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ABSTRACT

This study analyzed the impact of smartphone usage on walking speed during walking on two
pedestrian walkways in Daejeon Metropolitan City. For the analysis, the video data about the actual
use of smartphone was acquired and the walking speed was calculated based on the walking density
of the pedestrian Level Of Service(LOS) presented in the Road Capacity Manual. Multiple regression
analysis and decision tree using machine learning were used to analyze the impact of smartphone
usage on walking speed, and as the explanatory variables, gender, disable smartphone, use of
smartphone using auditory function, use of smartphone using visual function, LOS A, LOS B, LOS
C were adopted. The result showed that LOS C had the highest impact on walking speed change
and the women’s group using their visual function was founded to have the slowest walking speed
in LOS C. In particular, the author found that walking speed significantly decreased in the case of
use of visual function rather than listening to music or the hearing on the phone.
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<Fig. 1> Flow-chart for Study
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%, 129%, 1.872 AE BEATIe] ¥ A8 5= & W3Th Hyman et al.(2010)E E3A Fh o] B2 >
= o E A 3t tis B 5 FoiHshg F3717] AR Toll 93 FoRA S #ES A
At Bazte] TP M 7482 E, 577 ol & HIAE 13.7%, T3t BAE 825%, gt B
Y= 86222 e} Ut Betol Hlgl BPAIzto] o] AQH S BT ol tiste] A% thE A 9ol
Hl3l| WaF Aol Zky vlEAEE A9V B W2 AR BEASIYTE S Schwebel et al.(2012)& X
3 F 2UEE o] §AF I8 A &2 Akl Hls| Aalo] ®AtEo] T8 Al i AFEEIT =S o

s,

HYATFE A A 2PIEE ol §AHL APHEE o] So] BE AP o) T o4 AAMSE
A, RS sl td A7 FE o T glom 1 ABAS A AFE(Level Of Serviee; LOS)F @
Aol Aok AFE A9 gl 20T Uehdh mhebd B AT HE BFEAE B3] 2OHEE o)
o] H3&T o) tX+= G 7ASGS o835ty AFHOE AHHE I o]E AMu|ALFd AA S H2 A
g AuHnA HGT

1. 71Aet50t AAEEHLIE

AARUYT-= 7IAISE €agE Y R, o8 JAEATEA S =
S % j9 2HTE O Z EF(classification) AL 9 ﬂ(pred1ct1on)€ 3 ’3}1& ol oAAAUR-= Ho
El9] 18] 7]F(splitting criterion) @} H]oJE1e] EE|7} O o] doUA] $=E 3= AR 712 (stopping rule) 5
o] uwe} CHAID(Chi-squared Automatic Interaction Detection), CART(Classification And Regression Trees),
C5.0(successor of 1D4), C4.5(successor of ID3), ID3(Iterative Dichotomiser 3) 5o TEEH, 2do] 7|2
+ <Fig. 2>9} ZThRokach and Maimon, 2015).
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<Fig. 2> Decision tree structure
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<Table 1> LOS on Pedestrian Roads (MOLIT, 2013)
LOS Pedestrian traffic flow rate Occupied space Density Speed
(person/min/m) (m®/person) (person/30m°) (m/sec)
A <20 >0.11 <9 >13
B <32 >0.07 <15 >12
C <46 >0.05 <21 >12
D <70 >0.03 <33 >1.0
E <106 >0.01 <78 >0.7
F - <0.01 >78 <0.7
2. BHATAY
HYPLT S Aol oA, 2rtEES AR v Rl & o4& AFlshke Rdaes O ddf =
YLt Askd 7ol jlol AQdstiith
RYPLeE Bzt 1900] 10me] 73HelE zhe Yoo A BAAS Fdate Ate 32
BE 7lNte g FHES H, 7AA0s FEHAYE ol &St s TR, ByAY] MulasEe
Hazte] PHEAARERr SAE g WA el & EYJAYLS 71E 02 <Table 1> <At 24813
o & AT e 2PEZY AR, AHERE Sl e ByAe RPLS SAs] Sl ATE ol

obd elxﬂ BYPA =2 oA o] EEAHZ FAFAE tIF o R tolHE HAS3IAth metA, F4-S 7t
S8 ol oL B d¥E 53 2L uojEHe EAHSTAA AL

A B3t 2AL A <Table 2>9F 2t} ZAMIAAE 636 0.2 WA 3419, oAl 2954 0.2 YEt
Wt 2UEES ARRSE BEAE 2999, AUEES ARESHA| RS BAbe 337 O AH|AFEL Ot
2 #AFEHJ oW AT FoAA Yehes S < HHI**Z Dol&t= UERA] 9kt

AUIEE ASHEE RYSEE WIe] 48] APEE ASRPUE ANAFES BRAL oF B
QEAS B BAY FOIHE ARAN, AT 2B Ao Lovene s DA BFHE DI
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<Table 2> Result of walking speed

Usage AWS | Levene test ANOVA Multiple comparison
Gender IOS | N R 3
type (m/s) Sig. F X Sig. | LOS 1(A) | LOS 2(B) | (A)(B)
A | 71| 150 B 0.109%
Non A
e B | 59| 139 | 0000 - | 81.220 | 0.000% C 0.519%
c |31] 098 B C 0.410%
A | 13] 144 B 0.330%
‘ A
Male A“‘ljllst:ry B | 14| 111 0.001 - | 40016 | 0.000% C 0.607+
Cc |2 083 B C 0277+
A | 46| 144 B 0.434*
, A
V‘j;al B | 52| 101 | 0000 - | 87.903 | 0.000% C 0.623*
c |[31] o8 B C 0.189%
A | 74| 143 B 0.090%
Non A
o B | 68| 134 | 0000 - | 80242 | 0.000% C 0.475%
c |34 09 B C 0.384*
A | 12| 137 B 0.364*
. ; A
Fe Auditory |5 1 | 100 | 0336 | 42473 - | 0.000% C 0.540%
male -use
c | 8| 08 B C 0.176%
A |31 124 B 0.254*
. A
Visual
‘jsu: B [39] 09 | 0355 |s1082| - | 0000 C 0.453*
c |12] 07 B C 0.198*

AWS: Average walking speed
* p-value<0.05
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B ATHEE o) §o] E HALE SHS BN A Y APIEE AGHE, ANAFES
EPUFE 2, RPLES FEUSE AAAAHTable 3. WFE FPARAN 5T + 9= 2
22 BEs] RGO, SPAFE AASAD ABEH R TR AASHolE P AnlEE
Agfdel ZHHAT, FHEAolE Aulaszo] TP JAARURE BET Boe 4 WsE
o Zowel B JFIL TAT 5 Y Aol 9ol Bk AN AFED AFEE AGHF o
£ 249 nBge] nASEY MAL JTS Awns] 98] <Table 33} o WS A

<Table 3> Variables applied in the empirical analysis

Variable Description Unit
Personal Gender Male and Female -
E?aﬁzazry property Usage type Non-use, Auditory-use, Visual-use -
Group Property Level Of Service(LOS) LOS A, LOS B, LOS C -

Target variable Pedestrian walking speed - m/sec

Hoz Fd HEY EJ]*E /Hl EE FE3}
75%2 &4 AE, 25%2 HAE AEZ Uy —Er*ﬁ*%}"iﬂ}(rable 4).

AR UYT-= dnks} =2 e dHolHe Fd NEE o]&% A9, BT Uit A= AHE
(overfitting)®] A7} LA At oleldt ZAE A8k 8l U Aol Zolek 8 =5 HA A
Eo dig FereE AAst] UFo JerE EeA 7] ol duglEE FEskE 7R 7] (pruning)
7IHE Bl AL THAA7] 7S AR LS e g 12071 HY Zo|9 HA AMEFE
aEEte FHEHAT A7NA, HA VE e HEAAE, A dole AAASTY vlgAto|7F H ATt H
= A5 A3 sepEE ddstA Aok A A3, U A Zole 5, 9 =B HA AEFE 5SE
Bl on o]g A g3te] BAMS 3Tt
O3 AR 23 4 NES) H2E AMES HAWEe 0626, 0581 UENTE E4]o) AHEE HEFE
Bf&so] BT ()9 S vAe ZAoE Yegon 1O F Aul2gE C7F 71F MFLOoS Aol Hls)
M EE 5o FFE 7Y, Aol FAel HlF] RY&Ert =2 AR FAHI

T

o

ANAAUT] 49 Td MESH HAE AES] 4932 0647, 07212 B3 FEAe] A8 Eng o

& 7 vehgt A= BIRSA FH0R AT REHE A0 obd SEwsd Hd F

8 S(importance)’} £&°] HTh 2423 MulagE 7 SXxHEFS Bg&To g v E IS 1A

= AL glstion, 71 @ 9L vAEs HrE Aoz BAF] SRS & A7t §lF
<< T A%

bR RE U] FEE B4 2ddo] yeht Z|FO% <Fig. 3>M & 5 3= whek 2ol
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Bf&so| IS vx= A4S B3 d3ke B4 o ok oA A FAAELE 18719 =
2 749 9 E=(leaf node)E YEMH, F37F = Z(internal node)= 177018 A AALH & ALE35ke] &
detHTh I 5 M 90 YT AN A2 ¥E] =E(root node)Z, UF-TE7F A&EE it &

W ok E HlolEY BRE FAY 5 Yo,

<Table 4> Results of the empirical analysis using machine leaming models

Multiple Regression Decision Tree
Variable
B Sig. Importance Rank
(Constant) 1.522 0.000* - -
X(0) Gender : Female -0.049 0.004* 0.027 5
Personal  '4(1) Usage type : Auditory-use 0.174 0.000% 0.073 4
property ge type : Ty - - -
X(2) Usage type : Visual-use -0.224 0.000* 0.178 3
Group X(3) LOS : B -0.199 0.000* 0.187 2
property X(@4) LOS : C -0.553 0.000* 0.535 1
Exslanatory Power Training R? : 0.626 Training R? : 0.647
Aplanatory Fowe Test R : 0.581 Test R : 0.721

*p-value<0.05

-D 12 0.789m/s
..-'wars'o.s
D 31 0.82m/s

"vl._,-"' D 8 0.826m/s
-X(2)<0.5 E .5
D oo D'{(Olﬁ(l . D 24 0.833m/s
§ [ xaizos

D 34 0.957Tm/s
DX{UEO.S
D 31 0.976m/s

D 39 0.988m/s
e
D 52 1.008m/s

5;((")50‘5 Dx{ljsﬂ.s \:l (@)D 5 % :: 1.002m/s

Dxu 1<0.5

1.111m/s

D 68 1.341m/s
oo
D 59 1.387m/s

D 31 1.242m/s
[(xaios B 12 13660
[(renzus
D 74 1.432m/s
D 46 1.442m/s
D 13 1.44m/s

71 1.495m/s
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RHEEHA] ohoks W Y] FEOR o] FES oujdith 9 2?:—%011 FAE BAAE 7 =g wjgd
AZS Basl= 2748 9u)shs, X(n)S <Table 4> SHHFE oJn|3it), 9 o] Q E&o] X3 A
HA eatel 7 HA A= o wEo IE AEeet AE0] Fitolth AU BdoA HA 72
2 BAg 4 glon B HoE JgoA Wt Adog Y HFRPETIL /Mt 28wl s e
o] A5 tdo s B E 3tk of7]A, RO Fxe FAARI 71Ee] obd AR ¢
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WA RAETI} b B we] A9 1495ms0] SRR BaE
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o A 11.2%20 7152 2Pz} 3
2% B Coll sjdste X(3)9F X@),
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[ The branch path to the leaf node with the fastest walking speed ]

[ The branch path to the leaf node wnh the slowest walking speed ]

|__L|><(4) 0.5 gxm 0.5 ﬁxm) 0.5 [l 0.789m/s

l'I 9%)

<Fig. 4> Detail branch paths to the leaf nodes with the fastest and the slowest walking speed

W BPETT g S we] ALE AW EE, 0.789mse £EE BPstH o] AdE 12%(1.9%)2]
Bz} o7)d et A2 GFE nHE AL HH|AFE ol AFEE X@), 2UFEE ] Al
712 &8]] X9k s FE3HE X(0)0Ith o= AHAFECAHAA Y AZts o] g3t AREES o] &
& o4 2F ue daet T it
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AFEAE T BYAY ATIEE o §WE) I JYARE ATl SZEFAYNA A
A Aulsdze] RAUEES VEoR HASEe] E4L Avrg)
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0.06~0.38m/s, <1432 7% 0.06~0.35m/s =% Ao 2 YEIGT T3 MU AFSFo] YolALE HsLTr) =
£ 93

HAH, G RG] F57t BASES 6 ma J0R etk BAA] AREE o] §of o
e B 9o A, 2UEE ALY, ANAFES SPUSE
AR A0 DL,

AANES B DEAARA 2% 240 ALH WRE BF $09 FTL AN AuasE o
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