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SN D AL RIE RN T H il > SR B SRRt £ i AR B2 ~
FFF 5 B %5 S5 i [ ) 2R3 - AR e B A A A B LA B BURT ~ 128 & BIAEE R
BEAEEETE (Benchmarking) 1 -Riffili=s H & B 2255 B 50 » M DUR B cE s
1€ MR — R TIY HEEHTEC - BRERE 2006 2 2008 [l BT E #E
##% (European Benchmarking Initiative, EBI) ZR{EHE @558 6 & BRI L - #E LURTHERIM
B R I B2 A R 5 ] > S L AERIER _ERIRI#4 S (Centre for Higher Education,
2024) ° Kuzmicz (2015) JRa3m A EE B R — IR &l 5 S 8 A s LE -

FTAHAR T B > Pieske (1994) A% 14 B IS 0% i B A8 MR BUR (R AR ASEE 1 T 1L
e > Wi i FPERE A A B 75 2 » Bhutta and Hug (1999) HIIEZE S A4 AL B — el i B L
A 2 5 A A RSN B AL R T LU » S DA ) 3 T HL - TiARYE EBI Y€
FITRR AR S P R 45 i B LA S B SE A HOAE AR > ACHE T HAE A AR S — e P A A
H) (van Vught et al. 2008) o fR#5 [l » S AT G E U HEER 25 5 QB E R EE
B E SR

BRMA& 7 (Data Envelopment Analysis, DEA) & — 7 2 i & 57 7 e 5 BE A1)
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(Decision Making Unit, DMU) [EIFHESSCR IR MR BRI » HoTl& sy AR H
R DMU © A BAGZRH) DMU MENTE] LLEASER ) DMU (F1E R E2 B IRRE « K. »
DEA % R {# FITE IS A= PR R Z2 » Rostamzadeh et al. (2021) &1 2003 % 2020
2 F AR FA0 B IR B2 9iam SO B B 51 RMER] DEA FAFAEE PR 2l
&S Turner (2005) 5385 DEA JUHSHE A FE K SRS PRI E -

ST DEA {ERCSEAEFE e T Re & B LU T Wi fl A - &% > DEA fedfie(d
DMU 2% B FIRUFS I HERL (Kao and Hung, 2005; Podinovski, 2016) © il » %%
3L ) KR A AR R AT T i S M - T e KR AR S R ST RIS - BHIE DMU
EREEAEH AR E DAL - BEBEREERIR K - ARG T DMU 2 &f5EH T
(IRE EAH &/ DEA RYEZRHE - (B E R - £8H G AN S HIEE A (Han et
al., 2016) M A HIBLE L 2 B 58 AR (IR EF 1) #) DMU (Angulo-Meza and Lins,
2002) ° FAAEFE S o AIEBIESN) DMU BUEiR% - B A E MATEE - HoK o
DEA St R AT DIFCHI R BURAER DMU DUERS EAth R EL#E DMU RUEES: > (HEFHA LR
BB A% BT DMU 1S » BEERT IR A BB DMU [R50 S 5 2 AR
o R » BORSE PR S SRR DMU 1E—H 2 PEENS SR AT ER »
BRIt B8 A PR U7 SRR L I SCEAGEEI H AR (Limetal,, 2011) « & | > #F%#
FE R A B R R B IR > thgr UKD ~ i~ RIPIRBEILEEE -

5 7Bk PR RIRTRE > 5 o ASGRHRA Charnes et al. (1989) A i [EISE 451
(Cone-Ratio, CR) i » /5 & BUEHEEERI RES L IR E SR 2 A > DURE SRR RS 1
HIARE RS G IR o 2R > F5%0 Barr et al. (2000) Firi@HiffE# DEA (Tiered Data
Envelopment Analysis, TDEA) » 15 KE:Z G711 - TDEA J& DEA HY—HE[E /732 » Hif
VETTET RS AIH S— @i (Tier 1) fUEZZE DMU © #3554 45E Tier 1 79 DMU P
— K DEA » HHUHTIES ek (Tier 2) o AR RHEEIAE L — /@) DMU 1T DEA >
EETH DMU 73 5eak » 16772 > ADREATA DMU RRIBECR il K HE i o HH Bl e
[l —Jg i) R B2 HAR SO > PR & B2 » Fon s alilrs o REUAERYRER
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FERE ~ I RTTE AT A Fat i R 2= AR - IRIR LU M E R R il e R H
PRAOARSS - SZOD RIS HEAL - FR &Rl - ASCE LRSS Cone-Ratio £ TDEA (fijf
CR-TDEA) » S+ (£ Z ) K EARIGH B RIGE T /7 I - gt —T i) A A EE D e
T ROEFEEE -

A\ SCRK B RR

Hll B 7% SCEF A DEA T IS o 7E#E i 2E /7 1] > Quaresma Dias et al.
(2009) /1] DEA RIS HTPGHESF Iberian HESERERE IR RZRE RILLL B E BRI ST « B
Fefs FBEUR Terminal XXI ~ Alicante ~ TC Leixdes-N LUk Algeciras 55 4 {55 B 4EFEREIALL
ASHEE: > Bilbao MR o XMTTEalE > (I FE N AERE - ARSI E RTEH
B E SRR B % > B 3R A A 5 SR A RaS SR A 8 N 1072 & 753 » DA
PE e HARAL o Lim et al. (2011) 2R3 SR Lt A28 SFUARGER) DMU A ATRESS E USSR
AR F EH) DMU —HRAVA LR » RIELIAZER B E/) DMU PR AN EE » FI
SZMFSEARE Seiford and Zhu (2003) AT$2 Y context-dependent DEAYET ¥ RR I 26 {1E%5E &
SEREMBEDEI TR Y IE - WiFEH 7 G T R HH — B E PR R - Sharma et al.
(2016) T/} DEA $HIEIE 16 s Elmn IS SCEI TER T E BT S 9EilmiE
3 DEA ANERT LLSIHTE R 25 [ EHRE AR s ) 2B - IR e BB RS P it 5 1 S T
IR E TR -

FLBERIZEM S » Hubrecht-Deville (2007) i DEA SF¥HEBI S — KRR TEBE T
(1T EA TR A B A9 AT o B SR H R 8 P2 — (I L KU SR T EL - 1T & 33 DEA
BSR4t I B 2 TR © Karbassi Yazdi and Abdi (2017)
{5/ DEA SHEHTHARY 13 FREUT (10 RAE - 3 RKERE) MITIEFE T - HFFuHE R

m Iy
paied

1 context-dependent DEA #9152 $Z Barr et al. (2000) 4% & 49 TDEA A8 F] o
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R 4 KOEFITRABEEN « ETEENS > (FETMTERBHPBIFNE: » N8R
TTHYRBUE N R HRAT o ATRBUR ARG 28 BRI RIER S iR 2 K2 S0P B HAg
o CLABSF N EIIT R SR R IRAT « WAt - LRIIE 5 5t DEA HERMECA
HELFIRRE > $RA T Rembrandt B2 MILMEIE -

ARFEZE 71 » Alvarez-Rodriguez et al. (2019) #&5& DEA Ei4=awBHAS 7 (Life Cycle
Assessment, LCA) $HIPGHE Y 30 R E € Z EITIRFE B 047 > LIETLIE 30 REH
L H S B R BEUE o YEE M5 DEA + LCA i BBl 2% E Sy A f T E - i
I 30 HEEEHNFHFERIE 06 LLL » U3 MFHEREEEIT 2R - FHFRE
EREH R 3% B8 26% HAHISEZEM - MELEENS » Zaare Tajabadi and
Daneshvar (2023) 1%t 38 XA RIRYHEESE - FIIH] DEA B14Z 3% DEA HUHHES (F3
251 DMUs) MITETERZRZE DMUs » i3 A S5 DMUs R fER H & T8 % AET
R RER - (£ ZETTIH > Ozcan et al. (2004) » FIJF] DEA $14#} 12 it [ O PR e
ST TRESEAE R AT » 3Rk T (AR AR DEA 291> 55 LA CR BRI A HIARES -
FE#REEA DEA B CR-DEA U5 R #83 » CR-DEA 2 NIE R 7E 2 BERN T D EEAR D 1>
K DEA Z NEFEREERNH.0H 0 AT CR-DEA ez L B BRI RS RS R -
{EEBEE T HELE A DEA KETIEFE MM » Alcaraz et al. (2019) FIJH
TDEA > % 18 (IR R ZRS M8 o R e Bk B TR 0 B B g B A0 T - i B e
BRI REEH T — 2P RE e » F s B SR A ol e 2508 SR B 1€ -

HRIE FSAFT R > DL DEA MEATIRAEE BB IZ A E AR & 1T & 36 » MIfESE /71 A
WU SE LIRS © Gourishankar and Sai Lokachari (2012) %34 DEA 2K LLEEIEE 28 (M F1
7 (RIS M) 508 8 PR AR A TR B 24T o 55 T D05 DEA RUHERIT - ]
TR AR« i % TTlR MRS TR BRARIIN R o SR TR AE
PR LA TS 58 R ANE 2 S M A o [RIIRFRESL 1 PU{EFT NS ROt Ry Y
(BS54 > 70 Bl F A5 FC R M ~ ERASCEERRERR iR 58 ~ 0B EAEE Y A] B M - Cook et al.
(2017a) {s/f] Cook and Zhu (2007) Flr#eHiHUAHAH [ 28k DEA » SHETPEHE A AT RERRY
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I FERARCEAT R B B2 9e 383 > KER TR PEHE A KERIARSEES Universidad
Complutense de Madri (UCM) #[I Universidad de Santiago de Compostela (USC) RWiFfr A
B AR HREE DL UCM BFSF » Al i UCM TEPYHE A A N R AR AR A P ) i 2
HERAE o Alam et al. (2023) Pk [ 3EE] 18 {f T3 TA25% » 3% E L LL DEA fRALEF
738 18 {E AR E » BB EARR R AR « 535 » B BN R 2 - ik
BRSBTS > Bl A—(EVRR S Rt » DUBLETRACE » SCER « e 5
18 {lE R H A 5 (I it E R ANME: » WiF5iE Lh R H B RS SE DU PR LG A

L IVE SEFFI ST TDEA JEFIAE & 208 ARG 1 » BI41T Johnes (2018) #&kH]
T %[ The Complete University Guide 1 10 {E512 » EL15 © AZREHE ~ BRI - BT
Fei'E ~ MR ~ AR ~ BTARLL ~ BAIAR AL ~ BB ~ SRS HE R
FER] TDEA #5528 128 FREE - Hl 77 1 6 {lilfehe & ERA s T o FLAHE AT BL{EAHIE (2024)
HIF S 218547 DEA HIBR5E 22025 DMU 382 BUTEIL » DUBCBES Bk E e 22 SRS TE B
DREPIE b2 RIE 5 W {18 R = AT Ik PR AR T s ) D DR B [ sl R A o M s
(Assurance regions Data Envelopment Analysis, AR-DEA) Bl AT T35 77 [@ ) TDEA it
s et AR-TDEA » #ELIBHE SRR B2 EAE U TR Bl /) e o

IR ESE > DL DEA B RELEITIR FE R &6 o HRRF A th I > 7287
AR P SE A LT e B BB IO S M E B % DMU K& 1
R > 540 : Ozcan et al. (2004) £ Karbassi Yazdi and Abdi (2017) 5 S HIIE B3k 2 HA
WSS TR HEZEE DMU » BORHLIER S5 R DMU Rl EES - &
TDEA X context-dependent DEA SREMESZRZ AL YGERKE » 4l Lim et al. (2011) Ed
Alcaraz et al. (2019) = {H/ K% Biny & S A0E 1R 8 B T2 A % [ 2 /e I - SR
FLHERTEL (HAHIE (2024) 7 [F]IRF R HH 2 W (el - (R HCFR (A AR-TDEA W USRI
20 (multiplier form) FJ DEA 2 TRRFRG - e\ DEA HEREWIREH R HEZE DMU
fRHEZ LUREEA 25 DMU 1ERHASESE « 37 ZHESE HAFSE DMU HILZEE a8 X
(envelopment form) Y DEA ZGHETHERFE © KL > Bkt —RE » AR LR
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f#&I DEA #) CR-TDEA » LIVERS AR PIRSE )71% » 5 ] Rl E A AT P
JeLRyZEE e

%~ R H

— > DEA

DEA /2H Charnes et al. (1978) Frf2it » KB WIHEH DEA B =7 25 £ Charnes
Cooper F1 Rhodes » [KI[lt, Charnes et al. (1978) A& DEA XS CCR B » HAR MR
AT

Max 4 = ZU Yo

m=1

K
subjectto, D v,x, =1

k=1

iumymi < ivkxkn, n=12,..,N
m=1 k=1

u,>0,v, 20 (1)

X (1) Fy, FEDMUI RIS m BHEH » x, LK DMUK 1Y n BHEEA > HH M f
FEHT s KRR o u B v RISYRIES y B x (RES > o RIS 0 2 1 Z[80ERE - Ea
(1) £E{lE DMU fGHEIRERE u AR u B v o RIIE > 20 (1) thigmmaRir X - R - 7£
KR (1) WF o FFAE N +1 [ERRAI T SRAPMANE » 5 DMU BB IRF - WTRE & 7 A sk i
ORI > BEF TSRS G IR R B ) A AT U TR AR > TR

2 B X RA| XA M+K> GAIARBEXGRAXBEN+L -
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Min &
0,4

N
subjectto > Ay, =Yy, Mm=12..M

n=1

AXe 2 0%, k=12,..,K

kn =

Mz

Il
5N

n

A

n

v

0, n=12..N @)

X (2) ORI T DMU i BIE B IR A 2 SRR o SUREER 1 R F£ 5%
B AR S 0 BEREES 1 AU DMU BIEAESER 8 o 4 RS2 EIEHESL -
EFF R 2 - MIERTE MR EROE A7 58 K5 00 A ERE A7 55 0 B EA 4, >0
Fitkz DMU IS DMU | 225G - LilEl 1 56 E+PH A-B~C~DE~F X
{Efl DMU FU# AR - B DMU LU X, B2 X, Rfs e A SR AR g B — et Y » pHlE] 1 mr &l
DMU A R M4 » RIS H A5 A (5 F S e i 22 [ > LW e 5 A FETR] EE I 78 A BT

A BREERTERGEE - A BiEYE(E B BhEl E B2 o iEFRMR M2 B [E] 7
MR 2, >0 0 A.>0 » HA, =4 =4, =4 =0 ° ¥ DMU A i 5 » [IARERER -
i) DMU B B DMU E » HIlJ& DMU A 8GEESZRRIZF IR » #15 .2 DMU B Bl DMU E /&
DMU A FU1Z5E - DU AFH#E » DMU D il DMU C FRZ4EES £ DMU B Cook et al. (2017a) il
Alam et al. (2023) B2 KAGLLIFHI > 2 AL MEASER I A EE B RHR H i

Iest » BRHESZES DMU nfREE A RIE LB 2 EEE > RIFFeanT DL 2 (B2
Pl > LURE 1 S RS ABREEE E B0 4, = 04375 > A, =0.5625 ° R A BRI
il E ¥ FHIE - LA DMU E {F& DMU A AR E SUE H AR » #f DMU A TS A
V10
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1 % AE[G DEA

SR » HHISRERIE R s RN » MR @R E BRIAL D » il H G {ER 5L
FEERR RIS T TR > Bl R B a e e it AR g IR m 2 DRV B AR > (Bl g% & 7T
B A 1 JThYE EE FERR T 2 /DA o JRENEAE SRS I S - (EER R AA6E
(effectiveness) » TMFERUZR (efficiency) o IBLAWIFEA S B A » st 2 At 5eaTH
RETE R EEHUERARN) DEA A AIE » ARiFFE4AE Lovell and Pastor (1999) > —{l&%
A AIERZE 8 [ DEA AJEEMTT
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Max @
®,A

N
subjectto > Ay, =®y,, mM=12,..,M

n=1

4,20, n=12,..,N

Yoidn =1 @3)

~

45 Lovell and Pastor (1999) HUZERH » y2/H % AJENY CCR AR EER & 2 i/
O » R AR BRI S 2, =1 JRERLL BCC Bt 35 RERIHIERERASER(E -
REFLI<O <o » & O =1FHUFRABEE » Lok HAHBE KRS RES M - &
® =2 > FRATENE L LHEFIRRLL 2 AREEZIKRES I - MR 1< © <o (HEH L
1/ @ HAFZUEENE (Coelli et al, 2005) > KIFLAMFCIRAE I ZSREMEE /M2 0 £ 1 HY
B o BUEBOR RS - i) -

— - EEBRRHIBY DEA

75 T R DEA HEB BN & BRE S 5E 2 A% E DMU 5@ % FI[HTRE - FLLehtsehaate
FES - SEETTRR A » 451201 Thompson et al. (1986) ~ Dyson and Thanassoulis (1988) ~ Cook and
Kress (1990) ~ Green et al. (1996) 5 o #& s RAUREBRR G /7208 =18 - 775l LAeERE
BRI (Absolute weights restrictions, AWR) » 2.£-35 155 (Assurance regions, AR) LL
e 3.JEISE Ll (Cone-Ratio, CR) © LLNkiaE 3 Fl 81 T/ 4 -

3 BCC # X w1 Banker et al. (1984) Ar4% it » w4 CCR R34 & & ¥ B B & HALIRE -
Banker et al. (1984) 32 5 SRR S B IR R AT » SR TR I & B M ALIR B 69 DEA R B
# X 89 1E# A Banker ~ Charnes ~ Cooper % 3 A » H b XA4% % BCC & °

(11)
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1. AWR-DEA

AWR 5 #J&H Dyson and Thanassoulis (1988) fZ2ii* AWR J4/& E B2 HEBUE iy
e RERL (u) ERER TR Fliu>k - [HEM LR DEA SRR E /o H
Podinovski (2001) #&HH AWR T BEMEE (FHERY E FEi AR FHEIERE -

2. AR-DEA

AR HIIZZH Thompson et al. (1986) ATl » B /7 1EE I AR ~ EHHEEE B &%
N TV EE 35 S A SR R o B & DA (@) KB > u Blu, D RIE AL 1
(v,) BLE S 2 (y,) FRERS L 2 W HREBS L BIFY R 5 U HIES BB, 15 15X (4) T
AZ (1) HIRRHIZCH > EIES AR-DEA e

L<t<y @)
u2
252 LI AR-DEA K EZFRHER M BCAS S PERUFEIRE - {51411 Taylor et al. (1997) H
HFMG BTG EF R TR SR BEFIRE ] - Lai et al. (2015) FE AR 24 i 3 B ERPSHIG
AR > Wu et al. (2021) HIfEEH AR-DEA 2REF( 125 {HBEIRAVEEIRZ 2RI - TEHE
PERERIFHBA SRR AR > Kong and Fu (2012) {80 FH Rk Al 28 g E2 e O . o

3. CR-DEA

RIM > AR-DEA BEZR i] DU BB A & BHARRE » (HAREIETREUE K » A3
W EEHRER HH S - SRBIP ARG 2 - R E AT - 2R AR-DEA fit
VA ME TR P8 A 5% o Charnes et al. (1989) A4 Y] CR IE IEAF AT LA L RETRE -
CR ]t sy 7 ZUAGE 2 RE R HIH s8R Ho & Bl AR /L (Thanassoulis et al.,

(12)
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2004)° AZX (4) 30 BEHFE AR u, A RS — (S €& U U ={u|Cu=0,u>0}

Hrp
{—1 U } {ul} {—ul +Uu, > 0}
C= and u= U=
1 -L u, u,—Lu, =0
U BRI I E R U ={ulu=Y" BB <> B'4, f20} » BT =(C'C)"C" -
#7%  FLL B HEb A G A y - BRI — (TR E A& y' = By © &% > FFl
e y BN (3) By y BEIN (5) » LI (5) TR E Rl G+ & HREE L5

SRR ARE © WEhRa - &t CR AMEITE I - R ST B R A S P
F MR - ERETEISARR -

Max )]

D4
N
subjectto > A yn, =@y, mM=12,..,M
n=1

4,20, n=12..N

=1 (5)

n=1""N

Brockett et al. (1997) L CR-DEA $t#f 16 KOS KAERT LUK 5 FRATELEIN
R SRA T BT SR TR o AR ZEHE R » CCR 1 » 1£ 1984 FEIF R 5 KU TIRHA
RS » N BUE A3 2 HIRRAEERAT » A SEE AR IR THORE S 3R1T 23% 5 5% - (HY(LL CR-DEA
HEITRERET » 1984 SR 5C R RWORIIIRI T 5 5K n] SERIRI T 25 18R TR EL
WD 7EF% » R B EESUR IR T I IRIT R BV £ 1 2 2 K - i E S
A2 HIEFE RS - nJREG 15 UGE BRG] € 85K %E - ] ] CR-DEA LL{## DEA
S & e E PR SE

(13)
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= - TDEA HEHNEERE L EE

SO TDEA RIS R 2 BUEBHHBCE T 47/ - TDEA /& DEA H)—FEIER » &
SCRIHE 2 2R3 TDEA 73 @'y 3 {08 - 08K 1« %fl& 2 Fih 6 {1 DMU #£1T DEA 77
it o A2 5 R DMU (JREIZEEESE S 1 19 DMU) » [& 2 i) B ~ E ~ F 55 3
DMU ENESE5—Jd 08K 2« 52088 1 v 3 {HEE 35 1 1Y DMU 1 BB EE & REER -
SR TREE 2 FFRIERRY 3 I DMU Fiil—X DEA » HUHAIA#T8 5 L DMU - & 2
Hif) DMU A Bl DMU C B2 55 —fg - BB 3 : L. D8R > IEIATE DMU #5EE 58

R o

XY
6 ] C /QD
V4
o D
4
3

3 ® .A

E F
1 o )
0 > XolY

0 1 2 3 4 5 6

2 I’ AE[G TDEA

(14)
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HRAELE 2 AT > 32 6 il DMU 70/ 3 & - %6 1 [ & B~ E~F 5 3 DMU » 5 2
[&HIH5 A ~ C Wiffl DMU - %5 3 J@{#4 DMU D » A% DMU D F k7% © 415 DMU D
R IERC BT R R 1 [ R B AT LUES 2 g i) DMU 1EB - 1 DMU
D HIRBEZ BEHSE R 2 f8 7 LRI D DS A~ C SR INEZR S - DMU A B DMU
C BT > {H C ¥ D#BEE - NN LI DMU C 1EBE B2 BT ER S
A o # BT ERE > Hi DMU D ERE 2 S5 EAF RS 1 @8R L B o [J
It > FRMIME > DMU D AL DMU B fERSHETRHEESE o 41 —2K » DMU D Hyeh
B (D—-C—B) » {1 LIS o FTE S /gL DUM & n] LU @I 773 - SKH
A H R -

{l

B AR

— - IEIRERERE IR

TEFEIE 2 BT T » AR FLAERT B (EAHIE (2024) FR[RIEE » 38 25 ORI ARET (G BB
SRR % LB » KRB R] o3 s TofE 17 © LR AR » BIAT AR b ~ Sl s
RAENEIGHEE ~ BRI - 2 B AFP(H - PIAERIEIERL © 3 82 A (EEHIRFHRIHE » BN
BRI TR ~ BRAEAE AR ~ BB T ~ (AR TS o 4. B R BRI R » BlAN e+
TR ~ S SE TR M 122 Ol SE R LA ~ SR 38 A i 382555 - 5 A AE 2052 )T IR 35 ) »
BIATBCER B B AT SR 3 KBRS B AL MRS - FeE bl E
A LE R PHH B R B AR AN ELRS - PINGEIZER - (HA H ZEEH A
A RENELT > BIANERA: SR R LB S A R o A[RIFTRHFEARIEI T2 & W IR AT b b
FEBE VTR AN R B FE AR A B B ER AR -

SR B SR AT e I SR B - AN R R S AR R - R AR E

(15)
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BRGNS LCRET » BN EEIRF o ARSI 7CEIRR S - EEEHEH ATEL
JFABHERE SR HGE A HEEE o DRI 225 1E SR E B4 BE R RORER R 230 » LA
REMAR - BfZLL 4> BB E ~ JEE RS E RS 5D = F R H E S AR A
AP - SR A - R ABER E RIS SR BE AR R
FeatE AT 8 > RS RR G SR EFEAOC M KR ARG SREG 2
Bl 7P S PR DL R S % B 8 - 11 2 S 3 2 EEAISE 10 (SHEPEBCER R - ATE B RHIRER
S AN AR Z AT » H BRI % S Z S 2 A LIRS 110 SRS -
HERR AR 111 SEE R BR - SEfEEZRmR 1 -

— - ERERFMOARE

A —SCERR RS » AT E S S B L R e 78 47 SR I (B BT AN S 2R 53 - Al
ST I A IR S R » 7 111 SRR » L H[RTAFER A (4R 32 A > M BTHHNANS 18
N o EEENAE LR 0.5625 » = A E VL Z O ERRY 0.066 © 1S HANAGELL » 324048 R 5
ZREERTREE IS AR AR o BEIRBLIIUATT o [R>S R SR A5 IR
A% FRARHEITRTEL « BBt » AN 9R22 % i RSSO Bl SE AT e » (1 1 £ 4 ik 3,000
A > BEHEEEEZ LU H0m A B 150 ARYAREEM AL o KOEARER - :RARH 85 AT K
NN T TR R N

S RAREBRA AN REAATFTTFHEL MBS A BH LA T =21
£ 9 RIS AZ AR T A K AT » REAT DEA B L JARERAAISAZ LA B &)1 » B S AR %
PRVABT A PUOB SRR AS o BT R ILAR R AT o

(16)



JEF Rt imas > 117 > BB 114 FE 6 A -165-
*®1 HEEWHIEEE
BERE SRR EEf7
Sz (BN E B E LR GREEEMA %
B+ 2RI G A 2 A E RS A BO/(Z A
HNE R A L RE- 2RO AR R A E
N+ 2RI G AR ) B A B R AR A8 )
*100%
Al AR b ST Am RE Sy H s 22 22 e
BiEE ~ FIFEERII MR E ZF WO M B GETARCR AR BE
E Rt 04 i 5 )+ &I Al {5 =+ G B+ I E
—FEMIEEEEERE 107-109 EE A E [EESE MFE/107-109 B2E T4
Hi$$wiﬁ JE £ B
AP RS A (B BT 2 AR 2R ) — B PRI 1 A %
FRAEERELE) *100%
HEWNHET R =N BRENBEERM TSP ERET » B #
# 1THEREH 110 225 S
HENHET RIS ES R 111 2FEEERRN1 BEER2RME A
A8 eI SE (G SRS T )
KEAEBRI G HEFEE  H BB 2B i RS2 G2 - B #
e M 111 B R
KEABERH G HER ST 111 BHEE R Bl BEE R aEEn R
RS okan i Has
HU 5 R Bl 8 2 et BB PUESI RS > @R+ LB A B BE

Led

HERELY

BRI © KRB E S

NG

(17



-166-  REPZUEESU N PRS- [FU S L BB B R B Ak Z FE A

= . SRR

(BRI

LAY > HPFEERRER AL » A HEBGEE 1 T RRIAN AN SR AR T - mTRE &
AR - BIANAT =T A B B R R R SRR B S 580 - Al LEAY B
(LR LEBI o ANREE Beas E LLBIRIREBOR S 8 NSRS B O RERL  [KIIEL DL JH BT TR AT B
HEITHEHL > AARESE22% Cook et al. (2017b) WU » R HRIFEIERR ASZHR IR RO (i
LPRENIH B R » DB L RIS IESET TURER S -

(OESEE

fR#5 Thanassoulis et al. (2004) HYER#H > DEA RESETIERL & 77 06 LU T Ak« (V)
{ERS BLRRARIE 5 (2) AR FRTIMER DEA FTESHIMEBIER 2% - 121 /775 9 H Roll et
al. (1991) ATt - EZRFeBIT —(FARBHIFER) DEA » BRI RREIR A ~ 7 Hi 5y
FERY > AR TTHE A ~ I ERRERh EBPORE A RIEIES L T« 3)LIREL
175 2 DMU HORESE £5 HEBIER e 1K1 » 91401 Brockett et al. (1997) {1 T —HL LSRR
TE BB F R TS REBER 2% - (OMRIBEFE R 5 (5) F (G AP 8 R
RIEEBREMEE RS » 5t i DA E R IS > 2 (fE N ER BB AR T
BT > LLS 7 BT 3 | HE A CRIBIA LL ] - AR SR 45 HHARE BRI ) AR %

SR > AWHFRIRE @ BE BRI E S U ARG - B > ERE AR ZE TS
AR AETHEREZ THELIBIT - FELIEFH DMU RUREEE R EM 258 - 38
BT S S E AR SRR EERNIRE) « 14 B A b E B B R R
MEMERE 2% » 34HETTIEMER T DU (SHE SRR R PR RE S L DB » (e 38 G B L

(18)



JEF Rt imas > 117 > BB 114 FE 6 A -167-

ey B 5 o i ELAH TR R AR R AT 15 ATH > SR TSEIR AT © i L P -
[ERELL T (2) IR IRHIHER . DEA FriE 1SR ER 2% | I — 1B AR E A e 51
TEBAGIE] - LUT AR e DB -

HH 1 PUTRIRHIESZ DEA » WA ERIERIEIZAVES

HRS AR FHET DURBRIHER < DEA PSRy B (e fs e A M B [l 3 e <« 22
% IR S & DMU TER ZBRHIRE R 2 el I e LUR R HIHE B 2 SR BUE 2 DEA
SRIGERRAIHER T 2 A BER AR RS > SRHI AR FE AR AT S S B A AN
RAEGR - B A R BIE 2 DEA TR ANV E IR A SR » HEEREGEME (6)
Fr > 30 (6) HZ A HERTERAYE AN (1) AHIE -

u

Max =0,
-1

subjectto > u,y,, <1

>0 (6)

BTN % A AN DEA » Y% Benefit of the Doubt (BOD) ° 3T E3K £ HLLLfjf
5eilt BOD JERI 2= - BE tAm s\ B RUAEEFE » BIAT Szuwarzynski (2019) f#H] BOD
SAGEHEIN 37 AT/ KERARFSEAEAY o AN Bas et al. (2022) {5 BOD 2KaF4di FEHE A FL
fi PG aEFE T K22 (Universitat Politecnica de Valencia, UPV) FUSRITESER ~ ifFFCEd & g
TR AR -

HATZN (6) BRATLASEEL » HFF 2 FEtERIRERS 0 GE R 2) » EEHL DMU (£
—E R T HER > JE th/E DEA FHEERINET-E.Z — - IR BREBA A& - £
W HBURZER T MR GRREES 1) /Y DMU » EAFEFE A R RRTRE » DL
AFFEEH 5 ARG 29 FOAEHIREERS 1 > (HERAKERNY) 29/85 - i
1/3 WY REZH 56 B JRERIR I AN S 3 -

(19)



-168-  REBZUEESUL N PRS- [FU S L BB R B Ak Z FE A

SE 2 - PORER 0 RVAVIER » WG EEBEEMISZAVERNERR

FH RS A Fe B S H SRR AR B LB Ay B 5 - TR DL — (B R AR RE I s 5
e > S BR DU AR AR BER o AR MEFSATRARERION S 0 > PEBBLL G & HERIRZ 19 0
BT (0BREL0) HIIEDL » FHAKZM 0 BiMEE 7 - v HIZGERE L T SIS Al s
RN o AFFess s TR TP E 25 ) HURERHEER 0 I REURD GE2 Rt 2) -
LA ZELL TE LY ERAG e 25 ) (F R R MEFR R A MR DU A P b - T2
TUDMERSE A5 ) HERPR DU & PR AT R RS R AT R 3 -

SR 3 - MIFREERER 0 - WER TRILEAHIFER TR

HIAS O BilfHEE S MEL(E RS MR LL B L T 5 - IRIEZR LIRS » R T R LL 151
HPksE BN o ABTREE 1 3 MEREEELGI BN SR - 56 1 AR LA B SR E R B
B/ IMERS TS 5 2 R LU iR — KB EF > i/ IMERS TS 55 3 @ LALLAT
Wi = KBRS E5 - =/ IMERS A o 2Ry B NI ER 2 o i3 2 nIAT > TEE TR
BRI RH ARG SR TR B B =M - BN RERHSE - FERGE
VU AE B 55 DY MIERS | 57U - rTREE 8 AV VR SRS » HORE=H - F4t
ARrFE g EEA LI 1 (B A2 s (ER e 22 AR e T AR - (HART e BiEF %
AHFEARRI RE B L B IE 2 i > S BRI 8 - T FUR I S B ik
PRABLIEARER e R Lz B 5

B 2 B AR YL AR AR PR DU th R IR AR A B G2 b
FECFFUE KR 1> Fn B LY R e 2R R A 51 - S LUk 2 v o (R 1RLL
LT DIER UL AR AR AR AR A B iE i/ | » FORAE AR @ AH o B HEAE
DKL » PHIER A R SRS R0 P B AR R B B ) R BRI o M (S B R RE AR BT E

(20)



-169-

o117 H > RE 114 % 6 H

76100 ¥150°0 10S0°0 S6¥0°0 YY)
PLY0°0 88%0°0 LLV00 wroo B it
€656'0 86¥6°0 81560 82560 kT
6T I cl 4! TEE =538
EE S B €& B & BT
E{ZBTEE REEES N [$HIGITEREN. €2
000°61 96€°61 00t'661 7986 08§°€1 PrE 08 SI9IL  S68ST 0605 P my
€
LSS'LIT PIL6E 00t'661 000°€€€ LTL'68 £EC011 00T661  VILTPL  68TST 5]
1066 L9T'LT 688°011 S el pL6'1T 885°8S 16T wre ¥ B
Z
£EC6TE 0ST61T 000'67C 000°1L8 SLSHTI SL8IT 00S9¥T  0000€€ L9 5T
e £eryl 8€0'9¢ €69 $69'9 b1’ 00907 69v01  LICE 5 H¥
T
£ECTIEE 000'Z€€ 8ET0SST  TOLIST  00S°€9Y 0SL°061 L9967 LIESE8T 4969 5]
[ 1 B4 SETEIE 1
@HExE WEclEE HARATE EABEEE BHEE FEHBNE BlisfEy
CHFHmY IREENE LREENE HHINESY LHNESY SEEENS B2k 2 M Bt
Wali%2 FeEYERE FEYVERDY REHE%T RERE%E D-lvxd EEEnd TURIE %G
Seltliits SelliTs S8t SsliiTe S8liTs SSHTe SeltiTe SiliTe sllils

A TG TES c 2

(2]



-170-  REBEUEESU N PR (S - [FU S L B b R LA A Z FE

12 ~ TH&ER

N

a5

- NEHESRE T2 22 20EE

AMFFERIF CR 3% » MBS 2 AYILZ 3 AHRESUEL] 1 T 5 SEATEORHEL o S
% 3 MHHERELIK (5) MEATHUERMREETH » HASR ZBORMET = A05% 3 1R1 3 f -
FOMEIFEIGARASE I 2 FEIELIE (3) SEATHERRE(EA H - Ft R 2 ROt & A
2% 3HVES 4 - 1E3% 3 ] R RERGIHEBIIB DL T s 2 4Ume (Rt lE= 1) WREREL (29
7K) » BARAZS A HEBR 12 78 2 AURESR IR o 1T ELE REB L9 R Iy i [l - 58 24
RERTRZBR B 56 1 fMEBLZ T 3 T R RN KRR 14 5K - 26 2 #RERLZ T
ST RAIRERI RO 12 5% » 28 3 #HMEHUZ T 11 5K o M — DI R e ER R YE
PR AR IS S SR AR > DU S AR A RE (A i R B o 8 SR K2/ MRS
%5 3 %H (0.0514) > 5 2 #H (0.0501) > 5 1 #H (0.0495) > RFRHIHER (0.0494) 5 3 HHKE
BRI AE TR R ZRE S 1 W RERREUR D - SRE B B R - #5.2
55 3 AE MBI AT E L s RE B e A P A

K4 2B LA~ 58 2 #1553 AHLURORPRGIRE RS PUREE 57 A 5 2 A iy
Spearman HEFHHBHIRER o 183 4 WL > DURERREE T HT 02 [ P (S sshe e pE pa 1
WIEH & o B MVHBRCREUEE 0.8933 » 5 1 EI5T 3 HH4% H I AHE (i B A R A IRER 3L
BEMEAHRR RIS TE 0.9 7id5 © &5 1 1 ~ 55 2 fH ~ 28 3 41 > IR AHBR1E: HIES &2 0.988
R LTE )2 = FEME B L IRR L2 N P B B REHE P& AR T 3 B » G2 FHVE—#i
FESEL B | R 5 > (S BIRRS RIS+ B o BERAAURE SR B ORI IR » S AN
FeHGLAZE 3 AHAIREB L BIRR GBI 15 2 FEAEE > AHEN TR AR S T I B AR B2 e
BERA -

(22)



JEF Rt imas > 117 > BB 114 FE 6 A -171-

* 4 FZEPBEREZHFHERRE

148 E 248 318 RERHIES
B 1
524 0.9944 1
%34 0.9889 0.9962 1
AR PRHIHERL 0.9059 0.8974 0.8933 1

— - RERHIERBMER N AZF DM

TEERT 73 @ Z AT > ARFFEIGARER GBS 3 RHAEIULLBIRGLZ T » BB 2B
BEE ISR b B3R 6 » 8 LADRSTIRMIRERUS 5 & i B F kiR » LL#R 5 Bl 6
AL RIERIAE » 83K 5 15 » ERRHBEBEIHEI - 2 BiEgmenrg K2 - 1
2EEFE (AU L BEA SRR 2 FH T %52 6 {1 - 140 u4~U10~ U1l -
FERIRFFERIIEIL T - EFR BT RS RIS Ul4 (BESLEZICRE)S 52 %
HIRERES UB2 (RERFHEIRER) - i3k 6 IS » AEFRTIREBEIEDL T » 2 B Reny K22 »
DEFFREE 2 £ 3l - [HS 4 (8 - M HEEE2FHEFHARSEM MRS o (ERGIHE
BB T EE 2B IEF RS RATRERS U3 (BN RE) 55 2 ZHIRERRS Ul (2
NLBHRRER) °

SR EREBZ ZIRFINTE DU T » SRR RS2 S F KRR B D » SREEH
R A S » 2 > BEBORZBIRBINIEDL T » R HEGREA SN 25 R BB B
% o RS E AR BRSIREE o Lo - 5t H A SR N SRR B2 B T B K ER )
AHME BB E AR B SR RO o BIF - IR T I (S s RS
G -

S ERMITHBEIREFAMAK LT+ o

(23)



3 A --- B SHE LA Pt B TR S0 ik 2 HE

g%

TR

i /o
PR

Bk

=+
=

REEE

-172-

89N ¢vN 82N 1N 99N 11408 4701 N en

87N vIN €N S9N 8N 8N vin €N 1IN gvN 8N TN 8¢N vIN €N 12N

8N 82N viN 9N (44004401 0zN 02N

78N 87N ¥IN S8N 89N 7N €1IN £€9N Iv0 v 61N 61N
8¢N v1N 8N 78N 89N 87N vIN €N 79N orn ovN 89N ¢vN 87N ¥IN 81N

Y10 €8N 1901 190 6€N 6£N LIN LIN

78N T8N 8N 19N LN €N 090 94N 891 82N LIN €N 1N 8€EN 8N kN 87N 61N vIN 91N

Y10 181 87N ¥IN 6SN0 89N 1€N LIN SN €N 1N LEN 8N 89N ¢vN ¥IN €N SIN

87N 1N 08N 8N 82N vIN 88N 9¢N 9¢N YN vIN

YIN 6L0 8N 87N vIN LSN 8N ¢rN 87N 77N 61N SEN €INn €IN

ol Y10 84N T8N v 1¢N ¥IN €N 98N 89N ¢rN I€N SN €N veEN 8N 89N ¢vN 61N ¥IN ¢IN

8N viN LLN 8N 1IN ssN 78N 89N ¢rN 87N vIN €€N T8N ¢vN 82N ¥IN €N 1IN TIN

9.0 9LN N 61N vIN €N ¥SN 8N 1en €1n SN gen <8N 190 €1n ¢N 7 1N 0IN

8N vIN SLNO 190 9% L1IN €1IN SN €8N €N 1€n 6N 60N

87N v1IN vLN 8N 82N vIN €N 7sn 78N 87N v1IN 0€N 8N 8N

87N v1IN €LN 8N ¢vN 87N 1SN 89N 87N €1N 62N L0 LN

89N ¢rN ¢ZN 61N 6N TLN 05N 05N 87N 87N 9N 9N
o8N viNn ILN 89N ¢vN ¥IN 6vN 89N 6¢€N 87N vIN TN LZN ¢n SN

8N vIN 0LN 8N N vin 8vN 8N TrN 82N 1IN 92N 78N 1€N 6N SN €N 1IN ¥

78N 82N vIN 69N 78N 89N 82N ¥IN Ly 78N 89N kN 87N vIN SN £n €N
891 89N 9vN 9% 78N 82N 61N 6N TN 1N ¥ZN N N

8N ¢rN 87N vIN L9N 89N 6€N 87N 7N SN 8N 9LN 89N LIN €1N €ZN In In
e mm LHSS mm e mm e mm

TS R BRIRT¥ G2

24)



-173-

o 117 REl 114 % 6 A

I
]

A

S

& 1

€N 99N 190 27N ¥rNn N N

YIN €N S9N ¢n 1IN evn 8N vin  ¢n 1N

¢N 1IN ¥9N0 ¢8N +vIN €N 1IN TvN 78N ¥IN €N 1IN 02N

8N vIN €N S8N 28N €N 1IN 99N €N 1vN 61N 61N

¢n 1IN 8N 28N €N 1IN 79N cN €N ovNn 8N IN 8IN

vIn €N 1IN €8N 1901 19N 8N €N 1IN 6£N 8N SN €N LN

8N 78N 19N €N 09N 8N €N 1IN 8¢N <8N vIN €N 1IN 9IN

¢n 1IN 18N tn 1IN 6sN SN €N LEN 8N ¢eNn 1IN Sin

£N 08N €N 8SN €N 9¢N viNn viNn

¢N 1IN 6LN ¢N 1IN LSN 8N €N 1IN sen 8N 6N SN €N

€N 8LN 8N SN €N 9¢N N SNoen ven vin €N 10 ZIN

vIn €N 1IN0 LLN €N SN ¢8N vIN €N 1IN €eN 8N €N 1IN 1IN

SN €N 9LN vIin €N 1IN SN ¢8N ¢cN SN Ten <8N 6N €N 1IN 0oIN

¢Nn SLN 9N SN 7N gsn N SsNoen 1ren 61 60N

¢N LN 78N vIN €N 1IN 7sN 8N vIiNn €N ogNn £¢N 8N

8N vINn €N €LN €N 18N 8N €N 1IN 6N ¢n 7N 1IN LN

6IN €N 1IN LN SN 0N ¢8N ¥IN €N 1IN 82N ¢n 9N

8N viNn 14N vIin €N 1IN0 6kN ¢n 1IN LN SN SN

8N vIin €N 1IN oLN €N 8rN 8N vIN 1IN 97N <8N 6N €N 1IN N

¢n 1IN 69N €N LN 8N vin 1IN saN tn €N

8N €N 1IN 89N SN €N 9vN 8N €N 1IN ven N

8N vINn €N L9IN ¢n 1IN SkN 8N €N 1IN gen In Iin
LHee % ey mw LEee mm LHeE mm

FelzE R BRI o2

(25



-174-  REBEUESUZ N PR (S - [FUSHE L B iR B R B Ak Z FE A

SR oS —(AERERE - BIEEERER S BIFRBITEL T » BOR—EHEIEH 2R B R
183 6 AR AVI R ELE T » AIREA ST HER - LLu71 £ - HEEOZ 2R HIR 1S
PUT U71 HUSKAERE 85 T RERrPR 22 » HIRIBER 6 - HBHIRFHER Ul14 Bl U82 - LL#k
U71 ~ U14 B UB2 HUBUEEAETE ("3 7) » UTL (£ JEFEHE F B S R A2 IR - L
HLAERE AR Bl B2 A e ER AT 0 8 5 o S BRE O P L 25 BOR 71 R 2182 U214 ~ U82
FHRIIKHE » AU EER 2B o IEE—PHIH TEDA & AT REENT 0 f - AR
oG AR B SRS > HAS R M R o

= DERBR

EH 17238 38 A B2 BRI e M 22 B AN A o SRR RS2 A B A A 2
% o KA FEHE— 2015 53 e S SRR B RT3 B i K ER W T 8 52K 23 » 3% 8
BRI o JaHE R > 3£ 9 RIS JaHE R o RIRERE RS RAT SO HUER
REST RS 13 J@ > B ACHRATEIIE A e RT3 1 Fvs » R 8 2KF > 2 1 @A 4 FREMEE
1o Hop 3 KRBT » 1 RALAL » (€K 9 KB » 3 1 fgrh @B A 7 A » Hrp DUBIT K
J&% > AT 6 5 » RAIIREE 1 5% > fRELLiR R 8 B3k 9 HUNG 3 fiF - R E AR R B
% AEURBERE » W HBINT 2 ARAYL © ANGE ¥ 8 A S B R BB iR AL R T RN K
B2 LGB > 5 8 JE 2 4% BB R BOARS HA S A g - i B A AR E R RN
s RS 2023 KEBHEA AT A KEEBERR B (RF 10) &KF - Hi 30 #HHEIL
BB 17 & BISTRHEAERY 3 44 0 R KRl 8 4 > RAZRHEREE 2 4 o AT L
AWGE 2 Al R ELERSHE A & — 2 B RBINEIATANL » Tl KR ER R RS - JiR
AWRGEZ 5y I R E A P o

(26)



JEFR w1178 - RE 114 F 6 A -175-
F7 UT71U14 ~ US2 ZHIBERUEIE
HBIBEVEE u71 U14 us2
FE 2R (%) 74.11 94.92 98.1
Al AR b 0.041 0.05 0.065
EgE E ~ JEEER B IR B A 8 486,380 1,701,809 1,168,609
= FERBEEEERE G AETIIEE  1,405.046 2,932.95 1,806.455
B P ERS E 2R (%) 77.53 97.03 96.53
HE SRR T E 3 6 29
HE BT B AT 0.0132 0.0157 0.0876
KB B o oy B R | 2 P 1 B 0 23 6
KEA R G B AR 8 0 0.06 0.0181
HY 5 0 Bl = {18 2 S AR PG 0 0.072 0
* 8 DERR_KHERR
EB1E FE2E E3IE F4E E5E F6E BTE

u19 u34 u20 u26 u72 U85 u67

u22 u32 u21 U52

u31 U56 u30

us2

E8E E9E F10E HFuE HF12F H13E

u64 u75 u78 u8o U59 us3

u73 u79 u65 u70 u74

u63 U58 usl u71

us4
U69

(@7)



-176-  REBEUEESUZ N PR (S - [FUSHE L B R B R LA ATk Z FE A

o DEER LWEASD
51 52

E]

LR D L

U1 u7 u10 u1s U16 u12 U49
U2 u2s8 u17 U29 U62 u2s U54
U3 U68 u37 u3s U60 u1s U46
U5 U39 U1l u4s U33 u23
U9 U42 u76 u27
U14 u44 u24 u43
U6l U4 uss

us u41

U13

U6

U40

U50

U53

U36

5 8 g 598 B0 Hllg B2 H13F
Us1 u48 u47 u77 uss
U66 Us7
U69

(28)



JEF Rt imas > 117 > BB 114 FE 6 A -177-

& 10 ERHEE 2023 HBRIFHERZAI 30 B

BB m3 B2 B3 B2 B3

1 B EERE 11 [ R e 21 BN EIEHERE
2 [BSIRIREE 12 REAE 22 BN EMEHIRE
3 =EitEELRE 13 BBOAKE 23 EAMRER

4 R EE AR 14 BINERACATEIAEE 24 il BEE KA

5 BISIETEARE 15 RAERHTRE 25 BREAER

6 BEIHLRER 16 BN ZERRTE R 26 EHARE

7 EHEREERREE 17 L7 RFERER 27 BINIZREEH RS
8 LIRS AR 18 SRR 28 BHERMHAER

9 BN/ EEAmE R 19 BES7AIERE 29 BT BB RE
10 [ 7 KRR 20 BN EILRHEAE 30 ZLmiz ke

BRI - 5% RS 455 1]

PO - cRESE

AREERI > 257 e S 7o PR A Re 8 SRR R 21T 5 » EHLUS R K BEE
A MAERE o {HAGE TDEA M58 » SRERIIAER RS AT LIPKE AR [F] g fR) K2
5 ELBE R PR RS o DL UTL B > B U71 B RBEAS - [KIL » Hnf22% 3¢ 8 vh
fib R SRR F RS 2% - SIS > Bk U71 ARIEES 9 fg b=y
MRIBEE 8 T » 26 9 J@ iy Rsb A U75 ~ U79 LUk USS » {H3E 3 FTibemsi (A u79
A >0 » HAWRRATHIBBEREY A ¥ 55 0 Foi U79 HUBVEEL UT1 SRHER - [KI AT %
U79 VERFEIBIRRESE o ££38 11 v HL > U79 HZ BB IR U7 » (HEEEERK -
AR LI UT9 TR ARSI » JER T S HI HAR -

(29)



-178-  REBEUESUZ N BRSO T --- (IS L BB R LA Ak Z FE A

11 U71 -~ U79 ZBRIBHBENRIR

HEBEIEE u71 u79
FEER (%) 74.11 76.22
filAE L 0.041 0.039
EplE E ~ FEEER S I A 486,380 585,003
= RIS R E EE R E AT B 1,405.046 1,445.86
B P B E 2R (%) 7753 90.27
BE S e S 3 3
HE BT R B R TR 0.0132 0.012
REABIR g S B E 0 1
KEA: R HER F = a8 0 0.004
HY 5 0 Bl = {1 2 R S AR PG 0 0.009

AL HAIT S » U71 BEF W] 23545 S i T 8 i) 22 » 4056 5 J » ARPER 8 B »
% 5 JEI BB UT2 ~ U21 B2 Us6 » (HECH{E U72 1) 4 >0 » EARIFT KERN A RS
0 Fr U72 M@ IEEE U71 SR EEE - IRIMATEEE U2 MEEHIRRIERT: - (8K 12
A LAE U718 U72 (7R KT — 26 SE SR IISGE IR - siRIAIN S -
HRYEEE 9 BT » 1£58 1 gl it u71 21 BB U19 ~ U22 ~ U31 B U82
HPEA Us2 1 4> 0 » HAL=Fr KB 2 &5 0 F£r Us2 @ MEEL U71 iEHAR
K1t RS UB2 (R BRI A 2B 1 -

RIFRITH /AR5 5 AWFFeag U71 2GSRI AE 3 Fir o AR DL U79 BAsse »
FALL U72 B > RIS RIS Us2 e » F A0 HABUER e - 1B I sis » 2
AR RIS RS A IANY UT1 FIRERE 77.53% - THE 90.27% - HREAFEHE 90.27% LTt
% 93% » RARHETH 2 96.53% o HAMIEEE — /@ 2 BUbers - TRrlEdIEZ D BB
B H R BEERAOAOEE - i 2 HHHE R AK o

(30)



JEF Rt imas > 117 > BB 114 FE 6 A -179-

F12 U71HE U722 ERERBEWRIR

BB WEE u71 u72
FEM2R (%) 74.11 96.12
Bl A L 0.04 0.05
e S ~ FEEE R IR A 486,380 1,385,329
=R EE R e e A T B 1,405.046 3,443.82
B PEERA S E 25 (%) 7753 93.00
BE B E ST S 3 10
BEHEF BN BRI 0.0132 0.049
KB R B REA T T B E 0 22
KEA BRLE SR F B Ao 0 0.107
HI 5 A B 8 {1 2 S 52 A B8] 0 0
R AR El i K i R
EEIR —  mm) U79 =) U7 mm) US2

HIRE2 P22

B
BER

77.53% 90.27 93.00% 96.53%
3 U7l ZHBIERELERE

SR R ER T S - (R AT LA IR A £ AR A 2 i KB 5 B » LA U5
B KT S o 3% U5 ARIEES 9 [P B K22 - MRBEER o BT > 28 9 J@ iy
U485 R AT U48 (RIS « Mt rF M S » U5 BT il 25 T Al
TGRS » BIANE 5 J& » ARIEFR 9 Br » 56 5 /@ U16 ~ U62 ~ UB0 ~ U33 ~ U27
PARua3 » Hrh ue2 81 U33 1Y A >0 » HERKER) A B 0> L U3 MY A{E (0.753) K
3 U62 # A {H (0.118) > F/ U62 5 U33 B & F A% US5 HHAR (1 RAFF < i RIS
HREER 9 U » 1658 1 fgrh Ush rI2 AR5 2 % i RERH Ul ~ U2 ~ U3 ~ U5 ~ U9 ~ U14
Bl U6L > HAEH U3 1Y A>0 » HAKE A 855 0 - (KLl 884 U3 1EB RN 2

(1)



-180-  REBEUEESU N PRS- [FUSHE L BB R LA A Z FE A

FHEA o k7 LT - U5 FEHAI S B DL U48 TEBSCERIAFUSA » hIILL U33 TRk
s RIILL U3 R (AU -

AHFFEHT US5 ~ U48 ~ U33 Bil U3 TE 4 THEERAE RT3 13 » AT LIS B AR IB(E
it DEA FUfER » KK US5 DL U3 Rl tFaF » (HIESR 13 Ry TRIHEARE » US5 B U3
TERER DA BER AP M 2500 > ZORHAERTIAPE R B U3 MR 2RI » AU E
B o (RO P WntE - AR A 2R HE2 - R B2 A3 8 2R H iTHY 82.94% > Rl R
% 89.53% » HHIRRE 94.92% > ASEFR N 95.75% © FEEHRAIBEIEAKTE » FHIA
FURHGEDIRE K » Hr R AR E DR e 2 iR 22 [ Wi/ N8 o ] RARSE A
FERTHR i A AT A% e 1) B » 7R AH & V) & ERR -

F+ 13 US55~ U48 ~ U33 Bl U3 AR IEHBENRIR

HBIEBEE Us5 u48 u33 U3
FEMER (%) 46.27 64.97 85.93 99.9
i 0.050 0.043 0.047 0.066

B frsE 2 JE RGP R IR EME 884,551 1,328,094 1,234,853 8,229,008

3

I CEEKEEEEE R B ESY 93195 1,653.25 2,058.17 6,884.33

AR SR

A YT ER IS TE 2R (%) 82.94 89.53 94.92 95.75

BB GBBER TS = 2 8 13 25

?ﬁﬁw%gﬂ%m FEArEEEAN T 0.0094 0.0158 0.0367 0.0119
AR s

KEA R B B EEE 1 31 28 224

(G253

KEARR O EEA R 0.0047 0.0611 0.0791 0.1068

(G271

Y 5l R Bl = 7 SR AR B A3 0.006 0.004 0.018 0.056

(32)



JEF Rt imas > 117 > BB 114 FE 6 A -181-

i sk

%D off8

ASCHIF CR-TDEA $12# 85 KM BUEREBCEITER AT » fRUL T (8HHR
DEA 1EEIUEFIFIERIIRIARTE « — ~ {E#f DEA K& KEHEEE B C A RIS
HES EEUHI T 244 DMU @2 HUIE D » = ~ BT BRRE RS FARLEN 84S DMU »
FORH LGSR - DMU 1ERBAEAE » fEIa% i olss B AR A IS B o SR FLAE BT B (A4
(2024) L AR-DEA ZRBEHH SR —TE[NE » i I F] TDEA M7 REBSUER I 2 R oy g -
{H2H AR-TDEA ANEEEHAREHIFK H 3 MR DMU 253 faHEAE K52 » 1 DU BB i
P BE 1S © $iELE » A2 CR-TDEA B {EfFAHTM AR-TDEA k%% » ¥/ CR-TDEA »
FeAMBR T T LA S R B R BUEITRRE S g ot - HREHIE R G SRR TR
W HR LB Y ATE AT o 1T R R B AR o

FFSERS SR » B AN RS TARTRR ] - 5 BB i » S B e
SUREAE S 1 KBRS E R E 29 3R« SRIM > HHEHORI T CREMEITRR 1L > SREMERS 1 1Y
REEGREAIER D 11-13 5K > ZURESR IS RIS EE RO BTt © IEOL - ATFSCTREIAE
TEBCZ BIRFIIEDCT - MESRE KRN 2B TR R ) » B E U H R A
5y o RZ » HEMARZBIRHIIET T » S MR RN 2 BT REBREIKS » 3N
= H IR R o B CR-DEA B{E#f DEA B & R EE 54T -

2 > K5t — S H CR-TDEASETT/IE » £53 13 J& 5 3 Ja i K2k R
2023 j5 RKERHUERRINT 30 (T LS » BB AR —BUE BB BN AL TEK
BRI R o BERAITTEZ 0 e s R IE s &3 -

Btk o AR TIAREE o> s S B B 3SOne AN R B2 A T Ol 5 B AR - DARIIRZUhE

(33)



-182-  REBEUESZ N PRS- (IS L BB R LA Ak Z FE A

AR R — g UL B0 BRI EIIIET T U7l 5L 14 BE us2 MUEERSE » (B
HH U71 B U14 ~ UB2 RUEERE AT = R EA » UTL RIS BB U14 ~ U82
IR A HEABLT- 5 RIS o RRBE S3 J@ s R > RS20 % U71 AN AT DL UT9 ik g -
FRHARITAT DL U333~ U62 LUK U72 FStFAE REE » i L U33 B H B F R - RIS »
ATLLU14 B U2 RAE K8 » Hrh L Ul4 B B2 B - M —2k » — R
() U71 S (S PR R o ARPRILERIS » U71 W22 LRk 2R e AR U IR IS 3 e 5
FIHANTE 77.53% L FHE 90.27% > HHAFHE 90.27% 28 93% » mASG AR A =
96.53% ° JEFEIEFFUNEN UGS HAERE T2 0 H—BRIA R E — ([ S R 2 3 B 5
B o HIFBE —fg 2 KT LE B » B0 BB EHEIH S REE (7805 > AR
YGRS -

s  ARFSEHR ) CR-TDEA JTIERERR T RURES A » BB ER SRS R
HEIT G o I BUERSREAN R RN BB EIRELEE )] - X e B S AR E
KE > BHHARESERE o BB IE S R I T —(HE BRI S
FITPER) TR » i B AR S0 K IR S ~ IRESEE 77 IR A B AT f it T L o

4B

BN E £

BEO: » ARIEAR T ZAEHE » St T 2 PR AE (RAERIE 72 LU B A A e /5 T 2 AR
B BIRRREHRRIT I - HERARACRESHE — D SRR L T AR FE IR - SRR RERT
i ZBHTERESTE FB 5E 8  HR - sRBUERRSIRIERENN S » AR TR AE L HIER -
SRR RE R BERRSI TR IR R > I R4 R s R EWE R - BERT RS R
METHIDL © 25 = » SR BERAMEN RS RIS - ZR I UIBH AT HR -
AR - SERE W EREE R - SHE R HBER IR - ST EAHCH A
W RIAEAR - B E B

Y AR RARE TR LYIREG A B TEEMAS ) At b he e

(34)



JEF S mima » 117 1 » BB 114 6 A -183-

A EE » FOR IR R P B R 2 78 - NP AR A B T B R s s
JEALE LTS HRTT TEA LSRR A B TR ) HYRB » ik » BERBURTRK
FEPOERE AP BCR FTRTHiZE BIRF - BET AT LIZ2 % AR IE 2 bt A - PRaseressah (&
PRI ER A E 2 BE AN R Z R ERGHS EER TR IR B slFT S RefR b AS P sl B2 A5 0
P EFIFFE - ks HEY) & HERF KIS

(3%)



-184- KEBHEBEI Z AFAE PE PR A0 --- (BB L AT i R B BLA& o BT i 2 HE

M 4%
fizk 1 SZEMEABRERZEE
3R W& iR W& 3R W& 3R W&
Ul BISZBUAERE U23 B ZRAE u4s JrERE U67 aLERH RS
U2 BEEEAE U24 B ERAE U46 g RE: U68 HhiE gk 2
(VERCTRvR: 2 N U25 [k RS U47 KEERE U69 A TRHE A S
U4  BETTEEIMERE U26 BRERHIRE U4 HESFRE U70 IEERHEKE
Us BRI KE: U27 B Z A u49 it ke U7l ERERM RS
U6 [ Hr B E U28 BT EZILHERE Us0 #HE AL u72 BERHRE
U7 BESRIARGERE U29 BZRHERE Usl AR U73 SHEHIRE
U8 [ HRKER U30 Bl EambPH RS us2 WGRHREE: uT4 rhBIRHLRE
U9 BEZAlRE U3l BT RHEAE: Us3 s R uTs rhERHRE
U10 BT/ EEEHERE U2 BVEIEEAE Uss FiERE U76 mhiiiAE
U1l [ HE e U33 [ 37 frf A uss EHAL u77 Flr ke
U12 [ RIS U3d BN SR KB Use mMERHI AR U78 ZmEMRHIAE
U13 BISZEZLAMEAS: U35 2t A5 Us7 BILRHIAE U9 rhagBREp A&
U4 Bz EdeRE U36 s AE: US8 Ri4EFi ke Uy [ENANHERHAZ
U15 B U37 iifi{ - KE U59 MIERHAE Usl fEtRHRE
U16 B3 m AR U38 HiG ke U60 &AL u82 REFRHIAE
UL7 [BIS7 R U39 Hiffi K U6l ZJtERE k& Uss vkl A
U18 [ EmEIER A U0 JRITRE u62 BB KE UBs EILERE
U19 BT EERHCRE U4l RS ERE U63 FEHERH K Uss BHERMEKZ
U20 BSZEMBHCRE u42 EHRE U4 iR
U21 BV RRBHCAR U43 EE RS u65 BAFTRH A
U22 BEdLRHAR: udd REERE U6 FeiEAKE

(36)



-185-

o 117 REl 114 % 6 A

I
]

A

% i

f

&

0 §90°0 0 10°0 610°0 0 0 0 0 8960 2N
0 £00°0 ¥00°0 0 €100 966'0 0 $00°0 0 0 1zn
0 6000 0 0 1100 1960 0 0 0 8600 02N
0 0 0 5000 0 6LL'0 0 0 0 $TT0 61N
0 120°0 0 ¥00°0 0 €660 6000 0 0 0 8In
$15°0 0 0 L8S0 $60°0 0 0 $0£°0 80 0 LN
0 200 0 ¥00°0 0 768'0 0 0 pI00 1010 91N
0 610°0 0 0 1100 9860 0 $00°0 1200 0 <in
200 0 0 1200 0 660 0 0 0 0 tIn
90€°0 110 0 §79'0 S00°0 0 yLEO 0 0 9¢r'0  €1N
0 200 0 ¥00°0 0 768°0 0 0 100 1010 TIN
100 100 0 0 ¥20°0 $L6'0 8000 0 0 pI00 110
£€0°0 0 0 9L0°0 1200 w60 LLO'O 0 200 0 o0In
0 2600 0 0 6€0°0 0 0 0 6500 9160 6N
0 S0-97T'1 0 S0-ap19'] 0 0 0 90-99LT  S0-dEET 1 8N
0 0 0 0 0 0 ¥20°0 0 900 €560 LN
0 €100 0 £70°0 0 0 0 0 SLO0 L0 9N
0 0 0 0 weo 0 £v10 0 0 0 sn
£20°0 810°0 0 €000 ¥0'0 6960 0 0 810°0 0 v
0 0 I 0 0 0 0 0 0 0 £n
0 0 0 L6L'0 0 0 18°0 £5€°0 0 0 n
1 0 0 0 0 0 0 0 0 0 n
W WHEA YEHEL ﬁﬁh
WHFE  EbE AHRE WEEE §HE HEEE TR
H7Y R FEREE REE  WHEE ENHEE 0% % lmmm M 22 (%)

Hg s M R EY HETEY aRESE sl

B ST Lﬂ&mtn FZEHE  HEW st

BREERREIS vIA BRIETx < 2EMH

€0



3 A --- B SHE LA Pt B TR S0 ik 2 HE

g%

B KA B

=+
=

REEE

-186-

16€0 0 0 0 0 0 1260 8€°0 0 0 thn
600°0 0 0 pLF90000 200 6860 810°0 0 0 0 €N
0 9€0'0 0 €00 100 SL6'0 0 0 0 0 uwn
0 0 0 ¥6'0 0 0 0 6L°0 0 0 820
yLL'O 0 0 0 908°0 0 0 09€0 0 0 ovn
0 200 0 ¥00°0 0 6L60 10°0 0 0 §100  6€N
£70°0 ¥50°0 0 ¥60°0 2000 LT60 0 S¥0°0 0 0 8€n
6700 80°0 0 200 1L0°0 1€60 0 €100 0 0 Len
0 L61°0 0 976'0 0 0 0 €L°0 0 1200 9¢n
0 910°0 0 8000 0 yL8'0 0 0 SLY000'0  LTI'0  SEN
0 wo'o 920°0 ¥10°0 690°0 LE6'0 0 0 0 0 ven
0 6100 L8€000°0 0 1100 L8360 0 0 610°0 0 €0
891°0 0 0 $12°0 €10 0 0 0 0 g0 €N
0 0 0 1200 81€°0 0 0 0 0 €90 1€n
0 0 0 €000 8000 6660 0 0 0 0 0¢n
0 LY0'0 0 ¥90°0 0 960 0 0 0 0 6N
€000 ¥10°0 0 LO0'0 0 886°0 620°0 0 0 0 8N
0 £10°0 0 ¥00°0 0 660 920°0 0 €000 0 LN
0 ¥00'0 $00°0 0 €100 L66'0 0 0 0 0 9N
0 200 0 $00'0 0 5680 0 0 §100 10 szn
L00°0 610°0 0 €20'0 0 $78'0 $10°0 0 0 ¥910  ¥ZN
600 900 0 891°0 0 8¥8°0 0 0 180°0 0 €N
W WA e B L
HFE  EebUE AR WEEE EHE FEHE R
B2 R BEREE BSE  WHEE 2RAHE Ww2E ZREEN MHEE (%)
HEA I W E Y MESEY a8 a8 el T e Hed oI 4 2B ME TR0 sl

(8) BRRSISTEIE VI BRILT¥ ¢ 28

(38)



-187-

o 117 REl 114 % 6 A

I
]

A

% i

f

&

0 €20'0 0 $00°0 0 660 0 0 L00°0 0 99N
0 0 0 L00°0 0 966'0 0 L10°0 0 0 9N
0 0 0 £00°0 800°0 666'0 0 0 0 0 9N
0 LOT°0 0 960'0 0 0 0 0 0 LT60 9N
0 L00'0 0 900°0 0 8L6°0 00 0 LEO'0 0 N
0 0 0 T80 0 0 L18°0 0 0 0 190
0 0 0 6000 0 1L6°0 €00 0 €70°0 0 090
0 0 0 L00'0 0 6660 0 0 0 0 6sn
0 0 0 £00°0 8000 6660 0 0 0 0 8N
0 0 0 €00°0 800°0 6660 0 0 0 0 LN
€100 10'0 0 0 LT0'0 6860 0 €000 0 0 9sn
0 0 0 0 0 786°0 0 0 8€0°0 0 ssn
0 0 0 1000 0 1L8°0 0 900°0 0 PO SN
1L0°0 0 0 L92°0 S01°0 €0L°0 $TT0 0 0 0 €n
0 €000 0 0 €100 9660 0 10'0 0 0 wn
0 100 0 0 9100 $660 0 0 0 0 1sn
0 170 0 St8'0 620 0 0 0 0 0 osn
£00°0 920°0 0 0 0 ¥66'0 0 0 0 0 6N
0 0 600°0 0 €100 866'0 0 0 0 0 8N
0 810°0 0 900°0 0 €860 0 0 1€0°0 0 LN
0 0 0 I 0 0 0 0 0 0 9N
0 y10°0 0 900°0 0 6860 820°0 0 0 0 SN

W WA YRR e B e
MHFE  EebE SR WEEE WHHE TR TR
H7 R FEREE REE  WHEE E0EE 0%3 ZREHEE W HER (%)

MM MR EY METEY RS sk 8 sl

Mty — I 4 2EHE  HEW i

(8) BREEISTEIE VI BWRIYT¥ ¢ 28

(39



FHELE T Z HE R

H

3 AT --- B St LA P B

g%

B KA B

=+
=

REEE

-188-

0 0 0 £00°0 800°0 666'0 0 0 0 0 s8N
0 0 0 L00'0 0 6660 0 0 0 0 80
0 0 0 0 0 I 0 0 0 0 €0
0 0 0 1680 0 0 0 0 0 6290 78N
0 0 0 0 0 I 0 0 0 0 18N
0 0 0 L00'0 0 6660 0 0 0 0 08N
0 0 0 0 0 I 0 0 0 0 6L
0 €20'0 0 0 0 966'0 0 0 0 0 8N
0 0 0 0 0 786°0 0 0 8€0°0 0 LN
0 97€0 0 $66°0 0 0 0 0 0 0 9n
0 0 0 0 0 ¥86'0 0 0 8€0°0 0 s
0 0 0 L00'0 0 6660 0 0 0 0 v
0 0 0 L00'0 0 6660 0 0 0 0 €n
0 1€0°0 0 €100 0 €9L°0 $00°0 0 0 €0 wun
0 0 0 0 0 v86'0 0 0 8€0°0 0 1N
0 0 0 0 0 ¥86'0 0 0 8€0°0 0 o
0 0 0 £00°0 800°0 6660 0 0 0 0 690
0 1 0 0 0 0 0 0 0 0 89N
0 ¥00'0 $00°0 0 €10'0 L66'0 0 0 0 0 .9n
W WA YRR e B e

MHFE  EebE SR WEEE WHHE TR TR

H7 R FEREE REE  WHEE E0EE 0%3 ZREHEE W HER (%)

MM W E Y MESEY w8 a8 el e Hed - I 4f 2N HHU sl

(8) BREEISTEIE VI BWRIYT¥ ¢ 28

(40)



-189-

JER Mikimas > 11781 > R 114 & 6 A

0 A FEA 3 0 0 A 0 0 EAH LN
B L'y 3 A i $'€TT 323 ¥ i MG PILSSE9 S8PISSS 91N
A vLY681S ¥ D 9€9€9°68 A ST 8€TS69Y AN <IN
S'or B FE 98TYI'LY FE B B EW  E2W  vin
0 0 FEA 0 0 0 FEA B 0 €1n
¥ L'ty Y $'€TT Y i XA S 9'6S  S8PISYS TIN
S'L6 S'L6 ¥ 3 ¥ $79°0 SL81TI i G 98TH969 11N
6£6€6°LT i 323 8SI€1°Tl 9L¥06°CH COvL6'TT 323 1'9% MG 01N
B 0 FEA A 0 B FEA 0 0 6N
A 0 FE 0 FE B 0 0 0 8N
B B FEA B FEA 0 FEA 0 0 Ln
B 0 FEA 0 FEA FEA FEA 0 0 on
A A FEA 3 A 0 0 A BN EXW N
crog1 Ty €EEE8eS 323 543 STTYT i MG CEEesES XN vN
B FEA 0 B FEA B FEA BN B €N
B B FEA 0 S 0 0 E  E2W 0
0 FEA FEA FEA FEA FEA FEA EN O OEMW 1IN
78] WREL @A e m/ﬁn@ TR
FE#H7EY WEEER FHHEER MWMQMW% tmmwm%g ﬁmwwﬁ*m ,wmmmm&i TEW s
TRl E8NMET E8CET HEHEER MEmEE =Z2EEH N BEdf - 2B /w28 (w2 lE
/e BY/ /e B /e S eE g BTV MWe/weXE WiHTE Wi T
T wmlE s aWiEls s5WiTes w2 iTs 8sliiTs st Tes

EHIFER/ARZHECEHER (28T

€ 2E[

(41



3 A --- B SHE LA Pt B TR S0 ik 2 HE

S<§

B KA B

=+
=

REEE

-190-

303 IS60€TC  9YBE09E  LS8TE'99  IL6LSEI A3 WAGH DG B v
L LELY6'IS  8€T'0SST B A3 LTLTL'68 ¥ A3 WAL LELYE'TS  HRH €N
0 E E 0 0 E W B 0 N
EAH EBLE: R 0 0 EELE: ELEL A, R 0 1en
S 3 e 133 SL8YTI 3 WA A ¥ oen
S £65TH 07 23 §1 SE 23 3 WA A EE e
€EEC6TE  EVILSOL % 203 6T Y1 % 203 L6890'7€ WAGH G B 8N
A3 $8€S1°9L % 23 SLYT % 23 769L0°8€ % A3 0ge  EAH LI
ELE ST6YT b'661 A i 1€269°9L A i WG WA B 9N
R SL'vY o2 A i sLeTe o2 A i A i WA L99996S  S6'8  STN
ILSS'LIT  SOITYEY % 203 LS698'S€ % 203 §s WAGH  EEIG 88Y0C0S YN
wTTye CEEEl Yl %203 619LY0°S %203 ¥ A3 RAGH  vI690l R €N
ELE 0 S 0 0 E L EAW 0 N
303 (433 6vC B A3 8€519°9L ¥ A3 T661 WAGH G 10
A3 8LLL'901 % 23 B A3 9£9€'L8 ¥ A3 WAGH G LY6STST 0N
A EELE: S 8'ssl S EELE: ¥Au B2 wwoore 6In
B 1LS8T'LY FEA ST8YT FEA €EEC0IT FEA N OEW 8IN
2] WiEs YRR W e Wi e Y

FEETE WEEER AEEER SEEM HRINH TEERNE S0HN TRl s

THRESH BEeNET HeNMET HEsRE MEwkk fEENNG B 28 /w8 vy

B 2E WY/wE EY/2E SR/wdE HedE b IVsd He/wdE Bt Wi

mEHT e wEHTE sWETE s Te sEiTes Selis sl

(B EHERBRBUSWECHNER TEISG B TH € 22

(42)



-191-

JER Mikimas > 11781 > R 114 & 6 A

S §'66 EELE S SL8I'T9 S ¥ B EW 160
E 0 E 0 0 E W B EE oo
ECEETIEL  LLOSTE E E E E W By EE orn
EBLE: EBLE: 6888°011 EpLE: £T69L9L EpLE: 2w B B 8N
A i 11119'%S A0 £€€8°€91 A0 ¥ A3 WA 8960LTE R LyN
S 3 S 0 S S WA A FEE o
B A i 98TH90L A £€€8 Y91 A Er1TEse WAGH G EI svn
0 A E E E 0 0 W B vv0
6888°601 A i B YLTST  SSYS6VY  phbPEYS WG WA B N
A i €€€80°LT TG SL89Y'0€ STI8 A i WAW OB B wn
3 ) S 0 S S 0 ¥ W 190
0 e A e 0 e 0 WA W 0v0
A i S6'8Y A0 SLYYT A0 6'L6 WAGH  EEIG 999759 6€N
VISSSIT  L999T'LI A 20L198°6 S'e9y % A3 9'0¢ WAGH DG sen
61 £856€°61 A SS9y 89C11°€1 % A3 8ESI9'IL RN WA LN
E 0 E 0 E E 0 E 0 9N
A i ST9'YS A0 ST601 A0 ¥ A3 WA LTCBEST 681889 SN
2] WhE  WEH2EA Y e T B L Wi it
FEETE WEEER ALEEE SEEM HEINH TEERENE SHMN TRl s
THRELH BEeNET HeNMET MEmRk MEwnRE fEENNG B 28wl vy
Bl WY wdE RY/wdE SR SRwE b-lwd WesedE W Wi
wE s alEHT s sEHTs sWEiTs sWiTe SeliTles slids
(B EMERERBSSHETSIER TR T&H) € 26

(43)



3 A --- B SHE LA Pt B TR S0 ik 2 HE

S<§

B KA B

=+
=

REEE

-192-

¥ 0 B A3 ¥ B A3 ¥ B N W 89N
XA ST 6T 7’661 XA 1€2699L XA XA w90
% SHOST Eh % A i 1’861 % A i % HMH O CPILTRPL EE 99N
B A B LS8TTYI FE A LRk b788S'8S MW  EIW 9N
B A B A B gee SL8YTI B A B A HAGH  EIW vIN
B A 0 B A 0 B A B A B A B A 0 €N
¥ Ay SPIL6ET % 2 i €91 % i SSHSH Y MW CPTEP9T B 9N
¥E 5 B3 B A 0 B A 0 B I OEDE 190
% % % A i 6388°L01 % A i SLEVE0E MR PISSTC A 09N
B A B EPILTYI B B B2 HAG I 65N
B A B A B gee SL8YTI B A B A HAGH  EIH 8SN
A B B gee SLYTI B A B A HAGE  EE LSN
T69L0°9L 6'86 A jif % Iy £€9679'9¢ Ay £999'67¢ I WG 9snN
¥ B B A3 B B A3 ¥ 3 IR vLYeS'ST  EAG  SSn
FEA TEA B 1L8 B T L99T'SHT  EED §9  ¥sn
8011066 % I % 6567€9°C 8€7569°9 a3 % MW IR €N
A (43 B B A 8€S199L B A 966 HAGH  EIW TSN
629 Wbrd: WA e Wbt Jie
FdkEsd WHELER FHEER GERO0 HERG THHEME SO TR sl
Tyl ESNMT EBNET FEHEE HESWE 2REHSYE DR 2B R8s w8
/RS BY/EXE BY/HAE g S8 POV MHe/sEdE WiETs WiETs
WS HET TS Wi s s Ts sl s S3alHTs st
(BNECIPERSSHE USSR & WITTE] € 226

(44)



-193-

Wimar 0 117 8 - RE 114 4 6 H

%

ik

e
L&

A A A £ee SL8VTI A g2 Ea EW 8N
A A A ErILTY A A ¥Au ¥ B ven
A A A A A A a0 EAaE I 80
A A A 0 A A ¥ 0 asn
2 S0 A S A S 2w B2 B 180
2 S a2 EPILTHI it A 2w B2 B2 08N
A A A A A A g2 Ea EW 6N
A SEVOE'EY A A A A a0 EAaE I 8N
A A A A A A ¥ yLve8'ST R LN
A 0 A 0 A A A A A 9N
2 S0 A S A A B yLye8'ST  EEA SN
LS S A tviLTyl A S 2w B2 B v
2 A A Er1LTyl A A g2 #E EIW €N
203 6C197¢ oL 1€269°8S oL SL 061 LEELS ) BN OT6EL1CE TN
A A A A A A B yLve8'sT R 1N
A A A A A A ¥ yLve8'ST  FEwE  0LN
2 S A £ee SL8YTI S 2w B2 B N

2] WEHEd  EEE WG T B L YR
HEE7d WEEER SRR SRILA0 fE FEEEME SHMY HEW s
Famsl BONET BEBNET MBwEE HEsWRE =EEfMs St 2B w8y w8
B8 BY/wdE BY/wdE SfwdE Sl h-IDUsd We/wdE WiETs e
BT E mEHtEs sEits sWiids sWlts Ssilids sWiHdls

(B EHIPERRSSWECYER TRTHEWIITH) € 20

(45)



~194-

fizk 4 559 EBEMZSERF

R ER LN PR (S T -—- BT St L B el e o i Z HEF

J=EF Vo) EG 0

;jﬁ szmE ;;I?; D
u47 u75 u48 us58 u74 u75 u79
u48 u48 u75 u75

u55 u7s u77 u75 u79
Us57 u79 U58 u78 u75 u79
u58 us8 u79 u79

u59 u7s u79 us58 u8o u75 u79 us8
u65 u79 u58 U8l u75 u79
u69 u79 U58 us3 U779

u70 u79 us8 usg4 u79 us8
u71 u79

(46)



JEF R - 11781 - R 114 F 6 A -195-

iE 5 55 ERRTSEEE

J=EF voN J=EF Vo)

;zﬁ sz ;jﬁ gz

ui12 ur2 u16 u33 u62 ue62

uis ue2 u33 u21 u63 u72 u21

uil6 uil6 ue64 u33

u21 u21 u65 U33

u23 ue2 u33 u21 u43 uU56 u66 u33

u25 uile u33 ue7 ul6 u33 u21

u27 uz27 u69 U33 u21

u30 uUl6 U33 U21 u70 u72 u62 U33

U33 u33 u71 u72 ue62 u33

u43 u43 u72 u72

u46 ue2 u21 U56 uU73 Ul6 U33

u47 u62 U33 u74 U33

u48 u33 uU75 ue62 u33

u49 uil6 u33 u77 ue62 u33

us1 u33 u21 U56 u78 U33

us2 u62 U21 u43 u79 U33

U554 uile u33 us8o u33

u55 ue2 u33 us1 u33

uU56 u56 u83 U33

us7 U33 usg4 U33

u58 u33 uss ul16 u33 u21

u59 u33

ue0 u60

(47)



-196-  REBEUEESU N PRS- [FUSHE L BB R LA A Z FE A

» X ERaD

FLHERTER (HAHIE > 2024 » T EEEAB 2 BERRSIEA GG « el R 38 [ & R A
MR HER ) o FEF RS 0 115:47-101 ° (Kong, W. H. and T. T. Fu, 2024,
“Investigating Teaching Performance Ranking of Higher Education Institutions in Taiwan:
An Application of the Tiered Assurance Region Data Envelopment Analysis”, Taiwan
Journal of Applied Economics, 115: 47-101.)

— - BXED

Alam, T. E., A. D. Gonzalez, and S. Raman, 2023, “Benchmarking of Academic Departments
Using Data Envelopment Analysis (DEA)”, Journal of Applied Research in Higher
Education, 15(1): 268-285.

Alcaraz, J., J. T. Pastor, D. Pastor, and F. del Campo, 2019, “Evaluating the Emergence of
Elite Professional Golfers in Europe with Data Envelopment Analysis”, European Journal
of Human Movement, 43: 145-166.

Alvarez-Rodriguez, C., M. Martin-Gamboa, and D. Iribarren, 2019, “Combined use of Data
Envelopment Analysis and Life Cycle Assessment for Operational and Environmental
Benchmarking in the Service Sector: A Case Study of Grocery Stores”, Science of the Total
Environment, 667: 799-808.

Angulo-Meza, L. and M.P.E. Lins, 2002, “Review of Methods for Increasing Discrimination in
Data Envelopment Analysis”, Annals of Operations Research, 116: 225-242.

Barr, R. S., M. L. Durchholz, and L. Seiford, 1994, “Peeling the DEA Onion: Layering and

(48)



JEF Rt imas > 117 > BB 114 FE 6 A -197-

Rank-ordering DMUs Using Tiered DEA”, Southern Methodist University Technical
Report.

Bas, M. D. C. and J. M. Carot, 2022, “A Model for Developing an Academic Activity Index
for Higher Education Instructors Based on Composite Indicators”, Educational Policy,
36(5): 1108-1134.

Bhutta, K. S. and F. Hug, 1999, “Benchmarking—Best Practices: An Integrated Approach”,
Benchmarking: An International Journal, 6(3): 254-268.

Brockett, P. L., A. Charnes, W. W. Cooper, Z. M. Huang, and D. B. Sun, 1997, “Data
Transformations in DEA Cone Ratio Envelopment Approaches for Monitoring Bank
Performances”, European Journal of Operational Research, 98(2): 250-268.

Centre for Higher Education, 2024, “European Benchmarking Initiative (EBI)-Improving
University Management”, Retrieved November 19, 2024, from https://www.che.de/proj
ekt/european-benchmarking-initiative-ebi-improving-university-management/

Charnes, A., W. W. Cooper, and E. Rhodes, 1978, “Measuring the Efficiency of
Decision-Making Units”, European Journal of Operational Research, 2(6): 429-444.

Charnes, A., W. W. Cooper, Q. L. Wei, and Z. M. Huang, 1989, “Cone Ratio Data
Envelopment Analysis and Multi-Objective Programming”, International Journal of
Systems Science, 20(7): 1099-1118.

Coelli, T. J., D. S. P. Rao, C. J. O'donnell, and G. E. Battese, 2005, An Introduction to
Efficiency and Productivity Analysis, Springer Science & Business Media.

Cook, W. D. and M. Kress, 1990, “A Data Envelopment Model for Aggregating Preference
Rankings”, Management Science, 36(11): 1302-1310.

Cook, W. D. and J. Zhu, 2007, “Within-group Common Weights in DEA: An Analysis of
Power Plant Efficiency”, European Journal of Operational Research, 178(1): 207-216.
Cook, W. D., J. L. Ruiz, I. Sirvent, and J. Zhu, 2017a, “Within-group Common Benchmarking

Using DEA”, European Journal of Operational Research, 256(3): 901-910.

Cook, W. D., J. Du, and J. Zhu, 2017b, “Units Invariant DEA When Weight Restrictions are
Present: Ecological Performance of US Electricity Industry”, Annals of Operations
Research, 255: 323-346.

(49)



-198-  REBEUEESU N PRS- [FUSHE L BB R B ATk Z FE A

Dyson, R. G. and E. Thanassoulis, 1988, “Reducing Weight Flexibility in Data Envelopment
Analysis”, Journal of The Operational Research Society, 39: 563-576.

Gourishankar, V. and P. Sai Lokachari, 2012, “Benchmarking Educational Development
Efficiencies of the Indian States: A DEA Approach”, International Journal of Educational
Management, 26(1): 99-130.

Green, R. H., J. R. Doyle, and W. D. Cook, 1996, “Preference Voting and Project Ranking
Using DEA and Cross-Evaluation”, European Journal of Operational Research, 90(3):
461-472.

Han, Y., Z. Geng, Z. Wang, and P. Wu, 2016, “Performance Analysis and Optimal
Temperature Selection of Ethylene Cracking Furnaces: A Data Envelopment Analysis
Cross-Model Integrated Analytic Hierarchy Process”, Journal of Analytical and Applied
Pyrolysis, 122: 35-44.

Hubrecht-Deville, A., 2007, “Branch Banking Networks Assessment Using DEA: A
Benchmarking Analysis”, Working Papers CREGO 1071103, UniversitA© de
Bourgogne-CREGO EA7317 Centre de recherches en gestion des organisations.

Johnes, J., 2018, “University Rankings: What do They Really Show?”, Scientometrics, 115(1):
585-606.

Kao, C. and H. Hung, 2005, “Data Envelopment Analysis with Common Weights: The
Compromise Solution Approach”, Journal of the Operational Research Society, 56(10):
1196-1203.

Karbassi Yazdi, A. and F. Abdi, 2017, “Designing Robust Model for Banks Benchmarking
Based on Rembrandt Method and DEA”, Benchmarking: An International Journal, 24(2),
431-444,

Kong, W. H. and T. T. Fu, 2012, “Assessing the Performance of Business Colleges in Taiwan
Using Data Envelopment Analysis and Student Based Value-Added Performance
Indicators”, Omega, 40(5): 541-549.

Kuzmicz, K., 2015, “Benchmarking in University Toolbox Business”, Management and
Education, 13(1): 158-174.

Lai, P. L., A. Potter, M. Beynon, and A. Beresford, 2015, “Evaluating the Efficiency.

(50)



JEF Rt imas > 117 > BB 114 FE 6 A -199-

Performance of Airports Using an Integrated AHP/DEA-AR Technique”, Transport Policy,
42:75-85.

Lim, S., H. Bae, and L. H. Lee, 2011, “A Study on the Selection of Benchmarking Paths in
DEA”, Expert Systems with Applications, 38(6): 7665-7673.

Lovell, C. K. and J. T. Pastor, 1999, “Radial DEA Models Without Inputs or Without Outputs”,
European Journal of Operational Research, 118(1): 46-51.

Ozcan, Y. A., E. Merwin, K. Lee, and J. P. Morrissey, 2005, “Benchmarking Using DEA: The
Case of Mental Health Organizations”, in: Brandeau, M. L., F. Sainfort, and W. P.
Pierskalla, ed., Operations Research and Health Care: A Handbook of Methods and
Applications, 169-189, Boston: Springer.

Pieske, R., 1994, “Benchmarking: Das Lernen Von Anderen Und Seine Begrenzungen”, 10
Management Zeitschrift, 6:19-23.

Podinovski, V. V., 2001, “Validating Absolute Weight Bounds in Data Envelopment Analysis
(DEA) Models”, Journal of the Operational Research Society, 52(2), 221-225.

Podinovski, V. V., 2016, “Optimal Weights in DEA Models with Weight Restrictions”,
European Journal of Operational Research, 254(3): 916-924.

Quaresma Dias, J. C., S. G. Azevedo, J. Ferreira, and S. F. Palma, 2009, “A Comparative
Benchmarking Analysis of Main Iberian Container Terminals: A DEA Approach”,
International Journal of Shipping and Transport Logistics, 1(3): 260-275.

Roll, Y., W. D. Cook, and B. Golany, 1991, “Controlling Factor Weights in Data Envelopment
Analysis”, 1IE Transactions, 23(1): 2-9.

Rostamzadeh, R., O. Akbarian, A. Banaitis, and Z. Soltani, 2021, “Application of DEA in
Benchmarking: A Systematic Literature Review From 2003-2020”, Technological and
Economic Development of Economy, 27(1): 175-222.

Seiford, L. M. and J. Zhu, 2003, “Context-dependent Data Envelopment Analysis—Measuring
Attractiveness and Progress”, Omega, 31(5): 397-408.

Sharma, M. G., R. M. Debnath, R. Oloruntoba, and S. M. Sharma, 2016, “Benchmarking of
Rail Transport Service Performance Through DEA for Indian Railways”, The International
Journal of Logistics Management, 27(3): 629-649.

(51)



-200-  REBEUESU N PR (S M- [FUBHE L B R R LA ATk Z FE R

Szuwarzynski, A., 2019, “Benefit of the Doubt Approach to Assessing the Research
Performance of Australian Universities”, Higher Education Quarterly, 73(2): 235-250.

Taylor, W. M., R. G. Thompson, R. M. Thrall, and P. S. Dharmapala, 1997, “DEA/AR
Efficiency and Profitability of Mexican Banks a Total Income Model”, European Journal
of Operational Research, 98(2): 346-363.

Thanassoulis, E., M. C. Portela, and R. Allen, 2004, “Incorporating Value Judgments in DEA”,
in: Cooper, W. W., L. M. Seiford, and J. Zhu, ed., Handbook on Data Envelopment
Analysis, 99-138, Boston: Springer.

Thompson, R. G., F. D. Singleton Jr., R. M. Thrall, and B. A. Smith, 1986, “Comparative Site
Evaluations for Locating a High-Energy Physics Lab in Texas”, Interfaces, 16(6): 35-49.
Turner, D., 2005, “Benchmarking in Universities: League Tables Revisited”, Oxford Review of

Education, 31(3): 353-371.

van Vught, F., U. Brandenburg, N. Burquel, D. Carr, G. Federkeil, J. A. dos Santos Rafael, J.
Sadlak, J. Urban, P. Wells, D. Westerheijden, J. Nazarko, and K. Kuzmicz, 2008, A
practical guide. Benchmarking in European Higher Education, Brussels: European Centre
for Strategic Management of Universities.

Wu, T. H.,, Y. F. Chung, and S. W. Huang, 2021, “Evaluating Global Energy Security
Performances Using an Integrated PCA/DEA-AR Technique”, Sustainable Energy
Technologies and Assessments, 45: 101041.

Zaare Tajabadi, F. and S. Daneshvar, 2023, “Benchmark Approach for Efficiency.
Improvement in Green Supply Chain Management with DEA Models”, Sustainability,
15(5), 4433.

(52)



JEF Rt imas > 117 > BB 114 FE 6 A -201-

Benchmarking of University Teaching
Performance: An Application of the
Cone-Ratio Tiered Data Envelopment
Analysis Method
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Abstract

The declining birthrate in Taiwan has intensified competition among universities,
compelling institutions to actively enhance their performance in teaching, research, and service.
Benchmarking offers a systematic approach to identifying suitable references and planning
performance improvement pathways, making it a viable goal management strategy. Previous
studies have frequently applied Data Envelopment Analysis (DEA) in benchmarking research.
However, traditional DEA has two notable drawbacks: (1) unreasonable weight allocation,
leading to poor performance discrimination, and (2) inappropriate benchmark selection. While
prior research has employed AR-DEA to address the first issue and utilized TDEA for

efficiency stratification of universities' teaching performance, the AR-TDEA approach fails to
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explicitly identify stepwise benchmark universities for inefficient Decision-Making Units
(DMUs) to plan teaching performance improvement pathways.

To address these limitations, this study integrates the Cone-Ratio (CR) method and Tiered
Data Envelopment Analysis (TDEA) to propose the CR-TDEA model. This model is applied to
stratify the teaching performance of universities in Taiwan and propose methods for planning
improvement pathways. Empirical results indicate that CR-TDEA significantly enhances
performance discrimination and improves the applicability of benchmark selection, providing
underperforming universities with short-, medium-, and long-term performance improvement
strategies. This study highlights the practicality of CR-TDEA in enhancing teaching

performance and offers a valuable tool for benchmarking in Taiwan's higher education sector.

Keywords: Benchmarking, Data Envelopment Analysis, Cone-Ratio Method, Higher
Education
JEL Classification: D24, 121, L25
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Extended Abstract

I. Introduction

Taiwan’s declining birthrate has intensified competition between its universities. To
increase student enrollment and secure funding from the government and enterprises,
universities seek to improve their teaching, research, and service performance. Benchmarking,
a systematic approach to the identification of suitable reference points for performance
improvement, is a viable goal management strategy for these institutions. The European
Benchmarking Initiative defines benchmarking as an internal organizational activity that
leverages lessons from higher-performing organizations to boost organizational performance
(van Vught et al., 2008). Consequently, the identification of reference points for improvement
goals is a primary task in the benchmarking process.

Data envelopment analysis (DEA) is a linear programming technique used to measure the
relative efficiency of decision-making units (DMUs). DEA can distinguish between efficient
and inefficient DMUs. Inefficient DMUs can then learn from and emulate efficient DMUSs.
DEA has thus been frequently used in benchmarking research. Turner (2005) suggests that
DEA is particularly suitable for university benchmarking studies.

The application of DEA in benchmarking research creates two potential challenges. First,
in DEA, the most favorable weight for a DMU’s indicators is determined (Kao and Hung, 2005;
Podinovski, 2016). Although objective assignment of favorable weight combinations to each
indicator is a major feature of DEA, this characteristic often causes unreasonable weight
distributions, resulting in an excessive number of DMUs achieving full efficiency (efficiency =
1). Second, although DEA can identify the best-performing DMUs to be used as benchmarks

for lower-performing DMUSs, some lower-performing DMUs are unlikely to be able to achieve
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the same performance level as the benchmark DMUs within a short period.

To mitigate these challenges, in this study, the cone ratio (CR) method proposed by
Charnes et al. (1989) was employed to control the weight ratios of teaching indicators within a
specific range, thereby preventing an excessive number of universities from achieving
efficiency values of 1. Second, the tiered DEA (TDEA) method proposed by Barr et al. (2000)
was employed to stratify universities. Universities with poorer performance can identify
benchmarks from universities in preceding tiers to make short- to medium-term improvements;
conversely, the universities in the outermost tier can serve as benchmarks for long-term goals.

This facilitates gradual performance improvement.

I1. Methodology

A. DEA

DEA was introduced by Charnes et al. (1978). The DEA model proposed by Charnes,
Cooper, and Rhodes is known as the CCR model and has the following linear programming

equation:

'\{!EVIX H= iumymi

m=1

K
subject to, > v, X, =1

k=1

iumymi < ivkxkn, n=12,..,N
m=1 k=1

u,>0,v, >0 (oY)

In Equation (1), Y, represents the m-th output of DMU i, and X, represents the k-th

input of DMU n. M types of outputs and K types of inputs exist. The weights of y and x are u
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and v, respectively, and u is the efficiency, which is between 0 and 1. For each DMU,
Equation (1) is used to identify the u and v that maximize . Therefore, Equation (1) is also
called the multiplier form. However, to solve Equation (1), the maximum value under N + 1
constraints must be identified. A large number of DMUs may cause difficulties in solving the

equation. Consequently, many researchers prefer to use the envelopment form of the equation,

which has fewer constraints and is expressed as follows:
Min &
9,4

N
subjectto > A Yoy = Vp» M=12,...M

n=1

N

D AXg 20%;, k=12..,K
n=1

4, 20, n=12..N )

In Equation (2), 6 is the efficiency value, representing the radial distance of DMU; from
the input boundary. An efficiency value of 1 indicates full efficiency. In benchmarking
applications, DMUs with an efficiency value of 1 are potential benchmarks. 1 represents peer
weights, based on which inefficient DMUs identify benchmarks.

When universities set improvement goals, they typically plan only to achieve certain
indicator outcomes, rather than considering the required inputs. Therefore, input items were not
included in the DEA used in this study to calculate university teaching performance. With
reference to Lovell and Pastor (1999), an output-oriented DEA without input items can be
defined as follows:

Max @

DA
N

subjectto > Ay, =@y, mM=12,..,M
n=1

4,20, n=12,..,N
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N
z n=1 ﬂ” =1 (3)
Although 1< [® <o, the efficiency value is typically represented by ]/@ .

B. DEA with Restricted Weights

The three most common methods for weight restriction include absolute weight restriction

(AWR), assurance regions (AR), and CR method, which are introduced as follows:

a.AWR

In AWR, initially proposed by Dyson and Thanassoulis (1988), a lower bound for the
output weights (u) is directly set in the weight form, such as u > k. However, this method is not
commonly used in the DEA literature, and Podinovski (2001) demonstrated that AWR may not

accurately define the maximum relative efficiency.

b. AR

AR, first proposed by Thompson et al. (1986), requires the ratio between inputs, between
outputs, or between inputs and outputs to remain within a specific interval. This concept is
expressed in Equation (4), where u; and u; are the weights of output 1 (y1) and output 2 (y2),
respectively. L is the lower bound of the ratio of the two output weights, and U is the upper
bound. The addition of Equation (4) to the constraints of Equation (1) yields AR-DEA.

u

L<-L<U 4)

U,

¢. CR method
Although AR-DEA is commonly applied to address unreasonable weight distributions, it
can only be applied in the multiplier form. The primary purpose of this study was to identify

benchmarks on the basis of peer weights (1), but the multiplier form of AR-DEA cannot

estimate 1), precluding the definition of benchmarks. Therefore, AR-DEA cannot be applied
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to benchmarking research. The CR method (Charnes et al., 1989) can effectively solve this
problem by restricting weights through data transformation. The concept of CR is similar to
that of AR (Thanassoulis et al., 2004). In the example of Equation (4), the output weight u;

belongs to a cone-shaped set U :|U ={u|Cu>0,u>0}, where
-1 U u —-u, +Uu, 20
C= and u=| ' |eU=¢ 1 T
1 -L u, u—Lu,>0

U can also be defined as ‘U ={uju= Zszl‘_’ B' 3, § >0}, where BT = (CTC) — ICT.

Next, the B matrix is used to transform the original output y, resulting in a new output vector y'
= By. Finally, the transformed y' replaces y in Equation (3), yielding Equation (5). Equation (5)
can be used to determine the efficiency values under restricted weight ratios. Thus, the CR
method facilitates benchmark identification while addressing an unreasonable weight
distribution through data transformation.

Max D
(o3

N
subjectto > Ay, =®y,, m=12..,M

n=1
2,20, n=12,..,N
N
Zn:lﬂ” =1 (5)

d. TDEA

The operational method of TDEA, an application of DEA, first involves identification of
efficient DMUSs in the first tier (Tier 1). Subsequently, DEA is reperformed on the DMUs that
did not reach Tier 1 to identify the second tier (Tier 2). This process is continued for DMUs
that did not reach the previous tier until all DMUs have been stratified. This method enables

classification of DMUs into several tiers on the basis of their technical level. Universities in the
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same tier have similar performance, and a higher tier number indicates poorer performance.
Universities with poorer performance can employ universities in the preceding tiers as
benchmarks for short- to medium-term improvement and universities in the outermost tier as
benchmarks for the establishment of long-term goals to gradually improve their performance.
The overall empirical process is as follows: First, the upper and lower bounds of the
weights between performance indicators are established. Next, the CR method is applied to
transform the indicator data on the basis of the upper and lower bounds of the weights between
performance indicators obtained in the previous step. Finally, university performance is
stratified in accordance with the transformed indicator data through TDEA, enabling the

identification of benchmarks for inefficient universities.

I11. Results

This study focused on 10 teaching performance indicators: enrollment rate;
student—faculty ratio; total numbers of school library books, nonbook materials, and current
periodicals; average expenditure per student on library materials in the preceding three years;
student retention rate for bachelor’s programs; number of Ministry of Education teaching
practice research projects; average number of Ministry of Education teaching practice research
projects per faculty member; number of National Science Council projects for undergraduate
students approved annually; average number of National Science Council projects for
undergraduate students per faculty member; and proportion of graduates with a minor or
double major. After the screening process, 85 universities in Taiwan were included in the
evaluation. The main findings were as follows.

First, when weights were not restricted, the number of fully efficient universities
(efficiency value = 1) was 29. The number of fully efficient universities decreased to 11-13
after weight restriction, indicating that the CR method considerably improved efficiency
discrimination.

Second, under restricted weight conditions, the number of benchmarks for inefficient
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universities was smaller, enabling easier establishment of improvement goals. Conversely,
without weight restriction, the number of benchmarks for each inefficient university was large,
corresponding to more-difficult goal establishment. Furthermore, the benchmark universities
identified under restricted weights were more reasonable.

Third, teaching efficiency was stratified into 13 tiers. The first three tiers contained more
comprehensive universities than universities of science and technology as well as more public
than private universities. The proportion of private universities increased toward the lower tiers.
After the eighth tier, the number of universities of science and technology was markedly higher
than that of comprehensive universities, and all were private. According to the 2023 university
rankings published by Global Views Magazine, of the top 30 universities in Taiwan, 17 are
public comprehensive universities, 3 are public universities of science and technology, 8 are
private comprehensive universities, and 2 are private universities of science and technology.
Thus, the study findings were consistent with media rankings, with public universities found to
perform better than private universities and comprehensive universities discovered to perform
more highly than universities of science and technology. The stratification results of this study
are therefore reasonable.

On the basis of the stratification results, one university of science and technology and one
comprehensive university were selected from the lowest tier to demonstrate how benchmark

universities can be selected tier by tier and an improvement path can be constructed.

1VV. Conclusion and Recommendations

The results of this study indicate that the proposed CR-TDEA method can improve
efficiency discrimination and stratify universities in accordance with their teaching efficiency.
This stratification can enable universities with poor teaching efficiency to identify suitable
benchmark universities on the basis of their existing resources and capabilities and to
pragmatically plan strategies for improving teaching effectiveness. CR-TDEA is a

discriminative and practical tool for benchmarking university teaching performance, and this
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study lays the foundation for subsequent research on benchmarking analysis of university
research, services, and other aspects of effectiveness.

The following five recommendations for the improvement of research and teaching
performance were developed on the basis of these findings: First, studies should expand the
application of this method to increase the comprehensiveness of research on university
effectiveness evaluations. Second, indicator data representative of teaching performance should
be collected from additional domains, such as graduate performance or employer satisfaction,
to increase the relevance of the evaluation results. Third, universities and colleges with poor
teaching performance should refer to the results of this study. Suitable benchmark learning
objects can be identified in various tiers and used to establish appropriate short-, medium-, and
long-term goals for teaching performance indicators, which can gradually improve teaching
performance. Fourth, in this study, the weights of enrollment rate and student retention rate in
bachelor’s programs were higher than those of other indicators, suggesting that these two
indicators have a stronger effect on teaching performance and require particular attention
within efforts to improve teaching performance. Finally, the government of Taiwan may refer
to the stratification results of this study when selecting future members of school or department
evaluation committees. Administrators of universities with performance levels similar to but
higher than those of the schools under evaluation may be able to make more reasonable

evaluations and practical recommendations.
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