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AY, -0y, >0
X, — XA <0
- A>0
2 g

Y A Y A I Aq Yo Aa a a
Mtz lugumsven 1 uazvon 2 uauminlsiadszansnmnamaiin
1 =) H A § 1 { § d 4 =" {
YoanuegInani Wil cuag s dauaumsdon 3 uaz doh 4 Huaumsildiamanasunlas
Uszantnmmanaluladvosiegsnedl i seningwnm e uaz s 381 0 Hantosnimio
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mnu 1 (0 <1) 3z ldnszurumsmanaluTaginady (Coelli, Prasada, and Battese, 1997)
ad . . ad I a A a
95 Free Disposal Hull (FDH) Analysis 75 FDH 11umsilsziliuilsc@nsnimues
= £ Y a SN Y 1 [ o 2
FLUUMSANEIFIIHA IS 10A0S Iasuny TaeBin1TUsenuaumsnINLAUNITHAR
. . A 9 dy Y @ v = X o w A o’j )
(production frontier) e 1H UM IFIMHUNTZULMIANIIFIANAINNTAUUT WO U
o W a o $ v .
Yadumsnan (spending inputs) M 1¥uazi 13 ldundanadnivsona'ld (educational output or
=2 d‘d =\ a A a A 9 ~ 4
performance) NNMIANEING UUseansnmuazdszansnanintioaiiiosla Harbison and
Hanushek (1992) Gupta, Honjo and Verhoeven (1997)
a Lé v an o 9y v A o w IS
M3AUATI12Y Iaee1deds FDH  awnsoibunlglunisdasesdiaunui
a a oA [ A v J
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TAMsANEITENINAAUTUMSANWAAZAUNIINAIATTUAZNIADNTY INAUMTNITULAY
A A 9 3 9 Y I XK a vao A J 1 ~
mswaandsznann ldiugazdouldidudegluuvrvesmsdiadanmsiniulledied
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. @ ada 4 @ a
(best practices) 1A HaNNITU0IITAUATIZH FDH Ao TULTAESWAUNTNTUUAUNTNAAT
3 1 1 @ Y A o 3 % [
waaaliiviug usaeseauilede (inputs spending) Ariudhun s lunsanyniuldndgeseay
a a 9 = @ 1 dy o ydyw Y
YSurandan aIuMsAnEIgage aunswsytauainandausoim 14gialan
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F4 F4
AguiumsIansanyInInIassuazmaenyuiuliszauanu luddsea@nsmmmnntiooni

[ = 9 o a [ = &~ [ 4 = c; 1 (% 4

nuiieala AANTUNIIAMIANEIFINHAANTNINITANEIAINIIHAANFUUANNINIULAY
a I~ Y=Y A A a A A A a o' 1 1 <3 9y A

manaatludilszansnmmsndanietszaninmmamaiadindl ed1elsnaw defveq

ax A =~ v A Y A A ax dyd A ]

78113 FDH (Weieufiudsmsaseaumswssuaugunudy as 35013 FDH Ullnnugangy

(parsimonious approach) oM I3 WaNMINIULALIINAI IaeliteauyaguITadenmsnan

[ 1

uazHANAAvBITZUIMIANEIAIIaMenoenIniu 18 Feauyagiuaenainldanumine
9 @ = a = [ = Ao 1 A 2 9
moldszaumaluTagmskaafeddy aumswsvuaumsanyNlianyuzaolilosdgnasia
g J < [ o @ o { o -1 8
vumnansor lmsiuldn seauilatenmsdnynindn I luszuumsanunsivuaadu ldands

a v J ' a o3| 4
USIUHAANS (performance)  gagainla 35015 FDH  gnidenun1diiluniesiiolums
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= a o 9 o a (Y] = z:; =< A [ ,:; a
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=

A v Ay Y = = A a ¥ = .
ﬁi@WaﬁW‘ﬁ“VIUlﬂﬁ]"lﬂﬁw]JUﬂ']ﬁﬁﬂ‘hl']’ﬂ']slf'lﬁﬂ‘kl'I ADUINITNINATUNITIANE (educational

v A Y

= 1 as A A A asm dy 1o o Ayaw 9
services) uaﬂmﬂuum 'Jfﬁﬂ']ﬁ FDH 8uU8ANIIITNITOUDNAD 'J'ﬁﬂ"lﬁull‘lﬁnlﬂuﬂlﬂ'ﬁ]ﬂ@@ﬂ
9 k4
f‘i"muﬂgﬂu‘ummaumswammuﬁumwﬁﬁ aa1iu Sudlunisaadesifadosduves
= 9 a’j dyﬁl = a A a A [
ﬂTiﬁﬂ’]&ﬂﬁ\illﬂll”lﬂ VN‘L!L‘L!@Qﬂ?ﬂﬂ"liﬂﬂ'ﬂ?ﬂixﬁ‘ﬂ‘ﬁﬂTWhlu@ﬂWVli’)WﬂﬂﬂTﬁ‘}JﬁSiJ"liuﬁﬂJﬂT'i

a o a9 Y d‘ [ - = d'
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51/ii 3.3 aumswsuuauaudiu 11/ 18 lumsnanuuy Free Disposable Hull (FDH)
vt : Aautasen Gupta, Honjo and Verhoeven (1997)

F4

v I o 1 @ J
vagziderfu gnuaumnssauiimmns aniufinuandadullamndag
7
nsdivesnnive awdimsideshimstsanuamadmesiu suiudessmuagives
aumsmananfiing audeuivzinmstszuamesnin edalsia 35013 FDH flyadeu
A1 an dy J 9 @ 1 - A o' A9 A 1 .
A3aINsMItaeud1s ndremdunanlsgeganazmganiedoyaiidua vy outlier
1 Aax . dy 9 A 19 o Y o w A
WINNI1IBNFLUUY non-parametric approach UoNINTNA? M3 lidesdmuadedinaizo
1 ] 9 v
sdupuaumInsuuay Imhundsmanuaaiamaownady Tagmnized1age A1UAA1A
A S A Ay v ady 24 g
wdeululsziauni wanmsdszanaaunsnsuuaunuy FDH filaunlunsaindeyadaiion
a A 1 9 1 3 ) = = Aa A A = v Aad
mullvse A1n Wosnd130 1w shwndgaanu lildssansnwlofounuisnisuuy DEA
ti! = o Ya = dyd = a A =
Faliwaih1935ms FDH - Danuansoaaaslumssdeanuiidszansnmuazaulull

UszanSuavesdduiumsiansfny

v
AAaA

519 3.3 8FU9NIRUUUIAAITAS FDH nsainNiladenswanytamed (X) ay

U

Q l a
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mﬁ”lﬂmmwawammmm Y) FUYANHNAAUINITNITANYINIUIU 4 UUIYIU GINTL!“V]‘L!
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Anaanllszaninmgegamszdranuaazaueguidunsuuaunsnanmdounu udi
Tagnlsouiiouudrlsuunandavesdnan D azlinmnnivesduin C tazlsmunanan

Y a J Y a < 1 a A A 9 1 9y A oa/’ [
VDIPWAS C UINNIUBDIARNAN A NATY L!@nTIJilﬂﬂlWﬁNﬁGl“l/lUlﬂll'lﬂﬂ’J']‘UfNZJ.NEWI D uunay

[

9
TuludeslFihadomsnantSinamnnaialudae dudeaa B 1fu miuldFanudi iy

a aA Aa A o 1Y A A = o Y A dyd Y a o
NNaGWliJﬂi%ﬁﬂ‘ﬁﬂ1W@1ﬂ’J"ﬂ§Wﬁ¢li1€Jﬂu ) VUSIAYINY WA B mﬂu@wammm

2

e

) v Y

Usz@NTAMN (inefficiency) A2e 1o nisSinailademanaanldminuiiu duaa A aunso
v 9 '
W adnilSunawanaa laludSunamnnninduaa B ad9du nieluszavlsnananaain

i graa A ansoldiladensedalulsuadesnd
HaINMIS NN auyAY Tithseuazrandauenoannndulgiuaunsafiims

Y F) a A 9 Y v ~ =2 I 9y Aa A o
A3 uAUNINLAUMIHER Taensirn Toadulirmugaa1s o Nuaasdematugrannliseau
~ a a as Y a 1Y a a 9 [

ANulszansamgaga 3503 FDH Ivnseunuiaalumsiadssansammsleiladons
wan (input efficiency scores) Hag G]’J"]f?]ﬂﬂﬂllllﬂi ANTNINVDINANAA (output efficiency

a A o

scores) ‘VlﬂJﬂWL’]JﬁEJL!!L‘]Jﬁ\?i 11219 0 GUENwwawaauummmuiuuuauaumﬂimmmwm

E4

Taudean 1 f‘hw'%“U@waﬂﬂaguumuwwLmumiwamwﬂammquww fTIAAINY
= Aa a o a ¥ 3 1 a o a 3
Nszansanmslededen1snan (input efficiency scores) ¥ 1HifiunSuailademsnaniiv
Y 1 9y a ~ a A ~ 9 & a a 1T A
awnsnaaadlaonle Taedndanaalse@nsamlunmsiag ldundalsunaunandamnay
F4 4 [ 4 b4
wudelFlSinailadomsndageiu 1ingl 3.3 du @Flasanuiidseansnimms 1y
Y938mswan (input efficiency scores) @1115070 1A IaeliA1AL X(A)/X(B) aamaul
a A a . & dy Y I =K a a A a
Use@nTNImveINanan (output efficiency scores) HUF IR UDIUTINUNANAANTIWNTONEN

dg’ Y 9 o a 1A = ) o a a 9 '
!,Wilslmhlﬂmﬂmﬂ%ﬂﬁ]ﬁ]ﬂﬂiiwammmm #3019 Fsnuiltenmsnandsuuissnii 910

517 3.3 anwdidlsz@nsniwveswanan (output efficiency scores) YoIgWan B 1A 1d Taod]

L1l

1 a vAa

' @ I a3 L
AN Y(BYY(A) 0813 l5naw 1umqﬂgmuu 33ms FDH  awnsothwndsggnd 141y
AAA 9 [ a a
ﬂimmmﬂﬁl%ﬂmiwammzwawawmwm%ma
=2 ax = a J . 3 =2
2. MsAny1 laedTMIUUUNNHnes (Parametric approach) Wumsanywag

a o’d’ 9 o Y a . J 421 U 9 ]
AnTIEHNAIRUagUuuDAanFuMIHEn (production function) YuuINNE Iveglugiuuy

' ) A R T = S P gy o
a1y uuy Cobb-Douglas function, Translog ¥15® Leontief AuAY MIUMIAN¥ITHADI0 Y
9 a Y a Aao Y =~ A '
mayaeuﬂimmwmwawammzfﬂiﬁmmiNam/mmmumagammwmwmwaﬂﬁﬂizmmm
Tagodemstszanaaumsnsuau IasITNMsonnes (regression approach) 3119 lumsdnen

E4
v A

smualdilassumsnaneglugiuuuin il

Y, = F (X, Xy e X, 1) (3)
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Tagh  Yi flo USunuwanaavosnuieginod i o nait

x, 19 vector ¥0uil93uMsnan &1 1981 t (k=1,2,3,...n)

o w

J o a { Y a9
vinilangumswaaluaumsn 3) amnlifidesinala q ervd@sulugilves

4
v A

translog Production Function 1@eati

n n n n
2
InY, =a, + > a,Inx, + > > a, Inx; Inx; +> a; Inx; t+at+at? .4
k=1 k=1 j-L =1

1 I . . A o o o Y Y vy
9614 13AAY translog production function 3Jmmum’Juﬂimﬂvnclwmﬂwayja
| o £ o Y a . . . @ Qg: 19 o o 1 @ a
Auswnunn Fee1ildinailyri mullticolinearity Ao lavediailadsnisnan
nasiaaunsoueneenaniuaziu’ld  (separable) 1usazilado bigwnsovzuenesnin

] [l 4
mslasundainadrumaTulad’la (Shenggen,1991) Faausaou laaail

Y, = FlO, 04T ) e @, (6 T e, (%)

e

v a § Y]
vinilsndumswnani (5) uane1dlugi translog production function lAdail

n n
InY; =a, + > a,Inx, +> a, Inx, t+at+a,t? ... (6)
P} ka

1Y @ a @ 9 J v a g
uadedenisHanuaz e @1uTanen N 1A (separable)  HanFumswann

2
%

Y =
FINIUAA IAA 91

Y, = FlO, (X )reeen 0, (X )T (7)

4

) o o a [
nazazih liuaaslugiileddunisnaatuy Cobb-Douglas Tl

n
InY, = a, +Zaki Inx, +at
k=1

NNFUNSN (7) uag (8) c?aagi“lugﬂ translog (18¢ Cobb-Douglas MUAAVAINTD
a a a [ a v
wianunsaa Tnvesnaanmildemswaalaosan (TFP growth) lATasn13euius (total

. .. Ao & v o A
differentiation) (NYUNULIA (1) 992 1A aunIfatl

diny, n C
" = [; n-dInx, /dt} + LZ; a,Inx, +a, + 2attt} ............ (9a)

e SO e )
k=1
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Tagii g, =0InY, /0Inx, =anudanguvoinananaoiladensnanriai k
9 9 <3 ' 9 = I a a Aa
NNANNTTRAUIHUN U meunetoIziTuaNuaT YAy Tnveananan
FalsznouldrennuaiayduTavesiladomswanlass lumeun 2 Fsnnunsaayla
a o a dy 1 [ 1 A A k4
yoanann miadenmnan Tagsaniasauiesniu 2 daune msdsunlainieaiu
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' n '
o < <}
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. = A g A = =
9a druluaumsi ob wagmiduaumsmsnaatuy Cobb-Douglas azumslasunlasng

[

PR P < 1 = &£ A
mﬂTuTaﬂmaﬂymmﬂuﬂmqamqmm FINAV a,
E

(R <} aad 1 a
LmﬂfJNlliﬂﬁl"lllGluﬂ'\ﬁﬂﬁgileﬂTﬁLL‘U‘ULﬁﬁ‘leljﬂJﬁu%gthﬁ'TlﬂﬁﬂWTﬂTﬁL‘l]ﬁfJ‘L!LL‘]J'GN

A A a a 3 3 ] %
UsLANTNNMAUNATANITHAN (technical efficiency change) FuTuaiuilsenouniiaves

k4
[ Y

anusyan Tnvesnaamuilidomsnaalassan’la duiudadimsiaudsmssiuaam
Aa A £ A a 1 . as dy ) I ¥ =&
AuNININAADNTUIUDYWUINITEN I stochastic  approach 3B Hzi 1A laud

dszantammamaian ldawnsom IdludsmarsugiamsdszanamanuaiaauIa

9
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a @ a 9 . . dyd a 1 9 A a
yoanannniladansnan Tagsaulasn1s 1y stochastic frontier HULUIAAI YoyaNNAY
A A g Y I ~ 1o I 9 v Jd v a
W3onusIuTINu Idevaziiugai lusuiludeseguuveuavosilandunisnan

. ) £ J 1 Aa a a Y a
(production  frontier) tawe 11 Fuuwawananuluiidsz@nimmmanatinuednae
Y] 091} =K o 9 9 a d?}

A UMIUTZIUNT VT UTUADINSNUR UTUNTUUAUNTHAAVUN (Shenggen,1991)
o v o Jo A Aa A Aa o I . . .
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9
U

productions function) Taena launsaen Idaai

Y =f(X a6 €" (10)
Tagn i Ao YUIwMIHAA(firm) N i g i=1,....n

A 9 .
Ao uur luuveaal (time)

—

A0 WAMNANVDINUITAITHANTN i & 1A t

Yit
A J Y a 1 a A . =
int Ao 1xk L']ﬂm@ﬁﬂlf]ﬂﬂ%ﬁ]8ﬂ13ﬂﬁ@]ﬂlﬂﬂﬁu38ﬂ1iwaﬁ‘ﬂ 189 139N t
A 4 1Y a Qd .
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A [ a d'z:lw
f (X @) D TEAVVOINANAANUANYN TN

A 1 zﬂl t:; 1 9
Vi f19 ﬂmmJﬂmmﬂa@uﬂ"lummmmmu"lﬂ
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U o mmmmmmaaummmm'lmﬂszﬁmmwmumiwa@ UNI3

<0
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A A Yy I K 12 a A 2 a .
anuaatandouiudadliiiudenn it e@nFn mmea1un1swan (technological
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inefficiency: ~ TI)  lasaA1wed u, A liifuvan wwuaasldiviuimandadiuaaslag
Y 1A ) a o & '
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Sy : p——— = . I
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ANual31/59u (variance) iy o wag Eu,v, =0

e

£ =2 Y 1 a Yo A
¥9 ansadenliodlugivesaunisnisn@au Cobb-Douglas lagail
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INY; =a,+> a,InXg +at+InE")+V, ... (11)
k=1
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v A [ & Y A Y I =K v Aa o Y a a a
pyusaununa () ¥z Idaumsiuaadldmudileteninai ldinannuniyaya
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VDIHANAR A1
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ilmamﬁwaﬁmﬂmmmuﬂmammmaﬂmummwawamaﬂﬂ Somsnaasiiay 9 (1)
Faaaalumenusngiuviiile mawasuudasmanalulagii anuauzitunali(neutral
. ] = d Y a A a
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ﬁuaquwaw (technical efficiency change: TE) @mgjhmauqﬂﬁw (Shenggen, 1991) Tagnnis

1 { [ I 1 Aa A
wasuvdasmanaTuTagndanyazilunaraazmsnasunlaamed sz ansamnig

a d a a a Y a o
matanfenNus AL Tnueswaanwiladonsnan Iaesau (TFP growth) 11199

[ a Aa a ] a { { [y d
FH5uUsLaNFTNNMUNANA (TE) VoaHUIgMSHAAT i 84 138717 t VoIileanFu

A AAw . A~ Yo o
NTINANNUANY UL stochastic mmmmﬂu"lﬂmu

TEi = euit = Y—It ................................. (13)
f (% a)e™
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UszanfnmmamaiinfedadiuveslSuananaaiitiaduaidersina
wandafioduudunIuIANNIHAA waziiieanndudesEimanan iRt ua IRy
wardafiedudunsuiAuMIHda wimarunannen u, 0enanA1v, 1A Johndrow
and et al. (1982) lAueaadTmsnend1emsf 1IN INAINIUAIANT (expected value) VDA
u, melddeu'ly e, wie Efu, /e, ] Tasii &, =v, +u, el u, udnilddmamm

4
maNuldscanimmwmanaia Tasnisn exp(u, ) Aaiuilszaninmniamaiia (TE) Y94

' a A, = YA
UUIINTHDIAN 1 D.LIATN t ﬁ"lll"liﬂ‘?ﬂllﬂﬂi’)

TE, =E exp(LJ ................................. (13a)
Uy + Vit
4 A&,
0,0, o A&,
= expy - Sl s SO UUUUOURUROOR (13b)
ol 6’( ﬂgitj c
o
Iﬂﬂﬁ E ﬁﬁ] expectations operator

Exp Ao exponential

#() Ao A standard normal density function

0() fo A3 cumulative standard normal distribution function
o fio AINUAMIAIAAEUINATEIM (standard error) VOd &,
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; 0':(0'\‘,2+0'UZ)l wag A=o0,/0,

~ [ Y 9 o v Aad 1 = a 4 .
AIUNNA1INIV AU IHTVITNTUTZu U UNNIT10IA0S (parametric
approach) lago1densUszanamaumsnsuuaulaedIin150A008 (regression  approach)
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(mean input per student times number of graduated student) ANHULMIUATY )] NaLaz ANV
v <K

uﬂﬁﬂ‘Hma$i$ﬁﬂﬂ1ﬁﬁﬂy1mﬂﬂﬁjﬂﬂﬂiﬂﬂ (socio-economic status of students and parent
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Tagii EDOUT, = EDOUT,, EDOUT,, EDOUT,

EDINP, = ﬁmauuazﬂmmwmmﬂgﬁﬁau

EDINP, = yamdaldiegunsaimsiSoumsaou

EDINP, = dnvagniudsygnatazdinnveinGounazindny uaz

o == 9
53@Uﬂ13ﬁﬂ‘]&ﬂ%ﬂ\3§dﬂﬂﬂﬁﬂq
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ieilienoonu lugues Linear function 118231/¥04 Translog function 9% 1@l

EDOUT, = f, + B,EDINP, + S,EDINP,, + S,EDINP, +.€.................... (15)
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. . . . d o 1 %

Malmquist TFP Index (DEA-like a linear programming method) Wunvudraesildianny

a a a [ a 3 dy A Qddy 9 A a A
wigay lavoswannmilademanan NetliionNIsiamnsolslunsainnizurumnaail
Y
] Aa a a v v <
Yademsnanuazwananraewiia 1@ (multi input and output) BANITIRANNALAINLALIIAGY
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Data Envelopment Analysis (DEA) fua lanal
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1) ilsemswanuasnanannNMsAREIIHAYIA: Multi input and output

F (X5 Yiy) =Min 4,

Subject to

Vi@ + Y18, + Yigds e + Vi@ — Vi 20 (17)
Y018y + Yoy + Yypa8y + i + Yok@ — Yz 20 (18)
X318y + X,8, + X385 + o + X, & _ﬂjxlj SO (19)
X018y + X8, + Xp385 toennnee. Xy =A% <0 (20)
X310y + X308, + Xg385 + e X8 — A% <O (21)
X418y + Xgp8y + Xy38g + v X A%, <0 (22)
X510y + Xgp8, + Xgg8y +.onven X8 — A%, SO (23)
X510y + Xgp@y + Xgg8g +ovnnns X —AXs; <0 (24)
X718y + X758, + X0y + i X =A%, <0 (25)
Xg18y + Xgo@y + XggQg + .o HXgd =A% <0 (26)
Xg18 + Xgp8) + X383 + .o X —AX; <0 @27
X10181 + Xiop8y + Xy038g +vvvee + X0 @ =A% O (28)
Xp118y + X108y + X385 + oo +Xpd =A%, <0 (29)
a +a, +a...... +al=01" " O (30)

a =0 (31)
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X718y 4 Xgp@) 4 Xp385 + .o + X7 & — A%
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