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miauwunam it lulldagnndiem dau Lidatainsimidetugeesldsu
@ WV l -l Qo o ed A | a ada - A Qv
minawmaniuisls anvazadgiiiuialavesitinensidudinslianwue

- 3 =i 1 A R A A b o - o o
AudN  udszlvdunlasummamidalvnsaniiumdduaunsaaauaniums
" o ¥ ] v » n' ; s q‘; ada a‘: v o s LX)
wu‘lﬂamqgnmaqua:uuumqmnuwu mum%‘mmwz‘qamumﬂauua:anm'lu
“ A A adda ada & - \daa - P v o
ﬂaqumatﬂumﬂumﬁmn'mgmmmmnmugo‘luam LANATNIINALIDATUTOU
A’ ﬂ‘ v -~ s A =y . v 1
nduie ¥nan1TITelenuass 4 Ussnmanuuwifiaues Kirk (1995: 16 -17) laun
mwmd'lumsagllmdaﬁﬁ (statistical conclusion validity) auasInelu (internal
validity) m'uwmL"Bﬂﬂﬁﬁi”’]qmaqmmqua:wa (construct validity of causes and
g - a & &
effects) uazaNMu@IINuuan (external validity) IWNAINEITUUKLEN

ada l‘; v - s AAA & o nl ° v
'Jm'nuwugamumsnﬂLLa:an@ﬂlﬂuﬂaquuuanvm:ﬂmﬂty 5 Usenns
s acta A o ) \d L v WV -~
Yszmisusn fe snwazpaiSinnnlimsawnneiradutunssdasiimsldnauiinad
) a an o Ao o d e ada a o
Fanlums it Yszmsnassfe SNEUEIIUYTUIMININITINGINITINENAILENN
-l R v & ada v an o v o
Yszminauiied iuansusanzreiFinedmada uaznisia laun Usznmsnana
s ada = A [] W A’ A .
fa anvudtinsimaAnnsininsdeussodaanasidasdu (relax assumptions)
adn o (3 Y dd a [ aca - f-] e d [ 2
220N M nsiuuniay  Ussmang fe ansaiFinemydeneinldoule
v = o . 4’ 9/ - v o slo
nsrnalianunily (generality) annaiu uazdszmsgame fa anwmIsIngInIs
o A v = e e . =l 0
'Jmﬁ:ﬁnﬁmmgnmaa uazfinw'la (accuracy and sensitivity) finanaunss (robust)
& A
VNBUNTNAY

acs & S/ o A ' d & ada - [ o °

’lﬁ’lﬂﬂﬂﬂugdﬂ']uﬂﬂf’mUﬂﬁ?ﬁm:ﬂLQW?:R’)HYMJ%’J‘E’JY\Eﬂﬂ’l?')'ﬂﬂ'lﬂil ) TIUURUD
’ A’ ada ¥ L ° o e v ’ ar b
m‘lﬂumauaqu'mm 4 A% fla ATWMIMAUALNBLLLNNTIVY mumiqumama
S/ s = & o a ° ’ ¥ W A
AUNITIAUATNITUTZLIUNG LRZAUATEA  NITUUIUBUARTATUUINATNWIVBLTDIVDI

~n od e ’ W | = vos o . . P > S
INAUANID ms:'nmLaua'lul,mazmmmﬂw,wUannilﬁaonﬂTmuuamaqLma:naolv\‘nﬁund
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1. ABINBIA MM IMUAUKNRULLNNTIVY

Qu aala o A - A
n']TWQJVﬂ')%’JYIU’lq‘f’luuﬂuuuuanﬁlaﬂlﬂuNaﬁ]']ﬂﬂ')"]&lWU'lU']&l?.laduﬂ')'ﬂﬂﬂil:
o ada av da 9 va a a X 4 Y
ﬂ’Uﬂ?\")ﬁ'JYIU'\n']TJQUYINa%ﬂ“uuquﬁqu llﬁ:ufzmﬂ'\WﬂUWﬂmulwaﬁuadﬂ'ﬂ&l@laﬁﬂ'ﬁ
“ ;a a ° v o~ o A o W A =
VOIUNIY Nﬁ"]'fﬂn'ﬁwwu']ﬂ"l'l“lﬂ@fn?’)aUﬂﬁLLNHLLUUﬂ"IT}'ﬂfJllJﬂUu‘lLl'\T]ﬂL@&l na
-~ S e - -3 \9 An L3 5 et
MunmouupRawnInIiniiensideys  lasMimAmnsiuudsnsuslym
- 3 ° I -~ Qs ) - o QIA s A A a
ouaATdiumiiulawzduandnnsiiem 9l jliuunsAsendm e
v - e &
Tnitminaulafisadelun

1.1 m3vpwlone (Policy Research) u.asmt’:é’m#m’nuuumsﬁnm

Winsmadisoulony wazmBisdanawumsfinsniuidiBnem sy
Aimswawatnmag amﬁumsﬁnms:ﬁ’uq@uﬁnmwmmwio"lﬁsfaguﬁ‘iﬁ'maa%’u
uaziasounanganuiadnmanINILEKRLaEMTIToulousmMIinmn QR
dngimiinsiawdFinmmdidsanilathmaiite AMUABIMIVIFLIT
fazben ol lunmsdaauls wazanudasmaimam il lunsnfiaeu
LﬁU'Jﬁun'nu?wwmﬁmn'lwaeqﬂmm‘%aﬂﬁnuﬂumﬁ%’wawmumuﬁv‘omﬂ%’jua:
\anTu

Qv - -~ O A
TUSELEUTNVBINIIWAUT MIIVLUILUENIBRINMTITLNANWIULELNY LRZNE
“ -3 L .Y L= o W v o e
aRanmMIeiiunTauulouis Iussoenss nsdveulovrelsnwusidunidae
Py - P -3 I's . . A &
Usziamaninsnislianuvansnaiimsiensiuloung (policy analysis) Gailums
= o A ~ -] [l Qs r-9Y
Anwdszilunauazinmsnaniiaannmsmuuanlonouuuds 9 wWisudsunu 3%
auiunveulovrsituaauniseuinsuiandrsannisiselasmlifindes  9u
& - ° Py d = -t o o
TugsukIniTunmMInmuelgywissnanwiidulywianuidaaiouludony ms
A A L4 A L _~ A L™ a 1 Qs
ﬁnmﬁmmtanmmmm'uaoLwan’mumauqmgﬂuﬂLtamﬁamwauwufizmnmLan
an v @ d o« o ° -~ - =<
mmqn'lmwmf[umu wazdulwaiulywidiag wasimuesuyAgunuaasfona
da & o aA = - , E g < o
MRaTuwIInmMslTulaunsiiduniaifaning nniwiuduasuminiunudays M3

-3 \ g o ] a o~ 9/ A9 oo v 1
1m‘n:vﬁJagaua:uﬂamwnmu GI’JE]U'N'J%ﬂ’ﬁ’)Lﬂ?’l:ﬁ'ﬂﬂgﬂﬂl’ljﬂ%”’]ﬂqﬂuﬂ ng
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"‘Jmﬂ:ﬁwaﬂsﬂwnﬁ—ﬁuvgu Lm:n'lﬁmﬂzﬁﬂs:%ﬂ%na-sTuvlu TsunsuBadu ns
wnnsniazmiianzdayninna. madensiiduldmaiud wwemsiemsiisuy
iu’umauqmﬁﬁmﬂummqﬂ LauamoLﬁan'lumwi"nﬁumusiaéu‘%mm?asju‘%‘[nmm’:ﬁ‘u
uloune 'lumm'wLﬁunﬁ*‘m"mﬁ”mzhvffﬁ’n"ﬁuuTmnm’v’aaﬁﬂmsaujua:ﬁmm'zhmty
lumsldinafiadimaasugmand nMIdummsue wodnssuasnns MIReAIIUAEMI
e MIINATNZRIZUL (system analysis) Waz&f@ (Stecklein, J.E., 2532: 8; Weimer,
D.L. and Vining, A.R., 1992: 2-13)

1.2 M¥IUIBIVIADY (Simulation Research)
Creno, W.D. uaz Brewer, M.B. (1973: 114-120) Na173M3338139371804
[ & ' e 1 & o A o =l
wdeanidu 3 nfuawIzozaMINAMY nfuuIn umAiehiniieeaisuuuy
amumIthiRauwainglugduesmasuinuunumany@ (manned simulated
role playing game research) luszoz@aaunIsinisnanIn1sITiTadsasluiud
Q A = A Qo v Q 0 [ e
JzmaaiiReaasaungquiisanuanusuiniznitalssng uasssuudn 9 ludaas
b= ' “ . . . . 4 < a 4
(389N simulation research of international relations ‘Ualﬁ%m%ﬁ%ﬂ‘h&nqunaaa
Q A 3 - s o U A 9 o A \d A

nqunmuu}umnwmeaam'l'mauwamas‘maﬁnms:uuam wIoTruuTayahdl
Qs ' Qv Q J 9/ o 9/ =~ . 1 A’ | a o
snsuzuandniuandaansadasdulumsiiansidoya widslunguiiiunuie
v ~ = s o S A . ) A ]
Mmuadiaman’ sdd uazns3uUHuans uiSeanssense (queing) innEUwIMS
Fumsanwludszinalnefinisl835inenidoBisisaslums@nwidIouiey

a ad a 4 . - [ oa a a P L
WMARAITAITIATICAULVA § Lwa'lu“lmmwsmﬂs:ammwgaqﬂ imaiaflifa

3 L - .2 < A o \'d ° Il v d
vaudianila ussinidudasdoulisunsufoaindoyainaasies udluaaiudllsuns

~ A ) ¥ o a 8/ ' o v v 1 a
aanRamainTuliinIiuaiamisdiaesdeyaldazain 15wlUsunsy PRELIS Waiun
las Joreskog,K.G. uaz Sorbom,D. (1988) Liudw McLean, J.M. (1978: 329-352)

' -~ - s o o !

Duke, R.D. (1978 353-368) Aainluawnaaziin1siduiBesnaasniniu  Uasiaue

uneldltinafionsisuidesisaclunBiivawinasy

1.3 N1333uaw1AA (Futures Research)
o cla - A a ' A -~ A =) v
Fnumiiisawaafaaisminoieurineniiienawaaiidulylduuy
1 A o Lo 1 : A &« " -
@ 9 atziliuanwnwluiiuuastssuannuniduwllduudazmaianawng
A - o cd a & - o a
WalaIouiuamuwmsainaziiaduluewine  waziensunuawina luluuuInrenig
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[ - A W A o o o o A ) o
Yszaan mﬂwammn'l'nnu'luﬂ%quuuLmuuuumsmunuﬂnma‘lﬂmm@umn
al - - - A L [ o o a 3
Luaainnumsﬂsancﬁmﬂumﬁmswmmuau 9 &Jﬂ'ﬂ?’l&lﬂ%ﬂﬂﬂ’li’)'ﬂﬂﬂ%’lﬂ@l AIWINU

¥ - o 4 as A’
'1m'muuuuuum'rmumo ] NU

1.3.1 N15398BWIARULY Ethnographic Delphi Futures Research (EDFR)
-~ o - aclo A ' ° s ° Qv
mydsuuy EDFR (wiFinsilidasamuinninanzdamivyszinaniss

a [ - A ° v ] v :: o
W uanunafiafeusmin liyszgndlldedrandrarnamelunsimuanlowe
midasulanITmsudtgw mslsdaieslusdauuifgwawna udu inadia
PV Y a a o o Y P P
miudunssinnmwemaanndumudrasnazdizsimglaslfinafiaweale &
v o o ¢ A @ ¥ v a v T |
01l AImIdumual wiemslfupusaumaild mafenngudizormgiaiuiFen

Y
o

- L ° ot o ; [ Aa

fanuaagaungmIumslssh (Juwa wunnsiiu, 2530) myiigewinauuy EDFR
Wuwa mnmsﬂs:qnﬂ"l'ﬁ"‘;%"mmmﬁé’umﬁﬁ’uﬁmm nun1TIwauae Usenauny
’J‘fsmﬁmﬁm?agaﬁ’:umﬂﬁﬂma‘lﬂ

1.3.2m3elaglfinaRansiiansinansznulyd (Cross-Impact Analysis)
= A 1 A A4 3 = W v - -~
mRvawnaMmirauladnuuunildun  mdvulasldinatianidiasevns
v i 1 - ;d
naznulyd Stover, J.G. uat Gordon, T.J. (1978: 301-328) ayUimyidpildulszlumd
lumawansol wazmssfunmawaaliiiunwsesjiuiussznitanemsal vin
a ' ¢ oA & . a o v A«
mwvnau'[ws:vrmmqmtmammamauﬂumu% nansivulvnwauinaniliu
A 4 - - A‘ (7 4 ] |
amuefenlnazassingmal inafiandssuuuildmsdssuaaianuineziv
-~ , ' a P a
vymIfiamgmsaludazingnissl uszanuihsduzemaifaimamsalnily 9 1la
- “ 1Y & ° Py ' . ° a ~
mﬂmqmstﬁnumm NUUWUINIATIEANIAT odds ratio smiumsifiamgnisal
udazgluninduansznuled wsrnmsiiensilininewaausinansenuainuess
¥ v g 1] [ 3 A’U ° v
wmamsainfaudsinnubhezdy inafladdimanmmilldeneseuanutvanis
afiwauauulouyladndle

1.3.3 My slasliinaiamsaFunineniaa (Scenarios)
Wilson, LH. (1978 225-248) syUimwewinadansuiiinninsiuues
ed < - Y s a &
anwmsaiiduldldluewine  wIauwildnvasdsingnisoianudenlunaiien

DUWINAUVUEAN ¢ 'Fuﬂaumsm’wmwamﬂmﬂs:namT'JUmswmnmin'mﬁmmqmstﬁ
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wdaziou mademzinansanyleinseujauiussznirangnisal waznmsiounin

A S/ = v
AUNNG mwamnmn"lmmauam‘lugﬂmaammﬁmumw NIOUNUMINOUIAAN 19

o - o .
1.3.4 My ulaglinszuiumisnianlinedd (Future Scanning Process)
WiTd 21178139 (2537) ldayunafaves Morrison, J.L.Renfro, W.L. uaz
' o [ [ P a
Boucher, W.I. 41 nuzuiumsawaatived fansdanisnbanaidfsuiyssvasis
i & A fo) d ' ol v = S a '
wadex laglfisaislianiinnaglanadwiiszuuszndoulinuta jiuiuiszning
s , - , a y A A o . o v ¢
adflsznaudnl 9 uazidauiezifnazlslnl wialinsifouudasatinels iRalwasdns
ar L 1Y Qs :‘ 1 = ! o o 3 e 4
mTniansnuuwa iuAasTIimainzifiedu wezduiiumilissdniwam lugih
o 2 ¢ & o [ KA o
nnafRaszass Twaeumsidnszuawnmsawaarined laun nsnmue Whnane
minmaawladinmiairaduniinisainienans usemssumMpol NMIMANNa
3 s m o A 1 1 A [ A ar LY
vasdaya Mmalzguininiisie i liuiviwananuouulas madaassgn
oo v P 3 Q' v & 9
aand@Rnanunbiumuimunuld msdadsanmamsliiuuunbiv A
A 1] ¥ el 0 v Qs 1 d v [}
Wasuwladudazdn  uaznIvawnunliuaindvdidanansenuadals
q‘; J o ° - tJ ] - L 3 0‘;
FUNIMININY AumImwuaisnITaMhsziiaanuw lifuun

1.4 MTIVUBIRMNM (Qualitative Research)

myiuBgunmndiagmanslumsansdgmluuuwdnuinnduuwiniig
Humsisifensusnuirludaiuswin Ysnngmsohiv 9 Redwldetndls &
nrzuawmaasuutssadnals Nanwsﬁﬁ'uﬁ11ﬂ§nwsa§ﬂLﬂunqnﬁﬁﬁun'h grounded
theory"‘J‘ﬁ"‘mmmi"‘ni’i’uL'qummww"‘lﬁ%’umsﬁwuﬂmwmﬁaﬁLmuuuums’ﬁuumnsm
A §sgAinn3duld Tierney, W.G. uaz Lincoln, Y.S. (1994) ChRAIUIN
uuumﬁﬁ’uL"ﬁqqmmw'luﬂaqﬁ’mmn@i’mﬁmﬂumuuuumnumﬂ%"nty'md’\ﬁﬁw
(funtionalism) lasaa$efiun (structuralism) wazIwnwhion (criticalism) wananit
ms‘ﬁuv‘ﬁoqmmwﬂ'qajmauumumﬂﬁﬂ%%'mﬁ%uL%aﬂ‘%mmmn’fmﬁ'auﬁqm‘iawm

“~ r-Y o as = 4 0 a A ] L= J
MYV UNN maRadIsNM IR lasuninauInviraulaliae

& Jd . .
1.4.1 Midnwvaienidl kasnIRNEUAILARA (Multicase and Multisite
Studies)
o a P a & da Ay o Y
HIITINNIITANBINIULAYT  NIDWUNLAYD U?Jﬂ'ﬂ']ﬂ@luﬂﬁuﬂ?'l&lﬂfdﬂ']Uuaﬂ
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. v a PR XY ada vad A . e '
(external validity) umauqmmwaa"lmwwu'nmnm'lmmu‘(ﬂumsmannquma:m
a . s - val & e ' | a d
WRILNITH wsanmuunmtwa'luuﬂ'nmﬂumunmamquﬂsxmm ERTLLP LR
Y 1 el o o o ) a - . a A o e o
nvduilaudmnngmisainunispdainisdinmn v\anmnaannqumamm'l’mﬂwanmi
¢ & 1 [ G‘: e . o & A 9/
tﬁannqumammuuu.m'nu (stratified random sampling) lagldanwozAdasms
1 !‘; o A v 0 Qv v
muqmﬂumm‘n"lummuwu mAdsAdsmsnvmuaensdilvanusdyiuns
ol - - ¥ Ty ¥ -~ Qs A & =S A’ A (Y LI [
Winuinsuwen1saUan9by goumsssiiumsanwmnmpiunlvanuasyiums
[ asd g - & 4 [ o a a 4 .
wwmnqwgmﬂuan'lunnwuw u.a:maa'l'ﬂns:mumsqﬂmumnLfm:n (analytic
induction) lum¥idy luvnnsdhinidversimuauasuuumsidvlugivaimsisy
-l & .. . W ad o o A a &
WaUNIRURENAERUN (multisite case studies) NladsvilklanansItoTalandsln
(Bogdan, R.C. and Biklen, S.K., 1992)

1.4.2 makam3Wslasnsdanguaunui (Focus Group Research)
- :U - 3 \d gl 4
mARamnImaianfiununadayswuundmealidungy uas
L 4 . . u ) Q » A Qr
nuuiyain (group and focus interview) Uszneudumsifennguatnwniianwue
) & - - A Qv 0 = O A ¥ s v ) W ' 3 L)
lwwziu AImaAdeiaiuiunsisenliwaiasueangy s-12 nfunszduliaindn
TINFUUFAIAUAMAULAZANNIRNVBIaUMITanguaUnIn I Ewann s RN Bnmel
U [ ) ./ L} Qs ) ' \ Q ) e A A
nfuudaznguiifnwuziiuie  uaznguaunumnngudasiiansuzdniuaudonlyd
L P ¥ - :J e/ - ° - ar )
initdasnsuIsuifisumsznldnnmaunu fanssumsauiiunsianguaunun
- -~al dy a - . M o oo a [ v A
inanmauazidmuamsndasiimainduniauntsasliainmyiss malianevideyadad
o - - e d ¢ ¢
mnaamidunnmIsunmiuasiemiiiian (Morgan, D., 1988, WANTOL 12 1UUN,
2535)

1.4.3 MINUBIiiAn1s0tviidImIan (Participatory Action Research)
mﬁé’m“iaﬂﬁ%msa:mﬁa"ms'wtﬂunwﬁﬁ'uﬁgiaﬁnmqmu’[mu’fumﬁmﬂzﬁ
Uym mauiilgmw uasns@amansnuifymvesgasu Imuﬁam%nmaaqwuﬁa
doadunildmhulumnlians waznsidodan (afen gond, 2538) mvAdugl
wuiiiunswaunmudiinsmsisouuul figmssumsdainauuudsanian. Aurin
Wodsznaudminiiudellsmninuasgumu fusandnluwgumudadugianuian

Y o o ol & wd (%Y 'S a e
n]"l‘l"J tnan nﬁ'qu’ﬁuﬂﬂq@l llﬂ:lﬂuaﬂﬂ:‘ﬂfUl’?:IU'ﬂu'ﬂ'lﬂNﬂﬂ’]T’«W UI@ HIOR N
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1.4.4 MTIATISMIREN (Content Analysis)
1 " - A’ = -3 - A 9/
Weber, RP. (1985) naninmiilanziiiamiiwitinsimyiasnlanzuiwms
W “ A 9/ v Qr o L -3 A‘
vmuuuuma;ﬂmaawan’lﬂmnmamm WANNIAAYYaIMTALNTEALanAans
WA nfejmh ﬂsz’[umwniamwmﬁwn@u mm’fu‘%ﬁ@nsjmhLauaiaﬁuwuw%”auﬁo
a ‘: = o I A‘ J 3 1
wlamumung ﬂaquuumﬂuﬂmmﬂﬂwmam’luﬂs:mﬂ%um'l@a:mnmanM
miltlusunsunaafiiaas Ethnograph Iuastseing Weber nsmdunafianmisiiase
A’ r-} a A v r [ ? v & L -
mamumiwwwﬂ@stmJammagamqmmw'lmma:nqu'luLﬂwagamﬂ‘%mm Was
WANIATIEAM UNARAEIUSNI 0L 111U NTRTIUNUWATN  MITIeTIsaIRUsenay

mMmYemsiuLn wazmTRTneiaNnusuAuslasanaiadu (lisrel) fae

Fimemsitedniing wezmiddnuniwiuiuudesinInaunaIuy
wndu lwmadstudsnFesana i Tinemsisuradain auazgmnwdsznauniule
mﬂﬁn?‘ﬁ'mﬁﬁ’m'ﬁoqtumwé‘nuuuv\ﬁuﬁtﬂuﬁﬁw‘l'ﬁ ﬁan'uﬁmé’uum@%mmry (con-~
noisseurship)wﬁoannLa§a§unﬁsf‘:5‘UL‘Baﬂ‘%uw i DUHAMIIWANATIIRNDUANINYNADY

a PR o o d a [y
VWE)LLN’N'MLL'I-L’)‘YI’NﬂglJGICﬂE)vllﬂﬂUﬂngl'nf_l’l’mmuﬂlﬂaﬂﬁﬁua’l

[V 4 - WY - ¢ = .
1.5 MIVIATIEWIRIVLATILNTITNATITNDNNIN (Meta-analysis)

~ s Ada -3 A o K] v s A
maensiafinuduniiinnnsiisivawlniigalumsuansinuise
daiinm wld@dguesmsiiensdafsmufemalsznudmsnwisoliagluz
arilinasgiu uasliitmmnsaiidansreuhamuulndnuludzilinasgiwmaiudion
P Y . % ] (%Y o o
manzanfizaglaniold winddhimaunaglddasuonfinmanudundnify (mo-
derator variables) w3adiaTziinansuznuissawIneiuianuuandsluasil
> 1 s o o F ) -~ - A’ e ¥
wasgmlaanels (wasnwal 339y, 2530) iInafiamsAnnsiefuuiaansain e
- P YR A . . v © & '
1me:vﬁwaa;ﬂuum‘lﬂ’uaamwma (validity generalization) 16 Mafwszarnw
i a a £ o a go g o o o a o o
anogluglvesduzintananwusawdudoiinasguuuunis nafiamsagiona
290NN ITunIiawegeTiy Law, K.S., Schmidt ,F.L. usz Hunter, J.E.
(1994) Munwlivinlaia 5 wu Ao interactive procedure, noninteractive procedure,
multiplicative procedure, Taylor series approximation 1 and 2 , Raju, Burke, Normand
. LA a € a & &
and Langlois procedure v;mmu'lwanmnLﬂiﬂ:ﬂanmummmwaa Hunter {Juiu

FIUNIEU
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r Y. 3 -~ ¢ A Qv (YL ¥ [ % vd; =
FInsininsiadvuisldsumswaw lv@uuanuinluouina  law

- . ° as acv o o [ ‘ A
wwizlwisasnm e umariinnasguamivnanisiduiviundiansiudazies
A - - o v - \d l‘: A —~
uwaziFaadiniansidays  Fmsumddiensideyaumiiesnnlueslumsianzyd
-~ L Qs é . . A

sfvmiuluiessaauniniilusiduaanau (hierarchical nested model) Gaufluluiaa

a o & < ) -~ -3 [ A3 doaa ° a
WYIZAU @31UU Draper, D. (1995) Fand1iitmyiiensidayanditnilodniy ms
suAnsinudisdonsiensiefuin fe ATmAenzinyszdy  (multi-level

. - o e -~ [ - o s & - € =
analysis) waawdapMilumsiinsiafiuiusas Draper W9daidunisiemsiadiniu
- ala o v a [
Faawsninmeidayadisniianzingizay

FAnsInsFua st aMemaiiernsieAuuilasumswaulnidn
wwImniifen it nesiaitusasmaisefiidumdiensfsduu  wiamsised
Levin, HM. (3601 mega-meta analysis uszawdsfianengasiniu “mother of all
educational research synthesis” forudiniFes “Toward a Knowledge Base for
School Learning” lat Wang, M.C., Haertel, G.D. Walberg, H.J. (1993) Failud
j’ﬁ'ﬂﬁ'u’lwﬂamaa “WHW article” swistilgaamsinudsvefivumy o1 (3o
Ysznautumsdiensiifiamlasdnssanasumnadniwavasdaudsnii 10,000 fN
(wianwal 3578, 2537)

1.6 MIAn¥MUIBAIBE1AY? (Single Subject Study)

mdsefidumsfnmmiisdatnadfisnsusuandrsninmsfnsmensd
wnznsAnsensdiduniisidiquaw . sumsanmmbodatnduiduns
‘iﬁ'm"ﬁoﬂ‘immﬁﬁmstﬁunmmﬁa:&aazhwiatﬁao wiafimsiag (repeated measures)
thwinoidgresmissfomsfnmanusigidule anuuiouudss wiewamnis
vaswisdatluFasladamils SEduiundtdunarnmnsunaudinisinm
3202017 (longitudinal study) ﬁ'un"ﬁ’:m'mﬁiagauuu*?@%ﬂ T@uﬁﬁagamnmﬁ@%’\
vaamiapmatudasauiisnrasiuluaasdusansu mﬁmsw:ﬁﬁagaﬁmm:au
a"m%’umsﬁnu'mmUﬁaamotﬁmﬁamﬁLﬂﬂ:ﬁwm:ﬁumtﬁiumm‘ioLﬁuﬁwé’uawﬁu
(hierachical linear model) M?atmﬂaﬁ'uﬂ‘izﬁﬂ‘ﬁ(iju (random coefficient Models)

(Rogosa, D. and Saner, H., 1995)
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o ol } & ] Qs 1
2. ')ﬁ'mmmumsqumamo

v ' v 1 o o a v A @ v A
dwumigudstniniivawunaiaitdasunianIsuifisunuduau 9
d « , & A ad d9 2 . a ¢ v a dw v o '
wmgfilluguitnaifiannaniinmsildegiinnuauysoiud  fnldsunaiawedig
) A ¥ v @ ' A o et - A L
daiflasfomstizinudiraswangudiatsfimnzandmiumsite gasnlaiums
o . A Y o s A A o o
pausuifianugndas usldmiuann Aegasues Cohen, J. (1988) TalimanmuauuIa
) b [ 9/ 1 - P- ' “ n‘
vaangudradulasldassuinanndnunadning  manuasanianlziant 1
A AAA v - o @ med
wazdsziand 11 (o wsz B) uazafidndasnslilunmeseusuydizm dmivitmse
Wenngudmaniuiimvauimaiansgudatiauuuaming  (matrix sampling)
vead ! a e . . s
TWadn L?Un’nmﬂuﬂmiq&lmaU’NLLUU balanced incomplete block (BIB) spiraling
[ Qs ' o = = ) A 3 ar s '
migadatuniIndiduiiindauannaaninlinuianduiuizniouy
Jatasluudazgald udlimanndsanumandiuszniuuiadesdngald ud
=9 [ %] ar 1 (Y] @ ar ' A ] L 3 A @ '
wnafia BIB dauuuiaudszgalitsznevdsuuuiadannlagiasniuuuiaten
Q L ¥ d e @ o L L . .
mmuuuumuau'lwq@au PANMIIANUANBIUEANIUNY Latin square design (Kaplan,
D., 1995; Messick, S., 1984)

o e b 4 (¥ o
3. A5 IMBIAMNITIAnazU IR

] A ] Asa . Q' - et 1 -
Tugnsammsssiiuan A inmaumsiaussdszinimivamwiagesad
A hod v A s Qs ) a &
Wasnnmanamulwimiinerdumsiauasmsdsziin . uszmsnawidunalulad
~ A -y A )
AauR@as MnanuAsuilssvasemuwuiunlumsiauasmavsndin uazainany
A o v v Y A a ada 1 s‘ ]
dasmy anumenivasgdamslinamiawaznsdszidin 35nelwi g Mhauls
d ° ' A‘ J ~ v -l v Qr - . ¥
Foaniuauade liuonnariiusesdufe dwmiia uszmsdsslin Iuudssauas
4 o L o £ A A v e A ot - ' A
anuasglanzidineiifeidesiuuluiadaasnsiausemadszfiv: ludiun
& ad o L3 ° @ o ada kg o o« o o ’
uitTmdenzdaziiausluiateiiinedumsiiensdluiadon 4 da'ld

3.1 38InsrAmmiia
8973 American Council on Education (ACE) 'l SudaRurwiiieds Educa-
tional Measurement Lﬁaﬂm'suaaﬁmwf waAPnmdumia lasiawizmyia
mMImsane atuusniurille a.a. 1051 atdufiaasiudille a.a. 1071 uazldsufiany
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. . . . PS o o a
National Council on Measurement in Education lumIRuWatunsuiile a.a. 1989
. 9 =l = a A ar ‘J (% ‘J v & ' av
Linn, R.L. (1989) TaSouisumiiiRaatiufigasuazaiunsuldiiuitvunn a.a.
v & ajda ¢ o & o o ¥ ada o o o ar ada
1971 dwiulnAuwmiFoatunaasiwdFinsaumaiainiswaw luin 559nen

& a oo
mugﬂ‘nu’]ﬂtﬂ%”ﬂﬂu

3.1.1 nq&ﬁmmauaumnuﬁ'e (Item—Respohse Theory = IRT)

Wi Lawley aldisualuiaanguimsasuauasmedaliaoud .6 1043
wdafany wiluszpsiulifmainluesldlunmalind  Sissnisaueumifiauss
Wainms ASadnenIINd 1970 ffuLﬂwﬁwﬁﬁluﬁmsﬂs:qﬂm"l'ﬁﬂquﬁmwauauaaﬁU
2 wasri W RN wmsiainavawnniuatinad Tasawslwdasmedsu
\isudarey (test equating) msvimsiafienar (differential item functioning) wia
AN BLNUaITaRaY (test bias) NMIuSMsMIReuMunauRaas (computerized
test administration) MIA$19ANATIA UazMIMUNGI]Y (scaling and norming) 1394
d 9 Ansanitlilsdedlni  widFIneAldludeamsilesumsnamnlnalwd
Ussansamduniuden ¢ (Linn, R. L., 1989)

a L7 A @ as
Hambleton, RK. (1989) sjansuzvssluiaamineuauasnodanlaiunis
Qv ) [ A [) t W
wannnd 9 lugrsaanmsssidiuuit lueaniaeauaussnadeuananaziluias
“s e ~ o A‘ A Y [ [ 3 AA 9 o ar J
Iada@nuuuianidnits sas aw usziwiniiey uazluealalaiunddldnunasugnsd
v A g v an o a e o
nimadou uszananianidudeyaniimaud  dilllueadnnaouuuiinians
“ x> o d o a o
midnm ldwaiuanlueaminauauasneds ‘mdwuu'lﬂa;ﬂmnummwaa RK.
-y [ Y v A’
Hambleton uazunanuniadizimsing 9 el
n. Nominal Response Model = NRM 223 Bock ifuluiasldniudaysuny
- r_ ] A 3 9 W, A 4
WWime qummmwaﬂszmmmm']ummmmaopdaau'lwﬁmwgnmaagmw‘[mb
v o s @ o a ' '
MIFwnAnldsnsuenmInauudazaian  nuldiFaulrimsruauiandule
a o a a o e v , P ' R
minaunndianvasfraunTzauANuAnIanimualilidviniunia dewn Thissen
Ihiuwrfailuwamnde lagmuuainmingm g anudasaavinlini U sz men
auEanIadRaUNTEAUAMITINIAMIaNgndaRNNd%
4. Graded-Response Model = GRM w3a Difference Model 789 Samejima
af e e a ' ' a . - a “ o
Tueafilfiuanasiauuuyssanuaiisu aauuy Likert wIau1amdauuudasiuun
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= L L » @ ) & A VA 4 .
waziimsltasauinanldssnyucmsasuudazandanais nsnlueslddedn dif-
o . & Y P v - Y Y
ference models me:mimmmmwmaztﬂmaagaaunmaumLﬁan'n k 'lmgn@\aa
& o o ' . \ o ] o P <
UUABIAMWIUNNHEAN TR A NNINILITUINGIRaNT | uazdlBani k-1 UuLas
s ] . . . . A el
NMINAwIaIgared GRM A9 multiplicative Poisson Model = MPM TInau Lo
. v Lo X A Y v . Y g .
Andrich, D. (1995) miwamwiivinduiauiilgmiannsdinliaunsold unidimensional
g A v L L A A
Rasch model = URM 'ldifiasanildadndaliofimsrudmifannsaauauasvasiuy
SO}
. . . . a o
f. Binomial Trials Model uas Rating Scale Model = RSM Wulueanwamn
. o o a . P
lay Andrich talglumyiadaudswyine (polychotomous variable) luiaafindnaan
o A g Qs ar ° ud .
Thadudalimaiau uaznsitldszyndldiSesan Fischer, G.H. uar Parzer, P.
9 Y 4 o
(1991) ldszynd RSM 13lumsiaazuuuanuidouuas (change) Samnujnis
@ z ~ [ v ) o =l d o oo A’ P
Jauvuaudultlalanadivinnans iwnzfifgnuiiosnndninaweiuuazwu (ceiling
av v d o v 3 . .
and floor effects) uazanmmzmsuwanuay  lwiesAinawlnii3unin linear rating
scale model (LRSM) inmzwinfiaeifasnuazaglugvssdaidubaudusanin-
o el ad 9/ . A o Qs o .
fimeddu 9 FBn1vavanas (scaling methods) Agansalinuuasiauuy Likert
[} bt h & ' . A L . . Q
wwideanu RSM 'leun dual scaling Sswaiwnlas Nishisato sz Cheung, K.C. Ay
Mooi, L.C. leFsufisuldidiuimasesitlanandunfenu ue dual scaling Hauaa
v A’ &~ 9 1
doansaidasdulauinnin RSM
3. Partial Credit Model = PCM Wawilas Masters IWaunsaldnuuuuaey
A Qo - 1 9 Qs [ L [ Qe L Qv v,
Aiwswdadan wsznlvazunuddanudazduandaiu luesilldsunmswawnva
1 . @« e & e W a n
Iulay Wright uaz Masters (1984) umianamianwimaaastalmlszanaluiaalaiafin
o a ¢ - ' da v & - ' a
WIINITIULA8T T8 Rasch model WULANY € NUNITHAIUITUTINILNN Tuiaamsia
n‘: A‘ 4 a a4 0 @ oA
YUNUF M (fundamental measurement model) TINAUANUARIAYABNITULNWITI-
- o - L A ¥ ﬁﬂA =l [
fmadgmoy uazwimiliimailodnnn uaziimsliafdnwaiioslumanlszanudin-
o [ a » =l . & & 3 = [ 3
fiiwaivasluian niswawage fio Muraki, E. (1993) lavamw luaanudminiiaes
AMUTY (slope) vaalfianwardadnuudasdaliluluiea (Sunin generalized partial
credit model = GPCM
3. Linear Logistic Latent Trait Model Waiwilae Fischer uaz Formann nu

. . a v & P
Multicomponent Latent Trait Model wawilas Embreston daiuiuluiaanisinasd
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o .« . A\ I o v A’d
Ysznaud il (cognitive component) iiduwiniiwesluluiaads wonanid
. . . A . a o [ ¥ " v
linear logistic model %9 Fischer Wainlasrnmualdininiiieaianusnvasdosay
- *v A - - 1 ' L} v
lugdvasmanududuvaasilsznaunidninadadianusnagluluaadis  waau
289 Embreston Ut Fischer WuiniuanGudunaimIngunamunifion1y cognitive
psychology MU psychometric 19né2unu luiaavas Fischer Mlumsiaaiudsioniia
wiluiaavay Embreston annsaldnutlggavinwe (cognitive skill) wagasnysznay
A ] o s ' A \ Y \d e ' \d ¥ A
lolasnudazasmlznsuiianudnydentiiaeuszasudaniniuuaazde lanndas
v Y L1]
2. Unfolding Models walwlag Andrich uaz Hyperbolic Cosine Unfolding
a . P [ ) e
Mode! Wawnla Andrich, D. uaz Luo, G (1993) (luluiaaffimsiamiaiugnu
probabilistic models for the cumulative models in pair comparison design "
Thurstone léauuwifaly '[uma'luns‘iuﬁvl@"uﬁ Squared Simple Logistic Model =
[ . J 1 Y - v L . . .
SSLM wWaiwilay Andrich Sldnansiianziivinifieuny Simple Hyperbolic Cosine
_ , g . .
Model = SHCM w83 Andrich uaz Lou wana1n#i two-parameter hyperbolic cosine
model = 2PHCM
o o al o e
7. luesinawnnngeinseauauasnadaiialdluaniwmsninarsannms
- v o . o & A
goudnd 1laun luaan Bock, R.D., Mislevy, R. Woodson, C (1982) Waimluiie
o . a €« ) . & a d [ -
IFlunmsseudiimirsnmsiiensiidundy 1w swdou 15Gow Smda lwamsdnmn
random coeficients multinomial logit model = RCMLM wWau137n Rasch model
. a o o
lay Wilson, M. (1995) elslunsinfinvureviidessunuiiugadessunaiuge
. ' A o/ Qs Qs v A Qs \ |3
(item bundles) URZUARZTALNLIVBINUAMANWUZHFDY wazidanloanudaslasiaine

\d U i ar ° 1 s A’ v U Qv
Jomauiunu @ANNINTL Wiallamdagauiinnu

v & € o - aA o
m3lsluasnsuaussnadaludslomidamsianantsfinwann  ladaya
v v o & [y Adn o o o '
saanspInudaanaadasduvasluesild sindansacaunsnlszunumaNaunsn
9 P = e & a V) = g [ )
vasgrovldlasfininiiinesilidudaszlidudunmsifsuulasvssdossy laddwin-
a v PIRY: y e , @ v: aad. & (%
Sinefvesteraunlidununguimatinadmoy laafidnussanugndaslunmnlszanu
» \d A! ) S » \ 3 o Qs Y
ManuamnIndFeuNTUsAumANEANINFEY T uazquanEneaiiaves
g o v ) A L e A\ hd
Tadnu uazldn1asiam (common scale) Talfussmuamaniidgaounazdosevla
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myispdumsiananisansuisaiunngensaeusuasmadauanainaziiu
mywamlueauazarasouluaauds  Sifimdsuferdunsahanarinnzuun
ANFWTN (ability scores) Vo IwOL ﬁmsﬁwma:uuumwmmm’lugﬂﬁaﬁ'ﬁ"waa
winiligefanusaninvaizeugang 9 TasfinsmmuarnminAzuwILLEN 9
uasiim s fumaman 3 fsanamwniime fanuamusouuuds 9 e

- [ - 4 R .

3.1.2 ANz Inasaauined (Computerized Educational Measure-
ment)

Bunderson, V.V., Inouye, D.K. usz Olsen, J.B. (1989) 15&?1]1’5"5‘13%37]8’1
ms"i'ﬂﬁ'mﬂauﬁumaﬁﬂuwamngmnmwTuﬁ'ﬂdﬁ'\umﬁ@ﬁuLnﬂTuTaﬁﬂauﬁ'zmas'
) 1 2 bl ° ¥ = %/ L Q‘: = A v
olwnizuaumTian laazainsieis andas uazdsznda UMM IRaEIIAAY

-3 b - A
HTsUUMIIAUNANIIUNITREY  UBTMITTILIUATUUUREY  UazMIsUIWIINIIRauhll
UstENTAIN I TIaMBADNRIAD LENANNTUADUVBINAUINTIOLDM 4 Uszinn
drzinnuan fe mIrevlasldnenfiaeed (computerized testing) mIuIwismsseu
qn'ﬁ’umau AIATIVAAZUUU NITTILITUNE MIFTITUIANTTBRALURZNIITIGNITREL
ldnaufuaaitaslumrnunniuasy  udmsiienzitaseudldngujuuuaidy

‘J -l Qr v o = . «
Uszinnfimes e misaudiumanzaisaanfiaiaes (computer-adaptive testing) tHuns

A‘ -~ L3 Qs \d > Qs v
FOUNIMIIATITAMUNO U NITADURUBITINTD ﬁmsamaaalﬂwmm:awnmdaau
) -~ “: i - A Qs
UAREAY ua:msmmsmsaaunnmumauﬂwT@u'l’EﬂanW'amas’ Uszinniany e NG
» A . d et 3 A v
@aiitay (continuous measurement) INBIAAMUITYNIAANMNREUUYNILBTRIN
¢ (Y 3 “~ ¢t v d o an
Tﬂs‘lﬂamaagaamma:ﬂu AouRIaeiimiNaiInzuuUNNEd  uazwlanunane
¢ v , - & P dd & @ ' -
Tﬂﬂﬂnmaogaanuma:ﬂmwwumnﬂs:mn‘naao dssianid Aansiaadadel iy
. . Y g0 o P s ¢ LA
(intelligent measurement) n’m@ﬂs:mﬂu'l’nﬂs:'[ﬂ'numnﬂaumma‘sgmq@ naNAa
el R o o o a ' P
aaﬁmwug'nﬁag'l.u.auao'uaa;dl.'nm'mmumunw'mgnmumma'luﬂaumma{ WaE
Y [l o ﬂ‘; A VA 9 o
ﬂaummas"mu'lummsmsmsaaunnwmamaﬁawmﬁgmmm:yﬂau'lvsmﬂ?nm

a 4 [ o
3.1.3 Tﬂsunwnaummaszhmum'nnNamsﬁnm
o ada & 8 e ' ) & aca AJ L4 =\
WwasnniFingaugediumsianamdnmaulngiduwitinealinqujnng
v & & ‘ a v % a
aavauasTedaiduiugiu uszmsdssnimdininiileailuluiasdasldnouiaines

a dl¢

sruluniseuime aaiudsinvendunswan lusunsunauRa@asamiunisiae
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wan3fnwiuduIunin Hambleton, R K. (1989) Baker, F.B. (1989) Cheung, K.C.

. o« A -~ A [ o Qs Qv ) e/ W s A‘

and Mooi, L.C. lélvsugalusunsunaufiaainidunaannnisia umnm’:"l’aaqﬂvl@mu
A a & 1 o & [

n. lsunsunlglumsimmsidosou mstszanmudiwinieas uaznisldazuun
loun Tusunsn LOGIST wamilas Wingersky 13 msvidaaay uaztssanusiwin-
- [ ] Qs - .3 A o r
SieafamTuluiealaia@nnitg 8a9 wazauwiniieas  lusunsy BILOG waulas
Mislevy and Bock uaz Scientific Software, Inc. ldWwaimlvmunsaltlanueasfiaiaas

. 3. . . .
§IUAAR Tusunsy BILOG fivnauadelusunsy LOGIST waananynuszuntuaIwd
iinada03T maximum likelihood uazd% bayesian @ lusunsy MULTILOG
walwlay Thissen vinwinilaw BILOG u,simmm’l’ﬁﬁuﬁa;&awﬁmﬂw Tusunsu
BICAL wawlay Wright and Stone 1#§ 3y Rasch model lusunsauiilésunas
waluszozdanndulysunsy MICROSCALE lay Mediax Interactive Techno-
logies, Inc. lsunsu NOHARM waiwnlas Fraser IFdwiunimiadudsminuuienia
uazwniid Tsunsu ANCILLES uaz OGIVA wamilay Urry dudulusunsanldis
m3sUszantuAiuY heuristic 1Jsunsy BIGSCALE waiwhlas Wright, Linacre and
Schultz 83135031AT¢% Rasch model uaz RSM 'lo Tusunsy DUAL3 wawlaw
Nishisato and Nishisato 153ta31¢¥ dual scaling

(YK Q ~ o‘tJ o | ) | Y

2. Tdsunsulgmsunmyiensinsudunauwntihnalfldsunsunauiiiaailu
28 n. leurlysunsy DATAGEN waiurlag Hambleton and Rovieneli 81%5U&3I9
iagmhaaaa’m%’nmﬁLﬂﬁ:ﬁmunqwﬁmmauauaosw’ﬂ”a TUsunsy TESTFAC
Wilson, D.T., Wood, R. and Gibbons, R. (1991) l¥auwrmsnadifvasteseu iaeh
avAUsznaudamay (item factor analysis) wazaindayainnes

° a = ' ; o = v A

a. lUsunsugmTunisusmiInisaay Tﬂmnm’lunquummmwmmmm*n’lu

nysuauwmILInsmssey laun Tusunsay PRISM waiwaley Psychological Corpora-

. P o o . .

tion \WagsuuusauNsuInIstasay lUsunsu Microcomputer Scoring System

waw lay TESTCOR, Inc. N33 Az uun 31a31eh wazasunalasldiaianiie
4 « P A do & o [ e o o

@329 (scanner) TuiiluinTasilensuiudmivnisseundsuaugaauann lUsunsy Test

as . . - 1Y o a °
Bank Wawilag Advanced Technology Application LWa&IIITUIATIVDRAUUREIAN
v o o X a , v .
JamaulavldnmsUszaianasn wenaniill optical scanners Waulag National Com-

0 A v o Qs v
puter systems, SCAN-TRON Corporation (W alddmiumsanaliazuun
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3. sTuuRsafImes TR IMIsauerzuy duri Tusunsy Microcom-
puter Test Administration System = MTAS Waiwnlat Science Research Associates
WoshauazRuidasoy amalinzuun Stased wasmoanuna Tdsunsuiiddesnalu
miaindereuldliiu 100 T warlifimsaisuimsdesey TuuReuRaReA
am&mﬁﬁ wn PETA waiw1lae Institute for Practice and Research in Education , School
of Education, University of Pittsburgh n‘.luh]mnmzim%’unjl'ﬁ'lummauuﬁﬁm
uniFunliiin 10 vwae usshpazliiiu so au dszuudszneudislysunsuten 3
Tsunsu fe Tusunsudanis3ssswinstasoy misduasRnndesoy Tusunsums
aTARzULY M uasdsniliutesay LLa:Tﬂmnmé“mﬁme‘J‘aNamsaamjao
uniSou  szuuaaNRilaal MicroCAT Waiwlay Assessment Systems Corporation
Tﬂmnwi‘fﬁ’ﬂ‘htﬂm:umauﬁvma?ﬁaugsrﬁﬁq@d’m%’umﬁmuamiﬁnm Wil
Tﬂmmuﬁ’dau'lumsu“‘smsmsaauv;nﬁv'umausfqu.«i MINAUITOFOLUATHINTUNIANT
damou TarwrimIsuuuusavdmiumssauliuman: (adaptive testing) @78 M7
@hlﬁumsaauﬁamsaaunuqﬂﬂa waznsmeuiungy mdssidiuguanyurysInuy
aauua:ﬁaaueﬁufﬂsunm ITEMAN uazmsdszainmaiwindiasiarslysunsa
ASCAL myiamslunisaeulasnisifieusiefuszuy LAN (local area network) uas

MITELITRAHR

-l - & -
3.2 BINBIAMMNIITYIZIAR
-~ . o ~ A [ [ . \ o ¢
Insrinrseunsussiiunanisansinswanituwadvunlugsdanoaiad
o . v a .
AMIINN 19 ITUALINUAIUMTIANINIIANYY IINUNANNDBY Scriven, M (1995)
v & ) s s I ar “a AN v a = ) [ 4
uam'lv\mmwanumxmswmmLﬂumsﬂmumﬂwqug'lvxmsﬂs:muum’mLﬂv.mam
[ =~ =l ! asa 0‘; o A [ = (% »
LRSI WITITWIINTUY 'nrmszugo'lumsﬂs:mu‘n‘lmumswwm'lmLm meta evalua-
. A [ oY . Y . . - A & =Y A 4
tion udumsiszfiunanisUszifin qualitative evaluation Fadunmsdsziliunls
a a o ) W ¢ & % 4 va . - a
umﬂmmamsnuqmmwmm'l'nﬂs:‘[wu (udn fnqsdwum:vlunmamﬂuanaum

ada L g o PR g
’UE]G’Jﬁ’)YIEJ']ﬂ"I%ﬂ']T]JSZLN%tLuﬂu

A’ A ° W d' 0‘: ; < ) . 4 ada ﬂ‘: A
Lua“’]mf:ﬂu’uaualuﬁj’ﬂaﬂ 3 YN“N@%HJ“[WUﬂaquﬂuﬂﬂad'JﬁQﬂUqﬂugﬁﬂqu
a a , & o aada & - day oo d4
ﬂ']T')ﬂllﬂznqsﬂizl”uwﬂﬂqsﬁﬂH"]l'ﬂ’]uu UGU?F]YIU'HJHESGaﬂujnﬂ”"lﬂu'“ﬁuﬂvlﬂu"ﬂu

' ada 9 v, g [ 4 = s . . .
1w AInoanisadeassuuulaess-uinng (Myer-Briggs type indicator =
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MBTI) munnufas (Jung) Tuawisuwas Pittener, D.J. (1993) 33Anunisaieaii
YausrinSusvaalsaiFouluauispues Webster, W.J., Mendro, R.L. and Almagur,
T.O. (1994) iilueu ﬁﬁau'la pradamusuldnnunanulunsasatulut 9 uas
PNUNAMAVDY 39 aT.ATF Myawnd Fae ﬁ'ﬁ"anmfugw‘f’mmﬁ@uazmsﬂmﬁu
HAMIANNY  UNAMATBY A AT. gNAUNT NTAU 3o ANNFTIHUAUAUNTIANA
MIANY URZLUNANTDY 37. AT.FINS Faandly 39 ANUTIBUAUFIUNIIUIEIN
uamsine Twsesadudile |

- ¥/
4. B INPIAMANG
ausyimihassnalulafineuiiieed Ussnaudumawamnlumanieadia
waATMIsznmfmwINlee fuuudn 9 unInsyIanmEmiesideyans

wIpgld uss3aldviWisinsduatidvam Wadrmanluilaeisdanissy

-~
ala s v

J -3 ann ] A LA Qs o
71 19 AintTugeduatiaiieneilng q nﬁ'l'ﬁ’luﬂ'equumuumwmmmmnmﬂuﬂ

v
] s #d o o Pl

mnmn:vfwuagmn WadATNIINGUU deuamadaanandasaulenindu lvwams
- (-J (Y A’ &) oad Y (2 ) 6 1 = [ < : Y. |
AATMANDNABINNTY wazidwdEnisnansltreuRnaatielunisianginidu 3%
- A ' -l :
Ingminaulalian
4.1 8m3a (Linear Structural Relationship = LISREL )
fman denawinoidu 3 o widnwal AFpdn (2537) apkinlbusnunanois
[ 23 a | 3 o ¥ [ Qs A &) vc'; v (% Y
Tuauaasnuauwutlaraadudursnindudsdniwlanidindsdanalduas
dudsueds lueadasausznousisluiaamsia (measurement model) va3gaGIULS
ad o« v o« o .
dusing uszgadauysniduns ussluiessumislasaaihs (structural equation model)
a A de oo ' , a a v o & dve o a

Tueadasaidugsanldiuattsunwsnany uanmnm‘[umaamsaummlﬂungannu'lwna
valuealanaiennuulsUu (covariance structure model) wisluiaalaseaing

WFAIRUNA (causal structural model)

o ey I3 o = o & o g
n’nxmmnuunaawmummmaawaﬂ'l'&'lumswuummaﬂﬂsuIUSLLnsu
- ad - a a o dao a [
ﬂE]IJW'JLG]iJ{ tWﬂ?Lﬂ?’l:ﬂT&lLﬂaﬂﬁﬁﬂ ﬂ'ﬂ:ﬂﬂNl?ﬁﬂ‘i:ﬂﬂUﬂﬁﬂﬁBﬂHﬁﬂ?E’lﬂx‘lﬂQHREN@]'J

v s O a - s Iy cd o '
'l'mmumao URETBLUNTINTWITINLABINADINTITU TENIUA

v ‘J - o s - -3
anunusisfsunansiilysunsuaautiiaadamiumsiinndlueadaea
A L-J . - = -
FUIuYINNITINTUATIERBIRIENBY (factor analysis) MTALAT1zRENTNA (path
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analysis) waznsUsznauimnniiined (parameter estimation) mwﬁ'n’rmmmg%
(econometrics) wn3spldnsdinszddrisaifowau wazasesoungud eantuns
SpfldRnmininidodassiuluesdmsanamgufidunseuniude WIBRNNATIU
FWerau nezauniienziiaradiznaudin manmuataysiiwzuealuias (model
specification) mss:qmwmﬂu‘lﬁmtﬁmm asluias (model identification) msUszunm
fw3fiiaed (parameter estimation) luluiea Mmmezsuifisunnunauninu (goodness
of fit test) wrwinlusdmsamunguuszdoynialszing IREATINROLANNAT
283lu1aa (model validation) myduluiaa(model adjustment) wazmIajuuazudla

ANUNRNNY

lusunsuneuRnaasamss Walwilay Jorekog, K. and Sorbom, D. uazd@
amihelay Scientific Software International, Inc. Iﬂmnmﬁmmﬁqmé’numzﬁ’: 9l
(generality )ITTianzidayaldniiuriaseunquitmaliensidayaniatidnnguuy

- o o 1 8 4 o oo A v 9
lumAddunudaumans uazwgdnssumaad nanladn I3nmmesiiandesld
- [ 3.9 - L3 3 ¢ ’
ARTIERMIMTIIATIERAMNULLTUTIU (anova) MTARTIERAMNILTUIIUIIN (ancova)
myliensininaneswiao (multiple regression analysis) NaduII@AUIILSE
W MiaTzasRlszney (factor analysis) mivianzdianduiusailuiines

. » [ - o . ) A Qs
(canonical correlation) M33ATIAENIWA (path analysis) mMsAnTzAluasniien
v J s = = I3 . -3 o
WITRaI@? MmyieansAlueaduiwang (simplex model) msinziluiasiiia
(multiple indicators multiple causes model = MIMIC model) m3siniziluias

a a [ a .
§e9AA (two wave model) MIdATzilulaanisiananlaniuain (congeneric mea-
surement model) WAZMTINTIEA LUIaENAINENBUMENEILIT (multitrait-multimethod
& | A A o [ % a & a -

model) MunailunidniavaimAansiaolusunsudaansdu ldtunsudsissie
dudszlomtunmalumsiTuuazmyianananisdinm

qmam}aL@iuﬁnﬂs:mwﬁwaﬂﬂmmuammﬁamsﬂs:mmdwwwﬂﬁmas‘ﬂ"'m
3569 9 nu ﬁuéﬁwﬁ%ﬁwé’mmﬁam“iq@hidwtf'mﬁn (unweighted least squares =
ULS) Siﬁwé‘oaaoﬁauﬁqmwﬁuﬁ'ﬂﬂ (generalized least squares = GLS) 37ladiada
§9§@ (maximum likelihood = ML) "“J%ﬁﬁa”oaamlfaﬂﬁgﬂdaamfnﬂﬁﬂﬁ'ﬂﬂ (generalized

. as o 4 LY A 0 %’ Ad .
weighted least squares = WLS) 5nayaasuagganisuinunuwimiey (diagonally
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. a S ° o ) ol el .

weighted least squares = DWLS) uazgili3irnmuadiudsiiluie3asfio (instrumental
. & o o o v A !‘:

variable = IV) NUATMIAIEBIUBLNZARDITU (two-stage least squares = TSLS) Tw

msn’muﬂdﬁﬁqﬁuiﬂw%’umsﬂs:mmmﬁ'zu‘i%"laﬁﬁg"ﬂgaqﬂ

Tﬂmnmamsa'luﬂaquuﬁmswwmﬁmas"nun 8 danauwlilanulysunsu
- o - o & P el e & o &
Juladld uszmydoumaitazainiy  mwnldluwiesun s # a19lglenanmmw
Py - - A a & A5 a
aasn usemwBunds (SIMPLIS) daflummwisingunaly wanantlusunsudad
A liasuRllaafasunuMwLRAILEUNIBNIWA (path diagram) Wedae

Tsunsunanfuaesiliinnsiluaadaisauenmitennlsunsudaisauda
gaulivaslusunsy 1w TUsunsn EQS Wamnlaw Bentler, P.M. wazdnswiiolas
BMDP Statistical Software, Inc. lUsunia EzPATH wawilag Steiger, J.H. uazia
9mielas SYSTAT, Inc. lusunsy LINC waiwlae Schoenberg, R. Waz Arminger,
G. uszsasmihnlan Aptech Systems, Inc. lUsuntu LISCOMP Wawnlas Muthen,
B. uaziavaminglay Scientific.: Software International, Inc. lUsunsu CALIS 3@
Jmieslas SAS, Inc. lsunsu PLS waiwnlas Wold, H. Tusunsy COSAN Waiwn
las McDonald, R.P. uazlusunsa AMOS 3a3wiinelas Survey Design and Analysis
Services Pty Ltd., Small Waters Corporation il’ml_h:aun’linf’uad;“i'lﬁﬂuwuﬁ
Tﬂsunwmﬁ%‘f {ilUsunsu LISREL 1astufl s uas AMOS lFisuazazain uazan
NeNuYes Waller (1993) syUmiiianziasdisznauiiidudunnmaiienciey
Tusunsa 7 Tusunsusniin COSAN, AMOS uaz PLS wuiilusunsufiauasliuann
fa LISREL, LISCOMP usz EQS

a.2 TnaaseAuaAnawBaIAW (Hierachical Linear Model = HLM) 3o
Tulﬂaiuﬂizan‘ﬁ(iju (Random Coefficient Model = RCM)

9 o

a - e @ A A o
waﬂamvﬁumﬂ’\l UY]']\?ﬂ'WﬁﬂlﬂﬂI(ﬂ UanlﬂLU a&]ﬂ'ﬁﬁﬂ FIALUUUANA WCURIN D IUS
% P < [ o . . Y a
\udaysnaaauniniuszauaanay (hierachical nested data) wiadayanauszau
. o ; L o a d e , . v & v
(multi-level data) @athagudayanniniFouiiumicsdesvesioniou #oasuu
d e ' , a dd a €a [ [ a
ﬂlﬂu“%']UUaﬂ'UadITGlTUH 'luﬂu“u?Uﬂ']T)Lﬂiq:“N 3 7:ﬂUﬂ@“auﬂuﬁ]qﬂI70L7Uu

L= Qr Qs ﬂ'l A’ ] s ] » s ]
waalTon uazuniSou anumxﬁagasmuawauumm gAlsLARzIEaUA DI T unMae
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v ‘ a . ' ¢ I ' a ' ,

MatunguImnlzmnsuuunmusianhnie niualatTunkIEN1g

Qﬁmam%’ LU vu‘J;u"’m @R D UND WA 1we Ma Wudu  arduniionniniiee
¢ - [ L ) v -l o ' - I L3 - [

AANINWNITANWY 15U wniTou wasTouw 1saSou nquTsatsuu Wudu wisonadu
] AJ o ar ‘; & ¥

wihsAfannmyiagy (repeated measures) A le

wianwol 35398 (2535) AIUIRANIMNIBTBIMTIATIERTBYANMILIEAL WIB
v o [ v & - oA & P
wagmmuawauuumaan‘lmﬂu 4 Urzmifa UszniswIn thafAnwanulasunyad
-] (> “ ~ - ' A ada A U
(change) wiowauims wIamaadgidula (growth) ludrnamine g 35inunls
a Y - o o - .
Tun1siaelaun msamﬂ:ﬁmagamgnmnm Uszmsngas (Wadszunmanau
Usznaunuulsusiuzasdintsudazaranuudsusulundsssedudanuuandis
Qv (Y] = ) 9 A’ © [ 30 = € P =
Msunniasinele ngmmumamﬂuﬂs:‘[uwmamﬂmswzmwaﬁnmmnmauamﬂ
[% =S ada A 3 Al 3 €
lunissanisanen 35nenltlumydienesiaamidamsiamdsznouanuudsdsiu
. » :J d = - ar ¥ Aﬂl '
(variance component analysis) Usznishau iWafinwanIwavasdLUIAUNNNs6D
a ] s addn A /4 o + s I
dudvauluudazizay 3Fnealtfia mAlensvnTnenasuunudasIsay 1w
between unit model Was within unit model N1t TNERaINa1 T UHAIT UL Cron-
. o A a a o v da
bach, Burstein W8z Eckland wazUszn1ing (Wadnwaniwazasalndsduniide
v > ] Qs :‘ 3 A - o ' 1 ar
muﬂsmu'lm:@wmumsmmannqm LRZANBIIN BNTNRMINANVUANAIULFARETEAL
| e a & —~~~ S ¢ i o d e A v ,
mauﬂ‘s:anﬁmsn@naumnmﬁmﬁ:m:ﬂwmumsmnmnnqm'lmﬂumuﬂfqu R
° v e e A a4 \ v a a Y v o Y| o
i lfidududsamaiafinmnilasudninannaaudsiuszauniomsiaflngniy
‘ o v L -~ J « Qs 0 ; [ AI A «l
atinely msmvmm'lv\mauﬂszammm@naouumuﬂsqumaatﬂunmamammTuma
A A 1 U -“ A'n -3 o A’ v
anTaniiain Immauﬂs:amqu (RCM) Iimsiansvinawlas Bryk, A uaz
J v - - 9
Raudenbush, S Fududwamlusunsunesiaiees HLM ldlumsdiamsidas
Fo o f . . .
Tusunsutisasvsinalay Scientific Software International, Inc.

'w)’mi!ﬂ&jdﬂw”ltlﬂ’lﬁLﬂiﬂ:ﬁﬁdéﬂ‘ixﬂ’ﬁﬁﬂéﬂLLﬁ?%:Lﬁ%1ﬁ’i’1 FFInemAezd
muyszmansnidwdsnlsiuanten  §m3FinumBensilues HLM COGITED
q’mmuﬂs:miﬁ:: ffm?uiwLﬂu‘i’ﬁ%nmifugaﬁ‘léﬁumsﬁwm’lnai lUsunsu HLM
nATmMalznaudsiwniieaiaieitueaudiBalszinyd (empirical Bayes = EM)

° [ Y a £ o o e o o Y] A “ @ .
smiduUszindluszaun 1535 iaiaesiosngamunionalu (generalized least squares
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= GLS) dmsuduszantluszaud 2 uazl$371addgageqa (maximum likelihood =
ML) swiunmivszanausiaiudsznauanasudsdsiu-anuusysiuian (variance-
covariance components) IFBITEAY (Bryk, A., Raudenbush, S.W. and Congdon,
R.T., 1994)

Ml nsrluasssdusanauiBadu ﬁa'[uwmz‘«‘uﬂs:ﬁn‘{zﬁnﬁﬂuﬁ‘sﬂu'ﬁ@ia
MIIVBURENITFUATIZAIIWITBNIN Jounal of Educational and Behavioral Statistics
(1995) dsarimsmsatufimsAptudesil lwsssdananagdldin maemzd
Tnasrravsansudauduiliuslomilunsdnsssinsuavaslsadou (school effec-
tiveness studies) Lta:nwsﬁnmgamtﬁ'u (value added) lFlumssanmzianuisoaa
AWmalensiefinnm (meta-analysis) wazlflumsliemzidayannmsinmszozen
(longitudinal study) &  dm3ulsunsunsaRnasfiuuananlusunss HLM 44
mwnInienzidaynld 3 szduuds Gillusunsy GENMOD Waiwalas Wong and
Mason uszyszanud1a2837 restricted maximum likelihood = REML  #ilusunsa
ML2 uaz ML3 Wawlay Goldstein uazuszunudnals3® RLML AuA% iterative
generalized least square = IGLS unziilsunsn VARCL wawlew Longford uaz

Uszanuiaa3% full maximum likelihood = FML

4.3 8Iinsamatfdmiunideulsuisuaznuannisd@ne
- W a > ; o
AMUADINMTIUITD UL BUREINUNWNI AN U TR T NN LLG:DEU‘SII‘IF]
- > LA ol v veal ~ A el - '3 AnAd
\mmuuTnmu‘lmLmdusmmmwmaams‘lmmnaun'l'ms'mmmﬂmﬂmmmnmm
I A. ; L3 L 1 ® v, Q ada L o o et
URSRNTINNNEITW  AudaIn1saIna T uNa A T nIwaIn I BAnEe I wa iR gL

o ala P

- o A ' a asa ¥ J’ l‘: P aca ]
MTIWBAINKTY U.ﬂ:l.ﬂﬂ’)%’)ﬂLI’I?J%'LJMJ%MN']UI.L!JIJYNYII.I‘J%'J%’M’I?JW'[MN URZITINGYIN
oo P

& acda ad & o y
uwannysannaiiingasmaailumniifiordas 1w iwswgmaas 3890
. oy

vinauladian

4.3.1 PERT uar CPM
. . . a Ao
PERT (Program Evaluation and Review Technique) \Jwinafinfisinanlsln
- daa v v - LR °
NMITIIUAY llﬁ:UTﬂW{[ﬂidﬂ']TYI&m'ﬂﬂTﬁJ‘ﬁU‘Haul’UﬂNIUGﬂ‘lﬂ“lﬂ??Y]ﬂ(ﬂqUﬂ']ﬁ%ﬂl'lﬂ']

KA v o T a a w a ds o
Iﬂﬂlﬁﬂﬂ’ﬂﬂﬂ’lﬂ%ﬂﬂﬂiﬁﬂ ﬂ%ﬂauﬂ'ﬁ')lﬂﬂ:ﬂfﬁ&lGmil’mﬂ’liiﬂ.!ﬂ’wlﬂ‘ﬁllﬂﬂEJJYI’]I%IQNHWS
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:‘ 9 0 -3 v [ " N
MITTYMIVNEITBITENINNINTIN MIFTHTILNU (network ) UazNITUTTUTUANITN
A o o -l A c‘: A A A A -~
PANLFIUMINIAINTIN 3 WL fe AMIUNZA  IRINUIUNFD uaztanllanUnd
5 v - .y - L L 0 [ | A
FIWMIFUNWINGA mﬁLﬂﬂ:v\‘maga'lus:ummsmﬁomsm:mtummmma:tﬂun
& o v w ' a A a
Tnsomw:tasaauaugsd ua:msﬂs:mmquumsgnyLﬁmma:nanﬁmuanamm
ﬂ‘: ] < [ 0 .. < - GJ v
uu“lmaﬂaugsd@nnnmmu &% CPM (Critical Path Model) ifluinafinnadoaia
') o o o '’ P o & . +v
AU PERT @9nun CPM uwwmadiarsvnsmndannuanduiiidiudasnisivlasims
W®FUSnaunmue CPM a:’zhu'lﬂ";ju‘%m{[momsﬁa%u'la'lﬁiw:Liaﬁanssu'lcﬂ%m:

¢ 0w a X o d
tﬁum'lmmtwwuuaunq@ (Bruno, J.E., 1976)

¢ v

- I's ¢ W -~ -
a.3.2 nMiiansinadstlmi-aunu uaz nsdensiaunu-Usz@ndua
(Benefit-Cost and Cost-Effectiveness Analyses)
inafiamiiiensinalszlomi-dunu unafianinnsimuassgmaad
A ° -~ d‘ - ) Ll -
ngnmm‘l'ﬁ'lumsnumomiﬁnmmauJ%'uuLﬁuuﬂs:ammwmaamsmmumumu
| P & a Y A a
ulttpdne 9 Adumaien suasumsiinmsidsznavdis nsszykafitiaannis
audunsaunlouny msﬂs:mum'nNaﬂsz'[u'mfua:ﬁuv;u'luﬂwdﬂLﬁunutﬂué‘l’aL?m
a ' o “ ' ¢ Y ad o
mMIAaAJa9U (present values) mamsﬂs:mmmNaﬂizTu'nuLLa:muquLuamm
A Q r-3 [} Q‘; W« [ @
ATARYI uazdanGuiie dutuasugarhuidunsfiouifisudauanauuny (rate
AW we S . 7] o oda a o P
of return) NlaTunnnsaufinamudazuuuiRalilapuuunduszinian lunsdin
ﬁ’n’:ﬁ‘u‘hjmmsnﬂi:mmmNaﬁszfumxfmaqfﬂsamﬂugﬂeﬁL‘Eu'lﬂ” wn3dwo1alenag
"Jmﬁ:ﬁﬁunu-ﬂsx?«ﬂ'ﬁwatmuﬁaﬁnmNaﬂvﬂumﬂugﬂmaaﬁmwmumawaw‘a‘mﬁawmu
Usdpnsndaunu (Bruno, J.E., 1976; Weimer, D.L. and Vining, A.R., 1992)

'luﬂaqﬁ’umﬂﬁﬂmﬁmsw:ﬁwaﬂs:’[wmf—ﬁunu ua:mﬁLﬂﬁ:ﬁ«\"unu-ﬂszﬁn‘ﬁwa
WAs Q W - - A‘ . . .
asunmswainiiidsz@nSnwanniu Weimer, D.L. uaz Vining, A.R. (1992) i8ua
e dd ' Q@ € & Qe [} v o ~ (3

wAsIne nddlunsainlsansadansyszlumituarGule Tdvinisdemsvius
Uszlumigmanin-dunu (qualitative benefit-cost analysis) unu lapR91sminin
o ¢ A o ' a a '3
Tanuszaedy aslasamsuazlunydinlassmstithwanevsisagng onaldmsdiensiuuy

multigoal analysis i8¢ modified benefit-cost analysis it
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4.3.3 lsunsBoidw (Linear Programming)
mﬂﬁﬂmﬁmﬁ:ﬂﬂmnmt'?mLi?mﬂumsas”nuuui’maow?aTuLﬂawaoUswng—
msm"lugﬂaumu%aLﬁumomﬁmmam'mmﬂmmu WRZTDIMNA LUNTTAURRIU INIUU
- Y o a o o & ° PR
Jamroy luesuazudzumimaisauidulyle dasuiugn WazAIAaUNANga
vd J ) ¥ o Qv . I3 -3 -~ O A:
muldBanlafiiudodia (constraints) mafinniriiamstlsunsudaduiiuanain
:mmmﬂszqncﬁl’iﬁumﬂwuuuﬁﬁaﬂu RREMIIUNUNITAN LA SIRINAIO LTI
-~ Vv Qv [ -3 ' A Qv
Ugyminmsuda Jgninisliniwensdresiie Jgwinmsusumanoan ussilgwiisany
MIamuat (Bruno, J.E., 1976) wanani Marsden, P.V. (1981) gaigualiliinadia
myeneilUsunsudadulumsiiansdanu's (sensitivity analysis) wioanssn
208 I ARG 8H19ANARILARITENININITILA TS LULAR R RLIANUNITILA TS

Tsunsuidadudae

s

4.3.4 masnIal uazmIhammieynsaia (Forecasting and Time

Series Analysis)

mnﬁﬂmswmmtﬁun:mﬁmsw:ﬁauq.nwnmuu’aaamﬂu 2 ﬂi}j&l n&jmtsmﬂu
- oy P S A = A
inafianiidaansadasdwirnngmiastlusdadsssunaisawafiaswennsoilsing -
myttluawina e mﬂﬁﬂnﬁwmmm"lun'cjuﬁ‘léfuﬁ mafiamsnnl#i3oy  (smoothing
techniques) Usznaueit inaila moving average, exponential smoothing, autoregres-
sive integrated moving average (ARIMA), integrated moving average (IMA),
. . . . . v 0‘: A [ Q‘; o
adaptive filtering multiple time series models mmﬂu‘[m@am}nmnmuuummu
oy - ° : . P %Y
nmawmsm%uﬂgﬂuuu{umanau uaﬂmmagniunmuuu Box-Jenkins ‘mvlmaa
o v , o & a das P S ) e
muwuaguuuuvasluealifien nduissndunefinfifidoanandesduininngmsoli
a & a v o ¢d a eal a . &
a:mwu’luamﬂﬂumwauwum’ﬁaﬂmnuﬂﬁngmimau FINARANIIN mﬂmﬂunquu
laur inafiantswensaidasluieamnansy usr Tuesiaswgli@ (Montgomery,
D.C., Johnson, L.A. and Gardiner, J.S., 1990; Makridakis, S. and Wheelwright, S.,
1989; Box,G.E.P., Jenkins, G. and Reinsel, G.C., 1994)

s ° Qs Ld A \4
ﬂ'ﬁ']lﬂ?"l:ﬁﬂk&ﬂi&lnﬁ’lWi&l"]:ﬂ'\'lﬁ?ﬁ'ﬂa%lﬂﬂﬁﬂ”ﬁi'lﬂi'?&l’lla%lﬂizﬂtil'nv\ﬂ']ﬂ

[} ) A <3 \g 5 3 o » ]
TN ll.@lllMU"NﬂflﬁYlﬁﬂ'ﬁlﬂUT}UTJ&l’ﬂBHGLﬁﬂd 4-5 ANIMNNFUMDUWARIUANIY
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L 9 :H ] ° v Pl o o [
snuuzdoyauuuiizondy panel data Yuiudeslinaiianiiiaszifiay Markus
(1979) ldiaualililuieawmouuy nydidayaiaszian 19 Markov model, Coleman
. . . Y o (A @
model, Wiggins model usr log-linear model nttﬁmagmﬂumuﬂwamao oM

Jnzinisnanas Wiley and Wiley model uaz LISREL model

o~ ad A - A A ) g A A‘
nafiaitans 9 AldlunFHsulouns uazmsuEUMIANNANEINNTIAU

ad - . A oo o - [
fnldlunsibresdnadsuna Salldwanlusunsuneuiaiaaildlunmsiiamzdaya

A v A ° P (A =~ ¢ [ g
uazlidisudnrnmiiensideyalasldlusunsunanfaiaeiugwdu Tsunsulada
' o ] v o el ' o~ o
(Judge, G., 1990) uwddumiidvarsiunaiiadinandldluniisonsdnmln
' o AoV a0 o ! < A ad e | Y
Uszndalnglisnin mquandaliilduwinamoanaiunnznafiadidmandains
o a o - o & v ae o .
anuiAugunadiamaaslzmmih Sndmmiberuduiwnninidudiagiu
L @ Aada o A s

sormaanine A PinomAsnulovie  sudunaiielumvuasegmaasuss

viwspsfiadusmlngfidululd

4.4 M3IATIToyBIAMNIN (Analyzing Qualitative Data)
ToyadmiumMITuNIMIAnm wasmaitbrifanmaaiuaswgdnsiman’
AN saa - & AA! [} ] &) o a da o v ] e
alFiinmsiansdimaatidiugediulng WwdaysBuSinuiiiszaunsiaaiudszay
Qs ! ) - v o 1 “: L3 - -~ L -
suasmaduly wiluanuiiuiSedaysdananinideyaiBasfnnuandenmunw wniidy
. sad o o o o . & o PS v a €
InazlfiSasadusauil (dummy variables) Iuunudrudaiauniw uf o
L=y vV Aaaa :l A v v 1 > 1 O
minanes wisdiansilagldai@iiensitugidu 9 laglddaanauiasduirdauls
Qs A 1 ‘:; Qs 9 A’ L4 ana A =3 Lod ¥ \d o Qs
audimavuraansesnudaanasuiasdusatadd FFmsleneiainanidednne uaz
v oo W v aa o 9/ o [ X 1 e o LY
wnafid ldwosaiannisniiensidayadiqunwlhidiu - wanisiauivitliiie

o da Qv 1

- cle v o ] ‘J Q- ] J
Fingduadidlng q Adwdszlamd 38 insandniiasdalui

®
4.4.1 lanmanon-8iRpd (Log-linear Model)
o [ as oA 6 &) P al U [ A3 = kg

mynnzdlaasion-Silled WwdenuiunmAnnsidaynidigmnineis
- o d e A 9 s \d = ar A 3
FImineaidiienaunlueafizenndasiudeynidalszind  (Reneseuauyfigiu

A ] o Qs 3 o

uazielsznmdwinleailulues anrazvesluiasian-Silluilsnsaunquluias
anuvnniuBadu uszBidulds (linear and nonlinear probability model = LPM
and NPM) luiealadn (logit model) luiaalwsdn (probit model) laiaaladadn
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(logistic model) Wnadi@szmmimnlinefluluiaadieiTlodagagiqn (maximuj
likelihood) tm:"‘:%"lﬂ-auﬂﬁsi’wqﬂ (minimum chi-square) WanMIAATIEATWLUIAEN
AumsliianeiniTaanaswy (multiple regression analysis) fawmfenanuda Tuiaa
smsumyiiansinisoanaofulueaidadu (linear model) iniu (Aldrich, J.H.
and Nelson, F.D., 1984)

A ' a - I3 a A o

Kennedy, J.J. (1983) afungin nanmilienziluaadan-aitofnydinaiuys
mdmulsduuazdudsauiuduliiadszinn (categorical variables) wiallutaya
a & et 9/ o - ¢ v a (3 A ¥
Banmunmuu wWisuldatumsiienzddonsienzsianuuls)sm (anova) iield
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practice of evaluation

mnNamu@‘ﬁummﬁwamunq‘ut‘fﬂsxnanﬁums’mmfmaa Scriven Wazun-
A lag Scriven WidaaqUddagdudsziduvssnnunsoinadingujsains
ﬂsstﬁuvﬁa‘inmmwaamnh:Lﬁuﬁﬁﬂeﬁ'umwuau'lamnnsjnﬁfnﬁm‘f\mmzJ &afl
Scriven lausysznauiunsiianziinninnuntadn 9 didsufairmaniusins

Y & ©< ] :
Usaiiudaslvwaruaulaludszidudalui

(1) Toyaninmisziiuainilu value judgment wiaiilu decision support
(2) mavszifiudasliledeasuifassifiuniala (evaluative conclusions)
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(3) ﬁ'nﬂ::Lﬁuﬁunmmﬁwﬁﬁaﬂﬁﬁaagﬂt%eﬂmﬁuﬁa"l;i (draw evaluative
conclusions) wIalwguinnslasanmiduddaiuias

(4) logic of evaluation wiofilu core discipline @3 Scriven ﬁ‘ﬂag‘lu
theories of evaluation WuAIsUszNoUMIY Nawl wwada wiewluriml

azlstha

MIRRINIATIIRYDINTU TN

v o P |

il 1081 Stufflebeam uazamiz lewananasguvasmsvszifiwiaduuug

° = - ve o4 a v g s o '3
milumiaufiumaszidinliiduigete suilluanunssulumvinldmanizes

Y ) - A Q 3 [ 3 ' Qs Qs ' .

midszdwiwimdwnvauivle agralsfiaw ludrmasiuud Evaluation Network

. . v Qr A ' .
(ENet) uaz Evaluation Research Society (ERS) leusiunuiiumunaudain American
Evaluation Association (AEA) nwmnaufFuainguamsyinnm (Task Force) lu
A Qo -~ QA o Qr Q = . . . . A
1 1992 iWewmanujudamsuunusziliu (Guiding Principles for Evaluators) LWa
WiRaanudunasguluindnvesmadsadin Wl 1903 anezviveulay Dianna

v \ g A a A W o Qs L™ .3 9/ Qv

Newman wazauz ldisuadaailitsatuumilfidsmivindssduldiuasznisanis
- A o/ Qe I \ 3 + o A
Vimsaunay Sadsznaudasnaning 5 Uszmis usstasmnudes 9 3w 23 1o
uazdalauaning1d Imsuanidmundnuesmanay AEA asnzuuuinazueniulunan

- a [% ' ' ° a [ a4 s M v
UHIR 5 dszmisuazdeanudeswioly dmdundnmaninguiauauazdslildinig
a ) Id Q‘: ot Qs ' ; \‘: ar ; ] et =1 o Qv
pausvattuilumamsuu davaelui lasvs 5 wanmsitlildlinisSusauaay

ANEINTY

1. Systematic Inquiry: Evaluators conduct systematic, data-based inquiries
about whatever is being evaluated.

2. Competence: Evaluators provide competent performance to stakeholders.

3. Inteqrity/Honesty: Evaluators ensure the honesty and integrity of the entire
evaluation process.

4. Respect for People: Evaluators respect the security, dignity and self-worth
of the respondent, program participants, clients, and other stakeholders

with whom they interact.
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5. Respensibilities for General and Public Welfare: Evaluator articulate
and take into account the diversity of interests and values that may be

related to the general and public welfare.

< J LY = ' ° a o v
azdniulaiinguniviuiiiles Stufflebeam diausinagiuuainis
= 1 A 4 A‘ A -3 a o o] v & ‘J o« [ v A‘ +
Uszfiunneuwmiriludrionn mavawisindsadiwldifuisesiuflilédngeiisey
Lt A VQ‘; o v A A A’V 1 v L d
A manew AEA ledasnasrnnumealdauney AEA iRafinmTasiidananithodu
° P & o Aan a Yy a 3 A‘ - ' © e
ausYIIUdEnananyUfua 5 Usznisuu ldlidafadwdindniy manwuananms
[ ) "M v ' ° Y P | o : v &
aanan W ldnunsanuiniunldunuunaspiunsdssliuniimanwuanauniiti
[ 4 v o a Ly v [ v o [] ¥ v A
uddaimsldifanaannindnliindsduldvinnuedngndasminzauuasyina e
v a ﬂ' ey 4 s A o 3 Qs a ar
lelvdadaiiuduimannsfiimuasiszadanuiasusssimaaziuanlasianis
o - o . “  aea d o
Yszinaanizeint mintaiusisundadszimauandrssanly wanujuddeanuns

rziinfoawdouudaslannfianeile
d "y
wRanged IsnIaumalssinimindnsnveamadely

UuUYINTITU TN
Qualitative Evaluation,Participatory Evaluation

.Y~ A ) v R wed < ' ] 9 v ada = e
Emsnltlumalssfiud@nsid wsiuindeudaezadauamuisineinsise
A o A 0 m o . -~ ~ ° .
lwsaenn1s38iin M1 398uuY quantitative research 1IN sz iuANn3via quanti-
. . A o A . . -~ 23 .
tative evaluation n3ailaiin333uuuy qualitative research nMImsUszifiund quali-
tative evaluation 3988n13%1 meta-analysis n19n13UszIAIN19Y1 meta-evaluation
d < , & A , v a rﬂ“ll vo & o [ %
adwiuiaraiissnnnguininmslu 2 maadi asuARIUMIRRIWIANINING
s @ e v W A a - 1 Qs - d
Weeiu W3 dndans wesinusziduenvanduaunguidoiu Safamiuannldow
-~ A e : + o 8 L) - [ Qs 3 4
InmafinamBuinlnag aniu dRsanmsesenwuumssedinlugianasaciiui
~ ° o P e ) o . . . % &
Fuiimaiiavaumifiafisaiumalsaluiinmnin (qualitative evaluation) 147
anlumsdszifinauend o

A @ o 0 o g A Py A I .
raimaafammiiodnanamie middodgunwiiuuuy Parti-
cipatory Research w38 Participatory Action Research (PAR) lumsuszifiunlims
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' a .. R d o« & [%
naIte msUszifiuluy Participatory Evaluation (iai32 9 % Garaway (1995) @
- < o a de wd d v e a o e a
denunamuiiginunUsadiwihgingdesiumasadundhaniidulumadsuiiv
. L “i = vay . )
a munqu'uaoQﬂszmummnguaausau'luTasonws (project participants) uaz
- - . ) ; ) s ° [ ' o
unyszifiuenlw (professional evaluator) AUNFUUITTINNUMNIUAILANITIANT 11T
9 L Il 4 = Q@ . ) ] A A \d
saflarnudwmnstszdiuuasmansuninsmssaiinllgindusindnedw g nifvides
° AJ [ - ' val oy ' A ° a ' a A
amamhaulsfangusesdiidauiululasiminesihindawhaulunnlizdudeles
e -~ - : ] v o -~ N
wazazvimsuszilulasdfieels Garaway dviusuensavanufialunsvianis
- Py Yo a & a & o Py Xa YIRS
UrziiiuladBi uazlidefaiuin &enddgrasmalszliuiuuitfensilgamauns
Y a « . .y ° a a A
aunsdsziliuninanzan (evaluation facilitator) nsAmuadIsnisdssiiniinanzaw
o A2 A . ) P P | a
miaiteanuan uazaldienlslunmsdsadiv asaaauwnanlslunmsdsafiv ms
- A’v a LA a ¢ [ o d e v d e« “ge veal
Urzifluupuiidasiifldiemamismsesfisnduivimi iy facilitator  wazg®
¥ 1 o U o A’d v [ =
aunlumssndiv Garaway wasimsdsalwuunilded mwnndumsdam
o o Y ; a A . T
yasnsnflszaunsailunuvasanadhaninlundsaiiv wazfoiaunguiiiug
v a ‘ vel o e v & [y P vel al ° v
aadulasamsladnindau uazdadumsaiuurssmavesmsGouing lasmsigls
nan13Uszdin (end-users) vvinmstszsiliniununuinyssidiveriw

mMIUszsiluluy participatory evaluation flimflaumstsz@iumelu (internal
. d o a , R a a )
evaluation) Fihmadszilulasyanalunicsau Lilindsaluandwangaslums
a LA a ol v [ o v o o o o /o) o
Uszidiu mm:’lwnﬂs:muawwmaaag'lugﬂuuu'n'lnunﬂs:muawwmmsﬂs:me
& - o - A a | & - .
Wudaszanindsaifiumelu 5a3oniuiv madssfiunmeouen (external evaluation)
wuda dndszfiunmsluussinyszfivnmousniilavinnunmsdsafiusiunumilen par-

ticipatory evaluation

Fourth Generation Evaluation Theory
- add a do o A A e P . -
7:uJumm‘lﬂumsﬂs:mmmmnfmmmnua:nmﬂuﬂaugn'lmmamqmg
- ; . . .
myvszifiulusaueii fa Fourth Generation Evaluation Theory 2839 Guba & Lincoln
a Ao . ' . . o o e [ ) o
(1989) umnwwag'lunqwao naturalistic evaluation anwmziduNYIWaUEIURILY
- A’ v o @ o e el
gauluuurfadt  Aamsliduwnlunmisdadulanugldiunansznuainlasnisun
v » ] s v 1 \ g o A [
(stakeholders) fimslwgmdvin 9 Aulumssiongudusziudaiuglasunansny
-~ o v o Qs « Qo L3 - < 1] A +*~ -
NnMsUsidiv m'lv\mﬂmiuaxmmunu'lumaa;ﬂmaﬂs:mumo gnlanmsysaiiv
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wazv lifaanuiulalumsldnszuaunalsailiuuaznanisusaiiin (O’Neill, 1995)
] -3 - Qe - A’ . ar [l ' . . [
atwl3fiaw Scriven (1994) ld3nsnlumrfaitindaaglungy constructivism uazl
' & W a a & 4 a & M oA -«
AauumpnuuwIfei ihassinmsdslivannuwafiazldlatoinisusalwmdunis
v : v a - ' ' a &
AN qudIsanuduivasiiignlssdu  wdtiadimaszidiwiunasin

] w -t

MIMMULBIAKUARENFULTINMTBATUINAU UNANNTIMAT 9 ImTanindiansal
v -

-~ - :U ' o A ar -~ -
wwIfanTUssliniuuinuuin Llﬂ:%’]'ﬂ:tﬂullu?ﬂ(ﬂ‘nUd(ﬂadﬂﬂhﬂtmz’)Lﬂ?’]:ﬁ?'ﬂﬂ?ﬂf

(...}
NUBNUIU

Need-based Evaluation, Consumer-Oriented Evaluation
. ' - ‘o ﬂ] I . . v
Scriven naivuuumMassluiiu consumer-oriented evaluation 1iu1u
L ' 4 L3 :ﬁl ra) v o Qs [ : AJ
u§? uddnngienudeisuiimslvenudauiuanniu lususn Stake (1972)
a o o . . . Y o .
L{@UaNNUAALNEINY responsive evaluation WUAWAIAYALYN clients #30 stake-
4 o ° Y v [ ] ¢ - v = o
holders @dasvnanutlalwasanuin aunguitmnatiales Smanafaawizngan
L) . . ‘J v o = « N Qs
\usfdaduls (decision makers) Tufluanvaldviminsudin fliezseandaeiy
- . -~ . 5‘; - \ 4 A
ANUAAUBY Scriven IWTITUWIAAUDY Scriven W nungraImIdssilinidunnig
. - Y ' % < o odn oM. val o o~ a P
namsUszlulle ndudld (users) Wunguilildwinofsdidwnadadulaifiog
' o A \d A ' ‘J R ! ; .
nfuifed nnznslsziiuinsdasiuawnmengn auilaiunansznumarit (im-
pacted population) MITladAMTUINAMIUTzIlUdY wfamadszluiuy con-
sumer-oriented evaluation 39025WAMNFIAYNINNTT manager-oriented evaluation
. - v A nl - A’ ) [ »~ 1
(Scriven, 1989) stwzmsﬂnLuumaagmamnmmwtﬂu‘lﬂmummmaomwaanqu
adq v “ . & P . & a L e €
auntasunansznunialy Tmumqu msﬂs:mma'lummﬂmagnmmqﬂssmﬂama
= 3 & N o & a K& v °o A &
w7 wanIstduuuy goal-free evaluation A9%U NITUTHLIRIIGDIATRINY needs Va3
AN vo 9 - v a & = - v &
aunlasunansznumy  uaziieldtaaudedu AndnSonnsysaiiuliianzasiniu

. A « P o . .
need-based evaluation TILUUUWIRALALINY consumer-oriented evaluation

Individualized Objective~-Based Evaluation

lunsdszdiulassmsmansinmn ﬁwniﬂsonwsé'onsh':'lﬁu‘%minajuﬂuﬁﬁs:ﬁu
@9 9 U wssdmsflduandnaiu i‘mqﬂs:mﬁmaonomw:ﬁuagﬁunq'uﬂuﬁtvﬁwm
JUVSNT (program participants) 7zoﬁ’umam§juﬂuﬁmeﬁu lianudssmsbimleuin

o & A av a a da o 4 a [ ¢ v
ﬂduuad&]ﬁdlaualLu’Jﬂ(ﬂ'J'\ﬂ'ﬁlj?:LU%ﬂSG’WIQIJT:‘«iNﬂ ﬂ')iW'ﬂ']?m"l'l(ﬂQLI?:aGﬂllﬂa:ﬂ']u
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- a a - d « a [ . [
wminnsdszifiule 9 Bansdszlunszunumswiansnuiidunnasgiudsaiu ezly

\d lJ [] ¥ -~ = . . . . . . .
magan'lugnmao wwaAanMsUseiliuiyy individualized objective-based evaluation

-

& & a A, o ' . .
UNeUwu (Lam, 1995) u.a:Lﬂugﬂuuumsﬂs:munmau'lwoLmnme'lﬂmn objective-

based evaluation

Meta-Evaluation

- A ) [ ' A

Anominudiunisdaslimiasivrevnaztiveniisaaunwiasvatauiala
M3 meta-evaluation JufunisUszifiugmninvesmslsludnedy adhalsfiaw
& [ - ; ] L4 A [l o W 1 ) °
matveamstszduuuudilinmin aufegluannndivud lifanudmnglusn
mydseifiu UNaraIdd meta-analysis WANGI991N meta-evaluation 88191y N3¥n

. [ o < ° o A & s
meta-analysis ABNIFNATIEANAMNTING Wufa mniwamTIwnidsziduidn
ol Qs b [ 4 A \3 1 A . &« s
WeNUINRILA TR Nan T aI TN luumuef meta-evaluation (Juwmsszilivves
madszdiudnady winfasanviunvesmsdsalivuarziiuitliisinsguaned
= A A - = = A UJ’ 1 Qe -
pamIUszidinld asninmadszilueslsionn wamsdszlunlddvegivuiunves
' & d o a v P [y
MUILUNY 9 (context-dependent) lasaniswilanfiumsmealaniigaunile dae
4 o a | g d a4 o d  Hdw ., )
Raulunits uamalszluezeaniniuuuunits SudwSosnliaumasunauazlivm:
o o T d ° PS @ - o f '
adszlomiang s wammlifiulassmsluansusidsriusainiisnuas
WIaNAMIANAKIIUYDIlATINTIUMIBITWAN LAYNURINATY § ATI NNFUATIEH
A g ' -l A‘; ~ ] v v A A =
Wamdaagliudnads  inmziihmingrasmadizdulildiunnssgdiedananis
a o “ ' o P ac A . e &

Usniinludsszmnmianguiihminsduinleunnsids (Sesves generalizability 39
Tilgusuduaraguemstsaiiv

1 < -~ a J a
ptelsfian nmsinwssauran1systifiuves Gallegos (1994) Bavinnns
-~ A . . L4 -~ o A
13:10uU1599 Meta-Evaluation of School Evaluation Models I@Ucdﬂi:tuuuﬁIuL@aﬂ
ISy A [ > = o o -
TeluwnsdszdfiulssiGouwaniidn 9 luanizauinawin s1 luas svinsdanney
A o “A )
lueadlglunsdssdiv lagasnsaunszuiums anasgmuszinuinlilumssadiu
.‘: :‘ L 7 L %3 - L% i [ ' “; 1 = Qs ;
muums’l'nﬂm:gﬂs:mm-m‘lﬂmmsﬂs:muhmammuuamaam:mnnu UNAMNG
L] LV V) ﬂl A - [} A A ° . ../ o
m'lmdmummu.lauumwaﬂ'lvmmmnumim meta-evaluation %uAa N1 meta-
evaluation 'lmha:v\mm'nmw‘iLﬁmmsﬂmﬁu‘i%msvﬁaqmmwmaamsﬂsztﬁulu
A [ 3 s Cas A -
Tasamslalasammtlasianz udsnunsovldlasmsgannewismsnislunsdszilis
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. . A A’ &~ . o ° .Y
(synthesis of evaluation process) T901NIAUILANIY meta-analysis WRIMIMIUTELU
- A oW L. N \‘; v o v v A ) A
qmmw'uan%msn‘lﬂmnmsmmﬂ:ﬁ'mmuu aum'lu“lwagawmmmagﬂﬂumm
a M o A ad & - - o - P val :
nuqmqwamlams:mumsma’mmsmumUn'l'B‘lumsﬂs:muao‘lﬂamm'lm u
mmauwmummﬁmaamsé’oLﬂi’l:ﬁﬁ'ummswaauqmmwmaamsﬂszti]ut'ﬁﬂﬁ'auﬁ’u

Needs Assessment
a o 9 ° v A &) W A < W -4
vndszifiumndasviminidudwamlassms (program developer) fidasdl
AMUFMUNIIAANADINS (needs assessment) maRamMAaTsiaNudaINs e
o o ) s v o [ [ ' al
fumavawiagnannlugng 1080 (Hudunn wanvaimsiannudaimisgnain
. oA dy s d - e o da X
WENEINMAMNLANEN TN IR gavieiifiaduueniianmw
d o & Y oo & o A o a o as o o
Tymidifeduuszdasmudly  ussnsdydasdinnsiaSussiauanusiagssgn
ar ' da & a ar (Y ' v g PLRY
gmnanNfetu inafiamsiannudasmslsudsaanlaidunasdszinn Aldiuun
1euri (1) NITUIUNMIINQN (group processA ) L% brainstorming, focus-group, technique,
. . P d @ a o o @
nominal group technique (2) naiafNgInuNITIATIIRIAUANNERYTEITYM
& [ @ ad . . .. P
failumsianudasnisneglundu setting priority (3) inaftaiBauina (future
technique) (7% Delphi Technique, Forecasting Technique, Fault Tree Analysis,
Cross-Impact Analysis Waz (4) M3lEIFn381323 (needs survey) MNMsAN®AID
o Y da o a & Va4 Ly Vo .
myIaANudaIMININIIuINaIuAT 1981 was Witkin (1994) wuidmlngdl
o ' I v ] & ), v .
mamlwamsins  waznguiihmanoihwinbow a3 Sefaiungugdiuuinig
. « -l . JV v o A9 o 1 8 ad
(service provider %38 primary needs) wananHEINLIITMIAlTTIUlngIEuITms
. A a . a o
WUULALY (single-method study) meﬂ'oxtﬂuwwﬁ (multiple methods) inAuAN
[ ar o Qs o Qs [ A v o A’A‘ v s 1 -
duwuumsiaidseaiauanudaylideslaingld nansiTeddlbitiuinnafians
Q@ . AV o A et L Q' a Fad & s 9 A [ ] g
Jannudasmsngalinudiidadine uhziinmomaiiaudndelsiuadralintunng
A ° [ A Ad v o 3 o/ Qs
(394284n13%11 needs assessment (HuFaenilglianuauladunn viuldda
nonumBslugell 1990 udunn JusadudnlninimInaun needs assess-
d o & v 1 a L4 a =
ment models (Waldiunududn g mafnmluiimaszgndld uszmawauwni
- o A - Qs “ A > v A ) A Al -~
mafleds enndinsiaanudesnsimuzanualidayaiingaiio Akwaninaila
) Id U Qs Qe ° a d ] o .
sulngAlsiuininannnmaaiwiaa I T1du 19U NIt cost-analysis, forecas-
. . [% ' v d e a [V o o
ting technique 1Judu razfsnaudndndsziliuarsidanuanlanunsvaul

~ " 4‘ v e _=
mﬂuﬂmmu'lv\ Wuingantuadaunias
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Evaluability assessment
madszfinimiounumsafiulasins deslinsamseunauGusiioyUjud
] I v:‘ ° -3 (Y] ol H‘: o
" fanuduldldnsyinmsdssifivannteaiiosla lassnisiu 9 swnsarinms
P ” A ' o ¢ d o A Fa o o ' . «
Yszidinliniall slwimblifoarduGestidgiauoanuimud (194 Smith,1089) lauiiu
1 -~ LY A A ' L% ° 1Y o n‘ &
Imraudanimaiadlontionawlarinsuas b lduanisusaduntuwdss lomi
° oy ) A = ¥ [l
M3¥i1 evaluability assessment 3unszuwmaioadvnslaseaiisedlasems v
ar r-Y a ) J o =4
mqﬂs:aocﬁlaﬂmoms ATINZVBIIATINT AINTIN  TANNFISIVaIlATINg
A’u o~ - 4 s ° '
uamnnumtﬂumﬂmﬂ:ﬁmwLﬂ%‘lﬂé’lumsm'lu"[ﬂﬁmmﬁqamqﬂsza«f 1A
-~ v -l & a o v a v a va o
mtﬂs:mu'lmagan‘énm uwaziduniveuivvesuinig Waafuulony diavinlasens
U [ L) ’ -~ 1] 3 L7 - ;
nm'ﬂ@ua;ﬂtﬂmaﬁaumﬂmﬁ:ﬂﬂnmsnaumsﬂs:mu a9 lsney  wluwrfadt
1] » 1] » ’ - 1] . - L -3 A ! 1
lideplni wawuinlumsdsafiveslidasinmyaniumsluiFasfiatraduszuuain
a ‘. & = - a 4, - ar - ad A ¢ ~ v &
un mtﬂuanﬂizmwmnma:umswwmmﬂumﬁmaﬂs:qnﬂmﬂuﬂ"lﬂ'l'ﬁ'lumnmu

Teacher Evaluation

miﬂiztﬁuﬂgmmﬂﬂ’mﬂuﬁaazhcmﬁwaqmnls:qn@ﬁﬁn’ﬁﬂmﬁu"lﬂ'l’&’[mm
maszliuazanansdfunning udszuwuudniiansuzddgiawiz Scriven (1995) I
uagduuumdszdiuds 12 juuoy laglduonansuzaesluiassaniidu 2 szinn fie
Uszinniiiu criterion model Fyazliuwraifipasunasiildlunisusadiv (15w ms
UrzidiunzannadlagBennuaaninlunsaeu Sawansujianu udu) dudszian
fiiflu method model Flwwmdaifsrivaimsildlunissufiu (1w mvldidew
Hvmdugliteys malifiBnmgidudusaiu msl#snmsdunsallumafu
Taya) Scriven u.amm']mﬁuiwmsﬂsuﬁuqﬂﬂaﬁaaLﬁuﬁ merit uaziAalinis
ﬂt:tﬁuqaﬁmmsﬂs:Lﬁuﬂgmm’mﬁuauumulﬁﬁw wiowmifinsanastuaau
f1$e daiu Scriven 3413]Lv\"u@"mﬁ’umsﬂsztﬁuﬂgﬁ'l’ﬁ Research-Based Teacher
Evaluation (RBTE) uéi%%i1 Duties-Based Teacher Evaluation (DBTE) w3a114a4
(3un Duties of the Teacher (DOTT) ﬁmwmm:awn'hLﬁaumnﬂgmmsﬁmsgn
vrziinlasinmeinfianazeusss mituazsrasdidrrinuiinaanssiuinlivi
wihfizeuniiiie unmna’m'lmvjﬁaagﬁﬁau?uu o winvzdsziliunziansszdiu

o em v A -~ [ L 4 A - !U ' g
wamaUfuinulwiasFoudiioduniflasess masuawwifaiiuiudulszlood
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) - . 3 A ) e o
don17usziliuyAaIns (personnel evaluation) uasiinaasziauninazdinianson

Tuminawlutaadaly

umﬁ.ﬂ

Y A A a ' . o “ a o
unanaiasudninameamufinatinauinan Scriven Tfiaifuwinda sin-
v ‘J o Qs A ] ) AJ a .
Uirgridegaunievasismadsadiu luin 2-3 TR aswuuwifeves Scriven lu
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= A - v; (] A " -3 A o
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nefadanaiumllas wdwiunanuvianhifedunmamiiunadiulnga:
o o 1 = ) W« Q'I ﬂl A ° Qs o Qr IA =
dend1 “msdsafin lLigndas dufie &efiiauadnindaagimaszdulasams
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TWILANRZAIN NI IYIMIUTE L u,a:msn‘Jugﬁmulumsﬁ'@umeqms a3
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AN APPLICATION OF
RULE ASSESSMENT APPROACH
FOR DIAGNOSING MISCONCEPTIONS*

SIRIDEJ SUSHEVA

ABSTRACT**

This paper introduced the new diagnostic method for detect-
ing misconceptions. The method was based on the rule assessment
approach which stated that each testee had various rules of operation,
and that the same responses might be obtained from the same or
different rules. Therefore, the rule assessment of the whole set of
testee’s responses would make possible the tracing back of the rule
and the diagnosis of the testee’s misconceptions. This diagnostic
process consisted of 3 steps : the first one was the developing of
cognitive patterns in accordance with the concept of the content wanted
to be diagnosed; the second one was the construction of item forms
and the test in such a way that the response pattern could be traced
back to get the testee’s cognitive pattern; the last one was the two-step
diagnostic process : exploratory diagnosis and confirmatory diagnosis.
From the diagnostic method for misconceptions in mathematics, the
negative signed-number addition, of a sample of 940 grade 8 students,
it was found that the diagnostic result of the developed method was
stable and had criterion-related validity when the teachers’ diagnostic

* Paper prescnted at the Intcrnational Conference on Teacher Education: Innovative Alternatives for the
21st Century, July 11-14, 1995. Bangkok Thailand.

** Docloral Dissertation in Educational Measurement and Evaluation, Department ol Educational Research, Chulalongkorn
University, 1995.
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result were used as a criterion. This method provided diagnostic result
consistenly with that of the Rule Space model’s, and was able to avoid
the limitation of the Rule Space model; i.e. - to discriminate miscon-
ceptions of the testees whose item score response patterns were the
same or all zero’s. In addition, the computer program written from this
diagnostic method functioned as planned.

INTRODUCTION

Recently several researchers from various disciplines such as cognitive psychology
and psychometrics have developed rule assessment methods for diagnosing students’ mis-
conceptions. Researchers from each of these disciplines were motivated by an interest in
knowledge structure and development in human cognition (i.e. Anderson (1981) and Siegler
(1976) from cognitive psychology, and Tatsuoka (1982) from cognitive psychometrics)
Tatsuoka and associates (Tatsuoka, 1983a, 1983b, 1985, 1987; Tatsuoka & Tatsuoka, 1985,
1987) have developed a systematic approach to the study of psychometric properties of
misconceptions such as the stability of misconceptions committed by a student throughout a

test.

Diagnosis of misconceptions can provide useful informaion in evaluating instruc-
tion and instructional materials and can suggest specific prescription for remediating a
student. For example, the source of many of the misconceptions constructed by students is
the ambiguity of explanation or the lack of precise, accurate instruction (Harnisch & Tatsuoka,
1991). Multiple-choice type diagnostic test is more widely popular in Thailand than other
methods. This kind of test can diagnose student’s misconception by the choice he/she
chooses which is in accordance with the provided misconceptions. In fact there are a lot of
misconceptions committed by the students in a specific content, but each item in the test can
contain only four or five choices. The students might have other misconceptions which are
not in the choices but they must choose one of the provided choices. In addition, the same
choices could be obtained from various misconceptions that are not always the specific
misconception provided by the test-maker and either the right choices could be obtained
from misconceptions. To avoid these limitations of the multiple-choice type diagnostic test,
personal indices (Drasgow, 1982; Harnisch, 1981, 1983; Harnisch and Linn, 1981, 1982;
Harnisch and Tatsuoka, 1983; Sato, 1975; Wright and Stone, 1979) designing to summa-
rized response patterns are used for detecting anomalous patterns which may result from
application of some erroneous rules, but they have only limited power. For instance, these
indices cannot diagnose sources of misconceptions or provide prescriptive information for
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remediating students. Nevertheless, the use of personal indices is economical and applicable
to general areas because such indices can first be used to spot candidates among students
who may possibly possess misconceptions and may hence need personal attention from
teachers. This procedure seem to be widely used in Japan (Tatsuoka,1983). To get the
more information for the misconceptions diagnosis beyond the personal indices’ capability,
Tatsuoka and associates (Tatsuoka, 1983a, 1983b, 1985, 1986; Tatsuoka & Tatsuoka, 1983,
1987) have developed a new probablilistic model for handling actual response patterns
together with theoretically estimated response curves. This model has been named the Rule
Space model. The model begins by mapping all response patterns in a cartesian product
space {(6,f(x))}, called rule space. Mapping is accomplished using the Standardized Extented
Caution Index and the true score (0) following the Item Response Theory. This approach
facilitated the discovery that a large number of actual response patterns match response
patterns associated with some erroneous rule of operation by examining the proximity of a
student’s position in the rule space to the position represented by the erroneous rules. The
Rule Space model has the limitation to discriminate misconceptions of the testees whose
item score response patterns were the same or all zero’s and it does not suitable to use in the
classroom level because this model, applying Item Response Theory, has to take a large
number of student to estimate the parameters in the model. The developed diagnostic
method which is based on rule assessment approach was designed to handle the limitations
of the previous approaches and provide the exact prescriptive information for remediating
each student who has misconception.

RULE ASSESSMENT APPROACH

The rule assessment approach (Seigler, 1976) focused upon conceptual develop-
ment. It can be summarized in terms of five core assumptions.

1. Children’s conceptual understanding progresses through a regular sequence of
qualititatively discrete rules.

2. These rules are ordered in terms of increasing correlation with the correct rule in
environments that the children encounter. Children will not adopt a new rule that is less
highly correlated with the correct rule than the rule that they are already using.

3. The effectiveness of a learning experience is largely determined by whether the
learning experience distinguished the child’s existing rule from the correct rule. If the
learning experience does not discriminate between the two rules, the child will continue to
use the original rule. If the learning experience does discriminate between the two rules, the
child will either adopt a more advance rule or will enter into a “rule search” state character-
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ized by uncertainty as to which rule is correct.

4. A major reason why children do not immediately adopt the correct rule for all
concepts and why they have difficulty in learning it consists in the limited encoding of the
correct rules’ component dimensions. Understanding of concepts frequently requires inte-
gration of several component dimensions. Failure to encode one or more of them can restrict
children’s ability to learn the concepts.

S. Failure to encode a dimension may be caused by lack of knowledge of the
dimension’s importance or lack of perceptual salience relative to other dimensions in the
situation in which the concept is to be applied. Increasing a child’s knowledge of the
dimension’s importance or increasing the dimension’s salience can lead to improve ability
to learn, which in turn can lead to improve knowledge. Central to this approach is a
methodology for determining which rule an individual child is using. According to this
approach, each testee had various rules of operation, and that the same responses might be
obtained from the same or different rules. Therefore, the rule assessment of the whole set of
testee’s responses would make possible the tracing back of the rule and the diagnosis of the

testee’s misconceptions.

THE DEVELOPED DIAGNOSTIC METHOD

The developed diagnostic method consisted of 3 steps : the development of the rules
of operation; the construction of item forms and the test; and the two-step diagnostic process.
The first step was the development of cognitive patterns or the rules of operation in accord-
ance with the concept of the content wanted to be diagnosed. A rule was a description of a
set of procedures or operations that one used in solving a problem in some well-defined
domain such as arithmetic. A right rule was defined as a rule that produced the right answer
to every item in a test, but an erroneous rule might fortuitously yeild the right answer for
some sutset of the items (Tatsuoka & Tatsuoka, 1987). The rules were developed on the
basis of logical analysis of the task of solving signed-number addition problems and on
analysis of actual responses given by students on a test, followed by clinical interviews. In
this study 126 rules of the sign-number addition were developed. Table I describes three

examples of the signed-number addition rule.
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TABLE1
The Sets of Response Generated by Three Rules

Rule 1-2 Rule 2-1 Rule 2-4
Items
Responses Scores  Responses Scores  Responses Scores
1) -9 +3 = -6 6 0 -12 0 -12 0
2) 6 +(-2) = -8 -8 1 -8 1 -8 1
3) 2 +(-7 = -5 5 0 -9 0 -9 0
4) 4 + 8 = 4 —4 0 12 0 -12 0
5 -3 +(-9 = -12 -12 1 -12 1 -12 1
6) S +(3) = 2 -2 0 8 0 -8 0

Rule 1-2 : If the signs of the two numbers are same then the student adds the two
absolute values together and takes the sign of the number with the smaller absolute value in
his/her answer. ‘

Rule 2-1 : The two numbers are always added and the sign of the number with the
larger absolute value is always taken in the answers.

Rule 2-4 : The two numbers are always added as seen in Rule 2-1 but the negative

sign is always taken in the answers.

The second step was the construction of item forms and the test in such a way that
the response pattern could be traced back to get the testee’s cognitive pattern. The basic
strategy that has been used involves the formulation of problem types that yield distinct
patterns of correct answers and errors for students using different rules. The six item forms
were formulated for the content of the signed-number addition and used to construct the test

as shown in figure I
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ITEM FORMS
1) -L + (-S)
2) S + (-L)
3) L + (-S)
49 S + (-L)
5 -L + S

6) S + L

L : The number with the larger absolute value
S : The number with the smaller absolute value

TEST
1. 9 + 3 =
2. -6 + (-2) =
3. 2+ (-7) =
4 4 + 8 =
5. 3 + (9 =
6. S + (-3) =

FIGURE I The six item forms for the content of the signed-number addition and
the test.

The last step was the two-step diagnostic process : exploratory diagnosis and con-
firmatory diagnosis.

Exploratory Diagnosis : After formulating the response sets of each rule, the
student’s response set was compared with the response set of the rule one by one. All of 126
rules generated unique response sets. Therefore, the results of the comparisons were classi-
fied into three cases.

CASE 1 : Student’s response set was the same as the response set of a rule. It will
be diagnosed that he/she used that rule.
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EXAMPLE
Student’s response Rule produced the same response
1) -9 +3 = -6 #1-5
2) 6 + (-2 = 8 #1-5
3y 2 + (7 = =5 #1-5
4 -4 +8 = —4 #1-5
5 -3 + (9 = 12 #1-5
6) S + (-3 = 2 #1-5

CASE II : Student’s response set was not absolutely the same as the response set of
any rules, but it was mostly like the response sets of only one rule. It will be diagnosed that
he/she used that rule.

EXAMPLE
Student’s response Rule produced the same response

) -9 +3 = —6 #1-7
2) -6 + (-2 = 9

3 2 + (D = =5 #1-7
4 -4 +8 = 4 #1-7
5 -3 +(9 = 12 #1-7
6) S5 + (-3) = 2 #1-7

(The response set of Rule 1-7 was -6, 8, -5, 4 12, 2).

CASE III : Student’s response set was not absolutely the same as the response set
of any rules, but it was mostly like the response sets of more than one rule. This student had
to be diagnosed in the confirmatory diagnosis process.

EXAMPLE
Student’s response Rule produced the same response
) 9 +3 = -6 #1-1, #1-7
2) 6 + (-2) = -8 #1-1
3 2 + (7 = -5 #1-1, #1-7
49 -4 +8 = 4 #1-1, #1-7
5 -3+ (-9 = 12 #1-7

6) 5 + (3) = 2 #1-1, #1-7
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(The response set of Rule 1-1 was -6, -8, -5, 4 -12, 2
The response set of Rule 1-7 was -6, §,-5,4 12,2)

Confirmatory Diagnosis : The students in case III had to be diagnosed by taking
the confirmatory test. It is a true or false type test constructed from the previous test by
selecting the items that are not be found all the suspect rules. From case III item I and item
V are selected to construct the true or false type test which the provided answer of each item
is generated from the rule that cannot be found in the his/her answer in the previous test.

CONFIRMATORY TEST
1) 6+(=2) = 8
2) 3+(9) = -12

The provided answer of item 1 i is generated from the rule 1-7 and the answer of
item 2 is generated from the rule 1-1. "The students’ response can be generated into two

cases.
CASE 1 : True and false or false and true response.
1) / -6 +(2) = 8
2) X 3+(-9 = -12
The student with these responses is diagnosed to have rule 1-7.
1) x H6+(-2) = 8
2) /[ 3+(9 = -12

The student with these responses is diagnosed to have rule 1-1.
CASEII : All true or false response.

The student with all true or all false responses is diagnosed to have no consistent

rules or use guessing.
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VALIDITY AND RELIABILITY OF THE DEVELOPED METHOD

The developed method was used to diagnose misconceptions of a sample of 940
grade 8 students. It was found that the diagnostic result of the developed method was stable
and had criterion-related validity when the teachers’ diagnostic result were used as a crite-
rion. This method provided diagnostic result consistenly with that of Rule Space model’s,
and was able to avoid the limitation of Rule Space model; i.e. — to discriminate misconcep-
tions of the testees whose item score response patterns were the same or all zero’s. In
addition, the computer program written from this diagnostic method functioned as planned.

CONCLUSION

The developed diagnostic method, by comparing the students’ response sets to the
rules’ response sets with the confirmatory test for some students, facilitates diagnosis of the
misconception that resulted in the erroneous rule. Students’ responses are often affected
by random errors produced by uncontrollable factors (Harnisch & Tatsuoka, 1991). The
developed method enables us to take into account the careless, the erroneous rules, and the
guessing. This approach for classifying students’ error patterns avoid some of the weaknesss
of personal indices, such as the problems of setting cut-off scores for determining atypicality
of response patterns, dependence on a baseline ordering of items, and the lack of prescriptive
information for remediating. In addition, it decreases the limitation of the Rule Space
model; i.e. — to discriminate misconceptions of the testees whose item score response

patterns were the same or all zero’s.
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ABSTRACT

The purposes of this study were to compare the effects of differrent pre-notification
methods, respondents’ positions, and follow-up mailings on response rates and sincere
responses of mailed gestionnairs. The subjects were 1,500 teachers in secondary schools
under the jurisdiction of the Department of General Education, Ministry of Education,
located in Bangkok metropolis, equally classified by the positions of school administrationtors,
heads of department, and instructors. The 5x3x2 factorial design was used with the analysis
of 3-way ANOVA of three factors with one percentage per cell followed by post hoc of
Z-Proportion. The 3-way ANOVA followed by post hoc of Student-Newman-Keuls was
used for the énalysis of sincere responses. The findings were as follows;

1. All methods of pre-notifications significantly effected on response rates, and
pre-notification by telephone had higher response rates than using cards, postcards, and
letters.

2. The response rates of the instructors were found higher than those of heads of
departments and adminitrators.

3. The follow-up mailings effected higher response than nonfollow-ups, but sin-
cere responses were not differrent.

4. There was an interaction between pre-notification methods and respondents’

positions on sincere responses, those instructors with pre-notification by telephone had

highest sincere responses.
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