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This one group pre-/post-test research aimed to develop learning activities on 

electricity and magnetism to increase learning achievement in Physics. The research 

tools consisted of experimental activities, and a pre- test and post- test, and the 

participants were 35 purposively selected grade 12 students in the science- math 

program at Khlung Ratchadapisake School during the first semester in the 2015 

academic year. The effectiveness of the experimental set E/E2 was 78.29/76.14, higher 

than that of the designate. The average post-test learning achievement score increased 

in comparison to the pre-test score at a statistically significant level of .05. The average 

normalized gain was at the medium level of 0.67. 
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m~tln 1 ~~m~CJ'W 1~1 bfl~~~~oU'mJ6"1 ~CJVI~~nfi'El m~?!~tl'El~1~iib Vl\9liie.J6"11f'Wb'El~ nb tl'Wm~tl6"1n~~ 
'\J , 'I '\J 

b~\9lfl&iVJ1~1VlCJ11"11?1\9ln~bbn~m~CJ'WVl1~VI~~ e.J6"1~1~~1nm~Vl~6'l'El~"ll'El~~nb~CJ'WBntl~~m~VI~~n 

A'El ~ 1 n m ~~uu t1JVI11 'W m ~Vl~6"1 'El~ bb6"1 ~ Vl1i5 bbtlU t1JVI1 b VI~1~'W b ~ 'El1 ~m~Vl~6"1 'El~G1~ ~Vlte.J 6"1 



2 

'11 n L~CJ'W~~ 1~ L~CJ'Wi bL 'W1 m~fi ~ bLnil t!JVn~6'1 B~ fl6i' B-wn:w m~'\J1'W m~vn.:~i'Vl CJ1f3!16'11'1{~1 CJ m~'\J~u&i 

ij1 "li~1 CJ m~vlB.:~"il1~'W l'le:J'Wb tl'Wi B 1 ~.:n!'U'l! n b~ CJ'W ~ ~ijm1:W~'W1 ~ 1 'W m~'l11i6m~ bbtlD t!JVI1~H1 
b~c.~'Wfl~ CJI?l ~.:~1 tJ1.ifLbnil t!JVI1~'\J ~~61'U1 'W~i 1?1'\J~~"il11'W 1~B ~1.:~ b VI:W1~61:u ij n1~61~1.:~'\J~~:w~'W5 

~~'VI'J1-:Jfl~tl'U'l! nb~CJ'U 1~ CJ m L U'W~'l11 n~ m~:W~1'W'I1 nb~CJ'U L U'U~~h b'i:l'U n~ m~:w L tJ ~ 1B m6'11 ~ 
\1 \1 \1 \1 

'l!m~c.~'Wv'hn~m~:w19h-:~1 ~1:wti''W '11m~c.~'Uvhn~m~:w~1CJI?l'Wbe:J.:J (tJc.~~ bflc.J'W'\J~~1fi'W, 2554) ~~:w~.:~ 
n~ m~:w~1 Vf'IJ n b~ CJ'W~ n 1 'Wbb~6'1~'1l~ n1~'V1~61e:J.:J 1-ifm.J mru'V1~6'1 e:J.:J~~-:1 bb6'1 ~'Vl nfi'W~e:J.:JVll~1 CJI?l'U LB.:! 

' ' ' 
~.:~vh 1 Vf'l!m~CJ'W6'1'W h m~~B~B~'Wvh n~ m~:we:J ~1?161B~ b 1611 ~.:~~.:~~611 Vi' 'I! m~ CJ'W 1m! n~ n~~ m~ 1-ii 

" 
bfl~eJ.:Ji'JeJ~'Ubfl~fi11:W"iJ1'U1ru bb61 ~6'11:W1'H1'\J nu&\ n1~'V1~61 e:J-:1 1~B ~ 1.:1 tl n~ e:J-:1 bb61 ~ Lb~'U~ 1 ~.:! EJ.:J~~'U 1 

v ~ " 

~ n~~ n1~fi~i Lfl~1~~ n1~ LLnil ruVI1 LL61 ~6'11:W1~ti'l11fi11:W-fb tJ1.iftJ~~ 1c.~'ll111 'W~i 1?1'\J~~"il11'W 1~ 
v " 

(6'1:WbflCJ~&i ~~Yl6'1'V16:W1~, 2556) 
' 

m~~~m~L~CJ'Wi LL '\J'\Jvl1'W1CJ-~.:J Lnl?l-e:J6'U1CJ (Predict -Observe-Explain: POE) L U'U~nVI~-:1 

~'\JLL '\J'\J n1~~~ n1~ L~CJ'U~\?11:J.JLL 'U1 fle:J'U6'11'1-rfl&\i6'1\9l~.:~ij~'UI?le:J'U 3 ~'UI?le:J'U 1~Lbrl ~'U\?le:J'U'Ile:J.:Jn1~ 
" " 
vJ1'W1CJ (Predict: P) L tl'W~'WI'le:J'W~'l! m~CJ'W~B.:~v11'W1 c.~11m~'V1~61e:J.:JVI~B6'1m'W m~ru,!'W 1 ~~Ln~~61 
e:1~1.:1 h ~.:~.nt~c.~m~CJ m~~.:~ Lnl?l ~'W~1'Wfi11:W~LL61~'\J~~6'1'\Jm~ruL~:w ~.:~ L U'Um~m~m~ru~l.:JVI~1 

"' " 

~.:~ Lnl'l (Observe: 0) L U'W~'WI?l B'W~~ L~CJ'WI'i'B.:J61-:Ji'Je:J'V1~61 B-:1 Yl61~LJ~.:J Lni?1VI1fi'11?1B'\J LMCJ1tl'\J m~ 
" " 

'V1~6'1B.:~n~m~:wLL61~6'1m'Um~ruilruVI1 ~.:~1'W~'WI?leJ'Wd~L~CJ'W~B-:~1.if~n~~'V11-:J1'VlCJ1~16'11?1{ ~B ~n~~ 
v " 

m~'V1~6'1B.:J m~~.:~Ln\?1 m~1~ LL6'1~~n~~m~~c.11mru LL61~~'W'1le:J.:Jm~e:J6'\J1CJ (Explain: E) LU'W 

~'UI'le:J'U~ btl~ n1~ b '\J~CJ'\J b Vl CJ'\J~~VI11-:J~\l~~ b~CJ'U 1~vl1'U1 CJ 11 tl'\J~61 n1~'V1~61 e:J-:1 1 'U~'Ud~ L~CJ'U~e:J\l1.if 
" " 

~n~~'V11-:Jl'VlCJ1~16'11?1{ ~B ~ n~~ m~~fll1:WVI:W1 c.~.UeJ:w61 LL61~61\loUB6'1~'\J ~n~~ m~6'1\lfi11:W L ~'W~1n 
" ' 

oUeJ:W611 'Un1~e:J6'U1 CJ1 m~'J1 fl'11'le:l'U~1~~1nn1~'V1~61e:J.:J,!'Ub Vli'Je:J'UVI~e:J LL\?1 n~1.:!~1n~.:J~vl1'U1CJ 11 
" 

b ~~1~ b Vll?11~ 1 'U.ff'UI?leJ'Ud~ b1CJ'W~~ bn~fl11:w-rr~ bb~\l~~VI11.:~~\l~vl1'U1CJ n'\J~6'1m1'V1~61el\l~\l~~'l111 tJ~ 
' " " 

n1~bbm '(J'\J -r'\J'\J 1-:lfi11:Wfi~:ft''U:J.J11 VI~ 1'11:W'Vl ~~~~1 m.J 1~6'1'\J m~ru~1~-r'\J~1 n n11'V1~61 e:J-:1 n11 L1 CJ'U 

~1 c.~i5v11'W 1 CJ -~ \l Ln 1?1-e:J 6'\J 1 CJ (Predict-Observe-Explain: POE) 1~ CJ n1~vl1 n ~ n~~:W\?11 :w 

61t~1'W n1~ru~1'~1 bL61 ~tr'WVi n~61 n1~vl1 n~ n~1:w "li1 c.~ 1 Vf'l!n L~CJ'W611:u11t~ L~B:w 1c.~'~~'~~1~~1 n n11 

'V1~61B.:J 1 '\J~'Vl~~~ "111 CJ 1 Vf'IJ m~ CJ'U:WB\l L ~'Wm~ Lfl~fll1:WA~~~'\J CJ B~ LL61~6'11:J.J1~ti'l111 '\J'\J~~ ~ nl?11 m 'W 

6'1ti1'Un1~W~1.:!11~~~.:) ('11'11'111 LL~\l\l1:U, 2556) 

~'~J'W 1 'Wm~i~CJfl~.:~d~i~c.~~1Lij'Wm~i~c.~ 1~c.~ 1 Vft1nb1CJ'W h1'V1~6'1B\lbL6'1~'\J~u&i~~.:~b~B"li1CJ1 Vi' 

'l!m1c.~'W 1~i'Jm1:w~f111:w b .U11~ Lb6'1~~~'W1 Lb 'W1A~~t~mi'e:J.:~ 1~ c.~ 1.if'll~n~m~:wm~'V1~61m b~B.:~ 1vHh 
" " ' 

LL61~ LL~ LVI~ n ~1:w tl'\J m~~ ~ m~ L~ CJ'W iLL '\J'\Jvl1'W1 CJ -~.:~ Ln 1?1-B 6'\J 1 CJ (Predict -Observe-Explain: 

POE) 
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1.2 1~~tJ-a::~.:Jfl"tJB·m1oa1-.5'v 

1.2.1 b~eJ'Ww.J'U1"q~fhln'J'J~fl1'JVI~6H:l\l b~eJ\1 hh~1bb6'l~bb~ bVI~fl 1 ~ihh~~VItl.fi1'V'Im~bf1ruevl 
~1\?l'J~1'U 75/75 ... 

f11'JV1~6'1 e:J\I~l~ fll.J f11'J~ ~ f11'J b~CJ'U f bb 'U'U'Vll'U1 CJ -~\1 bfl \?1-e:Jtl'U1 CJ (Predict-Observe-Explain: POE) 

1.2.3 b ~Bf'im~1m1~n1lVI~1VI1\I m'Jb~CJ'U'lJB\Iilm~CJ'U b~B\1 1 vJvhbb6'l~bb~ b Vl~n ~l CJ'll~ 
' 

n"il fl'J'J~f11'JYI~6'1 e:J\I~l~ n'U f11'J~ ~ f11'J b~ CJ'U-! bb 'U'Uvl1'U 1 CJ -~ \1 bfl\?1-e:Jtl'U 1 CJ (Predict -Observe-
'" 

Explain: POE) 

75/75 

1.3.2 rn1~boU'11"ilY11\Im'Jb~CJ'U'llB\Iilm~CJ'U b~m1vJvhbb6'l~bb~bVI~n ~b~CJ'U~lCJ'll~n"iJm'J~m'J 
' 

Vl~6'le:J\I~l~n'U f11'J~ ~f11'J b~CJ'Uf bb 'U'Uvl1'U1 CJ-~\1 bf1\?1-Btl'U1CJ (Predict-Observe-Explain: POE) 

VI~\! b ~CJ'U?I\If111 rle:J'U b~ CJ'U 
'\J 

~ll.Jfl'U f11'J~ ~ f11'Jb~CJ'U-! bb 'U'Uvl1'U1 CJ -~\1 bf1\?1-e:Jtl'U1 CJ (Predict -Observe-Explain: POE) e:JCJb 'U 
'\J '\J 

i~~'UD1'Uf16'11\l (medium gain) 

1.4.1 th::"lf1nibbfl::n~:J.Jiii''Hl~1.:J 

1.4.4.1 tJi::'ll1m ~B ii'm~CJ'U.ff'U~rwl.lf!imntl~ 6 .fl1flb~CJ'U~ 1 tlmi~m~n 2558 

h\lb~CJ'U'll61\11''ll~1.flb'l!J'f1 ~1'U61l'UCJ1l eJ1b.fle:J'll61\l ~\!VIl~~'UVI'U~ "iJ1'Ul'U 81 fl'U 
' ' ' 

1.4.4.2 n~l.llii'le:J~1\I ~B ii'm~CJ'U.ffw:rliCJl.lf!im~ntJ~ 6/6 .fl1flb~CJ'U~ 1 tlm'Jf'im~n 
2558 h\lb~CJ'U'll61\11''ll~1.flb'l!J'f1 ~1'U6'll'UCJ1l eJ1b.flB'll6'1\1 ~\!VIl~~'UVI'U~ "iJ1'Ul'U 35 fl'U b~CJf11'Jb~e:Jf1 

' ' ' 
bb 'U'U bu'V'l1~b"il1~"il\l 

1.4.2 ~1bbtJoa~An'l!l-1 

1.4.2.1 lii'lbbtJi\9)'U ~e:J 'll~fl"ilfl'a'al.Jf111VI~6'le:J\I b~B\11vJvhbb61::bb~bVI~f1 ~ll.Jfl'Uf11'a 
' 

~~ f111 b~CJ'Uf bb 'U'Uvl1'U 1 CJ-~\1 bfl \?1-e:Jtl'U 1 CJ (Predict -Observe-Explain: POE) 'lle:J\Ii! m~ CJ'U~'U 

~LiCJl.Jf!in'l!l-1u~ 6 



.r 1.4.3 b'UeJ'Vi1 

4 

lwm'al~~A~~d ~1~~1(?)~1bthJm'ai~tJ1AJ1:Ub<U'1h1tJ'a1~l"111~?lnA 4 b~B~ hHh 
" 

I ~ I ~ 

1.4.3.1 bb:UbVl~mb~:::?ltJ1:Ubb:UbVl~n 

1.4.3.2 ll1'abA~Btl~"tleJ~Bb~n\il'aeJtl 1 t!?ltl1:Ubb~b Vl~ n 

1.4.3.3 ?ltJ1:Ubb~bVl~n~bi1vr<il1nm:::bb?l1 vh~11 tJm~\?l,.;n11 

1.4. 3.4 bb 'a~~m:::vhviBm~l?l,..nl1"tJru:::i1m::: bb?t1 vlrh bb~:::B~ 1 tJ?ltJ1:U bb~bVl~n 
" 

1.5 th~ 1v-u'l1~A1~"h<il:: 1~~Uli!1nm'a1~v 

m'al~~A~~d?l1:lJ1'at11 ·b\tltJbb tJ1vn~1 tJm'ai~tJ1rhm'a'a:Ufl1'ab~~tJ~ b~m 1 vlV11bb~:::bb~b Vl~n 
" 

Vl~B b 11' BVl1 ~tl 1 ~ b~ ~1.U B~ \il ~ eJ ~'<\I tJ ?l1:U 1 'a t1 b tJ tJ bb tJ1 'Vl1~ 1 tJ n1'a?leJtJ~ b LJtJ bb 'U'Uvl1tJ 1 ~ -~ ~ bn \il-

eJ5'U1~ (Predict-Observe-Explain: POE) bb~:::m:::u1tJfl1'a~~iJmJl]'IJ~:u1n~tJ 

1.6.1 n1'a~~n1'ab~~tlibb'U'Uvl1tl1~-~~bn\il-eJ5'U1~ (Predict-Observe-Explain: POE) 

Vl:U1~~~ n1'ab~~tJn1'a?leJtJ~?l~1~~tJ'<i11nA11:U?ltJ 1'<\1 bb~ :::A11:U?l~~ ~ 1~~n1'a?l~1~'€l~rlA11:U~"tl eJ~ 
" v 'lJ v v 

1?1'1b'€l~ iJ-IJtJ\ileJtJil~iJ -IJtJm'avl1tl1~ (Predict: P) AeJ fl1'avl1tJ1~t-J~'<i11n?lmtJm'aru -IJtJm'a~~bn\il 

(Observe: O) AeJ m'a~~bn\il m'a'Vl~~eJ~/'Vl~~eJ~/~?l'<i1~b~eJVl1fl1\9leJ'U'<i11n?lmtJnT~ru~n1VltJ~ 
" 

bb~:::~tJ€l5'U1~ (Explain: E) A€l fl1'a€l5'U1tJt-J~~1(?)'<i11nm'a~~ bn\91VI~m,nrl'1\9l€l'U'<i11n?lmtlm1ru~ 
rl1VltJ~1Vf 

1. 6.2 t-J ~~:Ut]'VlB'V11~ m'a b~~tl Vl:lJ1 ~ ~~ A11:U?l1:lJ1'at11 tJm'a b~ tJt!fJ"111~?ln~"tJ'€l~ bbvi~:::AtJ 
b~eJ~ 1 vl~1 bb~::: bb~ b Vl~ n \?)1 ~"11~ n'<\1 n'a'a:U n1'a'Vl~~ B~~1:u nu n1'a~ ~ n1'a b~ tJtJ ~ bb uu'Vl1tJ 1 ~ -~~ bn \91-, " 
eJ6u1~ (Predict-Observe-Explain: POE) "tleJ~irm~~tJ~tJiJutJ:UPlm~ntJ~ 6b~tJ~'<i11'at\J1'<\11n 
A::: bb tltJ~1(?)'<i11 n fl11vl1 bb 'U'U'Vl~?l'€l'U~ m ~ ~?1~1~~tl 

" 

eJ5'U1 tJ (Predict -Observe-Explain: POE) 1 V!irm~tJtl~1'a1'<\l\9111'<\l?leJ'U b ~'€l:U btJ~tl'UA11:Ufi~b~:U 

1111 LJ~ m1 bb?l1~Vl1A11:u-rt Vl~ 1~~ 1.Um:::u1tJfl1'abb~:::-vl n'tJ:::vi1~ 61 vn~i'Vlmm?t\9111 tJm11~~A~~d 
" " I 

iJ"1JV~n'<i1m1:Un1'a'Vl~~'€l~ 4 "11~ 'lh:::neJu\?)1tJ "1l~n'<i1m'a:Un11'Vl~~€l~~ 1 b~€l~ bbl-ibVl~mb~::: 
' ' ' 
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?l'l.m.Jbb:l.JbVI~n "/l{;)fl"ilm~:l.lm~VJ(;)~e:J-:J~ 2 b~e:J-:J m~bfl~m.l~'1Je:J-:J~b~nl'l~mJ1'W?l'W1:l.Jbb:lJbVI~n "1!{;1 
' ' 

n"ilm~:l.lnl~Vl(;)~e:J-:J~ 3 b~e:J-:J ?l'W1:l.Jbb:lJbVI~n~bn{;)"iJ1nm~bb?l1'Vl.Yh1'Wm{;)\?l'-,J't11 bb~~"ll{;)fl"ilm~:l.lm~ 
' 



.d 
'U'Vl'Vl 2 

fl1':i1~~~w.J'U1fll1l.Jb -rr11"il b~e:J-!1 1 vhihbbrt~ bblJb'\ll~ fl ~'W'll~ n"il fl':i':i~fl1':i'Vl~rteJ-!I~'n.Jtl'U fl1':i 
' " ~ ~ fl1 ':i b~ tJ 'U i'v1'1'U 1 ~ -61-:J b fl \91-eJBu 1 ~ (Predict-Observe- Explain: POE) '/J eJ -!!11 flb~ ~ 'U'U'U 

iro~~~m~ntJ~ 6 ~1~~1~~mme:~n?l1':ibbrt~-:J1'U1~~~1-:J~ ~b~~1.rre:~-:t~-:J.Q 

2.1 fl1':i~~fl1':ib~tJ'Ui'bb'U'Uvl1'U1~-i1-:Jbfl\91-eJB'U1~ (Predict -Observe-Explain: POE) 

2.2 fl11~fl11VltJ1'V11'lfl1':ib~~'U (Normalized gain) 

2.3 l~~i:;hbbrt~bblJb'Vl~fl (Electricity and Magnetism) 

2.1 fl1':i~~nT~b'im.Jibbuuvh'U1EJ-lil(lbfl\Pl-eJG'U1EJ (Predict-Observe-Explain: POE) 

tl1~1-:J ~'Ub?l~~ (2551; eJ1-!I~'l"il1fl White and Gunstone, 1992) 1~n~1T"J116m':i?leJ'Ubb'U'U 
vl1'U1~-61'-:tbfl\91-eJB'U1 ~ (Predict-Observe-Explain: POE) b tl'U16m':i~ih.J':i~~'V1Bil1i"l~"il ~ 

ci-:t b?l~~ 1 ~11 flb~tJ'U 1~ bb?l ~-!lfl11~~ ~ b ~'Ubbrl~eJ.fh.b1 ~ b~ ~1 tl'U bb 'U1 ~ ~'Vl1-:t1'Vl ~1P11?1 191{ b tl'U~'U \91e:J'U fl1':i 

1l1 b?I'U eJ?Itn'U m':iru bbrt~ 1 ~11 n b~tJ'Uvl1'U1 ~11"il~ bn~e:~~ 1 ':i~'U()1~ fl1':ib \J~ ~'Ubb \Jrt-:t Vl~-:t"il1 n11 m~~'U 

vl1'U1 mb~11 ~11m~~'U61'-:tbfl\9l?ltn'Ufl1':iru~-:J n~11 1~~ 1 ~11m~tJ'U~-:JijeJ'Vl~GHl-:t 61'-:t bfl\91 Vl~e:J'Vl115 

~?l"il'U1 ~11m~ ~'U'Vl1 rl1\91 e:J'U"il1 n ?lm'U m':iru~ A':i?l11-:t~'U Vl~-!l"il1m!'U 1 ~11 m~~'Uu e:1 n~ -!1~11 n b~ ~'U 
'\J '\J 

bb\91 fl ~1-!l':i~Vl11-:J~'l~1~ "il1 fl fl1':ivl1'U1 ~ bbrl ~ fl1 ':iii' 'I bfl\91 Vl~e:J ~ rl fl1':i'Vl~rl e:J-!1~1~ ~-:t15 fl1':i?l e:J'U bb 'U 'U 

vl1'U1tJ-61'-:Jbfl\91-e:JB'U1~ (Predict -Observe-Explain: POE) U':i~fle:J'U~1~ 

(1) ~'U\91e:J'U'/Je:J'lfl1':i Predict Ae:J "il~btl'Ufl1':ivl1'U1~11~rl~"il~bn~"il1flfl1':i'Vl~rle:J'l n"ilfl':i':i~bb~~ 
?ltn'Ufl1':iru~n1Vl'U~ 1 ~"il~ b tl'Ue:J~1-:t1 ':iU1-:t 1~~~11m~~'U"il~l'i'e:~-:J1 ~b Vl\91~rt b~~1 num':ivl1'U1 ~'/.Je:J-!1 

' 
11m~~'U\J':i~fle:J'U~1~ 

(2) ~'U \91 e:J 'U '/J eJ 'I fl1 ':i Observe b tJ 'U ~'U \91 eJ 'U ~11m~~ 'U 1'1 e:J 'I r~ 'lij e:J 'Vl ~ rt eJ -!!/~?I "il L1 Vl1 f11 \91 eJ 'U 
'\J 

b~tJ1num':i'Vl~rte:J-:t n"ilm':i~bb~~?lm'Um':iru'llt1J'Vl1 

(3) ~'U\91e:J'U'/Je:J-:Jfl1':i Explain btl'U~'U\91e:J'U~11m~~'U"il~bn~A11~oU~bb~-:t~'U':i~Vl11-:J~-:t~v1'1'U1tJ 
bbr~ ~ ~ r~"il1 n m ':irl1'U1 ru'\ll1 r11 \91 e:1u b~ ~1 nu m':i'Vl~r~ e:~-!1 n "il m':i~ bbr~ ~?lm'U nTat11'll t1JVl1 ~-!111m~~ 'U 

"il~~e:J'le:JBu1 ~ 1 m~11lh f11191 e:Ju~1~"il1 n fl1':i'Vl ~r~ e:J-!1 n"il m':i~Vl~m~t11'U m':iruDt1JVl11lJ b ti'U 1 u \911~~ 
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. . 
I Cril Q.l d ~ 0 

~1l.Jl.Je:lfl'U b 'V'le:l'Wb 'V'le:JV!1fl1\We:J'U 

15m~vl1'W1CJ-~.:J bn~-e:JTI'U1CJ (Predict -Observe-Explain: POE) G'f1l.l1~t1·1hCJ1 Vltrm~CJ'W 

G11~1"il bb61~fl'WV!1 (Explore) bb61:::Vl1 b Vl~t:.mmBTI'U1CJb~CJ1 nufl11~A~"Um~'W 1m~ 1~mu'V'l1:::e:J~1.:~~.:~ 

1 'W~'W~e:J'W Predict bb6'l:::m~ 1 Vlb Vl~V-.~6'11 'Umru~v..~6'lm~Vl~6'le:J.:J~1~.U~bbEJ.:Jnurhv11'W1CJ irm~CJ'U"il~l'i'e:J.:~ 
' 

?ft11U'U61.:~ b?f~l.l n1~?fe:J'UlVl CJ1f!11?f~{bb6'1::: b Vlflb 'U 16'1 ~ (2546) 1~BTI'U1 CJ b VlfltJfl n1~vl1'U1CJ­

~.:~bn~-e:JTI'U1CJ (Predict-Observe-Explain: POE) ~~'U~e:J'U~.:~d 
(1) m~vl1'U1CJ (Prediction) rie:J'U6'1-:J~e:Jvl1thm~l.l 1VI~b~CJ'Uvl1'U1CJ11 "iJ:::d~~e:J:::h~'U1'U 

'IJ 

n"ilm~l.l~~.:~bn~ Yl~Bl.l~.:~1VIb'Vl~v..~mh:::ne:Ju b'V'l~1:::bvt~1~~.:~f1~b-d'UJ'U (m~bm1~CJHbV!~v..~6'1 bU'U~.:~ 
' ' ' 

~1lJ~fl11l.IV!l.l1CJV!1fl"il::: 1-ffm~vl1'U1CJ-~.:Jbfl~-e:JTI'U1CJ (Predict -Observe-Explain: POE)) 

(2) ~'U~.:Jbfl~ (Observation) 1VItrm~CJ'U6'1-:Ji:le:J~.:Jbfl~~.:J~bn~~'W1~CJ6'l:::bBCJ~ bb6'l:::u'UVinm'l 

( m~~.:~ bn~ 1~ CJ 1lJ~ m~u'UVin v..~ 6'1 vt~Bm~"il~'<il1 b Yl CJ.:Je:J ~1.:~ b~ CJ11lJ~wJ1 b U'WV1 n~::: m~u1'U m~Vl1-:J 

lVlCJ1fi11G'f~{) 

(3) ~'Ue:JTI'U1 CJV-.16'1 (Explanation) 1 VI~ b~CJ'Ue:JTI'U1CJfl11l.lbb~ fl~1-:J~:::vt11.:~~.:~~v11'U1CJ H bb6'1:::~.:~~ 
bn~~'U"il~.:~ 'V'l~e:ll.J~.:~1VIbvt~v..~6'1 "iJ:::vi11VI~G'fe:l'Ub.ff1h 

' 'IJ 

'th::: bCJ"IJtJ"Ue:J.:J bb~6'1 :::~'W ~ e:J'U"U e:J.:J b Vl fltJfl f11~vl1'U 1 CJ -~ .:~ bn ~-e:JTI'U 1 CJ (Predict -Observe-

Explain: POE) tl1"il?f1tl1~~.:~.Q' 
1) m~~~ b~CJ'Uvl1'U1 CJ~.:~~bn~~'Utl~::: ne:1u nu m~ 1 Vlb Vl~V-.161 "il:::v111 Vl~?fe:J'Ub off1 1"ilfl11l.IA~ b~l.l 

'IJ ' 'IJ 

rie:J'Ub~CJ'U"Ue:J.:~~b~CJ'U b u'Um~G11~1"ilm1l.l~b~:w 1~BnVJ1.:~vt~.:~ 
'IJ 'IJ 

2) m~~.:~bn~~.:~~bn~~'Ubb6'l:::"il~u'UVin bU'Um~!JnV1n~:::m:::u1'Um~Vl1-:J1Vlmf!11?f~{ 

3) m~e:JTI'U1CJ~.:J~bn~~'U11bb~n~1.:~"il1n~.:~~v11'U1CJ 11e:1~1.:~ 1 ~ v111 Vl~b~mJm~Vltrn11~'Wbe:J.:~~ 
'IJ 

fl11:W~b~:We:J~1-:Jh bb6'l:::b~CJ'U~e:J::: hb~:W"il1nm~v11n"ilm~:w1J1-:JbVlfltJfl POE fibvti:Je:J'Url'U b VlfltJfl~'U 6) 

" " I 

~1~?fe:J'U 1-ff b VlfltJfl POE t1 ~1-:J?f~1 b?f:We:J ~ b~CJ'U"il~~fl11l.lfl'UbflCJbb61::: bn~m~ b~CJ'U~~.:~"il~vl11 VIm~ 1-ff 
'\J 'U '\ 'U 

bVlfltJfl POE ~tl~:::~VlTim'V'lmn~'U 

1'~'U1fl~ru nm.:~:w:::ru (2553; -51-:JB.:J"il1n Baodi, 2003) ?f~tlb~CJ1n'U~'W~e:J'U"Ue:J.:Jm~ vl1'U1CJ-, 

~.:Jbfl~-e:JTI'U1CJ (Predict-Observe-Explain: POE) ~.:~d 

(1) Predict: P ~'Uvl1'U1CJV-J6'1 bU'U~'U~e:J'Um~m:wr11m:w1VItrm~CJ'Wvl1'U1CJV-J6'l"il1n?fm'Um~ru 
~ n1V!'U ~ 1 VI 

(2) Observe: 0 ~'U~.:Jbfl~V!~e:JV1~6'le:J.:J V!~.:J"il1n~trm~CJ'Uvl1'U1CJV-.16'l"il1n?fm'Um~ruuru'V!1bb~1 
"' 
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(3) Explain: E .fr'UeJ5'1J1CJ 1 Vfirm~CJ'UeJ5'1J1CJ~~~h'l"il1tln1~~~ btl\9l'VI~eJVl~~eJ~n'Um~vi'1'U1CJ 

~~l1bVfijeJ'U~~e:Jbb\9ltliPh~eJ ~1~ 1 ~ 

1il"1J1 D~~CJ~~w5, 2553; ih~B~"il1tl (Wu and Tsai, 2005) ?!~Db~CJ1n'IJ.fr'U\9leJ'Utl1~?1eJ'U 
'\) ' 

bb 'IJ'Uvl1'U 1 tJ-~~ btl \91-e:J 5'1J 1 tJ (Predict-Observe-Explain: POE) H11 tll~?leJ'U bb 'IJ'Uvl1'U 1 tJ­

~~ btl\9l-eJ5'1J1tJ (Predict -Observe-Explain: POE) b'U'U~Vlf5~1?1\9l{~b~ tJ1 n'IJ n11vl1'U1 tJ~~ m~ 

?115\91 bb~~e:JilD'a-1 tJ~~~'I!n b~ tJ'Uvl1'U1 tJ n'IJ m~~~ btl\91 m~?l15\9l bb~~ m~eJ5'1J1 tJ ~~~?leJ~fl6l e:J~\911~ n'U 

~~~11~m~vi'1'U1tJ~~ m~~~ btl\9leJ1"il bb?l~~1 Vfb~'Ufl11:! .. r~\~l.l bb~~m~bb D~fl11l.l~l.l1tJ1 ~:J.ln'IJ~~~ 
'\) 

'!! m~tJ'U 1~~~ bn\91 b tJ'Um~ b u~ 1Bm?l1 Vfirn b~tJ'UiJm~bb~~ b D~tJ'Ubb~~ilm~ b"il~"il119imeJ~ (negotiate) 

1 'Utl1~bbD~fl11l.l~l.l1 tJ 1 ~:JJ-ueJ~irm~tJ'U 

?I~D1~11 m~~~n"ilm~l.lm~b~CJ'U-rl~tJ15m~vi'1'U1CJ-~~btl\9l-eJ5'1J1tJ (Predict-Observe-' '\) 

Explain: POE) ~l.l1 CJf:i~ m~?leJ'U~-ci1 tJ1 Vf~\~CJ'Ubfl~fl11l.lb oV'1h1 'Ub~eJ~~b~CJ'U 1~tJ~b~tJ'UJ'Ub tJ'U 
'\) '\) 

~~~ileJD5u~bm D~~neJ'IJ~1tJ 3 .fr'U\9leJ'U~~d 
(1) .fr'Uvi'1'U1tJ~~ (Predict: P) btJ'U.fr'U\9leJ'U~fl~1Vfirm~tJ'Uvl1'U1tJ~~~"il~bn~~'U"il1tl 

'\) 

?lm'Um'aru1Jt1J~1n1~'U~ 

(2) .fr'U~~ btl\91 (Observe: 0) btJ'U.fr'U\9leJ'Utl1~~1fl1\9leJ'IJ 1~CJtl1~vl1tl1~Vl~~eJ~ m~~~btl\9ltl1~vl1 
n"ilm~l.l m~~'Ufi''UoV'eJ~~ bb~~16m~\>i1~ 1 b~eJ 1 m~l.l1~~r11 \9leJ'U-ueJ~?Im'Um~ru1Jt1J~1J'U 

(3) .fr'UeJ5'1J1 tJ ~~ (Explain: E) b tJ'U.fr'U\91 eJ'U tl1~eJ5'1J1 tJ~~"il1tl.fr'U\9l eJ'U tl11vl1'U1tJbb~~tl1~~1 

rl1\9leJ'Ul1b~iJe:J'U~~eJI911~rl'UeJ~1~1 ~ 

2.2 fl11l.ln11VIU1Vl1.:Jn1'H~ti'U (Normalized gain) 

normalized gain b tJ'U15~iJtJlJ 1m 'U~1'Ul ~tJYJ~m1~ tl'\~1~iJtl1~Vl~?leJ'U tleJ'Ub~tJ'Ubb~ ~VI~~ 

b~tJ'U 1~tJ Hake, R.R. 'l!nVJ~n~bbvl-:1 University of Indiana 1~b?I'UeJi5m~D~~bii'W~~tl11b~tJ 

f11i!-:~f:i-:~ floor and ceiling effect (be:Jtl1?1b~fl~bb 'U'U~1~~ 1:J.lue:JtJtll1 0 b DeJ{b~'U~ bb~~ be:Jm?l~"il~ 

1~fl~bb'U'U?I-:J?I\9l1:J.lbn'U 100 bDeJ{b~'U~) b~CJtll1 normalized oain 1~tJ~11~"il1tl eJ\91~1~1'U"UeJ-:J~~ 
'\) ' :;, 

tll~b~tJ'U~~b~l.l~'U"il~-:1 (Actual oain) ~1~~1tJ~~tl1~b~tJ'U~?I-:!?I~~iJ1eJm?lb~lJ~'Ub~ (maximum 
~ ~ ~~ q 

possible gain) b~tJ'UbtJ'U?Il.ln11fl11lJ~lJ~'Utfl~~-:~d (Hake, R.R., 1998) 

< 
(%posttest)- (%pretest) g > - ..;_:_ _ ___:___,;.--=-----'-

(100%)-(%pretest) 
(2.1) 

1~tJ~ <g> AeJ ~1 normalized gain 

o/o Post-test AeJ ~1bU~tJ"UeJ-:Jfl~bb'U'U?IeJ'U~~-:Jb~tJ'UbtJ'U~eJtJ~~ (o/o) 
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~1m'I:!.Jf11~bbD~f111&..~1~--h t:-~~m~b~tJ'W~~b~&..J~'W~~-:J'IJB-:Jirm~tJ'W (Actual gain = (% post­

test)-(% Pre-test)) f1~btl'WMbvi1'1Je:J-:Jt:-~~f11~b~tJ'U{?f-:J?f~~i11mn?fb~&..J~'W1~ (Maximum possible 
'U'U ' 

gain = (100%)-(% Pre-test)) ;-:Jrh~1~~~iJI"i1e:J~1'W"1i1-:J 0.0-1.0 ?f1&..~1~mbu-:J~~~'IJ'lle:J-:Jfl1 

normalized gain e:Je:Jmtl'Wfl~&..~1~btl'W 3 ~~~'IJ ~e:J "High gain" btl'W~'Wb~tJ'W~1~1"11 <g> ~ 0.7 

"Medium gain" btl'W~'Wb~tJ'W~1~1"11 0.7 ~ <g> ~ 0.3 bb~~ "Low gain" btl'W~'Wb~tJ'W~1~1"11 0.0 ~ 

<g> >0.3 

G'I1VI-r'Um~~~1~tl.n Normalized gain b~e:J~fl'1~1--hirm~tJ'Wiit:-~~fl1~b~tJ'Wb~&..J~'We:J~1-:Jh ~-:J1'W 

~~~'IJ~e:J-:J ~~~'IJ bb~ ~~VI~ n fl1~ (Concepts) bb~~ ~~1 t!!iflfl~ Vl~mb~ m~vi'-:!~1 v.VmY'Wb ~1~~ 1~ 
bbtJflbbtJ~1~b~'W--h?f1&..11~t!Vh1~e:J~1-:Jb bbU-:JD~~bJlVl'IJe:J-:J Normalized gain e:Je:Jflbtl'W 4 lJ~~bJlVl 

~.:J-d (e:d1~Vlt Mit! bb~~flru~, 2551) 

(1) Class normalized gain (VI~e:J Class average normalized gain) VI&..J1tJ(j-:J fl1~~~1~ru1 

11t:-~ ~ f11 ~ b~tJ'U{'IJ e:J-:JU fl b~ tJ 'W~-:J~'W,r'W b ~&..I~'W f)~ b tl'U M b vi 1'/Je:J-:J t:-1 ~ m~ b~ tJ'U{?f-:!61 ~~me:J f1161 b ~&..I ~'W 1~ 
, '\.1\1 q 

n1~~~1~ru1 t:-~ ~ fl1 ~ b~ tJ'W'lle:J-:JLJ n b~tJ'W 1 'W~ n~ru~i1'1-if b ~e:J~11 t:-~~ fl1~b~ tJ'W n1~?fe:J'W 1~ tJ 
'U 

m~~'J&..J'lle:J.:J~-:J~'W,j'WiJfr~'W1f11~~'W&..J1fltJe:J tJ b Viv.:J 1~ ;-:! 1~vvi'1 1tJL!n1~tJ~~B'1-:J(i-:Jb tie:J-:!~1 fl?f1&..11~t\ 

'Ue:Jflbtl'WJl1~~1&..J'lle:J-:J~-:J~'W e:J~1-:Jbni'11&..~1'Wm~f1~~1'W'Jtwb~e:JVI1fl1 Normalized gain -d m~1-if 
n1~t!'U fl~ bb 'W'WVI~e:Jt!'IJ"il1'W'J'WLJ m~tJ'W~ l'le:J'UoV e:J?fe:J'IJ 1~t~ n ~e:J-:J b ~ e:Jm b oV1?f mn1 ~~1'W1 ru t:-~ ~ n1~ 

'U 'U 

~ 1'W1 ru~1~ ~ ~ b tJ 'W n1 ~'IJ e:J flf\1~ ~'J&..J'IJ e:J-:J~-:J~'W 11iJ t:-~ ~ n1 ~ b~ tJ 'W ~~'W&..J1 nt! e:J tJ b Vi tJ-:J 1~ bb~ l11V11 n 

~e:J-:J m~~11ir n b~tJ'W bb~~ ~fl'WiJ t:-~ ~ m~ b~ tJ'W b ~&..J~'WVI~e:J~~~-:J b tl'We:J ~1-:J 1 ~ hJe:J1~ ?t~lJ1~~1 v15m~-d 
'U ' 

(2) Single student normalized gain Vl&..lltJ(i-:J fl1~~~1~ru111LJnb~tJ'Wbb~~~fl'Wiifr~'W1fl1~ 

m~b~tJ'W{ b tl'We:J ~1-:J 1 ~ 1~ tJ~ 1~~1 flfl~ bb 'W'W?fe:J'IJ tle:J'W b~tJ'W bb~ ~VI~-:! b~tJ'W'llmt! n b~tJ'W bb~~ ~fl'W 
'II 'U 

G'I1VI-r'Ufl1~VI1fl1 <g> 'IJe:J.:JLJflb~tJ'Wbb~~~fl'W~-:J~'Wbb~'J&..J1VI1fl1bu~tJ (Average of the 

single student normalized gain) Vl~e:Jtl1~~~b~tJfl11btl'Wfl1bu~tJ <g> 'IJ€1-:JLJflb~tJ'W~e:J-:J-d ;-:Jm~ 
~~btl'Wfl1b~tJ'Jfl'Wfr'IJ Class normalized gain bb~fl1~1~~1n15-d~~~'IJ11iJI"i1 hlbvl1fl'W 1~vfi1~1~ 
~1tJ15-d~~iJI"i1e:JtJb 'W"1i1-:J ±5% 'IJ€1-:J Class normalized gain 1~v~"il1'W'J'WD~~m~Vl~?fe:J'IJ~e:J-:JiJI"i1 

'U 

~-:Jbb~ 20 fl'W~'W1lJ 
€1~1-:! 1 ~n\911&..~1 'WVl1-:JlJlju~1b ~1m~~~'Y111~~1'\J1fl?I1VI-r'IJ n1~~~~~ <g> 'lle:J-:Jirm~tJ'Wbb~ 

~~fl'Wb tie:J-:J~1fl~e:J-:J 1-if b 1m&..~1nll1t!n b~tJ'Wii"il1'W1'Wmn bb~G'I1VI-r'IJ~'Wb~tJ'W~iiirm~v'W"il1'W'J'WtJe:J tJ b ~1 
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t:-J~ nTH~CJ'U~~e:J~ bb~'n.n•ihCJ b Vl~m ~e:J'U 1~ nT;i'W"il11ru11 'Ui:1 nl'1ru~t1b tl'U m1'W"il11ru111CJI"l'U bb~vnn 
" 

~ eJ ~ nl1 1?1'-.i 1oV m'l eJU bb~ ~ ~ oV m:! n b~ CJ 'U 1'1 eJU 1~l-l 1 n'\JeJ CJ b ~ CJ~ 11?1 VI~ Bn'W \9lJ 'U 1 nl1 ~ eJoV m'l eJUoVmT'U 
" 

f)~1~ b~eJ~(?l~'JCJl6~eJ hJt1 
" 
• • • .::f ~ I 0 V .ci d 

(3) S1ngle test 1tem normalized ga1n Vll.l1CJtl~ fll1j"j"iJ11ru111"il1'U1'U'Unb1CJ'UVll'leJU~n 

b ~l.l~'U b tl'Ub vh 11?1'1JmoVm'IBUoVB~ b 11 rhi:1~'W"i111ru1 1 'U fll16'1BU ri B'Ub~ CJ'U bb~~VI~~ b~ CJ'U 

m1'W"i111ru11 'U~n't'1ru~t1n-rre:J~fie:Jv1l1 VfuBn 1~1Twm~CJ'Unfl11l.Jb oV'11"il~BoV'm1BuoV'mTt~ 1 

b tl'Ue:J~1~ 11 ;~?11l-l11t1il1mb tlt~oV'Bl-l~ 1 'Um1tH'utb~m1b~CJ'Um1?1B'U 1 'U b~B~~ b~CJ1oVB~nuoV'e:J?~e:Ju 
" ' 

.Vm!t~11~btl'Ue:J~1~~ cl'1VI-ruoV'e:J?le:JU~I?l'VI~~111?lmoj"j1~-rreJ?fe:JU~btl'U Conceptual test "il~nm1 
bb D~VIl.J'J\?l'VI~'IJeJ~oV e:J?f e:JU Bel n b lJ'Un~l.l 1'11l.J bb 'U'J fl11l.lfl\?111U CJ e:J\?1 (Concept) ~~ ?1~1~ bb UUVl\?l?feJU 1~ 

" ' " 
~~ 11~~bb~l'le:J'Ubb 1n \?l~,T'U~~'WCJl.l~"il~'W"il11ru1t:-J~ fll1b~CJ'U~~ b ~l.l~'U'IJB~t:! n b~CJ'U~e:Jn~l.loVB?fe:JU n~l.l 

" ' ' 
,!'U 1 eJ'U"il~v1l1 Vfue:Jn 1~-ht:!m~CJ'Unfl11l-lboV1b"ii~mb 'U1m1l-lfll?l11UCJBI?l,r'U 1 b tl'Ue:J~1~ b cl'1V1-ru 

fll1'W"i111ru11 'U~n't'1ru~l1'?11l.J11tl'Vll 1~~1CJl6~"ii~ 1~n~11~f) 1 ut1 

(4) Conceptual dimensional normalized gain bll'Ufll1~11'WI9ll'U1fll1VI~e:Jt:-J~fll1b~CJ'U~~ 

b~l.l~'U'IJB~t:!m~CJ'U~n~e:J Concept '\11~~1 btl'Ue:J~1~h 
fll1'W"il11DJ1t:-J~ nl1 b~CJ'Un 'U~ n'\.'1ru~.n"il~ 1m 'U mru~~f)~ nl1\?lrJ1t:ln b~CJ'Unt:-J~ fll1b~CJ'U 

" " 
VI~Bn'WI9ll'U1fll1~e:Jfll1b~CJ'U 1 'U'\X'JoVeJ,r'U 1 blJ'UeJ~1~b1 b~eJ~"il1flfll1?feJUrl~~VI~~ 1 "il~nfll1?feJU11U 

CJB\?1 b ~B~"il ~l?lt:-J~ m1 b~CJ'U~t:!n b~ CJ'U?fe:Ju 1~~ BoVB?IBU'IJ\?l,r'U 61 sg~.Ve:J?~e:Jul-l11'11;j1'U~11 'IJ-:v~nm11'1?1 
\.1 , I dJI 

fl11l.lb oV1b"ii'VImCJ 61 Concepts eJCJb 'UoVeJ?fe:JU'IJ\?1 b~CJ'Jfl'U \i)~,f'UVI1m 111?lb0j"j1~fl~ bb 'U'U11l.l 1~m"ilue:Jn I \.1 , \.1 

1~1Twnb~CJ'Unfl11l-lboV1h1t~bb~~~bb'U1m1l-lf1m1uCJBI?l,r'Umn~BCJb~CJ~11?1 ~~btl'Um1~~L11"il~l?l1~ 
" 

11t:! m~CJ'Unfl11l-l L .V1 h~\?11 'Ub~B~ 11?lmn'VI~B~B CJ L ~B~"il~ b tl'Ubb 'U1Vl1~ 1 'U m1'WI9ll'U1fll1?1B'U 1~m~ 

'IJ1~ b~'U~t:!n b~CJ'Unm1l-l b oV'1 h ~ 1?1 nt~m n ~1t1'\.J1~ b~'U~t:! n b~ CJ'Unt:-J~ m1 b~CJ'U~~~B~ bb~1 b 11 n 

2.3 1-vJvhbb~~bblibVI~n (Electricity and Magnetism) 

2.3.1 bblibVI~n (Magnet) 

" " 

bb~LVI~n (Magnet) fiB b'VI~n~nflru?fl.lu~'Wbl"l'\.'1 ?f1l.ll1tl~~l?ll?lll'lt1611'1U1~'1Jlll?l1~ b'li'U 
, 'U , , 

b'VI~n 11"11bnCJl-lbLl-l~mi1?~ \Jmn~ ,~, ;~1m~?f~1~1l-lL~n~'IJB~bb~b'VI~n b~CJn1111?1Ll-l'Ubb~b'VI~n 
' 
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"j~b'U~'UoShJvmVii"1VlflVl1-:J #l-:JJl1'\"j~ 2.1 (n) bb~'tJe:J-:JbbJ.h~~mJ~b~~-:J(9)'1ntJbiJtJ"j~bu~'U ~-:Ji1fl1"jb~~-:J 
' ' 

(9)1ntJbiJtJ"j~bU~'Umn eJ1'W11il1'Wfl1"j~-:J{;W1n1il~mnJ11~ #1-:Jm'\"j~ 2.1 ('tJ) 
" 

(n) 

/ / 
c. Cll Cll []I Cll Cll []I 
Cll Cll Cll Cll Cll Cll Cll 
Cll []I []I [)I []I []I [)I 
[)I []I [)I [)I [)I [)I [)I 17 

('tJ) 

2.3.2 -ff1"!le:J.:Jbb3Jb'Vi~fl (Magnet Pole) 

mJ b ~~ n 1Jl~ n n1~'W 171VJI"1Vl1-:J'tJ e:J-:J Aru?l~u~ b tJtJ-ff1 bblJ b ~~ n m~ fl1"j11'1 (9)1'1! e:J'I~1 bblJ b ~~ n 
" ' 

m~ViP11'WVl1'1JJi1P11M1{ ~'Wfie:J iJ 2 ~1 ~1b~ile:J (North Pole) U~~b~~'W~e:J1 ~1~ N bb~~ ~11~ 
(South Pole) u~~b~~'W~e:J1 Jl·w S 1tJ"j~~l1'1~1'tJe:J'IbblJb~~mr'l?le:J'11il~~'lbb"j'l~'l~l?l~'ln'Wbb~~n'W 
vh1 ,Xbnl?leJ1'W11ilbb~m~1il1~e:Je:Jn 11?l~"je:J'l.Jb~~n11 "eJ1'W1~bb3Jb 'Vi~fl" ~~e:J "~'W1).Jbb3Jb'Vi~n" eJ1'W11il 

bb~ b ~~nm ~ 1 'W1il~~'~ bb "j'J~'II711711il1n~111'i1 'IJ fl'l~1 b ~ile:J bb~~eJ1'W11il bb~ b ~~ n~e:J~m~'We:Jn bb vi.:~bblJb~~n 
" " 

1il~~'lbb "j'J~'II?ll?l1i!1fl~1 b ~ile:J 1 'IJ fJ'I~11~eJ1'W11il bblJ b~~ n~~'l bb "j'J~'I\71\?l~'ln'Wbb~~ n'W 1i!~i1m1~~'W1 bb 'll'W 
" " 

~1 n~?l l?l~'U~ n ru'IJ m ~'tJe:J '1~1 bblJ b ~~ nvY'I?I e:J'I ~1'W bb~ tl1'U1 be:Jl bb vi 'I bblJ b ~~ n 2 bb vi'I'I-1'W~1~ 
' il I 1.1 1 

b ~ije:J'Wtl'Wb -rr1'Vi1tl'Wbb~ b ~~ flVl'l?le:J'In1il ~ ~~ n#l'We:Je:Jfl1i!1fltl'W #l'!Jl1'\"jVJ 2.2 ( n) bb~tl1'!-1'UoU1Vl~1'1tl'W 

b-rr1n'UbblJb~~nvY'I?Ie:J'In1il~~'~l?ll?lb-rr1'Vi1n'W #l'!m'jflj~ 2.2 ('tJ) 
" 

(n) ( 'tJ) 

n1~~ 2.2 bb':i.:J':i::wh.:~bb3Jb'Vl~n~~n~tJe:~e:~n~1nn'W (n) bbt=~::~.:~l7117lboU1'Vi1n'W ("!!) 
'U 

cl 
Vl:U1: Young and Freedman (2012: 884) 

2.3.3 ~'W1:Ubb3Jb'Vi~n (Magnetic field) 
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6'lt.!1~bb~b'VI~n (Magnetic field) Ae:J u~b'"Jru~eht.rr~m'jm~vh~bnl?l"il1nbb~bVI~n 

ehW1"iJn1'jm~vh~?i'le:Je:Jnm"il1mb~bVI~nd:W~n~ru~dJ'Unm~e:J~ :W~qJ~n~rubtl'U BLI?l~m~'We:Jn 

bb vl'lbb~ b Vl~n b~'Ubb 'j'lbb~b VI~ n"il~:WVi~yj,reJe:J n"il1n~1 bVI'lie:J (N) b•th?i~11~ (S) bb~~m~ 1 'Ubb vl'lbb~b VI~ n 
' 'U 

b61''Ubb'j'lbb~bVI~n"il~i]V]~yj'le:Je:Jn"iJ1n~11~ (S) boV1?f~'"JbVItie:J (N) ~'l.fl1'V'J~ 2,3 
' 'U 

d II I "' I I ~ 
.n1~'Vl 2.3 b~'Ubb"a.:Jbb~bVI~mnmb'Vl.:Jbb3UVIftn 

~~1: Serway and Vuille (2010: 650) 

bde:Je:J'4Jl1A~i1'lh~~ 1 vJvh bA~e:J'U~ b <V'11 'I.J1 'W6'l'W1~bb~ b VI~ n '\.J'j1 n!J11Vi~VJ1'l"Ve:J'le:J'4Jl1A 

d"il~b'I.J~CJ'U 1 D"il1nb~~ bb6'll?l'll1:Wbb 'j'l b ~e:J'l"il1n6'l'U1~ bb~ b Vl~n n'j~vl1~e:Je:J'UJl1A~:W'\.J'j~"iJ 1 l'J~1d ~'l 
.,J 

.fl1'V'JVJ 2A 
' ' 

.n1~~ 2.4 t1'4.n1~~:Wt1-a~~ q b~~e:J'U~ bih 1 tit uu~b 1ru~:W~u1~bbl!b Vl~n 
.,J 
'Vl~1: Young and Freedman (2012: 893) 
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G1'l.m.Jbb~b'Vl~fl 8 tJ<j1fl!Jl1bfl\9lbb'j'J F m~'l-11~e:Jtb~~btle:wil1fl61'W1l..lbb~b'Vl~fl ~'le:ll"il'Vl1f111l..l~l..l~'W'B 

11?1'"i11fl 

F = q (V x B)sin8 (2.2) 

"il1flfl1'j cross vector 11?1'11 

F = qvBsin8 (2.3) 

bde:J F ~e:J bb'j'l~m~'l-11~mh~~ q i1Vlt.hmtl'W 'W1{?]'W (N) 

q ~e:J th~"il1~vhu'We:J'Wmfl~bfl~e:J'W~~1'WG1'W1l..lbb~b'Vl~n i1Vl't.hmtl'W fl~e:Jl..lu (C) 
' ' 'IJ 

v ~e:J f111l..lb~1"tle:J'Ie:J'Wil1fl i1wthmtl'W bl..lm~e:Jl'U1Vl (m/s) 
' 

B ~e:J G1'W1l..lbb~b'Vl~fl i1Vl't.hmtl'W bVlG1m (T) 

8 ~e:J l..lm~Vll1'~ v nu 8 
' 

.., 
3 ~n~ru~ ~'~tj 

1) bde:Je:J'Ui11 fl~i1tJ'j~'ii) bfl~ e:l'U~(911l.JVl~G1'U1l.J bb~ b Vl~ fl'Vl~e:JG11'UVl1'1 fl~'UG1'U1l..lbb~ b Vl~fl 
' ' 

(8 = o0 Vl~e:l e = 180°) "il~1~d~\9lbb'j'Jfl'j~'l-11~e:le:l'Ui11fl~ CF = o) ~'1Jl1'V'J~ 2.s Vll'lb~'U"tle:l'l 
' 

e:J'Umflb U'Ub61'U(9l'j'JI?1'1tJm1l.J b ~11"1'~~ ~'~G1l.Jm'j~e:J1 t1~ 
' 

F = q (V x B)sin8 

~ ~ 0 0 
F = q(V x B)sin 0 (sin 0 = 0) 

F= 0 

F= q(v x B)sin 180° (sin 180° = O) 

F= 0 
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..... ,... 8 

.,; 
'V1~1: Young and Freedman (2012: 886) 

1\llfl F = q (V x B)sin8 

~ ~ 0 d 0 
F = q (V x B)sin90 , bl-le:J (sin 90 = 1) 

F= q (V X B) 

q ~. jj 

vr 
--~ 

.,; 
'V1~1: Young and Freedman (2012: 886) 

1~mn~ bb "j -:~~ m~vh~e:~e:~'Ui11fliil-ll-l 8 n'U bb 'U1 fl1"j bfl~ m.J~'1Je:~-:~e:~'Ui11 fl~iitb~l\l b U'Ue-J(;11 ~ fl1"j 
q q q q 

bfl~eJ'U~'lle:~-:~e:~'Ui11A~iiu"j~I\JIIl~btJ'Ubn~~1 ~-:~m'V'l~ 2. 7 
' ' 



cun )'d<W 
cAt, 
w b4-1-
lf! qc1 
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fl1~~ 2. 7 bb 't.l1n1"abfl~e:J'l.I~"U€1-!!'lh::"ilbvHh~1'l.l~'l.l1~bb~b 'VI~n 1'LIViAvh~uJ 8 nu~'l.l1~bb~b'VI~n • • 
d 
'Vl~1: Young and Freedman (2012: 893) 

2.3.5 bb -a -!I~ m::vh\9ie:J~1~~-n11~iin-a::bb~1 'V'lvh~1'LI b~e:J11-!le:Jv1 'Uti~ b 1 ruii~'LI1~bb~b 'VI~ n 
'U 

linnm1~-r~--h bdmJ'Wfl1fl~ihh~"i11'YJ~1bfi~B'U~b'1h1u1'Wu~nru~iJfl'U1~bb~bVI~n "il~ 
'\) ' ' 

bn~ bb ';j.:Jm~vh nua'Ufl1fltT'W bb"~"il1nrrn~-r~11m~ bbfl1 'YJ~11 'Wm~~-n11bn~"il1 flfl1';jbfl~a'U~"VB.:J ' '\) 

~'h"fl~';ieJ'U~fl';j~~l ~ fll1~ b ~l"mJ b~B'U ~-:JtT'U ti'111-:J b~'Wm~l'll1111 'UtJ~nru~iifl'W1~ bb~b'Vl~ n bb~l 
~1'Ufl1~bbflb 'YJ~1b'U11 U1 'Ub~'Um~l'll111tT'U ~-:Jm~~ 2.8 

fl1~~ 2.8 lii1'LI"Ue:J-!l bt1'l.l~1 ~~iim::bb~1 'V'lcW11 'l.l~'l.l1~bb~ b 'VI~n~'l.l1l.l 

~l.l1: Serway and Vuille (2010: 656) 

"il1fl.fl1~~ 2.8 bdat11m~ AB m1 f l1-:J~-:Ju1fltltlfl'U1~bb~b'Vl~fl 81~~iim~bb?lb'YJ.Yh 
~1'U"il1fl A hJ B V!~aiJm~bbfl~b~fl~';ieJ'Ubfl~eJ'U~"il1fl B 1u A ~-:!tT'U~-:JiJbb';i-:Jfl1~vl1~eJ~b~flme:J'U 
V!~Bfl1~vl1~e:Jm~ AB ti'UbeJ-:J1'UVlf"1Vl1-:J~-:J.ff'U "il~b~bb';i-:!bb~b'Vl~fl~m~v11~Bfl1~bbflb'YJ~1 11'W"l~ 

' 
CV 0 -"d ~ V I C.: ~ .:::ll 

m'W1~1l l Vll1-:J~-:Ju1flfltJfl'U1~bb~bV!"n B ~"ll'U1~ 

(2.4) 

khanitha
Rectangle

khanitha
Rectangle

khanitha
Rectangle
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'1J'W1\11 

F = I cr X B)sin8 (2.5) 

b~e:J F fie:J bb~'l~m~vh~e:Jml1l~Tt11~iim:m?t1vJvh~1'W iiVI'Illmtl'W 'i11~'W (N) 

1 fiB m~bb?t1 vJvh~1 VI~~1'W~ll1l~Tw1t!'W iiVI'Illmtl'W bbe:Jl.JbbtH (A) 

l Ae:J Fn1l.JCJ1l'Ve:J'lml1l~l111~l'W~mJ1 'W?f'W1l.Jbbl.lbVI~niiVI'Illmtl'W bl.Jm (m) 
" 

B Ae:J ?f'W1l.Jbbl.lbVI~n iiVI'Illmtl'W b'Vl?lm (T) 

e fie:1 l.Jm~VIrJ1'l r nu 8 
' 

2.3.6 ~'W1l.Jbb~b'Vl~n~bnl1l"il1nnca::bb~1-wvh~1'W~'111l~'nl1 

1'Wu Y-l.Pl. 2363 Hans Christian Oersted i!nYJ~m1"1j1lbl1l'Wl.J1~f1Y-l'\JrJ1b~e:Jiim:m?t1vJvh 

~1'W1 'Wm111~1t11 "il~vh 1 Vfbnl1l?l'W1l.J bbl.lb VI~ me:Ju 1 m111~1t11t!'W 61i-:JbbtJf1~"il1~ru1ml.J~mHu~'1Je:J'l 
.., 

cv 0 Q.l .:::rl 

ml1lm'W111l'l'W 

2.3.6.1 ?~'W1l.Jbbl.lbVI~n"il1nm~bb?~1 vJvh~1'W 1 'Wml11\'l~'ltJ1l 

b~e:Jt11b~l.JViP11 th1-:J1n~ml11\'l~'l~iim~bb?l1 l'J~1~1'W Y-l'\JrJ1 bb'Wlb~l.JViPliimca 

btl~tJ'Wbbtl~-:JhJ"il1mbWbVIi1e:J-1~b~l.J bb?fl1l'lrJ1~e:Ju1 ml1lii?f'W1l.Jbbl.lbVI~mnl1l~'W~'lmY-l~ 2.9 ('V) m~VI1 
ViP1'1Je:J'l?l'W1l.J bbl.! b VI~ me:Juml11\'l~'lVI1 Hi't111 tJ 1 oifn~i1e:J'Vl1 ~'lVi11~11ltJ 1 oifi1e:J'Vl1 rh~e:Ju b61''Wml1l~l111 

1 'W~m~ru~1 Vfi1T1~'l bbl.li1e:J~\'11l.JViP1'1Je:J'lm~ bb?l1 l'J~1 ViPl'Vl1'lf11~l'W'Ve:J-:JtlmtJ~'l~"il~ bb?ll1l'lViP1'1Je:J'l 
.., ' 

?f'W1l.Jbbl.lbVI~mm.J1 ml1l~l11Tu'W ~'lmY-~Y1 2.9 (fl) 

t' 

I= 0 

(n) ('V) 

.n1w~ 2. 9 ~'11111Pl".i~~1~ilm::m~1 'Ww11 VI~~1'L! (n) ~'11111Pl".i~~ilm::u~1 'Ww11 'Vi~~1'L! ( "ll) bb~:: 

mca1"1in~ijB"!J'11'Vl1ViA"llB~~'L!1l.Jbb~b'Vi~n (fl) 

~l.J1: Serway and Vuille (2010: 664) 
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2.3.6.2 ?I'U1lJbb~bVI~rr'iJ1nm~bb?l1~vh~1'W1'W'll~~'1m.:Jn~lJ 

b~a'111b61'Wm~lJ1'll~b U'U'"J.:Jfl~lJ bb~'1~1'Um~bb?l1 ~~1b.V1 hJ1 'U'll~m~J'U "il~ 
bii~?I'U1lJbb~bVI~fl ~.:J.fl1~~ 2.10 (n) "il1nm~m'"J"il?la'uVi!"l'lla.:Jb61'Ubb ~.:Jbb~bVI~n~bii~nuVi!"lV11.:J'lla.:J 

m~ bb?l1 ~~1~'\JrJ1bU'U 1 Ul?11lJn~lla'll11b~CJVil"lV11.:J'lla.:Jm~bb?l1 ~~11?11lJbb'U1 bA.:J'lla.:Jb61'Wm~bbVl'U 
l/ i./ i.l I iJ I il I 

~'1CJth1·4''1b~lla bb~~hihvi.:J~bbVl'WVima.:JoU''"JbVIijaVI~mb'W'"JbG1''Ubb~.:Jbb~bVl~nvibn~:n'U ~.:Jm~Vi 2.10 ('ll) 

(n) ( 'll) 

.fl1'V'l~ 2.10 ~'U13Jbb~ b'VI~fl"!JB~"ll~~1WJ~fl~3.1 (fl) bb~~fl1~b otlfl~ije:J"ll11VI1Vl fl"!JB~~'U13Jbb~ b'VI~ fl ( "ll) 

d 
V13.11: Young and Freedman (2012: 890) 

2.3.6.3 ?I'U1lJbb~b Vl~fl"il1nm~ bb?l1 ~~1~1'U 1 'U b61lb~'UaCJ~ 

b61lb~'WaCJ~ ~a ~'1~~1'111~llu'W'"J'U~lJVI~a?I1CJ1 ~ b~B'I11lJ1oW'UbU'U'll~m~ 
' 

1.:Jfl~lJVill11"1llA.:J~1 b~m~a'Un'U ~'ll~bU'U~U~1.:Jf1~1CJ?IU~.:J ~.:Jm~~ 2.11 (n) 
'IJ 

"il1flfl1~~m~n~'UrJ1 bda~1'Um~bb6'11 ~~1boV11 LJ1 'U'll~~'"J~ b61lb~'UBCJ~"il~bfi~ 

?I'U 1lJ bb~ b VI~ m au 1b61l b~ 'U a CJ ~ A~ 1 CJ tl'UbG1''U bb ~ .:J bb~ b VI~ fl~ b fi ~"il 1 flbb vJ.:J bb~ b VI~ fl fl1 ~VI1Vl 1"1 

?I'U1~bb~bVI~fl~bn~"iJ1nm~bb?l1 ~~1~1'Wm~ 161lb~'WaCJ~1 offn~lla'll'11 1~CJ 1 off lla'V11n1~aum~ 161l 

b~'UaCJ~b~CJ 1 ~D1llm~.:J~'"J'W1 umlJVJI"l'lla.:Jm~bb?l1 ~~11 'W'll~m~ D1oX'"Jbb~lla~Vil"lb61'Ubb~.:Jbb~b Vl~fl 
Vl~e:~~1uV11.:J.fr'1bVIija~bn~~'U ~.:Jm~~ 2.11 ('ll) 
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I 

(n) ("U) 

fl1'W~ 2.11 ~'W1:J.Jbb~b'VI~n"!llil6111ilbllllb61'WeJ~\9l Cn) bb61~mca1.Un~i1a"U11'VI1Virl~'W1:J.Jbb~b'VI~n (-u) 
d 
'Vl:J.J1: Young and Freedman (2012: 890) 

.. 
2.4 ~1u1~vVibfiv1eU'e1~ 

mca6'1~1-:J"qlilfl':ilm1:J.Jf111'Vllil61eNb~a1'\X'!!nb~tJ'Wb~b~'W':il~.:Jbb~~'Ni1m.Jfilliim1'Vllil61eJ.:J~1tliWUbeN 

vh1 'IX'!! m~tJ'Wb -b'1 h'VI6i' n f111'Vl1-:J~i1 mhnn ~.:J~'W '111 tJ 1 'IX'!! m~tJ'WiJI"l~ bb 'W'W~ ~~:w~'Vlt'Vl1-:Jf111 b~ tJ'W 

b ~:J.J~'Ubb~~:Wm1:wft.:J'\f'j'EJ 1-:u ~'E) f111 b~ tl'U?I.:J~'U ~.:!':il~ ~ell1'U\il n-:u f111:Wf111'Vl\il~ el.:JJ'U:W'IJ1~i1'Vl5fl1'\f'j 
'\J ' 

'V11-:Jf111b~tJ'Wb~B.:J 1-:J-:u11vJvhm~bb?lm.:J G'I1Vl-ru'!!m~tJ'WillitJ:wPim~ntJ~ 6 '\f'j'tJl1 'Uiiln-:um1:wm1 
' 

b~tJ'U~bbuu~u b6'11~Vl11"111:w~ b~B.:J 1 vJ.Yhm~bb6'1~1-:J :W'IJ1~i1'Vl5m'\f'j 79.08/78.30 6il.:J?~.:Jn11bnruev1~ 
'\J '\J '\J 

< ' 

n1Vl'Wiil (7 5/7 5) 1"1~ bb 'W'W~~~:J.J~'V15'Vl1-:J f111b~ tJ'WbO~ tJVl6i'.:J b~tJ'W'i! m~tJ'W n~:wl"l~bb 'W'W~.:J n~:wl"l~bb 'W'W 

'IJ1'U n~1.:! n~:wl"l~ bb 'U'U~1 ?~.:Jn11nB'Ub~tJ'U B ~1-:JiJ'i!tJ?I1A'ru'Vl1-:J6'1~~~1~~u .o5 bb~~l"l11:wn11Vlti1 
' '\J v 

~ lilf111b~tJ'W~~1tJ'Uiil n-:um1:w bb 'U'U~'Ub6'11~Vl11"111:J.J~B tJ"l 'W1~~umn b 'li'Wb~tJ1 nutltJ~ bntJ'W'IJ1~ bl"l'W 
\t 1:1 \t 'U 

(2554) 1~'W~'W1'Uiil'Vllil~B.:J?l'1Vl-ru f111b~tJ'W1'U1~i1n~ b~B.:J 1:wb:W'W 191 bblJ b Vi~ mimu bliltJ1 oU'Uiil'Vllil~ B.:J 
' '\J ' 

bbf1~bbd'WBiJb~B~B~1~1tJ '\f'j'tJl1 'Uiil'Vllil~eNbbf1~bb1'WeJiJb~eJ~B~1~1tJiJ'IJ1~i1'Vl5m'\f'j 80.4 7/80.83 'Uiil 
' ' 

~.:! n~ 11 b~B 1 i'IJ 1 ~ n B'U m1 m1 b~ tJ'W i bb~1'1f'j'Ul1 ~~ ~:w ~'Vlt'V11.:! m1 b~ tJ'W b ~:w~'W B ~ 1-:JiJ'i!tJ?I1A' t1J'Vl1.:! 

?1~~~1~~'U .05 bb~~1~~'UI"l11:J.Jft.:J'\f'j'EJhBtJb'W1~~'U:J.J1f1 bb~~'WD6'1111tu 6"11m'W (2553) 1~'W~'W1 
'\J 

"qlilf111'Vl\il~tl.:! b~'El.:J f111b~tl1b'U'U"Utl.:!bb6'1-:J b~eloW~'U1~~~:W~'Vlt'V11-:Jf111b~tJ'U '\f'j'tJl1 'IJ1~i1'Vl5fl1'\f'j 
' " i1 il Q..l .::::i1 il' ~ i.lo:::ll il d ...:::1 I I Q..l 

':il1 f1 f1116'111.:! 'U \il 'Vl \il ~ 'E) .:! \il 1 tJ f11 'j ':il \il f111 b 1 tJ 'U 1 bb 'U 'U 6'1 'U b 6'11 ~ Vl11"1 1 1 :w 'j 'Vl ?111.:! "U 'U :w 1"11 b 'Vl1 f1 'U 
' '\J '\J 

82.30/81.20 m1:wn11VltJ1'V11-:Jf111b~tJ'W:Wrhb'vhnu 0.71 B~"l'W1~~u high gain bb~~n~~~:w~'Vlt 
'Vl1-:Jf111 b~tJ'WB~1-:JiJ'i!tJ?l'1Aru'Vl1-:J6'1~~~1~~'U .01 bb~~'!!nb~tJ'Wi11"111:J.J'Vt.:J'\f'j'EJ 1-:u~Bf111~1ilm1 b~tJ'W~ 

" '\J 

bb 'U'U~'U b?I1~Vl11"111:W~~1 tl'U\il f111'Vllil~el.:J'El tlb 'U1~~'U:W1f1~?1\il bb~~:W1~~ 'VleN:J.J~ (2554) 1~'W~'W1 
'U q 'U , \1 

I I d :% I Q.J ...:::1 .<::.:11 .Q, I 

'U\il'Vl\il~el.:!'Eltl 1.:!.:!1 tJ b 1'El.:J f111 b~ tl1 b 'U'Wbb~~f111 bb 'Vl1 f1?1 'El\il"Uel.:J bb?I.:J '\f'j'tJ';l1 'W f1b 1 tl'U:W b':i!~\"1~ ~'E) f111 
' 
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b~ tJ'W b~eJ~ n1 ~ b~ tJ'J b U'W bb~ ~n 1~ bb Vl ~nG1 eJ~ eJ ~ '1 'W~ ~~Ul-l1 n fl~ bb 'W'W~ ~ ~l-lt]Vl ~Vl1-:J n 1~ b~ tJ'W b ~l-l~'W 
eJ~1-:Jih!m>f1ri'ruVl1-:JG1i'i~~'j~~u . 05 bb~~m1l-lfl11V!ii'1Vl1-:J m~ b~ tJ'W eJ ~1 'W~~~unm-:Ji:lrh <o> 

v ~ ~ 

bvhnu 0.42 bb~~ Roth, w.M. (1994) Pin~1m~1-tin"ilm~l-lm'j'VJ~~e:~-:J1 'W 1 ~~b~tJ'W&!LitJl-l "illnm~ 

1~tJ"1JeJ-:J Wolff bbG1~-:J1 ~b ~'W11t!m~tJ'W~rl~1'W~1l-l1 'Wnl~b~tJ'W 1~tJm'jvhn"ilm'jl-Jnl'jVJ~~e:~~"il~rl 

'\.J~~~VJ6.n1'V'l1 'Wnl~b~ tJ'Wb ~l-ll-lln~'W b 'V'l~l~m~VJ~~eJ-:J b U'W n"il m~l.l~"ti1 tJ 1 ~t!n b~tJ'Wb -ii'11 "ilV!~ n m~ 

Vl1-:J~~m1l-l1n~-:J~'W b ~eJ-:J"illn 1vi'b ~'Wbb~~~-:J:We:~LJ5\Mm~vi''JtJI?l'WbeJ-:J 
' ' ' ..::1 ~ V d d i.l I d i.l dd 

"ill n n1 ~ P1 n~1 ~ ~ -:J1 'W'J "il tJVl b n tJ'J "1l eJ -:J 'V'IU11 m~ b ~ tJ 'W n1 ~G1 eJ 'W~'J tJ"ll~ m~Vl ~~ eJ -:JVll-l 
' 

'\.J~~~VlTI.fl1'V'll?11l-l bnruev'i "li1 tJ 1 ~trn b~tJ'Wrlfl~ bb 'W'W~~~l-lt]Vl~Vl1-:Jn1~b~tJ'Wb ~l-l~'Wbb~~rlfl11l-l~-:J'V'leJ h 

~e:~m~b~tJ'W~-:J~'W b~eJ~"il1m!nb~tJ'W1vi'b~'W"il~-:Jbb~~~-:J:We:~LJ5'1J~m~Vl~~mvi''JtJI?l'WbeJ~ vh1~tinb~tJ'W 
b-ii'11~VI~nm~Vl1-:J~~n~l.l1n~-:J~'WG11l-ll~t1~w.J'W1~n~~m~bbnDt1JV!1~~uie:~'W1vi' 



. . 

d 
'U'VI'VI 3 

mii~tJ~WJ'U1fl11l.l b .rr11"il b~e:J'l hh~1 bb(l~ bblJb VI~ n ~l tJ"Il~ih mil.ln1i'Yl~(le:J'l ~ll.ltl'Umi 
q 

"' ~~ mi b1 tJ'Ui bb '\J'\Jvl1'U1 tl-~'l bn (>l-e:JB'\J1 tJ (Predict -Observe-Explain: POE) "Ue:J'l't! m1 tJ'UoU'U 

~nvl.l¥im:oJ1u~ 6 m~v1~~hvw'Umii~v('l1l.I~'U(>le:J'U~'~.Q 
" 

3.1 bb'\J'Ubb~'Um~i~v 

3.2 tli~"111mbb(l~n~l.l~le:J~1'l 
q 

3.3 bfl~e:J'lr!e:Jmm'Umii~v 

3.4 mi;;\'1b iJ'Umiil'U~ll.l.rre:Jl.l(l 
" 

3.1 bb'U'Ubbe.J'Un1"a1~v 

m~i~vfl#'lffioUbb'\J'\Jbb~'Umii~mb'\J'\J One Group Pretest-Posttest Design dJ'Un1~Yl~61e:J'IJ 
ne:J'Ub1tJ'Ubb(l~Vl~'lb1tJ'Utl'\Jn~l.l~le:J~1'lb~tJ'ln~l.lb~tll ~'l('l1i1'1Vi 3.1 

q q 

~1'a1.:!~ 3.1 bbe.J'Un1i1~Vbb'U'U One Group Pretest-Posttest Design 

E T1 X Tz 

~~fi"ilmil.lmib1tJ'W~b~e:J-:~ hJvhbb(l~bblJb'Vl~n ~1v 
n~l.l~le:J~1-:~ Pre-test " Post-test 

q 

"1J~fi"ilmil.ln1i'Yl~(le:J\I~ll.ltl'Un1i61e:J'Ubb'\J'\J POE 
q 

3.2 'IJ"a~"l11n"abb~~n~a.J~1v~1.:~ 

~i~m~e:Jnmll.l~le:J~1-:I"il1ntl~~"111m~e:J '\Jm1v'W.ff'U~5tJl.l¥im~ntJ~ 6 b'lb1tJ'U"lJ(l'l-r"11~1iib'ljn 
" q q 

~1'\J(ll'UtJ1l eJ1b.fle:J"lJ(l'l ~'l'Vll~~'UYl'IJ1 611'11n'l1'Ub"lJ('l~'U~m~¥ln'lj1~5tJl.l¥in'lj1b"l!('l 171~vm~ 
q q 

b~e:Jflbb'\J'Ubu'V'J1~b"il1~"il'l (Purposive sampling) 1 ~e:J'lb1tJ'U "il1'Ul'U 35 fl'U .fl1flb1tJ'U~ 1 tJ 

mi¥ln'lj1 2558 
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3.3 Lfl~B.:JiiBffim'Wm~1~£J 

3.3.1 'Yll?lnlilm~~m~'VII?If!B.:J 

~1~ tJ~~\:~'1J~fi~m~~fl1~'VI~~eJ..:J b~B..:J 1 'WVl1 bb~~ bblJ b V!~ n bb U..:J b -deJV!1'1J~fi~m~~m~ 'IJ , , 

'Vl~~e:J..:Je:Je:JflbU'U 4 '1J~fl1~'Vl~~e:J..:J vl..:Jm~1..:J~ 3.2 ~..:Jbb~~~'IJ~fi~m~~tJ~~ne:JuhJ~'W ~~th~~..:Jri , , ' 

'Vl~~e:J..:J bb~ltJ1b~'We:J~e:Je:l1~1~v~tJ~mn1'VItJTW'V'i'UBIPl~l~~e:Jum1~~e:J~fl~e:J..:J fll1~~n~e:J..:J fll1~ 
'IJ 

me:Ju~~~'lle:J..:J b -de:~Vl1 bb~~m1~b Vl~1~~~'1le:J..:Jfi~ m~~~e:J b 1~1-ffii b~e:JtJ-rutJ~..:Jbbm'll1 ~\fi~~11~ ' , 

I ~ iJ' I ~ 

~'U1~bb~b'V!~fl b~'W~'W1~bb~b'V!~fl 

bb~~~~~~b Vi'W 1~ , 

.t::::::1o ~ I ~ I W: d dil V 

bfl~'1J'W~~V!l1..:J'1Jl bb~b V!~ fl'Vl b V!~e:J'Wfl'W 

bb~~~1..:Jfl'W1~ 

" 



I t:o:: d 4 q I ~ 
3. 61'W1~ bb~ b 'VI6'1 fl 1. b 'Vf€11'1 fl'N1'Vll'f'V11'l"1J B'l61'W1~ bb~ b 'VI6'1 fl 

~ bfl~~1 fl ~ bfl~'OJ1flfl'a~ bb611vJVh 1 'W6'11~~Tt.'h 

m~bb611vJvh1'W ~~'l m~1'lfl6'1~ bb6'1~1"1lb6'l'W€ltJ~ 

6'11~~1'111 

' 
4. bb~'lV1m~vh 

~Bm~~1'111 
., 

'Vt\J~~ 

m~bb611vJ~1bb6'1~ 

BtJb'W 
'U 

' ..: 
61'W1~ bb~b 'VI6'1 fl 

' ..: 
61'W1~ bb~ b 'V16'lfl 

22 
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3.3.2 bb~'L!nT~1ij'l9lnTn~a'IJ~bb'U'UvJTI..m.J-~·:Ibfll9'1-eJG'U1tl (Predict-Observe-Explain: POE) 

~i ~ EJ v\'1 b i}u fl11?11'1'l bb~'U fl11~ ~ rnn1EJ'U 1 b~eJ \l 1vh~ 1 bb61~ bbl.h 'V!~ n .ff'Uirli EJl.li3irrt~1 
~ ~ 

U~ 6 ~1'UTU 4 bb~'U 11l.J 9 i1bl.J\l vl\1~111\l~ 3.3 ~1l.J1Ubb'IJ'Ufl11~~fl11b1EJ'U1'bb'IJ'\Jvl1'U1EJ-
~ ~ 

61\lbfl~-eJG'IJ1EJ (Predict-Observe-Explain: POE) bbU'leJeJflbtl'U 3 ~'U~eJ'U vi'.:Jd ~'U'Vll'U1EJ 
(Predict) tJ'n b1EJ'Wvl1'U1 EJ~.:J~~U~ bi'1l9l~'U~U1fl?fm'U fl11ru~mn1'V!'Ul9'11 ~~1mJ 1 ~b 'V!~~61 ~'U61.:J bfl~ 

~ ' 
' ' 

(Observe) tJ flb~ EJ 'U'Vll fl11'Vl ~61 eJ .:'161"' bfl ~ fl11'Vll n Iii fl11l.J boW eJ V11 rh ~ t!'IJ 'V eJ"' ?I tl1'U fl11 ru~ A 1 
~ 

n1VI'U~ 1 ~ bb61~~'U t!G'IJ1EJ (Explain) '!!m1 EJ'UeJG'IJ1EJ~61bb61~i bA11~~~61~1't~l.lb tJ~EJ'IJ b ~ EJ'IJ~61 tl'\Jfl11 

vl1'U1 EJ11 b 'V!~t!'UVI~t~ ~1.:'1 n'U t1 ~1"111 lil1 n,1'U b?f'U t~~t~ t~11il11~~tJ~n'l;1i'Vl EJ1U~'UTI~111il?ft!'IJ A11l.l 

tlfll'i' eJ'l1 'Ub dt~VI1 A11l.JA1tl'IJA61l.J'Vtl'lb dt~VI1 bb61~A11l.J b Vll.Jl~?fl.J'Vtl'l fl1~'\J1'Ufl11b~EJ'U1~eJ b 1mvfl.if 
~ ' ~ 



. 
" 

d 
'VI 

1 

2 

3 

4 

I ~ I ~ 

bb:W b VJ(;j fl bbG'1 ~?f'U l:W bb:W b VJ(;j fl 

" " 
lbi'l 'J'l~ ~Vl~fl ?f(9l'J'fll'J'Pim~loV'UVl'U\il'Ul'l 'V15Plfl'n'll 2551 

" "' ' 

Q.l Q.l cf. oCIII 

3.3.3 bb 'U'U'VI~~'€l'U1~~~~a.Jt]'VI5'VI1~n1,-b 'HJ'U 

24 

2 

2 

3 

2 

~1 ~ mh b U'Ufll'J'?f~l\1 bb 'U'U'Vl~?feJUrVJ t:.J(;j~jj~'VJ~'VIl\1 fll'j b~(J'U b~e.J\1 1vhi1l bbG'1 ~ bb~ b Vl~ fl 

~l'U1'U 20 ~e.J bb'U'U'lb1JEJ 4 ~1b~e.Jfl i1rhml:WE.Jlfl~lEJ'J'~Vl1l\l 0.37-0.71 bbG'1~~lell'UT;;J~lbb'Ufl 
I I '1J i./ 

0.21-o. 72 iJ~lml:w b ~m!'U'I.le.J\1 bb 'U'\J'VlVJ?fe.J'U~\IQU'U o .81 i1~l'U1'U~e.J?fe.Ju bb~G'1~'J'lm iJe.JVJl ~'~ 

(9ll 'J'l\1~ 3. 4 "ill n,! 'Uti l bb 'U'U'VlVJ ?f e.J'Ul V1t:.~G'1~:w ~'Vl~'Vll\1 m'J' b~ EJ 'U b?f'U e.J~ e.Je.Jl "ill'J' ~~'\.J~ m~n1'Vl E.JlU'l"l'U 5 
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1'1~1~?1e:JUA11:W?Ie:J~fl~e:J'~ m1:wflmi'e:J'I A11:Wfl~e:JuA~:W'Ve:J'Ib dm~n b ~m.HutJ~-:Jbbm'V1 Vfd'i~A11:w 
'U ' ' 

bVI:W1~?1:W~'I~'W ~1nt!uw11 tJ'Vl~?le:Junun~:w~1e:J~1'~ ~'lih11'W1'Woife:J~mde:JVI1 ~'lm'V'I~ 3.3 

d 
'Vl 

1 

2 

3 

4 

I ~ I ~ 

bb:Wb VI~ n bb~~?I'U1:Wbb:W b Vl~n 

' 

~ 
b 'UeJ'VI1 

1, 2, 3, 4, 5, 6 

7, 8, 9, 10, 11 

12, 13, 14, 15 

16, 17, 18' 19,20 

'Vl~?le:JUbbUU'Vl~?le:JU 
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0 Q ~ 

3.4 n1"5~1b'U'Un1'~·-a'J'U"a'UJ'!JB~~ 

1 'Un1"al~ V\9~-:J.Q' m~V b~vl1 b tJ'Un1'~bfhJ'HU"a'J~oUen.J~ m~~'U\Wtl'U~-:J.Q' 
~ ~ 

3.4.1 'Vlln1"5Vl\?l?l'tl'Un'tl'Ub~V'U (pretest) tl'Un~~bth1-UJ1V 111lv1-ti'bb'U'UVl\?l?l'tl'Ul\?le.J~~~t]Vlt 

Vl1-:Jn1"ab~V'U~m~V?I~1-:J:ff'U''iJ1'U'J'U 20 oU'tl Yl~'tl~~"a'Jo;;J bb~~bn'UoU'tl~~ b~B1 m 'Un1"albl"l"a1~~e.J~ 
~ ~ 

3.4.2 bbD-:Jirm~v'WBBmtJ'W 9 nci~ nci~~~ 3-4 A 'I..! 111lvA~~m1~6'f1m-an'1.lB-:J'I1m~v'W1 '!Xii 
' ' 

bn-:J th'l..!nm-:J bb~~BB'W 111lv'Wo;;J1-aru1-;;J1nA~ bb'U'We.J~~~'lVlBVl1-:JnTH~V'W 1 'W"nv1'1.11YJ~mhVJB~~~1'W 

~1 

~11ln1'~b~V'Wibb'\J'UVll'W18-~-:Jbn~-B5'U18 (Predict-Observe-Explain: POE) 'li-:Jii~'W~'tl'W~-:J.Q 
3.4.3.1 ~'Wvl1'W1Ve.J~ (Predict: P) b tl'W~'W~B'W~A-a1 '!Xirm~v'Wv'i1'W18~-:J~o;;J~bnl1l:ff'W 

~ 

o;;J1n?lm'Wn11tUD11JVl1flTIII'WI11 

3.4.3.2 ~'W~-:Jbn~ (Observe: 0) btl'W~'W~B'Wn11VI1fh~B'U111lvm1vhm1Vll1l~B-:Jn1''~ 

~-:Jbn~m1v'i1no;;Jm1~ m1~'U~'W<U'mJ~bb~~16m1~1-:JI b~B1m~~1'1i-:Jfh ~B'U'1JB-:J?Im'Wm1ru'Ut~JVI1 

3.4.3.3 ~'UB5'U18e.J~ (Explain: E) btl'W~'W~B'Wn11B5'U18e.J~o;;J1n~'U~B'Wn11vl1'W18 

bb~~n11VI1fll~'tl'Ul1 b VliJB'WVI~'tl~1-:Jtl'U'tl~1-:J b1 

3.4.4 v'i1 n1"5Vll1l?IB'UV!i:i'-:J b~V'W (posttest) ~'J mb 'U'UVl\?l?IB'Ul\?le.J~61~'1VlBVl1-:J n11b~V'W~0~ v 
~ ' 

61~1-:J~'U 4 ~'Jb~Bn ouub~v'Jn'UnuVl?~BunB'Ub~vu'il1'W'J'U 20 .VB 

3 .4.5 'l11e..~~m~o;;J1 nm1Vll11~ B-:J nuir n b~v'Wn~~~'J B ~1-:J 1 'I.Jvhm-a~-a'Jo;;Jl b\911 ~~.UB~~Vl1-:J?f~~ 

3.5 n1~1 bfl~1~cM,jtl1J~ 
~ 

~1~v'l11oU'm.J~~bnu1'J'U1'J~o;;J1nm1~11lm1b~v'W~~'Jv'1.ll1lno;;Jm1~m1Vl~~B-:J b~B-:J 1vh~1bb~~ 
'U 'U \1 , 

bb~bVI~n ~'J~tl'Un1"5~11ln1"ab~V'Wibb'IJ'IJvl1'W18-61-:Jbn~-B5'1J18 (Predict-Observe-Explain: POE) 

v'hm1lbl"l"a1~~.UB~~Vl1-:J?f~~ 1111Vvl1btJ'Wn1"albl"l11~~.UB~~ ~-:J.Q 
~ ~ 

~1~-;;J1nm1~B'IJfhm:wvhvno;;Jm1:wVJI1l~B-:JnuA~bb'W'W~1~-;;J1nm-avhbb'U'UVli11?1B'UVIi:i'-:Jb~v'W 1111vf1111 

b tl'W~B8~~bbGl'JU1e.J~mb 'IJ~V'IJ bViV'UVI1U1~~Vl5mYl~1:Wbnru6Vi' 7 5/7 5 

3.5.2 1 b\911~~~11"1~ bb 'W'We.J~61:wt]VJBVJ1-:Jn11b~V'W 1111vn11 b u~vu b Vi V'IJ~1 bu~V'/JB-:JA~ bb 'W'W 

VJI116'fB'UnB'Wb~v'Wbb~~VIi:i'-:Jb~v'W 1111v1 -ti'~1Vl1-:J?f~~ t -test 

3.5.3 lbl"l11~~~11"l'J1:Wtl1'JVI'!!1Vl1-:Jn11b~8'W1111vH16 average normalized gain 



. . 

cl 
'U'VI'VI 4 

mii~~~w..~'U1m1l.lb-b'1l:i! b~B"~ 1 vJvhbb~~bblJb 'Vl~n ~d~~~fi"ilmil.lmi'Vl~~B"~~1l.ln'Umi 

~~n1ib~~'U~bb 'U'Uvl1'U1~-~'l bnl?l-BTI'U1~ (Predict-Observe-Explain: POE) "tlB'lirm~~'U'ff'U 
'\) 

l!u~l.lfimnu~ 6 ~~~mii~~1?11l.l~1~'U~'l~B1ud 
4.1 '\.Ji~~'VlTI.f11'V'l"tlB'l"tl~n"ilmil.ln1i'Vl~~B'l 

' 
Q.l ..! ~ I .<::ill Q.l .::::11 

4.2 ~m1l.l~'V15'Vl1'ln1ib i~'UnB'Ub i~'Ubb~~'Vl~'lb i~'U 

2 '\.Ji~b~'U fiB ibm1~~'\.Ji~~'VlTI.f11'V'l"tJB'lm~'U1'Un1i (E1) 1~~fi~"il1nrl~bb'U'Urhml.lvh~fi"ilmil.l 

n1i'Vl~~B'l bb~~'\.Ji~~'VlB.f11'V'l"tlB'l~~~'V'l5 (E2) fl~"il1nrl~bb'U'U~~~l.l~'Vl~'V11'ln1ib~~'U'Vl~'lb~~'U 1~~~ 

~'l\?11i1"1Vl 4.1 

40 

20 

' ' 

' ' "" fl1LU~U.I 

31.31 

15.23 

78.29 

76.14 

"il1nl?l1i1"1Vl 4.1 'V'l'U"h r~~bb'U'Ubu~~"il1nr~~bb'U'Wrhmuvh~fi"ilmil.ln1i'Vl~~B'lbb~~~"tl~mi 
' 

'Vl~~B'l~~1bVlltl'U 31.31 fi~bU'U~B~~~ 78.29 bb61~'ll1Ui~~'VlB.f11'V'l"tlB'lm~'U1'Un1i (E 1) '11~ 
' 

Q .<::ill I I Q.l d 0 Q.l Q.l ~ 
n"il m':il.l m ':i'Vl ~~ B"' l.lrll b 'Vl1 n'U 78.29 bb~~r~~ bb 'U'U bu~ ~"il1 n n1i'V11 bb 'U'U'Vl~61 B'U1 ~~~ 61l.l ~ 'Vl5 

'V11'ln1':ib~~'U'Vl~'lb~tJ'U~~1bVhn'U 15.23 fi~bU'U~BtJ~~ 76.14 bb61~'ll1Ui~~'VlB.f11'V'l"tlB'l~~~'V'l5 (E2) 

'll~n"ilm':il.lmi'Vl~~B"~ ~~1bvhn'U 76.14 ~"~~'U '\.Ji~~'VlTim'V'l"tJB'l'll~fi"ilmil.lmi'Vl~~B"~ b~B'l1vJvh 
' ' 
bb~~bblJb'Vl~n ~~1bvhn'U 78.29/76.14 ~'l~tli~~'Vlfim'V'lml.lbnru6fll.l11?1i~1'U 75/75 ~~"~H 

"" 
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Q.l J. a • .c::t cv a 
~2 N~~~q~G~14n11~aunBu~auu~~~~4~au 

1 'U .:J1'U1~ a db ~e:J b 'IJ1 CJ'U b Vi CJ'U fl~ bb U'U tl e:J'U b1CJ'U bb6'1~VI~\I b1CJ'U'lJ e:J\1'1! f1 b1CJ'U ~ b1CJ'U ~1 CJ~~fi~ m1~ 
f111~~6'1 e:J\1~1~ n 'U f111~ ~ f111 b1 CJ'Ui' bb 'U'Uvl 1'U 1 CJ-~ \1 bfW1-e:JTI'U1 CJ (Predict -ObseNe-Explain: POE) 

1~a1offbb'U'U'Vl~?le:J'U1~m1~boff11~b~e:J.:J 1vJV11bb~~bblJb'VI~n bb'U'U'IJ1'l!a i1 4 ~1b~e:Jn ~1'U1'U 20 offe:J 

~~b'lJ'U 20 fl~bb'U'U ~1'U1'W'IYm~CJ'U 35 fl'U 1~N6'1~-:J\91111-:J~ 4.2 

t 

35 5.51 27.57 1.77 
29.72* 

35 15.23 76.14 1.40 

~1f11'1111\l~ 4.2 V'lu'h 'l!m~a'U~b~CJ'U 1~a 1 i'1l~n~m,~m,'Vl~~e:J.:J~1~n'Um,..ij'~m,b~CJ'U~ ' ~ 

bb'U'Uvl1'U1CJ-61'-:Jbf1\91-€JTI'U1CJ (Predict-ObseNe-Explain: POE) b~€1-:J 1vJV11bb6'1~bblJb~~n i1fl~bb'U'U 

btl~m..J6'161'~t]'Vl~'Vl1\lm1b~CJ'W1~wi1-:Jne:J'Wb1a'Wbvhn'U 5.51 ~~b'lJ'U~eJCJ6'1~ 27.57 'lle:J.:Jfl~bb 'U'Ub~~ 

bb6'1~VI~.:Jb1a'Ubvhn'U 15.23 ~~b'lJ'U~eJCJ6'1~ 76.14 'lJeJ\Ifl~bb'U'Ub~~ djm'IJ~a'UbVitJufl~bb'U'U 
V ..! ~ Q.l .r::::lil I I .:::1 Q.J Q.J .q I d Q.l .-1 

e..J6'1 ?l~t]'Vl5'Vl1-:J f111 b 1 CJ'U'lJ€1\I'U f1b 1tJ'U 1~VI11\I f1 €l'Ub 1 CJ'U f1'UVI~\I b 1 tl'U V'l'U11 fl~ bb 'U'U btl~ tJ e..J 6'1?1~ t]'Vl 5 

'Vl1-:J n11 b~ tJ'UVI~\1 b~tJ'U ~.:J n'i1 fl ~ bb 'U'U btl~ tJ e..J6'161~ t]'Vl~m\1 f111b~ tJ'U ne:J'W b~ tJ'U eJ ~ 1'1i1'1!tJ 61'1fi' '1!m.:J?I~~ 

~,~~'U .05 (t = 29.72) bb?I~\11~\~'UrJ1 f111-;ij~f111b~tJ'U~bb'U'Uvi1'U1tJ-61'\Ibf1\91-€lG'U1tJ (Predict-
~ 

ObseNe-Explain: POE) ~1tJ~~n~m1~f111'Vl~6'1€l\l 'li1m~~~'Ue..J6'161'~t]'Vl~'Vl1-:Jf111b~CJ'Ub~~~\l 

4.3 fl'J11lfi'11'VfU'1VI1~n1,b;VU 

1 'Um,1..ij'tJ'W~'U1fl11~ bi11~ b~€1\1 1 vJV11bb~~ bblJ b Vl~n ~1tJ'1J~n~m,~m,'Vl~~eJ\1~1~n'Um, 
' 

..ij ~f111 b~ CJ'Ui' bb 'U'Uvl1'U1 tJ-61\1 bf1\91-€lTI'U 1 CJ (Predict -ObseNe-Explain: POE) 'lle:J\1'1! m~ tJ'U~'U 

irotJ~Pim~ntJ~ 6 1~1bfl11~~fl11~tl11VIU1'Vl1\ln11b~tJ'U 3 ~1'U 1~tJ~~11f111fl~bb'U'Ubtl~CJ 

e..J6'161'~t]'Vl~'Vl1-:Jf111b1tJ'Utl€l'Ub~tJ'Ubb~~VI~\Ib~tJ'U b~e..J6'1~-:J.Q' 



29 

II II .c:t ~ 
4.3.1 1'1113Jn11'VI'I.J1'Vl1.:tn1'H 'a'V'I.Jbb 'U'U'a1V"ti'I.J 

~~l'H1J1 ~ ~ nl~ b~ V'I.J1'6(J e:l·HJ fl b~ CJ'W~-:J-5'1.J~ b ~3J:ff'W ~~ b lJ'W ~ b vll'(J e:l-:1~~ fll~b~CJ'W1'61-:J 61 ~~:lj 
'U 'U'U , 

be:Jn161b ~3J:ff'W 1~ 1~m'lJ~CJ'U b ViCJ'Ufl::: bb 'W'WbO~CJ6(JeJ-:J~-:~-5'W~-:JneJ'Wbb~:::'VI~-:J b~CJ'W 1~~~~-:J\J\l'jl-:J~ 4.3 

Maximum Class 

%pretest 
Actual gain 

possible gain normalized %posttest 
(%pre-% post) 

(100-%pre) gain <g> 

27.57 76.14 48.57 72.43 0.67 (medium gain) 

~lfl\Jll'jl-:J~ 4.3 ~'Ull ~~fll~b~CJ'W~~b~~:ff'W~~-:1 (Actual gain) ~~blJ'W1'BCJ~::: 48.57 

~~fll~b~CJ'W1'61-:~61~~:U1e:Jfl161b~~:ff'W1'lJ1~ (Maximum possible oain) ~~blJ'W1'm.J~~ 72.43 bb~~ 
'\.1 'U , :::> 

~~fll~b~CJ'W~~ b ~~:ff'W~~-:~ b vi1n'U 0. 6 7 bb61~-:~1 Vlb ~'Wll irm~CJ'Wilrr;nwl'TJVltJTvn-:~fll'jb~CJ'W bb 'U'U 

1.00 

0.90 

0.80 

0.70 

c 0.60 
·~ 

~ 0.50 

;;; 
e o.4o 
g 

0.20 

0.10 

0.00 

0.59 

'U 

0.47 

0.65 
0.60 

0.69 

0.65 

0.53 

0.42 

0.83 o.83 0.85 

0.71 
0.69 0.690.69 °'710

·71 

0.600.62 0.62 0.62 
0.57 

, 2 3 4 s e 7 e g 10 11 12 13 14 1s 15 11 ;a 19 20 21 22 23 24 25 zs 27 2e 29 Jo 31 32 33 34 35 

~i'l~~ 
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?fel'U rl el'W b ~ cJ'W bb6'1 ~VI~\1 b~ CJ'W'lJ el\ltJ fl b ~ CJ'W bbl'i 6'1 ~fl'W 'V'l'tYh tJ fl b~ CJ'Wiifl11:W rl11V1'\J TV11\I fl1'j b ~ CJ'Wel ~ 1 'W 

'j~~'Uth'Wfl6'11\l (medium gain) "il1'W1'W 25 fl'W fi~?~dJ'W~eJCJ6'1~ 71.43 bb6'l~el~b'W'j~~'U~\I (high 

gain) "il1'W1'W 10 fl'W fll?lbU'W~eJCJ6'1~ 28.57 bb?fl?l\lb~b'i~'WrJ1 oJm~CJ'W~1'WbVIqjiifl11:Wn11VI'tJTvn\lfl1'j 

b~CJ'Wel CJ 1 'U'j~ ~'U'U1'Wfl6'11\l (medium oain) bb6'1~'!! flb~CJ'W~:U fl11:Wrl11VI'tJTVI1\I fl1'j b~ CJ'W?f\l~?fl?lfl €l 
'\J ::> \1 .. 

1 I I I I 

b6'1'1JoVi 35 bVllfl'U 0.85 ~1'WtJflb~CJ'W-vii1m1:Wrl11VI'tJTV11\Ifl1'jb~CJ'W~h'Vi?tl?lfl€lb6'1'1JoVi 8 b'Vllfl'U 0.42 
' 

il il "" Ji 4.3.3 fi11:Wfl11VI'IJ1'Vl1·!ln1'H 'RI'IJbb 'U'U~1 tlb 'IJBVI1 

~ '<il1'HW 1 fl11:W rl11V1'\J 1'Vl1\l fl1'H ~ CJ'l.!~ b ~:W~'W'lJ€1\1'!1 fl b~ CJ'W~ij\9) eJ bb 'W'd fi~?~,f'W 1bl?l CJ 

b tJ~CJ'U boViCJ'Ufl~bb'W'W?f€l'Url€l'Wb~CJ'Wbb6'l~VI~\I b~CJ'W~\1 4 bb'W'dfll?l 1~e.J6'1~\I\911'j1\l~ 4.4 

d 
'VI 

1 

Ji 
b 'IJBVI1 

3 ?t'W1:Wbb~bVI~n~bnl?l'<il1nm~bb?t1 vJvh 

1 'W6'111?11'i'1'111 

4 bb'j~Vin~~vl1~eJ~dV1~1l11~ru~i1 

m:m?t1 vJvhbb6'l~eJCJ1 'W?t'W1:Wbb~bVI~ n 
" 

37.62 90.00 

25.71 72.57 

32.14 75.00 

13.71 64.00 

27.30 75.39 

' v 

normalize gain 

<g> 

0.84 (high gain) 

0.63 (medium gain) 

0.63 (medium gain) 

0.58 (medium gain) 

0.67 (medium gain) 

'<ill fl\911~1\1-vi 4.4 ~'<il1~tw1fl11:Wrl11VI'tJTVl1\l fl1~ b~ CJ'W~l CJb tj €lVI1'<il1 flfl~ bb 'W'W?f€l'Ull?l e.J 6'1 
QJ .=! d I d Q.J d I .% Q.l Q _dq Q,.l il il 

?f:Wt]'Vl'BV11\Ifl1~ b ~t.J'W n eJ'W b ~ CJ'W bb6'1 ~VI6'1\I b 'jCJ'W~'U11 b 'W €lVI1'W m ~ CJ'WVl:W~~ 1?1'\.J fl11:W fl11VI'W1Vl1 \1m~ 

b~ CJ'W?f \1~?1 1?1 fl €l b~€1\1 bb~ b VI~ flbb6'1 ~?f'W1:W bb~ b VI~ fl 6ii\1:0fl'd1:W rl11VI'tJ1Vl1\l fl1~ b~ tJ'W €l ~1 'W ~~ ~'U ?I \1 
'U .. '\J 'U 

• v Jt .dv .c:::t .<::ll v 11 11 .<::11 ~ d .c:::!il .d d o 
b Vl1n'U 0.84 bb6'1~ b 'W €lVI1Vl'Wm ~tJ'W:W~~I?I'Ufl11:Wfl11VI'W1Vl1\l m~ b ~tJ'Wm'Vl?fl?l fl€1 b ~€1\1 bb ~\I'Vlm~Vl1 

' 
l'ieJm~?~l'i'lthl.lru~:nm~ bb?t1 vJvh bb6'1~€l c.~"l 'W?f'W1:w bb~ b Vl~n 6ii'li1fl11:Wn11VI'tJ1VJ1\I m~b~tJ'Wac.~"l 'W~~~'U 

" " 
U1'Wnm\l bvhn'U 0.58 bb?l~?~\11 ~b~'W11irm~tJ'W~\I:Ufl11:Wfl6'111?1bfl~€l'W1 'Wb~€1\1 bb ~\l~m~v'hl'ieJml?l 

1'11'111'1Jru~:nm~bb?t1 vJvhbb6'1~€lc.~"l 'W?t'W1:w bb~bVI~n 
" 
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a. till .c:::::t. ~ , Q,/ Q,l a 11 o 
4.4 1 bf'l'a1::'VI"'.Jel~~ b "1.1{1~ W.fl1'Vf'i11tl"q~tl1il n'a'a3Jn1'a'Vl~~el{l'a"J3Jtl'U n1'a1il~ n1'ab 'aV'IJ~bb 'U'U 'V11'1J1V-

~{Ibfl\OI-Bfi'U1V (Predict-Observe-Explain: POE) 

1'Ufl1':il~(J~~'IJ1f'l113Jb•ihh b~el{l hh~1bb~~bb~b'VI~tl ~"J(J'lJ~flliln':i':i3Jn1':iVl~~el{I~'J:I.Jrl\Jn1':i 
' " ~~ n1':i b~ (J'Uf bb '\J'\Jvl1'1J1 () -61{1 btl\OI-e:J6'\J1() (Predict-Observe-Explain: POE) '1Je:J{IU nb~(J'IJi'IJ 

~u(J3J~m~1tl~ 6 1~e:Je:Jmb'\J'\J'll~nlilmi3.1n1iVl~~e:J{Ie:Je:Jmtl'IJ 4 miVJ~~e:J{I ~{I.U 
' 

d Q 0 Q d d I ~ I W: I 

b3Je:J'V'llil1':iru1t:.J~miVJ1nlilm':i3Jm':iVl~~e:J{IVl 1 b':ie:J{I bb3Jb'VI~mb~~?f'U13Jbb3Jb'V!~n bb'\J{I 

n1i~m~1e:Je:JmU'U 2 \Oie:J'U ~{I.U \Oie:J'U~ 1 ~fl'lj1~1bb~b'VI~mb~~bb':i{l':i~'VI11{1bb~b'VI~n 'V'l'\JrJ1 irm~(J'U 

~1'1J 1 V1qjiim13.1 b .V111i111 b~m.\'1~1 bb~ b'VI~ n'lJe:J{I bb~ b'VI~n?fe:J{I bb vl{l b .rr11n~n'U ~1'1Ji1~b~(J1fl'Uiil~t:.J~ nn'U 

~1 ~ 1{1 n'U Iii~~~ n'U bb~ ~.Jf{l~1 b wu e:J~1119i' Iii~ ~~1 \01 t;l~ b U'IJ ?11i bb~ b VI~ n bb~1~ ?f1ll1it;l ~~1 \01 (1~1~ ~ 
'U \1 q \1 , 

I C:.: IV d 
?11ibb3Jb'V!~n ~{l.fl1'V'lVl 4.2 

.fl1'W~ 4.2 ~1e:JV1.:J~~n1ivl1'1J1V-~.:Jbtl\OI-e:J5'U1V (Predict-Observe-Explain: POE) 

1 'Ufl1iln'a'a3Jn1'a'Vl~~e:J{I~ 1 

?~m'Umiru~ 4 '111Vlmbb~{lb-[11n~bb~b'VI~n~t:.Jn~1tJ~1tJ ~U1nmi'W~U1iru1~t.m5'1J1tJ 
" 

(Explain) ~{lbU'U~'U~irm~(J'U1~e:J5'\J1(Jf'l113Jbb\Oitl~1{11iJ1tl~'U61'{1btl\OI (Observe) bVi()'\Jtl'\J~'Uvl1'U1tJ 
(Predict) \Oie:J'U bb itl 'V'l'I.Jl1 ~{liiir m~(J'U ncimJ e:J (J~ii bb 'U1~ ~f'l~1~ bf'l~ e:J'UrJ1 bb~b VI~ tl?f13J1it;l~ ~ 

' " 

~~1\0it;lVln'llil~~b tl'U 1~'VI~ bb~~1~~~1 \01 t;l~ b tl'U e:1 1~'VI~~{Iir n b~ (J'U1~1~rhu{l~{l1 \01 mr'U\9i'e:J{Iii611i 
'U q q 'U 'I , 

I C:C: <V d 
bb3Jb'V!~tl ~{1[11'\f'lVl 4.3 
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\?lB'W~ 2 ~fl'l'J1 b61'W61'W1l-l bb~b VI~ n '!!m~~'W~1'W1 Vlqji1m1l-l b .V1 h-;h bdB11~b~l.l~fl~ 

~1 bb VltJ~I'h~ 11 'W'U~b '"J t\J'jeJ'lJ 1 bb vl~ bb~b VI~ fl b~~rl1VI'W~ 1 lX~fl'lJeJ~ b61'W61'W1l-J bb~ b VI~ n1tJV11~ b~ ~'"J tl'W 

tl'U~fl~'"J b Vl'\jeJ'lJB~ b ~l-J~f1~1 tJ~~ 1~--h b61'W61'W1l.lbb~ b Vl~fli1~f1~1fl~'"J b Vl'\jel 1 UfJ~~'"J 1~'1Jel~ bbvl~bb~ b VI~ fl 
bbG'l~'i!n b~~'W611l-J1'j~LJB n1~11LJ~ b 1 ru 1~n~~\?1~ 1 LJ b Vl~fll-11fl LJ~b '"JruJ'W61'W1l-l bb~ bVI~ ni1f111l-lb .Vl-1~~ 
~~1~bbn 'U~b'"Jtu~'"J~~61B~'lJB~bb~bVI~n vl'~m~~ 4.4 

4.3.5 -q~nlilm<a:!Jm<aYI~~B.:~~ 2 b~B.:~ m<abfl~mJ~'tle~.:~~h~n~cae~'U1'W~'U1:1Jbb~b'Vi~n 

bd Bl'i~ 1 'j t\.!1 t:-JG'l fl1 'j'Vll n ~ fl'j'jl-J fl1'jYI ~ G'l B~~ 2 b~ el~ fl1'Hf1~ eJ'W~'lJB~ ~ b~ fl \?1 'j el'W 1 'W 

6'f'W1l-l bb~ b VI~ n ~1flfl1'jl'i~1'jtu1~'UB5LJ1~ ~'U--h '!!n b~~'W~Tu1 Vlqji1m1:1Jb .V1 11il11bdml1~1 bVI'\jeJ 

'lJB~ bb~ b Vl~n b .V11n~ bb 'W'"J61'"h~ v111 tX bb 'W16111~b 'U'W 1 u~1n bb 'U'"J b~l-1 bbG'l~~161~'U~'"J b tl'W~'"J 1~ bb 'W161-J1~n 
~~ b 'U'Wb 'li'Wn'W bb~~~ b 'U'W 1 'W~f1YI1~\?1 'j~.V1l.l n'W vl'~m~~ 4.5 bbG'l~~1flfl1'j\?1 'j'"J~61B'Uf111l-l b .V1 l'i!'lJB~ 

'!!m~~'W~1~f11ml-l "fl1'j~~1bbVI'll~'llmbb'W'"J61'"h~btJ~ ~'W 1 tJbil~~1ne1~ 1 'j" f11\?1BLJ'llm'i!m~~'W 1~~ 

~'"J'W 1 Vlqj'UBn11 "nbb 'j~l-J1m~v11~mb m6111~~~nb u'W;;\'1~ b~ fl\?l'jeJ'W~~v111-Mbb 'W'"J61rJ1~b 'U'W 1 u~1n b~l-1 
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m1~~ 1 B b~ n 1>1 'HJ'W b 'U'W 1~ ~!;l ~ bb61 ~~'"hi1 bb 1~ m~vh ~ e:J B b~ n m e:J'W 1 'WVJ 1"1Vl1~!;l ~ bbm: m1Vi ~ 1 

Bb~nl'11e:J'Wb 'U'W 1~~~'\.J bb61~~11i1bb 1~m~'Vl1~e:JBb~nme:~'W 1 'WVli"1Vl1~~'W" 

l. fi£l\IU1~L~~n~~1 
ln~~Mfl~~a 
LLRl'VII'l 

\UJL~~m-ti1ln~ 

~~~~t~aLLfi1'VIPl 

~1\l'ltJ (Predict) ft-1lll" {Observe) aa\J1tJ (Explain) 

.m9.!J.OO.~.~.~r.t 
-~~1~4.i~~~.\~l'6\ 

................... ~ ........ .. 

.\\~.\~ ..... 'n'.~a\ 

~~~1:~j't!~.J'" m.:,g~-~~~~~-
...... §L ..................... .. 

,..~~~••uH~OH••~u••tou~•n••• 

A .9.. \, 
~!t ...... c·····n\'k'l~ 
~ • t 

.f.\~.L .... ~~~" 

~~~~:~:~~~~:~±--··: 
oooUoHHOoouHHOOOOOOUouooO 0 

ouooooo••Oouo•O•••Hn••••••••• 

:~;~;;~~:::: 
~~-~~~~~~~ ..... ... r;.r 
.Q1'.~!P.'?.~ ..... ~ ... 

::::::::::::::::::::::::::::::::: .. : 

"' ~.i'l:{l.~~ ............ ;;.j 

.~!lr:\~~-~~-~-~ . """"' .~.~.(;\.~.\~~.~.~ ...... 
~~\~'\1l..t'i ........ ~ .................. . 
::<.~.'!~ ..... ~ ............... . 

fl1W~ 4.5 ~1mh~~~m·avhW1EJ-~·:nn~-v5'U1EJ (Predict-Observe-Explain: POE) 

1'Wn"iln';i';i~n1'~VJ~~t~~~ 2 

d ~ 0 ~ d d I ~ .d .<:::~t. 
b~Hl'V'l "il11 ru1 ~ !;l n11Vl1 n "il n 11l.J n11Vl ~ !;l e:J ~Vl 3 b 1e:1 ~ 61'\.J 1l.J bbl.J b 'V!!;l nVJ b n ~"ill n 

m~bb611'\"Jvh1mr"J~~-n11 "il1nm1~m~16'11~~-nh~~ 3 'll'W~ fie:~ 6'11~~1tl11>11~ m~~'dtJ1'd~n(;ll.J 
bb6'1~ 161Jb(;l'We:J~~ 'V'l'UrJ1 trm~~'W?i'd'W1 'VIt1ii1rn1l.Jb oV'11"il'"i1bde:~ hJi1m~bb611 vJvhe-.i1'W!;l'd~~1t11 b~l.JV\1"1 

ru ~1bb'VI'll~~1~1 11~e:J~b'Wbb'W1Vll"1b'VI'Wmb!;l~V\1"111'1 ~~fll'V'l~ 4.6 (n) bb6'1~bde:~i1m~bb611'1"J.Yh1'VI6'1e-.i1'W 

6'11~~1t11"il~b~'Wb~l.JVil"'b'U'W"il1mb'W'db~l.J ~~m'V'l~ 4.6 ('ll) 



~ . 

; 

• . 

(n) 

fl1'V'l~ 4.6 ~'Hl~1.:if11'l'Vl~~B.:ib~vb1iiim~m~\'V'Jvh~1'LI~1~~1U1 (n) bb~~iin-a~bb~b'V'Jvh 

bVI~~1'LI~1~~1U1 ("ll) 
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'OJ1f1n1';iVl'OJ1';it~.nm1~b.rr11'0J'lleJ\IUf1b~CJ'L!I?ieJVil"l'lleJ\I?f'l..n~mJbVi~n~bi1~'0J1f1m~bb?f1~~1 

1 'W6'1l~~·;ru1 vru'hirm~CJ'W 1~CJ~l'W1 '\lj~~e:J'IJ 1 tJ1 'W'Vl1\lb~CJln'WFieJ b~e:JiJm~ bb?f1 ~~11 '\lj6'\~1'Wm{;) 

l?ll'I11'0J~iJ?f'W1~ bb~ b '\lj~ n bfi{;);'W';ie:J'IJ 1 1?11'111,!'W 1{;1CJVil"l'lle:J\I?f'W1~ bb~ b '\lj~ n b1J'WVil"lVl1\l b~m n'UVil"l'Vl1\l 

~~l b'jlji1e:J'lle:J\I b~~Vil"l~1 tJ;\Ib U'W1 tJm~n~i1eJ'lll1 ~\I.Q;'WeJ~n'IJVil"lVl1\l'lleJ\Im~bb?f1 ~~1~1 '\lj6'\ ~1'W 
~l (J vl\lfl TV~~ 4. 7 bb~ n ~'li1irm~ (J'U n~mJ eJ (J~ ~\li11"1l1~ b -rr1 h 1"16'11 {;) bl"l~e:J'W bM ()') tl'IJ f11';j'jlj1Vi 1"1 

' 
?f'W1~ bb~ b '\lj~ n'lle:J\I'IJ{;16'11{;116il b6'1'W eJ CJ~'OJ1 n n~i1e:J'lll1 'OJ1 f1f11';j?fe:J'U m~ir n b~CJ'W~ EJ\11~ b .rr1 h b~e:J\1 
vl\lf1~1l ~'Ul1b~e:Ji1~1'Wl'W'IJ{;16'1l{;)b ~~;'Wvh 1 ~i11"1l1~~'\J~e:J'WI?ie:Jm';jfl'OJ1';iru1m';i 1 '\lj6'\'1Je:J\Im~ 1 ~~1 

=~~:::n.·•·· .. : '1\{1})\'j~""('~ .... ~ j 

:~···:.:::::··. ··~· ... ·········"'-'~··············/ 

·····--·······i't·t: ............. . 

fl1'V'l~ 4.7 ~1B~1.:J~~m-av11'L11EI-~.:Jbn~-BG'U1EJ (Predict-Observe-Explain: POE) 

1'Linlilm-al!m-a'Vl~~e:~.:~~ 3 
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d..::tt. o..:::.. d d d 01 Q.IQ .c:::t 

b:W'El'Vf'il'l'H\J'lt;.J~ tl11'Vl'l fl"il fl11:W tl11'Vll?l~ 'El'I'Vl 4 b 1'El'l bb 1 'I'Vlfl1~'Vl'l\91'EJWJI?l \91TW'l'1.1 ru ~:W 

m~ bb?lhHh bb~~ a ~1 'W?f'W'l:l.Jbb~ bVt~ n "il'l n fl'l1Yl"il'l1ru'l~'WB~'U'l CJ V'l'U'h 'I! m~CJ'W~1'W 1vml\91B'U hJ 
~ v 

1 'W'Vl'l'l b~ CJ1 n'W~a m 1?11?i'11l1~i1m~ bb?fb vHh~'l'Wbb~~a~1 'W?f'W'l:W bb~b vt~ n "il~n bb 1-:~m~v'h 1 ~ml?l 
~ 

1?11111 bA~B'W~ ~-:~11' fl'l1bA~B'W~"il~B CJ1 'WVJ Pl'V11'111?l~'WB~ n'UVJP1'Vl'l'1'1.1B'I m~ bb?fb vHh bb~~VJP1'Vl'l'1'1.1B'I 

1). B "' iil'l.fl~ 

I= A l\l B 

2) B :dil'la~ 

I= B l\l A 

~ ~ 

..................... } ............ . 
'JJ.~'J. ................... .. 

...................................... 

........................ ............ . 

.......................... ··········· 

~:~~~~~].:~:·:::::::· 
............................. ....... . 
' .· -. ..................................... . 
,;~ . - . ,, 

.f11VI~ 4.8 ~1mh~~~m~li1'W1EJ-~,:un\Pl-B5'U1EJ (Predict-Observe-Explain: POE) 

b'WfhJn~~:Wfl1~VI\Pl~'El~~ 4 



;.-

. 
• 

d 
\J'VI'VI 5 

~~ue.J~ Bi1U'i1£Je.J~ bb~~-vm~'WB bb 'U~ 

n1'j~ V1 n1'j b ~ ~'W i bb '\J'\J vlTU 1 ~-~·:Ibn~-e:J5'1J 1 ~ (Predict-Observe-Explain: POE) "lle:J\I'U m~ ~u-&u 

l!tm~Plm~ntJ~ 6 ?11~1'jt1?1~\J~~m'j1~~ e:J.f1\J'j1~~~bb~~-rre:Jb?I'Wmb'W~ ~-:j.Q 

5.1 6'1ltl~~n1'j1:5'~ 

fl1'jl~~~w.J'W1fl11~ b .U1 h b~e:J-:j 1 vh~1 bb~~ bb~ b 'VI~ n ~'J~~V1n"il m'j~fl1'j"YIV1~e:J-:j ~'J~fl'\Jfl1'j 

~V1 fl1'j b~ ~'Wi bb 'IJ'\Jvl1'W1 ~-~-:j bfl~-e:J5'1J1 ~ (Predict-Observe-Explain: POE) "1Je:J-:j1Jflb~~'U-&'U 

l!u~~Plm~ntJ~ 6 ~-:j?l1~1'jt1?i'j\J~~~1~?1~~~:o1'U~~-:jH~-:j.Q ' ... 
?1~~~~1u"li'e:J~ 1 "1JV1n"ilm'j~m'j"YJV1~e:J-:j b~e:J-:j 1vJvhbb~~bb~b'VI~n ~tJ'j~~YI5.fl1'V'Im~bnru4i 

"" ' 
~1~'j:01'U 7 5/7 5 ... 

\J'j~~YI5.fl1'V'I"llmm~'U'J'Wn1'j (E1) fiV1btl'W~eJ~~~bvhn'IJ 78.29 "llmfl~bb'W'Wb~~ bb~~'lMn"iJm'j~fl1'j 
' 

YIV1~eJ-:j~tJ'j~~YI5.fl1'V'1"1JeJ-:j~~~'V'I5 (E2) fiV1b'U'U~eJ~~~bvhn'U 76.14 "lJeJ-:jfl~bb'U'Ub~~ ~-:jt!'I.J ~V1 
n"iJm'j~fl1'j"YIV1~eJ-:j b~e:J-:j 1 'rJW1bb~~ bb~b'VI~ fl ~?1~1-:j~'U.Q'~tj'j~~YI5.fl1'V'I b vh tl'\J 78.29/76.14 ~-:j~ 

\J'j~~YI5.fl1'V'Im~bnru4im~'jifi1'W 7 5/7 5 ~~A) ... 
?1~~~!1u"li'v~ 2 fl11~b.U1hY11-:jfl11b~~'W"1Jv-:j1Jm~~'U b~e:J-:j 1vJYl1bb~~bb~b'VI~n ~b~~'W~1~~V1 

n"il fl11~ fl11YI V1~ eJ -:j ~1~ tl'\J fl11 ~ V1 fl11 b~ ~ 'U ~ bb '\J '\J vl1 'U 1 ~ -~ -:j b fl ~- e:J5'1J 1 ~ (Predict -Observe-
'll 

Q ..::::., 6' I od V .:::il I .c:::rl 

Vle:J'U?I~~VI ~1'W "il1 nm11 bfl11 ~'VIfl ~ bb 'U'W ?le:J'U n e:J'W b 1 ~'W bb~ ~'VI~ -:j b 1 ~'W 'V'I'IJ11 fl~ bb 'U'W bu ~ ~ 
"" 

~~i1~t]YitYJ1-:jfl11b~~'W'Vf~-:jb~~'UfiV1btJ'U~eJ~~~ 7 6.14 "lJeJ-:jfl~ bb'W'Wb~~ ~-:jfll1fl~bb 'W'Wbu~~~~i1'~t]Yit 
' 

YJ1-:jfl11b~~'UneJ'Ub~~'WfiV1 b tJu~eJ~~~ 27.5 7 "lJeJ-:jfl~ bb 'U'Wb~~ 6/J-:j bb~nl'i1-:jfl'Ue:J ~1-:j~1Jm111"i'tyYI1-:j?l~~ 

~1~~'\J .05 (t = 12.72) bb?IV1-:j1~\~'Wl1 fl1'j~V1n1'jb~~'U~bb'IJ'Uvl1'U1~-~-:jbfl~-e:J5'1J1~ (Predict-
'll 

Observe-Explain: POE) ~1 ~~V1fl"il m1~fl11YI V1~e:J-:j "li1 m ~~~'Wm1~ b .U11"ilY11-:j fl11 b~~'U"lJeJ-:j 

1!m~~u1~"il~-:j 
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fl1i'Vl~!;l B\I~'"Jl.J tl'U fl1i~ ~ fl1ib~CJ'Wi' bb 'U'Uvl1'W1 CJ-61\1 bn\?1-BB'U1 CJ (Predict-Observe-Explain: POE) 

B~b'Wi~~'U'U1'Wnm\l (medium gain) 
.c:llo .<::lit. 6' I .:::i Q.l Q I II II 

\iH)'IJ~l.Jl.J~!1'1..1 "il1nfl1il bfli1~VII"l~ bb'I..I'U?IB'U nB'I..Ib i'CJ'Ubbi;l~VI!;l\lb i'CJ'U Vl'Ul1 l"ll1l.lfl11VI'U1 

'Vl1\lfl1ib~CJ'Wi1CJ~'Wb~CJ'I..I (class normalized gain) B~b'Wi~~'U medium gain (<<g>> = 0.67) 

bb?f~\IL~b~'U';h fl1i~~fl1ib~CJ'I..Ii'bb'U'Uvl1'1..11CJ-61\Ibn\?1-BB'U1CJ (Predict-Observe-Explain: POE) 

~l CJ'lJ~ fl"il niil.lfl1i'Vl~!;l B\1 1~ CJJl1Vlill.l'1JB\I~\I~'Wb~CJ'W:W~WJ'W1 fl1i~'I..IB CJ b 'Ui~~'U'I.J1'1..1 n!;l1\l ' ~ 

5.2 a.ih.li1CJ~~nT~1~CJ 

fl1il~CJ~WJ'1..111"ll1l.Jb i1 L"iJ b~B\1 bvh~1 bb!;l~ bb~ b Vl~n ~l CJ'lJ~fl"ilniil.lfl1i'Vl~!;lB\I~ll.Jtl'U fl1i 
' " ~~ fl1i b~ CJ'I..Ii' bb 'U'Uvl1'1..11 CJ-61\1 bn \?1-BB'U1 CJ (Predict -Observe-Explain: POE) 'IJB\IU m~ CJ'W-8''1..1 

~5CJl.lfim~ntJ~ 6 aihh1m.mmi1~CJ~\Id 

5.2.1 th:::~'VIBJl1~"l..B\I~~rh:m~~l.ln1~'VI~~B\I 
' .:::i 0 II .c::!t. I ..::111 I 1 Q.J 

1"1 ~ bb '1..1'1..1 biil !;1 CJ "il1 n 1"1~ bb 'I..I'W mml.l'Vl1 CJ n "il mi:u n 1i'Vl ~!;1 B\1 bb\?1!;1 ~'lJ~ fl1'j'VJ~!;lB\I:U m b 'Vl1 n'U 
' 

31.31 f1~dJ'U~BCJ!;l~ 78.29 bb?f~\I'"Jl "q~fl"iJni'j:I..Jfl1'j'Vl~!;lB\Id:Ut.h~~'VlBJl1Yl'1JB\Ini~'Ul'Ufl1'j (EJ 
I Q.J d 0 CV CV J oC:il Q.l Q Q I 

b 'Vl1 n'U 78.29 bb!;l ~ 1"1 ~ bb 'I..I'U biil!;l CJ"il1 n fl1'j'VJ1 bb 'U'U'Vl~?IB'Ul ~ t:.J!;16'f:U~'Vl5'Vl1\l fl1'j b 'j CJ'I..IVI!;l\1 b 'jCJ'U:U 1"11 

b'Vhn'U 15.23 fl~bU'I..I~BCJ!;l~ 76.14 bb?f~\1--h -q~n"iJni'j:I..Jfl1'j'Vl~!;lB\Id:Wth~~'VlBmYl'1JB\It:.J!;l6l'Yl5 (E2) 

bVhn'U 76.14 ~\l,j'W 'lJ~n"iJm'j:Ufl1'j'Vl~!;lB\Ib~B\I 1vh~1bb!;l~bb~bVI~n~?f~1\l~'l..ld:Wu'j~~'VlBmYlb vhn'U 
' 

78.29/76.14 ~\I:U'\.J'j~~'VlBn1V~ml.lbnrusvim\?l'j:o1'1..1 75/75 ~~'~H bU'WbYl'j1~11'11m~CJ'W~1:wn'W .... 

\?l'j'"J"iJ?IB'Url1\?IB'U 1 'W.ff'Ufl1'j61\l bn\?1 "1i1c.1 1 vh! n b~CJ'Wb ~'I..IU'j1n!Jfl1'jtlJ"iJ~\Ib~ CJ1tl'U 1 vJYl1bb~~ bb~b VI~ n 1~ 
B~1\li~b"il'W?IB~I"l~B\Itl'U\11'Wl~CJ'1JB\I'Il1ru-B'CJ vl16'f~B1~ (2553) 1~~WJ'U1BUmtU?f1B\?IB~1\1~1CJ 

v ' 

6'11VI1''Ufim;1'\.Ji1n!J fl1'jru1 vJYl1bb~ nb~b VI~ n 1 vJVl1 V~'U11 ~'\.Jmru?f1B\?l:U'\.J'j~~'VlTIJl1Vl 89/81 :W 

o( " ' Q.l ..::::. ..:::::1 &:1 I Q Q..l 0 Q.J QoC:Io..:::li Q.l oC:il II II .:::::.1 .:::::1 I 

t:.J!;l?f:U ~'Vl5'Vl1 \1 fl1'j b 'j CJ'I..I~ \I'IJ'U B CJ 1\I:U'I..I CJ6'111"l t\j'Vl1\16'f tl \?l'Vl1~~'U . 05 :UI"l11:U fl11VI'U1'Vl1\lfl1'j b 'jCJ'U:U 1"11 

b vhn'U o .69 ac.~'1 'l..l'j~~'U'\.J1'W nm\1 bb~~-u m~ CJ'I..I:WI"l11:U~\I'WB h ~a fl1'j~~fl1'j b~c.J'I..I~B c.~"l 'lJ'j~~'Umn 
~ ~ ~ 

~6'1~ b"li'Wb~CJ1tl'l..ltl'IJU'j~.tl6'16'11 'Urub~\1 (2555) 1~~WJ'W1'1J~fl"ilni'jl.Jfl1'j'Vl~!;lB\Ib~B\I Yl!;lf4116'f\?11'1lm , q v , 

1VI~'1JB\Ium~c.J'I..I~'W~5CJl.lfimntJ~ 5 V~'U11 '\.J1~~'VlTim'W'1lB\I'Il~n"ilm'j:ufl1'j'Vl~!;lB\Ib~€l\l Vl~~16'f\?11 
' 

'1J€l\11VI~ :lj~1b'Vhtl'U 78.33 bb!;l~ 75.92 \?11l.J~1~'U bb~~1'1JI"l-8'CJ bb"ill"iJ1'jtlJ (2553) 1~~WJ'U1"q~ 

unu~ fl1'j'I..I€J n~€1\1 b~CJ'I..Ib~B\1 ?fl.IU~'Il€1\ll"l~'l..l Yl'Ul1 m1~ ~ fl1'jb~CJ'WV~CJ1i-q~unu~ fl1'j'W€Jn 

~€1\1 b~c.~'l..ld:Wu ~~~'VlB n1Y1 81.23/88.80 bb?f ~'~1 ~b ~'1..111 fl1'j~ ~fl1'jb~ CJ'WV~ c.~ m1u5u~ m~'l..l €ln 

21 .ci Q.l Q.l ~ .:::::111 d CVQ .d V oC:il ,X 
Vl€1\1 b 'j CJ 'W 6'11:U1 'jtJVl WJ'I..I1 t:.J !;l?f:Ut]'Vl 5'Vl1 \1m 'j b 'j CJ'I..I b 'j €1\l?f:U'U \?l'IJB\II"l!;l'I..I'IJ €1\I'W n b 'j CJ'W~\I'IJ'I..I "il1 n 

t:.J !;1 fl1'jl~ c.~ bb?f~\11 ~ b ~td1 fl1'j~~fl1'j b~ c.J'W ~~l CJ'Il~ n"il m'j:u fl1'j'Vl~!;l€l\I~:U'\.J'j~~'VlBn1Yl\?11:U bnrusv'i 
~ ' 
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~1:Wrl'\Jn1'J~~ fl1'~ b~t.J'Wibb '\J'\J'VlTW1t.J-~\Ibfl\91-e:J6'U1t.J (Predict-Observe-Explain: POE) '111 t.J1 ~ 

17 n b~ t.J'Wnfl~ bb 'W'Wt:-J~ ~:wt"J'V1B'V11\I m'J b~t.J'W b ~:w~'Wbb~ ~nm1:w~\l~e:J1 "il ~ €1 m'J b~ t.J'W~\I~'W 
Ql c! .c::t 

5.2.2 Nlil~:U'JVI5V11.:1fl1'n 'RI'U 

17n b~t.J'U~ b~t.J'W 1~ t.J 1-il'"11~n"ilm'J:w m'JVJ~~e:J\Ib~e:J\1 1 ~~1bb~~bblJ b Vl~n~1:wnum'J~ ~m'J 
' 

.o:::ll II 0 cv ~ . ...:::11 c:::J cv .::( 
b 'Jt.J'W~ bb 'U'\J'V11'\.J1 t.J-6'1\1 bfl\91-e:J5'\J1t.J (Predict-Observe-Explain: POE) :Wfl~bb 'U'Wbu~ t.Jt:-J~6'f:Wf]V15 

'V11\Im'Jb~t.J'U'J~Vl11\lne:J'Wb~t.J'Ub vh nu 5.51 f1m tl'U~e:Jt.J~~ 21.51 'U€1\Ifl~bb 'U'Ub~:w bb~~Vl~\1 b~t.J'U 

b vhnu 15.23 f1~bU'W~e:Jt.J~~ 7 6.14 'Ue:J\Ifl~bb 'W'Ub~:w bdm tJ~t.Ju bVim.Jfl~ bb 'W'Ut:-J~~:wt"]VJB'Vl1\lfl1'Jb~t.J'W 
Q.lc:;l I I Cll Q.l Q.J-=1 I d Q,J .=:! .<:::ill QJ..:::ill 

'Ue:J\1'\.J n b 'Jt.J'W'J~Vl11\lfle:J'Wb 'Jt.J'W nuVl~\lb 'Jt.J'W ~u11 fl~bb 'W'Wbu~ t.J t:-J~6'f:Wt"J'V15'Vl1\l fl1'Jb 'Jt.J'\..!Vl~\1 b 'Jt.J'\.J~\1 
' . ' 

n11fl~bb'W'Wbu~t.Jt:-J~~:wt"J'V16VJ1\Im'Jb~t.J'Wne:J'Wb~t.J'We:J~1\In17m111"i'~VJ1\16'f~&iVi'J~~u .05 (t = 29. 72) 

bb6'1~\11~b~'Ul1 n1'J~~fl1'Jb~t.J'Wibb'\J'\Jvl1'\..!1t.J-~\Ibfl\91-e:J6'U1t.J (Predict-Observe-Explain: POE) 

~1 t.J"11~ n"il m'J:w m'J'Vl ~~ e:J\1 '111m ~:w~'Ut:-J~~:w f1VJ B'Vl1\l m ';j b~t.J'U 1~ b ~€l\l"il1n17 n b~ t.J'U fi''U~u b Vl\91 m 'Jru 
'I 'U gl 'I 

"il ~ \1~1 tJ \91'\.J b €1\1 \911:W"11~ n"ilfl'J'J:Wfl1'J'Vl~~e:J\16'fe:J ~ fl~€1\1 nul"! fl~"111 tJ ~\I~'Vl€1\1 (2553) 1-il'~~'U1"11~ 
' ' 

tJ5lliim'J~1:wnu b 'Vlfli1flm'J b~t.J'Wi~1:wn'W b~e:J\1 'Ue:J\11 VI~ ~u11 17m~t.J'Wnt:-J~fl~bb 'W'Wbu~t.JVl~\1 b~t.J'W 

6'f\lfll1 fl€1'\.J b~ t.J'U 611\11 'U fl1'Jl ~ tJ flf \ld~ ~ n 1'J b~t.J'U -n~ tJ 1-il'"11 ~ n"iJ fl';j';j:I.J fl1'J'Vl ~~ €l\1~1:W nu fl1';j~ ~ fl1 ';j 
\J \J ' 

b~t.J'W i bb 'U'\Jvl1'\.J 1 t.J-~\1 bfl\91-e:J6u1 t.J (Predict-Observe-Explain: POE) 6'11:W1'Jtl~\l b?f~:W 1 ~17m~t.J'Wij 

r111:w n ';j ~ ~ e:J ~e:J ~'U ~ e:J t.J 1 n"il ~ b~ t.J 'W ~:w1 n~ 'W b ~'J1 ~ fi "il n 'J'J:w~1~vi' 1'\.J 1 t.J t:-J ~ n e:J'U ~ 1 \IVlu 1 "il1 nJ 'U 
\J 

17 flb~ t.J'U b tJ 'UtrVl1 rl1\91 €1'\.J 1~ tJ fl1';j'Vl ~~ €1\1 bb~1n fl1';j6'f'JtJ t:-J ~ rl1\91€l'\J ~1 tJ \91'\.Jb €1\1 6'1€1 ~ fl~ €1\1 nu Pl'J115 
\J ' ' 

'W1b6'f~t.J:w (2554) Pin~1fl1'J6'fe:J'Wbb'U'Uvl1'W1t.J ~\lbfl\91 e:J6U1t.J b~e:Jfl11:WboU11"ilbb'W1fl~ b~e:J\11\I"il'J1~~1 

fl'J~bb6'f\9l'J\I ~'Ul1 fl1';j6'fe:J'Ubb '\J'\Jvl1'\.J1t.J-~\Ibfl\91-e:J6'U1t.J 6'11:W1'Jtlb~:Wfl11:Wb oU1 h bb 'U1fl~'Ue:J\117 flb~t.J'U 1~ 

b ~€l\l"il1fl17n b~t.J'Ufl'U~'\J b Vl\91 fl1'Jtw1~"il~\I\911:W n"il fl'J'J:Wn1'J'Vl~~e:J\I b 'li'Ub~t.J1rl'\J"11~\911 Vlfl~tl.Jn1'\.J'Uvl 
' 

(2555) Pin~1fl1'Jb~:W~'Wm1:WboU11"ilb~e:J\I :w1~ bb'J\1 bb~~fl1'Jbfl~e:J'W~ 1~t.J1-il'15 vl1'W1t.J-~\Ibfl\91-
" 

B6'U1t.J (Predict-Observe-Explain: POE) ~u11 'll~n"ilfl'J'J:Wfl1'Jb~t.J'W~bb'\J'\J vl1'W1t.J-61'\Ibfl\91-
' \J 

e:J6'U1t.J (Predict-Observe-Explain: POE) 6'11:W1'Jtl~\l~~fl11:W6'f'U1"iJ'Ue:J\117 flb~ t.J'W bb~~'Vle:J\1 fl ru 
\J \J 

~'\.J'Vl~\1~ (2558) 1~~~'W1"11~n1'J'Vl~~e:J\Ib~e:J\I Mn~~~Vl~'W'Ue:J\I'U€1\Ibb ~\I ~1:wnu b 'Vlfli1flfl1'J6'fe:J'Wbb uu 
' ' . ' 0 Q.J ~ I Q.l ~ d 4::111 Q./.<:::111 II .c:::!i ld 

VJ1'W1 t.J-6'1\1 bfl\91-B5'\J1 t.J ~u11 fl~ bb 'W'Wt:-J~6'f:Wt"J'Vl5'V11\Ifl1'J b 'Jt.J'Wbu~ t.J'VI~\1 b 'Jt.J'W~\Im1fle:J'Wb 'Jt.J'We:J t.J1\I:W 

17t.J?hl"i'ru'Vl1\16'f~&i~'J~~u .o5 bb~~17m~t.J'Unm1:w~\l~e:J1"ile:J~1 'U'J~~u:w1n "il1nt:-J~m'J1~mb6'f~\11 ~ 
~ \J 

~ I CV .::::ill lli.l ~ I Q..l CV .:::1 1.1 0 Q.J 

b 'VI'U11 fl1';j"i) ~ fl1';j b ';jt.J'\.J 'J~1 t.J"11~ fl"il fl';j';j:I.Jfl1';j'VJ~~€l\I'J1:Wfl'\J n1'J"il~fl1'Jb ';jt.J'\.J';j bb 'U'\J'V11'\.J1 t.J-6'1\1 bfl \91-
\J ' \J 

e:J6'U1t.J (Predict-Observe-Explain: POE) 6'11:w1'Jtl~~'W1fl11:WboU1t"il'Ue:J\IUflb~t.J'W1~ b~e:J\I"il1fl 

,:r n b~t.J'U fl'U~'\J b Vl\91 fl1'Jru "il ~\1~1 tJ \91'\.Jbe:J\1 \911:W"11~ n"il fl';j';j:I.J fl1';j'VJ~~ €1\1 '111 tJ 1 ~,:r fl b~t.J'U b oU11 "il'VI~ fl fl1 'J'Vl1\l 
' ' 

VJ~n~:w1n~\I~'\.J 6'11:W1'Jtl~~'W1Vi'n~~m'Jbbnil~'VI1~iusil'e:J'U 1~ ~\lt:-J~ 1 ~irm~t.J'Unfl~bb 'U'Ut:-J~~:wt"J'VlB 

'Vl1\ln1'J b~t.J'W b ~:w~'U bb~ ~n fl11:W~\I~e:J1 "il ~ €1 m ';j b~t.J'U6'f \1~'\.J 
\J 
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b~hr~\!1~tJ.nrrn~ nTJVI~TVI1\I m~ b~ tJ'W bb uu~1tJ~'W 1~ tJoW\!1~n.n H1\!1flfl~ bb 'W'WbQ~ tJ 
"Ue:J\I~\I~'W\J1flfl~ bb 'U'W?Ie:J'\Jne:J'Ub~tJ'WbbG'l~VI~\1 b~tJ'U ~u--h t:-JG'lfl1~b~tJ'W~~b ~~~'W\J~\1 (actual gain) 

'U 

A~btJ'U~e:JtJG'l~ 48.57 t:-JG'lfl1~b~tJ'U~?I\I?I~~me:Jm?lb~~~'UhJ1~ (maximum possible gain) A~ 
'U'U ' 

b tJtJ~e:J tJG'l ~ 7 2.43 bbG'l ~ t:-J G'l n1~ b~tJ'W ~~ b ~~~'W\J~ '~ b vh nu o. 6 7 bb?l~ '11 ~ d~'W1Tu m~tJ'Wii 
'U 

F111~tl11VI~1V11\I fl1~b~tJ'Ubb '\J'\J~1tJ~'U e:J~ 1 'U~~~'IJ'U1'UflG'l1\l (medium gain) b tJ'U 1 tl~1~?1~~~~1'U 
~~'~11 b ~e:J\I\!1n'W n b~tJ'W 1~V1~?1e:J'UF111~~b~~1 'W~'Wvl1'W1 tJ 1~V1~G'le:J\I"il~\1~~1"il?le:Ju bb'W'JA~ 1 'W~'W 

'U 

61\1 bfl ~ bbG'l~ 1~G'l \loVe:J?!~tl"il 1 n m~ b tl~tJu t:-JG'l n1~V1~G'le:J\I nu m~v11'W1 tJ 1 'W~'We:JBu 1 tJ "li1 tJ~\9l.I'W1F111~ 
' 

b -ir1 h-ue:J\I'l!m~tJ'Ub ~~~'W ?le:J~Fl~B\Itl'U\11'U1~tJ"Ue:J\I~~~~ m~?l-u (2554) 1~~\9l.I'W1"~i~fl"ilm~~m~ 
' ' . 

b~tJ'U~b~e:J\1 bb ~\I bbG'l~fl1~bfl~B'W~ ~1~num~b~tJ'U bb 'U'\Jvl1'U1tJ-61'\Ibfl~-e:JB'\J1tJ (Predict -Observe-
'll 

Explain: POE) ~u11 'l!m~tJ'Wii~\9l.I'U1fl1~b~~~'Ue:J~1'W~~~uth'Uflm\l b"li'Wb~tJ1tl'UtJf315~ U'UbVl\1 

(2556) 1~~\9l.I'U1fl\J m~~fl1~b~tJ'Ui bb 'U'\Jvl1'U1 tJ-61\1 bfl~-BB'\J1 tJ (Predict-Observe-Explain: POE) 

b~e:J\1 -ue:J'I1VIG'l?l~~ ~u11 'Wm~tJ'Wiim1~n11VI~1V11\Ifl1~b~tJ'WbQ~mvhnu 0.73 ~~e:~~1'W~~~'U?I\I 
'U 'U 

(Predict-Observe-Explain: POE) b~e:J\1 bb ~\lb~tJ~V11'U ~u11 'Wm~tJ'Wiim1~tl11VI~1Vl1\lfl1~b~tJ'U 

bQ~mvhnu o. 71 ~\IBtJ1 'W~~~u?l\1 brie:JoW\!1~tu1m1~n11VI~1V11\Ifl1~b~tJ'W~1tJ'UFJFJG'lL~tJ'W"il1~ru1 
'U 'U ' 

I .c::ll Q.J .::::11 Q.J .::::11 I I Q..l cl .::::11 1.1 II 

\J1flrl~bb 'U'U?fe:J'Ufle:J'Ub ~tJ'UbbG'l~VIG'l\1 b ~tJ'U"Ue:J\I'U flb ~tJ'Ubb~G'l ~Fl'U ~'\J11 'Uflb ~tJ'U~F111~fl11VI'U1V11\Ifl1 ~ 

b~tJ'WBtJ1 'W~~~utl1'Wflm\l -;;11'W1'W 25 Fl'W A~b tJtJ~e:JtJG'l~ 71.43 bbG'l~e:JtJ1 'W~~~'\.J?f\1 -;;11'W1'W 1 o Fl'W 
'U 'U 'U 

tl1'WflG'l1\l bbG'l~'l!m~tJ'W~iiF111~n11VI~1V11\Ifl1~b~tJ'W?f\l~?f~~mG'l-u~ 35 b vhnu 0.85 ~'J'W'Wm~tJ'W 
'U ' 

dCil II II .c::ll ~ .J ~ .J I Q.J d ct. II il 

V1~m1~fl1'JVI'W1V11\I n1~ b ~tJ'UmVJ?f~FlmG'l-uVJ 8 b V11 nu 0.42 b~B~\!1~ru1m1~ fl11VI'W1V11\I 
' 

m~b~tJ'Ubb uu~1t1 bb 'U"J~~ 1~ tJoW\!1~ru1m1~ n1"JVI~1V11\Ifl1~b~tJ'U 1~tJ b tJ~tJu b VitJuFJ~bb 'U'U?fe:~u ne:~'U 

b~tJ'W bbG'l~VI~\1 b~tJ'W bb uu~1 mb 'W1 A~ 1 'W 4 bb 'W'JA~ ~u11 bb 'W1 A~~'l!m~ t1'Wii~~~um1~ fi'11V1~1 

Vl1\l fl1~b~tJ'U 6'1\1~?1~ ~e:J bb:J b VI~ flbbG'l ~6'f'U1~ bb:J b VI~ fl ~\liif111~tl11VI~1V11\I fl1~ b~tJ'Ue:JtJb 'U~~~'\.J?I\1 
\1 q \l " 

I I I I 

b vhnu 0.84 bbG'l~bb'W1A~Vi'l!m~tJ'Wii~~~um1~n11VI~1V11\Ifl1~b~tJ'W~hVi?!~ ~e:~ bb ~\1Vim~v11~e:J 
' 

G'l"J~ ~1'tl1-uru~iim~ bb?f1 'Wvh bbG'l ~ e:~~1 'U?f'U1~ bb:U b VI~ n ~\liir111~n11VI~1Vl1\l m~ b~tJ'U e:~ ~1 'U ~ ~~u 
'U 'U 

tl1'Wnm\l b vhnu 0.58 bb?f~\11 ~b ~'W11'l!m~tJ'WEJ\11:Ub -ir1 h b~e:J\1 bb ~'~~ m~v11~e:~m~~1't11-uru~ii 

m~ bb?f1 'W.W1 bbG'l~ eJ ~1 'W?f'U1~ bb:U b VI~ n \!1 flt:-JG'l fl1~1~mb?f~\11 ~ b ~'W11 n1~~~ n1~b~tJ'W~~1 tJ"U~ 
'U 'U ' 

n\J m~~ fl1~V1~G'l eJ \1~1~ nu fl1~~ ~ fl1~ b~ t1 'W~ bb 'U'\Jvl1'W1 tJ-61\1 bfl~-e:JB'U1tJ (Predict -Observe-
'll 

Explain: POE) 6'f1~1~tl~\9l.I'U1Fl'J1~ b -ir1h"Ue:J\I'l! m~tJ'Ub ~~~'W1~"il~\l b ~e:J\1\!1 n'l!m~tJ'U 1~G'l\liie:J 



.... 

• • 
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tJ lju~ m ~Vl~~ e:~-:J~1 CJ ~'W be:J-:J ci -:J t:.J~ 1 vh:r n b~ CJ'Wnr~1 1l.J n1'JvtU1Vl1-:Jm~ b~CJ'W bu~ CJ~ -:J~'W bb~~nr~11l.l~-:J 
vmh~e:~m~b~CJ'W6N~'W 

'U 

~ru.fiTV'l brl~e:J-:Jiie:Jfle:J'W bb~~rl'J~Vh f11~Vl~~e:J-:Jl.J1 rle:J'W b ~e:J'"il~ 1~Vl~1'\JU qjV!1 bb~~ bb 'WTV11-:J bbm '1.1 

5.3.1.2 b~e:J-:J'"J1n'1.1~fi'"ilm~l.lrn~'Vl~~e:~-:J1 'Wrn~i~CJr~~-:Jd e:~tJmclci'J'W1 mth~CJ'JoVeJ-:Jn'U ' ' .., 

1 'V'Ivh ~-:J,1'Wm~ 1-Mfi1 bb 'W~'l11ne:J'Uf11~Vl~~e:J,:j 1-M-tl'~b'"il'W bb~~'l.lru~~um~CJ'W tl1~-:JPlmnbb~~tJlju~ m~ 

'Vl~~e:J-:J~G1e:J'W~e:J-:Jr!e:JCJ~ bb~ 1-Mfi1tJ~m~n 
'U 'U 

5.3.2 ilma'Wmb 'W~1 'Wm~1:5'~flf.:~~e:~ hi 
5. 2. 2.1 m ~Pi m~1 bb~ ~ b tJ~CJ'U b Vi CJ'U t:.J~ m~i1\>l.J'W1 t:.J~ 61l.l(]'VlB'Vl1-:J m~ b~ CJ'W ~~vt-JT:j-Me:J-:J~ 

G1e:J'WtJn~n'U-Me:~-:J~Vl~~e:~-:J1 -U''IJ~n'"ilm~l.lrn~Vl~~e:~-:J b~e:J-:J b~e:J-:J 1 'V'IVI1bb~~bb&-ib vt~n ~'Jl.Jn'Um~~~m~ 
' 

b~CJ'Wibb 'U'Uvl1'W1CJ-61-:J bn~-e:JB'IJ1CJ (Predict-Observe-Explain: POE) 

5.2.2.2 m~nm~btJ~CJ'UbViCJ'Um~G1eJ'Wmi-q~rn~'Vl~~e:~-:J b~e:J-:J 1'V'IVI1bb~~bb&-ibvt~n n'U 

b 'Vlr!tJ r1 m~~~ m~ b~ CJ'W rn~G1e:J'W 1 'W~tJ bb '\J'U~1-:J 1 

5 .2. 2. 3 rl'J~vl1f11~Pl n'\~1~1 bb tJ~~'W~ii t:.J~ ~e:Jf11~b~CJ'W b -d'W rl'J1l.Jrl-:J'Vl'W~e:Jf11~ b~CJ'W 





I 

' 

.. 
0 il v .IC:It, Q,l Q .c::::t ~ Q,l 

'U1fl1\l \l'Ub?l~~. ~%'1~1nn1'HJ~n~m-a~nT'H "aEJ'lJn1"a~eJ'lJb oaeJ.:J .:J1'Ubb%'l~W%'l.:J\11'lJ 

~'lJ3!tw:uf1m~nu~ 4 'U'lJ~'lJ!1'lJ'tleJ.:J'VIq~~fleJ'lJ~(;Ii'fl~1~~ 1~E~1-ij16 Predict­

Observe-Explain: POE. 1'VlmilwwhJ~tyty1rn~Pim~1~vnuruen(;l: 

:U'V'!1l'VlEJ1~~"1JeJ'lJbbtl'lJ, 2551. 
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"111 ty-a' ~ 'Vl1?1~e:n~. 1~~~'lJ1~tJmru~15(;1eJV1.:J ~1mhV1i'uf1 n~Tt.h1nnm-aru1 w.Yh bb%'1~ 

bb~b'VI~n1w.Yh 1'Vl~1il'V'I'WthJ~rutl.J11'Vl~1P11?l(91~:uvnuru4'1(91: ~'V111'Vl~1~m:ru61~1"1ltJ1tJ, 
v v ' 

2553. 

1 "Ufli ~ bb \!1 \!1~ru. m-a~ ~'W1 ~6'l~:uq'VI~'VI1.:J rn-a b~EJ'Wbb%'1 ~\1 n~~moabbnil '1J'VI1 b~eJ.:J~:uu~'tleJ.:Jfl~'lJ 

~1EJmoatJl)~moa'lJeJm1eJ.:Jb~EJ'lJ. 1'VlmiJ'V'IwhJ~tyty1rn,.Pirn~1~'V11Uru4'1(91: 

:U'VI11'Vlm~mrum1"11'51tJ, 2553. 
' 

i ~ ~'Vltl PlPitJ,.. ~ ~'lJ1"!l~n~ m-a:urnoab~EJ'lJ~ b ~elb ~:U~%'l~:Ufl'VJ~'V11.:J n1'ab~EJ'lJb~eJ.:j 'J.:J~-a1 w.Yh 
q 1i v VI 

m~bb~(;loa.:J d1'VIi'uum~EJ'W3!5E~:uf1m~nu~ 6. 1'VImil'V'I'WlhJ~tyty11'VlmP11?l(91,. 

:U'VI1uru4'1(91: :U'VI1l'VI~1~mrum1"11'51tJ, 2554. 
' 

"tf~(911 V!n.grurn'lJ'lJvl. moab~:UW'lJfl11:UboU1L~b~eJ.:J :U'J%'1 bb"a.:J bbt=~~n1'abfl~eJ'lJ~ 1~E~1-ij16 
'U 

Predict-Observe-Explain: POE. i'VImtJ'V'I'WlhJ~tyty1l'VlmP11?l(91,.3J'V11Uruefi(91: 

:U'VI11'Vlm~m:ru61,.1"1f'51tJ, 2555. 
' . . 

'VleJ\I~ru ~'W'VI~\1~. m-a~~'lJ1~%'l~:Uq'V15'VI1.:Jn1,.b~El'W1"!11W~nd~1El"'!~n1,.'VI~%'leJ.:J b~eJ.:J fl.n1w 
.c:t I G I Q,l .Q 0 Ql Q 

EJ ~'VI~'lJ 'tJ eJ .:J 'tleJ .:J bb 'tJ .:J ,.1 :u nub 'VI fl 'lJ fl m ,.fl eJ'lJ bb 'U'U'VI1'lJ1 EJ-fl.:J bn (;1-eJ 5'U1 a. 

1'Vl~1tJ'V'I'U5tJ~ruru11'Vl~1m?lm:U'VI1uruefi(91: :U'VI1l'Vlm~~eJ'U61,.1"1f'51tJ, 2558. 
v v ' 

'l!"tf"tf1 bb~N\11~. ~%'! m-a~~m,.b~EJ'lJ~bb 'U'Uvl1'W1El-~.:J bn(;l-eJG'U1Eli1:unurn,.~15(91eJ a1.:J~1EJ~eJ 

fl11:U~~,.'J'UEJeJ~ b~eJ.:J rn,.bfl~eJ'lJ~ bb 'U'U'VI:U'lJ. i'Vl ~1tJ'V'I'U 6tJ~ruru1i'Vl mP11?l(91,. 
• v v 

:uvnuru4'J(91: ~'V111'Vlm~~eJ'Um1"1ftJ1tJ, 2556. 
' 

v o Q.l Q II odl 1111 .c:J 
'W.n?ll,.,.ru mV~l'lJ. m,.~~nTH ,.EJ'lJ~bb uu~u b~1~'VI1fl11:U~~1El"'!~n1,.'VI~%'leJ.:J b ,.eJ.:J 

moab~EJ'Jb'U'lJ'tleJ.:Jbb~.:J b~eJ~~'lJ1~%'l~:Uq'VI~'VI1.:Jn1,.b~EJ'lJ. 1'Vlmil'V'I'W5tJ~tyty1 
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tl':i~.fl?l?l~ ~~bti..:~. nT~oWWJ'W1~~~1lq'VI~'VI1·!1n1"H~e.~'W b~e:J.:J 'V'I~f11~~i"lle:~.:J1~~ "lle:J.:JcUm~e.~'Wi'W 
~5eJ1!Am~nu~ 5 1~w1.Ueq~ihJn"i"i1ln1"i'VI~~e:J.:J. 1'VlcniJ~'UthJ~~~11'VlCJ1f116'11?1~ 

:W'I,nD'rusVI\?1: :wvn1'VlCJ1~CJel'U6'1~1"1151U, 2555. 
' 

tlCJ~ bnCJ'U'th~ 1fl'W. n1"ioWWJ'W1~~~1lq'Vl~'Vl1.:in1"ib~eJ'W1'U1VHtn~ b~e:J-:1 11lb1l'WI1i'bb3.h~~n~flTU 

1~ e.~ 1.Ueq~'VI~~e:~.:~ bbn~ bb 1'\Je:Jij b~e:~imh-:~~1e.~. 1'Vl miJ~'U 5tJ~~~11'Vl CJ1f11?11?1 ~ 

:W'V!TurusVil?l: :W'V!11'VlCJ1~mJ'U6'111"11n1U, 2554. 
' ~ Q,l J. ct .d ,N 

111~~ 'Vle:J..:J~G'l. n1"ib 'V'I11~~~1lq'Vl5'V11.:Jn1"ib "ie.I'W b "ie:J-:1 n1"ib~e.I'Jb'U'Wbb~~n1"ibb'VI"ifl~e:J~"lle:J.:ibb~.:J 

1~ eJ"lf~'VI~~ e:J.:Je:Jth.:~ ~1e.1. 1'Vl miJ~'U5tJ~runn1'Vl CJ1f11?11?1 ~:W'V!TU rusVI 1?1: 
' "'"' 

:W'Vl11'VlCJ1~CJe:J'Um1"11n1u, 2554. 
' 

CJfln~ D'UbVl..:J. m"ioWWJ'U1111 'W1J~'VI1.:~1'VIe.~1f11~1?1i b~e:~.:~ "lle:~-:~1 ~~~ii~ 1~.Unlilm"i1lm"ib~e.~'Ui 

bb'U'U Predict-Observe-Explain: POE. 1'VlCJ1tJ~'U5tJ1~~11'VICJ1f11?11?1~:W'V!1DrusVil?1: 

:w'Vl11'VlCJ1~CJe:~'Um1"11n1iJ, 2556. 
' 

-r\?1'U1.fl~ru nm..:~:w~ru. m"i-w'w.~'W1b11~1fle:JniloU''W"lle:~.:~um~e.~'Ui'Wth~"11Am~nu~ 5 b~e:~.:~ bb"i.:Jbb~~ 
fl111l~'W 1~e.~1.U15 Predict-Observe- Explain (POE). 1'VlCJ1tJ~'U5tJ1~~1 

m~~fl"M1ll'V!1DrusVil?1: lJ'Vl11'VlCJ1~CJ"11e:J'Ubbrl'U, 2553. 

~~~~ m~?l"11. m"i-w'w.~'W1fl111lb.Yh11ilb~e:~-!J bb"i-!lbb~~m"ibfl~e:~'W~ "lle:~-!l'l1m~e.~'Wi'W~Ge.~llfln"M1 
' ' 

u~ 4 ~1e.~nliln"i"i1ln1"ib~e.~'U!uuuvi1'W1e.!-~-!lbn~-e:~5u1e.~. 1'VlmiJ~'U5tJ~~~1 

1'Vl CJ1f11?1 1?1 ~:w'V!1D' rusVil?l: ll'Vl11'Vl m~ CJ e:J'UG'l ~1"11n1u, 2554. 
' 

'",J'U"111 tJ~~CJ~~'U5. "itJuu'Um"ivi1fl111lbeU1blil'U'W~'Ufj1'\J"lle:J-!l'VIn~.nfle:~'W~~-rfl~1~111 b~e:J-!lbb"i-!lbb~~ 
'U 'I \J dJ ID( 'dJ 

• I II • 

n1"ibfl~e:J'WVi oU'W~5eJ11An~1tlVi 1 1~e.~1.U15 Predict-Observe-Explain (POE). 

1'VlmiJ~'U5tJ~~~1fl1~~fl"M1:W'V!1DrusVil?1: :W'Vl11'VlCJ1~CJ"11e:J'Ubbrl'U, 2553. 

m115 'U1b?f~CJ:W. n1"i~e:J'Wbb'U'Uvi1'W1e.l ~-!Jbfl\?1 e:JG'U1e.l Lrie:Jfl111JbeU1blilbb'U1fi~ b~e:J-!J1-!Jiil"i1'VJvh 
' 

2554. 

Pi'n~"111CJ ?l.:~~'Vle:~.:~. m"i-w'WJ'W1~~~11CJ'VI~'VI1-!Jm"ib~e.~'W 1~e.~1.Ueq~ul]u~m"ii11JnuL'VIflilflm"i 
b~e.~'Wii11ln'W L~e:J-!l "lle:J-!l1~~. 1'VlmiJ~u5tJ~~~11'VlCJ1f11?11?1~:w'Vl1D'rusV11?1: 

ll'Vl11'Vltn~CJe:J'U6'1~1"11n1iJ, 2553. 
' 



. . 
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?tl.lbn~~~ "w~?t'Vlfiml"l. "l!-l!;lm~'Vl'U'IJB~m~b~~'U-n~~ 1 i?tl.IB~ b tl'U~1'UI?iB'V'lfl~m~l.lm~b~~'Ubb!;l~ 
1 cu 6.8 VI 

t!-!rt61'l.l~'Vli'V11~n1~b~~'U~1~l"1J1~ll'Vl~11 'U~~~'U.ff'U~t5~l.!Pln'\;11?1B'UUrll~ ", 1 'U 

nTnl3.13J'l,I11'VlV1A1~~~fin<t?t1bb vi.:~eu1~ flf.:~~ 3. 'U.55-63. b~tJ~ 1 VllJ: h~bb~l.l 1r~~?f 
U1~?fl'Ubbnl, 2551. 

?tl.lbntJ~~ 'V'l~~?t'V153.11Pl. m~~~m~b~tJ'UTI'VltJ1P11?t~fl 'WI"lm~~'\;~ 21. 11~~1~'VIti1v1:5'v 
' "U 

1'VIV1A1~~~ b'VIfl1 'U 1!;1~ bb!;l~~.:!bb 1~%1B3Jb .yjBn1~b~eJ'U. 2556; 4(1 ): 55-63. 

?ftnU'U~~ b?f~l.ln1~?1B'Ul'VltJ11"11?11?1{bbrt~b'Vlflb 'U brt ~. m~:5'f!~1~~n1~b~V'U~mi3.11'VIV1A1~~~ 
"U ' 

.... g ~ .&' " 
'VI!;ln~~~m~rln'l?t1"1l'U'V'I'U~1'U. n~\lb'Vl'V'll.!Vl1'Ufl~: fl~?lmm~'V'l~1l, 2546. 

B.il~'Vli 15\1 1"1J tJ bbrl ~fl ru~. n1~'t.h~ bil'U~!;ln1~b~V'Uibb UU L 'VI3Jb~Vn1~L etl~~~eJUrlel'U b~V'Ubb~~ 

'VI~.:Jb~V'U. m\lb 'Vl'V'l3J'Vl1'Ufl~: 3J'Vl1l'VltJ1~tJl.lt:1~r~, 2551. 
' 

m'Wn Vl\I~'Vlm. m~oWl"Al'U13J 1 'W3J~ b~v.:~ bb ~.:~bi'IVfi'Vl1'U~hvnlilm~3Jm~b~v'Wibbuuvhw1v-

~.:~bn~-v5u1v. l'VltJ1'W'V'l'U5u~rutm1'VlmP11?11?1~3J'Vl1Uru~\?1: l.!Vl1l'VltJ1~mJ'Um1'1Ju1.W, 
"" ' 

2557. 

Hake R.R. "Interactive-engagement vs traditional methods: A six-thousand-student 

survey of mechanics test data for introductory physics courses", American 

Journal of Physics. 66(1): 64-74; Winter, 1998. 

Roth, W.M. "Experimenting in a constructivist high school physics laboratory", 

Journal of research in science teaching. 31(2): 197; February, 1994. 

Serway, R. and Vuille, C. college physics. MA: charles hartford, 2010. 

Young and Freedman, D. university physics. MA: addision-wesley, 2012. 
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fl1fi~'IJ1n n 

bfl~v.:Jihl'ffi m 'IJn1'HnU'a1U'a1a.J~mJ~ 
'II 



. . 

. • 

~ Q,l J .c::tl d ,c:;: •-=' 
bb 'U'U'VIWI~e:J'U1WI ~%'1~11q'VI5'VI1.:101'H "W'LI b ~e:J{I bb11 b Vl%'lnbb%'l::~'LI111 bb11 b VI%'~ n 

ri1;lbb1ii.:J : 1 'IX't!m~~'Lib~Btll"l1~e:J'U~t1tl~e:J\l~?IW~b Vl~-:~rh~e:J'U b~~1 
" ' 

1. 'U'1b 1 ru 1W~"ll e:J-:1 bb vi-:~ bb~.Jb VI~ ni1rn111 b oU11"1le:J\l?I'L1111 bblJ b VI~ n111 tl~~" 

n. tJ~,~~-:~?Ie:J-:J"lle:J-:1 bb vi .. mlJb VI~ n 

' ' ~ 
fl. 1e:J'U1 bb'VI-:Jbb1Jb'VI~tl 

-:~. "innX-:~nm-:~(i-:~tJmmbl?i~~-u,-:~ 

2. oUe:J 1~b tl1JVJI"\"1Je:J-:J b61''Libb 1-:JbblJbVI~tl 

tl. .fl1~'Lie:Jtl'Vi-:Je:Je:Jtl"il1tl~11~ tJ~-:1~1 b'VI\je:J 
' 

3. b~m11b~11Vll"tb~tl'"' 11111-:!~~1bbVI'll-:JVI111m~"ll 1, 2, 3 bb~~ 4 6it-:~e:J~btl~bbvl-:!bb~b'VI~tl ~.:11'\.J 
I " " 

4. 

tJ~1 ~ b Vltj e:J"llm b ~11V11"1 fl11~m111tJ1~ 
tl. 1, 2 bb~~ 3 

"IJ. 1 bb~~ 3 

fl. 2 bb~~ 4 

" 

~"il11ru1"il1mtJ"il~ 1~btl'L!"il~?l~bVJ'LI 
" ' ' 

tl. A 

"IJ. B 

fl. c 
-:1. D 

A B • • 

47 
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5. ~1bb~bVt~n"UB~bbvl~bb~bVt~m.n1lnmwl~Vt~~ilvl6i'ns&mJm~n 10 Wb BBmn1~tJ~B'U fl11~boU~ 

"UB~?i'W1~bb~bVt~nuu~'W~ ~vl6i'ns&bb~bVt~n~1'W~~u1n 2x103 cm2 ilrhm~.UB1~ 
n. 0.5 bVJ?im 

"1!. 50.0 bVJ?im 

fl. 1.5 bVl?im 

~- 150 bVl?16'11 

6. 'nn bb~Wl1'V'l bb?i ~~6i' m~HU~"UB~ b~'W?i'W1~ bb~ b Vt~ n~ bn~"OJ1 n bb vi~ bb~ b Vt~ n?i B~ bb vi~iB1~'U B nfi~ 

~1bb~bVt~n~~1bbVt'tl~ A , B , C bb6'1~ D 1~t1n~B~ 
'U 

n. A bb6'1~ c bU'W~1bV!'UB B bb6'1~ D btl'W~11~ 
"1!. A bb6'1~ D bU'W~1bVtilB B bb6'1~ c bU'W~11~ 
fl. B bb6'1~ C bU'W~1bVtilB A bb6'1~ D bU'W~11~ 
~- B bb6'1~ D bU'W~1bVtilB A bb6'1~ C bU'W~11~ 

7. B'Wfl1fl 1 'lJ~\?lB'Wbfl~B'W~b i11 'lJ1 'W~Pl"U'W1'Wn'U?i'W1~ bb~b Vt~ n~~il~Pl~~b .U1m~~T~~ bb'W1n1~ 
' ' 
.. .d "\" 0 I ~I I 1 

bfl6'1tl'WV1"1Jtl~B'4.fl1fl b u~\?ltl'Wb u'Wtltl1~ ~ 

n. ~~111B1'lJ bU'Wb~'W\?1~~~1t!fl11~b ~1fl~ 1'11 

"1!. b'U'W1'lJVJ1~"1J11 

fl. b'U'W1'lJVl1~i1tJ 

~- ~~111B1 'lJbtl'W~'W\?l~~bb6'1~t1BtJVt6i'~n6i''U 

8. 'U~b1tw~'W~~bVt~tJ~ ABCD bU'W'U~b1ru~il?i'W1~bb~bVt~n 
?1~1b?i~B~~iJ~I"l~~boU1~~u1 nn'Um~~T\~~~~'lJ oU€11~\11€11 'lJd~ 

' 'U 

vh1~B'W.fl1fl 1 'lJ~\?ltl'Wbfl~B'W~b'U'WboU1Vt1~1'W AB 1~ 
' 

n. ~~B'W.fl1fl 1 'lJ':i\?lB'WboU11 'lJ1 'W'U~b1UJ "OJ1nVl1~~1'W AD 1 'W~Pl 
' 

A 
X X X 

X X X 

X X X 

X X X 

X 

X 

X 

X 

B 
X 

X 

X 

X 

" X X X X X 
~~u1nn'Ub~'W AD 0=----------------::!c 

"1!. ~~B'W.fl1fl 1 'lJ':i\?lB'WboU11'lJ1'W'U~b1ru "OJ1nVl1~~1'W BC 1 'W~Pl~~u1nfl'Ub~'W BC 
' 

fl. ~~B'W.fl1fl 1 'lJ':i\?lB'WboU11 'lJ1 'W'U~b1UJ "OJ1nVl1~~1'W AD 1'W~Pl~~u1nfl'Ub~'W AC 
' 
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9. 8'WJl1fl 1, 2 bb~~ 3 bfl~a'Wv1'l'W?l'W1l.lbb~ibov'l~n ~~'a'\.J . ~ 

8'WJl1fl~~?l1l.l~U'a~~~~~1~~1l.l~1~D • • 
n. U'Jn, D'dn, ~D 

11. m~bb?l~b~n~'aB'Wbfl~a'W~~1'W?l'W1l.lbblJ b 'VI~n~?IJ1b?ll.la 1 'Wbb'W1~~u1n "1.1'W1~"1.1a~bb 'a~b ~a~~1n 

?l'W1l.lbblJb'VI~nD'W~b~n~"aa'Wbb~~~~1~'Wa~nD~1bbth1~ 
~ 

... ... 
n. "1.1'W1'WnDb?l'Wm~ 

"1.1. bU'Wb~'W~'a~~~u1nnDb~'Wm~ 

fl. bD'W1~n~l.lih~'W1D~~u1nnDb?i'um~ 
~- bU'W1~n~l.l~'a~'W1D"1.1'W1'WnDb~'W~1~ 

X X e • • 

: :1: : 
X X·.· • • 

a. X X • • 

X X • • 

X X • • 

X 

X 

b. X 

X t • • 
X T •• 
x e • • 

• • X X 

• • X X 

• • t .. ·.·•· X X • •J X X 

• • eX X c. 

: :1: : 
• • ~·X X 

z'i, 

d.• • m.~ X X 



• 

. . 

n. a bb61~ d flfl 'lJ. b bb61~ c flfl 
" " 

1'1. a bb61~ c flfl ~. b bb61~ d flfl 
" " 

n. o B~f'11 'lJ. 90 'El~f'11 

1'1. 180 mm 

J: .::::.. I c.;: ~ Q.J 1.<::!11 ~ I W: 
1'1. 'U'dfl611~ = 'Vlf'1'1J'El~?l'U1~bb~b'Vl61fl ~. 'W1'Vl1bb~~B = 'Vlf'1'llm?l'W1~bb~b'Vl61n 

i.J !I 0 iJ I tl i.l 

'Vl1~B~~1mb61~b?l'Wm~'W1m~bb?lb"tl1?l'Vl'W1m~m'l3 bb61d bb1~ 
" 

bblJb'Vl~ n~m~vh~B b61''Wm~\Jd1Vif'1'V11~ 1 'IJ'V11~ 1 'Vl'W 

n. 1 'IJ~~1'W'U'W"UB~m~~1'13 
" 

1'1. 1'1J'Vl1~i1CJ 

~. 1'1J'Vl1~"tl11 

X X • 
X X • 
X X r· X X • 

n. B X X ¥ • 

• 
• 
• 
• 
• 'lJ . 

N 
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.. 
• 

•' 

fl. -:!. 

"' ' "' fl. b 'lJ1'V11 bb~ b 'VIG'l fl 

1i "' -:!. 'lJ'U'lJ1-:JtJ'U 

19. m~~Tu1cn1 4 b6!l'W~b~(?11 11-:J~11'Wbb'W1~-:Ju1flntJ?l'W1~bb~b'VI~fl~il 

'lJ'U1~6'l~1b6'l~tl o.s bi'l?lm bb6'1~Vif"'V11-:J~-:J1'1J b~tl~1'Wm~bb?l1'V'lvh 
" 

• • • • 
• • • • 

fl. 0.1 N Vif"f'lJ€l-:!bb1-:J1'1JV11-:!~1CJ 

'lJ. 10 N Vif"f'lJ€l-:!bb1-:J1'1JV11-:!~1CJ 

fl. 0.1 N Vif"f'lJB-:Jbb1-:J1'\.JV11-:J'lJ11 

-:!. 10 N Vif"f'lJ€l-:Jbb1-:J1'1Jm-:J'lJ11 

• • • • 
• • • • 

//////////// 

• • • • • • 
• • 

A 

• • 
• • • • 

B 
• • • • .... 

bb'W1~-:! rl1fl1~bb?l1'V'lvh1'VI6'1~1'W6'1d~"il1fl A 1'\.J B 'lJ'W1~ 5 

bbtl~bb'IJ{ 1'W6'l'U1~bb~b'VI~fl 6 bV16'l6'11 bb1-:J~-:Jb~tlflbb~6'1~bG1''Ubtl'U 

bVhh • • • • • eB 

fl. 2 N 

'lJ. 4 N 

fl. 8 N 

-:!. 12 N 
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II d 
"lJilVI 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
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LQ~UJ 

n 

'1J 

n 

Fl 

'1J 

Fl 

n 

n 

Fl 

\1 

'1J 

Fl 

\1 

"lJ 

\1 

n 

'1J 

\1 

n 

'1J 



.-

.' 
• 

. 
• 

. 
i 
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fl1fl~tJ'Jn csu 

bfl ~el {I il el'vtl m 'I.J n 1'i'VI "~ el {I 



·n~1"ll1 Vlfln~ 4 (1 33204) 

Vl'l.b~m'ab'i~uf~ 3 1vl~1bb~~bb~bVI~n 

~~au u1~fi'a1'~'Ll ~1-:~flu 

2. ~1'a~~h~ty 

54 

.. ' 
'a~~ui'u~ti~11Am~nt!Vi 6 

b 1~1 2 off1 b3J.:I 
Ql ~ 4 

1'1J'VI ........... b~ei'U ......................... V..A ............ . 

bb~bVI~n (Magnet) ~eJ 1'1?1~~?!1~1'H1~\91?!1'jbb~b VI~ rnn.:~"lliJ\911~ bb~b Vl~f'lb'U'U?\1'j'lJ'j~ nmJ 

~ Q ,Jq 0 I ~ I~ .<::ill 4 Q.l .c:::t. 0 

'1lmbVI~mb~~e~an61!bl\l'U 61l.:l~bb'j.:lm~'VI1'j~VI11.:1'1J1bb~bVI~n ~ 2 bb'U'U fleJ bb'j.:l\91\9lf1'U bf1\911\11f1f11'j'U1 
'IJ 

~1 bb~ b Vl~n~h-:~'1liJ\9ln'U~111'11n~n'U bb~~ bb 'j.:lt:-J~ nn'U bfl\911\11f1f11'j'l11~1 bb~b Vl~n"lliJ\91 b~~1n'U~111'1 
1n~n'U fi1'W'U1nru~bbvl'lbb~bVI~n?i.:~el'1'U11\Jf11'j~-:J~\911 'lJfi.:~ b~~n-h ~'IJ13Jbb~bVI~n (Magnetic Field) 

b~'U ?!~~ ~h?!ii eJ'U';h bb vi.:~ bb~ b VI~ n 6'1-:~ B1'U11\l f11'j b~ ~ n11 b!il'IJ bb 'a .:1 bb~ b VI~ n (Magnetic Lines of 

Force) iJ~m;ru~~-:~'11 i11~'UeJnbbvl.:lbb~bVI~n b~'Ubb'j.:lbb~bVI~nl\l~iJViA~'IeJeJnl\l1f1~1bVIt1eJ (N) b~16'i 
' 'IJ 

~11~ (S) fi1'UI11~1 'Ubbvl'lbb~bVI~n b~'Ubb 'j.:lbb~bVI~f11\l~iJViA~'IeJeJf11\l1f1~11~ (5) b~1fi~1bVIt1eJ (N) 
' 'IJ 

I ~ I C::C: ~ I ~ I ~ I C::C: 

1) ue~nfi11~VI~1~'1JeJ.:Ibb~b Vl~n ?!1'jbb~b Vl~n '1J1 bb~b VI~ n bb~~bb 'j-:J'j~VI11'1'1J1 bb~bVI~n 

2) e~5u1~fi11~VI~1~'1JeJ'I?I'U1~ bb~bVI~n b~'U?I'U1~bb~bVI~n bb~~l\l\9l?l~bVi'U 1~ 

4. m~'U1'Un1'alij'~nTn~~'IJ~ (m~m~'U1'Uf11'j POE) 
'U .. 

4.1. oU'IJvl1'1J1~ (Predict: P) (30 'IJ1Vi) 

1) rie~'U'I11b~16'i'U'VIb~~'U 1 ~irm~~'Ubb'IJ.:~n~~ n~~~~ 4 fi'U 
'IJ ' ' 

2) 'l11b~1fi'U'VIb~~'U~1~Fl1m~~eJ 1 'lJ-d' 
'IJ 

' 

a. '111 bb vl'l bb~ b VI~ n~1~'j~'\J~1 bb vl'l b VI~ f1 'VIel'l bb\91'1 1~ bb~~ bb~'U eJ~ fl1~ f1 1 ~ 
' 

irm~~'U\91 bb~1m~irm~~'U11~'11\91 b U'Ubb~ b VI~ n 'VJ'j1'\J 1~eJ~1'1 h 
'IJ 

b. irm~~'UI\l~iil5'Vl\9l?le~ue~~1.:~h11 bb~m~nii~1VI1e~1~ bb~~btl'U~1'1liJ\911\91 
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~ ~ q 

4.2. "1.1'\Ji'I·Un~ (Observe: 0) (50 '\J1'Vl) 

1) bb lil ne:J'lJ mrum1V1~fle:J~ 'l"l~m.J nu 1 ~'!! m~t.J'\J bb~fl~n~llvhfl11ll b -t'111il1fim1Vl~flm 
' ' 

.. 
4.3. 'Yl'UvG'U1t.J (Explain: E) (40 '\J1Vl) 

1) '!! fl b~t.J'\J.fl1 tJ 1 '\.J fl~ll'lh tJ tl'\.Jb 'lJ~t.J'\J b Vi t.J'\J ~fl n11Vl~fle:J\I bbfl ~ ~fl n11vl1'\J1t.J'I.Ie:J~ fl~ll~'\.J b e:J~ 
' ' 

-;h b 'Vllje:J'\.Jtl'\.J'VI~e:Jbb~fl~1~tl'\Je:J~1~ 11 

2) 'l!m~t.J'Wbbfl~fl1~1lln'Ue:J5u1t.Jiil'W 1~-t'm'f1'lJ ~~.0 
~ ' 

i a. 

"S") 
: 

b. 
0 I ~ I W: ..:;:i ~ CV Q.l 

bb1~fl':i~Vl11~'VI11~'1.11bbllb'VIflflll 2 bb1~ fle:J bb1~~~fl'\Jbb1~~flfl 
~ 

c. 
I I ~ iJ I W: .oi::IIQo I ~ ..:::!:il iJ I~ 

fl1t.J'We:J flbb Vl~ bbll b 'VIfl n b?l'\Jbb 1~ bbll b 'VIfl fllil ~llVl~'l"l~e:Je:Jfllil 1fl'l.l1 b 'VI'W eJ (N) b '1.116'1'1.11 ' ~ 

1~ (S) bbfl~fl1t.J1'WbbvJ~bbl.ib'VI~fl b61'Ubb1~bbl.ib'VI~fllil~~~~~~e:Je:Jfllil1fl~11~ (S) 
' " 

boV1?ioU1b'VIUe:J (N) 
~ 

s. 1il~e~LJmru ~e~ LLfl~LL'VI~.:JL~a'IJj 
' ' 'IJ 

1) 1unlilm1lln11Vl~fle:J~~ 1 

2) 1 '\J~1'\.J~ 1 

" ~ " 3) ~1t.Jbt.J'Um 

' ~ 
4) bbll b 'VIfl fl 

5) 

6) Vle:J~bb~~ 

7) 1~ 

8) elflfl1~fl 



;-

--

4 

9) ~-:J~~b'Ub'Vl~n 

10) b~~Vil"l 

~·r1"il1'Un"iJmi~nTwiV16'1m~ 1 

~i1"ilb'U-n'U~ 1 

------------------------------------------------------------------------------------ -----------------------------------------------

------------------------------------------------------------------------------------ -----------------------------------------------· 

---------------------------------------------------- ----------------------------------------------------- --------------------------· 

--------------------------------------------------------------------------------------------------------------------------------·-·· 

---------------------------------------------------- -------------------------------------------------------------------------------

------------------------------------------------------------------------------------ ------------------------------------------
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.d "' 
G1'1'1J€l_-- --------------------------------------- ~G1€l'U 

('U1~5·r1w.rw m'I~'U) 
' "' .. "' 'J'UVl ....... b\1l€l'U ......................... 'V'l. Pl ....... .. 

• 



.. 

:1 

. . 
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. "' . 
'tle:m~p.l __________________________ _ 

. ... . 
1. ~el-61 ~~---- ________________________________________________ . __________ oU'U _______ _/_ __________ L~"UVi ______________ ---· 

. ... . 
2. ~el-61 ~~- ___________________________________________________ . __________ oU'U _______ _/_ _________ . L~"UVi ______________ . _ .. 

. ... . 
3. ~el-61 ~~-- _____________________________________________________________ oU'U _______ _/_ __________ L~"Uyj ______________ . __ . 

. ... . 
4. ~eJ-61~~---------------------------------------------------------------·oU'U ________ /_ __________ L~"UVi _________________ _ 

d ~ d 
5. "IJeJ-61 ~~- ______________________________________________________________ ."ll'U ________ /_ __________ L~"U'Vl ___ --------- __ ---· 

<V d ~ 
'Vl~fteHI 'J'U ________________________ 'Vl _________ L~el'U _______________________ Yl. ~ . ___________________ L 1m _________________ _ 

1C::C: 1C:0::~ 1W: I~ 1W: 
1. 'Uelflfl'J1~'V!~1tJ"IJeJ~ LL~L'V!~fl 611'HL~L'V!~fl "U'JLL~L'V!~ fl LL~~ LL 'H'J~'V!'J1~'l.nLL~L'V!~fl 

2. eJ~'U1tJfl'J1~'V!~1tJ"UeJ~61'U1~ LL~L'V!~fl L61'U61'U1~LL~L'V!~ fl LL~~~~61~L Vi'U 1~ 

3. 'U eJ fl~ fl'\~tu~ L61'U61'U1~ LL~ L 'VI~ fl~ Ltl~~'U 1~'V!';h~~'J LL~ L 'VI~ fl~ L 'Vfi1eJ'U tl'ULL~~ ~1~ tl'U 1~ 

1. 50 em 

2. 

3. 

4. 

5. 

6. 

7. 10 g 

8. 



. . 

• 
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d ' Q 

~v'L!'VI 1 bb3Jb 'VIft n 
...... 
15fl1'~'VIflf!el\l 

1. 'l11bb~b'VI~n 1 bbvl-!.1 ~n~1tJ~1mb~1bb'll1'L!bb~b'VI~n1~-n.:J~11'Wbb'W1~1tJ 

2. U1bb~b'VI~fl~b'VI~BBn 1 bbvi.:J1-ti.ff1b~tJ1n'Wbb~~61~tJbtl'W.ff1~1-:Jn'\.JboU11n~bb~b'VI~fl~e.Jfl~1tJ 
'IJ 

" fl1tJ 

3. vl1b'U'Wb~tJ1n'WntJ.Ua 2LfltJ1-ti161f~Bn 3 'lJ1JV1 fia b'VI~n 'VlB-!.!bbVl-!.1 bb~~1l! ~~mJD'WVine.J~ 
' 

vl1'\.J1tl (Predict) ~·Ufl~ (Observe) v5'U1tl (Explain) 

I ~ ~ .c:il CV 

1. bb3Jb'VI~fl'lJ1bVltJdfl'\.J 

boU11fl~bb~b 'VI~fl~e.Jfl 
'IJ 

I ~ I ~ Q.J 

2. bb3Jb'VI~fl~1-!.l'lJ1fl'\.J 

b i11n~ bb~b'VI~fl~e.J n 
'IJ 

" Vl1tJ 

" Vl1tJ 



.. 

: 

5. bb~'l..reJ'~m~m.U1 

1ml'bb~bVI~fl~e.Jn 
" 

60 

vi1'1J1V (Predict) ~ .. un~ (Observe) BG\J1V (Explain) 



.. 

.. . 
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"'"' 1 fin T'.i'VI WI t'l eJ .:1 

~m'Um-aru~ 1111bb~'W1?111'1~'U'U'WbblJbV!~n 1 bbvt'l ~'1~'\.J hmNbVl~n'U'Wbb~'W1?l 111b~:wVi~11'1 
" 

1 

Is N 2 

s N I 

i s N 

N S 

s N I 
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.-

N S 

N S 

'Vi1'U1£J (Predict) lil'·un~ (Observe) eJB'U1£J (Explain) 

! 

1 

: 

2 

3 

• 



.-

.· 

.. . . 

d 
'VI 

4 

5 

0 !II ... 

Vl1'W1~ (Predict) 

Fl1fi1~'VI1~nlilm1~ 
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~,un~P~ (Observe) v5'U1~ (Explain) 

1. b~eJil1bb:iJb V!~m.Jfl~'W~1CJ bb~l bb 'VTt..lbb:Jb V!~fll Vll1~~ll 'Ubb 'U'"J'jTlJ bb:iJb V!~fl"'il~i1fl1'j'"J1~~lel~1~ 1 'j 
\1 

b~'j1~b'V!!Pil~ 
't ------------------------------------------------------------------------------------------------------------------· 

3. bb:U b V!~ ni1 ~~l eJ ~ 1 'jU 1~- ________________________________________________________________________________________________ _ 

4. bb 'j~'j~Vf11~ bb:U b V!~ ni1 ~ bb 'j ~ eJ ~ 1 'jU1~ ________ . _________________________________ . _________ .. _________________________ _ 

' ~ .. 1 
5. ?f'U1~ bb:W b V!6'1 fl flel el~ 'j ____ ------------------------------------------------------------------------ -------------------------



@ N 

~ ~ ~ 

~~n,rt~~ lfb~M, b U ~1!1. 1ft11 rtLM,~M,~1 Nsll.t-LIAkl~~M,1!1.L~~klU~~b l~11 U~1!1. 1 ft11t-yt 11t-Bil.U~1!1. 1 ft11 l]o 
" ~ 

t-Bil.~Q.ll.M,~~ 1~ b t-L~jb~t-~M,Q 1kl~rt~ 1 t-Bil.l~t-Ll~LUlM, 11 U ~1!1. 1ft11t-fA 11 t-Bil.U~1!1. 1ft11 rtLM,~M, tt-Lljb t 

~ ~ 

kl~rt~ 1LP,Bp1 ~11 !1,1\,jb~t-~l~t-Ll~l\;U ~1!1. 1ft11 t-yt mBil.U~1!1. 1[t1mLM,~UBM,~Bl~t-Llt-~~Uj1kl~rt~ 1 '0 1 

N 

s I 
s 

M,UULO 
"' 

. . ~ 

rtrtqA.t-Ll~~11~LU~~j1UIAM,,VM,B~I!1.1~ t-yt11 Z U~1!1.1ft11t-fA11t-Bil.U~1!1.1ft1mLn~n,~m~~1t-ll; jbWLll; '6 

-----------------------------------------------------------------------------------------------------------b 
~t~BB~M,~1~~~ll; ·g 

_____ .......... ______ ------------------------------------~ tt-L~B~LtJ-1!1.~~~11 ~ tt-L~Bl~t-LW~l U~1!1.1 ft11 rtLM,~ . L 

-------------------------------------------------------b 

~pBULll;~t~U1t-~ ~~~ULrtU~1!1.1ft11li;LM,L~~~bml1~rb '9 

v9 

.. 

. . 

. .. 

.. 

.... 
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b\N1'lJ~ 1 

~Vi'G11"111 1 33204 

. · ' ' " 
:fl€1 - 61~~ .......................................... b~"llVi ............ i'U ~.6 /. ....... . fl~bb'U'Uvtl~ .............. . 

I s N s s s 

N s I s N 

s N S 

... 

~ IN s l-:~ I s N 



l 

... . . 

.. !"i d 

1bfl':i1:::'VI L\I'Vl~--------------------------------------------------------------------------------------------------------------

.. !"i d 1 bfl':i1:::'VI L\I'Vl£1 _____________________________________________________________________________________________________________ _ 

.. !"i d 
1 bfl':i1:::'VI L\I'Vl£1 ___________________________________________________________ _ 

. .. 
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bbe-J'L!n1':i..ij'(Pln1':ib~fn..!~~ 2 : b~B-!1 n1':ibfl~B'L!~"'JB-!!~h~n\PI':iB'L!b'L!~'L!1~bb~bVI~n 
'U 

':i1fl1"111 v.J~n~ 4 (1 33204) ':i::~u-H'L!:U'sfl~fin~nuvl 6 

Ql "' "" 'J'L!'VI ........... b(P)B'L! ......................... 'V'I.fl ............ . 

~BB b~flmB'L! 1 'W~~6i'l djBf1Gl\J~~"UB'I?f'W1~ bb~ b 'Ill~ f1 bb 'W1 f11':ibfl~B'W~"UB'IB b~ nmB'W~:: b '\J'L! b~'I~'L! 
bbM'l'll1ij bb 'j-:Jm::vh~BB b~f1\PI'jB'L!1 'W~~~'W bb 'j'J b ~B-:1~1 f1?f'W1~ bb~ b'Vl~nm::vh~BB'L!.fl1fl~ij,_J1::~ 

' ' 
1 'VJvh b~~f1l1 bb ':i-!lbb~b Vi~n 1 '\.Jf11'j'\ll1~~'1JB'I bb 'j 'I~ m::vl1~BB b~ fl~'jeJ'\.J;'I b tJtJB'W.fl1flth::~ 1 'VJvh6i'\J 

' ' 

3. ~(P)U':i::~.:~~n1':i~fl'L!~ 
' 'U 

1) b ~B 1 ~irm~~'W?f1~1'jt1B5'U1~f11'jbfl~B'W~'IJB'!Bb~ fl~'jeJ'\.J 1 'W?f'W1~ bb~ b 'Ill~ n1~ 

4. m::u1'L!n1':i..[(Pln1':ib~fl'L!~ (m~m::'\J1'\.Jf11'j POE) 
'U 

4.1. eff'L!vl1'L!1fl (Predict: P) (30 'L!1Vi) 

1) flB'WLJWth~'\J'VIb~~'W 1~irm~~'WbbD'If1~~ f1~~6i:: 4 fl'W 
'U ' ' 

2) LJ1b-b'1~'\J'Vlb~~'W~1~1"11m~~BhJd 
'U 

a. fl'j 1 ~irm~~'U'Vl'\J'Vl1'Wfl1 1~~bM~1 n'\J B'U.fl1fl~ij'lJ'j::~ 1 'VJvh b~BB~b 'U?f'W1~ 1 'VJvh~:: 
'\.1 'U , , 'U 

bfi~bb 'j-:J b~B'I~1f1?f'U1~ 1 'VJvhm::vl1~BB'W.fl1fl,!'U bb~{llB'U.fl1fl~ij'lJ'j::~ 1 'VJ~1,!'U 
' ' ' 

bfl~B'U~b -1J11 Ub 'U?f'U1~ bb~ b Vl~fl bb 'Vl'W~~::b tJtJ?f'U1~ 1 'VJ~1 ~::ijbb 'j-:Jm::vl1~BB~.fl1fl 

,!'U'Vl~B1~ 



.· 

• . . 

5. 

" 
4) '11m~ tJ 'W bb~ mm~ ~..rEJTI'U 1 tJ ~ ~ m ':i'Vll'W 1 tJVl't11i'W b ~ cru 

' 
~ Q,l .c:l 

4.2. "ll'U~.:Ibn~ (Observe: 0) (50 'U1'VI) 

1) bb -:vmrt.J mrufl1':i'VI~~ el..:J ~~el:I.Jtl'U 1 Vf'l1m~tJ'Wbb~~~fl~~vl1fll1~ b oV1 h16fl1'a'Vl~~m 
' ' 

-ciltJ b'Vl~eJ'J1flb~tJ'tJ~~..:J 1~Jb oV1 l<iJ 

4.3 . .ff'UeJG'U1EJ (Explain: E) (40 'W1Vi) 

68 

1) '11 n b~tJwn tJ 1 'Wf1~~"1i1 tJtl'Wb 'tJ~tJ'U b Vi tJ'U ~~ fl1':i'Vl~~eJ..:Jbb~~~~tl1':ivl1'W1 tJ"lleJ..:Jfl~~\?l'WbeJ..:J 
' ' 

l1 b VlileJ'Wtl'W'Vl~elbb\?1 f1~1--:Jtl'Wel~1--:J 1 ';i 

2) '11m~tJ'Wbb~~fl':i~lWl'WeJTI'U1tJ':il'W 1~-b'mt':i'tJ ~..:J\1 
~ ' 

a. tl1'a~l'l1 bb V!'ll..:J"lleJ..:J bb 'Wl61l1--:J~ b tJ~ tJ'W 1 tJ b ~eJ..:J':il1 nil bb ':i..:Jm~v1'1~m\'1B b~fl\?l':ieJ'W 

i5--:Jv111 Vf~1Bb~f1\?l'aeJ'Wb 'U'W 1 tJ-:v1m~~ 1~mb ';j..:Jdbn~-:v1n61'W1~bb~b Vl~n b~tJn11 
bb ':i..:Jbb~ b'Vl~n m'a~~hBb~n\?l':ieJ'Wb'U'W 1A'..:J~..:J bb61~--:J11ilbb ':i..:Jm~v11~eJBb~n\?l'aeJ'W 

1 'W'VJI"l'V11--:J~..:J bb~~m':i~m':i~~1Bb~nl?1'aeJ'Wb 'U'W 1A'..:J~'W bb61~--:J11ilbb ':i..:Jm~vh~eJ 

B b~ n\?l':ieJ'W 1 'WYJI"l'V11--:J~'W 
b. bb':i..:Jbb~b'Vl~n~m~vl1~eJeJ'Wf11fl~iJ'tJ'a~':il Vl11~':il1f161~tl1':i F = qvB b~tJYll"l'V11--:J 

' ' 
"llel..:J bb 'a..:J'Vl11~':il1flfl{)ileJ"lll1 

3) '11m~tJ'WI?1eJ'UFhm~ 1 'U..:J1'W~ 2 

-r~~e~umw ~B bb~::bb'l-1~.:~b'iEJ'W~ 
• • '1.1 

1) 1'Un-:vm':i~m':i'Vl~~eJ..:J~ 2 

2) 1'U..:J1'W~ 2 

3) Vl~el~-r..:J~ bbflb 'VI~ 

4) bb'Vl~..:J~1tJ1~ 

5) 611tJ1~ 

6) ' «< 
bb~b'Vl~fl 



• 

\9rn~U 1 un~Um':iaJfll':i'Vl~G'leJ\l~ 2 

\9l':i'J~U 1 unu~ 2 

... .., 
G'l\l'1lel __________ -------------------------------- ~?fel'U 

('U1CJthl'~L1 ~1\l~'U) 

.., "" "" 'J'U'Yloooo 0 0 0 b~el'Uooooo oooo oooooo 0 00 000 oooo ~ 0 f"! ooooooooo 
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. . 

. 
n~n~~:Un1~'VJ~6Hl.:j.yj 2 

b1eJ.:~ m-abfl~mJ~"lleJ.:~~h~n(;l-aeJ'LI1'Lit=~'LI13Jbb:!lbVI~n 

. .. . 
"!1eJn~3.1 _________________________ _ 

' " ' 
L ~B-?In!;1 i'U I b!;1"1JVi 

't ---------------------------------------------------------------· -------- ----------- -----------------

' " ' 

2. ~el-?1 ~(;1--------------------------------------------------------------- i'U_------- /_---------- b(;1"1JVi_------------- ---
' " ' 

3. ~B-?fn!;1 i'U I b!;1"1!Vi , ---------------------------------------------------------------· -------- ----------- -----------------· 
' " ' 

4. ~el-?1 ~(;1--- ------------------------------------------------------------ i'U_------ _/_---------- b(;1"1JVi_-- --------------. 
' " ' 

5. ~el-?1 ~(;1-- ------------------------------------------------------------- i'U_------ _/_---------- b!;1"1lVi_------------- ---
v ~ ~ 

'VI~!;'Jfl-:1 1'U_---- ------------------_'VI_-------- b~el'U_------- -------------- -~. Pl_ ------------------ _b 1(;11_-----------------

0 ... 

lil1'LI1'1J~eJnq3.1(5 f'l'IJ) !;'11~'U ';i1£ln1';i 

L Vf(;je)~-r\l~bbflb 'Vl~ 1 Vf(;je)~ 

2. bb'VI~\1~1tJ1'V'I 
.ol 

1 bfl'ael\1 

3. ~'11tJ 1 'V'J 2b~'U 

4_ ' ~ 

1 bb vJ\1 bb:U b V1!;1 n 

"'"'" 15n1';i'VJ~!;'JeJ.:I 

1. ~e1.fr1 bbB 1 'U~bb!;1~.fr1 bbflb 'Vl~"1JB\IVI!;1B~-r\l~bbflb 'Vl~b oU'1n'U.fr1~~fli' nv1 'V'IY11?1\I bb!;1~.fr1~~ 
'\1 

~'VI'tl~r.;l'la '!vM'1 
n-,:::~bW!Jl"N l'l~~~~ 
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2. '111~1 bVl'WB'VB-:!bbli b Vl~fl b i11flii'Vl"'fl(91-r~~hbfl1 VJ(il "i11fl,!'W6'f~'U~1'1JB-:Jbblib Vl~fl1(9ltJ'I11~11~'1JB-:! 
bbll b Vl~ m i11fl~Vl"'fl(91-r~~ bbfl1 VJ(il ~~ bfl~ b Vl~ fl1iru~ bfl(il~'W~-:1 2 b Vl~fl1iru 'Yi~mJu'WVim.J"' 

' ' 

~~n1':iVl~~B..:I 

~1':i1..:1~ 1 bbfi'!~.:J~~n1':i'VI~~B..:In1':ibfl~B'U~"llB.:J~b~fl~':ieJ'Ub'Ufi'l'U1:Ubb3Jb'Vl~fl 

I 0 I ~ 

1. flfl'U'U1bb:Ub'Vl"'fl 

bi11flii'Vl"'f)(il-r,:j~ 

bbfl1 Vl(il 

.:; "" 
2. '1J1b'Vl'UB'1JB~ 

bbll m~ m orr 11 nil 

Vl"'fl(il-r~~bbfl1 Vl(il 

3. ~11~'1JB~bblib'Vl~fl 

bi11flii'Vl"'f)(il-r~~ 

bbfl1 Vl(il 

'Vi'1'W1tl (Predict) ~.:Jbfl~ (Observe) a5'U1tl (Explain) 
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0 "' "' fl1tn:!J'VI1llnl\ln~~:!J 

1. m~~IP11bbV1tl\lbbt..mrh,:jbtJ~CJ'tJltJbn~lil1~1il1nm~b 
.. 

i 

.· 
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b'I.H1'U~ 2 

'iVl?fi"111 1 33204 

' ' "' 
~'El - 6'ff1~ .......................................... b~'1.1Vi ............ -IJ1.J :U.6 /. ....... . d1"" fl~bb'U'UVl ~ .............. . 

' 

• • • • 
• • • • 
• ·r • 
• • • e B 

(a) 

X X X X 

X X X X 

X xf X 

X X X X B 

(c) 

B 

(e) 

• • • • 
• • • • 
• ·r • 
• • • • 8 

(b) 

X X X X 

X X X X 

X xf X 

X X X X B 

(d) 

X X X X 

X X X X 

X 

X 

(f) 

X 

X s 

2. ~b~f11?1'i'El'U~\lvl'JtJfl11:Ub~1 106 m/s 1'UVil"f~\l01f1tl\.J?f'U1:Ubb~bV!~fl?f~1b?f:U'El 10·2 T lii-:J'VI1 

a) bb 'i\lVi?f'U1:Ubb~ b V!~nm~v'h~'El~b~fll?1'i'El'U 

b) -rl"fi1fl11:w 1f1-:~'1.1e:J-:~m'ibfl~B'U~'1Je:J-:~~ b~fl(?)'je:J'I.J 

c) fl1tJ n m fl1'i bfl~'El'U~fl'itJ'i'EltJ ~ b~ n 1?1'i'El'U 
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"' !'I' ~ 
d bfl'l1::'111 ~\l'Vl£1_-------------- -----------------------------------------------------------------------------------------------

= "' d "" "' 7 3. m~fl\Wj"e:J'UWil~ A :Wf'l11:l.Jb'j'J V0 = 10 m/s \1~'1111 ----~ 
' v X ,K- X X -)t-, X X 

a) '1J'U1~bb~~Viflf'Vl1..:1'1Je:J..:Jf'l11:Wb.rr:w~'U1:WbblJbVI~fl~Vh11X 0 
/' ",, · 

/X X X X X X\X 

~b~fl{?l'je:J'Ubf'l~e:J'U~ liJ1fl A hJ B \?ll:lJ'Vl1..:!1ri'..:~~'IJ1..:ifl~~ / X X )( X X X \ 

' ' · c B \ 
b) nmm-il'l'Ufl1'jbf'l~e:J'WVi"il1fl A hJ B --..... x x x x x x ~ 

A B 

1bfl'l1::'111b\l'Vl~--------------------------------------------------------------------------------,...--.... ------------------------~-~-~------; ... llooft 
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•" 

.. .. 

. . 

-a1fl1"lf1 t.~~na 4 c1 33204) 

'VI'il1flm-ab'imJivi 3 1wrhbb~~bb3.ib'VI~n .. 
-a~~ui'IJ:W'titJ~flm~1uvi 6 

b 1~1 3 i1 1~.:~ 
Q.l c:i 4 

1'1J'VI ........... bl9le:J'IJ ......................... 'Vol. fl ............ . 

b~e:Jm~bb611~vh~1'WmW~~'nhil~bn~61'U1~bb~bvt~me:~u~1~~Tt111'W~m~ru~IPl-:~d 
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n~~ bb611 ~vh~ 1'U~1~ ~1'111 m -:1 ~~ bfl~61'U1l.J bb~ b Vl~ f)'je:J'I.J~1 ~ ~1'111 Vl1VlP!'VI1-:1"1J e:J-:1 

61'U1l.l bb~ b vt~ n 1~~1nfl!J~B"1l111~ tJ rh~me:Ju~1~~1'111m-:~ bb~ ~ 1 ~ii1,;r1 bb~~e:J~1 U'Vl1-:JVJP!"Ue:J-:J 

m~ bb611 ~vh VlP!'Vl1-:l fl1~1'U"1JeJ-:Jii1~-:I~~~~VlP!'Vl1-:1"1JeJ-:!61'U1lJ bb~ b Vl~ fl 
m~ bb611 ~vh~1'U~1~~1'1111-:Ifl~l.J bb~ ~ b6!.lb~'Ue:J tJ~ ~~ bfl~61'U1l.lbb~ b vt~nvin~ m~ru~l"l~1tJ nu 

61'U1l.I"Ue:J-:~ bb 'Vi-:~ bb~ b vt~ n m~vt1VJPI'Vl1-:~1-rrn!J~B"1l111~ tJ n1~e:1 1 ~ii1~-:~~~V1P!"Ue:J-:~ m~ bb611 ~vh bb~ ~ 

3. li!W~tl-a~~.:~fi'm-ab~fl\Jj . .. 
1) b~eJ~m~.nV1Pl'V11-:J"UeJ-:J61'U1l.lbb~bvt~nvibn~~1nm~bb611~vh1'Wm~~1t1119l~-:~ mm-:~n~l.l 

bb~~ b6!.lb~'Ue:JtJ~ 

4. m~U1'Wm-a:5'W~m-ab~fl'IJ~ (ml.lm~'U1'Ufl1~ POE) .. 
4.1. .ffuvhw1fl (Predict: P) (40 'W1Vi) 

1) ne:J'Ut1wu1~'U'Vlb~tJ'W 1~LTm~tJ'Wbbu-:~n~l.l n~l.l~~ 4 IDl'W 
'U ' ' 

2) '111 b oU1 ~'U'Vl b ~ tJ 'U ~1 tJ n1~'Vl'U'Vl1'UI"l11l.J ~ b ~ e:J-:1 n ~~ bb611 ~vh 1 'U ~1 ~ ~1 '111 '1J ru~n 
'U 'U 

m~ bb611 ~vh 1 'W~1~~1t11 b~e:Jt11m~~Tt11m~'U\9l~tJ 1~tJ~-:~r11tnl.l';h 
'U 
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... 
<V .r:::lil I I ~ 0 IJ' Q,.l d 

4) 'Uflb ~EJ'Ubb~~~tl~:We:Jli'U1EJ~~fl1~YI1'U1EJVI'U1"1l'Ub 'H.J'U 
' 

~ Q.l .ct 

4.2. 'tl'U~·un~ (Observe: 0) (80 'U1YI) 

1) bb~ne:~tJmrum~YJ~~e:J\1 ~~e:J:wnu 1 ~11m~EJ'Ubbl9i~~n~:wvhfll1:Wb .rr1 h15m~YJ~~e:J\I 
' ' 

"1i1EJ b Vl~e:J11m~EJ'U~~\I hJ b .rr1 loa 

4.3 . .ff'l .. le:JG'\J1a (Explain: E) (60 '1..!1Vi) 
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1) 11m~m .. Lfl1 EJ 1 'U n~:w"ll1 E.Jtl'Ub tJ~E.Ju b Vi EJ'\J~~m~YJ~~e:J\Ibb~~~~m~vi'1'U1EJ"lle:J\Itl~:W~'Ube:J\I 
' ' 

11 b'VIi1e:J'Utl'UVI~e:Jbb~tl\9l1\ltl'Ue:J~1\11 ';i 

2) 11m~EJ'Ubb~~fl~~1:Wtl'l..!e:J5u1EJ~'U h1-rrm'f';itJ ~\1-d 
" ' 

3) 

a. bde:J1~m~bb~1~v11~1'Um~\9)1U1~';i\l 1\ltl~:W bb~~t6!!b~'Ue:JEJ~ "iJdJ~'U1:Wbbl.JbVI~tl 

bi'i~~'U';ie:J'\J 1 m~(9)11l1 t~ EJ~~YI1\I"lle:J\I~'U1:W bbl.J b Vl~mtl'l..! 1 tJ~1:Wn!)i1e:JOV'J1 
11m~EJ'U~e:J'UA1m:w 1 '\J\11'U~ 3 

-r~~e:~tJmru ~e:~ bb~~bb'VI%i.:~b~a'l..!~ . . " 
1) 1un"ilm';i:Wfl1';iYJ~~e:J\I~ 3 

2) 1m1'U~ 3 

3) 
... 

'1J~YI~~e:J\Im~b~'U~';i\l • 
4) "ll~YI~~mmm.:Jn~:w • 
S) "ll~YI~G'le:J\1 16!lb~'Ue:JEJ~ • 
6) ~1EJ1~ 

7) bb'VI~\1~1EJ1~ 

8) 
.. = 

b"ll:WYI~ 
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1 "" .d 
M~T'il un~m~~m~Vl\?lG'Itl~Vl 3 

M~1~1u-nu~ 3 

: 

d ... 
G'l~"lltl ~6'1tl'U ------------------------------------------\1 

.., "" .. 
1'UVlo 000000 b\?ltl'Uoooooo oOOO 000000000 0000 00 'V'lo ~0 oOOO 000 0 
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' "" "" n\ln'f:ia.Jn1'WI~~e:J.:J'VI 3 

b~eJ~ ~'U1:Ubb~bVI~n~bn~lil1nn'a~bb~1'V'lf111'U~1~~,J'I.h 

' "' ' "!felfl~ll __________________________ _ 

...... 

' .... ' 

1. ~eJ-?1~6'1 ________________________ --------------------------------------- i'U ___ ---- _!_ __________ b6'l'tlVl _________________ _ 
' .... ' 

2. ~eJ-?1~6'1 _____ ---------------------------------------------------------- i'U ________ /_ ---------- b6'l'tlVl _____ ------------· 
' .... ' 

3 0 ~eJ-?f ~6'1--------------------------------------------------------------- i'U_------- /_- --------- b6'l'tlVl_-------------- --. 
' .... ' 

4. ~B-?f ~6'1--- -------------------0---------------------------------------- i'U_------ I-------- 0- b6'l'tlVl ______ -----------. 
' .... ' 

50 ~eJ-?f ~6'1- -------------.------------------------------------------------ i'U_-- ----- /_-- -----0-- b6'l'tlVl_----------------. 
v d ~ 

'Vl~~eJ~ 1'U _______________________ _ 'Vl _________ b~ B'U _______________________ 'V'J .I'll ___________________ .b 16'11 _________________ _ 

1. b~B~rrt~1Vil'll'V11'1'tJB'I?f'U1&..~bblJbvt~n~bfi~"'il1nm~bb?t1 vJvh1 'Um~~1'111~~'~ m~1.:~n6'1:u bb6'1~ 

b61Jb6'l'UeJCJiJ 

0 .... 

li!1'U1'U~eJn~lJ(4 fll'U) ~1~U 'a1CJn1'a 
' 

1. 
'-' 

1 '11~ '1J~'V1~6'leJ'I6'11~ b?f'U~~'I 
' ' 

2. '1J~'V1~6'1B'I6'11~1\lfl6'l&.J 1 '11~ 
' ' 

3. "1!~'V1~6'1B'I b61Jb6'l'Ue:JCJil 1 '11~ 
' 

4. ?f1CJ1vJ 2 b~'U 

5. bbVI~\l~1CJ 1 yJ 1 bfl~eJ\l 

6. 
~ ~ 

1 B''W b 'tl:U'Vll'll 

15n1'a'Vl~~eJ~ 

1. ~BtJmCJ~'I?fB'I'tJB'Im~~1'111b~'U~~'~nubbvt~'~~1CJ1vJm::m?t~~'~ 5 v ~'~~tJ 11\lb~&..~Vil'llu'U 
'U 

m~m~bb~'l ru il1bbvttl'1~1'~1 btl~?f1~"11 ~\lbn~m~ru11'1~1'tlB'Ib~&.JVil'll tJ~?t1~"11 bb~1 

'V1~6'1B\l~1b~CJ fl~UVil'll'tJB\lm~bb?f1 vJvh ~'I bfl~fl1~11\l~1'tJB\l b ~:UVil'll 
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to~1'a1-!l~ 1 bb6'1V~,:u:,J6'ln1':i'VlV~6'le:J~6'f't.n~ bblJ b VI~ n~ bflV~"il1 nm:::bb6'1h~'W11 'UmV~(;)1't11to~':i~ 6'l'JV~'J~n6'1~ 

bb6'1::: b6(lb6'l'Ue:JCJ~ 

vl1'U1£J (Predict) lil'-!lbnto~ (Observe) BGU1£J (Explain) 

L 

80 
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vl1'\.J1a (Predict) ~·:nn~ (Observe) eJB'U1a (Explain) ... 

rrrrr 
1-

o II "" 

l 
l'l1m:u·vnan'<ilm-a:u 

1. 'llru~ 1~~m~ bb611 V'lvh 1 'Wm~(9)1'l11nu b~eJ~m~bb611 V'lvh 1 w;n~(9)l'l11 f11'jl1.:J{9]l'lleJ.:Jb~~V1P~ 

.· ~1.:Jn'W'V!~eJ 1~ eJ~l.:J 1 'j ___________________________________________________________________________________________________ _ 

eJ~l.:J 1 'j·············--····································---·····················-································-·--········· 
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b'U•:I1'W~ 3 

d~?fi'll1 1 33204 

' ' " ;gel - ?f~~ .......................................... b~'llYi ............ otl'U :W.6 /. ...... .. 
~ ... 

l'l:::bb'U'U'Vlb(;l .............. . 

rrrrr 
L L T-

I 

4. -uru~ hH1m~bb?t1 '\o'Jvh1 t~m(;l~Tu1nudjeJiJm~bb?t1 '\o'Jvh 1 t~m(;l~1'111 fl1d11'1~1'1lfl'lb~:w-Ylfl 

~1'1tl'UVl~fl hl fl~1'1 h 
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50 "'il~fl1'W1tuVl1fl11~boV~"UB~6'1'W1~bb~bVl~fl1-we:nml"! ~~B~vh~ 10 em '<\l1flb~'WGni?Wl'j~CJ11 5 em 
'\} 

~i1m~bb6'11 yjyh~1'W 20 A bb6'l~'UBflVil"l"UB~6'1'W1~bb~bVl~fl~htJ 
... !'I' <f 

1 bfl ':i1 ::vr L \I 'VI a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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' <i 
~'1..!1a.Jbba.Jb'VI~n 

':i1~1'Y11 VJflml 4 (1 33204) ':i::~u~'l..!~ll~a.Jftm~ntlvi 6 

b1~1 2 -B'1ba.J.:I 
.., d .. 
1'1..!'VI ........... b~v'I..! ......................... 'W.fl ............ . 

b~Bm~~,.n111Wj-:JtJ1l l vii1m~bb(l1'\o'J.Yh 1 ~1'1..!"Uru~~-:JU1flnu(ltmJbb&Jb'vl~fl B 'iJ~bi'i~bb'a-:J 

m~v11~ltJ"Il'l..!1~ F = llB 1~tJVlfiV11-:J"UB-:J bb 'a-:JVI11~'iJ1flfl1'an1i1B"Ill11~tJl'I..!Dl.X-:J~'iJ1flVlfiV11-:J"Il€l-:J 

m~bb(l1 '1-'Jvh 1 'IJvnVifiV11-:J"Ile:J-:J(l'l..!1lJ bb&J b VI~ fl D1~1 bb&JiJe:J'iJ~~VifiV11-:J"Ilmbb 'a -:'I 

3. \l~'IJ':i::~.:~fim<:ib'i~'U~ . ~ 

3.1. u B fl1~'hm ~ ~Tt.hi1m~ bb(l1 '1-'J.Yh ~ 1'1..! bb61~l1-:JB ~1 'l..!u~ b lruviiJ(l'l..!1lJ bb&J b VI~ fl'iJ~iJ bb 'a -:'I 
" 

4. n':i::'U1'Un1':i~~n1<:ib'i~'U~ (~1lJfl'a~'Ul'l..!fl1'a POE) 
~ 

" 4.1 "IJ'Uvl1'U1~ (Predict : P) (30 'U1Vi) 

1) ne:J'I..!tJ1b.rr1~'UVlb~tJ'I..! 1~'l!m~tJ'I..!bbU-:Jfl~lJ fl~lJ61~ 4 fl'l..! 
" ' ' 

2) t11 b orr 1 ~ u Vl b ~ tJ 'U ~ 1 tJ fl1 'a Vl u Vll '1..! b ~ tJ 1 n u 'IJ 'a~ 'iJ 1 '1-'J V11 vi b fl ~ €l '1..! vi1 '1..! 6'11 ~ ~ 1 t11 b 'iJ '1..! 
" ' 

m~bb(l1'\o'JV111~tJ~-:Jfl'1mlJ11 
a. b~Bm~~1t11vii1m~ bb(l1 'i"JV111 'IJ1ll 'I..!'U~b lruviiJ(l'l..!1lJ bb&JbVI~ fl'iJ~ bi'i~e:J~ 1 'a~ 'I..! 

3) fl'atJ1 b(l'l..! €)(1 m'l..! fl1'a ru 'iJ 1 fl~'l..!'l! flb~ tJ'I..!bb~ 6'1 ~ fl~lJ'Iil tJ n'l..!vl1'1..! 1 tJ e.J6'16'1-:J 1 '1..! 1 'U n'iJ fl';j'jlJ 
" ' 
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"' 4.2 'ti'ufl'.:~bn\Jl (Observe: 0) (50 'IJ1Vi) 

1) bb"ilmnJmrunT~i'Vl\9l~eJ.:~ 'IAl~mJn'IJ1~i!m~CJ'Ubb~~~mi:wvhm1:wb.rr1hiTim'a'Vl\9l~eJ.:~ 
' ' 

2) i!m~CJ'Ubb~~~mi:wvhm'a'Vl\9l~eJ.:~m:w1'1Jn"ilm'a:wm'a'Vl\9l~eJ.:~~ 4 'IAl~eJ:Wn'Uu'UVint:J~m'a 
' 

'Vl\91~ e1.:1 61'atJ t:J~ n1'a'Vl\9l~eJ.:~ bb~ ~1'11 m:wVi'1 CJ n"il m'a:w m'a'Vl\91~ e1.:1 b\91 CJfl'afleJCJ 1 ~rrn:w 
' " 

"' 4.3 'ti''Ut~5'U1CJ (Explain: E) (40 'IJ1Vi) 

1) i! n b~CJ'U.fl1 CJ 1 'U n~:w-d1 CJ tl'Ub tJ~CJ'IJ b Vi CJ'Ut:J~n1'a'Vl\9l~eJ.:Jbb~ ~t:J~n1'avl1'U1CJ'1JeJ.:~n~:w~J~'UbeJ.:J 
' ' 

11 b VliJeJ'Utl'UV!~mb\91 n~1-:Jtl'UeJ~1-:J 1 'a 

2) 1!m~CJ'Ubb~~fl'a1l:wn'UeJ5'1J1CJ"il'U 1Jl.rreJ61'atJ ~.:~d 
" ' 

a. ~l\9l~lt11~i1m~bb611 vJvh~l'Ubb~~eJ~b 'U61'U1:Wbb~b'Vl~n "il~ilbb 'a.:Jnd~vl11 ~m\9l~lt11 

bfl~ eJ'U~ n1 'a bfl ~ eJ'U~ "il ~ e:~ ~1 'U Vi !3f'Vl1-:J 1\9l~'U eJ ~ tl'U Vi !3f'Vl1-:J'V eJ.:J n 'a~ bb611 vJVl1 bb~ ~ 
" " 

"" ' ,: 
'VI !3f'V11-:J'VeJ.:J61'U1:W bb:W b 'Ill~ n 

b. bb'a.:Jbb~b'Vl~n~m~v11~eJm\9l~lt11bfl~eJ'U~JllCJfll1:Wb1.:~ Vl1Hl"il1n61:wm'a F = llB 

b\91CJVJ!3f'Vl1-:J'Vm bb 'a.:J'Vl11Jl"il1nn!]i1eJ'Vl1 

3) 1!m~CJ'U\91e:J'UI'11m:w 1 'IJ.:Jl'U~ 4 

1~\9lvtJmw ~e:~ bb!;l~bb'Vi~.:~b~a'U~ ' . 'IJ 

1) 1 'Un"ilm'a:wm'a'Vl\9l~eJ.:~~ 4 

2) 1'1J.:~1'U~ 4 

3) ' ,: 
bb:Wb Vi~n 

4) 
... 0 

m\91\Jll'Ul 

5) bb'Vl~.:J~1CJ1vJ 

6) 611CJ1vJ 

7) ... ... 0 

~1'U'aeJ.:J'a'U~l\91\91l'U1 
"" 

\91'al"il 1 'Un"ilm'a:wm'a'Vl\9l~eJ.:~~ 4 

\91'al"ilLm1'U~ 4 
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7 .3. "lien~uenb u~/bb 'IJ1'VI1~bbtit "ll 

' .. ... 
~..::~·tm __________________________________________ ~6'1e:J'U 

('U1tJ5'j1~t1 m..::~?i'U) 
.., "' .. 
'd'U'VI.-- 0 0 0 0 bl?le:J'U. 0--0 0--0 0----0 0 0 0 0--0-0 0 'W 0 filo 0 0 0 0-0 0-
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' .- n~n';i';i~n1';i'VJ~Ii'IB~Vi 4 

b~v~ bb -a~~ n-a::vh~v~1~~'J'lJ1"llw::i:im:au;t1 'Wvh ~1'Wbb~::~1~m.Ji:w~'W13JbuJ b Vl~n 
'U 

.· 
' "" ' 't1vn&l3J- _________________________ . 

' " ' 
1. ~€H1~~------ -------·-------- _________________________________________ otl'W _______ _/ __________ b~'IJVJ _________________ _ 

' " ' "" v q 

2. 'IJ€)-?f ~~----------------------------------------------------- ---------- _'IJ'U_-- -----I_---------- b~'IJ'Vl_--------------- --
' " ' 

3. ~€)-?{~~----- ---------------------------------------------------------- otl'U _______ j_ ---------- b~'IJVJ ___ ----------- ---· 
' " ' "" v q 

4. 'IJ€)-?f ~~----------- ---------------------------------------------------- 'IJ'U_ ------ _/_------ ---- b~'IJ'Vl_----------- -----. 
' " d 

5. ~€)-?{ ~~-- ------------------------------------------------------------- otl'U_------- /_-- -------- b~'IJ'Vl_------------- ---· 
v ~ ~ 

'Vl~~v~ l'U ________________________ 'VI _________ bl?lB'U _______________________ '1"1. f'l ____________________ b 1m _________________ _ 

_ .. 

1. 2 bbvl~ ' ~ 
bb:Wb'V!~f1 

2. 1 'IJ\?1 
' 

3. 

4. 

5. 



.-

.-

"'"" 1tin1'~'VI~fte:J{j 

1. 11~m~l'l1111b?i''U~?J~~u·u:o1'U~e:~'l1u A bb~::; 8 bblK11?im·111nubbVI~'l"ihtJh·lvhm::;bb6'f~?J~'l s 
"' 

~'lbfll?lm~rubfl~e:J'U~"Ve:J'lm~\911111 bblK1tJ~6'11~?~'11 

3. 'VI~~e:~~J11?11l.l<U'e:~ 1-2 bbl?in~uV1~'Vl1~"Ve:~~m::;bb6'11 vJ.Yh 

4. 'VI~~e:~~J11?11l.loUe:J 1-2 bbl?ifl~'U~1"1Je:J~bbl.JbVI~fl1'U\i1'U~eJ'lbbl.JbVI~fl 
"' 

~ftfl1'a'VI~fteJ{j 

1?11'a1.:J~ 1 bb6'f~~e.J~m~'Vl~~e:J~bb~'l~m::;vh~e:~m~l'l1111"Vru::;iim::;bb6'11vJvh~1'Ubb~::;m~e:~tJ"l'U 
' "' 6'f'U1l.l bbl.lb VI~ fl 

A 

'--(. ------"~ 
8 = Vl~~~ 

I= A hJ B 

'\J 

vl1'U1fl (Predict) ~.:Jbfll?l (Observe) e:J5'U1fl (Explain) 
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.-

.L 
A 

'--( _s_-----'0 
B = Vil"l{;l'l 

I= BhJ A 

( s 

«~r 
A 

N ......... ···········~ 

v 

B = Vil"l:V'W 

I= A hJ B 
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'Vi1'1.J1£J (Predict) a~bn~P~ (Observe) e~5u1£J (Explain) 
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.-
vl1'U1EJ (Predict) ~·Un(Pl (Observe) e:~'&'U1EJ (Explain) 

.-

A 

'--t _N______.~ 

I=BhJA 

A 

1 '"" B = ~~ 

I= A hJ B 

A 

1 '"" B = ~~ 

I=BhJA 
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0 !II ... 

fl1tl13J'VI1~Jn1iln113J 

1. b~€l'Uf1b~CJ'U'I11m~~-;l'thnru'U·n~~1~mCJ1 'U?f'U1~bb~ b'VI~n bbl?iEJ\11~btJ~?t1\91"1ibbV!~\1~1CJ 1 'W btl~ 
fl1".ib tJ~ CJ'Ubb tJ~\I~m~~1'111V!~'El1~ e1 ~1\11 ".i _____________________________________________________________________ _ 

3. b'VI~1~m~~1'111~\lbl"l~'El'W~1~----------------------------------------------------------------------------------------· 

4. 1 'Ubbl?i~~ mru ~1~~-;nJ1bl"l~'EJ'Um 'WVi~~~\lu1flflUVi~"ll'El\l fl".i~ bb?t1 ~Vh bb~~Vi~"IJ'EJ\I?f'U1~ bblJb VI~ fl 
Vl1eJ1lJ 'El ~1\11 ".i _____________________________________________________________________________________________________________ . 



~ 
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... 
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L'I.N1'lJ~ 4 

'j~?!~hn 1 33204 

' ' " 
:fle:J - 6'1~61 .......................................... b61"UVi ............ -lr'U :w.6 /. ....... . fl~bb'U'Uvtl~ .............. . 

·I 
l) 

.... 2) )( X X xB . . . 
)( X X X 

-~ 

X X X X 

X X X )< 

I 
II 

-.!...tiUil«wi!fe•ll 
3) 4) 

5) 6) w 
w 

2. m~~TWlb~'U'Vl~~CJll 40 em ll'l1'Ubb'Ulbvrwe:J1~ ~m~bb6'1h~Jvh~l'U';()lf1Vif'l1mt1Vif'!b'VI'i1BB~l\l 

6'1~lb6'1:We:J 10 A lllij6'1'Ul:WbblJb'VI~f11?1f1m~'Vl'IJ611~1'UVif'!yj\l61\l1'Ubb'Ul~\l-u'Ul~ 0.1 b'Vl6'161l lii..:J'IIIl 
' 

1bl'l1l:::'lll1lii'Vlv ........... ---------------------------------------------------------------------------------------------------



.-

."' 

" 

n 'j ~:::bb6'f1 vJ vh 1 V!G'l ~ 1'W 61 'Hl Vle:J \1 bb \11\1 14 A 1iHIVI1 Vi !21"tle:J \1 

m~ bb6'f1 vlvh bb61~'j~tJ~~\1l"tle:J\16'f'\.J~\I 
1 bfl"a1~VIb1i!Vl~ ___________________________________________________________ _ 

a) "il~ bn\1lbb 'j\ll?im~'W6111111 'WVi!211111 bb61~"tl'W1\1lb vh 1111 

b) i11m111ihnmvhnu s g ml1l"il~bfl~e:J'W~~1tJA11l.lb~\lbVh1111 

• 

• 

• 

c) ii'1m\1lbfl~e:J'W~1~bU'W'j~tJ~ 4 em "il\I'Vl1fl11l.lb~1 ru ~1bb'VltJ\I,!'W 
1 bfl"a1~VIb1i!Vl~ __________________________________ _ 

n~ 

2vl 
JQ =~ 

n~ 

X 

X 

X 

• • • 

A 

~ X X 

X X X 

X X X 

B 

-----------------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------·······---------

-----------------------------------------------------------------------------------------------------------------------------------
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• 

• 

T 
5cm 

l 
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.:.. .. 

.. . 
fi1fl11~nnn~1£J 

0 0 

Ill d B1'L!11i11il1bb'I.Jn 
'tiel 'VI bb tl"~" 

(P) (r) 

1 0.77 H1~ 0.22 

2 0.83 
d: 

-0.01 'VI~ 

3 0.71 1-ul~ 0.21 

4 0.49 1-ul~ 0.43 

5 0.60 1-ul~ 0.55 

6 0.49 1-ul~ 0.43 

7 0.40 1-ul~ 0.02 

8 0.37 1m~ 0.54 

9 0.37 1m~ 0.31 

10 0.43 1-ul~ 0.31 

11 0.60 1-ul~ 0.32 

12 0.49 1-ul~ 0.43 

13 0.43 H1~ 0.31 

14 0.71 1m~ 0.33 

15 0.63 1m~ 0.38 

16 0.51 1m~ 0.72 

17 0.51 1m~ -0.31 

18 0.43 1m~ 0.31 

19 0.51 1m~ 0.49 

20 0.57 1m~ 0.60 

21 0.57 1m~ 0.72 

22 0.57 1-ul~ 0.60 

23 0.11 
d: 

0.01 'VI~ 

24 0.49 1m~ 0.54 

25 0.63 1-ul~ 0.72 

' ' " 
*rhrrn~b"lie:JiJ'L!bb'U'U'VI~?feJ'UVJ~uD'U == 0.81 
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bb tJ"~"fJW.fl1W 
Ill 'tlBam.J 

bbtl"~" 
-He:~ae:~u ~uu1'VI3.i 

H1~ 1-ul~ -
.... d: .... d: 
~~m ~~'VI~ -
1-ul~ 1-ul~ oHB 1 

1-ul~ 1-ul~ oHB 2 

1-ul~ 1-ul~ oHB 3 

1-ul~ 1-ul~ oHB 4 

.... "' .... "' 
~~'VI~ ~~'VI~ -

1-ul~ 1-ul~ oHB 5 

1m~ 1m~ oHB 6 

1-ul~ 1-ul~ oHB 7 

1-ul~ 1-ul~ oHB 8 

1-ul~ 1-ul~ oHB 9 

1-ul~ 1m~ oHB 10 

1m~ 1m~ oHB 11 

1-ul~ 1m~ oHB 12 

1-ul~ 1-ul~ oHB 13 
.... d: .... d: 
~~'VI~ ~~'VI~ -

1-ul~ 1-ul~ oHB 14 

1m~ 1m~ oHB 15 

1-ul~ 1m~ oHB 16 

1m~ 1m~ oHB 17 

1m~ 1m~ oHB 18 
.... d: .... d: 
~~'VI~ ~~'VI~ -
1m~ 1-ul~ oHB 19 

1m~ 1m~ oHB 20 



. . 

.. 

-· 

... 

d 
fi'IJ'Vl 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n1~'Vlfl~e:J~ 

~ 1 (10) 

9 

8 

9 

7 

8 

9 

8 

6 

8 

9 

8 

9 

7 

8 

9 

8 

6 

8 

9 

8 

9 

7 

8 

9 

8 

6 

... 
fl:: bb 'IJ 'IJ "11 fl n "ii m ·n1 m ~'VI fl ~ eJ ~ • 
n1~'Vlfl~e:J~ n1~'Vlfl~e:J~ 

~ 2 (10) ~ 3 (10) 

7 8 

8 8 

8 8 

8 8 

7 8 

9 8 

8 8 

8 7 

6 7 

7 8 

8 8 

8 8 

8 8 

7 8 

9 8 

8 8 

8 7 

6 7 

7 8 

8 8 

8 8 

8 8 

7 8 

9 8 

8 8 

8 7 
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"' ~111 fl::bb 'IJ'IJ'Vi~~ 
n1~'Vlfl~e:J~ 

b~El'IJ (20) 
~ 4 (10) 

(40) 

8 32 13 

8 32 12 

9 34 14 

7 30 14 

8 31 15 

7 33 14 

8 32 13 

7 28 13 

8 29 15 

8 32 14 

8 32 15 

9 34 16 

7 30 15 

8 31 15 

7 33 16 

8 32 15 

7 28 15 

8 29 16 

8 32 15 

8 32 14 

9 34 16 

7 30 15 

8 31 16 

7 33 15 

8 32 17 

7 28 15 
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"' fl:: bb 'IJ'IJ"q fl n~ n~~ll nToa'VI fl ~ v.:J 
"' .. -

d ~'"Jll fl::bb 'IJ'IJVI~.:J 
fi'IJ'VI n1~'VIfl~t).:j n1~'VIfl~t).:j n1~'VIfl~t).:j n1 ~'VI fl ~ t).:j 

b'iV'lJ (20) 
~ 1 (10) ~ 2 (10) ~ 3 (10) ~ 4 (10) 

(40) 

27 8 6 7 8 29 17 

28 9 7 8 8 32 16 

29 8 8 8 8 32 15 

30 9 8 8 9 34 18 

31 7 8 8 7 30 16 

32 8 7 8 8 31 17 

33 9 9 8 7 33 17 

34 8 8 8 8 32 16 

35 8 6 7 8 29 18 

[j 8.06 7.66 7.80 7.80 31.31 15.23 

"' ~m1 
80.57 76.57 78.00 78.00 313.14 76.14 _ ... 

~:: 

78.29 76.14 

E1 E2 



.--

_ ... 

lil1'a1~vi fl.3 ~1fl'J1lln1'JVI1JTvl1·!1n1'ab~~'L!bb'U'U'a1~'4flfl~ (Single student normalized 

gain) bb~::'a1~i'L!b~~'L! (Class normalized gain) 

d Pre- Post- %Pre- %Post- %pre- 100-
fl'L!VI <g> bb\J'a~i'l 

test test test test %post %pre 

1 3 13 15 65 50 85 0.59 Medium gain 

2 5 12 25 60 35 75 0.47 Medium gain 

3 3 14 15 70 55 85 0.65 Medium gain 

4 5 14 25 70 45 75 0.60 Medium gain 

5 4 15 20 75 55 80 0.69 Medium gain 

6 3 14 15 70 55 85 0.65 Medium gain 

7 5 13 25 65 40 75 0.53 Medium gain 

8 8 13 40 65 25 60 0.42 Medium gain 

9 5 15 25 75 50 75 0.67 Medium gain 

10 5 14 25 70 45 75 0.60 Medium gain 

11 7 15 35 75 40 65 0.62 Medium gain 

12 6 16 30 80 50 70 0.71 High gain 

13 7 15 35 75 40 65 0.62 Medium gain 

14 4 15 20 75 55 80 0.69 Medium gain 

15 8 16 40 80 40 60 0.67 Medium gain 

16 7 15 35 75 40 65 0.62 Medium gain 

17 5 15 25 75 50 75 0.67 Medium gain 

18 7 16 35 80 45 65 0.69 Medium gain 

19 4 15 20 75 55 80 0.69 Medium gain 

20 6 14 30 70 40 70 0.57 Medium gain 

21 6 16 30 80 50 70 0.71 High gain 

22 3 15 15 75 60 85 0.71 High gain 

23 8 16 40 80 40 60 0.67 Medium gain 

24 4 15 20 75 55 80 0.69 Medium gain 

25 2 17 10 85 75 90 0.83 High gain 

26 4 15 20 75 55 80 0.69 Medium gain 

27 5 17 25 85 60 75 0.80 High gain 

28 8 16 40 80 40 60 0.67 Medium gain 
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... _ ~1"51..:1~ 1'1.3 fl11'1113Jn11'VioW1'V11..:1n1"5b~~'Wbb'U'U"51~'4~'~~'~~ (Single student normalized 

gain) bb~:::ca1~~'Wb~~'W (Class normalized gain) (l>ieJ) 

d Pre- Post- %Pre- %Post- %pre- 100-
A 'I..! 'VI <g> bbthe.J!;I 

test test test test %post %pre 

29 8 15 40 75 35 60 0.58 Medium gain 

30 8 18 40 90 50 60 0.83 High gain 

31 5 16 25 80 55 75 0.73 High gain 

32 7 17 35 85 50 65 0.77 High gain 

33 4 17 20 85 65 80 0.81 High gain 

34 7 16 35 80 45 65 0.69 Medium gain 

35 7 18 35 90 55 65 0.85 High gain 

D 5.51 15.23 27.57 76.14 48.57 72.43 0.67 Medium gain 
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fl1fl~'U'"Jfl .:1 

fl1~th~nerun1'ivl1fl1\Jfl'i'il.l 

100 



101 

.--

.. 



102 

.. --

.. 



" . 

111cw~ .:~.3 't!m~ativhrhm~~11nT~'Vl~~v.:~~ 3 b~v.:~ ~\.!11lbb~b'VI~n~bn~~1nm::bb~hJ.Yh 

L\.!~1~~1'111 

103 



.. 
• 

fl1~~ -:~.4 'l!m~auvi1rhm';i';i~n1';i'Vl~~e:~.:~~ 4 b~e:J.:~ bb ';i.:l~m~vi1~e:J~'J~t9i',;n.h"llru~ij 

m~bb~1'Wvhbb~~e:~ti1u~u1~bb~b'VI~n 
'U 
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