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$$as study exarr1ia:ed perceptual adaptation LO nsnplanar (sphericai, convex and 
aspheris) aearvisw n1irraaor3. Subjects nnade n~agnitude esenmates of the distance Is  i h  car 
seen in a rearview IYUITW. Thee different ~ n k ~ s r s  were used: plane, aspheric (wlith a Iage 
sphel;ical seciorii Paving a -adius of 1400 rrm), and simple eon7vex (with a radius of EOOO 
IT!PKL> 

Prevaous research relevarat to perceptual adaptation to nonplanar rnzrrors was 
re ~~iewed,, It vbms argued that, in spite of some cases sE explicit ~nterest in the: proeelss of 
Pearrznnb to use wonplanar mirrors, prevrous ~ s e a ~ c h  has not adequately addressa:! ;he 
pass b i l l f ~ ,  3E perceptual adaptatioe. 

I '[he p r e s e ~ t  expehaiment ,nvsived lhree phases: (1) a metest phase In which 
1 subjects made d ~ s t ~ q c e j u d p e f i s  b ~ ~ t  recerved no feedback, (2) a-training phase an which 
I 1 they mad3 judgrlaer,ts and did receive feedba,ck, arnd (311 a postbest phase vilr_'h I ~ E  same 
1 ~ r o c e d u ~ * e  9s :he ,pretest phase, 
I A 

I in~bnajIy subjects s lowed substantnal sverestimatnon oE distance with the ess~vew 
' mirror relat~ve t~ eke aspheric rnlrror, and w ~ t h  ",e dspherlc mirror relafive ro she piane 
mlroon. :"_",he kgiaraing af %he training phase. o~~eresli~rnaiion \with the covIs/ew mirror 
qunckily dimnn~s'~ed, Snt bfi~er almnt oae hour of e,rperience h e  convex allad aspkrerjc 
mJwars stLll s howcd sngm~fl cant svenestjmatisn relative to the plane mirror, 

The prcstrt iesults clemorslrate the eaisteincc of a rapid, but incompb:~e, Tsrm o l  
aaapfat-on "Nhe',her thert is a further mechan~sm that might operate over a longer time, 

; bkt 1 e a ~  lilcl ~ O T Q  complete adwtatnoc, is an open qxestion that sl~ouf~d be atldressed by 
Further research. future research sho~illu also address the question of wkat forms o;P 

conducive to adaptation, If substantial adaptation 9s ~ndeed 
mnn-srs -${odd be strongly encouraged, 

-- -- 
18 Dislr~b!it~an Staiement 

rear~1je7~1~ rmncrs, coalliexi t ;, conecw mirors, 
pel;"cept~c adaptation 3nli miked 
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Convex reavlew m n o r s  p e r a ~ t  larger i~elds  of vrew than plane minors s f  the same 

s l z ~  They thereby ofier a possibl~ solualon to the enistennce sf blind s?ots In cur:ent U,S. 

rildn~or systems. ~vhich cunenfly are required to have plane a~irrors except In the exterior right 

(passenger-side) pos~tion. As\j;ever, convex mmors alter 1nforn3ation aaoul the size and 

distance sf ~bgects (Seeser, i 974). TPh cmssl ~mpsrtant effect rs probably a reduction in image 

size that msiy lead ka an increase in the perceived distances to objects. T h ~ s  has Bead le a 

concern [haL drivers wsao use convex ~ n o r s  may ~ s j u d g e  ;he lseaiioras of other vehicla:~. 

Idany srud~es have addressed Ike effect of convex minors on distance pt:rca:ption 

(Flannagan i9881, ano many conntraes other than the U.S, have accumu8aied a large arnount 

of  expernence with cor:vex ~nirrsrs, but their use rema:ns controvers~al (Flannaga6-a & Snvak, 

1993). The puvose of the present paper is to suggest that an impsflant aspect of the effcxts of 

convex ,nlorors on i~stance ;lerceptron-how those effects change with drivers9 exlperlence- 

has received ~nsufficnent attention from "Le research commbnity, and to report prellna~waqf 

results from a study that we believe addresses that issue more directly than previous awork, 

3urnan visual perception is in many ways highly adaptable, including, under at ieasi 

some csnantnsns, adapcatis~ Is i n l f i e d  images seen an convex rnhrors (Rock, 14J66, c h q ~  51, 

Understaadiag to what ewte:tt, and undel what conditions, drivers may be ab,e io adapt ao 

nanifieu I rnages in ~9a.aiiew snjnors Ikaefore seems an ,m~srlaat issue, 

Several studaes have expiicitly raised the nssue of perceptual adaptatlon to convex 

narrors, but none has yet prasaraded clear hanfo~mation abonu the n~os l  i rn~oaant  aspect of such 

adapta~aon, narneiy Pnsw experience may affect the average sngned enor of distance judgments 

(li.e,, the tendency to underestimate or sverestrmate &aisia~~ces). Smith, Bardales, and %;urger 

(-978) gave subjects a moderate amount of explicat training regarding the distanszes of objects 

sben ir a C J S ~ V ~ A  fil~rrsr wr1k a radius of SO inches (11270 nun), The trannlng consiseeC c~f LOUP 

sessnokas ~f 45 to 60 mnutes eae%l. Subjects In a laboratory viewed lilrns of an approaching 

car through the convex mln w and, when cued, made judgraen~ts about the speed aud d~stance 

o i  the car The pnrnary fop1 of training consisted of feedback on some of tne trials abcaut the 

actual speed and Clstance 0% the vehicle. Absolute erors  decreased during the course of the 

siady, but taerc was no consistent trend ~n net error or la the psopaprtnons of over- and 

underestima,es. Tra~nnng appeared to reduce the varaability of subjects9 judgmenis. but nos to 

shSt tllem I ~ ~ g n e r  OI lower. fiowever, the effects of a rnialf~ed image, and adap~af~ora io it, 

ought Lo prodLise drstance judgments that are in~tnalily high and then shiA toward Iswer vakues. 



smx,ar s e ~  of resulk was obtaaned Ln a relatea siudy (Burgerr, M~lholl~anci, Sn~ th ,  & 

Sha~key, 13861) lu, w-rch silajects v i e ~ ~ ~ e d  seiminaii througn each of four convex nairrors that 

fanged in1 K ~ O L I D S  i~onra %G %u 80 nrlehcs (518 10 2b3O nrilirri). 'L'he test sitl~saliont ;vas a 

""semidjvrea~.udc ' o m  in wlu~lln subjects sat rn a stallonqi car aha1 was agproaclhled horn the l e a  

b j  mioilier c a ~ .  Subleeis 1 "formed several tasks, ~r~icluding one ~ a z  which they pressed a 

swstch to anlencate when ikev judged the approaching vehicle to oe at one 01 several criterion 

c~istaances behind tlhe ixy rang ~ r q  f ~ o ~ n  i B  to 1-5 feet (3 C to 35.1 m). Each subject experienced 

nearly 1COCl mads ~n a ~l/arlcty o f  eondi~nons. Over the course s f  that ewperrcnce, average 

absolute enor 01 ~isfance judgments decreased, but the authors do not rep013 a trend I'OT net 

distance LEO:, As in the pre ~iously cited s~udy, &has suggests that subjectsy judgments became 

more sraternel~y trcrlislisten~ with t:xpeuence, but did n s t  shift toward Bongler or shorter 

dls!2n..,cs 

The possi"aie ~mpkicat~ons of this study for perceptual adaptation are allso liaasaeed by 

the fact that a t  used a repeated measures design in which all subjects saw a ixge  vm~ety of 

m n s r  systems ovelr ",he course of the study Thus, although each subject was given a large 

overall arklount of experience, the ainouwl with my one minor system was smaVi 

in  their development oE a rear vision test protocol, Burger and Ziccmari 3 1987a, 

1987b) considered tne goss~ble effects of learning on the figure sf merit prsducr:d by the 

protocol. Their protocol was deslgl~ed to evduate rearvnew niuors  by having human s~abjects 

make juegrnenb saooua the distance and displacement 01 ~nodlel ears an scenes presented wath 

35-r~x&; shdes and vaevved tElrough the rearvlew mrrors to be evaluated. Using the pn~tocsl,  

they obtai~ed ?ilsst data lor plane, convex, and asphenic rexview minors. Ts;ey suggested 

that subject pefforrnance was stable after about two sessions, and they recornended that final 

daka [the hg;are o'merit be collectedjus[ after that poin~, nw applications sf the protscc~l. 

AIlthosagB? pssslbYe enanges m dssrance juigments are clearly of practical 1nher6:sf for 

l:nplemegtlng sum a rokocol, the nature of any changes cannot be determined from the 

reports of tk-neir pilot data, Also, the nature of the task ased in this protocol may not be 

aplsrq~riace for inves~~gating pcasshie sh11ks In distance judgments. The distance judgxent 

task requlres sabjecss to estimate the distance to ;a model car seen in the slades nn t e r ~ s  of car 

lengths, and dney z e  explicntly told that the stinauh will range from zero to ten czr lengths. ln  

tae COnbeXf 01 that ilnstruclix~, the subjects9 task may be too constrained to refleck pz,ssable 

charges LLI the range o i  d~s~ances  they perceave. An alert subject could presumaoly constrain 

has OH. her B I ' B S ~ W ~ T S  5 3  that the labels ""zero"' to ""tens9 would always span the rangy, of 13erceived 

dnstances, whaAever than rani:$ night actrsnaf~y be, 





Tyn~iirenty-four subjects pafliclpated in the experiment, There were 12 subjecis In each 

of two age groups, a younger group ranging lrorae 20 to 30 with an average age oi 2 6 3 ,  and an 

older group ranging Irom $1 to 51 with anad aveaage age of 71.2. Each age group had six 

mdes a,~d six femalzs. ~ h h  subjects were actnve, %:tensed cirivvers. 

Eacn subject was assrgaed to one of three groups, corresponding to the tlhee rea~rwiew 

n ino r  types, Sax subjecas (ensee young and tE.m:e old) :?liere assigned lo the plane ~ G n o r ,  wine 

( k m  young ana live oid) to ihe spherlcal csn:vex nunor, aad nine (five young and b u r  d d )  to 

ane asprde~ic mnoc. The sexes were approx~maitely evenly represented in each combination of 

rfi:ri.or and ~i~@li.",ct 2~1': 

fne experament was conducted on a newly paved parbng be. The sun:ace was new 

aspaair with no m~.,a;rk~ngs. 'The p o s i t ~ o ~ ~ s  oL" the three vehicles are shown in Figure L o  $811 

thee ears faced In tA1e same c;birecknon, simulating the spaiial relationships tha; might occur for 

three vehrcles traveling ~n (he same direction nn two adjacent lanes, The sublect's ciir was 

stationam thoughout the experiment, The anchor car was also always statiowa~y, 20 rn In 

frsra~ of tne subject's eye positnan. On each trial, the rearward stimu%us vehicle was 

posa:roned al one ~f five mistances f r s r  the subject's car (5, 10, 20, 30, or 40 m lrc~rn the 

exterior reawlew T_asror to the front sc the rewtngara car). The rexward stimulus vehicle was 

sfliset 2.7 nl ec the. :eft 06 !he st+ibjestqs car (fhe width 01 a standzrd lane). 

The dimensrors of the three mrrors were as fo:oPkows: (I) The plane mlrron was 170 

mm wgde by 90 mn high. witin an infinlbe radaus of cuwature. (2) The aspheric nurror was 

i'10 mm v/.r%de by 130 mrn mgh, with a 120-nam-wide snbsard spheracai sectnojiai that had a 

constand 1400-rm~i radaus caS curvature, and a SO-mm-~wnde outboard sectjlo~ rlnae varied in 

radius sf norzzontal ccrvature from 1400 rnm at the border with the sphergeal sectaon to 195 

rnn ar the outer eage, The radius of the vertical curvature was 1400 mrn thrsughout the 

m,rrol s~ r f ace ,  (3) The spnencad solavex m~rror was 175 rrm wide by 100 n m  high. with 

12013 rnrs : a c l ~ ~  s cf -,n-77a~ lur- 



Figure 1, An overhead view sf the experimental setup. The fronts of all tmee vehacles are to 
the lef: ir!~ 1.1sras diagram The anchor ca1a" was stationary, 20 m in fro111 of the subjec!'s eye 
position. Ora each trial, the rearward s'li~~~llsas vehicle was positioned ai one sf' Sve distances 
horn tke ern,teezisr rcarvievr mnrror Thi., ans9~vs show dlsaances in meters. The rearbvxd 
sbnna;o%ws vch~cle v a s  olflse: 3,7 m laferally frc~rn the subject's car (the width of' a stiandard 

Figure 2. The fields of v x w  provialed by the three types sf r ~ r r o r s ,  and the limil of the: direct 
field of wew that a subject w ~ u l d  'have while loskng dareetly at the oulside r e a w i e ~ ~  .minor, 
relative ts: %he twc closest pasidsass of the rear stimui~as ear. 



-i lp F- i ke ~~Crrors  vbere aamed by each sub'ect 8R t l ~ ?  a~egianaling of h ~ s  o b  her sr:sslon, iL hey 

were rrlstruciled ro a m  h e  nr msr so tii~a~ .he ude sf ~Llletr. C ? V ~ I Y K  vehicIe would be usb vIIs..bIe at 

the inbea-d t,dge of bjr~g nin~li.  ' f h e  I~orizo~alal Ijehd oi vnatv was measured fon edcb subject. 

Aveiagb rnoca~~nkal Lieids 0% slew aie sho\~\~n In Table 1 alisng ~v~bii-a a sullanary ~ v f  the ndii s f  

~ 1 1 ~  ~ValTi ,", 

ne center ana passenger-side rearvie~v m i ~ ~ o r s  of the subject's car were covered 

eJu,~rSng thr; E X ~ C ~ ~ H C I ' I  

3lgure 2 is an. enlxged view of part of Figure 1, showing the re8acisns&zi~s amsr-ag the 

two closest rear-vehicle pss~ejions and the lields of vtew 01 the three mnirrors. As can be 

inferled from Figure X, the liuther three rear-vehicle pc~sikioas were entirely csnta~ned in the 

fieids o: ,uew 3f b1 three r ~ r r o r s .  Note that although all five vehicle pos~tisr,?; are ak least 

.saa?ialiy vlside wntk each 01 the mnors ,  ine front posal.on is only paiakly vish e even in the 

ea~rder f~e lds  of wew, and oaaKy a small portion Is visrble in the field of view of' the plane 

rnuxor, ~ l s o ,  in rhe second closest posahion, the rear vehncle is only partiaiily v~sibie in the 

f~eld of vrew 0% the plane mRor, and it 1s also only pafiaalky vssible in the spkerrcal portior: of 

?kc r.s lpF~err, s S~-~BTCJ- 

Fk;rgure 2 also shows ihe approximate Binit 01 the direct field $1 vnew thah the sub-jects 

had when their heads were turned towad the left ouaslde rearview rria~sr. This Is based on an 

assumed ~okai fieid of vlew of $80 degrees, and a head direction 45 degrees to the left sf the 

straaght ahead, That is app~oxamately the direction the subjects would have been Booking if 

they turned tneu heaas direclly toward the r n h ~ o r ,  Even Inn the closest pssiliow, as a r t  01 the 

vehicle was dnreckny %isable i:~aless tlrie subJeet turned ruii ther than 45 degrees. 

Table 11. 
Radius of curvature and horazoratal lielid oh view Ior each of the three II~ITOTS. 

Field of view [ Radius (mm) 
I (degrees) 

--- - I i - - -  
PBa e em 



Subjects were mr1 ind~wadually, Each session lasted about one hour. One expearmienter 

sal in the rear seat oP the sublect's carsr, giving instmctioas and recording respoases, A second 

experimeisfer drove the rear stimsllus car, moving ~i among the five rearwa~d positions 

b ~ l  7,F\j&e-6_ ilTl zd1s 

The type of the left exterior reawiew minor was set ak the beginning of each sea~~jeee's 

session and rernainud ~ n e  same tl~oanghout that subject's p~~3iicipation. 

A: c?e begsnn~ng of session, %he subject was seated in the car and the experirnenlter 

read the ~ns~ructnons 10 the subject, Subjects were lylformed that the s e ~ d y  6:oncerned an 

Ir,ssovatla/e reav~"vne\~ mrrsr,  ~t otherwise were not told about the puqasses of the s:udy or the 

nature oE eh: :wrrc -2 

The car paked las front of the subject s c x  was pointed out, md the subject was 6oid to 

regard the dastaace the rzar os' that car as BOO mats on an otherwise arbitrary scale of 

dssrance. The subjeci was %old that he or she would be estamatlng d~stances to the rearwad 

car by seieeting any posiiave real numbers that seemed appropriate to represent that distance 

prolpoitiena~eYy, given that d~stance to the 10rwa.d vehicle was designated 160. 

Oil eac 1 of a. ser~es 619 tr~als, the rearwasd veinrcle @as positnoned vv11nFe the subject 

Boaiced bo or wart^ at the refererice vehicle, and held up a c a d  ',hat blocked his or her view of the 

leA excerior mrrroe, 'flhen iae rearward vehacle was in the proper position, the exp6:rjrnenter 

in the su3jecS9s car asked Bke subject to lower the card, t ~ m  ttoward the BeA exherlor 'winor, 

ano look at the image of the rearurard vehicle, The subject was then to amake a nunaer~cal 

esrrmake of tne &stance to the ~ e w ~ a d  vehlcle by saying an approphaate number 

There were three phases an each sessioaa: pretest, trainnng, and posttest. Durtng the 

pretest phase, sfter maahin~g a dasiance estimate, the s~bjee t  was to again raise the card that 

aloc&es Ine view 01 the mnn-or, and agaln look toward the forward vehicle, The su~jeck was 

not pevn-"sed to r a k e  a dnres,~ look to the rear at any nme durang the pretest phase. TIurlng 

tne tralnrng phase,  he subyest was ~nstrbcted to look directly 10 the rear after ~xaknrrg each 

d~stance estimate and to nole the aDpearanee of the distance to the rear vehicle 1~ tais direct 

v-ewi. The subject Bans reee,ved a form sf Ceedb"sack about the distance j~dgment  that he or 

she had J U S C  made, but the dlistance was never actually adentified in terms of enther the rating 

scale re1esenced t3 tne Sora~fardl vehicle, or in terms of my conventional bnnats of distance, 

Durnng tke posttest, the subject was again not permatted to make direct looks to Ine rear. 

T11ea.e were 15 tr~als In the pretesi, 30 durnng tra ning, and 15 during the posltest. Each 

of the Lve distances appeared once ~n each set 01 5 ariais, in random order. 



3.1- 1ne eqeriment was conducted during the day, during mostly cIoudy ~ueatlraer. The 

sG$jeca9s vcnicle .was a Hswida Accord, %he forward sl~ny,ujllus vehicle was a Toyota C~~rol la ,  

awd th: real viard s ~i~:~~.al~lil~s ve::;iclle 7 ~ 9 s  a :?ilissan .k,,,l,ti~aa. 

Results and IDj scussioa 

fiig~sre 3 shows average dlstance estaraates for each of the three rnsrror types as 

Functions CPI actual dnstance, for the pretraining phase (the first 15 traals). The dnstance 

estimates are approxrmateiy lanearly related to actual dlsiance. The dashed Psne an Fagure 3 

indicates waere eskamates would IaII if they were perfechiy calibrated to the anchgss stimulus 

(the forward vehicle, ak an sctuan distance 01 20 m, that was assigned a value oXO0). h the 

p~etra~iaing phase peibsmence with the aspheric minox shows the best callioratlon to the 

anchor, and the plane nlirrsr is assseaared cvnth a rnar~ed wndemestamatisn of distance. 

However it is probably  no% a gooa adea so make strong intevreQatnons of the salibrataon sf 

estrmates to the anchor; maere are r ~ ~ a n y  factors that could affcct subjects' calibralio~i. 

Hil ss perharx reasonaoiie to argue that performance wich the plane r ~ ~ ~ . i ~ o r  whatever its 

form, rs the ir&ost meansngi 29 standard 10s konect" ~ndgments (e.g., that those ja2dgrnen.b~ 

would oe most precictive o i  safe and eIficient perloa-n~ance an n~eaniaugf~~i tasks sus:h as gap 

acceptance ln lane changes) There is a strong effect of mirror type, wath boah of fhe 

wsnplana: minors leading ro greater distance estimates than the plane mkmr. Tsae n~agnltude 

of &*lese ePIects can be compared to a predaetion based on a model in which tee  daFIerenees 

betwee, subjects9 dlskance 2sadgmen~s w ~ t h  the plane ~ n i n s r  ~ { ~ P S U S  eather of the sfher t + ~ o  are 

based stnetly on the :dative visuail angle subtended by the Images seen in the mirrors. ,'Such a 

psedact:on IS sizow~l sn Figure 4. The dotted lmes and open symbols represerit pre6ictions 

based on caiczslatrons sf  he relatave subiended angles that were calculated usir:g the nzelhod 

snggestea by Piatzer (1995, p 3). The predacted distances are the distances reqt~ired ",I make 

ann object of 11xed slze sublend the a~aniiied vlsuai angles caused by the nonptandar mirrors. 

The overes'inrnatlon, although f a d y  large, is less ihaxl 1s predacted by a stricn visual-angle 

--isd el 



Figure 3. Iaagaitude estimates of d~stance for each minor type as functions sf actual distance 
prior to any trbinicg. These daia. are from the first three blocks (1 5 trials) of tlre mag raltude 
estimatio:~ task, The diagonal dashed line is where estina:es ~vould fa11 if they viere perfectly 
caffibraied ta> 1he E U ~ C ~ ~ S T  used in the mag~ljtu;~de estimaticn task (a vehicle at 20 rn was aes;igned 
a vdue ~f 100) 

Convex (predicted) 
Asplleric [pasedicted) 

Distance [IT) 

F~gure 4. The same data as shown in Figure 3, along wish predicted vzlues f o ~  :he aspheric 
aad convex mirrors based strictly on the vnsua1 angles subtended by images seen in those 
inirrors relative ta ~ k e  v i s ~ a l  argles O F  images seen isrn the plane minor, The observed 
overes'mnafiloa is less ~ " i a n z  p-cclieteci by silnch a model. 



ASeea~lse [he I ~ ~ ~ W B I A ~  s~irnullus veillcle 7v~as not completeiy visible ~n all the m h ~ o r s  at 

ilie aseanese posntioa?is (-9 aaad 1Ji 1-11. see i4igure 21, and because rsr those passit~svs shtz irehlc~e 

v ~ m  pailly Ianagec I , I ~  h e  se~,..ion of the aspheria: Iruror  IN^ wk~eh  h e  radius of cux51a.t~~ra was 

relakl~i5~y smdl aa-cj ~iilan-ngn.~g, shl; distarlce estianates ?'or ~hgase condl'lnows nugnt hdve been 

aaornalons. HOYY~ dt:!",~, ~l~ei-e. 1s no n~idlcatiss-A .hat lhcy were, (F~genres 3 and 4 h o w  crnlv data 

 fro^ tlae ~,rcura,ni~~,-,g phase, 1~11 the same ~pattcrn holds irt the rest of the data as l~~ell .)  

~s dnaiysis of vaaaiace on the dlstarrace est~roettes shown sa Figures 3 and 4, ussng 

mn~or type and dn~iince as 1 arliables, conhirmeo that the main effect of mmor type, 6+'(2,18) = 

925,  p = Cali /, as ~ut,ll as  1"1e interactsomi of nt,iirrou type wiih distance, F&8,72) = 442, p -- 
,0083 ( ~ A S  and a$B 31 the IoBiowing tests iaavslving repeated measures are based oa tht: Huynh- 

Feidt adj st ~< , i i~ i ) ,  7 ; Y ~ F c  high y iiign~f~cant 

Inn omer to provide a slmpke s u m a y  of results combined over all five dnstances, an 

inaes was constmeted to represent ihe r~usestimatisn ol dastance on each trial relative to the 

actual distance presented 011 r nai trial, Each resporlse was divided by the numeracal response 

,lia: wclanld Aave been perfec~ly calibrated to the rerepence distance of 20 rn being assngned a 

value of 138. That is, respor ses to the closest position (5 m) were divided by 25, responses to 

 he secona posrtion (iO a) aere divided by 50, and ss foflh. in order to ewan2Jne t~ensds in 

sder- or la;i,derest ma-non clunng the course all the ewpeliment, combined over the: f ~ v e  

dlsbaaces, this ~ ~ ~ d e x  is show 1 rin Figure 5 for each of the ebkelve blocks 01 Eave trpia,s ancl each 

01' Ithe th 'ce ~ - I L ~ - ~ O " ~ ~ C S  

Ss'knmaks seem tto cxiange over the course of the sesslon for all three mirror types, 

although the change 10:  he ~ i a n e  rnnlyor conditaon 1s relataveby subtle. The clearest change is 

LL the csel/ex minor conditi~w, where a substantial ~verestamation 06 distance that ns present 

for the first tkaree biocks (pn~lr to any erarning) quickly diminishes at the onset of treiralnjg, and 

then appears to contanue lo d~nunish for the rest of the sessaon. The same pattern, an a weaker 

fam, m a y  be p re se~ .~  ~FOT the as-$aa,ric mirror eonditiora. An ananysls of valance tsw these data, 

,ac;l~dnfig age g r o - ~ ,  rnirrol type, block, aaad distance as variables, ~ndicaees a statast~cally 

s i g n a f i c ~  main e,~ffe~i of bLock, P( l i , ;98)  =: 9-510q p c oOOWlq  as we/k as a significant 

117teractaoT between 3441rror t j~pe ana block, F(2%,198) -- 2-13, p = .049, 'ii'he nra:eract:on of 

mnor  ' i j ~ e ,  block, asld age was not signiff~canl, F(22,198) = 1.323, p = 2.5, andecatang that the 

adaptalion effects ~n Figure ' r  apply to both yonrag and old subjects. The interactasas of mirror 

type, block, and atstance 7@~as 21~0  lot sign~f~cant, F(8!7,792) -- 1 12, Q -- 29, suggesting that 

:he pat"seF2 in F-gwe 5 also aopldes reasonably well across the five distances. 
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Figure 5. The nisestimatior; lndex lor each fix';$or type as a function of blocks, These data 
are eom~bmed over a1[1 five 8dt~2.d distances. BBocks II to 3 were prior to tr~nilrag, bliocles 4 to 9 
!&:ere du~inrig lraining, and biec:ks 10 to 112 were after trai~ing. 



In o~cier '10 bighjight flow es1,nmates were rnade during the pretest and posttest phases, 

we selec~e~l krl~e data from jus those phases and connblned ikem over the five distances and the 

three b%oc,cs uk_lhia? each Q P ~  ii 112e ~ W O  pilabeso Il~a~'ia c,or~bi~-~ed index as skoviim, foli eael-a sminesr 

iype In the I J I ~  pplniases, in Figdre 6, A-1 analysis 01" l l rx~ca~~e lor khose data, using n%rror type, 

age, ana jhase as cailabies, Hradlcated a signafica~t rnau.8; e1"ii"ect ohmlusr t y e ,  1?2,18b = 

l2,5,4, D -- ,3334, as wen% as a signaficant interactnsn of rni~:~raii type and phase, r:2,i8) -- 41.30, 

Q - ,63G ?~ewm~aia-Xeuis post hoc tests indicated that ail palrayaiise differences were 

signi1ic;aai. in tae prelesl plidse, and tilat, In $he postlesf phase, performance wLeh the plane 

Irmnar was ddleren~ 6un ejac n of Lke other ~ w o ,  which rllid wol differ from each airier. 

7 r ~ ~ t g s f  Post West 
Phase 

Figure 6. 7 he ~fisesflrnatlior~l nndex for each mir~ror type, bei'ore and after training. 



la :he pretest phase there was ciex evsdeoce that both the aspheric and convex mlnors 

led to longer distance gudgilraewts than the plane mirror Furthermore, the ccnvew n~irror 

(which tiad ~hig, shortest radius at BOO0 mn, and therelore the most ~ ~ n i f i c a t i o n  or: images) led 

"t hngr; disyaace judgments tll-ran sn6 as~heric ~ ~ i n a r .  

In terms si ,he standard that was presented to subjects (a stimulus tic 20 m was 

asslgneci a value of 100 on ti2e scale to be used ior distance estnmates) the plane f i n o r  led to 

substanena, nnclerestrmation af distance, and the aspherie msrroi. produced highly acc:mate 

estimates in h e  pretest phase::, However, 6 perIormance wyth the plane mirror :s deslignated 

the crltemn S a r  c o ~ ~ e c f  performance, then both of the nonpiana mirrors led to ove:esiimat~oan. 

In tne ease oe the coilvex mu-r-M-or, there 1s clear ev~dence for a rapid, but ~ncsmplete, 

h m  of aaaptatnon. 'The degree of overesskmation drops quicdy as soon as subjcc:s are given 

feedbac;k abed the direct apljearance sf the dastances to the rearwad srimuius car, ~iinth most 

of the adaptation t a m g  place during the fourth block of five trials (the first bloclc of the 

traiaiaag pirase), 'F:;ere 1s some ev~dcnce for a slower, continuing reduction an estimates with 

Ds'm ol the ~ r s a p l a ~ x  mnolb.  However, t h~s  ewfdence ns weak, especially consldern.sg that a 

~eduction rhae 1s almost as big occuas wath the plane rninoi. Because aPB oE the subjects were 

very familiar wath plane rnrrors nn lelt exterior position nt seems reasonable nnot to assign 

much im~~orl~ince ~3 1 he d~iv~~~~.lwrard dnft in the plane aninor perbrmanee. 

By t13e postfese p h a s ~ ,  perlosmance on the tvvo nonpllanx ~ m o r s  ns neaialy identical, 

and bstn coqtiinue -0 sk~oav srgniricant overest~matisaa relalive to the plane r n ~ ~ o c ~  It s hould 

not ikecessa~ily be cornciudea~ that perfor~~ance with the tiwo nonplanar mirrors ns [gt Lac! the 

same. $:os~,rgg ecjuarlcy is ilewer possible w ~ e k  van-iabx dala, just as provang any null 

hygothes_s is impossible. However, it is clear thatboth wlrrsrs continue to lead to 

overeskamair 013 of scme degrcee afxr about one hour (and 60 trials) of experience HC is not 

cleLn wheaher tne reduction In ovenrestirnation has reached an asymptote by &re  end of the 

present expeanmen6 the rate of adaptatnon wath the convex n ino r  has certaanlv decre,lsed. 



'ihe pzesen, lesults clearly demonstrate a rapad, but incomplete, foam sf  adaptataon to 

nonplanx ar-earvlejlv wasnors, Whether a slower, more corraplete form of adaptation may also 

occup :s an open ql~csl~on,  Tae plresen~ s t ~ d y  exarimned the effects of only a rnn:n:rlal aanouat 

sS expesience, A reasonable, extension of this study mghi be sarnply to increase "thc number 

3' sessiccs, f o l ~ o v ~ t ~ g  w e n t  ally rhe sa110~e p r o c e d ~ i ~ ~ ~ .  

Acolael obh~aous exttxslon of this research would be to exanigae what eondjtnoras are 

most conaucrvu, to pelceptl~~zl adaptatyon, "The training grogram used here was extn:mely 

simple, and chd ncL lnvo1ve the subject nn a task in vihach accurate inforranation about 

dasaailce had ao be actively ,,sed. That kind of nnvolvement is oken identified as one of the 

rest crucial lactors ~n oromotlng perceptual adaptallon (e.g,, Rock, 1964). 

:,t is posiblc b o  imagine a large varaety s f  n~echan~sms that x%.,ight contr ib~te to 

pereeptua, aaagtaldon to the dlstofl.dons nnherenl 11% nonpianar marrors. TvIech~nisms rn~ghi 

vary in the speed with which they operate, in the completeness of the adaptation they prceduce, 

a m  Jn the degree of abhaeness that i i~ subject has aE the mechanism. 

il".jay be siga~ficanl that even the ilsraganal degrees of overestimatam in t h ~ s  

expehlment we;e su~saaneially lower ihan predictions based only on the sesbtendea 2acgies of 

ul;e Images NJosl autnors nave cdiscussea the effects of nosplanar mirrors o:.~ distance 

perception? snmpiy bra terms oĥ  some f o m  of the subtended-angle model. The faer that su~jects  

do 001 jmge dista~sce in a wkiy ebae 1s ~onsisfent with that srmple mode& suggests inat they are 

aensnfive to other aspects oA the visual en~~irsnmewt that provide cues to distalace, and that 

scnae oi tfiose cues ma>/ provrde relatively accurate distance inffonaation, 

$1 rnlgni be aagued that percepv~al adaptation to ~sonpBaasa nuwors as a secondaq Issue 

for % , ~ e  use (-3: S U C ~  mrrors, because they are not ~ntenaed to be used lor distance a:?d speed 

judgmenats :n a:iy case, It zs sften suggested i h a " b n ~ l a n a r  rn~nors with Bxge '*elcis of vaew 

s~~oulld be used as '"ogPlno-gc ' ~ndlcators, Msularnl an0 Donohue (1979), for ewa~ipke, made 

hat  explac~t In instructlsns LC: subJecis in a siludy of the use of  corsvex exterior nlirmrs on the 

passenger sude, ELowever, oven af drivers follow a strategy that does not norrnal,y lna~siwe 

  sing noagtawa~ mllrrots for distance jddg~lents, IC. IS poss~ble that they will at times, pe:rhaps 

tandes stressf-l cond,tions, bc ~nfluenced ~y the perceived distance sf amages in such mirrors, 

There 1s not curresa:l~)~ strong ewhdence lor such an effect, bui it is a difficult arguirnene to 

d~smiss defanitively Bf a s:e.ong form of perceptual ddaplation can occur wnth nonplanar 

rnr~b~rs ,  the111. use IK-! reducing or elumrnat~ng blind spots ?;ai.ocBd be a much simpler issue. 



Burger, Vv'. J., iVJuiihoiiand. Ji9. U,, Smth, K. L,, B Shxkey, To 3. (1980). Passengeii. vt?hic&e, 

& $ k t  ~Jfack and van convex mlrr.ar apblimiea2on and evaluation siuaieh: Jlbi. 1. 

Convex mii.apor sp~irriza!non (DOr{ 13 S 805 6951. JNashingtsn, C,C,. Eexpal tment of 

Transpcrtat~on, Kaaii,aaI EI~kB-n.g~iay Traffnc Sale ty Ad~mnistra~ioc, 

Burger, W. J,, & Zledxan, D, (4987a). Development and irnplementota'sn oj  a rear vision 

devsce test garacol: Voiume 9: Physical chamcteristics meashremenf (DOT 153 807 
233). '~~Vash~ngtoa, J.C.: Department of Transportation, Nationall Hligkway "?'affic 

S a L ~ t y  Adrn~n,sfraLicn 

Burger, \ido JJ., & Z~edman, 8, (1987b). Developmenr and implemenraillon ofa &.ear viszon 

dev  ce fesa D Y - O ~ Q C C ~ ~ ~  Vobul~~e Simulate(l-use kesfang (DOT H3 807 2321, 
' y *  vv esh:ngIcw, 3.C.: Ejepaflrneelr, 06 Transpoflat-ow, Kational Highway TraIfic Safety 

4rir-uinlstretja3:q 

Flannagan, i ~ i .  ah. I ( !  988)0 i Y ~ m a n  peformauce aspect3 of rearview mirrors: An applied- 
liaemture rre~iew (Report No. UNITW1-88-20). Ann Arbor, Pdlichigan: T ne Liniarersity 

~f Ib%beblige n Transpcrtat~o~i Research B~~stitute, 

Flannagan, lV1 J9., B Sivak, (1993). indirect vusion systems. In B. Pe:acock dk Uf4, 

Karwowsh (Ease), Aulomof;ve ergonojnics (pp. 205-2171, London: Tay tar 8~ F r m i s ,  

Marss, L. E, {19r~4). Sensory .gPp190cesses.. T!~"eenew psychophysics. New YoP,~: P i c a d e ~ c  

"'"~4- 

AAourant, 3, k., & Donohue, R. J. (11979). Drnver performance with right-side convex 
m nkncrs, i <ans?orla~~on Research Record, No. '737, 95-104. 

Platzer, G, %, [1995)0 The geometry sfa~fomotive ream.ilew mirrors: VVhy blind acmes exlst 
a d  strategies to svercorne %hem (SAE Technical Paper Series No. 9513601). 

Y J a ~ e ~ d a l e ,  Pennsylvania: Society of Aatom~~tRve Engineers. 

Rock, 1. (!966)# The nature ojrpercepfuai adaptation. New York: 3asic Books. 

Seese~, 5 -  (1974). kutomo&tve convex mirror#: Optical properties (Technacal Wepsfl: 201). 

9alLar1:i, W/hch_gan, i3snnelly P~~~I~nuoss, 

Srnakh, R A,., Bardales, M. C,, & Burger, W. J. (39'S8). Perceived imA~srtance of zones 

swrrounding a vehic!e and kxzrnang io use w convex mirror efectlveky (DGT FQS 803 
713). "?Jash,ngton, 12.C.: Kationaj. Magh~~k~y Traffic Saletp AdnGnistratior?. 


