
1 
June, 1995; revised Apr~h, 1996 A 

m Houte-Guidance nstauct ions 





-w - -- -- -- - - - - -- -- - - - ' 
~ r : p c f l  r\da T o ~ i ~ r i l r n e r l  ~ e c s s s o n  N 1  3 Reeioient s Ca%alg Nu 

iJpb/\TRI-g:5-E I 
I 

-- - 
~ 

-1 5 Report E ~ t e  ------- 

Tinming of Auditssy Rouists-Guidance Instructions I 
June, 1695, rev Aprill, 1996 1 / 6 Peflcrming Orger~imaPion Code 

1 account 384"139 
tm---- -- -- -- I 1 8 Pertx-ing D ~ ~ I G ~ T E ~ B . ~ ~  
Me lie George, Fswl G r e ~ n ,  and Jill Fleming I UMTRI-95-6 -- 

Cigan~zatior Nama and Azdress 

Ths University cf l!v!~chlgan 
I mrranapc~-ia%ion Research Institute 

axlsr Rd, Ann -iArt:or, -- Michigan 481 
bqency Narna ~ n d  Aedars  

Urrivsrsi$>f oi Mickuigan 
Intallige 71 Trsnspsrtaf ion Systems 
Researe,? Centsr of Excellance 
,4nn Arbor, -- h/lickigal? 481 69 ~ 
15 Zupplem n a r y  Notes 

Thus research center is funded by the US. Depadment of Transportation, t h e  rvlichigan 
De~arlment 3f Prans~o~?~:iion, and 1% member com~anies. 
This experiment examined how far from an iatsrssctiow an auditoy route gudance 
sysls~y~ -rhshjld preslen~t the final turn iwslruclions ('Turn righ!"'), In part 8, 1, $48 drivers ~ 
followed instra~ctions from a simulated speech-based, in-vehicle navigaiion system ("In 
approximately 2 rnilss, Lu*n rigl~t at the trafic signal."), responding "Is this it?" when 
=!key thought they had reached the desired intersection In respanss, the computer 
gave iihs approproate gutdance ('hno, continus,..'br "hurw. I"$. In gar1 2, they repeatedly 
approached two different intersections, wit7 feedback f rsn previous trials j"'%os far," 
"too close ' "'OK") being used lo adjust bvhen messages ("turn leRU") were given 

1 The merhod usea in par! 1 was much more efficient than the method used IP pafl2. 
I Desired presentation distances in part 1 averaged 450 fi (when approached a% 40 mVh), 1 approx~nately 50 R greaier ihar; those obtained h pan! 2 (where intersections were 1 more familiar). Desired presentation distances are best estimated i r o r ~ ~  .he part 1 data: 1 
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Distance (Ti) = -389 += 4 4 9 (Age.codej - 113 (Sex.eadej + 95 (Turr3,code) 
+I5 :Speed in 0~7iJh) a 2 1 j# jieksicles Al?ead), 

I 
wflere' Age,code I= (18-30 years), 2 = (40-55), 3= (65-80) 

Ssx,cods I = \women, 2 = mers I 
I 

Tun? code I= right, 2 -- left 
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IJi~~~lKltH Teclbical IRdepofl 95.16 S~~rnmarired in: 'Green, P. and George. K. (1995). lNhn Should 
,fi,udit@ry Gl~idana:e Systems ST~i?il Drivers to l u r r ; ? ,  Eyom 

iGdHe Ge~~rg~:, P:nal Greear, and Jill Femhg -1uman Faclors and E r c ~ ~ o i l ? i c s  So* 39th P ~ ~ i i a .  Pd!et%ting Santa 
UnilI7~er~i~~ of P%thigm? lm.n Arbor, i.b![iehlgm~ 3Sh i ~ & ~ ~ ~ ~ ~ ~ " 2 C i n ~ i g 3 n o m j c s  So,cidy, 1 (]72-.1076, 

1. What is the best distance " X  for a navigarion system to 
Bell a d r h w  to "turn right," "turn left, ' or ' go  straight?" 

2, Will "'X" be 1hle same for different test m~t:thods? 
3. blow does "'X" vary with: 

drives age and sex, 
traffic, 
intersection geometnj, and 
traffic iight state? 

Wspeai~dl Approach l o  Intems@ctBows 

R~~lke  felBowiwg task 

Distance from lintenmse@tiow (It) Distance fopom Enterseetion [It) 

I ' Comment: Shapes of o!stribut~ons are s~milar, b ~ ~ t  the mean in repeatt3d 
ap~rsach is longer. Also, the data ~n route foliow~ng 1s easier to eolisct - 
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'4iVhy Are Auditory Guidance Systems of Ifiterest? 

There is a signilBcar'~t w ~ ~ l d - ~ d v i a ~  effort 10 a~p1y C O ~ I ~ L J ~ ~ T  and ~omr~~n"hBe$ti811~ - ~ 

a:eehwslogies to improve ransp~ri-iratian, especially road Iransps~La%ion. his {effoi-1 is 
conducied under many banners (0\\4T-.IS or Blnlsliigent 'dshicle FUigP~way Systems, and now 
ITS oar Irst~'Iigenl1 T p ; a n s p ~ ~ i n  Systams ios the U1-rited States; ATT or 9civa~ced 
Transpsi? PaEensalic;s i r  IEurope, various n7aenes io I Japan), The goals s[ these sffork 
are to errhanee $k~rougl%~~,uI, io iunposo%,e safety, 1s satsfy user informat~oa reeds, and #Is 
~ a k e  di11iijl-u~ m ~ r e  3i-ijo\i'ldbla, 

There are many systems tha! may appear sn future vehicles to help achieve ihese goals 
(Green, Sevafio~, ~lis'iiliams, and Paelks, N91; Serafir, Williams, PaeEke, and Green, 
1991). Of those systems, navigation products will likely be owe sf the fiisi sold widely in 
4176 Uwi:e(cl Slates. "9 nai agaljon systeeq sholl~ifs a vehccle's current loeaticn, nay give 
route g~idance jeiihsr in rsal time or as a list sf instru@tions), and potentially may 
proviae I~sfruclions that r-lra modified based an traf$ie updates. At the present Qime, 
sej~sral nundred %Ip~ousar 21 Gars i~"Bapan have navigarion units, and field Bes~ts have 
bean ccini-?uc.le~:l ex;i,eviijniPr;j such syste;y~s in Europe 

In the U.S,, tne t~rsf navigation product on !he market (of which only a few thou:;and 
units \svere sold) vva~ llhe ETAK navigalor. This was a p0inB-~$g-8-map product thal had a 
~~ - i nch  GRT sB-~o~~~iiyin$j a dela~lsd nmp, a CD-ROW1 player for map data, and '12 hl~itons 
used ro enies des%iaaticuss aa-od change the map scale. The produc.B did rioi give route 
guidaeacs This ,~raduc% is rmvlir sold 837 Europe as h e  BIaupunkf Travelpilot Wecently, 
sevelpal o rqa~ iza l i o~~s  (G\II~, Ford, Amerigon) have a~nouncsd navigaiion pssducis for 
the U.S, markel, and o00.1cr p e ~ d l i l ~ l s  are likely. Most producls l?avs Bhe ss&rne bas[@ 
physlca ebfiponenls as ;he ETAK produet (small disl~lay screen, CD-WOIV~, oush 
buitons .BoF inpu') Both a-Iertz and Aves ;rave announced sfferilsg a prsd:!,ret clslfeloped 
by Zexel 01: selected vekll~les iii a few markets (A8no~ymohas, 19914). Prctorypes far the 
Trav Bek{, FJhislT TRAG;;, a )  tcl dfllDa~fPtlqCE dlperafional field tests a83 include ~raisr~a(;es 'mifh 
both vicl-~al ravigatiLm d~:;~lay:; ai-sd voice s~~ jdanse  options. 

How rouze-gutdance infai.~~-ireation should be presented visually, apaditorallw, or seime 
cami2inatrsn of these, rs a central quesllon affecting !he design of navigation slpstso.iras. 
For Ihe visual n:odaljty, tirere are qaiiesiions as to vb!l?@lher the informafiioh-u should be 
text, 2 simpliiiec man siml~r~~~ivnuU~g iurr~ arrows, aurw arrows alone, or a detailed rnap, (See 
Green, 1992 fat* 2 re vie^ and Green, Haekstra, and !F$illiar.ns, 1993; Green, ldoekstra, 
"AJilliawls, ' { P i ~ n ,  a 6eo11 qe, 1993; G;sen, \/~i~ilIianr;s, s%sskslra, George. %,o~g;i ii!l/en, 1993 
for recel-eq re:s;ll~'li;k uesuil.s,j ~2onsidaraiaons ambienil lighting le~els ,  pnplrsicai 
dise3lay ~:l~aracl~r~arics (size, contrasi resolution, eolsrs and fonts availalale'g, driver 
c h a r a ~ i a ~ i s i i ~ s  ,age visif-1-1, and driving experience), features to be provided, and other 
factors. The prsierred 1-nodality and formal for guidznce informlation n a y  deper~d upon 
coat p~ darr.uanc~ i'irad(so'la, as we31 as usability concerns 11 is evident 'ram t h e  
Iiisratu~re a ~ d  produca p l ~  !Is, that ruranq is3fue.e rouis-guldaa~ce producls ~{bill dse doice 
guidab-)i:e bo sonic? d~sgrahi, aria tkal !/once guidan?cs bras desirable usabiloI:;i arspeflies. 



Sp@cif;caliy, tnere is evidswca from rzcen: studies that tndicatss +hat ,sin$ vcice !a 
~u~p le rnen% a ! 4 r ~  d i s ~ l q  C ~ P  be 081~8fi~rae 10 drivers DM re due,^^ glawce dbratdoiqs 
and frsq~enciss te visuai aisplays, rsdiicinq t!bjorksaad, and ~ d u c i w g  t w i  sarors (Dingus, - 
Perez, -kiscbmar-., awz l~nqar, "4%%=) in a S@CO%~ ~ l ~ d y ,  Kishi 8 ~ d  SUCJIUT~ ~ I S C G V B ~ B L '  
rba8 the use oe VOEB reduce8 fixation freqxke?icy ~d mean head 'ate (3 measure of 
stress) {See Kishs and Sbgiura, 1993 a,k) Br- both siua~es, voice-orly Z.itedacss wepe 
not examined, Recsnf Uhfi"3E research comparing shgle 710aality presentation fc~bnd 
that navigat~s~ pedorma~cs with a vesual display 3y i$ssl"ied to fewer ~aviga~ion error. 
Iqan an aaudito~d intedass b$ itself, 3ui 84e auditay ints~aess was -at& as s8igh;ly 
easier le zse {Greer, '\NiBiia:ns, !d-;i~eksi~a, Gsoraa, awd W ~ Q ,  $933; 

do\v Has Message f i m i ~ g  Been Impbemantea? 

T P ~  appropriate alrnmg %r %ne presentation ajf a gartiicuiaf kc~ee  message depends upaq 
ixs purpose, BsngTs!L, and Ihs donten': (arm tir~ing) 0, ~t$ei+ i~essages ir ?he set ~ O ~ C G  
messages can be divided irio four ~ W ~ S S ~ G  - "e8rBy, "~avance,>repare," 842 
'"t Surf -- depend in^ upor1 ~ 3 8 ~  they are ~reseqriea IlPiie ~8s '~y ' "~NE?as le$  P ~ ~ ~ S S B ~ S  

lseovides fofewarn ng o~ i  upeorsaing naneweFs, oceurfi.rig ssar!&y after a preceai%g 
maneuver IS cam"spte$ed. 7 Vie 'ladvan~c'' r?essage, s gmsraldy only prsss~ted 
axorssswJays ane s limed se colncde w i ~ h  ,he appearance of sEs2s savsrai .ieiles aeforg 
an exit (e,g,, 'F~ymcu%$ Raaa, 3 v~~;les'" '"repare" message OCCUBS s ~ o % ;  3efwe 
a turn or e x i y  $nd n a y  6rcBd~e iandu;arks, oea!ieln, distance i-vkf8y, BIG l z ~ l $  *cessage 
signals drivers aa move wno appropriate ,are a m  :a begin searching far :he street 
Jmdmark, or sxi:. The ""a 411~8.1" oo. "apccroaebmsg" mxsage Is vke &st ~ i ~ ; , i % e  ieg~$,~de~,  , 

siyaks .iRe drta~er "0 exec~86 the 2:ue , 

aspsndi~g upon tne rurnbsr Q~ these Tessages pravsesa awa thesf sengin, vo cs 
galdance in?.erfaces [ressags sets) cairn ks :;ategorszed as "bfief,"'sxprsssive, and 
"'ebaky,' Brief svsbems [as , 41 -Scad) generally svjsy nade o -  two woke vessagss 
[tqo "a': tuf~9inessage, and so~netim-sss s "pyeparc' rwssage: ?%at serve 13 s iqp ls f l e~~ :  
e usis~ally-oased guidance s y s ~ s ~  ('krwgki," 'irk Iy$dvrr ~ ~ c p ~  a~ead")  Expressive ,rjte faces 
{Tovz~sa, PravTek, iJhITF411 provide thrse c~r 'o ,s pvasb ' qrepare' nessages ~ B S C ~ ~ ~ I P L ~  
Ihg abm diredlor, distance i~ the iurr,  sirc?ei or raure .me, er?d oosskbly ~endmarrs 
Gnafiiy s ~ / s l e ~ ~ s  (e,g , 3aek Sea: Drrl~[e_y) B B ~  jeygiils $;cmcp~p@iy iirr"~tws~cti31;li~ 'RX drc 
d i ! f i~~! l '~  i?Q C2QE3!Jder 

a ~,"arhe expeWirns;r* reporte: here ti? cortex, lit 3 S I ~ S B ~ ~  'do descPiae ~ P B  V S X C ~  
message !it=~iry~ rules f3 eac111 OB :he inted8c;~':a QT I ~ T X Q ~ ~ S ~  ( B a c k  Seat Cvivsr, 1:ha 
-rav%sk, !JA\4TS k ,  7r8y01~2,1 ~ I I - ~ ~ G O L J ~ ;  F jE6 6383~ %& K:PIIVGV 1,~$e%3~@ e,mpl?asls~~ 
dr:vlng s.rr city styeeas (Davis, t 989; 3avis avLl Sc3m8wdV '989), P a  en~edace pfQbdeb 

;ij C basic acti~r2s ( ( C O E ~ ~ G L ~ S  ~ O T C B ~  lili~ri", 1 ad's srou~cj slmter, ex :, o~^; :o- :o~B~'Y :~ra"'f;:; 
circle), a o t a ~  , k r ~ ,  stop, ara t a r ; )  Freisars messages ir B a c ~  Ssat Drive6 aenoec 
"; custe lengthy fa1 complex decisrz%rs, f"C& in the aA lane because you're going 12 

take a left af the j~sx l  ss: of Ejghts I%'s a corn-g~ica'sed iwtesaec%i~;nr because t"e9z zre ' t l ~ ~ c  
strests oj- Ie4 ) /QI~J w~r':  r r~e ~ h a ~ p g f  sf iq3 t u j ~ ,  f :: also lkle better o' ' 'a?ar &+?(ielr 

iqe turn, ge* avto 1 : : ~  r ~ ~ ~ t  I z t x  ' I ;  Back Seat Lriesec aisa wovlded g-7 ' a. TUFT'  n%ssage, 
;"'Ta~e a leR here '" :<fie d 1 s ~ ~ n r e  10 D B ~ I ~ F I  ~ ~ 3 a k i n q  ea1~k.k 8s ~OI'OWS ":I: :his 
auditory i.iavdgatio.7 ~t!jster- 



!i~~,k~ eve: 

t speak --. t~me to speak at %0 wardslmin, 3 words/"sec 
(t7t2 ~B%*Q 0f ~):~"11718~1~80") 

% rsac: = d.~ver's r~acl ion Birns, assumed to ba 2 sea: 
" 1  = speed drl?,iei..i Pb!sgc) 

For a 4 8 word message heard by a driver traveling at 35 mi/R (56 km/h), the mt2ssage 
should sia14: 234 ik ( 8.08 km) before the intersection. Ai 60 rni1Q-n (96 kmi'h), the same 
message si-iauld aegln 459 fi (Q,W !km) before the turnoff, 

An the aud~toy porrron sf whe Travm$sk interface, up to three voice messages were 
provided far sack ipe~dii.lg maneuver (Means, Flsisekmaw, Carpenter, Szezasblswski, 
Dangus %nu Krage, 19931, For city s%ree%s, special rules vvere also developed far 
succsssiT~fe turns in close l~roxianity. For both city streets and sxpaesswagrs, t l~ere were 
a% least a\~iiio types 0 1  [messages, 'knsr turn" ("prepareN")aosd 'bat turnml"Ths l 'pre~~are'' 
msssaGe, given at 0,4 mi (0.64 km) in advance of a tidrn on city streets, included the 
distance 3cicl "Burrr nfornnalion ('Cn 8.4 niEes, bear rig&% anto Main Street. "31, "$hs "at turq" 
nTessage ~ t ~ a s  g~uer~  OO."Eni (CIA6 km) from the jntersectisn, In early versions of the 
intedace, messaqes wees presen%ed 8 to 9 sec before ]he inlersecfiion, whien vjas too 
%r in sc9vaspf;e l ' f ~ e i s c l ~ r r a ~ ,  1992, ~~ersonal somnuonication). In 8 ssc, a vehicle \ifill 
"ravel 440 Tl [.I 3 krn) a! 35 n i l &  (56 kn7/h) and 469 'it ( .I4 km)~ at 40 nnl"iiSk je4 krn/h). 
FBeischsaar~ ~rsc.lsrnrnen-rds considering the turn direet~on, road class, srgnalizatirsn, speed, 
and o~$.sr faeta-s I- deteV[~in7ing the "lme required, 

In the UivlarRi intedace, three messages vwere provided when there was aaequiste time 
arvailabee. (See tss ffo/lIo~~k~ing ewaruple, "Table 1, and Green, Hoekslra, VVilliams, George, 
and 'ktikn, 9S93lj. hj18ssqe timing was given less aliention than other aspects af Ihe 
audi:su..,i guidance illtedzce. The reccmmsndations Ssr timing sf the ""pre~aee" and 
""appraaching" rflessagss Nere adopiad from7 TravTek (Fleischman, '1 992), alt l~swgl~ 
some !l.~o~ngllrt Pas been $ven Is the ~vrork of Ebarhard (1 9881, Ebsrhawd, Jones, 
Ksisruc.;., and S(;Pspperl !;undated), and Fil.unsgan and Gree1.b (1990). VVnile the TravTa~ 
t i r n i n ~  rsconrme~dations concern only two speeds, e83peiPienee from "PBaqesTeBc suggests 
three airs desired (35 rnd,"h [5S knmShl or less, 40 40 50 mill? 164 to 80 kmJh] and 55 10 65 

< -  

mi/h 188 Ic 104 k"~rl/lnl/)~ 1'88 UldlTl7I interlace used t~mes-to-travel to choice points 
(w ' i ch  ir~cizded En alloi~~~au~,cs for the time lo give I h s  guidance ~~essage) ,  Easy 
Iqessages vier& presenilzd as ssor~ as a driver was ;!-sought to have p.etulFned Icl norenal 
driving splsad a h p  P1avir1g cs~~n~ls ted s maneuver. 
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d ~ - ~  - , Early 1 In" 'qdistanee! "at" "caoeatic~~L - 1 {ac%joa] , .t+ s ~ Q8 t2 
* I  1 (ai~jays g.ivei~~j ( ***bef~rg ( ***befop& I 

,' 
ii? the Teyota ~qlsrfaee, drivers are nsmaliy sfiawD area maps, ~vhlck are ~eglaceci by 
turn displays 8s the driver nears e t u p  oalfikL city slueets, there two prjma;*y j;~!::t'ir 

p. , 

Tessages (7 " A b u t  700 n&ars ablead, a s ~ f : l  13 &be rig;-;1:," aqd 2 ,  Gi-~ou& 390 na:eas 
""3 ahead, fur0 ;CI the i g h i  a1 +ukeda lawr,, ,. {see  KisV and Sugiura, 1993 a,b,) For 

exgrgssways, tnsss aria .-iaessagss psis8p f;yg exill ,[IE ' ' A~Qu?  2 k i l ~ m e t e r ~  a;?@&, 
" I t  ax[!: to biapya jq%grses%ia!~,'' S. '',A,$~ui; li ki:o.:mi:fe/ &?gadi 49 'Vagoya t w t ~ ~ s ~ ~ t ~ o i ~ ,  ,, 

and :here may bte a suopie~~n";,i mqiessage sics@- la i n@ exit. I : ?  rJ8p8r9 the 7 and 2 kc- 
distances are associated with advance naric:s exit signs. Message ce~teri  and ?imicg 
vtfas based or: a tIhsughrifLill analysis a! ~avigafian i~"rmatlar~ rsquicped d[rives. IKisni 
divides the ex'gcutiarq of Ct~j~r-jn~g rmnsui\1(ers insto 'l8hre1g pbasesD ~$aiqgHi-pg Bar~@s~ 

-~ " i&n%i$yir~~ :h'e tur8s I ~ Q ~ R ~ : ,  2nd sxecu.ii;ng ~ L I Y J : ~ ,  infor:3ati3rj rgqun~s,b~ G ~ ~ I ~ I  

phase is idew%icsi A .*;?ars detailed oaserj~,ib~n 9% [ q t ~ e a c ~  appears In paaers 
I T O + ~  # # .  :$Wen by a!yd  is ~~Blsaguss  ([to, ? 993: "0, "'i"a.ia~ .,. j ., , l a ~ e :  a n ~ l  :<.,~91, ;! 895; [lo, 9gkiQ,  

R" 4, 9.- i h ~ ~ g h  ,tble *wl~s4i  b g < ~ , ~ j  aupf+a:s ~ 7 ,  3 , ~  ?jh,r; pz~e2r ~ [ \ j - l ~ :  ;3i,~;!~~gb5 g,[?d s ~ ~ p i y z ~  ~(g$sh: 



rqot all aud~tov nav~gaB~on s~s$srns require timed rnessaqesa La RUB, DiBler" and 
Tyebkhan [ I  994-1 uescribe Audiuhlav, a serisur-free voice-oased nawigalon syslenn. 
Sinice tl-te k~~dicrsklav sysB,2[~ does n ~ t  I~!-IOVV '2rvere Ii-18 B ~ ~ B B " I ~ C U ~  is Iocatsd, gill ~~E~C~UIBS%S for 
infforr~~~aliarl are io.irt!atac! $iy yoiclga, SQ~I"III~~~I'IC!S lfiorr~ %/he driver ~(i '~3e~f,ue 11rep8at,1e 
'previous'"), As a cos.rssqusnce, systerw-in t~aied tirnhg is not an issue for "shis ilrltenPface. 

Thus, current dsslgtl psaciice is ko provide a1 least one voice message coos@ to the turn 
m i n t  and the eaaperirrsa7iaI evider~ce ,s that provioi~g supplemenr voice yuidant2a is 
i3sBpB~~P ,s dri~er;; ;g  ~g , /<ishi au-1~11 S~ngj~ur?l, '1993; Cjin%g~~!s, Perez, Fleis~k~n~~~ar~~ sbni lo~rrran, 
I9940 Kia-i~l,ii&, ~~~lciriksrnaka, tand Su~liurs, 1994) Fc rlher, vvhile "lere is ag:eemei.ot tSiia% 
ihs ygre$en~aiisr~ is?!hai B I ~ S S ~ ~ Y B  ~1'10ul~i depend upon the speed to travtil, the alrsiarncle 
iiorn ins ir~$t:lraeciiooii~ al ~ i ~ ~ ~ l ~ i c k  IE. is pr~senlled varies  fro^^ i i~t~daee ilo inikeflacfe, Table 2 
.r;ilrni*rnriz"c.s tks i ~"tr:r[aer r;; ~:,le::c;iib~f~tl yr~l,liisu,isly. 

Given tne lack sf agreemien! of the timing sf the "'at turn'hmessage, how should the 
apprapriate timing be dersrrTnuned? TTsn~iwg of voice messages n7ay dsp6r.d upaln ihe 
intended role s! ths mes;age. %pee!fically, a voice rnessags can be: 

4. %he prirta~! source of guidance when there is no in-vehicle visual dasp8a.y 
2 ,  the prirral-,l soui'c e of gznidanee ljlvhen signs cae?naB be seen (because clbley are 

missjng, poorly iilumisnoated or too small, or because the driver has poor vision) 
3,  an aver1ioad r e d u x s  jwkren the driver is f o ~  busy lo look at an"lin-dsk~~~cls display) 
4 a r ~ i ~ i n d ~ r  LO loo1< for a vssual nlessags (because a loo.sg time has elapsled since 

the pra!bfious (paesibl\/ forgo;kei%)u message, or there has bssn a ~ ~ ~ a i o r  clhange sn 
*he recon-,r?~207de -1 ral~t~:) 

5 ,  8~ %acku:i Tml 2kv3 viskdili I T I E S S ~ ~ ~  is missed 

in oanef, these fwe cases are re'feaaed to as (1) no ~nternal visual display, (2) no external 
visua3 d,splay, (311 d:uver sltorkload ovsrlsad, $4) driver forgotI (5) backup. l~A!hen a visual 
display ~s no4 available o; missed (cases I, 2, and 5)) the aasditoy infori.-aticln s9~u3d be 
presented at the ooiin~al tirrns u!or executing the imaneuver, pres~ivably the time v~h8r-1 
%he visual information wr uicl Issave appeared, The case of forgotiel..i inpu"! 1s very much 
like -!19e ease sf ipzputm Ike ~lqforn~ationa is no! available, 

The workload overload case desewes some discussion. Adding additional infcarmation 
in :he f~r$"i$ of a it~sbial uqn1~s88~ge cou3d make matters worse, Fudl~er over aading ihe 
drives Hovvevsr, I T  propalrly iimg~lemented, voice guidance should reduce vitorkisad by 



sverrldrng the need to ~rscsss vieua! ~aformal lo~, elfher from the 1ii3-~@hi61& dispiay ane; 
possibly from signs wtside ii"r avehicre Ir ;his ease, 8 ~ 2  abiditoy infornatio~ S D B U ; ~ ~  be 
presented before or eonc~rrently with vrszaj infornatis~ and should be effective i ~ e  
Pa%ionai behavior for drivers wou%a be te attend :s ar  -.maitcry ressage wneq it is 
presented (since it ,s a ~ i y  wva~iable when s prsse~ted), whereas the visual ?nsssage - 
rsrnai~s ana can oe rescPeduled fcv bniewisag :atsf. ib 's shouia be pcssibls, since mast 
input while driv,ng is visiia: ,.^rl~~imizhg ctsrnpetitis~ tor sesouwew If the message s we, 
designed, drivers should P G ~  qeed 82 I B Q ~  a s k  rc.'"~al dl$play, :PUS reduc~ng ~0fenfi91 
workload 

Hence, iirning of auditory messages is iargely determined by whcm information is 
grssenied by the in-vehicle dlspr"ay, which ;Q 92rn is datsrmjnea by the vssibi~ity 07 signs 
awa other guidance in t?e real work! {OR ewpressways, the TsavTe&, 6MTR; aanc 
- 

I ~ y ~ t a  iqterfaces ail consjaes ~ o t i ~ ~  by --savhg lllascs messages coined@ wi%P 
advapece exit srgna.) 1 immq is aisa driver) by ibs need *to prsvde adequate !!me Sac 
d6iver-s tc plan ~ace#iivsrs, ;a change Ilarss :as 1-seded) 10 be er Ins propep Ba~g ia 
make a c-u,pn, ta slow down O A ' ; O ~  ea turnlry J: sto~pibqg, a ~ d  8s axecu-te r k s  vaneuvelp 

!4 sign ~racement is an 1rnti43D~i-tani 'acio9 R deterr~ning ips  tiirniri~ 0% assoeia!e~ 8 u d i 8 6 ~  - 
guidance, !hsri i: is %rroo~?an\=  ROW the j01'sign D / ~ c B ~ @ T ! ,   DO;^% 8f * : ~ b i c ~  
crivers car read signs is rrftusnced by bat- External workioad o e n a ~ d s  associated wrah 
ncn'tcring traffic, and interld dema~ds trorl sortversiog with pessengers and lie:e~sng 
Ja xi-e rad~c, dowevsr, tqa priirnary factors avfect ng iegbbillfy distance are related "c the 
physica, c&aras%er~sbies a+ t $ ~  sigbqls :cfiarazi:~r site, G O ~ I ~ ~ S : : ,  ~TT~IE~R! lighti?g ; e v d ~ ,  
aad dY!ver ~ s ~ s A / I ~ B  B C L ~ ~ ~  + 

in dha United States, reqbpreyqents for S I ~ B I S  fa+ I f fat i~na~ { nterstaljes, LJ S routes) a199 
state roads are seecifiea by h e  ~Vanua! ohr l~r l i fo fm Ttpaf!k Co,r9tm :3evices or ViC7'G/'J 
(LJ S, Be~adrne?! aTr.anspo~atianf 988) &he E,ln[~sd SBa~ss, L?atiafl.iial and szafe 
~ ! g h w a y s ,  bvhik onry aecou%;lkng fo- s srmall pe~:Es~ of 9"Js';rotas ~ ~ a v s ~ e n t - r n ~ l e s ~  c8ir"+y 4 
large share af t$e t~aff~a; (Teets, 995) SEgyis-g mae!iee $or counries, sn~ies a7c1 @.wr 
~u~~c ipa ls t ies  varies with icca rndstsn and ie~ndirs 

Signing peauare~snfs i ~ a y  ooa. road C @ S ~  ~x~sess8ivays~ the sta%dara pr8,~trce IS IO 

have ex!t signs a$2 0288es and i I T I ~  pfioir ~2 alp axit along witr 3Bgrl near the exit snc 
at %he ex t gcrs The exact  cation cf tba s;g3 near $ 9 ~  sx t IS 'i-got s~scif ied ir tss 
~ A ~ T I C D ,  and i:s iiocatim depeqds or; ~1";s S D P C ~ ~ ~ C  c ~ R s ~ ' ~ ~ ~ T B ! s  i ?  d"b8$ are8s wh."hei~ 
exits are e~ase&y spaced asd nc4 w a r  exact i~ i i le incrsnlsnts, iiRs d~stgrxx as aavaroce~ 
a3ks signs varies prior :C 9rl k?xtB, ~ ~ ~ c ~ v o I " . :  ~ a y  ~ [ S Q  d808~cI ~ f l  rih8 ~ 8 6 t e d  S383G! of 
I ?  whe road, typrcakiy 55 3r 65 n-ilb (88 ?a ; S> cbm~r.i.!h; 1 !-gdski, ds7s~ciii.g 07 :he aval 0' 
speed enforcement, vvriisathe, 5ii;0e a i  -icy, 2r (. li:far$sc, free speeds may be as "rgr. 
as 80 mi%k 11 29 krn%h)l 

Lsgib;lity distances for signs can be estrmafe~ ssing the $C ft/irnc!=r rule- %or younger 
r ,@ qi, drivers, that is the reading dista~res bncpaasss au IL  (15 ciq) 5al- saeb inch af Better height 

. ,  
/Oisopi 1994). is undsgstood at "js :!isiasrcs, 85 ;;ereetrt o! ]hose drivers can 

to rsad $7e sjgc. L[bg tji*n.l.ls , g ~  rsac +&e sign js iTac: specified by q,j[s of tE;~umg, 
Asssming a rate a! 3 siiv"~rdsPsec~ofihI (F-svlse? andl Cram-nsr, 3 Bg3), a t ~ v a - v ~ c ~ ~ l  

\ r -  sxixgrs sigq yjsuld '&ks 257' sea: tg read ( ' 3 w  avsra~ej,  :=or 8 six.-\fi."grd adv8nce S Z ~ P  il 3 



see v~ould be requ~rsd to read the ssgn. Spoken messages are presented at about the 
sqme rnlc; 

As ar.r example 0.1 hlUTC0 requirements and the smplications for voice guidanck? 
Etrledaeg ddesigri, sxpipess\May exit guide signs typically knave lettering %kg 1s "15 lo 11 8 in 
high depending o~ the si1,uatis~. Letters of ll~ese signs sl-oould be legible at 750 to 900 R 
Q29 lo 274 rn) Trc~rn the sign, Exit gore signs have "-inch Idlers (5818 foot : 'I52 WI) 
iegibility ciistance: Give1 this large legikiliry distance, reading tione should have a 
{ela%sveU7,/ small impact oili the selection of h e  appropriate dislanes at w k ~ c l ~  $0 :]resent 
an audilo y message. A* 60 rni,ily (96 kmSh), about 18 psacss?t o u l ~ e  distance is required 
to presevl! a two-l\!uord message. For longer messages, the speakrng d~iration is a 
signil"icanl facloir. liaviwg umuck~ larger effscfs are age-relaled dlrfersnces, which can 
lead io ?:I dll"!erences in sigUa& distance of olcler V I ~ ~ S U S  \/ounge~- individu~ils~ P,c~dilorli 
messages are rnasl vatuablle for the older drivers ~1iU~o cannot see the kjgglrwatb! sigqs 
Ons rat~o,-iaIn?, tR?erefore, would be to pressn! the bmessage al Ihe drstanca co~~~parab le  
to ahal a1 l~t~lsir8aich Ii/sidngsr drivers can read signs, (f his assumes ihe driv~~u has been 
!orsviiiarr~ed of lke exili arid is i r ~  the appnopl'sate lane.) This argur~enl fa~jrsrs ~~r~!sen%iing 
aludit5ry 17-i~:;sages for air exit gore relaiecl message 506 R ('152 IT) f rsu~ arl; exill, 

In conrrast 1s Ihe nughiy specif i~ requnremegts for high speed roads, sigur~ng practice for 
residenkial arid business disilricts varies with local custom, especially /or street :signs, AS 
an a x a ~ ~ p i s ,  slrekrl rJarna signs in Ann Arbc~r tsu-id lo be Xajriy large. Aii s~gn*iaiize?d 
'ntersections in Ikia city k~avs oversized advance street sig17s ( ~ - Q w c ~ I  letters (20 em)), 
500 ts 606 R (1E12 tad 183 VI) be&ore iO-s intersection, suggesting a sjgn ctir"9filrst be read 
dpproximately 8iIlO 'U 1(274 rn) heisre the inlarsectian (Note: 908 -.- $3 in 3 5  8iiii7) -1- 500 
Rj, 831 addition, 1 i . r ~  cilkgr  it^ plaeiriig i l l ~ ~ n ~ i ~ a f ~ ~ d  10 to I~-I~cB'~ (25 10 2101 CT!) "ljg17s 2x1 1he 
L ~ a s 2  arms CIF alll %13sfic S I L I O " " I ~ ~ I S ~  r ~ p l z ~ c i l ~  reflective signs, Ugns:ii.eg illur~iuld!ioii-a, this 
orowides a i~ag ib l l f~   distal?^^ 01 5010 $0 600 ft ("1 52 10 183 m) from %ha ~nterseclicif~, Also, 
ail sire&% 175 r17e !;ig1~04 will e ~ e r i ~ t ~ ~ a l l y  be Q-i~ich (23 CITI) ST~O'IIS, r~placrng n!*e i3-inc:h (1 5 
ern) SKI[ s, 'Lkis ilt;r@asE:; lhe sign distance frow~t 303 to 450 11 1(9"10 13"9n?) In other 
jurisdj~liar~s, sic, ss rnay r, dsn D I ~  less ihan 6 irl j 15 era3 high, old anti Uaclkin{;l in a:or~$rast, 
and p ~ s i l i o ~ ~ ~ ~ d  3 ~ 1  T /  i e j  ~ i i l  n~ak 138  ell ~ I IUITYU~~I~LIB~ by a l/eklic0e1s keadlolgl Is 0 1 ~  streel 
l igh i~ ,  

For intormatron concerning slgriing practice en other situataons (rural roads, major 
higI.fi1~!lia rs), s2e Aspendi.. 14, 

vVk~ile the legibility of street signs is relatively low, drivers need a significant amount of 
%me to snake r c u k  dscisroas and maneuver \!\iU~en adequale time is nai available, 
driqai~ers ~ ~ i l i  u~~aks  wcorrecqt tilarr-1~ or miss turns, or possjbly even be invoiired iv ;in 

a ~ c i d e ~ i ~  inhis s~iggest~ %ha? of the various instances in whicQ"~oute C ~ O  ces are made, 
bhs timirig "'a% lura-i" 1Te;e;sages is in~portanqt. Because local practice us :so variable and 
fegibilitil distance i q  an urbau7 eiqvironment depends on many contewt-delz~ender~ factors 
whose 11~pai3t on n*aviga%son decisions has not been well documented, 51-1 sxperili~ental 
~v8~lhlatia~ -aft17 s slluatrsln is desired 



HOW Do Driver Reactions 88 "At TUYR" "e888g8b ~ R ~ ~ U B ~ C Q  4h8 T\/p@s of 
tintersections and Speeds f bat Shoi~ld Be Examined3 

Drivers respo~d to "'at 8 u t ~ [ '  nsssagss ay slowing dows and turnng. They may %;Pavge 
ianes as w&i Finnegan am! Green ( q  99C) rrdicate ahat the mean S B B ~ C ~  time for 
preparing a !awe change 1% 3 7 see, but cadd be just cver 6 see, depending on srafqic 
The time to sxssdte a laps cPange abaa ; .5 see on average, a brief ~ m s  psr.oa 
Changicg a lane consists of *!?fee phases, ~1 rs"i;ng the dsh'acle aoksuards :he otbec aairoe, 
~ o v i n g  to the ather /ape, and tQea ~ e a $ i g , r ~ ~ q  t h s  v e h i ~ ' ~  Tbe dueatia~ of the Sqrs" swo - 

phases are unlikesy no v a y  much bvifl- ?he sseed driven, '1 ?s axation of ti-is ~ r d d l o  
phase 6s unlikely to change wqth posted speea Ahils bogner pasted speeds (e.g,, 65 
~ i / h  vs. 35 mlh) ;sad $a higher ateral s~esds  (the datema veloelity eaua&% !he driver 
speed times the cosins oC + h ~  yaw angle), i%igkes p ~ s t e a  speeds are alsa assoeratsd 
wi:$ -:~ider anss "12 R versLs V C) 

For olhep:Ra"t:sntering a P L ~ ~ R  la?@ (ofier"uo2 18fi ILNP), 8 lane charge should ror be 
requrred iw ia a7 "'at turn" message ,ri a WEBE-designed route-guidarcs system 
Accordingly, nis experimevli was 807 desogned to 8 d d r - e ~ ~  pretur~ ~isp~s i t ion ;ng (wha~- 
sbs drivar RS lv tF-e ilgPt 89"r 63' 8 68if ~i ~ ~ C O S  $r-G r ~ ~ ~ g ~  'C zakc z llgfi ~2%";:  

How m ~ e k  driveis peed $0 decelera~s \i~hsha approac"ring an intersection aepends an ?he 
des sea speed a! the interssctiow, rn!fikb~ i q  69-rn depenas LIPOIP iPe i ra f f i~  C G ~ S I B ~ O I  de!~~ce 
presen: (slanaa~d traffic sgna flashmg ys8ia~ or Fed, &OD s~gn, 7 eId sign), 
Som~r@hensive data are 'ackong on ths drsqide~cy of %dr% Siicr vaitoaas %ypss si de~oc@s 
" e r s ~ ~ a i  expenenslee s~ggests most =wns (sIci k ~ e  LS, ;  ~ C C U ~  g i  cross 4n%ersecti~~";i5t 
qdl-i~h $~affi6 C Q ~ ~ B Q ~  devices d18 Q$8S8Ti'i0 \LI~$~P the dpO&8i+ d 0 8 ~  ~~08 th8 Q@P% 8f 

way (ap~mcash!ng a s:ap or yqed sign, snpraachmg a fPsshingm res, aoofoachrqg a I '  

.~%srsec%i~n req~ir !z$ a % O A C ~ O  furn), 3eha~:ci 8h~lkild be ~ds~ticaF ts approachl~g & -ea 
light (:Ps drive. r?us"asYot+i ' o  a stop) &hen - r~e  drave: has -be fagnt af way [%he C ~ O S S A ~ <  

slrsst has a ska~ or yield s/gi^i, cr s "iashing rsa; sewvbr S ' B O U ~  ~e sirniiar to 
apprsachi~g a green ~tghi: 1 hs s~eciqie ln%e secrirsn geetmwy :crass, I=lsis"$, - 

-- 

etc,: is rnpsrtant o~9y 20 the 2xtaritt %a$ da'leumiries 'Ere rjgh;' ob .iday TQUS> d:~~fc"  
needs $0;- the timing taf a~dotary g~beda~~ce messages for T ~ S ' E  types 87 mtersec:!la~s cap 

!~i@rF3i3 plFi;rr]8"91ly Y ~ D T  OB ^n&l,%,VWi" 8":~6jrr"8 f P B P ,  Cf(35S l l f l ' i ~ ~ ~ @ ~ P  OCS, 



Ths relationship betweer1 speed, braking distance, and acceleration is exprsssrsd as: 

I I V ~  ere: v, vg; -- G L J T T ~ ~ I * ~  and ini8:ial veloeilliss 
as ~ I C C ~ ~ G T ~ ~ ~ O U T  

xi:, = oraking distanqcle 

R'earrai3ging this equation: 

The total stopping distance is equal to the sum of the reaction and braking disiances: 

For a response time sf a~proximately 2 sec (a wonpanic braking event), sacm 1 mvJk 
change in speed changes the stopp~ng disiancs by approximately 2.9 ft. Depending ow 
driving style (the desired duration sl the coast pl~ase prior to braking), this nuumber could 
any aaurte \11!1delv For typical braking Po zero speed (usually nscessarj! for a la'k turn, 
but not alwiays fof a right turn), values cisse to Om1 g are typical, but values can be as 
lavv as B,O6 g. 1?  the 35 co 45 milh range (at 8.Qg ealch 1 miih change in speed 
increases the dtstalnce requ~red by 26.8 ft, for a lefai of 29,7 fi, TITUS, the relationship 
between aisgance desired and speed is likely to b s  quadratic and is pradomiwa1:ed by The 
braking e\ienff,t, no% coast i~~g prior to braking. OF the range of the speeds ewaminsd is 
walrlpow {e.g. "1 mmiikj, it may be difficult $0 distinguist1 linear from quadra.,ic eFfects. 

Thus, the speee driven should have an effect sn the distance From inierseciions at 
which "at turn" iqessagss are desired. It should be recorded in experiments when turn 
gusdaaee is requested. Un the E.S., most urban slreeis (from which the snajorit:~ sf i u r ~ ~ s  
occur) have speed iilniils of35 or 40 n~i/& (56 or 64 krnih), \~il7ile major routes harl~s 
s,~eeds of 45 or 50 (72 01' 80 knnih) w h ~ n  free flo\rv occurs, Lighlly traveled rasidential 
strsers haph~s speeds sf 25 miih (40 k i ~ l h ) ,  The 35 to 40 mi/A $56 or 64 kn/h) case is the 
mast impsflant opae, wilh higher speed roads alse baing of interest. Given the rationale 
;us! described, 2 should se possible Is scale data ,from the lower to higher sy~sed soads 
oa/ careful consideration sf vel-~icle dynamics, road georne%rj/ (higher speed roads tend 
io have nnsre .traffic lanes and mare turn lanes) and driver decisian-making behavior. 

1r.i addbt~on to the summary of the issues given here, there have been other attempts ts 
determine the ""information learl distance" for navegatlon displays. A s  an exarn-$j~~le! 
Tables 2 and 3 psai~ide data for lan-ie-cl~ange and spssd-change maneu\.ners developed 
as parlo1 the Experimenbl Rotite Guidan7ee System (ERGS) prs~ect (S"ilaohsns, Rosen, 
Marnmdwo, and G:bbs, 11 968). As a footn-tole, ERGS had only a turn display 
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The kvei: of co?gest!on cabld affect ihfQef~ î *Ies$age$ s h o ~ h  ~e ~resented~ Typicaily) 8s 
congestion iscraases, speeds esciease, r.idiisatir-g -Pay speed a?@ congesfr~n  re 
'jnked it is p o s s i b ~  *hat i i '  dense : i a f f~~ ry~essages 7~x26 eo be prssentea sooner LC 
provide fh s  additiocar timi? I ' ~ ~ ~ U ' P B C  'GI rf+a-bl,jv8.'rg iJhjs could be ~ffse$  by >II-G 

additsoval time ax.'ai~abSe [G ~ G ~ U Z Q C  s p ~ ~ d 9  %J~%w canges%;lar s  res sen?, 

3% ccgnssq~eqsies 3f aerforrring araving cxcersrn~n-9ls i p  rv3ffic rs %ha: %he [isk 'cc? 
panieipaqbs increases, sbggestrng zesticg s$isuid [axe ylaes opbry iq ccr3itkms ~f 308: r'., 
noearate era%4cL 77hs c.,guE:srBrqunerP;: 9 .b-a dudi t~ry  r~av lga i !~~  ~ ~ a k e  cr14rb";gl 
safer by a e d u c ~ ~ g  sye~-of"~re maa tsl-le s 4'1 1 f * j i i i i  st; LI c~~rsa%esi be72f8'i ' t l l  ~ e g ? j ; ~  ~ T ~ B S I ~ ,  
therefore, Edn~se are fb18 C ~ P ~ E I ~ I O P S  ~ ~ d b a  ~ , k ' i ~ -  a??@ sysiem s h o ~ k i  be 8xamr"31DetlG 1 s f  
this initkai efto;-t? ,uceongesl?ed ~, .sndit ic~s s,c +: 3p~vm*iats stai$13~ p~i#2 t ,  vi4r" h a  
vvesbgatic~ of congested si:~a'aions beern& pcstmnse ~ ~ n f i i  the pisks :a A ~ ~ V ~ P S  a8e mt'le;?' 
~ndefstood, As 2 practic~i r"i9%!8:, 'I+ e pcx 3rs  3F I G C ~  zongestiojr. are rsSativaik hi eert 

calsnear time requiwal il:~ explore- r.isytv IT; - caifiqes~tisr be l e > ~ g e ~  :ha? i?l=l 

,~wcongesled cgndifrcns 



VVhal Enl~nronr!qenBel Conditions Should Be Examined? 

Poor" weather conditions (rain, snow, fog, el@.) reduce the distance at which signs can 
be read ar~cl decrease the suaia,ce cosffieiewt of frieiiow, increasing stopping d~sianee, 
Dr~vers co~~pensata  for this by driving Ipj?ore slo~vly. Daivkness ieduces IOwe dist2nce at 

~ I ~ V ~ U C B - I  signs can be reaci and io-~terse@tions identified, ~~ak ' i r~g  audito~~! cues more useiul. 
Again, ds.iqdTsrs may soo%~plelr.nsate by slowio.sy down Tlmus, the e*Kect of dir?ii.oish~rd 
viseb~Iit$ has a gse~eraliy uncei*lain effect on psele~snces of audilo~~f guidance ITiessage 
time Liniilis scgns trafiit, lights can lbe spatted r n ~ p  readily at niglplt I Z I ~ C ~ U S ~  of 
increased contrasi This could cause driveis to wan-it audilo~~! guidance at a greater 
disianc3 " lor17 ilrtsrsectiarrs, I-Ooq\t\/eves, alti~ring lh 2 timing for messages mRy fo-  tsaffoc 
BiqO~ts, and sully sl fniigki &-gates a driver jl-ite~qace l~dtnicl~ is inconsistent, 2nd ihsiat 
ia~consistean,c~!, potentiall!;, eouid be detrimental to navigatioo-a par/arnmancs. Be(;ause 
ambient Irlghiing (day brei sus nigh!) is such ain importan1 factor, its affIT~Gts S ~ I O U ! ~  be af 
Isas1 @;iplerad in Q I ~  0% s l ~  dies. Since vlisather car nct be c:onlrolled and Is atfecis are 
ua:c;erka6n, oifrly goad Tbqkfeali~er con.sdilisi-ils were ~~xam~insd in this initial effork. Fudhsr, it is 
difficbrlt ,c Pave e4:]ik. 1 ~ ~ 8 6  iiL /elvels of bad ~d~deafkser !'el{],, the same rats ol liainfaE1 over 
sf;lLjgra ~/lI;l~&c.i;) 

U~t!!qo S hodd Serve As S~ibjgc%sS 

Clearly, padicrpants should be drivers. VVhiBe this experiment concerns audrtsry 
gu~danee, dscisrons are made in conjunction with visual infsrmalioi~ (hig~way signs and 
traffic iil(~UT*E.~~), and hence driver visiora is impoflant, Po get a sense of the ranwlge of 
variat~or~, 1% is impon?ant t~ consider the extremes of h e  population, that rs ~ O % R  ~ I O U ~ ~ I  

and mature 3riTi, ers For navigation products, *Bhe likely market would be %hose with the 
r17ost d splosdble jn~corne middle-aged drivers, sl7ouid be included jn khs sampls. As is 
described later, ii !was lais these reasons thai t l~ree age groups were expiorsd in this 
eispsrli~g:.ni. 

The diflsreb-uces aue 1s g3nder are unknown, but since gender is an impadant driver 
descriptor, ii should be included as a "iactor in selecliisg paHicipanls. Thereisre, both 
qen 3rd 7~il13rmen paflilcipaled in h e  experiment described in this report. 

Currently, there are no products on the U.S. market, so experienced users ale slot exist. 
Fur!hen-, the ;niZja. application 0.I: tl7ese products will be in rental cars, so the lime 
availala~i@ lor ieark~ing is %hart (as was the case in the experimen7t described later). 

Haw Niight iblessage Timlng Be Determined E)tp8rim8ntalIy? 

How shodla drivers ondicate when messages shousd be prssen6ied? 

Preferences for voice guidance .iiming could be obtained by presenting voice guidance 
only when (equested (verbally or by pressing a button) and recording where or \~vhen 
requests dcewrred, An aUlsrg.;iative is to present guidance at a variety of limes amd to 
Brave t h s  drivers dentify (for exampie, From ratings), %he appropriateness of the timing. 
8 %  was unce!*;airi ilvhic3-u aoproach vvas superior, su both vliers utilized in this research, 



NhaP should 6 1 ~ ~  .espoqse erites~or bef> 

Aisa ~rnpszant Ka conside" as 6+8 basis used by %08 driver %a determine wnat IS desired 
{earliest possible t"e earlbest time ~ccep%ab!elcornfa*a%ls, o ~ t i ~ a l  time, latest time 
acceptabIe/co~foda~Ee~ [atest ~sssibiie t h e ;  lrhs patsst time c s ~ f s f l a ~ l e  craterio~ wraS 
chos88;~ $0 provide for greater acceptabiiif) in a sXtuatEan no! examined, crsseiiy spaeaa 
streets (often bund o~ u-bac areas:, (Fa <he !lest course explorac, sxrsets were o4ep 
2 'I c: more miles apa;+t0> 11 s8erns reasonable That h e  "?8! ~ b f ?  Tessage should be 
~ressn~ed when the rexB st-eel availabie %or a .c,$E~ 1s ahe desired strest K~avd!ng L~JOV~Y 
\ate !ha;: can 5g is u~e%sr;r f o F  Pasdli~g s~tuaj'~ms si closely spa~ee sx%ets. 

9f a cir111er  OMS 6 ~ a ~ t i y  i l f k ~ P  2!7d wnue to ~ r r ,  % 4 e ~  ppeseqxlng the final auai~ary 
nessage is of f e d ~ c e d  Gse to "he d r a m  i -b~ee,  in ~ x o e ~ l m e ~ t a l  evaluations some 
siemsnt sf l e  iasl- sPob&d be ,sncertan (a,aectacr~ el k~lrli? or i ~ t 8 ~ d 9 d  iqtersecfaor) g ~ ?  
shobld be clar~fisd $1 I$e message of jnreresr 30th ~ i : ~ ~ x + a n s  a e zxpiored, 

D ~ v e r s  c o ~ l d  sither fndicate lb~fha? aney 41al;eted a message by pressing a buttgn or aj8 
I 3 j  sayirg something js,g , "nav~, is !bss tr> 'qe ~ a n ~ ~ a *  response provides for ck8pe7 

"iming siacs a computerized voice rac~gn!x ic~ systerv requires compretim of 111~s 
utterance and slgnificarii orgscsssvng trme c?ierss,fier before it can iespond ~ 0 ~ ~ 8 ~ 8 i ,  B 
ndoice-b8sed response minjimkzes i n l e f e r e ~ c ~  ~ijlfk 918 prwna? t i  S U ~ ! - M O L O ~  3-7 

d~lving, 

T'c ninimize ti.wlwg o ~ o ~ l a m s ,  s we91 ~rawnad ~xpssimentsa serve0 as We voice 
rseognr+iion v l ~  & lqsspanse delays bhq."liir rr? zed b! ~8e !~h !J  ~eroa3 r ~ s p o ~ s e s  brief 
EWhere messages were pre~er -ed  10 a r V w q  ;:,I iihe~c P ~ O U ~ S :  and 11b8~ presePPez G? 
s~bsequsl;ee :rials a: 6rffs.e~~ mmes based c;ir 3 ~ i 8 ~ 8 ~ ~  ~ Q ~ U Y ,  iv \@as eas,@r EO p ~ o 6 8 ~ 8  ~6'081 
TBS~QPSBS [.kc SGOT, 8 lFt%/i/gq choc scim\ jil&a,, l'ttqe/34" 100 i a l ~  roc ate: !?ia"i LISG aq 
8rY894 3f 3:~i1!39$ 

issues to Be ~~vestlgated 



5, Loes the tsrns of uay or ba)f/nighlk dif/eres"sces affect preferences? 

6. Ss readily obssnied characteristics sf traflee or intersection gesmenry 
a1Pfec.k preferen-ices? 

7.  At traffic lights, does the color of the light (green, yellow, red) at the time 
f4teeis:sl.as 2ss maals affect preffersnces? 





Subjects paHicipated in a two-pafl study focused Qn the timing of the "'al turn" 'message 
given by an auditor)! routs-guidance systarn. Durcwg Ike firsQart of the exyerirnant, 
subjects vliiere gzV8r furr~ ansfruc:tB8n~ OWB !Q IWO 1~1ile8 in ad'vrance OF the li"tgi"l~z~1 

interssc%iow by :tee simulated auditory routs-guadarsce systesn using a isrnala voice. ("in 
approx .~~~ te l y  "li1~13'110 miles, turn right at &he tsafffic srqnal.") The street namts was 170i 

.\qcluded, as ~ ~ a l u i d  be the case if it was forgottern 9y t h e  driver or %he str~tehslgris aas not 

.sgible. Ideally, 11'11ell-$i1?qed auditog! rmsssages alcne sl~ould be adequate ta sa?ely gu~de 
drivers to ~ s s t j ~ r ~ ~ a i i ~ n s .  

Subjects were instructed to drive until they believed that tney had reached the rntended 
~ntersection an7ci as& if i l  ;ibras the correct interseeiion, by sayingg "k this it"","oah 
odometers ("lrip toial mileage), as weel as %I712 digital ciocI$ in the CBJ \fver8 ct3vered 
"ior 10-ie dwraticn sYna ex:eriment, ss the subject could not guess the iniersecii~u~ Izased 
on ihe ciiileage or t ine '3rivsrs complied \N~%J"~I~Q ex~~erimenter-trigjgere(a simul8lsd, 
g~ndance systeon response (""Yes, lur,-o ~di~ecliran> a% rlqe traffic signal." or ''No, ~e:mtunue 
thraugk I h l ~  irafiic signal, wi.res.1 11 is safe lo do so.";. The Pest route include~l i ~ ~ r i i o n s  of 
4n1-1 %,rac)r ali~d i$yssalan k i ,  Pdlichiganq 

i l e  second podion of the experiment involved two different ~nterseetions i a ~  Ann Arbor 
with defiiersni approsch speeds. In this case, the lntandsd intersecliow ~ ~ a s  knovial, but 
subjects did ?/oil know wljrklich way khey ~~~wlsould turn at tl7a.i intarseckisn. U9o1-i apg3voaching 
the ir?tsrsse%ion, drivers \lil!@re t01d 'ti78 lurn diiecilon. Once they reached -/he ia-itersectisn, 
drivers c%ass:fisd 4ha message t r i~lng (too alte, loo soon, or OK). Cln ~ U G C ~ S S I V ~ ~  tria~s, 
1 3 ~ ~  tivl~-uc lt~a? ::dj~l,sted, based on dr rc?sponsss. 

A small pilot study was pedormed to lest the subject instructions and prsceaure and to 
study the efBecks 3f tirne of day on the subjects' responses. The pilot s t ~ c y  ~nvc~lved 9 
subjects, (8 rneq and q:~4$;oman), Six of tl~e man bdere in the young age group (1 8-30 
years), onae was in the rnaddle age group (40-55 years), and one L Y ~ S  in the mature age 
group (65-86 years). Ths woman was in the matanre age group, Pilot s~,bjec:'is drohwle the 
!@st r o ~ i a ,  usrnG the sarpe methods as employed i1.i the main expernmev! (described in 
the ssskion-is "eat fs i lo !~~ wnd summarized alaove). The dala from four of tkae nle6-i (3  
you17~, 3 niiddle-aged) plii~ere used to deiermine if !he time sf day was a significanUfactof. 
All F O L ! ~  of %he men drove the same acute, ciuring llra day and in the evening, Drivers 
requested the messages, on average, 349 from the intersection for the evening and 
332 fl during %ha Ja\rtigimc. (Daytime refers $0 limes between 9:OOl a.m. and 430 p.n~.; 
svenin~ refsii.s 113 the pgood betwee~~ 9:06 p.m. and 1"1:30 13 m.) A sam[~le mean +test 
by speed rejlealed that ilrere was no significant difference between the respo~~rses given7 
during h e  clay 3~1~3 %S"ios~ givens a% night (p= 0.37 for a two-tailed test). E[iminatisn s" 
t ~ m e  adf cda!~Hff~cis vast& simprifosd 5111418 axecution of this ejcperiment. 



A tala[ of 48 licensed dqvefs ~an~cipated lq ~2 @ X D B ~ ~ ~ " U B ~ ~  '-hey were either ariends 0.' 
!he expesi~sllers, rse~uitea f ~ 0 r ~  a rgst 07 jj98dici~a~is " ~ r r  ~ ~ ~ V I O I J S  s':udies, O? 
indiv~dkaals wns  worked at tJAATRi (bd: ?a5 rr 'he kduman % ~ C $ O ~ S  E i v ~ s i ~ n ) .  MQS'~ of the 
previous swdies were unreiated $a qa\sigaliopi, S~wteer- subjects were selected f r o r  
Yhres age grsups3 ycuqg (1 8-39 years), ~adle-aged (40-55 years), 8&lr~ rnafwe (65-80 
gears). The meam 7~ge in each group was 23, 42,  wid 72 years, re~pec!iv~Iy, Each age 

- 1  gasup contained a p  e ~ u a l  runber  af am! w~cmsn, 1 geir corrected uisoar achijlties 
l~anged f ron  4013 3 ta 2U7C 

Pafliciganfs repofled !&ar IFriej~ drove ~ ~ t \ u e e q  ' ,306 an@ 40rQOQ vi paP year ;mea~  
'3,000; TPe mnu8t rn9168eage tmded  %P less ior 'he mature dr~vers and young ariveas 
S~bjecfs  were also awed lo rate h e r  $a;smi*i~riry w~tq dribi"ing "47 the city o'i Anp IArbor ar 
3 scale from 4 TO 4 0: - \QT a: 881 fa~nil:zi, 5 - S igbpiy familiar 3 - ii4adeeateiy Iar~lHar 
ape 4 - Very fmmliar) %he  aim S S J ~ ~ G G )  r ~ s 6 0 ~ ~ e  I IV~S s;igPPiiy <:o modsratg" ~ ra~ i9 ia r  

The stuay was conducted os e c ? ~  roar1 -1 2 laq(- fiend dPlve 991 S=erd Taupus statiw 
wag02  lib% an autovai;c %-af~s~~ i ;ss ia~- '  3s ?7$ ~ a b , e ~ $ ~  drove the car, :hey bere ~ B V W  
auditory raute-guidance ~ n s t r ~ ( : ~ ~ ~ c s  r1?z ~11~s~rid65 OQS 9ii(ere B^BCOI~BG alea played ~ B C K  

t 6 p, ussniig a HyperGar-d osagrar r u w i n g  ail a Maci~iasP Pavver Bssk conrected %a a  VAL^ 
Direct external ham dsbve and a WI8?acj~iiosrr qcirber "oihtei Psd 73s n~,wber pad bad 3 

message associated \lxr.ith rumbsrs 3 P-a:gr  9 and PT " " kg., ,"draw!ng 94 tqe pad - 
and the messages %r each of the key& ar:< ?q:,wo "rfY Figure il SYG ikb%e I r ~ c ;  

gaidance insiruc%a3rss "nraire rcllaysd !dsrr'$ a (2rrn~ls%isi atw' speaker Tcounned 6 re$!); 
o e ~ i n a  "he rr-ont seat 3q E$s f o(>P c7' ~ Y B S  

Ail distances wer@ deisfmiqed sy c o ~ n i i ~ a  d pi!isss f r o r  !be i!&h!~le S D B B ~  s i9~8 i  seu"15r 
$t3hr pulses ger %ire ro%a"a.or, a p p ~ o x  m q g I ;  49C P U I S ~  C B ~  ~ i k )  T w  ubbmbeF of 
pulses was rseordea usi~s 3 : : ~ J S % O P  dc~~ir'der. L'.cse counterf ~vas ~anba i iy  
controllee by the experimenler, aaqa the :21;1, yur ,recorded 01- 3 ea?a wee% by :lhs 
experimenter Tne ~sunter ~ G X  had s:aFi, ~ 1 ~ 9 8 ,  X Y , ~  cisar Gut ts~s  a ~ d  8s' LED e ~ s p / q  
~CY the n u ~ b e u .  0% wimee8 pu S ~ S  C O U ~ : ~  eri;s'%~ 8% layad 08 I!w 3 q ~ 1 p m e n t  
arrangement inside af :he car -1e:fsa DG ~ q ~ ~ p m e r p ~  r-=ro3ar runbsvs ?s S%GWP I * 

FQgure 2 



figure 1 .  Nar~~ber  pad p~ith associated messages. 

Table 5. lvlessages associated with number pad abbreviations. 

- 
"*Does tibe t i n  ""No,csn% ""shon) in drabvijr~gr? 





'The tesi route used for pafl 1 ot h e  study, the route-following task, is shown in Figure 3. 
1-sf eOaruPj/, a detailed insert of farget ite~tarsg2ctjsn 4 \s shown in Figure 4, *'The mr,ote 
@sr.n&air~led a liarreby of nanurbsn business artd ressdew tial main roads. Tvle first pad of 
ihs  s x p e r l m ~ n t  began b\ll lurnnng leA from Flsgbaek Rsad, i~"bknn Pirbor, ORPO 
'iiiasi-iieorcv~~ hi~dlilowards Ypsilanli. The experiment ended at the tnlersaci~on oi Stadium 
and Packard Road, in 41-n Arbor, There were twcj iniersee"lions used far the S B C O I T ~  
aait ol"t&~e axperirnen'i: E l l ~ i ~ t ~ ~ f l i h  Road and Platf Rsad, in PPittsfietd Tswr~ship and Scio 
Cbjurclra dild Selyienlh Street, in i4nl~ ,bh61' (The test route for pan? 2 is S~~~GWI?  il"rE-.igurs 
5.1 '-/he f i r s t  part of %ha ~i>cperimsnl Book approximately 2% to 35 mii7utes 19 con~splete, 
' i t  J Y ~ I I I G  i !?e li:ns f i g ~ y  plan? 2 hias bs8wgen '71 an~d I! -314 hours. The specif~c (ttiirn-lk~y-turn) 
Q L ~ ~ & I > C ~  l, iinsicru~,:t~on?s are givan in Bhs o7ex.t sectlor. 





on B~~Ell,l~io~d i l ~  reach 
target Intersection 5 --- 

Note: not lo scale 
I 

Figure 4. Bnse~k to test route far part 1, 





l.ks sx~eaivreenleu met lhs  subjects at UM'T R8, where the snirsduetisns and papework 
3 ~lvere q am curnpletecl. Pailucsp~~usls vvers told that the expar~nlent vvould rake approximately 
2-"1/2 h i l ~  rs anc kl38l 1!7@\; ~IP~I'OLI~I~%! be paid $25 for tkilei~ l i . l ~ ~ r ~ ,  (A COP)! 01 t h e  i~~~.lrb~cRlions BS 
iound in #4/~psardix C.) Subjects completed a biographical form and a csi~rsent "form and 
illen had iiserr a jstral acuiiy n~easursd u~sirsg a T i t ~ ~ u s  Vjsian Tester (A :oply of bc~tiil 
fsrrlrn~s is ! O I ~ J I ~ ~  ii-1 Pppen~illia. Bn) As lhey llJfibfabl!<ed to . I ~ Q  tesl vehicle, the e~perim~;uqger 
gav6 tlmf? snlbljec/ 8r11 o~ i le~ 1~ie~1w !is? lhe iwo parts 04 the e,:p~leriinent. 

VbYiirle trse s~i~jec"Qadlusied the vehicle ~IU~BOPS, sea!, and kemperature ~ o ~ i r 8 1 ~ ,  the 
3xpevlmlien%ep, seqjkj~d 01.1 ills passeoager's side of 117s back sea!, inntializem: the test 
aqujpmswui ir tl-i? U:~ck se>al of %he car. 

Sibs~jeets u,e!e Koild ikss) v\!suld kas driving for approximately 7 to 10 minutes before 
rsachiny 51 ie sl;~ii?ling poik~% for parl 1 sf 117s e~(perime(.ht. They were tolid bas ~wve sieadily 
at :hie ~ I O S L B ~ ~ ~  SIJ~BC/ auxl rblk~l: ad ir1t8rs&~tior'8~ of iniefesk I ~ad  tra'ffi~ sigimls. 1 Far exact 
wgpclj ~ r j  c f  " I~,L;~ r I C ~ I I I ~  I ~ I I G ~  F I ~ E ;  dfyp13c~u~c1i1~ Cm) 

Uara was coiiiecied usln? the Wizara of Oz method in which a person (here, su;gpofled 
by a eo{usp~it~r) SHKO~J~B~BYJ ll-e behav or of a i"u8ly camputerized systenfl (Green eind bQqei- 
?-laas, 985) Curiiriig I h s  i~rst par! of the experim~nf, subjects heard messages Srgm the 
simuiat:>cl auditory route-~~oidance systen~"~ (e.g,, "In ag~proximalely 1  mil^ f u r c  light at 
the trar"11c signa ' Ti~r  liilj~i: differei~~t target iv~l&ersec:ioe.es. Tlhe five nlessages, Ihe 
i n " s % ~ ~ ~ c ~ k ~ i ~ i " ~ s  v d /  !@re 1P1e Y I I ~ S S ~ { ~ B S  were given, ard the intsrsections where tl~s subject 
 gas to ILI-I~~I iki!lrl21~~~ rnt~i"s-e~ii01~15~11 are given In 'Tabs 6. (Wsleip to F igur~s  dl anx! 5 lor 
lssa116?1 s sr114 cllslevaces '1 1'Thl~ Ilirst l2irgeI nSerse~'1i01~ ! W ~ S  used as a prac$ies 
1 1 7 f ~ l ~ ~ ? f ~ ~ l + J ~ ~  

Task 5, ~ ~ U Q I * ~ S Y \ /  rouie-guidlance messages given during par! "Bof the experiment, 
----&= 

7- Interrssctlon ifbfll0.sis1re Prepatary audit 
nlsgsage wlras g:il~wen~~ I 

Afier flearing ihe iaessaye: subjects continued dr iv i~~g what they perceruea to be lihe 
specified dista~:t:e, I~~akili-~g any Iwriie changes that were nscessav during that t iv~e.  
(The odo~msler was eowE red, so the driver did not krlsw the exact distarce t~auelad.) 



Bs6crs each targat antewac8!s.-?, these were :s~e -io f~vs prscedlprg signaiize~ 
I?tersectisns tqat the drivers rnigbl axpeci tc ae -9e target, CiJbesr d~ivers ~ejjevsa :hey 
:were appraachi~g a target rniersection, they asqed ;tcs sxoer:reslater, "Is this ,t?" st +?e 
Batest moment they feBt ~om'fsdable hearrcg a @oaf rrn~ng a~d i loy  ~nstruet i~n (''Yes, ga 
eewrignt a! :be traffic signal, tjvben 1% is safe ?o da so ") I+8t vvouid aB;o~v ;or a safe a u r r ,  
Tbe Batest moment 60m%oflab/e was define$;: as: the [as: ~ a m e n t  +$at subjects felt 
semfaflabie finding ou4. :'$ they had reacned lss target rntersectior, wig"aile still fssiing twsk 
couiia ewec~te the tu?n safe y and comfob6abvy I+ ,vas s~chaslaed thaaughout the 
sw~er ime~t  that the latest i rice comfodabie was ~es i rea,  78t 1be :jme ?he subject P W ~ ~ T C L  

Vo or preferred ka ?ear shs mssags Subiiec~s were gCv&~n a~ ~ " , ~ 8 3 3 k  80 i[lustVate the  
difference bsuween the two times 

Lr response fc ""shrs $b?" ulisries, the @xoerimewliep im~qediateiy pressed %he star1 
a u t t a ~  an the custsrsm-mads ?sunlet and on@ gof Wree buttons !a Q ay %he apprapriate 
rodie-guidance voice message, See B abk 1 for those messages, Based on 
message, the sdbjes" sither :ont%~ued @ r o ~ g n  Ire tntefsectrar 3r ri2r~ed at !ha 
intersection The c s u ~ t s r  was stopped Sy a seeand bu,i%fsn wess from %rge exDerlme'Ptev 
when %he ssst vehicle rsacked Whs stop F ~ F P S  rralFked o~ the pa~ieme~t %r %a: 
'~%$sasectian ( i h ~  disiawce Fipcr the ~ i ~ ~ p a i ~ g  !in8 and ?be cbrb O; :be cross srreef fzrred 
between jctersac8ions A fab" of 2jkose d ~ s x ~ ~ ~ c ~ s  ~ppears T 4cmendi.x F j 

---==-n---p---- %- -- - - --m,-=-A-..d-d----- ----- 
Scenaaia 1 Guida~cc system l[&maKg-Eby saabjes! I 

I 

----ze----L -& - -  -+- ------ --- ---- 
response 

" 
- - - - - - - - A  - - 1 

Subject asqs a? all No3 cantinue ':hrough ths Subjsc'i continues stvaigkl 
isg~armediate in,erseclloii. taffic signal la+j'el f ye a e f ~  I i.p-ougb in'tenectlan uf"0 
keff ore the tafgelt "Q do sc " / ~ ~ ~ G D E ~ S  pes~; Znteisectiar , 1 beliered to be the 18% 1 -- - --+-- - - - - - = -  ". 

"""/es,qo:eft/righisiihe Sob7ect t u rns  a4 "he kzqe' I 
~nxersectim mMic signal_ l~vher: i +  1s safe "rr'ersec: on 

TO do so '' 
- - -  - - L-- - , .._- ,- ,-A --- ------------- - 
Subject drives "0 far asfd I Expsrimiisnfer asks subject to ' Swbjec: follows 
KI~SSBS the &rg8' / i$lR ar0,'~id 94 d ~3n'~fel'ier:: , ~ W D B ' ~ P @ W ~ @ T ' S  
I!-fesssctisr 1 ilocatiar. IL4 i~~ed "7itefsectsor' ~scxLcr~onsO 

I 
---- - &  --- -- c o u n t ~ ~  8s B ~ E  ~ ~ m i +  ii-I 'i:aEz 11 I - -  - - - -- -L 

After B~~rnigg a"? target wnisrsecPien, d-ls d:a\i~~r ~vxxivea spaqepll areceions frsrr 'rqa 
swperiasntes iio reach :rr eegrpnang a? the next :.;a , I ioor --rntrg a 2 t 7 d  BOKZ " $a 17 '"I destinatlo~ interssetions cf papA: 1 ,  '4s sub,ea;i p~,il/Be3 ink G q e ~ r 3 b  lil;iSr<i$Q 10 &I L 

received Hnstrucbioqs tor dar: 3 cf the sxpar~m@n!~ DrrvePs "iiisre io d ha's they &8i"ld -- 
perform the save bask :asks at i ~ m  sssasate s"nerseetions "i first rntersec",? S ~ ~ / Z S  

locates at Elkswoch aqd Plat: In P,tts+ielld TowmsB-iip Dr vers atways ao~rsacbsd tke 
rntersection at Piat; by daiv qg sasg on 618s~1~cYP B?ey ~rsaars also cnstrueted to drrare 
toward fhe i~~ersectior"l' &ile keeping Irletr &speed ss c oss as ~ossihie Is ,?e i~ssred 
speed limit, 45 nVk P skeY-cil ol ifhe rn;s~ss~tucr~ s 9iva.u '* F @re 6, IAcflsliar 

i 

ahotographs anQ drawings ni 9 2  "arps: i~tarsec- OPS 8rse ~0caid8: IT Ap~erC i695  -+ 

a m  %,: 



--- 

ibts all disyances sktoi~vn on Ihe 
side 31 I,+TE r~81cI are ~ I I E ~ S U ~ E ? ~  in 
feel ?scm {he dashed i'li-ne at !he 
rr ter~ec:~on. 

Figure 6, Watt and Ellswoflh in%srssctisn. 



Figure 7 shows zhe sequence oq ac~ivities i ~ t  each (rial %r Dart 2 3ach t ine the :ss: 
irterseetiob-u #as approac?sa, the sxpsr~mentsf started ah@ c o c ~ t e r  vmen 198 v ~ + ~ ~ 8 6  
passed a pre-selee%@d, fixed eandmark o~ +"ks side o* tee -.'oad C 2 %a 9 35 mp~i from  be 
~stersecteon, As ihe isewicle neared ;Pe inrs:ssc%io.u, dr veVs "'Now" at Ratest 
?amen8 "sey %If co~fof iab ie finding aur 219e d~reclion twsf were going .:c turn -islhal 
' n f e r s e ~ : ~ ~ ~  (The w r d s  "Ya~esf," 'komfciei~ble," a ~ d  'safety" ycvspe emphasized 
:baoughout oati 3 : in ?espoqse, the sxpeCrveni;e- sirnu mnesus:y ~zesssd the " ~ i ~ p "  
sutlsn an fbe counter and s key 01-a iFw ?7,.37~er Lc86 a8 pay rns  predetermined ':u?r 
instruct;on from the audito~d ;iaule-gurdan~c syska~ ["Ga frgk, "$0 straight," 2~ "GG 
left Exeep! wbe? eornfok* cl safety we-;: rorripvemiseo, driven coipipletec -i.-a 
sqansuver at the tmffse sigqak, 1Clnce drivers zompietsd a lurr a? InSlii@rsecti~ri, :key 
drove arsuna the block wac zppcoaehet .:ns s a ~ e  ~ $ B ~ S B C ! ~ O P  agak 8tFam %he sans 
dlrsctiac, 13rivers were to d Xnat toeb waud  aopraaeh sacn '*~%erseetio2-i a ~ i r ~ i m # i ~ i ~  ~ i r  

r--ar five ~ h e s ~  ne firsf : g 4 ~  appr0acD8s 80 e ~ ~ h  ~T~BI"SBC: OR uivere 73' fam'l4:Biaeszakic~ 
parposes 



1ih.p PIP o ache 3' II an i. 2 /I 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ w ~ ~ P o I I I I ' ~ I w I I o o u L I ~ u ~ u ~ ~ ~ ~ ~ v ~ ~ ~ I ~ ~  , m r n u n a w ~ o m u ~ m ~ ~ r r m d  

s,-c -~,,~,,,mmm~"mm, 

P' 

I ~ : r  esses 
sl up but to n 

pu lser fr am 
I ;2 i:l key o n  ian dpn,iir k la  

1. art rjwi' e J:I 

% .nx.v.,m - .-.- mT 

I 

c a ne ludes base % o a 
expe rtmnmenf er 's 

r nnes fa se t ewt >, 

Figure 7m Flow chart lor the sequence of events for par-t 2, 
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For ail subsequent approaches, dri'ders wailed for tw dirsc:las to be given by !fie 
auditory routs-gurdance S ~ S I ~ S K .  Fo: pibe em~ro a p ~ ~ o a e h ~  :h8 exper[ren%er gressed a 
key QP 'l'ne namber pad to p;esent as ~ueriisr~j d m  ~nsfruc l is~ a, .:be same disrar;lcs (a:, 
indicated ~y the co~nt~rlq 3s requested ir;.  he prsv~ous approach 4s :he drive. reaweo 
lqe lpoltsrsectian, ]he ewpsr ~ e n t e l *  asked, "'9ased on the Batesi rement you'e % ~ e  
camfs~able hearins %he i u r ~  directio~, \bias [Pat message grwn IOQ late, too soon, o 
OK?" Eqke driver a~swsrsd "too late or 4aa saa~ , ' '  the sxpsrrmewtar askea: "Was tPc 
message given a ?ittle ow a iof too rate/s~oa;o"" Based as" t ~ e  aosweas the expeqventer 
aqusted the distaa-ce a: v ~ h ~ c r  fPe ~essage  mas giver t9e Q ~ X I  ap~roack, w e s e ~ ~ t i r s  
a message at the same ddjsta~cs, or changing !he 7 ~s by one oc two see, cf *.rig chide - 
arswered ""3K" OP fne +Pi(& a~proacC-, Bhe dislarc8 ~ 8 8 d  'OT the fohIqP approac~ 11':'pr'~s 

- a  

FaWhe distance $G tee ~~PefseeYi~n cr "A 8 thgrd ~ D ~ S O B C %  This Was I$ $8SPOPSe a3 
a~reeabls swb~ec!s who .iuoidld arsvver "OK" is any dis:ance a! ~~vlihich the message was 
CJT&PeP Mast 0% ';he SU$J@CIS tfl!7~ ~ ~ 8 ~ 8 : 8 0 '  "OKi I%$ i3pp908~h 3 9%k2~ the 8 ~ ~ 8 r i m e ~  

--2 11 

14/1th dislaqees 680ser to $98 i?tersecti81~ $;WR tb8 j  oiigi~ally accep%sd. ?e csrnsleta - ? ~ I s s  for %is staircase ~ e r ' h a d  are sh~wm 11- able 3 

fable 8 Dlsianee adj~stqwn!~ for cart 2 c i  $ 7 ~  experirent 



i 

1 

I --- 

Aled "'OK" earlier 

I a laitao late (31 soon) 

Once this process was completed at the intersecsl~on of EElsworih and Plat%, 
drivers were directed by :he experimenter to "ihs second intersection sf pad 2, 
Scia C h ~ ~ r c h  and Seventh Street, approack~lng from 1178 east, 14 drawing of the 
;nters2ciisn is sho:\rn in Figure 8. The sanTae process was repeated. 
Subseauenliry, pae?lcipauqfs drove back Pa UIVIYWI ljl~l?are they comi~letsd aayrnent 
forms weriE paid, and ~~vr~'re thanked k r  their time. 





Ths data from Ihe !wo eswdilions (route-following, repeated-approach) have been 
so~alyzed sapar,atelv. ll'bfifhii~ each SU~SBG%IIOI'"~, 81'9 O V B W ~ ~ W  81 the !means 8191$1 
dilferee~css between inbevseckions, and /ac,srs !ha$ cause differences rw the rlislancss 
Ass! red wera ccnsidered separately. 

Prior to analysis of !&is data, the resul~ associated wEtk the practice intersection 
sequence (\liqYashlsnaw and Blockbuster Video, '~lfashteusaw and ddolfside) were 
discarded Data from the inlterssctions at kvashtenaw and Sheridan au~d S'tadj~sm and 
Yiashtena~,~! bhvers also nct incl~ided jn the main analysis. The two intersectsons 
coincided LQV~L I~  a f68k in the road, and some subjec'is asked ""B this it?" prematurely to 
clarify 1~hicl-1 dir1actsoa-a they were %a continus driving, even though Rhey kuqew fh~~"9hsy 
had i-izjlt r~ashsr 3 14-u~ clssiinatiol-r intersection, 

1 ,  Vdhat rs toe mean and distribution of distances to signalized untersectionc; for 
v!rPic& aud;to!y '"'at rurn" 'messages should bs arc%rrided? 

a i ~ h  the practice and tvvo unusual Intersections removed, 32"l responses rernainsd in 
the data set, for  those remaining data, the mean distance at k~hich a message! was 
desired i~~nas 450 Ill (137 ur1) v~jith a slai-udars deviation of 261 17 (80 m). Tliie U I ~ E I ~  

approac1.a speed was 38 fni$O~. D~shancss rangscl froin 29 to 18"1 3 (Q to 553 m). The 
very small distances rep<esenl two s~tuations -- ( I )  the driver was almost i~ the 
intersectiocn ant, was Booktng for a last moment eonfirmation and (2) lhs intersection Bight 
was red a% approach and the driver slopped near he intersectiol~ before asking. 
Figure 9 slso~s %he distribut~sn sf dislai-ilces, whicvappears $0 be log normal 



Tabbe 1 O shows %he meaq and s!an-Fdard bevretrcn 37 She distances 'or each i~fersectbor 
:iaslcIudi.sg those which wepe not ~neiuaed l lw ks I #win a~aiysis), alosg with $he rumbsr of 
pssscnses, Again the ~umbs r  ai %qzmr-ses ser prtsrsectian digiieis, aecause drlvs~s die 
not ~dways request ~ D % O ~ ~ ~ I O S  wkiie arjprDac:virg B ~ C ~ I  T I ~ ~ ~ S B C : , O ~  DifCefe~ces amor-2 
ail tss: nntersec!ions l~tere s:a%is%~caily s gii"~Piza~tl :F : l l  ,3CX3j-Lr'5, 9 4  OOOd l o  For SIX Q I  

B?e itnt~sseetims there wefo less $ha\? five >espowsss ~ncluaing $w~ cases of cnry orlie 
response eacP For irters@~$ions f ~ s  k~;P~b,ll lherb were -"6 ~ ~ S ~ O I C S ~ S ,  ttle fa*h s l - ~ l i ~ c ~  
be giver- to :he mea"9 is ta~e~s  1k1';1ice ' 1 ~ 8 :  dts~z%ces bb7 I~ IBTSBC'L~B~~ \rzqqur:s ~ i d s ~ v ,  
?ai.;gsng f r a i ~  285 fit (8?' m) ,d: 659 '7 * 17 , h/q Ie ~ 0 ~ 8  3"l-e CJEfQefsn~e~ alr8 1:) 
a~p?w,zP speed, there 1.r a:/ /he sther ressrsYre, ':lr be~\i~ecq ~1%~ltst2cti3.7 fiiiffere~nices 





rod$@-foliuwrrg ew~eiimsni. (The origin 3: the x-axus cwrsspoads %o the she sf the 
pap 1 j The %st jntewxAio.i of each aeaencs lie Te destination, at : ~ n i c h  the driver is 
eo turn There are no ~ a t % e r ~ s  evident exampie, bp~ondests~atisns were no: differen? 
from destinations, and disran;rces did poi: inwease or cscrease as destinatior 
intersecfio~s %idere aporoscked kc;: fsr :he Durpess 04 Ahis analysis, st doas nci 
matter if the street was OW 39to iwhic3~~ EZ d.;~vers t~v8-s supposed "O ' t ~  QT not t ~ ~ n  In 
brith cases, thew Pesporse indicated Pea ar 'n advance of a street a iinai turn Tessage 
was desired It shogld be ao%d that :"re busre FG ~pequssts made at she f i r s  
i ~ ~ ~ e ~ s e c t i ~ ~  iq sequence 4; ~Perefoae~ ~ r l y  r~terseeiio~s 2 through 8 are s$ob~n i~ n e  
figwe 1a-u examinrng :hss fiqufe, reca 1 Mat rPs  gsameTr) far ;n!erseslrans 2 and 3 01 

seauencs 4 we70 quits different f r ~ r  'Rs? of ct%er interseet~ans :his aqxxire2;. 



To examriis difeieii~ces alhsr tklan those due to iw.$eiseetions, an A K I ~ ~ ~ s ~ s  of Vcarianee 
(ANO7!11'4kj was u,isad, As CI iirsl step, a Qne-liiray ANOVA was co!~~putsd ko examine the 
eflect cr aPe s%a:e oi the sft ii~lrn lignl. El was not sigi~nf~cant (F(4 ."032)=0.23 p=B3 63) and 
i L h ~ s  ifii~~s I-IOU ina;ludied in Lrie n~~ain al-~al~~ssis. Addirig Ike staie oVlhs left turn ligi-11 
jco!lectso /lor arlly lair t i ir is) lo the model suhstant~aily reduced the dala sel sire by 
e~~rninalihsg r~gkz.ii.-~tu~a da%:l The light slats was carrsIaPed with the n u n ~ b e r  01 CisrS in the 
l~~'l-lIn\rn l;ttF1,z IV\/~II~Z'* ~ A ~ ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~ l  ! v Q  tL7e an~ilys!s~ 

Also excluded iro~m rhe rrmn analysis were between-interseclioes differsrrces. bYheea 
lncludell rig %I-E I I ~ I ~ I U  I and ~,;s>is, 1~61vveera ~mtersectisn differences \diere sigrnlificant 
{hers F f l  I " - 3  1'3~1.) z 0 .[IT, pz-fJ 031, Umlswe14~er, includir~g in the model madel it 
i~-npsssiole 1 ~ 1  srialnlrie ILII~I direc&iou7 effects, because each infersecti~n was either a 
fight !U:P UII 2~ lent t, r b ~ .  %s9.~lile betq~~l/sen-i%.st&rs~~Dri~~~ differences could )save been treated 
as a nestloci ~1k;c:l " I~E yl~;lllqung esll sizss and unbalanced design ~{resullj-ag f ro l~ i  the 
natu1~alis6 c d a l ~  a,eiiec!iorr tnelkod) made such an ar~alysis extrsmsly wo~!i\/ieldy, so it 
W / ~ S  no1 pin ~ ~ i ~ e  1, 

Interaelelon a~fects waere also excluded from the main analysis. (In fact, subsequent 
analysis o'S enry st~aiEslica~lly sigrzificant n~aiw effects showed that Ikere viere no 
s;cnifkant -h" p ~ ' i 0 ~ ~ 1 1 ~ i l ~ 1 ~ ~  i1'lkertr~kj~~"18,)~) 

T a ~ ~ i e  "1 shows the results 0% Phs initial step of the analysis after the prelimina~j steps 
just descrobed, Pdotlee Ikat nofie sf the facsors associated with the state sf traffic lights 
were statslecall;~ sc$~nilicawt How!sver, there were sligh'i differences vvith driveris wanting 
greager 1jl'~ran:ing e?istarrlces for appraael%es whew the traffic Bight at the intersectiasn was 
red thaw for apploacl.~es ~~rhen r l  was green. The state of the light was recorded at t l~ree 
different accasixsl-~s durincl !he axpsrimeli.pt: the approach, when the message was 
;equsste@, anad 7 ~ ~ k ~ @ n  thti vlek~iels ~vas at tha Yighl. '$he mean distay-ice across subjects 
was caleulsled i"c( Ike % h 2 m  instances. In gach case, the dislance when the light was 
lpsd was g r e ~ t ~ r  b a n  1~~d~h~r-i the siats elf i l ~ e  light was green (509 vs, 428 "4 f a r  the 

Pali) " apprsack~, 502 !)jErsl~ls 4,- i It 1j~lfhl2a the message was requested, 477 var:;us 4413 wl~sn  
Ihe lva&~clis rsachs:! R.Iqie I g k ~ f ) ,  "This vbas not aLae to a difference in speeds, as 
pzrlic:lpalP~t~ iien7ded l a  be dri!iir~qj a~~sre quickly whs1.t xhe Bight was green than red. Also 
nair stdtrstii,a,ly slq 'hicli~&[l I lwr1!ere time of clay differences (morning: 489 ?$",, afternson: 474 
ft, eariy aveliP~iregm 353 R) The slsght tims-of-day difsrences probably reflect differences 
in ]he driqljer sarrlnles Milriiively moie young ano middiemaged drivers participated in 
%he ear"/ ei,r1~winql~ ssssioi~is, ar~d Ihsy "]ended to i~aoffer shofler distal-ices, iVsao3 si~eeds 
as a f,incliorl of I~T ' I !~  Q F  6Ia1\/ clj[S81"ed by a fraction sf a mila par hour, too little to mareter. 
The ifaiiiune cTolk? r.i~~!il~bls* 0/ cars in the left lane to be significant is not surprisir~g 
ibeca~lsu al' u r r~s wsu.1~ c~r is id l ,~~~od,  w s t  jusB IsR tu~~nr...  
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bta!e of iGl-11 lh/'ler~ Message -1 2 6.2% "75 
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Su~sequently, nanssgnifica~t ?actors we~e eiim!nated srs~wise (~s iwg p d , "  as $9@ edt> ,  
V V E I ~  each effect be15g p001ec evto :he er;,,lt xsrm 25 :Ps 4&0YA :n some eases, 
reduczqg ss~strarw!~ or- r72lir1 e~ffscls ;acraassc~ the sawgne size Taole 12 shows ~pre 
factors remwiainlng aE the a~gl;~s;s !(age, saw, ~~r-tswed k~rr c~rec! Q'P /Pefi 07 righd), speecl 
driven ('!a ~eares$ -5 rli ltt d ~ d  the 1 7 ~ ~ r ~ p e r  gars 87-ead; 

-- " = 

-- - -  

-- --A ----- 
I S eed lpL= %-= - - - 

i Age - - 

'sew A 

Residual I- --, -e - - 



young middle 

Age 

i-~gure 11, Effects off driver age and sex. 

Also significant was the effect sf turn direction, with drivers wanting more distance for 
iek r:,nroqs (486 ft) tWan rights (366 R). 

Figure 52 shows all the distance data as a function of the number of vehicles ahead. 
Figure " 3  shows the trends usiing an expa~~ded scale. Minimal faith shodid be placed 
on the d~staness far more than seven vehicles ahsad, as t l~ose situations onlily ~~ceuraed 
2 maximum of three I ~ m l ~ s  each ~n this encpsrirnea-.t, 



Speed affects were su:te pronad~zed, w,t!l aTivsrs aaxirg pore disravee as speee 
hqcreased (See Figures qh tmd 15 fop h e  f,fbI dsia set and :repa 11~918 h ~ t g  ibgL 
y-axis values fov Figurs 4 5 cm!s7 a iia~ge, ra,nlgs sf va uss $has@ *I [Fiqujj:pe - 14"9 -T*& 
depafldre  fro^ i;:~rneardv sa 2."i. :~yyijjnj ~ e p ~ ~ s e ~ ~ s ~  ~ ~ 1 1 1  ape TBSQOW$B 



Frgure W4. Speed versus the desired distance 

201 25 30 3 5 40 45 

Speed (nnlsh) 

Figure "1 5 .  Mean speed versus t k s  desired distance. 

Using multipte linear regression, a prediction for tne desired warning dis?:ance bwas 
developed. Vtkpile other i~30de3s might be appropriate, a linear model was chosen 
because  cost of the varjables livere binary or represented a limited number sf 
ealegsries (making higher order models difficult to test). 3ther variables, in parlicular 
sg~sled, lad a limited range, One nolion (pmposed iri the Introduction) is that driver 



requests are based on a!~cw!~g suffici8~1 1bista"ics apead so that they can brake 
confo~ab8y and just stop at the ~r~ te rsee t i c~~ x i ~ r  IO 2 ? L ; R ,  -;he distar~e Fsquirsc 
depends on !her carrent s ~ s d ,  %heiip raacdiEon line, and an acceptable g braking lcve 
lli there are vs9kies ahead gf %ez, thew a6cttior-a~ dista~ce W I ~  I be required Qeaua '10 
%he aistance occup~ed by the \\je$ic!es amac of tqspq pibs I h s  t,nteejebrc!e gaps: 

‘The follsmjsg express or) aaccsunts -a+ 38 p e - c e ~ t  3f ihe var ia~cg 1-2 the distares 
est:rna~es, a noder8ts$ ICY, ~ R O J - ~  

'ii~heke 
Age code 7- \!sung> 2 midass aged, 3-  ides 
Sex C O ~ B  'i =.( :ua;ar~~n, 32 r e r  
"J ncade I- r g k ,  2 -  e+ 
Soeed ( ~ i / ? ;  
\ ~ m b @ r  s Vehie9es (vs$;-las ahead: 

T ~ G  sgesd ~oe f f i e i s~ t  1s ssrneirdqat less ;nwn ~redictea by theory As ~cxec !P ?",A@ 

%tWoduc$io"a, eac31 ?he p9k h s ~ r  ih?cress~ J J r n  %ps~d IS assoe~aled "JV lh aQ ncrsase ol 
= almss': 33 fi in s t o p ~ i n g  dtstaqce ( a s s w n q  a decereratia~ D" 2 i 2 )  -or this g ab~alt~e9 

ppalativesy small i~erease ,Q the 8bsoi~:e 3 39~2.31 ~ 9 : -  /88d 'O 8 large perce~"s%ge zbange I '  

suopping dissa~es, Fxther t r a y  be that --:*gas nG speed "s agso assassalsd &ilk 3;Pel) 
'~cre8ses (traffic, wcpklaac:, c: : -8. ~~h?cr  additucral 3yocs%sing lime is .reedee. beqt!e: 
estimates 04 i:tie effects of 5pee~, COL d c97~4n ' SFY %if]  exar~ini2~0~r af 8 7qv~dgr P g ~ q g e  cL 
SDeeasc 

If the driver Is caicuiating haera: far irr aevanc;@ ~ J J P E ~  i?"~$!nk%tB~~ is needed b 8 ~ ~ d  0t";h9 
space seeugied by cars iq irorii, the 21 5 por cg~ r  Is :easonabie. 14 jypicaii u,S, car ir i.12 
area w h r e  f h s  exoerl-qsnf .to&, piace is a b ~ ~ d  1 BQ in /oqg (?5 5) (As a b ~ ~ ~ i - p q a ~ k ,  a 

7 90nda Accord is eppiaxinate~y 184 in i z ~ .  4 ''3rd -T~URJS is aboc; 9 94 jc. :3olt a?: 
co~side-e& midsize fa large CZE.~. )  i f  cr:~ i a k s  at siopped at a ::yaffic IljqhP i~ tk.I:: 
3,rea wflere was csrc j~ jc f~d,  a:Te gap iis ai2~it  3 "':~ 3encs5 space feqsirse 
per car is ap~roxiiisf.,a%siy 18 "t (1 5 -4- 31, This !s qaii4'~ :'lase $0 1 3 from regressi~n 
expressflc~ i!qs ,?ou&-faliovu::lg ,[jzL$;, , ;AB+er,p :jr! .,LAldKs rpr grg z IEIiTJe Qf 
traffic ~ i y ,  B large? ~~~ff"6 'eic '~!  .S 1,s ;zg e y ~ ~ m . + p " l  q2',%) *a&3 L ~ ~ J ~  



Distance (ti) = -306 + "1 25 (Age,code) - 1.1 8 (Ssx,code) -+ -% 06 (Tusaq,csde) +I  3 (Speed) 

if alala on only claiivers and speed were available, then the prediction is: 

Enstance I{?!) = 179 + I5 [Spesd:~ + 129 f14gs.codej - 11 6 (Sex  cede). 

Th~is expression aecoun"is for 27 percent of the variance, A plot of !he reseduals folbows 
lie F i g u ~ r ~  16 

Figure 4 6. Residuals versus prsdisted distance for route-following task, 

In the worst case, lnformation on drivers might not be available (if, for sxam~~le, settings 
were no! provided for such in the navigation systeo~ pprfeersncss), In thaR ease, 
a s s ~ ~ r n i ~ ~ g  drsvers matclq the age distribution here (equal number in the thieg asie 
groups, an saual n~mber  sf men and vvomsn), then Ihs expression giver] belsv, should 
be us&. This sxpressio-e accounts for only 10 perc~b-et af the variance. For regal 
producls, it might be prsleered 10 estimate the dislribution of drivers among the t h e e  
age giraLlps and two genders using target c~istonmsr dsmograpl~ics, and utilize The Eohr 
cornparent a~sdels abojdq to develclp estia~atss 

Distance (ft) = -249 I- 14 (Speed) -b 109 [Turn.cods) 

An alternative approach to analyzing the data is to consider left and righi $urns 
separately, since only left turns should be affected by the state of the left .tur17 light and 
hue number  of caps io-u %he Usfi turn Bans, For left t ~ ~ ~ w s ,  with a13 variables of jl.alerazst in the 
sxpressisn, 42 percent of 6hs variance is accounted for by the &oliowing equatia18-h. 



Drsta~ce (R) - - 3  33 - 134 (Sex code) -.I 26 (Ageasode) +4k (Speed) 
- I d {L  eftlight cads) : " 1 ZP "i,p"eb7eles 4hsad5 -13 "/i'g."iebss i? Re* Turn i-ane' 

~rvhen a ste~wise regsesssorii approach rs Idsea, c~?&.y ltrss varaab~es sppea* h I r e  
sqzatacx, a9a the oerce~tage o+ t?e .Iasraiinsc ~ R G G O U P L S C  for is almost i d e ~ f r c a ~  Tfqe 
~~ssi~lt ing equation is 

What is tlhe mean and distriburssrs or distances IC signai/ized L n t ~ r ~ e 6 t i ~ n s  f31' 

;vh!ch a.a;di!o~i '$1 qessagss shcuiia be OI~CIV ded13 

iw ~ar-! " l 2  eS~.rle ex~er ime~k,  aha foeus cl TPE analysis is ow foe disrances assacixeo with 
-he fins1 aopfaaehss (94 of the 594 aoproaciqes) fkai reoresent d ~ i ~ ~ ~ @ ~ r  ~r@fwences S- 
tDe 96 possble fmsl approaches (48 drivers x 2 ~ l ? t e ~ s e ~ t i ~ n s  per cP"iiep), ~ W O  Cat8 DOIP?S - 

'CSP (3ne for ~ B C I * ,  3' :%yo ::r3i@r~j 3 ~ 2  ~t) J , ~ u j ~ r n e r t  a' Csal,ses r x ~ l ~ d m g  those la, 

approach ssqasrxes, the *iunbsr CI'B ap~~cat:has cer 3rr%fey fap DCII~ ' n ~ j i e i i s e ~ : : ~ ~ ~  jlal~iec 
P-QT 5 +G wit$ 8 ~ e s r -  07 f: 4 F-igurc 1 $1 owrs lhs 9SstrEbvtie.i; 27 i+e r u v b e ~  E 

approaches, 



Figure 17. Number of approaches in the repeated-approach rask, 

Approaches where messages were given at a diseawce where drivers aesired them 
066;urred !requeni:I)!, As .-,O-sown in Figure 18, the dislance at which krnessagss were 
presented q~vas "OMIVfor +1 7 of %he 594 approacl.ass for which data were available, (Data 
f r o r  16 addj4tional trialis j8vere 6ssl due to  ec~uiprne~~! -failure.) Almost half off the 41 7 (2 
repetitions " 2 intsrsectisnslsubjec% * 48 subjscils) corresponded lo the last two $tpials 
(generally req~ii-ed to be OK for the sequslnca to "2nd). 



Far these !i~aj responses, tke mean d i 8 . a . n ~ ~  lironi~ ?ha irtersaetisn ranged fasn 195 
(59 a) 10 736 fi (224 m) (me.^-1-397 '.i 2-1 -,I9 sta-dare ff $9 v]j, 7'R:s 

r e  . d i s t ~ g c ~  53 f: *,-' lr rdt pnezp dis$ang:s fiforq 3 ~ou$@-$o; ]o~djq~~ zlneg 
w 

%he mean appioacb speeds livere ide~tlcai ,:38 npVk:), ~ o s t  iikeiy, :ns ~e~safad-apprsacn 
task lea 33 "ayiriayity ~sith t 7 ~  . a f l $ ~ : r ~ @ ~ % j ~ ~ ~ ~  2,;7d bqss~ far &&apes wasgip~ cf turns, *, 

ABlkowgh bo%k  arts o" jlhis sx!~erbneni c~f~s jdeged i i ~ g  'alest momen? a4 ?.!ishjch dr[bdelrs 
\Lwouid be comfcdabie hearin's a Tessage, i:Rs :speg;ied na$:drE of .3a3 2 nnw k~,vtz 
, , 

S d  

~2rased dj/!@rs .lowards 2 shzf::sy ::jistay,t:,~, 

Figure 19 SQQWS the d~st~ ibul l io~ EC' t esm'iiseh l'~~e%ice ':hey are skewed aowa-e1 Sba 
sbarter dktawcss 
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Figure 19. Dostributisn of distances in the repeated-approach fzsk, 

Table 13 snowws the summag1 stalis%ics for the two knrsesect!ons examined in rhe 
Wel~eaured-Approach condition. The rr-ueans ware qute different, p r i m a ~ j  because of 
differenccss in the aaproach speed. [%his is discussed i~ greater detajl 1e.1 the fcallowing 
seCti~$ ) 

Table 13, Deslance statistics for eacii7 interseerion in the repeated-approach task. 

2. How do driver differences, traffic, the state of traffic lights, and other factors affect 
BPe distances st ~\/~li'hii:h requests are mads? 

%nitiale\/, ail measures were iwcluaed in an 1 4-factor ANOVA with no interactions, (See 
Tabla :4 1 Notice %ha$ initially only the il-elersectjon and the nu\vlasr of vehjcles ahead 
approached significance, 



+- -- ----A= ---- -- -- -; ---,----rp- --- =-J - .-=-A - 

1 ~u rnber  5f~8h3clss . - - -  in .-- ~ e f i  - - Imam - ---q -- 239 533 .I 

t~ irne  ob Dav r i '  c -= 1 

in a sIeDa~nS@ n$nn@I S %ih? (0 p8ri , 'BC~O'C 0; ea%T S ~ J P I ~ ~ C ~ P C B  IfiiBBe ~ i = g d i ~ ~ ~ ~ E i I j ~  
removed fr~t- f l  the a~a'ysis S I I ~ ~ ~ F I I C B ~ ? G E  "8~86 ill.~e:e '86~rnpuT;ed ~fter 886b St@$ 1 
f P 8  fIp~;a step, 0~4.Ijy ::pose jactcls / b i j t r ~  ;~ghiiad~cg~cc ~eve1-s below C ' dvere retained SP I1?e 
analysis 3ns excecdisr re ' h s  DPOCGSS COPCB~DBQ +nkrsecxi~~ cjffererces. j's sboalm 
in Figure 20 , fRs Qear apprmch  speed .f,> he kik@ti.a@:k and ?iar't ipts~sec%io~ ~vas 
eo~sidsrably greatsp xhar 4cp Scia Ch,?icl- a.?i: Seventh St ~ ~ t e r s e ~ f i o n  (4 ~(ersw 
35 rni'h: :P$ese lkwo ~nterse~fi~iii;~ W S ~ B  "j"6ser SG ~ ~ 8 2 8  could be sx3tored ' 
5lim;na"i~g !qe lntsrsscf s.- Yec t  fvatl- the qf ~ I V Y E  ed tc tias sossd effect bsiirc~ rllagh y 
s i~~-?i f ;~an '  sc Q \v2s re%ainelc r 193 arrdjys15 



Figure 20. Number of times each speed was chosen for final approaches. 

Table "I 5 shows the mean distances and speeds For the nonsign~ficant eatsg~orical 
factors. For this da%a set, the mean distance for ~lrxl~en the light was red *tendied to be 
greater than for the grss;? sbats for both the approach phase and when h e  [Tessags 
iiuias requested. "$is may be in pad due to the slightly greater approach speea when 
the BEgl-11 was red. One iiliould expect the distance to be greater for a grelen light than a 
red. When the ligh% is red, the driver mushlow down (and psssibEy slop), and hence 
can be provided wiih %he message closer to the interseciion. 

Table 15. Ga.tsgurical faclsrs remoijed from ihe model. 

Also among these nonsignificant factors were time of day effects. The approach speeds 
for all times were identical. The slightly reduced dista~qce in the early skening 1s 
grsbabllr due to less traffic being presenl, along with the relatively fewer m ~ r ~ b e r  of 
drivers t~vko were tested il-ren-i, Relatively fewer older drivers (wk~s desired greater 



distances) seaea as subjea'is in tne easly 9v@nqqg, so t? s diffessne~ may be aa@~aidali 
canfoba~ded pen% d~ivev age 

7 % ~  greater dis%s~ce ~esirea 481 ie$ twns l(tA8ug+ ~93% sigi"aificarI1y SO) s logical iVbsr. 
n a k ~ r g  a lefi i ~ m ,  a najortjj of the Pima 1: r? driver AP'IIS~ came to 8 complete sroa at 
*{afbic lrgbt. 14 right %UP simply feqCaPes f l h ~  P P ~ ~ B '  10 S S [ O ~ ~ V  dowq 8'i %he Infe~sectior 38 - city streets, ,sgN t u r ~ s  a*e i,ypicaQ!y maae qt weeds ~ P C B S B  !2 Sj5 IIQ 2C vi/$. 7e 
distance ~ s q u ' r ~  %c decarefa~e :tias% sdeeds t3 ZETO r 1 / h  (-5e differe~ee S ~ Y S W ~ ~ T  
the lee and ~gh: $amy cor~punte~ usins \ie/ 2ax) s 10 32 ?? spanni~g tfie vaIiAe $23 
{446 - 359) msea on t?e sxpesrb~ertal elat3 ;' *:he oriveP s car~lii-uing strasgbl :%r(cugr 
!l=e ~qterssc"6or, no !:harps 1 9  speed ,s T E C ~ ~ S ~ ?  

Also R ~ I  ta be found ssgniflc8r-l aweFs Ihs effscis aii the ngmber of v8FTlicIes 8 ~ d  
f""ii sumbei" sbvskicies En] ?ne kk~fi-ii~li'~~ 'ars -igUrc 2? S ~ O W S  t~?ie ' ' B s u ~ ~  for !he c ~ ~ m b 8 r  
~f vehicles a-saa For %he ~OSI  pa[+?, ~ t i h ~ '  r11fl~190ces li"ay be 'E he data (greater 
~~618$68,$ $Slaf78P 170 ~ 3 8 T l i ~ k 3 ~  bfr186@ 8h886 i~9$9~ /1S IORB Y ~ B ~ B G ~ E ? )  " E + * ? ~ ~ C I  d1ff8~8~688 1P 

approash speed (kss w k f r  me veh,ck w&s ahead) "3s two behic//@s OP more b h a k ~  eks, 
*:hey@ a r ~  4@bo~ dab pc;~ls  ar nmicl- :, base 9 7 lufe~~er-ce 



turns resuited it.3 \lifluaBly no change in the correlation eoefficisni (rz0.261. This makes 
sense, 'aeealmse clrilfers tiid not kr~ow which vvay Bnea,! were going "$ turn ~srio* $[:I LU~eir 
roquesi 

Number sf Vsl~iclas in Lef-Turn bane 

Figure 22. Desired dishamcs versus number of vehicles in the left ?urn Oaa~s. 

Pabie 16 is the resulting ANOVA table when jactors with significance p>O."B Q are 
wemoved Riisma~~nirrog ars speed, dr\jl,~er age, and driver sex, 

Table 16. Factors with significance levels $elold/ 0.4 0, 

Figure 23 shows the relationship between speed and desired disiance sf the 
inteasecresn, There are too few data points to determine if the relationship is cssrvrlinear. 
l[F:~e 35 40, and 45 milk the md2ans are 339, 443, a~qd 4.74 ft.) 



Frgwre 24 smws the diffwesoes duo !a subjects 14cl:ce thar 9 ~ e  pai~anj differences 
due to age are oefwee~ ahe oidei dr4e8s the ofiher g m p s  I h e  rnisractis~ serw..ssp 
sex ard 8ge b w g ~  j"1108 sign[fe~a'"i ( 5 -  I? 8d: T-3 z~~iisr'11 13 S I T ' C ~ G  :O :\?BE. f ~ ? p ~ d  p :Pa 
route-follaww~ fasq (See - igur~ '1 1 



Using these results, a reqresslon analysis was computed for this data set as sb~owrs 
bsls~,fl~, Il-ilrs eq~~aiciore accod8-r-1s for 33 pelicenl of tna variance: 0701 an sstlremelj,; large 
value. 0 1 7  averagje, worr~en tend to vvari'g: approxiri1ais3y 45 fd of additisnzll lvvarning; older 
subjscts  ant 52 fi  {more than yauu-ngsr drivers: and 14 R s l ~ o ~ ~ l d  be allowsd for caaeh mile 
oer how. Tk~e Earge negative in~liercepf is pariially due to the positive coding ghven eo all 
sex wric'l 2.g3 V B ~ " ~ ~ S .  

uvhsre Sex code =I  (male) or 2 (fernale) 
Age code -- "1 (young), 2 {middle aged), 3 (old) 
Sp~:ed in n~?Vh 

Figure 25 shows the aesiauals from the computation, It is most likely that the variability 
unaccounted for is due to Indilvidua! diff88"8$0~@~. in comparing these results with Figure 
4 6, b e a ~  in mind &hat a s ightly expanded y-scale has been used hers. 

Figgrs 25% Residuals versus predicted values. 







a statistacally sjgnificant aifereoce was Pe- ia,~ra Hwevw,  $q@ sarn~18 was aua7& SGWI 
an@, therefore, %e tesz was rabds" 

Bseause tbs actual gliri~!~~g SY$U~I!OW m ~ r 8  C!BS@I~  r e f l ~ ~ t s  i!-8 rodte-following task (?.uo": 
bxnowing a1 W ~ B C ~  intersecti~n r0 t $ s r ~  rather rhan vafkich way), 1 s sec3mmended t ~ a r  
navrgatioci intsflaees use the nessage tim "fig de~~eEop8d from tP8% "ask 

Distance (fi) =. -389 .-i- ' f $2 (Ags.eade) . 1" (Sexlcade! .;- 95 ( J ~ r ~ , c a d ~ )  
4 ,,= 

.-- 1 3 (Speed) , 7; &jhjeB@s$. 
{fl! h 8 re 

A,;,ge.esde '3 L: ysa+rg, 2 - qiddle-aged, 3 i. ~ l d e r  
~ B X , . C Q ~ B  1 ;I: \fig~mBp, 2 z: $?~C:E, 
- 
Tb]rc code . .  ;;ght, 2= 1s;: 
p e e d  (milk) 
# ' \ i ~ b i ~ ] @ ~  (~9$lic!8$ gheafi) 

For situataans where lhs spec?-ic drtve~ age 8 ~ d  sex [s .nkvown, C U S J ~ F ~ T  
denograpnics should be used to dsterr~i:?e ifip;eBy gereestages, a m  ?he distance sstai~g 
sqould be wa~ghtsd aecoadiaagqj, Tay ;is2 oe 7178ra'i in provrdivg a settii.rrs !?a: 
iwould allow,, drewa~s Ic adgust :be ovwaiii V F ~ I ~ Z  'ne dlpavmack o:l tPas is rQaf st 
c~~qplicates the @river jnta~facg, an@ s h ~ i ~ l d  ddla!87~ err B I I O ~ V S  ~ Q E ~ F T ? ~  20 S& B Bnre t'9.a"' 
m j l d  uu P J - Q ~  i bu a bgsard 4 j~ 8s -36 Srsg",8 

83 data o.? fne ~r~hrnbsr of ears ahead ara 'IOT z ~ ~ l i a b ~ e  & I  'ear " v e ,  .  TI^/ be possible kc4 
astimate a ~ e a n  vaiue  fro^ I~ /s to~bca~ 98%6 c ~ -  ;r9Y8'c *!OW avd snlap EII inlo fha 
exoressron 





paflicuia~ly d~fficur! to rund aqd n~anage, bdl far g;sbsl manufacdure~s, are most 2ssdec! 
and shouid oe supgafied, 

di ass may be toe% driving bsQavi9sr (arm di%:ancss for gucdance vsssages) aepenas or, 
tee type of car being drives- dvith cars with greater ~ e % o * m a n ~ e  68pabiIidy (arm s h o ~ e ~  
stopping d!sdances) b e i ~ g  dhen a~g~essEveJy 1 1  3s ~ ~ c e ~ a C n  ':BZL this is Q U I B B ~  due 
to type of vehwcie driven gtr a selectiar~ process le3 WPBC? ~ x e  aggress~ve drivers S ~ I E C ~  
higher psdsrmanca vehic8es Exarniniqg :his fectsr w !%I psquias obtainkg 
instrumenting multiple vekic~es, which adds  sigwsflean8,y 9s :he pfo5sc.l. COST.  S o ~ e  
thought should be gives %e ~i-ie types a' vahjclss :Q WTICQ giavlgation systems i~!Eil hntraPly 
ae offered 

Finalry, tn !Pis experiment Bhs distance bezweea corns in the rouaia-folqsw~ing expenmenk 
#as one EQ $wa miles, For laager disoianees, some Increase in ins wasnfng &stance r ~ 2 ? ,  
be nesagd More srnpaEaq', wwever w"J"? bb eaccasiowa! remivdaVs tha~ the dra.irer FS Q : ~ P  
!be carrect raKse, I! "1s exper0~snB, s 11bas qot ~)~rusuaE foi. haif at the subjecls :,o as% i? 
t u n  ~nfarvation for bps n~?ersect~on 13prc1p tc <r:e desi j7a%ior; rPe cPallenge m  exam!^ rx] 
Phis tactor 1s that ;wreasp?g Pe d~stsnccs oe4wse~ u n s  ta?r;lI increase the %!me I ~ C U  r~~~ 

ta lest eacq arrveY 

I!~ess  results should be sx:rsms!y usefiLl Po 30th those devsicping at~djt3ry iq-ar~e~ick 
navigaticn prodt,scls and t h ~ s g  ~nffsrssiled it:.: eo]iec4$ng iminllcre ~s"ir.ed aala \fi,isr$e~;q 

. . 
auditory guidarrtlce imsssage shoufe $G ~ ~ E S E W ~ ~ C ,  



Ai18r thrs repo~"8:flas initially c~mpIeBed, 9178 authors received a copy of Ross, NicolBe, 
and Blrads ('1994'4, "$his dUSAT" repod describes an experiment vaoy sinqilar fo tlm 
research descri~3lsd hers, bokh in terms o! capproach and results, carried our1 as pad of 
Ihe HARDIE project Readers ~nterested in the topic of guidance message tl~ming are 
snc~uragsd to o$ta~n a copy after if is accepted by Ihs Transpar1 Tslsmatics Office and 
b ~ c c m c s  alirailetble l'lssr pu ~B ie  d"s8ribufjon, 

- 
I hose seeking a summay 0% this UIMTRJ effsd should examine Green and Gea~rge 
j1995), l " l ~ i s  Human Factors and Ergononnjcs Socieay paper was eilritlee~ and delivered 
after Ihe  inliial repc~~~i was csmpleSsd. 
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APPENDIX A CURRENT UmS. SIGNING PRACTICE 

in aadrtdon lo the spseificatooras lor exit gore s!gns and street signs given rn the 
introduction, dslailed reauiaeumen%s For slhar si6uai:iorls exist in the ~~,/I&dTCD, For state 
arid o~atianal i-o6~cls '2lnai are no& Uir:niLsed-access higi~l~~fays (@ither ;Tbjvo lane or four lane), 
signing piraclic~ !nay laila#.i, 1j~!,fi%B"1 posted speed {XI/ the road, an~d fhe exlane 'to !:vh~ch the 
rnuqk rh:; ,..~~bialq F31' ri,~raI mads ~ILO"IGBI~:III si1jris (e,a-j,, ,JCT 18) r1?zdj$12iqi~e as 3 trii;lger, 
trJrac~kt is 1.c IpEFli e tl~srr~ at leasl 400 11 Irom ihe ii~i%ei~seclion, These sig-ss typically have 
: 2-i17 111, !PI ~ ; J ~ B T u c I ~ + G s  (CCI ' P ~ s k ~ l ~ ~ ~ d i ~ ? g  a GOQ foaa slgIsll dislan~ce, asskioqmnnq e cnear line 
al siclial 

Fou- asth state and local roads (ae.ad national roads in a Few cases), wamlng sige~s may 
alert dri.ters Po ~pcon"fii~i5 i n t e r s ~ c l j ~ i ~ s .  They may indicate the geoms%y af an upcoming 
s~-,t:?rseclio~? \crass, T, YJ or the IJresence of a trafric csrltrol device  big!^%) ar sign (stop or 
yield'. 4n upccmin~q intsisectiesn iTay be associalled vvith a change in ror,~%e. The 
PidUYCG sl3ecifies the dislance the vvarning sign should be from %he infensection, wheck 
dsg3eo-d2 Lpon t7e posleli or 85 percentile speed elf "re road being driven, and 'the 
spesc %s w1~1ic1-1 tPe driver must dscslerate. For turns from major roads (55 rni/hj, turn 
speeds slia Ine intersecting roads t s r d  to bs Barge (30 rni/l71), and lhsrefsrle elistari~ces of 
l~iita~:nun$ sigrrs fro71 in~tsrs1ectiov.1~ (400 Sf-1) rpausl be substao~biai, {(See Tablie 17.) bfi!arning 
S ~ ~ , - I S  i~~f~~cnl i ly  hal,vs lelters 4 2 ~n hgh, thsu;~h Ik~e 10 in and 15 In sizes a i e  soi~?-i^estt~~nes 
~nsad. Lsgibjiilgy dislancs!; are iypically 60C fl and 6oB:al lead dislancss an: *I 800 8, 
su{dgss;ing that 11- those %itr~aUians auditory messages should be presei.aq!ed at ~ ~ b o u t  !hat 
dI$lan~c~' ' r c ~ m  ~intwr-eastin -3 

T a ~ l s  14, Disiawces (&) of warning signs from interseC%i~ns for "high j ~~dgr~en t ' '  
situations. 

Nois 
"High jbdgment" fleers to sstuatcsrls where the deces~on is wev difficult (10 second PIEV1 
wners PIEV = %;me requcred for Perception, I!dere%ification/understanding, 
Ernolionldscisia~n making, VoOii&i~~lexe~ut~c~r~ o l  decision 

far business didricfks (45 rniJh, 72 km/h) where turn speeds are moderate (30 vniifh, 48 
k n ~ / h ) ~  bvarnirdg siqn-ns sheuld be a minimum of 475 fl (53 IT) from the inteirssc$ioq, 01-1 



~hess cases, %he warning signs hake 12 In (30 cm) high letters designed for a 800 ro4-k 
4' 

!183 TI) sight d l s t a ~ c e ~  ogetber, h a  d a ~ s  suggests "~r.:  messages should i~ntiate / f s  
fi c"q75 @ + 606 B, 236 * r ~ ~ q  mOS% !P~~BSBC?'QPS 

Far ressden.siai streets (spsea I mi3 = 3% no/-., tun- spssd 2C rnidh;~, !qe rnlr?imur 
placement disfanss is tqe same as ttiiie same ~ Q P  husi"~ss districts, 775 h %%3 r ~ )  



APPENDIX B - BIOGRAPHICAL AND GOhISENT FORMS 
p m ~ w m a m w m m  m-8 m m m m  r r n m u u l m - p -  

!bhj] a 8 ; --.---.-- aaa ,-- Date: l ~ ~ - ~ ~  11 -A 

Rstrred sr sludenf, itd~ote your 'farmer occ~pation or magor --- 
Edan~a!isla { ~ i r ~ l e  l?i~F~iest level eoov~~lsfed): 

same high scl:ool high school deg;e3 
some tradeltech school lradeiiecl~ sehosi degree 
3~1-aoe college eolYsge degree 
some graduate schsol graduals school degr~!e 

I/ How famlilar are you with driving in the city af Ann Arbor? 

1 blot al a31 iamiliar Sliglhliy familiar Wloderalely familiar Vew farnil ar 

I 

c, 1-2 3-4 5-6 7-8 9 ar r a r e  

Hovv aftsn do you u~ss e computer? 

Daily A few limes a week A few times a month Once in awhile Never 1 
I 'dision ] 

TITWAUS \!USION: (%ar7idolt Rings) csrrsclsrs$ 
2 3 4 5 5 7 B 9 '10 11 "1 213 "1 4/14 
R R L f B L W L B R B T i . 3  

20!106) 26170 20A0 2014.0 20135 213130 20/25 %0p22 201/20 20118 20117 20145 20/"1 yghjch? 



1 I Subject: Dater 1, II 

AUDITORY ROUTE GUiDANGE "fPMBMG 
gAR+i36[PAN'' CONSENT gQRM 

I --- 
I j he DurFoss o; 'ihk sxaerimecld is ' 3  idanr~fy the -1i~~iiiyag og auditory route-guidanci! 
i!nsir~cticns ika: tell dfivers !aheve *o -ar91 a' ~tersedians n this oxpenmsnl, ycu r I: be 
driving at fixed s ~ s e d s  tkkmugn severa"ilwtetssc?!o~s, %pe%tediy, ana ~ 4 1 1  be asked 
about y s ~ ~  prefere~css far ma P i ~ i q g  cf these I'iwssages. You WIII ae dPiva~g ir \9:)qiJarC. 
aqd A.in Awbo 

- -9  r ne d u d y  consists cf iwo sarCs. 2 i! ~ O U  @ [ I 1  be askea :G pertorn a task el ; 
:\5 different in%ersectiawsl [a  pafl1, yo,. wi" appiroa$lr"i 4lrvc ~ri:~?rsect~ns, ~ e ~ ~ a ~ 8 d l k ,  Y C T  41 I 
Ij g kasi four times 
I 
I - 

his exoerimsni ts ~ 0 1  a tesr of youi. dwiag ski! s 'Vceur ormrity is always $a dsqvs 
/safely Y ~u aie ~ixsected Ic, obey B ~ L  iraFle ar~d speed Lwa ;$ you are qoi arivihig 
Isafeiy, jsu v ~ l l  be givel or@ i~en*i~qp, 888' d.lqici~ the exper~rnenl can be stopped 
Piease tell t h e  e x p e r ~ r n e ~ t ~ ~  a: any t i ~ e  if 1 3 ~  fee1 V C ~ ,  CXB uqabte 10 z~mp$e%e -he 

=- 

s+udy, J h a ~ k  ygu 'ore ua,jf narttcigsitiori 

The complete experiment ceneiats d sae on-lhe-road test: You will be paaa 1 
25, "5"hs ex~sslmen4 will take appsoxlmateRtj~ P-qj? QQUVS, 1 

I 
I 



A,PPEiOVDIOlC C WNSmFRIUCTIONS TO SUBJECTS 

Hi,  arE yau (padicu'pantk name)? iU1m (experimenter's name). Thank you for coming 
today, b,el& go dawnL! la the eawference room and get slarted, 

This study wili esnsist of an sn-the-road session and will take about 2-"112' hours, 
You bv i l l  be paid $25 fak your tiane. You vviUl be driving an automatis transmission 
Ford Taurus slatioi? ~iagow on public roads en Ann Arbor and YpsiIanali, Pht certain 
times, \/su vviWU be asked to drive at the posted speed limit, if i t  is safe ta da so. 

This experiment caneeans navigation systems that give spoken Insira~ctiains on 
how to get to a dsetlnalion. A system like this mlgl~t tall you where to lurr~ as you 
epproacta an ir~tarsectisn, by sayllgmag, ""Trw R I G H h a t  the traffic slgn~aki," \4!e?ps 
t nterestsd in the tinling of these types of messages. If they are presel~ted too 
eaep$y9 a driver may turn asi the wrong intersection or ormay forgel the l u ~ n  diiasction, 
if lhs measage is g8veiq too late, the driver could be forced to make a sudtien 
~qane3,asfer and posslbly ceuose au.n accidenqfr 

FOU* tk~ia study, kou will be asked about your preferences for the timing of the 
audim:sry irouteragblidance messages. FiilPst, I P 3 1  have YOU fill out same f ~ r i m l i ~  and 
~~7k3!7p01 7u~E!'l/i ~ O B F U D  t!78 C8B ~ J W C !  lPlm f!l~i8h @%~3/8iniflg %h8 @~p@[~@jm@~' l l~  

First, please read and sign thBs consent form, and then turn the page and fill out 
ths biagrapi~lcal fsrn?. lo! you l~ave any questions at an)/ time, feel free l o  ask them 
at any! tin?@. 

Prov~de cowsen; and biographical Worms, Check bat  it is legible and csmslpiieite, 

M also need to sss your driver" license. Check license. 

Next, UBJ be testing you$ vision wearing any corrective eyewear yau drive lwlfh. 
Subjsct puts face up  to v sion tester. Can you see in the first diamond tbiat tlna top 
~ i r c l e  is complele but tM~e! %he other three are broken? In each diamond, tell n s  
the locatlon of tUqe solia circle - top, le.ft, battorn, or right. ~Cantinue ~inti l  twa in a 
row are \i~~roo~g, Take the East one that they got correct fo determine visual ac:uiIy, 

Let me reiterate a few i~~por tant  paints from the consent form. First of ail, driving 
safsiy Is your anairn priaa'i%y. 3Qyou feel unsafe or are unable to nqakts amy BunPn, 
please cisnYt, Second, if you are uwcom!ortabUs or wish to stop at any Ilmre, 



please 1st me ~ F ~ Q W  right awa~f w e  e x ~ ~ c t e d  ta abey a!! speed !imits and 
driving 8aws 

This is haw we"! get to the beginning at the experiment, Show subject nap  w s t ~  
roads higblignted ta beginning of "rest youle You wi83 be folBawing this highlighted 
Youte to get Pa the beginning of the teal mute at the totersectian of Washtena!~~ 
and Gar~sn%et roads, Gc do;ay.q 'ic t'~is %s"i.i'eh/clg 

Piease fastew your seatbelt, adjust ths seat, m i ~ ~ o r s i  steeri~g whe~B $eight9 as ~ Q M  

fee! Qecessary 

L. Adjust C ~ C  %eatg S";eerlQg @!h~a keighb; ano srae- and rear-\/sew mirrars, 
Fastep seatbelt 
point out climate C O D ~ ~ Q ~ S ,  q~ GVU SB t ~ ~ t r ~ i ,  cdoweter 2nd GIOC% ' N ~ O ~  be 
covered ouring the experin~ent 

Q e m ~ d  abouVa;!o;lu~:?g spss2 l~im [ 

"The study today wiKi esnsist of %wa pairks iia the cfirsir part, you wiIk be toid sea,pera~ 
mEles advance to make a turn  aheaa, GL I~  %!%!I be kjDsure of the exact !@cation 
Y s u  wi1i he gl~yen an Enst~uctisn by the navigation system, sarniiar to the %o!lowing, L 

,Press bsi,tifora on kw psd $0 play s a r p  c p i ~ s s a g s  
P 6 10 anprsx%matsBy 2 viles* ' k ! r~q  RIGqF: ?x "he :'raflte s~gna!~ '~  

As ysb approach the Bntersectioa vaa vmnk may he j@e tatget intersections y ~ ~ ~ t  

task Is to ask me; "k this !IT" the lge~! @me fee% mf~rfable kn~wing if rt 
9s the target intersection -9 yak are ~ o r l @ ~ t ~  you w!!! ~ e 8 r  an i~structian similar tc 
?he foll8~fing message Pess butto~q f:,yl ke; pa? -- .bl, .Asy sanwls ?nessage 

"Yess, turn 91GHP at the traffic sfgna3 ivber 3; is safe to do $8 '' 

You should then go ts !be tntersectior m a  somplete the turn liri this is nat $Re 
target intsrssction, you PV!' ihegr this Tmzsage lastead P ~ s s  b~t ta r  OP t c ~  1 5 3 2 ~  ;P 

a~ai j  Tsssagc: 

You should continue driving until y s u  ::QYD~ Po awother enxeeseetion that you fee! 
is the target- Keep io mind that you shaaEd ask at the batest moment ysu Fee; 
sorn%a@abis finding out 8 f  the i~terse~tiop; m u  81% appraa~hing is The ta~geIE. 
intersection 

- 

"We7al repsat this process for 5 Parget ~nta~seclaons, Aa! sf the ~n~~rsec%do~?s  yau 
wi1i be tuswing at wiES have fraRic signais, @/hiis doing this part sf the 
experiment, B l  dike you $0 drive as cmee :a the speed Ijmit as you are able to, 
F M ~ ~ P  it's safe, of courser I"i remind yod psriodicai!y about this task, Do yau 





Ow third approace, when s a ~ ~ s c l  seacQss ~ntsvssctiar M!e want fs k ~ 0 w  the latest 
time you feel eamdoflable hearing %he direction ysu"@ going Po turn at the 
tntersection Was that message give0 "bas late," "too soon," QY "skay?" f "ioe 
soen," or "too !ate,'' ask Was Pt a Bittie or a 1st tas aoen8Bate? Repeat process u ~ l i l  
subjecb has responded OK ofi twa c~nssc~t rvs  approaches Fracsss yay also stop 
aecsrding to V ~ E - E O J S  s t o ~ p ! ~ g  rules, nc?t~cne$ n !ha ?ax" 

OK, ~ @ ' k @  finished with t h ~ b  8 ~ % 8 k ~ 8 ~ t j 0 t r " i ,  NOW, ~ O Q U ' ! !  ~ T ~ V B  's'Q Phe SeCOnd 
intersestion (Sck C%urch a w  SevsntP St,) for \his part of the experiment and 
regeat the process3 The geometry of the intersection is bsslca!!y the same, 
except the sgeed Biimi? w3i: bc 35 mirh msteeb aB 4% 

Ex~erimentsr gives subject kwstruct~ars to the sseowd ;nteassctron, S u ~ ~ i s c t  advns !eft 
anto Sea C & L ~ C Q ~  EXD@~~TI@R?~%@I~ gives k*-a@ same :nstrucllaws as she did a9 ;he ~reviob,s 
~ntessec~ian~ Repeat cxacsss ~ ~ % i l  subgecr has ~espondsd OK on :we ~ansscutivs 
apgroaenes Process r a y  i3890 S ~ O D  ~ ~ r c ~ : * i n g  '9 variaus stoppana v~res,  rnen9son~d ir? 
;he %exq: 

OK, WeVe finished, Y ow, we"[ heed beck 80 UMTR! arid %!!I out a payme~t  form3 
tbeq weye aQI set, Expsrame~%sr gives sidbiee; directio=s backg Ic UAATRI, 

A% ZMTRI, tie sxpersmenler ~ro i i ides t~rie subjec: da8ifb a paym~nt '3rr-r and 8 p ~ n .  
S~bjeet  completes the 3orr4a a ~ d  the expaf:pnew"cs. pays 4 h e ~  aro "mks teem 'as b ~ i i  

t i ~ s  Ew~erims~ter escods subjec'r 70 >re rc~/"0~ 3 0 0 ~  



APPIENDIX E l  - PHOTOGRAPHS OF WARGET %NTEWSECTliQNS 

PaaaB 1 I, Rsu te-~-o;l~v~~~ilro~j Conclftlon 

Figure 26. Wasistenav~~ and Golfside interfsectiol-e (practice intessecilon). 

Figurz 27. 2i\/asOltenasn,i and Gaitside ~ntersection. 





Firjure 31. EOlswoHh and Platg: intersection, 
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Figure 52. VVashlenaw and Gslfsids intersection (practice  intersection:^. 





Figure 35. 'hNasl7tenaw and Golfside intersection. 
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Figidre 37. Stadium and Packard in*tarssction. 



Part 2, Repeated-Approaches Co~d i t i e t~  

- " -FA- ~ 1 
Sign I ~ h a r s c t e r 6 a r a c k e ~ ~  ~ 

Kate: ali dislaarces skai~~~rtl tag 
side of the mad are rn~i;as:jii;&.ecjj in 
feel from %hs dashed ili~..a 6 4  {Pr- I 

ir- tsrsectios I 

~ 



Figure :%IL Scis Church and Seventh St. intersection, 





APPENDeX F - DBISTANCES IFRQiA STOPPING LINES TO 1NTEWSEb~T'kOAfaI EDGES 

lLm- >--- .---" -.-- =- 

Scia ChurchiSeven!l~ St. t 





APPEikDBIX G - ADDITIONAL STATISTICS OM AGE AND SEX FOR ROLjTE 
FOLJ,QVVING 

;"here has beer3 S Q ~ I T ~  ~ ' B S C U S S ~ O ~  as to how the appropriated distance for a message 
sroor,~Id bie deierrvined. Ejecause there are h u g s  differences in the desired distances, a 
ruTsssags that lo t ne l y  frr sne indi1didenaJ may loo soon er too late for enoth~ir 
Idonell-1[2Bess, I~; laas beer suggested n.isssaga timing should be basso orr the bt~orst 
zase, tl17~s older felvale glrs~tp, The questroru then IS, far ihat group, sl.llsusd ihe rreean 
dissancz be ~ s s d  (I~I  bvki1;h case iqessages will scsur too late for half of ihe saenple) snp 
331-par3 n nrnk~er 0.1 star-zdacd devoaliog-ts from the mean (wdhieh might be far toe soon fop the 
y g ~ 1 4 g ] ~ 0  B I " I ~ E S S ) ,  Tci assr~st in eoisisidering those Iradsoffs, additional S U Y T ! ~ ~  y !;'!atisfi~s 
we ~rilr~iin % J bsln!,ilt far ths riepaaied Apprssek~ (ps~t "4 task. 
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