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An Analysis of Street Environment Affecting Pedestrian Walking Satisfaction
for Different Age Groups
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Abstract

This study examines the impact of street environment on pedestrian walking satisfaction
for different age groups using the 2012 Pedestrian Satisfaction Survey Data(PSSD) in Seoul,
Korea. This study confirms that multilevel ordered logistic model was an appropriate method
to control for both personal-level and location-level differences on walking satisfaction which
has an ordered unit. The results indicate that street level physical environments have
consistent or different impacts on pedestrian satisfaction by age groups. In particular,
pedestrian specialization street has statistically significant and positive association with
pedestrian satisfaction regardless of different age groups. In addition, it shows stronger
impact on walking satisfaction for the aged population. We also found that some physical
environmental variables including sidewalk width were important variables for walking
satisfaction. However, street-level land use mix variable did not show any statistical
significance to the level of pedestrian satisfaction. This study concludes that pedestrian street
design strategies should consider specific determinants of pedestrian satisfaction for different
age groups.
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Figure 1. Locations of pedestrian
satisfaction survey
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Table 1. Definition of variables and descriptive statistics

e} _7'<__ JX__/A‘_ 3 _XI_ 7k
B~ Variables B~0| X variable structure N%-;Eln E;EK} ll/ITnaA ’\|A5§;'A
@ D% THE very satisfied @ 24ZF OFE little satisfied
B0k T pedestrian satisfaction ® 25 normal @ 247+ £0HF little unsatisfied 3.10 0.95 1.0 5.0
® 0§ E0HE very unsatisfied
A gender 1=0{X} female, 0=ZFX} male 0.51 0.95 0.0 1.0
@ 15~19M| @ 20~29M| ® 30~39M| @ 40~49A
A2 age grou 3.69 1.52 1.0 6.0
g9 group ® 50~594 ® 604 O]t
JHolE A AF2E| white collar Y=g 027 o044]| 00 10
X104
personal jgbutype = 5Z blue collar 5% 017 0.38 0.0 1.0
h X
charac 7|E} no job SR (s, =H 2E) 056| 050| 00 10
SY=M | 2w uiity pupose | 2X B3 O(yes)(1), OLI2(n0)(0) 083| 037 00 10
trip
purpose | %7123 leisure purpose | 017k 28 Of(yes)(1), OfLI2(no)(0) 017| 037| 00 10
@ OfY (everyday) @ Z= 3~53] (per week) @ F1~23] (per
EHEI trip frequency week) @ E1~23| (per month) ® 67§ 1~33| (per 6 231 137 10 6.0
months) ® 2= XN (first time)
HE Z sidewalk width BEol £ (m) 403 2.00 1.0 9.8
2AEsAZ| =
SHETIHE 2. OfL . . A X
pedestrian specialization street =YSeE] O Olyes)D), OF2(no)0) 010 030 00 10
HXH2EZ| pedestrian sidewalk BAtE2| 22 0fF: 0f(yes)(1), OtL|2(no)(0) 0.72 045 0.0 1.0
HAIZ 8 pedestrian/automobile HAEE 2HZ 015 0fl(yes)(1), OtL|2(no)(0) 0.24 043 0.0 1.0
2 HAMXAIE A AL pedestrian/bicycle | EHXY/XHAH AL 08 0f|(yes)(1), OFL|2(no)(0) 0.05 021 0.0 1.0
B4 [esHANK O safety fence 232 ObEA M| o= 0f(yes)), OFL|2(no)(0) 021 o041] o0 10
24
street | /MR street trees 7t24 MM {5 Olliyes)(1), OFL{2(no)(0) 0.34 047| 00 1.0
design | UM centerline E2 ZYM 7 Of(yes)(1), OFL|2(no)(©) 0.65 048 0.0 1.0
factors | xj= 4 no. of lanes 2 X2 5 351 246 10 9.0
HALEM 2= no. of bus routes ZAMXHEE ZeotE 7H29| 150(E IO A M 4~ 3840 25.50 1.0 141.0
EE2Z0] length of block ALK Hof| ¢t 728 29| Z0|(100m) 1.65 1.64 0.1 138
£& © HEFE £ no. of buildings = o
ZAK|EO| At JI2EEC UEE + y . X )
per adjacent block FRIEo| Sy 2 | 58 = 1146 | 1143| 00 102.4
BALE slope ZAK|EL| BALE FF: Ofl(yes)(1), OftL|2(no)(0) 0.23 042 0.0 1.0
B | MY o 2 weekdays average | mo ojcojmp mool 32 a3 9Q=0|m A
volume | pedestrian volume WY AQURH QUMK 3t BF /AT =) 6,029 | 5836| 693| 73673
EISFE AR gross floor area of | oo oiye 2 100m o prezer @ipiE100m) 289| 733 00| 693
single- family residential units == - .
3 X5 F=E AHZH gross floor area of
Jl2 aqee2 Cf ==X =EH O{O4= -
7}2 ¢i7| multi-family residential units f2 AEES 100m g S XS FE AUHA00m) 411] 11501 00 18>8
sz0o| |OMI}IE HMH gross floor area of high- _ .
==l 7t2 QY22 100m & NUL FEH(OMIIE) GIEHE (1 . y X :
ZX|O|-§ density apartment units 2 dEE 00m & DT FEH(OIIIE) (100m’) 3.97 18.48 0.0 3289
land use| S7AIE AN gross floor area of | o5 oru 2 100, & ey Al aIE100M) 564| 1853| 00| 1976
of the [|office units =
A q
adjacent | =22 HHH - gross floor area of | 5 o102 100y & RIAM BT L00M) 2342| 2593| 00| 2446
block to neighborhood-level facility units
H|22IA|A ¢HA gross floor area of
7 [ PSI=RY Ct H|22|A|AM A :
street non-neighborhood-level facility units 2 G™EE 100m T H|Z2IA|E HHH(100m) 4.59 16.46 0.0 2394
e . 7t2 APHES FH, AL HIZEAIL AnFo|
2=t
EX[0|22% % land use mix EX/0|8 SHE XAQIERT] K| 0.36 031 0.0 10
2ol BIX park area 72 oIMER0| QXS Qs B BIE/(100m) 45912 1,1330| 07 12,9489
SAMX|2| A|EtH2] shortest distance |
ZANX|EOM ZHE 712 S ANLKR| Q| | EH- A X A X
to the closest parks IXI-O|A 2R 24k I77ER| Q] &[T 2](100m) 3.79 342 0.0 210
XIZ=Z7HIFX|9] A[EFA2] shortest
HaN T ZARIFOIM 71 7PHe Rl=2 7R Q| A[EkA2|(L . . . )
= O’b’ distance to the closest waterfront tRIBoIM 28 ZPke B RI2] 2{EF421100m) 633 419] 02 209
o P AR el AR shortest | EARIEOIN RS Jke BAEREINGl AR | T T 62
ity distance to the closest bus stop (100m) i ) ) )
e Zsfe:] x|C]|
RISFRAMAIC] 2TAR] shortest | im0y 4 Jpst spake KlsPEemRIe) AEizi00m) | 388| 317| 002| 251

distance to the closest subway station
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Table 2. Spearman correlation analysis between pedestrian satisfaction and independent variables

B2 Variable AbEH 4= Coef. B2~ Variable A A 4= Coef.
EEEETS
. . . 1.000 HA LM £ no. of bus routes 0.013
pedestrian satisfaction
Zt2EA
H(0]d) gender(female) -0.014* QA SE 0| length of block 0.075***
street D=0 =g A
AF2ZE] whit Il 0.021*** i =%e =mE T -0.139***
H#A white collar design no. of buildings per block
factors
AR | =7 blue collar 0.005 HALE slope -0.031%+*
JHOIEM |job type
HelS&1job typ HsHar mol mD Lk
personal J|EHEHY, F2, °S | e= or TEC ‘
characteristics B3) etc. -0.022 Pedestrian | weekdays average pedestrian 0.051
volume volume
=] 25 23 0,035+ CH=ZEf X gross floor area of 0,082+
2 utility purpose single- family residential units )
trip o7 2 0,035+ &M% FE HHA gross floor area _0.073%%*
purpose | leisure purpose of multi-family residential units )
N . OfI}E AHMHZA gross floor area of high-
E3HIT trip f -0.040*** . X -0.008
S trip frequency 7}2 9F | density apartment units
EEO'
. ] =5 AHDA|N ATHE fl f
BE E sidewalk width 0040 | £xj018 | = 2 @leix gross floor area o 0,044+
land ° . office units
HHESI 2 - and use ol I" 251\ A DIx gross floor area of O ceeee
. — 0.09 the adjacent . - R 0.056
pedestrian specialization street block t neighborhood-level facility units
ock to
HIZ2IA|ME oA 1l f
BEXH22| pedestrian sidewalk 0.076*** street =2 AIE = gross Oq area 40 -0.047***
non-neighborhood-level facility units
=2
EEE I - -0.110%* EX|0|2E8 T land use mix -0.031%**
QA pedestrian/automobile mixed
KR AL
street | SSXATA B8 0.062** 2ol B park area 0.028**
design pedestrian/bicycle
factors o S AKX %|TtHE|  shortest
HAMX|OE safety fi 0.064*** . -0.036***
=2 2X|01F safety fence distance to the closest parks
Fl=Z 2K o] %|ThAHE| shortest
7 A AT 091 *** _TO -0.037***
P2 AT street trees 009 distance to the closest waterfront 003
e S A EEERE]
UM centerline 0.116*+ |accessibility | shortest distance to the closest 0.004
bus stop
X|stE AR Q] %|THAZ| shortest
XI2 2= no. of lanes 0.119*** distance to the closest subway -0.001
station

*p<0.1, **p<0.05, ***p<0.01
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Table 3. Multilevel ordered logistic regression analysis
EE ECIE EE
=& al= (A AEH) (20~29A) (30~39A)
J— odds - odds _— odds
i ratio ' ratio ' ratio
A8 gender(female) -0.015 0.99 -7.6E-05 1.00 0.074 1.08
RdE=>S] J1eb others AR E! white collar -0.016 0.98 -0.080 0.92 0.234** 1.26
pﬁrsonall . =F%| blue collar 0.031 1.03 -0.256** 0.77 0.363*** 144
characteristics ExTpe o7 Sa
dtility purpose | leistre. parpose -0062 | 094 -0.135 087 | 0223 | 125
EWHIT trip frequency -0.011 0.99 0.015 1.01 -0.043 0.96
HE Z sidewalk width 0.072*** | 1.07 0.066** 1.07 0.046 1.05
HIMEZ} pedestrian specialization street 0.589*** | 1.80 0.703*** 2.02 0.381* 1.46
BAXES EAtE
e pedectrian sidewalk 0141 | 115 0.237 127 0100 110
automobile HAXRHA AR * .
mixed peddestrian/bicycle 0469* | 1.60 0.295 134| 0674 1.96
Jt2dA LA HoHA MXl o8 safety fence 0.096 1.10 0.277* 132 -0.032 0.97
street design TF24ATY street trees 0.229** | 126 0.150 116 0.193 121
characteristics SUM centerline 0259* | 130 0.344* 141 0400** | 149
X2 £ no. of lanes 0.031 1.03 0.031 1.03 0.037 1.04
HALM £ no. of bus routes -3.6E-05 1.00 2.0E-04 1.00 0.002 1.00
=E2Z0] length of block 0.020 1.02 -0.009 0.99 0.020 1.02
22 o =2 4 no. of buildings per block -0.009* | 0.99 -0.023** | 098 -0.008 0.99
BALE slope -0.051 0.95 0.001 1.00 -0.289** 0.75
SHaF Ho| E B
sds 4 ga 28 , 92E-06 | 100 | -21E-06 100 | 19E-05* | 100
pedestrian volume | weekdays average pedestrian volume
CL==<EH OJH{& i - il
EHS R AR gross floor area of single- famiy 0954 | 260 1.718* 557 0476 161
residential units
Z=x{=E =Ef oo™ ifami
SHS FE AAA gross floor area of multifamily | 10, | g3 0.285 133 0355 143
residential units
o OlIIE ATHE igh- i
stz oy g2 | O  gross floor area of high- density | 4467 | 94 0192 121| -0225 0.80
Exj0|8 apartment units
land use of the AZAM AMH gross floor area of office units 0.491** 1.63 0.788** 2.20 0.725** 2.07
adjacent block to | Z2IA|M HHZE gross floor area of
street neighborhood-level facility units 0.125 113 0.288 133 -0255 0.77
H22IAA SloE
I2EAE A= gross floor area of -0.829%+ | 044 -0.514 060 | -0313 073
non-neighborhood-level facility units
EX|0|2=% L land use mix -0.057 0.94 0.162 118 -0.251 0.78
3219 ™A park area 0.006* 101 0.006 101 | -3.0E-04 1.00
SANXR| Q| x|EtAHZE| shortest distance to the %
closest park -0.022 0.98 -0.013 0.99 -0.014 0.99
KB 7HHK|2] A Et7HE| shortest distance to
Y thg—closest waterfront -0.013 0.99 -0.009 0.99 -0.015 0.98
accessibility HA™S R Q| X|EHH2| shortest distance ko .
to theTEIosest bus stop 0.218 124 0.263 130 0.140 1.15
K|St HNtR| o %|EHH2| shortest distance to
the c?osest subway station -0.005 1.00 0.004 1.00 0.000 1.00
cutl_cons -2.828*** -3.082*** -3.025***
cut2_cons -0.908*** -0.894*** -0.928***
constant cut3_cons 1.980*** 2.256*** 2.059***
cutd_cons 3.828*** 4.218*** 4.047***
sigma2_u_cons 1.720*** 1.849*** 1.861***
Observations (groups) 19809(991) 4207(945) 3620(952)
Wald Chi2(30) 140.91*** 110.96*** 104.69***
statistics AIC 46950.8 9999.86 8969.4
BIC 472271 102219 9186.2
LR test vs. ologit regression: chibar2(01) 4790.87*** 660.96*** 422.03***
*p<0.10, **p<0.05, ***p<0.01
FIEAZ | 99
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Table 4. Multilevel ordered logistic regression analysis(cont.)

0y 4 28 5 03 6
=& LAER (40~49M)) (50~59A (60M| 0|4
= = odds odds odds
coef: ratio coef. ratio coef. ratio
A4 gender(female) -0.064 0.94 0.074 1.08 -0.003 1.00
JHRIEM J1E} others AFZZ! white collar 0.037 1.04 0.179* 1.20 0.021 1.02
personal 5% blue collar 0.107 1.11 0.129 1.14 0.013 1.01
characteristics ERTE o7f B3
utility purpose | leisure purpose -0.255** 0.77 -0.154* 0.86 0.012 101
S8 trip frequency -0.074*** 0.93 -0.034 0.97 -0.032 0.97
HE Z sidewalk width 0.100%** 1.11 0.066** 1.07 0.059* 1.06
H3ME 72| pedestrian specialization street 0.507*** 1.66 0.420** 1.52 0.795*** 221
K= 2xHEe] B
pEethtr(iDan/ pedestrian sidewalk 0.308* 1.36 0.220 1.25 0.025 0.98
auto-mobile [T RHAAS -
mixed pedestrian/bicycle 0.360 143 0.703 2.02 0.363 144
JlEMAQA HoHA MX| off safety fence -0.006 0.99 0.246* 1.28 0.245 1.28
stree?design 7t24AXY street trees 0.248* 1.28 0.106 111 0.064 1.07
characteristics UM centerline 0.343** 141 0.127 1.13 0.226 1.25
X2 %= no. of lanes -0.011 0.99 0.038 1.04 0.059* 1.06
HALEM 2= no. of bus routes 0.002 1.00 0.002 1.00 0.001 1.00
=220 length of block 0.012 101 0.035 1.04 -0.006 0.99
EENTITE PN
=5 @ U453 -0.018*** 0.98 -0.012* 0.99 -0.016** 0.98
no. of buildings per block
ZALE slope -0.026 0.97 -0.020 0.98 -0.198 0.82
sH 2f mol o SHjat
=2 S€ B B A 7.7-06 100 |  13E-05 1.00 | -256-05* | 1.00
pedestrian volume | weekdays average pedestrian volume
CHEEH OjCHA inale- i
=SSt ARA gross floor area of single- family |y oo | 704 0.806 224| 0213 124
residential units
== =EH O™
NS FE AUH gross floor area of -0416 066 -0384 068 | -0143 087
multi-family residential units
o OfI}E SR igh- i
72 oy gzo| | OMHE AU gross floor area of high- density | )6 118 0199 1.22 0.306 136
EX0|8 apartment units
land use of the AEAIL AMA gross floor area of office units 0.578* 178 0.263 1.30 0418 1.52
adjacent block to | 22IA|4 @B gross floor area of
street neighborhood-level facility units 0232 126 0206 123 -0.201 082
H|Z2IA|A KX
|2EAd AAA gross floor area of -0.455 063 20650 | 052| -0190 083
non-neighborhood-level facility units
EX|0|82% = land use mix 0.177 1.19 0.086 1.09 -0.240 0.79
S8 HA park area 0.010** 101 0.008* 1.01 0.014*** 1.01
S7FK| o] x|EtAH2| shortest distance to .
fhe closest park -0.035 097 -0.019 0.98 -0.014 0.99
XI=Z7H7EX Q] %|EtH2| shortest distance %
Moy to the closest waterfront -0.015 0.99 -0.022 0.98 0.004 1.00
accessibility HA™EZIX| 2| %|EHAHE| shortest distance
to the closest bus stop 0.160* 117 0.199** 1.22 0.170* 119
K|S YNX| Q| %|EHH2| shortest distance ~ _ _
to the closest subway station 0.009 0.99 0.001 1.00 0.031 0.97
cutl_cons -2.969*** -2.672%+* -3.317***
cut2_cons -1.045%** -0.827*+* -1.478**
cuts cut3_cons 1.887*** 2.105%** 1.366***
cut4_cons 3.752%* 3.813%* 2.925***
sigma2_u_cons 1.670*** 1.713*** 1.762+**
Observations (groups) 3697(962) 4150(951) 2843(870)
Wald Chi2(28) 118.59*** 99.90*** 87.12%**
statistics AIC 9262.8 10507.3 74074
BIC 9480.3 10728.8 7615.7
LR test vs. ologit regression: chibar2(01) 432.91*** 539.73*** 306.65***

*p<0.10, **p<0.05, ***p<0.01
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