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Models based on the application of disaggregate behavioral theories and 
concepts to travel demand modeling are outlined, and problems associ· 
ated with their application are discussed. The basic hypothesis of these 
models is stated, and the inference of values of time from mode choice 
and route choice models is seen to greatly depend on the accuracy and 
adequacy of the models. A number of methodological and conceptual 
problems are posed in the achievement of these objectives. A basic prob
lem that demands attention is the determination of how the hypotheses 
on which the mathematical techniques are based relate to the hypothe
ses of choice behavior. An empirical analysis and evaluation of the logit, 
probit, and discriminant analysis techniques and their underlying mathe
matical assumptions have revealed the problem of determining a basis for 
comparing models from different statistical techniques. The importance 
is stressed of establishing statistical validity and confidence in the coef
ficients of the model variables and of ensuring that the interpretation of 
the coefficients is not made on the basis of extrapolating the results be
yond the range of data. Comments are made on the behavioral interpre
tation of the coefficients, the time difference coefficient, alternative 
methods of dealing with user characteristics, and impurities relating to 
other differences among the modes or routes. The problems of the spec
ification of the models for different treatments of trip segments are dis
cussed, and operational problems associated with theoretical model 
structures for applying logit analysis to a multiple-choice situation are 
reviewed. 

The basic rationale for deriving values of travel time 
from travel demand models lies in the assumption that 
such models reveal the preferences of travelers and 
therefore indicate the trade -offs among different trans
portation system attributes. Specifically, if measures 
of both time and cost of travel by alternative modes, 
routes, or destinations are included in a model of travel 
demand, then the rate of substitution of time for money 
can be determined. However, the majority of travel de
mand models (21), developed in connection with major 
urban transportation studies, have been inadequate for 
inferring time values because of either lack of any sys -
tern characteristics or the inclusion of only cost or only 
time. 

In attempts to develop more accurate, more respon
sive forecasting models, a number of models have been 
developed recently, based on the use of explicit time and 
cost variables, particularly for the mode choice element 
of the travel decision process. The models, within this 
general approach, that appear most applicable for the 
derivation of travel time values are based on the applica-
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tion of disaggregate behavioral theories and concepts to 
travel demand modeling. With one major exception (23), 
the models developed on this basis have been mode choice 
models (12, 14, 15, 19,27). It is the basic model, typified 
by these,t hatistheprimary concern of this paper. 

GENERAL STATEMENT OF MODELS 

The basic hypothesis of these models is that potential 
travelers choose their modes or routes of travel by con
sidering the relative efficacy of the available modes, 
scaled by the individual preference functions of the poten
tial travelers. It is also assumed that the frequency dis
tribution of probabilities of choice of any mode or route, 
over a total population, is symmetrical and asymptotically 
approaches zero for very large negative and very large 
positive values of the total preference function or stimu
lus (Figure 1). The distribution of cumulative probabil
ities therefore follows a sigmoid curve from zero at very 
large negative values of the total preference function to 
unity at very large positive values (F igure 2). 

The first operational problem that must be resolved, 
in building models that obey these theoretical statements, 
is to determine a mathematical function that behaves ap
propriately. A curve such as that shown in Figure 2 
could be estimated by a piecewise linear procedure. 
However, such a procedure requires that arbitrary limits 
be set on each part of the linear relationship, and this is 
most likely to lead to a high degree of arbitrariness in 
the relationship determined. A number of nonlinear 
mathematical relationships do exist, however, that yield 
a symmetrical sigmoid curve or an approximation thereto. 
Among these are probit analysis (5), logit analysis (2), 
and discriminant analysis ( 6). The problem with apply
ing any statistical technique to a hypothesized relation
ship is that the statistical technique may impose con
straints or assumptions on the process being modeled. 
These constraints and assumptions may or may not be 
consistent with the underlying assumptions and hypothe -
ses of the process being modeled. For instance, probit 
analysis requires that the probability distribution be a 
normal distribution; however, discriminant analysis as
sumes the probability distribution to comprise a combi
nation of two overlapping normal distributions. A more 
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detailed discussion of these techniques is to be found 
later in this paper. 

All of the mathematical techniques mentioned so far 
have in common the possibility of using a linear formu
lation for the preference function of an individual and 
provide estimates of the probability of an individual 
making a specific choice. In discriminant analysis, the 
discriminant function is assumed to be a linear function 
of user and system characteristics. In probit analysis, 
the probit, or upper limit of integration of the normal 
distribution, is similarly assumed to be a linear function, 
and the logit function may be assumed to be linear (al
though this is open to choice by the analyst). In general, 
then, the preference function for any of these techniques 
may be represented as 

n m 

F; = Cl'.0 + L a,Si; + L ~q Uq; (I) 
t==l q=l 

where 

Su= tth system characteristic of a travel mode 
for individual i, 

Uq; = q th user characteristic of individual i, 
F 1 = preference function of individual i, and 

a and f3 = coefficients to be estimated. 

In equation 1, the user's scaling of mode or route alter -
natives is assumed to be represented by the term 
I::=, {30 Uq;, An alternative, which will be discussed 
later, would be to assume that the values of a are func
tions of Uq; and that the values of f3 are all zero. 

In models of the general type of equation 1, when Su 
includes relative costs and times of travel for two modes 
or routes, it is possible to infer values for travel time 
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savings. This can be illustrated by taking a simple form 
of the function F I in equation 1 and by using cost and time 
differences for the relative measures: 

(2) 

where 

tk; and tm; = travel times by alternatives k and m for 
the i th individual and 

c.; and Cm;= travel costs by alternatives k and m for 
the i th individual. 

From equation 2, it is possible to infer a value of 
time from the rationale of investigating the changes in 
F I that result from a unit change in either the time or 
cost difference. Thus, a unit change in the time differ
ence will cause a change of 0'.1 units in F 1. The same 
change in F I could be produced by a change of a1/ 0'.2 units 
of cost. Hence, a value of time may be inferred as a1/a.2. 
For example, if 0'.1 is 0.05 and D'.2 is 0.0125, with costs 
measured in cents and times in minutes, then in this 
simple case, 1/4 min saved is equivalent to a 1-cent ad
ditional cost outlay, or 1 hour saved is worth $2.40. 

Alternatively this function could be rewritten to give 
a combined cost and time difference for the evaluation 
of F 1. Hence, 

(3) 

In equation 3, the factor a.ii D'.2 may be regarded as the 
conversion factor to allow costs and times to be added 
together. It therefore represents the monetary value of 
a unit of time. Regardless of the addition of further 
variables in the formulation of F1, this inference of a 
value of time may still be drawn. 

Since the coefficients determined by model calibration 
are for the total sample population and are not specific 
to each individual, it can be stated that a unit change in 
the cost difference has , on the average, an equivalent 
effect to a change of a.1/ 0'.2 units of time difference. This 
average equivalence is based on observed behavior of 
choices among modes and routes and results in the esti
mation of an average value of travel time savings. It is 
most unlikely that this average value of time will be the 
marginal value of time savings for any individual. The 
sample population used to build a model such as equa
tion 2 will generally include three groups of travelers: 
those who (a) make trade-offs between costs and times, 
(b) choose a logical alternative that is both faster and 
cheaper, and (c) choose an illogical alternative that is 
slower and more expensive. Only the first of these 
groups provide useful information on positive time values, 
and these are marginal values only insofar as the actual 
available trade-offs allow. (For example, a person who 
gives up a possible cost saving to obtain a time saving 
will provide the analyst with an estimate of value of time 
that is less than or equal to his or her marginal value of 
time; however, the person who makes the reverse deci
sion provides a value of time that is greater than or 
equal to his or her marginal value of time.) 

The major issue here is whether the desire is to ob
tain marginal values of travel time savings or average 
values [ this problem is raised by Harrison and Quarmby 
(7), but is not resolved] . The issue clearly depends on 
the uses to which the time values are to be put. Gener
ally, time values are mainly used in travel demand 
models and in economic evaluation, as discussed by 
Reichman and Stopher in papers in this Record. When 
applied to travel demand models, an average value of 
travel time savings would probably be acceptable, pro
vided that the mix of traders, logical choosers, and 
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illogical choosers was approximately the same as in the 
situation in which the time values were inferred. How
ever, if the application called for estimation of travel 
behavior under circumstances that offered different 
trade-off opportunities, use of an average value of travel 
time savings would probably lead to erroneous predic
tions. Similarly, in applications to economic evaluation, 
newly created time savings form a major part of the 
benefits of a potential project. Under these circum
stances, it would appear that marginal values of travel 
time savings should appropriately be used. Since com
parisons of marginal and average values of travel time 
savings have not been made, one cannot assert how se
rious these problems are or state that average travel 
time values should not be us·ed for evaluation or travel 
demand forecasting. However, it is clear that the aver
age travel time values derived from choice models must 
be used circumspectly and with an understanding of the 
possible inappropriateness of these values. 

However, note that the values of 0'1 and a2 will depend 
on the sufficiency of the specification of the model and 
also on the accuracy of measurement of the parameters 
in the model, the values of S,; and U0 ;. Both measure
ment and specification errors will lead to erroneous 
values of a1 and 1X2 and, hence, to an incorrect value of 
travel time. Furthermore, the error variance of the 
ratio a1/ a2 will be a complicated function of the error 
variances of a1 and a2, particularly if a1 and 0'2 cannot 
be assumed to be statistically independent. 

To illustrate this problem, one may consider a sim
ple (and possibly unrealistic) case in which ai and a2 are 
assumed to be random, uncorrelated variates (i.e., the 
covariance of a1 and 1X2 is zero) and in which the ratio is 
assumed to be normally distributed. In such a case, the 
variance of the ratio ai/a2 is given approximately by [the 
variance when cov(ai, CX2) is nonzero is given elsewhere 
(!!., p. 232) ]: 

(4) 

where V(a1) and V(CX2) are the variances of 0'1 and a2. 
Using the previously assumed values of a1 and a2 and as
suming the variances of the coefficients to be 0.000 02 
for a1 and 0.000 002 for a2 give the variance of the ratio 
a1/0'2 as V(aJCX2) = 0.78, approximately. Under the nor
mal distribution assumption, one would obtain 95 percent 
confidence that the true value of travel time would lie be
tween about $0.60 and $4.20. Clearly, such a range of 
values is excessive. Yet the error variances in 0'1 and 
a 2 provide t-scores for the coefficients of the order of 
8. 5; these are clearly significant well beyond the 99. 9 
percent confidence point and define very narrow confi
dence limits for the coefficients. Hence, it is probable 
that the error variances of m and a2 will have to be much 
smaller for a significant value of the ratio aJ a 2 than is 
needed for satisfactory fitting of the basic relationship 
of equation 1. 

Two observations are in order here. First, it is not 
at all clear that the assumptions made in the above illus
tration are tenable. Rogers, Townsend, and Metcalf (18) 
show the value of travel time distributions for five values 
of time. In all cases, the distributions are skewed, thus 
placing doubts on the reasonableness of the normality as
sumption. Lianos and Rausser ( 13) showed that, p1·0 -
vided E(a1) J O and E(a2) J 0, the underlying distribution 
of a 1/ a 2 can be determined and will probably have deriv
able moments; this permits the computation of a variance 
but does not necessarily provide a basis for determining 
confidence intervals ( 11). 

Second, note that, notwithstanding the extent of the 
theoretical errors of estimation of values of travel time 
savings, the actual estimates produced by the various 

studies have been remarkably close. Most studies have 
provided estimates of commuter travel time values that 
range between 20 and 40 percent of the wage rate for 
most income groups and that represent dollar values of 
between $1. 75 and $3.50 per hour of commuter travel 
time in most cases. These average travel time values 
clearly lie well within the confidence limits suggested 
by the above example. However, this may suggest that 
apparent systematic variations in travel time values 
with income are spurious and coincidental. Certainly, 
no investigator has explicitly reported thus far on any 
detailed analysis of the statistical significance of time 
value variations across income groups. This is clearly 
a potentially useful research topic that could yield sig
nificant information. 

In summary, the inference of values of time from 
mode choice and route choice models greatly depends 
on the accuracy and adequacy of the models; as yet, this 
form of modeling is still in its infancy. It poses a num
ber of problems that need to be addressed so that the 
time values resulting from this type of analysis will be 
less subject to question than they are at present. The 
remainder of this paper details a number of these prob
lems and suggests some possible research that might 
lead to their successful solution. 

METHODOLOGICAL AND CONCEPTUAL PROBLEMS 

Mathematical Technique 

As previously noted, the types of models that are most 
responsive to the inference of time values are probabi
listic, disaggregate models that have been constructed 
by using probit, logit, or discriminant analysis. One 
of the major differences between this type of modeling 
process and the more conventional travel demand model
ing is that the underlying basis of these probabilistic 
models is a hypothesis of the choice behavior of an indi
vidual. This results in more efficient use of data and 
tends to lead to the construction of more statistically 
reliable models. Furthermore, the disaggregate models 
have almost exclusively incorporated measures of both 
time and cost, thereby permitting an analysis of revealed 
trade-offs. [The primary instance of an aggregate 
model that included both times and costs is the Traffic 
Research Corporation model (9), but this used ratios 
and therefore does not supply a single estimate of an 
average value of travel time. l Since the primary pur
pose of this paper is to discuss how values of time have 
been derived from travel demand models and not how 
they could be derived, the derivation from aggregate 
models is not discussed in detail here. Suffice it to say 
that there appears to be no a priori reason why aggre
gate models should not be used as a basis for deriving 
values of travel time. However, it does seem likely 
that such models will be more seriously affected by sta
tistical significance issues and the averaging effect on 
the derived values. 

The basic problem is to determine how the hypotheses 
on which the mathematical techniques are based relate to 
the hypotheses of choice behavior. This problem has so 
far not been tackled in great depth within the context of 
travel choices. It is perhaps worthwhile to note some 
of the issues that are encountered in tackling this prob
lem; these, in turn, form the basis of possible research 
to resolve the problem. 

For the most part, the hypotheses on which each tech
nique is based do not appear to be unreasonable but do 
differ significantly. Although hypotheses can be proposed 
on the choice process of an individual, information on the 
actual choice process is insufficient for clear judgments 
to be made regarding the appropriateness of such hypoth-



eses and the applicability of the mathematical techniques 
per se. Therefore, methods must be devised for com
paring the results of the applications of the three tech
niques, and all the mathematical assumptions underlying 
the techniques must be fully investigated and evaluated 
against the observed properties of the individuals whose 
choices are being modeled, 

An initial empirical analysis of this type has been at
tempted (22) and has clearly demonstrated some of the 
problems that arise in such an empirical task. The 
major problem that arises is determining a basis for 
comparing models derived from different statistical 
techniques. This problem, and some solutions to it, 
are discussed in detail elsewhere (22) and will not be 
repeated here. The results of that research suggest 
that discriminant analysis is somewhat inferior to pro
bit or logit analysis, and that the latter two are statis
tically indistinguishable in performance. However, 
these results are based on restricted data sets and can
not be assumed to be generally applicable. The proce
dure used in that work (22) to compare the mathematical 
techniques does appear,however, to be useful for gen
eral application to other data sets. Additional develop
ment of comparative techniques would, however, be 
considerably beneficial for resolving the question of 
mathematical procedures for model building. 

Meaning of Coefficients 

Since the probabilistic, disaggregate travel demand 
models are based on a hypothesis of choice behavior, 
attempting to place behavioral interpretations on the 
coefficients of the model variables (values of a and f3 
in equation 1) does not appear to be unreasonable. Ef
fectively, the inference of a value of time from these 
models is such an interpretation. This specific inter
pretation will be treated in more detail in a later section 
of this paper. 

Before any interpretative statements are made about 
the coefficients, the statistical validity and confidence 
in these coefficients must be established. Care must 
be taken to ensure that the interpretations are not made 
on the basis of extrapolating the results beyond the range 
of the data. Until knowledge of the entire modeling pro
cedure is radically increased, extrapolations outside the 
range of data used for calibration must be fraught with 
dangers, particularly since confidence that the model 
accurately reflects the underlying choice process is cur
rently unestablished. 

Little can be said at present about the behavioral in
terpretations of the coefficients of transportation system 
attributes other than time and cost since the development 
of models that incorporate further terms is still a matter 
for future research. However, some researchers have 
attempted to include comfort or convenience indexes ( 12, 
2 9). Interpretations of such coefficients will also de --
pend somewhat on the mathematical technique adopted 
for model building and on the solution to other problems 
dealt with later in this paper. Since general results have 
not yet been achieved for attributes other than time and 
cost, interpretations of other coefficients will not be 
discussed here. One of the major problems of concern 
is the inclusion of user characteristics in the model and 
the way in which they are included. 

In many cases, the travel demand models discussed 
here have entered user characteristics as additional lin
ear variables, as shown in equation 1. This is effec
tively a statement that the time difference coefficient 
is a linear function of income. The linear form of in
clusion is effectively a behavioral assumption that the 
choice is based on system characteristics by themselves, 
with the addition of an individual bias. This bias is the 
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additive value of the user characteristics in the model. 
However, an alternative assumption is possible that, in 
many ways, appears to be more intuitively satisfying in 
terms of behavior. This assumption is that the weights 
( coefficients) attached to each of the system characteris
tics will depend on the user characteristics. In other 
words, an individual bias is assumed to exist on the im
portance of each system characteristic rather than on 
the final choice. This form of assumption can be rep
resented mathematically as follows: 

n 

y = Clo + ~ ci;s, (5) 
t=l 

where 

a{= f(U1, U2, ... , u.) and 
y = general preference function, such as probit Y and 

log G(X). 

In a few instances, alternative methods of dealing 
with user characteristics, notably income, have been at
tempted. A number of studies (4, 8, 12, 25) have entered 
income as a multiplicative term -with time difference. 
The use of such a product term is a restricted version 
of the second assumption, discussed above, since it as
sumes that one coefficient is a function of one user char
acteristic. It is interesting to speculate why income 
should, in these applications, be considered to affect the 
weighting of time differences only, and not cost differ
ences. The rationale appears to have been one of at
tempting to evaluate directly an income-dependent value 
of travel time savings. Inclusion of income in more 
than one variable may conceivably generate serious in
tercorrelations among the variables, thereby leading to 
poor estimations of the model coefficients. For elimi
nation of this problem, data may be stratified by income, 
and separate models built for each of several income 
groups (8, 19, 22). Significant differences occurred 
among all coefficients over the different income groups 
except in Hensher's data (8), where small stratum popu
lations led to large standard deviations on the coeffi
cients and relatively poor curve fitting. 

Clearly, these two alternative assumptions have ex
tensive implications on the meanings attributed to the 
coefficients of the system characteristics. 

There is, however, one element of the model that is 
largely unaffected by such assumptions. This is the con
stant term ao, For interpretation of the meaning of the 
constant, a possible functional form may be considered. 
Let 

n 

y = Cl0 + ~ [ci,(S 11 - S12 )] (6) 
t=J 

and assume a logit model of the form 

(7) 

If choice depends on the differences in mode or route 
characteristics, then two modes or routes with the same 
system characteristics should yield a 50 :50 split, i.e., 
P2 = %. Inspection of equation 7 shows that when P2 = %, 
y = 0; this will only occur with identical system charac -
teristics if ao is also zero. If ao is not zero, then iden
tical system characteristics give rise to a value of P 2 , 

such as 

(8) 

Hence, the constant term ao represents the bias for or 
against the second alternative (equation 8) on grounds 
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other than the specified system characteristics. It may 
be proposed, alternatively , that y is given in terms of a 
linear function of both user and system characteristics: 

n m 

y=a0 +L [ai(Su-S,2 )] =L /JqUq (9) 
t= l q=l 

In equation 9, O'o has two possible interpretations. If 
user characteristics are fully specified , then O'o has the 
same interpretation as before. If user and system char
acteristics are both only partially specified, then O'o will 
represent the bias for or against an alternative com
pounded both of individual bias and the effects of non
specified system characteristics. It is clear therefore 
that the constant term has no bearing on the value of 
time or on the meaning of any other coefficient. 

However, incomplete specification of the model will 
affect the value of the coefficients of time and cost and 
also the constant term. Certain elements of comfort 
and convenience are most probably time dependent, e.g., 
standing may be acceptable for 5 min but is unlikely to 
be so for 30 min. If comfort and convenience variables 
are not specifically included, then some part oi the 
choice variance associated with the time-dependent com
fort and convenience attributes is likely to be included 
in the travel time coefficient. Since some of these com
fort and convenience attributes will be likely to vary not 
only by mode but also by time of day and direction of 
travel, the inference of a single value of time from such 
incompletely specified models is of somewhat dubious 
value. The theoretical analysis of de Donnea (4) pro
vides an additional reinforcement to this argument and 
clearly demonstrates that a true value of time can only 
be derived from a fully specified choice model. 

These considerations of comfort and convenience will 
also apply to route choice models, in relation to time
dependent attributes of comfort and convenience between 
alternative routes. Although past route choice deriva
tions have explicitly assumed that only cost and time 
differences exist between toll roads and free roads, 
there are probably comfort differences also, some of 
which will be time dependent. 

The danger of lack of specification in the choice 
models is that the value of travel time derived will in
clude impurities relating to other differences between 
the modes or routes. The presence of these in the es
timated value of travel time will then have serious and 
important implications regardless of whether the value 
is used in other demand models, or as part of an eco
nomic evaluation procedure. 

There is some extensive controversy surrounding the 
idea of a true or pure value of travel time. It is gener
ally accepted that different travel activities generate dif
ferent utilities. For example, waiting probably has far 
less utility than walking, which, in turn , probably has 
less utility than riding in a vehicle (7, p. 3). However, 
waiting in a bus shelter probably has a different utility 
than waiting on a street corner or in a subway station. 
Thus, the utility of the time spent in an activity depends 
on the activity content of the time and the circumstances 
under which it is consumed. A number of studies have 
divided time by activity content (14,29) , but no studies 
have addressed the circumstances fri"'which the activity 
is carried out. Furthermore, the segmentation of travel 
time does not address problems such as the difference 
between waiting for a vehicle transfer and waiting for a 
demand-actuated vehicle (e. g., taxi, dia l-a-bus vehicle), 
where this is the sole mode of travel for a trip. 

The existence of a pure value of time is a subject for 
philosophical debate. However, there are a number of 
parameters associated with the utility of travel time 
that should be explicitly recognized and taken account 

of so that values of travel time can be derived that can 
be applied under different travel circumstances. Seg
mentation of travel time will partially achieve this . 
Quantification of convenience and comfort may provide 
some, or all, of the balance of the required information. 

The initial research for this problem is to determine 
means of including, explicitly in the models, variables 
describing attributes such as comfort and convenience. 
This requires, first, the derivation of some form of 
mathematical expressions for various comfort attributes 
of travel modes and routes and, subsequently, the de
velopment of models that include these attributes, inso
far as they are important to the decision-making process. 
Methods of marketing analysis and psychometric scaling 
techniques appear to hold out the greatest promise for 
proceeding toward this goal. 

Trip Segmentation 

The majority of trips made in an urban area comprise 
several segments. Most commonly , transit trips com
prise three segments : access to the transit facility , line
haul, and egress to the final destination. In relation to 
values of travel time, the problems that arise here are 
principally two: how to build a mode choice model for 
such a situation and the implications of this trip struc
ture on the value of time. 

This paper will not discuss at length the options for 
handling trip segments in mode choice models [a number 
of alternatives are discussed elsewhere ( 17) J; it will fo
cus on the specification of the models for different treat
ments of trip segments. As discussed in the preceding 
section, problems arise mainly when the models are not 
fully specified. Trip segments may be handled by divid
ing up the times and costs between the segments, e .g. , 
access, egress, and line haul, or by taking line-haul 
times and costs only or by using an average overall 
travel time and cost. Under each of these alternatives, 
with incomplete specification of the system attributes, 
different values of time will be obtained. Quarmby (14) 
found considerably different values of travel time for
overall travel time and excess travel time (e .g. , walking 
and waiting). Other researchers have similarly found 
different values for different pairs of modes ( 19), and 
work in Chicago has yielded different values oTiime for 
each of walking time, waiting time, and line-haul time. 

Again, problems arising from alternative treatments 
of trip segments can be resolved by full specification of 
system variables. This includes not only measures of 
comfort and convenience but also complete specification 
with respect to the separate segments. A treatment 
using only line -haul system characteristics or only ac
cess and egress characteristics probably would yield in
flated or deflated time values because of the lack of 
specificity. 

Measured and Perceived Mode Attributes 

An important consideration in formulating behavioral 
mode choice models is the relation between objective 
and subjective estimations by the traveler of the system 
characteristics. Objective values are those values that 
are determined by engineering measurement, although 
subjective values are those values perceived by the (po 
tential) traveler . The difference between objective and 
subjective values of, say, travel times or travel costs 
arises from two sources. One is inadequate informa
tion about, or experience with, alternative modes. With 
inadequate information or experience, people will, to 
make choices, fill in the necessary judgments subjec 
tively. Obviously, this may bear little relation to ob 
jective reality but is nevertheless the basis on which 



choices are made. Another is a bias that persists even 
with adequate knowledge of the alternatives. By defini
tion, this bias is a stable preference function. 

It is obvious that, for both predictive validity of the 
model and valuation of travel time differences, the for
mer process is most critical since it may be assumed 
that any effects of a stable preference function may be 
resolved by a simple linear transformation. In fact, 
model calibration achieves this. The problem caused 
by lack of information is that a priori there is no way of 
knowing how these deviations from objectivity are dis
tributed nor at what rate learning modifies the subjec
tive values to make them approach objective ones. Ide
ally, if the distribution of subjective values around ob
jective values of the system is normal, the errors will 
sum to zero. Alternatively, a consistent relationship 
may exist between subjective and objective values. 

Since time values, inferred from behavioral mode 
choice models, are derived from the coefficients of time 
and costs in the models, the primary concern for accu
racy of the time values will arise from the traveler's 
comparative knowledge of these two parameters. It is 
clear from the work of Watson (28) that research is 
needed to investigate the biases and patterns of random 
estimates of mode and route attributes. This may ini
tially be undertaken by building travel choice models on 
the basis of objective measures of mode attributes and, 
subsequently, by investigating the unexplained variance. 
A large unexplained variance for the model would be in -
dicative of a large, and therefore important, random es
timation element in subjective values of mode attributes. 
It is not yet clear what research effort might then be 
needed to analyze and measure this random estimation 
element, assuming it is measurable. 

Variations in Value of Time 

The discussion in this paper has referred to only one 
time value or to one that might vary according to the 
relative disutility of certain trip segments, and to as
sume that only one value of time exists seems implau
sible. Currently, several different studies have sug
gested that the time spent on the journey to work is 
valued at about one-quarter to one-half of the wage rate. 
On the other hand, vacation travel appears to be valued 
at between % and 1 % times the wage rate (26). To hy
pothesize that the value of travel time will vary with trip 
purpose therefore seems reasonable. Such values can 
probably be obtained by studying travel choices for the 
various trip purposes and calibrating models to explain 
the choices. However, the traditional breakdown of trip 
purposes used in current transportation studies (3) may 
not necessarily be the ideal set to permit identification 
of the most pertinent travel time values. In carrying 
out studies of non-work-trip travel choices, considera
tion must first be given to hypotheses of variation in 
travel time values and model formulations as the basis 
for determining the most appropriate strata for trip pur -
pose. 

The stability of time value with trip length or with 
time savings is also of concern. First, most of the 
probabilistic models developed so far use time and cost 
differences and have been calibrated on relatively short 
trips (usually <t h). The hypothesis behind the use of 
differences is that time and money savings or expendi
tures are valued the same whether they are obtained on 
a 10- or 60-min trip. There is good reason to suppose 
that this hypothesis does not hold for long trips and that 
the value of time and cost savings will be modified by 
the total outlay of time or money involved on a long trip. 
For example, Watson (29) found that travel time differ
ence divided by total journey time was more effective 

for his intercity study than simple travel time differ
ences. 
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In addition, the values of time determined from pres
ent travel choice models have been determined for a 
relatively small range of time differences (generally, 
from 5 to 20 min), and the stability of the values by time 
saving and the validity of extrapolating values to smaller 
or larger time savings beyond the observed range have 
been the subject of relatively little research (25). This 
problem requires further research but, by itsnature, 
also requires a much larger data set than has generally 
been available in the past for probabilistic travel choice 
modeling. Extension of the range to smaller time sav
ings may be potentially very troublesome, however. By 
the time one is considering values of time savings of less 
than 5 min, the time savings involved appear to rapidly 
approach the point at which they no longer affect travel 
decisions. Furthermore, reported time values are gen
erally accurate only to the nearest 5 min and thus pro
vide the analyst with insufficient information to investi
gate the effects of very small time savings. Hence, es
timation of the value of time for small time savings is 
likely to be subject to considerable random variance. 

CONCLUSIONS 

This paper outlines the basic methods of inferring values 
of travel time from travel choice models and discusses 
a number of the problems that arise in this application. 
In general, little research is in hand to determine the 
solutions to these problems. 

Most of the problems discussed have as much bearing 
on the production of valid travel choice models as they 
have on the production of valid travel time values. As 
such, it appears that a major research effort on the 
building of probabilistic, disaggregate travel choice 
models is one of the possible ways to resolve the prob
lems of travel time evaluation. Both the travel time 
values and travel choice models from this approach 
would be considerably useful to decision makers in eval
uating alternative transportation plans. 
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