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ABSTRACT

WAITING TOLERANCE: RAMP DELAY VS. FREEWAY CONGESTION

Waiting tolerance at ramp meters and travel time on the freeway were statistically
analyzed using subject’s demographics, socioeconomic characteristics, daily travel
time, and personality scores. The subject’s preferences were recorded using a
computer administered stated preference (CASP) method and a virtual experience
stated preference (VESP) method employing a driving simulator. The selections varied
in the number of minutes waiting at a ramp meter with vehicle speed once on the
freeway. The subjects rated the selection presented on a scale from 1 to 7 and then
ranked the selections in order of preference. Presented here will be a binary logit
model to predict their choice as a function of typical demographic factors such as: age,
sex, household income, number of vehicles per household, number of household
members, number of children under the age of 5 years, educational level, average age
of vehicles in household, own or rent residence, length of time at residence, number of
licensed drivers per household, and residence type (single- or multi-family).
Personality scores (N, E, O, A, C) from the NEO Five-Factor Inventory personality test
and daily travel time from travel diaries were analyzed as well. It is posited that the
personality of the individual and certain demographic factors, such as age and sex,
were correlated with the subjects preference for less wait time at the ramp meters
instead of less freeway travel time. The results by the CASP method displayed a
preference for freeway congestion to ramp delay, but opposite results were obtained by
iii

the VESP method. It was determined that the CASP subjects' sex, age, the average age
of the household vehicles in service, the Neurotic (N), Extraversion (E), and Openness
(O) personality scores, the one-way commute and total daily travel times, and the
freeway travel and ramp wait times were significant variables in a binary logit model.
The VESP subjects' significant variables were the subject's sex, the one-way commute
time, and the ramp wait time.
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CHAPTER 1
INTRODUCTION

It is speculated that most individuals seek instant gratification. Humans have a
tendency to not want to wait for something better, but would rather "have it now". One
must wait at service counters, professional offices, and at traffic signals. Individuals
accept many common types of waiting conditions. So why do they complain about
waiting at ramp meters to enter a freeway? Granted the driver's main objective is to get
on the freeway and to get to their destination. Even if the freeway traffic is not moving,
to some it is still viewed as "better". The drivers waiting at the ramp meter may believe
that they are being penalized. This paper will attempt to discover if specific
socioeconomic, demographic, or personality traits influence an individual’s preference
for slow moving traffic conditions over waiting at a ramp meter. Driver preferences for
in-vehicle travel time are separated into freeway free-flow traffic conditions, congested
traffic conditions, and time spent waiting at ramp meters.
Many studies have determined that proper ramp metering results in a better overall
traffic flow during periods of traffic congestion (Chen et al. 2001, Levinson et al. 2002,
and Wu 2001). Yet ramp metering is still not accepted by the driving public in many
cities, as stated by Piotrowicz et al. (1995), "To the public, ramp meters are often seen
as a constraint on a roadway normally associated with a high degree of freedom."
This study asked drivers to rate and rank four choice conditions with varying ramp
meter wait times. The first experiment set ramp wait times at 0, 2, 4, and 6 minutes, and
1

freeway travel times at 20, 15, 12, and 10 minutes. A second experiment set ramp wait
times at 0, 2, 4, and 6 minutes and freeway travel times at 20, 18, 16, and 14 minutes.
A longer wait time at the ramp meters was associated with a faster freeway speed (less
congestion) for drivers. The travel distance remained the same for all four conditions in
both experiments at 16.2 km (10 mi), but the travel speed varied from 48 to 97 km/h
(30 to 60 mph). The choice conditions were presented randomly using the Latin
Squares Design procedure to eliminate order bias and fatigue effects. The two methods
consisted of a computer administered stated preference (CASP) questionnaire and the
use of a driving simulator, known as virtual experience stated preference (VESP).
Subjects rated on a scale from 1 to 7 (best), their opinion of the four choice conditions
and then ranked the four conditions in order of most preferred. The subjects were
asked to complete a travel diary for one day, a NEO Five-Factor Inventory personality
test, an attitude questionnaire, and a demographic and socioeconomic profile.
Chapter 2 discusses stated preference surveys, travel behavior, personality factors
involved with the NEO Five-Factor Inventory questionnaire, and previous research
relating personality scores with travel behavior. Chapter 3 summarizes statistical
models, such as the binary logit, the linear probability, and the binary probit models.
Chapter 4 presents the theory of ramp metering, along with four metropolitan cities'
experiences. Chapter 5 explains the methodology behind the study for the CASP and
VESP surveys and presents the choice set conditions for the experiments. Chapter 6
states the specific hypotheses behind the study and presents the results from the
statistical analysis. Chapter 7 summarizes the results and presents concluding remarks.
2

CHAPTER 2
BACKGROUND

2.1 Introduction
This chapter discusses the basis of using stated preference surveys with conjoint
analysis. Behavioral factors and characteristics and personality traits concerning the
NEO Five-Factor Inventory are explained. A brief summary of research analyzing
personality traits in transportation is presented.

2.2 Stated Preference Surveys
Stated preference (SP) surveys entered travel behavior research in the 1970s and
increased dramatically in the 1990s with Polak and Jones (1997), and Hensher and
Battelino (1997) studies, for example (Stopher, 2001). Other survey methods include
revealed preference (RP), the contingent valuation method (CVM), and equivalent
variation (EV). Revealed preference surveys (RP) display the subject's preference in
actual situations. Researchers observe what the subject would actually do, not what
they say they would do. Louviere et al. (2000) explains the significance and validity of
using stated preference surveys in comparison with revealed preference surveys.
According to Louviere et al. (2000) stated preference surveys are beneficial when new
attributes are introduced into the marketplace, for changes in mature existing attributes,
and when revealed preference data is time consuming or expensive to collect.
The contingent valuation method (CVM) presents detailed information about the
situation in question to the subject. It asks the subject to place a monetary or a similar
3

substitute replacement value on a benefit. This method depends tremendously on the
accuracy of the information that is presented to the subject. Errors in the information
presented will invalidate the results. CVM can cause subjects to agree with a situation
because it is the "right" thing to do or because they believe the majority agrees with it.
The subjects will not suffer any consequences from agreeing with the situation. This
method is difficult to model subject's preferences since they do not have choice
conditions that can be measured. Equivalent variation (EV) determines how much the
subject would be willing to pay to avoid a price increase, a tax, or other penalty. This
method was not used since it is not a realistic condition at this present time or in the
near future. Even if the subjects were willing to pay to avoid waiting at the ramp meter,
the condition on the freeway would still be the same. They would still have a slower
freeway travel speed in reality.
Stated preference surveys ask individuals about their preferences on a few select
alternatives and are especially helpful with interval-level scales that can measure
length, weight, time, etc. SP surveys may be combined with conjoint analysis to
determine an individual's subjective preferences that cannot be measured as an exact
science (Huber, 1987). Conjoint analysis allows for comparison of a subject's
preference for "apples to oranges." Subject's preferences can be express in numerical
terms describing their behavior. Instead of asking individual's for their preference and
getting a continuous range of answers or in some instances – the one idealistic
condition that in reality does not exist, conjoint analysis usually presents two to four
conflicting attributes that are statistically independent of each other in various
4

combinations and levels. Evidence suggests that presenting more than four attributes
confuses and complicates the selection process. The subjects will concentrate on a few
attributes in order to make their decision with the remaining attributes becoming nonsignificant (Huber, 1987). The researcher presents options that are realistic or
applicable to the situation. This forces the subject to choose a compromise - their
"trade-off" condition. They need to make a choice. Huber (1987) writes, "Instead of
thinking that conjoint estimates latent utilities, it is more appropriate to consider that it
emulates choice behavior."
Stated preference surveys measure subjects' preferences by either ranking the options
from the most preferred to the least preferred or by rating the options on a number
scale. The latter method may result in inconsistent scoring by the subjects if the
subjects are presented the options one at a time (Harrell, 1993). The subjects are not
sure what to rate the first option presented. It is very important that the subjects are
familiar with the situation and the options presented in order to have successful results
(Harrell, 1993). Our research presented the four choices in a random format using
Latin Squares Design in order to avoid order effects. The ranking results were analyzed
in this paper from surveys from commuters that drove to work only.
Stated preference surveys in prior research have been presented in paper format,
computer format, or by telephone contact. Hui et al. (1996) used a computer format in
determining individual's perception of delay. Subjects were to give their opinions of a
new computerized course registration service. Delays of 8, 12, or 16 minutes were
introduced during the registration process. Half of the subjects were informed of the
5

remaining time delay and the other half were not. Results displayed that the informed
subjects perceived greater control during the delay, accepted the delay slightly more,
and viewed the new service more positively than the uninformed subjects
(Hui et al., 1996).
This research used a computer administered stated preference (CASP) method and a
new method, which we called virtual experience stated preference (VESP). The VESP
method has the subjects experience the conditions in a driving simulator. Both methods
were used to determine subjects' preferences for either waiting at a ramp meter for 0 to
6 minutes combined with driving on the freeway at speeds of 48 km/hr (30 mph) to 97
km/hr (60 mph) respectively. The ideal condition is no waiting at a ramp meter
combined with traveling at free-flow speed on the freeway. This is not the "real world"
condition in most metropolitan areas. The subject's had to decide their "trade-off"
point between ramp wait times with freeway travel speed.

2.3 Behavioral Factors
Psychologists and researchers in the last several decades have analyzed individual
behavior and personality. Researchers are attempting to determine behavior based
upon observations or experiences of individuals. Behavioral-cognitive factors in
transportation models basically began in 1973 with the establishment of the
International Association for Travel Behavior Research (IATBR) as discussed in
Stern et al. (2002). Later in 1997, Transportation Research F was the first journal in
transportation devoted to psychology and travel behavior only.
6

Stern et al. (2002) classified travel demand and safety into six types: life style,
location, activity, travel, driving, and acquisition. Life style is defined as working
outside the home, working at home, or not working. Location is where an individual
works, lives, or goes to school. Activity is defined as the change in the individual's
daily schedule in regards to work and non-work trips. Travel is the individual's choices
of destination, route, time of day, and mode selection. Driving is defined as the
individual's decisions to other drivers, the traffic conditions, and other perceived
constraints. Acquisition is the individual's travel characteristics, such as the condition
of the vehicle, music system, or cellular telephone service.
D’Arcier (2000) stated three main factors that are responsible for day-to-day
individual’s decisions. The first is their socioeconomic conditions, such as educational
level and income. The second is the demographics of the individual, such as age, sex,
resident type and location, etc. The third is the individual’s psycho-sociological
determinants, known as lifestyle, opinions, and aspirations. All three factors were
analyzed in this study. As stated by Stern & Richardson (2002), "A better
understanding of travel behavior will improve travel demand forecasting and the
assessment of emerging transport policies, and a better understanding of driving
behavior will improve our means to increase road safety."

7

2.4 NEO Five-Factor Inventory
Many psychologists summarize an individual's personality into five main traits.
Moberg (1999) summarizes the history of the Five Factor Model. Personality traits
have been classified as virtues that are formulated due to hereditary and environmental
influences and are firmly established by the age of thirty (Moberg, 1999). This
research used the NEO Five-Factor Inventory personality questionnaire (FFI), which
consists of 60-questions (Costa, 1991). This questionnaire was used because it presents
a widely used overall assessment of the individual's personality with minimal
completion and scoring time. Many researchers have verified this questionnaire or a
variation of this questionnaire with other personality models and have found them to be
comparable (Tokar et al., 1999). The questions are based on a five point scale ranging
from strongly disagree to strongly agree. Depending upon the question the answers are
scored from 0 to 4 or from 4 to 0. The FFI categories are: neuroticism (N),
extraversion (E), openness to experience (O), agreeableness (A), and conscientiousness (C). The answers from each question are separated out into the five traits and then
are added together determining each individual trait score. An individual will have an
N, E, O, A, and C score. The letters of each score represent the first letter of the trait or
category. The following brief descriptions of the five traits are from Buchanan (2001).
The average scores presented after the descriptions are representative from the FFI test
form according to Costa (1991). The N-score is for neuroticism and is defined as a
personality trait that represents the level of an individual's negative thoughts and
feelings. The higher the score, the more likely the individual is insecure and
emotionally distressed. The lower the score, the more relaxed, less emotional, and less
8

distressed. Average N-scores range from 14 - 24. The E-score is for extraversion and
is how the individual behaves in social situations. The higher the score the more likely
the individual is outgoing - an "extrovert". Low scorers are reserved - an "introvert".
Average E-scores range from 24 - 31. The O-score represents openness and measures
the individual's interest in culture and society. The higher the score represents
imagination, creativity, and enjoyment for the fine arts and educational experiences.
Low scorers tend to be more practical. Average O-scores range from 24 - 30. The
agreeableness trait, known as the A-score, represents how the individual interacts with
other individuals. High scorers appear to be more trusting, friendly, and cooperative.
Individuals that score low on this trait are usually more aggressive and uncooperative.
Average A-scores range from 29 - 36. The C-score, conscientiousness, is defined as
how organized and persistent the individual is in maintaining their objectives.
Individuals that score high in this category are usually very methodical and organized.
Low scorers are easily distracted, less focused, and less meticulous. Average C-scores
range from 31 - 38. This study tests the relationship between waiting tolerance and
personality scores of the subjects.
Many studies have shown that driving behavior correlates with the individual’s
personality. Arthur & Graziano's (1996) used the NEO Five-Factor Inventory Form S
and a driving behavior questionnaire requesting the number of years driving, the
number of accidents involved in, and the number of at-fault accidents in their research.
They stated that the advantage of the FFI was its ability to analyze personality and its
similarities to obvious behaviors, such as driving accident involvement. Arthur &
9

Graziano's (1996) results discovered that individuals that scored low on the
conscientiousness scale (C Score) had a higher risk of being in an accident. It was also
discovered that individuals that had traffic tickets had lower C-scores than individuals
that had no traffic tickets. The FFI would aid in selecting drivers for businesses,
schools, and government agencies. Cellar et al. (2000) discovered that the
agreeableness scale (A score) on the NEO-Personality Inventory - R had a slight
negative correlation with the number of driving tickets and also with driving tickets and
all accidents combined.

2.5 Conclusions
Stated preference surveys, demographics, socioeconomic characteristics, travel
behavior, and personality traits have been used in transportation research. Researchers
have used these factors to predict travel route choices, travel times, travel modes,
driving behavior, and travel network requirements. Stern et al. (2002) summarized it as
follows: "Since the human cognitive mechanism of travel decision making is universal,
idiosyncratic situations, cultural and societal norms can affect the individual's
perception of constraints which will consequently affect the whole decision making
process."

10

CHAPTER 3
PROBABILITY MODELS

3.1 Introduction
Ben-Akiva and Lerman (2000) summarized the requirements for models to explain
human behavior. The models should:
1. Describe how humans behave not how they ought to behave.
2. Apply to various circumstances.
3. Operate with parameters and variables that are measured or estimated.
Modeling an individual's behavior is best often described by discrete variables instead
of a continuous range of values (Ben-Akiva et al., 2000). In our case, the choice set
conditions were separated into two conditions: preference one being a longer freeway
travel time and preference two being a longer wait at the ramp meter. This reduced the
complexity of the four options and allowed the attributes to be explained in terms of
differences in travel times.
Three statistical models that determine relationships between attributes for predicting
future values are: linear probability, logit, and probit. This chapter will highlight the
linear probability and probit models and will explain in more detail the binary logit
models.
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3.2 Binary Logit Model
The binary logit model was used to describe the individual's choice behavior regarding
their preference for traveling on the freeway at a slower speed or waiting at the ramp
meter and traveling on the freeway at a higher speed. As stated by Harrell (1993), "A
logit curve is "S" shaped illustrating the fact that individuals are more sensitive to
changes in products the closer (in terms of generalized cost) alternatives are to each
other." The models are classified as random utility models with each individual
assuming to maximize their utility, Uin , from a set of alternatives, known as the choice
set, Cn . An individual's utility is their measured or observed component with an
unobservable or error term (Ben-Akiva et al., 2000).
The individual's utility is defined as:

Uin = Vin + !in

(3.1)

where Uin is the total utility of the individual, Vin is the measured utility of the
individual, and εin is the error term or the unknown factors of the individual. The error
term, εin is small when the difference between the alternative's utilities is large and the
error term is large when the difference between the alternative's utilities is small (BenAkiva et al., 2000). The analyst is not able to account for all attributes or variables that
are relevant to the subject's utility. The error term exists due to measurement errors and
because individuals do not always select the logical or "best" alternative according to
the analyst's expectations. The decision is based upon personal beliefs or "feelings"
that cannot be measured. Two individuals with the same measured characteristics may
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make different decisions, or the individual might make a different decision when faced
with the same condition again.
The binary logit models assume that the difference between the alternative's errors
(εn = εjn - εin) is logistically distributed and that the alternative's errors are independent
and identically Gumbel distributed. Models with variables that are linear-in-parameters
can be approximated for estimation purposes with µ = 1, since µ cannot be
distinguished from the scale of the β coefficients. Xin and Xjn are attributes describing
alternatives i and j.
The logit model can be used for two or more alternatives. The binary logit model is
the two alternatives case. The choice probability for alternative i for the binary logit
model is:

e µVin
1
1
Pn(i) = P(Uin " Ujn) = µVin µVjn =
=
! µ (Vin !Vjn )
! µ# ( Xin ! Xjn )
e +e
1+ e
1+ e

(3.2)

The choice probability for alternative j for the binary logit model is:

e µVjn
Pn( j ) = 1 ! Pn(i) = µVin µVjn
e +e

(3.3)

The model requires the independence from irrelevant alternatives (IIA) property. This
states that the each utility must depend only on the alternatives' own attributes and not
on any other alternatives in the choice set. The IIA property is expressed as the ratio of
the choice probabilities of any two alternatives and is unaffected by the utilities of any
other alternatives specific to an individual. As shown in equation form:
13

Pn(i) eVin
= Vjn = eVin !Vjn
Pn( j ) e

(3.4)

The binary logit model works well with socio-economic variables, since it allows for
dissimilarity in the systematic components of the individual's utilities
(Ben-Akiva et al., 2000).

3.3 Linear Probability Model
The linear probability model is also known as the linear regression model. It is one of
the easiest models to determine. The difference in the error terms or disturbances,
εjn - εin , is uniformly distributed between the negative and the positive values of a
certain variable, L. The choice probability is described as:

0
Vin "Vjn

Pn(i ) = # f ($n)d$n =
"L

1

if Vin - Vjn < -L

(Vin "Vjn + L)
for " L ! Vin " Vjn ! L
2L
if Vin - Vjn > L

(3.5)

The linear probability model forecasts unrealistic or extreme probabilities in some cases
and the choice probabilities may equal zero or one (Ben-Akiva, 2000). According to
Harrell (1993), "Binary choice make the data unsuitable for analysis by regression
(which is not able to successfully deal with categorical dependent variables) meaning
that logit models should be used to estimate a utility function based on the maximum
likelihood technique."
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3.4 Binary Probit Model
The choice probability for the binary probit model is expressed as an integral. The
binary probit model assumes error terms; εin and εjn are normally distributed with zero
means and variances σ2i and σ2j and covariance σij. The difference between the error
terms is also normally distributed, under the previous assumptions, with a zero mean
and variance, σ2 = σ2i + σ2j - 2σij. The binary probit model probabilities are based on
the standardized cumulative normal distribution and depend on the standard deviation

σ, but not the covariances.

Pn(i ) = P(#jn ! #in " Vin ! Vjn)
Vin -Vjn

= .

1 = -/

2

&-1, 1 ) #
1
exp $ * ' ! d1 , 0 > 0
220
% 2 +0 ( "

(3.6)

By rescaling parameters, the standard deviation can be set equal to one and not affect
the choice probabilities. The binary probit model does not have a closed form solution
and requires a significant amount of computer time. The logit model is "probitlike" and
can be solved faster than the probit model, thus a logit model is used more often
(Ben-Akiva et al., 2000).
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CHAPTER 4
RAMP METERING

4.1 Ramp Metering Theory
Ramp meters were first implemented in the 1960s in Chicago, Detroit, and Los Angeles
and have been deployed in at least twenty metropolitan areas in the United States
(Pearson et al., 2001). Ramp meters are traffic signals placed at the entrance points to
expressways, freeways, and highways. The main purpose is to control the entrance rate
of vehicles in order to maintain free-flowing travel conditions on the main
thoroughfare. Ramp meters prevent a large number of vehicles from merging onto the
thoroughfare together; a potential for rear-end collisions. Efficient use of ramp
metering can reduce total system travel time, accidents, fuel consumption and vehicular
emissions (Chaudhary et al., 2000). Ramp metering has its negative side. Ramp
metering may cause some drivers to change their route to other arterials causing
congestion or increase safety concerns on these other routes. Metering has been shown
to encourage longer trips or commutes since it tends to benefit through traffic over local
traffic (Levinson et al., 2002). Delays at the ramp meters may have queues interfering
with arterial or local streets performance. Inequity occurs in the system, since some
drivers are "forced" to wait. Ramp metering also has a monetary cost for installation
and maintenance.
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4.2 Ramp Meter Studies
4.2.1 Detroit, Michigan
Shah and Wunderlich (2001) studied the impacts of Intelligent Transportation Systems
(ITS) on congestion in the John C. Lodge corridor in Detroit, Michigan for the
Michigan Department of Transportation. The ITS consisted of: internet-based pre-trip
information, highway advisory radio (HAR), changeable message signs (CMS), and
ramp metering. It was estimated for the year 1997-1998 that the John C. Lodge
corridor had approximately 40,000 drivers during the morning peak time of 7:00 am to
9:00 am and 100,000 drivers during the afternoon peak time of 4:00 pm to 6:00 pm.
Models of various combinations of ITS methods were simulated using the program
INTEGRATION. It was determined that ITS had some benefit for all drivers in some
form or the other. Shah et al. (2001) stated "CMS may have psychological/convenience
benefits in terms of providing drivers with information about what is causing delays
and congestion." But drivers that change their route onto the arterials did not
experience a reduction in travel time and the corridor did not experience an increase in
flow or speed when CMS was used by itself. Ramp metering was more effective when
major incidents occurred without the presence of changeable message signs. Drivers
were not able to change their routes onto the arterials in time to avoid the congestion.
The simulation study discovered using ramp meters during incidents allowed for an
increase in flow of almost 250 vehicles per hour and an increase in speed of as much as
5 miles per hour, resulting in a 22 percent travel time delay reduction when no other
ITS method was in use (Shah et al., 2001).
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4.2.2 Los Angeles, California
Many researchers have completed empirical studies analyzing ramp metering.
Chen et al. (2001) used data from Los Angeles, California's database, Performance
Measurement System (PeMS) from highways I-5, I-10, US 101, I-110, and I-405
detectors for October 3-9, 2000 from midnight to noon. The model developed was
referred to as an idealized ramp metering control policy (IMP). A critical occupancy
level for each highway section was calculated from the data. Traffic was simulated
based upon their model of congestion and delaying traffic at the ramp meters in order to
maintain 100 percent efficiency (i.e. 60 mph speed) on the highways. It was
determined that a travel time savings of 280,000 vehicle-hours would have been
realized with their ramp metering strategy for this time period. Chen et al. (2001)
stated "the major cause of congestion is the inefficient operation of highways during
periods of high demand," and that "to increase efficiency, however, it is necessary to
intelligently control access to highways through ramp metering." They believe that
increases in efficiency can eliminate a significant portion of travel delay even with an
increase in ramp meter delay.

4.2.3 Seattle, Washington
Washington State Department of Transportation (WSDOT) developed a new algorithm
for ramp meter timing for over 100 ramps on I-5, I-405, I-90, and State Route 520.
Amy O'Brien (2000) stated that WSDOT had many problems that needed to be
resolved concerning ramp metering. First, WSDOT had communication problems with
the traffic loop detectors (sensors) located in the pavement, resulting in inaccuracies in
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the data. Second, WSDOT's ramp meter timing schedule responded to congestion,
instead of preventing it. Third, traffic conditions are not static. The previous
algorithms relied on the accuracy of a system-flow model. Fourth, the previous
algorithms were difficult to calibrate due to differing local policies and road
construction resulting from urban growth. The University of Washington's Department
of Electrical Engineering developed a Fuzzy Logic Algorithm (FLA). Fuzzy Logic
emphasizes descriptive characteristics or ranges of inputs instead of precise
requirements. It eliminates the "black and white" and allows for some "gray" areas,
thus the term "Fuzzy." WSDOT was still limited by the inaccuracies in the detector
data, but results of the FLA showed that on I-90 mainline congestion decreased and on
I-405 ramp queues decreased with only a slight increase in mainline congestion
(O'Brien, 2000).

4.2.4 Minneapolis-St. Paul, Minnesota
Minnesota Department of Transportation (Mn/DOT) began testing ramp meters in 1969
and now has approximately 430 installed on 210 miles of freeways in the metropolitan
area. Public opinion against ramp meters resulted in the Minnesota Legislature passing
a bill requiring Mn/DOT to evaluate the effectiveness of the ramp meters. Ramp
meters in the metropolitan area were shut off for eight weeks from October 16th to
December 8th, 2000. Cambridge Systematics, Inc. was contracted to evaluate the
freeway system with and without ramp metering. The study included results from I-94,
I-35W, I-35E, and I-494. The analysis determined that with the ramp meters off the
crash rate increased by 26 percent, the average traffic volume declined by 9 percent,
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freeway travel times increased by 22 percent, freeway travel speeds declined by 14
percent, and reliability of travel time decreased by 91 percent compared to the
September 11th to October 15th, 2000 time period. One disadvantage stated was that
with the ramp meters on an additional 5.5 million gallons of fuel were consumed.
Cambridge Systematics, Inc. determined a benefit/cost ratio of 15:1 for ramp metering
only. Levinson et al. (2002) determined that some freeways in the metropolitan area
benefited from ramp meters and others did not. In particular, drivers using US Route
169 for longer sections (more than 3 exits) benefited with the ramp meters on, while
drivers using the freeway for short travel distances (3 or less exits) did not. Zhang et al.
(2001) analysis of US Route 169 during the metro area ramp meter shut down
experiment, determined that the number of trips increased but the average trip length
decreased in comparison with the ramp meters on, concluding that ramp meters
encouraged longer trips. Cambridge Systematics, Inc., (2002) survey responses
supported some form of ramp metering, but with shortened wait times and hours of
operation. It was also requested that ramp meters be limited to high traffic freeways
and to increase the green time of the ramp meters when the traffic flow is light
(Cambridge Systematics, Inc., 2002). Mn/DOT removed 24 ramp meters in 2002 and
ramp wait times were set at a maximum of 4 minutes on local ramps and a maximum of
2 minutes on freeway-to-freeway ramps. Mn/DOT's policy is ramp metering is used
only when needed as a response to congestion on the freeway (Mn/DOT, 2002).
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4.3 Conclusions
Ramp metering is an effective process in dealing with traffic congestion when used
intelligently. It has been demonstrated that it reduces overall travel time, reduces
vehicular accident rates, and aids in travel time reliability. The conflict is that the
drivers waiting at the ramp meters believe that they are being treated unfairly. It is not
an equitable situation for them, even though the whole network benefits. This is the
challenge that transportation engineers and planners and society as a whole, need to
solve. Transportation officials are trying to consider equity in addition to efficiency, in
order to satisfy more drivers.
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CHAPTER 5
METHODOLOGY

5.1 Introduction
This chapter presents the selection process that was used to recruit subjects for
participation in the study, describes the CASP survey and procedure, the VESP
procedure, personality scores correlation, and the preference selections used in the
analysis. The descriptive statistics of the CASP, VESP #1, and VESP #2 subjects are
summarized, and given in more detail in Appendix A. The attitude questionnaire, the
demographic and socioeconomic survey, the CASP survey, the NEO Five-Factor
Inventory questionnaire, and the travel diary form are in Appendixes B – F.

5.2 Subject Selection Process
A set of 15,288 subjects was obtained from the Office of Institutional Research and
Reporting at the University of Minnesota-Twin Cities Campus. Table 5.1 displays the
subject selection process. Subjects were randomly selected and emailed regarding
participation in the CASP survey. The requirements for participation were a valid
driver’s license and that they drove to work. A pilot study was done to check the
computer program and time requirements for completion of all requested information.
One hundred subjects were emailed requesting their participation in the pilot study.
Sixteen subjects were scheduled for December 18 - 20, 2002. Three subjects did not
show and one did not complete the personality questionnaire. Twelve subjects
successfully completed all questionnaires and surveys. After successful operation of
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the CASP survey, another 1,308 subjects were emailed. Eighty-nine subjects were
scheduled for January 14 – 16, 2003. Fifteen from the selected group did not appear
and another 5 subjects did not commute by motor vehicle. The remaining 69 subjects
participated in the CASP survey and were paid $10 for their time of approximately 15 –
20 minutes for completing the questionnaires.

Total Number of Subjects Available
Eliminated Subjects outside of Metropolitan Area
Eliminated Subjects in Civil Engineering Department
Eliminated Subjects in Pilot Study
Remaining available Subjects
Subjects receiving emails
Subjects expressing interest in study
Subjects selected for the study
Subjects participating in the study
Subjects completing all requested information

15,288
5,404
19
100
9,765
1,308
209
89
69
44

Table 5.1: Summary of subject selection process.

5.3 Computer Administered Stated Preference (CASP) Method
This method used computer presentation of questionnaires implemented into a
Microsoft Access database at the University of Minnesota in Minneapolis. The first
two screens were entry into the survey, followed by 12-questions pertaining to their
attitude about their commute, traffic congestion, ramp meters, public transit, and
waiting in lines. The fourth to seventh screens requested basic demographic
information, such as sex, age, educational level, number of household members and
vehicles, annual household income, and household vehicles. Next the survey presented
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16 screens of various bar charts with the color blue representing highway travel time
and the color red representing time waiting at ramp meters. Selections were presented
individually, and subjects were asked to rate on a scale from 1 to 7 (best) their opinion
of: 0, 2, 4, or 6 minutes of ramp wait with increasing freeway travel speed: 48 km/hr
(30 mph), 64 km/hr (40 mph), 80 km/hr (50 mph), or 97 km/hr (60 mph), respectively.
Total travel times were 20, 17, 16 and 16 minutes, respectively. The total travel
distance remained constant at 16.2 km (10 mi.). Then the subjects were presented a
screen with all four previous selections together and asked to rank the four selections in
order of preference, with 1 being their most preferred, etc., as shown in Figure 5.1. The
ranking results from this set of selections are known as Experiment #1.

5

Figure 5.1: Computer screen displaying selection choices for first condition set.
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Next the subjects were presented four individual selections and asked to rate again
ramp waits of 0, 2, 4, and 6 minutes, but this time the travel speeds were 48 km/hr (30
mph), 53 km/hr (33 mph), 61 km/hr (38 mph), and 69 km/hr (43 mph) respectively.
This allowed the travel time to remain constant at 20 minutes and the travel distance to
remain constant at 16.2 km (10 mi.). The subjects were asked to rank the second set of
four selections in order of their preference. The ranking results from this set of
selections are known as Experiment #2. Figure 5.2 is the CASP presentation screen of
the second experiment conditions.
10

Figure 5.2: Computer screen displaying selection choices for second condition set.

Continuing on, the subjects were presented with four selections at the same time
displaying ramp waits double the time of the first set of four selections (0, 4, 8, and 12
minutes, respectively), with speeds and travel distance remaining the same and were
25

asked to rank this set (Experiment 1b). Next subjects were presented with four
selections displaying ramp wait time triple of the first set of four selections with speeds
and travel distance remaining the same and were asked to rank this set (Experiment 1c).
The next four screens presented four conditions with various combinations of ramp
wait and varying highway speeds representative of light (97-120 km/hr or 60-75 mph),
medium (64-97 km/hr or 40-60 mph), and heavy (24-64 km/hr or 15-40 mph)
congestion levels (Experiments 3a, 3b, 3c, and 3d). The subjects were then asked to
complete the 60-question NEO Five-Factor Inventory. The last screen thanked them
for their participation.
This study will analyze the results from the ranking selections for the first and second
set of selections, Experiments #1 and #2. Some subjects did not complete the surveys,
travel diaries, personality test, and the profile questionnaire in their entirety, thus the
final results display a smaller sample size of 44 individuals. Subjects may have
believed that the request for information was too personal or too tedious, and declined
to answer.

5.4 Virtual Experience Stated Preference (VESP) Method
The VESP #1 and #2 subjects were randomly selected in the same procedure from the
remaining 8,457 names, plus phone interviews were conducted to screen out non-driver
commuters and drivers with a possibility of suffering simulator motion sickness. VESP
#1 had forty-two subjects appear for participation from March 10 - 14, 2003. The
simulator software crashed on six subjects and four subjects experienced motion
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sickness, thus these participants were not included in the study, leaving 32 subjects to
complete the experiment. The 32 subjects were asked to complete a one-day travel
diary, the demographic and socioeconomic survey, the NEO-Five Factor Inventory, and
the attitude questionnaire, either before or after their driving experience. Some subjects
did not complete the surveys, travel diaries, personality test, and profile questionnaire
in their entirety, thus the final results display a smaller sample size of 17 individuals.
VESP #2 had 21 subjects appear for participation from March 24 - April 11, 2003 and
15 subjects from August 8 - 21, 2003. VESP #2 had simulator software and motion
sickness complications, as well. VESP #2 had 8 of the 21 subjects and 9 of the 15
subjects complete the simulation experiment and all the requested information in its
entirety for a total of 17 subjects. The VESP #1 and #2 subjects spent approximately 2
hours at the research facility and received $50 for their time.
The virtual driving simulation method consisted of a full-size 2002 Saturn SCI coupe,
five flat-panel screens each 1.433 m. (4.7-ft.) in height by 1.981 m. (6.5-ft.) in width set
40.64 cm. (16 inches) above ground level providing a 210-degree forward view, five
projectors, two 12.70 cm. (5-inch) LCD screens represented the vehicle’s side view
mirrors, and a 3.048 m. (10-ft.) in height by 2.286 m. (7.5-ft.) in width screen provided
rear-view images which were seen in the vehicle’s rear-view mirror (AutoSim, 2002).
The vehicle operated as it would in actual conditions with brakes, steering, acceleration,
and a low-frequency vibration. Road, traffic, and engine sounds were emitted from
four speakers. The clock and radio in the vehicle were not working, but the subjects
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were allowed to keep their watches. Figure 5.3 is a photo of the virtual driving
simulator.

Figure 5.3: Virtual Driving Simulator.
Source: HumanFIRST Program, www.humanfirst.umn.edu/Facilities/index.html

The VESP subjects experienced "real-time" conditions. The four conditions were each
presented randomly using Latin Squares Design. The ramp wait began the condition,
followed by either stop-and-go or free flowing traffic appropriately, with any
congestion occurring during the middle of the trip. The traffic speed was not constant
throughout the driving experience for the VESP subjects. The subjects than rated each
condition on a scale from 1 to 7 (best). After completion of the four conditions, the
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subjects ranked the conditions in order of their preference. The subjects in the VESP
#1 method experienced the first set of conditions that were presented to the CASP
Experiment #1 subjects. The VESP #1 subjects experienced either: 0, 2, 4, or 6 minutes
of ramp waits, followed by travel speeds of either: 48 km/hr (30 mph), 64 km/hr (40
mph), 80 km/hr (50 mph), and 97 km/hr (60 mph) respectively. Total travel times were
20 minutes for 0 minutes of ramp wait, 17 minutes for 2 minutes of ramp wait, and
decreased to 16 minutes for ramp waits of 4 and 6 minutes. The total travel distance
remained constant at 16.2 km (10 mi.). The VESP #2 subjects had the same procedure
and requirements as the VESP #1 subjects. The only difference was that the VESP #2
subjects repeated the CASP Experiment #2 choice set conditions. The choice set
conditions consisted of equal total travel times of 20 minutes with ramp wait times of 0,
2, 4, and 6 minutes and freeway travel times of 20, 18, 16, and 14 minutes, respectively.
The travel distance remained constant at 16.2 km (10 mi.) with travel speeds of 48
km/hr (30 mph), 53 km/hr (33 mph), 61 km/hr (38 mph), and 69 km/hr (43 mph)
respectively.

5.5 Descriptive Statistics
Table 5.2 summarizes the descriptive statistics of the variables for the CASP, VESP #1,
and VESP #2 subjects. The first five variables are the personality scores, followed by
the average age of all household vehicles in service, the subject's age, and the one-way
commute and total daily travel times.
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VARIABLES
Neurotic
Extraversion
Openness
Agreeableness
Conscientiousness
Average Vehicle Age
Subject Age
One-way Commute Time
Total Daily Travel Time
N (Male/Female)

CASP
Mean (Std. Dev.)
15.9 (6.7)
27.8 (7.2)
30.4 (7.0)
35.7 (5.4)
35.1 (6.8)
7.1 (4.5)
45.5 (10.6)
35 (18)
96 (39)
44 (12/32)

VESP #1
Mean (Std. Dev.)
13.2 (6.5)
32.7 (5.1)
28.5 (5.3)
36.0 (5.5)
34.8 (6.2)
7.9 (3.3)
39.8 (8.9)
38 (16)
105 (45)
17 (9/8)

VESP #2
Mean (Std. Dev.)
14.5 (5.0)
27.2 (6.8)
30.9 (7.3)
33.6 (4.7)
33.2 (5.4)
7.4 (3.9)
41.5 (12.6)
29 (13)
97 (33)
17 (10/7)

Table 5.2: Mean and Standard Deviation of variables for Subject sample sets.

5.6 Personality Scores Correlation Check
The answers from the questionnaires and surveys were summarized and tabulated into
spreadsheets. Next a correlation test was completed on the set of five personality
scores to determine if any of the traits overlapped with another. The correlation test
determines if two random variables are independent. The correlation of two random
variables X and Y is labeled as ρ(X,Y) and is defined as:

" ( X ,Y ) =

Cov( X , Y )
!X!Y

(5.1)

where Cov(X,Y) is the covariance of X and Y and is defined as:

Cov( X , Y ) = E [( X ! µX )(Y ! µY )]

(5.2)

which is the expected value of the product of the differences of the random variables X
and Y with their respective means. The standard deviations of random variables X and
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Y are denoted by σ X and σ Y , respectively and are the square roots of the variances.
The variances are defined as:

! ( Xi " µX )
#X =
n

! (Yi " µY )
#Y =
n

2

2

2

2

(5.3)

A correlation value of zero means that X and Y are uncorrelated. A correlation value of
1.0 signifies a 100 percent positive correlation and a correlation value of -1.0 signifies a
100 percent negative correlation between X and Y (DeGroot, 2002). A correlation
value of 1.0 is a perfect correlation, which is displayed for each score with itself. The
correlation test was administered on the personality scores of all subjects that answered
the NEO-five Factor Inventory completely. A correlation test was also completed for
male and female subjects only. Both conditions displayed a minor correlation between
the five scores. Table 5.3 displays the personality scores' correlation results for the 44
CASP subjects. Tables 5.4 and 5.5 display the correlation results for the VESP #1 and
VESP #2 subjects, respectively.

CASP SUBJECTS (n = 44)
N
N
E
O
A
C

1
-0.16219
-0.07764
-0.00439
0.032162

E

O

1
-0.17964
0.01291
0.225628

1
-0.10562
-0.09275

A

1
0.307027

C

1

Table 5.3: Correlation Results NEO Five-Factor Inventory, CASP subjects.
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VESP #1 SUBJECTS (n = 17)
N
N
E
O
A
C

1
-0.12576
-0.16684
-0.23866
-0.41142

E

O

A

C

1
0.45351
1
-0.20415 0.412422
1
0.196254 0.418173 0.351729

1

Table 5.4: Correlation Results NEO Five-Factor Inventory, VESP #1.
VESP #2 SUBJECTS (n = 17)
N
N
E
O
A
C

1
0.141042
-0.54386
-0.38511
0.165344

E

O

A

1
-0.17629
1
-0.18743 0.228683
1
0.191841 0.294389 0.113116

C

1

Table 5.5: Correlation Results NEO Five-Factor Inventory, VESP #2.

5.7 Selections: Freeway Travel Time vs. Ramp Wait Time
The preferences from the CASP and VESP surveys for the ranking of the four choice
conditions as shown in Figure 5.1 and 5.2, were arranged into two choice set conditions
allowing for analysis of the four choice conditions. The selections were now: option 1
vs. option 2, option 1 vs. option 3, option 1 vs. option 4, option 2 vs. option 3, option 2
vs. option 4, and option 3 vs. option 4. The differences in travel time between the two
selections were separated into the change in freeway travel time and the change in ramp
time wait for each of the six selections, as shown in Table 5.6 for Experiment #1 and in
Table 5.7 for Experiment #2. The first preference was the change in freeway travel
time and the second preference was the change in ramp wait time. Each individual's
preference was determined for the six selections.
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Selection
Option 1 vs. 2
Option 1 vs. 3
Option 1 vs. 4
Option 2 vs. 3
Option 2 vs. 4
Option 3 vs. 4

Change in freeway
travel time (minutes)
5
8
10
3
5
2

Change in ramp
wait time (minutes)
-2
-4
-6
-2
-4
-2

Table 5.6: Selection set for the CASP Experiment #1 and VESP #1.
Selection
Option 1 vs. 2
Option 1 vs. 3
Option 1 vs. 4
Option 2 vs. 3
Option 2 vs. 4
Option 3 vs. 4

Change in freeway
travel time (minutes)
2
4
6
2
4
2

Change in ramp
wait time (minutes)
-2
-4
-6
-2
-4
-2

Table 5.7: Selection set for the CASP Experiment #2 and VESP #2.

33

CHAPTER 6
HYPOTHESIS & RESULTS

6.1 Introduction
Subjects for this study were commuters in the Minneapolis-St. Paul metropolitan area.
Prior to 2001, the Minneapolis-St. Paul metropolitan area ramp meters were
programmed to allow the freeway to flow as freely as possible with delay being
imposed on drivers waiting at the ramp meters. Driver's dislike of ramp meters was
voiced so loudly in the metro area that in October and November, 2000, all the ramp
meters were shut off for a eight-week study. Subjects remembering the ramp meter
shut-down experiment two years earlier, might still have had a disliked for ramp meters
even if waiting at them resulted in a shorten total commute time. Travelers do not
always make decisions that maximize their utility.

6.2 Hypothesis
The hypothesis was the personality of the individual and certain demographic factors,
such as age and sex, would correlate with the subject's preference for freeway
congestion rather than ramp delay. Specifically, it is thought that females would be
more tolerant of waiting at ramp meters, since in general they tend to be more patient
due to their upbringing and roles in society. Older drivers may tolerate ramp meter
waits better due to having more driving experience with ramp meters. Individuals with
older aged vehicles might prefer waiting at ramp meters instead of stop-and-go traffic,
whereas if the vehicle does stall or break down it would have less chance of being rear34

ended or hit. Individuals that scored higher on the N or neurotic score are believed to
have felt more relaxed at the ramp meters than driving under congested or stressful
traffic conditions. Individuals that scored higher on the E or extraversion score might
prefer to be moving in traffic instead of waiting at ramp meters. The extroverts may
enjoy being in the thick of congestion more than waiting at the ramp meter "totally
bored". Individuals that scored higher on the O or openness score may prefer ramp
meters, since they are more open to new experiences or techniques. They may be more
willing to give ramp meters the opportunity to prove that overall commute time is
reduced with their use. Individuals that scored higher on the A or agreeableness score
might be more accepting of ramp meter wait. Since they tend to be more agreeing or
have more a dislike of conflict, they may not question authority and accept waiting.
Daily travel behavior is believed to have an effect on waiting preference. It was
hypothesized that subjects that spent more time in travel, both commuting and other
purpose trips, would be more tolerant of ramp meter delay, since the main purpose of
ramp metering is to create a more efficient travel flow on the freeways and shorten
overall travel time.

6.3 Procedure
Individual's preferences between ramp meter delay and freeway congestion were
analyzed in our research. Individuals ranked four choice set conditions of varying
freeway travel times and varying ramp meter wait times. Experiment #1 selections
were 0, 2, 4, or 6 minutes of ramp wait with increasing freeway travel speeds of 48
km/hr (30 mph), 64 km/hr (40 mph), 80 km/hr (50 mph), or 97 km/hr (60 mph),
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respectively. Total travel times were 20, 17, 16 and 16 minutes, respectively. The
travel distance was constant in all four options at 16.2 km (10 mi.). The four options
and the number of subjects that selected that option as their first choice are shown in
Table 6.1.
Option
Number
1
2
3
4

Freeway
time
(minutes)
20
15
12
10

Ramp time
(minutes)
0
2
4
6

Total travel
time
(minutes)
20
17
16
16

Number of
CASP
Subjects
15
17
11
1

Number of
VESP #1
Subjects
0
1
1
15

Table 6.1: Choice set options Experiment #1.

Experiment #2 selections were 0, 2, 4, or 6 minutes of ramp wait with increasing
freeway travel speeds of 48 km/hr (30 mph), 53 km/hr (33 mph), 61 km/hr (38 mph),
and 69 km/hr (43 mph) respectively. This allowed the travel time to remain constant at
20 minutes and the travel distance to remain constant at 16.2 km (10 mi.). The four
options and the number of subjects that selected that option as their first choice are
shown in Table 6.2.

Option
Number
1
2
3
4

Freeway
time
(minutes)
20
18
16
14

Ramp time
(minutes)
0
2
4
6

Total travel
time
(minutes)
20
20
20
20

Table 6.2: Choice set options Experiment #2.
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Number of
CASP
Subjects
16
15
11
2

Number of
VESP #2
Subjects
3
3
7
4

The four choice set options were grouped into pairs for analysis. The differences in
travel time between the two selections were separated into the change in freeway travel
time and the change in ramp time wait for each of the now six selections, as shown in
Table 5.6 and Table 5.7. The first preference was the change in freeway travel time and
the second preference was the change in ramp wait time. Each individual's preference
was determined for the six selections.

6.4 Experiment Variables
The CASP subjects' data of demographic, socioeconomic, and personality
characteristics were combined with their preference of the six selections in Table 5.6
(Experiment #1) to determine a linear model using the logit model in the statistical
software program, STATA 7.0. Various combinations of the personality scores (N, E,
O, A, C), age, sex, the length of time at their current residence, the dwelling type:
single-family home unattached or either a duplex, condominium, or an apartment
complex, if the subject rented or owned their place of residence, the educational level,
the number of members in the household, the number of children under the age of 5
years old in the household, the number of adults and students in the household, the
number of household members employed, the number of vehicles, bikes, and licensed
drivers in the household, the model year of household vehicles in service, the combined
household income, the one-way commute time, and the individual's total daily travel
time were rearranged in various combinations until a model with variables significant at
the 90 percent confidence level was established. The change in freeway travel time and
ramp wait time were significant. The personality scores for N, E, and O were
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significant in the model. The sex variable was coded 1 if the individual was a male and
0 if the individual was a female. This variable was significant in the model. The
subject's age variable was entered as the numerical value and was significant. The
average age of all vehicles in service (in years) was significant, and the one-way
commute time and the total daily travel time (both in minutes) were significant in the
model. The household income variable was analyzed by grouping the income into 16
levels, 3 levels (low, medium, and high), and by a dollar amount range. All three
groups resulted in no correlation between a preference for freeway travel time or ramp
time. The remaining variables had no correlation concerning a preference for either
condition.
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6.5 Preference Utility Model
The attributes, characteristics, and preferences from the CASP Experiment #1 that are
significant are presented as the preference utility model. Transportation researchers
often assume that each individual attempts to maximize their utility. This operation
often assumes travelers attempt to minimize their travel time. The coefficients for the
change in freeway travel time and the change in ramp wait time have negative signs
because an increase in travel time reduces utility.
The preference travel time utility model from this study was:
U = f(F, R, N, E, O, S, A, V, C, T)
where:
U = preference travel time utility
F = Freeway travel time (minutes)
R = Ramp wait time (minutes)
N = personality Neurotic score
E = personality Extraversion score
O = personality Openness score
S = subject's Sex (1 = male, 0 = female)
A = subject's Age (years)
V = average age of all household Vehicles in service (years)
C = one-way Commute time, home to work (minutes)
T = Total daily travel time (minutes)
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6.6 Results
6.6.1 CASP Experiment #1
Variables that were found to be significant for the CASP Experiment #1 preference
model were the change in freeway travel time, the change in ramp wait time, the
subject's sex, age, average age of their motorized vehicles in service in the household,
one-way commute time, total daily travel time, and their N, E, and O personality scores,
as shown in Table 6.3. The model estimated the change in the coefficient of the
freeway travel time was -0.854 and the change in ramp wait time's coefficient was 1.404, displaying a 64 percent increase in dislike for waiting at ramp meters over
waiting on the freeway.
The values of the variable's coefficient (β's) and their z-statistic are shown in Table 6.3.
The variable is significant at the 90% confidence level if the absolute value of its
z-statistic is above 1.65. The dependent variable is the option with the higher ramp
wait time.
Variable
change in Freeway time (F)
change in Ramp time (R)
Neurotic score (N)
Extraversion score (E)
Openness score (O)
Sex (S)
Age (A)
avg. Vehicle age (V)
Commute time (C)
Total daily travel time (T)

Coefficient
-0.854
-1.404
0.045
-0.053
0.059
-1.410
0.029
0.162
-0.025
0.014

z
-6.29
-5.80
1.65
-2.18
2.10
-3.50
1.92
3.87
-1.83
2.10

P > |z|
0.000
0.000
0.098
0.029
0.035
0.000
0.055
0.000
0.068
0.036

Constant

-2.679

-1.49

0.136

Table 6.3: CASP Experiment #1 Significant Variables.
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The N-score is the neurotic score, which is the level that an individual experiences
negative thoughts or emotional distress. Subjects that scored higher on this attribute
expressed more tolerance for waiting at the ramp meter. Driving in congested
conditions may be more stressful for them. The E-score is the extraversion score,
which is how an individual behaves in social situations. Subjects that score higher on
this attribute expressed more tolerance for freeway congestion. Waiting at the ramp
meter may be too isolating for them. They may feel that they are "missing out on the
action." The O-score is the level the individual is "open" to new creative or educational
experiences. The higher the O-score the more the individual accepted ramp delay.
They might be willing to try something "new" instead of being satisfied with the "old"
existing merging system.
The two travel conditions that were significant in the preference model were one-way
commute time and total daily travel time. Individuals with a higher one-way commute
time displayed a relative preference for freeway congestion, which contradicted the
hypothesis. It was believed that the longer the commute time, the more likely the
subjects would prefer ramp meter wait in order to have a faster travel speed on the
freeway. Subjects with the longer commute times, may have flex time schedules at the
University and may be leaving either earlier or later than peak-hour to avoid congested
traffic conditions. In contrast, subjects with a higher total daily travel time variable
displayed greater tolerance for ramp delay. This is what was expected, since ramp
meters benefit long distance travelers over short distance travelers
(Levinson et al., 2002).
41

The results show that subject's with older motorized vehicles are more willing to
tolerate ramp delay than those with newer cars. This may be due to older aged vehicles
are more likely to stall or break down. They would have less chance of being rearended or hit stopped at a ramp meter rather than moving in stop-and-go traffic. The age
of the vehicle depends on the personality of the subject whether they are frugal or
extravagant more than on their income level. This might explain why this variable was
significant when combined with personality traits.
It was discovered that the younger subjects tolerated freeway congestion more than
older subjects. This might be explained due to their lack of experience driving in
congested conditions. They might not have experience driving with or without ramp
meters in enough situations to notice a difference. Younger subjects may be more
impatient and unwilling to "sit still" and wait at a ramp meter.
Impatience may also be the reason that males were less tolerant of ramp delay and more
tolerant of freeway congestion than females. According to Chen Beibei, a female
captain with China Airlines of Taiwan, "Compared with male pilots, female pilots
possess particular advantages and quality in patience and carefulness, . . . " (China
Daily, 2003). Aggressive drivers are more likely to be male. Mercer et al. (1995)
analyzed driver records from the British Columbia Motor Vehicle Branch database for
one year and discovered that males were involved in 71% of the casualty-producing
traffic accidents and 82% of the fatal accidents.
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The probabilities for each selection were calculated in STATA 7.0 using a binary logit
model with the variables entered linearly. The total number of selections was 264 (44
subjects by 6 options). It was determined that 65 percent of the selections preferred the
option with relatively more freeway congestion and less ramp delay in the CASP
Experiment #1. The probabilities for each selection were separated out into four
categories. The categories were: subject selected freeway congestion - model
predicted freeway congestion, subject selected freeway congestion - model predicted
ramp delay, subject selected ramp delay - model predicted freeway congestion, and
subject selected ramp delay - model predicted ramp delay. The definition of a correct
prediction was that the probability was greater than 0.50 or 50 percent. The percent
correct of the four categories are shown in Table 6.4.
Subject's Preference

Model Predicted
Freeway Congestion Ramp Delay
Freeway Congestion 88 %
12 %
Ramp Delay
40 %
60 %
Table 6.4: Preference Model Correct Prediction Results.
Overall the model had a 78% correct prediction rate using a probability of 0.50 or better
as the decision point for both preferences. Arranging the probability values from the
largest to the smallest, the top 65 percent of the sample selection probabilities were
compared with the preference for freeway congestion to determine the number of
correct predictions, again using a probability value of 0.50 or better. This method gave
the model an 82% correct prediction rate.
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6.6.2 VESP Experiment #1
The VESP #1 subjects preferred the ramp delay in 81% of the 102 selection
preferences, (17 subjects by 6 options), which is opposite of the CASP results.
Applying the model to the demographic, socioeconomic, personality, and travel
behavior characteristics of the VESP #1 subjects displayed differing results, as shown
in Table 6.5. The variable is significant at the 90% confidence level if the absolute
value of its z-statistic is above 1.65, as shown by the *. The dependent variable is the
option with the higher ramp wait time.
Variable
change in Freeway time (F)
change in Ramp time (R)
Neurotic score (N)
Extraversion score (E)
Openness score (O)
Sex (S)
Age (A)
avg. Vehicle age (V)
Commute time (C)
Total daily travel time (T)

Coefficient
0.405
1.073
-0.016
-0.149
-0.111
-3.639
-0.077
-0.196
0.111
0.008

z
1.45
1.99
-0.22
-1.15
-0.75
-2.62
-1.36
-0.76
1.91
0.40

P > |z|
0.147
0.046 *
0.828
0.251
0.451
0.009 *
0.173
0.448
0.056 *
0.689

Constant

8.323

1.66

0.097 *

Table 6.5: VESP Experiment #1 Significant Variables (*).

Variables that were significant for the VESP #1 subjects were the change in ramp wait
time, the subject's sex, and their one-way commute time. The constant was significant
in this case. The model displays that males still exhibit a relatively higher tolerance for
freeway congestion and less for ramp delay than females. Subjects with a longer oneway commute time now relatively favor ramp delay to a longer time on the freeway.
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6.6.3 CASP Experiment #2
Applying the model to Experiment #2 (total travel time of 20 minutes, total travel
distance of 16.2 km (10 mi.)), the CASP Experiment #2 displayed somewhat similar
results to Experiment #1, as shown in Table 6.6. The variable is significant at the 90%
confidence level if the absolute value of its z-statistic is above 1.65, as shown by the *.
The dependent variable is the option with the higher ramp wait time. The change in
freeway time and the change in ramp wait were collinear in Experiment #2, thus the
change in ramp time was dropped from the model.
Variable
change in Freeway time (F)
Neurotic score (N)
Extraversion score (E)
Openness score (O)
Sex (S)
Age (A)
avg. Vehicle age (V)
Commute time (C)
Total daily travel time (T)

Coefficient
0.054
-0.024
-0.063
0.051
-1.621
0.020
0.102
-0.009
0.004

z
0.56
-0.98
-2.79
1.96
-4.45
1.41
2.74
-0.77
0.61

P > |z|
0.572
0.326
0.005 *
0.050 *
0.000 *
0.159
0.006 *
0.443
0.543

Constant

0.100

0.06

0.952

Table 6.6: CASP Experiment #2 Significant Variables (*).

This analysis displays that the average vehicle age, the subject's sex, and their openness
and extraversion personality scores are still significant in their time preference. The
preference for a slower freeway travel speed over a longer ramp wait time, increased
from 65% to 68% when the total travel time was the same for all four conditions.
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6.6.4 VESP Experiment #2
Applying the model to Experiment #2 (total travel time of 20 minutes, total travel
distance of 16.2 km (10 mi.)), the VESP Experiment #2 subjects displayed somewhat
similar results to the VESP Experiment #1 subjects, as shown in Table 6.7. None of the
variables were significant in this case and as before the dependent variable was the
option with the higher ramp wait time.
Variable
change in Freeway time (F)
Neurotic score (N)
Extraversion score (E)
Openness score (O)
Sex (S)
Age (A)
avg. Vehicle age (V)
Commute time (C)
Total daily travel time (T)

Coefficient
-0.096
0.103
0.003
-0.007
-0.109
0.033
0.054
-0.028
0.012

z
-0.66
1.25
0.06
-0.12
-0.17
1.10
0.70
-1.12
1.06

P > |z|
0.507
0.210
0.949
0.902
0.866
0.273
0.483
0.261
0.291

Constant

-3.525

-0.70

0.486

Table 6.7: VESP Experiment #2 Variables.

The VESP #1 subjects only had three significant variables and the VESP #2 subjects
had no significant variables using the set of variables that were significant in the CASP
#1 model. The preference for a slower freeway travel speed over a longer ramp wait
time, doubled from 19% to 40% when the total travel time was the same for all four
conditions.
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6.7 Additional Analysis
6.7.1 Percentage of Freeway time of Total Commute Time
The statistical analysis was completed using percentage of time spent on the freeway in
comparison to the total commute time. This removed the collinear effect that resulted
in Experiment #2. The choice set options for Experiment #1 are displayed in Table 6.8.
The choice set options for Experiment #2 are displayed in Table 6.9.
Option
Number
1
2
3
4

Freeway
time
(minutes)
20
15
12
10

Ramp time
(minutes)
0
2
4
6

Percent of time
spent on freeway
(minutes)
100
88
75
63

Table 6.8: Choice set options Experiment #1 Freeway time Percentages.
Option
Number
1
2
3
4

Freeway
time
(minutes)
20
18
16
14

Ramp time
(minutes)
0
2
4
6

Percent of time
spent on freeway
(minutes)
100
90
80
70

Table 6.9: Choice set options Experiment #2 Freeway time Percentages.
The four options were compared using the six selections as earlier discussed: option 1
vs. 2, etc. The coefficients of the Preference Utility Model are shown in Table 6.10 for
CASP Experiment #1 and in Table 6.11 for CASP Experiment #2. The results for
VESP #1 and VESP #2 using percentages were similar to the results for the change in
times meaning the same variables were significant for VESP #1 and none of the
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variables were significant for VESP #2. The dependent variable was the option with
the lower percentage of Freeway travel time.

Variable
Higher percentage Freeway time (H)
Lower percentage Freeway time (L)
Neurotic score (N)
Extraversion score (E)
Openness score (O)
Sex (S)
Age (A)
avg. Vehicle age (V)
Commute time (C)
Total daily travel time (T)

Coefficient
-0.081
-0.063
0.046
-0.054
0.059
-1.429
0.029
0.164
-0.026
0.014

z
-3.70
-3.44
1.67
-2.19
2.12
-3.51
1.93
3.89
-1.84
2.11

P > |z|
0.000
0.001
0.096
0.029
0.034
0.000
0.054
0.000
0.066
0.035

Constant

9.218

3.61

0.000

Table 6.10: CASP Experiment #1 Significant Variables using Percentages.

Variable
Higher percentage Freeway time (H)
Lower percentage Freeway time (L)
Neurotic score (N)
Extraversion score (E)
Openness score (O)
Sex (S)
Age (A)
avg. Vehicle age (V)
Commute time (C)
Total daily travel time (T)

Coefficient
-0.097
-0.091
-0.030
-0.079
0.064
-2.055
0.025
0.128
-0.012
0.005

z
-3.45
-3.87
-1.10
-3.07
2.20
-4.82
1.58
3.03
-0.88
0.69

P > |z|
0.001 *
0.000 *
0.272
0.002 *
0.028 *
0.000 *
0.115
0.002 *
0.380
0.487

Constant

16.430

5.07

0.000 *

Table 6.11: CASP Experiment #2 Significant Variables (*) using Percentages.
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6.7.2 Increasing VESP #1 & VESP #2 Sample Sizes
The VESP Experiment #1 and VESP Experiment #2 had a few of the subjects that did
not complete the travel diaries in their entirety and thus could not be used for the CASP
preference utility model. The analysis was completed again adding these subjects and
eliminating the one-way commute time and the total daily travel time variables. The
VESP Experiment #1 sample set had two subjects that did not complete the information
concerning their household vehicles. In order to add them to the sample set the average
age of household vehicles in service variable was eliminated from the CASP model.
The results for the increase sample sets are shown in Table 6.12 for VESP Experiment
#1 (N=25) and in Table 6.13 for VESP Experiment #2 (N=29). These results are
similar to the earlier results, but the removed variables still should be included to get an
accurate comparison.

Variable
change in Freeway time (F)
change in Ramp time (R)
Neurotic score (N)
Extraversion score (E)
Openness score (O)
Sex (S)
Age (A)

Coefficient
0.107
0.617
-0.075
-0.034
-0.029
-0.922
-0.066

z
0.61
1.81
-1.80
-0.70
-0.68
-1.75
-2.59

P > |z|
0.544
0.070 *
0.071 *
0.484
0.496
0.079 *
0.010 *

Constant

5.696

2.31

0.021 *

Table 6.12: VESP Experiment #1 (N=25) Significant Variables (*).
change in Freeway time (F)
Neurotic score (N)
Extraversion score (E)
Variable
Openness score (O)

-0.061
0.062
-0.041
Coefficient
-0.029
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-0.57
1.72
-1.43
z-1.07

0.570
0.086 *
0.152
P
> |z|
0.284

Sex (S)
Age (A)
avg. Vehicle age (V)

0.175
-0.016
0.029

0.50
-1.11
0.56

0.615
0.265
0.577

Constant

1.342

0.71

0.476

Table 6.13: VESP Experiment #2 (N=29) Significant Variables (*).
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CHAPTER 7
SUMMARY AND CONCLUSIONS

Driver's waiting tolerance for ramp meter delay and freeway traffic congestion were
analyzed in our research. The subject's demographics, socioeconomic characteristics,
travel time conditions, and personality trait scores were compared with their preference
for either ramp delay or freeway congestion by two different experiment methods. The
first method was a traditional stated preference survey in a computer format, known as
CASP (Computer Administered Stated Preference). This method presented the options
on a computer screen in bar graph form. The subjects were asked which option they
preferred. The second method presented the freeway and ramp travel times to subjects
using a state of the art driving simulator. This method, called VESP (Virtual
Experience Stated Preference) replicated a realistic freeway drive in terms of timing
and sequence.
Subjects' preferences for increasing ramp wait times combined with decreasing freeway
congestion were analyzed for two different travel time conditions with four different
options each. Experiment #1 travel time condition had four options with 0, 2, 4, or 6
minutes of ramp delay combined with increasing freeway travel speed that resulted in a
shorter overall total travel time of 20, 17, 16, and 16 minutes respectively. Experiment
#2 travel time condition had four options with 0, 2, 4, or 6 minutes of ramp delay
combined with increasing freeway travel speed that resulted in the same total travel
time of 20 minutes in all options. The total distance traveled was the same (16 km or
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10 mi.) in both conditions. The CASP subjects were the same for both experiments,
whereas in the VESP method, the subjects who undertook Experiment #1 were different
than those who undertook Experiment #2 due to time constraints. Each VESP
experiment averaged around 90 minutes per subject to complete.
The subjects for both experiments were drawn from the same sample set and the
descriptive statistics of the subjects were similar. The subjects were told in both
methods to consider both freeway travel and ramp wait times as a complete condition,
but the two methods had conflicting results. Subjects using the CASP method to state
their preference preferred the slower congested freeway condition over waiting longer
at a ramp meter combined with a faster freeway travel condition. Subjects using the
VESP method preferred the opposite. Why differing preference results? It was
attempted to determine a model that would explain the differences using subject's
characteristics and preferences.
The CASP subject's personal characteristics and preferences from Experiment #1 were
analyzed using a binary logit model with the variables entered linearly, to derive a
preference time utility model. The variables that were significant included the subject's
sex, age, average age of vehicles, personality scores from the NEO Five Factor test for
Neuroticism, Extraversion, and Openness, one-way commute time, total daily travel
time, freeway travel time, and ramp wait time. Variables that remained significant for
Experiment #2 were sex, average age of vehicles, and personality scores for
Extraversion and Openness. Applying this model to the VESP Experiment #1 only the
subjects' sex, one-way commute time, and the change in ramp time variables were
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significant. None of the variables from the CASP model were significant for the VESP
Experiment #2.
One topic that many researchers, such as Yarmey (2000) have analyzed is an
individual's estimation of time duration. The estimation of time philosophy is that
"short" time periods are perceived as being longer and "long" time periods are
perceived as being shorter. This is referenced as "Vierordt's Law" (Yarmey, 2000).
The CASP subjects graphically visualized the overall shorter commute time benefit
when selecting a longer ramp wait time, but 39% preferred ramp wait times of 2
minutes and 34% preferred ramp wait times of 0 minutes in Experiment #1. The
VESP #1 subjects experienced "real-time" conditions with no activity, such as music or
a cell phone to occupy them while they waited at the ramp meter. Time should have
been perceived as passing "slowly". The hypothesis suggests that the VESP #1 subjects
should have preferred the freeway travel time, but 88% preferred the ramp wait time of
6 minutes. Thus, an individual's perception of time was not an influencing factor in
their preference in this research.
Another theory is that individuals rely on their memory or past experiences when
making their decisions or preferences. The CASP subjects were presented with the
ramp wait time and freeway travel time conditions together graphically. They had to
rely on their past driving experiences. The speed was stated as being constant for the
time periods and subjects may have accepted that moving was better than waiting.
They may have had trouble recalling how slow one speed actually is in comparison to
the next. The VESP subjects experienced the ramp wait time first followed by traffic
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conditions that were not at a steady rate. The traffic conditions presented may have
been significantly more uncomfortable than what they experienced in their actual
commute. Thus, their preferences for the longer ramp wait time condition with less
congested freeway conditions.
Each of the three sample data sets displayed over 70 percent of the subjects residing at
their current residence for over 2 years. The memory of the Minneapolis-St. Paul
metropolitan area ramp meter shutdown in the Fall of 2000 does not appear to have an
effect on the differences in the CASP and VESP subject's preferences.
The differences between the two experiment methods might explain the conflicting
results in the subjects' preferences. The CASP method involves a shorter experiment
time span, the speeds are presented graphically as a constant speed on a computer
monitor, and the subjects rely on their recall of previous driving experiences in
determining their preferences. The VESP method involved real-time simulated
conditions in an actual vehicle using projectors and screens to replicate traffic
conditions from the behind the wheel. The driving simulation presented varying travel
speeds throughout each run, which averaged out to the appropriate freeway speed for
that option. It replicated stop-and-go congested freeway conditions. The congested
freeway conditions might have been worse than what the subjects experience in their
actual commute. This might explain why they preferred the longer ramp delay to a
longer freeway travel time.
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Ramp metering has been demonstrated to reduce overall freeway system travel time,
but this does not benefit each individual driver. Some drivers must wait in order to
keep the overall freeway moving. Educating the driving public about the use and
benefits of ramp metering might persuade them to tolerate them as they would tolerate
other types of waiting. Piotrowicz et al. (1995) stated that a public relations agency in
New York changed the name of ramp meters to "merge lights" in order to instill a more
positive view of ramp metering. Informing drivers of the ramp wait time may improve
driver's opinion of them. Even with an excellent public relations campaign for ramp
metering, transportation officials must balance the freeway network in order to preserve
equity for all drivers.
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APPENDIX A
DESCRIPTIVE STATISTICS

The following tables are the descriptive statistics of the: number of household
vehicles, household residence type, residence owner status, years at current
residence, annual household income, and educational level attained; some of the
variables that were not significant for the Preference Utility Model.

CASP
Mean (SD)
2.4 (1.3)

Number of Vehicles
per household

VESP #1
Mean (SD)
2.2 (1.0)

Table A.1: Number of Vehicles per household in service.

Household
Residence Type
Single Family
Apt./Duplex/Condo

CASP

VESP #1

VESP #2

34
10

13
4

13
4

Table A.2: Household Residence Type.

Residence
Owner Status
Own
Rent

CASP

VESP #1

VESP #2

34
10

10
7

13
4

Table A.3: Household Residence Owner Status.
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VESP #2
Mean (SD)
2.6 (1.2)

Years at current
Residence
less than 2 years
2 - 5 years
5 - 10 years
more than 10 years

CASP

VESP #1

VESP #2

11
8
8
17

5
4
2
6

3
7
2
5

Table A.4: Years at Current Residence.

Annual Household
Income ($)
20,000 - 24,999
25,000 - 29,999
30,000 - 34,999
35,000 - 39,999
40,000 - 44,999
45,000 - 49,999
50,000 - 59,999
60,000 - 74,999
75,000 - 99,999
100,000 - 149,999
150,000 +
no answer
N

CASP

VESP #1

VESP #2

1
0
0
0
5
0
3
9
12
11
2
1
44

0
0
0
3
1
0
2
3
4
3
0
1
17

0
0
0
1
0
2
3
3
2
3
1
2
17

Table A.5: Annual Household Income ($).

Educational
Level
less than 12th grade
H.S. Graduate
2 yrs. College/Assoc.
4 yrs. College
Post-Graduate

CASP

VESP #1

VESP #2

0
5
8
10
21

0
2
4
8
3

0
1
3
7
6

Table A.6: Educational Level Attained.
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The Tables A.7, A.8, and A.9 are the descriptive statistics for the age, the one-way
commute time, and the total daily travel time for male, female, and combined
CASP, VESP #1, and VESP #2 subjects.

Male
Mean
49.5
Std. Dev.
9.8
Minimum 31
Maximum 65
N
12

CASP
Female
44.0
10.6
24
58
32

Both
45.5
10.6
24
65
44

VESP #1
Male Female
38.8 40.9
11.2
5.9
24
35
55
49
9
8

Both
39.8
8.9
24
55
17

VESP #2
Male Female
40.5 42.9
13.9 11.3
23
25
60
59
10
7

Both
41.5
12.6
23
60
17

Table A.7: Average Age of Subjects (years).

Male
Mean
34
Std. Dev. 16
Minimum 10
Maximum 65
N
12

CASP
Female
35
19
6
100
32

Both
35
18
6
100
44

Male
44
13
25
60
9

VESP #1
Female Both
31
38
16
16
15
15
60
60
8
17

VESP #2
Female
34
8
25
50
7

Both
29
13
10
60
17

VESP #2
Male Female
87
112
30
33
46
74
149
153
10
7

Both
97
33
46
153
17

Male
25
15
10
60
10

Table A.8: One-way Commute Time Subjects (minutes).

CASP
Male Female
Mean
98
96
Std. Dev. 41
39
Minimum 50
38
Maximum 197
205
N
12
32

VESP #1
Both Male Female Both
96
107
103
105
39
39
54
45
38
48
46
46
205 168
218
218
44
9
8
17

Table A.9: Total Daily Travel Time Subjects (minutes).
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APPENDIX B
TRAVEL ATTITUDE QUESTIONNAIRE
Figure B.1 is the travel attitude questionnaire1.

Figure B.1: Travel Attitude Questionnaire.
1

Questionnaire developed by Kathleen Harder, John Bloomfield, and Kasia
Winiarczyk of the University of Minnesota, Minneapolis, Minnesota.
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APPENDIX C
DEMOGRAPHIC AND SOCIOECONOMIC SURVEYS

Figures C.1, C.2, C.3, and C.4 are the computer screen presentations of the
demographic and socioeconomic surveys2.

Figure C.1: Demographic computer screen survey.
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Figure C.2: Socioeconomic computer screen survey.

Figure C.3: Household Information computer screen survey.
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Figure C.4: Vehicle Information computer screen survey.

2

Demographic and socioeconomic surveys developed by David Levinson, Kathleen
Harder, John Bloomfield, and Kasia Winiarczyk of the University of Minnesota.
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APPENDIX D
COMPUTER ADMINISTERED STATED PREFERENCE SURVEY

The following is the CASP presentations3 of travel time preferences. The four
options for Experiments #1 and #2 were presented randomly using Latin Squares.

Figure D.1: Option #1 for Experiment #1.
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Figure D.2: Option #2 for Experiment #1.

Figure D.3: Option #3 for Experiment #1.
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Figure D.4: Option #4 for Experiment #1.

Figure D.5: Experiment #1 Options.
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Figure D.6: Option #1 for Experiment #2.

Figure D.7: Option #2 for Experiment #2.
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Figure D.8: Option #3 for Experiment #2.

Figure D.9: Option #4 for Experiment #2.
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Figure D.10: Experiment #2 Options.

Figure D.11: Experiment #1b Options.
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Figure D.12: Experiment #1c Options.

Figure D.13: Experiment #3a Options.
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Figure D.14: Experiment #3b Options.

Figure D.15: Experiment #3c Options.
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Figure D.16: Experiment #3d Options.

3

CASP presentations developed by David Levinson, Kathleen Harder, John
Bloomfield, and Kasia Winiarczyk of the University of Minnesota.
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APPENDIX E
NEO FIVE-FACTOR INVENTORY FORM
The following is a copy of the personality questionnaire.4 The subjects were asked
whether they: strongly disagree (SD), disagree (D), neutral (N), agree (A), or strongly
agree (SA) with the statement presented. The last three questions were to be answered
either 'yes' or 'no'.
1. I am not a worrier.
2. I like to have a lot of people around me.
3. I don't like to waste my time daydreaming.
4. I try to be courteous to everyone I meet.
5. I keep my belongings neat and clean.
6. I often feel inferior to others.
7. I laugh easily.
8. Once I find the right way to do something, I stick to it.
9. I often get into arguments with my family and co-workers.
10. I'm pretty good about pacing myself so as to get things done on time.
11. When I'm under a great deal of stress, sometimes I feel like I'm going to pieces.
12. I don't consider myself especially "light-hearted."
13. I am intrigued by the patterns I find in art and nature.
14. Some people think I'm selfish and egotistical.
15. I am not a very methodical person.
16. I rarely feel lonely or blue.
17. I really enjoy talking to people.
18. I believe letting students hear controversial speakers can only confuse and
mislead them.
19. I would rather cooperate with others than compete with them.
20. I try to perform all the tasks assigned to me conscientiously.
21. I often feel tense and jittery.
22. I like to be where the action is.
23. Poetry has little or no effect on me.
24. I tend to be cynical and skeptical of others' intentions.
25. I have a clear set of goals and work toward them in an orderly fashion.
26. Sometimes I feel completely worthless.
27. I usually prefer to do things alone.
28. I often try new and foreign foods.
29. I believe that most people will take advantage of you if you let them.
30. I waste a lot of time before settling down to work.
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31. I rarely feel fearful or anxious.
32. I often feel as if I'm bursting with energy.
33. I seldom notice the moods or feelings that different environments produce.
34. Most people I know like me.
35. I work hard to accomplish my goals.
36. I often get angry at the way people treat me.
37. I am a cheerful, high-spirited person.
38. I believe we should look to our religious authorities for decisions on moral issues.
39. Some people think of me as cold and calculating.
40. When I make a commitment, I can always be counted on to follow through.
41. Too often, when things go wrong, I get discouraged and feel like giving up.
42. I am not a cheerful optimist.
43. Sometimes when I am reading poetry or looking at a work or art, I feel a chill
or wave of excitement.
44. I'm hard-headed and tough-minded in my attitudes.
45. Sometimes I'm not as dependable or reliable as I should be.
46. I am seldom sad or depressed.
47. My life is fast-paced.
48. I have little interest in speculating on the nature of the universe or the
human condition.
49. I generally try to be thoughtful and considerate.
50. I am a productive person who always gets the job done.
51. I often feel helpless and want someone else to solve my problems.
52. I am a very active person.
53. I have a lot of intellectual curiosity.
54. If I don't like people, I let them know it.
55. I never seem to be able to get organized.
56. At times I have been so ashamed I just wanted to hide.
57. I would rather go my own way than be a leader of others.
58. I often enjoy playing with theories or abstract ideas.
59. If necessary, I am willing to manipulate people to get what I want.
60. I strive for excellence in everything I do.
Have you responded to all of the statements?
Have you entered your responses in the correct boxes?
Have you responded accurately and honestly?
4

Tokar, David M., Ann R. Fischer, Andrea F. Snell, & Nahla Harik-Williams,
"Efficient Assessment of the Five-Factor Model of Personality: Structural Validity
Analyses of the NEO Five-Factor Inventory (Form S)," Measurement and Evaluation
in Counseling and Development, 32, pp. 14-30, April, (1999).
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APPENDIX F
TRAVEL DIARY FORM
The following is a copy of the one-day travel diary form5 that the subjects were
asked to complete.

Use this form to record your travel on a given day from the time you wake up
to the time you go to sleep.
Please record both major destinations and the stops you made along the way.
DATE ______________________ DAY ________________________
A.

START LOCATION (PLACE 1)
If start location is other than home, then please give the following if known:
Place Name:

___________________________

Address/City:

____________________________

County/Zip:

____________________________

Cross Street/Landmark: ____________________________
What time did you leave the start location?
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:

am / pm

UNIVERSITY OF MINNESOTA TRAVEL STUDY:
ONE DAY TRAVEL DIARY5
B.

INTERMEDIATE LOCATIONS
Please record all stops made along the way as separate locations.
PLACE 2

PLACE NAME/ADDRESS

ARRIVAL/DEPARTURE

HOW DID YOU GET
THERE?

1.

Work

1 Walk

2.

Work-related
errands

2 Bicycle

3.

School

4.

School - other
activities

5.

Childcare/Dayca
re/After school

6.

Quick stop (gas,
coffee, ATM,
etc.)

7.

Shopping

8.

Visit
friends/relatives

9.

Personal
business

PLACE NAME
__________________
__________________

ARRIVAL TIME
What time did you
arrive at this location?

3 Drove Car

ADDRESS/CITY
__________________

:

am / pm
4 Car Passenger

__________________
5 Public Bus

__________________
COUNTY/ZIP

6 School Bus

__________________
__________________ DEPARTURE TIME
CROSS STREET /
What time did you
leave?
LANDMARK
__________________

WHY DID YOU GO
THERE?

:

am / pm

7 Taxi/Shuttle/Limo
8 Motorcycle/Moped
9 Other. Specify:
__________________

__________________

10. Eat outside home
11. Entertainment/R
ecreation/Fitness
12. Civic/Religious
Activities
13. Pick up/Drop off
passenger
14. With another
person at their
activity outside
of home
15. Other activity.
Specify:
_________________
____________
16. Change Mode of
Transportation
17. At home
activities (eat,
watch TV, sleep)
18. Working at home
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Please use additional pages as necessary.
PLACE 3
PLACE NAME/ADDRESS

ARRIVAL/DEPARTURE

HOW DID YOU GET
THERE?

1. Work

PLACE NAME
__________________
__________________

1 Walk

2. Work-related
errands

2 Bicycle

3. School

3 Drove Car

4. School - other
activities

ARRIVAL TIME
What time did you
arrive at this location?

ADDRESS/CITY
__________________

:

am / pm
4 Car Passenger

__________________
5 Public Bus

__________________
COUNTY/ZIP
__________________ DEPARTURE TIME
CROSS STREET /
What time did you
leave?
LANDMARK
:

am / pm

6. Quick stop (gas,
coffee, ATM, etc.)
7. Shopping
8. Visit
friends/relatives

7 Taxi/Shuttle/Limo

9. Personal business
10. Eat outside home

8 Motorcycle/Moped

11.Entertainment/Rec
reation/Fitness

9 Other. Specify:

12. Civic/Religious
Activities

__________________

__________________

5.Childcare/Daycare/
After school

6 School Bus

__________________

__________________

WHY DID YOU GO
THERE?

13. Pick up/Drop off
passenger
14. With another
person at their
activity outside of
home
15. Other activity.
Specify:
_________________
____________
16. Change Mode of
Transportation
17. At home
activities (eat, watch
TV, sleep)
18. Working at home
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C.

END LOCATION
If end location is other than home, then please give the following if known:
Place Name:

___________________________

Address/City:

____________________________

County/Zip:

____________________________

Cross Street/Landmark:

____________________________

What time did you arrive at the end location?

5

:

am / pm

Travel diary adapted from a previous version from the Metropolitan Council,
http://www.metrocouncil.org/planning/transportation/TBI_2000/AppendixC.pdf
St. Paul, Minnesota, (2003).
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