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A Survey on Riding Characteristics and Helmet Wearing Conditions of
Bicycle and PMV(Personal Mobility Vehicle) Riders
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Abstract : The purpose of this study is to investigate the differences in riding characteristics and helmet wearing con-
ditions between bicycle and PMV riders so that the basis data necessary for the development of suitable helmets for each
group is provided. For this purpose, riding characteristics and helmet wearing conditions of bicycle and PMV users were
investigated using online survey method and then the survey results were interpreted by in-depth interview conducted
for bicycle and PMV users. The online survey results showed that the PMV group showed shorter driving distance and
more driving frequency than bicycle group. This short driving distance was due to the limitation of battery capacity of
PMVs. Helmet wearing rate was significantly lower in PMV group than in bicycle group, which was associated with rel-
atively low chances to drive long distance on the motorway. In the PMV group, the ‘urban helmets’ were mainly used,
in which the appearance of helmet was priorized, but in the bicycle group, the ‘road cycle helmets’ were mainly used, in
which the light weight or ventilation were priorized. Urban helmets caused stronger pain and more fitting problems than
road cycle helmets because the head shapes of Koreans were not properly applied to the helmet design. Since the fitting
problem and pain intensity were the important causes that making PMV users not wear the helmets, it is necessary to
develop the urban helmets reflecting the head shapes of Koreans in order to increase the helmet wearing rate of the PMV
users.

Key words : personal mobility vehicle (H$1-& %5 ©]-57¢=]), bicycle (*F217), helmet (82), riding characteristics
3 £4)), head shape (M2] Fe))
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Nakajima, 2012; Kim, 2016; Nakagawa, 2014; Park et al,
2016). Sk Aol AE, A7oA] 7Y dub oz ARSE
£ 89°]= PMVOlA “Vehicle'2 2FA|SE ‘Personal Mobility
(PM)J H(Kim, 2014; Kim & Hwang, 2015; Lee, 2016;
Park, 2017), ©]54S €78l ‘Mobility’ He 2= ‘o] F4X]
g Yu7t B =euA] forR E dAFdXxe
‘Personal Mobility Vehicle(PMV)-& 7118 7] o] &AE A
Aol G2 ARSI 2 o R AMEHE TE SoEe
‘Personal Mobility Device(Litman & Blair, 2006)’, ‘Personal
Electric Vehicle(Nobels et al.,, 2004y 5°] It}

PMVE g5 whet 98] ek ¢ s W2 e
OJxp7F FAE ‘mobility scooter’, A} @A A7} FrALS}
H ZHe oS- AMESR= Ssiton cycle’, A AA R HEIh=
‘stand-on scooter’?] 37X FEFoZ EF{FT 4 U= (Ulrich,
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2005), ©] % mobility scooter’} 714 HFEH BEAAIE 714
Ba7)5o FA7F S FoljQlolu} mokrte] olFFo s
AREE DL o, EETo|v §53] S50 FAHOFE AR
= A& sit-on cycle?} stand-on scooter®] T FFolt}. Sit-
on cycle -4l whel G5Ake] LT (pedaling)yS 2
9] 3o HZ3= ‘Pedal Assist System(PAS) 27} FE
AtelE 2ol el 7iEHMrE F2E Throttle #2402
TEEE], 2018 Al APAA o8 sl gk i
EolMe PAS WA TS APHAAR 13 Ministry of the
Interior and Safety, 2017) ‘Throttle’ ]2 A A7} opd €l
712 ERE AHAAER Yol SXEt). HAELE 7}
7 Bol ARET 7P bt JElE 7 {382 stand-on
scooter®., 7P |ERFA] AEHII7E: AF7150]
= HERQhAME dedRiE, Aeol&Hdqx), deold
HE AFRE, AE2Ao|ERE, J[EERERS] 71X
AF FHL=E o]5 EHF3ItH(Korean Agency for Technology
and Standards, 2016).
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AellM= 2011l 3071, 20150l 89710 = 51 Ape] oF
3u7F STk 2102 vERdth PMV ARZA] B dhAiRl e
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Table 1. Age, sex and riding club experiences of the respondents

Age Sex (%) Riding experiences (%)
(mean, year) Male Female Under 1 year 1~4 years 5~9 years 10~14 years 15 years or over
Bicycle 325 97.1 29 11.9 59.4 18.8 6.9 3
PMV 314 96.3 3.7 76.4 21.8 1.8 0 0
=Bicycle 7 PMV
38.2%
51.9%
YV
6.4% Z
% %
% % = 19.6%
% 1;2% 948%% El'l% 8.8% = 0%
— =, . . 49
% 4.9% % E% E% E% Soo% §1;9% g%l.g%
=7 = é Under 50.0- 100.0-  150.0-  200.0-  250.0-  300km
50.0km 99.9km  149.9km  199.9km  249.9km 299.9km  or more

1-2days

Fig. 1. Weekly riding days.

=Bicycle % PMV

24.1%
8.5%

10km/h or more  15km/h or more
-Under 15km/h -Under 20km/h

L

20km/h ormore  25km/h or more  30km/h or more
-Under 25km/h -Under 30km/h

Fig. 3. Average riding speed.

Atk Fig. 9= $EAES] 9 FILLS AAEIH Fig.
20e T FRAZE AN

(2) B FIE=

AL Het FREEANE St LTS SHA
7} Z7F8ke] 25km/h o) 2~30km/h TRF F7HOA 45.1%E 7}
e FHES Holtprt 7P mE 30knvh o1 FelA
9] 59%° SHER FHA 77t 48 ik v

6.9%

2.9% 2.0%

Mountain Mini Commuter Cyclocross

/Urban

Fig. 4. Most common types of bicycle.

Fig. 2. Weekly riding distance.

PMVelA= 30kmh o) FHIME 24.1%2] SHER §H
A7 FAI=EIAT Fig. 30lle $EAES] it FREEE Al
Alakaict.

(3) 7F& Wol o83k oot 9 % =2 /3

AAA FeollA 7P Bol olgsle olerd i B=
Ato]E(road cycle)elom TEFo= A (MTB),
16-20914] =7]¢] vl E AREshe 2F AL o3t

FOERE0 &3= electric unicycle®] =o]%At}. Fig. 49}
Fig. 591= 7P Bo] ol&dhks AdA /33 PMV F3E
AA BT

AAA ol gAFEe] 7P Bl olgdhe B2 732 73
AR AAAEZH O F AARE Fo| olfshs =2 FF
AFsApet o] Fasf ok dhe 22K o] FE(public road)3A
th PMV o]8ak50] 7FE 8ol ol8dke =& §32 AkdAS
PR 2 7l AAE APdAEES oW SHES 31.5%
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~
o
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&~

24.1%

3.7%

DA N
N\

1.9%

77777 secee
Electric Electric Electric  Self balancing
kick scooter  unicycle wheelman two wheeler

Fig. 5. Most common types of PMV.
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= Bicycle 4~ PMV
[
27.8% 32.4%
7 = 13.0% HAEN 11.1%
3.9%/ = - y % | 2.0% 1.9%
—— 0.0% 1.0% 7 0% 1.9%
/A = //A ° % &
Bicycle raod Public road Public road Sidewalk Unpaved road
on the (more than 2 (only 1 lane)
riverside sidewalk lane) /Alleyway

Fig. 6. Most common types of road used by bicycle and PMV riders.

Table 2. rtest result for helmet wearing rate

Helmet wearing rate (%
Vehicle type wearing C6) t

Mean+SD Mean difference
Bicycle 92.9420.8 .
29.9 4.893
PMV 63.0+42.4
p<.001

2 AAA Fee] Ak FEolth PMV ol 8AE Foll=
PMV Falo] S8 =S 71 Bo| o] 8ske SHE 11.1%
off dall A o] &A=l His) Y53 w3tk Fig. 6°l= &
HAEo] 7P Bol Abgshe =2 /3 AXElT

3.1.3. el 2gAe)
1) gl 285
Aol 2LE52 AHA FekollM Fd 92.9%, PMV FetellA
it 63.0%= ¢ A4 A AHdA Joo Ayl FLEo
MV Fetol] vlE] felsiAl o =dch A dels
e S5 A Aol 80.4%, PMV Z@oﬂﬁ 40.7%

Fge

;(].7(-] 7-] @1}_}0] ok ZHH ];_1 l-:/\)\—];], Table 201]1— ?;ﬂ xl-_Q_E,]
t 34 AIHE AAEAT

@) 714 Bol Agske Wl #3

27 kol 71 wol Al—&vL g9 {FHe 5717

7t 7P B3 FAE 7S REAR]EE A9l (road cycle

helmet) 2 APAA -SHAR] 95.1%E AAs19 oM tf2 /3
o] ule A9 o]&3lA & AUk PMV FHEeA 71
o] ALg-F<l dule oful dull(urban helmet)O 2 SR}
51.9%% 2AHed], o] Aule 2rilelF dulls} HEHAL
AR 57179 47t o Ao FAE O FAL 54 :S:
2tk Fig. 79l 8] 7H8 ol 285 29l &
AABAT.
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2, dAye] ez Q13 A7 PMV AREANNAIAN T ZA
Uehs A8 81T F AU Fig. golle SEAES] d9
v 28 Q1S AT
4 oo gk, SEEAE
o] UAE 5 AR Hrlells W ARdA o8k
o] H Ag+= 371702 4. & drpo) 7psieH PMV
[eAEe] g AFE 330808 3. BEo|tpo) 7ith
;g\;/_}gl Eﬂ{__px].,_ 031x4o]010u:] t747b Az} EAFo = § &
gk Zolg HAlth o] BFHWIES 57 xR Bt
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=Bicycle ~PMV

51.9

X

NI

7.4% 7.4%
2.0% 2.0% 2% 0.0% 0.0% 0% o 1.0% 0.0%
Road cycle helmet Urban helmet MTB helmet MTB helmet Half helmet Aero helmet

with chin protector

Fig. 7. Most used helmet types by bicycle and PMV riders.

without chin protector

for motorcycle
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=7
= = % = / S3%42% 5 4ne f/.s/o rs%d2% A%
B — e = 7 —— / ——— Y _
Ruin Uncomfortable Low Pressure Sweat down Poor Lack of Not required etc.
hairstyle chin strap portability on the head into the face ventilation suitable sizes because of
/Headacke short riding
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Fig. 8. Causes for not wearing helmet.

or low speed

Table 3. rtest result for fitness and pain intensity of currently wearing helmets comparing vehicle types

Helmet types Vehicle types Mean+SD Mean difference t
Bicycle 3.71+£0.92 N
All helmet types 0.31 2.513
. PMV 3.30+1.06
Fitness -
Bicycle 3.69+0.92
Road cycle helmet only 0.19 0.818
PMV 3.50+0.86
Bicycle 1.88+0.98 .
All helmet types -0.62 -3.090
o . PMV 2.50+1.28
Pain intensity -
Bicycle 1.90+0.98
Road cycle helmet only -0.32 -1.251
PMV 2.22+1.16

'p<.05 “p<.01

S W A o] 8AES] Wi H4E 188F2=E 2. o}
2] Qkrpel 7o PMV ol 4AES] Wi HeE 2508
o= 9 ofxx| glrpe} 3. BiEo|rpe] k| Y|t} F
Aol ke 0.628010eH + A% A3 BAHCR fo
g ZpolE HTh Wbk PMV ol&AE0] A olgxtE
o vlaj dulo] wele] ] & 5] °‘°rtl L A
712 Jep & 5 vk Aule] F3E FANES W] AFHA
o} PMV &t Afo]e] foats k1] 9l3] REAllE &
ol g FR) AR ¢ RS AAlsGE, olddll= ol
o] EEAe} FEREAE B Ak Alele] BAHI Aﬂ
£ HolA] oodrt. thE /39 AUES AHA Jeelxe] b
Y} F7F RESR ¢ AL AABIR] £S89 Table 30le
A %L%Ti o] g9} BEEE AAS} PMV F
ok Abolel] vlwst ¢ A AE AASAC

ol FFo w2 28 T HWIES] AolE AT
A AAAS PMV AEE FESA 2 A SHAE )
o= ZrxAlolF ully) ofnk Anle] 287y B IR

Mooz N

il

Table 4. #test result for fitness and pain intensity of currently wearing helmets comparing helmet types
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% ke AgE e Z et
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B A7k PMV He 2o
7o ARIRAA S ol b Bsk
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on] AARE AS)G T RE RSloNE A Heke] 2

gEo] ¥ = v,
AR FFEel v =9k

=35 ool o] Helole] 2}
1o} velsh 92 Felelde 2

Vehicle types Helmet types Mean+SD Mean difference t
Road cycle helmet 3.66+:0.91 N
Fitness All vehicle types 0.50 2.589
Urban helmet 3.16+1.02
Road cycle helmet 1.95+1.02 N
Pain intensity All vehicle types -0.55 -2.151
Urban helmet 2.50+1.31

p=.05
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=Bicycle ZPMV

0,
10.9% 5 797 8%

3.8%yy O THTI% §

3.8% g%

Top Forehead Back Side Chinstrap  No painful
of head of head of head part parts
(Temple)

Fig. 9. Painful parts of the head.
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32.1. 9 54

) 72 F4Y, T 9 B+t FTRSE

FGI 7P=& AdA Ade] 59 o] PMV HHH
o AL o]fE A 53 &l FE FEOIY FL
o)X= 7S dFIIeH 12t 553] EFlA S0km
ool AA7 FAE k= 797t ol 72 F3 ARl o
PMV et} o] 71 48 HRIt 3i5ith PMV FholA
9 50km WREe] ©AE] F8¢] H|Fo] 7} w2 Ao

27t 30kmE BA ¥l 7A-97F BT old H2 YA
| & FUg A2 gsuEe o8l
opgt k= d8He THEQIA, o Aol Fulvt A s Wl

o] Aulg HwslA st

Tl A FGI F7HEES AARE 30kmh o3
o] &g AL FAskE Zlo] e e B
E7t obd Hu&woMe AR 50kmhE Hol7ke 4
7} ol dulle] kAT the F8=7F PMVETE Hojzl
th & = QITh AAR 7718 Edo] ofd FEE F3Y
she AA A71ME 120kmh o)de] 27t 715E S
% 917] wjEo]th(Clarke, 2016; Kenny, 2016). PMVS] 7-9-j]
= AlF 7@ vt AEF3E F2 She self-balancing two
wheeler} electric unicycle A&} Hlw&] 7&F3]0] 7153
electric kick scooter A|ZF .7 o]-8x}F0] Lo} Qo] HAF
FAPIME 20-25kmhE F2 FPsk= e} 30kmh o
< Fske= o] U] yehd Zle® Bl

AlaEE PMVE] HUlFgAE] B HuEEg Slsk] ¢
3 ‘www.danawa.com’o| A 2017'd 4¥€ 25d A electric
kick scooter, electric unicycle, self-balancing two wheeler2]
370 PMV AlFoll thate] el 1~10900) sigsie AlE
o Hrarel 2 Ausee 2T 1 43 AdEy
A9} HAEE BF electric kick scooter”} 7HE =& 7S
HAomw I tSO=Z electric unicycle, self-balancing two
wheeler®] £olAth. gk AlFo] FAVL F7HETE 59
Aot Hi&wrt solvke Aol vehsth Fig 1291
PMV FA e HhjFa AT ko] AAE AASIHLH Fig. 13
e PMV A9 HuLwste] AAE A ST

(2) 7F¢ Bol olgdke olFFd 73 H == 7%

Al SEuEtelr] AA FERJIEC] AMEShe AFHA &
P& gl 2uAbolZoly 20004 THMRE Alekg 2}
AAMTBYF 717 ol ARSHRAANT. ©1F- 20000t] F1F 4
7 Qurdor A52Ql AAREYo] dFEHA B2
AtelF Fefoll Aehet =R o] 2APFJLL, e T3
3o 2EAPlE AR 48] T EthLee &
Kim, 2015).

A 7P Bol ARE-El= PMV #3891 electric kick scooter
= 7& 2R AHAAE B Algoleb Zntg o]
7bsste] WEA ol &S FHE & AN Electric
unicycle 7 WAIE o8} 47t B2 FPSE, FHYES

5= AIZHEAT B Qs electric kick scooterell B Hb

¢

=Bicycle 7 PMV

46.0% 434&66’0%

% —

N

AN\

26.8

4.0% 6-6% 0% 6.0% 5 8% %
O Le% = 03%.0% ==08% 23%38% 17%o% =0.8%
Head Face Neck Shoulder and Chestand Back and Hip and Arm and
(except face) Clavicle Abdomen Waist Pelvis Hand

Fig. 10. Incidence rate of injuries by body parts.
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=Bicycle 7% PMV
79.6%
7
/ 9% o 6.9%  37% 6.9%  3-3% 7.4%
Z . s =
Experienced Experienced Self-treatment Outpatient Inpatient
no head inhury head inhury with emergency treatment treatment
when wearing a helmet  but needed no tretment medicine in hospital in hospital
Fig. 11. Degree of Head injuries while wearing a helmet.
60 * 65
"
55 Electric E \ 60 °
unicycle ! “‘ Electric /
€ 50 ? AN 55 kick scooter -/
= noato N 7 !
e i = /
;,, 45 ’:";/.’ ! \ F 50 /
g 8 by = ok b @
;) 40 5 L E \ ] 45 Llejctuc /
= i ey » 3 unicycle /
E 35 o ,.' Electric S 40 ,"“".""l
< il ! kick scooter g ! !
g 30 i $ - 2 35 4 i
3 /N I 1 g :
E A el % / 4
% 25 B , S 30 s i
= i LA .~ Self-balancing /,/ poSa
20 47 L two wheeler 25 o——po | S
o e
15 ":-’, 20 ‘/ . @
5 - x _—
10 = 15 o & —--="7 Self-balancing
L two wheeler

8 10 12 14 16 18 20 22 24
Device weight (kg)

Fig. 12. Relationship between maximal driving range and device weight.

A7 o IWAME e o 2 o] dtt. Self-balancing
two wheelerd] 739l 2719 33 segway?} 2ol A&
400mm °o’3e] thE EfolojE A= AFS TA BA o,
165mm(6.5%1 X)) A E°] E}olofE Al&dte= 4% AFH
267mm(10.51%]) A52] BlololE AMgdle F9 AFel F7
£ o|&th

7 ol ol&shs B2 FioMe 22k o3 FEel
A ZA o] PMV HEETE oF 250 EE SHES B
A=l FGI 27 IRFE2 1 1S Eloloe] =7] zlolo) 3=
Aoz Hoktt, REARIZE A9 666~733mme] A5S 7]
= 700C 749 Ele]ojE ARt wHH PMVE] Efoloje] X
52 electric kick scootero|4] 152~254mm, electric unicycle®ll
2] 318~457mm, self-balancing two wheelerol|A] 165~406mm=.
2ZAAAS] Elolo] AFHETE At} o]2]gk PMVE] 22w}
FAA7= EFQ J3lA 28 5 AdE 93t e 98
< =ol7] WiEel FSAER slofgm 22M o] FE F3)
< 7 REEH, FHAE ool ¥ =2 /439 dus
AzsHA wHETh AAIR 7Y QFdAdo]l & RERoIEE ¥
gl [

o

o]

o] 252 AR TERT PMV o] 953] o] E9kth

8 10 12 14 16 18 20 22 24
Device weight (kg)

Fig. 13. Relationship between maximal speed and device weight.
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Table 5. Weight, number of ventilation holes, number of helmet sizes, head girth cover range, belonging area of helmet brand and provision rate of

Asian/Koran fit of road cycle helmet and urban helmet

Mean
Helmet Weigh Number of Size Belonging area of Provision rate of Asian fit or
eight umber o
es helmet brand (% Korean fit (%
typ (© ventilation holes Number of Cover range (%) (%)
helmet sizes (Max girth-min girth, mm)
Asia: 80
R 1 250. 232 14 .
oad cycle 50.5 3 53.0 N. America: 20 70
Asia: 20
Urban 378.3 11.7 22 95.0 N. America: 40 10
Europe: 40

T A Hrh PMV o] 83} Felle 58700 H24 wjEe] &
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ZEAPolF Ayl ofdt Aule] e 1~1090) s
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& HF 25050 FAC 23209 BT 2 71K bl

)

;

ofdt vl Hat 3783g2] FAIS 11L.71¢] 717 & 7F
Aoz Yeht 2ealo|EE dujlo] ofgl dulin HgHoz
33.8% O 7FH9™ B717 = 249 o) o wdith #ule
AN E Zpol7F WS =] BEAL]EE AUl AN
107] AFE 25 3F9Fol PC(Polycarbonate)s AME-31510u)
ojul &wle pCe}l ABS(Acrylonitrile Butadiene Styrene)ZS At
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Table 6. ANOVA and scheffe test result for the length-breadth cephalic index of Korean males in the age of 20~59 by the servey periods of Size Korea

Age Cephalic index by survey periods ANOVA
group Sth Size Korea (2004) 6th Size Korea (2010) 7th Size Korea (2015) F p Post-hoc
2182 2471 2050 .
20~59 5 o - 31.573 .000 a<b
Mean 86.870 86.686 85.8477
T p<.001

PPN SHF FAEAFE B TR F AT 2o
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Table 7. ANOVA and scheffe test result for the length-breadth cephalic index of Korean males by the age groups

) ) Cephalic index by age groups ANOVA
Survey period of Size Korea
20~29 30~39 40~49 50~59 F p Post-hoc
680 711 409 382 o
5th (2004) . . a . 5.333 .001 -
Mean 86.474° 87.241° 87.243 86.485°
n 843 891 435 302 .
6th (2010) . b b b 36.027 .000 a<b
Mean 85.438 87.299 87.241 87.563
n 868 652 310 220 -
7th (2015) ) b ! . 35.038 .000 a<b<c
Mean 84.812" 86.087 87.062° 87.515°

T p<.001
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Table 8. Typical postures while riding on PMVs

With handle

Without handle

. With knee control bar
Self-balancing two wheeler

Without knee control bar

Self-balancing two wheeler

Electric unicycle Self-balancing two wheeler

<
Ninebot E+ Segway miniPRO Airwheel Q1 Hoverboard
(Roller Center, n.d.) (Segway Minipro, n.d.) (Airwheel, n.d.) (F-wheel, 2016)
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Hel &332 A= gk AolH, PMV o]§AakEo] 472 o
S A PMVE FUE A2 tFasS ol gslort she 3%
= WEH 79 A2 ol Aule AesAl sk Zd3E 7t
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