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ABSTRACT
Pedestrian deaths account for a high percentage of deaths in traffic accidents in Korea, raising

interest in pedestrian safety policy. However, since the walk signal time is applied based on the length
of the crosswalk without considering the walker and the signal cycle, the walk waiting time is relatively
longer than the crosswalk, causing pedestrian jaywalking. In this study, due to an unreasonable signal
time plan during a road crossing where a signal is installed, the pedestrian’s walk signal was given
twice a cycle of crossings, and the operational and safety effects of the signal system were quantitatively
and qualitatively analyzed, and the operational effects of the signal interval and jaywalking rate were

Received 28 March 2020 assessed by different signal intervals. The results showed that jaywalking and waiting time decreased,

Revised 24 April 2020 and the shorter the interval between the application of the walk signal time, the less jaywalking is

CEER B 1T 2000 analyzed. However, there is a risk of vehicle conflict due to pedestrian exposure, and measures for

© 2020, The Korea Institute of expanding safety for operation were proposed.
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Example of pedestrian twice crossing

Concept of pedestrian twice crossing phase a1 a2 a3 o4 | Oyde
[before] [after] ’ . L. i —
||| =

Traffic signal Traffic signal IRAR] e v 180s

)
Pedestrian ] pedestrian waiting | pedestrian Traffic signal a6 e 28

Before - s s

After - 24s 24s

<Fig. 1> Concept of Pedestrian Twice Crossing
2. M3 A5 nE

Kim et al 002 BalA 7298 47 YA BAo) B ATA EAol ¢ L naUwe] p3t
ATE 43 STk AT A, <Table 1>3 Lo RAXTo] JURES Y03 o Junaz 71 B
Hengsl ol Fobdel e WAl B A0E Yok
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<Table 1> Pedestrian Crossing Time according to Pedestrian Number and Crossway Width

Widthxlength Pedesirian 10 persons 20 persons 30 persons 40 persons
4mx15m 16.97 sec. 16.83 sec. 21.01 sec. 21.34 sec.
6mx15m 14.26 sec. 16.31 sec. 19.63 sec. 23.92 sec.
8mx15m 13.49 sec. 15.91 sec. 17.08 sec. 19.35 sec.
10mx15m 14.75 sec. 15.35 sec. 17.08 sec. 19.35 sec.
12mx15m 14.12 sec. 15.78 sec. 16.65 sec. 17.84 sec.

Shin et al. (2000 BT 5 THAS IFOE PAE HEo| JURT 94 Itk RYPET &S T
uFAk kS FTRFHS 9% Ha SAARE ARG Al BAd A v BEEE AAEIATE AT A,
B2} AR PLTE [5th-Percentile £5 ZHS A-E8k] FE 2 2(ZY 10m ©)5h EE I A 0.88 mys,
F8 4 2(E Y 10720 m) 2 G A 095 mfs, FE 62 oPHF Y 20m 23 £ I A 103 mjsE
e T

Kim(2009)& H3z} AlE WAZ B JTRTE o] g3 of o= B3ty BRYALE FA 3171 ¢
3 T2 9 FEEAA FRIES ARt BASHE Al EC] BiTE AT AHE AAEIL Qi

Kim et al.(2007)& B3PS 714 R Al 3= Fohatho|gly 74381911, King et al.(2009)S
Bzks 73 ol ARalolAl HelstAY 7Itd 87t fle XolA E2E AUYa Ao s AFo=z
3l Fekytho] WAty FAE T

Lin(1985)& 2 A& Al -3 3] & (right turn on red, RTOR)S & &3}#] &= i]'i‘ﬂ]/“] 3 d ARE
A28 A, BEAAZE A2 HIAF] B9 10%, 34 2AFe] A9 20% At st HE
242l 40%7F -3 2] A HAAAE AL 20~50% HEolH, RTORS 383l 49 AAEE
sk u DAz o] By 2T} 1S ALY 235 Ao SAAEL RTORO| A2 E7158
F7L ATk AR o] BA ke AL AAE PAEFHE W9 2 HoF UrEP*E}

Yoon(2006)2 -3 H2AEF AX A & g 45 9 £5 HstE vlus|E A3 duk wapR o

fd
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A% AT AdE FEAED, IllM e EA AL G 5l BaiRte] Hel S i &+F 4
of FAE AL RPN SAZE, STt e 5 933 At BaYAe] it A5 FHsAH. oA
g BT 157] 28] oS AE3 FAAR] 42 #E53 AAoln. oM EPAE 157] 23]
Fol ¢ Z3E dAsta 1 A&S g Wk e AL a0 ofd tid A7t Ak 28
7b dvta dgtEn =3 A5 eYS BEtte g ARAE AboldlA BPAE 157 23] Fof A8 3L
Aol thet =o] 7k Hal = vl ol gk ax o] . agh A4 o]tk(Chae, 2020).
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1. CHAIR] & FARAIZH M5

1) CHAR] MT

B AFE A5 AXE Fo] F2 RER JUREE HAsHa Bails 157] 23] Fof 9 H8314
of W& BYPr|AZL AFEHARE, BaAtel 3 AAge] e I T % S A HnFgoEn B
AT 1577] 23] Fodo] &4 9 ol st Hrketith B A9 BAUAAE A7E SA D
A A WAoot | wARE FHEINE ) TR R 2540] WAlSE WAREA FEE &
2EZ 9 HAZANZ R Fo8 s FHor AsFr|7t A, 9 gl Fdo] B FH flo] nEF
4 BeFo] g watRoltt. g wAtEE 11 AsFr)dl Hs) AdAe 7t Fe FEEE EFsL 9lo]
Zhe Bopgcie] w2 Ala $3o] FUE I JE AAoltt wEkA B 157] 23] R E3E HIL8t
Z1e] sttty AGAT walE 25 9 ASAAIY A¥-2 <Fig. 2>9F ZTHChae, 2020).

]-011

Note: the unit of the numbem on the tablels seconds.

<Fig. 2> Site Photograph and Signal Timing Plan of Intersection
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BN AIE, A Az, Bagatet ¢35 dAxkFe] 4F 9 Fadegd g As42 20199 10
2~11¥ B AAEAT B3 BA S fJste] BT 157] 237 G A & FY HFA oA
(07:00~09:00), £.5(18:00~20:00), X H] 3 F(12:00~14:00)0 FALS AAISHA T

2. MSH|0E Hlo|A 7= ¥ HlolE &

ASH0[E Ho]A =

B ATolxE B3NS 157] 23] Fo g A8 wE Hawo] 9 $Fante] #4E& 93) <Fig. 3>
o] FAE wolE o] ~DB)E Ao, AT W E4d AFEE Eol7] S8 AssH HAE
<Fig. 4>¢} Zo] A3}t <Fig. 3>04] Case 12 AA| AHSH I Qe AISAIES 2Jv]3}hH, Case 2, Case 32
HYPA5 157] 23] FAE A A3 ou|gith o] o Case 29} Case 39 Aol FTRE H HPA S 3
B7HA 9] Aol sttt FAE, Case 25 WA Aol L3514, Case 3& 1 Fol] 283k

1)

Phase 21 29 23 a4 25 o6 Trafﬁcvolume

Before l—- j”: ~{ .—3-: ::
Signal

Time . . ' - _Lb .

wor 1 T A =2 =

Signal | 34@) | 68(4) : 20(4) @ 28(4) @ 13

Peak | G0 - 2% - 2 13

32 13

32 13

. 28(4) 13

32 13

32 13

32 13

| 28(4) 13

32 13

32 13

32 13

* Comparative analysis of differences between walking signal intervals

Note: the unit of the numbers is seconds.

<Fig. 3> Database Scenario <Fig. 4> Direction for Data Collection
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BYPANT 1F7] 23] 5] AL AT AFA 24(07:00~09:00), 23(18:00~20:00), L H]ZH F(12:00~14:00)]
TIH wFE, AT FHAL E AT, RPuFEF 2 AT FEIUITE FETHE B
3 Ao 158 42 AT =AY 158 BT $3H AEFS <Table 2>9} 2t}

<Table 2> Average Right Turn Volumes

Casel Case2 Case3
Types (vehicles/15 min.) (vehicles/15 min.) (vehicles/15 min.)
1 6 9 12 1 6 9 12 1 6 9 12
Peak time (am) 48 210 265 512 57 194 298 499 64 217 314 510
Off time 226 160 467 544 247 177 560 541 266 181 587 571
Peak time (pm) 292 166 533 453 278 183 474 497 329 176 538 528

Note : directions(1 ,6, 9, 12) are indicated on <Fig. 4>

BT 157] 23] Fojof 9314 AFe] FHARL o] F&FE =AM S8 3 A FAATS
"’Q’S‘Pcﬂﬂr oA71M, 3 A TR 3 Y A 75% AMoA RERZ JAEE FH7E 9 AZE
2 ARt =3, A5 Aoe d9EE R T Jdste RPAR AT 3 AFe] AR S

= OPTA—’FE HA steH, F 158 7% AT FAAEH FS 3 <Table 3>3 2

<Table 3> Average Vehicle Passage Times and Conflicts

Casel Case2 Case3
A B C D A B C D A B C D

Types

Passage time
Peak time | (seconds/15min.)

(am) Conflicts
(times/15min.)

9 13 15 9 10 10 16 12 9 12 16 12

Passage time
(seconds/15min.)

Conflicts
(times/15min.)

10 13 14 9 11 14 17 11 10 13 17 12
Off time

Passage time
Peak time | (seconds/15min.)
(pm) Conflicts
(times/15min.)
Note : directions(A, B, C, D) are indicated on <Fig. 4>

11 13 14 10 11 14 16 11 10 13 17 12

7 8 10 11 8 10 11 13 7 9 10 13

177] 281%0] A g 1A0] hE BYA AR SEH] stel WPE Yoo WAL 47, A
Helo] £aele] YURES AYSHE QY YT B )AL Ve BIL S 24 U
o, PUYD Badge] 3 gr)AZ Agels TFeA 2tk BF 5% V1F BAA o o) Age
<Table 4>} ZT}.

BT 157] 23] Fojo] g Bz FAITE-S vasty] 9t 7 SIeE A F
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<Table 4> Average Pedestrian Volumes and Waiting Times

Casel Case2 Case3
A B C D A B C D A B C D

Type

Pedestrian volumes
. 13 17 23 18 13 18 23 16 14 16 24 16
Peak time (people/15min.)

(am) Waiting times 108 | 116 | 108 | 114 | 71 | 70 | 71 | 73 | 69 | 75 | 76 | 66
(times/15min.)
Pedestrian volumes |5 | 15 | ;3 | | | 12 |15 |17 |12 | 1| 15| 13
) (people/15min.)
Off time — :
Waiting times 114 | 107 | 103 | 107 | 67 | 81 | 77 | 76 | 82 | 68 | 77 | 78
(times/15min.)

Pedestrian volumes
. 18 15 22 19 18 12 22 18 16 12 21 15
Peak time (people/15min.)

(pm) Waiting times
(times/15min.)
Note : directions(A, B, C, D) are indicated on <Fig. 4>

114 | 107 | 103 | 107 67 81 71 76 82 68 Tl 78

STe] W9 <Fig. 4>l 4] 29l uhs} o] HEHY A, B JRLEOA AZ0.2 25mA), HE
B C DOl A% 55 25mAAE A H9Z ARtk FUAT BaRe) F1Ee BaEAAre] of
W AN Jeshe RaAR Aosan 218 BF 158 7)E PEIE A5E <Table 5>9 2o,

>

<Table 5> Average Jaywalkings

Casel Case2 Case3
Type (times/15min.) (times/15min.) (times/15min.)
A B C D A B C D A B C D
Peak time (am) 3 4 8 6 2 2 8 5 2 2 4 3
Off time 5 6 6 6 2 2 4 5 4 4 4 3
Peak time (pm) 9 8 8 7 3 2 5 4 5 4 3 2

Note : directions(A, B, C, D) are indicated on <Fig. 4>

vS|
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<Table 6>94 K¢l ule} o] 2L A A
F)E B oF 43%E JERRon, A8 F RS 157] 28] FojA A
°F 19% Zrastdch AveledE EAsE A3 BPA TR H8314 & FAl 483 Case 2(A-B), Case
3(C-D)Q T3S hat 747 27%, 20% 2 = JERE oz B ase 2= <Fig. 3>
ol AAZ vhel o] Sak(east bound) HE Ao FTR oA BAEI} 182 HAOE 2 AA L
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<Table 6> Jaywalking Rates

Sections A-B C-D Average Remarks
Casel 45% 40% 43% -

Case2 18% (-27%) 30% (-10%) 24% (-19%) A-B (short interval)
Case3 29% (-16%) 20% (-20%) 25% (-18%) C-D (short interval)

2) HSC7|A|Z} Big}

<Table 75014 B9l L9} o] Hg A A4 FPRTo] T3 RATZ|ALS oF 9522 Yegor], B
AT 157] 23] Fof Al AEHA Ayl Ol P 7N THE H oF 302 Fashe ZOZ YEeRgTh

<Table 7> Pedestrian Waiting Times

Sections A-B C-D Average Remarks
Casel 98s 92s 95s

Case2 63s (-35s) 65s (-27s) 64s (-31s) A-B (short interval)
Case3 64s (-34s) 67s (-25s) 65.5s (-29.5s) C-D (short interval)

%ﬂﬁk‘ﬁﬁ} A O‘QE A2 A, PN 7HE-& FA 3 Case 2(A-B), Case 3(C-D)9] 4%
o] 247} 39%, 60% = HMRHH O 2 A5l on, ¢34 wEH ¥ Hi o] We C-D A FHEol &
Al

A02 et

flo o

<Table 8> Conflict Rates

A-B CD Average Remarks
Casel 32% 40% 36%
Case2 39% (+7%) 54% (+14%) 47% (+11%) A-B(Short interval)
Case3 29% (+7%) 60% (+20%) 45% (+9%) C-D(Short interval)

<Table 9>0| 4] X2l
Al ALA FBFel A AFFHALL o 2x FUHS)
A= & He= Yehyt 4

[©)
E3pAZke] 9L FAA o

<Table 9> Vehicle Passage Times

A-B CD Average Remarks
Casel 22s 23s 22.5s
Case2 23s (+1s) 26s (+3s) 24.5s (+2s) A-B(short interval)
Case3 22s (-) 28s (+5s) 25s (+2s) C-D(short interval)
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<Table 10> Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
Before installation 4263 27 .14510 02793
After installation 2426 27 08574 .01650

Paired

<Table 11> Paired Samples Test

Paired Differences

Std. Std. Error | Interval of the Difference(95%) t df Sl.g'
Mean . (2-tailed)
Deviation Mean Lower Upper

Evaluation

1 132 02542 1314 2 22 2 ,
(before & after) 8370 3209 025 3145 3596 7.227 6 000

22 PrRTSYY =20 197, MI32(2020E 62)
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<Table 12> Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.
Based on Mean 1.752 5 157 126
Based on Median 1.428 5 157 217
Based on Median and with adjusted df 1.428 5 123286 219
Based on trimmed mean 1.646 5 157 151
<Table 13> Test of Homogeneity of Variances

Sum of Squares df Mean Square F Sig.
Between Groups 1.572 5 314 12.060 .000

Within Groups 4.092 157 026

Total 5.664 162

2kl FA4 AL A <Table 1259} 2o] 4285 (sig) 0.1262 Fro5F 5% stollA 2+ s =
o] Zths ARTPIL AWsA HE2 2 Hekse] Babe] ok 3 9om, <Table 13>9] AHA
NAT FOIBHE 00002 F95F 00580 FOBE FI5F 5% Sl A ARIPES 712k Bk
P15 1577] 23] Fojo] mE JAzte Aol= dv AR YEsth teps BgLls 1577] 23] 7
Ao e FUItgs o)yt ot A2 Yt 7 A4 Auel el oud jolo A F]2lEhs
£ AES ] 9Jal 3714<l duncan 48 AN ZF AT} <Table 14>9} o] A-g A7 AL o 3t xol=
F 0058t FEAE A0 UEhtth A A(Case ) FHITEL FAH Aol7} gl slow
on, A8 & ﬂiﬂa o] & Case 2(A-B), Case 3(C-D)S} A1 E7H20] 71 Case 2(C-D), Case 3(A-B)2] &
=8 0530l ] TR A UERT) nlebq FOgtge RANFARE ol 1147
—] oZ

Z
#dol glow, F-o 7& l FErs TGS o 9T MAE AR YEyh

r-{m O

N
—

22 N oM
(el

<Table 14> Duncana Analysis

Jaywalking rate N Subset for alpha = 0.05
1 2 3
Case2 A-B 27 .1848
Case3 C-D 27 1967
Case3 A-B 27 2911
Case2 CD 27 2993
Casel C-D 27 4000
Casel A-B 27 4532
Sig. 787 .853 226
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1) ZAF T2

YT 157] 28] Hol A BYPAT BE] fE BYHe 27 B Ty ad B2 AL
A%, BAHo2 Fads Ao Ygu glon, b d ZdA s 28 Hod ne Aae)
4% 471 271817 Qlo] Aeol] me maAe] el tE neto] Wasith Hei YBREES o &

st Hazte] gk Wy, WS, ol thel <Table 15>9} o] &< A8

<Table 15> Survey Summary

Survey Step Content
Method Interpersonal interview
Classification Convenience, safety, Satisfaction
Form Settings Five-point measure
Sampling Random sampling
Preparing Field survey
Analysis & Result Recording and Analysis & Aggregation

A
ok ARg %% <Table 16>J+ 7‘2111, ?—175 BEF A T OJP Xl%jmﬂ ABI A5 95
A 5% ol A BE 4 o] A A THMOLIT, 2020).

<Table 16> Detailed Survey List

Classification Detailed survey list
Basic information gender, age, residence, purpose, number time
Convenience waiting time, Pedestrian green time, Environment, Crosswalk Width
Safety of law, accident risk, Pedestrian safety awareness
Satisfaction Overall satisfaction with utilization and improvement

f
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>
}01,
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A%, HEE 7;31}7‘3 <Fig. 5>9} 2
A

AR whe

B A 2 et ol AT P BE BaTel Aues B

A4 % QA BRI MR BEEE AWAOZ 4eu slok, 1 Sl vlslstul b A9
B fa 3 SR SYAY se%oldel $HA Aoz SUBAL HANE 157] 28] Folol th Ak
4 BEEE 10%014 443H 208 Uehith 23 o714z 3 naRe) B BEws B U
B glou), W w% 9 WHES BAR A% naAe] Angy BEws} WA et e v o
A4S FT Ad 5 gt ekl UF A7 ASH0R Ba o BeA,
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* Answer of experienced person

Covenience Safety Satisfaction Recognition
Before
| - - 1 - after
=N W 5 = B0
[ | |
s & 3 2 1 5 4 3 2 1 54 3 2 5§ 4 3 2
Convenience O Safety mm Satisfaction O Covenience O
Delay time m| Obey the law | Improvement O Safety |
Green time 1 Improvement O Satisfaction
Space | Protection |
Crosswalk width O

<Fig. 5> Result of Survey
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5| 50] g F PUAT daE AL A7k Gk AOE UEEom, RAAT Azt o] FLS
= Poge

AT el GE HAEel 3 2 7

BP0 Fadt A0 UHn Itk A SwolA naas 23 Fojo] e Austel 4

F7h 37Veha Qo) A gl e RaRe] HEE 9 kYol ta nske] WasT, Wy YHuEE
3ol

o
R 2 M o

g3h Ao UE 444 2AE AAF A% Held, BEE] tslAE BT 157] 29
ZE7h %8 Ao BAFOoL, i SHolA 37 Aol tld Axsldel ¥ ehge

webd RAAE 157] 28] ol RaelA Held D RIS A WAL dasE 2o U
Ui glou, @A) Seueks RTORe] Wiata glo] $54 Aol tiet waa Alngidel waabe o
A wEEo] g 4Rl BE Srhgetl A AN $3A Aol e £, Wit AT AFH o) %
oAk & Aol

B ATE RAUS 157] 28 Polo] £ ENE WL Zo] Fo BAo|th AW, o Yok B
AolAE B & Ao mARo] sl A gste] 1 ANE £E ) otk weh e L WAE 7
A3 gleh AA, @ Ao TARNN YT AHE XD BE o] tiste] RYAS 157] 28] Hoi7}
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9 slzo] h) A% ow AT PEsk naA HT BELA] HUP /2L Y 4 A1F Sy
5 2o} niAuto A2 9y <RlAol 5ol AL aA ofdle] RETH W) 43 /Y S A
ol Yo g o or Wur 2 7HR Ut Heh B ATH AN BB 157] 28] 2
Heke ojdlo] B3 Tolo] Ao yMonA AgdiE A% BEETT BRE. dtad, 227
gol AFE WEALH /HES YRE A4 A% 5 =2slere WS 2 2 o] R
& AXFT AT ol P 2A tdt P B ATOIA AdeT Y RANE 157] 28] Falst 2
e AEed Z9e U AFVTW AR EH} AL ACR BUHT WA, FFolE old @ %
% = 25Aed /Y 487 Besle 2ad g £9A igke] §3 Ubol @ ATE FrlHoR
9% 9es} Jrkn BekwEn
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