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ABSTRACT 

The purposes of the research were to create and efficiency validation of 

computer assisted for the courses of practiced disassembly and assembly fuel 

injection pump type VE, based standard 90 / 90 and analyse the leaning 

achievement of the student after by using computer assisted instruction. 

The subjects in the study were 16 first year diploma students enrolled in 

Mechanical Power, Rajamangala University of Technology Phra Nakhon, North Bangkok 

Campus. The Researcher using the experiment by let the students do until test 

before class, 

And then study by using computer assisted instruction focused on practiced 

practiced disassembly and assembly fuel injection pump type in-line. After that let 

students do the unit test again at the class and calculate to find out 

the efficiency of the computer assisted instruction and analyse the leaning 

achievement of students after study. 

The research result revealed that the efficiency of the computer assisted 

Instruction was efficient in standard 90/90. Moreover, after learning achievement 

at significant level of 0.01 . 

( MR. Prasert Wirotcheewan) 
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Lfl1!l~ fl'el3-JVi'J Ll11'elfVi1-ii1'Wm ~'Vlt'lfl'el~i1'"l ::;(;]'el~ii fln.l~3-J~"1I'el~ Lfl1'el~i'WI;'h LiI'WLfl1'el~. 

.., , 

1. un ~ m~1 'Vl n fl 'W [;]~ 1 'OJ ~ 1 LL 1J 1J 'Vl11l ~ 'el U Vi 1-D'1 'W n 1 r':J 4'tJ LL fl :; t:.J fl fl ::; LL 'W 'W Vi Hi' '"l1 n. 
.. .. .. 

2. m1~4'tJflf~i1Fl'J13-JLLl11nr;i1~'Vl1~(;]1'WVi'Wty1'WLM1=t'tyn'"l i~ fl3-J LLfl :;'el1tJ"Il'el~un ~ n1=t'1hJ 
os os • 

II' " I I 

3. "li'J~ L'Jfl1 n11'Vl cnfl'el~hjijeJfl r;i'elm~~4'tJ Vl~i1L U'el~'"l1 n ~{tJhjij'el1JnnuVi1-ii1'Wn1~
" . 

'Vll1lfl'el~ '"l::;~'el~"1I'elU3-J'"l1nWW'JtJ~1'W~'W1 ~~1~'"l1nm~H'~1'W1J~::;~1 
f "" " I 

4. ~m'WVi (jtJ'Whjijl:Jfl r;i'elm~~{tJ Vl~i1LU'el~'"l1 nm{tJ &i''el~''Il'elrl'J13-J'el'WLrl11::;'lf'"l1n LLl:.J'Wn
" . 
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I _ ~ ~ 

Fl'fl'-'W'J L[;l'flf-rl'JtJfl'flU ~'fl\l m ~1J mJ~~n1 ~rJ'fl c;) LL~ :;tl~:;nfluif,-,~c;),j,1~U L;fl LVi~\1 LLUU LLCl'J L1tJ\I 

~1~fuun ~ n'M1~:;;utJj:;n1P1Umr[;lriUfl\l LLC.JUn~"1l1"Jl1\1tJUc;l '-'~1~VltJ1itJ LVlFlt Ut~~~1"1l'-'\1 Fl~ 
" 

" " 
Vi ~:;U Fl1 ~ VI t.J 1 L'1I [;l Vi ~:;U Fl H ~ u''fl Lc;)t.J 'lU i'\.l [;l 'fl'\.l n1 ~'fl'fl nLLU lJ lJ VI LrtJ U ~ LFl ~1 :;,hUfl ~ 1 

" '1 c;)tl~:;fl\l f'fn1~fl'fl'\.l 'fl'fl n LLUUVI C;)~'flU LL~:;m nLfl C;)\Im~~'fl'\.l~1fi[;ll1\1.fl1 FlVl 'l~!j LL~ :;tl~~ 04'tJ 

~:;Li~Ju~ ,~h Lilun1~ ~'Ju'l U~U[;lflUn1~d 1m:h~ ~L'fl LL~ :;':I1~~tfl~ d1tJyh LL~,)ltl~ ~1\1 LflUlJVI L1t.JU 
" 

Fl'fl~W,)L[;lflf-rl'JtJ~flU 04'tll~4'C;)~1\1~-n1u1CJJ~1n.fl1tJu'fln~1~flJfl~miLL~')~hL'lun1~'l~ 
-=::III _ It" 4 41:11 ..J II.t II ..r 

2. lJVI L~tJUFl'fl'-'Vi,) L(;lflf<rl')tJ~flU lJVI Lffi'\.lLtlnLn ~~VlM1\1"UlJ~~~"'fl~~L~~1tJrJ\I Ufl~1. " 
I _ II " 

Li'tl\l n1~1J ntl~~ n1~C1'tl (;l LL~:;tl~:;n'fllJif~~(;l,j,1~UL;'fl LVi~\I LLlJlJ LLCl'J LrtJ\I ~\I 'lULL~U:n~~'fl~ 

,j,1LflU'fl.fl1Viti\ltl~:;n'fllJ ~1lJ~~tJ1tJ .fl1ViLl'I~'fl'\.l1~') i'tlFl'J1~ L~t.J\llJ~~tJ1tJ'1I'fl\lW34'tJ Lc;)mrtoif
" " 

" .
Fl'tl~W,) L(;l'tl f ~1 nUUlJYI LrtJUFl'tl~W,) L(;l'flfYi ~~1\1~ :;LU c;) l'rl~LLlJlJ~ (;l LU~'l ~ ~oif~ 1 ~1Hl L~fl n 

UVI L1t.J'\.l[;l1~~~'tl ..:m1~l~C;)t.Jil i n~rw:;Li]'\.lL~'\.l11t.J n1~~'flU L~'fl L~'tl n L~U~1t.J m~~'flU'lc;)LtlnLm~
" " _",.r ..J 0 ~:."" o"'~J' 4Qf 

~:;LL~ c;)\1~,)"'fl LU'fl~1V1~:;U1LflUfl LL~,)lJl'I L~t.J'\.l~:;'\.l1L'1I1fl'tl Ll.l'tl~1UVlL~t.J'\.lL~'fl\lU'\.l 1 ~'\.l~U "rw:;~ 

" . 
lJl'I Lrm.lFlfl~Yb L(;lfl n')tJ~,~ 1~1~C1~ ~ C;).fl1~ ~1fl L~fln,l'J-3 LU'tl~ 1 "ll')\1'lc;)"li'J\I~U\I"lJ'tl-3lJYI L1-tJl.l 

LL~ :;~1~1~C1'tl'tln~ 1nUYI L1tJl.lFl'tl~W') L[;l'tlf"ll')tJ~'tlUl~(;l~'flC;) L,)~1 ~\1 n1 ~~'tl~1~":;d]ULLlJlJVI1-3 

L~m bJilLLlJlJ'tJnic;)~ffiLLUlJYlC;)~'fllJ'l'\.llJYIL1tJ'\.l 

" 3. Un~n'M1 ~~1tJCi\l un~n~1~:;;lJtl~:;n1P1ilmj[;l~i)"1l1;'t'i'iUfl\l uC.JUn~"1l1"ll1-3t.J'\.lc;l 
" " , " 

i'\.luYi 211\1ffilJL.jhLL~:;~'tllJtht.J tlm~~n~11/2549 ~~1~YltJ1iml'lFlLl.lL~U~1"1l~-3Fl~Vi~:;l.lFl~ 

- ...,)YltJ1 L'1I (;lVi ~:;UFl~L~l.l'fl 

4. C.J~i'-''lYliYl1\1m~L1t.JU ~~1t.JCi-3 C.J~ Fl:;LLUl.l"1nm~;i1 LLlJlJYI c;)~'tllJ'1I'tl\lUn ~n'M1n~~ 

~')'tltJ1-3~1~~1nn1~i1t.Jl.l~~'lt.JlJVli1t.JUFl'fl~W,)L(;l'flf"ll,)tJfl'tlU 
" 

~ - r ... c/ - r.J ..I " J'5. tJ ~:;fjYlfi.fl1Vi(;l1~ Lnrw"t1~1 [;l~31l.l ~~1t.J C1\1 lJVlL~£JUl'lfl~W,) L[;l'tlh,)£Jfl'flUYI~~1\1'11U 

iltl~:;~Ylfi.fl 1't'i1~ [;l1~ Lnrw"t1~1 (;l ~ti1U "1n n1~'li ~ (;l~~1tJ~:;~Ylfi.fl 1~"lJ'fl-3lJYI Lrt.JUflfl~W') L(;l'tlf. " 
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= I:-Jfl"lJ'el'l f'I:;LL"I"IL'Yl~U'"l 1 n n1~~'elU ri'el"ln1~~U"I (pre-test) 

= I:-Jfl"lJ'el'l f'I:; LL"I"IL'Yl~U'"l 1 n n1~~'elUVI~'l n1~~EJ"I (post-test) 

1 ii'el~1 'lJ'Vl ~EJ"If'I'elJ.,JW'J L(;l'elf,r"l1~Ln ru,,]J.,J1(;l~~1"1... 
6. LLUU'Vl(;l~'elU VlJ.,J1U~'l u.uU'Vl(;l~'elU~(;ll:-Jfl'Vl1'ln1~~EJ"I LtI"ILf'li'el'lij'el~m~U~~1'l~'W 

OJ 

L~'el1-nth:; Lij"ll:-J fl ri 'el "I L1u "I ~'J UU'Vl L1u"I f'I'elJ.,JW'J L(;l'el f'li'J U~'el"l LLfl :;VI~'l n 1 ~ L1u"I~ 'JUU'Vl L1u"I 

f'I'elJ.,JW'J L~'elf'li'Ju~'el"l 

,j~~L!J"1iu~lfij"r'U'"I1nn1~1~!J 

1. L~'el1 'lX1~u'Vl L1u"If'I'elJ.Jw'J L(;l'elf'li'Ju~'el'W Li'el'l n1~tJ mJ5,r~ n1 Hl'el (;l LLfl:;tJ~:;n'elU 

;j'J.,J~(;l~ 1iJ'WL~'elL 'V'/ ~'l LLUU LLrl'J ~tI'l ~c.h'Wn1~VI'ltJ~:;~'VlfiJ)1'V'/ LL~'J LLfl:;~ 1J.,J1n11-ntJ~:;n'elU n1~ 
" 

~u"I1'W-n"l~tI"I1~ 

2. ,rn~ nh'1~ 1J.J1~(l1~u'VlL1t1"1f'1'elJ.Jw'J L[;J'elf'li'JtI~'el"l~~j1'l~"I~ nh'1 ri'el"lL1t1"11"I-F"IVlS'el 

'Vlu'Vl'J'W'W'elm'Jfl11~ 

3. L~'elLLriif'!JVI'l1'Wn1~~(;ln1~L1u'Wm~~'el'W"lJ'el'l0~t1 VI~'el'el'l'"l1~Uvl1'W~'W1 ~U1'lJ'VlL1t1'W 

f'I'elJ.,JW'J L[;J'elf'li'Ju~'el'W1tJH L~'el1 'lXr.JfliJ.,J~'Vl'i'Vl'l'l m~~EJ'W~'l~'W 
" " 

4. n 1~c;'h LU'Wn'l~~~tl1"If'lr'l~LlI"In 1~c;'i 1 LU'W n'l ~~~U1'W~nh'ru:;~'J J.,J n ~ , J.,JLf'I~'l n'l ~ 

" , 0 

Vi1'l1'W~~UJ.,J1 ri'el'W c;l'lU'WL~'el~'JJ.,Jn~J.,JVi1'l1"1~~t11 'Wlt'J-if'el ~'el'l L~U'J n"l 1 'IXf'I'J1J.Ji'JJ.,J~'el'li'Jm VI~'el. 

1'Wm~Vi1'l1'W~1'W~'W"lJ'el'l~'Vltl'l L"lJ ~ "1 LLfl:;U'l LlI'Wmm~:;~'W1 'lXUf'lfl1n~1'W~'Vltl'lL"lJ(;l "1 Vi1'l1'W~~U. . 
" , 

1 'IX J.,J 1 n ~ "I m J.,J "ILEl U1 tI "lJ'el'l VI tJ 'J U'l 1"1 ~'l1 "I n 1~"lJ 'el 'el"l,y~Lf'I N n'l~~~ElU'l utJ ~:;J.,J 1 ru 2548. 
" " 

~nh'ru:;Lf'I~'l m~~~u ijLll'elVl'l LLfl :;~1U fl:; L~t1 (;l LVI ~'el'Wfl ULf'lN n1~~~U~ ij 'el 1'"l1~u1 "11 'Vltl'l L"lJ (;l "1 

"lJ'elL-if1i'JJ.,JLf'I~'ln1ii~m~J.,J~"I~n 91'W'J'W 8 vl1'W 



.col 
'lJ'VI'VI 2 

1'Wn15'~ n'rJ'1~1'W~~tJ fOlf~~ ~~tJ1~~ n'rJ'1 fl'WA~1 L'El n~15'~1'W~~tJ~ L~tJ')-if'El~ t(?JmLti~ LLtJ n 
'Ii 

mhn1 tJ~:;L~tJ(?J LtJ'WoJ'J-if'El ~~ f;]'El hJ~ 

11 .0=.1 Qo If''' I 

2. n15'~5'1~U'Vl L5'tJ'WfOl'El~'Yi'J L(;]'Eln'JrJ~'El'W 

3. n15'~~1~LLUU'Vl (?J~'ElU1 (?Jc.J~~~ ~'Vli'Vl1~n15'LrtJ'W 

4. f01'J1~~~1tJ fOl'El~Y;'J L(;]'Elf-ri'JrJ~'El'W 

5. n15'~1th:;~'Vl 'fiJl1'Yi"1l'El'l1JYI LrrJ'WfOl'El~Y;'J L(;]'Elf-ri'J tJ ~'El'W 

... .. .J: ... 
m'i'J Lfl'i1::'V1 L'U'el'VI1'J'll1 

n15'~LfOln:::,xL~'El~1 ~'El n15'U1L'El1 L~'El~1~"1f1"'l1n~~n~ (;]5'~1 LLti~'El'El nLil'WL~'El~U'ElrJ 1 ~1'-'El 

~'W'JrJU'EltJ 1 (;]1~~~fOl'J5' n15'LLti~L~'El~1~'Yimm~LLti~1~LLf;]~:::(;]'El'Wih~'El~1ln~L~tJ~nu 'El1"'l"'l::: 

~ ~UoJ 'J -if 'El U1~ n1vi' L~ 'Ell ~ij fOl'J 1 ~ f;]'El Lti'El~ ~1'-'El Lt1 uti 1 L~'El'L.n (;]'Elul(?J fOl 'J 5' L~ ~ L~~ nYi 11~ 

-if'El~1Aru~'ElhJf01'J5'i1n15'~(?J'Vl'El'WL~'El~1"11'El~~~n~ml~il'ElrJ~~hJ (L~1'Ji1EJ. 2528: 105)
~ 'Ii 

n15'~LfOl5'1:::,xL~'El~1~"1f1 ~'El n15'A(?JL~'ElnL~'El~1~"1f1 L~'Ell~vi'L~'El~1~"1f1~m~1:::~mL~:; 

~ ~\J 5'or~ ~ (?J LtJ'Wn 15'~ LA 5'1 :::,xLL~ :::l~ LfOl5'1 :::,xL~m'l1 L~ 'El"'l:::-W1 ~ 1l-if~'El'Wl'W'tJ'Vl L1rJu~ 'W 1 

(n~'rJ'~'Wr;l, 2540: 17-23) th:::n'Elu~'JrJ 

1. "1I'ElUL"1I (;]~1'-'fl f01'J1~~~U5'or"1l'El'l L~'El~1~"1f1 LtJ'Wn15'~n'rJ'1~15''J'''l"1l'ElU L"11 (;]".,1'-'El L~'El~1~"1f1 
'Ii 

L~tJ')-if'fl'ln'W~i1'fl~1'Wt;i15'1~~1tJ1 Lri~ LL~:;t;i15'1~-W1~1 HL~'flnL~'fl~n'rJ'1~'W fOl'J5'L1l'W~15'1~1~~ 

LL~:;.,rU~~rJL~'ElU1~1LmrJuLYirJuLL~:::A(?JL~'flnL~'El~1~L~~1:::~~ 
" ",

2. r1'Jl~tln r;i''t)~ LL~:::r1'Jl:wr1U~,r[J.sn'f)~ LU'i)Vll~.sn1 ~'f) nl~~ t'lL~'f)n LU'f)Vll~~IViijf}'Jl'-J 
'Ii 

fl'lhJ(i~~fU'fl1"'l1~LtJ'W~ L-if11'"l"1l'fl~~fu1vi'~1'-'flL-if11'"l1vi''flU1'1mmhu1n~'1(;]'fl'ltJ:omi(;]1~L1'fl'W1"11 

1'Wn15'L-if1l"'lL~'fl'l.n~"1f1 ~'1~ 
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3.1 L~'el'l-lI~'ll1'l-l1'eltl~:;~'lJ n1~nrtlf'el~ QntJ'elEJ'l-l1'el LLEJ nLut.l'i'hw 1 HI Ll?lEJ~~ L~EJt.ltlf'el~ 

Lih1~ L~'el'l-lILL~~:;~'Jt.l,rt.l 

3.2 L~'el'l-lI~'ll1'l-l1'eltl~:;~'lJn1~nr~rJ'elmL~'J,rt.l ~:;~'el~ L1EJ~~1 ~'lJ'elrJl~ L'InJ1:;~~ ~~ 

m~~'el'l-l~ntlli~1~~~~ fl'el 

3.2.1 ~'elt.l~ln~IEJ1t1'l-lIEJ1n 

3.2.2 ~'elt.l~ln~~~LL~ L~t.l~lmUt.l~t.l1t1~~t.ltl~:;n'el'lJY1~IEJ 1 ~'Jt.l'elrJl~EJ1 n 

3.2.3 ~'elt.l~ln~~~~'lJL~t.l~'J 11t11t1~~~L'il~I:;YhPl'l:1 

3.2.4 ~'elt.l~1 n~~~~LL~'J1t1~~~~tT~hj~ 
'lJ 'lJ 'lJ 

3.2.5 ~'elt.l~ln~~~'elrJ1nilltl~~~~'elrJ1n~ 
'lJ 'lJ 'lJ 

3.2.7 ~'elt.l1~Ltlt.l1t1m~fi~~~'ll1 ~"1I'el~ L~n 

3.2.8 ~'elt.l1~eJ~EJt.l1~L~EJt.lnl?lmht.ltl~:;~I'Vl~~er~~~~1 
'lJ 'lJ 

'" 4Qf ~ t£ • n1 'i'61 'j1.:j1.J 'Yl L'it! 'lJ A'iI)J'W,;) Lj;J 'iI 'i"ll ';) t!'61 'iI 'lJ 

n1~~h~'lJ'Vl ~EJt.lrl'el~Y;'J LL'J'elf-rl'JEJ~'elt.l m4"EJi1~1 ~'lJit.lL'J'elt.l~~~'el1t1~ 
'lJ 

n) ~n'l:11 L~'el'l-lI~'ll1'l-l1'el~'J-ii'elL~'el~~It.l~4"EJ']j'el~m4"EJ L'Jl~'l-l~n~ L'J~tI~:;n1Pl~mrL'J~ 
'lJ 'lJ 

~'llI~~.rt.l~~ LL~t.ln~"1l1-rll~EJt.l(;] ~Ltll?l~'elt.l ru ~'l-lI~'VlEJ1~m'VlrlLt.lL~Un"1l~~rl~~~:;t.lM fj'VlEJ1
'lJ 

... 
L"1I L'J~~:;t.lrln'l-lt.l'el 

']j ) ~ Lrl~I:;~~L'JCltl~:;~~ rl']j'el~ n1~~'elt.l 1t.lL~'el'l-lI~'ll1 L'Jl~~'J-ii'el L~'el~~It.l~4"EJ']j'el~ m4"EJ 
, 'lJ 

~1t.lrl'Jl~i (knowledge) ~~1 LUt.lLL~'J,Jl~ILLti~'lJ'Vl~EJt.lLL~:;L~EJt.l~L'J~tI~:;~~ rln1~~'elt.l 

rl ) ~ LM1:;~L ~'el'l-l1 L~'el L~ 'el nL~'el'l-l11 ~ L'l-l ~ 1:;~ ~ n'lJ~ [;lbltl ~:;~~ rl ~'J EJ~fin1~4"l?l, 

L1m~I~'lJL~'el'l-l11~InNm~~L'J'JtI~:;~~rlL~~~~~m~~ 
.o:::lI CIt. cr, " lV.o:::lI" "" ~lV.oC:lI_ 

2. n1~Ml~'lll?l'lJ'VlL~EJt.lrlTl~~'JLL'J'el~'ll 'JEJ ~'elt.l ~ 'J~EJ~"1It.lL'J'elt.ll?l~t.l 
, 'lJ 

" , 
n) LL'J1EJmu'el'l-lI'lJ'VlL1EJt.lm~~'J.jj''elLr'el~']j'el~m4''EJ 

'lJ 

']j) ,Jl~L'J'JtI~:;~~rlL~~~~~n~~~LL~:;L~'el'l-l1~14"l?lLLti~L~'el'l-lI'el'elnLUt.l~'J-ii'elrJ'elEJ1 

" ,
Od ..:::II 0 d ""IV 0 "'_ 

rl) t.ll Lt.l'el'l-lI'JVILmt.l~I'Vl1'lJ'VlL~'el~ (scrip) l?l'JEJ~ n'l:1ru:;rll'lJ~~EJ1EJ l?l'JEJ'eln'l:1~ 

~) 11l?l eJ ,hEJ'Vll~~L 'el L~'el4"l?l'V11 LUt.l'lll?l'lJ'Vl L1EJt.lrl'el~Y;'J LL'J'el f-rl'J EJ ~'elt.l r;i lEJ'V11 L'Jl~'lJ'Vl
'lJ , 
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Q ~ cr" I IClII cv 

U'Vl Lml.ll'l'fl~~'1 L[;l'flJ'':D'ItJ 11l'fll.l'Vl~ W-ll.l1 

oW" 1HlJ1 [;l1~ Ln ru"Yln1nJJ':::L~W;j1~ 1'l'l1~ ~ en L~'W"1I'fl'l ~A t.J')':D 1ru "1 ntJ ~"1I'fl'l Fl1 L'U~tJ~" ~ 

1~fU[;l1~LLl.l'l'Vl1'1"11'fl'l LUI1l~ (Best) ~'1~ (Best, 1983 : 179 - 187) 

Fi1L'U~tJ M1Jn1nh:::L~'W• 
"" 4.50 - 5.00 en2-nn 

"" 3.50 - 4.49 ~ 

2.50 - 3.49 H1~ 

1.50 - 2.49 1'l'lJ'ufuuJ''1• 
1.00 - 1.49 H1~1~ 
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U'Vl brtJ'Wf'I'ElJ.J~,) b~'Elf"Ji')tJ'i'l'El'W 

u111JL-nnun~J.J~,)'Elth'l.
 

IV' cv cL oIC:IlI 

'n'l'S''L':!'.'1.s bb1J1J'VI19l~ 'il1.J'J 19l e.J a~ JJ 'l'VI fi'VI1~ nlibitl'W 

n1 ~'i'l h'lbLUU'Vl/1l'i'l'Elu1'/1l ~ ~ iJ.J ~'Vl 'B'Vl1'l m~L5-tJ'WiJ ~ 1~ui'W~'El'W~'l~ 

" " 
2 ~ bf'l~1::;~1'~tJ1J~::;'i'l'll"1b:n'l'Vi ~ ti m~J.J'JI'El'l bUml1r1'1"v1J.J (11
 

3 ~ m~1 ~1n bb~::; b'Eln'i'l1~~b~tJ') nun 1~1'(1lbb~::;m~1J~::;d'j'W~'C1m~~n'l;-1 L~'El L-nb,J'WLL'W')
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o cJ '" .t "' ... .J '" ~ I

5 U1LL'lJ'lJ'Vl(;l~'fl'lJ'Vl~n-3"llu1mH"Jltl'J"Jl1ru(;l1ULU'el~1'"l1U'JU 1 'Vl1U 1n1'J'"l~'fl'lJLL~~.. 0 

~ 

I • I " " 

tJf'lJtJ~-3 LLrll"ll LYl'el1tn~-if'el~'el'lJVii:i m1~L Vitl-3lnNln1~ L;j'fl~1 LL~~~hu~u 1 Vii:iC.J~ j;]'eln11~4't1 

6 ~1 LL'lJ'lJ'Vl(;l~'el'lJ~1~Vh n11tJf'lJtJ~-3 LLm"ll LL~'J 1tJ'Vl(;l~'fl-3 (tryout) rl'lJ,rn ~ m~t11~~'lJ 
" ,

tJ1~n1PliJmJln1~"Jl1~wiu~-3 ViLiJ(;l~'elU n.l ~mUUL'Vl~LuL~th1"Jl~-3~~ ~'Vltl1L"lnW1~U~1L~;j'fl.. 
1UJl1~L1t1U~ 1 tJn11~m~1 2547 91U'JUtJ1::;~1n.l16~U L~'fl~L~11~i~1~1~'J1~tI1n~1t1 

" (level of difficult) LL~~~1~1U1'"ln119rILLun(discrimination power) L(;ltl~'elLnn.l.,]yj'"l11n.l1~-3iJ 

" 
1"'-if'el~'el'lJi:i~1~'J1~tI1n~1t1 (P) 'fltJ1~~~1-3 0.2 - 0.8 LL~~i:i~1~1U1'"l91UUn(D) ~-3LLj;] 0.20.. 
;u1tJ LL~~n11~1~n.lJl1W"ll'el-3LL'lJ'J'Vl(;l~'fl'lJ~-3'UU'lJ nt'i~ W54't1~1~1~'J1~L~'el~U"ll'el-3LL'lJ'lJ'Vl(;l~'fl'lJ. . .. 
(reliability) L(;ltl1-D~ln1 ~L(;l'elf 1"Jl1fiu (Kuder Richardson Formula 20) (~'JULL~~ti-3~n.l1. 

2538 : L~'el1~~1~'J1~IL~'elJULL~'J~1~1kILUUn11L~'eln-if'el~'fl'lJ~1ULnCl.l,,]~-3nrh'J198) LL~~ 
I I "I I I I " 

~1~1'l.-l1 ~1 ~'J1~ L;'el~U~ n ~f-3 Lil'el1~~1 ~'J1~ L~'el~Uln1~Vi ~'el-3 n11LL~'J ~-3~1-if'el~'el'lJ"Jl (;liJ1tJ1-Drl'lJ• 
nt'i~lff'J'eltJ1-3 L(;lmLt1-3-if'el~'el'lJ'fl'flmuu 2 "Jl (;l "Jl (;lLL1n1-DLUULL'lJ'lJ'Vl(;l~'el'lJri'flU~t1ULL~~"Jl (;l~~'el-3 LUU" ... ... ... 

"" . 
LL'lJ'lJ'Vl (;l~'fl'lJ~~-3 ~t1U L(;ltl~1'fl'lJ~~~ L;j'el~1tj In ~tJ1~~-3fl";-3~~ (;l LL~'J~1 LL'lJ'lJ'Vl (;l~'fl'lJ1 (;lVi~'fl-3~1 

... "' I
Fl~1 ~ ,"~1!1 Fl'e'l~vt~ Llij'e'l111 ~ !I~'il'U 

~'el~yj'JLIn'flH'JtI~'flU ~~1t1~-3 ~'eln11~t1Un11~'flU'Vl1-3~'fl2J~'JLIn'flf1tJLL'lJ'lJ~~-3 ~-3H' 
" 

I I I I .... 

Lyj2JL~~m12J~ LYl'flVi'"l::;tJf'lJtJNn11L1t1u"ll'fl-3lnu1~";U~L1t1u~u1~~-3,rU~~'flU~-3~1~11tl~1 
fU ... fU '" 

" .
~'el2Jyj'J LIn'fl f"ll'JtI ~'flu1tJ1-if"Jl'Jtl1Un11~'elUL~12J~1'fl~'elU'Vl'lJ'Vl'JUn11~'flUtJn ~1uiu~t1u1~ L(;ltlVi 

", . 
~~'eluhH1LUU~'fl-3L;t1L'J~11Un11~'flU;1rl'lJ~L1t1uViln12J·bJ";u~1'fl~(;ln11~'flUL~2JL~2J ~L1t1U.. .. .. 
~1~11tl~1~'el2Jyj'JLIn'flf"Jl'JtI~'flu1tJH1.Un11L1t1U~'JtllnUL'fl-31uL'J~1LL~~~tl1U~~-3~L1t1u~~e;t'Jn.. 

, , . 
"" 'I 'I ..~ """ " "" 'I ".. "" "" ~1~11m1t1U~UL'J~1 ~e;tn ~(;l'VlIn'el\ln11 ~12J11tl'Vl'"l~~-3~'"l~L1t1U (motivate) 'Vl'"l~L1t1ULL~~~"in~U1U 

1tJrl'lJn11L1t1um2JLLU'J~(;l"ll'fl-3n11L1t1ufLu,j'"l'UU~L1t1n~1 Learning is Fun ;\I~2J1t1~-3 n11 
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n1 ~'VI1tJ~~i'VIfi1l1'W"l/'fl.:l1J'VI L~!J'U l'I'fl3JV4-J LUI'fli"li'J!J~'fl'U 

n 1 ~';j LA n :;'lf~1tJ ~:;~ YJ fill 1 'Vi 'lJ'f) ~ UYJ (hJ'lJAmJ Vi 'J LUI 'f)f-rl 'J tI fl 'f)'W fl ~ ~~L·n 'W n 1 ~~ 1 

1l~:;~YJfill1'Vi'JJ'f)~lJYJ ~tJ'WA'f)~Vi'J Ll11'f)f-rl'JtJfl'f)'W Ll1ltJH'flm (Lfl1'JOltr, 2528 : 284)., 

M -M M-M 
1l~:;~YJfill1'Vi = 2 I + 2 I 

P-M, P . 
M, = t:J~"1J'f)~A:;LL'W'WL'U~tJ'"l1nm~fl'f)lJri'f)'Wmn1tJ'W (pre-test) 

, 
M

2 
= t:J~"1J'f)~A:;LL'W'WL'U~tJr,;nnm~~'f)lJ~~~m~~tJ'W (post-test) 

" 
n1 ~~ n~1L'Wi1'"l~U'W~~~~ L~1~ ~ L1tJ'WL ~nA'J1~rt 'WL ~'f)~1~"111 r;h~ 1 hj~1 

'f)1'"llnJ~~ 'f)'WLl1ltJ 111~~~1'f)iOll n n 1nL~'J~~1 A'J1 ~~~'J tJ l11'WL'f)~ ~~ n1 ~n~'f) n1 ~L1-tJ 
~ ., 

l..h~'ULiOl L~'f)iOl:;,jlL~'W'f)L~'f)~I~I~ 1,r'W iOl:;-rl'JtJ~~~l1lA'Jl~~'WLiOl'JJ'f)~~L1tJ'WL'Wn1 

A'Jl~h~~L~~ LL~:;-rl'JtJ1""eJL1tJ'ULcjhh 1'W L~'f)~I';j"1l1,r'W~~'W ~~,r'W~~n n1~til LYJ AL'Wt 
~ ~ 

re)1'W'JtJ A'Jl~~:;l1l'J nL'W:D';j 1111l~:;~1i'W 'W'f) niOll n~L]'~'J~~n m~ll~:;~~!f) l1lfl'W~'f)n1~P1 ~11 mJ 1 

'f)'f)n~Vf'f)~ 111~111l~lnmtJ tl1lm'U'Vi1:;'f)th~~~ fl'f) A'f)~Vi'J Ll11'f)f LL~:;1~nm~tilA'f)~Vi Ll11'f)f~1 H'., 

L~'f)m~~n~1n'Wm.h-:JLL'Vii~~ltJ (n~~n1~~n~1'W'f)ntNL1t1'W, 2541 : 2) A'f)~Y;'JL(;I 

~1'Wn1~~rJ'Wn1~~'f)'W (Computer-Based Instruction) ~1~I~mL1J-:J'f)'f)n1~dJ'W 2 1l~ 

1~ LLri A'f)~Vi'J Ll11'f)f-rl'JtJ~'f)'W (Computer-Assisted Instruction: CAl) LL~:;A'f)~Y;'J Ll11'f) 

L1-tJ'Wn1~~'f)'W (Computer-Managed Instruction: CMI) ~-:JiOl:;LL1J-:J1111~~n~ru:;m ti111lH1.'W 

Q ~ " - - ~ 
niOlm~~'JJ'f)-:Jn1nm'Wm~~'f)'WYJ-:J~~~ (n~~~'W(;I, 2536 : 136) 

~~~ (2532) 1~~~1-:J LL~:;~1tJ~:;~YJfill1'VilJYJ~tJ'WtllnLm~1l~:;n'f)1JA'f)~Vi'J L f-rl'JtJ~'f)'W 

~'f)-:J n1~1-if"ll'Elyj]'L'Jf AutoCAD -rl'JtJL'Wmn;tJ'WLLlJlJ n~~ (if'J'f)rh-:J Lu'W"l!n ~n~ILL 

L; tJ 'W LL 1J 1J LAi'f)-:J n ~ ~:; ~1J1l~:; n1 PI'll tJ U 111 ~';j"1l1 :D'Vi.ff''W ~ ~ ';jYJ tJ 1 ~tIL YJ At'W t~ ~ 'f)., , 
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1.1~::;nillJn1~1fi:1.1nLnn,H·lil~~';lUWtln'WJl1f1Y1~MDihJ~::;~Y1fiJl1'Yi 88,93/ 82.69 Jl1f11.1D~~ 

1.1~::;~Y1fiJl1'Yi 93.70/ 95.11 ~~n~1LmW'n~1j;J~l>i1'WLL~::;dj'W11.1[;l1~~~~~l>i1'W~~~H 
q,J lIS III cIS 

fi~::; (2534) 1~~~1.:llJYI ~t1'W·Jhtl~il'W~il.:l 'ifin1~L~t1'WLLlJlJJl1'Yi ~t'l 'i"Jl1 L~t1'WLLlJlJ Lfl1il~ n~ 

2 n~~ ~';lil£l1.:l dj'W-wn ~nM1~::;~lJ1.1~::;n1I"\i1m:r j;J~"Ji1.:l~1'W1 ill.:l1'W 'iYltl1 ~t1 LYI fit'Wt~U'fl [;j~1"m~~~. ~. 

~ C111J'WLYI fI 1:'Wt~U'Yi~::;'"lil~ Ln ~1'Yi~:;'Wfin 'l-'Uil t:J~ n1~'ir.rmJn n!J~1UYl L1t1'WfI'tl~~'J L(;l'tlf"Ji';l£J~'tl'W 

~lh::;~Y1fiJl1'Yi"llil.:lm::;lJ';l'Wn1~~iltl~::;83.00 LL~::;1.1~:;~Y1fiJl1'Yi"llil.:lt:J~~'Yim:iltl~::; 81.02 ~.:ln~1 
, ., " 

Lnru-n~1 [;j~l>i1'W 80 / 80 Vl1~ ~~ L'tl'lB LL~:::t:J~ n1~'VI t'l~illJ riil'WL1t1'WLL~ ::;~~.:l L~t1'W~'JtllJ'VI L1t1'W.. . 
flil~~';l L(;l'tlf"Ji'JtI ~'tl'W LL(;l n [;)1.:l rl'Wil£l 1.:lihrtl~1r1'1J'VI1.:l~ 'i1~~h::;;)lJ 0.0 1 LL~t'l.:l~1'l!n ~ nM1~ 

., .,
 
Jl1'Yi LLtJn:n'W 'i"ll1 L~ tJ'WLLlJlJ L'VI fl\jfl 0 1 'I-'~n ~ (;l ~1.1~::;n1I"\ntl1J(;l~'i"ll1:D 'Yi-D'W~.:l (1.1'J ~,) 'i'VI £J1~tJ
 

" "
 
L'VI fI t 'Wt~u~ [;j~1 'I-' m~~ ~ C111J'WL'VI fit 'Wt~U'Yi~::;'"lil~ Ln~1'Yi ~::;'Wfln 'l-'U'tl t:J ~ n1~'ir.rtl1.1~1 n!J~1
 

lJ'VI ~t1'Wflil~~';l L(;lilf"Ji';ltl~il'W iJ1.1~::;~'VIfiJl1'Yi 81.22 / 80.22 ~.:l~.:l n~1 Ln ru-n~ n1'1-''Wt'l 

~'Yi~~ru (2539) 1~~1 n1~'ir.rtIL1il.:l n1~'Wjij.J'W1lJ'VI ~t1'Wflil~~';l L(;lilf"Ji';ltlM)'W1.1~::;nillJ n1~ 

~'tl'W~il.:l ~1mLL~~Ln'"l~'W~ni'W~il L(;lilf L~'tl~~1.:llJ'VI~t1'Wflil~~';lLj;Jilf"Ji';ltl~'tl'W '\n1.1~::;~'VIfiJl1'Yi 

LL~::;tJ~i~~'VIi""Jlil.:lU'VIL1t1'W tt'ltl~~1.:lUflL1t1'Wflil~~';lL(;lilf-rl';ltl~ilU~';l~ ~1hJ'VIt'l~il.:lrlU7 WW';ltl 
j .... ( f 

n~~ ~';lilU1.:l :].:l dj'W'l!n~nM1~::;;)lJ1.1~::;n1I"\i1£J1J(;l~'i"Jl1:n'Yi L'VIfI\jfl-DUUVl 2 ~1"l11 Lfl1il.:l LijULL~::; 

1.1~lJil1n11"\ 'i'VItl1~tIL'VIfI\jfl L:DmlV1l1 ~1'W';l'W 21 f1'W tJ~,J~1n!J~1lJ'VI ~£J'WfI'fl~~';lL(;lilf"Ji';ltl~il'W~ 

lh::;~'VIfiJl1'Yi 84.97 / 80.95 dj'W11.1[;l1~Lnru-n~1(;l~j1'W80/ 80 ~n1~'Wt'lHLL~::;nt:J~i~~'VIt . ., , 
.c::I .c::...dI: 1..::::1" Cl " _ 

'VI1~ n1n~t1UL'Yi~"lI'Wiltl1.:l~'WtI~1f1'1J'VI 0.01 

~~'iJl1 (2541) 1~~1 n1~'W~ 'W1 LL~ ::;'I-'11.1~::;~'VI fiJl1 'YilJ'VI L1t1UfI'il~~'J L(;lilf"Ji';ltl ~il'W 
, ., 

~'fl.:l n1 ~~L'l L~'tlu'W1A'W tL'ltl'l-'1 tJ~:;~'VIfiJl1 'Yi"ll'tl.:llJ'VI ~EJ'Wfl'il~~'J L~l'il f'Ji'JtI ~'il'W m~ Ln ru-n~1 Vl~l>i1'W. .. 
LmtllJ LVltlUtJ~~~~'VIt'VI1.:ln1~~t1'W ~::;'I-'~1.:l'l!n~nM1~~£JU~'JtllJ'VI~t1'Wflil~~'JL(;lilf'Ji'JtI~il'WfllJ 

'l!n~nM1~~t1'W~';ltln1~~il'W1.1n~ LL~::;1.1~::;Lij'Wfl'J1~F]t'l"llil.:l,xn ~nM1~iJ f1';l1~"llillJ L~m rllJlJ'VI L1EJ'W 

flil~~'JL(;l'Elf"Ji'JtI~'tlU tJ~ n1~'ir.rtl1.1~1 n!J~1 lJ'VIL1t1'Wfl'il~~';l L(;l'ilf'll';ltl~'flu'tl~l'WLn ru-n~ (91,25 

%) t:J~~~'l'VIi"'VI1.:ln1~~tJ'W'"l1 n n1~~il'W~';ltllJ'VI ~tJ'WU'VI ~t1Ufl'il~~'J L[;j'flf"Ji';ltl~il'WrllJn1 ~~ilutJn ~ 

LL(;ln [;)1.:l rlU'flU1.:ln,xtJ~1 r1'1J~~:::~lJ 0.05 ,xn ~nM1~ L1£JU~'J t1lJ'VI L1t1'Wflil~~';l L[;jilf"Ji';ltl~ilUiJ 

t:J~~~'l'VIt'VI1.:ln1n1t1u~~.:ln~1 LL~::;'l!n~nM11.1~:;Lijum1~"ll'illJlJ'VIL1t1'Wfl'il).J~';lL(;l'ilf'Ji';ltl~'fl'W'il~ 
~ _ a.c:S, Q 

~U~::;t'llJ t'lCl.:l t'l~.nn 
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t{n1 (2543) l~yi1 m~~t{tJ L~tJ1 rl1J m~~h,nJ'YI L~tJ'Ul"l'il~yb L[;l'ilf-rl1tJ~'il'U~::1J1J~~ ~i1 L~tJ 

L~'il~ ~inm~~~1~1J'YI ~tJ'Ul"l'il~~1 L[;l'ilf".ll1tJ~'il'U Lt'ltJi11'[;ltllh::~~F1L~'il~ ~1~ LL~::~1tl~::~'YIfi1l1'Vl• ., 
~'il~1J'YI L1tJ'Ul"l'il~~1 L[;l'ilf".ll1 tJ~'il'ULL~::1' l'l t../fi ~~ ~'YIif'YI1~ n1~L1m.l Ll'ltJ i1 L;j'il~1~'il~1J'YI L1tJ'U 

~ .<Q,II........ .... A'" Clr, #"
 

~'ill'll"l~'il~n1J~fi n~ [;l~F1~1'l1~ [;l~'iJ[;l~1~n~nJ1Jru"Vl [;l ~1~11'.D1 L'iln1 1'l1 n~~~ l"l'il~'Vl1 L[;l'il~ 1l1l"ll"lt 

1'l1~ IJ1fl"l'f)~~1 LIJ1'f)f l"lru::l"l~1'l1~[;lf'f)IJ1~1~M~~ ~tl1U'UL'YIl"l L'UL~ti~1'.D~~ l"l~ Ll'ltJ.yhn1~'YIVl~'f)~ 

n 1J1!n ~ n'l:t11l1l"l~'.D1 F1t1'l1 fl lnfFl'il~Yl1Lln'f) f~ 1'U1 'W 30 l"l'U 1:4~ n1 ~~t{tJtl~1 n!l~ 11J'YI L1tJ 'U 

F1'f)~Yl1 Lln'f)f-rl1tJfl'f)'U~~11~;'Ui1tl~::~'YIfi1l1'Vl 82.23 / 81.53 LtI'Wltlm~ Lnru-n~ri1~'UV1 L~'f),j1 

l"l::LL'U'U~'f)1Jri'f)'U~tJ'ULL~::l"l::LL'U'UMl1J~i~ ~tJ'U~1~ Ll"I~1 ::~1V1tJ m~'Y1 V1~'f)1J fi1~ (t-test) LL1J1J4'1J fi 
, , " 

(dependence) 'Vl1J~1i1F111~LLlnn(;h~n'U'f)cl1~i1'l!mhr1C1J~~::;1J0.01 Lij'f)Vi'"l1~C\.l1l"l::LL'U'U~'f)1J 
I I • ., 

fi1Lil~tJ~i~L1tJ'U~~n~1fi1Lil~tJri'f)'U~tJ'U flltll~~11J'YI~tJ'Ul"I'f)~~1L[;l'ilf".ll1tJ~'il'U~~~1~~'U"'11,x .. ' .,
~~tJ'Ui1I:4~~~~V1fi'Yl1~m~~tJ'UL~~~'U 



....I 
'U'VI'VI 3 

L'l.ln1~-:Sr.rtH'lf'l~dJ'l.ln1~-:sr.rm~'1'V1 U1'i'l'el'l (experimental research) L~mn1J~:;~'VI~Jl1'Vi 
, " ....::I ~ r, .o::::lI !.- d. ...... r.... Q Q IV Q '" 

U'VI LnJ'l.lrl!lJJ'Vi'J L[;]'el~"ll'J tJ ~!l'l.l'VI~ n'l"ll'l.l LL'i'l::;'J Lrl~1::;~ tJ'i'l ~JJ ~'VID'VI1'1 mn~tJ'l.l~ 'i'l'ltiil1 n L~tJ'l.lUl'J tJ 

" I C7 '" 

U'VI L1tJ'l.lrl!lJJ~'J L[;]'elf-rl'J tJ~ 'el'l.lL'l.lL;j'el~1 (~'el'l .. m~tJ n1Jn~ mHl!ll?l LL'i'l :;1J~:;n'elui1JJ~l?lU1~'l.l 
-4 " ""'lo.. q d , ..c:lI ..::I Q.... lV..c:lI" 

L'll!l L'Vi 'i'l'l LLUU LLm L~tJ'I" 'll'lJJ ~1tJ'i'l:;L!l tJ C'l n1~'Jtiil tJ C'l'l'l.l 

1. ~:;LUtJU-:S1j~r.rtJ~H' 

'i::: bij~ 'U161~~ vtLi 
m~~r.rtJ rl~'1~L.jf LLuuLLtJ'l.lm~~r.rtJ L~'1'V1 C'l'i'l'el'l (experimental research) 

(One-Group Pretest - Posttest Design) iil1JLLUU~'1[;]1~1'1~ 

x
 

o 

L~!l X ~'el m~iStJ'l.l~'Juu'VIiSU'l.lrl!lJJ~'JL[;]'elf-rl'JtJ~'el'l.l 
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btJ~Ml'W ru ~V11';j'V1m~m'V1At'Wt~£J~1'1l~..:JA~~~:;'WA~';j'V1mb"1l(;m~:;'WA~bVIi1'el 

2. n~~~';l'elth..:J~1-n'Wn1~';j{tJAf..:J~ dJ'Wirn~m~nirn~m~n~:;~lJ1h:;n1~umJIn~~'1l1~~. 

~..:J'Vl:;b1jtJ'W~t.J'W1 'W';j'1l1V11-'el b~'elVl1';j'1l11n~..:J nU~';l-if'el..:J1'W';j{mJ'el..:J m{tJ1'WJl1 A~tJ'W~ 1 tJ n1~~ mn 
" 

2549 t~tJ9 :;-vh n1~~~ ~';lmh..:J bbUU b91:;9..:J~ 1'W';l'Wirn ~ n~1i..:J"''el..:J b~'eloW1~1'V1 ~~'el..:J bb~:;H. 

" 
1.1 n1~';jbAn:;~V1~n~ln~ntJ';j'1l1V11-mi1'elVl1';j'1l1 "n1~tJmJ~umn1Hl'el~bb~:; 

u~:;n'elU~~~~~1J1'Wb~'el b~~..:J bbUU bbrm1tJ..:J " 

n) ~n~1b~'elVl1';j'1l11n1~~';l-if'eld-'el..:J..:J1'W';j{tJm~V1~n~mU~:;n1P1utJUIn~';j'1l1~~ 
" 

A';l1~f (knowledge) ~~1btJ'W t~tJ1~~b~tJ';l'1l1ryYi91ru1b~'elVl1~9:;~'el'Wbti'el..:J91m~'elVl1bil'W'V11..:J 

'V1 ~M~V11'elU~um bb~ ';loW 1~1 bbU..:JU'Vl b1tJ'Wbb~:; b~tJ'WtS' In ~u~:;~..:J,)n 1~~'el'W 

A) ';j bAn:;~b ~'elVl1 b~m~'el nL~'elVl11 '" bV1~ 1 :;~~ nutS'1n rlU ~:;~..:J,) ~';ltJ':jfi n 1~. 

- {~~tJ..:J~h~Ub~'elVl11~1n~..:Jm2JtS'In~U~:;~..:Jr1b:n..:J~~mn~~~ 

- oW1b~'elVl11"'~b~m'1l1ru~1'Wb~'elVl1 ~1'W';l'W 2 'VI1'W 1n~';l9~'elUbb~:;ufuU~..:J" ~ . 

" ,
<ClI ~ oIClI .... '" d A_ 

n) bln~tJ2Jb'W'elVl1U'V1b~tJ'Wm~V1';l"1l'elb~'el..:J..:J1'W';l9tJ 

"11) oW 1tS'In ~U~:;~..:J,)b:n..:J~~ mn ~nl bb~:; b~'elVl11n12J~';l-if'el bi'el..:J..:J1'W';j{tJ~1{~ bbU..:J 

b~'elVl1'el'elmtJ'W~';l-if'elti'eltJ 1 
" , 

A) U1bU'elVl1U'V1~tJ'W~1'r11U'VlL!'el..:J(scrip) ~';ltJ~n~ru:;~1u~~mtJ~';ltJ'fln~~ 
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, 
UVI LS''El'l "" 

'"l) ~chrJ'vh~~L'El ~'1mr.rmth.l~r.r~~1'11-X~1LU'Wn'lS'Vi1'JVI ~tJ'Wfl'El~'W,) L[;]'Elf-rl')tJ 
~ ~ ~ 

~'El'W [;]1 ~..r') i'El L~'El'l'l1 'W';jr.rtJ th~~L'El~ Cl1tJ Vi 1 LL~ ') ttl ~1 Lu'Wn1 S'~ ~1":] hJ nLn S'~ UVI L~tJ 'W 

fl'El~'W,) LliI'Elf'li')tJ~'f)'W 

11) U1UVI L1tJ'WFl'ElUvh Lr;]'f)f'li')tJ~'El'W ~~~1'1 L~~'"l L~tJu~'ElmL~,) hJ1-X~" L~tJ')"ll1 ru 
~ , 

~1'W~'El ~1'W,)'W 2 vi1'W r;]S',)'"l~'1lULL~')tJfutJt'lLLnt~r;]1~fi1LL'W:::U1 

"ll) n'l S'V1 ~'Cl'1l'l H'UVI ~tJ'WFl'El~'W,)Lr;]'Elf-rl')tJ~'El'W 

n'lS'V1(;)'Cl'El":] L~'El~n~1-if'1lUny;i'f)'1 [;]1'1 1 Y11'1 ~1'WL~'El'VI1 n'lS'~1 LU'WL~'El'l~tJ1l1Y; LL'Cl :::1l1~1 

~H n'lS'L~'El).JLtJ..:] L~tJ..:] S',)~O":]L,)'Cl1~1-n'Wn'lS'L1tJ'Wn'lUl'El'W L~'f)U1-if'1l~'Cl~1~~1tJfutJS'..:]LLti1~ 
~ . 

," , 
"ll) u11tJ1~~L=iltJ,)"ll1 '1J~1'WL U'El 'VI1 LLrI :;~1'Wn'lU..j~ [;]~'El n1 S'~tl'W tJS':::Lij'W~0.l1l1Y; 

, 
.CII Q ... I .c:lI_ 

UVi LS'tJ'Wfl'El~Y;,) Lr;]tlS'"ll,)tJ~'El'WVlY;~'W1 

'W'"l 1 S'0.l1 L'l1~ Ln ru-in'l S'tJS':;Li1'W[;]1~WJ1~ ~ ~ L~'W"lI'El":]crL~tJ,)"ll1 ru '"l1 mJ'Cl"1l'El'l f11 L'U~tJ~ 
~ ~ 

1~fU[;]1~LL'W'JY11'1"11'tl'lLU~l-1 (Best) ~'1~ (Best, 1983 : 179 - 187 ) 

4.50- 5.00 

3.50 - 4.49 

2.50 - 3.49 

1.50 - 2.49 fl')S'tJfutJ t'l 

1.00 - 1.49 1-n,.]1~ 
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1 

Q oC:lo ilJ'"1 

1JY1l~tJkl'"J'El~~r;)l(i1'El~'1lr;)tJ~'Elkl 

oWl 1111-ifn1Jn~~[;]r;)'Elth-:)• 

i.I _.., £ ..c::.I 

2. m~~n-:)ll1J1JY1lPl~'El1Jr;)lPlt-J~~~~Y1DY1l-:)mn~tJkl 

" ,
.:::to a"' d .., '" d oC:lo ...... 

2.1 r;)lMl:;V1lkl'ElVllLi11~V1r;)"1I'Ell~'El-:)-:)lklr;)"'ltJ 

2.2 ';j l'"J~l:;'\ftj (i1Ql.1~:;~-:) rll:n-:)~ ~ ~ m~~"1I'El-:) l~'ElVll~-:)V1~ lPl 
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, " 
2.4 ~¥1'1 LLUU'Vl (;)~'flU L~'fln l?1'fllJ'llU(;) 4 [;]') L~'fln .yjrtJ''fllJ AfUJLllmn LL~:;iI?1Clur:;~'1A. . 

L:n'lV'l~~nrnJ 

2.5 'Il1LLUU'Vl(;)~'flU~~¥1'1~'W1~~L~tJ,)'ll1ru'~11'WL~mn~1'W,)'W I?1r')"'l~'flULL~::::2 vl1'W'" ~ 
I I I II I I 

UflJU~'1LLri1".l1 L~'fl H1&lLLlJU'Vl(;)~'flU.yjijA,)1~L.yjtJ'Il?1r'l1?11J...1 Lllm'l1 LL~:;&l1'W~'W 1 .yjijC-J~ ~'flmr';j~tJ 

2.6 'Il1 LLUU'Vl (;)~'flU~1&lufuu~'1 LLri'1".l1 LL~,) 1U'Vl (;)~'fl'l (tryout) rlul!n ~ n'jj-1 r:;~lJ 

ur:;ml"\-nm.rl?1ri'W~'1 LLC-J'Wn';j'll1'lh'ltJ'Wj;f ~ Ltl(;)~'fl'W CW ~vl1';j'VltJ1~m'Vl AL'WL~Un'll~'1 A~V'lr:;'WAr 
'" 

" difficult) LL~::::rh~1'W1"'l~1 LL'Wn (discrimination power) L(;)tJn'fl Lncw-nY;"'l1rCW1 ~'1-n 1'IX.jf'fl~'fllJij 

" " 
r11A,)1~tJ1n~1tJ (P) 'fl£ir:;vd1'1 0.2 - 0.8 LL~:;ijr11~1'W1"'l~1LL'Wn (0) [;]'1LL~ 0.20 ~'W1u LL~:;mr 

'" 
",1 r.JCW!11V'l".ll'fl'l LLlJU'Vl C;)~'fllJ~'1'U,.rlJ 0~tJ"'1 r11 A,)1~ L~'fl~'W".lI'fl'l LLlJU'Vl (;)~'fllJ (reliability) Lc;)tJH 

~ I?1r AL(;)'flf 1-n1f~'W (Kuder Richardson Formula 20) (~,)'WLL~:;'fl'l ACW1, 2538 : 198) L~'fl1&l 
'" '" , 

I .dI IV !.I 0 0 Ad" q I d""_ I 0 I 

A1 A') 1 ~ L'll 'fl~'WLL~ ') 'W1 ~1 (;) 1 L'W'Wm n ~'fl n".ll'fl~ 'fllJ'Vl C-J 1'WLn CW"Yl (;)'1 n ~ 1 ') LL~:;'W 1 ~ 1",1 A1 A') 1 ~ 

L~'fl~'W~ n Af'l L~~1&lr11 A')1~ L;'fl~'W1?11~~&l'fl'l n'1rLL~,) ~'1'1l1.jf'fl~'fllJ'll(;)e1UHrllJn~~ [;],)'flti1'1. . 

2. LL"'l mLUU'Vl(;)~'fllJ 1'IXn~~ [;],)'fl£i1'1Y11 LLlJlJ'Vl(;)~'fllJ rl'fl'WL5-tJ'W 

3. Y11 mr~'fl'W&l,)tJlJ'VlL~tJ'WA'fl~Y;') LI?1'flf-rl,)tJ~'fl'W ~'fl'l mr'tJ nulj~mrCl'fl (;l LL~:;ur::;n'flu 

~~~(;l~13J'WL~mY~~'1LLUULLCl,)L5-tJ'I L(;ltJijm"'l1r6~~'fl'W 1 vl1'W ~'fl ~~Y11';j~miJ'W~~'fl'W 
'" '" '" 

4. LL"'l mLiJU'Vl(;l~'flU L~~1 'IX n~~ [;]') mh 'I Y11 LLUU~' "" 'i'l~U"'~'1 L~tJ'W&l,)tJU'Vl L~tJ'WA'fl~Y;') LI?1'flf 

-rl,)tJ~'fl'W ~'fl'l n1~'tJnulj~n1rCl'fl(;) LL~::;ur::::n'fllJ~~~(;l~13J'WL~'fl LV'l~'1 LLlJU LLm LrtJ'l Y11~nAf'l 
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5. U11:J~~1~"1 n n1 ~vl1 LLUU'Vl (;J~'flU rl'fl'WL1t1'WLL~:::LLUU'Vl (;J~'flUl-1~_:I L1t1'W'll'fl_:l n ~~(;],)'flth_:l, 

hJ~ Lrl~1:::~VI1 j;.J~ ~~ ~'Vl i'Vl1_:1 n 1 n1t1'W LL~ :::U1 t,J ~~1~"1 n n1~Vi 1 LLU U'Vl (;J Ml U rl'fl 'W L1t1'WLL~::: 

LLUU'Vl (;J~'flUVI~_:I~t1'W 1m LM1:::~mlh:::~'Vlfill1'V'l"lJ'fl_:lu'Vl ~t1'Wrl'fl~~,) Lln'flf"ll,)t1~'fl'W 

-------------------------------------------------, 

-------------4 
L-__..,--__---J : 

I 
I 

I 

Q!.I .o::lIl oC:lo tr 

L~t1'W(;J')t1U'VlL~t1'W rl'fl~'V'l,)Lln'fl ~ 

"ll')t1~'fl'W 

~ - -- ­

.----, 
I 
I 

I , 

-------------j, 
I , 
I , 

~ Lrln:::tfl-111J ~:::~'Vlfi1l1'V'lUVl~t1'W 

rl'fl~i1') L[;1'flf"li,)t1~'fl'W 

•
I 
I , 
, 
I 

I , , 
---------------------------, 

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

., 
~tJ~ 3 LL~(;J_:I_n'W[;1'fl'Wn1~'Vl(;J~'fl_:lLL~:::n1~~Lrln:::~_n'fl~~ 
~ ~ 



__ 
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~ti~m~''Um11LA11~\hr'el;.J~... 
n'l~~{tJ Af-:J~~~ {tJ'lrW3lA~'l~~-if'el~ 'tll(;ltJ n 'l~~1'w'J CUVl'lfi'lYl'l-:J~ ri~i1 '\.m'l~~ lAn:;~ 

'U	 'U , 

1. ~tl~~1fl'Wn'l~~lAn:;~mJ1JYl(;l~'el1J 

1.1	 '\.nri'lA'J'l~mn~'lml'tl:;ri1'€J'l'W'l'"l~'lll'Wn".ll'el-:Jll1J1JYl(;l~'el1J 

~fil1V11~1A,)1;.JtI1n~1t1"lJ'el~,r'el~'el1J (~'J'Wll'tl:;r5-:J ACU'l, 2538 : 210 - 211)... 

p=!i
N 

.diI	 0 ..c::lI, 0 '" "" 
N A~ '"l'l'W'J'WA'WYlYll".l1~'W'WYl-:JVI~(;l 

1(;ltJY1'"l'l~CU'll~~n-if'el~~1J~iJri'lA'Jl~mn~'ltJ1'W-rl'J-:J 0.20 - 0.80 

l~~ D At) filill'Wl'"l~lll'Wn 

Ru At) ~'l'W'J'W,rniStJ'W~;1'l-if~~'W~n 1'Wn~~ In-:J 

RL At) ~1'W'J'WunL~tJ'W~;1'l-if'el~'W~n t'Wn~~'fl~'W 

N At) ~1'W'J'WunL~tJ'Wt'Wn~~ln-:JLL'tl:;n~~'ti'el'W. . 
, ..., , 

~ 

1.2	 VII AI A'J'l~ b"ll~~'W".lI~-:Jll1J1JYl(;l~'el1J 

~ fil1V11 A1 A ,)1)J L~'el ~'lJ"lJ 'el~ LL 1J1J 'Y!a;'! ~ 'f} 1J lin uti~ j;J ~ KR-20 (Kuder... ~ 

Richardson Formula 20) (~'J'Wll'tl:;r5-:JACU'l, 2538 : 198) 

r =_11[l_LPq]
u 

11 -I Sf 
2 
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cY 0 1;' .4.o:::1l Go" 

n A!l 91'W'J'W"lI!l"ll!l~LA~!l~~!l'JlPl 

P ~!l ilPl~'J'W"lI!l~~';h1~'W-ii!l'l!lti~ 1 J'W~!lilPl~'J'W"lI!l"A'WVi1Qn 
" 

!lUA'W Y1~'l!l~lPl 

q ~!l ilPl~'J'W"lI!l~~~-,11~lPl1'W-ii!l'l!lti~ 1 'l!l1!l ~'e) 1 - P 

s; ~!l A::LL'W'WA'J1~LL1.ln..J~'J'W"lI!l~LA~'e)~~!l~~'UUU 
, 

1.3 'l!l1r11L'il~m'i'l"ll,"HU[;J(~'J'WLL~::~~An.n. 2538 : 73) 

- IXx=-­
N 

.... ...X A!l r11 L'i),~tJ~[;Jn~'J'W"lI!l~ A::LL'W'WL~!l 

... " 
A!l r:.J~ ~'J~"lI!l~A::LL'W'WYI~'l!l~ l?ILX 

o ......

N ~!l 91 'W'J 'Wr:.J L"lI1~!l1J 
" 

2. m~~l?IA'J1~L~mm~"lI!l~eii!l~!lU[;J1~~[;JCl1.l~::~~r1• 

~G1'1n'1'1rGlfl'J'1~L;1~~G1'1~G1'1~rGlflU'l::~~f'1 LtfltJHfl[;J~ Rovine" and Hambeton ... ." 
(n~'J'i'l, 2536 : 185 -186 ) 

n

LXi 
o.V.=~ 

n 

I , ClI cv Q

3. m~'VllPl~!lU A'J1~ LL[;J nm~'1I!l~ A::LL'W'Wn!l'WL~tJ'WLL~::A::;LL'W'W'l!l~~ L~tJ'W 

~ GI 'I'lli '1 fh LLGI n (ph ~ 1"1:: LL1J 1J ri 'fI1J L';~1J LL-a:: f1:: LL 1J 1J 'Vla~ L';~1J (~'J 'W LL~::;~ ~ fHlJ1 ,... 

2538: 104) 
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t= LD 
1!"L D2 -(LDY_,

N-l 

4.	 n11~LAn::;,rVmJ1:::~'VlfiJl1'V'1'11!l'llJ'Vl~U\lA!lJ.J~'JL(;]!lf-rl'Ju~!l\l 

'll ii~m"ifi.'U n1~'Vl1tl~:::~'YI fi 111~"ll 'eH'U'YI L";tJ'U 1Ol'il ~I'Vb LU1'i1i<rl1 tJ 'll'il'U Ll?iUH ~ (;]1
" 

(L~1'JnM, 2528 : 284 ) 

M , = I:.Jtl'1l!l'lA::;LL\l\lL~~m1nn11~!llJri!l\ln11~f.J\l (pre-test) 

M 2 = I:.Jtl"ll!l'lA::;LL\l\lL~~f.Jr.l1nn11~!llJVI~'1n11L1f.J\l (post-test) 

" ~!l~1 lJ'Vl~f.J\lA!lJ.J~'J L(;]!lf1.!\l\~Lnru-nJ.J1 (;]1~1\l 
dJl 



"" ,
l'j;]rt,j5':::~'lrl"lJ'EI'l n'l5'19tJ rlf'lu' L.y;'EI~~1'l LL~ :::VI1,j5':::~'V1 fiJl 1 V'/lJ'VI C~m..lrl'El~-W') LI?l'elfori,)tJ~'EI'kl. 

d-'El'l n15''tln,j~lJ'in15'rt'El~ LL~:::,j5':::n'EllJ,1~~~~1~'klL~tl LV'/~'l LLlJlJ LLm ~tJ'l ~1V1f1Jt!n~m~15':::~lJ 
" ,j5':::n1l'1tlmrj;]5'1"ll1:nwi'W~'l LLt./'Wn'5"ll1ori1'ltJ'WL'l ~V11'5'V1m~m 'VI rlt'Wt~£jn"ll~'lrl~W5':::'Wrl5' ~'V1 tJ1 

" 
.dI .car. tr cv ~ Q _ .oCII it" Q .ca. d"'l 

L"lJ 1?lV'/ 5':::'WmLVI'Wtl LL~:::,) Lrln:::V1 ~~~~'l'VID'VI1'ln1n5'tJ'WVI~'l'"l1n L5'tJ'W(;l'JtJlJ'VI L5'tJ'Wrltl~V'/'J Ll?ltl5'"ll'JtJ 

~'el'W t~tJ ~9tJ1Wj Lrln:::\fiftl~~ ~'l~ 
" " 

, 
n15''5 Lrl5'1:::~VI1,j5':::~'VIfiJl1W1J'VI ~tJ'Wrl'el~ ~'J Lj;]'elf-ri'J tJ ~tl'kl ~'el'l m 5''tl n,j~~ n15'rt'el (;l LL~::: 
~ ~ ~ ~ 

tJ5':::n'elutf~~(;ltJ1~'WL;'elLW~'lLLUULm'J~tJ'l tJnn{)~~~'lu' 

" 
~1'W'J'kl ( rl'kl ) x 

(;l1'WL'W'elVl1... 1 4.41 

" .. .., 
(;l1'Wn15'~~I?l~'eln15'~tl'W 2 4.92 

, , " 
'"l1 n j;]1 5'1'lVi 2 LL~ (;l'lL~ L~ W)1U'VI L1tJ 'klrltl~-W 'J Lj;]tl fori 'JtJ ~'EI'WVi W59tJ ~ ~1'l~ 'W ii ~1 

" 
I "I I 

""'" G '" <iClI "'..::!I IQ _ I.ca. Ci " Q 

rl'J1~ Fl (;l LV1'W"lJ'el'l ~ L"lltJ'J"ll1 ru'VI1'l (;l1'WL'W'elVl1'eltJm:::(;llJ 4.41 LL~:::rl1 m1~ rl ~ LVI 'W"lJ tl'l ~ L"ll tJ'J"ll 1 ru 
~ w ~ ~ w 

'VI1'l ~h'Wm5'C.J~ j;]~'el'elEi~5':::~U 4.92 MtJl~~1 cJ L=BtJ'J"ll1 ruii m1~fi(;lL~'W~1lJ'VIL1tJ'WFltl~Y;'JLj;]'f) f 
qj ,,\.t ..
 

I 6' " II
 

ori'JtJ~'el'W L1'el'l n15'!J ntJ~~n15'Cl'el(;lLL~:::tJ5':::n'elutf~~~tJ1~'WL:n'elLV'/~'l LL1JU LLm ~tJ'l Vi 09tJ 

~ ¥1'l~'W'ElEiL'WLn cwm ~'l'VI1'l ~1'WL t1'elVl1 LL~:::'VI1'l ~h'Wn15'C.J~ j;]~tl n15'~'el'W 
" 



24 

2.	 n11~11l1:::~Ylfi1l1"r'l1JYlL1UlJfl'El'-JW'l LIWElfrl'lU~'EllJ 

~Ci~~tfllJn11'\.n1l1:::~Ylfi1l1"r'l~'El'l1JYlL1UlJfl'El'-JW'lLVl'Elf"Ji'lU~'EllJ t~UH~Vl1 (L~1'lnlU, 

2528: 284) 

, 
M( = ~~'lI'El'lfl:::LLlJlJL'U~Ulinnn11~'ll1Jri'lllJn11L1UlJ (pre-test) 

, 
M 2 = ~~~'ll'lfl:::LLlJlJL'U~ur,nnn11~'ll1J~i,:m11LffilJ (post-test) 

0­

"'El~11JYlISUlJfl'El'-JW'l LVl'Elf'l.!lJ'1~ LnN"Yl'-J1Vl11iiI1lJ 
d 

LLYllJ~1 M( = 8.91
 

M 2 = 19.73
 

P = 11
 

1l1:::~Ylfi1l1"r'l = 19,73-8.91 + 19.73-8.91 
25-8.91 25 

=1.105
 
I" .ell


~1Vi'1~L'Yhri1J 1.1 05 ~'1'l.!lJ1JYlL1UlJfl'll'-JW'lLVl'ElfJl'lU~'lllJL1'll'l n111Jnll!im;n11Cl'll~ 
- 0- 0­

LL~:::1l1:::n'll1J1J'-J~~,J,121'lJL:n'ElL"r'l~'1LL1J1JLLmL1U'1'1~LnN"Yl'-J1Vl1ti1lJ90 / 90 
d 

3. n1nLfl11:::i~~i'-J~Ylt"Yl1'1n11L1UlJ~i'l'"l1nL1UlJ~'lU1JYlISUlJfl'll'-JW'lLVl'llfrl'lU~'lllJ 
A. ...	 • I. .... '" Q%,L	 I 

n11'l Lfl11:::~~~ ~'-J~YlfiYl1'1n11L1UlJ 1:::~'l1'1n'lllJL1UlJLL~:::~~'1L1UlJ~'lU1JYlL1UlJ 

fl'll'-JW'l LVl'llfrl'lU~'EllJ t~uH~ Ci~tlJn11',j Lfl11:::in11YlIfl~'ll1Jfl'l1'-JLLVln j;j1'1~'ll'l fl:::LLlJlJri'lllJL1UlJ 
0­

LL~:::~i'lL1UlJ (t-test : One-Group Pretest-Posttest) 1l11n!J~~~'1i1 

~~n11fi1lJ'lNn11Yl ~~'ll1J'l.!u~1fiq)tVlU'll1 ~u n11LL'"ln LL'"l'l'll'll'lVi (t-test) 

I D = 119 I D 2 = 1,350 N 11 fllJ 
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. 
L~'fl D ~'fl m1~LLf;ln~1..:l"1l'fl..:lrl::;LL'U'ULL~~::;~.. 

119 
t =---;=0======
 

11(1,305)- (119r
 
11-1 

119 
=-­

4.40 

=27.018 

, " ' 
~1 t Vi ~1'U'Jru 1cii'L'vhnl.J 27.018 'i:Nn~1'"l (;I~~n LLtJ'i:'l~1l:.J'i:"l n11'Vl (;I'Mll.J 2 flr..:l LLf;ln ~1..:l n'U'I1'U~'fl.. . 
n11 L1tJ 'U~'J t11.J'Vl L1t1'Ufl'tl~Yi'J LIn'flf-rl'JtI ~'tl'U L1'fl..:l n111JntJ~,jti mHl'fl ~ bb'i:'l::;tJ~::;n'fl1J~~ ';j~ 

, " . 
'I1n~mnijWJ1~~LYi~~'lJ'tlrJ1..:lij'l1tJ~1Plru'VI1~~ntiVi~::;~1J 0.01.. .. 

. ". 
q Q. ... I .q I .. a " old ,.....odl Id...,

1. 1.J'Vl L~tJ'lJrl'flUW'J Lj;]'fl~"ll'JtJ~'fl'U ~rl1 fl'J1W'1 (;IL~'U'"l1 n tJL"lltJ'J"ll1 ru m'lJL'lJ'fl~1'fltJ'Vl1::;~1.J.. .. .. 

3. 70 LL'i:'l::;~1'lJn11l:.J~In~'fln11~'fl'lJ'fltJ~1::;~1.J C\'fl~1'fltJ1'lJ1::;~1.J~4.. .. 
2. ,J 1::;fq 'VI fi1l1'W"1I'fl~1.J'Vl L1tJ'lJrl'fl~Yi'J Lj;]'flf-rl'JtJ ~'fl'lJ d'fl~ n 1~1J ntJ~~ n1HI'fl (;I LL'i:'l::; 

tJ1::;n'fl1.J~~~~~1~'lJb~'flb"r1~~Lbl.Jl.Jbbm(jm 1~Lnru.n2-J1ln1~1'lJ 90 / 90.. 
, " 

3. ~~~'"l1 m1tJ'U~'JtJl.J'Vl b1tJ'lJfl'fl~Yi'J bln'flf"li'JtJ ~'fl'lJ ..'I1n ~m~nij rl'J12-J~LYi~~'lJ'tlrJ 1'1 ij 
_ 0 ,_ __~_ 

'lJtJ~1flrJJ'Vl1.:J~Clj;]'VI~::;(;I1J 0.01 



d 
'U'VI'VI 5 

L~''fl.:j m~!J mJ~~m~Cl'fl (;)LL~::;1.h::;n'flu~J.J~(;)~'l,r'WL;'f) LY'l~.:jLLUU LLCl'J ~rJ.:j ~'lVlfu,rn P1mn~::;;u 

tJ~::;m PlUtJU(;l~~"ll'l:nY'li'W~.:j LLe.J'Wn~"ll'l'll'l.:jtJ'W~ J.JVI'l~'Vlm~tJL 'Vl fl L'WL~£j~'l"llJ.J.:j fl~Y'l~::;'Wfl~ ~'Vlm 
'lJ 

.diI .c::a. tr _ ~ &:II _ &:II s,.. &:II q 11"', 

L"lI (;lY'l~::;'WmL V1'W'f) LL~::;'J Lfln::;V1 e.J ~~J.J ~'Vlfi'V1'l.:j m~Lm'WVI ~.:j'Ol 'l n L~tJ'W(;)'JrJU 'Vl L~rJ'Wfl'flJ.JY'l'J L(;l!l ~"ll'JtJ 

~!l'W mlJ.Jt.1'J!lrh.:j~1-if1 'Wn 'l~~~mu'W,rn P1 m~'l~::;;u1.h::;m PlutJu(;l~~"ll'l:nY'li'W~.:j ~'l"ll'l~"ll'l'll'l.:j
• 'lJ 

L~!l.:j m~'tJn tJ~~m~Cl!l (;)LL~::;tJ~::;n!lu~J.J~(;)~'l,r'WL;!l LY'l~.:j LLUU LLCl'J ~tJ.:j LL~ ::;LLUU'Vl (;)~!lur) (;) e.J~ 
r "" 

~J.J ~'Vlfi'Vl'l\ln'ln~rJ'W 

n 'l ~~ ~'l\lU'Vl L1rJ'Wfl!l J.Jvl'J L(;l!lf'll'JtJ~'fl'W1 'Wn 'l~~~tJ~ (jJ.J r;1'W'Ol'l n P1 m~'lVl~ n ~ (;lnL~::;-ii!lJ.J ~ 
'lJ 'lJ 

vI'l\l 1 n'l~~Lfln::;1fL~!lVl'l n'l~n'lVl'W(;)r)(;l~tJ~::;~\lr1 m~~h\lLLUU'Vl(;)~!lU m~~~'l\lu'VlL1tJ'W 

fl!lJ.J-W'JL(;l'f)f'll'JtJ~'f)'W LLU\I!l!lmU'W 4 U'VlL1tJ'W L(;)mnuu'W~n't11'WLLeJ'W~~~!lJ.J~'l'W'J'W 1 LLeJ'W 

~\I LOi!l 'ttJ~ 

• N 

U'VlYi 3 n'l~(;l~'J'Ol~!l1J'aJ.J 
..,: w 

U'Vl'Vl 4 n'l~tJ~::;n!l1J'aJ.J 

m ~~ LM'l ::;1fVl 'ltJ~::;~'Vl flJl'lY'lU'Vl ~tJ'Wfl'f)J.J-W'J L(;l!lf'll'JrJ~!l'W~~h\l~'W H Ln ru'rln'l~V1 'l fi 'l 

tJ~::;~'VlflJl'lY'l 90 / 90 n'l~~Lfln::;1fe.J~~J.J~'Vl~"1l!l.:jn~J.J!1l'J!lrj'l.:j~~rJ'Wc1l'JrJu'Vl~tJ'Wfl!lJ.J-W'JL(;l!lf"li'JtJ 

.d 0 I CII _..::::II iI 1,.; Cl-" .cr.d 1,..oC:to _ iI .J' 
~!l'W LJ.J!l'Vl 'l LLUU'Vl (;)~!lUn!l'WL~tJ'WLL~::;V1 ~\I L~tJ'W(;)'JrJ LLUU'Vl (;)~!lU (;)'JtJ e.J~~J.J ~'Vlfi'Vl ~'J'OltJM'l\l"ll'W 

LL~::;eJ 'l'Wm ~~ Lfl ~'l::;1f.jf!l~!lU LL~'J L(;)tJ1-il~ n~1 'Wn'l~~ Lfln::;1fn'l ~'Vl (;) ~!lU fl'J 'lJ.J LL(;l n LOi'l\l "lI!l\l fl ::;LL'W'W 

ri!l'W~tJ'WLL~::;V1~\I ~rJ'W (t-test : One-Group Pretest-Posttest) 

<- <­
o _.odiI.c::a. ..::::II 

'W'lJ.J'WL"ll!l LY'l~\I LLUU LLCl'J L~rJ\I 

2. L~!lVl'ltJ~::;~'VlflJl'lY'l"ll!l\lU'Vl ~rJ'Wfl!lJ.J-W'J L(;l'flf'll'JrJ~!l'W~~~'l\l~'W 
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.... .... .... 
~3J 3J.0l:S1'l.ln1'i1~t1 ... 

, " 
1. lJ'Vl L1-tl'WI"l'el1J-r;') Ll'l'elfJl')tI-;:q'el'WYi-;:q¥1~~'Wi'hh::;~'Vlfi.n1Yj 1Ji'Lfl11JLn UoleyJ1J1l'l5'j1'W 90 / 90 

2. ~~~"1 m1-tl'WJi'')tllJ'Vl ~tI'WI"l'el1J-r;') Ll'l'elf"ll')tI-;:q'el'W~-;:qh~~'W 'l!n~mt1i'i 1"l')11Jh~1J1J1 n 
" 

- ~ ~ ~ 

U~~n1nl'el [;)LL~::;U5'::;n'ellJi11J~[;)-W1~'WL~'el LYj~~LLlJlJLLm ~tI~ U5'1 n!l [:,J~ ~~tl 

2. U 5'::;~'Vl fi.n 1Yj"1l 'a~lJ'I'l L1-tl'Wl"l 'a1J-r; ') Ll'l 'a f"ll ')tI-;:q'el'W L~'el~ n15''tJ n U~ u~ n15' Cl 'a [;) LL~::; 
~ " " 

u5'::;n'alJi11J~[;)-W1~'WL~'aLYj~~LLlJlJLLm~tI~ 1Ji'LnUoleyJ1J1l'l5'31'W 90 / 90 

, " 
3. ~ ~~" 1 m1-tl'W Ji',) tllJ'Vl L1-tI 'W1"l'el1J -r; ') Ll'l'el f"ll ')tI-;:q 'a'W 'l!n ~ m~1 i'i I"l ,)11J h -r; 1J~'W'a rh~ i'i 

" 
'l!tI~1~(1J'V11~-;:q~~~5'::;~lJ 0.01 ~1'el~~tI'Wi'i1"l,)11J!L~1J~'W,,1~L~'el1Ji'99% 

" " ,
n 15'';j 4'tll"l f~ tl LU'W n15'-;:q h ~ LL ~::;~ 1 U5'::;~ 'Vl fi.n 1 Yj lJVI L1-tl'W I"l 'el1J-r; ') Ll'l'el f"ll ') tI-;:q'el 'W L1'a ~ 

~ " " 
n15''tJ nu~~ n1Hl'el[;) LL~ ::;U5'::;n'ellJi11J~[;)-W1 ~'WL~'el LYj ~~ LLlJlJ LLCl') L1-m ~ 1~flJ'l!n ~ nM15'::; ~lJ 

U5':::n 11"1tltlUl'l5'';j"1l1~Yji'W-;:q~ LL[:,J'Wn';j"1l1"ll1~tI'W(;] 1J~1~Vltl1 ~tI LVlI"l t 'Wt~U5'1"1l1J~ I"l~Yj5'::;'WI"l5' 
" 

~ 'Vltl1 L"1Il'lYj 5'::;'W1"l n ~-n'el U5'1 n!l ~ 1 i'i U 5'::;~ 'Vlfi.n 1Yj"1l 'el~ lJ'I'l L1-tI 'W1"l 'el1J-r;') Ll'l'a f"ll') tI-;:q'el'W1Ji'Ln UoleyJ 

1J1l'l5'31'W 90 / 90 
" , 

Li'j'el-r;"15'Uol1 rl1 L'U~tI"1I'el~ LLlJlJ'Vl [;)~'ellJri'el'WL1-tl'W i'irl1 L'I'hnlJ 8.91 rl1 L'U~tI"1I'el~LLlJlJ'Vl[;)~'ellJ . , 
~~~ ~tI'Wi'i rl1 L'I'hnlJ 19. 73 rl11"l::;LL'W'WL'U~tI"1I'a~ LLlJlJVI [;)-;:q'ellJ~~~ L1-tl'Wi'i rl1-;:q~ n~1 rl11"l::;LL'W'WL'U~tI 

" ,. " 
"1I'a~ LLlJlJ'Vl [;) -;:q'ellJ ri'el'W~tI'W ~~ ~4'tI~'W h~ 11J1"1n -;:q 1 L~ l'l ~~tl" . 

1. 'l!n~nM1~m4'tl1-ndj'Wn~1J~,)'el£h~ ~'el 'l!n~nM1LL[:,J'Wn~"1l1"ll1~tI'W(;] 5'::;~lJ" .
" " ,

U5'::;n1l"1tltlUl'l5'~"1l1:nYji'W-;:q~ i'WtlYi 2 1J~1';jVltl1~tIL'Vll"l t 'Wt~U5'1"1l1J~ I"l~Yj5'::;'WI"l5' ';jVltl1 L"1Il'l 
" 

Yj5'::;'l..JI"l5'L~il'el ~~ih~~L1-tl'W'elrJ1'W.n1I"lL1-tl'W~ 1 tln15'~nM1 2549 n15'VI[;)~'el~nlJn~1J~,)'elrJ1~" . 
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" oJn~m~t1(;hLiJ'Wm~~tJ'W mU~'fli.llJl1;JUn~ Lw:;Yhn1~'VI~~'fluriuoJn~ml1l1,nX'fl.:Jt~tJhjiim~ 

"tJ n L'Ji.l 

2. "l1 n m~~'flUC11;JoJn ~ m~n~LiJ'\.Jn~W~''J'flrJ1.:J tlnn{]~rlhJLflti!1 n t:1'fl ~u~:;n'flU~;J~~ 

~1~i.lL~'fl L'V'l~.:J LLUULLC1'J L1tJ.:J~J1 r1'fl'W ~.:J LiJi.loJn ~mt1~"lU~:::~uu~:;m pj\lmrlJI~1"ll1:n'V'l (U'J"ll.) 

LLeJ'Wn1"ll1"li 1.:JtJ'W(;] 

3. ri'fl'W'VI~~'fluWj4'tJ'"l:::U'flnriuoJn~m~n~.:JLU'Wn~~~'J'flrJ1.:J~1fl:::LL'W'W~1~"l:::neJ~1'Wm~, 
, 

~ 

w" 
L1tJ'WVI Wj9tJ~'fl'W'flrJ ~'fl 1"ll1U1i~.:J1'W'VI ~~'fluif;J LL~:;~'J~~ ~.:JoJ'Wm~'VI ~~'fluri'fl'WL1tJ'W~'JtJ 

~ ~ :;.J 

U'VI L1tJ'Wfl'fl;J~'JLlJI'flf~Wj4'tJ~ h.:J~'W rh L'U~mJ'fl.:Jfl:::LL'W'W9.:J~1L'V'l~1:::oJn~mt1hliim1;J~~'W~1'W 
~ ~ "" 

" ," I I II 

1 'W Lii'flVl1V1 L1tJ'WoJ'W;J1 rI 'fl'W LL~::: d'h Wj9tJ~.:J LiJ'W'fl1"l1 ~UeJ ~'fl'WU ~:::~11"ll11 'WLii'flVl1lJ'VI L1tJ'W 
~ ~ 

fl'fl;J~'J LlJI'flf '1 ~.:J n~1'J 1~oJn ~ n1f1 ~u'VIL1tJ'Wfl'fl;J~'JLlil'flf '1 L~'floJn ~mf1 ~lJ'VI ~tJ'WL~ ~'"lr.l.:J 1~ 
" , 

~ 

, 
~ 

yh LLlJlJ'VI ~~'flU L~;J~n flf.:Jl1'WVI ~.:J"Ilru:::V1oJn ~m~n ~lJ'VI ~tJ'WA'fl;J~'J LlJI'flf '1 ~.:J LnlJl~1oJn~m~nii 
~ 

II '" I '" 

fl'J 1;J ~.:J1'"l L1tJ 'W;J 1 n L'V'l n:::'VI n 1J~1 '"l :::~'fl.:J Vi1 LLlJU'VI ~ ~'flU L~;J~ n flf.:J ~.:J 1'Wm ~Vi 1 f1f.:J LLm 

" ,
'I!n ~ n if1 'fl1 '"l '"l ::: Vi 11,.j ri 'fl tJ 1 ~ ~.:J oJi.l J:.J ~ ri 1 L'U ~ tJ "II 'fl.:J LLlJ lJ 'VI ~ ~ 'fllJ VI ~.:J '"l1 n ~ Jl 'J tJ U 'VI L1 tJ 'W 

~ 

1'W~'J'W".lI'fl.:J m~1 Lf1n:::'!fJ:.J~~;J ~Yl'iYl1.:J m ~~tJ'W~:::VI~1.:Jri'fl'WL1tJ'WLL~:::VI~.:J ~tJ'W~'JtJUYl ~tJ'W 

A'fl;J~'J LlJI'flf-rl'JtJ~'fl'WLL~'J t~tJ1-n~ Ci~1'Wm~1 Lf1n:::trfl'J1;J LLVlnf;h~".lI'fl~f1:::LL'Wi.lri'fl'WLLfl:::V1i~ L1u'W 
, . . 

(t-test: One-Group Pretest-Posttest) '"l1nmn~ t ~~ii df = 10 ~:::~lJfl'J1~L~'fl~'W 0.01 n 

r11 2.764 ~.:J~'fl~1LtJ'W'"l~VI~n LLr;ir11 t ~ri1'W'Jru1~L'vhrilJ 27.017 ~~n~1'"l~Vlin LLtJfl~1tJfl 
, ~ q 

n1~'VI~M)lJ 2 l'lf~LLlJInr;i1~ri'W ,r'W~'fl mn1tJ'W~'JtJlJYlL1tJ'Wl'l'fl;J~'JLlJI'flf"li'JtJ~'fl'W d'fl~ m~1Jn 

tJ~~ n 1~t:1'fl ~ LL~:::tJ~:::n'fllJ~;J~~~1~'WL~'fl L'V'l~~ LLlJlJ LLm ~tJ~ -wn ~mt1nm1;J!L ~;J~i.l'flrJ 1~ii 

oJtJ~1I"itlJYl1~~Ci~V1~:::~lJ 0.01 ~~~'fl~l'l~'fl~rilJ~1'W14'tJ'lJ'fl~ 4'n1 (2543) 1~Vi1m~14'tJ 

," ......
1. 'lJ'flL~'W'flLL'W:::L'V'l'fln1n~tJ'Wm~~'fl'W 

"l1 n tJ~ n1~tJ ~:::L~'W"II'fl~ eJ L~tJ'J"ll1 ru 1Jlr11 ~:::~1JI9:::LL i.li.lL'U~tJ1 i.ln 1 ~U~:;L~'WYl1~ ~1'W 
~ ~ 

L~renn L'Y11 rilJ 4.41 LL~:::ri1~:::~Ul'l:;LL'W'WL'U~tJ1'Wm~tJ~:::Li'1'WYl1~~1'WLYll'lUf1m~eJ~lJI~'flL'Vl1 riu 

4 .92 m;J'1h~ri1l'l:::LL 'W'WL'U~tJ l'l'J1;J~ ~ L~'W'lJ'fl~ eJL~tJ'J"ll1 rulJl1;J LL 'W'JYl1~"II'fl~ LU~l1 nr11'fltJ1'W~:::~u 
~ ~ ~ 

. "'" , 
~ 'fl1'"l LiJi.le.lfl;J1"l1 nuYl L1tJ'Wl'l'fl~~'JLlil'flfri'JtJ~'fl'WVlWj9tJ ~ ~1~~'W LtJ'WL\1'flVl11fim~~'fl'WVlWj9tJii 

~ ~ 

tJ~:::~ummr LL~:::l'l'J1~~'WLl'ltJ1'Wm~~'fl'W~1V1~1tJ~UtJLL~:::1'Wm~c;i1LU'Wn1~r;hm11~~t'fl'"l:::~1 

~~t'fl~ ,htJVi1LL~'J1tJ4'~Virl LU 'WlJ 'VI L1tJ'Wl'l'fl~~'J LlJI'flfl'Wn 1~c;i1 LU'Wn1~14'tJ1 'Wl'lf~~ m9tJ1,.j1~ 
~ 
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~1 LilUn1~L'El-:l LL~4'~~1-:l ~flJ~1-:l'"l1 nrl1£JU'El n~1 LilUn1~1~ ~-:l~11~Fi1t1~~Lnu~1~'EltJ1U~~~lJ~ 
~ ~ 

LL~~-:l'EltJ1-:lhn[;l12.JWi4'£J~~~1 u-:lii-if'EllJn.,.d'El-:l'EltJU1-:l ~-:l'"l~lIf'El-:ll~flJn1~~[;J.ju1LLft~LLril"JI1u 
~ ~ ., 

t'Eln1~~'Ellt1 L-rlU n1~,j1L-if1~1JVI L1£JUFi'ElU-if1-:l1J'El£J Li1'El\'l1~1£Jft~L~£J~u-:ll~~'Vi'El 111'Vi LLft~L~£J-:l 
~ . ., 

U-:ll~ Fi'El £J ~ ii L~£J\I LL V1~n lJ1\1 [;l'ElU LU'El\l'"l1 nL'l ft 11uti 1 £J~1 ii 1J'El£J ~\I ,rulf1'"1 ~1l1lJVI L1£J U 
1fti''' ... 

FI'El2.JYi 'l L~'Elf-rl'l£J~'ElU ~'El\l n1~1Jntln~ n1~tl'El~ LLft ~tI~~n'EllJU2.J ~~1l12!UL;'El L'Vi ft\l LLlJlJLLtl'l L1£J\I .. ., ., 
lt11-iiLUn1 ~ L1£JULLft ~n1 ~~ 'ElU ~~'ElU'"I ~lIf'El\liii m~t~l Un1~tl'El ~ LLft::::tI ~~n'tllJU2.Jiii~,j12! UL;'tl L'Vi ft\l 

~ 

.. ., ., 
tl'El ~LLft~tI~::::n'EllJu2.J~~1l12!uL;'tl L'Vift\l LLlJlJ LLtl'l L'1£J\l1~,rn ~ nkn~1~'EltJ1-:l·jf11 LLft~tlft'tl~.ri£J . ., 

2. -if'ElL~U'tlLLU~LYi'Eln1~~4'£JFlf\l~'Ellt1 
., ., 

1Un1~~1 Lilun1~~4'£J1U~mtcu::::L~m nun '"I~~'El\liiL'lft11un1~ti1£J~1~~t'tl2.J1nn~1n 

'"I::::~'El\lii\llJ~1~'El\l~1\'1flJFi14'~~1\1~flJYi2.Ji\l1U~4'£JFi11'~~~1-iiLun1~~1Lilum~'"I::::lIf'tl\l4'~Ll;]1£J2.J 
~ . 

ltj' n1~~1\11u1u~mtcu~d]un~2.JFlcu~'"I~lIf'El\liim~'l1\1LLC.JU[;l1~1\1n1~~1Lilun1~'"I~~'tl\liim~ 
., 

tI~~12.J~ 1\'1 flJn ~2.J ~i'l2.J~1\11u~4'tJtltJ1\11JmJ1 Flf\l ~'tl L~'tlU t~tJf11\'1u~1'u1~V1 ~1lJ~'l\l\'l,j1 

L-rlU tI~~"Il2.Jitl~1iLLm"JItl\lVlnL~'tlU 1U1'U~\lFI1~ LtJU~U L~m'11~n~2.JWi4'tJVlnFlUVI~1lJ 
.... .. 'U .. 

FI'l12.Jrl1'l\'l1J1"J1tl\l L~tlu,rn~4'tJ LLft~L~tl1~Ln~FI'l12.Ji'l2.Jijtl LLril"JIUt1I\'I1~ Ln~~u1un1~~1 Lilu 

m~ii4'tJ 
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n~M-,r\.J[;] ~~\.J1ru5'\l.-l. 2536. L'VII"IL'UL~iiL'VIl"liJI"lPin'bl1. n~'1L'VlYl~V11W;1J': Jl11"l~"ll1 

mPl1~(;IfL'Vl1"lt\.Jt~~ I"lru::;I"lJ'Pl1~ (;If'el(;l~1V1mJ'~ ~mu\.JL'Vl1"lt\.Jt~~YlJ'::;9'el~ Ln""1, ,. 

m~mJ'~nM-1\.J'elnLJ''1 L!-tJ\.J. m::;'VlJ'rN~mnfimJ'. 2541. 1~tll"I'J1).lo1'el·.m1'i'U'VIL~tI'U 

1"I'el).l~'JLUI'elf"li'JtI~'el'U~ n~'1 L'VlYl~V11\.J1"lJ': lI~'~ ~\.J6mJ'Y;~iLLfi\.J9\.J'Vlf r.h nl'l. 

, 

~V11Uru.yj(;l Jl11"l~"ll1mPl1~(;IfLI"l-;:'el'ln~ ~mu\.JL'Vl1"l t \.Jt~~YlJ'::;9'el~Ln""1, uru:n(;l~'Vlt.l1~tJ 

~ ~ 

mJ'r;]l'l L~'ellJ\.J'lA\.J1\.J';j"ll1 L'VlI"lUl"lmJ'r;]l'l LEJlJ L~'el9lJ9lJ V1~n~ r;]J'J'::;r;llJmru CU1f;i~ I"lru::;I"l'VmJ'J'~ 
q '" Q;' ... 
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., , 

~')'W 'Cl1UUPl. LL~~ ~'lf'1ru1 'Cl1umi. 2538 L'VIf'1ijf'1n1~~~tl'VI1.:ln1~~nM1. Y1~~f'1j'lVi 4. 

m''lL'Vl~ ..,: 'Cl~m'Cl1i'W.. . 

., 
LL~~Jl1~LLEJn:n'W." ~'VlmU~'Wfimruru1f'1jPl1'Cl [;]f'El1n'Cl1V1m'nnJru-nIn mf'1~"ll1f'1jPl1'Cl [;]f

-... Cl.f Cl. Ill. Cl. 

Best, John W .1983. Research in Education. 4
th 

ed. Englewood Cliffs, New 

Jersey: Prectice Hall, Inc. 

Gagne, R et al. 1988. Principles of Instruction Design. New york, NY : The Dryden 

Press. 
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"'" L~t1'l.l 

(;]1~~trlN n1 ~';jr.rtl n1~~~1~LL~::;V111J~::;~'VlfiIl1lnJ'VlL1t1'l.lrl'El~~'JL(;]'Elf-rl'JtI ~'El'l.l (;]1 ~ 

i'JO]'El L~'El~ Wjr.rmL{;\~::;'Yi1'l.l 1J~::;n!l1J ~'JtI triN n1~tJ'Elti 16 trlNn1~ l~~1J'El'l.lIDil1Xc;'h L'U'l.ln1~ 
'U • 
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..... .d 
,;)'U'Vl 

oClI	 I "I 

L'a'il~	 "lI'el L; ry Lilu~ L=iim"1l1 '1J ln~,)" ~'eln1~fl'elucJhuL il'el~1"l1'el-:llJ'VI C1tJUf'l'el~'W,)Lln'elfJbtJfl'elU 

tULf'l1-:1n1~~r.ttJ"lItl-:l ~'VItJ1L"lIln "1 

m~~Lf'lN n1~~r.ttJ n1~fl ~1-:1 LLfl~~11J1~~'VIfifl1~lJ'VI L"1tJUf'ltl~-W') Llntlf'll')tJfltlU ln1~ 

,r')if'elLitl-:l0r.tmLj;)fl~vi1u tJ~~n'ellJ~')tJLf'lNn1~tltltJ 16 Lf'lNn1~ 'l~11Jtl't~t~~1LtlUn1~ .. , 
lff-:l LLj;)'iUYI	 mr.ttJ'l~mm~n ~1tJ~r.tmLfl~1l ntllJ~~Vl"1~CU1 LL~,)~1 tl1"1~Ufl~t.,.. 
LtitJ ~tJ~~~'VIi ij f'l.CUfl~lJ~L ~~1~fl~t Un11LilueJL~m"Jl1n Iln~').,~tl n1~fltlU~1UL~tl~1"l1tl-:llJ'VI C1tJU..	 .~ 

f'ltl~Vl,) Llntlf Lf'lN n1~~4'tJ n 1~fl11-:1 LLfl ~~ 1tJ~~i'VI fifl1VllJ'VI C1tJUf'ltl~-w') LlntlfJl,)tJ~tlU Litl~ n1~ ..	 .. .. 
1J ntJ~u] n 1 ~Cltl Vl LLfl~tJ ~~ntllJif~~VlU1~UL~tl L~~~ LLlJlJ LLCl') L"1tJ-:I ~ 1~ 1lJUn ~ m~t1 ~~~lJ .. 
tJ~~n1P1i1mj ln~~"1l1=iiVliufl~ LL&JUn~"1l1'll1~tJU(;] ~~1~'VItJ1im'VI f'lLULfltln"1l~-:I f'lfl~ ~~Uf'l ~ ~'VItJ1.. 
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"lJ'il'U"lhtl"lJ'fl.:JL;f'il'VI1~'Ji1 L~'il.:l nI 'i]mJD~n1'itl'il In LL~~t1 'i~n'il'Uit)J:SIn,rl~1JL:['£l L~~.:J 

LL'U'ULLtl';n"itl.:l 

"]j'el1J'lhtl"]j'el~L~'elln1-n1 C~·'el~ n1~!JmJD1Jlln1~f.l'el~LL~~l.h:;n'el1J,j~~(;l~I,r'WL~'elL'V'/~~ 

LL1J1JLLf.l'J ~E1~ 1~LLtJ~ L~'elVll nl~lSE1'W'el'el nLtI'W~IE1-if'el~~~ 
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';"';1\,""",,,," = IRu - RI.I 
N /2 

~ 
<.0 



1Jl1"i1~V111 ~rm11tJ1:; LiJ\J""Pi,m1)..J L~mr\J'lIt'l-l LLUU'Ml"''flU d,t'l-l n11't1ntJnU~n11nt'l c;'I LLrl:;tJT:;n'fluD)..J~c;'IJ1,r\JL~'fl LY'/~-l LLUULLri1 L1t1-l 

1:;~U tJ1"'. i\Jn~ 2 T'flUL-n, LL~\Jn'i'lI1'rl1-ltJ\Jiil tJ1:;41nn11~m~1 1/2549 

VI r,xi'1 unPI m:t1 ii'llVlI1li'1tluVi ( 25 ii'll ) 

L() 
N 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 ::l 
C'... 

N 

~ 

1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 24 576 

2 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 22 484 

3 1 1 0 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 21 441 

4 1 0 0 1 1 1 1 1 0 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 20 400 

5 1 1 1 1 0 0 1 1 1 0 0 1 0 0 1 1 1 1 1 1 1 1 1 1 1 19 361 

6 1 1 0 1 0 1 1 1 0 0 1 1 1 1 0 1 1 0 1 1 1 1 1 1 0 18 324 

7 1 0 1 0 1 1 1 0 0 1 1 1 1 1 1 1 1 0 1 1 1 1 0 0 1 18 324 

8 1 0 0 1 0 0 0 1 1 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 17 289 

9 1 0 1 0 0 0 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 0 1 1 0 17 289 

10 1 0 1 1 0 0 0 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 17 289 

11 1 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 1 0 1 1 1 1 1 1 1 17 289 

12 0 0 1 1 0 0 0 0 1 0 0 0 1 0 1 0 0 1 1 1 1 0 0 0 0 9 81 

13 0 0 0 1 0 0 1 1 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 1 8 64 

14 0 0 0 1 0 0 1 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 1 1 0 8 64 

15 0 1 0 0 1 1 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 8 64 

16 0 0 1 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 6 36 

r'llJfI:: LIUU nuiJ'tl 11 4 8 12 7 9 12 12 6 5 6 12 12 12 11 12 11 9 12 12 11 11 11 12 9 249 4375 

P 0.69 0.25 0.5 0.75 0.4 0.56 0.75 0.75 0.38 0.31 0.38 0.75 0.75 0.75 0.69 0.75 0.69 0.56 0.75 0.75 0.7 0.7 0.7 0.75 0.56 

q 0.31 0,75 0.5 0.2!i 0.6 M~ 0.25 0,25 0.62 0.69 0.62 0.25 0.25 0.25 0.31 0.25 0,31 o.~~ 0.25 0.25 0.3 0.3 0.3 0.25 O.~~ 

pq 0.21 0.19 0.25 0.19 0.2 0.25 0.19 0.19 0.23 0.21 0.23 0.19 0.19 0.19 0.21 0.19 0.21 0.25 0.19 0.19 0.2 0.2 0.2 0.19 0.25 5.264 
c..n 
o 
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L:J ~ n1'l f>l1 'U 'HU 'VI 1 fi1 Fl 11~ L;l'mr'U"lJ 'fl.:! LL'U'U'VllOl~ 'fl'U L~'fl.:! n1'l7J m..J~u~n1Hl'fl 10I LL~::: 

t1'l:::ml1J,j'~:.:i~J1iJ'UL=f'flL'W~.:!u.'U1JUmL1t1.:! 

Ipq=5.26 Ix=: 249 

16(4,375)- (249Y 
- (16Y 

=: 31.246 

r =:~-[1- Ipq]
/I n -1 S2 

/ 

, 
4 0 " d..tdl .... 

n Fl'fl ~1'U'J'I..l"1l'fl"1l'fl..:lLFlS''fl..:l~'fl'J1OI 

P fi'fl ilOl?l'J'I..l"1l'fl..:l~~1'lart'U~'fl'\.lrt..:l1 ~'I..lfi'flilOl?l'J'I..l"1ltNf)'U~1~n[;\'flA'I..li..:l'\.l3-J1OI 

q ~'fl ilOl?l'Jkl"1l'fl..:!~~Yi1CjlOl'tkl~'fl'\.l;1..:!1 '\.l1tm'hnlJ 1- p 

s} fi'fl f)::LL'I..lklfl'J13-JLL1JnJS"J'U"1I'fl..:! Lfli'fl..:!;J'1li..:!'U1JlJ 

LLYl'l..lfih 

r -~[1 5.26]
(/ - 25 -1 - 31.246 

=0.866 
~ ~ I I 

cv .... ... A-=I 4., 

lOI..:!'W'WLLlJlJYllOlfl'1llJ'UlJlJ'I..l~ 0.866Fl'J1~ L"ll'1l~'I..l 
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Ul1rl~~ 12 m ~'VI c;J~'a1J,rtl~1~t1J Lc;Jtlm ~t1m~LLr.mLL~'1"11'il'lYi (t-test) 

d'a'l n1~!JmJ{j~n1 ~tl'a c;J LLrl :;'1.J~:;n'a1J~ ~~c;JJ 12J'UL~'a L't'l~ 'ILL1J1JLLm L~tJ'I 

~:;~1J '1.J'J~. 4''UtI~ 2 ~'a1JL.jf1 LL~'I..ln":j"Jl1·jh'ltl'U~ t1n1~~nM1 1/2549 
o 

." 

'VI 
.... 

"Jl'a - ~nrl, 

(y- X) = 0 0 t1nrh~'1 2rl'a'U (X) ~~'1 (y ) 

1 5 17 12 144 

2 10 20 10 100 

3 6 19 13 169 

4 9 20 11 121 

5 8 18 10 100 

6 15 23 8 64 

7 11 22 11 121 

8 13 23 10 100 

9 7 18 11 121 

10 9 21 12 144 

11 5 16 11 121 

98 217 119 1305 
,. ." 

~1L'Urltl 8.91 19.73 
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t= ID 
~ N'I D' ~('I,Df 

N-l 

, . 

d'jtl D iiitl F1':l13-Jbb(;lnf;h~'JJtl~F1:;LL'\J,'\J,Lbr;i~:;l'i 
'lJ 

119 
t =-r=======
 

(1Ix1,30S)-(119Y
 

11-1
 
119
 

= 
4.404 

=27.017 

,
 
r.nn(;l1n~ t ~~)j df = 10 ~:;~1JF1':l1~L:nmr'\J,
 

L~tl1Jl 99 % J\,l~tl n1n~tJ\,l~':ltJ1J'VIL~tJ'\J,F1tl3-JVi':l b(;ltlf'Ji'JtJ~tl'\J, L~tl~ n1~1JmJDmin1~()tl"'LL~:; 

tl~:;ntl1J,j~ ~~ un Pi m~ni1 F1':l13J~L~3J;\,ltlth.:J)j,rtJ~1 Firu'Vl1~~tl~~~:;~1J 0.01 
'lJ ~ 
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1. 
~ 

n. ,r1J~1'lJ'J'lJ~ n~1J,1~ 
~ 

~. ~~~~1~n1~~~'lJ~~~U~" , 

r1. ~~~~,1~L-if1ri1JLL'V1'lJU~~~ 

~. ~1r1'J1~~~~1~n1~'lJ~n~'J~~'lJ~~ 
no "'.... I 

2. u~~~'l11,r'lJL~~L'V'l~~~1~,hYi~~h 

n. L~11~~L~~L'V'l~~1'lJm~1.I!ln~1J 
" "" ~ 

~. ~ (;l'l11,r'lJL~!lL'V'l~~~~hJu~L~~'lJU~ 
" 

r1. 

" " 
~. ~~'l11,r'lJL~~ L'V'l~~r1'J1~ ~'lJ~~ hJu~tr'J~~ 

" 
no "" 0/"''' I 

3. U~ ~ ~'l11,r'lJL~~ L'V'l~~~~~u~~~'l11,r'lJL~!l L'V'l~~~1~,J1Y1~::;h 
" 
n. 

"" ~ 
~. ~~'l11,r'lJL=n~L'V'l~~~~hJu~~~'lJU~ 

" 
" " ~~'l11,r'lJL~~ L'V'l~~ 1~LlI'lJtJ~m~::;~~~ 

" " 
~. ~~'l11,r'lJL=n~ L'V'l~~ r1'J1~ r;l'lJ~~ h.JtJ~~'J~~ 

" 

~ 

n. ~n~l.Iu~ 
" " 

~ 

r1. ~m~~n~1Ju~ 
" " 

~. L'V'l~1~nL~m,1~ 
" 

n. cJl1 'lJ-if1'1 'lJ ~ 'I ~~ 'lJ,1~ 

~. cJj'1'lJ~~'1~~~~!l'lJ,1~ 
~ 

r1. cJj'1'lJ~,J1L~~'lJU~ 

~. "1"" ,5~1'lJ j;l L~~'lJ ~ 
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01 II II I	 I 

6. U3-J l?1l?1 ,J1~'W L~'fl LYl~~ Ll?1tJ 't1'Jh.lnn~ l?1~'JtJ,rYl~1 'W'J'Wn ~'J 
~	 ~ 

n. 

"11. 2 

R. 3
 

~. 4
 

7.	 1'Wm~n'fll?1LLtln~'W~'J'W~3-J ~~~~'fl~vhri'fl'W~'fl-li'fl1l?1 
..­ .,l 

n. n'fll?1f;l3-J L,"'JtJ~. ., 
"11. ~l?1"lll?1~'W~~. 

<J ..­
R. f'l'flnf'lnm:;Yl~.~ 

~ 

~. n'fll?1~m~f'ln~uu3-J 
~ ~ 

n .... '"	 0'" I 

8. il3-J~l?1,J1~'WL~'flLYl~~LLUULLm~tJ~i1"lll?1f'ln~uil3-J 4"lll?1 9:;i1"lll?1~'W~~n"lll?1 
'I 'U 'U 'I III 'I 

n.
 

"11. 2
 

R. 3
 

~. 4
 
,	 ., , 

9. ~~mt)tJ~ (flyweight) ~l?1~~'fl~Yi1l?1 
~ 

n. ~n~uil3-J
 

"11. L~'fl~U~~'t1"J
 

R. LYlf'l1~mdm~3-J 
~ 

~"" n. mRU 

"11. ~'Jl?1l?1 
~ 

..­
~. R'fl'W 

11. n1~n'fl"Jf'ln~U~3-J9:;n'fl"J'fl'flnYl1~~1'W1l?1"11'fl~~'fl'W~3-J 
~ ~ 

n. U'W
 

"11. ~1~
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..
 
n. A~ 

.... 0 "" 

.::I. 1WJ'lJ1"ll~ 

13. n1~~~~n~~u~n~uD~~~~~.::I~~~~~n~1.::1~1'lJ1~~~.::I~~'lJD~.. 
n. UW
 

~. fl1.::1
 

0' " " , 

14 1~riYlL~~fLl.l~f~~.::IU~~V1U1~l.lL~~L~ft.::lLLUULLm~ml-h\.",j1~~~h 

_ D _ dI ~" " 
A. fl~UA~ A~1~~l.ll.l1~l.lL"ll~l~~.::I• 

" " 
.::I. ~~1.::1-[(;]nn1~1V1~"lI~.::IU1~l.lL~~L~~.::I 

0' " " " I nI 

15. 1 ~ riYl L~tlfL lJtlf'il~.::ItJ~~~u 1~l.lL~fJ L~ ft.::l LLUU LLm L1t1.::1 ~ ~ ~.::I~~V1 ~1 LL'VI~.::I1 'VIl.l'il~.::I ~~l.lU ~ 

n. U'lJ
 

'iI. fl1.::1
 

fl. "
 VI'\..!1 

.::I. VI~.::I 
a • 

16. n1~~~~L~~.::IU~~~~ (control rack) f)f)fl'illfllje),Wlh.J~f).:jtlf)~n'l'm~f)fl~llJdlJn~d.. 
n. 

~. 2 

fl. 3
 

.::I. 4
 

17. n1~(;]~~"'ln1~LA~~'\..!~~'ilfJ.::I~n~tJD~"'l~~fJ.::IL~m~fJ.::IPl1.. .. 
n. 45
 

'iI. 60
 

fl. 75
 

.::I. 90
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18. ~n~u~:J~~I"1'.J~il~nh'ru~'flth:Jh
 

n. f.j'.Jbth.l~'l.l'.J1'.J
 

"lJ. f.j'.Jil~1m~'l.lb~m
 

1"1. V1ih~C;)btl'l.llth:i;'
 

... Ci >­
n. bn c;) n1~1"1 C;)'1/m~ n 'l.l'fltl 

"lJ. Yl''l.lbYJ'il'l~ nVl~'il:J1 n 

~. b~~'il'l.l~'.J1~1"1~'il'l 

"11. r'fl'lL~t1'1~~n~U~:J(;JNriULI"11'il'lVl:J1t1~hJL~'flf 
OJ OJ 

1"1. r'fl'l L~t1'1~~m'lu~~~hJYI1'1~1'l.lVl,J1"11'fl'l~'fl'l.l,J~ 
OJ OJ 

I I _ " ... 

23. LI"11'fl'li!'flYil-n'l.ln1~n'fl C;)-1.h~n'ilu11~~c;)\J1~'l.lL:n'flb~~'1 bLUULLm L~t1'1~'flojf'fl llPl 

.... '" >­
"11. (;J'.JVI'l.lu~nm~'VI'1.. OJ .. , .. 
1"1. ~'.J~'fl'l11~c;)c;)t11~'l.lL:n'flL~~'1 

OJ .. 
'I. ~'.Jn'illPl~'l.l~'.JUI"1~I"1'.J1~~'l.l, 
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n , , 

24. ~nl:'l'l.Ji1).JLFl~'el'WVi~.:It1i'')tl'el:::15­
" " ., n 

n. Lyj~1fjmijmi1).J 
OJ 

"1l. ~m.:l~nl:'l'l.Ji1).J 
" " ... 

Fl. ~nm:::'Vl.:l"., . 
.:I. ~'W~.:I 

n ., 

25. is'el'Wi1).J'Vl1.:1t1i'1'l.!'l.J'W~C1I~.:I'el:::15-

... 
"1l. ~nm:::'Vl.:l" . 

n 

Fl. ~nl:'l'l.Ji13.J
" " 
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1. ~ 

2. ~ 

3. "lI 

4. ~ 

5. n 

6. A 

7. A 

8. ~ 

9. A 

10. "lI 

11. "lI 

12. n 

13. n 

14. 'lI 

15. ~ 

16. n 

17. 'lI 

18. n 

19. 'lI 

20. A 

21. FI 

22. n 

23. 1.1 

24. 'lI 

25. n 
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~~~'U~"ll1 

.t 
'Vi'Uq>1'U.... 

.. ., 
04-311-204 UD,m-:l1'l.lY1l?lfl'aUU~ll~::,r'J~l?ll~'fllY'l~-:I~l'll~ 

DIESEL FUEL PUMP AND INJECTORS TESTING 
., 

ij'Jl1~Y'll 'ilY'l1 ::fl1"lJ1L'l.lVl~n fll'lrU r:: m P'lUmJl'lrij'Jl11Y'l-n'l.lfl-:l 
~ ~ 

fl1·1I1ij"1l1·lh-:ltl'l.lL'l 

Jl1~~U'l.l~ 1 i'l.ltl~ 2 

108 ~11Jl1U'l.ll'l~'al?l 18 iUl?l1i Y1~M-D - ~1U UD,j~ 6 m1J [;]'fl 

i,Jl?l1t.l llfl::'I!n~nM"1~::~'fl-:lH'L'Jfl1~nM-1A'l.l~~1'l.l'flm'J~11 .r'JLiJ-.3 [;]'fl 

iUl?l1t.l 

.. ., 
1. iiirnM-::L'l.ln11'fl1'l.lLLcJ'l.li:hm,rfl"lJ'a-.3UiJLL~::,r'J~l?lL~'fl LY'l~-.3 

2. ihinM-::L'l.ln11m'J~'1l'fl~ n1'YJl?lMJULL~::1.J1ULL[;]-.3,r'J~l?l .. ., 
3. i~hinM-::L'l.lm111l1'J~'1l'fl~ n11Y1l?lfl'flULL~::U1UlLl'l-.311~~l?lL~'flLY'l~-:I 

4. 11l1::V11Jn ~-.3 ~rufh LL~::U1N L~~'fl-.3il'fl'V1l?lfl'flU L'l.l-:l1'l.lY1l?lfl'flU,1~ LL~:: 
..........
 
V1'J'ill?l!ilL'll~ 

1] nUD,mm1'fl1'l.llLcJ'l.lihm,rfl'll'fl-:l~~ LL~:;,r'J~!iI ,1~,r'J~!iI L~'fl LY'l~-.3 LL~:; .. ., 
n11'YJ!ilfl 'flU LL~::U 1ULL[;]-.3 11~~!iI L~ 'fl LY'l~-:I 
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'" .. .. 
't1qlla'lla-3if1Jii~U1UlU;al'W~-3U1J1JlI(l1i~£J-3 

~ .. .. 
ibJii~,h,r'UI;itll'W~.:JIIQ'JI~I}UI1.l'lJ'lll~'1!l'U PE (PE Standard In-Line Fuel-Injection Pumps) 

d " Y ~ I SI 

il:IJ~ ~lhl1'Ul:;;fll'W ~.:jIl1J1J PE liJ'Uil:IJl1JJ1'W cn~fllii V1'IJ()~~1m~U~:dj'll'~~fHTUIW~ 
IU 4 IU IU 

m~1J()fi~1JU:lJLJ'j~~lU~ ~:::~1J'IJ().:jlfl~().:jtl'U~ U:lJtlmj'1J hWn1".:j~ ri .:j:IJ1'i11fllfl~().:jV'U~ 1l~:lJ1ill 
OJ OJ OJ 

J1iJU l~m'Yi~.:j~~ ~~'UU tin1Jll~:IJ1~'jm1~'lJU.:j~n~1Jl1:IJ m'j'H ~U~'U ~'U ri1'U ~1fI ~U'U i'H 1'IJU.:j
OJ OJ OJ 

~ I I I a .4 tI 
ill.! '11::: V1U'VIU:IJ1 '111m :::1JU'H C'lUC'lU 'II U~ 1mU.:jVUVI 

.. tI tI 

'lJU1~'lJu~ill.!~m11iJ'UI';()I'Viii~uml~t1;j'il:::iiUU1JA, M, MW UC'l::: P 'iI:::iM'ih";j;j1'Ui'Uu~ 

~:::~1J itiIfho'U~'U UDOU'IJ 'Ul~'IJ B;j lfl~U~t1'U~ 
OJ OJ 

fJ ill"fill ill::: 
~d:GI-::' ~ ~ 

:lJU~'U1:IJ'UI'll'fll'Yi~.:juml'jV~ PE 

M A MW Pl...3000 P7100...8000 

fll1:IJ~Ui 'Um'j~ ~ 550 750 1100 950 1300 

"(1J1'j ) 

" HW'UVI 
d d/

V1'U'Vi 1'H 'U :::'IJ'U 1~l{\ fitl;j 'II 'U 1~ n ~ 1;j V1U'Vi1'HU::: 

m'j1~~1'U 1~Vff1'j "'B' " 'VI 'll' 'U'VIU~91Cll~ " 'jOU'VI'jfll~U'j 'IJ'U1~1my 

"llC'l:::'jtl91
OJ 

.... ""'1 "1 Imu~v'UVI'VI 'll' 'U'VI1~UVl~1'Hm'j:IJ. IfI~u,m'U1Pi'1'U'VI1~ 

Q~ff1'Hm'j:IJ 

fh,,~~'~~()~U 
OJ 

20 27 36 60 160 

(kW/fl'j:::1JUfi~1J) 
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C'I 

'\I'Ul~'\IeJ·n1)J (Pump Sizes) 
C'I 

if)J'\I'Ul~ M 

1. 
~ 

2. 
2 

3. 

·3-­ 4. 
4 

5, 
5 

6 6. 

7. 
7 

8 8. 

.. .. .. 
~lHY,:n111JU1'i1~)L'Wi\'1 (delivery valve) .. 
m~1JumJ1J;hJ (pump barrel) 

l.li:Wnm1Jfjll (control-sleeve lever) 

'J1 
mUm1Jfjll (control rod) 

Uf1J:i'll,ji'~ (clamping piece) 
.. 

~nni\'1 (roller tappet) 
.. 

l'Wfllflmutn (camshaft).. .. 
~mutn (camshaft lobe) 

~1l~~Jl1JU14U1'Wi\'1'\1Ul~ M li1U~ll~ii'\lUl~l~n~i:Y~'\IU'l~llU1J1Jllmliu'I iiJlm1n•. .. ..
 
e!i "AoI ~ tI''J/ " ... 1 21.d 1'J1 tJ' ~ lilY

l1Jlllfl:U~l'\1lO1JlmU'IUU~mU'I1Ulll1JflU mlll~Ui:Y'Ii:Y~'\IU'I1JllU1J1JuVil ~ 400 1Jl~ UUll t'lf.. . 
cv ~ tI ~ 
n1JlmU'IUU~ 4, 5 'I1~U 6 i:J1J 
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'" 
ihJ'U'Ul~ A (Size A Pump) 

SI SI SI 
.Q I 0 Q,I 4 .c:. 

1. CIl..Ii.1'·nn:IJ'W!'b'tH'YH'I.:I (delivery valve) 

'" 
2. m::'Uvoi.1''UlhJ (pump barrel) .. 

'" 
3. ~o~'Ui11J (pump plunger) 

4. Ui0fl1'Ufl1J'I17mVlv.:I'Unl'i~ (control rack) . 
5. tJrlVOfl1'Ufl1J (control sleeve) • 

'" 
6. i.1'tJ~ .:IrlOi.1''UU1J (plunger return spring) .. .. 

SI 

7. i.1'mtJf'U~.:I (adjusting screw) .. 
SI 

8. ~ooil.:l (roller tappet) 
SI 

9. !OWrllrlmUrn (camshaft).. 
SI 

10. rlmUtJ1 (camshaft lobe) .. 

13 r:I r:I ." 

U1J'\J'Ul~ A ~::ij'IJ'Wl~ 'mY011U1J'IJ'Ul~ M U1J'IJ'W1~ A i.1'11Jl~f1~~~.:IL,j'ln'U!fl7V.:ItJ'W~ 

~1tJ'I1lrlUtJrl'W'I17vijUfli~V.:If'U fl111J~'Wi.1' .:Ii.1'~'lJV.:Ifj1J~l11 '~O.:l 600 m7 n1~'I1civ~'W'lJV.:Ifj1J.. . 
tI tI, I' 1:1 J/ 

u'U'Uu ~::~vvimh,r'U'I1 civii'U1Jl~101.:1~~miv~ 'U'lJV.:I!fl7V.:ItJ'W'" Url::U1J U'U'UU i.1'11Jl~f1l11 '~O.:l 

12 i.1''U.. 
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MW (Size MW Pump) 

.. .. 
11UlittI Cl'UVfl ClOfflJihJ ItCl:: m::lJ tlOfflJl1l11. .. .. .. 
(fastening flange for the plunger-and­

1 

barrel) 
2 

'"'" '" 
3 2. ~'U-ff~'1.h,j'Ul';f)ll"~~ (delivery valve) .. 
4 3. m::m)o~lJillI (pump barrel) 

'" 5 4. 'J0~uilll (pump plunger) 

6 nl'Ufl1lJfJlI (control rack) 5. " 
6. tlmlOfI1lJfJlI (control sleeve) 

7 '" 
7. 'J00ft~ (roller tappet) 

'" 
8 8. 1....Cl1Clmijv1 (camshaft)..
9 

'" 
9. Clntilv1 (camshaft lobe) .. 

Cl' t3 JJ JJ t3 JJ 

1111 MW l11'U11l1~flUl,j'Ul';tll'V'l~.:IlllJlJilfl f11111~'Uff.:lfffl'Utl.:lilllltlJlJU fltl 900 1J11.. . 
D JJ' ell t3 

11l111lJlJ UV~~ flti1J1f11tl~V'U~1 fl{J i.~llfli 111tll1U111tI rt 'U iI JJ MW f).. OtltlOlllJlJ i.,rrtOfflJiI JJ.. .. 
ell JJ JJ JJ f:i d 

01:: lJ tlO ~lJiI JJ ft'U -ff~U liT'U1;tll'V'lft~tI~::OtllJ fl1 V'U tlfll1 tl'U 11JJ U~1 ~~m i.-ffl~117 tl'U illl 'ill0 
ell ell"

~l'UlJ'U l1JJ MW jj'U'Ul~ff~fffl 8 O1::lJtlofflJ11JJ ItCl::l1rltln'U 1~{Jl9itl1~'il:il1rlf)n'Um'illfl.. . .. 
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.. .. ..
 
iil'U'lh:fla'lJ'lIa~ifuii~Ulif'Ultian~i1~U'lJ'lJUOliifl~
 

~'lI!ll!l----4 

--7 

--8 

9 

~'*----Il!f--~ 10 

...-"'--11 
omIl~-iIII---12 

13 

14 

15 

1. IWtl.:J'IIfN'lhwnmufJ1J (control sleeve gear) 

2. '!.J~HJnf11UfJ1J (control sleeve) 

3. F-hil~ (spring-chamber cover) .. 
4 d	 A' 

4. I'HI'WtJ~'l!~f1'1.HH (delivery-valve holder) 
.. 

... Q • 

5. 1'H1'W~'W"".:J (valve holder) 
II 

6. ~'Wri.:J (delivery valve) .. 
7. fl'j:utln~uil1J (pump barrel) .. 
8. ~n~uil1J (pump plunger) 

d	 ... ~ ... 
9. H'inmUfJ1J'I1'i{)1l"f{).:J1J'.i'i'Yl~ (control rack) 

'" 
10. ll'll'WmUfJ1J~n~uil1J (plunger control ann) 

11. ",,'!.J'1.:J (plunger return spring) 

12. ih",,'!.J'1~ (spring seat) 
II 

13.	 ""nt'!.J1U~.:J (adjusting screw) 

" (roller tappet) 14. ~nm:l'J.:J 
II 

15. 1~mf1miitl1 (camshaft).. 
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1 
2 
3 

a b c 

n 'IJ fl
 

" "
 
(n) 1liih.JimUJU1U'Wltjfll1'W~'Hi,:jflfln 

" " ('IJ) UimUJU1U'WI;11l1'W~,:jd,:jflfln 
II 1/ I I 

(fl) U~1J1UJU1U'W l;1fll'W~,:j~d ,:jflfln1Jln~ ff~. 
.. 

1. m::1Jfln~'lJtJ1J (pump barrel) 

I 0 Q,I' 4:!1" " Q"
2, 'll'fl,:j'YI1,:j'W11J'W1'll'1l1'Wi:1,:j1'IJ1 (inlet port) .. 
3. '.ln~'lJtJ1J (pump plunger) 

4. i ~),:jLflV,:j (helix) 

5. IVlfl,:j'lJ'i':il1~ (control rack) 

JI JI. I 

uimUJ U1U'W1;1m'W~,:j~ ~ ~ u::llU':i IU~V'W 1U1l11J':i ::v::-Mn U':i:d1'Y1n rW (effective stroke) 

1 ~ Vfil ':i Vi Hl'W 'IJ fl,:jl Vl fl,:j'lJ':i':i 11~ IrlmVl fl ,:j1J':i':i l1~ln~ fil':i lfl ~fl'W ~ ~ 'J:: Vi 1i l1'Ui:1fl n fl11J fl1Jln ~. . . .. 
nl':i lfl ft fl'W ~ i'W "'nElUJ::'H 1J'W d ,:j~i:1 i l1'i:1nff'lJ iJ1J'H 1J'W1l11J 

q ~ ~ 4 

~ JI • ~ II 

':i U (n) ti'1i:1 n ff'lJi11Jfln'H1J'W i l1'i fl,:j i 'W II 'W 1~,:j ~~1i:1 n ff'lJ i11J1J 11l':i ,:jt1'lJ'lffl,:j'Yl1 ,:jU1U'W 
q, cu cu " q '" CU 

" " " 1:jifl!'W~,:jflfln u::Vili l1'1liiinl':id,:jUi1J1UJU lU'Wl;1fl!'W~,:j 
d I JI JI " 

':i U ('IJ) ti'li:1nff'lJi11J'H1J'W 1u1~v~ifl,:j i 'Wll'W 1~,:j 1lill':i,:jt1mffl,:j'YI1,:jflfln'IJfl,:jU1U'W 1:jifl!'W~,:j 
cu cu cu q 

• d. I JI "JI JI JI I 

lijfli:1nff'lJi11Jlflftfl'W~~'WU~U1U'WI:jim'W~,:j u::iifil':id,:jU1U'WI;1fl!'Wft,:jflfln1 UV,:j111~ ~ 'J'Wm::l1,:j.. .. 
U JI JI 'JI 'JI 

'IJ [I'lJl fl V,:j 'IJ fl,:j i:1n ff'lJ iJ 1J IiJ ~'lf[l,:j 'YI1,:j[l [In 'IJ[I,:j Ul uUl:jim'W ~,:j 'J::1~ 'W n 1':i ff'W ff~ n 1':i d,:j U1U'W.. .. .
 
""" "" 1'll'fl!'Wi:1,:j 

':iU (fl) Irlfli:1nff'lJfl1J'H1J'W1JlflVi'W~l11'Hl1,:j~,:j':iU :i::v::-Mm.': d,;';if'YIn~i:1U::tJ11~ ff~ Vil i l1' 
cu cu cu III cu cu q 

o" Q,I ~ " ~. .oI:S. 
'W l1J'W1'll'fl!'W i:1,:jflnff,:j[l[ln1Jln'YIff~.. . 
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2 

3 

4 

5 

o	 '\I 

G/.s .CIt, IOG.l4 .crt. " " " 
I.	 ~1t1fl'J1fl"U""~'lJl:IJ'lJI'HHW"~(delivery-valves holder) 

" 
2.	 ""tl~~iluri~ (delivery valve spring)
 

" " "
 .Clt,	 IOQl4 Q

3.	 "U'tY~U1:IJ'lJI'HllW"~ (delivery valve) 

" 4.	 1.hil'lJli~ (valve seat)
 

"
 QI d.crt. I 

5.	 mtlfl"U""~ (valve holder) 
tI "" I	 " " 

ilu Ii~lJ l]jU l~mwil~l1l'l1U' lVi i'mnml:IJ~U~ml'l~'1/ tl~lJ l11u l~tllWil.:J '1 Uri()fl11:IJ~U "" .. ~ 
" " '" 

1l,,::t1~ hi'1MlJ l]jUl~fllWil~ '1u riflfnl:IJ~U"" ~ i 'I1"O"lJl'li'lMfl~"O'tYlJiI:IJ...	 .. .. 

,,,,,, , " " " 
':itl (0) lijtllJl]jUl~mwil~ijml:IJ~UIP11""tl~~'il::~u1M~'lJIi~t1~ l11 1M'hjijlJl]jUl~tlIW~~... 

tlmi~itliJ~M1i1~... 
,J1	 " tI "" tI 

':itl ('\I) lij()lJ l]jUl~tllW~~ljml:IJ~u'tY.. ~ 'il::~u 1l1'~U1:r ~lJ l]jUl~()IW~ .:JtlO~1~U ifltl'l1U:: 

l11 1Mf111:IJ~U '1 U ri tllJ l]jUl';flIW ~~~O"~ ""tl~.:J 'il ::~U lM~u Ii 'lU~ lJU 1.hLVlflllfl~ nu lJ l]jU 

... 

m ~~u '\I fN'tYtl~ ~ 
tI " 

lJl]jUl~tJlwil~ 'il::\10ff~ ttliJ~M1n~ 
", " , 

lJl]jUI~fllw~~Vin fll 'li'1 ttllUMfl~IWI tmj' 
" " "r'" 
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gnn'1::'rj'~ (Tappet) 

Standard type For high-speed engine 

Adjusting 
shim 

Tappet 
holder hole 

Guide 

Roller bush 
R:>lJer 

LLUU1J1mjl'U (standard type) tfl~f1,:jtJ'UlPi'mllft~TH)U,,!,:j (for high-speed engine) 

'" d
'U 'YHwn (locknut) LL~'U'jfl,:j'l.1i'U (adjusting shim) 

<1/ 'JI
~iif1Ifl~tJ1'lH'U (adjusting bolt) ttJ~~flm::'YJ,:j (tappet holder hole) 

" Clflflil,:j (roller) 1'i1'l.h (guide).. 
" 

\J'lf~flflil,:j (roller bush)
 

~iifl (roller pin)
 

'JI 
~flm::'YJ,:j (tappet body) 

, 1 ~ I I 

'lf~ Clflm:: VI,:j MoflflflflLLUU1J1t~m 'l.1~tJ'U LL 'j,:j i 'U fl1'j 'Hlf'U 'II ~:mv'l miJlf1J1t~'U fl1'j tfl ~ f1'U Yi 
It q, q 'U q 

~ I ~ J d ~ IV Q ev 
'II'U Cl,:j 11 f1~ln'U 'U fl1 'j'll'UlICl::Cl,:j'llfl,:jClfl~UiJlf~:::AU'U fl1'j fl1Ufllf 1l,:j'H 1~ 'Q ~ 1'l.1i 'U 111.. .. .
 . " 

Clflm::VI,:jmcM'mjijfl~ 2 lIUU 1l::~h,:jo'Um'Yn:: lm,:j~~1,:jff1'UU'UtliTU'U 
'U It 'V 'U
 

II' ~ '" JI
 

1I1lf'l.1fl~1I~1Clflm::VI,:jij~m 'l.1 i'ul'i,:j1l::o ml1lf -I i oMouiJlfQ~'l11U'Ut ;1mwil,:j U~rll'H i'Ufl1'J 
'U q 'U 'U 

'JI d i" ev ~'JJ c:.i 'If,:jl'U i 'Umllfl'Jd'j flU,,! ,:j~:: 'lflluu'l.1'jUll,:j~ltJ'lflf 
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Tangential Convex Eccentric	 Tangentiall 
Eccentric camcam	 cam cam 

~lJlllHllJ (Tangential cam) 

~lJ9l'fl (Convex cam) .. .. 
1'1fH'IlJl1'lJt1'lJtI (Eccentric cam) 

UlJlJH'CI'lJ (Tangential/Convex cam) 

r:I I	 II "" r:I 

t'Vl millJ 'iJ::flO,j'lJ1'fltltfl1U'I tI'lJ ~~1'W 'Yl1 'I 'Ii'U~U111U 1'VItlJUf [lm ij tl1')i~'fl9l'1mjlJ'W t'Vl millJ 'iJ:: ~ 
~	 ~ ~ 

ud 4 UlJlJ fiu UlJlJlJlJUl1[llJ UlJlJlllJ9l'fl UlJlJ1'10[llll1UfI''lJV tm::UlJlJH'CI'lJ nl'.i'iJ::'l11h/1i''11'lJ
IV ~ "	 cu 

.1 ,... 'v 11) v	 11) v.: .. .. 
'II 'lJ UgOlJfl11lJ U91 Mil 'I'llU'll1 U'I tH1 111llU[l::m::lJ1'lJnl'.iIHl ll1ll 'Jf)llJ tl1UlJlJ1'10[llll1 'W t:r'W tI'iJ::f.j 0 

II t II' II' 

~fl9l'1t'li'l i ul'wv,j'mr'1'l11~'lJt;1tJt'Vlil'l 
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w ...... W 'II' If 

if"Ii:f-3unj'ul~t:lI't1i1-3't1it:lif~1iunhii'ul~t:ll't1i1-3(Feed Pump or Supply Pump) 

" " " i.1 :IJ ri ,nJ1iJW;1m 'VI ft~ ij 2 u11 11
 

" " "
 1.	 lJ:lJri~ihiJ'l.H;1fl1'V1ft~VilHU'VI1~1~tl1 (single-acting fuel-supply pump) 

" " " 2.	 lJ:lJri~ul~'l.H;1m'V'lft~Vil~1'U~fl~'VI1~ (double-acting fuel-supply pump) 
o I ~ J/" ,II''' , 
lJ :lJfl1l:IJ~'U villi~ fllJ :IJ~ltlU liJW~m 'jIjft ~Vi l'Hlj'll1Vl~U liJ'UA;1m'V'lft~ 'Jlf)O~ rWmy~ ~fl i u.. 

" " " v~lJ:IJ~~UliJ'UA;1flA'jIjft~ 
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Camshaft 

Position BPosition A 

Check valves 

Camshaft 

IC) 
Regulating 

..., 
l'VHn~mmrJ (camshaft) IPllUl1'1.i.:J B (position B) 

., 
(lmihn (cam) ~nl1::~lt1 (discharge)
"
 
fftJ1.:J~n~1J (piston spring) i.:JY/ 1::i1ilhnu (regulating)
 

IPllUl1'1.i.:J A (position A) ~n~u (piston)
 

~.:J111::"" (suction)

" 

't1ii'nnrnhnu 
I " , , JI JI II' 

,nmtJ (n) lijtJ(lmijtl11fl~tJUl1itJu.:JlPllUl1l1.:JA 'lh,j''Ul~m~~.:J\I::t:ln''''~lU~Ut1uO'iu 
~ ~ . .
 

a J do' :,.,':.e.d~ cuo I Q,OCV 

'1'1 H~" U(l::nJtJ~nnW11fl(ltJU 'I'I\l1n~lU 'I1'U.:J A 1J1t1.:J~lU 'I1U.:J B 'U UfUl'lftJl~(l.:Jn\l::\1ntJ"911 

JI " JI JI 

~ 'U flU O'iU'lftJ.:J'I'I1.:J""n\l::11" U(l::'l11,j'U l~m~~.:Jn \I::t:lnff.:J~1'U ~U t1U n €i'U'lftJ.:J'I'Il.:Jff.:J i tJl'li'11~ tJU 
" " 

of " " 

i11JQ ,,'l11,j'Ul~tJl~~.:J9111J!tJ ('\I) 
" JI II • JI 

01'lftJ.:J'I'Il.:Jff.:J'l11 ,j'UI~m~ ~.:Jijfl J11J~U ff .:J~u~"tJn~ 
" 

fftJ1.:J(l nffUn\l~l11Y/,r 111 ~,,'l11,j'U 
" " JI ~ JI JI JI 

I~tJl ~~.:J lu,.rtJ.:Jll1J ~tJ \11 mTu ~U flU O'1U'I'I H ~1'\.,1 ""n \1::11" d~I'U m ':i {1 tJ.:Jti'U nl':i ",,'l11,j''U 
., " " 

1~m~~.:Jl'1i'11J11J1mfi'U i tJ9111J!tJ (fl) 
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aI 

ib,Jliij (Priming Pump) 
~ JI ell tI tI • tI JI 

il:IJijeH)~()n~fl~WU'1t11JlhJ~lfJU IYleJ1.uijeJcmu 111u l';eJl'Vi ftWU1ri·'i~1J1J111u 1~e:H'Viil~.. .. .. 
,f111'U lim'Vi ft~1I1nt:l~,f111'U 1U'lh~ 1.ujj'eJn~llumICl~I~m!j1fil'i LriCl:IJeJeJn1l1m~1J1Jfi'-:lU 

Delivery valve 
holder 

" ~1Ufl'l1flfturi,:J (delivery valve holder) Damping 
delivery valve " " 

ft'Uri,:Jllfl:IJU,:J (damping delivery valve) 

" " " ft'Uri,:Ju111'Ul';tll'Vift,:J (delivery valve) 

Delivery valve 

Open Closed 

SI tI", "tI , 
llfl:IJil '111chl~'U~1J m W~fl~'1 eJ~fllU i 'U ftU ri '1U 111'U l';eJ 1'Vi ft,:J Vi 1'H 'I!1Yi il eJ,:Jt1'U vJ tI~ eJ 1filf1 

~ ln~,r'U 1'Uvim11Qfl Vi 1hi'n1'i~ 1U,f111U 1~eJl'Vi ft,:J hjff~11ff:IJeJllCl~ Infl n 1'i tlflni tI'U 1'Uvi eJl11Q fl 

9 ad ~ .J ~ 0 ~ d 
11'f1:: L'U nWi1 fl'IJ'U'Vl 2 .'H :IJ1U()~ fil'i'Vl1'11U LU'IJtu~m1:IJ1'i1ff.. 'I 

I" J/ • r3 " J/ tI 

ljj'tI U111'U I~m 'Vi il ,:Jfl11:IJf1U ff,:J () nri 'I eJeJn1l1n Clnff1J 1I:IJ il'U ri,:JU 111U I';eJl'Vi ft,:J '0: lil fl 1U 
IV cu IV cu 

tI tI " " 

n 'f111~U1ti'Ull~:lJil,:J11~1~ 11 ::liJ~fi'lfJ U11JU I';m'Vi ft,:J ~1'U1'U:IJ10 '0:: L'H mhu tltIO:IJ 1111nll~1JiJ,:J 

11~1 Ltl V'l'l11Q~ mil,:J hn\Pl1:IJ'H ",:J 1I1nQ~1ff~ 1111"'11U'lJtu:~U~:lJTI~11~1il~~,:J lI::il~l~ 1:IJ1n011 

" " " "" ," " 
il'U ri,:J11111'Ul~tll'Viil,:J U11J'UI~fJ1'Viil,:J ff1:1J1'iflYill: L'H'f1~1'UU~:lJiJ,:J11 ~1'Vl1n..l~n "l 1'Vi'i 1:11il\.rd'I 

• J/. " J/ 

11:1~ eJ'U ~1'f1 ,:Jil~.u1n-:hu~1Jil n1~1 IYleJil tI '1t1'UU'i '1~U 'lJeJ,:JU 111'U1~eJ 1'Vi ft,:J 'f1~ 'f1 '1mhn1uyin'U1~ 

1'U vi eJ '111 \1 ~ 1'U 'lJtu:l~U1ti'UfI~'U'lJeJ,:JU'i ,:J~'U~ hjff~11 ff:IJtI~ln~,r'U 1 'U vieJ '111\1 ~nll~floti1 ~~I L1J.. 
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" " " 
~'!J~~ii'Uri·nJl1J''UL<1ffll'Viii~ (delivery valve spring) 

" " " 
Delivery valve spring ii'Uri~tJl1J''UL<1f~H'Viii~ (delivery valve) 

Delivery valve '!Jmmfl1mnJ. (control sleeve) 
Plunger barrel .. 

m::ucm"J'UihJ (plunger barrel) Fuel ojl chamber 

" 0" ell " •a.::::.
'I1ij~m'i~'U1U'UL'JHH'Vi~~ (fuel OIl chamber)

Control pinion .. 
Control sleeve 

'In''J'Uilu (plunger)
Control rack 

Upper spring seat LVlij~fI1'UfJU (control pinion) 
Plunger spring 

IVlij~'U'i'il1~ (control rack) 
lower spring seat 

~nij~~'!J~~~1'U'U (upper spring seat) .. 
~'!J~ ~'Jn"J'UiJu (plunger spring) 

Tappet 

Camshaft ~l'iij~~'!J~~~1riH (lower spring seat) 

" ~n~'!Ji''U~~'\Jij~'Jnm::~~ (tappet adjusting bolt) 

91 
'Jnm::'tJ~ (tappet) 

" L'Vim'JmVlJ1 (camshaft) 

ell It' JI 

~UU~11~n~'UiJuLfl~ij'U~1im;nfjw::fl~fiftijlJ'"l L~ij'U9i1lJn;j'Ul~lJ~nm::l1'~ 11~::rln 
II IIU eu I eu q eu 

'" '" 1 CII eIi'.oJ 1 ~ tI,,: QICl 0

~'Un ~'U ~lJ11H~'U'\Jij~~'!JH ~n~'UiJuC)f~~::m~l'U ~lJn1 'i'l1U'U'\Jij~lfl'iij~lJ'U~ '11 ij~'U lU'U.. .. .
 
JI ell JI JI I eli' J1 JI JI 

L~fll'Vi ii~ '\Jij~L~ ij'U iJu~:: L~U' '!J~1lJtJ1iJ'UL<1ffll'Vi ii~ fiQnri wti'l1J1'U 'i'i ~ 1~ lJiJ Uri~tJ liJ'UL<1fm'Vi ii~ij .. 
d QI _I tI • ~, 'QI 9JIll::U fl11U~'U lJ'i::U lW 1.8-2.5 'U1'i 11~:: ')j'ij~'Y1 H~~ll~::~ ~'\Jij~m ::'Uijn~'UlJU~::~ ijijlJn'U'I1 ij~.. .. .. 

JI ell I GIl' I JI J1 

tJ lU'U '\J ij~L~tJ'U iJu Lij ij~ n~'UiJuL~ tJ'U ~~ rifYWJ~ llJri HtJ liJ'UL~tJL'Vi ii ~n~::' '11 ~ ~1'U 'lfij~m~~~ eu eu lUlU eu 

'\Jij~m ::'UtJn~'Ui3uL,j'11 '!J'U'i 'i ~ i 'U ri1'U'U'U'\JtJ~f'l'i::'Uijn~'Ui3u~ 'Um ::..t~~n~'Ui3uL~tJ'U ~~, '!Jmj
eu It eu eu eu eu 

0 t ~ d~ ~ 0 i QI QI ~ C" d ~ 4 Ji 'U ~111 '11 'U ~~l~~m'U'Un1'i ~'U ~~n1'i'YI1~1'U 'U ~~'111::~~ '11 ~~ 111n'U 'U 'In''J'Ui1un~::L'iUmij'U'\J'U .. ... 
:;"f • I ~ 1 91 91 '" ~ 0 91 d:;"f 
u~ ')j'tJ ~'YI1~~~11~::'Y1 H ~~'\J tJ~m ::'Uijn~'Uuu ~lJmu '\J H '\Jij~ 1PI1~ n ~'UlJU 11:: 'YI1'11'U 1'Y1 u~ eu eu eu eu 

'JftJ ~'YI1~,r~ n~ 11 11~ ::JliJ'UL4fll'Vi ii~ ~ij,iri1 U'U'U'\J tJ~ 111 ~n ~'Ui3un 11:: L~ uij fI11U,rU ~ ~~'U '"l 
~ eu eu eu I
 

JI ". "JI JI JI JI
 

tJ liJU L~tJL'Vi ii~fiijfl11U,rU "J ~ij 11:: 1'!J,ru ii'U ri ~tJ liJ'U L~ijl'Vi ii~ i MlJn~1;ju 1~lJ'Jl'U:: 11 'i ~,r'U '\J ij~ 
JI, JI J1 I JI 

~'!J~~ ii'U LVJijri ~tJ liJUL<1fm'Vi ii~''11 ~tJijn' '!J'YI WvitJ111Q ~1,j'11 '!JV~111Q ~ lij tJfI11U,r'U '\J ij~tJ liJU 
JI , JI JI JI 

I~fll'Vi ii~1J1nn11m ~,ru '\J ij~ ~'!J~ ~111 Q~fi~ ~ 11 tJ liJUI~fll 'Vi ii ~n~:: f:l.. nQ ~l ,j'-I''!JV~M ij~ 1~1' m! 
I I ell. JI I I f:I 

'\JtJ~ lfl~tJ~lJ'U~1~lJ111Q~ 11~::lijtJ'Jn"J'Uilul~tJu;j'U1'!J1~tJlJ" ~'Um::l1~'\Jij'U~l'\Jij~ 'In''J'UiJUUl 
._.. • ell JI JI JI 

1PI'i ~ flU 'JftJ~m~~~11~:: ri ~'\J ij~ m::'U ijn ~uilun~::lnu n1'i ffU ~~ n1'i ri~tJ liJ'Ul<1ffll'Vi ii~ i Ul1m .. .. . 
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"'" " " '" '" '" " " ~~tJ1n'Uij ~'U~ ,nJl1J'U~~tHVI~.:I~'iJ~il~ l~m~ 'j .:I~'U'UtJ.:I~U7.:I~'U~.:IlJl1J'U~~tHVI~.:I 'iJlm!'UlJl1J'U 

~ oC\ d "l' I "l od I a ~ 0 d .t & ~ ~ d ~ .J
~']j'tJ~ VI ".:If) 'iJ~ llJ\!f)~.:I tJtJf) 11ltJf)'iJ'U f)11~f)~1JlllJ 'iJ~1 'j lJl'll.:11'U tJf)fl HI1'U.:I (tM'U'UlJ tJf)fl 'j.:j'l11N) 

" aI "d & ~ 0 t td d' , : Q.I 

Cll'111f)" f)ff1JtJlJ U~~.:I 1'111'11 'U mm 'j l1lJ'U ~M'U Vll~ ~ '11 'U.:I 'U tJ.:I" f) ~1J 11 lJ 'iJ ~ lJH" VI tl 'j ~ tJ~ m 'j ~.:I'U llJ'U 
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