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Part 2: Travel Pattern
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Part 3: UX Factors Framework

No. Factor | Sub-Factor Item
1 Ease-of-Use PEQU1
2 Perceived Ease-of-Use Technical Fun.c.tionality PEOU2
3 Operability PEOU3
4 Learnability PEOU4
> Efficiency PUT
6 PU2
7 Perceived Usefulness Task Performance PU3
8 Human Factors Usefulness PU4
9 Productivity PU5
10 PSR1
11 Physical Safety (Product) PSR2
E Perceived Safety Risk EZS
14 Privacy Issue (Service) PSR5
15 PSR6
16 PI1
17 Personal Innovativeness Innovativeness P12
18 Customer PI3
19 Characteristics EA1
20 Environmental Awareness Environmental Concern EA2
21 EA3
22 Fun AQ1
23 Affective Quality Innovativeness AQ2
24 Self-Image AQ3
25 Percieved Energy ‘Consumption PEI1
26 . Environment PEI2

Environmental Impact .

27 Traffic PEI3
28 R . .. | Pereived Socio-Economic Ex-pendlture PSE
29 | Service Characteristics Impact Societal Impact PSEI2
30 Economic Advantage PSEI3
31 AFF1
32 Affordability Affordability AFF2
33 AFF3
34 Findability ACC1
35 Accessibility Availability ACC2
36 Visibility ACC3
37 Attitude towards AT1
38 Kickboard Sharing General Attitude AT2
3 Choice and Behavior Platform AT3
40 BI1
41 Behavioral Intention Behavioral Intention BI2
42 BI3

Figure 3.5 Part 3: UX Factors Framework
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Figure 3.10 Personal E-Scooter Criteria
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Figure 3.13 Service Characteristics

31

W = @ A




Factor® ™| 0.864889 0.894667

S 47367 4909”7 4838]  4912[ Q00080 488

g53 q54 55 q56 q57 q58

g53
q54
g55
g56
q57
g58

S5TH & 5712 &%l AAESITh A" 7] Eor UX =Zedfa H
ARSIt Qs K-B+ #AgHe a4stant. 378 3% 478 2P o=
734 Likert AAIG=20] 23t 7F A, J=|31 37] 233 47 2o R Z-H5
arste dlolgze] wAst 7z HHK F 499 K-B %S sk K-
W 2HSE B9 F e HHez R AR tlolEE Sihouette HAHE
ol HRAMY SEE f2Edcter ZAzte] YL HIH M =2 2HS

TZ5k ANOVA 248 e85t

3.4.3 Part IV

32 r.f.-""' A_] :_?_:.FE}I



mm

—

Part IMofA K-

33



A 4 F AT A

o

St | o] €

4.1 Part I Q17-54]

ofzfe] 44,

=zH
T ™

1
_

A
=

A2

=}
=

173

2} vlgo] &I
3411

<
T—

Z17F 32.4%2 1]

<
T

27} 67.3%, 7|

F= mlE

Z]
4

e

SHAR

A2} 17.8%,

=
=

oIt

=
=

27t 8.9%=

Blo] =03
skl £

o

H

S|
~

glolg 7esA &

(<13
of

Table 4.1 A=A

2

Sl B R B T S

'S 8|8 8 32

E._ Nel D m N

Il E 2|3 = ~
OGN . I TRy
Mmoo E NN

34



A (BHA) 175 55.6
S (B178HA) 29 9.2
SHAY 70 22.2
22 13 4.1
ALTFHE 8 2.5
213 15 4.8
7]e} 5 1.6
1Z olst 14 4.4
= 56 17.8
etuE 215 68.3
ietel= 28 8.9
THs 94 &= 2 0.6
A 315 100

ol o o]z 2RI, 200H9)

40t} £0]%1a1, 10the} 50t Hl=

7P WKL, 14419F 614, 624, 6741 ZF

AFAGqL Me 71,

H7HE 31.4%, 71=00A 9]

A} b Bl T = 30,
S8 REO] W& THEUL 274 B HelArh
Ao 1 Hek

LB T &0 ololfiw Age] 4

AR e 28.3%2 AA| AR Fodzte] 60%l

2% AE9 we HE Wbt otk 4t Ashdmel 4% bt 7



1He=2 7 At

4.2 Part II: A A dlo]g

olFrHe] AHLoll= 23.2%9] 27F 2G5k QY 76.8%2] SEHARE A5
AR It AFES Afole SEAET A2 o] $HEAPT JHSE ol FES

HIE-= 2SI, 28 H50] 43.8%E AASH FRIAIR £t 2% %, 2F 49,
dde 2% olstz 79 fi)lth A7|1Fer olgshe wEsdel dit HEels

A7) 3T5%E TP Bk, WAt AsPEe 24.4%, 24.1%2 A9] BE57 ¥ES

i

ARGt 1 AR A, 2R, A4 26 ShEd] didt SHol Fms

Table 4.2 24 4 787k HolH 7]edA 24 =

H ﬁ]/ﬁ_]E
A2F A4S | 178 56.5
ofje 137 43.5
NR1-E olF | 73 23.2
36 1 A



2tk A9 ofE ol 242 76.8
957 16 5.1
15 HE 149 47.3
2% HT 138 43.8
Wels 9
2% T 2 0.6
2% 47 4 1.3
= 6 1.9
2718 118 37.5
H A 7 244
2514 76 24.1
27 /7 91-& 24 7.6
olgohe MELT
opELrt
A B4 BAE |6 L9
LH 12 3.8
71k 2 0.6
214 315 100

AR SIAE9] 51 5 A2l 1km v 1 - 5 km, 6 — 10 km, 10 — 15

km®} 15km 23t F 5782 AEAE AFHAL 1 - 5kmE ©]Fdhe SEAE 263%E

7P Btk SEAREY SEE T ARES 1AIRE nlRtellA 4ARE 23 1ARE el



Z 5712 AE]7}F QA 1A njHto] 63.2% 2 7Y WAl 1 - 247 Alo|rt HE
ojlgitt 2AIXHE Xl B ARRE 7K SR & 17He=R A9

sATAENe] w7 ookt SuAbEe] she] WHEshs Ak iR 1 - 4 Roz
oy
B

5,00099°114 10,0009 Tkt 2,000 vlRro] ZHzb THAjel M|z Wkt
AR SEAES TSt Ao FRZAHES ARSI Qe Aor Hoz|a

1% Zu9, ), 1M 202 A8 W AEAHES dold o

DA a4E TEE ARN ARASL AAe 294 &9z Bort el

%
1N
HL
il
&
N
)
A
rol
=
ofx
o
oL
Fo
D
r (o]
pay
lo
il
W
o
20
v
N
HT
[r
i
-
=2
ok
=)

38 -3



4.3 Part TI: ARAF 3 ZHAHT & ARSAE 4%

AP 4= Bl 2HFAS 25 2 diE £ 224, 309, 349, 461

9 9

Table 4.3 57}2] A4 &3t &

No. Group Factor Sub-Factor Question
22 Human Perceived Efficiency A= Z\lHE  F§
Factors Usefulness AH|IAS At-g-otH
584 ot gz
B o5E

e A et
30 Customer Perceived Privacy Issue | A5 ZHE G
Characteristics Safety Risk (Service) Au|A7F Y] sl
39 1] O 1 &



FAA A FEE U7 gol
s ol
27k
34 Service Personal Innovativeness | U= MZ-&
Characteristics | Innovativeness ofoldl /7]&-&
7HQ1 A4 R e
ottt
46 Service Perceived Economic Ax  ZHE  FHS
Characteristics | Socio-Economic Advantage | AH|A olge
Impact BAA 2 ARFElA
AF2) 73 A4 34 FFe A
B Zolztal Azeict
57 Choice and Behavioral Behavioral | A% ZIH:E  F§
Behavior Intention Intention ME|AE o]l £
45 o e ¢ olge Aoz
et}
B 57 BEoR UX Zelfla ¥ ARAE RSP o8 KaE
vt FASIH. K-Bv wAst £ 4, WSSE ©]8%t Elbow Method®}
Silhouette H4E Bl A # 45 RISk 2AE Ak Hlo]H 9 Elbow



MethodollF= w3 371l 47z Hold wieh, 47lofld 571= dold wf =<3

ofAl= WSSE HAsHH. Z-44 A4t #EE vRPHE 3 376N 4=

dolZd wjel, a7lollA 572 dold wf &5 opxs WSSE sl

Ak dlojelo] ARl Ag TS XS 2, 3, 4 02 =9, 7345
7

dolele] 2ol A4 Eg TS 2, 3, 4 208 Fof HFHo=

fin}
o
a
o
f;ij
4>

Table 4.4 SAE AL} 7-A44 A B glojgle] Z8jAHE WSS &

3, ANt 235 At 22 dole 23 3, 9] ARl A

. ZAE

Z7E A 7-da Bt 2

Clusters WSS Clusters WSS

1 2750.634921 1 1570.002974
2 1967.002621 2 1139.196035
3 1685.284786 3 982.759305
4 1463.402450 4 867.662522
5 1334.937888 5 785.539680
6 1241.391223 6 719.315448
7 1166.568582 7 673.275717
8 1081.390871 8 624.957743

41 3



1028.779318

604.069742

10

983.852223

10

577.019151

11

952.796766

11

544.684712

WSS

NS5

=3

2750 1

2500 1

2250 4

2000 1

1750 4

1500 A

1250 A

1000 4

1a00 4

1400 4

1200 4

1000 4

800 -

GO0 1

&
Clusters

10

Figure 4.1 HAE Hx ZHAEEH WSS 1=

B

Clusters

Figure 4.2 Z-334 A5F £3E dlo|g9] 2 WSS =

42



Table 4.5 B|AE AL} 7.3 At 22 dloleo] S HE 47 H+ &

H7E A= Z-%t At 2
Clusters Silhouette Score Clusters Silhouette Score
2 0.252 2 0.248
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6 0.176 6 0.197
7 0.186 7 0.175
8 0.170 8 0.184
9 0.183 9 0.182
10 0.184 10 0.177
11 0.181 11 0.192
12 0.178 12 0.190
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xFESH mESH  gotol ik 95% Al
N om
HA} 7 i) el
q22 1 128 0544  0.627  0.055 0.434 0.653
2 137 -0.369  0.901  0.077 -0.521 -0.217
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ZA | 315 0.000 1.000  0.056 -0.111 0.111
qb7 1 128 0.732 0.593  0.052 0.628 0.835
2 137 -0.118 0.606  0.052 -0.220 -0.015
3 50 -1.551 0.766  0.108 -1.768 -1.333
ZA | 315 0.000 1.000  0.056 -0.111 0.111
Table 4.7 ANOVA #
Asd A= BdAE F ojetE
q22 Hek7h 63.713 2 31.856 39.711 0
E S AR 250.287 312 0.802
| 314 314
q30 Hek-7h 17.265 2 8.632 9.076 0
S AR 296.735 312 0.951
| 314 314
q34 k-7t 158.636 2 79.318 159.285 0
A4 155.364 312 0.498
| 314 314
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Ay 157.213 312 0.504
| 314 314
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q57 Aek7h 190.604 2 95.302 240.965
Aok 123.396 312 0.396
A 314 314
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w5 | 28 | 24
dol  HE G 4w
q22 1 2 0.913 0.000 0.648  1.178
3 0.924 0.000 0.564  1.283
2 1 -0.913 0.000 -1.178  -0.648
3 0.011 1.000 -0.345  0.367
3 1 -0.924 0.000 -1.283  -0.564
2 -0.011 1.000 -0.367  0.345
q30 1 2 0.440 0.001 0.151  0.728
3 -0.099 1.000 -0.490  0.293
2 1 -0.440 0.001 -0.728  -0.151
3 -0.539 0.003 -0.926  -0.151
3 1 0.099 1.000 -0.293  0.490
2 0.539 0.003 0.151  0.926
q34 1 2 1.520 0.000 1.311  1.729
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1-5km 41 32.0
6 — 10 km 27 21.1
10 — 15 km 17 13.3
15 km Z3} 30 23.4
1AIZE |t 79 61.7
1-2 Azt 39 30.5

2-3 ARE 7 5.5

34 A)ZF 2 1.6

4N Z3} 1 8

5 Sfa=y 3 2.3
1-2% 84 65.6
3-42 37 28.9

5- 63 3 2.3

T3 ol 1 8

s1F W% A | 2,000 Tlqt 16 12.5
2,000 - 5,000 =¥+ | 70 54.7
5,000 - 10,000 @9k | 31 24.2

10, 000 - 15,0009 =gt | 7 5.5

15,0009 oA 4 3.1

A 128 100
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1-5km 33 24.1
6 — 10 km 33 24.1
10 — 15 km 23 16.8
15 km Z3} 35 25.5
LAY mjgk 88 64.2
1 — 2 A7t 42 30.7
2 — 3 ARk 3 2.2
3 — 4 AZE 4 2.9
4AZY Z3} 0 0
P 4 2.9
1-2% 102 74.5
3-43 27 19.7
5- 63 4 2.9
73 ol 0 0
SHE WS AHE 2,000 gt 14 10.2
2,000 - 5,000 gt 80 58.4
5,000 - 10,000 =]t 27 19.7
10, 000 - 15,000 o]t 6 4.4
15,0009 oA+ 10 7.3
A 137 100
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ohjQ 24 48.0
PMD H-f o | o 6 12.0
ol o 44 88.0
s £ D571 2 4.0
1% HE 18 36.0
2% HE 27 54.0
2% T 2 4.0
2% 4 1 2.0
=i 2 4.0
o8 WESTH 27+ 19 38.0
A 16 32.0
2514 12 24.0
2} 7 /PMD 1 2.0
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6 — 10 km 12 24.0
10 — 15 km 10 20.0
15 km %3} 16 32.0
LAY mjgk 32 64.0
1 - 2 ARE 18 36.0
2 — 3 AR 0 0

3 — 4 AT 0 0
ANZY Z3} 0 0
S 1 2.0
1-23 36 72.0
3-4% 13 26.0
5- 63 0 0
73 ol 0 0

S W% 4HF | 2,0009 vl 4 8.0

2,000 - 5,000 T]g 30 60.0
5,000 - 10,000 o]t 11 22.0
10, 000 - 15,000 Tl 2 4.0
15,0009 oA+ 3 6.0
A 50 100
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AEANE A7 F 6¥, U Agme] JU ANOVA 242 Fo §mAT
WS AEe 7 S48 Fawe AT S4E BAshr
44119 24 FAHA A7 EE
Table 4.17 11 4 F-FAHIA AFZHE AuE AR eof 79kt ANOVA 24 &
Preference Measurement Mean Degrees of F Pr>F  Adjusted
Type Square Freedom R
Squared
Shared Metric 0.74479 14,3 294.8286  0.0003 0.99588
Table 4.18 1¥ &3] F-HAH|A HWEZHE ZF £4 250 HE7HA 9l a5
Preference Attribute Relative Attribute Utility
Importance Value
Shared Power 4.5597 250W -0.09939
_ 350W 0.04774
_ 500W 0.05165
67 ]



Wheel size 3.8915 8” -0.04731
B 10”7 -0.03429
_ 117 0.08160

Made In 44.1824 o=t 54 0.33941
B == -0.90148
_ ot 0.56207

Parking method 2.7516 = -0.04601
_ gilEs 0.00087
_ T 0.04514

Kickboard _distance | 4.3632 15 -0.06033
_ 3= 0.08420
_ 5 -0.02387

Initial price 22.9560 600 0.37196
- 1000¢ 0.01649
_ 1200 -0.38845

Price_per minute | 17.2956 100¢ 0.28993
_ 150¢ -0.00694
_ 180 -0.28299
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Table 4.19 191 3 7)e1& A

44219 4 7R 57

I
o

Zne ot 7

Lol 78k ANOVA B4 F

o
Preference Measurement Mean Degrees of F Pr>F  Adjusted
Type Square Freedom R
Squared
Personal ~ Metric 0.63825 14,3 49.35137 0.0041 0.97550

Table 4.20 11 3 718 A%

FEo R U Ban

Preference Attribute Relative Attribute Utility
Importance Value
Personal Powerl 2.6104 250W 0.01345
_ 350W -0.04905
_ 500W 0.03559
Wheel sizel 4.2570 8” -0.03733
B 10” -0.05035
. 117 0.08767
Recharging time 10.5221 3AI7F o]s} -0.21571
3 6A|7F o5} 0.12543
_ 6A17F =3t 0.09028
71 ]



Battery capacity 7.8313 20km -0.15972
B 50km 0.09418

_ 80km 0.06554

Made inl 42.8514 o=, 83 0.18793
B =t -0.78863

_ ks 0.60069

New 7.4297 13 o 0.13455

_ 2 oy -0.02821

_ 2 3} -0.10634

Price 24.4980 30 T 0.38455

B 50 T 0.02517

_ 80 TH -0.40972
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Table 4.21 29 w8 F-GAH|A AFZHE Ak 2R7of 7]9HgE ANOVA 24 &

Preference Measurement Mean Degrees of F Pr>F  Adjusted
Type Square Freedom R
Squared
Shared Metric 0.62615 14,3 8.564719 0.0512 0.86168

Table 4.22 2 4] S-FAH|E HAeZHE 7F £4 50| 17 B S8k

Preference Attribute Relative Attribute Utility
Importance Value
Shared Power 4.1081 250W 0.06002
. 350W -0.07502
_ 500W 0.01500
Wheel size 6.2546 8” -0.09084
B 107 0.11476
B 117 -0.02393
Made In 36.4545 o= 9 0.23642
B z= 0.71736
_ 2L 0.48094
74 =



Parking method 2.4796 = -0.03852
_ ik -0.00446
_ 5 0.04298

Kickboard _distance | 4.4412 15 -0.06407
B 3= 0.08191
_ e -0.01784

Initial price 28.5344 600 0.47364
_ 1000 -0.00933
_ 12009 -0.46431

Price_per minute | 17.7276 1004 0.31549
_ 150¢ -0.04826
_ 180¢ -0.26723
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44429 4 7HQlE

Table 4.23 2§ 4 71918 AEZHE At 250 7§ ANOVA

Preference Measurement ~ Mean — Degrees of F Pr >  Adjusted R
Type Square Freedom F Squared
Personal Metric 0.58367 14, 3 12.65889  0.0297 0.90567
Table 4.24 291 741 7|18 WEARE 7 £4 29 F7H] 9 $85%
Preference Attribute Relative Attribute Utility
Importance Value
Personal Powerl 2.1688 250W 0.01257
_ 350W -0.03974
_ 500W 0.02717
Wheel _sizel 5.7177 8” -0.06650
_ 10”7 -0.04339
B 117 0.10989
Recharging time | 8.3596 3A1ZF o]st -0.13098
- 6A7F olsF  0.12693
_ 6AIZE Zatt 0.00406
Battery capacity | 11.7114 20km -0.23682
7 ]



B 50km 0.11233
B 80km 0.12449
Made inl 40.6940 o2 §9 0.19384
B =3 -0.72466
B 3l 0.53082
New 3.5095 149 oy 0.04420
B 2 o]y 0.01987
B o Za} -0.06407
Price 27.8391 30 TH 0.40430
B 50 THA 0.05028
B 80 T -0.45458
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4.4.5 39 o SARlL HeZHE

Table 4.25 3¥ ¥4 FFAH L FeZHE AHE ZhpIeof 7[R ANOVA 24 &
Preference Measurement ~ Mean — Degrees of F Pr >  Adjusted R
Type Square Freedom F Squared
Shared Metric 0.68897 14, 3 8.320949 0.0533  0.85773

Table 4.26 381 3 F-FHAH|A AFZARE 78 £4 0] BRI U ST

Preference Attribute Relative Attribute Utility
Importance Value
Shared Power 5.2531 250W -0.11889
_ 350W 0.05444
_ 500W 0.06444
Wheel _size 5.2531 8” -0.10556
B 10”7 0.07778
B 117 0.02778
Made In 33.5244 o= -39 -0.09222
B < -0.53889
B 3 0.63111
Parking method 2.0057 5 0.00111
80 + ]



_ A3 -0.03556
B =3 0.03444

Kickboard distance | 3.5339 15 -0.03889
B 38 0.08111
B Gac] -0.04222

Initial price 31.6141 600 0.61111
_ 10009 -0.11889
B 120094 -0.49222

Price_per minute | 18.8157 1009 0.28111
_ 150¢ 0.09444
_ 180¢ -0.37556
81
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4.4.6 381 4 NAE A5

Table 4.27 3 4] 7HQlg AEZHE AR Afeof 7|Ht ANOVA 24 &
Preference Measurement Mean Degrees of F Pr>F  Adjusted
Type Square Freedom R
Squared
Personal ~ Metric 0.98011 14,3 29.58091 0.0087 0.95925

Table 4.28 381 4 F-FAH|A Q1S ZF &4 50 REJA] W ST

=

Preference Attribute Relative Attribute Utility
Importance Value
Personal Powerl 5.4772 250W -0.00000
_ 350W -0.11000
_ 500W 0.11000
Wheel _sizel 6.8880 8” -0.05000
B 10” 10.11333
. 117 0.16333
Recharging time 5.4772 3A|7F o]5} -0.14000
B 6AI7F ol5} 0.06000
_ 6A17F =3t 0.08000
83 ]



Battery _capacity 11.7012 20km -0.29667
B 50km 0.12333

B 80km 0.17333

Made inl 38.5062 o)k, 6 0.37333
B Zat -0.96000

_ gt 0.58667

New 3.8174 19 o]y 0.09333

B 2 o]y -0.03333

_ 2z} -0.06000

Price 28.1328 30 9H 0.55333

_ 50 TH 0.02333

_ 80 T -0.57667
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Appendix A. AA] A& B35}
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Ql. Eele A= HBsk AXY7E?

D 4 2) ofH

Q2. H3le 73l o]F FHPMD: MFZEE, AFd, A=A

AY7E?
D 9 2) ofH

1) 9571 D1F HE 3)2F HE 4)2%F &

6) 3

Q4. B9 B71207 offl WEHTL olgsHIL

D 2P+ 2) HA 3) Alskd

27 /PMD

5) AF T SHE 6) TH 7) 71k
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Q5. thAlZ, £<19] 5 Ae st E km F=YPU7?

D lkm =gt 2)1-5km 3)6-10km 4 10-15km 5) 15

Q6. A=, 2119 S ARk skl AR A=Ayt (B=7]15)

D) 1 ARt ojgt 2)1-2ARF  3)2-3A  4H3-4AFF 5

Q7. tiAlz, 21lo] Wwdhs Bae shFol 2 3 A=dU7

D = 21-23% 3)3-43 4H5-63% DN

Q8. %7142 o5e TS, Hele shFe] LUl Puht 247

1) 2,000 ¢ =gt 2) 2,000 ~ 5,000 ¢ =[7F 3) 5,000 ~ 10,000 ¢ =T

4) 10, 000 ~ 15,000 & gt 5) 15,000 ¥ o)A+

Q9. BAY Helo] o] ot WEATHQ4 SRR e WEES Bk FAAL.

sl ot

urZ5}] z2 jo-
Q=51 =Sl | mEolt R

Pt T} T}
oL orL
1o 1~ 51—

94 -



Q10. @A o] A5 olgsHe LFSTe] o

ER Y

= ol A=

]_

35

Rl

9JolHAI T

T
=

N

& 7

= 9o
o=

R 224749 o]

o5

= g5k gt

o

A1 H]

W
158
o
o
¢

ol
o

<k

Stk Azt

T -8

S}
=

1)

=z O
o=

Al

=
o

e AHETE T2

e

o7t 1t 7ol e,

]

95



A% AR gt Yol AL B et 35 ¥ S

s AHE Tf E0FS AT o Y ARV SREAY e Al &

5 JHE 3§ Aulacl 2e 36 BAE AG A AT st geEch

Ql1-2, thee] PBe T QJolnAl T sl o ATATAL,

U WE A2e AHR/71%e] diel et 2 I2e Amshe e e
Holt
Uo] EelE FoA, BB AR ofolgolt 1 7MW Amsh weld,

U Az olold//&e AU 2S Fotai

U B2 24 WE ™ W Aee] IR0l nAe FAA dd= .

Q11-3. B P22 T eluAln ot o] AAHFAL.

96 .-_:,.x ! _.__'_':I_ .I__li -



2~
T

o]
=

8= A

7t 93

A
A H

W Am/ouA] £RE &

=
=

Skl 21 744l b

> ©

shel g7)dos Al

0]7
}_

olg5tA 1 Aot o] Ego] Hck
7

[e]

£ ARgtE LAk )
=

s

Ea

A
TE:
SRR

1

o= it

Ke)

%
<F
ol

K

97

mupct W 2ol

T
=

kel

A of

—= 4]
— =

W 2% 7m



te 3ol Al=siAl L.

35

4

2 glol Al

[e]
=

&

Q11-4. &9

& Agol.

S AHIAE AL AR

S}
=

871

ol-gsiEu7t? (B4l

=
=

)

=
=

JRE AH]2 AR

2 4

=7HHRE

D

7) &=t 8) 2%

6) o]Holujj2

5) A1F-E]

12) zet

&

11) 12

9) WAIIHeIE 10) =

16) beam

15) dart

14) deer

13) wind

T o= O] Agte] A HEThd

yd Ke)
25

1SS

AESEIA

o
!
<

n7le}a o ol

3)5E~8&

B

o

2) 38~ 58 7]

G

o

1) 3E

T

98



4) 8 B~10 2 vl 5) 10 2~15 2 ojgt 6) 15 2~20 1

il

7) 20 °oF

Ql6-1. ZIRES thofdd uf|, Afok= @AF RF V2N ohE 12847 Qo

HolA ] [24-3]

T ZHE tfofA
D el g3 2) 29 3) B 2] 4) AT
5) 4} 6) A7} ) 3% ARE A ) A

99



9) A< 10) S}AHD) of&Aleld Ul 12) 7]eK )

Ql6-1. AHRES 7T wf E= Fuieittal Azdlam, Atk 848 25

A OE A aar) nhd HojFAle [He-aH]

ZIHE SLufA]
1) viel2] 8 2) &F ARE 3) 7Y WU 4) &4
5) v =271 6) At 7) F2F A 8) T AR
712
9) 712 10) #4811 3 12) 71BK )
Q17-1. o2 FRZHE QAF0] X3S ¢lolHA|L, ZF 23t st ASes

He| 117H4]9] HE2 Hrls) A8

100



= |uF 27| A | TR AR RE A A A A | A A S(1-10)
500W 11" Sh= fr 3% 1000¢! 15091
250W 8" Sk r 1% 600 100
500W 10" gk A e A 15 600 1801
350W 8" Sk s 5 10001 1801
500W 8" o T 5 600 1509
250W 11" o T 1% 1000 1009
350W 11" Sk e A 55 12009 100!
500W 10" = r 5% 12009} 100¢)
250W 8" i e A 3= 12009 180¢!
250W 10" |H= A fr 5% 1000 180¢!
500W 11" |HE=, A i 1% 1200 180!
350W 8" v =, r 1% 1200 150!
250W 11" |, ] A9 5% 600 15091
500W 8 |vl=, FHE] A9A 3% 1000¢! 100¢)
350W 10" |V, 9 is 3F 600! 100!
250W 10" Sy T 3% 12004 1509
350W 10" o e A 1% 1000 150¢!
350W 11" ol fr 3E 600¢) 180%!
Ql7-2. o+ THZHE 9459 2G-S ¢JojHAlL, ZF g digt A E

HE 11 71x)9] Axz Frts)] FA4

101




=8 |a7 =27 eiEE] | diEe] &% A= #HAA | 7E 7 | BEA-10)
500W 1" |3A]3F o] 3} 20km = 2 o] 50 7%
250W 8" 3717k o] &} 20km Sk 14 o] 30 44
500W 10" |34]3F o] 8K 80km Sk 14 o] 80 74
350W 8" 37 7t o] 8} 50km o=, A ™ 2 ol 80 k¢
S00W 8" 6~ 7t ©] 8} 50km o=, ™ 12 ol | sowd
250W 11" |6#] 7t ©] 3l 50k s 2d ol | zoREYd
350W 11" |34 3k o) 8H 80kin R 2d =9 | 30%rd
500W 10" |6~ 3t o] 8H 20km P 2d =9 | 30%rd
250W 8" 6~ 7t o] 5} 80km T 29 23 | sowkgd
250W 10" |64 3+ =K 20km o=, f 9 21d o] 80 HH¢
500W 11" |6~ 3+ =74 50km k= 2d =9 | o
350W g" 6] 7t =3} 20km S 2d 3} 50 7-¢
250W 11" |6X 7t =51 80k 2] =, - H 1doju | somrd
500W 8" 6~ 7+ = 7} 80k 7 21d o] 30 7+
350W 10" |64 7 =51 50k T 1 o] 30 7+
250W 10" 3413 el s) 50kan = 23 =9 | 509
350W 10" |6A13t els) 80k 3= 2d ol | sonked
350W 1" |67t olsl 20km T 1dol | somsd
DQI. #Aste] dE oF= o8 HYU7?

DQ2. 7Iste] A
D SAHACETA)

3) sHA
5) AAFH
7) Z|Et

DQ3. Hste] #F

3) 718

2) SRR, e 5)

K]

4) 2

6) g

s2le g A B

102

gl




3) W&

4) HeteE
1S Q2] oke

2A =HqY7E?
(

103

S s L



[1]

2]

3]

[4]

[5]

[6]

[7]

HaEd

Aman, J. J., Smith-Colin, J., & Zhang, W. (2021). Listen to E-scooter riders:
Mining rider satisfaction factors from app store reviews. 7Transportation
Research Part D: Transport and Environment, 95, 102856.

Babetto, C., Bianchi, N., & Benedetti, G. (2019). Design and optimization of a
pmasr motor for low-voltage e-scooter applications. 2019 TEEE International
Electric Machines & Drives Conference (IEMDC),

Barbieri, L., Angilica, A., Bruno, F., & Muzzupappa, M. (2012). An interactive
tool for the participatory design of product interface. International Design
Engineering Technical Conferences and Computers and Information in
Engineering Conference,

Beck, S., Barker, L., Chan, A., & Stanbridge, S. (2020). Emergency department
impact following the introduction of an electric scooter sharing service.
Emergency Medicine Australasia, 323), 409-415.

Bojamic, D. C., & Calantone, R. J. (1990). A contribution approach to price
bundling in tourism. Annals of Tourism Research, 17(4), 528-540.

Button, K., Frye, H., & Reaves, D. (2020). Economic regulation and E-scooter
networks in the USA. Research in transportation economics, 100973.

Chalip, L., & McGuirty, J. (2004). Bundling sport events with the host

104 1 &



destination. Journal of Sport & Tourism, 93), 267-282.

[8] Ciociola, A., Cocca, M., Giordano, D., Vassio, L., & Mellia, M. (2020). E-
Scooter Sharing: Leveraging Open Data for System Design. 2020 IEEE/ACM
24th International Symposium on Distributed Simulation and Real Time
Applications (DS-RT),

[9] Clewlow, R. R. (2019). The micro-mobility revolution: The introduction and
adoption of electric scooters in the united states.

[10] Cohen, A., & Shaheen, S. (2018). Planning for shared mobility.

[11] Conrad, F. G., & Schober, M. F. (2000). Clarifying question meaning in a
household telephone survey. Public Opinion Quarterly, 64(1), 1-28.

[12] Degele, J., Gorr, A., Haas, K., Kormann, D., Krauss, S., Lipinski, P., Tenbih,
M., Koppenhoefer, C., Fauser, J., & Hertweck, D. (2018). Identifying E-scooter
sharing customer segments using clustering. 2018 IEEE International
Conference on Engineering, Technology and Innovation (ICE/ITMC),

[13] Fischer, X., & Coutellier, D. (2006). Research in interactive design: proceedings
of virtual concept 2005. Springer Science & Business Media.

[14] Gabbard, J. L., Hix, D., & Swan, J. E. (1999). User-centered design and
evaluation of virtual environments. IEEFE computer Graphics and Applications,
19(6), 51-50.

[15] Han, D., Lee, Y., Yu, J., & Dejno, C. (2021). How does driving status affect

105 1



trip patterns among older adults in suburban and rural communities? Journal
of Transport & Health, 21, 101052.

[16] Hardt, C., & Bogenberger, K. (2019). Usage of e-scooters in urban
environments. 7Transportation Research Procedia, 37, 155-162.

[17] Hix, D., Swan, J. E., Gabbard, J. L., McGee, M., Durbin, J., & King, T. (1999).
User-centered design and evaluation of a real-time battlefield visualization
virtual environment. Proceedings IEEE Virtual Reality (Cat. No. 99CB36316),

[18] Hong, S.-k., Kim, S--i., & Kim, J.-h. (2003). Implications of potential green
tourism development. Annals of Tourism Research, 30(2), 323-341.

[19] Jin, F., Yao, E., & An, K. (2020). Understanding customers’ battery electric
vehicle sharing adoption based on hybrid choice model. Journal of Cleaner
Production, 258, 120764.

[20] Johnson, T. P., Fendrich, M., Shaligram, C., Garcy, A., & Gillespie, S. (2000).
An evaluation of the effects of interviewer characteristics in an RDD telephone
survey of drug use. Journal of Drug Issues, 30(1), 77-101.

[21] Jokela, T., livari, N., Matero, J., & Karukka, M. (2003). The standard of user-
centered design and the standard definition of usability: analyzing ISO 13407
against ISO 9241-11. Proceedings of the Latin American conference on Human-
computer interaction,

[22] Kemperman, A. D., Borgers, A. W., Oppewal, H., & Timmermans, H. J.

106 i e |



(2000). Consumer choice of theme parks: A conjoint choice model of seasonality
effects and variety seeking behavior. Leisure Sciences, 22(1), 1-18.

[23] Kim, H.-i., & Chalip, L. (2010). Capitalizing on a sport's association with an
international destination: the illustrative example of Tae Kwon Do. Journal of
Sport & Tourism, 154), 307-335.

[24] Koenig, S., Krch, D., Chiaravalloti, N., Lengenfelder, J., Nikelshpur, O., Lange,
B., DeLuca, J., & Rizzo, A. (2012). User-centered development of a virtual
reality cognitive assessment. Proceedings of international conference on
disability, virtual reality and associated technologies,

[25] Laa, B., & Leth, U. (2020). Survey of E-scooter users in Vienna: Who they are
and how they ride. Journal of transport geography, 89, 102874.

[26] Lawson, S. R., Roggenbuck, J. W., Hall, T. E., & Moldovanyi, A. (2006). A
conjoint analysis of preference heterogeneity among day and overnight visitors
to the Okefenokee Wilderness. Journal of Leisure Research, 384), 575-600.

[27] Liu, M., Seeder, S., & Li, H. (2019). Analysis of E-scooter trips and their
temporal usage patterns. Institute of Transportation Engineers. I'TE Journal,
896), 44-49.

[28] Masoud, M., Elhenawy, M., Almannaa, M. H., Liu, S. Q., Glaser, S., &
Rakotonirainy, A. (2019). Heuristic approaches to solve e-scooter assignment

problem. IEEFE Access, 7, 175093-175105.

107 1



[29] Morency, C., Trepanier, M., & Agard, B. (2011). Zypology of carsharing
members.

[30] Murphy, P. (2009). The business of resort management. Routledge.

[31] Orr, B., MacArthur, J., & Dill, J. (2019). The Portland E-scooter experience.

[32] Ozsoy, H. O. (2019). Evaluation of personal mobility vehicle concept designs by
using analytical hierarchy and analytical network processes.

[33] Park, S. J., Kim, C.-B., Kim, C. J., & Lee, J. W. (2000). Comfortable driving
postures for Koreans. International Journal of Industrial Ergonomics, 26(4),
489-497.

[34] Pellitteri, F., Di Tommaso, A., & Miceli, R. (2015). Investigation of inductive
coupling solutions for E-bike wireless charging. 2015 50th International
Universities Power Engineering Conference (UPEC),

[35] Petrelli, D., & Not, E. (2005). User-centred design of flexible hypermedia for a
mobile guide: Reflections on the HyperAudio experience. User Modeling and
User-Adapted Interaction, 153-4), 303-338.

[36] Poux, F., Valembois, Q., Mattes, C., Kobbelt, L., & Billen, R. (2020). Initial
User-Centered Design of a Virtual Reality Heritage System: Applications for
Digital Tourism. Remote Sensing, 1216), 2583.

[37] Raptis, D., Tselios, N., & Avouris, N. (2005). Context-based design of mobile

applications for museums: a survey of existing practices. Proceedings of the 7th

108 i e |



international conference on Human computer interaction with mobile devices
& services,

[38] Reiss, S., & Bogenberger, K. (2017). A Relocation Strategy for Munich's Bike
Sharing System: Combining an operator-based and a user-based Scheme.
Transportation Research Procedia, 22, 105-114.

[39] Schillewaert, N., Langerak, F., & Duharnel, T. (1998). Non-probability
sampling for WWW surveys: a comparison of methods. Market Research
Society. Journal., 40(4), 1-13.

[40] Schméller, S., Weikl, S., Miiller, J., & Bogenberger, K. (2015). Empirical
analysis of free-floating carsharing usage: The Munich and Berlin case.
Transportation Research Part C: Emerging Technologies, 56, 34-51.

[41] Schober, M. F.; & Conrad, F. G. (1997). Does conversational interviewing
reduce survey measurement error? Public Opinion Quarterly, 576-602.

[42] Shin, G. W., Lee, K.-J., Park, D., Lee, J. H., & Yun, M. H. (2018). Personal
Mobility Device and User Experience: A State-of-the-art Literature Review.
Proceedings of the Human Factors and Ergonomics Society Annual Meeting,

[43] Smith, C. S., & Schwieterman, J. P. (2018). E-scooter scenarios: evaluating the
potential mobility benefits of shared dockless scooters in Chicago.

[44] Suh, Y. K., & McAvoy, L. (2005). Preferences and trip expenditures—a conjoint

analysis of visitors to Seoul, Korea. Tourism Management, 26(3), 325-333.

109 1



[45] Ullah, A., Aimin, W., & Ahmed, M. (2018). Smart automation, customer
experience and customer engagement in electric vehicles. Sustainability, 10(5),
1350.

[46] Vogel, P., Greiser, T., & Mattfeld, D. C. (2011). Understanding bike-sharing
systems using data mining: Exploring activity patterns. Procedia-Social and
Behavioral Sciences, 20, 514-523.

[47] Weikl, S., & Bogenberger, K. (2013). Relocation strategies and algorithms for
free-floating car sharing systems. IEEFE Intelligent Transportation Systems
Magazine, 54), 100-111.

[48] Zarour, M., & Alharbi, M. (2017). User experience framework that combines
aspects, dimensions, and measurement methods. Cogent Engineering, 4(1),
1421006.

[49] AAAE o] A & oA (2018). AF ZAR= Y AHHIE

9lg et

ol
M
1%
>1 I—4
™
offl
o)
k1
)
oX,
ftlo
kI
A
oL
Ho
ox
N
)
il
Ry
A
3
=
N~

-
e
ot
re
H
%
&
by
I
>
N~
9
A
)
g
A
b
g
S

FARE Al Tl neel Ask FFEAIN FEUR S =,

110



ZF7ER]

o E)

o185

—

[52] 21438} (2020). & 2K

i)
o

=

o

7 1(2), 137-

[53] ©]7]

159.

[54] ©1784, & ©I

F=t HCT 8)3] 3f2-0j] 3], 240-244.

<],
4

Az} BHZ,

s
a

4r
il

—

N

HE o

]

N

Ho

X7

(2021).

d

X

3/%] 55(1), 43-55.

i

7,
o/

FER

[56] 718, & A& (2020). A

7] A7) &3] =], 223), 457-462.

1

B/
f4

T

B/

36(1), 207-230.

111



Abstract

Study on the development of evaluation of

electric kickboards based on user types

Chan Hyeok Yun
Department of Industrial Engineering
The Graduate School

Seoul National University

There has been an increasing interest in “Smart Mobility” as smart cities expand
across the world with the advent of the 4th Industrial Revolution and urbanization.
However, studies concerning electric kickboards, which occupy the largest proportion of
the smart mobility market, are lacking. Therefore, this study aims to study electric
kickboards through analysis method based on user specific study design.

This study categorized electric kickboard users based on systemic survey
analysis aimed towards domestic electric kickboard users. Using the survey results, the

study compared and analyzed each cohort’s traits and driving tendencies. Additionally,

112



by utilizing the conjoint analysis, practical analysis was conducted on the importance
and preference of each factors regarding shared service and personal electric kickboards.

The study explored the traits concerning the user characteristics and driving
tendencies by categorizing user cohorts based on response from the user experience
framework. Conjoint analysis was conducted on user cohorts in order to identify the
importance and preference factors regarding both shared service and personal kickboards.
The significance of this study is derived from the study’s aim to analyze and present the
importance factor through comprehensive analysis of not one factor that acts during

electric kickboard purchase but a multitude of electric kickboard factors.

Keywords: Usability, User-Centered desing, Clustering, Decision tree, Conjoint Analysis
Student Number: 2019-20360
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