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A Review of Urban Studies Based on Transit Smart Card Data
LLONG Ying, SUN Lijun, TAO Sui

Abstract: The wide application of smart card for automated fare collection in pub-
lic transit systems has produced large quantities of spatial-temporal data at an indi-
vidual level. Such data not only records mobility behavior of cardholders, but al-
so reveals the spatial functions of cities. Owing to its high spatial-temporal resolu-
tion, low cost and large quantity, transit smart card data attract a lot of attention
from urban/transport planners and urban researchers. This article presents a com-
prehensive review of the latest quantitative urban studies enabled by smart card
data from both China and overseas. The review covers the following four aspects:
(1) data processing and origin-destination inference, (2) transit operation and man-
agement, (3) spatial structure of cities, and (4) mobility behavior and social net-
works. Finally, the review summarizes existing studies and gives a brief introduc-
tion to issues of privacy protection and information extraction. Areas of future re-
search are also pointed out.

Keywords: transit systems; urban spatial structure; urban studies; mobility behavior

1 AR

B (7 SIETREAR MR R L B S5 s TFis hifa bk, L. A
B RAME ARG EMREDE (big data) FEE R RGBT Pk 0 FF3CE R
(open data) FEFEMESET SR/ “HrEHEAEE (new data environment) 7 YA, HrEk
PRPREE T I A (0 N 2GR BE O REE N I ARG S IRl . AR RIS Ry
AERIROAN A G2 2R A 200 ) B, 5 “AAA” i e
BT BN S, XIS (R A A A A T T AR R S T SR
o TEXMERE RN, BEX 07 E PR A A T A SGm e R (smart card
data 2 SCO) PR AT A TERE, I CABFERA R, SR ARATRERIIE S )5
], DABAJS AT 8 22248 36 SCD AR TR TAETFR .

* AR ARG H A ISR RE R BRI (45 51408039)
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A S S T C RS BTN |
ST A S ) AR —Fhas E I
o RBRCTRE . AL R AT AR
SSE =, H A A AT 2 i T
RIS R Y FZE N, X D%
BCHARZ R ST K SR EEAI . H
i, HERRT AL R R L BT
| G A 2 T, AR Z Il T AR E A2
AR SR R 3 T P Ak sgiE
el Bbr. A R&ge0 | shit
* (automatic fare collection E19 AFC),% 4t
1,45 Jy 3% K (Blythe, 2004). % % 2007
4, P 100 M ITHEST T AFC, %
e % fult P AR 3 A X 450 BE R (RFID) B
W RS S o bR T it i 2R
Gb, AFCAHL A T F 5 I AL Acia B fE
R ANMATE B A A0 BE-R AL
o

SCD FY B 2 LA TR B, — M
FTHRFRAMID, RAnEw&, 4
RHATARE), B4R ETENTE
IR AZE R, . HEuhign's, ARl
THERIMUAFRID, HIESIA S
gt 2T R ORIE, SCD I 5 R
EAREMAE . WA AR ER
R, g AR 4R 5 4 B 1T 5 (dis-
tance fare), {20154E 1 A ZJ5ydbi
HBETMIE S, DL R 280 i s 2
Mo AT AT ESRAUL AR R EE T
e N B, BP—ZE5H(flat fare). A
PR3l T DU Al P (40 2005 422 S5 14
dbaD), HEEIA Y SCD AU SR
SR ID, X SCD A PSS )4k (geoc-
oding) {4k I J8 Ry HCAIFFE R FH a0 10—
N, ek SCD LAYl 51D R 2h AR
PREGHPRALE A TVCC . IeAh, K
AR — S 2 52 W 3 R e 77 HE 1 SCD,
HTEIZ AE B, Hikd
TR TAEXT SCD I HE B b e, A
RAEWFBI T

FRB| N RER 2 N E A
R, IR E R A B E S,
K SCD RZ AL Rk N2 20
JRPEEE . HeAh, FRIIT R A AS
BRERIETT LU T H i 2 (nTE fER]
A4S, BT LE SCD AR

Pidst, BH TR SHICS, X
POl AR . D) A TR BRI 2
FRAP SRR BB AA S SR EOR, a0
N BRENGE, X ) ORTRERR
%, SCDMAuFEX L AHE I T H

SASKRYE, A HAL e R S8 AT
B, SCD Y4 A — PR AL 4 3% 2
bp. EE . fFE A H S T hAAE
B, HAMPWRR (geo—tagged) HIHT[A]
PR, [RIEARIOBA AR, (R SCD Af
DAAE Ry B HR 1) — T ok SRS T A 5 1
fE. ZIEFIERKIMBFALKE,
ELPAS S SR e S e 5 dl o S L)
WA AT, WALt Q0154E 1), #%
IASEHC BTN (TR ZERIR), SCD Y
UIRIERUER bR e/ s SO Rl i S )
N A A TIC S B S e T e &
XFAAE R GV ST A R, 7E3C
ST e U VS = S R S N AR
W1, IeAh, TRERRIEME, SCD—fi
AW R A S AT RHER, X
FUE TR A BRI OL S, PR
it —EmRPESERR, FER
“6.1 AWML, Mk, iardss
TG AR, X SCD #F A7 IR B /Y 42 48 43
I Sk A T ST T (N S A S TS
BRI AT T N S S T 9 S S i F
BHT.

1.2 CEREERS

JIr £33 Y 9SS0 R H Web
of Science, H13CICHEEAR FH o E T,
LA 2 FA A 1R T AR 3
(arXiv K At 5T 3 7 55 5 & Beijing City
Lab, www.beijingcitylab.com): (D Web
of Science 1Y% 2% %) 5§ 17] J& , (smart
card(s)/smartcard(s)/fare transaction) and
(transit/transport/metro/subway/bus) in TI-
TLE, /#/Ror, (s)RnNHWIG, &
B R AR A B = — A
MG & 2D~ QW
B AR A CASICR”; @A
W PEILMERAIESCIR

A, SCHRIE PR MIEE T2 AR T
W, AEAEEAESC, WHIER TS
UGBS, WBA 5 KK R G X I
RIS A SCD L o

SEFILTAT T 9255 Sk, XL T
SCD MITFR KRB 4 Sk 55—
FRFARAE I, AR AN (L —
A, ODESLFI AT H A B 5
W RBR RN RGBT S, 5
TR A AR A DUSR R
S FIREE NBEI AT TR

1.3 X#—5%

FEXTIHRARR 92 S0k, EENZE
NYEREIERT T 3

an: O RS R E 40 5
@bzt ML WL B BT T
B, N SRR AIIRM), B 20 e
WER), SE7RE . W T . Brad-
ford and Southport), BN 95, PHIE
F 2 5% (Basque Autonomous Community,
Gipuzkoa), Hrig e 15 (Zilina), H
A2FEEHL KR, KESREEL., 2
iz Minneapolis—St. Paul metropoli-
tan area), ﬁﬂ%ﬁll%(Gatineau\ Que-
bec, SAFHIR), BhlE 45 (B, &
ES I =1 (The metropolitan area of
Rennes), E@l%(%%?), HRFIE 2
T B ; @28 FIH 2001, 22
RN 2, 14552503, 2858 T2
W4, AR AR GnLRE . AIfr
PEIRITEE); (327 0t 24 ¢ L it £
Wi, S0RGLiAAE, 11 Fsaifig, Hab
A AR @47 AL T
SCD, i BA B4 Bk /NG dn Fs
RO T | AT 3maE T
PR, ARG T GTRS B, 35h
16 FS 454 T 3 GPS Bt ; Bt a]
PSHEEE, SFH97209d, S/ 15h, Sk
9y (Devillaine, %%, 2012), 9fFHELI DK
SFET 24, BB TEEET 1M,
O F-HHe R ANBGRE 371 TN (R i gk
H200 75N, EAETN (AR
ok, 2013), fi K9 1940 7 A
(Long, 4%, 2014a); DS0RAZEL—4
HE KRR, 33— 1EE kR At
FERRE AL

MAEE I EF, MR
FEA, EEM Catherine Seaborn. Fla-
vio Devillaine, Nigel Wilson, J& T
PF, YL M. Bagchi, Michael Batty,

71



AR RS-

AT AL ZGRA R T RR R IR T AT L ik

PR, BRI, IR C.
Morency, MP. Pelletier, Ka Lee Al-
fred Chu, % FIfIM. Munizaga, HAKFH
W (4 Mark Hickman, Fi 2%, % FE K
Sang Gu lee, % /K % [ Markus Hof-
mann, PREHENELR(FERSKA
2o HEIRRUG 2% 3204 o R
FHERYISEHER ARBETEBE T . KL,
UM MR KA e eIk, b
bl I e 30117 5 U | B8 e N S )
A, R TR RN, KT
ST SSE MR BRI R TR, R
KA BRI 2 i 2Ok
-, R AE ST ST A BT B Y
JEAIR T

T FE S8 92 7 SCHRA PH A5 T
X AR ST HE SR HEA 59720 (5 e B i)
RARFFE B, #8533 SCCHR B 1 e
FRFN 925 3CHiK) -

2 KRB SIEIZIEMEE

HeEATIZAE (0D Matrix) & 5218
R — T E W R 5. BN
TG AT B AR, 2@t i
WHELE 2R 2% 7, IRl i o AR A o8 4 7 25
HAR AR, X Eel s ol gE P EORER 1Y
OD #8325 5 LA R AE 2% OD 119 B B B3
% F SCD R i 4 R it iy i 23 Hh A 78K
P, IR SR A SCD Al L s Al
ARG R, DATR SR AR . PEANNY
INSETEF AT OD AR

A AR R R
SCD Fr &% 15 B Bk AT #ilva Ak
HIFRIE. WIRTITAR, HEl SCD Hid i
A ATEsE (A0 B, A2
W FLAth T 2 R AT S (AN AR, B
M), HATHAYS) . ik, HISCD B
HODIARIRIFME, HEET I, REHE
SMIFFEE R T — R 5% SCD #:1 74
AT o Barry 45(2002) G T
PSR L0 A TR R DR R 4
WAL F N HFTOD, B OSSR
oI #) b — B AT (ip) LS ERR
—BR AT, QKR RE YR
e — B AT I 2 S R Y R — B
i s —FE . B EWR T T2
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Fig.1 The alighting location estimation model for "normal" and "last" trips
kR Trépanier%(Z()(W).

RBEHEM I T 20l i i FE . Barry 55
FIER AL 22 J5 9 SCD A AT 41t T %
FIAT MBS LAY . U0 Trépanier 55 (2007)
FETF UK Gatineau(INEE KA SCD
T ODJERE . B BRI ACL PR I A4
P, Munizaga g Palma(ZOlZ)j%EE;"H T HESS
Fsf (0] (generalized time) (KA A AT INGER T
Barry S0 AT B PR AR, I LA
F i OD FH % . A7 2L [ ST K SCD
[7] G 28 70 (9 B8, 40 GPS,  general
transit feed specification(GTFS) A& auto-
matic passenger Count(AFC)%%ﬁ JER
R ATEE | RSN OD AL EE S, filln,
Farzin(2008), Nassir%(2011),

B T ODHESE, A/ ESMIFTEE
T 2D E AN SCD BR AR B (R
JEATHENIr%. B, Lee Ml Hick-
man(2014) ) 5 k254 T FIH AT GTFS %4
##; Devillaine %(2012) AR T — R
GIREAFETE S TAE, 255 I i R
A9 5 Kusakabe il Asakura(2014) 177
IR —AS AT IR BRI VR S HE v
F T RN 2R UL 37 43 25 4% (naive Bayes
classifier), X677 BARE R %+ SCD gk
17 T AT b5, J34h, Chapleau Fl
Chu (2008) i o) #% %5 Ji& i 11 12 (kernel
density)#& 2% £E T & 11 31 %5 45 15 (an-
chor point) AHEN HA7 H k. (EAFHE
2, 25T Devillaine %(2012) e S
B BRABR AL 19 7 et 8 P TR a4t e i
Hy g e BB HATHE, 40 Hofmann F10°
Mahony 4§ (2005), Seaborn %5 (2009) Fl
Jang(2010), 3XXF I SCD #E— 247 A

RN NPT A B R E L.
PR, [ NR 258 & TR 56
TSI A ISR BE R A . ik
Z G —REhRE, [N R A AR
WEBERREARMEE, FEE™E
A TE BB (an, [RIBEek BR 4E
A5 B AT N 1 SCD #E5E 0D
MEJE . REHFEEH TE X F S T4
WSS E B, AR
PR (2005) . 875 %(2006) . & EA
R (2006), JHESF(2007), FRdm s
(2008), FHKHEE(2010). MRE MR E
(2013). BRAIELE(2012a, 2012h). K5
4 2011), JE 55 M55 (2012), 17 Hi %
(2012), # 4k 1¢ 45 (2014). 5K B 87 %
(2014), 5K W % (2014). Luo F
zhang(2013), Chen 5% (2011), Chen
Yang(2013a), Ma%(2012), LLJ Yuan %5
(2013). & F 7 A sE X e R
AT Mot [l A A (A A S8
TN SC ol MO AR BRAE) HEA TUC I, AR
HEAF(2012b), FHK B AE(2010), RS
(2014);  LUJ AN MR | BGRERY, i f]
H55(2007), WHARAEAE(2014), TG
(2012),  BARE 550 ok il il o5 R A 4
B, U Chen4$(2011), Ma%$(2012), 3k
WY 45 (2014), A&, SCD ik RIEL
OD HES ARG HINATA T, (AFERFSESS AN
IRTTIRR -, SCD VIR 1 F itk

3 ANHTBRFEITSEE

MT PR PER, A e
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Fig.2 Personal and travel information captured in smart card transactions

KRR EH A%

R R G R 3CiH iE U BT B S T
HUPTARA W e . AE R —RIop%m
W R E R, SCD 7EA e Ad 8 B 4512
TR ARG TO R AR VE ], A4 34
TEIARLI 55 w0 DA 3 i R
M AT R G BIEHET PIRES . Pelle-
tier 25201 1)%F SCD 7R3 117 22 38 Hh 4 1
PETARVENIY LRI . DA SCHk o kA
B ZEM F—T e, AN EFEA
AR REURTE Sl R i B S E M
— T A AR

FEN LS A AR ] A R i
R, B RER AR E R R B
TR E RN BRGNS R G A,
AT 22 56 Hi R4 Do) 246 28 fig R ST 25545
HASHBAR] (XHF, 4§, 2008). KM
DK, KT AT E sl AR wrsy
FERIET AP . BT HEME
RSy R e e (22 Wk RS N T
SOHFER I AR, (RS
BRS04 5B A — e AR X ST
SRR RE REAR LI, B, MM
A TRA T I AR 2, B
R ACE BE T 0 S B A (Tseki, 55,
2007, Spurr, %, 2014), K2R T4
ez Re REAR T S P A8
PR BATE R . TR R REL
PEITTEEYE, Trepanier 55 (2009) tL 8 T
BRER B S A PR B A AR A
Gy AT RBE, AR RE R A
it AR AR AR P ST B R A
A EFRKHEE . Chu Fl Chapleau (2010)
BRI T RS L 7E 40 F R

RERBAR IR 2S R4, A AT oE
FROIAT N . i T B AiEeh oAt i
RIHAEE R, Long A1 Thill(2013) 210K
TGN PR EE S8 e R T2
I\

SCDWAMFR AL R R T &
FAEF . N, Utsunomiya55£(2006)i 1t
MR TeE H H (day—to—day) i 1 17 3R AL
ATIESE T 4R ) 75 R A 22 IR S5 1 5
Bk, A SSIE EE R R RO
SRAFIE A i 2 BARII2 5 7 %8 Lim 5%
(2008) T S 5T T A 3 e =K Bl 1] (19 2%
b, IR T AR i R A, A
AR AR S HF . Sun 8 (2014a)F1
IERE R AR ARBCEAT B RIFRIC A OD
FEFEED T T HbARA 2R MM . @
ST ZIER, R Al A 75 SR A5 3] 43
R, TR -1 S AR T ) o A Rz a2
FAALQ015) I — R bk -~ £
R T —RINHARIE K WA TRAE, 5
WATAS[E oA . ATHE RS . AT E
ShEIAZIE G . whE ISR, B A
HFESEE RG2S RHE . Othman 55
(2014)FI I BRMI R Ecta S T — e
T REIRTH RS, LIRS
TEACH RGN E 248 1%

B RE R B 0 JE 0 R A A
BUTEXT A RGN | 388 A P
F RS AR b, BIXT SCD $di i)
TOUL R I B B B, A T % 223 T
Zhang 55(2014)43 3@ S P il -Rid
SR SR 5 B s s B0 K S A
2 Janosikova ZF(2014)F F A FL A28 2

RERERE I T R AE A LA M2 rh
MR AR PR Ty, JE RN R M
B Ok Al T AR PR A L Sun 5§
(2014byif it bR R R 0 SRR AR
TAREN TSR, LR T A
[FIZERY (AN a)z:, U2 MR AR B )Xo iy
BRI R AR o X I R A
Bk, BTR R REdEN
BAREEER, R s Tk
(S e SO RS K-Sl WO
b, do X g 2010), DL K Sun &
(2015), BLAk, —se2 BRI AR Re-REdRE
KA 1N A8 B BE R IE 1 TS b R 55 7K
S Trépanier s (2009), Ma At
(2014), SCD FEfH# HAa KT MR,
LA A Wi e I A8 A P ) R —
M EAREE , AR B E s . S UL
AF, SCD F ey B 2 A 8 0 A B A SOV )
b TR [ e et e s

4 TR EEESHT

Br T SRl R tist T A,
AT 1] R A RS 1) 5 PR 38 T ) 28
[F 28546 B T o i A IR 2 L
B — A F B, X BRI (ur-
ban computing) (5T, M EMA
6 SR BRI T 23 (M 254, R e
AN, DA 2K TR . &
FEARANE HFEPDEAE (Zheng, 55,
2011; Yue, %%, 2014), 7EXFEROMFSE
v, SCD 3% e 31 85 B2 A Bt S RefE
F, SRR SR B R AE 201 1 4R,

Wi AR . il RSP R
A R 25 AR (I EZ R — . el
&5 (2012), Long FIThill(2013)F]FHAt 5t
NZESCD, 3B TUNE R A B A R
ol b, BT AL AT A IR G R FLE B
A (5 2 k5T Nt 94 A T Mk SCD,
W Long M3 27X RIESY), S5 5L 3 B
TNo FRIR FHHb AR R AR, wt2015)
T BRI . A EIRSF 0121525k
5%, Zhou Fl Long(2014) 311 538 1l
AT, PR T 65T R 5 B 3 ) (excess
commute), ZhouZF(2014a, byt it 7t
5 RY 3 B3R (commuting efficiency) 1
B B4, Medina Al Erath(2013) F]
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Fig.3 Commuting trips identified from Beijing SCD (a) extreme commuting trips (b) commuting trips aggregated at the TAZ level

SCD. A7 HEAESGES, T
F R TR AR AL, 15T B
PRl 2 B A A AT

T LA S AT Z N 5 A R R AL AR
77 (community detection), AF5EEA]
W IR R At SR R A ROk
7 25 6] 25 0 19 A5 Ak o 3X 5 T Gao 1
Long(2015), Zhong 4§ (2014), Sun %
(2014c)HBMg T AR, Horb J5 W R
P AR Z2AF Y SCD X b 1 3117 25 ] 2544
TERANRIE B, X AL Gk
MELASZERA o

TINEAS NN 58 i s e Al i)
B—Agilia i, Xk, AHEE
SCDRIEMNIRTT A Z hta k40 Zhou 55
(2014c) 75 1% 5 25 (2012) 32 51 14 5 AT b A
By | AT E 8 T i 10 1| N2 C 1 I | Y
(4 Ji A Hpe ARl o o T Roth 45
(201 1WA FH A8 SS3E Rl - R B R0
E A RN ot R L Lt VA S 1

e, TEWTT R T, Long
ZE2014b)FIHALHG SCD 76 I A ZFh K5
P T AINBCRRPEAN T 3 K - (wrban
growth boundary 8% UGB) F*) SE Jifi 55 2 .
AT R A R B, BARA KRR
B R A3 Ai#E UGBs Z4h, {HUGBs it
A5 B DB A28 T 95% LA T s i
WSS, WAk, WA SR SCD
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KR RBEFQ012).

HEE SR IEE, 41 Zhong Z5(2014)F1 Han
Z5(2015)43 IR A 22 SCD U 30k 17 FH
I REFHE SR AR

5 HITITAEHSME

SCD AMUAEROWZ L 58 T B
RN AT, FEroW sz M
JE TR A ARELT P B REA A TRRAE B
M. Z . Bryan £l Blythe(2007) 5.1 %f
SE A AT AR SCD BIFFE 35 AT kAT
TG, HEXAUFRT mEAEER R
JEH,

TEZWUZ T |, SCD REME fz k545
NHATH 2 AR IE . AR R R
78 R B /NI (1 IR 4 50, 1fii SCD
Jgilt—H BT N R T AT
RE. VEMIRTTRLRI S 5CmFoT i A
PR, HP AT R R S| TR Z
I o XBIFT I BB ] B AT A
FHALPSEE M SCD, IRZRAEA [H] 23 [A] 1
BOF n—AmT, X el—4 24 m) A 4t
R RIS S AR E—— 1 A £
RN TAT A kT s )L R A
PE, TAEHAEAR . ARE/NHABL &
W R MAE 0% (Nishiu-
chi, %, 2012, Gong, 252012, Kim
4 2014, Ma, %, 2014, Tao, %,

2014ab, Zhao, %5, 2014), B& T AR
W2 ST, TR IR AR T
SCD TE4% 52 S8k A 1 FH o AN, Liu 55
(2009)53 B T 4747 R 55 - Hb A B 9 ¢
Z; ChuFl Chapleau(2010)F FH—1~H 1
SCD #& i E s A9 50k, XA AT
TR T TIRABIZ RS, WG 3)
I AGEE . HRRRIBIAS . H NG s
LHELL B AT AFINAE s DusE(2013)F H]
J6 5 SCD 2K 43 B = A B IR AL RRAL
Zhang 55(2014) 7| FH Z I 50 (. FE FAL
INEEHE L HRANR AR AR A A
AT B R S B B A TR 5 Tao 55
(2014b)FH SCD FRZR T WA W A7 B30
PEH BRT 53K BRT HATHIR 2 F90E . 5
B, JE AR A
(3R T 5 58 B o A — A3 Uy
M), XIS FE AR T W5 b ) e
W5 | T 4SRRI A LRL R S AN [ 40
W

BT HEAF AR T @ AT, Xt
JEA R NHEAT R G050 N AR 154 2
B PR T AIIESE, U Agard 45(2006)
M LA T NSl 1 H 8 A Sl
AT R, A F g A
EAERRICBIA T AL ;BT AR
NHATAT R B ] 434 FRAE, Mohamed
& (2014) WA RER A 162K,



20155 % 38 X% 22340

B AX 2 ¥

FRGAIAL RBE L 2 e B X f 2k
N JE A AT VRN . AL, Paez 55
01 FI SCD #EAT T+ R AR A4
THER T

BETRERAARRRRE, DFREA]
BRI M SCD Rz i — B 9Tl
FRAE, 0 ATAT A 8 B AR A A A A
(Morency, %%, 2006). Bagchi Fil White
(2005)FI It — T BB 1Mk
Fi S BT R A2t . B
A2 R AT o, Morency 4t
(2007) MAKIEHSH R RE-REdRE I
BT AR bR . AR T LR
RIS, AT BN HhA T 7E 23 8] Hh
ARRFIE R, T 2 A H B ) A2 1
IR SR NN TN i W Qi OE | B
AR . Ma % (2013)48 H I — Rl
THURESE A 7 2k o3 SR P Y
Fitsi LR

T SRR FIRPER 24X 4
MR, TRHT R I bk i oE B
PRAifl, SCTERRE IRERARE, Mt
IR AT i — 24t 25 [n) 8, 1 Wang 55
(2014)IF XA AE il AR Pl AR A At 25 0%
W5 Long 55(2014a) FHPHAEY SCD 43#71 %
(LS WNIR B35 /TS N 55 A 4 R S )
THHLEAEML s Long 48 (2015) 7 HT DU )
Ui AT ARE (R L BRI L B i
ZWAIASH). BEH N DR R R
K, Eom I Sung(201 1)%@?5{@&\7]&
1E T AR RARE B, TS g 7
T RENIATT . TR AR
N2 W) S M TR A e, T JETE
FLM R TR B T A T

Br T e R AT AL, — 85 B
FEALRE T U — S84 E AT 0 b
B4, Batty(2012)0F58 T A L T
18] 3 % 9 AT O 2EFE; Frumin F
Zhao(2012)F] F SCD 43-#7 T 18 B i FH ik
1R (incidence behavior); Trépanier At
(012)FI FH 34E /I SCD PFM T e BFAFASE
12 55 9 890 B2 JF 3 A TS IR o
Asakura % (2012)RF5% T H1U1E 28 38 e & %t
2R AR OL, K e 21818 2l
78 R H AT R ) A T BT A 22 2 5
Jang (2010) AN MAELL A ZE 0 P RFSE
T A3 5 48 3 b s ERE Y () R

SRR, AR R A SR
TR IEAT T AHE ST (Hofman F1 0 Ma-
hony, 2005; Seaborn, 45 2009; Wil-
son, Z&, 2009; Lim, %, 2013; Gor-
don, &, 2013; 2 P M PR 2 i,
2013),

(BT R0 2 R 2 B e [ 37 k2
HIINT A AR RAE L T SCD A FE A 2L
DG T BRIRE, K450 R
TS — UGB TR 4 LB
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