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Multidimensional Scaling Analysis of Inter-regional Public Transit Services:
Focusing on Inter-regional Railways
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Yeongmin Kwon - Kitae Jang - In Gwun Jang

Abstract As sustainable growth has been emphasized in the field of transportation, the railway system has been pro-
moted as an environmentally-friendly transport mode. However, mode shifts from other transport modes to railway have
been sluggish. In this context, to enhance the understanding of railway’s competitive advantages and disadvantages, this
research evaluates travelers’preferences for public transport modes for inter-regional trips: such understanding should
make it possible to formulate effective policy for promoting railways. To this end, passenger recognition of competitive
transport modes has been measured by applying multidimensional scaling analysis for six major inter-regional public
transport services — KTX, ITX-Samaeul, Mugunghwa-ho, premium express bus, general express bus, and airline. As a
result, we can conceptualize the recognition similarity in two-dimensional space, and understand how travelers perceive
the six major transport modes.

Keywords : Main-line railway, Multidimensional Scaling, Train Satisfaction, Inter-city Transportation

2Ql ZAAA] Bl Ao} BABE Aol ABEWA A9 7F FA4Rst FSH glom, o) o
okl gick. 3 FotollA] Ak SAAe] FruwAl W BTl A B
3 Bl o] ol ol giek. ol Slstel WA} AR 9ol = HFREed o
sk 525 Q14 e} ul 7hgate] A Aot welel tie gl BAolch & ARoM 6ol A A
o b PFIESTHKTX, ITX-AuhE, 7ot Eadms, dvkmdui, G37))0] Algshs Aul2 Sl e
SRS THARE BAe ANjstel 2309 B7Hel WA Az RSk SASY S0 1k §AH AAHES
T ATE Folo] Ao 7 hFIE SuHEel vhat AAAL stela 4 glglon, ofF Fate] TH
e

.M 2

454490 32, AT-eudste] YA Slg WRIoE tfFmEel ek Fa4e] el 7kt olek. 20009 S-eluket
9] AL~ wiEFHS 564.8MTHonCO2eq2 1990 24171~ viEFel 273.3W0HonCO2eqtiH] 106%2] 7hiE $718S X
ATH1]. o= L& 7]7F OECDS] Y=+ Ft 7.9%, A A|A Hat 38.3% Z7F&Htt I =2 £x|o|th2]. S2uete] AA &
AZFAS WS F 15%71 i Jofol] YFEIL glom, o] B WE =g F7h=s A S ARbEHE disals el
AEAARE 47153t "75Xﬂ7:ﬂ Tl Qlof AtEshA] ¢& 4= k3] 53], Ao AS AR 191 1km 53 off viE
= et olileietaTro] l4g O R, B 68g, HIFYY] 285gE e tieusrdEd H]Iﬂﬂ‘ﬁ—% Al BiEE = olikalet
aFgo] AjHe R FE AL & 4= UTH13]. o|& v R Av 7P SRS wErde R Brpia QIR A9 1t
5ol Qlof Bl et tin] HAGARe] ATe mlm|gh /\Xo]r/]-

A=A sk A BEAHKTX)RE dHEAATXARE S, Fa2ts, Fez, $Z2E2h= Wit

*Corresponding author. Tel.: +82-10-4153-5327, E-mail: kitae jang@kaist.ac.kr.
© 2016 The Korean Society for Railway. All rights reserved.
http://dx.doi.org/10.7782/JKSR.2016.19.2.243



20149 74131e] 2] 7k bR 10]34Tt o2 20085 19]130 HHTh 18% 27Kt wh, 2 7|7t 3ol
2 5 AH L 1A6HIRT Hol M 2HAMNTE HOR 45% F7ISkgIrHA]. L, ZHAGRe] SRS Tdkul m Aoy
29] 20149 5452 206HTHR B WekE e ROR ZAEUTHIZ o4 AL 0§57 F718E TE A9
2 mESTHT A oR we o RAET tet 0§57 SHlH HANE T A9 3 YFuE SUE
of AlFSRe Alulzol e AR QAAS Batol WA £ F91 Arjel o[ §ELS B S Gl WOLS 47 WAt 9
th. ofo] £ AT A 7k WESE] Aha GAEAL Folo] thFEIE S8 719 914 Aol B hAREN 0T 234

7k ERYL o2 AR el Az 3@&‘2‘1‘1
2 Ao By e A 7R 29
A el S A 9124 2jo|E HAls) ° =
s o AR 14 #ZolE Flstar, ek 2 Aolo] diste] Bla FAR. A, fAMY 914 E4e Sste] A
A7} o2 x]gq 7r dEnEat H]Eﬂ?ﬂ% 7
5ol 1A choa} 7ok 2ol A X
Agstglon], ol5o] AE fAMd B4 =
Zachol| T3t QA 0lA] B ATE 4o AlLstglon, At gt A2S 57bo| ALsiict.

2. X9 2t 3us =t EFAHA 2 2 A7 HE
21 2 X% 2t SLS L0 8
At HjFE0] o] 2k ol5S itel v, HE, BT, e 5 TR 70 Aol 7 djFaE SuEe] LaEw ik
Ao 7k fEIE STEe] BR7E Ok B ofjel, V1 ERES AT BH0R WAL WA 5 AEA nEs
o] SASIAL Q1] wie] ofSe] Tie Aol Walolch B ATAE Ao 7k 4 HEbEo] e KTX, ITX-AHS
5, PEokE, SEnsvs, QumaHs, 937 5 F o1 Ao 7k mESTEe tht 242 Sasigon, g
A% olgs7le] F3] 2L WA AT B ATl BT 2 mE4de] B7 9@ Aol ket 2wt

KTX(Korea Train Expressy= $-2lubet 229 T4 Z 20044 49 1Y ARISHTEO B0z 2312 AR6l o
S AT FAL 93k ot KTXE I UAEARS] 14H w9l HAH|(Train & Grande Vitesse) A8 Gxl=2 ‘1143

EAAEAN O] whet FaT77hS 200kmolako® Fast 4= Qe 1 & TEME} FA71EE ol83te] KTX-Sancheono] 7
gl o, 20109 3YRE &3x]ar Qict. 3}X|9F KTX-Sancheon®] 79 KTXo] H|&] G228 Sl=7| Altjadoz Jon
2, B QT0NE DSUAE 2 U 4 ol QAR 20043 E 298 KTXBAHKTX DERe Agelo] 348 1
Y=t

Auless 19699 29 82 BRTeks olBow A SASIACH, AL AP LS oA 20187
e oHolth. 7lE AMMEEE fAls) FRARTAL SEFY S5 GAR] ITXANISS (ntercity Train eXpress-

l‘

Saemacul)S ST GOm, B AT ITXK-Arke DaH= 7|E AhEE AR ITX-HrhSE0he o s
ik,

wgalat 198040] S8 SEANE NG AL Ao s, 1984dlo] Fgsla AREGIh 1 F, 2004 KTX
B S BUS AR o T%E}ﬁ SABSITh £ ATNY WA LA G FIERES o A
=9iet.

2.1.2 A&HHA

GrpA| 2ol TS AT QIAAES ThE wEST Hlsh] 1% aToR 1
b TolARPEAE SRl AR of wel SaAR|ZE 100km ool I A ST 60% olE IHERR &

[e]

sl Al Bl A $FF 1EY 2001 ool PSS Falh nguAl 2 Ak W 29 YA et 95
T 0t ANEIEN AR LhAIn, $90] 2991 of51 A% $EIAu2, 3091 o FP ANk AR TRE.



FolA

o] s

ar
()

=

Kl

(20
164 42
45

% 7

]

T=
‘—12;‘1 01]
we} crosl
K

-
(e}

L

(e}

=

B
%
s

l==7 A
19H A2

=l

=

st
b e

=

5

A
=

0|

=
3l
[e)

S
[

Far
[} 07]§
) _5](_—‘2_
0/\]_4_
Al
#
-—IE]E]
A
= o]}
3ol
o

ha}j

)

27 Al
= 7

2
1__/\
gz

&

?}‘:]'-

o7

‘—|7]9’]

=

3%

oz

‘—19,] e

%;%E

4 el Heow

ﬁ7]a]— ZﬂX]_
2]

= ?17}

&)

2
A
3 04719

T 9
Eomu
%e_i
Y
,mmo c._qr
H_HO%HW .ﬂemﬁil
N
ﬂoﬁmeh mﬁe_ekﬂ%
LEQKO LHL;OOEQ
B TRCY @Q%%L@ o
rowﬂrqo. @rqoohzﬁ g
zasm %wuﬂ%% LEE
QM”UA'7 ‘Iﬂmooo:c‘.r,ﬂﬂ ﬂo
4 b Y ~ w e o % c_oﬂ X
z]ﬂ ~ To A X’ .aA
Lw;% ﬁwﬂ%@% 4&%
%Mdﬂ_.‘_ ﬂorﬁmwﬁﬂxﬁﬁ HL.Ol_uL, H_E.H
= - E.H7. o X
%DmuL w_eﬂoﬂ%mﬁ Qoxﬂﬂe 5
= Hﬂw E_.,_Ao Lm ﬂor.: ../w]1r
w%}i ﬂliogﬂ R ixa
ﬂZ_Hﬂ.mo;%rﬂ,._m ﬁoQMm\E..&Urﬂ .m_-w‘urﬁwﬂl O‘_uﬂﬂx_lr o T
%Mwﬁ ﬂ:mﬁuzﬂ A%;a% @_ﬂi g__moe
gl % % { & ! o % ,wml R < 4 B 2 o T
T ?EE 1 23 1
;.uw h%@}%m ST i & wg@ﬁm 7
nanwa © mﬂﬂ zoﬂu m oo ﬂﬂ Lu@m ._Aoﬂ_._,oouIA Hﬁﬂh‘l
z % g Gl il - a7 i i ™ S 5 i fo % T
Z_LI ol .AOHH_ﬂ]ﬂ.AL Jl,__.E‘q] 071_ LIJE.A ok ,Lé.
uﬁ%ﬂA H dmua Aﬂoﬁo B xxﬂ_o:L TR
CR %awMVH o 7 N g Eé ;}Ef
.Ao xeso UXOM 3 o TJIW_o lim mﬂm_nixdl Mﬂelﬁ
o:__A,__.u]m ﬁoﬂrﬂ%V‘_ J.,V < M < }waﬂ_ ]ﬂ,x
,mhki_# — 41A£e xﬁq,r,‘_._ outg T_mo 7RL|
gmqﬁ mQ%Q@% %am mg% %Eovw W@w
ﬁpw% ﬂLA:ELEOA Eﬁﬂwﬁ 0 __&LHHO &%ALW;O T o
ﬂ%u T hﬁo A % B s MQMﬁa man
wmo_ao ;%1 d»?&ﬁrioﬂ mm ﬂow].% ujr oAvolMLmW = A#Holﬁ ﬂmf;o
ATEE% &M}Z_OEEM ﬁ?ﬂﬂ I urw %m«z%% pE
E@w@ mﬂ1§1 o 1ﬁlq ] }@m ﬁ1c_o_é xﬂﬁ
%E[ﬂu woxﬁoﬁio hmé B ué;o ioMOTd. %mo#
B E%ma‘aoﬁ M_koxﬁar _ %Eﬂ a‘ﬂ,kof o_ofﬁ
s T o 7 ] oy o o4 = T ) T N N N
muic\ﬂ :._ﬁeogomﬂﬁ mﬂﬂﬁmauro ok Ll%l L:o:o&o %Ldlﬂ
nﬂﬁﬂlo ﬁT}_ﬂ Eat 1Elox — __om;o WuTuTﬂEL: éqor;o
wm,mﬂno @_,mmm;ﬁ; W%%w o ummm@ %,E_Emﬂ waw
_ﬁﬂor__o_.nﬂrm, waﬂloiz@ %%mmpmm X Mﬂowm wmu%,ﬂwm %AT__”_AE
L o) = 0 ﬂ.Hﬂ.H‘
=i Ed @m%a&m SRTE ok $g . i = 7§
— E.—o]_ H]Jlo,_ T - =0 or XE_ﬂﬂ _oazo?,
..&rl_.___nﬂ = 71_U1rﬂ = A:_a A_.___ oZ]l 1FH ﬂrlxr iy qQ
L]e71ﬂ1 ]Ee Xo,b01r Zodﬂovd; ﬁrn_ﬁoq NS = o X0 9
M.o.MﬂlA q_i,ﬁ ‘_.w_uuﬁ‘_ ﬁoﬂu .AI_ - . ! duX,.,,al] _:TL#.EH___m
ﬂ.AxEW.Aﬂoﬂz_.mﬂu% ﬂwEEMﬂT ?_MA o_ommmﬂww oﬁcmﬁ__b
@%%LW%WE%EM m%aﬁ mgm meﬁw ﬁ@%
%@Lmqﬂogyw@qqxﬁ% *EY agw%% 45
Ho qﬂ%%nx@ﬂﬁ,&%ﬂﬂmﬂm QVEZ% wnw:_ﬂoo_eum. mMEOLmH
so,@}mﬂxc._oﬂnMMﬂLoﬂﬁ}uofJ ﬂﬁﬂ,o JH@ZE ﬂoé 9‘5
éh‘_le._.@_@ V‘_xo,ou&TE.nn A_]rL o B - E:o_o
L nomﬂAﬁo,s lﬂomﬁ OOOM T ) " s o Ak o
__PO;Zo % Eﬂiox % gl i = ﬂo_é
oﬂAﬂotﬁoBo‘_._ﬂa,_ﬂm_ﬂLLZ ]juq R iy Y_Pen_rm
ﬁ@mioﬂ,mzwﬂwm@ oE\au mﬂlnnh,joT mm_m]
ioﬂLpAomdﬂ%u_on Eo%ﬁo ﬂwawurmioﬁo Zow
le%mﬂ}uooi gy 4mf} nfvm
< :(lz;lol ?%wm 7o U uo_EL_L Hemﬂx
3 5T avr; urm“zg,_o _Lv:urmﬂ qov
HOH}_#OE ﬂg - 9 o mﬂb
Dx7aau.e mocolo quﬂvﬂm u%Ad.
T i = F T 5 B % . b
e <t CU- HHH}J %m_
o N & 4 Y - i 2 T = °
™ T o N & TR o oy
o 0 e ;o_/E
zu 49%&?;&544@%@
1ML“+TALM50§A#1N%WM
3_OOW4%OL%ROQO
ﬁﬂﬂﬁéﬂﬁﬂnm%%ﬁ
ﬁwnmwﬁunmﬂfﬁwgu
Lxﬂuu‘lﬁceﬂouta.ol
ﬂdbxﬁjlﬁe =
deﬂAllwout
mmawww
‘aﬁotwﬂe
E:
g

A
Lo slor



246 otZHcshsl=2F M193 M25 (20164 49)

Table 1. Summary of survey questionnaire.

Part Detail items Scale
<Part 1> . . . Nominal scale,
e Gender, age, name, residence, education, household income, etc. .
Sample characteristics Ratio scale
<Part2> KTX ITX S 1 | M hwa-h
Inter-regional railway aemaet Hetnevae Ordinal scale
satisfaction Satisfaction ( ) ( ) ( )
\./e.ry Similar | Normal | Different Yery
similar different
<Part 3 >
) ) KTX < ITX Saemauel @ ©) ® @ ® Likert scale
Public transportation KTX < Mugunghwa-ho D ® ® @ ® 1~5
similarity : : : : : :
ITX Saemauel < Airline @) @) ® @ ®

Total 30 items
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Table 2. Characteristics of the sample population.
Sample attributes (%) Sample attributes (%)

Sample size 228 Some college/associates 13.3%

Male 57.9% Education Undergraduate (Complete / in progress) 68.6%

Gender Female 42.1% Graduate (Complete / in progress) 18.1%

10-19 3.5% Under 2,000,000\ 23.2%

20-29 30.7% 2,000,000\ - 2,999,999\ 24.6%

Age 3039 35.5% Houschold 3,000,000\ - 3,999,999\ 20.6%
Income

40-49 22.4% 4,000,000\ - 4,999,999\ 21.1%

50 and over 7.9% 5,000,000\ and above 10.5%

4. ATUHE I 21t

4.1 CIRIHAHEH

ol x@,ﬂ (multidimensional scaling; MDS)e 2712ke] §A14 B 24 thakel B2HolA AZsfs}] Sisk 574
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Table 3. Kruskal’s stress statistics.
Stress 0.0 0.025 0.05 0.1 0.2

Goodness of fit Perfect Excellent Good Fair Poor
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Table 4. Average similarity coefficient.

KTX ITX-Saemaeul | Mugunghwa-ho Premium General Airline
express bus express bus
KTX 0.000
ITX-Saemaeul 1.283 0.000
Mugunghwa-ho 1.527 0.289 0.000
Premium express bus 1.293 0.369 0.501 0.000
General express bus 1.513 0.284 0.070 0.419 0.000
Airline 2.570 3.678 3.938 3.543 3.900 0.000

*1= very similar, 2=similar, 3=neutral, 4=dissimilar, 5=very dissimilar



Table 5. Total stimulus coordinates.

Stimulus name Dimension 1 Dimension 2

KTX 0.4332 0.4942
ITX-Saemaeul -0.7504 0.0084
Mugunghwa-ho -1.0122 -0.0065
Premium Express bus -0.6172 -2.701
General Express bus -0.9765 -0.0717
Airline 2.9230 -0.1543

0.6

KTX
o
0.4
a 0.2
£
E
g } ITX-Saemaeul
g2 o Mngunglma—(lso o
General Express bus Airlines
-0.2
Premium Express bus
o Exp
-0.4

-1 o 1 2 3
Dimension 1

Fig. 1. Multidimensional scaling configuration.
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Table 6. stimulus coordinates by group.

) Man Woman High Income Low Income
Stimulus name

Dimension 1 | Dimension 2 | Dimension 1 | Dimension 2 | Dimension 1 | Dimension 2 | Dimension 1 | Dimension 2

KTX 0.5179 0.5113 0.2151 0.3099 0.4490 0.4925 0.4496 0.4338
ITX-Saemaeul -0.7386 0.0068 -0.8051 -0.0027 -0.7344 0.0948 -0.7750 -0.0379
Mugunghwa-ho -1.0239 0.0190 -0.9502 -0.0266 -0.9666 0.0043 -1.0532 0.0192

Premium
-0.6722 -0.2643 -0.4615 -0.2203 -0.6617 -0.3479 -0.5861 -0.2060
express bus
General
-0.9751 -0.0959 -1.0037 0.0036 -0.9988 0.0782 -0.9617 -0.0738
express bus
Airline 2.8919 -1.769 3.0055 -0.0639 2.9126 -0.1654 2.9263 -0.1353
0.6 0.6
M-KTX oM O High
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Fig. 2. Male vs. female MDS configuration. Fig. 3. High Income vs. low income MDS configuration.
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