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digE ol A ojglo] EAT WA ASE 20149 o F2 S5 Qo™ olol ek
Arjao] AFe Agoleh i 2FEAA ofglo] WEAL RS A3 IAEA 5
MA 8 eg3tn ok AW 1 Esbge viviste] o ITse] FHLA F shiel
VMS7F HlEE AL glek olo] & @ Aol VMS HAA AN f@el FAAE Lol
A 23 A AEHAT APe AE 24 23] 22N AYHUOH F 6676
el Aol £27h S4HY o A7y ABC T4 AAV} AeHslt AT A,
FoOAA §3 BE FYAFEE Zao] Btk FAHOE, A4S HAH
O AFHE WAA} FANHOE AFHE WAARG FYAF 1% D £5 25 &
S0l Zow ehdth B A7 A% NGO Q4ale Teid VMS S8 B A
Aol tial 2AE) & 5 9e Zolk

Aol : 2TE, PAHBEA, AAH WAX, FAE WAA, FRRFEE

ABSTRACT

The number of traffic accidents in Korea has been increasing since 2014. In most school zones,
safety signs are installed to prevent children’s traffic accidents. However, it has been known that
the effects of those signs are not significant. A variable message sign(VMS), one of the
components of Intelligent Transport System(ITS), has emerged as an alternative method. Therefore,
this study examines relative effects of two different VMS messages(Timely vs. Continuous) on
vehicle speed. Experiments were conducted in two school zones. 6,676 vehicles were measured for
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speed limit compliance. A counterbalanced multiple baseline design was adopted. The results
showed that both types of message are effective in reducing the speed of vehicle. Specifically, A
timely message was more effective in slowing down vehicle speed and improving speed limit
compliance than a continuous message. The present study suggested that a VMS with human
factors can be effective.

Key words : School zone, VMS, Timely message, Continuous message, Vehicle speed
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W W FAL AP E 0 27}0}5’— 9/1 Uﬂ 1) F A oJ™o] &= OECD
A2 =th(Korean Road Traffic Authority, 2016). o]H o] &7 o)A A
A A7, nFARLY FoUUNL SHAES] A o F BEoldo] 244% = Z BFS A3
2 Y18} 3 h(Korean National Police Agency, 2016). Korea Consumer Agency(2017)2] oj@lo] B34 Ae2A}
ol A A 799 387%7F 1A SESNCE At HAFT L Bustth w9 wEbd Agek B

w3 LA 74 &5 nES7F wEALLY] Fo Yool Barskal @O H(Pilkington and Kinra, 2005;
WHO, 2004), +37Fe] 114 &5 5RO EE WEA7E IA 748 4 Ythe o] We HTH(Tayler et
al,, 2000). webA, ojdo] Re 79 ] SAAEY 714 &5 59 i ko] Algd Aol

WFALL Aot wFEkA #3kY] NS s T BEek 4 AAA LS e B ¥ LS
EQlsta ok O d3te 2 A58 WFAAIITS: Intelligent Transport System)7} HHS}E 1 T} ITSY T+
Aoz F syl 7PAABFEA(VMS: Variable Message Sign)t= =243, =2 3 Al 25FAE, $EEA]
s 55k WiARE Zoett. VMS7E dE] AHEEE o]+ LEDE ARE-3te] YRk QEHEA o
HIa) ARG, g A S, XA 0] B8 Bul ofle} MEe] A gl RS BAE SHA] ghof thE Wkl
18 Helo] 7] w&o]th(Lee and Cho, 2015).

VMS #d A5 FE 383 WA ol FojHth 1y &
stojete AA AgelA AbEEo] o]E FAIRHH, VMSS| A= A
2016). &, 18 2l tig 0|37} Ao VMS Al &xAe] d5S A0
FH1 VMS AAIE SleiAe 1A a]lel gk ol & Hig e ® A, 1 SHs BT A
A HIHol aTdT

AztFstd HIW F shl 83524 (Applied Behavior Analysis)oll A= 54 359 WA A=
ABC RdZ Musith ABC Rd2 3743 A=(A: Antecedent), ¥-5(B: Behavior)¥ W52 AIHC:
Consequence) o] 452802 dFo| HAYsH FAHT}L A TH(Daniels and Bailey, 2014). &, 5%
A AATE Yes FEsta dFo] BT & O PFoF Qs ARyt v PFol| FFel oA FF
< PRt 8P TEA NN E FHA A5, e Ao g 7H°‘% 3 AEs WsAE o
ARt wEdFoAE LAY AFo FEFE vA7] & B A AF A tig HYRo
W FA, VMS 55 &8ss FHA A5 gk Aol ?J_‘?Pﬁ]o]r/]'.

A AFoldt AT T3 ooy 3 Foll FolA= A4, AolH, A4A FR 5 FHE AF
He ASS €ZE Geller2016)= EHA Q] $4A A59] Ao wol & He A, wAA HstE
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58 T, WA TART AT FHe] HAHimeliness) & ALBATE. 53] o] FaF ofelo]
BETAME EIE B4 ATl Bastth Teht /1 ofdlo] BETY Yol SR FAEA)}
% 205 "o

T w
1o 3737 AFEZ Qs AAA o] 745k (Edquist et al,, 2009), QHHER| 2] A I o] A L
A2 2 YEFFTHGyeongnam development institute 2015; Jang et al., 2010). T4 w543 ol AlF
171] Fele tFEo] FAH R AR AFEe dWrEA] JeHE o] FoH Yt old & A
3] HA Ao THE Fol, AANAPIAH VMSAA 13 FPATF £E04 FHE Yo}

—_
=
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1. 71&249+2%

Huybers et al.2004)= &31A+e] B3zl R F5& S7HA7]7] 918 “Yield here to pedestrians” 34| #37}
ME =2 A A ]%T/} A A, BAH shURte 2 B9} AFate] FEE =Y By oy
AR RPN A SR E= AT F7FAZATE Houten et al.(1987)2] 917+ 60km/h, 65km/h, 70km/h <
T AR 7oA :LXPE H A% FA(‘Begin Slowing Here’)7} A &5 7o 31790 A& gl
Ellis et al.2007)= &X4A-50] FGRE BPAolA Jrse FF5S S7H717] sl E2 o ¢ &£
AHg AR 7 734, ARE AN BE FHolA 2] BA ¢E PFo] FUFeATh o9k 2 A
PATEL HAFATF FHAAEL] kA 4o aRHo R FIFE WA
Ty b EA o] AL s met AgE ¢ Aok Y SHAEL ofde] R TYEs A

ob%
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fu)
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—lO flo

| A 9FE=THLee et al, 2006). ©@o] B
1 Sue BEEA FOE Qs AHol “*Oixl
Q13 Ministry of Public Safety and Security(2016)= }.3J#}2
FGHE oF=E A Ut
o3t 3ol Al VMS7} tigte]l B = QlTth Lee et al.2008)2> Al & 014 3ol VMSS &= ZHa &
I5 ASAh Al 71A 38 (“Speed Limit Reductions Next 3 Miles,”, “Caution: Speed Limit Reduction Strictly
Enforced,” “Speed Limit Reduced High Accident Risk.)2] VMS T A] ]E SLAAANA A3 A VMSE £ 5
£ Zolxd A3 0|t} Lee and Cho(2015)& Al TZoA VMSE 53 “Qbd o3, “A B Fo|79} 2
WEARE AFdhe A5, 1A, 2304 B BREETE Adta, SRSl AR FAE VE

o2 FYshe T w4 A 24 FFol FFHUT Hyun et al.2012)= A AT E4E T VMS
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X,

o Ao Fee tAE EAL WAIA & 4, A A, vAA] A3 SoF pRgon o3 &
AEo] A9 &S mA= Aoz FAFTk Jung and Lee(2013)E L&, TA=E, dul=tzo] 77)
VMSel| i) dHE 8 A9 gk A3 gAHGE AR = AU Y, F & Efﬁ_ A g EF e AR, &

Jﬂ
o

A ] =4 = =1
ZF 102A47F AdsitteE A-S g2l8th Kum et al.2005)= VMS E22A/(HEE, 232, 148271 A
4, B5A4, oldlAd Aol & 3D AlEdE ol il AEst A, AEy Wle] ARG ols|go] gE

AEEG B 532 ¥ oy #EAE AT Lai010)= VMS EZ WAA] ol uhE wAA] vk
E5E ASAH A7 2% sty e Al 29 MAAEG F 29 WA B wEA vdAEo] wEA
et Aoz Uit oe} o] VMSdl| #3t A= F2 33 FHlA o] Rl

ojdo] HEFHo|A Fdd ATE AT EH, Transport and Main Roads(2014)oA4= 397045 o=
HEY S2A A5 a3E AA] oA o|F 2 FE AAFEANS ARG A7 23, B
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0.50~2.95km/he] &% 74 &37} YEFST) Korea Road Traffic Authority Traffic Science Institute(2016)] A
474 e] ojdo] R FYoA HEY L£EAT 4559 &35 B4 AT A%, FHEES
ZIHEL 6% ZHA3 Ao = Ve
& VMS9| F8HA B4 A QE Y] #AE 2ARAL, FE M 43l
o EYE AST AE AT e 2F9e, &
ES 7|EATES U 8]l tigk A o
FAE A= D9 A A (timeliness)oll TH S
< AFSAT

ATt wokom AA| ojgo] HEFHA VMS
e JES oyl
]}\1 _TY__E:"EJZ] ololr= ‘j
A=

4

™ -

Tl =
3%, AdEE
T, AYATFE
A Z18H
SAG HEs FEHE AAE AF
A o] HIokslgiT). old B ATE A9
7ol VMS WAIA] AA] o] 8 AF Lxo v FF
m. d3yE
1. 71K & Ag
2 AT dEAFHe] AT wFAL Yol =2 Ag A 258N AFE E2A
o g =250 FAL5EE 30km/h, 40km/h, S0km/hE ol om, 2pAdo] i 23k, 43, exp o=
77 gtk B AP e 78527 30km/holH B 23] E221 A4 8-S AT T AR &=
ZAe FFE vE £ e 82190 A& &I E 2 A5 Ho] e e ALt HFHORE 2
< AASAT B A7 VA HY 12:00-13:000] R I M-S %.u]—?‘s}—‘,} BEEA th4o] &
AREIR oM, F 20577 A& Y 258t 1,861t A& E 258t 4815HE & 6676012 F &£57}
SA = AT
2. B5HQ Y £H
B AT FEHUYL BT FPAF 2 Sx>k/h)ot BETY 85 E30km/h) E5E0lAH. F
&t £55 JPAAGEA G 30m ol FTRE 23 B AHA AFREA} A0E EY
H9] 16km/h~320km/h)E A8t SHE RS 7|E3HH o, A 4 AHL2
[AANA A A BT T F5EL T 7Y 78 &5 FF
e g AA FRAFOE i H HES AT
 (reactivity)= FAI3t7] 93l &2}
W 54 Al 2Hste S-S AASATh =3, A4
FAarb A A, bl AAE Aol e A
ZA oA ATk

EE B35

o E
= T4
11%1]741011 o5

< 2 (Bushnell, Velocity: =4
&

PN

-

gl
7}2 1920mm, A2 320mme] AHA(H A

PapEFe] =3t
A A
By
“1—‘—E’. U
=7 A #FEA E I (Observer effect)i 913l BEA LAY WIS
o:]
=
A7
_]

71 A= 2
Bax 38 2
7 EE S ARE I

ol4e] 30m ols}ql -, aL
T2 349 A AHA 01] =A7E 2
3. SE8ol I Hx}
B AT AHgE 7PERBEAE 135 LED 2% x 124,
eItk & Ao AA) AAFEL <Fig. 1>, <Fig. 2>l AAsAT
BIRTSTIY| = 27| N178, 1220184 2€
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E
School
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(Fig. 1> E school experimental setting (Fig. 2> Y school experimental setting

TAAQ A% Hae o 2ok AAIF wA A 2l AE ojdo] REFY Y Aol VMSERH
20m Aol AYPstA WA A7 FEHAT 2HFo] VMSOIA 30mE At T BEAT} AuE ALRSte] =3t
E£55 AU FAIFA WAIA] 2132 VMS 9319 S A= FEAAT, A Ao 79 Faglol
HAA 7} A AEE AT

AR S &L Aol wEekAl, 8 £ £ Aon, APATE st
dol & Ao ezl AAS &85 th(Hyun et al, 2012). TlE] £4+=
Z A Jung and Lee, 2013). 239 B34 2 NS FH317] Y3 v
oAzl A A F SEHAT =g, AJHAE VMSS] HlAIA] A TR Aold
a5 FA] 918 d+¥ ABC U574 AAVE 285 ATK<Fg. 3> F=).

N
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(Fig. 3> Counterbalancing ABC multiple baseline
design
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B AT 5P LAY FAEE F5F AT PAUFEAR AFHE WAA AT Gol
Ak WA FEe A Continuous) © 2 A FHE HAA} AN Timely) 0.2 AFHE AR

BAIH AR FA A HAAE T AbgF BT B4 AR ool I glo] AR AT
e WA Z AT mebA GAE AR E T Abge] ReF9 719 o 5ok #- glo] /MR
FA ) ALEHOZ HAAI} 10 E AEH AT

AANA HARA. HAA A HAAE T 2] HETY 54 A AYARE 1Hste] B4 AHE 53}
g o HeEol e WAAZ AEHAtt mebs] HAH wAAE T AFe] ReTd X9 q5E
a3t AA} 7PAAFEA 20m Aol YRS W WAX 7 HEFH AT

F A2 gAY 2H0M HEEE 2 EFHXE <Table 1590 AAH] ok 2 2719 BT
= Sl B 7|4 270] 37.24km/h(SD=6.72), 32.39%km/h
own, I HEE FAAE HAA 2ol 7 Aol A 33.58km/h
A A WAIR] 242 32.78km/h(SD=5.64), 29.93km/h(SD=5.08) =

p
N
ot
Ip
b
1o
N
E
il
m_?;
o
o
=)
us]
o b
olﬁ
-19~"
=
1‘ .2
=<
P
o[ﬂ

(SD=545)Z T-& z70] B3] Y4BHo=E &9
(SD=5.99), 30.85km/h(SD=5.58)% FE ],
74 gk

(Table 1) Means and standard deviations of speed

Experimental Condition Variable Phase M(SD) N
Baseline 37.24(6.72) 2302
E School Average Speed (kyh) Continuous 33.58(5.99) 1242
Timely 32.78(5.64) 1271
Total 35.12(6.59) 4815
Experimental Condition Variable Phase M(SD) N
Baseline 32.39(5.45) 410
¥ Sehool Average Speed (knyh) Continuous 30.85(5.58) 642
Timely 29.93(5.08) 809
Total 30.79(5.42) 1861
2 A 24 EE WA ARl e FELeol i Zolrt frovdA AFer] fste] JdUH
AL AABY 0P (<Table 2> F2), FAH 2 2 M) Ao] & Fobrr] Ys) AFEA S U
HTH<Table 3> F2). YYAFEA 3t 2 4Y 200 B2 403 BF Aol7} tehgon], 4584
At NNAAT GAH mAA 23, 1A AN AR 2, GAE wAA 2 M B fon R

Aol 7} UERstT.
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(Table 2) Analysis of variance for speed

Experimental Condition Source SS df MS F p
Conditions 20294.40 2 10147.20 258.13 .000
E School Error 189174.55 4812 39.313
Total 6149146.00 4815
Experimental Condition Source SS df MS F p
Conditions 1649.41 2 824.71 28.86 .000
Y School Error 53089.20 1858 28.57
Total 1819862.00 1861

(Table 3) Pair-wise comparisons of each experimental condition for speed

Experimental Condition Variable Comparison MDY SE” p
a" vs. b? 3.66 22 .000
Average Speed 3
E School avs. c 4.46 21 .000
(kmy/h)
bvs. c .80 25 .004
Experimental Condition Variable Comparison MD SE p
avs. b 1.53 33 .000
Average Speed
Y School avs. c 2.45 32 .000
(km/h)
bvs. ¢ 92 28 .003
Note. 1) Baseline phase, 2) Continuous message, 3) Timely message, 4) Mead Difference 5) Standard Error

ZAA e RETY FAHLEEB0km) B =48 D EFHAE <Table 4> A A F o
2580 BF 71AA 270] 14.68%, 38.05%E TR x| Hl5|
34.70%, 51.40% 2 7]1A Ao Hls] =ko

o
ax
>
ax
=2
>
)
N
L
=2
>
o
o0
w
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§
(o))
S
S
~J
=
fru
M
4
o
©
N
N
o
i
¥ X
v

(Table 4) Means of Regulatory speed compliance rate

Experimental Condition Variable Phase M N
Baseline 14.68% 2302
B School Regl'latory speed Continuous 34.70% 1242
compliance rate(%) Timely 38.39% 1271
Total 26.11% 4815

Experimental Condition Variable Phase M(SD) N
Baseline 38.05% 410

Y School Regu.latory speed Continuous 51.40% 642
compliance rate(%) Timely 60.07% 809
Total 52.23% 1861
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g A% 99 AR S A
A9 x40 He} frojnd 258 Hol7t
248 Ao G338 2E

TH(<Table 5> #=).
UEebgon, ExSstulel A Az
Z o2 YEMT

(Table 5) x> Test of experimental condition for compliance rate

Experimental ’ 2 i
Condition Variable X df Phi p
E School Regulatory speed 302.78 2 251 000
compliance rate(%)
Experimental ) .
Condition Source X ¥ Phi =
Y School Regulatory speed 53.17 2 167 000
compliance rate(%)
V. Z2& 9 A
B AT oldle] BETA YMSS] AR AN FR] FAAFEE WAL FFL s
slal A GolA HPE Bal HlolHE wAskn 1 HolHol U BAA A5 AAsch B4
A3, VMSE FAABEE 720 EAIer WAATL N0 AEE Fene Ao A

Vo &3 Ao Uehyith

TH = Aol FHAFEE 4
ojde] He 7 ol &2 84 AS5 uiol HHuA ] FhF ez a3t vy

Ao o=d

3hUang et al, 2010). ¥ Aol Aol APA T 29| ojdlo] WEPY EF SHAEAHo| Bkl
B UAZ FH S5F 2580 AXATHE A2 /144 GAS B FAsYTh A BB A
¢ F7KhE Zlo) Axe] BT AVY & Qo) B ATAAE V12 37 AT 50 YRSoIE BT
SHa VMS7H B OE F Y SEol FFL VAL 02 Uehgth old@ AT Ak dwEA

9 Asgee HAEFo] ohd FAsE WAIAE AlFshE VMSZE Ak s H o s fEditt
t AL AET A3 AFEF IX)3TH(Lee and Cho, 2015; Lee et al., 2008). 3HA|TH B A gL o
W 2 5Ego] obd ofgo] B HoA o]Foizl AAAT 8|1 HESH 22 ASHEHT) obd ~EFE
de A7IN7IE EASE FAE HARE AFE Aotk

g B AFe S8 EA A Adee ARl A A=59 EAE F Rl A= 2 FA
el THE FAKGeller, 2016). AA A2 AFE = HAAE HEH Fejo] WAIA(Kum et al., 2005)2F
FrARRE = BolARk, AlgAF o] JHISE AT HollA Adolstth Daniels and Bailey(2014)= ®Hg- 73] <]l
UXMA SHH O R FolA = A A=o] HE A oln, §HFF A=3 wh 73] Afold AHo] A&
TE S 7 5o aRgS otk FAEh B A wAA FH T bl AAAH mAAE
& ApgFo] Iddr o ZHAS vl HAAE AFstA7] Wz, $EH A=53 9-3 7]13] Alo]o] <ol

A7) ehoke) meb AAA sAR Bla) HAR AR F A gee o ERHe Ao B
g,
AT, B AT AnE dusish Qo] melsiol Aol Atk AA, B 43 Aat 2 244
2ol 4 AT Harms(1991)e] 2w, £ Aol mE 8o QX Har} £H o) T

of
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F& W F Adve Aol HHTh dE S0, A WAS ok st 4xkdoly 6 T3 22 &
2o A 224l HIs) iAoz o & AAR87} LA HThReimer et al., 2013). wekA, FhA
02 o]l B2 ERAA LA &4 FotE Qlste] AHAAF R e HAAE AASHA] Rt
EA7F ARAL ¢ ok E=3L 2ol B2 B9 AAJASE WA AAZE ARRE ¢ Ak 24, & ATl
A Al F8 FE-E st A3S IAFsrlel At F FFE SAAT. 4 Al AAAH] W
37} A st EHAENA A= BAEH] = A (Konstantopoulos et al., 2010)2 &3, 43 A
FoM = F7HAR] a3 Tol a7dTh AR, HAF wAIR ] 9 A Y AF-E st AlEEH
O HollA wWAAZE AQIStE e Aoz & F oy 7E HEE AT} FARE SHo] EAls]
ol AA A WA HEY WA EAE Bl A = BeUt Atk B3I FE2:A 2 ofd <b
Aol tigh 3% &2 £ o= AFHe FHe adx AFe & el Utk

FF AT E SR, 71F21E Aste] Bu ks vMS WA FEle 3 AS5E et

lom, ojglo] BT WHtAANEES A& g &kt Jlof WA AR ofye, 74143
yHe et ‘}}1‘/}. |15 S0, 2320l Adst= AFolA wAA} A AT s
u Al QA= st WAAE AES 5 e Aotk ATt of
Uzt w5 s add B8 /\l AH2RS aeste] AgHojo & Aoz AT
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