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The use of the unccological removal rescarch sccnario in recent ycars 
has bcen lbrced bccause o f  technological limitations. Howcver. with 
the advent ol' thrcc-dimensional modeling programs and high-lidclity 
gmpliic systcms. the ability to accurately represent real-world situations 
in compu~cr-gcncratcd worlds has becpme easier. cheapcr, and morc real- 
istic. A timc-to-contact (TTC) experiment is rcportcd in which the man- 
ner of rcmoving an approaching vehiclc I'rom the environment was manip- 
ulnrcd. One m x l r i o ,  the disapplrimcc condition, featured a traditio~inl. 
instantaneous r cnwa l  01' a vchicle. Thc purposc 01' this rcsearch was to 
determinc il' a more ecological research sccnario. one in which the 
~lpproncliing vehiclc bccomes occluded by a naturally occurring object 
(~hc  occlusion condition), influcriccs a drivcr's :~hility to cstiniatc TTC 
accurately. I'lte available visual information was essentially cquivalcnt in  
both scenarios. I f  thc level o f  ecological validity has no effect on estimates 
ol'TTC,cstirnates of TTC between thc two sccnnri0s would be expected 
t o k  similar. Results, howcvcr, showcd estimates with 14 percent greater 
accuracy in thc occlusion condition compared with the disappcarance con- 
dition. implyin? that researchers hnvc becn u i n g  a research scenario that 
binscx cstimatcs of TTC. Further, thc rcsults ol'tlw: present findings imply 
that thcrc arc processes that CK'CUF~II real world sctting.i that have not being 
accounted for in prcvious TI'C research. 

I n  1993. the monetary cost o f  injuries and deaths due to motor w h i -  
cle accidents was $167.3 bil l ion dollars in  the United States ( I ) .  This 
cost is secondary to the pcrsonal cost o f  these accidents. Specifi- 
cally, in the same year 2,000,000 people experienced disabling 
injuries and 42,000 persons lost their lives as a direct result o f  motor 
vehicle accidcnts ( I ) .  I t  is bccause there are such great loss o f  l i fe 
and disabling injuries that there is a need to understand the factors 
that contribute to accidental collisions. W i th  this infomiation steps 
can be takcri by transportation engineers antl planners to reduce both 
the perwual and monctary cost o f  accidental collisions. 

Researchers have begun to determine what factors, both internal 
and external to the driver, contribute to accidents and how these fac- 
tors aft'ect a drivcr's ability to deal effectively with and to avoid acci- 
dents. Onc such factor is thc ability to determine whcn an object w i l l  
reach n person's position in  space. This ability has been commonly 
termed time to contact ( ITC)  (2 -4) .  The ability to dcterniirie TTC 
is :I Iundamental and critical skil l  needed to survive i n  any envilan- 

wonmcnt. riient, but i t  is especially critical in  a land transpol-tation en\' 
For example, when a driver i s  stopped at an intersection and is 
attempting to cross a road. he must first determine when other vehi- 
cles w i l l  reach his position i n  space. With this infomat ion the driver 
can then coordinate his activities to cross the intersection success- 
Sully. Failure to perform this task successfully miiy bc a prelude to 
accidental collision resulting in  injury or  death. 

Human Fxtorc Kcsearch Laboratory. University of Minnesota. 14 1 Mariucci 
Arena, 1901 Fourrh Srrcct S.E.. Minncapolis, Minn. 55455. 

Results o f  research investigating TTC issues has indicaied several 
factors that influence cstiniates o f  TTC. A few o f  the internal factors 
include the age and the sex o f  the driver. Schiff ct al. ( 5 )  found sig- 
nificant differences bctwecn estirnatcs o f  TTC by youngcr and oldel- 
experiment participants, and. Hof fn~ann and Mortimer (6) indicated 
that very young participants and older participanth used differtnt 
mcthods Sor determining TTC. Research has indicated that men's 
estimates o f  T T C  are rnorc accurate than women's estimates and that 
men's estimates are less variable than women's (3,7.8). I n  acldi[ion 
to these findings, i t  appears that sex and vehiclc approach velocity 
niay be interactive factors. I n  particular, Schiffct al. (5) found no dif- 
ferences between the sexes when using a small range OF vehicle 
approach velocities, whereas whcn using a wider range of vehicle 
approach velocities, significant differences wcre found (3.7,8~. 

.Some o f  the cxternal factors that influence cstirnates o f  TTC 
includc the velocity o f  the approaching vehiclc, the total viewing 
time d i h e  approaching vehicle, and the total viewingdistanceoftlx 
approaching vehicle. W i th  increases i n  vehicle approach veltxity 
(.1,5.7,9). viewing time (7.8. lo ) ,  and incrcases in  viewing dimnce 
(31, the accuracy o f  TTC estimatcs increases. Findings of prcvious 
research have also indicated that participants consistently under- 
cslimate TTC as actual TTC incrcases (,3,5-8.10-1.1). I n  addition, 
Mi~nser and Hencock I.?) antl Schift'and Oldak (8) indicate that large 
individual differences exist i n  the ability to cstimatc TTC. 

The ability to determinc TTC has becn exarnincd I~I-ough the use 
o f  n rcmoval rcscnl-ch scenario, in  which a vehicle i> approaching 
a partkipant on a coll ision course and at some point during the 
approach the vchicle is removed (disappears) instant;lncausly k o m  
thc vihual environment or the entire scene becomes blank. The 
driver's task is then to respond when he believes that the approach- 
ing vehicle would have reached his position had i t  not becrrrcrnovcd 
from the sccne. I t  is casy to relate this research scenario lo a real- 
world traffic situation i n  which a driver is waiting to makc a left turn 
at a four-way intersection and his view o f  an approaching vehicle to 
the left or right is temporarily obstt-ucted by shr~~bbery or a parked 
vehicle on the edge o f  the road. I n  this situation the visual int i~rma- 
tion specifying when the approaching vehiclc w i l l  reach thedrivervs 
position i n  space is present for a limited amount o f  t i rm  while the 
\;chicle is visible and before i t  becomes occluded. 

Researchers have used a variety o f  mcthotls to crcate the removal 
research scenrtrio. One of thc citrliest arid mo\t popular ~ n c t h d  
entails f i lming an approaching vehicle and thcn rcvcrse-ed~ting the 
f i lm so that the vehicle is removed from thc scenc or thecntire sccne 
bcconies blank at thc desired rime or location (5,8). In allied 
rcscitrch examining trrnc-to-arrival skill>. researchers have produced 
the retrwval scenal-io by havinp a driver sit in  the passenger seat o f  
a moving vehicle and wear a hcad-mounted apparatus. At some 



point during tlie driver's approach to an object. a visor on thc 
head-mounted apparatus drops down and instantly occludcs the driv- 
er's view (14 ) .  Another method for creating tlie removal research 
scenario involvcs the usc of co~iiputer-ge~icrated graphics in driving 
sirnulators (3,7). Similar to the filrncd vehicle app~vacli, the 
cornpute~--generated sccnario depicts a vehicle approncliing i1 driver 
on  a collision coursc. At some point during the vehicle's approach 
it is rcmovetl from thc computer-gcnesated scenc. 

Although the removal rcscarch scenario is si~nilar to real-world sit- 
uations. i t  is easy to see that the two ale not identical. In  particular. 
vehiclcs do not instantaneously disappear f'roni the drivcr's view. In 
real-world driving scenarios. vehicles bcconic occluded by objccta in 
thc environment, including thc previously mentioned shrubs and 
parked cars. I t  is ironic, then, that in ;in attempt to rcplicute real-world 
driving scenarios on ti lm and by computer generation. researchers 
have created a rcsearch scenario that is highly unecological. One of 
the underlying reasons for the LISC of thc rcrnoval rchearch scenario 
is the previous liniitations in technology. However, with the 
advancctl computer systems available currently, the ability to repli- 
catc rcal-world scenarios in a more realistic manner can bc nccam- 
plishcd with greater easc and less expense. In panicular, with rhc 
advent of three-dimensional environmental modeling, thc ability to 
depict dimensions and depth hiis been cnhanced greatly. This abiliry 
allows researchers to ask research questions in a more ecologically 
valid manner. With rcpard to the current rese;irch. the drivercnn now 
see thc approaching vehicle becoming occluded by a naturally occur- 
ring objcct. This new capability forces researchers to step back and 
examine the method used to study the factors that inHuence the abil- 
ity to estimate TTC. Does this ability depend on the type of research 
scenario presentcd to drivers'? 

The purpose of the current research was to deterniinc if the type 
of research scenario presented to drivcrs nf'l'ects the ability to esti- 
mate TTC. Drivers were presented with two rcsearch sccnarios. Thc 
first research sccnario indicated to the driver that ;I vehicle was 
approaching on collision COLII-sc. At sornc point during thc vehi- 
cle's approach. i t  was reniovcd from the scenc instantaneously. This 
traditional removal research scenario was contrasted with n more 
ecolo:ically valid occlusion rescarch sccnario in which thc ap- 
 roaching vehiclc become occluded by a shrub on the side of the 
road. The cf'fects of drivcr age, driver sex, and vehicle approach 
velocity on estimates of TTC werc also cxarnined. The following 
hypotheses werc forrnulatcd: 

I. Esti~natcs of TTC will be Inrm accurate for the occlusion 
rcscarch scenario becausc of the availability of alternate sources of 
information which is normally available in more ecologically valid 
scenarios. 

2. Estiniates of TTC will bc more accurate when the vehiclc 
appr-oachcs the driver at higher velocities. 

3. In alignment with prcvious rcsearch, nien's estimates o f  I T C  
will be niore accuratc than womcn's. 

4. Yotmge~- and older tlrivcrs will cstin);~tc TTC tlif'fcrcntly. 

EXPERIMENTAL METHOD 

Experiment Participants 

Participants in thisexperiment were IOnien a11d I U w o n ~ n  ktween 
18 and 30 years of' ape and 10 mcn and I 0  women berwcclr [lie ugcs 
01'55 and 70 ( 1 1  = 40). Participants were recruited from t':~culty, stall; 

and tlic student body at thc University ol' Minnesota and from local 
churclie~, retirement communities. and Minrieapolis senior citizen 
organizations. All participants possessed a valid Minnesota or Wis- 
consin driver's license, had 20RO vision or vision correcled to 20120 
via contact Icnscs or glasses, and possesscd no apparent physical 01. 

cognitive limitations that would h;~vc affected performance in this 
experiment. 

Experimental Apparatus 

The apparatus uscd was a high-f'idclity wrap-arou~~cl cnvironmcnt 
simulator (WES) consistin; of a steel and wood ii'drastr~~cture 
onto which cight white fiberglass screens were affixed. Each 
scrcen was 243 cm high and exte~ided up  fro^^ thr: floor. Each 
screen was synthesizcd with  he adjaccnt screc~is so it appeared 
as if there was one single scl-ccn wrapping 360 degrees around the 
driver and vehicle. At the widest point the screens 1i~ld a diameter 
of548 cm, and the diameter at floor level was 472 cni. Thc driving 
scene presented to pzuticipants was created by Coryphacus Easy 
Scene coniputcr software, gcneratcd by a Silicun Graphics. Incor- 
porated, Onyx computer and projected through three Elccmhomc 
ECP-3100 projectors onto the WES. Thc three scprtrate irnagcs 
projcctctl onto thc curved wall were synthcsizcd so that thcy 
appcnred to be one complcte image subtending for the participant 
a 165-degree useful field of view horizontally and ;I 55-degrcc 
useful t'ield of view vertically. Participants sat in thc d ~ - ~ v c r ' s  seat 
of a full-sized 1985 Acura Integra RS. which was positioned in 
the center of the WES. Participant responses werc collected via a 
Niglilhawk 4402 data collection computer connected to a hand- 
held button switch. See Figure I for ;) schcrnatic of the WES and 
associ~~ted corllputers. 

Experimental Procedures 

Participants wcre asked to sign the Hurnnn Subjects Consent I'orrn. 
They .were then seated in the driver's seat of the Acura Integra 
and wcrc provided with a hand-held button. Participants wcre 
instructed to view an approaching vehicle and to press thc button 
when they believed that the vehicle would collide with their vehi- 
clc. The computer-generated driving scenario tor all trials consisted 
of a stdndard four-way interwction. The scenario indicated that the 
participant was positioned a Sew feet into the intersection waitins 
ro mukc a Icft-Ii;~nd 1111-n. Scc Figure 7- t'or a depiction of thc drivin; 
sce11;1ri0. 

p . '  ' altlclpants perlhrmetl 3 practice trials and 60 expcriniental 
trials. The t'irst practice trial depicted n whitc vchicle ( a  Lotus 
Esprit1 on the mad to the paflicipant'.: rni~nediare left, raveling at a 
constant vclocity of 12.00 mlsec the entire distawc to the pai~icipant. 
The sccond piactice trial depicted the white velriclc  raveling 
tow;~rd thc pi~rticip;~~it at n con.st;wt vclocity of 15.64 rnisec. AI 
2.49 sec before rcaching the participant. the velliclc hecamc 
occludcd by a bush. The third PI-acticc [I-ial wax identical tnthe firs1 
and sccond except that the vchicle simply tlisappearcd t'rom the 
scenario 1.95 sec before colliding with the participant's vchicle. . . 1 he participant's task for each of tlie practice trials was to presr 
tlie hand-held button whcn i t  was believed that a collision with 
thc approaching vchicle would Ii;lvc occ~~rrcd.  The test rri:~ls were 
identical to (he second i~ncl third practicc trials except that the 
approaching vehicle traveted at actrnstant vrlwity of' 15.64. 18.88. 
or 20.1 I ndsec. 111 an sffort to conlrol for pissihlc confounds due 
to relative size el'fects, i t  was decided lo e i t h e ~  remove 01- c~cclude 
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IiIGURE 1 Schematic representation of  rap-around envirunlnent simulator. The 
risef'ul field of view for the driver hol~i~oli ta~ly and \ertically was 165 dcgrecs and 
55 degrees, respectively. 

the approaching vehicle at identical points in space and to hcep 
actual vicwin,o times constant ;\cross conditions. 

The independen! variables ot' inrereht were thc type of research 
scenario used to test estim;ltes of TTC. thc iigc group of the partici- 
pants, rhc sex of the participants. and the velocity of  the approach- 
ing vehicle. Thc dcpenclent 11ieasu1-e was the estimated TTC ul' the 
approaching vehicle. 

Experirncntal Design 

Estimaies or'ITC wcre analyzed in o 2 by 2 by 2 by 3 (ape group 
by x x  by reseitrcli scenario by vehicle approach velocily) mixed 
nni~lysih ol' v;~riancc with age g~.oup (young or old) and scx 
;I\ hctwcc~l-sub,jcct variable.\ and rcstarcli scenario (scmo\al vcr- 
sus occlusion) and vchicle approach vclocity ( 15.64, I S.88, or 
20.1 I rn/sec) as within-sub,ject vnrinblcs. Tlic alpha level was sct 
.0S and significant difl'ercnces were distinguished by using Tukey's 
HSD post-hoc tent. 

EXPERIMENTAL RESULTS 

Thesc wits a main effect for the research scenario, F ( I .  36) = 44.24. 
p = <.Ol. This effect is illustrated with reference to the differing 
degrees of accuracy at the three different velocities investigated 
(Figure 3) .  The means Ihr the occlusion and removal reseal-ch sce- 
nario werc 1.95 and 1.65 sec. ~upecl ivc ly .  Results of the overall 
~ c u r n c y  analysih iiidicatcd a main effect fur vcliiclc vclocity, 
F(2 .  72) = 15.33.p = 4 1  (Figure 3). Means for Ihe 15.64. 18.88. 
and 20. I I rnlsec vehicle velocities were 1.96. 1.76. and 1.68 sec. 
I n  addition. [here was an age-by-research-scci~ilric~ interaction, 
F(I, 36) = 7.23, p = .01 (Figure 4), and ;I sex-b>l-research-scenario 
intelitcrion 1;( 1 ,  36) = 4.35. p = .04 (Figure 5 ) .  No othcr main cl'l'cc~s 
or tnlcmctions werc sifnitic;int. 

DISCUSSION OF KESUlrTS 

The pr-inlary ti n d i n ~  of thc present stl~cly is that thc typc of research 
scenario presented to drivcrlr influences the accuracy ol' TTC 



FIGURE 2 Depictio~l or driving sccniirio. (Note that this is only an approsirnation of the a c t ~ ~ a l  scene; there are inherent 
limitations in viewing three-dimensional surfaces i r ~  e t\ro-dimensional representation.) 
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FIGURE 3 Main effects for research scenario and vehicle approach 
velocity as show11 by interaction between vehicle approach velocity and 
research scenario. Scores are shown as a percentage of true TTC. 
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FIGURE 4 Interaction between driver age and research scenario as a result 
of increase in accuracy of estimates of TTC from removal research scenario 
to occlusion research scenario for older participants. 
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FIGURE 5 Interaction between sex and research scenario. (Note that 
accuracy of TTC estimates increased for both men and women when viewing 
occlusion research scenario, but benefits from occlusion research scenario 
were more pronounced for men than for v'omen.) 



est in~ates.  Specitically, as  indicated in Figure 3.  thc present fi ndings 
indicatc that drivers estimated T T C  more accurately when they 
viewed the more ccologically valid occlusion rcsearch scenario as 
compared with viewing the traditional removal rcsearch scenario. In 
addition, as indicated by Figurc 3, drivers viewing the occlusion 
 research sccnario underestimated T T C  significantly less than when 
they vicwed the rcmoval research scenario. 

T h e w  findings lend strong support to the contention that re- 
xarchcrs  should bcgin to adopt rcscarch methodologies that accu- 
ratcly reflect situations occurl-ing in real-worlcl settings. By ignoring 
thc natural context in which thc process or bchavior under investiga- 
tion O C C L I ~ S .  rcsearchc~~s risk acquiring artificial results that may have 
no strong rrlationship to real-world skills. In  pal-ticular, thc tendency 
to undercstimatc TTC has becn plublcniatic fcx nearly 40 ycars. 
Rese;lrchcrs posit that drivcrs may he ~mderestirnating TTC to create 
;I larger margin of safety o r  that drivcrs h a w  an innate tendency to 
underestimate TTC. The current tindings suggest that the problem- 
atic underestimates by drivers in previous T T C  studies may be 
accuuntcd for by a faulty research scenario, a sccnario researchers 
were forced to use bccause of technological limitations. With 
increases in computing power, graphical resolution, computer pro- 
gramming flexibility, and three-dimensional modeling. researchers 
can now more accurately reflect real-world situations and processes. 

In ncldition to the muin effect for the research scenario, interac- 
tions associated with individual charactel-istics wcrc found. In  par- 
ticular, older sub,jects improved proportionately morc than younger 
sub.jccts when the research scenario changed from removal to occlu- 
hion. This might be explained by any number of reasons; howevcr, 
i t  15 clcar from much work in gerontology that older subjects are dis- 
propol-tio~intely disadvantaged by more co~riplex stimuli. Therefol-e. 
~ h c  novcl and unusual nature of removal might well be expected to 
af'tcct oldcr individuals morc than younger ones. Furthel-, older indi- 
\~rduals lhave more experience in real-world judging of occludcd 
objects and therefore may have improved accordingly. 

With respect todiff'erences according to scx, men benefited more 
than worncn from the change from rcmoval to occlusion scenario. 
It is interesting to note that thc order of  superiority changed a s  a 
function of the research sccnario. In consequence, previous results 
concerning age and sex effects on estimates of T T C  (7.8.10) are 
sipniticantly affected by the prescnt finding, given the interactions 
notcd. It remains to extend the investigation of research scenario 
effects on  TTC over a larger range of  times and distances. I f  the 
reported effects hold under these extended conditions, the funda- 
mcntnl pattcrn of results ancl conseclucnt practical and theoretical 
interpretations that have been presented will have to be rethought. 
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