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Evaluating Perception of In-Vehicle Travel Time
Under Moving and Stopped Conditions

David Levinson, Kathleen Harder, John Bloomfield, and Kasia Winiarczyk*

Experiments are described in which traditional computer -administered
stated-preference (SP) data are compared with virtual experience SP
data to ascertain how people value stopped delay compared with stop-
and-go or free-flow traffic. The virtual experience SP experimentswere
conducted by using a wraparound driving simulator. The two methods
produced different results: the traditional computer-assisted SP data
suggested that ramp delay is 1.6 to 1.7 times mor e oner ousthan delay on
freeways, whereas the virtual experience SP data based on the driving
simulator suggested that freeway delay ismor eoner ousthan ramp delay.
Several factors are advanced to explain the differences, including re-
cency, sSimultaneous ver sus sequential comparison, awar eness of public
opinion, intensity of the stop-and-go traffic, and the goal-dir ected nature
of driving in the real world. However, without further research, it is
unclear which, if any, of thesefactor swill eventually provetobetheright
one. What isclear isthat acomparison of the computer-administered SP
data with virtual experience SP data produces different results, even
though both procedures strive to find the same answers in nominally
identical setsof conditions. Because people experience the world subjec-
tively and make decisions on the basis of those subj ective experiences,
futureresearch should beaimed at better under standing the differences
between these subj ective methodologies.

Although aclear majority of driverswould prefer free, unobstructed
flow on any route they choose at any time, these conditions are un-
realistic in many cities. Attempts to treat congestion by using ramp
meters (having drivers wait at freeway entrance ramps to ensure
smooth flow on the freeways) have beenimplemented in many cities,
including Minneapolis and St. Paul, Minnesota. However, this pol-
icy has been subject to considerable controversy as to whether it
reducestotal delay on the system (it seemsto), and how it redistrib-
utes delay (some wait more so others can proceed unimpeded) (1).
If all timewereinterchangeable, this policy might not be aproblem.
However, time passes slowly when one is stopped and waiting, so
though the ramp metering system may reduce total travel time, it
may not reduce total perceived travel time, or total utility to travel-
erswho weight waiting time more heavily than timein motion, even
during stop-and-go traffic.

Historically, the most common distinction in studied time value
differences has been between out-of-vehicle time and in-vehicle
time. The differences between the rel ative economic val ues of walk-
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ing or waiting versus traveling in a vehicle have been thoroughly
researched in the transportation literature. In recent years some re-
searchers have started including more-qualitative descriptions of in-
vehicletimeintheir analyses, such asfree-flow traffic travel timeor
slowed, congested travel time (2). This study further distinguishes
among the qualitatively dissimilar in-vehicle travel experiences of
waiting at aramp meter, driving in free-flow traffic, and driving in
congested traffic, and the driver acceptance of each is estimated.

At the sametime, anew methodol ogical approach to studying such
questionsisdevel oped. Most travel time val ue experiments use either
paper and pencil or atwo-dimensional computer screen presentation
for the process of dliciting driver preferences. This study also pre-
sentsthe different optionsto driversthrough astate-of-the art driving
simulator (3). Thesimulation isanimmersive driving experienceand
ismuch like actual driving.

Theresultsof thesimulator run, called avirtual experience stated-
preference (VESP) test, are compared with data obtained with amore
traditional methodological approach in an analogous computer-
administered stated-preference (CASP) test. The CASP test is run
under nominally identical conditions, in which theramp and freeway
times are represented in both a textual and a graphical manner on a
computer screen. The subject rates each condition. Then after sev-
eral conditions are presented, the subject ranks them. To correlate
perception with other variables, each subject reports basic demo-
graphic, socioeconomic, and one-day travel diary data. Travel diaries
are received from the subjects before they participate in the driving
simulator run.

Inbrief, thefollowing questions are asked: Would thetypica driver
prefer to (a) spend timewaiting at aramp meter and experiencefaster-
moving traffic once on the highway or (b) spend no time at the ramp
meter but experience the commutein relatively slow-moving traffic?
Many factors could influence the drivers' preferences. People do not
generally seemto liketowait in queues or remain on hold on thetele-
phone or, for that matter, wait at ramp meters. Short wait times are
experienced as annoying; long wait times are experienced astedious.
However, highly congested traffic is uncomfortable because of the
high level of sustained attention required to drive without bumping
into the other cars and the frustrating nature of stop-and-go motion.

This research consists of two separately designed experiments
that use similar elements and equipment but have a different overall
structure. Both of the experiments present the subject with a trade-
off between spending time at aramp meter before entering the high-
way versus experiencing the wait associated with various traffic
volumes on thehighway. Thelonger thewait experienced at theramp
meter, the less congestion is encountered by the subject once actu-
ally on the road. The shorter the wait at the ramp meter, the greater
the congestion during the remainder of the trip.
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Condition Set 1 exposesthe subjectsto four test conditions. Con-
dition A isthe control condition, with a ramp meter wait time of
zero minutes and the slowest travel speed of approximately 48 km/h
(30 mph). The other three conditions (B, C, and D) have varied ramp
meter wait times, from 2 to 6 min, which are paired with faster travel
speeds. Long ramp meter wait times, such as 10 min and upward,
were not tested because it was expected (from prior experience) that
these are unequivocally disiked, no matter what balancing factors
might be presented. In thistest, a minute of ramp delay saves more
than aminute of freeway time. [Condition Set 2 was also conducted
in the CASP test, which exposes the subjects to four more test con-
ditions (E, F, G, and H), similar to A, B, C, and D but in which
total travel timeisthe same, so that each minute of ramp wait saves
exactly a minute of freeway time. However, for brevity, detailed
Condition Set 2 results are not presented here.]

In the experiments, the test runs were counterbalanced by the use
of a Latin squares design to eliminate possible order and fatigue
effects. These experiments provided important information for the
timing of ramp meters, and for the first time gave explicit trade-offs
between freeway delay and ramp delay, so that rather than smply a
minimization of total travel time on the freeway system, recom-
mendations could be made for a utility-based approach that mini-
mizes total perceived travel time. This approach should increase
user satisfaction with the ramp meter system.

A discussion of the value and perception of time is presented
first, followed by a review of survey and experimental methods.
Then the methodol ogy is described in detail, including the selection
of subjects, survey methodology, and the driving simulator. The
survey administration is also discussed, including a presentation of
the relevant choice conditions. Hypotheses are stated, and the re-
sults, derived from arank-order logit procedure, are presented. The
CASP and VESP tests are compared. Some thoughts about theim-
plications of thisresearch for the future of SP analysisconcludethe
presentation.

VALUE AND PERCEPTION OF TIME

It can be argued that await at aramp meter is analogousto await in
other consumer-based situations. After all, the wait at aramp meter
is simply the queue in which drivers wait to be served on the high-
way in the same way that customers wait to be served in a store or
restaurant or post office. Consumers, although generally didliking to
wait for services, accept waiting under certain conditions (4). Strong
negative correlation between waiting time and a customer’ s evalua-
tion of the quality of serviceis both supported by empirical evidence
and used by Houston et al. (4) to devel op afield-based theory of how
the concepts of consumers’ wait time expectations and prior service
encounters can be applied to waiting at ramp meters. The accept-
ability of waiting trades off the negative utility of thewait (e.g., time
at the ramp) with the positive utility of the goal (e.g., better-flowing
traffic).

Thereis evidence (5) that information on waiting duration has a
positive effect on customer service quality judgments, perhaps
because subjects perceive greater control of the situation. There is
also some evidence that time already spent waiting in a queue (a
sunk cost) is less negatively perceived by the customer when the
goal of the waiting is considered to be more attractive (6). The use
of variable message signs at ramp meters might be added to future
studies to see to what degree information ameliorates the wait at
ramp meters. Further, education may matter. People may be more
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inclined to view thewait at the ramp meter positively if they believe
that ramp metering isaway of achieving an attractive goal—better
driving conditions (closer to free-flow traffic levels) once they get
out on the highway.

In awaiting situation, anxiety and stress may build upin anindi-
vidual because of the sense of awaste of time and the uncertainty
of the duration of the wait. Theoretical models (7) and empirical
studies both find that information about expected wait length can
relieve alarge amount of the stress associated with the uncertainty
of the duration of the wait.

Driverswho are waiting at the ramp meter may try to predict the
amount of time they will wait by performing a simple estimate of
light-timing duration multiplied by the number of carsin queuein
front of them; in this case, the uncertainty stress may betaken out of
the equation. Then what remainswill bejust the boredom of thewait
itself. The boredom may be alleviated by the driver’s engaging in
other activities (talking on a cell phone) and by distractions (listen-
ing to the radio or books on tape). For drivers who engage in these
boredom-reducing strategies, a ramp meter could provide a rela-
tively pleasant environment. In contrast, the uncertainty stress can-
not be alleviated when oneistraveling in start-and-stop traffic in the
absence of information about the duration of the congestion.

Both driver stress and aggression are higher in high-congestion
conditions than in low-congestion conditions (8). Annoyance is
greater among those on a high- and medium-impedance commute
than among those experiencing the low-impedance commute (9).

Drivers may have an apriori perception that traffic managed by
ramp meters is less variable and therefore less of atime risk than
potentially more-variable congested traffic. This reasoning may
lead them to prefer the more certain ramp meter condition. A recent
investigation of average travel time and travel time variability ef-
fects on route choice was inconclusive but provides an interesting
discussion and areview of the conceptsinvolved (10).

Commuting activity (by car or bus) raises both pulserate and sys-
tolic blood pressure in subjects (11) in the field. Stokols et al. (9)
measured blood pressure and heart rate at prearranged stations
located in workplace parking lotsimmediately after the subjects|eft
their carsfollowing their commute and found that increasesin com-
mute distance and time account for a significant proportion of the
increase in driver blood pressure.

The commuteitself can offer some positive utility to the commuter
(12). Some people do report that their commute is too short, and
those who report that their commute istoo long typically just want
shorter commute times but not the complete elimination of their
commute. The positive utility of the commute appears to be com-
posed of enjoyment of travel for its own sake and of allowing sec-
ondary activities to be conducted while driving aswell as acting as
abuffer between the work and home zones.

The ability to conduct other activities should be negatively affected
by stop-and-go freeway conditions, when more attention needsto be
focused on the road. And it should be positively affected by waiting
at aramp meter when the driver can pursue useful secondary tasks
such aslistening to theradio or talking on the phonein relative com-
fort. If thisassessment iscorrect, different results might be expected
in a CASP test (in which people might imagine doing something
else) than inthe VESP simulator experiment, inwhich thedriversare
constrained from other activities (radio, work, etc.).

Revealed preference (RP) and stated preference (SP) data have
been used in studies that assess the monetary equivalent of the
value of travel time savings (VTTS) and the relative importance of
different components of travel time. The models used include the
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multinomial logit (MNL) model, the nested logit model, and the
mixed logit—random parameter logit (ML/RPL) models. A body
of recent research suggests that the popular MNL model tends to
underestimate themean VTTS. Thiseffect has been found in stud-
ies of urban commuting, long-distance intercity travel, and urban
noncommuting travel (2, 13-15).

An experiment conducted by Hensher (13) distinguishes between
thevalue of consgidering traffic conditionslikefree-flow time, slowed-
down time, and start-and-stop time rather than the typical grouping
of in-vehicletimeand out-of-vehicletime. Hisisa CASP experiment
in which the choice is made between the attributes of the current trip
and two alternative scenarios. Travel occurs between predetermined
locations, with no route switching. The design consists of two un-
labeled alternatives, each defined by six attributes: free-flow travel
time, dowed-down travel time, stop-and-start travel time, uncertainty
of travel time, running cost, and toll charges. That research devel-
ops a series of models (MNL and ML/RPL) to identify the role of
each trip attribute and finds that the VTTS for start-and-stop timeis
approximately 5 to 10 times that for free flow, whereasthe VTTS
for slow trafficis 2 to 3 times that for free flow.

This result implies that start-and-stop traffic is less preferable
than slow traffic, whichinturnisless preferablethan freeflow. This
is an expected, commonsense result. What the modeling process
addsto thisresult is an evaluation of the approximate magnitude of
these preferences in relation to each other.

SURVEY METHODS

Transport models based on observed choices made by individual
travelers rather than on observed relationships for groups of travel-
ers are known as disaggregate demand models (DMs), which are
probabilistic. Thetheoretical basefor DMsisrandom utility theory.
DMs aretypically discrete-choice, logit-type models. In adiscrete-
choice model an individual selects an option from a finite set of
alternatives. The probability that individuals will choose a given
option is afunction of the relative attractiveness of the option and
characteristics of the particular individual .

The concept of utility is used to represent the levels of attrac-
tiveness of different alternatives. A utility value can be calculated
from a specific utility function. The utility of the alternativeisthen
compared with the utility of the other options and transformed into
a probability value that is between zero and 1. The nature of this
transformation is dictated by atransformation function, such asthe
logit function. The most popular and simplest of the discrete-choice
modelsisthe MNL model.

There are many practical difficulties in measuring the value of
time in a direct manner; therefore, indirect methods, such as col-
lecting RP data, have been devel oped and used. RP research is based
on observations of actual choices made by individuals. However,
questions have been raised about the validity of the values derived
from RP data. These questions relate to issues of sample selection,
aggregation, other sources of bias, and the ability to identify appro-
priate demand functions. Confounding factors in the RP data can
make the statistical estimation of individua factors involved in
choiceinaccurate. Also, it can be difficult to find real scenariosthat
have all of the attributes desirable for a particular study.

SP experiments are an aternative to the RP studies. In SP exper-
iments an individual is faced with the choice between alternatives
that contain predetermined levels of specific attributes. The combi-
nations of levels of attributes are systematically varied to revea the
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profile of the individual preferences. Typically, a sample of travel-
ersisassembled and then observed making choi ces between two dif-
ferent “bundles’ of trip attributes. These attributes can be running
travel costs, travel time costs, or external costs such astolls. An SP
experiment allows one to disentangl e the independent contributions
of each attribute component.

However, SP methods are not without their own methodological
problems. They aretypically suited to choice experiments, which are
at best only analogs to the real world. After al, the world is multi-
dimensional, whereas the SP universe hasonly afew dimensions. It
is legitimate to question whether something is lost in translation,
despite the superior control.

Inthe current study, animmersive driving simulation was used to
develop a VESP test. Unlike traditional SP tests, it is not simply a
hypothetical scenariothat isinvolved; rather the subject experiences
(and evaluates) a virtual simulation of that scenario. The authors
know of no prior study of ramp metering that has been conducted in
such a manner, although immersive driving simulators have been
used to investigate awide range of issues.

METHODOLOGY
Subject Selection

Similar procedures were used to obtain subjects for the CASP and
VESP experiments. A ligt of all University of Minnesota employees,
exclusive of faculty, was obtained from the Office of Institutional
Research and Reporting. Thelist contained atotal of 15,288 employee
names at al university branches. Further, 5,404 employees located
outside Minneapolis, 19 Civil Engineering Department employees,
and 100 individuals who had received an email for this study’s pilot
were excluded, leaving 9,765 names.

For the CASP experiment, 1,308 names were randomly selected
from this pool and emails were sent to them; 209 replies were re-
ceived. From this group, self-identified nondriver commuters were
excluded. Ultimately, 89 subjectswere scheduled in groups of five at
1-h intervals over a4-day period. There were 15 no-shows, but the
remaining 74 subjects participated in the study and completed the
survey. Of these 74, 5 more subjectswere eliminated from the analy-
sisbecausewhilein thetesting facility they said they commuted pri-
marily by bus, bike, or walking rather than by driving a motor
vehicle. Thus, 69 subjectsgave valid observations. Compensation of
$10 was given to the subjects after the successful completion of the
gnment. The subjects had been notified in the screening process
of thelevel of compensation.

For the VESP experiments, from the list of 9,765 potential sub-
jects, the 1,308 emails already sent were subtracted, with 8,457 po-
tential subjectsleft. A similar recruiting procedureto that used inthe
CASP experiment was undertaken. In addition, phone interviews of
those respondents were conducted to filter out unsuitable subjects.
As before, self-identified nondriver commuters were excluded, and
subjects likely to be prone to simulator sickness were identified by
being asked a standard battery of questions. After accounting for
no-shows, there were 42 participants.

Descriptive statistics of the samples are shown in Table 1. The
samples were similar; the VESP sample was somewhat (but not
significantly) younger with a slightly larger household size. The
commuting characteristicswere similar. Because the CASP sample
was disproportionately female, gender was used as an explanatory
variablein the models.
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TABLE 1 Descriptive Statistics

CASP VESP
Femae Mae Female  Mae
Number 41 21 16 19
Age Mean 414 451 37.7 35.3
(Years) Std. Dev. 11.3 10.9 10.8 8.7
Auto Ownership Mean 23 23 22 23
Number Std. Dev. 1.2 1.3 0.8 1.2
Commute Time Mean 19.6 15.5 14.0 199
(Minutes) Std. Dev. 27.3 11.2 10.4 13.1
Housing Type  Single-Family  73% 81% 63% 79%
Multi-Family 27% 19% 38% 21%
Household Mean 13 12 24 2.8
Size Std. Dev. 0.4 04 1.0 14

Norte: Subjects with incomplete information are excluded from descriptive
statistics. Sample includes VESP subjects who did not complete simulator run
due to sickness or simulator failure.

Several problems arose: software crashes or bugs occurred in six
of the scheduled runs; simulator sickness affected four subjects. In
the end 32 simulator runs were successfully completed following
the Condition Set 1 protocol. VESP subjects received $50 for their
participation.

Computer-Administered Survey

Subjects were mailed atravel diary and asked to complete it on the
day beforethey wereto take the survey. Travel diarieswere handed
in upon arrival at the testing facility. Those subjects who had com-
pleted but failed to bring their travel diarieswere asked to send them
in by campus mail. Then the subjects completed a computer-based
survey instrument, which included a demographic-socioeconomic
questionnaire, atransportation attitude survey, and apersonality sur-
vey (the results of the surveys are not reported here). In the CASP
experiment, subjects also completed ramp-meter-versus-highway
comparison ratings and rankings. In the VESP experiment theratings
and rankings were asked of the subjects following their experience
in the driving simulator.

For the CASP experiment, the surveys were administered in a
group setting, with between two and five subjects taking the survey
at the sametime. It took approximately 15 to 20 min for the subjects
to complete the survey.

The surveys were administered in the form of a Microsoft Access
database constructed specifically for thisstudy. The databaserecorded
all subject responses. Data recording was verified after each subject
completed the survey.

Driving Simulator

For the VESP experiments, each subject drove in the advanced
driving simulator at the University of Minnesota HumanFIRST
laboratory. Key components of this simulator are as follows:

* Simulator vehicle: The smulator vehicle is a full-body 2002
Saturn SC1 coupe.

* Simulator visuals: The driver of the simulator vehicle has a
210-degree forward field of view, which is provided by five flat-
panel screens each of which measures 4.7 ft high and 6.5 ft wide.
There is a central flat panel in front of the simulator vehicle. The
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center of this panel is aligned with the line of sight of the driver of
the simulator vehicle. Two intermediate panels flank this central
panel, with one on the left and one on the right. They are set at
138 degrees to the central panel. Then there are two outer panels—
again, one on theright, and the other on the left—set at 138 degrees
to the intermediate panels. All five flat-panel screens are elevated
16 in. from the ground. Five projectors are used to project acoordi-
nated, high-fidelity, virtual environment onto thefiveflat panelsthat
make up the 210-degree forward field of view. In addition, the sim-
ulator provides rear-view imagery via a 10-ft high by 7.5-ft wide
screen mounted behind the vehicle that the driver sees through
thevehicle srear-view mirror and by two 5-in. LCD screensthat are
installed in place of the simulator vehicle's side-view mirrors.

» Simulator vehicle controls: The simulator vehicle' s controlsare
equipped with sensors that relay the subject’s inputs from the steer-
ing wheel, transmission, and accelerator and brake pedals to the
driving smulator computer. Thisinput provides areal-timeinterface
with the virtual environment. Force feedback is applied to the steer-
ing wheel, using a high-torque motor attached to the steering column.
A vacuum assist pumpis connected to the brake pedal in order tosim-
ulate redlistic braking. The simulator vehicle is equipped with an
automatic transmission interface, whichisfunctional andiscontrolled
by the simulator computer.

* Simulator sound system: Road and traffic noise and the simu-
lator vehicle's engine sounds are delivered through four speakers
placed around the car’ s exterior near the base of the forward screen.
Each speaker receives independent inputs from the simulator’s
three-dimensional sound generation system. Low-frequency sounds
are delivered through a 10-in. subwoofer placed inside the simula-
tor vehicle' s engine compartment. Recorded instructions can also be
delivered through the four speakers at the base of the forward screen.
In addition, during the experimental session, the experimenter com-
municates with each subject through a dedicated intercom system
that uses four speakers installed in the simulator vehicle's factory
speaker locations.

* Simulator vehicle movement: A bass shaker mounted to the
underside of the vehicle' sframe provides additional low-frequency
vibration. Servomotors attached to the suspension components at
each of the rear tires provide a partial motion base; however, they
were not used in this experiment.

» Datarecording: Thevirtual position of the simulator vehiclerel-
ative to the scenario that each subject drives is recorded at 20 Hz
throughout each experiment drive. From thisrecord, it is possible to
determine the subject’ s steering performance and the speed of the
vehicle. In addition, three microvideo cameras positioned in the cab
of the simulator vehicle are used throughout the course of the exper-
imental on to record the subject’ s face, his or her foot position,
and hisor her steering wheel responses. A video display at the exper-
imenter’s station enables the experimenter to monitor the subject
throughout each session.

There was no working clock in the vehicle, although subjects
were allowed to keep their watches. There was aso no working
radio in the vehicle. The radio was not permitted since it had the
potential to be a confounding variable (with different travelerslis-
tening to different programsor music on different tria s). If the study
administrators had chosen the radio program, this choice could have
had other effects (the driver might not have liked the choice). If the
same music was played on each run, it might have become boring.
Thisisan areafor future research.
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TABLE 2 Choice Conditions

Ramp Wait DriveTime Speed
ConditionSet 1 Type min min mph (km/hr)
A Varying 0 20 30 (48)
B Varying 2 15 40 (64)
C Varying 4 12 50 (80)
D Varying 6 10 60 (96)

Choice Conditions

Condition Set 1 consists of the four runs (A, B, C, and D) shownin
Table2. Thefour conditionsin Condition Set 1 involvetripsthat are
of varying duration. All runs were 10 mi (16 km) long.

The order of the four conditions was randomized using Latin
squares. After each condition, the subjects rated the trip on arating
scale of 1to 7 (with 7 being best, and 1 being worst).

In addition, after all four runs were completed, the subjects
ranked the conditionsin order of preference. In the CASP experi-
ment, the conditions associated with Condition Set 1 were pre-
sented to the subjectsfirst. Then Condition Set 2 was presented. In
addition, variations were presented on Condition Set 1 in which
the times involved were doubled and tripled. Because of the time
required to actually drive the simulated trips in the VESP simula-
tions, subjects only experienced the four conditions associated with
Condition Set 1.

Hypotheses

The data collected allow the testing of numerous hypotheses. Here
thefocusis on two of those.

First, concerning methodology, the hypothesis was that subjects
in the CASP experiment would respond similarly to subjectsin the
VESP experiment. If the results are similar, one can be confident in
doing thistype of research with either traditional CA SP experiments
or VESP simulations. Because computer-based experiments are
likely to remain less expensive, similar results would suggest that
simulators are not needed to address this question. However, if the
results differ, further research may be needed to determine which
method provides more-valid results.

The second hypothesis concerns the relationship between the
effects of different types of time (waiting at a ramp meter versus
freeway travel at various speeds) on driver preference. It was posited
that ramp time is more onerous than freeway travel becausethereis
a trade-off between ramp time and freeway time, and previous
research suggests that waiting is less preferred to the impression of
making progress.

Rank-Order Logit Model

To test the models, a multinomial rank-order logit model was esti-
mate by using Stata (16). Rank-ordered logit has been used in a
number of previous studies (17-23).

The rank-order logit model is referred to as the Plackett—Luce
model in the statistics literature and as the exploded logit model in
marketing. Each alternative in a set is assigned a real-valued posi-
tive parameter y. For a group of m alternatives, the probability of
ranking the choices from best to worst, w, is given by
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FIGURE 1 CASP results: relationship between ramp wait and
rank.

Pw = wly] = dv. *+ V. yw-Ii-...+y

wherew; istheith alternative in the ranking.

Given that choicei is preferred—that is, has been ranked first—
the second choice is then the most preferred option among the
remaining alternatives. Although the rank-order logit and traditional
logit models are dightly different, the models share their density
function and log-likelihood function.

The results of the rank-ordered logit model were compared with
those of a binomial logit model (pairwise comparison of A versus
B, A versusC, A versusD, B versus C, B versus D, and C versus D)
as separate observations and similar results—which are not shown,
for brevity—were reached.

RESULTS
CASP Experiments

Figures 1 and 2 show therankings and ratingsfrom the CA SP exper-
iments. By inspection, it would appear that some ramp wait timeis
tolerable and even preferable to no wait and more congestion. How-
ever, with the longer ramp waits, the subjects prefer to spend time
on the freeway.

After observations with missing data were dropped, and with the
Condition Set 1 data, there were 4 ranks each from 48 individuals

Average Rating
4.5
4 ——
a5 D—
3
2.5
2
1.5
1
0.5
0 T T T T T T
0 1 2 3 4 5 6 7
Ramp Wait (min)

FIGURE 2 CASP results: relationship between ramp wait
and rating.
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TABLE 3 Rank-Ordered Logit Model of CASP Condition Set 1
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Model 0 Model 1 Model 2 Model 3

B z P>z| | B z P>z |B z P>l7] B z P> [2|
R+F 00178 |033 |0.74
RIF -1.61 -3.94 (0.000
R -1.561 -6.31 | 0.000 | -1.404 -5.40 |0.000
F -0.816 -5.77 | 0.000 |-0.828 -5.79 |0.000
SF -0.121 -1.93 | 0.053 |-0.127 -2.00 |0.045
RIT -4.681 -1.65 [0.100
(Obs, groups) | (192,48) (192,48) (192,48) (192,48)
Log -152.49 -144.141 -125.406 -123.989
likelihood
LR chi? 0.11 16.81 54.28 57.12
Prob > chi? 0.74 0.00 0.00 0.00

for 192 observations. The dependent variable was the rank of the
choice. Thefina utility expression took the following form:

U=f(RF,ST)

where

R = ramp wait (min),

F = freeway travel time (min),

S = subject’sgender (1if male, 0if female), and
T = subject’ sreported daily commute time (min).

Theresults are presented in Table 3.

First, the signs of the variables are in the expected direction:
additional time, be it ramp delay or freeway travel time, reduces
utility. Consistent with the hypothesis, the resultsindicate that each
minute of ramp wait is 1.6 times (Model 1) to 1.7 times (Models 2
and 3) more onerous than freeway delay (in Models 2 and 3, it is
determined by the ratio of the 3’s).

Further, these results indicate that the shorter the subject’s actual
commute, the more onerous s the ramp wait. This observation islog-
ical, sinceramp wait becomesalarger percentage of thetrip asthetrip
shortens. Individual s with short commutes may have internalized that
assessment when comparing theaternatives. Men didikefreeway time
somewhat more than women (or tolerate ramp time somewhat better).

Other variables (age, income, speed instead of time) were tested
but dropped for being statistically insignificant. Other functional

TABLE 4 Rank-Ordered Logit Model of VESP Condition Set 1

forms (log, quadratic) were also tested but offered no additional
explanatory power over the linear model shown in Table 2. This
point is interesting and worth further experimentation, since one
might anticipate threshold effects in the data (4 min of ramp delay
ismore than twice asbad as 2 min of ramp delay). Theseresults are
substantively consistent with results obtained from other statistical
methods (binomial logit on each choice pair).

VESP Experiments

Similar modelswere estimated with the V ESP data, again with rank-
ordered logit (Table4). In contrast to the CASP data, simulator users
almost uniformly preferred the ramp wait rather than stop-and-go
traffic on the freeway. Thus, the signsin the VESP data are opposite
to those obtained in the CA SP experiment. Thisfinding isworth not-
ing since economic theory predictsthat travel timeisacost to bemin-
imized, so thesignsin autility expression should be negative, which
iswhat was found in the CASP data. Model 0, which estimates co-
efficients on the sum of ramp and freeway time, comes out as pre-
dicted. However, when the times are disentangled, as in Models 2
and 3, both coefficients have a positive sign, though freeway time
isinsignificant. The positive time for ramp wait is probably due
to the correlation with the quality of the trip, in which higher total
travel times (dueto added ramp wait) are associated with lower free-
way times and, more important, less stop-and-go conditions. These

Model 0 Model 1 Model 2 Model 3

B z P>zl |B z P>zl | B z P>zl | B z P> |z|
R+F -0.416 -4.64 |10.00
R/F 4.432 6.21 |0.000
R 0.753 258 |0.010 | 0.759 2.29 |0.022
F 0.219 1.32 {0.187 | 0.203 1.16 |0.247
SF -0.813 -1.33 |0.182 | -0.064 -1.03 | 0.301
RIT -0.496 -0.21 | 0.835
(Obs, groups) |(124,31) (124,31) (124,31) (112,28)
Log -84.029 -73.833 -72.987 -66.473
likelihood
LR chi? 28.98 49.37 51.06 45.02
Prob > chi? 0.0000 0.0000 0.0000 0.0000
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differences are discussed further in the section on comparison of
methodologies.

Inthe CASP experiments, ramp time and freeway time were both
onerous, but ramp time was more onerousthan freeway time. Inthe
VESP experiments, more ramp time (which was associated with
less freeway time) added to utility. Freeway time was statistically
insignificant. Gender doesn’t seem to matter statistically, nor does
commute time. A significantly better model could not be obtained
from the VESP data. For comparison purposes, the same models
were desired from both experiments.

Comparison of Methodologies

Contrary to the hypothesis, the CASP and VESP methodologies
produce radically different results. To suggest reasons why this
occurs, it is necessary to consider the differences between the two
methodologies.

One difference in methodologies has to do with recency. The
CASP study presents all information (ramp time and freeway time)
simultaneously and asks the subjects to rate and then rank the sce-
nario; the VESP study, following real-world experience, presentsthe
ramp time at the beginning of the freeway journey and then the stop-
and-go (or freely flowing) freeway traffic in the following minutes.
In general, the congestion occurred in the middle of the drive on the
freeway and occupied more space and time in conditions that were
longer induration. Inall cases, the freeway congestion occurred after
the ramp delay in al VESP scenarios. If recency matters, the most
recent annoying part of the trip may be viewed more negatively than
earlier annoying elements, which might explain the different results.
This hypothesis can be tested with future driving simulation studies
inwhich delays occur at the end of thetrip rather than at the beginning
(such asatraffic light at the top of the exit ramp).

A second difference in methodologies relates to simultaneous
versus sequential comparison. In the CASP study, the trip was ex-
plicitly divided into components that were presented to the subjects
simultaneousdly, allowing direct comparison. Also inthe CASP study,
it wasclear to the subjectsthat the researcherswereinterested in their
responseto the ramp meter wait times. In contrast, the VESP study’s
presentation of the two components of the trip sequentially made
direct comparison more difficult. Also in the VESP study, the sub-
jects probably considered both the ramp meter wait and the experi-
ence of driving, which included varying amounts of free-flowing and
stop-and-go traffic.

A related issueisthat of awarenessof public opinion. Ramp meters
have been in the newsin the Twin Cities over the past several years,
the 8-week shutdown of the ramp meter system in fall 2000 was a
front-page newsstory. It has been clear that vocal politiciansand ele-
ments of thegeneral public do not likeramp meters. At the sametime,
there hasbeen little public expression of adislike of stop-and-go traf-
fic. Because of this awareness, the subjects may have responded
to the CASP methodology by indicating that they too dislike ramp
meters without giving due thought to what driving in stop-and-go-
trafficisrealy like. Some built-in bias might have come to the fore
with the CASP experiment. In contrast, in the VESP experiment, the
subjects actually experienced what it was like to drive in stop-and-
go traffic. This methodology makesit more likely that the subjects
actually compare the experience of waiting with the experience of
stop-and-go traffic.

Thereis aso an issue of the intensity of the stop-and-go traffic:
inthe simulation scenario, the stop-and-go traffic may be worsethan
that typically experienced by the subjects. Thusin the CASP exper-
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iment, which asked subjectsto recall freeway congestion, they may
have recalled experiences that were not as severe as those portrayed
in the simulator. The VESP experiment may have been a worst-
case day for many people, whereas for the CASP experiment, they
recalled typical days, with less-intense traffic.

There is yet another issue. In the real world, driving is a goal-
directed activity: the goal is to reach a particular destination. This
attribute is especialy true of commuting. In the simulator experi-
ment, although the subjects were driving to a particular exit, they
were not going therefor their own reasons (to get to work, to go shop-
ping, to gofor ameal, etc.). Asaresult, they may not have been par-
ticularly concerned about the destination. In the simulator, asin red
life, stop-and-go traffic may be annoying. However in redl life, the
fact that one is moving toward a desired destination may outweigh
the annoyance. In the simulator the annoyance may take center stage
because the movement toward a destination is less important. In
contrast, the CASP methodology, which asks about preferences,
may evoke those real-life conditions in which the subject is dways
interested in arriving at the destination.

Another possible explanation—that an experimental artifact relat-
ing to discomfort contributed to the VV ESP results—can be dismissed.
In the current experiment, there was a relatively high incidence of
simulator sickness (4 out of 42 subjects felt ill and were unable to
complete the experiment). This situation suggests that the partici-
pants who did compl ete the experiment might have felt more dis-
comfort than in other experiments. Routinely, in each simulator
experiment conducted in the simulator used in this study, a ques-
tionnaire pertaining to simulator validity is administered after the
experiment is completed. This questionnaire includes a question
asking the subjects to rate whether driving in the simulator made
themill (onascaleof 1to 7, where aresponse of 1 reflectsthat they
did not feel ill at all and 7 reflects that they felt very ill).

The responses of the 31 subjects whose data are reported in the
current study were compared with those of the subjects in another
recent study (24) using the same simulator. In that study, there were
48 subjects, none with simulator sickness. The distributions of
responses to the question about whether driving in the simulator
made the subjects fedl ill were compared. Although the differences
were not identical, when the Kolmogorov-Smirnov test (25) was
used to test the differences between the two distributions the results
were far from statistical significance (even using a liberal <0.10
level of significance). There is no evidence to support the sugges-
tion that the participants who completed the current study might
have felt more discomfort than in other experiments, and it is
unlikely that discomfort contributed to the VESP results.

Which methodology ismorevalid, CASP or VESP? Both method-
ologies involve subjective assessments, but CASP judgments are
made at some temporal distance from the experience to which they
pertain, whereas V ESP judgments are made much closer to the expe-
rience. Stated preferences vary, depending on how one asks about
them. A third experiment, fiel d-experienced stated preference, which
puts people on the road rather than in asimulator, may be necessary
to resolve thisissue. These questions call for further research.

CONCLUSIONS

A traditional computer-administered SP (CASP) experiment was
compared with avirtual experience SP (VESP) experiment to ascer-
tain how people value time spent waiting at ramp meters compared
with time spent driving in stop-and-go traffic. The VESP experi-
ments were conducted with an immersive driving simulator. The
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two methods produced different results, with the traditional CASP
results suggesting that time spent waiting at ramp metersis 1.6 to
1.7 times more onerous than time spent driving in stop-and-go traf-
fic, whereasthe driving-simul ator-based V ESP results suggested the
opposite—time spent driving in stop-and-go traffic is more onerous
than time spent waiting at ramp meters.

Thereisagrowing body of evidence that the design of SP exper-
iments can have asignificant influence on their outcome. Apart from
the obvious differences of environment and context, the researchers
attempted to ensure that the questions were asking the same thing.
They believein this case that it is the environment and the context
that affect the results.

Several reasons were hypothesized to explain the different re-
sults, including recency, simultaneous versus sequential compari-
son, awareness of public opinion, the intensity of the stop-and-go
traffic, and the goal -directed nature of driving inthereal world. How-
ever, without further research, itisunclear whichif any of theserea
sons will eventually prove to be the right one. What is clear is that
the CASP and VVESP methodol ogies produce different results, even
though they strive to find the same answers in nominally identical
sets of conditions.

Because people experience the world subjectively and make
decisions based on those subjective experiences, future research
should be aimed at understanding the differences between these sub-
jective methodol ogies. Future research should al so consider therole
of expected versus unexpected ramp delay and perceived versus
actual travel time, the role of safety and accidentsin ramp-metering
schemes, and the effect of allowing radios, CD players, or bookson
tape in the ssimulator. Perhaps the most promising direction would
be more on-road experiments rather than simulator experiments.
Although some control of the conditions are lost, the former are
likely to be much more realistic.
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