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A Survey on Riding Characteristics and Helmet Wearing Conditions of
Bicycle and PMV (Personal Mobility Vehicle) Riders

In Hwa Kiml), Kueng Mi Choim, and Jung Il Jun?

])Dept. of Fashion Design, The University of Suwon;, Hwaseong, Korea
2)Dept‘ of Fashion Design, Dong Seoul University; Seongnam, Korea

Abstract : The purpose of this study is to investigate the differences in riding characteristics and helmet wearing con-
ditions between bicycle and PMYV 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.
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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 ZPMV

=Bicycle 7ZPMV

¢

13.2% /
948%/ 8.8%
/) % 5.9% .
49%% % = Sox =% 4;{1-9%
E 4 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 3-4days 7days
o Fig. 2. Weekly riding distance.
Fig. 1. Weekly riding days.
=Bicycle 7% PMV
45.1% PMVOlME 30km/h ol FHIME 24.1%2] SHER S5
A7E FAEJT Fig. 39lle SEAES] B FAEEE A
1% ABESAT.
7 () 7 Bol olgeke ol5aw 44 W ER A3
poss 5% 5.9% % A oA 7 Bel o] &she ol fEe 2=
=7 = AbolZroad cycle)] APl T2 AREALH AMTB),
10km/h or more  15km/h ormore  20km/h ormore  25km/h ormore  30km/h or more
-Under 15km/h —Underzokm‘;h -Underzgkm/h -Under;okm/h ° ’ 16N20(21;q 37]—’] H]"ﬂ% A]’%‘O]"—‘ /\63 Z]J\(j_74-’] '?’__:O]Oiq'
Fig. 3. Average riding speed. PMV Feolld 71 Bo] AMgsle olerd F82 =liolA

AsZlR=glal B2]E electric kick scooter‘ﬁ_oﬁﬂ %_E A
FOFHE £3h= electric unicycle®] =)0t} Fig. 49}

Atk Fig 191 SHAES 9 FPLS AN LT Fig, Fig. 59 7P o] olgsl= 247 §83 PMV §3<
2e FF FAALUE AT A BT
@ BE FYS= AR olgAEe] 7P Bol olgahe B2 £Ee 7ol
Ae] B FYsweie St SPES S £ A ARAERen AR Bo) ol§ske KB f3e
7} F7¥std 25km/h ©]’d~30km/h PIRE 1A 45.1%E 7} AE2te} o] FaEfor sl 22 ool F(public road)3A
4 e SHES Holtt 7P WE 30km/h o4 TN ok PMV o]8AF50] 71 o) ol8ste =R f92 Azt

o 9%l SHBE SHA 471 AT gasEth v pRPIE e AXE AAEEGOL SHES 31.5%

70.4%

DA N

24.1%
/,
2.8% 6.9% Z
= = i 268 / 3.7% 1.9%
/A 77774 ecve
Mountain Mini Commuter Cyclocross
/Urban Electric Electric Electric  Self balancing

kick scooter  unicycle wheelman two wheeler

Fig. 4. Most common types of bicycle. Fig. 5. Most common types of PMV.
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= Bicycle 4~ PMV
27.8%
V/ 13.0% % 11.1%
3.9% / =/, V i % 1.99
= 0.0% 1.0% 7 2.0% 1.9%
— =% ° % "%, "
Bicycle raod Bicycle raod Public road Public road Sidewalk Unpaved road
on the 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. r-test result for helmet wearing rate

Vehicle type Helmet wearing rate (%) ;

Mean+tSD Mean difference
Bicycle 92.94+20.8 n
29.9 4.893
PMV 63.0+42.4
" p<.001

= AAA Fasl AW FEOITh PMV 84 Tl
PMV o] FAE SIEE /b Bl ol§3hs SHE 111%
o sl AHA ol8AE) Ms) WES BTk Fig el S
AEo] b3 Bol Agshe B2 432 AT

3.1.3. A 282

(1) 24 285

Al ZEE-2 AAA FdellA] e 92.9%, PMV FHetoA
Bt 63.0%= ¢+ AR A AHA FJre] il FAEEo]
PMV el vl8) folakA o Ttk A dAule 2Rgst
the S 27 Aol A 80.4%, PMV FHEolA 40.7%2
AA o] oF 28] o EShth Table 20 Al 2489
t A% A3 AN

(2) 7F¢ ol Akgsl= 9l 73

AAA HellA b Bol A<l Al {3 571
7t 7P BaL FAZE 718 2EAL0)EE dull(road cycle

helmet)© 2 A7 SHAR] 95.1%S AA519eH the 3
o] dule A9 o]&3A &L Ut PMV A 71
ol ARE-F<l dule ofdl dul(urban helmet)O 2 -3-HA}F]
51.9%5 R et, o] dule 2uAlelF Ay BB HEe
AR 5719 47 B AHA FAVE O FAL 54 Ut
2tk Fig. 79l $EAFEC] 7P Bol 28521 A9 /3
AN BT
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AZA olgAtel PMV 0|82} BEFAA Auls 2H8-514]
oA REs doE Y B2 SHE
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o} wEel] Sfutolut FFo] Arhe} ATk Alo]=r} FEa}
th FEAME AFHARTE PMV o]&Ate] $HEo] o F )
2, dujlo] UIAYZ Igk EA7F PMV ARSALAIA ] FA
el A8 88 4= Jlth Fig 8olle $EAEe] dnl
H2hg- A0S AAISHA T

@ e BN, SSEARS 2 B =

ool NS 53 =R HUREIE u AHA o8t
S B Age 371708 4. & g spislen PMV
olgA =2 H e 330802 3. HEo|tho) st
= Ao Haake 031010 e r A4 A3 BAZeE H
ogk zfolE BT ] SEFEHEE 548 =R WUt

=Bicycle ~PMV

7.4%
2.0%

—_— T

7.4%

0.0% V%

0.0% 0.0% 1.0% 0.0%

Road cycle helmet Urban helmet MTB helmet

with chin protector

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

MTB helmet
without chin protector

Half helmet
for motorcycle

Aero helmet
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=Bicycle #PMV

16.9%

6.8%

9.2% % 11.1%

= / v, Eﬂ’ o 2. 44’ % 2.9% 4.2% ﬂ 2.5%
=EZz = Ew / = =un
Ruin Uncomfortable 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
distance
or low speed

Fig. 8. Causes for not wearing helmet.

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 2513
. 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
SIS W AA ol8AES] Wit Hre 1885w 2. of t747ai Asisiedl, 2 23 2849 Fordd=E BT

27 gkl 7Pom PMV ol8A1Ee Bt A4E 2508
o= 9. oA grksh 3. mEoltye] kel PRSIt T
gue] Bk 062dolRen 1 44 A% FAMeE fel
3 Ao]g BTk meb PMV o]§AHE0] A ol §AHE
of ula] Wle] welel § 2 94 growl $ES Gl =
A ek & 5 Atk WYl KL BANS wel A
St PMV HH Alele] felatg Helsh] 98] 2EAlE @
Bl S RO Sl ¢ 4 AAlskgEd, oluels A
o Belsl ERRUAE BE AW Aole] AL fol2
= o)
!

nolx) okt fale] Adse A Aglel )

AL 7t st ¢ S AAISHA] RSt Table 3=
A 259 Wule] weAls EEHES At PMV A
o Aloldl vk ¢ AA AFE AASHAT

Al 830 w2 2he7l EZgulo] o) AZsy
8 AAALt PMV AT TEER] ke A SHX
o7 ZrAlolF duly} ot Anle] g7y FoHWHEE

il
=
ox N

Ay 7Y Aele] BAH FIR} Ueht 2EAolZ @
ol o $46 808 ol B3e o] A8 ol Y5
9lek. Table 40l= BA) HEF WYle] HeA UG
%2 Ay 490 w wma 44 A%E AN

WO AT FHRURII U SHORE FFol @
WHE 7t b Sel AAAS PMV e mRolA
7V WekoLt B0l WARhE ASelilE e Zu 2elvh
Vg Ee SUES N ot ABF WEo] H9 U
H7k Fob g ZHeM BES FUSL Yee HelFth
Fig. 9= o] F5uAR9IE Asech

(5) 3 W A

QA I P AEBAE A PMY FE B
A B} &, ThIsh et e AR o] 71 Bk
o8] APAFE A e 2E R A el
48] B ¥l Vehdisd), 53 opist 9ol ¥
A el O S el 92 Lee A

=

Table 4. #test result for fitness and pain intensity of currently wearing helmets comparing helmet types

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

p=.05
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=Bicycle ZPMV

10.9%

7.8%
5.7% 7% 5.7%
3.8%% ] 3.8% oo
7 :
7=% =y =Y =.
Top Forehead Back Chinstrap  No painful
of head of head part parts

Fig. 9. Painful parts of the head.

Fig. 1001 214 ¥
A

] ! A
AL XNBE e AT 147%A L, PMV Feke
A7 TAAEE v 97 93%31t). Fig. 11oe ddS
2hg-sk Adelollx] mE] o Al 3] HEE AASIATE

3.2. A 15 9lE{H(Focus Group Interview) Zn}

D) 2 FIY, FIA 9 H FPEE

FGI 7HAS& AFA Hde] 53 o] PMV HPH
o A2 olfE AHA F353] Dol FE FHOIY FUe
olfoiA = S AFslden 1est 553 A 50km
ool AAR FAE sk B9t Bol 3 73 Adle o
PMV Fetrch o] 71 4L BRAtha stk PMV FdelA
T 50km W] ©AE] FEYo] H|Fo] 7P w2 HRloR
= HElE] &3 #AE dFsId=t AE PMveE FulFaA
27} 30kmE 94 Rahe A97F Bk old g FA
£ PMV °]8AlE°] PMVE FUIg A2 diTaES o84
ok sl %S e, o oL Foivt Al Ao

ol duls HEstA AT

Fa&ol] el FGI 72 2ARdAZEE 30kmh o1d
o] HHEEE P Ak Aol JETAL sy Bt
£r7t ofd Hu&oe AR 50kmhE Hol7ks 7
$7F wol o] Qbdsel gt T8 %7t PMVETE "ozl
il & = Stk AR 718 Edo] opd FEE
shs AA A716M % 120kmh oo ot 715E S
= 7] ufjo|th(Clarke, 2016; Kenny, 2016). PMVE] 7390l
= AFE 7R wEt ALFYPE T2 Sk self-balancing two
wheeler} electric unicycle A&} Blwa] FI&Fgo] 7153
electric kick scooter A E-0. & o] 8x5F0] L o] Qlo] HE
FAPIME 20-25kmhE T2 Fsk= JT) 30kmh ol
< Fsk= Hdo] vrlo] vehd Zlo® Eelrt

AltEE PMVE HUFgAE] B HuEEE ERlsk] 9
3 ‘www.danawa.com’o| A 20173 4% 259 A electric
kick scooter, electric unicycle, self-balancing two wheeler2]
371 PMV Algol tiste] e 1~10919 slEstes AF
o] AYFYAY F HAEEE AR 2 A3 FHF3)
Ag)o}t HAEE EF electric kick scooter”} 7FE =& 7
BYom I tZ S =F electric unicycle, self-balancing two
wheeler®] =o]3lt}. 3 A F] FA7F S7HrS Al
Aelet HuEErt solvke AFol Ushdth Fig. 120=
PMV FAI9 HoiFa Az ete] #AE AAEHI L™ Fig. 13
ol PMV FAI9} Hu&wele] AAS A &)

Q) 7P 8ol olgdke ol e 79 B =2 #3

A ugllr AAA FIRIEC] ARESRE ARA &
Fe URE ZEAIFOY 2000 SRR At =}
AAMTBYF 7178 Bol AREHAATE. o5 20009t 4t 4
7 FHAg o R A=52Q] AHAERYo] GFEHA 2=
AtelF Fedoll Aget =R2eAo] 2AEJAL, PR F5
Blof|A BEAP]E AREAPE §43] F7FHl HATHLee &
Kim, 2015).

AA 7S Bol AREEE PMV 39 electric kick scooter
€ & AP E AAAE B Abgelzi ZniE Fo]
7bsste] wEA ol&AFS FAY & AUUTh Electric
unicycle 7 WAZ 0|82 F7F B FPoE, FAPEES

ols)= H AIZFEAF B8R} electric kick scooterel] H]El v}

=Bicycle 7 PMV

8.9%

6.6%, o, 6.0%
% e% =" o3mom —08% 23%s8% 17%0y% E=08%
=. = = = = =
Head Face Neck Shoulder and Chestand Back and Hip and
(except face) Clavicle Abdomen Waist Pelvis Hand

Fig. 10. Incidence rate of injuries by body parts.

Arm and
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=Bicycle 7% PMV

14.7%

1% o om 6.9%  37% 6.9%  9:3% 7.4%
. % 3 ; .
" ——— 7777 = 7///A == i
Experienced Experienced Self-treatment QOutpatient 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 L] 65
55 Electric |\ 60 : . o
unicycle | Electric v
€ 50 ° P ‘\ 55 kick scooter I,‘
S Aoa A 2 /
Ty ¥ \ ’
) 45 i E \ E 50 Fi
< A ! \ = > : /
<40 Frossk : \ S 45 Electric /
%o ik ey 2 unicycle
2 35 —ou | Electric 240 St me
b i ol kicl / i
i H ick scooter E ! !
§ %0 £ AN e 235 i
ks A R e % l
% I N = S 30 Al
s il-"“: /’_/" Self-balancing i e |
20 ,”i',’ L] two wheeler 25 0---1/-\ H S
o ]
15 = 20 ,,)‘ . L
/ e . b
10 i 15 oo .~% =777 Self-balancing
» two wheeler

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

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

A7t ¢ IR Boe o 2R Fol ). Self-balancing
two wheeler?] 73-9-oll= 2710 Y3 segways}t 7] A&
400mm ©]’ge] UiE ElojojE e AEL A BR oH,
165mm(6.5912]) A &2 ElolojE Abgste 2F AlFH
267mm(10.5%1%]) A 52| ElololE AMe3h= 58 AFol 7
£ °o|&h

71 Bol ol83le B2 FEdAMT 22M olite] Fx
A AAA Hee] PMV JTETh oF 250 2 SHES B
A=t FGI 72 1 481S Eleloje] 7] Alojdf| Q=
AoR w9kt REARIZE A 666~733mme] A5-E& 7HA]
= 700C 749 ElelolE ARg-ske BFH PMVE] Efojoe] X
22 electric kick scooterollX] 152~254mm, electric unicycle?l]
] 318~457mm, self-balancing two wheelerlA] 165~406mm=
2F3AAA ] olo] AFHTE 2t o2 PMVE] 22w}
A7 SLHQ d8lA 88 5 FlE g3 Ao 93
=o)7] W2l HSAER stodw 23 o] FE 9
AYA T, FHA Aol B 2 £33 s
S3HA WHETE AAIR 7P Aol =2 EEAIEE &

1tho

vle] F8Ee ARk PMV Hgo] 958 o B34

ol

rx o dlo

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 S. 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 . Size Belonging area of Provision rate of Asian fit or
types Weight Number of Number of Cover range helmet brand (%) Korean fit (%)
(2 ventilation holes ) - rang
helmet sizes (Max girth-min girth, mm)
Asia: 80
Road cycle  250.5 232 1.4 53.0 N. America: 20 70

Asia: 20

Urban 378.3 11.7 22 95.0 N. America: 40 10
Europe: 40
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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 5th Size Korea (2004) 6th Size Korea (2010) 7th Size Korea (2015) F p Post-hoc
2182 2471 2050 s
20~59 5 5 - 31.573 .000 a<b
Mean 86.870 86.686 85.8477
T p<.001
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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
630 711 409 382 .
5th (2004) a a a a 5.333 .001 -
Mean 86.474 87.241 87.243 86.485
n 843 891 435 302 s
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) R 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

<J
Ninebot E+ Segway miniPRO Airwheel QI Hoverboard
(Roller Center, n.d.) (Segway Minipro, n.d.) (Airwheel, n.d.) (F-wheel, 2016)
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