CHAPTER 4. METHODOLOGY

According to Knipling et a. (1993), approximately 70% of dl rear end crashes are Lead Vehicle
Stationary (LVS) collisons. A redligtic rear end conflict scenario was developed. Thisinvolved
areplication of acar following Stuation and presentation of a slopped stationary vehicleasa
result of alane change. The scenario was presented in an on road “ proof-of-concept” study,
where participants were presented with the scenario only once to retain the eement of surprise.
Had subjects anticipated the presence of the surrogate vehicle, responses would not have been
valid as subjects would not have responded in aredistic way.

Experimenta Design
This experiment used a 2 x 2 between-subjects design that origindly involved 32 subjects. A
between subjects design was chosen in preference to a within-subjects design to retain the

"surprise’ element. If subjects were exposed to unexpected braking more than once, the scenario
of unanticipated emergency braking would belogt. This would compromise vdidity and
reliability of the results due to braking behavior being affected. Vdid obstacle data were
collected for dl 32 subjects, but one more subject in the no strobe condition was added as a
result of amiscaculation by the experimenter. As her datawere valid, the experimenter decided
to incorporate her data into the analysis resulting in analysis of 33 subjects, 16 in the strobe
condition and 17 in the no strobe condition. The experimenta design isshown in Table 4.1.
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TABLE 4.1. Original experimental design*

Type of Signal Presented

No Strobe Strobe
Subject 1 Subject 17
/(-n\ . 2 . 1
§ Males Subj_ect Subj. ect 18
= Subject 3 Subject 19
& Subject4 | Subject 20
LO
) Subject 5 Subject 21
& Subject6 | Subject22
3 | Females i :
> Subject 7 Subject 23
Subject 8 Subject 24
Subject 9 Subject 25
/(7)\ . .
§ Males Subj_ ect 10 Subj. ect 26
2 Subject 11 Subject 27
R Subject 12 | Subject 28
3 Subject13 | Subject29
E - -
z Famales Subj_ect 14 Subj.ect 30
@) Subject 15 | Subject 31
Subject 16 | Subject 32

*Note: An extrayoung female in the no strobe condition was added to make atota of 33 subjects

|ndependent variables. Two independent variables were evaluated in this study: age and

sgna presence. Thesefactors are between-subject variables and are described in more detail

baow.

1) Age. Each trestment condition was blocked by age. Haf of the driversin each trestment
condition were termed younger (25-35 years old) and the other half were termed older (60-70
years old). According to Campbell, Wolffe, Blower, Masse, and Ridella (1990), younger and
older age groups are over represented in terms of rear end collisions (same direction, non-
intersection types). These participants were recruited from a database of participants maintained

by VTTI.
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2) Signal presence. Thiswas a proof of concept sudy and so only two levels of sgnd presence
were tested: sSignal and no signal. The purpose was exploratory; it was not necessary to use any
other configurations of the lighting system. The purpose was to explore the possibility of usng a
type of flashing Sgna and its effect on driving behavior when faced with arear end conflict.
Consequently, only the strobe light was displayed on the stationary vehicle at the time it was
reved ed to subjects (no standard brake lights were used). There was adso a possibility that the
gandard brake lights would have interfered with the effects of the warning Sgnd. In addition,
not displaying brake lights reflects red life Situations where stationary vehicles often do not
disolay their talllights when stopped in traffic lanes. The flashing signd was triggered shortly
before the surrogate vehicle came into the subjects view. Subjects therefore were presented
with the flashing signd and the surrogate vehicle a the sametime.

Dependent variables. Dependent variables reflected the urgency and severity of driving

behaviors exhibited by subjectsin response to the rear end conflict. Therefore, it was possible
for meaningful andysis and comparisons to be made between sgnd and no signa conditions.
Multiple dependent measures assessed aspects of driving behavior by using variables related to
perception, first response, steering, braking and stopping behavior. The speed or urgency with
which subjects performed the aforementioned behaviors was assessed by using Perception
Response Time (further separated into Perception Time and First Response Time components),
Timeto Brake, Brake Response Time, Brake Movement Time, Time to Steer, Steering Response
Time, and Steering Movement Time. The severity of a subjects response was assessed by using
Maximum Brake Press, Maximum Steering Deviation, and Rate of Steering. All driver response
times were measured with respect to frame number on the video tape and the data file recorded
by the ICAR program. Ve ocity and Time-To-Collision variables were aso captured and
assessed to ensure the reliability of the measures to assess whether al subjects received identical

conditions.
Figure 4.1 shows graphically the nature of response datain terms of atimeline for a subject who
exhibits an accelerator release as a first movement and uses braking as an initia response. In this

timeline example, a participant responds to the scenario by braking and steering around the
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aurrogete vehide Thisisamply anillugtration to aid visudization of the types of dependent
measures discussed previoudy, and not an actud representation of the timing of red life events.

Driver
gancesa SV
Time stopped Accdlerator Brakepress  Stesring Stesring Brakefully \, 4.qe stops
release initiated whed begins  whed tumed  depressed
vehide visble o
initiated toturn tomax agle
| | »
« > < L P <—J
Timeto first ) BRT Stegring movement time
Timefrom
glance < >
first glance SRT
oSV to < 3
Brake movement time
accelerator
response.
« = >
Timeto Steer
< Timeto brake >
« > < >
PT FRT
<
PRT
< >

Timeto full stop

Figure4.1. Timeline showing summary of dependent measur es (response times only)

Figure 4.1 shows the behavior of a subject whose first movement isto release the accelerator. A
few subjects did not have their foot resting on the accelerator as the congtraints of the road forced
subjects to coast down to the approach. For cases where subjects' first movement wasto initiate
abraking response (as their foot was resting over the brake pedal), there was no brake response.
Stearing response times would aso begin a the moment of this firs movement.

What follows are more detailed descriptions of the dependent variables that reflect the urgency
of subjects responses (i.e., al response times as depicted in Figure 4.1). Timeto First Glance
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and Time from First Glance to Accelerator Response were originaly proposed as dependent
variables, but the mgority of subjects were not looking down prior to perception of the stopped
vehicle. Asthe mgority were looking ahead, these dependent variables were not included in the
andyss.

1) Perception Response Time (PRT). Hankey (1996), Lechner and Malaterre (1991), Lerner
(1993), and Olson and Sivak (1986) conducted studies that measured reaction time in terms of
PRT. PRT isdefined as "the time between when an object or simulus first becomes visble and
when the subject responds.” As such, PRT was calculated by summing perception and first
response times (See detailed descriptions below) to determine whether overall reaction times
were affected by the presence of the signal. The studies reviewed showed a difference in PRT
depending on the urgency of a gtuation.

2) Perception Time (PT). Perception time was operationaly defined as the time eapsed from the
moment that the rear end conflict was "visble" to the point that the subject initiated their first
movement (i.e., accelerator release or brake pressif foot aready over brake pedd). "Vishility"
of the rear end conflict was determined using the frame on the front view videotape. The frame
was used in conjunction with the data file recorded by the ICAR data collection program to
determine the exact time that the stopped vehicle gppeared. The surrogate vehicle was
consdered visible when the van had moved far enough across the lane to reved any part of

stopped vehicle on the video camera.

3) First Response Time (FRT). This dependent measure refers to the trangtion time from first
movement to the initiation of the first collision avoidance response (e.g., braking or avoidance
geering). Six subjects whose firs movement was to press the brake were diminated for this
dependent variable, as they had no detectable transition between perception and first response.
This category was aso broken down into two subcategories (Brake Response Time and Steering
Response Time) and whichever occurred first was andyzed asthe FRT.

4) Timeto Brake Press. Thisis defined as the time eapsed from the moment that the rear end

conflict was visible to the moment a brake presswas initiated. This dependent measure was
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included to determine whether subjects overal initiation of a brake response was changed by the

presence of thesignd.

5) Brake Response Time (BRT). Thiswas defined as the time elgpsed from accelerator release
to the point a which the foot first made contact with the brake pedd. Thismeasurewasaso a
component of “timeto brake.” This dependent variable was cdculated usng a combination of
frame numbers on the foot camera and the normalized brake peda postion. Subjects who did

not have an accelerator release were excluded from the analyses of this dependent variable.

6) Time to Steer. This was defined as the time dapsed from the moment that the rear end conflict
was vishle to the moment a steering maneuver was initisted. This dependent measure was
included to determine whether subjects overdl initiation of steering maneuvers was changed by
the presence of the signdl.

7) Steering Response Time (SRT). Thisis defined as extending from the time of first movement
to the time a steering movement was initiated. This time was aso a component of Time to Steer.
This was captured from the video camerafacing the steering whed, or from the steering whed!
sensor to detect any movement/deflection of the steering wheel after accelerator release. Those
subjects who had no steering response were diminated from the andlyses of SRT.

8) Steering Movement Time. This was defined as the time dgpsed from initid movement of the

Seering whed to maximum steering deviation.

9) Brake Movement Time. Thiswas defined as the time elgpsed from initid contact of the

participant's foot with the brake, to when maximum brake depression occurred.

10) Timeto Full Stop. Thiswas measured as the time € gpsed from when the stopped vehicle
became visible to the point when the car stopped.

11) Find Stopping Distance Behind Surrogate. This was the point a which subjects stopped
behind the surrogate vehicle. Only subjects who had predominantly braking responses were
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induded. The information to determine stopping distance was obtained from the radar sensor.
Measurements were aso verified by physically measuring the distance from the surrogate
periodicaly.

As mentioned, other dependent variables measured the severity of the subject’ s behavior. These
indude:

1) Maximum Brake Press. This was the maximum normalized brake press expressed asa

percentage (100% corresponds to afully depressed brake).

2) Maximum Steering Devidion. This was the maximum devigion from zero that a subject
steered to avoid the stopped vehicle.

3) Maximum Rate of Steering. This was the maximum rate of steering achieved in the firgt
second of a steering response. This was expressed as degrees per second.

Subjective Variables. A post-drive questionnaire facilitated the assessment of attitudes
towards the warning signd during the rear end conflict scenario. The post-drive questionnaire for

those subjects who recelved the sgnd can be found in Appendix B and the one for those who
were exposed to the rear end conflict without the Sgnal can be found in Appendix C. Theam of
the subjective questionnaire was to target data that could not be objectively collected through
insrumentation and was designed to dicit information regarding severd aress of inquiry. These

areasinclude:

1) Effectiveness of the methodology. Thiswas assessed using free responses to questions
concerning fedlings of danger during the experiment. Other issues such asredism and
digtraction were dicited through a combination of free responses and rating scales.

2) Effectiveness of the Ssgnd asawarning. Free responses and rating scales were again used to
elicit the subject’ s opinion concerning the signal as an understandable warning that conveyed a

sense of urgency.
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Controlled Varigbles. Some eements of the experimenta design were controlled to

avoid possible confounds to the experimental data. These were asfollows:

1) All tridswererunin dry, clear weather during daylight hours.

2) Use of the Smart Road facilitated a heavily controlled driving environment.

3) Each participant drove the same vehiclein each trid. This established a standardized driving
environment for each participant.

4) The lead vehicle maintained approximately the same speed on gpproaching the surrogate
vehicle (25-mph). Control of speed alowed for a consstent estimate of time-to-collison for
gimulus presentation.

5) The position of the surrogate vehicle was the same. The vehicle was positioned over the crest
of ahill on the Smart Road and pilot tests were run to determine the feasibility of proposed
procedures to pull the stopped vehicle out from its origind hiding position. Tape was affixed to
the roadway to provide consstent positioning of the stopped vehicle.

6) Thetiming of the lane swap to reved the surrogete vehicle was the same for eech trid. A
combination of tape and fluorescent markers was used to indicate to the driver of the lead vehicle
where she should change lanes. The same experimenter was also used to drive the lead vehicle
for eech trid.

7) A standardized set of ingtructions was read to each participant prior to experimentation.

8) Each participant performed the same distracter task and was asked to relay their comfort level
of the following distance and to read the distance reading just prior to the rear-end conflict.
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Subjects

A power analysis was performed to determine the number of subjects needed to ensure
sgnificance from the results. A power analysisis robust enough not to be affected by the
lognormdl distribution displayed by reaction time measures (which form the mgority of data
collected).

Power Analysis. In order to perform the computation, a predicted baseline and treatment
brake reaction time had to be estimated. This was derived from a sudy performed by Lerner
(1993). He egtimated a mean brake reaction time of 1.5 seconds for driversto react to barrels
rolled unexpectedly towards them during an onrroad study. Thiswas considered abasdinein

that no signals were used, yet unexpected emergency braking was required, smilar to the
proposed baseline condition.

The predicted reaction time to the treatment condition was derived from research performed by
Sivak, Olson, and Farmer (1982). Sivak et d. (1982) collected one of the largest samples of
reaction times to brake lights in unexpected stuations. Knipling et d. (1993) relied upon results
from this study to model reaction times and collison avoidance dgorithms. The strobe was
anticipated to evoke reaction times faster than or equal to amean of 1.21 seconds as obtained by
Sivak et d. (1982).

Findly, the standard deviation of 0.4 seconds was taken from Lerner (1993) to represent
variation in reaction times exhibited by both young and old driver populationsin unexpected
braking situations. The results of the power andlysis suggested a minimum of 15.98 drivers.
Sixteen was selected to exceed this vaue while preserving experimentd efficiency. These
cdculations can be found in Appendix D.

Participant population. The results from the power andys's suggested that a minimum of
32 participants (16 in each condition) was needed to increase the probability of finding
datidicaly sgnificant differences with aminimum number of participants. Thirty-three subjects

were actudly run in this study. Although an equa number of subjects was originaly planned for

each condition, an extra subject ( ayoung femae in the no strobe condition) wasincluded. As
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her data were vdid, the experimenter decided to incorporate her detainto the anaysis resulting
in the analysis of 33 subjects, 16 in the strobe condition and 17 in the no strobe condition.
Participants were d o divided into two different age groups.

The age ranges targeted were "younger” (25-35) and "older” (60-70) drivers. The mean ages of
subjects in each age range group were 29 and 64 years for younger and older age range groups

repectively. The overdl mean age was 46 for both signa conditions.

The literature suggests amgor difference in the accident rates of maes and femaes. According
to Dingus et d. (1998), men are three times more likely to be involved in driving accidents than
women. However, in experiments such as this, only smdl, if any, differences are generdly

found between men and women on measures of driving performance. Nevertheess, to avoid any
possible confounds, approximately equa numbers of mae and femal e participants were recruited
to run in the experimenta sessons (there was one extra femde in the experiment due to the
addition of the extra subject).

Ability to participate in the experiment was determined by severd criteria 1) passing avisud
acuity test with ascore of 20/40 or better (as required by Virginialaw), 2) passing appropriate
hedlth screening and pre-drive hedth questionnaires to ensure minimal risk (Appendix E), 3)
presentation of avalid driver's license, and 4) sgning an informed consent form (Appendix G).
Anyone who did not fulfill these requirements did not participate. All those who did participate
were ingructed of their freedom to withdraw from the study without pendty. However, no
subjects withdrew from the study. All data collected were handled with anonymity.

Each participant drove for approximately 40 minutes. 1t took gpproximately sx minutes to
completeafull lap. Subjects were given a practice lap and were asked to drive for just over five
laps of the Smart Road prior to the conflict scenario, making the total amount of 1aps driven just
over sx. Then subjects were presented with the conflict and the sesson ended. The conflict was
presented only once to prevent anticipation of future conflicts, which could confound results and

undermine the realism of the scenario.
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Apparatus
This section presents the apparatus required to reproduce the proposed conflict while collecting
the relevant datain a safe and accurate way.

Surrogate vehicle (SV). The stopped vehicle, initidly obstructed from the driver’ s view,
was actudly afull Sze smulated rear of avehicle body. Figures4.2 and 4.3 show the rear half
of a production midsize automobile smilar to the one used in this study. The body is constructed
from fiberglass to alow compliance (deformation) on impact. The fiberglass body incorporated

production taillights. This surrogate vehicle was atached to an duminum frame and a 35-foot
tongue assembly which was used to maneuver the surrogate vehicle into and out of position. The
tongue included an 8-foot collapsible center for additiona energy absorption. The vehicle dso
remained connected to atow vehicle (a Crown Victoria) to dlow the driver to accelerate forward
to diminate or reduce the possibility of apotentid impact. However, the leed vehicle and
experimenter effectively control led the participant's vehicle entry speed so that thiswas not an
issue.

Figure4.2. 'Surrogate vehicle: rear view.
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Figure4.3. Surrogate vehicle: sideview

Strobelight. A 100 watt strobe light (7.75" x 7.75"x 8") that flashed a 4Hz was used as
the flashing Sgndl. Due to the attention value derived via the positioning of CHMSLs
(Theeuwes and Alferdinck, 1995; Sivak and FHlannagan, 1993; Sivak et d., 1986), the strobe light
was pogitioned at the mid line of the car, just above the CHMSL (see Figure 4.4).

Figure4.4. Postioning of strobe light on surrogate vehicle: rear view

Insrumented "fallowing vehide" A fully insrumented vehicle was dso used to capture
al datardevant to thisstudy. Video images were used to capture vital data throughout the trids.
The vehide was ingrumented with four miniature cameras including:

A forward-looking camera mounted to the backside of the rearview mirror.
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A facelhead/eye camera mounted in the rear view mirror and directed towards the
driver.

An over-the-shoulder camera mounted to the sunroof bezedl, to provide views of the
driver's hands and instrument panel.

A foot camerato capture peda movements.

These specific images provided the experimenters with agreat ded of information. These

images were combined and recorded as a quad-plit image. Figure 4.5 shows a sampleimage
with data overlays.

Figure4.5. Typical quad-split image from the in-vehicle camera.

Sensors were ingdled into the participant's vehicle to measure the following:
Steering position
Accdlerator position
Brake actuation
Lateral acceleration
Longitudina acceleration
Vehicle veocity

Inter-vehicle disance

Lead vehicle. The lead vehicle was awhite 15-passenger van (see figure 4.6). This
vehicle was chosen because of its Sze and ability to obstruct the view of the stopped surrogate
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vehicdle from the participant vehicle. This vehicle had no additiond instrumentation other than
the ability to communicate via radio with the experimenter in the subject vehicle and the
experimenter contralling the stopped vehicle.

Figure4.6. Picture of passenger van to be used aslead vehiclein Conflict Scenario.

Radar sensor and headway display. Information about headway distance (in feet) was
displayed by the headway display, so that subjects could monitor their headway distance. The
headway distance display was positioned on the dashboard (see figure 4.7) so that the subject
could comfortably perform the distracter task without compromising safety.

Headway
Display

Figure4.7. Headway display
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The radar sensor that provided the information about headway was positioned in the center of the
following vehicle s front bumper. However, problems were occasiondly experienced when the
sensor missed the van by directing the radar below the vehicle. To prevent this from happening,
cardboard was positioned at the center of the van to ensure that the radar would hit the target
more effectively. The headway display and radar sensor were also recdibrated periodicaly

during the study to ensure accuracy.

Priminary Tedting of Experimenta Procedures
Procedures and parameters were assessed in preliminary tests before actua testing began in order
to refine the protocol.

Time-to-callison. Potentia time to collison estimates were caculated in the [ab prior to
any testing. Proposed TTC criteria, for which each subject would be able to safely stop intime

when presented with the rear end conflict while fill diciting an emergency response, were 2.99
(110 feet) seconds, 3.55 seconds (130 feet), and 4.09 seconds (150 feet) away from the rear of
the surrogate vehicle. Caculation of these TTC utilized the formula provided by Knipling et d.
(1993), which indudes velocity of the following vehicle, decderation rate of the following
vehicle, and totd time delay before the driver of the following vehicle initistes afull response
(formulal). These distances would essentidly accommodate 75% of reaction times. These
distances corresponding to the TTC values were broken down into their component lengths. The
components included the length of the van (19 feet) and a 0.65 second (24 feet) headway (thisis
aheadway a which 10% of Americans currently follow during red life car following Stuations
according to Fancher et d., 1998). Thisresulted in distances at which the lead vehicle should
make lane changes as 67, 87, and 107 feet, respectively

There were two objectives in running these preliminary tests on initidly naive subjects. Thefirgt
was to determine the point on the road at which the van should change lanes and the second was
to practice the scenario. Fluorescent blocks were placed at the appropriate lane change positions
prior to the subject entering the Smart Road. These tests involved use of a Chevrolet van, a Ford
Explorer and/or Crown Victoria (as the tow vehicle), the surrogate vehicle (without the strobe
attachment), and a subject vehicle (Ford Contour). On thefirst run, the driver of the van changed
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lanes at the furthest distance away from the surrogate (resulting in presentation of the surrogete
at the furthest TTC of 4.09 seconds). As the subject vehicle was not instrumented, the subject
was asked to estimate their headway distance. Unfortunately, the subject had estimated these
distancesincorrectly causing the subject to follow too far behind the van. Following too far
behind the lead vehicle resulted in the subject catching a glimpse of the conflict on her gpproach
aswell as providing her with alonger TTC. Asaresult, she expected the scenario. Having
elicited feedback from the subject, the procedure was then practiced approximately four more
times on the same subject, each time a acloser TTC. During these subsequent runs, the subject
was also advised of her headway behind the lead vehicle by radio to ensure that she maintained
the correct distance from the van. The driver of the van aso practiced different methods of

obgtructing the view of the conflict scenario from the subject.

The shorter the TTC vaues were and the more practice the driver of the lead vehicle had at
obstructing the subject’ s view of the surrogate vehicle, the more surprised the derted subject
became at the presentation of the scenario. In fact, on the last run, the subject was so surprised
by the presentation of the conflict that her hard braking caused aradio to fal off the front seet.
The distances of 107 and 87 feet were found to be too long (i.e., the dement of imminence was
lost). Sixty-seven feet was found to be too close even for subjects who anticipated the surrogate
in subsequent runs. As aresult, once the subject vehicle was insrumented, a compromise
distance of 77 feet was chosen and later tested with three pilot subjects (one young and two older
subjects). This distance and scenario worked so well that the data collected from these pilot

subjects were included in the later analyses.

Thefina distances used in the procedure as aresult of these preliminary tests are depicted in
Figure 4.8.



24 feet 19feet 77 fest
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Figure4.8. Final distancesand TTC used in study
Experimental Procedures

Tegting was delayed somewhat due to abnormally wet weather conditions and as aresult the
entire experiment took place over aperiod of gpproximately 6-8 weeks during the months of July
and August at the Smart Road facility located at VTTI. Prior to testing, three pilot subjects were
exposed to al procedures and those that were successful were included in subsequent data
andyss.

Orientation and screening.  Each subject underwent an orientation session, an

experimenta session, and a debriefing sesson. Each participant was told that they would be
driving for an hour, when in redity each subject drove for gpproximately 40 minutes. Together
with the orientation and debriefing session, the entire session lasted between 1.25 and 1.5 hours.

Prior to orientation, subjects were screened over the telephone regarding age, height (to
minimize possible injury from the remote possibility of airbag deployment), driving experience,
hedlth, and demographics (the screening questionnaire can be found in Appendix E). Qudifying
subjects were then scheduled for testing.

On ariving & VTTI, the orientation session began with the experimenter welcoming the subject
and asking them to complete avison test usng a Snellen chart. Each subject was asked to take
this vison test, show his or her driving license, fill out a pre-drive questionnaire (Appendix F),

and complete an informed consent form (Appendix G). All subjects had 20/40-distance vison, a
driving license, and fulfilled the hedth requirements.
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Following completion of the paperwork, the participant was taken to the instrumented vehicle
located in the parking lot & VTTI. The experimenter read a set of ingtructions to the subject (see
Appendix H) and answered any questions posed by the subject. Subjects were asked to perform
apractice run by driving around the Smart Road while maintaining a set distance behind the van.
During theinitid run the driver was asked to perform the distracter task so that he or she could
become familiarized with the vehicle and the entire procedure. Once subjects fet comfortable
with the vehicle (only one subject required two practice |gps), the experiment began.

Tedling Sesson Subjects were asked to follow alead vehicle (a Chevrolet van) inan
ingrumented vehicle (a Ford Contour) while concurrently performing a distracter task. The lead
vehicle changed lanes periodicaly (6 times per 1gp), and the participant was asked to remainiin
their own lane while the lead vehicle continued to change lanes throughout the sesson. The van
maintained a safe speed of 25 mph. This speed was selected after careful consderation of the
following factors:

1) The Nationa Highway Traffic Safety Adminigtration (NHTSA) Human Use Review Pand
approved trids, conducted by the Crash Avoidance Metrics Partnership (CAMP), which
successfully investigeted crash dert timing using asimilar method. These trids used speeds of
up to 60 mph without injury to participants or experimenters taking part in the study.

2) Twenty-five mph isthe speed limit in most urban and some suburban areas where many rear

end crashes occur.

3) This constant speed not only alowed more control of variables such as speed and headway
distance, but it also enhanced safety. Participants were not at risk from other collisons due to
taking turns too quickly or too dowly in an attempt to maintain a constant distance from the lead
vehicle

After consdering these factors, a gpeed of 25 mph was thought to ensure the safety of
participants and experimenters, while maintaining reglism and control of experimentd

parameters.
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Didracter task. The participants were told thet, while following the lead vehicle at various
headways, they needed to monitor an in-vehicle display, which depicted their headway (in feet).
Twice every lap, the experimenter asked subjects to provide their headway by reading their
distance aoud to the experimenter as well asrate their comfort levels usng acomfort rating
scae (Appendix 1).

The use of the headway display and comfort rating scae facilitated many functions. These were

asfollows

1) Deception. None of the subjects who took part in this study anticipated the occurrence of the
rear end conflict. Thiswas due to the consistency with which drivers were asked over a40-
minute period to maintain varying headways by monitoring this display as well asrating their
comfort levels. The fact that the subject observed the van changing lanes 6 times per lgp for 6
laps dso ensured that even the most suspicious subjects were comfortable with the Stuation by

the time the scenario was presented.

2) Didraction. The driving task often involves concurrent performance of many sub-tasks
resulting in digtraction. The purpose of exploring the feasibility of a strobe as awarning light
was to assess whether it had the potentia to attract the attention of a distracted driver. Subjects
were purposaly asked to read their headway just prior to the presentation of the signd to ensure
that they would be looking away from the roadway. It was anticipated that about haf of the
subjects tested would be looking away from the roadway as the van changed lanes.

3) Redism. Unduly derted subjects, in an on-road study such asthis, may become over vigilant
to the possibility of anincident. Subjects drove for a period of approximately 40 minutes, under

uneventful circumstances, prior to the stimulus presentation, while performing the distraction

task. This approach has proven sufficient on severa occasions for reducing vigilance to redistic

levds.
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4) Time-to-collison. The use of the radar sensor input to the display alowed more effective
caculation of TTC by ensuring the subject wes at a certain distance from the surrogate vehicle at
the beginning of the conflict scenario.

5) Obstruction. Having the subject perform the distracter task alowed the experimenter to more
effectively block the participant’ s view of the Sationary surrogate vehicle from the participant by
averting the subjects eyes.

On road sequence of events. After the practice lap, participants followed the lead vehicle at 3
headways: 2.99 seconds (72 feet), 1.32 seconds (48 feet), and 0.65 seconds (24 feet) respectively.
These distances were chosen because they represented 90™, 50" and 10" percentile following
headway exhibited by the U.S. population (Wasidewski, 1979; Fancher et d., 1998). Twice
every lap, the experimenter asked subjects to provide their headway by reading their distance

aoud to the experimenter aswell asrate their comfort levels using the rating scale shown in
Appendix I. The experimenter made sure that these questions were asked of subjects at
gpproximately the same point in the road (once as he or she came out of the bottom loop, and
once as the subject gpproached the point a which the surrogate vehicle would be presented).
Subjects started to expect the question and so made extra effort to keep to the headway distance
so that they could provide a correct reading. This ensured that at the approach to the presentation
of the rear end conflict al subjects were making an effort to adhere to the 24 foot distance
needed to provide the desired TTC value.

After every 2 laps the subject was asked to follow at the next shortest headway (from 2.99 - 0.65
seconds). Throughout the session, the lead vehicle changed lanes 6 times per lap at
gpproximately the same points in the road and subjects were asked to remain in their lane. This
was done to ensure the reliability of the data. Periodic lane changes familiarized the subjects

with the driver of the lead vehicle making the lane change maneuver. Asaresult, afind lane
change by the lead vehicle to reved the stopped surrogate would not unduly dert the subject to

the presence of aroadway obstacle.
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The digtracter task had multiple purposes, one of which was to deceive subjects concerning the
redl reason for their participation in the study. An extended period driving on the road
performing this distracter task was necessary to avoid subject’ s suspicion concerning the true
purpose of the study. Asaresult, subjects drove on the Smart Road for 40 minutes (practice lap
included) and for about 30 lane changes by the lead vehicle. Just prior to the rear end conflict,
the participant was asked to rate their comfort for afina time and to provide the experimenter
with the display reading. As the participant was distracted, the conflict scenario was presented.
The lead vehicle quickly changed lanes, from the right lane to the Ift, reveding the stopped
surrogate vehicle blocking the participant's lane (Figure 4.9 provides atop-down view of the rear
end conflict scenario). Depending on the experimenta condition, the strobe light was or was not
present as the surrogate vehicle came into view. The light was triggered by the driver of the tow
vehicle just prior to the lane change.
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Figure4.9. Rear-end conflict scenario

The surrogate vehicle, To avoid suspicion during the session, the surrogate vehicle was
located out of the subject's view for the first 40 minutes. The surrogate vehicle was effectively

hidden from view by placing it (while till attached to atow vehicle) dongsde atraler. This
trailer was parked to the sde of the Smart Road (see Figure 4.10).
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Figure4.10. Hiding position of the surrogatevehiclprior totherear end conflict

scenario

Figure 4.11 and 4.12 provide views of the hiding position from both directions on the Smart

Road (i.e., as subject drives away from top loop and as subject drives towards the top loop). As
can be seen from these images, the angle at which the tow vehicle parked adso aided in blocking
the subject’ s view of the surrogate. Subjects were asked after the session whether they had seen
the surrogate or suspected its presence on the Smart Road at the time of testing. Although
subjects could see the Crown Victoria, none of the subjects could see the surrogate, nor did they
suspect the presence of the vehicle.
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Figure4.11. View of the surrogate behind thetrailer as subject drivesaway from
top loop

Figure4.12. View of the surrogate and tow vehicle behind trailer
on approach to top loop

In thetimeit took the subject and lead vehicles to drive around the top loop and ascend a dight
hill, the surrogate vehicle was moved into position on the road without being seen (due to the
crest of the hill obstructing the view). Prdiminary tests showed the proposed sites to be effective
and it took only 15-20 seconds to position the surrogate a a predefined point on the road. The
procedure involved radio communication between the drivers of the lead and tow vehiclesto
determine a what point the driver of the tow vehicle could move without being seen. The
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experimenter’ s radio communication was switched off throughout the session o that the subject

could not hear the preparations.

Thedriver of thelead vehicle was trained in how to drive the van at an gppropriate speed and in
an gppropriate manner to effectively obstruct the subjects view of the upcoming rear end
conflict. Preliminary tests showed that the driver of the lead vehicle should dow to an
gpproximate speed of 10 mph as the van rounded the top loop and ascended the dight incline on
the Smart Road. On cresting the dight hill, the driver of the lead vehicle then congstently

reached an gpproximate speed of 25mph without using the brakes excessively, if at dl, asthe van
traveled down the incline towards the surrogate vehicle. It wasimportant that the van traveled as
close to 25 mph as possble to ensure constant TTC vaues for al participants. To further ensure
alow speed on approach, subjects were asked to change into second gear as they entered the top
loop on each Igp. Also, it was important that the driver of the lead vehicle keep to the left to
effectively obstruct the subjects view, as most subjects drove to the far left when rounding the
top loop. As some subjects had a tendency to drift across the lane, the driver of the lead vehicle
was guided by the driver Stting in the tow vehicle concerning their road position. The subject

was a0 told to keep the midline of their vehicle as close to the midline of the van as possible to
ensure accuracy of headway display readings. These ingtructions ensured that the view of the
surrogate vehicle was blocked as the participant gpproached the scenario. Despite the
precautions, Sx subjects out of the 39 run were diminated due to seeing the surrogate vehicle
stopped in the road prior to the rear end conflict.

Pogt drive and debriefing sesson Immediately after the rear end conflict was presented,
al subjects were asked if they were dl right and whether they needed any assstance. All
subjects who participated were fine, but just very surprised by the appearance of the vehicle.

Then subjects were asked whether or not they saw the surrogate vehicle prior to the lane change
made by the van. Datafrom any subjects who answered yes to this question were eliminated.
After the conflict scenario presentation, the participant was debriefed about the true purpose of
the study, and was asked to Sgn another informed consent form allowing use of the data
collected (the debriefing and second consent form can be found in Appendix J). Findly, the
participant was asked to complete a post-drive questionnaire (Appendix B for those presented
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with the strobe and Appendix C for those subjects not presented with the strobe). The
experimenter then answered any questions posed by subjects.

Safety precautions. Therisk in this study centered on the risk of potentidly hitting the
stopped surrogate vehicle. Careful thought was taken to ensure that the subjects did not hit the

dationary surrogate vehicle, and that if this were to have happened, that no injury or undue stress
would be caused to either subject or experimenter. The following precautions were taken:

1) The entrance speed to the scenario was limited to alow speed (25 mph) by the lead vehicle

and the experimenter.

2) The experiment was conducted on a closed, controlled test track

3) The “safety zone” portion of the Smart Road was used, which had an 8-meter wide area
beyond the shoulder for approximately 300 ft. of travel distance.

4) A paramedic was on duty in the observation tower in case of any emergency.

5) Each subject was offered a place to rest following the experiment athough al subjects were
fine and did not require assistance following the presentation of the rear end conflict.

6) The experimenter insured that the driver and the experimenter were wearing their seatbelts
properly.

7) The experimenter adjusted headrests so that they were positioned aswell as possible, in the
unlikely event that a collison did occur.

8) Both the driver/subject and passenger/experimenter-sde airbags remained connected.
Subjects were dso screened for height and weight criteria to ensure that no injury would be
caused to asmdler participant in case of air bag deployment.



9) A collgpsible surrogate was used as the gationary vehicle. The body was constructed from
fiberglass to dlow compliance (deformation) if it was hit from the rear. The surrogate vehicle
was a0 lightweight (approximately 1201bs) and attached to a 35 foot collgpsible “boom.” The
vehicle and boom would give way if hit, causng minima damage to the subject vehicle and no

injury to the participant.

10) The 35-foot boom assembly was attached to another vehicle and used to maneuver the
surrogate vehicle into and out of position. The boom included an eight foot collgpsible center
section for additiond energy absorption. The vehicle also remained connected to the tow
vehicle. The driver of the tow vehicle was prepared to accelerate away from the scenario if it
appeared that a collison was imminent, which would reduce the crash force.
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