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ABSTRACT

Many domestic and foreign studies derive factors that significantly affect the use of shared
E-scooters based on performance data, but few studies have been conducted with comparative
analysis models using predictive power, applying them to other regions. Therefore, by clearly
establishing detailed influencing factors and scope in Gwangjin-gu and Gangnam-gu by using
domestic shared E-scooter performance data, this study enhances predictive power, and the
Geographically Weighted Regression model is derived through spatial autocorrelation verification.
Based on the results, the direction of a construction model created from regional differences was
presented, and major implications from the user’s perspective are derived based on the difference
between actual use and the model’s prediction.

Key words : Shared E-scooter, Comparative analysis model, Geographically Weighted Regression,
Influencing factor, Influencing Scope
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Tuli et al.2021)2 2019\ 6~10€97+A] 2] Al7}a A Ho| A o] - AFZRE tho]-uhgd o] & Holg
7o g 25178 A TP EE AT F ol &HHE E4sAH. &4 THoEs
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<Table 1> A Study on the Influencing Factors of Shared E-scooter and Shared Bicycle Use

Number Influencing Factor Research Analysis Method
Caspi et al.(2020) Correlation Analysis-Spatial Regression Analysis
1 Subway Station Choi and Jung(2020)
Stated Preference(SP) Survey
Campbell et al.(2016)
Huo et al.(2021) Negative Binomial Regression Analysis
2 Bus Stop
Caspi et al.(2020) Correlation Analysis-Spatial Regression Analysis
3 Park Tuli et al.(2021) Random-effects Negative Binomial(RENB) Analysis
ar]
Zou et al.(2020) Descriptive Analysis
o Bai and Jiao(2021) Negative Binomial Regression Analysis
4 University
Caspi et al.(2020) Correlation Analysis-Spatial Regression Analysis
. Kim et al.(2021b) Negative Binomial Regression Analysis
5 Flow Population(20-30s) -
Degele et al.(2018) Cluster Analysis
6 Sh Tuli et al.(2021) Random-effects Negative Binomial(RENB) Analysis
0
P Huo et al.(2021) Negative Binomial Regression Analysis
; 5l Boo(2019) Multiple Linear Regression Analysis
o
pe Sa and Lee(2018) Correlation Analysis-Spatial Regression Analysis

Ay GET, FAAE WA Bh AEALEE 0§ AIE O SIE B UFALE o|golE
74 ggagio] WA Ao UL FAT 5 Utk ot RFFR A AU 54 2L TS
D = w

F, SlgARA W3 BYHE LA A1 A o

Caspi et al.(2020)> ElAL: @28l A oA 67]L3t FJAR T/ AEJRE o] &5 vo|ElE &85t
ol &0 FEFE vA= 89S ATt 53], thod-vig HolHE o] &dte] Y T HAEZRE o] &7F
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1 9] (Korea Research Institute for Human Settlements, 2006)S 7|52 2 100m by 100me| S2+¢ 1
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FRT2 20193 82€~20208 7L7HA Q] 1 A AHAZ A
3 9394810 ez E4& Fdskid A V=L
H, FZT W F 181071 §249 a2 =7 A E B4 4]
T o g ol &g o E FRatY B o, ok A4 i3
2] dlolEl7} obd & A A9 9] dlolEl7F EAlste] o] &E3lATh &, WS A A A Ho|
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Bl B AT 58 FF AFLRE o] § A SEF tig A S 3
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Qg ol that F7HEAIe] A GIS B4 ZZ 73Sl ArcGIS ProE ]

Etg SHAZ TR BESH= UFE BYola WS A}ﬁo}"it} ol Hlx2
dugFor, Z7te) OF U B4k Haseta OF 1 B4R Huigs)

© 2 K-means Clustering®] =4 ch(Jeong et al.,, 2021). wehA 7E 8=

L1071 S 5 B ol WS oI5 Y /1SEALE GIs 5 A T Tl
2>, <Fig. 1>% ZOW, <Fig 1> F3) A5AAS FUOL FH AFARE ol§o] Wi Vehhs 22
2 % ok

B A3, 24 AFARE vl weh B ol gl tste] Ao BT fAS BRI 4G Ha
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<Table 2> Descriptive Statistics of Shared E-scooter Use Data

Classification Unit Mean Std. Dev. Min Max
Pick-up 338.3 848.3 0 23,423
Drop-off Number 180.7 505.2 0 15,144
Total 519.1 1,344.4 0 38,567

<Fig. 1> Results of GIS for Shared E-scooter Use Data

<Table 3> Correlation Analysis Results

Classification Pick-up Drop-off Total
Pick-up 1.000 0.972%* 0.996%*
Drop-off 0.972%* 1.000 0.989**

Total 0.996%* 0.989** 1.000

Note: *p<0.05, **p<0.01

FH AFABE o) gol T nAE A I P AL 5 WA dolge) hE JFS Hasd
7] glste] B B4S $F2 vlolEE HaAsAch AR dolg 776 B dolg FHE the
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<Table 4>5} 207, UL Flole] 75 Y3kl FFUCIHZH 3 A& AU Y, F/1FUYRE
Y 5o ARE BEAUT o SYRFR BEHE YR H B4 o) 9FAL AU
L wjolE] 43¢ Thed} 28 MAATE FAste] <Table 5>9F ol A1 L= 1A Wl EA)H 0

34 RAITSYR|=ET 237, TI32(2024H 63)



(G0 W A Gl e

ofske] dAs3H.

-z

< #3 MYPATF >

* Lee et al.2014)2 AES JFFA A AFoNA A A 9EE 500m=E A4 Al AsHE o] § Blgo] /M w95

* Yun and Woo(2015)= tlFn 59 AHlx FIFAE A 500m, H2AHF4 300m=E A3 A

* Sa and Lee2018)= A& FEAAA o] &0l F&FS nAE E8]F $729 4 Ao ZUATAE(T-Y)] e
100m=z A4 A 7P 28 988 2 fo4E Yebd

* Sa and Lee(2018)& A4 T3AA o] &0l G viXE S84 $HE 89 24 A7lA tigtue L 10m=
AA, Fomd FAe e =29

o=

& | R

821372 HolEe] £XE #RIg $ FFdAES AU oﬂﬁﬁolﬂ} H]O]Ei —:’-715
alization®] =AY

o= sl Iag=ol gk
749 0914 1 Afo]e ale] 20 oy, JFPS
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Min— Max Normalization, X =
Lmax ~ Lmin
(Table 4) Composition of Influencing Factors
Number Influencing Factor Build up Date Website

1 Subway Station 2019-05-01 data.seoul.go.kr
2 Bus Stop 2022-03-29 data.seoul.go.kr
3 Park 2022-01-20 www.data.go.kr
4 University 2021-12-16 bigdata.seoul.go.kr
5 Flow Population(20-30s) 2022-06-07 data.seoul.go.kr
6 Shop 2021-09-24 www.data.go.kr
7 Slope 2015-11-06 www.nsdi.go.kr

<Table 5> The Impact Range Settings Value of Influencing Factors

Number Influencing Factor Impact Range Setting Value(Radius)
1 Subway Station 500m
2 Bus Stop 300m
3 Park 100m
4 University 100m
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<Table 6> Descriptive Statistics on Influencing Factors of Shared E-scooter

Influencing Factor Impact Range(Radius) Unit Mean Std. Dev. Min Max

Subway Station 500m 0.460 0.500 0 1

Bus Stop 300m 0.740 0.440 0 1

Park 100m ) 0.175 0.380 0 1

University 100m 0.090 0.286 0 1

Flow Population(20-30s) 0.021 0.053 0 1

Shop - Numbet 0.026 0.050 0 1

Slope Angle 0.150 0.240 0 1
dEde AT 37 ATHEE A 4490 dgto] T ASHRE o] ol Fofrd JFHAE
AYsAd gk g ddatr] fal el 24 Wl g5 AZIALN S FHsAH 24 L F
SHFEE T ATHRE T o8 T&eH, 4 Ade UF <Table 7>3 o] A5
(500m)# W 2= 7AB00m)o] Fol8hA] B HrE EEHAT ol Tl I ALA i Bede
golsty o, golE 2] HIATAS A3 Jarque-Berast 2.218ke] o] E4HA -8 743} Breusch-Pagan

[e}
= —
Koenker-Bassettol] that 24 Ayl n% {o|3tA] E&EEHo] B 2ge As5x] ¢ke-S #9189 thPark and
Ham, 2018; Lee and Sim, 2011). X3 A3 AEN A5 vy o2 GIS 42 3 AFHRE F3 o] &
o thet =y o Z3ke] IAE GAFESE 58 U <Fig. 2> Zo] AlZtgleldnh 1 Ay, ag=d

o

<Table 7> Result of Multiple Linear Regression Analysis

Influencing Factor
Classification
Model Subway Station|Bus Stop| Park |University |Flow Population(20-303)| Shop | Slope N
Impact Range(Radius) 500m 300m | 100m 100m -
Coef. -48.797 88.985 |196.262| 1,029.760 221952 108.187 | -66.083
Ordinary 1,310
Lo P-value 0412 0.197 | 0.006 | 0.000 0.000 0.000 | 0.001
ast
Square Jarque-Bera Breusch-Pagan Koenker-Bassett
9203134.678*** 34384.468%** 196.309%**

Note: *p<0.05, **p<0.01

<Fig. 2> Residuals of Predicted Values of Multiple Linear Regression Analysis
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(500m) B M2BFHE0m)o] A BAA fFofetA 2 WgR EEE0|, HAA o whdo] o] F
AR = FH AFZHEQ] o]& EA(Jang and Shin, 2021)°) wel F&FA HAo] 2HsHA o] Fo|A A P
Ao ® HaGith A A 9 oA F Ao GFHSe AEVF oAS v o E <Table 8>3 2
o] BAE FA43 BAFOEN T ATZARE o]fol YFE v = WIS HYE =& IARY
AZel d&3tqith old, Askd Y g M2 FAY FFEE AR TS Jwte s He o ae=vt

5

EAL A1, A F& A 02 YR o] &3kt

<Table 8> Method of Reducing the Influence of Subway Station - Bus Stop Step By Step

. L Influencing Factor
Classification Criteria - Reference
Subway Station Bus Stop

Existing 500m 300m
Step. 1 250m 150m -

Range of Step. 2 100m 100m

Influence

Settings Step. 3 30m S0m Starting from Step. 3, the range of influence
Step. 4 Sm 5m setting is mixed and used for regression
Step. 5 0 0 model analysis

ojol w=} tF A EH%%‘—?% HHE 33O 24 thg <Table 9>9F o] F&Qalo]l =5 Folg 37
B2y =Esilon, HFAA dFHAE At A (50m), M=BFAGm) o2 A,

<Table 9> Result of Multiple Linear Regression Analysis(After resetting the Impact range)

Influencing Factor
Classification - — -
Model Subway Station|Bus Stop| Park |University |[Flow Populat1on(20~305)‘ Shop ‘ Slope N
Impact Range(Radius) 50m Sm 100m 100m -
Coef. 1036.770 142.377 |189.695| 1058.550 9587.150 2737.730|-418.707
Ordinary 1,810
Least P-value 0.000 0.050 | 0.007 | 0.000 0.000 0.000 | 0.000
as
Square Jarque-Bera Breusch-Pagan Koenker-Bassett
9385325.157*** 35932.616%** 203.151%**

Note: *p<0.05, **p<0.01
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37 MSZLEE 0|F oSl he 28 ¥ Fakeolo #e A7
Ae7tEs] ARG o] dubdQl ARYFH g He 7 ol 7} Bt ZolH, ol Bl FHol
202l 914l iel AR o] FoiA T oPlE Adrke AL vehanh Aol BE B7AR] 4 4
& 7HEF LA met o] FojAH, ol thao A3
B: [XTW(upUZ' )Xr]i 1XTW(U1‘7 Ui) Y
(Wluyv;): i ARANA S Agfd 7453 )
£ RHOIAE A IEARYS SHOE Astel GETHAL FANUCH, AL BHE B
gt} ggZo] uAHE YA e AH-EF 7Y (adaptive kernel) 71 HS AFESIATE &, I Z9] 49 3

23k g (Golden section search) S ©]-&3ta] 7 o] AIC #ho|l 471 HE A YZ S AAso g
sk
w3 A2 Ry w25 st AWHoE ol AgHE B vl B4 PES LSk 9A
2y QIMARE I AFHRES HA| o] & o] & dSFe E4F BEE YEhN+ RMSE(root mean
square error)S F3lY o] AHIAS HwstP o, ojd tigh 42 oS3 2
RMSE= ’/_21 u; —p,)?
iz
(u;: @ ARANAY A o] &%, p;: i AH A o] & A=)
ol¢} Bl 2y B4 2t =EFHE 2y AwEdd R # J¥EE YehE AIC(Akaike Information
Criterion), SC(Schwarz Criterion), Log likelihood %S F3H o2 vluw BAgo 2N 2 1y AAd uig
A4S grEAT
?) 28 PE0Y 2 B2 =
Ry 1% 7 2E AZ|ARAe] EASY SAse] B3t HFND S TEEORN TAALAL &
Fa17] 9% A7k ATHG 714 B2k AAER eI, ATIA A U T Mol FAOR M2
A3 Aol e AFE By k] 75 FES Do, TAA A FH HHE AT 5 Q)
th 0 IEYYE T D F Tejo] 28 WE TR AS AU AQOR TRIE Rook Fe) WS
. Grid ID Number of Adjacent Sides Adjacent Grid ID
) 25 4 8 24 26 48 - -
. 26 6 8 | 25| 27| 48 | 49 | 50
i 27 6 8 | 9 | 10| 26 |28 | 50
8 28 6 10 | 27 | 29 | 50 | 51 52
e 29 6 10 11 12 28 30 52
e — 30 6 12129 | 31| 52| 53| 54
<Fig. 3> Result of Spatial Weights Matrix Connectivity Histogram Analysis
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<Fig. 5> Result of Local Moran’s | Analysis(LISA)
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<Table 10> Results of Regression Model Comparative Analysis for Total(Gwangjin—gu)
. Impact OLS SLM ‘ SEM GWR
Classification -
Range Coef. Min Mean Max
Constant 144 8** 79.9*% 335.8%* -60.7 313.6 1,222.8
Subway Station 50m 1,036.8%* 1,066.4** 1,592.2%* -335.2 1,1434 4,705.1
Bus Stop 5m 142.4* 182.8** 173.3* -378.9 151.3 723.8
Park 100m 189.7%* - - -581.4 11.2 549.8
Local Property University 100m 1,058.6%* 527.3%* 643.3%* - - -
Flow Population(20-30s) 9,587.2%* 6,849.3%* 8,173.2%* 354.7 7,308.3 | 17,5189
Shop 2,737.7%* - - -2,166.0 | 24375 9,645.5
Slope -418.7%* -233.5* -658.7%* -11,713.9 | -2,211.3 4.3
Explanatory R? 0.350 0.444 0435 0.555
Power adj. R?2 0.347 - - 0.535
(tho) - 0.461%* - -
Space Effect P
A (lambda) - - 0.478%* -
Log likelihood -15,216.7 -15,114.7 -15,132.4 -
MOdGLfG;’;’d“eSS AIC 30,449.4 302434 30276.8 29,865.7
SC 30,493.4 30,281.9 30,309.8 -
Multicollinearity Condition Number 3.261 - - -
Irregularity Jarque-Bera 9,385,325.2*%* - - -
o Breusch-Pagan 35,932.6%* 45,268.4%% 47,195.0%* -
Heteroskedasticaity
Koenker-Bassett 203.2%%* - - -
Space Dependence Likelihood Ratio - 238.3*%* 202.9%* -
RMSE 1083.6 1002.4 10104 896.8
Note: *p<0.05, **p<0.01
7182l AR OF AR FHIARIA FWNARY, BHeRY, A tEs AR
o TPHoE v BN A, BE EAAM 239 AHEQl R #2 AYFIARY, SR
Y, TUNAEY, gF AFIARY ¢o2 A E2HAT 289 HAFEE YE = AIC # =3 wE
TE BP9 Al FHo] FUtstet, £ BAoAe B3 g 2L ¢AHE EEH ATrtE
AR o] Ff+ AEAEE o] &S el 7 A B3 20 & Yeiyth 1=, B¢ Alg &
ZHRMSE)E 53l Ffr AsLRE AA o] 85T o] & dFFo| Apold @& JAE vl BAg Ay, A
YrtE3 ARl <F 8979 7H e s Bl o] § o &Fo] A =55 RIS
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<Table 11> Descriptive Statistics of Shared E-scooter Use Data(Gangnam-gu)

Classification Unit Mean Std. Dev. Min Max
Pick-up 24.6 38.1 0 489
Drop-off Number 244 34.7 0 431
Total 49.0 72.3 0 868
<Table 12> Results of Regression Model Comparative Analysis for Total(Gangnam-gu)
- Impact OLS SLM SEM GWR
Classification
Range Coef. Min Mean Max
Constant 19.0%* 5.0%* 26.3*%* -1.8 25.1 59.1
Subway Station | 50m 35.0%* 21.6** 37.7** -119.7 225 160.3
Bus Stop Sm 21.6%* 15.5%* 20.1%* -0.6 21.8 40.2
Park 100m - - - -21.5 2.0 324
Local Property University 100m 20.9%* - - - - -
Flow Population(20-30s) 653.1%* 469.0%* 574.2%* 252.8 622.5 1,099.5
Shop 181.0** 70.0%* 63.3%* 2.6 139.7 339.5
Slope - - - -73.7 -5.8 572
Explanatory R? 0369 0510 0509 0555
Power adj. R 0368 i ] 0537
Space Effect pltho) - 0513 - -
(lambda) - - 0.563%* -
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. Tmpact OLS SLM SEM GWR
Classification -
Range Coef. Min | Mean |
Log likelihood -12,677.0 -12,446.4 -12,464.2 -
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SC 25400.5 24,939.3 24,9672 -
Multicollinearity Condition Number 2.670 - - -
Irregularity Jarque-Bera 77,818.6%* - - -
Breusch-Pagan 3,941.4%* 3,604.8%* 4,291.3%* -
Heteroskedasticaity
Koenker-Bassett 264.8%* - - -
Space Dependence Likelihood Ratio - 470.0** 434 3%* -
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