Evaluation of Messages on Changeable Message Signs
as a Speed Control Measure in Highway Work Zones
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Abstract: Thc objective of this study is to measure the ctfectiveness of three commonly used changeable message sign (CMS) mensages
in reducing vehicular speeds and variances in highway work zones. This paper presents the results of o licld study conducted on
Interstate-90 in western New York State to evaluate the use of three different types of messages displayed on a CMS. as a speed control
measurc. The study included speed measurcments of nearly 180,(0K) vehicles. The three types of CMS messages tested were: (1)
RIGHT|LANE}CLOSED~ KEEP{LEFT: (2) WORK ZONE|MAX SPEED|45 MPH ~ BE|PREPARED|TO STOP: and (3} LEI'T|LANE
| CLOSED~ KEEP|RIGHT. Of the three CMS messages tested. the CMS message stating “WORK ZONE|MAX SPEED|45 MPH
~ BE| PREPARED|TO STOP" proved the most effective, signilicantly reducing vehicle speeds by 3.3-6.7 mi/h (5.3-10.8 km/h). The
other two CMS V‘mcssagcs were not as effective. The standard deviation of speed for the CMS message: WORK ZONE|
MAX SPEED|45 MPH ~ BE|PREPARED| 1O STOP incrcascd by 1.1-1.7 mi/h (1.8=2.7 km/h) in the driving lane and 0.2-2.0 mi/h
(0.3-3.2 km/h) in the passing lanc. The speed variances for the other two CMS messages ranged from =2.00 to 1.13 mi/h (from

-3.23 km/h to 1.83 km/h).
DOL: 10.1061/{ASCE)1084-0680(2008) [3:1{1 1)

CE Database subject headings: Evaluation: Tralfic speed; Workspace: Highway construction: Tratlic signs.

introduction

United States highway construction and maintenance work zone
crash data are alarming with an average of 745 fatalities and
40,700 severe injuries per year {FARS 2005). Although highway
traflic fatalives per hundred million wvehicle miles have been
steadily declining at the rate of 3.2% pcr year. the number of
fatalities related with highway work zoncs have been rising at a
rate of 2.3% per yeur, since 1981, Highway work zone fatalities
per billion dollars spent are at least five times more than in the
total United States construction industry. The {ollowing factors
have been widely cited as the major causes of traffic crashes in
highway work zones (Daniel et al. 2000: Fontaine and Carlson
20001 Hall and Lorcnz 1989; Ha and Nemeth 1995: Migletz et al,
1999; Wang et al. 1996):

* Excessive vehicle speeds:

* Variation of speeds between dilterent vehicles; and

* Driver inattention and erratic maneuvers.
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The current work zone speed control practices consist of passive
regulatory and advisory signage but these practices arc known to
have low compliance (Fontaine and Carlson 2001). This has led
to innovative research on speed control measures. such as: (1)
police presence; {2} changeable message signs (CMSs): (3)
rumble strips: (4) drone radar; and (5) radar activated speed trail-
ers. Work zone speed control measures should be properly sc-
lected. while also considering possible adverse effects during and
due to implementation. Possible adversc effects such as conges-
tion and increases in spced variability between vehicles may in-
crease the likelihood of a ¢rash. thus having a ncgative impact on
work zonc safety. The degree of effectiveness of speed reduction
interventions should also be evaluated during the selection and
implementation of such control measures. This paper reports the
results of field tests conducted on the New York Siate Thruway
{1-90) 10 evaluate the ctfectiveness. as a speed control measurc. of
three different messages displaycd using a CMS. located within
the work zone.

Literature Review

CMSs are commonly used as a means of providing advisory in-
formation on congestion, traffic crashes, weather conditions. de-
tour information, upcoming work sitsations, posted speed limits.
or individual vehicle speeds. A search of the literature found that
most research has focused on CMS displays intcgrated with vadar
units to alert drivers of their current speeds. Trailer mounted CMS
boards cquipped with radar devices have become a popular means
of alerting drivers of excessive speeds by displaying the actual
speeds of their vehicles along with an advisory notice 1o slow
down. Limited studies have tocused on the cftect the message
displayed on thc CMS has on speed reduction, which is the mo-
tivation for this study. The primary reason for this research is lo
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Fig. 1. Typicit work zone layom: surce: New York State Thruway Authorhy INYSTA) Eaol to scile]

test wnd document the clteer differem CMS messages have on
reducing vehicle speeds amd their vasiapces. upoa emering the
work zone The following sections bricfly suminariz: the reseaich
reparted in the licrutmy using CMSa 15 a spocd contrl meisire.

McCoy et al. 11995) evaluated the speed reduction clfcet of o
irpiler mounied spead display that was equipped with radur
i a vl inkersiue in South Daketa, The study site was on 1
S5 w/h (RS.5S hm/hi highway with a werk zone speed b of
25 mifh (7243 km/h). The spued display contwined two static
advisory sigins nuiunied above the speed display thay saned
“WORK ZONE™ =45 MPH. and he display was located
oll the lett shoulder, Below the stutic signage, u plate cating
“YOUR SPEED” was added above the dymaunic speed disphty
which aleried drivers ol their current speads. This study con
cluded thit the speed displiy ieduced the mean vehicle speeds of'
all vehicle ¢lasses by 4-3 mizh (6.44-805 km/h). They also
stuted that the pescent of vehicles exceeding the Fosted speed
limit by 1t mi/h {161 K/ h) seere reduced hy as much 1< 40%.

Cepber and Snnivasan 11998) conducted u siinilar scudy using
2 CMS ejuipped with a tadier unit on highways in Virginia, The
CMS was placed within the work arga a the beginmitg of the Line
taper. Four differe | messages were evalualed during the course
of the study and the message “YOU ARE SPEEDING SLOW
DOWN™ was the most effective. They coucluded thut the CMS
with rtdar unit con tinued W be clfective. for long durations.

Mahan snd Ghorpinle (2(81)) of the Stue University of
New Yo 1 Bultdlo cvaluated the cffectivendss of three CMS
messages as active speed wonlrots on Tour-tane susal inlesstate
highways, The authort. concluded that the CMS messages
cffectively raduced avengee speeds al he emine vehicle popu-
Lujon by § ndsh (8.05 km/h). The CMS mueasage: “WORK
ZONE|4S MPH ~ STATE POLICE|ENFORCED” performed the
best, py reducing the number of speading schicles in the taital
papulitinn over 45 mizh (7245 Kmeh) hy 255 in the drving
lane

Fontaine and  Caidsop (2001) examined the cffectiveness
of a mdar activated spocd display, slong with tumble stiips,
on two-lane wral roadways with 70 mish (11270 kmih) spoed
limits The speed displiey, which showed metorists their i livi-
dual spesds. produced o 2-9 mizh (3,22 14.5 km/h) 1eduction of
the average speods of passenger cars and o 3410 mich
(4.8—16 xn/h) reduction in trueks. passing through the advimee
waniing an‘u ol the work zone, The speed display also sesulted in
reduring the percentage of speeding passengereus by 15 to 206

The rescarch reported in this paperincludes the testing of three
CMS messages thar hitve not been evaliaed by wny other re
search effore so tar,

Study Plan

The research reporied in this paper, was eanducted hy the Con-
strugtion Satety and flcalth fnstiate ai the State University of
New York a1 Buffilo, The abjective of this «udy was to measere
the eftectiveness of the tiree lifferemt nwssages displayed on a

CMS in reduving vehiculur speeds and <pecd varianeds in the

advance warning arca of highway work zones with a vision of

cnhancing work yone safety,

The test location. Interstine 90, locatad in the Weatern New
York urea was selected, ‘lie speed measuicment dat wiss cok
Iccted fom Augus 2000 thiough Nevember 2001, The fallowing
held datu were collected:

1. The speed characteristies of vehicles traveling through he
study locution using the 1ypical work 2one luyom of the
New Yark Swie Thruway Autherity (NYSTA), ais seen in
Fig L These seclions were considered “control sections™:
atud

2. The speed charieteristics ol vehicles traveling through the
study locution, afier one of the three CMS messages were
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implenvented. ‘These seetinny went considere 4 est sovtions.™
A deaenipiion of the rasennch site locadon s provided n the
followwing,

intesstate99 Test Site

A conshwction patiect on hiersiale< Eastbound (-0 EB). he-
Iween ki uned Leroy, New York was seleeted tor tiplemen
tution of the CMS Inessages in aadditeen 10 the stinic work zone
spead limitmad advisory signage. 190 s u four-kne divided roral
freewiy with 2 seautosy speed limit of 3 wish (10465 kmshy
and 1 posled work cone ypeac) limie af 43 qai/h (7245 kinth)

The comiruciiou project was u millmg/paving operanen for
rehabilitaing the roudway swrfwe. A 2-3 mi (3224483 ki)
muvable work zone was established for the duily aniling/piving
uperafion, The tovuhle work zone <onsisted of femporaey work
rone wallie controls ik were eechal daily in the location o1 the
constnection operations ‘This required the rescarchers bo basition
the CMS 1n u differcnt location cuch diy o the paoject belor:
ety data collection period, Construction operations hegsm any-
e afier midnight arcl continued up wsthout $:00 pan,. theretore
the ciali consists of both night und day sraflic conditions, The tine
closure wils cither established it the righ tine or the Ieh e,
depending upim the consnuction opernitn lor i pasicutar Jay,
The watlic comrol plan ITCPE was (Liypical sioks zone layoul of
the: MY STA. This TCP is compiurhic o ypical applicition 33
1A33 i Put 6 of the Muonab on Uaifavesn Tealjic Comrol Oc-
vives IMUTCD (EINVA 2003),

Spced mcistements were tken il two locuaions: U Sianon
1 svhich was located in the advimee watining arca approxinaarcly
ST00 0 (L7374 m) upsteam ol the wransition zone fane 1aper:
and (20 Setion 2, locaed S28 C06104 m) dovnstreann from the
CMS atervenion, The CMS was posinencd anywhere fizon
1328 10:1.52% 11 {fram 463.7 1o 1380 m) wpsircam of the farwe
uaper, to drovide udvaee waring v motorisis, A typeil work
sone layout ofthe: NYSTA ix tllusirided in Fig, 1. The CMS leders
were 8, 12032 mmb in heighte sooibar the CMS could be read
trom 480 11 C136.4 ) by a driver with 20020 visioa “The {ollave-
me three types of CMS messages were usd in the study:
o CMS): RIGHT|LANE| CLOSED ~ KEEPLLEET
o CMSy: WORK ZONEIMAX SPEEINS MPH~UE|

PREPARED 10O STOP
o CMSa: LECTLANE|CLOSED ~ KEEPRIGHT
Each of the three CMS messdges comatned a nao phiise ines-
Nige. in comphiatree with the MUTCD, displayed 1o the motorists,
For example. i CMS Moexsage Lothe fiest phase: disphayed
RIGHINANE CIOSED” Tollowed by the display. 'KEEP|
LEM

Data Collection

Qaip volleeton included eipht fest seetions, bt three of the wex-
u were deleted  fron dhe: dista smalyses becae of cither
impraper wbe pliwement or whe Mailuie, Speed dar for cotral
sectiuny could only he meastired beivveen the hosrs of L0 @,
and 70 . due to tiubiliy issies dealing with the CMS isplay
being inaetive during periods of high rafiic volumes. Speed da
for tes seclions were collecied whide the CMS board was agtive
unytime between the howrs of L0 am_ und 84X pan, ANl speed

daslr wen: collected o weekday s, while the constiruclian apers
ficnn vean in progness, ind wider nonl weather condinons

Speed Measurement Devices

Autonti; poetmsdit tralfic dant weeorders ware wsed 1w Collect
spieend dite, Lie 1est site continik™d svo counters snal 1w e sets of
prictmatic wthes. One set of tuhes and o couet vas pliced e
fose the mipeventiou il Sttt Loand e seeom! set wiis placed
atter ne plleevelton at Suthon Zoas stiovap i iz L Speed din
wisy colleswed 1or both the tramg tmc e 0 and the plssing:
lyne (f se 2D,

Test Data Analyses

liles with the sebrehe

The Trax | counters protuced visw da
speed dati classilied by date. e, titen. bt ol
uxles, vehicle sv. lengah o webiele, e gaps ol
ale shacig, The roe dim (illes v surlid nsiing sittshical wlt
wians by die ne. and weh S lor srlyvses. Thigs of the
vehiele chiosas: G hassenger s (PO 12) wwo=inde 1ouen
sehieles 12080 amld () tve<ax le smaleaculer vehicles 13:
sccounicd for 03.38% ol the da as given hdomw:
1o Al vehieles 04 of measuned velueles
2 Sehxied wehiele clsses
@ Clise 2—Pussenger ¢y 0 47984 of  In¢asuntd
vehicles:
h. Clgss <Paosande lour-tige 2A37) 748% ol meisuncd
sehivles: ind
¢ Clss Y—Fiveanle singlereiler (3811 112% ol
mensured vehicles.
Thereture. lor sidying the speedd chimctericees and lorvsabuin
i eflechivaiess ol ve sprd corio! devices,
sebicles™ wnd the three sehicle chisses sened abave were andl-
Vidually smalyzed. The distehutions ol the speal vdake weine fein-
skewed. and any Tes cises. e dana wens bimodil . Yor example,
s, 20 s b iustrite the specd distribions of prsséuger
curs lezovening Sewnn 2 Tor Lane 1Loand Lise 2 respeetivedy.
Fi o ad b) shese e cornespanding spedd Huctimons oven
the tmeolday. e | speed charuetaistion of the [
vy indicute thae indivichesl specds oser the ime ieraals of
punicuber stly sedion can ey from 2.5 09 LS o bl
1208 10 4732 kmch) veith o st desnion of 9 mich
(3059 kmsh), A himadul speed dhstetbtion liosirides a0 eal
world situan e ol cadlie congestinn aeaurrmg?
the works 2ane overce
vojlumes. “To climin,
pleasured speeds ised e siiaoeal mlses, the dis wear pao-

wossid N in the: Fallowing,
I Vehicles bevond ahe rimge ol incan spocd £2X siundan! de

vitmn (Y2250 wens eliminared o ihe didihawes, which
wins dome separately for il vehieles and Clisses 2. 30 and 9
wehicles,

Wherever a binuxlal specd distebution occmred. @ ¢utall
value af speel was utilizeck The selection vt spegd cat-oll
value was necessay o climinate the cliedis ol ienlic gon-
gestion from the dinasa Ietows any skatisifcad aihysis could
he perfonned. The cur-oit value was deteremd on e Gne
by cise basis dependimg on the sehicle speed dhsittwlion.
Fror exnnple, in Figs, 2w il & aned 350 a0d bt o coeolt
vathne of 45 i h 17248 ks by wars caosen ar the i dati
e this puricutn case. helow swhich ) daere poangs awere
clininined.

1+
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B/3/0L - Test Sertion - STATION 2
Class 2 - Passenper Curs
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Nean 51.7064 Sum 105326.000 Rean 44.5382 Sunm 143591, 000
Std Bev 18,0431 Variance 362.6476 Std Des 22,5551 Vorience 508, 1333
Skewness ~0.9446 Kurtasis =-0.5174 Skewness -0,2501 Kurtoszla ~1.613
uss 6184382.090 CSS 7368350. 445 1SS 08034925.00 CSS |633547 Gl
cv 36.8297  Std Mean _0.4213 cv 50.64922 Std Mean 0.
(a) ®)
913.01 - Test Section - STATION 2
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Closs = 2 Class = 2
Lane
0.06
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b o |
® 0.04 ]
R n o 0.04 ~|
H =
1 ! !
¢ 0.02 t o0.02 1
4 ¥ |
11
111 |
o ] AL
7.5 25.5 43.5 61.5 79.5 10.0 25,0 40.0 SS, 0 70 0 85 c
Spoed_ph Speed mph
Noments Norentsz
N 1417.0000 Sun Hatz 14137.0000 N 1721.0000 Sum Mots 1721.0000
Hean 62.5251 Sum 08596. 0000 Hean 63.5084 Sum 109236.000
Std Dev $.7671 Variance 33.49 Std Dev 6. 1938 Variance 36.3629
Skewness =0.1946 Kirtoxis =90.7509 Skewnese =0.1405 Kurtosis =0.7175
uss 5687018.00 CSS 4?423,3%0_6 IISS 7007328. 00 Ccss 65904 .1278
cv 9.2557 Std Mean  0.1507 v 9.7527 Std Mean 0.1493
() (d)
Fig. 2. Sample speed disteibution of passenger cars |Source: Inerstate-90, CMS Study Data]

The outher: (2. 2<) veve climbnated Die dersiions. An example
ol processad dans (0r Stateun 2. passenger cans. s prosemed in
Figs. 2t and dy andd 3cand db Snnitar proceduares were tollowed
1or the shecd distributions for the other gypes of yehicle classes: 3,
4. el ald v elicles

Tests of Significance

Fhe cifectiveness ol the thice CMS juessage 1ypes oo sehicle
sdeeds through the waerk zone was e primary fikus ol the re-
search Requetions in schicuir speceds were deernined hy cal-
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Fig. 3. Sample line plots of vehicle speeds (passenger cars) [Source: Interstate-40. CMS ¢
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culyting the dilfereruzes in vehicle specds between Stations | aml
2. The tnse dfectiveness of the imervention, thus, can he cales-
lited hy the bilfenence hetween the apeeds @ Stations | el 2 of
the 1eat seetions. and ihe control seetions. Thi: nsmber ol v ehicley
uswd) in speed teasuremeits ranted from 105 w0 16.002 Jor west
scetion, This dita were thew reduced by deletion of outliers ¢or
respuonding to walic congestion o Othet etvars, such ax lube
wie or inproper placenen of the tubes. Due ra the high volume
of vehicles (12 30). iens were perlormed to test for any sig-
nificant €llect of the bilfersm messages. The waghicd iverages
of {he vebiculur saean sheeds inl their stmdutd erors swweie ased
o caleukitic e s=wonss, The null hysothesis and the altematise
hyputhesis tested are as

Hiilpey = ) = (g = pop) h

Hhiitiey = sl = Ty = g4 121

Whete Irgy v co=tnean yehicle spead e Seinon 1 or Seson 2

far v eomrol sectonand gy pa=nenveluele oed s Ssanon

1 or Station 2 1or a 18t~ eetion,

Z-Value Test Statistic

Anthe sainple stze i cach ot the 1esls wens movch greater 1hinl

ZR il as the speeds wee abpoaisatedy nornally disnboned
| Eigs, 2e and D1 the Tollosang sstmislic was osed i 1081 the

il hypothesin: #e
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Table 1. Interstate-90 CMS | Speed Statistics Summary

Stttiom |

Staton 2

Vehicle Sechion — I:ffecliveness?
class type "o X ¥ I X RS AXp— DX, Sy=5¢ Z-valuc P-value a=0.05
Driving lane

Al vehicles Test 5192 0S5.30 491 2.719 6090 5.97 -0.21 -0.62 -0.93 ().824 No
Control 1.526 066.59 R | 1.328 6198 5.59

PC Test 2727 00668 438 .17 0253 579 0.16 ) 44 -1.44 0925 N
Conlrol 471 (89Y 391 <130 6430 S5.76

2A--IT Test RDM 05,23 .61 181 62.12 543 -0.54 -0.47 0.04 0).484 No
Coutrol 140 6754 34y 100 0440 4.78

SA-ST Tost 446 6447 362 117 59.83 5.00 1.58 -(.20() 0.94 0.174 No
Caontrol 283 6621 317 16Y 02.14 475

Passing lanc

All vehicles Test 4733 68.01 RWA 2.92 62.14 6.7: -3.07 -1.23 -8.34 1.000 No
Conurol 42} 7093 ER 846 6199 7.03

PC Text 3058 (.24 4.72 1.721 6351 619 1.70 -2.0l -3.49 1 {10 No
Control S 7244 335 296 65.01 0.83

2A-IT Tesl BIR! 6816 4.99 206 03.42 06.0] =2.01 =0.08 -2.40 0).992 No
Control 53 71.51 348 76 6476 bS8

SA-ST Ted 306 65:18 444 21 6035 5.74 -3.65 -123 =S5 1.000 No
Control 37 (Y49 223 153 60.71 4.76

Not: Entries contaia remaining data atter outlicrs were deloted. CMS | =RIGHT|LANECLOSED ~ KEEPLEFT [alternating phases): si=numhcr of

observations ivehiclea); X=mean vehicle spead (mi/h): s=standard deviation (mi/h): AX,=difference between Ihe test section Station 1 and Stiaton 2

mean speeds ni/l; AX -=dillerence hetween the control section Stiation T and Station 2 mean speeds (mi/h). s ,=ditference hetween the test seetion
Station [ and Stion 2 standard deviations (mi/h): s, =difference between the control section Station 1 and Station 2 stindard deviations {mi/h). and

1O lizh=1.61 km/h.

(X = Xp) = (X = Xea)

Sijk = (3}

’ fer. fex R Sp
¥ ey Hea Hyp By
where Z=tesh sutistic: for CMS (). vehicle class (/). and
lune type (A r=designaton Ffor CMS typer 1=CMS0 2=CMS;.
and 3=CMS;: j=vchicle class designaton:  1=all vehicles.
2=P.Clse 3=2A 4175 and <1=5A-517s: k=lane ype designa-
tion: E=driving lane and 2=passing lanc: Xpp=mean vehicle
speed Tor a test section al Swation i }?( L,=mein vehicle speed for
acontrol section at Station 7 .v';,,:v;n'imlcc ol vehicle speeds tor
a (esl section at Station s x?.n:vuriunyc ol vehicle speeds For a
control section at Slalton 172 11, =number of vehicles measured in
i test section ak Stution sz and a2, =numbcer ol vehicles measured
in a contral sechon at Station 1.

The level ol signilicance selected for hypothesis testing was
a=0.05. Tor which the critical value of the test statistic s,
S = L6AS for one sided tests. In other words. il 2, < 1.645. 1he
CMS message tested is not significandy efi'eclive in reducing
speeds. The values ol 2, statistes for all three CMS messages,
tor the three vehicle classes and for alt vehicles, are given in
Tables 13 Tor cach of the two lance types. The null hypothesis is

iejected i the Z-value is less than 645,

P-Vatue Test Statistic

In order 1o deennine the degree o which the data supports or
does nat support the neli hypothesis. the p-values of the test data
wete compuled. The p-values Tor cach test were caleulaled using
the Tollowing formuli:

p-value= P(Z > z,) {4

where z, =computed value oi lhe (est statistic,

p-values For cach of the tests are given in Tables 1-3. The
significance level ol the tesl was set al =005, The null hypoth-
ests is rejected b the p-value is less than 0.05.

Discussion of the Test Results

Effectiveness of Changeable Message Sign Messages

The three CMS messages tested i this study resuited i the
following  effcctiveness:  CMS,:RIGHT| LANE |CLOSED
~KEEP |LEFT was not elfcctive in reducing speeds in either the
driving or the passing lane. Stalistical results are summarized
Table 1.

CMS,: WORK ZONLE|MAX SPEED |45 MPII ~BE
PREPARED|TO STOP was eftective for both driving and pass-
ing lancs for all vehicle classes. In the driving lane, speeds were
reduced  sigmticantly,  from 33 to 6.4 mi/h (from 53 o
10.3 ka/h) (Table 2). Reduction in speeds in the driving lane [or:
(1) PCs was 5.3 mi/h (8.5 km/h): (2) for 2A-4T vehicles was
6.4 mi/h (10.3 km/h); and (3) for SA-ST vehicles was 3.3 mi/h
(5.3 Kkm/h). Speed reductions also occurred in the passing lane.
from 3.7 106.7 mi/h (from 5.9 to 10.8 km/h). In the passing
lane. speed reductions: (1) for PCs were by 5.8 mi/h (9.3 km/h),
(2) tor 2A-4T vehicles, speeds reduced by 6.7 mi/Zh (10.8 km/h).
and (3) for 5A-ST vehicles by 3.7 mi/h (5.9 kmi/h). p-values. for
the driving and passing lane. of the all-vehicle class were less
than 0.0001, much below (.05, Thus the CMS; inlervention is
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clicctive moeducing vehicle speeds 1 bath the driving and
the passing lanes, Although signilicam speed reductions vecurred,
Tor all vehicle classes: the CMS,: WORK ZONE | MAX SPELTD
43 MPH - BE|PREPARED| O NTOP. jncreased  the standard
deviation of speeds by 1.1= L7 mizh (1.8-2.7 kin/hy inthe driv-
ing lanc. (n the passing lanc. however. the merease in standard
deviaton was 0.2=2.0 mi/h (0.3=3.2 km/hi. Statstical results
are sumnized in Tahle 2.

CMS LEFT|LANE | CLOSED ~ KEEP|RIGHT was citcc-
tive in reducing speeds i the driving lane for: (1) all vehicles by
i mizh (L8 kovh) and (2} SA-ST wvehicles by 0.65 mi/h
(1.0 K/ ) aver the entire vehicle population. No speed reduc

tons occurred in the passing lane and therelore CMSy is o
cliecive Tor the passing lane sitvation. The standard deviations
hetween the est and contral scections show anincrease in the
driving laie by 0,31 mizh (0.50 kon/h) for all vehicles, and a
decrease of 0.22 mph (0,35 km/h) Tor SA-ST vehicles. Statistical
results are summarized in Table 3.

Summary and Conclusions

The results of 1his rescareh show that. il properly selected. CMS
messages can be signilicantly ¢lective in reducing speeds of all
classes aof wehicles. in highway work zones. OF the three CMS
apes used in his o rescarch, CMS.0 “WORK ZONEIMAX
SPEED| A4S MPH ~ BE| PREPARED|TO STOP™ was very cffee-
tve in reducing vehicle speeds, It educed vehicle speeds by
330 mih (83103 kmsh) in the deiving Tane and 3.7-
A7 mi/h (S9-10.8 kn/h) in dhe passing lane. This CMS,
nssitge. however. inercased the speed standard deviation from
approsamately Lo 2 miZh tlrom 1.61 w0 322 km/h}t. The other
o CMS messages: (1) RIGHTUANE|CLOSED ~ KEE P
LEFT and (2) LEFHIANE|CLOSED ~ KEEP|RIGH T were nol
cflective,

The speed reductions achieved in this study are quite consid
crable duc to the Factthan the vehicle population ol the data scis
quite large and these reductions in speed arg expericnecd over the
cntire population of vehicles, This rescarch. using ficld cxperi-
ments. has proven that CMS messages. if” properly selected and
implemented can be ellective in reducing vehicle speeds as well
as the standard deviation ol speed. bath highfy sought-after ob-
Jectives o enhancing work zone safiety,
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