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Abstract the efficiency of the experimental kits. The results

This research presents The Construction of the analysis of the efficiency of the experimental

of Digital Integrated Circuits Experimental Kits kits was 88.56/87.9 which is higher than the

by Using FPGA Tachnology. The objectives of this 80/80 percent proposed as research criterion.

research were to construct and analyze the The comparison betwee the pre-test scores

efficiency of this experimental kit. The and the post-test scores by using-test was

experimental kits consisted of experimental significantly different at the level 0.05 that

boards, laboratory sheet and achienvement mean that the experimental kits was effective

tests. The sample group was the 30 third year and enable learners gaining more the learing

bachelor's degree students. They were studying achievement.

Electrical Engineering in Electrical Technology
Q,# I

Education, School of Industrial Education, King \J't1f1~~E

Mongkut's University of Technology Thonburi. 111U1~eJdL~Uf]nl'j~i'111?Jj;l'Y1j;l~f]l1nl'j
q

Data was obtained from the test scores of each f]f]nLLUU'JI1';)'j'j'J3.J~~!'1f]~Tj;leJ1ifL'Y1~TuT~~ Lf]'rJ~~Lf]

student after having performed by the a11!'1(lU'j::~I1'fi?Jf]l1nl'j1~eJL~f]~i'1I1LL~::~1
q

experimental kits was analyzed to evaluate U'j::fl'Y15fll'Vj?Jf]I1?Jj;l'Y1j;l~f]11 ~l1u'j::nf]u1ul;i"JeJ
q
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UeJ{(;1'Yl (;1~eJl1n1ieJeJn~~ UU111,;]ii1~ lil~~eJ ~1;i'1t1 U i:: 1 tltJu~~~:: Fl11 ~ fl1 Fi't1JtI eJl1 ~ 'Yl Fl 1 ~ 1~ ~ n1 i

~'YlFl1~1~~~eJ~~~~eJ LuI11~n1i'Yl(;1~eJl1 ~b~::~~UU eJeJnb~uu111,;]ii1~~1L""VIU1t1I11~'VI~eJ~(]1~

'Yl(;1~eJU1(;1~~i(~n'Ylt'Yl1I1n1ib 1t1~ n~~~1eJ~111~ Ui::n eJU n1i,rI1/11 Fli"ij ~~~::beJ ntJ~~ b~ tl1iJeJI1 nu"I. ...

Lti1~n1ii~tI~eJ.xnAn'l.J.1#~U~ 3 :ij"1~1~ 30 Fl~ n1ieJeJnb~Uu~~~ilru-nab~n'YlieJUnfi a1Fl11~

~1t11itJ1iA1nii~1~~1 /11FlitJ1FliA1~~11~~1 l;i'eJl1n1i~';]::1I;i'uFl~1ni~a1Fl11~-rFl11~~1~1i(]L~. . OJ

Fl ru:: Fl1 A1 ~ ~ {~~ ~1 'VI n ii ~ ~ 'VI 1 i 'Yl tI 1 i{ tI n1ieJ eJ n bb UU111';]ii1 ~,r11 1 ~/11 Fl'Yl r.-]'l.J.~ bb~::/11 Fl

b'YlFl1~1~~~i::,;]eJ~bn-f{15~~1 r;i1bu~n1ii~tl1(;1t1 u~,y~ ~~i1::Q::i~~(]1',y~n1iAn'l.J.1:ij"1biJ~l?i'eJl1

n1ib 1t1~1;i'1t1tJ(;1'Yl(;1~eJl1 bb~::U1Fl::bb ~~,;]1nn1i ~ (;1 n1 ib 1 tI~n1 i ~eJ~ 1 ..,~~ 1t1~a1 Fl11 ~-rFl11 ~. OJ OJ

~eJu~1ibFli1::"'b~eJ'VI1Ui::~'Yl6/11~tJeJl1~(;1'Yl(;1~eJl1 ~1 ~1i (] ,rI1L ~1;i'1~'Yl r.-]'l.J.~ bb~ ::u~,y~ b ~ eJ ~ eJU

~~n1ii~tI~U11tJ(;1'Yl(;1~eJl1~~-r111a1ui::~'Yl6/11~ ~~eJI1Fl11~l?i'eJl1n1i~l1n~11iJ1111?i'~ L~i1';]';],y~tJ(;1
. . .

bOt11nU 88.56/87.9 ~1nn11bnru-n~1~i'ij1~~ 'Yl(;1~eJl1n1ieJeJn~buu111,;]ilil~~eJ~1(;1t1LiJ~'YlFl1~1~~...

~1111~Ot11nU 80/80 ~~eJU1Fl::b~~~tJeJl1~bUU ~eJ~~~beJfl1'V1i'un1i'Yl(;1~eJI1L~"'eJI1U~,y~n1i a1

'Yl (;1 ~eJU ri eJ~b 1t1~bb~:: b~ UU'Yl (;1 ~eJU'VI i{11 ~ 1 tI~~1 i1Fl1~b~l1bb~::l?i'eJl1n1iu1bti1,;]1n~1I1ui::b 'YlA ';]1n

~1 n1ii bFli1 ::""VI1 ~1 Fl11 ~ bb~ n ~111 1(;1 tlL ti' ~[] ~ ~b~~n1io;[ 1;AJ~1 n1iAn'l.J.1 bb ~l1tJ1 ~ a1~1t1U1t1 bb~::

t-test ~U11 a1Fl11~~b~ n~ll1 n~eJ~111a1.xtlfl1Fi't1J ~ U1'V1~1 tlL "'/11 Fli'j ~b~::beJ ntJ~~ ~ ~ n1 i{I1Fl~L..,a1

~ 0.0 5 bb~(;111 L"'~ ~~11tJ(;1'Yl (;1 ~ eJl1~~-r111~~~1 Antl/11~L ~n1i~-r111~~~::i'un1i~1t1'YleJ(;1b 'YlFl 1 ~1~~
.

1 "'~~1t1~a1~~i(~r.-]'Ylt'Yl1I1n1i~1t1~b ~~~~ a1 n 1 ii~ tI ~ ~ eJ ~-r111 eJ 11 ~ Fl11 ~ iL ~n1 i ~ ~ ~ 1;i'1 tI

b'YlFl1~1~~bb'Yl~n1ii'u~1,;]1n~1I1Ui::b'YlA ~~~::n1i

'U1'lU1 ~~~uFl~lniL..,a1Fl11~-rFl11~~1~1i(]'Yl111. OJ

i1';]';],y~b 'Yl Fl 1 ~1~~n1ieJeJn ~~ UU111,;]ii1~ b'Yl Fl 1 ~1~ ~';]:: l?i'eJl1~(;1 n1i~ 1t1~n1i~eJ~,r11/11 Fl
.

11;i'~ iJ1a1U'YlU1'Yl 1 ~n1ieJeJ n ~b uu ~ ~ ~iI ru-na b~ n - 'Ylr.-]'l.J.~b~~::/11Flu~,y~L..,b 'VI~1::~~ n1i~ 1t1~n1i

'Yl ieJ un fib iJ~eJ ~111 ~1 n ~ ~i1 ::11 ~ ~ ~iI ru -n~ ~eJ~1;i'1 tI n1iu~,y~ n1 i'Yl (;1 ~ eJl1,;]::~1t1L "'~b 1t1~

eJeJ n bb uu 1(;1t1L ti'b 'Yl Fl 1 ~1~~ n1ieJeJ nb~ UU111,;]ii1~ ~1 ~li(] b 1t1~i 1;i'1 tI n1iu~,y~ n1i'Yl (;1 ~ eJl1 ~1 ~~

';]:: a1t1~1 (;1 b~ n bb~:: a1u i:: ~'Yl6/11~ ~ n11 n1 i n1'V1~(;111 ~b1t1~11;i'a11eJn1~i(~r1~b~~:: 11;i'i'u

eJeJ nbb uu 1;i'1t1i6n1i~1il ~ ~ iJ~n1i~ (;1:ij"1~1~111,;]i ui::~umir:ib~tl1nUn1ieJeJn~~uu111,;]i,;]~I1~iJ~mi

i1~u~bb~~111,;]i~~~1..,i(eJtI~11 1(;1t1n1ii1~111,;]i b~~~tln'l.J.::bb~::Fl11~i~eJ n~ 'VIUeJ';]lnn1iAn'l.J.1 1 ~
i1~~1~ij1~ SPIC (Standard Product Integrated /11Fl'Ylr.-]'l.J.~~~eJ(;1,;]~eJl1~1t1~-r111~bil1~I1L';]L~n1i

Circuits) 'VI ~1 tI ~1 ~ti1 b iJ~111,;]ii1 ~ ~1 b~ tl1n~ b1t1~ n1iAn'l.J.111i'1t1n1i'Yl(;1~eJl1i~~1~li(]~1t1L'"
"'" ~ ::, " o~

n1ieJeJnb~uu111,;]ii1~1(;1t1Lti' Field Programmable ~bitl~~1;AJ~1'Yl11'Yl111(;11~~'Yl5~~tI (Cognitive
Gate Arrays (FPGA) ~iJ~~ni6n1i'VIitI1L~n1i Domain) 1(;1t1n1ii(l1~n~ n1i,y~~niJeJ~~ ~~~::

eJeJnbbuu111,;]ii1~ui::~/1'Yllil~~eJ~ ~11~1~li(] ~1uibFli1::'" 'Yl1111;i'1~~~~i(tI (Affective Domain)

~1 n1i eJ eJ n ~b UU111';]ii1 ~/11 tlL ~tJ~ 1eJ:lj11;i'J1 tI 1(;1t1n1i~1111~~~~tl1iJeJl1nui(I1Fl~ 'VI~eJ~Fl Fl~ 1 ~
Ui::'VIeJ(;1~b~::i1(;1~~1 1(;1t11~l?i'eJl1~11111,;]i~l?i'eJl1n1i i{n'l.J.ru::~1I1j ~l1bb~n1iU1n'l.J.1~~1~111~~~eJ(;1';]~

eJeJn~buu1uL..,1iI1111~b~eJ~~~tJ~1eJ:lj ';]1n n1i~(;1~eJb~eJ'VI1iJeJ~~,;]1n~~~ bb~::'Yl1111;i'1~
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rln~::~i~ (Psychomotor Domain) T(11~l.x~L~~~ ~j;1fll'V1n113-1 3-I'VI11'Y1~li~L'Y1FlT~T~~~1::,;)eJ3-I-

~11 a1eJU~U~111~,;)~11 ~11 LL~ nl11111 LLtJ~nl1~ eJ Ln-f(lo~'J~

111';)1LL~::nl11 ti'LFl~eJl1 a1 eJ 1 ~nl1u~u~ nl1'Y1 (11 ~ eJl1

nl1L~~~nl1fleJ~1;i'1~?J(11'Y1(11~eJl1';)::ril1.xi(nAn~1 rJ(1 bb U~~An~1.

a1Fl113-1fll3-111(lLt1I1U~U~LL~::nl1Ln(11tJ~i3-l1;]'Y1t 1. &l1LLU1r!t~ ~eJnl1L~~~!leJl1i(nAn~1
a:; "a ~

'Y11I1nl1L1~~~~';)::j;1eJl13-1LLUU'Y1(11fleJU1(11tJ~ 1;i'1~?J(11'Y1(11~eJl1
. -

~ d' a ~ d ~ d' a
fl3-l1;]'Y1o'Y11I1nl1L 1~~ [3] 2. j;11LLU1j;113-1 FleJtJ~fl3-l1;]'Y1o'Y11I1nl1L 1~~

';)1 n ~113-1 ~11ii' t1! 1;]11 n ~11&j1'i ~~11 fli'll1~(11 !leJl1i(nAn~l

'Y1(11~eJl1m1eJeJ nLL UU111';)1113-1~~j;1eJ ~ T(11~ lti'L 'Y1Fl T ~T~~

LeJvJW~ LeJ 1.xa1u1:: ft'Y15/11~ LL~::L ;j~nl1 Lfl~eJ 15r?11 b UUn1~1 ~tJ
LL ~1'Y11111 ~nl1vrL9AJ ~1 nl1 L ~~ ~nl1 fleJ ~n 11 1. n~3-ltJ-at'tlln-aLLatn~3-Ii1e1pj1\1
eJ~nLLuu111';)1113-1~~j;1eJ~1~.x~l1u~U~nl1'Y1(11~eJl1 . 1.1 n~3-IU1::?Jl~1~eJi(nAn~1'V1inflj;11

LWeJ1eJl1:rUm1vrL9AJ~1'JFl~ln1~';)::r!teJl1eJeJn1u~/11~ Fl1Alflj;11eJj;1fll~n113-1uruoflj;1 flltJl1?Jl1A1n1;3-I-

~j;1fll'V1n113-1nl1eJeJnLL UU111';)1113-1/11~1 ~U1::L 'Y1A 1 ~Wl /11 ~1?Jl Fl1Al flj;1{1 vJWl Fl ru::Fl1Alflj;11-

LL~::~(11nl1~lLi(1111';)1113-1~lL~,;)LL~::UeJ1(11'Y1(11~eJl1 eJ1P1fll'V1 n113-1 3-I'VI'11'Y1~1 i~L 'Y1 Fl T ~T~ ~~1::,;)eJ3-I-

,;)ln~1I1U1::L'Y1A~eJ1u L~-f(lo~U~
.

1.2 n~3-I&l1eJ~111~ltit~nl11'i~o;jl~1~

1Gl~U~~~\1f1tJeJ\1n1~1~tJ 30 Fl~ (lnL~eJn'LLUUL,;)l::,;)I1,;)lni(nAn~l #~U~ 3, ..
1. LWeJfli'111?J(11'Y1(11~eJl1nl1eJeJnLLUU111';)1 'VIinflj;11Fl1Alflj;11eJj;1fll'V1n113-1uruoflj;1 flltJl1?Jl. ... .

113-1~~j;1eJ~ T(11~lti'L 'Y1Fl T ~T~~LeJvJW~LeJ 1A1n113-11 vJWl /11 Fl1?Jl Fl1 Al flj;1{1 vJWl Fl ru::
0 .

2. L~eJfli'1111uI11~nl1'Y1(11~eJI1U1::neJu?J(11 Fl1Alflj;11eJj;1fll'V1n113-1 3-I'VI11'Y1~li~L'Y1FlT~T~~. . .

'Y1(11~eJl1 ~1::,;)eJ3-ILn-f(lo~u~
, .

3. L~eJ'VI1U1::ft'Y15/11~!leJl1?J(11'Y1(11~eJl1.

2. LfI~eI\1a1e1-.iLti'"lun1-a1i!l
0 00-1 , ,

~3.J 3.J Glij1UtJeJ\1 m~'J~tJ LFl~eJl1 a1 eJ~l tit ~nl11'i~fll3-111(l LL Ul1eJeJ n
q ~

?J(11'Y1(11~eJl1nl1eJeJnLLUU111';)1113-1~~j;1eJ~T(11~ L;j~ 2 ~1~~eJ.

lti'L 'Y1~ T~T~~LeJvJW~LeJ~fli'111~~a1U1::ft'Y15/11~3-Iln 2.1 ?J(11'Y1(11~eJl1 a1'V1innl1fli'1111;]11~eJ 1ud.

n11'V1~eJL YilrlULnru,:r3-l1j;11~1~~ril'V1~(11 80/80 2.1.1 1LFl11::"'1j;1(lU1::fll1~Lt111... .
Q J' d

~1;]j;1n113-1!1eJI1L~eJ'VI1'Y1,;)::
00-1 .

tJeJ'Ub tJ GltJeJ\1 m~1~tJ 'Y11nl1'Y1(11~eJl1

?J(11'1'l(11~eJl1nl1eJeJnLLUU111';)1113-1~~j;1eJ~ 2.1.2 eJeJnLLUULL~::fli'll1?J(11'Y1(11~eJl1. .

T(11~ lti'L 'Y1 Fl T ~T~~LeJvJW~ LeJ (In ~i'111~~j;113-1'V1i nflj;11 T(11~~11 j;1~U1::fll1~ Lt111
" 0

Q ~ a I

Fl1Alflj;11eJj;1fll'V1n113-1uruoflj;1 flltJl1?Jl1A1n113-1 ~1;]j;1n113-1'Y1I1'V13-1(11'Y1tJl~. .
Q .. Q

1vJWl /11Fl1?J1Fl1Alflj;1{1vJWl Flru::Fl1Alflj;11- nl11LFl11::'VI3-I1~,;)11rul
. .
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EJEJnLLUU1iI;]'YII;]~EJI1 LL~:: ti' EJ fi EJ U ~1 aJ fi13.J 1 ~ tl u11 u1 'lf1 rlI EJ EJ n 1 U LL ~ ::U1
.

1uI11~n1~'YII;]~fJl11iI;]'YII;]~fJl1 ti'fJfiEJU~fi13.J1~tlu11u1trlrll~a1~1~1~ti'fJ~~fJU~~3.J. .

~fJEJnLLUU LL~::fi11I1i~Lfi1,;) l' ~ ~u~:: fil1 j;) L ~11~ tl ~ n ~~ 3.J1 'lfL ij ~LL U U 'YII;] fifJU

L ~EJU1fJEJLL'li1';)::r;i1L \1~~13.J ri1'V1:;;U'YIl;]fifJu.xnAn~1~fJ 1 u
#~~fJ~t;i'I1~fJ1Ud 3.2 1i.xnAn~1n~3.Jt;i'1fJ~1I1ri1LLuu.

- ~~1';)fifJU~113.JtlnrllEJI1 'YII;] fifJU~13.Jri fJ~ri1n1~'YI1;] ~fJl1 LL~::ri1n1~u~~n
.. .

LL~::~113.Jfi3.JU~rutJfJl1 eJ~~::LL~~..

1i1;]'YII;]~fJl1 3.3 U11i1;]'YII;]~fJl1~fi11I1i~1uri1n1~
. .

- U11i1;]'YII;]~EJI11U'YII;]~fJI11'lf 'YI1;]~fJl1nU.xnAn~1n~3.Jt;i'1fJ~111 TI;]EJri1n1~LLUI1
. .

- ri1n1~U:;;UU~I1LLriltJti'fJ n~3.Jt;i'1fJ~1I1fJfJnLij~ 15 n~3.J'J ~:: 2 ~~ ri1n1~
. . .

Un~~fJl1tJfJl11iI;]'YII;]~fJl1 'YI1;]~fJl1nU1iI;]'YII;]~EJI11 1i1;]'YII;]~fJl1~fJ.xnAn~11 ~~. ..
- 'VI1U~::~'YI5111~tJfJl11i1;] L~ fJri1 n1~'YI1;] ~ fJl1 Lfi~';) 1iri1 LL UU'YII;] fifJU'VI ii:11 n1~c-. ,

'YI1;]~fJl1rl11EJLnrui 80/80 'YI1;]~fJI11~LL~~::m~'YII;]~EJI1 LL~::U~~neJ~~::LL~~'ti

- U11i1;]'YII;]~fJl1~~1~n1~ 1rl1,;)1nn1~'YIl;]fifJU .xnAn~1n~3.Jr;i'1fJ~111';)::ri1n1~
. .

1L~~1::'VI1U1'lf111~,;)111 'YI1;]~fJl1~I1'V13.J1;] 1 a 1uI11~n1~'YII;]~EJI1L~fJri1n1~

2.2 LLUU'YIl;]fifJU'YI1I1n1~L~EJ~ ~1~1~ 'YI1;]~fJl1~~U~11 1 a 1UI11~';)::ri1n1~'YIl;]fifJU

3 1i1;] r;i'11~fJ1ud .xnAn~1n~3.Jr;i'1fJ~111~n~fl1rl11EJLLUU'YIl;]fifJU~13.J
. .

2.2.1 LLUU'YIl;]fifJU~13.JrifJ~ri1m~ LL~::ri1m~u~~neJ~fl::LL~~~1rl1,;)1nn1~'YIl;]fifJU

'YI1;]~fJl1 3.4 U1eJ~~::LL~~~1rl1,;)1nn1~ri1LLUU

2.2.2 LLUU'YIl;]fifJU'VIii:l1n1~'YII;]~fJl1 'YIl;]fifJU'VIii:l1n1~'YII;]~fJI11~LL~~::n1~'YII;]~EJI1 LL~::

1 ~LL~~::m~'YII;]~EJI1 eJ~ ~::LL ~~~1rl1,;)1 nn1~ri1LL UU'YIl;]fifJU~13.J'VIii:11 n1~
"' 0 0 ..

2.2.3 LLUU'YIl;]fifJU~13.J'VI~l1n1~ 'YI1;]~fJl1~~U'YInn1~'YII;]~EJI13.J1'Y11n1~1L~~1::'VI'VI1
.

'YI1;]~fJl1~~U'YInm~'YII;]~fJl1 U~::~'YI5111~tJfJl11iI;]'YII;]~fJI1L~fJ'VI1~1 E LL~:: E
. ., 2

3.5 U1eJ~~::LLU~~1rl1,;)1nn1~ri1LLUU
~ "OJ I 0 d

3. m'a'JLfI'a1~~tJ£l3J~ 'YIl;]fifJU~13.JnfJU'YI1n1~'YII;]~fJI1LL~::eJ~~::LLUU'YI
u

n1~An~11~EJ1 u~fl1d 1rl1r;i1L \1un1~Lnu 1 rlI';) 1 nn1~ri1LL UU'YIl;]fifJU~13.J'VIii:l1ri1n1~'YI1;] ~fJl1

LL~::1Lfl~1::0t4ti'fJ 3.J ~~13.J#U~fJUt;i'11 ~fJ 1 ud ~~U'YInn1~'YII;]~fJl13.J1ri1n1~1L~~1::0t4'V11eJ~i(3.Jn'YIt.. . 01

3.1 fJfJnti'fJfifJU LL~::U1ti'fJfifJu1uri1n1~ 'YI1I1n1~L~EJutJfJl1eJL~EJuTI;]EJ1'lffi~~ t-test..

'YIl;]fifJUnu.xnAn~1n~3.Jr;i'1fJ~111~1U1U 30 ~U.

L ~fJU1eJ ~~1rl1,;)1 n n1~'YIl;]fifJU 1 uri1n1~1L~~1::0t4 eJ ~mca-1Iil'fJ
" ., do.. I I

tJ fJ fifJU~1 EJtJ fJ L ~ fJ1 L~~1::'VI'VI1 ~113.J EJ1 nl11 EJ ~1 UfJil;]'YIl;] ~fJl1 n1~fJfJ n LL UU111,;)~~13.J ~~ ~fJ ~

e51U1,;)~1LL unLL~::~113.JL~fJai'UtJfJl1ti'fJfifJU ti'fJfifJU T I;] EJ 1 'lfL 'YI ~ T u T ~ ~ LfJ ~~~ LfJ ~ fJ fJ n LL uu ';):: 1 'lf~~

~ ~1un1~1 L~~1::0t4,;):: 1rl1ti'EJ fifJU~ fi13.J1~tlU11 U LfJ~~~LfJL UfJi XC4005E L iju'VIii:n 1 Un1~fJEJnLLUU

1trlrllnuti'fJfiEJu~1aJfi13.J1~tlu11u1trlrll ri1n1~r;i'1;] 111';)~t;i'I1LLfiI;]111u~u~ 1 ~11111EJ1uUEJil;]'YIl;]~fJl1,;)::
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