vl~~'~·vhh;'bn~n~l.JV!l.JBfl~b~n\Pl1B'W fi~b ti'U~BCJG'I~ 53.13 ~'~e 
' 

b ~ B'l"il1 fl bb 'W'Jfl1ml.J1vi' b if'W 1 '\Xt! n b~CJ'WBTIU1 CJ b~CJ'J nu~l.JU~"tlB'l~11 ~'I bbJJtJ n b~ CJ'U"il ~1vi'vh fl11 

Yl~m.J.::~bMm6'f&J~'U1\lU1~m1"1JeN6111~'~ 3 '1loU~ bbMf11':i€lB'U1CJ~eNB1~CJ'lJ':i1fi!Jfl1':iru':i~~ulil6'l.fl1fl 

~1~~1l.J11t1l.JB'l b ~'W~'JCJ\Pl1b U~1 b-d'W fl11 bfl~Vl~bG'I~b~ fl\Pl'aB'W"tJB'lYr'WD~ bG'IV!~ 1~ CJtJ fl b~ CJ'W 1~~1l.J11t1 

B6u1 CJ m1 bfl~Vl~ bG'I ~ b~ n \Pl1B'W 1~. m11111 vJvh 1vi'b~ BV!G'I Bl.Jb Vlm"tJB'l~111BBB'W n~~B'IB5m CJvl'J CJ 

fl11 bfl~B'W~"tlB'l1BBB'W 1'Jl.J~'IU"il~CJ b~CJ'J"il ~ b~e.l~"il ~Vli;'l B:l.J b Vl61'J"tlB'lbfl b 1 b61'Wii~~B-:JB5U1CJvl'J CJ bb 1'1 
' ' 

~~ b 'VItiCJ'J1~Wi1'lbl.J bG'I flG'I ~ fl~'l fl11BBU1 CJU11 flll fl11tU~'l fl~111il1 b D'U~~ b~ CJ'U ~ B'lrl'W bfl CJ bbG'I ~ b oV1b "iJ , ~ ~ , 
fl11l.JV!l.J1mMCJ'Jnur11~'\f'jYi'Vl1'lbfl:iJB~1.:~-0'~b"il'U (snml.J'V'j1 b\Pl&'l1~, 2553) b-d'W 'Vl~b61~b~fl\Pl1B'U bb1.:! 

~~ b V!tiCJ'J1~Vll1'lbl.J bG'I flG'I 1 BBB'W b 'V'j'J1~U "il~CJ ~.:) fl~1'J b tl'W~1 b Vl\PlV!tj'l"tJB-:1 fl11 bfl~ bb 'W'J A~~ 
' ' 

flm~bfl~B'W (u~m.mru ~l.J~VlB.:~, 2551) bbG1~1u~1.:~ 1l.Jb61n611flb'J b61'Wii~tTm~CJ'WVl11il1'W1'WYr'WD~ 
.. 'I) ' 

lil1'U'J'W~ b~fl\Pl1B'Wrlb~~b~CJ'J b~CJUBflbD'U~\Pl1b 'W1U AXE 1vi't1fl~B'l bb~UBfll.Jl.J~~ vh1 '\Xt1m1CJ'W cu 'U 'U 'U q 

bU~CJUbViCJUl.Jl.JYl''Wi5~1~Vll1'l~111~t1fl~B.:I fl~btl'W~BCJG'I:: 53.13 
' 'I) 

I 
I 

I 
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hi~nl91e:J'l fl(;lb'lJ'W~mm::: 37.50 b~'iJ'llil1flll1'WlJ~~'lfl~11~d~'m-n~1lJ~'t.Jie:J'W "j"JlJ~'l~ umbb~t'1'l 
'IJ 

~'Wn::: 1BBBiln b tl'W~e:Jfl1"j~e:J'Wvtl ~tim~~'W 11'1 b ~BlJ 1~'lrn1llG1ll~'W5n'U bb 'W1At'1Vl1'l1Vl~1~1~\?li 1\91~ 

fl1"jbtJ~~'UbVi~'U1~b~'Wbtl'W"jtJ5"j"jlJ~oUt'1blil'W1vi'mn~'l~'W (Justi and Gilbert, 2006) ~'lfl1'V'i~ 4.3 
'IJ 

~BU~~ 
70 

59.37 

60 

50 

40 

30 

20 

;-. 
j.l_, 

0 

2 3 4 5 6 7 

V!~'llil1 flfl1"j~t') nlilm"jlJvl'd ~ b Vlf1il r1 bb LJ'l n~lJt:-j"~ll~Vlt~"Jlln'U fl1"j 1 .ff~e:Jfl1"j~e:J'W 1vi'Yi'U 

1!n b~~'W'U1'l?i1'Wi1 bb 'W'd flt'1~1lJ~nl91e:J'l bb"::: r1mt'1 bi"1~B'W ~1lJ~1lJ1"j~tJ-r'U bbflll 1 'Wll~~f1mt'1bf1~B'W 1~ 

b ~ e:J'lll11il1 n1 'W fl1"j b tJ ~ ~'Wbb tJ" 'l bb 'W'd fi t'1 191 e:J'l m~ ~ 1"111ll ~~m n~'W bb" :::~ G'11 r1 ru ~ b~ ~'W 191 e:J'l bn t'1 fl1"j 
'IJ V'IJ 

b~~'W~~'lb'V!~1ti'W (De Posada, 1997) 1t'1~tl"j1~1il1fle:Jf1~~'lb tl'We:JtJ~"j"jf1e:J~1'lll1fl1 'Wfl1"j~\96J'W1 
'IJ ' 

bb 'W'dfl\911 ~t1fll91e:J'l\?11:!Jbb 'W1At'11Vl~1m~\?li (Taber, 2003) 'We:Jfllil1fl.Qbb 'W1At'1~~t'1'Ve:J'ltim~~'Wiil::: 
'IJ 

1~Vl1 ~1 tJ V!1 n1lJ1vi'-r'U fl1 "j ~e:J 'W eJ ~ 1'l b tl'W b VI \?1 b tJ 'Wt:-j" bb"::: b tJ 'W bb 'W'd fit'1Yiti m ~ ~ 'W b .V1 ii 'lbvl "j"JlJ~ 'l 
' 

1Jn b~~'WI91e:J'l\?J"j:::Vltifl1 'Wbb'W'dflt'1~~\91b V!~1,j'W 1t'1mt:-j:Sty'Vl'IJ1 bb~TVllfl1"jtJ-r'U bb'W1flt'11 Vl~1 ~~fll91e:J'l 
(Strike and Posner, 1992) Bfl~'l~'li91B'l1-ffnm 1 'Wfl1"jtJ-ru btl~~'Wll 1 'Wl!~~~t'1bb":::f1mt'1bf1~B'W1 ~ 
b tJ'WlJ 1 'WlJ~~~ nl91e:J'l Bflt~'l f1"j~~e:l'Wf11"j~ fl~'de:l~1'lfld1llbb\?l fl~1'l"j:::'\ll'J1'l~'l~f1mt'1 bf1~e:l'Wbb":::~'l~ 

'IJ 'IJ'IJ 

~nl91m b~B1~tim~~'Wbnt'1ll1'Wll~~~nl91me:J~1'loUt'1blil'Wmn~'l~'W bb":::rn"j1~tim~~'W1~nvh~1B~1~ 
'IJ 'IJ 

~bvlll~'Wbb":::V!"1fl'Vl"1~~'W b~e:J 1 ~tim~~'Wbvllilt'1~1bb"::: boV111il'Vl~flfl1"j'Ve:J'lll 1 'Wll~~1'l '11vi'bb:W'Wcl'1 
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4.4 nTH U~f.I\J L fi f.I\J fl11~~1~1";iflb 'Un1";i L if1b\lfl11~rl 'U~1~tJ";i:: 1ih1ufiv'U L~f.I'U LL~::'VI~"l L~f.I'U ... 
1~f.lboULL uu1~fl11~~1~1";irlb 'Un1";i'L ii'11\l fl11~fl u~1~tJ<;i::'i\l11'U 

"ill fl fl 'l'~'Vl~?l8'U'Vl1~?l~~ fiTVi ( t -test) LL 'U'U n~l-!1'118~1~ hJB?l1~~ e:lfl'U (Dependent -sample 

t -test analysis) b vim tl~tJ'U LVitJ'Ufl~bb 'U'Ufl'J1lJ?l1lJ11fl1 'Ufl11boU1 hr11111-n, 'LI'ili~th~"il'T'J'ULO~ CJ'VI~~ i 
... ' 

rl8'Ub~(J'U 

Vl~~b~(J'U 

20 8.03 

11.81 

so 

2.06 3.78 

2.82 

T d p* 

6.705 31 <0.00 

"il1n~111~~ 4.1o fl~bL'U'U1~m1lJ?l1~11fl1 'Ufl11b<U'1hm1l-ln 'U'i111?1tl1~"il'Tr'U b~8~ ~'Uli~bfli1 ... 

'IJ8~'t!m1 (J'U ~ L1tJ'U Jf'J tJ n"il fl'j'jlJ b 'VlfliJfl bb tJ~tl~lJ(:.,j G'l~l-l'J'Vlt.ff'Uirli (JlJ~ fl'l'11D~ 4 '\I'J'U'11 -w m~ tJ'Ui1 

fl~bb'U'Url8'Ub~tJ'Ubu~tJ 8.03 (SO = 2.06) bbG1~fl~bL'U'U'Vl~~L1tJ'Ubu~tJ 11.81 (SO = 2.82) bLG'I~(:..JG'I 

fll';i b U~tJ'U b Vi tJ'U fl ~ bb 'U'U LO~ tJ n 8'U L1 tJ'U bbG'I~Vl~~ L1 tJ'U'\I'J'UrJ1 LJ fl L~ tJ'Ui1 m 1lJ?l1lJ1 1t11 'U tl'l'H •ifl 1"iJ 

r11111n 'LI'i111?1tl";i~"i\'11'U'VI~-:~L~tJ'U?I-:~n11nB'Ub~CJ'U B~1-:~i1t!m11f'i'ru'Vl1-:~?l~~~ .os 1"11 p<o.oo1 ... ... ... 

(t= 6. 705) ~-:!.Q'b ~B-:!111"il1tlUflb~tJ'U1~i11Brn?I~'Ufl'ULbG1~8fitl11tJ b~tJ'J?Il";ibflffi 'U'ili \?1U";i~"i\'1l'U 6/i-:~ 
?111 bflil l?l~n G'iTJ b D'W?Il1~ b~ En-iJB'l tl'U b -d€1'\lll~ b'1tJ'W~'l 7 n~ fl11:1J'IJB~~'U 5~ bflij 1 'U6'i1'U~ b D'U 1 Vl~ 

U1~ btJ'IJU bbG'I~fl11't11?111bflm tJ1 -rrsrt~L D'U~~mn~\911 bVltJ n"il fl'j'jlJ~~tl~l'J Ln~~'Ub U'U m~'U'J'Ufn'jfl~lJ 
' 

?l~ 1~ m 1:w m~ ~ e:1 ~ e:J~'U ~~ b?l~l-!1 Vf't! m1 tJ'U LnVJ m 1 L1 tJ 'U ~J11 tJ \?l'U L e:1~ LLG'I ~ bb?lV1~m1lJ ~VJ e:1 ~ 1-:~ ... 

?l1'1~?111A (~l-ltl1~m B'U~~Vl~8, 2553) ?le:JVJfl~e:J~n'U 'Vll"l?l'\I'JG1 'Vl11tl1~ L?I'U ffi Vf't!m~tJ'U 1~ L~tJ'U~ 
q q ~ 

\?11:1Jbb 'U'J e:J1 tJ ~"il ~'IJ8-:I'\I'J1~'\I'J'Vlli b ~ 1 b~8'l eJ 1Vl11 bb~ ~?111 L?l'\I'J ~ ~ m 1lJ?I1111 1t11 'U fl11 b oU1 1"iJ fl'J 1lJ~ ' ... 
i'Vl (J 11"11?1 ~ fl tl1 m 'U'i11 \?lU 'j ~ "illl'U'IJeJ~LJ fl b~tJ'U'Vl~-:1 L~ tJ'U?I-:1 flrJ1 rle:l'U b~tJ'U eJ ~ 1-:Ji1L!m11 f'l rum~?l ~~ ~ 

... ... 

1~~'U .01 b ~B-:!"il1fl1 VlUflb~tJ'U1m bfl11~~ ~'Ufl'Ub~tJ'Jtl'U?lt11'Utl11tUUqj'Vl1bb~~~1'J b~tl'Jtl'U L iYB'Vl1~ 

b ~ CJ'U bb~1't11111e:Ji1tl11 mL~ ~ L~ CJ'U 1~1l-l n'U vh 1 Vi LnVJ m1 b ~ tJ 'W-rl tl'\I'J1'8l-l ., n'U Ln V1m111-r n~ "il ~ 
" " I 

b ~ (J 'U 18 ~ 1 ~ ~ ~ ~ 'U bVl (J ~ 'U \i1'U fl1 'j~ Vl n "il m 'jlJ~ ~srt~ "il :i'Vh 1 Vi b~ tJ'U-rl~~1 tJ ~'U fl'J 'j ~ ~8 ~ 'U'U 'V]fl'loJ;:) fl1 i 
... ... ... ... "I ';,.1 I 
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d 
'U'VI'VI 5 

~-atle..~~ bb~~.um~'WeHb'W~ 
q 

m';li~t.J b~m e.H'lf1l';)1offbVlfltJflbbU'lfl~:W(;.J~~:wf1Vl~~e:J:w1'W:w~iVlt.J1m?l~~ b~e:J'l 'Vr'Wu:::bfljj bb~::: 

m1:W?l1:W1';lt~1 'Ufn';lb i1 hm1:wrl. 'W~i~tb:::~11'W 1~?1';)\J(;.J~ bb~:::im?l'We:Jbb 'U:::'<il1flnt';J1~t.J ~'l.Q 
" ' 

5.1 f;1"iitl~~m"ii1-.5'v 
q 

nt';li~t.J1 'Ufl~'l.Q ?l1:W1';ltl?i';l\J(;.Jmbt.Jmtl'W 2 \J';l~b~'U~'l.Q 
' 

5.1.1 fl1"iifim~t1~vV~~"'..eHI11L 'lJ11~~~fl fl~1fiLfl~v'lJ LL~~"n~v-:1 riv'lJb~V'lJLL~~'III~.:IL~V'lJ .. ' 

L~v~ oW'lJG~Lfllj L~VL'tfLb'U'IJ1~11L'lJ11~LL'IJ'UD"ii'i1V "1.1\l~~1L~vn 2 ~~~'IJ~'lJ 
'11' m1 m.~jj~e:J t.J~::: fi11:W b i11'<il t1 n\91 e:J'l b ~:w~'U 1 'UVlfl:W 1 'lJ:W~ bb~ ~jj:w 1 'U:W ~~~ 1'1~ 1'1~-:J ~Tu 

" ' 

< ' ' i1 c:::o. I I CV 4 I Q.J .dil .c:::ll VQ I I .<:::Ito .r::::t i.l CV d I 

1'11 tJ b Vl fi'U fl bb 'U 'l flG1 :w (;.J ~ ?l:W flV1Li';l1 :w fl 'U ?1 eJ fl1 ';) b ';) tJ 'U ~Vl"1!1 t.J?l 'l b?i';l:W fl1 ';) b ';) tJ 'U ~'IJ e:J'l'U fl b ';) tJ 'U Vl'U11 

um1t.J'Ujj:W 1 'U:W~~ tlfl 191 e:J'l'Vl~'l b1 t.J'U?l'l fll1 rie:J'Ub1 t.J'UVl fl:W 1 'U:W~ 11'1 t.J'V'l'U'"Jt :w 1 'U:W ~~tim1t.J'Ujjfi'J1:W 
" " ' 

tlfll'i'e:J'l'Vl~'lb1t.J'U?I'l~?l1'1 ~e:J fll';) b ~t.J'U?i~';l bb~::: b1t.J fl~e:J?il';l 1flb1 b~'U~ fl\?1 b tl'U~e:Jt.J~~ 60.12 eJ ~1'l hfi 
\I \1 " \1 

~?n:w:w 1 'U:w~Vl~'lb1t.J'Wt~nl'i'mt!e:~t~~?ll'1 ~e:~ ';l\J~1'l1:wb~n~ 1flb1 b~'U~ fil'lbtl'U~e:Jt.J~::: 14.06 
'\J " \J q 

oW'lJG~Lfllj L~VL'tfbb 'IJ'U1~11L 'lJ11~LL 'IJ'UU"ii'll'V "1.1\l~~1L~vfl 2 ~~~'IJ~'lJ 
~e:Jt.J~:::fi11:Wtl11VltJ1tlfll'i'e:J'l?l'l~?l1'1 ~e:J nl';lb~t.J'U?i~';lbb~~b1t.J fl~e:J?il';l 1fl b1 b~'U~ fl\?1 b tl'Ul 

\J \I , \1 

~e:Jt.J~::: 45.321'U'IJru~~~e:Jt.J~:::fi11:Wn11VltJ1tlfl~e:J'ltJe:Jt.J~?l1'1 ~e:J ';l\J~1'l1:wb~n~1flb1b6'l'U~ fll'lbtl'U 
'\J , \I , 

~e:Jt.J~::: 11.72 

5.1.3 n1"iifin~1~vv~~LL 'lJ1f'11flv'U"'..v~'l1n L~V'lJ~lj11l 'W11~~~ u~~fl~~~ bfl~v'lJ'III~~ b~V'lJ 

b~v~ oW'lJG:::Lfllj 1~v1 'tfbL 'IJ'U'VI~f;'lv'UeJ\91'l!v 

um1t.~'Wjj:w 1 'U:W~flml'l bfl~e:J'U'Vl~'l b1t.~'U:wtn n11~e:~ t.1~~ so b~e:J'l ?l:w'IJ~'IJe:J'l?il';l 1e:Je:Je:JiJn 

1fl n b6'l'U~ bb~~ 1m'l::: 11'1 t.1 bil'V'l1 :::?l:w'IJ~ m';l'\111 vh~1'1Je:J'l1e:Je:Je:JiJ n um1t.~'W e:J5LJ1 t.1 b Vl~(;.J~ 1:W?ie:JI'lfliK m 
' 

bb~~ 1:Wt~n~e:J'l ~'le:J5LJ1t.J11?11';)1e:Je:Je:Jun bde:J'Vl~e:J:Wb Vl~1'1111 vl¥111~b Vl';l1~~h~n~';lv'Ubfl~e:J'W~1~B?l';lt: 
" 

fil'lb tl'U~e:Jt.J~::: 59.3 7 bb~:::'Vr'Wu::: 1~Vl:::~um1t.J'Ue:J5LJ1t.Jf1l';Jbni'1Vl::: b~B b~fl~';lv'W1:Wt~nl'i'e:~'l bb~:::';l\J~1'l 
" " ' 



62. 

1:!..1 b~ n~ 11"1 b 1 b~'U~viil n b~tJ'U~~u~~~'Uu~ hi"nl'i'a~ bb~~ btl~tl'IJ b VitJu~~~'Uu~~~vd1~?l1~ 1l.J"nl'i'a~ 
'I 'I, 'U 'I 'U 

~1'1bU'U-!atJ~~ 53.13 

5.1.4 n1'H mtJtJb VitJUf'l113J?l13J1'Hlb 'Ufl1'H eU1blilf'l113J-ri. 'IJ;i1~tJ~~~11'1JrieJ'U b~tl'U bb'ri'I~'VI~.:I 
'U 

b~tJ'IJ 1~t~1 <tibb uu1~f'l111l?l13.11~tl 1 'UnTn eU1Llilfl113.1fl 'IJ.;J1~tl~~lil11'1J 
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n. S02 ri1'Wl1 Monosulfur dioxide 

'IJ. NH3 ri1'Wl1 Nitroden hydride 

fl. PCl5 e:i1'U11 Phosphorous pentachloride 

\l. SF4 ri1'Wl1 Monosulfur tetrafluoride 

1. eJ1'\.J~eJeJ~\9l eJ:WI'11 bb 'af1ri B'W ~1'\.JeJ~\91 eJ:WI'11VI~\l1 ~eJ1'\.J~Bbb~ b tJ~ ~'Wb~ ~\lVl1~'V'l~1\lflb U'\.J 1-~ 

2. eJ1'W..J'1'W1'\.JeJ~~eJ:W'IJeJ\l51~\911 bb 'af1bb~1\911:W~1~~eJ ~1'\.JeJ~ \9leJ:WI'11VI~\l1 ~eJ1'\.J~Bbb~ b tJ~~'W 
' 

b~~\lVl1~'V'l~1\lribtJ'\.J 1-~ 

3. eJ1'\.J ..J'1'W1'\.J eJ ~\91 eJ:W'IJ el\lli1 \91\911 bb 'a f1 bb~11i11:W~1 tJ~eJ ~1'\.J eJ~ \9leJ:W \?11V1~\l1 ~eJ1'U~eJ..J'1'W1'\.J 
' 

eJ ~ \9) eJ:w bb~1 \911:w~1 tJ~eJ bb~ b u~ tJ'\.J b~ tJ\lVl1 ~'V'l tJ1\l rib u'W 1-~ 

4. e:i1'W~1'W1'WeJ~IileJl.l"!..eJ.:Io1lii~'Jbb "an Cvm 1''Wl511i1~1bb "anij 1 eJ~IileJlJ)bb~11i11lJ61'1v~eJ • • 
~'J'UeJ~IileJlJ~'J'Vi~-:11 ~e:i1'U~1'U'J'UeJ~IileJlJbb~'Jiil1lJ~'1 V~eJ bb\91 b U~V'Ub~V'IVJ1V'W V1-:lrl b U'U 1-~ 



A 

B 

c 

D 

E 

n. F2Se, XeF4 

fl. 0Cl2, 5F4 

.,; ' 
b~tl1 2 f'l 

'U 

"U. XeF2, CCl4 

.:J. BeCl2, CH4 

fl. C02 bb~::; 502 "U. PH3 bb~::; 503 

fl. C02 bbfil~ BCl3 .:J. CCl4 bb~::; XeF4 

b'VI~~fil 

1. iJ-<6'1'W1'W~.h~n\9l'jeJ'Wfll\91\9lb~~1b'Vl~eJ 1 fi 
'IJ 'IJ 



.. 
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fl. BeCl2 'tl.Xe02 '1. XeF2 

1. ij~1'1J1'1Jv~~v~~vuv~~v~n~1~bvhnu 2 u~ijf111W~W~b~V1~vuv~~v~n~1~bbl"i 2 1"1 ~~ 
'U 'U ' 

ij~tJ~1~b uu~~~v 
'U • 

2. iJe:~~l'le:~:w~enJ'J'EJ'UeJ~I'le:~:wnm-:~~1-:~"IJ'W~n'W 3 "11\J~ bn~btl'W1:wb~~~i1~1 
3. bU'W?I1'.i~hJbtl'WhJm:wn~e:Je:Jml'11'1 

4. iJBb~fl\91'.ieJ'Url1~~b~EJ1'.ieJ'UeJ~\91e:~:wnm-:~bvhn'U 3 r1 bb~~lil1'W1'U~'Uo~bvhn'U 2 iJ'.itJ~1-:~ 
'\J '\J '\J 

14. fl1~b~~v 1 uduvm.pJ~'IJo:: 1:1.it1n~v~ 

n. C02 iJ:w:w~'W'B~ 180° 
' 

' ' 
3. "il1'W1'U~'U'5~'.ieJ'UeJ~\91eJ:WflGn'l'oil~eJ~~1'1tl'U:W1 flVl?l~ iJ:w:w:W1flfl'h 180 b Yle:~~~ bb '.i'lt:.J~fl 

'\J ' ' 

(fhVI'IJW!b~'tlv~~v~ Be= 4, F=9, C=6, 0=8, H=1, 5=16, Cl=17, Xe=54) 

n. BeF2, COz 
+ 

'tl. H2F , BeCl2 

~'~~~Bb~ nme:~'W 1~~bn~ bb '.i'lt:.J~n1 ~:w:w~'Wo~'!Je:~EJ~~~ 
'\J ' ' 

3. "i11'1J1'1J~'Wo~'.ie:J'Ue:J~~e:~:wnm-:~:w1n~~~ ?i-:~t:.JG11 ~:w:w~'Wo~'!Je:JEJ~~~ 
' ' ' 
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n. co "'I. Na F fi.AlO .:~. Ca Cl 

1. ofl''Uli~ 1'Elmrwmn~r<il1nli11?1b~Vl~n'U~.:J 1~Vl~~i1m'jbb~m'lJ~CJ'UBb~nmrJ'U 
' 

2. ofl''Uli~ 1'El'El'El'W n bn~"'il1nli1~rJ1~Vl~n'UrJ1~Vl~611'1.:~-fr'Uli~ b ~'El1 v1'b 1 b~'U~fl'jLJm:wn~BBm\?11?1 

3. -w''W5:::: 1m:miln bfl~l\11no1~ bfii'VI::::~-aJnue:~1fii'VI::::li1~1.:~-w''W5::::l\11nm~1 \1bbfil::::~uE b~n~~e:J'U • 
b -rle:~1 \1fi~'U~111n!)e:Je:J m~~ 

4. ofl''Uli~ 1B'ElB'Wn bn~"'il1nm'j~Li11'1b~Vl~n'U'Elb~Vl~~i1m'j 1 i€i b~nm'El'U~l:Wrl'Ub ~'El1 ~'011?1 
' ' 

I II Ill IV v VI VII VIII 

A c D F G H I K 

B E J 

n. A tl'U H "'I. A rl'U B fl. A rl'U D 

1. '01\?lVl~ 1 bb~~Vl~ 2 6'11:W1'jmn~6'11'j'lh~nrJLJ1'ElB'El'Wn1~~ 
' 'IJ 'IJ 

2. 1~Vl~Vl~ 1 bb~~ Al bD'U1~Vl::::Vl~~ 3 6'11:W1'jt11~€ib~n\?l'jrJ'U 1~~ ~'lbn~-fr'U'O:::: 1'El'El'El'Wn 1~~ 

3. li11~'1J~::::ne:~u1mJe:~ilmn~lil1n bfii'VI::::vlii IE ~1~'J:wnue:~1fii'VI::::vJijf'i1 IE ~-:~ 

4. 6'11'j'IJ'j::::nmJ1BrJB'Wn bn~"'il1nli1~B 1~Vl:::: b~'El.:J"'il1n bn~m'j'j'J:Wn'Ubb~hv\'11 v1'b6'1~CJ'j\?11:wn~'El'Eln 

b\?1\?1 

"' 1a. .fie:~l'l'J1:w~e:~1 uil .Ue:~1~el~ 
n. 6'11'j'IJ'j::::nrJ'U 1'El'ElrJ'Wni1"'il~ b~B~G'I-:1 b ~ 'El.:J"'il1nffim'l611'1'lb D'Ue-.J~n~1-:JI?11~1CJ 

' 'IJ 

"'I. li11~'1J~::::ne:~u beJ eJeJ'U n bn ~ l\11 n m~bb~ n b 'IJ~CJ'\.JE b~ n ~~eJ'IJ~::::Vl'h!leJ 1~Vl:::: 1 \1E b~n~~eJ'U 

bbfil:::: bfi!Vl::::~'UEb~n~~eJ'U 

fl. 6'11'j'lJ'j::::nrJ'U 1m:m'Wn:Un"'il::::bnm::::w;i1.:~ 1~Vl::::~i1~~'l'l1'U 1mm 1 'Ub611-ti'U~1~'U~ 1 ~1n'U 

'Elb~Vl::::~i1~~'l'l1'U 1B'ElB 1 'Ub611-1J'U~1~'U~ 1 G'l'l 
'IJ 



1. bfl':i'l?f~1\l"l.le:J'I?f1':i'I.Jd~fle:J'U be:Je:Je:J'Dflb U'Ufl1':i~~ bfl1~':i~VI"Jl'lbe:Je:Je:J'U'U'Jflbb~~ be:Je:Je:J'U~'U~~ 

b'VI~EJ1~m~eJ'IhJb~m.J1 bU'U~~n 

1 .Q.r:f.')' vd~ .l::lldd d 

2. e:Je:Je:J'Uflb U'U bfl':i'l?f11\l'Yl bb "1.1\lbb ':i'l bb~~ b?ftlEJ':i"il'I~ .. Pil~ b~e:J~"il~VI~e:Jl.Jb'VI~'J?f'l 
' ' 'IJ 

3. b~VI~iif11 IE ~1 ~.:Jb~~~ib~n~'ae!'Ub~~1~ ~1'\.J eJ b~VI~iif11 IE ~.:!~.:!~.:!~~~b~fl~'ae!'Ub~~ 
'IJ 'IJ 

4. be:Je:Je:JoU flbfl~ fl11~'1~m~VIl1'11e:Je:Je:J'U'U1 fl'Ue:J'Ib~VI~ bbm~ beJe:JeJ'U~'U'UeJ'IeJ b~VI~ 
'IJ 

19. "lie~ b~eJ5'U1~ bfl'a.:J~~1.:J"llel.:J ~1-a\9le~ hJd1~~fl9leJ.:J 
n. BaCl2 1 bl.lb~~~'\.J':i~fle:J'U~'JEJ Ba 1 e:J~~e:Jl.l bb~~ Cl 2 e:J~I'le:Jl.l 

'U. NaCl ih'\.J~1'1bl.lb~nmtJ'Ub~'UI'l':i'l b~eJ\l"il1niieJ\l~'\.J':i~neJ'Ubb~ 2 e:J~I'le:Jl.l 
'IJ ' 
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f'l. NaCl bU'LI~~n\911•1h~~bn~~1n1e~e~e~'Uu1nti~b'VIU~1nu1e~e~e~'U~u ~1~el'~-a1~1'U Na 

nu Cl fie~ 1:1 

\l. BaCl2 bU'Ubl.lb~~~~bn~"il1n 1e:Je:JeJ'U'll1fl~\l~~n'll1e:Je:JeJ'U~'ll ~~~m~e:J\lb i.Jb~eJEJ1bU'U~1'1~1 · 

~1EJ~'JmJI'l':i1i:11'U Ba tl'U Cl ~e:J 1:2 

2. bfl':i\l?f~1\lbe:Je:Je:JoUflb U'Ufl1':i':i1l.Jtl'U':i~VIl1'1b~VI~ tl'Ue:J b~VI~ 

3. m1~~b VI~EJ'J n'Ue:J ~1\l bb ~\l bb ':i\l':i~VIl1\l1e:Je:Je:J'U'll1 n bb~~ 1mle:J'U~'ll 

4. 1f'l-a.:~~~1.:~~~n~1"lh~-a~wh.:~1mm'Wu1nn'U1Be~e~'U~'ll ~ner~,-1~1'Um-a-a1l.ln'U~vhtl1 

btl'Un~1.:!'Yl1.:~1vJVh 

n. 1:1 'U. 1:2 fl. 2:3 .:!. 2:1 

1. Na + 1 1m:reJ'U11l.lnu 02~ 21e:Je:Je:J'U 

2. Na + 2be!e!e!'U'a1l.ltl'\..J 0 2
- 1 be!e!e!'U 

3. Na + 1 1e:Je:Je:J'U':ill.ltl'U 0~ 1 1e:Je:Je:J'U 

4. Na 
2
+ 21e:Je:Je:J'U':ill.ltl'U 0

3 
3 1e:Je:Je:J'U 
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21. 1vvv'UfltJb'U'ti'v1~~vhlil L~v'3'UJti'u ca 2+ Ln~LU'U~1'3th::nvu~ijei~'31~1'U 1vvv'UtJ1n ~v 
1vvv'UfltJ L'vhnu 1: 2 

n. Chloride "tl. Sulfide fl. Carbonate -:~. Phosphate 

2+ 1 " .., d :'!'! • I o b 1. Ca 1 eJ'e:Jel'U "V~b"tl1'a1lJfl'U eJ~~eJlJVllJb'€leJeJ'Uu'a~~ -1 "V1'U1'U 1 eJeleJ'U 

2. Ca 
2
+ 1 belelel'U "V~b-iJ1'a1Wl'U eJ~~ellJ~riteJeJeJ'U'lJ'a~"V -2 -oJ'1'U1'U 2beJeleJ'U 

22. 'ti'v1~L~a'U~~'3 lron(ll) nitrate 
'1.1 

fl. FeN03 

fl. Fe(N03h 

"tl. Fe3N03 

\1. Fe(N03)z 

II 2+ -
1. 'lJ'3::nm.J~1a Fe LLfl:: N03 

... 2+ 2-
2. 'lJ'a~fleJ'U~1tJ Fe bb~~ N03 

... 3+ . 
3. '\.h~ne:JumCJ Fe bb61~ N03 

4. 'lJ'a~fleJU~htJ Fe+ bb61~ N03 

n. BaCl2 ~1'U'Jl Barium Chlorine 

"tl. Na2C03 ri1'Ul1 Disodium nitrate 

fl. Al253 el1'U'h Aluminuim sulfide 

-:~. KCl ~1'Ul1 Potassium Chlorine 

' 

1. eh'U~v v ::~ vlJI9i'1'VIU1 riv'U bb~1~1lJ~1 v~vv::VIvlJI9i'1'VI~\I bb~ b u~v'U b~EJ\1~1VVW1\Itf b U'U 1~~ 

2. ~1'U~e:l eJ ~ ~ e:llJ l'i'TVt't! 1 n e:l'Ubb~1 ~1:w-oJ' 1'U1'Uel~ ~ ellJ bb61 ~~e:l e:l~~ e:llJ l'i'1V!~'l bbl'i b 'lJ~ tJ'Ub~ CJ'lVllCJ 

' ' 
3. ril'U~el eJ ~ ~ ellJ 1'11Vl't! 1 ri e:l'U bb~1 ~ 1lJ~b tJ~elel ~~ellJ"tl el-:1'01~ 1'11Vl"''l 

' 



24. "Uv.:Jbb;i-:~~~1111'Hl'W11crJ'W11~~e~.:~bn~~'LI6::1~ b't'l-a1::e~::h 

fl. ~'LI5~1e:rererufl b'V'l~1~e:J~~e:J11bfl~bih.J'lb~1il'U1flbb6'1~6'l'U 
' 

ou. ~'1..!5~ 1ve:Je:JiJfl b'V'l~1~bn~1il1fl'l~'t.J5~~~Vl-h.:J 1m'l~bb6'l~v1m,'l~ 
"' 'j ~"" A d ~ 11 o "" 

A. VI 'Uti:: b~'VI:: b 't'l"ci1::b 'Jb~'LIIIliVb~fl~"ciel'LibA~el'LI'Vlb~elEJ1-:Iel~"ci:: 

'l. ~'1...!5~ LG'!Vl~ b'V'l~1d166 ~'l~~b Vl~~'J~~Vl',h'lv~l'l'€111 bb ~-:~ bb ~'l111fl 

b'VII'l~~ 
' 

.., 'i A A d co "" A d d co\t II "" o 1 _0, 1 II 1. 't'l'\...!5:: b~'VI::b \h.J"Uel.:lbb "!!.:I 'Vl1J'Vl::b~Vb~fl~"ciel'LI'Vl bA~Ul'LI'Vl b~ lil.:I'LI1 't'Jl"l1 ~ 

2. ~'U'B~L61Vl~ b'U'Uouv-:~bb~'l ~mvvvtJ'U1fl"Uv-:~161Vl~bn~m~6~m1661tJI9i':;s6~fll'l~v'U 66~1 

mn ~ 6 tltJVJ~ b61:;) 6~mr~v'U 6661~ 1e:re:JeJ'U'U1 fl"tJ€J..:j L61Vl~'<il ~vl'1VJ.W1~1111 Y'Jvh 1Ji' 

3. ~'U5~ hvviJfl 6tl'Uouv'lbb~..:j~~~'l1vvv'U'U1flbb61~ 1vvv'U61'U~?I1111~mA~vtJ~1Ji' ~..:j't.'h 
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.., 1 "" !'I d dd old "" d ' 'i 1 o 1 !V 4. 'V'l'U5~ '€1'€1'€1'\.Jfl b u'U"UV'lbb"U'l'Vl11fl1~bb61flb u61~'U'€lb61flmv'l...l~~Vl11'l b61Vl~6b61~'€l 61Vl~ vn Vl 

:;s b~ flmvtJ6A~vtJ~1Ji' 15'l1111 Y'Jvh 1Ji' 

fl. Sulphur ou. Fluorine A. Copper ..:j_ Carbon 

3. ~'U5~ L61Vl~ 6fl~1il1fl511'1~6tl'U 161Vl~ mJ 7 6661~ 6 
' " 

4. ~'U5~L61Vl~ bn~1\11fl511'l~btl'U161Vl~ Vl~ 1 bb61~ 2 
' " 

26. 'Vl::66'1ih~ntol';ieJ'Lith:me:~u~'JV~.:J 1~ 

fl. Bb~fll'l~vtJ~iJ~'l'Vl11~ 1 tJ 1mt'!~ "!1. B b~ntol"<iv'LI'J~'Livn~ih~.:~'VI11~ 1 'Lib~'VI:: 
'l. Bb~fll'l~e:Ju~1?1~vhCJ~iJ~'l'Vl11~ 1 tJ L61Vl~ A. Bb~fll'l~e:J'U1'l1 tJ~iJ~..:jVJ11~1 tJL61Vl~ 

' 

2. l61Vl~~'UB 6~ fll'l1e:J'U6 ~e:J 1 Vf6?t~CJ~ ~..:j6fl~'Vl~ 661B 6~ fllil~e:J'U~ 6A~e:JtJ~1Ji'm.h'lB?I~~ 

3. 161Vl~:i11"11 lEt ~1 \9l.,:JJ'\.J Bb~fl(il~e:J'\.J'J..:j'\.Je:Jfl?I~Vl61~e:J'€lfl1\11fl'€l~l'le:J11b61Vl~ e:J~I'l'€11161~ 1 
' ' 

... d 

'€lb61fll'l~e:J'U 

4. l61Vl~b~m~~B6~ fllil~v'U 1il~fl611CJ 1Be:Je:J'I...l61'U bfl~bb ~..:j~'l~~n'U'Vl~b61Bb~fll'l~e:J'U 
" 



fl. bbflfl'V'l~ 

Fl. Pb 

"tl. Na 

~. NaCL 

1. iJ~tJt)~~Ej~b~~m n't.~el~1~bb ~~ bb 'HVl~b~~b~ fll'l~eltJbfOl~eltJ~hn~ 

2. bBBBtJhl~1:1J1'atlbf"l~BtJ~hi b~BbUtJ"lJB~bb~~ 

3. 1~i1Vl~b~ ~b~fl\>l~eltJ~ bfOl~eJtJ.ffi~eJ~1~~61~~ 

4. 1~i1m~~1m Vl~b~ flmeJtJ~~wi1~ 1BeJeJtJU1fl"tleJ~ 1~~~nu 1BeJeJtJ~tJ"tleJ~eJ1~~~ 

fl. Cr "tl. LiCl 

1. i1 bb ~-:~Ej~ b ~~m~~wi1~ 1BBBtJU1fl1 tJ 1~~~nu 1BBeJtJ~u 1 tJB1~~~~bb ~~bb ~~ 

2. bbfl61Vlfl"tl'W~ 1~611:1J1~1l~~mtl~11~ b~eJ~"il1fl dJtJ611~~1~i1~1 
' 

3. bU'Ufl~:weJ~I9leJ:w"tJ·t.n~1 mu ~-:~ 1~611m<a116'1~6'11t~1 'Utl11~ 
' v 

4. iibb 'a~~~ b ~tlCJ'J'a~Wll~be:JeleltJU'Jfl"lJB~ b~'VI~fltJ'Vl~b~ijb~fl~'aB'IJ~bb~~bb 'a~:IJ1fl 

., 
29. ~1'a~B b 'IJ-Qii"ii~ b~B~"ii~Vi~B:IJb Vi~1!;1'1 tlflb 1'W oUB 1~ 

' ' 'U --

n. Lil Fl. Mg 

3. i1m~~1m Vl~b~fll'l~eJtJ eJ~1~~61~~"il1flb~~~ 1tJeJbG'l'VI~ 

4. iJmG'lb:IJ bG'l flG'l'!!mJ 
' 

85 1 
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30. ~~1~~~1udn~11~~ 
n. 1~Vl~'l111 'V'l~h1~LL~~?l~VJB'Wbb?l\ILlhJJJ''W111 

"!1. Na20 bU'W~T~1eJ~~iln i1~m'W::"!l~.:Jbb~.:Jbb~::'l11hh~11~~ 

fl. N02 bcU'W?l1';iLflb1b6l'W~~\Iij"il~b~eJ\9l"il\91Vl6le:ll.JLVlm~1 LL6l~ij?lm'W~LU'WLLfl?l • • 
\1. ;;n';j 1BBBilmL6l~ L6lVl::::LclJ'W Lfl';i\1?1~1\I~LL~\1 LL ';j-:J~-:~ij"il\91L~B\9l"il\91Vl6lm.JLVlm?f-:~ 

• • 'U 

i 

1. ~m'W::"!leJ\Ibb~.:J 1mJ~'W'U1f1bb6l::6l'Utln~.:J~~ti't.!l~mh.:Jbb ~.:Jbb 'N 1~~eJ'W~.:Jbfi~~'W~1:U1~ : 
'U 'U 

~.:Ju11wvhhl1~ 

2. ?l1';i Lflb 1 L6l'W~ L cU'W 1m-:~~~rd1\IIY11'1hCJ~iJ?fm'W::::"UB\I LL ~-:~ 

3. L6'1Vl~ijf\11ll bb ~\lbb ';i\lbb~'Vl:l:: b6l~b~ f1\?ldeJ'W~bfl~B'l.J~1~B~1\I~?l';i~vl11 ~"il\91Vl6'1Bllb Vl6ld~1 • 
4. ?ll';i~lJ~b~nmB'WbVl~mL6l~Lfl~m.J~1~"1l~'l111 'l"l~11~ 



fl'Wl~'IJ1n eu 

~1e:Jth.:Jbb'U'U'VI~~e:J'UiJt9lcWV b~e:J.:JoW'IJ5~bfl'Yi~ 
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bb'U'U'VI~~B'I.J'el~'t!£Jn~m-a11~ 6 b~B.:!'W'tJ5~ b~Vi~ 

1. "il~BTI'U1CJfl1".ibfl\9l~'Uli~ bG'iVi~ 1 'U 1m~~ Al 

3. 

.<:::t. ~ .<:::t. 3 1 
'IJ. 'VI~b~Bb~nl?l".iB'Ubn\9l'll'U"il1mJ~ ".i ................................................................................ . 

I 1 1 m I .J m II I 1 .,J d m ll"> fl. 6'i1'U \91 'U~tJ'VI :U6'i1:U1".itlbf\G'le:J'U'Vl \91 ............ 6'i1'U \9l'Vlbf\G'le:J'U'Vl \9le:J6'i".i~ ...................... .. 

~. "il1mtJ 'Vl~ b~B b~nl?l".iB'UJ1.e:Je:Je:J'U'U1n'IJe:J~ 1m'l~~~?ie:J~ i11411:U b Vlrie:J'UV!~mbl?l n~1~ n'U 
'\J 

I 1 "> 
e:JCJ1~ ".i "il~e:Jli'U1CJ .......................................................................................................... . 
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'j'lJ f1 
" 



LiUU.ILb 'U'U'VI~~ei'Uel~UtlfhJn"5"511~ 6 L~€1·:1\~\.!5~ l~'VI~ 

1. ~-:JeJ6'U1CJf11'Hfl~~\J5~ 1~Vl~ 1 'U 1~Vl~ Al 

90 

~el'U 1m'l~ Al i1fi1~~-:!-:!1'U 1ereJeJ 1 'UL"IJ-&'U~1 i5-:~~ruL~CJBL~fl\W~eJ'U1-:!'UeJfl '\1111 ~\n~'Vl~L~BL~fl\91'~eJ'U 
'U ., 

~Lfi~8'U b~e:J~1-:!B6'l'a~ ~1'U161Vl~ Al I\J~nmmU'Ub888'U'U1fl iii-:~Lfl~LL'a-!l~-!l~~'a~Vll1-:!b8€l8'U1J1nflU 
'U 

~ "' 
'Vl~L~8b6lfll'l'aeJ'U 

2. bileJ'VlU 1~Vl~~1CJ~eJ'UVl~eJ~-:! 1~Vl~ e.J~~~LU'UeJ~1-:1b ~-:~eJ6U1CJ 
' 

~e:~u m':i'VlU LL~'U 161Vl~LU'Un1"5e.J~ n 1 ~~'U'/JeJ-:JeJ~I'leJ111~Vl~L~eJ'U 1~~eJeJn 1 tJ~1nl'l1LL Vl'll-:~L~11 vh 1 ~ 
' 

3. 

n. ~1mtJ n LL(;I~ '1J 'Vl~L~BL~fll'l'aeJ'U ~eJU1L1ru1~ ~el'U eJ'U.fl1fl~~1 (~i1'1J'U1~L~n) 
'U ' 

'/J. 'Vl~L~Bb~nl>1"5eJ'Ubn~~'Uiil1neJ~b ~e~u b1b6l'UI'i'Bb~nl>1"5eJ'U'/JeJ-:J1(;1Vl~ 

~"~· ~1'U 1~ 1 'U1tJ~h16'111111mfl~eJ'Um~ ~e~u eJ'Limfl~ bb~-:~ ( 'll'U1~ 1 mlJ) ~1'U 1~~ bfl~eJ'U~ 
'U ' ., 

1~86'1"5~ ~el'U eJ'U.f11fl~~1 ('1J'U1~b~fl) 
' 

.:J. ~1mtJ 'Vl~L(;IBL~flt'l~eJ'U/hre:reJ'U'U1fl'1JeJ.:J 1(;1Vl~~.:J6'1eN i1fi11:ULVli1m.JVI1mLt'lfl~1-:Jn'W 
'U 

eJ~1-:1b ~-:JeJ6U1CJ ~el'U ~-!l~bVli1eJ'Ufl'U~eJ belelel'UU1fl'/Jel-!l 1(;1Vl~~blJ6'11111'amfl~eJ'U~b~ ~-:1~~1-:!tl'U 

AeJ m111Vl'W1 bL 'll'W'lleJ-:J'Vl~ L61B L~ nl'l':ieJ'W bb61~'/J'W1~'/JeJ-:J 161Vl~~b U'W be.JeJe.J'WU1 n 

~. ~-:JeJ6'U1CJb~CJ1tlUfi1111LL~-:!Lb'a-!l'a~Vll1-!1161Vl~ 2 '/JtJ~d 

~eJ'U L 1 L(;I'W"Ii'B L~ flt'l'aeJ'U~Vl(;l~eJeJ n Lb(;l~ Lfl~e.J'W~b~eJ~1-!IB6'1"5~1f ~dj~ L Vl~CJ1el~1-:! LL ~-:!bb "5-:!tlU be.JeJeJ'W 
' 

U1fl'/JeJ-!I 1~Vl~ ~-:~J'U\"11111 bb ~-!lbb "5-!1'/JeJ-:!'Vr'Wu~ 1~Vl~i5-:J~'WeJ ~ nu~1'U1'Wb 1 b61'U"Ii'B b~fll'1"5el'Wbb6l~th~~ 
'U ' 



~'IJ fl 
" 

= 0,: 

mr;'lnm-eru 

1"1. ~'IJ -u 8'~bVl~~.nn't.!~ltJ~'Uli~1~9J'IBTI'U1t! 
" 

~el'U ~'Uli~ 1-e:re:reJ'Wfl b ~ 'i:l'I9J1 mn~bb ~ ..:~8~ b Vl~tJl~~wh:~ le:rEJe:J'U'Ulfl"Ue:J'Ibr;'lVl~bbr;'l~ 1Be:J8'Ur;'l'U"U8'1 

e:Jb(;lVl~ 

..:~. 9J..:~e:J5'U1m~mn'U6'll.J1J~m~'l111 ~vh-uB-::J1m-::J6'1'h:J~'~6'lB'~ 

91 

~e1u ~'IJ n '1111 ~vh1~~b~eJ'I9l1fli1'VI~br;'lBb~n~~e:J'U~bl"l~e:J'Uvft~e:Jci1'1B6'1~~ ?il'U~'IJ -u '1111 ~vh1l.l1~ 
" " 
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1. U';i~ bCJ"tf'tJotlel-:J ETHYLENE GLYCOL( C2H60 2) Ael'Ue:J-:Jn'Wfll';ibb~-:J~1'Ue:J-:J'l11biJu'l11bb~-:J1 'W'V1~enhue:J~ 

bfl~mCJ'W~ ~m m;a~~~G'l'U bbG'l~ b ~~.J'\1~ b~e:J~'Ue:J-:JLl1 ?ie:J"tf~G'le:Jfll';j';j~ b 'V1CJ'Ue:J-:JJ11 'W';i~'U'U'V1~m~'Wnm 

"' 'i ~ n. 'V'I'Uo::bl"'b1b~'U91 

'U. ~'Wn~1eJeJe:JiJn 

fl. ~'Ui5~ bG'l'V1~ 

-:J. ~'Ui5~1~b~Wil'W 

' 

I 

2. Sulfur dioxide gas1-1f~hn1 'Ue..JG'1~11CJ bbG'1~1-1fbU'Wi'~~n'Wb~CJ 'V11n11-:Jfl1CJ?I~?I:W?I1';i"tfiJ~-d':w1n '<il~vh 

1 ~bb iJ'U'V1if1e:J fl fi~'U 161mb~ CJ'U 'Ue:Jfl'<iJ1fl-dcJ-:J'Vll 1 ~bfi~eJ'Wm~~-:Jvl1G'11CJ~-:Jrle:J?I~1-:J bbG'l~y;'1Je..JG'l'Vl1-:Jfll';i 
bn'tf~';j .Ue:1 1~~ e:1 1 u-d'mh11lJb1nlii'e:J-:J b~mnu bbn?l"lfiJ~-d 

-'\J 

n. iJ~'Wn~ bfle:Je:J~~b'W~ bflblb6'l'U~ 

"U. -atl~1~b~'U9l'a~ 
" 

fl. 1:wbG'l~mu'WhJ~1:wn-~Je:Jelm~~ 

-:J. e:J~~e:J:wnm-:JiJ~b~n~';ieJ'Wfi1~~b~CJ1b'V1~e:J 1 fi 

n. 

'U. 

" ;(): 

:0: . ._ ., 0><·~1 
><):. .. <(../, 

~ 

;0 
X 

'\J '\J 

fl. 

'" 0; 
,. 

?2- •• 

~().·c. 
"'\.._) t I -~) • 

.J 
' I ' .. 

·o· • < 

-:J. B 



n. 1 f1 bbfil:: 3 f1 
'II 'II 

'!J. 3 fi bb~~ 1 fi 
'V 'V 

fl. 2 fi bb~~ 3 fi 
'V 'V 

\l. 3 

bb~~ 2 fi 
'V 

5. Hydrogen cyanide bU'Wn1"1l~\lnB1Vibi117re:nm':i1B V!~B\9l~~re)m?ltJ bltJ'Wf'h~~ bb~~fl~'W1~ 

Blb~ CJ'W b U'Wn'l"IJ~~vtt oii1 'W?I\lfl':i'lll bb~~?i\le-J~~B?I'l':i~b~ tllrltJfl1':i'V!1CJ 1"il vh 1Vibfl\9lfl11ll~\9lUtl&i~ 

nrA'1ll b dmr11"iJ bb~ ::e-~ir'l'Vl~ B\9l b~B\9l "il'l~"il1':iru1 b~ tJ1 ntJ?I'l':i~'l n~11 

1. Lllb~flmU'W 1 U1'11lltl{Je.JBml'11'1 

3.1'W1llb~n~:W~'Wn~b~t~1 bb~~~'Wn~?l1ll 

2. i1~'W5~ bfle.JB{~ b'WI'lbflb'J b~'W~ 

4. ~B~\P1Blltlm'li1~ b~ tl1'1':iB'Wflb\9l\9l b~CJ'J 
' 'V 

tl. 1, 3 '!J. 1, 4 fl. 1,2,3 \l. 2, 3, 4 

6. n'l"IJ"iJTV'ntlb 'W b\P1':ib"il'WBBtlb"ll\7l bfl\9l~'W 1Ji'bB\ll'11ll5':i':ill'!J1&i bb~bn\9l1 'W'\.J1mru b~ll'ltliJtl bJi'"iJ'ltlfll':ibe-11 

b'V!~b~Bb~~\l b'ti'W ':itlti'W~ b'lbvlVh b~m~~'l1'Wfl-r1b~B'W oUB1\9l~1'W~Bn1"1J"iJ1~1tlb'Wbl'1':ib"il'WBBtlb"llrl 

hit~nl9i'B\l 
'V 

n. NO ~1'Wl1 Nitrohen monoxide 

fl. N20 tl1'W"h Dinitrogen oxide 

'!J. N02 ~1'Wl1 Nitrogen dioxide 

\l. N20 5 ~1'Wl1 Dinitrogen pentaoxide 

"' 1 il" Q ~ 1 < 1 '"" 1 il 0 ~ Q.J Q, 0 0 ~ 7. C02 btll71"il1nrn"Jb~1 V!ll ll'Vl\lUd"~ t~"lJ'Wbb6'l~ 'VI~ Ud"~bt~"lJ'WA€1 "lJ'V11btl'W?11d"\71'Ub~G'l~ bbG'l:t:V11'W1bb'!J-!! 

bbVl-!1 bbl'1'1 'Vl~'!JB\lii'W~m'h1m~n~B'U bbn?l~\ln~11i1~B11B~b? 

n. Carbon dioxide '!J. Carbon monoxide 

A. Carbon oxigen \l. Carbon oxide 

8. Chlorine trifluoride t~n'l11ll11·1l\ U'W?I1':ivl1fl11ll?l~m\9l1 'WBI'1?11V!tl':i':ill b"lliJfle.J'W~flb1'1B1 6/l\lb U'W 
'V ' 

e.JI'1?11V!tl':i':illb~t11 ntJ~'W?h'W'!JeJ\l bl"l~B'l1 m vlvh ~tJl1 bbn?l'lJtJ\9l.Q':jj~~ ?11ll1':itlvl1U nn1mB~1\l':i'Wbb ':i\l 
' :;.J ' 

tltJLl1 ~m?l&itl bb~~ll'ltlb'Jb vJ oUB 1\9ltl~11 b~CJ'JtltJbbn?l'lJtJ\9l.Q' mt~n\9i'B\l 
' 'V 

n. :W':iu11'lbllb~tlmV!:tlB'W BrF3 "ll. ii~tJ~1-:ib3JbfiltlfilbU'L!~'IJ.Yh:::ii\71~1'Wfil13.1bVI~eJ3.1 
~ '1 IU '1 1\J OS 

A. :WSb~nl'1':imm1\9l\9lb~m 2 fi \l. :W?1m3.1ll~'Wn~ 90 
'U 'U 'U q 
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n. "V. 

fl. -:1. 

10. "rJbb'U'Un1'~1-ti Fluoride ~.nn~~\9lh!1~n ~a Fluoride ~r.JGUJ1'WtJ1~VhJ iim1~?11~1~t11'Wm~ 

ua-:~nu~'W~ btl'W1fi~'<il~vh1~iJvJ~aab~a~1'W'lhn1!PluatJ11wJ~~1ru~1JatJ1b\9ltJ'<il~r.J?!~Yl~aahfi. 

~a 0.2% NaF 'Vj'\J'JTU~~1fLJ Fluoride 1'WtJ1~Yl'WI"l11~boti~-ti'W~-:J~\9lblJbn'W 1,500 ppm " '<il1notiam1~ 

~~\91 b~'U 1~ 1 ~'I! m1CJ'W~"il1~fLJ1b~cnfi'LJ 1A~-:~?1~1-:J"VB-:J?l1~~-:~mh1? 

n. 1~Vl~ b~eJ-:J'<il1n btl'U'W'Wu~~~Vll1-:J 1~Vl~ 

"V. bflb'Jb~'W~ b~a-:J"il1m'1~1\I~'W5~~~Vll1\leJ b~Vl~fl'UeJ b~Vl~ 



I 

12. 

13. 

fl. 1£J£J£Jiln b~£J-3~1nf!j1.:~~uo:::~:::VI':h-31'rii'VI:::nu£J 1'rii'VI::: 

~- l1~~ Lflb1b~'Uvlbb~~1~VI~ Ltiewil1tl l1~~ 1~VI~bb~~£J 1~Vl~ 

n. Na 2S 

'U. Na2S03 

fl. Na2S04 

~. NaS2 

II 
• ~~~~1'm.nie:Jfl11lJ~~~bG1''U1m'U 

~1~'\.J~~mru Potassium hydroxide 

btl'U~1'UU~~ne:Ju'Ue:J~fl~lJmuJ1 ~~ 

~~1~ru1ei'~~1~1'Ui~Vl'J1~1m:J£J'U'\J1n 

bb~~ 1£Je:Je:J'U~'\J b'iJ'Ub vh 1~ 

n. 1:1 'U. 1:2 fl. 2:1 ~- 1:3 



14. "Barium sulfate"1ilil"ilQ'CJl~fl1'WVl1-:Jn1jbb'V'fVl~ b'IJ'W?I1jVi'I.Jbb?I-:J b~me:Jnolibj~bb~ltl1CJ.f11~ 

1~mu~1~ 1 jfl1 'W"limVfm bb'G'l~'V11-:Jb~'We:J1V11j bb~rJ1bb'\Jb~m.J"il~btl'W b'G'lVI~VIUmb~ b~e:J-:J"il1n bb'\Jb~m.J 

im vl~'G'l~mCJtl11~i\!e:JCJ~-:J hl1~-r'UB''W~j1CJ"il1nvh~"lle:J-:J~'W" ie:J 1~~e:J 1 tJ-d'i1er~j1~l'W 1e:Je:Je:J'W'\Jln 

bb'G'l~ 1e:Je:Je:J'W'G'l'\J bvhn'Un'\J bb'\J b~CJ:wi61bvl~ 

n. Sodium sulfate fl. Calcium chloride 

"IJ. Potassium carbonate \1. Magnesium oxide 

15. Zn ~vl1VI~-:Jfl1bb~n~1-:J"il1n Zn 1'WimiJ'Ue:J1VI1jb?l~:w~1'1Jtlj~'V11'We:J~1-:Jh 

n. b Vli1e:J'Wn'W b ~j1~ zn ~vl1VI~..:Jfl1?11:1.J1jbl111:w1-r'\JtJj~'V11'W 1~ bb~mj-r'\JtJj~'V11'W 1 'Wtl~:w1ru~ 

b'VI:I.J1~?1:W 

"IJ. b'VIrie:J'Wn'U b~j1~ zn ~v11VI~..:Jfl1e:JCJ"l.'WjtJb~CJln'Wn'\J zn 1'We:J1VI1jb?t~:w 
'IJ 'IJ 

1 ' .c!JI v do cv .o:::::~~ ~ c::t. .<:::!1 

fl. :Wb'VI:We:J'Wn'W b~j1~ Zn 'Vl'V11VI'G'l..:Jfl1:W?Ibl1'W~"Ile:J..:Jbb"IJ..:J e:J1VI1jb?\j:I.J:I.J?Ibl1'W~"Ile:J..:Jb'VI'G'll 

.:.t. 13-ib'VIijeJ't.lfl'lJ b~-a1:: Zn -vf'Vi'1'VI~.:.t~1~1.:in1VL1i~1111'a~~~.ij:w1~ 

16. "1'Wn1jvl1-.:J1'W"Ile:J..:Jbi..:J'G'l:Wilj.flCJ bi1~off'W"il1n Sodium azide (NaN3) ?lmCJI'i'lb~e:Jtlnm~~'W~lCJ 
' 'IJ ' 

fll1:w-re:J'W ~bn~"iJ1mi'lml"il~'\Jmj"IJ'U bn~b U'Wbbn?t"IJil~VIt:t..:J v111 Vfbl..:J'G'l:w~e:J..:JI'i'l"il1mbn?tlii'-:Jmhl bb'G'l~ 

n. bfl~~'Wli~1e:Je:Je:Jiln 

fl. bi1~~'Wli~ b'G'l'VI~ 

' 

"IJ. bfl~~'Wli~bflblb'G'l'WI'i 

.:.t. i1~.:.t~'lJ5~1eJeJeJtimb61~ 1~ b 1 b'G'l'WI'i 
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18. m~'Y'lt:-~~mn~e:J~h.!bt:n11:umfl(PI~l'Ue:Je:Jm5cmvrue:J b-d'U lJVl1~1"afl1l.Jbb~~~mJb~~ .ff'U(Pie:J'Ufl1ca 

t:-~~(PI~e:J~~J1bfl~e:J~e:J~ca~~'Ufl11l-l~fl s-30 bl.J(Pica "il1fl,r'U(i11fi1~CJ1im1l-l~e:J'U"il1mb~~bb~~ bn~mca 
'U 'U 

(Piflt:-J~fl'lJmbfl~e:J -b'e:J1~{;lfl~e:J~b~CJ1n'UJ1bfl~e:J 
'U 

fl. J1bfl~e:J~~~~'Ul.J1 btJ'U?l1~tJ~?lV1~ ~~ij~~L~e:J~fl~~Lb~~~~L~€1~6'1~ cu , , , cu 

'lJ. J1bfl~e:J~~~~'Ul-11 btl'U~1"a'U~~Vl~ 1flca-:~~~1~~-:~btl'U1flca'lt:-~~n~1~m·thCJ~bb~'lbbca.:~ 
'U ' 

fl. Jlbfl~e:J~~~~'Ul-11 btltJ~1-a~~~1~~·nh1'Wvh1~b~e:J-:~1il1niTI.e:Je:Je:J\J~bfl~e:J\J~1~ 
'U 

~. J1 bfl~e:J~~~~'Ul-11 b tl'U~1ca~~mCJ~'I~m 1ifl11l-l~e:J\J"il1flbb~'lbb~~b ~e:Jv'hmCJ~'U'o~vh 1 ~bn~ 
'U 

~l"a 1 Vl~~b tl'Ut:-J~flbfl~e:J 

.., 
2.1 <V 6'~ 

~e:J~fl~e:J'Ifi'U b'Vl(PI fl1"aill'U 
' 

n. thJ1hl'Vh1~~ b~m~'mm1l-l~~n'UJ1"il~vh1~t;lfi1'W~e:J(PI 
'U 'U 

'lJ. JTu1lvh~11~~ ~~vh 1~er(P11CJ{;lfl 1 vJ~~b~e:Je:J~'U~b'Jru~lJ~-:~bbliJ1 Vl~e:Je:JCJ1 'UJ1 
cu cu cu cu cu 

fl. J1'L111 'W~11~\Jv~l-11 n bb~bb~J1iTI.e:Je:Je:J\J~~~1~'lJtJ b~ e:J\J~-:1~1l.J1-atl'Ll11 'W~11~ 
~. ti1th1vJ.Yh1~ue:JCJlJ1fl bb~~1mcat;lvh1~er~e:J(PI\Jmt;lfl1vJ~~1~Vl1flilmca~11Vl~'lJ€J~~1CJ1vJ 

'U 'U 'U 

b~~l-1 be:J be:J~'U ~e:J mca111be:J1bfi~€J~'Ub\51l Vl~mfi~BVl~b~ lJ1b~lJ~1"a~~mCJ Potassium iodide -iJB 

1~fl~11bMCJ1n'U~1ca Potassium iodide 1~t;lfl~e:J'I? 
'U 

fl. Ltl'Urtl"abe:Je:Je:JiJfl 

'lJ. ~1"abe:Jve:JilnVJnouil~~~~1ml11~~ "a111~-:~ Kl 
' 

fl. Potassium iodide b~€J~~mCJti1"il~1111vl~11~ 

~. Potassium iodide btlt.~'lJmbb~'l ~lJfi1'~Ej~~m~eJ~"a~Vl'J1~1e:Je:Je:J\J'U1flbb~~~'UbtltJ(P11•thCJ 



99 



100 

' 
'VltJ1~fl1~b~CJ'l.J~Vi 2 ~'U'B~bl"lii 

" 
"" d fl1flb~~'U'Vl 1/2557 

"' !II t11'a:::nT'H 'ati'U'a 
" 

~1l9l'a~1'Ufl1'ab'iti'U~"li1.:~.,l'U ~.4-6 ~1'j'JiiJI11~T'il?le.J'Ubbl;1~1bfl'j1~~-iJmJ1;1 e.J.fith1tJbb(;l~e.JB'U1tJfl1'jbfil11 
~ " " 

~'W'B:!bfliilu 1~b{;lfl{;l'Vl~e.J 1 'W 1fl~-:Je-~~n'lle.J-:J6'11~ m1~~~~'Wth:;w"J1-:J?I~m'llm?l1~ 1 'Wb~e.J-:J 
' 

.dil o,.1 a d • ~ 
liJ \11 b\11 e.J\11 lil\11'Vl(;le.J~ b 'Vli;11 bb{;l :::6'1 f\l'W:! fi'U bb ~ -!l tJ\11 b 'Vl'WtJ1 'j:::'Vl11-:Je.J'Wfl1fl'lle.J-!l6'11~'W'W 
' ' ' 

ct l!d 
~1l9l'a~1'Wfl1'jb 'ati'W'j'VJ 1 3.1 ... " 

"' !II 
ll-J~fl1';ib ';iti'U~ 

e.J6'U 1 tJ fl1'j b n111'Vl~ n fl1'j b ~ tJ'W?I\11'j fl1'j b~tJ n~e.J'll e.J-:!6'11<jtJ<j~ ne.J'U 1e.J e.Je.Ji'l n 
" 

"" "' !II fllilfl'S'S~fl1'H'UJ'U'S 
'U 

~ ~ ~ 

1. oV'WLl1b6'1'We.J'U'Vlb~tJ'W~-:Jotl'W 

- bbD-:Jn~~'l!m~tJ'We.Je.Jnb'lJ'Wn~~., n~~1;1::: 5 fl'W 1111mb\911;1~fl'WU'j:::ne.J'U~1tJ 'l!m~tJ'W~ , , I , 

b~tJ'Wbn-:J U1'Wnm-:J Be.J'W 1 'W5111'j1ci1'W 1:3:1 1111tJYiliJ1'jruT'il1nfl:::bb'W'Wfl11wl'1Tvl'l111il1nn~Um'j~~ 1 

- bb~-:Jfl:::bb'W'W\i1'W'lle.J-:J'l!flb~tJ'W bl11tJ1.fft:.~(;lf11'jb~tJ'Wiil1f1fl~bb'W'W~e.JtJ nliJm'j~~ 1 
"" 

- fl'j~ bb li)-:J'j1 tJ(;l ~ b~ CJ\11 b~tJd n'U f11'j'Vll-:!1'W~1~ n'Wb tl'W n~~ bb{;l :::fl~ bb 'W'W~ bb\911;1:::fl'W 
'U ' 

1~-r'U~U1nf11'j?ie.J'U~e.JtJ'Vl~-:Jnlilm~~ lil:::AI11b~'W 2 ci1'W ~e.J ci1'U~b~'WI"l~bb'W'Wn~~1111tJ'Vlnfl'W1'Wn~~~U~ 
' ' ' 

.. 
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2. ~'W'\.J{iu~m~ 

- 1 vh!m~t.J'W'Vl1bb'U'UVl~?I8'Url8'Wb~tJ'W b~'El'l n1~b;tJ'W?I\9\~bb61~b~t.Jn~8 
'lJ 

?11~'\.J~~ne:J'U 1e:~e:~e:~iJn ~1n,!'Wfl~~·m1~U1'Wbb~11~l.l1b?I'We:J 1 'Wfll'U~~ 1 '\.J l~tJ 1 ~'t!m~t.J'W~'U~'W 
'lJ 

'\.J~~ LtJ"Ilu"lle:~-:~ bn~e:~ 1e:~e:~e:~iJ mb61~A1eJ1'W"1l~N bn~ m 'VI~1,1'W 1191 t.Jfl~n1'VI'W~lb'U'W?I\9\~bfliJ 1~ bbri 
'lJ 'U 

1) BaS04 ( bb\J1fh~e:J\J Barium sulfate bU'W"1JeJ\Ib'VI611~"1111 'VI~e:J ~"Ill.!~ 1i 

2) ~'U'\.J~~Vl1'W b~e:J1m'l.Jbfl~8'Ub~8'U'V1618~81'V11~ m~b'Y'l1~bb~~~11~ bbthbb'Ub~t.Jl.l"'l :n 
' ' 

~ru?ll.lu~Vi'U~\1~ "111 t.J 1 ~b~'Wfl11l.l~\91'\.J n~~h\111~ 

3) NaCL (bb\J1fh~e:J\J Sodium Chloride bU'Wt:.J~n~"1111 "1i1tJ1'Wm~fl'W8l.le:Jl'VI1~ 

4) '\.J~\I~?Im'VI1~ 1ibU'W~1bn~Bml.lh\IYlt.J1'U1~) 
' 

5) Na2S04 (bb\J1rl1~e:J'U Sodium Sulfate) 1ibU'W611'UU~~n8'U"118\I~\IsB'n'VJe:~n 

6) NaHC03 (bb\J1A1~B'U Sodium bicarbonate) bU'W~~n~'1.n11m'Wn1~bbnJ1 

7) m~~1'11m'Wm~sB'n~~b~eJ~1 bb~~Vl1\ln1~bb'Y'lVltJ1-b'btl'WtJ1~~m~ 
8) Kl (bb\J1rl1~e:J\J Potassium iodide bU'W~~n"1J11 b~l.l~'11'\.J1'Wbn~mbm b~m11 

9) bn~8B'W1l1't.J b~e:Jb~l.l1e:J1B~\Jbbrl~1\ln1t.J 1ibU'W Thyroid treatment 1'WVl1\lbb'Y'lVl~ 

10) CaCL2 (bb\J1fl1~e:J\J Calcium chloride) "1i1tJ1~b~B\91bb~\ll'11b~1~'W 
11) MgS04 (Magnesium sulfate 1-1!\tl'Wt.JltlltJ) MgC03 (Magnesium carbonate 

1-b'btl'Wt.J1~1tJ) 

- i1''lJ1911~~b~tJ'W 1 ~bb~~~n~l.l n~l.l~~ 1 -ifB Be:Jnl.l1bQ61t.JfheJ1'W"1JB\1?11~'lJ~~neJ'U 
' ' 

1e:~8BiJmb~~-u~~ LtJ"IlU"1JB\Ibn~81m:JBiJn 

- 1~ilm~tJ'Wb;tJ'W?I\9\~bb61~eJ1'W~B?I1~th~ne:~LJ1Bmrun 'l~bbrl Na n'U s, Ba n'U 
'U 

- 1~ilm~tJ'W-ci1tJrl'W'VI1A1\9\B'UbMtJ1rl'U?ImbeJBBiJmb~~e)1'W?I\9\d 1~bbrl Al rl'U 0, 
'U 'U 

Ca rl'U S04 
2

- ~1n,!'W1 ~~b~t.J'W61\II'i'1bbVl'Wn~l.leJBnl.l1b;t.J'Wrl1\9\€l'U"1l€l\ln~l.l 
'U ' ' 

- 1~ilm~tJ'Wbb~61~n~l.IB€lnl.l1bQ~t.J bb'U'U~n~~~ 4 b~B1~~'Wh11il'm~t.J'W 

?11l.l1~fl'l11bB1 umbb?I~\I~'Wli~ l.l11 m 'W€lTI'U1tJ nl~bfl\91~\Jli~ be:JBBiJn b~tl n\flB\1 
'U 

- 1 ~'t!m~tJ'W\9\€l'Url1t\1l.lb~t.J1rl'Ufl~m~l.ln1~1off Umbb?l\91\li'Uu~ tlB'Wbb~~'\11~\lnl~ 

vhn~m~lJ 1~bbn 

1) '<\I\I'UBn~'W\9\e:J'Wn1~'V11?1m?l1~'lJ~~ne:J'U1e:Je:Je:JiJn"1Jm Na n'U 0 
'lJ 
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~-:Jf1~TJI\J~Vhv'I,J1vi'l~~b~f1\Pl'ael'Ub~el'V'hb~V'hb~~TUTWblb61'WI'i e 'Ue:l-:J~'W b'Vllfl'\J 8 ~~m'Lf\1'1~ 

b~ileJ'Wbbn?lb5mJ bb~lf1611mtl'W1e:Je:Je:J'W'I.Jlf1 l\11ml'WbbtJmJ611~btl'W u\P\'abb?I\71-:J~'Wo~ ~~~ ~-:Ji1~tJ~1-:J 
bb1Plf1~1-:Jfl'WIP11~~ll ~-:Jd l\11nmi'nm'a~-:Jn~1l "il~1~11 Na btl'W161~~ ~lll bb'Vl'W~li:J U\P\dbb?I\71-:J 

~ ~ 

~-:Jn~11"\J~Vi1~,J1~-ruB b~nw;ie:J'Wb~-ew'h 1 ~\\J1'Wl'Wm61'WI'i eb vhnu 8 ~~e:Ji1?1m~b~ile:J'Wbbn?lb5e:J!:! 

bb~lnmmtl'W 1e:Je:Je:J'W'\Jln l\11ml'WbbU61~611 ~btl'W UIPl'abb?I\71-:J~'Wo~ ~bb\71-:J ~-:Ji1~u~1-:Jbb1Plf1~1-:Jfl'WIP11~ 
~ 

.. ' 

oU'WVl 3 l\11f1~~f1f11'a~-:Jf1~1l 1\1~1~11 0 btl'We:J161~~ ~ll 6 bb'Vl'W~lCJ um 
~ 

~ -ru = 2 Bb~n~Pl'ae:J'W ~ nmmtl'W1e:Je:Je:J'W61'\J ~ 0 2
-

.ff'W~ 4 '111 umbb?I\71-:J~'Wli~ l\11nie:J I, 11 ~1b~e:J~~m~e:Jb~f11'\J 8 ~~Bil 
?Lfl1~ b ~iJeJ'Ubbn?l b5e:J CJ I\J1f1~~ f1f11~~-:J f1~1l"\J~ 1~11 

.ff'W~ s l\11n?i'tlJ~n~ru~bb?lt7l-:J1'W u~Pl'abb?I\71-:J~'Wo~ 1~1!u~1'Wl'W1{;m~vtt~ 
~'W bb61~ 1-de:J 161~~~-:J~~\71~~'\.J tY'W~mh'Wl'W~bb?I\71-:Jb 'W?Im 

~ 
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" ' 
.UuVi 6 \11mij~f1f111~'ln~1lboU Na 2 m~~?rm.J bb6'1~1-ff 0 1 e:J~\?le:J~ b~t.J'W 

' " Q..l d I ~ 0 .r:::lil CV CV IV a.! 

- um 1t.JtJ1l~ntJ\?leJ'Ufl1m~ bnt.Jl'U\?\1bb?l~'lV"J'Wu~~'ltJ 

;ohm~~ 1 1m'le:J~\?le:J~ (~~'lbf1\?l\11n~mbeJ'WtJb~itJ)bVIije:JtJVI~mb\?ln~1'1\11mLJ~1'1 
" 

'lJeJ'l D\?\1bb?l~'l~tJu~ vi't m u n\lm1~eJTI'U1t.Jm1bn~?l11lJ1~ne:Ju 1Be:Je:Jt1ne:J~1'111 

\?le:Ju bb\?ln~1'lnu 1~t.JV"Ju11 eJ~\?leJ~lhLJ~1'lbUtJ'Vl1-:Jn6'l~ bb~1LJ~1'l'lJeJ'l '\Jmbb?l~'l 
" " 

~'Wli~ b UtJ'.iDf1"'1t.J1LJvh b VI~ t.J~(~ b VI~ t.J~~tJ~1~eJ nu1LJ?11~ b VI~ t.J~/?i b VI~ t.J~~tJ~1LJm tJ b l1b UtJ'.ilJ , 
'U 'U 'U 'U 

d 
?11~bVI6'lt.J~) 

Q.J Q.l d d I Q.J 

'U\?\1bb?l~'lV'J'Uli~ 'Vl b 'lffi~\?le:Jfl'U 

\?le:J'U ~1-:JNu 1f11'1?1~1-:J'lJeJ'l1e:Je:Je:Jun\l~ b UtJ'Vl1'ln6'l~'lJm 1Be:Je:JtJ'Ulmb6'l~ 1e:Je:Je:J'U6'lu~~ 

b Vl~t.Jl n'U~m ~ e:J'l b U'U 1f11'1 \?\1'111 tJ ~'lvh 1 V1'1e:1 e:1 e:1il nil?~ m'U~ b U'U'lJeJ'l bb ~'1 bb\?\1f11 '1?1~1'1 '\J \?\1 bb?l~'l 

~'Uli~ b U'U1D~b Vl~t.J~ ~ilf111b ~e:J~~e:Jrl'U Ji'l t.JB\?\11~l'Ue:J ~1'1~1~?1~1~VIl1'lhe:Je:J'U'Ulnbb6'l~ 1e:Je:Je:J'U 
" ' 

" 1. oU'Uf111'Vl~?leJ'U~e:Jt.J 

1) f11bb\ln'lJ~bb'U'U'Vl~?leJ'U~e:Jt.JlJ'.i~lil1n\lm1~~ s1~t.J1Vf'!!m1t.J'U~1'lfi'U~1'll11 
" ' 

2) f11\?\1l\lbVlfl~bb'U'U 
" " 

2. <O'Um1fi~fl~bb'W'Un1lVI1!1 

1) mbb~'lt:-J6'lf111?1e:J'U~e:Jt.J 
" 

2) fl ~fl ~ bb 'U'U fll1~ n1lVI1!11~ tJb LJ1 t.J'U b Vi t.J'U\11 n fl~ bb 'U'U?I e:J'U ~ eJ tJ bb6'l ~fl ~ bb 'U'U ~1'U 
"" 



_. 

.n1flle..J'\ .. nn l\1 

fllru.n1'V'I"tte:J\lbfll~e:J\lije:~.ffim'IJnTnnu~'Ju~'J~,je:~~~ 
~ ~ 
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\il1';i1~vl 1il.1 fl1fl1111~1n~1~ (p) bb~~fl1el1'1J11il"ii1bb\Jn (r) bU'L!';i1~'tie:J'tle:J~bb'U'U'VI~%'1e:J'U 

1~N~l.J b 'Ul.J~ b~e:l~ oW'IJG~bflii 

" d fl1fl11l.l~.nn (p) fl1el1'1J11il"ii1bb'Wn (r) "liB 'VI 

1 0.55 0.44 

2 0.70 0.31 

3 0.48 0.25 

4 0.78 0.20 

5 0.70 0.63 

6 0.58 0.31 

7 0.63 0.38 

8 0.78 0.25 

9 0.64 0.69 

10 0.75 0.25 

11 0.44 0.38 

12 0.34 0.25 

13 0.25 0.25 

14 0.33 0.44 

15 0.25 0.38 

16 0.59 0.25 

17 0.81 0.25 

18 0.50 0.38 

19 0.48 0.25 

20 0.70 0.69 

21 0.55 0.69 

22 0.55 0.31 

23 0.41 0.25 

24 0.66 0.75 

25 0.80 0.31 

26 0.52 0.31 
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... . 

~1-a1..:~vl '<i1.1 fl1f1111lt.l1n~1tl (p) bb~~fi1elTU1'<il"il1bb'I.Jn (r) bth..!'a1tlile:J"l..e:J..:ibb'U'UVI~~e:J'U 

-r~~~1!b'1...!1!~ b~e:J\1 oW'1...!5~bflii (~e:J) 

" d fi1f1111!tl1n (p) fi1B1'1...!1'<illii'1bb'l...!n (r) "l..e:JVI 

27 0.75 0.38 

28 0.41 0.25 

29 0.58 1.00 

30 0.50 0.63 
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}!' 

\911'a1~~ ~.2 fl1fl11~tnn~1a (P) bb~~fi1el'Tu1~:ij1uun (r) bU'IJ'a1a"livouv~uuu1~ 

fl11~~1~1-a!J 1 um-a'l11fl11~TI tJ1mu;i1\9ltJ-a~:ij'11u b~v~ ~uG~bfln 
" 

Ill d 
OUv'Vl fi1fll11~a1n (P) fl1eJ1'1J1~:ij1bb'IJn (r) 

1 0.69 0.25 

2 0.78 0.25 

3 0.66 0.20 

4 0.72 0.20 

5 0.21 0.20 

6 0.47 0.20 

7 0.80 0.25 

8 0.44 0.63 

9 0.78 0.20 

10 0.75 0.25 

11 0.78 0.25 

12 0.63 0.38 

13 0.50 0.50 

14 0.25 0.50 

15 0.80 0.25 

16 0.25 0.25 

17 0.38 0.20 

18 0.25 0.25 

19 0.80 0.25 

20 0.67 0.50 
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fl1fl~'tnn o 

fl1'VUeJn'6'1T=a1un"iln~~l!nTacvh~1'WmhJf\'Jm'VIflilfl STAD 
~ 
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d 
'tiel 

th::1~m~fim;1 

ll.l ..:;:,lev tl """"'""""' 
'U1~?111e:J"ilu';i';i~'U Pl';i 

'l"l.Pl. 2549-2551 ~vn1VJCJ1~m.Jvt1?11';ifl1~ 

'l"l.Pl. 2550-2554 

ilmr1il u~,;'Vl Ei'1~1bb'U~b~e:J~~ U';i~bVJP~1VlCJ "il1n~ (~vt1'1l'U) 

B1b.nmbtJmCJ11 ~~vti'~u~b:U~bVl';i1 

'\AI.Pl. 2554-u"iJ"iJD'U 
' 

B1b.nm~~'UflV11 ~~VIi'~CJ b?lu';i 

f1';j f1Pl.1 
" 

!ilm'U~vh:~1'UUl\l~uu 1 ';i~b~CJ'Ub~~'UflV11 

I'11'U~?I1~bbtlfl 

B1b.nm~~'UflV11 ~~vti'~CJ 1~n';i 

112 




