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Abstract

In Korea, older pedestrian accounted for 57% of all pedestrian deaths although a ratio of older
pedestrian accidents to total pedestrian accidents was only 25.9%. Though ageing population problem
becomes more challenging for road safety, little is know about the behaviour of older pedestrian's
behaviour. This study aimed to identify road crossing behaviour of older pedestrian at three-lane
unsignalized crosswalks using video image analysis and to compare the behaviour of older pedestrian to
younger one by indicators including approaching speed, the number of walking steps and other factors.
The results showed that there was a difference of approaching time at kerb, waiting time at kerb, the
number of glances at kerb, and the number of glances at crossing between two groups under the situation
of car approaching to crosswalks. It also showed that older pedestrian usually spent 1.16 times more
than younger pedestrian to walk across the crosswalk with only 84.4% of walking speed of younger
pedestrian. The number of steps of older pedestrian for road crossing was 1.12 times higher with 90%
shorter steps than younger pedestrian. It was concluded that older pedestrian usually decided to walk
across in case of 1.67 times longer headway than younger pedestrian's decision. These results could be
applied in road and facility design for better safety of older pedestrians.

Keywords: crossing behavior, elderly pedestrians, elderly walking behavior, non-signalized
crosswalk, pedestrian accidents
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Table 1. Pedestrian-related accident investigations in Korea (unit: number)
Elderly
. . Elderly .
All types of Pedestrian Elderly related Elderly driver edestrian crossing
accidents related accident accident related accident . . pedestrian
related accident .
related accident
The total 215,354 49,130 30,283 17,549 12,734 7,198
number of
accidents
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Table 2. Observation and analysis data (continued)

= 1st observation measurement 2nd analysis data unit
Pedestrian Types and number of one’s gaze at the kerb = types numeric
Existence of approaching vehicle = existence
Types and number of one’s gaze at crossing = types numeric

Other = =
Time between a time on approach to

- kerb and a time at the kerb msec

- Stopping time msec
The size of steps cm

= Crossing time msec

= Walking speed m/s

= Time gap mesec
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Figure 4. Crossing task concepts
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38.4% 61.6% 100%
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Table 4. Aggregated vehicle data (unit: number)
. . First lane Second lane

ey Dieetion Bus Passenger car Truck sub total Bus  Passenger car Truck sub total ot
8/6 NB 6 725 50 781 6 465 41 512 1293
SB 5 259 25 289 3 810 65 878 1167
8/8 NB 7 780 72 859 8 1060 68 1136 1995
SB 6 631 35 672 12 1220 109 1341 2013

Table 204 <] g SAdAH F=8 74]%”i + Table 59F 2T}, ¥ x}e} vl 2}po] Tbn = 3 A 7F

(approaching time at kerb)& Z+7} 1.31%$} 1.45%2 2 Holal, 3R %= th 7] A 7 (waiting time at kerb)-S 2}2}

o

37129} 3.74%2 BT 2Fe] A f-5-2 Aglo] ﬁﬂz}ur Hl 3 zpe] FAIH QL F-214 zpo] 7} glo] A}
3k WS Ho)ar YAt 3 Aol A 2] A]A=(The number of one’s gaze at the kerb) & 3¢t 52 A|A<F

1_._’__
(The number of one’s gaze at crossing) = B L& AFe} a1# =] B A& 2}o] 7} §lATh.

Table 5. Aggregated crossing pattern data about elderly and non-elderly

Categories Elderly Non—elderly 0Average
Approaching time at kerb(sec) 1.31 1.45 1.40
Waiting time at kerb(sec) 3.71 3.74 3.73
The number of one’s gaze at the kerb 1.24 1.48 1.38
The number of one’s gaze at crossing 1.09 0.93 0.99

2. oz 540 et 7ol 24

[N =

g 2e} B AL A} ] SA A ol A Zfol7h WA Sk A BE AdAS] AT B Table 63 2t}

AA, S H = A T crossing time at crosswalk) 2] 73-¢- a1 AFe} BT A7} 247F 10,7729} 9.25%5 B
olar lom A= v x| oF 116800 B AL H T &4, B .8<5=(The number of steps)—t‘ A7} H) 1 E
2t vlste] oF 1.12807} a1, B2 (length of steps)i= AL A7} ¥ & 2o B]EF] 90%2] ot AlA|, Kl
% (Crossing speed)?] 74 118z} B 18 2}+= 0.93 m/s¢} 1.09 m/sS Kol 18 =}7} H]jl%?q-«] 84.4%°)
=& BT

Table 6. Result of paired t-test about walking parameter between elderly and non-elderly

Elderly Non—elderly

Catizzenics Average (sd) Average (sd) EEVEIS
Crossing time at crosswalk (sec) 10.77(4.3) 9.25(3.39) 0.001
The number of steps 20.22(5.5) 17.96(3.39) 0.000
Length of stpes (cm) 47.2(9) 52(9) 0.005
Crossing speed (m/s) 0.93(0.33) 1.09 (0.35) 0.001

A%e meiApol vl asAe] Femn i gejol Ule B A frol g B4 ol slo] How U] Aeke] £A1% 7
9 S B2 30 Bolel 2l wngAS V5A 1S QA 2 A P G
e o714 AR L} v e Ao} e Ae] ehH Aol b ML H1 4 ISITh. Table 73}
Figure 5o 3 & 85%e] 1) YR LA WA 131 iP%‘EO] EABA e 73] o

AZEE A
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B} 11%0)4 =2}, B3

Table 7. Difference of elderly compared to non-elderly as an existence of approaching vehicle

Categories Nonexistence of approaching vehicle Existence of approaching vehicle Average
The number of cases 125 172
Approaching time at kerb 114.7% 64.2% 90.0%
Waiting time at kerb 109.3% 95.0% 100.1%
Crossing time at crosswalk 122.5% 111.8% 117.9%
The number of steps 110.0% 113.8% 112.9%
Crossing speed 85.8% 87.8% 86.0%
Length of steps 93.0% 88.5% 90.0%

-« =g+ gtnon-existence of approaching vehicle (%) —e— at existence of approaching vehicle (%)

Averzge (%)
130.0%
120.0% + 8.
..., =
UO0% e, o’ — &
100.0%
0.0% . L@
JUA T gt
S -
80.0%
0.0%
o ¥
60.0%
Approaching tme Waiting tmea Crossngtimeat  no.of steps Crossing speed  length of stpes
atkerb kerb croswalk

Figure 5. Difference of elderly compared to non-elderly as an existence of approaching vehicle

Table 87} Table 9= Table 7] TAIX S o= HIARF fel whe 7 @5 1 Aol S Heh]aL glvk AH
Aro] gl A9 A QoA P 1A A9 H A WS, 2 e A7 1w 4,
YU 10 0] Lolol ) BAXOE {18 o] S nglt WAl Qi AP of 4741 ] W
A o ezl Zho 7t s Ao E=EE QL vk HIxbEo] s A9 Bl xbe] Sun = A to] s Ak
o SAA O Z fofstAl AA A8 5= AR LERR
Table 8. Result of paired t-test in nonexistence of approaching vehicle

. Elderly Non—elderly _ _
Categories Mean(sd) Mean(sd) T—value P—value

The number of cases 59 66 - -

Approaching time at kerb 1.67 1.46 0.519 0.605
(2.47) (1.85)

Waiting time at kerb 3.76 3.42 0.188 0.851
(9.99) (9.77)

Crossing time at crosswalksx 11.24 9.50 2.244 0.027
(5.34) (2.79)

The number of steps* 20.53 18.71 1.789 0.077
(6.83) (3.95)

Crossing speedxxx 0.86 1.04 —3.078 0.003
(0.34) (0.30)

Length of steps# 47.16 50.65 —1.950 0.053
(9.99) (10.01)

shaded #*p<0.1, **p<0.05, **xp<0.001
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Table 9. Result of paired t-test in approaching vehicle existence

. Elderly Non—elderly
Categories Mean(sd) Mean(sd) T—value P—value

The number of cases 55 117 - -

Approaching time at kerb#x 0.94 1.45 —-2.071 0.040
(1.07) (2.19)

Waiting time at kerb 3.66 3.91 -0.201 0.841
(7.90) (8.20)

Crossing time at crosswalks 10.28 9.11 2.190 0.030
(3.03) (3.69)

The number of steps##* 19.89 17.53 4.256 0.000
(3.60) (2.90)

Crossing speeds*x* 0.97 1.10 —2.060 0.042
(0.37) (0.39)

Length of stepsw##x 47.32 53.35 —4.018 0.000
(9.23) (9.03)

shaded #p<0.1, #**p<0.05, **xp<0.001

7} ks 123} 5ol TR Aol Table 105} Table 113} 74}, medape] 4% Hoaieo] 9 44 It
HE ARl O g 02 e o, U E 22 2107 S E Qo) vh vl s A= A AkEe] 9l
=W W& BEoR Joketes Ao YERow, o]of] whi} B = FhAsks A0 ® AL AT
Table 10. Result of paired t-test of elderly

Nonexistence of Existence of
Categories approaching vehicle approaching vehicle T—value P—value
Mean(sd) Mean(sd)
The number of cases 59 55 - -
Approaching time at kerbs#x 1.67 0.94 2.072 0.041
(2.47) (1.07)
Waiting time at kerb 3.76 3.66 0.059 0.953
(9.99) (7.90)
Crossing time at crosswalk 11.24 10.28 1.190 0.237
(5.34) (3.03)
The number of steps 20.53 19.89 0.626 0.533
(6.83) (3.60)
Crossing speed#* 0.86 0.97 —-1.697 0.093
(0.34) (0.37)
Length of steps 47.16 47.32 —0.094 0.926
(9.99) (9.23)
shaded #*p<0.1, #**p<0.05, ***p<0.001
Table 11. Result of paired t-test of non-elderly
Nonexistence of Existence of
Categories approaching vehicle approaching vehicle T—value P—value
Mean(sd) Mean(sd)
The number of cases 66 117 - -
Approaching time at kerb 1.46 1.45 0.038 0.910
(1.85) (2.19)
Waiting time at kerb 3.42 3.91 -0.350 0.727
(9.77) (8.20)
Crossing time at crosswalk 9.50 9.11 0.792 0.429
(2.79) (3.69)
The number of steps#*x 18.71 17.53 2.127 0.036
(3.95) (2.90)
Crossing speed 1.04 1.10 =1L 173 0.243
(0.30) (0.39)
Length of steps* 50.65 53.35 —-1.811 0.073
(10.01) (9.03)

shaded #p<0.1, #**p<0.05, **xp<(0.001
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Table 12. Average time gap of elderly and non-elderly

. Elderly Non—elderly Average
et (sec) (sec) (sec)
Waiting time at kerb 0Osec—10sec 25.7 11.9 15.1
10sec—20sec 16.9 13.0 13.9
20sec—30sec 13.7 23.3 16.1
30sec—40sec 30.6 18.9 25.4
40sec—50sec 34.2 15.8 24.7
50sec—60sec 28.8 15.9 19.7
Average (sec) 25.3 15.1 19.2
< B0 Elderly @ ° & .
- Young B ]
o L ]
g 0 B
o [ ]
g 40 wm e L L * o=
i © .
ﬁ 3‘3. (7 = =". ....... .
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Figure 6. Relationship of average vehicle time gap and pedestrian’s waiting time
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