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Abstract

This study examines the discrepancy between commuting time and commuting satisfaction by classifying
heterogeneous commuter groups and identifying key influencing factors. Focusing on workers in Gyeonggi Province,
South Korea, a Gaussian Mixture Model (GMM)was applied to classify four commuter groups based on the mismatch
between actual commuting time and perceived satisfaction. These include groups with long commutes but high
satisfaction, as well as those with short commutes but low satisfaction. To identify the determinants of dissatisfaction, a
binary logistic regression model was employed. The results revealed that public transportation use, emaotional well-being,
income level, and caregiving responsibilities significantly affect commuting satisfaction. Notably, public transportation
users were 2.8 times more likely to express dissatisfaction compared to private car users, even in short-distance
commutes. These findings suggest that beyond reducing travel time, policies should focus on improving the quality of the
commuting experience, including transfer efficiency, waiting times, and flexibility in commuting arrangements. The study
further proposes that urban and transport policies incorporate subjective commuting experiences, emphasizing the role
of mobility options and social conditions in shaping satisfaction. It also offers empirical support for identifying a “tolerable
commuting time threshold" contributing to the development of more resilient and inclusive commuting environments.
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Table 1. Summary of previous studies affecting commute time and satisfaction

Variables Details Authors
High satisfaction with rail transport. ;
: s ; ; : St-Louis et al (2014),
Mode of transport E_hor‘[—dlstance_ High satisfaction with buses and Gatersleben and Uzzell (2007)
icycles.
Transportation ; High congestion leads to increased stress and Evans et al. (2002),
characteristics Teamoongestion decreased satisfaction. Wener et al. (2003)

Physical road
conditions

Road width, surface quality, and bicycle path gradients
significantly affect satisfaction.

Lietal (2012),
Won and Lee (2012)

: . High housing costs push residents to relocate to Crozet and Joly (2004),
UT?E{[n and real Housing prices suburban areas, increasing commute distances. Jang and Gim (2016)
estate
characteristics  |ntroduction of These reduce commuting time and increase Jun (2008),
express trains & BRT  satisfaction. Crozet and Joly (2004)
Women tend to have shorter commutes due to
. Gender household responsibilities, but not necessarily higher Lee and McDonald (2003)
Demographic satisfaction.
factors — — :
i T High-income |nd!V|du_ais feel _Iess ﬁnai_’lmal burden from Evans et al (2022)
long commutes, leading to higher satisfaction.
Sleep duration Short sleep durations increase commuting-related Nie et al. (2015)

Individual factors

fatigue and lower satisfaction.

Social activity time

Longer commutes reduce time with family and friends,
decreasing satisfaction.

Putnam (2000)
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Table 2. Commute time and satisfaction with commute time
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Figure 1. Analysis concept between groups of those who are satisfied and dissatisfied with commuting time
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AR HAH ZHGMM)E A8t 7 79 8 E2E 4
Fatget, A WA 1E(Group-A)S 52AI70] FowA U
e SHAF 1ELE HAY 67%F AR, Bt FAI
23,194, BEEHAR= 927802 YEPylt, B, = ¥ OF
(Group-B) BAIZto] AA WHEdl= 1§02 AHA 9
33% AASH, Bt FAIE 69,578, FEHARE 17,158
o7 FAR, GMM Zifol] 29 FA0] 43589 o
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Table 3. Frequency analysis results for explanatory variables

Total Satisfied with Dissatisfied with
N=15.887 commuting time  commuting time
Variables {N=15.801) (N=12,946) (N=2,941)
N Mean N Mean N Mean
Car usage environment 15887 290 12,946 290 2,941 287
Public transportation environment 15,887 264 12946 264 2941 265
Children's traffic safety
A N 15887 287 12,946 289 2941 281
. Car 1.Yes 12289  774% 98561 761% 2438 829%
Traffic ,
features ownership 2. No 3598 2206% 3095 229% 503  171%
Transportation 1. Car 6,700 422% 5290 409% 1410 479%
and residential : . 4 5
evironment Commuting 2 Publictransport 6457 406% 5192 401% 1265 430%
methods 3. Non-powered 1857 117% 1707 132% 150 51%
4 Etc. 873 5.5% 757 58% 116 3.9%
1. Yes 8606 54.2% 7235 5b9% 1371  466%
Self-owned . . .
Residential 2.No 7281 458% 5711 441% 1570 53.4%
features Facilities 15887 292 12946 293 2941 290
Year of residence (unit: years) 15,887 11 12946 1140 294 920
Sleep time (unit hours) 15,887 13 12,946 414 2941 409
Free time 15,887 270 12,946 273 2,941 256
Interest in sports 15887 270 12,946 270 2,941 271
Personal —
activities Subjective health status 15,887 296 12946 296 2941 293
EAS gy Feclings 15887 215 12946 213 2941 223
(negative thoughts)
Neighborly relationship 15,887 255 12,946 257 2941 245
1. Male 13,796 86.8% 11,171 86.3% 2625 893%
Gender
2 Female 2,091 132% 1,776 137% 316 10.7%
Age (unit: years) 15,887 498 12946 5060 2,941 464
Families (unit: people) 15,887 279 12,946 277 294 287
Kiorficd 1. Married 14478  91.1% 11,784  91.0% 2694  916%
. arrie
Demographic, , 2. Non-married 1,409  89% 1,162  9.0% 247 84%
social, and Demographic :
economic features 1. CO”ege or hlgher 7,299 459% 6,387 493% 912 31.0%
characteristics Education i
% !H‘gh schoolor  gres  541% 6550 507% 2029 69.0%
ower
: 1.Yes 4672  29.4% 3640 281% 1032 3b1%
Children
2. No 112156 706% 9306 719% 1909 ©649%
— 1.Yes 2127 134% 1620 125% 507  172%
nfan
2 No 13,760 B86.6% 11,326 875% 2434 828%
o 1. Fulltime 9506 598% 8072 ©624% 1434 488%
Stabilization 5N |
of work - Non-reguiar o o o
L 6381 402% 4874  376% 1507 51.2%
Social, and o = =
PR Self- 1.Yes 3796 239% 3390 262% 406 138%
features employment 5 No 12091  76.1% 9566 T738% 25635 B862%
Year of work (unit: years) 15887 1011 12946 1049 2,941 8.46
Income level (unit: 10,000 won) 15,887 368 12,946 363 2941 388
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7 280l £ 80| Y3, o|F 7|EeR F2AI] 43
£ 1311 7% Group-Adf], 432 232 739 Group-Bofl &
@ 7Hs/do] ot ol Group-A7l B2AIRM| 9% =2
A =¥, Group-BE 324 919 2919 93 wEx=rt
P2 U= A AARIHFigure 2), o AAE 4380lg=
A GMMOlA = £E 71 8E0] Y8l AL
Z, Hlojgof] WAE o] &4 7Rtez AFEE 7|Eolt o=
24 g A71= 299 F28E S48 NGt s, §
U3t A4 52 B X0 A8 A BAR g 4 Sl
2 A7 Group-AB2ARE U, S2AI $3E olFl2 24
A| & 1F)9} Group-B (F2AI T, F2AI 38 202
21 38)9 54E vlusty] A8l Group-AS 02-E, Group-B
£ 12 293 5, olF 2 2H 3|9 84E HAETHTable 4).
S|HEA A, F2AIMo] ZAN WSl Group-Bojl £&

Lemeshow A4 F-218&0] 0,05 o402 2o Z3HA
o] Eelx]| 9},
BT BAS BY, 584 djY] gFuEE ol8de &

— Group A (Reference, 67%)|
-%“ 0.015 43 min. | = Group B (33%)
a |
: [ ﬁﬁé&
0000 | T T4 | | T 1
0 20 40 60 80 100 120
Commute Time (minutes)
Mean (min)  8.D. (min) Note
Group A | 23.19 9.27 Reference group: Short commute & satisfied

Group B | 69.57 17.15 Long commute & satisfied group

Figure 2. Group distribution of commute time satisfaction

e S vA= F4 2US0l AUEUL Hosmer- through GMM
Table 4. Results of binary logistic analysis of commute time satisfaction
Variables B SiE Wald p-value Exp(B) VIF
Child safety 0116 0.034 11.724 0.007"* 1123 1.061
Owning a car (D) 0121 0.059 4135 0.042* 1.128 1.464
Commuting method @
- Passenger car - 5 523.080 0.000%** = 1.510
- Public transportation 0736 0.047 245082 0.000** 2087 1471
- Non-motorized -4.080 0.305 178973 0.000"** 0017 1.319
- Others -0.236 0.093 6.473 0.011* 0.790 1.144
Home ownership (D -0.087 0.046 35637 0.060* 0917 1.323
Year of residence 0.011 0.002 23.839 0.000** 1.011 1.193
Leisure time 0.159 0.032 24026 0.000** 1172 1.067
Physical activity 0122 0.029 17.240 0.000%** 1.130 1.160
Health -0.140 0.039 13.165 0.000™** 0.869 1176
Negative thoughts -0.186 0.034 29968 0.000** 0.830 1.075
Gender (D 0.161 0.065 6.230 0.013* 1176 11567
Income 0.000 0.000 6923 0.009™* 1.000 1.231
Marital status (D) -0.309 0.076 16.713 0.000** 0734 1.205
Having child () 0.401 0.061 43.036 0.000** 1.494 1.146
Constant -1.388 0210 43527 0.000** 0.250 .

-2LL:14361.881

Cox & Snell's R-square: 0.130

Nagelkerke R-square: 0.182

Hosmer and Lemeshow test
- Chi-square: 12.273
- Significance: 0.139

Note: (T) indicates a categorical variable. Only statistically significant variables among the various variables that have an influence are indicated. Among
the means of commuting, passenger cars are the base category. VIF values were calculated for all independent variables and found to be within ac-

ceptable range (all<1.5), indicating no significant multicollinearity.
*p<0.10, **p<0.05, #¥p<0.01, ¥e4n<0.007
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EA= Group-Bell, =& 4 7|8} £G42 Group-A°] & 7}
/30] =4 Yesith, £ d7ofAs FalEsS Haet dee
TE6HA] ool EAEtgeEs FAAQ = 4ol A
7b Sict, o, AgAte] w2y Hw(53] X3t FAE
F2olA ol HlFo] w2 sHo]H(Maoh and Tang, 2012;
Jones et al., 2008), =l A= B2 Ael7t 24E A5 o] &
o] Eoldth= Aol gl vt AT - A, 2016). T
2kA] Group-BojlA tiFus ol§ HlFo] 2 542, oldt
Mg} wehg Zo|d 7Fsdo] it

FAAY 749 IS ATER, ofglo] wFHE F=
o FH FIR O P oulsk=t] 1 =Eof] St A
AFAY w50l WEdh= A2k AT 4= Uk
o] EHNA R wSFHL AFA| YAA g 2 IF
& Eth= SH0A, ojdo] nFA FF WStk R
H| & FAITE B8 siejete S2AITl WSSl ol ¢
Qe z 2kg3tet, 2ejal A} o| HelAH U A}H4lo] o) A7 7F-2-
of oAz AL A9 wsdH, 7HHEES] A% Foll 9F
< W7] g 2ol A gk, 2YEE AFEE Aoks A AL
£ A BEdth=s A& £33 olF /-AI517] Hsf 23] ¢
27} WojR|aL FHAe| dojAH ke olF Sl S
YAIStaL Qiek, 2R 7|4 FEE AME AEshs X%
AFSH= AL T Aol FHE 2F8h= AR dA5HA] G
th= ot ol FHE 2{3h= B A B
Group-A°] £ g0l Frh= 43E &8 Uest

A2} ARR]Q1FHEHA Qolg HH, WA T1e]al v &R} Fdo]
A AR AL E 7] Group-Boll £ &&°] & 9
32 Ap4ilo] @k Yol obhd A A A AEE & T8l
w24, o|& s FAef vls] Aol A2 HoltHHong
et al,, 2018). Yo7} 7]& o/do] BS U 7hAto] ofj3] o 2 )
& EaL ck= E4(Taylor et al,, 2015; Gimenez-Nadal
and Molina, 2016)& BIF|E U o]52] SZAte] Az
ot ks Aol 7Hssict ok&® gfot A7t SlES
Al A 2.2 71 Group-Bol £ 0| ¥ U
o}, AEA] ool YA|RE 7= AFShe A ARl A4

TEASAR SEISs A IR YA E=HE 2
7] Rz B4 ol gk A3 o] 2 Al&Al Hi4l A7
ol AFshAA F28ks ACE siAEh 3, FAIA 89
22+ 450] ¥245F STAIT0| AW WE3= Group-B
o &3 gEo| ¥4 vehith gRHAoR A4S 2R 3L
252} v]3] 52AI7 0] B2 Ho|tiManaugh et al., 2010),
Nie and Sousa-Poza(2018)°]l W=H, 5 #Ag| F7H= 54|
|& F7HAIZIA, ol R3] QS sl A= AL
2 Ut &, 43 dAES 2EAY SIS SAAL
Z Fofu|gk oA F7HAIZI,

Mo

|
o

s
=

134 "=EAE, Me0 Mi5= (2025)

2. STAIZt SUEX e EY 2ot

Sroll A Aggh vkel Zol, GMME: ARg-8te] B2 &
N3k S AYgE TS (Figure 3ol =4,
Group-Ci= 52AE B9 o] 43%E A4x|5}n o152 4
T FAIEE 35,748, EEHAE 11.58°]t Group-DeE ¥
A EREAL] 57%F Rl Bt A 65.7%, BEH
221 5802 e, 7 259 §4& 29 Group-CE &
ZAZO] BSol= F2AI0 ENELHL FY, Group-De
SAIZ] 4t olof] ENtEShe Hdo g Ed 4= it o]
A SHo)A Group-D= T34 G327 W=t ¥s),
Group-Ce BAIR 019]9] tE alE0] F2AI &2
ojriil F=ES = it

AT BUREAYE FEAES WYCE Group-C T
€ Group-Doll £ 252 A 23, YES 7€ 4
AFol £ FE2 2o, 495 olgh= Group-C, 49+ o1
2 Group-Del| & 7Fg/do] =7 Uebstth(Figure 3). Al
At Zol 7N R FRE BE2E A 4 g
228 7M1l Group-C(EWE, 524K 49£ ©l3t2 24|
%2 18)E 12, Group-DETE, 53 498 202 71
IAF)E 022 393 th o|F EXAE R4S AAIEH
o}, 2% A0 A9 Hosmer-Lemeshow ZNA 7218
£9] 0.055c}F 24 Yeht aiF 232 23t A o2 sjAH
(Table 5),

gHH, ¥4 7 Os3AA BAE Ads] f8 2 S1E
=0 tfsf] 48 Al4=(Variance Inflation Factor, VIF)E 4F
E39ct, oiREe] W4 VIF gho] 1.0~1.5 502 veht,
A2 8 7126.0 o3& FF3 o0, EFAA EA
£ Ao 3] g2 Aos waE, ot Sttt
THE 4R ou] ®(ef): 583 vlE8 £TholAE VIFZL 6
oo = U=t ol ¥ 7F 723 A 7]e% 4
Iz A 2 dAFoAE 8T B o4 FaAd

4? min.
| — Group C (43%) I
i | = Group D (Reference, 57%)
20010 :
2 -
3 ! \
600 5 | E— T | 1
0 20 40 60 80 100 120
Commute Time (minutes)
Mean (min)l  8.D. (min) Note
Group C | 3567 1.45 Dissatisfied with commute or with relatively short commute
Group D | 6574 21.48 Reference group: Dissatisfied with long commute

Figure 3. Group distribution of dissatisfied commuters
through GMM
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Table 5. Results of binary logistic analysis of those dissatisfied with their commuting time

Variables B SE Wald p-value Exp(B) VIF

Commuting method @

- Passenger car = = 47616 0.0007** = 6991
- Public transportation 1.028 0.204 25502 0.000™** 2795 2212
- Non-motorized -0.297 0.082 13.097 0.000™** 0.743 6.861
Year of residence 0.027 0.007 16.408 0.000%** 1.027 1.235
Sleep time 0.002 0.001 10.664 0.007** 1.002 1.037
Physical activity -0.238 0.0563 20537 0.000™** 0.788 1.045
Negative thoughts 0.186 0.059 10.098 0.007** 1.205 1.063
Age 0.008 0.004 3.780 0.052* 1.008 1412
No. of household members 0.041 0.024 2833 0.092* 1.042 1.064
Income -0.001 0.000 8218 0.004* 0.999 1107
SelfFemployed @ 0.496 0118 17.756 0.0007** 1.641 1.092
Year of work -0.019 0.006 8.664 0.003** 0.982 1243
Constant -1.149 0433 7.041 0.008%* 0317 2

-2LL:14361.881

Cox & Snell's R-square: 0.130

Nagelkerke R-square - 0.182

Hosmer and Lemeshow test
- Chi-square: 12.273
- Significance: 0.139

Note: (1) indicates a categorical variable. Only statistically significant variables among the various variables that have an influence are indicated. Among
the means of commuting, passenger cars are the base category. VIF values were calculated for all independent variables. While most variables
showed values below 1.5, indicating low multicollinearity, a few commuting method variables exceeded 5.0. This is likely due to structural correlation

among dummy variables, and was considered in interpretation.
*p<0.10, **p<0.05, #¥p<0.01, ¥+4p<0,007.

AA) 2¥o] Myl nejsle] Ao 28I, 4 A
A% Aol F3Hsict.

WY E4o2 e 583 ol 8A) vlg] TR &
™) o8& Group-Dol| 4% 750l ¥ Ueldtt, Es
2L RN Y, T2 S F2ARE NS fo%
P vAE= 2o IRIET, 53] qFRTL o8k
73 HExp(B)=2.795, p<0.001), A7}§ o-gA}o] vla] A1t
o] EYIES 7Hs/d0] oF 2.84) ¥ A2 YERITHTable 5).
ol GMM 4014 Group-C(EA 2] S2o= EWEE
Dol iFils ol 8A7H Atz oR Hol B Aol Y|
3H, tiFEe] g di7] ARt - T ulEEAe] 9AE
BAIA BdH o & B o= Z831al 913 AT

B3 HA] A58 Group-Coll £ B89l F71H:=
g, ol 8% U Rl MUY BT il 22
EHF] U7sH jHgSHA | AR H- 5 et olet g
7A B3 ARE AF Lrle 2EAYSLSE, 183 FRFQ
&5 3] Y AoE B2 EUE 7HsAol Rt w4
el ol B2 W7t ©A] A= A7) EA17F ohY

V. 22 U 85 ano| gey

£ a7 A9 FERY 92 vAe AT USE
of F53lo], 2 4% AR F=2E HFHoE EA43I8IT =
o] BAZEE OECD dfH] 71 Hefl &3, of= 2419 4
9] Aoj| B3 L £ 4 Uk 53| FE7HE s, A=A A
9 AR 29 T8 U8 S2A ZojAaL glem, o
ol W2 F2AIRE 571 QA T8I ARRA ol BASIAL Qi

2 d7e @ 293 F2AI] ol Aele] Sl
dial 7= F8E WEE F5314, I g ey Hye
BA519c} E8] GMM(Gaussian Mixture Model )2 283
A o) FA X5 7|WeE | 719 FHGroup A~D)
oz BEshy, Zzte] 54 wmast

(Table 6)-2 o]2{gt &4 A& Qofgt A2, Group-B(#
A7 B2A £ W AHE BEW, oS, 715 BR 5
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Table 6. Summary of analysis results

Commuter satisfaction group Commuter dissatisfied group
. Group-A Group-B Group-C Group-D
Sy Satisfaction with Long commute but Short but dissatisfied Dissatisfied with
commuting time satisfied commute commuting time
(reference group) (over 43 minutes) (less than 49 minutes) (reference group)
i : , Characteristics of a group that is dissatisfied with
o o Characdtt::::::sl ::ga gggl:gﬂl::im::tlsﬁed their commuting time, even though it is not long
aracteristics
(Influence Children's traffic safety T, Year of residence | Year of residence , Sleeping timef,
variables) ; ' Household members T, AgeT,

Period of car ownership T, Interest in sports T,
Male I, Satisfaction with leisure time 1,

Negative thoughts I, Self-employed |

Income |, Number of infants and toddlers |

AR 20lo] B2 WEHE $210] 7|15 ¥HA, Group-C(&t
AR B F B AW B A, 49Y o, e
A5 5 ABAAH Hop 49l0] BRHOR AGI fEH AL
2 gelgigrt

Group-B2| 7% Afe] WEWA A, R B 712,
25l Thet T, oM WEE, §& 45, Gaot A &
5 5o] Y o] 7]elstdon, ol A MR, 715
29, A% ATET 5 AN 9900] BT Ree AT
% 98-& AR W Group-C B BRAIZIE 87
SIL e A5, £UARE 371, 49U B4 olR, BN B
A4 5o BUHE oIHch ol BRARE WS of57} A2
o] o] ke Al M) 3% olejn} WS Aol 9e
& Mol

GERES B2 WEEC] AT L vE WS 2
s9ick. BAe B2A0] A hFLEC B4 HelAo] u
Fug gou, B Aol HIA $353t o] Az
371 50| 23l BUES SISl ol $2 Azl A
FeRrhe, WE ALY AL 404 Zel WA} e
AR,

B A7 w3 BRARE Bol Mol ohd, TR A
24 o7 58 7Rsl BE AP et WA 24
EASETHE HelA oulzt Qlck, 53], B2AZt0] Foj= g
231 Group-B2) £A1E B24 At AR 54U 5
et Aleld AP 270] B8 FAFHE Kol

ofo] 7]3ksto] Tt re: AR AAFEE ARk A,
g 7h5e BRARE XS WG EAA 40| Bas)
o} 71 BAATE B2 FRA FAIAN, £ A7 38
ofehs 4% 714te] A (threshold}& AAIBte, o] 7|20
wel $2U o WY, BEAY, RTATAIY 44 3
s AR Wast glek. S, B BUELS ARkEc HoF 8
210 ZHolA BEBE Teistel, ALS uAT A B2
Aol st A8 oAUt B AAF F2ARo) YaEl

136 "=EAIE, Me0d Mi5= (2025)

of qtt, A, WFHETE w2 Ao yERd A 7hsAd'e
T840 F58 a7} 3ok 7ol S, FEAI, 2
FEAE AR 02 AT 5 9US W TSI e AE
< B3lon, ol mEk AZMIEA| 25 &, S2AR 4
QAEI R A=, 22 FA vy 2 5ol A2 B
o] 2 4= ok, UA|, T EUSE HARE BAA 1A, 94
PE0E FAE ANH, o= FAIME HolA A vt
9] g5 25 o] WaghE HoFEct ofF ¢l A 7t &
o RISE EAGE NS, A% W 34 w2k J9A &
< 2931 HolgE 7Nt 3 HH A7} olFojAof 7
o vRARteE, A7|Ho s AR USRS T4 AR
EShe WF-F7-ake] A T AYRYO] 5= ofoF 51,
2/} 5B7F GA| AIZE SRR oY e S Ts A A AR
& Wkgsfor gt

& Qe A7k 22AE AR P vEdd AY
3 54o] HigEthe SIS Adoh +Ed & AYo ok
B EA] pEof mEh SE] W RREe] o] ek = 3l
o8z, ol 24 e A= 9= Fsie] dRisE
Z3erE vt Qlrk R, AR - A ST S| 94,
323 27 FA4 AR AY2F, gEIP)7t 2 UEE
o vl YL US| 248k F& g7 4= A
of71E(AY, A -7 8) Aol Al T2 UEE ] Fa% ¥
e oA 5 eug, ofdf gigh 53] F40] Wasitt, ¢ 1
ok, SZAIE RISETL 273]1e] 4f9) A 9 93 Y5
ol 23 JEL vIAAE HFHCE BT =N, B
HAE SR AT 7IREe] AR 2AE Al Sk A= 2
ojof gt

& A AR Adigh A7} obdh, S2AI it
RISE9| o] Fxof FH3IL o|E AFT2HoE ZAUCR
A, ST BHE Tt AR FA0IA Aol E SR Aes)
£ M2E 24 ZH A& AASH 53] GMME 2831 &
TAI-REE 7t B3 RS SA M o= AP, 7 AT A
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