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Abstract

This thesis presents the general framework of commuters’ route choice behavior in
an information-rich environment. A modeling framework for the acquisition and pro-
cessing of pre-trip information and the drivers’ route switching behavior is proposed.

Revealed preference data is used for the estimation of the above models. Standard
MLE procedures were used for the estimations (Ordered Probit and Logit models).
It was found that travel characteristics and perceptions about the relevance and reli-
ability of radio traffic reports are important factors affecting radio traffic information
acquisition and its influence on drivers decisions. The key finding was that en-route
diversion is primarily influenced by attitudinal factors and by information acquisi-
tion. Moreover, drivers’ own observation is also a very important factor affecting
route switching. It can be concluded that a reliable and frequently updated traffic in-
formation system will stimulate the acquisition of traffic information and affect route
diversion.
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Chapter 1

Introduction

1.1 Motivation

Traffic congestion is a daily phenomenon in most metropolitan areas. Congestion
occurs especially during the morning and evening commute peak periods. The ef-
fects of congestion, such as excessive delay, instability of travel time, increased fuel
consumption and incidents, can be translated into significant economic and social
costs. Therefore, it is very important to minimize congestion in order to achieve safe,
efficient and effective transportation systems for a better functioning of the society
and the economy.

Congestion can be viewed as the outcome of the interaction between travel demand
and capacity supply. When demand for road capacity, becomes larger than supply,
congestion emerges. Therefore, congestion can be relieved either by increasing the
capacity of the system or by reducing travel demand.

Capacity can be increased in three ways (OECD, 1987):

1. In the long run by changing the structure of the transportation system (new

systems).
2. In the medium run by expanding the infrastructure (new constructions), and

3. In the short run by improving the operational efficiency of the existing traffic

system (transportation system management).
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On the other hand, demand can be reduced with the following strategies:

1. In the long run by changing the spatial distribution of demand (land use).

54

In the medium run by changing the demand volume (control of private car use
and ownership and/or substitution of travel by telematics and/or other means

of communication).

3. In the short run by spreading the demand peaks over time, space and mode

(transportation system management).

However, the long run strategies can not offer the necessary immediate solution to
the congestion problem that the society needs. Moreover, the expansion of the road
network and high social, economic and environmental impacts and is not feasible in
most urban cities with high road density.

Alternatively, the control of the demand volume generally meets with strong social
and political opposition.

Therefore, transportation system management (TSM) is the most attractive op-
tion to address the traffic congestion probleins.

Figure 1.1, illustrates the impact of the traffic management strategies (TMS) on
the network demand and supply. TMS can be classified under two main categories;

driver information services and direct traffic control systems (OECD, 1987).

1. Driver information services may include:

a) Pre-trip information services, such as:

o Media (radio, television);
o Telephone pre-trip information services;

e Route planning information services.
b) En-route information services, such as:

e Traffic information broadcasting services;

e Telephone en-route information services;

10
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Figure 1-1: Traffic Management Strategies

e In-vehicle route guidance systems.

2. Direct Traffic Control Systems, can be categorized as follows:

e Signal priority systems;

e Ramp metering systems;

The information provided to the users, together with their characteristics and

needs, will affect their travel decisions. The direct control strategies, together with the
network characteristics, will affect the network supply. The result of the interaction

between the demand and supply is the actual traffic conditions of the network.

Increasing attention has been paid in recent years to the use of Advanced Traveller

Information Systems (ATIS) for alleviating traffic congestion. ATIS is the application

of advanced information systems and communications technology to a variety of com-

ponents of our transportation systems. By collecting and transmitting information
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on traffic conditions and transit schedules, the system might improve the operational
efficiency of the existing traffic system and spread the peak demand.

However, questions concerning the acquisition of traffic information, such as by
whom, where and how traffic information will be used have been raised. These ques-
tions need to be answered for the efficient implementation of traffic information ser-
vices.

The following section briefly analyses the impact of information technologies on

people’s travel decisions.

1.2 The Influence of Traffic Information on Trav-
elers Decisions

One of the basic hypothesis underlying ATIS, is that better information can improve
travel conditions and transport efficiency. This automatically implies that travelers
decisions are not perfect, and in fact, are inferior than the ones made providing
more and better information. This is true as choices are often made by habit, or on
ignorance, or based on out-of-date information.

Travel information can be provided by two ways: by advertising and by using
systems of Road Transport Informatics (RTI). Advertising aims at influencing the
general dispositién of the traveler towards modes or destinations. This is done by
increasing the awareness of that opportunity or by changing its image or price. On
the contrary, information provided by RTI systems aims at influencing particular
decisions of the travelers.

Figure 1.2 shows the influence of the information on travelers pre-trip and enroute

decisions. This influence is analyzed below.

12



Influence of Information on Pre-Trip Decisions

At the beginning of each trip. the traveler is faced with the decision to travel or not,
choose his destination, departure time, mode to take and route to follow. Travellers’
decisions will be influenced by two types of information: experience-based information
and real-time information. Experience-based information is the information acquired
by actual traveling and/or information gathered from the experiences of other com-
muters. However, the experience based data is inherently limited, imperfect and can
not foreseen incident induced congestion.

On the contrary, real-time information provides reports on actual existing traf-

fic congestion and gives the driver the ability to predict route travel times to his

destination—with-accuracy:

Telecommunication options. such as telecommuting, teleshoping, telebanking and
teleconsulting, give the travelers the opportunity to alter or postpone their trips. Dy-
namic traffic information, public transport information and parking information give
them the ability to optimize their departure time and destination choice and therefore
arrive earlier to their destination, or at least avoid unpleasant traffic conditions. the
changing of destination is an easy adjustment for purpose like shopping and leisure
activities.

The provision of travel time information both for transit and auto might influence
the mode choice of the travelers (note that drivers always tend to underestimate travel
time for auto and overestimate the ones for transit) and allow them to improve their
choices. The provision of reliable time-tabled services, which increase the certainty of
arrival time and save drivers from the "frustration” of driving during the peak hours,
may cause a shift to the use of public transportation.

Finally, real-time information about traffic delays is likely to lead to route switch-
ing behavior. However a distinction should be made between pre-trip and enroute
switching behavior. In the first case we are referring tc the use of an alternative route
while in the latter to a diversion from the existing route. In the second case the aim
of the alternative route is not always to save time or distance but sometimes to "keep

moving”.
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Influence of Information on En-route Decisions

Given that the driver have access to dynamic en-route information, he will be able
to decide to acquire and process en-route information and therefore revise his pre-
selected route by switching to another alternative, destination choice, and travel mode
(see Figure 1.2).

For the next trip, the decisions to acquire pre-trip and en-route information, to
process and review their choices, will be based on the utility derived from the previous

travel choices and the utility expected from his new travel choices.

1.3 Objectives

The focus of this work is the investigation of the influence of traffic information
on drivers’ route choice behavior. The underlying hypothesis is that information

acquisition, route choice and route switching are influenced by the following factors:

1. Drivers socioeconomic characteristics such as age, gender, income, education,
working rules, as well as personality factors such as attitudes, preferences and

perceptions.

Lo

Travel characteristics such as availability of alternative routes, traffic conditions
on regular and alternative routes, as indicated by the provided information or

observed by the commuters.

3. Information characteristics, such as accessibility, reliability and relevance of

information provided.

The above factors are the basic inputs for the dynamic route choice hehavior. How-
ever, the choice process is not a direct derivative of these exogenous variables. Bovy
and Stern (1990) present the route choice process as a black box. This black box.
is seen as a system of perception and evaluation filters, which the individual uses to

make his final choices.
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The objective of this thesis is to investigate the underlying mechanism of the
route choice behavior under the impact of real- time traffic information. A modelling
approach of pre-trip and en-route decisions is presented. The proposed framework is

then tested by using revealed preference data.

1.4 Thesis Outline

The thesis is made of 6 chapters. Chapter 2 provides a literature review of the most
recent research on route choice and route switching behavior and discusses major
findings. Chapter 3 presents the general framework of route choice behavior under
the influence of traffic information. The basic concepts underlying the dynamic driver
behavior mechanism. such as perceptions, attitudes and learning are analyzed. It also
presents the modeling framework for the pre-trip traffic information acquisition, its
influence on route choice behavior and the en-route switching decisions of the drivers.
Chapter 4 presents the data collection method and analysis of the survey results.
Chapter 5 presents the estimation results of different modeling approaches used to
model the acquisition of pre-trip information, the influence of pre-trip information
and the route switching behavior of the drivers. Chapter 6 provides some concluding

remarks and suggestions for further research.

15
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Chapter 2

Route Choice: A Literature

Review

In this chapter a literature review of the route choice data collection approaches and
analysis is provided. A discussion about the advantages and disadvantages of each

type of approach is then presented.

+ 1 Route Choice Behavior

An extensive review of the route choice state-of-the-art, is provided by Bovy and
Stern (1990) and Kaysi (1992). Bovy and Stern, presented the behavioral theory that
underlies route choice as a dynamic and multi-stage process. The various elements
of route choice behavior, such as cognition, perception and evaluation of alternatives
and their attributes were highlighted. Route choice was perceived to be influenced
by two factors: the traveler, with his subjective needs, experiences, preferences &nd
perceptions; and the transport network, wich its objective opportunities and its char-
acteristics. Therefore, the travellers’ decision making problem consists of investigating
his opportunities and of making a choice based on the available information. Bovy
and Stern also provided a comprehensive review of various methods to observe route
choice behavior, as well as modelling approaches to analyze and predict it. They fi-

nally concluded that the development of telematics would ease the operationalization

17



of optimal routing.

Kaysi (1992) presented an overview of existing driver information systems and
their most important characteristics, as well as a description of current demonstration
projects. He also formulated a framework for dynamic driver behavior that describes
the process of acquisition and processing of various types of information and adjust-
ments to travel behavior. He also designed a data collection program which provides
the data required by the models introduced in the framework.

The estimation of the models described in the literature review, requires data on
drivers route choice behavior. Revealed preference data and stated preference data
are the two basic approaches of data collection for modeling the dynamic interaction
between the users decisions and the systems’ performance in congested networks. Re-
vealed preferences indicate how drivers behave in actual situations. On the contrary,

stated preferences indicate how drivers say they will behave in hypothetical scenarios.

2.2 Revealed Preference Approach

The revealed preference approach analyses drivers’ behavior in real-life situations on
the basis of respondents reports about previous actions; usually it is based on detailed
diaries of actual commuting trips or on field studies for demonstration projects that

use navigation systems.

2.2.1 Diary approach

Cascetta et al (1992) estimated logit models for departure time and path choice for
home to work trips, based on a revealed preferences survey carried out in the city of
Turin. The survey was done on a sample of workers in a single industrial plant. Their
experimental analysis consisted of two stages. In a first stage. the route choice model
was specified and calibrated to define generalized route cost functions. In the second
stage, the departure time and route choice models were specified and calibrated for
difterent classes of employment qualification.

The analysis yielded the following results: travel time spent on secondary roads

18



played an important role in route choice. Therefore travel times spent on primary
and secondary roads should be used separately. Safety and comnfort variables were
found to be significant. Finally, early/late arrival penalties were perceived differently
by the subjects.

Khattak et al (1991) investigated the short-term commuter diversion response to
incident-induced congestion and evaluated the ways in which drivers use real time
information (the target population was automobile drivers who made repeated trips
during which broadcast traffic information was available). Work trip drivers des-
tined to Chicago central business district area were intercepted at downtown parking
garages during the AM rush hours. Mail-back questionnaires were distributed in April
1990 and a total of 660 questionnaires were received (a response rate of 33%). His
sample (in which the presence of self-selection bias should not be neglected) consisted
of a stable, upper-income, well-educated and well-established group of drivers.

The survey indicated that 42% of the respondents had diverted to an alternate
route in response to en-route delays. Moreover, 76% of those who diverted thought
they gained some time, while 50% of those who did not divert thought that they
would have gained some time by diverting but they did not do so. The cause of
the above result might be that delay is conceived incremental and by the time that
the driver realizes the delay, diversion is no longer possible. Personality factors were
identified using factor analysis (e.g. the "Adventure and Discovery” factor showing
the respondents propensity towards risk and explofation).

Multinomial logit models were used to estimate the diversion choice of the drivers.
The effects of the following variables were explored: characteristics of the delay expe-
rience, attributes of the usual and alternative route, trip characteristics and socioe-
conomic attributes.

The results showed that there exists a preference for staying on the usual route
and that drivers were more likely to divert having received delay information from
radio than self-observation. Moreover, a Stated Preference Index which indicates the
drivers’ inherent tendency to divert and an "Adventure and Discovery” Index were

found significant.
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Mahmassani et al (1989) conducted a survey by mailing questionnaires to 3000
households randomly selected in Austin, Texas. A total of 638 completed surveys
gave the following results: a.m. route switching appears to be motivated by network
considerations rather than by sociodemographic characteristics (other than age) or
rules at workplace. On the other hand, a.m. departure time switching is more influ-
enced by factors such as lateness tolerance at the workplace, job position, and other
individual characteristics. For the p.m. commute congestion is the main motivation
for both route and departure time switching. The use of information, captured by
radio traffic reports indicator, exerted a significant positive effect on the propensity
for switching in all cases with the exception of p.m. departure time switching.

Hatcher and Mahmassani (1992) addressed the day-to-day variation of individual
trip scheculing and route decisions for the evening commute. Their study was based
on two-week diaries of actual commuting trips of a sample of auto commuters in
Austin, Texas. Two ways of capturing departure time switching were discussed:
1) switching from commuter’s median departure time (median switching), and 2)
switching from a user’s previous day’s departure time (day- to-day switching). Median
switching was indented to capture deviations from a usual daily routine. By the day-
to-day definition, the current day was considered a switch from the previous day if the
absolute difference between their respective departure times exceeded some minimum
threshold. Two different definitions of route switch were also explored. 1) Route
switch as a deviation from the "normal” (most frequently used) network route in
which the commuter follows a "different than usual” set of nodes to arrive at work.
2) Day-to-day route switch as a route which is different from the previous day’s route.

Poisson regression methodology was used to investigate the effect of the character-
istics of the commuter and of the commuting environment on the observed departure

time, route, and joint switching behavior. Some significant results were the tollowing:

1. trip chaining significantly influenced route and joint switching behavior: trips

with stops were much more likely to involve switching than trips without stops.

2. Commuters tend to change departure times more frequently than routes, pos-

20



sibly a reflection of a limited route choice set in comparison with a broader set

of available departure times.

3. Socioeconomic variables appeared insignificant. As the authors argued: "some
of these characteristics may be indirectly reflected through their effect on trip
chaining patterns as well as commuter preference indicators”. The factors af-
fecting the route switching behavior in the evening commute were similar to the
results acquired by using the same data set by Mahmassani et al (1991) for the
home to work commute. About 25% of all reported commutes contained at least
one non-work stop, underscoring the importance of trip-linking in commuting
behavior. Furthermore trip chaining significantly impacted switching behavior.
Trips with stops were much more likely to involve switching than trips without

stops.

2.2.2 Field Study Approach

The field study approach, analyses drivers’ behavior through field observation of
drivers. for example observation of actual diversion behavior in response to infor-
mation acquisition.

Apostolopoulou al(1990) and Polydoropoulou (1990) described a pilot route choice
experiment on route choice conducted using an in-vehicle route-guidance system. The
major objective of the experiment was to examine the dynamic aspects of route choice
behavior, and the influence of electronic route guidance systems on the commuters’
route choice decision making. Twenty subjects were involved in the experiment, that
consisted of two parts. An out-of vehicle part where the personal characteristics and
attitudes and preferences of each driver were asked; and an in-vehicle part which
consisted of 3 trips that each driver had to make under the guidance of the route

guidance system. Some main findings are:

1. The habitual route choice for the home to work trip is determined after the
driver tried all the available alternative routes and decided to follow the one

that best satisfied his route choice criteria. Thus habit, was the main route

21



choice criterion for the home to work trip.

. The phenomenon of drivers choosing their route according to the traffic condi-
tions they observed (also known as “myopic view”) was frequent, especially in
the cases that drivers were very familiar with the area and they used to divert
frequently. Moreover, choice of route was often done according to the observed

status of traflic control signals at intersections.

. The expectation that decision points exist apriori was confirmed by the experi-
ment. For each route the number of decision points was not the same for each

driver as the habits and the perceptions of time and distances of each link differ.

. Drivers can be separated into three major categories according to their attitudes
towards route guidance systems: drivers who apriori decide to follow the route
guidance advise; drivers who ignore the system instructions and drivers who
are deciding at each decision point. In the last case, drivers followed the route
guidance advise, only when it coincided with their judgement or their previous
experience. However the more unfamiliar the drivers were with the network the

more likely they were to follow the instructions given to them:.

2.3 Stated Preferences Approach

There exist two different approaches of extracting stated preference data: by surveys

and by simulation experiments.

2.3.1 Survey Type Approach

Polak et al (1992) studied the impact of in-home pre-trip traffic information. The

study was carried out using a microcomputer based simulation. An in-home pre-trip

information system, offered information on travel times from home to City Center. by

bus and car at different times of day. The respondents had also the ability to generate

their own choice set of alternatives through the process of information acquisition.
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Surveys were undertaken in parallel, in Birmingham and Athens, allowing a com-
parison between the cities. The results showed that even amongst regular car users,
there is a requirement for multi- modal pre-trip information. Moreover, the quantity
and the type of pre-trip traffic information requested by travelers depends on a range
of personal, journey related contextual and national factors. F inally, two important
findings are that travelers are selective in the amount and type of information they
request, and that the process of information acquisition is structured according to
the travel preferences. Furthermore, as Apostopoulou et al. (1990) note, travelers
in both Athens and Birmingham, would change their habits under the influence of
information in order to avoid traffic congestion.

Khattak et al (1992) used stated preference data to evaluate the effects of real-
time traffic information, along with driver attributes, roadway characteristics and
situational factors on drivers’ willingness to divert. The empirical aspects of the
study focused on a survey of downtown Chicago automobile commuters. A five-point
scale ranking from"definitely take usual route” to "definitely take alternate route”
was used to access diversion propensity. Ordered probit models were used to model
users diversion decisions. Drivers expressed a higher willingness to divert as expected
delays on their usual route increased. Further, they were more willing to divert
when the congestion was incident-induced, as opposed to recurring. Information for
delay was received from radio traffic reports and compared with observed congestion.
Trip direction was home-to-work rather than work-to-home. Respondents were less
willing to divert if the alternate route was unfamiliar, unsafe or had several traffic
stops. Drivers who normally experienced longer travel times were more likely to
divert. Socioeconomic characteristics were also significant in predicting willingness to

divert.

2.3.2 Simulation Approach

Most of the simulation studies examine the existing relationship between objective and
subjective travel time, and propose various models to reflect the corrective mechanism

of the travel time prediction, due to the learning acquired by repeated trips.
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The perception of travel time is a topic that has been extensively studied not only
by psychologists (see McGrath and Kelly, 1886, for a comprehensive synthesis), but
also by transportation analysts (e.g. Horowitz, 1984 ) as well as geographers (e.g.
Burnerr, 1978 ). According to the existing literature, the relationship between the
objective time and the estimated duration is monotonically increasing. However, the
psychological literature has vacillated between a linear function and an exponential
function. For the latter function has much appeal, because, under the name "the
Power of Law” (Stevens, 1967 ) it successfully captures the relationship between
actual and perceived stimuli of the most various kinds.

Leiser and Stern (1988) used an urban driving simulator and found an exponent
of .74, although the improvement of the exponential function over the linear was iieg-
ligible (r-linear=.68; r-power=.70). Their data was divided in two different groups,
according to overestimation or underestimation of travel time. It was found that the
correlation between the objective and subjective travel time is quite high. The "aver-
age objective time” was however much smaller in the overestimation group compared
to that in the underestimation group. This confirmed Vierordt’s (cited in Woodrow,
(1951) ) early generalization: "short time are underestimated, while long ones are
overestimated”.

Leiser and Stern (1988 ) also proposed a general model that includes three different
factors that play the role of a mediator between the objective and the subjective time
estimation. These factors are: the physical distance, the various en route obstacles
(e.g. traffic lights and turns) and the driving speed. The perception of driving
speed for each individual is dynamic. Attributes related to the road (e.g. angularity,
congestion, landmarks en route, various obstacles), to the traveling conditions (e.g.
night, rain, fog, etc.), and to the driver’s physical state (e.g. fatigue, alcohol, etc)
are the main stimuli that contributes to the perception of travel speed. In en-route
situations, the individuals’ estimation of speed is based on their previous experiences.
It is obvious that the dynamics of the their perceptions is continuously updated due
to their daily driving experiences.

lida et al (1988) tried to derive the corrective mechanism of the travel time pre-
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diction. The dynamics of the route choice behavior was analyzed by laboratory-
like experiments that repeatedly asked participants to respond to hypothetical route
choices. They found that if the actual travel time is longer than the predicted one,
the next step’s predicted travel time is corrected so that it becomes smaller and
vice-versa. Linear relationship between the prediction error of travel time and the
adjusted magnitude (correction value of the predicted travel time) was tested (cor-
relation coefficient r=0.62). They also tried to construct a model which takes into
account the repeated experiences in the past. It was found that the predicted time
error in the last step is the most significant one. This coincides with the results of
Chang and Mahmassani (1988) , who suggested that the more recent experience has
a substantially greater effect on travel time.

An extension of the previous work is present by lida et al (1992) . The following
results were acquired: a) route switching behavior varies depending on the charac-
teristics of the route, b) route switching rate increases as the actual time and the
predicted travel time error increases and c) the relationship between an error in the
predicted time and the adjustment from the actual travel time to the next predicted
time is almost linear.

Two other simulation experiments were carried out. The first by Janssen et al
(1991) using a driving simulator. The second, by Van der Mede and Van Berkum
(1991) using a route-choice game on computer. Their work concerns simulation and
modeling of individual route choice sequences in situations were RTI (road transport
informatics), and particular a VMS (variable message sign) is or is not available.
After developing a model which incorporates route choice, inertia and responses to
VMS, their aim was to test its accuracy in simulating individual choice series and
aggregate behavior obtained by laboratory experiments.

In this study, inertia in choice behavior was defined as an escape from the utility
maximizing principle as assumed in random utility theory. Inert choices are hased
on the fact that the same choice has been made in the past and not on the fact that
certain utility is expected from it. However, the last experience cannot be considered

the same as the last choice. The latter is only a part of the tendency to become inert.
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An increase of inertia means that the last choice increases the probability that the
next choice will be the same. To model the impact of the information provided on
route choice behavior it is assumed that the perception of reliability of the system
depends on a history of experiences. Good experiences increase compliance and bad
experience lead to a decrease. To model compliance with VMS, a so-called “buffer” is
defined. The size of the buffer reflects the number of bad experiences with the VMS
a person can handle before compliance decreases.

Binary choice models of comply or not comply were estimated and the parameter
values from the best fitted model and its corresponding knowledge update strategy
and initial knowledge values vector were input in the simulation model. The results
showed that the model that included only travel time, travel cost, variance in travel
time and travel cost, as well as previous choice and VMS, had a satisfying fit on the
data.

However, the differences in the laboratory settings for the two experiments causes
problems on the comparison of the results. Therefore, the validity of the findings to

actual tripmaking in real life is questionable.

Advanced Driving Simulators

Allen et al (1991) investigated the drivers use of in-vehicle navigation systems with a
part task simulation. The simulation presented subjects with several traffic conges-
tion scenarios in which they attempted to avoid congestion delays using prototype
navigation system information. The objective of the experiment was to compare the
effect of four navigation systems on driver diversion decisions when faced with traffic
congestion. Three of the systems were developed on the basis of a heading-up map
display. The systems varied from a basic map with vehicle position to a highly com-
plex map with position, congestion, and route guidance information. The experiment
simulated typical freeway trips using sequences of slides of real freeway scenes and
auditory feedback controlled by a computer. Drivers were presented information on
traffic congestion, vehicle speed and guide signs of off-ramps, and were motivated with

monetary rewards and penalties to encourage diversion decisions that would minimize
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travel delays. The results showed that navigation system characteristics can have a
significant effect on driver diversion behavior with better systems allowing more an-
ticipation of traffic congestion. Driver age was also an important factor. Old drivers
more reluctant to divert from the main freeway route. Route familiarity, commercial
driving experience, and gender were not significant factors in driver diversion decision
making.

Bonsall and Parry (1991) developed an interactive route-choice simulator (IGOR
- interactive guidance on routes) to investigate drivers’ compliance to route guidance
advice. In this experiment, each user was invited to make a series of journeys through
hypothetical networks from one junction to the next on the way to their destination.
Conditions in the network varied from day to day and differed according to the time
of the day at which the journey was made. At each junction, IGOR displayed a plan
of the junction annotate with information about road sizes and alignments, signposts,
current traffic conditions etc. For some journeys the user had access to a map and /or
guidance advice. However, "wrong” exits were sometimes recommended in order to
see the user responses to unreliable information. Regression curves were fitted to the
data having as dependent variable the probability of acceptance the route guidance
advice. The independent variables were an index of quality based on actual travel
times or an index of quality based on free flow travel times. The results showed that
the acceptance of an advice varies with the objective quality of the advice and with
the quality of the previous received advice. The influence of the drivers' knowledge
of the network and of the existence of corroborating or conflicting evidence is also
demonstrated. The acceptance of an advice was depending on its credibility and this
was a function of past experience, lecal conditions and psychological factors.

Lotan (1992) modeled the route choice process and the drivers perceptions in
the presence of information by using concepts from fuzzy sets theory. approximate
reasoning and fuzzy control. Empirical results were obtained by using a driving
simulator developed at MIT. Ten subjects participated in the experiment. and each
performed 20 trips under various traffic conditions (congestion levels, incidents, etc.).

The data collected included prior perceptions (based on interviews), observed traffic



conditions while driving, the available pre-trip and en-route infrrmation and the
resulted choices made. In the case study presented, the under:ying simplicity of the
human reasoning concerning route choice was demonstrated. This agreed with the
prior expectation that "a man, viewed as a behaving system, is quite simple. The
apparent complexity of his behavior over time is largely a reflection of the complexity

of the environment in which he finds himself” (Simon, 1969 ).

2.4 Combining Stated with Revealed Preference
Data

Due to the fact that Stated Preferences indicate how drivers behave in hypothetical
scenarios, the validity of the SP responses is a critical concern (Morikawa, 1989 ).

Biases in the SP data can be introduced by the indifference of the respondents
to the experimental task and can be categorized as follows: prominence hypothesis,
policy-responce bias, preference inertia or justification bias. Moroever, biases can he
introduced by the imperfect description of the alternatives and by the omission of
situational constraints.

For example, experience by using driving simulators (such as IGGR, see Polak
1992 ) showed that it is difficult for the subjects to perceive the differences in alter-
nate driving scenarios, such as variable purposes of trips or weather conditions and
therefore act accordingly. However, in real iiffe commuters know through driving ex-
perience the differences in the signalization of the network in a rainy day. Moreover,
the purpose of trip might strongly affect drivers’ decisions; for example one might
prefer to drive on a pleasant scenery route when the purpose of trip is recreation.

In addition, differences in the laboratory settings migkt cause significant changes
in the results. For example, most of the stated preferences experiments offer to the
volunteers certain incentives to participate and make the experiment more attractive.
However, we notice that the participanis’ behavior varies according to these incen-
tives. For example, it has been noticed, that when the experiment offers a winning

price for the driver who arrives first at his destination, then people tend to switch
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more in order to win from their opponents. On the contrary, when there is a penalty
delay, people tend tc switch less and be more prone to reduce risk and loose less
money (see, Van der Mede, 1991 ). Therefore the set-up of the experiment might
change signiticantly the outcome of the experiment.

However, stated preferences can indicate some aspects of latent preferences and
therefore could help in the identification and esiimation of the latent preferences that
determine actual behavior. For example the use of an advanced driving simulator
with a complicated map display could give the opportunity to examine the spatial
behavior of the drivers and the actual learning of the network, through the knowledge
acquired from experience and information provision.

On the other hand, although revealed preference data represents the actual be-
havior. it might not contain significant information to identify the underlying prefer-
ences. [t also contains measurement biases and the attributes of the alternatives can
be highly correlated (for example it is very common for the drivers to confuse the
shortest in distance and the quickest route). Moreover, survey data have the following

drawbacks (see, Ben-Akiva et al, 1990 ):

1. High data collection costs and small budgets lead to small sample sizes and

consequently large sampling errors; and

2. Nonsampling errors such as non-response may result biased statistics.

Moreover, RP data can not provide direct information about drivers’ hehavior on
new-non existing alternatives, such as the construction of a new facility, the introduc-
tion of control measures on existing major highways or the introduction of dynamic
route guidance systems with different levels of reliability, etc.

In order to be able to investigate how people will behave under the provision
of traffic information through advanced traveller information systems such as route
guidance devices a field experiment would be most appropriate.

However, field experiments that use real route guidance systems have several lim-

itations:
1. An expensive and complicated infrastructure (rcute guidance devices, road-side
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beacons, control center etc.) is needed.

Many subjects should participate. with different driving experiences, in order

that the sample to appropriate for statistical analysis.

There exist time limits since drivers get tired when driving in traflic for a long
time in one day. However in order to be able to observe how peoples’ behavior
change over time these people should be also observed for a period of time (this
is almost impossible; except if you observe commuters for their trip to work).
Note, that the researchers should allow a period of adjustment with the systems

instructions.

The behavior of the drivers strongly depends on the specific network charac-
teristics, the traffic problems they face every day and the time of the day the
experiment was conducted. Therefore the validity of the findings for all the

networks would be questionable.

. The reaction of the drivers to the systems’ instructions depends on the reliability

of the system. Different levels of reliability should be provided in order to

investigate drivers’ decisions.

. Drivers’ behavior depends on the incentives of the experiments. As in the case

of the driver simulator, here again the set-up of the experiment determines the

validity of the responds.

Therefore, field experiments introduces many difficulties and are very expensive to

conduct and get reliable and valuable results. From the above discussion, it is obvious
that the alternative data sources have different levels of accuracy and contain various
types of biases. The combination of different data sources is appropriate. in order to
exploit their relative advantages and obtain more reliable parameter estimates than

those of a single data source.

In the case of route choice behavior, the combination of laboratory experiments

with selective field validation or the inclusion in weekly (or monthly) diaries of RP
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questions hold considerable promise for the scientific investigation of such complex

dynamic phenomenon as drivers' behavior.

31



Chapter 3

General Framework for Route
Choice Behavior and Model

Structure

This chapter presents the general framework for route choice behavior. The nature
of attitudes, preferences and perceptions of drivers is also explored, for a better un-
derstanding of the dynamic aspects of route choice behavior. Moreover, the potential
impacts of both pre-trip and enroute information on drivers’ decisions are analyzed.
Finally, the structure of the models that capture s the impact of information on

commuters’ route choice behavior is described.

3.1 Route Choice Behavior For The Commuting
Trip
Route choice is the result of a decision making process in which. each individual who
makes a trip from an origin to a destination, decides which route to take.
In order to be able to understand and model the route choice behavior for the com-

muting trips to work, certain factors should be taken into account. As Ueberschaer

(1971) stated, commuting trips have the following characteristics:
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1. The origin and the destination of the trip are well determined.

2. When driving to their work, drivers move in a direct way, having a certain goal,
and choose their routes in such a way so that they can reach their destination

as soon as possible.

3. Drivers have an adequate knowledge of the area, and usually know many alter-

native routes.

4. The traffic conditions (travel time, waiting time), during the morning peak
period are usually stable with small deviations, as compared with other times
of the day. This holds, as long as no unusual events such as incidents, occur at

these non-peak periods.

The key difference between the commuting trip in 1971 and that of today, is the
availability of traffic information to the drivers. The provision of real time information
is expected to have a significant impact on the behavior of travelers (Ben-Akiva et al,
1991 ). Travelers’ responses to the provided information can vary. One might choose
not to travel at all, change mode, destination, departure time, route or even choose
a combination of these alternatives.

It is therefore very important to understand the underlying mechanism that trig-
gers each traveler to acquire information. and then take it into account in their pre-
trip and enroute decisions. The question raised is how the information is perceived,
processed, and evaluated in the travelers’ mind in order to make his final choices.

The following section introduces some general concepts related to human behavior
as they appear in the psychological literature. These concepts provide the basis for
modelling human decisions (such as route choice), data requirements and estimation

methods.

3.2 Basic Definitions

The knowledge of the psychological basis of behavior is necessary, in order to efficiently

support, control and model the decision making of the drivers when planning their
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trips, choosing modes and routes while driving.

Behavior, signifies the relation and/or movement of a system ( in our case the
organism, the human body, the person) because of its possibilities of reaction. towards
conditions in its environment (Uexkull, 1934 ). This definition also determines per-
ception as behavior. because perception is the sensual activity of the whole organism
{Gibson, 1950 , 1973 ).

Action is a behavior which is reflected by a person in his environment (Lewin
1963 , 1969 ) and/or which has an aspired objection or intention (Cranach, 1980). Ac-
tion is behavior with human consciousness. ”Action includes behavior pius planning”

(Schurian, 1986)

3.2.1 Learning

Learning can be defined as an experiential process resulting in a relatively permanent
change in behavior. that can not be explained by temporary states, maturation,
or innate response tendencies (Klein, 1991 ). This definition of learning has three

important components:

1. Learning reflects a change in the potential for a behavior, it does not automati-
cally lead to a change in behavior. Individuals must be sufficiently motivated in
order to iranslate learning into behavior. For example, although a person might
know that information about traffic conditions is helpful for his route choice, he
will not be motivated to receive information until he is going to travel or during
his trip. Also, an individual might be unable to exhibit a particular behavior
even though he has learned it and is sufficiently motivated to exhibit it. For
example, the individual might want to acquire traffic information. but he does

not have a radio.

2. Behavior changes caused by learning are not always permanent. \s a result
of new experiences, previously learned behavior is no longer exhibited. For
example, a driver may learn a new and faster route to work and no longer take

the old route. Also, there are times in which people forget a previously learned
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behavior and they are no longer able to exhibit it.

3. Changes in behavior can be originated from processes other than learning. The

behavior can change as a result of motivation rather than learning.

Knowledge

What is called learning is really recollection. and every human soul has a vision
of reality and needs, not to have knowledge put to it but to recollect. The states
of mind (knowledge and perception) differ in that knowledge is infallible, whereas
perception may be true or false. The objects of knowledge must be completely real
and unchanging, while the objects of perception are not wholly real and are mutable.
While knowledge comes to us from the external world, perception is the outcome of
a wide range of meanings, including sensation, awareness of outer objects or of facts,
feelings and emotions. For example, each traveler has only limited knowledge of all
available routes. The traveler’s cognition is associated with his travel experiences
(feedback from previously chosen routes) and the way of acquiring information. The
perception of the attributes of these alternarive routes, will be the outcome of the
interelationship of many factors such as his personal characteristics, the encountered

travel characteristics on each alternative and the information characteristics.

3.2.2 Attitudes

Many psychologists think of attitudes as "predispositions” or "tendencies” to engage
in a variety of behaviors linked to the attitude, which is seen as a hypothetical con-
struct. A hypothesized attitude towards traffic information acquisition, for example,
would affect route switching behavior, choice of radio station, and so on.

To better understand route choice behavior. it is important to measnre drivers’
attitudes, preferences and perceptions. Attitude measurement is one of the oldest
topics in social psychology. Psychologists have been measuring attitudes since the

1920’s. Attitudes can be considered to have three aspects (Lewin, 1967):

1. A cognitive or belief component: the content of the attitude.
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2. An valuative or feeling component: the "like-dislike” or "good and bad” dimen-

sion.

3. A behavior component: the action which expresses the attitude.

As an illustration, let us consider the attitudes of commuters towards information for

their home to work trip:

1. The belief: a well informed driver can choose his/her route to work with effi-

ciency.
2. The evaluation of the belief: this is a desirable outcome.

3. Behavior based on the belief: the driver seeks traffic information from the
sources available to him (e.g., radio and/or television), to become a well in-

formed driver.

Considerable research has been done on the degree of congruence among the three
components of the attitude, and especially the relationship between the action and
the first two components. Several times, behavior is inconsistent with the beliefs
and evaluations. This inconsistency probably occurs because an action is never in-
fluenced only by a given attitude. The action is also a result of other aspects of the
situation and of the characteristics of the person. "Not everything we do is consis-
tent with everything we think and feel”, a fact that complicates the task of attitude

measurement.

The nature of attitude measurement

In order to provide satisfactory measures of the underlying attitudes under consider-

ation, the following factors should be taken into account:

1. Anything can be measured, so long as magnitude (amount. more or less. greater
or smaller) or direction (position, close-distant, nearer-further), or both, can be

detected.
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2. Most measurement of attitudes involves “ordinal” scales which tell the relative
order of two or more levels of an attitude, but not the precise distance between

them.

3. The reliability and the validity of an attitude measure are two very important
factors. Will the attitude measure give consistent results upon repeated use

and similar conditions; and, does it measure what we wanted to measure?

Various methods of ordering scale items have been used (See, for example Lewin,
1987). The Likert Scale appeared in 1932 and has been widely used ever since.
Although it is called a scale, it is really a response format. Each item consists of a

statement followed by five or seven response categories such as:

[

. Strongly agree

2. Agree

w

- I neither agree nor disagree

("

. Disagree

o

. Strongly disagree

The use of an odd number of categories permits a neutral middle answer such as "I

don’t know” or "I don’t care one way or another”.

Personality Questionnaires

Adorno et al (1950) , introduced the ”F” scale, a personality-test questionnaire. The

format of this questionnaire is the following:
+3 means: [ agree strongly
+2 means: [ agree moderately
+1 means: I agree somewhat

-1 means: I disagree somewhat



-2 means: I disagree moderately
-3 means: I disagree strongly

The F-scule is remarkable in the history of social and personality psychology for its
endurance and popularity, because it "discriminated” in a great number of variables.
People that scored high on the "F” scale differed significantly from people low on the
F scale, on almost everything psychologists tried to study.

It is very important also to incorporate in the questionnaire the "not applicable”
category. If this category is not provided there cannot be a distinction between the
people who overlooked the question and the people who did not check the answer for
a good reason. In the worse case such people may select to answer another category,
thus introducing bias in the results.

The discussion about peoples’ behavior and attitudes measurement presented
above, describes the basic psychological tools that are needed to model dynamic
route choice behavior. This is because, the modeling of dynamic route choice behav-
ior requires the detection of mechanisms and rules of behavioral adaptation. This
modelling is done across different user segments and through the evolution of time,
so that phenomera such as habits, learning process, inertia! and even cohort effects?,

can be accounted for.

3.3 Framework for Route choice behavior

The general framework of route choice behavior is presented in Figure 3-1. The ulti-
mate choice, that is the route taken, is the result of the following factors: 1) the driver
characteristics, 2) the travel characteristics and 3) the information characteristics.
The route choice of the travelers depends on their socioeconomic characteristics
such as age, genre, income, as well as their personality. habits. preferences. driving

experiences and familiarity with the transportation network.

'Inertia is an indisposition in changing behavior
2A cohort is a group of people with same characteristics in common
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Travel characteristics, such as purpose of trip, flexibility in arrival time, availability
of alternatives and traffic conditions on alternatives, affect strongly the route choice
behavior. The purpose of trips is a very important factor, due to the constraints it
imposes. Moreover, each traveler has only limited knowledge of all available routes.
The traveler’s cognition is associated with his travel experiences (feedback from pre-
viously chosen routes) and the way of acquiring information. The characteristics of
each known alternative route have not the same importance for his final decisions;
they will counter-balance one another and a relevant value will be attributed to them
high or low, positive or negative. Therefore, based on a factor-importance hierarchy
(Bovy and Stern, 1990 ) the traveler formulates a choice-set of sufficiently attractive
alternatives. From this set the traveller makes his choices; the chosen route will be
the one that best satisfies his needs and is consistent with his personal restrictions
and preferences.

The attributes of information play an important role on the attitude of travelers
towards it. Reliability of information is very important. Discrepancies between the
acquired information and the observed traffic conditions, will lead travelers to reject
further information acquisition. Moreover, the accuracy and precision of traffic infor-
mation play a significant role, as provision of misinformation or negligence to provide
information about congestion, incidents or other hazardous situations, will result in a
negative attitude towards the acquisition of information. Only information submitted
in a timely manner, adapted to changing situations and relevant to the travelers trip,
will positively affect travelers’ decisions and general attitude towards its acquisition.

Figure 3-1, illustrates the decisions making process. The three ovals enclosed in
a box in this figure, can be viewed as a system of perception and evaluation filters
through which information is processed. The decision making process has a dynamic
character due to the feedback from each trip made. acquiring new experiences on each
trip. Therefore, a learning process is involved in the cognition and perception of the
driver, as the information acquired through experience of earlier choices is processed
in the next decision. However, inertia also plays a role: certain thresholds need to be

crossed before changing habitual behavior.
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3.3.1 The effect of Pre-Trip Information on route-choice

behavior

The general framework of how pre-trip information influences route choice behavior
is shown in figure 3-2. The rectangular boxes represent observable variables, while
the oval ones represent unobservable or latent variables.

Before starting each trip a traveller decides whether or not to acquire information
about the traffic conditions. Based on this information drivers adjust their schedule,
departure time and route choice accordingly (see also figure 1.2). If drivers decide
not to acquire pre-trip information, they will rely on their historical perceptions and
experiences and therefore, start their trip following the habitual route.

When information is acquired by drivers. the perceived importance of indicated
traffic conditions combined with the drivers’ general attitudes and preferences, influ-
ence their pre-trip route choice decisions. The content of the acquired information
could make drivers decide to follow an alte:native route (if indicated conditions on
usual route are worse than usual), or even convince them to follow their habitual
route (if the indicated traffic conditions are better than usual). On the other hand,
drivers might decide not to consider the acquired information on their pre-trip route
choice decisions. In this case, the route choice process will not be influenced by pre-
trip information: the drivers will rely on their previous experiences and follow their
habitual route.

Drivers will use the benefits derived from their decisions, will be used as feedback
to update their attitudes and preferences towards pre-irip information acquisition.
Therefore, the pre-trip decisions for the following trip will depend on their perceived

benefits on previous trips.

3.3.2 The effect of Enroute Traffic Information on Route
Choice

After drivers make their pre-trip decisions, their attitudes towards traffic information

acquisition will play an important role in their enroute choices. If drivers do not
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acquire pre-trip traffic information their route choice will be based on their past
experiences. On the other hand, if information is acquired their route choice will be
modified accordingly.

En-route information acquisition could be acquired either passively (from on-route
variable message signs or by listening to the radio), or voluntarily. Voluntary en-route
information acquisition is observed in those cases in which that the level of service on
the preselected route is not the anticipated one; or when observing traffic conditions
at an intersection which is usually congested. Notice that the driver might seek to
acquire traffic information for both the actual and the alternative routes.

After traffic information is acquired, drivers process this information according to
their personal characteristics, attitudes and preferences, as well as the characteristics
of the information provided to them. Drivers might then choose not respond to the
information and follow their preselected route, or they might .espond by diverting.

The perceived benefits of drivers’ actual decision, are going to affect the updating
of his perceptions towards the acquisition and response to traffic information as well
as his future route choice behavior (see figure 3-3). The general framework of enroute

decision making is shown in figure 3-3.

3.4 Modeling Structure

In this section the modeling framework for the analysis of pre-trip information ac-
quisition, the influence of pre-trip information on drivers’ decisions and finally the

en-route switching behavior is presented.

3.4.1 Modeling the Acquisition of Pre-Trip Information

Figure 3-4, presents the modelling of pre-trip traffic information acquisition and its
influence on drivers’ route choice. It is assumed that the acquisition of pre-trip traffic
information depends on exogenous variables such as drivers’ characteristics, travel and
information characteristics, as well as on personality characteristics such as attitudes

and preferences of the drivers. The acquired pre-trip information, is then processed
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and may influence drivers’ route choice.

Binary choice models may be used to model the decision to acquire pre-trip traffic
information. For these models the dependent variable is the acquisition of pre-trip
traffic information; therefore, the choice is acquired if the driver acquired pre-trip
traffic information or not acquired if he did not. The independent variables consists
of two groups of variables: the first group includes the exogenous variables and the

second group of variables includes attitudes and preferences of the drivers.

3.4.2 Modeling the Influence of Pre-Trip Information on

Drivers’ Behavior

As it is shown in figure 3-4 pre-trip traffic information acquisition might influence
route choice decisions. A binary choice model is proposed to model drivers who
acquired pre-trip traffic information and were influenced by this information. The
dependent variable is the influence of pre-trip traffic information, therefore the choice
is influenced if the driver was influenced by the traffic information and not influenced
otherwise.

In all models the choice is assumed to be influenced by three principal categories
of factors. The first category consists of exogenous variables which represent travel
characteristics such as usual commuting time and familiarity of commuters with al-
ternative routes. The second category includes variables reflecting the attitudes and
preferences towards infor- ~ation acquisition, habit and diversion decisions related to
information acquisition. i.nally, the third category comprises variables related to the

content of the pre-trip traffic information.

3.4.3 Modeling Drivers’ Swiwching Behavior

To model the drivers’ switching decicions the dependent variable is the decision to
switch to an alternative route; therefore, the choice is switch for drivers who switched
and not switched otherwise. The independent variables can be categorized in four

groups. The first group consists of variables showing the perceived importance of cer-
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tain factors when choosing the route to work. This factors are habit, time of the day,
risk of delay and traffic reports. The second group includes variables which express
the attitudes of the drivers towards switching decisions, such as I like discovering new
routes while driving and I often change my preselected route. These variables show
the propensity of the drivers to switch. The third group comprises variables related to
the acquisition of pre-trip and enroute information; and the fourth includes a variable
related to the actual traffic conditions encountered in the preselected route.

Different ways of representing attitudinal variables lead to three model formula-
tions.

The first modeling approach consists of two stages (see figure 3.4.3). In the first
stage, it is assumed that the attitudes and preferences of the drivers are the result
of exogenous variables such as the socioeconomic characteristics of the drivers, the
information characteristics and the trip characteristics. To model the ahove notion,
ordered response models can be estimated, in which the dependent variables are the
5-point scale variables reflecting the attitudes and preferences of the drivers and the
independent variables are the exogenous variables described above,

In the second stage, the switching behavior of the drivers is modeled using binary
choice models as before. However, these models incorporated the fitted values of the
dependent variables obtained from the ordered response models (first stage of mod-
elling), as the group of independent variables reflecting the attitudes and preferences.
In that way, any notion of circularity appearing in the model, is avoided. Circular-
ity occurs when an independent variable is caused by the dependent variable. Since
revealed preference data is used for the estimations, the inclusion of the reported
attitudes as independent variables in the choice models, could render circularity im-
plications.

The second and third models used as independent variables. the reported values of
the drivers’ attitudes and preferences (see, figure 3-5). As mentioned in section 3.2.2.
a five-point scaling ranking from Strongly disagree to Strongly agree or from Not
important at all to Very Important, was used to indicate the level of agreement or

the level of importance of a number of statements wlich reflect the perceptions,
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attitudes and preferences of the drivers. In the second model the 5-point scale is
used directly. However, the direct incorporation of ordinal categorical variables in
the model does not make sense intuitively (the estimation was done for comparison
reasons). Therefore, in the third model, from each categorical variable expressing a
certain attitude or preference, two dummy variables are constructed, one indicating
the not important or strongly disagree answer and one, the important or strongly agree

answer. The middle category is used as a base for comparison.
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Chapter 4

Data Collection and Analysis

The estimation of the models described in the previous chapter requires data on
drivers’ route choice behavior. In this chapter the data collection method - a survey

of commuters - is presented. The main survey results are also reported.

4.1 Data collection

As described in Chapter 2, two kinds of preference data may be used to model route
choice behavior: revealed preference data (RP) and stated preference data (SP). In
this study we rely on RP data.

A survey was conducted during the Spring of 1991, to collect data from MIT
commuters. (see also, Kaysi 1992 ; and Lotan 1992 ). The survey consisted of two
parts’.

The first part contained three groups of questions: the first group contained queries
about the usual commuting trip to MIT, the second group about the drivers’ socioeco-
nomic characteristics and the third group about the drivers’ attitudes and preferences.
The questions about the commuting trip were related to the usual departure and ar-
rival time, flexibility in the arrival time, traffic conditions encountered, number of
alternative routes used, duration and purpose of stops made were asked. The second

group of questions, related to the socioeconomic characteristics, asked the drivers’

! Appendix C contains the survey questionnaire
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sex, marital status, education, income, profession, time lived in the same dwelling
unit, as well as, time worked in the same job.

The third group of questions was related to the attitudes and preferences of the
drivers. A five-point Likert-scale ranking from Strongly disagree to Strongly agree,
was used to indicate the level of agreement with several statements that reflected

these factors. These statements were classified in three major categories:

1. Statements that show the familiarity of the drivers with the network such as [

am very familiar with at least 2 significantly different routes to work;

o

statements that reflect their general attitudes towards diverting such as I like

discovering new route or I often change routes while driving; and finally,

3. statements that revealed the perceptions of the drivers towards the validity and
effectiveness of traffic reports, such as Radio traffic reports are usually reliable

or I often change my route after listening to radio traffic reports.

Finally another group of questions indicated the importance of several factors in
choosing the route to work. For these statements a five-point Likert-scale from Not
important at all to Very important was used to indicate the perceptions of the drivers
related to factors such as time of the day, commuting time, habit, traffic reports, risk
of delay and weather conditions.

The second part of the survey, consisted of a detailed diary of morning commute
trip information, for the period of one week. This part included five identical ques-
tionnaires, each to be answered in five subsequent week days, and each related to that
day’s commuting (home to work) trip. The questions of this part were related to the
pre-trip and en-route traffic information acquisition, their influence on the commuters
decisions, the drivers’ en-route diversion decisions, and the anticipated and observed
traffic conditions. The questionnaire also included questions about the duration and
purpose of stops made.

Finally, another group of questions was incorporated in this part of the survey,
using a five-point scale, from Strongly Disagree to Strongly Agree to indicate day-

specific perceptions about the commuting trip, such as: Traffic conditions today were
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better than usual, I am satisfied with my route choice today, and Traffic information
received today was useful. In the next section an overview of the statistics obtained

from the conducted survey is presented.

4.2 Results From the Conducted Survey

A total of 1300 individuals responded to PART I of the survey. From this group, 898
completed the second part and made 3218 trips in a five day period.

4.2.1 Results from Part 1

As stated above, the first part of the survey reflected drivers socioeconomic charac-
teristics, travel characteristics and attitudes and picferences. The responses to this

part of the survey are summarized in Table 4.1 to Table 4.4.

Socioeconomic and Travel Characteristics

Table4.1 reports the socioeconomic characteristics of the sample. Of the commuters,
59% were males while 41% were females. 66.7% of the commuters were married.
Table 4.2 presents the travel characteristic of the commuters. The average commuting
time was between 29 minutes and 40 minutes. The average number of routes used
was 1.6, in spite of the fact that 43% of the drivers were very familiar with more
than 2 routes. From the respondents, 14% had no flexibility in arrival time, 17% had
flexibility up to 15 minutes, 16.6% 16 to 30 minutes, 15.3% from 31 to 60 minutes

and 37% more than one hour.

22% of the commutcrs usually made stops while commuting to MIT. while 78%
never made stops. The average duration of stops was 2.2 minutes. Approximately
38% of the stops had as purpose dropping off a passenger while only 1.49% of the
stops were made to pick up a passenger. Almost 60% of the respondents had a post-
graduate degree. Approximately 28% were administrative staff, 20% support staff,

26% faculty and 7.5%students.
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Attribute ~ Percentage

Age Group <=20 0.0
20-29 12.4

30-39 29.3

40-49 29.6

50-64 24.6

>=65 4.1

Gender Male 59.1
Female 40.9

Marital Status Married 66.7
Unmarried 33.3

Education level High school or less 4.8
Some College 13.2

Graduate College 24.0

Post Graduate Work 57.90

Annmual Income <=20K 1.2
20-40K 18.7

40-60K 23.4

60-80K 18.8

80-100K 13.7

>=100K 24.1

Position Undergraduate Student 0.0
Graduate Student 7.5

Academic Staff 6.0

Tenured Faculty 15.0

Non-tenured Faculty 5.1

Administrative Staff 27.6

Service 1.90

Support Staff 18.4

Research Staff 15.1

Other 3.6

Table 4.1: Socioeconomic Characteristics
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Attribute Average
Commuting Days per Week 4.7
Number of Different Routes Known
One 56.8%
Two 32.6%
Three 8.5%
Four 1.6%
Greater than Five 0.4%
Number of Different Routes Used 1.6
Flexibility with Arrival Time
None 14.2%
<=15 minutes 17.1%
16-30 16.6%
31-60 15.3%
>60 36.8%
Make Stops on the Way to Work
‘es 22.1%
No 77.9%
Purpose of stops
Drop off passenger 37.7%
Pick up passenger 4.9%
Eat 10.3%
Run errands 20.2%
Fill gas 14.4%
Child 9.5%
Other 6.8%

Duration of stops
Usual minimum commuting time
Usual maximum commuting time

2.2 minutes
29 minutes
39.6 minutes

Table 4.2: Travel Characteristics
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Attitudes and Preferences

Table 4.3 presents the answers of the statements reflecting the attitudes and pref-
erences of the drivers. Caregory 1 corresponds to response Strongly Disagree, while
category 5 corresponds to response Strongly Agree. While 52.5% of the drivers never
change their planed route while driving, 16% often change their preplanned route.
From the sample, 37% often listen to radio traffic reports and 27% usually follow
the recommendations. Only 25% of the drivers think that radio traffic reports are
reliable while 22% consider them as not relevant. From the drivers that listen to
radio traffic reports, 20% often change their routes after listening to them, while 50%
completely ignore traffic reports when these are different than their observations. In
the latter case only 10% continues to follow the radios’ advice. From all the surveyed
commuters 10% were willing tc pay more to get more useful information. while 50%

do not.

Table 4.4 presents the importance of different travel attributes when drivers choose
their route to work. Caregory 1 corresponds to response Not important at all, while
category 5 corresponds to response Very important. Almost 66% of the drivers per-
ceive time of the day as a very important factor when choosing their route to work.
However, 80% of the drivers perceive commuting time as the most important factor
in their route choice. 40% of the commuters consider habit as an important factor in
their route choice , while 18% radio traffic reports and approximately 56% the risk of

delay.

The results show that commuting time is the most important route choice factor.
At the same time, the small percentage of the importance given to radio traffic reports
can be attributed to their poor reliability and lack of relevance. Therefore. a route
guidance system that provides accurate and relevant instructions and ensures the
minimization of travel time between each O-D, would be a more useful information

tool for the drivers. Moreover, it would be utilized by a higher percentage of them.
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Number Statement 1 2 3 4 5 relevant
T % % % % %
1 I am very familiar with at least
2 different routes to work 73 44 50 64 745 2.4
2 . I often change my planned route
~ while driving 41.0 216 188 7.9 80 2.5
3 I like discovering new routes 224 11.6 25.0 15.6 18.0 7.3
4 . I am willing to try new routes
| to avoid traffic delays 52 5.5 13.4 224 505 3.0
5 ¢ I always listen to radio traffic
reports 244 135 21.0 12.1 25.2 3.9
6 I usually follow the recommendations
of radio traffic reports 19.1 15.5 21.9 158 114 16.3
T Radio traffic reports are
usually reliable 85 147 309 173 7.9 20.7
8 When traffic reports
are different from
my own observation I ignore them 51 54 16.2 189 31.3 23.1
9 I often change my route after
listening to radio traffic reports 136 195 259 140 6.4 20.7
10 i I trust my own judgement more
| than the traffic reports 81 13.8 26.5 20.2 16.2 15.2
11 . Traffic reports do not provide
relevant information 16.9 23.6 23.7 11.7 10.1 14
12 I am willing to pay in order to
get more useful traffic information 54.5 13.9 125 53 3.4 10.4

Table 4.3: Respondents’ Attitudes and Preferences




4.2.2 Results from part II

A summary of the results for the second part of the survey, which reflected daily com-
mute characteristics, are reported to tables 4.5 to 4.8. Table 4.5, presents questions
relevant to the acquisition of pre-trip information. In approximately 24% of the trips
made, pre-trip traffic information was acquired. 7% of the drivers were influenced by

this information.

Table 4.6, presents questions relevant to the acquisition of enroute traffic informa-
tion. En-route traffic information was acquired for 23.6% of the trips made. Table 4.7,
presents questions relevant to the rouie switching behavior. 66.9% of the trips made
presented the opportunity of switching routes. From these trips, route switching was
observed in 6.3% of them. From the trips in which route switching was observed, 8.4%
received traffic information before switching. The reason to switch, was split as fol-
lows: 10% was due to radio traffic reports, 52% was due to drivers’ own observations

and the remaining 38% switched for other reasons.

Table 4.8 presents the daily specific perceptions about the conducted trip and the
information acquired. Caregory 1 corresponds to response Strongly Disagree, while
category 5 corresponds to response Strongly Agree. 18% of the individuals found that
the acquired traffic information was useful. Only 8% of the respondents thought they
would have saved at least 5 minutes had they taken another route or relevant traffic
information. 41% of the respondents were confident about thejr decision to switch to
an alternative route; 38% were not confident and 21% were undecided. In spite of the
fact that in 64% of the trips made, drivers thought that the commute time was worse
than unusual, diversion to another route was observed only in 4.9% of the total trips.

From the above results, it can be inferred that drivers need stronger incentives in
order to divert, since they don’t know the length of delay in advance. In addition
note that almost half of the drivers who diverted were not confident if they would be
better off when they diverted. Therefore, provision of clear and precise information
on delays and congestion would contribute favorably to the congestion reduction and

eliminate the uncertainty in route choice. In Chapter 5, the estimation results of the
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models introduced in section 3.3 are presented and discussed.
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Number | Attribute | 2 3 4 5
% % % % %
1 Time of day 157 7.1 11.1 16.3 44.9
2 Commute time 9.2 4.6 10.0 20.6 55.5
3 Habit 12.3 8.6 29.8 26.1 23.3
4 Time spent stopped in traffic | 5.3 5.3 10.3 29.0 50.1
5 Number of traffic lights 109 11.5 242 254 27.9
6 Traffic reports 30.7 22.7 28.1 124 6.1
7 Risk of delay 86 85 26.1 30.6 26.2
8 Weather 25,9 16.7 19.3 15.9 22.1
Table 4.4: Importance of factors affecting route choice behavior
Question Percentage
Receive traffic information
From radio 22.09
From TV 5.17
No 72.76
Pre-trip information
influence route choice
A lot 4.15
Somewhat 12.35
Very little 11.82
Not at all 68.05
Indicated traffic conditions
for the route taken
Much worse than usual J.89
Worse than usual 6.85
Usual traffic conditions 35.40
Better than usual 4.32
Much better than usual 1.31
No information 23.00
Other 3.76

Table 4.5: Acquisition of Pre-trip Information
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Question Percentage
Receive traffic information
Yes 23.64
No 76.35
Observed traffic conditions
on the route taken
Much worse than usual 1.54
Worse than usual 10.92
Usual traffic conditions 67.35
Better than usual 16.17
Much better than usual 3.59
Other 0.42
Indicated traffic conditions
on the route taken
Much worse than usual 2.61
Worse than usual 14.55
Usual traffic conditions 57.34
Better than usual 7.96
Much better than usual 1.34
No information 12.94
Other 0.99

Table 4.6: Acquisition of En-route Traffic Information
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Statement

Percentage

Receive traffic information
before switching for new route

Yes 8.37
No 91.63
Indicated traffic conditions
for new route
Worse than usual 6.67
Usual traffic conditions 50.00
Better than usual 3.33
No informaiica 36.67
Other 3.33
Reasons for switching
Radio Traflic Reports 11.82
Own observation 61.58
Forced detour 4.93
Other 21.67
Table 4.7: Route Switching Behavior
Number | Statement 1 2 3 4 5
% % % % %
1 Traffic conditions today are
better than usual 12.89 16.6 42.17 16.48 11.86
2 Traffic information today ‘
was useful 32.81 19.34 30.35 10.87 6.63
3 My commute time today was
worse than usual 42.42 21.51 20.85 9.74 5.47
4 I am satisfied with my route
choice today 3.10 3.26 16.76 23.90 52.98
5 I could have saved at least
5 min. had I taken another route | 58.10 23.29 10.58 4.27 3.76
6 I could have saved at least
5 min. had I gotten relevant info | 59.15 22.97 11.50 3.36  3.11
7 When I made my decision to
switch routes today I was
confident I would be better off 30.17 7.35 21.66 16.63 24.18

Table 4.8: Level of agreement
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Chapter 5

Estimation Results

This chapter presents the estimation results from the modeling of the acquisition of
Pre-trip traffic information, the influence of this information on drivers’ behavior and

route switching decisions.

5.1 Estimation Methods

As discussed in Chapter 4, 3218 trips were made by 898 individuals in a 5-days period.
In the estimations the totality of these trips is used to estimate discrete choice models
using standard maximum likelihood estimator (MLE) techniques. (See Ben-Akiva and
Lerman (1985) for further discussion on discrete choice models.) Since choices over
time were observed, the dynamic complications of serial correlation were present.
Therefore, the error terms of our utility functions are correlated over time. By using
the standard statistical packages the obtained parameter estimates are consistent!
but not efficient?. Therefore, the standard errors and consequently the t-statistics
obtained are overestimated (see. Amemiya (1985) for formal proof).

The Jackknife Method was used to calculate the correct standard errors of the

modeling coefficients. This method? (presented in appendix B) gives a nonparametric

! An estimator that is consistent Las a distzibution that collapses on the true parameter value as
the sample gets larger.

?An efficient estimator has the smallest variance of all other estimators.

3first introduced by Tukey in (1958) .
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estimation of the statistical standard errors. The tables in this chapter report the
correct standard errors and t-statistics.

In order to incorporate the attitudes and preferences? of drivers in the models,
dummy variables are generated as follows: a not important/disagreement variable
is generated when values of 4 and 5 are chosen as response in the ordinal scale.
Respectively, an important/agreement dummy variable is generated for responses of

1 and 2. Ordinal value 3 in the scale, is considered as the base case.

5.2 Modeling the Acquisition of Pre-Trip Infor-
mation

Binary logit models were used to model the acquisition of pre-trip traffic information
(see also Figure 3-2). For these model the dependent variable was: 1 if the commuters
acquired pre-trip information and 0 otherwise.

To model the acquisition of pre-trip information, three major groups of indepen-
dent variables were used: socioeconomic characteristics, travel characteristics and
perceptions about radio traffic reports. Table 5.1 presents the results of this model.
It also provides a summary with relevant statistics obtained from the estimation. The

analysis of the results related to each group of factors follows.

Socioeconomic characteristics

Marital status appear to be a significant socioeconomic characteristic. The negative
sign of the coeflicient indicates that married p-ople are less likely to acquire pre-
trip traffic information. Therefore, one can arsume that a married commuter is less
anxious or more conservative than an unmarried individual. However we can justify
this as a result of a less flexible schedule that married drivers have due to situational
constraints such as “drop the children to school”. On the other hand, women appear

to acquire more traffic information than men. The higher the income is, the more

4Questions answered with an ordinal value in a scale from 1 to 5 (see section 4.1)
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likely drivers are to acquire information. However, for income of more than $100000, a
sudden drop in the willingness to acquire information is observed. This could reflect a
different attitude adopted due to a higher income position. Students, academic staff
and faculty are less likely to acquire information than the rest of the support and
administrative staff working at the university. Maybe due to more flexible schedule

and off-peak departure time.

Travel characteristics

The larger the duration of stop made before arriving to their destination, the more
drivers tend to acquire pre-trip information. This can be explained as follows: suppose
that someone acquires traffic information that indicated congestion in the usual route.
Then he might decide to make a stop or to extend the duration of his stop until traffic
conditions on his usual route ameliorate. When travel time never exceeds the usual
range of expected time, drivers are less likely to acquire traffic information. On the
contrary, it is when travel time usually exceeds the normal range of time that drivers
are willing to acquire traffic information. This is one of the most important findings
in the model presented in table 5.1. It shows that unstable traffic conditions that
cause unexpected and frequent delays, lead drivers to acquire pre-trip information in
order to plan their trip efficiently. No flexibility in arrival time or flexibility of less
than sixteen minutes (in comparison with flexibility of more than sixteen minutes),
make drivers to acquire more pre- trip traffic information. Finally, familiarity with
both less than two and more than two alternative routes, make no difference in the

decision to acquire pre-trip traffic information.

Perceptions about Radio Traffic Reports

The perceptions of the drivers about the reliability and relevance of radio traffic
reports, influence pre-trip traffic acquisition. It can be seen that when traffic reports
are perceived as unreliable or irrelevant, drivers are less likely to acquire pre-trip
traffic information. The acquisition of pre-trip information depends strongly on the

characteristics of the information provided.
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In this model socioeconomic characteristics and travel characteristics appeared
significant. The most important result is that the drivers perceptions about the
quality of information provided influences positively or negatively the acquisition of

pre-trip information.

5.3 Modeling the Influence of Pre-Trip Informa-
tion

To model the influence of pre-trip information on drivers’ behavior (see also, Figure 3-
4) only drivers who acquired pre-trip traffic information were taken into account (800
drivers approximately) (see Table 5.4). Binary logit models were estimated where the
dependent variable was: 1 if the driver stated that he was influenced by the radio
reports and 0 otherwise.

Three major groups of independent variables can be distinguished:
1. travel characteristics,

2. attitudes, preferences and perceptions of the drivers, and

3. pre-trip traffic information characteristics.

The analysis of the results of the model follows.

Travel Characteristics

The more often travel time exceeds its usual range, the more drivers’ decisions are
likely to be influenced by the traffic reports. Also, the larger the number of different
routes used, the more pre-trip information influences route choice. The longer the time
commuters make the same trip® the more traffic information influences their decisions.
Drivers who are familiar with the network will utilize the pre-trip information to plan

their trips accordingly.

®This time is the minimum between the years working at the same job and years residing at same
dwelling unit
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However, the reliability of traffic reports as well as the willingness to try different
routes to avoid traffic congestion, appear insignificant factors. The above result could
be explained as a loss of information because it considered only trips in which drivers

acquired pre-trip traffic information.

Attitudes, Preferences and Perceptions

Habit does not affect negatively the influence of pre-trip traffic information on drivers
behavior. The reliability of traffic reports as well as the willingness to try different
routes to avoid traffic congestion, appear insignificant factors. The above result could
be explained as a loss of information because it considered only trips in which drivers
acquired pre-trip traffic information. However. if commuters rarely use to change
their routes after listening to radio traffic reports, their decisions are not influenced

by the pre-trip traffic information.

Pre-trip Traffic Information

When the acquired traffic information was not relevant for the area under interest,
then, as expected, this information did not influenced drivers decisions. In any other
case traffic information influenced commuters’ decisions. This can be explained as
follows: if the traffic conditions were better than usual in the preselected routes, then
the drivers might decide to stay in this route. However, if the traffic conditions were
worst than usual in the preselected routes, then the driver might decide to use an
alternative route. Therefore, in both cases pre-trip information determine the drivers’
decisions about the route to follow.

Note that no socioeconomic characteristics appeared significant in the estimation
of the above model. The most important factors were the traffic conditions indi-
cated by the media. Note that information influences drivers" behavior only when
it is relevant to their interests. This indicates that the broad implementation of
route-guidance systems might successfully influence drivers’ behavior, as these sys-

tems provide specific details and instructions about each drivers trip.



5.4 Modeling En-Route Switching Behavior

To model the drivers’ switching decisions three different modeling approaches were
used. In all three models the dependent variable was 1 for drivers who switched and
0 otherwise.

The first modeling approach incorporated the fitted values of attitudes and pref-
erences (see figure 3.4.3. These fitted values were acquired by estimating an ordered
probit model for each attitude variable. Binary logit models were then used to esti-
mate the drivers’ switching behavior.

The other two modeling approaches (section 5.4.2 and 5.4.3) included as dependent
variables the reported values of the attitudes and preferences of the drivers (see also,
figure 3-5). In section 5.4.1, the analysis of the results of the logit model that includes
the fitted values of attitudes of the drivers is presented.. Furthermore, a comparison
with the results acquired by the logit model estimations that include the reported

values of attitudes is then presented.

5.4.1 Modeling with Fitted Values of Attitudes

In this section, the analysis of the results of the logit model that includes the fitted
values of attitudes of the drivers is presented (see Table 5.6).

Table 5.8, table 5.9 table 5.10, table 5.11, table 5.12, table 5.13 and table 5.14
show the estimation results of the ordered probit models. As explained in section 3.4.3
the dependent variables reflect the attitudes and preferences of the drivers, while the
independent variables represent the socioeconomic and travel characteristics. The
fitted values of the dependent variables are used as independent variables in the binary
logit model of table 5.6. Note that the socioeconomic characteristics and the travel
characteristics are not such good predictors of the attitudes and preferences of the
drivers. That implies that there is a large pcrtion of unexplained variability depending
on the personality of each driver, which can not be captured by the above factors.
However, the insignificance of the socio-economic variables in all models that included

attitudes and preferences, supported our apriori notion that the psychological factors
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determine route choice behavior.

Six main categories of factors affecting route switching are included in the mod-

elling:
1. perceived importance of factors, affecting route choice,
2. attitudes and preferences
3. pre-trip information,
4. en-route information about pre-selected route,
5. en-route information about alternative routes and
6. actual traffic conditions.

The analysis of the resuits related to each group of factors is presented in sec-
tions 5.4.1 to 5.4.1.
The negative sign of the constant in table 5.6 shows that people prefer to follow

their preselected route. A "switch” is a deviation from their habitual behavior.

Factors affecting route choice

If habit is perceived to be an important route choice factor, then the probability
of switching from the preselected route decreases. The more time of the day is an
important route choice criterion, the more drivers are likely to switch. (Note that in
this case study we are dealing with the everyday commuting trip to work).

The risk of delay is an important factor in the route choice behavior. As it
increases drivers are more likely to diveri. When travelers are under time pressure,
they try to avoid traffic congestion by switching to alternative routes. which they
perceive as less congested and will faster lead them tc their destinations.

The more traffic reports play an important role on drivers' route choice, the less
likely they are to divert. That means people who tend to acquire pre-trip information

choose more efficiently the route to follow and therefore have no need to divert.
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Attitudes

Drivers who change often their preselected routes while driving are more likely to
divert from the preselected route. Moreover, drivers who like to discover new routes
are more prone to switch from their usual route.

The two factors above show the general attitude of the drivers towards diverting.
A person with a risk-taking attitude is more likely to switch to another route than
one who prefers following the same route and does not like changes. Moreover, drivers

who like discovering new routes are more prone to switch than those who do not.

Pre-trip Information

The more drivers are likely to acquire pretrip information, the less likely they are to
divert. However, drivers who are influenced by pre-trip information are more likely
to divert.

This result confirms the hypothesis that route choice is a hierarchical sequence
of decisions. Each route from home to work is partitioned into major segments with
different traffic conditions (highways, streets, bridges). Each commuter knows a priori
(with the exception of incidents) in what segment worse traffic conditions might be
encountered. Therefore, an intersection that precedes segments with heavy traffic
conditions, is a decision point. Pre-trip and en-route information can provide the
recessary information that will allow drivers to enhance this hierarchical decision

process.

Observed Traffic Conditions

This is one of the most important factors in the estimation results in table 5.6. The
worse the traffic conditions the driver observes while driving. the more likely he is
to divert. The process of adaptive route choice is usually observed when drivers are
under time-pressure (commute to work is usually characterized by time pressure) and
choices are made in intermediate node according to what is termed "myopic view”

(Shefi, 1982 ), where driver chooses between continuing links according to the distance



between him and the last queuing car in each of the links ahead.

En-route information for Pre-selected Route

The acquisition of en-route information does not enforce a diversion from the usual
route (drivers might acquire information passively by radio or variable message signs,
or voluntarily because traffic conditions are worse than expected or they might just
want to update their pre-trip information). However, if the information provided
indicates worse traffic conditions than the usual ones, for the route actually followed,

then the probability of switching to an alternative route is greater.

En-route Information for Alternate Routes

A driver who is interested in acquiring en-route traffic information for an alternate
route, is more prone to divert. When the information about traffic conditions on an
alternate route is usual or better than usual then drivers are more likely to switch to
the new route.

While estimating the drivers’ diversion behavior, socioeconomic, travel or infor-
mation characteristic were not significant. The non-significance of the socioeconomic
variables was also a result found by Hatcher and Mahmassani (1992) who concluded
that some of these characteristics may be reflected through drivers trip chaining pat-
terns, as well as commuter preference indicators.

As stated above, socioeconomic characteristics such as age, sex, income, educa-
tion or position do not play any role in route switching behavior. This finding is
very important, as it shows that for actual commuting trips only perceptions traffic
conditions provided and general attitudes towards switching influence their decisions.

In addition, the duration of trip or the number of years making the same commute
do not affect switching behavior. That shows that for the trip to work. drivers reach
a steady state, in which their route choice set is formulated and only day to day

fluctuations of traffic conditions (mainly caused by incidents) are important.
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5.4.2 Modeling with Reported Values of Attitudes (Direct
Scale)

The model presented in Table 5.7 has as independent variables the reported values of
attitudes and preferences of the drivers. This model uses the direct ordinal response
scale (see section 4.1). The results shown in table 5.7, are very similar to the results of
table 5.6. The only difference is the signs of the coefficients of risk of delay and traffic
reports importance (negative and positive respectively). However, these signs make
more sense intuitively than the ones presented in table 5.6. When risk of delay is an
mportant factor in route choice behavior, drivers are more likely to divert. \When
travellers are under time pressure they prefer to stay in the familiar route. Moreover,
the more traffic reports play an important role on users’ route choice the more likely
they are to divert. That means people who tend to acquire pre-trip information are
more prone to divert. This can be attributed to the fact that they might encounter
heavier or unstable traffic conditions more often than other drivers and, therefore,
they tend to acquire traffic information more frequently. However, as mentioned
in section 5.4.1 there is a large portion of unexplained variability depending on the
personality of the drivers which can not be captured by the ordered probit models.
Therefore, the difference in the sign of these two coefficients reflecting the attitudes
of the drivers could be attibuted to the above factor. . Although, one can argue
that the incorporation of the categorical variables as independent variables does not
make any sense, or is inaccurate, the better fit of this model and the relatively easy

estimation should be further considered.

5.4.3 Modeling with Reported Values of Attitudes (Dummy
Variables)

The model presented in Table 5.8, has as independent variables the reported values
of attitudes and preferences of the drivers. This model incorporates the attitudinal
variables as dummy categorical variables. This model has the better fit of all the

models. It can be seen that the only difference with model presented in Table 5.6,




is related to the variable habit where its coeflicient is now positive. That means that
people who select their route by habit, are more likely to divert. This result is counter
intuitive and might be the effect of the use of the dummy variables. However, the
signs of the factors expressing risk of delay and traffic reports importance coincide
with the results of the model presented in Table 5.7. Moreover, the latter model is
more difficult to interpret as in the initial model the independent latent variables
are directly expressing drivers preferences. In addition, the first and second models
include eight less independent variables, a fact that makes them more efficient than
this modeling approach.

To conclude, pre-trip information acquisition depends on drivers’ socioeconomic
and travel characteristics, as well as the perceptions of the drivers about the reliabil-
ity and relevance of traffic reports. Drivers route choice is strongly influenced by the
content of pre-trip information. Finally, en-route diversion depends on drivers’ atti-
tudes and preferences, pre-trip and en-route information acquisition and the observed

traffic conditions.
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Chapter 6

Conclusions and Further Research

6.1 Contributions

The major contributions of this thesis consist of the following:

e Propesed Framework:
A general framework for drivers’ route choice behavior was formulated. In this
framework, major importance was given to the attitudes and perceptions of the
drivers, as the principal factors affecting their decisions. Moreover, the analysis
of the impact of pre-trip and en-route information on drivers’ route choice and

route switching behavior, was presented.

¢ Modeling Approach:
The modeling framework for the analysis of pre-trip and en-route driver behavior
in conjunction with traffic information acquisition was developed. A two-stage

methodology for incorporating attitudes and preferences was proposed.

e FEvaluation of the results
The case study provided insights into:
— Acquisition of pre-trip traffic information;
— Influence of pre-trip traffic information on commuters’ decisions; and

— Drivers’ switching behavior.
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Comparing this work with other researchers’ revealed preference (RP)- based exper-
iments investigating route choice behavior, the following can be said:

Khatak ef al (1992) used a survey that asked the respondents their relevant deci-
sions. for trips in which the experienced en-route delay was longer than 10 winutes.
In their models, they compared switching decisions due to drivers’ own observations
and those due to the acquisition of traflic information. The researchers concluded
that drivers divert more when they acquired information about traffic delay than
when they relied on their own observations. The models use a Stated Preference
Inder which indicated the inherent tendency to divert, and an Adventure and Discov-
ery Personality Index. As used in the models. these indices are biased indicators of
diversion hehavior.

Mahmassani ¢t al (1991) addressed the day-to-day variability of individual trip
scheduling and route decisicns based on two-week diaries of actual commuting trips.
Although traffic information was implicated as an important factor affecting diversion
decisions. no specific questions about pre-trip and enroute information were incorpo-
rated in the survey. Moreover, the drivers’ personality factors were not explicitly
explored.

This thesis implements a modeling approach which is more complete. The system-
atic and detailed questions in the survey, related to pre-trip and en-route information
acquisition, gave the opportunity to evaluate the direct impact of trattic informa-
tion on users’ decisions. Therefore, for modeling the route switching behavior. both
pre-trip and enroute information were taken into account. In addition, the way that
attitudes and perceptions were incorporated in the models did not introduce incon-
sistencies or biases in the estimations. The following section describes the major

findings of the research conducted in this thesis.

6.2 Major Findings

Socioeconomic characteristics appeared significant only in the model of the acquisition

of pre-trip traffic information. Travel characteristics and perceptions about the rele-
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vance and reliability of the radio traffic reports were also important factors affecting
radio traffic information acquisition. Therefore, it can be said that a more reliable
and frequently updated traffic information system than radio, would stimulate the
acquisition of traffic information.

The key finding was that en-route diversion is influenced only by attitudinal factors
of the drivers and by the information acquisition and not by socioeconomic charac-
teristics or travel characteristics. This indicates that real-time information provides
the basis for making en-route decisions. It was also found that the drivers’ own ob-
servations are still a very important factor towards route switching. This finding is
very important for the efficient implementation of route guidance systems. Only a
system that gives accurate and precise directions. that really correspond and reflects
actual traffic conditions will be successful. Only then will drivers follow the systems’
instructions for choosing their route.

In this study, the mechanism by which individuals process information and per-
form adjustments in their perceptions, under the influence of inherent characteristics
and travel experience, was examined. However, much remains to be learned about
the interrelationship between commuters’ information acquisition, processing, and
decision making. This thesis contributed towards the exploration of the complex
mechanisms governing users’ behavior and its interaction with the facilities’ perfor-

mance and the provision of information.

6.3 Directions for Further Research

As stated in chapter 2, revealed preference (RP) and stated preference (SP), are the
two basic approaches of data collection used to model route choice hehavior.

As explained in Chapter 2, SP and RP data coatain different levels of accuracy
and various types of biases. Therefore their combination is proposed to profit from the
relevant advantages and obtain reliable parameter estimates.(A method of combining
estimation with RP and SP data, is presented by Morikawa (1989)).

SP data can be generated by using a driver simulator (see section 2.3.2 f



driving simulator developed at MIT). This data will allow the calibration of models of
drivers’ responses in hypothetical scenarios. Moreover, the descriptive and prescrip-
tive information provided by the simulator, will aliow the simulation of the day-to-day
dynamics of drivers’ behavior. RP data can be collected by a pilot study using route-
guidance systems or by conducting a detailed diary survey similar to the one used in
this study, but involving other population (not restricted to MIT commuters).
Under this approach (combining RP and SP data), route choice behavior wil be
modeled by taking into account the effect of the information provided, the learning
process through the experience and the role of inertia. Therefore RP and SP data

combination provides a valuable continuation of this research.

83




Appendix A

Ordered Probit Model

The use of the ordered probit meodel is appropriate when the observed dependent
variable is ordinal. The model assumes a linear eflect of each independent variable
as well as a series of break points between categories for the dependent variable. The
ordinal scale is supposed to represent the true underlying variable.

The ordered probit model was described by McKelvey and Zanoiva in 1975 , as

follows:

e Assume that the variable of theoretical interest [7* satisfies:

[7‘ = JY,B + U
where

u~ N(0,00l)

the error term, is a multivariate normal with expectation 0 and variance -

covariance matrix o?1.

o Assume that Z is a categorical variable with 1/ response categories R,..... Ry

which is derived from [’* as follows:

— assume there are M + 1 real numbers g pt;...., pyr with:
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Ho = —00, pipr = 00 and o < gy <o < ppy

such that:

Zj € Ry == -y < U} <
forl<j<nandl1<k< M

— Since Z is ordinal. it can be also represented a series of dummy variables.
Therefore, we can define:
1 if Z; € Ry

Z je = { !

0 otherwise
forl<jsn.i1<h<M

o Therefore, the model to be estimated is:

K K
Pr(Zj = 1] = Blpx — Y 3iNij) - Elun-1 — Y 3 X))
i=0 =0
where, ®(t) represents the cummulative standard normal density function and

under the assumption that y; = 0,0 =1

e Note that the estimation give us (k+ 1) values of3(3p . .. ) and (A — 2) values
of M {gt3...upr—1). Therefore, the total number of estimated parameters are

Q =M + I{l

for example, assume Z is an observed categorical dependent variable, such that:
Z =1, if response = I strongly disagree

Z = 2, if response = I moderate disagree

Z = 3, if response = I do not agree or disagree

Z = 4, if response = I moderately agree

Z =5, if response = I strongly agree

Therefore the estimated probabilities for the example are:

P(Z =1)=P(U* < 6;) = &(6; — 3'X)
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P(Z=2)=P6, <U*<0,)=d(8, - 3'X)—- ¥, - 3'X)

P(Z =3)=P(8, < U < 63) = (0 — 5'X) - (6, — #'X)

P(Z=4)=P(0: <U"* < 8,) =88, —3'X) - b(8; — I3'X)

P(Z=5)=P0,; <U")=1-9(6, —3'X)

and the number of estimated parametersis G = & + 4

The main advantage of the ordered probit model comparing to regression, logit or
probit models, is that it provides "thresholds” which indicate the levels of importance
allocated to each factor. so there are no arbitrary assumptions about the magnitudes
of differences between categories of the dependent variable.

To be miore specific the two sets of parameters included in the ordered probit
model can be explained as follows: The constant and other threshold parameters
indicate the range of normal distribution associated with specific values of the ex-
planatory variables. The remaining parameters represent the effect of changes in
each explanatory variable on the underlying scale. These parameters indicate the
relative importance of each variable in determining the likelihcod that a factor play
or not an important role in their behavior.

In the ordered probit model the effect of a variable on the changes in probabilities
of the dependent variable at the two extremes (dependent variable being 1 and 5) is
clear. However, changes in probabilities of the intermediate categories are not clear.
Thus a positive sign would imply a decrease of the probability of disagreement (coded
by 1) and an increase of the probability of agreemient with the related factor (coded

as 5) relative to the base.
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Appendix B

The Jackknife Method

The jackknife estimate of standard error was introduced by Tukey in 1958 (see Miller
(1974) ). The jackknife gives a nonparametric estimation of the statistical error.
The attractive properties of this method is that it acquires very little in the way
of modeling assumptions and can be applied in an automatic way to any situation
no matter how complicated. The jackknife can be applied to any statistic that is a
function of n independent and identically distributed variables.

The jackknife variance can be estimated in 5 steps:

1. Let our sample 3, which consists of N observations. Partition * as ¢ =
(-u";,zlv;, ceey gl';;) where G is the number of groups and m is the number of ob-

servations in each group such that G« m = NV

2. Let 3, the estimator acquired using all the data. Let 3_;, the estimator obtained

by omitting ¢, for: = 1,2,...,G.
3. Caiculate the pseudovalues:
B =GB — (G- 1)3;

forz=1,2,...,G.

These 3} can be treated like G observations on 3 ( though noi independent)



4. Calculate 3* as:

- 1.8
,3 =a§/3i

5. Estimate the variance of 3 as:
L I Torr ge
Var(p) = m;(ﬂi = BB - B*)

For each coefficient, after the estimation of the variances the correct t-statistics

were calculated as the ratio of the ;3 over the (/(Var). In the tables the correct

standard errors and t-statistics are reported.
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Appendix C

A Survey of
Your Home to M.I.T Commute

Center for Transportation Studies
Massachusetts Institute of Technology

May 1991

Attached is a questionnaire prepared by a research team in the Center for Transportation Studies
at MIT, in cooperation with the MIT Planning Office. This questionnaire is part of an on going
research at MIT in the area of Intelligent Vehicle Highway Systems (IVHS), which aim at
reducing congestion by providing on-line and user specific information to commuters using a
variety of technologies. It is designed to provide transportation planners with a better
understanding of the routes you follow on your daily commute, your preferences when it comes
to choosing those routes, your reliance on traffic reports, and your parking needs at MIT.

You are kindly requested to fill out this questionnaire. By filling out this questionnaire you will
help us design systems which will provide drivers with relevant, useful, and reliable information.
It will also allow the MIT Planning Office to be more responsive to your preferences and needs
in the future. All responses are strictly confidential.

How to fill out this questionnaire:
The questionnaire consists of two parts; Part I asks you about your usual commute to MIT, and

Part IT about your specific commute during the week of May 6 to May 10. Please fill out both
parts and return them in the envelope provided by May 16, 1991.
Please feel free to write comments in the margins wherever appropriate.

Thank vou in advance for your time and effort.

PART I: Your Usual Commute to MIT

1. In atypical § day work week, hOW many times do you use each of the following modes to commute to work:
.. Drive Alone __Carpool Driver __Carpool Passenger

. Public Transportation __other:
2. In a typical 5 day work week, how many days do you come to MIT? ___ days
3. Do you come to MIT on weckends? [Jofien [Joccasionaily [Jnever
FOR THE REST OF THIS SURVEY WE ARE INTERESTED IN DRIVERS BEHAVIOR AND

CHOICES. IF YOU NEVER DRIVE TO WORK, PLEASE DO NOT FILL THE REST OF THE
SURVEY. THANK YOU FOR YOUR WILLINGNESS TO PARTICIFATE.
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4. When driving to MIT:
a. What time do you usually leave home? hour __ min Oum O pm.

b. What time do you usually arrive at MIT? hour __ mm__Da.m Dp.m.

S. How much flexibility do you have in choosing the time you arrive at work an a daily basis?
O none O up to 15 minutes 3 16 - 30 minutes
331 - 60 minutes O more than an hour

6. Think about a typical car trip from your home to work. Assume *regular- traffic conditions, i.c. no extreme waffic
delavs. no major incidents and no weather related problems. Under these conditions, how long does it usually ke you
10 drive from your home to work? Please specify a range (e.g. from 40 to 55 munutes): from ___to_____ mumutes.

7. How often does your dnving time 10 work exceed the range you specified in question 67
O very often  (more than once a week) Ooften (approx. once a week)

O occasicnally (approx. twice a month) d rarely (approx. once a month)

D very rarely (less than once a month)

8. What is the shortest driving time you have ever expenenced during your home 1o work commute? ___ minules

9. What is the longest dnving Lime you have gever experienced during your home to work commute? ___ minutes

10. In a typical 5 day work week, how many significantly different routes from home to MIT do you use? ____routes
(by “significantly differen:” we mean routes which almost do not overlap, for example: Mass. Pike and Route 9, ot 93

and Morrissey Blvd.)

11. Please describe below your most frequently used route to MIT by indicating the major streets, highways, and
bridges that compose the route:

12. Do you usually make siops on your way to MIT? Ono - proceed to question 14
O yes, total duration of stops is approx. __ minutes

13. What is the purpose of your stops? O drop a passenger O pick a passenger

Oea Orunemnss O rn gas O other:
14. Where do you usually park your car?

Oatan MIT parking lot Oon sweet
O on street at a meter O other:

15. To which MIT parking facility do you have a sticker?

16. How long does it usually take you to get from your parked car to your MIT desunation? __ minutes

17. What time do you usually ieave MIT? hour min____ Oam O p-m.
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Your Attitudes and Preferences

18. On a sc-ie of 1 t0 5. where 1 indicates "strongly disagree” and S indicates "strongly agree”, indicate your level of
agreement with the following statements by checking the appropnaie box:

strongly songly not
disagree agree relevant
1t 2 3 4 5

I am very familiar with at least 2 significanly different roates to work

1 often change my planned route while driving

1 like discovering new routes

I am willing to ry new routes to avoid traffic delays

1 always listen to radio traffic repors

I usually follow the recommendations of radio rraffic repons

Radio traffic reports are usually reliable

When traffic reponts are different from my own observation, I ignore them

1 often change my roule after listening to radio traffic reports

I trust my own judgement more than traffic reports

Traffic zeports do not provide relevant information

I am willing to pay in order to get more useful traffic information

19. On a scale of 1 1c S where | indicates "not important at all” and 5 indicates “very imponant”, indicate the importance
of the following factors in choosing your route 10 work:

not imporant very
at all important
1 2 3 4 S

Time of day

Commute time

Habit

Time spent stopped in traffic
Number of traffic lights
Traffic reponts

Risk of delay

Weather
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PART II: YOUR COMMUTE TODAY

THIS PART OF THE QUESTIONNAIRE RELATES TO YOUR DRIVING BEHAVIOR
DURING A SPECIFIC WEEK. IT CONTAINS 5 IDENTICAL SECTIONS, ONE FOR EACH
DAY FROM MAY 6 TO MAY 10. PLEASE FILL OUT EACH SECTION AFTER YOU
HAVE COMPLETED YOUR COMMUTE TO MIT FOR THAT DAY.

EVEN IF YOU MISS FILLING OUT THE SURVEY FCR ONE DAY DUE TO ANY
REASON, PLEASE FILL QUT THE INFORMATION FOR THE SUBSEQUENT Da (S.

Would you be willing to respond to a follow-up questionnaire
about your driving behavior during the next year?
If so, please fiil cut the following:

Nams:
MIT address:

Participants will also r=ceive a summary of our findings.

If you wish to remain anonymous, please take the time to fill out PART II anyway.

All responses are strictly confidential.

This part is designed to monitor your daily commute from home to MIT. We need to know
whether the route you followed to work everyday was influenced by traffic information you
listened to, by unusual wraffic conditions you encountered on your way to work, or by commating
experience on the previous day. We are also interested in diversion decisions you made whiie

on your way to MIT.
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YOUR COMMUTE FOR MONDAY, MAY 6, 1991

(1) How did you get to MIT today? O prive Alone O Carpool Driver
O Carpool Passenger O pubiic Transponation O other:

IF YOU DID NOT DRIVE YOURSELF TO WORK TODAY, PLEASE IGNORE THE
QUESTIONS FOR TODAY. CONTINUE TOMCRROW WITH THE NEXT SECTION.

(2) Did you receive maffic information before you left home today?
O yes, from radio O yes, from TV
Cno - proceed 10 question §

(3) Did the information that you received before leaving home influence your route choice for today?

Cla o a somewhat O very litde Onotatan

(4) What did the information you received indicate about traffic conditions on the route you decided to take?
O much worse than usual O worse thar. usual [ usual vatfic conditions
[ better than usual O much beuter than usual O 1 deart remember

| no information a other:

(5) Once you started your trip, what were the traffic conditions you observed at the beginning of your trip?
D much worse than usual O worse than usual O usual raffic conditions
O better than usual O much better than usual O other:

(6) While driving, did you receive any information about the route you were following?
O yes, which radio station? Ono - proceed (o question 8

(7) What did the information indicate about taffic conditions on the route you were following?

O much worse than usual O ‘vorse than usual (3 usual waffic conditions
[ beuer than usual O much better than usual D I don't remember
O no information (] other:

(8) After you started your trip to work, was there a way 10 switch to another route that will take you to your destination?

a yes Ono - proceed to question 14

{9) While driving, did you switch from the route you were following ?

O yes COno - proceed to question 14

(10) Before you switched routes, did you get any radio information about the route you switched t0?

D yes D no - proceed to question 12

(11) What did the information indicate about traffic conditions on the route you switched t0?
Dmuchworselhanusw Dworseumnusual [ usuat wraffic conditions
[ better than usual 3 much better than usual 1 don’t remember

O no information O other:
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(12) Based on your observation, what were traffic conditions on the route you switched t0?
O much worse than usual [0 worse thin usual 3 usual raffic conditions
O beuer than usual = much better than usual O other:

(13) Why did you switch? check all boxes that apply: .
[ radio traffic repons O your own observation on traffic conditions
I forced detour Oother (please specify):

(14) Did you make any stops on your way? a yes, total duration of stops was ___ minutes
Ono - proceed to question 16

(15) What is the purpose of your stops? O drop a passenger | pick a passenger
Oeat O run errands Ol s gas O otner:

(16) When did you amve at your MIT destunation? hour_ _ min____ Oam. O pm.

(17) Please describe the route you took teday to MIT by indicating the major streets, highways, and bridges that compose
the routc:

About Your Trip Today

(18) On a scale of 1 10 5, where 1 indicates “strongly disagree” and 5 indicates "strongly agree”, indicate your level of
agreement with the following statemnents:

strongly strongly not
disagree agree relevant
1 2 3 4 5

Traflic conditions today were better than usual

Traffic information received today was useful

My commute time today was worse than usual

I am saiisfied with my route choice today
I could have saved at least 5 min. had I tzken another route

I could have saved at least 5 min. had 1 gotten relevant information

Whmlmademydecmmtomlchmmwduy.lmwﬂ'dmt
that I wonld be beuer off

(19) Write any cther comments related to your trip to work today (optional™:
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ABOUT YOURSELF

The informarion requested in this section relates to your personal and household data. We need
this information to berter understand how personal and family characteristics affect commuting
choices. All information collected will remain smricily confidential.

20. Sex: 0O Male O Female
21. Marital stats: O Married O Unmarried
22. What is your age group?
0O Less than 20 years 0320 - 29 years 130 - 39 years
040 - 49 years 050 - 64 years 0165 or older
23. What is the highest level of educauon you have completed?
O High school or less 0O Some College
0O Graduated College O Post graduate work

24. What is your home Zip Cede?
25. How long have you lived at your present home address? ___ years

26. Do you own or rent your dwelling unit?
Oown O remt

27. How many persons including yourself live in your household? persons

28. What is the total number of automobiles owned by your household? ____ automobiles

29. What is your household's approximate yearly income from all sources (before taxes)?
0 Less than $20,000 01 520.000 - $40,000 0 $40,000 - $60,000
01 $60,000 - $80,000 1 580,000 - $100.000 81 More than $100.000
30. How long have you worked at your present job location? years

31. Which of the following categories best describes your position?

0 Undergraduate Student O Graduate Student 0O Academic Staff
O Tenured Faculty O Non-Tenured Faculty (J Adminiszative Staff
0O Service 0 Suppon Staff O Research Staff
03 Other:
General

32, Write any other comments related 1o your daily commute to work, the way you choose and follow routes, your attitude
towards traffic reports, and your parking needs (optional):
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