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Analysis of Influencing Factors of Walking Satisfaction by Purpose Using
Interpretable Machine Learning

HEZEAL - O[T [
Park, Junsang - Lee, Sugie

Abstract

The uncoordinated development and expansion of cities along with industrialization and urbanization have caused
various urban issues, such as traffic congestion, heavy energy consumption, and environmental pollution. To alleviate
the negative impacts of the automobile-centered urban environment, pedestrian-oriented urban planning and design
practices have been proposed and implemented for several decades in Seoul, Korea. However, the factors influencing the
walking satisfaction by walking purpose have not been sufficiently investigated in urban planning and design literature. In
addition, the majority of previous studies include attempts to diagnose only the linear relationships between the walking
satisfaction and the built environment. With the recent development of an interpretable machine learning (IML) model, the
nonlinear relationships between the walking satisfaction and the built environment is investigated in this study. Further, the
interaction effects of the built environmental variables on the walking satisfaction are identified. The results indicate that
the machine learning model shows a significantly higher explanatory power compared with the conventional model. In
addition, it is confirmed that IML is a useful tool to understand the nonlinear relationships between the walking satisfaction
and the built environment. The analysis results on the aforementioned relationship suggest that they can be used as
important data to promote a pedestrian-friendly urban environment. Additionally, the policy implications of promoting
walking satisfaction by purpose are presented in this study.
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Table 1. Description of variables

Variables Description of variables Sources
QIAFHGHORZ= . . . . .
=0 oL _
S Daily walking satisfaction Daily walking satisfaction (1-7 points scale)
Dependent - : : : :
variable TEEAIEE Exercise walking satisfaction
Exercise walking satisfaction (1-7 points scale)
LA Average daily walking time (minute)
Daily walking time per day x Average number of daily walking
(min.) days per week Survey (2016)
IHRIEY LEBBAZE Average exercise walking time (minute)
Personal o Exercise Walking time per day x Average number of exercise
characteristics  (min.) walking days per week
A9 Gender Male (0), Female (1)
LIl Age Age of survey respondents
AZH|& Percentage of Percentage (%) of buildings within a 500 m .
_ buildings radius from a survey location Deep Learning
JI23H4EN semantic
Street otstlg Percentage (%) of sky within a 500 mradius ~ segmentation using
environment Percentage of sky from a survey location Naver street view
characteristics o images
=X|H|& Percentage of Percentage (%) of green area within a 500 m (20?6)
green area radius from a survey location
Exjo|2E3lE Entropy index of residential, commercial, and
o= office facilities within a 500 m radius from a
Land use mix .
survey location
= M OJH K 2 . . -
7N A () Total floor area (km?) of residential facilities
Total floor area of L . .
. . o 5 within a 500 m radius from a survey location
residential facilities (km?) National spatial
AFOIAIAD O TH A (ke . - information portal
SRATE HEHE () Total floor area (km?) of commercial facilities (2017)
Total floor area of e ,
. S within a 500 m radius from a survey
commercial facilities locati
2 ocation
EajA EX|0I8EY (km?)
Independent ~ Landuse QUIAAA HHE(km? A e
varia%le characteristics Totlal fI(ljir area E)frgf%ice Total floor area (km?) of office facilities within
o 2 a 500 m radius from a survey location
facilities (km?)
A2 T4 Number of intersections within a 500 m National
. ) . ; transportation DB
Number of intersections  radius from a survey location (2016)
H=dg Ty Standard deviation of building age National sptial
Diversity of building age  within a 500 m radius from a survey location  jntormation portal
B 712 o1 Average building age within a 500 m radius (2017)
Average building age from a survey location
HAHRE Y Distance (m) from the survey location to the Seoul open data
XOMEN Accessibility to bus stop  nearest bus stop (2018)
Accessibility x[He ®aA , .
characteristics = eee Distance (m) from the survey location to the New address DB

Accessibility to subway
station

nearest subway station

(2016)

7171|_T'_HH§M
o O 1/ O
Border vacuum
characteristics

e 71E SIHEKkm?)
Total floor area of large
buildings (km?)

Total floor area (km?) of large buildings (top
15% large buildings in Seoul) within a 500 m
radius of a survey location

National spatial
information portal
(2017)

e 32 8

Existence of large parks

Existence of large parks (top 15% of park
size in Seoul) within a 500 m radius of a
survey location

sHE(2) 92

Existence of rivers

Existence of rivers within a 500 m radius of
survey location

National spatial
information portal
(2016)

nECZ2 K2

Existence of highways

Existence of highways within a 500 m radius
of survey location

New address DB
(2016)
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WA HAshe Al7to] Bat4o

|
2 Ao ARE HRES 7|E BARS GE o9 At = Erhe ACE sAEH 7R 54 S 7R Ed Y vl
FEUSL AYRYUEE, LENYNTTo|] BYUSL ) o BFHOR 7V Bl vheon] 4] ulgo] 71 e Ao
Q1 54, 7tz B4, BAolg B4, ATA S0l siEet 2 ekt ol ¥ A7) A Msisk thmlel Agolet
o ZESAFE 7 vl it BiE, BREA, Az AP & Ho] MgE zo= ma,
oz TAElo] gk, FEWAL APUAUTEG SEHY  EXol§ B4 F EXolg EIEE T4, 44, 4FAGY
WEEolu] MEZA FBRO| 1WNE TAAS) HES ouldt EXol§ EUwE ZHI 0 /leEA BAEe e &
o dARYPUSHEO] P2 4714, SEHAPNSE= 4788 Xo]& TFE] HHg2 9oF 0,498 Yehon £A1E dH
O R WA 7E B AL Aol 2K ¢he Ao Uehdeh o] Bagol Aelut QAR duAuc e A0 vt
A B F AYRAN F A HAAZS HARAE ek BA SAL AR QPoRRE b A BEA
E 2.7/ £ 2M Table 2. Descriptive statistical analysis
Variables Obs. Mean, % S.D Min Max.
YOS
SEH Daily walking satisfaction 2,501 A7l 117 ! !
Dependent o i
variable TeHAIED
Exercise walking satisfaction 2501 478 122 ! !
QIABH A7
E‘?EC’M% . . 2,601 260.54 290.69 0 4,200
Daily walking time (min.)
SEHBAZH
THQIEN s N . 2,501 180.99 288.93 105 6,000
Exercise walking time (min.)
Personal
characteristics Female (1) 59.78%
A Gender 2,501 - 0 1
Male (0) 40.22%
L0] Age 2,501 44.33 10.20 20 64
bal=l=
71234 Percentage of buildings 2501 21.66 17.55 0.00 r3.22
EM
e olstlg
Street Percentage of sky 2,501 9.61 8.29 0.00 45.07
environment
- o
characteristics  =xlH2 2,501 7.62 6.03 0.00 3561
Percentage of green area
2RSSH
EX0[EERE 2501 0.49 0.23 0.00 1.00
Land use mix
ZHAA AHE (km?)
Total floor area of residential 2,501 0.67 0.29 0.00 1.80
facilities (km?)
AN ATHE (km?)
Total floor area of commercial 2,501 0.12 0.10 0.00 1.10
EXjo|2 facilities (km?)
EM
Eod QA AHE(km?)
anduse - Total floor area of office 2,501 0.07 015 0.00 137
characteristics o b
facilities (km?)
' A
WA W . 2501 42937 204.62 2 1604
Number of intersections
AEHE Yy
Diversity of building age 2,501 11.31 3.18 1.03 23.14
HA 72 of
St = A 2,601 25.68 491 2.20 43.32

Average building age
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Variables Obs. Mean, % S.D Min. Max.
HAERY H2Y
FTA ibil b 2,501 120.44 73.49 495 606.89
e Accessibility to bus stop
o =
Accessibility Mot S0y
characteristics Accessibility to subway 2,501 577.66 361.97 46.51 2919.70
station
e 42 HHE(km?)
Total floor area of large 2,501 0.90 0.43 0.00 291
buildings (km?)
(pe 2 es Yes (1) 28.47% .
A S EY Existence of large parks 2501 No(0) 71.53% 0 !
Border vacuum
characteristics Slx{(7h) oo Yes (1 18.31%
O}X'L(o) T 2501 ( ) B 0 1
Existence of rivers No(0) 81.69%
A oo Yes (1 45.62%
LEE 2501 0) - 0 1
Existence of highways No(0) 54.38%

Aae] 72| (m)E ofviett. 24 d¥2e EA W F8 tisu
S A AR A2 Bt7lElE 120.44mE e

et o= Ak 4 Bt A=Yl 577.66m kT Aot v
AATAO 7o) HaAjo] B £L& Ao F A=)

Rt A 3 A Mas &= o] 9ol of
3:79) Hl&E B 500m W &2t EAER] o2 ATt
2 H2 AR Yepsth, oleh 7 ix & tiqfi %—%A 7
Qof|z oF 2:8 A= O] HIEE ¥ 500m W thF 2lo] £

—8}%] 01—1— 7:]_?_7], ‘ff_]/l‘}\_] UJ-_Q_

A0 U, Sha 4] 7

wot, oprjufo 2 bt
W B 2F 0.9km?9] it

2. 715k 2
TASHs 1Y 1] AwEe AR o Bkt Sl 43
2 glo]e} 2,51074 % ol s U Bt wayAttol

6,000 =3lsl= dlofE 67h2} 7HE A& vl oF 94.5%%

B3 23 5oL 4nt Table 3. Model evaluation results

tlole 3715 AAZ 2,501702] Ho|ElE a5 vlolE e} F7t d
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St 5714 71AI8ks ¥ % Gradient Boost 2%
Lk 10%, 15%°1 Hl3l 43%, 52%= &
S & = U}, 2bA Gradient Boost 1t
o ARG B ES A ] 7]
gk A E YEHITE Gradient Boost -2 AL sH
%‘J Eﬁs‘ﬁi/ﬂ AT ARl 98-S g
J}E}Hltﬂi olsiel /187 e 2ol
Aol x| = HSk 2.2 S

<= A GACNA S5d 1Y

o
it
o
£
AN
®)

radient Boost 2%

o8 | gumgoizs essgnEs
Model Daily walking satisfaction Excercise walking satisfaction

R MSE MAE R MSE MAE
Linear Regression 0.10 1.261 0.888 0.15 1.228 0.875
Random Forest 0.23 1.102 0.818 0.28 1.033 0.781
Light Gradient Boost 0.28 1.026 0.727 0.30 1.044 0.712
CATBoost 0.38 0.886 0.700 0.44 0.811 0.672
XGBoost 0.40 0.863 0.640 0.45 0.797 0.606
Gradient Boost 0.43 0.823 0.613 0.562 0.695 0.546
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o) 4 TR mRolA Shrlol ek s wAel mRolr)
(Friedman, 2001). kAl & A5 ] A= Gradient Boost =
ol 714 A mYolek Weksh 2% HHol FeIh
Gradient Boost 2% 9] =2 w742 2] o Zlol&
A748H= max_depth, weak learner® 7|5& =435}

keSS moi S5E 24S

do 7

n_estimators, =& °]
3l 2-8-5h= learning rate, weak learner?} 8h5oll ARE-
= dlolg &9 vES 2Ysh= At &
Aol 2 AskeE w7 FES 2] 8l Grid Search
o] vhAlg ghealgint, 23 v/ ghe dAt W &

HP£e 25 max_depth=15, n_estimators=1000,

learning rate=0.01, subsample =0.6 2% A75}3ct,

Olt
-

subsample 5©]

0] 7|0j £

(19 3t (19 4)+= & AtollA S8 Gradient Boost
3ol th3t Global Shapley Value®} Local Shapley Value©l
tigt Aitoltt, Global Shapley Value©llAl #2202 A%
HY ol BRTEES} oH+H) AE 7L S R
s, Wi = FEMo R A o] Aol kS Eet
=(0)2] IAIE 7L 9SS SRItHLE 3, 4). 2 AtellA &
49 7|4 282 Gradient Boost &S 7|REO2 B
SFAI7IAL, SR HIske AES A7 shue] AuRAl o
dlolE 2 =3 = dlol, & o dloje] ME gholw, of2] 7|
o] FE5o] Ho] QEZOL AKC

global local
Daily walking time High
Number of intersections Daily walking time = s+ wwee __.....*...
Age Number of intersections . ‘--—4‘——- .
Diversity of building age Age .. +— -
Land use mix Diversity of building age . + .
Accassibility to subway station Land use mix -
Accessibility to bus stop Accessibility to subway station - —‘-
Average building age Accessibility to bus stop . +
Percentage of buildings Averge bulldl:?g‘aga - _+ @
) . Percentage of buildings . -+ 2
Total oo resaf officsfeciltied Total floor area of office facilities R ;
Totsl flaor;erse of commercie| faciities Total floor area of commercial facilities . ~+ %
Total floor area of residential facilities Total floor area of residential facilities - + - .
Percentage of green area Percentage of green area - +
Percentage of sky Percentage of sky . --+
Total floor area of large buildings Total floor area of large buildings --+—
Gender Gender e
Existence of rivers Existence of rivers -.-
Existence of highways E‘xislence of highways +
Existence of large parks Existence of large parks -|-
0.00 005 010 015 020 02 =15 -1.0 =05 0o 0s 10 Lo
SHAE: Valits (Red = Positive Impact] SHAP value (impact on model output)
T8 3. YARHVET0| ish ‘SHAP'Z £55 7t #14:0) 5
Figure 3. Importance of each variable derived by 'SHAP' on the daily vvalklng satisfaction
global local
Exercise walking time High
Number of intersections Exercise walking time = =« —emssagoemaiiiiisesen. -
Age Number of intersections ==+ = + = e GRS - -
Accessibility to subway station Age . o e o ——
Diversity of building age Accessibility to subway station —-—.—- .
Total floor area of a large buildings Diversity of building age i i +'
Land use mix Total floor area of a large buildings . -+—
Accessibility to bus stop Land use mix g -"
Pacsaritiga of biddirgs Accessibility to bug ‘stop e .
o Percentage of buildings . -+ 2
Average building age Average building age . __‘_ X ;
Totsl floor aroadf commercd fecilitieg Total floor area of commercial facilities - —+ . %
Percentage of green area Percentage of green area + i
Percentage of sky Persentage of sky + i
Total floor area of office facilities Total floor area of office facilities +
Total floor area of residential facilities Total floor area of residential facilities . -«-‘—-
Gender Gender -+ .
Existence of rivers Existence of rivers B
Existence of highways Existence of highways '+"
Existence of large park Existence of large park +
000 005 olo ols 0do 025 050 -1s  -10 05 00 0s 10 o

SHAP Value (Red = Positive Impact)

SHAP value (impact on model output)

38 4. FSEAVEE0f Uil 'SHAP'R &6t 24 Hao SR
Figure 4. Importance of each variable derived by ‘SHAP' on exercise walking satisfaction
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Figure 6. Interaction effect of built environmental variables on walking satisfaction by purpose
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