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Abstract

In the past five years, 31 children have been died and 2,581 children injured in School Zone.
As aresult of frequent accidents in School Zone, there is growing concern about safety measure
for the Transportation Vulnerable. In order to prevent accidents occurring in School Zone, the
government and the private agencies are seeking various safety measures. Most of safety
measures are installing and operating the traffic safety facilities, and the main purpose of the
operation is to reduce vehicle speeds. Currently, safety sings, driver feedback sign, speed
bumps and speed cameras are in operation to reduce vehicle speeds. Interventions, except for
expensive speed cameras and speed bumps, were found to be ineffective compared with the
cost. Therefore, alternative interventions need to be considered in terms of cost, long-term
effects and visibility. This study verified the effect of Gateway (Gateway in-street sign) on
vehicle speeds and drivers’ compliance with speed limit. The experiment was conducted in a
school zone in Dongjak-gu, Seoul. A total of 3,378 vehicle speeds were measured. The results
demonstrated that the Gateway was effective in reducing vehicle speeds and increasing speed
limit compliance. Based on these results, it will be possible to find ways to consider human
factors in the operation and design of traffic safety facilities in the future.
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ZR0f: Gateway (THEFUITIEA), PR, o]do| BT 7, A& E, WEIIALE
A&

o F EUETS FHOE T 300m ol AR H L2 =2

Ho] wEehdof gt =7F 2 =74 ¥
A UL}, offlo| Ko~ o] 27 9 yhefof thet 52 1995 A3 2|4 = %loH, 20039 FE ofdo
WEHA i) detom PRIF Frsto] AAJshE Atolnt. SEjutete] offol B o2 20199 7[E L
16,7897147F A A Elo] 2 =11 Q1th(Korean National Police Agency, 2019) oj&1o]H g7 o] &4 22
go] = Fotof PRt Fot ¥7hS StH 5] Qo wEPIAAE B L2 REE-S H2|5to] offo] w-FALLL
oA26hi= Zo]tH(Korea Consumer Agency, 2017). o]2]gt 24 ZA o 6l X 5AZE ojglo| B o+
of| A o] AtalE 317 9] ofdHol7} Abgatal, 2,581% 9] ofdol7t B A th(Korean National Police Agency,
2019). E3h, f-2yete] ofglo] WAL A A= AIA o] HIoHH @A|6] &2 prolth Ao R,
ojgo] QI 109+ B B3 F APk a7 7 @oket. A, ojAgtdde] ofof S-gjuteh= Al B4l 0.54
Ho=2 OECD 3= B 0.23%¢f| vl <F 2.34) @ofth(Korean Road Traffic Authority, 2019).

F| L 3zt of "ol Ko U ARt g AR oA R 7ke] A 9IEt §- 3 A AARE A HH, AA| Al
A4 1,394710| 4 Bzt B35 o7 2j9to] 40.89% (5707) 2 71 & HlE-2 2R3 AL, QP-4 o F Eoljo]
22.67% (3167), A5 40] 17.29% 241 7A) 2 Ith2-2 22|t Bz} H G ol o] Y& =2 WEH 2730
o)A sl FH oA JA] AA|5te] HaPAe] ek WallohAL 99lE T4 Fal Er/dol A HaPAE Hosjof
St 8o & FAE 0] Qlrh o A1717] AoiA] A E HaArt EAISHE el AdsHA e 4 A
of st O FE o|BY 5 = AAXALE 4 SEE Tk ZAolth

ApFo] FREL O A& AR A3t £ 71 1% F7F W ARLE2 7.7% S 7 ok A o= UEh Y, 114 5
Y zpeFo] A& Y AFFHETE AFILE0] =S Z 0 2 IHHTHQuimby et al., 1999). ETSC (European Transport
Safety Council, 1995)&= 5& Al =7 20km/hY 735 10%2] AFE gHE0] lou S7f opd & e
7HAgA g SRRl H skt 2] £ 7t mobAH AR SRS 2lu e 4 Qle AlZte] Ffot
A8z 42, 84 5o MY F R ojojd 4 Qlow, AR A ShE E 3 SR EY Ao A &
L of| PE= SAZ 0] HE9f Aol vlg|sh] wizel =7t FoHd s AT S7Iske] AL A Al 11 A
HE7t S 7oA Hnk TRk Ahg S HaRto] S 7S AR At 30km/holl B3R 54 2E 15.4%,
50km/hell 72.7%, 60km/ho] 92.6% % & X7} =old 42 Baxto] AT 9 AP &-50] 27 76k A0 2 U
ERtH(Korean Transportation Safety Authority, 2018). Rosen et al.(2011)-2 SE& Lol T2 P2 AFYE H
Stof] et AFAH]E 1L O 23 FEEE Al 60kmeollAl= BaAt AFg-E©C] oF 20% =2 2 e,
A& 50kmoll A= oF 10% <=0 & gzt AP 715 do] AutpEo & 7ok 2.0 2 et o]} o], X
Hr= 5o & 9 HH=tH(Organisation for Economic Co—operation and Development, 2006). o] g5
A AAA & 50 & Q19 HPtet 2 2te] wlolE F|4-2let] 9ol 201697 E EAF k2 7] E55% 50km/h,
Ho+9 30km/h2 55 ARlohz P& 5030" S Aot ¢l
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o|2{gt FA T} tEo] ofdo|H o FHoA WEALE AHst] ol BF D A AA = TRt wE e A E
g o] BEEa A2 9 285kl Stk Jeu 2 A S BEE0] £ faof nAe 9 24t a2
q‘ﬁ*ahﬁi”q A& FE5E0] Aol dybao)7] gighy A ARl aavt vehtbe 749 W FITHLee et

l., 2012). T3}k Korea Consumer Agency(2017)2] oj@lo| B 5 71e] Ae 2Afo] w2 ™ ofgo| B g1 ofl = 1
= /\Vq% 2 HE&Eo] 85T Qlgolk ot 38.7%2] 232k o0 44 SEE flEtelr Qe Ao R
H A mebA 215A 0 & WEd AdE 9 FEE0 adS A St et A e REE-S i

2 AIQtehE vgo] Hadt Ao w weHEn

H ol mAL qao]ijq-oﬂoﬂ/ﬂ AR FYPLELE HAA7]7] Q3 Hiero 2 Gateway (THEFHHAE
)& AlQrstal, GatewayZt HEEE 40 TR S5 Ao v|A= BaHd-& FEske Zolth
MAATHE

Gl 2] AR O] AR B 2P HAL et A &

T AL EA 7 8 B ARALS] Aot A HRlo] Y] iR el wE A E e A B 299 FRAE

TR Hghaolnh thEAQ] WEMHAE 2 SRR, HBA], A 2 e WS E VAT
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WFHHA] 4%% =G A2 A vl A= 6oh’ﬂ uret A2 Alojet Ad A A= F2E = A A

A Ao (forced control % A7 BEL AU AAEEE o] B0 2 sl A &4, HHis 52

ToE A& 4 e A4l ok HEAI 9 4E 5.5010}7 oIt} olo] Sele WEOAAMER L Tha

HAY, HA %E}l:ll:-_(speed table; raised pedestrian crossing), 15T 2t Fo] Qlok. §FH, 1902 Ao
(empowered control)+= QFHEZ], 7S Z 7] (Driver Feedback Sign, DFS; Speed Monitoring Display, SMD),
22 59 S Zo] FARS] o7 of IH A o = FFe vA AFHES FEote YA olnt. ofHolE
SFAoflA Z]E FFEHL e AEES] AE AR A}, dHbA o & ZA|1A Alofel s st A dHA o
Y2 Aot gaAlo] gl

Lee et al.(2012)2 =1 33744 ojfo] Ko+ =2
PR L7 2 5ol 7P apAQl Ao s A E ]
ajst o, o]glol H o4t PR A|, KAt RA| = F-9ln
Road Traffic Authority(2015)2] W-SSHA A o] &3] of ] 4] 036;}01] st AFet x|gtet Bz Ho
W A £ 54 A, BT E 2 of Ayt QIS o= A Ho
qlS RISt Bt 1 AR 4okl sk o, A Biﬂ R 52 7|dish7 )= oldohe 2%

A= A
ZSAA Aol WA 8] A ho] £ Aol B autA]o]A|uh ofdo|H o W] K= 7k o] 5 A-85h = A4
2o g g AR o] )itk A FA1A Alejof sigshs AldES H19A Alofoll sidsh= AldEE ot thA = H]
8ol B Erh AU E 0] A H]8-2 2009H, A HA] FTE T o] 79 7009, M TS| 2k oF 3,000%F
do] 2 Q Hth AlT7} o3t A E2 2 H 8ol ke E76k T1 87 AIAo|ek= BA7F Lok A A4 Ao
o] gt Hofoll thet A-ax}, AR o] &2 05 AR Hof QLA il YA o & AR H o] Qle ¢ AFF
A5 2ol Y9l vl A v 237t dA 2 olek= Aol A5 e (Park and Kim, 2010). ©]= 712 A
o7} Y1UA Alojot o] AHghS ZA 07 HA|E= Ho] ofy B LM} s e AR A A =
2lujsty] ffsf AA o ® FESthe AR = 5
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E DEWUALZ AAS BASL7] 9)5) A2 Fele] BEAA G| AT Glek. TPaSE
BE7) A0 B 2BEEES AN S 02 FelFo] HhE sh] A AL ROl ofRloln T
9 FPASEES7)9 GFS BT At (] B LBEEr} FA5H Tt 990eHSong and Lee,
2005; Lee, 20065 Lee and Kim, 2008). 184 7FAEE BE7] 0] A7]4 GitE HS AollA Ax] 19 & 25
LPEL = A O, 2AAe] Fol4=F Tt ZhAsh= 4.0 2 YERITHLee and Kim, 2008). Seo et al.(2019)
o] Q7 ATS 7} 60km/he) AR Aol AR 230) oo BB P ol 4 Ak £EE A 918
UG SEATEAY LS WIsleh. B4 Ak, ARG SEAVEA) SEAZ Dk EAEo] Y.
=20] 7zt WEE] et 230] Aol Aol Zarh ek 3 S ANHA 0 2 PRSE, ATSE

919 AYAT AE AT}, olgloH s 7o | WEWAANAE Fol LA, nPA AT Ee} 2L 74
2 &5 Alo] AABE SEAZ 2 Tt Qe Ao .
T4t 91914 L Aof AR Hla) 7 UeRd 22 2 A 2L Fele) REtA AR spasER
7], AR EEEAGHEA So] ACTE|IAR, FPASE EE7] o] AXH| 8-S 10008 AL e 1, fato]
1

3 YT A3k wEHA GgLor] o2 A Ete] vmgFo] ol oix|A] ke,

St oo

gateway+ WS QIR A Zoletr| Bt £ A9 9] QT = AW 2 0F A 2] A o] A& o] s A
Ao ZAE L= S = ARG E oIt vt A3} wgehde] gk avpdo] )1 E o] PN dER &8
=it 0]=+9] Federal Highway Administration (FHWA)2 Gateway S ‘=2 A4 st 234 4, &5 UAt
?l, THEd FxoF T2 HHF 4 wsg-23} 7Ha dFA 7IHate] 2o o & A5ttt

Ye et al.(2011)+= vl= | 2ol 57 2| Hof| Ax]H 7|84 FH S| Gateway”Zt AF&AF S& Atalof o
FEFE A=A BrelAnh 2 d7olde B@ A Hlol= 71 (Empirical Bayes technique)& 0183 AFS 4
TS ARSI o™, EB W Qo= (AADTE 1efskAY 12jskA] 9-2) <= A Wi (naive study methods)<
A-gotiet. okt M EZ 5ol 4% 23 Gateway+ WE o] £ Q1 b2 7|2 2] = AL = et
ok ey o]t Gateway+ w-578-22H0] H2 0 & 2% Zo] ofy 7] wizoll w-Eetd el glojA &t
ol ARto] Q& 4= Uit

Iowa State University(2007)= tH3E Gateway AHIE HESIATH 2 A= vl= lowa 5= 57l nL @A & of| A
77421 9] AHE B EAH-L5HTwo gateway treatments, TF 371 2| oA th2 57k4] 7| Q-2H&H A8, @ E
AI"SLOW”, 7HA&ZERE7], 2HdHAlE, 1Y) 71 B7stalet. A2, b9 B2 Gateway7}
A F4 5 e e E29 7MY EgA o s A Eo] wEehde] Zlofdiths Ae WAH T4 T2
(JAMAR TRAX Plus E+= 245 W-5 Ho|H #ZH)-& AHg-olo] waPdAdE2] A4 A, 42 5 17149 2 37)
Y 1A 0 5 AeF K oF Tl Hlo[HE st a4 S0 R, FE HAE wofsteH 3-5d0] B Q54
T2 dAE 19 e AR ] wiZell, S5 A ®E Foll BFeklT o714 B85 S A He BdEk, BE
H2f, 85 MEL] 4, At £XE Zalohs £ UA dh= F8ote A vlg, A 2 1 S50 2okE e

Makwasha and Turner (2013)= FAHE 1027] A GANA 252 S5 AL 4ol tiet Gateway A 2] A%
of g A= AT wEHE T2 A 10270 A FollA 27, 627] XA FAE A, 52 F
=AFL glo]El+= New Zealand Crash Analysis System (CAS)of|A] 55159921, Gateway 7HY o] S=ALS] H
Lo Ao folotA Y mIA=A] o et 11 Bate| Rt F-ol /o] Alo|Efo] faut EX ol whet ohE
A 452 2R sl AL S AAISAH. A2, Gateway EAIRE A2 A M E F& A7t 26%
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BAE D, o] T AL A= 23% 7rAsH T Gateway E |9 227} FofA| = HEHS oA A 4]
= 5= A7t 35%, ©] T A4S ARt 41% HAE QAT
Lantieri et al.(2015)= Gateway A 2|5 5+ AF1& A4S H7H9ct 15kme] =25 what $12]5h 67]2] 22
ahS 219 9] et Sl 1A 12719] Alo]Eflel 9] a3HE H7Istoitt. £k vzl My H F= FA° tigt
S AT 2L ¢ 25 #A4S Bl Aol Eflel 9] avE Hrlellrh s wAlS ol EEu 3t
tiste] 159 shgo] A E I, Aot E Hofl @A 10-124], 2% 2-54]¢] 15km ==& 5 45t o]
E1§ st A2, Gateway 7N 598 Ao S5 HAAA Y 1 o ALl 4= dRto= 2t
stal, FAET 61.1% HAAEUATh ol#eh Aits WA Hox ZAXYeR E=rt e 7oA
Gateway7 t&72t50] E2E QIAH o2 HEFOIESE Frots TS ob7] el Ao g FAE ok
Gateway 7= w8 A= Bt ol gt T A] Yol A & o] o] H T}, Bennett et al.(2014)-2 7]& W5
A2} v W sto] Gateway 9 419] W HA FA7F 22| FE P 5ol loA B BIARIZ] ZAFSHIT A7
W-57|&AFE0] AMEShE AHAS of-&of AT sl R e RFASHA A = AA=AE mete e Eo|
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3

L b A4 EL gl nret 1 awt4o] 2 208 ekt
o e Bl go] 47 QPR M AL S A Gabo} uln|go, hanssteer whaA e
5 2o Hgo] RERALRL A3 Aol el 202 ehgteh wetA Gatewayls Wl 8- EA 2
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= Ak Qv 2 A= gL O Aol 7P AA Gk vl A= A 2P ST Hatet 4f
&L 54 o Fo A ] a5 EASHTE T3 2 As WeeH ] 8471 =2 ojfo|Ha oA HAlE]
Arh= Hol ApEAolrt, 2 Aol A AFEH Gateway+= vl=9] EF WE A AH| vird ¢l MUTCD (Manual
on Uniform Traffic Control Devices)oll A =2 W X2 F4ol= R1-6 EAE o 2 H3lslo] AdeA
of| g A A2tk (Figure 1).
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1S dejs mA|o] oF 50u]E] A0 R T2 oF Eof| Hjx]E]o] gl3lct
(Figure 2). tlo]8] 32 g 255t JEOo2HE oF 50m Boj7l g2 T2oj|A AP = qict. gloje +3
23N TR = £5 S47]E ol-8oto] o] 2R E 50m T HolXl 2] TR ko 2FsFo] X Yol= 27t Sk
£ S5t sld =2+ 4-5°9] FArzto] Sl We
AE 7102 folg 7t =3 = At(Figure 2). 747
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Figure 2. Experimental setting
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g

2t (Confidence intervals, 95%)& Aot Figure 3¢ AAlsttt. o, 4 &
Lol FFS v Ao = wedsto] 954 A] 12|11 20m oW FH Al FAF Al A
E VAo R B £ W30 F0]9} Gateway =Y o] F HSE A1 HH Gateway F710] 7| 4]
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4 | | |
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Figure 3. Trend of speed
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Table 1. Means and standard deviations of speed

Variable Conditions M (SD) N

Average speed (km/h) Baseline 37.60(6.46) 1,430
Intervention (gateway) 31.97(6.10) 1,948

Total 34.35(6.84) 3,378

ANAA Z A5 Gateway Z719] Ba&E 2pol7t BAZ 0 2 Goju|etr] AZE517] §Jste] 71d-S AA5HAT
AF7H (Ho)2 7144 223} Gateway F71 IF S5 0] ZFo]7F Gtk (y, = py)= A o], i 7Hd(H)- 714
A Gateway 271 TF A5 o] fofm|_t 2po] 7} Qlth(p, = py)= ZAolth 7 éi = Aot Sl FARA T2
2l SPSS 25.0% &-8-513lth. =7t 5 of"o|Ha 1y EX 17HS Sishz Aol mid &2 T Al fmtot
22 Aol ofyw, H8&olgk= 71 ool the3E (—HHo] ofd EHIEE — P (independent variable

t—test) = A AISFATHTable 2). 7HIH A 9] SAIF-S Equation 17+ 2},

XX
t:—~t711+n2*2 (1)
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Table 2. Results of independent sample t-test

t—test for equality of means

95% confidence interval of

Variable . df p—va.lue .Mean St.d. error the difference
(2-tailed)  difference  difference
Lower Upper
Average speed (km/h) 25.81 3,376 .000 5.62 21 5.20 6.05

=22 7|44 233 Gateway 2914 2 1174 H= E4-&0] Bw-& Table 290 AAISAT.

Table 3. Means of regulatory speed compliance rate

Variable Conditions M N
Regulatory speed compliance rate (%) Baseline 13.3% 1,430
Intervention (gateway) 44.8% 1,948
Total 31.5% 3,378
FA7 &) 255 o} o] R TP oA 2B 7 2] FHLE £4-8 Table 30 AXHct. 7144 22
O] Bt F5-8-2 13.3%0]10 1 Gateway ZANA F4 H& 588 44.8%2 7144 Z A3} 31.5% 2po]7} with,
Table 4. x*-test of experimental conditions for regulatory speed compliance rate
Variable x> df phi
Regulatory speed compliance rate (%) 380.1 1 .335
7R, A 27 34 £ F5aol it Aol & SAH o2 HF5H] flsf 7Hd 2 S AT T
AHp2 713 235} Gateway 574 t 47 i,\E Z22g.0] 2po] 7} QI (y, = p,)= AolT, H7HI(HY)-L 7]
A 223 Gateway 27 7F 14 S £25-89] ZFol7} oy, = p,)= Aolth. 7HEE Ao Hdll A%

(chi—square goodness—of—fit test)= A A5t 1, 7HIH A o] FAFS Equation 29t o™ B4 AILS Table 4
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