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ABSTRACT

The rapid growth in shared E-scooters worldwide has led to many studies on the topic. The results
of these studies are still in the early stages, and the main factors affecting trips are being identified.
In particular, the development of trip-generation models is very important for transportation planning,
and a new transportation mode for developing the models for shared E-scooters is lacking both domestically
and internationally. This study aims to develop a trip generation model for shared E-scooters using significant
variables by thoroughly reviewing previous studies. The trip characteristics of major service areas and
other areas may differ owing to the trip characteristics of the mode. The trip generation models were
developed based on the service trip density by dividing the areas by service level. The factors affecting
shared E-scooter trips in major service areas included the presence of universities, closeness centrality,
and cultural areas, while factors affecting the trips in minor service areas included the presence of universities,
betweenness centrality, and trip distance. The developed models provide basic information that can be
used to establish transport policies for introducing shared E-scooters in cities in the future.
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<Table 1> Summary of literature reviews on shared E-Scooter trip characteristics

Element Trip characteristic Literature

Bai and Jiao, 2020; Bielinski and Wazna, 2020; Chen et al. 2020; Degele
More riding on younger driver et al. 2018; Glavic et al. 2021; Hong et al. 2023; Hong and You, 2021;
Hosseinzadeh et al. 2021b; Jiao and Bai, 2020; McKenzie, 2019

Human Bai and Jiao, 2020; Bielinski and Wazna, 2020; Chen et al. 2020; Degele
More riding on male driver et al. 2018; Glavic et al. 2021; Hong et al. 2023; Hong and You, 2021;
Hosseinzadeh et al. 2021b; Jiao and Bai, 2020; McKenzie, 2019
No correlation on human characteristics Pazzini et al. 2020
More riding during peak hour Hong and You, 2021

Temporal More riding shared E-Scooter as an

alternative mode in non peak hour Lee et al. 2021

More riding in university campus Tokey et al. 2022
Spatial More riding in urban area Bai and Jiao, 2020; Caspi et al. 2020
Riding slower in urban area than in the Heumann et al. 2021
other area
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o, F9AY, TAAA, GFAY, TIAA, AFAA, B T3 BT Fo| FABATE A= AR U
E}tTh(Bai and Jiao, 2020; Caspi et al. 2020; Feng et al. 2022; Hosseinzadeh et al. 2021b; Jiao and Bai, 2020;
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Caspi et al. (2020), Hosseinzadeh et al. (2021b) & AHA Q=2 Ff AL EE S} o] FddA

7b 98< Brgom, Caspi et al. (2020) < H2ARE M7t 37 AeHEE FAFH Sl aaA

U= —’T‘— 0}"’31’% U}leoi 4% AR R=t %f’ﬂ Fol FFe A= AFAAE 820 v 2ok
\:[E]

RN Fol FH AFANE FYFo| 37}
3,

9,1%; ‘é%?itk ﬁfl Jiao and Bai (2020)= %%
StAth SolstAE, £50] Ff ASHRE TR Fd X FFS <
et al. (2023), Li et al. (2018), Shaheen et al. (2014) = A 59|

= [} QLA
7t Q&S T W, 22 AFAEL £50] rlo|Z2RUE au FAHT S FABAV} s
FA51 tHBai and Jiao, 2020; Fishman, 2016; Jiao and Bai, 2020). & AEZHE o]& 2l #AT £

1Z A= <Table 2>9 2o] Q9FH T

<Table 2> Summary of literature reviews on factors on shared E-Scooter and micromobility trips

Element Factor Impact Literature
Residential area + Caspi et al., 2020; Tokey et al., 2022
. Caspi et al., 2020; Feng et al., 2022; Hosseinzadeh et al., 2021b;
Commercial area +
Land use Tokey et al., 2022
Cultural area + Bai and Jiao, 2020
Industrial area + Caspi et al., 2020; Hosseinzadeh et al., 2021b
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Element Factor Impact Literature
Governmental area + Tokey et al., 2022
Governmental area(Only weekend) + Heumann et al., 2021
Business area + Hosseinzadeh et al., 2021b
Educational area + Bai and Jiao, 2020; Jiao and Bai, 2020
Transport Bike infrastructure + Caspi et al., 2020; Hosseinzadeh et al., 2021b
Infrastructure # of bus stop + Caspi et al., 2020
Population / Population density + Bai and Jiao, 2020; Jiao and Bai, 2020
Socioecononic Education + Jiao and Bai, 2020
Income + Hong et al., 2023; Li et al.,, 2018; Shaheen et al., 2014
Income - Bai and Jiao, 2020; Fishman, 2016; Jiao and Bai, 2020
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Developing P-A
Identifying factors models by the
clustered areas

Data acquisition Clustering areas
and pre-process by trip density

<Fig. 1> Overall research flow
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Trips in origins Trips in destinations
(N=19,176) (N=19,176)

<Fig. 2> Trips generated by origin or destination superimposed onto a shapefile of GIS TAZ polygons
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<Fig. 3> A conceptual schematic diagram for clustering trip density level
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<Fig. 4> Results of the K-means clustering and Silhouette analysis
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S0 Y&-g )X W40 |th(Bai and Jiao, 2020; Hosseinzadeh et al., 2021a; Huo et al., 2021; Merlin et al.,
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(Kim et al., 2021; Feng et al., 2022; Hosseinzadeh et al., 2021a; Jiao and Bai, 2020; Tokey et al., 2022). B& E
2ol & Me A=A R HolHe AFHAE 7|uo g FHH AT

<Table 3> Variables selection

Category Variable Literature review
Population (X1) Bai and Jiao, 2020; Hosseinzadeh et al., 2021a; Huo et al.,
Rate of male (X2) 2021; Merlin et al., 2021; Tokey et al., 2022
Socioeconomic # of workers (X3) -

Presence of colleges (X4) -

Presence of universities (X5) -

. Bus stop density (X6) . .
Transport infrastructure - - Caspi et al., 2020, Kim et al., 2021; Lee and Choo, 2021
Subway station density (X7)
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Category

Variable

Literature review

Trip

Trip distance (X8)

Degree centrality (X9)

Betweenness centrality (X10)

Closeness centrality (X11)

Land use

Residential area (X12)

Commercial area (X13)

Cultural area (X14)

Business area (X15)

Kim et al.,, 2021; Feng et al., 2022; Hosseinzadeh et al., 2021a;
Jiao and Bai, 2020; Tokey et al., 2022

<Table 4> Descriptive statistics of variables in main served area

Variable Unit Mean S.D. Min. Max. Median
Population Count 349.39 306.59 0.00 2,372.00 308.00
Rate of male % 40.30 22.17 0.00 68.42 49.11
# of workers Count 1,753.78 1,772.42 113.00 10,405.00 1,214.00
# of colleges Count 0.07 0.25 0.00 1.00 0.00
# of universities Count 0.18 0.39 0.00 1.00 0.00
Bus stop density Count/km? 1.85 345 0.00 16.73 0.00
Subway station density Count/km? 091 2.18 0.00 10.80 0.00
Trip distance Km 0.91 0.51 0.09 4.51 0.81
Degree centrality Score 111.42 106.74 8.00 701.00 86.00
Betweenness centrality Score 677.12 1,362.33 0.00 10,467.98 237.11
Closeness centrality Score 0.00 0.00 0.00 0.00 0.00
Residential area m? 26,631.49 15,632.26 468.22 79,548.00 24,968.88
Commercial area m? 2,464.50 4,754.33 0.00 26,920.53 695.73
Cultural area m? 13,167.33 19,970.18 146.29 213,745.60 8,558.53
Business area m? 9,151.47 8,477.03 42.00 43,830.04 6,685.05
<Table 5> Descriptive statistics of variables in minor served area
Variable Unit Mean S.D. Min. Max. Median
Population Count 455.43 317.17 0.00 2,121.00 389
Rate of male % 36.57 23.98 0.00 65.45 49.72
# of workers Count 1,329.94 1,703.31 21 13,976.00 827
# of colleges Count 0.16 0.36 0.00 1.00 0.00
# of universities Count 0.06 0.24 0.00 1 0.00
Bus stop density Count/km?* 1.00 23 0.00 10.72 0.00
Subway station density Count/km? 0.71 1.97 0.00 9.35 0.00
Trip distance Km 0.97 0.62 0.00 3.94 0.81
Degree centrality Score 94.51 69.82 7.00 389 74
Betweenness centrality Score 466.03 63251 2.36 3,657.77 238.53
Closeness centrality Score 0.00 0.00 0.00 267.11 0.00
Residential area m? 70,321.11 352,586.57 267.11 4,045,201.62 31,516.72
Commercial area m? 2,524.35 7,735.57 0.00 81,707.03 461.45
Cultural area m? 12,911.70 12,364.49 91.58 75,688.63 8,434.92
Business area m? 17,054.13 66,705.41 0.00 694,736.50 6,142.48
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5. 52 By E5
g dolde 75E SHHT T 3F ASARE SPLYRY] FRAol & WFE EEshaA
St} Pearson FVAlTE FEHEATY 3 AFHRE FRLY F FAFH NE SHHS 1o AAAA
g Totstr] 98l Z85 U ThPearson, 1896). T+ AEZHE THLA B FUFH NE SPisete] 4
A £ A= <Table 6>, <Table 7> 2T} <Table 6> FF NEZHE TR O N =
Hugo| FuAsE vyehdoh Aulz We] SAAHY A4, 3fF AFHRs PTYFe] AT, SAA
T, et ¢, AAFAA, MASAN, 2HTAAE, E3AY B3 5 T dset AudArE EAske A
oz JEpgTh 1 9 A9e] AS, FH AEARE EARAT] AT, ATUS &, oL 5, AAFA
8, MAFAA, 2AFAE 5 6 BEst FRBATL EASHE 0E tehgt
<Table 6> Result of pearson’s correlation analysis in trip production
i Main served area Minor served area
Corr. p-value Corr. p-value
Population 0.638%#** 0.000 0.548%** 0.000
Rate of male 0.096 0.265 0.121 0.170
# of workers 0.176* 0.040 0.044 0.619
Presence of colleges 0.076 0.377 0.307%#** 0.000
Presence of universities 0.266** 0.002 0.378*** 0.000
Bus stop density 0.056 0.518 -0.049 0.578
Subway station density 0.002 0.981 -0.013 0.882
Trip distance -0.110 0.202 -0.103 0.244
Degree centrality 0.476%** 0.000 0.386%** 0.000
Betweenness centrality 0.395%** 0.000 0.497%** 0.000
Closeness centrality 0.285%* 0.001 0.219* 0.013
Residential area -0.129 0.134 0.075 0.396
Commercial area 0.023 0.786 0.049 0.580
Cultural area 0.887*** 0.000 0.147 0.096
Business area 0.001 0.992 0.014 0.871
<Table 7> 3-f AFZHEE STFFUTl g /1E SHdF FHAFE Hepdth ARl Y F
AAGe FH AFALE BYRUT] AT, BAA 5, OStE 17, SBA, AAFNA, WAFAA,
AT, B3AY 14 5 N Wt FABATE EAGE Ao g Ueigth 1 9 AYe T, HE
& 47, L A, QAFAA, WA, THFAY 5 ) Wesh BT JRuAst 248
E oz et
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<Table 7> Result of pearson’s correlation analysis in trip attraction

ol Main served area Minor served area
Corr. p-value Corr. p-value
Population 0.652%** 0.000 0.552%** 0.000
Rate of male 0.093 0.279 0.118 0.182
# of workers 0.170* 0.048 0.050 0.573
Presence of colleges 0.073 0.397 0.306%** 0.000
Presence of universities 0.270%* 0.001 0.381*** 0.000
Bus stop density 0.051 0.557 -0.049 0.579
Subway station density -0.012 0.887 -0.024 0.789
Trip distance -0.167* 0.050 -0.159 0.073
Degree centrality 0.471%** 0.000 0.389%** 0.000
Betweenness centrality 0.387%** 0.000 0.499%** 0.000
Closeness centrality 0.283** 0.001 0.219* 0.013
Residential area -0.112 0.193 0.076 0.393
Commercial area 0.017 0.842 0.059 0.508
Cultural area 0.891%** 0.000 0.154 0.082
Business area 0.002 0.978 0.009 0.916

ALY RY L AAHA BA A T A RE THLA 2 FdZFH FHdATE EAEHE WS
3 T AFAEE S A TEASY T Y 2 FAFES 1 ol cont FE| ] WFolth Rk o
E P RY S ML d= AR S 83 22y, B AN FETRE E83 3 15T
HE SeA) 9 Q)32 <Table 8>¢} o] =7} f‘—fil Atgol TASHA ¥ AR YEsth o3t
ZAgolle FAUNEYP S EE37] A3l Lok IARY S YA O ARGEAITE B Ao A Z83 Ft
AsZ e FPLA 9 {FAF vlolg 7t S&A 7]';‘3 & WA A] Fébe A 02 UEsy] wiol Eold
I ARE S A7) gAY EAE AT webA, B dAFdAe TEHTFTE Xokd ARE Y 72U
TEA VM E DS B o &8 753t F3x ok 3] # 2 ¥ (quasi-poisson regression model)S -85 AT

<Table 8> Descriptive statistics by dependent variables

Main served area Minor served area

Statistics Production Attraction Production Attraction

Mean 104.956 102.168 37.147 39.512

S.D. 356.507 344.478 173.429 173.475

Skew. 9.972 10.079 9.933 9.937

Kurt. 109.303 110918 105.858 105.896
Normality (Shapiro-wilks test) 0.000%#** 0.000%** 0.000%** 0.000%**
Overdispersion 0.000%** 0.000%** 0.000%** 0.000%**
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