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4136556 ENIMAVT: MAJOR : INFORMATION MANAGEMENT ON ENVIRONMENT AND NATURAL

RESOUCES; M.Sc. (TECHNOLOGY OF INFORMATION SYSTEM MANAGEMENT)

KEY WORDS : PROGRAMMED LEARNING / SBL.F LEARNING COMPUTER / TEACHER /

TRAFFIC AIR POLLUTION

SANWIPA SANSUKTAWEESTIB : A SELF LEARNING COMPUTER PROGRAM FOR

E}.IVIRONMENTAL TEACHERS ON THE TOPIC OF TRAFFIC AIR POLLUTION. THESIS ADVISORS:

AUEMPHORN MUTCHIMWONG, M.Sc., BENJAPHORN PRAPAGDEE, M.Sc. 108 p. ISBN974-665-522-I

This research aims to create a self learning computer program on environment titled "Traffic air

pollution" for teachers, who teach environment in lower secondary schools. There were two sample groups; a

teacher teaching Science, and a MS.3 student studying Science (SC 305). Ten teachers were selected from

Santiradvittayalai School and Benjamarachalai School in Bangkok. After they had srudied the self leaming

computsr prograrn, they evaluated the effrciency of the program under a rating scale. The mean of rating scale

was used to determine the efficiency. The students were selected from Santiradvittayalai School in Bangkok in

a number of 64. The samples were divided into two groups; an experimental group and a conhol group. The

experimental group was instructed by a teacher who studied the self learning computer program. The control

group studlng with teacher, who did not leam a self leaming computer program. This teacher taught the

control group with the normal method under the topic'ntrnosphere" in the science studies book (SC 305) after

the 1978 secondary level curriculum (revised in 1990). Then these two gtoups were tested their knowledge

before and after treafrnent by an exam which a reliability was 0.69. After thag using t-test statistic compared the

student pre-post tests achievements.

The assessment of efficiency of the self learning computer program showed that the tex! the

alphabet's presentation, the solid picture and the ability of program on servicing the user were rated between

good and excellent. While the sound, the moving picture and the practice were rated between medium and

good. The pre-post test achievements showed that the scores of the experimental group were higher than the

control group with a statistical significance at the level of 0.01, which gives agreement to the assumption.
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il:vtna'lnu'flrrfludotfinr:fronr:t€uuf'r1:douludru?vrurarasrfurirul?su drnr:fre
R:ull'tuflurEuunr:eouivrursraflflfdrulTuffrufiistostnruuon#otr?uu rflunr:drnerruCopyright by Mahidol University
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r{rlorilt::ur6otirttflu:su1l (s) fio nr:flnurdruinursrasrffi{u?adoil dqfluuuamrr

tunr:fi rnlrur{rlo crrur:nfartuolfl qurinqnfiur?ndoilfi rn^prdulufl o qriu uavr'rulain.r:
gr-ut ot i^ d

run rrilqillvrmotu odrsqniGdru

rfiorfl unr:srouiiltJrsrtnr:dtnrirr n:ruisrnr: n:syr::sflnu rf; nr: ldr;: onnr:

,dortrdrud{ueqdoilfluenr{rlunfrngor:nr:flnulntolurruu uavuorl:yrlu (o) ldud nr:
rirrorisrdtnrprdoruflnurl::qr{rlrJluma'nqor: Ipruudnqor:rJ:vnrufinur'ldrl:nrrnr:fir

urodoudnsrr{rhJoqjtunrirua$r.rra?ruil:saunr:eifiin unsdoouyr:noqi:J:r:J:ru1unrjru

airua?rudnsaffifidu riruna'nqorrrhsruflnsrsroudu isrdrudumndoruosuvr:noqiluivr

ivrutflanf unsdrnrufinurrflurirulnqi ftrdonr?srfiuresrdorufifiaonun:noqilurdnqn:

:sdilrTtsilfinsrnoudufr{'hitfiu.rnosioo',tdoraoutrfl{r6uurL::qrflrrrurucrorinureranf

fi r urErdould uas ndnqrrdlflufl oEriurfufi rdo nrhi aoondor fiuanrurc:u g fi 0 uau

dsnrufinJduuuilarotjN:rnr$r nfol*iuuuoorrildornr:rosdrnrufifiilqurdrLdoudolud''ru

c,o{n?ril?Tuafu nrrilsiorfior o.ludlduuoroldourlundnqor: (2) nr:finnr:dnurmrrdru

fio,,rnduuriu'flrrfludor1ffi6nl5ndilflrylun'rrruflrJ:vmnoirrl uirdrsfiu uniotri'rdnldr3uu

riotfi.rtrrsdoruodrltflu:vtLuttdaarrur:nfiovruo.:r#uflry{5?rJ (Holistic view) nuorruufio

u'rndorut#ld tzl trririivionurddurfluol:vdrdqtorng{aoufiryr{osrirl#rinriuuld
o4Aor

I:UilUfl6titd{9{fln'l?

ruu'lnxud'ntunr:fionr:fl cgvlrfi.:uaordoru 616'o.ra$rnnrur{r1o uavarrur:nfi n

odrrfiruqfrnn farnrqrorflrgnr uned'url:nudttflqurld d.rrflun:yr:unr:6nnxiuur

srasrfl#rfioduriururasuludrudtuandoru tu:srunr:flo"lr{.:uugr riruiunr:finurlu
I

t t u u tfu nr: lfin r : fl n s r n r: rfiu fi : c d:J rTr u il fi ns r n o u du rn : r y fn ri s u ri r u l n qj,uo u o u n'r,

dnur:vdlrTruilflnurnouduude riautrqjovoonhJ:J:vnororfinnr:nu firirur?ou,vir#u

firiuusiolu:srTurhuruflnsrsrouilars d.rdrrfluodN0sfioydoqldrinriuufiiuilfinurqoudu

ldfirJ:salnr:ainr:riuuo'ttauut6orfisurndorul#rfiucororioufiovoon'hJ:J:vnorordn
9-

fl15.r'm (z) 6nvT.rovrflunr:rf,orurul?su drrirdqosr6rlnrflu{h,rqiblfinrrruf narrur{rhdu

or,fludug,rtitiultfltfionrrrudrurf,ufdunnrunf;ufiudumedoiler'uJr:irJsrfi unydsnuiioqj

Ioer:oileiotJtu:sovfisr?uru uasiloR01rldnr:nJduuronnsr' rirfiuruuasnqfin::rurTsnrire

riioTdrfiotiuturrsulu:ssT:LduderTnovnro{oraosrhJ6.rarna:fioyfisrurfiur':odorufinurtu
9

:ssiilfiriou (e)
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ttei 0 l R cro'lu nr: aidru n t : dns r lu il o q riun l'ir ilq u rii dr rTqdo r; arn rn il o{ n ; {
doil lautnnrvngfraoudru?msrmasrf uasd4.:n'lsrdoru (s) rfiosornngfraoufi,firuru#ou

rrnsqnnln:fiovtri'nr:o:L:ruog6fioqj#oururn rirl#nr:6rudur{erur?vrursranf ,,arfis,,as,

dorudrunr:dourln:flnslu4ninlr$eufruosrflunr:rfrussionr:drurunr rn:rsopicrrur:nfi
J 

^"l^ 
qlnora I t

nuoil5ungfi{rruo1#finrrruf'ldlu:vssraardudu uuoo.rodf,.,nrhng.riruTrqif,irro

fr'nuv uavil:calnr:nidrun:vurunr:r€uuR.r5douyr1{r?vrurgrasrfirnrfiqraqdoil (2, s, 9)

uovilqur6n:J:vnr:udrfio ngri'ruluqjaouloudnoTangrflugudnarr ldnr:u::uru flou
n'1rrufr-l#rrririn6uu nlunr:viordr rfiunt:aouorunfsdournn.irnr:fu?{riuuflnrJfrrifio3r

aourfiurdorrrurnn'irn:surunr:t6uufl dor6u ufoqrurur{rrrdrrun'onr:rEuunr:aoutd

#ou trenr:ri.:ra?ru1udrunnrufior?Fr fiuirl#rinr?uufiuuf rdorirnlruf1r]ldaou*ri.rc1u

rEuusiolu:cd:rqnruf,nur n^lddrnrrruiiildrurl#rt'ruu'rsruroir unydrnru (s) 6nvirngf,sSjriou

t#ffe uavrvrnlulaElunr:f,srnr:tEuuRl:dorJ uiosorn6i'rur,ruatrfluilrgilr0rfrsrsipnunau

donr:r€uunr:aouludrufi':u:ndoru dtu e,5) rru?vr'r.rl,ru4ridrvudflqndrnrir: unvfiruu1

fisrrendoru'ldn^o nr:fisurnnrufiro.:ngflaou Inul#ngfinrrrufl nnrur{rloludruivrur

fl afl f unvfiurrndoru leurnfl rsodrr8.rilcgurdrufi.ru.:ndoru (z)

il q ra r ru n fi u n r t o r n r etfl u fl q n rd'r ua n do ru fi dr n'q ru r n fi qer il q n', rn dr ry,r 5.r s

ornratfluilot'uii*rdrgdqqlunr:fir:rfriormsuquti luiloqriuinqor^ruan^unrqornrf,rn^florn

nr:ldrnnlulnEodxhi:sfin:si.r nurirl#rfionan:vyrusiofisuarr#oru (:) rqiu nmmrlvfi
3a

tfrotndsornutilTttt4uv unvnr:ilrioufrrqr,r^snrnl:s:ruqora'rfifl::rJ lduri ffrrynrfuou'lpr-

oon'lqi 'luq5-doon'lvd ,frnrv,lo9looonlryd uacnr:1#ar:naol:vlqlol:nr$uou (cFCs)

turnio.rrirnrrrudu rfludu ar:nrdrdovhJdolfrfioinqornr:nfirgoruriu r odx Td'gri

rJ:rngnr:airioilfl:u0n (Greenhouse EffecD nr:rfindol},rd{a{Iolryu (ozone Hole) uav

nrrsr'fun:e (Acid Rain) (3,4,10, tt) uoiartuqnr:ofeiur:nriolr?rfinnrafirfludun:rusiod.:fi

fiinoufirh?o*snru'ld tiiunio I il:rnpnr:airur:rruriuudrarrur:oqnnrrlanldrurnrvirl ty:r

nt:tn'ndln:rrufilndsf (rz) torsdvrl'irlolryuluuiraarvrirjooarst:rf,u (Australia) uasyri:J

onrinrld (south America) rfineioslu'j d.rosrirlfii.rddast:r1:Iorao (ulraviolet-uV) riot
riruuftIantdlnuo:l dqovdrt#ilrluduudulnnrflurvr$.:fianrisrurndu ,unolodf,orfo
p{an:cnueionr:r:Jduuu:JaqarnqfiluInnlt?grdu uasosrirl#rirufi.riirialnnu,rfie gncld

asnlu ourirtr?:sd'uri.r1urunlo*1vr:fiorrfirdu rfimirriruf,r{ufi:rusrufl.ryrsrn unsdufififiCopyright by Mahidol University
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:sdurdu'lfrufiurirvrsra rfaulnqjrfludufivnonrrflueri (8, r2,r3) uasol1rfluiluvrrcfiuarfi

ovrirhJqinr: x'rounnu o114r:iJo{il:csrn:1u lnn

il:vrvralmurird.:rJ:vauilqrrrunvl'uvr1{o'rnlfl uavfinrrruqil[r5{rJ.rRerrrudo.r

lnqir dlrflugutinarsnr:dr ,,urolrducl:nilulnil uiu rfiu.rtrari r{vrur 4rfiq a:vq6 loru
I i A | .q-- !s .-..siep---- J' aatnfllcou1{u{RE{lYlllilfi1iln: ei{dltuqrirulmqftnoornuruurrusfrfr'ilruaururnfiu 0.lflfloel

:ofioonstfiuufiiln:ilnr:{ud{nrsunlurromquyrflilfi'run: rududounsnqlnru u.fl. 2s4o

fidruauuru?I'lliuv 3,g2g,or0 ri'u Isrufidsr:rrylAruiuavlridrn.ir 1Jz8 riu rfiuuriu{rueu:n
9

fitil:ctvtg 6ru'lu:alunq{rvrilnJ14run:fisrrfludqriaud,r t lu + oronlrfid..ruru:nuus{rfiru
d ,C -i^rurndu rrsifrufrFrnr:o:ro:fioqjstirsdrfror riqflnl#nrro:ro:lunqlrvtilil?r.lun:6orTo ar:rua

o io - i
fi'ufidrdqfiurunrruvildouoonrur tqiu nrfiouruouonulqd 'lulo:nrfiou luIsr:munlo
- tl t ---.-^+--d ut r I o) ,roonlryi ttasoqRlndr:ruafruo^u1 "lduri rtrir ovda uavrjuavooloirll (13, 14) d.rrfjuarnrur

orn:nuudfi6ru'lururnttnsfirnio.ruusfuir hildilnr:quainurbi'oqituanrrnrfi6 (rs, re)

fi r f,unq r tn vt ufi 'lu n : u?n arfi fi n r : 0 :'r 0 n4 u'rurl u fi q ar n rnor n r no qj l u : v rTu fi
tfludun:ruoioqtntn dlriol#rfionr::snrurfio{sionr oryn drno uavrdoqdouoirr1 crordrr

oru6nri{&orofirb?tn^srornr:ilrnfi:us nnauld orr6uu crunrndrfa rfiol:nr#is,fiuoo-rn

ldiurorornreanil:nt{rl:J unsorotfluarnrqrirldrfiol:nruvr$rlurJoold fiur#.jrirsnruos

iutorar:ruafisffililil?rurar#ou usiiilr{r'l:JodNsioruaogflur?n'ru'ru 6nsfir.rarirtr?drrnru

frnnrudrunrul:ndr ovrirhi'rfluI:n6osioeirsr ld',iru drdrrnruiilrordr:runv,r^sfifrdun:ru
trdr6odae,i-,.

ost{quu5{ogruur?alulu ororirlfrfinl:nrdoi.:rirr1 niu l:orfisrd'uri'rh l:nmrs:vuu

il:carn l:nnrltfiurrulndntar uavl:naruordnreu rfludu $lRr{aRr:er:?0qflnrlrro{

sir:ero:rn:tunqumuruil1un: lnuln:rnr:a5?0qrn'rn unynr:frrininsr(ir:rno:r0:ro{
norriqrrnr:dr:roun:rrn rfiotl fl.f,. 2533 vu'ir dr:ardrueu 1,742 u1t) fiornr:fiorjnfi

sivr
tos l:nrfrurdr:Josr srrrfludo narrusTular^qq{ rilr?r?lu In:.:oryndnrar qru^ufi uavnrufio

lA4la.et"r
rJnfrtorrS fisil:vrurat 7o4u1u uioil:surm9ouns 40.4t (l2)uonorndruafisnrsornrefirfio

qJ - ! o o 9 aorn:nuudtiudtrfsnan:svrrL14rhinr:rtitgrfirlorro.:fissvin$u rfl5tud1:ilnrtsrflu6'ust:ru

sio:cuunr:mrutt uavnt:fi.:tn:rvriuarrorfislouer:.r ftosrfiuldorn6'uhiiirlqnluu?r:ar
darud,afriinrrnno:rurttriu fnosun:sttn6u finr:ro?ryror^ulsr#r il?ooronru'ld unyruafisrrr

ornrsftrirl#rfinnrrruanrJ:nurirdofir firurfou rnAurirl#sirulunr:insrnrrruavorsr firhfl
iorquarlansul{su^a rlndourfluafrrurfandrrJnfi (12, 13, 14, 15, l6)
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4 9r o .^ -Y
n.: r ril ? 1 fl 0l R'l n o 1n l fl tu R E'1 rvtl,t u fi 1 u n: un s il?il il fl a iln v du fi si r q frs il io lu

floqriufirJ?illnlilnfiuill{olnlflanrloua{ unvfinldiunr:qunlugilflosnr:nrruufi'hflqmr
iouc, I e A e^

fril16niur'ninfrnr:ilostiuflrgmrodtoitds rrntrifinr:1#nr:flnur unyriuaSrunrrruf narr
r{rtolunr:ud'ltflqrarfisurodorudruunfism'r{o1nrfld?ilfiuldodr.rqndostr?urirsr:su

I I qt a ^^_.-A-__..__-4_-__r, a s q attasil:sT1sutta? lJqil1ilallUvl1.:01fllfl0100vu{Eutt5{ilunilto-il lqUrnilrvikyrrruafrunrl
dA

o'l n'lf,Yt tft a 0'l ft ulu il't?t u v

dtrfutunr:?f,udd.r fro a9tuvrrE uu lil:un: ru n orufi ln ofr6uufd.:unu rordrr.r iu
ng{aou?rrfituaqdoil :sd':rdufruilfinursroudu rdor runn'synlo'rnlf,rlnulr*rnu, du
61 9 y A I hil o h ra d ,3 o, ^ t.).tflnAqdoud{tt?qaoilldrirtrJflns't uastEuilflufourdruivrurarasrffilurodorurfiurfin

tan^svttldruo'lr'r'1flo'rnutuvr'rfiusotir{rflu:cuil rfrorflunr:re?ruagxnrrruuSorrorng

Inutv?ngfinarruf n'lrrur{rtolu16oqdumodoudruilnil'uyrr.ro'rR'rflo'rnuru}r114uvodruflu

:slJU rrasrjr'l:Jrflutru?vn{doul#rinriuulu:ydl#ufiruildnurnoudulr?finrrrufl nlu
r{rlo dru?vr urat an ff .: urodoru rfio}i'r{rlodr anrnfl qm rruafi u nriro'rnrf, uavfi'nr r?6

nr:florriuqtnrilourfuto.:sruto.:eioflqn,trlafruldodr.:qndoqqaonoufn16suarrur:adr

narruffi 'ldil'l:Juusilreion:ouni'r unvqrurutdodrqndoreiol:J

r.z iorqrJrvasri

r.2.r rfi oair.:lvrGuu l:J:un:rudrufi.rurodoru rdos uafi u nrs orR1flo.rfru.rlJ

$r'n4us drraiung{cou?rrfiunndoru :sd::durirurudnurnoudu ldGuufdrunuro{r

r.2.2 rfr o fi n u r:J : s fi m fi n rfl cJ osu vrri su Iil : un : ru n oxl l,r^lor of6 uu fdr un u ro{

drniungnaouisrfituaqdou :s6'udurh0uflnsrnoudu

i,.2.3 rft ofrnsrrilE uurfr uuruafiruqvrn^hrrnr:16 uucJo{ fnri uu rfi orEuu ornn gfi

fr n s rtL m G s u l :J : u n : ru n o ru lt^ a tn o fti u u f da u or u ro r dr u d'u r r q do il ii a Sr.: oJiu un v rin G u u fi
d - in rnrr<
rE u u tiu n g fi l il l dfi n u u vr ri u u l :J : u n : u n o il rr^ ? r o o f ri u u f dr u sr u ro s dr u fi s nr n do ru fi a gr,:

a
flu
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13 dililAgruro{nr:effs,

nedoild?ui6nr:aou srrilumr€uu Iil:un: runorulr^'rrnofrEuu fdruoruror drufi r
tt?ndoil 16ot lafiuvrl{o'rR1fl0'rRU'ruil'r?ruu alrJ'l:odou}i'rinriuufir,radrqvrr'hrrnr:16uu

qln'lrrinrEoufi6uud'lng dtlffinrsdoualilurrrr€uur6:r tuisrivruraranf (? 305)

1.4 roilr.r,srnr:finur

o'rrfios',o#odrfl unr:ifrurfiwqnor lprunr:agrsuvrGuu}J:un:runorufi:rnof
.4-.-.2p--.--..--2t--.e-..-- lt- a- - -.- a o- s I 6t:uuEa?usluto{ellucr{lt?anoil t:o{ uar'ruyr'rqo'rfnflo'lRUtut'truuv tirrflng{aoulu:vn':t
-4-.-r--.- 4--.-sr-4 - s^^---6t-.--.t-.-4-..-o--.-d.s---.d-.-.-- . .-4- --.- yt A - AsuilrulJflRUllJvl 3 [uo{0]n [u:ugtljTutSuuunnr:Fuufllrdoutuoilraoqndo.rrfruaritrSo.r

tnfiumr.:ornrn 6.roqjluisr?ilotgranf (a :os) uavffifruriruuodrunr6uulil:un:rufra3rs

fi 'hJ vr o n o r l dlu l : r rG u u d'u n': r u q fi m u r a'u rr or n q r l vr fl :.$ rvr l nJ ?4'r u n :

r.s 
^udol"drov'ldYn

1.5. 1 :rvr ri uu I:J: trn:run orufi eurof6 uu fd:usr u roldru d'lurq dou dr r il n g fi
v

aoulu:sdlfruliturufinutnoudu nr^oflnur unvsi'rura?ila3Nn:rruf n'rrruu1rlo rdor ilnn^s

tl1.tolfl'rf,olnerluTnfiue unsilrnrrruft:Jtdaourinr6uusiotil uavn:v{ulr?ngrR^nnrrrudu

1o uasarrur:nrVmurdonr:aoul#uririnr6uu

r .s.2 ar u : o d r u vr rE uu I:J : un : r n o ru fi lor o fr6 u u fd:un u ro r dr u Au r,. r do u d
'hJ ldmrsun dn r r ru flu rio q ru a fl^u yr'r{ 01 n lfl o o n hJ {n g,,u r rl o o u du 1 fi rfi ur{0.:

r.5.3 rinr€uuarur:nrirnrrrufr6or ruafiumr{o1nlflo.rnuru1r,r.rfilJy fildiro-,,
tr^

st'luvtoet0'tflntrryflnu1uvtGuuI:J:un:run0rufr-arnofr6uufdrururuodtJldrflunarruidugru
iqa

lfl 0?nuilay{u1l'l{o'1fl 'lfllunr:drrfi ufrisl

t. 5.4 il q r,r u a yl'u yr r r o't f I 1 f, 0'l R u I u il r u u v fr uu r I dru n n n I
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und z

ltult?t{?::otR::rl

lunr:flnsro9oiirfluo'r:ifiurfi{iloaoslnunr:aSr.rrvrrEuuIil:un:runoruvl^anof
4-.-,2t2, ,, ,, o, e-.--jl-..--.s---4,. -y^^. -,.t_.-&-_-q_--,.4 orj - i[50Uge?Uemlo.: d'll4:1Jn[fldou?s1d{[?q6oil :sdufuilrurudnsrTlfr g r3os ilafrumr.r

o r fl 'rf, 0 ln ur uyn 14 u u ffi {'u ldfr n u 1 ro fl dl : ua v s r uifiufi rfi u e{o r eTr d
AAA

2.1 ?nqniln?Igvtl{olfl]f,

z.z n'ndnuriyrurmasrfunvfisu:ndoru

z.t rLmr6uulil:un:runr:riuufd:unuror

z.t ?nqfiruafiunrrornrs

2.1.1 ufrsrfllfl

u::u'rn'rf,1,orIan:J:vnoudruu'latorfrrwoir.rl Ioufi nrrrururrnjururnu?rrar

tnddunrlan unsr6oor.:arluu::ulo',nfiqodrt:J #uroru::ummfioqjtuqofiofialnno*r

:vdltndurj:villol tz fiIanro:rrfiofialan riun'ir dulvr:I:Jarfiluf nvrfludrnuourru.,o..,o
edo .idd6 4 aqr--_ a 4 dt ! os Aaaofirirludlfifiisr fro firfiryoondtou fruilurirudrdryrorfirfifiisr frrrynrfiou'lsroon'lryri dr
rfluriau:J:vnoudr6'q1unr:drrn:rc?iuarIosfis uonnrniid.rfifiinrlrrsu'erd.pJr:oI#

'lu Isr:rnuld (8, 17) riru:J?iltst :rolfriwoitl (r 8) oTruaollu nr:Nfi z-t.

r:dd'orgrucJorlnnfinr:rnfiou'lurujduuuila{ rduooroorr:-r.lunr:d'nrqny fl.r:

vTuert vtfonr:il:vrtrtor4rtrlv{ ,ir:r,uu,flulorir nr:riosTarflunrqr nr:nauuriu uauafla.l

rurrflunlu frrryosn6touluu::urnroqnd.rfifiiorqofthJldlilflrurl?ufl'r:firuh uacilGiou

flrrynrfiouloroon'lrydoonu'l,rnrdoqioaoorrrar crilrfifisduorfrrrynrfiou'lsroontrydlu

l::urnrslilldlunr:dltn:rvr{uelodr.rsiorfio{rliufiu uiu'jrorrirhsnoueirqot c,osInnfr
fAo e tq s d

il q dufr'u f tTu Io ufi n : v t tcnr : ua n tilfi uu ro rinql rq : v r.r'ir.: fiu o qjrar o rir u ir n q n r fu o uCopyright by Mahidol University
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r{r{drsnruddfiisr Inu6ruornn;cil?un1:d{rn:rsriuer d.rfiryff:lfrrrynrf:Loutooonlrydfi

fioqjlul::urnrs:rufiutir d.rfinrE'laln:rou uavoonfirouoqi rirurrq'lulor:rou#u qnvr^r

rirhJldlugiltosar:il:cno:Jtutsr:n d.rrflugrJiloirrl'r:aua1u uono'rflurnfiriurrrsu^prrvir

tiu niu uunfiriufirJru:rntT:fiaru:06.:qnffrrytuln:roulur::urnrs1il1.f,1d ri'rurro1fi
A J ^ a t h rqerhc,A t Inrfiofu firfuqordr"hJlf'ldrfrotrogrrrirriuoqilugrJro.:al:asn'ru rqiu rnloal'lofaunvfrnrv'lsr

4 , ,i< 4br o '
firmogorur:eix1 rmrirfi n^uqofit'hJnrndu rarsfiotfi1:rfo{frmvoqilu;rJrorar:ou^un6d

usidflidosorfruar:6uvridnrnfis uasdn{d?utiuroqrfluorr,rr: rirl#rfiqfl'r:R^uriurflurnonl

riun'ir ri'Nl.liorflr: (Food chain) il6o luorflri (Food web) dr:6uvriddr{r{drlnru qndou

^.^^--q^Sf^- ^ __.4__ 4-.9- | | r tt t6t 9a q 4
dAlU [14 liltaqatann{ tlosrlltJl:OqoUiltlnq5l{RlU tlaUqntrultlAlqAO til tl4tnnilii{{lu fiso

or0t6ildsdrul{ uflerirl:Jdsrn:rsr{rfluo^uvritilruraqnlnri dorflurdo16odrsnrucro.rdrfi6isr

i rr t e

en:1{fi 2-1. orriil:vnouro{otn1flfi :s6'rdrnyrn

frrryluu::urnrsfrufirlnn ritSouay (Iourj?urn:)

luIn:rou

oon6rou

o1:ROIJ
.'hut/

n]:ilol.J [900n tcr9l

d
lJOOU

gIAUil

niusrou

9mtou

lnqln/
tlJgr:doon t!r9

luIo:rou

r,lvtu

'luIn:rou'looonlryd

ToIryu
vtdhhdGratTto: toooR trya

/ht
n'l51loulJouofl t9r9l

uoruIrurfiu

78.09

20.94

0.93

0.0318

0.0018

0.00052

0.0001

0.000008

0.000025

0.00005

0.00015

0.0000001

0.000002

0.00000002

0.00001

0.000001

firur 
' 
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rior fi nin ods lu rin urdsur.r-n n rvr.r.(rvroIuIa€nff f,snr::cuualrdumrO / 9

oeir.:1:6srru nrjr{tiouanlu (Decomposer) drvrdrrrurnfififiogjluar:duvrfri}J

ldlufion::uc,olfiinudtJnsrrJeiouffrrynr$uoulooonlwrfoonrju::u'rR'rf, ilasrrJriou

Irutnqato.:rir uarnrEoixl dunduqfanrnrorar:ofiuvrid6nn9.r r.6iohl'firerrur:nqno'rlil

1 #1 dl n ri,fl u n', r du, q u 1 #rn^o 6?sr 1 il il $Ju u u In n (s, Ls, 2e)

2.1.2 n?rileirffqtomrnrn

n:rrudornr:o1n1flflo{rn4udfior:anld z dru do drurJiilral uardruqunrn

nrrrtdosnr:o'lR'tfldliliun1:ilrulttosruqudludrurJirurortuudavrlnourfufin.rursrneirr

fiuflaruoffiil:cnou'lduri olrl rr{f, rirr,rrind'r fi5oryu'ocrorfinn::rufrruqudrir#tn:vriro6j

rfludu uiu rj?rurornarrudornr:o'rn1f,flo{nudfirirurfnsr'ail:vilror es.s fiIaniil u5o rsr

rJoud rdorJ:vnoufion::rsirrl dsuci nr:finniou nr:rJfrrifi.rruru1dl uavnr:rJfrrTfi{ruilfn

dtocrfiu'td'irlutarsfi'nrioufinnrudornr:ornrnrlosn'irrj:sruroufiou + rvirqroslurrily

ilg-tin-lrututl ,tut,doo,*rrlg^rifisrururl finmrudornliolRldfioundrdornrvrJfrrior^qu

rrinrfiourj:siltol z ryir (ta,2t) dtnr:rl fiza.

r'r r'r o d z-2. :Jiru r u n rrru dor n r : o r n 1 fl 1, o,: il q u dti fi riru rin oa.s fi Ia n iil

96
nflu0rs1,o{fl0fl::il 6n:rurfi an:/?1r

As@e
R [AR:il/?U

litR9.tou

uailq{1unJ1dl
t€6 vilfliln{1ililun

7.4

28.0

73.0

10,600

40,400

62,000

12

45

69
AA9 A

: fl5fl6U'l d0qisrrrruuri (2s41)

InurfabJrurtru dfi nlrudo{rnlrorR1f, rdonr: fi rutornfi u so rJsud uio zsfi Ia niru

sionueioiu drrrjiuutfiuurjirurauj:ssrn:crorlan drfirj:surarn'ir s,ooo #runuosdortd

o'ln'tffiJ:silroriunv zso r{udrurjoud ufe tzs r{udrufiIaniru rdorfiuufiinr:uFlnn

CI'tl4't:flo{ilrtrud ddo.rnr:orur:iuasil:suror r rJoud u6o r.s fiIaniu u#rriudruqurifi

n'lrudotnr: nr:tdotntf,,vtoontrrrulorurnn'irnarrudornr:otrr:tunr:uilnnn'ril:srurar

ts-zo rvir uuoo,odorrudornr:ornldro{ilquti8.rfiiorq:J:sesr{cloqnr:ld6nr,rnrurJ:vnr:Copyright by Mahidol University



ludilinl udilqrrninifld vlljlrxu?5tonttil / l0

Iournrorrssdrr8rruqudrJ:vlusdornolnlfllunl:u.rrtrafi taioduqrilrdomfis rqiu n't:ttt'l

'lnrilurnforuudros:nuud nr:mrtufildornfis rfiol#nrrru$outuqorarnn::ruoix1 "ln't

nrrrudornrso'rnrf,lro{tur4uriludruq*o',*rf, ru14udfinrrrudolnr:ornrcu?qvrsa

rfiol#tunr:uruto uasrieuil:sno1llro.:olrlrarLiqvrn^"fidrrTqiiqofio frtryoon&ou drfioqj
d 

^ ^/4 | g a a' 4 lt q I v
tuoln1f,u:qnro{nl:sil1ar9ouns 20.93 olnlffiJiqvrdn::orfiorrirJ:vnorLtosfrrrysir{l er{

j 
", ' 4--- e-... --. .N

ep:r{vr 2-1. nrornrflrfiorJurfloudauffrry mioar:ufiordu1 frsornfro'uo:ru unsnnil
rActa,,t

il?rurarrorfirry mToar:rlurilou6ufiru'lnrlo unsff{tn{utll?uaou ufor{.rn:voruoqi'luornra

rfl u:susnalurur{o drornosfi rt#rfioilqrrqrR'rnuavr'r'r:il:vnolfi on::lvix1 to.rrur1ud

2.1.3 n?Iil?llJlu'llosruafisnrsolRlfl

r n l,r^s yr r r o'r nr g m ru r u n*r il : r n q n r : offi r t t u r n r gn r u u o n fi fi t t6 o rl u o r o tfl u { u
st i q A r,r ri <--f. r da 1 t ,.d'.cl .9--.-ta- 4

AUoolt rirry nnuniu ilto to:elilU d{[00lJulraluillJvlJuogYl{ tUellillJ:xl1il ltasqolRl]l lJ

ririluer:vrrvmnrriol#rfindun:ru:ilnaufi5sr nrrrurfluoqjodrsrJnfiqtto.tuqud dsri frr :'ll
9-

yT.r o r o ri o l#tfi or n nru tdura rusi ovtifl dfr v Q2)

ilanuvrl{o1nlf, ilrJrud{ ornlflfi fi riru:J:vnouro.: d'r: fl iofrrqrfi eo^u rJ u o qj

a ra , i d rq o od - 4- +--t-..-- t-^-i.Fr-..!l'^.----.J^^- o

r.rTorJSilralillRnalytn?:0eriog til01nlf,lj:qnI ttaUrT{t0olJulil4'lutljuoua:1U9on1:e|15.:

fi?orrourqu d dsr { ua vfl^s (23)

ilnfiurl{ornlfl ilrJludq anrasfi fi d'rr6orJuoqjluornrstfl uil3rurnrrurnoufr.::vdu

fiovrfludun:ruoiour4ud uasvrindfiu naonoudn{ unvfirfrr'l:J d.rrdorJuluotn1flfiod

flnruil;smn rdu frrryurruu^n r{unvoo{ nfiu niu ruir ttastitltiunnrni.if, rsiu oon'lryd

ro{nrfiloxr oon'lrys{ro.rrirrucfiu oonnlrydclo.l'luln:rou 'lulsr:nrfiou dl:il:ovt etsti?

rua s nsosr rTru riu sr nril ilfi (z+)

uafiumrsornrs uuruds nr:fi fisurJanilaoruodxu dr u6ounruodrltdoiluoqilu

ornrfl:o:r6'rr:r rflu:vusrrarsiorfio{fiulurJiurorqtn'ir:vdl:Jno nurirl#rfio6'un:ruuri

lr1ud uafiufiu{ nfomindfiuo^u"l rflunr:riunouqtnrilourtSu rrRt?tqto{o1nr:oir.:1 ovfi

nr: rp{svrqolvr:rurf rn'irrJnfi (zs)

ruafl-unrrornrg nruruo'{ R'r?s d.rar:uafiuqnrJriourrir{l::urnrn Isrunr:
.9

n:srirrosuqud rftIouyr'r.rer5{r uaunl{doil rflurJirurarrurnoutfiqe.tanrumrlun'l{aileio

ruquti dsri firy m6oiaq6ur (rs)
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ljorfl nln01a0 l|m1?n01a0uilna ?m.u.(lnnlilla?nr0'oRurvurJdtsdr{rnfl) / t I

ilarl'u vr'r{ o 1 f'r 1 f, il il r u 6{ fl 'r? s o 1 n lf, ti fi n'r r rJ u r{o u fl o { il a dr : 1 u :J?il r il fi
octg -A - r a o r dv J a il 9)dlill:or4llfornrnrdoruanru riorfiodusr:rusioilqud doriuavfisf{mrsr:{rrasnt{doil (26)

0'rRn?1il14rJruiro{ *il4il'un1{orfllff' nrnfnirrnr:{rsdu ornnrirrloua:rj'ir

ilnfiunl{olnrf, ?tlJlud{ nr:fififiqnjnnilaoruodxuuaq uiootirsuarurdo:Juodtuornrs
dr t A - 4 a rq 14 a | @ | a o o gl^ - '

rilussuur?arsioruo.rriu firfioqjlu:J3ruroufiun'jr:caiil:Jn6 dlrn:0fi1l#rfiodun:rueiofr.:fi
AaA.9rJ9
s?nttau6I.:fl ofl :'t{9t1{dl vt{n1no:{tta gil't{oou

loaA
2.1.4 tffia{Rltiln,uo{ilail9?t't{o'tRlfl

l. tfl-osnil!5 rrurrfi rsiu 4ttr'hrl:vru^n uniu o-u 
nlr 

a h^llrfirJr firuriu stn rfl i{ fr
i ^ 3 6 crt a A -i ^ , , Ja, v I
11[RFrllUn'lilI::u$',|91 fl'ls5:5lJT'l9r ilalIUvrl.ro'rR1f,vrrR90'lntlila{rilalurljuolt9t:1u9to

rld
$llJ?'ld'l:noils[:{aou

ao I
ttng01fl.t1U?0UTIU?'l

nqudrioururnt?'r:lsduurri.rrirrfiproqjtnn uavrJ?rrnu{rrurrjanlnu?ndoilro{rJUUdua v&nl
dy
IJUOU

2. fiotrnruqudrnrdu rdu cloctdufirfisrnrnvionlorduclo.r:orlue{ Iourqilrstu
A iq 9 L -4r s a a ia ,n rr{ 6

u5r?srniln't:05'10:nun.i o'ln]flrf,uo1R t:.1{'tilqnd]ilR:5rJ 14roust?olytiln1:rr.tllilrlrdornd{

n'r:re.r'rrustyrffiJm [#u'ldornnr:rfi udaotir.:ornralunquvrvlrJfl 1un:

oi:oqjlu ornrsd rfi sr o rnnr: mr'lil flcr ouirrTu nrn:n uud6.: I 8 sfi o

.---tlt--.-.- L q sl .-.91:?00:10: [o5lJ6{',r:AUR?dydtJ tUlduflilq{ln?19tuyt? liln'{ 2 rytl rlauilil:rJ'lolaun?lu

In?t^sr 0.0+z fiafiniruJofi6urf uon0lndr{u'irdr:roo:ro:fiodrL?r:srfifinr:o:ro5ilurrlirJs

fidsr:rnr:rfluf:nnrsrsr^uurulnqrn'irdr:mfioqilul?rrardul (t2,rs,rB,27,zB,29,30)

2.f .5 ilafi Hnl{o]Rrfl orRurulinr{uv

2.1.5.1 nrrtfi srilafi snl{olRlflo'tRg'tuTnilue

ururll?r uv rfl u frrrilfi sr{o.:ilafi unl{orfl lf, 'lduri :n uud :nrj : v drnt.: uny : o

urt4oiildtirrTuruufiu r,riorirrTudrern ilonorRdfi.rfi:ald riouud uavrnio.:fiu usiur46ir

rirrfiornfiunl{o1nrf,fidd'€Uiiqolilnq{rrnililfi1un: fio :ouud lorr:rrfi z-1.; ruaorornfi

d ru:ururn nnvo qituu?r?ilqilsilfi fi frnu mururi u (r2, rs, 16, 27)
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^4@Judu?R1 llduqr yl?yt:yt0 ltljlt?u?5:un55ri / l2

erl:r{rfi 2-3. ilirurarruafiumr{o1nrf,olflulunr4uvlunqrrnnilfi'riln: il n.g. zszz rJ?ruror fi
Irsral

ilaou glugtolj

TU9lJO{tU]U1t'l14Uy 0qnln

ilnd]:

dnMoT

'lsroen'lryd

'[uIsr:rnu

'lnoon'lryd

laIn:

n15ilOU

n't:LJou

ruouon'lryd
And

ilota05lcrfl
Ara

tn:0.tuunalryn
Ai€tsd

tn50'lluunn'l9r tlrnu
i ^3tn:0.tlJu1|u-n{

245

1,697

1,499

75

24

13,437

405

100

86

7,779

7,720

1,750

12,278

1,839

10,868

750

20,873

30,763

57,711

3,000

:?TJ 3,51.6 13,966 17,355 25,735 112,347

fi ru r' :s dvl'u f, n^lrjrafi ri lrnunils (253 8)

dl r o a a r Co o A 6, J
ulilV'l'lfiUVtlJUttflA{n'ltuglflo{d1:iln?'luYll{O'ln1flA1{"l ildln€UnO nlSXnI:ilOU-

h /6, v | /tJt n d
:JOUOn t9rq fl'IgI9trCIt?rlo5 tgtoofl t9r9l

uvrll
nun? fl?u1r1? rlnsryilaeoo{a1{1

dsrraerlu: ilfr z-t.s

oonlrydro.rlulsr:rou ar::J:yno:-r'laIo:nrfilou d1:
-atJlrrr/lil: unT{u n4 a'lu Q nilao uooRtJl0'lRd?lt 9t1{ dl I o{t : 0 uu 9l

u'tn'E _r

er4.graurs{

*badtusru fi;i*n&,r -/

{n"il
nro -,

€?!L**J
erfo&gu
trarrfiss-

_-r-e-- _d_ .1-ot_.__-t__-,q-.t_r_,.-.- | | t - ! -glJvl 2-1. tn:oiluuglduoltjR1util:Jaouiladl:0'rRd?1J9t1.1d1 flo{:oullgt n. :vrt4rjolft6t{drfu

1r.:ynru0lrlnrfqr:rorof n.lordunonr{rrdogruaeoonnxg:sll'ru r.'lorfiuornvio

'[orfis

;dj,-
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uot.vlfl ln0140 !u1??toln0uuoa ?vl.u.0nnlilIa6nrfronrrsilildlrfl ilrnf,) / I 3

en:rlfi z-a. ryfi ncloqdorufir uas:J:vmn{o{uruv,t'n4rJv

firur , rrdrf,uf firurjrafiduaunile (2s38)

A - o a i a a dttl/ - '
nr-ocrrur:o'iltuuRsfr nfl o{rfrorrla-{ tras fl fr n rlo{ ulu uu o ld rr'l sr r: rtfi 2-4 (t s)

dril1:n,il1[run:J:smnro{n;u fiilGiouoCInilr0'rnyiolorfiuro.ruluuudeir{"1 ld d'.rfi

t. rolildritfuruufiu:Jriou'lorfi uoonruro dr#ou + su^o fi rflu6'u sr : rueio
. ! 4 rrt S t d / U lct h s tn /

q{n1il51.:n'lu no tu t9r5fl'l:lJ01J, nlcrnl:uouljouofl lctr9t, fl'lctr tu t9t5t0u00n lrypr, dr:nsnr

z. t od tdtilriurr u fi u nau rirriuof o r su dil ci ou'lo rfi goonilr 4 rfi sr fi rfl u
a I i d 9 e f A q U 

"t! - A h r
0ua51unoqflR11{t$ut9u?flu01T{?fittSR ttg|lTliln?u1'l?0'lnnl:tr,t] tl4lJulrJurnio{l [ilflila

- 
jqCro, a a io s r tl d hy r 6, d3. :nn t,i,nlcrr::il519t ilniluyttR9t01nn?ilTo totriu 16iln rirrynrSlou-

ruouan'lryd unsfriryl ulo: nrfilou
| ,9 I

+. :nfildrirfudrrya uforirriulryrir rjriou'lotfruoonrflunanruirnrfuoilr.r?rlr
tl 1 o Gl 9ra u o do I I

{unnir rirh{rfioniurir frdun:rufounir'ilrnrnfi r usidrh?il::ennrflrrynclfi'r'lilililel

ilrutnr{rlilturJosrrfi rl#rfl urusrf s v rslofioflel

oAd
Rl:lt't{nut|o{tnro{tuugl

rnioruudrfi nr?u srrilnrulu til#fiuoqjuriroonrfl u ld : d :smm ( I s, 3 r, :z) 6o
ida-@dont,,l. roFosuustruufru 4 ffsilrc ilnr:drlru + dusroulunr:finvqor:sr:r'orqt^o

oQA
n'l9llJYl

a{€
SU9lJO{ISOIT{4.: il:ymnclosurusud

I
oqa

ullJutljuqrufr::il4'l
rrl

ttas9riltilo:

lit ! h r a
5ouilau{cf?uqnnn tiltftu 7 nu

udaAle
:a0R5ulilultfl lruntn:o{uu9t 4 0{14?s

2. ri r riu rr u fi u naru ilrfiurnfor
vJaAto

5n0R:ulltuugtsuotn:o{uua 2 0.{?t?v

3. fl19rf::ltsln ttas

ffrryflIn:rduilrna?

tt A a i ti' I:ofl]ilaoln:oit 5ottmfl 9r :CIuuail{GI?uilnnnhiq

tfllt 7 filt

4.
ood

u'ltJxlot9ra :nflndn :ou?ll :ou::4nllrJrnr6n :CIu::qn

{uloRa'r{ :0:J554Rfl urnluqj :nInudr:il:vdr
l4rt o d I

Yl'l{ ttas tilu:e01yt1{ :0ttn:nrfl 0:

tnfufitLornrstfrsrndwrun?1ngoufirldrJ?ursr:rviruduodNrurn uas:?ar$'r ufiodrqnqul#
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6a@a
rrftlr1fl 1 uduqfl nllrr?lu yruYr?ltlt5ilnr5il / l4

rnfioufi tu?un'r: + oiu 6o qorlo6 dsrci':unal rirumondr6'{ uasrJriou'lorfiu nfoff.rr.r?cn'ru

d.qrJd z-z loofi dnsilsnr:fi rsrufi.:d

r'r. fiqnrgqnlod qnqrrnf;ouda.r dulodrflsr rflrlr?olnldnluuonqngel
r I a 3 a 9ht j, r s e Ir.tlilnl:ut:tgto: flauqolsolfl a{rr] tljfl dil uvtllvtso{?1{ t9tuogt5ld?u

A r h ,a , 'e.fdrJiilfirJ1surin1:R'r:rFn [r4il no il:eil1nr t4.S : r logrirnrin
eaitrStno--gvfl. 0{114?yoo lrJoQnqila{qe[a? nu tooljo u5,Q0'tf][ila'l0snuqnqiliuoo

II A a q9 4 | 4 q d
d?uHdrJolnlf, trngtuotlta{ tl4tfiaoil5ulJlCIt 8.5 : I rll t0 : I l4?rytuu

rJ?rursr:rirunaruiiqnd rfi uurir:J?ruror:rfioqnqunrrirqn 16un'ir dn:r

ri':uu:ldsr (compression Ratio-cR) finrrrugouqodur{orui 400-500

o{flrcrnrfiud

. a tt I hr A J'4 a I
0s0o:sruoet?ulJ:ufllu rlj [rJoQflqilflurnoilq{qo oet:'ld?u1o{

n.${il?vq9l
ea

1.0iI14?uoa .r.ff.: r ryrJrio u'lorfi u
ga

fi.0{14?y:utljFl

Vlfr z-z liu sr o u nr: ri 1{r r u I o{ rndo s uu dru u fi u + ffims

n. flimry:srl^n uassirunoodrd'r rflunr:qo:vru^o#arfiuuoylr?rJ:cnru

lv'l rfiolo:vrfin lodiigoufrnrflunr:rnr'h,rfi rionr:rfiqdunrillu
A dcd a

rnSoruusr frrud'onr:rfirurJ3rurnr uav{ ursdao dr.::.rq rf r il: sruru +o-

45 ilT:rnR'tn dut#qnqrLrndoufr atilrcT:lilarrndotr4rl#rndotr6u

{. ff.rrayrlciou'lorfiu dugoqurouooufirirnsouqo fiulordurflor rfioqn

4 u, o uo u u fr 
"du 

6.: rTu r o r 1 o rfr u ri r u du 1 o rfi u o o n t :J o r ru vi o t o r fi u 0 u Q rr
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r____rdr,
rslJ HONDA ttnu KAWASAKI lJl{lEU rilUetlt

U a o tt d a r h ar r 9-,,- A q f, J - j d
to9l o9l loa 105etil9 ttagolu totdu ttnfll:Y11.:lu lllio tfin:il?{0511 lila1fl?rilau,:0yt4uurfru{t
- r " 

o A 3 J. .i A d t
I :oileio?{o: il5oqnqiltnfioufiuar z nft luclflisfrrnForuuri + i'rrrvfu r?tnlourndoufi 2

I

:ou loufi:1unst60a6'{grJfi z-: Inudrrnnrrxu'irrndo'ruudruufiu 2 oqursovhjfifiulod
tl d- 61 9 o I i oJ o - !

ttnu torcYu0s tsQnqilmlilulytttllu il1|u$totJfl't5yl'l.t'llJ9{lu
A A 3 n,o I e e tn. rfr oq n4lrn fi oufi u lrJ druu ilrqrqnr 6'er olnlf, pldilrfi o ril A{ cr rus fiu eior

'lo6osrfl pryr$ott6'1lu crankcase

Crankcase

o srfi a qGUq r n r sds ror'lod r{r1u

o-ru2:u::
riogroir

rio.r1s6

l
l

I

1la6rir{

riord$od

n

rrr:;do

nr:o-olo6lurialunir

d.nrr'qa (ul:1lo6trir{
n::!on[!u)

oinlxtft lu

-^..-A--.ed--p-^.-.--.-d -- --- --. 4 3 3rngilrnaoilvtl,ila?u$:.1n4?u{l1o{rfla't 0ilQnqilrnaourulJilqq riu-to
4{^tirnoaorgtAAo

rduljg ail too0.:nJolr:oilT0y[5ufl 't5yt'l{'luluffsu rvtr,rrisiolil

rnf o.ruus{ruufiu + i'lursrulu :6ruildf{fi?1'[rJ unrlu:o frR :uru uu e{u rs0fio

^ A J- v _ _ 4!__ -e_ 4 - i I v a d2. tn:o{uila 2 0{il4?y 0sufl'l:1i1{'lull,ttioufl1jrnto{uu9l 4 {.lfi?s flo Unr:q9l

ffir::r:rfio

gngurn6oudsr

I

I

+

ro3o.ruu6 z 6'lur: il{u 1 tou o:ld.rru r nf.r

.9

grj ii z-: du nounr: fi l{1ur o{rrndo{ uue{ 2 i'c ?r'rs
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r. rdor{arfiuuqa:srfio6duqnqila{il1 rfioasilr'ldsirordo Eiorlorfiuos

rfl o : s u r ulfilo rfi soo n'l:J tiau u u{s

rVn o qilu rfu orou n.) r y rfl o rirlflod dr q nq n qr dor n d:L ru r f,i crankcase

dur{rl:Jlun:ruonqur{rhJkilorfi uoon o1Rfl syron qurfl u ri?urnrl
I ,e{. o rn rfu gn qu osrn do u fi ff u 1:J lu fr.: r rsdo n 9o rutir q o'lod r{rTrJ lu

crankcase siotil

{o6croqnioruud z flsurs fio bflrirdrd rirurin,urndrrnio.ruudruufiu 4

fiw as usi{orfi ufi drricyfi o :J:vfi vrfi nrndr rJnrufrril ?v ro{fl r:nr u'lorfi u ov fr lod rJv rJu o on

rur rirl#nt:rnnlnrl'hiarur;:ni rfisrrfluniufitrr n6ofiril1 unyrR^an:rrudrurnlu:vr.rrnr:

-- ,^ j^.q-.-^4^ ----.1 -q-a-ce^^- .-. i^ilaoau lutfl:o.tuu9l vll t14iln'l:tgnJlJ'lulJilaonu:?lJfllJu'ltJlJtsollital [utn:-oluugttuaril
a{ rA o

r?Iontrraoauelutqnq:L rirhi'fitsln:nrfiLou dthimrrln#rfirudu lulordurnfoluue{ z
- Aqy t dae d : d a ^t! -
0 { ?1 ?u Yt [ 59r'l 5 lJ [: tgl O : rJ 1J 0 t6IU[]l u 1 U n 0 tSU'.l lJ u rJ'l ng

3. rnfo.ruuridrrya 4 f,.:il?s finr:fixrundrurirlrnioruudrrlufiu + il'.rra:v usifi
a---@----^e^^^^.i--'^---- -d-,,-..4. --.e 4- cl^.-^4- --.-.,14..,-- - 4 . I r e)il?lnRn'l:vl'l{'luYt9t'l{0'lfl[n:o{uuonJillril flo [utnro{uugt0rtuaovqnttrlulornrgrildrl rrir

'[rJdqornrsoufiu:rdu4.: udrfrsrrirrTutri'rflunlouas16usrr{rhJtu#ounr'lnri tdrdrl#rnior
uuddrrya'hjfinrf:;r:rorofy ri',riur#urnfiqfi6'er{rlilrsduprrilro.: lsruhidornr:rJ:vnrulil

o d Uf Y v v J , t o

olnil?ryruu rqna{{'luoonrur dl{usrousiotilfi

n. ff{ilrsen qnqrLnundoufiar dulodnvrflngnrolornlnuJrirl rcirilrlu

n:yilonqu uavrfioqnqilrndoufi aqErtd'rqrdulo6fi ociJel

- i- ' t9 I I
1r. ffimrsfido qnqrovrndoufiffu a^uolodunvfiu'lorfiuflq 6'qornrotfi'fi

:J3ilrn:rf,nnroufidsr:rnr:dq ei{uei 14 : l dr zz : r drnyrirl#u:rdu
.3 J r^-.- e 3

q.: fi ud.ruoi 3045 rJ:: ulRlfl lrayn?l:r $ouqlfl u 500-700 o{ mrryalfi ud

er. ffr u asrird'.: rioufi qnqroanaooufi dufis qnqsqer fi l fl-.rfi q ovrEil

f u tirryu tre'A a o o n n 1 n g il'?fi sr r{r trJ lu #o r mn 1 r r3 o r n n a r ru 9o u r o r
ry

o r n r afr dsr rirt#ri uiu q or : e rfi e ro { In u lil do r 1 dn-a rfi u u ril n^o u rndo.:

rfi o gn qurnfioufi a.: rur6n .drs Trarrsf"r por, do ri u o'lfl crankcase f fi lodn.

uudrilufiu rirlv?rfiou:so'uqsduo'.: 60-80 u::urnrn dut#qnqr
Aird

lnaouiln{ou't{:?at5?
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- -u-----.---. .4- -4- ; {^^.4 ^_-d- 3 q d q 
^{. 0{14?sn'lu ruoqnqilrnaoilna{ill0urfloljrl{larirqo nulorduriln ril-o

qnqurnaAouiidu oskilorfi uoontrJ 6'r grJfi z-a

{orfi urounf o.: uu ddrrya + f,.: r asfi o ilrnRl: rfl rlu filurnde s uu ei (fii ?mv rird'c )

tn^ont:mtTrrihiaru:;:aiovrfiofrrrynrfuouruouontryd uas lorir:sillr,ooRyrrrvio'lordu

n.0{1,l?sa9o

@ou
n.0{fi?yRla{

ry

grj fi z-+ du srou nr:r4',u',u n uo,oroos uuddrrya a 6'w rs

2.r.s.2 ruafr u fi dr ffqorRururrn?ruv

ran^umrsornrn1unq,:rvry,uJfilun5 ri':uluqjrfinorn:nuuo{#ouoy 80 uooorndrn^r,

ornniu unvtcrrirtrnl:wruqorarrn::rusit1 $ounr to uavrfiqornriaudu 1 6n#ouav to
| -'- '..y-- ,4t--9t - a jr I Jffru fll:lFl'lluv fl'l:flofl5'l{ tljlloil ilailuyl1{o1R1f,01nu1ult'l?tuyltdsrunn:vytugioruquu

vJAy.e
dn? ltnud{ll?oaoil (15, 16, 27,29,:r) gTlfi

t. flrrynrfiouruouonlryd
o, / q J 4 cl, h r4.{ _^ -r,l_14{_4 s ^rt! - a
nlgrfl l:uouilouon tcro tlJufl 19r tilild rtag tililnnu tnnorn:n lfilrnutuuryu

rfludrrTq Tnelnv{rv:ntnioruudtrirnqnln:ru ruiosorn6'q:rriautorornrssiordornfir'hi

r?nnsrnr rirb?nr:rnnlr,r rihiaru4:oi fiolun:dnr:mrr'h.r#aruq: oi nrfil ou I ovq oil 0v: ?il

riusonfitou 2 ovfloil rfinrflunrf:rou'looon'lryd usirfionrfiLou::rudrtTroonfirourfius

ocnourdur o.lnarutfluorfilounouonlryd drmir-ttn6oruuddrrya:c:Jrunrfuouruouonulryd

oonrur#ou

z. ulrrrfi. rfluar:firo^ruar'hJlurirr1uruuGurfiohflrnfo.:uudr6uGurTrin:vr;n

ulrd,fiuqoduerilovnnrutflunsriaoon'lryd fiionsdrar'lnd :crruoon{r::urnrsvr3oru

oa
1'.0{?,1?goa {.0{14?ynlu
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rirtorfrufiduooR0rR:CIuuofiitfirir*iuruu6u :J:srurufiu'irfisrvdr?,iu{u::urnrerJ:sil.rm

iuas s o'u udodr{t:finril lufloqriuiirufi:nr:rn{nr:ldrirriul9cr:nsriruda o'.:firl#

rJiru rarsr v ri: 1u orn r f, n n n s

:. lulsr:rnuoonlryd rfl uffrryfi rn^nornnr:dunril Ornr:mrlu#drvirlsrluIq:mu

luu::urnrsfios:rruriuoonfirturflululn:rouoonlrydtd6rvirriu donsrurruaeilSilrarror

frt ryn r fi o u ru o u o n 1 ry da r fi t s n d'u rfl u n r : rnA ru :JB ru r ar o o n'l rydcl o.r'l u I n :, o u du 1 u I n : ro u

oon'lrydo*srfl ureiurdurri'unrfiloutooonlryd fro'hiarrur:o1ffnliltd

4. dnnolsfleosn'lryd rfl uruafis fi :sil'ruooR0rnrn6o,r uur{6rwa rfl u rirdry uier

ornfirirrlvd'urJrrJuoqiluti'',tir6,tu lu:J:vrvrn'lvrufirirrusfiuluritiurJ:rrursugouay 0.5

iirruvtiulurirriurirrJg^n^iurfTuooR6rrutucJ0lvdunrilnnrurflufrr.rfrarv'log'lsroonlqd

:J:vrurarjr:ou::qRail'rorlmtj:vurudafl{of'lqoon'lrydoonuril:cilrru z.zt niutdlarrusr:/

n u : n u : : 4 n r u r pr rf; nil : e illfli t.s g niiltfi In ru n :/iiu

s. 'lulsr:nrfuou rfioornnr:rnrr'lrl1ulriaruq:ai ud'r:srruoontuar::J:vnolgrJ

rsr^rucro.rriu ,*r',rrilriu,6forufirrfuloudrg',u,,da do ar::J:snoil'lalo:nrfuou nr:rrur'hal1
q^t--.--_-{q--_--ed.^ a - C - i d i- o g
't ri aru q : ni lu n : fr fi rn sr t r n rit:ar n fit o r rfr o qu q n u ri o rEu o u n s o ol il r riu lTnnniu tri rnr
ln t 4 a 4v"tr,r:i usornoornildoririlolnrf,fiourfiuhJ firfirldrfirrnr:4qrfiunnru#ou ,,ururuuorilrfu
h ta s I r d @

lil rn q du 9t'r]J [5u [nu?nu

:nfi ldrnioruuddrrya nv:surunlule:nrf,ilouoonrlou rn:rsr?ordunrrJfi ornrsdo

oqjrurn uarqarm4fiqr :crf,nuruuudtildrodosuup{uuu z firu'ls :cilr0'lsln:nrfuouoon

rurnfiqo 6o :J:srurat + tvircro{:neruddldrnioquud + ffrn:v ,iofi,nr'rrrirrnru'lorfiu6':Lqo

lofilndfiuttn mfonr:l#tedldlordu rirlf'lod,firu:urlrnrdnaoqooRynr.ior:vuru'lordu

n$orun'r'lorfiu cirurnioruuo{ti1#rodu{uue{uuu a friurvrfu :nfi1#frrmrn?0vicuru

'l alo : nr fiou rurnn'irfi ldrirrTuruufiu ( tz, rs, 16, zr)

z.t.o ruards{orilafiunr{rorRrfl

vtl. Rltu6flJ{nfl.tfl?1.t
a a ..g,_..i . a - --4 | d A dlf't't:tfloilar'tuyt'l{o1R1f,ouluo.:u101Rd'l:1IU 14i0dl:ilU$.1Oil dltiluylrnrruon

niu uruonnarundu nf otsniu rf o{u u onorndf,irioar:4fi uqru^duruaorrrornffruoixl

rdu flrry'laln:nt#rou uavlulsr:rou'lsroon'lrysf d.:rflu6'anr:firirlvi'rfinuruonnarun{uCopyright by Mahidol University
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(Smog) lurJgn^iur},llntnru^rTa unvluln:rou'looonlryduoriruar'ldrfrorornfid uov&fiqnr

arrifilunr:qofrrLualtffindeu rniofrrryfraMof'looonlryddsrfluar:hififi usidrornrntu

u::utntf,finnrudurJ:rrurat#ouns s luclurnnarrur{ru{u:J:sil1sr 285 hIn.:niilsioQnutf,d

riln:olnlfl (20) ovfirb?rn^qn:odafl'lFn r?orfiodarv,hdrr dtur:onnnr:ruoqrlutdtu

:vuvtnntfiundr a fiIanrsr: er:runvt'uu.rrirddrrinriolfrn^oilqrrlunr:rn:irud{d.ir{orn
a lA t - E ^ s o o t6

n a{ o rn-n 6ff doq a t il r ds fr u fr a }n n ri r h{rnn ilqu roir l tduri n r : n ru r n l r u ti.r frsfi un ryr'[i
d?u{'Iil (15, 16, 2Q,2I)

z. nr:riraruiao;dsmr

nr: rfi etar:ilu,61uu rt6oar:runfi u luornreor orirt#rfi n nr: r,ira r uian fi sror
4dgl

uFofrrurndoileit{l (15, 16, zo, zt)'ldrrri

- draru mfodrnrrrurfiuuruurilarv rdu lulsr:rou'lsroonlrypirfirl#nrsra:JFr
4 | a q t 41 h dAa i tl

tdug:Jvt:l rFodatv,loiloroon'lryerfrfrnrrrufrururnn'jrfounv so finfinndou{aqfirird:urrdn

fy{flvd yto{ttoil

- draru uiodrnrrrurf;uuruurirdoffr Inuar:uafiufidld'ryfiu'luIsr:mu-

to oonlryd Io Iryu unvfary{of'lqoon'lryd lor udrlfi'rdo firrfi nrdofireio u {o ra$o nJ : os rdo u
4arid

14:OtR9rfl15tilnUU3f

- rirnru fivndufirsirrl Inuar:runn'ufidrrYrgfio luln:roulooon'lryd lo]ryu

rrnsar:il:snordnrulof

- riraru:vu:Lfitrc ,uouoo'tontrrtm:n6rurordl:ruan^ur{rvrrrlurirar0rryadfiry

rtavqorrTunrtnirutotuarorfinftill#riru6'ulfi unvrflunr:rn:ruar:rnfilnril#uridutfi m6o

=_- _dt_-____q__- | + i o- q a r 4etu tflunr:r{raruttttd.trunotfirirdryilo.::sullu-rra uoinr:qofirudt:ruan^sto.:dul:ifirflunr:

Eiruaqilnfiunr{omrfl"ld

l. nr:rirarsfir

d1:ilatq{^uuttryu^ptotolirarsriaueirrl rorfrr ldurilu i{rdu riosrofl (15, L6,20,

zt) rdu

- fa rd oftsr oon lryd rirl#rfi ofi u tfuforiufi ndrunr :r:Jd uufi .uuqdo 16o1l t os

firouriou1 narutflufirmf,or u€otn^onaol:fia (chlorosis) rflunr:qqrdunnol:filnei rnr}?

6'u hihiroiqro u lor vriomrndu'll1ldiulurJ?ilrarilrnoltrfirldrfi qfiu rfi uuna'u do rirl#

I
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d A s loet I dt.r oi A 16
ruotuolto{tgllJ tuttl4{nn'lutljufftvt'l tlaudu'tfl1a ry{il:lJ]fltlto{d'l:ilny't^uO'lnrirrdilfruf,riu

Ac, uye a.e g r

:suur?nlfr6u"trldrunr'an'udl:riu teiu lJil1ail:vil1or 3.58 ru^nfiniruoioqnlrflr{rrusr:otR1fl

:suvr?nldrupTaurun'ir t #rlrul

-'lulsr : rou looentrydrirt#rfi n unrnfi lufl osfi sfi ru'rarurnn'il +.2 tilln : nirusio

Qnulddrilsrso'rflrd uasrirt#rfinfisrfisrtt'{duriioldiu'luIn:touil:crJ1fli 18.8-28.2 il^aa'niu
rlvv

si o n n ur gn ril n : o lfl'r d : s uv t?a rdil piau r u t f'r lru.rq

A A r t d v dX
4. rRoflArflUnoqrnl?I:1{R'tulro{rJr{ss llasdn?rau{

- t aIEr : nrfuou o yrir:Jfr ffi urlilIorrnn^rTannrurfl uu ruonpqarun{u dr:J:snor

drulelryu ua vooRfi uoudsirrt riol#rfi pr n'nil:vnl utfr o{ a'r

- n rfuouruou en'lrydfi du fl : r ueiorn4u d unrdor{rurn rn: rv rfi o il r ulo r{r hJfi r1#

irsnruuqoonfirou'hJrfiurriauoirrl flo{il{nlu uiu drfirJ?ilraru'rnnd1 too'lilln:niilsio

qflu1f,rfirun:ornrfl 0udril1:nriol#rfiErn:rrurflufiuq'r lprurvfiornr:s{.rusi:sdildouTrJoufis

qTufirl#nruld rsiu rfioornr:rniuo urslntfan'itjno rluufr:us nd'r:udoeiourndu o116uu

rfl uaru #nn:vqn ililprafi r{rcfu Inrit nudsnru

- oonlrydro{'lu ln: roufi o'rrrurfl urfi urioru rtru ti lfl urqy{rvlu lq: rnu'ln o o n'lryd

ldiurJ?ruror zo.s fi na^niruoioqnurcrinrn: o'rfl 'rfl :s usnnrdruriauruil:ylnar g #'rlilr ry

r4rarurJoorirl#rJoquril unerurer 41.1-61.61 fiafinirusioqnulfldriler:o'rnrfl r,irlv?flru1d

- oonlrydtosfratr,lof dor4 r ult rch'hJovun:'{rn : v orur{r{n:vuarfi o e ldri'u fi

rravr,rrnldirfrarvlof'lnoon'lryd uncfrarrlof'ln:oon'lrydrurn:J:vuar ta-:o ru^afinirusio

Qnurf,nrun:o'rn'rrt ovfrn^urirl#rfinnrrru:vnrutfiossionr unu:su1J14'rulo 0sdlfiaflrr:?rl
u v I a o q gra a
9l?fl lJtfl lt'l0uu{lvt't t?ltfl $t1'||u5utt:{

s. nr:rfi qrnrarfruoioqurfl6nlo

ar:ilurdoururirdornriobflrfinilcgrardruinlo rqiu ar:fifif, nfiu lduri

'luIsr:rouTnoon'lryd fran'loflooon'lqd nrfuou'lproonlryd rflu6'u rfiofinr:druriaar:rurir
: --d ! 4 -- !- ----.y4 ! a i d q a ufreraont'rarfr tiolfrruan:svtusionarrufflntornu tsiu rdenduruilu luruyrel-unrt"lil6uu

4 o o cl 94 A
rTor4xru rirhiil=ud:ss uastfinnrriltniue rfludu nrrrufdndru6ntndororiourflurioulil

avarun"lrufdno'tnrirr'l{lil5suvt?alurunuororiorfioilqr.rrdru6nlofi6rrfludoql#nr:flor

fiu nrrqru uayinsr'lill#rfi nfl rgurdlnrirr ( 1 s, 1 6, 20, 2r)Copyright by Mahidol University
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6. flanrvnillurhudul
@t o d ,tt{ tt I I
iloq:iufinr:"ldtfrotna^svTrrirufru uasrirriurfiornfirludsrslfl{rJrR r[rhflrfin

rJ?rurarfrrrynrfilou'lsroonl.reiil6iouoonrur{u5:u'rR'rf,rvrailqodurduul frrrynrfuounlo-
---ol -"-idt-O iU-rr,t ! t^s o . A oo9, o rbqro
oonlrysifrtilurfiryfr"tri'leoiotJflffiutffudffiou"l rirlfinspTrogjldlurL::u1ntf, uonriluooo'ln

ri:u fi nv n r uhJti':Lrir n6oqntdhJtunr: dr rn : rsvfua.:,,unduur4r dtdlirnru:Jr 1l1 Io u
t

tnurv{hfiudu uas{Jrsrutau d.rfidn:rnr:drrn:rslilua.:qrn'ir:vuu'nf,il:yrnmdul a{

tfludrurururn rj:sfivrfinrnlunr:drtn:rsr{uarrordufirlannnm rirl#dsr:rnr:tdfirry

nrfuou'lprosnlrydaoas d.:riu6.rfinr:csarrosfrrrynrfuou'lsroonlrydlurrrt',oraduu',n
A ct / h fn aoto sacl v e avilu frrvnrirou"tproon'lrydfifrqarerurifilunr:qnfr:Lisfrdnn:rhIoraa0'rfler?.:orn-nrlr.rrffi

Innld uasrffoildqua{dasr:ruhlorasrnjduu'hJrflundrrrunrrrugouavdoundroon'lilorn
3 s 6t / h h / - 

t 
Ig, o o 9l a s '

fru lan ovQniirrynri:-tou'[sroon"[wdqnfru uavtiuirfinrrru9ou'li rirhi'qarrqru^roslanrn^ru

qtdu rJ:rngnr:niuiudGun'ir il:rngnr:ofrioun:Uofl mio creenhouse effect do^uo,o

rJ:rngnr:aidrirlr?qorr4ru^Ianqsdu rfirbi'riru{ruinnrrirlnnasalu drovr,irhflrJ3ruro,rir
J 6 e4 ! , q it ; i J dr d I q JoTrlad{flu rlnvlR9nJtu14lulvr?rJ tunqilnlnqaildilusfir ilauliluytogo'lflu1jo{uuHU01u?u

rJrR uonornfi 1u n:curunl: fl Aom'r{ Eod1fi ni:rufi nr: rJriounaol:v'lqooI: orflou
(chlorofluorocarbon mio cpc) dt1#tunr:nrfisrn:vf,o.:er:J:d rravlun:uil?urrl:oar{14-

r d - o s I i Jegrq . 3n::iluaotuu Ea3f1fin5:il1r'r tilil trayS9rd'r?4f'r::ilou1 :?rlYt{ ts tunl:n1n?1ildvo'l9sll
{q

r cf A ad a I a d lan €t A 4 v
d?uranl To{rn:o(rornnilSound ttnunoil?rt?rgro5 d15utljunlqrraouiln?1iln{n?q{ dlrJl:fi

nouogjlur:rulnlfloud.r#uIoIryu d.roqjrrfiofiulanlu:vd'r ts-eo fiInrrusr: unrar:sTrd

orrirrl6^ffiurfiulolryurirhfffuraqatorlolryunarurfluoonfirou uasdlsilisnoudul do
-9 , to q grs S S 4 drirh{fu ls lryurrrrr{n{ rraeril^oilnr:evaruro{dr:d:umvrfirum1 rirl#rfiqrfluEiorIil'iclo.l

loIryu dstmqlr?rJ?ilrarisdorno:totfisrrlarlr:odru#ulolryuilrf,cIankirurndu do,ilu
v I d aa^ q g J , a v o 69dt d Ao s 4 , i t
0ua5lugtoditlts?9t tu tann{nom'l{H??tu{lvt'l tl4tljuuut:{yt9.t?1,tu{ ttnsilt{nn0d'tunl cr{l0u6t{l

fl a nrerr ei o: vr r fi re g6 n dr u
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2.l.7 ttu'tnt{nffi ilffflqr.tl uauol:fl o{fi'uornilafi snrsornrflolnglun-n4us

il o piu ig l dd r ru^u n r : rni o n r : ufl 'l t il q u r ru n vr^u vn { o 1 R r fl #o t u d., u n.r : d r m u sr

-Qqulelrg'luqflnlTlo1n'If,lilu::ulR1fl ulstsgtuqilR'tnilnfrunt{totntd0lRilnrildrru^o u.lst:-
9 I I t ,-.y

-,---,e-o 4 3 o o I A A I agluqilnmilrfutfrotnat iltet:gludlriumriofru r4?onr:ri{ra5runr:l#rjrriu'lfar:stvfi'r nr:
oJrlh6d
dotot'lqiln:oin:o{'[otAu01R56ruud fl1:sr:?0dn'rl,tilafiu01Rurunrfiusrioun1:eiomyrfruu

n1:n?rEilil?rurarar:tnlr-umrqornrflolRI:{{luqndliln:5il ilfOnr::sr:sr{ unvil:yryr

drurfi'uf1#d?ilfiuaauafiu usiarilr:nu#lcrldrfiur:ca'rrndqvirriu niod,fiuoolor'n;n?unil

flo.rrTu navud'ltflqil'runTr^uvr'r{o1nrflfr{fl1en?rilrflurofrnrnfrraru?rxi?u{1u:-ufioro:r

nt:il:udlunr:ilfr:ifinr:fr.rhifirJ:sfivrfinrnrfiuwro ril':urruiirnrnrirdns?0rro:l rrnsn?u

qilnt5:uu1silaTt^uvt1{olntf,fr{fl1oqrJn:ai tlayqnatR:fifinrrrufnrrru.$rurqdrufl.l:et5?0
Y-v.9^^.^oh!4 1 a64?o ttasoo:sljU$luljo{a fl'1591:?0dou ttaua:?00uuluillt4us-tt$rtj:c6f'nt'nrvl nr:Hnur

rtarnr:fimulvrnluln6rfioasrruafiunr{oln1f, r.iu :natrudolyhflr :srrud'lyhilr :n{n:uru

lvhflr frthiarrur:nfislurlurfi.rnrfiryfld unvil:ynr:riid'tgnr:zurqnr::ar:rr{ unsil:syr
ot - d ! ! A .i-^.q_Z-f__---^^_-. .,, ;a26t-el - ta rj a o IdilTlufroU1.{l9lotuo{n0e tfiil5sslsu tlaery t'fuluvlrruvilfurilauunqorn:::.l1unr:ryeunn

ilafiun'l{o1ntfl (1)
I

d.rriudrrin.:ruu ]ulruunsufi uA{ u?adoil n :vm : xiyr urnrasr f rm n Iu la6un r
4 ,t 44 s o a 9, 6 2t

ds r no do run-.ril u l u u r u t ra u utl ? yt'l { d rru u n r : dt u iln fr'u vn {r otfl 1fl ( t ) d'{ fi

l. ritisrnr:nsrilafismr{o1n1fl duruaorruro'rRU'nJ?n14us qnfl'r?rn:ixJ uas
At9/r
n0n::ilfl 1:Rofl:'l{ ttnuRl:fl ud{l

2. inu r q ar n rn o r n rslu du d l#fi q * o'r fl o 1 nr fl rfl u hl n r ru rr sr : g r u fi ri r r u n'hi
1r?rdorulvr :runs'l:J ou rfi urnal.liil1er5S1il

riua? u r ra s dfu dU u n r : 1 d: y r il cr u ci r fi fi il a yl^u rlo u

tiqa?rl#nrnig nrnronsu un s:J:vsrsufrrtrj ni.ttirilu'pu runfi u #ldt-u
ruafi u 1dfi rirui,lru1u nr: inu rqarnry{orn'rf,

t[u?n]{tgr1tltuR]:

1. uu':mrrdrunr:ffornr:
I ttl.I rirr'runfiufifirururvarudrufliqotarrfl::rJrlun0tnurrilqruru unvfioqi

o r #u I o u n r : 1 #ris rff o.r : a ru fi d r n u sr 1{o d r r n F r ffr : e rL mJr 1 #fi n 1 : :'r u.r 1 u

3.

4.

Copyright by Mahidol University



rinr fi ninord'u rm rim ardoruu'o a :n.l.lrvrnIula6nrrfionr:rcuufllrnrJtytf,) / 23

ffanr: rirrrutos:vuu uiogrln:ai unvrn6o{fio1unr:nruqrunr:
6

: v ur urua yl'u vt tr o'rn I f, 0 1 n E n d.r r n : : il sr lru fr ri r r u sr

r.2 sr^na'ril srr?0florl irn:rsf unvfrofirgru{oryaqnrnrno1n1f,lu

u : : u t n t qfre'l il t tn v n'r : : u rJ'r s dr : il a ?l^u vr 1 { o r R 1 f, 0.r n ur d r d lu^q o d r r
ri

9tomo{l

1.3 druuorurn:nr:fl orfiu unsfredrrreluqnrn^u vrionrqnffun:1uqrrfl R.r?u

ruailuT'1.:o'lR'1fl

r .4 l#n ilru.:ru :rrynr:dru viorfi u i'e fi runum d'n ua vunu :Jfr rifi nr:rfi o n el

ru a fl^u yr 1.r o'r n r g1 u dor fi u o d r { ei o ruao r

1.5 n?ilqil uaynnnr:ldar:firfludun:rseiou::urnrg#uloJryu
I a .._..c1 .t. rr.._-_d ._4- I -a a 41.6 d{rd:iln1:a{4u rraslfilrsr:nr:rirunrfr rr40riqraiilfl^0n::il 14:o

g rJ n : rri rn io.: fi o fi fi rie u 1 u n r : ud'h *n v fl o r rTu ru a n^u vr 1.{r o r n.r fl

z. uurnr.:druflr:n{ilu

z.r riqraiil unvafiaqut#fi nr:rJirrJqr viorn^rururn:grurdornfisl#ld

u'rer:$rufl rourauti'ori.:rd?runt:rn^nl#rdonrn^rfi fi ar:fi u

2.2 risra?ru nr: e$x : vut u rirrurasulu rff oslrqj uny :y n.jrqn^o rfi fi il : c

fi vrfi n rn a$rr :s uuEru rir lsrumr.::a'lrl r.uvioffra$.,r uasiliuil:r
: v u rJ 6r u u ua vn rr ri ru rfi orfr r n^rn r : o : r o : }flru r n du

2.3 rJ iu rJ q.r n u u niru ra :.j rir u lu suu m 4 n u {rh u ua v n u u u r q{r o o n ra :,j rir u

rflu:susmrr 1,000 uJa: ornnrrr{roonlr?rflunuilarqu'r{rlonflnd m6o

nuunorun6n unyafuarlutri'dosfiualu.,roo?ra0uu. QoiJu uavdrr
ln9, I al I a a

CIUU t9lOU'l{UlJ5Udyl5R1y'l

-93. uu?yl1{l9t1unaHil1u

3.1 riruunil:vrnil uasilirl:Jqrruror:gruoirrl yfsuror:gruri'a'lrJ unsilrer:

g r u o r n ur ri r ri lu^sr n u r{o ri'r n u sr TG n r : n : r o io 1 f 1 6'n r u il.r a : g 
-r u dr n n

runsl#fi nr::ird'rl#nqururuoio{r.lfluodrrndsnior

3.2 ririluqil:vmvrroruudsdrru^orunfiufi dorn'l:rqiln1T:cilruornrnrfr u
Art

ttasnduooR{n::urnre :rruvTrdruuqilrsr:srunuqrruan^uyr.r{o.rfl 1fl
Al

rua ufl a u 0'rfl uil or ri Tfr q tr?nr ru r s an
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3.3 tfi'urunrruvTn:J:vmn unv4norqnr:1d.:ru dosr.irunr:sr:?0dRr1l

dr u r n n^u lu vio 1o rfi u4ntl Ie uld: s u ufl 'r : a : ? 0 dR'r1r uu u : v u u : ?rr

gudu?nr: *ns1#ln€o.ril'u -#rxJtdd-rn:r,r,, r.rio ..#rruldrdorrn,,

dr fi iil u r u n r r u v fi ri o l frfi pr l a r,r^s rfi u il r er : g l u 0 l n uu d q ri r ru^Fr er.uJ v,r : s

: r r:itg cf,fidl reiru ua v inu r q u n mr fi *' o dox uri r m fi ?r.f, . 2535

g.a rirru o:vrfi ur {ori.rrirL rfi orirn un rnar vfruror : gru un v {o:Jfr :i61u nr:
n :r q r nr : rioa#rr un c fi o n: :il fr lfi ulfr o.: t r u ti'o lr?n., : a gx 

n u u do.: fi

nr : rJ ru^rn u u 
nlr 

rivn.r ua ufl o rJ vr r.:

a. uu'rmrcdrunr:eficqu

4.r nrirar4u uasdufiorTrronsu ru:ru r$on{ruoa:v uurduuranu4n

urur l#fi riruderulunr: :ar :r rf uasil: s srdilr r'u# ufi o l#nlru f n rrn
r{r h un s n : v fi fn dr r,r^s fiu zu o r dr : ru n n^u lu o r n r fl r ra v ir m : r r dr n r :
ea q q9 v 9t a

:r r rlu 1 f n q u ru r u dl ff ri o ru a n-s m x o r n r a4 n il : v rn vr

4.2 arlu ar1 u nr:finur?n'u uav?lnor: r.r drurvrn Ju ln6nr: nru q ru ua vdr6'n
I

o r n r grfi u :'rru vTr n r: il iu rJq r q ua r rn v do uh q s rn?o.r u u d rfi o n sr il n fi s

4.3 ri.r ra?ru n r : l#ru r n : nr : gr ln m r.: rn: u g fi o rfi o arir arl u n r : ud'h il tyn r ru n

14Uyt',l{to'1n1fl
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44/47,
2.2 n'|:flnul?ltu]fl lflgt:ttavfl{lr?o60tJ

rvr.ru.0yrnIulaEnrs6nnr::cilufl .lEfluryts) 
/ 25

n r : fi n s r rfl u rf o.r fi ,fi r rfl u dr n iu ru q u d4 n q n 4 n ariu rdor o r n n r : dns r.ria ufiar u r
AJdlto@o'

n')'tilfroto{tJqsri unetfluci?urirrTrglunr:r,[qrurril6uuurJa.rdruoirrl rqiu nr:rlfl5or^dru

qndliln::il nt:vTruutdrurvrnIuIndoixl rfiodru?sn?1ildsnrRalruurirurluurror^ nr:1#

nrrdnurdugrutuirul?su Inutnursnr:frnsrdruimuraranf uavfiur:odoilocrflunr:ildu

gruludrunrrrufin uavritta?rufioturnr:drurix1firfiur{or rfiol#rslryufin:rrufl n:rrur{r

1o uncarilr:nfiouruivrursranf fouarrur:oirn:rvviflcgnrfirfinduvrrrdrufiunor#orovfi

t{ar'r:vnuilrff.:drtostclrtorodrtrdnrfiu'rhjld (4) [[aedlilt:nrr?6nr:6'srnr: unsflorn-uufi
Ut q a I cr c4 q hiJ
t1ililil16[{tt?qaoil tulJ001Ju t9Uq

2.2.r n?rilrndounlnroYru?suaodor.flusirsrj:srns

uroofl n.g. tgzz orr{nr:auil:vyrryrfr'ldd'srnr:rJ:rEujrdrurfos ..dunordoilEroc

lidsra^e,e
rur1ud (The Human Environmenty'finq.ra6onls:J il:stvrgaitou amtirrfoclolnr::J:vurufido

nr:ilqd'lln:{R'l:rfnt?srtrgrdoruttritgrfi (The united Nations Environment programme:

uNEP) uavlufl n.d. LgTs orrinr:nr:dnurimurgrenfuavislur::rurril.:rtril:ymrrsr^

(uNESCo) irruffofir.lIn:{nr:dRr?su'rodoruuvfrvrfifforJ:vqru:J6'rifinr:dsu':ordotdufinql

tuotflier rJ:vrvraglnaarrlu lqufiqorrJ:va'rnidrdrgfio rfioriunfoshi'rJ:yrvrnsirsl :'rrufiotiu

'lunr:f,ornr:fiumndorufrnutl#urirJ:vsrru1uil:srvrflflo{eru unsldfinr::J:vnrerJflqqr

f,tnntuntR:or mionqrior:tilntf't:e (The Belgrade Charter) du rfiorrarrcfirn:ril{rrfluotix3u

rirutotfiru'rodorfinur1udufiovfi'suurn:rrur{rtosro.:nufr'rlanrfiuari'il:yuufinq
I

rn:ugfin uasfrnt::tt (2, 8, 10) uonornfinqriq:ruarn:nffi'lrtIn:la9tdrmilna'nqn:fis

urqdoildnu',0'todug'tunrrrutfluo?{to{rrfl'r}ruaodoru6nd:u duflunr:riruuerqorj{rHrnu

crorfirurqdorufinur uasuu'rvn.1lunr:lfinr:frnsr aqrJtd'h "fl{u'redoildnurfiqo{rnruru

tfiort'slurrJ:vrrn:lfn:vurind.:flqr.rr uavvir.:lufi.rurndoudrui6nr:rirl#:J:ynryufi

n'rrlf firi'nuv fitoqnsr^ fin':un:s6o6o#ufiovri''o'tu riofi,flil:lriqnnn uayd'rruriurilunrjru

rfioudilqurfio,,rrduunioililqfirfiodu uasrfioflortTufihi'rfioilqnrdu6n' dsuiuld.ir dr

ru'rodoufinutfitflrr,rruru#srroufiosrird':nruoonnl:Jornilqmrfiu.rfiqogjtuflnl:iu (2, 8) rTrrsiuCopyright by Mahidol University
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9 a la - C 
" 

I u e
il dq n r n fr ru E n r: 0i rfr q r il on niu fi u lu n q r a o u or o u il : u rvr fl d.r nq u r.r d.: o r nriu ig

4 qy q l3-9+__l_ a o q cr.-_^-..--y__. i d @ a j v0{ tfln?lildu t0 ttnuilAllnoUl{lt5{0{ tu9r1ilct{tt?o6otJ lquiinr:0nnl:riuunt:doulfru?fi1

d^unodoildnsrldturut:J{nr:Guuriolu#urJruou uasfiuilodrsn{rrcrerroutuflor:iu

:J:vtmsdtnquilrnrldfio'jrrflu{rirrfiu:tird.rn':odoruflnsrcroslnnrfio,rrrnldfii{grrurnr:
..-.. al _, 2t I q @ d | | j
rtauiln?]iln1?ilu'l [uf]'l:09tft'l:r;uunlTdouil1nn?1lJ:vrvtflo-il1

riru :J : s rvr go o arn : rd u fi r u:n do ru dnu r'ldiu nr : dfu dq u 0 l n is il r a n a x ua v ig
It

cir.:1 oTtuorfl n.f,. 1 984 :rrlfisn{runu uaso{effl 1 : ronsu eil{rldnr: ariuargu uavfi fi rn: :rufi
icr.i94t:ur.A

tfl u? fl l|fl {r r t? n a o il fl nu 1 n Q il lil 1 il il 1 ua 1 { dl o u 1{l 9t o tlJo {

turJ: vrvr o6u fr t urprdorufinsr'ldilnrs ef fil dqu ornigrra usirfl unr: finurfi fi
.^d^_-^.<_.^-*.1^..^_y _ rq a I a _ 64 a d aruot41rRu?fl1J6[.1tt?Onoild09tttn:nog tuualul ?s] lsu rryrt::ilursidnur 4:t=arastS B:

ivrur uavflfind rflud'u dreqjlund'nqor:ror:J:vnr uasfrurufinur uunolndigffslr?nr:

aui:rar4ufi rn::rudrufiurre#oilfi rfr ur{orfiunr:finsruon:uulJ (33)

2.2.2?t't"Eun6oulnrrTrussuasrdoruluil:srnqnlns,

dr r ir lu :J : u rm fl 1r u n r : dn u r fr rfi ur fii fr s ur or der o qf tuirrr : : ru m d^fi R u.r n o{r
vtd

rdnqor:il:vnrufrnur 4mt#n:rr z+lt uavfinr:nJduuuilnrflfinqor:rfirurflurn'nqor:nr:

finurunulrri 4vmdn:rr 2503 fifisn'ir nr:finururul,r^r{surnr: d.rr::trrio{fll5d{?u

vrinsrn:r::umsr^1{1u?srimursrasrfrdord'u rmsdrnrufrnurlu:cduil:vorufrnur (2, 33)
-_--,.4-.. ._ a I q,-t!' -.9t9, r o 4lt tlr9ttuo.r0'tRRscu?uR'l:t:tJufl'l:doury{1n15 t14n?1il;9?unt:motnrn-t1nu::qlorururutirn'q

tunr:a$rtttonfifiqndoq 6'uovfifladorfioq'lilfisnr::Jfr:ier^fiqndor nnv'ldfinr:rn6ou'lur

dru nr: or4 indfi .r urn doruror u-ndnu rlu ilil rim urduoirrl lufl n.er. zs 13 ttav zs r o d,r rflu

u:{tlan9il n4il:sslTulJldu [0Uqilld{[t?94oilil1f'rltu ii{ilnt5flop1t [n:lRr:nr:dnur11av

fi s rrendoru duirl#rfi sr nm rJ fr grJnr:dnurdur3 un'ir "nr:il q^grJnr:dnu rrfi od?n ua vdqnil.

n:vn:alfinurfinr:d.rnJduuu:Jn.:fid'nr;or:rfiurrrfluua'nqor:nr:finur 4mrdn:ru 2szt (2)

drfinr:aoo,,r,o,dudourndorudnurl{lur,rfinqn:nr:finurv;n:,dr#.:uon unylu:y:r:.r

I :.r G su ds n v uX u'l dn r n r d'n q or : :J : s n ru fl n u r 4 n n frn : r r zszt fi tdour dr u fi u r.r pr do ru l u i sr

imureraofrtardtnru riaulu:vd'rfturuf,nursroudu qnrf,n:rr 2s2r rnvytdnqor:riruru

finurerouilaru 4vrtffn:ru zsz+ ldasr,,nro,durrvrrrdrufi.rursrdoruluisrricdilinur

manf rrnsisrrisdldrnildnsr rminr:rJg^ffiurrg:.h::ruld#ruiiuriion:syr:.rrfinurfinr:'ldCopyright by Mahidol University
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ir n errurieurn fr o o t no r rfn r: grde (usAID) ar ig o rruinrlufl vr.s. zszz lfl ilaitr uruu urjr m fi r
g 4 3 e ,t - - o",t

u?ndoilAnslfru unsrffluurirvrfildtdrfluduuuu (z) uavlddr.ro^.r1unr:ffofitueodorudnur

urudr usiodNl:fisrrurdorornilqilrnr:1r'rerunauqna'rn:{,firurq uasnlrru'hin$orurorn1

fraou rirl#rfiorflqurdrun:v:-r?iln1:r5uilnr:asuinursrasrffi.:urordoruoufloqriud(s, o)

rn'nqn:fildoqjtuilo1:iurfluudnqn::J:ynruflnu'r rr.f,. zszr (nu-rrJirrJqr vr.n.

zstt) mfrn4fl:riluildnurnoudu u.d. 2s2r (nrir:Jiurji{ n.f,. zsg:) fid'nqsr:riruildnur

nouilnru u.f,.2sz4 (nriu:Jiu:Jq{ il.fl. zs::; un'nqe:rflrirdld'drrorisrfiur:edoilfinsr

r::qr{r'[:Jluua'nqor:Inurn'nqor:rhsaruflnurold:g:annr:fr.:uaqdoilflnurr{rhJoqltun{ru

isra$rsra?ruil:varnr:nifiis' uavun:noqilunrjrua$rrairudnuoryfidu riruildnqn::iruu

flnsr ivrdrufiur:srdoruovun:nogjluisrinurerasrf unydrnilqranfrflurirulrqj lu

:vdufiiurufinuroouilnruldfiirrinursras'ffi.u,lndoru (? 4l l) dqflu?ul6urnr.:drufis

ru':ndoruIossr:r ueifi'lilniounqilnl:flnsrnrnrirrTrLvirnruo drhi'nr:rEsunr:aouri'lulnqj

firntoqitugrho{Rl:doerum:n (Infirsioo) r{r'l:Jluisrdu (to, ll) dqdor'rirrfilurndorufifi

aooum:nogjlundnqor::sd'rLriturudnsrfls'[ilrfiurvtosionr:fioyaout#r::qrflrraururo{

ivrursrasrfunyd-ruendoruld rfiol#rinrEuuld6uurforfiru:edoruodrrrflu:vruud'r
id

d'uJ'r:nn0yilo{t?ruR'rlr:aru (Holistic view) nuorrurfiourodoul#ld 6ndlanrnnr:dnsr
6r a4 - ! | dc4 Jq g v - y 4 s I
tulJ0uJuu v'tlJ?1ililqil'lvt{ tu9r'luflanqn: ttn&n1ufl:uu?un'l:r:ulJnl:ftou t9lutflTt'lyou'l{

futudruivrerqranfuarfirursrdoru qilnlnto{ng{aouuarqnnrn:drunr:finurfidou (2,

s) uonorndffifiiltynrdrufi'ru'rndor dwnnl6'1#ruraryu'ldr6uuf tdrJq^fe'^ druduuurmt

nr:fiprnr:drufiurrndoruodr.rqndor unusiordoslu4n:vrTrLnr:dnur dsnvrirhflrurrsurrdr
-i-er-^"^^e-^.^-^-^---6t--C---4--.^--E^-.--!-.-.et. 9 a ! ---q-9.5' . 1o-oJ e)utJ0odlufld'lfi15tus tuo'luef{ltt?OaOilOU'l{Qfl9lO{lttyl05{ttned{r{A tl,ltnqn1:ilAlnVtgn6o.:

rfl un'ou'frudorfl uuu':vrxro.:nr:rf,emfi ltrrsrdoufr ffodu(z)

- -A t, a a a d y
2.23 ?nqnoluRl:fl Rul?nurfl ldgHttasd{u?oaoil

nr:finurtuflopTurflunadurfio.rur0'lflRr:1JU'rud'lmrrnr:nn^nodrq:aor$rturi,r.:

srrrr"fi D nr:o'nnr:nr:finurluqnd6uflunr:flnurfirdstr?rfiornr:r,rfisr unvfior:an
oaqoloa

vrffl urR:n::rurrdlugruscJsrilofrunl:HAn usirfioniilu'rfl :r:5ilrra^6rurdorulvr:rualodrr

tuiulddo unvfiufioqjorfrutotruqutl?lqnnran:enil0'rRd'r:fis unyo'uor:rurixl filrirhflfi

nr:Gun9o.:nr:finulrurluri lsrunlduun',tuuofiurrsrdoru flioyrinurn:lugrurflnffunr:Copyright by Mahidol University
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na^orrurqigruvfirflufioqjorfru (Home) iloqdlfrfi?n (Living organism) dslridrriprrnnrvruqutl

rvirriu usinr:dnurutrluriovtfiorl6'urn drdrnru&nrdornr:rirnr:r.rfinoqjoio'lil (2, z, s)

dr riu nr: l#nr: dnu 16.r rfl udu g ru dr nTqtu nr:rTruu rn rrru fi n ua vfinuvrirrl

iloEriudnr:dnsrludruivruroraogrird.:rJ:sarilqmrmxdruffnnr:r3uun'rsdorl dufiuTd

0'lf'l:'l8il'lutlanr:frngrto.: The Third Intemational Maths and Science Study (TIMSS) dlflnuf

arndruqvrfrhr:t3uuntfinsranfuasimuraranfrosrdnlu +t il:sryrn nujr nnnr:r6uuluiryr

nfisretanfitostdnortl tr iJ lu:J:srvrelvruoqjludrdrfi zo uarirrimursrasrf oqiludrduii

23 tnl'jrnnaorudrdunrrrufnrrruaur:nnrqiilurgrasrflu:so'lururryrFro.:rdnlvruovoqj

lu:sd'urJrunnr.: usindueqilududrfidrndrrJ:vrvratuunurordu reiu fisnJrJf rior{irJu d.:

runnr:t6uutoqrdnfi{nlilfoqjludurirfi r nosvisaoriryr rieurdnqjrluoqituiird'r r luirr
nojsrgrasrfunvdrd'rfi + luiryr?vrurgranf rrsifinr:ilrlunrrna'ufiu rdn'lvrsfinrnnl:rroll

tuEi.rdutuisrnfisrnranfoqjlu6'u6'udrnfion'jrrJ:srmarurrdruroodrqairpru ruo:fu r.r3o

arigorru?nr uasrdnolnufiHnnr:aoiluritcTuluisr?nurnraorfoqjdud'unrfion'irrJ:vrvrn nlis

tec aitpru rrdmfi{ornil:srmgsirrl ldvr:r:rnrnnr:dnur il:ssrrulu:J:vrnnruo:liu uny

auigorru?nr 6'ldfinr:sraudrlurfo.rnr:rJq^;rlflnurnrsinuraranfn'uurn ri:uturJ:yrvrsai

rquldfinr:6'Erdrl:J:un:l?lnnlurn^ruil:sd'vrf;nrnngnrruI:rFuudxl drrl:srmnru;rdtatre'

nlrudrri'ryri:rnr:finurrfl uodrsrurn (s)

----f-.-r4-..<-----..-._9 )- --' ' 4 q 4 a a a / a a
our.{ t:nn1ilurJ?rr'rant:f,flutiladilqytnrl{n'1:r:uu?s'ln0{stf,1dsti ilacisrJmur-

srasrfiro.:rdntvruoqjtu:sd'urJrunnx usifi lillda vfloul#fiudrnrrrufnrrildrrn:nroudn

'lvruvT'::J:srnn ornnr:fiRgrlro{nsrJisrnr: Iqufinurornfnriuu:vdufrufinuruijfi o {ruru

112,000 nu nuildnfn6uu:vdufrurhurufinurilfi e aorirrfilfind'ldnvuuurndu zs.rz
a i o a dtng,

nlflnstluutfiru too nvuuu nuuuurnnu?slnilnflder: to 29.65 nsrluu imrnfi'ld ro.:a

nvltuu isrfia?vrutlril zz.zz nsuuu unsisrnrsrdsnqu'ld 34.22 avlLuu d.:drn'jrrnnrq{

il14:g1tJ (5) uernvjr:srTun?lild'rtlr:6rlunr:riuuyrtiilsrgranfcrolrdn'lmuf,solnailrst:-

sru d1ilr5nasfioul#rrXu'jrnr:tiuunar'ndran$ uasSilurarasrfro{rdn'lvrerrird.roqjludRlrl

6ltd oror{rl#rfipranrninqnvrmilrgqr dufiororfln'r:r10n?rruf nrru{rlolu?nurarasrg

nrrrufvrr.rivrurqranfdrtfludsdrrilusionr:fiflurflfisrrua uaynl:d91{nrr:rroiru

ludrusixt usin:vurunr:firirl#rurasud'rriatirL?vrurnranftuil:yrnqolnuffififltynroqj

illn (s) tdu nr:aouivturnranfluil:vrrslrrrufrquonarrufirufruf,fi':rdino?lnrouon#os

fiuucrorfnr3uu (s) d.rrdrfiu'irinurarenfilrnqcurirnrlil rn:rsinsrsraflf fio nr:finsrCopyright by Mahidol University
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IaRnruuon firnlrur{rlonrtrdruvTuf,ro.rfirrirrl lur::ruryrsr^ drsr:.rtiu{rru iloq:iunr:

dnurivrursranfoqltudnuarafingflounrrrufl#rinFuurfiurodrsrdua drnrnnrrrufrflurfius

nr:viordr (2, s) rfi usrvirfi nr:riuuivrsrgrasrfff urnnsil:saun.lrudrr$o

lunr:fimurnrsimurnranfunrtilnluln6 Inuosnyirdn:rrieu:vu'irs{ru:urin?vrur
qranfttasis:n:sioil:vnn:ndrdrunufidruru 10z nil d.rrfludq:rri'rufirloururn unnsirr

frurJ:rrvrcfirlulnodurfrs duflu:J:rrmsuilunnluln6fi6ru:ufniuurarasr$unsin:n:6r

5,183 nu (s) d.ruasr.rlugrJfi z-s.

druau (nu)

6000

s000

4000

3000

2000

1000

0

:rjfi 2-s

-

do fi'o r : ar r n r n d'rq n a r n: u u'j r :J : y rvr gln utir d'w r o un a u q n a r n : fi n v rfl u {ri r

n: rv'l rrcpr q dn: r ci:u'f, ru rurinivr uraranf

d:vrvraoirrl

run yi gen : si o il : v ryr n : r urr dr u 1u

aA'aQx5$5c=q€
oFtEFF
Eodf9
: ,t- (G

;3 rF(@

a?46'SRat;,E95
=';rj((6'(drggF

tc(Ea

il:srylg (n.9.)

orng:Jnu'ir rJ:srvrsfifirinivrursrasrfunsis:n:6ru?ilrnR riaulmqjrilu:J:sryrs

fifinrrrufimurfidruivrurRrenfunsrrnlulatrfluodxun niu frrlu, oodror:rfiu, firn}Jf
dcli, dt gt g'! 9a 4 d q9 | q I a dttavtn'lua tq tilu9ru 9r{uu fl'l:?I9}lu'ln'l5f,RU11Iug'tu ll,tltfltul?su tualu?llutf,ran5tlav

rnnlulaErstflunr:riqa3rul#turerufiiduvTsrifin{rslna lu'r?suduJ'r:ofiri'nuslunr:6n

rfioudilqrrdrun:v:Jaunr:ilrsinurmasrf uuoolnd,flunr:riua?runr:fimurnrrrufdru

imuraranfuasrmnluladdru (1, s) rfiol#rurrsurmdrdldrflurfflnqjiifin'rrruf n?ludtJl:nCopyright by Mahidol University
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rflurirfi.:mtil:vrmflmsr^ tlasduJr:n,irusrer^lferurrJ:vrvraldudrdumxq:fio uncrilnIuIaE

ri'usirtryrfi'ld usinr:silrhfilunr:h?nrrrufuriromsururird 6o ngfraou lorurnvrryn:{aou

druivrursranf d{il:vrvrs'lvrerrird'r:J:vauilqr,rrludruqarnmro.:ng{oou rrnsfl:yu?u

nr:riuunr:aounniyrulnrasrf (2, e)

2.2.3.t qnrnrvrror flaouirurorend

lunr:fisurrorrryul#fi nrrruf nerruarrur:atudrunr:flnutfurflufirdrrYryrurn
j q y A I A 9 r q9 r€ J .ofrlrilur,rrirfrtotng{aoufiorq:urnr:n':rrufoirr1lr{urifrud uriiloEriurfioilqv rdruFlilnry'l

ro{ng lotutnnrrngfraoudruivrursresrfuasfiturodoru d.:fiuvrrLrvrrid'ryfuoiorfinru'1fl1:
9 I a d qy a 

^ 
J 9q q A il bildrun':rrufilotfnrEuuhidtrr:nn-nuuuimurorqi uavr{r"[oilqrrfrrurordoruld (sl rfior

ornn;{aoufi 'tru rurlou uasqnnlRTfi ocl#nr:orL:un g6fi ogjdouilrn rirl#nr:r5rudur{nrur
A - - J 4 E_,4. .!' ' __2r-..-___ rrl ! j l, 

^"to?Ylu'|f,'ldn:Itaucf{t[?nnoillGtu{non1:nil[fla? [T't5'lu trufrlil'l:0vt0golJ:run;fllurunlfiilnrrru
erhto - ! :- |

fkilu:vuvnardudu uonornfiffinujtn;rirutuqjfisrrervinuvnr:fiqil:vaunr:ainrsdou
a6aA
?m?m urnrani ua sfr {u'rndot (2, 5, 9) ?f 1r?r qciruhn qjrur orn

- n r : rw"ru 6 r u'r u {ri u u t u cr or v fi 6 r u r u frao u hl rn^ru du s, r ru,i'p, rir u r[ r 1 #q m n r u
d - 2l 14 ! Urroi a @ q g I1o{fl15t5uun'l:efounen{ Hrfou tildlU1:nqtta leln?n{ U{lrua tfiEilnrnnt:Aou60{aqn{

otirrHdnrdu.rlilld rsl

- nAuqn?rruf n':ru{rlo lu?srfi sr ilro.rdou rrasc,renr:r,r'eru rnrrrufdruim ur
d a ._-.34 94 qt! 4 r r I t) 9 v - dfIlffn:tlaulvlnunfll:rtou ?sttnno n15 tfinl:flflU1tlnnIoul{lt,tf Ullu 6runr:noildnqot:f,u

99

irr fiorou:ilfrorrJ:vguilfrrifinr: druruur nnoeouffndsnn^u^nfiaru'rn:rruf uasif;nr:aoufru

rfiol#ngnrulu6'rrainrdurriu'ldruruanr:J6uuvisuv uavn'lrruftiu lprufi#nirrnr:uavffrfiu:

rrql#riruu sri runsdrilf nur (s)

- nr:fl 'rerunaungffcouiminursranflul:r6uu rfroqorn?mureran$rfl uisr
fiurn fnfinsrtuaarfunrfisrn;:vdr:J?qqror36rhilndfiuru6uururnfn rirnrat#:J:yryrfln'ro

9,1

run n u n g dr qn rr,r ri r fi un v il qu r ri r u^u ru zu o q dr n il fi rfi u'r riu o r fi vr n ; (5 )

2.2.3.2 fl :cr:?uR'r:Guunr:aouinurgrasrf

ludrun:su'runr: rE sunr:aouluih piu&fi rirudrrTrgtunr: rfluq:Ja:: n1u nr:

frwu rnr:6 uunr : coudruim ursranf nu'irn g rirulu qiaoulnudnfren grfl uqu dna x t#
fll:ur:ulu flounnuftfuririnr6uu ulunt:vioq6r nlunr:aounrrurfidorurnn'jrnr:1dfrCopyright by Mahidol University



riCI fi nin urd'o uu rin o rd'gil 14^o a :vr.l.gnnIuIaEnr:'b'nRrr:suudtsdutytf,) / 3 I

--d--- -41 te q6 a 
"t 

& r d o, o,n-uurlnilfl tioinis do uttiu tfr ofi tillRn'iln:sil?uRlsrE uu f dor fi u r.rio ql ru r{rru r j.lru f,o

nl:t50unt:aou'ldriou Irnnr:ri{td?ru1udrunarruo^o?Gru drfirbi'rinr€uuriuufl rfiorjr
nrrrufldaourtri.:rTu riuusiotu:sd::qorufrnur ru^ldrirnar{ii16'rurldfimulsruro{ uavdrnru

(5) uarngfr.rhirioulddo uastvrnlula6tunr:f,prnr:riuunr:dou rfiosornrfruud.rrflu

flrgurtrnnrtnltttouudonr:tiuunr:aouludrudqreodorudr u e, s) uur.y,rordtlunr:fi
n v udfl qu r dt n rir': fr 0 nr :lTru u rn ar:rfr o.r n g {ao u lo ul #n g fi n :r ru f n ar ru r{r l r tu dr u ?m u r
nrastf ttavfitttrordo:J fnutnv{rvotirr0.:ng{aoufiunodoilqnnun?i0vfidugrulu,rou,rnuu

:yurfino unvfl qnrdrufi.:u.:ndoruiirfiodutuiloEriu(z)

ilqr rfi drriq6nrj :v nr: do n arrur{r 1o unv fr'au v croq fn dnu reio nr : fior fi qnel

dorufinsrhi#etou t ta v hin :{fiu (2, z) nr:fi rinfinurfi nrrrur{rlo unsrffquvfi usr neirs fi'u rir
lr?nr::J:sarurtu:fiq uavnrrrudrrtfroriuf,'rrfluhJ16'urn d.rrrnl6'finr:nu*nrirfiidoTud-,u

ndlnttrun^o tta vfl 'l: n:sdr ovarrur:nilrnr: dns rrulfl u rnio.:fi olu nr:rJfr g rJdr n:r'ld un y

ar ru r:n {ru n :0.: fi u r: n do ru'ld n r: ri rn'rr ru r{r 1o i': ru fiu : y rir uin fi n u r un y n a o r 0.r : d n qfl u

uuvrrsfidrrTryfiora'.ru''rodrhflnr:flnn',o'ru''rodrir lr€orJfrgrJdrn:r dsnr:fiovfinr:l#nr:
finurnrilrtllu:arrnr:fiul (Integration) fro uiul#fr6uusr:srfn'ir nurorfiumurnsiod.:nil

rtavvlotn*utolqulunr:udldqrrd.:u:ndoru uasn:sfirin'irilqvrrfi.:urndorufiruan:yru

udtfr'lcrotttrodxrdnr6o.rhild (a) fiufluruvrr'rfiovufiilqurfisurndoru'16'otjxudo?s (8)

z.z.t ndnm :fiugrulunr:6'nnr:r€sunr:eou?nursrasrduardruaordoru

nr:,il'onr:rSsunr:aou?murnranfuarfir,r,lp,dorurflufirdrd'rgfirirh?n:su?ufl.r:

l#narrufdruivlursretsrfunvfi.ru'rodoruuririnriuuil::qfla ufio:Jqnflrnlrufdru?vrureran$

rrasfirulndoll#ti'uor?susfos:J:sryretu:stltlI:rrEuu (g, 26, 34) d.rfudug..,rlunr:fio
d 6 i 4 I 4_. a t1 _:fl't:r:uufllrcrOu?vtulfll6ra:uasdilrlrn6oruo-lnr:l'lot:arrntno{drJ:vnougt'sfi

2.2.4.r hinarru drritgtiu nri uu lor uniuld{6uu sr:vu rindrnu ror fi :ryr rrm sio

dsnru uasfioln*u{olsrutunr:urTtcrilqrard^ur':odoru nr:dnurrydo.:rflqIonral#ffGuufd'n
drslvgAso,,

ttavt:'tuqatn'l1o{slu i{nfio.:nuttnsdsnuclo{au Irasnrvr,rrin'jrflqmrfrrurrrdoilitsf.t:vytu

fr.: frrruotixudnrd ul hild
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2.2.4.2 h?nerrudrrTryfiunr:fiorJ:sdunrsRfnr{d{n:J rfiohfl{riuud1ilr:o

irn:rv rifl rgu r lu dq n ru un s fi r uaq doil il o'r sr u'ld un y rfl e lo n r cl#frri uu ud?.14 r uu ? fi er un y

rn n u^n 1 u ri 1 id w rj r hJ 1 dl u n r : u#fl rg m r dr o ru ua v fi q m er do il fl o ir er u

2.2.4.3 rfr ou ror:vovdor rilo Ionrahi'{riuu rfi er q:arrnr: rn uaru: n il :s cru
rtuen^ototflraorfrir.rl lunr:ofrtLru:vuufrilfiuf,:su'irrosrfil:vnoroirrl firJ:rnqoqiorrru

5::ilS'l9t

2.2.4.4 turi:ucJosn:vtrunr:tEuunr:aoulffif; nr:vrtivrurmasrflnur#unr:

dlarucotLdau (Investigation) nr:fiitnsr (observation) uasnt:irn:rv#n.lrrurflurt,tflrflue{a

rfiol#frr6uuarrur:ot{rlodsrJq'drurffuf,:yrjrorrirJ:cnoildr1fi:J:rnqoqj arrur:nr,ilr1o

frnuatstolfltyntfi.rtmodoil uasd'uJl:nr{rfrrfirr unurrur{elflosilqnr'ldodxrrfro?.: (2, s,

zo) 6.rrflufiilrcJol?murnrasrfirasdru:qdoil d.rrflunr:rJ:vgnoind'nnr:mxinursrasrfrurt.f,
.^4^---4-, e il.^.^-t-^=-4^.,--..-- 4^-.ul-._-.-_^-.--_u__ a tl oJtilonl:f,flu'ld{t[?oaoilouttilTusrou trnsrdou]cJ nt:tsfidnRr:mtrTvrrJtarasrduiufiduaou

crota'rrol lunr:dun{'1fl'rn?rilt4'rnarruo?roir.r1 do#uruu,urirriuldrrri nr:d{rnql
(observation) nr:riufin (Record) n'l:moao{ (Experiment) unyril?unr:1#nrqnra (Reasoning

processes) d'rrirru^unrruflu?un'r:vnrr^nurgrasrflrdr ffoyTddorrffooiroir.rl firfiurfil-tnqrr^

n::rurosfiunodoilsiou4ud 1ze, :s;

2.2.4.s tr?nrrrudrdigfitl5ruur: :ura siluu ur: : u lunr :fi o v rir tairu hi'u n n afi

roon sr^ unvnqfi n::ud,nu',,aufi oydr:tfiie oqjlu:vu:ru^r:groq Ian

z.z.s in q rh s as riria'lrho r? ns r sra" { ua, d.r, n o don

2.2.s.r rfi o cir ra3rut#qnnafqor rirnerrudrrTryror fiuran#oru ua s q : v u fin fir
6'u q :ruror ilq rrfr r uandoru

z.2.s.z rfiorisra3rurlnnahi'fifisrdru*nfiriaud':rulunr:florfiuunv.inurfrqr:qdoil

z.z.s.3 rfiorairua#rwqfin::rufi11'r:J:saqefmrrdrufiurrqdoil (o::r,rr::ar},rrj)

lr?rfi prdu luqnna rrnuRrjrur;nnn oirsl lud.r nru (8, 26)
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2.2.6 ttu'tn 1{ R't to'n n5 v u ?il n] T t3 gunl : fl ou

1un:su:uRr:riuu?nursrafl $fi dru uavfifi qn6o nr:riuuim urqranflnufi uu

orndtfiogj:oudet:rfufio nt:r6uufi::ruurdd,ur?ndoil sirrfu nr:riuuffivrurcranfuasdr

ttrqdoildttfluuumrstornr:flnurnlrufldovldrurluuurnr:ducirunr:n^o nr:u1rlonrrrufl

nr:fiooeixtflu:cuil (s) unvdlrur:nt{rloilrgnlfio,,.odoilfirfiqdu'ld uuavrrsnr:fier

n : sil?u fl'r: rE uu nr: eo u fi rt r if
2.2.6.r nr:rilra3ul#tur:run:sr,ninluflqnrfi.ruaodorurfu n;nr:rf,mru'lru'l?

rul#arrur:oirn:rvvf,ilgutludrnru uasfisuaordoilflo{sru loungna:fiolonralr?rsrrrutd

flnurttuuttnunr:ldil:slusfiliilu1n5!:5rus'ro^rourqudtuvlorn^u uavlu4n^nrn uio
il:vrnflcrorsru unvdufiu?rn:rsr{aorunr:afilosriilurR:r::ilryrsr^firfluoqj :rrutf.ruuahlru

fiosrfioduluoulnn lunr:drurruune:os'ldi:rnr:{figrunarrufrfiurfiinr:r:J6uuuilaq

rirtl to.rfiinil uascfRlnurndoru :urvi.:r{rlo^uorrruduroor,fioduornnr:ldrj:slurrj

vriflurn:r::rugrfi

2.2.6.2 nr:ri.rra?rul#rurrvufqorrirc,o.:n::ilrrd n;na:frprlonratr?rurayu'ld

dllfiefiut::ilrrsr^ t{rlo:suu n6on4rnar.r{roqr::ilrrG r{rlon:rrudrurffuf:sn'jxsrurorfiu

r::rusr6 lunr:drurrsunr:'ldilnr:rJdugrun:rruftudrun:vu?uR,,dug',u,u{:srnr

firrs 6'uldrui nr:drtn:rv# nr:uruln nr:fiutiurfluvronl dqrirl#rfionr:rquriuuro.:

aar:drudrfi fiior nr:flr60.:igfrn:rir unvigffn:mrsr:fiinur

2.2.6.3 n'l:taita$tisrdrfrnlunt: udilqm tfi .: urodoru n gne:dou#u tu 16ol

n e r u iu ru^o s o :t I sr u n t : ri.: tairu 1 #ru m su ru o u# u ri r u r 0 lr o { a il ro { l u n r : fl o.r fiu ud'h fl q n r

d'l ua o do ru l u n r r dn g n r : o s nlu l#rin ti uu o : c il fn l u n a r ru dr rTry ll o.: n u ro r si o fi s u: or do ru fi
- , J o o

nuorfruoqjm'rlu:sd'rfio.:fiu :ssr'r:Jssrrn nas:s6'uInn d.:r{rtiqfu{rn:orlan zsg: fi.jr

"ln :'jr r: rrir }frIn ofiuj d uu hi ld. (a)

2.2.6.4 nr:taita$rtnqo^n::rufi fftrJ:sasrivrxdrufirurodoru ngna:rfl nlonra

1 #ru r rvu d a u tiu n^n'i r sTr t o ur r ua v {fi rfi ua {o r fiu rcl r n r : fi r o dN 1: rh.r 1 u n r : {ru n : o { ua s

inutqatnrnd.:urodoru lunr:dngo100srduofia'nnr:.iru1 rnaol#rinrisurirl:Jrfluudnlu

nr:rJ6ffi1d rdu ufinnvirnrrruil:vnfrn Inuldrj:slumil#drurir nr:drnn'rulnri r,rf,nrfiuq

uas'hi1dfiu6'rfirfludun:rusiodtu:ndou dlilfluffnururruaenrrtdlfi'#oum hi:Jrioulfr

I 130,+++o;
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tusfiearueT'lutnnndt{oqjtuunri.rvio.:rduar::usrsr^ unsur.rci.rrireirt fi'ur*^uoa.ruunrflila.ru

m rrfiu qn::ru r,riu rJqnuayf,nurdutri rfl u du

uonornfi n gna: niult?rinr3uurfi unarrudrricyro.rioru !: :rJ uauilqu ufr :: ru lu
nr:fiosdr:.:fiinlu:sil:,lu^t:f,torfnn uavr#ul#rurryur#uqurirrornr:dr:rfiisururrEuu
.r--.-4---..dt-.v. . . -- { v d vqru drnvriluislrurr::rufrugrurotnr:oqin$vrinulRsrr:ilrr6 uavfrsu:ndoil (2, s)

2.2.7 n',r rl.irunruRr:doufr {[andoil;inur

q a o ,^^.-d^..^^p^^.*^^.--i-.^-^.e-- d @ atufl'l:0evl'llte.luRl:douelttan6orudnurilung0v6osnauruarurfiorrriufr0nssu

lri'rflurfiordurtTurvtaofiorhi'{r6uuiilde'irufion::ilfirsri^urJl{du ldiunarruf uasrfinnr:

riuuforrruinqrJ:va.:rirornr:ffsrfirn:rurful dau lunr:dngnr:rirrfiunr:d.rsiolildtsl

2.2.7 .r dnsldorrn:rrufl unv?r{qlorJrirsrdo il rn ?rruffi rv ri rlilaou lu ciu n e u
d--- 9 . d e,. o
fr n g o v6o.: fr o r : ur tfi o r r n rr ru frir tl lu uurq: onfl 'r : ua u 0 y do,: n^r r : or r l#n r ru r v al riu iu
u a v'1 ol^n r r v t o r {G u u m u'.t,,u, fi o, r.l o do ru tu n r : do u

2.2.7 .2 dn s r usi a c o.r rirJ : s n o l fi 6 r rfl u t u n r : ffn n^ o n : : ru rfi o fi o y ua r s ra r io q fi u fi
osdrruril:vnoutflunrsrdsntunr:frorfion::ru drosdrj:rnoudrnrirrdlduri duolrauu

v I lr
ua v ia q q rJ n : ai il : v n o u fl 'r : do r{ n^o n : : ru fn r€ u u u yr ll.r yr fl o { n rg

tudrurLvrulvrl,olnI ngnr:firnrrur{r1o uasb?n'rruaulolurio.rsiolild tlsl
.st -_9f_ ._i-___-_ 4 9 v , J- n't:d:1{n?'ltjst:ul41Jfl rnu?nud{[t?a6oil ilavnfllutn:oirl1 :aruil.rUvr

rJrvnro{qnnufi nr:fi siodo,r.rduuriu 1
^--q-Y^---.9.d--- -- a I da t- n1: r?r n?'tilglnu?fl lJ:sulJur?f, lrasf.taR:syr:.1sroBistruqu u

I- nr:flnyTnus lduri vTnuvnr:frirno nr:pirc:rufigru nr:rfir:u:rru{o4a
q49dtg

n1:ilunnt|orya [lJilau

- nr:fl nudilquruavdofi uila;u r dru iunr:ufiikyu rriu rfl ufi rdrrTqr or

fi .r ua sr do il fl n s r ds o y Ei'r u t #rJ : s s'r sil rr r il m n rfru u r fi'n s s 1 u n r : o'n n r :
n':-t vr ivr u r n : o dr qil u r c aru n^hiEi q roi fl o { riu fi lfi'fi n r : firu u r rdu ra u n r : d'el

nr:flu fi qmodorodrra arouasfi 1r'lvrilosrirh4'dr nr:rffsl u'runuRr :
o q indar ur: n hJ d:o riu ldrfl u o drsd

u u o o'r o d,drn g ft do.r l#n rr ru au 1 o n r :rflsr u r dura o do ru dq?G n r : ao u fr ,,,,r,
doilfitililrceil n'l:tflunr:eouludnuilsq:fl1nr:fihiaourflu?srloerds.l droycoulfldCopyright by Mahidol University
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ruad na: ririryrfr drur{u ffruaA{u?a doil il1eou hflzuaru fl dlu fru miu drdo,: nr: l#ruUu dld
e € r d A gt glA r o 6vl:ilu'ln:555lJs'l9lou'lirfln1n nn?:0sdoulRU?RIJn?lil[tro{uila{ilo{tvl511u'ln:!:5usl9t' n't5

ldrvrnu^nfirfruarTslunr:rirrifluln:r::urrfirur1#trflrfiorj:slusf uonorndnr:dnurrio.r

tfiurfiutg:sgfio rJ:v{6mdnf ulurrunrrnr:ru^osrdu'lfittr6osvrinurn:r::rlslsr^ unsRrs

or4indvrftiurn:r::11116 dovft uruodovoqjlurnrul iur
2.2.7 .3 drrfi unr: ooRuuu uav f,o lil:un:runr:t5 su nr : dou doluofu r u u drfl u

J ; ,t 3 eloa e e

cJu fl o u fr r y6o.: fl ail fl er u rfr o r r nir dt fr o n: : ru lu nr : fi n En ? 5 0 s ti 1 ru'u n r : dt fi ( g)
.9o44IAA- fl'r14U9r:O{ 14:OlrOUl'1UlUO?tlyt0sdOU

- aq:Jrfl uuu?6n:?uuoofi do.rnr:rirbJ{nGuu

- dril uerierqrJ:vawirfisnqor'n: :ruror fr6 uu

- ?1{rR:ou uiouurnrslunr: ofi :J:'ru uavud?{rndaotirq
4 d d A o dg- raond0fl't:t:uuYr0su'lu'ils

- rirnunr€oulrtunr:6uulouririluer:ruas16unflo{fi0n::rurinGuu rrnu

finn::rurorng

- rirruoi6nr:il:vffiunn
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r.r nr:t#norufi rrsro#lunrr6insr

nrrrurrurotfiuafiufirdr Instruction Computing (lC) u6o Instruction Application of Computer

(IAc) t{il1uflA{ nr:drnorufi'rrsrofrurldlunr{nlsf,nurleurnnrsodrr8.rtudrun'r:rEuunr:

dou niodt+iun'ttfislutnt:flnurl#fiil:sfivrfinrnrfr-rufinn:rrucrrr:olunr:rrourCI{n:

oror:rl unvlucrrusrdur6'ufi rhul#{riuuf,lddiirdu tle)
':rnr:flnurFrufi nr:ldnorufieroofrfl un$.:u:nlu:vusilnrunsr::ufi l9s0 do

tatv#urumrinurd'uunrunri.rluanigorruinr'ldrirnorufilsrofrurl#lu.rrurLirr:rqiu nr:rFu

{o4a{r€uu torvtdurriufffi{rirnorufiasrofinldlu.:ruifrunr:riuunr:aou nr:ifiunrrdru

fi ttf,m ln:rnr:narld (puto) fiilnivrurduo^aFuoud d.:idrulufl n.fl. le60 nr:ld
noufieroofluaqnr:finsrldfinr:fioriu:JiurJq.rriouu'r ounrrnionnl{yrf,?r:ufi rqzo ldfi

Aq a / a y I a a i h s a l.!lSdmnorun:tnoiarur:nfrsrdurJ:sdufrn?os h ln:n0ilfl=lstoit*unr sioilrTdfinr:drrniol

'lruIn:norun^atsroflrJt#lur.:nr:dnsr luanrriunr:flnuroirrl tdfinr:rjrror'hln:
noilfi':tnofilrldfiuodr.:n{NcJ'tt (37, 38) nr:1s51n1rolrn6o{1il1n:noilfilnognnat dr
uaq.:lfi't#udrnoilfi:tsrofldr{rrurfiunillvrvnirn'r:finsr s{.:usi6uu:ntornr:rfrnnorun^arnof

duu',,nr'trnr:ondu unsil:vfiufnorufi'ernoftuariutpr6srrru frr.rnrfiue{o.rtirnr:1#

noilfilnoflururr?nurdu ufoanrtiunr:finsr uasnorun^ernof'ldr{rilrrflurnio.:ffofiEi:u

firuurnr:finurlosrirl#:suunr:flnsrldrlil:Jqqrfltcr'lilnrsdadu (38, 3s, 40) nr:dr
6 d qg- ii 9 o "s 'noilurtnoiut'lffli.:tufrrfrurdo.ttiunr:rTuunr:aou rfroriru?un?1ildya:n uayrilraSrunr:

99

rE uunr:aouriu (g 8) fi dnuarsdsfi

1. fluriurt (Administrative applications) :rrufissruq:nr:rirl1 rsiu nt:rQu
sd@adtgt

n15il6u$ {]Ufl dE {lUTtsnJUU {t',lud',l:lj: :flr tilu 6 u

z. .rruua'nqot: (Cuniculum planning applications) rflunuritrffuurflrurioryasirrl

dr u iu ri rrurrlfi :J qsradn qn:

r. rtu#o.rarlo (Library applications) Eirurfiu{oryafi rfi u:oio.rtirsruusrfi su

ruauinr uauqrnivrind ltuvt?uittilnt5! / 36

n 0ilfi lsr o flfi o nr: dnu r rf o lu nrs r& n qu'lr computer-Base Education (cBE) fi

r.nirdo rfludu
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4. {lufioturirrfrn (professional development applications) rieutv?ngfirfrnuv

uasn?1ilr{t1n1unr:1dnorufi rrn ofrfrsnr:rhl:Jrlil:Jqrnr : ri su fl 
.l: 

do u

5. qruifru (Research applications) sia ulu nr : rfi u {orya uar?rn : r r d{o ry n

6. {lllJttusltu? ltas,Q'tilil3flr:fi'roudul (Guidance and special service

applications) r.du rirurfi uncuuudoililla: grurir.:1 rfi u:retnu run nl: 6 uu

t [n g v'r 6l gr'f t 5 : ru t o.: fn t5 u u

7. {lunadou (Testing applications) .lieutunr:e$rqrtluvroaol nr:irn:rs#
ua y :J : vul^u pra n r : ri uu rfl u 6'u

a. qrJn:dri'ludou (Insructional aid applications) tufinuorsrduefiurTunr:ld

I an ri'aq rJ n : ai6u r Io ut dn o ru u'lsr o fd: u ao u rfl u rn 6o r fi o ei: u 1 u n r : il r
I

-Ajdtr'
tdu otfi oil 1 (presentation) fr s rilu nt :.iturn^ru :J : v fr mfr n rvl r o{nt: 610il uu u

u::uru'ldrfluodrrrurn

g. noilfiats,ofrflurn6olri:uasu (computer-Assisted Instructions) 1d

n o ilfi ern ofli'rulu nr: r3 uil R 1: aou r.iiu ei: ufl n du ua yfiln #q d? uyr u n ru eir u
ttvrslqaar

[lnuqil1 [0vtu [uR'lr[:uufl 1:dou?s19t]{t1

s.r.r il:sinnnr:rirnorufiarsrodilrlfflunr:6insr

nr:ilrnorufilnofurl#tunr: finur (39, 40, + r I fr 6'.r d
- a J r _.__ --4_d 4-._ _u-. !_ r _ dl r j1. noilu?tgto:T?udou 14toytl:onniluodl ?t cAI lililri?ulol:vilritfrur

_q_-___q11 _ .. a,1{^:^.^r_l__-__ -9_-^or_.4-__ j dfriln't5 tsnoilil?tgto:nlogtFtgto toun:{nililflt:uu t?lont:ttdqltfro

fl r u m ri u u sr r il i{ r d'u du n o u o d r.r rfl u : v u u dr u q n ri r dr o r n I il : un : ru
altJ

noilil?tao5tlt'tuu

2. norun^lgroffrrrR't5fl'l:dou (Computer Managed Instruction mio CfraD

rfl uri:ufi drufronr:6onrrunr:6uufdaunoufilnof Iquarilr:nldsr^o

q r il r.r a rfl u : r uq n n n ua s lu : s du du n o il fl^asl o f6'sr n r : n r : a o u riu rfl u

ri": 1 o dr dtg r o { : u u lJ R 1 : 6 u u fdr un o ru u^e rsr o f6 n rir u n d.r g il uu il t o s

noufi'lrsrofffflfl1:R'r:dou lduri n'r:er:?0doll (Testing) riiotdiel

: v sir n e r ru f r o r ff rE u u r fi u rL fi u {sr q rl : v a.: r{n r : a 3r r r1 o i u^ o ii'u

(Prescription generation) do w u u o uu n^rto o fd'q n 1 : n'l : do u 0 s a#r r {o
AA q q v ga *-.-^^"-.^^^ ^&-3.^.._- zo , od
?u 0 il ucnil : x H[5 uu r:J tJ : 1 riq nna n { u ry{ 5'ty {15 uu usi n s n il o 1 0 fr fr ilCopyright by Mahidol University
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S 1 u t tn v il : s du n I 5 oifi t tn n ei N fiu si.r rfu {oiu^ o fru o v r o n q or u{ I ua v 1 o

d o u o r n n r : ri uu n r u lu :J vr 16 u u fi n n au u tfu un v n r: rd r n.lr ru dr : r #r
ro': frrE uu (Record keeping) rfi o ldsr^n fl rru run nr: ri uu fJu : r u q n n a ua u

tu:vdl#u

3. noilvl^rrnofdriuaqunr:tiuunr:aou (computer Supported Learning

Reso'rces m6o csrD rfl u rir u ii ldaf't aq u nr : rE uu fdrun oru vl^a rsr o 
g

6r rir rfl u 6i.: fi lfnr : ri uu fii ArA'qndr un d.: rTu rflo.r ary or *si n v 1d

n o il fi a tn o fr{r il r sie u dr u n o il il'r tsr o fariu a rtr u n r : rB u u n r : ao u hi 1 qi

rieufi rirlrrhfi aou usirfl urfi urriauafuaqufi qieut#nr:rEuuf.irudu

ilrautn rurndu,,u,o,uun qil:1unvr6 uE rurndu d.:fi raa r ugrJuur.r r.riu
r iar v ja dl

g:Ju:.rrfi rfl u grurioryafi fiorfl uurrir{oryalnqjfi rJ:v luryrisionr:G uuf

hildrieufi aou usido{orfiulil:un:runorufirroofinEiru6undun:ro

ao r ua s,i'sr nr: {o 
ry 

a r rn g r u {o 
ry 

n ; rJ uu rL fi aos 6o g :J uu u t u s o u du

ar:nrrnlna dsorofildru,u,,uurio,fiu,r {orya uaenrvl qnuiufio nr:

un nuJduucirrar:1u:suv lna1 d:unr:fi rqrud.lruriuros : r:rurnio

drunoiln^arnof uas:suurnfocirudoar:rirtr?rfirn'lrdua..lr:vuy lna

1 u g rJ urL r n r rrl : v qru d'l u n r : 6ir {o n ? 1 xJ yr r {r n o il lr-.r rn o f (c omputer

conferencing)

r.r.z norufi arnodfi il:ilsnfoioflr€uu

1. riua?ru1#frr3 uu'ldr6uunrilrotinnru (orrruanrut or {ri uuy

2. finr:ldno:rldrt'ufi fia nrnuavrfiu.rrfirh?{r6uurn^ernerrudurdu hir{io

r4riru

3. nr3uuhlarrur:nuorqdrsroil'ldriou 6ufludoulrl#{16uuldriuufo?r

ri o uds riru l vr ri uu riu hJ ld
4. {6uuaurr:nniln?uilyrr?uufi r€uurrudr

s. rinrie,urEuulddn'ir uncrfrn'irnr:flouilnsr' rirl#t#lrnrlunr:riuurlouas

arrur:nil:srfi ul.ranrrrufrrrudrror {r€uuldlo udo Iu fi6

flnl#rinrtuufiqodrlfi rilqna nnr:rvdornouurlilrgr'rnnoqr?a.l

frr€ uu arrur:n rE uu Errrutitft ld

6.

7.

8. Copyright by Mahidol University
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s. rirtr{rfionrrrur{rlofrsrrouluiryrfi riuudou

t o. frriuuornrE uurfl urfunou0lnd.ru'hJurn

r r. rflrl#{riuufi frsu nfi ddduenld r6uu

s.t.s q?ofiromoilfiams{

t . n o ru fi e ro o fo s sir u rnail u:.r g r l o 1 u n r : 6 u u ft r?uri {rE u u,du o o., n o., r 6 uu dr u

n oruvl^asr of#u rfl u il : saunr :aifi urjn n hn ri

z. nr:ldfi n''*fifiorlndouln: naooourfiurouqE nvrflunr:rfirunerurfiou

ois uavdrqolofrriuuf riruuu?lnu-o r.riorirfion::rurirr1

3. n ?'r il d1 il r : n I o s fi il r 0 n r r il 6 rc, or rnf o r n o ru vr^a rn o fr y.rir u 1 u n r : fu m'n

rnrqfin::rurix1 ro.rfrr3uu rdoldlun'r:?1{rre,rurJvrr?uuluduriol:JTd

4. n?rildlrur:otunr:rffur?oryaroundos rirl#arrr:srrirrurl#tudnuorscros

nr:finurrfl u:rurtrnnaldrfl uotir.:6 Iouarrur:nrirrunumriuut#uri{riuuuoi

aunuuaeudnrruan:rruflrru r?r1#ulutdfr'u fi

s. n'n u ar s cr o r Id : un : ru u vr ri uu fi 1 #n rr ru rfl u ri r u d'r uri {rE u urfl u n r : rir u hfl fr

4- 9 h,,lrfrosrrnfl rur:nl::q{oryalddru uavasorRlunr:ilroonurld

r.r.n dotirffouornor.rfi arsrod

t. :'rn'rufl.r unvdo.:rfiurirtdrirulunr:rirqsinurodr.rariraruo

z. Iil:un:rdrr$lrirurldlunr:6uunr:aoufi #ou'hirfi urilorirLn.:rrudornr:

run c 
nliln: 

rer rru u dnqrr :
:. r r o q il n : nifi rfl u ilr n : gr u rd u a fiu fi ar ru r : n ri r hJ l#tir rn3o { n o ru n^:rsr o fsi r s

: v u ufru'ld }J : un : ru uio urr ryo vl siurffi na^sr du rurtdfiu rnior n oilil'a rn o f
rruundr hiarrur:n1#rfu6n:vuur drld

+. {ri uulrmu lrfoffriuudq.riuorohisorl ri uusrrilIil:un:ilsr.,uoiu r uu rir

16uufi6uudr arur:oriuuhJldsrrun?'rildlil1:6rllorsru Inuavornodrs#r1

Ioshi6'ororo{6u uas'hidororurndorfiordofl oildrnrilfi el

e. rfl u nr:Eirocl urufi nn?rildllJ'r : oror n g1u nr:n::r qru flrS uu'ldo drr lndfi o

l#rfl u grl e: : ntu nr : riuufld
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3.2 noilfi?mo{dasaou

noilfilnofrfludonr:aoudrflurvrnluln6:vdrq.: rfiofinr:rj.rnoilr,r^?rsrof:rrtd

rfl u n o ru fi a rsr o fsir u a o u n v ri r l #n r : rS u u n r : ao u fi rJ fr'frru rf,u f,tiu l dt u : s r,r.j r,r {G u u fi1
A a d'r

tn?osnorufrlnof teiutdueriunr:riuunr:dou:yu'hs{aoufirl{rEuu fioqilu#orr€uuer.ur

rJnsr^ nr:l#noilfiarsrofsi?udoll hildr,rruruo*.:nr:ldnoilyl^.lrnogcouurunauu#onu, ,du

rrlrttituostSuuornnoilfiarnofur.:ri:urEuuornflaouunvffrEuuii6uunrillilfrufil#r€uu

ornnoufr-rtsloflun'nsilvlro{rfl1:douta3rufion::ru d.ri6nr:rmrirfio{nruldtloilriruc,o.r

noufiarstofei?udou (42) uonornd noilfi.rs,of&finrrrud'uJr:neroucuo.rsio {oryadfrFuu

flour{rhlldrffufi dtrflunr:riauta?ilu:.:tr?uriffGuu unvluudavm6uuryfid'.rdnu: nrn
n:rvlfiln ol*u*., nrnrndoulma :rrurfitfru{il:snou r$iodrhi'frriuuar4nhJrTrnr:6uuhlf
4il
cfflnjo?ftJlu (37,39)

lu:vuvtt:n Jil:ttn:runoilfiamofeiauaou (cer) tusit:J:yrms rirulnqjrflu

}J:un:rudrtfng:Jdrri:rldlurunrinurdu fro rflu}J:un:iloonuullruruinra$ov{.rd.n-,u,

tEuu rtuilietna ttnvfinr:fiorruror,r{drrTrisrfirsuu ilrnriuulufalruuJnsr^orot#lrnrrurn
99

I:J:ttn:rutttlfioonuu:tnrrutfforr udngn: dreriuriourd'{ o*.:firirdndtdr6unrnnrs.jr

coursewarc (qetnr:cou) lu:vtlveiorur l:J:un:run0rufr-rrno$riruaoudq?ruunduarul:Jlu
r r J*

lj:srvrf,gt]{dl n{ tan (43)

r.z.r il:cmnunr?sunoilfi rrsroddasdorr

nr: rtrir g:JrtilillJo{lnoiln^atnofeiruaou fi n arug:Juutduo qjriln erru fi o roqfn
norufilsrof loruaqrJfi to uulfio (37, 38, 39, 40, 41, u)

I

1. nr:flnsrrfr onrlmri ufoaou:runsr6uo (Tutorial) rfl u g:J uur fi 'ldrfi'srur

duo,nor',urfiofi 'irnorun^arno9ilrosrfl uqrln:oi u6o6ioiiqirutunr:Guu

fhi'fi rJ : v fi vr f; nrvr lndrd w o r n nr : rE uu 1u du 6 uu lpr urir o v 1#uvr u n g ld
luunrq uruanirr *nv'hild'$rf,ooqi*oilul:rr6uuil:ynrufiiuru uio

4rlr
qoruf,nur ryirriu usifisflurul:Jdlnr:flnou:ru (Trainine) lu:srTu uas

arcrrorfiileilo1 doulo^dil?ld'ruR'r:aou nr:Guufl uavnr:ilnrludrusru

to{?t nlul g:J uuu [[a s n o ilTr^?rn o feiruao u uurl Tutoriarr ff rfl ui6 n dq fiCopyright by Mahidol University
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r{r'hJfi uvrrrvr noilfi ?rnofd?ufl ou rfl uurlilnl:dnurrdor,r rlurirfl u grJ

ruililfi ldfl a6rurn1u nr:ri uu Iq urnfl rcrioffi rfl uilrrrs :rJ ua ynrifl ou

rfl u:ruqnnn dsrfl u rn?esfi oiirnrtrifrr;uu arrur:or{rlo *ac ldr#unril
1 dd nr: ldn o il n^'l rn o f'ii? u d o rJ I ru u Tutorial lu : s u r n r : fl n u r rJ n o^ I sr u fi

ruu rn rmn^o'irrir o sldaouun u n g 
nkfi'6 rfu fi.: rfl u fl cy u r fi do.r n n16 ur fiu

6nuru rJ:srduhil6'oqjfi'hovrfi rhfln grrnsru uiorrqunurvr r?rrTrglu

nurfl ung ueioqidn'lrrur6ori:ua'nc,or{nudru'lururnfi rfio.ir'hjfi dosu'n

lolulan fiovrirumooorrruf n?liln^o fisunfi' *avfinuy'lddrvirrurtrutl

drufiuro.: dsururu6.rng

nr:fl n unr rl fr rifi (Drill and practice) u vr 6 uu lu nr :fl nrin o s rfl u lil : un : ru

fi 'hifi nr:rauonarrufurinriuuriou nsiosfi nr:h{r{rnrru u6ofl qrrfi lddo

rnoonrrornnr:rf ru nfoodrr rorsor Isrunr:reu odrnrru rdofl cyrrrfu dr

rud.droir rfiol#frr? uu sr or udrn o il n'lsro ffi o s hi'ri r sr o u fi g n dor rfi o

fl 1:er:?0douduffu r,rioudtr ror#orufrul#rirnrru rio fl qzrrio'l:J6n o u

ndrfrriuu ovd'ril'r56rsrolJdrorru nioilqurrfu ou dq:veiurfl ufi r.irnotr

d'.r riu lunr : ldnorun^arno frdsnr:fl nrior d ffrE uudr,il rrfl u do r fi n.: r * fi o

:?uuon uarfinrrrufl nrrlrr{rloturdmrrr uavnarnare{rfi urfiilr$os#ur

rfluodx6uriou udrdmsarrur:nnoudrorru nfouflilqnxl6' d.l

Iil: un:ruumri uulunr:?lnr-ndorarru r : n1#ldtu uaiu?ryrvirn *dru
nfisrsranf 4ru'nraorf ivrurgranf nr:uilanrur rfl u6'u

3. nr:e$rmnrunmai6rno{ (Simulation) rfl u l:J:un:rutvrrE uufi rfluaaru

nr:$f6rao{ rfioldlunr:r?uunr:aou dq,ilraornrrrurfl uoi.: IousTo:ru

av16uooir.:1 rnforirfion::rufi tndrdu.raarunr:0103.:lrhfl{Guu lddnur

rfl unr:rfl srlonrahi'{r6uu'ldluuXunrn,ilrnorroqro;nr:of rfioiln

frnus uavnr:6uufldTsru'hido.rrdusfru raiorf, urirldciruurnrin g:Juu:r

rorIil:un:uunG uucorunr:af,ilraor o v:J:snoudrunr:rau onrrru fiio
{a nr:uu vrir {ri uu rfi u,rfiil finuc nr:fl nrJ q'ffi ,fi u **u rg u o erru.ir u rq

tl
ttasn?luflao{llna? lu}J:un:rurnrEuuenrunr:af,$raordor fi

Iil :unrrunr:arfr n (Demonstration) o qid'.lurfl u nr: uaox l#{rE uu'ldsru

rfl u dastirq luinrrn fi fl fi n d urrunr5 uu hiarrur: n no a o.r l#uf u o:r lsiCopyright by Mahidol University
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u6onr:noao{nNfi ?enuriidm ldr:a'ru1uil a'ruiu6s ovrJ:rnq nra nr:ld
norufi :rsro 9eirua9rranrunr:o16rao16.rfi nurudrfrqlu nr: r5uufl .r5 ?rou

fi ovdraomorunr:ai1#{Guu rrxuois unyr{rtold.iru

nr: ndilqu r (problem solvine) rfl u nr : rfiufl nl#fi o nr: sTo fi u 1o Ie ufi nr:

rir m unrnar.r{l# udefrr? uu n^o r : ilrnlil n rru muq{ fi nr: l#n s uu u u 6o rfr

nrinf,irnnrq{usias{o rsiutuiur?mursranf nfi nsranf frr6uudrrfl u

sdr.:8ffi nsdo.rr{rln unsfi nrrruarrur:nlunr:udfl qmr

rnufisnr: ri uuRl:dou (Instructional Games) rfl u fi fi uru ru r n rfi o I o r n rfl u

firfi aur:srn:r{ufrr€uul#rfionrrruournriuuf'ld.dru rnrurfuaru:nld

lunr:eou nasriludofi ovl#nrrrufuri {G uuldrqiu riu u on orndnr:td
orAe

tnildrd:rrrfrilil::urn1fllunr:16uuft#6fiu unv.ri'rufil#{r€uurfioornr:

tflrioaou grJuuuIrJ:un:ruunGuudorndrundrtirLlrJ:un:ilum13uu

asrrunr:afdrao{ usidrfiufi nr:rfiruuvrurvr frnriscTur{r'lild'ru

6. l#rfionr:vrqaoil (Testing) nr:ld}J:un:runorurfiernofrfianr:modou
q^9.-4^-rg---t--- - ---. A q ,t ,td j
rsrl{oilrililE.l9lotR'tl'tfl o.:ililuyt9tdou [y'|o?an?'lrJglJo{ 4r:uu u onornu

ff.:riaul#{aoufi nrufdnfi rfl uda:sornnr:4nfomrrdrunqrnarqi rfior

ornIil:rrn: runoun'lnofosarrur:n.d'rurrJ60uuiln{fl'r5Ta doiluuurfi ru1

ru r rfl u uu r vr r a u u ii fi rl g^du n-u f,: v ri r.: o o r fi lq o fril nr3 u u r.r 6 o rfl ti Lil

irRr:nnasr dsrflufitl''eqo uavlucrCIrs16u':fiuffasfloufirntrru

arrur:omr {r€uufi osdrn'lrrufoirrl ilr1#lunr:srou'ldde u

7. uvrrnryrul (Dialogue) rfl unr:rduuuullf't'l:doulu#otrEuu 6o ylursrru

1#tflunr:qnqu:vu'ixfraou unvffGuu rfi u.rusirfl unr:l#drdnusuu0o

Rlfl rdrfi nr:aoud'runrrr{.rfl qm rorru finuarvtu nr:tduruaounrufi
dt/vtt4

lil u nffi ttRU cu fi 'rou'r{ t4 u {t

nr: erGn (Demonsration) fi dnu ar v n dr uriu n r: ar fi n I os n g r roi rfl u n r : ri r
l,-r9

ilrarinh?niurTrrdun:rr,lfi aau.:ril nnonfi{fi uncrfi ur n g arrur:ori r
A a att A a i o a a d ^ J

noilTt?tgr0:rJ1 lslfl oc[l!g|lflu?R:J?ilnilnfl'ldgt5 ?ytu]fl'tdet:ila1utlllu{

niu nr:nryu riuufl oslnfrel

nr:'lcioril (Inquiry) norufiarsrofEi?udou6rlrn:nl#lunr:durnrc?orfi or?s

narufin:auuon uiodlrar: d rfl u rJ: s lusri do a'rrr'l, o,,aqs'ldfiu fi rfi oCopyright by Mahidol University
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{r€oudo.rnr: dru:sru.hul dfrr5uuarur:orirtdrfi wnnnilrurnil fi io
kf:riamqrrrir{oryarfu1 nr:tri:riaror{riuuovrirt#norufilsrogei:rr

couueor{oryu doorruur{rorruror {r€ uu nrrudosnr:

I 0. r rllrlr?ruifi sirq r{r de utYu (combination) n o il n^arst o farrur : a agrsiG n r :
doililnruuuu:rruf,u'ld n1ilfr 5 rlJT'rfi {0.: nr: r€uunr: aoufi dosnr:iG

Rlsdouualuuurl dsdorrirmunln:J:vasdlunr:Guunr:dou ffriuu
ruasorrfij:snou mionr:fiooirr1 lil:un:rnoruw^lnofiilaudou

}J: un:ru ra d.: or ofi a'ns or y fi rfl u n r: tdrfi o ao u (Tutoring) n il (Gaming)

nt:ldoru (rnqunv) Rl:vtodotl (Testing) unvnr:udilrXnr (problem

solving) nioornfinurdul 1d6n drriauurnunr6uunouvr^:rnofliru

ao u lu fl o q riu rTn rfl u uu u fi fi n r : : r ru ?f; n r : oi x 1 r{r dr u ri'u

r.s grluuuunrisulil:un:il

lvrtisudrrf ogrJ nfolvrriuulil:nn:ru rionr:aouuuulil:un:ru riouvrr€sufi

riuudaunurotfifinr:i'srrEu{rdoflr1{Gi'rsfi#rsrriliirduofusroufiasfioufirirnrru uavdrrnnu

rundnarunrruaarudnsrfra'l:J rfl:rvfid'numvrflunr:eoufirflolonratri'{GuuFuud:usru

rolrfluriruhnqj Inufifion::ruh?{r6uuriuufnrun?ril?nrrlsoro.ruoiavqnnn drn?or$rdu

oqjfi'lnarrua'til'r:fl1,o{tsrutoruasfifinsarcfirgufiarrrr:nfir1#rfisrnr:don?'uJfirJ'ruulllJdo(r

vt1{l (Two-way communication system) loufidnggrrytfluq^'ltoof (tutor) 6n6":ct rvl:rvarrur:nfl

r{rsrouldfiufivrdrnrnfildsrouliluda uasfrIonrarJilrJqrnr:r€uurornuld *unrSsu

Iil:ttn:ru" tflunr:ffo:suunr:r6uunr:eout#ffr6uuldr€uusnrrn?'nJdlrJr5nflo{eurosodrs
as | € 6 A Y o d s I o J . - ,,! ^ )^ilu:vflvrrRrn m6rurinrvrrEsu}J:nn:ruoroagrsdulun'nuaryclouniorfio fir€un.ir rnior

siruaou ilfolud'nsilvto.tttfido ufoutt:lriuu r6un'ir rruur€uu}J:rrfl:il nfoorooyc$rs
6r s i ndtuanuilsoul wttuoqi6'rLn?lilr?nJ'tsdrulunr:ld.rr u (44, 4s, 46, 47)

uvrrEuulil:un:rufrnarugrJuul rdo.:ornrfl ui6auornrruusrneirr:sn.hrrlnna
Utrdl r a o qi,e
ldtiluodrtd rirlt{u=nrtsuarrur:ot€sud'lusruroq uavr5undousrnsixrTutrj rEiu ruGuu
c d r at sl
drrErgrJ rvrr5uuhJ:un:u Rr:flouur:Llil:un:ru :Lnr6uuiir€sud'lusruro{ rfludu lusirr

rJ:srvraiinr:1#tiunnrurir rdu Programmed Leaming, Programmed Instnrction, programmed

Material, Programmed Textboo\ SelFlnstructional Prograrn, Automatic Lstruction, AutoCopyright by Mahidol University
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Instruction, Auto Instnrctional Programming, SelFteaching, Self lnstructional programmed

rfludu (4s,46)

33.t ffnuas{orun6suuuulil:un:ru.

dnuarsror u vr rE uu ulu Iil : un : ru (41, 4s, 46, 47)fi 6',: d
- d o v I d tnt I ot. frnr:tiruuoSorqil:va.:riror'liotjrldorou arrur:nisr'16'o?r riun,jr isrn

rJ : s e.: r{rfi r il q or^ n : : ru

^ .-4----=----..--...t dt r d .-4--!- 9 o u o q J.,2. tuorl't')%l0sqflu1j{ooRnl1ll4 u?urdn1 r5o doul ud?il lru r d'or ii rffii {u do u1

d riun'ir n:ou (Frame) udnsn: ou o rfi nrrru#u ur?unneil{fiu hjsr rrun arru

n4u'tsdlJ

:. frnFuri{rdun:oucJorilnGuu siorfr o{ riu r rn.{r unliln rurn un yrrru rvd:.rri:r
- ya .4 ! , rro tjt,"

n?'trJcTllJ't:n1o{flt:uu ufl1:rJlvt?u ttas tfiHrSuu16mqaoileturo,(lflaonr?a.l

a. {GuufiIoRlderouduo{ niofiri:ud.lrutunr:Guu ornfion::ruoirr1 ti

ri rr,r u sr'l{lu n: ou rfi o sia ul#{l6 uu rfi pr n ar ru uh l o lu rdo n r ua v fi finu y t u r vr

rEsu

s. finr:1#{srya&oundur{ufi {6uuarrur:nn5?odoudrnoulddaunuro{t'rR

d r rna s ua s or o o s fi r{r ofi ur urvl^ru ro^il t#dr u

o. finr:raiilrr5{r4R:surrirruufid.'rYry1 ri.ru}?ffriuurfisrn,rrrucuto rrnu

do.rnr:riuu sio'lil nr:ra?ur,rod or o oqjlu ;rlrosdrsru r6onr: fi frr3 uu f.jr
orurir'ldqndo.rudr

z. lil'ilrfinr:nrlunr:rE uu f,rEuuldna116uufl riln'r'uJ drrJ'ria Eros usiav nu nu

t6 uudouornl#rrarriuuiltnn'irnuG uuui.r usifi arrur:nrB uu drr$o ldr.iiuriu

s. frnr:ierflafiuduou fro finr:noaortioulu:cil'irsrieru moaouriour6uu

ruacfl d.:riuurdoionrrrfi ian#rlunrrr?uul#uiuorilrfroroud.:u

r.g.z rfi n{otn:ouluunr?suftJ:un:il (46, azl fi 6k d
t. nrurr{odu (Set Frame) rfl u n: olfi rirreuo{o4nu d'n nfovrqu fi rnAorJnlruf

hi'uri{riuu orrldfrr3uusroilauor'ldlror{o,iloludhiu.lo niofir{rsrortu
I

n50!ulJ
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2. n: oilfl ntTor (practice Frame) rfl un:orfi rfl o lonratr?nfi sufl nfiq m5on ordr
CI'ur 0'rnn?'uJffi riuururornn:ouriou d drd'ov,irunr: ri uu frurriou rdrJo

3. n: orl iotn:olri.:firs (sub-Terminal Frame) rfl un: orfi o vrirlrJ{n:orLrf I
fir u rintdnarruflfi'fi rrfl urio u d,r n : o l ri.r#r u

a. n:ourirrtu (rerminat Frame) rfl un:ouqodru fnrfl u n :oufi ri u.: orndr ul:J

urn dsdo.: e'irun:oudu1 uriou Rl:erollduor fnov fi rurnn,jrfi .:rgr d.rdx

ornn:oudu1

l.l.g ufi q{osurisulrj:unuJ (3g, 4r, u, 47,ael fi d'{d

l. uvr riuulrj:un:rurfi srdu fl Sordun :r (Linear program) uyrr6 uuryfi n doy ffsr

oqEeirpr'urfrourl::qarlun:ounrildreTu fi n yn: ou o.lnn:ourr:Rdln: ouqo

fi r u o s {rru n : o r 1o n : o u u uar 
nhi 

1 d usi n u id 6 u u ui r ar ru r : n rE u u 1 dr$ : n,i r n u

rB uu dou ilyrriuuuuudosagrdru

z. ilvrr6uulil:trfl :ulruudrltl (branching program) um6 uuryfi o do, i'r,du n.t

rflun:ou1 rEiurduariiluludun:r usinvfin:o:Jtiosl uunoor.nJr orRR:ou

ndnrfl un: ou dlr,'r fi :J:ylusrirdo1#n arl fdu g ru nion.:rru furaru rfi ru nf o

trflr{ruusdr druiu{iidornr:druuvdr ff6ou4nnuhj,ilrrfludosr?uu4n

R : o r.r n u ri q rin r v ri uu n u r$ a n'i r n u rS u u ei o u u,r : r v'hi do r rfi um a r ur s rE u u

nrilR:oildrrrtioul 6n

3. unrsuuuuul:J:un:ruurrarufi rfl u u:-rr rE uu os'hifi nr: fio Gu.rrdo r ruur
d r : r m io lr ri.r fl o rfe l:J {ri u u do.: lfl o ei r u sr r il fi fir fi r vr G u u ri r n u sr hi' dr rfl u

uvrriuulil:nn:rufi ldfilrndor.riruao u flrE uu rvqn*,rldnorJruoir.:1 dn

n aru{Jru rfi ordonrirnolfi qndouo?uoau, o vrirdu dauna lndsr lurifi bfl

raaou bJfi asn:ororrrfl un:ouu d'n ta6o n:ouarcJrfi ilnri uu rirm u o {rE uu

osn:ousirsl :J:rnquuoofioqjfiirnio{ uarrndosnvdrr#rfi rirdru:uriofi
nou qnnou finld{r€uuvr:rudau uavdrrfl u rmr€ uun oruvl^lsr ofiieuaou fr

o ofl t rull uvr r6uu o s Iil :un: rul#ldufl u n'rur{ uio qrJ n : aidu rqiu Mouse ufo
ooRrnssrlrldrufra rfl udu doalulro uonurul#unndr{ miedudou 1d6n

tJ'lRU1g

Copyright by Mahidol University
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r n rE uu u:r u dl u d rir u 1 #nr6 u u d'uJ 1 5 fl rE uu f: r ua v 16 uo usi a r,iu

nou'ldrfl u o drrd usie$r{ urnn'iTru urdun :.: r.rnri uuu:-ru crtr rfi a$r,r td6

arrur:nfraq{riuu'ld6 drodr.:dnsilsa6nr:usrnarcrr'lduri

- nt:unflrlrrruulil:s (Remedial Loops) fidnunrsrfluri.lsnvunn

ar cJ r'lil udm n n dl rur rjn : o udu ro^ru ud'r ri o uri uu n : o rL si o ld d r u ru ar I rlu
, oJ , .e

rir{rvfr drud z arilrflulil

- R'nlretRdrrrdRsors Secondary Tracks nr:riuuuuud {riuuriuu
n:ordufi t udrnou drorru dreiruldfiarrur:nr5sun:oudufi z'ldrnu usidr

fiqosdo{u:s'lrjriuuartrfi r riou drrirul:Jld'6lrjriuun:orfi z 6'rff.rhi

airudonu ndrLlrJ6uun:orL r l#r'iruriou dnu arr driool'hJ o u ou

- ntsrrgtRdrqlrdnuilc Gate Frame rflunr:rrnnarclr{riln:oilrJ^u

fi arudl n:orL rfi or{rlnn:orriruduud: drrfi o ilqr rhlarrur:n G uusio lil ldfi

dosn ou?rd'rnauilrriuulu n:oudufi r 6nn 9.: rfi ora?run :ru fifi u gru ri rrqiu
ju yi
u tat:oudl 0u01J

uono'rfl n'r: fiuuuurlcrrrdr nrirr frs fi urLrL du1 6n rqiu un 15 uu ror

ilfl rirurd'sqlu{ur::urfi:rs rfl uuuuhirrur'rR:ou ououu,dunrfi avrdnas
9 | A ya
uou er o ruo{ un?ilrfl aur{rsrou'l5bl'n :loaou'ldfrufi rvr ri uu hJ : un:ruorr

rfl u grJ do rJ : varu (Multi Media Program Instnrct) rdu a'ln pi:J : v n o I d r u : : ur u

nruqorhl:un:il Ennl:dou Ennlsaoumrsulna rnrSuunorun^:rnof.irucou

rfludu unvgiluuurrdrd{oon,rrrhi6rrfludo.rdedorfluilfrnnrudr uilrr

rS u u cr ru r : n 6o n qi u ril6 u u urJ n s l #n r ru r v aru fi:l q or rj,r n ru r u rfi ,r n q 6n : : ru t r?

ru ru r v aru fiu rdo m risr : v du csr^il rg q r :J : r au n r : ailfiru t o,r {ri u u

s.r.n il:Csrdro.runr?sulil:un:il (46, 47)fi dsif

fr6 uu arrur:or?uufldnrilntmd'uJrrnfl o{rau

r. rflunr:urjuil'rR'r:e{o{rng rirl#ngfilonrarn6uilrrudul'ld ngarrur:n

ro r 1 o ki {r€ u u ldrfaniiir du I o u,n n r v nr6 u u fi fi fl q n r
| 9@l

s? uuR u ru ?t 1 nl: fl laun a u n g

.dt 4 dbro - a a A
ruu n]: r: uuYt ttJ 0'tRn t?a1 rfi iloufl 'l5r:uu ttlj1Joudl

2.

3.
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4. rfl u n r : riua?u n'r u iu ru sr ro l r or {ri uu b?arrr : n du n {r u r n rr u f ur*r

rfr ru rioyrumrudausruror

5. arrur:orirrurl#ldrarun$s Ieuldm'srnerrurfi or dru

ss.scls{irffn{osunrisulilrunru(46,47)fi d'.:ff

1. rfioa$rqflulvrriuul:J:un:ruudr drng{aouhildrflu{a$xorrdrl#

rfi pr narrur{rtohi#er rnutunr:lduvrrGuuldqndororruiorqrJ:varr{

2. uvrrEuu}J:un:rurmrurvdrrilrdonrfirflunrrruo?.r rfonlruffigru
l r n n d r rdo r.r r fi do r n r : n er ru fi sr ui u u 6o n :r ru n^o?6ru

3. {riouzurndsnru unsnr:fiqdod{duunvrTu

4. drl#{fiuurrofinsstunr:rfi uurrirdo ru:rv{riuuovrfi uurnlrry:rrrr{r

srourvirfu uavri'ru},rqirfl urirnrruu:rrrdonsror

5. rirt#rdnGuuuiqfiot6'.iru

6. n r : ldn ru r o r o rfl u il q rn r lu n r: sr^er eio lu rL N ?To r 6u

A
3.4 doBldrJ (Multimedia)

do:J:varurfl udoafulilrifi drdqrurnodrsrd.rtu,fl rururnnlu la6ar:au,ro#o

ilnru dslddrrornlrudllm#rtoltvtnluladffivia (Dieial technology) rur1#1u:lnt:n'l5

-^.- 4-^--:a.i-.r,f 9q-tl---.-e- .-./.o- 9 a q--_-l ! 4 q 4flflul floilaniltqu lq lsnoufl?rao5ulrolflon?lil fllil ilasrdu{ luEilrtrjil0trll Bsqn:iuvr=n

l3lugrJ{orya ilrudo{r?lau:Jarndrrflu{on:rru nrn uasrfiu{ vn{ooRrn unvdrl?'r(r?{ryil
,rr-y

p.rarufiu :atvTlnrt-lEilR'l:udet{truatotdotytrirriu loruIil:un:ru (program) ri'llru
^^^.-:^.--^-1-s-q-94- .--,t-^4^^e.t--.^----i--.--d-- e^.----q- ---4- -. I ara^ 4 r j onoil?{?tglo:vl1 [14dolilaliluilafluoluT'llf,Ullu il?In{ lunl:doer:odxilts.nB']r ilrnnirfrrd'sl

trnnr:1dq:Jn:ai6u1 (4r, 44, 46)

:vrrdorJ:sauff*rurduurngorutirLnoiln^arnof fi QnooRulnrl#Ids'ouriildldtd
s q9l t dlo r - - ct a J d a dd6 at ^Torul#q:Jn:cfifidrufiilr (Mouse) uacuflun-ilr{ (keyboard) rflr}i'fr1darrur:n6uufrio{l:t?

oirsl otrrnarruauto ttasdl$rnriln?'urrrun:oto{rirlroo uuoolodooul^arooffisdllJr:o

oouauotsio{oryaii{lfiflour{rhJldviufi rirldrJ:vrfiunnnr:riuu rfom:rurunnarrufirr

r,rrirlunr:r5uu{osfratorld nrrruarrur:nlunr:agrrdosu^odooulflddror 'ldriqflneionr:

r{fl ur:cuillvr:visrih?rfl uuuuldsrolld (nteractive Television) lufl o qriudruCopyright by Mahidol University
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nr: rirrordorJ :varulrldlunr:finu roirl rfuiiudulu il:vrucar.r igorruinr do

ililrudlnr:drtor:sut-ldorJ:sarururdaslunr:douflo{ng 6sriunnr:ldd'orl:yarurdon6

f,nuTir "donorufiatslofiiauaou (Computer Assisted Instruction: cat) luurqj:srvrnfiun.jr

Computer Assisted Leaming: CAL uav Computer Managed Leaming: Crnnr d.:#svrtnfin:rru

rarurundrufiu6o nr:ldnoun'lsrofrflurn6orfiosi?ulunr:r€uun'r:dorJ,, sioilr:ciludo
:J:scr'ldfruvrurvrrfi'rudu norun-'rrorofqnldrfiodaunr:flnou:ruqnnarn:lunr:13uufif;

firsru nr:t#rnio.:ruoo rfodul uasdrruoldrilir cBT (computer Based rraining) ururufil

f;onorufi:rsrofrdoEiaunr:flnou:ru luuaruil:vrvrnl#r{r'ir cBL (computer Based Learning)

fr onr:6uu fl ouorfrur6su ornIil:un:uduuo,,uu'l{tru oon orun^anof

rvrn lulndrfi u:rit t Authoring unsnr:r{eru r.:ru rinfi fi td u dufl urvrn Iu In6fi ld
fi'mura#r.rtnio.rfiodrmiu.rrufimurrTafifirdu rfluryorlpiueg.rirulunr:drror conte.,t r{ hJ

rfiulisrrru;rJn:rrfirr.r'l{ rfiorirrauotulonrasiol:J rvrnluladdduflurnsorfio dqldu6 nr:
q9 i a . I
t5tflto{uo9l1{61 tslJ Authorware Macromedia ToolBook Director scriptX (44)

s.s rnfos{ieflffhnrrrVorurlilrun:rua0ilfi rmoddrsaou

ryevldurfrfi u'rfiunorufiaosfiirunr:r€uunr:cou crrur:nrirut#:vrrnr:rEuu

n1:GIoulJ::qrflrntrufisftliotir.:fi:J:sfinf;nrn Inuorfiuurfqu:fiflurn6o.:fio ryoy,lpiuaffi
j I a a lr 4

rfr uario.rri'rl:sulnorufr:rsroid'lunr:r3uunr:aou (39, 49\ Ao

l.s.t Iil:uniilRlulnoilfiarsrof riruln{nrs'rnoufl-?rsrofrnrerl nrsrfnfidrd,l
, ai i at99srir.r1 rfiofitvh{{frorurl:J:un:ud1ilr:ofigrrnrnn:rr'lfln uas{oorrru qaoo{tudrilr:61

a#r.rrfiulsitq 'ld triu tfiu.:stusri lduri nrurtufin niu Gwbasic, Turbo Basic, euick Basic,

nrurilranta tsiu t*bo Pascal, Microsoft Pascal, R'lg1 C t.iu t*bo C, C++ rfludu

3.s.2 }J:un:rudrr$ngrl rfluI:J:un:rufroonuulrurlr?ldrruld{ru fin.rrru

aruq:ailuoT'uo{ dlil'r5€rd#xnrnn:rr{filn uasrf, urld rEiu

- PC Storyboard uns Showpartner qor'lyiurfrisaot rfl u l:Jr,,nrud uun,,lu

u't *^uutu Presentation riralndlsi finruarrur:otunr:a$Nnrnn:rdflnldaaulrru firn$ol

fiolunr:nErfidrusionr:rfiuugrJ uunolodfioarur:ol#fldtdoonurrsTrdnu:rorld6ndau

{rflaurorna9xdnu:nrurlvru ncildriouasnenmnrrirrurldfirur{rfl u{onaril rfl :rrsYao'nu:
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t dr fi o n r n I R l rI ra a r n-ru r{o s'hi fi n r : ilo : v du sTa dn s :'l da n rf.r hi n ri r dr fi o s dr u l u n r : : r u

nvuuuro.: {t6 uutrrurslunrr dgl{nrfl uda{ r{aR1: rirnulu g:Jaladlri

- Fantavision r{lu lrj:un:rudrrf o ornsirsil :srma fi o onuturtudr u ror nr:

a#rlnrntnnaoulmr (Animation picture) 1d6rurn unlrsfiosrirt:Jrirnruuusrf rfionr:flnsr

usi6'rlil:un: ruhiariua4ulur6o.rnr::?ruHansuuu nionr:r{rurarlo1

- en:'r rflu}J:un:ufi sr:.vrifrnd nooriusrqa d':rutiurufiriilurduarcrar
A figo C q9d A a Gt 9 Iunsun: tavratu11Juil1 rsrljulnso?ilo tuflr:d$xnrnruaru{on:rru fifinrrilnsrauflluooIil

Iulnrutfisr 720 x zo+ Isrul# Display cara fioonuuuurfitfludo cloumal^ulvrufiarfiruq

hl:un:ruor:rrfluhJ:un:reiruunnruuunffifrfrnrur,fiuudu uavn?ilqiluvrnrvruun{ rird{

llotel1r1 rqilu 
"i."1" 

100200,63 ruu6{ rrngil:rnaudlr too,zoo f,gfi e: 1o finarilef'lrJ'l:n

lunr:rfiorusioriunrurilranratd lun:fiii{rfi'mrurdornr:rfiuufl.rr{fuu,r*rur0ru usificiodrfiel

fio nr:rVsrurdo.rorfruarfouafn^rsu rirlflriaru:nrir}J:un:rufifiruurudl'hjldfrrlrndo.r

n o il il-rrn o fdu d hi fi srfe, ur ffi rns d{n rirald

- VITAL (Videotext Integrated Teaching And Leaming) totruur:^ngtdtl

qltlfr'm::rrf;:rry d.:rirnr:rf,srurdaruff:lrumrivrurduqauof il:vrvrsunu'rer rflu:vrLrLfiriou
9 lA 

" 
i rdr a a a/ a @ s o '

drsaruq:oifi qnlurawfr usiriludrdvrrrsurvrrivrurf,uqhri'ur::rurfi:rv }J:un:rufi riJufr'r

agrruntSuufir€snfiu'ir Authoring system hi'ldrnrsuniml{ilillivrutduqltri'ot::rurG:rv0u

6 1 #u?nr : 1 u n 1 : d gt 
{ il m 6 u u (courseware) I e un^n ri r uin'l :

-'lvrulri rfl uhJ:un:run:rv,lfl nfi vr'slurlo u oror:rforou rq dor urind I: r

rEuudrrjrfiaurfi f,iilieriirrJx }J:un:rudrdfio.',uolur:nlurd.:n:rv,lflnfin^q;rJuurJuda.i

nrald hi'irrflunr:a$rr nrnn:rr'liln nr:udn{{on?1il n1ifi'rrr:Jrlyredoudrfiraru:J:urRyr

'lduri uuurl:fu uuqnfio uuuffu{ uasu:.rurfirurir dsfinr:fionsuuuflor{firu:rumoraou

'ldodrraruq:$f Iil:un:ulvrulr{flulil:un:ruagrruvrGuufiarilr:nrfiuu}J:nn:rud:urirdr

nrurlnu lvrulriarrur:oldrTurnfornoilfi'rrsroflit,fi pc Dos 16o us Dos ld unyfimil:u

nlrudrhidrn'ir o+o KB dlumnueoq'ldd.:nof, unvoolruIuln:ru arur:nairrlil:un:ru

dru Presentation d'uJlrod#rrnrn niol#nrvr:J:vRorl0'rflutilrunrnro.:}J:rrn:ru'ld

- qln cer rflu}J:un:unoufiersrof drsiruagrrilnr3uunailn^:rnofeiru

ao u Tdq n ri rul # rdorf,sl u r unr6 uu n orfr-'lrsr sfii'r seou h?uri n ar vulr il dqr aor f E wr car
,l-

rflgrurffudauRlu1 C, Qbasic, Assembly ttas GRASP (Graphic anirnation System Professional)

d.rarrur:n1da$rrrvrriuu dsfinrnrj:snourfluuuun:rr,lfln o'rr,tu*o ,,urol*,odouulr: :rruCopyright by Mahidol University
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#ouloa$rorvr6uuiifirflur:J:vRou rqiu rfiusrila{ l}ricAr il:snsr6':u : Iruqn lduri :srr
6'nnr:nrurolmu :surJvror6'uvrf (rflu:srraoulrulJU:annr: r,iiu uyrrisu'firaorasrrunr:af)

nas:su:Jtna^rur:rind (tfl u:srunoilfiarsrofei?udouuuudorj:yaru) Iqu:y:JrffontrRtu.l
h o 9)A- 9, h el a ?
lvrurirvrrirfiilrio4anrur'lnsorn[flun^rud lrasn?urluRl:udo{HnRrsrTnuflr{ooR114 [rns

rniow^rur{d1il1:ouetn':r{ald?t{oodunsoofu Iuln:r
- 'lvruri'grf 2.0 (TAS: Thai Authoring Sysrem) (+r) rfluhj:un:ruil:yrRmn.l:

:J:vfiuf, (Authorine) fit$nnr:agrqlJmriuulil:un:rudaunrsrnorufiamuf#uqo rfiol#rfliihi

finrrrufrfiurtiunoilfirmefinnrinldarur:oldagrqumriuuldn:rorrrur6'nqsr:fi6'osnr:Inu

}J:un:uniun?'uJnsfnn}flnuiff1d flt#arrur:nffsr{on:rru rrasR'r?rn:'rv,lflnriruoonru Ios

hi6rrfludoron{rr{rdr tn:rs'lmufisriosEi:rr0'onr:1#::ruri'rrdodru'rusionr:ldhj:un:ru

rJ:srrar{rfrrtrJ fiaru:nriruuo{onerrufiri'',u'',,,4r. drruorirurrir{onarruruoonrur'ld
gyvt^.!l_' ' - -.-r- _,---el-q9.ooAh9r'lugro{n'l: fllul:otln tfl10n?1il9,1'llJ14u'I00lo d'lu't:0141R11If1:s1t5u nrnrnA-Oulua :rt

99

fiiarrur:ourrn.:flniluoonrnfrioof, unsnoIruIuIn:ruld aiNlsru a:.il.:Us ?::ru?r4y, o.r0
v e I o €

fi 'rtu d9ru1;nu ttnsolila d{r?uf,:r:rru

- Multimedia Toolbook rfl uqoddu:fiirrf ogrJuu?ulsraddlldlunr:a#x

}J:un:ru:J:vqndoirtl lournr{rvlil:un:ru.druaou dnusyfirguclorld:ufl:rJ Toolbook ry
daa/as@a-
il dn:iletoet ttt ue (Auto-Scrip0 mfot::atrfi n: ani:Jd rfi odrurfi uurn unv pTrodr.:n #orut#

rfl udu Iil:un:ruarrur:ndrrauorf,us uasnrnrnfioutra'ld Toolbook rfl uryov,ldu':fEi'renou

ur u dsil : s a ru rJ : v rn n m uor fi cr ru r : n 1 #a 3r rtl vr ri s u n o ru n^ r rsr o fEir u ao u 1 d 6 ol

- Authorware rfl u }J : un : il.lir u a$r s u n rS u u n o u vr^'l ro o fsi'l u ao u :J : y m n r uot

A 4 A 4 6s
dstilutnSolilordliorq (object oriented) drriua9r.ruvrGuulouhidorldnrur script t.t6o

nrurdrmilnr:rfiuulrJ:un:rulot1 lprufi eothorware dlu1:nc9rso::nvdauAqfiilotr#uld

runyruovirlil:un:ruil:sgnd{ia$r.rfifl'r:erolrrruorsionr:ldnourorffld (End user)

s.e .rrui6's racnr:6lRsr{ir6sa{ssffunoilfiemoddasaou

srrsto qitisfru (+o) ldrirnr:fierurrnriuuRorufi ln ofsiauaou r:ao r yr ifl urn:

fr::ilfifi uasqndlilR::ru lu:sdu#tuuflnsrsrouilaru loufiSorqrJ:sarrirfroa$r{ uasill

:J:vfi nfi nrnzuosumriuunoill^r^arno{eiauaoufi agr.rdu nrirudrotiN:J:sryrn:do rinr6uufinur
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ari ^ ). 2- -ilfi s 6ruau 34 nu Hnolnnraf,urJ:rng'h :Ln6uunoilfi'lsrofeiruaoufrfrrJ:cfivrfinril oci0

tu : sdufi aru r: n ri r'hj ldao u ldo?s
d 6 4t A q a I I

unrTuunoilviernoiei:udour?o{ ninurn:r::ilfi6 uavqfl d.liln::rufi fi'srurdu

drulrj:un:ilRlul c uvrr€uufia9xduatri:orirhjldtdfi'urndoslruln:noiln^lnof1ryr1il

ilntiuudtilr:n1#rruld.iru tdorornfi:runr:ldrfionrflunrurlyru luriuurj:snoudruufo

ur uuufNnfio trullnocfouriou uasrdsriuu sfierrfioRaoil + sT:rfion rdorruvrr3uufinru

il : vn o u ds rfl u n rufi ldn t nnr : a$rc du rfl u uu il a rur#u d'r {rfi'nr u r do { ?ra ro { d's riuo*s rfi r lf
ldnrvrfikid?s{rilfn uavudgr{R'nrd:unrilfirdua rirunr:rfronrir:runr:rfluurLunndd

-.s!g^---- d-c-.4-...-.--.4---e---.. s Grr, .4- - . r o oe14lJ'lUtaflnn0{n'l: ry{o'ltljlJtluUtAOnnlslUfl'l: IAU t$n1:triouilfilJrlrf { 0vSirufirlfi
9,9t

}J:un:rufiilraulorurnffu

6:nr 6un r (+g) ?irnr: dnurio'urior nr: fl fi nilfl 16 uu n oiltr^':rnof.liruaou rio.l
v,

:vtt:lfitas drviurinriuufur?tsilflnurilfi t lqudrnr:nnno{ri:JnrjruoTrodir ,firuru 20 nu

rfi o njs sutfi ul n v truu fi ld ri o u ua v fi ds o r n nr: rE uu d:uu m G uu n oru ?,r^? rsr o fii? uao u un v d r
I F d a Jr S q a aon1:il:uruuqilfl1}txo{uytt:uilnoilil?tao:s?udou tnun? uaeuflt:uu nanr:idunlir :lyt

d a t. io r a a a
rsuunoiln?rero:s']urroufr fi :J:sfrvrfrnrnfi lraud'trJ'r:orirhjldldoi.:

d a tt i
uYt t: uun oilTt? tgtot!tr?udou u ri'w u r orn I:J : uR: ru n: rv'lfil n lvr uIsiumtSuunoilfrrtnoS.lirudouii firuurrrnI:J:uR:run:tv'lfilnTvruIy{ d, 2.s

arrur:oldtiurnio'rnorufi:rsroffi1# Pc Dos r.rfo us oos ri'rlrj rdaunrrrudrhirfirn.ir e+o

KB udo{run1dyi.:rofr uavnolruIuln:u }J:un:rurnr€uufiagrodulr:loqjluuniu Diskeue

t t mi u frn s at s Iil : un : ru r n ti uu ii a$r r du ri r u ? un ?'r il dv o :n t duri {r€ uu rfl u o drs ru'', n,fi u o

ornfi:runr:sir.r1 1v?r6oRfir:rsnr:tflunrur'lyrs lorurirnr:160ilr161lJIrd{hJrurld rieurdour

t ol:tvtt5 uuilnr:uaot nrnil:snou fi nr:nlu{onlrudrdqd:ufi du nr:n:yniufl o{R'lt l

unvd"lrfsfio rfludu rirlr?rfiprnr:t$rnrrrueutoro.:{6uu ri'runxdruuur.Jyrerroud'uJ'r5n

ldurLuvrqaolldunrurJ:umn lduri uurrJ:rio + drrfion urLlffu{ uacuililsrouqnoroufio

rirtr?uluvradoufin?lilrirautorurndu riau{o,ilrfrErroruyrr5uud fio nrr,{fiuan.:ffrqnurr

nmrfildostdnrnuflrunrutoslil:un:ru dtdosnunrniiuonrrfioornnrnluurilrunm nvdo.r

fr rnr:aSrlduros dsoshiassrrnfn ufoldq:Jn:aflunr: scan fl t?{rlllilreiru

tsr::.rriflrurjr (+z) ldf,nurif,urdor nr:dgl{ uas:J:srfiuunr€uunoufiarsrofrirs

aou druiurdrr,rrhfiarrl:olqt duoo.rrqnlfiilrna'quaqdoru nrirudrodrril:ssrnttil#1,Copyright by Mahidol University
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Aq JJa st erA a
n1:T{unf{fr fro rdrmfrfirylrl:ilqil:sdrdr:ln ftnioun::Jsil 61il?il 42 nu r{nnr:ef,u

I r d a 4t !
rJ:rngdr uilrEuunoilfi'loofeirudouqafi durl:of 'lbJtdldodr.rfi rJ:yfivrfrnrn

I:J:rm:ruuntEuunorufirrnogei?udourfor n'r:q{rfiu1afi.:u'rrrdolrffnrurriuorn

I:J:un:ru qffi cAI lm Fsucrrur:nrfionldslu olnrrurll:'ldasorn rvr6 uu rJ:snordrurdo

fitnll3uu 9 umtiuu ilavluusiasumt5uuosrj:snou'l:Jdruuuil?lnfiq uruytodoudou uas
aA a -.--.Ct. I e .y^.4_^.^t^_&-_4rre r j

iln{t:ulJ flualtilljvlgdoutlJu tluuljsuu 4 a?t6ioR tvtluu 'tirfrtlgtJrtuuro{lltUuytacfoufr

r,ra'toila'lun'irnr:tdonnortruil:J:fu fiii'rrnrftfl{riuurfien?tilr#rlnrurnfudu luri.luctolrdo

urunrtuufin'rilil:unouo*lfinrrruaulorurndu uaunlrn?ur;rurmrEuuarrur:nl#uflun^ru#

u6o Mouse lunr:nruqru16'

feJind qfi (Es)'lddnur6o,: nr:ri'srur uny:J:vrfiuna:rnGuunoilfi.:rnofeiru

aouiurimulfldaf ifocdltfiofiio nrjrudaotir{:J:vsrn:fildtunr:i6'uo#ud fiu*ofiuu#u
vlotisd6ooavv

rirrrilf,nsrTJfr t l:.rrTuudiur::rrinutdu rfimoffio.r f.:ufoun:ilgru 'firu'lu 41 nu r{an1:

:^ffuil:rng'jr rmriuunoilfi':rnofei'ruaoufifiil:vfivrfinrnd uasdru'r56rrirl:Jldldois

I:J:un:ruvrG uun orufi arnofei?uao urios rfrrdiofiisr r{srurduornlil: un:ru

Authorware l?offu +.0 tvrtisudttJl:oldonl#rruorn:runr:'ldaysrrn uvr6uuil:snoud:u
I

tfrorrnr:r€uu g ilnt€uu uasluusiasunt€uuosrj:vno:r'l:Jdruuilu?ln#e uu:.rvrercoudou

tuasufrit6uu rfinurt-rvtptaoltflu ulurJ:fu + drrfion rvir#u drdrfig:Juru{o{ruurlvrodor.J
irz
fr n a rnm arun'irnr: tdonfl ou uu:ril:liu fiticnrh{rflr6 uurfi nnarrur#rlorurnOs du luriru ror

rdouuvrr6uufinrflil:snordrftn'rrruautorurndu uasfl'r5n?rqrurvrrEuuarlr:alduflu

firur{ nio Mouse lunt:nrrtnruld

ou : : ir nr: vl^fiu f (++) ldfl nu r rio,r n r: a9r r n G u u n o rufi ': rn o fqir uau u rduo ri.,
6 a dr t d t t I I

tdu unsnt:Ttn:rsririr noo n{ru6'aotjrqil:ssrn:fitdlunr:iilunirfi fiorinfrnurnrnirr

ivrurflasrguasfitursrdou nilvinursrasrfunsrrnlulnE unimurdur::ilqrasrf #ufld +

6ruau 2s nu nanr:ifiurJ:rng'irrvrriuunoilfi'rrsrufriruauudfi:J:yfinf;nrno;jlu:vrTuii
| -a q9r94 d yA J

arilr:nsirura?ruh{{f,nuriinrrruf,rn-ru{iu unyarrur:nrirhJl#ldo3r

I:J:un:ruun riuunorufi'rrnofei?uaouriu. rirrdu un vnr:irn :rsririr BoD fiar u l
duorn}J:ur'nu Authorware noffu +.0 umt€uuarrur:orf,onldlruorn:runr:ldase?R uvl

I

6 uuil:vnordrutfi onrnr:6 uu g ilfl 6uu unstuusiasunri uunsil:snou'hjdruuu:rfl n#oCopyright by Mahidol University
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Ituunadouriou ttnvrdt6uu su^erurlllvrof,oilrflu uuuil:fu + 6.:rfion rvirdu d.rdrfi:rj
Ituuuo.:rtuuYledoufifiatnflnluR'i1n1:tfionno:Luluil:#u 6ii.:rnrhflrffr6uurfinnrrlrgrlr

;d o ' 
et

illn0{ilu lurirutoltfronruvrriuufinrnil:vno:rdrfinnruautrrurndu rrnenr:n?uEullyl

Fuuarrur:oldufl ufirud nio Mouse tunr:neuqrld

ornqruifrufirfiu:rio.r{r.rdu ovuXuld'irnoily{^?raof.fruaoudrl#{r:^oufir.rn
o!44rdori
d'ruqnfrmNnt:tEuuq.:n'ilntrfi uuR'r:flouullililnfi unvfrGuudlrJt:oGuurvrriuu }J:uR:rJ

ldstrilavoen usiilu'irltu?fiu{r{srurfurfluuvrriuulil:un:rufing{aouffor{rdu rfioasufn
6uu loufifnt?uuarilr:ndruntiuuftnrirr'l:Jr€suror uoi{ifruuu.irnr:t#n.rrrufdruivrur

sr as, ffio,,r pr do ru uri rin G su tiu n g fr ao u,il lfl u do r fi n rr ru fl dr u d,: ua pr do r o tj r r rfl u : s :L :L

ttaverrur:ri'lumoaR:su:unrrru6nnr{?nurarastf usirfrosornflqrardru:trnarn:ffinol:ru

ngfirlou uavngnaouhifinarlrJdun{rdrusruro.: d.:rfu ffifrudsfinarruau1ofinsa$r.:rvr

r?uulil:un:ilnoilfilno$ rfionr:riuufld':uorurordrrirng{aouirrdur:qdoil :rd'r#u
fiuilfinurnoudu t3or ilnfiuml{ornlf,olnglur,rlfiuu durderflurj:ylurrfsiongfraou uav

{aulnrfrtJ
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I
al

IJYITI 3

A4I o A AU
?fioltuilnr5?ou

nr:io'ulunfsdrfl u nr:?ffutfi wnaora$rqum 6 uu Iil:un:run0rufi'ern ofr5 uu$dru

eluto{t drriungnaouisrfiut:srdoru :vrir#urirurudnurnoudu rio.: runfiuolouloliolo

uluiltrus Isruordurloryafirfiur{o.:luiryrivrursranf (a 30s) rirruragruflu:Lvrrfuu

I il : un : r n o u fi ? rsr o fr€ uu fda u n u ro.r rdo t #n g {a o u rfi o R r : nr*ru rg u n a r ru f l u,?u o ru n fi s m r.:

orfllf,o1RUrurllfius uasil:srfiurvrr:^uu}J:un:rufia#xrierugouud: durr.ocuyirryr
+-.-^----{-.-^.^--q-9-^--.! ' ---. v-q--d 9 cr .i a rt:uuq9ufl]ul:n tfln?]il9 n?1ilr11lonqnno{ tlJr:oit ilailuvt]{lo1n1fl01nulil}trruy trrin!

ruaunEdlil'r:odrnrrrufnrnrLn,soudhJaoul#rinGuutdodr.rfirl:vdvrfinrn firius,oud'sd

l.t il:rmn:fi1d1unr:ifru

:.2 ifinr:rfronn{ruoTrodrs

:.: sTrurj:fidnur

g.a rnio{fiofildlunr:ifru

t.+. t r n rE uu Iil : un: run srun^lo o fr€ uu fd'r uor u ros rir r iu n g ffao u irr dr
ctA

[ [? n n 0 il t: o s ru n fr-u yt'l.t o'l fl I f, 0 I f 'r u'l u rI r ?t u g

:.4.2 { ru'o n r : tdu vr ri u u l:J : un : ru n 0 ru fi r rn o fG u u f dr u or u ro.r

g.+.: uur:J:sur'uil:sdnfrnrulil:un:ru

3.4.4 rrllUyrnaouionadruqnt'nrnr:Guu

3.5 nr:dgl{rnf o.rn^ofi 1#1u nr:iffu

3.s. I nffi dft flrvrr6uulil:un:runoilil^rrorofrEuufd:uerllro{ drnirngfraou

ivr fi q n or do u tf u a ru a n^u m r o r fl r fl 0 r n ur u ?'r r 14 u s

g. s. z n r : eir s { fi o n r : lfi u vr rE u u I il : un : il n o ru n^? ror o fri o u f dr u sr u ro {

3.s3 n1:dirqruuil:s6u:J:sfrvrfrnrul:J:un:ru

3.5.4 nr:d$xur-nLnnaouioruadruqvrf;hrrnr:r€uu

:.0 ?Gdlfiufllrnaao{

:.2 nr:16r:':r:ur{orya
aJg

3.8 nl:?tn:1c14fl0{n
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l.t rJ:vnn:ff1#lunr:iffu

,t9
l.t.t il:ssrn: lunr:?o'unisfi uriloonrflu z riru

- il:vsrn:tunr:rJ:srfiurJ:vfr vrn^nrnuyrriuu I:J: un:rq lduri n g{aou

irrimursrasrf:s dl#urh ur,finurnou 6'u,ilruru ro nu
t Gl | 3 at od a h9l . q d - J- lJisstn: tuR'l5tJ:slulJr,tadilrlytfryt'litR't:t:ult Iprttn ilnFuu:vor_lfu

ftuufinsrfJfi r 'firuru tz #o.r6uu t.uriodu 480 nu rorl:r6uudufi:ru6f?mura'u rrsl

nryr'lvr RE{rrililfi1un:

r.t.z n{rudrodrrfil#tunr:ifru

- n rj r o': o dx lu n r : fl nu r u u rB su Iil : un: ru q rnao :J : s rfi u rJ : s fi m fi n rrnr

}J:un:ru ldud ngfraouiminursresrf (? 305) :vsTrfuriruilfrnsrnoudu crorl:rrGuu

dufi:ruq$iflurdu 6ru'ru s nu uavl:rr€uuruqoru:lsln-u 6ruru 5 nu unvnadruau t nu
- | 9t | : 9, A q9o ,t 4 s Iornnrjrufrrodr.rfiovgnrinrfionh{rjrnarrufornrvrrEuulil:un:ruq hJaourinrEuulundil

mqno{ uasldnrrruSornnrirf;oGuuisrimurqrafl f (a 30s) aourinriuulun{run?uqru
r@rqra-4- nrjru rT':o rirrlu nr:il: sriiu nn druqnfi nrsnr: 6 uu lduri rinG uu fu rir uru

dnsrilfi r fiGuu?rrivrurqranf (? 305) ,firu'ru 64 nuuri.:rflu z #ot drrinrEuuvir z #uod

fiqord'nunrvndrundtfiudrunvuuuaorisrivrursranf (? 305) Inutirruortr?ngdruau I

nufi nnnostdrvrriuul:J:un:runorufilsrofr3uufdrunuror uastirrunn{uinr€uuoonrflu

z nrjru 6'rfi

n. nrjrunrrLqru do rinr6uu t t?or 'firueu2s Ftu lprurinriuunrjrfiriuu
- i s q"tE A
riungfiaoulpru"ldrfromr r?os ur:utRtf, tuiryrivrursranf (? 30s)

rd'nqor:riruruflnurnoudu qmrfrn:ru zszt lnrilrJiurJq.r il.fl.

2533) fllil?Gnur:Jn6

r. nrjruvroao{ noo rinrisu6n r #os 6ruru 35 nu lprufnGuunrjrufi
d - dur rra
r: uu n il n g n tn sn u rtl n G uu Iil : un : r n o ru u'a rn o fG uu fdr uor u ro.r

[[ayrlu?yr1{nr:6uunr:eou
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3.2.r nr: rdonn{rud'rodrrng{aou rfiorJ:crfi urJ :sfi vrfi nrnl:J: un: il IEr urfi on
r e | 9t Gl 9ra4 4 A t t v I q I

Rqilfl?ou1{ngrycfou [$?5n15[aoflltljlJ[0'tu0{ lil0nan?'1il[r9rR9r'l'{1ro{rnqilfl?ou'r{ tllo'tu

nrrufnrrnorul,r^lqof d.rrhuririilunr:aouisrirurnrenf (? 30s) navrflunfi:vdunrrruf

1u:v6'r:J?qqror€ lrrurfionng{aouisrimureras,f (a ros) #urTtsrudnurnoudu l:rGuu
o^.,raeosd@o'
dufi-:ruqfimurd'u ,ilruru s nu uasl:rr6uurrq,oru:rrrdu 'ilruru s nu dru:ungvirr,rruo

10 nu

rieunr:16onngffaourfioldrflud'aodrslunr:noao.rl#rvrt€uuIil:un:r.,r uav

aourinFuun{rudrodrr ldif;nr:rfioflullur0'rv0{ rduuro.,uunneir{to.rnrjrudrodrsng{

aoutudrun':rrufnlruarrur:otunr:6eruf}J:un:r unvn?rild'rrur:crtunr:aoufintSuu
s49t^6 l-9-
Iosra^onnrnng{aouirr?muldrdni (? 305) :sdu#uriruudnurflfi g l:.rriuuducr^:ruqf

?vrurdu fiauu,dun',rfiur{orriurio.: runfiumr{o'rn'rf, unvrflu{fi:vd':Lnarruflu:vdurlSqqr

n5'iruru t nu

Atqlaa
3.2.2 frl:tnofl nailn?ou't{untSuu

rdo n n ri r d': o ti r.r n r n fn G u u fi fi o 

"'r 
#u rin u ru fl ns rij fi

ia a a d3 vr[:8u?sl?vru'rf,ld9:

(? 305) unvrGuuri'ungfirflun{:rfraodrs qardnuorvrinrEuufioqinruldfinarrun#rund.rtiudru

rf vrrullrrorlisrinursrasrf (a gos) 6ruau z r?or :rrufnrEuutf.rdu 64 nu

a,ia
3.3 gr?tlu:nflnul

r.l.t druil:o'a:y lduri iGnr:eouolrln; 2 if; dslduri
adAaali

1. ?nf]1:douflo(rnEer{dou?fi?nu1flda: (? 305) r:o{ 1j5:u1R1f, nlil

ndnqo:riruilflnurnoudu qvrrfrn51r zszr (n:iu:JiurJ?{ vt.fl. zs:t) dauiGfl'r:douenrr

ilna

z. ?6nr:aouerlrJuu?nxnr: rE uuR'r:dou droqjturvrG uu Iil :un:ru
a Ja 99 i u-69 I 3 qt 4 9 ohr a a

norufiarnoirEuuf,druoruro.: frrffif,u"ldaixfiu uavh{ngf,nsr ud:ilrlilmnno{dourinFuu
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r.:.2 siairrJ:srur lduri arndruqvrfihr.{nr:r3uilflouinrEuuluisriflursrcsrf rdor

il n 1I U yt1{ O 1 Rlflo 1 n UlUT{ 1fi lJ s

r.a rnio'rfi oiilflunr:iffg

4 < iorro aq ! !", I
rftro{uoyt ts liln'15?0un5,$il tgtttn

3.4.t lvrri uu lil: uR:ilnoil?r'?rnof6uufdrunil ro{r drm iun gfraouisrfi ureo

dou rios uafiuill.ro1Rlf,ornuluvrlfius rflurnio.rrJ^odtflunr:tri'naufnring{aouirr

ivrenmanf (? 305) :v6'r#ufruruflnurijfi r rio.r ruafismr,:orfl'rfl0'rng'runrnuc rdot#n:
o 9u , ! ,

ri r n'r r ru f d'.r n ri r r fi ci r u r o fl 1 il fr{ rin G u u n rj ru m o a o {

3 .4.2 { fi o n r : l du vr rS uu }J : uR : il n o il n^ ? rsr o fr6 u u fd': s r u ru o rdu o :J n fl^u vn {

o1R'lflo1Rtr'turl'lt'tuv rflurn6otfiofildrJ:vnounr:dnurunrEuu}J:un:tq rfioriruhi'ffdnur

rvrrsuulrj:un:il",r darrurrofinurld'dausruror

3.4.3 urr:J:sffiuil:vfi nfi nrvr}J:un:ru rfl u rniorffoidldrj: s rfi u rJ:y fi vrfi nrrnr

zuosttntGuuJil:rtn:ruq loroovl#ngfiflnurlvrriuulil:un:ru"rrflu{rJ:vrfiurJ:yfivrfintvl

l:J:un:ru uavdrruafi'ldornuuu:J:snr'udrurl#rJfurJq.rEounuior uavrf,su'rumGuu
I

}J:un:ruq fi

3.4.4 uuu vr e dolrin nradrqvrihx nr:G uu rfl u rn6os fi ofi ldvrsr aounerruflro.:
_9r_ _4--- - _ _r- --!,_ _ ! J-q_. ^ilntiuunqiln?os'l{Yl.: tunqun?ilqil uaufrQrJnnao{ rn-oirin'lrilf; rlu gruluruorrfr iTuu
-d- - -.--e-.- - -d--t--..a @ .r o o. o" dt:o{ ilailgvl'l{I01n1fl0'lflu'llllil'l?tug ti.:nouFuu tlaviln.:tSuu ttavilrruadruquBvlrtnr:tEuu

totfntiuunrjrud':odrsilrtiliuurfiuu unsirn:rsr{nn rffoesviouhi'r#ufr.:rJ:vfivrfinlilflo.l

uvrrisu}J:un:lr.r drr,rilog{aouisrimursranf (r g05) :sdu#ufiurufinurflfi g fiagrs
7t!/

dd
ltuu

l.s nr r air o rot^uo u^u dlf'lu n r :i fti

nr: a#rsrndosfi ofi tdlunr:ifrun9td fi i6nr:a9rl d'r siohJd

3.s. 1 n15dg1{ililrisu}J:un:ilnouil^?rsrofr5uuf,drunuroI dru iun g fraouiur
filuaetdoil rdor ilnn^syn{olRrf,o'rflurunr{ile ffiffurni.rnr:rirrfiunr:orrurfunoueYrsiolilff
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3.5.1.1 duruufr l: Rl:arn:1st{,'fiul

1. finurflqnrudnqor:nr:flnsrdrufiqnndoruluilrqriunrn :.ru{.ruflr:

:J : rqru druruurrfi orfr:Lnr: frprfi ru finqor : fi qnodorff nu r roR d.r 5 R.r:

rJq^grJnr:f,nsr rmur{ruurnr:flnsr :yuyfi 8 (n.f,. 2s40-2su) iloqa
ts -A !_.q q o __._ A jj y A odfl1un150t9r1ud{tr?a6oil tuIlolillJ uasrondr:du1 frrfrua{os rfrofir

n r r ru u1r 1 o rfi uafitl fl rg ra r n r : fl ns r dr u d^u n o do u fl q vr r fi u rr o do ru 1 u

il : s rm sln u ua v fl rg m ru a il^u vr'r{ o'r n'r elu fl o 
tr riu

2. nr:?rn:rsr{rdour louflnurornr.rdnqor: uay?srfi fi nrraou,do r rfi .:

..--Z--.-4,^-q-----e-.-__-_____. q - J e 4 9 vtr?qaournu?fluilailuyt't{o1fr'tf, lu:u9tusurJrurudnulstouf u nrrurd'n

qor : rir uu dnu ler oil du q n r fin:rr zsz t (q riu rJ i:lJ q.r u.?r. 2s33) : a ru fi'.r

u ris do vr x dr il il a il' u yr'r.r o r n r f, fi 1 dil : v n o u n r : 6 u u 1 u ? r r d s u.: pr do ru

m r fin dnurlu #u q o ruflnu r rfi o f,o rfi r rde m r }{ut ru r v rtr r ir n ; nao u dr
I

d@9t'ct6d
il: uaun?1il8 rll fl u ]J:€urulet :

3. tirruoiorqrl:serr{crorunr€ ouI:J :un:ru drfi qn rjsm rurutrfl{r6 uu rfi or

n':rruf nerur{rloturdauruvrr€uu 16or'.ruafiumrrfisuandoruornuru

?rn4u&" d.:fi SorqrJ:vawi doflnurru r6uu }J:un: ruuda {rG uu fi nrrru
v

arrur:n frrfi
d 9 9q 4 v q

- un?lil8 n?lutlt'l t0tfl u?nildR'lTtlJtu?t1ilay'tuytl{lo'1n1f,o'1fl u1u

ilr?ruu [[nsHan:yYru gioA.:uaodoil

- fi n arruf n rru r{rlofr uru rn x lu n r : ufiilq u r ru a lrr^u vr r.: o rn r fl

0lflu'tufl'l14uy

- errur:ofrorurfinuvoir.:1 dosrirl:Jl#aoufisu.:ndoru dru

ilafi u nrsorn'rf, o rR urlr r,{ 1l.r u v

4. ri r m u o r o u,n, n u o,du n r l vr ri u u }J : un : ru o r n in q rJ : v as rifi ri r r u n'l{

rfi oldlu nr:a$rsrdorarfi fr or',rn roil nqiln?'rru fl n.lrrur{r1os'ril fi 'ld

rirr,ruor{orq:J:ce{rf unvl#ngarur:n1#aourin6uu nrulu 1 nrx (50

urfi ) dsurisd.nluy,,€uulu }J:un:ru oonrfl u z dmd'.r siolil d
,jj','

rirufr l: - lmfi I o1Rrf, uauili:utnrfl il:snoudrurfionrrfiurtir rfru

il:snouroqo'tR'rf, n:urirrirXruo{01nrfleiofrrfi frisrnr:
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v
a@aui',ilrrrunfuu:r nntfl uas n?'tildilrnru:icJolfr s fi fiifl nru

ldu::urnrslan

- :Jilfi 2 fl ?lilfl illultaytrild{roirR'l:tR^oilau^u yt'l{ otntfl il:cnou
eEdq
6rutfiou rtfr u'ln:.t n?1ilriltuqlo{ilayl^u yt'l{otR'tfl [rau

IAA
lrfi a{ il0{ R1: rRo ilalIU vt't{o'l n1fl

- :Jilfi r itcguruafisnl{olfllf,otRulutvll4 u v rJ : vno:ld.o,du n r
doto66
IRU?Rl' UUA{R',UU9tilnnUn',l{O1R'ld01f't u'luT'l'l?1 uu ttns

il a fi s d dl d'ru 0'r fl u'r lJ n'n4 u s un s fl n fl 5 s vr u fl o { il a fi u

vtl{01Rlf,
j.lllq.elgrv^- rJyryr 4 ilu?yt1{fll:lrntfliltu?tlilnvfl1:flo{lnu0tnruanumx

o'Ifl IfltIn uIuil'tilus il:vnoIdrurdofi rrfi u:fitnI:
Jlq:flj:{n rrnvuRljtufi 1ilaflHyt'lito1R1fl0'lftu'lu111l.tuv rtas

rJlO:g1U nA?4il1U ttav{Of.:fT:J
I d s--_-- -9__- ,!-_ q @ a l t)

d?UVl 2: - ttlJ?Yll{lilglulYlRuUnl{ldl lURl:09fl'l:t:UUfl'l:d0Xl tJ:snOl6rU
t, 3 iA @ a a
o?CIruot4lYtrflu?RU ttu?yt't{R't: fio n:vueun'l 5G uu Rl: dou ft'15

?'r{uarulunr:riuunr:aouenutflldnffi {urn doil donr : G uu

n r : d o u rrn u et'? o d 1 { 1 u n r: rfi u u I vr :J g^rior^n r : rir r il n r : fi n u r
aairlra40a
Tm ur gr afl 5 dt ue or dor.l 1 u ao r u f, ns r'lu ru et rrJ-o I rtn v n r : d r

ivrurqranffi {rr?n doilil1Grou uuulJ: il1nr:'ld

5. 5?lJ: ?il{o{adurtirruafi umrrornroo'',our]u*',?nJ y 0rnrn4 ri.roir.r1 niu
9 a dq v e a jr a1Oryn01nn5un?ilqililailu d6t'Iilnl:onj01uu t4u{tdoytlJ:ufl olJf't'l:15uu

nr: aou lu#u :vduqnruflnu r rfl u du

6. il: yru^u nnnr:irn :rcfrdour unsfl r: oonrnJ lJUnrE uu lp, uri r rdom r#r

vmnfiriruunl{ rauosiofrrfiurrrq,durrrocurnrrruqndor n?ril

rfi rJ'rsdrJyr'r.rdrurdornr rrns Eoil: ydurinuodunrudr ds ri r'l:J a$x rfl u

rLvrri uu }J: un:ilq sio'l:J

9.

3 .s .r.z du n o u fr 2 : n r : d$t u vr 13 uu }J : ufl : il n o ru n^? tor o fr€ o u f 6'r u fl u ro {r
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na'rornnr:dnur unrririluardonruvr6uu dus ruafiunrrorRrfltrnu.rlr

il'll'tus uda ffiffurirtfrourunt6uurTlnrira rirruragrufluuvrr6uulil:un:runorufiarorofr6uuf

d:ueruros lorufi cfunoulunr:a$rsuvrriuudssiolild

t. nr:a$rr uasooRulluuvrGsul:J:un:ru6uufldrunurordrufi .:u.lodoru

In unr:oonuurlil:un:ruarrrds nr:fi {r€uuarrur: n rfi onrE uu riortpr

rioufi ld uiorvrlnrioufi ld unsluusias:lmosfi :runr:1#r6onrirld6n

'ldnri nr: rE su rdo r,nlu usia s ?Tr{o do u uu:rfl n #o : r un r : drr o'{ un u R r n

nuenoixl mfirornldoonuuuunfiuulil:rn:ru6uugouudtjrufor,rruvr

rE su d tdo o nuu r: 
nl:J 

rirrrru o n il v R: : ru n r : {n u q ruivr ur fi n u f, rfi o

rtr^o r : an sr : r o ao u t{fi n a r ru q n do qu ru r s aru ud: rJ ir rl q s

z. n r : fisl u r u vr r5 uu I il : un : ru n o ru r'r^: rn o fr6 u u fdr u n u ro s sr r *r d o u n r,r u

ruayrftguilvll{ Iould}J:un:ru,fruairruyrrisu lil:un:ru ToolBook rr

rro#fu o.o

t.s.z n'na{'u{fionr:lduvr6uuI:J:uR:runorufi lnof6uufdrufl uroir
14 __q9--- 4 S I a Ja gg dt ,a j d,qilon15 lsljvrt:uil tlj:trR:ilnoilil?roo:r:uua9r?t,9turosriluqru-ov|[Iluronar:

60 6 
I I

frdroruru urrn{slunut6sntortfronrluunGuu uasdunouif;nr:ldrvrr5uunoruvl^lnof
d 99 J t g, I d sln-uufdrunurol d'sreinr:t{rqiuvuTuu rrncnr:ooRornlil:un:illsrunsr6un rfroldflldrLvr

rE uu }J:un:ru'ldflnurrfl u{fi o:J:vnounr:ldumr€uuIil: un:il,1

3.5 J nl:dft tturlil:su.t^u:J:yfrvrfi nrnlil: un:n

uu r il : s ur'u rJ :sfi vr f; nrn }J: un: ru d rfl u ur uaou n r ru ryu^n il a r urfl n ua y

rJaruflo loruaru{oqarfrrhJtorfrnouuurldounril unc{orynrfiurfirLrJ:sd'mfinrnnr:tduvr
4 Sl s d El -!t:uu tlj5ttfl 5tJ.l tauil:lungtou9to{u

t. {o4nri'rhJror{rrouuuudounru lduri firiaurruflos{orouuuraou

olrJ orq 1ol'nr:f,nur rJ:vaunr:af1un1:dou nr:r{rirnr:?lnou:ru
ee4

nrrruf,vrrdrufr .:urndou uasnr:ldoorfi rrsrof
. 9io.2. doryarfiurrilrJ:sfrvrinrr'{nr:ldunGuuIil:un:ruq Inunrilfirn:ril

rfl il'rsdufl oruyrr6 uuI:J 5ufl :rJ"r ludruoirsl d.rd rdon rt orum riuu nr:
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I

drrauordorrludruro{drdnu: nlilfr.: nryrrnf,outu: rfiw n?.uJ

d'uruo{oirI:J:un:rulunr:b?rinr:urifld nnvuu:$lnfipr

Isruldtirnusrrnarq{1unr::J:vrfiuqarntrl5 s :sdr fro 6rurn 6 ilrunnx uo

td uasna:rJiurJqr ffiofiorfituuuil:vrfiuu#r ftrirhJ1#nsusR::lrR'r:{nauqruivruru^nud

et:?0crou unvrJiu:Jqsudlcrlun:riln4ru'rsdil{uodur'r unvgilu:LuiildriuutiorrirhJldois

3.5.4 R1 : dir t ur :r m o aou ie em dil q vr f;h r r nr: r€ uu fi rfu n ou d'.: d
aJ.'9l. ?rn:rvriqorl:varri ttastfiour rfor uan'uvn{olnlf,orflurlllnr4ueo1n

udnqor: ornmfiidouurriuu{fiong roranrfuri{rd;ilR.r:douivrur

sr cfl fi ra s rvr n Iu lad rfi o a$r.r {o aou uu r il : riusil^a 4 d'rr6o n (Multiple

Choice) 6ru'lu go {o

z. d r uu u n o auu d lfl rJ r 5 ? 0 do il n ?r il rfi ur sr : ufi o,rfu n', I or ub?{rfi u:ur rg

m rs dru n r: in unyil : cu.J-u rua'fi r u eu s vi r u rfJ u flor : r o ao u

3. riruurmoraoliildrurrjiu:Jqr urilcr{ounildor udadruruvrsraou'hj
-vsaAhtqrrqro

n pr co I ril tinri u u fr lil ldn { ru fr'lo tir.r'il r u r u 40 n u rnoo r r ri r n : r ru rfr o fu
(Reliability) I o,$ rlllUytetaol IEr ul#Iil: un:ru SpSS for Windows lu nr:

fi n ri r u':or ri r dr ldri r n rril r6ofu { os ull rJ yr er rro u l{r a riu fi rir rvi r fiil o. os
j . t et ia, y i<
fi r uan s'i r rio ao I qor fr rfl u {o ao I fr il fl ?'l lr n4 ru'l u du ar ru r : n d r 
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Guufinrrruriraulo n?rilu'r?iro{nrnm6outm: uay,firueucluool*,oduulilrfidrrqdurdr
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lJ:5ulun?:fitfiu{tnaqturl durirrioufitdu.:u::uru luri.luuo{uililfln?Tfl fl?,,fi*iluvrnnoil
ttuilil5fu ttasn?riirnilttn:nr{1ilrlurfinr firt#rfionrr:rilrautorrndu ,,arrdona.,u

riurvr'.:n'ra'onrfr ululunmriuuuvrriuulil:,,orundd.u

4.2 nr:irnns#nraff*qnGnr{n1:r€sufl o.rrinr3su n{rufiaodrs

v 4 I dount:uilRqiln?:Jfluil01il1u29 nu illdoll pre-test 2gFtu ttayrfoil post_test 26nu
ri:urinriuunrjruvrnao.rfi'flruru 35 nu il1dou pre-test 34 auuaudou post-test 34 

^ulunr::^tn:tst{nanr:nJEurLrfier:rdruqvrfihr.:Rr:rEuu:sn'ir.rnrjrun:rqru uarn{rumnaor 1#i6vrrr
do^frttuu t-test group ttacnr:?tn:rsr{amnr:til?uurfiuue.tadruqvrf;hr.rnr:rSuunr0lunrjrunan
- I qgr^d aa ] - - ?'
qru ttavnQlnano{ lffivrrtafrer-ltuu t-test pairs 6.:i6fi rinriuuusinynudotfinv,,ruourr{o

Pre-test ttde Post-test utnfntiuunulortrifi n vuuu douvio z orirod nsdorsin fnr? uu nu d
oonhj rir1#6rurufnriuunon.:l:J sr'.rnr:r.rfi +-s uay 4-9

4-2.1 nr:nEsurfimruaffruqndnr{nr:r€sruc,o{lfnr3su:vndrrn{iln?uqil uavndrunoraor

iraa
911:1.lvl 4-8 flanr:t:JEtlutfrulnsttuunr:meraouriouuasud'snt:Tqao(t:er.rdxnrjrun.l'qn

ttnvnq'rumoaol

-a s c s j sTilUUrTlnqm:v9u 
0.01

ornnr:rsfi +-g flanr:tilitliltfi u:.Jncrruunr:mnaorrioufl'l:noao.r:vndrrnrjru

n?uFllr $nvnrirumnao.: tndoclffndugluo.lrflitrirvir;uoonhJ flsrruuGroilriounr:meaos

n1:modou
qdlal

uRr:uunqruo?ou'I.: N Mean s.D. Pair Sample Test;

Sis (2-tailed)

ROlJfl't:mnAO{ nqiln?uEU 28 13.50 3.66 0.177

nQililoao{ 34 t4.71 3.t9

fi4.:R'l:nOAO{ nqiln?lJqil 26 18.08 2.56 0.001*

nqilnoao{ 34 20.50 2.64

tolnrirunalqlfinvttuurqdunirfiu 13.50 rirunrjruvrnaorfrnvuuurndurvir#u t+.zt ,rur,fiuCopyright by Mahidol University
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fitr:atrrir t-test ov?rtu'ir rir t driruesrldfirir sig (2-tailed) ryirfiu 0.172 d{firirrurnndrrirfi
:vduriudrrYry 0.01 udo{.jr rir sig (2-tailed) driruaorldriu'hiusrnsir{rTuodrrfiriudrd,ryvrr.:

-re -4-,. -.- d r i
adsl- d.:tten.:ttZu'irncttuulildoflo{tnvttuufllryrpraouisrimurgrasrf (? 305) rfo.r ruafi'sv'.r

o'ln1f,0'lRU'luv{'l14us risunr:moaoltomrjrun?ilqil unsnrjtvronot lrigstneir{riuodr.rfiriu

tireYtgvnlafifi rionrirr'ld6nriunua.:'irnrjrudaotirsr{.: z nrjru finerrufriouvroaos'6iunneir.r

dauruanr:r:J6oufi ulnsulJuflr:naeoumfiinr:noaot:vudrrnrjrunuqru uay
rurair.

nqilneno{ tllul'lo.:R'l:moao.:1lo{flrjruneuqruilncuuurnfiurdrriu ts.os rirun{ruvrnao.rfi
i t u -^ --^-.-4--e ! | io lng,a rnUttuulaautYllflU 20.50 ttasru-oil0]:0l1fil t-test tuilUdr rir t firiturartdfirir Sig (2-tailed)

rvirfirL o.oor drfirirfioundrrirfi:vduriur?rrTrg o.or uem.ir rir sig (2-tailed) fdarurnrldrfu

trsrnsirlriuotir.:firiudrriqntrdfisr^ d.:uasrrl#rtlu'irncuuu,o6ono.nsruufl.r:yrsr6ouisr
A-dia
?vlu1fl1da: (? 305) t5o{ilattluvtl{olRtflolnulunll,tus Rtu?rfr{nt:mnao{ro{n{runruqru

ttavnrjrunonol ttnndrltiuodr.rfiriutir6'qvrNa6sr^fi:vdu o.ot nfonrilr'ld6nriunuar.jr ara
:r-.---11"_____- d a a d - d aflilqnrn1{lfl'l:l:ulJ?s]?Ylu'1f,1d915 (? 305) tios ruanuynitotnlf,olflutuvl'lt4uyto.:fnt3uu

nrirunoaolqtndrrinr6uunrjrunarqru d.r1#nao.r'jr rinriuufirEuuornngfifinsruvrfiuu
s^r-..---.- -4- a d - 4til:Iln:il"1 tiot ruaflumr.:orn'tflo'rflu'rur{'rfius finadruqvrfimrtnr:r€suirrivrurgran$

(? 305) tdot lan^uvn.rotnlflolnulilrlr4rJsqrn'irrinriuufrrEuuornngidhildfiourunriuu
tr A a
nJ :ttfl: il.1 t: o{ il a?I u yt'l{o]R'1f,o'tfluluTt1fi u g

4.2.2

dl.ldt
a1:'l{71 4-9 ruafllstiltuulvluuncttuunl:ylof,ourioufllrmnno{ trnunurluun'l:mndounlrJ

9, It
ila{ fl 15 nnao{lJo{Rqiln?ilf]il rra yflqilneao{

qal@t
uRr:uunEil9t?ou't{l f'r'l:yt0dou N Mean S.D. Pair Sample Test;

Sig (2-tailed)

n{runruqru
I

nounl:naao{ 25 t3.76 3.65 0.000*

?,ta{R1:mqao{ 25 17.88 2.40
I

nqililoao{
I

flolJR'l:noao{ 33 14.70 3.24 0.000*

iln{n1:mflno{ 33 20.55 2.67
,a o o q i @{'tJuudlnqn:uau 0.01Copyright by Mahidol University
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llnar:r{rfi 4-9 nsuilurnaudour6uuisrivrurgrenf (? 30s) rios runfisvrrs
olR'If,o1RU]u11'lfius tolnrjrunrlqrufirirrvirfii 13.76 unsR'ruudsnr:nnnosfiri*virtiu rz.eg
ttnvtdon^tr:otrnrnrir Paired Sample Test lrldr rir t firirurilld'firir sig (2-tailed) o.ooo fi
:vdlriudrdq o.ot dttran.:1#ufu'ir or,,uu,oduriouuasrdsr€uurornrjrunruqruunnoix

oeiNfiriudrdcymNafior'fi o.ot uafl.:l#r#u'ir nruildsnr:riuunrjrun.lur;rufinarrufqsn.;riou

ft'l:15uu

ti:unnnr:trJEuurfiurFtadruqvrfrhrsnr:rEuunrulunrjruvroaos nu.jr nr,,uuro6u
riouFuuisriilursrastf (a los) t6or ruafismr{o'rnrflo1nuluv{'r?rus rornrjrunnaorfirirrvir
ilv u-lo ttnsnturdlnr:ilono{firilvirriu 20.5s ,,anuoor,r'0r:ar.ro.rnrir pair"a sample Test

, io h9,.i Ivrrir rir t frrirurar"ldfirir sig (2-tailed) o.ooo fi:yrTlriudrryq o.or dqraosh?uiu.jr nyuuu
rq60riourravrn'lt?uutornrjrunonorunneixodr.rfiriudrdrgvrr.:co^fifi o.ot do,,arslfluXu.jr
n r uil ds n r : G uu t o r n{ru m n a o r fi n erru fqr n,j r ri o u nr : rE uu
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yn 14 u s dr n ir n g ff a o u i rr fi u n q do ri : s d':J du rir u ru dn u r n o u du 1 6'ri u u f dr u a u ro {
44r6a.tstaJ{9,s,z. [v't o fl fl u'l lJ : s dn n fl 'l v{ il o { u yt rr u u t il : t rn : il n o il vl'a tn o j n-. uu f 6r u n u ro s

drniungfraouiryrfiqu'rndoru :vdr#urTruildnurnou du

^ .-4_*__._._td... Fr _._-_ _.t-.--_4___. - - a..-.-.- __o1_ d j d j3. rl4OflnU1til5UlJrvtUlJr,tAdilflVtrvtl{fl'l:15uil1o.1unr:gu rfrotTuuornngfi

finuruvrGuuIil:un:runoilfi:rnofriuufdruoruro.:drufisurErdorufia$rrdu uayfnrEsufi
.r - in rm cra
t5uunilnAfl til tednuluvrGuuhJ:un:ilnoilfi?rorofriuufdaunurotdrufisurndoilfiagrs
&
lJU

olnn'l:mono{ ffiffuarrur:na9tuvrtiuulil:un:run0rufi'lrfl ofGuufd.luoruror

dlrfiLng{aouisrfiturnderu rio.: ilafiuill.lolnldtlr'ru1urr1r4us nrilierqrJ:vasri{ofi r

rjruvrr€uuIil:ttn:tq 6'tnriral:Jl#ngnrjruffaodxnsrnosld uasil:sur^url:vfivrfi'nrnunr€uu

Id:un:ruq Iquaoilnriln?lilnarfiungnqild?odxornl:sriuuduor^:ruqfivrurdu unsl:r
fiuutlqo:r:rvrdu nrruiorq:J:vasri{oii z udsornrfuh?ngnrjrufi.lodr r nuaoufnr$uu

n{roYtotirl Iosfinr:dnurr:Jiuurfiuur.radruqvrfvrr.:nr:riuurofiinriuunrjrud'.rotixornJ:r

tEuuduet^:ruqfivrurd'u orrruirrqrJ:va.rri{od : r.rd'rornrfu*r{oryai,ild rurirn:rvr{nn sT.:uXu

tdornnanr:maao{ dsrfulunr:?ffr,ng{derrur:nu::qinq:J:varrivir : +u dtariotl

5. 1.2 r{nn'r:dnurfiiarurufiguromr:?f,u

s.r.2.r nr:morao.:1funr5uulil:rln:runoruv,r''lroro#r:^uufdrunuro.{r rduo ua

t't^url{olRtf,ttlRu'runlr4uu rlotngnrjrurTrodr.r dsaou?srinurgranf :yd'l#urTruildnsr

stoudu nr:'ir lvr r:^uu l:J:un:unorufiasrofriuu fdaun u ruo rf uo rafisnrr orfl rfl o.rfl u.ruCopyright by Mahidol University
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t
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}J:un:rud nr:rfiruu:ruvrerdouuuilil:tiu unsfirnru rfionerruriurn-{ rl,ra'orv{a^u1ulunr:r5uu
A sr lct i I q a@ d a

ilmi5uulil:un:rr.,r fr6ru fr.rcoondorrirlruTiluclosvrflT rfrer::il (41) orqlo giliryfu

(+o) unsln::{r{ flililr (az) finrirrl{'iruvr6uu}J:un:rufidnsilvfi1#nrurfluriauoY'lurifr

Guurfl unr:riaul#{Guufi riuu#r dlilr:orGuilhJldsrrilna1ildlil'rrolrorsru Iquhldororuff
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lvrr€uu}J:un:rufinr:IdnoutdvTufi fie nrnfifinr:rnaioutre uasrfiursrusririrt##Guu
a A rr urA
lnqn?luautgtu tutlJo

5.1.2.2 0'rRRr:il:ctfiurJ:vfrvm^nlil:JilrEuu}J:un:rudauRt:doun'liln?'llr

fi o rdum': n ;n {r d': o tir r or ru r : n f,o rfl u z :cdil n lru vr o lo'lduri

r. :vdrddrdrurn fio drurdorrfl o{unr6uu lorun gnrjrun-aodrrfi

n:rilflo1o1u:sd:J6ilrn 4 nil uas:sdud e nu,fiuuolo,duilrluun6uufirjirurarfirfiiltu

6ril nrounqil n:c#r fitduurfirirauln finr:l#nrsrfifnrou unurrlilr:nrirn'rrruffildlilld

:J:vlusrisiolil uonorndlurirurirrdilonrflfi{ iififia::dru'rn farou dqaonn#o.:rir,3 ur
ia ts d q o
fifioqi lerufinr:6'orfirurrirnr:drtauofitrrurvaru6 6rurunrvrfirogilu:vprirturursaru udflrn

doqnr:l#oqjlu:rdldrurn drrfludowrnrvrfiu:Jannr uarfi6rurururnn'jrd rfiiod.:qnn?'ur

auloro.rff1d

z. :vd':LilrunnNd,:6 lduri

- drunr:il1rduoun15 uulu ri'ruro.:dr6'nu : dr n gfi nerruvro

lnlu:rdud (3.02) Ieuoqitu:vdrdrurt2Ftu:vd::d s nu :sdu:huRa'r{r z uav:ydunol# r

ou,fiuooloturntord'ednu:fi ldfizuuro:Jrunarr fildurrnudosrvirarunrlunr:nirudrn'.r

drnr:rJiururosYednu:b?fi{urqluqi rfioflldarur:crg'ldotirrcurun'r ri.:unr:lddnu:lu

nr:rdoilIu.:l:Jrjriruoirrl toruvttiuu nr:fidruuvdrodrrnv16uolu{fionr:lduvrr€uu rfior
g,qYUraaq!,@js

01flry rflljl{nil tilyt:'llj?fr n't: tsonu :liyorJ tu{t

- drunr:rilauoluri:utoqfi u.: uurnlrundou lu : drn: fi

n'lrrurnotrlu:c6':J:Jrunal{ (3.33) Ioruoqilu:vdudrurn r nu :cdud s nu :vo'u:Jlrnu1."u

nu uac:sdunold t ou tfiuoornnr:drtauodrurfiul fi{o'flrtiovrrldru#o.rdorrfiun q:Jn:nfCopyright by Mahidol University
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Eiln:iloudl [TtodtJUdt{u [lJ fl 15d51{ilanilrau Gr{Eiln5 il9r{fl 41?il: 1n1tlil{ vl{tu{9to{tJ

ryor'ldurfldlunr:riufinrfisr uasu:Jn{tdd (rile) h?fizuurqtfinas rdorj:cuffnrdeiilunr:

rfiu ludruflo{R1r.i1rduuolu,oduu'haeriu drrfludororfiuryov,ldurf unsdorfinlruftu

n1:d91{n1nrn6ou'lur 6nvf.rnrnrndoutnrfirurnlnqj 6.rrir1#uJa^uodudlunr:rfilriufin

d.rfinrarirl#rvrriuuhJ:un:rufirurotr.rqj rfionr:drtauodrunrnrndou'ln'ldr hiviuloffl#

uuoolod1rn1:dgr{n1r{tndou1nalulil:un:ru ToolBook n osdorfinarruflunr:rfiuunrur

openscript dsdosdo.rorfru: v usnnrlunr:fi rn arrur{rto unsr6 uu lrJ:ufl 5rJ rdol#rfi o nrvr
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- dr u n nru d'nJl : o r o,r IrJ : un : ru lu n r: lt?u?nr : uri {ld ds n g

ei':uluqjfinlrunolotu:vdud (r.ez) Ipruoqjtu:v6'r6ruln 2 nu :vdrd s nu :sduillunnr{

2 nu uns:sdrneld t ou tfiuoolnnr:tduvrr€uulil:un:ru"r oqjlugrJtouraiu co rdofl#ki

tur.iu co nrlu co Drive rndosnorufiaqogosuaos:rn6uulil:un:ruq b?frufr usirfioqnrn

nl:udo{nlvrrieiul:J:un:il"r tur$iu co #u fin:rruarrur:a1unr:dru{oryauavuanr{oqa

odNdrfrsr duflurual#nr:drrauoumGuuluriruoir.rl r.unioo',rrFnr:crorIil:un:rrfirr
.g-J

n'lrrucirfi n'qtiu nr:druvrr60ulilitlft:rJ"r nrnuriu cp rTqaon (copy) nltusrfndad

(HarddisD ,fiunrrucs,.ruvrriuutdodrr:'rsrr$'r uuno'.todfiodutirnlrur$rcrosfiilaunaril

'firr,rdn (RAM) unvo.:r{tJ:vnordxl nuu,oduoourufilsrofiror{1# ornnr:aornun;dr

odr.r rhrng'ir rnio.rnollt^arnofro{ngnrjldaotixviruuuisfi Rara rfiuq 30 MB rfioldrn?os
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AA
150{ ilailgn]{o]R'tflolRultrtll?flts

rirduos , {oaolfi,flru?u 30 {u (go nyuuu) ldrear zs urfi lfiTnriuunirudinrilsiol:Jduda

rfi uu x fr'u d': dnu : n r?r ri r sr o r fi r# u.ir q n fi qq rfi ur d r n o u rd u r

t. dn :rriru: yrirrffrryluIsr: rou uncoonfi rou rfl urvirlel

n. 1:3

1J. 2:3

n. 3:l
'{. 4:1

z. {otn'hil.ri narildrdrgtou::utR'If,

n. rfl uqu'rufl ortTuirfisirst
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4. nl:dodr:uvir:J:srvrR'lnuerrur:nldrj:slusrfornil::urnrstu#utolunudoar:

n. ronlryarfiluf

1,. Ivr:}J:arfiluf

n. loIryIuarfiluf

.{. 'lololuarfiluf

s. Iolryufi nerrudrdrgotjrsl:siodsfi fi?sl

r'r. rfl uurrirriotri'rfinnrsrr^lu

r. rfl uuuri.:asarutorfrrwdrl

n. drsn:ori.:fi uv oir.r1 firiosdrufi.:dulan
-. -<t---!.n- _y_q_yQ- a v o 4 rd{. tllUYtrtglfl9t? tiln19r00ncmou uac0ilRUdl5sto?,1ry

o. rJ :tn6nr: nir6oun: v on (Green house effect) rfi ua{or filfrrrylu {oler ruinfi qo

n. flrryIolryu

cJ. flrryoonfirnu

n. frrrynrfiou'lqoon'lryd

r. ffrrytuIo:rou'looon'lryd

z. fnriuun'o'ir rrntfio4rtrb,l:vrfioiiAuIo'firfiuodrrEuu:rerrur:ndrnnn:yyrusioil;uryrf,

lvrutd?i6o1il

n. ld rn: rv {uavoos ovilrriurndorfiu iirurrJ:srmf,lil u

cr. lilId nr:1yR:eudailnsfrqeuriuuoqjluuoirJ:vrnndulofi rduror

n. ld r?r:'r y 14'ln R: v udaill r:.r dl aru: o fie rtn ror rlu a v o or r ra v frr ryfi u ru r'ld

.r. hild nr:rv:J:srvrn'lvrofifin:0.:iJuaroo.: uasfiil:vrvrsurar6u fisnl:Jfdurax{u

agoo.:'15

8. ilnn^unl{rornrf, ilruruddoln

n. o m 1 fl fi fi n r fu o u 1o oo n'lryd {u a v o o u ra c n iu cJ r r ru r n n.i r :J n sr^

t. o r n r sfi fi frr ryo o n 6ro u d r n'ir il n sr' o u ri r h?dr fi fi ?n zu r n o r n r qn u 1 o

..ia4a I __lcl_.la - r ta 4 - rAaaon. o'tfllflTtrld{r0oUtJ0g nJil:illilq{n?1tjfl o 0utilurtun:ruuridlilBisl

r. o r n r afi fi n r fil o u 1 or o o n lryrf rlo u n'jr il n sr^ o u ri r t rfl a;.: fi fi i sr t il ar ru r : n d r :.r o qi'l d

l. aluoldrAqiifi rl#rnnrunfiuluduresrdoilfioclolo

n. ta$aund:sulo

I
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n. nt:5srfiqflo.:grcjtld 
(

- ^^-.-d- --" /s{. fl't:tT{lJ01u?ufl o{tJuuu [aR

10.ilafisill{oln1rrlilnq.:tvnl"r tuilnlriudrinr6uufio'irrurolnuilri{1oilrnfiqn uayrflu

d'il14 9l to.: R1 : [fi a d't : ilnr,l'u tnu rn fi qo

R. Rt:0:'t0:fiqdnrio1#tfiprfrrrynrf:.rouilouonlse{

cr. nr:dtufiugtulJo{nusuundnq{rvrvrqriol#rfioI:ndnsio'ld

n. nr:ilrisun{uornnr:rnrronrioh?rfisrfrrrynrfuou'lnoonlryd

{. n1:p.nlil#ld'ornfirtunirriouriol#rfio{unvoor{rn:voru'trJvir

t t . {o 1o'hi l.ri ar : il n l'l^s 1 u :-r : : ur n I fl lu dn 1 ? y o'r R 1 fl il fl sr^

fl. a'''r"rri.
ql. {uavoo.r lrayniurl1

fi'rrynr$uouleoonlryd

frrrynrfioulouonlryd

nr:mrtuvfiorrdo
tt

nr:uui:yurocJogfroI:n

nr: rJrioulorduornerruilriluv

nr: rufiqar:fr rov'|fi or nI5{r{1il qndlfi n: :il

n.

{.

rz. I:.rldfl rrnimy 0. erln riolfrfinar:ruafiuluomrf,su^nlsr

fl. frrryluIsr:rou

1r. fi'rryfrarv,loflooonld

n. frrrynrfiou'lsroonlryd

{. frrrynrfiouruouonlryd

t g. unrisleriol#rfiprruan^uyn{orfl1f,rJrnfi asr

ft.

fl.

n.

il.

t+.arrmqlodrfrtgfiqoeionl:dgl{ilnfiunrornrqturrnffio{lmqjrf:InnluiloEriud

n. nr:frn'lfilfirnrsrjr

lJ. nt:o:to:uurttilu

n. nr:rioair.rrirurfou uay1o rolsnnrJ

ir. fr:vu?uflr:nfisrtul:r{ruqnd'rfi n5:ru
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r s. {olqrfl urua0rnnl:ldri1rTufi fi riau nraunuoarrr,rri,
4fl. :vn'lutno{91'l

dAdA1. UO',IR't:?{t?uuf,:us

-Y4-4o6tlnrn. aflnoooa illu t0 trJoon

.r. rfludun:rusionr:nlun::ri

t o. n iu si r ua yrfl ri r rfi q n r n : o uu dil : v m m 1 o ru rn fi qo
I

n. :auudfil#rirrTudrrya
lAqet! o afl. t0uugtyttsulililtiluqru
tAq yct afi. :stuugtyt tsRlqr55:uslgt

{. r o fiR: ul u su r{ii l,firir :ru rnio.r n aru riu rir riu ru u fi u
r9

t z. n r : rfi I dil il o { il : s s'l n : 1 u rfi o { fi r 1 frn^sr ru a n^u vr r.: o r n r g'l do dx'l :
99.fva

R. ilft'I59t.1[tfl{aouil1Rfl 1I

AarAs
lJ. R1:rnOqilSUrr00o rrnyllfla{ttdorJ lvt5rJ

- 4---q-ef 4 3n. ilnl: tsuluTt'l14uu r?Ioft15nuulnruillR{u
drl,,r. ilnr:uris uri{otntf,il1uhilrnfr u Ira s ilrio uotn1f,rf, uoonil1

nlnfiu?R fl, / 94

t g. {o ln'hi t9i H n n : s yr lJ I o {r il a }r^u yn { o'l fl r fl

n. nr:rfioh,'l'lrfi:Jr

fl. nffirfiqil:mqnr:afs*og

n. nr:rfisrqiosIil'ic,orduIoIryu

{. nr:rfinil:rn6nr:airioun:sofl

t s. {o 1o rfl u er : ru a n^u d rfi o o r n n r : il ri o u 1 o rd u o r n : o u u pifi t #rir fu rr u 6u

n. NO, HC ttns CO

1t. NO, SO2 uas Pb

n. NO2' Cq llas sq
{. co, sq uny n5ufll?

zo. rfi orinrE uu ldirar:runfiunxornrsr{r'l:Jfi nsrdnfi avrlouocfi HaodN'l:

n. :J:cfrnfrnrnnr:rirrruaaa{

r. nr:iufiloua.: unsrfinornr:eiourndu

n. rirlr?rfiuqfl n1il dmnrudouuo unvrdrLilrudru

r. rfi onr:ril6ouu:Ja.rfriar:fiuqn: :ilnrulu drqnruCopyright by Mahidol University



riorfi-nin urdu mrin srdslfr oa

z t. {oto hilqi d'usr:rufi fin ornnr:tdiuilf, w
R. I:nordon:vrn

qr. I:nilvrfsfirilri.l

n. qru^drumrul:ndr

{. I:n'laiasirLdnrau

zz.drrintiuudrtnnr#uniurirfirfiodufru:ocrorflrJnn:or fnGuunr:rirodr'l:6rovrflunn6
j
nqo

R. uflrriu':oi'u

fl. rnul tilrirov'l:rns

n. r{rlrJsr:'rot,t1d1r?rel

{. udrfrrlnn:o.rl#vr:ru
Jd qY ja1 .4 I tt a r ! d J

23.:nuuguJ01tJn1: ts{'tunil 0{0cgtoiu{'l::JR't:gt:?0dR'lT'tro noilglootqmcriluu:nuugt trny

,fiuor6rJrrorij
dln.3il
4l

1.511
dlfi. 7'tJ

{. 10fl

za. {o lsr tritd nr: :J q^rifi fi qn dor
- 3 a 3 - rngt lr

fl. 1j?uu[9DJ1t'luu t:cY'lrqsn?
a r9 4 v @ J

11. LJ?lJORttiln'Ifl {OU9t:'.IUfl O{n?U:€lUU9l

eqgd;
n. il?(r1il11j:09r?un?1ilt:?drllldilo I 1 0 nu./srJ.

r. urnryhjqi':uyio:ar:sr{rjnndulfiolrrd?ud1n1:flis

zs.rinrBuuousiruflorriunr:rfinnr:r:Jduuu:Ja.rcro{lJ::u'rflrf,uavqaru4fiodx'l:

n. rJgndul#

ru. ldarfi srfrarq{dur rnu nfi nfrnq{ornlfi

n.'hildnrfisrfr'ar.lifi fi rieu rudilfl o{d'r:rJ:vnorfirov'|6
,{. qn4nm

ze. rinriuufin'irnr:ooRRAilu'run?uqrunr:ld:nuudriaur;nnarililrudrur$o'[ri

n. nhirm 
rursaru ur: rsil: vmsu oshildf:tnrrruavo,:n

T n.l.(rnnlulntnr:fronr:rcuud.lrdlJtno / 95

cr. 
ohirilurvaru 

rn:rvnhildnrrLqrurunfisfirfioorn:nuue{ Ique:{Copyright by Mahidol University
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n. rililtsdrJ nr:turfl un1:n?ilqilil;il1fli:ouud rrflhfl rgrro:ro:

{. tilil]vdu tn:rvil:vrrruriaulnqjldlinr::n:J:sdrmrr oshjrirl#rJ:ssrryurooongou

zz.rin16oufisrirnr:tfirulmnrlnunrtnqrruruluflrqriuurifrfirflur{rro{uruy,r.rfiuyii;utt'

fiorunfiumxolnlf,fudrun, : niotriotirrl:

n. 'hiarunr: trtstuuvrntlvrsluflol:iuqun:roqiud': uasrdrv rlrfio:ro:6r{rumnoiofrii

rfl u rffr t os ur un r u u s fi rio 1t?rfi o ruan^u

fl. diln?t rn:rvfrfirflut{rcJosurun'tfiuvnstaulunr:quainu'lu1u}11?tuvh?gndo,rnrru

{odriluocro{nAfl il1u uayrffrrrhfi rorigfi fi 16'r{ils.lqr?irfi nr:
n. 'hiarunr: tv{:'tsulunrmusluflotrriuldrvrnlulaEfirfrua:luhiriol#rfiorerr:ruafiu uns

oruurruyfi tdrirriul3ar:srvtiad.:rfu6shinrr,*^uuruolvrul#:uu:r

{. diln?: rn: rvlu ar lvrutuilt lriu'hiqu u:.: ri rhi'ffiirfl u rflrros srunr r u yfi riohflrn^o

il n il^u n s ra ulu n r : q ua in u r u r u vr r u u v 1 #g n do s fl r il {o d 1 H u a I o { r'r fl u il r u
9.

zs. {o1o eio'hJ fi rilunr: rJ A^tififi hi qndo.r
tl

_ 4_ -14 9 s A o O rAf]. ?:ur:Jnuuuluutn:o{gtlilnlfi uat?a1 tufl ilo
su I' a y A J

cJ. ?uu flilua:?oqn?ltJt:uu5ouflo{tnto{uugl
svAaiS

n. ?n R 1 0 0 9t : fl t tn u n u tft : 0 {t uu 9t 1,01 g : o tl't o u 9tro o'l ?r 1 :
r. i#u3 rL dr : n uu ei'lil iu rn^o u d:un rrru rf r r r o nll./rrJ.

zg. urndosnr:uruudrfirfinuavl^svr'r{o1n1d rinrie,ufin'irn::firnr:mpraoslu{o1el
oaJzn. uru'r:orursro:rurs'r'qfi rilrvwrltu

r. ilrrmo$hru^rsrofruro^nfi riruntrhu
.9

n. ri r n s a y rTr fi kirir rTu fi ro qjrd ru n vnrrir udti r'hJrr.r fi u rir riru

{. drnr:nrerafi unr:LuuriuR:solul,'r? ud':rir'lrjrrs l{d?ru 9rriru

: o. u ri r u m u : r rn r : 1 o fi rfi u r {0.: fii n'r : n ? il q il il a fl^u yn s o r n'r fl
raAyd

f'r. R:ilff{ld5ilflfilR1lrd.:lr?aaoil uau o{nfl5 NGo

lJ. ryafi fr Innfirfi ul n:run':tr;rutnn^u n:ilcludsmrru n
r6a9an. R:ild{tlcf :rJflfuRllld.tu?aaoil une n: iln?uqililnv'lu

- -.-5+e I S o- q S ar v{. {ailfrcr{[r?ftaoil [nn d'ltJR{tult tuulurlavltruuq n:ilqi:outrJu
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R'IRruil?R R

r fi o m rl u u yr ri s uIil :u n : il n o il fi a rsr o f rB u u frda u or u r o.r
I

AA
r:o{ ila?{u1t't{o'tRlff o'tRt'tu}t1?tt{y

rLvr 16 su }J : un: ru n oru fi eror o fri uu fldr un u lo { rio. "il a n^H yn { o'r n1f, 0 rfr u'ru

?nt4uu- rfluilvrrSuu}J:un:rurTnofirdu drul#{Guuarrur:or€uuuvrrSuu'ldlouervo?R lu
uvrriuud il:sno:rd'rurdoilrd'rsiol:Jd

ri^
d?iln 1 ilaflunr{olnlfl0lRuluTt'mus

1.1 01n1fl uasu::ulRlf,

1.2 n?'rrJil il1uunyrtfi ri{tor nr: rfi nruafi g m x ornra

t.I iltyrrrunfisilmornrf,o'lf'ru'lur't'luuy
9rl1 ut 9) v

1.4 ttu?yt1{fl1:tln tfl il€u14'luasR't:1Jo{nu0'lnilniluytl{o'tn1f,o'lnulu

Tt'tl,tuu

t.s uu:rilnfor

f4vvtov4
d?r{il 2 llu?nt{Rl:tlfl ilrrinHsgn{sl lunrtdn Rt:riuunl:fr ou

2. 1 uu?Yt1{nr:6',nn:yu?iln1:[5uiln'l:dou

2.2 nr5?'r{ruruulunr:riuunri douevr urercsr ffi r r rrodoru
Ad

2.3 donl:t:uuft'lrdou

z.a d'rodrslunr: rfi uuuvrrJ g^rifi nr:

ciaufi r if;nrrlfiIrhilRrrr
I

3. I n r: fi n fri u vr rE uu }J : un: il n oilfi ? rer o ir6 uu fdr u or u ro r

g.z ii n r : l#u vr 6 u u hJ : uR : il n o il T{^? ur o fr3 u u fl d: u er u ro.l
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Rlnruil?R {
qifi o nr :1#..r r u u n 6s uftJ :il Rm R oilf l a r sr o dri s u flda u n u ro r

4a
t50{ ilailHn}tolR'tfl 0'tRt'til$t'tfi us

0rnu'run'r?ruv dosldqrJn:ofarfquaf navryor'lduafro.r:vllsT.:d

l . rndornorulr^lnoffi fi Hileu:J:sruaa nanar{ (cpu) hidrndr pentium l 33

(uusrirt#ld pentium 200 MrvD( mrdul:Jt
z. rrjasn:rufrud'n (naul hisirn.jr gz rilny'l:Jvf (Megabyte; MB)

3. flilrunrril'ilrdr:or (Harddisk) finerruq'hidrn'ir r.z 6nv1:Lvi (Gieabyte; GB)

t. qrln:oiiioiufl ulunr:t#unr?r,uftJrm:il

lunr:dnurrvrrEuuhJ:ufl:runoilv{^?roofriuufdrunuro{ 16or rual,r^uyr1{o1f.pfl

4. ooilofrrsrof vcA n?rilasr6un o+o x4B0 256fi rfo qrn,h

5. nrfqrduq i{rlvrr

6. 66:oru1pr:fl (cD-RoM Drive)

7. rrurd(uouse)

8. :vulrJg^rififl'lt Windows gS rio Windows 9g

2. frustounr:fisrfiqunrisuftJ:un:runouflarorodr€uuf,6'asnilro{ r5os ruafiunr{orRrflorn

Erll{Tt'n4uv

?Gfi T

trfrpiu co lmFuuI:J:trn:runoiln'erflofriuufdruoruroo riuo unl.r^uyrrsorflrfl

olflulu?Iltlus lu cD-RoM Drive udrotnriul:J:un:ruovfixruInud'fllurTfr rdooornrflu

runiu Auto -o do,,aroilvrriuulil:,,nrun duul

Copyright by Mahidol University



rior.n^oin srds ul rin srdorufi na rn.l.(rnnlulainr:fionr::suufl r:durytfl) / 99

?Gfi Z

t. kiur,iu cD unr6uul:J:un:run0rufi:rnofriuufdrunuror iior ilavl^uvr.r.l

o1nlf,o1ng1uy'r'rr4rJs lu co-Rotr,t oriu"

z. l#lrurdnt^.li '' $ffiillf t6on:runr: programs rf,on:runr: windows Explorer

n?o l#urreinfinfi vrv computer

:. tfronnr:rir.rru'hjfi cD-RoM Drive (Drive o) lsrunfinrilrdaosn:J.rfioriu

(Double cucD ovil:rnq:rudob,ldlvrr?uul:J:un:ruFuufdaurruro.: rf;onlv{d .,rraffrc.exe,,

J pr u n fi n ril r da o r n #.: n^ n tiu I il : un : ru o s tiru d r u u ua sr.r u m rE s u l il : un : ru n o r fi': rn o fri u u f
vAA
9?U9lJrO{ [:O{ ilnllUyt1{01n]f,0'tRu'tu1t1?t Us

3. cloffivilrnr:1#unrisulil:uR:runorufiarsrod6sufoieuoruro.r rSos ruafisnr{orRlfloln

ull{l't'mug

{G uuarrur:nldrrurdrfi uro drrlu nr:6on13 uurvrri su hl: unrru q

nr:finurrmGuuTil:m:il.{ drilr:nrfiondnurfi'a{oleff lderrunrrrudornr:

3. nfinrrurduurlru:runr:orrru#uur#roo

1.

2.

Copyright by Mahidol University



ildu?n1 1rduq1il?1ltTt0 nlflHu?n {. / 100

4. iffl#unrisuhJ:un:runorfiarsro{6sufriaunuro.r rdos lafiunr{olR1florRr,'ruynr{ile

t. rfrolriur.iu cn lu cD-RoM orive lil:un:runsrir.:rulnudnlufef fldrvrfiu
nriroo'lsrrdn tior "ilan^uyn{orn1f,nlnulur{lfiuu" uavfirdwu::uruuvrriuu nrn'hi'ldOu

r fi u { 1 #1 il rfl n rd u s fi ii r I il.: fi rfi o ru si o tiu rni o q n o ru fi 'r rsr o f sTr : il r - r{

ri , 9 ,t t- a st 6 ta 99 .4 agljvl {-1. 14ulloljo{n1:t1]qilmt:uu llj:uR:lJfrouT{?tgr05t:t u;n?ugtuto.l rto{ ruailuyt't{

olnlf,o1nu1uT{1ilue

z. rfioJrJ:un:iluder{Rlyrrndouluror rvr{r{rLvr6uuluuriroou#n doornur''u

n'l: 3 :'lun't:1r?tn'on lduri lnfiun'r{o1n1dn1nu'rufl'n4ile uu'rmrlnr:r{ruurvTnuvoir.:1 lu
q a -. ___ 34___q-tl-t_ 9/ | ^ 4 i jy s qr, / a j

nl:0f|fl1:r:uilnl:dou rras?fnl:ttllj:rrn'u 9t{llj tt-2 rcionrto{liao{n'l: tnulfrrurdnanfr
,rjj
lJuUOt:O{

-AgaaAyrar. rfio{rEuurfion:runr:fr6'0.:nr: niu rfronrioit "ua?t'uvt'l{olnlflnlflulur{'l?nJs"

udrovil:rnqurhootortiorfirn"onn$orudruri":riortjouritl fidornr:finur lduri orflrfl

ttasu::u'1fllf, n?lu?lu'luttnstt?ld{t o{Rl:tfinilafiumxornrA ilqrrruafiufl'l{o1n1fl0'tftulu

v,n1.rlJv ttu?n't.{n'r:ttfiltilrgnrtrnvnr:florfiu01flunil'uyn{o'rn'1f,o1flu'tuy{'tflue 6'l;rJ l-:
9)

1 u u vr 6 u u fi o s fr rfi u r u : : ur uru^o rio c ua c rfi u q n u nE rfi o n'l r ru riu rn- q I o c ff 6 u u
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fd I v d

?u1r {-2. l.f u'rro: lun'l:1{0n10{ljyil: uu

g rJ fi r -:. r{ firt o I o c uu ?yt 1 { n'l: fifl u r rinu v si r c 1 1 u n r : n'er n I : r:' u u n 1 : d o u
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rt dq 9ro 4
4. qlJyt ts [lJUYtr:uu

fiil1ud{ rlrunoundrl:Jqurirfir.iruur

ururudr rJrurrfinrrirsiol:Jq

4||dflru1Un{ ilil00n01fluYtr:uu
a

zgrtqdd
14tJ1UO.t UrJrlj9ttdu{X::UlUUytr:UU

4
t4u'luo{ ulJ9llduir

s. rduuunornlil:un:ru0sfi {onlu:J:rnqh{rfi u d'tgrJd r-+'hjdorsrnlob?nfin

:1ru "close" rfio'rornlil:un:1fiffifrul#airsuilrSuufihiaur;:ni usililrfluilqnrlunr:ld

4rtqfilJ1U0{ ljUd]:ililIU
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Executive Summary

Introduction

The development of Science and Technology was a crucial part in of development of

Thailand, and was mainly imForted from abroad. In order to accelerate the development in this

part to reach an intemational standar4 the Govemment needs to focus on the Science pedagogy,

especially, for young people. The Science pedagogy related to the real life is Environmental

Science. Environmental Science provides a knowledge on causie, effects and proper control

measures.

The topic on the Environment was mainly included into subjects of Science and

Society in the lower secondary school. But the content was not enough, to achieve target of the

environmental science education. The management of environment education needs a variety of

teaching methods so as to bring a holistic view of the environmental system to students. This duty

was a teacher's responsibility. The main target of the environment study was the lower secondary

students. Because most of them left school for earning when they finished this level.

Present circumstance ofeducation system indicated that, there few teacherso

especially teachers who teach science and environment subject Then to include science and

environment to into several subjects might fail. Beside, most of teachers had not enough skill and

experience on process leaning of science and environmenl One way to solve this problem is to

develop knowledge of teacher for better understanding on science and environment, especially

environmental problem.

At present, air pollution was a big environmental problem in an urban area such as

Bangkolc A major source of air pollution in an urban area was traffic emission. Air pollution

cause adverse effects on human and animal health, the growth of vegetation, property of materials.

Thus, traffic air pollution was chasm to be the topic of self leaming computer progmm in this

research. Copyright by Mahidol University
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1. To create a self leaming computer program on environment titled "Traffic Air

Pollution" for teachers who teach environment in lower secondary school.

2. To evaluate the efficiency of the self leaming computer program for teacher, who

teach environment in lower secondary school.

3. To compare knowledge achievement resulting from the students of experimental

group who was instructed by a teacher who studied a self learning compurcr progam and the

students of control group studying with teacher, who did not leam a self learning computer

program. This teacher taught the control group with the normal method.

Hypothesis of this research

A teacher who teaches students with method in the self leaming computer program on

environment titled "Traffic Air Pollution" can encourage students to get better knowledge

achievement than students studying with a teacher, who did not leam the self learning computer

program. This teacher taught these students with the normal method in Science (SC 305).

Scope ofwork

This research was an experiment, which create a self learning computer progam on

environment titled "Traffic Air Pollutiono' for environmental teachers in MS. 3. Because this level

had curriculum about taffic air pollution in Science (SC 305). The experiment was done at

Santiradvittayalai School in Bangkok

Material and Methods

There were 1ws 5emFle groups; the group of teachers teaching Science, and the group

of MS.3 students studying Science (SC 305). Ten teachers were selected from Santiradvittayalai

School and Beqjamarachalai School in Bangkok. One of them was selected to be a teacher who

taught student groups. After they had studied a self leaming computer program, they evaluatedCopyright by Mahidol University
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the efficiency of the program under a rating scale. The mean of rating scale was used to determine

the efficiency. 64 students were selected from Santiradvittayalai School in Bangkok The samples

were divided into two groups; an experimental group and a contol group. The experimental group

was insfructed by a teacher who studied the self learning computer program. The contol group

studied with a teacher, who did not leam the self learning computer program. This teacher taught

the control group with the normal method under the topic "Atrnosphere" in the science studies

book (SC 305) after the 1978 secondary level curriculum (revised in 1990). These two groups

were tested their knowledge before and after heahent by an exam which a reliability was 0.69.

After that, using t-test statistic compared the student preTost tests achievements.

There were four materials in this research. (l) A self leaming computer program on

environment titled "Trafiic Air Pollution'n was created by ToolBook II as a material for teacher

SouP, (2) a manual book for learning program, (3) a form for evaluating the efficiency of the

program and (4) an exam paper for testrng student's knowledge before and after fteabnent, which

a reliability was 0.69.

Result

The assessment of efficiency of the self learning computer progftlm showed that the

text, the alphabet 's presentation, the solid picture and the ability of program on sendcing the user

were rated between good and excellenl While the sound, the moving picture and the practice were

rated between medium and good. The scores of the experimental group were higher than the

control group with a statistical significance at the level of 0.01, which gives agreement to the

assumption.

Discussion

The resulB showed that the text the alphabet 's presentation, the solid picture and the

ability of program on servicing the user were rated between good and excellent. While the sound,

the moving picture and the practice were rated between medium and good for teacher. The result

gave an agreement with the researches of Chatee Kerdtam, Duangjai Srithawatchai and Trironk

Pimpa. They stated that the "Program learning provided individual study for student, helpedCopyright by Mahidol University



ffiWuduinl uauqrvriniud Executive Summary / 108

student to leamed a bit by bit accordin"li i6:tneir capabilities, and did not need to worry about

another person. Because of program leaming could immediately response, colorful, moving

picture and music to be exited for studenl" The comparison of knowledge achievement between

the students sample goups showed that the knowledge achievement of the experimental group

was higher than the control goup. The result gave an agreement with the research of Chairat

Bumee, and Anak Kampisit. Their research showed that post tests achievements of students using

the self leaming computer program had scores higher than pre studying. Then the self leaming

computer program can use to study and reinforce knowledge to student.

Recommendation

l. Future recommendation for the use of the program.

1.1 The self learning computerprogram titled "TrafEc Air Pollution" can be used as a media

to courseware for student, except chapter I 'Air and Atmosphere" and chapter 4 'The way to

solving problem and prevent from traffic air pollution". Because these chapter were too

complicated for students.

1.2 The specification for a usage of the program is CPU over Pentium 133, RAM over 32

MB, Harddisk over 1.2 GB, Monitor VGA 640 x 480 x 256 color or over Sound card, speakero

CD-ROM Drive, Mouse and Windows 95/98.

1.3 The user should copy file or install prcgram to Harddisk before using this program.

1.4 Crippled person as blind or deaf person can also use a self leaming computer progam.

pff o(ample, blind person can listen from this program but they can not control all buttons

however, blind penon needs assistant to help them to control the program. Deaf person can use

this program such as read content of this progmm, see some pictures and can contol all buttons.

2. Future recommendation for study

2-l Other program about environments and nature for teacher whs teach environmental

subject such as Agriculture pollution or Industrial pollution should be studied as well. Because

these pollution have not been created to self learning computer program. Although they are the

important environmental pollution as tiaffic airpollution does.

2.2 The self leaming computer program should intoduce to public via an internet.Copyright by Mahidol University
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