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The purpose of this research were to develop the hands-on activities about 

simple celestial sphere and to develop study' s learning achievement on celestial 

system and to measure students' satisfaction to a simple and low-cost celestial 

sphere. The participants of this study were 41 grade 11 students in science-math 

program, Pathumpitthayakhom School during second semester in academic year 2015 

and was purposively selected. The one group pretest - posttest design was 

employed in carrying out the study. The research tools consisted of learning packages 

of a simple and low-cost celestial sphere based on predict -observe- explain teaching 

technique, and the students' satisfaction survey. The data were analyzed into average 

percentage, standard deviation, t-test for dependent samples and normalized gain. 

The study resulted that the learning packages of simple and low-cost celestial 

sphere for hands-on astronomy was given the efficiency in value of 78.29/70.73, 

greater than the standard value. There was statistically significant mean difference 

between the pre-test and post-test at significant level of .05. The class average 

normalized was in the medium gain <g> = 0.58, and the students' satisfaction was at 

high level ( X = 4.33). Learning packages of a simple and low-cost celestial sphere 

can be used to engage student learn in Astronomy and practice by themselves. 



• 

• 

• 

n!Pl~m"-a:utJ~::mfil 

U'VI ~~riv .ri Tt~n lvm 

U'VI ~ ~ riv.ri1~1 a.:i n q~ 

6'11~uru 
"' 

U'VI~ 1 U'VltJ1 

1.1 vh.J1bb~~m1:1J~1fl'qJ 

1.2 l!PlflUW?f \lrl bb~~?f:IJ:JJ~\i1'W'1Jel\lfl1";il~C.J ' .... 
1.3 '1Jtl'Ub'1J191'1Jel\lfl1";il~C.J 

1.4 th~ 1C.J'l!-Ll~m~11'il~ 11?11"u 

1.5 tJC.J1:1JPl'\l'fVibU'Vl1~ 
d c,Q.l~d II 

U'Vl'VI 2 bvn6'11~brn::.:i1'U'J\lt1'VlbmrJ'llv.:J 

2.1 ~~fl'i:Jfl";i";i:lJfl1";i'Vl~~eJ\leJV1\1~1C.J (Simple Experiment) 

2.2 ~~fl1";ib~C.J'Wi (Instruction packase) 

2 .3 fl1"j~~fl1"jb~C.J'Ufl1"j?f tJ'Ubb 'U'U~\I bnWvJ1'U1 C.J-ei5u1 CJ (POE) 

2.4 ?11";i~6'11fl'qJ b~ei.:i fl1"j'lJ einl'i'1bb VlU\l'U'W'Vl";i .:in~:JJVf ei.:i~1 

2.5 m1:1Jn11Vlii1Vl1\lfl1";ib~C.J'U (Normalized Gain) 

2 .6 fl11:1J~\l'Vlel h~e:Jfl1"j~~ fl1"jb~C.J'Ufl1"j?feJ'U 

.d c:::i..c::ll 0 .c:::t. Q Q,I 

U'Vl'VI 3 1Gmb'U'Un1n\lt1 

3.1 bb'U'Ubb~'Ufl1";il~C.J 

3.2 bfl~el\llJBvTI ~ 'Ufl1";il~C.J 

,, 
'WU1 

n 

1 

3 

4 

4 

5 

6 

10 

13 

14 

23 

24 

25 

27 

28 

34 

34 



• 'U'Vl~ 4 ~·l6'ln1~1~tlbb&'l::ei.Otl~1tl~6'1 

4.1 e..J~f11~l bfl~1~~tJ "j~ ~'VlITJl1'W'UB'l'l.Wlf11"jrn.J'W~'Vl"j·ffim.JVJB'IVh 
' " 

' ' eJC.11'1'11CJ 
v .,g- ell 

4.2 ~rn~:W')'Vl5'Vl1'1 f11"j b "jCJ'W 

4.3 fl11:1.Jtl11V!tJ1'Vl1'1fl1"jb1CJ'W (normalized gain) 

4.4 fl11:1.J~'l'WB liJ'UeJ'l11m1 CJ'W 

'U'Vlii 5 ~~tJ~&'lbb&'l~-U'm~'LIBbb'U~ • 

.n1fl~u1n 

n ~1B81'1f11~~\?lfl1"jb1CJ'W~bb'U'IJ POE 
" 

'U ~1e:i81'l'UV1 n1'~ b~CJ'W~'Vl "j ,:i n~:wVf e:i ,:i.yj 1e:i81,:i~1 CJ . " 
fl bb'IJ'IJ'Vl\?l~B'Ul\?le..J~~:l.J')'Vl~ b~B'I fl1"j'\Je:Jnl'11 bbVIU'l'IJ'W'Vl"j'ln~:wVfe:i,:i.yj1 

'I flfilfl1'W'UB'lbfl~eJ'li'JBvfl oITT 'Wfl1"jbfl'IJ"j'J'IJ"j'J:l.JoVB:l.J~ . " 
I d C:. ' I .:::o..:::i. 

"iJ \?11"j1'1fl~ bb 'W'W"j~V!11'1 b "jCJ'W e..J~ fl1"j1 bfl"j1~V!fl1fl~ bb 'U'W'Vl1'1~tl\?l 

'UB'lri1Vi (t-test) ri1m1:wn11vtu1 (Normalized gain) 

e..J~fl11:1.JVl'l'WB liJ'UeJ'l1!flb~CJ'W 

u ~1ei81,:i bfl~B'I e:itJ mruvfl oVl 'LI fl1"jb1CJ'LI~f11TU e:in\'11 bb vtU'l'U'U'Vl"j'ln~:w . " 
Vfm.yj1 

'U ~1B81'1.fl1'Wfl"iJm"j:l.Jfl1"j~\?lfl1"jb1CJ'W~ 
" 

., ' 

"j~~'U'U1~ :1.JB'U.l~CJ fl~'!Vl 10 

35 

36 

37 

45 

49 

52 

53 

61 

73 

92 

104 

110 

118 

122 

129 

131 



• 

• 

d 
~1":i1~'VI 

3.1 

3.2 

3.3 

4.1 

4.2 

4.3 

4.4 

4.5 

VlJ\lfl(;:\:J..JVJe:MYl1 

J1CJ fl1JBU mrubbtJ\11?11:W b -dffvn bbr;:i~·1w1n"il mJ:w 
' ' 

oLJB'1B'Ul lil~r;:i~:w~VJB b~B.:.i fl1 J'\J B fll?11 bb V!'Ll.:.iu'UVlJ \I fl G'i:WVJ B.:.i-il1 bb tl.:.i bbCJ fl 1?11:w 

'11J~Vl~fl 

~r;:i fl1Jl bflJ1~~tJ J ~ ~Vl°6.fl1~'1J 'El \16lJ\Yl b~ CJ 'U ~VI J \I fl6'1:WVJB'IYJ1'El~1\1~1 CJ 
' 'U 

.Q. ' II ii .:::ii I I V 4::::il 

1 bflJ1~Vlfl11:Wfl11Vl'U1Vl1'1fl1J b Jt.J'Ubb 'IJ\l\?ll:W fl6'1:J..JJ~\Yl'U fl1Jb JCJ'U 
' ., 

.Q. ' ii i.I q di! 

1 bflJ1~Vlfl11:Wfl11Vl'U1Vl1'1fl1Jb JCJ'Ubb 'U'UJ1t.J b 'UBV11 

\1.1 fl1fl11:W'1B\Ylfl~B'I (IOC) J~Vll1\lbb'U'UVllil'1B'Ullilbb'U1~1illVlt.J11'311'11?linu 

"illYlUJ~'1.:.iri 

"il.1 

"il.2 

"il.3 

"il.4 

' 

., 
..:::. f' ll ti .:::ii CV 

~ 6'1 fl1J1 bflJ1~'Vifl11:W fl11Vl'U1Vl 1'1 fl1J b J EJ'U J1 t.J6lJ'U 

~(;:lfl11:W~'l~B 1"iJ ~€lfl1J~lilfl1Jb~t.J'U1 
'U 

ii 
'Vi'U1 

29 

30 

32 

35 

36 

37 

40 

42 

45 

105 

113 

114 

116 



• 

• 

d 
.f11'V'l'VI 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

2.10 

Vlel-'.!~1 

n~~~11Vibn~~1nn1Ju1tJ~1nel1n1~ 
' 

vid,:ini;i~Vf el-:i~1 

Star trail 

m1b'Vl'Llel 

n1J lfl~J'l.Jel-'.!~11 

vid-:ini;i~Vfel-:i~1bb?1~-:id~uu~n~'l.Jelu~1 

VlJ-:Jni;J~VJel-'.!~1 ~~~1b'Vl'LlelYleJ-'.l~1 (NCP) bbi;l~b~'U~'Utl?fl'lJVlel-'.!~1 (CE) 
' " " 

2.11 n1J tA~JJelU fan'l.Jel-:Jm-:imVil'ltl bbi;J~n1Jbfl~elmJJ1n!J'l.lel-:J~1-:imVil'ltl1'11~ 

?f~tJ1~ 

3.1 

3.2 

' 
b tJ~ tJU b Vi tJU el-'.! AtJ J~ n elU~~ 1 fl ~'l.J el-'.!Vl J-'.l ni;i~Vf el-'.!~ 1~?1 ~1-:J;ff 'U nu Vl tl~ ~ 
b tJ~tJU b VitJUel-:JAtJJ~ neiu~~1fl'ru'l.JB-'.l bfl~"iJ-:Jl~~~ei~1-:i~1tJ~?1~1-:i;ff 'U nu 

v ' 

4.1 m1~~~~'W~J~Vl11-:i % Actual gain bbi;J~ % pretest 'l.leJ-:Ji1m~tJ'U~1nn1J 

b ~ tJ 'U~ ~1 tJ'/J~ m db~ tJ'WVlJ -:Jn i;i ~Vi ei-:i~ 1ei~1-:i~ 1 tJ bbi;J ~ J1 fl1 tin 

4.2 

4.4 

4.5 

n.1 

n.2 

" ' " 
fl11~ fl 1TVILJ 1V11-'.l n1 J b~ tJ'U'lJ ei-:ii! n b~ tJ'U J1 tJU fl fli;J 

' 

' ,, ,, 
b~tJ'UrlUrl1 bu~tJ~-'.l~'U 

n1J b tJ~tJU b Vi tJU m 1~ n11V11.J 1m-:i n1J b~ tJ'U'l.l mi! n b~ tJ'U J1 tJ b \1 ei'Vl1 

ii 1.1 ..::::t v q d 2.1 

m1~m1V1'U1vi1-:i n1Jb JtJ'W'l.l ei-:i'Um JtJ'U bui;J m1 tJ'lJ ei 

m1U'UVleJ-'.!~1 

J~tJ~'lJ"iJ'lm1U'UVl"iJ-'.!~1 

" 'lli'IJ1 

9 

14 

15 

16 

16 

17 

18 

18 

20 

21 

22 

31 

32 

38 

39 

41 

42 

44 

63 

64 



d 
fl1'W'VI 

n.3 

n.4 

n.5 

n.6 

n.7 

'1J.1 

'1J.2 

'1J.3 

'1J.4 

'1J.5 

'1J.6 

'1J.7 

'1J.8 

Q.1 

Q.2 

Q.3 

Q.4 

Q.5 

'ILl 

'11.2 

'IJ.3 

'IJ.4 

'IJ.5 

VJ1.:in~:wvh 

bb uu'<il1~B.:iVJ1 .:irn=i:wvh 

VlB'l~1U~tVl1'1n~:W~1 

VJ1.:in~:w~11 'W~'U"1'W1n11 

B'lrhJ1tnBU'1JB'IVl1.:in~:w~1 bb~tVJ1.:in~:wVi'eM~1'1JeN~61.:ibn"1 

Vl'El'l~1 

VJ1.:in~:wV!m~1 

bbn'UVl:W'WVl1'1n~:wVIB.:i~1 
' 

,, 
b?l'U\9111 

~1 bb VltJ'l\9111 b V!'LlBVJB'l~1 

~1 bb VltJ'1'1JB'l~1~1b V!'LlB 

Vl f'l!Vl1'1 n11Vl:W'U'1J B'IVl1 'In~ :WVJB'l~1 
' 

mTt.lfo b~:W~\9111 b tlf1'.:i~1 bb'VltJ'l\9111 

n11~B'l~1'UVl~B\9ln1bb 'YJb ~B\9l:W:wb'I ~'UB'l\9111 
'V' 

~ fl\91~1 bb VltJ 'I \9111'\J'UVl1'In~:WVlB'IV11'<iJ1 ~ B'I 

'V 

iJn b~~'U?l~1'1BU mruVl1'1n~:wYf m~1ei ~1'1~1~1il1fffo\91bVl~B1 oiJ 
' ' 

,, 
'lll'U1 

64 

65 

66 

66 

67 

76 

77 

77 

78 

79 

79 

80 

81 

119 

120 

120 

121 

121 

123 

124 

125 

126 

127 

128 



• 

1.1 VilJ1bb~~fl11lJ~1Aru .. 

.cl 
'U'Vl'VI 1 

0 

'U'Vl'U1 

fl11:W~'VI 1'1~ 1'Ul'VI tJ 11"11?1\?l1 b u'U e:i'lfi fl11:w~~-oJ 1-ci1tJ~l'),J'U1 fl'U bb(l ~tJ 1~ b 'VI 1"161J1~1~nfl11:wn11'Vl~ 1 
'\J '\J 

'LJ'j~ b 'Vll"1~1'1 <ivi'1fan~'l1~U11"ill'VI tJ 11"11?1 \?l1 b U'Ul61J1U'IAU b 'U'Vl~ n?l\?l1 m1 b~ tJ'U n11?lB'U (Bennett, 
I ' '\J 

Lubben and Thompson, 2013) n 11Pin~1fl11:w i'VI 1'I~1'Ul 'VI tJ 11"11?1\?l1"il~-cl1 tJb ~ boLJ 1h 

'LJ'j1 n!J n11ru~ bfl ~;'U b 'U ifi'j:IJ61J1~1BU \9111~~;'U bb6'1~?l1:1J11tit11B'lf'ifl11:Wi~1~m1 m 'U m1u-ru \911 

u1~ tJ n\?l1-1r bb6'1~?1~1'l~'lrl1'U1 tJm1:w?1~m m ~e:i 1 ~i1m1~11'l~i\?lLJ'j~-oJ1~~;'U ~'I b U'Ub 'Vl\?l~6'111vi'11:w 
' ' 

'Vlnfl'U~'l~B'lb~tJ'UTI'VltJ11"11?l\?l1 (Tasakorn and Pongtabodee, 2015) 
' '\J 

~111~1?1\?l1 b U'UB n161J1'Vl~'I~ b U'Ul"ll ?l\?l 1'llB'I n11 b~tJ'Ui bb6'1~e:i5u1tJU11 nn n1'jru'VJ1'J5'j1:1J61J1~ 

'llB'I fan m'l~11 mbb~nzj be:Jn.f1'W 11:wei'lb'VIWfa11~1'J<i 1'Ue:i1m~ zj'lbU'U~'l~'Vlnfl'U1~~ufoi;i~ , I , '\I 

~:wiJ?lnu'Vlnfl'U i1B'VITI'Wfl~Btl1'j~11'1~1\?l m~'I bb~B~\?l"il'Uei'l'Li"il"ilU'U bbfl~'jl:IJ 1 tJCi'lb 'UB'U1f1\?l~1 tJ 
' ' 

(~'VITI~n~ ~'U~11'1fdl, 2555) tl1'jb~tJ'U~b~e:i1~boLJ1h1'Ub~B'Jm'j11"1l?l\?l1 ?l1:1J1'j11boLJ1h1'U'j~UU'llB'I 
'\J 

m'l~11 m1:w~:w~'UB'j~VJ11'l~'I~ bn~;'UU'UYlB'1~1 'Vl~e:i 1 'Um m~ ~'li1fl11:w-oJ1 b lJ'U611VJfo:w'U~tJ'VI n 
' ' 

e:imfl\?l b~e:i1~i1m1:w?t'llbb6'l~tJ;;ie:i~iltJ1'Wm1~11'1~1\?l ('j~11111ru ~'11e:i~, 2542) 'VlmtJLJ1~b'Vl~~'I 
' ' ' 

1m ~m1:w611fl'ru bbfl ~ 1~t11mu1'j"il 1'W'Vl~n?l\?l1tl1'jb~tJ'W~'lle:i'lfl'W1 'Wu1~b 'VI~ bb6'1~ 1'Wu'j~b'Vl1"11'VItJ1~ 
QJ , 'U '\I 

b~ tJ1nuu11nnn1'jru'VI1'1m 'j1~ 1?1\?l1 (Bektasli, 2013) zj 'I e:i 1"il bu 'W ~ i;i :w 1"il1nfl11:1Jb.LJ1 h bbfi ~ 

tJ 1~ ?lU n 11 rub~ :w b~ tJ 1num111"11?l\?l1:1J1"il 1nn11U e:i n b~ 1'll e:i 'JU fl fl(l 1BU~1'1~hj b .U11 "iJ bbfl ~n bb 'U1 A~~ 
' 

hl?lB~fl'1e:i'ln'Ubb'U1A~'Vl1'1~1'j11"11?l\?l1~bU'Ul'VltJ11"11?l\?l1 (Duit and Treagust, 2003) bbfl~b-rl'B'Vl1 
~l'U 1 VlqJ'llB'l~111m?1\?l1i1~n~ru~~bU'U'U1:W51'j:IJ tJ1n~e:im1vi'1m1m.U1 h ~e:i'l1i~'W\?l'U1tl111 'U 

m1e:i6'U1tJm1:w~:w~'UB1~'Vl11'11~tJ~'Vl1'1n'U nm ~'lvi'11 ~'Ll n b~tJ'Wi1:w 1 'W:w~~flm~bfl~B'Ub~tJln'U 
~ ' 

l'IJ1~111~1?1\?l1 ( ~l'VI 8 fl'lil n~, 2553) 'U e:i n"iJ1rn!'U tl11'll1~ bbflfl'W~e:i tl11?lB'Ubbfl ~'W~~ m1:w tl1'j 

?lB'W'llB'lfl1~ b ~'Wn11'U11tJ1tJ b lJ'WB n?11 b VJ\?l611fl' ru~'Llm~ tJ'W hJu1~?1'U~6'1611b~"il1 'Un1'jb~tJm-de:iVJ1 
'\J ' v 



• 
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rn1rn•1hhn~'lii foii~ (conceptual understanding) 'lJe:Mtl'f1b~(J'U 1~mu'V'J1~fld~'U1'Ufl1"H'1~1'1 

bl"l~eN:We:i bb61 ~mJ mru~~'Vll 1 ~~ b~(J'U:Wm1ii~1, ~ii~'U ~1'U fld~'U1'U flld~'lbfl\>1 bb61 ~fl1J61'!:11e:JtJ nu~~~'! 
, 'U '\J d..J 

(Simsek, 2010) ~1ii:WVln~~~1'Ufl1'~~'1bfll'l flldl~ fl1d'Y11'U1(J fl1Jrl1Vl'U~~11,1,tld fl1JU'UVin'1ie:iii61 
'\J 

bb61~e:i5LJ1(J e:iiltld1m1dtle.i61 (n~'lbbn1 'U161Pl~, 2551) lii''l~'Umd~~n1db~(J'U~~~b~(J'U1~m:We:itlnu~ 
'I 'U 'U d.J 

md'Vl ~61e:i'I bb61~n n~1(J1>1me:i'I~ 'l:Wm1ii~ 11, ll'U ( e:itl' 'U Iii ~~'Vle:i'l61'lJ, 2548) b ~e:i 1 ~tl' rn~(J'U 1~f1~61e:i'I 
' 

~~61e:J'l~fl b~m~(J'Ui~1n~'I~~~ 61~1'1th~61un1dru~1nfl1d61'l:We:itll]u~~~'I (Learning by Doing) 

fl1d61~1'1fld~'U1'U flldb~ (J'U fl1J61e:l'U 1 'U~ e:J'lb lJ'Ufld~'U1'Ufl1db~ (J'U ~'lJeJ'ltl' flb~ (J'U (~'U Jl1d1ddfi!, 255 7: 
'\J '\J 

3-9) 

m~'U1'U flld~ ~ flld b~ (J'U fl1J61e:J'Ubb U'U'Vll'U 1 ()-~'I bfl 1>1-e:i6'U1 (J (POE) b ll'UlBfl1 d~~ flld b~ (J'U~~:lj 
'\J 

l"lfi!Jll'V'J (d~d~ fl1~61'lJ, 2554; J1~1'1 ~'Ub61~ii. 2551) ~~~~'lb61~ii1~~b~(J'U1~bb61~'11"111iif1~b~'U 
, , 'I 'U 

e:iiltJd1mb61~61dtl 1,~(J1nrn1,'U1f1~'Vl1'1~1'Ul'Vl ()1131161"11 (rud1.rnru 'Liru n~, 2553) ~ bn~~'Ud~Vll1'1 
' '., 

m~LJ1'UmdtJl)u~md61~1'l-qtlmru 1~(Jn~'U"1e:J'U'Vl~n 3 ~'U1>1e:i'U ~e:i 1) ~'U'Vl1m(J (Predict) bll'U 

md'Vl1m (Je.J61 rie:i'U flldtll]u~Vl~e:i fl1d'Vl~61e:J'l~1 m'Vl~ bb61~e.J61 2) ~'U~'lbfll'l (Observe) b ll'U fl1J61-'.l:We:i 

'Vl~61eJ'l'Vl~e:itJ5u~bb61~6"'lbn1>1tld1n!Jmdru btl~(J'UbVJ(JUe.J61 '1im~61 b~e:iV11F111>1e:i'U bb61~ 3) ~'Ue:i6u1(J 
(Explain) b lJ 'U eJ 5'U 1(J~1 fl fl1 dl bl"ld1~~e.J61 \, tJ~ (J 'U b VI (J 'UoLJ e:J~ 61~1~~1flfl1JU5 u~ bb61~fl1d'Yl1'U 1 (J 

e:i~1'1:Wb'Vl\>le.J61 (m'U~ '/J1~ii'U"1l 2558; eJ1'1B'l~1fl White and Gunstone, 1992) 
' 

n 1 d 61 ~ 1 '1 bb 61 ~ e:i e:i n bb 'U 'U e:i tJ n d ru 'Vl d 'I n 61 ii Vf e:i 'I V11 e:i ~ 1 '1 ~ 1 (J ~ 1 n 161 ~ b Vl ~ e:i Hf bb 61 ~ d 11"11 11 n 
' ' '\J 

1 'W Vf e:i 'I~ 'U b ~ e:i b lJ 'Un 1d61 e:i ~ bb 'Vl d n n iJ 'lJ ru ru 1 Vf e:i 'I~ 'U ii 11off1'Un1de:i5'U1 (J Vl ~nm d 'Vl 1'IIii'1 'U 
'\J ., ., 

61e:i'U'Vl1'11'Vl(J1\311611>11l~ (~"1~m hbl"l~e:i, 2554; 11~'U'Vl1 u1F11m, 2550) bll'Ufl1Jb°lJ'U1~~b~(J'U1~n 
'\J 

tJ n 6"ii~u6nu ~'I 1,1, 1 ~;;\ e:iii ~ 1,~ (J'U ~ ~611md1161~1'l 1"111ii ~Vl~e:im 1ii'Vlm (J'[J e:i'J~ 'I~ -r'U~~'Um 1~~1 (J 
d..J 'U 'U 'U 

\>l'Ube:J'I 1~(Je:Jll'i'(J~e:Jfl611'1'Vl1'16"'11"liibb61~l\9lJ'U'Oddii 1 'WVleJ'l~'U (Vygotsky, 1978: 86-87) 

~1n bb'U1A~ bb61~ b Vl1>1e.i61'1i1'lrJl'U ~1~(Jzj'l 1~fo~~'/Je:iu 1'Wmd~~fl1db~(J'Ufl1J61e:J'U1 'WJ1(Jl'/J1 fan 
' '\J 

md1m611>1fo61 ~e:i1ml31 d~lii'u~'O(Jii~n~1u~ 5 ~'l:W11>111tld~61'll°i~~~~'I b61~ii1 ~tl'm~(J'U:W1"111ii~ 
' '\J 

m1ii 1,'1i1hb~(J1tl'U1,1, 'U1A~'Vl1'1~1'Umd1\31161"1fl 'U~1'1ie:i b~e:J'I fl1J'Ue:Jfl~1 bb'Vlil'l'U'U'VlJ'lfl61iiVf e:i'IV11 

zj'I 1, llm tle:iV11~ b '1i1 h (J1flbb61~ rJle:i'l 1 off~'Ul'l'Ul flld 1 'Wfl1d61~1'lml°im1ii~ vl''l~'Ub ~e:i61~1-'.lm1m '1i1h1 'W 
'\J 

tJdlfl n mdru Llddii'IJ1~'Vll'llii'1'U ~ 1d1P11611>111ii''I n~11 ~ 1,~ (J'U ~11, lJ'U rJl e:i'lml'i' (J bb uu e:itl mru~611md11 
';.J '\J ' 

e:i5u 1(J1,1, uu ~161 ei'l'Vl1'11"111ii A~ bb61 ~Vl~ n n1d'VI1'llii'1'U ~1d11311611>111 'W b tl eiV111ii''I n~ 111 ~i~ b~'U ~'l~'U 
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bb~b\11t.JciTU1 Vl~'€l'IJ mruvfl '1f bb6'1\11'1U j1f1£] f11jruVl1'l\111j1Y'116'1\91i "iJ:;JJj1fl1bb 'VM bb~'l::~ 1 Vlb i\Jt.i..:Jf11j61..:J bf1\91 

~G'l'lle:J'l'IJj1f1£J f11jru~ bn\1l~'W b\11 t.i~-Jn b1t.J'U1~1vi'm~rnir n bbG'l:; b.LJ'1 ht:1..:iV1~nmJ J1~1:1..:ici1'Uth:;rnru~ 

~1l°l~'ll1Neiumrubmhiimvl1~mJ f11j1vi'G'l..:ii1tiulju~6'1~1..:ieiumrumJb1t.i'WiV11..:i\111J1Y'116'1\91ivi'1t.i 
\91'Ubti..:i "ill n16'1\1l~Vl11v1~1mbG'l:;j1m11n 1 'WVf ti..:i~'U zj.,:i~ b1t.i'Wfi'mflm u'Utic!1..:i~ 'U~i \91tb:;"i\'11'U ~..:i b U'U 

'\ 'U 'U , 

B n bb 'U1V11..:iVl~..:i~ "il:;°1i1t.i1 Vi~ b1t.i'W 1"1 bn\11V! n~:; bbG'l:; b~ t.i'U~"iJ1 n n j:;LJ1'U f11j~1vi'u nu~ mJi1ci1'U~1~ 
'\J '\J d..J 

1 'Wf11j b1t.i'W~ 1Jll '1f V! n~:; 1 'Wf11jA\11 mTv11'U1t.J~G'l~"il:; bn\1l~'U riti'Uf11jVl\11G'lm f11jtlnV!n~:;mj61..:i bf1\91 
'\J 

"il1nm:;LJ1'U f11jb~t.J'U~"il1 n f11j'\.Jnu~"il~ ..:i zj.,:ib U'Uj'\.J bb 'U'UVl~..:J·1rn..:i f11j b1t.i'W~ bb 'U'U Active Learn ino 
'U d..J 'U 'U ~ 

b U'Ut.iVltJ15l 'Um J~\11 f11j b1 t.i'U f11j6'\ ti'U~ b u'U~ b~ t.i'U b u'U~ 1A'ru 
' '\J v 

(?\' 1 bb V!i.1 'l'U 'U VI J 'l f1G'l ~Vf tl 'l V11 'IJ J:; f1 tl'U fl'U f11 J~ \11 f11 J b~ t.J'U ~ bb 'U'U'vl 1'U 1 t.J-61 'l bf1 \91-tl B'U 1 t.J (POE) 1 'W 
'\J 

J1t.ii'1l11G'ln mJ11"1161\91ibbG'l:;ti1mPi nDi1rn~t.i'Uj:;~LJ.ff'W~tit.i~~n~1u~ s 1"1b1t.i'WibbG'l:;tJlj~ b~ti 
ci ..:i b6'l~~V! n~:; m J b1t.i'W ~ ~<ni'U 1~G'l61~ flV1tV11..:i f11j b~t.J'U bbG'l:; m1~~ ..:i~ ti 1 "il ~ti m J b~ t.J'U'llti; ~ b~t.J'U 

'\J ·1 '\J 

V11..:ivi'1'UmJ1Y'1161\91fl Vlb ~~61..:i~'U 
'\J 

bM t.i1 nLJVI J ..:i nG'l~Vf ti ..:iV11ticJ1..:i~1 t.i 

1.2.1.2 b vi ti~ l?l.l 'U 1~G'l61~ 'lVltVI 1'1 f11j b~ t.J'U b~tl'l f11j'lJ tJ n\?l 1 bb VliJ 'l'U'UVI j 'l f1G'l~Vl ti..:iYJ1 

Vl~..:i f11j~\11 f11j b1 t.i'U n\11t.i1 i'll \11 n "iJ mJ~ f11j b~ t.i'U n\11 t.i mjtJ n u~"iJ~ ..:i bM t.i1 nLJVlj ..:i nG'l~Vf ti..:iV11ti cJ1..:i~1 t.i 
'U , 'U d..J 

' ' ~ d ti ti Q.I .c:::i. q ...:::. o::::il ii 

1.2.1.3 b~tJPlf1~1fl11~f111Vl'U1'lJtl'l~G'l61~flVltJVl1'lf11jb "W'U"il1f1'lJ\1lf1"iJmj~f111b 1t.J'U1 
·1 ' '\J 

b\11CJn11'\.Jlj~ "il ~..:i bM t.J1 nLJV11..:i flG'l~Vf ti..:iV11 ti cJ1..:i~1 CJ 

1.2.1.4 b~ti~n~1m1~~..:i~ti h'llti..:i-Jn b~t.i'U~i1~ti'1l\1ln"ilm1~m1b~t.i'Un\1lt.imjtJnu~ 
' '\J d..J 

"il~ ..:i bM t.i1 n'UV11 ..:i nG'l~Vf ti..:iY11ticJ1..:i~1 t.i 

1.2.2 ~1111~~1'U'llv~mJ1~v ... 

1.2.2.2 -J f1b~CJ'U ~ b~ t.J'U b~ tl'l f11j'lJ tJ f1vl 1 bb Vli.1..:J'U'U VI 1'lf1G'l~V11 vl1 t.J'll\11 fl"il mj~ f111 
' 

b~ t.i'W ~\11 t.i f11j'\.J ljLJ°i "il ~ ..:i bM t.i1nLJVI1 ..:in G'l~Vf ti..:iV11ticJ1..:i~1 t.i i1 ~G'l ~~ 'lVltV11..:i m 1 b~ t.i'W Vl'1..:i b1 t.i'W ~..:i n11 

riti'Ub1t.J'U tic!1..:ii1-Jm=11A'~V11'161~~ vh:;~'U 0.05 
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b~ CJ 'W -rt~ CJ m 'HJ 5 tr~ "il ~'.I b~ CJ1ntJVl1 '.I mnnX eJ'.!Vl 18~1'l~1 CJ :W ri11~ n1Tviii1'LJ8 '.I t:-.J fl ~~t]VliV11'.I n11 

b~CJ'W?l'leJCJ b 'W1~~UU1'Wflfll'l 
" " 

1.3 "lJB'Ub'tl\Pl"l.IB~nTa1~v 

1.3.1 tJ1::-t11mbb~::mfa.11Pi'1eiri1~ 
' 

1.3.2 -a::v::n~11'UnT'a1~v 

b~~vl1fl111~CJ ~'lbb~l'U~ 26 l'lfl1A~ 2558 ~'l 29 i1'W1A~ 25581Wl1Ab~CJ'W~ 2 
' 

tJm1~n~1 25581oiib1m1'Llfl1TVl~fleJ'll~CJ 8 ~11m 

1.3.3 b~eiV11ilm'Um1vl11~v 
bdminm m 'Ufl11vl11~CJ 1'Wri~-:id1oiibdm,n1 'Wfl~~?l11~fl11b~CJ'W~l'VlCJ11311?11'1~ 11CJ1'lJ1 

' " 

., ., 
fl1'j~fl~loLJ'W~'W\il'W'W'Vll5Plfl11'lJ 2551 ... , 

1.4 tJ-a:: bV"lltJ~fl1~11"'iJ:: 1;J~u 

1.4.1 '11 flb~CJ'U~1~ b~CJ'U ~~1 CJ'lJ~n"iJ fl'j'j~ fl1'j b~ CJ 'Ll-ri~ CJ fl11tJ nu~"il~ 'l b~CJ1tllJ'Vl1'lflfl~Vl8'lVl1 
'U q 'U d..J 

eJ ~ 1'l~1 CJ b~eJ'l fl11ll €1 n\911 bb 'VliJ 'llJ'U'Vl1'lflG'l~Vl€l'lfl1 "il~?l1:1.J11tl~ ~'U1fl11~-rl~~1 CJl'l'Ub€M bb~1U1 
" 

m1~i~1~ tJ~~ 'U1t:-.JG'l~~'J'Vlt'Vl1-:im1b~CJ'Ul'lJl fan m11m?11>1foG'l~B1 n1P1 bbG'l~t:-.JG'l m1'Vl~?!BtJ 

0-Net 1~b~~?l'l~'U 
" 

11CJ16U1~'U1~ 

1.4.3 'l!m~CJ'Lli1Vln~~"il1n n11VJ~flB'lbbG'l~tJ nu~"il~-:i 1 'Lln11b~CJ'W~b~~~'Ll nmn~bb 1-:J"il-:ih~ 
6..1 " " 

€1CJ1fl"il~ b~CJ'U~~B 1 tJ 
" 
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"" ., ' 1.5 'Utm.Jf!'VfVlb~'W1::; 

1.5.1 "tf~n"ilm1iinT~b~CJ'U.n~CJflTnJfiu~h1~\I (hands-on activities) V!illCJ~\I "tf~n"ilm1ii 
, 'U d.J , 

m1b~CJ'U~'Vl1\ln~i1Vf ei"Vl1~m~CJ 1~eieimb'U'U~'Um 1i11'U1'U 4 "tf ~ vtl iri1'Ufin'U bb~'Um1~~m1b~CJ'U~ 
'U 'U q 'U 'U 

lil1'LI1'U 4 bb~'U 1 m~m m1'Ueifl~1 bbV!i.l\l'U'U'Vl1\lfl~iiVfei\IVl1 

1.5.2 fl11b~CJ'Uj"il1nm1ul]u~"il~\I (Learning by doing) V!il1CJ~\I m::;'U1'Ufl11b~CJ'Uj ~ 

~m~ei\ln'LI'1Jfl\lfl'1iitlm~CJ'LI b~ei~1iin'LI '1J'UA~ bb~mu~CJ'LI bbU\IU'Um1ii~ bb~::;'\.J1::;?1'Um1rubb'U1fi~ ' ~ 

1 Viii 1 'V11m1iib-U1h ~1iin'U~\'lJ'U1bbm '1JUt\jV!1~bbVl"il~"b~CJ1nrn1'U bb~::;'l111 u~\llieiulJ~n11bbm'1J 

Ut\JV!1"il~\11'Ui6tl1m11m?1~{ 

1.5.3 '\.J1::;~'Vl5Jl1'V-l"tf~fl11b~CJ'U~ (Efficiency) (EifE2) VlillCJ~\I fltuJl1'V-l'1Jfl\l"tf~n"ilm1iin11 
, 'U , , 

n"ilm1ii (E 1) bbG-1'1bU~CJ'UbViCJ'Url'U ~flCJ~::;'1Jfl\lfl::;bb'U'UbU~CJ ru~"il1flfl11'Vl~?lfl'UV!61'\lb~CJ'U (E 2) 1~CJ~\I 

fi1bnrusvimm\i1'Ubvi1n'U 70/70 
"' 

1.5.4 ~~ i1ii ~'Vl ~'Vl1\Ifl11 b~ CJ 'LI (Achievement) Viii 1 CJ ~\I fl::; bb 'U'U ~1~ "il 1 flbb 'U'U'Vl ~?I fl'U bb 'U'U 

u1t1CJ 4 l'11b~ein b~ei\lm1'Uein~1bbV!tl\l'U'U'Vl1\lnriiiV1ei"Vl1 lil1'U1'U 30 -Uei 

i.I i.J .:::ii • 4 .:::ii ild 
1.5.5 fl11ilfl11V!'U1'Vl1\lfl11b1CJ'U (average normalized gain) V!il1CJtl\I ~~fl11b1CJ'Ui'Vl 

b ~ii~'U'1J ei" ~ b~ CJ'U V161\I"il1 n n11'Vl ~?I ei'U 1~ CJ 1 off bb 'U'U 'Vl ~ ?lfl'U 1 ~ ~ ~ i1ii ~'Vl~'Vl 1\1m1 b~ CJ'LI bb 'U'UU 1t1 CJ 

lil1'LI1'LI 4 1'11b~ein b~fl\I n11'Ueifl~1bbV!tJ\l'U'U'Vl1\lfl~iiVfei\IVl1 lil1'U1'LI 30 -Uei ~?1~1\l~'Um bbG-1'1'111m 

'IJ1::;bi'J'U~~~1CJ15 Normalized Gain <g> (Richard R. Hake. 1998) 1~CJVl11~"il1flrJm1~1'U'1Jfl\I 

~~ fl11b~CJ'U~~ b~il~'U"il~\I (Actual gain) ~fl~~ fl11b~CJ'U~?l\l?l~~ijlfl fl16'1 b~il~'LI1~ (Maximum 
'U 'U 'U '\ 

possible gain) 



... 
'U'Vl'Vl 2 

fl1'j~\9lJ'U1~~ n"il m'j~.JnT:i b~CJ'Uit~ CJ'IJ 5'\J~ "il~ -:n~m n'\J'Vl'j 'I fl~:1.JVf e:i'l'Yl1e:i ~ 1'!~1CJ b~e:i'I fl1'j'\J€J fl 

l?11bbV!tJ'l'\J'U'Vl';i'lfl~:1.JVfe:i'l'Yl1 ~1~CJ1vi'~fl'l'11 A'Llfl11 b€lfl611';i~b~t.nnu'V!~flm'j bb'U1fi~ 'Vl~'l'15 bb~~ 

'11'U 1~CJ~b~CJ1-V' €!'I bbG'i'l 61 ';i'\J b d e:i V!1 1 'Ll Vl1-V' e:i~ G{l r1rubYiffw1:1.J1 1 off dJ 'Ubb 'U l'Vl 1'Ibb~~e)1'1B '11 'Um 'j 
' v 

v'i11~CJ1'Ufl.f'ld bvlbbn 1) ~~n"ilf1';i';i:l.Jfl1';i'Vl~~€!'1€!~1'1~1CJ (Simple Experiment) 2) ~~fl1';ib~CJ'Ui 
(Instruction package) 3) fl1';i~~fl1';ib~CJ'Ufl1';i61€l'Ubb'\J'\J~'lbfl~-v'i1'U1CJ-€JB'\J1CJ (POE) 4) 611';i~~1Aqj 

b~ €!'I fl 1';i'\J€lfl1?11 bb Vl Li 'l'\J 'U 'Vl ';i 'I fl~ :l.JVl €1 'I 'Yl 1 5) fl 11wl' 11'V!tl1'Vl 1 'I f11';i b~ CJ 'U (Normalized Gain) 

6) m1:1.J~'l'V'IB1"ill'ie:im';i~~f11';ib~CJ'Ufl1';i61€l'U bb~::: 7) '11'U 1~CJ~b~CJ1oLJ€l'I zj'l';i1CJ~~b~CJ~~1:1.JVl1-V'e:i 

li1'lfl~11 iili1'11'ie:i 1 ud 

2.1 oq~nliln"a'a3.Jn1'a'Vl~~ei.:iei~1.:i~1v (Simple Experiment) 

fl1'j bb611'l'V!1m1:1.J~'Vl1-:i1'VlCJ1131161~1ii m::: '\Jl'U fl1'j bb~ :::Vi' fl 'l'J:::Vlm CJ e:i ~ 1-:i'Vl ~1 A' ru bb~::: b tJ 'U 
" v 

b~e:i 1 ~~b~CJ'U lvi'~fl'\'11 A'UV!1f11~e:iu 61~1-:ie:i-:ifim1:1.J~e:i~1-:ibll'U';i:::uu fl1'j~~ m:::u1'Um';ib~CJ'U~~1 ~ 
" " " 

i.r n b~ CJ'U 1\9ll off fl11:1.J611m';if:l ~ 1'U fll'j'IJ 5'\J~ n "iJ fl 'j'j:l.J'Vl 1-:i vi'1'U1'Vl CJ 1m61~1v11 CJ ~'U be:i-:i iiu ';i~61u fll';iru 

~'j '11 'U f11'j b~ CJ'U~ f11';iA'Wfl11 fl1'j1 bfl';i1:::~ 61';i'\JV!1 b V!~ ~~ bb~ :::.Um i1"il"il~-:i ~l'U fl1'j Hu ';i::: 611'Vl~:1.J~61 
" ' ' 

m';i-ru~ 'Vl1-:i~1~:w~61 "il:wfl '\!! ~1 ~'U "iJ:::v'i11~~b~CJ'U1vi'fom'j~\9),JmV1n'l'f:::m';ib~CJ'UTI'Vlmm61~1 ii 
'U 'U 'U 'U 'U 

m:::u1'Um';ifi~~ b U'U';i~uu bb~:::611m';imbnu qJV!1l'i1'l 11~e:i ~1'1ii1.J";j~~VJ5m'V'I m~u1'U n1";ib V!~1d 
' v 

AB m:::'\J1'Uf11';i'Vl~~€l'l'Vl1'1l'VlCJ1131161~{ (Science experiment) 6/i-:i'11flf11";i~fl'l'11'1.1€l'l"il€liA'U ~1~ 

(Dewey, 1959) fl~1111 fl1';i~"il~v'i11 ~irm~CJ'U6/J1'\Joff-:i~-:im';ib~CJ'UiVl1'11'VlCJ1131161~{ iiVi'fl'l'f::: 1 'Ufl1';i 

u 5LJ'~ bb~ ~ bb nu qj'V!llVl CJ 1131161~1 611:w1';if;l61~1-:ie:i-:i fi fl11:w i~'U:w11 V!:W "iJ::: ~ e:i-:i~ ~fl 1';i b~CJ'U f ~t ~ 
ir fl b~ CJ'U bvl tJ 'j::: 61'\J fl 1 ';i ru ~ 1'U m::: 'IJ l'U fl1'j1offfl11:1.J A~ 1vi'u 5 LJ~ n"iJ fl 'j'j:J.J fl l';i b~ CJ 'U i"il 1 fl fll 'jVJ~ ~ €1'1 

bbnDqJV!11'11-:i1 Vl1'1vl1'Ul'VlCJ1131161~1bm bb~::: rum bv;m"ilv'i (Piaget, 1952) bvlb~'U~e:i-:i11 irm~CJ'U~ 

1vi'ii1.J n ~:w~'U 5 nu ~-:i bb 1 ~~ e:i:w"il ~611m w b~ CJ'U~"il 1 fl fl1 'j1.J n'\J~11.J ~ mfi m1:w ~~ b ll'Um:wrfi'j:w 1vi' d.J 'U 6..1 'U 'U 

2.1.2 01-ab~a'Uv~vm-a'l.Jl]~lil'i.:i (Learning by doing) 

fll 'j~ 'liie:iv'i1 'Vim CJ ~-:i ~ b~ CJ 'U 1vi' m:::v'i 1~ -:i\911-:i 1 v11 CJ~ 'U b m ~ 1'U fl1'j'IJ5'\J~ fl1'j"iJ ~-:ifi e:i 

~b~C.:'Ub~fl1'Ll61.n1'V'lbb1~~e:i:w"il~-:i 1~flfi~bb~:::~-:iiie:iv'i1~-:il'i1-:i6[ vi'1CJ~'Ube:i-:i (uum b~e:i-:i';im, 2556) 
" I ' 
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~1r1~ fie:i fll'jb~CJ'Lift~ CJfl1'H'Miie:iv'l1bU'Wbb 'LI1 fi~vt~e:im1m zje:i~~'LlDmfW 1 ~fl'Wb dl tJ5tr~~\1~1\l 1 

~1CJ\9l'Wbe:J\l\911JJfl11JJ~'Wh \911JJfl11:tJti'Ll~bb~~Y'1flCJm~ ~1CJfl1'j~mn A'Wflll rlfltJ5lT~ rlfl~fl~~ 

'<\l'LI~\lfll':i b~CJ'LI1~1 CJ\9l'Ube:J\I b ~d1~ b zje:i11vt1fl A'LI b 111~ m~v11'<\I ~v111 ~ bn~m l:tJ bzje:iif m U'Wbb 'j\l'<\J\111\11 ~ 
~ ~ 

bfl~ fll'j 1~~ 1~b~CJ'LI ~b~CJ'LI'<\l~~'Ufl~'Ul'LI~'<\1~~1Jrl'LIV!1fl11JJ~~e:J 1 tJ iiri11JJ~'1J~'<\l~b~CJ'LI fll'j~~flld 
'U 'U 'I 'U 'I 

2. i.2.1 ii~~~\IV!mCJ ~\11 ~~b~CJ'Ut11ud~~1Jfl1'jru~1~-r1J'<\llflfl1'jbbnu~vt11 tJ1 m 'Ufll'j 

(i)~~'LI h ~~fl1db~CJ'LI~~~~b~CJ'UbU'LI~1r1ru b~'Uri11:tJt1'Ll~bb~~m1:tJ~'LI 11\1 
~ v 

2.1.2.4 ~~vt~fl~m'<\l~b11'WtJw~1Jm'jru'1Je:i\l~b~CJ'LI bU'Wvt~fl~\911n'<\lm1:tJ 
~ ~ ~ 

'<\11fl~flfi11JJ1oLJ1\ll"i'LI~1tJ1Ji'11 fl1'jb~CJ'Lifl~CJfl1'jtJ5lT~ (Learning by Doing) bU'LI 

m~1J1'U flld b~ CJ'Lift~ CJ fll'j'\.J nu~'<\)~ \1~1 CJ \91 'Ub e:i\I b lJ'U611r1 ~ ~ b~ CJ'LI '<\)~ bn~tJ d ~ ~1J fl1dru ~ m'LI fl1dru 

m 1JJ A~~ 11\1 ~ dd ~ zj \II\) ~tr 11tJ~fll'jV!1 b VI \91 em 1 bfl dl~~oif e:JJJ ~ bb ~ ~ fll':i bb nbu ru V!lVI 1\1~ l'LI 
'U 'I 'U ~ 

lYI CJ1 I'll~ \91fl~e:i81\li'.itJ d~~YIB i11~ 

2.1.3 rhrndd:IJ~b'iJ'UnTrn.:ii°jmJ~u~ (Hands-on Activities) 

fl 1'j~~fld~1J1'LIfl1 db~ CJ 'LI~~ b 11 'LI fll dtJ n tr~'<\)~ \I bu 'LI fl ld ~ ~ n '<\)fl dd:tl 1 'LI~ fl~ru ~fl~ Jj 
~ :...J ' 

u5tr~ md~ b~CJ'Uf Ji'1 CJtJ d~~'\J fl1'jru\9J 'j\I'<\) 1 fl md be.J:S~~m'U fll'jru'<\J~\I bb~ ~ fll'jbbn u ~vt1 b ~e:i 1 ~bn~ 

fl1'jb~CJ'Lif'<\11flmdm~v11 ~b~CJ'LI1Ji'tJ5lT~'<\l~\I rlflA~ rlfl~\li'.ieiv11 tlfl~fl~~m~1J1'Wfl1'j~1\11 rlflfll'j 

bbnu ~vt1 Ji'1 CJ \91 'Ube:J\I bb~ ~ri fl~ fl~~ m db~ 1~ 66~1 \lvt1 ri11:tJ ~~1:tJ n'U b lJ'U flfi :tJ ~ b~CJ'LI 1Ji' b~ CJ 'LI ~~\IV11\I 
'U 'I 'U 'U 

Vl~~5 bb~ ~ fl1'j'IJ5tr~ m:tJ bb 'LI1'\.J d~'1J15tJ1\91 CJ ~tJ bb 1J1J flld~~ m~1J1'LI fll'j b~ CJ'LI i~ b 11'LI fl1'j'IJ5tr~ b U'LI 

fll 'jtl 1 bb 'LI1 A~VI ~~5 ~tJ bb 1J1J fl1'j~€J'LI 'IIB \I fl1'j~1Jb~1~V!1A11JJi b U'LI fl~JJ (Group Investigation 

Model) fl1J'j'\.J bb 1J1J fl1'j~€J'LI bb 1J1JtJnlT~ fll'jJJl'\.J'j~ CJ fll9i' b i1~1 CJ nm U'U'j'\.J bb 1J1J flld~~fl d~1J1'Wfl1d 
'U d..J 'I 'U 
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,, ' 

bn~~'UntJ~b~tJ'Llii~n~ru~V1m1~A~eNn'U 
" 

~Dbblllln1'H'leJ'U'UeJ'l'1enfo ~ht (Dewey, 1959) irnLJ-r'1JqJ1bbi;'l~tJn~(9llYltJ1Ylw.J'U1n11 

1~tl1bf;'l'Um'Ubblllln11?1eJ'UzjeJ "Group lnvestioation Model" zj'l b1J'U1Dbblllln11f;'leJ'U~:W'lofTw.J'U1 
'\J ~ 'U , 

v1n~~'UeJ'l~ b~tJ'U 1Vfe:i~~1~tl'U1 'U6''lA~ D1~'1J15Db(91 tJeJ ~1'liiA11~f;'l'U zj'l b 1J'U1LJ bb lJlln11f;'leJ'U~ b 11'Ll 
'\J 'U , 'U 

m1~6"~Yr'U51~'Vll1'llJAAi;'! (Interpersonal) v1 n~~ m1e:i ~~1~tl'Ub U'UnG'i~ bbG'l~ m11~'Vl1A11iJ~'UeJ'l 
'I 'U 'i 'U 

~ b~tJ'U fatJ~f;'le:i'Uiiww1~ btJwTI ~r11 bb 'U~t11 rl1'U1 tJm1~f;'l~~1n 'Vl1m U'Ub ~ tJ'l~LJ~n~1Y11'l1'1l1ni1 
" " " 

n11bbU'ln~~vl1'l1'U (Grouping Works)~ f;'leJ'U'1~~1b'W'Um1~1~nu~b~tJ'UbbU'ln~iJ 

~e:i tJ ~e:iu 1 VfLJ5u~n'1mwe:i~1'l1~e:i~1'l'Vl~'l (911iJ~~LJ1~f;'l'lA'Ue:i'ln1'iv1'1'l1'U 11'l'Vl111~bb~i;'i~A'U 1 Vf 

bb tl'Ue:i'U bbi;'l~bf;'l'UeJbb 'U~ 1 Vf~11'1~'Vl1m1~-rl~e:i~1'l h b~e:i h vtt~ zj'l ~ n~ru~m1?1eJ'U'UeJ'l1LJ bb uud 
" " " 

~1iJtllJ~~'U 1 W~rl'UAl1'Vl1i!eJ~G'lA11iJ~'11n bb 'VlG'i'l(?)1'l 61 m -dbuYi1~ 1 'WVleJ'lb~tJ'Ubvl1J'U v1'11 ~~b~tJ'U cu '\J 'U I 'll 

btl~'W 6" tJ n1 d~ n~1rl'U Al 1'Vl1 A11iJ ~ ~1 tJ (?l'U beJ'l b~~1 tJ A11iJ~'U h tl1nG'i11~'llJYILJ1Yl'UeJ'l n11ffeJ'U 
" 

bb'Ull.Q'1~Yilll1 n11b~tJ'U~Ji'1tJ15n11 (Learning a Technique) bU'Un1'H1tJ'Ub~eJ~nv1n~~ 

(Practicing a Skill) b~e:ie:i6u1tJ'Vl~nni1 (Illustrating & Principle) b~e:i11~ile:i~mbi;:i~bbDi;'!A11iJ 

(Gathering Data and Gaining Experience in Its Interpretation) b~eJ~n1.ffbA~e:i'l:We:i (Learning 

to Use Equipment) bbi;'l~b~e:iLJ5u~n11?1~1'lf;'l11A (Performing Creative Work) (Joyce and 

Weil, 1986) bbi;'I~ h'U b~mm1~ (Leonard, J. M , 1972) 

2.1.4 tJ11~~bb~·m1'H~V'W! (Learning Pyramid) 

~ i;:i n111~ tJ61.JeJ'liJ'Vl1lYJ tJ1~ tJ eJ11111~ bbf;'l~'l 1 Vf b ~'U ~'lri1~e:i tJG'l ~'11nn11~~ n'1n11iJ~ 

(?)1'lnmb(?)i;:i~e:i~1'l 1~tJn'1m1~~(?)1'ln'Ll'1~vh 1Vfb11'1~~1~'l~1Jlm1b1tJ'U~l9i1'ln'UJi'1tJ ~-'.lmYi~ 2.1 
" 



B'il,-1m1 "~h1n'" 
ii fl>lfl11Ul'11 fl>! 

i:tL:;rmlr;iFJ~U~FJ .. 

Source: National Training Laboratories. Bethel. Maine 
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1~CJ11?i'ei5'U1CJ11 fl1db~CJ'U1'LIVfei-:ib~CJ'U (Lecture) Li-:iY1-:iuddCJ1CJ lil~'1111?i'b'vfo-:i A~bU'U 

~eJCJ{;l~ 5 mdri1'Ul?i'1CJ{;]1bei-:i (Reading) 1ii~"5111?i'b~:w~mlJ'U i"i~bU'U~eiCJ{;l~ 10 mdYl-:i bb!;1~11?i'b~'U 

(Audiovisual) b~'U n1d~bVldVll'ltJ Yl-:i1VJCJ"5111?1 ?imlJ'U~eJCJ{;l~ 20 n1d11?i'b~'U(;]1ei~1-:i 
v ' 

(Demonstration) lil~~l CJ 1 Vf'1111?1 A~b U'U~eJCJ{;l~ 30 md 11?i'bb!;1nb tJ~CJ'U'V'l~ACJfl'U (Discussion) b~'U 
v ' 

fl1d'V'l~ACJbb{;lnbU~CJ'UA11:W~n'U1 'Un~:w lil~~lCJ 1 Vf"511~'1-:i A~bU'U~eJCJ{;l~ 50 fl1d1~Vl~{;18-:JUDU~b8-:J 
'U 'I 'U 'I d..J 

(Practice doing) lil~'1111?1~-:i A~bU'U~eJCJ{;l~ 75 fl1d11?i'~ei'U~~'U (Teaching) b~'U fl1d~1 vr1eimd 

~ei'U lil~~1CJ1Vf-oJ111?1~-:i i"i~blJ'U~eiCJ{;l~ 90 zj-:itb1:W~mdb~CJ'U~ bbu-:ieieimu'U 2 n~:w ~-:id 
v ' 

n~:w~ 1 Hffi111 Traditional Passive zj-:itJd~nei'U~lCJ fl1d'UddCJ1CJ fl1dri1'U fl1d1~~ 
' v 

bb{;l ~ 1~~'U b~ CJ-:J md~151'rvh 1 Vi~ n ~mb d m U'U md b~ CJ 'LI~~ b~:w Iii 1 n A'U ~'U bb!K 1tl 1:w 11 Vi b d1 bb 'U u 
v ' v 

outside-in vr1ei b U'UlG~A'Ub •th h b~ei-:idtl1m 1:wi b~ei-:iSmmmci1CJVleJ~1 Vi b d1ri!K1CJ I fl1db~CJ'U~ .:i~ 
\lln~~n lbAd1~VimbblKld~~'UV!~-:J erb~CJ'UbU'Uerfo~mnn11 bb'U'U Inductive learnino 

'U 'U 'U ::::> 

n~:w~ 21-dfl111 Teaming Active zj.:itJd~nei'Uli11CJ n1d~~flCJtl'U1'Un~:W~eJCJfl1d{;l-:Ji'.iei 

u5tr~ bb{;l~md 11?i'ci1CJVJei~~-:i~vh 1m Vf ri'U~'U b u'U mdb~CJ'Ui~l'i'ei-:iv11m1:w b ·1h hl?i'1 CJ\ll'Ubei.:i bb!K1 

~~Viei'Ueieinm~1CJmdu5u~ bU'Ufl1db~CJ'Ubb 'Uu b .LJ111V.LJ1-:i 1 'U(;]1b d1bei-:irieimb!K1'1-:i1V~ci1CJVJei~ 1 Vfri'U 

~'U vr1eiBnirCJvr~-:i b U'Ufl1db~CJ'Ubb 'U'UfleJCJ I l'ln~~n~-:i~ b~'U ~.:i~~.:ibnl'l bb!K1mtJ~~~~m U'Ubb 'UlA~ 

vr1eivrGl'nmd bU'Ufl1db~CJ'Ubb'U'U Deductive learning 

UlillilU'Un1d~m~1'Uei-:i 1VlCJ~l'U1 mu1off15md1 'Wn~:Wbb dnmnn11mlillil~bU'Ub 'V'ld1d1~1CJ 
' v ' 

n11 b'\!'l d1~ 15n1d b~ CJ'U ~'LI n~:w~~ei-:iS'U ~ ei-:iiiri11:w~1:w1d~ 1 'LI n1d8 ei n bb 'U'U:W1 n n11 ~ ei.:i1od'b1!;11 
v ' 
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:w1nn11 ii1e:i-:i 1 iiri11:we:i\?1'Vl'U b~1\?1 nljb '\J~ t.J'Ubb '\J fl\1~1 n n11 bfl t.Jv1111Xri'U A'U 1viru~'U1 LJ1ii1TI b1t.J'Ll 1 
" v " 

"iJ1n bb 'U1~\?1~-:1mh1~1~t.J~-:i1\0le:ie:i n bb uu'll\?1n"il mj:w mjb1 t.J'U TI\?1 t.Jmj'\J nu~"iJ~-:i b~t.J1nu 
'U 'I 'U d..J 

'\!lj\lnfl:wYie:i-:iY11e:i 81\1~1 t.J ~11 n b1t.J'Ll?f1:J.J1jb1 b~t.J'Ll1b~e:J\ln1j'tJ e:i mh bb WU\l'U'U'Vlj \lnfl:J.JYle:J\IY11 "illn 
" 

n"iJmj:J.Jmj'\J~u~ bbfl~?t11\l~'\Jmru"il1n--r?119JbVl~e:i1m'UVfe:i\l~'U ~?11mjb1bbnu~vi1ri11:w6t11\?1bbf16l'U 

e:iu nj ru n1 j'\!l \?)fl e:i \l'Vl 1\ll'Vlt.J11611?1 (il ~6tl e:i '11 j -:i b1t.J'Ll~:Wj1ri1 bb ~\I ~ n ~ \IU n b1 t.J t!cJ\111'1 'Vl \?)fl e:i \l"il ~\I bb61 ~ 
' 

2.2 'tl~nTn'iv'W~ (Instruction package) 
' " 

b ~e:i 1 iX~b1 t.J'Ll:Wm~'lJl'U n1jb1t.J'U1~~bb6l~:lJtJj~~'Vl5m~b ~:w~'U ~ b1t.J'U "il~ b U'Uj1 t.J'lJAA61Vl~e:Jj1t.Jn~:w 
'U 'U 'U " 'I 

n1~ ('lJru'IJ:w l'l~?t~m\?1, 2545: 95-96) 'Ue:in"il1nd t!'l:Wm1:wvimt.J'tle:i\l'll\?1mjb~t.J'W1b~m~:w11 bll'U 
<\ v 'I 'U 

~-:i~ ~?te:i'W 1~?111\l~'Wm 11?1t.J1 ii1?11?1e:iumru~vimnvimt.JmtJj::;ne:i'lJn'W b ~e:i 1-Vl 'Wn1jb1t.J'W mj?fe:J'W 
" '' 

~b~t.J'U "il~ 1~ b1t.J'W1 bb61 ~'\J nu~ \911 t.J ()l'U be:i\I ()11:w vii' n t.J.n 1~ ~ ?te:i'U"il::; b u'Wrn iXr\'1 bb 'U~i.11 bb61~'1i1 t.J b vi~e:i 
'U 'U d..J 'U 'U 

b~e:i 11Xb'l11vimt.Jmjb1t.J'W16tle:i\l~b1t.J'Wujjflt:.J61()11m u1vi:w1t.J~~\I H (e:inruru1 bA'U'lJi.Jt:.J1, 2546: 21) 
'U 'U 'I v v 'I 

b'lim~t.Jln'lJ (.n~ bmvi1~'lJ61V, 2542: 42) ~n~1Ti1 'll\?1n1jb~t.J'W1blJ'W~e:itJj~?f:w~~\lb?f~:w1~~b~CJ'W 
'U 'I 'U 'U 

bn1?1V!m~~'Vl1\1~1'Wl'VlCJ11'11?f()l~~1\11 ?f1:J.J1Wbbnu~vn bb6l::;?t11\le:i\IAf111:wf"iJ1nm~'lJl'Un1j6tJe:J\l"q\?1 

mjb1CJ'WTI~ ('lJl'lj1 ~'U()lljjru, 2552: 103) 1~e:i5rnCJ'll\?1mjb1CJ'W111blJ'W~e:i~~1?1v11~'U()l1mde:ivi1 
'U 'I 'I 'U 

b ~e:i61\I b?f~:w 1 iX~b1CJ'Wbfl\?1n1j b1CJ'W1~1 t.J ()l'Ube:J\le:i81\l:lJ'\Jj::;~'Vl6.n1~ 'UBn"iJ1nd ('lJru b~e:i f11jVJ1bl'll, 
'U 'U 'I v 

2543: 91) 1~?11Uf111:J.JVl:J.J1CJ~1rltlJ6tltl\l"q\?1n1jb~CJ'Wi11 bU'U"q\?1n1'H~CJ'Ui~~\?) 11\ U'U~\?1 I b~e:i6'f1'1\I 

e:J\lrlf111:J.Jfori~ b~CJ'U bb61~'1i1CJ11X~?ftl'Ubfl\?1f111:J.J~'U h 1 'Wnlj?f e:J'Ub de:ivi1 ()11:J.JVltJ1 CJ nljb~CJ'U1~1~ 
'U 'U 'U 'V 

?1~1\16/J\?lnljb~CJ'W~~'Wm bb61~ ('U()lCJ1 vie:i:wn~'W, 2554: 13) 1~?fjtJbmH11 61J\?1n1jb~CJ'W1tJj~ne:iu~1CJ 
, 'U 11 'I 'U 

e:itJmruVl~tl~tl f"i:!Je:im bifBVl1 f"i:lJe:i~b~CJ'U n"iJmj:J.J jl:J.J~\lbbUU'Vl\?1?ftl'lJl\?1l!-J6l~:J.Jf1'Vli'Vl1\ln1jb~CJ'U 
'I 'U 'U 'U 'U ~ l 

~tJj~ne:i'lJ~tie:i81\l:lJj::;uu b ~e:i~1 CJ'Vle:i1?1m1:w1bb6l::;tJj::;?f'lJ mjru 11Xn'lJ~ b~ CJ'W 
" " 

"iJ1n.LJ'e:i?fjtJoLJ1\lii1'Uv1111X?11mjri 1 iXm1:wvimCJ'tle:J\I 6/J\?1n1jb~CJ'W1 11?1CJjl:J.J 1~11 6/J\?lnlj 
'I " 'U 't 

b~CJ'W1 b U'W6/J\?1n1j b~CJ'Wnlj?fe:J'W~~?te:i'W 1~?t11\l~'U()l1:J.Jvit11 CJnlj b~t.J'W1 e:i 81\l:lJj::;uu bb U'lJbbt:.J'W 11?1CJ H' 
'U " 'U 'U 

l?11?1e:itJ mru~vi611nvimCJtJj::;?f:w nti b ~ e:i 1 ~~ b~ CJ'W 1~ if tJj::; ne:i'lJ 1 'W m::;'lJ1ti n1jb~CJ'W1 bb61 i:;'t.Jjj61 
'I 'I 'U 'U q 
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"l.1\Ylfl1'H~CJ'W~~~wi'eJ'liJ15fln?1~1'l~bU'Wd~'U'U (Heathers, 1977: 344) 11'lbXbb'W1A\Yl 
' '\J 

b~ m n'U fl1j?1~1'1°1.1\Yl fl1d b~ CJ'W ~ bm 1111 ~ eJ'I b~:W"il 1fl fl1j~ fl~1Vl61' fl?! \il d ~ fl~1V!Ll1 CJ fl1db~ CJ'W ~ bbi;J ~ 
'I 'U " 'U 

fl1j'V!1th~~VlBfl1'1"16LJeJ'l~\Ylfl1j b~CJ'Wi '51bU'U~eJ'ltll1tJVJ\Yli;JeJ'l 1 oU (Try out) b~eJV!1'1JeJ 

~\Yl~m\Yl bb~~ bbm '1JtJ~rnJ1'11 ~~~'W bbG1'1~-:itl11tJvi\Yli;ieJ-:i1 off ?1eJ'Ll"ll1-:i bb~~ b ~mb?1\Yl-:i--J1'1l\Ylfl11b1CJu~iJ 
' ' '\J 

~ ~~ f1 ~ fld "j:IJ fl1 db~ CJ 'U ~'LJ eJ 'I~ b~ CJ 'U Vl ~ eJ hJ '51 bu 'U ~ eJ 'I ()1 dd "il ?I eJ 'U fl '1.J[l 1 ~'LJ eJ 'I'll (Y) fl 11 b~ CJ'U fl11?1eJ'U 
111 'U 'U 'I 'I 

l'l'lfl~11 zj,:ivh 1~VlmCJ15 15Vl~'lfieJm1Vl1tJ d~~VJ5n1~'1JeJ-:J~\Ylfl1jb~CJ'Wi\il1mflruo/i Ei/E2 ~~'I H 
fl1jV!1tJ d~~VJ5n1~ \il1:w15if eJ c1'Uu ;i1'U bb u1fi \Yll 1 m fl'll \Yl m db~ CJ 'W~JuiJtJ1~~VJ5n1~ "ll1-:i b~ eJ ~ b~ CJ u 

'U d.s 'I 'U 'U 

1~~1 b 'Wu n"il fldj:1J\il1:w.ff u\il eJ'Ll ~ 1-:i., 'LJeJ-:J'll\Yl m db~ CJ'W~JtJflj'lJ t11uVJ fl.ff u ()1 eJmbG1'1 fl~ bb uu bu~ CJ ~eJ CJ 
I 'I 'U " 

i;i ~~1~ "il 1flfl11~ 1b'Ll'Wfl1~ 'U 1 u fl1 dd~ Vll 1-:J b~ CJ 'U'LJ eJ-:J ~ b~ CJ'U ~-:i fl~:W"il ~iJ fi11fl G1 bfl CJ -:in'U fl~ bb 'U'U bu~ CJ 
'\J ' 

~eJ CJi;J~~1~"il1 fl fl1jVJ\Yl?leJ'U'Vl61-:i b~ CJ'U b\YlCJ hJm diJfi1 bb\il fl~1-:i tl'Ubn'U~eJ CJ~~ 5 

E1 bbVl'U tJj~~VlB[l1'\"'l'1JeJ'lfld~'U1'Ufl1d Vlii1CJ~'I fl~bb'U'Ubu~CJA\YlbU'U~eJCJ~~ m~"il1fl 

fl1jVJ(Y)?leJ'Uc1eJCJ 1 'W mdv11 n"il md:w 1 'Wd~Vl11'1 b~CJ'WVJfl n"il md:w 
' 



f11'Hl1Vl'W\9lbnrusvim';iV11'\J';i~~'V15mvmTHl1Vl'W\9lbnrusvi E1 I E2 1Vfnri1bvh1\9l AJ';j 

n1V1'U\9l 1\9ltJV\9lbnru6Vl1 'W nT~oW"il1';iru11'!11Jbnrusviml'l';i~l'W l?)'\l.Q' .. 
(1) btle.iV11l'lll~b1J'Um11J~ m11J"il1 AJ';i~\lbnru6Vl1Vfi:l\IH fie.i 80/80, 85185, 90190 

~ ~ 

(2) btle.JVl1l'll1~bU'WYim~~Vl~m"ill'lfl~ m~~\lbnru6Vl1Vf~1~Mm1~b~niJe.itJ fie.i 70/70, 

75/75 Vl~e.J~\lbnrusvii:l\lffJ1dn1~ 
~ 

., 
15f11';jfll'U1ru l?)'\l\J 

2.2.3.1 f11';ifll'W1ruV11'\J';i~~'V15mYi"Ue.J\lnd~U1'Wf11';i (E 1) 

Ix! 

12 

E = ----2_ x I 00 
I A 

(2.1) 

b~e.J £ 1 bb'Vl'W '\J';i~~'VlBmYi"Ue.J\lm~u1'Uf11';i 

I x 1 bb'Vl'W fl~bb'W'U';i11J~1nmdv11bbuurln~\91V1~e.in~md1J1'WJ~Vl11\I 

N bb'Vl'W "il1'W1'Ue'.i'b~CJ'W 

v 
B 

~ 

x 
B 

xlOO 

bb'Vl'W ~lm'Ue'.i'b~C.J'W 
~ 

~ v Q 

bb 'Vl'U fl~ bb 'U'U bl'l1J"U e.J\I bb 'lJ 'lJ 'Vl\91 i:I e.JU'\1161 \I b ';i CJ'U 

(2.2) 
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fl1'j~'Jd~ ~u bfl ruo/i fl1'j t.1e:i:1.J~'U'Lb~~vi6 m-w r11mdti~ 'I f111~ ~'Id 

(1) 1~A11.h~~VlTI.fl1'W?l'lfll1bflruo/i~n1Vl'W~ H b'li'W ~'lbfltw"Vi11' 90/90 bb~1A1'W1t\JA1 
'U 

th~~vi5m~1~ 95/92 

(2) 1~fiT1.h~~vi6m-wbv11nubflruo/i~~..:iH~e:i~ b'li'W ~'lbfltw6Vl1180/80 bb~1r11mruf11 

ud~~vi5m-w 1~ 80/80 

(3) 1~f1T1.h~~vi6m-w~1fl'l1bflruo/i~~'IH 1:Wbn'W ~mm~ 2.s 

2.3 flT:i'<5' ~ flTH~tJ'U n1'j6'1B'Ubb 'U'LJ~{j bfl vi-'l'11'U1£HJ5'U1£1 (POE) 

fl1'j~ ~md b~t.J'W fl1'j?le:J'Ubb uu~..:i bfll?l-vl1'W 1 t.1-e:i6u1t.1 (POE) 1~tifl~~'W 1~'W'11fl b lJmubb uu fl1'j 
'U 'U 

~~fl1db~t.1'W~~e.r b~t.J'W 1~:U1e:imr11 'Wfl1'jb?l'WBfl11:1.JA~ b~'W vi~e:ir111?1B'U'IJB'lrl1m:1.J mm.h~?l'l.Jfl1'jru 
'U 'U 

b~:l.J'IJB..:J\?l'W be:J'I 1 'Wbde:JVl1Vl~€l?ltl1'W fl1'jru~e.r?l€l'W 1~ fl1Vl'W~~'WG/i'I b~t.Jfl --J1.fr'W1?1€l'Wd--J1 fl1'jvl1'W1 tJ 
'U 

(Predict) (White and Gunstone, 1992) '11 mi'Wum~ t.J'W'1~vl1fl1'jVJ~'1B'll?11:1.Jfl'1fld'j:l.J~~?lB'W 1~ 
'U 

?1~1'1~'W 1?11:1.Jl l?1 tiu d~?l ..:JAVl~B b d BVl1~1~ n 1Vl'W ~ 111 'W'IJ~ fl1'j b~t.J'W ~ 1~ t.11.U fld~'U l'W fl1'jVJ 1'1 
' ' 'U 

1vit.11mr11?11 b ~ffV1r1-;u~vi~e:if1'Wvi1r111?1e:iu~bb Vi-;u~..:i~~?le:i'W~e:i'lmd1 ~vid1u .fr'W1?1B'W~'lfl~11Ae:i md 
'U 'U 

~ ..:J bfl\?1 (Observe) bde:i 1~~ '1 fl1'jU~U~ n-;u fld'j:l.JV!~€l'11 flfl1'jVl ~'1e:i..:i"il1 blJ'W~U fl b~tJ'W '1~ ~ e:i..:i:W fl1d 

e:i5'L 1t.1~..:i~ btl~~'W11 ~'1~ bn~~'W:W-iie:i-U~ bb~..:ivi~e:ir1tl'ur1~'W fl1'jvl1'W1t.1vi~e:ivi~~i)mh..:i b zj,,:i-;u~'Vl11 ~ 

ii' fl b~tJ'W 1~~~ 'W 1fl1'jl bf1d1~'!A' Vi' fl~~ fld~'Ul'W fl1'j'IJ€J'lfl1d 1 Vi b Vl\?1~'1Vl1'1lVl tJ1P11?11?11 fl1'j~UV1'1 
' 

1?11:1.JVl~flf111:1.Jb U'W'1~'11~ .fr'W1?1€l'W~~1r1111dAe:i fl1'je:JB'U1t.J (Explain) 

zj'l?le:i~fl~ e:i..:i nutl' fll~ t.1vi'11 t.1vi1'W~1~ Vi bb 'W 1 f1 ~ b~ t.11nufl1d~ ~ fl1d b~ t.1'W fl1'j?le:J'W bb uu~'I bfl1?1-

v11'W 1t.1-e:i6u1 t.1 (POE) ~..:id AB blJ'Wfll'jb~t.1'Wi~'l1m~t.1'W1~bb'1flbU~tJ'W b'1d'11~e:J'je:J..:J (Negotiate) 

e:i5'L 1 t.1 ~ '1 b ~ e:ivi1oiJe:ir11u ~ 1'W m1~ ..:i bfl l?1 fl1'jVJ ~ '1 e:i..:i nu m Tvl1'W1 t1 bb'1::; ?t1m1m LJ~ t1u b Vi t1Ufl11:1.J 
' 

bb\?1 fl ~1'1Vl~€l?l€l~fl~€l'l'IJ€l'I~ '1 fl11Vl~'1€l..:J bb'1 ~Vl~ flfld1:1.Jb lJ'W'1~ ..:J 1~ ( TU'IJ1 tJ 'j::;t]d~'Wl5, 2553) bb'1::; 
'U 

'W€lfl'11fld 15md POE ?l1:1.J1'jti'1i1t.11Vftl'm~t.1'W~1d1-;u bb'1~A'WVl1 (Explore) bb'1~Vl1bVl\?)~'1me:i5u1t.1 
b~ mnum1:1.JA~'IJ€l..:J1?1'W 1m~1~ mu-w1~e:i~1..:i~..:i 1 'W.fr'Wl?le:J'W Prediction bb'1~ fl1'j 1 Vf b Vl\?1~'11 'Wmru~ 

' 
~'1 fl1'jVl~'1 €l'1~1~:Wm1:1.JoLJ~ bb~..:inu rl1vl1'W 1tJ ii' fl b~ tJ'W -;u::;\>l €1'1?1~1..:J bb'1~ bbm 'IJU~UU'j'Jfld1:1.JA~~'W:l.J1 

' 
1vi:W1Vftifl l'i'e:J'l\?11:1.Jfld1:1.JblJ'W'1~..:J (rud1.mru urun-;u, 2553) bb'1~'11flfl1'jflfl~1b~:l.Jb~:l.J'l.Je:J..:Jii'flfl11 

'U ' v 

flfl~11~r11u.fr'W1?1B'W'IJB..:J POE 11:W 3 .fr'Wl?le:J'W~B .fr'Wvl1'W1tl (Predict) blJ'W.fr'Wl?lB'Wvl1'W1tJ~'1'1.JB'I 
' 

r11m:1.J~~'l~'W'11 fl?lm'W fl1'jru~n1vi'W~ 1 Vi .fr'W~'I bfll?l (Observe) b lJ'W.fr'Wl?l B'W~u m~t.1'W~..:i bfl1?1Vl~e:iv11 
fl1'jVJ ~'1 €)..:J bb~l b U~tl'U b Vi tlU~'1 nu fl1'jvl1'W1 ti bb'1~-rr'W BTI'U1 ti (Explain) tl'm~tl'WBB'U 1tJoLJ€lbb\?1 fl ~1'1 

n'Wd~vi11..:imdv11'W1t.1nu~'1fl1'jVJ~'1e:i..:i (~l?lmmru flm..:i:i.Jru, 2553; B'1..:i€i'1-;u1fl Gou, B. 2003) 
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2.4.1 VJ';j.:in6':i.JVf ei.:ivh 

b~m..1-e.M~'U 1 U'lJ'UVle.J·rvh b ~1"il~ b ~'U11Vi'-e.MY11 b lJ'U Y'l~.:J'Vl~.:in'1l..I~ e.ime.i'lJ Jl1 tJ bb 'Ul b~'U'1le.J'lJ 

V11 (Horizon) bb'1~ii\1111~ fl~bb'1~l\91~Vle.J.'.JV11~1'U 1 V!qJ ~n191lHe.J1 H'lJ'U~l \911 bb Vltl.'.l b tJ~tJ'lJb VltJ'lJ fl'U 

'1Je.J.'.l m1~n~"il~fle.J'U.LJ'1.:iY'l.:i~ vh 1 ~b ~'l.Jfl~l..1\1111 b~tJ.'.ll'i'l b Vliie.J'Ufl'WV!fll'W 'Vl~'lfl'1l..!Vle.J.'.l~1 (Celestial 

sphere) ij'll'Wl\111 VlqJl..llfl"il'W~"il1~ ru11Ji'11 ~~.'.l bfl191VJ flY'l'W'lJ'W fa nde.i ~~~\11~'W8° fl'11'1'lle.J'l'Vl~.'.lfl'1l..I 
Vle.J.'.l~1 fl~l..l\1111~l..le.J'lb ~'WJ'WAe.J.fl1i'l~Q1tJ (Project) "il1fle.J1fl1f'1'1.'.l'lJ'W~'W~1'Vl~'lfl'1l..!Vle.J'1~1 \1111 

f1f)~~ b ~'Wlle.J tJ bfl~ fl'W bb Yl"il~'I bb~1~1'W 1 VltUbb~1eJ~vl1.'.J fl'Wl.Jlfl QI 'll v cu 

d Q.I l .<::It, .<::It, ~ 

VJ :1J1: ?I m'lJ'W?l .'.l b?I ~l..I m~?le.J'Wl'Vl m f'11?1 m bb'1 ~ 

b'VlY'lb'Wfa8 (?!?ll'Vl.) (2554) 
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(?!?!TVl.) (2554) 

'VJ"j-:J rnu.1Vf el-:iY-111'U"j~'lJ'Ul'i1-:i., ~ -:J'U el n ~1 CJ:JJ:JJ~l\W'J1n ~ ~-:i bfll'l b Vi CJ'U fl'lJ"j~'U1'U bb'1~'1V1'51-:i8-:i fl1"j 
I <i 'U 'l 

b~elm~'U1'Ubb'1~~V1'51-:i8-:i~ bbl'l nl'i1-:in'U'Vi'11 VlbflVl"j~tJtJ'VinV1Y-11 (Celestial coordinate) bb tJtJ1'11-:i I 

~el "j~'lJ'U~nVl"Uel'U~1 (Horizontal system) "j~tJtJ'VinVl~'U~~\>l"j~1 (Equatorial system) bb'1~ 

"j~'lJ'U~~CJ~l~ (Ecliptic system) zj-:11.Jm~CJ'U\\J~ 1~b~CJ'U 1'Ll~1oLJell'iel1 tJ 

bdel:JJel-:J'11nm ml"l fanihtJ~1-:iA~1 m:..Jm~,:JJ~ bflel'U\\J ~b U'U'VJ"j-:Jf1'1:JJ Vl:JJ'U"jel'lJ \911 bel-:J"jeltJ 
'IJ , 

l"l'U~?ll'l"jfan b~c.Jn11 b~'Ul"l'U~?ll'l"j~1 (Celestial equator: CE) bb'1~b'1i'Lln'Utl'1\>im~'Ubbfl'UVl:JJ'U"Uel-:J 
'U 'U 'U 'U 'l 

fan~ 1'U ~1 b Vl'W Bbb'1~ 1191 \\J~'Vi' 11 Vi bfl VI\\) VI?! el-:J\\J Vl'U 'U 'VJ"j-:J n '1:lJVl el-:!~ 1 b~ CJ fll1 ~1~ 1 b Vl'W el (North 
' ' 

celestial pole: NCP) bb'1~ .fr1~111'1 (South celestial pole: SCP) 1'11:JJ~1~'U 

khanitha
Rectangle



north 
ecliQtic 

pcile 

north 
celestial 

pole north 
polar 

distance 

~>_ 
I - ~"'-\ 

aut1mn• ,,...-- \\~al 
equinox •,,... ,,... latitude 

-----;.-~-~· --,.,,--- / I . / ,,,,,,,,.. Earth. ~ 
/ I 

south 
celestial 

pole 

q V I .:::::., .:::::., ' 

'V1~1: ?l bll'lJ'W?l~ b?l'a~ f11'a?l eJ'WTVl CJ11'311?l 1'1 ".ibb6'1 ~ 

b'Vlf'l fofa~ (?l?ll'Vl.) (2554) 

16 

?lei~-dei~~~ ~111nn,,;~~Vl6'11CJ"OJ~ 1f'l"OJ'a'aeiu~1-d bb61~'1Jtn'W 1 tlnu b~'Wl'l1'WtJ?l1?1'avh b~'Wm'a bf'l"OJ'a'1Jei~~11 ~ gl ~ ~ 

~n,,;~~mbi4'W1 wnm~CJffJ1 b~'W~11 (Star trail) zj~bn~"OJ1nm'aci1CJm'V'l1~mu~vn.'.hn~ei~Hm'W1 

d 
.fl1'W'Vl 2.5 Star trail 

d Q.I I .:::::., .::>, ({ 

'V1~1: ?l bll'lJ'W ?l~ b?l'a~ f11'a?l tl'Wl'Vl CJ11'311?l \?1d bb6'1 ~ 

b'Vlf'l1'Wb61~ (?l?ll'Vl.) (2554) 
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'11~1Vl1V1~rJ'U'1b 1ru 1n~ b~v.:ii1~116111.:i'V1 r:iri11~ b ~'LI 1~~1 v~rn ll~1 ~ ~.:i bnl?l'U'W 161 n n"il~ 
" 

b~'W ~11~1.:iti'Wr:i ~lJ.:i'Vl~rJ bA~ rJ'W~ b y;V'lb~ n-Wr:iv 1'WU"il~LJ'W~1111n\;i~1.:i~6111.:i~~~1 'Wn~:u~11V11J 
b~n (Ursa minor) r:iv"ln~n'U~1Vl1bV1.Wr:i b11l5.:ib~Vn~11m.:iti'U11 ~11b'Vl.Ur:i (Polaris) 

" 

d "' fl1'W'Vl 2.6 ~1'Jb'Vl'WB 

<Cl V I .c:.. .c:.. < 
'Vl:U1: 61~1'U'U61'l~':i:Un1161B'U1VlV1~161\911U61~ 

bVlAfofa~ (61611Vl.) (2554) 

u1nnrnbn'WV1~'Ud~m~fo~'W~~1911f11 (CE) ~.:i~ n~11m bb~1 ~1111n\;iutJVf r:i-:iY11"il~ 1ri"il161J'W1'Unu 

bb 'W1b;;1'W~'W~61mVl1"iJ1n~-:i1?1~1'Wr:ir:in1 ll t!-:i1?1~l'U1?1n b'V111~ fa nV1:U'W':iB'Uli11 br:i-:i1 'WVi~vi1m~:umwm 
" " ' 



rise above 
the horizon 

2.4.2 -a-::uuwn~"llvu.W1 (Altazimuth) 

These stors 

never 5et 

ri5a and 5et 

Cl Q..I I ~ -::::::. 6' 

\Un: ?I mu'Ll?l,:i b?I ~ii m~?I €l'Ll1'Vl en Pi1?1 m bb'1 ~ 

b'Vlfib'Wfa~ (?l?l'J'Vl.) (2554) 

18 

1 'Ll ~ ~ 'U 'U ~ n ~ '() €1 'U V11b~1'U€1n~1 bb Vl 1-1,:) '() €) ,:j 1 ~ti VJ€) ,:j V111~Cl1 -ii'() €1 'U V11 bb '1 ~~~Cl €1 ~ V11 b li 'LI 
' ' 

~~el1,:JB,:J 1~C1i1m~ue:in~1bb'Vlll,:i~1niiii 2 iiii A€llJlJVlP! (Azimuth: Az) bb'1~ iim,:iCJ (Altitude: 
'I 'I , 'I 'I 

Alt) b~C1i1'LJC11ii~,:id 

~ou\11 

fl1'rl~ 2.a V1-a-·rn%l~~v.:i.W1bb~~.:i-a-::uuwn~'!Jvu.W1 

~~1: ?ltn'l!'U?i,:i b?l~lJfl1~?1€l'Ul'VlCJ1Pl1?1~1bb'1~ b 'Vlf11'W fa~ 

(?1?11'Vl.) (2554) 
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"A" 

:wm..:it.1 Vl~e:J e)~~'<\IVI (Altitude) Vl~e:J:W:Wb'lt.1Vl~e:J:W:W6'f..:JblJ'U'j~t.J~V11..:im:w:w:w~1Vl'<IJ1m~"w 
'I 'U 'I 'I 'U 'I 

'lle:JtJY11~'U hJ1?nm..:in~:w~..:i~~1'UV111'<\l'U~..:iV111V11..:iJ'U iJri1~..:Jbbl'i 0-90 mm ~1:W:Wb..:it.1iJri1bll'U o e:i..:i\"11 
' 

bb?fV1..:i111'\91~Vfe:i..:i-W1 tb1nne:i~tJ'Ub~'U'lle:itJ-W1vrn~ bb~~~1~m..:it.1iJl°i1bvi1ntJ 90 e:i..:im bb?fV1..:i111\91~ 

Vie:i..:iY11e:i~tJ'U~'j~~er61..:i bn\?lvrn~ ri1:w:w b'lt.1'lle:i..:i1 \91 t1Vf e:i..:i-W1'<1J~b 'll~ t.1'U 1 'lJ bde:ier61..:i bn\91 b 'll~t.1'U\9\'1 bb Vltl..:i 1 'lJ 
'U 'U 'I 'I 'U 

\9\'1 bb VlU'l'll e:i..:iV111 () n,;b ~e:J'l'<\11 niJ A11:w b 'll~ t.J'U bb 'll~ 'l\91~ e:JVI b 1~1 bbl'i'Wt.1:w 1 ivi'1 I 1 'lJ b ~ e:J'l'<\11 n b-1511'<\1~1 t.J 

bb~~6'f1:!J1'jt11m~nrn~'llmruvi'111 tJ 

2.4.3 -a::uu-Wn~f'l'U~~~-a (Equatorial System) 
'II 'II 

b ~ e:i bbnll ru'Vl1 A11:W b 'lJ ~ t.J'U bb 'lJ ~'I'll e:i..:iri 1~ n VI~ b 1~1 bb~ ~\9\'1 bb VlU'l'lle:J..:Jer61..:i bn \91 l'i1..:i n'U v v 

1.1' nm 'j1\"116'f \911~ ..:i 1~~ (9),J'U 1'j~'lJ'lJ~nVI1"1'U ~ 6'f (91 'j~'U lVI tJ m~ t.JVl~ n nl'j~l 1b~e:i1 VI~ flVl'lle:J'IVl11~1..:J61 v v I 

A..:i~hJ b LJ~ t.1'U 1 'll ~ V1-51..:iB..:im i~ ..:il'l e:i..:i b ll'U~ Vl~LJ 'j1n!J'U'UVi e:i..:iY11 b e:i..:i 'j~'lJ'lJ'\f b ll'U m'joJ1m'j::'lJ'lJ b~'U 
~'I b~'Ubbl'l'l.J'U fan Q1t.Jil1'V1~'U1'llmJ'lJ'UVle:J..:JY111V1t.11 i'<IJVIB1'1B'l?fe:J'l'<\IVI ~e:J'<\IVI bbn'U'Vl:W'U'lle:J'I fa n'l.J'U 

.. 'U 'I 'l " 'I 

Vie:i..:i-W1 Vl~e:i~1bVl'Lle:iVie:i..:i-W1 (NCP) 611Vl-r'l.J~1famwue:i bb~::b~'Ul"1'U~?fmVie:i..:ivh (Celestial v v 

Equator: CE) ~..:i-db~e:J..:J'<\11n~1bVl'Lle:iVie:i..:iY11e:i~ b'Vl'Lle:i~1 fam Vl'Lle:i'V'le:i~ (er61..:ibn\91~~1 fam'Vl'Lle:i'<IJ::b~'W 
v v 

~1 b Vl'Ll e:iVie:i..:iY11e:i ~ \91'j..:in~1 \l ~ 'j~~'V'l e:i ~) ~ \!J'U b~'U 1'11 'W ~ ?f \91 'jVJ e:i ..:i-W 1~ ..:i b lJ 'W b~'W 1..:i n~ :w?f:w:w ~ ~iJ 
v v v 
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-:-------
' 

:'.'l"CP 

E 
'' 

\ '' 
N ___________ :·~---...... \11 

\\. 

btiB-:i-;u1n~1 b ~UffVlB-:iY11BcJ\Yl'j-:Jnu~1 b ~UB'UB'l fan ~-:iJLJ~i1-:i bn\Yl~BcJ~~~~-;u\91 cp -;u~ 
'U 'U 'U 'U 

b i1LJ~1 b~UBVJB -:iYJ161 '1~1J-;u1 n'U BuY11 b vi1 nu~~~ -;u\91 bb~ ~ b ti eJ -:i-;u1nl"11J861\Yl'jVJB'IYl1-;u ~~'ltl1 n nu bbnLJ 
'U 'U 'U 'U 

boULJnLJ 

n1JU B n~ 1 bb ~ii-:i'UB -:i1 \Y1 ~VI e:i-:iY11~~B\9111 ~ n~1 -if fl. n~ru~ b~ tJ 1 nLJnu n1JU B n~1 bb ~ii -:i 

u1Jfanv'11tJl°i1~B'l~-;u\91 bb~~~~~-;u\91 bb~b~1.J~B-:i~-;u\91U1.JVJB'IY11b'j1b~tJn11fi1 Rioht Ascension 1-if 
'U 'U 'U ::> 

i1ruil.n~ru a ~~B R.A. 11'1mb vm~-;u~u e:i nfi1 R.A. bULJ:w:w iJtJ:w~-;u~uB n 11J~il1tJ i11:w-:i 1J1V1 bb~~ 
"' ' 

~1 bb ~ti'l'UB'l~i1-:i bn \Y1 -;u\91eJ1'1B'l 11.Jd~uu.ct'~-:ilii' B'l b ULJ-;u \91-;u \91~~-:JULJVJB -:iY11v11 tJ b oULJ nLJ zj-:i-;ul'1JLJ 1v'l bbn 
'U , 'I 'I q 

~l'11i11J\Yli~l'\Yl ~~B~m~:wlii'LJ~~1u1il~~ zj'lbULJlLJ~nm-:il'mvhnunm-:i~LJ ~'lb~tJn1w11~T~)-:in~~ 

11 Vernal Equinox zj'lbU1.J-;u\91~\911'1B1~\Y18 bfl~B1.J~1m~1.Jl"11J861\Yl'jVJB'IY1111.Jl1.J~ 21 iJLJ1fl:W'UB'l 
' '\J '\J 

'VlnlJ ( b~B-:i-;u1 m~mu nld 1ri-;u'j'LJB-:J fan nu b~1.Jl"11.J861\Yl'jVJB'IY11 bB tJ'lvl1:W:W nLJB cJLJd~mru 23.5 B'!\"11 
'I 'U 'U 'I 'U 

-;u1nnid~bbnLJ1~rn5tJ-:iLJd~mru 23.5 B-:il"11 ~-:iiJ 2 -;u\91~bn\91~LJ1LJ~~-:iu) -;u\91.;f 1'1Ji1ruil.n~ru Y 
' q "' 

btiB'!-;u1n~l'1'if bU1.J~\91b~:J.JboLJ1~d1~b:W~ 11'1tJn1~1.J\91l1\9111~n~~Btjum~LJ1'ln~:w1 m1] (b~LJ~B'l~~\91 

U1.JVJB-:JY11) ~mn-;u1n~1b~UBVJe:i-:iY11 ~11.J vernal equinox 1LJcJ'-:i~1Y111\il bUWb~LJ~iJ R.A. bvi1nu 

1"11.J8 ~-:iL11.Jf;1'jLJ1v'l~-:i.ct' 
'\J q 
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ri1 Rioht Ascension Vl~B R.A. AB:U:U~l(?)'<\J1fFiHi1 Y 1tJvnrVil"lV1~l'UBBf1 '<\J'Utl'lb~'U~'I 
~ 'I , 'I 

~~1'U(?)11(?)1,nYtJ 1(?)m?ftJB 1'U1U'IJB'li11m 'UT~ 1mVi bb 'Vl'U~'<\J~ blJ'UB-.'.11'11 ~U(?)1 VJ~'\Jmb ~Bf111:U 
" 

?t~mn 1 um1~(?)r\'1u1ru bbG'l~'lrnnnm 

ri1 Declination Vl~B 0 AB:U:u~1(?)'<1l1m~tJl'ltJ8?1m~B'IV11:ff u ltJVJ1~1V11n1VltJ(?) 1 ~ri1 
' " " 

NCP 

E ' ' 
: ' 

... \11 -- - -- --- - - - ... _ .. .:..- - -

\Y 

(2554) 

2.4.4 -a::uu~~EJ::1~ (Ecliptic system) 

b~'U~~ tJ~l ~ (Edi ptic) Vl:IJ1 tJ fi-:i b~'U'Vl1-:J b~'UU11 f1!J'l.l B-:J(?)1-.'.IB1~\918~ bA~B'U~~TlJn~:U 

(?)11~1-:J"] 1tJ'j€JlJlJ 6fi-:iblJ'U~G'l:U1'<\J1f1f11'jfa'<IJ'j'IJB-:JfamB'\J(?)1-:JB1~\918 ((?)1-:J €11~V18'<1J~th1f1!J 

bA~ B'U~'<il1f1~1'1\91~-ru\91n1tJ'Vl1-:i~1'1V1~1u BB ni'uG'lnh~m ru 1 B-:J\'11) bbG'l ~ n~:U(?)11'U'U 'Vl'j-:Jf1G'l:U 
' 

~mV11~m-:im~V18'\.J'j1f1!JbA~B'U~~1'U b~tin11 n~:U(?)11~m'j1~ (Zodiac) 

'j~'U 1'\J 'IJ B-:J b~'W?l~ t.Jl~ '<\J ~ bB t.J-:i'Yl 1:u:u nu 'j~'U 1'\J'IJB-:J b~'W l'ltJ8 Ml 'j~ B-:JV11tJ 'j~:IJ1 ru 
'I 'I \J \J ., 

23 B-:J\'11 ~(?)\I)(?) 'IJB-:J'j~'l.J1'\JVJ-:J?IB-:J b~tin11 BAl'UBn~ (Equinox) :U 2 l911bb'VltJ'I AB nB4UG-l BAl'U 

Bn~ (Vernal Equinox) Vl~B~(?)bb'jf1'1.JB-:J'j1~b:U~ (first point of Aries) bll'Wl911bb'VltJ-:J~(?)1-:JB1~V18 

bA~BtJ~'<\J1n'Vl1-.'.!1\1l?ib'Vl11BV1'j-:Jn'\J i''W~ 21 :Uu1ri:u ?i1u€inl911bb'VlU-:JVl~-:i AB BB\li':u-UG-1 BAl'WBf1~ 
" 

(Autumnal Equinox) Vl~B~(?)bb'jf1'1.JB-:J'j1~~G"l (first point of Libra) bll'Wl911bb'VlU-:J~(?)1'1€11~\91tJbA'<\J'j 
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um~'W?l~tJ1~~~nu b~'lH'1'W~ ?1\>l'jVf e:i,rvh 'Uru~~ bA~e:i'W'<ll 1 fl'Vll'lb'Vlu mM1 uvn~11'1 m'lnul''W~ 23 ' ~ ~ 
v v v 

Q..I Q./ d I Q./ ~ I Q.J .:::.. ' .:::::f ..:.::,, 

fl 'W tJ 1 tJ 'W '\fl 'I ?I e:i 'I~ ~ 'W 'U 1 'I bl 611flf;l1 '11 'W bb (;1 ~ fl (;11 'I f1 'W '<\) ~ tJ 11 b '\fl 1 fl 'W bb (;1 ~ ~ 'd'I e:i 1 'Vl (91 tJ '<\) ~ 'U 'W (91'j'I'\fl131 

1'1~l'WBBfl bbf;l~\91 fl'Vl1'1Vi\311'1~1'Wl'1fl'Yrn~ 

bne:i'j~'W1'\J?l~tJ1~ bB tJ'I~ ~ nu'j~'W1'\J\31'W~?l\>1'jVl e:i'lv.11 'We:Jfl'<\J1 fl'<\)~ bn~'<\J ~~~~'W 2 '<\) ~ bb~1 
, 'U 'U , , 

I i.I I I 

cJ'l~~1bbV1i.l'lvh~muVl-:i?1e:i-:ie:i~vi1-:in'WmflVi?1~ 2 ~1bbV!'ll-:i b~tJfll1 61Jm1?1Vi61J (solstice) ~1bbV!'ll-:iVi 
~ ' 

~1-:imVil'1~ B~bV!UeJ?l~'\J'W?l~tJl~ b~tJfll1161Jr;i?IVi61Jf1~~eJ'W V!~B im:we:i{ 161Jr;i?IVi61J (Summer 'U , , g I \I 

Solstice) \>1'j.:Jnu1'W~ 22 iJti'WltJ'W bbf;1~~1bbV1ti-:i~m-:imVil'1~e:itJ'11'1?1~'\J'W?l~tJ1~ b~tJfll1161JG1?1Vi61J 
'I \I , 'I 

()~Vl'W11 V!~e:i l'Wb'VlB1161Jr;i?IVi61J (Winter Solstice) \>l'j.:Jn'\Jl'W~ 22 TI'W11f1:W 

'-·<"::::11 

'--,'-,"",,, 

·,~, 

\ 
\ 
\ 

\ 

' 

!11'W~ 2.11 n1'abrPil'a"lJeJ.:j b~n'aeJ'U~'HeJ1'Vil'l'1 bb~:rn1'abf'l~eJ'\.JU'a1n!J"llel.:!~'NeJ1'Vil'l'11'11~~~fJ1~ 

~~1: ?lt1TU'W~'lb?l~:Wfl1'j?ltJ'Wl'VltJ1V'11?1\>1{bbG1~b 'Vlf11'1..J fa~ (?1?11VL) 

1~fiti '<\)~ nti{'l!r;i 5ri1'Wtifl-ti 1~tJn1V1'W~m1:wV1mtJ'Uti-:if11-ffimm~uu?1~tJ1~~~-:id 
' ' 

2,4.4.1 ~lbV!Uti~~tJl~ (North Ecliptic Pole: NEP) bbG1~~11\il~~tJl~ (South 

Ecliptic Pole: SEP) t11 bbD.:J'\fl'j.:JflG1:WVltl'IVl1titiflbU'W 2 ~1'Wl'11:W~~tJl~ \>1'j.:J~1'W~~'<\J~bU'W'j~'W1'\J 
' v 

?11u1~~d-:i~1'\fl'j.:J flG'l:W'<\J~~ 2 '<ll~Viti~vi1-:i'<IJ1m~mu?1~tJ1~bvi1nu 90 ti-:i\311bvi1n'W fiti 'ir1bV1uti 
'I 'I 'U 'I 
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2.4.4.2 '1€J'1~'<\J~Yi'B..:ilil1 (Celestial Lonoitude: A) bll'W':i~CJ~'Vl1'1\9ll:l.J:l.J:l.J~l~'<\J1fl 
" ::i ' 

2.4.4.3 '1~~'<\J~Yi'B..:ilil1 (Celestial Latitude: A) bll'W'J~CJ~'Vl1'1\?11:l.J:l.J:l.J~l~'<\J1fl?f~CJ1~ 
'U tJ 'I 'I 

11.J'Vl 1..:i b VJ'Ll B VJ~ B 1\ii' 1?11:l.J1..:ifl'1:l.J1VJru~~l'W"il1fl~1?1~CJ1 ~ ~ ..:i ?t B..:i bb'1~~l'W\if1 bb VJ'tl ..:i ~11 iJ A 1~ ..:i bb~ 
v ' 

2.5 f111~tl11'ViU1'Vl1.:lflTH"it1'LI (Normalized Gain) 

fll':i'll':i~ biJ'W~'1 fl l'J b~CJ'W TI~ CJ~'<\J 1'Jru1~'1~1'1'll€l'1 A~ bb 'W'W?f tl'l.J riB'W b~CJ'W bb'1 ~VJ~..:i b~CJ'W(Actual 
" 

gain) bViCJunu fam?t~i!m~CJ'Wbb~'1~A'W'<\J~?11m1blvllA~ bb'W'Wb ~:l.J~'Wm1Jl (Maximum possible 

gain) b~CJflll Normalized Gain b?f'WB 1~CJ Richard R. Hake (1998) i!flYJ~fl~bb9.A.:i University of 

Indiana 1~CJA1~11ii'"il~iJA1€JCJL 'W"li1..:i 0.0-1.0 b~CJ'WblJ'W?f:l.Jfl11A11:l.J~:l.J~'WITTlii'~..:i.Q 
" 

[(%post - test)- (%pre- test)] 
<g >= 

[(l 00% )-(%pre- test)] 
(2.3) 

1~w~ <g> ~€1 Al normalized gain 

% Post-test ~€1 Alb~~ tJ'llB..:JA~ bb 'W'W?IBUVJ~..:i b~tJ'Wb ll'Wb tJB1 b~'Wlii 

% Pre-test 

Al normalized gain BBflblJ'W 3'J~~u11ii'bbri "high gain" Al <g> ~ 0.7 "medium gain" 

Al 0.3 ~ <g> < 0.7 bb'1~ "low gain" Al 0.0 ~ <g> < 0.3 

~1VJfofl11~'<\J1'Jru1 Normalized Gain b ~€l~fl~111i!m~ti'Wi1~'1 fll'Jb~tJ'Wb ~:l.J~'WB t11..:i h ~..:i 

1 'W':i~ ~ui'W ':i~ ~'l.J bb~ '1 ~ b .Q €JVJ1 bb~ '1~11tJ'l.J A A'1 bb'1 ~ bb~ '1 ~':i~ ~'l.J':il ti.UB ~..:J?f lm':irnbtJ flU':i~ bfl'Vl'lltl'1 
' 

Normalized Gain 1Jl~..:i-d 

2.5.1 bbuuim~tJ'W (class normalized gain) bll'Wfl1'J~'<\J1'Jru1~'1fl1'Jb~tJ'Wi'1.IB'1ilm~tJ'W~'1 
i'W,!m ~:l.J~'W fim ll'W ~ b vi161JB'1~'1 m1 b~ ti'W~?t..:i?t~~mBm?t b ~:l.J~'W 1Jl 1V1 ti V1'<\J1 fl A~ bb 'W'W b~~ v61JB.:i~.:i 

'\J'U 'I 'U 

" " 
od'W 'l-1..:iri€l'Wbb'1~VJ~'1b~tJ'W 
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2.5.2 bb'U'U'.i1t.J~flfl'1 (Single student normalized gain) bU'Un1'.iVi\11'.iru111irm1t.J'Ubb~Gi~ 

fl'Uil~~mm'.im'.i b1 t.J'U~e:itJ1.:i b '.i 1111t.J111\11nfl~ bb 'UWle:J'U rie:itibb 'Vli;r.:ib1t.Ju•1m.:iir n b1t.Jtibb~Gi~fl'U 
" " 

2.5.3 bb'U'U'.i1t.JoLJB (Single test item normalized gain) bU'Un1'.iVi\11'.iru111"'il1u1uirm1t.J'U 

~(9le:J'Ufln b ~:l.J~'Ub U'U~b vh 1111'lle:i.:i.LJ'e:i61e:i'U~b '.i1n1i;r.:iti\11'.iru11 um'.i61B'U rie:im1t.JtibbGi~'V!Gl.:Jb1t.Ju 
" 

2.5.4 bb'U'U'.i1mde:iV11 (Conceptual dimensional normalized gain) bU'Un1'.ifi\11'.i!1!1111l1 
" 

~~m n1'.i'V!~e:J~Gi m'.i b1t.Jui~ b ~:1.J~u·1m.:iirm1t.Ju~il~e:i b d e:iV11V1~.:i 1 b uue:i 81.:i b '.i 

\11n~n~11m#\'.:in~11 ~l~t.J b~tJ'.i~ dJu~~'U1n1'.i b1t.J'U~'lle:J.:Jirm1t.J'Ubb 'U'U Normalized oain 
" " ~ 

b ~e:i 1 ~'Vl'.i1'Ul1 tr n b1t.Ju~ b1t.Jti~\11n'LJ111 n1'.i b1t.Jti~'Vl'.i.:J nGi:1.JVie:i.:i~1 e:i tJ1.:i~1'UbbGi~'.i1mfln il~~'U1n1'.i 
'U , 'U 'll 

2.6 f!113.1.W..:iv-H11~~e.Jn1';i"5'f!n1'n~v'Um';i~e.J'U 

m'.i1111'.i~ #l'U m 1:1.J~.:ivm 1 \l'lle:i.:iir n b1 t.J 'LI~il ~e:i m'.i~ 111 m'.i b1 t.J'U~ b U'U m '.illii '.i~#l'U fl11:l.J~~n~ e:i~ .:i 
" " 

tJ'.i~61'U bbGi ~(91 '.i.:Jn'U h~ e:i.:im'.i ~'Ub~'Utl'U'U flflGi'V!~e:i~.:i~'LJeJ'U 1\1 Ym h(911:1.J~h~B.:Jn1'.i ('U1ff:i'.i'.iru 
' 

~'U'Eib:l.J'Ei1, 2544: 58-59) zj,:ib U'U61J111~~bnli1~'Un'U~(911\J~bnli1~'Ub~B 1~ilm1:1.Jbfl1t.J111 ilm1:1.J61:1.JV11.:i 
' 

~B h tl'U~.:J~bfllii~'U vh 1 ~fl11:l.Jbf11t.Jli1'V!:l.Jli11 tJ'V!~ffUe:Jt.JGi.:J bb~fl11:l.Jbfl1t.Jli1\l~b ~:l.J~'U lJ11~~B1\l 'V!~B 

1~1~~.:ih (\l'.i1t.J~'.i 61~6111'Vl bbGi~flru~. 2545: 19) 'UBn\11n-d fl11:l.J~.:J~Bh~.:ibU'Ufl11:l.J~~n'Vl1.:i 
' " 

'V!~e:im1:1.J~~ n'Vl1.:J'U1 m~:l.J~'U \l ~ b ~'Ul 1bU'Um1:1.J~~ n~61i;r'U~'U-6'B'U bbGi ~m1:1.J61'll-rl'\l~il~61~ B 
" " ' 

'U flfl 61m n n11 fl11 :l.J~~ n'Vl1.:J'U1n5'U 01 ~.:ivi1.:i'U 1 n bb61~'Vl1.:i 61 'U b U'U fl11:l.J ~:l.J~'UTitl'UB tJ 1.:i61~'U~'UiB'LI 
' " I 

b1t.Jn11 '.i~'U'Ufl11:1.J~.:i~Bh (611t.J~.:i b~e:i.:i1.:i~, ~'LI tl:1.J~'.i:1.J bb61~Bmmru ffW'U(91B1\J, 2552: 67-69; 
' ' ' 

B'1.:i€l.:i\11n Shelly, 1975) zj.:Jn1'.il~fl11:l.J~.:J~B 1\1611:l.Jl'.ifll~bU'Ubb'\J'\Jm(91'.i1~1'UtJ'.i~mruri1'<il1bb'Un 

1~ 5 '.i~#lu 1~t.Jilbnrusvim'.i1~fl~bb'U'U(911:!.J'.i~#lum1:1.J~.:J~B1\l #1.:id 

~.:ivrnhmn~61111 1~'.i~#l'U 5 fl~bb'U'U 
' 

~.:i~Bhmn 1~'.i~#lu 4 fl~bb'U'U 

~.:i~BhtJ1'Unm.:i 1~'.i~#l'U 3 fl~bb'U'U 

~'l~BhtlBt.J 1~'.i~#\''U 2 fl~bb'U'U 

~.:J~BhtlBt.J~61111 1~'.i~#\''U 1 fl~bb'U'U 
' 

n1'.i'.i1t.J.:J1'U~61'll B .:in~ :l.J ~1BtJ1.:i 1111t.J.n1~ '.i1:l.J bbi11\l ~bu 'LI ri1 bu~ t.J 'LJ B .:i bb~ 61 ~.rr B zj,:in1'.i bb tJ 61 
' 

fl11:l.J'V!:l.J1 tJ \l ~i'.J bn !1lsvl~fli11 tJ tl'\J '.i~'U'U n1'.i 1 ~fl~ bb 'U'U zj'liJ bn !1lsvl nl'.i bb tJ 61 fl11:l.J'V!:l.J1 tJ #\'.:id (rnU'LJ:l.J 
'" 

1"1161~B1111, 2545: 102-103) 
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' d 
4.51-5.00 bb tl61fl11:1.JV!:l.J1 CJl1 .yj;iy-re:i 1"1l:W1fl~Ml A1bu~m 

' 
' d 

3.51-4.50 bb tl61A11:1.JV!:l.J1 CJl1 .yj;ivmhmfl A1bQ61CJ 

' d 
2.51-3.50 bbtl61m1:wV1me.111 .yj;iy.m ht!Tu flm-:i A1bQ61CJ 

' d 
1.51-2.50 bbD61A11:1.JV!:l.J1CJl1 .yj -:i VJ ei h '\J -em A1bQ61CJ 

' d 
1.00-1.50 bbtl61m1:wV1mCJ11 .yj;iVJeJ h'!JeiCJ~?l~ A1bQ61CJ 

' 

5'U1'U'll ~"il"il1'UVll'11.J (2554) 1\il~\9!,J'\.J1'll~flfl1J'Vl~618.:Jfl1'HA~8'U~bb'\J'\JV!:W'U b~8.:J'Vl8{flbb'1~ 
'I 'l 'I 'l 'I 

1:w b:W 'U \ii A 11:1.J b5 8 CJ b ~ 8 b ~:w e.J 61 ~:1.J'l'Vl B'Vl 1 ;i fl1J b~ CJ 'Ul'll 1YJ ~fl~ VJ u l 1~ ~ fl1J'Vl ~ 61 ;i~ ?1~1 .:J~'Uil 
tld~~'Vl5Jl 1VJ 83. 10181.33 bb61~tl' n b~ CJ'U~ b~CJ'U~1 CJ~~ fl1J'Vl~61ei-:i~-:i fl6'i11:We.J61 ~:wti'VlBV!~ -:ib~CJ'U 

m fl fl11riei'Ub~CJ'U ei ~ 1-:i:Wire.1611r1 ru'V!1-:i?l~ ~~d~~u o. 05 m 1:wn11V1'!J 1'Vl1-:i fl1d b~ CJ'U ei CJ b 'Ud~~ut.J1'U 
v " 

Ruby A. (2001) 11'1?1 fl~1b~CJ1 nu fl1d 1obfl1 d61 -:i:W eitll) u~ b ~ m ~:w e.J 61 ~:w ti'VlB'Vl1.:J fl1d b~ CJ'U 

l'VlCJ11'11?llil1 1~CJ 1 ob'n'Ufl6'i:w\911ei~1-:iir m~CJ'U~'U~5e.1:w?ifl~1u~ 2 1~CJ 1 ob'bri~ei-:i:Wmb 'IJ'IJ'Vl~?leiu1~e.J61 
' 

~:w11'VlB'Vl1-:imdb~tJ'U~1bb'Umtl'U 3 'll'Ll~ VJu11e.J61~:wti'VlB'IJei-:itrm~tJ'U~~-:i~'U 1~11"il~ 1 obbb'\J'\J'Vl~?leiu 
'lltJ~1~'Vl~?l8Unm:w 

Jans, (1977; Rowland, 1990 and Ruby, 2001) 11il'?ifl~1fl1Jb~tJ'Ul'VltJ11'11?llilTI~tJfl1J61.:J:Wei 

ulJu~VJu11 ?11m d f;l'\J foll 1 -:i b "ii (il ri ~'IJei-:itr fl b~ tJ'U~:W ~ ei1'll11'Vl CJ 1m ?l lilTI~ 

Holstermann, N. (2010) 1~?1 fl~1e.J61'1J8.:Jfl1J~~n"il nJJ:W fl1J'Vl~618.:J8~1.:J~1tJ~ eim1:1.J?l'U h 
'IJ8.:Ji:Jflb~tJ'U VJ'\Jl1i:Jflb~tJ'U~1'U1'U 141 A'U m~vhn"iJnJJ:l.Jfl1J'Vl~618.:J8~1.:J~1tJ ~.:JV!:W~ 28 'lliJ~ iJ 

m1:w?i'U1"il~eimdb~tJ'U~mflfl11i1flb~tJ'Um~1~vhn"ilmd:wfl1d'Vl~61ei-:i 
" 

Uruf:l:W r11'WVJ"ili.1 (2554) 11'11~tJ~.:Jfl1d b tl~ tJ'\J b Vi tJ'\Je.J(I fl1Jb~tJ'U b~8.:J~1J11'11?llilfo61~81 fl11'1 
' v 

'IJei-:iirm~tJ'U~'UtlJ~f:l:w?i fl~1u~ 6 d~Vl11-:i md b~tJ'UTI~tJ 1 m tlJbbm:w'IJ'Vlb~tJmb '\J'IJ~161ei-:i?im'Umdru 
" 

lil'Ubei-:inufl1Jb~tJ'Ubb uutlfl~ VJ'\Jl1e.J61fl1Jb~tJ'U~1tJ 1 tld bbflJ:W'\J'Vl b~tJ'Ubb U'\J~1618.:J?lf:l1'Ufl1"jru b~ei-:i 

m"j11'11?llil1bb61~mm1'1iltld~~'Vl5mVJ bvi1nu 86.o1/84. 7 6 irm~tJ'U~ b~tJ'Ulil1C.11 tlJbbnJ:WU'Vlb~tJ'U 
' 6 

bb '\JU ~1618.:J ?l m'Ll fl1"jru bb61 ~ b~ tJ'U bb 'IJUtl fl~ ilri~ bb 'LI mu~ CJ e.J 61 ~:Wti'VlB'Vl1.:J fl1"j b~ tJ'UV!~-:i b~ tJ'U~.:J fll1 
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ne:i'U b~ 8'U e:i cJ1..:ijjt1861'1ri'~Yl1..:i61~~~J~l?i'u . 05 bb~~tr n b~ 8'U~ b~8'U~181 tJJ bbm~u°v'l b~8'Ubb uu'<i\'1~e:i..:i 

61 m'U n1 J ru jj i:rn ~~ 'l °v1BYl1-:i n1Jb~8 'U ~ ..:i whtr n b~ 8 'U ~ b~ 8 'U u n ~ e:i cJ 1-:ijj tr 8611r1~Yl1 ·rn ~ ~ ~ 

J~l?i'u .05 

~1?1'U1 ~'U61'Ll"v1 bb~~hm~..:i,; b~B..:J611JJru (2555) 1~PlmnmJ~\9lJ'U1~1'W~~°v11..:ii"v181\Z11611?11 
' 

~ ..:i bn 1?1-e:i5u 18 (POE) ~u1115mJ61eJ'Ubb uu vll'Ul 8-~..:i bn1?1-e:i6u 18 (POE) mmJti~\9lJ'U lbb 'Ulfl~ 

Vl~e:im1~~b~~"Ue:i..:iirm~8'U~~ 1 'W~~"v11..:ii"v181\Z11611?11 'Ue:imnndmJ1-U~ 1'W~~°v11..:Jb~e:in1~8~11 tJ 
'\J '\J 

~\9lJ'U1~ 1'W~~°v11..:ii"v181m611?11 bb~~Plm':l1m1~f11~Vl1..:i1 'Un1Jb~8'Ui'il1VJ~n~ b~e:i..:i "Ue:i..:i1 Vl~61~1?1 

"Ue:i..:iirm~8'U.ffm:Ttw~Pln'l.'}1U~ 5 b..:ib~8'U'U1bv8Pln'l.'}1 ~'iJ:iJ'..:iflm.fh'l.'}n '<il1'U1'U 37 fl'U ~u11 

oJrn~8'UiJ~ 1'W~~"v11..:ii"v181m6'11?11 61..:J~'Ue:i cJ1..:iiltrm~1A' ru"v11..:i61 ~~~J~~u .05 bb~~ilm1wl'11VJi.J1 
'\J v 

bb'Ulfl~ b~eJ-'.11-'.l"iJJhh~1nJ~bb61\?1J-'.I nutrm~8'U.ffmJ'trn~Plmnu~ 6 '<il1'U1'U 38 f\'U h..:ib~8'U~\?1'U 
Pln'l.'}1 ~1irn..:i1'Ub"Ul?l~'U~fl1JPln'l.'}1~frn~Pln'l.'}1 b"Ul?l 25 UfllJPlm.':11 2553 ~'Ul1fl1J~~fl1Jb~8'Ufl1J 

61B'Ubb 'U'Uvl1'U18-~ ..:i bn1?1-e:i6u18 (POE) iJtJ J~~Yl6m~ 84. 56/80 .5 3 tr m~ 8'U~ilfl~ bb 'U'UVl~..:Jb~8'U61..:J 
'\J 

J~l?i'u61..:i (0. 73) bb~~trm~8'Uilm1~v;..:i~e:i l"il~Bfl1Jb~8'U~B8l 'UJ~~umn 
'\J '\J '\J 

"il1nmJ~n'l.'}1..:i1'Ui~8~..:in~11il~bi1'W11 ~u11 fl1Jb~8'UTI~8mJtJnu~"il~..:i "illn'il~n"ilmJ~ 
'\J ':.,J ' 

nTrn~~e:i.:ieicJ1.:i~18 (Hands-on) bb~~m1~~n11b~8'U~bb 'U'Uvl1'U18-~..:Jbn1?1-eJB'U18 (POE) 611m1ti 
'\J 

~181 ~trm~8'Ubn~Yln'l.'}~ iltJJ~61'\Jn1Jru1 'Un1Jb~8'U~ bb~~ilm1wl'11VJtJ1"Uei.:i~~~~fl"v'lt~61.:i~'U i1 
'\J "I '\J 

m 1~~ ..:i~ ei h ~ ei n1J~~n1J b~ 8 'U n1J61 B'U bb~ ~~ 18 tJ ~u tJ J .:i b"il l?1 fl ~'Im ..:it! n b~ 8 'U ~il ~ Bl'ill°v'l 1 '1 
' 

l°v181\Z11611P111~ 'U°v11..:J~~~'U ~'l~'Ueri~ 8~..:it11m b .iJ'UVJ~ffeJl'IB'I b yjB 1 m 'Ufl1Jvl1l~8 l 'Ufl#..:id 
'\J 



cl 
'U'Vl'VI 3 

U'W VJ'j ,rnmJVf e:i-:iYJ1 ~1 tJ•lWI n ~ m'jlJ fl1'j b~tJ 'W-rl ~ tJ fl1'jU fi U~ ~ ~ -:J b~ tJ1 tlUVl 'j -:J mrnVf eN YJ1e:i ci1-:J~1 tJ 
' v :;.J 

1~ tJ b 11'W 1 Viti b~tJ'W 1~ nVf n~~ n1'j e:i e:i n bb uu bb6-1~ n1JU fi u~ ~ ~-:i 1 'W n1'j?J11-:i611~ n1'jb~tJ'W1e:i ci1-:i~1tJ 
'U d.J 'I 'U 

\91'j-:Jn'W nu~~ nV1'1~5 bb6-1 ~ b thm1dt11 bb 'W1fi~VJ1-:i~1d1m?1 \911~ b u'W mJJ5'j'jJJ ~191e:i-:i1 i~'W \91'W1fl1'j1 'W 

n 1'j b~ tJ 'W 1 bb6"1~v\'1A11JJ b .U 11 ~ JJ 1?1~1-:i bb u u "1116-1e:i-:iVJ1-:i A11JJ fl~ bb6"1~111JJ 11i1'Wn1d~ltJe:i5u 1 tJ 
v 

bb uuVJ~?le:iu d~~11-:i b~ tJ'W bb6"1 ~ bb uuVJ~?le:iu1~e-.i6"1 ~JJ')Vltm-:i fl1'jb~tJ'W b ~e:i b U'WoLJeJ~6"11 'W fl1'jl bfl'j1~,,; 

'j1JJ~-:i~ n~1A11JJ n11 ~111VJ1-:i fl1'j b~ t!'W'LJ e:i-:i11 n b~ t!'W bb6-1 ~~ n~1m1JJ~-:i'V'le:i 1 ~'LJe:i-:i~ b~tJ'W U'j~61J1 m 
v 

b~tJ'W1 bb UUvl1'W1tJ-~-:J bn\91-e:i6u1 tJ (POE) b ~e:i~-:i b?l~lJ 1 Vi11 n b~ tJ'Wiifl11JJ1A11lJb .U1 h bb 'W1A~Vl1-:J~1'j1 
v v 

1"11?1\911 b~e:i-:i fl1'jue:in\9\'1bbWW-:JU'l.JVJ'j-:Jn6"1JJVJe:i-:iYl1 1~tJ Hb 1m 1 'Wfl1'j~n~1 8 .&11m 

'91-:J~'W~l~tJ 1~~ n~1 bb6"1~eJeJ n bb UU61J~fl1'j b~tJ'W~VJ'j-:Jn6"1lJVl e:i-:iYJ1e:i ci1-:J~1 tJ b ~eJ 1 m 'l.Jfl1'jb~tJ'W~ 
'U 'I 'U 'U 

bbm:u lju~~~-:i'LJe:i-:iLYrn~tJ'W b~e:i-:i fl1'jue:inv11 bmll-:iu'WVJ'j-:J n6"1JJVf e:i-:iV11 1'1-:id 

3.1 Lb'U'Ubb~'Um~1"5'v 

nT:il~tJA~-:i-db U'Wbb uu ~-:iVJ~6"1e:i-:i 1 idu bb uu fl1'j1~ tJ b U'Wbb uu n~JJl'i'1e:i ci1-:ib~ tJ1iifl1'jVJ~?le:iu 
v ' 

fleJ'Wbb6"1~~~-:i (One--sroup pretest and posttest desi-sn) zj-:JiJ'jUbbtJU'91-:id 
v 

QI ------------ X ------------ 0 c_ (3.1) 
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1~w 0 1 AB fl1'J'Vl~6'1B'UnffWb'1t.J'U (Pretest) 0 2 AB fl1'J'Vl~6'1B'UVl~\lb'1t.J'U (Posttest) 

x AB 'JUbb'U'Ufll'Jb~t.J'U~bb'U'U 'Vl1mt.J ~\lbn\91 BB'Ult.J 1~t.J1<U''lf~n-;;im'J:Wfl1'Jb~t.J'UTI~t.J 
'U 'U 'I 'U 

3.2 tri~ei.:ii1eiffimcunT~1~v 

bA~B\li'.l B~1 m 'U fll'Jl ~ tJ A~\ld bb U\IB B m U'U 2 tJ 'J~ bJl'Vl AB bA ~B\liJB~1-ifl 'Ufll'J'Vl~G'lB\I bbG'l ~ 

bA~B\liJBffi-ifl 'U fl1'Jbn'U'J1'U'J1:WoLJB:W6'l 
" 

3.2.1 tri~ei.:ii1eiffimcunT~'Vl~6lei.:i 

bA~B\liJBffi m 'l.Jnl'J'Vl~G'l B\I AB'lf ~fl\) n'J'J:W fll'Jb~ t.J'WTI~t.J fll'JUDU~\l~\lb~ ~n tl'U'Vl'J \lnG'l:W 
' " d.J 

VJB\1¥11B~1\1~1 tJ b~B\I fll'J'U B n 1911 bb Vl i.l\l'U 'W'Vl 'J \I nG'l:WVl B \IVl 1 ~~~'JU bb 'U'U fll'J~ ~ fll'J b~ t.J'W fl1'J6'1 B'W bb 'U'U 
" 

POE zj\l~l~ CJ 1~ bb U\I be BVl1B B m U'W 4 be BVl1Vl~ n bbG'l ~ 1~BB nbb 'U'U n-;;i n'J'J:W fll'Jb~CJ'W fl1'J6'1B'W1 VI 
" 

t!m~CJ'W1~b~CJ'W~blJ'W 3 ~'W\91B'WVl~n AB ~'Wv11mt.J ~'U~\lbn\91 bb6'l~~'WBB'U1CJ 1~CJiJ~w~m'W~\ld 
" 

'J1CJl'lf1 fan m'J1f"11?11i1fomrn1mf"l 'J~~'U~'WiJtJCJ:WPlm'.!1lJ~ s b~B\lfl1'J'UB n\9'\'1 bb'l-1U\l'U'W'Vl'J·rn6'l:w 

VfB\1¥11 ?11m'JmbU\lb<lBVl1blJ'W?11'J~Vl~n 4 AB 'Vl'J\lnG'l:wVfB\1¥11 ~n~·1muV11 ~n~f"l'W~?llil'J bbG'l~ 
" " 

m~'U1'Wfl1'J6'1B'W bb 'U'Uvl1'W1CJ-ifonlil-BB'U1 CJ (POE) 

3.2.1.5 BB n bb 'U'U'lf~ m'J b~CJ'W~lil1:W6'11'J~Vl~ n 1 Vf m\lnu-;;i~tJ'J~6'1\IAfl1'Jb~t.J'W~t?1\11i11'J1\I 
'I 'U 'I 'U .. 

'Vl 3.1 



1. 11 n b~CJtJ!;11mw b zje:i:w 1c.i\lrn1:w~:w~tJB'j~Vll1\lm'W'l.le:i\lv1&~YJ1~:we:i\I 

~1nfamb6'i~e:i1mPi 

2. 11n b~c.itJiJrn1m .V11 ~ b~CJJ n'lJ~V1eJ1\l~\l~611A'ru'lJtJVl'j·:Jn6'i:WVle:J\lYJ1 
' v 

1. e:i6'lJ1c.i~viB'1-:i~-:i~G'\1A't1J 1 m~u'lJ'Wnvi'lle:i'lJYJ1 

2. e:i6'lJ1c.imJ'lJe:i n\i\'1 bb vi'Ll-:i~ 1m~'lJ'lJ'Wnvi'lle:i'lJYJ11i°bc.i:w:wV1Pibb6l~:w:wb-:ic.i 
' ' 

2. b ~e:i 1 ~11 n b~c.itJVJ'j1'lJn-:irn1:w~:w~tJ5J~vi11-:iJ~'lJ'lJ'WnviPitJ~f;1m 
" " 

bb6'1 ~J~'lJ'lJ 'W n vi'll e:i'lJYJ1 

29 

3.2.1. 7 tl1 bf;1tJ e:i~ e:JfH1J~ nJ'j:J..J n1J~tJ~m~11VJ c.i1'W'WtJBb ~e:i'W~1Jru1rn1:wf;1 e:ivifl~ e:J\I 

f!n~e:J\l b Vl:IJ1~(;1;J..J fn1:J..Jfl'je:J'l.Jfl6'i:J..Jb tre:iVl1'1Je:J\l bb~6'1~ n~ mJ:W 1 'W'1JV1n1J b~CJ'W~ 
'U 'I 'I 'U 

3.2.1.8 tl1bfl~e:J\llle:J~1~ 1tJ~V1n1Jb~CJ'l.Jn1'j(;1e:JtJ 

3.2.2 ei'lln"aru'Vl"a.:inm.1Vi'ei.:iw11 u"ll~ n"<ilm"a:u . ' 
eitJ mru bb6'i~~e:i niJb~c.itJ~ 1 m1vin~mJlm1J b~c.itJ -rlvic.i m'jtJnu~~~-:ib~c.i1n'lJVJ'j\ln6'1:w 

q 'U 'I 'U d..J 

Vf e:i-:iY11e:i~1-:i~1c.i b~e:J\lnl'j'l.Je:Jn\if 1bb VlLJ\l'lJtJVJ'j\ln6'1:wVie:i-:iY11 ~11m~CJ'W 1~!;1~1\l~'W 1 tJJ~Vll1\ln1Jb~CJ'W~ 
" 
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2 

3 

4 I 

II l~ i;:J~~'J\j)Vll mN~'J\j)Vll 
'IJ 'IJ 

~e:J nl~ b~ CJ'Lli b~e:J-:i nl~U e:inv\' 1 bb VltJ'lU 'LlVI ~ 'mm.JVJe:J'ltl111ii' nl~ b iJ~CJU b VJCJU e:J'lAD~~ ne:iu~611r1 tlJ'LJe:l'l 

~iJmru~G1~1'l~'Llbb[l~'J1mbmA\jlm~V1~~5 ~~1CJ[l~b8CJ\jl~')d 



l1n1: of 

dt·clrn.1t1on 

3.2.2.1 'Vl':i~fl(;l:lJVleNVll 

' ' 

31 

\ 

\ 
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..... .... ... 
.... .... ... 

.... .... .... .... 
' 

< 

3.2.3.1 bbtJU'Vl\YlffeJu1\Yl~G1~:w~'Vl5 

nTrn~1.:i bb '\J'\J'Vl\Y161eJ'\Jl \Yl~ G'1 ~:w~'Vl~ b~e:i.:i n l'j'\J e:i m\' 1 bb vitl .:J'\J'W'Vld .:inG'l:wV!e:i.:i-W1 

blJ'Ubb'\JtJtb't!CJ 4 1'11b~e:in '<il1'U1'U 30 .Ue:i oLJ'e:iG'l::: 1 fl:::bb'U'U 1.rrnG'11b'Ufl1'jYl1.Ue:i61e:iu 40 'Ul'Vl b\YlCJ 

bwrn ll'Utb:::b~'Um:w611d:::vi~n~.:i1911'j1.:i~ 3. 3 

\911'a1~.yj 3.3 if e:i~e:i'U-J~~6'16i':Wtj'VI~ b~B~fl1'j'LJ€J fl~1bb 'Vitl~'U'U'VJ'j~fl6'1:WVJB~~1 
Lb u~bbt1n\111:w~1-a~V1i;rn 

., "' "lleJ'VI 

1 1 - 8 

2 9 - 15 

3 16 - 22 

4 23 - 30 



' 
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1'LIn1 'J ?11'1 'l bb 'IJ'IJ 'VI l?l ?I B'IJ 1 l?l e..J ri ~:w ~'VI B b~ e:i'l n 1'J'IJ e:i n ~ 1 bb 'Vl'tl 'l'IJ 'U'VI 'J 'I nri :w 

Vfe:i'IV11 ~1~t.11~?11'1'1 bbri:;ufou"J 'I bbm '1J'\J'U 1Jlote:i?1e:i'IJ~iJ 11?lt.11~fi1 1oc = o.6 7 - i.oo iJfi1m1:wt.11n 
~ ' 

~1t.J (p) 'J1t.1ote:i"J:;'V!l1'1 0.22-0.78 fi1el'1'U1-;;i'<ll1bb'Un (r) "J1t.1otm:;Vfl1'1 0.22-0.67 bbr1:;fi1m1:w 

bzje:i~'U'1JB'lbb 'IJ'IJ'Vll?l?1e:i'IJ~'luu'IJiJfi1bvi1n'IJ o. 31 11?lt.1~i~t.11~(?)1 btJ'Un1"J?11'1'l bbr1:;191"J1-;;i?1e:i'Urirum'V'l 
~ ' 

1) ~m~1'V!~n?ll91'Jbbn'Unr11'1m"J~m~1~'U.y,t'U~1'U 'V'l'Vl1Sl'i'm1'1J 2551 fii1e:iri"J 
'U d.9 , 'U 'U 

1'1l11ri n l?l1'J11'!16'11911bbri:;mm~ .fr'UJJ1St.1:w~m.nlJ~ 5 b~e:il11mut'IJ 1·for1:;?11'1'lbb 'IJ'IJ'Vll?l?IB'Ull?l 

e..Jri~:wf1YIB bb'IJ'IJ'\J"J1!t.1 '1ltJl?l 4 lil1b~e:in bl?lt.11Vf?1e:il?lriGi'e:i'ln'Ub.Qe:i'Vl1 bbri:;1191ti'\J"J:;?1'!Am"Jb~t.1'LI1' b~e:i'l 
·1 ' ~ 

n1'J'IJBn~1bbV!'Ll'l'IJ'U'Vl"J'lnri:wVfe:i'IV11 "il1m'U 40 ote:i 

2) bbGi'1l11bb'IJ'IJ'Vl\?l?1e:i'IJ~?1~1'1~'LI1U1Vf81~n"Jv~u~n~1bbr1:;~ bzjt.116lf1'1J '11m'U 
' ' ., 

3 vi1'U 191J"1-;;J?IB'IJ m1:wtin ~B'l1911:W'Vl~ n nl'Jl\?l bbri:; '\J'J:; bi'l'Ue..Jrl b ~e:i1 bf1"J1:;~m1m Vi t.1'll91d''l b ~'lb-WBV!1 
~ 

(IOC) b\?lt.JbbGlTW1bb'IJ'IJ'Vl\?l6'18'1J~6'11'1'l~'U1 U'Vl\?lr!8'16'18LJtl'IJ'Llrn~t.J'U ~'UJJISt.l:W~n~1tJ~ 5 h'lb~t.J'UU'Vl:W 
' 

3) t11ote:i?1e:i'IJ~1~m1bri"J1:;~ m1:wt.11n~1t.1 (p) '1JB'lbbLJLJ'Vll?l?IBLJ~'IUULJ bb~1 

Al?lb~e:in.Ue:i~Htl~'11'U1'U 30 .Ue:i bb~11 Vf81-;;i1"Jv~u~m~1l91"J1~?1e:i'IJBnri~'l'Vl~'l bbGlTv11m"JutLJu'J'l 
' 

1911:wr11bb'U:;t11'1Je:i'l81~1"Jv~u~mn 

4) t111 U1 '1J~~'lnLJ'U'rn~t.1'Un~:wlil1e:i~1'lm"Ji~t.1 
' 

3.2.3.2 bb'IJLJll?lm1:wYlwm1~zj'lbU'UbbLJLJmm1?i1'Uu"J:;mrufi1 

m"J?11'1'l bb LJ'IJ1l?lm1:wYl'l'V'l e:i 1 ~'1Je:i'l11 n b~ t.1'U ~ e:i m'J~ \?) m'J b~t.1'UTI\?l t.11-b''lll?lm'J 
~ ' 

JJ1St.1:w~n~1lJ~ 5 bU'UbbLJLJ:IJ1191'J1?i1'U'\J"J:;mrufi1 (Rating Scale) 1911:w15m"JAl?l'1JB'l~bf1B1'VI (Likert) 

5'J~~\J11?lt.11Vf11rn1t.1'UYl~T;iru1b~e:inf11191eiu 1911:wm1:wYl,meih 5 1:;~u fiei ~'l'Weih1m~~u:w1n~?1\?l 
' 

1:;vi''Ufi1ri:; bb 'U'U 5 ri:;bb 'U'U ~'l'We:i 1~ 1 m:;vi'LJmm:;vi'LJfi1ri:;bb 'U'U 4 ri:; bb'U'U ~'l'V'leJ h 1 m:;vi'LJul'Unm'l 

1:;vi''Ufi1ri:;bb'U'U 3 f1:;bb'U'U Yl'l'We:i1~1m:;vi''IJ~eJt.J 'J:;vlLJA1f1:;bb'U'U 2 f1:;bb'U'U ~'l'We:ih1'LI"J:;vi'LJ~elt.J 

~?ll?l "J:;vi''Ufi1f1:;bb'U'LI 1 f1:;bb'U'LI bl?lt.1iJ'<ll1'U1'U 15 ote:i '11bb'Unl911:wei'lr1u"J:;neiLJ 3 ~1'U '\J"J:;ne:i'IJ~1t.1 
' 

1 'Wnl'Jb~t.J'U 6 .Uei zj'l~i~t.11~~n~1~1 me:in?11'J~ b~t.11-t'ei'lnLJ f111:wYl'l'WB h'1Jei'l~ b~t.J'U b'Vlf1tJf1n1'J 
~ ~ 

?11'1'lbb LJ'IJ?leJ'Um:w b~ei b U'Ubb LJ'IJ bbe..J'U 1 'Um"J?11'1'l ~1m1'Ut11 bb 'IJLJ?leJLJm:wl'l?lm1:wYl'l'WeJ 1~ b?l'Ue:il'iei 

81~1"Jv~u~n~1 bbfi'1ufoLJ1'1l911:w.Um?1'Ue:i bb 'U:;~'!u11 U1-b'~~'l n'IJ11n b1t.1'Wb ~ei bnLJ"J1'1J'J1:w.Uei:wri ' ~ 
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~.c:::t c:;: 91 

3.3 1i5'Vl~f!B..'.lbbf!:::rnu"!lei:IJfl 

1 'W m11~ t.Jfl~,rd ITT~ t.J 1~1'hb tJ'W fl1'J'Vl~r1eN bbrl~ bnu11u11:1JoVeJ:1J1;wn:1J~'W(i)eJ'Ur?1-:i~ 
'U 'U 

3. 3.1 'Vl~~e:iu rleJ'Wb1t.J'W (Pretest) b~t.J 1-M'tr m~ t.J'Wvllbb UU'Vl~~e:iu1~~ri6":1Jtj'VlBrie:i'Wb1t.J'W b~eJ-:J 

m1ue:inl'l1bbV1ti-:iu'W'Vl'J-:Jnri:1JVfe:i-:iYJ1 "il1m'W 30 .Ue:i 

3.3.2 fl'J bb 'W~t111tJ bb u u fl1 'J~ ~ n"il n'J'J:IJ nl'J b1 t.J'W ~ bb uuv\'1'W 1 t.J-6"-:i bn (i)-e:i5u lt.J (POE) bbrl~ 
'U 'U 'U 

'Vl1-:inri:1JVfe:i-:iYJ1 

3.3.3 ~1 biJ'W m1~~n"ilm1:1Jm1b1t.J'Wn~t.J1.ff1tJ bb uu m1 b~t.J'W~ bb uuv\'1'U1 t.J-~-:ibn(i)-e:i5u1 t.J 
'U 'U 'U 

bb~'Wm1~~m1b~t.J'W~~~~1-:iH "il1'W1'W 4 bb~'W 
'U 

3.3.4 'Vl~~e:iu VI~ -:Jb~ t.J'W (Posttest) 1~ t.J 1-M'i.J rn~ t.J'Wvl 1 bb uu 'Vl ~ ~ e:iu 1 ~ ~'1 ~:IJ ~'Vltn eJ'W b~ t.J'W 

b~e:i-:i m1ue:inl'l1bbV1ti-:iu'W'Vl'J-:Jn'1:1JVle:i-:iYJ1 "il1m'W 30 .Ue:i 

3 .3.s 1-Mtr n b~ t.J'Uv\'1 bb uu 1~m1:lJ.W ~ ~ e:i h bb~11.111 u bu~ CJ u b Vi t.Ju nu bn ru"Vlzj-:i b u'W bb uum(i) 11 

~1'WU'J~mrur11 (Rating Scale) 

"" d ., 3.4 nTn bfl~1:::'Vl"!IB1l6'1 
'IJ 

1 'Wm11~t.Jri~~~ m~t.J 1~~1 biJ'Um11 bm1~~-lie:i:1Jri(i)1:lJ~'U(i)eJ'Ur?1~~ 
'U 'U 

3.4.1 b tJ~t.JU b Vi t.JU bb'1 ~1 bfl'Jl~~fl ~ bb 'W'Wl ~~ '1'J~Vll1~fl1'J b1 t.J'W bb'1~fl~ bb 'W'Wl ~ ~'1~:lJ~'VltVI~~ 

b~ t.J'Wb ~e:iV11tJ 1~~'Vl5 m~'1.1e:i~'1.1 ~ m1 b1 t.J'W ~'Vl 1 ~ n'1:1JVf e:i~YJ1e:i~1~ ~1 t.J 1~ t.J 1 off~ n ~.y1'W\i1'W 
' 'U "' 

' ' 
3.4.2 b tJ~ t.JU b Vi t.JU bb'1 ~l bfl'J1~~fl ~ bb 'W 'Wl ~~'1 ~:lJ ~'VlTirl fJ'W b~t.J'W bb'1 ~VI~~ b~t.J'W Vi b~t.J'W (i)l:lJ 

1tJ bb uu m 1 b~ t.J'W fo u u YI l'W 1 t.J-6l ~ bn (i)-e:i5u 1 t.J (POE) ii 1 t.J '1.1 ~ f11'J b~ t.J'W ~'Vl 'J ~ n m.JVf e:i ~VJ 1e:i~1~ ~ 1 t.J 
'U 'U 'I '1 

b~e:i~ m'Jue:inl'l1bbV1ti~'U'W'Vl'J~n'1:lJVfe:i~YJ111'w1.ff~n~v1'W\i1'W 'Vl~~e:i'U'Vll~~n~il1CJ~1 ~~~ t-test ... 
dependent 

3.4.3 b tJ~t.J'\J b Vie.Ju bb'1~1 bfl'J1~~fl11:lJ n11V1LJl'Vll~fl1'J b~t.J'W'1.1€l~'l1 n b1t.J'W (normalized gain) 

bb U'U'Jl t.J~'Wb~t.J'W bb '\J'\J'Jlt.J'\Jflfl'1 bb '\J'\J'Jl m ~ fJVll bb'1~ bb UU'Jlt.J.Ue:i 1~t.J 1 .rr~n~vr'W\il'W ' ... 

3.4. 4 1bfl'Jl~~flll:lJVJ~~e:i1 "il'U e:i~i.J n b~ t.J'WVI~~ b~t.J'Wil1 t.J'IJ~ fl1'J b~ t.J'W~'Vl'J ~n'1:lJVf e:i~YJ1e:i ~l~~lt.J 
' 'U 

b~e:i~ m'J'Ue:inl'\'1 bb V1ti~'U'W'Vl'J~nri:lJVie:i~YJ1 1~t.J 1 .rr~n~v1'W\il'W ... 



d 
'U'Vl'VI 4 

~6'ln1'';i1~mb6'l~ei.fith1~~6'1 

n 1Jl ~CJ b ~e:i-:it! n b~ CJ 'W ?l {1-:i n ';;] n ddlJ n1d b ~ CJ'W vvi CJ n1 d'\.Ji) u&\ ';;] ~ -:i b~ CJ1 nu Vl d -:ini;im~' ~wvhe:i ~1-:J 
~1CJ ~1~CJ 1~~rnmd1~ mbi;i~e:iil'\.Jd1CJ~l:11 uvimCJ'lJJ~b~'W b~lJ-;;i1nmdlbfid1~"1'\.Jd~~VlTifl1i"l'VeJ-:J'IJV1 

v ' 

n-;;i mdll mdb ~CJu-'.i'lvi CJ md'\.J nu&\-;;i ~-:i bn m num-:ini;ilJVie:i-:iY11e:i~1-:i~1 CJ11but11LJmlJ?llJlJ&1~1t1~~-:i11 v ~ ~ 

vi~e:i hJ '\.Jd~b~'Ll~?le:i-:i md1 bm1~'Vi'~i;i~m1viBvi1-:imdb~CJ'W'VeJ-:it!m~CJ'Ll '<il1uTw 41 A'Ll bbm~1 ·fo uu 

vivi?Je:iu "il1u1u 30 .Ve:i "5-:i1~vivi?Je:iu~i;ine:im~CJ'Wn1Jb~CJ'W bbi:1~Vl~-:Jb~CJ'W b'~m'lJ~CJ'UbVJCJ'U~i:1~lJ~Vlt 

'Ve:i-:it!m~CJ'WneJ'Wbb'1~Vl~-:imd~vinTH~CJ'W{ 1 um.JdCJ nTH~CJu{1'1J1 fan vi1d11'11?1\911bbi:1~mml'1 b~e:i-:i 
v v 

(Normalized gain) '1i-:i bb u-:i nldl bfl d1~"1b U'W'l.Jd~ b~'W~ eJ CJ ~ eJ fl11lJ rl11Vltl 1Vl1-:Jn1J b~ CJ'WJ1CJ.ff 'W 

(Class normalized gain) fl11lJrl11Vltl1Vl1-:Jn1Jb~CJ'LlJ1CJ~flfli:1 (Single student normalized 

" 
gain) fl11lJrl11Vltl1Vl1-:Jn1Jb~CJ'Wbb'U'UJ1tJbtleJVl1 (Conceptual dimensional gain) bbi:1~fl11lJrl11 

Vltl1bu~CJJ1CJoVeJ (single test item normalized gain) '\.Jd~b~'W~~~1~CJ1~1bm1~"1m1l!Vl-:ii"le:ih 

'Ve:i-:it! n b~CJ'W~iJ ~ e:i n1J~\91n1J b~ CJu-'.i'lvi CJ 1-U''IJvimd b~CJu{vid-:i ni;ilJVie:i-:iV11e:i ~ 1-:i~1CJ bbi:1~J1fl1ti n 1vi CJ 1.U 
'ti , 'U 'ti 

'lh~~'Vl5n1'V'I l ..: d " 
I rl~bb'U'Ub~~ bQ~tl 'Hltl~~ 

'\.Jd~~VlTifl1i"l'VeJ-:Jm~u1'Lln1d (E 1) 40 31.32 78.29 

'\.Jd~~vi5mi"l'Ve:i-:J~i:1~i"15 (E2) 30 21.22 70.73 

-;;i1n\911J1-:J~ 4.1 i"l'Ul1 rinb 'Ll'Wbu~ CJ-;;i1 nri~ bb 'Ll'Wbb uuvivi?Je:iu 1 'Ll'1lV1n1d b~CJ'Llfl 'Wbb~i:1~Vltl1 CJ n1d 

b~CJt1~iiri1bvi1nu 31.32 Avibut1faCJi;i~ 78.29 bb?ivi-:i11 '1lV1n';\lmJllmw1vii;imdiJLJd~~vi5mi"l'Ve:i-:i 
v 

' ' 
m~u1umd (E 1) bvi1nu 78.29 bbi:1~fl~ bb'W'Llbu~CJ-;;i1nmdvl1bb'U'U'Vl\91?le:iu1vi~i;i~lJ~VlTIVl1-:Jn1Jb~CJ'W 



36 

" Vl~-.:ib~CJ'U:Wl°i1bvi1nu 2i.22 A\?lbU'U~e:iCJr;i~ 70.73 bb~\?l-:i11 '1.f\?)fl';\jm .. ':i:i.m1'J'Vl\?lr;ie:i-.:i-U:Wu':i~~Vl6 m'l"I 
' 

'LJ'i)-.:)i;..J(;'lr;i''l"l5 (E2) bvlltl'U 70.73 ~'l~'U '1.f\?lfl';\)n'J'J:l..Jf11':ib~CJ'Un\?lCJf11'JUDtJ~';\J~'lb~CJ1tl'U'Vl':i'lf1m.J 
' 'U '" 

Vie:i-.:iY11e:i~1-.:i~1CJ ~~~1-:i~'Ud:Wu':i~~Vl6m'l"lb vi1nu 78.29170. 73 zj'l';\J~ b~'U11'\J':i~~Vl6m'l"l6Ue:i-.:im~ 
U1'Uf11':i (E 1) :Wu':i~~Vl5m'l"ll'l1:l..lbnru6Viml'l':i~1'U 70 bbr;i~'IJ':i~~Vl6Jl1'1"16Ue:i-.:ii:..ir;i~'l"l5 (E2) :WA1e:i~1'U 

bf1b\Jsvl:l..111'l':i~1'U 70 ~~-:iH bb~~1f1l1A1 Ei zj'leJ1';\JbU'Ub'l"l':i1d1 f11':il\?li:..Jf;1U':i~~Vl5Jl1'1"1bU'Uf11':i ... 
1 \?) i:..i r;iVJ~ 'l';\J 1n~11 n b~ CJ'U 1~ b~CJ'U -rt 'LI b d e:iVJ1.Jf-.:i'Vl:l..1\?l bbi!11 zj -:i ':i~ CJ~ b 1r;i1~1 m 'U n1':i b~ CJ'U e:i1';\Jv\'11 Vf 

'U 

11 n b~ CJ'U bfl \?) n 1'J b .if 11 ';\J ~u~'U nub d e:i'Vl11 'U bb~ r;i ~ b~ e:i -.:i ~-.:iv\' 11 Vf fl~ bb 'U'U n1 'J~ e:iu1 \?) i:..i r;i ~:l..J ~Vl B'Vl1-.:i n1'J 

b~ CJ'UVJ~-.:i b~CJ'U :WA1 bQ~ CJue:iCJ n11 m'J'Vl\?l~ e:iu 1 m~VJ11-.:i b~CJ'U 

QJ ,J .cl 

4.2 ~6'16'111~fVl5'V11·:!nT~b':im..! 

1'Um'Ji~CJ1~Pi m~1 bu~ CJ u b Vi CJ u i:..i r;i ~ :l..J ~ Vl B'Vl 1-.:i m 'J b ~CJ 'U n e:i'U b ~CJ mbr;i ~Vl r;l-.:i b ~ CJ'U 1\?) CJ 1 off 'II\?) 

fl';\) m':i:l..lf11':ib~ CJ'UV\?lCJ m'Ju5tr~';\)~ -.:i b~ CJ1 nu'Vl':i -.:in (;1:l..JVl€1'1Y11e:i ~1-.:i~1 CJ \9l1 CJ bb uu'Vl\?l~e:iu1\?li:..iG1~:l..J~VlB 

Vl1'lf11':ib~CJ'U b~eJ\l m':iue:in\9\'1bb'Vl'Ll-.:iu'U'Vl':i-.:inr;i:i.JVl€1'1Y11 ~lm'U 30 oife:i bbf;1~b'lJ~CJubViCJufl~bb'U'U1\?lCJ 

lbfl':i1~vf'Vl1-.:i~~~ t-test bb'U'U dependent i:..Jf;1f11':ilbfl':i1~vf~-.:im':i1'1Vl 4.2 

:\)1'1..!TU t 

ne:i'Ub~CJ'U 41 30 9.29 30.98 1.54 
>--------+-------+-------+-----+------1r--------1 39.87* 

VJ;;i'-.:ib~CJ'W 41 30 21.22 70.73 1.78 

*t (0" 05, ::Jf" 401 = 1.6838 

' ' < 

';\J1nl'l1':i1-.:iVi 4.2 'l"lu11 fl~bb'U'UbQ~CJi:..ir;i~:i.J~Vl6Vl1-:im':ib~CJ'U':i~VJ11-.:ine:im~CJ'Wbvi1nu 9.29 A\?l 

bU'U~e:iCJG1~ 30.98 'be:i-.:ifl~bb'W'Wb~:l..I bbf;1~Vl~-.:ib~CJmvi1nu 2i.22 A\?lbU'U~e:iCJr;i~ 70.73 'be:i-.:ifl~bb'W'U 
~ d .qi Q V d <=::ii Q./d I Id Q,.I Q,.1.ql I 

b\Yl:l..J b:l..J e:i bu ':i CJ'U b Vl CJ'U fl~ bb 'U 'Wi:..J r;i ~ :l..J ~Vlu'Vll 'l f11 ':i b ':i CJ 'U'b e:i-.:i 'Un b ':i CJ 'U ':i~Vl11-.:i n eJ'U b ':i CJ'W nuVJr;i-.:i b ':i CJ'W'l"l'U 11 

fl~ bb 'W'W bQ~ CJ i:..i r;i ~:l..J ~VlB'Vl1 -:i m'J b~ CJ'W'Vl~-.:i b~ CJ'U ~ -.:i n11fl ~ bb 'U'U bQ ~ t.1 i:..i r;i ~:l..J ~VlB'Vl1-.:i m':i b~CJ'W ne:i'U b~ CJ'U 

e:i~1-.:i:W11CJ~1A'qJVl1.:i~~~~':i~~u .05 (t = 39.87) bb~\?l-:i1Vfb~'W1111rn~CJ'W ~'U:iJ'Ut.J:i.JPin'l'f1ll~ 5 

~1'W1'W 41 fl'W ~ b~CJ'\.J~';\)1f1n1':i'lJ f'il)~';\]~,:i 1\?lCJ 1-rr'lf\?lfl';\) m':i:l..lnl':ib~CJ'Wn\?l CJ m':iLJfitr~ b~CJ1 n'\J'Vl':i.:J 
~ d..J , ~ d..J 

nG1:i.JVf e:i-:i Y11e:i~ 1.:i~1 CJ~1Vl.:ru ~\?)fl';\) m':i:l..I m':i b~CJ'W ~ b~eJ\lm':iue:in\9\'1 bb VJ'ti.:iu'U'Vl':i .:i nr;i:l..!Vf e:i.:i~1 :W m':i 
'U 

~\9),J'\.Jlfld 1:!..J b oif 11 ';\J\9ll'W\?11':i11"11~1'11:l..11 f1~'U bb~\?1'11 Vf b ~'Wll 11 f1 b~ CJ'W~ b~CJ'U\9l1 CJ'll\?l f11':ib~CJ'Ui'Vl':i.:J f1(;1:l..J 
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Vf 1N.W1ei t!1.:i~18 :Wrn 1:w b .U11"ll1 'Ub -d eJVl1 bbfl~Vl~ fl f11':l'UeJ.:Jf11':l'UeJ fll'11 bb VltJ.:J'U'U'Vl':l.:JflG'l:WVleJ.:J.W11~~~'U 

J'U b ll'Ub 'V'l':lld11! fl b'18'UiJf11':lb'18'UiVl~ 'l"il1 fl~1~\J{ju~ fl'lliel'vl1~18 ~1 bel'l zj'l?leJVll"liK el'l rl'U'U b8'\J 18 

~\9lJ'U1f11':lrlfl~1(;11:1Jbbt:.J'Uf11':lrlfl~1 bb vi.:i'U1~ ('V'l.1"1. 2545-2559) ~1~ b'W''W 1Vli!m~8'U1~b'18'W1"111flm':l 
'U 

~?!vi 1~fivnei.:i tJ nu~ bei.:i ?1~1-:i bl"l~ei.:i:WeiVJ~mb 'U'U "il1G'lei.:i 1~ "IJ'Ui! m~ 8'U?11m':lm~8'U ~ bbG'I ~~\9lJ'U1 
' ':..J 'U 

(;l'Ubei.:i1~ (~1i!m1'Ul"lru~m':l:wm':lm':lrin~1bbvi.:i<LJ1~, 2545: 45-48) zj.:i?1eivi1"11Kei.:in'U.:i1'U1~8 (eil-18 
' 

vrn mn~:w, 2542: 28) ~1~ fl~1111m':lb'18'W~~ ~"II~ bnvi"IJ1fltJ':l~?1'U m':lruVJ~ei m':lG'l.:i:WmJnu~ b ll'W 
' 'U '"" 

n1':lv'i11 VI~ b~8'W bnvil-1 n~~tJn u~~~.:it:.JG'l 1 VI~ b~8'U bnvin1':l b~ 8'U ~~ii1"111:wVJ:w18 b~ei~ b~8'Wl~G1.:iiiei 
'U d..J 'U 'U 'U 

tJ{ju~"ll~.:i bbG'I~ (~1'Vl~ l"l.:iJl'n~. 2553: 159) 1~fl~1111m':lblJvibeimi.'11Vli!m~CJ'W1~bll'W~G'l.:iiimn'U 

':ll'UJ"1:w.Uei:w6'1 bbG'l~i.'1~1.:iei.:ifil"l11:w~ beJ.:J 1vi81"1J"Vi1VJu1~ b U'U~B1'U18rn1:wi.'1~vi1n Vi11 Vli!n b~8mnvi 
'U 'U 'U 'U 

f11d"b~8'WTI~eit!1.:ib~:wrlnw11'V'I 
'U 

4.3 fl1111n1Tv1ti1'V11-1JnTH'it1'W (normalized gain) 

4.3.1 fl1111n1Tv1ti1'V11-1Jn1'H~t1'Ubb'U'U11t1i'W (Class normalized gain) 

b ~eib U'U nl':ltJ J"~ biJ'Ut:.JG'I fl1J"b~8'U ~ Vl-B'vi b"il'U b ~:w:J.J1n~'U b ~ei 1 Vl'VlJ"1'\J~.:i~\9lJ'U1n1J"b66'1~ 
'U 

rn1:1J 6 .U11"IJ'Uei.:ii!n6~8'U 1 'W.ff m~8'U ~1~ 81~111.Uei:J.JG'I t:.JG'li!1:1Jn'VlB'Vl1.:imJ" 6~ 8'U neim~ 8'U666'1~Vl~.:i6~8'U 
'U 'U ·1 

'UeJ.:Ji! nb~8'U~.:J.ff 'U zj.:i 1vi'6~8'U~666'1~ 1vi'Vi1n"IJ fldd":IJ 1 'Ud18l'U1 fan Vlld"11"11i.'1(;11 b6G'l~ell f111"1 6~el'l f11d" 
'U 

"il~'l (Actual-oain) ~elt:.JG'lf11d"6~8'U~?l'l?IV1~ffieimm~:J.J~'W1~ (Maximum possible oain) zj.:i.LJei:J.JG'I 
:::> 'U 'U ~ :::> 'U 

~1~ flel\Pl11:1Jtl11Vl1.J1'Vl1.:Jf11d"6~8'Ub6'\J'Ud"18.ff'U (Class normalized gain) bV18t:.JG'lf11d"lb\Pld"1~~"il~ 

6U'U<A'.:imd"1\I~ 4.3 6661~.fll'V'I~ 4.1 ~66i.'1Vl'lfl11:J.Ji!1:J.J~'U5J"~Vll1\I %Actual gain 6661:; %pretest 

Maximum 
%pretest %posttest Actual gain 

possible gain 
<g> 

31.00 70.73 39.76 69.02 0.58 (medium gain) 

' ' ' 
\Pl~ 66 'U'UlV1t:.J61i!1:J.J 'l'VlTineJ'U6~8'Ubo~ 8 (%pretest) Vi 31.00 6661~Vl~\l"il1fl ~1'Ufld~'Ul'W f11J"6~8'Wiv'i1 

1 Vf t:.JG'l~:IJ'l'VlBVl~\16~8'U60~8 (%posttest) 6 ~:J.J~\l~'U6 U'W 70. 73 Jm6i.'1vi.:i11i!m~8'U~\l.ff 'Wiit:.J61 f11d" 
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I I i,I I I 

b~CJ'U~Vib'~:W~'Ul\!1.:i (Actual gain) bvi1nt1 39.76 biieitl1mblJ~CJllbViCJt1nt1 t:-.1G'ln1'H~CJ'W~?1.:i?1~Viii 
'l.J 'U 'U q 

1einim~:w~'Wb~ (Maximum possible gain) zj.:ibvi1nt1 69.02 'Wlll1 1.'Tm~CJ'W~.:i.ff'Wiit:-.1G'ln1'~b~CJ'W~ 
'U 

b~:W~'U (normalized gain) bvllnll 0.58 zj.:iei~1m~~t1LJ1'Unm.:i (medium gain) 

100 ., 
' 
/\', 

' 90 ' ' 

80 High ga1r 

70 
' ,' 

c .1\ 
·;;; 60 

<g> = 0.58 
' ' ' on 

-ro 50 ::l ' ' .... 
u 
<( ' ' 
~ 40 
0 

' 

30 v . --1'\ _______ 

---
' ' ' 

20 ---
Low ~air ---

10 --- ---
0 

0 10 20 30 40 SC 60 70 80 90 100 

% pretest 

d Q,I Q,I ~ I Q,I d d i/ 

flTVWl 4.1 f111l.1'6ll.l'W'U5';i~'Vl11..:i % Actual gain bbr;t~ % pretest 6lleHl'Unb';itl'U~1nn1';ib';itl'U';i 
'U 

~1t1"ll~n1';ib~t1'U'Vl';i..:inr;il.!Vlei..:i-W1eiEi1..:i~1t1bbr;t~';i1f11"n 
' 'U 

1~~'\J~el 1~~'\J~1 (low gain) 1~~'\JLJ1't.rn~n~ (medium gain) bb\;1~1~~'\J~.:J (High gain) bb~ 

'l! m~CJ'U?i1'U 1 vtaj"ll ~iim1:wn11VJ'IJ'1v11.:in1'~ b~ CJ'W 1m~~tJLJ1'W nm.:i zj.:il\l 1 nt:-.1 (;1\il.:i n~11'\ll11 Vfvi11t111 

n111oV"l.1~n11 b~ CJ'W n~ CJ ni1LJ n,J~ "ll1.:i b~ en nt1vi1 .:in (;l:WVJe:i.:i.Yhei ~1.:i~1 CJ 1 'W ni1~ ~ ni1 b~ CJ'W n11?1eJ'W 
' 'U ':,..) 

be eivt1 b~ei .:i n11u ei n ~1 lb vtti.:it1'Uvi 1 .:in(;l:wV1ei.:iY11 ?i .:iw G'l 1Vf11 n b~ CJ'W 1~ii~~ 'W1n11~1'U n11b~CJ'W~ 

b~:w~'U iiri11:w b .U111\l 1 'W be eiV11 b ~:w~'U ~.:i?11:w11~'Yl1 bb t1t1vi~?1eiu1~w(;j ~:w~viBvt~.:ib~ CJ'U 1~ b ~:w~'U 

elll\l blJ'Ub 'W11d1 nl"j~~ n11b~f.J'Un~(J1 oV"l.l~nl"j b~CJ'U~~.:i n~11 1.'Tm~t.J'U 1~~~'U1fl11:wb.U1 h 1~ (J 
'U ' 'U 

~1'W m~tJTU n11b~t.1'Uil\l1 nni1LJ5i.J~ ni1'Yl1'U1CJ ni1~.:ibn\91 bb\;1~ ni1ei6u 1CJ (Predict-Observe

Explain, POE) ~1:Wn'Unllb~eJ'W1'W.ff'Wb~CJ'W zj.:i (b?ltJ~ b~eJ~WW'W, 2557) 1~n~1111 ni1~~ill\lm1:w 
b ~ei m~al'W 1 Vfi.'T n b~t.J'W?l'W 11\Jjj.:i~'U 1'Wni1'Yl1'W1CJ t:-.1G1~1.:iVJ'IJ'1riei'U(;l.:iiiei'Yl1nl\l m1:w1.'Tm~CJ'Wl\l~~.:ibn\91 

' ' 
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eJ'W"il~~'I t:-J~ 1 ~m1 b~EJ'W~bn\91th~~'Vl5rnw bb~ ~~ b~EJ'W 1~ bfl\91m1YrC?lJ'W18ci1'1 b~lJ~ nwnt"l ::G''!n~111~ 
~ ~ 

I <V .:::ii t.1d Cl.I .<:::i 0 d """' di """" d" d 
11 nT'J"il \91ni1b1 EJ'W ~'Vl'W n b 1EJ'W'Vl1'W 1EJ t:-J~'Vl "il~ bn \91'LJ'W '<\11 n n1';i'Vl \91~ 8'1 n'<\l n';i';ilJbb~~ ?lm'W n1';iru 'Vl 

fl1Vl'W\91 11nb~EJ'W1~ ~ b VI~ t:-J~U d~ n8'lJ bb61~1~61'1:W8'Vl\91618'1~6'1'<\JUVl1A1~8'lJ6'111J1';ifl85'lJ1EJ b~EJ1 nu ' ~ 

?lm'W m';iruU~V11 "il~~ 'lb?1~111 ~un b~EJ'W M bb?l\91'1rr:rn.Jfim ~'Wbb~~8i\'\.J';i1EJ bb mfi\91'Vl1'1l'VlE.l11"11?1~1 

8ci1'lbll'W~'W~8'W vh1~bn\91rn1m-U11'<\18ci1'1'1l\91b"il'W (?!mt"l';i bbVl~mbn1, 2557: 196) 
' 

4.3.2 fl'J13.Jrl1'J'VIU1V11·m11b~tl'W':i1t1'4flfl6l (Single student normalized gain) 

'W8n'<\11n-d ~1~ EJ M1 bfl';i1~'\.1rn111n11V1i!1'Vl1'lm';i b~tJ'W'LJ8'1Um~tJ'W11tJ'lJflfl~ (Sinole 
~ ' ::> 

' v v 

student normalized gain) b V18b U~ tJ 'lJb i1tJ'lJtl'lJfl111J tl 11VI{!1'Vl 1'In11b~tJ'W'LJ8 'IVJ '1'1J'W t:-J ~ n11 

lbfld1~i1bll'Wl'1'1.fl1'W~ 4.2 

1.00 ----------------------------------------------------------------------
1' 

0.90 
I . <g> = 0.58 

0.80 

~ . . ' !H1ghga1n ~ 

070 ----------------------------------------- ----------------------------
c . • • • • • 
-~ ... . . .. ... .. 
-0 .60 • • • 

~ . . . 
~050 •• •• •• •• •• • • • E ~edium gam + + 
~0.40 • 

0.30 . /\ 

0.20 

0.10 

c oc 

I 

\j 

o 1 2 3 4 s 6 7 s 9 10111213141s16!71s192n122n;>42s262?2s2930313233343536373839404142 

tJnb~U'U( fl'UVi) 

'lJ'W 'Vl d 'In~ lJVl 8'1~ 1 ~1 tJ'1J \91 n '<\) nd11J n1 db~ tJ'W'Vl d 'In ~mil 8'1~ 18ci1'1 ~1 tJ :Wu m~ tJ'W "il1'W1'W 2 fl'W 
' 

(~8tJ~~ 4.88) iJm111n11V1i!1'Vl1'lm1b~tJ'W iJfi18~1m~\91u~'I (High gain) fi1bu~t.18~~ 0.75 zj'l"il~ 
b U'WUm~ tJ'W~iJ1~ 1'1u m1 b~ tJ'WB tJ l 'W n~mn'I "il~rn111?1'U h bb~ ~'1i1'1?1'li1tJ1 'LI'LJru~v\'1 n11'Vl\91~B'I Vlil''W 

~ ' 
inmm~e:i1lJboiJ1h1'W'LJru~~ri1tl1b?1'We:i ~1'W1Im~t.1'U"il1'U1'W 39 fl'W (~e:it.1~~ 95.12) iJri1111n11V1i!1 

~ 
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n1';lvl1fl"il m';l:W nTH~tJ'U ~ bb~ ~Ae:i ffeJB'\J1C! bb 'UlA~ 1 vfb ~e:i'U 1 V1-:i zj-:J"il~ b~'UG'i-:Je.Jfl 1Vfm1:w?l1:wl';lti1 'W 

n1';i b~tJ'U-rl 'U n~:wi'JA11:w 1n~ bAt.1-:inti zj-:i?le:i~A~e:i-:i n'Ue.Jfl'IJe:J-:im 1wl'11viu1'\ll1-:im';lb~tJ'Ubu~ tJ~-:i.ff 'U 
" ' 

~1'U1'U nTa'Vl~&ie.iu (~m.ii;i::) normalize gain 

(fl'U) rim.!b~V'U 'Vi~.:Jb~V'U <g> 

14 34.15 ' eJeJ'U 30.24 69.05 0.56 (medium gain) 

15 36.59 31.11 69.56 0.56 (medium gain) 

12 29.27 I 
i 

31.67 74.17 0.62 (medium gain) 

41 
I 

100 30.98 70.73 0.58 (medium gain) 

';j~~'\Jm1:wn11viu1'\ll1-:im';ib~tJ'W e:i~1'W';i~~'\JU1'Wn6'11-:i (Medium oain) ~-:i?11:wn~:w hwi'J';j~~'\J " ~ ' 
m1:w n11viu1vn-:im';ib~t.1'W \91-:i-d o.56. o.56 bb~~ 0.62 \911:w~1~'\J zj-:in~:wbn-:i"iJ~i'Jl°i1?1-:i~?1~ 1~t.1?1-:i 

'I 'U 'I 'U 

n111°11 bu~ tJ m1:w n11viu1'1Je:i-:i.ff 'W b~t.J'W 611'W n~mie:i'W bb~~ n~:wu1'W nm-:i"il~ 1JJl°ie:imb\91 n~1-:in'Wbbfl ~i'J 
' ' 

l°i1i1n111°11bQ~tJ'1JB-:J~-:J.fft.1 ~-:J"il~b~t.!n1';ibU1tJrnVitJ'U 1 Wll'W~ 4.3 



1.00 

0.90 

0.80 

----------------------------------------------------------------------
':\ 

' i 
Hi~h gain 

I 
J; 

41 

0.70 
c 

----------------------------------------------------------------------
~ 

"iii I 

Oil 
"O 0.60 

j 

v 
N 
~ 0.50 
E 
0 0.40 ' z 

i ·~ 

0.30 : ·[\ 

0.20 

0.10 

0.00 

th'Umn:i bri.:i 
n'1:uum~EJ'U 

' 

"il1 fl~6'llii'·:m~11v111 Vl'Vl':i1'Ul1fl1':i~\i1.l'U1A111Jtl11VliJ1'Vl1..'.lfl1':ib18'U1 m deJVl1 b~B'lfl1':i 

'lJ 'i) fl 1911 bb Vli.1 'l'lJ'U'Vl d 'l fl(l lJVJ'i) .:iV11 ~ b18'U ~1 ci·w1 fl"il fl';j';jlJ fl1';j b1m.rn~8 fl1 ':il.J n'\J~ "iJ ~'lb~ 81 tl'lJ'Vl d 'l fl(llJ 
' 'U 6.J 

V1 B'l V11 B ~1.:i~1 ci v111Vf11m1citi1 ti fl ~lJ~il ';j::; lii'u fl1':i b1 ci mri.:i "il ::;iJ?t .:i fll 1~ .:it! m1 citi~il ':i::;\ii'u fl1 ':i 
' 'U 

b18tl 1tlfl~lJLJ1tl fl 6'11..'.l bb6'J::; 1 tl fl~ lJ eJ Btl zj,:i B1"iJiJ?l1bVI~lJ1"il1flA11lJ?l1lJ1':irl 1 tl fl1':i b18ti fl1':il.J 5 U~ 
fl"il r':i':ilJfl1':ib1citi~ fl1':iA~1 bA':i1::;~ 'UB.:i11m1citi 1 mb~6'J::;fl~m::;\ii'u fl1':i b18'Ubbl'1fl~1.:inti AB fl~lJ~ 

'U ' ' 

b1tJmri.:i "i]::;ilm1:1.J?11m':iri 1 tim':i b1citi m':iLJBu~ m':if1~1bri';i1::;V11~~ fl11fl~lJ b1citil.J1'Llflm.:i6'J::; 

fl~lJ eJBtl zj,:i1 tl"IJ~ fl"il fld':ilJ fl1':i b18ti ~'Vl':i 'l fl6'llJVlB'lVl1B ~1..'.l~18 bb6'l ::;';i1A1 fl fl "iJ::; biJtl 1 VltJ fl b18ti 1~ 
'I 'I '\J 'U 

LJnu~ v11mci ~.:ibfl\>1 bb6'J::;B5u1ci zj,:i~~ilV!fl~::;1ti~1tilii'.:ifl~11mflfl11 "i]::;?11m':iri?1~1.:ieJ.:irim1:1.J~ 
':.,J 'U 'U 

bb6'J::; b .U11"il 1 m deJ'Vl1lJ1flfll1 fl1':izj'l"il ::;~.:i~6'l 1 Vf ?11m':i riv11 bb uu'Vl~?lBU 1~ri::; bb tltl B ci 1 m::;\ii'u~~ 
'U 

4.3.3 fl11:l.ln11'Vlt!Tv11.:im1b'1t1mb'lJ'lJ':i1mde:i'Vl1 (Conceptual dimentsional 

normalized gain) 

1 ti'Vli.11 ci m ':i b1 citi ~ b~B.:i m':iu B fl\9\' 1 bb 'Vli.1 .:iuti'Vl':i .:i fl6'llJVJ B.:iV11 ':i1 ci1"1J1 fa fl m':i11"11?11'1 ~ 
'U 

bb6'J::;mmPi m~ci1~bbU..'.lV1i.11ci~BmdBV11fl1':ib1citi~BBflbUtl 4 bdB'Vl1 lii'.:idfiB 'Vl':i'lfl6'llJVJB..'.lV11 ~n~ 
'U 'U 
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bde:iVJ1~,:in~T1 ~'1~1J1~,:i bb?11?1'11 'W1?11~1,:i~ 4.5 bbm~ 1J1vhm~ b'lJ~tJ'lJ b V1 CJ'l.J ~'1rn1:wn11VJ~1'Vl1'lm~ 

b~CJ'U 1 'WVltl1tJ~1'11 tl'l.Jrl1bQ~tJY'ld1:Wfl11Vl~1~'1Vl:Wl?l ~'lbb?ll?l'l1 'U.ll1~~ 4.4 

1.00 

0.90 

0.80 

c ·;u o.7o 
on 

"O 
<lJ 0.60 

~ 
n:l 

d 
'V1 

1 

2 

3 

4 

Ji normalize gain 
b 'Uel\.11 

<g> 

39.51 62.68 0.57 (medium gain) 

22.68 54.39 0.67(medium gain) 

19.27 42.44 0.46 (medium gain) 

11.46 52.68 0.60 (medium gain) 

23.23 53.05 0.58 (medium gain) 

-1------------------------------------------------------------------

\ 
' --------------------------------------------------------------------

, Medium ~air. 

E oso i I 

0 ' 
z 0.40 \[ 

! 

0.30 ~ 

0.2J 

0.1 J 

0.00 

VltJ 'H.Jn T'a b~ UiJ 

.n1'V'I~ 4.4 m':ibmtJrn-vitJuri11:wn11V1t!1'V11.:inTH~t'J'LI°!.le:i.:it1m~t'.l'LI':i1m~e:iV11 

.d i./ i./ .::ii Ix I~,% .::ii 

·<1nnm~1'1'1/l 4.5 bb?11?1-:irn1:wm1wu1'1/l1-:im~b~tJ'Wbb'\J'l~1m'Ue:iVJ1~'lJ11 'Vl'I 4 b'WBVll:W 

ri1eitJb'W~~~'U'\J1'Unm,:i (medium oain) zj,:iei~~~VJ11,:i 0.46-0.6711?1m~CJ'l6'11~rnnn?1,:i1u~1 ~,:i.Q' 
~ ~ ~ ~ 

VJi.11tJ~ 2 ~n1?1'1Je:i'Url1 VJti1tJ~ 4 ~n1?1?1~CJ1~ VJti1tJ~ 1 'Vl~'ln'1:wVi'm-W1 bb'1~Vlti1CJ~ 3 Vin1?1P1'W~ 
' '\J 
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bb~~U eJCJ~?W1fleJ Vi n~f'l'W~6'11'1'JVl1 (0.46) -;,i1n~m).:m~11bb?l~-:J1 vi\~'Wl1 Unb~CJ'W~1~b~CJ'W~'J1nn1':i 
'I 'U 'U 'U 

~~ n1':i b~ CJ'W -ri:~ CJ 1 -ti'IJ~ n-;,i m':ill n1':i b~ CJ'WTI~ CJ ni'J'\J n,J\il-;,i~ -:i b~ m nUVl':i-:J n~m1'ei-:iV11ei~1-:i~1CJi1m 1:w 
'U 'I 'U d..J 

boU1h1 'Wbdeivn'Vin~"LJeiuY11 mn~?I~ ~-:idm-;,ib U'W~~m-;,i1nni'l~irn b~CJ'W 1~'\J':i~~~~bb~~ 1 off eitJmru 
' .... ' 

1 bA':i1~1h ~-:i bn l'1 b tJ~CJUb Vi CJU VI~ n n1':i"LJ ei-:im'Ju ei n \i\'1 bb Vltl-:i"LJ ei-:im-:i~111~~~'W bb~~ ?11:1J1':iblvl1 

bb uuVI ~?leiu~ b U'W~'W~l'W nl'JU ei n \i\'1bb V1tl-:iu'WV1'J-:in~:wVf ei-:iV111~ b ~:w~'W ~l'W b deiV111 'WV1tl1 CJ~ 3 .... 

zj-:iiJ n b~CJ'W €Jl"ili1m1:W~U?l'W 1 'W nl':i b tJ~ CJU b Vi CJU bb~~nl'JUeJ n\i\'1 bb V11J-:irh'Vi tl~61JeJ-:J'J~UU'Vin~f'l'W~M1'J 
'\J '\J 

~~ ei-:ii1 m':i bb tJ~ -:ir11:w:w 1VJbU'WVltl1 CJ"LJei-:i nm~ -:iv111 VJ b .U1hri~1~ bri ~ ei'W 1~ ~-:itl'W~ -:i?11m':ib1v11 
' 

4.3.4 f'l11~n11V1'1J1'Vl1.:inT'H'1£J'UbO~£J':i1£J"li'ei (single test item normalized change) 

"illn n1'JPln~1f111lJ fl11V!U1VI 1-:J nl'J b~ CJ'W 'J1 CJi'W ':i1CJUflfl~ bb~~'J1 m d€1Vl1vl11 VJ'Vl'J1U 
' 

fi-:iiJ "il ~CJ~ 1-:i .,~~ -:i ~~~€!Yr~ 'W 1 n1'JV11-:i n1':i b~ CJ'W"LJ€1-:JU n b~ CJ 'W VI~ -:J"il1 n~1~ b~ CJ'W ~~1 CJ'/J~ ni ':ib~CJ'W ~ I 'U , 'U 

VI 'J -:in~ :w Vf €1 -:i Vl 1 €1 ~ 1-:i ~ 1 CJ bb ~ ~ ':i 1ri1 bl n bb ~ ~ b ~ €1 1VJb.U11"il1'W.Uei:w~:w1 n ~ 'W ~1~CJ1 ~1 b ri ':i 1~1h 
'\J '\J '\J 



1.00 

0.90 

0.80 

0.70 

0.60 

0.50 

<I.I 040 

~030 
~ 0.20 
u 
lJ 0.10 

~ 000 

~010 
Eo.20 

O-o 30 z· 
-040 

0.50 

-0 60 

0.70 

-0.80 

-0.90 

-1.00 

44 

• • •• • • • • • • 
--------- ... -·-.---------------------------------------·-------------• • • •• • • • • 
______________________________ .. ___________________________________ _ 

• • 
3 4 5 6 7 • 9 IC 11 12 13 14 15 16 17 • 19 20 21 22 23 24 25 26 27 28 29 30 

• 

I I i/ i/ 

<ill n.nTYfVl 4.5 bb~W1\lf111:W n 11Vlii' 1 bu~ tJ'1J e:J'liJ m~ tJ'U J1 tJoLJe:JVl .:io/J'Wb~tJ 'U 'VfU 'J 1-LJ'e:i?te:J'\J 

~1'W1 VlqjiJ bb 'U 11i!:w1 tJ1'Uvi1.:i b~ t.J1 n'U fi e:i ~e:i t.J 61 ~'1J e:i.:i fl~ bb 'U'U ri e:i'U b~ t.J 'U ';u ~iJ fi 1i! e:i t.J n11 ~e:i t.!61 ~'1J e:i .:i 
' ' ' Q.J ..:::::.! ~ <=:::.. V i.I ii I ii .:::ii Q.J ii i.I 0 .::ii 

fl~ bb 'U'UVl61'1 b d t.J'U bb61~ b:We:J'\l'l';u 1J ru1\911m~~'\J m1:w fl11Vl'U1'\l'l'\J11'1Je:J?te:i'\JVJJ~~'\J m1:w fl11Vl'U1\911 :w 

"il1m'U 6 .Ue:i fi~blJti ~e:it.J61~ 20 '1Je:i.:i"il1'U1'UoLJ'e:ir:1e:i'\J~.:iVl:w~ iJfl11:wn11V1i!1bu~t.Je:i8~ -0.03 -LJ'e:i?te:i'\J 
" 

~iJd~l'l'\Jfl11J.Jn11V1i!1tJ1'Unm.:i iJ"iJTUl'U 10 .Ue:i A~blJ'U~e:Jt.J61~ 33.33 '1Je:i.:i"il1'U1'U-LJ'e:ir:te:i'\J~'IV!J.J~ 
iJfl11J.Jn11V1t'.i'1bu~t.Je:i8~ o.57 bb61~-LJ'e:i?te:i'U~iJfl11J.Jni-rnt'.!1r:1.:i iJ"il1'U1'U 14 .Ue:i fi~blJ'U~e:itJ61~ 

" " ., ' ' 

46.67 '1J e:i.:i "il 1'U l'UoLJ e:i ?I e:J'\J Vl'IV!J.J ~ iJ fl11J.J n 11Vlii' 1bu~tJe:i8Vi 0.83 -;u 1 n-V e:i:w 61\91.:in~11-;u ~ b ~'U11 
" " 

oLJe:J?le:J'\J~e:JtJb 'Ub de:iV118e:im~e:i.:i V1 n~~'UtJ?l \91 d -;u~iJd~~'\Jfl11:Wtl11Vlii'1e:i 81 'UJ~~'\J~1 b~m VltJ'\Jtl'\J 
\I '\J 'U \I 

oLJ e:J?I e:J'\J 1 wd e:JVl18e:itJb~e:J'l~'U1 bb61 ~-v e:i ?I e:J'\J~ e:i ~1 'Ub d e:JVl18 e:i tJ b~e:J'I ~ n~'1J e:J'\JY11 -;u ~iJd~\91'\J 
fl11J.J n11Vlii' 1e:J tJb tl d~~'\JU1'U n611'1 bb61 ~d ~~'\J ?I 'I ~ b U'U b <ci'Ud e:J1';u b lJ'U~61J.J1';u1 n b d e:JVl1 b~e:J'l~n~~'U tJ 

" " " 
?1\91JY11 iJm1im1n~e:ifl1JboLJ11-;u irm~t.J'U~e:i.:i H'~'U\91'U1fl1J fl1JbtJ~t.J'\J bVit.J'U fl1JeJ1'1B'IV!UltJVl611tJ 
" 
e:i81.:i ~.:iv\'11 ~bn~fl11:WG1''U?l'Ubb61~vl1fl11J.J b -V11-;u 1~ tJ1n ~l'U bd e:JVl1 b~e:J'I~ n~'1Je:J'UY11irnb~tJ'U 1~ off 

e:itJ m ru ~?I ~1'1~'U l 'U '1J ~ fl1J b~ tJ'U ~Vl d 'In 61 J.JVJ e:i .:iYl 1e:i81.:i~ 1 tJ :lJ 11 off tJ d ~fl e:J'\J n'\J fl1Jvl1 f\-;u ndJlJ 
' ' " 
btJ~t.J'UbVit.J'\J bb61~?1~1.:ie:i.:il°ifl11J.J~~1t.J\91'Ube:J'I ~.:iv\'11 ~bn~V!n'l'.l~fl1Jb~t.J'U~ -;u1nmdtJfiu~ (Learning 

" " d.J 

by doing) zj.:i-;u~v\'11 ~bn~e:i.:irim1:wrt 'Ub~e:i.:i~n~'1Je:i'\J 1~~~'U tJd~ne:i'\Jn'\J~tJmru~irm~t.J'Utl1m 
?1~~1.:iblltibb '\J'\J"il161 m bll'Ul'r:t~e:i~1.:i~1CJ iJe:i t.J1 'UVf e:i.:i~'Uirm~CJ'UiJm1J.Jfi'mflmll'Ue:i81.:i~ ~.:i?11mdt1 

' " ' 
tl1m b tJ~CJ'\J b Vit.J'U bb61~r:t~1.:i b lJ'Umr1m1J.Jn~~1 CJ 

" 
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4.4 fl11:w~.:ivrn1lil"lle:i.:i'W'm'1E.l'w 

m1:wl'J,rvrnh'Ue:i,:iirrn~ffw.ffmrnm.JPim~1ll~ 5 ~iJ\9le:im1~\91n-;um1:wnTH~CJ'W~ 1\91CJ1offm.Jmru 

,, d 
"lJ eJ'Vl 

1 

ii G.I d 11 

~1UU11~1n1An11lil~n11~~U';l 
v 

m1:wm~~e:i~e:ifo(iie:im1b~CJ'Wl'tn fan \91111 

1'11?11'11mi~mnil'1 

u e:in\911 bb VltJ,:)U'W'Vl'J,:)n'1:wVf e:i,:iVl1bU'W~tJ1?1'W1-;u 

Y18 h ?l'Wnbb'1~~'Wblil'W 
' 

" ' 

4.34 0.82 mn 

4.26 0.70 

4.53 0.55 

4.43 0.55 mn 

4.39 0.11 

1'Wl'i'1'Wu11mml'1m'J~\91m1b~CJ'W~ 1~~uA11:wl'l,:iY1e:ih'LJe:i,:iirrn~CJ'W iJri1bu~CJe:iCJ1m~~umn 
" " 

bb'1~th~ b~'W~i11~~u m 1:wl'l,:i'Y1ei1-;um n~?l\91 f1e:i '11\>lnlil m1:w-d1CJ1 ~,:r n b~ CJ'WiJB?l'J~ \9le:i ni1 b~ CJ'Wbb'1~ 
' ' 

v11n-;u m1:w1 'Wl'111 fan \911111'11?11'11 bb'1~mnil'1 -;u1mrn~,:in~11 ~mbMM1 ~ b~'W111LJ bb uu'Ue:i,:i 
" 

n-;u n'J';J:l.J b U'Wl'Vl CJ11'11Md~ b U 'W1 ~,:r nb~ CJ'W11'1 b U'W~ i;Hil BU 5 u~ bb'1~tl mJ'W.X n~~ 1191 bb?l (91,:j 

f111:1.J?11mW'LJeJ,:)'111bm (e:JU'W~ ~~'Vle:J-:J?l'U, 2548) ?11m'J~e:Je:JnbbUU 11,:)bbt.J'Wn1';Jvl1,:)1'W i1B?l'J~1'W 
' 



" d "UB'Vl 

nT~b~tJ'U~vi'1 t1•1w1nl\J nJ'JJ.JVh 1 Vf'Ll n b~t1'Wi1m1J.J~ 
~ ' ~ 

5 A11J.JboV1hb~tJ1tllJl"IJ1fan ~1'J11"11?!1'14bb61~ 

7 

8 

9 

enml"1 b~m nTrne:in~1bbV!i.l'ltJ'W'Vl'J,:m61J.J 

Vfmvhmn~~ 

bbnu11JV11b~t11ntJm'Ju5u~nlilm'JJ.J 1 'W1"1J1 fan 

m'J11"11?!1'14bb61~enml"11"1"11t1l'l'Wbe:J'l 

nl'J b zje:JJ.J 1tJ'l b tl e:JV!l'lJ e:J-1 bb~61~V!il1 tJ nl'J b~ tJ'W 

-d1t11 Vf'Llm~t1m-V'1 lum1J.JA~'JltJCJe:J~'lJe:J'lbb~61~ 

Vlil1t1m'Jb~CJ'U 1 'Wl'tn fan ~1'J11"11?!\914bb61~ 

e:J1n11"11vi'~~'U 

J'UI 

4.43 

4.41 

4.19 

4.29 

4.43 

4.39 

d 
b'Utl~b'U'U 

0.55 

0.59 

0.74 

0.68 

0.63 

0.60 
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mn 

mn 

mn 

mn 

ri11J.J boV1 h b~CJ1tltJl6/J1 fan ~1'J11"11?!1'14bb61~m ml"1 b~B-1 n1'JtJe:Jn~1bb Vlil'ltJ'W'Vl'J'ln61J.JVle:J'IVhmn 

~'LI bb61 ~ m"J b zje:iJ.J fo-1 b tl e:JVll'lJe:J-1bb~61~Vlil1 CJ m'J b~ CJ'U "111CJ1 Vf 'Ll n b~ CJ'Wb oV1 h ri11J.JA~'J1tJ CJe:J~'lJm bb~ 

61~Vlil1 CJ m"J b~CJ'W 1 'W1"1J1 fan ~1'J11"11?! l'l fofi ~ m ml"1 1"1~~'W tlm lJm ~'J1~11m'J 1vi'61'l~e:iu5u~ 
?!~ 1-1 bbfi ~ ~ n ~1 'VI 'J 'In fl J.JVl e:i 'IYl 1e:icJ1-1 ~1 CJ "111CJ~'Ib?l~J.J1Vf'Llnb~CJ'LI1"1 b~ CJ 'W ~~'IV!~ n n 1 'J bb 'Wl f1 ~ bb61 ~ ~ 

~ ~ 



., .d 
"lJB'VI 

10 

11 

12 

13 

15 

~1'U'lh:: LV"l1'Ui. 'Un1'ab~V'U 

m"H~tJ'U~1 tJ'll~n"il m1J.J'IJ1tJ1 Vi'Ll rn~tJ'Ub .U11"il 
' 

m1'\Je:JfWllbbVlti-:iu'Uvi1-:in~m-1e:i-:iY11 1'111 fan 

m11m~w1~bb~~mml'11~~~'U 

4.29 

4.48 

4.14 

3.92 

4.21 

4.41 

4.24 

4.33 

.d 
b'l.JV.:lb'l.J'U 

3.J1\WHi1'U ... 

0.64 

0.59 

0.72 

0.81 

0.72 

0.80 

0.20 

0.07 
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mn 

J.J1n 

mn 

mn 

mn 

mn 
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1 'W~1'UDJ~ bt.J"ll'W1 'W nTH~t.J'U J~vi'urn1:JJ~,:i'l"le:i h'1r~..:n1m~t.J'U iifi1 bu~ t.JmJ1 tJ'j~vi'umn bb'1~ 
'U 

tJJ~ b~'W~iiJ~vi'urn1:JJ~,:i'l"le:i hmn~61~ f1e:i mJ b~t.J'U~1t.J"ll~n\ilm'j:JJ'li1t.J1 Vf.J m~t.J'W b~t.J'Wn~\il1 n 
' ' 'U 

mJtJl]u&i n\il m'j:JJvn,:imJ b~t.J'Um n~'U ~rn urn'\"l'j1d1 mJ~.Jn b~t.J'U 1~61~1-~~tJmrubb'1~~e:imJ 

b~t.J'U~be:i,:i~mlJ'WmJb~t.J'W~ bU'UmJ bll~ be:im&ii!~ b~t.J'W 1~bb61~,:ie:ie:in~,:i mJ'l"l~ mJ'W-.'.i mJri1tJ mJ 
'\J 'U 'U 'U 

' ,, 
b~t.J'U bb'1~n1J61~Vle:J'Ubb'U1A~ (Meyers and Jones, 1993) ~~l1bU'Un1Jb~t.J'W~Vie:iciu'Utl'U\i1'U 

'U 'U "' 

bb'U1A~A11:JJbzje:lb~e:l-.'.Jn1'jb~t.J'Ui~1t.Jnl'':im~vh (Learnin~ by doin~) zj-.'.161e:l~A~e:l-.'.lfl'U (Lawrence 

Carlson, 1997) ~ n~ 1111 n1J61e:J'U1~ t.J 1 Vf ~ b~ t.J'U 1~tJ lJ u&i nl'j'\11 ~'1e:J-.'.J'j~'\!ll1-.'.l'U'Vl b~ t.J'U \il~'li1t.J1 Vf 

~b~t.J'Wiim1:JJ~'Ub~'Ubb'1~ b~t.J'U 1~~~'U 
'U 

\il1nn1Jl bA'j1~1..4rn1:JJ~-.'.l'l"le:J h'Ue:i-.'.l.J m~t.J'U 'l"l'Ull .Jm~t.J'WiiA11:JJ~-.'.l'l"le:J h1 tJ'j~vi'umn 1 'W 

tJJ~b~tJr11m:JJVt~n~-.'.I 3 ~l'U iifi1bu~mvi1nu 4.39, 4.35 bb'1~ 4.24 ~1:JJ;;11vi''lJ bb'1~1~wn'l"l'j1:JJ 

.Jm~t.J'WiiJ~vi''lJA11:JJ~-.'.l'l"le:ihiil'ie:imJ~~n\ilmJ:JJn1'jb~t.J'W~ iifi1bu~mvi1n'lJ 4.33 
'U 

tJfiu&\\il ~-.'.! b~ mnu'\ll'j-.'.Jn'1:JJVi'e:i-.'.!Yl1e:i~1-.'.1~1t.J v\'11 Vf'VlJ1u11 tJ J~~'Vl5Jl1'\"l'Ue:J-.'.J"ll~n\iJm'j:JJn1'jb~t.J'W~ 
d.J ' 'U 

'\ll'j-.'.Jn'1:JJVlmYl1e:ici1-.'.!41t.J ii1h~t.J 1 'W~lm~t.J~ nm bb'1~~ m~ru~'Ue:J-.'.lfl\ilm'j:JJ zj,:i.Jm~t.J'U~'VlV161e:J'lJ 1 'W 

J~v11-.'.Jm'jtJ5u&i n\iJm'j:JJnl'jb~ t.J'Wfl mb~'1~Vt°l11 t.J \il~v111 Vf ri~ bb 'WtJ~n11mJ'Vl~61e:i'lJVt~-.'.l\il1nmJ 
l/ i./ I f/ 

b~ t.J 'U i b -U e:J'Vll \iJ 'WA J'U Vl-.'.!Vl:JJ ~ bb'1 ~ bll e:i1 ~ ~1 'U J~ vi' u ~ '1~:JJ1] 'Vl 5'Vl 1-.'.I n 1 J b~ t.J 'W'Ue:J-.'.l.J n b ~ t.J 'W'Vl~-.'.! b ~ t.J 'U 

'l"l'Ul1iifi161-.'.lnl1 rie:i'U b~t.J'Ue:l ci1-.'.11J.J t.J611A'ru'Vl1-.'.!61 ~ &\ n1J~~'U1A11:JJ n11Vt~l'Vll-.'.in1Jb~t.J'U 1 tJ'jtJ bb 'lJ'lJ 
'U v 'U 

~1-.'.l 1 'l"l'U 11u \iJ ~ t.J~ ~-.'.! ~'1 ~ e:iA11:JJ n11Vt~ 1'\111-.'.I nl'H~ t.J'U'U e:i-.'.l.J m~ t.J'U~ b~t.J'U 1 'W 'jlt.Jl'l11 fan V11J1 

P1161~~bb'1 ~m mf'll nf1e:i .Jm~t.J'W 1~'1,:ille:itJ5u&i fl\iJnJ'j:JJ ~~'W 1 bb'1~61~1-.'.ltJJ~61'lJ f11'jrub~t.J'Ui\il1 n 

61m'U mJru\il~-.'.I 611:JJ1Jtie:ie:imb uu b tJ~t.Jrn Vi t.J'lJ 1bm1~1..4bb'1~61Ttkde:iVt1\il1nmJ1.ff e:itJmru~61~1-.'.l~'U 
' ' 

b"EM 1vimu'l"l1~.Jm~t.J'Wii~'1n1Jb~t.J'WBt.J1 'W":i~vi'rnri-.'.I \il~611m":iti~~mm1:JJ611m":iti 1'Wm":ib~t.J'W~1~ 
'U 'U 

~n11.Jm~t.J'W 1 'W n~:JJ~~'1 nl":ib~t.J'We:Jt.Jl m~vi'u~1n11 6/l,:i":i1:JJ~-.'.IU\il~t.J'Umb-de:iVt1~~1-.'.ln'W thiim1:JJ 
' 'U 

i'lJ.ffe:i'W .Jm~t.J'U\il~ bfl~A11:JJ~'U61'Ubb'1~ bot'1h11ilt.J1n ~,:i~'11 Vf m":i b~t.J'U~b U'U 1tJ1~t.J1nm:JJ1 tJ~1t.J v11 
'U 



d 
'U'Vl'Vl 5 

a-atl ~~ bb~~-umauenb u~ • 

m'i1~ CJ 1 'W ri# "t1b u'U m'i'W'~m~vi n~ m'ilJ m'i b~CJ'WVviCJm'itJBtwi~~"b~CJ1 nuVJ'i"n611JVf ~M ~1 
ei ~1"~1CJ b ~ei 1 m 'W m'i~ vi n~ m'i1l m'i b~CJ'W m'i?I ei'W b~m m'iu ei n (9\'1 bb Vlu"u'WVJ'i" n611lVf ei"~1 bb61~ 

VY~ m i:..J61 ~1l riVJtVJ1" f11'i b~ CJ'W bb61 ~'111 CJ b?l~1l ?I ~1" m 11l~"'Wei h'Vei"'W' m~CJ 'W ~1~CJ11'i'?l'itl i:..J61bb61~1 Vf 
• 1 '\! ' 

~1nm'i'W'~m~vi n~ m'ilJ m'ib~CJ'WVviCJm'iuBD'~~~" b~ CJ1 nuVJ'i" n611JVf ei"~1 ei ~1"~1 tJ bb~11./f 

~vin~m'i1lfl1'ib~CJ'Wib ~eii:..J61~1l ~VJB b~ei" m'iuei n\911 bb V1'!.l"u'WVJ'i"n611JVf ei"~1 611V1-ru'W'm~CJ'W~'W 
:ir'DCJ1l~n~1tJ~ 5 h"b~CJ'WtlVJ1l-r1?1vi'YlVJmri1J "il1'W1'W 41 ri'W 1viCJ1./fm~u1'Wm'i~V1n~m'i1Jf11'j 

' 

~ 1 nm 'i1bfl'i1~1-4.V €11J61Vl~"~ 1 n~1b'W'Wn1 'il ~ CJ'WUl 1 'IJ V1 f11'i b~ CJ'W ~iJtJ 'i~~VJ5.n 1'W'IJ ei" 
'\! ' '\! 

"' 
m~u1 'W m'i b vi1 nu 78. 29 bb61~tl 'i~ ~VJ5m'W'V eN i:..J 61~ 'WB b vi1 nu 70. 73 191 "'W''Wtl 'i~~VJ5.n 1'W'V€l"'IJV1 

' 
n ~ n 'j'jlJ n 1'i b~ CJ 'W VV1CJn1'iU Bu~~~" b~ CJ 1 nu VJ 'j-:J n 61 lJVl ei"-W 1€1cJ1"~1CJ~VY~'W1~'W iJ Alb vi1 nu 

78.29/70.73 zj" bU'W1tl1?11mnrusvim1?1'i~1'W 70/70 ~~-:iH ... 
Q,I .::! d 

5.1.2 ~&l6'13.JtfVl5'V11.:lf11'H 'a£l'U 

bdm tJ~CJU b Yi CJ'\Jfl~ bb 'W'Wi:..J61611J ~VJt n €1'Wb~CJ'Wbb61~Vl~'I b~ CJ'W 'VeJ"'W'm~CJ'W~ b~CJ'W b~eJ" f11'j 

u ei n \911 bb VltJ"U'W VJ 'i-:i f1611lVJ ei"~ 1 1'11 t.J 'IJ V1n~n'i'i1ln1'i b1CJ'W nV1 CJ n1'itJ .fitJ'~ ~ ~" b~ CJ1 nuVJ'i" f1611l 
' '\! "-J 

VI ei"-W1 ei ~1-:i~1 CJ 'W' m1 CJ 'Wii ri~ bb 'Wmu~ CJ i:..J 61 ~1J ~VJ~Vl ~" b1 CJ 'W ( ~ei CJ 61 ~ 10. 73) mn n11 neim~ CJ'W 

(~BCJ61~ 21.22) faCJii'U'CJG11A'qJVJ1-:i?1~~~'i~l'lu 0.05 (t = 39.87) Lfmb?IV1-:i11 f11'i~'l!m1CJ'W1~ 

tJ n~~ n~ n 'j'jl] 1 'W'IJ Vl f11'j b~ CJ'W ~VJ'j" n 611] Vl €1"~ 1 €1 cJ1'1~1CJbb~1 ?111Jl'ibl'W' ~ 'W1 fl111J b .LJ11 ~ bb61 ~ ?1{1" 
"-J ' '\! 

ei-:iriri111J{~ 1 mJ 'i~?lu f11'iru n 1'i b1CJ'W { b~ei"m'iu ei nl'i' 1 bb VlU'IU'WVJ'i" f1611J~1~ 1'W n 'i~U1'W f11'i 1 'W fl1'i 
'\! '\! 

b1CJ'W ~bb 'U'Uv11m CJ-~-:i bn1?1-ei6'U 1 ti 1~b ~1lm n~'W 
'\! 

"' 
5.1.3.1 fl111Jtl11VlU1VJ1'1f11'ib1CJ'Wbb UU'i1CJ'ir'W (Class normalized gain) ~1f1i:..J61'V€1'1 

ri~bb'W'Wi:..J61611J~VJBbu~CJVl~"b1CJ'W ({eiCJ61~ 10.13) mnn11 neim~CJ'W (~eiCJ61~ 3i.oo) v111VfVJ'i1'\J11 
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gain) 

5.1.1.2 Y'l11lJrl11VlU1'V11,rn1'H~CJ'l..!'nCJ~flfl'1 (Single student normalized- gain) 

'W'lJll ihTm~m.J"ill'Ul'U 2 fl'U (~e.JCJ'1~ 4.88) iifl11lJtl11VlU1'Vl1\ln1'H~CJ'UeJ~1'UJ~~'lJ?l\l (hioh-" " :;, 

gain) 1Tm~CJ'U .J'1'U1'U 39 fl'U (~e.JCJ'1~ 95.12) iim1:1-Jn11V1u1V11-:imJb~CJ'Ue.i~1'UJ~~uu1'Unm-:i 

(Medium gain) hlii1Tm~CJ'U~iim1:1-Jn11V1Ul'V11\lnl"jb~CJ'Ue.J~1'UJ~~u~1 (Low gain) bb'1~b~e.J 

Vl"ll1Jru11?11:1-Jn~m~~Un1Jb~t.1'U mfo~iim1:1-Jn11V1u1V11\lnl"jb~t.1'U?l\1~?1\91?1\91Ae.Jn~m~~uniJb~CJ'U 
'I 'I 'U 'I 't 'I 

nm-:i iim1:1-Jn11V1u1V11-:iniJb~CJ'Ubvi1n'U Ae.i (<g> = 0.58) e.i~1m~~uu1'Unm-:i 

5 .1.1.3 fl11lJn11V1u1'Vl1\l nlJ b~ CJ'U bb uu "jl CJ b-de.J'Vll (Conceptual dimensional

normalized gain) 'WUll m1:1-Jn11V1Ul'Vll\ln1Jb~CJ'U~\l~b-de.iV11e.i~1'LlJ~~uu1'Unm-:i (Medium

gain) 11'lm~CJ-:i~1~rnnm~~u~-:i~ Vlnl'l'lJe.iu-W1 (<g> = 0.67) Vlnl'l~~t.11~ (<g> = 0.60) VJ"j\Jn'1:1-J 

Vfm-W1 (<o> = 0.57) bb'1~Vln\9ll"l'UcJ?1mli1 (<o> = 0.46) b~CJ\l'<\l1n?1-:i1u~11?11:1-J~1~u b~mu~CJUbViCJu 
~ 'U 'U ~ 'U 

nuJ~~Ufl11lJ~11VlU1'Vl1\lnl"jb~CJ'UbU~CJ (<g> = 0.58) b-de.iV11~iiri1~-:in'i1bu~CJAeJ ~n\9l'VeJUoW1 

Vlnl'l?t~CJ1~ bb'1~ b ~e.im~iiri1~1n-i1 bu~ CJAe.i ·m -:inmJVf e.i-:i-W1 ~nl'll"l'UcJ?11?1Jli1 
' " " 

i.J i.t QI d i..I • • • • 

5.1.1.4 fl11lJn11Vl'U1'Vl1\lnl"jb "jCJ'UbU'1CJ"j1CJ'lJeJ (single test item normalized gain) 
i.I ii.I I I iJ I 

'Wu11 oLJ'e.i?1e.iuVl-:iV1:1-J\91Vi-:i 30 .LJe.i iim1J.Jn11V1u1'<\l1m~~u~1 "ll'U~-:i 6/i-:iiiJ1CJ'1~bBCJ\91~-:iu oiJe.i?te.J"uViiJ 

fl11lJtl11VlU1e.itJ1'U"j~~'lJ?l\l (<o> = 0.83) ii"ill'Ul'U 14 oLJeJ fl\9lbU'U~eJCJ'1~ 46.67 ~1'U1m1JbU'U 
'U 'U ~ v 

oLJeJ?leJU1'Ub~eJ\l VJ"j\Jn'1lJVleJ\loW1 oLJ'e.i?te.iu~iJm1J.Jn11V1u1e.i~1'UJ~~uu1'Unm-:i (<g> = 0.58) iJ 

~ 1'U1 'U 1 o oiJ e.i f1 \91 b lJ'U ~ e.i CJ '1 ~ 33. 33 ~-rn 1 Vlru b u'UoLJ' e.i?t e.iu 1 'Ub~ e.i -:i~ n \9l'lJ e.iu-W1nu ~ nvi ?t1tJ1~ bb~ ~ 
v ' 

oLJ'e.i?1e.iu~iJA11:1-Jn11V1u1e.i~1'UJ~~u~1 (<g> = -0.03) iJ.J'1'U1'U 6 oiJe.i A\9lbU'U~e.JCJ'1~ 20,~0 ~1'U 

1 Vlru b u'UoLJ'e.i?te.iu 1 'Llb~m Vlnl'll"l'UcJ?f \?1"j 
v " " 

5.1.4 ri1111-W.:i'Wei bli!'tlei.:i'l!m~£J'U 

11 n b~CJ'UiiJ~~um1uw-:i'We.i h\>le.imJ~\91nl"jb~CJ'U~\91CJ1 '1!'1Jl'lnl"j b~CJ'U~'Vl"j\ln'1J.JVle.J\loW1 
" ' " 

3 ~l'U Ae.i ~1'\.JtJ"j"jCJlmf'lm"j~\9lnl"jb~CJ'U~ ~1'Un1J~l'ln"ilmJJ.Jn1Jb~CJ'U~ bb'1~~1'UUJ~1CJ'1J'Ub'Lln1J 
" " 

b~CJ'W zj\liJ"j~~Ufl11dJoW\l'We.JhlJ1n1'1.JVJm.!d~b~'U 11'lCJiirl1bU~CJbvl1tl'lJ 4.39, 4.39, bb'1~ 4.24 

\?11:1-J~l~'lJ 
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' ' 
b:ti e:i'W ~ 1 'H1J1 (i-:i t:-1 '1 ~:W1]'YlB'Yl1'1 m J b1 ffLl n ffLl b1 CJ'Llbbfl ~V!~'I b1CJ'Ll ~ ~'VfUl 1 '!! n b~ CJ'Ll?ll:IJlJ fl 

v\'1 bb 'U'lJ'Yl(;l?le:J'U bbfl~ 1~f1~ bb 'Ll'LlV!~'I b~CJ'Ll?l-:in11A~ bb 'Ll'Ll rie:im1CJ'Ll ~-:i bb?l(;l'l 1 Vtb ~'Ll11'l!n b1CJ'Ll~ b1CJ'Ll~1 CJ 
" 

~(;! ih md:w nlJ b~ 8'Ll fl(;! 8 nlJU BiJ~ ~ ~-:i b~ m n'U'YlJ -:i nfl:wYie:i-:iVl1e:i ~1'1~18 :Wm 1:w b .LJ1h1 m-d e:ivi1 

b~e:J-:Jnl'j"'lJe:JnlYh bb viti-:i'U'Ll'Yl'j-:Jnfl:wYimVl11~~~'Ll bb~ b~e:i-W~1Jru1A11:w?11:1J1'jfl 1 'Llnl'jvlloLJe:J?le:J'U bb~ 

m~.LJe:i 1(;18(;!~1nml:wtl11'Yl1'1 nlJ b18'tJ'j1 CJoLJ e:i ~ ~'Vi'Ull bb 'lJ 'lJ'Yl(;l?le:J'U'U 1'1oLJe:Jiif111:W n11viii1e:i ~1 'Ll 
" " 

J~ l?l'U ~ 1 vi~e:i hJ:WA11:w n11viii 1 ~ -:i~1VIb~'Ll11'!! n b1 CJ'Ll {f -:iii A11:w ~'U ?l'Ll b~ CJ1 n'U b -d e:ivi1'U1-:i~1 'Ll 

1(;1mu'Vi1~ b-de:ivi11 m~e:i-:i J~'U'U'Vin(;ll"l'Ll~M1J ~-:iv111Vl'l!m~8'Llvllbb'U'lJ'Yl(;"l?le:J'U 1(;18n1Jbm v\'11 Vlt:-1'1 
" " 

mdv\'1 bb 'U'lJ'Yl(;l?le:J'UV!~-:i b~8'LltJ e:i CJ n11rie:i'Ll b~CJ'Ll zj-:i~1~ 81~?1JtJm1:w b .1J11~f1m(;I bf1~e:J'Ll 1 'Ll b -de:iV1161m-:i 
" ' 

' " " 
'!! m18'LlYl bn (;i:n'Ll \71-:iiJ 

5.1.5.1 m1m .LJ1 h b~e:J'l'j~'lJ'U nT;i"'U e:inl'l1 bb V!tl'l'U'Ll'YlJ -:infl:wYie:i-:iVl1fa.y; 8-:J'j~'lJ'Ub~m 

n~11Ae:i nl'j'lJ e:inl'l1 bb vitl-:i b 'YlV!l\Ylfl'U'Ll'Yl'j-:Jnfl:wYi e:i-:iVl 1iJvim CJ'j~'lJ'U bb~fl~ J~'U'U 1 .rr~(;leJ1'1B'l~~1-:in'Ll 
' ' 

\71-:itY'Ll '!! n b18'Ll~-:i bn(;lf111:w~'U ?l'Ll 1 'Ll ~(;le'.i'1-:iB-:i~1m tJ'j~'lJ'U'Wn (;! bb 'U'U ~ 1-:i 1 ~-:it:-1'11 VI bn(;I n1Jv1'1 

bb 'U'U'Yl(;l?le:J'U 1~m~1:Wfie:iCJ boLJl h bbfl~ 1 im'jf11(;1f1~ b'LlAl\Yl e:J'U bbfl~b U'LlAl\Yle:J'U~tin~e:i-:i 1 'Lln1Jvl1bb'U'U 
" 

~(;"lfl'lJ ~-:i~~b~'Ll1~~1nmJ1bm1~Vif111:wn11viii1'Yl1-:imJb~CJmb'lJ'lJ'j18.1Je:i1'Ll'U'Yl~ 4 

5.1.5.2 m 1:w ~ u ?l'Llbbfl ~ b .LJ 1h1'LlmJb~81 nu mdmrn fi 1-Yi n (;JU 'Ll 'Vl J -:in m.JYi e:i -:iVl 1 

n~11Ae:i 'l!m~8'LlcJ'l~'U?l'Ll1 m~e:i-:ifi1~~e:i-:iti'U e:in-W fl(;i'Ue:J-:J(;l1-:Jm1'U'Ll'YlJ'lnmJYie:i-:iVl1 ~iJA11:w 

bb\Yl n~1-:in'Ll 1 m~e:i-:i'Ue:i'IJ~u'U'Vin(;I zj-:i~~b ~'Ll 1~~1nm1:wn11viii1'Vl1-:imJb~8tJ'j18.1Je:i 'Ue:i-:ioiJe:i?le:i'U~iJ 

nlJb tJ~8'U b Yl8'U n'LlJ~Vll1'1Al'U e:J'l'j~'lJu'W n(;1~~1.:in'W 

5.1.1.3 'l!m18'LlcJ.'.lboLJ1hf1m(;ibf1~e:im~CJ1nu~(;leJ1-:iB-:i1 tJ'j~uu'Vin(;l~~1-:in'Ll ffii'Ue:in 
' 

lil'1bb vitl-:im1U'Ll'VlJ'lnfl:WYle:J.'.JVl1 zj.:i~~b ~'Ll~1nmd11~J11'Vi bb 'Vl'W'VJ'j.'.Jn~:wYie:i.'.l-W1 'l!n b~ffW 1:W?11:1J1'jfl 

n1vi'W(;l~(;le)1.'.JB'l'Ue:i-:id~uu'Vi n(;!Yie:i.'.J-W11~e:i ~1.:ii(;I b ~'W 
' 

~~ .:i b~81 nu'VlJ -:i n~:wYie:i-:iVl1e:i ~1-:i~1 CJ b~e:i.:i nl'j'lJe:J nl'l1 bb viti-:iu'Ll'VJ'j .'.lnfl:wYie:i-:iVl1 v\'11Vl'l!m18'Ll1~ 

?1~1.'.le:i'lri' A11:wn 'Ll J18l'1J1(;11'jll"l1?1\Yl 1~1 CJ mdtJ il,J~ ~~'I 11:w nu m~u1'Ll md nl'j~(;lnl'j b~ 8'Ll~ bb uu 
" 6.J " 

vll'Ll18 ~.'.lbn\Yl bb~~e:i6'U18v1'11 Vlb .LJ11~ bb 'Ll1 fl(;! bb~ ~VI~ nm'j'Ue:J.'.Jn1'j'lJe:Jnl'l 1bb V!tl'l'Ue:J'lb 'VlV!l(91~~1-:i 1 

U'W'Yl'j-:JrnrnYimVl1 ~18lBn1'j'Ue:J.'.J'j~uu'Vin(;IYJe:J.'.JVl1~t1n~e:i'I 1~b~:W~'W bbfl~v111 Vl'l!m~8'WiJb~(91f1~~ 
" 
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~ i.I ~ I Cl Q,I .C::.. I .C::.. o'i/ .C::., 

m..:Jbbm in'1m. n1"rn.:ibi;J'a:l.J'Vln"t:;~n1'a'Vl~~ei.:iu~~b":\11Plflt'11PlB1'VIV1A1i;11P1'a~1vn":\lm'a11m'a'Vl~~ei.:i 

b 'U'tl:l.l'U:l.11'VIV1A1i;!t'l{. l'Vl m\Jv-ru5LJ~ ru ru1l'Vl t.J11"11?1 m~vi1iJ ru~ \9l: 
'I 'I 'll Q.I 

~Vl1l'VltJ1~t.JeJ'lJff:i1'tf51tJ, 2551. 
' 

b~'li~n1'a'tlB.:J:l.l'Yl11'VIV1~V'Ub'aA1'a. n1'~A'Ufll1l'lJ~~~1mJ"Pim~1~vi1iJru~\9l: 

~Vl1l'Vltn~ t.J'Ub J"l"llJ"' 2545. 

~\9l~m liJbfl~B. "mJ" ti1?1vie:i'lJmruJliH'.lruru1B?11'Ub~e:im1~b·thl'ilbbe.J'Um~ l\9lb1B?IJ"~ ", 
'I 'I 'U v v 'I 

11'ai;!1'a1'VIV1A1i;Jt'libb~~b'Vlfl b 'UfaEj.n1flb'VlUB. (3)fol"l~: 1-10, 2554. 

it.Jt.J..:JA ~J~Vlm..:JPl. n'a~'U1'Un1'a6l'U'Wb1'Vl1'VIV1n1'abb~~'a~'U'U~Bn1'ai;IB'U b'UbBni;!1'a1'tl1n1'a 

b'Vlfl 1 'UfaEju~~~Bn1'aAn"t:;1. nJ..:Jb'Vl~~Vl1'UflJ": 1 'Vlt.Jll'lJ'U1~1iJ'tf, 2533. 
' 

ruJ"1JlJ"ru 'lJrunlil. ~1bb'Vl'Ufl1111fi~'tlei.:itl'm~v'U-5'U~ov11fin"t:;1tl~ s b~ei.:i ui;i.:i ":\11nm'a~\;1 
'"' 
fl":\) n 'a'a:l.Jn1'ab~V'U n1'ai;IB'U'U'U~'U ;i1'U flB'Ui;!t'l~fl~1i;ilPl1\;IV 1-tl15m'a b~V'U ~bb 'I.JU 

.. 'U 

vi1'U1v-6l.:ibn1P1-ei5u1v. l'Vlt.J1tJ~'U5'lJ~~~1Pimnm?1\9lJ"~V11iJ'ru~\91: 

~Vl1l'Vlt.J1~t.J6/JB'Ubbn'U, 2553. 

B'U1'U'tf Vllillil1'UVl Pltl. n1'aoW ~'U1'tf \;ln1'a'Vl\;l~B.:!n1'abfl~ B'U~ bb 'U'U'Vl:l.l'U b~B.:!'Vl eifo bb~~ b:l.Jb:l.J'UIPi'fl1111 
'I , 'I 'I 'I 

b~BVbyjBb~:l.J~~~:l.J{j'Vlt'Vl1.:im'ab~V'U1'tl1W~n6i. l'VltntJ~'UTI'lJ~~~1l'VltJ11"11?1\91J 

~vi1'Liru~\9l: ~Vl1l'Vltn~t.JB'lJ'1J1'tfBTW, 2554. 
' 

tJ\9ltJ1 VleJ~n~'U. n1'aoW~'U1~~~:l.J{j'Vl~'Vl1·rn1'ab~V'U'tlB.:!tl'nb~V'U~1V~\;lfl":\ln'a'a:l.Jn1'a'Vl~~B.:i 

bb'U'U SE b~B.:ln1J~nb'Vl'tl~Nbb~.:1~1'Ub~'U6ibb01~16lfbfl~ Lu h6iHhnlPl. l'Vlt.J11J~'U5't.f~ruru1 
"'"' 

J 1A1..:J ~'U b?I~~. ~~m'a'1\;1 n ":\! n'a'a:l.ln1'a b~V'Un1'a~ B'U b~B.:!.:!1'U bb~~'W ~·H1'Ui'U~5V:l.lfin"t:;1U~ 4 

'U'U~'U~1'U'tleJ.:!'Vl{]'l:;~flB'Ui;JIPli'fl~1~1Plb\;1Vb-b'15 POEs. l'VltntJ~'UTI'lJ~~~1 
Pin~11"11?1\91J"~V111J'ru~\9l: ~Vl1l'Vltn~t.J6/JB'Ubbn'U, 2551. 

~'Um b~B..:JJ"B..:J. fl111l~:l.l-W''U5J~'Vl11.:i'Vl~nm';iAn't:;1bm*l'a "n1'ab~V'UV\;1Vn1-;itll)u~" nu 

~IP11'VIV1n1'afin"t:;1. m ..:Jb 'Vl~~Vl1'UflJ": Aru~ml"11?1\9l{e:i\91?11vimJ"~ ?tb1TU'Ub 'Vlfl fo fa~ 
' ' ' 
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v 

~f!:Jbne:i m':i'Vl1b161J. 'W11Plm';i3Jn1';iAm:n n~'lmw:wm'l..JA':i: Vf1'1~'1..J~1u..J1il1n SR Printing, 2543 
" v ' 

~f!:J'lJ:W !'1~6'1~81\?l. n1';i1~tlbUeJ~~'W. ~:W~A-r'IVi 7. n~'lb'Vl'VUJ'\ll1'1..JA':i: ~l~Cl16'116'ltl, 2545. 

g..:;::,, ' ~ .:::f .:::f d ' I .:::fl/ 

'\Jtufl:W Al'VfVf~'U. "nTHtl':iCJ'\Jb'VlCJ'IJ[;.lG"Jf11':ib ':iCl'Ub"jeJ'I \?ll':i1m?l\91"jlbG"J~e:Jdf11l'l nG"l:W6'11"j~n1'H':iCl'U':i 
, v , ~ 

?lm'Um':irun'\Jm':ib~CJ'Ubb'IJ'Utln~ ", 1TH'l1';i1'Vla'U~n1';i 3J'Vl11V1a1imw!l~1'Wfl~'WVJ{ 

22(3); 68-82; tl'Ut.nCl'U-B'W11A:W, 2554. 

i'Vlm'U"W'U5tl~f!:Jf!:J1~m.~1m?1\9l':i:W'\ll1uru~\91: :w'Vl1i'Vlm~m~m11VlJJ. 2552. 

Jl'W bm'Vl 1 'W'IJG'18. u 'W1nTn;rn'W1V1a1A16'11P1{ m w1m:w'Vl1um: 1 vm1inJ'W1'W1'W61J8, 254 7. 
" ' 

CJ!'l'B':i um~<.1. n1';i~~'W13J b 'W3J~V11~1V1a1A16'11P1{ b~e:i~ •tm~1 'Vl~6'1ii1Pl l~a1.U15m';i6'leJ'Wbb'U'U 

Predict-Observe-explain (POE). i'Vlm'U'W'U5tJ~~f!:J1l'Vlt.nl'116'l\9l':i:WVl1Uru~\?1: 

:W'Vlll'Vlm~C18'\Jm161J'BTU, 2556. 
' 

~'l..J Jl'd"j'd':i':itl.l. "fn1:WVl1'Vl1Cl~8f11':ib tJ~ Cl'Ubb tlG"l'ln':i~tn'U f11':ib~CJ'l..Jf11':i6'18'U 1 'WCJfl~~YlG"l "' 6'13J1fl3Jfl';j 
" ' 'U 

1'VIV1A16'11Pl{ flWIP1A16'1!Pl{ bb~:::b'Vlfl b'Wb~~bbl'i~tl';i:::b'VIA1'Vla. 20(fol'l~): 3-9, 2557. 

-r\?l'Wl vr'U?ltJ'Vl bbG"l~ 1-lm'W'I~ b~8'16'11':i':iru. "m':ivrl?lJ'Wl:W fo:w~'Vl1'1l'VlCJ1m?l\9l~b~8'1'11'UbbG"l~ 
' 

V ~ d ~ C:::. Q,.I I 

6'l'lbn\?1-n1':i€l'B'\J1(1 "' 11';i6'11';iAm~nA16'11Pl';i3J'V111'VIV1~£J"!JeJ'Ubbn'W. 35(2): 87-92, 

2555. 

-r\9lmn':iru nm<.1:w~ru. n1';i~~'W1b3J1P11fle:in-u'Yi'W"lle:i~'!!rn~a'Wi'Wt1';i:::fl3JAn'~1u~ s b~e:i~ bb';i~bb~::: 

fl113J~'W b~VboUn1';i6'leJ'Wbb'U'U PREDICT-OBSERVE-EXPLAIN (POE). 

i'Vlt.n'W'W'U5tJ~ruru1~ n~1m?1\9l':i:W'Vl1u ru~\91: :WVl1l'VlCJ1~ CJ"tJB'Ubbn'U, 2553. 
"" 

~1an~m';i3Jn1';ib~a'Wibbuuv11'W1a %1~m1Pl B6u1a. i'Vlt.ntJ'W'U5tl~f!:lf!:l11'Vlml'11?1\?l':i 

:wmuru~\91: :w'Vl1i'Vlt.n~C1e:i'\Jm161J51iJ, 2554. 
' 
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'.i~'fl1'.i'.iru ~,:mwi. ~111A1~!Pl{~'l.!~1'l.!. fl1\lb'Vl'W:IJV!1'Wm: beJ6'1 Yl beJ'VJ 'W~'W~\l mu "i\'1n~, 2542, 
'I q d..t 'I , 

1tJ'1J1 U'.i~~'.i~'WB. iubb'U'Un11vl1fl11:l.lb,J11lil'U'l.!~'l.!~1'l.!"!JB.:i'Vlq~~flB'lJ~IPli'fl~1~~ b~B.:!.:!1'l.!bb~::: 
n11bfl~B'l.!~ iuaJ:::t1aJf.in~1tJ~ 1 1~v1-H16 Predict-Observe-Explain (POE), 

1'Vlcn'Ll'Wt16tJ~qJqJ11'Vlcnl"1161\91'.i:1Jmu ru.fl \91: :1J'Vl11'Vlcn6Y CJ'LJB'Wbbn'W, 2553, 

11~'W'VI~ i.J1r11m, fl11aJ1P11:::V1'11n1uflrufi1flijilruru1~ei.:i~u"!lei.:i'l!m~vuiu~5t1aJf.in~1tJ~ 4 
, 'U QIQI 

h:ib~CJ'Wir5CJ:IJ11~'1Jiljj, 2550. 
'\J 

l'.i~'W\l~ bb6'1\l'1J b\91. m11bfl11:::ifoijilruru1~ei.:i~'l.!bb~:::b'Vlfl1u1~v~uu1u1u'Vl1.:i1'Vlti1A1~1Plfl'U 
\J "U QI QI 

fl1flt b 'VlijBIPIB'U'U'U"!JB.:!U1:::b 'VlA1 'Viti. l'VI CJ 1'W'Wt16u~ qjqj1 fl1'.i~ fl'l'f1~'l'f~U ru'1 \91: 

:IJ'Vl1l'VlCJ16YCJl"l~'Wfl~'W'Vl'.ilh~, 2544. 

l"l'.i115 'W1b6'11CJ:IJ. n11~B'Ubb'U'Uvl1'U1tl a.:ibn\PI BB'U1tl b~B~IPAl'U1fl11:!Jb,J11lilbb'U1fl\Plb~B.:i 
' 

'Nlil11 ~rhm:::bb~1P11.:i. 1'VICJ1'W'Wt16tJ~qJqJ11'VlCJ11"116'1m:1J'Vl1uru'1\91: :1J'Vl11'Vlcn6Y CJ 

eJUG'ld1'1J51-lJ, 2554. 
' 

.d:I 6' c::r, I fi Q.J CV ~ .c::::t ii 

b:IJeJ\11\l'l'f, 6'1'W '4:1J'W'.i:IJ bb61~e:immru B'W'W\?lm'il. mw•IPAl'U1~~nlilm1aJn11b1ti'Ui 

1'Vlt11A1~1P1i 1~v 1-H'Vl q~lj'W\1U qi qi1 b ~mi .:i b~~aJ~~aaJq'Vl~'Vl1.:im1b~t1'Ubb~:::fl11aJ 
"1~1~'Vl1-!JB11:lJW b~B.:i B1'Vl11bb~:::~1)b~'W~~ ~1'Vli'u'l!m~ti'Ui'U~5tJ:lJf.in~1tJ~ 2. 

m'.i~t1fl1'1'\.J~qJqJ1m'.i'Pin't'f1:1Jmuru'1\91: :1J'Vl1l'VlCJ16YCJm '.il"ll'.i, 2552. 

b6'1ti~ b~ei~-:ib'Ll'W. nTnmt1ub~t1u~~~~q'Vlt'Vl1.:im-ab~t1'Ub~ei.:i ~~u~"!lei.:i"!Jei.:i1'Vl~~1~H'um'ii 
~\Pln1'iib~tl'U~bb'U'U SE ~1~nun~16 POE num1b~tl'Ubb'U'UUn~"!JB.:JUm~t1'Ui'U 

'U 

:1Jmu ru'1\91: :1JV111'Vlcn6Y CJ-a1:1Jr11bm-:i, 255 7. 

i'i'VIBPlfl~ ~'W~11\l~. ~~"!JB-!lnlilm'iiaJn1'iib~tl'U~~~.:ib~~~m-a1'1b'Vl\Pl~~b;J.:i1'VltJ1A1~1Pli~B~1bb'Vl'U 
'U ' 

~ d ~ ~J CV QI Q.I ~ Q.I ll:::i 

fl11:lJflt\Plb'iiB.:!U'ii1n!Jn1'iiW~1'ii1f11~\Pl'ii'W'U!1'U"!JB.:J'UnbW'U'ii:::~u°!f'U~5tl~An~1 

IPIB'U~'U. l'VICJ1tJ'Wt15'\.J~qjqj1fl1'iPlfl'l'f1~'l'f~Uru'1\91: :IJV!1l'Vlcn6Y CJl"l~'Ufl~'W'Vl'.ilb 'iilPAI, 

2555. 
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?f1tl'n-nuAru~m'j":iJfl1'j"fl1'j"~fl~1Lbvi'16V1~. vr;i:::'.i1'!fururu~m'.iAn-~1bbvi.:i'!f1~ (uuu~ 1-2) 
"'"' 

'W.A. 2542-2545. uUutH'uLh--1 2546-2548. m--'.lb'Vl'W:lJ'Vl1'Ufl'j": ?f~'j"b'Wl"l1~, 2545. 
' ' '\J 

~m'W'j" bb 'Vl~:lJbbn1. "fl1'j"b LJ~CJrn ViCJu~~~:lJ~'Vlt'V11--'.lm'j"b~CJ'U VI n~~m~u1'Ufl1'j"'V11'11'VICJ1m?1~1 

bb~~b'il~A~1 'Ufl1'j"b~CJ'Ul'VICJ11"11?t~1 L~m 1 vJvh 'Umtl'm~CJ'Ui'Llir'BCJ:iJ~n~1tJ~ 31~w1-ff 

b'VlfllJflfl1'j"?feJ'Ubb'U'Uvl1'U1CJ ~--'.lbn~ ei5rnCJ nu15?tei'U bb'U'U~'Ub?l1~mm1:iJ~ bb'U'U 5E", 
'\J 

11'.i~1'.iAfl~1A1~1W~ ~'Vi11'Vlti1~tl'L!b'.if"l1'.i. 16(3): 196; mn!J1fl:lJ-tl'L!CJ1CJ'U, 2557. 

?ll'VI~ A--'.lnn~. ~6'1"tleNn1'.i~B'L!~1'.i1rt1i;:i1wfouu~ub6'11::: 1~ti1 oU'L!1i;im'.i~bb uu:ij16'1ei.:i'.i:::uu b6'1n 
' 

~1.:i:S''L!'Vl{ ~1.:iei1i1i;i~ (EMS-model). 1'Vltn'W'W'LI5'U~t1Jt1J1fl1'j"~n~1~~~urusn~: 

:lJ'Vl1l'Vltn~CJl"l~'Ufl~'U'Vl'j"lb~. 2553. 
Q..I f( .::::r.~ c:i Q.I ct di Q.I .c:::ii. ti 

el'U'U~ \"l'j"'VleJ--'.l~'U. n1'.iflfl~1~6'1~~q'V15'V11.:ln1'.ib'.itl'L!bb6'1:::'Vln~:::m'.i'V1~6'1B-111'Vltl1A16'1(;1'.i"!JB-ll 
... . . 

tl'm'it1'L!<yj'L!~5t1~An~1tJVi 1 Vil~~Un1'.ib~t1'L!n~t11.Unliln'.i'.i~n1'.i'V1~6'1B.:i. 
'U 

l'VltnlJYfu5'\J~t1]t1]1fl1'j"Pl n~1:lJ'Vl1U rusn~: d.J'Vl1l'VICJ1~CJl"l~'Ufl~'U'Vl'j"lb 'j"~, 2548. 

8Dt1Jt1]1 bfl'U~LJm. n1'.i~'i!J'L!1~~nliln'.i'.i~fl1'.i'V1~6'1B-111'Vlt11f116'1(;1{ b~B-11 6'11'.ibb6'1:::~~U~"!.IB-116'11'.i 
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:lJ'Vl1l'VICJ1~CJl"l~'Ufl~'U'Vl'j"lb 'j"~, 2546. 

' eiil~'VIB 'B--1 b'tf CJ bb~~Aru:::. "fl1'j"'tJ'j":::biJ'U~~ fl1'j"b~CJ'U~ bb uu l 'Vl&J b~CJ 1 off ~~?lffLJ nB'Ub~CJ'Ubb~::: 
'\J 
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n~:wmd~fl1'H~tJ'WTI'VltJ1f"11?1~1 dltJi•tn fan ~1d1i"l1?f~1bb'1~tnfl1i"l 1321o1 .ff'W~6tJ:w~n~1u~ 5 
' " 

V1ti1tJmdb~tJ'W~~ 1 fl1d'Ut1nl?l'1bbVlti'l'U'W'Vld'ln'1:w~1 ..J'1'W1'U i.s V1ti1tJn~ nm 2 '8'11:w,:i 
" 

d ~ 
~1':i~'VI 7 fl1':i1fl1~l9l':ibb~~el1n1fl 

i.!1l9l':i~1'LI 1 1.1 boLJ1 h11cni'W1fl1':i'LJ€l'ld~'U'U?f~tJ~ fl1bb~n"libb'1~beinil-w m':itln61:wfr'W5mtJ 1 'Wd~'U'U 
~ ' ~ 

" :IJ1~':i~1'1Jn1':ib'ieJ'IJ~<tf1.:ii'LI :IJ.4 -:IJ.6 
~ " 

'LJ ru~ b~ CJ1 fl'W fl'W ~ti 8~ ':i 'loLJ1:WVl~€l'Vl 1'1~1'W ~ 1'1'LJ €1'1 b dl n ~ ~ b ~'WVJ €1'1~1~ fl~1'WVl~'I bu 'LI fl~ '11 'lfl'1:W 
" 

b ~'Wb~ tJ1 il'W ~'1'1'W ::5,:i n1Vl'W ~ 1 ~VI €1'1~1iJ~ n~ru~ b U'W'Vl':i'lfl'1:Wnm,:i b~CJ n11 'Vl':i'I fl'1:WVJ€1'1~11~rniJ 

~11t]fl~ m,:im'i/1~~ ~1'1~'W'Vl1 ~11 bri'i1~~ bb'1~1~~VJ€1'1~1~'W?f:w:w~11tl':i1nnei~ ru ~11 'W'LJ€l'l'Vld'I 

n'1:w fan b U'U'Vld'ln'1:w(9]'W~i€l'W €18oLJ'1,:i 1 'U'LJt1'1'Vl':i ,:i n'1:wVi'ei,:i~1 m':ibb t.J,:il?l'1bb Vlti'l'U'W~1'Vl':i'ln'1:wVi'€J,:i~1 
" 

1 i':i~tJ~'Vl1,:im:w:w:w f1~btJ'W:w:w ru ~~i"l'U~flm'I b ~'Wb~ tJ1tl'U fl1':itJBfll?l1bb Vlti'IU'U~1 fa fl b ~8'1~1fl 1'1 fl 
" " " 'U 

iJ'LJ'U1~ 1 Vlru:wi n b~tl b VitJ'U n'Ur:JG1,:ibn~ ::5,:i b vitJu b?fi'.iei'U11r:J 61,:i bn~ei8u'Uv1'W~'W~ b U'W':i~'U1u u~b 1ru~ r:t 
Q.I 'U 'U 'll 'U 

~'lbfl~ b ~'W.y1'W~'Wl'l~il'U'Vl':i'lfl'1:WVJ8'1~1 b~tJn11 b~'U'LJ8'U~1 (Horizons) 'LJru~~~~~€18bVl-WB~':i~~ 
' " 

'LJ€l'lr:J~,:i bfl~ b~ CJ n11 ~~ b V1-Uei~':i~~Vl~B~~tJt1~~1 (Zenith) 'tlru~~Vli"l~1,:i .,~~€l 8um~'W'LJB'U~1 
'U , " I 'll 

1~bbrl Vli"lbVl-Uei Vli"l1~ Vli"l~~1'W88fl Vli"l~~1'W~fl 

2. ?f 1:w1 ':itl b ~ CJ'W'Vl':i 'I fl'1:WVltl'l~1'LJ €l'lr:J~,:i bfl~~ €18~'1 ~ ~~~ ~1'1fl'W1~ 8 81,:iti fl ~tl'I 
'U 'U 'U 'U 

3. ?f 1:wl':itl':i~'U'1~ ~ ~ ~'LJB'I r:f ~'I bfl~ ~1 fl l?\'1 bb Vlti'l'LJ 8'1~1~1'\J'W'Vl':i 'lfl'1:WVltl'l~11~ 
' " " 
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1. tl'm~tJ'U?11m1ri b zje:i:w 1tJ-:im1:w~:w~'UTI1~'Vl11-:im'V'l"Ue:J-:iVf e:i-:i~1~:we:i-:i"il1n 1~ mb~ ~mml"l 

2. tr n b~ tJ'Ui1fl11m .LJ1 h bM tJ1 nu "ii~ eJ'1-:iB-:i~'11~ruu'U'V11-:in~:wVle:i-:i~1 
' v 

2. 'V11'lf1~:W~1 

3. tl11'Vl:W'U"Ue:J-:i 1~mb~~'V11-:in~:w~1 
' 

,r'IJ~~1.:lfl1111~'1J 1~ 

1. m 1 ~tl'm~tJ'U~m'V'l bb~~~-:ir11m:w bMtJ1nutJ11nn m1ru'V11-:im111"11?1~1~ bMtJ1oLJe:i'l b ~e:i 
" " ';;.J 

m~~'U 1 ~tl' m~tJ'U?l'W hPin~1m1:w~~1'U~111m?1~1 b ~'W 
' " 

- b~e:itl'm~tJ'We:i~1'W~1ci-l bb~1:we:i-l1tJ1'W1~~u?11tJ~1 "il~~-lbf1~bi1'W~-:i1~ C~'IJ~h.i 
" 

"1.Je:iuw1 .vle:i.:iw1) 

.111\'4~ n.1 ~11'U'IJ.vle:i.:iw1 
.c:I Q.J I ~ ~ ' 

'V1111: ?lfl1'U'W?l'lb?l1:Wtl11?le:J'W1'VltJ11"11?1~1bb~~ 

b'Vlfl1'Wfa~ (?1?11'Vl.) (2554) 

1 "" .,: II .'!-! 
'\JeJ1fl1~~.:I b 'Vl'\J~11'U'\J'VleJ.:ITI1) 

- v111:w~'lb i1'W~11 bfl~e:J'W~'U'WVle:J'l-rl1 (b t4'a1:: fan'Vl11'\J'aeJ'U~1beJ.:1) • 
Q.l.c:'il •cv o <Q~dvo o 

2. 'Wm 1tJ'W"1!1 CJ n'W~ e:J'Umm:w bb~ ~ bb?l~'l m 1:wri~ b 'Vl'W bn tJ1 n'Uri1 ~ e:J'U"LJ €l'lfl1 m:wm:w 

UW?l'Utl11tUb~:w b ~m zjei:w 1CJ'l b tJ~m1b~tJ'Wb~e:J'l 'V11'ln~:w-rl1bb~~~n 1~n 
" " 
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~'1Jvl1'1J1V (Predict) 

1. m 1 VI'!! rn~CJ'U\9lm~ bb'1~mll'l1 rn~CJ'Un..:ii.J1~ b~'U"1.J'El..:i'V11..:i nm..1Vf B..:iYl111 
'IJ 'IJ 

fl1-W~ n.2 1:::m::'tlei.:i~11u'WVfei.:iw1 

~l.11: ?lmu'U1~ CJm11m~w1~bb lA..:i"1J1&i ( 'El'lfln11llvt1"1l'U) 

~11 bb\91'1:::~1.:ie:i ~vi1.:ili11 n b ~1 b U'IJ~:::v:::v11.:i~111 n) 
'II 

- fl'U~'U1 ~'El~ ru ~1bbvt'1..:i~1..:i1 U'UL'1n X'lbnvib~'U\9111btJtJ'j:::CJ~bv11ntJnUb'j1vt~B1lJ 

(b 'Vl1n'IJ> 

w1> 

- bi"i'j1~u~i1tJm'jl.J'El..:i1LJEJ'..:imml"l "OJ1n~1 fan nbvtij'EJ'Ub'j1lm..:im~h (~1'tlei.:1Vfe:i.:iw1) 

- bb?l191..:i11 fan"1.JB-:Jb'j1t1nlABVfll l~CJ'El~ h ('v1~.:imn.1w1) 
'IJ ' 

.d Q..I I .c.. ~ If 

'V13.J1: ?lmUtJ?l..:i b?l'jl.Jn1'j?l 'EJ'U1'V1CJ11"11?lmbb'1 ~ 

b'VlflLtJfa~ (?l?l1'Vl.) (2554) 
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- ~1b 11v'We.i~u'U fam 116'11m1m ~'W61'-:ibrw1 b~'UVi'e.i-:iV111~~-:iV1:w~V1~e.i hl <'h.ib 'W'i1::~'L!~1 
'U 

"lle:i.:i fanu-mn 11) 
- ~1b 11'1~6'1-r1-:ivi1-:ini;:i:wV11'11n~'U\91'U1rn1ru'lle.i-:i b 11'1~ 1~Vl~e.i hJ 

2. 1'M'trm~ti'Ui;:im11~.f11'V'lvi1-:ini;:i:wV11\911:w~'U\91'W1rn1ru'1Je.i-:itrm~ti'U 1 'U1u.:i1'L!~ 1 

u uu:ij16'le:J-!l'Vl'i-!lnm.1~11 'L!i5'L!(;l'L!1n1'iW 'lle.J-:J"ll~ 11'1 m1:wvi1-:i ni;:iiiV11 'V'l-raii a5u1 ti?i1'Utb~ nau 
' 

i'Wfl1'i~-!lbn\;l/'Vl~6'le>.:ihluf'i'W (Observe) 

1. f111-M'l!m~ti'U~bb uLJ"i\'1i;:ia-:ivi1-:ini;:iiiV111 'Ubb'UU~1-:i61 bb'1~ b tJ~tirnVitiunu16'1~bVl~a 1-tl~1-:i 61 
" 'U I , I 

~b~'U1'UVi'm~'U ~ij~mm.1~f1~1tinuvi1-:ini;:iiiV111'U1u.:i1'W~ 2 n1'ibmarnViau~m~m.1::'Vl'i-!ln6'111~1 

nufa~b 'Vl~e:J 1 m 'WVlel-!l~'W '1J8-:J"ll~tl'1 fl11:WVl1-:Jfl'1iJV11 
' ' 

.c::f QJ I ~ .:::it, ' 

\11111: 6'1'11'U'U6'1-:J b6'11l.lfl116'18'Ul'VI tJ111!16'1~ 1 bb'1~ 

bVlflL'Ufav (6'16'1TVl.) (2554) 

2. m 1-Mtr m~tJ'U~ bb uu"i\'1i;:i a-:i'llan11-:i ni;:iiiV11 bb uu ~1-:i 61 bb'1~~1:w n'U a5u1tivi1-:i ni;:i:wVi'a-:iV11 
" " I 

bnaiia-:i;'U 1'\.Ju'UVi'a-:iVJ1b11'1~ b~'U11Vi'a-:iV11 b D'Ufl~-:iV11-:i n~ii~e.ime.iu~1ti bb 'Ul b~'U'1JBuV11 (Horizon) 

bb~~ijm1~ n,;bb'1~1~~Vi'mV11?i1'U 1Vlqj~n~~-:ibm1 l'u'U~l 1?11 bb'Vl°Ll-:i b'l.J~tJ'U bVltJ'U n'U'lJB-:J ~11~fl~'1~ 

rleJ'UoU1-:Jfl-:J~ vh 1-M'b ~'U n~:wm1 b~ti-:i\911 b V!ijeJ'Utl'UVlfll'U 
' ' 



' 

.,,~ ....... t..:tlT1nj]llMwi1 

..,,,..__infll 

\ 

.c::t V I Q Q. ' 

'Vl:l.11: ?ltntJ'U?l\I b?l1l.J fl1'j'GftJ'U1Vl tnl'311?l 1?11 bb'1~ 

b Vlfl 1'LI fo ~ (?l?l1Vl.) (2554) 
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Vl1\ln'1l.JVle:J\IYl1 (Celestial sphere) i1"tJ'U1~ 1 vrqjmn-~'UTI"il11tu11~11 ~~\lbn1?1VJnfl'UtJ'U 
fond e:i ~~"ii~ 1'3l'U 8 n '11\l"tle:J\IVl1\ln'1l.JVl e:i\IYl 1 n~l.J~ 11~l.Je:J\I b ~'U,!'U ~e:in1~~tl1~ (Proiect) "ii 1 n 

C\.J 'I 'V , ) 

m fl11'31'1 .:iu'U~'U~1Vl1 \I n'1l.JVJ e:i\1Yl1 m1t] n,;~ b ~'U11e:i ~ 1n~ n'LI bb VJ"il~ \I bb~1611'U 1 vrqj bb~1 e:i ~vi1.:in'U 
mn 

~h celestial pol• 

~~~;~~~!~n -L ~ ~ / P~aris 
sphere 

c ~ __ ) 
S•)Uth ce;;$tiar pote 

CeloIBhat s'.>here 

ct CV I .::it. Ct. If 

'Vl:l.11: ?ltntJ'U ?l\I b?l1l.J fl11?le:J'U1Vl ~11'311?l1?11bb'1 ~ 

bVlflfofo~ (?l?lTVJ.) (2554) 
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mu..JVf fl,rvh1 ti1~'U'U~1-:i., ~'l'Ufln~1 m..J:w~1~'11n~61-:i bfl\91 bVi tJ'U n'U1~ti1'U bb6'l~1ii~eJ'1-:iB-:i m1b~fln 
I ' '\J , 

1~ti1'Ubb6'l~~~eJ'1-:iB'l~bb\91 n~1-:intiv111 ~\fi~1~'U'Utln~vh (Celestial coordinate) bb'U'U~1-:i 1 b~fl 

:Wfl'llil 1 nm mf"l 16'l nlj1'tJ~1-:i1"1Gi'1 tJ t.J6'l~:w~ bn fl'Ulil~ b liuv11 -:in6'l:w 'Vl:Wti 1fl'U 1'11 bfl'l1fl'U bbflti'Vl:Wti?t:w:w ~~ 'U q q , 

t11'1.l m tJ b~tlf"ltl~ ?i mflfl n 1 'tJ'Uti'\111 -:in6'l:WVlfl-:i~1 lil~v\'11 ~ bfim-:i fl6'l:W'l.ltl 1ti n'U bb ti1 b61tif"ltl ~ ?i \911 fan 
'U \I 'U 'U 

b~tJn11 b61tif"ltl~?i\911~1 (Celestial equator: CE) bb6'l~b'litintitl'1~m61mbfltl'Vl:Wti'l.lmfan~1ti .ff1 
" " ' 

b'Vl'Llmb6'l~1~ lil~vi'11~bfi~lil~?ifl'llil~'Utl'Vl1'lfl6'l:WVlfl'l~1b~tJfll1 .ff1~1b'Vl'Llfl (North celestial pole: 
' ' 

NCP) bb6'l~ .ff1~11~ (South celestial pole: SCP) \911:W~1~'U 

.n"1v111;;~-w1~ 
'1'1l"r1ilf>~ti: (Zenith) 



rlUbbn'WV!~'Udfim~'U~'U~~l'lTV11 (CE) ~,:j~fl~11mbb~1 ~11tjfl~'\J'UVl€l-:J'VlT~::: 1fl'1';i'!J'U1'Url'\J bb'U1 

b?f'Ul"l'U~?lm'V11'11n~-:il'l:::1'UBBfl 1 t!E1'-:il'l:::1'Ul'l n b'Vi';i1::: fa flV!ll'U';iBUl'i'1rn-:i1 'WVil"l'Vl1'Ub ~1J'U1lam 
'\J '\J ' 

(l'l:::l'Ul'lflhJl'l:::l'U€J€Jfl) ,j''Ub€J-:J 
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2. mJ-:iirm~~'UBBmll'Wfl~ll., ~::: 4- s fl'U bbl?i~:::n~lliiirm~~mri-:i tJ1'Wnm-:i BB'U fl~:::n'U 
' I ' 

iue:i6u1a (Explain) 

1. fl';ibb~:::irn b~~'U111ln'UB6u1~.fr'Ul'lB'U m1?1~1-:Jbb uu~1~B-:J'Vl';i-:Jfl~1J-V11B~1-:i~1~ 1~~ 1 off 
'\J 

- Vim~-:i 4 '\J'U1:::'U1'\J'!J€l'U'Y11'!J€J-:J~61'-:ibfll'l 1~bbriiliiaib V!'LlB fiBVil"1~€J~'Vl1-:J.fr1 fam V!'LlB 
'\J '\J 

Viiai1~ fiBVil"1~1'1';i-:J-U11l nui/im V!'LlB Vil"11'1:::l'U'U€J€Jfl fiBVil"1~€J~'Vl1-:1~1'U'!J11iiB bij€l~61',:i bfll'l.X'UV11J11 U 
'\J '\J 

- b~'U'!JBU'V11 (Horizon) b?f'U~bbD-:11:::wJ1-:1Vi'ei-:i'V11nu~'U~'U 
- b~'UblleJ~b~~'U (Meridian) b~'U1-:in~ll 1 V1ru~mfl?11llJ~lil1fl'!J€l'U'Vl1Viiaib V!'Llei?!-:i~'U~Tw 

"' '\J 

.ff 1 b V1'LleiVi'ei..:i'V11 bb~:::lil~rneiviYl11 tJ Ei'-:iiliiai1~ b~'U~~:::bb LJ..:i'Vl1..:in~lJVleNYl1eieim U'U61eN~1'U ~ei~-:i 
' 

., 
ii d d I i.I .r::::t. .:ii i/Q,.I 

b?l'U'Ub 1~ m1 b?l'UblJel1bVl~'U'!JeJ-:Jt-1?1\lbfll'l 
'\J 

- .fr1'Yl1bV!'LlB (North Celestial Pole: NCP) lil~~B~'U'Ubbfl'UV!lJ'U'!J€J-:J'Vl1-:Jfl~lJYl1vrn 
' '\J ' 
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- b~'UPl'UEh'lmvh (Celestial Equator) b~'U~~1'U'1~ViP1\91~l'Ue:Je:JflhJvn:rViiai\91:rfo\91fl 
" " ' 

- b~'LI'1~EJ1~ (Ecliptic) bU'Ub~'Ubb'U1fl1'ari~ei'LI~'1lmm'lmVi\91tl~1'LIVi'ei'IYl1 b~'Udbn~ 
'11flfl1';j bfllil';i'tle:J\l famffum\lel1Vi\91tl 

- '1~Bfll'Ue:Jfl6il (Equinox) bU'U'1~1'1~'1Jel\lb~'UP1'Utl61\91';iYl1 bb~~b~'U61~EJl~ bU'U'1~~~1\l 
, , 'U \I 'I , 

Bfll'Ue:Jfl6il (Autumnal Equinox) \91';i\lflUl'U~ 23 fl'UEJ1EJ'U 

- '1~ 1615~ 61Vi61 (Solstice) b U'U'1~~ b~'UPl'Utl61mYl1bb~~ b~'U61~EJ1~ei ~i-i1\ln'U:i.nfl~61~ ii 
, 'I 'U \I 'I \I , 

61e:J\l'1~Aei s/Tmirn{ 1"1f~61Vi61 V!~eiri~~:i.n~'LI (Summer Solstice) m\lnU1'LI~ 21 i'JCl'U1EJ'U 1'Lid 
' ' 

' ~ 

1'UVi 22 6'U11ril.l 1''Lit1flm\lA'U'1~m1'U1'Ufll1flm\l1'LI 

2. fl';i 1 ~i( flb~EJ'U 1~tl1Vl';i\lfl~l.Jtl1'1Jel\lfl~l.J~1 bel\l:J.ntl1b61'Uel brn~ei5U1EJfl1';i 1-1f '11'Ubb~~'1~~ 
" ' ' 

ei \l f1tJ d ~fl eiu 611 ri' 'lJ'tl eJ\lVl d \l fl~ &.JYl 1 

3. fl';ibb~~i!m~EJ'U~1l.ltl'U61';iUb-deiV11 bb~~m1~i!m~EJ'LI1~61eiuml.l-t'ei61\l~m~l.lb~l.l 
" ' " 

1.1 U\l1'U~ 1 bbUU"iJ1~el\lVl';i\lfl~l.JYl11 'U~'U\91'U1fl1';iuJ 

2.1 U\l1'U~ 2 fl1';ibU~EJUbVlEJU~fl~tu~VJ'j\lfl~l.JYl1nu1'61~bVl~eJ 1-til 'UVleJ\l~'U 

4.Vli!\l~elb~EJ'Ul6111fafl ~111P1161\91fo~~eldfl1Pl b~l.J 3 

5.1 Ufl11l.J~~ 1 b~el\l Vl1\lfl~l.Jtl1 
" 

1. ~1'Ufl11l.lim1l.JboLJ1h (Knowledge) 

' 

- ~\lbfl\91fl11l.J61'U1'11 'Um1~1l.ln'1m1l.lfl~l.J 
' 



2.151~ 

2. ~1'UVlf1~~m~'U1'Ufl11 (Process) 

- i1'-:ibn1?1"il1nrn1u5u~-:i1'Ubb~~Vln~~rn1v\'1n"ilm1J.Jn~J.J 

3. ~1'Ub"ill?lfl~ (Attitude) 

- i1-:ibn1?1Y-4t'J~m1J.Jrn1u5~n"ilm'rnn~J.J I 11CJllflfl~ 

1. i1'-:ibf11?1Y-4t'J~m1J.J 

2. fl111?1€l'Ufl1fl1J.J1~~11-:ib~CJ'U 

3. rn1v11bbuurlni1~ 1 'LI"11~n"ilm1J.J 
' 

.d c:t Q,,I 

3. bfl"3e:J{li.le:J"J~ 

1. bbuui1'-:ibn1?1Y-4t')~m1J.J 

2. bb uui1-:ibn1?1Y-4t')~m1J.Jrn1v\'1-:i1'Un~J.J 

~"J'U'lh::ne:iu;ie:i'UVf 1EJ 

1. u'LIVirn.iffv1~-:irn1~~rn1b~CJ'U~~1CJ15 POE 
" 
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................................................................................................................................................... 
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('WltJ~~tJ tJ1&J'IJ1~) 

~1bbvtil~ fl'j" rJtJ~'U f113f. 1 
" 
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(. .............................................. ) 

................ /. ........................ /. ................. . 

(. ............. ········ .................................. .) 

............... .! ........................ .! .................. . 



fl 1 fl~ in n 'ti 

~1eJ~1.:Jau~n1ib'iEJ'U~'Vli.:Jng:it1cVi'eJ.:JW1eJ~1.:J~1EJ 
~ 'II 
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I tJ' I i./ 

1 ............................................. b~'VVi .......... i'U ........... 2 .................................... b~'VVi .......... i'U .......... . 
t !iV I i.I 

3 ............................................. b~'VVi .......... i'U........... 4 .................................... b~'VVi .......... i'U .......... . 
I lJ I i.I 

5 ............................................. b~'VVi .......... i'U........... 6 .................................... b~'VVi .......... i'U .......... . 
I t.J I ti 

7 ............................................. b~'VVi .......... i'U........... 8 .................................... b~'VVi .......... i'U .......... . 

'1~tJ'5~~-:ifi • 
1. b ~v 1 ~-Un b1EJ'U611il1'HWl~1\lbb uu~1~v\l'Vl';i\lflm.JVJB\1Vh bb~:::n1V1'Uvi~1'Utb:::nvu~611fi'ty 

'V€J\l'Vl';i\lfl~i!Vl€J\lv:l11vi' 

2. b ~B 1 ~-LI rn1EJ'U'11i11';itl 1 ibb uu~1~m'Vl';i\lfl~i1Vi'€J'lv:l11 'Wm'5b zjvii bEJ\lfl11ii~ii~'Wfi 

'5:::'Vll1\1Jl1'V'l'V B\IVJ v\lv:l1~iiv \llil1fl 1~ rnb~::: m fl11'31 

3. iim1iib -LJ'1 h b~E.11 nu1iivie11\IB\1~611fi'ruu'W'Vl'5\lfl~i1Vi'v\lv:l1 'Vl'1\lli!1flfl1'5'1~1\I bb uu~1~B\I ' ~ 

'Vl'5 \I n~i1VJv\lv:l1 

4. boLJ1 hii'li:.J~'VB\1~1 bb Vl'tl\l'Vv\le!~\lbfll?ll?i €JJl1'V'lVJB\lv:l1~iJ€J\I b i1'U bVlEJ 1 ibb 'U'U~1~€J\l'Vl';i\lfl~il 
'U 

Vlv\lv:l11~ 

2. 611m'5ti b ~ EJ'UJl1'V'l'VB\l'Vl '5 \I n~iiVi' v\lv:l1 bb~ :::'5:::'\Jlil 1111?11\I., 'U'U'Vl'5 \I n~iiVi'v'lv:l11~v ~1\lti n~ B\I 
"" I " 

~~\lbfll?l'U'U fa fllil:::b i1'UVJB\lv:l1ii'1 n~ru::: b U'U'Vl';i\lfl~ilb~EJ fll1'Vl'5\lfl~i!Vlv\lv:l1 (Celestial 

sphere) 11111~n~bb~:::11?1ti'Vl1\lm'51l'311'11?1~~1'U 1 'Vlrub'1iiv'W nutinl?l~\I bm 11u'U'Vl'5\I n~iiii fl1'5'Vll.J'U 
, Q../ 'V 'I 

'5€l'U~1 b€J\l'V€J\l b~fl'Vh 1 ~e!~\lbfll?ll.JB\I b i1'U'Vl'5\lfl~l.JVJ€J\lv:l1Vll.J'U'5€J'U bbfl'U61l.Jl.J~eJ'U'Vl~\I v\'11 ~b i1'Wl1111 
'U ' ' 
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~fl~bb'1~11?1~Vl€M~11fl'1~'11fl61J€l'U~1~'11?1~1'Ue:J€lfl1 UV'161J€l'U~1~'11?1~1'Ul?I fl 1~tJi1 bb 'U1fl1~ 1fl'1~61J'U1'U 

1 tJnu b?l'U~'WE1?1m~1 bb'1~bBtJ-:i v11:w:w nu61Je:iu~1~'Unu'1~~'1~61Je:i-:i~i1-:i bfll?I 1 mi~fi'1m~:wb~e:i-:i VJ~-:i 
'\J \I 'I '\J '\J 'I 

fl'1:WVfe:i-:i~1d i.!m~tJ'U'1~ 1~Pim.oJ1b~tJJnum~?11'1-:iVJ~'lfl'1:WYl€l'l~1 m~w~1'11bbV!tJ'l~1'11'U'WVl~'I 

fl'1:WVl €1'1~1 bb'1 ~ fl1~'\J€l n'W n ~m1'\J'UVl~ 'I fl'1:WVl€1'1~1 1?11m~'U'U'W n~~1~1'11 



Ji 
b 'We.JVi1 

b~Bl.I eN~'W 1 D'U'WVJeNYi1 b 'j1'<iJ ~ b ~'W11Vf B ~Yi1 b lJ'W A~ ~'Vl'j~ fl ~1.1~ BlJ'jB'lJ ~1 CJ bb 'W1 b~'W"UB'U~1 

(Horizon) bb~~i1\il11~fl,;bb~ ~l\91~VJB~Yi1?i1'U 1 Vlqj~fl\91~~bB11 l'U'W~1 Wl1bb Vl'1~b 'tJ~CJ'U b ViCJ'Ufl'W"UeN 

m1 flfl,;'<il ~r1B'WolJ1~A~~ vh 1 ~b ~'Wfl~l.l\il11 b~c.1~1'11 b VJ:We:i'W fl'W'Vlfll'W ·1 , , 

Q Q.J I .::it. ...:::., f' 
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'V1111: 6'l fl1'U'U6'l ~ b6'l'jl.Jfl1'j6'le:J'U1'Vl CJ11"116'l \91 'j bb~ ~ 

b'VlAl'Wfa~ (m:n'Vl.) (2554) 

'VJ'j~fl~l.IVJB~~1 (Celestial sphere) i1"U'W1\il 1 Vlqjl.11fl'<il'WoW'<iJ1'jfJJ11~-;h ~~.:ibfl\91'VlflA'U'U'U 
II I I II I 

fa n-W e:i tjVi~ \il~'U E! nm.:i"Ue:i~'Vl'j .:in~1.1Vf e:i.:i~1 fl~l.l\il11Vil.l e:i.:i b i1tJ~'U ~Bil 1vrVio1 v (Project) '<il1 n 

Bl fl1131~~'U'Uvr'U~1'Vl'j ~ fl~l.!Vl B~~1 \il11 fl fl,;~ b ~'Ul1BV lfl~ fl'U bb Vl'<iJ~.:jbb~lfil'U 1 '\llt"U bb~1B ~vh.:i fl'U vi ~ V ~ 



'I. 

W11 UH1~*w lna LWu" tM::111"11l£luiilS'lri'l 
stit.ruib"""naJ.Jaiwii 

u • 

Cll Q..I I ..:::., ..:::., d' 

'Vl111: ?lfn'U'U?l'I b?l~~.Jn1~?1B'Ud'Vl tnl3!1?1 \91 'Hb~~ 

b'Vlfl1'Ufa~ (?1?11'Vl.) (2554) 

flbrth celestial pol~ 
Appar;nt rotation ----t'- I / Polaris 

ot tho: ce1est1a1 ' '> 
sphere 

Celestial s:>here 

_q QJ I ..:::. ..:::. d' 

'VI 111: ?lfl1'U'U?l'I b?l~l.Jfl1~?1B'U1'VltJ113!1?1 \91~ bb~ ~ 

b'Vlflfofa~ (?1?11'Vl.) (2554) 
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q Q.J I c::t, c::t, 6' 

'VI~ 1 : mn u 'W ?1-:i b?f 'jlJn Tm B m VI en Pi 1?I1w~i bb '1 ~ 

bVlfl1'Wfam (?1?11V1.) (2554) 

cJ1'W .rr1b V!'Llmb'1~ 1~ "il~V111 ~bn\?l"il\11?1€l'l"il\?l'U'WVJ'j'lnmJVfB-:iYl1b1EJffJ1 .rr1Yl1b V!UB (North celestial 
' ' 

pole: NCP) bb'1~ .rr1vh1~ (South celestial pole: SCP) ~1l.l'11vl'U b~B-:ili11EJ.rr1vi1~-:i?IB'lifB~1'W 
'\J 

bb'W1 b~EJ'J nu bbn'WV!l.l'W"1JB'l 1'1 n ~~-:i bn~'U'W fa n~-:i b ~'W"il\?l~'l?IB'l.QB~ti-:i m1nn~~'l'Vl'11EJ"il~ 1fl"iJ'j'j€JtJ 
, '\J , '\J 01 

.fr1d bb'1~"1l'WTW hJ nu b~'WPl'W~?1mYl1 b~'W nl'j 1fl"il'j"1J€J'lm1nn~~l.l€l'lb ~'W1 wn-wb1EJ n-i1 b~'Wm1 '\J '\J • , 

(Star trail) zj,:ibn\?l"il1nm'jci1w-n-w 1\?lmtJ\11V1iJ1n~B..:i 11m'W 1 
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d ., 
fl1'W'Vl 'ti .5 b~'Llfl11 

.c::ill CV I .::it, Q, ' 

'Vl1!1: ?f b11U'U?f \I b?f dl.i n1'j?f eJ'U1Vl tnP11~W1 d bb'1 ~ 

bVJflfofo~ (?f?f1Vl.) (2554) 

tl1~1~1V!~eJU~b 1ru 1n~ b~CJ\liJm1?fl1\lyjeJflld~ b ~'U 1~~1J CJm bi.Jci1 ~~\lbn~U'U 1'1 nfi"il~b ~'U 
'U 

~11m\lt!'Ue:i~D\IV!~a bfl~B'W~ bYiCJ\I b~nu e:iCJ 1'UD"il"i!U'L!m1nn,;m\1~?111\l~?f~1 'Unci1.1~11VJiJ b~ n 
\I 't vi Cl q 

(Ursa minor) aCJ1n~nu~1~1b'V!UeJ bd1~\lb~CJn~11m\IJ'U11 ~11b'V!UB (Polaris) 
'U 

d 
fl1'W'Vl 'tl.6 ~1bb'Vl'Li.:Jf!11b'Vlile:iu'L!Vle:i.:ivh 

~111: ?fmU'U~\lb?f~l.in1d?fB'UlVltnP11?f~{bb'1~bVlfl 1 'Ufa~ 
(?f?flVJ.) (2554) 
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b VlU B "iJ ~ B ~?l'l"il1n~'Ubvi1 nu~~~ "iJ ~"ll B'l~ii1.:i bn~ fl11l.J"il ~ .:i-if B-rl' ?11l.111fl~?l"il'tJ1mlJ ~.nn 1~ EJ 1 oUVl~ n 
\J\J \.I 'U 'U 

b 1"1l11°HU ~ ~1 EJVl~ n~-:irnh1ni1dvh1 Vf ?11ii11ri b~ EJ'U'V11'l n~iiVf B.:iY11~iiB.:i b ~'U1~"il1n~G1'-:ibn~~ 
" 

~~&i"il~~1.:in'U 1m~EJ1 n Viiai'V11.:i~i;:i1n"iJ1n~1V11 b VluBi;:i.:iii1~.:io1nnu bb 'U1"tJBuY11~B ViiaibVlUB"il~.:i 
" 

(True north) 

10,NCP 
I 

: ~ 
~~ ;Q 

" " " 
" 

" " " 

d CV I Cl .C:. ' 

'Vl111: ?lfl1'U'U?l..:J b'11l.Jf111?1B'U1'Vl EJ1P11?1~1 bbi;'l ~ 

b'V1A1'1.Jfa~ (?1?11'Vl.) (2554) 

bG1'UPl'U~?l~1V11"iJ1n~..:i~~·fo BB n 1 '\J ~..:i~~l'U~ f1 b ~)1~ 1~ nVll.J'U)B'Uvl1 bB..:J1 'UViPl'V11'U b ~1l'U1Wf11 
" " ' 

(~~l'U~n 1 '\J~~l'UBBn) ii'LibB..:J 
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(~~TYL) (2554) 



L 'lH1'U~ 1 bb uu~1~ei..:i'Vl~..:imu.J~11 'U~'UIPl'U1n1~ 

fl'1~bb"il..:i 1-Mi.T n b~ tJ'U11 ~flTV'l'VJ'j»:iflm..JVf e:i'lYl1 Yl~tll..J~.:ie:i5u1 tJ ~1'Uth~mru ~1'l 1 m:um1:u b .LJ11 ~ 

82 



83 

~ .. 

"" ~ 
fl113.Jfl~bWIJ 
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"' "' fl113.Jfl~bVi'lJ 

. • 



rh:Jn'j'jl.J 

~e:i'W~ 1 m'j~~1.:ivt'j.:in~l.l..1'e:i.:ivhmh~41£1 

mJmru • 

"' 

i.~11~:mbn1tl1't'lm'1~n 

4.m'a1m 

7.m~~1~tJn 

10. b~:l.J'Vll.J~ • 

'Yi''W~e:i'Wvl1n~m'jl.J 
d 

~eJ'W'Vl 1 

s.tJ1nmbl'li1 

8.n11 

l l.n11~€l'U 

3.bVJtJm11'1, ~ 

6.~~bntJ'U 

9.YJlb~e:ifoe:i~~ 
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IPla'W~ 2 .1 Vf'W'm1t.1'Wl'1eiur\'1m:wl~t.11nuVJ'J·rn'1:wV1ei.:ivh~ei hJd 1911:wm1m .LJ1h 

1. Vl'J'lfl'1:wnm.:i~~eimei'U fomm H ii~11')fl,; ~1.:imi11'1~ ~1-:J~'UVJ{ m1bm1~"1 bb'1~llPl'1VleJ.:J-W1 

~'Wli'f:w:w~11LJ'J1 fl!J€l ~ ru ~-h 1 mm.:iVJ'J'lfl'1:W l1t.1nVJ'J'lfl'1:wd11 
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lileJ'W~ 3 1 Vfi!m~tJ'W'Umwhbb vtti'lbbG't~e:i5tn tJ~1mh~mru ~1'1 '"]'1leJ'l'Vl'j'I nG'tiivi'eNvh 11PmB1'1B'l"il1n 

'Vl'j'lnG'tiiVf e:i.,:i-W1~i! m~tJ'U 1~th~ ne:i'\J~'Wm 

1. .fr 1 fa rn wu e:i 

\911 bb vtti'I 

3. ~1-W1bvti1e:i 

\911bb'Vlti'I 

4. ~1-W11~ 
\911bb'Vlti'I 



~1bbV1tl,:i 

7. b~'lJblJB~b~tl'UV!~f1 

~1bbV1tl,:i 

88 



9. e:i-ewi'l.l'W'~ Bfli'l.mn"li 

~1bbV!'ll..:i 

~1bbV!'ll'I 

., 
12. oLJlbV!tieJL~'U~~tJ~i~ 

' 

89 
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IPIB'W~ 4 1 Vfi1m~ti'U11~mvre:iei flbb 'U'lJ'Vl'j~nm..JVi'mvh ~~m..1nu~1'UU'j~neiu~h~ ~ ~n:wm1:wb-U1 h 
1~ti1 i'Vl'j~n~:wVi'ei~vh~iJ'n b~ti'U 1~~ m~1m-eJ1~B~ 

91 



92 

fl1F1~i11n Fl 
d ' 

bbUU'Vl~aeiu1~~~lil'llq'V15 b~ei-:i n1'jUeJn~1bb'Vl'Li-:iu'IJ'Vl'j-:ln~l!Vf ei-:i.W1 



·, 

. ' 

bb 'IJ'U'Vl~~e:iu1~ ~~~11q'Vl5 b'ie:i.:i n1'l'Uvn~1 bb vitl.:i'IJ'U'Vl'l .:in~11.vle:i.:i.W1 

'l1t11-u1 fan ~1'l1fl1~l'li bb~::e:i1mfl 'li~1-u1 1 32102 i'IJ~llt111f1n"ntl~ 5 111fu'it1'1J~ 
2/2558 h.:ib'it1'1JU'Vl1l~l'll1i-W'Vlt11f111 ~.:ivi1~~e:imB~ • 

f11;ibb'1.:i 1. bb'U'U'Vl~?IBUbU'Wbb'U'Ut.hi!tJ 'tlti~ 4 ~1b~€lfl '11'W1'W 30 iB b1m 30 'WTYi 

fl.i1~n~ru:;fllK1CJ'Vl~,mmJ 

-:i.i1 bbfl'U'Vli!'Ub U'Ubbfl'Ub~CJ1n'Wn'U 1G'tn • 

n. b~'U1-:inG'ti1Vi'Um'U n'U b~'U~'U~?l\?1~ (b~'U~-:i) 
" " . 

'" 
6U. b~'U1-:inG'ti1Vi~-:i1:n nn'Ub~'W~'W~?tm (b~mn-:i) 

" " 
fl.b61'U~'W~?lm fan 

" " 

fl. b~'U'U€l'UYl1 

U~'Ubil~b~CJ'U 

n. ~1 b Vlifovi'mYl1 bbG't:;~11~V1 B-:1Yl1 

6U.~11G'tm'Vl'LlmbG't:;~11G'tn 1~ 

fl. bb?t-:im'LlmbG't:; bb?l-:J 1~ 

93 



fl. "j~'W1'\J'UeJ'UY11 

-:i. "j~'W1Ul~f1'1l11·:Jnm.J 1 VlqJ 

.:::!,ii Q.I ~ ..:::!ii d 0 I .:ii Q.I 

-u. b'\1!:1 . .m'W n'W b ~"j1~ b Vl'W \i111 b Vl'W ffVl m bb Vl'W'l b\i1 en n'W 
... 

fl. <911-:in'U b ~"j1~m"j~'Ubb'1~1?1n-ue:i-:im1\911-:in'U 
"' 

-:i.\911-:in'U b~"j1~Yil"IVl-:i 4 '1~\911-:in'W 

., .. 
f1. b?l'U l"l'U tJ 6'\ l?J "j 

" " 

n. 0° 

'U. 100 

fl. 80° 

'l. 90° 

f1.\i111bV!-Ue:i 

'U. b~'U'UeJ'UY11 
., .. 

fl.b?l'Ul"l'UtJ?ll?J"j 
" " 

94 



"1l. ueinri1-Wn~ 1 'Wbbt.rJ';i1U bbG'l~ bb 'U1~..:i 

fl.~11m..:iviil..:il1ri1 Altitude -90° 

..:i.f11';il~~~Viiai (Azimuth) b~~~1f1Vlialb'VlUeJ 
' 

n. RA 270 ° Dec +60° 

"1l. RA 90°Dec -30° 

fl. Az 90° Alt 30° 

..:i. Az 90° Alt 60° 

13. ~~..:ibn~~ei~ ru ..ij..:ivi1~1~~ei1tJd ~~1~~~eJG'l~~~ (Alt) 61lei..:i~11bvi'Llei1~?1..:i~?1~ 
\I \I 'I \I \I 'I 

., ~ 

n. ';jeJmei~ 

•tu~~..:i1mJ 

n. 15° 

"1J. 30° 

fl. 45° 

..:i. 90° 
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15. 1h~:i.nru1't.1~ 21 ijmfll.J m-:imVi1?1tl~t.11?11m~uuV1n~'LJeJ'U~1mh:i 1 ~ 

fl. Az 90° Alt 270° 

'LJ. Az 90° Alt 0° 

fl. RA 12° Dec -90° 

'I. RA Oh Dec -270° 

"" 1 ii fl.m1bvt'UBbbG'l~~11 l?l 

'LJ. ~~'U1'U'LJeJ'U~1 bbG'l ~';\)~ b VIU eJ~l 
' 

fl.~~'U1'Ub~'Uf'll'Utl61mbbG'l~:U~ Vernal equinox 
'\J '\J ' 

-:i. ~~t.!1'U61~CJ~l~ bbG'l~:U~ Vernal equinox 
' ' 

fl. Vernal equinox 1t.Jv11-:iVif'11?1~l'UeJeJflmm~t.11'U~~CJl~ 

'LJ. Vernal equinox 1t.Jvn-:iVif'111?1~l'UeJeJfl1?11m~'U1'Uf'll'Utl611?1~~1 
'\J '\J 

fl. Autumnal equinox 1t.Jvn-:iVif'lll?l~l'UeJeJfll?l1m~m'U~~CJl~ 

'I. Autumnal equinox 1t.Jv11-:iVif'111?1~l'UeJeJf11?11l.J~~'U1'UPl'Utl61m~1 
'\J '\J 

n. l.lm1fll.J 

-v. i1mfll.l 

., 
'I. 5'U11fll.J 

'V. 18h bbG'l~ +23.5° 

fl. 6h bbG'l~ +23.5° 

'I. 18h bbG'l~ -23.5° 
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n. Vega 18h 36m 56.33645 +38°47' 

"LJ. Sirius 06h 45m 08.91735 -16° 42' 

fl. Caster 07h 34m 365 +31° 53' 

\I. Deneb 20h 41 m 25.95 +45° 16' 
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21. m1 A ~~n~ RA 4h 4m Dec 30° m'd B ~~n~ Az 180° Alt 45° eJCJ1n'Vl'n'\Jl1 ~11 B eJ~ 

'IA1\l"illnm1 A 1tJ'Vl1\IVil'11~ 

n.11?i' 

"LJ. b'Vl-Lle:i 

fl. \91~1'U\9ln 

22. \9\'1bb'Vl'tl\l"UeJ\1~1\leJ1Vi\9lm'Ufl~'\ll'U11eJ~'IA1\l-:u1n"il~ Autumnal equinox 1tJ'V11\IVil'11~ 01 \l \I , 

fl. b'Vl-Lle:i 

\l.11?i' 

n. b~'Ul'lt.18?1\9l"J-W1Lb'1~"il~ Vernal equinox 
" " ' 

"LJ. b~'U?f~CJ~l~bb'1~"il~ Vernal equinox 
' ' 

fl. b~'U"UeJ'\J~lbbfi:::"il~b'Vl-LleJ~'J~::: 
' 

" 



... 
fl. 23.5 

"LJ. 45 

fl. 90 

\I . .Ue:i~~ 1~ b Ylmvrn 
'IJ 

fl. 23.5 

"LJ. 45 

fl. 66.5 

\I. 90 

"LJ. 1"1b~~lil1fl~"1 Vernal equinox bU\?11~b61'U~~tJlllU'Vl1\IViP1\?l~f'U\?lfl 

fl. 1"1b~~lil1fllil"1 Autumnal equinox 1 U\?11~b61'UG1~tJ1m U'Vl1\IViP1\?1~1'UeJeJfl 
' ' 

\I. 1"1b~~lil1fllil"1 Autumnal equinox 1tJm~b61'UG1~tJlllU'Vl1\IViP1\?1~1'U\?lfl 
' ' 

98 

28.1~m1 A :WYln"1 RA 5h 3om Dec 10° 30' "111 B :WYln"1 A 18o
0 p o 0 

e:imfl'Vl'nu11 "111 B 

eJ~'Vl1\IViP1L"1"1JeJ\1"111 A 
'IJ 

fl. \?l~f'UeJeJfl 

"LJ. \?l~l'U\?lfl 

fl. 6h bb~~ o0 

"LJ. 12h bb~~ o0 

fl. 6h bb~~ +23.5° 



n. 'A = 90° ~ = 0° 

'IJ. A = 90° ~ = 23.5° 

l°l. 'A = 180° ~ = 0° 

-:i. 'A = 180° ~ = 23.5° 
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... 

... d 
'tltl'VI 

2 

3 

4 

5 

6 

7 

8 

9 

10 

bil~W 

bb 'U'U'Vlflii'lt1u1'fl ~i;ii;Y11q'VI~ b~t1.:i m':iu t1n~1 bb vitl.:iu'lJ'Vl':i .:ini;i11\1t1.:i-W1 

., 
fl. ~1\ltl'U bi'f'fl~f11'j:fi'Ubb'1~~f)"LJ8\l 

\9111~1\ltl'U 

0 

fl. 80 

.:f d t Q 

fl. \9111\911\lV!'U\l:Wfll Altitude -90 

e:ieimll'U?tmb'Vi1 ~b'Vi11 n'W bb~b~'Uf:i~bll'U 

1·mm.11 virulibbflb~'Ul"l'U~?tl?l'H vi1i!'U 
" " " 

i.J<V I .:::ii I <V ~ .::ii ~ 

t:.Ji;'f \l bf) ~8 tJ?f fl1'U'Vll'l1\l f)'U fl8:W'1~1'1"il \91 bb'1 ~ 
" " " ., ., 
'1m~"il\91~1..:in'U f11'j:fi'Ul'l n"Uei..:im..:i~..:i:V'Unu 

" 

"Uei..:i\9111btJ~tJ'W1tJ 90 -10 bvi1nu 80° 

Fi1:w:w Altitude vi~e:i :w:wb..:itJ hm~\91'1'U 
' ' 
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... d 
"lleJ'Vl 

11 
fl. ~1\ltl'U b'V-l'j1~"il~bVl.Ue:i~'j~~ 

' ., 
4 IV ..::lit. i.IV 

"il~'IJ'U e:i tJ fl'U'1~~"il~'IJ e:J\l (:.J 6'1'1 bfl~ 
'\J '\J '\J 

0 0 

12 'I. Az 90 Alt 60 

0 

14 'I. 90 

0 0 

15 'IJ. Az 90 Alt 0 

16 

17 

Vernal equinox 

'IJ. Vernal equinox hJ'Vl1'1i1P1 

~~l'Ue:Je:Jfl~1:l.J'j~'U1'UP1'U~6'f~'jvi1 
'\J '\J 

101 

di 0 0 Q.J di cl 0 

b VI 'U eJ 90 bb '1 ~ 'Vl 1 :l.JdJ fl 'U '<iJ ~ b VI 'U eJ Pl 'j ~ ~ 30 
' ' 

biJ'Ul'U~m'lmi1~~~'U~'j\l~~ Vernal equinox 

d 1.JQ QJ .:ii d I Q.I 0 

'1l'le:JtJ'Vl'VlP1~~1'Ue:Je:Jfl'V-leJ~ 'll'll.ll.l Az b'Vl1fl'U 90 
'\J ' 

~1'181i1~~~'U~'/Jt1'UVl1 ~'li1ililb'ltJ Alt 
' 

' .,, 0 

b 'Vl1fl'U 0 

'j ~ 'U 1 'U Pl 'U ~ 6'f ~ 'j b iJ 'U "il ~ e) 1'I~'11'Ufl1 'j 'U e:i fl 
'\J '\J ' 

~1 bb V1t1'1~11"iJ1m~'U1'U Pi'U~?f ~'jvh i11°11~\lbb~ 
'\J '\J 

0 qi 0 ~ 

+90 ti 'I -90 ~ ~ Vernal equinox b 'iJ 'U 

"il~ b~l.l~'U 1 'U fl1'jl~l.l:l.J'1Je:J\l~1 bb VIU\l~111 'Ubb 'U'J 
' ' 

b~:l.ll~"il1fl~~ Vernal equinox bU'Vl1'1i1Pl 

~~l'Ue:Je:Jfl zj\lb~tlfll1 A1 b 'j~bbe:J6'fb'1l'Ui'U (RA) 

ti 11'U1 'U fl11 fl '11'1 fi'U bb'1 ~ b~ e:i'U ~1rnl' b~ ti -:i fi e:i 

b~e:J'U'V-l~~.fnfl:l.l 



19 A.6h bb~~ +23.5 
0 

'LJ. Sirius 06h 45m 08.9173s 
20 0 

-16 42' 

22 f1.1'1~1'Uelelf1 

'1J.b~'U?l~EJ~l~bb~~'1\il Vernal 
23 ' ' 

equinox 

" -:i.1~'U1u?1~EJ~i~'1~l'i'-:io1nnu 
24 ' 

26 f1.23.5 

n.1\ilb~:W'11f1~\il Vernal equinox 

27 1 Ul'l1:Wb~'U?l~EJ1m tJ'VJ1-:iViiai 
' 

ri1 RA '1~bU'U 11'W 4 '1JeNVl~-:i1'U ~el 6 .t11m 

bb~~ ri1 dee (:W:Wbb'U1~-:J) el~vi1-:i'11m~'U1'Ub~'U 
' " 

iai'Utl?tl'l1vh bvi1nu 23.5 ° 
" " 

ri1 dee bU'U~'U 

\il11 B uelnVln\ilm:w1~urn~'U'1Jelufl1 zj,:iij 

.tf el:w~~hj b Vi EJ-:J'Vi el~ elf) 11 b tJ~ EJ'U b Vi EJ'U ~1 bb Vltl-:i 
" 

~1bb Vltl-:J'1Jel-:J\il1-:Jel1Vil'lEJb 'U'J~Vl'U11'1~rlel'U 1 tJ 

'Vl1-:iViiai1~ zj,:i'1~vl1-:J'11f1'1\il Autumnal 
' 

equinox 1 U'Vl1-:!Viiall'l~l'Uelelf1 

Vernal equinox 1 U'Vl1-:JViiall'l~1'Uelelf1 

Yl1bvl1tl'U 23.5 ° 

equinox 1 U'Vl1-:JViiall'l~l'Uelelf1 
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' ' 
m~1.:iili Ft.1 buftv bb'U'U'Vlfl~e:iu1fli:.1ft~11qV15 b~e:i.:i m~ue:in!Ji1bb'Vlt.i.:iu'WV1~.:inft11ii'e:i.:iw1 (~e:i) 

II d 
'VI~ nm~/bb 'W1fifl1'VIV1fl1~~{ °llv'VI bilftV 

m1 B ilrh:w:w1'1.Jbb'U1"j~'U1'U:inmd1 bb?f~..:i11 
' 

28 
.., 

m1 A 'EltJbtlGl"il~ Vernal equinox :innn11 ~..:i tl. ~~1'U'EJ'Eltl 
" ' 

vh 1 ~m1 B t1~·vh..:i h.Jv11..:iV1P1~~1'UffeJtl6[J'EJ..:Jm1 A 
" 

1'LI~ 23 n'Uti1ti'U bll'Ul''U~~1..:imV1~~"il~t1~~ 
" ' 0 

29 6[].12h bb!;l~ 0 ~1bb'Vl'll..:i Autumnal equinox ~ti~ ~'l "il~~1'l 

n'UA1 RA bvl1n'U 12h bb'1~fi1 dee bvi1n'U o 
0 

fi1 RA bvl1n'U 12h bll'U:w:w1'Ubbm11'U zj..:i~1..:in'U 
' 

fl.A= 180 
0 

~=0 
0 

fi1 A.= 180 
0 

bb'1~fi1 dee bvi1n'U o 
0 

bb6'f~'ll1:W:W 30 
' 

1'Ubb'U1~..:ibll'U o 
0 
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fl1fl~t.nn .:i 

f1Wfl1'W erJ el.:J bfl~el .:ii'.i eivfl m 'U n1'abnU'aTU'a1 l!'tiel:l.J ~ 
~ \I 



~1-a-1-:ivi .:i.1 fi1fl11~~e:i~fl~e:i.:i ooc) -a::V1-J1.:ibb'UU'Vl~~e:iu1'~bb'l..!1f1~1'Vlmli11~~itiu 
1\1~'1.h::~.:ifi • ... ~ ., d 

., d fl::bb 'l.J'l.Jfl11~fl~ b 'Vl'l.J"!le:J-:1~ b "!IE.11"!11ty 
IOC "!le:J'VI d d d 

fl'l.J'VI 1 fl'l.J'VI 2 fl'l.J'VI 3 

1 1 1 1 1 

2 1 1 1 1 

3 0 1 1 0.67 

4 1 1 1 1 

5 1 1 1 1 

6 1 1 1 1 

7 1 0 1 0.67 

8 1 1 1 1 

9 1 1 1 1 

10 1 1 1 1 

11 1 1 1 1 

12 1 0 1 0.67 

13 1 0 1 0.67 

14 1 1 1 1 

15 1 1 1 1 

16 1 1 1 1 

17 1 1 0 0.67 

18 1 0 1 0.67 

19 1 0 0 0.33 

20 1 1 1 1 

21 1 0 1 0.67 

22 1 1 1 1 

23 1 1 1 1 

24 1 1 0 0.67 

25 1 1 1 1 
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~1~1.:i~ .:i.1 fi1fl1111~v~fl~t1.:i (IOC) ~~'Vl11.:ibb'U'U'Vl~~v'LI1'~bb'Ll1fi~1'Vla1f11~~{n'U 

'j~tl~~~.:if'l (~B) 

"" ~ ... d 

... d fl~bb 'U'Ufl111lfl~ b 'Vl'U'llv.:i ~ b 'tla1"l:11ru 
'I.I ., 

IOC 'llv'VI d d d 
fl'U'VI 1 fl'U'VI 2 fl'U'VI 3 

26 0 1 0 0.33 

27 0 1 1 0.67 

28 1 1 1 1 

29 1 0 1 0.67 

30 1 0 0 0.33 

31 1 1 1 1 

32 1 1 1 1 

33 1 1 1 1 

34 1 0 0 0.33 

35 1 1 1 1 

36 1 1 0 0.67 

37 1 1 1 1 

38 0 1 1 0.67 

39 1 1 1 1 

40 1 1 1 1 

'V1111ab'VI~: fi1 IOC 'j'~Vlll\l 0.33 - 1.00 • 
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~1vti1.:i 

bb uu1flfl11:u~.:ivrn 11i11i'l1V1i'ui.1n b~V'U 

B1CJ ............................ tJ 
' 

' 
.:i1mb~~11mtin 

" 
r11~wil.:i 1tJ1~v11bA~B\IV1mCJ I ~.:i1'LI-dei'l11.:i~m.:inu1~~um1:ufi~bi1'U"UB\ll'l'UbB\lmn~?f~ zj"iJ s 

' .., 
"" W~'U AB 

.., 
5 

4 

.W.:ivrn hi 1 'LI1~~umn~?f~ 1~~'U VI :l.J1 CJ '1 \I 
' .., 

4 
4 

.W.:ivrn hi 1 'LI1~~umn 1~~'U VI :l.J1 CJ '1\1 
.., 

3 
4 

.W.:ivrn hi 1 'LI1~~utJ1'Un~1.:i 1~~'U VI :l.J1 CJ '1 \l 

1~~'U 2 
4 

.W.:ivrn hi 1 'LI1~~u1JeiCJ Vim CJ m 

1~~'U 1 
4 

Yi.:ivrn hi 1 'LI1~~u1JeiCJ~?f~ Vl:l.J1CJ'1\I 
' 

., ... "' 
1::f1'1.Jfl11:Uflfl b 'Vi'U 

5 4 3 2 1 

2 m1b~CJ'U~1CJ"ll~fi~m1:uv111 ~-Un b~CJmfi~m1:u~'U hi 1 'Llm1L~CJ'U 
' 

bb~~m1tJl)u1i\11'U 

4. "ll~fi~ m1:w-d1CJ1 ~u11CJ1mial1 'Un11b~CJ'U~nTmein~1bb V1tl.:iu'U 
' " 
'Vl1.:in~:uVf ei'lYl1b-lJ'U~tl1!;m 1~ vrn 1~ ?f'Umb~~~'Ub~'U 

' 



"' 'tie! 

ii QJq d ii 

(911'Uf)1'jj)(9lf)"i] f)'f'j~ n11b 1tl'U ~ 

s m1b~ti'U~vi'1ti"IJ(9ln"il m1~v111 '!Xtrm~ti'Wiim1~~f111~-LJ'1 h 
" ' " 

Qj Q.I .:::... ~ di 0 I 

bnti1n'U1"1J1m11m61~1 m:i'l m1'UBn~1bbV!'U'l'U'U'Vl1'lrnrn 

VlB'l~1lJ1f);'U 

ii Q.I ~ d ii 

m'Un11"iJ(9lf)"iJfl11~n11bW'U1 
v 

9 n11b zjB~ 1tJ'lb~BV!1'VB'lbbl9i~ ~Vl't11tJn11b~tJ'U °liltJ 1 '!Xtrm~tJ'U 

b i1 hm1~f\(911l'U tJB(9l'VB'l bbl9i~~Vlll1tim1b~tJ'U 1 'U1"1J1 (91111 

Pl161~Tivl~;'U 

~1'Ui.h~ 1ti"IJ'U1 'Un11b~tJ'Y 

10 n11b~tJ'Uvl1 tJ"IJ(91 n"il m1~-d1tJ1 tXtrm~tJ'Ub i11"iln11'l.Jf)f)~1 bb Vlll'l 
' 

11 m1b~tJ'U~ltJ"IJ(9ln"ilm1~-d1ti 1 tXtrm~ti'U b~ti'UTI~"il1nm11.Jn~ 
' " 6.J 

" "" ... Q 

fl"ilfl11~'Vl1'ln11b1tJ'YlJ1fl'V'Y 

13 m1b~tJ'U~vi'1ti"IJ(9ln"ilm1~v111 tXtrm~ti'Uii~~m1b~ti'W1 'U 1"111 
" ' " (91111Pl161~i ~~'U 

14 m1b~tJ'U~vi'1tJ"IJ(9ln"ilm1~-d1ti1'1Xtrm~ti'Utl1m1~~'Vl1'lm11 
" ' " 

Pl161~ivtt~·fo 1 th .. b~tin~1m'U~l~i.Jw'11l''U1~ 
' 

15 n11b~tl'Uvl1 tJ"IJ(9ln"iJ fl11~°1iltJ m n 1 '!Xtr m~tJ'Ui'.iltrti\9lB~'UbB'l bbm~ii 
' 

m1~-r'U ~(91"1JB'U 1 'U m1v11'11'Ubb~~m1b~tJ'U~ 
" 
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fl1fl~'i.nn '1 

~1'j1.:lfl~bb 'i.1\.1 'j~V1-J1.:i b'itJ'IJ ~~ n1'j1 bfl'j1~,,;fli1 fl~ bb 'IJ'i.l'Vl1.:i ~ii ~'tie>.:! fli1i'i ( t-test) 

fli1fl11:un11V1cti1 (Normalized gain) ~~fl11:u~.:i'Wvb'1"llv.:ii!m~t1\.I 



d 
~'l..l'Vl 

1 2 

(10) (5) 

1 10 4 

2 9 4 

3 7 5 

4 7 5 

5 9 5 

6 7 5 

7 10 5 

8 9 5 

9 10 4 

10 10 5 

11 9 4 

12 9 4 

13 9 5 

14 9 5 

15 9 5 

16 9 4 

17 9 5 

18 9 5 

19 9 5 

20 9 5 

21 9 5 

22 10 4 

23 9 4 

3 

(5) 

5 

4 

5 

5 

5 

5 

5 

5 

5 

5 

4 

4 

5 

5 

5 

4 

5 

5 

5 

5 

5 

5 

5 

111 

4 5 

(5) (15) (40) (30) 

3 8 30 19 

5 13 35 20 

5 10 32 23 

5 7 29 21 

5 10 34 23 

5 8 30 19 

5 7 32 19 

5 8 32 19 

3 8 30 23 

5 4 29 21 

5 6 28 22 

5 10 32 23 

4 7 30 19 

4 10 33 19 

5 7 31 23 

5 12 34 19 

4 11 34 20 

5 8 32 23 

4 7 30 23 

4 6 29 22 

5 9 33 22 

5 5 29 19 

4 4 26 19 
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c:::I fV .c:::il Cl.I c:I QJ' ell d.::::::t II .tClll II 

\Pl1~1~'VI ~. 1 fl:::bb 'IJ'l..!n1~1fl~~~:::'Vl11~ b ~V'IJbb~:::'Vl~H b ~V'IJ 'tltl~'IJnb ~V'IJ'VI b ~V'IJfl1V"qfln1~b ~V'IJ~ 

'Vl~~n~:uVlt1~Vl1mh~41v b~v~ m~'lrnn\911bb'Vlii~u'IJ'Vl~~n~:uVlt1~Vl1 (~ti) 
... 

1 2 3 4 5 

(10) (5) (5) (5) (15) (40) (30) 

24 8 5 5 5 7 30 21 

25 9 5 5 5 10 34 21 

26 9 4 5 3 8 29 19 

27 9 4 5 3 8 29 20 

28 9 5 5 4 9 32 22 

29 10 5 5 4 8 32 20 

30 9 5 5 5 8 32 25 

31 10 5 5 5 9 34 23 

32 10 4 5 5 9 33 23 

33 10 5 5 5 7 32 22 

34 10 5 5 5 7 32 20 

35 10 3 5 5 5 28 23 

36 9 5 5 5 8 32 21 

37 10 5 5 5 7 32 20 

38 10 5 5 5 8 33 20 

39 9 5 5 5 9 33 25 

40 9 5 5 4 9 32 23 

41 10 4 5 5 7 31 22 

31.32 21.22 

78.29 70.73 



t-Test: Paired Two Sample for Means 

Mean 

Variance 

Observations 

Pearson Correlation 

Hypothesized Mean 

Difference 

df 

t Stat 

P(T <=t) one-tail 

t Critical one-tail 

P(T <=t) two-tail 

t Critical two-tail 

21.2195122 

3.175609756 

41 

0.341069959 

0 

40 

39.8669272 

4.00958E-34 

1.683851014 

8.01916E-34 

2.02107537 

9.292682927 

2.362195122 

41 
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%Maximum 
d Pre- Post- Post- %pre- %Post- %Actual 

fl'W'Vl possible <g> 
test test pre test test gain 

gain 

1 8 19 11 27 63.33 37 73.33 0.50 

2 10 20 10 33 66.67 33 66.67 0.50 

3 12 23 11 40 76.67 37 60.00 0.61 

4 7 21 14 23 70.00 47 76.67 0.61 

5 12 23 11 40 76.67 37 60.00 0.61 

6 8 19 11 27 63.33 37 73.33 0.50 

7 8 19 11 . 27 63.33 37 73.33 0.50 

8 10 19 9 33 63.33 30 66.67 0.45 

9 9 23 14 30 76.67 47 70.00 0.67 

10 10 21 11 33 70.00 37 66.67 0.55 

11 8 22 14 27 73.33 47 73.33 0.64 

12 8 23 15 27 76.67 50 73.33 0.68 

13 8 19 11 27 63.33 37 73.33 0.50 

14 9 19 10 30 63.33 33 70.00 0.48 

15 9 23 14 30 76.67 47 70.00 0.67 

16 12 19 7 40 63.33 23 60.00 0.39 

17 11 20 9 37 66.67 30 63.33 0.47 

18 10 23 13 33 76.67 43 66.67 0.65 

19 9 23 14 30 76.67 47 70.00 0.67 

20 8 22 14 27 73.33 47 73.33 0.64 

21 9 22 13 30 73.33 43 70.00 0.62 

22 8 19 11 27 63.33 37 73.33 0.50 

23 7 19 12 23 63.33 40 76.67 0.52 

24 8 21 13 27 70.00 43 73.33 0.59 

25 12 21 9 40 70.00 30 60.00 0.50 

26 8 19 11 27 63.33 37 73.33 0.50 
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d Pre- Post- Post- %pre- %Post- %Actual %Maximum 
fl'U'Vl <g> 

test test pre test test gain possible gain 

27 8 20 12 27 66.67 40 73.33 0.55 

28 11 22 11 37 73.33 37 63.33 0.58 

29 10 20 10 33 66.67 33 66.67 0.50 

30 10 25 15 33 83.33 50 66.67 0.75 

31 11 23 12 37 76.67 40 63.33 0.63 

32 12 23 11 40 76.67 37 60.00 0.61 

33 9 22 13 30 73.33 43 70.00 0.62 

34 9 20 11 30 66.67 37 70.00 0.52 

35 8 23 15 27 76.67 50 73.33 0.68 

36 10 21 11 33 70.00 37 66.67 0.55 

37 6 20 14 20 66.67 47 80.00 0.58 

38 9 20 11 30 66.67 37 70.00 0.52 

39 10 25 15 33 83.33 50 66.67 0.75 

40 11 23 12 37 76.67 40 63.33 0.63 

41 9 22 13 30 73.33 43 70.00 0.62 

Mean 9.29 21.22 11.93 30.98 70.73 39.76 69.02 0.58 

SD 1.54 1.78 1.92 5.12 5.94 6.39 5.12 0.08 
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II 
~1'1JU'j':ilJ1n1fl 

II ., .. 
., ~1'Un1';i:ij~ff'iJn';j';j" 

~1'U\h:; 1ti"ll'U1 '1Jn1<jL°itJ'U d n1';i:ij~n1';i .. II 

fl'U'VI .. II 
n1'jL ";;tJ'IJ<j 

L 'jtJ'IJ<j 
'U 

'U 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 5 4 4 5 4 5 5 5 4 4 4 5 3 5 5 

2 5 5 5 5 5 5 5 5 5 4 5 4 5 4 5 

3 4 4 5 5 4 5 3 4 5 4 4 3 5 5 3 

4 5 3 4 5 4 5 3 5 4 4 5 3 5 5 5 

5 4 4 5 5 5 4 5 4 4 4 5 4 3 4 5 

6 4 4 4 5 5 4 5 5 5 5 5 5 4 5 4 

7 3 3 4 5 4 5 4 4 4 4 5 5 4 4 3 

8 2 3 4 5 4 5 4 4 5 5 4 3 3 5 5 

9 5 5 5 5 5 5 5 5 4 4 4 5 3 4 5 

10 5 4 4 4 4 5 4 4 4 5 5 5 4 5 4 

11 4 4 4 4 4 5 5 5 4 4 4 4 5 5 5 

12 5 5 5 4 4 4 4 4 4 4 4 4 3 3 3 

13 5 5 5 5 4 4 4 4 4 5 4 3 3 3 3 

14 4 4 5 4 4 4 3 3 3 4 5 5 3 5 5 

15 4 4 5 4 4 4 5 5 5 4 4 4 4 4 5 

16 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 

17 5 5 5 5 5 4 4 4 4 4 3 4 5 4 3 

18 5 5 5 5 4 4 4 4 4 4 5 5 3 4 5 

19 3 3 5 4 5 5 3 3 4 3 4 3 3 5 5 

20 4 5 4 4 5 4 4 5 5 5 5 4 3 3 5 

21 5 5 5 5 5 4 5 5 5 4 5 4 4 4 5 

22 5 4 5 4 5 4 4 4 4 4 4 4 4 4 4 

23 5 5 4 4 5 5 4 5 5 4 4 4 5 5 5 
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"' W11'U'U~'HJ1n1f1 
"' ., .. 

., wi1'Um~"ilwim1m~11 

;,1'Uth:: 1ti'tl'Ub 'Un1~b°iti'U d n1~"i!Wln1~ .. "' fl'U'Vl .. "' 
n1~b~tl'U~ 

b ~tl'U~ 
'U 

'U 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

24 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 

25 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

26 5 4 4 5 5 4 5 5 5 4 4 4 3 3 3 

27 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

28 5 5 5 5 5 5 5 4 5 3 5 3 3 5 5 

29 3 4 5 4 5 3 4 4 4 5 5 5 3 3 3 

30 5 4 4 4 4 5 3 3 4 4 4 3 3 3 5 

31 5 5 5 4 5 5 5 5 5 5 5 5 4 4 5 

32 5 5 5 4 4 5 5 5 5 5 4 4 4 5 4 

33 4 4 4 4 4 5 4 5 5 5 5 5 5 5 5 

34 5 5 4 4 4 5 5 5 5 5 5 4 5 4 5 

35 3 3 4 4 5 5 4 4 5 5 5 4 4 4 4 

36 5 5 5 5 5 4 3 4 5 5 4 4 4 4 5 

37 3 4 5 5 5 5 3 3 5 5 5 5 5 5 5 

38 5 5 5 5 4 4 5 5 5 5 5 4 5 4 5 

39 5 4 5 4 5 4 5 4 5 4 5 4 4 4 5 

40 4 5 5 5 4 4 4 4 3 3 5 5 4 4 4 

41 5 5 5 4 5 4 4 4 5 5 4 4 4 4 4 

d 4.40 4.36 4.24 
b~~tl 

4.33 
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fl1fll~t.nn 1l 

i';m~1.:Jbfll~eMi'.ie:i m.Jn1ruvflmun11b';j~u~n11ue:in~1bbV1t.i.:iuuV11.:im1a.JVi'e:i.:icW1 
~ ~ 



~v ~ tJ ff'HU 

n1'a16!1 ·:n'W 

-m~m'ljhhbb'Vl'H1bl'1€l1 360 €!\l\311 bb'1~ 180 €!\l\311 

119 

-Vl'1 €l (1) fl1 bb vJ 

-~1 l\1ll.Jbbtl1fl1bb'VJ -bb~'UYJ1 b~rn1'l.rn1\1l 
., 

-fl€l'U1\1li.hirw\116li'U 
' 

1. ~\11YJ1blileJ1ueJ1\111 ~~'U'U1\11 30 x 25 b61J'U~bl.lmbb~1n~\1l 1 ~blJ'U1.:in'1l.l 

2. ~\1lm~m'lj1(1)l.Jl.J 360 mm bb~1i111 LJ~\1ln'Ubb~'UYJ1blileJ1uB1\1l~bl'1~CJl.l H 
' 

3. ~\1lfl€l'U1\11 bb'1~~\1lm~\111'1j~\1l'UeJUu~nru~1'U1\1l bb~1i111 LJLJ1~neJunu~1 l\1ll.lbbn1 m bb vJ 

4. i11m~m'ljl'\1ll.ll.l 180 B\lP11l.l1~\1lnuVl'1€l\1lm bb 'VJbb'1~'1 n~l.l'1nu\11 bb~1i111 LJLJ~~n€lunu~1'U 
'I 'U 'I \J d.S 

YJ1blil€lfoeJ1(1) 

5. 1i11n~'U\J1B'Um~LJ~~~'lj~~~1'Um ~.:im'V'l~ u.1 1i1d~BLJmrul'\1ll.ll.JeJ~1.:i~1CJ b~B1ib~CJ'U~m1 
6.3 'I 'I 'U 

' ' 

' ., ' 

.n1~Vi tJ. 1 ~'W(;lv'WmcatJ-a::~~~bfl~v.:i1~1111ei~1.:i~1'-I ... . 
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(Altitude) 

ri1~rn~t.J (Altitude) -

5. '!! nb~E.J'l.J'Vl'j1'lJl'1'1 bb Vli.l\l'LJB\1\911 bB\I bb~~ (1\'1 bb 'VliJ\161J B\I~ 11 "il1 flfn'j b 't.J~ tl'U b Vi tl'U tl'U bb 'U'U'.i11~ B\l'LJ B\l'VJ'j \I 

nmJVJB\1~11~ 
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• 
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'' \ n 

~--·-· .. ;..~ 
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fl1fl~'IJ'ln 6tf 

'Vlu.:iav '9lvui'u n1'it!1 b~'Uv bb" ~~-Wi.i~ ~" .:i1'1J1~t1 L 'U n1'ith~aui.1V11.:i1au1n1 'i'i~fi'ueu1 ~ 
~ 



-
• 

1-Qo 

°6'11'U":i1'tin1":i .,1un.:i1"U<i.:i,.,~lJ'l..l~m'i.:i1"U1~8'1 .,1un.:i1"Uti6m'i'l..I~ L'v1'i. Q1oQ1d'. 

d ... d .. 
'VI 1'15 o<fl!J~.(j).<i'./ (j)ITlb11d'. 11.J'VI b lJ~'U18'U l!Jd'.d'.~ 

L~eN \118'1J~'Uf11'i1h.,'Umh":::~YilJ.,,~"nuW81'Uf11'i'liWIJl.lYl1.:)1'!11f11'i'i:::~'IJ'll1~ lJ8'1J.1~8 l'l~.:i~ (j)Q 

,;8'U "U18m:i8 'U1lJ'!11i (l'lru:::1'\llml'11m;i1J 

11rn.1~Yi1"U_,.:i~".:i1"U1~8,~ti.:i 'rl'i~mn.1li1HVl1Eth~41v-;i1mp.lma.ii'Llli'E~ii'Llif1V1fon1'i 
L;v'Llf(flvt.l~~-;i~~t'Ll1'!f1fl1'i1A1fl917 '~8~1lJ111 ,.,'Utl ~M1'UL 'U~'li u 'IJ'IJ 1 'llm\1181 (Poster Presentation) 

L'Uf11'i'li'i:::'f/lJ'\111.:i1'!11nwi:::~'IJ'!l1~ lJti'l..I 1~8 l'lf.:i~ "'o 1'Ll~ ITI-~ fl'if1!J11'llJ 'Vi.1'1.l!Jd'.d'.~ ru lJm1vm1~8 
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