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'This is a summary of the procedures and findinqs of a study of highway 
si9nS to warn of restrieted siqht distanee due to erest vertical curves. 
Driver awarenes., understandinq, and response to the exiatinq LIMITED 
SIGHT DISTANCE (LSD) siqn and several alternative signs were measured. 
FOllowinq a study of ~.rformanee requirements, a large number of pre­
liminary alternative sign designs were tested in a laboratory setting. 
Further laboratory testing of the five most promising designs was con­
ducted to asses. driver eomprehension and assimilation. The two most 
promisinq verbal and symbol alternative. were next eV6luated in a con­
t~olled field study and an observational field study, condueted at 
several vertical curves on two-lane rural roada." The controlled study 
indicated that both o. the alternative signs - one"with the legend 
SLOW HILL BLOCKS VIEH and the other with a symbol in combination with 
that message - were superior to the LSD sign. Th~ symbol sign with the 
aupplementary legend SLOW HILL BLOCKS VIEW is recommend.d to replace 
the existing LSD (MUTCD Wl4-4) aign. 
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1. IlftllODUCTIOH 

Cont .. porary h19hvey d .. ign pr.c:­
u<: •• reU.ct ehe IlnaeUtandillCJ that the 
geoll.try of th. roadvay .nd it. d.aiqn 
f.atllr •• au.t ad.quately !Oatiafy the 
.at.ty and operational requir_.nt. of 
th. v.hic!e and dri.ver. PrOllinent.aQnq 
tho .. hiqtn,.y eh.ract.r istie. and r .... 
tllre. are v.rtieal snd hori.,ntal al 19n­
m.nt, .upere1ev.tloft, delifte.tlon, .ig­
nal., .i9n., and 1ightinq. on. of th. 
mo.t important •• pect. cf the hiqh",al' 
d.ai9n le lte eiUty to provide .uffi­
ei.nt eight di.nanee .0 tt\at a driv.r 
ha. a prlYiew of the road .... Y and trafUe 
• he~, .nd allO ha •• nouqh time to pro­
p.rly r •• pond ta th. Iituatl0n a!lead. 
~d.rn hlCJhway. ther.lor. ar. d.aitned 
and bulle witt\ horillOnt.al ana "ert ea1 
eurvatur •• that are appropriate for the 
oe.1r.o .~ed and cc:.p;I.ition of tratUe. 

Many old.r hiqhvay •• hovever. "ere 
not eonc:eived and eon.tructed u.i.ng a 
fll11y .at1.faeeory d •• 1gn. In.tead, 
the •• roACS. evolveQ fraa the 01d path­
waya on whieh mueh alower vehi.c:le. wer. 
onee eOlUlOn. Th. qrlldual ill\prov •• nt. 
to eh. roldway, •• peeially tt\rough up-
9raa •• in pavinc), anabl«! treffic to 
oper.te 1II0r ... OOthly end at high.r 
speed. Ho"."er, on a gr.at nl:lllber of 
t\OlO-lan. rural rolds. the horizontal and 
vertic:a1 a1 ignaent ..... not uPCJr~ed to 
match the level of •• rviee offered by 
th. I:oaaway sllrfaee. 

On t\OlO-lan. rOM. vi th ere.t v.r­
tieal curve. th.t hav. not b •• n eS •• ign.d 
to lIOd.rn ~t.ndard., drivers cannot se. 
tar enough Deyond th. er •• t of th. hill 
to d.tenin. wh.ther a hazard •• ist. on 
t.h. rold aheld. Such ha%ara. lIay in­
cl~e debri. on th. roldway. p.de.tri.n. 
or bieyeliat •• aniJIal •• or other v.ni­
eIe.. Th •• ituation in whieh an int.r­
• eetiOn exi.t. ju.t b.yond th. hili 
cre.t. wher. n.ith.r th •• ain.tre. nor 
cro •• ing trafUe ean .e ••• ch other'. 
approach, i. e.peeially h.zardou •• 
rratt1c that t • • ither att .. pting to 
pa •• or hat .... nd.nd inta the oppo.int 
1an. on th. oppo.ite .id. of the hill 
po'.' an equa11y gr.ve hal.rd. In all 
c ..... t.he prOb1 .. 1. that th. lIIotortat 
do •• not hwe th. t~e that i. n ..... ta 
•• ecut. a .uc:e ••• ful wo Ldanc. lIan.llVer. 

Such .ituation. lIO.t often oc:c:ur on 
lower volu.e, ewe-lane rural highway. 
which ,*"iaarUy e.rried loc:al trlttie at 
on. ti... Acco~lng1y. 1oc:.1 driver. 
vho know of the inherent d.ng.r et 
t.h ... s1ght. cU.tane .. re.trieted v.rU­
eal eurv •• tend ta ... rei •• great.r c:.u­
hon by .Io.ing down or othervi .. being 
IIIOr. attent iv. Gur in; the ir approacRl. 
Un fu i1i.r dr lv.r., Rlo,...,.r, who •• y r .. 
pu ... t • 1.rwJe proportion of the traf-

1 

fie on hi9hw.y. that .. rv1ee popular re­
er.ationa! ar ••• , g.neraUy do not exer­
ci ... UCh c:.utiou. b.havior. 

A airect SOlution to the light .ih­
tanee probl ... t er •• t v.rtieal eurv •• 
i. to upgrlde t~e vert1ca1 curvatur. t.o 
d •• ign .undard. through highway recon­
.truct1on. Th,. i. v.ry •• pen.iv •• and 
lIl'y not be co.t.-.ffeetiv. in 1Il0st c ..... 
Another .olution 1. to reduc:. the .peed 
limit 10 that .uff'c!ent re.pon •• time 
,. proviold through lowered vehieul.r 
speed. It i. not adv1aabl. to er.at. 
frequent.na aIlrupt .peed limit ehange. 
on ~.t. are nOrlllaHy nigher .peed rold­
".y., though. A IIIOr. co.t-.ffectiv • 
and rational .pproach 11 to warn th. 
motorl.t of th. n.ture of the (pot.n­
tlall hazard aheld and .svho of eh. 
appropri.t ••• fe .pe" thrOlJgh tne 
hazard area. 

Th. warnin" approach ... a adoptad 
throlJgh tM 1.1 •• of a verbal "arnin9 siqn 
... 1th th. legend -r.II'IITED SIGHT DISTANCE,­
d •• ignatld W U-4 in the. K.lnual on Uni­
form Tr.ffic Control Devic •• (1), sup­
pl.ented with a spe .. advillory panel. 

Thi. traUie eontrol d.vice was 
approv.o DY th. Federal Hiqh .... y AdrIin­
utrauon in 1976. HO_v.r, th. et­
feceiven ••• ot th •• ign, .ith.r with or 
... i thout th. apeed .sv laory plat •• ha. 
baen queatl0ned. Sec.u •• the .i9n le­
gend 1.1 ••• terminol09Y that i. r .. ili.r 
to traffic engine.ra but not nec •••• rily 
und.r.tood b'l eh. w.r dIIJ. !!Iotor i.t, 1 t 
..... not known whether the .19n wal ca. 
pr.hended quiekly enoU9n to r •• u1t il'l an 
appro~J.&t. inena •• in al.ren •••• nd/or 
speed reduetioll. or was indeect undtr·· 
stooa at .11. In 1982, the Federai 
Ki9hway Adlllinistration aponsored a 
r •••• rch eft·~l:1. c ireeted to an.ver 
tr.at and olher quaetion •. 

Thi. report pre.ent. the findin9. 
of the r .... rch proJect entitled 
~t.i.ited Sight Dilltanee W.n'ning for Ver­
tleal Curv ••• • Th. over.ll objective of 
the pc-ojec:t II1II1 t~ develop .n ilaproved 
.... rnl"9 device th.t ",1.11 al.rt driv.r, 
to the .1ght di.tane. reatrietion ..... 
soci.ted with b.low-.tand.rd v.rtical 
curve. on .. condary rural ro-S.. Sine • 
the approved LIMlftD SIGIft DISTANCE 
.... enln9 .191'1 va. b.U • .,.s to I:)e poorly 
una.ratoocl and not ,..11 h.eded by the 
drivtng publ1c, th. r .... reh objectlv. 
wal tran.I.ted 1nto a r .... rch plan tOI 

1.' tAarn what 11 Jeno,," abour. the per-
tom.nee of •• 1ItiRIJ LiD .n4 other 
.1aUar .19n. a. w11 .. the r.tion­
&1. toe a •• i9n .nd ev.l uatlon of 
nighway algn., 



2. Generate a .. e ol alternative verbal 
and lyaOol signl t" eonvey tbe lPO-
ptopr iu ....... 9., 

3. Delign aM eOMllCt a labOI~atory-type 
study to lYalu.t. the eff.ct~ve~ ••• 
of e.eh of th •• ign., 

,. De81gn and eOMuet a eontrolled end 
oo.erv.Uonal field .tudy to evdu­
At. the .iqn.' perfom.nce in rea1-
wor1d COnditiona/ an~ 

5. Develop recoaJl.ndation. for th •• p­
pi ic.tion of the warninq devie •• 

ThLa report 11 orC)an !Ied in .. ven 
c h.pter. and an .ppend 1X. ehapur 2 
~ ... nt. th. Unding. of a revi.w of 
previou. r •••• reh and oth.r liter.tur·. 
to ident! fy th. perlomance obj.etiv .. 
end r.quir •• nt. for thC! required warn­
inq d.v ic.. eh.pter 3 document. the 
procedures used to develop a pr.1111in.ry 
aet of candidat. warntng Ilgnl that ... re 
eva1uaud 'in deUil durinq the labore­
tory •• periJllentl d •• eribed in ehapt.r 4. 
Th. lDO.t effecHv. v.r!)al 1II ••• IIg. and 
symbol .i9n candidate. th4t wer. iden­
tlfied in the labo~.tory st~y vere then 
subjeet.d to bath controlled field test., 
de ser ibed Ln ehapt.r 5, aM an ob •• rv.­
tion.l fi.ld .t~y, doc~.nt.d in Chap­
t.r 6. 8&.ed on th. findinq. ol th •• n­
tire r •••• reh .ffort, w.rrant., quide­
line. and erlteria tor the .eleetion. 
pl.e •• nt. and loc.tion ol the warnin9 
devic. wer. dev.loped and ac. pr ••• nted 
in Ch.~t.r 7. Tb. Appendix contlin. 
th. technieal .pecification. for the 
appearanee ol th. s19n. 

2. lDE~IrICATION or PERFORMANCE 
<BJECTIVES 

It i I mo.t eonv.n 1.n t to d iv id. th. 
subJeet matt.r of th. literature lnto 
3eparat ••• etions daallnq wi th v.rtieal 
curv. glom.try and light distane. pol iey, 
8i9n visibil ity/eon.pieui.ty/leg ibility. 
fer fo na.ne. 0 f 1 Ua1 ted • igftt cl ist.ne. 
warn1ng .ign., .ff.etiven ••• of other 
ela .... of s19n1ng. and 111boE'atory and 
fleld .easure. of .lf.etiv.n •••• 

2.1 Vertieal Cllrv. Gec:aetry and Sight 
Di.tane. 

A eren v.rtical curve il the pare­
bolie eutv. eonneotinq th. e.,D approach qu"" on .ither aide of a hill. For 
v.hiel •• approaching the er •• t of a ver­
tie.l curve, the hill Obatrllet. the vi.v 
of th. roM aheM. Current " .. 19n ~ac­
tie •• for er •• t verUe.l curv •• are 
given 1n -A Poliey for the Ge~etrie oe­
a19n of Rur.l HI.9hways- publilhed by th. 
Aa.riean A • .aciatioft of Stat. Hlghway 
and Tran.portation Offiel.1. (AASIrrO) in 
1966 (1). 0 .. i9n poliey foE' erut ver-

tie.l CU!"v •• i. b.Nd on th. n.ed tO 
provide arivera with ad.quae. -atoppi.ncJ 
sight distanee,- that is •• no\l9h sight 
di.tance to perllit clr iverl to se. an ob­
stael. soon enough to .top for it under 
801H Ht of rea80nable worat c ••• condi­
tion.. Tbe par •• t.r. whieh d.termin. 
aiqht diltanee on er.st v.rtieal eurv •• 
are illu.~r.ted in Figure 1. Tbeyar. 
th. chang. of 'Jrad. (A), the 1.nCJth of 
the curv. (L). and ehe h.ight aboye the 
gtound of th. driver' •• y. (He) and th. 
o!)stael. to ba ••• n (Ho). Th. l.ngtn 
o t t he c urve requlred to prov id. a given 
sig ht d i.ta"c. (S) is 9 iv.n by th. lol­
lowing expre •• ion: 

( 1 ) 

Solv i 1'19 for a i9ht di.tane. g ive. 

(2) S· 10 {T:7f. ( (N; .. ,r5ö) 

For • 9 iven chang. 0 f 'Irade, the long.r 
th. cllrve length, th. _Ud.r th. curv. 
and th. gr.ater th •• ight di.tanee. 
Oeaiqr. value. for th ... par •• tar •• 1.'. 
speciHed in th. AA$IITO duign quide (~l. 

Figur. 1. Kill Cr •• t GlOllletry 
and Sight Di.tane. 

'lll. erlt.rion for Htting li9ht 
4ilt.ne. on v.rtical ellrve. i. th. dl..­
tane. required to .top for an obataele 
in ehe road. Th. elt~ ... ion ua" in 
the AASlrrO d •• i9n 1uid. to ealeulat. 
atopping ailt.nee • 

(3) 0 • 1.467 (RT) v + V~/30f 

wh.r. 0 i •• topplng diatane. in f .. t, RT 
i.s r.ac:tion eill. in .. concl., V 1. apeed 
in .ph .nd f ... th. ti~e-pav_ent co.f­
U.ei.nt of frietion. Th. con.tant. 
er an ala t. .ph in to f •• t per .ec:ond. 
Current practic. a •• ua •• r.lativ.ly POOl' 
condltion. foE' .toppl..,1 a 2.5 lec:ond 
reilCtlon tta. and a locked 1IIb •• l, wt 
pav_ent atop. The .Ueoei,v. paIr_erlt 
lriC'tion value .... lIIed in the AAlII'1'O 



deai9n guide raftlJ. fr~ .36 ror .to .. 
fra. ]0 .pb (&. kph) to .29 for .topa 
fra. 70 .ph (112 kph). Tbe ob.tacle 
heiCJht .. t by AASftO for vertical 
curve de.ign 11 six inche. (15 ca). 

f'arber (1) perfomed Hn.it1vity 
analr". of dil .ff.ct. of chang. 1n .ye 
heicJht, object hei91'1t, fricHon, and 
lpe-' on .topping di.tanc. on cre.t v.r­
u.cIl curv... He roune! that ltoppin9 
a1seanee ... relatil/.1r ln.en.itlve to 
I r •• eonab1e r .. g. of chln9 •• in driv.r 
eye he19ht, Out is verr sen.itive to 
speed, fr lctlon, end re.ction ti .... 

"nlu., .toppi'1lJ diltane. on verUc.l 
curves that .1'. of inadequat. 1enqth 01' 
ue sub.t.na.rd IIcc:ordin; to other d .. 
.19n erit.rie, • .,d wher. "Ijor red.119n, 
repavi~, 01' Deav.tion i. not tee.ible, 
eould .. o.t e(fictentlr be lIade •• tar 
by aochfy1ng • dr lVII' • approach .peed 
endior rlacHon ti .. e. 1"01' 55 .. pt! (.8 
kph) tr.ffie, ltopping 41.tanea de-
er ..... 81 tt tor IVery ofte ..c:0Ad 
1'educ:tion in r."on tilll. aJI&larly. 
Itopping diltpca 4ecl'~" e&»oIIt .... 
16 tt/.ph (3 II/kp") 't-...,nOft·1fr' 
speed. . r-_. ' 
2.2 Visuei Perforaance Allociatld 

with S1gn. 

on. of th. 1.1'1 i •• t c:onc.rn. of 
traUic .ng1ne.ra ... to know the d1 .. 
t<lnc. ov.1' wich I traflic: .ign could be 
.een, recoqn1 zed, .ncS c:a.prehencSeo. A. 
early a. 1939, POrbe. (4) reported the 
l8CJibility C2i.tanc:e of "i verbal ..... g. 
11gn a. e funct10n ~t lett.r .tyle .. d 
l.tter ai.-. 1"01' wider l.tter., .uch 
a. Seri.e. D (5), it ..... foun4 that the 
ll9ibility aritane. in f •• t .... pproa­
ia.eely .qu.l to 50 ti ••• th. letter 
he ight in inche. , fol' ob.erver. wit h 
20/20 v1l10n. 1"01' narrowl', Serie. 8 
letter., the legibl.Hty dl.t.ne. ln feet 
wal found to b. apPl'o.illetely 3] tim •• 
the lettel' height in inche.. It •• 
.110 lho1lll'l that .en tha tia. to view 
119n ••• li.ait-' to atIOut on •• ec:ond, 
tne legibU1ty 4i.t&llc. W. nlSlICed b~ 
tW.1l 10 .nd 15 pe~eent. Farb •• d.on­
• tr.ted that no .O~e tnan three to foul' 
f.1l1&r wrd. ,"'uld bI u.ed wh.re a 
.inJaIil realllin9 ti •• and adequ&te eca­
prehen.ion i.. desl.red. 

Mben the abUity to .. e •• 19n 1a 
reduclll, eith.1' by POOl' vi.ual acuity 
of the drivet' 01' by enviro,..ontal candi­
tlonl. the legibU1ty di.t.nee i. r~ 
auced. P\:)r v1lue1 aculty probi •• , th. 
1l9ibl11ty IShtaMe h reduc~ in d1rICt 
proportion to the aclllt)' •••• ur. (4, 5). 
That 11, I ar 1vlI' vith 20/40 vision .ill 
recOlJn1le e .19n Only It. haU the cU .. 
tane. n.dlll by • ISr lver with 20/20 
vi.10ft. In"~e.Un91y, "" ... vilibUlty 
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i. degraded, a gr.eter decr.ent 1n per­
fora .. c. for v.rbal signa than for .~­
bol sign. ha. b.en reportea (!I. 

2.] Pertotll .. ce of V.rtic.' C\l~v. 
"arnin; S1gn. 

Althouqh n.erou. r ... arch .ttort. 
n..,. att_pted to "'Iluat. the pettol'­II"C. of traffie control 119n. u.a.l to 
",arn IIOtori.t. of varlou. hlzlrdOU. c:on­
dielon., Cln1y one .tldy h ••• peeific:.l1y 
addrelled the liaited sight (LSD) warn­
inq .1.9n. 

Chri.tian .t .1, ••• 1ned the ef­
feet on IIOtori.t.' beh..,ior .nd .ce1-
aent. e.eoc:i.ted with the LSD .19n. 
u.ea on v.rt1eal curve. 10 Nlv York 
St.te (7). It •• notld that the 
av.UablUty of the LSD .1gn Md al 1 0.­
ed .... y .ub.t.nd.rd (.cc:ordlng to NY 
an<2 AASHTO) v.rt ical curve. to be 
tr.atld wlth re.urtleinq anlS .iqn 
in.tallation, r.th.r than iap~ovlng 
tht!' vertical c:urv.tur.. In tlct, the 
11gn wal 1ntendlll for u .. where th. 
re.urf.cing and/or other .inor l'Oad 
iaprov.ent. wuld re.ult ift incnalld 
lpeed •• ignificantly (5 a~) above the 
a •• 19ft .. ·.lue •• soc:iated Wlth th. vert1-
eel highway al ig.ent. 

It ... tound tnat AC U of the 
site •• x.lned, •• an and 85th pereentUe 
Spieet ."'wed no .iqni.fieant cha",., 
ljftUe 5 .it •• e.hibited •• ignilicar:tly 
L0Vft' .peea when th. LSD I1gn W. !!= 
IIOve;J', ca.parad to .peeds wh.n the 119ft 
Wiiln place. It .ppeared tnat tt.e .. an 
and 85th percentU •• peed. "1'. IIOn 
elo •• ly rellted to th. po.ted .peed 
1111it th.n to the advleory lpeed Ibo"", 
on the plete. The re.ult. ot e .urv.y 
~eceiYed tr~ 631 of 1101'. thaft 1400 
IIIOtoriat. who •• 1 ieen •• nlAbera wer. 
racord.a et the t •• t .lt •• indieeted 
tha: only l' percent :Jndentood th. 
speclf1e .eanin9 of th. LSD 119n, 47 
percent mev tnat it ••• varn1l19 with 
an advllory .peed bllt d14 not realize 
that it referreet to the hill, 2' perc:ent 
knew it w •• warning bllt tholJ9ht the 
adVlllOry .peed ..... peed lilllt, end 7 
percent d1d not know the •• an109 .t eU • 
It ... also uported that the ISD a19n wa. the lIO.t fraquently 11." (2.U per 
.ile-1.n per kaI ot all .14n. It ait .. •• 1'. it •• 118". Ind ..... eond to 
the hoc-imntal cu"e warning a. th. 
lIO.t fraqu.ntly u • .cS .i9ft (1.5' per 
.u .... t5 per 1aI» at aU recent hi9h .. y 
r.habilitation project. Where .l,nin, 
had blen ln.Ulleet. An _.inatloll 
of Iccl.ent. lCov14ed no concluslv. 
r •• ult •• 

'DIe aa.t obvlous explan.tion for 
the .ppuent 1n.Ue'!tlv .... of the 
LSD .19n 1. that 1 tI ••• ...,. 1 •• Laply 



not under.tood by very • .ny people. HoV­
...,.r, part of the PEobl •• ay be that 
th. nature of the tlaaacd i.a not appuent. 
Unlik. the balarei. eiteei by other warn­
ing s1gn., liaited s1ght eiilUnee hai no 
eangibl •• anife.taUon. Generally 
apeaking, traff le s1gnl mu.e be cred ible 
if they ar. to be obeyed (8, !. 10). 
A curve warning 119n is a1';ays Cot10wed 
by .. curve. But even after a eSr 1v.r 
hal topped the ere.t of a vertieal 
curve he lIay not be aware of the extmt 
to whleh h11 11ght-diatanee was curtaU­
ed. If tbi. 1. so, then driven tOuld 
c;uiekly le.rn to ignore th. 11gnl. 
Thi.a p)". the q\aeat1on of vbether s\lCh 
device •• hould be U.ited to lit •• wh.r. 
th. crelt hid •• lo.a lpecifle h.zaEd 
such a. an inter .. etion 01' bu.ine •• 
driv.way. It is tOrth noting, in thi. 
reqard. that of the 11 .ccident. wher. 
1 imit.a .ight dittanee wal de.ed a 
Pl •• ibl. 01' llkely eal.l.e by the Mew York 
st.te r .... reh.r., leven invo1ved inter­
.action. 01' eSriv.ways. 

2.4 Ot her Ha z.rd Warn tng S igu 
and Devtce. 

Stllllie. of driver respon .. to warn­
ing '1gns in oth.r application. have 
shown varied eff.cts. ~ansco.b (11) ob­
.erved the effeet of .lippery-vhen-wat 
(SOl .i\ln. on vehiele lpeed. in wat 
waather. Tbe Itandarcl sn sylllbol da­
pieting a Mleidding eu had no .freet. 
Moillg th ..... ag. -SLOW WHEN wET" da­
cr.aaed .peed. at one of three lite •• 
The u.e of nalhing beacons WiI. eUee­
tive ••• paelally when ~.ss.ge. of bigh­
er l~if1city -- -SLOIf WHEN FIASHIHG­
and MAX SPEED X MPH- -- were uaed to 
.upp1.ent the SW 'y!lbol. Intervi ..... 
wl th driver. who pa.sed through th. 
slt •• reveüed that th. high eon.p1euity 
deviee., i .e., the sww sign. with tl •• h­
lng b.acon., .... r. ~r. liltely to be n~ 
tieed and correct1y id.nt:1Ued. Also, 
driver. g.n.ral1y gave lower •• tiaate. 
of ~at lIight be a aafe .peN wb.n 
nashing b.acon. _re pr ...... t. 

In an evaluation of th. eU.cU" ... 
ne .. of teebniques tor wunin; IIOtori..t. 
of Ilow .oving ".hieie. aheld on uphUl 
.eetion. of two-lan •• rll&'al ~Id., 
Lanaan et al. (12) .t UI! ie4 thr.. - SU* 
MOVIIIG VEIlIcLlti"'IaUD- (SIlVA) si9n .. 
fir.t with the ..... , •• 10n., •• eond 
with th. SMVA _ •• ~e plus fh.hing 
b • .:on., and the t.hird vitb the SMVA 
_.Iag •• b.acon., .1111 a pl.t. vith a 
-II1II. rLASHDlC· iftdieat1on. 'lbe .peN 
was recluea4 1-3 .ph 12-5 kph) eo.parad 
to the fto-.1gn c:onclition, vith the ac­
tiv. devie •• h..,1ng •• o.s.hat gr.ater 
effeet. 

Lfl .. (13) .tlllliecl the effeet of 
.arnini -'9nTat UD inter.action ap-

proach.. wi th 1 iJlited .ight d htane. 
(1 ••• than SOO f.et). ~t one ait. the 
int.r.ection wa. ~eceded by • nori.,n­
tal eurv. and in th. oth.r, by a ere.t 
vertical eurve. Flv. dlfferent warning 
a.v1e •• wer. evaluated: (1) the standard 
inter.action ero .. roed w4rn1ng .Ylllbol 
s19n, (2) • warntn; .i9n vith the lIIe.-
511ge -VEHICLES EH'l'UINC,· (3) alequence 
of thr.e requlator-y and warnin9 s19n.: 
a -REDUCID SPIED ABlAD- al.gn, a cross 
rOM sign And a 35 _pb .peed liait .i9n, 
(41 • -WHICLES EN'rEitING- si91\ vith con·· 
stantly flalhlng b.aconl •• nd (5) the 
.... 19n vith a -WUN PIASHING- pl.te, 
with baaeons aetivateä only in the pra­
•• nee of ero •• roed tr.ffic. 

A vehiel. (van) wes deUberately 
posi t1oner1 on th. cross road .t the I.n­
t.r.action on 50' of the tr id I. !f­
rectiven ••• was •• pre •• ed in t.ral of 
speed c:hange. b.t.en the -entry point­
up.tre. of the .19n ar •• and variou. 
point. in th. approach and in th. int.r­
seetion it.eU. OVerall th. Itandard 
eros. rold. and -VIIlICLES ENTERING-
519n. 1\.:1 le ••• peed rNuclng effeet 
(0.5-2 .pb; 1-3 kph) then the re<JLl1a­
tory-warn 11'19 .. quence and th. beacon 
si9n. (4-S IIphl 7-8 kphl. 'lbil trend 
wes th ..... at both .ite., .nd within 
the t.wo gl:oupinq. there was littl. dlf­
farene. between .19n., i..e., tha r~\lla­
tory warninq .equenee va. about a. 
effeetiv .... th. b.acon-enhanced 
sign.. p_Uiarity with the lite had 
no apparent .ffact on th. outcoae. 

A .urvey of .otori.t.. pe.lin9 
throll9h the ait. rev.alad that th. 
reql.llatory_arning •• quene. and beacon­
enhanee1 .19nl wer. twiee a. like1y to 
be reealled aa tne si.ple signa. Also, 
the van on the cro.a roacl wes reported 
a. having be.n ... n mol'. often when the 
reql.l1atory/warning 'lgn. 01' beacon 
signa wer. used. 

In a .tlllly of th. eHeet of war.ning 
.IV!. requlatory '19n. on nori. zontal 
eurv •• on rural rold., 1.1lftl (14) d.al t 
with • probi •• iallar to tbata1acu •• ed 
by ehrl.tlan (1), wh.r. a hi9h1y u.ed 
eur:v. warnilllj ai9ft w1t.h an adVi.,ry 
.peed plat. i. l.gnored, perhapa beeause 
it ia oyeruaed. 8i9ft typal inelulied 
the It.ndard, curv. warnin1 syabOl aign 
(Wl-2), placed at 300 ft ( 2 .) in on. 
condition and at 100 ft (215 .) in 
.nother, Wl-2 vith a ftC)n-aUMard 
.paed .sv laary ••• &49., Wl.-2 .1 t.h • 
sUndacd regulatory .. quenc., and a 
WI-2 vitl'l .tandard lpeecl advilory 
plate. No sign condit,lon waa found to 
b. conailt.antly and .!9niflcMtly 
better than an1' other .ero ••• 11 .i tel 
aad condit,ioft.. 1'Or all .19ft co nd it ions , 
th. location of the point of lowest 
v.locity wal do.eatr •• fro. the 



beginning of curvatur., rather than at 
a aIOre desirable point ~ior to 
.nteri", the curv.. 'l'b1. lU;g •• U 
that driver. reeeiv.s the intoraat10n 
n.tIdtld to adj uat the ir .petld 1101'. tro. 
their .en.e of lat .. al IIOtion than 
frOli intomaüon po.ted on ... i~n. 

Ritehi. (15) had t.st .ubjeets 
drive thro\l9h curv •• of vary1ng radU, 
SOlle with and .ca. v1thout eurv. warning 
• nd advhory speed dgn.. tu.. r.sults 
incHc:.ted thllt l.t.rAl acc.l.r.tion va. 
8Om.what ht~h.r on curv.s with s19n. 
than on curve. without slgn.. Howev.r, 
•• speed lnere.sed th ... r.sult ..... r. 
intet'pc.ted to ... an th.t th •• igning 
serv •• to reduc:. une.rtainty and in-
er ..... the contid.nc. with wtüc:h 
arlv.r. proc.ed. LAt.r.l ace.l.ration 
• ppe.red to b. a uy vari.bl. in spetld 
ehoic.. Driv.r. apper.nt1y provid. 
th ••• 1v •• with • great lIarqin for 
Hf.ty .s roadVllY speed inc:r ..... ' the 
speed choic. rapre.ants ••• ller trac­
tion ot th. speed at "'ich lat.ral .kid­
ding lIIOu1d ,,~.nc. th.n on lower speed 
road •• 

Stockton at &1. (16) ci~d Ri tchie' • 
Unding. a. the ba.i. Tor c:oneluding 
th.t eurvo ",.rning signa Ar. not •• fety 
rel.ted .nd th.t th.y .re unnee •••• ry 
on 10 .. vol~. rur.l road. exe.pt where 
sillht dilt.nc. r •• tr letion. would not 
4110. driv.r. suffieient till. to .10101 
tor th. eurv.. In .uch c .... , adv.nc. 
varnin9 eon.l.tln9 of th. eurv. warning 
s 19n Alone i.S .ppropr i.t. wh.re the 
curve .peed .hou1d b. b.twe.n 10 and 
15 .ph (17-25 kph) slower than the .p­
pE'o.ch speed. ".peed adv isory plate 1. 
rec~.nded vbere th •• peed diUerence 
i. 9r •• t.r thlln 15 IIpb (25 kph). 

2.5 Flash.r-Au9ll.nted ifarning Signs 

The us. of fl •• h.r. to iner •••• the 
eon.pieuity of ",.rning .ign. h •• b.en 
.... inod in n~.rou. r .... reh .ffort., 
arid podtiv. r •• ulta wer •• lvay. indi­
e.tect. Wh.n uaed to wern of the pr ... ne. 
of •• i9ht-ra.U:1c:ted rllCal inter.ect1on, 
the cla •• of ~ft1Dl .19ft. thae included 
• tluber-augllent.t .,.t. re.ulted in a 
1.'-3.2 _pb (2.7-5.3 kph, .peed reduc:­
tion of the 81gn locaeion, ec.pared to 
0.8 .ph (1.3 kph) w1thout fluh.n (13). 
Motorhu wer. twiee a. lik.ly to haV. 
been ."are of th. PE' ••• nc:e of • h ••• rd 
(. parkad yen) .t the .ite, a. M1ll. 
Pl •• h.r. u • .t to dr ... attention to s1gn. 
warning of wort .,n •• on rur.l hi9hwaye 
r .. ulted in a 3-4 .ph (5-7 kph) ,r •• t .. 
• peed r.tuct1on tttan that obtain.t frOli 
.19n. without fla.h.tl in a .hort ~rk 
aon., .nd • 7.5 .pb (12.5 kph) .love. 
.54ed than that achlwed by the It.h1ard 
819ft (17). In •• tudy of the .ffecUve­
ne .. oTn •• hing lighta ".ed ln conjunc-
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tion witb regul.tory Ichaol .on. speed 
restr ietton .i9n., fl •• n.rs r •• ul ted in 
an averag. speed reduction of 3.6 mpb 
(5.0 kph) across .11 lit •• (18). eh 
road. that nora.lly wer. 1 illITed to 55 
.ph (92 kph), • 10.pb (17 kph) reduc­
tian was Obt.ined •• lthough • 30 IIIph 
(SO kph) reduction VII. de.ired. 
Hansccab (11) repo rted a 9 perc.n t re­
<1uc::tion ln.peed on high speed road. 
wh.r. fl •• b.rl and .ign. wer. u.ed tO 
warn of a wet we.th.r skidding haurd • 
Sign1tic:antly, wh.re fla.h.ra .... 1'. u.ed, 
All aIOtoriat. reauced th.ir .peed to • 
lev.l at or below the erLtlcel speed, 
whil. withol.lt n •• ber., eh. f •• t •• t 
quartU. did IIC't. Th •• ctive 81gn. 
w.r. IIOr. pron. to be obs.rved, proper-
1y id.ntified, and ob.ysd. 

It ... ay b. eonchded that wher • 
na.hers Ar. uaed, .nd the ha •• rd is not 
obvious, reg.rd1 •• s of the acecapanying 
s19n, & lpeed reduc::tion of at 1.ast 2-3 
mph (3- 5 kph) .ay b. real i .eII • Wher. 
th. natur. of th. ha •• rd 1a lIor. cl.arly 
idenlaUed by the lign, th •• peed redllc­
tion is 11kely to b. gr •• ter, and th. 
IDOtoriat'. att.ntiven ... is Hk.ll' to b. 
he ig ht.ned. Where the n.ture of the 
h. z.rd 1. obv 10118, •• in the e ••• • 0 r 
slippery condition. du. to rain on a 
curv., fla.her •• r. l1k.ly to b •• ost 
eUectiv. in warning drivers to r&duc. 
th.u .peed and be IIOr •• ttentiv •• 

2.6 Experi .. enta1 Techniqu •• and 
Me •• uras of Etfectivene •• 

Prev1ol18 inv •• tlg.tion. of the et­
fectiven ••• of haS.rd w.rning lign. for 
hlghway. h.v. PE' w.r U y util1zed ob .. r­
v.tlonal fi.let .tudy .nd .urv.y teebnl­qu... IIowev.r, develo~.nt and evalu.­
t10n of Doth v.rbal .nd symbol sign. 
MV. also b.en .eccapl iahed throuqh 
laboratory .tudi... fi.ld .tudi •• are, 
in gen.r.l, !lor. oper.tionally val id in 
d.teraining th. actu.l .ffeet of •• ign 
on trattie Deh.vior. Laboratory .tud-
i •• ean ..... ure th •• Uect. of a lign 
on ind i.v id u.l eSr iv.r behav 1or, but hav. L... face v.lid 1 ty • Pur eheIr, the Yalid­
i~ •• t.thtieal.,... oL.I._ratory 
.t~i". of 81gn .ft.c·then ••• · tilP"not 
been we11 .stablhbed. Control1ed 
fi.ld studie., whieh .re • kind of hy­
br ia C:Cllb1niftIJ aapeet. of botb labo~ ... 
tory .nd field t.ehnique., .000ewb.t 
Dr idge th. gap in tace vAl idity, but 
their lev.l of validiey ha. not be_ 
ch.rly •• tablhhed tor .19n .... aluat1on. 

CI) .. rv.tionAl n.lel .tudi •• have 
r •• ulted ln the analy.h of a variety 
ot .e .. ur •• of vehiele tr.jeetory .1ne. 
technLqu .. tor .en.1ng and reco~ing 
auch intoraation bav. bee~ ••• U_le. 
In • ..,eral .tudie. udng "aUar tecmi­
qu •• (.!l, !!, !!, !!, !ZJ .pot apeed •• t 
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variou. loc.tion. along I 2,000 ft (610 111 
lenc)th of 1n.tr..-.nt.d roadway -'1'. 
..... ur ad to pr"" id. I 

0 entry .peed 
0 lpeed • t int.~edi.t. point. 
0 lpeed • t h •• ard w.rn ing .ign 
0 speed at hazar~ 
0 speed .ft.r h.zar~ ( .. it speed) 
0 in i ti.l .peed rechI<: tton 
0 .... 111 •• peed reduction 

EI<:h depend .. "t ..... ur. provided a dif­
f.r.nt point of vi.w of th •• Ueet. of 
• haz.rd "arning sign, .nd th ... o.t 
atrongly affec:tad wer. g.n.r.UY th. 
speed ch.ng. v.r i.bla •• 

Ob •• rv.tional IturH •• h .... also 
utilized surv.y t.<:hn1qu •• that seek 
to .It.bli.h th. lev.l of .tt.ntiven ••• 
of the driv.r •• lOeiat.d with the tr.f­
Ue eontrol deviee und.r .tudy (7, 11, 
13) • Attent1ven ••• h •• be.n .... iur'iii 
thJ:OU9h query1ng th. dr 1v.r on hi. re­
e.ll of the .1gn ••••• g., th. pr ... ne. 
of parked v.hlel •• 01' oth.r •• pec:t. of 
th. hazard, .nd •• lf-.... s •• nt of .t­
t.ntiven.... Reeall of th. s1gn •••• .;. 
provld ••••••• ur. of th •• tren<;th of 
th ..... ~., •• weil. 

te •• coaple. field studi •• h.v. 
ut1111ecl .illpl. count. of viol.tiona of 
turnin<; prohibitlon •• nd o~h.r prohibi­
tory-typ ••••• ., •• (!!). 

Controlhd U.ld .tudl •• to ev.lu-
• t •• ign. wer. conducted •• tl.rly •• 
1939 (4" wh.n the hgibUity diltane. 
-.. or-pcinc:ipal c:onc.rn. Mol'. reeent­
ly • n..-b.r of lnv •• tig.t1on. h.v. also 
u.ed that teehnique to ev.luat •• i9n •• 
at tehi. (15) •••• ured the speed of vehi­
eie. operit.d by p.ld t •• t lubjeetl to 
ex.in. th •• Uec:tiv.n ••• of curv. warn­
in<; sign.. !)ewer end P!lll (20) h.d .ub­
Jeet. el.slHy .1gns .s .ither w.rning, 
t'lgul.tory, 01' lnfom.tional, .nd iden­
tify their .... ag. whU. ~rivlng und.r 
nomal Md speei.lly .odif1ed eondit1ons. 
The ~Ut.nc. frca th. s19n when lt .. 
cla •• lfied end then :~entif1ed vas 
the d.pendent .... ur.. This teehniqw 
suff.red frOil the r.ther -.Ik d18erill­
ln.tory p:»"1' of tilling v.rbal r.spon .. s. 
In • l.ter .. t of e.perm.nt., Ills 
.nd Dewar (6) .ca.what ecapens.ted 
for the v.rDal re.pon .. ti •• probi. 
by h ... i", the subjeet8 el ... Uy s19n. 
ualng •• in91. syllabi. r .. pon .. --
-ye •• 01' ·no· -- to identity th. 
-.rnin9-ngulltory dic:hotOlly _11e 
drlvi", M .utcaobU.. The leIJibUity 
d i.t.nee, deUned •• ehe ... 1a1ll 
dLst.nc:e frca the subjeet .t whieh the 
.19n could be eh •• ified end ldentifled, 
•• nc:ol'Cled. In •• tudy perfoftled 
by SUIlaal. end .... e. ... end nponed 
by o.wer (!J), subjeet. "1'. r.quired 
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to n.e .11 th. tr.Uie signa th.y s.w 
a. th.y drov •• long • 160 IIU. route 
in rlnlend. 'l'h. subj ee t. wer. able 
to report approxim.t.ly 97 pereent of 
all .1gn. on th. route, a !luch high.r 
nllllb.r than r.ported in •• di.r .tudi •• 
of a aiml1ar natur •• 

Many labClutory-b ... d .tud ie. hav. 
b •• n conductad to ev.luat. high".y sign •• 
'l'h. 1I0.t not.worthy of tho •• h.·,. b.en 
eonducted by Dewar in Canada .nd 
Elst.rby in England. 

A .1mpl. ranklng t •• t haB b •• n us.d 
to det.m1n. th. pllbl1c's pr.r.r.nc. for 
altern.tive sign. portraying th ..... 
mes.ag. (24). In thi. technlque, .aeh 
r •• poncl.ntranks •• et of alt.rn.tiv. 
sign., fra. best to wor.t, u.ing th. 
gen.ral erit.rlon of how w11 the s19n 
eonv.y. the int.nded lIe .. .;e. 

Tb •• ost widely us.d •••• ur. of ef­
feetiv.n ... in laboratory studie. ls th. 
frequeney of correct re.pon ... in 1d.n­
titylng the cateIJory 01' .eening of a 
s1gn ~iapl.ye~ to a subj.et. Experlll.n­
tel teehnique. have ineluded tillling .nd 
recording v.rbal r •• pon ••• (6, 20, 22), 
timing r.quired .utljeet re.pönai'i .üCh 
as pr ••• ing th. proper key on a k.yboard 
(221, and .illply reeordlng subjeet re­
spon ... wi th no tt •• 11ll1t lnvolved (23). 
In en .ffort to ex."ine .ffeet. unr .... -
lated to r.spon •• l.t.ney, .nd also to 
lnen ... th. diffieulty t)f th. nquire­
lIent to n •• end d.scrib. the •• ening of 
a .ign, tachistoscoplc teehnique. hav • 
b .. n u.ed to provlde a bri.f, fixed­
dur.tion •• po.ur. to .ach sign t •• ted 
(6,19). U.ln9 th.t teehniqu., the fre­
quency of eorreet re.pon ... provide. 
both an absolute m ••• ur. of si9n .ff.e­
t1venestl a. w.ll ••• r.lativ. m.a.ure 
tor ca:'.paring altern.tive 119n. wlth the 
SE. m •• sag •• 

~chniqu.s in which • r.spond.nt s.­
lects aseale value for a partieular at­
tribut. (.uch .s cl.rlty of ...... g., of 
the .19n in que.tlon h .... b.en u.ed on 
.. v.r.l O<:c1810n.. rr.ed.an U6 I uaed 
• un-point rating seal. in coiijunetion 
with a written •• tehing t •• t to eveluat • 
• .. t of pa.""'flr/ ped •• tr1.n oriented 
sYlibol .1gn. for U.5. cor. Dewar (25) 
usea the •• Mtie differ.ntial teehnlque 
(271 for th. ev.luation of tr.tUe sign 
lI'ii.~... It •• faund til.t the .. score. 
ller. hlghly eorr.lated wi th I~aapreh.n.ion 
and partially eorr.lated with gl.nee 1.CJ­
ibility of .Yllbolic ••••• g ••• 



3. DEWIDJlMIMr er PRBLIMlNARr 
ALTIRw.TIVIS 

'DI. in 1 th1 dev.l0s-en tal .fto rt to 
evlluate Uaa_ .ight di.tanee wlrning 
<iev ic.. wa. dir ec:ted toward, fi r.t , 
eu.tin; • wid. vlrilty of candid.t. 
v.rbal "'S"9" and .yabol., th.n .. leet­
ing the liv. lIO.t pr<laising c:.nd id. t •• 
for furth.r, lIore detaUed t.sting. 

3.1 ..... .;. DeYe.l.o~ant 

The Jev.1o~.nt ot v.rb.l r.f.r.ntl 
wal ba.eII on eh. provislon of thr •• _1.­
m.nts of the ...... g •• 'DIe fir.t, the 
prepa&'atory .l_ant, .erv •• to ind le.te 
the .pproprlat. degr •• of att.ntiv.ne •• 
that th. driver IIU.t eXhibit. A. elie­
elo •• d ln th. rwiew of prwiou. r~ 
.earch, that i 1 often .ee<lapli.hed by 
nllhing beaeon. or •• qu.ne •• of .i9n. 
"hich pcovid. luffieiet rec1undlncy tO 
h.lght:en the driver' •• tt.ntlon. 'l'h. 
aec:ond .l_ant 1na1elt •• the letion that 
IIWlt b. t'k.n by th. lIotori.t. Speed 
advi.ory ..... .g •• Ar, th. IIOst fr.quet­
ly ••• n action indlc:ator. on wlrninq 
.ign.. Th. fin.l el_ant conc.rn. th. 
lel.nU fieation of tne h.zard. to the 
IIOtori.t. In .&ny v.rb.l s19nl, and in 
all 'Yllbo1 .igu, on1y th. hazard 1a ex­
plic 1 tl y !dan I:i fiect, wh U. t he ot h.r two 
.l .. ent •• re ••• ua~to b. und.rstood by 
th. Qriver. . 

'l'he v.rb'al ...... g •• er.ated a. al­
tern.tiv •• to th. UD r.f.r.nt utUized 
c<labinationl ot the fo11oving ••••• g. 
• l_anta, 

1. Pr.par.tory Bl ... nt 

o CAUl'ION 
o MNGER 
o 8E ALERT (an action el •• nt th.t 

serv.. a <1 ual rol.) 
o SLOW!SLOW DOWN (an .etion .l .. ent 

thaI: I'rv ••• dual rol.) 
o (non •• pecifi.d) 

~. Action u .. ent. 

o 81 ALiRT 
o SLC*/SLOII DClfIi 
o (non •• pec1f1ed) 

3. IdentiUc.tlon !I_enU 

o OBSTROCTION!8UXICAGE of lin. of 
a1ght 

o LIRITATION!RESftICnOIl of lin. ot 
a1ght 

o BILL ieSentUbd a. objeet c.uain9 
ba.arel 

o VIIIf!VlSION!SIGHT DISTAMC! iden­
tUied •• sen •• of lullt.Hon 

'l'h. ao.t suc:clnct of the .. ei_anti 
wer. ca.bined to fom tIMt follovl11i 
r.f.r_t'l 

1 

CAUTION 08STIIUC'1'lD VIa 
CAt1l'ION HILI. 8LOCKS VUH 
BE ALERT KILL BWCrs VI':'" 
DANGER HILL BLOCKS VIEW 
SLOW KILL BLOCKS VIE'" 
SLOW DOWN HILL BLOCKS VIEW 
HILL BLOCKS VIEW 
KILL CBSTROCTS Vltw 
HILI. RESTRICTS VIEW 
CBSTROCTED VIa 
CIISTRlJCTED VIS ION 
LIMITED va 111 LITY 
LIMITED SIGHT DIS'l'AMCE 

Th. v.rbal ..... ~ •• 19n. u.1nIJ tn ••• 
ref.r.nt. ar •• hown in Figure 2. 

For .yabol • i9n dwelr.l(aet, an a t­
t_pt wal .. ad. to ldentity the .tronIJ.1t 
1IIag •• th.t eouie! conv.y th. n.ect for 
.tt.ntiv.n ••• , a. -.11 a. the g.nerll 
natur. of th. probi. of re.tr1eted 
light dlst.ne., in • way that wollle! b. 
clear to th. IIOtorilt. A graphie artist 
ptoduc:ecI th •• yabol w&ge. shoVl'l in 
Figur. 3. Th. 'Yllbol. rangelI fr<la an 
ab.tract illl&9' of gen.r.lly ob.truet.ct 
vi.ion (58), through att_pt. to eonv.y 
the v.rtical and 10l19itudinal \IIotion 
iaparteei by .t .. p hilh (53 .nd 54) , 
to profUs vi • .,. of th. roeei ahead 
(Sl, 54, 57), to elwation viev. lhow­
il\9 pot.ntial hazards (52, 55, 56, 59, 
510) . Th. diffieulty 0' ,sYllbol eleve!­
opaent tor \:M 11at .. ~,ht di.t.ne. 
probl_ i. that t_ .. ~.t c:onv.y 
the notion of ahaaareS eSue to th. 
an •• ne. of infotllation, not nsc •••• rHy 
th. contin uftd pre .. nc e 0 f an •• plic i t 
h.z.rd • 

3.2 nelillinary bnlting re.t 

Th. in1tial .. t of thirt •• n v.rbal 
...... g ••• nd ten symbols, shoVl'l Ln 
Figur •• 2 and 3, .... r. waluatlc:l by .... 
ploya •• of Itotron, Ine •• 1IIho ranlc-ord.r"ld 
the .tilluli ac:cordil'4 to th.ir j ud9llent 
of t.he appropriat.n ••• of .ach stilllulu. 
to th. r.ferent tr.ffic eondition. The 
outcaa. of this pr~cedur. was th. d •• ig­
nation of two verbal 1II ••• age., and tvo 
'Yllbol., vhieh reflected the gr •• t •• t 
eon.en.u. a. potentLally .Uectlve varn­
in9 dev ic.. ln si tua tion •• er •• 
driv.r'. forward vilual fl.lel i. ob­
.,;.ructed by • cr •• t vertical CUrv •• 

3. ~,l M.pond.nt. 

A ... pl. of forty-on. r •• pond.nt. 
perfotlled rankl~. of tb. vuloua .U­
lIul1. 11,hc •• n .al •• and t ... nty-thr •• 
f_al .. ~rt1cipated in the .tUl5y, 
rM,1ng bet .... n 20 an4 55 y.ars of _,., 
_110 havln; b.t .... n 4 and 37 year. of 
elrlv i1\9 •• per ianea. 'l'he .aan lIIJe and 
yaar. of dr1vin; apert.ne. of aU r~ 
.pondenu .... 32. S and 12.5, r •• pee­
tively. 
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3.2.2 Sti.W.U8 Materials 

Ten .~bol., each fr_ed in the 
standard MU'l'CD dl .. ond-Ihaped fot'lllat, 
were pcinted in a black-on-white g~.phic 
affixed to •• 25 in (10.8 eil) square 
piece. of p)Surboard. S i.JI il arly, t hir­
t.en verbal ~ea .. gea we~e lettered in 
bllck-on-white, and ""re confi'iured Ln 
1.5 in (3.8 eil) aqua~e dia.onda in the 
s .. 80rt of • fla.hca~d· arrang_ent d ... 
scribed aoove. 

3.2.3 P\"oced ure 

On. ~eapond.nt at a time perfomed 
pr.ferenee ranking. of verbal me.allge. 
first, and chen the .ymbol., vith no 
tiale liJIlt. Subjects were given th. 
follovlng inatruction.: 

·we ere conducting a study to 
identify a highwy warning sign 
that will effectiv.ly co.llunicat. 
to driver. approaching a hill 
ere.t that their vision i. re­
stricted. and that particular 
eautlon i. requir~ under .uch 
eondition. due to pusible hlz­
ara. hidden on the other .id. of 
th. hilI. Your task 1 •• tmplr to 
arrange these clrds bearinq me~ 
&lges (sytlbol.) in the order 
whieh you feel b.st reflects 
their relative effect1vene •• at 
convering thi. warning. Piea .. 
lOOk at each elrd, on. at a ti.e, 
then piece dl thirt.en (t.n) in 
ehe order--be.t to worst--thlt 
your ovn j udCJllent and experlence 
•• I driver dictate.. Fe.l fr.e 
to 1Ie. a •• &ny chang •• in your 
re.poft.. all 1/Ou' d Like, and j Idt 
let .. ~" "'hen you've r.ached a 
flnll dechion.· 

3.2.' Analy.1. 

A two-part analysis ,.,.s perfomed 
on th. date obtained in tl'1is .tlldy. 
First, tables relating th. nu.b.r ot 
tim •• eaeh atiJIulus wa ranked in .ach 
of the pouible po.itiona wr. pcepared 
a •• noV\ in Table. 1 and 2. Chi-.quare 
tea~s ~r. uaed to d.t.r.ine whether 
dgnJ.Ueant diUer.nc: .... tated .-on; 
the frequ.nc1 •• vlth ""lch the '1arioll8 
atilluU ver. phced in the h1gheat (lIO.t 
preferred) poahioR'. Slne. 1t •• 1n1-
thlly the 90al to d.Une the tWO beat 
verbal •• aU9 •• and the two b •• t a~bol., 
data WHe collap.ed ac:ro .. tIMt top tllC 
po.l tion. for .ach .. t Qf .U.u! i. "'e 
flncHng. lrdlcated I clear and oveEw.l ... 
1nq PEer.rence for ..... aUge. IV2 aneS 
V6) ov.r oth.r v.rbal .... ag •• and .ya-
bola (S5 and 89) over other 'Y!lbol •• a­
aage. (X2 .~ol. • 30.44, .19. at .995 
conticlene. level for 9 cI.f. J x2 verb. 
.~ •• • ".74, .lt. at .995 confi,denc:e 
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level tor 12 d.L). 'l't\. l ... ~ preferred 
v.ro.l "' ••• 119. waa va, WLIMI'l'ED SIGHT 
OISTANCE. • 

M ov.rall ind.x of preference was 
eon.tructad, by •• ai9ning wight. to 
e.ch rank po.ition to more clearly COR­
ver the ranJc1nq. for .ach .till"lu. in­
c:l\l:led in the study. For the symbol., 
a v.lue of ten was •• s1gned a f1r.t­
plae. ranking, nine to ••• eond, and so 
on dolo1"l to a value of on. !or • tentn­
plae. ranldng. '111 ... ~ 19ht. wer. then 
multiplied by the rr.qu.ney with whieh 
each .t1.11111 us appeared in each posi tion, 
and the product. then .r .. ~eQ .cros. 
ranking. for .ach stillul us. For the 
verbal .. ea.ag •• , th. weights ranged tren 
thirt •• n, ror a top ranllinCj. down 1:0 
on.. With r.lltivl1y h1CJher wiCJht. 
assiCjned to relaUvely l\i9"el: rankin<)5, 
this procedure r •• ulted in a useful me.­
sur. of th. collectiv. judg •• nt of All 
41 subject. regatding the .frectivene •• 
of each .yabol end v.rbal 1I •••• g •• 
Ta:l •• 3 and 4 pe •• ent the outcome of 
this analys1 •• 

A nomalhecl scor., d.rived by 
dividlng the lnde. value by th. nlllber 
of rat.rent. in the set (10 for sytllbol •• 
13 for verbal me •• IIg.')' was also eal­
culat.d. 'l'hua ~he nomaliz.d .cor. 
i •• cCllp.rabl ••••• ur. of the strength 
or pr.t.renc. acraa •• 19n type. It in-
d iea t •• , for __ pl_. that r.apondenta 
mo~. atroft91y preferre4 va than 89, 
whieh were th. 1.edift9 signa 1n .ach 
cate.gory. 'l'tI. perc:.n t 0 f the ... 1nI~ 
poa.lbl. score for I r.f.rent w. allO 
calculated a. anoth.r pret.renee .tr.nqth 
indlc.tor. Ir. i. tbe ac:t~al index v.l~ 
aiv1.ded by the ... lau. poa.1ble index 
value, whieh wuld 1). th .... la~ wight 
(10 for syabols, 13 for verbal ••• sag •• ) 
aultiplied by the nlilber of r •• pondent •• 

1.2.5 S~bj.ct·s eo .. ent. 

During th. debri.Ung .... ion fol­
lovinCj the rank-orderin9. reapondent COII­
lIent •• re 101icited. A. "\abe: of r ... 
spondents, "hU. rank1n<) .yabol. 55 end 
59 bolh v.ry highly, aaid th.y b.l1..,ed 
a hybrid of th .... igns -- a ayabol 
that inc:orporated the hill-inUraectinlJ­
line-of-ligbt feature of S9 and the 
·otb.r v.bicle/ hidden ha zarT teat ure 
of S5 -- vo\lld be the ainql •• Olt eU.c­
Uv. eS •• 19ft. AlIlO, • ..,eral lndividual. 
•• pr •• Md • FC'.f.renee tor a lyabol ca.­
IIwsiclt',. tbe -hUI bloc:kl v1 • .,. eon­
ee~ trOll 1 -drlver' I .y./h • .s-on­
viewpoint, rar.her: then • side/profil. 
vl.vI for the aoat part. ho_v.r, t.he .. 
• _ P«Ipl. r.ted th. -;.,..d-on· perspec­
tive si.,n. lnc:luded in this atudy .. 
con.iderably l •• a .Uac:tive than the 
ae.19ft. (S5 end 59) whiCh recelved the 
hillhe.t werall ratinga • 



Table 1. P'requeney of Rank Selection for Verbal Stimuli 

I 
Mlaber ofl Stlllulus ID 
Ti ••• in I 
Podtion I i 

vi v2 v3 v4 v5 v6 v7 vi v9 vlO! vll v12! v13 
1 .. 10 2 0 0 14 2 0 1 • I 0 1 I J 

2 3 10 5 0 0 I 6 1 1 [ 1 4 [ 2 2 [ 6 

1 ] 11 5 I 0 1 ! 5 1 1 I 0 .. I 2 0 I 8 

.. I 5 1 I 6 .. I 4 I ] ] 0 , 5 I 0 0 I 7 

5 I 2 6 ! 6 2 I 3 I 2 0 0 .. 8 I 0 1 ! 7 

6 7 1 I 5 ] I 11 ] 1 I 0 5 2 I 1 1 I 1 
7 2 o I 0 10 I 3 3 .. I 1 I " • .. .. I L 
8 1 1 I ] 9 5 1 0 I 2 I 10 1 1 4 3 
9 7 1 I 1 3 6 1 3 .. 9 2 1 3 I 0 

10 1 0 1 3 .. 2 5 6 1 I t 6 I 2 
11 5 0 1 3 1 I 0 ] 1 I 2 2 8 I 11 I 1 

12 0 0 1 .. I 1 I 1 13 5 1 1 5 I 7 0 

13 1 0 J 0 I 1 I 0 I 5 20 0 I 1 I 8 1 1 

Tel. 2. rrequeney of Rank leleetion for S,-bol St lJ1uli 

I 
Mwab.r ofl Stillulus 10 
TL .... ln I 
Position I 

! s1 s2 .3 8' .5 s6 .7 .8 .9 s10 

1 .. 0 2 4 13 t 2 2 1 9 .. 
2 1 Cl 1 1 • ! 4 .. 2 9 .. 
3 1 14 5 .. 1 1 1 0 9 1 
.. .. , 0 3 15 3 .. 3 3 6 -
5 3 :2 3 7 7 .. 5 1 .. 3 

6 7 .. 3 5 1 2 1 .. 1 5 1 

1 3 1 3 5 I 3 I 7 Cl I 0 0 8 

8 11 0 9 7 I 0 • 1 I 0 1 2 

9 3 0 8 .. I 3 6 7 , 1 t 3 

10 0 0 7 I 1 I :2 I 1 2 25 0 I 1 
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Table 3. Prererence Index: Symbols 

Stillulu. Index V.lue NOrllall.zed Score , ot M.xl.mUII Score 

.9 318 31.8 78 

.5 309 ]0.9 75 

s2 300 30.0 73 

810 240 24.0 59 

sI 22] 22.3 54 

84 219 21.9 5] 

87 203 20.3 50 

86 191 19.1 47 

8] 164 16 .4 40 

58 109 10.9 27 

Tabl. 4. Pr. t.r.nce In(le.: Verbal M •• sa9 •• 

Stillu1u. lnd.x Value Nonaali ud Seore , of MaxillUII Score 

v2 454 ]4.9 85 

v6 423 32.5 79 

vll 384 29.5 72 

vl0 343 26.4 64 

v3 336 2S.9 63 

vI 311 24.4 59 

v7 2" 21.1 51 

v5 272 20.9 51 

v9 266 20.5 50 

v4 250 19.2 47 

v12 193 14 .9 36 

vll 171 13.2 32 

vI 119 9.2 22 

u 



'l'h. ccaJlenU ~ovid.c5 by reapond.nu 
wer. appliecS to genecate .. addlUonal. 
nell ayabol de.ed wcthy of includon in 
l.tee l~ratory and f1eld eapee~enta. 
It 1.. a hybrid of the tw top-ranlced 
sytllbol. (55 and 59) frc:a tbi. e.periJllent, 
and LI i.llu.traUd in Figur. 4. 

13 

1.1 Conelul1on. llegaed1ng Pr.liainary 
Laboratory ~ating 

Th. initial d..,elo~.nt of altern .. 
th. 1I ... ~"a utUiz.c5 .apert opinion, 
the IkiU. of a C)uphie ar ti It , and the 
r.v iew 0 f the pt'el 1II1nary lIell~e. by 
41 Heen .. d driver: in a ranking te.e. 
The ti nd iftCJ' of thia pr.l illiinar~' d..,e1-
opaent indie.t. tbat thr •• ayabol ligna 
(S9, 55, 521 and thr .. verbal •• "Ig. 
lignl (V2, V6, Vl3) wer. cle.ely luper­
ior to the other lign. in each catlgory. 

'I.'tle be.t .yabol .19n, S9, c:a.blned 
the el.ent. of the elevation oe aide 
vielI, with a .harp vertical c:uev. clear­
ly dep1ct.c5, aha indlcating tbat the 
driver' I 1 ine of light 1. blockeIS by the 
ere.t of the hill. The liegree of hazard 
end th. n.ed to .low dow:l 1a 'U;q •• ted 
by th. graphie .~ol of forward .atLon, 
depieted by d •• had lin •••• anating frCII 
th. rear of the v.hiele. 

The next be.t .yabol, 55, i •• 1.1-
lar in provtdtng an .lll'Vatlon of th. 
hill but aoe. not •• plieitly .how a re­
Itricted lin. of light. filii 11 'U9-
ge.ted, however, and tlle deg re. of 
hazard a. well •• the ul'9.ney of action 
i. strongly indleated by two auto.Obile. 
ru.hing to_rd .ach oth.r. 

Tb. third b •• t .yabol, 82, 1.'ne.r­
ly iOentlc:al to the fir.t .xe.pt that no 
sen .. of lIotion 1. d.p1c:ted .xp11eitly. 

80th the ~lr.t and th1rd .~ol .uf­
fer ... what oecauae the Uiplled hazal'd, 
wh1ch wo\&10 be ac.ething on the rom be­
yond the ereat of the h111, 1. not de­
picted. Th1 ..... intentional, a. eXpli­
cit d.plction of a 'peeifie hazard wal 
felt tO be potentially dangerou. in thit 
lt lliCJht IU;CJest one k1nd of hazard (de­
bria, for ex_pl.) IIhen th. haurd could 
b. altogether different (a atalled earl. 
T~,,: lIIecOnd • yaDol .... an a tt_pt to d e­
piet the 1I0lt .. vere un ... :\ haz.r~, an 
oppol1n9 vehiele rapidly approachlng in 
the pa th abeal!. 

lt ..... coneluded that 55 .l\ou14 ~ 
further t •• t.c5 in labor.tory condiUonl. 
lt .... flll'ther conc:luded tbat the hybrid 
'yabol .bo .. ln ,1glll'. 4, .bouleS allO be 
te.ted • 

ror v.rbal •••• ag ••• tIMt thr •• 1I0=~ 
hlgbly ranked .. n, Urat, CAU'l'IOI BILL 
BLOCII VIa i •• eond. ~IICZII BILL ILOCKS 
VI., and thitd, SLOII BILL BLOCKS VI". 



4. 1A80RATORY E'ALUATION 

4.1 Objectiv •• and overvi • ., 

Th. purpo .. of th. laboratory t •• t. 
!oe' to detemine the relative deqr •• to 
whieh the ISD .1qn and each of ene mo.t 
hiqhly ranke pre1 ilIIinary verbal and 
SY.Dol message. ahown in Figur. 5 for 
the l1lait.s .ight dl.tance ",arnil\9 wer. 
~der.tood and qu1ekly a •• 1 .. Uat.d by 
IIIOtori.t.. A broad ero ••• ection of 
lIIotorbt. 1n two .tate ••• rved a. paid 
t •• t .ub)ect. to perfotll th. evaluations. 
Te.ting tor ecapr.hen.ion of ...... g. 
content we. ba.ed on a d •• ign in .,hien 
each re.pondent .a., only on. of the 
lilllttlld .ight dhtane. ",arninq ..... ., •• 
aJ.ong ",1 tb .. v.ral oth.r ",arninq sign 
m ••• age. not r.lated to v.rtical curv ••• 
Alilailation trial ... r. allO ba.ad on 
a de.i9n in ",hieh th. r •• pondent .a., 
only on. v.r.ion of the set of alterna­
tive 1 iJIIited .iqht di.tanee m.ssage •• 
Rank-ord.r 1ng wa. aeec:.pl i.hed tnroll9 h 
analy.i •• )f th. ecaprenen.ion snd ••• i­
lIIilstion I:.n re.ult.. 'l'he subject. 
• 1.0 rank·-ordltr.s the me •• ag •• 1n • pro­
cedure id"ntieal to the pr el ilII1nary 
...,aluatio:1 deacribed in Cnapter 2 of 
tht. repo::t. . 

Te se j nq wa. per fome<! • t two .ta t. 
operated !totor v.hiele inlpection c.n­
ter. in Ne., J.r .. y, and also at tlolO 
drivers' lieen •• photo center. in Penn­
sylvania. an. location in eecb .tat. w. in a IDOr. rural Ir.1 while tn. 
oen.r ln each .tat .... in an urban 
ana (Phl1-'.lphia,. Test .uOject. 
.. r. pa1d for their parUeipetion. 
Th ••• ple .1_ ... 256 .ubjects, 
divtdecS eIIenly aero .. all four .it ••• 

rn. ;r bei pa! fi nd i ng s 0 f t ta. 
t •• tinq m,.y b. sla .. ariz.d I' follows: 

1. Of the v.rbal IIl.SSag •• , ·SLON 
KILL BLOCKS vuw· acored high •• t 
in c~pc'eh.n.!bUity and rec09-
nuability. It placed .. cond b.st 
.-eng v.rbal .... eg •• Ln th. rank­
ing t.'I:. 

2. Of I:be S~bOl •••• a9 •• , th. si9n 
d.pictinq tvo yehlel •• approachlnq 
• ach other tra. oppo.it. aiel •• ot 
a tlill seored h19h •• t in ecapc.h .... 
lib 11i ty and .. cond hi9 h •• t in 
ue09nuabil1.ty. II: ..... over­
-n.l.ll19ly preferred .ong .~bol 
.... ag •• in the ranklng t.st. 

3. 'l'he eurrently ,eoa.llonded ·Li.ited 
Si9ht Di.tane.- v.rbal .. e •• ag .... 
l.a.t ccapceh.n.ibl. of the v.rbal 
.19na, ... 1.a.t recoqnilable of 
.11 v.rb.l ancl syabol .i9n. cca­
bin_, anCI wes d. __ wrn of All 
si9nl by lIor. r •• pond.nu then any 
other a ytlbol or v.rbal aigft. 
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4. 'ft1. -'dit1on of a .uppl •• ntary 
pan.l (. INT!RSEC'l'ION·) indicat1ng 
the natur. of th. un ... n h.l.rd 
n.ith.r • 19ni Heantly iIIprOlled nor 
degraded th. performance of the 
v.rbal lign (·CAUTION HILL BLOCKS 
VIEW·) vith which it ..... t •• t.d 
vhen C 0lIl par ed to t: h. p.r fo mane. 
of th. verbal 519n alone. 

4.2 EXp.rilllental oesign and Methocl01oqy 

Tb. laboratory study consiated of 
thr •• cOIIIplelllentary effort. -- an as­
similation (.pe.d of recognition) tist, 
a co.pr.hen.Lon te.t, and • rankinq 
te.t -- tor .ach of .ight candidat. 
si9ns designed to warn driver •• ppro­
aehing a hUI cu.t th.t their vi.ion 
ia re.tricted, Ind th~t plrticular 
eaution is requlred under 'uch eondi­
tions dua to po.ubl. hazlrd. hidden 
on the oth.r lid. of th. hill. 

4.2.1 Test Subject. 

A total of 25& individual. parti­
cipatlld a. paid t •• t .ubjectl in thl • 
r .... r(.b. 'l'h. ag. of subject. ranged 
frca 16 to 1S, vith • aedi.an age of 
36.S. Speclfically, a9 •• were broKen 
do~ into the f01lovlng elt09or1 •• : 
1, 35 01' under - 116 (45' of s .. p1.), 
2' fro.3& to 60 - 114 (45' of ... ~l.l, 
.. nd 1) 61 and ov.r - 26 \10' of sa.ple). 
Y.ar. of dr lving experl.ne. of .ubject5 
rOll9hly paralleled ag., ranging frOil 
1 ••• tnan on. to 55, vith • mldian of 
18.5. 'l'he ,.x ot t •• t .ubjectl we. 
41111O.t .qually d1'1ided, vith 130 (51\) 
lI\a1o. and 126 (49\) fe.ale. partieipa­
til\9 in the study. All subject. te­
eeived 55 tor tb.ir participetion. 

4.2.2 Apparltus 

Tbe equipaent lISed in th. labora­
tory te.t. of eomprehension and a •• üal­
lation included a Kodak 760ff Carou.el 
proloctor and a sUver, Oa-Lits Vidi~ 
Kilo acr.en, whieh wer. used eo pr ... nt 
stiJIulu. slide. to subject.. In addi­
tion, a Lafayette Mod.l 43016 rachie­
toecople &hutt.r ..... attached to th. 
projector to cO"trol the •• po.~r. dur .. 
tian of each alide • 

'l'tl •• ti.ul u. si id •• th •••• lv .... r. 
proc ..... fraa phCtographs of th. elght 
candidat. varnin9 signa, plus a group of 
oth.r ",arnil\9 a19ft. alr • .ty inc:or~r.ted 
in the IW'fCD. hch of t he .ign ... s 
ereoted t_poru Uy, then photographed 
at th ..... vertical curve .it.. PIIoto-
9raph. wer. taken frca a driv.r'. per­
Ipeet1v. (1. •• , at driv.r' a .ye heitht 
and 1ft th •• 1ddle of th. rigbt lane) on 
a t~lane ro.t, vieh eh. hill er •• t 10-
e.ted in th. baclal)round at a d~.tanc. of 
approxÜlat.ly 985 rt (300 a, trOll the 



IINTERSECTIOH I [35 MPHI 

Figur. 5. Candidat. Limited Sight Diat.nce Warnin9 Signa 
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c.era. The warnirq s1gn( I' ~r. loca­
ted Idjacent to the Ihoulder of the 
roach,.y at a di.tanc:. ot .pproxilllately 
8Sft (26m) trOll the c •• ra. 

~l warnil'l9 si9nl utili zed standard 
lO in oy 30 in (76 CII x 76 CII), r.Uec­
tori.&ed yeHo" di.-ond shape" imprint­
ed with either black symbols 01' 4 in 
(10 c.) letterulq. Th. candidate warn­
in9 devic •• included thr., signa bear-
1ng verDal me.sag,., .nd thre. signs 
o.aring symbols. In addition. rectang­
ular r.tlectorlzed-yellow advisory 

• pan.l. were uaed in c:onjunction with 
two of th. candidate warn1rq s19n. 
bear1ng verbal 11I .... g •• , brinqinq th. 
total nlllber 0 f cand idate dev ice. 
test.d to eight -- thre. with • v.rbal 
meslage only, three b.arinq a symbol 
only, .nd two with boeh a verbal m.s •• g, 
and an ac:cOlllpanyi.rq advi. sory pan.1. 
Oth.r warninq devic •• , \,lsed .1 distrac­
tor stimuli in th. study. also inc1uded 
thre. S19n. bear ing verbal m.s.age. and 
thr •• s19n. bearirq symbol.. Thes. 
diltrac::tor signa are shown in figur. 6. 

_I 

F1gure 6. Di.tractor S1gn. for 
Laboratory Study 
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For th. preterence rank1ng test, 
sb canaiäsee ..,arninq äevie.s, each 
fr _ecI in a .tandard MI1l'CD d iamond­
Sh.pee! fOrlll.t. were preparad on square 
pi.ece. of white paper and attached to 
a cardboard baclcil'l9. Three of the 
stilluJ. i were s19n. b.ar 1nq verbal mes­
slge'l the.ameuured 1.5 in (l.8 CII\) 

on a aide. Tba r.aining thr •• stimuli 
were s1gn. b.aring symbols; the .. 
maa.ured 1.15 in (4.' cm) on a sid •• 
Figura 1 pc' •• entl the .ill test atillluli 
ranlced 1n eh1. study. 

4.2.) Test COnditlon • 

for th. caaprahension and assimi-
lation portion., each .ubject ..... tested 
on on1y on. of the candidate .... rnin9 da-
vice. ev"iruatecl in thil atudy. identi­
fied 1n th!.. seetion a. a ·target stilll1-
lila." In addition to a 'liven target. 
sUbjectl responded to three oth.r si9ns 
.ervlng •• ·di.tractor stilllul 1," wl\ich 
altoqether made up a stimulus set of 
four tt... Figur. 8 show. th. ei9ht 
target and distractor stirauli •• ts. 
With a total of 256 subJeet., and 
eight stimulus s.ts •• ach candidate 
w.rning deviee wa. evaluated by 32 
iod LV idual •• 

Tb. caapreh.nsion phase of the 
study involved a ai.ngh prasent.tion of 
on. candidat. loIIIrnill9 c5evice, plus 1ts 
thr •• accoapanying Ci 1 stractors , requir-
1nq four separate respon ••• by a sub­
Ject. Th. a •• 1JIIilation pha.e of the 
stucly lnvolved foul' pre.entat1ons of 
one (i •••• th ..... ) candidat. warning 
dev 1ee and i t. thie. aceCllllpanying dis­
traetors, requiring sixte.n separat. 
re.pon •••• 

Tb control for any possible effeets 
on a s ubj ee t·. res pln se 0 t • s 19 n' s p0-
sition i.n th. te.ting .. qu.ne., ehe pr .... 
sentation order of the four siqn. viewad 
oy a giv.n .ub).ct loIIIS determined uaing 
a Latin-squar. ord.ring ac:h.e de.cribed 
DY the qeneral fOCll\ula 1, n, 2, n-l, ... 

4.2.4 protocol 

Date collect10n in the l.,oratory 
t •• t. proc:.eded in thre. plWl ... a.aoci­
ated with, r •• pect1ve1y, the ability of 
.;,abJect. to ca.;rehend the varioll8 
warn1n9 devlce., to ... iaUate the., 
and to rank th.. All testil'9 wa. don. 
on a ona-peraon-at- ... ti.e ba.i8, and each 
.... ion I lncllId ing both test ph .... ) 
requlred approxiaately 15 ainut •• for a 
subJect to ccaplete. In an, folZ test 
sile ... r. 118ed in thia .tucly -- t.o New 
Jer .. y vehich inspeetion center. in 
n .. 11\9 ton and OIeny H111, aneS t.o 
P.nn.ylvani. driver.' llcen .. pt»to 
center. in Guth..,il1e and MeeSia -- to 
_.ure a.1& of "man, sllb\,\rban, end 



2. L 

3. 

8. 
7. 

I. 
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Target Disttaetor 

StiJluli StiJlalli 

1. ~~ lIIICl ENDI ~ Mr;,E 

z. ~ ~~ LANl MER" 
ENDS LUT 

3. ~ ~~ LANI MER" 
ENDS LUT 

4. ~ ~~ ENDS LUT 

(15PfHI I,;,," I IJj~ I 

s. ~~~ I'MI.u1I"! 
11NftIIIKTI~ I fuO~ 111IT!IISlCr10ll1 

6. " 
/0, 
<:7~) ~<t>~ 

1.f> 
// ~<t>~ 
~ 

~<t>~ ~' .. ' 

Figure e. St.ilalli UNd = ~ ..s AuimU-tJ.cn '1'ata 
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rural dwll:ra in th. t •• t ... pl •• 
Sillty-felD: .Ilbjec:t. were rlll\ &t e.eh 
d t. u.ing an identie&1 protoeol. 

The te.UßIj took pl.ee in .. parat. 
raa.. (.ost often a supervisor's office) 
in whieb &11 oyerhead 1 ightißlj ... ex­
tinguiahed, to facH1t.t. the vi.",1ng of 
the .tiaulu. al ide. for th. eCllpr.h • .,.. 
non anet a •• iaUation portions. !ach 
subject ..... ated 80 that th. ellstane. 
between a .ubj ect' •• ye and the ser.en 
was 4 ft (1.2 .). Th1. vi.wing distane. 
pr ... rved the ratio to .ign si.e that 
eai sted when the warrlißlj d ev ieee wen 
photograph.ch that is, a aign height of 
42 in 't.' .) pbOtographed at a di.tane. 
of 85 ft (26 .) tranalate. to a .tae-to­
distance ratio of 1:24, the ... aS a 
2-inch-n1gh (5.1 ca) iJaaq. of • s19n 
vie"" frCII a dhtane. cf 4 ft (1.2 11). 

Tb. subject'. n.e, age, and nlilber 
of )'Wars of driving .xper1enc. were 
recorded. Nlxt, the exper1ment.r 
explained: 

-•• re eonduet1ng a Itudy on high­
way s1gns. Fir.t, 1'\11 going to us. 
thia projector to shov you •• veral 
diff.rent warning dgn. that lIight 
be faund along a highway, and I 
vant you to .xplain to 111. vhat the 
lIIessage or pieture on .aeh .i9n 
lI.ana to you, and then tell .. what 
you tIOuld do il you saw th. s19n 
vtlil. you wer. driving. YOu •• y 
take a. llueh tille •• you need to 
r •• pond .-

Tb •• ubject's an.wer regarding th. 
lIeaning of the target .tillulus (e.bedded 
• onq the thr •• diatreetor stilluli) wa. 
recorded, alonq with th. b.havioral r .... 
sponse .aeh subject a.aoeiatecS vith the 
candidat. warning devie. he/sh. wa. 
v1ewin9. Tb. exparill.nt.r illllediately 
... ign.s a lev.l of correctne •• to the 
subject'. reply, by plaeing it in on. 
of thr.e eategorie.: 

1. 

2. 

J. 

Ca.Plet.\3 corr.et -- all a.pacts of 
the e.na .t. devlce'. int.nded .... 
sag. eorrec:tly eCllpr.hended, in­
eluding th. e1.ents that a warnil!CJ 
ws b.ing d.llv.red involviftg • pro­
bl .. of a driv.r not b.int abl. to 
s.. eo.. kind of h ••• rd h aa.n out or silht OY.r a hUt, pt u. a a .... 
crlpt on of an appröeriate driv.r 
r •• pons. (alov dO_, us. cautlon, 
.tc.) • 

Marginally eorr.et -- on. 01' 1101'. of 
th •• i.enn unaerl1ned ab~. 1. not 
.tated, but .n a~opC'l.t. driv.r-
re • ..,n. i s d. eer 1bed • 

Incorr.et -- inteftded ..... ,. of 
canaldat. clevlc. h lII1.sund.ntoocJ 
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(.!!! .l •• ntl not stated) ag:/fi an 
inapprop:t.&t. driv.r r •• pon 
d.serlbed ( •• g., aee.l.rae.). 

Th •• aper iIIenur then .tated the intend­
ed ... anin9 of th. candidat. warning cl .... 
v ie. u.in; t.be following stand acd fot1llat: 

-TO .. rn driv.r. approachiftg a hili 
ero.t tnat their vi.ion i. r •• triet­
ed, .nd tha t pertic:ular eaution i. 
required und.r such condition. due 
to po ... ible baurd. hiclden Oft th. 
oth.r .id. of th. hill.-

Tb •• aper iIII.nt.r then •• ked .ubj ecta 
to relat. how clearly they thaught the 
target .tillwu. eonv.yed th. int.nded 
..... IIg.. A t.n-point bipolar seal. w. 
uaed for thl. purpo .. , anehorecl vi th 
the adJ.ctiv •• -v.ry el.ar- and -v.ry 
unclear-. Subjeeta eireled a nlllb.r b~ 
twe.n one and ten (inclu.iv.) tc indi­
cat. their r •• pon... SillUarly, .ub­
lec:t. were a.ked to rate -- on two 
Id~itional seal •• -- th. illportanc. of 
1) C:CII~.h.nding, and 2) b.il\9 abi. 
to rapidly id.nt1fy the ...... g. on a 
highway .ign. Aqain, t.n-point bipolar 
seal.s wr. _ploy.d, both anehored vith 
with tbe a~jec:tlv.s ·v.ry Uiportant- and 
-not illportant at all.-

Next, th •• aper iIIent.r cI.liv.red a 
set of 1nstruction. to .ubjects for the 
.s.iJailatioft te.t. Eeeh part1eipant 
wa. tOld: 

• In th1. part of th. study I want 
to ... how well you c:an 1dentify 
.aeh of the four s1gn. you' ve j uat 
b.en .halon, when you ••• th. for 
only a fraction of ... eond api.c •• 
Nhen I •• y 'Ready' you foeu. on the 
eenter of the ser.en, and I will 
trigger a v.ry bri.f display of on. 
of th. s19n.. Pi .... try to iIIIIe­
di.t.ly t.l1 .. th ••••• IIg. that ws 
on th. s1gn you sav. TO revi.w, 
h.r. are the four alt.rnativ ••• 
!aeh of the sign. I •• about to 
abOv you will be one of the •• 
feur. lrIIy qu.stions?-

Tb. e.periaenter then alowly dhpla~ 
the foUl' .1gn. in turn to the .ubjec:t, 
•• king .111'. th ... aning of • .eh ... 
thoroUlJhly und.rstood. 

~ .. t Of felZ signa (on. ta~.t 
.tiaulu., thr •• cU.tractora) .. s 1*' .... 
• lIlted to subjec:ts at an •• poaur. dura­
tion Of 50 .UU .. cond.. Tbi. expoaur. 
durstion ..... lected aft.E' pilot t •• ts 
indicated that n.ar-errac-fr.e perfon­
ane. 1IIOuid b. Obtalhed with any 1101'. 
left9thy interval , •• kin9 it i.po •• ibl. 
to d.tec:t 41ff.r.ne •• blt. .. e" candid.te 
warning clevie •• in tem. of subjecu' 
abUlty to identify on ... " .... , ver .... s 
anotber, at s CI lane •• 



After each re.pon .. , the experi­
.enter raeorded whether the .ubject did 
or did not eorrectly identify the .tl~ 
~us el14e he .... hown, th.n al.rted 
th. sucJect to g.t r.ady for the nut 
alW •• 

For the rankinl) t •• t, the .ubj ec:t •. wa. pre.ent~ "ith th. pac:ket of thr •• 
.iniatur. v.rDal 111)n. pr.pared on eard­
board baCk1/'19. and .. ked to decid. whieh 
WIll the be.t, the n.xt belt, and the 
wut at-cö'""nv.y1ng the Intended wunin;. 
~ .. e PE'0c:"ure ... u.ed to rank eh. 
.}'IIbol d9n •• 

4.3 Oaea Analy.1a 

'l1le data collectecl 1n ehe 1 abora­
tory t •• t. were analysed to d.tera~n. 
th. r.lative .ff.etiv.ne •• of th. c:an­
didat. warn1ng dev1c: •• , ln tera. of Iub­
jec:u' ability tO c:capreh.nd and ... la­
Uat. eh ..... .g •• on eh •• igne, and 
ac:eord lng to the ir ind icated preferene. 
for one .19n Oller th. other.. Statia­
tieal t •• t. on the varlou. parfotllanee 
mea.ur •• were condueeed frca two 
atandpoint., one Ithic:h conaider~ all 
e19ht varning dev1c; •• a. on. 9t'QuP, and 
another wb1eh tr •• ted .19nl b.aring 
verDal -- verlul .}'!Ibol -- m •• seg.1 a. 
tlolO .. parate and di.Unet lubgl:Oupa. 
80th chi-.quare (X2 ) te.t. and analy ... 
of variane. (ANOVA) were _ployed in the 
oata analy .... 

4.l.1 Co.prehen.ion ~It 

Date p.rtdning t.o .ucject.' abil­
ity to und.r.tand tbl intended .eaning 
of the c:andidate warning devic: •••• 
d.picted in 'rabl. 5. 'l'h. figur •• "'0"" 
were derived frca two .ourc:... Of PE'i­
mary i.portene ..... ubject.' parfotll­
anc. on the initial task in whieh th.y 
wr. a.ked to •• plain th ••• aning of 
elleh li9n. Thi. n.ulted in dlfferent 
n~bers of ccapl.t.ly eorrect (CC), .ar-
91n&11y c:orrect (MC), and inc:orrect (lC) 
r •• po n... a .lOe ia ted wi th e ACh c and 1d a t. 
clevice. 

In Idditioft, nbjecu' rating. (on 
the Un-point lCale) of hav elearly th • 
• 19n. eonV'.~d t.n. wter.ded .eanini gen­
ent. integer v.lue. U through 10) 
-mich wer. ccabl.n. with the lwel-of­
correctn ••• of individuall' r •• pon ••• 
,",il ~ocedure yl.elcled v.i!hted COII,r~ 
n.ndon .cor •• tor &11 .wraet., wh eh 
wr. llIUIid md then clivided by th. nlil­
bu of individual. vi.ving .ach .ign 
(la) to produo. a .ean weight.4 ecapr~ 
ben.ion KOr. tor ev.ry canet idat. warn-
1n9 dwie.. SpedtLcally, each Iut>­
ject'. wigbted KOre cOllld attai!\ • 
... UlWI value of 20, wb.ft hia r •• poft .. 
•• dthet e~p1.t.ly .2! •• q "nally COC'­
raet ~ the 'lIbjKt a.a1,fted the clwice 
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he v •• aho"" a rating c:orre.panding to 
the ·v.ry cl.ar- anchor of th. bipolar 
ac&1e. 'ftle lowe.t po •• ible .. ighted 
score ... 1, ref1ecting the le •• t de.ir­
abl. (i.e., potenUaUy IIOIt hazardou.) 
outcome in whieh a subject .1II1larly 
rlted I .igft •• -very el.ar,· but toe.l­
ly mi.interpceted tt. int.nded .eaning 
and/or d.acribed a e~pletely inappre-
pt' tate b.havior&1 r •• pon .. to the war~ 
ing deviee. 

Chi-Square Analy.i. 

Th ••••• ur. of th. r.latlv. fr~ 
qu.ncy of CC, MC, Ind lC re.pan ••••• so­
ci.ted .,ith each .1gn pt'oduced cat.goC'­
icd data, vhieh wer. malyzed uli/'19 
chi-.quare (X2 ) telt •• Fir.t, the rela­
tiv. eff.etivenel. of the .. rnin9 d~ 
viee .... evahatec1 .t a gl:O •• level, to 
det.rmine Ithether .ic;nifieant dlHer­
enc •• in the fr.quency of ~l eorrect 
re.pon ... (CC and MC co=t!ntd~ exieted 
-.eng All eight lign., con.idered al a 
linqle group. 'ftl18 analysh fa11ed to 
r •• ch signi fieane. at th •• 05 lwel, 
IU9Q •• ting that d 1ft.r.ne •• in the ob­
.erved tr.qu.ncy of (all) correct r~ 
lpon ..... ong th •• ign. coulcl have b.en 
due to chane. alon.. IIowever, when th. 
.... statistiea! test wes appl led to the 
inc:orrec:t re.poft •• data (tor all ei9ht 
sign.), highly ai.gnlf'~ant 4iff.rene •• 
(X2 .45.9, cl.!. - 7, p< .001) .eng 
the eandidate devic .... r. reve&1ad. 

A vilu&1 in.pecHon of the figur •• 
cllapllyeo in T.bl. 5 c:an explain thil 
apparent eontracUetion. Th. si9niUc:an·. 
Gifference. in t.ra. of 1neorrect r~ 
.pon .... u.t b. attrlbut.s to the rell,­
tiv.ly poor perforaanee level. a.lOc1-
ated with .tilluli 7 and 8, the chi­
.quar. t •• t i ... n.itive to th. varil-
b 111 ty, 0 r -'PE'e.d- in ehe d.t., wh!eh 
11 gre.tly .egnified when the extr •• 
value. a.aoc:iated with the .. two .igna 
... conaid.red in the .... analysi. vith 
the six o~h.r. bunehed tightly together 
at a .ub.~antially b.tt.r (i ••• , .ore 
.rrar fre.) lev.l of parfora.nce. The 
r •• ultin9 -gap· batweeft the two .ubHt. 
of data, therefore, le •• to ob •• rved 
e.ignifie.nt) 4iffer.nc •• ift c~~.hen­
.!biUty. Conver •• ly, the 4ate pereai~ 
1n9 to the n~ber of eorrect (Ce plus 
.. c) r •• pon •• ue 1 ••• cUv.rtent, ca 11 ... 

ing the chi-.quare .tati.tle to fail to 
reach .ignlfleanc:e eat p < .05) wben 
app1led to tne ob .. rved differene .. 
... ociated with thil ind .. of coal!E'ehen­
.ibtlity. 

~ better iaolate tbe .o.t .ffec­
tive d..,!ce., an acktitioftal chi-.qll.e 
ta.t •• perforaed .tli.ch con.ldered only 
tho.e re.pon ... acored •• e~p1et.ly 
C!orrec:t. 'l'hl. an&1ya1a •• tabliebed that 
ob •• rved di. Herene •• .-eng .ilft. ~e 



Table 5. Resuttl of coaprehenlion Te.t , 
I N~~er of Correct Respens.s I 
\-----------------------------------\ Muaber oe "'I.n Wliqtlted 

Stiaulul \ Caapletely I "'arg1n.ny \ TOtal I Incorrect Coaprehension 
\ Corr.ct I Correct \ Correct r1e.pon ••• Scor. 
I I I I 
I 

1. CAUTION \ 25 6 II 1 18 .3 
KILL I 
BLOCKS I 
vnw I 

I 
2. SLON I 27 5 ]2 0 19.1 

HILL t 
BLOCKS I 
vnw I 

I 
3. LIJIIIT!D I 21 8 29 ) 17.7 

SIGHT I 
D!STANCE\ 

I 
4. LIJIIIT!D I 15 12 27 5 15.6 

SIGIIT t 
DISTANCE\ 
AIID I 
15"'PB I 

I 
5. CMlTIOtl \ 24 4 28 4 1'7.3 

HILL I 
BLOCU I 
VIEW MDI 
UITBIl- \ 
S!CTION I 

I 
6. SYMBOL- I 16 12 28 4 15.6 

TWO CUSI 
I • 1. SYMBOL- I U ] 15 17 14.3 

ON! CU I 
WITH I 
LIN! OL' I 
SIGHT I 
AIID I 
OIJICT I 

I 
S. SYMBOL- I 4 13 17 15 12.1 

ORI CU I 
111ft I 
LINI or I 
SIGR'l' \ 
ORLr I 
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.ignifieant (X 2 • 23.3, d.f. • 7, P ( 

.005). 'lb ••• pl.adon for tht. finding 
i. d.rived frc:a in.pecting th. d.ta per­
taininCJ to .arCJ1n&11y cornet r .. pon .... 
It can b. b. s •• ln tll. data ln Table 
5 that tno ... ign. a .. ociat.d wlth tM 
highe.t nlllb.r of ec:apl.t.ly eorrect 
r.spon .. , were al.o a • .ocl.ated wlth 
r.lativ.ly f.w lIarqinally correct ra­
,pon ••• , ",hUa thos. signs wi th f .... r 
ecaplet.ly c:orrect r.'50n •• s wer. ln 
g.n.ral a • .,elat.d witb r.latively lIor. 
lIIarqinally correct r •• 50n.... Inelucll!"4 
th •• arg inal1.y correct re.pon .. s ln the 
earU.r chl-.quare t •• t h~ r.atrictc 
th. • .pca~· in th. d.ta and prev.nt.d 
obs.rved ditt.r.ne •• frca r.aching .ta­
ti.tieal (p ( .05) s1gnificane.. Wh.n 
the .arginally eorrect scor •• wer •• x­
eluded, more pronounced and .tatistie­
aUy slgnifieant diU.r.ne., ..ang th. 
eight. eandidate ci..,ic., wre r..,.aled. 

Sub •• quent ehi-squar. t •• t. w.r. 
perfomed to analyu •• parately ob .. rved 
alffer.ne •• in the number of ecaPlftt.ly 
correct (CC) r.spon •• , •• soclated with 
signa b~arlng verbal, vertu. symbol, 
1II .... g... For th. fir.t verbal subgroup 
(.tialll! 1-5), the •• difhr.ne •• wer. 
shown. to b. not statistlc:ally signiti­
cant (at p < .05). Far th. symbol su~ 
group (sei.ul i 6-8), howv.r, 81gniti­
cant diff.renee. wer. noted (X2 • 7.0, 
d .f. • 2, p < .05). rurtber, s.par.te 
analy ••• of the sub9rouP' in t.r.s of 
incorrect r.spon .. s r.inforced thls pat­
t.rn -- obs.rved diH.r.ne,. HOng signa 
b.aring verbal 1II ••• ag •• wer. not signif­
ieant (.t p < .05), ",hUa ~HUerene •• 
.-ong 81gn. b.ar ing • yilbol III'SSag •• 
••• Uy r.ach.d .t.ti.tieal signifieane. 
IX 2 • 8.2; d.f. • 2, P < .025). 

Th. conclu.ion. to be drawn trOll 
th. ehi-.quar. analy ... of data frc:a the 
labor.tory t •• t. of ccapr.h.n.ibility 
can be .u.a.rized in thi •• ann.rl 

1. 

2. 

3. 

Ov.raU perfoDl&ne. 1..,.1. of .ub­
]eet., for all eight e.ndidate warn­
ing deviee., d_on.tr.ted hi9hly 
'ic;niUeant dUfer.ne •• botb in 
teDl. of the n\aber of cOIIp1et.ly 
eorr.c:t r •• pon... ancl incorr.eE 
re.pon ... a .. oeiated with the vari­
ou •• 1gn •• 

'ftl. "CJn. be'ring 'nbo1 ••••• 9 •• 
• no~ signiUcant rt.rene •• 
in the ability of 'Ii:)jects to 
ecapceh.nd the inund.i •• aning 
of the .19ft •• 

Tbe .19n. baaring v.rbal ••••• , •• 
indieated tbat s1gnlUcan€ au er­
.ne •• did not .xht in the lev.l 
of eClapc'.hen.ibllity a.aociated 
vi th .ach d.., iee. 
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An.ly.i. of Variance 

P'urth.r analy ••• of tho d.ta ob­
tained in th. cOllpc'eheusion te.t took 
th. fom of a serie. of analy.es of var­
iane. (ANOVA) perfo1'1lled on the wighted 
eCliprehen.ion .eore. d •• cribed earl ier. 
&apar. te on.-way "NOVAa wer. conduc:tc 
to d.t.rlllin. whether .ignific:ant diffu­
.nce. in the we ighted score. exi sted _. 
a f~ction of .g., s.x, y •• rl ot driving 
experienee, and th. v.riou. candidat. 
... rning dev1e ••• 

10 evaluat. 50tenthl affeet. ol 
,ubjact.' ag •• , ten levels having r.~ 
sonably .qual cell liz •• I _alle.t • 19, 
larg •• t • 28) wer. d •• 19nated for thie 
varbble, a. follows: 16-19, 20-23. 24-
26, 27-31, 32-36, 37-41, 42-47, 48-54, 
54-60, ovar 60. ND si9niticant difler­
ene •• (at. p < .05) in aubjec:ts' ability 
to unt'.r.tand th. intended lI.aning of 
t h. e and id. te warn 1 ng d.., ie. I oIS ... f une­
tion of _g. were lound for .19n. bear ing 
either v.rbal or symbolie lIIe.sag ••• 

'nlr.e l.v.l. of th. nlJllber of year. 
of drivlng experlene. were detinec51 
1 ••• tban 12, 13-25, .ore tholn 26. Oell 
size. a.soc:iated with each level were 
~2, 81, and 83, r •• peetively. No 11g­
nifieant dHterenee. in th. weighted 
ccaprlthen.lon .cor •• a. a funetion 0 f 
.ubject.' leval of driving .xperLence 
wer. founa (at p < .05) for li9n. bear-
1ng .ith.r v.rbal or Symbol .e.sage •• 

Siail.rly, .eor •• of the 130 .ale. 
ver.~. 126 f_ale. were not .Lgnificant­
Ly different (at p < .05) for .19n • 
bearing eLth.r v.rbal or .ymbol me •• ages. 

Tbe lack of signifieant dUferene .. 
a. a funetion of th. ag., driving .xper­
iene., and .ex val' lab le. &l1owe<1 U8 to 
eoneluet. more eonficlently that th. v.r­
iation in sUbjeet.' perfot1llance in the 
caapr.h.n.ion t.st wal attr1buted to the 
r.l.tiv. eU.c:tiv.ne.s of the variou. 
eanaidat. devie ••• 

'nte ANOVA. perfomed on th. 
weighted cc.~.hen'ion scor •• ecaPla-
•• nt t~ outcOll.e. of th. chi-.quar. 
test. describ~ •• rlier. S19n1Ueant 
aUf.rene •• wre noted on thi. depend.nt 
• ... ure both for tho .. 'illn. bearing 
v.rbal m .... g •• Ir • 3.9', d.f •• 41 P < 
.0041 anc1 for tha •• bear ing lyabol ..... 
'age. (r. 5.93/ d.f. • 21 P ( .004). 
Fe.t-hoc cOll.pari IOn. between •• ana w1th­
in each of the .ub9 roup. 0 f t •• t sti.1Il i 
l.lsing the Duncan Multiple R.nge Te.t 
I alpha 1 eve1 fixecl at .05) wr. con­
d\lCted to pln~int the _act lOure. or 
the .ignificant eHeet. d.onltrated in 
th. r •• pect1ve AMOVlU. 



l'Or tne v.rbal ••• Ng •• , th. po.t­
hoc .naly.i. indicated tnet t •• t .tillu-
11.1 nlllb.r 4 (-LIIU'fID SIGHT DISTANCE­
with speed advi80ry pan.l) _ •• 19nifi­
c:.ntly diff.rent (poor.r pertomanc.) 
fre. .tiauli 1, 2, 3, and 5. No .taU ... 
tLcally s1gnificant diff.rene .. wre 
shOwn to .Kilt ..anq th. group con.i:; 
t~ng of .ti.uli 1, 2, 3, and 5, howv.r. 

For the .ign. b.aring I~l .... -
ug •• the polt-hoc .naly.h I\dicated 
that test Itillulu. nlab.r 6 w •• ignif­
lcW\t1y diff.rent (perfoa .. d b.tt.r) 
fre. Itillul i 7 and 8, con.id.red eLth.r 
ILn91y or tog.ther, whil. the •• latter 
two .'Cilluli wer •• hown to be not .ignif­
icantly diff.rent trOll each oth.r. 

4.3.2 A .. iIIUation Te.t 

Data pertaining to subject.' abUi­
ity to identify the 11 .... ;. on the var­
ious cand idat. varnin9 device. tollowing 
• 50 •• ee expo.ure duration are ~a­
sented in Tab1. 6, eoll.pa.d .cro •• te.t 
location and .tillulu. replication. The 
percent of total pcu.ible correet r .... 
pon ... is der ived frCII th. 128 ob •• rva­
tions ot each .tillulu. in th •••• i.Ua­
tion t •• t. 

Chi-squar. te.ts WlSre perfomed on 
the entir. s.t of e1ght test stilluli, 
and on th. v.rbal .nd .ymbol sub •• t. 
ae par. t.ly • 

'ftle Hrat analy.is included .11 
eight c.ndid.te devic ••• nd rev.aled 
highly .ign1f1eant diff.rence. in .ub­
Ject.' IIbUity to rapidly identify th. 
v.riou •• i9n. (X 2 • 38.11 d.r. • 7, P 
< .001). 'ftle d.t. in Tabl. 6 cl.arly 
indicate th • .euree ot thi •• Ueet. 
'n'Ie pertom.nc. level ••• .,ciat.d 
vittl .tilluli 1 through 5 (v.rbal ..... 
• a9") on thi. ta.k Ar •• ign1fieantly 
paar er t h.n t he super ior per to naanee 
levels assoeiat.d wi.th .U.u11 6 
through 8 '.yabol .... ag •• ). Th. 
re.trict.d r.nge of variability within 
.ach .ubgroup .ugg •• t. tut th. overaU 
8ffeet is attributed to dUf.rene •• 
betwe.n e.tegori •• (v.rbal ver.u. 
.ymbol) of WlSrning deviee., rather 
th.n to .ny individual Itlauli. 

separat. ehi-.quare te.t. on the 
v.rbal and lyabol .19n .. t •• upported 
thi. eonelu.i.on. In both e .... , the 
x2 .tati.tie •• far below that n.eded 
to d.on.trate .ignifieant differenee •• 

4.3.] SubJecu' Attitud •• 1'Ovard High-
way Sign. 

Additional data wr. 9athered con­
cerning how .ubject. rated the illport­
anc. of b.ing üle to 1) ~pc.hend, and 
2) rapidly lAientUy the .... .,. on a 
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highway .ign. 'ftlil infomation wal used 
to develop a w1ght1nq sch.e fre. whieh 
• ce.po.i t. ce.pr.h.n.iolV a •• i.U lUon 
score eould b. fonaed for .ach .ubjeet'. 
.. t of r •• pon ... to each c.ncHdat. walrft­
in; devic •• Each of the 256 .u"ieeta 
wal a •• cI to Irat., on a scal. ~ .. on. 
to t.n. how lJIportant it i. to under-
.tand the ",e..,in9 of th. 119n' ....... 9., 
and .. parat.ly. how lIIportant i t iI to 
rapidly 1dentify a .1gn who ........ 9. 
1. we11 known. It wa. found that 93' 
of .ubject. a •• igned th ... 0111111 valu. 
of 10. and , .. a •• i9ned .ither , or 10, 
to the impolrtanc. of 11 •••• 9. ccapreh.n­
sion. Sillilarly. '0' of .ubject. cho •• 
the valu. of 10, and 96' cho ... ith.r 9 
or 10 •• th. scal. valu. for the illport­
..c. of Irapid ldentifleaUon. 

Analyli. of variance wal perfomed 
to d.t.E'aln. th ••• tent to whleh sub­
ject. diff.reo in their opinion. regard­
ing wh.th.1r ee.PIr.h.n.ion wal aar. or 
1 ••• ilIpolrt.nt than a •• iIIUation.. No 
.i9nifieant dUferene. WI cliacoveredl 
thu. it w. concluded that cCII~.hen-
510n .nd ••• i.Uation could b. equally 
WIS ighted. 

4.3.4 COllpo.1 te CO_pr.h.n.iolV 
A •• lIIilation SCor •• 

'lhe •• .n wighted cOllprehen.i'On 
scor •• and percent-correet ••• 1II11a-
tion SCOIr •• for .. leetecl .tlllul i WlSr. 
ca.bined to produc. cOllfO.ite cOllpr.hen­
.ion/a •• i.i1ation .cor... Tb. r •• UIt. 
of thIa procidure, .höwn in 'f.bl. 7, 
.upport the conclu81on fre. prior .nal­
y.e. that te.t .tiaulu. 6 -- the .yabol 
d.pieting two ear. -- i. th. lIO.t pr~ 
.i.in9 _.ber of the .. t of 819n. b.u-
ir'J .yabol .... ag •• , and •• tabl1.h t ..... 
5till1.!lu. 2 -- .10w hill b10cka vi.w --
a. the .uperior candid.t. wunin; devie. 
.on; tho ... 19n. b.u ing v.rbal ...... g ••• 

A ce.po.it. eOll~ehena1on/a •• iIIi.l.­
tion scor .... fomed for esch .ubjeet' s 
re.pon .. to .ach .19n a. tt!e product of 
the nomalhecl w19hted CCIIpr.hen.ion 
scor. and the nomaliled a •• laU.tion 
score, .ach of lIIhieh wal wi9ht~ .-4\Jal­
ly acC::Ordi", to the findi",. of the .x­
_ination Of their relativ. laportanc. 
to 110 tor i.t.. 'fhe no m all 1«1 ••• iII 11 a­
tion scor .... the nlaber of corrsct 
identific.tlon. divlAied by th. n\aber of 
trial., of .nich ther. u. foul'. 

Tbe rank value. for .y!lbol .tilluli 
w.r. ev.luat.d .. parately frOli v.rbal 
.tlaull in thi. analy.i •• IIOww.r, .. an 
cCilpolite score •• ay b. ce.pared .cro •• 
• 19n cate;ori... rUl'ther, only tho .. 
.tlaull that cu.~ not h.v. an -Sviaory 
plate (lki')ilRSlC'fIOIl, 3511 .. ) WH • ..,alu­
atecl. 



Table 6. R •• ult. ot Aa.i_llstion ~ •• t 

NUlIIber ot P.re.nt of 
Sti.ulu. Correct Re.pon ••• Total Po .. lble 

l. CAUTION HILI.. 62 U 
BLOCKS V1BW 

2. St.OW HILI.. 7O 55 
BLOCKS VIDf 

3. LIKIT!D SIGH'r 49 38 
DIST~C! 

•• LIMITED stGHT 52 U 
DISTNICE MD 
35"'8 

5. CAUTIOII HILI.. 60 ., 
BLOCKS vnw 
AHD 
IH'l'!RS!CTION 

6. SYM80L-TWO 93 73 
CARS 

7. SYMBOL-oNE 99 77 
CU WITR lo1lIl 
or SIGRT AIID 
OIJICT 

I. SYMIOL-oMI 92 72 
CU IfITI LIliE 
or 51GB'!' OMLY 

2. 



1. 

2. 

3. 

Tabh 7. Co .. po,ite COlllprehen.ioniASs~!Il:..lation Score, 
ror Selected Test ~t1.u11 

I 
Rank Value in Terms I Rank Va1ue in ~erms 
of Sest Weighted I aest Percent Correct 

se iau1uI co.prehenlion Score I ~.slai1.tion Score 
I 
I 

CAUTION .958 I .873 
KILL BLOCKS I 
VIEW I 

I 
I 

SLCM HILL 1.000 I 1.000 
BLOCKS VI!W I I 

I I 
I I 

LIMIT!D I .927 I .691 
SIGHT I I 
DIS'l'ANCE I I 

I I 

Me.n 
Coaposite 

Score 

.452 

.528 

.344 

________ 1 __________ + ---------------
6. SYM80L-TWO 1.000 .948 .575 

C.ARS 

7. SYMSOL-oNr.: .917 1.000 .489 
CU WITH 
LIHr.: or 
SIGHT MD 
OBJ!CT 

8. SYM80L-oNr.: .776 .935 .442 
CU WITH 
LIN! or 
SIGHT ONLY 
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'l'h. statistic:al analysis of th. 
ca.lXI.i te c:a.pc.hen.ion/ a .. ul1lation 
score. follo ... cI th. thr ..... t.p approach 
previously .ployed to evaluat. oth.r 
mea.ure. of sign .ffec:tiv.ness. First, 
data fra. bOth sy.bol and verbal candi-. 
oate. _re ccabined in an analysis of 
varianee. The result, of thi, analysis 
inclicat.d that signifi.cant dUferene .. 
wer. pl"e.ent (F • 2.36, PR > F •• 0418). 
Pl:ut-hoe analysis relfealee! that th. eca­
lXI.it. scor •• for .tillluli. 2 and 6 were 
si,9nifieantly h19hel: than that for stim­
ulus 3 ("LIMITED SIGIrl' OISTANCE-). 
Next, s.parate analy.e .... r. performed 
for the group cf verbal candidate. and 
the .. t of syabol cand idate.. Mar9in­
a111' .ignifieant diff.renee. (r • 2.63, 
PR > l' •• 0774) IoMre founel, and po.t-hoe 
analy.i. indicated that stiaulua 2 .... 
signif1cantly differ.nt. For .ymbol 
eandidates, re.ults _re not signifieant 
(F· 2.13, PR > F •. 1251), but the 
trend indicated in analysis of other 
measur •• -- that stimulus 6 appeared to 
be superior -- was sUPP'rted. 

4.3.5 Preference RAnking Te st 

Table 8 snow. the n\aber cf tillle. 
eaeh .tillulus wal ranked in each of the 
pos.ible p'.ition.. Chi-square t •• t. 
inelieated that ra.pondents .... r. not 
equaUy Hkely to plaee any of the stillt­
ul i in the mo.t pref.rred po.i tion., but 
instead verified a clear preference for 
some m .... g •• and sy.bols over other. 
(X2 sy.boh • 178.3, sig. at .99 eonfi­
denee level for 2 d.E.). St imul u. 6 was 
s ign i Hc an t1 y IIOte h i'3 hl Y r an ked t hin 
other .ylllbOl candidates. Anlonq verbal 
mes.age., hOwever, i t could onl l' be c:on­
eluded that nu.ber 1 (-LIMITED SIGHT 
DISTANC E") .... preferred s 19n i ficiln tly 
less often than the other two mes .. g ••• 

Next, an overall index of pr.f.r­
ence wal eon.trueted to 1I0r. el.arly 
convey the pl".fer.nc. rank of each .till­
ulu., a. shown in Table 9. 'ft\e ind.x 
wal fot1lled .. parat.ly for .yaabol and 
verbal stiaul i as th. produc:t of a rank 
_1.9ht (3 tor be.t rank to , for worst 
rank) aultiplied by the frequeney with 
wh1ch • .eh .tillulu. appeared in e.eh 
position. Th. pc'oduc:t. then _re S"Mee! 
acro •• rankinq. for .Kh .timulu.. Thi. 
procedur. re.ulted in a u.eful lIIe •• ur. 
of the c:ollective judqment of aU 256 
re.p'ndent. regard1ng th. effeetiv.n ••• 
of .ach .~ol and verbal me •• ag •• 

•• 4 C ONC LUS lOHS 

'ft\e ao.t cl.er-cut pattern of r~ 
.ult. LI that .bO"'" in the lIlalysi. of 
the a •• iailation datal peopl.'. perc.p­
tion of and • ..,ry tor .yabol. 1 •• uc:h 
better than it i. tor word.. At an •• -
p'.ur. duration of 50 "see, subjec:t. 
v i.winCJ .i9 n. beu ine) v.rb.l ..... g •• 
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could c:orrec:tly iclent1fy th. on1y 
si ightly better than hal f th. tillle they 
wer. pce.entacl. Howev.r, the.e whe were 
shown si9n. vi th symbol me.s.g •• respon­
ded wieh 75' aecuracy. Thi.. finding 
eonfirm. thae at lease one sign bearing 
a sl'IIbol me.sage was Ju.tified for addi­
tional fie1d test inq • 

Ra.ult. of the ecaprehension test 
_ra uled to .eleet which of th. symbol 
and v.rbal sign. would be u.ed in the 
Eield studies lat.r in the research. 

'l'he chi-.quare analysis deon­
strated significant diEfer.nc:e. within 
the symbol 1I •••• ge.. Th. analysis of 
varianee undersc:ored this fincHnq, .ntI 
the post-hoc: (Duncan) te.t then pin­
p'inted test .timulu. nlaber 6 ('!WO 
CARS) a. Sl :nificantly ."perior to the 
other t wo symbols. aa.ed on the .. 
finds, it was th.retore deeided that 
stimulus 6 shOuld b. ineluded in the 
subsequent held t •• ting. 

Evaluating diUerenc:e. wiehin ehe 
sliJgroup of te.t stimul i bear ing verbal 
meullljle. va. IIOr. difficult. The anal­
:rsis of varianee perfomed on ehe eGa­
pr.hen.ion te.t data a"OC:i.ted with 
th ... sign. did indie.t. significant 
eli.ff.renees 'iiltetllls of .ubject.' abil­
ity to under.tand the intendacl mean ing 
of the warninq d..,1<: •• , but subsequent 
post-hoc analy.is identiti.d on1y one 
stimulu. (nllDb.r 4 -- -LIMI'l'ED SIGHT 
DISTANCE- plus speed advi.sory panel) 
that could be grouped apart frOll th. 
other lI_bers of thts .ubset of stilluli 
•• signifieantly le •• c:ca~.h.n.ible. 

Use of the cOIIpoaite weightecl COII\­
prehension/a •• imilation score to _alu­
ate the verbal messag •• was more lIaeful, 
however. Messag. nllDber 2 (SLCIi HILL 
BWCKS VIf::W) scored marginal1y dgnif­
icantly higher than the other messeges. 
Also l'IIe .. age nUlllber 2 had the highest 
(although not si9ni Hcantly different) 
scor. for canpreh.nsion alone and tor 
a •• imilation 41on •• 

F1na11y, the prefer.ne. ranking 
te.t d.an.trated the stati.tieaUy .19-
nificant .uperiorlty of SYllbol candidate 
nlab.r 6 ov.r other syabol candidate •• 
That t •• t did not, ho~v.r, demon.tr.te 
that any on. of th. two alternate verbal 
1I .... g •• ·CAUTION HILL BWCIS VIEW- or 
·5 LCJf 81 LL BUlCIS VUW- ("h1ch _re both 
.ignifieantly .uperior to -LIIiITID sIGiiT 
DISTANCZ-) ..... iqniUcilntly bettn than 
tn. other. Ho_v.r, in ..,aluation of 
th. pceparatory/ac:tion .l_ent. of the 
t.wo v.rbal a1 ternativ •• , i t. •• dee 1ded 
that the u.e of the word - alow- lOuld 
b •• or. quic:kly and aceurately a •• iai1-
ated and ca.pnh.nded in actual hi9h ... y 
ua., and would b. 1I0re appropr La te 
tnan the word -c:aution-. 



Tabl. 8. Preference Rankinq T •• t R •• ults 
For Se1ected Te.t Stiaull 

St i.ulu. 

1. CAIJ'I'ION 
KILL 
BLOCKS 
\lUN 

2. st.OW dILL 
at.OClts 
VIEW 

3. LIMITED 
SICIIT 
DISTANCB 

-_ ... --- -- - t --
I 

6. SYMBOL-TWO I 
CARS I 

I 
I 

7. SYMBOL-oNEI 
CAR WITII I 
LINE or I 
SICRT MD I 
OBJSCT I 

I 
I 

8. SYMBOL-oMEI 
cu NlTa I 
LIN!!! or I 
SICHT I 
ONLY I , 

Rank rt:equeney 

128 114 

108 118 

20 24 

186 15 

33 85 

17 156 

27 

30 

212 

55 

138 

63 



Table 9. Index cf weighted Prererence Rankinqs 

I 
St illulu. I Weighted Score , Max illlUIII Po •• ible Score 

I 
I 

l. CAUTtON I 626 \ 81.5 
IIILL BLOC&S\ I 
YIEW I I 

I I 
I I 

2. Sr,OW KILL I 590 I 76.8 
BLOCKS 111 E:W \ \ 

I I 
I I 

3. LIMITED I 320 I 41.7 
SIGHT I I 
o ISTAHC! I I 

------t-
_____ 1 __________ 

I 
I I 

6. SYMBOL-NO I 643 83.7 
CAAS I 

I 
I ,. SYMBOL-oN! I 401 53.0 

CAR IfI'l'H I 
LIN! or I 
SIGN'l' AHO t 
OBJ!C1' I 

t 
I 

8. SYI'IBOL-oN! I 486 63.3 
CAR IUTH I 
LIN!!: or I 
SIGNT ONL! I 

I 
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BaNd on the r .. ult. of te.tinCJ and 
analy.i. I it •• rec:c.a.nded that the 
following I1CJn. be further e ... ined in 
an operationa! .. etifIIIJ in bOth oblet"" 
vati.onal vad controlled fl.dd nudi.11 

VERBAL .SSAGES 

SLOW BILL BWCICS VIEW 

[olM I TI D SI GIlT D 15 TA r«: E 

LIMITID SIGKT DIS~NCI 
pl~ 35 .pb .peed advilory 

SYIISOL .SSAG! 

'NO CAR8 AI ... OIIeR DIG 
FRON OPPOSITI SIDES er HILL 
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5. CONTROLLED FIILD STlJDlBS 

5.1 ObJectiv.I and av.rvi.w 

Th. eontroLled fi.leS t •• ts wer. de-
si.CJned to .... ur. ariv.rl' ability to 1) 
notiee and r .... b.r, 2) correc:tly Inter-
pret. and 3l r •• pond appro~iately to 
four eandidat. warnin9 devie •• plaeed at 
•• er ie. of si<Jht dist.nee-rflltr icted 
vertieal curve. \)n rural ewa-1ane h1qh­
way.. Tageth.r, th ••••• ur •• i~cluded 
in th. controlled fielet t •• t. provid. 
an inaex of effec:t1ven ••• of •• ch of 
th. clndidate lillited ai9ht diltane. 
l19n. -- both in c~par1lOn to tratf1.c 
control dev1e ... lr • .sy in place alol\CJ 
r.h. te.t rout., .nd in relation to 
each other -- und.r real-wadd cOndidor.. 
a. encouneerltd oy • repre.entative 
.... ple of the drivin9 popul.tion. 

Th ••• goall were acc~pl1lhed in 
tlllO •• parat. eHOrtl1 

al A pri.ary study focused exelu.iv.ly 
on drivers' r •• pon .. s to th. apeci­
fie v.rtical curv. w.rning .19n. 
con.id.red in thil r •••• rch. 

bl An anc111ar~ study, with fewer par­
tielpant., in which driv.rs' re­
spon ... to All tratric signl .neoun­
tered .long~ te.t route were 
e._ined • 

';' 2 Test S1 t •• 

'ftl. t.st .lt •• included in the con­
trollecl H.ld .tucH •• were four light 
distance-r •• trieted v.rtie.l eurv.I 
loc.ted in • nUly re;ion of cW\tral 
MontqOll.ry County, approxiaately 20 
IIU •• northwut of dOllilltollill Phihdelphia. 
'l'h. ,it., are distributed aloll9 a 12.6 
mU. rout., .. lholon in Fi~ures 9 and 10. 

AI show in Pi9ure 10, two of th. 
te It ai te I (U and '4) _r. d. fined by 
th ..... hil1, wh.n .pproae~ed fro. 
oppos1t. direction. of trave!. Th. 
otner .it •• (2 and 3) wer. in twa 
.. parat. location •• 

Elev.tion dr.wings of tne tour t •• t 
.ite. ar. shawn in Figur •• 11 through 
1l. Ie i. tne ly!III.tric.l n.tur. of the 
alopes on th. hill IbO"" in Figur. 11 
>;hat • .s. it p:taaible to loc.t. ttlO t.lt 
aite. on oppollte .id •• of tne ... 
topographie.l f •• ture, the profil •• 
of th. hill. d.fi.ning th. other t •• t 
.it •• , by contra.t , had r.l.U".ly 
level ap~aehe. to It .. " doWftlJr.s ••• 
In all c .... , the lentth of the verti-
eal curv .... we!l b.low th. valu. li.-
ted in th. MSIftO d.sign requir_enta 
(2) tor ... quat. atopping -'ght diltane. 
(SaD). SpecUic infam.tion relating 
to t.st .it. eharec:terl.tic. i. pc'e •• n­
ted 1n 'fable 10. 
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'l'abh 10. Charaeteriatie. of Te.t Site. 

Average 
O.Uy 

Site tAngth of Ex1.tin,,* Alqebnie oirr. Trlttic 
NUlllb.r Vertieal Curve Si/fht Dhtene. in Grade. 110.0'1') 

1 200 ft 151 ft 11.9\ 3,750 

2 300 rt 2Z9 ft 8.0t 2,000 

3 350 rt 214 ft 10. " 950 

4 200.ft 153 ft 11.9\ 3,750 

-Ba.ed on deteetion of an objeet 0.5 ft abov. roadvay surraee by 
an ob •• rver 3.75 ft above roadway surfaee. 

1 ft •• 30 m 
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Tb. ro.adway surfac. at the te.t 
site. wal bltUilinou. conc:ret.. ShOulder 
width at th. foul' .ite. varied froll 
Ibout on. foot to &bOut sb feet, and in 
no in.tanc. were vertical curv. warning 
deviC: •• in plac. at any of the .ite. 
~ 101' to th. controlled H.ld se ud i ••• 
Th. speed llmit. of the te.t sites were 
4S mpb at sit.s 1, 2, and 4, Ind 40 mph 
It site 1. Observ.d (dry weath.r) 
speeds along th. te.t route mea.urad 43 
mph (6t kphl, 45 mph (72 kphl. 44 mpa 
(71 kph). Ind 48 mph (77 kph) It sit.s 
1, 2, 1, Ind 4, re.pectively. 

S. 3 Pr ilIIary St ud y 

5.3.1 Stiaulul ehereet.ri.tic:s 

TvO .. ts of stillw i Ire de.cribad 
in thi ••• ctionl iar;:t .timuli were 
the candidate .... rn nq 'tvice. ev.l"eted 
in thi •• tudy. wnl1e dl.traetor stimuli 
ref.r. to all other warnlng, regulltory, 
directional end IdvilOry t ... aU1c eontrol 
d.vlc •• fo\lftd Ilong the te.t rout.. Th. 
tltl).t stiaull are shown in Figure 14. 

All targ.t stll11ul i conai sted of 
black lettering (01' symbols) on renee­
torized yeUow Ih.etin9, on I backing of 
standard g.uqe (.080 in) al um in 111. Elch 
s1gn wal placad at • he i9ht of .t le.st 
halt 5 ft (1.5 m) above th. roadway .ur­
face, with I lateral cla.rane. of 6 ft 
( 1.8 11) or mora fre:. t he road .... y edqs. 

Tbe diltrlctor l-:imu1i distributed 
• long th. tSlt route included I total of 
111 9rev10ully ulstinq trafHc control 
davice •• 

" eCllpl.t. br.aJcdown of the di.­
tractor .timuli is pr ••• nted in Tabl. 
11. In g.nerll, th.s. signa _re in 
fair to good conditionj ilOlated sign. 
~o .. visibUity wal judgad to be si9-
n1tic..ntly reduced by road grillle were 
clsaned b.fore the study was begun, 
howev.,r. 

S. 3. 2 Test Subjects 

~ tot.l of 64 .ubject. for this 
• t udy were reerui tecl throuqh .dvertil.­
mant. in .uburban newp.perl ataUn9 01 

ne .. tor Hcen.ecI driv.r. of aU ag •• to 
.. rve •• pdd participllnta in • highway 
s.f.ty r .... rch project. Pot.ntial .ub­
ject. IMre acreaned to en.ur. th.t a 
rang. of age. in the •• pl. rOUCJhly cor­
r •• poniSecS to that of the drivlng popul.­
tion, .nd that non. wer. f .. 11iar vith 
the t •• t rout •• 

S.l.3 Dependent ..... ur •• 

Th. depend.nt •••• ur ..... p10pd in 
tl\1 •• tucly were of thre. typel -- ob •• r­
v.tiona! d.t. reqarding driv.r r •• pon-
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se. to trafUe control devie ••• ncount­
erad alonq th. te.t rout., ~ ... ory 
,,&Iur •• d.signed to r.v.al which 
111qn. we. mo.t oft.n noticed and most 
correetly int.rprated by t •• t lubjects, 
and re.pons •• to a structureJ post-test 
interview in whieh .ubJect •• xpr.ssad 
th.ir r.lativ. pr.f.renc •• for the LSO 
d.vice. di.tributed along th. test 
rout •• 

Driver re.pon.e to traffic control 
devic.I ..... _.sured a. foliows: A. 
subj.ct. drov. throuqh th. t.st route, 
the exper1ll4lnter recordecl the driv.r's 
beh.vior in r •• pon •• tO •• ch trafUc 
control devic •• ncount.red on the route. 
th. exper iIII.nt.r noted on • ch.ckl ist 
that included .ach sign in sequenc. on 
the route wheth.r a .ubject a) slowed or 
t:-rakad in r •• pon .. to • d.vice. bl made 
any unu.ual 01' inappropri.te r •• ponse to 
• device, c) made any r .... rk in response 
to • devic •• d) 'IIad. an ov.rt orienting 
respons. I L •• , turnad his h.ad), Ind! 
or el made any re.pon •• to a dev1ce not 
cov.red by th. preeeding categori ••• 
Only pOlitiv. inlt.nc •• of any of the 
abav. behaviol'l were notad. Two d1U.r­
rent m .. ory ..... ur •• wer. u •• d to ...... 
how well •• ch subjeet could r __ b.r the 
signa distributed .long the test route, 
.s follows: 

.) A fr •• r.c.ll m .. ory t •• t va. adllin­
i.t.rid a • .oon •• a .ubject had 
r.turnad to ehe startinq point on 
th. te.t rout.. In thi. t •• t eh • 
subject was •• k.d to ree.ll I ••• ny 
of th. (traf He) signa h. s.w along 
the route •• h. could. in II..y or­
der. N.xt, th. subjec:t was a.ked 
to explatn, bri.ny, th. m.aning of 
each .i9ft thaI: he wal .ble to re­
caU. 'ft\. exper im.n t.r noted wh.­
th.r •• ch explan.tion was correet 
01' incorrect, and r.corded CCII­
plee.ly any incorreet r •• ponse. to 
th. clndid.t. warning devic: •• 
b. ing ..v.l \JA ted in t hi. st udy • 

b) "r.coqnition ... ory te.t wal th.n 
~in1st.red, in which the .ubject 
wal .hown plctur .. of .19n. and ws • 
a.k" to r •• pond ·Ye.· or ·No- to 
th. qu.stion, ..... th1 •• 19n pr ... nt 
along th. route )'Ou ju.t drov.?· 
'ft\e foul' v.rtical curv. warning 
signa ~re 1ncluded in the.e pie­
ture., plus foul' oth.r warning lign. 
.180 pr •• ent along th. route, plus 
M\ equal nlaber (8) of warning 11qn. 
not pc' •• ent on the t •• t rout., 
iiiulting in • total of 16 -Ye.-No· 
rupon ... for each .ubjeet. 

With r •• pect to the l.tt.r •••• ur., 
th. frequenc:y of -Ye.- r •• pon •••• niS the 
~rcent correct -- baiiCi on the r .. ponses 
o in te.t .djectl -- _re ca!cul.tad 



'i,}, 

LIMITED" 
SIGHT . 

DISTANCE 

. SLOW I 

HILL ' 
BLOCKS I 

VIEW . 

Not •• : W.rninq 5i9n. 30 in x 30 in 

." 

SLOW'~ 
HILL " 

BLOCKS 
VIEW 

SLOW RItt BLOC~S VIEW p1.te 18 in x 24 in 
Spe.d advi.ory p1at. 18 in x 24 in 
INTERSECTION p1at. 24 in x 12 in 

1 in • 2.54 CIIl 

Fiqure 14. C.ndidat. Warninq Devic •• 
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Tabl. tt. Invento~y of EKistinq Si9n. Along Te.t Route 

Si9n Mes.age 

1. ipeed limit (25, 35, 40, .5) 
2. No pa.sing zone ahead 
3. Stop 
4. Centsr lane-lett tu~n only 
5. No t~ucJt. 
6. Pa •• with care 

7. Watch chi.ldt'en 
!l. Inter.sction ahead 
9. Sh.~p curve (chevron a11glllll.nl:) 

10. Tu~n i.n roa4 aneac! 
11. Curv. ahead 
12. Rolld nar~ow. 
ll. Slow 
14. Stop ahead 
15. ar idge abut ... nl: 

16. End .chool zons 
17. School lone 

18. Junction U.S. Route 422 
19. west-state highway 73 
20. Junction .tate highway 73 
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S19n 
CatecJory 

Requlato~y 
Regulato~y 
Requlatory 
RS9ulat.ory 
Requl.to~y 

Rsgulatory 

Quantity 

U 
9 
8 
j 

2 
1 

Rsgul.t.o~y: Total. 64 

warniA9 13 
Wa~ning 7 
wa~n1ng 6 
wa~ning 4 
warning 2 
Wlrn1ng 1 
warning 1 
warning 1 
wlrning 1 

wa~ningl TOtal • 36 

Advi 80ry 4 
Advisory 3 

Advisory: Total 7 

Oi.~.ctional 2 
Oi~ectional 1 
01rect10nl1 1 

01r.et10na11 TOtal • 4 

All. devie •• , Total • 111 



!or the four cMdidat. UO devic •• 
teated in the controllerS Ueld atlldy. 
lAac:all pedodlanee for the '1.rtical 
curve warnilll) .ign. ". ..... ured by 
botb the trequ.ney with which e.ch 
deviee ".. r_.abered r .nd the n~.r 
of corra;ot .nd lncorrect re.pon ... for 
the Man1111) of elleh .ign. 

or lver pr.rerence. for the eand ldat. 
LSO d."ice. wer ..... ured by .howilll) 'lach 
.ubject pictur •• of the tour vuUc.l 
curve .. arning .igns .een on th. te.t 
route, and th.n .skln9 the .ubject to 
rMk order th_ ln tem. of th.lr rela­
tive effecUvene •••• ".rnlnq devic •• 
for .ight-re.trlcted vertical curve •• 
Frequency count. of hov aany tia ••• ach 
sign ".. pieced in each position (1, 2, 
3, or ,,) .. r. cOIIplled !at.r. 

5.3. " ixper iIlan tAt Protocol 

on th. day befora .ach .ubject ".s 
• cheduled to b. tested, the experütenter 
directed the .ubject to .a.t .t a .peci­
fied tiae at on. of the four different 
starting points, labeled A, e, C, .nd 
D in Pi9ura 10. In each ca .. , .ubjecU 
vere giv.n directions that. enabled th. 
to reach a .tartinq point vithout tra­
veraing any part of th. u.t route. 

After ... ~.tinq the .ubject at a 
landaark (lCh~~l, ehurch, restaurant, 
.te.) near the de.ired .tartin9 point, 
the experiaenter recorded the sl.lbject'a 
&ge, and .. ated hia/h.r in th. driv.r'. 
... t b.hind the wh.el of th. te.t 
vehlcle (1918 'ord r. 11'l1oftt, • :100[,). 
Inatructlon. for the t •• tlnq ver. then 
qiven. 

Wh.n it va. el.ar that the .ub­
Jeet underatood the ta.k, the e.peri­
unter directed bia/her to proceed froa 
th. parklng lot onto the route. The 
d lrection of tr avel a s"*>j ect followed 
oepended on th •• tartilll) point frOll 
whicb th. raut. v •• b&9Uß (a •• ri9ur. 
10 I1 ..,ng the 64 .ubjecta participet­
I.n9 ln the controlled field at udy, 16 
begl1ft the route trav.l'.al trOll each of 
the four at.rtin9 point. (A, 8, C, or 
0) loc.ted along the rout •• 

"a the .ubject ".. drivln9, the 
e.periaent.r reccnded any po.itive r ... 
.pon ... to each tratfic contral d..,1ce. 
At the conclu.ion of the drive, the 
e.pariaenter adIIinhtsred th. t-a 
.... I'y te.t •• 

'1nally, the •• perillente[' clebriefed 
the .l.Ibject, •• plained the purpo •• of 
the .tudy, .n4 Idainl.tered the ranklng 
te.t. 

'ft\. pc'e .. nt_Uon order of the four 
LID '19n ••• c:o~terbalaftCed .aro •• 

3' 

.:eat sit •• ~ aubjectl accordin9 to a 
r.atin-.quars type ot eaperiaental ,1e­
ail)n. Aa •• ntioned pr..,ioualy in thi. 
lection, each 0 f the tour .urt1111) 
points on the route waa u.ed by 16 out 
ot the total of 6" ';Jbject., 10 the a •• 
nlaber of people overall HV • IJ iven ISD 
si9n in the fir.t, s.cond, third, and 
laat poaition _long th. rocte. In add­
ition, the location of the specHie [SO 
s19n •• a rotated .ang the varlous te.t 
.ite., 80 that w\thin each 16-subject 
9 roup, four indiVi!iiill .av a 9 in" ISO 
.19n at teat aite 1, four sav it at sit. 
2, four •• w it at slte 3, and four .av 
it at 8ite 4. All c:andidaee d.,,1ce. 
were thua loc.ted .t the re.pective test 
sit •• an aqu.l nu.ber of tl.e., &nd the 
a.e n!aber of aubject. a.v each .1gn 
at a given po.ition ln the four-ai9n 
.. quenes. 

5.3.5 Re.ul t. and oata Analylil 

S~ary of Re.ult • 

S .. ple characteristics ragareSing 
the &ge and aex of partic:ipant. are 
ahown in Table 12. 

'l'he r •• ult. of the recall maory 
test are pee.en ted in Table 1 3. 

Recoqnition lIaory pe['fonlanc:e, 
expc •• I.s both in terllla of the nu.b« 
of -Ye.- reapon .. a and a perc:ent-c:orrect 
score asaociated with each tarqet sti ... 
1ua, il sho,," in Table 1 •• 

!'Or the ~.ference rankin\) taak, 
wich folloved .ubJect debl'ieUng, the 
frequency counts of hov oft.n .ach can­
didaee v.rning .1gn "I placed in each 
po.ition -- b.at ta loOut -- .re tho,," in 
Tabl. 15. _i",hted score. for the can­
did.t. devie •• are allO Lncluded in this 
tabl., derlved by lIIultiplyilll) th. fre­
queney COUII t for a 9 iven po.i tion by the 
inv.r." of Le. rank ( •• 9., poa1tion 1 
count X ., poa1tion 2 count X 3, etc:.) 
anä ... illl) acro.a po.ition., for aach 
.i9n. 

f1nally, a taUy Of hov orten each 
driv.r bebavlor indic:ated on the •• pel'i­
_enter' • checklist ".. ob .. rved dur1ng 
the t .. t triala -- a. _11 a. a lht ot 
lpecific: .ocorilt coaa.nt ••• lOciated 
with each canrHdate varning 4..,ice -­
are Ibo"" in Table 16. 

eata Anal xli' 

Por the .UaulIJI I'ecall date pl'e­
.ented 1n Table 13, • Chi-.qu.re te.t 
•• appl1ed CO et.tenin. wh.ther the 
foul' eand:i.date warning dwic:e. vere 
_qually Hk.ly tO ba r __ bered by the 
subject.. Ttl. coaputed teat ataUltic 
x.z fal' t.hu cOIIparllon wal 15.41, a19-



Tab1. 12. Aqe and Sex Distributions of SUbj.ets 
in Pr imary St udy 

Distribution by Sn Distribution by Age 

a lIal •• und.r 20 1 
36 t_ale. 20-29 15 mean • 

30-39 19 
40-49 11 lIe~Han 
50-59 7 
60-69 11 
70 and over 0 

40 

• 36.5 

Tab1. 13. Rees1l ~ .. ory Pertoraance for ~ar9.t Stilluli 
in prillary Study 

Candidate Warning TOtal M_ber of Correet Inc:orreet 
Devic:. Till.s a~ .. b.c.d Int.cer.tations IntecE!r.taUons 

SYMBOL SIGN 21 7 14 

SLON-BILL 26 23 3 
BLOC ltS VI Elf 

LIMITED SIGHT 18 13 5 
DISTANCI 

l.IIUTID SIGHT 4 3 1 
DISTMlCI-30 MPR 

40 



Tabie '4. Recoqnitlon "e~ory P.rfo~.nce for Target 
Stiauli in pri •• ry Study 

Ca nd idaee Warnil\4j Oevi.ce No. ·Yes- Repons •• P.re.nt Corr.ct: 

SYMBOL SIGN 36 561 

Sl.OW-BILL BLOCKS VI!W 41 67' 

LIMITED 51GH'l' DISTANCE 37 sn 

LIMI'l'!D 51GBT DISTANC!- 29 45. 
30 MPR 

Table 15. Pceterence ._nking ot Candldate Narninq Signa in 
Pri.ary StudYI Pr~uency Count. and Neighted Scores 

SY"BOl. Sl.OW-HILL l.IMITBD LIMIUD 51GHT 
SIaM 8LOCICS VI DI SIGBT DIS'l'MC! DIS'l'MCe-30 IIIIPR 

Position 30 23 .. 7 
1 (a •• t) 

Position 13 24 10 17 
2 

Positi.on 7 9 18 30 
3 

Position 14 8 32 10 
• (want) 

WlIGII'l'ID 187 1'0 114 lU 
SCORES 

u 



Table 16. Driver aehavior in Response to Candi~ate Warning 
Oevlee. NOted Dur1ng Prim.ey Study 

510v11\9 or 
Braking 

1nappropri-
ate Be.pon.a 

.. akas Rellark 
(.e. below) 

overt Orlent-
1ng Response 

SYMBOL 
SIGN 

25 

a 

6 

5 

(eya fixat ion 
of ovar 2 sec.) 

Other 0 

5pecific eommentll 

SLOII-tI[LL 
aLOCKS VI EW 

22 

0 

5 

2 

*1 

LIMITED 
51GB'!' DIS'tMlC! 

1) 

o 

3 

o 

o 

LI!n'1'!D SIGHT 
OIS'l'ANCI-lO "PR 

21 

o 

6 

1 

o 

SYMBOL SIGN -- "Mever saw!h!S before"1 "That .hould be moved 
tarther back, lt's har4 to figur. out", "What wa. that si9ft about 
trucks on a hill •• " u •• lower gear?·, "What do we have here?", 
"AIloth.r new S1g.1 •• " two truck. h1tting haad-on", "Try1ng out 
the n .. s19ns, eh?" 

SLO.-HILL 'LOtI' VlI. -- "04d, tollowing that 45 mph 11gn 
ju.t bafor. lt", "Slow, hill blocks vie •••• Inother new lign", 
"NOw what's!h!! for?·, "Oid you put that 11gn up?"; "What wal that?" 

LIKI'!'!D 51GB'!' DISTANCI -- "Li_lted light distanee, followed 
by a 40 IIph .1gn, ..... hi9hly 1napproprlate"; °Never •• w 1 s19n 
l1k. that betor.", "OOn't see what thav'ra tllk1ng about • " • 
what do •• that .ean?" 

LIKl'l'ID SIGHT DIS'l'AHCI-]O MPR -- "Why this (ai9n) when i~ 

said 45 .ph just before 1tl·, ·.eat •• e • • • I h~e no 1d.a what 
lÜlited .ight distance is", "N.ver saw that .19n betore", "That'. 
an •• s19n ••• nevar s •• it betor.", o~lrst tÜle I ev., .a. 
~ s1gn", "Nhat on eu"th did .!!l!1 119r .•• an?· 

42 



nitle.t (vith d.r. • 3) at p< .01, 
inlSicatirIIJ vith 99 percent e.rtatnty 
that real tr.ataent eU.eU uhted 
b.t .... th. variolla candidat. 81gn •• 
,. .ho"" in Table 13, the frequene1 .. 
of ucall toe the .)'!Ibol aivn and the 
• SWW KILL 8toCU VIa- .19n wer. 
.i9nifie.Uy 9reat.r th. the vecy 
low fnquenc:y of recall for the -L1MITID 
SIGIft' OIS1.7.NCE-30 "PB- stgn. 

Th. -Ye.- ud -No- rec:Q9nitLon •• -
ory data diaplayed ln Table 1 ..... nll­
.eriea11y tr •• fonaed Lnta 18 and O. 
for .ach .ubjec:t (or each canlSidate 
.1gn. and wal then analynd uaLng e one­
_y uuyat. of verianee. WhU. the 
ANOvr. techn iqw. 1. not eta.onl y a .. oc 1-
ated wLtl'l the uüyaia of d1chottaoua 
data, the pcoeedure ia aeeeptable (28). 
The outcaa. e.tablished the exi.tenci 
of dgn1f1.cant dLtf.renc •• (r • 1.191 
d.f. • 3, 189, p< .05) b.t .. en .i9n •• 
Approd.at.1y .qual ncog"l1tlon perror­
• ane .... fOund tor the sYlibol 819n 
and the -LIMIT!D SIGHT OISTANCE- sign, 
iIlproved per fotaane. was ind ieated tor 
the ·stQW KILL aU>Ca VIEW- s19n, end 
th. poore.t rec:Q9nltion .-.ory ~rfol1l­
ance .",.1 ob.erved for the • LIMIT!D 
SIGII'1' OISTANCE-10 "'PH- s19n.· 

aanking Telt 

For the rankin9 telt, the Chi-square 
stati.tie .... u.«I on ...... r.l diff.rent 
data 9rouping.. In on. t •• t to det.r­
IIln. wbether th. eandid~t. ".rnlng:l ... 
vlC:.1 .. re equally 1 ilcely to be rated 
-b.lt,· the etaputed X2 .tatlltie of 
29.38 (d .f. • 3. P < .01) d.-on.trated 
• highly 819niUemt difference in the 
allocation of -b.st- rankings by test 
lubjeeta. AI aho"," by th. distribution 
1n Table 15, the sYlibol si9n ree.ived 
the luv.at nuab.r of -b.at- vot •• , with 
th. ·SL<Jf KILL BLOCKS VIs.- li9n • clo .. 
.. cond. ~ lubltantlal gap •• htld b ... 
t .. en .ither 'lt the ... 19ft. an.: the two 
r.dn in9 a1 t.rnativ... A •• c:ond t •• t 
eocu • .s on the trequenc:y ot plac_enU 
ift tIMt top t wo poai Uon. a"eS ahOwed 
.iallar niiiIta (X2 • 22.94, P < .OU. 
vith th. ·SLCII HILI. Ir.ocll VIIW" and 
lyabOl 81gn .L9nUte_tlr aore hLghly 
unk. than the two - LIIU'1'ID 81GB! DIS-
'rAllCI" .19na. "third teat ___ ined 
whether the eeftdidat •• 19n. wen squally 
lUr.ly to be plac.s in th. laat (IC)rat) 
po.ition. Thh t .. t r.,ealiCr'fiivhly 
aiq"ifi.eant dUrerafte •• "OftIIJ Iti.ul i 
(X2 • 22.50. 4.f. • 3, P < .01), vith 
the -U.ltad ai9ht cU.tane.- a19n idan­
tUied al the IIOrat alter"ativ. by 
fully haU of the pa~t1c1pant. 1n the 
te.t _.pl .. 

'I'h. la.t anallS!.. on thi. date ... 
for the .. i"htell lII'efer.nce ~nl, 
al.a ~s .. nte4 in Tabl. 15. HO .. ver,. 
eh1-lquu. teat lneSiested IttoftIIJ dUf.&-

aftc .. UOrIIJ th. four Itlauli (X 2 • 
24.161 eS .f. • 31 P < .01), vith the 
wei9hted acoral tor the lyabo1 and ·SLOW 
KILL BLOCKS VIEW- si91\1 aignUicantly 
high.r (.ar. Itronqly pr.f.rrld) than 
th. "LIMI'l'EO SIGHT DISTANCE- alternativ •• 

5.4 AncUlary Stucly 

5.4.1 r..t SubJec:ts 

A total of 20 .ubjeeta wer. reeruit­
ed tor th. aneillary study through adver­
ti .... nta 1n luburban ne .. papera ataUng 
" n.1d for He.nAd driver. of .11 aq •• 
to .. rv ... paid putieiputa in a high­
way .ar.tr r ... ereh projec:t. Individu­
al. wer • .er •• ned and !Hven bri.f d ... 
criptions of th. t •• t procedure ov.r 
the plx:lne, PE'eeia.ly a. detlC'ribed 
.arli.r for the pt:1aary sturSy. 

5 ••• 2 Oependent "' •• IZ •• 

All clependent lI.alur •• ua.d in th • 
pcillary Itudy exc.pt toc tb. pr.f.rence 
ranking te.t wer. ag.in _ployed in tlle 
ane i11 uy It udy, wi t h t h. followiftIIJ 
addition. and modiric.tionlJ 

1) Th. rec:ognLeiQ,' • ..ary ta.k "!hieh 
•• perfot'llad fo11o"ing th. drive 
tnrough th. test route lnc:luded a 
pr ... nutton or aU regulatary and 
.,arnirIIJ livn. (NItliout duplicationl) 
dong the raut., detin 1ng a Ht of 
28 targ.t atilluli. This Itillulua 
I.t. vhlch include4 thr •• of the 
candidat. v.rtieal eurve warnirIIJ 
11gn. -- the .yabol 119n, th. ·SU)\If 
HILf. 8LOCItS VIs.- dgn. and the 
-LIMITID SIGHT DIS~NCI· (without 
aPlted advhory) sign -- 1s .60"" in 
Pigur. 15. lab.led Tl throuqh T28. 
Th_ diatrac:tor ItiJauli (01 thro\19h 
0281 for ehi. ta.k were .. lec:ted 
frta standard signa fOllnlS in th. 
~D, the ... 19n., .,hieh wer • 
Mtchec! one- for-one •• e10 •• 1y a. 
pn.tb1. w1 th th. target .U.ul i on 
the baai. of phyaical .iIIilarity 
(color, Ihape, n\aber of IIOrdS/ fig­
ur •• , et<:.), er. pic:tured in Figur. 
16. 

2) P.rfocaance on the reeall _.ory 
t.ak "I tabulated tor All .ign. 
r_.bered by te.t lubjec:t. aft.r 
tl'l. dr ive, not j un the cand idate 
v.ttieal curve warning devlc ••• 

» pOllo"in; the perfomanc. of the 
.. ory u.o, test .ubjec:ta ... re 
shetlll pictur •• of tIM targ.t .tilluli 
(Tl-T2') once agaln end wue •• Iced 
to int.rpcet tb •• e.i"9 of • ..:b 
.19n, on. aft.r the otber. Tb. 
ord.r of pr .... tatiO:l of the .tillul i 
... unda.lIed for .aoh .ubjec:t. 
Tb. experiaentec recoN.s all 
lncorrect interpretation •• 
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Pu-rther, • ~ .. e.periaentd interview 
•• c~pletad vith .U driver. in the 
ancillary study, to Obtalft •••• ur •• of 
their prior level of e.po.ur. 1) to 
hiCJhvay .rnin9 and requl.ttory si<)n., 2) 
to the 1.1 •• of n •• hill9 lightl 1n traffi<:. 
control, 3) to the us. of r.n ec:tor . 
dev1<: •• on 01' alOIl9 th. roadway, .nd 4) 
to roadway d.lineetion. Wbll. th •• 
~r. ~ d.p.nd.nt 1II."ur •• ! 1. •• , they 
d1d not refleet tr •• asent .ftect. of 
stiaul1 pnsented to .ubjeetl dur i 119 
the cour .. Of the drive througb th. te.t 
rout.), thil infotlUtion •• sl.lb .. quently 
used to h.lp int.rpr.t th. rec:.ll 
III.-ory ~.t. <J.n.r.ted in thl1 .tudy. 
'l'he lnt.nt of th. pt' .... peria.nt.l 
interv1.w •• pr-iJlarlly to detemtne 
the 8ubjec:tl' ~ 101' .. po.ure and ther .. 
fon propenl1ty to rec:Q9ni_ .nd reeaU 
C.rt&in hi9hway si9n. lIore re&dUy than 
oth.r.. TM qu.ution. req.rding fl.sn­
inq l1qht., r.flec:tor., .nd road_y 
a.l in •• tion _1'. not of ~ im.ry concern, 
but ware included to di.tr.ct the sub­
jec:t. fra. the central foc::ul of the 
study. 

S. 4. 3 Eil par iJlental Protocol 
MciJ.luy StlllCSy 

Aft.r .. eetin9 the Subjec:t .t the 
10:.t10" on th. t •• t route lab.led -a­
in '1qur. 10. th. ellper iII.nt.r rec:orded 
the lubjeet'. ag., ... ted the lubjec:t 
0.h1nd th. vb •• l of th. t •• t v.hiele • 
• nd eonc!lucted • pt' .... per iIIent.l inter­
vi.w WIlLeh included th. following 
quastionl: 

1) PI .... try to r __ b.r tbe color of 
• .c:h type of road_y lan ••• rkir.q 
(.tr1p1nC)) that 10u hav. s.en in 
yo ur dr Lv 1119 .lIper iene.. Nhat pa t­
terne hav. you seen tor .ach color 
mark1n9? Wb.t do •••• ch patt.rn 
lIean? 

2) Wh.t regul.tory 01' _rftin9 si9ftl 
thet ~'Ou hav. seen al0Ali the ro.s_y 
in your driv1nq e.pariene. fir.t 
c~ to lIind? 

3) 

4' 

In lofIat drivlnC) Bit .. tion. h.ve you 
encolnt.red fh.hing liqhU in the 
romwy enviroraent? What 10IIII. their 
pur po •• ? 

Pl .... try to r __ ber the d lU.rent 
type. of r.nec:tor d_l0 •• you half • 
... n al01l9 the road_y ln your driv­
i", .lIperi.ne •• 

'l'h ... qu •• tion. wr •• l_y. a.Ud, ln the 
order .holM "09 •• ., the lubjeet'. 
• ttention wuld not b. foeused upon the 
kay lt_ concerning ~j.or ex po. ure to 
.. rning end reIJulatory 11gn.. On lt ... 
1, 3, and 4. MY naber of re.pon ... 
'''.ph.) .taUd bl' sl.lbjec:ts •• ac:eep'" 

teil, up to a ... illla 0 f ten 1 for que ..... 
tion ~, ho_ver. the e.par iIIent.r prOllp­
teil the subject to -try tlaed.r- 1f h. 
IA. unable to C).n.r.t •• t le •• t fi.11. 
_.ple •• 

tIl.n the pr .. experillent.l interview 
haa b •• n eOllple ted, t he .ubj ec:t 10IIII. 
given .peeific in.truetion.. Tbe ellperi­
ment.r then direc:tell the .ubjeet to pro­
ceed onto the rOute •• 09in9 •• lndiea­
tec1 by the .1'1'0 .... in Figur. 10. Durlnq 
the drive, th •• xperiJI.enter noted po.i­
tive in.tanc.e of r •• pon ... to traffie 
~ontrol devie •• on the cheekli.t, .I. 
describell 5*'evlou.ly. At the cone1u.ion 
of th. drive, th. experiJIenter &d.lnl ..... 
tered the II.-orr te.t. in thi. order: 

1) rec:.ll - .. orr for warning/regulatory 
s!.gn. 

2) recoqnition ... ory for warnlnq/ 
requl.tory atqn. 

3) interpret.tion of th. lI.aning of aU 
warning/regulatory .19n. (includinr; 
the v.r 10ul 1111 i ted light d htane. 
s 19n.) alofJjj te.t rout •• 

rln.11y, ehe .ltperia.nter debri.fed 
the lubject .nd .lIpl.ined the purp' •• of 
the stucly. 

5.4.4 Re.ult •• nd Data Analysis -­
Ane iU.ry St udy 

Tbls .. etion d.serlb •• the date ob­
tained ln thl •• tudy, and th. an.lysis 
technlqu.1 uaed to _aluat:e 41ff.rene.s 
... aoc:iated wlth th. eandid.t. w.rninq 
'lgn. for statll':ical slgnifieanee • 

S UJlaary of Resul tI 

S .. pl. ch.r.ct.ristic. reg.rdinq 
th. 19 •• nd aa of participant. Ar. 
pr ... nted in Tabl. 17. 

The r •• pon ... of .ubjeetl on th. 
pr .... perill.nt.l int.rvl.ws Ar. Ihown in 
T.bl .. 18 through 21. 

'I'tl. data obtained on the varioua 
ci.pendent .... ur •• iftcluded in the .~ 
el11uy .tudy are 5*'e .. ntOid in Tabi •• 22 
throUIIJb 25. Tabl. 22 Show. the f1:equen­
cy of rer:all of 119n. r __ bered by Iub­
Jec:t. in the rec:a11 • .-ory telt COnduct­
ed following the drive through the te.t 
rout •• 

Recognition _.ory perforllance, .x-
5*' ••• ed in terll. of th. nlllbeC' of -Y •• -
re.pon .... nd • peC'cent-correc:t seor. 
a"OC:1ated "Uh .ach target .tialllue. i • 
IhOlM 11\ Table 23. 'POC' oy to target 
atilaullli identi f1catlon nlllbec., r.fec 
to "9ure 15.' 



Tabl. 17. Age and Sex Distributions ot Subject. 
in Ancillary Study 

Di.tribution by Sex Di.tribution by Age 

7 l1Iale. Under 20 0 

13 faal •• 20-li 12 lIean • 
30-39 2 

40-49 • median 
50-59 1 
60-69 1 
70 and over 0 

33.4 

• 28.5 

Table 18. !xample. of Roadway Deline.tion •• St.ted by Drivers 
PriOr to Participation in Ancillary Study 

rrequency 

Double yellow line. (no pa •• inq) 
Solid yellow line with adjacent broken yellow line 

(no p ••• in9 vith 801id 11ne, pa •• 1ng ~raitted 
v1t.b broun linel 

Whita 11ne (roldway edqe boundary) 
Sroken vhite 11ne (pa •• in; pe~1tted) 

8roken yellow lina (pa •• inq peraitted) 
White arrow. on rold .urtace (directional indieatorsl 
Ye1low line (roadvay boundary) 
Mbite center line ,pa •• in; pe~itttd) 

White line acro •• ro~ ,.top, at inter.action) 
separated row. of broken yellow line. in center ot 

rolldway (tun. pera1tted fra. center lane) 
Yellow center 11ne (pa •• in; peraittedl 
alue circle-and-wheelchair mark1nq. 

(handlcapped u.e onlyl 
Two adjacent .et. ot double yellow 11ne. in center 

of rolldway (aedlan da.rc.tlon) 
Yello. da.he. on ree.ntiy paved rolld. 

( .. ant", unknOwn or un.tated) 
Unlpeclfied Mbite line (.eanlng unknown or un.tated) 
Un.peclfied yeUow Une (lIe.nlng unJcnown or unltated) 
Unlpeetf1ed writinv on road Ime.ni", unJcnown Or unltated) 

.47 

18 
13 

10 

8 

4 

4 

1 

2 

2 
2 

1 

1 

1 

1 

1 
1 

1 



Table 19. Ex .. pl •• o~ aequlatory end Warnin9 Si9n ••• ~tated 
by Drivers Prior to .srticipation in Aneillary Study 

Oe acri pt ion prequency 

Stop 
speed lilllit 
Sc r.oo 1 zone 
Yüld 
::>ir",eti"r,al .i9nl> on curve. 
?~~~Jtr;~~ ero •• inq 
Q~.ttQ~1 c~o •• ing 
Ne> pa:i! 1 nq zone 
3l1ppUr\/ wh.n wt 
::'t"p IInead . 
"!.n work1ng/vork zone ahe.s 
~~lt (fra. li.ited-acc ••• highway) 
Con.truction zone 
eeer cros.1nq 
No turn on red 
Slow 
Lane •• erq_ 
Reduce speed 
Brid9. fr •• zea b.for. raid 
Road narroWi 
School (children) crosstng 
oe not pa •• 
tAft turn only 
P'i ra bou se 
Hi11 

1C 
13 
11 
10 

9 
S 
S 
S 
4 
4 
4 
3 
3 
) 
) 

3 
) 

3 
2 
2 
2 
2 
2 
2 
2 

"entioned OOC. only were •• ch of the followinq: Watch cbildr.n, 
Signal ~h.id, Truck cro •• in;2 Ridden driv.way: Dan9&roul inters.c­
tion ahead, light lana .u,t turn right: On. lan. bridge, No 
perking, Rold flood., 'a •• vith cara, On. vay, naad .nd, No 
turn., Fire 1an., No U-tuln., rallinq rock, Ho.pital zon.; 
Caution, ChLldren at play, lntar.action, Iridge cl.arance tt, 
PriVate drive, •• ,.ing 8On., Eaerq.ncy .top only, Route d.li9-
nation, No litt.ring. 
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fahl. 20. !x .. pl •• of Situation. Where Pl •• hing Llqht. Are 
Encount.red a. St.ted by Driver. Prior to 
Participation 1n Ancillary Study 

Warninq for danq.rou. inter.ectton. 
_4rning for eon.trllC~i.on lOhe. 
warning for d.nq~roua eurv •• 
Scnool lone warnlng 
Railroad ero •• inq warninq 
Caution 
Warnlnq for .tqnal aheac! 
Mark. loe.tion of fire hou •• 
Mark. loe.tion of pe4e.~ri.n ero •• 1nq 

Prequency 

14 
11 

9 
1 
6 
Z 
1 
1 
1 

Table Zl. !x .. pl~. of .efieetor Oev1e •••• Stated by Driv.rs 
Prior to Particlpation in Ancillary Study 

Dascript 10n 

Double rolt of (_bedded) yellow 
refleetor. in cant er of ro~way 

Soundary post. at ad9. of roadway shoulder 
(tabeddedl refleetor~ at roadway boun4ary 
.etroreflectlv~ .19n. aboYe or adjacant to roadvay 
Con.tructlon alte .acket. 
"llactor. on po.ts/t.l.pho~. pole. neer driv ... ,. 
Medi.al'\ strip (7) 
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Frequency 

16 

10 
7 
7 
4 
1 
1 



Table 22. Perforaanee in Ree.ll M.mory T •• t-Anaillary Study 

Speed limit (unapeclfied) 
curv ... arninq Signa 
School aone 
stop 
School era.sinq 

*S1ov-nill blocka viev 
*Limited aiqht di.tane. 
*syabe1 sign (v.rtleal eurve candidat. warninq 

deviee) 
.. atch chlldr.n 
NO P41sai nq zone 

**Left lan. must turn 141ft 
lnterae:tion 
NO true"s 
Rout. d •• ignation .ign. 
Slo. 
RO.:! narro.,. 
C.nt.r lan. mu.t turn 141ft 

··Yleld 
Pa •• wlth aar. ··00 not pa •• 
End .chaol lone 
No piirkinq 

16 
14 
13 
12 

8 
8 
8 , 
S 
4 
4 
4 
3 
1 
2 
2 
2 
2 
2 
2 
2 
2 

Mentioned onee only wer. each of the tollowinq sign" school aheld, 
**Si9nal aheld, T-Int.r •• ctLon, ·.On. waYJ No pa.sinq, Stop 
aheld, No pa •• ing IOn. ah4Ild, **00 not ent.r. 

*Denot •• candidat. v.rtlcal curv. warning dev1c •• 

·*Sign. tncluded in subj.ct'. r •• pon ••• but not actually pre.ent 
along te.t raut •• 
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Tabl. 23. P.rfo~.nc. Ln R.coqnitlon M.~ory 
T.lt - A"cil1ary Study 

Stiaulu. P.re.nt Corr.ct 

Tl 
'1'2 
'1'3 
'1'4 
T~ 

*'1'6 
'1'7 
'1'8 
'1'9 
'1'10 
'1'11 

*'1'12 
*'1'13 
TU 
'1'lS 
'1'16 
'1'17 
T18 
'1'19 
'1'20 
'1'21 
'1'22 
T23 
T24 
'1'25 
'1'26 
'1'27 
Tl8 

14 
lS 
17 
13 
11 
12 

8 
20 
13 
16 
14 
11 
11 
13 
13 
11 
U 
16 
19 
13 
20 

9 
19 
16 
16 

8 
7 
7 
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10 
75 
85 
65 
S5 
60 
40 

IOD 
65 
80 
70 
55 
55 
65 
65 
55 

"75 
80 
95 
E5 

100 
45 
95 
80 
80 
40 
35 
15 



Table 24. 1nterpretation. of 5i9n. Encountered 
Alo", Te.t Route - Ancillary Study 

Si9n Correct lnterpretation. Incorr.ct Interpretation. 

SYMBOL SIGM (Tl3) 20 o 
( accOlipan ied by 
•• planatory panel) 

SLOIf-HILL BLOCKS 20 o 
VUW (Tl2) 

LIIIITID SIGHT IJ 11 
OISTPoHCB (T6) 

All other targat 20 o 
Itiauli (TI-T28. 
Ixcapt aboye 
n\laber.) 

aecord of incorrect interpretation.: 

o El9ht (8) .ubjact. faLled to ft .. a 8ny cau.a for th. eondition 
denoted by the LIMITID lIGHT DISTPoNCE .i9n/ specifically, "0 
condition of ob.tructed forward vi.ion wa. de.cribed. 

o On. (1) lubject yagu.ly re.ponded to the LIIIITEO SICKT OISTANt! 
.1gft by .tating, -Soa.thing ob.truct. your vision,- but did 
not inclu4e -hill- in hi. re.pon ••• 

o One (1) .ubject eaplained that , -Tha driver .hould .low down,­
in re.pon •• to the LIMITED SIGHT OIST,.MCE si9n, but could not 
.. y why. 

o on. (1) .ubject .aplained that the LIMITED SIGHT OISTANeE .i;n 
tefarred to cOnditiona of ·curve. or f09,- OIIitting any 
r.f.r.ne. to hills. 
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Tabl. 25. D~iy.~ R •• pon ••• to Candidate .arnlnq Devleel 
Noted Durlnq T.lt Trials - Aneillary Study 

SYMBOL SLOW-HILL LUIITID LIMITID SIGHT 
SIGti BLOCItS VIW SIGK'f DISTAMCI DISTMCI-10 M'R 

Blovinq or 1 1 1 0 
Braki.nq 

Inapproptlate 0 0 0 0 
rl.pon •• 

Make. 3 1 4 0 
R.ark 

Ov.rt 0 0 0 0 
Ori.enting 
a.lponle 

Othlr *1 *1 *1 0 

Splcific ~.ntll 

SYMBOL SIOH -- -?hat 119n ,eally 9rabl your attention-, -Good 
li9n ••• cauqht ay IY'·' .!t'. dlab to havl I 40 apb li9n 
'ight aft.r thlt other (lyabo1) lign-

SLOM-SII,L BLOCKS VI! -- -Thlt • 19n'. 900d for peoph vho 
don't know the ro -

LIM,TIP SIGBT DIST~CI -- -That 119n il intlr •• ting • • • 
I VI n .. lr "In it before-; "L1Rited li9ht di.tanee--that'. 
intere.ting·, -Liaitld .i9ht di.tanee ••• thlt' • .a.ethin9 
nev·, -Hevl' .av that .19n befor •••• it'l a good id.a 
putt1ng it up, it. entertlinlng· 

*All -other· re.pon.el eonlileld of lubjectl vilib1y Itraining 
thei~ neck. to ••• over ere.t of hill a.soeiated vith candidaee 
vertieal vlrning dlviel. 
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DAtA obtained wh.n subjectl wn 
uked to int.r~et th. ".aninq of • .eh 
tarq.t atiJIull.l8 (TI-T28), followln9 th. 
recognltion lI..,ry t •• t, ar. pr •• ente 
in Tabl. 24. 

In T.bl. 25, the .. driver behavlors 
noted on th •• Ilperilaenter' s chKkUat 
in r.spon.e to the v.r iau. ver!:!.c.l 
curve c.ndid.te warning signa .. re .~ 
lIIar ized. 

Dat. Analysi. 

The analysis technlqu •• elllployed 1n 
th ... areh for .tatiatically .ign1ficant 
dillerence. bet ... n te.t .tilluli wer. 
dict.ted by the nature of th. data. In 
th1. study, the d.pendent 1I ••• ur •• of 
recell .nd reeognition 1I_0CY pel'for.­
anee, •• we11 a. th. interpretabil ity of 
roedwey s1gnill9, Ar. e.preSled sol.ly in 
t.m. of frequency counts, tor which 
chi-.quar. t.st •• re th. most .pptopri­
ate analysi. teehniqu.. By contran, 
the tally of driv.r r.spon ••• noted on 
th ••• paria.nter's checklist, and the 
infonution revealed in the pr ... experi­
lIentAl interviews are purely deacriptlve 
lIeasur.s. frc:a whlch eonclu.lons _re 
dra"", by log lcal ln ferenee but not r igo­
rou. staU.tical procedure.. In addi­
tion, a ~.rlCn Foduct-lIIOIIent correle­
tio:" w. perfomed to ccapare the .19n 
rec.U data g.nerated ln th. pr ..... peri­
lIIental intervi.w with thAt trca th. 
Sl&!Hquent d.pendent (reeaU) ,,_ory 
t.sk. 

'nI. outcca.s of ehe chi- squ/lr. 
t.st. _re la1'9.1y non-lignlUca.,t. Pol' 
perforaanc. in the recall lIaory te.t 
(Tabl. 22) fo11owinq ehe t •• t dr iv., 
tne obtained value of the x2 .tatl.tic 
is o"ly .087 (d.f. • 2), whieh f.ll. far 
short of th. eriterion value of 5.99 
needed to d..,n.trat ••• ignificant. 
diff.renc. b.t. ... n th. candidat. v.rtl­
cal curv. "arning deviee., even .t the 
• 05 level of .ignifieance. Si.ilarly, 
n.arly identical per tomane. in the 
recognits.on ._ol'y ta.k (Table 14) wa. 
oeserved for tbe cand Wate "arn1,. 
sl.gn., tb1. al80 wa. a.aoc1.ted with • 
test .t.ti.He (X 2 •• 59, d.t •• 2) 
whieh is sub.tantlally under t.he erl­
t.rion valu. n.eded to d..,n.tr-ate 
.ignificant diffuene.s .0119 .ti.ull. 

Th.re 1 •• aarqin.lly .ignlficant 
diff.r.nce d.-on.tr.ted for th. data 
rel.Ung to n~ber of correet interpr ... 
t.tion • ..,,. th. c.ndidate warniftIJ 
119n. (X 2 • 4.9~1 d.f •• 2; P < .10" 
whU. tt-.. level of significane ••• y be 
.a~inal, hevever, M inlpeetion of 
Table 24 l .. v." ftO doubt •• to the 
lOure. of th. diU.rence. 10th the 
.~bol .1gn (wit.h .eec.panying '.plane-
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tory pan.l) .nd the 'SLeIf KILL BLOCKS 
VIEW- .19ft .re •• aoci.ted .,ith perteet 
score., whUe OI7er h.lf of the •• ple 
1I1.intupr.ted the -LIMITEO SIGllT DIS­
TAI«::E- altern.tive. 

Additional chi-.quare an.ly ••• 
whieh lneorporated data pert.ining to 
subject.' ... ory for .11 .ign. eneount­
ered alonq the t.lt E'Out. _r-. also 
per fo med , •• follow. Fir.t. for the 
reeall a.ar-y ta.k, •• tr .. ,ly 1.rq. and 
lignificant diU.renee. "Ir, d_on.trat­
ed ..,nq the slgn. r_~.red by su~ 
ject. followin9 th. t •• t drive (X 2 -
132.71 d.f •• 29; p < .OOJ). Sinee the 
candidat. v.rt.ieal eurve varning .lgn. Ar, all elu.tered near the aideU. of the 
distribution (.e. again T.ble 13), thh 
affeet c.n aa.t reasonably be attr1buted 
to tbe wide .Feed between .uch rel ... 
tivelY rar. signa •• -00 paaainq IOne 
ahead- and other, .01'. frequently occur­
ring signa such a •• peed l1ll1t, school 
IOne, or .t.op .1gn •• 

'nI. reeognition ._or-y data for .U 
signa .howed a .iIIllar patt.rn, "lth .U 
t_nty subject. r __ berlnCj th.t th.y 
had s.en • ltop 119n along th. te.t 
raut., but only s,ven of twenty r ___ 
bel' 1ng that th,y'd •• en • -no pa •• iftCJ 
aone ahead- .19n. However, the ccaput.ed 
t •• t It.ti.Ue (X 2 • 28.l1 d.f. ·.27) 
.,a. below th. erle.rion "alue needed to 
d.-onatnte .t.Ultically aignifieant 
dilf.rene •• , in thi. e.... Aceord1ngly, 
varlou. data gtouping. of 1ntereat ver. 
.. .. ined, .ade up of lub .. t.1 of the 
t.1'9.t .tilluli li.ted in Figure 15. Tbe 
only group1nq _01llJ wich .19''l1f1cant 
diU.r.nc •• could be d.-onst~~!:ed "I. 
t.hat. aade up of nonyellow (t.e., non­
"a"n1ng) .ign. (X2 • 18.7, d .f. • 91 P 
< .05); this 9rouP 1nclude. stimuli T19 
through T28 in Figur. 15. 10th the 
ligns a.aoci.ted vith the high.st levels 
of recognltion (.top .nd speed limit) 
.nd the •• with the 10we.t lev.l. (e.g •• 
no pa.aing IOn. ahe.d) .n in th1s 
~roup. Lftvel. of recoqnition for the 
gtoup of (y.11o,,) warning .1gnl -- "ith 
and "ithout the cMdldat. '1utical eurv. 
"arnißi dev1o:e. included -- wer., by c~ 
~ri80n, "uch "or. hoIIoqeneoua, preelud­
ing any .tat.iltieally .19nifieant 
d1tf'erenc ••• ong thi. SI.lbHt of tar:,.t 
.t iIIul 1. 

Pinally, a ~.r80n correlat1on of 
+0.86 wa. caleul.ted to deacrib, the 
deqre. of eorrel&lQndenc:. b.twe.n the 
freqll.ney of recall for road (warn1nq 
and ugu1atory) si9n •• hotllft 1n t.he 
ps .... xper iIIental int.rview ( ... Table 
10) and the .1gnl &long the t. •• t. route 
recalled by .ubjeeu aft.r their 
driv. ( .. , TaDl. 13). 



5.S Oon~lu.ions Praa Oontrolled Pleid 
Studl .. 

'lhe ~ wary ~ontrolled tield .tudy 
eharly d..on.traUcl that both the v.rbal 
candLdat. -- Sr.ow HU.L BtDCItS VIEM --
and the syaDol c:andidat. resulted in 
gen.rally .uperi.'lr p.rfoJ:1llanc:. by 
motorists. 

In the controlled field .. ttlnq, 
both th. verbal c.ndidat. -- SLCIf KILL 
BLOCKS VIBM -- and th. sy.l>Ol eand idate 
aig" wer • ..are fr.quently ree.lled than 
si.ther the LIMITED SIGHT OISTANe! I1gn 
.hme or that .1gn with the 30 IIph 
• peed adv1sing panel. Further, the 
verbal candidat.'. lIeaning was c:orreet1y 
lnt.rpreted when I:'eealled in • gr •• ter 
proportion of e .... " .. ) than any other 
.1gn. It .hould be noted, however, that 
althoU'Jh the .yabol c:andidau wal nellt 
to ~o.t frequently reealled. It was in­
correetly interpreted twic:. a. often •• 
it wal eorrectly interpret.d, probablf 
beeau •• of th. driving population'. 
tmfaalliarity with ehe n.w symbol. 

In th. recoqnition .... ory test, 
the SLOW HILL BWCItS VIE" lign was 
lIIO.t oft.n c:ocrecely reeQIJnized, with 
botn tlle 'Y"bol and ehe LIMITEO SICiRT 
DIS'l'AfCE .1gn (without the spelld 
advLsory) virtu.lly tisd •• next mo.t 
often reeognilled. 

80th the SLOM KILL SWCItS VIEM 
lign and 'y.bol .ign were gre.ely pre­
ferred to .ither of the LIMITED SIGHT 
OISTANCI .19n. Ln the peef.renee rank­
ing t •• t. 'lh. IYllbol li9n rec:eived 
th. gr •• t •• t nllllber of Urst ple. 
vote., but .lso was rated wor.t oy ,. 
of ehe .lJbjeets. OVerall. eh. v.rbal 
.candidat. tlad on1y a sliCJhtly high.r 
waighted leore ehat the .~bol dgn. 

'l'h. 'tudy of behavioral r •• pon ... 
d..an.traeed thaI: driv.r. r •• pondecl 
mo.t oft.n to th. symbol .ign, prinlarlly 
by slowing or braking. 10th th. SLOII 
KILL BLOCU VIa .ign and the LIMITED 
SIGlI'l' DIST"MCI si4n vith • apeed adVisory 
plete pl'oduced n •• rly .qual r •• pon .... 
tiea for .ec:ond in the fr.qu.nc:y cf 
r •• pon .... 

Su_.r hing ac: roll aU 1Il ••• IJI:.S 0 f 
119n per foN.ne., the SLQf HILI. BLOCKS 
VUM legend was a .. oc:iated vith the 
b •• t perfora.nc:e 1n thr •••••• UI' •• , per­
fOdled nut to beat in the tourth •••• ur., 
.nd .... econd be.t in tvo other .... ur ••• 
'l'he 'Yllbol C:Mdid.t. perforaed b •• t in one 
of the .... ur... In eontr •• t, the LIMI'1'!D 
SIGIIT DIS'l'AMCI 119n, both wit.h a1\4 wltb­
out the .peecl "'1.,ry pl.t., wal a.eoei­
ated vith p)Orer perfomanc:. tun .ither 
of the c:andid.t.. '19ns 1n All c .... bllt 
on., ancl perfomed .ignlfi.c:anUy .or. 
poorly in thr •• of the foul' C ..... 

s 

In the ancl11ary stldy, the .o.t. 
fr.qu.ntly rec:,lled .ign., both in tera. 
of th. si9n apo.ure ~ ••• ur •• nt .nd of 
th. reeall memory test, i.nc:luded tho .. 
for .peed limit, curv. wa"ning. stopf 
yi.eld, aOO achool crossinCJI.,n.. It 
should .lso D. not.d that .top, slow, 
speed liatt, and achool ero •• ing/lOn. 
coapr l .. d eight of the top t.n signs 
ree.iving -:te'- r •• pon.e, in th. reeQIJ­
nition _.ory t •• t. Althouqh it .... 
not ..ong th. ~iII.ry objec:tiv., of the 
anc::lllary Itudy, it .... found that the 
SLCII HILL BLOCICS VIEW, LIMI'1'EO SIGHT 
OIS~HC!, and .~bol .ign. war. v.ry 
ne.dy tied, .nd wer. a11 in th. 1111441 • 
rang_ of the frequency of r •• pon .... 



6. asSDVJ.TIONU rIELD STUDY 

6.1 Objective. and overview 

An ob .. rvational Held study wal 
condl.lCteä eoneurrently with the COR­
trolled neId Itudy. The purpo .. of 
the ob.erv.tional Itudy was to deter­
mine the extent to whieh eaeh of th. 
foul' candidate 1 iJlited sight di.tance 
warnin9 d9n. intlueneed the behavior 
of .-otori.t. who war. unüerteä to th. 
experiJIent. 'nie experiment. involved 
the ob.ervation and recotding of both 
vehiele v.loclty and l.teral po.ltion, 
a. waU a.other indieatlon. of driver 
re.pon .. to the s19ft., within e lenC)th 
of highway startinC) 1,250 ft (381 11) in 
advanee of a vertieal eurve, and ex­
tend1ng 200 ft (61 .) beyond the h111 
ere.t. &ach of th. si.C)n. was plaeed at 
eaeh of three rural vertical eurve 
loe.tion •• A total of 5,338 obs~rva­
tions of rloto~i.ts who drove pa.t the 
vertieü eurve warnin9 .19n8 were 
anollyzed • 

6.2 Te.t Si u. 

Three vertleal curve sites were 
used for the observational study. T1oIO 
of the sit •• , located in MontC)c..ry 
County, PA, were allO used in th. eon­
trolled neId study. Adescription of 
the .. tw sit.s .... provided in Section 
5 of th!s r.port wher. th.y were id.nti­
fied a •• i te. 1 and 2. 

Tbe third vertieal eurve sit. 
(15) .... located in a hUly, rural area 
of Carb"n COunty, PA, atout 7S IB11e. 
(125 kal northwest of Philadelphi., on 
U.S. Reut. 209 (Penn.ylvania 1eC)i.la­
tive t"Out. 164), situ.ted in the foot­
hills of the Appalac:hian Mountein ehain. 
Aft elevation drawing of the route i. 
shown in Figure 17. The available 
si9ht distanc. is limited to 159 ft .t 
this Location. Tb. 1e"CJth of th. 
vertieal eurv. is 240 r.et end the 
al9eblC'aie differenee in 91C'ades i. 
13.22\. Those C)ea.etrie eondition. 
reduee the ufe speed to 27 IIpb.- Th. 
roadway i. eharac:terized by full-width 
Ihoulder. and a new bit~lnou. eon­
er.te, sUl'face. TM .peed 1iait at 
the site i. 55 IBpb (90 kphl and there 
i. a hiCJh proportion of recreational 
tr aUie. tJp to 50\ of t he tr aHie ha. 
b.en estiJuted by th. PennDOT cUstriet 
en9tn •• r to be froIB out.ide of the 
reC)ion. 

Tb. _er.,. dan y trafUe (vehi­
cl •• per day in both dilC'ections) at 
.it •• 1, 2, and 5 ware 3,750, 2,000, 
and 2,700, r •• pacti".ly. 

- ..... on a.tectlon of an object 0.5 ft 
abov. ro.s .. y SUl·raC. by an ob .. n.r 
3.75 ft ... "". th(' rolld_y surfac:e. 

'nie po.t.d .peed. of .ites l, 2. 
and 5 ware 45 .ph (72 kph), 40 .pb 
(64 kphl, and 55 .. pb (88 kph), re.pee­
tiv.ly. Th. ob.erved ... an .peed of 
traffie at sit. 1 wa. 43 IIpb (69 kph), 
.s d.temined by _pot speed lIe .. ure-
.. ents. &sti.ate. or vehiele .peed 
at .ite. 2 and S ware eonduc:ted ul1ßCJ 
a JlOV inC) cer t.chn ique • Tb •• ean 
speed of tratfic at sit. 2 -.. 45 
mph (72 kphl; and the .. ean speed of 
traffie at ait. 5 ~. 55 .ph (88 kph). 

ThelC'. wer. no exi.tin9 traffie 
contro1 devices warning of sight dis­
tane. r •• trietion. du. to th. vertieal 
eurve at any of the thre. sit ••• 

Th. thr •• v.rUcal elllC've .nviron­
ment. and a • .ac:iated ha.ard. tor the 
field .tudy ine1uded I 

o obatruet.d vlev of inter •• e­
tion and v6hieles in queue 
(11 te 1) 

o ob.trueted vi.w of w.rnin9 
tor holC'i2lOntal curv. aheac! 
(.itIl2),and 

o obstruc:ted view of v.hiele 
puked on sholilder beyond 
cre.t of hi!l (.ite 5). 

6.3 Experiaental oe.ign and 
MethodolOlJY 

6.3.1 Stillulus Olarac:teri.tics 

Po ur e and ida t. warn ing d ev iee • 
(si9n.) ~re evaluated. Tb. varnin9 
s19n. were 30 in x 30 in (76 ca x 76 CII) 
diuond sbape. bear 11'19 the followin9 
lIes.~e.1 

o SLOW BILL BLOCKS VIEW 

o t.!MI'l'ED SIGHT DISTANCE 

o LIMITED SIGHT DISTANCE plus 
advi80ry speed lillit pan.l 
(30 MPHI 

o (C.ndidat. SYJlbol Si9n) d.pict-
1"9 a v.hiel., on each .id. of 
hill, approaehin9 the hilI 
ere.t. 

At .i t. 1, th. ..rninCJ .iC) n. wer. 
.uppl_ented by a 24 in by 12 in (61 aI 
x 30 aI) luppl._ntary advhory panel 
(belov the warning lign) with th. 
".NCJe nrrl RSIC'l'IO tI. 

Th. 1oIIIIrnin9 ai9n wi th the .!IIbol-
11e .... ., .... dhplayed with an 
1.1 in by 24 in (17 ca x 9 ca) educ: .. 
tional pan.l b.u iftIJ I. he .... &9. St.Clf 
HILL 8UXU VIBW. 
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Th. eand1dat. WIIrn1nCJ I1gn •• nd 
their .uppl.entar~ pM.U .... r. 1X'''' 
v10ualy illWltr.ted 1n '1gur. 14 .nd 
deKrib.-l 1n sect10n 5.3.1. 

All of th. aigns and panel. eOI!­
listed of • bleck bord.r .NI bl.ek 1 ... 
9.nd 01' Iy!lbol on • ~llow r.n ec:ta­
ized oaekl)round. app11.-1 to a b.ek1I\CJ 
of .tandard gauge (.080 in - Z ma, 
al 1111n 111. Green ehann.l po.ts, br.ak-
a .. y adapters, and vandal-pcoot bolts .... 1'. used t'.o IIOllI'It th. various cancH­
date ",.rn1.19 dev Lee.. MU'l'CD standard. 
tor s19n lettering and plac_ent of 
.. rning si9ns "'1'. obs.rvK. !ach 
119n eonU9\11'ation .... located •• 
eloM .s e.tstin9 .19n •• nd terr.in 
would allo" to 750 ft (229 11) 1n advanc. 
of the h.z.re:! (hilI er •• t). Th. 
hei9ht of each .19n .... S ft (l.S 11) 
abov. the rOa:! ... y surface. A lat.ral 
elearanee of 6 ft (1.8 .) or lIor. frca 
the roadway should.r was provided. 
The .peelUc eonditlon. and .19n 
layout at ech Ilte Ar. d.p1eted ln 
P ig ur.. 1 8, 1 9, and 20. 

Inat.llation of th. sign. was ~on­
duc:ted oy letron perlOnnel. . Th. 
schedul 1ng of in.tallation of dev i_e. 
at the different te.t .ite. was staged 
80 that dat. wre eollacted at on •• ite 
dur1ng an aceliaation par10d at the 
other sites. Each s19n was dis~layed 
at ech test site for aperiod of 
.ev.n d.y. prior to dat. co11ec:tion 
to reduce any novelty .ft.ct on 10cal 
driver •• 

6.3.2 Data Collec:tion Bquipa.nt! 
In.trlllen ta tlon 

Prillary itus of stl.ulu. lIat.r­
ial ineluded warning .1gns, luppl •• n­
tary panels, 1I0unting hardwar •• and 
aata e01lec:tion apparatu.. Th. 1X'i­
IIlU'Y data c:ollec:tion deviee va. 
KETRON'. V.hiele 'l'rajactory "'a.\II'''' 
llent SysteIl (VTMS). This i. 01 r.l~ 
tively saple syst. wbich ace.pt. 
input. frOll tape.vitch pr.aaur ... ct.i­
v.t.-l ribbOn-.up«! svitehe. placed 
at de.iree! locations Oft the roee!vay, 
and prints out .viech elolur. tiaea 
aceurate to the near.at .UUHC:O!1lS. 
'l'he ayst. h de.1gnect to trac:k one 
vehiele at a tUl. through an array 
of ro.s s"it~hes. When the .yat. 11 
reHt, tne .yata c:~ocll: is .. t to 
zero and i. stuted only when the 
first v.hiel. cro •••• the fir.t 
• witeh. ,.. th. v.hiel. pa .... ov.r 
each ajj) .. quent .vlteh the elock 
t 1M 1a pr ißtell out. All v.hid.a 
lft.r the first Ar. ignored until 
t.he sr.t. i •• &nuaUy re .. t. 

In addition to the road ."iteh 
in~ut., two .anual-input ehan".l. vere 
used to recOrd the tUl. end natur. of 

th. oeeurrenee of one or IIOre driver 
action. th.t each obHrved vehiele lIay 
hav. e.hibited. M:tivating eith.r of 
th. two lIIanual input buttons caused 
the printer to output th. till. of th. 
s"t teh act1vat1on al0ftIJ w1 th .n id.n­
tHying eod. for th. lIIanual input. 
Ni th thls prov llion, th. I.per 1II.n t.r 
lIIanually rec:ord.-l th. oeeurr.ne. and 
ti •• of c:rit1e'll ob .. rvational evenU 
lftelua1ngl (01) th. app11eatlon of 
brake ••• indic:at.d by th. appearanc • 
of brak. liqhts, .nd (b) the appear­
&Ree of an oppo.ing v.hieLe that .ignt 
tend to •• tern.Uy alter the lubjeet 
vehiel.'. trajectory. Traffie VOllll •• 
in both th. observed direet10n and the 
oppo.inq direc:tion ... re rec:orded uain9 
th. yo1u.. counter input. on the V'ftIs. 

The Ifl'IIIS roldway lensors utU hed 
3/'-ineh "ilie tapelwi~h .ensors faed 
to the roa:! witn double eo.t.d 1ndu.­
trial aclhe.ive tape and eov.ree! with 
.peeial 6-ineh vid. duct t.pe. Thl. 
provid.t a reliabl. band for up to • 
week and r •• u1ted in a v.ry unobtruaivi 
installation. Th. senSOl'l .xt.nded about 
Sft (1. 5., lnto the lan. frca th. road 
edq. to en.ure contaet vi th the r ight 
lide "he.ls of all vehleh.. 'iv. tWl>­
.viteh tr.s-, totallinq tan ."it.ehea. 
wer. Uled .t lach of the install.~ion •• 

Th. vrMS .nd •• periaent.r wre 
locat.-l off of th. rold ... y right-of­
.. y, .it.h.!' ln • n •• rby driv.way or 
par king ar ••• 10 that they wer. hid­
den frOll the vi." of lIIotorists 1n th. 
approach under Itudy. 

Tapes"iteh deteetor. wer. inatal­
led in pair., 4 ~ .. t apart. on. pair 
of s"i teh ••• delignated 1 and l, w.r. 
located 1250 ft (381 m) up.tre. frOll 
ths hilI ers.t, and about 500 ft (1S2 
1111 up.tre. of the "arn1ng devie.s, 
d.pendin9 on lts .ite .pecific p.1~'" 
... nt. Sw1tc:t\ •• 3 and 4 .... n pl~ed 
850 ft (259 .) upstre .. fro. th. 
hill, whieh IMS about 100 ft /30 11) 
up.tre .. of th. warning deviee. 
Sv1tehea 5 .nd 6 wer. plced 375 ft 
(114 .) up.tr ... of the hill ere.t. 
Svitches 7 .nd 8 we~. placed 50 ft 115 
.) upatr ... of the hilI er •• t. Th. 
l •• t tlllO .vitches, 9 and 10, wer. 
loeated 200 ft 161 .) dO""ltre. frOlll 
th. hill ere.t. Tapesviteh locationa 
.nd varning aign plac: •• nta are aho"" 
in '1g\ll'e. 11, 19, .nd 20. Tb. cable. 
conneeting t.t\. ."i teh •• to the V'f1IIS 
.... ~. rlll'l along the edg. of th. tOM • 
oU the ahould.r, to ensUl'. that they 
wer. incon.p1c:uoua. 

6.3.4 D.pend.nt _.sur •• 

Tb. esependent .... Ie •• tor the 
neld atUlly inelUlt.-l: (a) spot velo­
dey of v.hic:le., (bI po.iUon of v ... 



UI 
\G 

600 ft 
I 
I 
I 

____ ~d~~!...-.shoulder _____ --- - - - - I 
edge of roadwax 

- - --- - - - - - -- - r.-4 - - - - - - - - - -
I~ 
1-'= _ I 'ä Troope c Road 

trap 1 trDP 2 trap 3 trap 4 ~ trap 5 J 

S"l ~I edqe of roadwav SW3,4 SW5 «6 I SW7«8~ l t. SW9,1~ 
edi.e of aboulder u 

-- -- -- ---------~ r ~ 1------ -------
~ ~\ 

.-, 
\ / I 

•• lati ... apeed f \':::"0 ".ht _. ~ l r-- 1 f --- - I 
I 

li_it 45 ~h si9" distance si9" I 
, 1 

Ic---- 400 ft .... - !75 ft - - _.1~S ft • ~250 ft ~ 
- ft 

note: 1 ft = .30 m 

Figure 18. Conditions and Experimental Layout at Site 1. 



C7\ o 

800 ft 

I q I 
I I 

_ _ _ __ J ~~ _---' L ____ -

Q 
Whitehall Road ~ 

=.==~~~.' -:::~-- 1° 

__ ~d.2~_.o~ ~hou.!~r __ _ 
e~E! 0 f _!()adway 

Traf 1 Trap Try 3 Traf ,,.. TrIft 5 
h~!J?_.~d~ ~froadwayJ sw 4 SW5,~ ___ .u?~..J~~Jl! _. ______ . ~W2.HL __ 

.. --.-.-~ F-d2.e_o~ 8~Uld!.±_ --I - -·-·----------t't 
: : I I li' ted sight I I 

I dis ance sign I I 

I 
I 
I 
I 

;-,. 

400 ft. 
~ .. 47:) ft. 325 ft l..c_200 ..fi.. 

ft. 

note: 1 ft = .30 m 

Figure 19. Conditions and Experimental Layout at Site 2. 



crI .... 

_ e29! o.! .!ho~l~e!. 
edge of roadway 

Trf~ 1 Trl~ 2 
S'fl,~ L_~~~!~ 1 

edge of roadway - '1ledge ~f-s~ulder -
1 I I warnin9 
I I I sign 

40Q ft 

.. ,-

47~ n 

800 ft 
~ 

.1:::-
004 

I::.: .... 
Us Rou!~ 209 0 
-- -- - .., - -= -~ =--==-:-:-:.-= .::.:.= ~- - - ::b:t===--::=======-
~w~:~ll~ ________ SW1 ~~lt: ~ SW9, ~C(r 5 

---L-------L-1 

~~~f~ 20Q-it 

rr::n 
parked 
vehicle 

note: 1 ft =°.30 • 

Figure 20. Conditions and Experimental Layout at Site 5 



nie1e • .nen velocity change occu~., 
(c) frequenc:y of bralling, .nd (d) ~.­
queney of otner erratie: behavior ln­
cl lId in; alovin;, dd fein; to the r 19nt 
edg e of ro.swy, ene:roacning Oftto the 
ahou1der, drifting to the 1.ft a. far 
a. the cent.r lifte, eneroac:hinq on 
the oppoaite lane, and uaing high 
be •• (ftight on1yl. 

Tape.vitche. l and 2 provided a 
lIIe •• ur. of the !re •• peed of tr.Hic 
pe ior to the aigning .r.a. The .. date 
were analya.d to d.t.raift. r.lation.hips 
b.t~.n driv.r fr ••• peed pr.ferenc. 
and sub .. quent c:a.pli.nc:. with th. 
wrning .1gft •• 

T.pe.witche. l, , and 7, 8 w.re 
plac:ed to •••• ur •• pot speed. at the 
point .t Whic~ • vehiel. vas lik.1y 
to shav a speed ch.nge e:Ju. to p.re.p­
tlon ol ehe warnine) 51e)n and th. hilI 
er.st, r.spec:tiv.1y. Bec.ua. th. 
wrnißCJ d..,1c. wa. loc:.ted a. clo .. 
to the 'UJ'l'CD reca.llended dlatanc. for 
.. rning .19n. of 750 ft (229 ., up-
str •• frCII tbe hazard (h1ll crsst), 
the dlstance betwe.n tape.witehe. 3, 4 
and 7, 8 wa. fixsd at 800 ft. (24" m) • 
It v.s believ.d lik.1y that some driver. 
vou1d slow down and speed up again in 
this dist.ne., howev.r. With on1y tape­
svitch •• 3, .. and 7,8, thi. vould not b. 
detectabl.. Tape.vitch •• 5,6 wer. in­
cl~ded at the midpoint to detect such 
beh.vior. 

Tape.vitch •• 9, 10 were ineluded 
to ..... ur. the v.hide t

• lr ... paed 
.tt.ined aft.r the Murd had b.en 
.ncoUl'lterc .nd passeIS • f'or si t. 5, 
thi. pair also (*ovided the speed data 
thAt deac:r ibed deeele~ation and braking 
behavior When th. e.periaenter-placed 
vehiele thAt ... hidden frCII the vi." 
of the ob .. rved aotorist by the er.st 
of the h111 w. enco~tered. 

6.3.5 S .. ple S11e Requir .. entl 

Ttle nlllber of ob.enationl of 
v.Mel •• pa •• 1n~ tbro\IIJh the ln.tru­
.enUd .echon of 1'o."Y ... deter-
• inad by the de.h'ad pc'ecilion of ehe 
•• t_t. of tbe __ .peed of the 
aaapl. popul.tion, the d •• ired eonfi­
clene. lev.1, and Jcnowledge of th. 
standard deviation of the speed of 
v.biel ••• t the .it •• , without the 
(* ... nc. of the eMdid.te .1gn •• 
AceoC'dlng to the Cent~al Lillit Theor_ 
(la .. of lU9. nlilberl) ... ple 11 H lIey 
be e.t iu ted uaing the fo11owill) 
rel.tion.lip: 
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where n .... ple siz. 

z a/2 • c:onf1c1enc:. l."el (e.e)., 
1.96 for 95' two-tailed 
te.t) 

o •• tandard dev lation cf 
speed at .ite. (1II ••• urad 
durln9 be .. data c:ollec:­
tion) 

I -.. • pr ee 1.ion ol lIIea.II~_en t, 
or differ.ne. b.tween pop­
ulation ... an and suple 
... an 

'l'he pr.lillinary lpot speed studies 
at the t •• t alte. yielded a st.ndard 
deviation of 2.89 IIIph (4.82 kphl Using 
• 95' c:onlid.nce lev.l and • precision 
of 0.5 IIph (0.8 kph), 128 observations 
_re 1!'equired. Tb •• eleetion of • pc'e­
el.ion level c:orrespond. to the physieal 
.ignific:ance thAt lIay b. placed on th. 
dill.renes b.tween the effsctivens •• 
.. sasur.s eetoas two or IIOr •• tilauli. 
More .peeifie.l1y, a ve~y 1ar9 .... ple 
size could leid to ~he c:onc:lu.1on that 
a 0.1 _ph (0.2 kph) d1fferenee b.tween 
the •• an speed of vehiele. eneountering 
li9n A ver.US 119n B il .1gnifieant. 
HO_v.r, in .. r •• l-wor1d •• n .. , the 
0.1 IIph (0.2 kph) differene •• eanl 
nothing operationally. Me th.refore 
.. t ~ur level of prec:ilion at 0.5 IIph 
(0.8 kph), in whieh ca ••• lIIinialli 
.... p1. si le of 128 wa. required for 
.. ach ce11 of th. exp.rilllental •• trix. 

6.3.6 Exped .. ental oesign 

Th. fotlllal .xp.rilllental de.ign 
wa. dehned by the tre.tments (119n.), 
site •• and condition. undsr whieh 
data collec:eion would take place and 
on vbi<:h analy.i. would b. ;;>erfomed. 

'Ehe ps: 1IIery conc:ern of the r ... 
.. areh ... to eletemine whether dif­
fec .. c •• 1n lIotorist behavior colJ1c! 
b. attributed to difference. bet .... n 
w~ning devic:e.. 'l'hsrefore, on. 
c11Jaen.lon of the .xparaerttal utr1J: 
c:ontained a no-liqn ~onditiQn sn4 ehe 
lour Ullitad s1ght dhtanc •• erning 
devic.I, whic:h r.pre .. nt.d th •• ing1. 
independent variable. 

A .eeond eonc:e~n wa. Wh.ther 
the pc' •• enc:. ol vehhles approaching 
f1:011 tbe oppo.lte dl.rec:tion a. the 
ob •• rved v.hie1e would nav ... lnnu­
en<:. on .otori.t behav \o~. 'ftI i I C:OR­
ditlon was IIled e. a block1ftg variable 



to 4iv14. data into t1llO Mt. -- not Op­
poaed and oppo.... CDnclul1on:l re­
garding .l9n eU.eUvene •• 1IOwd b. 
• .-arlled !or .eh 9rouP of ob •• rv ... 
tion. but no cc:.pariaon. 1IOul41 b. 
lud. b.tw.n group •• 

~ thied par •• ter -- .it •• -- va. 
not incorpora ted in to the e.per iaental 
matrix a. an independent variable be­
eau .. it ... not cle.ired to detel1l1n. 
whether differenee. in behavloral 
..... ur •• vere .ttributable t:o .lt. 
diff.renee.. 'l'her.fore, cCilpari."l. 
of .ign perfonanee vere lIad. vitnin 
.ite only, and thl thre •• lt. repre­
.ented anoth.r bloc:king factor. 

It .... a1.o of intere.t to deter­
.in. wn.th.r the .19ft that. 1IIOul41 b. 
found .ost .rt.eUv. durin9 dayli9ht 
concUtion. b. would the •••• 19n 
toun41 .o.t .ff.etiv. und.r niqhttl •• 
condition.. 'l'he ni9httt.. pertonaanc. 
of .ech .... en1n9 4evie. ,.. of l .... e 
in t.r •• t t han th. c:c:apari .on of pe r­
fomane. ecro ••• 19n type, \'lovev.r, 
thu. on1y a 1i11ited nlllb.r of nightt1ae 
ob .. rvation •• 1'. liede at .1te 5 only. 

8ecau .. it hlll been pc'.viou.ly 
aho",", by Lyl .. (14) that th. b.havior 
of s.otoriat. in t1ie viclnlty of var~ 
ing .19n ...... aignifieantly influeneed 
by the vl.ibl. pr ••• nee of the ha.am 
tha t eauaed the need tor thl .19n, i t 
.... allO dec14ed to ... ine wbether 
such a .ituation loOu1d lnfllMnce the 
relativ. effectiven ••• of the candi­
date ... rn1n4 4 .. iee. in thil .tudy. 
Theretore, on •• xperiaental conditlon 
requir" the plac.ent of a parke4 
v.niel. on tbe shoulder of th. mad-
... y, do"".tr •• frOli the er •• t of the 
hill. 'l'hat plac.ent eauieel the view 
of tha parked vehieh to b. obatrueted 
IIIIt i.l tbe .ubjec:t v.hlele. were .~ 
proxillat.ly 100 ft (30 .) up.tre_ trOll 
the hill ereat. Thl. conditlon ... 
ex.in" only at .1t. 5, durlng bOth 
dayli9ht and darllrle .. , onlV tor the 
no .19n, LID, an4 'Y"bOl alt.rnative., 
and ... treated .. M adcIj tlonal 
blocklnt var loÜle. 

'l'be e.pe~illental .atrix ..... 
thueeore ch_acte~l.eIl by U"e tr.at­
.ent types by t~ t~atfic opposition 
condltlons, repeated at alte. 1, 2, 
.nd S vi thout a parked cu on tbe 
.houlder, and at .it. 5 On11 vith a 
pert.d eR on tbe aboulclu. A parUd 
utrix of only thl: .. tnata .. t c:ondi­
t10ne by t.o traffle oppo.ition con­
dition. deUned the .. per ia_t. at 
.Ue 5 at n ight both vi th and w1 thout 
a pa~t.d vehiele. 
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6.3.7 bper iren tal Procedur •• 

AC:Uv1Ue. at .ach of th. t.lt 
alte. included deployilent or the road­
way •• nsor. 1 .. eIliately prior to ehe 
beginning of a data coUacHon p.riod 
at a aite. daUy data col1ec:tion, and 
.y.t • .,nitorlng. Data collec:t1on 
continued tor a ... t. .. of t~ dava 
for each I1gft condition at eeh of the 
thr.e aitea, end for a ... ialll of t1lO 
night. at one of the IUe.. Date eol­
leetlon for each .1gn eondltlon follov.cl 
a on .-.ek per lod prcw ided to enable 
loc:al drivers to bacc:.e eeu.toaed to 
the 119n, vhieh ainwllecl any ncwelty 
effeet. 

ftllloviftV ln.tallation or the 
tape.v1tc:hea on the road_V, c:onnec­
tion of All eable., a"d syste. ""."k­
Ollt. data c:ollaction c .... nc:ed. Q\. 
ob .. ".r ..... located .t the V'1'MS to 
operate tbe .y.t.. ~ther ob •• ""er 
..... po.itiofted _11 up.tr •• of the 
vertlc:al curv. to ob •• rv. and input 
th. oec:urr.nc •• of brake appl.eation. 
ana erratie: beh .. tor that oc:curr": 
up~tr •• of the ob.erver at the V'1'MS. 

The ob •• rver. ' taakl inc:lud" tbe 
folloving: 

1. Monitor the .y.t •• to eniur. 
that it ..... ope'l'atlng prop­
erly, 

2. Opent. the V'rIIS .0 that 
only laelated or lead ve­
l\1el.a in a platoon ... re 
recoEded, 

3. CJ:I .. rv., log, and .ark the re­
cord of each •• pled "Ihiele 
.s ... 11 •• note any unusual 
.. entsl 

4. lllarlt the oecurrence of bralte 
appl icatlon ••• sl.'bject clr 1-
ver. er.st the hill (e.pec 1-
ally at .it. 5, vbere the 
driv.r. notieed the vehiel. 
parked on the lhoulder." 

S. Nark ehe on .. t of oPpo.1n9 0'1' 
onca.int vehlcle. coincidillJ 
vi th the .I,j)jec:t v.hlele. 
approaching the hill er •• tJ 

6. Mark lnval1d trial., and 

1. Keep adU tional rec:ord. on 
trafflc: volum., waather eon­
ditlon •• tla. of dav, and un­
uaual wente tbat "11' affec:t 
driver behavior. 



6.4 .sults.rId oata Analysis 

6.4.1 suaaary of A .. ul tl 

A cc:aplet. s~ary of the tr ... 
jeetory inforaation d.rived frOil the 
obl.rv.tional Itudy 11 lboWl in Tabl •• 
26 and 27. Tb.r. w.re .ore than 3,200 
ob.ervation. of unoPPlled vehicles, 
lind over 2/100 ob .. rvations of vehiclel 
that fKed 0PPl.ing tuffic. The 
.ean v.leeity .nd st.nd.rd deviation 
of veloclty at eacb of tlle fiv ...... 
lur •• nt lee.Uon •• r. Ibown in the 
ublel for th. group of ob.erv.tion. 
... oci.ted "ith .ach candid.t. warn1nC) 
device .t .ach Ilt •• 

Frequ.ney COllnts of the four 
typel of ob.erved dri".r .ction ..... 
IOci.ted vit.h .ach .. rning devic •• t 
each lit •• r. s~arized in Table. 28, 
29, 30 •• nd 31. Br.U application. 
~r. r.l.ti".ly fr.quently obl.rved .t 
.i.t. 2, and w.r. allO ... n frequently 
.t li t. 5 d UE' ing both d.ylig ht alll! 
d.rlal ••• loIhen the p.rked v.hicl. Vi .. 

s;ce.ent. Ob.erved vehiel •• vuy 
frequently drifted to the ri9ht at 
sit. 1, arid wre .c:a.what 1 ••• fr ... 
qu.ntly noted at sit. 2 and site S 
(day-with ear). Right shoulder .n­
croKlwlentl wer. only rar.ly noted at 
Ii.t. 1, whi.l. "ebiel •• driftißIJ to the 
l.ft wer. aor. oft.n ob .. r"ec! at lit. 
2 .nd lit. 5. 

6.4.2 Data Analysis 

It cu be re.slly .e.n th.t for 
data frc:a any of the liv. v.loc:ity 
..... ur •• nu leeation. (Tr.pe 1-5) 
th. v.locity di H.renee b.twen the 
ta.t..st group .nd t.he Ilo~.t group 
of obs.rvationl for any sit •• eondition 
and tr •• ta.nt Ht wal r.rely lIIor. tl'.an 
about on ... h.lf th. valu. of the st.n­
dard d..,iation for any of th. tr •• t­
ment group. in that .. t. The within­
group v.loclty '1*".14 only •• ceec!ed 
the low..t .tandard d..,i.tion in th. 
two ntght cOndition. at Ilte 5 for 
oppo.ed ob.erva tiGn., wber. th. n laber 
of ob .. rv.tion. wal 1 ••• than the 
nlilber requir.s eor the ec:eurat ..... 
U.ation of "elocity cI1U.rene... It 
wa. ther.for. eonc:luded that the 
Ma.c. of eUec:ti"en ••• ba.ed on 
veleeity at .ach tr.p would not be of 
v.lla in ... king .tatiltic.lly or 
oper.t.ion&lly IlgnHl.eant dUf.renc •• 
bltween the perfonlanc. of the .. t of 
.. rning d..,le •• u .. d at each leeaUon. 
'l'hat i., it ... elear that no 1 iaitecl 
.i9ht di.tanee .. rning dev1e. or group 
of c1evie •••• 19- ••• uper ior to any 
other d..,ie. with re.pact to cauaing 
driv.r. to .jult the .... ured ".loc:lty 
of their vehiele in the "leinity of 
th. vertieal curv •• WId_ .tudy. 
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SL.Uuly, the evaluation of the 
.ffe<:t of each candid.te wunin; d..,lce 
on th. change in "ehlcular .peed eould 
not b •• hollin to be .ith.r .tatistieally 
aignitieant or oper.Uonally 1i9nit1-
cant. The.e 11 ••• ur •• , lhted in T.bl •• 
3l and ]3, rarely d.on.tr.te a speed 
of IIOre than 1.5 ft/ •• e (1.6 kph) 
bet ... n th. group of vehlel •• h.vinq 
th. gre.teat "elocity and the .. h.vin9 
tlle _allllt v.locity chanq.. Further • 
there i. no con.i.tent r.lation.hip 
batween lpeed reduct10n and warnine) 
device either within 1it.e/c:ond1tion 
.ero •• traps or within trap .cro •• 
sitel. lt could only be coneluded 
that for the vehicl ••• nal1aed, t.he 
velocity .nd v.locity ch.ßCJ. v."i.ol •• 
were not luffieiently •• nlitiv. to th. 
.!feeta that .ach of the warni", devic:ea 
had on dri"er b.ha"ior. 

Chi-Iquar. analy ... were per-
fOEl .. d on the frequ.ney counts of 
blhavior.l d.t. to et.temin. whether 
parUcul ar ".rni1\9 d.., lee. could b. 
usociated with .1gnifieently differ­
ent I*"0portiona of drl".r. who •• h1bl­
Ud tho •• b.hevioral .ttribut... Th. 
lev.l of stati.tic.l e.rtainty of the 
tinding. are ShoWl in Tabi •• 28, H. 
30. and 31. Beeauae of the n.ture of 
chi-.qu.r. analy.i •• whleh r.qu1r ••• t 
lea.t 6 ob .. rvation. in each eell', 
analy.i .... not pe fOnied on cI.ta 
sets h." inq few.r ob .. rvaUon. than 
the .iniala. In .cae ca ••• ob.erv ... 
tion. a.lOei.ted with tw or .ore 
warnin; devie.1 wer. ccabined to 
faeU itate .tatht1e&l analy.ia. 

a:>nc.rning th. bralcle applie.tion 
beh&vioral attribute, •• r9inal .taU ... 
tlcal .1gnHic.nee ( • .101 ... found 
at • i tI Z dur Ln9 day11g ht • nd sH. 5 
dur ing day11g ht, wi th and "i tbout the 
parked v .. h.'cle on the .bould.r. At 
aLte 2, I,/.l.I' ob .. r"atLon. of both 
oppo • .a allCl ~noppo.ed v.Md •• wer. 
ecabinecl, both th. b ... llne (no .ign) 
condition .nd the S.V .1gn bm f.wer 
braJcer. than wulet ~ upected due to 
eh.nce alone. wbil. the LID .l1li th. 
ISD+30 11gnl had .ore tun tbl e.pect­
ed proportion. of brall.c.. Conver.ely, 
.t .He 5 during th. day11ght wttbout 
the parJced vehiele, the S.V .19n ... 
a.lOci.ted vith .ore braar. tban u­
pec:ted / whUe &11 other tr.ataent. ca.­
bined bad fewer than wuld be upeeted. 
When the parked car ... ~e.ent, ~th 
the I.V and the LSD+30 varning d~ 
"ic .. wen ... oc:i.ted with .ore than 
their _pact" share. of brakera .0'" 
unoPPl.ed IIOtorilt., whUe tb. b ••• lin. 
ancl IBD tr •• tanU hec! fewer braJcer. 
than upec:ted. 

'ftI. frequ.ncy of v.hiel •• tut 
deviatecl bca the center of their lifte 



Table 26. Su ... ry of Observational Field Study Velocity o.t. - Vehicle. Not Opposed 

Measured Velocity (ft./sec.) 

Site/COndition S_ple Average 
.nd '!'reat._nt. She Kourl)' Trap 1 Trap 2 Trap) Trap .. 'fup 5 

Volu_ Mean SO "'ean SO Mean SO Mean SD Mean SO 

1/0a)' .,,/0 CA[ 

NONB 122 281 66.0 7.~ 6) .6 6.9 60.1 6.6 56.8 5.1 59.7 5.8 
LSO 124 lID 67 •• 7.0 65.0 7.0 61.1 7.5 57.6 7.0 59.8 6.6 
LSD + 10 133 331 67.1 7.6 64.8 7.9 61.4 7.1 57.1 8.0 60.'i 7.1 
SHSV 129 242 67.1 1.7 65.0 7.8 61.8 8.1 51.1 1.5 60.6 7.1 
SYMBOL HO 237 70.0 8.0 66.'1 7.7 61.6 8.1 58.8 6.5 61.1 6.5 

2/0.)' .,,/0 Car 

NONE 197 130 66.5 8.2 58.1 8.1 60.0 7.9 59.5 8.1 59.1 7.2 
UD 152 110 66.8 8.2 57.9 8.1 59.0 1.1 58.5 1.6 'i8.2 8 •• 
LSD + 10 '57 116 67.0 7.8 56.1 7.8 59.6 7.} 59.0 1.1 58.1 1.4 
S.V '82 118 67.1 9.4 57.9 9.2 59.4 8.1 59.1 8.4 58.'i 8.1 
SYMBOL 151 109 67.6 1.4 58.7 8.1 60.5 1.1 60.0 1.1 'i9.1 1.1 

... S/Day .,,/0 Car 
uo 

NONE lJl 124 13.1 7.2 75.9 6.6 17.0 6.4 71 •• 6.5 7t .8 6.1 
LSO 118 140 72 •• 6.7 74.6 6 •• 15.2 1.8 69.' 8.' 69.9 7.8 

.LSU + 10 151 154 H.9 7.1 75.6 6.8 76 •• 7.2 71.3 7.5 71.6 7.4 
SH8V 161 'U 72.2 7.4 74.5 6.8 75.1 6.9 69. D 1.1 69.8 6.8 
SYMBOL 121 116 12.0 6.6 74.2 1.5 ".8 7.5 7(·.3 7.5 70.5 7.4 

'i/Day .,,/ Cu 

NONE '61 11l 71.2 1.1 13.8 1.2 14.9 7.2 69.0 7.3 68.5 6." 
LSO 162 156 71.0 7.1 75.S 6.9 16.6 7.] 71.6 6.9 70.' 6.5 
LSD + 10 13. 112 11.8 7.7 73.8 8.1 75.5 6.7 70.0 1.2 68.2 1.0 
SHBV 126 130 12.1 7.1 14.3 6.' 741.9 6.9 10.1 7.1 68.6 6.8 
SYMBOL 124 148 12.2 6. I 14. ) 6.' 75.1 6.7 70.0 7.1 68.5 6.8 

5/Night wlo Cu 

110MB l(i 71 71.7 6.1 7'.5 6.4 75.1 6.2 68 •• 8.1 70.4 5.9 
LSD 52 107 69.2 1.8 71.8 7.' 11.7 9.4 67.5 1.2 68.6 6.6 
S'''HOL 31 1111 68.1 8.9 70.' 8.8 12.8 7.' 68.3 8.1 69.4 7.8 

5/Nlljht .,,/ Car-

MOllE c;) 81 71.7 9.'" 71.8 8.~ 14.8 8.9 69. , 9. , 6B.'} 8.' 
LSU S8 ,,. 12.6 8.2 14.5 10.1 74.8 '0.1 70.6 9.2 69.'} 8.1 
SYMBOL 59 71 66.0 8.7 68.7 9.9 70.1 8.5 64.6 9.8 64.8 9. ) 

ft/~~c : .JO ~/scc 



T<lble 21. Su..ary uf Obsurv<I'lonal Fleld Study velocity Dat. - oppoSed VehLclea 

Ke.sured Velocity Ift./sec.) 

Si t./Condit ion S_ple Alleraqe 
ar.! 'fr.at_nt She Hourly Tnp I Tr.p 2 Trap Trap • Trap 5 

VOlu_ Mean SO M •• n 50 Mean SD Mean SO Mean SO 

1/Day wlo Car 

NONE !l6 J62 65.2 7.2 61.2 6.1 60.] 6.1 56.1 6.' 59.0 6.3 
1050 11') 261 67.3 7.9 64.1 7.S 60.' 8.2 56.0 7.5 59. ] 1.) 
LSD + )0 143 2 ... 9 n.c; 8.1 6'." 1.8 60.' 8.4 56.0 1.9 60.0 ".9 
SRBV III 281 68.1 7.6 6').8 7.5 62.1 8.' 51.' 7.S 60.6 1.S 
SYMIIOL 147 277 68.0 7.6 64.'> 8.1 61.5 8.1 '>6.S 7.2 59.6 5.9 

2/0ay wlo Car 

NONS 121 117 66.e 8.1 58.2 8.0 59.6 1. I 58.4 7.9 58.1 6.1 
LSO nl 114 66.e 7.4 58. I 1.6 58.6 1.2 51.7 7.2 51.1 6.6 
LSD + 10 110 114 117.0 1.9 H.6 8.6 58.8 7.9 51.9 8.1 51.1 1.6 
SHBV 129 122 66.1 7.3 56.1 7.9 58.7 7.2 58.' 1.' 58.4 7.2 
SYMBOL U6 .. 5 66.1 7.0 56.9 7.8 59.1 6.6 ')8.2 1.7 51.6· 8.5 

... s/oay wlo Car 

'" NONE 61 122 12.0; 7.8 74.9 7.1 H.8 7.7 10.' 7.8 11.2 7.2 
LSD 1) "1 73.7 8.6 75.1 8.2 76.0 8.1 69.7 9.2 69.7 8.2 
LSD • 30 n 154 69.1 1.1 72.S 1. I H.'; 7.' 68.1 7.0 69.0 6.1 
SII8V 7' 12. 12.' 7.3 14.5 6.8 74.1 7.0 68.9 8.8 69.0 9.3 
SYMBOL 18 208 12.) 1.1 14.5 6.1 75.2 6.1 69.8 1.1 69.6 8.1 

5/Oay wl Car 

MONS 69 120 70.' 6.5 73.1 6.6 11.8 6.8 61.5 6.8 66.S 6.S 
LSO 90 116 71.6 8.S 14.8 7. I 75.1 1.2 10.' 8.S 69.6 1.1 
[.SO + lO 79 111 72. ... 1.' 14.8 6.2 7S.) 6.1 69.6 7.2 67.9 7.1 
SHa" n 166 71.0 7.7 73.S 1.S ".2 1.7 69.0 1.1 67.8 7.0 
SYIt80L 61 tU 12 .... 1.1 14.6 1.2 7S.0 1.6 69.7 1.1 68. ) 8.1 

S/NiCJht w/o Cu 

NONE 9 H 10.1 7.1 H.2 6.7 11.1 6.9 68.4 6 .... 10.1 1.1 
LSO 6 110 71.9 7.0 H.l ••• n. ) 1.7 68.8 2.2 71.1 2.3 
SYII80L .. 102 65.6 8.' 61.1 7.5 69.') 7.1 'S., 1.0 66.2 6.1 

5/Ni<jht wl Cu 

NONt: IJ 1112 n.t 7.8 14.1 6.9 14.6 1.1 10.5 7.6 69.8 8.5 
LSD , 114 16.' 8.' 79.2 8.9 78.6 6.'j 11. ) S.8 12.'> 'i.1 
SYM80L 13 'JO 66.4 12.1 69. , I'" 10.0 11.2 ''i.I) 12.8 6 •• 6 11.2 

1 ft/soc - .JO a/sec 



Table 28. su .. ary of Observational Study B@havior Data for 
Stake Applications 

Site/Condition Tc.at_nt Sa.ple size Stake Applieation 

Not Not 
Opposed Oppoaed Total apposed Opp<)sed Total 

lIDay v/o CA( NONE 122 126 248 1 3 4 
LSD IH 115 25<J 2 1 '; 

SH8V 129 III 262 2 4 6 
SYMBOL 140 147 287 3 0 1 
1.5D+30 IH 143 276 1 1 2 

X2 Signif Aeanee nlt n/t not 

2/0ay via Car NONE 197 124 321 58 46 104 
LSD 1';2 Jl4 286 58 56 114 
SHBV 182 129 311 54 41 95 
SYIIBOL 151 126 211 52 44 96 
L50.30 157 130 287 66 55 111 

X2 Siqnificance not not .10 

5/Day vIa Ca, NONE 133 61 194 J 1 *4 
LSO 138 7l 2U 1 1 *4 
SHBV 161 76 237 8 1 11 

'" 
SYMS -'L 123 78 201 2 1 *1 

" 1.5D.30 BI 75 226 1 3 *' 

Xl signifieance not not .10 

5/0ilY vith Cat NONE 163 69 212 21 21 42 
1.5D 162 90 2';2 23 20 41 
SHBV 126 15 201 29 14 43 
SYltBOL 124 63 187 19 16 35 
1.50+30 114 19 2lJ 27 11 38 

X2 Significance .10 not not 

5/Night via Cu NONE 16 9 45 3 1 .. 
LSO 52 6 58 0 0 0 
SYMSOL 37 18 55 4 0 4 

X2 Significance 1/t n/t nlt 

5/Night vith Cu NONE 63 11 ?6 CJ 1 12 
LSD 58 6 64 CJ 2 11 
SYMBOL 59 13 72 '; 1 8 

X2 S i\lnif jeance not nlt not 

*: Indicat@s ce1ls wh ich are cumbjn@d to forM 
suffici~ntly 1ilrqv ~et of observations. 

n/t: Not tested because of insutfjei@nt lncjd@nc@ 
uf brake applications. 



Tabl. 29. Su ••• ry of Observationa1 5tudy Behavior Data foe 
Peift to Right Bdge Line 

Si te/Condit ion Te_at_nt 5 ... ple 5i;/;e Ri<jht Or iftea 

Hot Not 
opposed OPPolled Total Oppoaed OppoPcld Tot .. l 

1/0.y w/o Coir NONI 122 126 248 10 H 14") 
LSD 124 135 2S9 SC) 74 III 
5MBV 129 133 262 65 78 141 
SYMBOL 1 .. 0 141 287 76 100 176 
LSD+)O 113 143 276 64 16 140 

X2 Si'll'lifie .. nce not not not 

210ay w/o Cu NON! 197 12. 321 16 24 U 
LSO 152 13. 286 8 29 31 
SHBV 182 129 311 13 21 40 
SYMBOL 151 126 271 *1 18 19 
1.51)+30 lS7 1)0 281 *4 2c) 3l 

X2 Si'lni'ic .. nc_ .01 not not 

S/Doly ",/0 Cu NON I 1]) fil 19. *0 *1 "I 
;'50 138 7) 211 *8 "6 "14 
5MBV 161 76 237 * .. *~ *11 

CI' SY"BOL 123 78 201 *6 *5 "11 .. 
LSOHO lSl 7S 226 *6 oll *19 

X2 Si.,nif ie .. nee .10 .01 .01 

S/Oay with Coir NOHE 161 69 H2 15 J 18 

LSO 162 90 252 ") 6 11 
SHI!V 126 75 201 lZ H 26 
SYMBOL 124 63 181 ") 6 11 
1.SD.30 134 19 2ll B 6 14 

X2 Signifie"nce .10 .05 .02 

S/Night w/o Cu NONE 36 9 45 0 0 0 
LSO 52 6 58 1 1 4 
SYMBOL 37 18 5S 1 1 2 

X2 5i.,nlfic.nee nlt nlt nlt 

S/Niljht with car NONI 63 JJ 76 0 0 '0 
LSO S8 6 64 6 0 '6 
SYMBOL 59 11 72 5 8 13 

X2 Si9nit ie.nes nlt n/t .01 

*: Jndleates cella whieh are eombined to for. 
8uff~eiently l.r9- set of observatiuns. 

nl f : Not tested beeause of in~uffieient lneidenee 
of Ri'lht Dritt. 



Table 30. Su .. ary of Observational Study 8ehavior Data for 
Ri9ht Shoulder Encroach.ents 

Si te/Condit ion Tc.at_nt Sa.ple Sile Right Driftera 

Not Not 
Opposed Opposed Total Oppoaed Oppoaed Total 

l/Day 11/0 CU NONB 122 126 248 1 4 !J 
LSD 124 135 259 4 11 U 
8H8V 129 133 262 5 2 7 
SYMBOL 140 141 287 6 8 14 
LSD+30 133 143 276 5 9 14 

x2 SiCJnificance nlt nlt not 

2/Day 111/0 Cu NONE 191 124 ]21 0 0 0 c-;u 
LSD 1')2 114 286 0 0 0 ID ID 
SHBV 182 12' III 0 0 0 In "CI .... 
SYMBOL IH 126 277 0 0 0 DI 0 

LSD.30 1~1 I 281 0 0 0 
<Q. 
DI C 
=n 

x2 Significance 
DI ID 

nlt nlt nlt c-Q. 
iD':::r 

5/0ay .. 10 CAt NONS 1]] i1 194 2 2 4 n° 
LSD 138 11 211 0 0 0 03 

"CI 
SHBV 161 7f' 237 0 0 0 '< 

GI 
SYfl80L 123 71 201 0 0 0 

10 LSD+JO 151 7S 226 0 0 0 

X 2 SiCJnificanc. nlt nlt nlt 

5/Day lIith Cac NONE 161 69 232 2 2 4 
LSO 162 10 252 0 0 0 
SHBV 126 n 201 0 0 0 
SYMBOL 124 61 181 0 0 0 
LSD+lO 114 ~.;. 213 0 0 0 . , 

1 2 SlCJnificance nlt nlt nlt 

5/Night 1110 Cu NONE J6 9 45 0 0 0 
LSD 52 ~jI 58 3 1 4 
8Yfl80L 37 55 1 1 2 

X2 SiCJnificance nlt nlt nlt 

~/Ni9ht "lth Ca, NONE 63 13 76 0 0 *0 
LSD 58 6 64 6 0 *6 
SYMaOL 59 13 12 5 8 13 

x2 signifieance nlt nlt nlt 

n/t: Not te.ted because of !nauffieient incidence 
of Shoulder Encroach.ents. 



Table 1l. Su .. ary of Observational 5tudy Bebavior Data for 
Drift to Left-Centerilne 

Site/Condition Treat_nt 5 •• pIe Size Srake Appli=ation 

Not Not 
Opposed Opposed Total Opp:»sed Opposed Total 

lIDay v/o Cu NOIIE 122 126 248 0 0 R 
LSD 124 115 259 2 2 .. c-;U 
SaBY 129 III 262 1 3 .. ID ID 

SYMBOL 140 141 287 2 3 5 In "CI .... 
LSD+30 1]) lU 216 5 I 6 DI 0 

<Q. 
DI C 

X:2 Si gn 1f 1 eanc. nlt nlt nlt =n 
DI ID 
c-Q. 

2/0ay v/o Cu 10 NONI 197 124 lZl 1') 2S iD':::r 
LSO 152 134 286 21 15 16 n° 
SHBV 182 129 311 21 9 12 03 
SYMBOL 151 126 271 18 15 53 "CI 

LSD+30 151 130 281 8 2 10 '< 

x 2 51gn1U_';- ~ot· .02 .01 
" , .• 5/0ay vlo Cu lf I:=- 61 194 *1 10 

U8 11 

~~ 
27 11 J8 

161 i 21 *5 26 

CI = 123 13 *' 17 
30 151 a~ 1.5 , 31 

X2 AItCJnl'hctalM1. .Ol ~.'2 .01 

5/Day w'tb Cu dl 163 6' 232 17 1 24 
.'! ...... 162 to 252 32 10 U 

I .... " 126 :15 201 14 10 24 .'IIIOL 124 n 187 21 , !2 
~l8 134 7' 213 n· 11 32 

1 
x2 SiCJnU icanc. "ot ,pot not 

5/HiCJbt v/o Cu _I ... ... 45 0 0 *0 
LSll 52 6 58 5 1 *6 
SY,iBOL 31 18 55 19 6 25 

X2 SiCJnif teane. n/t nlt .01 

5/II'CJht with Car MOIII 63 13 16 1 0 3 
LSD 58 6 64 17 1 18 
SYMBOL 59 13 72 18 1 19 

X2 51gnl Heane. 

*: Indieate. cells vhich are coabined to for. 
suffielently lar98 s.t ot observations. 

n/t: Hot tested because of insuffielent lncidence 
01 lelt drifters. 



't'ab1e 32. Intertrap Va10city oltter.nee. fot Onoppo.ed V.hielt. 

Sit.IConcHtion Haan Veloc1ty DiHer.nee ( H/S.cl 
.nd Treatment Trap L-2 Trap 2-3 Trap 3-4 Trap 4-5 

1/Day w/o Car 

NONI -2.4 -3.5 -J.3 +2.9 
LSD -2.4 -3.7 -3.7 +2.2 
LSD.30 -2.3 -3.4 -4.3 .3.4 
SKBV -2.1 -3.2 -4.1 +2.9 
SYMBOL -3.1 -),3 -4.8 +2.5 

2/0ay w/o Ca, 

NOII! -9.4 +1.9 -0.5 -0.2 
LSO -8.9 +1.1 -0.5 -0.3 
LSO+]O -10.] +2.9 -0.6 -0.3 
SHBV -9.2 +1. 5 -0.3 -0.6 
SYMBOL -8.9 +1.8 -0.5 -0.7 

5/0ay w/o Car 

NOtl! +2.8 +1.1 -5.6 "'0.4 
LSD +2.2 +0.6 -5.9 +0.5 
L5D+30 +2.7 +0.8 -5.1 .. 0.) 
SHBV +2.3 +0.6 -5.5 +0.2 
SYMBOL +2.2 +0.6 -4.5 +0.2 

5/0ay with Ca, 

NON! +2.6 +1.1 -5.9 -0.5 
LSD +2.5 +1.1 -5.0 -1.2 
LSO+30 +2.0 "1. 7 -5.5 -l.8 
SHBV +1.6 +0.0 -4.8 -1.5 
SYMBOL +2.1 +1.0 -5. ) -1.5 

5/Niqht w/o Cae 

NON! +3.8 +0.8 -7.2 +2.0 
LSD +2.6 -0.1 -4.2 +1.1 
SYMBOL +2.3 +2.4 -4.5 +1.1 

5/Might vith Cu 

NON I +2.1 +1.0 -5.7 -0.6 
LSD +1.9 +0.3 -4.2 -1.1 
SYMBOL +1.7 +1.4 -5.5 -0.2 

1. ft/ •• c • .301ll/ •• e 
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Tabl. 33. Intertrap Ve10city DiUerene •• for Oppo •• d V'hiele. 

Sitt/Condition !oIean VelQcity Oifferenee (HISte) 
and Treatm.nt Trap 1-2 Trap 2-3 Trap 3-4 Trap 4-5 

I/Day wlo Car 

NONE -2.0 -2.~ -4.2 +2.9 
LSD -2.6 -4.3 -4.4 +3.3 
L50+30 -3.0 -4.1 -4.4 +4.0 
SHBV -2.9 -3.7 -4.7 +3.2 
SYMBOL -3.5 -3.0 -5.0 +3.1 

2/0ay wlo Car 

NON! -8.6 +1. .. -1.2 -0.3 
LSO -8.7 +0.5 -0.9 -0." 
L50+30 -9.4 +1.2 -0.9 -0.6 
SRBV -9.6 +2.0 -0.3 0.0 
SYMBOL -9." +2.2 -0.9 -0.6 

5jl'lay w/o Car 

NOKE +2.4 +0." -5.4- +0.8 
LS' +1.4 +0.9 -6.3 0.0 
LSD+3u +2.7 +1.0 -5.1 +0.6 
SH9V +2.1 +0.2 -5.8 +0.1 
5rM80L +2.2 +0.7 -5.4 -0.2 

5/08Y with Car 

NONE +2.7 "'0.7 -6. ~ -1.0 
LSO +3.2 "'0.9 -5.3 -0.8 
1.50 ... 30 +2.3 +0.5 -5.7 -1.1 
5RBV +2.5 +0.7 -5.2 -1. 2 
SYMBOL +2.1 "'0.4 -5.3 -1.4 

S/Night wlo Car 

NONE +3.1 -0.1 -4.7 +2.3 
LSO +2.' +l.0 -6.5 "'2.5 
SYMBOL +2.1 +2.2 -3.9 +0.6 

S/N19ht vith Car 

KOKP! +2.' +0.2 · ... 1 -0.7 
LSl'I H.B -0.6 -4.3 -1.8 
S'i"l&OL +2.7 +0.9 -4.5 -0.9 

1 ft/ •• c • .30 mI •• c 
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by ch:lfting to the right (At tal' a. 
but no farthe;: thllft the r 19ht. edqe of 
the tr •• hd !MY) varied _ong sign., 
but not con.iatently ac~ ••• ite •• 
At litl ~, 1\0 .ign1t1clnt differencI 
in trequency •• tound. At lite 2, 
howyer. botb the no-s1qn eondit1on 
and the sav lign .. r. a.soc:iated 
with a 91'e.ur than Ixpeetld propor­
tion of "ebiel •• that IIOVed toward 
the rig~t edge Une, ",hU. both the 
SYMBOL .nd the tSD+10 candidate. had • 
10wr tMn upeeted proportion. At 
11 e. S <il.lr 1n; ehe d.yUae. th. tSD .nd 
tSO+30 ,ign. h.d more right-dritters 
lihen a parked vehi.ele .s pr.sent. 

~l y at .i te , ",ere vehiel •• 
fc.und to drift ., tar to the r 19h1: 
th.t tbey ero ... d onto the .houlder 
ot the reed. Bec.u .. the should.r of 
th. road "' ••• ub.tantially ",idened in 
ehe vicinity of the hill ereat at thi. 
li t •• 10 lII\ICh •• to .ppear ., i f i" 
wr. an additional lane, it was b.­
Uevecl th.t thi. b.havior ",a. 1I0r. a 
r.eter of this partieul.r sie. than 
r.~ ... nt.tive of behavior .t v.rtieal 
I:urves. Still, t~e UOD 5ig" wal !ound 
to be •• 80ei.t.d with • qre.~.r fr.­
queney of oc:c:urr.nc. of ehi. b.h_Lor 
,han •• pect.d, whih the SHBV candidate 
... , •• .ac1at«l "'ith tewer y'h1cles 
I:ro •• ing onto the 5houlder than u­
pecUd. 

Finally. th. ~oportion. of 
vehiel •• that dritted left •• tar aa 
the center line of tne l'oadway war. 
found to b •• ignific..,tly diff.rent 
a.on; .19n candid.t •• at .it. 2 .nd 
sHe 5 only during dayl1ght ",ithout 
the parked v.hiel.. At site 2, fewar 
v.hlcle. than e.pact" drifted left 
fol' both basel in. and the LSD+30 .1gn, 
while • l.rg.r n~er drl.ft.s lert 
for th. SYMBOL candidat.. At alte 5, 
eewsC' vehicle. than •• pected dC'ifUd 
l.ft un41H' th. ba .. line eOndltlon, 
but 1101" than .xpacted drlfted l.ft 
tor the LSD lign. 

!here were no con.tltent in41ca­
tion. that any partlc:ular '19n wal 
.s.oclated witb • ... f.r· beuvlor than 
."y other .19ft. U a j udCJllent of 
ut.ty is pltlOed on .ach of the behav­
iOl'al attribute •• uch that - .. f.r· i. 
•• 80ciated tr1th bnking and keeplng 
to the r1ght ",hU. -1 ... ufeR 1. 
a • .oC:lated with drifting to the left 
01' cro •• i.ng Oßto the r i9ht .bouleSer, 
•• 01'1 .19ft was a • .oclat.d with both 
.. fer and 1 ..... f.r beh."lor .t every 
.1 t •• 
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6.5 Concluliona lWg&rIHng 'ieid 
h Per' iJlen t • 

It IIl1at be concllJdecl that th. 
nature of the .Ueet that .ach sign 
oand idate had on the b.ha" 10r of 
dC'iv.r. could not b ...... ured uaLng 
ehe teohnique ••• ployed in th. ob •• r­
vational Held atudy, It WII a"liö'W'i\ 
5y eh. flndingl of the controlled 
H.ld .tudy, dilouued in chipEer S, 
that driv.r b.hay1or lIlA ...... urM»ly 
i.nflu.need by .ach of th. c.ndidate 
'4rn1n9 dev1ce.. '!.'hat influence wa. 
taea. ured in teau. of s) th. " .. b.,r of 
CIb .. rv.tion. of e.rtain dr1v.r r •• pon ... , 
b) •• eh dr iver'. eb ility to tl' .. ly 
ree.11, rec09n1_. and ecapr~hen4 each 
ot the "'.rn lng dev iee ••• nd c) e.ch 
driver'. pr.t.C'.nc:. toC' .ach candidat. 
1 i.IIit«l s1gnt di.tanc. devloe. It,.. 
evident tMt the e.hting LIMITED SIGKT 
DIS 'rAte! and LIJlI'l'ED SIGII'r DIS'fA!«:! 
wlth • 30MPK a4vi.ory .peed 1111it 
~.nerally d 1d not procluc. desiracle 
driver r •• pon ... a. frequ.ntly, nor 
wn tbty recaUed, ccapr.hended. 
reeogl'lized, or preferl'ed a. often •• 
th. SLOIrf KILL ItLOCICS VIP 01' the symbol 
51q".. 1t can eherefor. b. interred 
that th. SLc.w KILL BLOCKS VIP and 
s:,'!Ibol siC) n. do re.1I1. t 1n .od i tied 
driver beha"iQr tha~ wa m.y .pecu1ate 
is •• lOCi.ted vith a grest • .: driv'r 
• .. ren.a. tnat a ha.arel •• y exi.t 
dow:.tr •• , .nd a!1O Hy re.ult in • 
he ight.ned level of al.rt.ne •• , ccapared 
to the exiati".,. L:AMI'l'ED SIGH'r DIS'fAHCB 
.ign •• 

Baled prillarlly o~ the finding. of 
tbe controll~ ti.leI "~udy, it ia ther .. 
fore eonc:luded that ehet SLOW BILL 8WCKS 
vln vubal a19n o.nd idat •• nd the syJI­
bol candldat •• r., at ~ ... nt. the 
lIIO.t d •• irable cboicI'Ja to r.plac. eh. 
LIMIUD SIGliT DlSTMICE I1gft. tt. ia rec­
CIIIIII.nIUd, b •• ed ~iI the Unding that the 
IJ'Uluul .; ... ~i";at. rea'~'; .. d in the lar9 •• t 
p~p:»rtion of contru.lled .eudy driver. 
~o re.p:»nded in an .p~o~ t.te .anner. 
that tM ayabol a1gn be uaed •• the 
replac_ent for the LIIII'1'ID SIGII'l' DIS­
TAW=I sign. 'l'he 'Y!lbol .i4n .hould 
in1t1.Uy b. placed vith a y.rb.l .up­
pl.Mtary pan.l .taUnt St.Qf tltLL 
BIJXU VIIW. Detail. of the gddeUne. 
tor ".e and loc:atlon of th. r'plae_ent: 
li.iteei .ight diltanc. warning .1gn ar. 
p"eaented 1" Ctlapter 1. 



7. RECOMMENDED GUIO!LIN!S MID 
CRITllUA 

7.1 waruntinq COnditlon. and GUlde­
line. 

Tbe MUTCD (1) indieates that the 
.xi ating IoIMITlD SIGHT D1STAlCi 81gft. 
vith suppl_ental Advieory Spe~ plate, 
ia to b. u.ed on vertic:al eu~e. wh.n 
ther. 1s not .ufHetent .topp1ng aiqht 
distane.. rurth.r. it i •• tated that 
the s19n 1. not int.nd" to .. rv ••• 
01 sub.titut. for an engin •• ring .olu­
tion to the .toPpini .ight d istane. 
liaitation at locations wh.r. engin •• r­
ing j \dga.nt M. indieat.d that such 
a .olution ia v.rranted becau •• of 
saftey eon.id.rationa or other Jeno"", 
probl ••• 

Tb.t ver:y broad-ba .. d eriterion 
for the deciaion to ei.ther iapl_ent 
the lill1ted .ight dlatanee warning 
s1gn (de.lgnated generieally, hene ... 
forth .eaning the recCllllendü-IYMBOL 
ver.ion) or to und er ta Iee an alterna­
tive eng ineer Lnq .elution. leave. auch 
roOli for inter~etation by atate and 
local -.!enei... For l.Vlifom appl iea­
tion of the sign on a national basis, 
more specifie qu.~titative eriteria 
wuld be hiqhly de.irable. 1t was b ... 
yond the &Cope of thi. r .... reh p"o­
jec:t to deYelop erit.rioft ba.ed on 
aceident.. SiaUarly, the project 
&Cope did not provid. tor th. deYel0p­
.ant of erit.ria baaed On an e._in ... 
tion of th. effecttvene •• of the warn­
inq d"'\,1r at a vide variety of .it •• 
that ."".rpe •• ed th. range of I1ght 
d1.tallc·', :f'"t:rietion., haurd type., 
lIiCJhwV ",p .. ed., trafUe volllHa, and 
other lnJ~~nd.nt variabl •• that alCJht 
b. uaed to deUne a fllll experiaental 
d •• ign. Ttler.fo'C'e, the recOll •• nda­
tions tor varrants pr-e.ented in thi. 
report lIust be IIOI .. wtlat 110-= •• ubjec­
tive. 

In q.n.ral I ehe li.ited .19ht dle­
tane. varning .19n .bould b. u.eIS where 
th. vertieal aliCJnaant of a tw-lan. or 
thr .... lan. hlth .. y eau ... the ItWi .. 
• i'~t di.eanee to b. 1 ••• than t 
alatanc. nqu!red for .. f. drivlng at 
the noaaal .peed of tr.U1e: on that 
roadway 1n the v1einlty of a ereat 
vert.e:al eurv.. -

The length of a er.at verUeal 
e:urv. r'Jqulr«1 tor .topplng .1gb\' 151e­
taftee 11 ealeulated fraa th. followlng 
expre •• lon. (aoure. - ref. '-): 

(11 (. . :21-

2 
200(r'Ii; + ~) 

A 
for S> L 

Wher. 
Io 
S 
A 

:a length of verU"al eurv. (ft) 
• sight d1 stane. {ft) 
• algebraie: dlfterene. in 

grad .. (tl 
he • he i9 ht of eye move roadval 

Sll1' fae:. (tt) . 
ho • height. of object above roaci­

....y surfac. (ft) 

'1'he value of hl ha. been aceepud 
". 3.50 ft (1.07 11) I and h,., 1. usually 
d •• ignated .. 0.50 ft (O.I! IIl. thu. 
equat1on. (1) and (2) becaae: 

(3) L. 

(~ ) 

Wh.n S i. le •• than L, or 

(.. 2S- 1319 
-11.-

The requlred length. of vertical 
curv •• to prov1de ad.quate stopp1ng 
dlstanee for all valuei of 11. and for 
" rante of d •• ign !Speed ... ay be ealcu­
lated frOll: 

(5) 1.. I" 

Tb. rOl.Vlded vII1 ... of It for .. range 
---of de.iqft .~. ar. 11.ted in 
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Table 34. Tb. adequacy of the extat-
11'4 s1ght di.tanc. "an ba rudUy 
ctetenined by eoaparlng the required 
lengtn of e:u~e I eale:ulated h:c:a equa­
tion (5), tl) th. knoWl l.ftgth 0 f v.r­
tie:al cu~.. Sbould the &VaUabl. 
.iqht distane. b. in .dequat •• ehe !lP­
U.II. ufr speed for that eu~e .ay be 
d.ternlined by solving for It ualng the 
e.i.t1ng curve l.ngth .nd th ••• i.ti", 
gndi.nt -:!iff.r.ne •• eh.n interpolat-
1119 th. ae.i9n speed fr .. ehe viAl,... 
in Table l4. 'ftlat 1. th. advilOry 
speed 1 ialt that sno"ld be used in 
conj unction vi tn the 1 laie.d sight 
cU.tanee _l'"ning .ign. 

Table 34. K 'lalue. tor Stopplng 
Sltht D1.tance on er •• t Verele.l 
Curve 

D .. 1gn Speed It Value 

-pb Icph • 1nila .. dea1rabl • 

30 48 29 19 
40 64 60 70 
50 80 90 150 
60 97 170 llS 
65 lOS 225 435 
70 113 270 540 
75 121 340 680 
80 12!l 4Z0 azo 



The 'l'raffic and Safety Division 
of the Mev York oepartllent of 'l'rana­
port.tion M' ~.p&red ~d ine:orpora­
tel! 1nto their .tat. v.rlion ot the 
MUTCD an e.panded description of the 
pur~ .. and .ppli.eation of the 1 im1t­
ed light dl.t.nce waenlng s1gn (1). 
Guid.l1ne. of that type .Ire appropri­
ate for national u.e. and ar. ther~ 
for"! ~e.ented witll sCllle editorial 
change. and additions. as tollows: 

GUlDELINES FOR LI"ITED SIGHT 
DIST"NCE SIGN 

1. Thi. 11gn lIay be u.ed where stop­
plng sight dht.nc., oll deflned ancl 
u.ec1 for h1ghway cI •• ign purpo ... , 
i. limitecl by vertic.l highw.y 
ali9~ent to • 'lall» th.t i' le •• 
than Id.quat. for the prev.U ing 
speed alor.j the highway. 

2. Th. lign .hould be used only oll 
locationl wh.r. er.jine.ring judg­
lII.nt indleatel that warnin9 of 
such 1 ilaited .toppir.j sight dia­
tane ••• y be helpful in diJllinishing 
an ed.ting or potential probl •• 
The li9n i, primarily intended for 
UM where re.urtacirl9 or lIIinor road 
impt'ov ... nt' .• are lik.ly to incr •••• 
Speedl abov. the uf. clel1gn value 
.,sociated with the exi.ting verti­
eal aligl'Dent, or where such iID­
pt'ov .. ents or other local highway 
eondition. hwe re.ulted in • level 
of driver .tt.ntiv.n ••• bel:>w the 
level th.t il d •• .s appropriat. 
for Hfe .,ehiele oper.t'on in the 
ar.a of the exiltinq vettie:al 
.1191D.nt. 

3. The sign .houlel be luppl.enteel 
with the appro~iate Advisory Speed 
plat. whieh indieate. the lpeed for 
whieh th. 1 iIIited ltopping light 
dlst.nee i. de .. ed adequat., if 
that speed 1.S <hfferent than the 
requlatory .peed liait po.t.d on 
the highway in the ne.rby vicinlty 
of the v.rt1cal eurve. 

... Where t hi. • ign i. u.ed on a t wo-
or thr .... lan. ewo-way hig h'MY 
(whieh has pav ... t lIarki:19.), • no 
pa •• ing .one in the apprrJpriate 
direetion of trav.l .hall b. lIar1c.d 
through the entir •• ection where 
stURin, .iCjht dhtanc:e i. de.«I 
1ft equ.te. Wher. the r .. ultinCJ 
n~pa •• iRIJ IOn. W)uld b. less than 
400 ft (132 111), it Ihall be elltended 
to 400 ft (122 .) by addiRIJ the 
additional lell9th at the beeJ 1nn1ng 
Qf the IOne. Wh.re an extlUng 
no-pall1nCJ .on. lIarkin9 includ •• 
part, but not .U, of 01 1 Uiited 
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sight diltanee Metion, such IOne 
shall be extended al nee •••• ry to 
ine:lud. the entir. Metion. 

5. Th. reterenee point for the .d­
vane«l pllting of this si9n i. the 
b4l9inn ir.j of the highway section in 
whieh atopping sight distanee 1. 
oe"ed inldequate. The sign ahould 
be plae.a about 750 ft (229 111) in 
adv.nc. of the ceferene. ~int. 
'ftIis pl.e .... nt loc:ation n:ay be ad­
ju.ted to renec:t exi.ting tr.flie 
speed ancl local g80lI.tric eOndition., 
such a. the ~esence of intersec­
tion., driveway •• other signl, anel 
ob.tru.:tion •• 

6. It i. adviced that a suppl.en-
tary panel, 18 i.n (46 e\ll) by 24 in 
(61 aal bearing the laqend SU)N HILL 
8LOCltS VIEW be uled with th •• ymbol 
si9n for the limiteel light dtsta"e. 
..,arning for a peric:d of tu.e .uf­
fieient for lIIotori.t. to botCOIa. 
aecu.tCllled to the m.aning of the 
symool sign. 

1. A suppl.entary si9n panel lIIay be 
used to indic.te the apec:lfic na­
tur. ot th. hazard if it i. bel1ved 
that the provision of .uch infot'lllit­
tion will .id in iner .... d driv.r 
attentivenel' and/or •• p.ed 016-
J ustmen t. Suppl_.n t.ry p.nel leg­
end. may include INTERSECTION, 
DRIVEWAY, or very brief identifie:a­
tion of other pemanent pot.ntial 
haard •• 

It .hou'.d be nouel tha t when 
planning th. in.tall.tion of th. 119n, 
the nuaber of po.sible .uppl .. entary 
pan.l. Jau.t be Jatpt to 01 re.son.ble 
number to woid :notoriat eonfu.1on and 
an overload ot information. For e.­
_pIe, the earlie.t insta).l.o:ion.of 
the lign eould 1nel:Jde the primary 
symbol s1gn diuond-shaped pan.l, 01 
receangl.llar SLON HILL dLOCKS VIEw leg­
end, a rec:tangular haz.rd advisory 
panel such a. INTERSECTIOH, and • rec­
tan9ular advisory .peed Hait panel. 
In .uch a ea.e, it ".y be .dvicable to 
eitber e:a.bine the haz.rel advisory 
witb the liqn l.,end, wich "IDuld be 
r.oved .fter sevual year. and re­
pl.e:ed vith the hazard adv1.ory &lone, 
or to UI. 01 separ.te li9n in.t.Uatton 
to warn of th. spec:i He: hazard, uaing 
the symbol li4)n for a erOIl RoM 
(W2-1), Sid. lIDad (1112-2, 1112-3), T .ynt­
bol 119n (W2-.), or Y 'J/llbol .191\ 
(W2-5) • oe otller .ppropE'iat. warniR9 
devte •• 

'l't\e teC:hn.iC"al 'ptcUicationl for 
th4 SLON HItt BLOCKS VIn _rabol si9n 
.nd .uppl_entary panels .r. pc'e"l\tecl 
in the A~;rIlDIX. 
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APPENDIX - TECHNICAL SPECIFICATIONS 

Thia append ix c:ontainl the tech­
nical spacHieationa tor the SWW HILL 
8LOCU VIP 119n and the .uppl_entary 
verbal panel whieh ahouleS be u.ed wi th 
the s~bol li9n IA'ltil drivers bec:Cllle 
ac:culeOlled tc. iel .. eaning. 

The following table prov ide. uy 
dimensions for warnin9 signa and pa­
nel. 1n ]0 in • 30 in (76 as x 76 ca" 
3 6 in • ] 6 in (g 1 as x 91 CIII), and 
48 in x 48 in (122 as x 122 ca) ah ... 

Symbol 5ign SpeciZic:ationl 

5i .. Margin 80rder a b 

30"~30" 1 /2" 3/4 " 1 5" 6" 
36".36" S/8" 7/8" 18" 7 1/." 
48".48" 3/4 " 1/4 .. 24" 9 5/8" 

note, 1 " • 2. S4~ 

Suppl.entary Panel 

18" W x 24" D 
24" W x 30" D 
30" W x "0" D 

5uppl.entary Panel SpeC:ificationa 

Si .. Marg in &order Letter Sin (all Serie. C 

5L011 RILL BIDelS 

18".2." 3/8" 1/2 .. 4" 3" 3" 

24"x30· 1/2" 3/4" S· ,," ." 30" .40" l/,," I" 6" S· 5" 

note: , .. 2.S4c:m 
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Size 

or 0) 

VlEW 

3" 

,," 
5" 



b 

a 

ReCOBlended Symbol Si9J\ 

19 
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SLOW 
I HILL 
I BLOCKS 
i VIEW 
I 
"~~'!!!!!!!!!!P 

Recommended Supplementary Panel 
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