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Abstract: The objective of this study is to measure the effectiveness of three commonly LJ),ed changeable message �ign (C'MS) me:-.sages 
in reducing vehicular speeds and variances in highway work zones. This paper presents the results or a field ,;tudy conducted on 
lnterstale-90 in western New York State to evaluate the use of three different types of messages displayed on a CMS. m, a speed control 
measure. The study included speed measurements of nearly 180.000 vehicles. The thr..:e types of CMS mes�ages tested were: ( I) 
R!CHTILANEICLOSED-KEEPILEFT; (2) WORK ZONEjMAX SPEEDj45 MPH-JJJ:.:IPREPANEOjTO STOP: and (J) LEFT LANE 
ICLOSED-KEEPIR!GIIT. Of the three CMS messages tested, the CMS message stating ··\YORK ZON£jMAX SPt:t:Ol-15 MPH 
-BEi PREPARED I TO STOP'" proved the most effective. significantly reducing vehicle speed, by 3.3-6.7 mi/h (5.3 10.8 km/h). The 
other two CMS "'messages were not as effective. The standard deviation of speed for the CMS message: WORK 7.0Nt"I 
MAX SPEEDl-15 MPll-8£1 PREPARED I TO STOP increased by 1.1-1.7 mi/h ( 1.8-2.7 km/h) in 1he driving lane and 0.2-2.0 mi/h 
(0.3-3.2 km/h) in the passing lane. The speed variances for the other two CMS me��ages ranged from -2.00 to 1.13 mi/h (from 
-3.23 km/h to 1.83 km/h). 
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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 
traffic fatalities per hundred million vehicle miles have been 
steadily declining at the rate of 3.2% per year. the number of 
fatalities related with highway work zones have been rising at a 
rate of 2.3% per year, since 1981. Highway work L.One fatalities 
per billion dollars spent are al least five times more than in the 
total United States construction industry. The following factor� 
have been widely cited as the major causes of traffic cra�hes in 
highway work zones (Daniel et al. 2000: Fontaine and Carlson 
200 I; llall and Lorenz 1989; Ha and Nemeth 1995: Migletz et al. 
1999; Wang et al. 1996): 
• Exces�ive vehicle speeds; 
• Variation of speeds between different vehicles; and 
• Driver inattention and erratic maneuvers. 
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Th..: curn.:nt work zone speed control pr:u.:tices con<,i'>t of passive 
regulatory and advisory signage hut these practices arc known to 
have low compliance (Fontaine and Carlson 2001 ). This has led 
to innovative re:-,earch on speed control measures. such as: (I) 
police prc:-.cncc: (2) changeable message sigm, (CMSs); (3) 
rumhle scrips: (4) drone radar; and (5) radar activ:itccl speed trail­
ers. Work 1:one :,,peed control measures should be properly se­
lected. while also considering possible advcr:,e effects during and 
due to implementation. Possible adverse effects such as conges­
tion and increases in speed variability between vehide� may in­
crease the likelihood of a crash, thus having a negative impact on 
work zone safety. The degree of effectiveness of speed reduction 
interventions should also be evaluated during the selec1ion and 
implementation of such control mca:-.ures. Thi:-. paper reports the 
r..:sults of field tests conducted on the New York Siate Thruway 
(1-90) to evaluate the effec1ivenes:-.. as a :-,peed control measure. of 
three different message:-. displayed u1oing a CMS. located within 
the work L.one. 

Literature Review 

CMSs an: commonly used as a means of providing advi!,,ory in­
formation on congestion. traffic crashe:-., weather condition�. de­
tour information, upcoming work situation,. posted !-,peed limit!-.. 
or individual vehicle speed:-,. A st:arch of lhe literature found that 
most research has focu!',ed on CMS di�plays integrated with radar 
units to alert drivers of 1heir current speeds. Trailer mounted CMS 
boards equipped with radar device:-, have become a popular means 
of alerting drivers of excc,;�ive ,pecds hy displaying the actual 
:.pccds of their vehicle., ,llong with an advisory notice to slow 
down. Limited studies have focu.�ed on the effect the me�!',age 
displayed on the CMS has on speed reduction, which is the mo­
tivation for this study. The primary reason for this research is 10 
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Fig. 1. r)p1c;11 work cone l:tym11: ,om-cc: New Yorl Sw1c Thruw.-y Aullmrhy (NYSTA) (1101 to ,c-;de] 

1c:.t :.and documcnc 1hc cncc1 diffcn:111 CMS mc:,.s:1gc� have on 
1·cduc111g vchid� !->pl,--Cd!» ;md 1hdr \'ari:incc,. uroo emering 1hc 
worJ.. 1<111i : .  1"he following :,.ection:,. hricfly M1m111ari1..; th\! n::.earch 
rcpl1rh.-d in lhc li1cru1111-c u:,.ing CMS:,. a., a ,pccJ 4,;ontrnl mc.Mu'C. 

f\'kCoy ct al. ( I 9ilJ5) C\'ahm1c:d the �1>ecd l'\'ductiun c.ff\.'CI of a 
1r.1ilcr mount�d :,.peed t1i,pl;1y 1h.it \\'r.t, cquif)J>Cd wilh rad:..ir 
011 a rural imc .... 1a1t: in South D;1l.01a. 1l1c ,111J) :,,it(• wa, on a 
55 ani/h (XS55 l..m/h) highway with a work ronc !\JX:1..-d liiuit or 
.is mith (72.-l5 km/h). The �peed di,pl.ay com:,incd two stouic 
:Kh·i�Ol')' !\ign, rnountt:d above the !'.l>C�d c.lispl:1) 1h:i1 !,,((UCd 
--wORK 7.0Nt::· ---15 MP11:· and 1he di,ploy wa, localed 
olT 1hc left :,.lmuldcr. Hclow the ,1a11c �,gnngc. a plate ,t:uing 
··YOUR Sl'fl:..JJ" W3!\ ;1Jdcd alxn c lht.: dymunic �peel.I di),,pht) 
whkh ; 11..·rti:d <frih'f"i ul their current �pcctb. Thi, !\Hidy CfHl ­
cludcd th,u lhl.'.' !-p1..x·c.f lli,pl:i)' rcdUL'Cd the mi:nn vchicl..: "Peed, of 
:ill ,chicle ,-111"e' h� 4-5 1111/h (o.44 K05 �mih). They also 
,t;tti:J lhat 1hc percent ,,r \ ,:hid1.·, exc�ding the JXhh.'tl ,peed 
lirni1 by IO mi/h ( 16 . 1 k1u/h) \ , c1·c rcduct.."i,I hy a, mud1 a:-40"k. 

Ci:1rhcr :ind Snnha,an ( 1998) conducu;d a �iinilnr !'.CUdy using 
u CMS cttt1ipped with a r.uktr unit on hil;!h\, ay!o. 1n Vir�ini:1 TI1e 
CMS wa, pbt:cd ,v,1hin the work ar'-·t1 �II the.· bcg.11111111i of 1hc l:me 
taper. Four di«crcni mc,,:1ge., were C\aluatcd during 1hc cuurM.· 
or 1he ,tudy and 1hc mcssa�< "YOU AR£ SPEEDING. SLOW 
D()WN'" w:i:,, lhl." mo,t cffol'!li\l.". They cou\!ludecl th:it the CMS 
with rnJar unh eontinucd to he cffccli\'C, (or long dura1ion,. 

�Vlnhmt ond Ghorp:Klc (2(k)l)) ,,r lhc; St,uc Uni\'..:or.,.ity or 
New YorL. ,u Bulfalo c, :1lut11ed lhl'..' cffol'tivcnc" of three CMS 
me, ...... 1gc, ;a.s actiVl' ,pi..."(d (."1>11lrob on four-1:rn� rural intcr...rntc 
highwa) �. Till.'. �1u1hon. cundudc<l 1hal the CMS mc�:.agc!\ 
cffcl'llvdy r\.'tlucOO avcr.t{!C !,,p...--Cd� ul 1he emir<.:: \'Chicle popu· 
lauun by S nulh (8.05 �mlh). The CMS me,,;1ge: "WORK 
l<lNt:j�.I MJ'f-1-Sli\/'£· POUCl:.l!:NFORCF.D . .  performed 1he 
�''· hy reducing 1hc number of ,p..:ctling ,·chide!» in 1he ll)lnl 

1>n1H1l;lllllll V\CI' .J;t m1/h n2.45 l.m/h) hy 25t;L in the <lrivinl! 
lane .  

fontamc mu.I Cal'lso1l (2001) examined the cffccti\,cne:.,, 
of a �1dar acli\'atcd s-pccd dbplay. tdong wi1h rumble ,irip. ..... 
on 1wo-lanc rur;1I roodw:iys wioh 70 mi/h (1 12.70 �m/h) ,p<.,:<I 
limit\. The ,peed tli:-.pl:ty. which :.howc<l mmori!->1' 1heir in<livi· 
dual ,,,. ... �,,.produced :, 2-9 milh (3.2-14.5 km/h) rcduclion or 
1hc aver.age )JX'Ctb of p,;N,.1.:n1;cr c�lr!» and a 3 10 mi/h 
(4.S-16 lm/h) reduction in truch. p:L'i'iing 1hrough the ::idv;mcc 
wan1ing an.·:i of the work tone. The ��ed displ:1y also resulted in 
n:dm:i11g 1he perccnwgc of speeding pa.,"-tugcr c,us hy 15 10 '20C-,i . 

·me re$carch rc1><U'1.ctl in this p:iper includes the testing or three 
CMS me.,:-agc.'i that h:wc not been cv�,lu:ued by :lily orher r e ­
�ean;h effort � fur. 

Study Plan 

The re,can:h. rcponcd in thi� paper. wi,!» ct.nduc1ed hy 1hc Con• 
,trul.'.'linn Safety :ind flcal1h ln�titutc al the State Uni\'cr,ity ul 
New York al Buffnlo.  ·nae ()bje,�tive of thi!'. ,tudy wa, to nle..burc 
the ent"c1ivcnc!'..� of 1hc tlm.� <lirTcr«.':nl nlC�,;agc, di,pl:1yed on :1 
CMS in n:duc.:ing \'Chiculor .'ipeCd!\ :111cJ :,,peed varianc(·� in th� 
�,dv:rnce warning area of highway worl. £01lCS with a vi,;ion of 
enhancing work 1.one !\afety. 

The te�1 location. lntcr..tnlc 4>0 .  l(x;a1etl in 1he Wc..,1crn New 
York :.ire:1 wa.� $elected. 'fllc spel"d n�,;urcml.'.111 <law w:" col· 
lccocd from i\ui;us1 2001 1hrough Novcmher21Xll. The following 
held d:.n:.i wl.'.rl.'. coll«1ed: 
I. TI1c :,.peed ch�lrnc1cr1'1ic, or vc.hide., tr:1veling through t.hc 

Mudy location using the lypical work ,one h1you1 of Lhc 
New York Stutc 1l1 ruw:1y 1-\uthori1y (NYSTA). :a� ,cc11 in 
r=ig. I. �n,�c �'<:'lion!\ were con�idcrcd ··L"ontrol �c1ion,··: 
muJ 

2 .  The 'i.J>CCc.l charactcri1'tics of vehicle!\ tr-.wcling throul?h the 
,IUJ)· loc::uion. �1fler one of 1hc three CMS mc..;�asc� were 
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11nph.!nk:n1ccl Thc"'c :,,,1.Xtin1h \\CO: 1..·u n"dcrctl ··,(',1 "··,: thm .. •· 
i\ <1e .. <.·np11on ol lhc 1-c,c:m,;h .. itc lo1..·�1tmo 1:-. pl\)\ ldcJ m cltC 
follm,mF,, 

lnterstate-90 Test Site 

t\ 1.·c11"1ruc1inn pntit•1.·t on h11er-.t�ll!·'H) Ea:-.tbountl (1-'X> EB). hc­
l\\ �co B:11:t\•ia un<l Lem)'. Ne,, YorJ.. ,, "' .. ch.: c1cd lor 11111111.'mcn 
1..ttic,11 of lhc CMS 1nc,M1gc� in ::uJditmn lO lhe :,,,l :nii: worl... Lone 
"IX'C<l limit mul �utvi,or')' �ignagc. 1.9<) ,._ u rour•lunc <lividi;.-tl n.1 1· a l  
frccw:,y with :1 �1a1 utory ,peed limit or 65 mi/h { IO-t<,5 kmlhJ. 
:mt.I :1 1Xl,.IC<l work 1.unc �l):t.."<l lim11 of -tS 1111/h (72A5 l111/h1 

The ..:on,1n.11 .. ·1iou pntl�L wa.; :.i millmg/pavtng 01')cr�1 11011 lor 
l'Chahilit:.i11ng the roadway .. urfUl'C, A l -3 rut 0.1�-.U(\ l...m� 
mu\·ahlc worl LOllC '"'.i:-. e:,,,wblb,hcd for the dai ly 1111lling/1x1 ,rng 
,11>Cl".llmn. The lll\l\•uhlc work ;,one con,i,1cd of 1cmpul':.1C) \\urli 
,one 1r.1flu.· ctu11rob 1lw1 wen:.· i;te•.: h:<l daily m 1h1.: location \lt the 
,on,tnu.:1i1111 uf)t!f:arion�. · rhb '"quir.:J 1hc rc�an:hcr, ro 1x,M1iun 
1hc CMS ul a iJifforcnl loc::11ion 1,;ach d.ty 011 th1.• pl'ojt:('I hd"on: 
c,cl)' \..l:tl�L collection pcnod. Co,1,1ni1..·11on t.)pcr:.ition, hc!!;ln tlll}'· 
11mi: .il1cr 111idni�h1 :.111c.l l'Ontinucd up 10 ;1hou1 8:00 p. m  .• 1hc�fore 
the <1:. 1:.1 con�i:-.t-. of both night tmd th1y w, Oic- cm1tli1 mn,. The la ne 
clo ... ur...- w,l, ci1hcr t:,l abli,llC<l in 1he righ1 lanl' or till' lcf1 la1'k;, 
dq·>cndi11g urun the con,1rut.·tiorl oper.11it111 lor 1h;tt r,.11111..·111:,r day. 
Th.: 1r:1nic conlrol pl,111 (TCP} w.a, ., typic:-11 \\Ori. ;,one la)OUI of 
lhl' \ZYSTA. Thi, TCP i, com1>arahk lO typic::11 : tpplii..'.alic,n )'.\ 
fl,\J.,, Ill Pm, 6 ur the M:11111:il on U1t1(rn•n1 Tr-Jl'fk Con1rol Oc• 
,ice, (MUTCI)) (FII\VA 200�). 

S(l4.:1.·d mi..·:a,LU\�ntl'nl'- were tai...cn �1 l two h,cu1ion,: ( 1 }  S1a110n 
I. \\ hi, :h wa, located in thl.! ndv;rni:e wutitrng :u-ca ;1pprnxi111atdy 
5.7fk) ft ( 1.737.� m) u1)�trea1n of lhc 1rnn,i1ton ,one lane tupcr: 
and (1) S1;11ion 2. loc: :Ucd 52X flt 161.1>-1 m) c.low11,l 1'c:011n irnm tl'K' 
(MS 11Hcrwntion. Thi! CMS w:1:,,, po,iuoncd �'">''"hen: frtllll 
I 52X lO-l.528 ft {from 465.7 to 1.:Hm m) U[h-tfCalll or lhc l;1 n..: 
t;Jpcr, to 1>mvu.lc advanl'C wanlinJ? IO mu1 uri,1:-.. 1-\ typ,c:.tl \\Ott 
/<lllC layou1 of1hc: NYSTA 1:,,, 1llu.-.1t a1ctl in Fig. I. Tht.' CMS h:.ttcrs 
WCl'e 8 ,n. C:!.0'.t 2  mm} m height. Ml 1ht11 1he CMS ... �ould ht.- read 
ln,m 4.XO ft ( I..J6.4 111} by :a 1lrt\'CI' \\111h 20/20 vi,ion. The foll \J\\· 
mg 1hrc..: l)'pc� ol' CMS int::-.�:,gc:-. were: u,cJ in the ,tu<ly: 

('MS,. 1/IGIITI I.ANt::1 CWSfil>- Ktct•j 1.1:Ff 
CMS,: WORK 7.0Nt,!MAX Sl'fi:l),.J5 Ml'H-llt 
l'RU'ARt:I) ro s,o,, 

CMS,: I .IFIIJJ\N£1CWSt::O-Kl:l:/>jRl(iNT 
�,ch of 1hc 1hrcc ('MS mc��:1gc'- �ont:.iined a l\\o phtl\.C inc-.­
...i11,;I.'. in t.'Ompli:.iiK'c wilh the Ml  'TC"D. 4.fh.playt.·tl tu lhe- m�turi,h. 
For cxam1>IC. iu CMS Mc,-.agc I. thl' firq ph�1-.c. Ji:-.pl:.1y1.'tJ 
"I/IGlft1f.ANt1CtOS£t>," follc)\\ctl �y th< tli,play. "KE£P1 
LU/'." 

Data Collection 

D;_11.J 1,;olkc11011 1ncludcd eight ll'-M .:,.i...-CHon,. ht1t thr�e ol 1h1.: �L"t'• 
Hon, \\C:rc Jdch:d from 1hc. <.l:u:.i :.inaly:-...: .. bcc:m,c: of ci1hcr 
i111p1\1J'liC1' tuOC pl m: cmt·nt or tube foilm\·. Spc:t.'tl 1.faHI for <.·on1u1I 
,c..:ti�in, could only he mca:-.u rcd hcl\H!Cn the hour,.. of I :00 a.fll. 
.ind 7:00 :un. due lO liubilil) '"''c" dcalioi;: with 1he CMS Lli ,pl n)' 
ht.'inJ! ilmcti,c duri ng pcrio<l., nf hig.h trnffic ,ol um\;:,., Speed ,l.11.1 
for 1c,1 '-t'('lic,n, wcrl� coll< .. "Ct\!d while the CMS hoarJ wa, at.·ti\'C 
ttn) tuuc hc:lwt..-en thl! houl' of I :00 a.m. and 8:00 p.111. All ,peed 

d:11.1 \\Ct\: 1:ol k1.'let.l 011 \\Ci.:'�d.1),. \\hik lh\.• ,:11 n,1 n11, ;1inn ,,,�rn 
1irn1 \\a;,, in p10fl\.'�, • •  mtl unJl'r 11,1n11,1I ,,c;1lht.'r' l<11hJi1u1n, 

Speed Measurement Devices 

Auw111:i1u.: pnc11rn:11it. 1r.,fli .. • d;11�, rci..·01 tkr, ,, .. ·r.._• u:-.t."J 10 l'llll\•,.t 
'fX'l"ll d at.t. E:.ich l1.·,1 ,i tl.' c11 111.1i11t.'1.J I\\ u l u1111h: r, :in,l m ,1 ,ci... ol 
p111!�11n:1tic 1ttlk.', Ont.• -.cl ol t uht.·, :m,I :1 cou111c-1 \\a, pl..1l\.•d ll..'· 
111� the 11lh!r, �nuou :ii S1.1lh111 I. :md 1hc ,1.,'t.:oml ,e1 ,, :1 , pl:11.:�d 
a11er lhC ll llCf\Cllllflll. JI �1.lll tlll :. :,, ... thl\\U 111 t-1� l Sp1 .. ,·d d:u:.1 
\\;J, l'olk-c.:11.:J h)r hol h 1hc tlmm� l:111t.· tl. .1n..- 1 1 .,nd lht.' p;,"1111! 
l ane ( L :1nc �). 

Test Data Analyses 

Thi.! Tr." I ._:o,rn11.:r, p111tlu.:cd r.m J:11:i l il1.· "  ,, 1th 1h1,.• ,d11d1,• 
,pc..:J da1,1 cl,1"ilil.!d h) tl.1 1c. IUlk'. lane lk-.. igna111•n. 111 1111�1 1•1 
JNll',. lchkk dot". J..:n�th nl \t,!hld\.•. \d1ide '('\."1.:J. �:Ill, .mil 
.1 ,lt.> ,1uci n�. l'h1.• r.1\\. J;11.1 Hit.· " \\\'f\" ,w'IL'tl 1, .. i11� ,1:1tl'l1t.·:d ,ofl 
\\:1n.· by 1.l :iti..'. lane. ,rnJ \1.,•hidc d:1" lor : 111: 1ly""°'· l'h1ci..• ul th1.• 
,chide dJ.v�i.:,: C t •  f\:l'�t.'n,ger c:u-, (P('t (21 IWlhl \k luut-1i1"' 
,d11 1.;k� 11J\· -fft: ;.11 hl t.\) rhc- a ,; k  ,IO!.!k• 11.11kr ,\_•hid.:, 4),1\-ST ) 
:u.:counll"<I for fi�.5W,$ of 1h..: d:11:i ·" ih en hd1m: 
I All ,·chide:-. IOU', ot 1111..·�1 ,.Uf\'d , dud�, 
2. �dcc,:tcd ,chide t.'la"e' 

J, Cb" .!- 1'a, .. .,:o�e1 t:;u, ff'(") 17.')X', uf llk.',1,un.:d 
,1.·hide,. 

h. ('l.1 " t 'h,o .. ;a,k lour· lif1,; l2A�1') 7.-IX', ol mc:t,ul\.·,I 
,dw:k,: 1111J 

,·. ('b:,,,., 9- 1·:i,t• ,l\k ,in�lt.·•tr..,ikr «:=i1\�STl 11).1:!'i ol 

I hcrch1rc. for ,tud�in� lht.· 'l">l.:"''I ch:11.u.·h .. 'l'i :-.he:-.. aml lor \·,alu:11 
i1lg tht· clh."l'll\l'Jll'�' ol :tt.'11\C "(X"l.'ll t.:l1 IHl'nl tk, ic"·,. ··:111 
,dui.:k, .. :ind th.:- 1hl\:'l' \Ch1t·k d.1"'-' ' ,1:11...:,I ;1hm1r.· \\\' h.' ut�ll­
''H .. luall� ;mal)'/i.:d Th1,.• ,h,mhu1io11, llf 1he ,pt..'l:ll \l,11:1 ,,,. ,\: kl'! 
,lewrd. •tnd 111 :J k,, c.1 ..c,. lht.: ,t.11:i wc11.: htmodal. l·or t.·\amrk, 
F1:;:-.. 1(:1 :mJ h) illu:-.tr:tl\." 1111..' '!)\.'t.·J dhlrih1t llPlh uf r;t,�.' U�('r 
Ci.II', tt:1\e"in� S1:i1u1n :! for I .m,· I. .111,I l.:uu: �. n•,f"',·t."tl\cl). 
t:-j)!.,. '\i;1 anti h) ,h,"" tlk.' corl\.·,,ltmtlini: ,p,:1,.•..I l1ul.'.t11a1mn, ml'1 
1h1 : 1im��,1r-d.1y. I .;Ult." I ,peed \.'h:irat.'ll'ri,ti,·, of 1h1,; Jl:1"1,'Uf\'I 
l':.U'!oo imJi\.'teh

.: 1h:11 int.Ii, i1h1 .1I '(�1..'il, m1.•r 1h1..· umc i1111..-r,al-. llf : ,  
pi.111u: ul:1r �llllly ,crtion .:m 1 ,ar) In.ml 7.) to 9 1 5  nu h 1110111 
12.0X HI 147 .. ,� lmth) \\1th :, ,1 :md :1rd ,k, 1a1ion ot l'J nu h 
130.59 1...mih) A hrnlot.1.1 1 '11':ed ,h,1ntiu1 1nn 1tlu,1r,1tl':o. ii 1c.1I 
worl d �llu,ttinn rqltc:o.t:111.111,,· 01 tr;10it.· ""t'll�t.·,tinn lM:..:urtinc! al 
the \\Pd, ,,me o,cr"·crt:u n  1im1,• J>t.' l'md, n;,u l1111g lwm hi�h lr.11111..· 
,ulunh.•,. · re) dimin:11e 1r.lllk l"tm!!l''llon t11kl/n 1 111 twr cm,, , uu 
nlC.ilMl l\'d ,,x-c<l, ll"Jlt 111 ,tall,tl\.".11 :Ulill)'l''· lhe tl:tt.1 \\1..'l'l· (WO· 
l'l""t..-J ;1..: in th\! lullo\\ rn�. 
I. Vchidc, l'it.·youd 1hc r:inµ1.· llt' mi..·an '1'11..'('J �::!X ..,,a11danl lk 

,·1:lln'lll 4 \ �],) Wt.Tl' diminatcJ from the da1.1 ha:o.t.". "htdl 
w;t, done ,cr,:1t:1 1dy for. ;.Ill ,..:hide, :ind c1�1,-.-;, �. ·'· ;Ultl 9 
\l'htdc,. 

!. Wha1.·,cr ll bumK!a l :-.fX"\..'tl d1,1nhut1h11 01.·1.·um.-d. ;1 t'llt•nll 
,alue c,( ,(ll"c<l ,,;" uuh,c<l. 'I he ,d ct.:Hon 1•t a 'l >t."i:d t.'UH'I II 
,;,1 luc \\a, ,,cn:,,;if� Ill eliminate 1hc dk,:1' �,1 tr:illic con­
�c,11011 from 1hc d: 11:i"-'1 l,clo,"· :iO) ,1;iti,11t.·.il :111:, I)''' t.·nuld 
hi: pl'rfonneJ. ·111 .. • l'.UI • OIi \ :ilttl· "·" l.lelL'nllllh."t.l \111 ,1 ,·:,,,. 
b) i:a,t.' h:.1,i, Jl..'p ... ·mlm!,! m1 1hc , t.·h1ck '('11..�tl ,h,1ntlu1 ion . 
hu· c, uin1llc. 111 Fi�,. 2Cu ,IIKI M .ind 'L• .uni hi . •  1 t.'UI lll( 
\';tint,: of -15 m1, h l71..l.5 l...m h) w:1:-. dw,co li1r lhl' 1':1w �l:1 1.1 
i11 lhi, parrirul:11 ,·a�. hclow \\hi.:h :ill J:11: 1  pomh ,,ere 
d1111i1ni1cd. 
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9/13JIJI - Test S•ttio.11 - STATION 2 
Closs 2 • Pa,senKer Can 
RAW DATA 

Class- • 2 

Lene • 1 

0 

• 0.02 
I 

y 

N 
Nean 
Std Dev 
Skewness 
USS 
CV 

0 

� 

. .J ..l 
7 . s  28. 5 49.S 70. 5 91 .s 

Sr,eed _ ..,h 

Ploftt!nts 
2037. 0000 

. 
S1.a Ugts: 

Sl.7064 S.-
19.043:3 V¥iance 
-0, 9446 kUf"'t.oS iS 

6184382.00 css 
36. 8297 Std Mean 

2037 . 0000 
1 05326 .000 

362.6476 
-O.S174 

738350 . 446 
0.4219 

(a) 

9/13/01 • Test Settion • STATION 2 
Cl.us 2 · Passenger Cars 
PROCESSED DATA 

Class . 2 

Lbnc . I 

0 .06 

0 

. 
n 0.04 

• 
I 

0.02 

y 

0 

N 
llcan 
Std Dev 
Skevne�s 
USS 
CV 

1 • ....I-J 
7 .s 25.5 43.5 6 1 . 5  79.5 

$pced_,-ph 

No11ent.s 
1417 .0000 Sun Ugts 

62.S251 S,• 
S. 7871 Vori""ce 

-0,1946 K1XtO¥i$ 
SS87018.00 CSS 

9. 2557 Std ltean 

(c) 

1117. 0000 
08598. 0000 

33.-4911 
-o. 7509 

47423.3606 
0.1537 

TIK· oulhl.'r- (\±.�,> \\l.'rc clin11n�1 h:J 111 11c1'i.1lion:,.. An .:xamplc 
111 1)1'01.·c:,,ctl d.11a (,,r S1:1l1Clll :?. p;t,-.cng\..'r c;1�. •� p�,cmcd in 
h�,. 1k' :tnd J) amt Jk and df. .Snmbr pr0\."1.'thirc, were (nl1owl.'d 
tt,r thl.' 'l'k:t'tl L1i,trihu l ion, lor lh� \ll hl'r t) J�' ol ,chide da,�,: :l. 
•), ;md ult \ i:h1dl.', 

Cla$s • 2 

Lane • 2 

. Juwil 

0 0.03 
C 

• 0.02 
I 

0.01 
y 

N 

"eon 
Std Dev 
Skewne$S 
USS 
CV 

Class • 2 

Lane • 2 

0 

0 

0. 06 

0.04 

0.02 

10.0 25.0 40.0 55.0 70.0 8S.O 

S.,.,ed_""*' 

nonient.s 
3224 .0000 Suoo �ts 

44. S382 S"" 
22.S551 V¥1on<:e 
•0,2501 Kt.rt.osla 

803492S.OO CSS 
So. 6422 Std Naan 

(b) 

3224. 0000 
143S91 . 000 

sos. 7333 
-1 .6138 

1639647 .31 
0.3972 

0--

N 

......... 
Std Dev 
Skewness: 
USS 
CV 

10.0 2S.O 40.0 SS.O 70.0 8S.O 
Spoed_o,ph 

Nonents 
1721 .0000 &,11 U.gts 

63.5084 Su• 
6. 1938 Variance 

-o. 140S Kurt.os Is 
7007328. 00 css 

9. 7527 Std Neon 

(d) 

17ll .0000 
I 09298. 000 

38. 3629 
•O. 717S 

65984 .1278 
0.1493 

Tests of Significance 

·n,c dfeccivcnt·-.;:'I of 1h.: 1hrcc CMS mc,�age 1y1X!, oo \ChidL' 
,J>eed, through lhe worl ;,.one wa� chc.: primary focu, ur lht· rc­
,i;arch. Rc<lut·1ion, in ,·chi,·ul:1r ,peed, were c.J�tcnnincd hy c,11-
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9/13,1ll - Test Secdon• STATION Z 
Pauenaer Cars 
RAW DATA 

� I 

s 
p 80 

., , /,�� 
• 
• 60 
d 

. 
40 

p 

���\ �·�-\��:� 1' h 20 

I 0 IZ  14 
Tlae_or.J)oy 

(al 

9/13,111 • Test Secdon• STATION l 
Class l • Pa.ssenaer Cvs 
PROCESSED DATA 

Clo•• • 2 
L- • I 

s 90, p 

M · -j -0 .. 60 
d 

401 " 
zol p 

h 

8 10 1 2  14 
T iae_ot Jk,y 

(cl 

1.;ulr1 1ing 1hc diffor<:l'u.;c, in ,chicle ,rx"">Cch hcl\\c�n Siation:-. l amt 
2. Tht� true cfft..--ctivcnc-,, of the in1crven1ioo, chu,. can he t:ah.:u• 
l:ucJ hy th� tliffcn:ncc lx:1.wccn the ,pccc.J.. :11 S1:11it11h I :incl 2 of 
1hc 1c.,l ,cc1imh. �ntl 1hc corurol �ction,. Thi: numhcr ul ,•chide:,. 
u�tl in :,.r,ccd ru ea:-.urerncu t� rJn�ctl from 105 lo 16.()02 for a 1c,1 
,cclion 1l1i, datu ,,er.: 1he11 reduced hy deletion of outlic� 1.·or� 
n.'.',pcmdin£ lo lf'Jrfic congc.�tioo ur Olhl!r t>«oN, MH.:h a"i 1ubc r,111• 
urc or 11npropcr placc111cn1 of lhi.! tu�s. Due Hl the high volumt 
of vchu.: le, (11 J>-�0). :-1e:-.N \Vere performed lO le�, for tmy ,ig· 
ni111.;m1t dlct."I of rhc <l1ffcn: 1ll mc.,:-.:1gc,. The \\-C1gh1cd 11\Cl'i.l!!C' 
of the ,,chk1,.1l;1r m�an :-.1)c!ed, ;tn<l 1hdr .,t:mdard error� \\Crc u\Cd 
10 cakul:llc th1.! .:-�on.:., ·n1c null h>'J>Olhc,i, anJ 1hc alh.·n1m1\c 
hypul hc..,i, lti.tcd arc ;u, 

1 1 )  

� 2 

8 80 
p 
C 60 
C 
d 

40 
" 
p zo 
h I\ ... 

8 10 ii 14 
Tloe_or_Oay 

(bl 

� 2 

s 80 

�� 
p 
. 60 
. 

40 
. 
p 20 
h 

8 10 n 14 
T lac_of _Oov 

(d) 

\\hl'I'\! 1.1., J ,. ( J-lnt;.": 111 H·hirl._• "IX'1.."tl u1 S1:1 11n11 I or S1:1tmn � 
ftJ1' .i l·tm1rol ,t."\'.l1t1n: and µ1 •• , ,.�ml·:m ,dude ,r'l\.'1.'(I :u S1:1110n 
I or SHltaon 2 for :1 11;.'..,I ,cl.'.111111, 

z .  Value Test Statistic 

A, 1hc ,ampll· :,.ttc in l'al· h  rit lhi.' 1c,h ,,i..·rl· 1110.,;h grt·�1t•1' 1h:111 
.10 am.I ;1:-. the ,1x·cd, were ;111p11•,1111atd� normall) d1,1nhuh:,I 
I Fig, :!Cc �tnd <l>l. ihl· follm,111� :-,1:1ti,11i.: "�" lN'1I 111 w,1 1hc 
null hypothc,,,; 11,t 
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Sl,llion S1a1ion 2 
Scc1inn Ychick 

cla" 1ypc 11 ,Y , 11 X s j.Xr-t!.Xc sr-sc %-value /'-valrn: 
l:fke1 i vcne,,'! 

u=0.05 
- - --- -- - -- -- - -- - ----- - - - -- -- - - - --- - - - -- -- - - - --

Driving lane 

PC 

2A--IT 

5A-ST 

T1.·st 
Co111ml 

Test 
(.'0111rol 

Tc,t 
Co11lml 

'li.',I 
(\,n1ml 

5.-192 
1 .526 
2.727 

- P l  
392 
1 -W 
-1-1(, 

<,5.>0 
66.59 
6(,.(,8 
(18.99 
65 2.l 
67.5-1 
6-1.-17 
66.21 

-1.91 
.\ 9 1  
-U8 
3.91 
-1.61 
.l-19 
3.62 
.l. I 7 

2.719 
1 .328 
1.-1 17 

-1.lO 
1 8 1  
I 00 

1-17 
169 

60.90 
61.98 
62.5.l 
64..'\() 
62.12 
64.-l6 

59.8.'l 
62. 1-1 

.5.97 
5.5') 
5.79 
5 76 
5 43 
4.78 
5.00 
-1.75 

-0.21 -0.62 -0.9.l 0.824 No 

0.46 - 0 .44 - 1 .44 0.925 No 

- 0.54 -0.47 0.04 0.484 I o 

1.58 -0.20 0.94 0. 1 74 No 

Passing lane 

PC 

2,\--IT 

5,\-ST 

Ti.:,t 
C"ntrol 

T1.',t 
( '0111ml 

Tc,1 
('ontrol 

T"t 
Conlrol 

-l.7.B 
-12-1 

3.158 
') ') '  --·' 

- I I., 
5.'l 

306 
.,7 

68 01 
70.9> 
(i9.2-l 

72 . ..\-1 
68.16 
7 I .5 I 
6.'i.-18 
69 . ..\9 

5.75 
-1.81 
-1.72 

-lA-1 

2.921 

8-16 
1.721 

296 
266 
76 

2 1 1  
15 ., 

62.14 
6 1 .99 

6.l.51 
65.01 
6.l ..+2 
6-1.76 
<,0.35 
60.71 

6.7-1 
7.0.l 
6.19 
6.83 
6.01 

-1.58 
5 74 
-U6 

-3.07 -1 .23 -8.34 1 .000 No 

- 1 .70 -2.01 -3.49 1 .000 No 

-2.01 - 0.08 -2.40 0.992 No 

-3.65 - 1 .2.l -5.15 I .001) No 

f\iu1<:: 1:ntric, rnn1ain n::maining daw after ou1Jicr, w<:rc deleted. CMS1 =RIGHTI I.AN!-.:ICL0SF.D- Kr.'r:PIL£FT Lahcrnaling phases]: 11=nu111her or 
ohwnatitllJs h·chick,l: X=111can ,·chick spc.;d (mi/h): .,=slandard deviation (mi/hi: .iX\=diffcrcnce be1wccn 1he lest section Station I and Station 2 
nwan ,pcnl, ( 111i/hl: j.X,·=dillcrcncc hctwc.;n the rnnlrol ,cction Station I and Station 2 mean speeds (mi/h): s-,=diffcrcnec hctwccn the test scc.:tion 
Stalilln I alld S1;11icm 2 ,t;1ndard de, iation, (mi/h): .,, =dilTcn.:nc.:c hclwrcll the ,ontrnl ,et·tioll Stali<m I and Swtion 2 "tandard deviations (mi/h): and 

I .0 llli/ h = 1 .6 1  l..tn/ h. 

(3 )  

where ::.;;4=tl'Sl ,.,1atl';t1c rm CMS (il. vchide c..:lass (jl. and 
lane typ<.: (k): i=designa1io11 for CMS type: I =CMS 1. 2=CMS�. 
and 3=CMS3: j= vehiclc class designation: I =all vehicles. 
2 = P . c.·,. 3= 2A-4T';,. and -1=5A- ST's: k=lane type designa-
!ion: I =dri\·ing lane and 2=pa,.,�ing lane: X\,,= rnean vehicle 
,peed ror :1 tcs! s<.:ction al S1a1ion 11: ,\\ . .,=mean vehicle speed for 
a con!rol section at Station 11: s�,,=variance or vchide speeds J'or 
a 1..:,.,1 "cctinn a( Station 11: s�.11 = variann:: or vehicle speeds for a 
control sl'ction at S1a1 ion 11: 11 1,,= numhcr or vehicles mea;,ured in 
a l<.:st section al Station 11:  and 11c,,=numbcr uf' vehic..:lcs mea;,urect 
in a control scclion at Station 11. 

The lc\d or ;,ignilicanc<.: selected for hypothesis testing wa, 
cv =0.05. f'or which the crilical valuc of !he test stati:-tic is. 
:;1i = I J1..J5 for one sidt.:d (est:-.. In other wurtb. ii' ::.;;i ""' 1 .M5. 1hc 
CMS rnc;,sage tested is not signilicantly cffcc1ive in reducing 
;,pccds. The values of' ::.;j4 ;,tatistie;, for all three CMS messages. 
for the thrt·e ,·chicle cl.isses and for all vehicle�. arc given in  
Tabk\ 1-3 for each or lhe two I.inc types. Tht.: null hypothesi;, is 
rcj1:cl1.'d if the ::.-v.iluc is k"s than 1 .6..J.'i. 

P -Value Test Statistic 

In order lo dc:tcrn1ine the degree to which the data support;, or 
doc� 1101 suppor! the null hypothesis. the J>-value� or the test data 
were eo111pu1cd. The J>·Valucs l'or each test were calcuh1led using 
the following formu la: 

p-value = P(Z > ::,. ) (4) 

where ::.,.=computed value of lhe test statistic. 
p-valucs for each of the test" arc given in Table;, 1-3. The 

significance lcvcl of the tesl was set al <X=0.05. The null hypoth­
esis i� rejected if the JI-value is less than 0.05. 

Discussion of the Test Results 

Effectiveness of Changeable Message Sign Messages 

The three CMS messages lestcd in this study resulted in the 
following effectiveness: CMS1 :RIGJI.TILANEI CUJSIW 
- KEEP I LEFT was not effective in  reducing speeds in either th<:: 
driving or the passing lane. Stalis(ical results arc summari1.cd 
Table I .  

CMS2 : WORK ZONEIMAX SPEED l45 MPH- UEI 
PREPARED I TO STOP was effective for both driving and pas!--­
ing lanes for all vehicle classes. In the driving lane, speeds were 
reduced signilkantly. from 3.3 to 6.4 mi/h (from 5.3 to 
I U.3 km/h) (Table 2). Reduction in speeds in the driving lane !'or: 
( I )  PCs was 5.3 mi/h (8.5 km/h): (2) for 2A-4T vehicle.\ Wa\ 
6.4 rni/h ( IU.3 km/h); and (3) for 5A-ST vehicles was 3.3 mi/h 
(5.3 km/h). Speed reductions also occurred in  the pa�sing lane. 
from 3.7 to 6.7 mi/h (from 5.9 to 10.8 km/h). In the pa\sing 
lane. speed reductions: ( I )  for PCs were by 5.8 mi/ h (9.1 km/h), 
(2) for 2A-4T vehicles, speeds reduced by 6.7 mi/h ( 10.8 km/h). 
and (3) for 5A-ST vehicles by 3.7 mi/h (5.9 km/h). p-v.ilue�. for 
!he driving and passing lane. of the all-vehicle class were less 
than 0.000 I ,  much below 0.05. Thus the CMS2 inlcrvcntion is 
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Table 2. ln1�"1 a11.• lJf) C'M\: S1x·..:d S1:111 ... 1ic, Sonun�n)" 

Sratiu n  I St.111 00 2 
Vd11clc Section l:lln'U,,·1�·,,·, 

,.:1., .... 1ypc II X x �,-:..�. ,,-,, /-,ahk!' /1, ,.tllh.' 1,cHO" 

Dr1,mf l,ln..: 
All ,�hide� Jc,1 :'i,910 <,K.17 .l.76 1.79(, 51).12 (, 57 J (,J I ll 10.J7 fWOI l,· , 

C'untrol 15�6 (',<,,$•) l}>I 1.121( <,L% 5.SlJ 
l'C T..::,..1 2,7,17 711 11 ).().I 157• t10I:\ ,,:w 5 .'I 1,70 I.J lh t).fKll '\!"' 

Cc1n1rol -171 AA.99 ).'>I 4311 M .'IJ ,.76 
2J\ • . ff Tc,1 -17(, (19.()6 3 13 2XI 51>.�1 (l,1.l (>.41 I 71 •1.1x Ulkll ,,., 

Cc1 11tn1l 1-111 67 .5-1 3.JIJ HKJ <,,l ,U, .J 7S 
<A-ST Tc,1 k72 11(, •• n 2.71 257 5t),O:! �.t9 ,.J-1 l 1H h.�U IHkll 'h•, 

C'ofllml 28� M.21 J.17 1m (,�.IJ 4.75 
P.1,-...inf 1.ut< 

All ,ehide, 'f'c,1 2591 n.,� ,.12 Shff! .'iX.27 h.-11 S.2.t o.sx '"'�" 11.UOI '"'' 
C't111tr,tl -124 70.')1 ,L.kl 846 61.99 7.<H 

PC 
T�,t l.t'1() 7277 2.91 ;4,2Mi w.�, h.7U <.77 O.'I I �.l.l OOUI ,\•, 

Contml 223 72 . ..W 13'i 2'>6 M.OI ,,.K\ 
2,\ IT Te,r 2-19 72 JJ 2 9g 5.:13 �X.tJ.l c,.o� 6.7..& 2.(IO <.6-1 0001 h·, 

(°onlml SJ 71.51 J .JK 76 (>l.71, I ,x 

'" ST ft"'<,l 125 ftJ.(J 2 2.9.\ 817 5<>.:H 5 (l\ \ 71 0 17 5.CJ,C OOUI y ..... 

Control ,1 69.< 19 2.B 15.1 (�J.71 -1.11, 

'-:01c; En11ic, cQ11w in l\:m,ei nin� .. 1:11.1 .L(tcr ou!l 1cr, \\'Cl'\.' Jdc1cd. CMS;. WOHK LONI: \/AX Sl'l.f.1)1,H M/'II Hf'I PRI.I' \NU>! JI> \T<W lal11.·m..1tm� 

ph.1-.c,I; wenu mhcr 1,1( ot't,,.:r\;.1l11\1h bchiclc,)� X=IU\'.111 h'h1ck ,p.•i:J lnu/h): \:,t,uKLmJ J..-\1:11 11•11 fmi.Jht .l \, -tlifl\'f\'111.�' l'-.'l\\t,.'l.'U 1h1.• h:,1 �'l.;tititl 

\1:11t1Jn I :ind S1tiu on :? mean 'lll:1.'tl , 11111/h); ll, -sd11T�1i"1k.-e hcl\\\'.�11 lhl.' �·•,tllnd '-\."'\'l1�1n S1 ,,t1H n I ,11111 "1:111,,n ! nw.111 ,pt,-J, tmi/h) ,1-;J111 .. ·,�·n1.:I.' 
hch\ccn the 1e,1 �"t.tiun S1., 11 .. m I tuitl S1.11mn 2 ,1,111J.:i,1,f tlc,i;uion, lmi/11 1: \• =d1lli:n:1k.c l�rn�.:n lhc t.•ootrul , .. ,:11,1 11 Swtt,• u I .md °'tu'"'" 1 ,1 .1nd.11 d 
..tc .. iation, hnil'h): mtJ 1.0 111i/h;;-l 6I lmJh, 

Table 3. lmcNoLlc•4kt ('MS, Spcx'11 Statl'tic:. Su 111111.tr) 

$1,1111111 I 
Vdu�k S"'-c1mn 
d:t" l)'J)I.' x 

All ,chkh ..... Tc,t 11.�ISJ I.X.79 :u� 
('oniml R-1� 671>� .1.7-1 

re: Tc,l t,,(iCi8 70.42 J.2M 
Comm1 IX4 71. 1 1  .t ?I>  

2A-fl Tc,r 1./W,O (,<J.l:t ,l,6� 
C'1 m1n1I :\l (,lJ,';,h 2.91 

5A· S1' '"'"' 2.llll 66.SS 2.9.l 
(,'onlrul 265 (17.12 250 

All ,dud�, 1(",t 6,625 72.2� J.21 

Comrol 153 71.)11 .'-Kl 

l'C" 1\-...i J.<,-1) 72.f11 1.XX 

Comtol 70 1:u., '-� 
2A-ff ·1�:-1 :W5 72.SX 2.XX 

('murol I X  7.?.5-6 ,.10 
5A ST ·rc,1 \60 l19.U:'i 2.5;f; 

C:onimf 2 1 n•UO I.JV 

S1, 1111.>11 2 

" r 
DrhrnJ: latk.' 

111.>l<>l (,7,,l'i JJ)J 
8-1< 1174.l 1 (1:\ 

4.207 hS1<9 1 �.., 
167 (W_U ,�2 

717 Mtll 178 
<7 li�.72 l N  

l.25X 66 H, 1.�I 
26X (,70tJ 159 

P;, , ... oJl lal)C 
U87 71 .ff' 5-AX 

21X (19.04 7f,(J 
'.14<, 72.l\,\ 1 .. 10 

X) ,,.2.a .\.()•) 

411 7211} , . .  ,-1 
21 1.111, \.O:? 

2.:n �KX7 J.11 
1(1 MtJ7 255 

I l l  

O.!l 

-J l11) 

-1)5� 

1111 

-ll,% 

l!flccth\·11..:,,' 
,,-,c I. ,., lu\.' /'., ., lu c  t, -=-11.U'i 

U l :O:  - O 'i7 071� /\o 

-1 �.? -2,711 o�N7 

U 27 - I U<� U.XIO 

I.I-I 01:;: n1n 

- 0  �I -j .JIJ U•JJ� , .. 
l\otc: E11tnc, cun1:u n n:1m1mmi cfa1.1 .1 f11.-r outli er. wen: ddcw<l. CMS,-//-1-T l.1\Nl.jct.OSCI) 1.·111• NU;/11 l;1 hcrn.1llllJ! pl u,1.·,I n=r•rn u1x·t ul 
oh,1.•f\',tl iou, tvdudc.,): X-;mc.111 ,clrn;lc :-peed rmi/h): .,:,1::miJ,m.l <lt..',1.1111111 lmi/h): .l,\',;dilkr,•111.'I.' bcl \\l.'ctt the 1c,1 ,..,\111•11 '\1 :111\,11 I ,inti S1.11 1u11 2 
me� 11 1  -.pct.'tl, (m1no; .lX, .:tli ffo�nte belwc1.•o 1hc co,urol �i:ction Sia11011 I .1 ml S1;1ti(1n ;! nk·.tn '111.'c,;h lnu/h). \' thtk11.·n1.\' lx-t\\,�n 1h� 1..:,1 "'·1111 11 
S1.uion I and St.11 ion 2 ,1:mJ.11\1 d.:,i.11ioo, (mi/ht \,-=Jirrcrcn�'\'. b:l \\t."-.' 11 111< co111111I ,c..:11<111 S1 u1i(1n I :.uni S1.1111 nl  � ,1,u11lard tk,1.111111\-. r111i/hl; .11KI 
I. 0  1111/ha I M �111/h 
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t:ITecli\\.: in rt:dul'ing vchiclt: spct:d� in both th<.: driving and 
the pas,ing Ian.:,. /\!though ,ig11ifica111 speed reduction, occurred. 
l'ur all vd1icle classes. IIK· CMS" : WONK 7.0Nt'IMIIX SPJ::D>I 
./5 M /Jf/ ·� IJl:·l l'Nl:P1\IU.'I) I TO .\"JO I'. i ncrcased th1.: standard 
de, iatio11 or ,peed, by 1 . 1 - 1 .7  111i /h ( 1 .8-2.7 k111/h) in the driv­
ing lane. [ 1 1  the pa,�i11g lane. howcn:r. the i111.: n.:asc in standard 
de, iatio11 \\'a, 0.2-2.0 mi/h (0 .. 1-1.2 km/ h). Statistical rcsulb 
arc su111111.1ri1cd in Table 2. 

('MS.1 : /,J�FTI L/1.Nl� I CLOSEJ) --- KEEl'IRJ(;HT was dk<.:-
1i,i.: in reducing �peed� in the dri\ ing. lane for: ( I )  all ,·chicks by 
1 . 1  mi / h ( I .X km/ h) and (2)  5A-ST ,·chides by 0.65 mi/h  
( 1 . 1  "111/ h )  o,·cr the cmirc vchick porula1io11. No speed n:duc­
tion, ocrnrrt:d in the pas�ing lane and thcrcfore CMS, is 1101 
dfccti,·c for the passin,g lane ,ituation. Th..: standard deviation� 
he1,vce11 the 1c,1 and control scdion, show an increase in the 
dri,·ing la1w by 0.31  mi/ h (0.50 kmih)  for al l  vchiclc.:,. and a 
dt:cn;a,c or 0.�2 111ph (0.J5 k111/h ) for 5 A - ST vchiclc.:s. Statistical 
result, a rc  su111mari1.ed in Tabk 3. 

Summary and Conclusions 

Thc rl·,ult., ur 1hi, rc�carch ,how thm_ i i' properly ,elected. CMS 
m,·,,agi.:, can be signilieantly effective in reducing ,peed, of' all 
cla.,,e, of \ehicle,. in higlnrny \\IOI'" zones. or the thr<.:c CMS 
types u,ed in this research. CMS�: .. WONK %0NJ::'I MAX 
Sl'l:f:'/)l ./5 /11 PH- HFI l'Rl:.'J>Al�hf)I TO STOP'' was very cffcc-
1i,e in reducing vchide ,peed,. It reduced vehicle �reeds by 
3 .. 1--6.-.l mi/h  (5 .3-10 . .'\ km/h)  in the driving lane and 1.7-
6.7 111i /h C'i.<)- 1 0.X km/h ) in thL· passing lane. Thi� Civ1S, 
n11;,,ag..:. h<",·..:, cr. i11<.:rL·a,L'd th..: "JK'cd ,tundard d..:viation from 
appro:ximaiely I 10 2 rni /h ! f rom 1 .6 1  tu 3.22 "m/h).  The other 
I\\ u CMS 111es,agl's: ( I )  l?IGH'f1I.ANl:·lcL OSEI)- KD:PI 
u:rr and (2)  I.U· "J1J., \N/:'ICUJSJ-.' f)- Kf:.:tPI RI(iH'f' w<.:rc 1101 
dkui,e.  

The �peed rl·duc1iu11' achicwd in this �tudy arc quite consid­
erable due lo the fact th,ll the \'Chicle pl>pulation or the data ,ct is 
quill' large and thl·,e rl·duc1io11' in speed arc cxpcricn1.:cd over the 
entire porulatiun or ,,chide,. This research. using lidd cxperi-
111cn1�. ha, pro\'en that CMS messages. ii' properly selected and 
implemented <:an he dJ'cdi\'C in rcdu<:ing vchidi speeds as wt:11 
as the standard dc,·iation of speed. both highly �ought-af'tcr ob­
j<.:cti,·e� 10 enhanL'ing \\'OJ'" 1.011c sai'cty. 
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