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In the context of this workshop, the aggregation problem is primarily one of statis-
tical inference for predictive purposes. Classic transportation modeling involves ag-
gregation over geographic zones. = Sample points consist of geographic areas, and the
dependent variables of primary interest are travel flows among areas. Dissatisfaction
with geographic aggregation (and aggregate analysis in general) has grown in part from
the realization that zones are not homogeneous populations and, hence, are not appro-
priate units for aggregation.

Disaggregate, stochastic transportation choice models have developed rapidly in re-
cent years (2 3). These models estimate the probability that an individual traveler will
select a mode, based on characteristics of the traveler, the environment, and the avail-
able choices. Reseéarch in this fiéld has concentrated on improved understandmg of the
travel-choice process and consequent explanation of the effect of changes in choice
characteristics (e.g., level of serv1ce) on travel choice.

As a logical extension, Burnett, in his paper in this Special Report, and others (1, 2,
3, 4) have directed attention recently ‘toward the apphcatlon of disaggregate models fo
pred1ct1on of future travel behavior. ‘The basic problem of aggregation associated with
use of disaggregate stochastic models’ appears at this point: It is the development of a
procedure for expanding individual probability-of-choice estimates to describe travel-
choice behavior of groups.

Disaggregate modeling did not create the problem; it merely makes it explicit. For
example, consider a disaggregate modal-split model based on a nonlinear relation be-
tween the probability of a traveler's choosing mode A and a vector representing a com-
bination of characteristics of the trip by mode A or mode B and the trip-maker—a logit
model, for instance. The traveler's initial position on the curve crucially affects the
sensitivity of his or her response to changes in'the vector of characteristics of the trip
(for instance, a shift in the level of service). Without information about the distribu-
tion of travelers along the logit curve, inferences about the aggregate behavior of a
group of travelers are highly unreliable. The mean value will not do. Suppose half
the travelers were in fact at the 0 to 5 percent probability end of the curve and the other
half at the 95 to 100 percent probability’end. The sensitivity of response for either
group to service changes is, in fact, low; yet, using the mean value of the distribution
would lead to the (1ncorrect5 mference that there was high sens1t1v1ty to changes in ser-
vice. .

By contrast, aggregate models implicitly assume that the travel behavior of each
member of the group can be described by identical linear functions and that the popula-
tion is well represented by the group mean value of the characteristics vector or some
similarly arbitrary assumption. ~ Conventional, aggregate modeling buried the distribu-
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tion problem that disaggregate modeling makes explicit and, therefore, unavoidable.

An additional issue discussed in the workshop, though perhaps somewhat less funda-
mental, is the role of attitudinal variables in explaining travel choice. Traditional
transportation modeling has confined data collection to objective measures of socio-
economic and environmental characteristics of people and transportation systems. Re-
search is currently under way to investigate the potential of attitudinal variables for
predicting travel behavior. Hensher, Golob, and the General Motors Research Lab-
oratories are conducting this research in the expectation that attitudinal variables will
prove to have better predictive power than the other variables in common use. In this
research, there is a problem of separating groups of travelers according to their at-
titudes and other characteristics and of disaggregating so as to maximize between-group
and minimize within-group variance. .

Other aggregation issues, such as the aggregation of trips by purpose, by traveler-
descriptive variables, or trip-descriptive variables, are common to both aggregate and
disaggregate modeling. These issues were largely excluded in the workshop's delib-
erations—a decision made in the interest of limiting the scope of the workshop to man-
ageable proportions and not with the intention of implying that these other issues are
not worth further research and discussion.

PROPOSED TECHNIQUE

The workshop discussed a technique that appears promising for dealing with the ag-
gregation problem made explicit in behavioral models. Workshop members substan-
tially agreed about the outlines of the technique but were divided about what its most
promising application is. One view was that the most promising application of the tech-
nique is for forecasting mode choice with respect to specific, incremental changes in
service levels on parts of a network. The other view was that, properly applied, the
technique might be used for much broader travel demand forecasting.

The approach proposes that the individual be maintained as the basic unit of analysis
and that individuals be grouped to reflect some notion of a (Marshallian) representative
person. This approach contrasts with the traditional aggregation interpretation where
grouping by physical zone changes the basic unit of analysis (from the individual to the
zone). Aggregation in the traditional approach may be viewed as a hierarchical order-
ing of horizontal layers in which an individual belongs to one of the mutually exclusive
elements of the set that constitutes each layer. For example, an individual resides in
a town, which in turn is located in a county within a state. The ordering may be viewed
graphically as follows:

region
subregion
physical zones
individuals

By contrast, individuals in the proposed approach are aggregated only into those
subgroupings that are meaningful with respect to the question at hand. The groupings,
for example, might be according to attitudes, to socioeconomic strata, or to some other
probably nongeographic attributes. An individual, accordingly, may become part of dif-
ferent population subgroups for different purposes.

The selection of the individual as the basic decision unit, rather than the household,
is based on the premise that the individual maximizes utility (or some other function)
subject to household constraints. Household decision-making is somewhat more nebu-
lous and perhaps less appropriate to analyze. To illustrate this, consider the impor-
tance of having information on the number and availability of cars in a household. Al-
though such information may be useful in determining the total number of trips made by
the household, the picture changes when individual trips are considered. Choice of mode
by an individual for a particular trip may be constrained by the availability of an auto-
mobile for that particular trip, which in turnis a function of previous decision-making
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by other individuals. It is possible that individual utility maximization may lead to
household utility maximization, but not necessarily. In any case, the individual, having
been identified as the basic decision unit, should be maintained as this unit at subsequent
stages of travel-choice modeling.

The immediate advantage of the proposed approach is that it should permit consider-
ation of the influence of household variables on the individual and the influence of vari-
ables directly related to the individual on the household choice process. By contrast,
adopting the household as the unit of analysis excludes an important aggregation problem:
summation of individuals within a household. There is little evidence to suggest that
there is any more homogeneity between members of a household with respect to certain
relations (e.g., convenience of mode or cost with number of trips) than there is between
individuals of entirely different households.

Grouping along socioeconomic, nongeographic lines requires no further explanation;
the variables used are familiar ones. Attitudinal groupings, however, are somewhat
less familiar. Examples of attitudinal variables that might be used in grouping are as
follows:

1. Importances people place on the characteristics of means and opportunities for
travel in making transportation-related decisions (such as automobile ownership, resi-
dential choice, trip timing and frequency, mode and route choice, and destination choice);

2. Perceived satisfactions with characteristics (attributes) of existing travel means
and opportunities;

3. Awareness of the existence of various means and opportunities;

4. Predispositions to react in certain ways to various stimuli; and .

5. Stated intentions to behave in certajn ways to changes in other of their attitudes
or to changes in the supply of opportunities or means.

Automatic interaction detection was cited as a computer technique useful in deter-
mining "best'" groupings of representative individuals. The need for the grouping tech-
nique (whatever technique may be selected) can be described mathematically as follows
(1). Let us assume we are able to estimate a model of the general form

P“ =f[{Ej}, {Llj}, [QJI] (1)
wherg

Py, = probability of individual j choosing alternative i,

f0) = function of the enclosed terms,

{E,} = vector of environmental characteristics facing j,

{L,} = array of service characteristics for all available choices facing individual j,
and

{Q,} = vector of the characteristics of individual j.

Such a model may be in the form of a single mathematical expression or a set of ex-~
pressions applying to different groups of individuals. It would be a simple task to es-
timate N; by the relation

N, = Z, Py, @)

if it were possible to predict all of the relevant variables as observed or perceived by
each individual. Short of this, a more realistic procedure is to group the population
according to population groups that are consistent with the included characteristics,
compute the mean or central values of each of the characteristics for each group, and
obtain the overall estimate from

N = zJNJPu (3)

where
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N, = number of individuals in group J, and
P,, = probability choice structure of individuals in group J.

Travel behavior prediction based on a disaggregate mode-choice model requires, in
addition to a model of the general form specified in Eq. 1, a population distribution
forecast model that assigns proportions of the population to subgroups described by the
characteristics of group members. Various means can be developed for population dis-
tribution forecasting. At the least, the distribution could be assumed to be identical to
the present one or, alternatively, related to means in the same way at present. Either
of these assumptions is at least as good as the implicit assumptions contained in ag-
gregate models.

Once the disaggregate mode-choice model and the population distribution forecast
are developed, specific issues can be studied by the following technique. (It is at least
theoretically possible to apply the mode-choice model from a different but reasonably
similar area rather than to develop a new model for each region studied.)

1. For each zone of interest, apply the disaggregate choice model to a representative
individual from each population subgroup identified in the population distribution model
to estimate the probability of the selected choice, e.g., use bus, for members of that
subgroup;

2. From the population distribution forecast model, estimate the number of persons
in each subgroup; and

3. Multiply the probability of the selected choice for members of each group by the
number of persons in each group and add up over all of the groups to estimate the total
number of persons choosing the option studied.

An alternative application of the disaggregate model is based on the assumption that
attitudinal variables will be found to be closely associated with, for example, socio-
economic characteristics. In this application individuals would be first identified by
characteristics and then surveyed to determine whether their travel patterns made the
use of a proposed new facility probable. (In the approach described in the preceding
paragraphs, geographic location is likely to be one of the initial criteria for selection
of "representative'" individuals.)

Consider the planning questions revolving around the design of a line-haul transporta-
tion facility within a single corridor of a metropolitan area. First, population subgroups
are defined on the basis of the multiplicity of behavioral, socioeconomic, environmental,
physical, and attitudinal criteria addressed through the classification technique de-
scribed above. Suppose that these groups were found to be differentiated primarily
with respect to a subset of data available from census data sources in interaction with
some variables concerning attitudes and existing behavior. Then, the geographical sub-
region census data would be statistically processed to allow identification of these data,
and a second succinct survey (perhaps a telephone inquiry) would be designed to gain both
the key attitudinal and behavioral data and the subset of trip patterns under study. Fi-
nally, point-coordinate systems would be used to derjve inferences for the total popula-
tion of interest, i.e., those in certain subgroups residing or working in the subregion.

In theory, this approach could be used on an areawide basis as well as for investiga-
tion of problems like the single line-haul facility. However, considering the develop-
mental nature of the initial applications, subregional studies are judged more appro-
priate applications for the present. An important advantage of the proposed technique
is that it permits focusing only on certain population subgroups and eliminates the need
to formulate predictions for total populations.

It is granted that the procedures described will be difficult to apply in practice. Com-
promises will have to be made that introduce bias and error. Nevertheless, the final
result, once expansion to regionwide predictive models occurs, will be an aggregate
model that is more accurate than existing models, is sensitive to changes in service
and population characteristics, and allows the magnitude of bias to be estimated. Such
a result will justify the effort necessary to continue development of both the underlying
disaggregate models and aggregation procedures outlined here.
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SOME NOTES ON THE DATA QUESTION

One of the charges to the workshop concerned data requirements for modeling pro-
cedures discussed above. Data on travel behavior, socioeconomic characteristics, the
travel environment, and attitudes are being collected in various ways now. One of the
data problems is that at present the appropriate questions for attitude data collection
are not the subject of general agreement. By contrast, the travel behavior and socio-
economic data are generally standardized and have been for a number of years. Re-
search is under way to refine attitude data collection procedures. The two issues to be
resolved are (a) which attitudes are to be measured and (b) how they are to be measured.
The object of the research is to achieve a reasonable degree of consensus on the set of
attitude questions to be asked—much in the same way that present home-interview sur-
vey questions have been standardized.

Finally, the workshop noted that disaggregate methods of travel forecasting should
not be promoted as promising data collection requirements substantially lower than
those of conventional aggregate techniques. It is possible, but not necessarily true,
that data requirements may be reduced. A far more likely outcome is that a researcher
will confront a trade-off between data collection requirements lower than present ones
but with models yielding the same level of accuracy as present aggregate techniques
and data collection requirements as substantial as present ones but with models yield-
ing higher levels of accuracy. At least the possibility for the trade-off will exist with
further development of the disaggregate models.

ATTITUDINAL MODELING IN PERSPECTIVE

The workshop felt that attitudinal research should be put in proper perspective to
avoid the charge of having ignored existing and relatively valid techniques. It currently
appears that the inclusion of attitudinal data, along with socioeconomic, environmental,
and other objective data, will yield better predictions of travel behavior than those that
can be achieved by excluding attitudinal data. This, however, is a hypothesis currently
under investigation. It is possible, for example, that a consistent one-to-one mapping
between some set of objective characteristics and attitudinal variables in individuals
will be found. Should this be the case, a decision on which data to collect should be
made on the basis of explanatory and predictive ability. It is also possible that atti-
tudinal research may prove useful in predicting changes in behavior over time—to the
extent that those changes are associated with predictable changes in attitudes in the
population.

DIRECTIONS FOR FURTHER RESEARCH

Some of the directions for further research suggested by the workshop have been
foreshadowed in the discussion above. Among the areas recommended for near-term
research are the following:

1. Theoretical argument supporting the case for development of aggregate models
based on the ability of disaggregate choice analysis to capture behavioral effects and to
take account of changes in the distribution of the population among subgroups;

2. Selection of methods of population classification consistent with their reference
to change in environmental characteristics;

3. Selection of a standardized set of attitude questions;

4, Analysis of the effectiveness of alternative classification schemes, which includes
(a) selection of variables and their groupings and structure and (b) comparison of classi-
fication of individuals by individual characteristics directly to spatial units and of a 2-
stage regionwide classification and spatial distribution procedure;

5. Analysis of the question of one-to-one mapping between attitudes and socioeco-~
nomic characteristics;
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6. Development of overall measures for error and bias based on the errors involved
in both the classification and behavioral description portions of the model structure;

7. Reduction of gaps between explanatory and predictive powers of models through
selection of appropriate aggregation techniques, in conjunction with disaggregate model-
ing techniques, aimed at demonstration of the ability to forecast travel behavior through
application to zones not included in the original model development; and

8. Comparison of the effectiveness of models based on aggregate and disaggregate
analysis.

Completion of these tasks appears to be a requisite for further development of ag-
gregate models based on behavioral analysis. Furthermore, it will provide a basis for
trading reduced error and bias for increased development cost. Ultimately, the set of
models selected for general use will be those that have the most desirable combination
of cost, ease of use, and sensitivity properties.
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