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Functional Analysis of Mode Choice

Robert J. Meyer, Department of Geography, and Irwin P. Levin, Institute of Urban

and Regional Research, University of Iowa

Jordan J. Louviere, Center for Behavioral Studies of the Institute for Policy Re~

search, University of Wyoming

This paper develops a relatively new paradigm for mode-choice behavior
modeling. The paradigm emphasizes functional form by establishing
functions that relate subjective evaluations of transportation system at-
tributes to objective levels of these attributes and functions that relate
observed mode choices and preferences to combinations of subjective
impressions. These functions are derived from a theory of decision mak-
ing and behavior that views the decision maker as an integrator of infor-
mation. According to this theory, the overall evaluation of a given trans-
portation system can be represented as an algebraic combination of the
traveler’s evaluations of the various attributes of the system. Two exper-
iments were conducted to evaluate this paradigm. Questionnaires were
distributed to respondents, who were asked to indicate their degree of
preference for car or bus for each of a series of hypothetical mode-
choice situations. These situations were generated by combining vary-
ing levels of time difference favoring car over bus, cost difference favor-
ing bus over car, and number of riders in the car. Each judgment thus
required a trade-off of cost, time, and interpersonal factors. Cluster
analysis was used to separate respondents into distinct subgroups of
homogeneous decision makers. These subgroups differed in terms of
overall preference for car or bus and the relative weighting or trade-off
of factors. Actual mode choice for work trips was then predicted on

the basis of preference responses to the hypothetical mode-choice situ-
ations, estimates of cost and time factors for individual respondents, and
transportation availability constraints. A high level of predictive validity
was attained in each experiment. Itis suggested that the present paradigm
may be useful for analyzing traveler decision processes, for estimating
latent demand for alternative transportation opportunities, and for pre-
dicting responses to altered or new transportation systems.

The purpose of this paper is to report an empiriecal
evaluation of a new paradigm in behavioral transporta-
tion modeling. The paradigm is largely an outgrowth
of a recent series of investigations into the processes
of transportation mode choice that used the information
integration (or functional measurement) theory of human
judgment research (1). The general emphasis of the
paradigm is on functional form—establishing functions
that relate objective attributes to subjective impres-
sions and functions that relate subjective impressions
to observed choice behavior. While its general struc-
ture has previously been outlined in some detail (2),
the paradigm has yet to be fully evaluated empirically.
It is toward the end of achieving such an evaluation that
this research is directed.

The first part of this paper reviews the paradigm in
light of the current state of the art in disaggregate
transportation modeling, and the second part reports
the results of two investigations designed to relate
abstract (hypothetical) mode preferences to actual
mode choices for a sample of consumers. The paper
concludes with a discussion of the advantages and
limitations of the approach in predicting mode choice
vis-a-vis existing capabilities.

STATE OF THE ART: RANDOM
UTILITY MODELS

The literature on disaggregate modeling approaches to
the study of mode-choice behavior is an extensive one.
As a number of good reviews of this literature are
available elsewhere (3), we shall provide only a rough
sketch of the most salient directions evident in this
literature in order to compare features of the proposed
paradigm with those of the more traditional approaches.
The most prevalent modeling paradigm to date in the

analysis of mode-choice behavior has been the stochastic
(random utility) model (3). In this model, individuals
are thought to hold independent utilities for each of N
alternatives, and the probability that any alternative i
will be chosen is the probability that the utility of al-
ternative i is greater than the utility of any of the other
N - 1 alternatives. These utilities are thought to com-
prise two independent elements: a vector of strict (non-
stochastic) utilities reflecting observed characteristics
of an alternative and an associated random component
reflecting unobserved characteristics. The distribution
function that best describes the random component is
assumed on an a priori basis by a given investigator.
Various model forms, such as the multinomial logit and
probit models, are then generated by differing distribu-
tional assumptions.

The vector of strict utilities of an alternative may be
characterized in terms of a set of salient attributes
(dimensions) of the alternative and a transformation or
composition rule by which the multidimensional vector
is mapped into a unidimensional overall utility.

Until now there have existed few theoretical guide-
lines to assist the researcher in specifying either the
components of the utility vector or the composition rule.
Relevant attributes have commonly been assumed to
be a set of objective measures of modes and users,
such as observed mode travel time and user income
(4), and the composition rule has traditionally been
assumed to be linear-additive ().

Given the arbitrary nature of these assumptions,
stochastic choice models have been greatly weakened
as theoretical tools for the analysis of individual
traveler behavior. As a result, traditional models
have served mainly as static, descriptive devices. .

In recent years, a considerable amount of research
has been directed toward providing a firmer behavioral
basis upon which to construct models of traveler mode
choice. Specifically, this research has been char-
acterized by (a) attempts to identify relevant attributes
in mode choices (6), (b) attempts to relate various
attitudinal measures to mode choices (7), and (c)
attempts to provide alternate conceptual frameworks
for the analysis of traveler mode choice (8). While
this research has served to introduce sets of meth-
odologies and constructs that may be useful in the
analysis of traveler behavior, it has fallen somewhat
short of the goal of providing sets of firm behavioral
postulates from which models of traveler choice be-
havior might be derived. Many basic questions relating
to the characteristics and composition rules of in~
dividual utility functions remain unanswered.

An Alternate Paradigm

We' shall advance an alternate paradigm to serve as a
framework for analyzing travel behavior. Its most
significant departure from other conceptualizations (8)
is its emphasis on functional form--i.e., the relation-
ships between decision attributes and observed choice
behavior. Such functions permit better understanding
of observed behavior within existing transportation
gystems and better prediction of likely responses to
changes in such systems.



Louviere and others (g) outlined the general form of
a paradigm from which a behavior-based theory of travel
behavior might emerge. It consists of a series of rela-
tionships thought to reflect how measurable attributes
of travel modes are translated into individual choice
behavior. Specifically, they defined S;, as the objective
value of the ith attribute of mode k, S, as a vector of
such attributes (S,., Sy, ..., Si), Xua as the subjective
(perceived) value of the ith attribute of mode k for trip
purpose 1, and X,, as a vector of perceived attributes
of mode k for purpose 1 (X,,, Xy, ... X;,). Further,
they defined R,, as the unidimensional subjective value
(utility) of mode k for trip purpose 1 and T,, as the ob-

served patronage of mode k for trip purpose 1. They
then established the following recursive system.

X = F(Si) ¢))
Ryr = G () 2
T = H(Rk) 3)
Tyt = I(Sk) )

In other words, Louviere and others established a
formal framework for examining the following relation-
ships:

1. Function relating subjective perceptions of mode
attributes to objective magnitudes;

2. Function by which an i-dimensional vector of
perceived attributes is transformed into a unidimensional
subjective response space;

3. Function relating such overall subjective re-
sponses to observed travel behavior; and

4. Composite rule relating the original objective
attribute values to observed choice behavior.

Much of the traditional research in mode-choice
modeling might be characterized as attempts to directly
examine the relationship expressed in Equation 4. We,
however, argue that such a relationship becomes mean-
ingful only when it is established in the context of a
recursive system (such as outlined above). In addition,
recent attitudinal research might also fit this frame-
work. Studies that have attempted to derive measures
of the perceived quality of modal attributes (6) involve
Equation 1, while studies that deal with the relationship
between attitudes toward modal attributes and mode
choices (7) involve Equation 3.

The following section describes one approach for
simultaneously establishing the functional forms ex-
pressed in Equations 1-4.

Functional Measurement

Functional measurement is a method of describing the
judgment and decision processes underlying behavioral
data. If our data are derived from observations of
human choices and preferences, then the processes or
functions describing these choices and preferences can
be investigated within this framework. While other
approaches such as conjoint measurement have been
suggested for deriving such functions, functional mea-
surement appears to provide the most flexible analytic
tool because of its ability to diagnose alternative func-
tional forms (combination rules). Reviews of functional
measurement and its applications to modeling choice
and decision rules are available (1, 8).

In this approach, each stimulus object is considered
to be a combination of attributes. Algebraic rules or
utility functions are used to describe the ways in which
individuals trade off these combinations of attributes.

The general form of the algebraic expression relating
the overall evaluation or utility of a stimulus object
(e.g., a transportation system) to the subjective values
of its various attributes can be stated as R; = f(x;,

Xy - + s Xyj), where R; is the overall evaluation of stimulus
combination j and x;; is the subjective value of attribute

i on stimulus j.

In many applications, R; is a rating of the desir-
ability of stimulus j. The function f is estimated from
goodness-of-fit tests of alternative model forms. The
parameters X; are estimated from responses to var-
ious stimulus combinations and can then be related to
objective stimulus attribute levels, S;;. This relation~
ship between X; and S; corresponds to Equation 1 above.

Equation 2 relating overall response to a combination
of perceived attributes is typically obtained by an
analysis of variance of responses in a factorial experi-
ment where each dimension of a multiattribute stimulus
is varied over several levels. The crucial design
feature of such an experiment is that respondents make
a single evaluation of a complex system rather than
separately evaluate single attributes in unspecified
contexts. Analysis of variance provides a goodness-
of-fit test for alternative models. The reader is
referred to Anderson (8) for a complete discussion of
various model forms and how they are treated.

The functional measurement technique has been ap-
plied to the study of mode-choice decisions in a number
of instances. For example, studies by Levin (1) em-
ployed functional measurement in the analysis of student
mode preferences and generally uncovered decision
rules that were nonlinear in form. These findings were
significant in that they cast doubt upon the assumption
of linearity in utility functions common in applications
of existing mode-split models such as the multinomial
logit. Although these studies were primarily concerned
with diagnosing combination rules used in simulated
mode-choice situations rather than with describing actual
mode choices, some pilot work has tried to relate
laboratory-derived models to actual mode choices. The
results of these pilot studies suggested that habitual car
drivers and bus riders have different trade-offs (com-
bination rules) in evaluating car and bus attributes.
Such results are encouraging, because they help to em-
pirically define the relationships expressed in Equations
3 and 4 of our recursive system—that is, the relation-
ships between subjective responses in a laboratory
simulation setting and actual mode-choice behavior.

The experiments described below follow this latter
trend and employ the functional measurement approach
to further explore the relationships given in Equations
1-4, In addition, they expand the simple car-bus mode
choice to include shared rides as well as solo car driv-
ing. The purpose of the experiments was to uncover
the form of the algebraic utility or decision model
underlying mode-choice trade-offs and to relate this
model to actual mode-choice proportions. Also of in-
terest were (a) whether variations in utility functions
across groups of consumers can be related to socioeco-
nomic, demographic, and situation characteristics, and
(b) whether actual mode choices for work trips can be
predicted on the basis of responses to hypothetical
mode-choice situations.

EXPERIMENT 1

Responses to a questionnaire were obtained from a
sample of 99 employees of the University of Iowa. The
questionnaire included sections designed to assess the
worker's personal background, work schedule, distance
from work, present mode split and satisfaction level,
estimates of transportation costs, and estimates of the



importance of a variety of factors related to transporta-
tion. The most important section of the questionnaire
was a series of mode-choice responses to various
trade-off situations. The specifics of this key series
are described below. Finally, in an effort to gain in-
formation about constraints that may have influenced
actual mode choices, the following open-ended question
was inserted at the end of the questionnaire: 'What
are the most compelling reasons why you personally
choose the method of travel you use to get to and from
work?"

Specifics of Mode-Choice Questions

Respondents were presented with descriptions of 27
hypothetical trade-off situations described by these
factors: (a)time difference (0, 15, or 45 min/d longer
for bus than for car), (b) cost difference (0, 25, or
75¢/d more for car than for bus), and (¢c) number of
riders in the car with the driver (0, 1, or 3). This
latter factor thus includes both ride sharing and solo
driving as mode~-choice alternatives. Each given
situation was described by one level of each of two
factors, (a) and (b), (a) and (c), or (b) and (¢). One
complete factorial design was formed for each pair of
factors; three 3-x~3 factorial designs were formed
overall.

In the instructions, respondents were told to assume
that both a car and a bus were available to them in each
hypothetical situation and that, assuming these avail-
abilities, they were to respond on the basis of the in-
formation presented.

The purpose of this instruction was to elicit a car-
bus propensity abstract from an availability constraint.
For each hypothetical situation, the respondent was
asked to rate the relative likelihood of taking the bus
or car. A 20-point rating scale was used, where 0
represented ""certain to take car'' and 20 represented
"eertain to take bus.'" Respondents were to use num-
bers between 0 and 20 to represent varying degrees of
preference for car or bus. This car~bus preference
scale was used previously (1) and provides information
about degree of preference as well as binary mode
choice.

Results

Description of the results will be divided into three
phases. In phase 1, analyses of responses to the hy-
pothetical mode-choice situations will be presented.
Phase 2 will explore the relationships between decision
processes identified in phase 1 and group differences in
socioeconomic, behavioral, and situational characteris-
tics. In phase 3, responses in the experimental task
will be related to actual mode choices.

Phase 1

Because each respondent completed only one replication
of the experiment, decision models could not be tested
at the level of the individual respondent. However, by
grouping respondents who exhibited similar arrays of
responses into segments, inferences about individual
decision-making processes could be made at a minimum
risk of fallacy.

In order to derive homogeneous decision-making seg-
ments, the raw responses of each of the 99 respondents
in the experimental task were subjected to a cluster
analysis. This appeared to provide the most reasonable
grouping tool for this purpose by virtue of its ability to
differentiate respondents based on both pattern and
magnitude of response. Q-mode factor analysis, a

possible alternative, would differentiate purely on
pattern. For example, an individual who would take the
car under all trade-off situations could, quite conceiv-
ably, be grouped with one who would ride the bus under
all situations. Because we were interested in relating the
groups to actual mode ridership, this would clearly not
be a desirable result.

The results of the analysis suggested that the data set
comprised three salient clusters of respondents, one
with 30 members, one with 51 members, and one with
18 members. The next stage of analysis was to identify
each group in terms of differences in their revealed
decision-making processes.

To permit this identification, separate analyses of
variance were performed for the responses of each
group. Three two-way repeated measures analyses,
corresponding to the three 3-x-3 designs contained in
the experiment, were conducted for each segment. An
examination of the grand mean across all cells for each
analysis for each group provided a clear interpretation
of the groupings.

Group 1 (30 members) had a grand mean of 6.3;
group 2 (51 members) had a grand mean of 10.5; group
3 (18 members) had a grand mean of 15.3. Recalling
that responses were recorded on a 20-point rating scale,
we see clearly that group 1 was a car-biased group and
group 3 was a bus-biased group. Group 2 was in the
middle and, for reasons that will be made clear later,
was defined as an unbiased group.

Plots of mean values for each cell of the cost
difference-time difference subdesign for each group
are shown in Figure 1. Several things should be kept
in mind when examining the three panels. Parallel or
nearly parallel lines show that the two factors being
plotted combine in an additive fashion to determine car-
bus preference ratings for that group. The slopes and
separations of the lines reflect the relative degrees of
importance or weights of the two factors.

The comparative spacing of the lines in a given panel
and the shape of each line (straight, negatively ac-
celerated, or positively accelerated) provide informa-
tion about the psychophysical functions, that is, the
relationships between objective attribute values and
their subjective counterparts (Equation 1). If the lines
in a given panel converge at a particular level of the
variable plotted on the abscissa, this shows differential
weighting (nonadditivity), with that particular level hav-
ing greater weight than other levels of that variable.

For all three groups, preference for the car in-
creased (approached the low end of the scale) as time
savings for car over bus increased and preference for
the car decreased as cost savings for bus over car in-
creased.

For the car-biased group (Figure 1a) the nonparal-
lelism suggests a nonadditive combination rule for time
differences and cost differences in determining car-bus
preferences. This was confirmed by a significant in~
teraction in the analysis of variance. Convergence of
the lines at a time difference of 45 min indicates that
cost difference had less effect at high time differences
than at low time differences. This finding replicates
and extends the generality of the Levin study (1) and sup-
ports the interpretation that car-bus preferences are
based on a weighted averaging (a common form of Equa-
tion 2) of cost and time factors, where respondents
place greatest weight on those pieces of information that
support their initial biases. Car-biased individuals
thus tended to ignore the cost differences favoring the
bus when time savings favoring the car were great.

For the unbiased group (Figure 1b), the curves are
nearly parallel, which suggests that weight biases were
not present in this group. The sizable spacings and



Figure 1. Time difference and cost difference interaction plots for three
bias groups.
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Table 1. Group means and standard deviations on questionnaire items.

Car-Biased Unbiased Bus-Biased
Group Group Group
Item Mean SD Mean SD Mean SD
Age, years 37.4 10.5 36.3 13.9 39.1 13.1
Sex, 0 = female, 1 = male 0.47 0.5 0.49 0.5 0.61 0.5
Income, 7 categories 5.3 1.7 4.6 1.9 4.8 1.5
Years employed at Uni- 8.5 8.3 5.5 13.7 8.9 6.5

versity of Iowa

Home-to-work distance 3.8 3.4 7.8 9.6 2.5 3.2
Home-to-bus-stop distance 0.96 2.9 4.40 9.4 0.93 3.3
Variability of work shift, 0.57 0.5 0.45 0.5 0.28 0.4
0 =no, 1=yes
Importance ratings (20-
point scale)
Travel time 15.3 1.3 13.0 3.6 115 3.5
Cost 7.9 4.2 11.8 2.4 12.0 2.0
Amenities 7.9 5.5 4.6 3.9 1.1 0.5
Convenience 13.6 3.1 8.7 4.6 6.7 5.4
Privacy 12.6 2.9 12.6 3.3 1.1 5.4
Energy conservation 9.1 3.5 11.2 3.8 12.6 4.5
Satisfaction with current 17.5 4.3 14.9 4.7 17.4 3.2
mode

slopes of the curves suggest that the manipulated fac-
tors had large and systematic effects on the car-bus
preferences of the unbiased group. Thus, the approxi-
mately neutral mean response of this group reflects a
balancing or trade-off of factors rather than a lack of
responsiveness to the variations.

Finally, the plot for the bus-biased group (Figure lc)
reveals a small (but statistically significant) interaction
between cost differences and time differences that is of
opposite form to that observed for the car-biased group.
Cost differences tended to have less effect at low time
differences than at high time differences.

The figure also shows how responses to multiattribute
systems can be used to define the functions relating
subjective perceptions of mode attributes to objective
magnitudes (Equation 1). Car-bus preferences change
little as time difference increases from 0 to 15 min,
but preference for the car increases greatly as time
difference increases from 15 to 45 min. The psycho-
physical function for time difference is thus positively
accelerated for each group.

The three groups identified by the cluster analysis
differed in terms of the relative weighting of factors
manipulated in the experiment. The car-biased and
bus~biased groups differed considerably; the unbiased
group showed some of the same effects as each of the
other two groups, namely, a large time difference ef-
fect as the bus-biased group and a significant rider
effect as the car-biased group. Only the bus-biased
group was uninfluenced by the number of riders. The
other two groups showed a decreased preference for
the car as the number of riders increased.

At first thought, it might seem counterintuitive that
respondents who preferred the money-saving mode
(bus) would be heavily influenced by time factors and
that respondents who preferred the time-saving mode
(car) would be heavily influenced by cost factors.
However, what this means is that degree of preference
for the bus by respondents in the bus-biased group was
influenced by the amount of extra time involved in
taking the bus, and degree of preference for the car by
respondents in the car-biased group was influenced
by the amount of added cost involved in driving a car.
Viewed in terms of these trade-~off processes, the re-
sults make sense.

The next phase of data analysis examines the rela-
tionship between group differences found in phase 1 and
differences in other factors measured in the experi-
mental questionnaire.

Phase 2

Table 1 summarizes results for various parts of the
questionnaire when respondents were divided into the
groups identified in phase 1. In terms of the socioeco-
nomic variables, the key differences among groups
were in terms of income, home to work distance, and
work shift variability.

As might be expected, the car-biased group tended
to have a higher income and greater variability in work-
ing hours. The most pronounced difference was in
terms of home to work distance, where the unbiased
group lived considerably farther from place of em-~
ployment than either of the other two groups.

Ratings of importance of various factors differed
among groups. As would be expected, amenities, con-
venience, and privacy were rated more important by
car-biased respondents than by bus-biased respondents,
while conserving energy was rated more important by
bus-biased respondents. The high rating of privacy
by the car-biased group is consistent with the large
effect of number of riders observed for that group in



phase 1. Travel time was rated more important by
car-biased respondents, and cost was rated more im-
portant by bus-biased respondents. While this seems
to be the opposite result of phase 1, these ratings were
made in the abstract and did not actually involve trade-
offs of specified levels of competing factors.

While car-biased respondents may presently choose
car over bus because of time savings, this does not
necessarily mean that they would be unresponsive to
changes in cost factors. The functional measurement
procedure used in phase 1 revealed trade-off relation-
ships that operate in car-bus preferences and would
seem to provide more information about decision pro-
cesses underlying mode choice than would simple im-
portance ratings. In particular, the nonlinear functions
obtained in the trade-off analyses show that cost and
time factors increase in importance when they reach
extreme values.

Ratings for the unbiased group were generally in-
termediate to the other two groups. However, this
group had lower ratings of satisfaction than did the
others. This is consistent with responses to the open-
ended question at the end of the questionnaire. Respon-
dents in the unbiased group were most apt to indicate
that they took their present mode only because it was the
only one available. Results for this group suggest that
it is composed of many respondents who are captives
of their present mode but who would consider switching
modes if transportation alternatives were offered.

A regression analysis was then conducted to quantita-
tively relate the grouping assignments to the following
socioeconomic measures, demographic characteristics,
and transportation constraints obtained in the question-
naire: home to work distance, home to bus stop distance,
work time (day versus night), type of work shift (fixed
versus variable), variability of work schedule, business
and personal needs (ratings) for car, convenience of
parking at work place (rating), work place (code), age,
sex, and income.

The ability of a linear combination of these variables
to predict group membership was measured by two
statistics: the overall proportion of variance (R?) of
grouping explained by the linear combination and the
proportion of cases correctly assigned to each bias
group. The resulting overall regression was significant
beyond the 0.01 level, but it explained only 27 percent
(corresponding to R = 0.52) of the variance in grouping.
This corresponded to 67 percent of cases being cor-
rectly assigned to bias groups in a discriminant analysis.
While this result is disappointing from the point of view
of identifying bias groups on an a priori basis, it was not
unexpected, since the effect of socioeconomic variables
on attitudes is most likely one that operates over time,
One might, then, expect the cross-sectional correlation
to be low.

Phase 3

The next phase of analysis was the crucial one of relat-
ing responses in the experimental task to actual mode-
choice behavior. Ideally, this would be done by taking
a model of mode choice derived from hypothetical
trade-offs for individuals and substituting in measures
of the individuals' real-world transportation environ-
ment. Each of these one-point predictions would then
be correlated with frequency of patronage of car and
bus. In the present case, individual models were not
available and a simplified alternative model was tested
for the frequency of a given mode choice:

Fp=f (%)

where f equals bias, home-to-work distance, most ex-
pensive mode, and bus availability.

Bias was measured by the individual's mean response
over all cells in the experimental design. The second
factor, home-to-work distance, was a surrogate for the
time difference factor manipulated in the experiment.
The third factor, most expensive mode, was a binary
surrogate for the cost difference factor, because many
respondents could not articulate their estimates of costs
of various travel modes, but some respondents indicated
that it was actually cheaper to drive a car than to take
the bus. The last factor, bus availability, was inserted
as a binary variable to reflect constraints on actual
mode choice.

It might be helpful at this point to briefly discuss the
substantive meaning of the model being tested. It is
hypothesized that, in an experimental situation, individuals
carry with them and reflect in their responses the fac-
tors and attitudes relevant to them in their transporta-
tion decisions. These affect their overall bias in the
experimental task and their weighting of factors manip-
ulated in the experiment. However, real-world con-
straints may be removed in the controlled experimental
task to simplify analysis of the decision processes, such
as by specifying that both car and bus are available in the
present case. Thus, the present model for predicting
actual mode choice incorporates a measure of response,
surrogates for the variables manipulated, and a classi-
fication of real-world constraints into the experimental
task.

The dependent variable, mode patronage, was mea-
sured in terms of the proportion of work trips by bus
during the month prior to receipt of the questionnaire.
As the questionnaire was administered during the sum-
mer, a number of respondents indicated that they either
walked or rode a bike. However, in all but one of these
cases, respondents added information about their non~
summer mode. This information was used to reassign
nonmotor vehicle trips. The one exception was dropped
from further analysis, as was one other respondent
who indicated proportion of trips on the inner-campus
bus system rather than home-to-work trips. Hence,
the final sample size used for this analysis was 97.

Specifically, the following regression of the factors
defined in Equation 5 was used to predict bus patronage:

Propy = [a(mean) + b(HWD) + c(min)] (avail) + e (6)
where

Prop, = proportion of bus trips,

mean = mean response to experimental task (20-

point scale),
HWD = home to work distance,
silE = {1 if car rated cheaper than bus or
~ 10 if otherwise, and
., _ J0 if no bus available or
avail = {{ i otherwise.

The availability factor was entered as a multiplier in the
regression equation because, if it were at a 0 level,
then frequency of bus patronage would be 0.

The prediction was good and explained over 78 per-
cent (based on R = 0.885) of the variance in the propor-
tion of bus trips for different respondents. An ex-
amination of residuals revealed some tendency for
overprediction of low values and underprediction of
high values, but overall the model appears to provide
a reasonable description of the data, especially in light
of the crudity of measurement of some of the predictor
variables.

The single factor, bias (mean response on experi-



mental task), accounted for over 70 percent of the
variance in the number of bus trips. It is quite likely
that, had actualtravel time and cost difference measures
been available, the overall predictive ability of the
model would have been even higher.

In order for the predictive ability of the present model
to be compared to more traditional models such as the
logit, respondents were divided into two groups, car
riders and bus riders, according to the most frequently
used mode. The present model was then applied in a
diseriminant analysis to determine its classificatory
ability., The result was that 94 percent of the cases
were correctly classified. This result is comparable
to those obtained in the more successful applications of
logit-type analyses that have been reported (4).

For a further comparison with traditional methods,

a linear combination of importance ratings of various
factors measured in the questionnaire was used in place
of the bias measure in Equation 7 to predict bus patron-
age. The following importance ratings were used:
travel time, cost, amenities, convenience, privacy,
and energy conservation. The resulting regression
model was highly significant, but the predictive ability
of 59 percent was clearly less than that obtained with
the bias measure from the experimental task.

EXPERIMENT 2

In an effort to provide further substantiation of the re-
sults obtained in the first experiment, a second ques-
tionnaire was designed and distributed to a random
sample of 150 residents of Iowa City.

Questions

The form was similar to the first, with two major
modifications: (a) the experiment included the factors
travel time difference, cost difference, and number of
riders in a 3-x-3-x-3 factorial design where each
evaluation made by the respondent was based on all
three factors (as compared to two factors for each
evaluation in experiment 1); and (b) direct estimates
were obtained for each respondent of actual car-bus
travel time and cost differences, as well as number
of auto riders.

Results

Of the original 150 questionnaires distributed, 72 were
returned. As the focus of the investigation was on car-
bus modal split for work trips, nonworkers and indi-
viduals living a few blocks from their work places who
indicated walking as the primary mode were deleted
from the analysis. This reduced the total sample size
to 48.

Following the steps employed in the analysis of the
first experiment, raw responses by each of the 48 in-
dividuals to the hypothetical mode-choice situations
were first cluster analyzed. As in the first experi-
ment, three salient clusters of respondents were identi-
fied: a car-biased group (N = 14), a bus-biased group
(N = 17), and an unbiased group (N = 17). Responses
within each of these groups were then subjected to
analysis of variance.

Despite the small sample sizes, results bore a gen-
eral resemblance to those obtained in the first experi-
ment. For example, plots of the cost difference times
time difference interaction revealed a noticeable con-
vergence of responses toward the lower end of the scale
(indicating car preference) for the car-biased group at
a time difference of 45 min. This, again, suggests a
nonadditive combination rule fortime and cost differences

for this group. The major dissimilarity between the

two sets of results was an absence of response con-
centrations at extreme ends of the scale for the car-

and bus-biased groups. This would appear to be related
to the nature of the new design—the rider factor was
considered simultaneously with time and cost differences.
Hence, the observed effects of time and cost reflect the
averaging of a third factor that has a moderating in-
fluence.

Actual mode-choice behavior was related to experi-
mental response in a fashion similar to that of the first
experiment. In the new analysis, however, estimates
of time and cost differences as provided by respondents
were available. The model tested, therefore, was

Propp = [a(mean) + b(cos dif) + c(tim dif) + d(riders)]
x (avail) + € @

where

mean = mean response to experimental task (20-
point scale),

cos dif = estimate of actual car-bus cost difference,
tim dif = estimate of actual car-bus time difference,
riders = number of riders who share (or would
share) a work trip, and
avail = {0 if no bus available or
1 if otherwise.

The level of prediction of the proportion of bus trips

was similar to that reported for the first experiment.
The resulting R® was 0.77 (based on R = 0.88), which
corresponded to 95 percent of respondents being cor-
rectly classified into predominantly bus or predominantly
car groups in a discriminant analysis.

DISCUSSION

This paper has advanced and empirically assessed an
alternate paradigm in the modeling of transportation
mode choice. The approach departs from most tradi-
tional modeling paradigms in terms of its emphasis on
deriving functional forms that best describe the pro-
cesses by which individuals arrive at transportation-
related judgments.

Results of the reported studies produced two findings
with respect to the utility of behavioral models of mode
choice. First, they showed that mode-choice models
derived in earlier laboratory studies with student
populations can be generalized to nonstudent populations.
In fact, cluster analysis of behavioral data led to a
more meaningful system of classifying respondents than
would a priori population subdivisions. Second, they
showed that the rating responses to hypothetical mode~
choice trade-off situations are related to actual mode
choices. Specifically, a model that combined responses
to an experimental task with situational constraints
yielded high explanatory ability in the prediction of
actual mode choices. The levels of prediction obtained
with the simple regression models compared favorably
with reported successful applications of traditional
stochastic mode-choice models.

A series of equations was outlined for developing a
behavior-based theory of travel behavior. The experi-
mental task of the present study directly examined
Equations 1 and 2, which deal with subjective evalua-
tions of mode attributes and the transformation and in-
tegration of subjective evaluations into an overall sub-
jective response. Equations 3 and 4, which deal with
the relationships linking objective and subjective attrib-
ute values to actual choice behavior, were examined,
at least in a preliminary manner, in the current at-



tempt to predict actual mode choice.

The establishment of stronger links to actual choice
behavior awaits further study in which trade-off factors
manipulated in hypothetical mode-choice situations can
be measured accurately for each individual in the sample
and decision models can be calibrated for individual
consumers.

Once clear links are established between rating
responses in abstract settings and actual mode-choice
behavior, the stage will be set for the most usefut ap-
plication of the behavior-modeling approach. The
derivation of decision-making models through carefully
designed experimental tasks can be used to predict future
responses to changes in transportation systems. Exist-
ing stochastic demand models seem theoretically weak
for such purposes. Behavioral models can be used to
directly estimate latent demand for alternative trans-
portation opportunities. In the present study, for ex-
ample, the mode-choice model without the availability
constraint might be thought of as measuring such de-
mand.

The relative degree of success of this study in
predicting mode choice directly from attitudinal data
is noteworthy.  The functional measurement approach
appears to be a means of side-stepping traditional
issues related to the identification and measurement
of all the relevant variables in mode-choice decision
making. By combining experimental design and demo-
graphic analysis, a variety of variables affecting mode
choice can be studied directly; other factors can also
be shown to exert their influences through individual
differences in response bias and the weighting of in-
formation.

The general paradigm proposed in this paper is one
that seeks to advance our understanding of human travel
behavior through a concerted program of laboratory ex-
perimentation and real-world verification. If laboratory
behavior in simulated transportation environments can
be shown to be predictive of that observed outside the
laboratory, then such simulation would provide a power-
ful tool in the testing and development of theories of
travel behavior.

This research provided some initial support for such
a link. Nevertheless, the research program remains
at an embryonic stage, and many basic questions related

to the utility of behavioral models in the prediction of

travel behavior remain unanswered. We hope the re-
sults of this research will encourage additional efforts
in this direction.
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This research examines consumer motivation concerning ride sharing, par-
ticularly carpooling, according to a market segmentation approach, A se-
quential design permitted (a) developing hypotheses about ride-sharing mo-
tivation based on qualitative data from intensive discussions in decision
analysis panels, (b) testing those hypotheses by means of quantitative data
obtained by survey, (c) developing program strategies on the basis of the
results and pretesting those strategies with an additional series of decision
analysis panels. The major market segmentation invoived dividing the
sample by commuting mode and pattern and by occupation type, al-

though additional independent variables were also utilized. This paper
concentrates on the carpooling attitudes and perceptions of carpoolers
versus solo drivers. lllustrative findings are also presented by occupation
group, commute pattern, and sex to illustrate the power of the finer market
segmentation. The factors discussed include, first, attitudes toward costs or
interpersonal aspects of carpooling {(including match methods), time varia-
bles, carpool routes, parking management and convenience issues and,
second, demographic characteristics of the two types of commuters. A
special analysis focuses on the attitudes of those solo drivers who stated that



they were interested in carpooling versus those who stated that they were

not. The purpose is to highlight the motivation of a prime target group to-

ward three carpool strategy areas: carpool match methods, parking man-
agement, and dedicated carpool routes. Notable findings include the lim-
ited appeal of external efficiency factors such as cost savings, the power

of social aspects of carpooling that can act as either barriers or incentives,
and the need for personalized carpool programs that also reach out to ac-

tively involve the potential pooler. Specific program strategies are offered.

Despite some examples of successful ride-sharing pro-
grams, neither carpooling nor other forms of ride
sharing have yet become widely popular. This study,
which focused on social as well as economic aspects,
provides evidence that a significantly larger portion of
the population can be induced to share rides if attention
is paid to the different needs, perceptions, lifestyles,
resources, and values of various market segments
within the population.

The work has had three objectives: (a) to develop and
refine methods for assessing the effects of given psy-
chological, social, and economic factors on mode
choice, (b) to discover and explain ways in which these
factors facilitate or inhibit carpooling, and (c) to devise
carpool-promoting strategies based on traveler needs
and attitudes and to obtain a traveler-based pretest of
the effectiveness of these strategies.

The investigation differs from previous studies,
therefore, in terms of the scope of its objectives. It
also differs in methodology, which, although it has been
reported in detail previously (1), will be reviewed here
briefly to provide context for the findings that follow.

METHODOLOGY

The special problem addressed in the study was the lack
of sophisticated data about consumer attitudes. Little
systematic, in-depth information existed about which
specific and different behavioral incentives and disin-
centives affect different groups of transportation con-
sumers, and how these might affect ride sharing. A
sequential in-depth study design was therefore devised
and carried out in the Washington, D.C., metropolitan
area,

Phase 1

The first step involved going to the consumer to listen
to his or her preferences, complaints, problems, and
the trade-offs he or she might or might not be willing to
make in choosing to carpool. This was done in a series
of open-ended discussions with small consumer groups
(5-9- people), or decision analysis panels. The meth-
odology requires considerable expertise in managing and
analyzing group dynamic process and does not focus dis-
cussion or limit findings to a predetermined set of is-
sues. It provided a hypothesis-generating phase for the
study and yielded qualitative data about the perceptions,
attitudes, and transportation behavior of carefully seg-
mented groups of consumers. The 21 decision analysis
panels were selected according to age, sex, occupation,
commuting pattern, and other lifestyle variables. The
findings were used to build a survey questionnaire for
the second phase of the study.

Phase 2

In this hypothesis-testing phase, traveler attitudes dis-
covered in phase 1 were quantified. Five hundred and
sixteen people were individually interviewed according
to a stratified sampling process that provided the dis-
tribution shown in Table 1, where the blue- and white-

collar and managerial/executive/professional (MEP)
workers are divided equally into three groups (33.3 per-
cent each), Data were analyzed by multivariate analysis
of variance in order to assess the significance of dif-
ferences between groups on intercorrelated measures

@.
Phase 3

The quantified results were then utilized to build two
types of program strategies: (a) those having broad ap-
peal and (b) those having special strategies aimed at par-
ticular market segments of the population. Finally,
these strategies were pretested with 25 new decision
analysis panels.

The selection of commuters for this last series of
panels included a disaggregation by occupation and com-
muting pattern, However, their current mode choice
differed from the survey. Four panels were made up of
carpoolers, two of carpool rejectors {defined as people
who had had an opportunity to carpool but who did not
take it), and six of groups with mixed commuting modes.

MOTIVATIONAL COMPARISON OF
SOLO DRIVERS AND CARPOOLERS

Demography of Carpoolers versus
Solo Drivers

Carpoolers tended to be older males with regular work
hours from households where more than one adult was
employed full time. They commuted a greater distance
than the solo drivers, but total trip time averaged
nearly the same, about half an hour. This was not nec-
essarily due to greater travel speed.

Panel data had indicated a considerable emphasis by
carpoolers on efficient driving and route selection.
Women tended to drive alone more than men. The solo
drivers tended to be younger, and from lower income
households than carpoolers. As expected, more solo
drivers worked at jobs with shift changes or with offi-
cially irregular work hours.

So far, this picture is much like that of other studies.
A new finding in our sample was that the delays of car-
pool matching services produced a significant negative
effect. Among those who had participated in a carpool
campaign, the solo drivers reported having had to wait
longer for a response than carpoolers.

In general, the most surprising finding was not in the
ways that the two kinds of commuters differed, but in
the similarity of their commuting resources. They both
tended to show the same ratio of licensed drivers to cars
in the household and availability of alternative ways to
commute, On the average, both had lived at the same
address and worked at the same address for the same
length of time. Finally, less than a third of either type
of commuter could say that they had ever been exposed
in the past to a carpool campaign.

Attitudinal Factors Affecting
Mode Choice

Cost

Cost is often considered the most important appeal of
carpool programs. This is understandable, It is clear
that carpooling does cut commuting costs; carpoolers
are often eager to talk about the money they save; car-
pool campaigns emphasize the bargain. Even the solo
drivers in our sample perceived carpooling as a finan-
cial gain; in fact, they considered it a better bargain



than the carpoolers did. However, this research did
not bear out the importance of cost as the most influen-
tial factor affecting the decision to carpool. This is
particularly true for a large part of the solo driving
population, with whom we are primarily concerned.

We asked respondents a series of trade-off questions
to rate the cost savings of carpooling against such draw-
backs as the time it takes to pick up members, not being
free to run errands at will on the way home, etc. Re-
sults are presented in Table 2 (p = 0.001).

Depending on the trade-off, approximately 67-85 per-

cent of the carpoolers were in favor of the cost savings,
as expected. The solo drivers were quite different.
While half of them did agree that '"the fact that carpooling
is less expensive than driving alone to work makes it
well worth the effort, ' even this level dropped sharply
with the mention of specific drawbacks, Only 38 per-
cent favored the cost saving over the time it takes to
pick up members, or over the desire to run errands on
the way home. Only 34 percent thought the saving worth
having to depend on other people, and a mere 23 percent
considered that the money compensated for waiting for

Table 1. Phase 2 survey sample

design. Mo

Carpoolers (49.6%) Solo Drivers (50.4%)

Blue White Blue White

Collar Collar MEP Collar Collar MEP
Commuting Pattern (%) (%) (%) (%) (%) %)
Sl;burb‘to central business district 5.5+ 5.5+ 5.5+ 5.5+ 5.5+ 5.5+

33.3%)

Suburb to congested suburb (66.7%) 11.3- 11.3- 11.3- 11.3- 11.3- 11.3-

Table 2. Cost savings opinions.

Travelers Favoring Cost Savings

Total Sample Solo Drivers Carpoolers
Opinion No. ] No. # No. %
Carpooling is cheaper and worth the effort (agreement) 515 68.0 257 50.6 254 85.8
Insurance problems are a drawback (disagreement) 514 56.6 258 44.5 252 69.0
Pickup time is not worth the saving (disagreement) 512 54.9 258 37.6 250 4.8
Errands are more important than the saving (disagreement) 512 53.5 257 37.8 251 70.1
Depending on others is not worth the saving (disagreement) 513 51.9 257 34.2 252 69.4
Carpooling is cheaper but not worth waiting for late mem- 514 46.7 258 22:7 252 66.6
bers (disagreement)
Table 3. Cost savings and =
shifting to carpooling. ¥
Question Choices No. b4 Difference
How llkely would you be to carpool il that way
your share of the parking costs were
% of what you now pay 191 46.3 6.6 (NS)
Y of what you now pay 191 45.7
Free 190 52.9
Would you change to carpooling or the bus il your
parking costs increased over what you pay now
by
$5/month 235 28.8 38.5 (p = 0.001)
$10/month 234 43.5
$20/month 234 67.3
Would you shift to carpooling or the bus if the
price of gas went to
$0.90/gal 257 56.7 20.6 (p = 0.001)
$1.30/gal 255 71.0
$2.00/gal 254 7.3
Table 4. Resuits of multivariate analysis of agreement on the significance of social factors in carpooling.
Combinations of
Mode, Occupation, Mode x Sex
and Work Site
Mode Occupation Solo Driver
Mode x Site
Solo Car- Blue White Car-
Total Driver  pooler Collar Collar MEP CBD Suburbs Men Women poolers
Opinion Statement Sample p (9) (%) p (% (4 (% [ (&) (4 p (%) (49 (p)
Socializing is pleasant 73.2 <0.04 68.2 78.3 82.2 3.7 63.2 NS <0,04 70.9 63.7 NS
Talking shop is 52.0 <0.04 38.9 65.2 NS NS NS
pleasant
Carpooling is worth 32,0 <0.04 23.8 40.5 <0.04 42,3 28.8 25.) 18.7 26.0 <0.004 28.4 24.1 NS
personal disagree-
ments
Dislike smoking 46.7 NS <0.003 39.0 45.3 55.5 NS NS
Dislike rule making 61.0 <0.04 64.3 57.3 76.3 60,1 47.0 NS NS
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Table 5. Results of multivariate analysis of agreement on the significance of choosing carpoolers.

Occupation
Sex Sex Within
Total Modes Blue White Mode
Sample Combined Collar (49  Collar (¥ MEP (9 Men (%) Women (%) Combined*
Opinion Statement (9 [(9] p (N = 189) (N=179) (N = 166) (N =321 (N = 192) (p)
If I were joining a carpool now, it would be  86.8 NS NS NT® NT® NS
important to be able to meet the people
at least once before making definite ar-
rangements
I would only carpool with people I already 38.7 NS <0.01 42.2 42.2 32.0 36.8° 42,5° NS
know
*Numbers are 150 men and 103 women solo drivers and 168 men and 89 women carpoolers.
®No test of i igni is yet avai ; diff do not appear significant.
<Although no test of ignifi is yet diff appear to be signifi
Table 6. Raesults of multivariate analysis >
of agreement on the significance of Mode Deehpntion
carpool match system preferences. Total Solo Car- Blue White
Sample Drivers poolers Collar Collar MEP
Opinion Preference (% p 9 (% p (9 (% (%
Be contacted by a carpooler T1.4 NS <0.02 12.8 68.0 3.0
Helped by a neighborhood 68.8 NS NS
coordinator
Have no help 68.2 <0.04 64.8 A <0.01 76.9 62.9 64.6
Use a carpool locator list 56.3 NS <0.04 57.4 49.4 63.5
Computerized system 53.1 NS <0.01 70.6 64.8 64.8

late carpool members. Before leaving this chart, we

should note that even the carpooler's enthusiasm about
cost as the prime factor cooled under the pressure of

trade-off conditions.

However, the disincentive of greatly increased com=-
muting costs for solo drivers had more effect. As
Table 3 indicates, substantial numbers of solo drivers
(67 percent) said that they might switch from solo driv-
ing if parking costs increased by $20 a month, and 77
percent said the same should gas prices rise to $2.00/
gal.

It is important to note here that such predictions of
future behavior change cannot be taken literally. People
consistently overpredict their future behavior in the face
of a hypothetical change of nearly any type. Despite
this, these solo drivers did not predict a change in their
commuting method for the reward of lower parking
costs. Also, much less prediction of change occurred
at lower levels of increased parking and gas costs—if
gas went to $0.90 or $1.10/gal, for instance. During the
decision analysis panels, cost had emerged as a more
significant factor for blue-collar workers than for the
other groups. The survey confirmed this. Among solo
drivers, the blue-collar workers (regardless of income
level) were more concerned with costs and more willing
to put up with possible carpool problems in order to save
money than were other occupation groups. With this ex-~
ception, however, the fact must be faced that, in this
largely affluent society, cost savings alone cannot be
relied on to make most people carpool. To confirm the
finding, when people were asked what their major com-
muting problem is, only 5 percent mentioned any kind of
economic factor.

Interpersonal Aspects of Carpooling

If the most commonly emphasized factor, cost, emerged
to be of relatively low concern to many solo drivers, the
most neglected aspect of carpooling programs was found
to be the most important: the personal and social.
Helping a neighbor or having company were common
motivations to carpool. Disagreements or personal in-
compatibilities frequently caused carpools to break up.
The very situation of being in a carpool is perceived as

a combined business and personal arrangement, and one
for which we do not have well-established social customs.
Both carpoolers and solo drivers found the socializing
that a carpool offers to be pleasant, but the solo drivers
had more misgivings about handling specific problems.
Because 65 percent of these solo drivers had been in a
carpool at some time in the past, their misgivings can-
not simply be due to lack of experience.

The results for a sampling of 516 people are pre-
sented in Table 4 (p = 0.001). Only 39 percent of the
solo drivers thought talking shop during the ride would
be pleasant, versus 66 percent of the carpoolers. Even
fewer, only 24 percent, could say that the chance to so-
cialize was worth personal disagreements that might have
to be ironed out (versus 41 percent of the carpoolers),
and a strong 64 percent disliked the idea of rule making
for the carpool (versus 57 percent of the carpoolers).

The results for work site and sex were not significant.

As an illustration of the power of analyzing these data
by more finely drawn groups, among solo drivers, women
were a little more wary than men about how pleasant the
socializing might be and about having to handle disagree-
ments, Solo drivers who work in the suburbs are some-
what more willing to take on the disagreements than those
commuting into town, There may be an urban "hassle
factor' that adds tension to the trip.

Choosing Carpoolers

Choosing carpool mates emerged as an extremely per-
sonal matter. Both types of commuters tended to re-
act the same way, as can be seen in Table 5. Some 87
percent wanted to meet prospective members once be-
fore making any arrangements, and 39 percent felt

they would actually have to know the people first, a con-
cern felt by more blue- and white-collar workers than
MEPs.

Carpoolers were more relaxed than solo drivers
about riding with people who do not work at similar jobs,
but this area is a sensitive one, because people tend to
be reluctant to admit what might seem to be a prejudice.
On the whole, male solo drivers were most vocal about
wanting to ride with people at similar job levels; 43 per-
cent of the men versus 19 percent of the women solo



drivers expressed this. There were, however, no sig-
nificant differences by occupation group.

When 516 respondents were also asked to rate differ-
ent matching systems for carpooling, both carpoolers
and solo drivers rank ordered the match methods in the
same way (Table 6), favoring personal methods most.

It is evident that the two most common systems used—
locator lists and computerized match systems—have the
least appeal. Interest in (a) being contacted by a car-
pooler, (b) having the help of a neighborhood coordina-
tor, or (c) having no help at all is significantly greater
(by chi-square analysis) than the response to either lo-
cator lists or computer matches., Expressed prefer-
ences for the latter two were not significantly different
from chance. This is true at least as these methods
now operate, that is, impersonally. The strongest pref-
erence was to be contacted by another commuter forming
a pool (71 percent of the total sample); the next strongest
was to be helped by a local neighborhood carpool coordi-
nator (69 percent); and the third choice was to have no
help at all, which was the only match method where solo
drivers and carpoolers differed. The solo drivers felt

a little less confident about handling things alone; only
65 percent of them endorsed this, versus 72 percent of
the carpoolers,

It is clear that people do not want to become involved
with others they know nothing about. For several popu-
lation segments, it does not appear from the decision
analysis panels to be the computerized matching in it-
self so much as the fact that the system does not include
a person who could be contacted in the neighborhood or
at work and who would know something about the specific
individuals on the matching list or could offer advice
about handling the combined personal and business situa-
tion of a carpool. However, there are also privacy is-
sues arising from computerization that have been dealt
with in the full report (3).

Commuting Time and Carpools

Time was of great importance to all commuters inter-
viewed, but the big barrier carpooling time represents
to solo drivers appears to be the perception that car-
pools make one late. Both types of commuters were
actually getting to work in about the same amount of
trip time. When the misperceptions about carpooling
trip time were analyzed, one after another related to
uncertainty about possible trip delays, rather than speed
of travel. Carpooling is seen as fraught with potential
time problems that are unnecessary if there are clear
rules about how long to wait for late members, what to
do when a driver cannot meet the pool, ete.

Carpool Lanes and Parking Management

These two important issues are presented together, be-
cause what the commuters in this study want is a
smooth, hassle-free trip to work—a clear and open road
and a place to park at the end of it.

The single greateslt complaint, and the only one ini-
tiated by a significant portion of the people sampled, was
traffic congestion, the primary problem to 37 percent of
those interviewed. Dedicated roadways open to multi-
occupancy vehicles (vanpools, carpools, and buses) re-
ceived a resounding endorsement by solo drivers, pro-
vided that the roadway is available for significant por-
tions of the trip (see the table below).
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Solo Drivers Who Would Carpool if Offered an

Express Lane
P Express Lane

Proportion of

Trip Unlikely to Carpool (%) Likely to Carpool {%)
One-quarter 51 37.1
One-half 41.3 47.0
Three-quarters 33.9 57.9

From the table, only 37 percent predicted they would
carpool if a lane were available for a quarter of the trip,
while 58 percent would do so for a lane available for
three-fourths of the trip. Where dedicated routes were
rated against carpool drawbacks, the pervasive unwill-
ingness of the solo driver to leave work at a fixed time
each day was much less powerful; 56 percent of the solo
drivers still rated the lane positively. It must be noted,
however, that those commuting to the urban downtown
still remained reluctant indeed to leave work at a fixed
time each day, even for the incentive of a dedicated lane
for "much of'" the trip. Only 21 percent agreed. This
probably relates to the congested trip time left before
they get to their destination, The difference may sug-
gest that dedicated lanes on highways encircling cities
may be even more powerful incentives than those on
highways radiating from them.

The strongest disincentive for using the dedicated
routes was the need to depend on others, although even
here 48 percent of the solo drivers thought the lane worth
it. The finding may relate to the experience of the Wash-
ington, D.C., sample, who tend to think of carpool lanes
in terms of the stringent requirement for four riders on
the local Shirley Highway lane; that may be too many
people to wait for,

Parking at work was, of course, extremely important
to both types of commuters. The effectiveness of pos-
sible employer bans on parking for solo occupant autos
was widely admitted, but private employers interviewed
in panels considered it impossible to implement because
of the risk of losing the competition to hire and retain
quality employees.

People in the sample took parking for granted. Over
70 percent parked free in employer lots. Few turned to
commercial lots. Few worked at organizations where
any incentive for carpooling was offered—either guaran-
teed parking, cheaper parking, or parking closer to the
work entrance,

In general, the solo drivers were very reluctant to
accept carpooling, even if that were the only way to get
a guaranteed parking space at work, when they considered
it in relation to having to leave work at a fixed time each
day (the single greatest time barrier to carpooling).

However, the disincentives of the alternatives to
guaranteed parking were more powerful, as shown in the
following table. Only 21 percent of the solo drivers
would be willing to hunt for a parking space for 20 min
and only 10 percent for half an hour. A mere 6 percent
would risk a ticket five times a month, and only 2 per-
cent would say they would run a daily risk of getting a
ticket in order to park at work.

Sample Percentage
Disincentive Question for Solo Drivers Size Agreeing
To continue driving alone to work, would you be 251
willing to look for a parking space, if you had to,
for
10 min 45.0
20 min 20.8
30 min 10.4
To continue driving alone to work, would you be 246
willing to risk getting a parking ticket
Once a month 3.7
5 times a month 5.7

Every day 2.0
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Things Called "Convenience"

It was necessary to ask highly specific questions under
the heading of "'convenience, " because the panels had
made clear that it has multiple meanings and tends to
be used as shorthand or euphemism for any difficulty
that bothers a commuter,

Solo drivers were altogether more concerned about
convenience factors than carpoolers. A large majority—
76 percent—thought rearranging and adjusting schedules
to suit the needs of other people a serious problem in
carpooling, and 51 percent felt that there would not be
enough room to carry and store packages. This con-
cerns the tool-carrying blue-collar and errand-running
white-collar workers more than the MEPs. When car-
poolers and the 65 percent of solo drivers who had car-
pooled in the past were asked why they had carpooled,

22 percent of the solo drivers versus only 14 percent of
the carpoolers mentioned convenience factors.

Solo drivers but not carpoolers perceived carpools as
physically crowded. They thought the carpool ride less
relaxing than carpoolers, and they worried about not
being able to start the trip when they wanted to. They
hesitated more than carpoolers in feeling they could rely
on a carpool or have door-to-door service.

MOTIVATING THE SOLO DRIVER
TO CARPOOL

The purpose of this section is to highlight the differences
between those solo drivers who expressed some interest
in carpooling and those who stated they had none. When
solo drivers were asked "Are you interested in carpool-
ing to work?" 17 percent responded"Yes, definitely";
23 percent said "Yes, possibly"; 16 percent replied '""Not
sure''; and 43 percent said "No." With such a wide varia-
tion of interest, one high priority strategy would be to
tailor carpool programs to the interested solo drivers.
A special analysis was therefore performed concerning
solo drivers' attitudes toward three important strategy
or policy areas: carpool matching system, parking man-
agement, and dedicated carpool routes.

A discriminant function procedure was chosen, since
this technique highlights the differences between groups
(g). It has been used successfully in transportation re-
search to predict mode choice from beliefs about buses,
carpools, and single-occupant autos (5). Solo drivers
were classified according to their interest in carpooling
as a function of their attitudes toward the three policy
areas. A high colinearity that would distort the results
emerged among some variables in each area, so vari-
ables were first combined by classical factor analysis
(6) into composite variables.

The solo drivers were grouped into two categories:
those 40 percent interested in carpooling (definitely or
possibly) and those 43 percent definitely not interested.
The 16 percent who answered ''not sure' were excluded
from analysis. The range of responses indicated that
a statistically necessary assumption that this group was
in between the interested and not interested groups could
not be made. The unsures, of course, are important to
consider in future analyses since many might carpool if
their particular needs were met.

Carpool Matching

The three composite variables were "advance knowledge
of carpool mates, " "'no assistance desired in forming
carpools, " and "assistance desired.'" By far the most
powerful discriminator was attitudes toward having as-
sistance., Those interested in carpooling desired help—

and by personal more than impersonal match systems—
although they tended to favor any help (discriminant func-
tion coefficient of 1.08 versus 0.20 and 0.21 on "advance
knowledge' and ''no assistance').

Those not interested in carpooling were far less posi-
tive about assistance, should they at some time want to
become involved in a pool. Respouses to the questions
relating to advance knowledge of carpool mates did not
delineate the two groups; all solo drivers analyzed wanted
to meet carpoolers in advance, although all did not nec-
essarily require people they already knew or job peers
in a carpool.

The "no assistance'' variable also failed to discrimi-
nate. It was a split composite. All solo groups favored
forming carpools without help, and all rated computer
matching negatively.

Parking Management

Five composite variables involved either the incentives
for carpooling or the disincentives for solo driving that
follow.

Incentives for Carpooling

Carpooling favored for cost savings and conve-
nience

Guaranteed parking worth carpooling time con-
cessions

Disincentives for Solo Driving
Carpooling favored over paying parking cost in-
creases
Solo driving favored despite risk of parking tickets
Solo driving favored despite parking space hunt

The carpooling incentives distinguished the two groups

(coefficients of 0.51 and 0.58, respectively), which ap-

pealed to those interested in carpooling. The disincen-
tives did not; all found them onerous.

Carpool Lanes and Roads

Two composite variables emerged: the "use of express
lanes and roads considered in isolation' and ''express
routes versus dependence on others." The first was an
excellent discriminator (discriminant function 0.86),
which indicates that express routes considered by them-
selves appeal strongly to solo drivers interested in car-
pooling. However, thetrading off ofthe use of such routes
versus being tied to a fixed departure time and depending
on others discriminated poorly (coefficient 0.21). Con-
cerns about departure times and about relying on others
during one's commute appeared pervasive among all solo
drivers.

Combined Variables

One last discriminant analysis combined all composite
variables from all three policy areas. The two best
discriminators were

1. Guaranteed parking for carpoolers being worth
fixed departure times, extra commuting time, and wait-
ing for late members (0.41) and

2. Likelihood of carpooling if an express lane or road
were available for a sizeable portion of the trip (0.39).

Those interested in carpooling responded to these in-
centives and were best distinguished from those not in-
terested in carpooling by their responsiveness.



Summary

Clearly, in aiming programs at the most likely to car-
pool solo drivers, the incentives of guaranteed parking—
where parking is otherwise a problem—and express
routes will tend to be high-payoff strategies, as will as-
sistance with personal match methods. It will also, of
course, be vital for transportation planners to consider,
in addition, the social dynamics and other elements dis-
cussed in previous sections.

RECOMMENDATIONS

The recommendations offered are based on the finding
from panels that privately owned auto transportation is
likely to continue to dominate personal travel in the
foreseeable future. Carpooling can be a viable private
means of dealing with transportation and energy prob-
lems, but, if it is to succeed, a long-range, well-
planned, high-priority effort is required. In addition,
a blend of economic and behavioral incentives will be
required. Any effort to replace a highly valued activity
has to employ equally powerful motivations. Disincen-
tives or purely economic incentives are insufficient in
a nation of affluent and independent individuals who al-
ready have investments in the automobile.

Several demographic characteristics have been con-
firmed as predisposing individuals to carpooling and so
defining some preferred target populations:

1. Those with long commutes,

2. Drivers over 30 years old,

3. Commuters living in multiperson households,

4, Those with regular hours in the case of MEP and
white-collar commuters to the central business district
and blue-collar workers to congested suburban sites,
and

5. Availability of parking incentives.

However, the strategies that follow are recommended
for more resistant groups. Each has value with a broad
range of population segments; each may also provide
different incentives to different subgroups.

In order to address the needs of different transporta-
tion program personnel, the full report deals with all
the critical variables found, such as parking, cost, so-
cial factors, and convenience, and relates strategies
concerning each to the needs of each specific popula-
tion segment. We will abbreviate the process here by
describing the major recommendations and how they
would motivate the particular subgroups to share rides.
These recommendations emerge from an integration of
findings from the decision analysis panels of phases 1
and 3 and from the survey.

Strategy 1: A Personalized System

The most important recommendation is that the carpool-
ing formation system be personalized and that it offer

a quick response and an active outreach program., Pas-
sive systems, such as lobby locator lists, place the bur-
den of understanding the system on the individual. They
require the highly motivated to go through the various
steps and to overcome obstacles required to form a car-
pool and to have the perseverance, understanding, and
resources to achieve and maintain a compatible carpool.
For example, there are large segments of the population
who are interested in carpooling but who hesitate to tele-
phone a stranger. The reasons range from sheer timid-
ity to fear of becoming caught in an unpleasant situa-
tion that one could not comfortably terminate., This is
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a socially awkward situation for both women and men.

Strategy 2: Appeal to Population
Subsegments

It is critical that a carpool program concentrate on ap-
peals that are appropriate to parcicular subsegments of
the population, We have described how motivation for
and problems with carpooling vary according to occupa-
tion type and conditions, experience with carpooling, size
of employment site, age, income, sex, length of com-
mute, and so on. Therefore, it is vital that the program
planners know and be governed by the characteristics of
the people in the community as well as its geography.

Strategy 3: Local Carpool Coordinator

One method for achieving these criteria is the use of
the local carpool coordinator. Located at the work site
or at the home end, whichever provides the best lever-
age, the local coordinator would serve the functions of

1. Learning about his or her population's needs and
nature,

2. Providing information about carpooling,

3. Initiating and coordinating personalizing strate-
gies, :

4. Assisting in forming new carpools via various sub-
strategies including bringing people together or employ-
ing existing groups,

5. Assisting in enlarging current carpools,

6. Providing early warning of trouble and helping to
deal with problems in existing carpools, and

7. Providing emergency service when carpools break
down temporarily.

The coordinators may eventually move into another
transportation energy-saving activity, such as buspools
to athletic or other events.

It is important that the local coordinator understand
the factors that motivate people to carpool and that con-
tribute to a good carpool. He or she must be taught that
no single factor is preeminent but that an introduction of
multiple factors such as distance, time, and especially
social and personal dynamic factors produce an effective
program. It is also important that the local coordinator
become a resource to the community rather than a bur-
den. He or she must also learn to enlist existing en-
thusiasts or community leaders to achieve his or her
objective rather than do things alone. In doing so, he
or she obtains community consensus and pressure in
behalf of ride sharing. A handbook for local coordina-
tors would be needed.

A local coordinator is someone at the work site who
relates well to people and has their confidence and can
handle the concepts described. The benefit to the em-
ployer of assigning a good person will derive from in-
creased promptness, morale, and productivity (interest
in workers by management), and possibly from land
economics as less is needed for parking.

At the home end, local coordinators may be retired
or disabled persons with the need to continue productiv-
ity, housewives with limited mobility during the day
but time to use the phone, or civic leaders with a desire
to make a contribution and time to do so.

The local coordinator can make use of computer
printouts where computerized matching systems exist.
These can be strengthened through his or her capacity
for personalizing the match and taking the initiative,

He or she can arrange special carpools, such as no
smoking, ''silent in the morning, " all one sex, or what-
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ever is required by the constituency.

He or she can eliminate much of the hassle and doubt
that interferes with carpool formation and can help solve
the problems that result in carpools breaking up.

The local coordinator's strategy would be directed to
all potential carpool targets. However, it would be most
effective with those populations where hesitancy, need
for guidance, and assistance with problem solving are
important factors—in short, for the marginal carpoolers
who constitute a significant part of the population. Fur-
ther, the presence of such an energy-related agent in
the community will provide direct evidence of the reality
of the national program.

Strategy 4: Preparation of a Handbook

Strategy 4 involves the preparation of a "how to carpool"
handbook to be used as part of the enrollment cam-
paign and to contribute to a higher level of carpool con-
tinuation. This concept was very strongly endorsed by
all phase 3 panels and would provide the information
about carpooling, such as how to deal with problems and
gripes, that this research and other sources have deter-
mined to be important. Once again, the target popula-
tion for this strategy is broad. It includes those who
might be resistant to or puzzled by some aspects of the
carpooling situation that they do not understand or have
misconceptions about.

Strategy 5: Parking Strategies

Parking is not a problem for a large part of the popula-
tion examined. However, effective strategies can he
addressed to blue-collar workers who have difficulty
finding parking spaces and are least able to risk parking
tickets. Here parking for carpools will have value. For
white-collar populations (largely women in this sample),
the avoidance of frightening walks on dark winter eve-
nings may motivate carpool formations. Close-in,
covered, guaranteed parking is also likely to motivate
the status-conscious executive to carpool.

Strategy 6: Personal Safety

The survey and decision analysis panels suggest that
blue-collar workers and female white-collar workers
were both concerned about waiting for carpools at the
work end on streets or roads that were often unsafe. In
other cases, such rendezvous points as fringe parking
lots were frightening. Secure meeting points will be
valuable.

Strategy 7: Cost Incentives

This is not the critical variable it was assumed to be,

but it remains important to some segments of the popu-
lation. Carpooling as a money saver will appeal to the
lowest end of the income distribution. However, these
are largely blue-collar and low-level white-collar
workers for whom carpooling also has a special draw-
back: they are frequently docked in pay or may soon lose
their jobs if they are late. Special adjustments to meet
this problem will have to be made in cooperation with
employers.

Strategy 8: Familiarization Methods

In conjunction with the activities of the local coordinator,
neighborhood or work meetings before forming carpools
are particularly important to blue- and white-collar
workers. This is particularly true of women, who want

to know more about potential carpool mates before com-
mitting themselves.

Strategy 9: Carpool Lanes as Powerful

Incentives

Despite the fact that the MEP group was the least re-
sponsive of the three occupation types, this incentive is
strong enough to lure many managerial personnel away
from their "unpredictable hours' excuse for not car-
pooling. Blue-collar workers are the strongest advo-
cates of the carpool lane, probably because of their fear
of being made late by congestion with subsequent loss of
wages. There is reason to believe that carpool lanes on
ring roads would be even more poweriful incentives and
would address the majority of commuters.

OCCUPATION GROUPS

Blue-collar workers have high potential for ride sharing,
with sociability factors at the fore. They have little need
to achieve mastery by controlling their own transporta-
tion mode. There are two large subgroups, one con-
cerned with cost and another involved in long commutes.
Particular care is needed in legitimizing the setting of
rules for a carpool. Because blue-collar workers tend
to drive the more unreliable, older autos, the avail-
ability of standby cars via the carpool becomes an asset.

White-collar workers are a high potential group for
carpooling but have many special needs. These include
knowing a great deal in advance about whom one may
carpool with and arrangements for shopping at lunch
hour and on the way home. Particular care must be
taken in making it legitimate to set rules for a carpool.
White-collar workers will respond well to outreach pro-
grams, to meetings where difficulties can be aired, and,
for the large proportion who are women, to the oppor-
tunity to talk with women currently carpooling in order
to understand in what ways it can be workable.

MEPs form a high dominance group with many status
and mastery needs, and desires for flexibility in terms
of departure time at the end of the work day. They
would be responsive as a group to carpools with stag-
gered hours, to the opportunity to be part of an advisory
board that sets up the carpooling program at a work site
or in a neighborhood civic association, and to carpools
limited to medium-sized and larger cars.
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Multiattribute Transportation

Decisions

Michael A. Johnson, Institute of Transportation Studies, University

of California, Berkeley

This report describes a study of the relative importance of various travel
attributes as influences on commuters’ choices among car, bus, and Bay
Area Rapid Transit (BART) for traveling to work in the San Francisco
Bay area. A sample of commuters were interviewed, and each was asked
to rate his or her satisfaction with car, bus, and BART on each of the at-
tributes studied. The relative importance of the attributes was inferred
by examining these ratings and the relationships between the ratings and
the usual choice of travel mode. The study differed from previous similar
research in that attribute importance was measured with a statistic that
estimated how much each attribute contributed to differences in utility
among the choice alternatives. Most previous research failed to consider
an essential component of the quantity measured by this statistic, namely,
average differences in utility among alternatives caused by average differ--
ences among alternatives in the levels of each attribute. Among the at-
tributes judged to be most important were safety from crime, seat avail-
ability, and dependable arrival, which are ordinarily not included in quan-
titative planning procedures such as travel demand forecasting and cost-
benefit analysis.

To a large extent, the experience of urban travel by any
method can be described in the abstract as a composite
of varying travel attributes. This paper describes a
study of ten different travel attributes and their relative
importance as influences on commuters' choices among
car, bus, and Bay Area Rapid Transit (BART) for trav-
eling to work in the San Francisco Bay area. The at-
tributes were (a) cost, (b) total travel time, (c) depend-
ability, (d) relaxation, (e) safety from accidents, (f)
time use while traveling, (g) flexibility, (h) seat avail-
ability, (i) safety from crime, and (j) waiting time.

A sample of commuters were interviewed and each
was asked to rate his or her satisfaction with car, bus,
and BART on each of the ten attributes. The relative
importance of the attributes was inferred by examining
these ratings and the relationships between the ratings
and the usual choice of travel mode.

The research was intended to have some immediate
applications as a general diagnostic tool in transporta-
tion planning for evaluating the relative importance of
various attributes that might otherwise be misjudged or

overlooked. Primarily, however, the research was con-

sidered exploratory, the first stage in a multistage re-
search strategy. Applications to quantitatively detailed
planning procedures—such as travel demand forecasting

or cost-benefit analysis—require additional research to
identify policy variables that underlie the attributes iden-
tified as important and to 