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Thi,. !,rojl'l"( ":L- a '"idd d'·IIl"~I,.'rJlioll ,..I:;,j, rrrld.T:;rk,·n [" "'1I1'[,,,r1 a -IIL""''111l'nl ,'\allla­

ti"l1 "f Jlkrnatil" rail-hi:.dl\\:1\ !!r:!ljp ('ro",..ill;! a,..-:ci'-1I1 "(Jlln[ .. rlll!'a~:lr'·"_ TI)(' uLjccti\,'", 

illt-h,d,''': 

• apprai"al of inllt'n'rJ[ driv,'r "afl't~ poten!iaL 

• dn,.J0plllt'nl alhl rt'fin,'ml'lI! ()f irl"trllm"nla[ion ;lnd dala ,'oll"I'Ii'lI1 Jnd allah ,.:i" pro,..-­

dufo'''' al'pli'-abl,' for fi,'ld "I"aIUalion of !,.'Tar1" ''fo,..,.:ing al"cid,'nt C(lUIIlt'rm(':!"lIr··,._ 

• d,',dopnwrll alld l"alidaLion "f rtll':bUrt'" of dri\('f bdl:J\ i .. r u",,'ful for COIlII["r!ll";.J,..rrn-,. 

", al":rl i, '11. 

• appli.-a[ion .. f ~.,·,"llIli'-lrl'·" I'J lIilll' ;!rad,' n"",..il!g-. 

• :mah "i- "f (1)(' i"idd cla!:1 "ilh ,-IlI!'Ir:,,..i,.. "II it,. il!ipli,"aliull" for 'anuu" '"OUII[''fllll'a,..Ufl',.. 

,-ol)("'pl,,_ :i;1I1 

• ,J,-,,-I"!"'!"111 of ;,!!liddiIW:- fur Ill<' pr".i('d,·d d,'finiti\(' "I"aluali"l1 1)( !..,'Tad" ''fO'':''III;! a'TI­

(j,-lIt ,""IIlII,'r;Il,-a,..lIfl',._ 

\ 'TI,"II "f r..til-hi;!III';': i:llt"r-, ... Iioll a, ... id('lll- "a- und.-rLlk,'IL "rhil,- l-n''''''lIlg'' \\itll adi,,' 

dl'li,..-- "'"bli[lIIo- 0111: 22 [lITo'rJI uf ail ;.JI-;!raci,' no,..,..i'I;!"_ -1-1 [",[(-,'nl of falalili(',.. alld injuri",.. 

",",""r ,,' [111''':,' "ro".in!!,,_ :-:,'v'ri!~' of al'l'iljpnt 11,)1''' 1101 ap["':Ir 10 Iw rdakll to \\"11I'111I'r Ih" 

,'r",..:-ill~ ha,. :wlil" or l' a,,:-,i\(' pro[('.-(i')l', T!1t' ,bl.1 "II dri"'r f;!Illiliaril~ 1\ ilh 1111' cro,.,.in;! i" 

"'HlII'\,llal lilJ1i!l'd Illil ,.1I;!g('"I" III 0,. ! :IITid"lll,.: ill\oh" failliiiar dri,,'r,.._ \\"Iflllldionin;! or p"or 

lIIaill[I'lIall'T Ilf prok(-li\"~ or ,,"arllirr~ eI,'vil"'-. dri,,'r ill;.lkrrli')I\. and driYf'f ""[1('("lall(": of 110 

Iraill I, hl'lI OIl<' i,. adllalh pr"":('llt La~I't1 Oil prt'\"IfII1,.. ('''jll'ri,'rr('(' al till' ''fo""ing: art' 111,[,"1, ortll\ 

Ill' UII' pn-cipitalillg and pn'di,.:po"ill;! fador" ,"ilo'ci ill ,..(HlI<' an-idl'nl '-a,.(' hi"tori(-,,_ 

'\11 apprai,.al of in!!""'II: dri\t'r "aft-I, \,"a" 1I11c1l.'rlak"1I lo a""i,.[ rkn'lopnwrrl of till' fidd 

,.llIdy d",.i;!n ;Jlld IIII' hUIII;J1I f;Jdor,.: of COlllltl'r!III'",,.::rl',. C!ppli .. aiion", Six major .-a!('gori,·,,: of 

fador,. "hidl "()II[riIHlII' 10 inlll'rt'1I1 dri\"('r ';':If"'~" [)()II~lItial ;Jf" <1 i":"I1",.:('d , TIr""I' ;Jft': 

• Sial<' li""n,..ill~ !,r,w,'dllfl'" 

• :- a r<'l:- p rog:ra rn" 

• l.aw "nfor',(,1I11'1I1 

• ,\llillld., and hahit '-OIllP('III'lIl" of r;'il\\:I; -hil!lr\\'a~ :-,afl'l' 

• p,,~ ,-1101'11: "iologi.-"I ,-ap;,f,ilili('", anrl limilali"I!>' 

III 
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"irll" rail,,'a~ -highwa~ grad,' er;,,,,,illl!" h','rl' in.-Jlld,·d in Ihl,. ,.llldy. TIIf"~ ',· .. n· ~,·I, ... I ... I 10 

I,ro\;d,' ;1 I.road r;Jng" of cro""in;! tYr""- Included "CrI' lim:" pa""i\'l' ..ro""in~,._ Iwo adi\,' 

..... --~:ll!!,. \\·i. h high Ir;Jin 'olum .. ". and four acli\'«' cro""ill:,!:" lIIald ... d I,~ i'''~ "i<:;J1 dlara.-l 'Ti,.1 i("­

.1- ''''_Ir!~ a,. "'0.1" p,,"~i"I,'_ Tit .. matdlt'd ('ro"-,,ing" wnl' lo("akti in \"ir~illiL\_ T,·".,,_ \li(""i~;III_;I:ld 

( _dli'"rllia 10 permil in\',·"ligalion of regional diff,T"nt:<'''_ 

\l! l·r""ln~,. WITI- ill"lrunH"nl,-d with an alllomal,·d ,.;""tern for "oll"l'lion of lilll" ;Iild p0":­

I toll dala on all vehid .. " (tht' Traffit: Evaluator Sy"lem.) Thi" "ystem pr<>\'ided "pe«:d alld 

.!I,,·,·f,·r:dion dala a,. \"1'11 a;; tilt: rclation"hip" between adjacent vchicl«:" "lIcll a:' lime and "pa'T 
!wad,,;,\,.. II \'L\" a/:;:o 11"1'<1 to record «'\"I'nt:, :'lIch a:' th«· con:rt ob:,-crvation of dri\"'r 1, ... J..ing 

i ... il;1\ ior. adi\alion,. or eros:,-in~ ,;i~nab. lrain arrival lime:'- and train ,..plTd n'arli!l~" d'i.;in,·'; 

'\ il;, .... f)("·" r:lI'a"lIring: radar. 

Tim" I;lp,..· pholo~lTaph: \,'a" (I"'I·d III pro\'id«' a had ... up 10 Ih.· Traffi,: E';JllIalor :-,:,,1<-111 alid 

1 .. t:I·ll\id,· ;1 n"'ord or molori:'! b"h;J,ior dllrin~ Irain appro;Jdll''' and dllrin:,! lb· op"raliol, 

'11 ;-jf Jf I (,1' :""i,~'l~I~~ 

:',·j,·,,:,·d di'i"'r,: '\l'n' ~lopp'~" wdl pa~1 lh .. ~nt'ft- ,:ro""in~ \,'ilh llll' ;J~,.i,.ian .. ,· of p .. li ... · 

"(:;""r~ :lIlci ,I :-lrlH"lllr"d inll·n·i'·wiql ... :'lionll"ir'_~ \'"'' admini,.Lc-rl'd. Dri\,I-r,; \\"I'n- ~f'II"'I<''' :11 

:';""!"Ill a~ \\I'I! ;.;~ W!'r(' IIIIJ~«' driv"r" who "lopP«'d al Ihe cro~in~ bolh ,,·il!. and \\'iLhlllll ,.I:.!­

:1,,1 adi\LIliIJJI:', TI\I' tfllc"tionnaire W;J,.. matched wilh till" !'ehavior record ohtaint·d I" IllI' 

Tr:Il"!i .. I·:, aillalor ~\''''km. 

I!l i'"r Illal jon I" 1111'1.: to-d dllring lit i" ,..tudy indud«·cJ t:a'«~gori«:" of dri"«'r lwha,·ior. kn, .\\ I,'d:,!,·_ 

;11101 .. dli/lld,·. \I! (·"\Io-n,.i\"l· anal:"i,. "<I,, flf'rfonn('d on IIII' data oblain«'d to ';1I~gl'~1 ,·oll:lkr· 

'II<'<I-"r<',. "III1'TIII- alld I .. dl'l'Trnill" lar!!et I'opllbtion" for "ffl'di\"(' '~OIJl1tl'rnl<'a:"'llr,·~ illlo'n"Il' 

'lfr, 

For i Ill' :-IIHh (J..:,ign d .. ,..-ril ... d It1 liIi" n·porl. mea,..lIre:, of driver pnformarll'l' ,,',-r,' -I .. "'. II 

(-. I ... ""Il:-il;\(' to ,'olJlIl,·rrnl'a"lIrt·" inkr\"('ntiol1 and were validated. Lnd«'r r .. "tri.'kd ""Ildili,,:·-. 

il '\ ;1:- :-1111" II Ihill dri"'r looJ...ill;! behavior. croS!"in:.; "peed. and "pe«'d r1.~("n:a,,'· \\"I'n' "llfri.·i'·1l1 

r:w;I-lln-,. "I' dri\'I'r fH'rrOrlll;JIHT 10 (·valual.· Ih .... rrl'd of ;J t:ounlt·rm.~a:'lln· inll'n"·l1lilJn. 

TIll' ,.llIdy I'n)\'ide" ;!lIiddine,.: for Ill<' d«'vl'lopm«'nl of l'ollntl'rm.~a:'lIrl':' .. orH:':pb and III<' 

""';""1 iOIl flf /'andidalo- (·olml,·rmca"IIr1':'. d,~v«'lopm"nt of counlermea:'lIrl' I'v;Jlllalion Illl'IIIIId,.. 

;lIld 11 ... d,·\,·lop,m,·nt of l:xl'«:rimcntal d«'"i;!n and procedllr(::'. 

IV 
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SWTUcstinn" for FIll·thf'r Re~earch ,.,... 

TIll' ill\",.li;!;Jlioll,. .. r ;I",·idelll ,·;Ju,..llioll w\,'al,'" Ir,al 11l4' illi'orrrialio!! ,,\ailal",' .- 1101 ad,·. 

'I,ul,' I" I'[(>\·i",. ""(inili,,' ;l1I,.'\4·r,. I .. Irlall: Cjlw,.li"lI,. abo"l wh: r;lil~":,,I."i~hwa: a''!'id",lI,. 

"'T'lr "II a IIaliOII\,i",' -('ai". II I,a~ di,.,·,,\',,[(·d. hOl,,'\'·r. thal I!ll" ;J ... ·id.·111 l,i,.l"ri,·,. "I' -1H"'ifi,' 

<'r",.,.ill~~ lila: I", oillailll"d. II al'l',·;lr,. Ihat tl1<'r,· i~ fn'qll"lIll: ;J [(','urn'II''!' of IIII' ,.anll' a, ... i· 

tI"!I! t:'I"·. TIll" 1I.II'Ir<· of :"wh ;1l'('i,J,.III~ '\a,. fOlllld to fr"4,wnLly ~I1:!:!",.l llIodil'i,';di,,"~ til illdi. 

\ idllal cro,.,.in;!,. "hid, \,ould rt duc,' or diminal,~ a major proportion of lho:,e a,'Citlelll,., Thc[(' 

.II'llI'ar,. to I ... a 1I",'d for r'·~'·ar,.J1 whidl \,'oulef <I(,,'('lop pro,'cdun'~ for "ro,.~illg ("'aillalioll alld 

In"difi"ali"n \, hidl "ould I.w lH'rforllll'd and impl('m('nl(~d on a I')('al ha::-i,... 

~I ... h an al'l·i<l,·nl -it<- I: polu~,:. ur dia:!]lo:,li(' I'ror'~·dllrc. wOldd ('Iwblt- a traffir' "Il!!illl'lT I .. 

,'\.alllllll' ,.ik,. ;J11I1 dckrrnill" Ihl' probabilil: Ihal illl' :'ant<" tYlw of a('cidt'lll \,'o,dd rt'<'llr alld 

""filII' ;Jl'l'ropri:.r1<: ('Ollfll,·rIlWa,.IIf1',.. 

\IOII;! III" ,.alli<' I ill",.. it I,'a,. IIOIt'd Ikll a bro;,,1 rail!!" of hazard illd," forllll"ac ,,\.i,.1 

Illro"gfrolil tliI" ,'o"nlr:, TIll" r(":'lIllill;! rallkill;! of ,'ro:,,.ill;!,.. i,.: ;!("ll'rJII: 1111" Of(~<"r ill \\'i,i,'11 

illlJ,r",,·nwnl,. in IIIl" ('ro:,~ill;! '·II\'ir'HlTn(·nl .• H'· mad,'. '\ Ilalionwid,~ ,.Ialldard r;wlhod df "<'Ier 

Illillillg ;J h;Jzard indn, for <:ro,,:,ill;!,. "ho"ld Iw rln"lol','d whi('h would apl'i: I'roJln ''''ighl:' 10 

"II Iwrlilll'1I1 \'ariahl,·,,:. II ilia: bl' found thaI Iho,.(' no~,.:ill~" I"hidl "x('c"d maximlllll limil,.: 

,III"lid 1 ... "1 ",. ... i llnlil II I':!r ad ... I tu r"a,.ollal.I,· ,.Ialldard,.. 

Thi,.. ,..tllrh f"r:nlllakd lalid and ,.: .. rr~ili\'(' Illl·a,.IIf1',. of 1)("lla\ ior for t'a~,'fldly :'t'k(,t<-c1 I: III',. 

"I' gradc 4'fO,..,.ill;!,... parli"ulari: Iho"" \"hidl had fI',..lridion,. 10 \i"ibilil: aloll;! Ihl' apl'ro;wh. 

Tlwr,· i,. a Il",'d for 1111' r1,·t .. rlllillalioll of IlWa:'IH"" 10 Ill" app!it·d 10 <)1"'11 no",.in;!,.. ;lll'j II!.,,..,, 

"hidl ira\,' ol!:t'r dlara,'t.-ri,.li('". ,.!Il.i1 a,.. cro",.ill;!" fI'af'!ll'd illlnll'dia:,",~ "fIn a Illrll. '1''''11 I". 

(II'rfoflll;lIl',(, rn,·a,.lIr,·,. \alid al ,'ro,.,.:ill;!" \,lwr.' 1ll':Jr lookin:,! I ... lla,ior alld ":f)l'(,rl n,dlll'l!on art' 

1101 liI""',..,.arih n'lalt-rl (0 I III' dd""lioll of a IrJill hazard an' Ill' .. d('d. 

'I'll<' pn':-l.'riplioll ,,1' COllillcrn)('a,,"n'" 10 call"gori('" of gradc l'fll":'IIl~ "iltlalioll,. illlpli,·,. Ihal 

a, ... id('nl r .. dudioll lila\, \)(" achi,~, ... d b~' all illnl'a,," in LlIl' m'·J.1l performanc(, or all ur ,. .. uw 

-111,""1 of dri,'('f,. ",.:ill;! thaI l:n,~,.:in;!. If Ih .. n· i:, a n'ialion Iwllll'l'n :,afn f)("rfoflnall ... · alld a, ... i· 

dl'll"'. till" !JI"ha\'ioral lIl('aslln:,.: Jefined in thi:, ":llldy "lIould \)1" ab!.- lu rallk. ('ro:,,..ill!!" 11\ a ... ·i· 

d,,"1 OI'l:Un'II"" probability. Thi" rankinl! ,,11011111 a;!rl'(' wilh III.' rallkin;! oblaill('d frolll ",'I!I;d 

", ... id"lll hi,.:lon. 

,\11 ('xfwriml'lll I": iruJi,'al"d which would \'alidal(" Ih(':,(' (or ollll'r) p .. rfllrll:al!l"· lI11'a,..llr,',. 011 

1111' I,a-i" I)f an:irknt (j,..-urr('n,'('. Thi" ('ollid \)1" approach .. d a:' a doublt··I,lilld ";''Ill'rinwIII ill \\ hid. 

mt'an dri\'l'r ~aft'ty irHlic('" an' obtained for a lar;!,. number of :,imilar t:r()""in~~ and If ... n''':lIlting rallk· 

ill;! "ompawd III Ihal oj,lailwd lI"in;! a(~tual al'l·id .. nl dala. 
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CHAPTER] 

INTRODUCTION 

iI •. ~. 

Background and Stalerrle~t of the Problem 

O\t"r 70.000 p('opl(' ha\":: lo~t their li,,'::< at railwa; .highway ~'Tad,' OTO""In~" III tlw [la,.t 

30 year::" - o~-er 15.000 people were killed in the la"t decade. The ;;hock effect of thi,.; 

,.tali,.tic alone i,. (,!lollgh to warrant an intt'o1"iv(' counlermea,.IJrc effort. lIow('\ ('r, 11\ ,.OIlIC' 

"p(:cifie aspects. the problem i" more "e,-ere thim OIW might guc",". For exampl(', 1(::<,. than 

011(' F)('rcent of ali high\-\'ay aceidenb occur at railwily.highway cro~"ing:; but dwy n:,.;ult in 

~,:- percent of the total fatalitic:-i, Con,.;id('r al"o that tlH' fatality.to.injury ratio for raih\il:' 

highway accidents i,. I :2.7 compared to I :35 in gerwral highway accident>', Tl1u,.;, til(: 

,iolt-nct' of railwa: .highway grad!' l:ro:i,.;in~ a, ... idpnt:, i:, dearly evid,'nl. TaLk 1·1 prc,.('lIt,. 

,.om" "lImmarv "tati,:til:" to heir; put th .. probl('m in [wr"'pcctiw', 

Program,: aim.,d at rt'ducill;! Ihi,. prohl.'m haH: b':I'n underway for many :--,'ar". TIIC'''c 

program" havc generally in\'ol\'('d eithl'r: (I) dimination of gradt' ero~"ing", (2) ill:<LallaLion or 

IIp~'Tading of warning or protective d(:viee";. imd (3) attl'mpt" to incr(:a,..e driver railway· 

hi::!In.-ay :'afdy a\\3rt:ne':";,-\1l of Llw!ie program" are expl"lI"i\'c illld th"ir payoff gllt,,.1 ionablc 

in term,.; of (,,:nl'fib in rdill ion 10 .-0,.1. Thi,.; i,. particllbrly Iruc wlwl, it i" recogniz,'d Lhal 

tllC'rt, ar., approximatdy 220,000 railway.itighwa; cro",.ing~ on IIIILlil' mads in the l'nill'd 

~tatc,.; of which mor.~ than 175.000 arc pa~"i\",' ("fo,.,.ill~", i.I' __ haH' riO "1H',:ial warning: or 

prolt-diw dt'\"i ... f';;. and another --1-00.000 on pri\'3te road". COll"iderin'! the co,,1 of proll-c'li\t' 

d",ic(,,. (,:cp Tabl., ]·1). it iE- obvioll"l: not economically ka,.ible to pre-vid" "adin'" proLn:. 

lion at all .:ro,.~ill:;!>, In addition, L(:cau,.e uf Lhl' limited amount of motor \'(:hid(~ and train 

lrilffic at many ero,,~ing>. (~\en minimal adi\'(: prokcLion i" proilahly not \\ilrrant .. d. [I .>' 

wilhin the conlcxt of thi" back;!TOIll\d that till' ~ational IIi~hw3y Traffil' Saf.,ty "\dlllilli,,Lra· 

Lion and the Federal Railroad Admini,.traLion ha\"(: und(~rtaken a comprehen"iw n:,,'"an'h 

program to "refine furth"r the understanding of the causal factor,. in moLnr vchil'l!'!Lrilin 

accident,.; and to develop and demonstrate :><:Iccted improvemenL" which will a.--hi('vI' a ,.afl'r 

"Ilvinnment for traffic at the rail",a:- .highway intcr,.('dion:' A "pecific projed within Lhi,. 

pro~'Tam is conc(:rned with "Human Factor,; Counh:rmea"ures to Improve Highway-Railwa) 

Inkrsedion Safety:' 
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Table I-I 

S()m~ ~umrnary Stati,.lic,,; Concerning 

tht~ Highway.Railway G.alie Cro,,;sing Safety Problem 

Th\)re are approximLltely 220,000 highway·railway intersections in the United States. 

Fc,','er them 44,000 crossings have special warning or protective d~vices. 

Th~ mo~orist'£ view of the track may be clear or completely obscured. 

Th~ allowed speed iimits, both vehicular and rail, vary from zero (stop sign) to 80 
mibs per hour or more. 

O'.'cr 1,500 cJeLlt/ls and 3,000 injuri~s occur annually at U.S. gradc crossings. 

Economic losses in excess of S300 million result from crossing accidents. 

The !eClst cos'Lly active protective device now pos~ible, single·"trc:ck, flashing lights, is 
like!y i.0 cos: S1 ::i,OOO to 520,000. 

Typical gCltc instLlllations involving a few minor complications can cost from S25,OOO 
to $108,080. 

In 1969, there \'Jcre 3.572 vehicle·train accidents 

<lI Th~y re~ulted in 1.38i dca'ihs and 3,578 injuries. In 2/3 of the cases, the train 
struck the vehicle causing 75 percent of the deaths. 

o In 1/3 of the cases, the vehicle struck the train. 

e In 42 percent of the cases, the crossing was protected by lowered gates, 
trainmen, watchmen, and audible or visual signals. 

o In 58 perCCnL of the cases, the crossing was protected by a signal or sign that 
did not incJicate the approach of a "train. 

o 62 ocrce:lt occurred in daylight and 63 percent in clear weather. 

(I 77.5 percent of the vehicles were automobiles; 21.5 percent were trucks, and 

one percent were buses and motorcycles. 

l-~ 



1'" 
· -

From a human factor" point of ,-i,-w. Llw problem of rc'dllcing an:id('nl" al railway.highw;.r~ 
inlt'r,o;f"ction,o; may Le df'finl'd a,; a deei"ion making·probl(·m. ~imrly "lat('(L tlw proLlt-m i" 10 in· 
('rca",' Iht' probability that drin'r" appro;.rchin;! r;.rilway-highway inkr:'<'dion" "ill rnakt, Ihl' prop('r 
dt'('i"ion. This del'i"ion in ba"il' term,. i,. ('ither to "top saff"I~: "hort of till' fTo,.;"ing. or to pro('I'('d 
"al'cly O\'l'r tilt' cros"ing. Driver de(·i"ion". generally "pf'akin;!. ('an h"~ rav()rahl~ infllll'nt·(·d b:-: in· 
lTt'a,o;ing tlw adt'quacy of their (I) inherent or long-term information. or (2) imm(~diate or 
,.hort ·It'rm in formation ("'~(' Figurc~ 1.1). Inhere,,! or Ie n~-Iprm in formalion i,.; a fllndion 01 all jllld,'''' 
and knowledge :;haped by ,.uch thing:; as edut:al.ion and training. lict~n"ing procedur,~". law enfort'l" 
mt'nt praetiet·". and public "afcty promotional ,·ampaign,.:_ Imm"diak or ,,!torl·t,'rm inf'lrrnalion i" a 
rurwtion of the ,'ehide/train dynamic,.. ,.ign,.. ;!~Id di"play,.: in thl' vi('inily of 1111' ,o;itr-. Irar!'i,' ""'llr,,1 
de"ice,. "pe~ific to the ,.ite. and other "ite specific counlcrmea,.urc,. dc,.igned to influent ... dri·.(T 
behavior. 

LONG TERM INFORMATION 

Driver Education 

Licensing Exam 

Law Enforcement 

Safety Programs / 

SHORT TERM INFOi'l~J!ATION 

Train·Vehicle Dynamics 

___ KNOWLEDGE} ___ _ 

--- ATTITUDE 

INTERVIEWS 

\ Signs & Displays 

LTraffic Control Devices 

_ BEHAVlOR 

PERFORMANCE 

MEASUREMENT 

Fi~ur" 1-1_ Faclor.; innu"ncing dri\'cr deei"i"n making 

In order to prc:,cribe the mosl effective eharact('ri"lil:" of long·I,·rm and "horl-Ir'rm infor' 

malion and their implication" for eounlermea"lIn-". it i" n(~l:e"sar\' In try and lInd(~r:'lanrl (-all".iI 

I-~ 
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J'a("[or". driver bC'havior:- alld attitude:,. and rn('a"un~" of dle.-rin·!H·"" for c~\'aillalinl! 

c'olllll,'rllH'a"ur .. ". That i" (·"" .. nlially "hal Ihi:, projed i~ about. 11 i" probabl~ OJxiomali(' I" ,,;1\ 

lil;11 liti:- I:' a vcry eomplt" rc'",·an·h area. Perhap" lhi" poin~ I" IIt'"t ,,;urrlll;;!riz.·cI ill all B 10'1' 

jol"'l'ar,'c! and i""IWd 11\ :\IlT~,\ whi .. h rC'ad" a" folio,,",,: 

"c,""arch 1Il Lhi" arca i" f'articularly difficult fur ",'ver.al r" .. ;-on". Fir.-l. 
I,c('au,.., , .. hicle/train accidenl~ ilre :'0 infrequent, it ,, __ nc·cc.,.sary to d"",lop 

illlc'n,u'oid!t' or ,..."'}ndil~ "rilo,ria Lo <:valuilLc the "ff"cli ... ·:1,,~:- uf ilny 

chang .. " in Lh .. ~y,;lt'm. These criteria mu~l be rt·le,'anl. measurable. iIIId fr"" 

frolll n:p,.rimentally introduced bia"c;:. :;= .. cond. b('c .. u~ railway·hi~hway 

inlc"r:..I'c·tion=", (~all vClry along ~o '!lany saft~~ n·II~\·ant dim4~n:,i()n!'o-. it nla~ h.· 

".~, dif:'i('ult 10 ""tilhli:-h Lrul~ ('olllparat.J" ,.d,. .,~ "TOUP" "f inlc-r,..,,:tiotl:­

wh,'~" Ih,. c·ffc·C'li"·n,,,,-- ·,f n .. " d,·,ic,'';. cle. can be ""aluaLnl or ,·ompilr,·rl 

in iI cunlroll,'rl or "!,c·for,' ilno afla" ,... tti II;!. Finall~'. Ih,· inLro.luc:lion ,.[ 

illll'rcm,d ""f.-t~ ['·illlIr,',. ill "n,· inlc'r,.."'lion tIla~ inlluo'n(',· Ih.· I ... ha\'ior .. t" 

c1ri,,'['>- .Il all int.'r",'<'lio!l:-. tltu~ furtlt,'r rOrHl'lil-alitl~ LI,,· iJlt,-rprd"lic", .. I' 
n~;-'IJil_ ..... 

Objectiws and Approach 

TlIi,. projed 1:- primaril~' a fil'ld Ikmoll,,:ralioll 10 dt"fillt' III(' proLI(·rn,., :0 dC'\'c'lop :-.. III!!'>l1 

",,111"'1'1:-. and 10 determine lilt' f<-a~ibii;t~ of the instnlllll'nl,.., experimclltal prolocol. ;Jlld 

"1I;t1~ Ii,' Icdllliy""'" Th .. primar~' prot/tH'l i" all .~xpc'rirncntal pl;1I1 for a "uh"('IIw'nl 

d,'I-illiti,,' ,.llIely to .. valuale the Co,.1 I'ffl"cti\,t:Ilt''''' of ,;olulioll ('onr:(~pL", Tlw obj(·c·li",,.. .. I' !I!I­

I'ro:,'c'l '-all Iw 4oil,·d a" tJelow: 

Il!'\dop: 

I .-
.) 

;~. 

-\ d':';l'riplion of Ihl: driwr'" inherent :'afdy polellliar. 

11I"lnlJlwn ta lion and ml"llwd" for m(:a,:u ri ng dri \"I'r [whavior. k IIOW I('(J~('. ;lIId 

alii Iud .. ,. . 

.. J.. iluman fac'lor:, eOllnkrmea;:urc:, concept:', 

I) c'moll"lratc-: 

I, The t:ffITlivl'Il""''' "I' Ihl' in"lrllml~ntatioll :md ml'lhoclology a::' toob for (,'!<-!l-il'c' 

"Illdy of driver !",ha,-ior, knowlcd;!I" and allilude", 

,) TIH' ,·rf''I'li\"(:rw,." of human fa.'tor" C'Ollllterml"a:'lIre" in imprrn-ill;,!: rail\\"OJ~ ,higll\\"~ 

"afdv, 
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Recommend: 

I. Count~rmea:,ure:, whieh are co:,l-cffcelive III modifying uriw:r lwhavior at 

railway.hi~hwa; cro:,:,ing:, through cinH'r: 

a. overl dn-jc:c:, or phy:,ical change:, at railway.highwa~ iIlL('T,..~dion". or 

b. ehanpng rlriver attitudes and "afdy a',-an'w'"" 

.J .. \ plan for field evaluation of countermea"lIre" concept" ,,!lich arc fea"iuk, 

The abovc objectivc:, were planned in a fOllr.pha,,:.~ :,tudy projecl. The following I,. a hri('f 

d('::'cription of each pha:::e and the interaction between pha:;e::., 

Pha~ I wa:, a re,iew of a :'elected :,ample of aCf:ident:, in ordtT to ddermilH' ('all"ali,-(' 

factor". The re,,:ult:, of Pha;;e I were applif:d in Pha,;e II to "harp(:n thc criteria for "il«' 

"elf'cLinn. experimt·ntal mca;;urc" and in;;lrum(' nLation. and Lo 11I'lp in tlw dl'lerminal ion of 

(Iriu'r beha"ior ami attitllrk" a" well a;; hum"n factor,.. eounlcrmt'a"ur .. " cOlll·('pl". 

On(' of the principal goal:; to be met in ~>ha:'C II wa:' thc e"tabli"hnwnt of human fador" 

norm" with re:,pect to driver knowledge. attitude. ami behavior. In tilt' o.\'('rall "clH'me of IIw 
r(',..~arch. th(',;<, norm" will "crve a,. ,.tandard,; of compari,.o(ll1 for "l.wf(lT':" and "afkr" "tlHJi('" "I' 

"p('('ific grade cro,."ing "ill'''. ,!n addition. Pha,.e \I provided nwa"ure;; of f'ffpdi\('ne,..,. thaI. 

IOgdhcr with the fidd !:xperimental finding,; of Pha,,:!.' III (validation "tudy). "upport('d 11](' 

planning: of large "calc fidd experimentation (Pha"c I Y). 

Tllf overall objective" of the project have alreadv been de"cribed. The "p('cific ohj«di\'('" 

m('1 in Pha,;e5 I and II were: 

• Better IJndcr5tan'd the driver population and tilt" behavior it displays at grad(' cro",.rng". 

• Ddine a set of "::'afety oriented" behavioral ml'a::'lIre,. that are hoth oper.aliollall~ 

mt~aningful and capable of re!iable expe~imental lllca,.:uremcnL. 

• I"olale a :'Cl of driver characteri"lic,. Ihal can ;;erv!' a~ nonredundant prediclor" of 

driving performamT. 

• Determine the extent to which the ob"ervcd L1('havior or preciic'lor variable,; (·al;'.I)(' 

u,-cd to de\'dop and evaluate railway-hi~hway eounlermea::'lITc,,:. 

• Suggest the mo,;l ('o:'l·df/·ctivc ,.o(,t of l1l('a"urc,; applicaule to cuunlt'rmpa":IIf(''; dl'>'ign 

and cvaluation. 
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\t thl' oul,.!'1 of the projl·cl. it wa:-' prr~~um('d that th.'n~ wOldrl ~w a ("olll'reni pallnJl 

"f dri,,"r IJI"ha~"ior al rilih\ily i-rr;;dl~ t:ro~ing,. ,,"hi,"1t. ,,"hen dl'l<'rmilH'd" I,"ollld PrI)\ id,' a l,;a-," 

1""r pP""'Tiptin' recomnH'ndation,. in the form of eounkrrnea~ure::," Tlw iJll;l~<: 01" iI ,",,1/1"1"1"111 

1',11 krn ineilldl'd whal might lw called ap ideal bl'ha\"ioral ~qlJ(~Il(;('" TIlt' "",aI',·" dri\t"r \'"l:ld 

I ... ,It-.-d("rilting during Ilw approat:h tl' 111(' grade cro,;::,ing from the poinL of a\\art"III"~"-" Ii" 

th .. crn~"ing: "i te had pas;:i\'., w::rrnin;! de\"ice~, \"docily would drop to a k\"(~J wlwr,'Il\ 1 h,' 

dri,.: eould make a thorough \"i,.ual and auditury ,.ean, The :,canning proee",. ,,"oul,J i,," 

llIallii"",.l<-d b~ appropriate head mo\"ement;; and aetinns ,;ueh as rolling do\\n the hindo\\ 

J!ld tllrning dO":!1 Ih., radio or turning off the air conditioner 10 cnhane,' audil"n p,·r.","", 
lion of ""'.!flling "ignak Al crossings gu2.rded by active warning de'"ice,;. til(' ,.cunnin:.! pr","(",..~ 

""lIld I,.. mon° expeditious on the assumption that attention couid be foclI,.ed Oil til!" ',-'rll" 

ill!! d,",i(""" :1" "1I('h and thaL the ab:'ence of a positivI' warnilli! \,"ould be "uffi ... i,'nl I.a"i,.. (.,,. 

.! r."lali,,'h "'I",ditiolls pa",.ai!f' lhrough the grade ero~,:ing:, In in;;tanf'('S wl\l'f(' 1111" adi,," 

',.!n!!I!g: \\";1" Oil, tl\!' iu(~al profil .. would include a eompldl' "top w.:ll ha("1... fr,)/ll till" i,l,'"; 

,..,',"1 ion, :\ IIm,"ance" \'"Quld be marl(: for :"uh:'eqlJl:n I pro~r<""'" through tlw ero,.."i,,:! in : II!" 

'-11,-,"/1, ... of all (}il\"iou,. hazard "ince "Ilch act,.; arc gerwrall;- legal. 

Id,'al!,. till"rc \,"uuld lw a major segm(:nL of the dri\'(:r populatioll following: till" "",aft-" 

"-'"'1'11"11'"(" I'!u,: ,",orne ~('gnH:nb "ho\\"ing d(:\"iant profih',," TIl(: as"umption wa" Ihal till" 

I ,,"j 13\"inr, al Ii: ude:" knowledge. and demographic charadcri"tic,. of the deviant .-Ia,:,. WOUld 

i,j'":l,ir~ :111" targl'l puplLlalion toward \,'hieh counlermC;!"-llrt"'" would II!' dir("("j("d, alld :"llrf!wr" 

1111".-,- ,"h"'~;!.-tl'ri,,1 i('" would :,ug:g:c"l tIll' c1a~" of COIL nlcrnw3';lIw::, 10 be pfI',..nilwd" 

III Ltl"f, thl' empirical ob"(-n"alion,, did confirm till' initial a';"lImplion". aHhollg:11 Iii' 

1''',''Ii:!lion \\"a,: in no way "harpl;- divided, For exampll:, then' wa" al: almo:'l lllli',"r.-.,i 

1o-:ld'"III"'" 10 decci<-rate during an approach Lo a grade cros:,ing, Th(: !TH'a"lIn'" i(k~'1i'";""'; 

dlll";Ilg: Pha,,(' 11 of thi" conlrad w('n' refilled to id('ntif~" "uhjecb exhil.:iling: hii!l! al1d '''', 

ri-k !It'il;n;nr and atlilud.:,,;, Cia"" .. ,. of counlermo'a"lIf1'S Kith potenLial valtH: w("n' Id'"lJ!it"i,",i 

11.'l'otllt':'c"-; were then developed which. as confirmed or rejected, irlentifit'd tl](" I'o)kllti;d 

\allll" "f .-Ia"",:" of eountermea"ures, 
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CHAPTER 2 

REVIEW OF RAILWAY-HIGHWAY ACCIDENTS 

IL ha;; been c:"timat:--.d thai 75 to 80 rwrcent of an highway accidcnb occur at intcr>'ectioll:'. Th •. : 

railway-highway g;rade cros:"ing pos.."csses cerLain inlersection characteri,::tic>, th;;1 appt';.Ir to !w 

particularly hazardous_ For instance: 

L Se,;entY-"ighL percent of Ihe at-grade ero,;,.;ing=' (approximaldy 16·~.280) do not h;.l'/· activ!: 

\\"aming de .. ices. 7 

. ., Pa.;;;sive railroad grade crossing devices gencrally do not require. nor do the~ 

characteristic driver re>'ponsc (e.~._ as "top signs do). 

3. Sight distance is frequently inadequate at the crossings.3 

elicit. ;.I 

~. One of the u,oers of thc cro:ssing (the train) i,: generally incapahle of Lakin:! dft~di v(: na"i,(: 

action . 

. .,. The mass differe:1tial betwecn the crossing lI:'Cr" i" extreme. 

Tlus chapter will explore the extent to which the faclor" ,.;uch as II\(" aoove attrilmte 10 hi;;:ln"ay 
grad!> cro,.;,.;irlg accidt:nt;;. A few cautionary remark;; "hould bc made befon' di"cu:;sing the accident 
dala. The accidenL frequent:y at a given l(\caLion mu"L he !'valuated in light of tlw num[,cr of 
\'I"hidcs exposed to the "UppO,,:eI~ hazard. In th.· !'imple"L 1·;.1",:. we mighL prcdid Ihe prohabilil~ of a 
train/vehicle accident ~ :some multiplicativc function of the aver<:ge train and vehicle m!ume. 

L'llfortunately, the frequency of tr<lin:s at a cro55ing is seldom cOllsidl:n:d in Ihe reporting or analy"i" 
of aceiden t data. Problems associated with the la~k 0 f ex posure da ta an> particularly eviden I \\ 1 ... 11 

comparing the efficiency of various traffic control device" (f>.g .. passin" versus activ~) who",' 

installation is often biL~d on trcin and vehicle \·olumes. 

Table 2-1 displa~'s the number of persons killed and injun:d at ~r~dc cro"",in~" in 1971 3.'" a 

fllnetion of the traffic control at the cro:;:'ing. Crossings with acli ve deVices accoun t for 4-1 1"'rCl"n l 

,)f the fata! and injury accident:' while only- representing 22 percent of the nation's at-grade 

,·ro""ing,;.. It is likely that the almost 200 pt:rccnt over-representation of the;;e crossing;: i,: till' r""IIIL 

of heavier train and traffic volume_ In additi on. cros.."ings having an acciden t history arc mon· likl'l~ 
Lo 1)(" eonverted to active traffic control devil·es. 

Like most fatality and injury figures_ the v.llues presented in TaLIe 2-1 arc a gro5.'" unden:sLimall' 

of the total number of vehicle/train accident;;. Data ba'-ed on California'" accident expl"ricnet' 

indicate that .?ver 50 per!:ent of th .. rt"portcd vchide/train accident,;. do not invol\-(' a casualty u." 

defined here.:) Other estimates indicate that the uumber of reported vehicle/train accident;; for 
1971 is likely Lo be around 12.400.10 
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Table 2-1 

Railway-llighway Ca';lIalty An:icienb i.nvohing ;'.Iolor Vehicle,;. 

b~ Typc of Crossing Protection. 1971 1 

Type of Number Number of 

crossing protection Killed Injured of crossings2 

at time of accident accidents or. ::::~O::, 31, 1970 

L.owered gates ____________ . I 60 117 138 10.412 
Audible & ..,isiblp. signa! _______ 265 648 673 29,960 
Audible si9nal ___________ 10 22 24 1,273 
Visiole !tignal ___________ 178 468 481 4,601 

Total Acti II!' --- ----- 513 1,255 1,316 46,246 

Signal or sign nOt of 
a type indicating 
approach of traln _______ 749 1,958 1,873 164,280 

Granc' total _________ 1,262 3,213 3,189 210,526 

Accidents 
per 100 

crossings 

1,33 

2.25 

1.89 
10.45 

2.85 

1.14 

1.51 

1 Ada;Jted ~rom Rail-Highway Grade·Crossing Accidents, DOT, Fecleral Railroad Administration Office of Safety, for the 
year ending December 31,1971. 

20n class I line-naul railroads and switching and terminal companies, Data for 1971 not available. 

Note: Where more .han one type of protection was afforded at the time of accident, the accident was classified 
according to the type first shown above. 

An indication of the interaction between accident severity and the type of traffic control de"ie(~ 
can be seen in Table 2·1. The national statistics presented in this table support the conclusion that 
aceidcn t seven ty is not dependent on the presence of active or passi\'e can tral devices. 

Similarly. Table 2-2 displays the relation between active/passive devices and weather 

Clmdi tions. * 

Although significantly fewer accidents occur during periods 'of rain or fog (possibly the 

combined effects of reduced exposure and slower operating speeds), weather does not appear to 

eli fIeren [jaIl)' affect the effectiveness of the two classes of traffic control devices. 

'* Th" accident sampll~ p"-",entell in TaLle 2-2 was drawn from the HSRI Univ"rsity of ~\iichigan'~ accident filt~ and 
r"pr"""n t,,; all the reported troLin/vchicle accidents in Oakland County, Michig-.ln (1968-1970). Bexar County. Texas 
(1969-1970), and .. five percent random sample of all the accidents in Tcxa~ (1969-1970). Thus there is a probable, 
hut ... mall, duplication built into this data (approximat:·(y 1.5 perc(~nt). 
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Table 2-2 

Grade Cro:',,:ng Accidents in Relation to Weather Condition" 
and Active/Passive Traffic Control 

Traffic Control 

Clear 171 113 
x2 ~ 0,19 

Rain or Fog 23 12 

Tabk ~-3 shoh's the relation bet\,een weather condition .. and accident ~verity_* Ba,;ed on ~h;s 

rathl'r "mall sample. it docs not appear that accident severity is dep~nder.t on prevailing: weather 

('nndi tions. 

Table 2-3 

Rdation Betw'cen Wcather Conditions and Railwav-Hi<rl!wav Accident Severin: 
• 1:' .. .. 

Acciden! Sever:ty 

I"jured 

Property Damage 

Clear 

21 

94 

141 

Rain. 
Snow, en:. 

2 

13 

26 

X2~l,19 

On a national L~-js (sce Tabl~ ~.4). 68.76 percent of all 1971 railway-highway ac~idcnl" oc­

('llfrl'J in dear wcather. It should be noted that the statistics on road conditions from 23 ,.lall'': indi­

,'ak ,h:!l ()9.9 percent of all motor vehicle accidents in 1971 occurred on dry road "urface", 

TallIe 2-4 al"o reveals that a significantly higher proportion (z = 3.33. df 2264) of nighttime \,(,hit,lt· 

;: .. eid'~aG occur during poor weather conditions. If we now look at vehicles that ran into a train. we 

find that mer 50 percent of thL'Se accidenl$ occurred after dark (a,; opposed to approximat .. I~' 
:r~ percent of vehicle struck accidents)_ In addition. a significantly larger proportion of the vehicle 

~:rikin!! al'cidenb occur under other than dear weather conditions (54 percent versus 36 perc!'n! for 

,..Iriking and struck. respectively). The above differences may reflect the difficulty drivers have in 

ddcr:ting the unilluminated railroad cars at night and during periods of poor visibility_ 

*IISRI, Oakla."1d County, ;'lichigan (1968-1970), Bexar County, Tex..." (1969-1970), Texas (1969-1970). Seattle. 
Wa>'hington (1969). 
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Weather 

Clear 

Table 2-4 

Weather Condition.;; and Railway-Uighh'il:' Ca,:ualt\' .. \(Tidc·nl"; 

Invoh~ng 'totor Vchicks_ 1971 1 

I Ran into Side of Train 
Number of Accidents Struck :'y Train (Stroking) 

Number % of Total I ~ Daylight .. Dark .,.. Daylight - Dark 

2.215 68,76 I 1.131 454 300 330 
Cloudy. Rain. Fog. Snow. etc, 1.006 31.24 I 438 243 148 176 

lAdapted from Rail·Highway Grade·Crossing Accidents. DOT, Federal Railroad Administration Of~ic:e of Safety. for the 
year endIng December 31.1971. 

TaLle 2-5. ba;;ed on 1970 California data. t'xtt'nds the strikin~-5truck di,:tiJldioll to typc'" of 

traffic control de\~Ce5 at the croS5ing. Automatic gates. fla5hin~ lighb. and ,.i~'l1': 'Jr<' n'''lwdi\,'I: 

a",:oc:ialed \,;th ,:i~i fie an tly (p < .05) larger proportion,. of \'chide stnJ(:k ac,' ickn I,:. Ii wOlild II :11,. 

appear Ihat thc phy"ical restraint" (gate,,) and \"'""ual "timuli (Ii;!hts) arc morc ('ff ... :ti\'l: ill alnlilll! IIII' 

driver that a train is occupying the crossing. In particubr. tilt' flashing lights may clired "uffieic'lIl 

allention to the crossing to enable the dri\'(!r to det~ct the g('nc~I'a1ly low refledant railroad car,.. 

TaLle 2-5 

Vehicles Struck by and Striking Train,. ;IS Rdatcd 

to Types of Traffic Control. 1970 Califnrni) 

% Vehicles 

Struck By % VehiCles 
Traffic ContrOl Front End of Train Striking Train 

Automatic Gates 772 17 

Flashing Ligh ts 70 26 

Signs 62 34 

1 Adapted from Annual Report of Railroad Accidents reported cnder General Order No, 22.B for Year 1970, 
California Publ,c UtilitY Commission. Transportation Division. 30 June 1971. 

"Pe~ntages represen: percent of total rail· .... :.icle accidents and, as such. do not tOlal to 100. 

:"i ational ,;tati~tics prcsen ted in TaLIe ,2·6 indicate that there are ,;igTl ifican L1y fc'wer 

CX2 = 40.H9, df 1) nighttime accicents at passive cro,;. ... ing,; than mi~ht Lf' c:-..peel(·d, Tlti" findia:,! 

may be attributable to lower vehicle and/or tr2n usage of lhl' pas.. ... i\'e cr,)s,;ill~:' ;J:fter dark. 110\\ "\'Pr. 

1-4 

_. -r----' 



I 

Table 2-4 

Weather Conditio~ and Railway-lIi~hwa: Ca:,ualty ;\('Cicif'nl:' 

Invoh;ng 'totor Vehicles_ 1971 1 

I Ran into Side of Train 
Number of Accidents S:ruck by Train (Strlkingi 

Weather Number % of Total ,.,. Daylight I ",,"Dark I Daylisht ! DQrk. 

Clear 2,215 68.76 1,131 I 454 I 300 i 330 
Cloudy, Rain, Fog, Snow, etc. 1,006 31.24 438 I 243 I 148 I ;76 

1 ':'dapted from Rail-H ighway Grade-Crossing Accidents, DOT, Federal Railroad Administration Office of Safety, for the 
year ending December 31,1971. 

Table 2-5. b~ed on ]970 California data. t'xknd" the ,.trikin~-"Lruck di:,LincLioll to Iy[!('" (,f 

traflic control de\;ce;; at the cros.sing. Automatic gate". na:;hing lighb_ and "i:-''Tl~ arc rt''"I'('di\('" 

a~":()f'iated with ,.ignificantIy (p < .05) larger proportion,.: of \,phide "tnH:k ;JeeifJ..nl,,_ \I wOlild Ihll,. 

appear that the physical re"traint" (gate:,) and vi:>ual :::timuli (light,;) arc more ('ff(TLiv" ill alnlill;,! III<' 

driver LhaL a train is occupying the cros5ing_In particular. the lla,;hing light,; may direct ,.uITi('il"ll: 

attention 10 the cro,:;,:ing to enable the driH~r to detcclllte generally 10\,- renectanl railroad car,.:. 

Table ;!-.=; 

Vehicles Struck by and Striking Train:, ~ Related 

to Type5 of Traffic Control. ]970 California l 

% Vehicles 
Struck 6y % Vehicles 

T 'atfic ContrOl Front End of Train Striking Train 

Automatic Gates 77"- 17 

Flashing Lights 70 26 

Signs 62 34 

1 Adapted from Annual Report of Railroad Accidents reported under General Order No. 22-6 for Year 1970, 
Califomia Publ.c Utility Commission, Transportation Division, 30 June 1971. 

2percentages represent percent of total rail-..ehicle aC<:;ldents and, as such_ do not total to lOO. 

~ ational statistic5 presented in Table 2-6 indicate that there arc signi fican tl~' ft'\\,(:r 

(X2 = 40,89. df l) ni~hLtime accidenl.;;; at passive cro,;sing,: than might Lw exped(·(i. Thi,. findill;! 

may be attributable to lower vchicle and/or train usagc of the pas.-;iVl' cro~in~~ afll~r dark. 110\\ c'\lT. 

~-4 

.-< 



,.. ... 

Ra'" or Fog 

Table 2-2 

CraJe Crossing Accidents in Relation to Weather Condition,. 
and Active/Passive Traffic Control 

Traffic Control 

113 

23 12 

Tablt: ::!-3 "hows the relation between weather conditions and accident severity_'" Based on this 

ratbcr small sample_ it does not appear that accident "everity is dependent on prevailing \,'cather 

conditions, 

Table 2-:l 

Rdation Between Weather Conditions and Railway-Highway Accident Severity 

Accice.,t Severity 

Injured 

?roperrv Damage 

Clear 

21 

94 

141 

\'Veath~r 

Rain. 
Snow, e':C, 

2 

13 

26 

x 2 = ,.19 

On a national hasi~ (see Table 2_11.;, Gu_76 percen t of all 1971 railway-highway accidents oe­

"l/m'd in dear wt'ather. It should be noted that the sratistics on road conditions from 23 "tatr'" inrli, 
,'af-- til:d (,9.9 percent of all motor vehicle accidents in 1971 occurred on dry road ~urface5_ 

T:,ble :24 :11;:0 reveals that a significantly l,igher proportion (z = 3.33. df 2264) of nighttime \f-hidl' 
;.:!"(:id{~n ~ ()ceur during poor weather conriitinn<;. !f -. .-c HOW look at vehicles that ran into a train. we 

find that (Her .;0 rrr;';cf,i of [h(.~ accidents occurred after dark (as opposed to approximatt>I~' 
3:~ peret'llt of vehicle struck accidt'nl.;:).!:-: ::ddi;;un. a significantly larger proportion of tht' \'ehicle 

~triki:ti! aecidt:nl,; Ol;cur under other than ~b(::- \N~<!ther conditions (54 percent versus 36 perct'nl for 

"Iriking and ,.tmck. rcspectivdy). The aho'o'e differences may reflect the difficulty drivers have in 

dde("ting the unilluminated railroarl "(irS al night and during periods of poor visibility, 

* IbRl, Oakland County, :'Ilichigan {1968-1970), Bexar County, Texas, (1969-1970), T .. xas(1969-1970). Seattle. 
Wa,d.i:"1~on (1969). 
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when compared to cro:;:;ing:; at which there i:" activ,: prolertiorl. 3 "i~lilicanll: grc<.It,·r proporlion of 
Ill<" ace ide nl,; at pa....;,;iv,> cros,.:ing,.: repre"er. t till" w·hwk ,.:1 ri king Iyp': of a, ... iclr·n I (.~6 pr:rccn t wr":ll,. 

;~6 pern·nt). 

Taole 2-6 

Day/:\ight Railway·Highwa:· Ca,;ualty :\c(:itienl'; Im'ol\in;! \lolor Vehit:il·":. 

hy Type of Cro""ing Protection. 11),;"1] 

Type of Number Srruck Ran into Side of T':"arn 
crossing prOtection occurring tN train (Strik,nq) 
at rime of accident Daylight Dark Dayligh! I Dark Oavlight 

Lowered 9ateS ______________ 45 93 39 64 6 
Audible & Visible si9nal _____________ 391 282 281 179 110 
AudIble sI9nal __________ - ----_. 19 5 16 5 3 
Visible Signal 289 192 214 117 75 

Total ActIve -------- ------- 744 572 550 365 194 

Signal or sign nOt of 

a TYpe indicating 
approach of train _____________ 1,268 605 i.019 325 249 

Grand total ________________ 2.012 1. 117 1,569 690 443 

1 Adap~ed f,om Rail.Highway Grade·ercssing Acciden~s DOT. Federal Railroad Admin'stration Offic" of SafeTY, for the 
year ending December 31, 1971, 

Note: Where more rhan one TYP" of p·otection W<I' afforded at the time of accidenr. the acCident was classified 
accord'''9 to the type first shown above. 

Dark 

29 
103 

75 

207 

280 

487 

Ba..;ed on the data 3,'ailablt" through the HSRI accident tile". we l:ollid nul d..tr:c[ :In\' relalion 
Iwt',een day/night accident occurrence and accident ::ewrity* (:'el' Tahle ~·7). Tlwn' Jue:,. hO\\'r:\(,I". 
appr'ar to be ardation between hour of the day and accidl'nL fn~qu('ncy. Fi:-'l.lre 2·1 di,.:pla~" thi,.: n·b. 
Lion for 1971 accident data. Three to :5 P\I appears to be the peak aecident period and. flol ,.ur· 
pri,.ingly, also correspond to trle hours of p(~ak traffic volu me. ;\ n~\':ie\\' of :'(:a:'onal and daily an:idl:n t 
n'I'ord:: did not. however. reveal a staLlc relation between aeeiderl L frequency and the~~ cakndar I~'p" 
v;lria)'le". 

Table 2-7 

Relation Between Time of Accident Occurrence and :\n:idl:nL Sewrity 

Accident Severity 

Fatal 

Injured 

Property Damage 

0600-1759 

10 

54 

51 

Time of Day 

i8oo-0559 

5 

22 

29 

x2 = 0.95 

''''II:; IU. Oakland County. \lieh il!ar1 (1968.] 9(0). Dade COl!nty. Florida ( 1970). :;:,·alll.·. \\a~h ill~t(ln (19(,9). \i;rht j,. 

.11·[i.",11 11"1"" a~ th" hoUl;: bdv""cn 6 P\I and (, A\1. 

.' ;. 
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Figure 2-1. R .. btion betwew railway-highway ("'l.~ualty accidcr;", and tim" of da~. 1971. 

We can further inquire into the extent to which the day/night railway.higln,-ay accident inv,,"('­

ment differ:; from all traffic a,'cidwLs_ Table ~-3 (ii"plaYf thi~ rdation. 

Table 2-8 

Frequency of Rail\\c:} Highway Ca,;ualty ..\('cidt'nt,; and :\11 Traffil: Al:cidt'nb 

by Time uf Ol:currenl:c. 1971 

Accident Type 

Rail-Highway 

All Traffic 

Ti'Tle of Day ('-tours) 

0600-1759 

1967 

(61%) 

864,645 
(64.2%) 

2-6 

1800-0559 

1257 

(39%~ 

482,154 

(35.8%) / 

/ 
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Allhough the above table indicates a "tati,.tically (p < .01) higher proportion "f railway-

II i~hway accirlen L .. on:urring after 6 P;\1. the practieai "i~l i fiearux of a :t:! I)('f('('n I diffnn]('(' 

(;)I}.O p(~rcent \·er,.u,. :3.'5.8 percent) doe;: not appear parti'~ul;lrly nOkworllly. In f;let. lhe 

"irnilarily of the pl'rcenlage;: arc ;:omewhal surpri...;ing ill light of the fa..: lhat Ihe value" ,,('r" 

drawn from t,,·o different ;:ouree::,.'· 9 

A cornpari:ion of falal rail,,·ay.highway accident::: wilh ;III ,';lla! ;I(;eitleIlL..; rnay provlClI: ;I 

rl'r;;pcctive for ;:ome of the previous discu,.;;:ion on time of occurre~c(:.8 In p;lrticul;lr. "ix 

~ ,';m, of 'Iichigan accident data indicate that ;I h iglll'r [)(,f['cn tag(' of rai:";1~ .hi~.dl\';I: falali lic'" 

(63.9 percent) occur during daytime hours than vehicle f;;lal~ in general (44 percent). 

S('veral epiphenomena may be a,.sociated with the pf(:~urn('d h~l]('r da~ time o"c'urn:I1(:t' of 

fatal railway-highway accidents. For in::,tance. lhe ;:arne 'Iiehigan :'Iudy found Iwi!'1' a" lI1a/1~ 

(·a"c',. of akohol and drug; u::'c among the general \'ehide falal accident::: (26.6 \In'','lll \('f"ll" 

12.() percent). In addition. a ;:ignifieantly gn'akr proporlion of f('llIale-,.. wc:n' im .. hcd ill 

railway-highwa~' fatalitie~ than in all fatal \elliel(: a(;cidc'nb (22.7 pnn:nl ,'C'NI"; 16.7 f'('r(,(·nl). 

Bolh of lht: ahove finding:, are prob;:bly attributabk 10 IIII' l:i~liI'r irlC'id('n!'(' or drinkin~ 

drin'r:' and male dri"crs al night. 

Finally. lhe gr('al difference: in maS!' Ldwe('n the Irain and till' aLJI()moLilc contribuk,. 

~rc'ally to the ::'I'H:rily of railway-hi:!hw;lY ac('idenl,... :\ recenl r('porl 10 Con~rt:,..,.. :,lalC':' thaI of 

.III tran::'portation accinen t:::, only aviation acC'ident:' excced til(' :'(',eri Iy of r;:ilway-higlrwa~' 

a, ... idc~nt~.1 0 Thc report further indicates thal lhe ratio of p('r::'t)n::' killed in railwa;'.hig:II\\;l:-

a ... ·idc·nt::: to the lotal number of railw.J:-highway accici('nl..; i,. O\rr ·HI linH'" g:ro'~lln Ihan IllI' 

,,;rme ratio for all motor \'ehicle aceidenl.:;. Tlm:,_ it i,.. e;;limalnl liial till're will 1)(' onc' falalih 

for approximately every eight raih· ... ay-highway aecidenl ... 

Ikfl,rc concluding this brief presentation and analysis of th(' accidenl dala. il \\ould ill' 

pmfi lalole 10 rcview ,.ome railway-highway accident::: in far gr(~a kr dl': ail ihan tlla I a\ailahll' 

Ihrou~h police and railroad rf~COrd5. The reports prepared h~ the mU:i,d,:,eiplinary a,'C';dc'lIl 

im','stigation h:am;: (\IDA1) provid(' a prom,::;ing wurrc of in-depth in [; :nnation. T;lhk ~.() 

I'rc~"cnb the result of a content analy::,is of the 12 availab;{' \IDAJ rep-H·b:. 

It i:; intere::ting to note that in 5ev~n out "f the eight c.';.c,.. where (he driver,,' familiarily 

with thc crossing was noted. the involved driver wa::' aW3rt: of the exiO'tenc:e of till' c:ro:,,,in;,!. 

Tlli~ finding is supported by the findings of ,..evl~ra' lar<..!e data ba,,!' :'ludit::,.6.11 Th:~.oc ,.ill;!:c',. i:rdi· 

ca(c'd that approximately 95 pt:rcent of the aec:idcnl.invol\'{:d dri,·"r" were r{'"id(~nl,. of Ihl' :,Ial('''' in 

which the accident oc:curred and 65 1078 percent eould L(' e1a" .. ifien ;!;: (,;thcr li"ill~ in Ihl' ,·il\, III 

\"hieh lht: aeciden l occurn~d or heing loeal re~id(~n I". (,. I I 

.~ 



" 
!'

 

',. 
. ",

~,
-

.' 

I'
:'

 
I ::0

 

'1'0
11

.11
' ~

 
II 

Sl
IlI

lll
la

ry
 (

II' 
M

lil
lid

il'
('i

pl
ill

ar
y 

H
ai

l\\
ay

 ,
ll

i~
ll

Wa
~ 

,\(
'('

ill
t-l

Il 
lit

-p
ur

ls
 

D
.iw

 ..
 

n
o

.d
",

.V
 

C
rO

ll
in

g 
Si

lu
ol

lio
n 

V
eh

ic
le

 
"c

[i
ll
rn

l 
c. 

.. 
N

o.
 j 

·-
f 

-
-
l 

C
om

u,
e"

,U
 

t-
-
-
-

II
ge

 
S

e
. 

fl
.e

cd
 l

in
n

 f
l.

e
 n

M
IC

o
n

l,
 

T
ll

ck
, 

S
-D

 I
 T

im
" 

V
II

, 
F

lm
. 

j 
r.

L 

""
·1

3
3

 
63

 
'" 

35
 

2 
o 

n 
I 

G
 

2 
p 

N
 

c 
y 

o 

-
-
-
-
-
-
~
-
-
-
-
-
-
-
-

11
11

·1
64

 
55

 
M

 
45

 
2 

s 
n 

I 
XI

V 
N

 
s 

y 

T
Y

PI
 

Iv
,o

l 
T

-S
 

v-
s 

Se
w

 

c c 

II
 

65
 

s 
3

0
, 

J
~
 

6 
2n

,II
IO

ck
 

F 
I 

G
ll

C
 o

l'
[l

n
 i

a
ll
rf

ll
o

 V
lo

lk
 

O
/Q

U
! 

,r
o

u
n

d
 d

o,
'''

')
 V

JI
I 

F
IS

k
 ,tJ

 o
n

lo
 l

ra
in

 I
f .

1c
k.

 
-
-
-
.
-
-
-
,
.
 

1
-
-
-
-
-
-
-
-
-

-
-
-
-
-
/
-
-

1-
~I

Ir
,;

ck
 

/I
~.

IJ
2.

/ 
24

 
M

 
1
.
_
~
2
 

0 
n 
~
 

2 
G

 
I 0

 
p

e
l 

Y
 
I 0 

c 
1
~
.
_
~
I
_
T
~
~
:
~
~
I
;
~
~
l
e
d
.
I
~
~
~
 

4
0

· 
A

d\
'.m

c:
rtl

 W
.l
""
"~
 '

II
]n

 
o 

n 
X

I'/
 

II
lJ

II
('

(1
 c

m
um

J 
44

1 
F

 
19

 
65

 
2 

P 
o 

c 
N

 
3 

F
L 

65
 

4
~
 

c 
-
-
-
-
-
-
-
-
,
 

19
0 

23
 

M
 

25
 

2 
o 

n 
X

I'/
 

f 
o 

C
 

Y
 

n 
F

L 
35

· 
4

0
 

10
· 

15
 

o,
;~
(.
~ 

&
 -p
.,
·\
\r
:~
j~
il
li
i~
 

r.
oc

ce
il

C
'l1

 J
I:

IO
U

 I
fJ

ck
 

....
. i
ll
io

u
l 
'I

n(
lp

ln
~ 

t--
-t 

I 
I 

I 
I 

I-C
i",

\;'
~:J

-';
;-l

i'i
'i;

u:.
~ 

O(
lD

 
22

 
M

 
2 

0 
R

 
FO

 
2 

P 
N

 
C

 
Y

 
2 

C
 

1\
 

60
 

ST
 

re
p.

" 
-"

.1
1«

1 
"llIcl

. 
--

--
1

--
--

f1
()

J~
 1
)~

I;
::

;I
i~

II
II

~-
--

61
1 

I-
-o

n
 

16
 

,&
 

M
 

50
 

2 
o 

2 
o 

Y
 

C
 
I M

J 
_~

~!
.~

~~
f~

~a
 Ir

a
ill

 
O

--
--

-:
:-

C
 

S 
51

 
Sk

,,1
 n

l'
 ,n

lo
 l

ro
,n

 

X
W

 
P 

I_
D

 _
_

 ~_
l _

_
 _ 

X
I'/

 
1 

U
 

c 
u 

--
--

1
--

--
-.

--
--

--
--

.-
--

--
--

--
1

--
--

--
--

--
--

,-
--

--
--

-s
kit

Tj
;;i

O
'-"

dc
-o

fn
ar

 ke
d 

-

04
G

 
73

 
M

 
o 

rl 

G
J7

 
34

 
M

 
4

0
 

o 
n 

I 
fO

 
G

 
u 

--
--

--
--

--
,-

--
_

._
--

.-
-

r 
o 

C
 

P
C

l 
Y

 
o 

C
 

1\
 

75
 

If
.l

in
 .

 l
il
N

 i
n

 P
O

O
l 

C
O

I.
d,

li
on

 

4
0

 
51

1 
SI

~n
.1

1 
n

o
l 

w
O

lk
in

g 

-
-
-
-
j
 

-
j
-
-
-
-
-
-
-
-
-
-
-
-

0
4

0
 
I
~
 

35
 

6 
0 

U
 

ru
 

I 
p

o
e
 

~
 

C
 

F
l 

15
 

SI
 

O
,i

.o
r 
1.

lk
ln

~ 
in

 ~
 ~
 

2 
0 

U
 

-
X

I-
V

-
-
I-

-
'G

-
-
0

-
C

L 
0 

C
 

F
L 

N
 

D
ra

ka
n 

h,
.,;

O
Q

 I
;d

 

I
-
-
~
 

!: •
 ..!

..~
~!'

.: 
~~~

i~~
'I~

. 
-!I

~.!
; 

-
-

yi
n.

 T
y

o
t'

 
§!~

_.!
..!

~v:
 

M
 •

 
M

.I
, 

o
·
 O

ry
 

o
·
 0

11
(1

11
 

N
·
 N

ig
h

' 
C

 
• 

C
ru

 
F

 
-

fl
u

l 
F 

• 
F.

...
,.r

. 
a
·
 S

no
w

 
)
(
.
 

C
r0

1l
uu

cU
 

D
·
 O

"V
 

TT
 •

 
T

ll
c,

o
t 

• 
-

In
ju

ry
 

W
 

• 
I'

It
l 

W
·
 1

'I
.,

nl
og

 5
1g

n,
 

V
hl

bl
ll

lV
 I

V
IS

I:
 

0 
~'
''
''
' 

S
I
·
 

S
.,

lo
U

II
"I

, 
lO

C
ll

lo
,"

, 
tn

lW
t 

F 
• 

F
ln

,!
!l

n
" 

L
II

. 
S 

-
S

n
o

w
 

T
 

1~
~(
k.
 

N
 

-
r"

'o
n.

 
o 

-
01

11
1.

 
C

.
 C

lo
u

 
n 

• 
R

L
JI

.I
 

)(
w

 •
 

C
,o

n
tJ

u
c
.k

i.
n

d
 

C
L

 
• 

C
lo

ud
V

 
U

 
• 

U
,b

.n
 

W
ar

n
in

g
 S

ig
n 

p
e

L
. 

1'
."

11
.,.

 C
lo

u
d

\,
 

F
D

 
• 

fl
a~

l1
jn

g 
L

II
. 

F 
• 

F
ai

r 
'01

..1
 D

II
II

 
C

l
·
 

C
lo

u
d

v
 

n 
• 

n
.l

" 
S

;g
hl

·O
ll

ll
nc

o 
(5

·0
1:

 
O

-;
-C

;"
o

o
d

--
-

P 
• 

P
O

O
l 

.'
, 

. \
. 

'~
 
,;

';
i.

 •
 ,

 

F
 • 
."

II
I.

,l
Iy

 I
F

A
M

,.
 

~
Y
.
-
,
-
-

N
 

• 
N

o
 

;.
' 
'f

 
'-

,,
' 

P
A

S
· 

N
u

m
b

.,
 

0' l
Je

,u
t\

· 
g

."
ln

 
Y

,h
le

le
 ~,

; 

't·
 

Y~
JI
.!

I_
on

: 

A
 

• 
I\

I'
o

h
o

l 
S 

• 
G

jlO
od

.n
g 

F
l 

-
F

il
iu

r.
 

10
 l

o
o

l.
i 

M
J 

• 
M

."
".

Jg
ed

 

Jl
!~

r!
!.
 

T
5

. 
1

"l
n

 
V

 S
 
.
~
h
l
c
l
.
 

... 

/~
. 

, ..
 " 
...

 , ...
. 



_

c,' 

~ - . - . . ' .. II. 

The "Comment .. ·· column indicates a variety of precipitating and pn~di"po"ing f ar:tor" a';~'J£'iakd 
\,-ith the accident o(:currenc,'. The" .. factor,. indude railroo.:d lTo",..ing ill poor ,..tatt- of n-pair. m;.ll· 

fu tid ion of ;.In adivl' "ignalin~ dn-ir:I'. ad..an1~" warning "ign nut ma in lairll'd. peur sigh I di"tan('(', 
inatkntion on the part of Iht"" driver. driv .. r ph~'sieail: di"abl{~d (hearing: !o,..,,). and driver',.. di":""gard 

of ~ks rt>sulting: from a prc"iou" history l.f failure. 

The precipitating factor:; can Le ,;uL,.:umcd under the t\,·('.yn,'ral rubrics of: 

• maintenance or cngincerirl{!: problem. 'I:1.j 

• dri\',~r attention and detection problem~ 

Accident History At Local Project Sites 

Virginia 

Tablr- 2·10 pn'"cnts detail,. on ac{"id{~nb oCl:urring at .;,'I,'(-I,'d \ irgillia grad,· lTo,..,..in!!;,... '1'1]1' ~il":­

"hOWl! include all tho,:c \,'ithin the city limit.; of 'Iana"sa" \vilh a :"'Tad(' {'fo~~ing a ... ·i{lI-lIt Iti:'l{)r: 

during till' p,'riod 1956-1972. All :!farl{~ cro:,:,ing aeeident" at tht·:,,' ~itt,:, during thi,.. "(·'TII·~('ar 

period art' shown. 

Of the thrt'{! Virginia "it<:" at wl:jell traffie I){'ha,-ior and drivl'T ljlw:'tionnain~ data W{'f{' "ollr-I'kd 

"n thi,.: project. two an' in til(' eity limit" of 'Iana:'"a,.. The:'{' UTt· IIII' Fuin'i,'\\' anrl Rout., :28 ,.:ik". \" 

"hown in Table 2·10. each has an accident history. The third Virginia "itt:. Calverton. i" ill fauqllj,-r 

County. 0\;: ~ide the city limits of ;\bnas::;a". Calverton and 'Iana""a.; arc sf'paratl'd by abnut tl'n 

mik~. Tht' same railroad pa-;"c": through ;,,11 location". 

,'\'; "hown in Tab!e 2-10, only am: accident wa" on fill: at I-():~r of till" ;"'Tadc cro""ing: j(wation,.. 
during tilt' 1956-1972 period. T\'>'O of t!te5{~ had active prolecti,.!: ;;r:d i\,C) !tad pa"siH' prol('I'1 iUII. 

In each ('a~e, the train :,truck the motor vehicle. 

:\t the other five sites shOh'n in Table 2·]0, thf{~e or more uceidenb wer{' 011 fik. :\11 10111 orl!' or 

tht:.;~ ::;ites. Calverton. had active protection. The site with the gn~atc"t number of 3c.-i{kllt" '''I'' 
South Grant Avenue with nin" accidents recorded. Second alld third in numlwr,.: of an;id'·lIt,.. 
r"cord{:d \~-ere Fairview Avenue (,,('ven) and South 'lain Stred (:,ix). 

Considering the tall I,: as a whole. there are 33 accidents. of which :30 or ahout four pIT y(,ar 

m;curred within the ;\lanasS3,!; city limit". The age of tIll' driver:, range:, from 17 10 H.+ ~("ar,... 

All but four werr~ male. The representation of f(:mal{:,.: in Tahk ~·10 i" nol gn~atly diffnt'1I1 

from their representation in tlw national sample data (~3 !J(:rcellt). :\11 but two of lill" dri\{'r" 

had in-state drivcr's licenses. Alcohol wa" cited a:' a factor in on"- thr(,e of tlw accid('llt,.:. 
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With n~g:anl to th:- cO;lditions ,.urrounding till' acciden 1,,_ about half ocnJrred at night or 

durin~ d;I\"Tl or du"k. Thi" i", about t(·!l pnccnt hi~llI"r than til!' proportion of night accidenb 

in llH' clata fI'ported on page ;2·6. :\bollt two.third", of til!' aeeidenb ,wcurn·d under eh~ar or 

dOlldy condition" wilh a dry road ,;urfact'. In all but Onto ca",e. the' drivlT was proceeding at or 

111'10\\' tl1l' :'p,',·d limit. 

Both ··train :,truck car·' and ··car :,truck train-- ac.:id,~nt,o; o('cllrn,d but the train struck car 

tYIII" \\Tn~ :,oml'what more frequcnt. At Calverton (pa:,:,i,,(~). thn~l' of the fOllr accident,; werl' 

of Ihl' car ,.truck traill varidy. At Fair.iew .\n:nuc (active). all but one of the train-il1"ol\('d 

accident". \\Tre of the train struck car typc. Lnfortunately. the data set is ton ::,mall to can· 

dud,: that thi,.: distinction betwecn accident type and type of protection i:, real 35 was :,ug· 

gl',,(('d b\' thl' larger data data ba:'e, (?\ole that there are illV('rsiol1S in till: r('jalion,.:hip= I'.:,! .. 

ROllte 28.) 

Thl' ITl 0": I 4riking feature of Table ,:2.) 0 i,. til!' 11111QUI' circllm,.tanCl'" ul1der \dlid] ",om" of 

tlll'''''' aceid,'n t" oCl."urwd al1d tlH' di\",·r,.it;" of till'''''' cir(",:ITl"tanrT"', C:"I1"irh:ring fir"i tIl«" train­

irl\ol\('d aecid"/lt". ('xample" an': (I) di"regardill~ 1111" ,.i~/lab and/or till' ,.ight of the train: 

(.:2) "udd('n rn"chanieal failure,. occurring on till' track" ,.m·h a,o ~tailing_ a plow coming 100':". 

and an apl'arl'llt loo,..~nillg of rodt'nd" r(';;uIt ing: in the car "\\"'r\'ing and becoming ,:tuck bl" 
t\\('('n tlw traek,,; (3) i'aliil1g a"leep at the wned: and (4) di\'idl'r\ att(~ntion such as lookin;! 

IJack at ;;on or talking to "if.'. Two principiI'" for (],'\(·I0l'n]('nt of ('ountcrmea':lIrc,: can bl' 

d,~ri\'l'd from the:;e circumstance:;. The fir"t of tlwEe is thl' nt'l'd to increa:::e the pcrceiv(~d 

hazard of railroad grade crossings. particularly when a ,o;ignal i:; activat('d or a train i" in sight. 

Thl' ,",ccond i:; the need to counteract rlistraeting influences and incrr.a;;r: drivr.r awafl:ne;;;; in 

thl' \'icinit~ of till: ero:;.;:ing. Rumble strips. for example. i,. a l'ollnlcrmea,:ure dt'ri\'ing from thi:; 

I'rillciplr-. 

:\notlwr fac('t of Table 2-10 is the aceid"nt" which occur in til(' \'icinit\" of grade ero:,,,in:,!,, 

whidl do not involvl! a train. Two types of the8e accident,: may be identifi<>d: () backin;! lip 

into anoHwr vehicll': and (2) 8triking the end vehicle in a queue of vehicle:; stopped at thl' 

('fO,."lIlg. Th'~"t: at:cident:; point to the nr'cd to inform/warn driver:, of other than dir<>ct train­

illvoh-I,d hazard,. at railroad ero:;:;ing;;. 

;'.lan·land 

Thrt'l~ of the ntnc proj..:ct ,:ite,: were located in the ,:Iate of \Iaryland (Sunny,:iric. 

Linthicum_ and Xew \lidway). In comparison lo \irginia. railroad grade crossing <l('cid,'nb 1fI 

\Iar; land an' poorly dOl"ulTlentl:d. :\ >'earch for record" rc:;ulted in the following: 

• Sunnv:,irle - no rcrord" of accident" at lhi,. high train frl'qucncy act;ve ero:':'mg wl~n' 

found. 
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• Linthicum - at this passive croso-ing, between 1966 and 197 L, only one accident \,-as 

recorded. In latc 1968, a car struck a pede~trian at the erus"in~. ;\~ Lrain wa" in\'ul\"(·d. 

The weather \,a..- clear and dry. 

• New :\lidway - between 1966 and 1971. one injury was recorded at thi" pa;;"i\T cro:'<'­

ing. A ear struck a train on a clear. dry day in 1966. 

It is difficult to believe that 50 few accidents have occurred. p&rticularly at the Sunnyside 
crossing. Consideration should be given to a standardized records.keeping "y"km for U"t' ill all 
"tates 50 that a more comprehensive data base for usc in clucidating the contributing LH'Lor,. 

for grade cro5.-'ing accidents can be developed. 

Crossing Inventories 

Each Virginia county maintain" an inventory of grad~ cro"..-inl!s. :-..nd duplieatt- filc~" \\lTt' 

fOllnd at the State kvel. For each cro""ing. a number had been calculated which \'a,.. calh'd 
Lht: "Hazard Index." A major factor in this index i" "Quadrant "i;;ibilily Fat'Lor:' out Ill> defi· 

nition of this term w~ readily available. The "protedioll fador" i" alway" 0.9 for pa"si\t· 
c-TO"sings induding those with only one of the two required crossbucks. The equation u!'('d for 

the V ir:rini;; r~:1zard index i:, the product of all of th.: follo\\-illi! term:': 

Averag.:: .1aily traffic 

Average daily trains 

Protection factor 

1.5 jf m:lltiple tracks 

Accidents last 5 years phi:' 1 
Quadrant \;sibility factor 

\laJ}land al"o h~ a partial inventory of grade crossing" compiled during a 1967 ~'Tade 
cro,;,.;i~ study. This study abo establi"hed their currcnt m~thod of cakulating a haz:ml iJld,"" 
It is interesting to note that. since driv~r sight distan-ccs were not includcd in ~h,' :::Lud:. [IIi,.. 
factor (a major multiplier in Virginia) is not included. As late as 1969. ('omprehell":i,,' grad,· 
cro:,si ng protection programs were not being pursued in ~Iaryland. due in part to till' I')(ll\ 

fatalit)· report which shoWI!d only ,;even·tenths uf one percent of all motor ,,,hid,' '·alalili,',. 

werc train related (compared to 2.6 percent for thc nation).l 

J Coffman, S.F'., RCf!d, \1. ... , ;'lorgan. 
con"Lruclion and mair.knancc, 
Wa,hington, D.C., 1969. 

- -- . ." 

D., & Spichcr, R. \la~-Iand'~ highway ,;afc~' ",'cd~ in hidl\\a~ d.'~i;..'ll. 

Highway Engin~'~ring Di\'i"ion. -\ut(\molin- :'afdy Foundation, 
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DUl"ing the coul"se of thi" study. :II! aecident n,duction pro~l"am of the C nion Pacific Rail­

road Company was noted. The progr-am IS dc",el"il,..d in Ch;Jplt·r~. Of illlen~"l 11I:n~ is the frc­

QIlI"I1<"y of accid(~n t" on a "easonal ba,;i,;. The ri~'re Iwlo\\" "how" ll ... ir Ilortlwrn and "outlH"rn 

;i ... -icicnl history for reportable and nonrcportabk e\"(~n(,.; in ! <)71. Tlae "lrikinl! illcn~a,,(~ of ac· 

,-ill"IlI,. in cold weather i" dearly an i""lIe to be addre",,(~rl hy coulltel"m'~a"lIre innovation,.;. 

'" I-
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< 
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SNOW SEASON 

JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN 

Fi;"lW' 2-2_ \" chici.,·l"rain accident \'''pcricnc.'d t.y l'llioll Pacific in 1971 
for :'I:orthcrn and Southern Slate opcration.~ compan:d with coIn weather facb~_ 
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CHAPTER 3 

APPRAISAL OF Ii'iHERENT DRIVER SAFETY POTE~TIAL 

The driver at the :a-ade cros,-ing repre~ent~ a highly complex "ituation. Hi" llt'ha\"ior i~ a 

product of a large number of interacting factor~. Some of the"e arc phy"ieal and objl'di~"(~I~ 

me~urab!e (e.g .. the chanderistics of the ;;ite it"df. the nalure and ::,tatu::, of ~Jgn:, and 

warning devices. the conditions of visibility and weather. the presence or ab"cnc(' of u 

train). 'tany other:;. however. arc far Ie:;;; tangibk. The~" include factor" such c." driwr 

kno~·!edge. dri"il".g experience. attitude. and perceptual.molor eapabilitie:;. Collecti\(~l~. the:"c 

intangible:; may be designated as the human factors of grade crossing behavior. Fig:urr' :~·l 

illu:,trates these factors. 

:\n objecti\'e of this study was to d(;"eribe g:encral driver lwha\"ioral pattern::' and to '\'" 

\('Iop an appraisal of the inherent "afdy potential whi('h the r1ri\'Cf brin~" to the ~'Tud(' 

(,To:,,,ing :"ituation. The conc('pt ""inherent driwT :'a:'dy putentiar' rJlI'an,. that l'onglollll'raL<­

of educational. experiential. attitudinaL and p:"yehoph:,;io!o/!ical c:haraf'tl·ri:"tie,.. which illt,'rar·t 

with ;;ituational and other environmental \ariable" at any gin:n moment. The rc:"ult of thi,. 

int(~raction. if it occur:" In a potential accident :;ituatioll. i::, cither an accident or tIll' :n oirl. 

anc(' of an accident. 

The inherent driver safety potential. taken a~ a whol,". i,. rh"namic. It,; "'vaiIw" for all\" 

glY('n driver fluctuates from moment to moment. Ho\,·e\'cr. thi" ~'allJl: rc:;;ull:;; from ("ompo. 

nent:" ~'hich are relati\'cly constant (for example. factual knowledge of railroad grad!' l'ro,,~· 

il1~ :'tati"tic:") and componcnts which fluctuate greatly (for exam ph'. attl'ntioll to partil'\lbr 

a"peet" of the dri ... ing task). Because of varying \'alue" for fluctuating comp()n(~nt" alld ll ... ir 

interaction ~'ith more static components, the inhcr(~nt driycr :"afdy potential \,'ill al~" filldll' 

ak. 

:\ useful model i~ one deriving from work by Dimling and 'Iiller (1969) which relak" 

driver performancc and system demand~ to accident occurrence. As sho\"n in Figure :3-2. 

driver performance level:;; and :;ystem demand:" on thc driver \"ary \~ith time. An al'ciri.'nt 

occurs when performance happens to fall below that required by system demand,.:. 1.0\\' lH'r­

formance levels do not neceS:"arilv result in accidents nor is a high performanc(' In·(·j a 

guarantee against them. What is important i" the rclation,;hip between pl'Tform~Ill'l" 1,.\ d alld 

demand level. In fact. it might be postulated that since performance I("\'(~]'; and d('m<!nd 

It:vcls arc usually not extreme. most accident:" occur at intermediate vallie:" of (·ach. 
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LEVEL 
,..---- Driver perfonnance 

TIME 

Figure 3-2. Hypoth.:tical rclaLion"hip Ld",.,en aecid"nL-. driver fwrfomlanc". 
and ~y~lem demands (after Dimlin~ &. \lill"r. 19(1)). 

Of pal,;cular interest to consider i5 the unprl'dictablc manncr in wh iell ~'y:o~em demand~ 

call change. which 5uggests a random factor in accident occurrencc. As Dimlin;! and \Iilln 
(1969) illu,:trate: "A driver may shift his eye" from the road in front of him La his r~ar·\-i(·\\­

mirror. specdometer. or a pasi'engcr with whom he is com'cr"ing, \~ithout having an aCf:id(,1l1. 

If. howevcr. thc car in front of his brakes suddenly. ju:'t as hi,. eye" leavp tlw road. Ill' 1113: 

cra;;n into the car in front. Whether he is involvcd in an accident or not will dcpend. ther:·· 

for::. on whether the sudden stop by the car in iront happens to coincide with his takin;! hi" 

('Y('" off the road: if he has no way to predict a sudden "top bv the car in front. tlH'n hi:, 
running into the car is essentially a random phenomenon." 

In addition to illustrating the probablistic nature of accidents. the model in Figure :3·2 
makes it clear that improving driver pcrformance is 0.,1" one W<iS to reduce accidenb. An 

alternate approach is to reduce system demands. 

In Chapter 2. comments concerning the circumstances surrounding accident ease histori(::, al a 
number of accident locations werc given. Especially noteworthy was the peculiar circumstances :,ur· 
rounding many of thcse accidents. circumstdnces quite compatiblc with a probabli:::tic model or ae· 
cidcnt occurrcnce along the lines propo~d by Dimling and i\liller (1969). Although not developed 

for grade crossing accidents. their model appears very appropriate ror thi,; accident ,;ub"cL 
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I II Ilw 0 imlin;!- \Jill"r modd_ illllt'n-nt driv"r S1fety pokntiaJ may lw m(~an in:.,rfully :,ub­

:4ilut"d for driver pt'rforman('('_ L",' of lilt' term illlll'r"nt dri\"'r ,..af(-1\ pot"ntial empha:,i:'.(·:, 

lilt' fad Ihat [WrfOrrrlillH'" i,. <I fundion tlf kno\\·[,·d~(·_ (·"P(·rI(·II' .... "llilt,d('_ and inllt'f('nl 

t""paL.ilitie" all of \.-hich will impad 011 Ih" rnolori:,I-" n'''pon"," I .. it particular driv:lI~ 

,..i lu al ion. 

III thi:, Chaptcr_ :'IX major calegoric:" of fal'lor:, \dlicl! ,:ontriillll(' 10 inherent driver 

,..;,1"('(\ pott'ntia[ an' di:'l'u:'.. ... ·d_ Thl'"'' arc: 

• Dri\rr l·dul'ation 

• StatIo lit;('n"ing: proeedure:o 

• Safdy pro~arrl" 

• Law ('nforcl'menl 

• .·\llitlld(· and habil compollI'nl:, of railway-Iti;,dl\\a:- :,akt\' 

• P,.~"Choph~"iulo;!i(·al eapabilitil:" and limilalion:' 

Driver Education 

() lit' of tilt' ()L.j.·,·t i",,.. of dri\l-r (·due-at ion i,. to impart IIII' fI'quirt'd knoKI('d;!(" _ "kill,.._ 

Iwhit:" and all ilwi,'" to .:nabl.· til(' dri\'('r to [)('rforrn in a manrll'r liial will rninirniz,' tlJ(' 

probability of hi" cau:,ing or bein~ in\,oh'ed in a traffi(· aceirlt:nl. The \ational Education 

.\:,,.:oeiation (196 I) dl·fine,. dri\,l:r and t:-affie :,afl:ly .. oucat ion a,.: -'Iearning experil:nel'" pro­

\id.·d by th .. ,.:dlOOI for the purpo:'t' of hdping :,tud('nt" to lw('onw good traffie citizl:n:' and 

10 U:'I' motor \·(·hick." ,.:afd\' and dficienlh'_" 

Trarlitionall\' _ drj\"('r Iraining wa" accompli,.f1l'c1 by an (:xp,:ri('!le('d drin:r (u:OlJall~ a rnernlwf 

of LIlt' famil~") leaehill~ the nO\'ice thc mechanic,: of dri\'ing and th .. rule,: of th,: road. III 

n'("'nt y .. ar,.:, however. training: ha,.: become in,:titutionalizl:d. allli an incrca,;ing proportion of 

dri\,·r,.. rt:ceiw all or mt):,t of tlwir ba,.:ie Irainin:,!: through ,·ommc.:rcial driving ,.:chool" or 

Ihmlq!h the public :-chool "y"Lem. The latter Ira,.: bceome of inc!"(:a,.:ing: importance and va!\II' 

:,inl"<: public ,-<:hool driver education progr:::nl"- typically inelude much more than guided 

pradio: in handling tIlt: vehicle and cover ,.:ueh !opie,. a,. molor \Thide law,:. ,.:afety rn.·a"lIrt·". 

,;ai,' driving pradil"'·";. and th(' like. for the ~'ounger g(:nnalioll .. I" drivers. tlu: ex PO"II fl' 10 

,..lIeh a broad t:our",' of dri\'ing and ,.:afety education ha" "ho\\"11 "oml" pa~ off. Fur l'xaIllJlI(·. 0111" 

l'0,.;"iblt· interprdation which ha,; becn ':lIgg;c,:ted for Ihe decline ill railway-hi;.:hway a':I"id('nl:, 

invoking; younglT agl: group,.: in the Chic.:a~o an:a i". Ilw increa~ing prl'\'akncI: and l'l"fectiv('I1(''':'' 

of high :,r:hool dri\·.:r education in LhaL ciLy (Logan. 1969). 
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The Chicago expencnte ha,.: not been verifil'd on an; "eil'ntifit' ha"i" , :\lthough informatioll 

n'garding the railroad ~a(1c t:ro,,:,in~ j,: included in nllmerou" hi~h ",-:hcwl drivcr eoiucation 

('llrrieula, thc timc dc~\'oled i" 011 thl" order of fi\c' minllte,. Ollt of :-10 cia",,. hour,., A nulabl" 

(":\.l"t"ption i" the Walt-rloo ,.chool "y"tcm in Iowa wlwn' ('aeh drin'r f'duc-atioll ,.;tudl'nt. a,. part 

of hi,.; h"hind tl]('-\\,h,·c·1 train in;!. traver;;t"" a railroad grade ero,.;"ing and i,.; l!j\"~n a p"rformaIlCl: 

I'\aiuation by the in:,truetor, The Iowa Oriver Education Curriculum contain,.: a page dl~\otr-d 

to the railroad grade crossing describing material for tht: instruelor to I:OVI:r a,; \H~lI a,: a ""ric~" 

of ":pc'('ifie propcr and improper driver performance". The Iowa "I:hool "y"ll"m wouid appl'ar 10 

I.,.. a d"sirable location for a program to cvaluate the pOlc'ntial of driver educatioll 1:1,0;1 ;!rad,' 

cro:,,,ing driver performance. In an examination of the high ~hool drivcr training cu,'ricula ill 

fi\'e school jurisdictions adjacent to Washington D.C. (Alexandria, Arlingto!1 County_ Fairfax 

County. the District of Columbia, and '.lontgomcry Coullty)_ it was determined that railway­

hi~hway ,;arety recei\'es almost no attention_ Apart from teaching recognition 01' till" ,Ialldarrl 

railway g:rade cro"sin~ ,:igo,.: and poin ting out thf' legal r.'qllirc-ment 10 ,.:lop at a rta,.lwr or 

t.arrier_ the curricula ill Iht">'(' fiv(, juri:,didion" are almo":l d"\oid of in,.;lnu:tion in ;!rild.· 'TO,;,;­

in;! ,.:;Jfety. 

Som,· text" availahle to tcacher,.: ("ontain "par:"C information on railroad gra,ll' cro,.::<m;!",: 

I~ pi"al .. I' tlw:'(' are: --Tomorrow's IJriH'r":.-- Pawlow,.:ki and J u!Jn,;on (11J71): '-\1ayrla~'-

\Ia~ day'-' The Dir(".-(orak of At"ro:,pa~"(' ~afdy_ l!,~. Air Forn' (lindalc·d): '·~port,.:rnanljkl· 

Drivin:;!'-- ·\merican Automobiir- :\,,":o('iation (11):-0), 

.. \1 Ihi,. point in time, it mu,.:t bc ,.:urmi":l:d that the kno\\ledge that the dri,,:r bring" 10 1111' 
dri\'ing ta....:k baSt~d on hi,.: ha\'in~ completed the typical "30 and 6" secondary ,.:chool nrivcr 

education program i" limited to thc realization that the g-rade cro,;,:ing pre,:cnt,.: a potential 

hazard but without a "pries of :::pecific action,,: to be taken to minimize till" frl'qll('ncy and 

sl,v(,rity of poCential train-vehicle conllict,.. TIl(' rlrivcr-" inherent sakty pot('ntial i" prc""nlly 

not increa:::ed with re,.:ped to the gradc cro" .. .;in~ "itualioll by driw'r edl ... alion_ 

RCSl:archt'Ts arc' developing matcriab to provide an ;Jccident cOllnkrmt'a"llrl'-oriented dr;n"r 

education curriculum, Sp"cific action item" on the part of the rlriver are rle"eribed for \,ilryin;! 

c:ondition,,_ Although the,.:e item" are few in number, il provide,.: a ":Iarting point. The ~afl' 

Performance Currieuium for Secondary Sehool Driver Education Interim Specification,.:. 

HumRRO (11)7~) cantains tht" followin;! driver railroad ~rade cro,;...:ing performance il('m":: 

The .<Iudenl will ,,"<en'" Ih,. h~hwa.'" well afll'ad /fJr ,.Iru<"l"re .• , .<Uch a.' ",;il-
rood ero .... in,r: .•• bridges. tunneL,. and 1911 pla:as. 

11,· .... ill: 

Watch and/or li~lcn for phy,.i .. a: illuicatioll:- that ... <ailroau <:ro,.,.:in~ I:' 

aht-ad. ~uch .1:- railroad lrack~ or th .. >'01111.1 of till: train or iI, 
whi"tl,·. 

()b,...·rv.· hoth dire'ction" of tract.... 



iligh"a~' ~truclur,,~. ~uch ,,~ toll "Iaza.--_ railroad ("ro"in!!~. lorid~.·,- and 
tunn.·b. I'r(l\'i<l,' l'Ul-~ to th,' ~tud"nt fo~ tl,.. ~ar" op"ration of th,· car. For 
~ppr"pri ... t(· :"1-""-.1 control (\ .. h~~11 IIt'~otiatitl:!' r,ailro~J.lI ~·rl.:"":",,ill!!~. lll., :-lu.lt'nl 

"ill : 

1~,·dllCl· ~P~-"IJ &.111(1 pr"par" 10 ;-olop '-It Lh." C'r(l-':-~II~ lIlIl.· .... :-- 114' h,J:-- &.I 1,1.'ar 
,i.,,, of th,' lra.-l,~. 

If h.- 1:-- follo\'Io'ill!.. .~ ::""c·hool I .. J:--. ('0I1I111I'(t'ial pa~:--. t):!,'r \j·lli('it- or Lallk. 

trud •. "r",.ar.· lo ,top ! .. ·hind tl ... ",·hid.·. 

When approachin:r a l"rn~~ing .... ith no signal. d",:do:ralt: and: 

If "i,;I.ilit" i, c1"ar and 110 Irain, ,In' in ,.i;!hl. maintain 'I'".:d and G'''' 

im nH'di;llo-ly. 

If train i~ approaching. ~lop the car within :;0 flOe( bll! not It:,,~ than 
I::; f('cL from tnt' n"are,t rail, 

U'hen approaching: a :-oignaJizt·J cro:.o.. ... in~ (11 .... ·.,hill~ li~hl:"" or :,!al(':,,). d,·c(·I'~ral,· 

and tln'pan' to ,top ill alh anet: of tilt: l'ro,,--ill:;!: if Ill<' ,.i~lIal i, act i\' a t.-d . 

When l'ncounh:rin:,! hi:,,-hway ~lrUl·turc·" (railroad cro,~i":r~. toll plaza~. 

brid!!t',. and tUlIlll'l,. tho: ,lud",'1 "ill r"'l'olld I.y p,,,.itionin:;!: :1 ... ear ill 1111' 
appropriat.· man",'r, ,\l r"ilro."l t:r",,~in!!~. I", "ill: 

I·ro ... ·.·,j acro,,~ 11li' Irad.~: 

WIll''' h,· hOI, a d.,ar ,i.", of all tl", Ir;.:··I..~ in I.olh olirt·,·tl'III~. 

If lit) tr.;J.ill i:- ("l)IJlill~ or i r it i:"O ... topp.·,t •• r 1111)\ i II~ :",111\\ h .:.It a 
di,lall('l·. 

If till' Ila:.rrnan ~I) olin~·cl,. 

\\I,i,1 ,toppilll! 0" tl ... Ir" .. k, or I ... ", .... " Ira.,k,. 

ElIlc-r till" cro:"" ... i:l!,! quly \.,-11"11 thi'fc" i~ :-ul fi,·i.'nt :--I'l,.IC" 011 tll'- ollll'r 

~id.· or tlw tra(·I..~ 10 ~Iop wilh'Jllt I'foj"dill;! ""I .. til<' Ir .... I..'. 

\\' ail for th,· traill (0 (·olnpl.·t,- Lh,' c";"t):",:-ill~ h.· for,· :-:larlirt~ :lI'ru:",!"'. 

rl-nlaiuirl!! ... topP,·(1 if oth"r train:-- ~rl' ;Jppro;.lC'hin~. 

'\ I ~i!!T1al iz.·d cr()~~i"I!~: 

It.o main ~,opr"d u IItil Ih,' ,i:.rllal irH1i(:at.·~ :ho· [rat'k i. d'·ar. 

Continu.· throu:.rh tl1l' (·ro" .. inl! a~ (luil:kl~ a, po,>il,I.· ir LIIl' ,il!lIal r,. 
adi"at.·d whil.· tl1l' car i~ ('ro,,---inl! th.· track,. 

Thi:, e1J"OUp of "Iw('ifieation:' rI'(Jrl':'(~nL:' a porlion of 11)(' I'IlrrinlillnJ lhal will he 

"drrrinidt'rf'd or. a pilol lJa:,i:, to group,; or ,;,oeondary "dlOOI ,.llHknl:, during llH' p.oriod .I111~ 

1')7:i-]lIne 1<)7:~. :\cl'idr:nt exp"ri('nce of "ludcnL'" ('omrldill:": lh,' loLal curricllium ~~'i!i III' 

"I)rnpan~d with that of (I) "llldcnb nO('civin;; a drivcr "ducalioll program lIol :,pecificall) dt'­

,;i!,!ned. a:' thi:, is. a" an accident cOllnlcrlllca"urt". and (~) "lud .. nl" rl'o'i\ing driving ill"Lnidioll 

olll"id.: of the form<ll :,chcwl "y:'lcmo Sludcll L:,: will be <I"",ignr'd lo the thrci' in:>lnrl'l iOlla! 

g:rollfl:' on a "tralificd/random ha:,i,: ill ord .. r to diminall' all" :,,,,,II'malic diffPrlo'Wl'" in fador,. 

ollwr lhan method of ill:,trllclioll. 

->-



Thi.;; program ha,,; jh~ potential to provide ,:ome dala a,: 10 lhe cffl·divene,:,.; of driver ed­

Ilt"ation :.'Cning: :I::' an accid(~nl f:Ollntermea:'llre in Ihe ~r;!ek I·ro,.;"ing: "itualion. 

Pl:blic edu(:ation i:, not the only mean" by which dri\'in;! :n"t~uclioll I" aCI:omplishcd. COI~I' 

!ill'feial dri\'ing ,.;chool" account for..! larg:e proportion of driver Irai!ling:. 

The general expectation with reg"rd to commercial driving ::,chool::, i::, Ihat little or no em­

pha,:i;; i;; placed on railway-hi¢1way ;:afety. Thi;; w;;,.; Lome oul by ;:ample inquiric" of firm;: III 

Ih .. \\" a;:hington. D.C. area. Of the ,:ix commercial dri,,-ing: ::'ehl,ob con tacled (I wo each III 

\"ir~inia. ~lar;'land. and the District of Columbia). none included any 5pecific elemenb of 

railway-highway safety in their training "yIlabus. and none made any special "effort to incor­

porate ~radc cro::,,:ing,: in their practiC(~ dri,,;ng tours for ,:tudenL::,_ 

State Licensir:g Procedures 

!{f"~ard!e",: of how the driver is trained. hi,: qualifiealioll::' to operate a motor ,·chid .. art· 

"lIhjeel to examination by the ,:tale ill which he re"ide". The lie(~II:,ing: au thority t'xerei,...·,: I WI) 

furwtion,:. It examinl'': and eertific,: the :Jpp!ieant",: driving abilily aml knowledge of motor 

\I'hid,' law;:. and it ;:(~r\'{~:, a:' an in,:tnlment of driver edu(;:Jlion and improv.:menL. 

Thl' proce;:,: of lil:en,:ing driver:, is geared toward eXI'r("i~in~ "ome form of ('ontrol v\"l~r 111-

experienced driver,:. It ha:o been prcviou;;iy poinled ouL lhal ('dllcation and training prior lo 

lieen,:ing can provide knowledge and ,;kills and abo eneoll .. :Jgl' a dwnge of altitude amon~ no· 

vice diivers relating to vehicle operation and the drivCf'::, rdalion,:hip to other moto~i:'t,,_ I I' 

:JCj(,IIualf' course content in the public ;;chool ,:y"tcms relating Lo tilt' railroad ~rradf' lTo,.,.inl! 

"itllation wPre to be provided. iL would bt' a ,:igniricallL pl'rind or limf~ (O\'f~r 15 Yf'ar,,) Iw­

fort' thi,. training had been available to a large proporlion of drin·r,:. 

In lieu of providing the required information in the cia",;room thl' "latc:' can: (I) prmielt­

rell~vant information in their drivers maiHlals. (2) have k"t qW',;lion,: ror initial and n:rlt'wal 

!iu~n;:e applicants. and (3) utilize the driving lcst 10 veriiy operator,,' knowledge of proper pcr­

formanct' at railroad grade (;ro,:,.;ing" . 

.\ national survey of state drivers manuals indicate,; that they normally contain a ,:ke:eh of 

lhf~ Railroat! Advance Warnin~ sign (W10-I)1 and may include: a ::,ketch of the Railroad 

Cro,;"buck ,:ign (iU.5-1) and the auxiIiar;' ;:i~n 5hO\~ing the number of track:, (R 15·2)_ A 

I Itd"r>' to ,.) mbol,. dd"in"d in th.· milnual on l; niform Traffic C01l1ro11 ),., i('t:~ for :-:tr.·.·b and II i~hway~ ... \ .. \:;II(). 
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,.takmenl i,. u"ually indlld,·cJ Ihal Ihe railroad cro,,~in!! i,; a h;IZ:lrdoll:' location a:1d that driver:, are 

killed ,'ach year beeau,.!" Ilwy haw 111"1'11 ,·an'I.,,,,,. not 100k,'<1 in boll; din"'lion", or 1I:1\'t" pa:,,.ed otlwr 

!":lr,. al Ilw no,,:,ill~. T:lltl .. :~·I pnl\'id .. :, a .. iJlIlp.·lHlium of II ... 11I1mLH"r of "I a t<- (Ji-i"'r" m:ln::;:!" 

.. onl;linini! "pt'cific informalional eon!t'1I1 wlliil' TaLI.· :).:! illdi!":ltl'" tilt" :'am" data 011 a ,.Iatt,.b~ ·"tall' 

f,,,,.i~. Taule :~.:~ illdi":ltl'" IhO"t· railroad :,!rauI' nO:<:'ing":·r,'I"krlli,·ell:,in:,! n.amillation qllc"tioll" d.·· 
\("101"'.1 f,~ t~lt" "i~.:fJ\\a~ ~aft'ly RC":t"an·h In,;tilullw of til(' l'lIi\'t'r"it~ "f \Ii("hi~all (l1~RI). TI ... ",· 
l-JI:I·,.tiol\,., c:-'mpikd in a h:lndLook. will I ... LIlt" ba"i" fur 1.·,,1 d,·m,. 10 I,.. Il,..,r! ill ":Ialt' 'lol()r \ <"I,idl' 

Bureau examination". 

TIll' irIlT"""ing u",' .. f 3udio.vi",ual It,,.tinl! "y,.:tl'l1I": to provide allloll\:lll·d klltl,,'kd;!I' "'"lin!! and a 

polt-ntial for remedial It"arnin~ experience in area,.: when' till' appli.::lrtl ha,.: (kmon:3tratcu a lack of 

kno",led;!.·, would b(' partinllarl~ :'[litable for the de\"e1opment of a "p,'cific package on till! railro<ld 

;!radl' no,."in:,! "ituation. I'.!! .. tiH' :'tall' law::,. emergency ,..ituation,.. "af .. praclil"!·;;. hazarcloll" pra," 
t i 1'(',.. de. 

III th .. an'il of performam:p I('"ling. Ihe objecli\'(' i:, to dt'krmilll" wlH'lllt"r or nor 1111" dri\I'r "an 

()llI"ralc lri,: \"chide in ;1 "af.· and I'r"plT manll'T. '1'1":'1 adnrilli.;fr;ilor,.. .... !lId Ill' Iraill"d and off·"tr,·.'1 

"'':Iill~ Lwilitit·,. d"\"l'loFwd to t'\"<l1 II a (10 lilt" n[wralor,,' pl"rfOrrnalltT of "I't'c'ific marr('!I\,'r" IIrrd"r \ar~· 

ill;! r<lilroad ~r;J(I., no,:,..in~ "ituation,.. :-:;ud, facilili,'" cO!lld lit" "".·d fo~ a It-adlirrg: a,; \\'("11 <I" a 1",..lirr~ 

l'ro!!ram in ,·onjllr:··tio"! ',,'ilh tht' rt'ml'dial It'a("hin;:! pad,a~t' lIwllliorwd 1'rt"~'iClII,.I~. On·,;ln·I'1 It'':lill;! 

ill an·a,. .. 1o:,,' 10 railroad g:radt· pro:'o..;:ill~:' mi~ht Illak,' ll:'l' of 1111""" plry"ical It'"t ,.itl'''' proyitil'd th .. 1(';;1 

admilli"lralor" arl' prl'par .. u 10 C:Olldlll"l all irwrt'lIIl'rrlal forn] "I' !,·,.I. ";wh illn"IlH'1l1 pnmitlin;! 1111' 
apl'lil'ant to rnake;)!1 improrJ('r a,. \\I·lJ <I': a proper marr"II\l'f "dlrolJt I'I't:;t!ill~ a hazardolJ,. "illl;Jli(lll. 

,\!thollgh impro\"pd licell:,ing If'd,niqw'" ha\(" till" polt'llli;,1 III pr()"id .. tilt" driv .. r "illr particular 

,.ai'd~ orit'litt'd kliow!t'dgt, and altitllde,. 10 brin~ 10 lilt" railroad !:!:rad.· "ro:,,,ing: ,.ituatioll. al tl)(' prt·­
""nt limt' it ("an be a,,:-,umen thaI thl' driver iil"'n:-,ill;! pro!!;rarn" art> nnl irWrt';I"ill;! (1)(' ildll'rt'nl dri'I'r 

,..al"d~ potf'l1Iial at IIIP phy"ieal cro""in;! "it". 

Safety Program!' 

TIlI"rt· i" a t"on:;ideraLle oVI~rlap amon~ ,.:aft'ly program:'. dri\"('r .·dll.'ati'lI!. li("(:n"in~ pro .... dllrt·". 

and law .:nfor. t'ml'n!. Often. the pro~rram ma~' lakt' lilt' form of irr,.I~lIl'!ional marlllal,. or halldbook,. 

i""llt'd by pri\a!!- or;:!anization,.. or ~o\"('rnnlt"nl agl'!1l"il'''. For ,·xaITlIIII'. 1111" .-\mt'ri .. all Tn:t'kirr~ ,\':,",0, 

"iatiorr i,,:,.lI",. a lrllt·k dri\"er:,' handuook and monthl" "ai'etv 1\.'" "ll'llt'f" 10 il,: m,·mlJ('r,.:. :'1;1'" lIIotor 

,,(,hid .. bllrt'au", on"n pllhli,:11 :'af .. uri"ing ~uiut'''' po:,lt'r". and "lid, Ilrrollgh IllI'ir uriwr 

imprint'menl prngr"m::'. Frt~qlJt'r~lly .too.law ('nfort't'lIlt'rrt a;!,'nl·i .. " ,.po,,:,or "afd~' campai;!'I,.. TIIII". 

"afdy programs do not really repre,:ent a wholly :'l'parate a\"I~"IIt: for illfhwncing dri\"er knowl,'rI;!!'. 

\\"Iwrp ,.:afC'ty program,; do difft'r from lhe",' olllt'r "our,'e:' i,: in Illt'ir approadl. "hid, i:, u,;uall~ 

broad and eor:duded through public media. 



# STATES 

3 

20 
16 

5 

2 

27 

9 

1 

8 

2 

5 

11 

2 
10 

17 

26 

46 

26 

42 

8 

18 

23 

33 

2 

15 

21 

8 

5 
14 

7 

15 

4 

13 

6 

16 

14 

14 

Table 3-1 

Summary of State Driver ;\Ianuallnformat:o'l 

B"HAVIOR - GENERAL 

S StOP 

SD 

R·S 

FSV 

CN 

L 

RW 

LIS 

C-R 

R·P 

TT 

NSG 

Slowdown 

Is ready to stop 

!=ollows stopping vehicles at a safe distance 

Exercises caution at night 

Looks 

Rolls do",n window 

Listens 

Keeps right 

Restricts paSSing 

Avoids bei"g trapped on Hacks 

Avoids shifting gears on tracks 

BEHAVIOR IN PRESENCE OF TRAIN 

STC StOps when train)< close 

STW StOps when train whistles 

STD 

C-ST 

StOps a distance before tracks 

Checks for second trai., 

IDENTIFICATION OF CONTROL DEVICES 

CB 

RR 

L·CB 

L·RR 

C-CB 

C-RR 

D-CB 

D·RR 

PM 

D·PM 

Pi~ure o~ crossbucks 

Picture of advance sign 

Labeling of cr-::ossbuck:; 

L<obeling of advance sign 

Color of crossbuclcs 

Color of advaf1c~ sign 

Deployment of crossbuck. 

Deployment of advd"ce sign 

Picrure of pavement markings 

Description of pavement markings 

REACTION TO CONTROL DEVICES 

S-F SlOP for flagman 

S-FL StOP for flashing lights 

S-G StOP for gong 

S-SW StOP for aCTivated wi "wag 

S-GT StOP for gate 

NeG Does nOt go arou nd gllte 

NTI Checks sign for numb" of tracks 

R Respects signs and sig.,als 

S-S StOps for signal 

S-SS StOps for stOP sign 

00 Obeys direcrior.s of officials 

SPECIAL REGULATIONS -STOPS REQUIRED 

S-SB School busses 

S-PS Public service vehicles 

S-EX Vehicles carrying explosives or inflammable liquids 
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Table 3-3 

Driver Licensing Questions From HSRI Handbook 

L Class C. Vehicles (Cars &.: Small Trucks) (p.62;i 1-7) 

1. If you come to a railroad crossing that does not have a signal 
on it: 
a. Stop and look both ways before crossing. 
b. Contir'lue across at normal speed. 
c. Blow the horn while driving over the tracks. 

·d. Slow down and check for an approaching train. 

2. If you come to a signalized railroad crossing: 
a. Stop and loo}; both ways. 

*b. Slow down and be prepared to stop. 
c. Continue at, normal speed. 
d. Speed up and .cross quickly. 

3. When you come to a railroad crossing with no signal, you should: 
a. Speed up to clear the tracks quickly. 

·b. Orr~ the window and turn down thc rad io. 
c. Look to the left and proceed if the way is clear. 
d. Come to a stop and check both directions. 

4. When coming to a railroad crossing where the signal is activated, 
you should: 
a. Con:.inue quickly across the tracks if the train has not yet 

arrived. 
b. Slow down and cross the tracks slowly and carefully . 

... c. Slow down and prepare to stop. 
d. Turn around and try to find another routc. 

5. If you come to a railroad crossing where t~le signal is not activated, 
you should: 
a. Speed up and cross the tracks quickly. 
b. Continue at the same speed and check for a train before 

crossing. 
·c. Slow down and check for a train before crossing. 

d. Come to a c.omplete sto!J befo:::-e continuing across. 

-I nd icates proper answer. 

~-11 
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Tabl,' :~-:~ (CoIILin:ll'd) 

Dri\'t"r Li('('II"ill~ ()!I('~Li()lI~ FWIlI 11~IU Ilalldll()()t.. 

1. Class C Vehiclcs--(cont'd) 

6. W!lile stopped for trains at a multi-track crossing: 
+a. Wait until :ill ·r~<ir.s have passed and you ca."1 see in both 

directi0ns, 
b. Start ;:,.e1'oss as SOC:1 as the near tr2.in h:ls p25serL 
'-. \V.~it l!ntil n3gman signals yet: to cross. 
d. Get out of your vehicle for a cle<:.!" view. 

7. When you are c!'ossing r;-,ilroad tracks 2.t a slow speed, do not: 
a. Start acr 0 5 S in low ge ar . 
t. FaDm': other vehicles at a distance. 

·c. Shift the ge3.r"s while you <.:.r-c: cl'o"=,i:~C;. 

d. Drive at a smooth, even srced. 

(P. 122, 114-6) 

4. The r.essage on tl.is sign is mailro Ld): 

a. Keep lU!jht. 
·b. Railro3.o Crossing. 
c. Cross \Valk. 
d. Do Net En~er. 

5. You should expect this sign (Railro~"i C!'ossuuck lU:i-lJ ncar 3.: 
a. School crossing. 
b. Fire statio:l entrance. 

·c. Railro3d crossing. 
d. Roau construction arC~l. 

6. When YOll sec this sign (R3ilroad C!"ossbuck iU5-1), you should: 
a. Spccd up to quicldy cross the 1.racks. 
b. Stop until the n:lgman signals YOll to cross. 

·c. Slo\".' clown and bE- prepared to slop. 
d. Stop at the nearest rail and 1001: it; botb directio!1s. 

(P. 128, #6-8) 

6. The share of this sign (Railroad .''\dv:l!1C'co Warning) indicates: 
a. Stop. 
b. School crossing. 
c. Yield. 

• d. Hailro::td c!"oss ing. 

~ .. 
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Table 3-3 (Continued) 

Driver Liccnsing Questions From IIsm Handbook 

I. Class C Vehicles--(cont'd. j 

7. You should expect this sign (Railroad Advance Warning WI0-l) 
before a: 
a. School crossing. 
b. Traffic circle. 

"c. Railroad crossing. 
d. Highway intersection. 

8. This sign (Ra!lroad Advan~e Warning WIO-l) means: 
-a. Slow down and look out for a trai."'l. 
b. Railroad crossing ahead--always stop. look, and listen. 
c. Railroad ahead is controlled; vehicles are not required 

to stop. 
d. Stop at the nearest railroad tracks and wait for a. signal 

before crossing. 

(P. 138, #1) 

1. Thzse pavement markings (Railroad Crossing Approach 3-14) 
mean caution: 
a. Stops~nalahe~. 

b. Hoad work ahead. 
c. Detour; vehicles must turn right. 

-d. Railroad crossing ahead. 
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Table :~-:~ (Col1lilllled) 

II. Class A & B Vehiclcs (L:<rge Truck,; ~" :i.rticul;lt,-"., '.'cilid,.:";', 
(p. 2-19, ;'1-10) 

'1. \Vhen coming to a railroad crossing, you shoulel :::t:;sume that: 
a. You havc thc right-of-,\'ay. 
~. A train is coming. 
c. You will not need to stop. 
d. The signals WOllld be on if there was a trai.'1 ne::-trby. 

2. If you come to a railroad crossing v-"here the si;:;n«l is not on, 
you should: 
a. Speed up slightly and cross. 
b. Continue at normal spe<:d and cross. 

·c. Slow clo'wn and check for trai.ns bc,:-ore cro;:sin;:;. 
d. Come to a :ull S"LOP and look oo:.h ways beforc cressing. 

3. Before you cross ..,n unsign;,1izcc! !";li~:'o:'(. !.,;,c!:, YOll s:,ould: 
a. Come to a full stop_ 

*b. Be sure you have tune io get 211 lh·= "_\.';;y :.lcro.ss. 
c. Speed up a ~i;. so you '.~·ill l,c St,!'e no~ to st:,ll. 
d. Kee r one fool on tile clutch in Cil~;C YO'l nC'<.:d to shift ',-;nile 

on 1hc tracl-:. 

4. If you 5c;e a Ion;:; train coming toward you at a railro:id crossing, 
you should: 

a. Cro::;e; if you think yo:.! Ca. .. ·1 do so quirkly. 
b. Blow your born and cross ;-" a ITlodc,·;·1..> sr'ced. 

·c. Stop :!ncl wait un!c>ss you :::tre SU::"l! YOll can cross in plenty 
of timc. 

d. Turn around and contin:.!e by ano1.hc!" ::"O:1t(:. 

5. ·,Vhen you opproach Cl railro3d crossi~.:; i!l :l long line of slow­
moving traffic, you sbould: 

.. a. Be sure you v:ill not be tro9ped 0:1 the: tr3cks before c!"ossing. 
b. Attempt to p2.SS whell the vchicle a::c:~d has slowed clown to 

cress the tr:<cks. 
c. Be prcpared to shift geo!"s v:hile :;'ou arc on the tracks. 
d. Stay close to the vchicle in front of ),0:.1. 

6. You may have to stop at a railro..,d crossl::g if: 
a. There is no gate at the crossing. 

*b. Yot.; ;-,rc c;:trrying certain cargo. 
c. There is morc than 1 track. 
d. Your truck has morc than 3 axles. 
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Table 3-3 (Continued) 

Driver Licensing Questions From IlSR1 Handbook 

II. Class A & B Vehic1es--{cont'd.) 

7. When you are the first to stop at a railroad c!"ossing, you should 
not: 
a. Signal the drivers behind you. 
b. Pull over to the right. 
c. Downshift into neutral or you!" lowest gear. 

·d. Move as close to the tracks as possible. 

8. When you are crossing railroad tracks, you should not: 
·a. Shift gears. 

b. Drive slowly. 
c. Look to the right and left. 
d. Maintain a constant speed. 

9. If you come to a railroad crossing where there is a double set 
of tracks, you should: 

*a. Check to be sure you can get all thi! way across before 
crossing. 

b. Stop haliway across and check for trains from the other 
direction before continuL."1g. 

c. Come to a full stop :md check both ways before starting 
to cross. 

d. Look both ways and speed up to cross the tracks quickly. 

10. Railroad crosSings on streets in cities: 
*a. Are just as dangerous as rural grade crossings, 
b. Do not require that you slow down unless the signal is on. 
c. Require th;."tyou slow do',vn unless the signal is on. 
d. Are all required to have gates rod signals. 
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Table :1-:1 (Conlirlllcd) 

Driver Liel'lI:"ing Quc;:tiurI:-' Fn.rJ1 II~r: I lI:md!",.,l.. 

III. Class M (I\lotorcycles) (p. 137, #1-6) 

1. When driving, YOll ShOllld: 
a. Drive f:lstcr than the othcr \'chiclcs arou:1d YOll. 

·b. Lo;)k for warning that ~ailro~d cro::;::;i11;;s J'e ahead. 
c. Stay 10 mph or more belo\·.· the kg2.1 ::;{jced lir.1i"C. 
d. Try not to lean v:hen turni:1g 0r ch:J.n;:;!:1; di:rections. 

2. When coming to a railroad crossing \':itbo,;\. \·::-.rning signals. 
you should: 
a. S'i.op cven if yo..! clon't sce :lIlV t1':.i:15 comL'1g. 
b. Look in both directions qu :'c:!;.ly. 

"c. Slow down and look before era;::;.';:;:;; ~j;e u·~icl·:s. 

cl. Press in thc clutch befo:-c: crr;ssin2" T:~':' tr.:!cks. 

3. The best way to cross railro:lo t:r2.d;s is :0: 
-a. Go 810\1/ ancJ cross at an .:1n;.;J~ to i.;!l..! ::i,;)lt. 
b. Recluce spced and cross at a:1 c!:lgle to the left. 
c. Speecl up slftihtly ~illcl le:lll ioc'.·Jrd for IJ:,.l:ulcc. 
d. !{cducc specd and cross :1t a righ:: :l.ngle. 

4. When about to cross a railro3.d trac~ \·:r.C:1 no ,;-ains are ncar, 
you should: 

5. 

a. Grasp handlcbars loosely ,"nd instruct p3.ssengcr (if any) 
to relax. 

b. Shift ;your weight back and forth :,s yo:! cross the tracKs. 
c. Accclerate sharply to gain momC:'lt::11 :e get over tr3.cl;:s. 

"d. Keep your motorcycle as vcrtic:Ji ;:s rossiblc. 

When crossing railroad tracks :~t a JO'..: s~cc:d, yOll sr~ould: 
a. Start across tracks in third ge::u". 

*b. Slip your clutch to avoid jcrki:l;: H~<.: :notorcyclc:. 
c. Shift into sccond or first gC;ll" · .. :hC:1 ,~Oi116 o·:~r 1he tr3.cks 

for more speed. 
d. Stop between the tracks to cheek =';:;:1.in for traL"ls. 

6. IT you drop something off your motol"cyclc "":hile crossL.g 
railroad tr acks. you should: 
a. Stop on the tracks and pick it up :-ig!lt a'.'::lY. 
b. Back up ii it looks like no tr;).in is coming. 

"c. Keep going until yc_. can pull off the ro~d and walk back to 
tracks. 

d. Leave the object where it is, since it's illegal to pick t!1ings 
up from thc track. 
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The :\ational Safety Council. American Automobile A,,:,ociation. Am(:rican Trucking A,,· 

,.ociation. ~ational Association of 'lotor Bus Owner". and A,,:,ociation of American Railroad5 

all prepare and di5tribule literature regarding railroad grad!" o:rossing ,-afcty_ 

An example of an intensive. ('omprehensive safety campaign was that completed III October 

1972 b,,- the linion Pacific Railroad in Idaho.! The campaign lasted ~ix wcpks and included: 

• new5paper ads in seven major daily papers: 

• public sen-icc announcements over radio and television: 

• talks by state policemen at schools and civic organizations (the police showed a spe.-;ial 
safety film and di5tributed "Lifesaver'· candies with special 'Happers emphasizing: grade 

cro:;sing safety): 

• eyewitness accounts hv engineers involved in fatal accidents (cngineers appean~d 011 

tel('\ision and films of near mi:;:;es and crossing infractions by motori,.:ts wpre :"ho\,·n). 

:\ major item in the campaign was incrcased enforcement. III add ilion to the coopc'ration of 
the policc. traffic court judges were included in the campaign. Thi:; :"lcp prevented reduction 

of the enforcement impact b~ .. insignificant fines for inf~adioll. Di:'cussions with the Director 
of the Idaho State Police showed that a high lewl of enthu:iia:,m wa:' developed for the pro. 

gram among the various law enforcement agencies. 

linfortunately. the campaign did not end until Oetober 1972. Thus. the benefits of the 

program will not be apparent for about a year when mea;;ured by the IIIJury fatality rate and 

no evaluation of effectivene;;s can be included hcrc. 

Law Enforcement 

Law enforcement. in the broadest 5en5e of the term. ha,; often been cited a5 an aVf'ntw Lo 

improve grade cros5ing safety. Law enforcement agencies and associations recognize their 
potential. and many have taken an active interest in promoting railway.highway safety. For 
example. the International Association of Chiefs of Police held a workshop on thc topic at 
their 1969 convention. Several law enforcement agencie", (thc Kalamazoo Police Department. 

the Chicago Police Department. and the Arizona and California Highway Patrols to namc a 

fe,,·) have active and forward looking programs related to grade crossing safety. Howevcr. th,~ 

national pattern uf law enforcement in this area i:i ;nixed. ranging from the excellent program" 
just cited to virtual inattention. 

I[\.D. ;'I:elson, :l.lanager Safety and Courte;;y. Union Pacific Railroad, Omaha. :\ebraska wa:,; in ehari!" of thi~ 
pro:;ram. :\'Ir. Ndson is currently preparing a film de~cribing th.: lininn Pacific campaign. 
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To obtain in"ighb into local program~. traffic police offi("i;tl~ ill ~'Hne' ,wad,y jurisdiction" 

',ert' ('on,:uIlt'd, TIl(' fe'w ,..xampl"" of lu("al law "nforcl'ln('nl pradi,,,,,, ;!i"'11 IH'low arc illll,:tra· 

ti'" of uoth Ihe rall~(" of 1Tl,'a"lIW,. whidl an' applicd and IIII' varialion \-,'hidl ('xi"L;; amo!l~ 

,'ollti;"''lIOII:' juri,:didion':, 

TIll' A\!'xandria Police have no grade crossing safd., prugralll ,11111 no "pecial or ,.La!l(ling 

in:'trlldioll:' an' i:'''lIl'd 10 traffie patrolm'~n in thi:, rc'gard, A f,'" ~":.Ir,. ago, ,,'1.("11 a prornin'~nt 

"ilizl'n ,,'a,. killed in a :,rrade cro:,:,ing aceident, a number of ('Olll'lT!ll'ti commllnit~ organiza. 

tion" in;:titutcd a ,;afety campaign. which was fully supported by the Alexandria Policl~, In 

tinH', hO\\'(,vl'r. public intcrc,:t dwindkc!, and the progral!1 lap"cd, II i" hard to "ay ,,'hat la:,Lin;! 

df,'('l "lIch a one·time effort ha,. had, 

In rc"pon,:e to citizt'rl'" complaint:' about failllrc' 'Ji molori,..t,.. to Iw,'d f1a,.h(~r,.. LIl(' 

,\I"'<lndria Policl~ have on ocea"ion :,Iationed a patrol ('ar ,II tlw ~"1I1!1 \ all I)"rll :'tn'l'I (TO,..,.· 

ill~, :\" a fj'''lIll of "ummon,:(~:, i,.,.ued and tht' :,impl,' pn'~l'lll'" {)I olli",'r:', di~f('gard .')f till' 

"arnill~ :,ignal:, drop,. off ,:harply and remain,.: bw ['\t'li afln I!II' patrol ";11' i,: "'ithdra\\'n, 

\I'l,'r a few lIlonth,.:. how('ver. the paltern of CfO:',..:llg violalioll:-' r""!Il['rgl'';. From lime to timl', 

11ll' Illollitoring: of 1111' e-ro",,,in~ i,. n·in"titlllt-d It'-Illporaril:. !.lIl til<' l'0li~'" do not I'on,:ider it 

f,'a,;i bl[, 10 adopl :'!Iel! an inlt-Il"j,'[' "OIIIlI['rrn,'a,.I!f!' (III a p[Trn;1 !WIII bil,.i" , 

TIIf' Arlin~lun County Polic(" ha\(' a progralll ill ('(l0p'Tal iOIl "illl till' hig:h ",'hool" ",hnchy 

an ofl'i('pr i,; a",.igrwd to each ,:chool to ;:,'r\'(: a:' a li<li,.,,1l 1)['1\\1"'11 "I'it.,,,1 anrl polil'(' official,., 

Prilllar~' altention i,. d(~\'oled to pn'\'.~nlin~ jll\'['nil .. offl'n":I',.. and II) ,'ollill"r:!l'lill;! drtl~ lI,.:a;!(', 

hul ,..om,' !"ffort i,.: abo dl'vol!"rI to traffic ,.af,~t;, :md 10 \\'orkill~ "itl. IIII' drivf'r Irainir:g: pro. 

g:ram, "'bile no "peeial empha:,i,; i,; plaepd on railway.hig:h,\a;' ,..;tI"'I~. il I,. ,'"II Ihat Ilw partil'i. 

pal ion of the police liai,.:on offil:l~r" uoe,. IlI'lp to fo:,tf'r a g:rl':II,'r ,.<11','1: .. "n""ioU:'IH'''::', 

Prince Georges County ha:- a number of ~ade cro;:"in~,. ",hidl arf' l'on;:id.~red dan~erou,., 

/{IT,'ntiy, Lwo which posen "ev("n~ hazard:- were diminated by do:,in~ Ihl' road" to the crn,,':· 

ing,. and rerouting: traffic, In this ca"c. it wa" fell that a certain amollllt of pllblil' inC01l\T· 

ni[~nCI~ and disruption of traffic flow wa" an acc('ptahl., pric[' 10 [1a:' for greater railwa\'· 

highway ,:a[,'ty. 

Tlw,:e exam pies arc not meant to reOcd II pon till' rJllaii!:-' of lo,'al law l'nfor('cm"nt in rda, 

lion to railway.highway safety, K.allH'r. they an' int"'Hkd 10 inrlil'aLc' It 0 \,' p('f('('in'd r:("[~d,: and 

,'ommitml'nb of re;:ourCI:,. can vary among law cnforc(:m('nl a~['lh'i,'" in Illl' ,;am(' area and 

"'itb tlw ,.;am,' general problem", 
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Accident data has shoKn that a majority of tho".· involved in grad f ' croS:;lIIg accident:' an: 
familiar with the crossing. it being relatively cIo"e to their preval.:n t origin.de;;tination point,,_ 

It \\'ould "cern Lhat III spite of the drivcr's perception 'Jf a potential hazard at tlw :.,rracle 
cro:,,,ing. a habit is formed after repeated crossings ,\ithou1 the presenc.: of a train. 

It is interesting to note that data taken in ] 972 on 339 commercia! and school buses at 
railroad grade crossings showed that 53 percent of the school buses and 88 percent of the 
commercial buses did not "top at the crossing as required by law (Sanders. 19(2). The:,c 
dri\-ers are subjected to extensive education, licensing, and ...afet,:; programs; they operate large 
and very easily detectable vehicles; and yet the average speed of the 53 percent of the sehool 

busc:, that did not stop was 25.1 miles per hour at the ero,.sing. It is apparent that the~: 

dri"er:, had no intention of stopping. The question must be asked. if education and trainini! 
r~ugrams. rigorous license testing. and extensive safety campaign:, cannot get more than half of 

Ill(" school bus drivers to stop at the crossing. as requin:d by law. arc: there any inlwn:nl 

driver safety potential.oriented countermeasure:, thai promi:'e a greater :,afety payoff? 

Ba;;ed on grade crossing ob:;ervations at a number of ,;ite,.. it was found that driver,,' f:orn· 

pliance with safe performance practices substantially increased after a period of police patrol 

at a grade cro:,:,ing site (Linthicum. \Ia~·land). In one in;:tancc. a policeman was positioned 

out of the line of sight on thc opposite side of the cro":,,in~ from approaching traffic_ On the 

fir;;t day of observation. 100 pcrcent of one compan:-"s gasoline trucks. that had to cro~:, the 

tracks to get to their fuel depot. did not stop prior to crossing the tracks_ After cro;;sing tlw 

tracks the drivers were able to see the unifor.mcd officer. On till" secon"; day. although Ilw:-­

rould rlOt ;we the officer prior to crossing the tracks. 80 percent of the company'" gasoline 

trucks ~ame to a full :,top prior to crossing the tracb. Apparently implied police patrol has 
the poi:cntial to modify drivers' behavior. 

[t would seem that: (I) if the driver,,' behavior can be modified to increase safety_and 
(2) if most of thc drivers are not already driving \\ith the concept of avoiding a traffic cita. 
tion in mind at railroad grade crossings. then (3) increa;:ed police patrol can result in some 
measureable increase in safe driver performance. 

In order to check out the second premi:;c (that regarding the drivers presently performing 
In such a manner as to avoid a citation). approximately 650 persons in :'-liehigan. !\Ia~'land. 
Texas, and California \\'ere asked the following question after cros;:ing over a railroad track: 

Have you evcr known anyone who got a traffic ticket for crossin~ a 
railroad track when the signal W35 on or the gale was do,,-n? 
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.-\pproximately 1)0 l,prePllt all,~\,-,~ri·d ne~alivd:-: apprl)':im:![.-!: ':'. Iwrc"nl ilJ(li(~a(('rI affirma­

li\.-I~ thal tllt'~ had Iward of ';llt"h .1 tickl'l: anrl fOllr l..-rl't·1I1 did litl! all,,;\t·r. Fifli~en police 

"ffi,·I·r,.. pi'rfurmi!l;! :raffie t'llforl"':lll'nt dlltie,. who \'"I'f(' ;!in'll 111I"tfllt"l!;rt·,j !nlt-n i.-,,",.: in 

(:aliforni ... 'lar~"lalJ(!. "i,~hi~'an_ ami T('xa,. indil"alt·.J thaI !l1I'~ hal ,. rW\('r \\Til/i'n any ti"kd,: 

nor had h.nl)\,-I(·d;!i· of an~" being i",.lll'd for law ,"iolal iOIl" al railrtl,,,1 ;!r<Jdl" .-ro,.:,.:ill;!:-'. 

TIIlI"_ altholl:!h no fjllantitativ,' 1Il,·a,.LJrt· ha" Lt'l'n madi' of tIll' il'\"(~l of .·ffl·clin·nl'''''. poli, ... 

"llfort'f'mcllt would ,.i·t·m to havl' a po,.:itin· (·ffeet. TIll' ""PI'II"f' of :-IWI! irlCr!·a,;t·d rIal ro!. ... _ 

,·"p("ciall~- at high accident location;:. might be co~t-df('di\".· pari i(',lIarly ,.incl' tlw accident data 

"how,. tllt- frt'quency of collision5 to peak at till: time::' of lh,· ;!I"I'al,":: "ommuler traif!c (f11l' 

:-allll' limt':' a:' tll'_~ inerea;:e in pa;;:'cng{"r train :'f'rvice). ThLJ,.. polin' patrol,.: could cffl'cti\(~ly 

"m"i'r a nllmb"r of high accident inciden,'" loe;J1jIJII:' at lh,· Iwah. "qrnrnLJl"r IJI'riod". 

I.a\,- "lIfon_TfTWnt can po"iti"'I~ aff(·.-t inlwn~nl dri\""r ''';If''I: [,olt-lItiaL TIlt' .lllal~,.i" thai 

11l1~:-1 I ... plTfnrfTH·d i,.: !o dl'l('rmiI1l' \,"llI'tlll'r t!~., IWlwfil,.: II];It ;t. ,-nl" Ilbli(.' tilt' .·o,.:l". 

Attitude and Habit Components of Railwa~--Highway ~af('ty 

Of all tlw ..tlaraderi"tiL~ thaI llw driver LlrirJ~!> I" III,' ;!:r'ltl.· ,·rt.:-.'i~I~. atlitud .. :". p.·r:,onality. 

and haLib arc liil' mo:,t ill-d(~rirH:d alld l .. a:-t uIHkr,.;loud. Tilt' !'\.i"I'·II,"(' of a rdatioll bct\\"'cn 

,.:('[,'ded attitudinal. pcr:;;onality. and dri\"illg: b .. ha\";or '";triaLit-,.. II<" ,. Iwcli "xplort~d in :;(~\'cral 

,.:tlldil'~ (.-\dam". 1970: Ca,.e .x: StewarL 1955: Fint·. I (j{):3: alld 111';,lli. 1'):)1)). 5t:\"(~ral ~ignificant 

rdatioll:' ha\"(' LC('f] fOllnd_ For example_ ~lt:ath (1 Y:)9) .~xalllilit'd :!ii' r.-Iatioll,.;hip hdwi'(~n 

rlri\"ing: r<'cord:,. pcr:'onality charal"tt-ri,.tie" alld biograpl:i.:al data oj' Iraffi,' .,f!"!-nd('r" and 

lIoll'JI'['{'lIdl'r". Th" offl~IH.lt-r,. had Ihn:c or mor!' traffi.: aiTid"lIt" alld/or 1II0\ill;! ,"iolalioll::' while 

lilt' r('("o~d,. of nOlloffendl:r,. werc aeeidcnt/,-iolatiorJ frel' ill lilt' :-,Ullt' IlI'riot!. Cornpan'd to 

nonofl'cnd,·r,;. offender" rated ;:ignificantly hi~l)('r on impul:-,i\"1' <lilt! ,..wi,,]'I,· ,.cak,.: and JU\'-I'r on 

IIII' rl'fkdi\"(' "cale" (Thur:::tolH' T"IlIIH'ramcnt S.-iwdlllc). ~i~lIifi.";rfll t!ifr'<'rt'II("''': \,,'rl' al,.:o found 

indil'alill;! thaI tlJ('~ \\('re yOlln~l'r, tllor .. ofkn "ingk-. Ie,..,. l·dll"a;.·d. had "ilIall'T l'<Jrrtin~;:. and 

hi;!iwr job tUrllo\Tr. 

TIll' inLcri·"t in n'lalill~ atLitudi~ and habit to dri\"('r (Jnforlllallt"(' .IIIt.l an:id'~111 ri,.k lic,.: ill 

tl](' faet lhat the tlll'or~ and pradicc of attitIHk n]('a"lIn~nJt·1I1 atld "hall~" i,.. \\,·11 den-loped. 

Thu,.. if attitude and hahit modifi.;ation {'an b(~ :,lIo\\'n to I,.. :1 I'ot"nti,;! ",ulnlertll,'a"Uri-. IIII' 

IIro<!d 11;1".' of ('or:::mllni<:ation and ,.:ocial-p"ychologi,·al fj'"''an''' I'all I,.. ~'rollgllt to Iwar on 

prt·,...·ntin;r til(' appropriat,· mt'""agc to targd populatioll" in lilt' 1i1 .. ,.1 .-ff,·..ri'l· :-'I'ttin;!. 

Tabl.· ~--+ pr .. " .. nb a "implificd \·icw of the "taw'''; and p,,~"('''ol''!!i('al :,1;1tt-" i:l\oh .. d in thc 

proi'(''':' of altitude chang(~_ 
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Table' ;~--t. 

Component,; of Attitude Change ,\ceumpanyillg: E:H;h Stag:r~ 
in 'laking: a D!'.:i"ioll l'--' Adllt'rc to a Recommended Raih"ay-Highwa; ;;;;..II":·ty Pror:{'dun 

Stage 1 
Stage 2 

Stage 3 St~g~ <: 
Components of Attitud~ Change (New Initial 

Pcsitive Ap-
Postive Ap-

Selection of Commii.ment i:(\ 
Beliefs. V"lu~ Judgments, and Dispo- Attirud~ of 

praisal of 
pralsalof 

R as tile Bes: Decisior. to 
sitions Toward f-:ecommendation. R) Complacency 

Challenge 
Recommenda-

Alternative Adop: R 
t.on (R) 

Verba: evaluation of thrc~t 
1. Selectivaly responds and attends [0 

communication,: about the 
threa.? (A.ccePts assertions that 
the threat is serious) No Ves Ves Ves Ves 

2. Believes the th:-~at is serious? No Ves Ve, Yes Yes 

Verbal evaluation of R 
3. Selectively resconds and attends to 

communicotions about R? 
(Accepts assenior.s that R is an 
effectiv" maans) No No Yes Ves Yes 

4. Believe's R is a satisfDctOrv means 
wO!"th considering? No No Ves Yes Yes 

5. Believes R is best available means' No No No Ye~ Yes 

6. Feels willi"g to act in accordance 
with R? No No No 1\10 Ves 

Adapted from Janis. Irving" Stages in the decision making process. In R.P. Abelson et al.. IEds). Theories of Consistino: A Sou'ce­
~ Chicago: Rand McNaIiV. 1968. 

Psychophysiological Capahilitic$ and Limitations 

In the cour"c of this project. attempts were nlildr~ to identify a partir:ular subpopulation of 
~rade cro';"ing. aecident-prone motori$ts which could Le rdakd to p,,:"dlUph:",;iological eharar'­

tl·ristic,. which Wt're in turn suggestive of countermea"llr"s. (jnfor111natciy. thi;: effort met with 

litt/r~ suc.:ess_ .-\ :,uggested disproportionate in\"olvement uf fcmaks in rail-highwa: fatalitic~,; 

\<:omparcd to tlwir involvcment in all fatal motor n:hiclt' aceidcnt,;) was found in accidcnt 

rr~cords (see Chapter 2). However, possible confounding through higher cxpO';Urt~ of tlv' ft·malt· 
pepulat;on cannot be eliminatcd from thcse data. The moturist g.-iid(· ero",.;;;ing ~fdy mC'a"ur(~s 

dc·vcloped in the COlJr,..c of this study did not di;;criminatc particular groups of drh·cr .. a .. haz­

ardous which might be charactcrizcd on psychophysiological dimensions (see Chapter 7). TIll' 
only significant finding ,,·a .. an indication that malcs were more likely to be involved ill grad!' 

cro"sing accident::. than females at some sites: a finding Khich duc,; not confirm the rc"ult" of the 
accident data analysi,;. With rcgard to age, definitive e .. idenc(' for disproportionate involvcment of 

particular age groups in railway-highway accidents is lacking_ Additionally_ the percent of alcohol 
involvement ,;cems to be significantly less than that expC'rienct·ri for accident" in ~cllt·ral. LikC""i"c_ 
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tIll' pn'dominanl'l' "f day tim" raih,'ay-h~hwily a('cidenb "cern:' tu 1l"fT!':.-(, the likelihood of 

j'atig:llI' iI" a I'r .. di"po"in;! factor_ 

I.a,'kill;! major evidence for a particular tar;,;et grollp of motori,:t:, "'ilh a hi;!:h probability 

or ;!:rad(' cro,,:,in;,; accident,;. 110 characterization of :'lIch drivcr,. Oil P"~ dlopl:y:,io!ogieal di­

TIll'n:,ioll:' (with con:,pquent countermeasure recommendatioll::'> can be attemplt;d_ In,.tead_ this 

"".,tion ,,'ill providl' daLa lI:-'cflll for Lwo general approache" Lo cOllnkrmea"ures dt'\'['lopmcnL 

Tht: fir"t is human p",~'chophy-,..iological capabilitie" a:Jd limitation" ,,'hieh sh'ould be con­

,.id,·rl'll ill ('on:'trllcting countermCa5urc,; along tr2ditiona I lim',.: that i". \\'arnin;! d('\'ic('s ,,'hi('h 

an' ('xternal to Lh(' motor \'C~hiek. Examples are :,igll::' and audilor:_ \"aming (k"ict:" located 

in alhancl' or in til(' immediate yicinity of the' grade cru::'.~illg. 

TIl(' :'("Cond i" human ("apaLiliLic,. alld limitaLiun,. a,. ri"!:tinl to h~ potlwl;"al fliLlIri,.ti,· 

'OllllkrnH'a:'lIfc'''. TIlt',..· an' a:'''llnwd 10 1)1' in-YI~hidc a,1I1ilo[\ alllh)[ ,'j".I;!! (j,~\'i[.,.,,_ Tilt' ail­

i";1i I'oinl in lilt' d .. :-,i;!n of :'lIel! dn'ic(':, I:' thaI llin 1111,,.1 1..- ;"I'·,!!lal.· to "lTn' 11[[' IWl'd" 

.. I'llit' 'H'r:,L ("a,.I' ririvcr. Thi,. I,. lilt" dr!\['r ,,'ho~(~ "'apal,,;j;li," an' dn!:rad"d "omparr'e1 to Ihl' 

lIorlll;1! - I·ilfwr I",call:'!' of adYallCl,d a~I'_ gl"llt"lil' di'aL,iiit:o (['.!:: __ ""Ior blilldlJ(~:',.). or for 

"'forTlI' otlin n';j""TI_ TI[(' di"'II~"ioTl i,. "r~aniz,·d IIInl'T Iii,· :",,11,)\\ ill~ lopi.'al hl'ading::-: 

• inrormalion pr[)(""""ill~ and rt·I;.!I[·r! topi,'" (".;! __ read in:; [illl<'_ alknlion)_ 

• andition. 

TIll' IITm --older driver"' a:3 w;(~d in- thi~ :'f'ction_ indir';Ilt-~ a dri\IT ,,110 j" 60 vr-ars or older. 

Tili" agl' group curn:ntly eon"titlltc:, about 14 percent or 11[[' rlri\'in~ populalion and j::, in­

"n'a:-,ing (F orb(~,,_ I Y7~)_ 

Information Processing and Related Topics 

Visual .1lodaLity. Significant periods of time arc rt·qllirt·cJ to nTogn;zl' and r(':'pond to 

\i:-'lIal n1l':;:'ag<::'. '1'1111,," aboul one second i,; rcqu in-d 10 n"'ogniz(' rOllr familiar related \\ orrl,.: 

anel 0.-+0 :'(~("ond5 I:: reeogniz~' Lwo out of four familiar \\o:-d" (Hure!. 1947) . 
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On thl' other hallG. the formula presented hy K.ing and Lunenfdd (1969) in a disclJs­
slOn of "'arning: and re~rulatory signing resulb in a :,omc\\'haf more eon"cn'atin~ estimate. 
Thi,; formula i::,: 

RT = 

RT = reading time in second,. 

2l\ 
3 

~ = number of ::,hort familiar words or symbols 

For four familiar word,,_ this formula indicate,. a rcading timf' of 2-2/3 :'('conds ,\ould he 

required_ 

About one ".'cond is probably a realistic e,;timaIP for a glance' by a motori~t at a road­
way sign (Forbes. 19(2). A ueraging the recommendatioll:' b~' lIurd (19-1-7) alld K.il.g alief 

--!'uncnfdd (1969). vi,.ual messagc" "hollld not (~xee.~d lhrn' "hort fam iliar \\'ord" if the\' are 
to be under"tood b,' the motorist in a one-second ;danc:f'. 

In general. ~ig:nificant savings III time and incrl'a,;ed aer.lIrar.y can be obtained using: ,."m­
hob rather than word,. (Brainard. Campbell. & Elkin. 1961: Janda & Volk. 1934: Kil.g ~'\: 

G.'orge. 1971: and Walkcr.\icolay, & St.~ams. 196;:). Hurd (19-1-7) found that only 

0.0-1.6 second" is required to rccognize one symbol rcprc~""llting three familiar woro,:. Thu". a 
,.ymbui corresponding in meaning to three familiar wordf' l'an be recognized ,.ix tim(':' fa"la 
than two familiar words and almost 20 times faster than fO(lr familiar ,,-onI,;. It i,. impo~­

tant. hcwcver. that any symhols used have commonly ac(:ept,~d meaning or that the molor­

~"t be taught their meaning or that new symbolic sign,; hI' acc.ompanied by n~rbal m('""age" 
\,hen initially introduccd. The necessity for thorough pilot testing in a laborator~ ~('[tinl! (If 

any alternate new signing configurationf' in terms of accuracy of interprt'tation and ;;PI'f,r! of 
r(,cognition cannot be overstated. 

Simple visual reaction time from stimulus awareness through recogllltlOn range:, from 

about 0.4 to 1.9 seconds (Eberhard. 1969)_ Of interest ii' the reaction time to a vi .. ual 

,;timulus when a driving ta:,k, such as braking. is the rcqllif(~d response. J ohanf'son (196;:) 

found hrake reaction time in a roadway 5etting when the driver did not expect a ~igTlal to 
be as great as 2.0 seconds. The more complex the dcci;;ion, the longer will be th(' tim .. n'­

quired for p(~rception and initiati(,n of a re;;pon;;c. Thus, about four seconds appear;; to hi' 
required for the decision to overtake and pass on a two-lane road with on-coming traffic 

(\I<>tson et a!.. 1955: Platt. 1958). 
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TIll' abo,,(' di"(,l!~,.:i"l1 I": u:'('fu1 ill ,.PII,.:id .. rini! 11"\\ :'1~11~. \:: "xa:llpl(' of a railroad ern,;:;. 

ill~ ad"al,('(' warllill~ ":;~TI I:' :,ho\';,1 In ri~lIr .. ;-;·:L ,\~ ,'all 1)1' ,,"'('ll. Ilti~ ~i:-:'II ('oll"i,.L;; pfimafil~ 

of ":,·,','ral :'cparal(' ,.:'\ rnlJOli,' d('IIl<'dL:" \::IIOII~1t ",11'11 alo;w Ita,. a "I)IlHlI< .. d~ aC(:c'pl('c1 m('an­

ill;!. IllHlnAandilli! LIIf' 1ll('''S1~'' of LiIC :,i;'::lI r('(lllir"~ in: ";.:.r,J! in;.! 11]0' ,'IJ IlIIH"lI'n I,;, RqH'aLI'd 

"'IHI,.lIft' to IllI' "i:!11 wOllld prob<lhl;' r(',.I:I1 ill il,.. twill;.! \i"\\('d a,.: a ,,-1.0]('. HO,q~Vef, il 

'>1111111 hl' ,'xfll'd('d llial I' Of Ill!' !lai\(' ,jri\lT, II:i,.: "i~1I ila,.. I"" lIlall~' compunent::: (mof(~ 

Ihan llir('(') 10 III' IIl1d,'r,.;too.1 ill a "'1!l~1,' (HlC',":('('olld :!Iallf'" a::d IIII' n'''IIOI1:'1: tinl(' from 1111-

lial awarr'll .. "" of IIII' "I;.!n Lo tlH' beg:illllin~ of a r(,,.poll:'l' \,,,:dd be in the order of ,,<:\'('ral 

""('011(1>" 

I TRAINS I 
I ? ! 
I • i 
~ ) 

i 
--l 

Fi;!'lIr.- :~-:t .\ propo"",·d ;'HJ\,.Hl(·I~ warnin~:""i!!n !"'Ir lJllprot(I('~4·rJ I"ro~:-ill~~ 
(11,,1I .. 'rl ,\ \C a'blrum, I'I:-:!), 

-Iudilory l/ociaLity, Sil1lpl(~ auclilor~ [t',l('liulI linl!' I,; In, "Ii~hlly fa"Lcr than vi,.:ual. 1I00,'ncr, if 

HII' "ollnd com('''' irom anll:llCr l(waLioli Lhall dir(,,·ti; oppo,.:il,' lIlt' car, r('a(~tiou tim(' incr('a:'l'~ 

(Elu-rliOJrrl, 1969), TIll' ma>,king: dft-d of har:kgr(wnd noi",' i" all imp(lrlanl con"io('ralioll ill pru,-id­

in~ \,-arni!l;! of an iml','ruJin;! ~'Tadc ,'ru_~"in;.: ,'Ia Ihl' ;llIdilof; Illoda!~h, 



Also important to consider are adaptation effect!; anslng from prior audj~oT)' stimulation. 
Anyone who has used earphones to listen to mU5ic for extcnded periods of time i" wcll aware 
of the increase in toleran..:e for high intensity sound \\'hil'h occurs. Thi!" is accompanied by an 
incrcased threshold for sound. The increase in threshold i!" a function of the amp~itude. frc· 
quency, and duration of exposure of the adapting sound as well as on the preexposurc hearing 
Icvel and the frequency of the test stimulus (Parker &. West, I t)73). Figure 3-4 shows thi" plw. 
nomenon. 
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Figure 3-4. Increase in threshold (TTS) at 4 kHz a5 a 
function of sound pressure level (SPL) for exposur" to 
octave band sound of 2-4 kHz. Th" )"ngth of exposure to 
tne adapting sound in minutes is shown for .!ach CUI"'" 

(from Shoji, et aI., 1966 cited by Hodg: ... in Park"r and 
West. 1973). 

The usc of in·vehiclc radio and tape deck equipment makes consideration of this phenom, 
enon important for both external and in,vehicl~ auditory grade crossing warning devices. Also 

important is the simple "tuning out" of the driver who primarily uses his radio to pro\'ide 

background noise. As far as we know, there is a dearth of information on the prevah~ncc and 

level of degradation of the auditory modality for the dri"ing popUlation and the impact of 

this ,kgradation on th~ effectiveness of auditorv warning dcvices in the "real world" "ituation. 
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/)ril'l!r Expectar/cy, Expc't:tanc.:y or ,;c[ play,; an importanl [oJ.- ;" 'lIol')ri,,1 performam,e, r\,; 

lit«" drivl'r c.:an 3nlicipatl' 1IJ>,:omin~ reqllirc.:menL". llc.:"i",illllmah.in!! h'''''"ll'~ 1"Or<' cffi(:il'nt and 

IlCTI"t'pti{)IJ r(":'pOII:'C' tilll!: d("nea,;c,;, :r there i,.: inadelJ.llaL" illfor\ll~i1i(j" Oil \, !Iic:h 10 oa:'c' ('X, 

I)( ... lal\("~. lh(" dri\"'r may d"vc'lop all (·"pec.:lan('y which i,. al odd,. Hi:l, lilt" rcal \,or/,; "'!lIa, 

lioll, \\ I""ft, "\'pITlanc:~ and 1111" r,'.ri world ",ituatioll an' 1101 '·"'I~rr:,",!l. ;; l'IIl1llid n:,.ulL,. and 

IllI' dri\'T rna\ n~ad in accord with hi:; expt:dancy ratlwr l!iall 1111" r"qllin:m('nt,; of tlw !'itua· 

lioll, III l'xlrl'lI\l' I"a,.,·,., Ill' llIav [C'ad in a fa"hioll \\'hi"h i" 1101 "qll'palibl,' \,ill, pitlwr hi,. C'" 

p''I"lan''Y or thl' adual :,iluatioll or Ill' rna" not react at all. 

.\" important implil'ation of till' abo\'(' Ii' the importall("c' oj" d"\"C'lopill!! arh':JIWc' \\'arnin~ 

,i!!I',. for railroa.1 :-.,-aoc· C'[o:,,,ing:, ,,'hir:h di~till~ui:dl lwt\\"(:I'n <T,,~~in~~ I'rl)ll'('["<I It:. ;wti,,' dc, 

,i,.,., (~alt-,., Irain·ac-!;\akd f1a,.hing light:-;) and thO:'l' not ,,0 prol("I'!"d (~11(Ipl'C'[t .s. Iloyl. 

iC/(,B, ,·il,·d J,~ IllIllwrt in Fori ... :,. IC):-~), :\L pa:,,~i\',· .'r():,,~i!1;>, IT'r,r,",";I,i!i[~ fur d,·lt'l"lilll! 11](' 

~'I'[lroadl of a train rc:"t" "'ith tI ... dri\TL II.- ,.hc'lIld lH' ma.!,' :'\(:i~ <1\\ "r,· lira[ I!!c' l'llt'oming 

"rCl~~illg i,. pa~:<i\" al IIH' location of LIlt" a(h'aIIlT :<ign "0 li!:d ili~ alkllll'!.' I" '!de,·: L1w pr,·:'· 

1']:('.' .. r al,:',·I1,"· .. r tl\l' lrain Iwg:in (·;trh ill hi,. approad, j .. !I,.. Ir:"':.... 

\t a lo"'c'[ kvd I,f anah.'"i~. it I'; important to aUral'! lIw ciri\tT'~ alknli"l1 to thl' ('XI'" 

• 

1"11,.,. of lilt' 'T,,:,:,ing. [(·:,:ardit:",. of \\'I!dllt'r it i" acti\'" or pa,.,.i,,·, B ,.\ i,'" "I' railrqad ~.,-ack ~// 

lTo~~ill;! ac.:,·idt'nt~ i" IHo\tH'ati\t' ("(T Chapter 2). E'p""i;,t1I,' !:I!'·I'",.lil'i! i, tl\l' l'n:yul:nr o,·,}.1-1-'< 
- ~. 

r.-rl'''' of accidt·nl,. \\'hidl r:an be ('haraeleri~,·d a,; rdall't/ [0 illad"'lu:llt' a["'Tltjon'7~'ll0Lori:'t 

allc'lIding: 10 other item:' than tl\l' ~.,-acle cro"i'ing:, TIll' implil'ali,,:, i,. :ilal \'~~~ dc-vil""'-

\\ 11I'11)("r adiw or pa."'"i\"·. :,llOUld Iw of hig:h atlt:ntioll \ahlt' r,·!:,! :\'(' t(~i,'[ ,;litlluli ill tilt' 
"n \ i roll Ilwn l. .,-~ --I:)fc·(,/ of .lgl·. Age ha,.: a rdativdy "mall dfc'ct Or;'''iHlI'''' r(,action linlf', but a eon:,id"rahh' 

grt'aL<-r impact on La:,k" involving judgment and choir:(·. RI':'!""I:'I' linlt' in cOlllplex La"k" ill' 

,,[,'<1,,",, ~i~niril'alltly. In addition. p,.y~;hornotor ta"k,: ilwoh in;! '''''!'f;.!1 mol:on,; (:'lIdl a,. moving 

frolll al'("l·it-rator lo Lrakl' pt:dal and turning a clIrye) wiri,:h ar,' Iwrfornlt'd III an inlt'!!rakcl 

I,\t'r1appin)!: fa"hion L~' tilt' YOlln:.: drivCf knd to be pt'fforllwd :"'cjllt'lltially iI\' tl\l' old,:. dri\'l'r. 

I.t'arlling: ;,. impaired anel mnnon- b dl';;radcd, 

For t11f;':'c~ rl:a:'on". IIC\" c;ountcrnwa:,urcs "hollid lw It',.lt'd .111 .. ld'T r1ri"T,. and, prt·fcrably. 

liLLI.~ learning should Lc required. 

0-26 



_!!!I _., '." " . 
",I .. -_~ __ .. , " ___ ' .. '" 

Vision 

A sign located at a grade ero~~ing should be Icgibk at a sufficient di~tance in advance of 
tIl{" eros:,ing ".0 that the motorist has time to pcrecin' the 5ign. process ib information. and 

?~rform any required maneuver. A rule of thumb for Ie~bility di"tunc(' is: 

LD = H x 50 

LD = kgibility distance in feet 

H = ht:!;;ht of Idters on the sign 

The abo\'e is based on work by Forbes (1939) and is considered applicable to :symbol signing: 
using H to represent the height of the symbol in inches (King & LunenfeJd. 1969). 

This rule of thumb is useful for estimating whether the distanC!~ at which a sign ea!l be 
read given its letter (symbol) height is sufficient for saf,' motorist performance. First. th(· tim(~ 

n(~ccssary to read the sign and react to it is estimated (:,ee Information Pro.::essing and Related 
Topics) and converted to distance traveled given vehicle ,;pecd. To this must be added the dis· 
tance required to brake the vehicle at the range of speeds found for \'chicles approaching: th(' 

ero:5sing (see Bal;!n~·ald. Traffic Eflcrrineering Handbuoh. 190:'). The computed distance is then 

compared to the estimated legibility distance. 

The fact that the above is an approximation should be thoroughly understood. Sign legihil­
it\' is a function not only of letter height Lut also of letter \~;dth. letter height-width ratio. 

the space between letter,; (or symbols) in the horizontal and vertical dimen,;ion5. and contra:,t 

between message element:; and the background_ Ewn more important perhap:;. are the differ­

ence:;: in visual capability between drivers and th(· variability in \isual capability for any partic­

ular driver as a function of fatigue, drugs, alcohoL 5iekncss. and similar factors. External 

factors such a~ day verSU5 night and weather ",;U also affect legibility. An example of thi,; 

variability is shown in the fact that the 50 feet/inch rule for legibility distance \,-as establisl1l'd 

for black-on-white Series D (medium wide) letters_ Scrie;; B Jetters (which arc narrowr:r) re;;ult­

ed in legibility dist:mces of 33 feet/inch of letter height (Forbes & Holmes. 1939. cited by 
Forbes in Forbes. 19(2)-

Despite these caveats, the abuve i!' useful for estimating whether the legibility characteris­
tics of a proposed visual countermeasure arc likely to be '"in the ballpark" to meet motori:,i 
needs. For detailed treatment of particular aspect;;, human engineering texts should be con­
sulted (e_g., Forbes, 1972; Woodson & Conover. 1964: Van Cott & Kinkade. ]9(2). 
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Driw'r age ha,. a lar~c effeet on man\" aspecb of \'I"IOn, ~O~:l(' I'xamIJIc-,; arc given 

Ill'lo\\: 

• Then' i,. a drop 11\ vi,.ual al'llih of about 20 p.'rn'nl l,y agl' 00, 

• :\('commodalion (or tlw ability to "hift foeu" 1,..1"""'11 far and lIear field" of \'i,.ion) 

i,. generally reduct'd in the older driver .. -\t the age of 20. th(' average minimum 

f"cu"ing lIi"tan ... " i" aboul nilll' indl!:" \\ lH'rt'a:' al Ill<' ;I;!C' of 60. il is -lO jndw·' 
(\Yood"on &: Cono\'er. ~96.:J.), This means that ,.ome driver,. (';Jnnol focus without aid 

on the instrument panel. Figure 3·5 illustrates the dCi'f('nll'1l1 in acuit~- and 

a('commodation with ag.:. In addition to the great ill lTc 'a,.,' in minimal fo,'u;:.ing di:,­

tance. thc time required to accommodate i" increa"cd for tl\(: older drin'r, These two 

factors make 5hifting bet,,'cen ncar and far fidd" of \'i,'\\' ill('f('a:'ingly difficult and 

tim,--con"llming wilh ad\-an('in~ <l{!(', TIl(: re,.lIll i" I'itlwr llial II", older drin'r u"<',, bi­

or tri·rocab (\\ itl! attendant head mo\'('mcnt f("1"in"II"IIL"j ur IH' :,impl; doc:, not 

fI,jc'r to tIll" in,.trulllcnt panel. These rae~or" arglw ,.;Iro/!;,dy that all~' vi:,ual in.\'dlicJ.. 

di"pla: d(,"i~rned for eritical information nl,.'d" "hould Ill' of tIl<' Iwad.u!' \arid;;_ Thc' 

head.up di"play appear,; at optical infinity (any oojed 20 kd or furtlwr away i" at 

optical inrinit~, a:' far a" the eye i" eonccrn('(l) h'hi,'1! i,~ (-onll'alib"~ with th.: fOI'Il" 

u~'d in gelH'ral dri\'in~_ Such a di"pla~' n~qllif('~ no ;WI'OllllllOdat iOIl I,hen "hiftin~ 

atkntion from the \-iew of the road to the ui"pl;.!:-. 

• Capabilit~- for dark adaptation j,; ::,~,;u-rly r('uw,{,d III til!' old('r dri\ n. A rule of 

thllmb i" that dt)uble thl> illumin9.t~on I" required to "'T <III oIJj.,r-t for "\I'ry I:{ \"';Ir,, 

ot' age (\leFarl:md. 1956). 

s Ability to 5.,,' against g!an- I'; n-uuced with age. (1)(' f('''''archcr found that when fiv.: 

to 15.~ ... ar.old" \\(,fI- compared to 75 to 85-year-olds. Lll!' illcr.-a~wd brightne,;" nc('.~,,· 

"ary to "ee against glare \\a:' 50 to 70 time" (Wolf. 1968)_ 

One final a:-pcet of vi"ion should b,: mentioned; nam,'I~, ,'olor dd"ieicnei.'". Color dl'fi­

.~i.'n('il'" mainly o(;eur in mak,,_ ::,ome eight percent b.~ing arfITtl~d. The mo"t fr('qlwlIL type" 

arc rc:d blindlw:,:, (protanopia) and green blinuncss (dc~ult-r;llllJpia), '''itll f/-gard La th .. uesipi 

of rli:,pla:::,. it should be nol!:u that green blind per,.on" I'all ""C' Ihe full \-i":lIal "pl'cLnlm 

<though not in the Slm" color,.. as the normal)_ Ho\q;ver. rt,ol !.Iind individua'" cannot. For 

:-'lIdl per"ons, "orne of the r.:d end of the spectrum C<llllwL lH' >,(,.:n at all (Wooc),:on &: 
(:onO\'('[. ]964). 
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Figure 3-5. :\laxirr:al, rroinimal and avera;!" value,," for acuity and accommodation 
as a function of age (data of Duan.: & Fri"r1enwald in \lcFarland. (I):>:~). 

. '!"III. 

The rangc of human hearing is about 20 to 20,000 liz wilh ~f(:ak"l :"cl1;;itivit~" from 2.000 Lo 

3.000 Hz (Woodson & Conover, 1964). The effect of age on hearing i" shown in Figure 3·6. It i" 
important to note that low frequencies are least affed(:d by aging. 
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Figure 3-6. Relation between age and hcarin:;!: lo,,~ f0r men and "'omen 
(AS:\. 1954 reproduced from Dcathcrill!" in \"an COll ,'i.: Kiukad". 1')72). 
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III con"id,:ring the ll,;C of thl' auditory channel for warning 01" an impendin~ :..rradc crossing, audio 

lor:· adaptation (already discus:;cd) and ma,;king arc: the main limitatiun" to lw considered. Thc most 

impurtant "ource of ma",kin~ noi::,c in tl1l' automobile i" the baekground noi;;c ari;;ing from the ~n· 

:..rirll'. pa""agt' of tht' "chide- tl:rough air. and option:- :,uch as radio4tape deck". lnLen:~Lingl:. masking 

noi,.l· h3::' it,- gn'alcst dfed on tho,-c with most 3t:Uil: hl!aring (Gladwell, 1964). In \'iew of till' wry 

hi~h In!'l" of backl-rround noi"e which may be found in an i!utomobile (reading 90 dB). thorcugh 

tl·,.ting of auditory warning IIt.:yit:cs all a repre:'cntativc population i" dearl:· yitaL IL i,; al,.o important 

Lo noll' that the It:n:ls of :,ound nece""ary to in"urc that any warning signal is perceivcd may n:ach 

thl' di,:.comfort Icwl (110 to 120 dB) or thc level of sOlmd a,,;;ociated ,~;th pain (140 dB and up). 

Vibration 

Thi" ~'n:;ory t:harmd ha ... been n'lalin:ly little I:xplon·d. Fn'qlH'nt:il'" of ten cyeh:s per "ccond or 

II'"'' an' ;!1:IH'rally cOI1"idered "pul:;ation:' Abo\'e abuut ~o liz. individual ]>ube,; arc nol dist:rimi· 

lIall·.1 and. aL thl'''l' k\'eI5. thl' ,.cn"ation i,. referred to a,. yiuration. Fig:un: ;).( "how:, Lhre,;hold \'alrw:, 

for IlI'n·l·ptioll. di,,(·omforl. and pain to "inu:,oidal \·ibralory :,Iirmdi. 
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Fi!!ure .'3-i. R"lalion"hip hdwt:cn fr"'!lII'ney amplitud" of "inu>,oidal vibration 
and human r",re'-plion (dra"·n from Wood,.u" &. Conovl:r. 11)6~). 

Ofintcre"t i~ the fact that the resonant frequent:y of th(: IHllnan body is about 5 Hz. Thus, vibra· 

lion at this frequcncy is particularly rmplcasanL (Wood"on &. ConO\'cr. 1 Y64). 
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Summary 

E\idence for a particular subgroup of high-risk grade cro,;sing accid<~Jlt drivers charact('riz('able 

on psychophysiological dimensions was not found in the cour~ of this ::;tucly. Accordingly. general 
capabilities and limitations of drivers along the dimensiolls of informaticn processing: and related 

topics, vision. audition. and vibration have been briefly discussed. The discussion should be useful in 
obtaining ballpark estimates of the adequacy of existing and new countermeasures. Of particular 
importance in this section is the demonstrated degradation of driver psychophysiological capabilities 
with age. Because the 60·year-old and abO'lre driver constitutes] 4 percent of the driving pop!ilation 
and is increasing, the importance of considering this group in the development of new counler­
mea::-ures concepts cannot be overempha..c:ized. Representative sampling by age as well as across edu­
cational and geographic lines is clearly essential in the testing of new countermeasures concepts. 

Consideration should also be given to the handicapped. especially the color-blind (eight percent of 
the male population) and those with hearing deficiencies. 
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CHAPTER 4 

DESIGN OF THE FIELD DATA COLLECTION STUDY 

Study Objectives 

The primary objective of the project is to provide a sound, factual base for planning a 
la:-ge-scale field experiment in \\."hich the full range of prospective countermeasures can be eval­
uated_ This experiment. Phase IV of the current effort, will be concerned ","ith the follo\\.ing 
five categories of countermeasures experimental variables: 

• Site enginecring, Type 1 - improved caution signs, acti-.·c warning devices_ etc_ 

• Site engineering, Typc 2 - increased visibility, reduction of phy"ieal hazards, etc. 

• Procedure intervention - mociification of railroad operating practices or equipment 
usage. 

• Driver training - safety campaIgns, modification to training curricula. etc. 

• Enforcement - publication of increa.."Cd enforcement, changes in state law, etc. 

To develop the base for planning such a study, the current effort was directed to\\."ard 2.". 

~es~ment of the efficiency, reliability, and usability of test instrumentalion; observation and 
recording mcthods: and the analysis, interpretation, and presentation of data. The centrai ob­
jective of the present study was to develop a research methodology suitable for use in the 
large-scale field experiment. In essence, this study attempted to determine the feasibility anrl 
efficacy of using various experimental procedures in the design and evaluation of counter­
measures. 

Experimental Design 

The basic design was a before/after study. The design thus included collection of baseline 
data under existing conditions, implementation of countermeasures, and then collection of data 
after countermeasures intervention. Because the project is primarily a feasibility study, the de­
sign was intended to accomplish objectives beyond simple preliminary countermeasures cvalua· 
tion. Thus, the data served as a basis for selecting the particular countermeasures concepts to 
be implemented. Details of the design were as follows: 

• Inclusion of both active and passive crossings. 

• Inclusion of both rural, urban, and sub-urban crossings. 

• Inclusion of a set of four geographically separated crossing!" matched as closely as pos­
sible on other variables (e.g_, all of these were active crossings). 
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• L :-'1' of ':nl'ral Jifi'I'rent data collection techniquc:" Tht:"c permitted ('olkdion of lu)lb 

dri\<'r Iwllayiorai data (e,g .. :,peelf at defined location:, and looking bdla\'inr) and dal'a 

011 drinT kIICH\·ll'll;!e. attitudt"". and variou" demo~aphic and ('xpcri;'lItial .. haradni,.lil·". 

• :,c1"I'll,)n of "itc-" \\·hil·h \\'I're limilt'd in ,:igbt di~tallc(' (':'0 that dri\l'r looking \\(}Idd 1)(' 

all "'!,""lI'd behavior 011 tlw approach to till' :,ite). 

• :','II'I·tion of ,.itl'': wlll'n' track roughn!:",." wa,. approximatt'ly equal :'0 that Ihi,. \\'Ollid 

110 I I,.. a ('ollfoIHlllilll! ya riabll' a ff eding driv(~r beha\·ior. 

\llhllll;,!h 1111" abO\I' hOI:' d(',:cribed the ba:,ic dim(~n:,ioll':' of tIl(' d(·"i;':II. otl!l'r \'ariahll'" lIalu· 

rall~ illkn"III'd a" a l'on""'qlll'II(:<' of tIll' impo,,~jbility of finding "it<:" whidl wert' mal.-llI'd Oil 

all ollll"r dillll'lI:-,ion". Example" include variaiion in tlu- freqlH'nc~' and ,;d\l'duling IJf Iraiu,.. 

\arialiou in Ihl' IIumLl.'r of Irack,; at the grade cro,.,.illg. and \'ariation in lraffi(' \'olulllI' 

1,,'1\\"1'11 IIII' "hllh ,.it(·". 

Site Selection 

:'I'IC'dion R;ttionale 

I. 

.) 

.) 
,J. 

a 1'1:11\ rt'!HI'-,;cnlatin' -,;amp!t' ha"ed on ranrlom (i.e .. ullbia:'cd) ,,(·It-clion. 

a fulh rqJr(~"f~ntati\l" :,ample ba"ed on "tratification by type and hazard Inel. 

a I":Jtt';,!orical ;;amplt, ba,.ed on economic (i.e .. pa~'off) and e:l~,6J11:c.:rinl! fTill~ria. alit! 

,III lilidiff,'rl'ntiatcd "ampk La:,ed on eOI\\'('nicn('t' f:ritt'ria, 

I r IIII' prl,,.,'nl projl'c:I wert' intc-lIdt'd 10 pro\i(k definili\"l', ,.u!J,:.lal:tii.I' all,.\\"t'r,. II'aclill~ I" 

lh,' ·,·kdioll of oplimllill I·IJlIlllt'rnl"a"lIr .. " for grade- cro""ill~ hazard,., l'itlH'r or Ih,' fir,.l 1\\1, 

,illlTnati,,'" \\'ollid I ... pre,r"fn'li ,.:ra:I'1!~: but ,.UI'I! "tralq!it'" in fhl' pre'",,"l ini'taIH'(' art' 1111· 

.ill:-I i riabl ~ "XIII'I",i\"!' and of lo\\" fea,:ihility, A "omplde ('ompt'mliu m of ~'Tadt' ('ro""in;.: "i I,',. III 

I!\I' l'lIil<'d :'Iall'" would 1)(' needed. Whil(: partial catalog" by "tate" t:xi:,t. a compll'll' nali()lIal 

li,.till!! i" 1101 a\"ailahlt~. It i" (~"timatt-d that :,omt: 220.000 grad!' cro;;".ini;:-' {"xi"t. Thi" m,'an,. lhal 

"I,_,'n'alion" of ahollt 220 "ite,. would bc required 10 attain a :;amplt: ,.izc' of nne·klllh "I' (Jill' 

jll'rl.,.1I1. TIll' III;.:i4ic ['0"1,, a,."ociatt'd with tilt' in;;trumt'lltatioll of ,.uch a lar~(' nllllllwr uf k"l 

,.ill',.. ill alld of t111'1II"t'h('". made "ueh an approach im practicaL 

'1'111" r"lIrlh "tralt'!!Y wa,. di",earded bccall:'C of lack of rigor. '\'hile cu,:t:, lIIighl I ... 1111111· 

lIIizI'ci. thl' pa: off with re"p'~l'l lo thc value of the findings of research planning i,.. 1101 pre', 

clidablc-, 

1 .) 
'T-_ 

~-



Thl' third and preferred approach rests upon the proposition that the objective is to learn 

:'ornl'thill!! about how a definitive field experiment should be structured. The decisions to be 

made are tho,,!' having to do with the identification of critical variables. choice of driver be. 

havior indicators. "election of in"trumentation. data processing operations. and modes of data 

pr(,"l'lltatiull and interpn~t<:tiol', Thi.,; approach wa:; u~d in selection of the study site;;, 

Each :,ite \\a:-: :,elected to conform as nearlv as possible to the folluwing requirements: 

I. two·lan(~. h,o,\\'ay roadway, 

') :\DT above 2.000. 

3. no :,i;!nificant grade change i:1 approach. 

-!-, 110 traffic "i~'l1al". "peed zones. or major inter"eetions within 1.000 feet of the ero"smg. 

:l. 110 parking within 500 [ect of the crossmg, 

6. ,;uitabk interview area. 

alltieipatioll o[ two or more train movements. 

8, f(·,.!riction to motori:,t ,.:eeing train,.: in at lea"t one quadrant. and 

fJ. for al'tiv(: (:ro,.:"in;!~. Oa,.:hing light". and bell (no gates. \\'igwa~s. etc.): for passiYe cra"s· 

ing". ,.:tandard cro::;::;Lud" "ymbol". 

In all. nin(: "it!:,.: \\'/:n: "elected. They were characterized along the dimen"ions of the ex­

I)('rim/~n tal d(~"ign a" [ollow,,: 

• :'IX w/:rl' activl'. thfl~(: w(:re pas",\'c: 

• [0111' \\"('fI: urban. four wef(~ sllb-urban. and one was rural*: 

• th(~ four g(·ographicaIIy "cparated site" were located in Virginia (Rotlte 28), ;\Iiehigan. 

Texa". and California (all were active. sub.urban, single.track. similar in speed limit 011 

the approach to the cros,.:ing, and had similar traffic characteristics in terms of \iehiel/~ 
type): and 

• at scven sites. therc wa,; one track while at two crossings there were two tracks. 

*,\ comment is required concerning the urhan versus >,ub-urb:m ver::;us rural classification. Such a classification 
was felt necessary despite the inherent problems and difficulties a560ciatp fl with such attempts. The 
pmcedure wa-; to classify the sites as urban, ~ub-urban, or rurai based upon the immcdiate impression 
g,:nerated by the sUn'Oundin"as of caeh crossing. The reader is urged to examir:c thc site descriptions In 

Appendix A Lo obtain a more detailed imprC5.~ion of the site cnaracteristics along this dimension. 
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TIll' ,.il('" alld lilt' aIJO\'l' I'haractl'ri"lil':' U\' ,:il,~ are :,ummariz,'d uelow: 

Active = A 

S,:,~ Passive = P 

Llr"I!r,:::; •. H~ p 

New M,dwa, P 

Calverron P 

Sunnyside A 

rOJlrvit."'W Avenue A 

Route 28 A 

Michigan A 

T~xas A 

Callfo:-nla A 

Urbiln = U 

Sub-urbiln = SU 

Ru"al ~ R 

U 

U 

R 

U 

U 

SU 

SU 

SU 

SU 

Geograph,c 
Se, 

x 

x 

x 

x 

Number 

of Tracks 

2 

2 

II! 11ll' ,.('I'Tlion oj' lilt' r,'mol,' "ilc'" (in 'Iidligan. T,'xa". alld California). llll' ,'xllt'ril"llC:" "I' 

Ihr:'(' indi\ idllal" \, ho \,l'rt' familiar wilh 1II0"t of tilt' cro"",ill~" ill their \it:i"il~ \\(T" dr"I\'!l 

Ill'0n, \lr. C1arctl('(' 'IcGoon of tht: 'Iidli~atl Public ~('ni('" Cornmi",.ioll. \Ir. Ho:' Richard,. or 
T,'";!,,, Tran"portalion III"tiluLt-. and 'Ir, K('n Baldwin of BioT,'('hnolo!!y. Inl'. ii, =--all .10":". 
C .. liforlila. \"T" ~i\'('n lilt' genITal n'quin'menb de;:irt'd and a,.:kl'd lo ,,<:I('d a" mall\ "ik,. a,. 

"'Hild Iw loca[('d. The data eollt'dion c:rt'\\' tlwn maul' tlw fitl;d "e1(:ction after \"i:,ititl~ ("adl tlf 

III< pr",.<,!,·"lt-d ,.:it(,,.:. In Ihi" manner, it \\a" po,:,.:iblt, to 10('atl' four :,ill''': whidl had ,.imilar 

!,h~ "ic;ti ('haradlTi"ti .. " in a ,.:hort lime at rt'latin'ly 10\" c;,,,I, 

Experimental Measures 

Two ("at('~()ri('" of lTwa:,uremc:nt W('rt· u"l'd in the empiril'a1 dl'moTl"tratioli :'ttldy: (a) dri\'('r 

I ... ha\"ior and (b) uri\'('r report:'. E""entially, dri\'er beha\'ior in\'ul\"('" m('a;:uring the [)('rformatl .... 

"I' dri\'('f:, a" th('y approach the grade cro,."ing under varying circum"lancc". Objl'di\'(" illdi .. alor,. 

or dri\'(~r bl'!lavior ,,'cre obtained by covert ob"cr\'ation technique" on tht' ,.i ll'. 

Ihi\'(Or n'port:, consi"ted of :'elf.de"cription,., indicator:, of knowl(~dge and atilLude:, related 

to ~radl' I'ro,.,.;ing :,ituation" and hazard;:, and driver,,' n'collectioll:' of their perception" ill the 

"1H't'ifit' in;:tance of approaching the grade cro;:"ing. Th('"e data were obtained by an inter\'in,'. 

'ltlo',.;tiollllaino aUmini"tered to driver,. at the "ite,; immediately after th('y pa,,:'ed through a 

;!rad(~ ero""ItI~. 
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Pl"'!test of Data Collection Protocol 

On 8 Junc 1972, dat..l was collcctcd for one day at the selected evaluation location, 
Sllnn~ .. "ide Avenue, near Beltsvillc, Maryiand. This crossing was chosen as it had been used ill a 
prcviou" "tudy and therefore we wert' familiar with its characteristics. Several ite:ns were ex· 
am in,~d or (~valuat.~d during this pretest. and a summary of thc rc~'Ults is presented below. 

l nJamiliar /)r;["er. It had bcen planned to code into the Traffic Evaluator System (q.v.) 

th .. familiarit: shown by t!lC licen::e plate of all vchiclcs. This would havc yielded a much 
larger population of unfamiliar drivers and their bcha"ior approaching the crossing than the 

population idcntiiied through thc qucstionnairc. 

I t had been found during the collcction of intervicw data concerning signing on interstate 

highwa::s l that driver" who had license plates issued by a state othcr than that whcre the data 
wa" collected wcre gcncrall:· not familiar with thc road on which they we,l" identified. To 

wrif y thi:-. a sam pie of thirty drivers was ,;elected who had licen~c plall-S from a state other 

than \Iaryland. \,ir~inia. D.C.. or the Federal Government. They wcre stoppcd and a,,\':cd if 

t1wy frequently traveled over the railway.highway grade cro"sing on Sunnyside :\ venue. 'lost 
of ~h(~ drivers were found to cr05S it more than once per day, while only two stated that this 

was th(~ fir"t time they had traveled thc routc in qucstion. although all thirty were residcnts 
of thc general suburban area of Washington, D.C. 

Whilc thcse results might not be consistent with populations in areas not confounded by 
the hi)!hly transicnt D.C. area, the selection of unfamiliar drivers on the basis of out-of·state 
licen:'e plate:; was rejected. 

Driver Looking Behavior. The drivcr approaching a railway-highway grade crossing was ex­
pected to look at the signal (where active protection existed), and was also expected to look 
up and down th(! tracks to confirm the absence of a train. Observation of drivers failed to 
H!vcal any covert mdhod of determining the observation of the signal standat·d. but head 
mo\"(~ments in advance of the gradc cros,-ing corresponded to the road segment near the cross· 
ing on which the track could be scanned. It wa~ ob:::erved that at sites with no major obstruc· 

tion to train ~·isibility, the incidence of large or obvious head movements was greatly reduced 

apparently due to the driver looking for trains much farther from the crossing than the ob­
servers could be located. A major constraint to the selection of sites was therefore developed: 

that visibilit) should be restricted (by buildings or natural obstructions) in at least one 

I Kol~rud. G . S. Dia,,"I"ammatic guide signs for u,;c on con trolled access highways. Vol. Ill. Traffic engineeri ng evalu .. tion 
of diagrammatic guide ,.igns. Prepared for Federal Highway Admini."tration, Washington, D.C., December 1972. 
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• pladrallt ;lIId thai thi~ "II~lrlldion "llOUJd be 1()(";JlI'd do~ elloll;!h 10 tl1l" <TO""IIl~ Ihat 1111" 

11~,'flll loo~ill~ Z'Jl1<' I,a" 1,'('1/ dC'fined_ Furtlwr. 1111" ZOIlC' "hollid III' :'II,-h Ihat all oln iOII:- Il<"ad 

111"\1'1111'11 t \, oilid I ... re'l"ir .. eI of a dri"'r ,,110 did. ill fa .. t. look to ,..'" if a IrailJ wa" pn'''''IIl. 

TIl<' II:-,-flll lookill~ ZOIl<' at SII II 11'1. "id,' I,-a" lirniu'd to tlw la,,1 200 f ... ,t ill holh CflJadr;JIII,._ 

TI ... poillt" "ithin thi,. ZOIl<' "-/'rC' '-;!r< 'fll II 'I.' lIol<'d for all traffi .. for ,III hOIlr. ;Jt ",hi..!1 linl<' il 

\\a~ "'lIldlld,'d Ihat the illokill~ Lc,ha\'ior fdl illlo 11"0 :,,·diOIl,.. ~01l1l" dri"T,. Illok,," f',r tr;rill~ 

;L- ,.(Jon ;J~ tlwr<" "a" a d"ar an'a (100 10 200 f,·d). whik olher" lIlad .. a b~t :-"("(lIld tok,'!! 

.-(forl (1,'11 to :)() f ... 'I)_ C()dill~ I'-a:' Ihen initial!'d 10 n'("ord illio IIII' Tralli,' E'allialor :'\ :-11'111 

IIII' I()okitl~ I,..ha\"ior of all dri\'c'r" ill tilt" ZOIl<''' hOllnded h~ til<' ;;0- and :!OO-fuot road 

~\\ itdll'''. alld 11\ tl1l" J 0- to _'iO.foot ,.witdw,._ II \\"a" nolt-d Ihat III<' drin'r-" Iwad mO\"-1l1<'111 

•· .. 111.1 Jlol I ... :-""11 wdl from III<' right ,.id .. of till' approadl. tll<'rt·fore ,-udiJlg wa,. dOll<' fr'JlII 

IIII' Idl :,id .. "f till' road_ FIHtlwr. nHJing pcr"ollll<'1 ,,· .. r.' not ahlt- to o!l,,!'rV(, bolh ZOII<',. \\ ith­

"III 11Ii""ill~ ,,'HII.' \·"hid",._ Two pc'oplt' \,'en' therefor .. 1I" .. d. Oil .. for cach ZOIH'. TIll' ,·oel.-,. r .. p. , 
... ·.,·lIkd l!lI" f(Jllr I'(J~:-ih"· adioll" in ('aell ZOIJl': looked left. look .. d ri~lll_ lookl''! hoth I,·a~,.. 

,rrlfl did 1101 10"1,._ Exarnill;ltioJl of Ih .. n,,.ldl,,. :-Ir()\nl ill Fi,='1!rt· -l-I ..... \('al .. d Ihal f'-I' dril-"r:­

I'"lk"d on'" 011" dir,'di(\n (I;~ pI'rn'IIt). alld Ihal Llw;' :-llb""'fjlwntly 100k4'd Ilw ollwr diwdioll 

ill III<' 1h',1 Z(lllI·. nr dllrill~ Ilw tran:,ilioll art';1 114'1\\"('1'11 ZOIlI',. and ,,'I'r4' tlwrcforr' 1101 cod"d 

I-"r IIH' ~I"'I)IHI iook, TIl" ("odin~ ,..cill'lIlt' wa,.; modifil'.! 10 omil IllI' 14'ft and ri~ht lookill~ dala, 

;111.1 ollh 1\\41 ,'odl''' \\!'r" 11,..,d (look"d or did no! look). Thi:, rcdlldioll in l'fioin'''' al,.o ('Iilll­

ill;il"d tlw il..-id4'lH"'· of mi,.;,.ill/! data dill' to I\orkload and \-irlllalh all dri\"'r:- n'f"'i\'4'r/ ('od,',. irr 

I,olh "Olll':'_ 

\rr all t'lll pi 10 film dri\"('r lookin~ behavior wa:' made. bill IIII' n·"."t" \\"('r4' IIII:,ati:,fador~_ 

T, ... "aIIlITa Ilad 10 lw tripod-molllltl'r! 10 ill";lIrt' ,.moolli Iral'kill/! al a high rnagnifi,'alinn. alld 

lilt' an'a 10 I,.. parrnc'd had 10 1)(' r,'a:,onably I'kar of ol,,.;lnwliof1";, Thi:, iatll'r ,'on"lraillt pl;HTd 

Illt' carn.'ra ;.II1d 0lwralor in a rallll'r obvioll"; /.lI'atioll whirh 11I'('c:':'arih' rc\"('all'd lilt' prc,:('n, ... 

"I' a dala ,'(OIl"('lioll "ffort 10 the driv('r. 

\ ,.alllpl,' of till' dri\"('r:' who w,'r .. ,..tOppI,rI for inll'r\-i.'\'-': Wl'n' a"kl'd if Ih,'~' had lIotin,d 

all~ Ihill;! 111I11:'lIal dllrin;! th .. ir approach 10 tlw I'ro:,;:illg. ill an alll'mpt to ci<'lcrmill<' tlH' .. Ili· 

"i"I1"~ of tlw ("amolln~(' Iwill)! lI,..('d for pc'oplr' awl C([llip!lll'lIl. TI1I' 0111; )'o:,iliv .. n':,polI":,' 

\'a:- dllrill~ a )'niod 1--1 It' II IIII' film \,'a" lwill;! ,'hallgc,d and IIII' drinT had ,.1'('11 that opnatio:t 

ill pr";..::n·",,,, TIll' film ('hanf!ill~ ill:'ohTd dimbin:; a ~o·rool ladder In rt';lI'h til<' ('ullwr<l 100'at,'d 

orr a t.-/'·plr"IW poll'. TI:I' ladder \,'a" Ilormally hiddl'n in "'()fTlI' high gra:'." over a fl'l]('c' n .. ar IllI' 

'·allll'ra. :\ dri\,'r \.-ho ,..al,· tIll' laddl'r bC'ill;! rr~"I()rr'd tll il:' hiding pla,,(, rt'lllrrH'<! lalt-r alld 

all<'nll>tc'd 10 :,II'al il. 1I0t havi!l~ ,..I:I'n till' :,ix ob"l'rvl'r:, ,,'ho w('rr' taking dala !lead,,', 
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During the prde"t, time.lap"'· film of L1w driver'" approar:h to 1111' ero:,,,ing wa" tak('!J for till' fir"t 

:~W minut"" of l'a('11 hour" Tht' quantity of film thll" gCnl'ratcd wa" fdt to be CX("('""in', purti("lIlari; 

"ill!:'" no 1I,,('flll informatioll \,~a" identified beyond that di"cu"",'d under the "t'cti,.n on photo~rapli\. 
It wa" (j,ol"id."d to r('dll"l" tlii" .. ffort to thp fir'::! half·hollr of ,"aeh odd hour. Imt t(, "upplpm('lIt it " 

I\~ith a :'lweial "\~"nt" r("l"onl of dri\tT beha\"ior \,"hclwH"-r a ~ignal \,"a" a("ti\"at('d or;, tr~i;j I'"a" ap· 

proa("hil1;.!" 

Th .. prot..-dlJrt, nuli'd ill the "('('lion on ohtainillg (!rin-r inten-i('''''' wa" \"('rifil'd, ano n~dUl-,"d III a 

,.I"p.by."kp plan whidl n""lIltco in a high oel,.'Tee Id" ,.!:, ,:""" in ,..toppin;.! lilt' "t"/('d('d dri\"l~r" TIll" rna· 
jor fador \,hi,"h dderrnint'd if th .. driver would ('ompfl'l(' Ih .. qlw:,tionnain: form wa" fOllnd to 1)(" 
tIll" action of tIll' poliel' offie(:r who "topped traffic for II"" fluring th(: prC[c:'L thn:\: poli('('men \,,'rl' 

a""i~m,d to II" in ,.:hifb, On(' in"i:'tcd 011 talking: to ':a..ll driYf'r befon' directing him to the waitin~ 
inl<"f\'i(,w('r. II.- ,tated that "",, \,"(:rc l"onduding.~ "1In."("~ on how railroad ("ro""ing:;; could I,,' !IIarl," 

"al",'[. alld tlwn ,..aid "if YOII ha\'(' a few minute" 10 "parl'" . .-· whid] prompl!'d mo,,1 driv('r" to a"k if 
tIl<' intpr\i,"w \\a" mandator~. WIII'II tilt' officer 4ated that i" \,-a:.: II0t. mo"t r1riwr" ,,-oldll lIot "top 
for tIll' inkn~i .. \\. Policr' who did r:ol addro'"" l!lt- driv(:r bllt :,impl; pulled him illt.) tIl!' intervi,'w "il(' 

: i .. lr/'-" a nllldl hi~h('f proporlion of rlrinT" who ("ompll'('d tIll' form. A" a [(""lilt. during tIll' ro",,( "I" 

III<" ~tud~ ,;.III f'olil'!" w"ro' ear,-fully briefed Oil tIl(' pn,fal'ing [('mark" "hil'h tIl<' int('f\"i,·,,,'r wa" to 
IlIak,' to tIll' dri\('r and rr'qn,'';I"d 10 r,':.:lrid their a<:li\~iti(~" to din'elill;.! Iraffil', 

TIlt' n"dlldioll and anal: "i,. of HII' pfl'te,,1 tlata rt'\Takd Ihl' 1lI'!"r/ I"or a nllmlwf of I'hall;.!"~ ill 1111' 

f"fmat or wording of ('('rtaill qlll'"tion", and n:rifit·rJ that the al1li('ipal .. d pro(" .. duft':' W('f(' appropri. 

aI"" Compari,:on:, of the prd .. ,:t data and th .. ,;uo:'l'qlwnt data colll'("[("d 011 I () and II July :,hlJ\",t! 

110 ,.ig:nifieallt ("flange:- ill t.Irin'r behavior. For exampl.', Fi~'1lrt~, -+-2 "how,. HJ(" mean "F)('('d" for the 

I'r.-[,""t and for the actual data ('ollection [ .. :riorls" Tht' maxinlllm ,,[)('(~d challg(: wa:, II''''' than Ollt' 

mil.' [lI'r hour. 

~o -

- ?O--' 

-

:0-

500 
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~ 300 ?OO 

F- .... , e .. lnr., Gr"Ol' CrO~"lnq M",dn S~,t1 
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Verification and Validation of Measures 

Overview 

In consultation ",;th the Contract Technical Manager, a test program was initiated to verify 
thc concept of countermeasure evaluation as developed during this study. This program con­
sisted of the collection of data at a passive crossing under three conditions: ",;th existing 
crossing protection, and with th(': addition of high and low intensity flashing amber lights 
mounted on the advance warning sign. 

Countermeasure Developmen t 

It must be emphasized that thc selection of flashing lights as the countermeasure does not 
imply an endorsement of that countermeasure: it was selected because it had a high probabil­
ity of being effective, ~nd it was inexpensivc to devdop for this test. The requirements which 
the countermea:;ure was required to meet were:: 

I. availability 

2. rapid installation 

3. easily changed in effectivenes~ 

4. have a high probability of changing motorist behavior 

The installation of flashing lights on the left and right sides of the existing advance warmng 
SIgn was selected as a countcrmeasure which met all of the above requirements. 

Two sealed bearn, yellow lamps, ;:ix inche;: in diameter. which operated from a 12-volt 
power source, were mounted on an aluminum arm and supported by a strap over the top of 
the existing 4· x 4·inch sign support resulting in a de\;ce as shown in Figure 4-3. When at­
tached. the lamp face was flush with the plane of the 30·inch standard advance sign. A timing 
circuit ..... as built which alternately lit the two lamps at a 60·cyclc per minute rate. Two levels 
of brightness were achieved by operating the lamps from a six-volt automobile battery for low, 
and a 12-volt battery for high intensity. 

Figure 4-3. Modified advance warning sign. 
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TIle' hri;,:hlllt":':' of Ih .. k"t in"talialion wa:, ml'a':lIrl'd lI"illg all SEI PllOtomf'lI'r. TIll" ,.11I,h 

\,a~ .'ondll .. t.-d on a fllih on'rca"t da\' 10 maximiz,' Ihe alll'nlioIJ g .. lIin~ qllalilil':' of 1111" 

f1a,.hil1;! lighl,., TIle' illlportal:t l1]('a":lIn'ml'lll:, WIT": 

Sky Broghtness 

S.gn Background 

Low InrenSlly Lamp 

500 foot,Lamberts 

53 foot-Lamberts 

174 foot·Lamberts 

2291 iOOt·La:nber[s 

TIIII:', 1111' I(),,' iIJIt-IJ"it~ lamp. agaiIJ"t a Lack~'Tollllll of InT". had a contra,.1 ralio of 0.11"",1 

:1,,): I, TIll' hi;,!!' jIJlell"ih lamp conlra,.1 ralio wa:, +:~: 1, 

Ex pt"rimen tal Plan 

\/'·(/,<lIr,·", T"'fJ prlnrar~ lTIf'a,.llr.·" "'('f(' ohlailH'd for thn'(' ,"'gnll'lIl:, of IIII' popllialion 11,.1";': 

tilt' .'rtI,,"III~: "I""'d dt"'n'a:''' alld Inokill;! Iwhal'ior, TIll" IllJllllwr of dri\Tr" 1"ltO ,.Iopp('d ill lill" 

;1!J""III'" of a Iraill \\;1:' al~o lIol"d for bolh c1in'dioll:' of Ira\"l'l. 

,"':'il,· ,";I·I'·,'Iion, TIll" lo,'alioIJ :'I'II-d,'" for "llIIh \\',1,. a I'a",.:i\,' ,'ro,.,.lIlg r,·i",·rrt·r! 10 ill Ihi,. 

n'p"rl a" (:al,,"rloll, \"ir;,:illia, Thi" ("fo:,:,illg: Ira,. ,'xl,rl'mcl~ iimil"r! Ira('k "i:,ibilily (I"ft alld ri;,:lrl 

"i;.!hl di=-lilrJn'), IHII a rdali",'I: ,.Iriligllt. llllrt',.:lril"ted approadl LI. till" I'ro:,:,illg, The n'"lridioli 

I .. I'i,.ihilil~ '\a:, imporLant. "0 LlraL Lhl' lookin!! IJelra\'ior of Ihe ap(>.-oilcllillg rlrinT "a,. n'· 

,.lr;,'[J-d for pradi,'al r,',,"lb 10 1111' la:'1 100 f""1 b,'i"on' 1111" ("ro:,:,in~. :'illf"(' Ihi,. ,,'a,. a pa,.,.I\., 

'T",.,.ill;!, lllf' approach ill;.! rn()L;Jri~t cOl;ld 1101 dcterrllillc ,\IICIIII"r IIr 1101 a Lraill \,'0.1" (In,,..'nl ill 

"illwr din'dioll ullLil III" "a" wiliIi" :;0 ft-el II!" 1111' illkr,.""tiuII, 

Fi!lall~. L111" ::,itt- had pro\"l:'loII i"or I'o\'''rl (j":-'{~r\'alioll oi" tllf' approaehill;.! molori,,1 from 11lf' 

!,,,rhoill;! IfJI of a .. ollIJln ,.Ior" ()O f"l'l dO\\'Il:,ln'al1l frolll till' rail,hi;,:llI,'a~ illl('r:,.'dioll, 

/)a/a Coll",'Iion, \ "pol rauar \\'0.1" ""I,d to oblain two mea:-,ufI'I1J1'nl:, of "fliT" 011 all ~IJl­

I'r()",'hin~ \"ftid"", "'hidl did nol ha\',~ anoth!'r \""hiell' in eillwr lalll" dllritl~ IIIr" approa,'" frolll 

," :lO() f,'d III till' cro,;,.ing, \0 Irain infl"ence wa,.. ill\'ol\',~d on Ihl' da\ :",11','1,'" f(.r dala "011",,· 

liOll, (TIll' n,,,tridion agaill,:t a Y.~hiel,· ill eitlwr lalle wa" n''luirl'd 1)("("0.111"1' lilt' lH'alll \,'idlh of 

till' radar wa,. :'lId: Ihal illll~rfl~rellc,~ wa,. call:'cd hy \"(~hiclr-s mln'illg: a\\'a~' from tilt" da~a ("ollt-,,· 

lio:! "itt:. alld by IIII' de,.ire to eliminate the innllence of a lead \"piIiclr-,) S[)('cial li:'(' whi,'I,'" 

:'lwh a" "dluol bu:-'{::, and flH~1 truek" were omilled from the ~tudy dul' 10 the atypieal 

I ... havior of Ihal ~'T()llr, 

+-10 



"~,~ :~ - ".,.. ... 

The radar wa:; hidden from the view of the approaching driver. The sensitivity was adjusted to 
"lock on" to target vehicles at about 500 feet upstream from the crossing. A reading was taken 
when thc subject reached the downstream edge of the advance pavement markings, (430 feet) and a 

se.::ond reading was taken when the subject reached the double stop lines (ten feet). If the driver 

looked to see if a train was approaching when he was within 100 feet of the crossing, he was said to 

have looked. By selecting a site with such limited sight distance, the driver who looked for trains was 

required to make an ob\;ous head movement, making the determination of looking behavior rela­

ti\"(~lv cas\"o 

Three observers were used. One observed the driver with binoculars for looking heha,,;or, one 

noted the speed meter readin.gs anI! re.::orded observations, and the third ~lected and observed the 

:'!Jbject vehicles. calling out the two times when a speed reading was to be taken. 

Results 

ConsideraLle dctail has been included above to alIo"· interested agencies to essentially duplicate 
the study for appropriate countermeasures. It is most likely that techniques and de\;cts whieh have 

potcntial application would not pf0duce changes of the magnitude sho·wn in this evaluation project, 
particularly after the acclimation effects had been eliminated; therefore. a much larger sam pIe of the 
population would be required. The tcchniques for determining the required population is shown in 
the section of this report titled "Validation by Accident Reduction." Of particular importance is the 
size of the baseline or "before" sample. An insufficient data base obtained before the modification 
program is begun .... ;ll result in an inability to evaluate the effect of a weak but appropriate change. 

The baseline data obtained at the crossing under study consisted of two hours of driver behavior 

"ample::;, a total of 54 subjects. The baseline pcriod was taken in two parts, before and after the 
,,;th-eountermeasure data ~ollection periods. to insure against time-of-day var;ations. 

Comparison of the short baseline data obtair.ed during this study and the data obtained at 
Calverton, Virginia, when intcn.;ews -, .. ;er:: being conducted, indicates thai: no significant difference 

was obtained between looking behavior and speed decrease. Table 4-1 compares the means and stan· 

dard deviations of looking and speed decrease for the two samples of the population at Calverton. 

The null hypothesis to be evaluated is "no significant difference exists between population 

behavior under the influence of either dim or bright flashing lights located at the advance warning 

sign compared to the existing rail-highway grade crossing protection." 
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Data COII~c!lon Period 

Counte:-measure Da;:a 

Int~""vlew Data 

D"tJ ColleC~lon Penod 

Counrermeasu"e OJta 

Inrer\llew Di::ta 

-
Tabk 4-1 

COnll'ari:,oll" of Iiala !rf'm" 
for II ... :,an\l' Cr()""ill~ Oblai,wd al Two lJiff,'n~J11 Tilll!''' 

• LOOKING BEHAVIOR NE ... R THE CROSSING 

N 

54 

284 

Mean 

0.36 

0.44 

• SPEED REDUCTION PERCENT CHANGE 

N 

54 

286 

33~o 

35% 

Std. Dev. 

048 

0.46 

Std. De' .. 

20 

22 

r c 0.703' Not Significantly different 

T .. ,'\,rliiall' tI,i~ It:- p()'IIt",.i~. Tal,"" -~.~ ~I,oh,. IIII' IlIl',lIl,.. ,.Iall<lard d,'\iali')ll~. a:l,] "," \ahll'~ 

ror 11)1' ",1'1'" l'olldili()l1~ IlIIdIT "'hidl d,lIa WI'r,' ololai'lI'd. 

• :..OOKING BEHAVIOR 
r Look 1. Not Look 

CrOSSL~g ConditiOn 

t:}(ls::ng ProteCtion 

Dim Flashing Lights 

Brrght Flashing Lights 

• SPEED REDUCTION 
(V 1 -V61 -o:- V 1 

EXisting Protec[lon 

Dim Flashing lights 

Brrght Flashing llgh~, 

• T-VAlUES 

Comparison 

E x 1St! ng vs. Dim 
Ex:st:ng vs. Bright 
D,,,", vs. Brigh r 

o 
N 

54 
77 
75 

N 

54 
77 
75 

Tal",·.j.-~ 

looking Behavior 

1.84 
6.16 
4.54 

4-12 

Mean 

0.36 
0.52 
0.84 

Mean 

0.33 
0.47 
0.69 

Sod. De'J. 

OA8 
0.50 
0.36 

Std. Dev. 

0.20 
0.23 
0.29 

Speed Reductoon 

3.71 
8.34 
5.10 



", - '. " .. ..... 
, - -: -. . . ' - ~ ~ -"-• 

The above difference::; arc all ::;ignificant at the .05 level: and. in fact, aU except existing protec· 
tion versus dim flashing lights for looking behavior are significant at the greater than _001 

confidence level. 

To reject the null hypothesis. it i" necessary that both speed reduction and looking behavior 

change in the appropriate direction b;" a significant amount. For example. a candidate countermea­

,..ure \,"hich implied a high degree of grade crossing roughness might result in an increased speed 

redudion without a eorre,;ponding incrca~' in looking: behavior. A cOllnkrmeaSllre which \,-as 

locatcd too c10:'-C to tlw crossing or was 01" insufficicnt "ize for tht~ population to note the message in 

time. could rc"ult in an incf(~a5("d looking behavior a1 the crossing without a corre;;~onding speed 

rt'duction. In thi,. ca5e_ both looking beha',ior and "pc'cd reduction were "ho','n til be ,.:i~'Tlificant in 
the predicted dir{'ction and. thtTcf are. t!J(, hy pothesis ','ai' f(~j,:ckd. 

In "ummary. the change in behavior of tlw dri\'cr populatio!1 was. for 1iwir first exposl!rt" to the­
('ountermea,;ure. exactl::-" a5 had been predicLed. The driver slowed down upnn noticing thr 

eountermca,;ure. made a diligc~nt effort to deled a p.,s"ibk train hazard amL in faCe. lhe potential 
for a train-vehicle collision wa5 materially reduced, Th(' C:O:.mtcTmca':Uf(' ''';is al"o found ~o 1)(' 
incre~ingJy cffecti\"(,: in proportion to tlw brightn('~s of the lamps 30: io; ';;('tn in Fi;!llre 4--+ .. 
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40 
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~ 

c. 
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FLASHER 
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Figure 4--4. Comparisons of measures for entry ~peeds (430') and exit speeds (10') 
and looking behavior for three condition...; of protection. 

4-13 

'-.1'" 

)( 

a:: 
0 
:; 
<: 
:I: 
c:l 
UJ 

0 ;: 
:II: 
0 
0 
~ 

I-
Z 
UJ 
U 
a:: 
UJ 
Co 

-.0 
" 



'.~ - . . - , \::- . .~ ~ .' ~... . . - :. ~ '.' 
, - '. ~ - ' - ,'/ - / " "- ~ ~ ... -'. '- - - ,-. . - ~-

(H note- art" th .. l1ull1lwr or dri\"(~r" who ('arne to it rull ,.:Iop '-II 1111" pailll('d "top lin('" IlI'flJr<' 

I'r""""dill~ Oil their trip. 1'111" nll:nh(~r of driv('r,: who carn(~ to a filII ,.:Iop in hoth riirc'dioll" \\'i1,. 

IllIkd. alld 1111" llullill"tnlrTI('II1i"d dirt"l"lioll 11",'d a" a ("olllrol. t llfin 1111" Ihn ... prcdcdioll Jr,\..!,.. IIII' 

I"T',(,1I1 Ill' r1ri\"r" ,dill "IIlPIlt'd i,. "llo\\1l ill Fi~(IrI' ,J..,l. 

Co ... ·IIl"ion!; 

50 --' 

40 

.... 
z 30

l 
"-' 
'-' 

t 

"J 
10 

~ EXPERIMEI\:TAL 

CJ CONTROL 

EXISTING !JIM 

PROTECT!ON FLASHeR 

BRiGHT 

FLASHeR 

Fi;.:ur,' -l ,). PI'rn'lIl (d' dri\,-r:- ,\lll) ... t"I'iwd Jl till" ("r,) ... !'"irl,~ 
(.,r !u,lh ,1in·l·li,Hl .... Illulf'r thr.·,' '·,\rlt·rJiI"lll.Jl ('(HujititJI1:--. 

TIll" purl''''':'' of Ihi,. ,.Ii!:!.' \\a" 10 \'alidatr- I Ill" IIl1"a,.l:n',. ,.11;.!,:":'·"lo-cl for ('IIIlIII'TIIlLI,.llr,',. 

""dllalion, III fad. III/" l,~ pot!lt',.:i,- 10 III' I",.kr! ,\a,.:. "(;i""n a rnodii'i"ali'JlI 0;' lilt' Cal\lTllI1l ;,!rarl" 

.. r,,:-,.ill~. ,,J,ic'l, "all,wd a ,.llorl !,'rlll IIl:Jdifi"alion of 11I"/t;lIior ill ;1 ,-af" din·dillll. an' Ilw 11\1";1,.\11'1'­

-I:ffi"ic'nth :-"I:,.iti,'(' 10 that dla'I;.!(' 10 indi('alt- a ,.igilif;'·<Il1t r<'''ldr~'' I I :1111,.1 Ill' ,'on"llld,'d Ihal 1111" 

1I"·a,.un',. prop",.('d alld u,-I'd an'. ill fad. ,.('II"ili,,' to a I'''all;.!'' ill ;,!Ta.i,· 'T(;-"ill;.! "af,',: I lI'it a\ ior. ;!lId 

.Ir.· lalid Illl"a";Irt"" whi"h ilia\" II/" II:wd ill till" ("<llllalillll of ,'alldicla,," "Ulillic'rlll""""rt.,.. 
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CHAPTER 5 

FIELD DATA COLLECTION TECHNIQUES 

The data obtained under this eo~tract at the nine locations investigated during Phase II is a mas­
sive base containing information Of. the behavior, attitudes, knowledge, and biography of over a 
thousand drivers. Additional information regarding the physical surroundings (ii: the collection loca­
tions. the operation of railroad equipment. and trains was collected. All of the above was examined 
in the light of findings of other researchers through a review of the pertinent literature, and ",ith an 
understanding of the types of accidents which have occurred at grade crossings. Tabie 5-1 may be 
useful in pointing out the measures gathered in the second phase of this contract. In the sections 
'-"hich follow. each of the data collection techniques used in obtaining these measures, viz., the Traf­
fic Evaluator. photography. and motorist interviews, are discu&.--ed. 

The Traffic Evaluator System 

The Traffic E.-aluator System ,-"as developed in 1969 by the Federal High,-"ay Administration to 
aHo"" large.scale collection of data pertaining to the operating characteristics of highway traffic. The 
system records discrete events on magnetic tape. It is a rugged. portable, battery-operated system 
which can continuously monitor 60 switch contacts. Upon activation of any contact, the time of 
initial closure and the addrcss of the active switch is "'Titten on seven-track computer tape. 

The com plete Evaluator System consists of an array of vehicle sensors, the evaluator recorder. 

and electronics unit (hereafter referred to as the "evaluator"), power supplies, manual code boxes. 
a:,sociated cabling. and a s,·t of computer programs for reconstruction of the original vehicle charac­

teri:5tics. 

Vehicle Sensors 

Two primary methods of sensing vehicle position are available. These are tapeswitches and pneu­
matic tubes. Pneumatic tubes are traditionally used in traffic counting devices and could be used 
",;th the Traffic Evaluator System. They have a low initial cost and a long life. However. we have 
not used them in any of the studies we have conducted using the Traffic Evaluator System and there 
are several reasons for this. First, they are highly visible to motorists and suggestive of a speed trap, 
causing motorists to alter their driving pattern as they enter an area where pneumatic tubes are de­
ployed. The operation of long tubes is undependable unless very sensitive pressure sensors are used 
with some electronic amplification and pulse shaping. Double pulses are common in mechanical 
detector combinations. The most serious fault is in the sensor equipment. A large enclosure must be 
attached to the end of the hose. so measures of traffic in a single lane of multiple lane roads requires 
an unwieldy geometry of tubes and logic to determine which lane the vehicle was in by eounting the 
number of tubes hit. Wheel bounce and adjacent lane vehicles make this technique unreliable. 
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OATA CA'EGORIES AND ITEMS 

:"oca-,Ion 

Weather 

Roadway condit!ons 

Adyance sign; what kind? 

How many sets of :::racks? 

Train visibility 

Signal IJisibl1i't'( 

5p~ rimlt 

CrOSSing rO:Jghness 

Sex 

Ase? 
Occupa:::ion' 

Glasses? 

Sunglasses? 

ObVIOUS h.,ndlc.:!ps 

How rr..)ny mlle~ a year dO yow drive? 

State you £PI 'first lic:en~' 

Where CO yOu live' 

How long ha'Je you lived there? 

Rea!i-On fer drive 

Ty~e 

Lead .... oehicle 

Color 

... ·!:ndow pOSition 

Aaclo O~ 

Ai,. conditioner 

Sea! b<:1! 

Shou!der h,Jtnes.s 

Mal...e and model 

Yedr 

State I ic~nsec 

t!umtxr of occupants 

O:hcr wincows open 

Window condition 

Obviou!: defects 

How ~a~: at tracks? 

ROll down window? 

Li~'u!n for train? 

Did yOu Icok. ') 

S[:J~ at crossing? 

DH~ you slow down' 

Did you come to comolcte stop? 

Why did ycu SlOp? 

Why did you continue ahead of tr~in7 

How 1as! did yOu cross tracks? 
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I I T~AFFIC I";OTOG- I SITE i 

Crossing Charae:erlstics 

v 
V 

Driver Biograph,cal Dena 

i OBSERVER EVALUATOR R;'PHY 'SURVEY! 

Driver VehiCle Characrerls;:ic:s 

V 
t/ 
t/ 
t/ 
V 

~ 
V 
v' ,; 
V 
~ 
V 
yI 
t/ 
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Table 5-1 (Continued) 

Data Categories 

II SOURCES OF INFORMATION 
DATA CATEGORIES AND ITEMS QUESTION. liNTER. TRAFFIC PHOTOG· 

HAIRE i VIEWER 
OBSERVER 

EVA~UATQR RAPHY 

Oriver Awaren= ot ~fety 

Law says you should have done what here? I ~ 00 all O'ossings have Signal or gate? 

Do all crossings have a 'Sign way up road? V 
Most accidents occur with·without gateS or lights? 

II 
V-

Most occident. occur day/do",? ~ Most accidents o<:eur good/bad wea~~7 ! 
Most accidents.::-: cr.o~i;.gs "';ith signals Cl'ue to carelessness V-, or nonworkir.g: signals? 

I Ho .... ,.. ... ny motorists killed in US. at aossings last year7 V-

I V 
0 

;..tow many of above drunk? 

I How many killed on all traffic accidents in US. I~ year? V 
I' no sigNI; only few trains/onlv 510w trains? V 
Signals at O'ossings alway:s tell when train is coming; v' I warn in plenty of time to stop. 

I 
Have ever known anyone to get ticket for crOSSing when V 

signal on? 

Driver I(nowledge and Experience with Crouings 

How often do you ~ro'SS these trG~ks? V 
V I How far do you live from 0"0 .. ,ng7 

'Nhat first indication of crossing? V 
Advance sign; wh.1t kind? V 
Did you Icnow number of tracks? V 
How m.any trades? 

~ Markings on road? what do YOU remember? 

AnYthing making it hard to tell it train? v' 
Receive specific instruC1ion on crossing? v' 

T ",in and Countermeasure Data 

How improve advance waming sign? 1 ~ I Is train sche-duled now? 

How often do you see trains at crossings? V-
E.,..r cross when signal on? W~y? V- 11' 
A"""'ge delay at C"ossings7 

~ How long after signal is train? 

'Nhat are men eHective countermeasurd? V-
HOw fast was train going7 V v' 

All Vehicles Oa ... 

Type V-
Wheel base V 
Number aJCles V 
Platoon 

~ Type previous vehicle (for each trap in array) 

Speed in mph t Headway in semncis 

Headway in teet ..; 
!"railway in leet ..; 
ITo"", ot day ..; 
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The practical procedure is the u~ of tapeswitch sensors manufactured by Tapes\\itch Corpora, 
tion f)f America. These sensors consist of two metal strips separated by plastic spacers and enclo~d 
in an extruded plastic jacket. A leadwire runs from one end of each tapc:-,,, .. itch to a terminal box 

located off the shoulder of the road. When the wheel of a vehicle rolls onto the s\\oitch at any poi!1t 
along its length, the metal strips are pressed together and an electrical circuit is completcd_ The 
;:witches are obtainable in any length desired_ The input connections from the switches to the data 
recorder are such that each switch is uniquely identified_ By limiting the hmgth of the s\\itch to the 

\\idth of a highway lane, the specific lane in which each vehicle is located is automatically identificd_ 

Four models of tapeswitch are useful in sensing wheel crossing_ These are the models 131, RE. 
RBS. and 170-IS. Each of these s~\'itchcs has different characteristics_ For most applications. the 

modd of choice is the 170-IS which designates a BioTechnology. Inc. modification which is particu­

larly appropriate for traffic re;;l~arch. This ;;ow itch is lightweight, about 1/2" wide by 118" high. ;md 

rall:'CS almost undetectable vibration and noise ,,-hen crossed by motorists. 

Tapeswitch :;cn;:or,.; are attached to the road "ith adhesive tape, A double-faced tape the Kidth 

of the switch is placl~d beneath each switch. Tape with adhcsive on one surface only is placed on top 

of the s,dtch. This tape is about six inches \,ide and contacts both the sKiteh and the roadway. The 

combination of t\,'O adhesive tapes permits switch deployments to last for a week or more under 

high-speed, high-dcnsity traffic conditions. The single-faced tape on top oi the s\\itch provide,.; pro­
kction while the double-faced tapc between the s\~;tch and the highway prcvents "creep" of thl" 
:,witch in the downstream dircction. 

Evaluator (Data Recorder) 

The evaluator comi"t;; of an electronics unit which codes incoming data, and a digital tarl~ rr­
eorder for mas;, "torage. A pair of ;;hielded wires are run from each ,;witch in the array of v('hidl~ 
:,I'n;:or;: to a central position ~,'h·~!"(' they are connected to the evaluator. An !ndi \-idual ] 2-\01 L line is 
filII to each normall~ open s,,-itcr., The closing of the s\,'itch char;;c,; a capacitor whieh j" sensed by a 
11'\,('1 converter and the resulting puist: is convertcd to ;J +.5-voJt logic level. Aner inversior-,. the plll~e 
i,.. routed through a diode matrix and the six-bit codee output is applied to the fir4 ,;tag .. of a six 

word silo memor~ . The appcaranee of a coded switch closure at the memOI;- triggers a cutoff line 
and i" "and gated-' with the original pulse from the switch to fire a 40-millisecond. one-:,hot multi­

\ibrator. This diSiLles the input from the vehicle ;;cnsor lhat initiated the signal. A 10 k Hz clock is 

t~w primary tim(~-of-day ml~chanism. T,,'Clve bits of time data arc loaded into the silo mcmory with 

tlIP ;;witeh c1o"ure code, and the resulting I8-bit \,'ord is read out of memory in its turn to the rl"­
cordl~r_ 

Thl: e10ck is rcset every 2016 milliseconds. This event is transmitted through the diode matrix 

ju"t like a road switch and is recorded. giving a continuous record on the tape of time since initial 
dl·\·icI~ activation. 
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The mass storage device is a Precision Instruments PI-1387 incremental digital tape recorder_ 
Complete;y passin: !.mles,; commanded to record, this instrument writes six bits of data plus parity 
at eaeh step_ The three steps requircd to write the 18 bits of data generated by each s",;tch closure 
require 18 milli~eonds. The maximum writing speed at 200 characters per inch is 200 steps per 
:'(:conrl. Six IOO-foot tapcs are used_ reprcsenting a maximum capacity per reel of 480,000 s'n;tch 
,·Io:;ure,.. 

C'~rtain limitation" of the evaluator regarding accuracy should be noted_ The 0.5 millisecond 
unc,·rtainty due to the clock rate will result in an uncertainty of 0_0] 84 percent per mile per hour. 
TIlt" vehicle may rlut be moving along a line pcrpcndicular to thc sensors_ /\ five-degree angle "'ill 
caU:iC an erorr of 0_38 p('r:.~r:~_ .-\ placement error of 1/4 inch from the desired four-foot separation 
eauscs a 0_52 pen:.·nt error. Other factors which may result in small errors are axle misalignment on 
th(: subject vchide. unevenly worn tires, etc. 

The magnitude of the errors can be gre..atiy reduced by averaging the reading for all axles. placing 
the ,.wileh,~s at Fain b of low lane changing probability. and taking grcat care in positioning the 
s\,itchcs exactly four fl'et apart and perpendicular to the f1ow_ 

The evaluator in its present (:onfiguration contains only a six·word m~mory_ t:p .0 ten micro­
,;econds art' required to process data for .each 5\>;~ch closure. The hardware may fail to r(!cognize a 
",'cond closure \\;thin the processing period of the first. If six switch closures are queued for the 
recorder. data gen('rated "·i11 not be ,;tored until there is room in the memory. The data "'Titten on 
the tape must be formatted into records and fi!"s for further proeessing. During the 0_75 seconds 
requircd to write an end of record code on the tape, no data can be recorded. This problem is mini­
mized by using cxtremely lung record lengths. but at the cost of requiring z. great deal of core 
m(~mory to rcad th,· tapes_ 

Manual Code Inputs 

Sinc(~ the evaluator recognizes all switch c19sures in the same way. some' ,f .:;. 60 code:- avail­
able may be u:'(:d by observers to record discrete events manually. Three R-butl~;: iJoxe~. four I-but­
ton boxc,;. and associated wiring arc available. The meaning of the codes may be d(·:ined in any way 
desired. 

Power Supplies 

The evaluator system is designed to operate on three voltage sources. a 12-volt automobile 5tor­
age battery for the road sensors and reoli"der, a six-volt storage battery for the electronics u!"":it. and 
a 12-volt dry cell for negative bias of the level converters. The recorder draws 40 watts when writing 
data and ~irtuaJly no power in the standby mode_ Two ampere-hours is about average depending on 
the characteristics of the vehicle array and traffic \"0Ium""_ The electronics package draws a steady 
25 watts from tl,e six-volt battery. The drain on the bias supply is negligible. 
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Cables 

TIl<' ,.~-,.t.'rn i,.. ,'olHJ('l'Il'd togeLh,'r lIy 60 intl're!J;mg"allh- ("able,.:. '1'111''''' an' each :tiO f""t lOll;! alld 

lIIa~ lit' /rook"d lo;!d h!'r lik(, 1101l":1'1101d ('xt(~n"ion ('orc),; 10 oblaill tIl!' nCI;(',.:,.;ary lI'nf:.rtll. ,\1111'111'1101 

'·'"I1 ... !"!or,. lo'rrninat(· Lht' ,:abll,,.: at til(' ('\"aIIJaLor on OIH' ,~nd and t.) ('illwr a manllal "ode J,o'\. or r(Jilt! 

'hih"/r "'rmillal !"trip box on Ih .. other. 

Data Processing 

T,\o IILilit~- C()lllplll.~r program,. and orw analytieal pr()~ilm ilr!' (I:,,'d 10 prc{Jiln' dala "I>lail ... d il! 

1110' t"idd '\ ilh Ll ... TralTir' E,-aluiltor Sy;:t('m, Thc;;(' program" Iran"lal,' Lim!" and ,,\,-il.-II .. ".I"" illlo 

,,·lli..!,' illHI traffi., fJO\,' !Ji,.toril''';, reprodueing till' condilioll:' aduall~ ,·XPrTi.'IH·"d 'II II ... roa(h\a~. 

TIl(" IIlilil_' pro;!rarn" ,. .. rn' olll~- 10 "dil data ,..tored 011 lllagnl'li,' tap" in LlII' t"i.,1-l alld 10 Irall,..lil!o­

Ilw,." ,bla inlo a form mon' f('adily r('vi,,\,·,'d by a rc:'('ardl engil1l'.:r. Originall:, Ill!" dala ar,' ,.Lo .. ·d 

;1' far;!,' hl,wk,. of "onlilllloll::' hinar;: bib, The:'e an' :'canrl"d Oil(' bit at a time Lo I')('alo- lilt' fir,.1 \-,ilid 

lillll" fllrl,.,·. ,.Iored a,.. ()OOO foll()\\.:d ": all O! ,"wil"h .. "dt'. Thi,. olJ!'raLioll i,. I:,.,·d lo,.~ Iwlrr'Jlliz.- 111,' 

,··!it I'ro~rralll willi tI]I' daLa ha".,. Dala ;n ,'a"!1 "'I"on1 ar .. 1111'11 Irall"lalf'd from r'onlilltlOlI,. I,illar: 1,:1,. 

ild" d"lIl"III" of tim'" word,. of ,.ix bil. "..,1"/1. '1'1\1" fir"l t,\o "-"rd,.:, or t'\('l\-e I,it,... n'pr"""!iI !:I<" lim ... 

,111.( Ill!' lhird \,ord r"pr",,"III,. Ihe ~\"il"h .. od,'. 

TI\I" ,'di I pro;!ralll al"o prm-jfk,. tIll' ",-'T ,,'ilh it Illl~all": for "I'i"f:till;! "pl'l'ifif' (,I(){'k~ of fidrl rlala to 

I ... (Jre,,·,,~~,'d b~ tl](' allalylil'al (JrtJg.T"m. Illput ('ontrol" an' pro\"ided to ":p('('ify IIH' hqrinnill;! alld 

"I!flill:.!: fil<- and record number:> of fil'ld daLa whirh an' to fll' "Ion'd for furllwr allal~~i,.:, Oplioll,. :11'" 

;d·IJ :.!:i'-"Il to print tIl" dala prr)(",,,,,,'d in odal or ,k"illlal alld tu ,,-rilt' tI ... dalJ ":1 lll:I;!lll'li,' 1:1(11'. 

T!II' prilllan t"Lllwlioll of II.,. anal:- "j~ I'rO;!ralll j" 10 "'prot/III"I' IIII' fi."d ,.illlatioll Ilrat \\:1,. orj~i· 

!I:,(I.\ ,.Ioro'd 'JII maglll'li., lap". Thi,. i~ a("("onJl'li_ .. IH'd h: lakillg ax,," l!lIlt' Plr!,..,,- and II:" a,..,.fwialerl 

-" iI"1r ,'",k,. alld produ"in;! ,chid"" al .'adl flair (If ,.:wi,..III''': ill I'ach lalH' of roadwa:--. 

\11 illlp"rtalil f"allire of ill!' illlal:"i,. program i" il" f'apabilit:- 10 rldnmilll' \\111:11 failLlI"l",. 01" road 

.\\ ildll':' o,·,'urn'd. Origillal data wh;dl ar(' mi,.,.:in~ fronJ Ill(' illpul fiil' of linll''' :lIul "wilt-h lIullll ... r~ 

'"<Ill t"re'(jI ... nll~ I ... rt',·on:,lnlct.,d alld 1'''I'd II:' IIII' pro;!ram Kitho(:1 call,.ing tlU' n'hid,' 10 111'10,..1 

i'rorrI IIII' IIUlp1i1 dala fil". \Iany illl,'rnal elll'("/;." an' p,'rfornll'r1 hefort· P'T'l:illillg: IIII' r,'!'oll,.:lnlO'li"l. 

or TIli,..in;! dala. alld th(' oUlpli1 ,:an b,' u,."d ,,'ith ~rr('at .'onfirlcllc':, 

Tllf' program i" de":igtll'd to a:'::'ign a 11l1iCIlW idenlificalioll 1I11mLpr 10 ('adl \"dliclc lhat I,. 

rt"'o;!lIiz('cl ('nl"ring tlw array and to lrack Ihi,. "chide Lhrouglr Ih.' (,lllire' array of "wildIe,. un Ill!" 

r"a,h,·ay. :\,. whielr·,.: an~ df'lcrmincd by IIII' program, till' in lerrdatiorl,.:irip of each vdlicl,~ wilh adj:J. 

n'1I1 \",'hi..J.'~ ill IIIf' larlf: i" com [JutI'd in kn:l"; of I im,~ ilnd "pac!' lrea.lway. '1'1](',." ,.,.11 i"I.' n'lal io". 

,.:;ij;- and oll1e'r "pa,"(' alld tilTH' nll'a~lIn'" ar,~ !lilt pilI !lolh Oil magnelic lap" and in prinll'd 1:JIlI,',... 
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A number of user generated input iter1".8 are provided to pennit maximum user control of 
the data to be processed. Among the3e are parameters that define analysis periods, locate and 
identify vaEd switch codes by lane, and establish ranges and intervals for tabulation of the 
data. Time and "pace factors a-e included for fitting the analysis program to the traffic condi· 
tions that prevailed when the data was recorded. 

The output of the analysis program is stored on magnetic tape and prO\.ides the researcher 
.... ith the greatest flexibility for conducting many different statistical analyses and tests on the 
traffic measures. By sorting the data on file with a standard computer utility sort program, 
any of the fields in a record can be selected as the major control field and any other data in 
the record as minor control fields, creating any desired set of data for subsequent analysis. 

Two different kinds of output record may be obtained. The first is a cumulative record of 
a given measured event by switch pair, or lane, or both. Among the events which may be so 
described are: 

1. number oj vehides (by type and grouped L'1 platoons if desired), 

2. kne change, 

3. hme straddles, 

4. speed (absolute and ~dative), 

5. headway (time or space), 

6. acceleration, 

7. manual inputs (e.g., local versus nonlocaI), and 

8. vehicle characteristics (number of axles and wheelbase). 

The second kind of record is a track of a specific vehicle as it PIUl8eS through the tapeswitch 
array. I~c1uded in this track history are a unique identification for each vehicle detected, the 
vehicle type (auto or nonauto), the lane traversed, and switch pair crossed within the lane. 
The analysis.period, platoon number. and number of axles on the vehicle are also recorded. 
Associated with this information, each record presents the front axle speed, the rear axle 
speed, the time each axle reached the s .... ;tch. average vehicle speed, the distance between the 
Tirst two axles, time and space he~~wa,:" between the current vehicle and the preceding one, 
the manual observer code (if any), anci""thc clock time in hours, minutes, and seconds. The 
beginning clock time is established by the user through an input parameter. 
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Road Switch Placements 

The Traffit: E\-aluator Sy,;tcm wa:; used in a grade ero:,,,ing study for thr; F"deral Highway _-\d. 

Illini,.lralioll (~pl't"d Profib; and Time Dday at Rail-Highway Grade Crossingsl). Sper;d data \\-3:" 

,"ollt:derl at th .. one thou,;and-K')ot and one hundred-foot points on both sides of the cro::;:,ing and aL 

tl ... 1T1l""ill~. The re,;ultirrg profik,; "IrO\\(~d that the cro:,,..ing does not inOucnce traffic behavior 

,i~lIi i"icalltly beyond ;:;00 feet. To gf'ncrate "mooth cun-c,.. Lflr; ,..wi!ehe:' \.-ere :,par;c~d a:, ;;110\\"11 ill 

Fj~IJr(' .')·1 helo,,". Thi" gave mea:o:ures of \',~hiclc par;Jrnekr:' at ,;ix points .... ithin 500 fed of tIll" 'TO,..:'· 

illg at approximately regular time interval" as the vehicl(~" decelerated. 

500' 

300' 

200' 

100' 

50' 
' .. 

", 10' 

U 

I I I a 
= ---- = ---

II II II I) II II = 

F-* ~ 
a 
R 

TIl(' ,;p(',~d mc'a:'llrc,; obtained reprc!:o:ent till" "peed of th(' motori"l under :'tIlUY ulJ,kr ("nnclilinll" 

!.oth ",-ith and without the inOuenc(! of the grade cros,;ing environment. 

Manual Coding 

For I:aeh which: pas,;ing Ihrough th(~ array of vehicle ",en"ors during til(' period of oh"rrvatio'l. 

till" looking Iwhavior of the driv,~r was coded by hiddell obsern~r5. The approach to th~ cro""in~ \\"a" 
di\-ided into two zones and the: obviou" head movemenls of the' diivcr were codrd bv four cal,'­

~oric:,,: (I) did not look. (2) looked to the Idt. (~) looked to the ri;:;ht. and (4) I00k,:d hoth wa~". 

I :'aIlfJ"r~ . ./.11. Speed profilc~ and timl' delay at rail.hig:hway ~ad.· cro;.;;ings. Final B.'·porL I'n·par,·" I,," 
l~ioT"ehnolo;..ry.lne. for F"u"ral Highway .. 'rlmini~lralion. 'lilY 1972. 
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\11 :,il,':' w('re :,ekdcd with obstnwtion" in at Ieasl one of tht' two (Iuadranb,.o that the drivI!r 

would !lol ~nt'/it from luuking for a train before reaching a pointles:s than 200 feel before th(~ 

tTo:,,,illg:. The two zone,; sckcted for observation were from L50 fl~et to 50 feet, and from 

,)0 fl'et to \0 fet'l. The pre·tl!"t of the data collection methodology showcd that .irtualIy all 

driwr,.: fel! illto tilt' "not look" or "both ways'" category, and that the coding task was 

:,li~hUy JJlOrt.: rdiable whe!l only the;;c two categories were used, II was further ,.hown that 

hn, ob~'r\Tr,.. \\"t'rt· required. ont' for (~ach zone. 

Tire ,.0 fl \\ an' ./t'H':opeti for lfw Traffi(' Evaiu ator Sy::'tem permit,. vehide :,pecific coding to 

f., "Ille'n'd Oil tilt' m~'1\t'til' lapI', ~mall boxc':; were con;:trucLed with two buHon" on each 

lalll'l.,,, '·ye,.·· alit! "110". Th(',,1' WI're conneded to til(: Traffic Evaluator Sy,.:tem. In order for 

Iht''''' "ocle" It, Dt· a.",..ol"ialcd ,,'ilh the COITcd vehicle. they had to be enlered onto the tape 

\--1](,11 Ih,' "b",'r,cd vchid,' would 1)1' tilt' !lext one to pas,; over tht: H!hide ,.cn,.or::: at tlw end 

"f III(' ZOIIl'. 

,\dditiollal code" "en! u,..,d by Lhe "ill! leader. :\ Lhird pu:;hLulton om. \,;a...; provided for 

('Illry in to the Traf!ic Evaluator :-,y:;tem '(If code,.: reprt:::-en ting the "tart and efa! of cro":ii~g 

,.:i~'llal aelivation. thc! arrivaL and departure of trains, and \\'hen~ver a train wlii":lk was heard. 

TII«'''t! fi,"," corll'''' wen~ not VI·hide·related. and w~rt' retricvt"d by a "carch of the magnetic tape 

for lIw;:I' particuLar fi\'(' eodl~". ;\ ;:ixth c()dl~ wa." used for the d",.i~lation of vehides :::clcf't,·d 

to rt'('c'iv(' in Lervi,'w,.. Thi,. code wa,. ,:ntered ~o that lIlt' ,.:e1("(:1t~d \Llide would be the next 

Ol}t' to erO:i:' the Ia...;{ pair of sen,;or,.. It wa,; not alway" pos:;ible to enter this CGdt' at the cor· 

rt'C'! time. h()\,·evt~r. ,.:ince ,;oml' vehicles which were interviewed ,,·ere chosen becau:;c they 

,.Iop[>,·d when tlw "i~laI wa.~ not adivated. and it ',:as not rc~eognized that they were goi!1~ to 

,.to!' lIlI til aftc'r Llwy had already reached tlw la,.:t pair. In the5c ca.~". the intervic,,' code wa" 

a. .. ~()t'ialt'd with Llw next vehicle. and a notation wa,; made to allow eOITt"ct1on uf Lhe aata 

),a.~I' , 

:\ "imilar problem Wa!' di,.:coven·d with tile looking codes. That i". some vehicles were 

found in t1:e data wiLh three c:ode::: instead of two. Thi" was caused Ly !.he design of the 

"ludy rc:quiring coding of behavior ..... ithin a zone before the subject reached the end of the 

zone. Ir()\\"(~\"er, analy"i": of the data showed that late code,.. which were as:iiPled to the foil 0\\'· 

in:,!: wlridt, (along wilh Ihe actual CVUl''' for that vehicl(~) were in all ea,.:e;; "did not look" 

I:od .. ,.. Thi. .. di"eow'ry allowed correction of the data without loSi' of information. The 

apparen I rea. ... O/l for th i" phenomena is thaL drivcr::: who did look for trains were coded as 

,.:oon a,.: the action was observed. Th,~ oh;;ervers, anxious to give the driver every opportunity 

to look, som~lime:; waited 0.3 to 0.5 seconds too long Lefore 5ignaling a "did not look" code. 
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.\ ~(' .. uncl prohl"m wa:, "'ith the coding of thl" :,i~nal:, and train:' . .'\~ cw:,,,in:,!:,.; withollt Iwll". it 

I. a,.. frt'qlwntly diffi .. ult to know w/wn Ih,· "ignal l'afTW on. and Ihl' addilionalla"k of ,.,·I'·I·ting and 

"IJding \I·hid.·,.. "hil'h dron' through an ;,('(il.:l!-d ,.ignal "olll!'time,.; pn'('mpkd tl)(' ta"k of ("odin;! 

t1w:-<' ot/wr ikm:'. \\ hl"ll Ihi" wa" rtTogniz.·d. a "mall pholof'il"f'lri,· d(,\·in· WiI:' r·on,.lrtlf'll"d which 

(,IJuld lit' tapL'd ill Ih(' .. "mn of th,' :,igllili. Thl' rt'Ia~' dO";Iln' ol:tplll from Ihi" dl'\'in' wa,. "ollw"'wd 
din·l'(l~ 10 til!' Evalualor ~y:,tcm,.;o thaI :,ignal adi\'atioll perind,.. "IT,' automalil:ally cod,·d. l'n­

fllrlunakly. IIH' Iw,'d for Ihi:, dt,\,in' wa" not n'("01-'11iz('d lwfon' "on](' "ignal a<'li,·alion,.; had IW"n 

III i",,,,,·d. 

Photography 

Thl'rl' ',n.· thrct' tYII(':' of pholugraphy u:'t'u (':\kn"iwly dur~ng til<' projn·t: :):>mm "Iill 

ph .. to~'I'aph:. ,.;upt'r-I~ighl m.n-i(·". and "1I1H'r-l'ighl tinw.lap:,,' phot0l-'I'aph:. 

:-'i te [)ocumen lation 

TIl<' blal'k i!lld while :{:)mm photograph" ,,','TI' u",·d to draw d.',.:niption . ..: of 1111' phy"ir:al char· 

a..t,·ri..:li,·" I)f ";wh "ilt', in .'onjuIH'tion with nwa:,un'III,'nl" I.f tlw 1')I'atioll of riri"I""ay" and inkr-

,.., ... iin!! "tn·.·t,.. "ign", and .. th,·r ilt'm" ",hid. could atlrad til!' inkn·,.t of tlH' dri\'('r apprlla..J.ing II ... 

'-rIJ,,..illg. '1'11<',...· pidllTf':' ,,'!'rl' mad,' from tllf' drin'r':, I'yl' 11'\(·1 with a wid(' ;.ongl'· I"n:' from around 

10(10 f,·.·t from tilt' no",,,ing al '1 OO·foot inlt'TI'ak .. \drliliorwl rrwa:'liTl'" ik:,upporl of 1111' "itl' 

dOI'llIllO'nlalion included "ignal ,i,.;iiJility ZOlW:' and ,.ighl di,.lan,·(· down tlll' •. tra .. k from variOII,. dril·.-r 
di,.I;JII.·.·,.. 

Train E\'ent~ 

[ pOll ;J('li"ation of tlw "ignal at lhl' ,.jx adiv(' ero~,.ill~" or Ilw approach of a Irain al till' 11m',· 

1';1~,.i\(· ITO""ill~~,;' "'pn'ial ('wnl,; cam,'ra olll'rakd i.y tlw "i!t· I"alin at lil,' O!J"'TV('r localioll \\,a,.. 

11" .. .1 I,) filllJ Ilw immediak approa!:h ZOII!' ... \ film ~pe.'d of I'i~hl frame" per ""('olld wa" ll:'I'd to 

j"';lIlit maximum filmillg: time (about "nl'n millu/l',.) "hik being fa,,1 "nou~h to "liminal,' .i('fk~ 

IIlo\l'IIlCIII of It·hid"" \.-IH'n proj,·ded. ThC',.,· fillll" ',Tr,' 11",'d for Iwo importanl pnrp0':'·'" to ~i,,' a 

,..trikill~ \ i"llal rl"'ord of dri'·"r beha\'ior wlll'n warrwd of all approa('hill~ Irain. alld 10 allo\,' lIIallllal 

,,·hid,· n""Hl4nll'lion of IIII' Traffie E"altlator ~y4"rn data Oil ""hid!'" "hidl "iop (,,",. ",·,'Iion 011 

ti;,' Traffi .. F:",!Il1alor ~y""'rn). 

Vehicle Tracks 

Ea"h day during till' colkdion of dala, a "up,~r'I'i~ill .'anlt·ra \\'a,.: mounit'd about :;00 ft-d Ilt'fof(' 

Ilw I'ro"":ing. Thi" camera "'a"1;,~n'~ra!ly iocalt'd Oil a : .. kphollt' polr~. carefully ori"ntal"r1 ";0 thaI it 
",,"Id not lit' ",'('n by tilt' driv(~r,.; going in tI\I' din'dion (If inlt-w,.1. TIl(' t'arrwra,. film,·d all adi\'i:~ 

froln abollt -:{OO fed to !wyond IlH' cro:,,.ing for till' fir:'1 halr·hou. of ('ar'h odd hour ... \ filming 

"I)I'('d of two fram"" per ""cond \,·a,.: u:-:ed. Thi" film. ill ,·olor. wa:' prjmaril~' inlt'IItI"d a,. a hack ~Ip to 

IIII' Traffic Evaluator Sy"lem. Il wa.'" al,.o u":l'd lo ... ('rif~· th" mat('hing of Traffic ["aluator Sy:'tl'm 

r""ord" with "pcI'ific dri"C'r inl,'ryi(·w,., 
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An effort was ma(Ie to develop some cross-site comparisons by counting the incidence of 

brake lights at the -iOO-foot and -IO-foot puints. This project was terminated after two sites 

had been ··:;I;ored." The difficulty of detecting brake lights at the angle and distance of film­

ing required about h\o hours per half-hour of filming to tabulate, and the vehicles with brake 

lighL-: on were consi:;tently fot..;nd to be going about 15 percent faster than the cars without 

brake ligh L~ on (from the Traffic E.valuator System record). These vehides w~re also found to 

,;how a much grcatel' deceleration valuc than the nonbraking vehicles_ As no new information 

wa."' obtained. the hrakl: light project wa" terminated_ 

In summary. ,;:nc.: the Traffic Evaluator System produced data for all of the sites. the 

cost of att<'mpting to develop .iuplicatcd data from the time-lapse film W3;i not warranted and 

no furllwr rpdUl:tion of 111i~ filmed data was performed. 

Questionnaire Construction and Administration 

Thl: invI:stigatiofl of driu:r n:,;pon~: 10 the grade cro,;.-;ing environment "'ould not be com­

pit· It: withou1 an cxll:m,-iv(" kn()wled~: of the inJi~;dual drivl:r. Thii' informa~ion was obtained 

through tlu: u,-.· of a slmc:ured in terview-que:-tionnairc. de,;igned for administration follo"'ing 

tiw CO\Trl oLservation of dri,,{:r:- tr..l\·ers:ng ~lw ,.elected gr<!de cro5.."ings. 

The instrum('nl for tl)(' "ollt-c!ion of [hi,- data providl·d. f.Jr dri"{T attributes in thp follow­

ing domairL";:: 

• Actual knowkdg:' of rcglJlation~ governmg motor vehicle operations at grade cr05...,;:mp:,o; 

• :\dual kIJowl('dgl: of hazard:, al grade ero,o;:-;ing:' 

• :\ltitudf':' tm,ard grade uo,;"ing :,afl'ly inellJding !en! (If concern about the problem 

• Dirf.~r("nC(::; between driver concepts of grade crossing "ituations and other hazard" 

• D.~mographic and rdaleti baekground information a:,oui drivers. 

The questionnaire us,,::! in this project was eonsln.:cted and ~ubmiUed with the proposaL 

Some minor ehanges were made after the pre-test of t.1-::! ddta collection protocoL The r(,_'illlting 

in"truml'nt containl:ri 40 items c:ovc,ing five general categories. as follows: 

Section Number of I:ems Page Len".(h 

1- Behavoior at crossing 6 

2. Approach to crossing 7 

3. Safety facts 10 1+ 

4. Previous experience 6 1-1/2 

5. Biogr?phical 11 1 

Totals 40 5-1'2 
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Dill' 10 IIH' Il'lIglll of III(' compklcd pa,'ka;!,', WI' did nol fcc'l Ihat Lht" coopc'ralioll IIf 

Ih .. lllutori:'1 would Ill" mailliaill,'d thrOll;!holli Ih .. "lIlirc' IjIJl":'liolHWirc', Tlwrc'fon'. four dif· 

kn'nl qlll",.liollnair" form,; ,,'("re' d,'\'dopc~J fro III 11](" fi\'(' ,o(,,'Liolb alld adlllilli:'I('r/'d ill a 

III addilion to III(' fi\'(' ,w..riotl,. Ilokd aIH,\'('. a :,i'\lh ,..'c'lioll \,a:' fi;lc,d 0111 ,)\ til!' illkr. 

\'I"""r. Thi:, :,cdioll pro\'irl,'J informaLioll 011 11](' I,' ')(' alld c'or]Clition of !Iw dri"n',. \(,hidc'. 

rt ... ord kl"'pill~ dala, II:'C' and prc'''''Il('C' of :'a""t~ and t:oll:!'"rl t'!jllipn]('rlt. ('Ic', Thi~ :,,'c'lioll 

"a,. abo 1I:,,'d Lo rlll,t' tIl(' dri\'c'r'" ;ill:'wc'r 10 ,.iliialional CII/('''Iioll~ a:, appropriatt'- ,.1 lI' I I a' 'ii,. 

n'a,."n fllr dri\ing Ihrollgh an adi\'al('d "i~rlLll. 

TIl<' rc,,.rdtill~ pa,'ka~(' Oil ,'a('h dri\','r ,.('I"I'I('d for ill!c'n'i,'" lIh'rdon' "I,,'a\',. had ~"'" 

I JOIl (,. \\ hil" ~c'diotl,.:~ and:) "'('rc' ,'ollll,I"lt'd I,~ Lhn,,'·follrtlt,. of III!' poplLlal iorL Tlw,.c' 

1'\0" kIlOl,I,'dg" of :,afl'l: fad:, and bio;!raphiC'al illf"rrnalion Oil II ... clri\(T, \'C'rl' kit til I ... 

III11n', r .. !t'\ant til dri\('r [Il'rforrnallt:c', TIlt' rl'rllaillillg "t'c,tioll,. ""'rc' ,'ollll",'kd 1)\ half IIII' 

1'''llIlblioll. Llt'h i!c'rn ('oilid I ... pairt'd \, ith c"','r., ollll'r ikm ill :,(,11](' "ltI,,. .. 1 of IIII' I",al 

j'''llldalic.n rarr~';lIg from IIlw·half to tlm'c"qllarItT:', '1'1111":, ,dri!.- minimizing till' ti:n.' rl'ljllin'c1 

f"r Ill!' dri,,'r t .. ('olllpk,c' 11](' form:', \,'C' \\'c'n' abl,' Lo :,!"llC'rak a ,'ompid,' daLa I,;!:", [)('r. 

rrlitlinl! l,i\ariaLc' di,.lribIILiol1~ of all iknt pair:'. 

Farm 
2 

3 

4 

'\ d III i II i:'1 ra I ion ~ t ra I I'''Y .-. 

SeCTIons I ncluded in Form 

1 2 3 4 I 
x )' 

I 
x 

I 
" x 

x " 
x x 

;)-1 :! 

5 

x 

x 

x 

Number of 

It~ms 

27 

19 

28 

27 
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Table 5-3 

Questionnaire Forms 

CODE #1 __________ _ CODE #2'--_________ _ 

*----------------------
INTERVI:2WER FI!...L IN THIS PAGE 

Information in Ad'l.-a:lce of the Motorist 

Location: ___________ _ Date: _______________ _ 

\Weather: clear. clo~dy. foggy. other ________________ ___ 

Roadway conditions: dry, wet, ice, snow, other ___________ _ 

Information to be Comnleted by Interviewer 

Time: 

Type of Vehicle: 

2.1 Passenger 

1.2 Small truck 

1.3 L,,-:-ge truck 

1.4 Tractor-trailor 

1.5 School bus 

1.6 Commercial bus 

1.7 Motorcycle 

1.8 Other (specify) 

::::olor (specuy), _________ _ 

Reason for Selection: 

2. 1 Stopped -shen signal was 
off 

2. 2 First to stop for signal or 
train 

2.3 Crossed against signal 

2. 4 Nth vehicle 

2.5 Other(spccuyJ ________ _ 

Did Lead Vehicle Stop? 

3.1 Yes 

3.2 No 

Type of Lead Vehicle: 

4.1 Passenger 

4.2 S~all truck 

4.3 Large t:-uck 

4.4 Tractor- trailor 

4.5 School bus 

4.6 Commercial bus 

4.7 Motorcycle 

4.8 Olher (specify) 

Driver \Window Position: 

s.! Closed 

5.2 Part opened 

5.3 Fully opened 

Head Movement: 

6.1 None 

6.2 Left 

6.3 Right 

6.4 Both 

(Section V I) 
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, ' _ _. 0 • --!:~ or 0 - " 0 

. :_ I ~ • • ... 0 _ _.~ JI;-'~;'" • • ' _. • 0 -

TallIe ;)-:~ (COllliIlIWd) 

Quc':liollllair(" Form,. 

Radio c::? Yes No 

Air conditioner: On Off None 

Seat belt: Yes No N;.:.... 

Shoulder harness: Yes No NIl'.. 

Vehicle Make and Model:, ___________ Year: _________ _ 

State Licensed: ________________________________________ _ 

Driver's sex: Male __ Female F. Occupants includi:"lg driver __ _ 

Glasses: Yes No Sunglasses: __ Yes No 

Obvious drive r handica;:>s: ___________________________________ _ 

Others windows opened: L-V R-V L-R R-R R-F T-G 

Window conditior. (e. g., foggy, cracked): _________________ _ 

Obvic~s vehicle defects:, _______________________________________ ___ 

Amplifyi:"lg L""lio:-ma tio:"l: ______________________________________ _ 

(."Tlioll YI) 
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Table 5-3 (Continued) 

Questionnaire Forr.ls 

INTERVIEWER QUESTION TO MOTORISTS WHO STO PPED 

(After introductory l'emarks) 

What first prompted you to stOp? 

___ saw the train 

___ heard the train's whistle bell rumble 

___ heard the bell at the crossing 

___ saw the crossing signal lights 

___ saw the gates corning down 

___ saw U ... ::~.her motorist stopping __ in front of me 

in the other lane 

___ usually stop 

___ always stop 

INTERVIEWER QUESTION TO MOTORIST WHO CROSSED THE 
CROSSI:\G AFTER TRAI?\, IS OBVIOUSLY APPROACHING 

What was ~he basis for your continuing across the grade crossing ahead of 
the train? 

___ train was stopped 

___ train was moving slowly 

___ train was far away 

___ no train in sight 

___ other cars were crossing the tracks 

___ vehicles behir:d me wanted to cross 

___ police or rai1!"oaci officials signaled me to cross 

___ did not see the signal 

___ other i specify) _____________________ _ 

INTERVIEW QUESTIO:-1 TO BOTH OF TIiE ABOVE 

How fast would you say the train was moving when you first noticed it? 

__ 0-10 mph __ 20-30 mph 

__ 10-20 mph __ 30-40 mph 

_40-50 mph 

__ 50-60 mph 

(Section Vr) 
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_,0-70 mph 

__ .. _ Over 70 mph 
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()IH',:tiollllain' Form,: 

#,'----------------------------

MOTORIST Ql;ESTIO);');,AIRE 

First. please tell us what you did o.t this crossing. 

L 

2. 

3. 

When you iirst realized you were ap;Jroaching a crossing. did you slow 
do\::n? 

____ No Yes {indic2.te below}: 

in order to l":':c.tch the speed of the vehicle 
in front of yo;.! 

so you could check for signals and t:::-ai!'ls 

____ because tracks are usually bumpy 

____ other (speciiy} _____________ _ 

Did yot: list'?n for a train? Yes No 

Did you roll do.·;n your window? __ Yes No It was down 

4. Did you look dow!1 the tracks before crossing? 

5. 

No ----
____ Left only 

____ Ri~ht or.ly 

____ Both way s 

Did y:::u come to a cO!":lplete stop before crossing the tracks? 

Yes --- ____ Nc 

6. How fast ~CI you think you were going when you crossed the tracks? 

___ 0-5 mph 

___ 5-10 r:1ph 

___ 10-20 mph 

___ 20-30 mph 

___ 30- 40 mph 

___ 40- 50 mph 

____ Over 50 mp:: 

(~"I'lioll I) 
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Table 5-3 (Ccntinued) 

Questionnaire Forms 

Next. would you tell us something about what you remember of your approach 
to this crossing. 

1. What was your first .indication you were approaching a railroad grade 
crossing? 

_____ an advance sign way up the road 

_____ markings painted on the road 

_____ saw the sign at the crossing 

_____ knew it was there 

_____ saw a train 

_____ saw the lights nashing at the crossing 

_____ ~3.w the tracks 

2. If you saw an advance sign way up the road, what do you remember 
about the sign? 

---- did not see an advance sign 

---- the color (circle one): white yellow red 

____ the shape (circle one): 0 0 A \l 
____ the symbol (circle one): X A RR RXa 

3. Did you know how ma!"lY sets of tracks there were before you reached 
the crossing? 

____ No Yes (indicate below): 

remembered from when I was here before ----
cC'uld see the tracks ----

_____ saw sign showing the number of tracks 

4. How many sets of tracks were there a.t this crossing: 
____ 1 

____ 5 

____ 2 ____ 3 

_____ don't know 

____ 4 

5. I! you saw markings painted on the road. what do you remember about 
them? 

_____ did not see any markings 

____ the symbol (circle one): RR X 

(Section II) 
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Table 5-:3 (Continued) 

Que"tiullIlaire Furm:, 

6. Was there anything that might ha .... e made it hard to tell if a train was 
coming? 

--- No Yes (indicate below): 

____ could not see very far dow:1 the tracks 

____ had to watch the vehicle ahead 

____ people near the crossing were distracting 

___ other (specify) ____________ _ 

7. What additions to the warning sign way up the :-oad WQulcJ have impro· .. ed 
your coniide:1ce in approa.ching tr..is CI'OSSl:1g? 

an indication of the number of tracks ---
--- an indicatio:1 of the type of de .... i.ce at the cross:ng 

____ an :ndication of distance to the crossing 

____ a s .. ..Ig&"ested approach speed 

____ flashing lights on L~e sign that are t"..lrned on. by the train 

____ adequate as is 

____ other improvement suggestions'--___________ _ 

8. Is a train 5cr.t!duled to com.e by aiJ-=:ut now? 

___ Yes, I think so 

____ No, : don't think sc 

I don't know ----

(Section II) 



Table 5-3 (Continued) 

Questionnaire Forms 

Please tell us what you remember about highway- railway crossing safety. 

1. According to state and local law. what should you have done at this 
railroad crossing just" n;)w? 

___ stopped 

____ slowed down and been ready to st.:>p. if necessary 

____ maintaL"led speed unless you saw or heard a train 

____ no state law about speed at these crossings 

2. Do all railroad crossings have a signal or gate that warns you when a 
train is coming? 

___ Yes No 

3. Do all railroad crossings have ... sign way up the road warning you that 
there is a c:'ossing ahead? 

___ Yes No 

4. Most accidents occur at crossings: 

___ J:aving gates or lights ___ witherolt gates or lights 

5. Most rai!road crossing accidents occur: 

after dark --- ___ during the day 

6. Most railroad crossing accidents occur during: 

bad weather (fog. rain. snow) clear weather ----
7. Most accidents at crossings having signals are due to: 

driver carelessness --- ___ signals that 1ai2. to work 

(Section III) 
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Tabk 5-:~ (Contillllt'd) 

Q;H:"liullllain" Furm:' 

8. flow many r.:.otorists do you think '~'erc killed in accidents at :-8oi1ro.;.-1 
crossings 12st year in the United States? 

___ less than 100 

___ 100 - 500 

___ 500-1000 

___ 1000-1500 

___ 1500-2000 

____ n:ore !J::;.n 2000 

9. How many of tbe abo'-'e accidents invr.lved a d:-ive:- w!1o would be CG:1-

side red d:::-unk under the la\~'? 

____ about 10';"0 ____ about 75';0 

____ about 25,;"0 ____ about 9010 

about 50';0 ---
10. How many people do you :~jnk we:-c k:lled :n ell traffic acc:'cc:1ts on the 

streets and highway::; of the Ur:i;;ed S:atcs lest ~:ear? 

less than 1,000 20,000 - 20, COO 

1,000-5,000 30. 000 - ';0,000 

5,000-10,000 40,000 - 50,OnG 

10,000 - 20,000 50,000 - 60.000 

60, 000 or :-:lore 

11. If a crossi:1g does not !lave a sign::!l, it usually means th;:;.;;: 

Only a fev, tr:J.i:J.s use the crossi:J.g ___ Yes ~c --_. 
Oniy slow tr-air.s use the crossing ___ Yes No --_. 

12. Signals at crossings: 

Always tell you v:hen :J. train is com l:1g Yes ~o ---- ----
War::! you in plenty of tL"":le to s;op Yes ---- ~o ----

(~ .. di(ln III) 
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Table 5-3 (Continued) 

Questionnaire Forms 

"" .'. 

We would like to ask you abol!t your previcus experience at railroad crossings. 

1. Do you recall receiving specific instruction or advice on railroad 
cressing safety? 

____ No Yes (indicate below): 

_____ in driver education classes in school 

_____ in ether driver t.rainiDg 

____ through safety campaigns (radio, TV, etc.) 

_____ in a drivir.'i license applicant's ma..,ual 

____ other (specify) __________ _ 

2. What is the average delay that you have experienced when stopped at 
a railway crossing? 

0-30 seconds ---- _____ 5 minutes 

____ 39-60 seccnds _____ 10 minutes 

____ Over 10 minutes _____ 2 minutes 

3. How long does it generally take a train to reach the crossing after the 
warning signal goes on? 

____ 0-10 seconds 1-2 minutes 

2-4 minutes ----____ 10-2G seconds 

____ 20-60 seconds ____ Over 4 mi:lutes 

4.' Save you ever crossed ii. t:rack when the signal was on? 

No Yes (Check those conditions that existed the last time 
you crossed. the tracks wben the signal was on): 

__ train was stopped 

__ train was moving slowly 

__ train was far away 

__ no train i:1 sight 

__ other cars were crossing the tracks 

vehicles behind me wanted to cross 

__ poUee or railroad oifieials signaled me to cross 

did not see the signa: 

__ other (specify ______________ _ 

(Section IV) 
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Table .5-3 (Continued) 

5. How often do you see trains at railroad crossings? 

____ 1 time out of every 2 times you cross a track 

____ 1 time out 8f every 10 times you cross a track 

time cut of e'.:e:-y 25 tin:es you cross a track 

1 time out oi every 50 times YOI.. cross a track 

____ 1 time out of every 100 times or cio:-e 

6. Have you eve:- known anyone , .... ho got a traffic ticket for crossing a 
track when the signal was on or the gate was down? 

___ Yes No ----
7. \Vhich of the following are the ~ most effective measures to reduce 

crOSSing accidents? 

____ :nore gates at crOSSings 

____ b·etter warning signals at crossings 

____ better warning signs way before the crOSSing 

____ improved driver eciucation 

____ public salety campaigns 

____ stricter law ~nforccrr.e:1: 

____ require trains to ;\·histle before crossing the road 

____ require trains to na"·e more lig~ts 

____ lower speed limits for vehicles 

____ require trains to slow down ~efore crossir:.g the road 

____ all vehicles should stop at crOSSings 

____ signal in your vehicle that is turned on by an approac:-.ing 
train 

(Make sure you ha .... e checked 2 of the rr.easures above,) 

(S,·cLiulI j \) 
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Table 5-3 (Continued) 

Questionnaire Forms 

We would like some inform.ation about the kind of motorists who are helping 
us. Please tell us ..• 

1. Your occupation~ ________________________________________________ ___ 

2. How old are you? 

16-20 

21-25 

26-30 

31-35 

36-40 

41-45 

46-50 

51-55 

56 or over 

3. About how many miles a year do you drive? 

____ less ~;-,n 5, 000 

____ 5,000-10,000 

____ 10, ODD-IS, 000 

____ Over 15,000 

4. In what state did you get your first drivers' license? _____________ _ 

5. Where do yeu Ii'ire? Ci ty, _________ State'--____________________ _ 

6. How long have you lived there? _______________________________ _ 

7. Wnat is the reason for your drive (vacation, going to work, going 
shopping, etc.)? ____________________________________ __ 

8. How often do you drive across these tracks? 

____ this is the first time 

once or twice before ----
________ about once or twice a month 

____ about once or twice a week 

____ about once a day 

_____ more than once a day 

9, How far do you live from this railroad crossing? 

____ 0-1/2 mile (up to 10 blocks) 

1/2-1 mile (l0-20 blocks) ----
____ 1-2 miles 

(Section V) 
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Tlw n>"lIlling: form,.: g:t"wrally n'quin'lI aLollI fin' minlllt''': 10 "01111"""" TIH' qu(''';liwlIIain' ,..,-('[ion": 

,,!'n' prl':'t'nlt'd 10 1:)::;6 dri"l'r": during- IIII' data ('oll, ... lion I'fforl al nirll' "iI,',.:, F.adr ,.., ... 1 ion ,,'a,.. 

adrni"i"I('n'd an'ording 10 Ilrl' laLJll!ar rnallt'r "'hid, 1'0110"'''. 

Admini!:'tration 

1 
2 
3 
4 

5 

Number of Times Answeroed 

646 
632 
936 
647 
931 

Tll<'r,' ""n' I'\(I prilllar~ n',..lridion,.; pl~r, ... d 1I~)("1 11ll" 'llw,..lionllain' "drllilli,..lralioll: (I) :!w 

dri,"r ,..hord'! 11,01 IWo'lIlI1I" ;o,arl' of an~ adi\i!:- \,lIidl nri;,dll tllodif:-' 1r:"lll'ha,ior IInlil afkr lit' had 

IT,,''''''.] III<" Irad,,., ~lId (2) IllI'rl' ,.:hllrJld 1)1' a rdi"I,J" Ilwlhod for .. I"aillill;! till" ,'o"f',-ralioll of 

'Iw"ific 11Iolori,.l" ,.,'I".-!,'d Iwfort, 1111'\' r,'ae!lt'd IIII' !Orad,' ("fO,..,.:ill;!, 

(:"p'rl (n,'('rn~/i()n, The fir,,! of tilt' <I !'o \"!' rc,.trie: iOIl".'\<1": rnd Ln' ill"lIrillg: Ihat, a" far a,.: po". 

,..ihk, til<' appro;wh 10 111" no,.,.in~ wa"nol modifi('d in .iIlY \\";1;' ",hid" wa:' dd,','labl,' l,~' IIIe 

rlllllori,,1. \\ itll lilt' t"\('!'plioll of till' ,',~hidl' ":"n"or": lafwd 10 I Ill' road 1I,,.;ill;! ('amounag:" t;qJl',;.;1I 

"'lrril'nwlIl illld p,'r,,;olllwi W'T" hidrJt'n I<lk.irrg: ad\,<lnt;.I:!'~ of (~:-;.i"ling: ':o,','r. Whert' 110 tn'",.. or 11I1I!d. 

ill!!" '\I-n' ;naila!'I,', L11l' o!.,.('rv,'r,.. w,'n' I".-all'd in a 11)62 PI: mUlIlh "Ialion "'i1;!',,11 \\ hidl wa,.: !'ar,'· 

fllll~ "itllal"d 10 ~pr"<lr to III' in a norll1al I()('alioll off IIII' road, 

/rli('n';r'rr ,";ile 1.fi(:nli()T!, TIll' local ion of Ihl' inlt'rvi,'w "ik i'r('~"III,'d ,.;nnw",lral g:rl'alt'r 

I'rol,I"IlI" I harr did I Ill' ou""r\,I'r loeation. Tht' "aft- o[ll'ral inn of Ilrt' ,;tlldy ",a,. ah";1 Y" lilt' [Iii ilia r~ 

,'on,.ideration, TIll' la,;k of ,;topping ",~ll'(:lcd 'Thide,; and parking tlwm when' tlll'~' did not po,.." a 

hazard 10 pa,;"in:! lraffic, n·quired a parking area larg:e ellough for al ka,.t tim'" ('ar", with worn to 

IIIOJn"IIVI'r a la r:,.:, , truck, alld a "aft' rdurn palh 10 llll' original rolli,', :\11 addiliollal,'on,;lrailll illl' 

1',,":I,d by 11ll' 1,1\0" ,'nforct'tTlI'nl offie(T" hired to dirt,,,, ,.;('II'ded motori"t,: to I Ill' illl('n'i,'\\' "itt- ,\a" 

tlral tlwy ha\'(' juri"didi'lrJ o\'('r the roadway at Hw intl~n'i('\\' "ilt'. :'in('(' 1110,;1 of Ilw ,'ro""in;!" ,,'IT,' 
I"eatl'd Ilear the city limil". ,;c'\,er<ll ea,,"" involving two or mort' aulliorilit'::' hall to bl' r]('~otia"'d, In 

\Iilpila,.., California, for I'xamp!l', till' inlt'n'il'w "il(' wa" lo':aled at lht' cil: limit,.; 10 :,an .10"". \\'(' 
,,'olllcllr,m'lik('d 10 hav(' mov,'d it furlher than 1111' rl'"ultin~ ~OO rc'd from illl' (oro,."ing hill a 

"(Hlpl'ral!VI' a~rrt.':·m'~111 could not be arranged 1)1'1 "'C'('II IIII' polin' ill till' 1\\";) "iIi,',. in till' lim(' avail· 

al.('- , 

.-,"" 
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At another site, Virginia Route 28 near Calverton, the state police were required and they in­
si,;ted on erecting a "Prepare to Stop" sign and a .'S~ in Progress" sign at 100 feet and 50 feet, 
respectively in advance of the interview site_ This required us to move the interview site farther 
from the crossing than was d..esired in order to keep the first sign out of the bight of traffic until 
after crossing the tracks. 

In some cases_ the desired location Wai' on private property. In every instance, arrangement:; 
were made "ith the apparent responsible parties for the use of their property. Aside from some 
unpredicted expenses. this created no problems. Arrangements were also made for sanitary facilities 
at a nearby commercial establishment.. 

Summary of the: ~nteniew Operation 

Personnel. To conduct the interviews it was necessary to coordinate the acti .... ities of several 
people: a crew leader. located at the observer position just before the crossing, who selected drivcr!' 
for inten.iew; a crew leader located at the interview site, three or more intemewe!"s, and the police 
officer. 

Perl'onnelused ~ inten.iewers ",ere research assistants from BioTedmology. The same people 
were u:"ed at all six sites. The remote data were collected by temporary personnel arranged for in 
advance from employment agencies in Michigan and California Brian, Texas had no temporary 
agenc,: but Mr. Richards. who did the preliminary site selectio:l for us, was also able to prm.1de 
inten.iewers. 

Training and Instructions. The acceptance of the delay imposed on the selected driver was en­
hanced to some extent by using attractive female interviewers, although this practice was not fol­
)0wed exclusively. The interviewers were carefully briefed on tactful approaches and on the overall 
procedure. A reasonably standard introductory statement was given to each motorist as follows: 

INTERVIEWER APPROACH TO MOTORIST 

Auto Beyond the en-mg 

"We are trying to get information that wiD hdp to imp:ove certliin feature8 
of railway-highway crOlJlings. and we think that motorists know the answel'll to 
the!!e problems better than anyone else. We are working under contract to the 
Department of Transportation, the Federal Government agency responsible for 
railway·highway intel'!lection safety research. This study is concerned with in­
formation the motorist needs end U8e6, and we wuuld like to ask you a few 
questions. The questionnaire is short. We would very much appreciate your 
311!istance if you can Bpare a few minutes of your time." 

5-25 
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F or trainin~ p!Jrpo:'t:". ta",k ",heet.:- were prepared for eael! typ(' of operation. Each in kniewer 

"a'" ~rj\'en a package con taining all five ,.cdion,. \,-hich Ill' /iI/cd in a~ would a dri\'er. while anotlwr 

;ulrnini"tered the qllc"tionnain-. They then re\"t~r",'d po:.-ition,.. Each of the 'lu(""Lion" "a" di"clJ,."nl 

to permit them 10 h,~:p tlH' drivt'[ a,o required. and 10 familiarizi' lIwm witll art'a,. "here Ihe moLori"l 

migh 1 nol profwrly comp,,"1t" lIlt' form. 

Ta;;k Sheel 

Inte .... iewer 

T3.-...I;. Description 

f)ril'er /ntr'nielL'. L ?on II,,· "I'pro;u'h of ,,~..I'·("kd ,,·hid,·, r"""i,,' from Ih,· 
,'oordinalor a ,-om,pkll"d CO\,,'r ~III".-t, Ol,lain a 'juo.,.tionnair" and O:0l'~ th .. into-r­
,in,' numt ... r from the cover~hect. 

Brid th,- driwr a,. reh"ar;o.",l. (;i .... him th,' 4u,,~tillnnain" on a diphoard \,;Ih 
a p,·ncil. ,\'~~i,,1 him a~ n"luin'" hul do not in Ou,'n .. ,· hi'" an~w'·r~. 

;\,. II,,· 'Iu""tionnair" i" being: GII"d out. cOlllpio-l,· II ... 11::3, Ch,·c!,. IllI" <:U\'I"r 
~llI"d for corr','" in fonnati on. 

R,·m..un m'ar dri""r ju~1 b .. hind hi, window. 

Tlwnk driv.-r for hi~ coop"ralion, 

O,h,., /)l1li('s. 1\ .. li .... ,· coordinalor if h,· i, inl,-rvi"wing- anollll"r dri\'l"r, 

Inl('n;ir,U'IJrocedllre. Inten'iew:3 were taken for 1IJ(~ fir,.;L 4;) minuLe,.; of eaeh hour, 1'111' inL('ni('" 

coordinator ,~'a:3 in contact with the ~it('" leader located at till" oLs('rY(~r ,:itc "ia two way radio 

"fll"raling on the Citizl'n':3 Band frequency~. Tfll~ coordinator (":JIII~d for a drivcr In be inLcrvil"w('d !HI 



I I .. I 

the basis of a table of random numbers provided. Table 5-4 was used in the order sho ..... "J1. The next 
number was radioed to the bi.te leader who began counting at that time. selecting the nth vehicle for 
interview. A code was entered into the Traffic Evaluator System just before the selected vehicle 
reached the -50-foot trap thus permitting the Evaluator data to be associated ..... ith the question­
naire. The site leader called a description of the selected vehicle; color, make. and model: position of 
driver's ..... indow at the track: and the time of day. This information was noted on the interview 

covcr sheet. and the police officer was told the make, model, and color of the selected vehicle. He 
proceeded to slop the driver and direct him to the interviewer who incJicated where he should stop. 

In addition to thc vehicles selected at random, special cases were interviewed whenever they 
occurred. These conb-isted of drivers who ~opped short of the crossing without signal activation, 

drivers who crossed the tracks when the signal was operating, the first vehicle to stop for a train. and 
other ca.'''cs of interest such as driver's education cars. The use of random number seiection pro­
c.'~dures resuited in selection of several cases which were not appropriate. such as a Brink'=, Armored 
Car, but also gave us data on drivers which we might havc otherwise elected to pass, such as city bus 
drivers and police officers. 
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Table ;")-4 

\,(~hi('l(' Identifi.'ation and Sd:~clion SllI'd 

Date: J< c~· /1 1'17,.-

Weathc!":~~:-. clo:.:c!y. fobey. other ________________ _ 

Roadway Conc,:ions: 6 __ wet, ice, S:lO'N. o~~cr 

/1 

/2 

/3 

14 

J!:I /.3'; - /"",::.r.." -

;IT /-'~( /--1'.fJ~·'" 

/ / 
7 /' 
/' ,7' 
4' / / 

" ):' 

)" / 
,r 7 

r ,tr' 
,7 ~ 

,,-,...-,:-:'-.r.',,:; /,A .-~~ .. "-.'~ 

Table of Ranc::!o:r. ~w;,:bers ~rJr '\"chiclc 

/' .A' 3 2 

A' ",l' 2 

?' ".r 4 

/ ~ :2 4 

./ / 4 

.7 ...A' 2 

,7' / 2 3 

)Y /' 4 3 

/' "z 2 4 
,1'u-' 

I .J .;..­

"""r .. -

~-l"~ 8 
k", .. -
! .... )-

","'t' 

'/4' 
'/'/ .-

I 7 _=."' • _ 

S~jec~io:1 

~ 4 

3 3 

J 1 

2 

" 2 

2 3 3 

.; 3 

! 

3 

(.-

; ," -

, ..... '., ... l' ,.,,,~~c-.:. : C;~r~ 

~./.;,; .:1'</·-3 S" ~"'~~""'4' ,... -:>,J~Q -",:1 '3 ) .;:1,1 ·4 . 4· <I ~3.::<... 
./ _J 
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CHAPTER 6 

FIELt) ~Tl:DY D:\ TA 

1),lrill~ Ill<' Plla",· II dala ",J1I""lioll drort. illi"orrll;tlioll \\"" ol,lai/lI'd I,} .)"\1'10[1 all rlll.il'f­

-lall,lill~ .. I' IIII' "',i1'I'!~ probll'lJl" al r;:ill,,,: -Iri~ll\,'a: grade 1T .. ~"ill~~ and to I'r<)\id~' a fa.-ll:ai 

I,a~,' .. I' drill'r IlI'lr'l\ior and allill:.!'·"_ TIll" r .. dudioll .. r till' ,til" ,'"II""l,-d ',a- dir,.,.r.-cl I,mard 

id'-/l: i(i".11 i"l1 of 1Ilt'lh .. d~ I,lrich I,'ollid r ... lir("d tlw dri\('r~ I .. ward ,-af,-r "Olldlld ill ;t ""f'T 

'-III i r •• 11111'-111_ 

TIl<' iliforlll'llioll .. blaill,·d '-()Il"i~ll·d .. f fOllr I'arl.: '!,l<'-lio/lilain' fI"I'()II~I'~_ driliT I"'r-

r .. rlllall ... · fj',-ord" ("olk .. kd "'illr IIII' Traffi,- EI,l!lIalor :':.:-1<'111_ plr~ :-i .. "d IIl1"a.llf('III1'!lI •• 11 IIi 

d"~lTil'li"II,- of ~il,'~ ,lIId railrllad '·(luiplIII'1I1. alld a .... id,·I!1 'li"lorl<",. .. I :1:., !!I-lrlllIlI"ld'·.) ,-il,'''_ 

TIll' f"lfo', ill;! ,..· ... ioll,. ilfll,.lral,· III<' 1I11'1110d,. of r('dudi,,:! aI'" 'lIIal, ~i~ .!i",··':ioll,., 

III -IIIIIIII'lr: _ 111)1 i! ... lllIlirJ~ IIII' I,r"I<'-1 ,;,da ,'oll",'li"1I I"'rio'/_ !11/1I' ,.il.·" I"-fl' illl"III'.! !:I 

IIii' 1'1r;,,,,' II dala .-,,11o-.-lioll ,·rforl for 11,0 d'l\~ .. I "adl ,.ilo-_ \ lola I !"'fiud of II ~ h"!lr~_ 

1:- IlIilllllo-~ "I' dala I,.·!-,· r,-'· .. rd.·.) \,itll I!II" Trafri .. ~:';tltl:llor :'\-10'111 ,\hid, ,idd,·d ,-olllpl,'''' 

Ira. k,. "II In_.")_");! \,·iJlI'J.-~_ Fifl; -:-'-"-/1 Ir'lill,. \,'T" ''',~,·n.,d dl:l-ill;! d';I;; ",jl",'lioli I"·ri,,d,._ ()f 

:ill' I_-")-")() dril,-r,. ,.,·1.-.-1 ... 1 for illt.-ni.·\\'_ : _~():- .. II/:II'II'(,·d I!if' qlll":'li •. !lIlain·_ TIll' labul'lr lIIalllT 

1II,d f"II"",. -lllllnl"riz .. - 11;.- ,·Horl ,It ,-a,'11 ,'!, 

Pro('(-d II rf' 

TIJI' \;Irioll- qlll':-liollll'lir.· /" .. rlll:- (.Ii-i'II-:-,'" i,l C!!:lpkr .")) I\lT,' .,,,d .. d ;!'Id k,-.' 11I11l..JlI'd I" 

: i"ld "CI" pIIIJl'llI'd '-,1[(1 f.,r ,·il .. ), -,·,-ti()CI "11~1"'r,'d !I\ .-a .. II :-Id,j.·, t_ \ i'r"~ralJl "';I,. "rill'-Il 

I., '·\.'IIC1iIW IIJ(' fik for 11I1"~llIg ,Ja(;1 ()'lallk:-) alld for ,·.)(k~ ,,'I,i .. 11 I\I'P' 1101 ;Jl'prllpri;!l<'_ 

TI,.. I'r()~ra/" ,,"11'111 \\,1,. a Ii-I "f '-'Ird :1'llld •. -r:- l,i'WII """rai",·" ",·r""(i,,' illi""rlll;Jli"II, 

TIII'~" "aflb 1\1''''- fI ..... d ... 1 afliT r,"I"" .. I' IiII' 'Iri;,:ill,d (I'w-';"'!l!,iir,·_ ,Ill.! III,- d"I""('IIIf' ";:rd-

1\I'fI' r .. plil ..... 1 "ill, ""did dala ,·arrl,._ 

TI ... pnlnar: n-a:'''11 for 1111" d,-r.-diu- ,-"rd:- 1\:1" rlll:lld ill III' 1/;(' "/~I::--I('n of .. II iklll 

dllrill:,! 1111' ,-"dill:,! pr(w":,~ \"hidl n':-III1<''' Irl a Ol!"- Ilr 1I"J-I'ol:;1I111 ,.Ilift (II till' lefl "I' III,' 

",Hi"" 1,IIidl follo",'r1_ 

., ,. 

.. 
• . l 
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:\ :,('('ond prop-<lin wa,; written which examill:'rI the file for IUgl(:aj ('rror", Thi" in"rlf'd ion 

IIa:' fur item" "llf'il a:' "Han' HJlI ('HT (To",,('d a Ira,:k '.-([(,11 till' ,.ig:nal I,'a,. on':" whieh w('n' 

all~\,,(,rt'd both "no" anti ""':,, , , :' Tit .. "llOr' I i,,1 d i",'o\('r .. d 11\ [II i" pro~am n'\ .'akd ,.omc' 

;lI'lllal in,'ol!"i"tl'nl r:"'pon,.I''' "'hil'h I"('f(' ehan~ .. d 10 til!' "no n'''pon:'.' ,:()(k for Ihal ill'ITI, 

and :'(11)1' ,'()din~ and k('yplIllI'h ('rror,. "'hidl wl'r" ,'orrl'd('d, 

Rcspon;;c to Selected It .. ms 

:-.'\I'r;t! ikm,. on tlli' qlw:'tionnain' w('n' '!ul inll'nded 10 Le ,'omparcd will: rlri,l'r III r, 

i',)rlllarH'" m('a:'lIrt'", bUI \,','rl' inclllded 10 dn,.h,p all IIl1d.T"[;..IrHjin;!: of till' allilud(' of Ih.' 

1)lIlth' on ("ertain i",..w':" \10,..1 of thl' oll ... r qlw:'trollnain' il<"m" an' di:'C1I"".,d in "II (lporl of til" 

h: (lot 111':'('" k:'tilJ~ in Chapter 7, ilem,. whir'l; an' fclt to L(' of 2:('II('[al illtf'r""t or I,'hi .. h d.'arl: 

ha,,' ,'ollllkrm"a~lIn'" implication" an' li,4('(~ IlI'lo\\', 

• Two·illlllored and ""\('lIt~'.fi\(' (!ti\('r,. (.Hl p('[(,(,lIt) ill.Ji,'at(,d tllat tlll'\' :,Io\,'.'d dU"'1I at 

:1 ... tTo",.in~ !w.:all:'" [r<lck" ;li'(' 1l:'lla!I:' IHunp:, 

• \Io"t rlr!'.n" indi"Jlt'd t:lat lh('\' delectcd tilt' ('ro",.in~ 1)\ f('lIl1'nrlll'rillg: i[ "a,. [hen', 

TIl<' [I'rnailling: ~·HJ dri'.f'r" :,1'1""[0-.1: 

~a\\' a(]\'~!1;'t' \'. arrllllg :-:Igll :m,:.!~( 

~~l\\ pan'rlll'll t lI\arkin~" 1(i,6~< 

:':1'" till' "ro~~IlI~ pr,ot.,.,tion :{:-X; 

:' ... \\" 11.., t r.wl;.:, : :U\~f 

• T,\o·IIlI:([jrt-d ~1I~j ,..i'l.l\,,..i:\ i:ri\,'r,.. illdi('~l<'d lizal III<'~" \,a~ ,.. .. nll'lhill~ Iilat rlJ<lrit- il iz<lrd 

:,) dl'(,..-t [r~ill", :'i~l1ifi(,;liltl:' rll"n' dri\','r" ;]t I.a:'"i\'!' ,'ro,.:,in~:, ,..0 indi('all'd thall ;]1 aI" 

li'.!' ''f":,,,ill;!:', {;;-rl"r~ll\ tlw r(',..pon:,(' W;]:' "OIl".TIWd witlr r,Aridioll:' 10 I'i"il,ilit\' dO\1 n 

:111' trad;,,.., 

• !II ;.!l'IlI'ral. IIWf(' i~ 110 (krnalld f::r "igning illdicating IIII' 1I1I11I1)('r of tr.wl;.,.. ai III<' (TO,..,., 

in;.:, Tlli~ i,. !)ro",."I~' dll.' [0 a lad .. Ill' lllld,'r,.:lallrlirq::: of Ill!' II:'" .. I' till' information. 

• :'i'\.t~ -I'igill fH'f('('lIt of the dri\'(:r,.. <II pa",..i\,1' ,'r():,:,ing> and .1.6,S 1)('[("'lIt of tht' rl':'polJ· 

dl'nl:, at a(,ti,,(' ('ro,..:,in;!:' indicalcd a (i.-"irr' for ar'tin- arh'anr'.' I"arning di"pla~'", Onl:-

2~ 1)('~r'('1J1 inrJil'alt'd ,..aLi,;J'aC'liorl witlr jln',.;"nt arh'an.'(' I,'ar:li;l;! ,.ignin~, 

• :\ I pa-,,<it:l~ cro""in~". i ,~,.1. ;,,'rl','r:1 of dri\'('f:' LllOll!!hl Llwrl' wa,.. an adil't' dn'ic(' at al/ 

cro""ing:,., T!zi:, irl .. n'a~~d ,0 22,8 !,erel'1I1 at aeli!'f' ('fo,.;"ing:" On'r :-{S r.'rn'1I1 of till' 

California dri\'('r" Iw!i('\'('rJ a" .. ro;;"ing:' had adiv(' \\'arllrr:g :,v:,lI'm,.;, 

• \irwt: ,on(' lH'rc'('nt of th(' n.":'puIHj,'nb (82:) drin:r:,) id: that mo:,1 Je<'id.'nb O(TUr al pa""in' 

I:ro""ing:'. They wcn~ "plit "boul ('\'('nly 1)('1\\"('('11 day and night. Sixty·four !,ern'nt !wli(,\!,d 

I1lO"L a('cid.~nb Ot'l'IJr in had weather <llId o\'(:r 90 percent altribul('rI accid .. nt;; to dri\'('f 

(·an~I(·=''''ru·~~. 
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• Dri .... ers felt that drinking was a major contributer to accider:ts. Responses to '"How mar.y 
(rail.highway fatal) accidents involved a driver who would be considered drunk under the 
law?" 

About 10% 
About 25% 
:\bou t 50~6 
About 75% 
_-\bout 90% 

was selected by 28.9% 
25.9% 
28.4/0 
12.2% 
4.6% 

• Sixty·five perccnt of thc drivcrs felt that passivc crossings were characterized by low traia 
volumes. ;\early 80 percent of the respondellb at passive crossings selected this statemcilL 
Half of the drivcrs felt on!y slow trains usc passi\'e crossings. . 

o Affirmitive response to "Signa\:; at ero~ings always tell you when a train is coming" was 
,.maller than expected, Three·hundred and elcven subjects (37.6 percent) said ";\0."" Ho\,-. 
ever. tIl«" i;:~xt quc,.tioll "(00) ,;ignab .... warn ~'Oll in plenty of time to ;;top?" had only 
19.6 perc('nt "tating ··no." 

• Asked to rccall any ,-pecific in"tructiorl nr advice on railroad cro~ing ~afety, most stated 
thl'~' rem('mberl~d information in a driver'" licerl,;e manual or in driver's edueatien classes. 
Thirty.fin' p.,r("(~nt ('ould !lot recall any instruction". 

• Fifty·fom pertl~nt of t1H' drivcr,; en8) stated that thl'Y experienet'd an a .... erage delay in I~X' 
CI'"" of .'5 mi!lllk,. when stopped at a cro""ing. 

• :\n ex tl'ndl'd \-il'w of timl' bet ween ,:ignal acti .... atio/l and train arrival i,; held, as seen by the 
respon,:(~,,: 

0·10 sec()!ld" 
I 0·20 second-
20·60 s<.:cond" 

1·2 minute::, 
2-1- minutc" 

Over 4 minutes 

~.O% 

21.7'/0 
32.3% 
25~5'}t 

lO.4~f 
5.1% 

• Drivl'rs were asked to :;;uggest mcasures to reduce crossing accidents. The percent of drivers 
responding to each measure suggested were: 

more gatt's at crossings 
better warning signals at crossings 
better warning sigm way before the erof'.;ing 
improved driver education 
stricter law enforcement 
public safety campaigns 
require train~ to whistle before crossing the road 
lower speed limits for vehicles 
require trains to slow down beforc cro>.sing the road 
all vehicles should stop at crossing 
require trains to have more lights 
signal in your vehicle that is turned on :>y an approaching train 
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39.1% 
27.6% 
10.9% 
8.6% 
5.5% 
1.9% 
1.5% 
1.5% 
1.4% 
1.0% 
0.5% 
0.5% 
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• \" W:I,.. "'I'('c[('IJ. virlually all of tlw oriv,'r" li\ed in tllf' ~ommllnil\' wlwrl' the Cro";";IIl!!: 

Imel,'r "tudy \\'a" Itwal('(L F:\'('n in [hI' vicinity of \\"a:,hin1!"lol1. D.C .. Ih .. dri\(T',,: li('(~n",' 

,,·a,.. obtailll·d ill tilt' ,..ame ,.tat(· a" tl)(' 'To""in~. 

• TIll' 1'0[Hd<llion had <I IJwall of 12.800 mil,'" lJf'r \"ar dri\'illg ('x[wrif'll'~'·' divider! a" fol· 

10\\:' for four da,..,.:ifi,·atiorl:': 

I.e",. th~1Il :5.000 mill'" I.wr v'~ar 

:1.()00 -I O.O()() 

IO.OOO-I,>.()OO 

Owr 1 :5.000 

t:3.ijr 

22.S; r 
2 J.;jj; 

-1-0.S~f 

• Th .. populatioll u:,illg: 'TO:'''lIJg''' gt'llf'r<llly had Ji\,·1! in II,,· ('onHllullih for (I\','r !I'll \ ,'ur"'. 

1.(''',.. than S \',·ar,. 

,>·10 \ ,'ur" 

II·:!() \,·ur,. 

(h"'r 21 \('ar,.: 

:!<J .()~;. 

:!(),1~f 

1-1-.:i' ;. 

• \"<.Irll all (<J(.,() p'·r ... ·nl) or the \,(·hid",.. Ilad <l radio in"lall"d ail !lClIl!!h flnl~ 

:!B.l [",r("'lIt had IIII' radio 011. Tllirl~"'i~lll poinl fi, .. Ilf'f',(,111 Ilad air ('olldiliolll'r,.. alld 

or Iho,." "'h" did ha\'/' 1111'111. S8.61I1T'· ... ll ,,'('f(' ill II"" (,,1),./'[\ alioll"; \,·('rt· mad(· ill .I111~ 

<llld .\II~'U"!.) 

• :-"'al Iwlt" "·I:r,· in,.:lal!,·d in ()O.olH'f(·'·nl of Ill<' \Thi.-j(':' oh,,('fv4'(i. "III"" [Jlo,.l car" \\('f(' 

IW\'.,·r Ihan 11)0;;. Of lilt' cur:, I\itll :-'I'al [wll" in,.:[a[lc-d. 11.2 [If'r<'''nl \\('f(' ill u,.,·, 

Furl\·I,,·o I'l're,'nl of Ihl' I:ar:, did nul han' "houldn !.arlll·,.,.'·,.. ill"lalr.-d. and ill Iho,.:(' 

\,·hidl did 1"1\"(' Ilwlll. on[~' 2-1- drinT" n.:1 [If'f''''lll) "I'n~ Il:,in::; Ihl'm. TIl<' li"t L,.. I 01\ 

,.:ho"" th(' pro(lorli')Il" of ;J\'aibhilil\ alld u,.:(· for (·a..ll "f Ill<' ,.it",.; al \\'hi"h data \\a,. 

t<lk('n. 

l Snoulder Harnes~ Sea~ Belts 
Site 

% Having % Use I % 1 laving % Use 

Linthicum 41.0 9.7 

I 

91.1 19.6 

I\!ew Midway S8.2 3.5 84.7 15.7 

Calverton S8,l 4,7 93.8 21.0 

Sunnyside SS,S 3,6 90,7 30.9 

Fairview 63.1 2.4 93.1 16.4 

Route 2S 54,0 2.S 93.4 12.8 

MichIgan 8S,3 1.6 85.0 10.6 

Texas 41.2 1,5 89.2 5,7 

California 66.2 3.5 89.6 16.7 
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• Driver;; "'ere a;;ked what the purpo!'C of their trip was. The respon::;es were: 

Working or going to work 

Shoppin:; 
!\li,.eelianeous 

Rcturrling home 
Vi;;iting friends 
Pleasure dri\'(' 

On vacation 
Going to doctor's office 

Getting car repairs 

47.3% 

22.5% 

9.2% 
.5.9% 
.5.7% 
3.8% 

.3.lj6 

] .. 5% 

1.0% 

• Female dri\'crs rcpre;;e~lted 31.4 percent of the sample. 

• An avcrage of ] .72 people including the driver occupied the cars in thc sample. The 
distribution was: 

Occupants 

2 

3 

5 

over 5 

Percent Cases 

60.2 

22.1 

3.2 

5.1 

1.9 

1.4 

• Twenty.scven point nine percent of the drivers wore corrcctivc glass(~s. Twentv'i'e,,"cn 

point one perccnt had on i'unglasses. 

Driver Performance 

Traffic Evaluator System 

The ma~netic tapes generated by the Traffic Evaluator were processed in several steps. The 

fir,.t requirement was to copy the field tapes onto rcels compatible '~ith the computer system 
used to further process these data. The copied tapcs \\'ith any parity errors eliminatcd werc 

I~ditcd to convert the raw data stream into a form acceptable to the program which recon· 

structed the original vehicles. The corrected tapes were then processed by the "ehiek recon· 
struction programs resulting in a set of files of reconstructed behavior of drivers as they 
passed through the instrumented section of roadway. 
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Systt'ID Software Products 

~lIIl1mary :,tali:,tit::; ,,-cre avai!aLI(' irom • ill' OllLp11l of thi,; prol-rrarn. Tlw,,(' Wt'rt· lI"I'd to d.·""/I)P 
1":'lil;\inar~ Iwha\'ioral t'ornpari:;on:' among: :,itc,.. Informalion \,hid. i,.. Jt',;criptin' of "it.·,; i,. indu(J..d 

ill \PP,·ndi'l. ,,\. A bricf "lImmar~ of Iht' information tit'\"('!olwd b~ thi" ':'Tit'" of ClJlT\[1l1kr WiI' i,: 

,.1 .. ", ~I ill tlH' tahl.·" hdo\\'. 

For t'<leh ,;il<". tlw ao:'olllt,· "pt'"d di,..trihuliun "Ium" tl\f' lIIJ1nlwr of \,.hid",: id('lltifi.,d h~ lIlt" 

I'r()~ral1\ at "a..ll trap and tht' fir,.t fOllr monlt'nl,: of ,",pl·I'd. Tabll' (I-I i, typit'al ot' all ,.ilt':'. '4)11- til<' 

1:lr~.' kllrlo,:i;; I-i~'llr(''' indicatill;! ,! vcry pointed di,-trii.HItion. A" all aid to inlerprl'lati()l1 (If tIll" 

1I11'IIlI'IlI:,. lIlt' a(-Illal di,:trihulion of :,[weJ:, for pa:':'I'n;,!:,'r ,-ar,.. which "crl' Iracked b~' lilt':'~ ,,1"11\ 

thrllll~h all :,j'l. trap:, i,: "ho\\"I\ in Fi~lr(' 6-1. For dar;!y. only tht' fir,.!. fomlh. ant! "ixlh trap,. an' 
,.ho\\ n_ 

p,~ 1 ~ :,.l.ZE 

1 -;:'U 
;: "1:: ... ; 
3 '7:'':; 
4 .,.:':6 

5 "i26 
6 ___ ""1~~ 

'1',:1011' ()~l 

\11"011111' ::'Pl,,'t! [)i':lrihlltioll:' (mph) 

:.~.tlt:' 

:: 1 • -.il 
;::8.;4 
22. -'0 _______ _ 
17.63 

_1.2.37 __ 

100 

80 

\ 

20 

o 
20 

5.S? 

e.;::rl 
(;.32 
~·Sli 

t.ll 

'0 
SI'"'Cr., (rn:Jh J 

• C 7 
• t: 7 

."U 
______ - .18 

60 

·27 
1.5t 

Figur.· ()~ I. Di,lrihutioll "f 'r ..... d~, SlJnn~'~id., ,\WIIUI'. 

al (1..[1 til ri;!ht). ·10.000. ~rllJ ;,()() r ... 'l h.·fllr., til,' ;"'Tad.' cro"ill;!_ 
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Additional summaries for relative speed (Table 6-2). time headways (Table 6-3), and space 

headways (Table 6-4) are availab!~. Examples of each are shown below. These data are from 

Sunnyside Avenue. The relativc speed tablc (speed of Nth vehicle compared \..;th that of N-I) 

"hows a very pointed bell-shaped distribution about a mean of zero. The essentially con5tant 

(not 5ignific;.ntly different) >-ccond moments ~s the driver approache5 the crossing were eon­

,.i"tcn t for all cr()",-ing5. 

Table 6-2 

Relative Speed Distributions (mph) 

£:p_ I.:...:R __ -=;:'J.l E __ ..:...M!.,J;;.E A f\,-_~S.LT .1.1.0--1.00 E Y IA.U_U-,"IL-' __ 51< E \II t'- ES S __ K UlH 0 S 1-5--

1 ~49 .00 6.~O .10 7.1544 
"~2 ___ ~.OU 6.40 -.42 --' g.2087 __ _ 
~58 -.00 6.34 -.17 11.n3~4 

__ 2 ____ _ 
3 

_4, ____ "~5 -·01------6.(:6 ·-.07 -9.0095 ----
S "ZS -.01 6.44 -~~4 4.~240 
b ___ ~2tl ____ .oa_ _.J.SO ____________ .C S ______ 5.1091 __ , 

TaLk- 6-3 

Relatin~ ~pt"("d Di,.tributions (mph) 

1 "49 18.40 ~2.U4 2.34 10.445Y 
_ 2 ____ .,5~ __ 18.30_21.f37 _________ 2.::5 .. ____ 10.51.;75 

3 ~~6 18.1~ ~1.54 2.27 lO.H683 
4 ":'5_18.U1 -.21·54___ 2.25 ______ 10.7<j73 __ 
5 "25 18.25 22.21 2.36 1U.51S0 
6 ., 20 __ 11.~~_f: _____ 23.25- _______ 2. = "Z ______ -11 • I; 14 -, _ 

Table 6-4 

Relative Speed Distributions (mph, 
~ 

EJll :.. ____ .::I L ZE __ ~_ ME Ar-_. _,_51D_ DE v IA U ON. ___ .SKEl,,1' ESS __ KUt;(TOS iS~ 
I 

1 ~4g 942.37 116~.16 2.47 11.5152 
__ 2 _____ "52 __ B6S.d7 - 1r178 • .,2,--------2.44 ---11.1931--

3 ~~8 782.3; 97g.6g 2.49 11. 6 448 
_4 ':155_ -f?34.S8 -'"20 el9----- 2 .t3--- 13.?43S -_ .. 

5 ~~~ 5r,3.12 ~H~.~6 3.C7 1~.0594 
- 6 ,"28 - 350.7-1_ --__ S6lt.5A ------______ 3.S9 -- 28.1101----
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Th,.' llCarh\ay dat:! pre,wnled in TaLII~": 6·:~ anI! 6-1- rr'O:'d typical ~l1odl'rak to low ,""lurTlC" "it.-,. 

\\ith random ,.:eparation hr'hH'r'n vchicle". The time fwad",ay ili,.tribution i" proportional to th!" 

Iraffic ",,111[;11''' oh",'n,'u. hill not linear. a:" ,.ho\\'I' in Fi~'lln' ()·2. Thi" rdatioll,.:hip i" 1101 Irrll" :'or "i",,, 

,·haradl'ri:rl·.! In d,'fillilr' plalounillg: a,.; \\'111'11 Iraffir' i" "oplroill'd ll~ a twarb: ,.:il!nalizl'd 

inl("r~(·(·;i(,.l. 

I 
100 200 

Mean H("urly Trdffic Volum~ 

California 
---------~·~·1l-Linthicum 

300 

Car,. entering the in"lrum"ntt'd ":I'gm"nl al low ,.:p('r~d,; an'dr'rat" !llllil Ilw cro,."il1!! in· 

f1ll1'l1l'" prr·dorn:llalr:". III general. Ihi,.: poinl i" al ,:pproxilllakly 200 to :)00 fr-I'!. whir-I! al,.:" 

"lIrrr'''pollu" to llw lo('ation of IllI: ad\anc(: warrrill:!; "ig:n,.;, bllt abo I,. LllI' rarl;,!(' at \,·hidl 

1II0"t dri\,l'r~ ,,('an tLc road ahr'ad and lIIi;!ht Le ":\r,..c~('d 10 ol,,,.'r,,,: tlw actual (:ro",..in;.!, 

~ill"" a maj,Jrity of r1ri\·.-r,.: "tated thot thl'y hllr:w from pa,,[ !·:;:peri(·m·.· thot till' l'fo""ill;.! 

\\'a" tlll'n:, and the change from a(;~cleration to d.· ... (·lcralioll i" at alJcJUt tht' "arne di"lancl' 

ror tlH' f'ro,.;"jll~'; with ad\',lIlcC warnin~ much further from the track,., thl' latter i" takl'll a" 

(1)1' .·orrl'..t .'Olldll"ion, For the popllJal inn .'11 tr~rjn:! Ihe arrayal 11](' hight'r "peed". tlH' 

figllrt·" ~ .. rl<'ra/l\' "how a contillllOU" and in,'rl'a"ing d.'(-el':ration, The rnaj(orily of tlH' dri\l'r;: 

f'xhibil a di,.:lriblltcd point (,j maximum d"('d('ration which app,'ar" 10 I ... n-Ialed 10 otlJ('r 

rae/or:' which <1rc "fweific to th,~ !'ubject dri\'('r, The U:'(' of thi:" poinl <1" a me3"lIfe \\ill Lt' 
di".·I1",...·d in Chaptr~r 7. 

Individual Vehicle Reconstruction 

The \, .. hid(: rr:con;:trllction program al;;o pre,.:pnted tllf' phy;;ieal ... haradf"ri;:tic;; for r·" .. h 

\'chick dd.:(:tr'd. Tab": 6·S i" a kn' for inlr:rprdation of t~H: \,{'hid,: j"('eoll"lruetioll lahlr·". 

6-9 

"-

\. 



:\11 n,:ample of the printout generated is shown in Table 6-6_ As an aid to interpretation of 

tIll' whick recollstruction. thl! following translation for the third vehicle shown, number 776. 

i" pw:'enkd: 

EXA~:i'LE OF VEHICLE 776 

Data from HoUy, :\tichig:m. 25 July 1972 

V .. hicle 776 W'i>' a ~~dard pa;;;;enger car. in lanl" one, recorded at pair.; 
on.' thruugh ~ix. Ill' "3>' foUowing a large truck. He .... i!:> in platoon 449 a;.d 
had two axle,; :::eparated by 9.9 feet. 

:'-- he approached the cm~~in,g. hi" ~pecd changed from 47.8 mph to 
-1-0..1· mph. He was about 23 ~cGnds behind th" truck and dosing from 
12():3 [cd to 3.16.-1- fceL Th,' car behind him (number iii) "'2'; about 
~(j f,'1'1 a\,'a~', 

Thi,; vehicle did not look for a train between -150 and -50 feet 
(cnd., -1--1-). nor did h,' look between -50 fed and -10 fed (codl" 42), He 
\"a.- ",topp,·d and intA~niewed (cooe 38), ~k "nlc~c the array of ,. .. n'UN at 
1:)01 :;;] and cro"~"rl th., tra .. k at ISOI :38, 

Th" fla{; c,x!e> (***2"**) poin t oul that hi~ ~pced at trap' -1-. S_ and Ii 
"'-a.- gn'at"r than the mean ~peed plus one "randard deviation. 

TIll' intnprdaLioll of tlw \l'hid,' r,~con:3trucLion tabh~" 1:3 only :3traightforward for tho";l: 

\l'hid.~" which did not ,~ith('r ~top or :-Iow down ;,.rrcatly, The limit of tlw capability of the 

"oft\\-aH~ to track tlw \',:hid(~ from trap to trap i;: reach,'o at a speed of about eight mill~';: 

pl'r hour. :,\Iany of the mo"L inten:~ting driv(,r:" \,-crr~ those who either stopped aL the crOS:3-

ing or ,;Iowed gr'~atly. The computer printout for thl~sC \-chicle~ i~ freqlwntly uscl<~"O' and 
Ilwir behavior mll"t ~w ddermined lly hand_ The prot:edure for this \,-ill noL be disGus:-'ed 

oL/wr than Lo note that th·.~ reconstruction is highly reliahle but time consuming. It is done 

b~' ohtaining a printout of the original time and !>-witch codes as re<:!orded in the field, then 

"alculating the final paramders as would haw the vehicle reconstruction program if the 

"p'""d" had Iwen within it" eapabilit~,_ 

The bdlavioral information from the Traffie Evaluator System was matched with the intervicw­

qlwstioflnain' form filkd out by tlw ~lILjcd dri\'(·r. and wa~ procc~cd b;- a computer progra:n which 

r)[Jtpub a pundwd card containing the information ".hown in Table 6-7. This card is then included ill 

thl: d!,ck of ,'ards fo~ each driver which had been generated by the questionnaire reduction. making a 

total of five card" for each re,;pondenl. 
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Taoll' 0-,,) 

KI'v lo Vchicle Rt'c(m":lrlldlon Tabl!",: 

lTEl\l 

I. Flag Code 

2. Sequential Vehicle Nu...-rnber 

3. Vehicle Type 

4. Lane 

5. Pair 

6. Type of Previous Vehicle 

7. Platoon ?\umber 

8. Number of Axles 

9. V/hedbase. Feet 

10. Speed, M.P.H. 

11. Headway. Secorrds 

12. Head"Nay, Feet 

13. Distance Ahead of :-Jext Vehicle 

14. Observer Codes 

15. Time of Day 

DESCRIPTION 

1 = Vehicle Accelerated 
2 = Speed Greater Than Mean -;.-1 S. D. 
3 = Time Headway Less _Than 2 Seconds 

0 Compact Car . Standard Car J. 

2 Small Truck 
3 Large Truck 
4 Bus 
5 Truck Combine 

37 - Signal 
38 - Questior.naire 
39 - Train Arrival 
40 - Near Look. Ye:s 
41 - Whistle 
42 - Near Look, No 
43 - Advance Look, Yes 
44 - Advance Look, No 
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Subject IdentIfication Number 

Sire Number 

Card Number 

Time Entering Array 

Vehicle Sequence Number 

VehIcle Type 

Is -; her~ a Lead VehIcle Before CrOssing' 

Lead Veh icle T vpe 

Lead Veh:c!e SP~ed at Crossing 

O,d Subject Look in Advance Area' 

:'01111' of lilt' \ariabl,'" ill('IIHktl in '1'0.11,1" (,.7 \"'f,' 

item 

Subject Venlcle Sneeds Measured 

FOllowed DIStance (Tallway) Trap 1 

TadwC'y Reduction i-\:rcen~ Trap 1 TO 6 

Trap Betore MaXimum D~celeratlon 

~eadwi3v R-':!'ductlon Percent Trap 1 :06 

Dare 

!s Sub:t"ct Un~.!r S!sr.al C~ Train Inf!uence? 

, 
I J :--('ll 

'·,allll'l,·. il i" kilo\\ II lhal driY'T,. \\"IlO are' 1IC'IIilld \.·Ili..),·,. \,'hidl ~l0!l for lilt' ,·rl),."ill;! {(I)r all~ 

r",I:-olI) arc' "tr.)!];!ly illflu('I1("(,d L~ tht, kad \'c'h:('lc"~ IlI'ita\'ior. Fi:!llr,' (j-:;. take'lI from data at 

,ill .1<'11\,' ,.il,'~. ;!raphi"dl~ ",1,,1\\,. Liti" lH'ita\ ior infh'''I1('''. T!l,· "1""<,;<11 ,·'.c·!I[:- fillil "it"",. ,.( \I·i-.d 

,·a,.c·,. \\ IlI'r(' a drin" "Lol'l'c'lI for all adi\'akd :-i;!lwl ail(l \'<l~ pa,..-,d i,: -"\I'ral I,'''~ 1 •• !liC'l!1 

dri"'r': b"fore' dn'idilll! 10 c'olllimJ(' hi,: trip. Tlwf('/orc'. a "lit),.;" ot'lll<' dri\('; l'''p:i1atioll twill:! 

c',alllillt'd for partiClilar dlara('kri,.Lie': irlC"itHJed lito",· drivl"[,. \\ 110 wej(' 11<"1 Iwill;! illfhlC"n('c'" !" a 

,..i:,!lIal (lr lraill, ,.1'1\\ Ic'adl'r. tail~aler. or ollwf itiglil: illflllc'IIlial old,icI.- \'lIria!dc. 

Formal of the Data on Subjects 

TIl<' 1.2:ifi "lIhjc'c[" rc'ma!lllll~ aft('r l'iiminatioll of r""ponr!c'nl,. wlto mucic- ~rf)",. c'rrc;r" (," lilt' 

(plC",.lillllll<lire· and thcN' \,1.(1 itad a lwhavior;d data ha"'(' ,,·lii,·11 "oldcl 1101 1)(' rc'('o,','re'd f"C1Il,.tilllkd 

1111" ,.amplc· 1)11 ",hic·1i Llw C'unc-lu:::ioll:' of tl\C' 11('",1 "hap!n arC" ha,..c·,!. Tlii,. I,.. I'dL Lo III' ;.: fair di,.. 

trihllLion or t1w populatioll ",hic!1 II,..C" illl: lJille rail.hi,dJ\·a: ~Tacl,· ''fo,.,.;n;!,. Lhal W('f(' ~twlit'cI. 
TIl<' Llm'c' pa,.:,;ivc c;ro",.ing~ arc, rq)fC':'("Jltcri II:: :)22 "'llh.i( ... L~ .. "j'" <1di\t: "ro,,~iJ:~" are' r1('"c'ri!)('.J b~ 
() 1+ ,:d:, of Iwhavioral and qtl(:,.:tionllairr· rc·"p"II""". Till' rCII~r ;!'·,,;!r:lphi,·.dl: ,,'·para'" ("f():'''III;!'' 

have: a total of 630 :'Ubjc'CL:' divided ill L" 17+ from Lh, \\ ilpi ia:'. Cal i rom::!. "fo:'"ing. 13::) fn,II' 

Bryan.1'<::'(a". 149 from 1I011y. \Iiehigan. and tS2 ';lIbj(T<" frolll BUill<- 211. \ialla"..;a,.. \i:-;,!illi,l. 
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Fil-rtm' ti-:~. 1'"rCf'nt oj initial III-'<ldway for vehicl",. followin~ car~ ,,1.0 ,tot' 
.... ilhout ar:ti"at"d "i;.:nal" (""lid). ilnra~o: h., .. d,,·ay n·duction for all ""hiel,', (da..~;~,':i) . 

. '\ file ,,'a,. ,'r!'atl'd for each ,;:ubj('d eontai1ling j 76 entrie5. The d,'finitioll of ear,ll cntrv 1,_ 

:ri\"'!l ill Appcnuix B of thi:, report. 

Each lo.;atioll ha.~ a (~haraclcri"tic di:,tribu(ion of "P('('U;; dlO<' to the plly~ieal surrounding:,. 

"IH'cd limit. road ,,·iuth. traffic H)luml'. elc.. The r..IisuilJlltion of "'pecd;: 500 feet in advance of till' 

cro,."ing for pa",.enger cars without vehicle:, bet""t>en them and the cro;;,.ing are .-hown for the 

acti\',: cro:,~ing:; in the 'lar~'iand-Virginia ar('a (Figure 6-4). for the three "local" passive er0"-"ings 

(i-i;!1lr,: 6-5). and fe. the intentionally "matdH:u" ;;et of geographically di;;placc,j 5i::':, (Fig-

1Jr(' 6-6). That then: an: difft'rencr':, amvng ;;ite" i;; readily apparent. but tIl!' ,;:tl iking ;;imilarity 

among thr: match('d ,.d :,how;; that if .rossings :ue ,wlf'cted to have similar phy:;;ical ;:iJrrounoing:.:. 

Ill!' br'na,ior of till' "ubjr~ct population, even though widely :'eparatcd. may ha~(~ "ubstantial" lhe 

:-<arne performance (':laractcri~tic5. 
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T" pp:""'n,: a record '~I' the "itt·,.. at ,,'j.ich .j'"t..; ..... :;, ... ! 

I!:--iii!,! ~ ~l1r\,t'~or"~ In(."a~l.!rlng ,,,-het:! l'ru!rJ tt.,.; c,··.J:--:l!l; :'J ·..IH f.r .. \; 

hI; i;di n~ .... :,igns .. ob5tructjr~g t!,4':;(":~ .. et~'J' Pho~.t.t;-; ~:.'r~~ ,,(:~ t t_,~.· 

;0111 ... t (\lr over 1.500 fed in ad\,H!'~ a!'a 1',.r -' fe;"'" ". , .: t·' J,; -:~....:, 

I ,'."-:: :.' -..'. 

:",cr\('f \ .... a~ ~tationed at :nter\.'a!~ fr(J:n 500 t(~rr t(· ~(-~, ;';'I'~ ~'I.'lor....: t~~I,' ;-r ,.,:..;!!!:::, Jt U:t JP­

I'rflxir!".itt: lc\'cl and pO"'liic;n of a 6uf:jcd ;Ir;\c'r. ., .,," \,~:.l .• ;", '\" '",",,-.!<"u! ..:.k,·~;:: ,,;,,' t;'ij"k 
fp,j'n lih~ (~cJltcr of t;'l(.; intcrstctir.g ~trect ;.~.~~i! i.. •. ,,~ !.0 ~r~-:.. :." H' r_! "!)~'!.'r\(": (_:.J_~l~;'t~:~,-.J.. 

tiUlJ v,:a!':' maintained by tl.-;o-\-\ay !'ddiu. 'rr!'; ~l'.J~,,:,·;~g P(:.:~~ "._' l.L _\t .r l\ :.iC~! ~~_. ':.:.-.l~l.rt~r 

j'uuld no longer be ~t::t:r~ or .. v·:h~:;n apprr)Fn'~l": "'" ~~'::O: ~~ : h: . ..;. _fr. ~_!:.~ (_ '= .t ): I __ ~:~.:~~~}..! 

('Ollld nt'l be ~een, Thi:; t1ag ,,:a~ I!~:d ir~ ttit- f:~"'!~ ~'1' !.,\,.,: t.rt..;.:"I:. "':'ilL~ \-,\.~~~·.d· ~!'" - · .. :_~iLi!;ty 

rrll::':~l!rernenb to a l,·oir.t "!Hn,~ 15 fed <lLove ~h,· tr;:!c~ k, ,L '-I U,- :!,":> .. ~i:·~ .! 2 ': .J~ !"!l0l XI­

/llum -.-i,.;ibilih points :it several locations bcfort- no:' G:J"":";:. the: :neC!~'~'t:,n"tl;'; 1.,:-.. ' ~'i"'i!t"d 
OlJ th .. other side of the track. Distances in ex,'l!::;s of !/}0fJ j,c~ weI',; c;siimakd, Tt.;, !""f~"ults 
.If .. ,,11{)\,'ll ill Appendix A. 
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During a period of sign;1: activation. an observer drow from be\"md ~"OOO f",'1 ~o\\ard 

Ihe lTo","in;! noting landmark:, at which each of the "ignal Iwad" I""'<lrrll' \'i,.:ibl ... 'h'a,,:urI'­

nll'nl" "'efl' then mad(· to thc~c landmark,;, 

Interactions With Railroad Equipmenl 

Simultaneous Arrivals 

:\,. a vchicl,' at-'proachcs the grade cro",.mg along: the: mean ~I)('('d proiil'" tlll'r(' i,.. a 

poinl at \\'hich he cannot stop his car "hort of the track", If he i,. not a"'af(~ of ll}(' ap­

proa('h of a train by this point. hc has no po,;,;ibility of <I\'Oiding colli"ioll unlc:,:, tlw train 

i:, moving "IO\\'lv enough that tIll: drivcr can POl';" atll'Old "I' tlJl' lrain, 

The point whcn~ :'lopping Ji,;tanc(~ (~4L1al" di,.lanc(' to go \\'ol,- ('alndal('d f'}r cadI (If 11]1' 

nin(' ('ro:,,.ing:' ,.;tudied u,.;ing Figurc 6-7. Onl\' rom of tl]l''';(~ ('alnilalioll:' fI',.lIJtcd ill a di40llHT 

~rr"<lln than ,'50 f(·d. hill two of till',,!, fOllr "il('" had p<I",.:i\(' [If(!l(,.-ti,,n, :\11 of 11]1' "ill',.. 

\,,'f(' ,.('kded in part IJecall"" of reslricted ,-ighl di,.lanc(' to all appro.wlling train, I" a 

"illialion i" l'on:,lrtll:kd :'lJ(:h thaI an approac'hillg tr;Jin a'adll',. lilt' '-;J\'aiJald,' :,i!!;ht di,.larH'(' 

\,-IWII IIH' dri\'('r [('aelw:, hi" critical puinl. tlr .. traill '-p(Td,. for ,.illlllltarwou:, arri\al ,'all IH' 

(,Ollndalt'd, Two Irain ,-peed" arc ::,ho\,n: if lire JrilTr dl)C,. not tr:' tel ,.101'_ till' lillll' to 

rl';J('h III!' cro,;"ing i:, rcadily calculated: if Ill' make,. :r lIlaximum d'j'ort tf) :'lop_ tl)l' lime III 

fI',wh thl' ('ro:,,,ing: "Olril'" Lut i" not Ie",. than 11\'il'" tl)l' tinl<' ('al<-lIlakd allll\l'. 

II' tIl!' ddl'c~ion of train,. r:' limited to till' dri\1'r al'llially ""eill!!: it. and "1,111(' 11'1(,1 of 

,'fforl i,.: mad{, to ::'Iop, the prohability of a ('olli"ioll i:, (·:\.lrl'llll'l~ hi;!h for Ir~!i'l "IW"d,. 

abO~T 1~1l' lo\\'er ,.p(~ed "ho\\'n in Tabk 6-8, ~{'\Tral fI'Ol,.OIl,. ''''.i,,1 \,-hidr "'plain IdlY lll!' a('­

('id('nt rale' i,- as 10\\' a:, it wa::, found to be tor tll<'''t' cro,;...;ing;<, Fir,.;l. lh(' Irain ";IH'I'd,. 00-

"1'fWel were: ncar the 100\'('r figure, typically 10 to 1,'5 mph, Sccond, tire rl~quifl'nll'nl ,0 

al'lualh' :'t.'l' the train is eliminaled at tlw two, "ignaliz"d ('fo:,,,inl!:" C pon adi~'ati()n oj' till' 

~i!!lIal. thl' "pI:ed profile chang(~,; d!'amatil'all~- which p(~rmil,.; til!' "af(, dri\'('r to al\\'a~,. "tol' 

I,don: reaching; the tracks_ '.iean vchide "peed:, "ith and \\'il Iroll I ,.ignal adi\'alion ar,' 

"lrown in Figure 6-8. Third, Inc tr;;in whistle anllounce,. Ill!' approach, 
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Fi~ ... , 6-7. 3topping: di~tan<:". d~' pa\"(:m .. n~ ,,'itil ~.'4 ~c:,ond rl'a<:tion tillH', 
Data - SporL,rnanlike Dri\in;! 

Table 6-8 

Critical Train Speed" for Si[e" With I\o-Rcturn Di"tancci' Greakr Than 50 FI'l:l 

Site 

New Midway 

Rt. 28 Col: ."rron 

R[. 28 Manassas 

California I 

Critical Point 

80',28 mph 

75',30 mph 

80',31 mph 

70',27 mph 
-

Meas"r~d 

Sight Distar.ce 

200' 

90' 

50' 

90' 

6-]8 

Critical Train Speed 

Driver Does Not Stop Drrv'er Tries to Stop 

! 70 mph I 35 mph 

! I 
36 rnph i 18mph 

I 19 r."Iph I 9.5 mph 

I 35 mp~ i 17.5 mph I 
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Signal Operation~ 

Ti,l" f1i1>'hing ::,igllal at the ",ix active crossing,; :'lwiieJ pro\"iJc:d ~,i, lj:,:11t- vi::iii;!," \;artllll;! 

linl<':' in '"'Try ca,;,: ob:3crved. :\t all sitc", the :3ign ... 1 wa::; a;;ti,"akd Ly tral:h ("irellil,. ',"hidl W('f" 

up'TalL"d Ly the phy:,ieal pre:"cllcc of a train. and tl:l"~(" ~,,"itch point:- "Cft" I'JCalui 2.000 to 

-1-.000 fc('t from the inter:'ection. The activation of the ,:igna! ,,'0;: not a!wa~":, initiated \,"hc'n 

Ih .. [r;;ill n';;clwo a particular point. in fad. variO!:ion,. o!" (,\'<'r 1,000 fed ~,"('n' ol,,.,"n,"(I. .. \1 

Sunr,yside A\iem.:c. thc trai:"! to crossing distances ranged from 1.498 feet to 3.66S ]",","1. Tlw 

ciclcdur was located at 2,6.+0 feet for aU four app!"oachcs (two t,ac:"'s). Thi" cau;:ccl iii" ,,"am· 

in~ times to vary considerably for trains going the sa!"llC spced in addition to the ,"ariatio!l due 

to t he speed itself. Figure 6·9 shows selected warning times for '"ariou" L·ai.n ,.peeu~ ~)b;:c:n"cd. 

\,JI ~ho,,"n arc times greater than one and (,ne-half minutes. ,:ue:' as th(' 11·minut<-" ";'()-,,(~cond 

p,'rind ,·au,:c·d by a erew traill \,"hich ,;topped Iwar a l"I"O,,-lilg" 

E[gi!t time" during the "tud)". "ignals were adi\"C!teci for no app<lrellt r""""11. ()[" !;; lralll:­

thaI [ ... iled to approach the cro,.,.ing" These pf:rioJ,. i<1!,,!,'d from !.") ",'('oneL. to ')\'"~ Ihl"('(" alid 

"!~"-hLi]f minLll\·~. 

-"it£rwl l"i.<ibilil~v" The alignment of the ,:ignal head~ and Lilt' IOl."u:'ing <)1" th,~ !;;rnp=- \\a" 

lloLo-d fur all active croi'5ing,;. In gcneral, they ',"cre fountl to be J"(';I::'onably ori(~nkJ" \lea,,:uJ"('­

Illl'ni,: (If ~ignal intcnsity were not made. but the zone,; uf \'i:,ibilit~ along the: approach \'"',1"<: 

1l0t",L Fi~'lm, 6-10 :,how;;: the daLa ,,"hieh were obLi:lined. 

'(hI" mdint('llar:c(' and in:'pection of the ,;ij!nab vari"tl" Tll<" -i~" .. d:- at II!," \ii..-l,i~;;!1 ~ill' "er(' 

,"I'";.IIwd ;;m! in'pcet"d daily. The operation of thc "ignal,: at rlw C;.<iii"oflli:J :,ito:,.: \'"a", ,eriried 

"·:ili.lllol1thly. :\t the remaining sites_ no parLieular ",'ioecllic ""<I>' ,.d. In:t a "i~llal rnai .. l:lin('r 

II.:Hk hi:, round" to all the cros::3ing:' as,:ig:ned to him and I hi" ;!1'1;',r .. lI:- n'~ldi<-cI i!l OIl" or tl'"O 

li,.il': 1H'r month. depending on lhe 11:\"(,1 of oth~'r \,'or;;' rl'qtJin,d 01' him. Pllril!;! dala ,",)11,""' 

ti<Jn, ,\(: ')i,":'rl'"d what mu:,t be: tlw two (~:\trenlC"" of r:1:JinkHal,,:e" A: thc 'Iichij!all :-ik. ;11 

i,':':' Ihan five millu~e:,. Lhe maintainer manuall~" acliv.ako the :-i;!il;;b. ,i,.ll<llly w:-ifi,"d th,' 

operation <)f all eight lamps and both bel!". ("h,~("kcd bat!ery comiition and otl1cT item.; in Llll" 

,.i;!na! eontrol box. and then cleaned f~ach Ic'n". Ii<- ,;!akd Ih:Jl Lhi" ""~,, the- routirH' dail;: pno­

c,"d~"m~. :\t the California ,.;ite. the TJ".aintaim'r. ill I"",: ,han one rnillllte, opened tilt" "ignal ,()r:. 

trol bux_ manually tripped a rclay, heard tl1f' bdl ,:trike' one time. dosed Lhl' I"",". an;] lej"1. lie' 

,;aid 11<: never cleaned the signal heads since till'; get dirty again ;';0 qllil:kl~" 'I'lli' r""IIIl,.. of til<' 

mairl LCHane(' programs produced signals which \ a.ied con,;iderahly in inten;:i t y, bu~ 11(1)(' \,"a" 

"onside-n,d to ue Ie,:" than adeq;rate. 
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I II 

SIGNALS 1 AND 2 

~'" SIGNALS 3 AND 4 

/ 
/ 

/ 

Initial Visibility of Signals During Approach '.-
Sign 1 Sign 2 Sign 4 

Sunnyside Ave. 1540' 1540' 347' 3';' 

Fairview Ave iOOO+ 1000+ 180 .J 
! Va. Rt. 28 II 292 I 304 424 432 J I 

I 

I l Grange Hall Rd., Mich. 2000 2000 2000 2000 

l Carson Ave .. Texas 279 180 1200· 1200· 1 
I 

I 
Central Ave., Calif. 1000 1000 300 1000 l I 

°Not ~isible within 190'. 

Figur" 6-10. Inilial \'isibilil~ of "ignals during appruach. 
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A \-arid, of almmg ,;cherTH~,; wer .. no'eu, a" may 1)(: :'(~C!l from lIw vi"ibilily chart. Fig. 

lin' 6·1 I. Tlw two rno:,t unu:'lIal wl~r(' Fa:n'ipw .-\ \'1: III W , \,hcn~ th!: ,..ignal could nol bl' "('I~n In' 
a rIlolori":l wll('n II(' re'a.-lwd tlH' "normal"' :,("pping: point. and a( the Bryan, Texas. ,.:il(~ \"hidl 

had Iwo additional lamp:, aimed at thl' "xii lanl' of tlH~ ,!djan·nt ua,ocbail park, bUl nOlI(' wen' 

,-i,..ihlc- ill lllf' ('xil lall(' from the indu"trial parking 101 w!tic·1t carried I:ontinual Iraft'it:, 

600 -t--__ 

500, ___ _ 

400 

300 

200 

100 

T~A'N It?~----------~---L---~L-----L---__ ~ ______ ~ ________ _ 
90 87 

SOUND LEVEL, DECIBELS 

fi: . .'ufI' 6-1 I _ Typical ~ound I,'wl for I()"on;"li\',' w"i~lb,. 

W"i.~ll(' Opl'raILon. Anotl1l'r method b:- whidl Ih(, dri\'('r hc('oml'" awan' of a train i,. ll\ 
I]("arin~ tlu' wfti,.lIl·, ,\ pr('\'ioI1:' "tud:-- I fOllnd tltal a -"ound 11"-1"1 of 87 dB "a:' r('qllir,~d for a 

Iypil:al dri\'(~r lil hl~ar it. ,\ plol of mean -"ound 11:\'d inlcn"it:-- i" prc,,"ntc'd in Fil!:Urc 6.11 

"ho\"ing that for a 90 0 
cro;;:;ing angle, a car "hoilld h,' within :-300 feet of thl~ intcr:;cction if' 

Iwar a train ,),00 fel"! away. Thi:, dal'a i", fnr Jatl" mod('1 I'ar" :,'ith tl1C' window:; clo:;ed. radio 

I Aurdiu,.. . .J.P. 8.: Kombow, :\, Th., vi:-ibiIity and audil.ility of lraj",.approadlin;! r.lil.hi;!Il\'-3~· ;!r.ldl' Cro,,-.;ill;!,., 
Pr"parc:d l.y Syst"ms Con~lI!tanl-, Inc,. foc r.-dc:rdllli;!hway :\drnilli~tration. "'a~hin~on, D.C.. 'lay 1971. 
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plJ.:' ing: :>oftly. no conH:r::'ation. It wa" observed that the train whistle wa~ o'ounded marc or 

Ie,." (on",\antlv whl'n the train wa:" "'ilhin 500 feet I.f L1w inter::,(~('\ioIl. TIl<: initial "'hi::,t1c time 

\\"<1" r('("orded for each train. Figure 6-12 "hows the audibk warnillg lime plotted by lrain 

"P(·'·(!. \ote that the point:; arc not consistent, indicating that the engIneer did noL alwav,; 

commence whistle signals at the "W" sign along the track. 
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Figur" 6-12. Audible warning time ,'Cr.""" train speed. 

Other Relationships 

E!'timates of the Number Killed 10 Grade Crossing Accidt"nts and 

Freque~cy of Seeing Trains 

® 

~ 

I 
00 

® 

.. \ I'orrelational analy:,i:" wa" done on the scaled mean freqUl'lIcy of r('''pond,'nL (,:,tilllate,.: of 

the ntlmher of motorists kiiled in grade crossing ac(~idenG and the number of time:, t!wy 

(,,,ti mated they actually :,aw trains at grade crossings. The correlation coeffici(~nt on t1w,·w 

e,.timatc:,; aero"s "itcs was 0.80. This suggest:,; that the more often motori"ts actually ,.f·e 

trains, till' mOf(~ fatalities they think result from grade ero:'sing aecident". Unfortunately. 

llO'\'(~\'er, estimates of the number killed did not correlate with the t\,·o mcaSUH:'::' of ,;af(,!\" 

oriented behavior (;;:peed decrease and looking behavior). Thi,. might :-,uggest that pubEe 

cam paigns should emphasizc say. television pictures of train" moving through ero;:;:ing" r:J.thcr 

than (~mpha;3izing arcident :-,tatistic" (and an increase in ;3('eing train;: at cro,.:,.;ing;: did tend tIl 

~JI: related to ,,:peed cecrea"c,.; [0.641 and looking [D.SS]). 
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\leasured Speed Across Track and Estirna ted Speed 

TI)(' accuracy "'itll whieh a dri\"l"r call (,,,I ima t(' hi,.. :;llI'ed a" lie ero,",,,(:,. tIl(' track,. i" an 

illlt'n'''lill~ i":'llt' \,'ith "aft'ly implication:,. Corrdatioll,. of indi\idual ('",Iimatl';: and m('a"llwd 

(,,,tima"',, of ,-p('l'd aero"" th·, Irack an' "hO\\'Il in lilt' la,.t column of TaLI(' 6·1). 'lcao'un'd ,,[wed 

and IIII' nH'an driver e"timate,; of ,;p('ed aero"" the track d ('a(:h oj the' nine "itc" can L(' 

compare'd. The"e \·a"II''' an' al"o ,.hown in Tahle 6·9 (in Ih(' four'.h and firth ('olumn;; of that 

laLk). Tlu' ('orrclation ("()('ffi('i('nl i" .I)IJ and tilt' n>lations/;ip i,.; diagramed in Fii,,'1!rt, 6·1:3, 

or parlieular intert'"t i" th(: fact that the mean (:,.:timatcd "pcpd aero,",,, tlw track" at all Ira(:k" 

\\"a:' Ie:'" Ihan the mean mea"urcd "pet·d. Tile avcra!!(' und(~re"timation rang('d from thrc(' 10 

I ~ mil('" per huur with. lIot "lIrpri"ingly. ";OlllC ",ugg:t',;tion thaI greater undere,;limatl'" art' 

a,."oeiakd with higlH'r aelual m('a:;lm:d "p('('d". On til!' 3\·('rage. motori;;t:' werr' found 10 IIndt'r· 

(·,.Iimal(' tlwir "llI't'd I)~' approximalely :~O IH'r('('nt! 

I 
I 

CroSSIr.g 

1 
I 

i 

! L,nthicum 

I 
I New Midway 

I Calverton 
I 

SunnYSide 

FaIrView Avenu-a 

Rt. 28. Manassas 

Michigan 

Texas 

California 

Tablt~ 6-0 

'lean 'ka"un'd ~I)l'('d" al Trap \'1 (I (I fC't'I prior to the cTo""ing) 
;.IIId \l .. an Dri',('r,,' E,.tilllal('" of ='1U'('d \\'I]('n Cro",.in~ III .. Trar'k 

1 1 
Esttmated Speed Acro,s Track 

Mean Estimated I No of Mea~ I ACtnJe 
I Trains Speed at I 

From Quesrionnzlre 
I 

I ~ I 
Sp"ec Across I 

I 
Pi)SSIV~ 

1 Observed Trap 6 ! j:: i ~ I g 1 
Track a 

! ~" -e a I 0 ~-i i ::,! ::, I ::, ~" 
I 

I ! I ' -I :"\: '" " I I 

I p I 
I 0 ! 24 ! 13 23/':0 I 231 2 0 0 

I 
13.35 

I : I I 

2 d:3! 40 i 15 I I p I 2 28 I 4 0 21.00 
I I I I 

I p ! 
0 I 26 j 14 ! 22 i 23119 16 I 5 1 1 17.00 I i 

I I I I I I I I 
3i A 19 I 12 42 i 35118 ! 3 0 0 7.05 1 I 

i ! 1 I J 291191 1 
I 

A 19 13 49 3 0 0 0 ! 10.10 

1 1 

I I 
17131 I 28 ' 

1 
I A 4 I 29 I 9 12 lJ 1 17.10 

I I I 

i A 6 
1 

30 i 30 101 18 1 33 29 
1 

0 0 1 20.80 

1 A 5 22 
1 

11 121 133 ! 291 4 0 0 16.90 I 
1 

A :2 24 1 5 15/31 / 33 14 0 0 18.70 

CorrelatIon I ACTual 
vs. 

ESTimated 
Speed 

.391 

.392 

.659 

.393 

.231 

.252 

.316 

.425 

.256 

li"dcrcstimatcs of actual speed potentially denote a "afcr condition of the driver intend" to I)('al 

Ihe Irain to the crossing. HoweveL they suggc!-'t a more hazardoll" condition if 3 train i" appruaehing 

and the drivcr makes a la"t minute deci"ion to stop. Analysi" by individual respondcnt of mea:,urt'd 
and estimated sreed in relation to other variable" ,;ueh as risk· taking:. the frequency with which the 

motorist acluall~' encounters train" at /-,'Tadc cro"sings. etc, is di"clI,,;::('d in Chapter -;-. 
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Figur~ 6-13. Rdationship between mean measured ~peed at 
Trap VI (10 feel upstream from the track) and mean driver 
estimates of speed when crossing the :rack. 

Observation of Traffic Control Devices 

Figure 6-14 shows the perccnt of drivers at each site who indicate that they :;aw pa\"(~mcnl 

markings on their approach to the grade crossing (0) and the percent who selected the correct 

pavement marking (T). It will be noted thai at four of the sites (Sunnyside. Fain'iew .-\velllw. 

:\lichigan, and Texas). there actually were no pavement markings on the approach. However. at 

least 20 percent of the respondents at each of these sites indicated that they saw markings. At 

"itc,; where pavement markings actually existed, the proportions who reported St~cing them 

range from about 15 percent to 45 percent or from lower to higher prGportions than reported 

seeing the markings when they actually weren't present. This may suggest that even at those 

site;; where markings were present. very few really saw them. Support for this hypothesis lies 

in the fact that about half selected the correct marking whether the marking was present or 

not. That is. exposure to the marking does not appear to have significantly increased the 

accuracy of the drivers in picking it out of several alternatives. The above suggests that for 

pavement markings at least. the attentionaI demand of this countermeasure could be con­
siderably increa,;ed. 
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CHAPTER 7 

DATA A~ALYSIS 

I. To !wtt('r IInrll>r~lalld 1111" drivt'r )I"llIlIaliol1 alld lilt" lwkl\ ilJr~ Ih,·\ di,..)!la:- al ~rarl,· 

;~. 

,k 

.,. 

T I) define a !wl of --~a f.-t" orien [I'U" ~)('ha\'iora I nwa':ll p',.. t 11;11 a r.. I ,ot h " [lnal iOlla 11:­
rTH'<lningful and capable of n·li;:L-I .. e:'qH'rinll'ntal m!'a~l:r('nI<'TlI. 

To i,:o!;i[" a ,..1'1 of dri\"'T C"harad('ri,.li .. ~ Illal • ,;:, ,..··n'· a~ IItJlI,n'dlllldalll "r,·did(.r~ or 
dri, ill~ IJI'r fur rna 11 ("(". 

To dd("rrnim' LIlt" ('xll';!t [0 whi('1! 11f(" ab(l\t' 1 ... it;l\ior;)1 alld",r "r,'dido. ·.aria"I,'" ("all 

1)1" 1I,:("d Lo J""'lop and ('\'aill:lk railwa:-'.hi!!h"';1\ "Ollllil'r!ll,'a"'IIrI", 

To ~1I~!!I,,.1 Ilw rn()~1 ,·",.L-d·f,·(·Li,,· ~'"' of 1!lI"a~l~rI', i!f'llli"ilid,' I:; "'''II;lt"rlll''a~lIr''~ d'·,..i~1I 
alit! l"\alll;)Lloli. 

Statu;; 

(:,,",..irll'rahl(· t'/'forl \'iI~ (':\!)('IIII"d 011 l'r1ilill~ alld \I·rif: II:~ (lit" d,ll.: kl,..,· a,.. (',plailH''' il: 

d.-tail i:J Clla;",-r (). \11 ,·,Lt·IL-;\(· r"\1"" 01' Ib' t·oIT,·,,!t-d d":,, d:I;-;iI,! : ii;- l,r'Jj,"'! \\a~ 1111<1,·(", 

lilk"ll. Tilt" dala \,hid, \\t'!T 11~,'d III lilt" filliti ;I11"h-i, ,·o;.-i-I,,j ",' :ilt" r,,:I"",i.tg ,.., I,... 

• l)i,lrilll"ioll~ (If rt'''pOll~I'~ Lo fJllt·,..liollrtair,' :IlId ill'i!;i\ic,r i!·'!Il-. !'<'r ,',11 It IIlt"a~lIr" [II>" 

"'''llll alld PITC"'lI[ of lilt" \'arioll"; rt·':I)(III~.,~ \',-r,' "t.I~illt"d. Illtl!, i'or I!.diyidllai "';:'" alld 

grllll"~ of "il(":' (e.!! .. adiy(·. pa~"i\'t·. all). 

.\ ,'orrl"iaLolI malrix (IB b; 18) ",ltidl "tlll'l,art·'] "IIII~:!'c:' I,·d \ari;dd,·~ IHlilt frllill lilt" 

(jll<""tiollnain' alld Iwha\'ior ~el. TIll" ('i~It!t'I'11 I'arallll"ll"r~ ;Irl' d,'':cri!wd in ,\I'I'('IHli:\ B. 

• ,\ ,'orrt·laLion "d of till' 1 76 c!("!lJ('nl,: (':1'1' ,\ ppl"nciix H) "'r~ll~ lilt" ba,..i,· !'i\l" ill~It,:1\ ior 

lllt'a~llrl'",. fn'r!''''!l('; "I' "e('in~ train,:. t'~lim<!t("(l tI,·h\'. i,':!,d r('(!,!in'Ill"IIL agt·_ and t-ro~,..­

il!~ familiariLy. 

• Hi~1I a:1d low "afd\' l!lo,'x qllartili' .. ()m[lari,,()n~ for :,(1 lll!"a~lIr,·". Tlli~ al1ai\',..i~ rallh.,·rl 

til!' dri\'('r,; aL ('aell "ill' by "af('L; of !wlta\'iOlr and Ilt"rf .. rnwd ~LlI i~lit'al l'olllpari':oll': 

Iwlwt'('n till" fOllrth of th .. ""ilj('I"l,, ha\ in~ : III' 1010": ,:;lI"t' [wlt"\'i" .. hi,11 lilt" !";I,..I ,:aft­

'luarlilt: fOlr eaeh of lilt' 176 pararnd(·r,:. 
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• " • "_ '"_.' .~_ "0 :~_,~.'< '.'- . . - ....... ' "'." /'. ." . . .':- ,.;, ' .' ... . 

• Eaeh of the above was a\'ailable for each location .at which data were obtained as well 

as for group" of sites. Examples of groupings which were examined were: 

all ,-e!lide:' 

ra",;('n~er car,:: 

driver;; with and "ithout the influence of a train or signal 

vehicle;; ..... ho did and did not have a lead vehicle nearby. 

The most representative group. and that ..... hich was u,::ed. where appropriate. for the 

3.nalysi,; whieh followi'. \,'a;; the set of driver::: who did not have a lead vehicle within 500 feet. 

and ,,'ho were not l'xpo:'ed to the influence of a signal or train_ The following are presented 

in Appcndice,.: to thi,: rt'port: 

• Ph""ical data for the sites and driver beha,ior profile riata (Appendix A). 

• Definition" of the data ba"e used and available f",r further stud}' (Appendix B). 

Performance Measures 

The four performance ml'a"urc;; ,,'hich were uS(~d in the anah .. ;;i ... were: 

I. whether or not the drivtT looked for train;;: 

.J change in ;;peed o,'er thc last 500 feet before the crossmg: 

3. the point of r:laximal ;;peed change: and 

-1-. tlw di;:tance at which th(~ ,.:topping capability of the "ehicle equals the di;:tanee to tI](' 

cro5~ing . 

. -\ dri\"t~r with a high Slfety orientation is one who (1) look" for train:::. (2) shows a "peed 
dccrea;;e bctwc~n ;;eu feet and the crossing 'which is greater than the mean speed decrcast' for 

his entry speed for all vehicle;; at the :5ite. (3) show;; a maximum deceleration in a zone fur· 

thl'r away from the tracks tha" the mean zone for all drivers. and (4) ..... ho maintains a ;;peed 

"ueh that he ean alwaY:5 make a safe stop short of the crossing until he has eliminated the 
po",sibility of a train conflict. 

Looking BehavlOi 

Dr!\'er looking behavior wa;; ob;;ervcd at both advance- and near·track locations as de,;cribed 
earlier in thi,. report. For the purposes ()f the analysi;; of the data. looking in either or both 

zone,. was counted as "looking:' The Peari'on Product·Moment correlationi' between looking in ncar 
and far zone" dnd lookin; in either or both zones i;; shown in Table 7·1. 
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Table 7-1 

Correlation;: of Looking With Looking in Two Zone:' 

Correlation Coetflci~nt 
S'te 

Advance Near 

Sunnyside .400 ,786 

Linthicum ,378 1,000 

New Midwav ,810 ,640 

Calven:on .653 ,703 

Route 28 ,530 ,910 

Fairview .169 ,97: 

MIchigan ,848 ,518 

Tex'lls ,860 ,515 

California ,860 ,698 

,\11 oj" tlH' ('orr,'lation:, III TaLl!' -;-.\ are :,igllifil'alll at 1111" .()! "()Id'id"lw(' 11'\(,1 ,'xcI'pl ad. 

"~I/I"" looking: at Fain'i,:,,'. Thi~ ~ik Wi;!:' tll( nJo:,1 ft':,lr;ded .,;' til(' ('ro,,~ifl~~ :,Iudi,'d a,. lIIa~ 111' 
~"I'!l ill tlH' "it" dia~rarn conlained ill :\ppl'lldi'\. ,\. Dr!n'r': ,,"'r,' 1/01 (lb~I'r\,,'d to lonk ill till' 

i/lh'a;]!',· zorH' at thi~ I'ro,."ing: ,.inc .. tlll"[(' Wi;!" no cal'aili:it: tu "PI' ;1 hazard IIntii IIII' 'lI'ar 

Spl'cd Reduction 

(Sp('~d at ·:)00 f,',",)-(~p, ... d al ·10 f'Til 

Speed al -:)00 kd 

Ill/I' to till' :'Iability of the approach "peed al illdi"idl/al ('f()~~lIlg,.. til!' iH'[("'1l1 "1II'ed <I,'('[('a",' 

I" highI: corrdatt>d with tht' "p('ed~ at 11\1' cro:',:ing:. Thai i~. a dri"'r \,"1,,, f(';wh,'u tlw !'[o:,,,ill;! 

al i;! 10,\' "lwCU had a large "peed decrca"t'_ alld "j .... \ ''["a. 

Table 7-2 indicate" the rt'lationship helw('('1l "I'",'d d""[t'a",' alit.! the final "peed llIea"Il[('d 

tPII fpf'[ before the CI'O""Ing. All an: "ignil"icalll at th(' .0 I ,~,,'d. 
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Table 7-2 

Correlation of Percent Speed Reduction 
With Final Speed 

Site 

Sunnyside 

Linthicum 

New Midway 

Calverton 

Route 28 

Michigan 

Te)(as 

Califomia 

-.951 

-.458 

-.665 

-.949 

-.879 

- .753 

-.778 

-.395 

-.772 

Zone of Maximum Deceleration 

Speed data wa" obtained at six points along the approach to the crossing as described earlier. 
These defined five segments which \~·ere selected to require approximately equal transit time as thc 
driver ::;lowed for thc cro5Sing. The mean deceleration for each segment was calculated as: 

Deceleration 
= Speed change per segment 

Time to travel scgmen .. 

The maximum of the five decelerations was noted, and the zone from I io 5 in which the maximum 
occur~d was used as an indicator of the beha\~or of the driver. 

The magnitude of the maxi;num deceleration correlates highly with thp: percent speed reo 
duction (over 0.6 in all cases). This relationship indicates that the population tenus to brake for 
short periods during the approach such that the measured maximum deceleration resulted in the 

major proportion of the total speed decrease rather than making a smaller braking effort for a longer 

period of time. The mean deceleration fi~res in each zone for several entry speed states at the ,oitt"s 

we:-e examined. The point of maximum deceleration was generally found to be at 45 feet from the 

.;rossing. This proximity to the crossing indicates a population which waits as long as possible befort" 

slowing to the speed at which they desire to cross the track::;. This characteristic was also noted in 

the. p::eliminary investigations made to determine how far from the cro5Sing the first speed measure. 

ment should be made. It was found that virtually no speed change would occur beyond 500 ieet. 
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Critical Distance 

TIll" dl'kr!!linalion of the point at which a dri\"t'r cannot ~top b,'fon' r('a('hin~ till" ('ro~~in~ 

ha,.. be('n d""(Tib('d ,~arlier in thi~ report. A~ would !w ,'xpeckd. thcrc i:, a hi~h corrt"/alilJn 

\)('1'\'-('11 ('ritical di>'lalH"e and the sp,'ed at th,' ('ro~"in~ (ill all c'a:,e" owr O.9~). 

\ \l'r~ lar;!!~ proportioll of the drivers approached the ITO",.ill~" at "peco,. in ('Xel'~:, of lhat 

\\ hi.-ll ,\ollid permit a "top before the crossing. The :'lopping oi"tancc' frcqlll'ntly '-X(·c·(·cI,·o till' 

ZIIIII' "ilhill ",1:i .. 11 Ihcy could profitably look for Irain". Table 7·3 "how=, til{' proportion" ob· 

",'·f\l',1. ,,\1 all ero,.:,;ing" a driver had to be within 100 feet to ,we al lea,,! :,WO f"d om\1I 11](' 

I r~ ... k in both dircction,.:. \]easured sight di;;tancl' at 100 fccl i" ;;hown belm,'. 

Sire N 

SlOnnY5ld~ 92 

Lln~hlcum 36 

New Midway 89 

CalvertOn 110 

Route 28 106 

~d.r\/le,,'\1 78 

I\',ch,gan 101 

Texas 90 

Caltfornia 81 

-- -- ---

~lImmary of Driver:, Who EX"ccd ~tuppillg Di,.lanl'.'" 
(1'\0 leader, 110 train illfluellc(' ,.lIbje-d:,) 

Over 50' Over 100' I Over 150' 

15% 1% 

I 
0°' ,0 

75% 8 0 ' 0% ,0 

77% 19% 

I 
3% 

66% 44% 24~o 

89% 47% I 7% 

5% 0"" 
I 0% i 94% d6% 

I 

go", 

70% 2% 0':l1J 

94% 20% 1°' '0 

-Dls,ance a driver ai. 100' can see approaching tral:'1 an the most restricted direction. 

I 
Sight 

~istance-

I 230' , 

I 
180' 

, 90' 

i 75' 
i 45' I 

90' 

180' 

300' 

'::0' 

TIl!" 1111':111 numuer of drin'r" exer'eding 100 fr-d for adi\'(' n(),;,;illg:" \,;1" ~ 1 PlTl"'lrL For pa,,· 

,..j\(' "rr,,,,,ill;!"', tile mean \\'a,. 29 P"rtTIIL ~ueh iJl"ha\'ior i" dl'arl~ mun' dan;!l'rou" al pa,.:,.:i " , ,·ro",,· 

ill;!" !,.. .. ;) II"" no train detection a:;si,;tan('(~ i,. pW"io,'d. Yd. lh.· proportion of dri\'IT": .'xhiuilill;! 

,..1:1'11 bdravior wa,. ;,!reatr-r for th .. pa,."in· ,:l'l of (TO,."ln;!,.:. 

Thl" Behavior Index of Safetv 

The four mea,;ur .. " abo\,(' wen' combilwd to d(,\'l~lop a :,illgh- ,;af(~I~' index whieh ("(mId 1)(' 

11,. .. d to differentiate t1w behavior of thl' dri\'cr". :,ince the relalive magnilude" of tlll" nwa:,ur .. " 

\\I'rc \'('rv diff,~n:nt. it wa:' ne('es~rv to l!Ormaliz.' each before m .. tking a ~ingle combilwd 

rI1('J"un: , 



L , __ ~ .. J .. ¥, 

Examination of the mea:;ure" obtained showed that the characteristic;; were definitely siie­

"pl"cific. Sin!;e there were major differences in the measures for sites in the same geographic 
area. no rationale could be m;:.de that regional differences caused the changes. The mean yalu!; 

within paei: site for each measure was :;ubtracted from the measure t'~ scale it to a mean of zero. and 

then divided by the site stanhrd deviation of the measure to normalize the value. The resulting 
values ,,'ere then combined with a weight of 1.0 for each, :,igned according to the direction of 

change required for morl" ,~die behavior. The resulting if\de~_ therefore was: 

Safety Index == looking ... :ipeed reduction - maximum decderation point - critical di;:tanee 

,-\,. \,''1'': noted earlier. the bcha,;or of the driver was clearly influenced by a proximate l(~ad vehi· 
ell' and oln'iously modified by the presence of a signal or train. Therefore. inve;:tigation;: ba,.:ed on 
heha\'ior com parl"d with other factors \,ere performed using the ;:ubset of the total population 
r('[erred to a:: kaderles::. trainl",.~ yehicl,·s. 

The safety indl:x tilu,. compiled wa:; distributed as shown in Figure 7·1. Since two of the variabk;; 

(looking and point of maximum dl~celeration) were not continuous. several minor peak,. appear in 

tl\(' di~tributi:JII. 

80 

70 

60 
~ 

:; 
:5- 50 
Vi 
'0 40 
0; 

.l:I 
E 
::l 30 z 

20 

10 

, . 
-2.5 -5 o 2.5 

Value of Safety Index, No Leader, No Train Poou!ation. Mean = O. N 

Figure 7 -1. Di~trihution of the calculated safely ind.-x. 
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Relationships between Index Measures 

TIll' ("olllrihution of each \-ariablc to th,' ,-afel\' ind.·x \\'a" ,·xamirwd. Tahlt- :--l :,-ho,,'" Ih,· 

nJrrl'iation of each 1TI"a"llrl' with Ihe oth,'r" anri th .. ind,'x. TIll" "xtnl1 10 whi('h a part ,·or· 

rI'lalt-,. \\ ith till' whol .. i" more or k;:,; dependent on the fad Ihal lirl' h-irok cOlltain,. Ih.' parI. 

-----.I-,-:-,-cd,·l<'rrilil1P--tlw :!.l'!lIal ('onlrihlltion. a part.whol .. corrdatioll i" ,. it ,)\\'1 1 ill IIIl" la,.1 1'0111111n. 

Thi,. ,·~tI'·lrlati()n i" (',,~entiall~- L111' correlation of I~ach ml'a"Url' I,'ill! th .. illdl'\. ('ompo""d "I' till' 

ollll'r thn'C' ll11'a"lIr .. ,.. 

L 

R 

P 

C 

Mean 

SoD. 

Table:---1-

Correlation \Iatrix of Safdy Ind.~x Compon,'nl" and tlll' Inrkx 

With and Without tlw Contribution of Eaeh 'ka"lIn' 

L R P e SI 

:.000 _244 _067 - .283 6:.>::' 

1.000 - 022 .602 .729 

1.000 _065 .450 

1.000 _761 

.377 .316 4.086 73.034 0 

.48: .315 .847 4~.953 2.561 

KEY 

L Look.ing Bet,'~:rIlor 

R Pe,ce')t Speed Reduction 

p Point of Maximum OecelerZ[jon 

e erot,cal Stopping Distance 

SI Safety I n'de" 

PW Part-whole Correlation 

PW 

.284 

.444 

_067 

.496 

TIll' part·\,hok eorrf'iatioll l11atrix "IUl\Ql in Tabl .. :--l i;: fl'pn:""ntali\(' or till" matrix for 

" .. ..II "ill'. Tlwrefon' onl~ 1111' eombilll'd fi~"Jrr'" an' "h()\\'!I. II ,,/rollid 1)1' nol,'d lilat till' Illl'all,. 

alld "tandard de\-iaLioll,. ill Table :--l for ('aeh of IllI' rn('a~'Jr(':' ;Jr(' for till' Illl'a':lIrl' bdore il 

I\"a" IIllrrnaliz.'r!. TIll' rlormaliz .. d ml'an of eac·h i" z('ro. TIll' :,tandarrl rI"\'ialion" (If ",lI'h equal 

'JlH' . 

TIll' poinl of maximum d'~(',d('ralion i,: ,.jearh· ~Hlt n-Ialt'd to Ihe illl].-X ('ompo,:('d of IllI' 

otlll'r 1I11'U:'IIrt':'. If Ihi:, r-ic:rnl'lll wu,.; an ;rJdqwIII),-llt prl'didor "I' :'''1111' ollll'r p"rlirH''!! r;ll'lor . 

. -: 



, < . ' ,. - '. - ,- ;" - ' • - , 1-' . -

• - ••• ,. • .... • • • ,_ • - - - ~. ~ - 0" j -

the ;;afcty index would be strengthened by its inclusion. This was not found to be the Case. 
however. Since both the critical di;;tance and the point of maximum deceleration are highly 
f('latcd to the specd decrease and the :;:peed at the crossing, an alternate index composed of 
looking b(~havior and the :;:peed at the cro:55ing was examined. No significant change in the 

rdativc ranking of beha\ior difference5 re5ulted. 

Counlermeasures Implications, The contribution of a countermeasure to grade crossing 

~fdy may be determined by a site'5pecific before/after study using. as a minimum, vchicle 

"peed at thl' cro"sing and looking behavior a5 measures. The pi1y"ical requirements for site 

"dl·etion pointed ou L earlier mu~t be met. For example. speed reduction in advance of a rail­

higll\\'ay inler"ection which had unlimited visibility in both quadrants would obviously be 

ddrimt'ntal to the :5afe and appropriate flow of traffic. The site eh:tracteristic which i" most 
imporlar,t to the v:;.:i"':;,) oj [ne measure" devdoped bv this stud,- i:;: resirict.,..: "ight distanc(' 

10 oncommg trains. 

Where the "afcly index I" referenced in !hi~ report. the complete index containing all four 
ckmcnts \,'a" u!>t:d. 

Situational "ariables 

. In addition to dependent and independent variable;;. there are a number of variable:, ,,;hich 
may he e1a. ... sl"d as "ituational or intermediate. These variable" may he treated as independent In 

bi\'ariale analy,.·;:. At higher 1('\"1'1;: of anal),:;i". they may be expected to modify the rdalio· 

n"hip" hdw('cn the performance mcasures already defined and the qllc:;tionnaire item;; \,-hich 
art' di:'cll:';:ed below. 

Variahlt:" c1a:;:,ified a,.. "ituational include the follo\\ing: 

• road condition" 

• time of day 

• acliw/pa,,;:ive cro;:"ing 

• urban/,;ub-urban/rural cros"ing 

• geographic location of the crossing 

• freque;l;!), and schedule of trains at the cros"ing 

• position of a vehicle approaching the crossing in relation to other vehiclc;; 

• roughness of the crossing 

• "ight distance to the crossing 
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• It-ft-right di:,tal1l'" at 50 f('d, 100 ft'Ct, de. from 11](' t:ro~~ing 

• nllllllll'r of Irack;; al thl' ero;;:,ing 

Ik("au:,,' thi,. project \\,a,. a pilot :'ludy, lh(' dala ba:'(' \\'a:' limilt'd and in,.uffif'i,'nl to ('\"alll­

at.- lilt' df'TI:, of wt2tlH'r. road ,·ondilion,.. and time o!' da~. :\lIal~':"'" ,,·,'rt· IIlulcrtak"Il_ how­

''\IT_ ill rt"gard to Ihl' r(,mainilig variable,; and !I](' pcrformane,' nwa"UfI'" I'fI'\·iolJ,.ly defirwd. 

T 111",.,' art" di,.cu,.,.('d Ldow. 

Acti"'e "'ersus Passi"'e Crossing Behavior 

I n I mduct ion. It wa;; h~' puthe,.iz"d that dri\'er lH'ha\·ior at adin' (TU,;,.mg,; '\'ol:ld difl','r 

I'rolll that ;;i pa,.."i\T ,'ro,","ing,. "hell 110 lrain \\";\,; {In'''l'nt or irnmilwnt. TIH' diret'lion of tl)(' 

diff,'n·n",·,. would indicat., mor(' ,;afl'ly-oril'nl('d L .. ha"ior al pa,..,.i\,' ('ro,.,.ing", 

TIll" und,'rlying a,."umpLioll \\"a,; that dri\,'r:, will ha\"(' !l('rt"'i\"t'd tJw ,'xi"krw(' of tiro- :,ignal 

;11 an adi,'(' no,.,.i::g and ha\(' :'0 Ill" 1)('lid in it,. rdiabilil~. Tllll:'. if til(" ,.ignal i,. not adi\a",d_ 

III" dri\(T \\ ill approach til<" ("fo,.,.ing \\'iLh ,.(HIl., dq;r,'" of ""p"dat iOIl tI..ll a train i,. 1101 

1"1 "II ill!.!. TIll' ,.a1l1l" "allllol I ... ,.aid of pa,.,.i,,' ("fo,."illg,. "in ... · iderr!ifi";ltion or til«' al'proa"h oi' a 

traill fl',.!,. ,.,01,'" \\ iLh lll(' drin~r. 

r nfortllnatdy. tlwf(~ art' ('onfoundillg i'M·tor" in tilt' "it",. in(·hld(,.! ill till' :'huh :'111"11 a:' tilt' 

high 1"\1,1 of familiarity of lilt' majorily of HII' dri\(,r:" with tlH' ,·ro,.:, III:':". 

Ih~clI~.'/(.n. The diff('n~Il'T" among th(' tlln'(' pa""i\T ITO""II!!.!" "Tn' ,,"b:,tantial alllL in fad. 

'''''T(·d,·d t!II' rliffer('nn' in mean \'ahll~;;' of m,'aslln';;. bt'I\\'('nl all acti\"(' <Inri all pa",:,i\",' ,·ro""in!!:'. 

TIll' b..JI<I,-ior lllea,.llff·S "how,·d a t(~ndl'nn' toward in('f(~a:,("rI I()()king I.,.,havior and ('arli .. r "p",'d 
fI'rllwtioll al llw pa,.:,iv(~ cro,,:,inl'!;;. bllt thl'f(' \,'a" al"o a trt~lld [(H,'arc] :'mall('r "p"l'd dl'('n'a,;(' 

and grt'at('f "riti!:al di"tan('(~;; at the pa",;;in.":'. Fil,.'1Ir1' 7-2 ,.;how:, till' rnl~3n ,,;p('('d profik:, for 

adi\'l'_ pa""i\'(.'. matclwd. and all cro,;",ing;;. for the lwo quartil,'" of thl' 110 Ica(lt-r. no train in­

f111"rH'(' population having the high,,:'t and low(.',;t "af,~ty index_ \01" that till' graph i" bound,·d 

!:~ tlw pa:,,.iw ,,1"1 i lIu:'traling tht, greater diff(.'f('Il(·(~ in m('a';llfI,rl "fW('c! lwlw('('n ;:a[ .. and un,.;;! r" 
dri\','r,.: for that (·'Itl'gory of nos;;ing protection. 

Examillin~ lh(~ ;;afe and unsafe quartile" of dr!\'("f" at adi\'(~ and pa""I\'(' (To,;. ... rng" ~()rnl· 

"i:.:nifi,·ant diff('rt.'rHT" were~ noted. Th(~~ w('re': 

Looking 
Speed Reduction 
Point Ma><. Decel. 
Crirical Diso:ance 
Safety 1 nde>< 

Safe Quartile 

t = 3.2 - P 
N.S. 
N.S. 
N.S. 
N.S. 
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ljn~fe Quartile 

N,S. 
t = 2.7 - A 
t = 3.6 - P 
t = 4.9 - A 

N,S, 



Speed 

48 

44 

40 

36 

32 

28 

24 

20 

16 
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500 300 200 100 

Feet Before Crossing 

• • unsafel 
_---.. safe fall 
o CI unsafet . 
~ __ -0 safe r passIve 

e:.-----c. 
t:r----rQ 
0-----0 
~--o[] 

50 

unsafe l . 
safer act Ive 

unsafel 
safe f matched 

10 

Figur.~ "i' -2. Sp~ed profiic,; of driv.~rs for four sets 
or crossin;;~ divided by th~ most ~fe and least :;afc index quartile. 

Th·· i - It:,,,t valU(~" are "hown in the li"t abovc for significant differences at thc .05 le\'f~1 or 

greater. :\' .S. is entered wherc the difference does not reach the .05 IC\'cl of significance. The 

c:ro:,:,ing category ,;howing more safe behavior is indicated a:' "A," or .-p-.. Thus. for the safe 

one-fourth of the driver:, at passive crossings. more looking behavior was noted. The least safe 
drivers showed a greater ~peed reduction percentage and had smallcr critical distances. but 

d.occleratcd latcr at active crossings. The rc,;t.:lt of the mixed behavior was to equalize the 

index of safety for corresponding quartiles at active and passive crossings. 

The drivers sampled in this study believed that passi'le crossings are characterized IJ:-' few 
train:' (65 p.~rcent) but the majority believed that the speeds of these trains could be high. 

Only 39 percent believed trains operated at slow speeds over passive crossings. Nearly 
21 percent of the drivers stated th~,t all crossings had a train·activated signal or gate. A 
,;ign i fieanl (.01) negative correlaiion (-.164) was found between how frequently rhe drivcr IIsed 
the crossin:; at which data was collected and the statement that all crossings were acLivc. We 
udieve that drivers who had little or no experience with crossings were not aware of the 
distinction between the two crossing categories. 
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Counlermeasure$ Implications. Rt~alizing that th(; (ictedioll and avoidancc of trains at pas­
"iw cro~>',ing:, rests solely ~'ith the drivcr is the first :'lq) in til(' pron'"'' 01 achieving a "afe trip 
invohing rail-highway intersections. There is cvidenet' that the i'imilarily of protection (advance 
:,ign". pavement markings. crossbuck,;) produces similar behavior in the two eros"ing situations. 
The driver should be ahk to identify a passive crossing a,.. he approache". and should he made 

aware of hi" re"ponsibility at both categorie". 

Train Volume and Sight Distance 

Introduction. Two hypothc"e5 were formulated regarding 11H' behavior of the population 11\ 

rc"ponse to actual hazard. These were: 

• The greater frequency of trains at the project "il!'~_ tlJl' more driver behavior will be 
safety oriented (defined in term,; of the I)('rforrna/l(,(~ mea,,\ln~::, de:<cribed previously) . 

.,. The more limitcd the sight distance to the track,,_ till' more ,..afet ... oriented will be 

driver performance. 

lh.,cu:ssion. Correlation" werc examined for the abo\'(' hypotlw,,('''. It was found that a 

"i~ificant corrdation (r = .6.57) exists bct\n~cn looking IJ('ilavior and thc frequency of train::' 
(train,; per da~). This re,;ult is attributed to the high familiarity of tl\(' respondent population 

\,'ith the study sites since there is no physical indication of the train volume at the crossings 

other than the active/passive category. Since thc rc"pondents indicated a belief that passive 
crvssings had low train volumes, the correlation might be exp(~cted to be greater at active 
rrossings if there were no other factors_ The correlation bet\\cl'n looking and train frequency 

for active crossings was 0.938. 

The popUlation was alsu observed to slow down in proportion to the train volume. The 

"reed at the crossing correlated -.854 with 'train frequl'ncy. TIl(' other measures of pcrformance 
al"o corrdated with train volume. 

Limited :light distance to o:1coming trains was thought to be a factor which would influence 
:;afety behavior. but this was not supported by the data. Rather 1m,' eorrelations for looking 
behavior (r = 0.063) and speed measures with sight distance Wl'rC fOlllld. 

Counlcrme.asure~ Implications. Since limited visibility to oneoming trains has been cited .. s 

a major contributing factor in accidents. a need exisb to inerea:;c lhe looking behavior and 

reducc speeds appropriatc to thc capability of detecting trains. This is even more important at 

pa;;sive cfossingt', of course_ 
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TIl!" ,.;trong rdation~hip" between ;:afe beha~ior and train volume!' implies that the expee· 

tan,,: of a hazard i;: a major factor in l)('havior modification, Thi,; is supported lly the finding 

that tiwrt, i;:. a ;:.ignificanL negative correlation between ~pceri \l.ithin 100 ff'd of cro;:;:ing;: and 

tilC' r('porlt'd frequency of :"eeing train,;, That i;:, the greater the speeds within 100 feeL the 

-i",." i"rt''llll'ntly the driver :,aw train::'. 

Rcgior..:t.I Differences 

Introduction, Preliminarv analysis indicated that no que"tionnaire differences would be 

fOllnd at the gt'ographically matched ::,ites but there would be behavioral (driver perforrnanr:t') 

di ff,-renc"",,. 

{h,t'lI.~.,ion. The :3tati:"tical data compil,-d on each of the four ero~ing;:: \lana~"a;:, Virginia 

(Rout<- 28). Bryan. Tl'xa;: (Car"on AVerHH'). Holly, \lichigan (Grange Hall Road). and \Iilpita!", 

Calif"rnia (C .. ntr,,1 Avcnue), for both the que;:tionnaire re"pon;:es and the behavio~al mea";lIre", 

\,,·rt' ,-,amiJII'd b:' ("ompuLn to ddcd "ignificanl dt~\'iati(Jn,.; from til!' ,.d, Thi~ examinatioll 

11l.-iIHkd Il1l' ,-i~ht:'('n variable" derived from multip~e items delineaLed in Appendix B of thi;: 

r"(lort. In "ummar:, olliy two measurt':' "'cre found to be pertinent: the mean age and Lhl' 
!"(lkj 11;! I)('ha\ ior. 

TIl!' proportion;: of driwr" looking at \1 ich igan and Tnas w(·r.; O,:~ 1 and 0,40, respeetivdy. 

I{I)llt" 28 l1f'ar '.Iana,::'a>,. Vir~rua, had :r. me:m of 0,15 and the California ~ite hzd a mean of 

on:~ 0.0:1. (That i,:, at California. only five percent of the drivcr,; were ob,..Tv('d to look for 

[rain".) Roth of the laLter cr05sing5 have \"Cry limited ,.;ite di;:tance in at I<~a;:t one quadrant: so 

li,,~it.-d, i:1 ,·acl. that a filII ,.Lop would have been required Lo detect train;:, [f only one cro:-':· 

ill~ had "hown Lhi" low f[(~queney of looking. a regional difference might be suppo,:cd. Tht' 

\Ialla~~a" ~ik had much lower ncar.looking .behavior than other. nearby cro""ing:,, whidl had 

I ~H' "anw ha:'(: of driver~. It wa>, concluded that the driver j;: willing to accept the protection 

afford(~d Ly the :3ig:llal and not look for train;: when 5ight di5tanee is limited to the extent 

that ullu:-'lIal behavior (e.g .. "topping on a medium speed route) would be required. Thi" 

anomaly i:-" therefore. believed to be a characteristic of the siies. not the region. 

The deviation nokd on the response to it~m 127 (see Appendix B) regarding age likewi"c i,. 

Jlrohabl~' a characteri"tic of the site it~c1f. The re5pon,-e to thi:3 question ranged from 

2.-1-.) (Texas) to -1-.36 (\liehigan). The California mean (3.31) and the Virginia mean (3.77) wen: 

lIot diffp[[-nt from the local 5ites studied. Tcxa:o A &: ~1 is located at Bryan. Texas. and the 

('\'id('nc,~ of a nearby 5tuden t population is taken as the explanation for the low mean age. A retire· 

n~('IIL community of moble homes was located on Grange Hall Road in Holly. ~lichigan. contributing 
to the' higher m('an at that ;:ite. 
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The anal:',;is ,.howed a significant relation:,hip bet "'''ell dri''('r-" al!f~ and the correct rC5i"0nse 

10 ,«'n-ral items_ These indud .. d the proportion of dnlllk dri\'(:r:, cau"ing <Jeeidents, and the 

l .. gal requiremt'nt" for driver-" behavior at grade cr(),,:-ill~,;_ This rclation,..hip confoundcd the 

t'xamination of re¢onal difference,..: the Michigan :,ample had :;i~nificanU:" ,.;afe.- Lehavior 

mt"a"llr(-" for th(- rCi'pondent" getting correct an:,,,,-er:' to legal kno\,-Jedgc_ and a tendency to 

perform more safely when knowing the contribution of drunk driver,; (did not reach 
"i~nifieance) _ 

Countprmeasures Implications_ Although no regional differen,'('" \,('n' demollstrated during 

thi;: ::,tudy _ we are unwilling to :'tate_ on the basis of a brief samp!!' of Lehavior across four 

rail-highway inter:'Cction:'_ that there arc no geographic charaderi"tic:' whieh mu!'t be con, 

:;idcred, In fact, there did exist implied differen,:es that "ere nul <J part of thi,; study such a5 

the high proportion of Spanish-:;peaking driver;: in Texa:;_ tl)(' g~(';;lly inerea",:d l!"" of air-con­

ditionl'fs in the ;:ummer in ,;outhern state". and Lll(: "ignificant differl'III"'" ill the age of thl~ 

car,.. in Tex"" and in ;\1 iehigan (n(~ar Ddroit)_ Et:for('pment (If ,.: iplllatl'd ~rr<!(k cru""ing: he­

b('ha"ior wa;: ,:hown to be an (~ffl·cti\',: mean;: of ilwr.'a"itl~ lwha-.-ioral ~al'cI: a,. defined herr~_ 

Several :'tate:, ha"(' :'top :;ign:, at mo"t pa:;:;in' Cl"o""ill:,!" bllt thef(' i~ lillie "Ilforccment of 

tlw requirem(,nt Lo ,;top: :'topping bd.avior at pa""iw l:r()",.in!!~ ill tIll''''' ,;tatl';: dOI~" not appear 

to be particularly rr.ore pr<:\"ah-nt than in other ,..tak", 1. mll"l h.' ('ollclllll"d. therefore. that 

innovation,; in grad., (To,;"ing protection mu,:t !W lX<Jlllirwd ill :'llrri"ient ddail \,"ith regard to 

thl' probable rp"ponsl~ of motori;:b in tIll' \'ariou" "talt',. ,'oll"idl'ring tIll: dlarac-tcri;:tic:' of the 
rq,.'lon_ 

Questionnaire Items 

The items included in the questionnaire -.,'crr' cla,:"ifil~d into t(,11 ('atcgorie,,: 

• legal knowledge and enforcement 

• knowledge of railway-highway safety 

• perception and identification of grade crossing dC\'icc:, 

• risk-taking 

• familiarity with the cros;:ing 

• experiential characteristics 

• demographic characteristics 

• pere(~ption of grade cro;:,;ing accident causation 

• stated basi,; of actual behavior 

• ,;tated behavior 
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The di"cu,,;;ion \"hich follo\\'i' i;; organized by catego~'. A brief introdl!l:lion. the phrasing 
of IIH' itf'mi' il1c111dl~d. hypothe",~;; tl';;led. and counterml'aSllre,; implication,; arc provided for 

,·:tt'll eak;.!ory. Table 7·.') :'llmmarizl''; tlw items classified in eaeh of the ten basic categoric". 

: h'm" rern to "pccific' questionnaire section and element number (ree also thf~ form of the 
'pw,,1 ionnain:. C.hapter 5). To in\'(:stigate the hypotheses pre:;ented below. ,;everal diff('rent 

t:p"'" uf anal"'sj,. ",'ere ",;ea. as outlined in the introduction to this Chapter. 

Table 7-5 

CaLegorie;; of Ir.dependent Variables and Items Included in Each Category 

Lcsat En'l 
Device ! Risk, ' , I I Perception of Stated Basis Statec 

F amiliar'ry 
Expenentlal I Demographic , 

, Knowledge Perception I I T k ' , ", Accident 
of Behavior Behavior ,orcement a In9 CharactenstlCs I Characteristics I Ca ' 

I 

I 

Identification 

. 
11-8 - II·' II:·' 111-8 11-' . 

11·3 IV-6 111"0 

I 
11·2 IV-4 

IV·' 11·3 
. 

VI-Seat 1'''::-
"~ 

11-4 Belt Use V-6 

11-5 V-8 
I 

I V-9 

I 
indicates th.at this Item ar;:pears in ~wo categor ies 
indicates tha~ :his iterr. appear~ in three categories 

. 

. 

.. 

usatlon . . 
111,2 V-' 111-4 1-' 1-' .. 
111·3 V·2 111·5 11-8 1·2 

III." V-4 " 1-6 IV·6 1·3 

i 111"2 V·5 111·7 1-4 

I IV-2 VI-Sex 111·9 

i 
1·5 

IV·3 1-6 

IV-4" 
-IV-S 

V·3 i 

Legal Knowledge and Enforcement 

!illmdudion_ The i""uancc of state laws and their subsequent enforcement are directed al 

~pf'I~'ini! a colwrl'nt. con"istent. MId safety.related basis for driver beha\;or_ :\Iotori"t familiarity 
wiLh ~1J('h law:, and hi", knowledge of their enforcement should foster more consistent and 

,.;a fer !wha'"ior at railroad grade ern,.",iII gs. Convcr;;:ely. educaticnal countermeasun:::,. e.g .. driHT 

.. clueation. rc::newal I~"arn~_ and la',' enforcement countermeasures ("electi,'c enforcement) rna; 

b~' nl:cc:;:,arv Lo fl:inforcc' I he positi.,c impact suppo:'edly aS50ciatcd with the llnder:'tanding alld 

adlwrenc(' to the;;l: laws. 

Items, Two iLc'm~ ha\"C been included in thi" category: 

• Ill-I. ,\,:c:ording Lo ~Ialt: and ((\,;al iaw. what should "ou have dont' at thi;: railroad 
c:-os;:;ing jU5t no','~ 

• IV ·6. Havl: you ever kno\"n anyone who got a traffic ticket for cro,,;:ing a track ",'hcn the 

"ignal '"'a,, on or lhe gatt: W3:' dc\\ n'~ 
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ResuLts_ It was hypothe:;:ized that driver::, more krl()\\'i(~d~.~abk or thi- ~tatc law (Item Ill-I) 

and/or ,\ith more personal kno'\'ledge of the enfor(';:n,('nt of vi(.laLiulI" (I f(,lTi I';' -6) would be more 

"afety ori('nted. How("ver. the proportion of driver::, I"orrc'r-liy an"\\"'rill~ Ilt-m HI -I ill the lower 

quartile for the ::'afety index equalled or excccded those corr('~'II:: ;lll,.wo·rin!! til;,.; Ijlll'f'tion in the 

upper quartile. A T-tc,;t wa5 significant at the .05levd or !wi!"r ror pas,.;i\(· ,.;ilc", and over all "ites. In 

general. the within-site correlations between the safety inJn IJr its components and responses 

to !tcm III-I confirmed this. Corrdatioll:' \,'crc either not "i)!lIi !'iGHll or negatively ,;ignificant. 

with lhc exception of thc :\Iichigan "am pie (~(' Rcgional Diff('rc'Il("('''). 

With rcgiil"d to personal knowledge of enforcement of \ioiaLion5. the proportion,; of 

re"'pondents with such knowledge ranged from .03 to .OH \\'ith no ~igl1ificunt diffn,·nce" be­

tween the upper and lower quartile drivers on the safet~, !!':dt::,. 

COlJntf'rmeasures Implications. The data do noL :-'lll'port illt'r('a"ir!1! drjvtT a\\,arenc,.:-; of legal 

rq!:ulation!' a~ d potential railroad ~ade cro""in~ aecid"llt "IIUlIl(TlIlt'a"'lf'·. Willi regard to in­

cn~a~d law cnforcement (Item 1\' -6)_ the proportion of dfl\l'r" \\'ho ha\"e per:-onul knowledge of 

thi" countermeasure i" too limited in the driver ,:ubpopubtioll:' tIl perrrrit dra\\'ing all; conclusions 

\\'ith regard to it" effectiveness, Enforcem~nt i:; known to be effedi\'c in bdlUvioral modification on 

highways and i~ believed to be appl!cable to 1o'T3de cro;:"ill~:'. 

KnowJedge of Railway-Highway Safety 

Introduction. Knowledge of the charac-teri"tic,; of till' tran~l't)rtatillll :-;. ,;tem has hi;:torically 

been a:'sumed to be f(~lat-~d to on-tile-road rcrformalH'C'. Orll' ofkrr ,;tre,..,..ed educational 

objcl':tivc ha" 1)I'(~r. !hc imparting of --safety fact<' rllO"r IlhiquitOIl"ly_ fatalit;, "tati"tie:-'. 

Acquaintance with the se\'crity of tlH' railway-Ilighwu;.' :-,ai't-ty probl(':ll j" g:enerull~' expected to 

in:;:lill in the driver a respect for a :;et of particularly hazardou:-, ('onditilJll". i.(' .. thl' i,rrade 

crosslng_ 

Items. The three item,: included in thi", category w,'rl": 

• 111-8. How many motori"t, do \"011 think Wl'fl' kil!l'd III a('(.'id'~llt,.. at railroa(! 

cro,;sings la"t y(~ar in till' united Slall:,;'~ 

• III-] O. How many people do you think ·.·;'~re kin,'d :n all traffic a':('idpllt" on the 

stred" and higilway:; of the Cnited Stal!-,. lu:,[ ~"('ar'~ 

• IV-I. n .. you recall rl':ceiving ,:pecific in:,tnll'l ion" or ad .. :c!' on railroad crosi'ing 

safet \"~ 
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Resllfls, It wa...; hypothesized that drivers i:1 the upper quartik of the ,;afet~· index would 

mak(· hi~lH"r (':'ti~at(''' of the number of motorists killed at railroad ero;;,.in~" al.d tlw number 

killt-d in all acciril-nt", 

II \'a,. al"o predided fhat driwrs indicating that they had received specific in"truetion:' 

about raiiw:!~--highway crossing safety would be more safety oriented than a matched group of 

drin·r,. n'portin~ no "uch expo:,ure to raih,'ay-highway safety information, 

l=.:"timatc~ of the number of drivers killed in railroad crossing accident~ made by lower 

'lu;Jrtilf" driwf" efJuaIled or exceeded those made by drivers in the upper quartile of tiw ,;;afdy 
ill(k\, TIl(" m(:an estimate \,'as :5ignificantly gr~atcr for drivcrs at active cros;:ings and for all 

~ilt'". TIl\" mean e5timate of the numbcr of persons killed in all traffic accidents was al,..:t 
hi!!:wr ror drin'r" \,-ith lower 5afety indice;: and the difference was ,.ignificant at the _051cwl 

Ilr LwtLc-r for all :'lIL~rrOllps except pa",.i,·(: "ites_ In gr:nerai. tht' within-"ite correlatiolls Lwt\'"('c'n 

tli,· ~:Ifd~" ~;.dcx or it" component" and estimate" of the nllmber of rnotori5b killed \\"(:r.· 

"itlwr not si~'1lifieallt or a significant ne~ati\'l: correlation \,'as found, Both saf:; (upper quartilc· 

(}11 II II" "afd:- index) and unsafe (Io\\"(~r quartile on the "afdy index) driver5 l('nded to under­

c'~l illlatc' Ilw numl)/'r of persons killed aL grade r;ro"sings and in all accident". 

TIlt' rll'· ... :l r;lti" .,1' tIll: (':,Limat!':, of railroad eros:;il1g to tolal fatalitic" ranged from 

:).<.16 pC'n:ent to 6.::!6 percent. This approximak5 tile adual contribulions of rail-highwa:- to 

lotal fatalitie" ,,'hi,-;, is 2.7 pcrcf:nL Therc were no significant diffen:nees bet'n~en the ratio" 

prc-pared from fatality c~,.timate;; made by ··"afe-· and --unsafe-' driverO', Thi;;. was confirmed !l\ 
till" \,-itllill-"il<- corn-lations between tile safety index or its components and the fatalit .... ratio. 

Tfll":'c' ('orrdalion:' were not significant. 

Cormtl'rm(>a:;urf'.' Implications. The fact that driver" tended to underestimate fatality 

"tati"t:,,:, but that IIO:,afc dri\Tri' made :,i~nificantly higher estimates than saf(~ dri\'cr:, do.·,.. l10t 

""pport til!" di""eminatiorl of fatality statistics as 2 potential eountermeasurc. Th('~(' data an' 

important becau,.e "afety campaign" arc frequently ba:<ed on the premise that knowledge of tile 
hi:,!h number of motorist fatalities will be accompanied by mOle safetv-oriented behavior. 

Perception and Identifkcation of Grade Crossing Devices 

Inlrodw;lion. Traffic control dcvices arc dcsigned to conv.:y neces~ary warning. n·~lIlalory. 
or rOIllt" guidance information Lo tlH: driver. To fllrthf'r these ends. considerable encq ... 'Y and 

c':\I)("n;;(' ha:< :;:onc into the design. deployment, maintenancf'_ and .. tandardization of traffir eon­

trol dn·i,·(~;:. ThlJlI;;ands of railroad advanr(: waming :>igns. pavement marking:". crossbuek,,_ and 

variou;-. t:--pc';; of acti"-e eros5ing d~";ee5 haw been installed. The expectaLion i" that drivt:r" \"ill 
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detect. understand_ ar.d appropriately interprct thc,.,· rr;J ffi<.: conlrol d("vice~. Thc driver's failure 

lo perform <lny one of thos(' n"ccssary functions impli ... " the failure of Ihal traffic control 
device or de\ice compl~x_ Such a failurc may bt~ attributahlc Lo probh'm" inherently associated 
with the dcvice such as design. dt"ploymc~nt. and mLlinLcnanc(': or po""ibly. human motivational 
or habit patterns_ 

Items. 

• II-I, What ",'as your first indication :;Oll were- appruaching: a raiiroad grade crossing? 

If vou saw an advance sign way up the road. what do you remembcr about 

the sign? 
• 11-2. 

• 11-3. 

• H-4. 

• I1-5. 

Did you know how many sets of track" thnc were before vou reached the 

crossing? 

How many set:' of track" \,'l'rc' ther<' al Iili,. cro:,,.in~·~ 

If vou saw markings painl<'d on tlw road. whaL do you rc:m.:mher about 
them'~ 

Results. There: \,'ere no si~"lifieaI1L diff~r':lIccs betwel'n :':lfe and unsafe drivers in terms of 

the item selected as the fir;;t indieLllion of an appr<.>ach 10 a railroad grade crossing. Of drivers 

who saw the advance slgn for the cro:,,,.g. th .. proportioll:' eorrC'{:th' identifying its color, 

"hape. and "ymbol are shown below: 

Passive Active Mdlched All 

Safe .75 .65 .75" .67 
Colo. 

Unsafe .86 ,36 .20 .52 

Safe 1.00 .F.9 .60 .75 
Sha~ 

Unsafe .71 .54 ,44 .60 

Safe .64 ,77 ,64 .73 
Symbol 

Unsafe .64 .75 ,76 .71 

-Indicates signo!icant diffe.ence by the t·test at .05 level Or better. 

Reference to the table sho,,"i' that about three-qllarter:, of both saf.~ and unsafe drivers cor­

rectly recalled the color_ :;hape, and "ymbol of the ad\"ancl' "i~. The grealcst difference he­

t,,'een :;afe and unsafe drivers was the increa:;ed tenden,;y of :<a re drivers to c:orrcctly identify 

the color of the advance sign. a diffcrence which rl'ac!lt'rl "i2;T1ificanec' at thc matched sites. 
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With regard to Itt'rn 11·3, no significant differcnc(~s wcn' found between "ar" and un,;afe 
dri\('r,.. in llwir prior knO\\-ledgc of the existcnce of the track,., A,.. for th(' aetll:.ll num!Jer of 

tr;;r'k", at tlw crossinl! ([tern Il.4). a larg·.!r proportion of the drivers classified ill tile safety. 
ori"llt(,,1 !!rollp corr(,ctly iuentifierl tlw actual Ilumbl"r of tracks at the ero,,;:ing. Thi~ difference 

r(';lcllt'd ,..i!!nifieanct' for data groupc~d aero;:,.; all ;:itc". 

O!' driwr,.: \,ho !loted markings on the ~oad prio~ to the cro",.ing (Item IV)), a "ignificalltl~ 

lar~('f proportion of the ::,afe drivers (0.78) correctl~ identified the :iymbol than the lIn"al(' 

driwr;: (O.2~) at pa;;si\'e sites. There were no significant differences oeh"een drivers rla;:;:ified as 

,..afc compared to those classifieu as unsafe at the a\-tive. matched. or across <:11 site". 

Countermeasures Implications. There is a suggestion from the above data that driver,.: 

da,..,..ifi"u a,; ,.:aft' by tIlt' safety index tend to be more ob;:en'ant of the cro,,:;ing: and the "i!!n,.. 

.11lc! marking,.. a,,:,,:of'iatcd with it. L"nfortllnatel~-. it i,.: rliffieilit to dckrmirw \,'hidl ('rr,'("l i" 

'·<I;I-al. In 'Illwr word,... doe" the quartile of drivers da""ifi,:fi a:; safe merely ref](,,'t tilu,.:,' \\'h .. 

ic'nd,'d tn !w aware of the cro,,;:ing;: and lh.'n'fore rt';:ponded to it by more' "arl'l~ .ori('nkd 

I ... h;]\"jor': Or. dcw:; the quartile of driver,. cla,."ified ~". ~fc n'al!: represcnt a gt: 11 ITa II:. trlort: 

~ak::,.ori.'nkd ;"'T01I1' of "'hich a tendency to be morr' pcreepti\'e of railroarl cro;:"inrr de\ic('s r~ 

rrlt"fI'l~- OJjI' I"fiaracteri"tic': :3P\'(~ral poinb '"'tlggesl that the drivcrs cla;;:;:ifif'd a:; :"afe do tndy 

f('prc';:~'lll a mOf(' "afety.oriented group. Fir":l. nearly all drivers w('n' local and thl!': \\",'n' 

familiar with the existence of the cros;:ing. So;, ond. other ;::afdy-oriented bt'hayior tend,.. to be 

a,,:,ociatt'd "'ilh this group. 

Risk· Taking 

illtrodllction. It i;: general!: agreed that the tenrleney to take riAs \'ant~s amollg: dri"'r,, 

(and iiI"" va ric,. ror a particular driv{~r at different poinb in lime). Thl' location of a drj\·,'r 

<lIon;.! the risk.taking continuum will influe~e(' and modify his behavior. Knowledge. pa:-t 

n':!,lTic'lIcf'. and :,horl term per:;onality/attitude charadcri,:tics contribute to the dl'~'Tt" of ri~k 

'\ hil'h a dri\'cr ,,'ill aeccpt at any given time. 

/I I'm". Thn',' of the items inciuded in the qCle"tionnairc may be u;;ed as indired IIH'a':Ufl·,. 

or L1l1' t(~nd('nc ... · of the respondent driver;: to take ri"ks. These .-\re: 

• 11-8. b a train ;:c1wduled to come by about nO\,·'? 

• 1\'-4. Hav(' YOU ever cro,::;c:d a track \,'hen th .. ;:igna\ wa;: on': 

• Part VI. Was the driver lI:;ing his "cat belt if th(' car was ':0 eqt.:ipp(~d-? (Thi,: item 

w~ filled in by the questionnaire administrator.) 
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Of th(' above items the second and third have the greatest face validity as indirect 

ml"u:'m("s of a driver's tendency to take risks. However. Itcm IV -4 will c1carly be related to 

fal"lur" other than ri:;:k-takin; such as familiarity ,\ith the cros'3ing. Item 11-8 has the least face 
\alidity a,; an indicator of risk. Answered in the affirm:ztivc, it may indicate familiarity ,.;th 

tIll" ('ro:,,;ing and the associated frequency/schedulcs of trains or it may indicate a cautious 
driver. 

When the rcsponses of drivers classified as safe and unsafe by the safety index werc re­

·.il'wed. it was found that there were no significant differences in the proportion of drivers 
\\-110 had crossed against the signal in any of the four groups of sites (active. pas.;;;ive, matched, 
all sites), Of tho:;:e drivers who had crossed again;;t the signal, there were no significant dif­
f(·ft·nces in the reasons cited for their behavior with the exception of "thc train was far 
,,\\a\- ," This reason was cited significantly morc often by thc drivers classified as unsafe at all 

adiw eros"ing;: "tudied. 

~Iore drivers cla:;sified a" safe by their performance were wearing seat belts. Thi:; difference 

"-a:; i'ignificant for drivers ;:tudied at act~Ii" sites. 

Except at the matched group of sites. more "afe driver;; responded "Yes" to the quc"tion 
"f,; a train i'cheduled to com'~ bv about now?" However. no differences reached the .05 level of 

"ignificancc. 

The within-;;itc correlations betwcen these items and the safety index or its componc:lts 

were generally not significant. Any significant differences ; .... cre not con;;istent acro;;s sites and 
an' thus probablY attributable to Type 1 error. 

Countermea.~urf'S Implications. If the above questions are accepted as relating to risk taking. 

ll\('re i,. a suggestion that drivers classified as safe may have a lower tendency to take ri"ks 

lhan drivers cla:ssified as unsafe on performance measures. The extreme weakness of the rela­

tionship. howevcr, indicates tl-:at countermeasures development along other lines i" likeJ~' to be 
more productive. 

Familiarity With the Crossing 

Introduction. Onc dimension along which driv('rs do diffcr is their degree of familiarity 
wilh the grade crossing;; ;;tudied. Thc frequency of trains at the crossing, their scheduled 
occurrence, relative speed, track roughness, reliability of ;;ignaling de~ices (at active crossings). 
and the average length of dc/ay accompanying the actual passage of a train are some examples 
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of tlH" factor,.. of which a famiiiar r~river may have knoKlt.:dge and whie:. ,,-:11 influence hi" 

Iwhavior, Thu~, a number of h~ pothl'''c:;: rdating in \'arying degree;;: (;f ..iircdnl·"" i:' dri\"l:r 

familiarity with the ero,..,;ing ma~' be deriwd. 

II/'ms. The foIlO\"ing que:,;tioanaire item,; relate to familiarity oi tlrIVers with the grade 

l"r(j~,:ingi' :'-tl,died: 

• II·] , 

0 II-3, 

• Y·6. 

• Y·H, 

• Y.!), 

What ~\'a; your first indication ~'ou werc approaching a railroad cro~:,;ill~'~ (! lnc: 

of tlw response categories was "knew it was there.") 

Did ... ou know how many :,;et:,; (\f tracks i:here were before you reached ill!" 

cro:5~ing? 

Ho,,- long have' \'OU lived thcre'~ (from a ;;llbealegory of the prect:dilli! ylll':" 

lion - \,'here do live?) 

: low oflt:n do \'ou driv(: aero,",,, the,:!, traek,,'~ 

II()\,- far do you liH' from ihi,,: railroad ero,,;;ill;!'~ 

R (,_"1111,,,, ()!' til(' :,dH)\(, il"~~:;, \'·tl r<'lale,. m()~t directly to familiarity with Lll<: cro,."ing. For 

~"! ~rrolll'" (II' "il<'", a high degre,' of familiarit: \,ith thr' cro:,~ing,; \,a" found. The mean 
n'"pon,:(' \\'as be: WI:I'II '-oncI: or twice a \,'eek" and "abuut ollce a day:' Only nine pcn:cllt of 

III<' Jrin'r": ,..ampleJ could be c!a:,;sified as unfamiliar (i.e" drivers who had drivr:n U\l'r the 

tra('k;: oilly once or twie(~ before or who were dri\'ing aero,.,. them for the first time), 

rrt'qur'IH:Y of ll:,ing ihe ero~"ing W3" found to be in\'cr"c!:' rdated to lookiJl~ behavior ami 

tiw tl ... percent of ":I)("("d rcdudiofl. Thi,. correlation wa,.: ba~d on thc rather :,mall ,fwrcr'ntage 

of unfamiliar drin·r,.: but is hdil!\'('d to be real. Ver~ familiar drivers abo ;;tated that ;;i~nal;;: 

alway,.: \,arn you in picllty of time to stop. Accident investigations showed that dri\crs who 

\",'r,' in\'ol\'l~d in railroad accident,: were likely to live nearby and eros;; the track" freqllcnd:" 

Fn'quenc~' of lIse \\'CC' correlated .342 \\"ith the proximity the driver liH!d from the ::ro;;;;illg 

(,.:i~'Tlifieant at the .01 level). 

TIll' utlll'r ill'rn,.; included In thi,: eall~gory did not individualh' rdatl- to other mCa,.UfI'". nor 

did tilt· freqw:ncy of using the ero::;"in:,! br;ing studied eorrelak ;;ignifieantly with other 

m('a,:ure~ for any inui\"iduaJ i;'"ouping of "ites. 

COllntf!rm(!aSlLrCS Implications, The \\'(;2.k but con"istant reiation"hip between carcles,", be, 
ha\'ior and familiarity with the eros.;;;ing inciieat~s that the familiar dri\'er is a potentiaily 

I'rodudi\(' target for countermeasure concept:,;. Thi:,; i" particularly true in \iew of lhe accident 

hi"ton' of ;;uch driver;;. 
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The les" safe performance of highly familiar drivers has implication for the design of 
counterme~ure evaluation studies since a novel change at a crossing may be expected to 

produce a "trong "hort-term increase in safety measurements which will be reduced after some 

acclimation period. 

The converse to the abO\,e findings, that highly unfamiliar drivers have consistently more 
saf(· hehavior, tends to reduce the requirement for educational programs designed to explain 

new counterl'T'easurc installations of some types. 

E.xperientiai Characteristics 

Introduction. "Experiential characteristics" refers to a driver's totality of experience .... ;th 
railroad grade crossings. Experiential characteristics are a function of the miles driven per year. 
the number of years of dri\ing experience_ and the number and type of grade cros~ings en· 
countered during the motorist's driving hi,;tor). 

Items. !';"inc of the items included in the que~1:ionnaire have been classified In this categury 
of independent variables. These are: 

• 1II-2. Do aU railroad ero:5smg:5 have a signal or gate that warns you when a train 

is coming? 

• 111-3_ Do all railroad crossings have a sign way up the road warning you that 
there is a crossing ahead? 

• 111-11. If a crossing doe~ not have a signal, it usually means that: 

Only a fe)"...-trains use the crossing 

Q~y slow tra;ns use the crossings 
, III·12. Signals at cro;;;sir:g,.: 

Always tell 'Oil when a train is coming 

Wam you in pknty of time to stop 

• IV -2_ What is the average delav that you have experienced when stopped at a 
railway crossing? 

• IV·3. 

• IV-4. 

• IV -5. 

• V·3_ 

How long does it generally ta.1;.e a train to reach the crossing after the 

warning signal goe" on? 

Have you ever crossed a track when the signal was on? 

How often do you see trains at railroad crossings: 

About how many miles a year do you drive? 
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Re.'lIlts. The f:rsl four items relate to the accuracy of the driver's perception of th., charac­
kri~lie" of railroad grade crossings. It will be recalled thal safe drivers tended to mort' accur .. lely 
,·haradcrizl" the particular grade c~o"sing at which they were intcn'iewcd (:'Ce preceding section 
lill .. d P,Tc('ption and Identification of Grade Cro~ing De-ices). In \'iew of this finding. it might be 
('xp"..-tnl thaI safe rlri\('(',. could more accurately characterize gra.dc crossin~:; in general (Item" [i1-~ 

and III·3). However. significant differences in the responses to these questions by safe and unsafe 
driwr,. rc"ponding- correctly to thcse two items are shown below: 

Table 7-6 

The Proportion of \Jotorists Classified 
as Safe and L nsafe Who Responded Correctly to the Itcms Listed 

Ac:tive Passive Matched All 

Item 

I I Safe Unsafe Safe Unsafe Safe UnSdr~ Safe Un s.:lf e , 
111·2. Dc al! railroad crossings have a signal or 1 gate that warns YOU when a train is coming? .82 .83 .73 .81 .76 .8:: .76 .8:< 

111-3. Do oil railroad crossings have a sign way up I 
I I 

the road -:.r.at warns you that there is a 

crosSIng ahead? ! .37 .38 .52 .47 .53 .48 .47 .44 

The <lbo\'(' :3uggr,.t,. that accuracy of general knoKledge of grade crossing device5 is not what 

accuunt::' for any incrca5ed accuracy of perccption of safe drivers at particular sites. 

Tu:ning atl(~ntioll to the :1t:xt two itcms_ the underiying assumptiun5 with which ::;afe and llll"af,· 
ririwr:, ,il'w :3ie'Tlals at cro~~illg:3 appea: to be similar_ ;\0 significant difference:, werc found ill tlH' 

pr(;port ions of motorists responding negatively to each of the alternatives listed as "hm,'n Lf'l<)\\. 

111-11. 

111·12. 

Table 7-7 

The Proportion of Safc and U nsafe ~Iotorisb 
Responding Negatively to Each of the Items Listed 

Active ! P:J:!:!V~ Matched 
Item 

! Unsafe I r Unsafe Safe Safe Unsafe Safe 

I f a crossing does not have a signal. 
It u:;uallv means that: 

only a few trains use the crossing I .21 .15 .38 .33 .38 .31 
on:y slow trains use the crossing 

I 

.62 .55 .61 .59 .58 .55 
Signdls at crossings 

always tell you when a train is coming .30 .25 .43 .42 .46 .39 
warns you in plenty of time to stop .15 .18 .19 .20 .16 .18 
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The ncxt four item,; deal with driver experience with trains :>.nd/c.r aetivated signals. At the 

passive sites. the un,;afe drivcr~ reportt:d significantly more delay wh~n stopped at a cro,.;sing 
than ,.;afc driver,;. This i,; an intere:'ting finding with implication!> for under,.tanding the be­

havior of the two ~oup:,. 

The sample of drivers (all sites) which stated the longest delays had been experienced were 
found to be the mo"l unfamiliar driver:;. Thi" group was charaeterized by infre'1ucr!cy of train 

ob:servations and li\ing farther from the crossing than the mean distance. Long delay sLate· 

mt'nt" were highly correlated ""ith long signal on-train arrival estimates . 

.-\t active crossi.ng"_ interview" ",;th drivers who crossed against a signal when a train h'as 

,i,.ible were the type mo;;t often rejected from the sample during the data redllc~!9-1) pna"c_ 

Thi,. "'as cau,.ed mo,.;t frequently by inct)mplete questionnaire forms followed by "'form not 
obtained" ca:<es. The lattt~r occurred when a driver selected for interview refused to eooperate. 
TllI'r('fon~. it is eoncluded that beha .. ;or associated with beating a train to the cro,;sing is a 
direct result of the im patience of the dri\·cr. This result was also a contributir,g factor in 
aeeidt~nt cau~~:, of some types. 

\Iiie,", driven pI'r ycar is also an indicator of driver expericr!c,:. but one which would be 
,~xpl~cted to relate even less directly to driver perfo,mance at grade crossings than the item~ 

already discussed. Thus, the finding of no "ignificant differences between thc safe and unsaic 
driwro' in term,; of miles per year is not surprising. Except at Calverton. there were also no 

significant correlations betwecn milcs driven per y~ar and the safety index. 

Countermeasures Implications. The data indicate that unsafe driving practicc,," may bc the 

result of an impatient driver. but as this trait j:, associated with external variables (which 

eaused the driver to believe he could not tolf"rate delay) countermea5ure~ of the edu('ationai 

type' are indicated over other types of countermeasure. 

Accuracy of perception and differences in perception of grade crossing devices and their 
mcanir!g do not appear to differ between driver~ classified as safe or unsafe by performance 

mea,.ure". Th(' highly familiar drivcrs in this study do not appear to dcpend on the crossing 
warning devices to detect the crossing. 

Demographic Characteristics 

Introduction. Difference III driver behavior has been relatcd to such demographic 
characteristics as age and sex. Knowledge. experiencc, and attitudes !.ave also been related to 
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d,'mo~'T;]p!J:e ('hara('teri,.tie;;, Behaviorally relevant demographic "ariable,.: can be Il:;ed to identify 
lar;!1'\ popl!lation,. for t:dll.~ational countermeasurc,. or design population" ['or til., evaluation of 
trAfi.: ('onlrol dl'\-ice,. and procedure,., 

Itell?, The itl~m" \,hidl ha\'I' been das"ified Jr\ chis category art': 

• V-I. 

• V·" 

• \' -to 

• \ .,=;. 

• Part \'1. 

Your occupation 

HO"n' old arc you'~ 

In what state did you get your first drivers' license? 

Wherc do YOU live'~ (City and "tate) 

Sex (This item was filled in by the questionnaire administer.) 

f:'·s"LLs. :\0 ";~'1;irieant differences in thl' age (IlI~m V·2) of drivn,.: cl:i,."ificd a,.: ,.:aft. \",'r,.,;:, 

I h"",' da:::",ified as L1 n,;afe \,'crt: found for thc grouped data at passive "ites. adi,,' si~,',.. 

maldl<'u "i!l''':, or acro,;,; all "ite,., :\-Iak" ",cr,' disproportionately distributed in thc~ I:n:-'aff' 

ql,artii,' aL all ,.itt-", Thi,. pn-ponrkranlT of maks wa,. "igllifieant at act i \'(. ero:,~illg" and 3cro:'" 

all ,.i tt-". 

Owr 90 p"re"uL of Ih .. driver:; "ampkd al all :;itl':' re:,ided localiy. \0 :,ignificant rdation· 
,~llip" \,'erl~ found bdween thl: state in ",hi ... h the drin', fir,.t oLtaini~d h;s !;-':~'::"!' (!tf'm \'-4) 

alld hi:, likdihood of being included in the un5a.fe or safe quartile c.f drin:rs a,. defined by 

p. rflJr7nall('(' IIIt·a"ur~". Th,: same \'1iaS true with regard to eurn'nL residence (ltf'm \'.;)), 

CrJllnl"rl1l"(l-'lln's Jmplicalion.~, Demographic information as rdated Lo oehavior i~, parlie· 

Idar!;. II "dill for i,;olaLing Larget groups for countermeasures application, Both the type of 
('UIJIlll'rmea:;llre and its method of application may be reali,.tiealIy tailored to particlolar Largd 

~'TOllp" if th,~"e can b(~ defined. The one significant relationship found was beLwc.;n ';"x and 
lJl'rformanc(' "ug~e,;:ting Lhat males are more likely to bl.: at rj,;k than female;;, However. Lhi" i,. 
il\ conflict \\ith the accident data diseu~ed in Chapter 2 wherc there wa" :,om(: indiea~ion of a 
differr:ntial involvement of female,.. 'Thu". unfortunately, the data d{l n?l permiL identif;'ing a 
particular demographic group as ha\;ng high payoff for countermeasure,. application. 

It :,hould be noted that the reason for including Item V·5 (Where do you live?) \,-a" thaI 

tflt' aceiol'n t data show that many grade cro;;,;;ing accident" involve local resident!", flow(·\(·r. a:o: 

wa" pointed out in Chaptcr VI. the vast majority of drivers at grade crossing:, an~ iocal 

1'I·"ici(:nb. Thus. that they constitute a sizabic proportion of grade ero';:"ing accident ari\'er:' can 

bl' attributed to expo:,ure to the occurrence of a train as much as to the alternate f:xplanalion 

of owr confidence based upon familiarity. The fact that a weak but probable rdatior.ship wa" found 
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between familiarity and unsaf(; performance at the grade crossing supports both exposure and over­
confidence a:" thc explanation:" for the accident data, 

Perception of Grade Cros.<;ing Accident Causation 

Introduction. Of particular interest in this category of variables, is whether the accuracy of 

a driver':, perception or knowledge of the factors which have been linked to grade crossing 

accident" is 5ignificantly related to his beha"ior at grade crossings. For example, imagine two 
drivers. both sober. approaching an active crossing iT. daylight in clear weather. One driver 

believes that mo~t grade crossing accidents occur at passive crossings at nig~t under poor 

"'cather conditions and that .. he involved driver is drunk. The other driver believes the 

oppo:,ite - that mo"t grade crossing accidents occur at active crossings in the da~ time under 
good wcather condition,;; and that alcohol h<ii' litlle relationship to grade crossing acciden~:" If 
the beliefs of each of these driver:; i:; ,;;trong. it does not seem unlikely that their beha"ior at 
grade cros,;;ing,- will be different. 

Items. Fi\'t~ item,;; on the questionnaire pro\ide information on drivcr perception of factors 
related to accidclI t". at grade cro:;sings. These are: 

• 1II-4. ']o~t accident,;; occur at crossings: 

having gates or lights 
without gates or lights 

• III·5. \]ost railroad cro:;sing accidents occur: 

after dark 

during the day 

• 111-6. ~lost railroad crossing accidents occur during: 

bad weather (fog, rain. snow) 

clear weather 

• 111·7. \lost accidents .. ~ crossings having signals are due to: 

driver carelessness 

signals that fail to work 

• 111·9. How many of the above accidents involved a driver who ""ould bc con­
sidered drunk under the law? 

Results, No significant differences were found betwee'l the responses of safe and un!'afe 

drivers to the above items with the exception of Item 111·5. At pa~sive crossings. significantly 
more safe drivers indicated that most grade crossing accidents occur during the day. Therp. are 
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n'3:,on" for viewing thi" relationship with caution. First. it was found only in 'he passive site 

I-rrullp"d data and nut confirmed by the data collcckd at activc or match('d ,:il'·5. 

~('col1d. of the three pa:35ive sites. a significaat correlation between the 53fet)" index and 

tilt' r(':'l'ol1:'e to thi:, qucstion was found only at Calverton. 

Third. in a large number of significance tests. some spurious significant rdation:,hip" will 

Ol:cur oy chance alone (Type I error). The probability of a Type I error is equal to the It~"d 

of :significance selected. Because significant differencc5 between safe and unsafe drivers ,,'Crt' 

not found for the active or matched sites or on other items of similar content. thc one 

rdaLion:;hip f':>und may well be attributable to a Type 1 error. 

\\'iLh regard to other items. the rcspon5e5 1:0 Item IIT-7 arc of intt·rest. At kZ4 94. perc('nt 

uf thl' driv(·r,. in both the safe and un::;afe quartile:; and acros:' all groups of "ite,; ·.ltLributed 

a,'j"iucnt" at crossing:, ha·.ing signal5 to driver earcli-S5ness rather than to the alt('!'rlilti\·e. "ignal 

I"ailrm'_ Thi,. :'llggesb tk'.t nearly all driver::; think [hat a driver has to bear n'''pon,:ibility for a 

;....rradc tTos"illg ~l:(;id':;IL Ho\,·evu. there are qu(!:"tions which remain to be an::;wered_ 110\, do 

t1rin-r" \ie\,· I:wir m,n likelihood of carelessnes.",-~ Doe,. a belief in driver carek:3~ne,;5 a;: an 

i1'Tid"1I1 l'all';(~ aff"l:i performance in a positive fa,.;hion·~ DOl'" the fact that mo::,t drin'r:' did !lot 

-d'Tt Ihl' "ignal failur<' category ;:ugg{:"t that mo,.t driver;: think that ,.ignab never fai],~ 

Coun /('rmeasures ImpLications_ The data do not ;:upport a relationship between drin:r p"r­

("'ption of accident causation and his performance a[ a brrade crossing_ Thu;;_ this stlld~' do<-" 

not :,upporl application of countermeasure;: de;;igned to ,:hange driver perception of ~a(k 

cro:,,;ing: a""idl'nl causation as a means of obtaining more safetv-orienL(:d drin'r beh:n·ior. 

Stated Basis of Aetual Behavior 

Inlroduction. Se,'eral of the questionnaire items provide direct or indirect measure,; of the 

n'a:,on,: underl} ing thl" observed beha,,;or of the drivers included in the ,,~udy. These it('m:' 

"hauld provid(' "oml' insight into effective mean;; of altering hehavior which i" hazardou:, or 

oliwrwi>-l.· unde::;iraLle (e_g .. un'.,·a!::~!lted ;:Iow speer; with eon;:equent impeding of traffic f1pw), 

/lems. The three most important items included in this category are: 

• I-I, Wh(~n vou iirst realized that you were approaching a cros:,ing. did YOU "low 

down? (Several of the response categories refer to reason!" for ::;Io,,;ng down_) 

• 11-8. Is a train scheduled to come by about now? 
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• IV -6. HaVf~ you ever known anyol .. ~ who got a traffic ticket for crossing a track 
when the signal was on or the gate wa~ down? 

Results. N 0 ~ignificant diffcrences wer'! found between safe and unsafe drivers on 
Item~ H-8 and IV ·6. With regard to Item I·]. of those drivers who reported slow;ng down 

significantly more unsafe drivers than safe d:ivers selected as their reason "because tracks are 
usua1ly bumpy:' The relationship was si~nificant for active. matched. and acro~s all sites. The 

only other :;ignificant relationship was that significantly more safe drivers than unsafe drivers 

at active sites selected the "other reason" category (rather than the a1ternatives: "in order to 

match tht" speed of the vehicle in front of you;" to "check for signa1s and trains:' and "be­

cause tracks are usually bumpy"). 

Countermeasures Implications. Fewer drivcr~ would probably slow down if the expectation 
of track roughne5:' were removed and grade cro5.~ings were universally smooth. This would 
probably result in more unifurm traffic flow and possibly fewer car-car accidents but it might 

al"o result in more train·car accidents at gradt" cro""ings. 

Stated Beha1.'ior 

Discrepancies may exist between what a driver thinks he did and what he actually did. 
Thi:5 i:5sue was examined by comparing thc ,:tated beha\;or of the safe and unsafe drivers. 

Since the actual beha .... ior of theSt: two groups difff'red. ii: ""ou]d be expected that the behavior 

reported by these two group;: would also differ - if the drivers were aware of their actions 
and accurately reported th(~m. 

C nfortunately. response to a questionnairt" may not be a fu Uy accurate indicator of what 

the driver really thinks he did. Among other things. questionnaire response may be biased by 

\,-hat the dr~ver think." he ought to havc done. However. the questio:1naire is the only indica­

tor being uscd on this project of driver'" p~reeption of his behavior on his approach to thl' 

crossing. Therefore. several itcTT's wcre used to elucidate percei .... ed dri .... er behavior. 

Items. The item" \~-hich have been included in this category are: 

• I-I. When you first realized you were approaching a crosSIng. did you slow dO\\T"? 

• ]·2. Did vou listen for a train? 

• }·3. Did .... ou rell down your \\;ndow? 

• 1-4-. vid you look down the tracks before crossing? 

• }·5. Did you come to a complete stop beforc crossing the tracks? 

• 1-6. How fast do vou think you were going when you crossed the tracks? 
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R e., Ii Lts. Of eon~iderablc intcrc~t ;,'as whe-ther therc would be sigr,ificant diiferences bC"-

1\\","'/1 tlw "afe and ullsafe ~rroups on illeir rcspon,.:cs to these question::' or ",Iwllier both 

~rollp" \\'oldd "tatt' IhaL tllt'y b,~ha,"ed iI'.. th,; same v:ay. III general. it wa~ foulld that there' 

",·rt· "il!"nifieant diffen'nc .. :, between the two groups and that these \,'ere in the :'-arne direelion 

a,.: adual behavior. In other words. more safety related benavior. such as looking and/OJ 

listl'ning for trains ,,'a,;; reported by that quartile of drivers designated as "'safe" by the safety 

ind.·x. 5aft' drivers N'timated that they were traveling at a lower speed than unsafe. The 

follln,illg table ;;ummarize5 these results for the four groups I)f sites. Significant diff'~rcnc('" al 

Ih(' .05 level or bdter are starred. 

Table 7-8 

Signi ficant D ifferenct'5 ( .... ) 

in Reportcd Reha\;or by Safe and unsafe Driver:, 

~ 
1·1 Did you slOw down? 

1·:2. Ole yOL.: I:sten ~or a !rain? 

1-3. Did yOU roll do\o~.rn your window? 

1-4. O,d you look down [ne tracks' 

1·5. O,d you como to a complete stOp? 

:-6. How fz:s't were you gOing? 

Passi .... e Active Matched All 

In 311 c,·jl,. not starred. the differences fwtween the safe ann l:n,.afe groups wpre III thl' ",'POW 

Iii r.·.·1 i(m <I. ,,'ere IIII' differencl's th3t reaclH'd thc .05 level or Lelter. 

Counlprmpnsurcs lmplicalion.~. Thc~e data suggest that dri\'(~rs are awan, of tlll~ir Lchalior 

and rl'rnemL~~r it with :,ollle degree of accuracy. What is needed i" further elucidation of tlw 
undl'fl: ing reason:' for the differences in behavior of the driver:, clas5ified a:' :::afcty or!enktl 

and 1110,..': cla:;,;ified otherwise. The difference does not scem lo lie in unsafe drjver:' bdi"\,ill;! 

t1l1'ir bcha\'ior wa~ different from what it actually was. 

Summary 

;\lcasures of Behavior 

Four rnc:a-ur(':, of drivcr bC"havior were obtained. These · .... ere shown to be highly in Ic·r· 

fl'latc~d. An arkquate d(:':eripLion of the ;;;afety.relaled beha"ior of thc dri·.'er consi"t,: of 

Idwthcr tlU' driver looked for train:'. thc speed of the vehicle al the ero""ing. and the l)('flTIl t 

"Jlc:(~d retluction over thc 500 feel preceding the erossing. The sensitivity of these measun'" to 
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;l c"hange in prolecli\"l' device:; h~ been dernon;;trakd only for cros..~ing" ,,"here there IS a re­
"trid ion Lo :;ight di,4ance un! it the driver i5 ',ithin 150 feel of the err,::;,..llIg. 

Beha\;r ... ral Differences 

:\0 eon::;i:;tent significant differences were found to exist between driver beha .. ;or at active 
;JIlil pa,.:;i\"(' cro""in~:;, The high level of familiarity with the crossing appears to explain the 
4roog relationship between train volume and safe behavior. Severe restrictions to vi:'iLility did 

nol incrca:,e the frequenc~" of looking behavior. 

Regional Differences 

:\0 ch'ar rc'latinn"hip was e"tablislred bd \\"I'I~n any of the ml'a"ures and the ~eo~'Taphie loca· 
liol1 of tire ('f()""in~" II \,":1" conduded. IrO\'"('\Tr, Lhal the ,.;ample \\"a" inadl~qllate to rcjl~et 

rt';lional cliffl'r('llI:!':' as a po;;;;ibility. 

Drh"er Knowledge 

TIl!' data did not ,;upport iCl('n'a"ing driwr awarene;:s of legal regulation" a" a potential 
,)('('id('nl (:011 ntl'rrn ('a';IIrt'. Thert' arc indil:alion". hc·\,",!\"(!r, that (~nforcl'm(~nt of rf'quirr:d Lwha\"ior 

i", a factor in aecid('nl r('(ludioll. 

:\n in;;~r"(' relationship was found to exi"t bl'lw<'en estimate;; of fatalitic;; stcti"tic,.; and :;:afc 
behavior. The data do not :,upport fatality "tatistic:' publication as a countermeasure. 

Driver Awareness 

Dri\"(~rs who werl' ob"efved to perform '!lore ;;afcly more frequently correctly identified or 
ITml'rn~wn:d the cllaradcrisLil:,. of protective devices at the crossing. It cannot be :,tated. ho\\,-

1~""I'r. that knowi.:d;!e or recognition of the device,; at a cro!ising contributes in a dired cau"al 
fa"hion to indi\idual p(~rformance. 

1-1i;!1r driver familiarity with a particular eroS5ing "a::: ;;hown to reduce looking behavior and 

thl' p!!rcent of "peed decrea::;e over that of vel")" unfamiliar drivers. Thi" re,.;ult. :3Upported by 
th., accident illvestigation;;. make" thi:, cakgory of driver a candidaL: for countermea;;ure pro. 

;!ram,.. Evaluation of candidak COllnt~rmcasure:; may he made more difficult by the high prob­

abilit, of a strong acclimation dfec!. 
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Risk Taking 

It wa,: found that dri\"('rs who performed le~ safely according to the bella\ior mea;;;ure,.. 
tI'IHlt-d to ,.eore mOf(~ highly as ri"k·takers, The only element ,,'hieh clearly reached signifi' 
,'anCl'. 110,,·c\'cr. wa::: the use of seat belts, Risk.taking does not appear to be a productive eon· 

,.idcration in countermeasure development. 

E .. xperiential Characteristics 

Dri\er5 ~"ho report long delays when stopped at grade crossings, tended to behave less 

:,afl'ly. Drivers ,,'ho crossed against an activated signal were must frcqucntly found in the 

lIn:'ai'l' qua!'tile and were generally '.)bserved to be in a hurry to complete their trip, Accuracy 

of perception and differences in perception of grade crossing devices did not different:iate 
dri\ ,'r,., 

Demographic Characteristics 

TIlt' population :,amplc indicatcd a vcry :::tablc group in that thc driver::: nearly alway::: lived 
in tlw community \,'herc thc cro::::::ing was locatcd. and had first obtained their licen:::/' to ()PIT. 

ate- a motor vehicle ill the state ,,'here the crossing was located, Thi::: rdation wa::: truc en'l' In 

tilt' 5llbllTo::: of \\" <Ish i Ilgion. D.C. 

The proportion of males and females in the sample approximated their proportion,; III rail· 
hig:h\\'ay accidents, There was no significant difference in the proportIOn::; of female,; in thl' 

,-afe and un::;are driver quartilcs. However, male drivcrs were overrepresented in the grOllp of 

lln,..afe driv'~r::;, Both exposure to grade cro,;sing,; and over confidence of highly familiar driVl'rs 

an' fdt to be factor" in accident cau,;ati~n. -

Perception of Grade Crossing Accident Causes 

Tlw data do not support a relationship between drivcr perception of accident causation 

amI performance at crossings. Thus. the study did not support application of counterm('a;;m(',; 

dl·,.ignl:d to change driver accident perception as a means for obtaining more safet"·oriented 
Leha\.ior, 

Stated Behavior 

Drivers tend to reduce speed for grade crossings due to track roughness. This was cited 

most often as the motivation for speed reduction bv drivers who did not look for trains or 
Wf'Tl' otherwise categorized as unsafe drivers, 
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Driver:" were found to report having performed action:" such a:' lookin:;!: for train,;;. lowerin::r 

windo"':". rt·dllcing :"peed. ctc. in relation to actually ha\;ng performed them. Unsafe driver,; did 

not ,.tate (believ .. ) that they had performed more ,;afdy than they were ob"erved to ha\'(~ 

pt'r1'urnwd. 
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CHAPTERS 

FIELD EVALUATION OF RAILWAY-HIGHWAY GRADE 
CROSSING ACCIDENT COUNTERMEASURES 

Thi:; chapter provide:; guideline:; for undertaking a field evaluation of railway-highway grade 
cros,.ing accident C',lmterme3sure:;. A cost-effective evaJuation is one which begins with careful de· 
velopment of the particular countermeasures to be installed and evaluated. This step is onr which is 

frequently omi!:ted. However. its completion is vital if a maximum number of effective counter. 
mt>asures and minimum number of countermeasures of low utility are to be included in a!1 expensi\·e 
field "tudy. The basic framework for a field evaluation thus includes the follo'wing s~~ps: 

A. Development of Countermeasures 

1. De\'elopment of countermCa5ur(' concept" 

.J Selection c.f countermeasures 

B. Development of Countermea"ure" Evaluation Methods 

1. Specification of driver and site characteristics 

2. Specification of behavioral mea"ures 

3. Specification of knowledge. attitudinal, and :;elf-report mea"ures 

C. De\'elopmcnt of Experimental DeSign and ProeeJures 

1. Extent of gencralization required 

2. Data collection procedures 

3. Data analy"is procedures 

D. Validation by Accident Rf'd~ction 

The discus:;io:-. is organized around each of the above ,,1:eps as a tvpicaJ or subtopical heading. 

The examples used are based upon the knO\dedge and experience gained by project personnel in the 

cour~e of the "tudy. Thu". it a""ume~ that the reader is familiar with Chapters 1 to 7. Other 
inve"tigators might empha5izc other ;eaturc::: depcnding upon their particular kncwledge, experience. 
and hypothese" concerning grade ero.;sing accident causative factors and their familiarity with alter. 
nate measures. method". and techniques. Because the objective is to pro"ide a framework for exten· 
sivc field investigations based on thi::: demonstration study, the discussion is deliberately brief. 

Development of Countennea.."Ures 

Development of Countenneasure Concepts 

The initial effort should be a means-free identification of countenneasures concepts. Only after 

the mos~ likely con;':ept::: have Lcen identified should the im;e"tigator identify the means by which 

8-1 
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Ilw concl'pt might b<~ imtJlemcntcd_ The reason is that means-contammated concC'ptualization5 are 
constrained by inhacnt implic;:Jtion,; of feasibility and cost. Thus, a means·frcl" cOI,,-cptualization 

ilH"rl"a::-I-" ,-rcatin' latihlde. After countermcasu res concepts have becn idcn tifil"rl. a ltention earl l)(" 
t!lrrll"(1 lo (krivation of :<pecific countermeasures and to the selection of those which are to Lc in· 

c/tllJc-d ill the ,·valuatioll. 

The foFowing framework is u~ful for developing countermeasures concepts: 

• idcntification of accident·related bcha"iors. These are the behaviors which countermea5un', 

\,-ill be expected to modify. 

• :'p .. cification of behavioral objectives for the countermeasures. Behavioral objecti\·cs an­

more specific and may be directed to particular components of each accident-rdated bc· 

h:!",:!er. 

• Dni\a!ion of cOlllllt:rmc2S11f(~" cOf)(:('pb. 

Tabl,- 8·1 iIlIl"lrale,;; til(' 1I~ of the above framework to derive ("ounterm('2SIlf('" COIH."'-pt:'_ Thi,.: 

~llId~ (ound lhal tht: major aecident·relatc'd bl:havior:< are those listed in the lable_ Bdla\·i,Jral oiJjl'("' 

li\·,·,,: a!1I1 "'Jn1e coullll'rmea"ure" concept,;; arc also presented . 

. \ li"lin;! of ("()\lllll'rmea":\lfI~S conccpt:; of potential \-alue i~ presented in Tahh~ 3·2. The major 

rO('II:, of the ('()unkrml~;!sure and the rail-hig:hwa;· ,-omponent modified are compared for each ('ntr~_ 

Selection of C:c:.mtermeasures 

Tlw '-"!lCI'pt:, d!'fined above are thell Ilsed Lo suggest pokntial,'ountt'rmeasllrl':; __ \11 potential 

,-olllllt-rrnI'J"llrc:, which could conceivably apply should be listed. The following critl'ria are thell 

applil'd lo (·Iiminate. modify. or "llpport each countermeasure: 

• Driver t:h;:;.racteri,;tics and limitations_ 

• Equipment reliability and cost. 

• L('g:aI. political. and social considerations_ 

• Identification of required educational/informational backup for thc counlermea::,un'_ 

Dri\"l'r characteristics and limitations involve a review of human factors dt>sign con"idcr<lLions a,; 

well a~ vchicll' capabilities and limitations_ Preliminar:- ,;;tudies may be indicated to evaluatl' drin-r 

aen-planet: of candidate countermeasures. particularly those which are 1I0vel or which impael 011 

ltlore than the grade cros"ing per se (such as in·vehicle warning systems and crossing elimination by 
(·Jn~ing)_ 
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Table 8-1 

Development of Countermeasures Concepts 

Accldent·Related 
Behaviors 

Behavioral Objectives 

Failure to detect crOSS- Increase search 
jng Make search more efficient 

Failure to look for 
train 

Failure TO see train or 
warning device 

Failure to lislen for 
train 

Faili.:re to hear 
train warning device 

Failure 10 slow 

sufficiently that a 
stOp is possible 

Inaccurate judgment 
of arrival of train at 
crossing 

Failure to respond to 
active warning device 

• driver 
• devices 
• environs 

Increase perceived hazard 

Increase discrimination of active vs. pas­
sive crossings 

Increase driver Teeling of responsibility 
for accident 

Increase seardl 
Make search more efficient 

• driver 
• uai n {device 
• environs 

Increase listening for train 

Reduce motorist speed on app'o<'Cl'l 

Improve motorist estimates of relative 

speed 

I ncrease driver reSPO!1se to warning 
devices 

Countenneasu res Co"cepts 

Increase number of sense mOQllities through which infonna· 
tion is transmitted (e.g •• rumble stepsJ 

Remove competing or blocking stimuli 

Increase conspicuity of warning devices 

Provide infonnation on relation of warning device to crossing 
(e.g .• distance to crossingJ 

Improve driver scan panerns 

Increase knowledge of accident/fatal ity statistics 

Make warning devices for active and passive crossings 
distinctive 

Increase number of sense modalities through which informa· 
tian is rransmined (e.g .. vibration) 

Remove competing or blocking stimuli 

Increase conspicuity of train or device 

Increase probability of listening 

Remove competing auditory stimuli 

Increase attent,on 

Inform motorist of critical stopping distance 

Inform motorist of limited sight distance 

Assist motorist in estimation OT speed of train at track 

Increase credibility of active devices 

The tendency of drivers to incorrectly identify the legal requirement of crossing signals implies 
at least partial failure of th:>t device to com'ey thc intended message. No rationale was developed in 
this study which supports the concept of completely different characteristic de~ices for differentia­
tion of rail intersections from other highway intersections other than historical precedent. 

The !egal liability of the agency which installs and maintains intersection traffic control devices 

has be(:n clearly established only for the rail intersection. Until the railroad is relieved of the respon­

sibility for grade crossing protection. countermeasure innovation and countermeasure evaluation 
proje('ts must fully consider the legal pOSition of the railroad. 
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Equipme!1t reliability and co:;:t are frequcnrly highly rl'laLed fadur",. The cu .. t of lon~ term 

maillro-nallcl' i" ortell thl' large;;t :,itlgl,~ eo:,t item. A eost-effl~cti\'(~ COllnkrmea;;IIr<' rn;.ty well b(~ 

orw whidl ha:: les:, than fail-:,afc rcliabi!;ty hi.! doe:; aid the drivl"r in :;afc o:wration of hi;; 

\·(·hid(," The f ail-:,af(" concept has. unfortunately. bcen a historical requirement of g:rade ero,.,;­

illg prolt-dion to the extent that eourb may be expected to rend[T jlaJgrnents again,;! LI\(' 

agency rt.'''pon:'iblc for protection in the evcnt of a vehicle-train accident even in the case of a 

drin"r who faili' to Iu-ed a warning :,ignal. Thc::'C legal caVl~ub_ coupled "ith poliLical and ,;ocial 

("Oll"i(lt'ralion~ (:;:lIeh a" eomp!aints by nearLy re5ident~ of "cxccss" "ound levels for ero,;,.:in:! 

Iwll,;) ha::: made grade crossing innovation a difficult program ~o implement. 

I tI addition to the abo\"(' criteria. some innovative protective ~ystcm::: may be made ;H:C(~pt­

abit- and effecti\"(~ only wlw" cGup:ed with a succe;:sful program which informs the cro;;"ing 

II:"T (d- th(~ :,y~tt-rn. it,.: operation. and it,. limitation,.. Withollt Ihi" ;;tep ;;:o;ne type;; of ("ountr-r· 

Il](".!,.l/fl·,. "v"tl'in:' can actuullv inerea:,(~ the hazard to ,.egmcnt,. of th .. population_ 

,\n additional and complementary cOIl"idnutioll is lIw "xp[Ttaney of a driv(~r a" 1](' nego­

lial.",. a rail-high"a~ inu'rscc!ion in the pn'"ence or ab,;cne(~ of a traill. Where expectancy and 

.wt.wliL~ ar!" in i!1wr,.e relationship_ driv['r decision making and con:'equent bpha\'ior may be 

pari i1ldari:." inappropriate_ For example. rnalflllldioning :'ignal light:' tend 10 fo"kr an ex pee­

lalll"~ thai :lw ,.i;.:-:!;II d("." nol indicatl' Llil' pn~;:en<:e of a lrain. Thi,. (~xample \\"a" found La b(' a 

,"ontribuling factor in accident investigation. Therdon-. iii thc~ "e1c-ction of particular counler­

rn"a,.urt'". con:,ideration ;:hould be givcn to ciriver exp(~dancy" Additional countermeasure;; lOa\" 

"lIgg,""t tlwlIl:,e1vc;; or the relative merit of some COllnt(~rrll(.:aSllre" ma\" be :,birted. 

Development of Countermeasure Evaluation Methods 

Tht' me:hods prc"en~ed in this rrporl assume LhaL a comparison i::: to be madc~ betw('(~n 

/wh;Jvior" under alternate protecti\'e systems (e.g .. a before/after study). 

Specification of Driver and Site Characteristics 

Types of [)rit"ers oj intrest. The countermeasure concept which led [0 the (,OlHltcrnH'aSlIn" 

1I('(""""arily implie" a target population" The sample to be observed in the "tudy musl be dc'ar­

I~ d('fined :'0 that the "llld)- design can in:,ure that the target population ",h",,[" behm"ior is to 

1)1' modifi(~d i" adequalely represented in the dO!.ta. The population toward which the (:ollnL(~r· 

mca":lIrc is directed may be "unfamiliar." "local:' "commuter:- or ·'normal.-- for example. 

Ex,:cpt for "pecial purposc counletmcasure;:. the --normal" population i" generally indicated. 
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Cla..~$ of Rail-Hi!;llll'ay Intrrsf,ction of /ntu('st. Th· countermeasure!' concept determines the 
typl~ of cro",.ing t(, rt'cei\'!' interwntion. Thi:; c1eme!ll should be described in complete df'tail. 
That i,.. tht" urban/rural/,;uburban character should be defined as well a,; the appropriate 
whid(·/train volumes ami the desi.-ed variation in volumes or flow. Competing stimuli in terms 

of bu".inc"". or residential vehicle movements and other competition [or the driver',. attention 

such as commercial messages shoula be specified. 

The characteri:,tic:' of the approat'h to the crossing must be specified. There is all indica. 

tion that blind crossings and crossings reached immediately after a turn are overrepresented in 

lfw accident :;lIll1marie". Both cases may be expeckd to require spccific countermeasures. 

Thi:, :,tlll)Y deal t onb.- with (.ne Iypf> of si te characterized bv restricted ,isibilih' to train,. 

1I11tii Lilt" driwr wa,. \,ithin 150 [pct ~)!' the eros."ing and the ab:;:(~nce of connicting 4imuli 

alon~ lhe ;!pproach. Bcha\"ier at :,uell loeations was in respon:"(~ to the grade crossin~ "timuli 

and then'fon' measures of behavior wcrt~ mea"lIrcs of the driver's responsl~ to the crossing "itll' 
aLion. 

-\t an ope II cro,."mg. ~"h("rc tht' dri .... er can determine visuallY from a di:;tance that no train 
I:' prt·:,(·nl. lookin;! bdlavior cannot be dekcted by CO\'I:rt ob:ocn·ation. :\ pre"iou:, ,.tudy :,how. 

I'U thal challgJ'~ il. ,,[wed are due to reea:led or perc1:ived track roughnes::,. At cro:"sing:" :,ueh a" 
th .. ;;" reached after a turn or in a conge,;:ted :Irban area, looking behavior may be available but 
othl'r nwasure:, arc generally cOllfoundcd by the external facLors. Further ;;tudy is indicated to 
dl'krmine mea::,ures ,;uitable for the evaluation of countermeasures to be applied at the type,; 
of ero:;:;ings not dealt with in this study. 

Spiee/ion of Silps. The final :;election of the ::,ites to be studied depends on the above 

dpt('rminations a" well a:' othf~r:;. In general. selection of :,ite:' is the most important factor in 

til!' :-'lIcce,,:, of th(' :'tuoy" Appropriate sitf's' arc those which: 

L Contain an adequate :;ample of the target population. 

2. 'lett the required characteristics of the crossing in terms of the eounlermeasurc to be 
evaluated. 

3. Do not contain uncontrolled variabl(~s ~uch as anticipated construction. population 
changes. etc. 

.t., Art: not IIniqu(~, and permit generalization. 

:). Are appropriate to the data collection method and technique. 

6. Do not produce a relationship between countermeasures and ~"jte characteristic,;; of 
pot(~ntially increa:oed hazard. 
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Specification of Behavioral Measures. 

FOllr lwhavioral mCa,.lln',.. were ~~\'aillated In this "tudy, These wen" I) lookir.g for train:': 

:2) pcr('PI': n'Judion in "p"('d i!l ~hl' zone extending froror 500 fcet in ad\'anc(' of the cr(J:,:"in~ 

to It'n f('el in ad\'anc(' of the crossing: 3) the ~grr:ent of thc approach profile where maximal 

d.· .... lcration ocurrl'd: and 4) thl' distanct~ from the cro!'~ing within the 500 feet preceding til(' 

l'ro~~ing: where tiw driver's ;;peed exceeded that permitting a stop before the cros;.;ing, J n addi· 
lion. a .'ar~I[)(':,it;- "afd~- under utilizing these four mca,..ilre:, ,,'as derived, 

Tht' ",ite;; u"f'd i:l the study included a variety of type:" (aCtive/passive. urbanirural. etc_>_ 

11()\,','wr. all were characterized by limited sight distance - such that the driw'r could not pro. 

dudi\Tly look for trains in one or both quadrants at greater than 150 feel from tl}(' cru""ing. 

For tilt' eros::,in)!:, 4udied. high corn'lations were found ameng the heiJa\-ioral m,'a":llrt':', 

Furlhn analy:,i:, "ho\\-l'd that for ;;tudy ,.:ite" of limited :'ight di:'-tanef'. looking l>d13vior. :''[It','d 

at LllI' cro:':'ing and "p('('d f(·duetion were valid. "en~itive: and :'liffieicnt measure,. of driY:'r rer. 

(onllan'T_ :\n'()rdiJl~I~', the:,e mt'a"urp,; an' rt~eomm .. rl/Jt.rl in the full,,,"ak COllntcrIlW":"lIrt'" ,·"al· 

IItioll ~tlld" for limited ~ight di"tance grade cro"sIllg:~. 

Specification of Self-Report 'Ieasures. 

Thi~ "tud~ fail(~d to support a requiremen~ for further mca"ur~5 of driVf~r knowl(~dgc and 

altitude, There i~. however. a need for a limited su;v-ey during the field e\'aluati-.)n of COllnl!~r­

m('3:'lIrf':, to ddermine if ~he driver ob"en-ed or wa,. exposed to the COllntcrmC'ai'urp. In adoi­

tion. it ma:-- LI' fruitful to ;.;ample d,'mographic ami other driver c1'araetcri,.tics during long 

t,'rm ,.tlllli,',. to dl'lnmine whether a change in tIl(' driver pOPlllation "t tr.e :;:tud\ ;:itt: account:< 
!',)r "hange,; in countcrml~2.sur(':, cffecti\'(~nes". 

Development of Experimental Design and Procedure 

It i:, a,,:;umcd thal thr~ experimenter contemplating a large-~cale field evaluation ;;tudy i~ 

a\\'an~ of the gcrwrai pr!neiplc>, of experimental de,.ign appropriate to l>efore/after "tudic,,_ The 

:,p.-.:ific,. of lilt' rJ..,.ipl <Ire a funeliun of the number of counterml'a;:ures to be ('valuated. 11](' 

number of ",it.,s at which each countermeasurc is to bc tested. the approach to be ll,;ed to 

.'Iiminal!' or a~e,.:, thl' contribution of confounding variables. and similar charaeteri,.tic:" AI'­

,'ordingly. this di,;(:ussion is limited to aspects parLicularl:-- appropriate to the cvaluation of 

~rrad,' cro"sing countermeasure:; and the provi"ion of guideline" concerning tht.' data colleciion 

I'roe(~dures and anlay;:is techniques found to be particularly u;;.~ful in this d('mon"tral ion "tudy, 
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E.xtent of Countenneasures Generalization Required 

TIIC' eandidatl' eountcrmea"L:n' rna;; be found to bc effective 0:11" at (:~rlam le\'('ls of lumi· 

nan('e. o'iz('. "hape or color. Im'ation in rc"pect tu the cros5ing:. during night or day, in certain 

",'a"on:-'. de. IL i:o' lJ('c(':-,,,ar~- to prm.idc for the requin-d generalization "ilhin the study design 

and to in"lIrc an adequate r"FJr('~('nlation of appropriate data for ali condition;;;. 

Dala CoUection Procedures 

Lookin; Behaz-ior. The zone of u5eful looking behavior in ad"ance of a crossing ~hould be 

"en d('fined by an abrupt incn-a~: ill ~ight di;;;tallce at a point ,,-ithin two hundred 'cpt of the 

ero,.,.ing. Ob"en-atio!15 of looking behavior are be;;;t mane from the dri,,(~r's side of the vehicle 

10 ,'Iiminatf' g-Iare from wind"hieJd~. The head mon'ments observed in a zone near the cro:o':o'ing 

dill" to looking ror train" an' larg:(' alld ea"ily detected altlrough ob"cr\('r training and pl'fiodic 

t('"lin;! \\"a,; found to Lw ,itaL Dri",:r;; are ;;cored a;; "Iooked" or "dill not jook." Aclciitional 

information :,tlel! a" the direction in which the driver first look" \,'as not fOllnd to b.: Ib,-ful. 

One ob,,"r\'(-r can reliably obtai!1 looking data o\'('r a5 much a" one h'_mdred feet of road 

"Il!'1l ro~itiolH'd ,,-ithin fift;- fel'! of the road n(~ar thl' "rossing end of th.' zone pro~-ided that 

Ill<' IJt'X~ car 10 I .. , olo",'r\nl de..-" not '-III,'r lil!' ZOIlI' IInlil tIl!' oL~er\"er can readjll~1 to the 

~t,!rtillg poillt. TIll' u~" 01' billo(:lilar" \'~I~ fOlllld 10 Lw IHUH'(','"saI') and actually reduced rdi· 

ability_ illCrea,,(-c1 tf ... timl' requirt>d Lctwt'l'n ,Thiele". and contributed gTC'atly 10 fatigue. 

TIl!' ob,;:ern'r" must hI' (-orlc'('a!t:d from tIl!' drin'r'" vi,'w. Th,~ zone should be cIeadv mark· 

cd from th,: ob""[\t'r',, \'i('wl'oirll bllt Le IInobtru"i~-t" to tl1l' dri\'f'r, Radio communications and 

",'h .. c!uh·d n'"t period,. ,,'ere found to L(~ u"l'ful in oblairring rdiaLk data. partiC'uJariy when 

mliitipl .. ob"erver" are lI"cn for two zones. 

-"Pf:f>d .lIf'USflre_'. TIlt' least p:'(pI,n"i,-c'. reliabJ(' kehniqlJ(' for obtaining mCa"'IIf(~", of ",hicle 

"]I('(:d i" wilh a "pot radar. The U"l' of that in"lrul1H'llt requires trairring: \,-hich eannot be 

con'rl'd here. It should Iw noted. ho\,'e~-.:r. that intt'rferenel' will be eXfwricnced whcllt:\Tr 

more than one v(:hiele is within the beam width. and the radar will lock onto and track the 

"ouree of til/' "tronge:'t c:cho. \' ehicks moving a\,-ay from the antenna will generally pn~empt 

"pl~ed rneasuremenb of H:·hicks coming toward the antenna until the latl,'r i;;; somewhat clo;;cr 

than the retreating vehic .... 

Thl' indi,;at!"d radar "pel:d will b(~ aceuratc only if lilt' beam is approximately par.JllcI to 

till' palh of the target. Thi" factor limits th,~ J(,cation of the antenna to th(> edge of the lane 

br-ing "tudied and to nearly "traight :'cction" of road. The ')ptimum "'a,, found to be to locate 

the antenna on a utility pole about twenty fed abow the road. It wa" found to be more 
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l'OTlVI'n:cnl to mea:'llr!' ,;peed:, from the d(IWnstream "irk of the crossing as Ie,,:, eamouflage wa,.; 

n'quir('d of lhe dala colkdion point. :\ lypical maximum cable len~>1:h bl'tw('cn the antenna 

and till' n'adoll t device i::; 200 feet. 

!ly ob,.;(~r\'ation of the \'ehicle position and the speed read in:!. data point,.; an~ Ilotl,r! at a 

con"i:,tent point about ,500 feet prior to the crossing and again as the vehicle reaches the 

paillll'd ,;top lim',.; n('ar th(' fir:'t rail. 

,-\dditional amplif:-ir.g information is useful such as vchicle lype (sc,~ text), time of da~, 

\.-Iwlher a profc:;sional drinT was im'olved. and the crossing·related events :;uch a::; whi5t1e". 

:,i2mal acli\-ation:;. train arrivals and d~parture,;. etc. If the target population i,. restricted. til!' 

apl':m'n t category of the :"ubjcct :"hould be noted. 

Inl",('i'·ll:.~. Communication:" bd\n~t'n thl" !:ro,;::;ing ob"erver:i iind 1111: inlcrvil'\" "taff i" lilT"", 

~ar:, TIll' intenicw :,ite ,..hould be located well down"tream to precludc interfen~nee or modifi. 

,'alion of till" behavior iJeing mea';llrt~d. Thi;; "tudy found that di,.;taOl'(~"; up to a half mi/to W('f(' 

appropriaLt- if tI ... ::uLject did not have an alternate rvule available. The let:imiquf',; or cor­

rl'l'\I: identif:·in~ and c1icilin:r the cooperation of :;elected :iubjects is fully covered in 

Chap"'r :'i. 

It "hould be noted that there is almost certain to Le a marked acclimation effccl for "om(~ 

f-"'riod after the countermeasure is applied . .-\ control site. preferably one which i" ll~ed by the 

=-anw population. should be u~d to both verify that the countt:rmcaslIn: ha" been noted itild i,.: 

,'I kcliv(' and tu help account for unexpccted variations. 

1'LI' L~"('line data "hould be of sufficient size to insure the determination of :;il:o'11ificant 

di ITen'nct::' ior tlw level of change cxpected. The ,.ection on Validation by Accident R(:dlldioro 

refer,. to thi::: factor. 

Data Analysis 

An appropriate data analysis procedure is to compar~ the mean::: and standarJ d(~viation" of 

till' n:,.ulb of the' .1ata collection period:". The dc"ircd le\-el of significance may be dd('rmint'd 

\,ith the l test for difference" in means. Other :;:tatistical analysi:" procedure::: may be u"ed a:" 

appropriate. 

The entin: popUlation contained within the data may not be appropriate to the analy,-i,;. 

For (·xamplc. school busses and fuel truck" may be on:rrepre:'ented in the before data. and tl ... atyp· 

ical b:~ha\'ior of these vehicles should not bc allowed to influence the conclu5ions. The larget popula. 

tion d('firw:l abc}\"(; "hould Le examined "t"'paratdy 10 detect appropriate change". 
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For :OOme counlerm«'asures concepts. a :,ubsct of lhf' population may be adversely affectcd . 

. \nalv"i" of ;h«, uata should include' an cxamination of all sub:oels. 

:\nother useful technique is ~hc examination of thc effcel of the countermeast;rc on lhc 

l"'\;tre["1]("" of the "ample, ;:ucb as the most safe and I";.),,t safe quartile,;. A counlermea"un' m<!y 

be found to reduce the ad\crse hcha\ior of the fourth of the population which showed poor 

pnformanel'. The rc:'('archer must riccidc if thc improvement achieved for the targd popula­

tion W3rrant:' the application of the countermeasure. 

To conclude that a countermcasure has enchanced the safety-related beha\'ior oi the "lIb­

ject,,_ it is neccs"ary that both speed reduction and looking bcha\'ior change in the appropriatc 

direction by a "ignificant amount. For example. a candidate t:Ollntermca;:lIrc which implied a 

hig:h degree' of grade cro:-,,,ing: rou!!:hnr-,." mi~hl re"lIlt in an in'cf«,a:-,ed "peed reduction without a 

(·orrc,.:ponuir:l! increa:'e ill looking beha\·ior. A cuuntermca,.:uw \\'l1ich wa,.. located too do,.:«· to 

tIl!" cro",.:ing 0r wa..~ of insufficicnt siz,' for the population to note the m«,,,,,ag:e in tim«,_ f:ould 

n':'1111 in an i!ll'rl'a"cd lookin;! I.wha\'ior at lht: cro,.,-in;,; without <l corre;;p{)nuin~ "pc('d 

r .. dul"l ion. 

Validation b)o' Accident Reduction 

\\'hilc the development anu short term (,,'aluation of candidate cotmtermcasure system,. can 

b«' performed usilll! the information and techniques presented above. the ultimate test of th!' 
(,otlJif('rml:asurc i" thc a(~tual change in the number and :'{'\'crity of accident". The determina­

tion of accident reduction i" a vcry difficult task as it nece,;sarily in\'olvc:, a long term stuuy_ 

The Il'n~rth of tim" n~qllir.,d to accumulate :,tati:'tically significant data permitting a judgml'nt 

n(Tc""ariJ~' cOi1ts.t:~d~ ~~l(' pietuf(~ due to seasonal changes. population mo\'(~mcnts. and change,. 

in the nah.ir(~ of the c';pcrimel1tal site itself "tlch as road rcsurfacing. construction in the 

\'ie~inih. etc. 

TIl!' situation j" not hopeless. howevcr. only difficult. The constraints mentioned abo\'!" can 

/)I. minimized or at I"as! contrl)Ued by evaluation of a countermeasure at a large num her of 

"imilar site;: for a shorter time. The majo: dra\,-backs to this option are that a sufficient num­

on of comparahJe loeatioJ"!:' may not "Xlst withii1 ~he jurisdiction of the agenc~' doing th!' 

(,valuation. and the evaludion dem,m'],; that the (C;Jndidate coun term easll rf' be the only change' 

alluwl·d to occur d lIrir.~ thl" period of the :,tudy. The latter constrai~t is frequently till' mo:,t 

diffi(;ult to achinT ,.inee an accident reduction program ;" often the imp(~tlls which led to HII' 

eOUrlterml,aSUfl' evaluation. and a large number of tedmiqu('" are simultam'oll:,ly applied. 

making the .;valuation of any single one impo:,sible to determine. 
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As an example of the length of the program n~quir('d Lo validate a counlt"rmeasure by a~­
("j(lt-1I1 n·ductioll. tilt' following calculalions <ire presented. The object is to calculate the num­

ht'r of year,. rt'qllin·d for a statistical determination of ae~jdcnt reduction dul' to a ;:in~k 

"olllltt'rrnCa:illre s\'stem. i(' The information required is; 

1. the aceidellL histof) of the sik_ 

.J tIll' de~irt·d confidence level, ilnd 

:~_ the ('xpcctcd dficicney of the countermeasure. 

tfll' al'cidl~nt hi~ton: of the site is assumed to be available for the last five years. Six year;; 

;~o. a major change was madc which probably modified the characteristics of the sile to till" 

t'xt\'nt that p~e\ious accident data do not apply_ Assume the following history of aecid('nt~ at 

IIII' test sitt': 

Year 
Number 

of Ace jd~n ts 

2 

2 3 

3 4 

4 3 

5 3 

It shollld bc nokd that there were a fe,,- more accidents than ar.:~ noted above, but thaI 

tl1l'y ilrt' of a type at which the countermeasurc was not dircded_ slIch a:; a rear-end colli,.:ioll 

Iwl wI'('n cars ncar the cro,.:sing \"hich was clearly not related to the existence of tlH' ero,;;;ing. 

TIll' ,.:deckd significance level is .05. We have n~a~on to believe that our countcrmea:"lIrt' 

will hI' cff(!eti\'(~ in reducing the probability of an accident. and have reason to e;;timate Ih.· 

m3!!nitudl' of Ihe effici('ncv of the countermeasure. 

;.:, 

TIll" historical accident data ean be summarized for our hypothetical cros,.;ing a ... -

l\' I .5 ycars 

Xl 3 accidcnts/year 

? af 0.4 

a l 0.64 

Tho: same eaiculalions may be U5ed lo dclermin" the number of ~uhjecls, ohser\'alions, hours. etc. for any 
f ... for.,jaft,·r ~Ludy. 
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Since h'e have no rea::'on to predid otiJcrwi"c. thl: \'arlallee of the data j·")r the "after" phas(~ 
"ill be a"::;:;lmed to be th.· ::'am(". 0 . .+. The equation f .. r tlw I te:;:t mal' ~w '\TiUcn a~: 

'J 
(1) 

a-t ._-+ 
i" 
"1 

and if tilt' varIance IS c0n5tant. 

(2) 

All of lhl' It'rm:, of equalion ::! arc known cxecpt l. The valw, for 1 i:, obtained from a 
table of di"triulIlioll:' of l. Vallie:, for l ,,'itl; a cOllfiden(",· k,!'1 uf .03 an, ~ri":'!l ill Table B.;~ 
bdow. Tu find lIw degree,.: of freedom (d.L), arid the two ,.ampl~ siz(,:, (year~ o~ b.~forl' dala 
pl:l:' )',·ar,.. of afkr data) :llld :'lihtrad two. Sinee th(· y(,ar,; of aflt'r data (:"2) j,.. NIl known. 
an (,::,timat(· i,. mad(· [or the d.f.. lh(· eqllation i;: solwd for :"2' a n('''' d.L i" then calnda[('d. 
('[C. unlil an a~'T("'rnen t i,; reached bdw.·(,n \'.) :mr. d.r. 

Table 8-3 

Di,.lribution of l fur A = .O.S (one.tailed) 

d.!. ..!.... 
5 2.015 

6 1.943 

7 1.895 

8 1.860 

9 1.833 

10 1.812 

20 1.725 

23 1.7:4 

30 1.697 

40 :.684 

60 1.671 

120 1.658 

co 1.~5 

Appended from Standard Mathematical Tabl"". i 2:h ed .. 
Chemical Rubber PublishIng Co .• 1959 

8-13 



1f we examine the denominator of equation 2_ we find that it is equal to zero when: 

AI thi" puint_ \2 i" infinite. It \. ill be a real posItIve number for (\ 1 - \2) greater thall 
/ ., ., 

\/a1-[-;\). For our hypothetical cwssmg, "c calculated that: 

;\"1 = .::; 

a1 = 0.6.t 

X 1 = 3 

For all infinilc lIumber of y(~ars. t = 1.6.t3. Solving equation 3. we find that X . ., = 2.:3.t 
,,·hich i" 13.;) p<'r('('nt better than Xl' the mean a(;eident rate ltd·ore the (,Ollntermea"lm~. 

(3) 

Therefore. for a crossing with an accident history over fiw' ycar:;; such a::: W2S presented at 
the beginning of this i'cction. one would require an infinite evaluation period for a eountl'r­
mea"ure \,-ith It'ss than 15.5 percent effectivenesi'. If we presume a 20 percent <:ff(:ctive 
c,)lmterm(:a"ure. significant data would be obtained in about 20 years (dJ. = 23_ I =1.71.t).-\ 

eOllntnmca:,urc which was so outstanding that it produced a 30 percent reduction in arcirlcllb. 

cOlJd he evaluated in only 3.3 years (dJ. = (,_ 1= 1.943)_ Of euurse, assuming a group of "ite,. 

\,·ltieb were alike in all material respect;;: "-as ::vailable, thc 20 pere"nt effective c.ounterml'a;:ure 
could be evaluated in t\,-O years if installed at ten sHch cr05i'ings. 

The small sample of years in tlw before data is rcsponsible for the large effcetivene,.s re­

quired of the eoun terrncasurc. If t(~n years of tiata had becn available which re!"uIted in tlte 
:'arne mcan and variance. a counterrnea"~re \,;th an eff-:ctivene,;s of II percent could be 

c~val\lated. A,. is generally true of statistical tests. the smaller the change to be detected. the 

Jarg(~r thc sam pIc ~ize mu~t be_ 
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Conclwions 

Thl' 100ck of :,ufficicnt quar;tity of "ppropriatl' al:l:ident dat.: and a,;::;()ciatcd eall,;atin' factor:, 

[lrn-I(I(le:' til( lI::'e of an:idcnt event:' to validait' eOllntcrmea:'Url-" ,-'n an indi\'idllal cros:,ing 

na,..i:" While thl' gcncral lbe of eff:.:ctin: innovation,; in grade cros;;ing prutc>dion throughout a 

lar;!l' region .-oupl(:d with appropriak educational pfforb :nllst r~5ult in al:eidellt reduei;c~', the 

,-o~t of !:ntnin;! "lH.:h a program to evaluate the innovation is prohibitiv(" The m0re I:O,;t­

('frl'diw ml'lhod,. of eyaluation as presented in this ,;tlld~· are therefore pretcrred and are 

rt'l'ommendcd, 
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APPENDIX A 

SITE DESCRIPTIONS AND CHARACTERISTICS 

This appendix contains information on each of the nine sites at which data were collected. In. 
cluded are the dates and times of observation, vehicle and train characteristics, protection descrip. 
tions. graphs showing the measured sight distances available to the driver along the approach to the 
crossings, and the measured mean and standard deviations of speeds. The plan views of the crossing 
are oriented with the instrumented section of road below the crossing and the interview site at the 
top of the page. The scale is not linear. Indicated distances were measured from the crossing along 
the driver's path to the element being referenced. 
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Text Reference 

Linthicum 

New Midway 

Calverton 

Sunnyside 

Fairview 

Route 28 

Michigan 

Texzs 

California 

TABLE OF CONTENTS 

Location 

l>"..aryland Route 170, Linthicum, Maryland. 

Woods~uro Pike, New Midway, Maryland 

Virginia Route 28, Calverton, Virgyina 

Sunnyside Avenue, Beltsville, Maryland 

Fairview Avenue, Manassas, Virginia . • 

Virginia Route 28, Manassas, Virginia. 

Grange Hall Road, Holly, Michigan 

Carson Avenue, Bryan, Texas • • . •. 

Central Avenue, Milpitas, California 
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Site 

Dates 

Times 

Railroad 

Nurn~..,r of Tracks 

Advance Warning 

Dic:tance 

Crossing Protection 

Double Stop Lines' 

Reflectoriz!!d Crossbuc;c! 

Number of Tracks Sign? 

Trains Observed 

n:..:.,~~ of Train Speeds 

Posted Speed Lln .. ~ 

Mean Hourly Volume 

Number of Drivers Who StOP Without SignalfTrain 

200 

-50 

·100 -

·200 -

·500 ;-

Si!iht Oistance along ADDroad'1lo Crossing 

Route 170, Linthicum. Maryland 

July 17.18.1972 

1030 - 1745, 1030 - 1430 

Baltimore - Annapolis Railway Company 

Standard Sign, Pavement Markings 

325 Feet 

White Letters on Black Crossbuck 

Faded 

No 

No 

o 

30 MPH 

293 

10 

45 

co 

3S ....... 

3J 

25 

2D f------

15 

10 

0 

-I 
~---

I I 

I I I -...... 
. 1 ,I I 
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STOPLIGHT tj l~ SPEeD LIMIT 30 MPH 

HAMMONDS FERRY 
ROAD CROAO CLOSED) 

&C?> INTER VI EW'SIT!: 

GJ -:-ARGET"AR' 
SIGN 

(0 
II I 

~o lila 
~~ <)1 I I : HOUSES 

~ "\ ~~!! 10 
CROSS3AFI "AR' SIGN ~~"':I L-. 

~'''T''''- ~~Ii [0 
DOUBLE STOP LINE MARKING ~I 

ON ROAD I 
~ Ii WHITE LETTERS ON BLACK 
I NON·REFLECTIVE I ! Ii I~ 

SHO?~I~::; 8. PARKIN'-'G-A-R-e-AS-' i: 
(CONTINUOUS ON THIS SIDEI] 'I: 

'---- I 'I ' - !: 
NO PARKIN~ OR Si ANDI;~G ~ j 

SIGN Ii' Ii 

I ! 1'1 

I J I 

tJ I FAD<:DROADMARKINGSl:! 
GAS I I:. ~ ~ { TAF:GET -rlR"SIGN 

I ,¥J:tj HIDDEN BY BUSHES ~ 
! I ~ SEVERAL 

~ 
VET -~~0S 

SCHOOL ZONE I \) 

I 

Mary land Rt, 170. Linthicum. Maryland. " 
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Site 

Dates 

Times 

Number of Tracks 

Advance Warning 

Distance 

Crossing Protection 

Double Stop Li"~s' 

Reflector;zed Crossbuck? 

Number of Tracks Sign? 

Trains Obse""'2d 

Range of Train Speeas 

Pcsled Speed Limit 

Mean Hourly Volume 

Number of Drivers Who StOP Without SignalfTrain 

~ 700 t 200 SVO 

Woodsboro Pike, New Midway, Maryland 

July 19,20,1972 

1225 - 1930, 1305 - 1605 

Penn Central Transportation Comp"ny 

Star.dard Sign, Pavement Markings 

320 Feet 

Black Lerters on White Crossbuck 

Yes 

Yes 

Yes 

2 

12 - 14 MPH 

30:V:PH 

67 

2 

55 rr 
SO 

I I 1:::r=! , I=:r-rr=n 

·500 

Sight Oistance along Approach 10 Crouing 

-I 
I 

A-S 

45 

'----__ -1 I II 
.0 I-+-----=-=~ - f'." i j j 

t~ , 

30 

~ I ~ 
r-~W 

3S 

" t--........ "-+--,' H 
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- I 7D~r-------------~~ ______ ~ ______ +' __ -i~~~' 
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IS~----------~~----~----~~I~l 

-500 -300 -200 -100 -SO -10 

Mun ~ ~ SEolndlild DeWl.~!iCln 
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• • .. 4~ ~ • ~ "''':-, .)~ _ • ...... ~. '. • :. '0-' - " - ". • , ~ 

SPEED LIMIT 30 MPH ~ ~~SPEED LIMIT 50 MPH ~ACK 
t~08O' +;;;j" 

INTERVIEW S17( 11/ 1,7/f;:il I 
TARGET'RR' D I' 

SIGN 0 \ GARAGE TERRAIN ELEVATION 

DR'" a ' fo /J" OJ ~~""~_/ 
CAUTIOr> SIGN I L. 

IIliTERSECTING ROAD F=l 
,/ ~ ,: ~ DGARAGE " .. : ", 'n CROSSBAR'RR'SIGN 

D c,'~~ CD "~I ;\' ~1 I POST OFF-ICE 
<:>"",C>" y . ~ DESERVER SloE 

vOLUNTEER cO .' " ~ .... "" I 'I 11 
FIRE DE~'\..~·~~O~'" ',;! u RENNEP MOTORS 

oOV~3RAND x I~~_>.. =-
FURNITURE ~~~ I 11£;-1 

'~~( ~J1 I LJ 
~ 0 j ii' .:~ ~R'GH""'R 
D~ III I! 0 

HOUSES 

rn 
•. 

I 

I 
~~9' 
! 
;....350· 
i 
i 
I 
I 
i 
I 
r 72' 

l37" 
1
-0' 
_ 0' 
_ '4' 

:_ 320" 

! 

HOUSES " 569' " I '~TERSECT'NG ROAD -D r" I', f CAUTIDrJ SIGN 

0' :! Ii] I 
I 

OJ I I 
__________________________________ I ______ ~~~SP~E~ED~L~IM~IT~30~M:P~H~ ___________________________ J~ ,~O' 

Woodsboro Pike, New Midway, Maryland, 
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Sire 

Dates 

Times 

Railroact 

Number of Tracks 

Adv3nce Waming 

Distance 

Crossi ng Protection 
DOUble Stop Lines? 

Reflectorized Crossbuck? 
Number of Tracks Sign? 

Trains Observed 

Range of Train Speeds 

Posted Speed Limit 

Mean Hourly Volume 

Number of Drivers Who Stop Without Signal/Train 

600 :;>0() t 200 500 

I I i ! I i I i I i I 

-\ r 

Sight Oist.lnar! .'ong Appn>adIIO~ 

-. 

Roum 28, Calverton, Virginia 

JUly :26,27, 1972 

0836 -1601, 0830 -1746 

Southem Rail'!'I8Y System 

Sandard S"Ign, P"""",em Markings 

433 F .... t 

Black Latlllrs 'on Wh ite Crossbuck 

Vas 

Vas 

No 

o 

55 

48 

19 

I 

1106 

i" ....... --- ....... 
10 

I t t' 

I u 

~ - I 

~ 

" , ""'" i' ~ori------------~--~~,,~.------~~~ 

I I ~ I' 
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OPEN FIELD 
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111111 
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\ AREA 
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III~ 

CROSSBAR 'RR· .---, 
SIQai L-J 

~ARM 
6· 

381· 

1022" 
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Dates 

Railroad 

Numb@r of Tracks 

Advance Warning 
Distance 

Crossing Protection 

Doub!e StOP Lines? 
Reflectorized Crossbuck? 
NUlOlber of Tracks Sign? 

Trains Obsel'Vfld 

Range of Train Speeds 

Posted Speed Limit 

Mean Hourly Volume 

I\:umb@r of Drivers Who StOP Without Signal/Train 

200 

Iii 

-200 -

Sight .:Iisto..,.,. 110IlfI Approxh to Croaing 

Sunnyside Avenue. Balavilla. M&rylar::i 

July 10. 11. 1972 

1021 -1845.1346 -1846 

Beltimonl and Ohio R.ilroad Company 

2 

Stiondard Sign 
4Z1 Feat 

BI.:k Latten on White Crossbuck. 4 Flashers.6 Reflector Panels 

No 
Ves 

Ves (Also ·"Stop on Red Signal··' 

19 

26 -75 MPH 

30 MPH 

167 

I 
1'-- __ 

............ 
~ 

f 

~ 
~'" 

~, 

" 
, 

1"--.. ~' - 1\ 

", ~ .'\ ~ ~ ] .. , 
JII 

" l\r~ " 
\i~ 

'\ I 

-ll \, 
i ~ 
I I 

10 

o 

-100 -60 -10 
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RHODE ISLAND AVE. 

J 
r TERRAIN ELEVATION r 1400' 

l I ~ PJ{~~r~ I' 

30' I ~ TRACK 

TUCKER ST. 

e INTERVIEW SITE 

O INDUSTRIAL 
WAREHOUSE AREA 

FIELD 
HI~OINT SPRINKLER CO. 

TAP.GfT 'RR' SIGN <f 
DIRT DRIVE 

'ROAD NARROWS' 
SIGN ~ ij _STRIPPED MA::lKERS 

TIMBER ~~ i!l 
. CROSSING ~ ./ ..J ROAD 17' AT CROSSING 

;; Wililitl iii ii II::::: 'F'I ";, Pi; iFli~1!:I~:l: ~,~~li~ 
~. ~ CROSSBAR 'RR' SIGN 

---DIRTD!'lIVE I ~ ..... 1-.., 
~CODING SITE ,-0 II <f "ROAD NARROWS' SIGN 

f-~ II ~ 
TREES II ~~ TREES ~ 

TJ TARGET 'RR' SIG~ 

I 

\ 
\ "-

\ \~'i:_ ... ;:>OspOet::':E~D:JL""I-MI'F 30 MPH 

,-----;.-" 
STOP SIGN 

EDMONSTON ROAD 

Sunny~ide Avenue. Beltsville, Maryland. 

; 
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r 0' ,r,. 
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I 
,- 60' 
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Site 

Dates 

Times 

Ra:lroad 

Number of Tracks 

Advance Warning 

Distance 

Crossing Protection 

Double StOP Lines? 
Reflectorized Crossbucl<? 
Number of Tracks Sign? 

Trains Observed 

Range of Train Speeds 

Posted S~d Limit 

Mean Hourly Volume 

Number of Drivers Who Stc~ Without SignalfTrain 

5Q:) '00 t 200 500 

I I I I I I I I I 

·100 -

·200 -

S~ht Din.""" along Appr~ 10 Crossing 

Fairview Avenue. Manassas. Virginia 

Augu~ 9. 10. 1972 

0950 - 1800.0900 -1368 

Southem Railway SyStt:TI 

2 

Standard Sign 

189 Feet 

White L.eners on Blacl< Crossbu::l<. 4 Flashers 
No 
Yes 

Yes 

19 

5 -39 MPH 

25 MPH 

145 

39 

I I 

'--- --e --30 

- --.. 

---- r-__ 

, 
10 
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--~-:---~) ~ 
IR",HIC _ ~ MILE FROM X·ING IS I t 

_RT.:28(SOUTH' ==-____ ~T ill -_---.. -.-.--INTERVIEWSPOT I 
--.... 
~ ""1 f ~ G> RESIDENTIAL AREA 

CHURCH ~ ~ J U<fP. . & MANSE I I TARGET 'FIR SIGN 
NO PARKING I . 

SIGNS I HOUSE 

FLASHING SIGNALS WITH ....,.91: 0 
CROSSBAR 'FIR· SIG!I: _ - ,..---

lJItZZmvzm.ll/7/ f I 7/Z%777'2/(:7/I l~ /Zt<Z2itZZ/.:z;,1ip'az:, 
'-OW HEDGE 

CODING SITE 

~ II I /1, '/ I r I 

SEVERAL RESIDENCES 
a. ORIVEWAYS (BOTH SIDESI 

HOUSES 

~ GENERAL STORE 
\), & CAS STATION 

\tt 

Fairview A\·enue. ;i!anassus. Virginia. 
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19' 
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Site 

Dates 

Times 

Railroad 

Number of Tracl<s 

Advance Waming 

Distance 

Cros~ing Protection 

Doubl" StOP Lone,? 

Reflectorized Crossbuck? 

Number of Tracks Sign7 

Trains Observed 

Range of Train Speeds 

Posted Spe<!d Lim i I 

Me2n Hourly Volume 

lliumber of Drivers Who StOP Wilhou: SignallTrain 

Route 28. Manassas. Virginia 

Au~ust 2.3. 1972 

0910 -180e. 0900 - 13?9 

Southern Railway System 

Standard Sign. Pavement MarKings 

36:; Feet 

BI3":k Letters on Wh ite Crcssbucl<. 4 FI'Ishers. 1 Bell 

Yes 

Y~s 

No 

4 

0-12 

45 MPH 

10 

r------------------------------------------------------, 

sro ~ t 700 

II! [ I I I I I I I I I I I 

·500 

Sight Di.lance along Appro.do to Crossing 

ji 

i i i I 

I 
I 

I 
- I 

i 
I 
I 

A-13 

j I , I 
45 rr - - - -i- "" -;-\ --+---1 

"H:.-----I-----l.1-,-, i I II 
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i I I Ii 

20 

15 

-700 -100 -50 -Ie 

lie., Speed Md $u~ Devi.J.!ion 
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__ t_ 

SCOTT'S 
MATERIALS 

I 

IBM 

OPEN FIEL~ M ~ 

TARGET 'AR' SIGN ~~ i ~ SPEED LIMIT 55 MPH I 

______ J il L 0\{ TRUCKS ':S III:PI-' I 

WELLINGTON ROAD II INTERVIEW SITE j 

o DO '; ii ( rr--) I,. 

RESIDENCES ,. bl I L:GHT 

O ~ I Ii l ----.: INDUSTRY I 
FLASHING SIG!\J,o.,L n ~, ' 

WITH CROSSBAR ~ 1:. LJl I-
A~O BELL ~ ::;ROSSING ANGLE eoo L 

I! ! I ! I , " " I" ill I, , I ! i, I ' , !i I ! I , , ii, . " , I : ii, i I I ! i i ! ' Ii : Hi I 
.0.. _ r-

CODING,sn:.E . .: ...... "'. !;::::::{~~ i 
""" S'I' il 'j' t~' FLASHING~GNALS r' 7.-.;..) 'I. 2~ WITH CRaSSBAR I 

.~ .(\: 1: I -t,. .;;1 at i~: I:! ldJ 

~,~i i~ ! ~ ~ I 
/'-..... '<\,,,,,,5!: " I tl 'l 

/""'" ~; I ~@ 

~
REDUCE SPEED / jU';. TARGET 'RR' SIGN 

/ 'AHEAD-' :~ , 
/ ........ • I h / HOi...IDA·, IN:; 
<...... /~ ~ / II SIGN i 

"'-.. Y .......JI / .I ~~ ~ 
'-.. / VULCAN ./' I 

2~/ ~ 
Virginia Rt. 28, Manassz~. Virginia, 

A-14 

70S' 

376' 

363' 

217' 
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645' 

862' 
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Sire 

Dates 

Times 

Railroad 

Number of Tracks 

Advance Warning 

Distance 

Crossing Prorection 

Double StoP Lines? 

Reflectorized Crossbuck' 

Number of Tracks Sign? 

Trains Obsenled 

Range of Train Speeds 

Posted Speed Limit 

Mean Hourlv VoluMe 

Number of Drive" Who StOP Without Signalrrrain 

sao 
}. 

~ 

I 200 !.oo 

I I I I I I I I 

I , 
-

I 
,100 

,200 -

Sight Dis.tance along Approad1 to Crossing: 

Grange Hall Road, Holly, Michigan 

July 25.26, 1972 

0943 - 1600, 1155 - 1715 

Chesapeake and Ohio Railway Company 

Standard Sign 

500 "'eet 

Black Letters on White Crossbuck, 4, F!ashers. 2 Bells 

No 

Yes 
No ("Stop on Red Signal") 

6 

18 -33 

4511f.PH 

154 

3 

5 !i

l 
50 

I j 

I 

I r-----:. I I 
.!i 

- I - I 
1 , .co 

If "t'llJ k. ' " 

~~I n ! I ~ I 

JO 

I r--,-_-+ ,I I 

I'k - ... 
I 

" I, I I ,. 

20 

1', 

15 
i 
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Gran~ Hall Road, Hollv :\1- h-_ " Ie .gan. 
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Site 

Dates 

Railroad 

Number of Tracks 

AdvC!f"'ce Warning 

Distance 

Crossing Protection 

Double Stop Lines? 

Reflectorized Crossbuck? 

Number of Tracks Sign? 

Trains Observed 

Range of Train Speeds 

Posted Speed Limit 

Mean Hourly Volume 

Number 0; Drivers Who:> Stop Without Signalrr,ain 

t :;>00 200 SOO 

i I I i I I 

I 
-100 

-:100 -

S;ght Di<lonce ol<'ng A~roxh to Crossing 

Carson Avenue. Bryan. Texas 

July 31. August 1. 1972 

1338 - 1800. 1000 - 1545 

Southem Pacific Railway Companv 

Standard Sign 

499 Feet 

Black Letters on Whit!! Crossbuc:k. 4 Flashen. 1 Bell 

No 
Yes 

No 

5 

6 -31 MPH 

3QMPH 

165 

o 

t, 

55 

150 

45 

40 

35 
~ 

I 

I I I I 
I 

I 
I 

I I - ~-~ 1 I 
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Oates 

Times 

RailrOad 

Numbt!r of T,.,,,,ks 

Advance W;rning 

Distanr.e 

Crossiru;, Protection 

DC'uble StOP Lines? 

RetiectoriZed Crossbuck? 
Number of Tracks Sign? 

~rains Observed 

Range of Train Speed, 

Posted Speed Limi: 

Mean Hour:", Volume 

Number "f Drivers WolO Stop Without SignallTrain 

:>Co 

CD t-: j 1 ! I I I /; : I 

-,co 

-:'00 -

.oPEN 

Sight Distance along A;>pro;och to Croning 

111. __ 

Central Avenue, Milpitas, California 

August 9. 10, 1972 

1000 - 1645, 1015 - 1555 

Western Poc;ific Railroad Company 

Standard S;,;r.. Pavement M .. rkinQ$ 

400 Feet 

Black Letters on White Crossbuck,4 Flashers, 1 Sell 

Yes 
Y9Ii 
No ("Stop on Red Signal") 

4 

15 -20 

35 MPH 

291 

3 

I) 
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APPENDIX B 

DEFINITION OF V ARlABLES 

Induded in thi,.. appendix are the definitions of variable~ used for the data analysis condu("1ed 
during this study. The first section defines the l76 field.., of data recorded for each subject as 
applicablt". The ~cond ::'Cction defines composite variable,. used in thc generation of 2. larg!' r.orrcla· 
tion matri:-... 

B-1 
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Co~~elation Matrix of Behavior, Attitude 
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Data Elements Recorded for Each Subject 
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• 

Item 

1 

2 

3 

4 

5 

6 

7 

8 

9 

.1. ____ • I!IIIC __ _ -, 

Descri'Otion 

Indicates which form of the questio~~aire ~ sub­
ject was given. The following table shows which 
items were included on each form. Columns for 
items which were not administered to the subject 
are filled with 9s. 

Items included on Form 

l' 
1-:29 30-45 I 46-81 82-104 105-130 

1 X X X 

:2 X X T X I 

3 X X X 

4 I X X 

Subject Nur:tber 

Site 
0 Sunnyside 
1 Linthicum 
2 New Midway 
3 Calverton 
4 PW28 
5 Fairview 
6 Michigan 
7 Texas 
8 California 

Sorting Code 

Time at Trup 1 - Hours, Minutes 

AnalY$is Output Sequence NUu~er 

Veh icle rvpe Wheelbase 

o Mot,,·cycles. compacts < 8.5 

1 Standard cars 

:2 Small 2·axle trucks 

3 Large 3-~xle trucks 

4 8us.:2 or 3 axle 

5 Semi.'; or more axles 

<12.0' 

<15.0' 

<15.0' , 
>15.0 

X 

X 

131-1« 145-176 

X I X 

X 

X X 

X X 

Is there a vehicle between subject and crossing 
at subject's Trap 1 time? 

yes = 1 no = 0 

Lead ver~cle type 

B-4 
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. --

Ite.-r. 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

--~,.. 

Description 

Speed of lead vehicle at Trap 6 x 10 mph 

Did subject driver look in advance area? 

yes = 1 no = 0 

Did subject driver look L"l near area: 

yes = 1 no = 0 

Speed of subject at Trap 1 x 10 mph 

Speed of subject at Trap 2 x 10 mph 

Speed of subject at Trap 3 x 10 mph 

Speed of subject at Trap 4 x 10 mph 

Speed of subject at Trap 5 x 10 mph 

Speed of subject at Trap 6 x 10 I!1.ph 

Tailway at Trap 1 if data not available 

Percentage of change in tailway, 
(~rap 6 tail way .;- Trap 1 ·tailway) x 100 
If > 999 = 999. If <: 1 = 1. 

Was any missing data interpolated for? 

yes = 1 no = 0 

.,?-

9959 

Trap after -.lhich maximwn deceleration occurred 
2 

Maximum deceleration expressed in ft/sec x 10 

Percentage of change in headway, 
(Trap 6 headway .;- Trap 1 neaeway) x 100 
If > 999 = 999. If <: 1 = 1. 

Headway at Trap 1 (expressed in feet). If not 
available = 9999. 

Minimum time headway x 10. If > 999.9 

Did vehicle stop? 

Month 

Day 

B-5 

yes = 1 no = 0 

999.9 

-~ ",,' 
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Item Description Code 

30 Sorting Code · · 1-4 

31 Sorting Code · · · · · 0000-9999 

32 Subject Safety Index, 
(Item lOS + 106 - 107 - 108) x 1000 

33 Sorting CodE. · · · · · · · · · · · · · · · · 1 

34 When you first realized you were approaching 
a crossing, did you slow down? 

no. · · · · · · · · · · · · · · · · (V= 0, blank = 1) 

35 yes, in order to match the speed of the. 
vehicle in front of you. · · · (blank :: 0, V = 1) 

36 yes, so ycu couid check fer signals and 
trains · · · · - · · · (blank 0, v= 1) 

37 yes, because tracks a:~e usually burnpy (blank 0, V = 1) 

38 yes, other. · · · · (blank 0, V= 1) 

39 Did you li~ten for a train? 
yes · · · · · - · 1 
no · · · · · · · · 0 

40 Did you roll down your windo .... ? 
it was down · · · · · · · · · (blank '" 0, V = 1) 

41 yes · · · · · · · 1 
no · · · · · · · · · 0 , 

42 Did you lOok down the tracks befor~ crossing? 
nc · · · · · · · · 0 
left only · · · · · · 1 
right only · · · · 2 
beth ways · · · · · · · · 3 

43 no · · · · 0 
left only · · · · · · · · · · 1 
right only · · · · · 1 
both ways · 2 

44 Did you come to a complete stop before cross-
ing the tracJl;:s? 

~ 
yes · · · · · 1 , no · · · 0 · Of 

45 How fast do you think you were going when you 
crossed the tracks? 

0-5 Inph · · · · · · 0 
5-10 mph · · · · 1 
1..0-20 ;oph 2 

B-6 
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Item 

46 

47 

Description 

20-30 mph .. 
30-40 mph 
40-50 mph • 
over 50 mph 

Sorting Code 

Sorting Code 

48 Looking (If S looked either place) 

49 

50,51 

yes .. 
no 

Sorting Code 

What was your ~ indication you were 
approaching a railroad grade crossing? 

an advance sign way up the road 
markings painted on the road 
saw che sign at the crossing 
knew it was there . . . . . 
saw a tr,3.in • . •• • • . • 
saw the lights flashing at the crossing 
saw the tracks . . • • • • • • • 

52 If you saw an advance sign way up the road, 
what do you remember about the sign? 

did not see an advance sign . . . . . . • 

53 the color: 

54 

55 

56 

57 

58 

if answer correct 
if incorrect • 

white • • • • 
yellow • 
red 

the shape: 
if answer correct 
if incorrect • 

o· . . . . . . 
o· . 
6.. 
\1. . . . . . . 

the symbol: 
if answer correct 
if incorrect . • • • • 

B-7 

Code 

3 
4 
5 
6 

1-4 

0000-9999 

1 
o 
2 

0 
1 
2 
3 
4 
5 
6 

ev= 0, blank 

1 
0 

0 
1 
2 

1 
0 

0 
1 
2 
3 

1 
0 

0 
1 
2 
3 

1) 



" 

Item 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

" , , -""" 

Description 

Did you know how many sets of tracks there 
were before you reached the crossing? 

no 

yes, remembered from when I was 
here before 

yes, could see the tracks 

saw sign showing the number of tracks 

nOW many sets of tracks were there a~ this 
crossing? 

if answer correct 
if incorrect: 

one. 
'two. 
three 
four 
five 
don't know 

If you saw markings painted en the road, what 
do you remember about them? 

did not se~ any markings .•. . . . . . 

the symbol: 
if answer correct 
if i:1.::orrect 

x . 

Was there anything ,that might have made it 
hard to tell if a train was coming? 

no 

yes, could not see very far down the 
tracks • • • • . . . . 

yes, had to watch the vehicle ahead 

yes, people near the crossi:1g were 
distracting 

yes, other 

What additions to the warning sign way up the 
road would have improved your confidence in 
approaching this crossing? 

an indication of the number of tracks . 

B-8 

L 

Code 

(v= 0, blank = 1) 

(blank 0, v' = 1) 

(blank 0, V = 1) 

(blank O,v = 1) 

1 
c 

0 
1 
2 
3 
4 
5 

(v=- 0, blank 1) 

1 
J 

0 
1 
2 
3 

ev= 0, blank = 1) 

(blank 0, V = 1) 

(blank 0, V = 1) 

(blank O,-".! = 1) 

(blank 0, V = 1) 

(blank 0, vi = 1) 
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Item 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

Is a 

Descriptio:1. 

an indication of the type of device at 
the crossi~g . . . . . . . . _ 

an indication of distance to the crossing 

a suggested approach speed 

flashing lights on the sign that are 
turned on by the train 

adequate as is 

o~~er improvement suggestions 

train scheduled to ccme by about now? 
yes, I th~~ so . 
no, I don't think so 
I don't know 

yes, I think so 
no, I don't ~~ink so 
I don't know 

Sorti:1g Code 

Sorti:1g Code 

Percentage of speed reduction, 
(Trap: velocity - Trap 6 velocity ~ Trap I 
velocity) x 100 

Sorting Code . . 

According to state and local law, what 
should you have done at this railroad 
crossing just now? 

if answer correct 
if incorrect 

stopped ..• 
slowed do~~ and been ready to stop, if 

necessary _ . . • 
maintained speed unless you saw or 

heard a train . . . . 
no state law about speed at these cross-

ings . _ . _ . • . • . 

Do all railroad crossings have a signai or 
gate ~~t warns you when a train is coming? 

yes _ 
no 

B-9 

Code 

(blank 0, vi = 
(blank. 0, vi = 
(blank. 0, vi = 

(blank 0, vi = 
(blank. 0, vI= 
(blank 0, vI= 

1 
0 
9 

0 
I 
2 

1-4 

0000-9999 

3 

I 
o 
o 

I 

2 

3 

o 
1 

1) 

1) 

1) 

1) 

1) 

1) 
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Item 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

Description 

Do all rail~oad corssings have a sig~ way up 
the road warning you ~hat there is a cross­
ing ahead? 

yes ... 
no 

Most accidents occur at crossings: 
having gates or lights 
without gates or lights . • . . • . 

Most railroad c~ossing accidents occur: 
after dark • • • . 
during the day 

Most railroad crossing accidents occur during: 
bad weather (fog, rain, snow) 
clear weather . . 

Most accidents at crossings having signals 
are due to: 

driver carelessness . . . 
signals that fail to work 

Hew many motorists do you think were killed 
in accidents at railroad crossings last year 
in the Lnited States? 

if answer correct 
if incorrect 

less than 100 
100 - 500 •• 
!?OO - 1000 
1000 - 1500 
1500 - 2000 • 
more than 200G 

How m~~y of the above accidents involved a 
driver who would be considered drunk undez 
the law? 

if answer correct • . • • . 
if incorrect 

about 10% 
about 25% 
about 50% 
about 75% 
about 90% 

How many people do you think were killed in 
all traffic accidents on the streets and high­
ways of the United States last year? 

B-lO 

Code 

o 
1 

o 
1 

o 
1 

o 
1 

1 
o 

1 
o 

o 
1 
2 
3 
4 
5 

1 
o 
o 
1 
2 
3 
4 

-

,.; 
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Item 

99 

100 

101 

102 

103 

Desc:::-ip-.:ion 

OJ: answe:::- co!:"re:ct J.. .... . 
if incorrect 

less than 1,800 
1,000 - 5,000 . 
5,000 - 10,000 
10,000 - 20,000 
20,000 30,000 
30,000 - 40,000 
40,000 - 50,000 
50,000 - 60,000 
60,000 or more 

If a c:::-ossing does r-ot have a si~nal, it 
usually ~eans that: 

only a few trains use the crossing 
yes 
no . 

only slow trains use the crossing 
yes 
:lO • 

Signals at crossings: 
Always tell you when a train is coming 

yes 
no . 

Warn you in plerxy of tL~e to stop 
yes 
no • • • 

104 Ratio of railroad deaths to total deaths x 100 

105 (Looking -Site !":ean Looking ~ Site (J" Looking) 
:x lODe 

106 (Speed Reducticr- -Site Mean Speed Reduction';­
Site (J" Speed Reduction) x 1000 

107 (Trap ~~imum Deceleration -Site ~ean Trap 
~1aximum Deceleration ~ Site (J" Trap MaximU!IJ. 
Deceleration) x 1000 

108 (Critical Point -Site Me~~ Critical Point+ 
Site (J" C:::-itical Point) x 1000 

109 Do you recall receiving specifi= instruction 
or advice on railfoad crossing safety? 

no 

llO yes, in driver education classes in 
school . • • • • • • • . . • . 

B-ll 

Code 

1 
0 

0 
1 
2 
3 
4 
5 
6 
7 
8 

o 
1 

(0 =y, 1 

o 
1 

o 
1 

o 
1 

blank) 

(0 = blank, 1 =y) 
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Iten: 

111 

112 

113 

1I4 

lIS 

2.16 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

Description 

yes, in other driver training · . . . . 
yes, through safety campaigns 

(radio, TV, etc.). . · . . . 
yes, in a driving license applicant's 

manual . . · · 
yes, other 

What is Che average delay t~at you have 
experienced when stopped at a railway cross­
ing? 

:) - 30 seconds 
30 - 50 seconds . 
2 minutes . _ 
5 minutes _ .. 
10 minutes 
over 10 mi:lUtes 

How long does it generally take a train to 
reach the crossing after the warning signal 
goes on? 

Have 
was 

o - 10 seconds 
10 - 20 seconds 
20 - 60 seconds _ 
1 - 2 minutes _ _ 
2 - 4 minutes _ _ 
over 4 minutes 

you ever crossed a track when 
on? 

no - - - . - - . . 
yes, train was stopped 

yes, train was moving slowly 

yes, train was far away - . · 
yes, no train in sight 

yes, other cars \o;ere crossing 

yes, vehicles behind me wanted 

the 

-

the 

to 

yes, police or railroad officials 
signaled me to cross -

yes, did not see the signal 

yes, other . - - . - - · · -

signal 

tracks 

cross 

. 

. 

How often do you see trains at railroad cross-
ings? 

B-12 

(0 

(0 = 

(0 

(0 

Cede 

blahk, 

blank, 

blank, 

blank, 

o 
1 
2 
3 
4 
5 

0 
1 
2 
3 
4 
S 

1 =v) 

1 =V) 

1 =V) 

1 =V) 

(0 -=v, 1 = blank) 

(0 blank, v= 1) 

(0 blank, V= 1) 

(0 blank, V= 1) 

(0 blank, ....; = 1) 

(0 blank, ....; = 1) 

(0 blank, V = 1) 

(0 blank, V = 1) 

(0 blank,""; = 1) 

(0 blank, ....; = 1) 
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Item 

128 

129, 
130 

131 

132 

133 

134 

135 

Description 

1 time out of eve=y 2 tL."1les you cross 
a track 

1 time out of every 10 times you cross 
a track . . . . 

1 time out of every 25 times you cross 
a track 

1 time out of ,?-ve::::y 50 times you cross 
a track 

1 ti:ne CU~ of every 100 times or more 

Ha'l.re you ever kno\<,,-:l anyone who got a traffic 
ticket for crossing a track when the signal 
was on or the gate was dc"J.n? 

yes 
no 

Which of the following are the two most 
effective measures tQ reduce crossing 
accidents? 

more gates at cross~ngs • 
better warning signals at crossings 
better warning s:i.c:;ns way before the 

crossing • 
~proved driver education _ 
public safety carr~aigns . 
stricter law enforcement 
require traL~s to whistle before crossing 

the road • • • • • 
require trains to have more lights 
lower speed limits for vehicles _ 
require trains to slow down before cross-

ing the road. _ •.•. 
all vehicles should stop at crossings 
signal in your vehicle that is turned on 

by an app::::oaching train 

Sorting Code 

Sorting Code 

Sorting Code 

Sorting Code 

Your Occupation 
Salesman 
Repai=an _ 
Truck Driver •• 
Research Scientist 
Housewife • 

B-13 

Code 

o 

1 

2 

3 
.; 

1 
o 

o 
1 

2 
3 
4 
5 

6 
7 
8 

9 
10 

11 

1-4 

0000-9999 

0-8 

5 

1 
2 
3 
4 
5 



Item Desc:!:"iption Code 

Student . 6 
~': En']ineer 7 

Secretary 8 
Government Worker 9 
Contractor 10 
Technician . . . - 11 
Retired 12 
Teacher or Minister 13 
Laborer . · . . . . 2.4 
Construction Trade . , · . . . 14 
.?ostal Employee 15 
Self-Employed . 16 -, 

Military . 17 
Policeman 18 
Waitress · · - · . 19 
3artender · 20 
D:::-af'.:sman - 21 
Real Estate 23 
Artist 24 
Ba:-.k ~ployee · · . · 25 
St.ore Clerk · 26 
Chauffeur · · 27 
Ai:::-line Employee . . · · . · · · . 28 
Computer Operator 29 
Payroll Clerk 30 
Writer 31 
Fireman · - - - 32 
Farmer 33 
Plumber 14 
3arber, Hairdresser 34 
Nurs~ . . · · · . · · · · · 35 
Justice of the Peace · · · · 36 
Bookeeper or Accountant 37 
Printer . · · · · · · · 38 ..: 

.;; Veterinarian · · · · 39 
Keypunch 40 
Ec:'.itor 41 
Mechanic · · · · 42 
Gas Station Attendant . . . . · - 43 
Attorney · . · - 44 
Processor - - - - - 45 
Insurance · - 46 
None - ~iscellaneous_ 48 

136 How old axe you? 
16-20 . . · · · · · · 0 
21-25 . . · · . · . 1 

8-14 
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Item 

137 

138 

139 

141 

142 

143 

Descriotior.. 

26-30 
31;-35 
36-40 
41-45 • 
46-50 • 
51-55 
56 or over 

About how many miles a year do you drive? 
less thar. 5,000 
5,000 - 10,000 
10,000 - 15,000 
':Ner 15, 000 . . 

In what state cid you get your first drivers 
license? (see i~ern 162) 

Where do you live? 
coeed by state only (see item 162; 

loc,:.l . • 
non-local . . . 

How long have you lived there? 

What is ~he reason for your drive (vacation, 
going to work, going shopping, etc.)? 

Working or Going to Work 
Returnir..g Horne 
Shopping 
Visitir,g 
Going to 
Going to 
Going to 

Doctor's 
Baseball Game 
Library or Post Office • 

Enjoymen~, Pleasure 
Going to School . 
Going to L\!nch 
Funeral . . . . • 
Vacation . • • • 
Ge~ Car Repaired. 
Get Haircut 

nOw often do you drive across these tracks? 
this is the first t.ime 
once or twice before 
about once or twice a month 
about onca or twice a week 
about once a day 
more than once a day 

B-15 

(# of 
less 

Code 

2 

4 
5 
6 
7 
a 

o 
1 
2 
3 

1 
a 

years, 
than 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

0 
1 
2 
3 
4 
5 

a = 
year) 
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Item Description 

144 How far do you live from this railroad cross­
ing? 

145 

146 

147 

148 

0-1/2 mile (up to 10 blocks) 
1/2-1 mile (10 to 20 blocks) 
1-2 miles . _ . 
2-5 miles . • . • 
5 miles or more . 

Sorting Code • 

Sorting Code 

Sorting Code . 

Sorting Code 

149 Weather 

150 

151 

clear 
cloudy . . . • 
foggy .• 
other . 

Tine of interview - 24 hour clock 

Roadway conditions 
dry 
wet .• 
ice . 
snow 
other • 

152 Type of vehicle 

153 

154 

passenger car . 
small truck . • 
large truck . 
tractor-trailer 
school bus 
commercial bus 
motorcycle 
other • • • 

Type of vehicle 
passenger • 
ot.~er _ . _ 

Driver~s window position 
closed 
partly opened _ 
fully opened 

B-16 

o 
1 
2 
3 
4 

1-4 

0000-9999 

0-9 

6 

1 
2 
3 
4 

0000-2400 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 
6 
7 
8 

1 (if 1 above) 
2 (if 2-8 above) 

1 
2 
3 



Item 

155 

156 

157 

158 

159 

160 

161 

162 

Description 

Reason for selecting this vehicle 
stopped whe~ signal was off • . • • . • . 
first to stop for signal or train . . _ 
crossed against signal or when train 

was visible _ _ _ • . 
nth vehicle . .•• • 
ot. .. er • _ . 

Did vehicle stop for the train or signal 
did not stop for train or signal 

Radio 

yes . • . . • . • . • 
no tr~in or signal 

on 
off • 
none 

Air conditioner 
on 
off . 
none 

Seat belt 
on 
off . • . 
none 

Shot;.lder harness 
on 
off 
none 

Year of vehicle 

State Licensed* 
Alabama 
Alaska 
Arizona • 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Florida 
Georgia 
Hawaii 

*Code 99 if data not collected 

B-17 

Code 

1 
2 

3 
4 
5 

0 (if 3 above) 
1 (if 2 above) 
9 ( .'" 1. ... 1, 4, or 

5 above) 

1 
0 
8 

1 
0 
8 

1 
0 
8 

1 
0 
8 

00-99 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
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, 
Item Description Code 

Idaho - - - · · · · 12 
Illinois 13 
Indiana · · - · - · · · · · 14 
Iowa · · · · · 15 
Ka:lsas · · · · · · · - 16 
Ke:ltucky - · · - 17 
Louisiana 18 
Maine . · 19 
Maryland · · · · · · · - 20 
Massachusetts 21 
Michigan 22 
Minnesota · - · .. · 23 
Mississippi - 24 
Missouri · · · · · · · - 25 

,;: Montana · 26 
Nebraska 27 
Nevac.a · · · · - 28 
New Hamps!1ire 29 
New Jersey 30 
Net·J Mexico 31 
New York 32 
Nor-t.h ::::arolina 33 
Nort!1 Dakota 34 
Ohio 35 
Oklahoma 36 
Oregon 37 
Pennsylvania 38 
Rhocie Island - · · · 39 
South Carolina · · · · 40 
South Dakota 41 
Tennessee 42 
Texas . · · - · · 43 
Utah 44 
Vermont · · · · · · · · · · 45 
Virginia · · · · · · · · 46 
Washington 47 
West Virginia 48 
Wisconsin · · · · · · 49 
Wyoming · · · · · · · 50 
District of Columbia · · · · 51 
Foreign vehicles 52 

163 Sex of driver 
male 1 
female · · · · 0 

3-18 
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Item Description 

164 Number of occu~ants including driver 
1 . 
2 
3 
4 
5 
6 
7 
a or more 

165 Driver wearing glasses 
no 
yes _ 

166 Sunglasses 

167 

no 
yes 

Other wi~dows opened 
left vent . _ 
right vent 
left ~ear . 
right rear 
right frent _ 
tail ga-ce . _ 
multiple windows 

168 Windshield foggy 
yes _ . • . _ • _ • _ 

no 

169 Vehicle defects 

door doesn't close 
valve rattle 
crunched fender or bumper 
broken tail- or headlight _ 
windshield leaks 
missing . . . . _ 
tailpipe rattling 
loud . _ . _ . _ 

truck bed unsturdy 
back window covered _ 
hood banged in _ . . _ 
back window stickers 
seats back too far for size of driver 
poor condition _ _ • . _ 
age of -.-ehic1e (old) 
no tailgate (on truck) 

B-19 

Cod~ 

1 
2 
3 
4 
5 
6 
7 
8 

0 
1 

0 
1 

1 
2 
3 
4 
5 
6 
7 

1 
0 

Nu.wer 
of 

responses 

1 1 
2 1 
3 2 
4 4 
5 1 
6 1 
7 1 
8 2 
9 1 

10 2 
11 1 
12 4 
13 , 

..L 

14 3 
15 14 
16 1 
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Item 

170 

171 

172 

173 

Description 

Physical defects driver 
deaf • . • • 
cataracts . 
probl~ with eyes 
pregnant 
used crutches or walking chair 
very young .•.•.•. 
very old . • . • . • . • 
throat trouble (speech bad) 
illiterate 
shakey 
drunk •... 
spacey, tired, or high (not coherent) 
eating while driving . • . . . 
noisy children 
noisy dog . . . . . • 
baby being held in front seat 
van with both back doors open _ 

Wnat first caused vehicle to stop 
saw the crain _ . . . . . 
heard the train's whistle or bell 
heard the train's rumble 
hear~ the bell at the crossing 
saw the crossing signal lights 
saw the gates coming down _ _ _ 
saw the other motorists stoppin'; 
usually stop 
always stop . 
other . . . . 

What first caused vehicle to stop 
sa·.... something . 

heard something 

habit 

Wnat cause~ vehicle to continue across 
tracks a.~lead of train 

train was stopped 
train was moving slcwly 
train was far away . • • . 
no train in sight . . • 
other cars were crossing tracks . 
vehicles behind me wanted to cross 
police or railroad officials 
did not see the signal . . . • 
other . . . . • . • . • • • . 

B-20 

J 

Code Number 
of 

responses 

I 0 
2 1 
3 1 
4 5 
5 2 
6 3 
7 10 
B 1 
9 6 

10 1 
11 1 
12 1 
13 2 
14 1 
15 1 
16 1 
17 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 (#1, 5, 6, or 
7 above) 

2 (#2, 3, or 4 
above) 

3 (#B or 9 above) 

0 
1 
2 
3 
4 
5 
6 
7 
B 
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Item Description 

174 What caused vehicle to continue across 

175 

tracks ahea~ of train 
~ain movement • • • • 
did not see signal or train • • 
social pressure • • . 

How fast did driver think train was moving 
0-10 mph 
10-20 mph 
20-30 mph 
30-40 mph 
40-50 mph . 
50-60 mp:, . 
60-70 mph . 
over 70 mph. 
did not see train . - ... -. . . 

176 Distance at which stopping d:.stance plus 
3/4 second reaction time equc.ls distance 
to the track (expressed in ff~et). 
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o (#0, 1, 2 above) 
1 (#3, 7 above) 
2 (#~, 5 above) 

o 
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CORRELATION ¥~TRIX OF BEHAVIOR 

ATTI7UDE AND KNOWLEDGE ITEIv'-S 

The following material describes the correlation matrix of the eighteen 

variables defined below. The information presented within each cell was: 

• Number of subjects 

• Correlation of row element with colunn element 

• Lowe:::- limit of .01 confidence interval 

• . Upper limit of .01 confidence interval 

• Mean of X (column) 

• Standard deviation of X , 

• Mean of Y (row) 

• Standard deviation of Y 

Co:::-relations were made for each of the nine locations at which data were col­

lec~ed, and for groups consisting of all sites, passive sites, active sites 

and the geographically matched sites. Complete sets of data were obtained for 

all vehicles, passenger vehicles, those without a lead vehicle within 500 feet 

at the time t~e subject was 500 feet from the rail-highway grade crossing, and 

combinations of these. 

A sisnificant result (.01 level) was indicated by a confidence interval 

which did not include zero. 

Variable 1 

Variable Definitions 
·for 

Correlation Matrix 

Description. Knowledge of railroad crossing a~~ual fatalities and all 

~affic accident fatalities. Score based on picking correct response to the 

following questions. 

Q 94 How many motorists do you think were killed in accidents at rail­

road crossings last year in the United States? answer = 3 

Q 99 How many people do you thi~ were killed in all traffic acc~dents 

, on the streets and highways of the United States last ye~r? 

answer = 7 
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De:ivation. Each incivic~al was sco~ed 0 fc~ a, incorrect a.swer. 1 for 

a correct answer to each ques~ion, and the scores summed. Therefore, the 

score totals we~e either 0, 1, or 2. 

Ir.te~retation. Scores provide an indica~ion of the individual's know­

ledge of the actual number of railroad crossing and highway fatalities. 

V~iable 2 

Description. Knowledge of railroad crossing ar~ual fatalities and all 

traffic accident fatalities. Score based on actual response to Q 94 and Q 99 

(See Variable 1). 

Derivation. The response categories were assigned a score as follows: 

Resl=>onses to Q 94 Responses to Q 99 

less than 100 a less tr.an 1000 0 

100 500 1 1000 - 5000 1 

500 - 1000 2 5COO - 10.000 2 

1000 1500 3 10,000 - 20,000 3 

1500 - 2000 4 20,OCO - 30,000 4 

more ti'.an 2000 5 30,000 - ';0,000 5 

40,000 - 50,000 6 

50,000 - 60.000 7 

60,000 or more 8 

The scores for both questions were s~umed. Therefore the score total ranged 

from a to 13 (5 + 8). 

Interpretation. Scores provide a rank indication of the individuals' 

perceptions of fatali~ies involved in railroad crossing accidents and all 

traffic accidents. 

Variable 3 

Description. Relative magnitude of railroad fatalities to all motor 

vehicle fatalities. 
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Derivation. Score €Kpressed as a ratio of the actual response to Q 94 to 

~he actual response of Q 99 (See Variable 2). 

Interpretation. Scores indicate the individuals' perceptions of the im­

portance of railroad crossing fatalities relative to all highway accid~nt 

fatalities. 

Variable 4 

Description. Knowledge of railroad grade crossing signs and signals and 

accident causation. Score based on picking correct response to the following 

seven questions. 

Q 88 Do all railroad crossings have a signal or gate that warns you 

when a train is coming? yes or nc 

Q 89 Do all railroa.d crossings have a sign way up the road warning Y0;J 

that there is a crossing ahead? yes or no 

Q 90 Host accidents occur at crossings: 

having gates or lights. 

without gates or lights. 

Q 91 Host railroad crossing accidents occur: after dark. during the day. 

Q 92 Most railroad crossing accidents occur during: bad weather (fog. 

rain. snow). clear weather. 

Q 93 Most accidents at crossings having signals are due to: driver 

carelessness. signals that fail to work. 

Q 96 How many of the above accidents (railroad crossing f~talities) in­

volved a driver who would be considered drunk under the law? 

About 10%. 25%, 50%, 75%, 90%. 

Derivation. Each question was scored 0 for an incorrect answer and 1 for 

each correct answer. The scores for all seven questions were summed. Scores 

could rar.ge from 0 to 7. 

Interpretation. Scores provide an indication of the individual knowledge 

of railroad crossings and railroad crossing accidents. 
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Variable 5 

~escription. Knowledge of railroad crossing state and local la~s and 

knowing anyone ~icketed for break~,g such laws. Score based on picking ~~e 

correct response to L~e follo~ing two questions. 

Q 88 According to state and local law, what should you have done at this 

railroad crossing just now? 

stopped 

slowed down and been ready to stop, if necessary 

maintained speed '~less yeu saw or heard a train 

no state law about speed at these crossings 

Q 128 Have you aver known w,yone who go~ a traffic ticket for crossing 

a track when the signal was on or L~e gate was down? 

yes 

no 

Derivation. Each ~~estion was scored 0 for ~~ incorrect answer and I for 

a correct answer. The scores were summed. Scores could range fran 0 to 2. 

Interpretation. Score provides ,~ indication of the p~son's knowledge of 

state/local laws on railroad cros·si!lgs and his knowledge of an}' enforce!nent of 

these laws. 

variable 6 

Description. Indication of how often individual drives across the tracks 

and how far he lives frarr. the site. Based on responses to the following two 

~estions. 

Q 143 How often do you drive across L~ese tracks? 

this is tl1e first time 

once or twice before . 

about once or twice a month 

about once or twice a week 

about once a day 

more than once a day 
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Q 14~ How far do you live from this railroad crossing? 

0-1/2 mile (~p to 10 blocks) •. 

1/2 to 1 mile (10 to 20 blocks) 

1-2 miles . 

2-5 miles . 

5 miles or more . 

o 
1 

2 

3 

4 

Derivation. The responses to each question were assigned the "score" 

value ir.dicated above and summed as follows: 

Score Q 143 + (4 -Score Q 144) 

Questior. 144 is weighted so that the farther one lives from the crossir.g the 

lower the score. Scores could range from 0 to 9. 

I~terpretation. Socre provides an indication of the individual·s f~il­

iar i ty with the site, the higher the scorE: the grea".;.~r the faIr.ili.ari ty with 

the crossi~g. 

Variable 7 

Description. Indication of individual's familiarity with the site and 

knowledge of train schedule. Based en responses to the fol~owing two questions. 

Q 60 Did you know ~ow many sets of tracks there were before you reached 

the crossing? 

no 

yes, remecbered from when I was here before 

Q 80 Is a train scheduled to come by about now? 

yes, I think so 

no, I don't think so 

Derivation. Each question was scored 1 for a yes ~~d 0 for a no. 'The 

scores were'summed and could range from 0 to 2. 

Interpretation. Scores provide an ir.dicaticn of familiarity with the 

site, the higher the score the greater the level of familiarity. ' 
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Variable 8 

Description. Age of the driver basee on the response to the following 

item . 

. Q 136 How old aze YOll? 

16-20 

21-25 

26-30 

32-35 . 

36-40 

42-45 . 

46-50 

51-55 

56 or over 

Category 

o 
1 

2 

3 

4 

5 

6 

7 

8 

Der':'vatioll. Each age group was assi~r.ed the category r:!1lIl'.ber indicated 

above. 

:rnteroretation. Driver' s age, eight categories (the higher categc . .:-ies 

for the older age groups). 

Var:'able 9 

Cescriotion. lndication of individuals signal obeying behavior and seat 

belt/shou~der harness usage. Based ·on the respon~~ to the followi~g 

question. 

Q 117 Have you ever crossed a track when the signal was on? 

no . . • • 0 

yes 

And observations regarding restraint system usage 

Q 159 Seat belt 

on 

off •. 
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Q 160 Shoulder harness 

on 

off . 

1 

o 

Derivation. Each item was scored as indicated above and the scores 

(1 + Q 159 + Q 160 - Q 117) 

. Interpretat2..:m. Drivers who were observed to use available safety 

equiprr.ent and who stated that they do not violate traffic control devices 

form a safer set of drivers. 

Variable 10 

Descriotion. Knowledge of advance sign and number of tracks at the site. 

Based on responses to the following questions. 

Q 52 Did you see an advance sign way up the road? 

yes 

no 

Q 53 Do you =emenLber the color? 

white 

yellow correct 1 

red 

Q 55 the shape? 

0 
0 correct 1 
I:). 

\J 

Q 57 the symbol? 

)< 

A correct = 1 

RR 

RXR 
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Q 63 Eow many sets of t~acks we.-:-e there at tJ-.is crossi.ng? 

correct answer = 1 

Deriva~ion. Each item was scored as indicated and the scores ~~ed. 

I~terpyetation. The index provides an indication of the accuracy of 

the indi.vidual's observation of the presence of a~d characteristics of the 

advance warning sign as well as his observation of the number of tracks. 

Va.L'iable 11 

~riptic£. I~dicates individual's perception of the reasons/purposes 

0= railroad crossing signals. Based on responses to the following questions. 

Q 100 If ~ crossing does not have a signal, it usually rnea"s that: 

onl~' a few crains use the crossing 

yes . 

no 

Q 101 only slow ud.ins use the crossing 

yes . 

no 

Q 102 signals at crossings: 

Always tell you when a train is coming 

yes 

no 

Q 103 Warn you in plenty of time to stop 

yes 

no 

a 
1 

o 
1 

o 
1 

o 
1 

Derivation. Each item was scored as indicated above and the scores 

s~ed. Scores could range from 0 to 4. 

Interpretation. The response to the above questions provides an in­

dication of the level of understanding of railroad protective systems, and 

the level of confidence individuals have in being protected from a train 

hazard. 
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Variable 12 

Description. Indicates sex of d=iver as follows: 

Q 163 Sex of driver 

male 

female 

De=ivation. Coded as indicated. 

1 

o 

Interoretation. Indicator of demographic characteristics. 

Ijariable 13 

Description. An indication of the individual's crossing behavior in 

terws of stepping, looking and liste~ing. Based on responses to the following 

ques-:.ions. 

Q 36 When yo~ first realized you were approaching a crossing, did you 

slow dO'Nn so you could check for signals and trains? 

yes . 

no 

Q 34 Did you listen for a train? 

yes • 

:"10 

Q 41 Did you roll down your wipdow? 

yes . 

no 

Q 43 Did you look down the ~racks before 

crossing? 

no 

left only 

right only 

both ways . 
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Q 44 Did you corne to a complete stop before 

crossing the tracks? 

yes 

no 

1 

o 

Derivation. Coded as indicated above. Scores s~ed, can ran~e from 

o t.o 5 .. 

Interpre~ation. These elements constitute a self-reporting measure of 

~azard detection behavior. 

Variable 14 

Description. An indication of the driver's·looking be!:a·.rior. Eased 

on the follo~ing two observations. 

Q 11 Did sub:ject driver. look in advance area? 

yes 

no 

Q 12 Did subject driver look in near area? 

1 

o 

yes 1 

no 0 

Derivation. A driver who looked for trains in either or both areas was 

assigned a score of 1. 

Interpretation. Drivers who were observed to look for trains during their 

approach to a crossing have a higher probability of detecting a train anc are 

therefore considered safer drivers tP~n the balance of ~~e popul~tion. 
-_ .. ..-.-/""--

Variable IS 

Description. The percent speed reduction from a point SOO f~et in ad­

vance of the crossing to a point 10 feet before the crossing. 

DeriVation. Speeds measured at the above two points were used to cal­

culate ?, where P (V
SOO 

- V
IO 

7 V
500

) 
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!~terpretation. A driver who decelerates during the approach to a cross­

ing is presumed to be more concerned about the hazard of the intersection than 

a c.river who does not do so. A large number represents a greater speed de-

crease. 

Var:;'a!:Jle 16 

Description. A measure of the point of maximum deceleration. 

Derivat50n. The driver's speed at six points alor.g the approach to a 

crossing, and his time between pairs of points were used to calculate mean 

deceleration =igures between pairs of points. The value assigned is the point 

::u.":lber :1 to 5) preceeding the segment where the maximum mean deceleration was 

calct:.la.-ced. 

In~erDretatior.. A driver who changes speed from 50 to 20 miles per hour 

duri~g t~e approach to a crossing but who slows down early in the approach 

is COTIsic.ered to ~ave a greater opportunity to detect hazard ~han another driver 

~ho slows dow~ very late in the approach. 

The points were assigned as shown below. A larger number refers to a later 

deceleration. 

Distance 500' 300' 200' 100' 50' 10' 

I Point Number 1 2 3 4 5 6 

Variable :;'7 

Descriotion. The distance before the crossing when the speed of the 

vehicle is such that a maximum effort would not be adequate to stop before 

reaching the crossing. 

Derivation. The speed profile for each vehicle was co~verted to an 

equation stating distance from the crossing as a function of velocity. This 

functio~ was subsituted into the equation for the minimum stopping distance 

required of a typical passenger vehicle as a function of speed including an 
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assumed typical 0.75 seco!"!d reaction tir:le, ar.:j a solution was calculated for 

the approaching vehicle's critical distance. 

Ir.terpretation. A driver who approaches a crossing with no capability 

to stop is less able to avoid a train confli~t than a driver who is able to 

stop his car. "A larger number refers to less sa=e behavior. 

Variable 18 

Description. A computed "safety index" combining Variables 14, 15, 16, 

and 17. 

Derivation. Normalized values (obtained by subtracting the site mean 

and dividing by the standard deviation) for variables 14, 15, 16, and 17 were 

~o~ined as follows: 

(Vc.riable 14 + Variable 15) - (Variable 16 + Variable 17) 

or (" Looki"g Index") + (Speed Reduction--?:atiof" - (Point of ~axilntL"ll 

Deceleratio!"!) - ("Critical Distance") 

The values can r~~ge from -10 to +10. The mean of the index for each site is 

zero. 

Inter~retation" The safety index indicates the relative safety behavior 

of drivers based on looking for trains, reducing speed, slowing dowr. early in 

the approach, and maintaining a stopping capability. The higher the index, 

the Qore safe the behavior. 
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