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Abstract

Due to the aging effect, older people have relatively weaker muscular performance, less range of motion in the joint articulation, and the
lower sense of equilibrium than younger people. These factors attribute to their slow and clumsy ingress/egress motion. In order to analyze
ingress/egress motion strategy of the elderly, healthy thirty 65 or more years old volunteers were recruited. The health condition of the each
volunteer was verified by the medical checkup and also their physical capabilities were quantified by six fitness tests. Through the video
analysis, older driver’s ingress/egress motion strategies were classified and statistically investigated. For a comparison purpose, another
thirty young volunteers also participated in the same test protocol and their ingress/egress motion strategies were also included in the

statistical analysis.
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Table 1, subject demographics

Group N Age lyears) [
male 27 69.5 + 2.9 1659 = 56 68.1 = 9.0
Eiderly
female 3 707 £ 747 148.1 + 4.6 535 * 4.6
male 19 248 + 22 1758 + 4.7 730 £ 85
Young
female 11 251 + 24 1616 £ 44 551 + 9.7
meant8.D., "'p<.001, versus young group
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Table 2, six fitness test items
ifems purpose

30-second chair stand (no. of stands/ 30sec)

Lower body strength

Arm curl (no. of reps/ 30sec)

Upper body strength

Chair sit—and-reach (cm +/-)

Lower body flexibility

Back scratch (em +/-)

Upper body flexibility

Single leg stance with eyes open (sec)

Balance performance

Single leg stance with eyes closed (sec)

Balance performance
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B3, M s AR
Table 3. Fitness test results

Test items Group
Young 292 + 4.2 24.7 + 4.3
30-second chair stand (no. of stands/ 30sec)
Elderly 218 £ 60 243 £ 45
Young 252 £ 44 20.7 £ 4.8
Am curl (no. of reps/ 30sec)
Eiderly 190 + 3.8 17.0 £ 50
Young 75 + 88 30 112
Chair sit—and~reach (cm +/-) -
Elderly -09 t 99 72 t 48
Young 2.7 + 11 32 +70
Back scratch {cm +/-)
Elderly -147 * 11.2 -908 £ 195
Young 417 + 6.9 411 £ 9.0
Single leg stance with eyes open (sec) -
Elderly 102 + 8. 171 + 242
Young 141 = 121 249 * 118
Single leg stance with eyes closed (sec) "
Elderly 33 + 36 52 £ 6.2

meant$.D., "p<.05, “p<.01,”

A. 712 A Y

Table 3943 654 o9 BRI A=L9 200 th2To) thgh
671 712 AE 33 A9E HolFa

A 8 2GA A /M FE RT3 2T vl ws)
of 238 FHo| ojA = A Oiﬂrﬂkkaﬂi 1% Ao Ao
27 A7 vlwsle] 78 58S Addsla BAHCE folg
Aol 2 ViERAA] skt g A 9ab vlae] B9 B8 4o
A B Ate)(E 27 o 3y7hd kol el AR 5 (Arm curl)
&4 Al 71E =771 o] whet 2ol vt Q7] wiEel BAlE e

B 4, S/oke 8 AlZt
Table 4. ingress/ egress performance time

Ingress time (sec) 42 + 07 59 + 1.5

Egress time (sec) 43 + 06 64 = 20

mean*8.D., "p<.001versusyoungdrivers,

8l AlZ10 71 X2 S S22 7HH AralH|S

55. %f%’l—%l' Ho &9 Wl ol

Table 5, partial correlation coefficients, adjusted for gro

"p<.001, versus young group within the same gender

2 I 2ol E AAISHA] &3k

B. 5/317 A7t

Table 49X = 2HFHAES Het $/38 NS BoFa
Aok DHSHAEL 3L S-S HE F3t Al Ht 1.7%,
B Al 2.1 & =7 Ao Jelgon, ofzfgt ol B
o2 fold A o2 Yt 7 AR 302 F<t ofRtel A
doyttl 271(30-second chair stand) B, 5 FH= &77]
(Back scratch) F ok 23 JAHAE Ze AR ‘%E]r%k?.
o, 3P Al7te] A4 302 E1L QfRlllA] dojwth &) Sl4e)
Frolgt FRBAE 2= Ao 2 YERTH(Table 5 % —é)

C.sx% A A% A%

1) A4k 9] A% A =F (overall strategies)

NHFHAAEE $2 Al F N 78S AT A2 30
F8) & vebich 7 A% d ekl oig A g A2 of e o 2o

, between ingress/ egress time and fitness test measures.

30—-second Chair Stand (no. of stands/ 30sec)

-0.460"

-0.333"
Chair sit—and-reach (cm +/-) -0.072 -0.161
Back scratch (cm +/-) —-0.259" -0.128
Single leg stance with eyes open (sec) 0.248 0.241
Single leg stance with eyes closed (sec) 0.221 0.165

"p<.001, "p<.05
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Fig. 1, Sequential snapshots of OF-LS
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a3l 2, shh =9 0| S(OF-BM)off CiEH o< AR
Fig, 2. Sequential snapshots of OF-BM
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a8l 3, stk A™ o S(OF-FM)oll ti &t A< ARRI
Fig. 3. Sequential snapshots of OF-FM
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sl A Aks 53 A v & WA A E o= 3 8t
A 25 A28 A] whx] 7]ojEo(rhe Rol B2 &L
ol EAIZIth Tl & &7+ 37 4] OF-LS, OF-BM 7
3} rh7 A 2 ghd A A dAE FekA Ert Fig. 3olA =
A% Ao EAA ¥ B A5 ARIeR B3 gl
o} e 19 B 13 AAF (3.3%)% B AT A Al
™, & oA = VERA] S5tk
Tk AR AW o]% (Two Feet-Trunk Forward Motion,
F-TF): ¥ A& Fsh= AdAle F o2& Add & A 65
Ak otz o 2 ksl dfa Yol E WA A Ed| 2t Al7itt 2}
2 5 5 U] S A WA Eof QMo R o] FAIA Ab upetel] 9
]"]71“‘1 o] oA A E UEL T & 7&

AL Ha) U)o 79 2744

e R R o

—

e 58 53
& SV, Fig 4014 B AT ekl SYH AN BES A

2l

& Ao 2 o3 Qo 2 A dEke 18 SHA AN =
VEhA] ghoron, thaate] ¢ o 13 o] g SHAK3.3%) 7t
2 A% Azke Ak

Tk A Sk o]% (Two Feet-Trunk Backward Motion,
TE-TB): ¥ A2k F3te A9 7 o & Al &
2peF QHE o 2 g shar ol g WA AlEd Ax Atk 2
2 5 5 o2 & A WA o] QHEOR o] FAIA ﬂ& nleto] 9]
AZI) o] oA A E HEO R 2E 55 IE = 3 T4

a7 4, St oA MY o|S(TF-TF)oll EHEH < ARRI

F|g. 4. Sequential snapshots of TF-TF
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38 5, T AR =2 ol S(TF-TB)o! T 8 945 ARR
Fig. 5. Sequential snapshots of TF-TB

T HolA FHEGA A ol 53 PEEE Akolat 44l
ot Fig. 594 & A% Age] 5449 AR B&e A& alzlo
Z HojFm vk & 199 13 3 SARK3.3%)7 B AL
FHslo] 2ol Hadt o 2T oAl UehdA] et

Table 694 B= R} o] o83t A% HAZE(OF-LS,
OF-BM, OF-FM, TF-TF, TF-TB)9] Z}o]& 18 (654 ©]4% 311
FEAA 200 AN wal FAH R f9g xpoj7} Y=
Ao 2 Ueisk o, oy A4 ol ;& zlo]= gl Zlez
31357 ¢= 3

2) gk 217) A A 9} €= ] 2] Ak
(Hand support strategies during single limb phase)

B 6, S/stA 73 TErAlojof CiEH SRIM Y A}

Table 6. Chi-square independence test

)
2
oﬁﬁ;
o N

DA & A X Ak T 372, F £2 0] &
A B2 XA 3h= HZHBH), 3 £ o] &3l 23 4
A gz HAEHOH), & A A glo] 3 A x| DAl & =33}
12HNO) o2 TRt th 114 (37.9%) 9] 318 -} (=
4%, 13.8%)7} & &< o] &3ted(BH) A 458 A A8
, 147 (48.3%)9] nB2AA (W2T-2 127, 41.4%)7} &
°| 8314 (OH) 2 X2 A|X|3ATh 49 (13.8%)9]
HEAA (N2 139, 44.8%) & £ SAloA & 27| E2ho]
VRG] 29kt 23 SAAEL A A1X] B9 2 Qo= &l
% 7MF Bol AR (48%)dte Ao vEton tof Ty
(44%), 2~E]o18 #(32%) AA| H& = A et £33, 47
o] AR} A B Alo| = BEAEE A AFPY o 152 1
H2AA s G AEE AA BT g 279 A ¢ o] TS
7V Bol AR(75%)atg on, 2 theo. 2 AEo8 8(31.3%)
< Bo] AA 3T QAL = JE AR H]&-2 18.8%, Al EW A}
o|= BEAH AR &L 6.4%2 e on 1 9o 219 oS
A2} B ek AR 8ted m 8 -2 AA AN YeRA] 2904 2]
A Y21& B3t Table 6 oA B 27} 2ol g 2]2] @A o
A9] &g o] 83 ¥ X A] 48(BH, OH, NO)& 1&d) wlg} o}
A2 Uyegov, dE g AgERE gax g Aoz
EpgtTh

ol
-

2 mlﬂl 2
)

b jo M4 e o

to £ ro

3) =0} 2% A& (door closing strategies)
AP TAAELE TN HE (NE2TL 3N F3)e = 25 A

Overall 14.495 0.006
ingress  Hand support during single limb phase” 8.185 0.017
Young drivers .
Group Older drivers Door closing 9.171 0.027
OQverall 2.080 0.556
egress .
Hand support during single limb phase 2.695 0.260
Overall 4.605 0.330
ingress  Hand support during single limb phase 2.098 0.350
Gender Female Door closing 10.224 0.017
Male

Overall 4.360 0.225

egress
Hand support during single limb phase 0.319 0.853
Overall 10.208 0.598
Less than 161.0 cm ingress  Hand support during single limb phase 10.157 0.118

. 161.0— 168.9 cm )

Height 169.0- 176.9 cm Door closing 8.498 0.485
More than 176.9 cm Overall 8.345 0.500

egress
Hand support during single limb phase 15.871 0.014

“One subject of each group choosing two—feet ingress motion strategy was excluded.
“Two subjects of each group choosing two—feet ingress motion strategy were excluded.
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32l 6, shdk Mu SERKOF-HF)oll CHEF A< ARX
Fig. 6, Sequential snapshots of OF-HF

T A Atk 2 As Ak g gk Al ek A2 ol o} ek

AF oS o83 A4AQ o] B (Continuous Door
Closing with Weight Transfer, CDCWT): ¥ A& 2}kl &
37| ol Bol& A F 35 A IE0 2 o) FAA FHa} A7)
= HH A A& o838t Fg 2] AlAS v el 7t A
g nletol] = A AL FAld 2ol & 98] B A A 2ol
t}. 33.3%9 nH LA G Al 2ol E Bt ol B AE
A Aokl on, 29 A5 60% A dAt & Ag deks
At 4714 G- AT Ak 7P =& AT dgHles v
23

A Z: ol E A FEA 0 72 mof 22 (Discrete Door Closing
with Weight Transfer, DDCWT): & A g o] g3} A A=
ol gsdt7] 8 Eol& A F 55 A3 Al e FgA 9
&5 o] fste] & 27] AlFeitt 212y CDCWT = T
HpZ ] 7F A H o 2 5 "ol b uhet o2 SR = 3 o
A Eo] B T iET v velvh A ukee) 9133 4

A E= YA S A T ol & 27 Al Z st g ] EA| Hrk
B AT A 25 SHA AR (20%) VFEFSITE

Zg o]-83 xo] 2L (Door Closing with Arm Pulling,
DCAP): i dek2 o] &ol= A YA 2l g5517] 92l =of

x
2 Sho] ubg Thel vk A whelol 92317 4

a2l 8, Fat SA| SERTF-E)olf CHEt A5 AL
Fig. 8. Sequential snapshots of TF-E

23.3%9] n8-EAA} & A% A Fsiglen, dia oA
o] o} FAFEH B]-8(26.7%) < WEFAT.

27} AAE o] &3 Eo] B2 (Door Closing with Extended
Arm and Torso, DCEAT): ¥ A 2F& o] &3l A d A= A4
graly] 9ol oS o T 2 afe] upd vhel & Ak ule] 9
ANF7)7] AA wE AFRE ZolE 2y] AlAgthe AdA
DCAPS} §AFEY, B WX 11 A4 2 upgo g e £of 2l

A =the il fEn) 23.3%9] a1
BLAAL B A% Mg Ve on, tjxate] -9 13.3%7F
B AT A Ao

olgj3l Lo ¥& He (CDCWT, DDCWT, DCAP,
DCEAT)S AdatE £8-2 654 ol/de] m A3 200 B2
oA Z2 o v ez vehdon, A nheh = g gl 3l
Aoz yehgth ey A3 abol= gl Ao Uehyte
™ o] & Table 6 oA 2331 Sith

D. 312} A A A=k
1) AWHAQ] A A= (overall strategies)
THSANEL S Al F 37 £ A Mk (a2 470
F3) & Vebith 72 A% A 2ol gk ApA g A& ofe oF 2Tt
&bt At 3} (One Foot-Head Forward, OF-HF): & 1 gF&
FHahe A QA SHA Al a9 E) T & WA JTeg o] §A
71 A Zo] Aol BhS P mE A S thh 4B 02 F|H A

A B2 o AN Bol Hro kot RPN wpE telr

a3

, SHet 8 SERHOF-PV)oll T EH i< ALl
equential snapshots of OF-PV

n~
«
~
w

a2l 9, Wy Fab TA| SERHMTF-E)oll CHeh A AR
Fig. 9. Sequential snapshots of MTF-E
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€ Y €t 7 g7t 25 AR @gks of 24
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AR BHS A4 AlH o2 HolFa glv)h thH-E (80%)9) 1
RSl B AT AT i st dxE 9l o)
FE (86.7%) & A% A 3

$ta B 813} (One Foot-Parallel to the Vehicle, OF-PV):
¥ AgE ke A9k dAF Al v (9 E) Tl & WA W
O F o] FAITIHA BAE Thh 9502 {5 BE FOE o]
FAZITh v E el whe g e Al uldE tels
B9 FAE AR 8k A T4 01E& FAshe T XA v
E 7 Aot 7 o/t RRA o] 9oks o B Fwo] 2}
T U5 G BestA A%k Fig. 7oA £ AF Aol &
AN AF BHS A& AR 2 RoF T i) 13 $HA)9
13.3% (272 6.7%) 7k & 715 A< 255l

S BA] 313} (Two Feet-Egress, TF-E): ¥ A2F% 33
AAbE st Al 45 ohel & WA HTo B BAld) o] BAlT|m
2 XA S XA M 22 L o7t} Fig. 8ollA £ AE Aeke]
ERA0 AR 25E A& Ao E BoFm 9t} n¥ A}

_

F{F

A
13713
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H7, S5 7S MEpl ot ey Me iz

Table 7, Frequency of various ingress/egress motion strategies

Motion strategies

AAME GEREA e, & 189 200) 44 - A o] £
AE Ak FHsisith

W 2 B4 31k (Modified Two Feet-Egress, MTF-E): £
AE F ke A 9AE SR Al WP E) thel & WA ez
ol FAIA AR U E L F A EH) U E g A2 d
AL} o EZ AUS AR SPEA] B Dot Fig. 9941
2 A% Aeke] AN 252 IS AR

o2 HoajFm 9} 2 9] 318 @A Akl 14 9] 200) A
AR E AT AFES A

ol2) 3t &4z} A| A¥ M E(OF-HF, OF-PV, TF-E, MTF-E)
o] Aol 2FE, A, AFHE thax] e Ao Veted
°] & Table 694 HojF31 gt

2) &2 A A PAA L] & AR A
(Hand support strategies during single limb phase)

Bak A G AR DA 9] & AR AL SA; A9} whdrt
22 AA 37) (BH, OH, NO) A2 789t} 7.1%2] 1% &
AA7L ¥ & (WET] AL 3.6%)2, 60.7%2] 18 A7} g
& (NETY A5 42.9%)E ol8sto 27 45 AR

OF LS 13 2
OF~BM 15 27
Overall OF—FM 1 0
TF-TF 0 1

TF-TB 1

BH n

Ingress .
Hand support during single limb phose OH 14 12
NO 4 13
CDCWT 10 18
DDCWT 6 0
Door closing

DCAP 7
DCEAT 7 4
OF~HF 24 26
OF PV 4 2

Overall

TF—E 0 1
Egress MTF-E 2 1
BH 2 1
Hand support during single limb phase™ OH 17 12
NO 9 15

‘One subject of each group choosing two—feet ingress motion sirategy was excluded.
“Two subjects of each group choosing two—feet ingress motion strategy were exciuded.
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F4 (21.1%)°] FARE AA v]&& Vet tl 2wt 35 7}
5 AA HlEE Ve 2HEF 2.9 To] ZalY (69.2%)°]
Ao, 1 HE ojo] o] ¢IE W (30.8%), YAlelE AE
(23.1%), =Bl F & (7.7%)2] Bl & o2 Yehdt,

Table 6 oA Hi= A} 2] 812} A 3hk x| x| @A oA 2] &
o] XA 43(BH, OH, NO)& 15o|v} Aol uja} thax) gro
A1l w2kl 7} = A o2 YEbg T

AelM A qFd 5/ebd AT Akl g /38 A9 o

=

¢

247} 1% £ A7k Ao Faa Sshs Betel 5 A

$€ BAEE Fo Bola qr

Hand supportduring
single limb phase
: Both Hands (BH)

Overall ]
- One Foot '3

~Lateral Sliding

Doorclosing
:Discrete Door Closing
with Weight Transfer

7 10, TYSTAFSAAS Mt @A c

Fig. 10, Schematic flow of motion sirategies when older drivers getting into a car

W. J. Choi, S. J. Sha, H. Y. Choi

a5 Aol Y e Aol AR et on, 53 A =8
e 71% AE 7AA} (fitness test) 3 3HAl 285 tH3Ek7] A8
27 g dojykt}t ¢k7] 3145(30-second chair stand), 4| 97
S gusty] 98l 24 @ 5 H=2 £37] A =(Back scratch) 2t
A2 o7 ATAAL sl AR vEith a3t 58
A A B 28 & iwsty] S8l 54 E dolwtt o] A

Overall |
: One Foot |\
Head Forward
(OF—HF)

Hand supportduring
single limb phase
: One hand (OH)

a2 11, DYSTA SRS HEf =AM

Fig. 11, Schematic flow of motion strategies when older drivers getting out of a car
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