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Evaluating demand responsive transport services in
Taiwan: the application of context-dependent data
envelopment analysis approach
Student : Xia, Xuan-Zhu Advisor : Barbara T.H. Yen.

Department of Transportation and Logistics Management
National Yang Ming Chiao Tung University
ABSTRACT

Along with the with the development of economics nowadays, public transport
becomes one of the most important modes to relief traffic congestion issues in urban
areas. Taiwan as one of the highly urbanized areas with 75 percent residents reside in
urban areas that account for only 7.6% land area in Taiwan. In other words, 25 percent
residents are scattered in other rural areas where providing public transport is
challenging. In order to provide "Feasible" public transport service to those areas, the
concept of Flexible Transit Service (FTS) is proposed and the most widely used module
is Demand Responsive Transport Service ( DRTS). In 2016, the very first DRTS is
introduced in Taiwan with the aim to meet transport need and increase residents’
willingness to use the public transport. The DRTS in Taiwan is heavily subsidies by
government who would like to seek a more sustainable and efficiency operating model.
This study fulfills this research gap by reviewing international case studies with
Taiwanese case to identify potential improvement strategies via clustering methods (i.e.,
DBSCAN and K-medoid). Model results show two obvious clusters and Taiwanese
case studies are all categorized in a more efficient one. Moreover, this study uses the
CCR and BCC models in the traditional data envelopment analysis (DEA) and the
Context-dependent DEA (CD-DEA)to rank route efficiency. Further, this study
proposes four quadrant analysis with the criteria of the attractiveness and progress of
DRTS. In addition, this study also provides improvement suggestions and policy

implications through the results of external environmental factors.

Keywords: Flexible Transit Service, FTS, Demand responsive transport, , DRTS, cluster

analysis, efficiency, Context-dependent DEA, DEA, ranking, performance evaluation
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2 fe e EER P LR kL Mg > ) Hd 2 BCC R
*F‘»*ﬁ? o STATH - S IS QT = 1) 0 i dhe Jee s s )
RS

ARafl* CCR> 2R R4 Aok AP F T U REFYE
EERKK B2 F IR 6 0 frE i RGP S L ik R H =(DMU) > 7]
AT AN CCR k247> @ B BCCHA S % 54 » % g A7 » K
CEEE R RD A R

ER

3.1.2 PR AR ik TR ¢ %403 (Context-dependent DEA, CD-DEA)

CD-DEA ¢ Seiford and Zhu (2003) #% 1R FE xS -KLapr ks - B 16 7
¢ iEA ,'*ﬁ$§$%<%ﬁ$$i’ﬂup E - WG R e
T FY BHCCR A BCCHAT Fadfsib- Kagr B+ R
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% - K(level 1) B it end F xS m s o » A8 5% DEA #03) ¢ »adoa g > By
R E Y P “f,;éu\s\l PrEk > A7 L R fEY - ke SRk s
2 A W o AR K TS w0 nAR i o

B2/ EAN
A

p A1/ HA
— R (dgifey B A% 4 DEA A7 AT 45 )

B 16 3 » #% CD-DEA 2 »c % i

CD-DEA 7] 5 £ #9148 - 423265 > 50 % - k2 Aoed b
£ f#o g B f p S DMU H oS @ R p i H (e @ e X ] ek
X L ADEA,?J FEALLEE - B T T A A DT -
riarm:ﬁ“% (%= Koo kT) EAFR RS I - B3 g i H =

f :‘_é_“% vl A E - Rk enly € AR S A i 0 A F P
o FR T E BorS ok T aup i F § kR DMU g5l 4
(Attractiveness)fri&# 4 (Progress) > i&#-T — & ¢ Ewm i g o

Jooh > CD-DEA # ¥ A S8~ Fw 112 g Mile > 0 4ot 972 5 A
B o Eo i3]0 o AT o

i - _ 9)
Qg * (d) Ajr,gllzr(ld) N,d) d=12,..,L-1,
s.t. Z Ayir 2 Y Tr=12,..,s (10)
jEF(ElO+d)
ljle < .Qq(d)xqi i=12,..,m (11)
j€F(Elo+d)
=1 420 jeF(EP*Y) j=12,..,n (12)
jEF(ElO+d)

P 0,(d)5DMU; = (xg,¥g) B d FE i 8 0 x5 A0 0 Yo R > > A&
NEPE R
d 3% CD-DEA ¥ 12 # DMUs 3] 4 % 7 fe acd kT > Seiford and Zhu
(2003) - A0 gl 4 frigHh 4 B TB#E]%%%%? LK T 2 B enhd i oo
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Th B iER-A TSR EAR -
1. w3l 4

5514 E T R L (de f % 2 RSk T) o DMU G FRF R
R TF R (e F - RordokT) aexsld o F kS - K E R B AvRsld
BG4 AR PE S WP B - K Rk ] R AR E AT RF it A
CN I E S e A O 152 T ;gc; a4 E g MRS LT R B
BAR A 4T HondkdE o EEIEE E - K (El, [he{1,2, .. —1}) DMU,
(7)o T2k By« (@) 7 117 A

Hy+(d) = lj%;?d) H,(d) d=12,..,L-1, (13
s.t. Z AYir 2 Yqr Tr=12,..,s (14
jEF(ElO+d)
A]xﬂ < Hq(d)xqi i= 1,2, e, M (15
jEF(ElO+d)
Aj =0 jeF(Eh™9) j=12,..,n (16

B¢ Hyx(d) 3DMU, = (xg,y,) fercd kT demzsld oy, %7 %
qDMU % r B A > xg £F iBHE» > LEELE s -mn AN 5 A0
#.~ 4o DMU chigcd o
2. &H

Fo o ithd DR rrR s ik R E R R (@ A SR
f»—r»*wﬁ"k\ﬂt’ﬂ”“")v‘—éiﬁ*%”ﬁ*@ﬁ"fﬁfi’*2 B4 EARS > T 3%

FREEZREHDZEAES > A TEEARS > HEGFRAPRL - G 5 4

;;:33,1 VRS E c FRERERE - KER S pe{2, ..., L}DMU, = (x4, V)
boglisith s (Mg (9) =g A7 wgln =3 23w
Gg x(9) = mm Ge(g) g=12,..,l—1 (17
Aj:Gq(9)
s.t. Z Ayir 2 Vg Tr=12,..,s (18
jEF(ElO+d)
ijji < Gq(ﬁ)xqi i=12,..,m (19)
jeF(El0—9)
A =0 jeF(E"*?) j=12,..,n (20)
ieh 4 (Mg (g) F BB Gyx (g)re 2wl

S f;&.&é‘ﬁvﬁ’z% A ﬁ&‘ze‘.% 3 E B H T a4 e A
HTAgeH s | (G+(9) HEEFFE N kg haxt  ep2F)
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Hipfrad g o
Fp s P AR T CD-DEA =314 Bigh 4 LG HAE 170 12
FEFRrEWP > 71U~ F] Aex gl 4 B (s = k) (%53 ;B (§ -

B) i ¥ F > FHEARS > &S kP By s agrxild AR T H ik
I oo vR 514 AR K K anARF ) @ B 4 P e ‘115] AR E o MR TR ek

(%- &) TAF - ez ® o &h4 @82 > L2753 K FApsed g o7&
YAy AR S TP AR AR L > T AT B R AFE LI 2
deniple TRRRH A, KR G FIAEAR R L Y kAR o

Ad 2/ B/A

T %

I
o7

-
RS A

>
BB GRiFe B M DI AT B T/ BA

B 17 3 » # % 2 CD-DEA %31 4 g1ig 4 4
32 ¥ RFE R EHCS
8228 DEA #-%45% L2 $ r frA N 7o 47 FH &Y DT RS RE

WL ERAZ Gk KRa o B nFEE Y ¢ BEDRTS > 4 %BCC%{;‘F#;‘

A E T A RE - FEABMAR > TP AT A % - R BCC #
U2 W Foprre & 5 (PTE) iFie ﬁﬁﬁ—i\ FIRE °

it5 DEA % - RFE B P 2w Efl?" IES ?3(%‘3—*‘ g:ﬁeq’f o] L3R
(Ordinary Least Squares, OLS) # % Tobit » &% ¥ d. < £ B &3t FIRE 2 #4] -
OLSFgpliEF ¥ av € =3 1> rﬂﬁ" LA %i (Slmar and Wilson, 2007) %% OLS
gi:g;\:%gﬁ_lg ¥ 7 - 1k > Tobit & ETF Vo Ra H ?ﬁ (Banker et

,2019) fr¥EdpF LA wAFE Y g.ll OLS % Tobit iT5 % = FFE » T3 L
ETF AR o

)

9=,80+,8j*Varj+5i (22)
A ¥ 05 BCCHist ™ S a0 fon ¥ #0F - Van 5 4 e £

£3 B P BEER T B e A -

37



RN P e
41 73R
AR EA TR mﬁii%’*iz‘@‘:"imi‘afm\ﬂ}fr s %107 2 109 &
FAFE AT TREA 25 119 A B 1 5 L RS @ % DRTS * 6|R >
TR A AL G R AF ARED AR T ER S s R R
BAsBAR s s BT A A HE A s MBI ERE G o
4.2 F'X %j\ffu‘é"‘/w\’ﬁ

REEHH DEA A I M EL > ¥R BEH + DEA 545 & & &
Yo BIR LA E T e SR TR AR AL SEOERER
fog feendF 8k > 139501 L% 7 (Chiou et al. , 2010, 2012; Lan et al. , 2014; Yen
etal ,2023) FH# - ARl AN ¥ ELEHEE P HFS LR R S
TR B REHFIH s B ¥iFR AR B gmlico d 3t DEA HH =
PP RFER A AN E PR e & SHT T REE b
% 5 FHp

t3 S ¥ B HcEp ¥ > )I?ei ¥
Karlaftis (2004)
Lao and Liu (2009)
EEE S R A AR 100 i3k % # Bayzid and Nandita (2012)
Lietal. (2021)
A 0 Yen et al. (2023)
50 PR AR Karlaftis (2004)
2N | 2 4 1000 # 4w = 2 #c Bayzid and Nandita (2012)
B Yen et al. (2023)
4 S0 TmE g % 0.1 Agarwal et al. (2010)
Yen et al. (2023)
= T BT Y Lan et al. (2014)
FL e FI 2 F F RE e 10 4mrr= Shao and Sun (2016)
#E Yen et al. (2023)
Ji: i e SR =S NiLE 100 B & =¥k Lu et al. (2012)
Yen et al. (2023)
; BB R i
EIPN yiE % IR B S e Ly i 1029 Li et al. (2021)
9 2 Yen et al. (2023)
Karlaftis (2004)
2E R AR AT A B chd Bayzid and Nandita (2012
# faie PRI ST A e R g 2012
EEER (1S Alizadeh and Safi (2020)
Yen et al. (2023)
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LL]~,

T

B i

T Kot i3t o Pearson Ap B fdicA 47 0 2 A

RHESF PN

2 RS AR M AR o v SRS B M 4 6 5 2 A AT LRET RS

MPHE o VLRI E B R Echho] B2 BX L X FE R TR
fod DR R o R 2t & 6 AP AT E LUt 8 X DEA 241
b R B2 &R
% 6 fyitEiizt
LS BoliE | RS E | T¥E | ¢k | REL =93 R
ek S 0.015 18.362 3.183 2.000 3.591 1.779 3.515
AL | wd oy 0.014 13.989 1.434 1.004 1.641 4.196 28.367
FfF 0.026 15.719 3.935 3.340 3.219 1.402 2.799
FL i 0.138 35.167 5.976 5.119 5.617 2.064 6.708
N A 0.140 66.930 4.870 7.776 10.369 2.622 9.921
YiE A 0.240 12.600 2.728 2.180 1.915 1.886 5.649
L RE S 0.748 3.000 0.748 0.667 0.470 1.737 4.738
¥ & THET T Pearson ApBE ThlicA 7k % o HANATH ¥ i
VIR R AR o AR TR DRECR T e Lk e
% A AR BE Tl
A P
%K
Frde |wB g | RS | Fiidk | Rtk | §E24E | Bk
EESE S 1.000
Ad| wH o8 0.386%* 1.000
T 0.480%* -0.114 1.000
FL i 0.410% 0.777* -0.173 1.000
N g 3 0.487* 0.769* -0.225 0.817%* 1.000
CRCE -0.055 0.227 0.181 -0.184 | -0.115 1.000
B faik 0.141 0.390% -0.13 0.463* | 0.345% -0.027 1.000
LIRS ARM Gl 0.01 B R SR F(RE)
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FIE FLRES

AP Y A% F & ¢ B DEA #0314 2 CD-DEA £ 7 447 » T e g

PR TEL R o EREFEE FHES HEFA T FEP R TR R D

PR RN g 2@ A A e FeN S ELS T REE FHFOLE R
AFTEMIRFELIRIEZRD > RS ENNREFE O BE R L R
R H] o
5.1 &% DEA #-7]

FEd b AT g S T 0018 4R P CRS B3R 0 CCR #0374 11 2 - CRS B3k
&% 3 VRS 3k 5 BCC ﬁf 3G AL DEA 3] 0 s G 1 e G B
MATF e F o RO T Y H G 1196 0 & SFA UL AH RS B
B AR At AR BAREARS T L RRT B B 0 &5 225 O DRTS g A
* s gid > o 2 CRS A VRS Bk ™ » BLELS & 7 4p§t»c 3 7 DRTS
BLgl o fhd pYBD O AATE RRT Y R RE v Beng sxF RRT o F]pt 2 22 DRTS
BB A% 5 0 B B { G enda(T{ ForRapha) o gt F&E’%’Liam’ﬁ 13 %
Batisa R oo e Aig «uDEAﬁ?"JT T g GRS F a9 RL 2 B R
BENLRE S (VgD o A A FEE Bl E kS 0 Pt 41 CD-DEA F
YA L

# 8 1@ DEA #3|R s Aa # 4

. 1 2eF RAEE CCR &5 it R d BB SR E BCC »zF e fic g LR R
FeH @ 3 (43%) 7 5 (71%) 7
374 Bh 1 (9%) 11 1 (9%) 11
WOE R 3 (17%) 18 4 (22%) 18
¥R 1 (33%) 3 1 (33%) 3
B P 1 (9%) 11 5 (45%) 11
LA 0 (0%) 13 0 (0%) 13
Z Rk 0 (0%) 1 0 (0%) 1
B A 2 6 (21%) 29 14 (48%) 29
iR 2 (40%) 5 2 (40%) 5
LR 5 (28%) 18 10 (56%) 18
oA 0 (0%) 2 0 (0%) 2
& B 0 (0%) 1 0 (0%) 1

R 22 (18%) 119 42 (35%) 119

A

R B R ORF R AR ¢ B 2 ik
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Z ORI ERHA YT A5 %fiﬁ’ﬁﬁ’”
FAAF R (IRS) > T5m 3 > + 4
o SR PN T Ry - M A i B S ) T
SR RHC R B ond 0 ot oh 75%¢0 DRTS B U4k 47
P RBA wEB g d W Sk DRTS&*&« g
ERERHRE )RR F

G R

4 CRS i& ¥

AR A G fﬁ%%wé%:

K= &2 - dhisd DRS frIRS@

ﬁ%’ RLAAPE T oo v H] 0 323 % DRS &

K3+ CRS i
ﬁwg;gw F903 4r FO5 B

F] CRS Baat (7 F902>

Ltl AV\*L/I'

EE R

B2 - ("V F902) # A €4 (27%-47%)
£ 7 & > DRS B
7R 4R (4o { Feh R

5 % IRS &

g

% (CRS) ~ AR pv vL (DRS) ~
I A2 — f.ﬂ?y}hﬁﬁéﬁ 2 CRS > % 71 i%
o A FI L R g DRS ) 2 &2
g5 IRS > Mg pMRT R
¥ » DRTS P
B EEH B RS
i Ak HiT- L s
] DRTS » i# * DRS
B (AR FI03 4 FOO5 ) g
» 2 3%4 CRS i

B A PR FRK 3 | E e 5] B4 rrﬁa( z
FHEF-L B TR

FAHAE 5 ) o
09 REHRPIL %
i CRS R # ¥ DRS g R # ¥ IRS §&4 #c
Fe ) 3 (43%) 2 (29%) 2 (29%)
37 B 1 (9%) 1 (9%) 9 (82%)
w & Rh 3 (17%) 2 (11%) 13 (72%)
ol 1 (33%) 1 (33%) 1 (33%)
2 KRR 1 (9%) 2 (18%) 8 (73%)
BN Y 1 0 (0%) 0 (0%) 13 (100%)
Z HeRA 0 (0%) 0 (0%) 1 (100%)
B & B4 6 (21%) 0 (0%) 23 (79%)
TR 2 (40%) 0 (0%) 3 (60%)
SR 1 5 (28%) 0 (0%) 13 (72%)
oAt 0 (0%) 0 (0%) 2 (100%)
£ Rh 0 (0%) 0 (0%) 1 (100%)
B 22 (18%) 8 (7%) 89 (75%)
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3010 & D F R A fe
LSS A H
* L - RN | T FIA g | Rtfk | FELAE | B iRk
Fh ] (% =) (& 45 = 1 ) (%) (19) (%) (=2) (¢)
FeF T 101.0 0.000 0.092 2.02 36.9 0.531 0.251
R R 39.1 0.000 0.159 22.28 154.5 10.085 0.382
R 40.9 0.000 0.143 13.52 479.8 4.443 0.215
B R 323.1 0.000 0.284 18.82 384.1 2.700 0.490
3 Pk 115.7 0.000 0.148 9.96 328.3 2.627 0.125
£ &R 532.2 0.000 0.477 28.64 502.5 6.596 0.375
Z HRFR 1065.5 0.000 0.983 21.09 1159.3 6.850 2.613
B & B 37.4 28.759 0.168 9.48 136.3 5.920 0.129
=R 60.4 0.000 0.089 12.21 106.9 3.574 0.261
5 KR 273 0.000 0.019 5.78 129.5 3.683 0.092
A 116.8 0.000 0.130 54.91 236.2 3.835 0.309
& PR 174.7 0.000 0.134 3.64 25.5 0.920 0.411
T 120.9 0.000 0.092 2.02 36.9 0.531 0.251
ﬂ’*i %\»ﬁv?ifm\ﬁaﬁ&ﬁw;fﬁ?uug@g PHE (B LER) 7 s
TR 4ol 18- B 190 KA D 2 e ok ﬁgﬁ*rm\gg_»h‘@igﬁg_,
p&#%ﬁigiaﬁmw&«ﬂwk Fmaéég&f A hE A 53
WRAG G FEMARAZE AR E d WA S Ee o A
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FOBCC #3177t B2 BRAR Recd el oA DL fdcE
aﬁ¢no&gMp%ﬂ%ﬁé WD AT SRR E N b R
ﬁ‘ﬂ‘,’%ﬁfﬂ’!&xﬁlﬁhl&“"r}a ‘§L1r1?3%o ?J'\:r_y:j ?%};g‘(f?%i\';’? l‘éb/ﬁl",‘ X l’%—fio
oo ARk F o B BRE Y AL 60% T F & BT WP ARE- X

YRR SN T

TR AEE S ZHRIEM T RAFEAFEL N rE

:‘E‘/}Eﬂ"‘,%’]ﬁiﬁ'
~g osi;azm“ T E Rl o T A F G RAEAEE 0 ZHRER AT
FART LA AAPRATH s Bk A v b o X BDRTS &2 & e f372 5 o 3
EFRVR L > R ’&F’\JU‘TM@‘%’ Edh A A 5 Bl S HR
Mooty SAARIA IS TEIHATR OBAZMILEALGRL ok
RWEEAG o ud LA RS \,)g,g;a B R oD aEAiRT 4t

)";iﬁxk&m% ) rﬂLL i*s:? %)j@x fi‘;fﬂw’ ’*n‘v%frﬂ%@v’ 7% € R T e

ﬁﬁﬁ’iﬁﬁii liﬂ’ﬁﬁfvﬂ%t' EF R o
Fhoeryt > BIEMBEAE T DRTS e £ Bt » TR 2L FH H NPT
o FETRFIRATE 4 Bk
2011 5 ~ & M1 L5
% A FIPN
b3

P E RS B F FL=% i Bt | ¥ERAE | P fpik
FeH P 2029%) | 0(0%) | 2(29%) | 2(29%) | 2(29%) | 2(29%) | 2 (29%)
37 B 5 (45%) 0(0%) | 8(73%) | 10(91%) | 10 (91%) | 10(91%) | 10 (91%)
W & Rk 3 (17%) 0(0%) | 12(67%) | 14 (78%) | 14 (78%) | 14 (78%) | 14 (78%)
il 2(67%) | 0(0%) | 2(67%) | 2(67%) | 2(67%) | 2(67%) | 2 (67%)
3 5 327%) | 0(0%) | 4(36%) | 6(55%) | 6(55%) | 6(55%) | 6(55%)
E &5 13 (100%) | 0(0%) | 13(100%) | 13 (100%) | 13 (100%) | 13 (100%) | 13 (100%)
Z R 1(100%) | 0(0%) | 1(100%) | 1(100%) | 1(100%) | 1(100%) | 1 (100%)
B % 7(24%) | 3(10%) | 14 (48%) | 15(52%) | 15(52%) | 15(52%) | 15 (52%)
R 2(40%) | 0(0%) | 1(20%) | 3(60%) | 3(60%) | 3(60%) | 3 (60%)
BN 3(17%) | 0(0%) | 3(17%) | 8(44%) | 7(39%) | 8(44%) | 7(39%)
oAt 1 (50%) 0 (0%) 1(50%) | 2(100%) | 2(100%) | 2(100%) | 2 (100%)
& ™2l 1(100%) | 0(0%) | 1(100%) | 1(100%) | 1(100%) | 1(100%) | 1(100%)
BE 43 (36%) 3 (3%) 62 (52%) 77 (65%) | 76 (64%) | 77 (65%) | 76 (64%)
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5.2 #k %40tk T ¢ % H 5N (CD-DEA)
CD-DEA %57 Mo add ko AU EFng e HE Do d A
1 R R NEF AR IRETE 5 TR FL RS g R BT A
ﬁvﬁiv?%ﬂﬁﬂa;%wa‘ S R L 2 REFHEL e A v
Bl i+ ,__i,ffm,ﬁ mv}’m]}@ B oo G R BRI gpﬂfrﬁr\}?’“mg_;ﬂi = - 2R
¢g¢r=%ﬁ%ﬂ,mimﬂ%&&u£@muﬂi£&§ ey 4 i > ¢
HH2oR?EEAY O TREAS FEDTF 2o
5.2.1. O E
Yen etal. (2023) #F3t 4 AN B RE - A8 2 FFD S FTHRUE v R
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IE QI 0.000 1.000 0.017 0.129 7.614 56.931
s 0.000 1.000 0.723 0.450 -1.008 -1.002

0o 0.000 1.000 0.714 0.454 -0.961 -1.095

iF 0.000 1.000 0.429 0.497 0.292 -1.948
E AR 0.000 1.000 0.227 0.421 1.321 -0.260
FREE A F 0.000 1.000 0.101 0.302 2.685 5.299
EREL P 0.000 1.000 0.126 0.333 2.282 3.263
28 AR 0.000 1.000 0.126 0.333 2.282 3.263
2 i 0.000 1.000 0.067 0.251 3.501 10.430
R 0.000 1.000 0.101 0.302 2.685 5.299

R 0.000 1.000 0.076 0.266 3.251 8.716

S S 440.400 640.800 527.593 48.499 -0.254 -0.018
o e 1.000 29.000 17.748 8.569 -0.035 -1.250
03133 2.000 56.000 11.773 9.040 2.353 7.283
R & 1.000 5.000 2.109 1.015 0.470 -0.714
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hINTR B =¥ | P-value ¥ | P-value

¥ 1138 | 0.000 | *** | 1293 | 0.000 | ***
A | 0059 | 0.025 | ** | 0088 | 0.011 | **

FeF 0.027 | 0.097 * 0041 | 0065 | *
FeF -0.047 | 0.005 | *** | -0.080 | 0.001 | ***
T RFLA A% | 0032 | 0085 | * | -0.069 | 0.006 | ***

A FLAFAHM | -0040 | 0.039 | ** | -0.053 | 0052 | *
¢ = -0.048 | 0.012 | ** | -0.067 | 0.013 | **
234 F -0.093 | 0.009 | *** | -0.140 | 0.002 | ***

Hi f§ 0.084 | 0.057 * 0102 | 0.076 | *
K -0.143 | 0.000 | *** | -0.186 | 0.000 | ***

3L 1 kE* Poyaglue -3 0.01
** Poyalue -] >+ 0.05
* P-value -] ** 0.1
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