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Abstract

The consideration set represents the subset of alternatives that individuals evaluate when choosing
becomes impractical when facing a large number of options, a challenge that is common to various
transportation models of route or schedule choices. Since this set is latent to the researcher,
explaining it adequately is crucial for achieving consistent parameter estimation in discrete choice
models. While theoretically robust methods to construct the consideration set are often impractical,
existing practical approaches lack theoretical foundation. This article aims to bridge that gap. This
article provides a theoretical basis for constructing consideration sets using historical or cohort-
based choices, leveraging data from passive sources such as mobile phones, travel smart cards, and
credit card records. Building on McFadden's sampling of alternatives theorem, the study establishes
the necessary conditions for consistent estimation of model parameters when using this historical
cohort approach. Specifically, it demonstrates how assumptions of behavioral, consideration, and
attribute invariability can link the latent consideration set problem to the sampling of alternatives
problem, enabling consistent parameter estimation. Monte Carlo simulations illustrate the effects
of varying sample sizes, the impact of correction methods, and the consequences of assumption
violations. Additionally, a variation of Chamberlain's fixed-effects model is proposed to address
scenarios where attribute values and choice probabilities vary over time. Practical
recommendations are provided to balance the trade-off between data recency and stability of
assumptions, offering a robust framework for latent consideration set modeling in diverse
applications.
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1. Introduction

The consideration set is the reduced set of alternatives that individuals actually evaluate when
choosing among large options becomes impractical. The consideration setis latent (not observed)
for the researcher and needs to be properly explained in order to achieve the consistent estimation
of the parameters of a discrete choice model. Theoretically coherent approaches for the researcher
to construct the consideration set are impractical, while the currently available practical methods
lack theoretical support.

A practical approach is to form the consideration set from previous (or historical) choices
of the same individual, or from choices made by a cohort of individuals who were faced with
similar choice situations. Today's passive data sources, from cell phones, travel smart cards, credit
cards, or loyalty records, make it possible to have the kind of data needed to build the consideration
set in this way, making it an attractive method to use.

This article proposes a theoretical basis for the historical cohort approach by establishing
the necessary conditions to achieve consistency in the estimation of model parameters, through the
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reinterpretation of the sampling of alternatives theorem (McFadden, 1978). In addition, Monte
Carlo tests are provided to illustrate the findings and practical recommendations.

2. Formulation

To explain the problem, consider a random utility model (RUM) configuration in which the utility
Uin that an individual n obtains from alternative i can be written as the sum of a systematic part
Vin and a random error term ¢in, as shown in Eq. (1)

Uin :Vin_'_gin :V(Xiniﬁ*)—i_gin’ (1)
where Vin depends on xin attributes and population parameters S*.

Then, if ¢in is distributed iid Extreme Value I (0.p), the probability that n chooses the alternative
i will correspond to the Logit model shown in Eq. (2), where Cn is the true consideration set of Jn
elements from which the individual n selects an alternative. The p scale in Eq. (2) is not identifiable

and is therefore usually normalized to 1.
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Now suppose that the true consideration setCn is latent to the researcher, but that the
researcher can observe the individual making R choices from the set Cn in past instances. The
researcher is interested in modeling the choice that occurs in the R+1 instance. To do this, build a
practical consideration set (or a sufficient set in Crawford's (2021) words) that includes all the
alternatives that were observed in the previous R instances, plus the alternative chosen in the R+1
instance, if it was not already included. Other sufficient sets of this type may be possible. These
observations could correspond to choices of the same individual or, assuming some kind of group
homogeneity, choices made by different individuals who faced the same choice situation. For
example, Arriagada et al. (2021) use, in a public transport route choice model, the choices made
by other individuals travelling in the same pair of ODs of stops and in the same period.

Let us now consider a different (seemingly unrelated) challenge, which was originally
addressed by McFadden (1978). In this case it is assumed that the individual can handle the true
full consideration set C,, but instead such a set is too large to be processed by the researcher in

practice. This is solved by constructing a reduced practical set D, < C, for estimation, using some
conditional sampling protocol to the chosen alternative. Formally, 7z (D, | j) it corresponds to the

conditional probability that the researcher will sample a reduced set D,, given that alternative j
was chosen by individual n. Under this scenario, McFadden (1978) showed that by maximizing a
pseudo-log-likelihood, using the probabilities of choice shown in Eq. (3), consistent estimators of
the population parameters can be obtained [*.

evin+|n 7(Dyli)

#(i|D,)= W 3
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The virtue of the pseudo-log-likelihood described in Eq. (3) is that it depends only on the
alternatives of the reduced set D, , transforming a problem of possibly millions of alternatives into
one that has only a few. In addition, the resulting model has a closed form that corresponds to a
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simple Logit model with an alternative correction term Inz(D, | j) that only depends on the

sampling protocol. This result is maintained thanks to the I1A property of the Logit model, but was
extended to more flexible models such as MEV (GEV), Logit Mixture and RRM, by Guevara and
Ben-Akiva (2013 a,b) and Guevara et al. (2016), respectively.

The link between McFadden's (1978) problem of sampling alternatives and the latent problem
of the consideration set requires making some assumptions of invariability. First, if it can be
assumed that the behavior of the choice and the consideration set do not vary across R +1 choices,
past choices could be understood as samplings with replacement of the true, but latent,
consideration set.

Thus, the process of generating data for the latent consideration set problem can be interpreted
as an estimation problem and the sampling of alternatives studied by McFadden (1978). To this
end, the sampling protocol in this case will correspond to sampling by importance with
replacement, in which the sampling probability of each alternative corresponds to the probability

of choice P, (i|C,,r) in instance r.

This result is based on two assumptions of invariability throughout the instances r. The first is
behavioral invariability, in the sense that the pattern of choice behavior is the same, and the second
is that the consideration set does not change. These assumptions seem easy to sustain in the case
of historic elections, if past elections are "recent enough" not to be prone to contextual or behavioral
changes. Instead, these assumptions may be more difficult to sustain in the case of cohort choice,
but they do not seem implausible.

The problem that remains is to determine the sampling correction needed under this
configuration, which is not trivial, not only because of the form it takes, but also because it depends

on the probabilities of choice P, (i|C,,r), which depend on the unknowns C, and . To solve

this dilemma, we need to make an additional assumption.

Sampling correction can be very complicated depending on the protocol considered. McFadden
(1978) explores four cases to show some practical examples in which neglect of this correction
results in inconsistent estimators. This effort is later deepened by Ben-Akiva and Lerman (1985;
Ch.9) and later refined by Ben-Akiva (1989). Among other cases, this last work derived the
necessary correction for the following sampling protocol: Sample with replacement R times of the
set of all alternatives C with selection probabilities g, wichqj =1, and add the chosen

jeC
alternative if it was not already sampled.
This protocol is closely related to the latent considerations set problem studied in this article,

but in order to apply it, we need to add a third type of invariability assumption P, (i | r) =P, (i) = q
, which would be achieved if the attributes do not vary throughout the past instances of choice. In
this case, the necessary sampling correction will correspond to Eqg. (4), where n; is the number of

times that alternative j was chosen in R+1 instances.

. n, R! N n,
ﬂDr‘IlI:—I— Pn J ! :—IK ’ (4)
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The assumption of attribute invariability is likely to hold for models based on supermarket data
for sufficiently recent periods in which attributes will not change significantly. However, the




Guevara 4

validity of this assumption may be more debatable in models based on transport data, which are
prone to everyday variability in, for example, travel times unless the choice is considered to be
made considering average times, which should be more stable.

Note now that the term K, = LJ_[ P.(j)" on the right of Eq. (4), although complicated

!
[Inio

jeD
and dependent on P, ( j), does not depend on alternative i, and can therefore be omitted from the

analysis, since it would be cancelled out when considered in Eq. (3). Furthermore, as the number
of instances passed R grows, the sampling error of the empirical probability will fade away, n;/R

it will get closer to the choice probability P, (l) resulting in the entire sampling correction in Eq.
(4) not being dependent on alternative i and therefore canceled out in Eg. (3) and can be ignored.

H ni ~ ni _
z(D,i)=K, 10 Ko o R KyR (5)
Moreover, it is not really necessary for R to be large for the correction to cancel out in the face
of invariability in the probability of choice and, therefore, the estimation in the usual way results
in consistent estimators. In fact, for each individual n it is necessarily true that

P(i|C,) = — =1t

jeby, '

where ?it is a constant that does not vary between alternatives, for each individual. In this way,
replacing (6) in (5) must

”(Dnli):KD :¢KD (7
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which does not vary between alternatives, and therefore, cancels out, even when R is very small.

Therefore, the historical cohort approach to the problem of latent consideration sets will achieve
consistency if the assumptions of behavioral, consideration, and attribute invariability are met.

As is often the case, this involves compensation. For example, on the one hand, it would be
advisable to construct a set sufficient with options recently enough to meet the invariability of the
set of behavior, consideration, and attributes, but also with options old enough to ensure a good
approximation of the probability of choice. How and when a sufficient set will adequately meet
these conditions should be analyzed on a case-by-case basis.

The article also studies the possibility of establishing a correction, even for the case in which
the attributes, and then the probabilities of choice, change throughout the instances, for which a
variation of the fixed effects model of Chamberlain (1980) is proposed.

3. Monte Carlo Experiment

The article uses Monte Carlo evidence to illustrate the impact of considering different R's,
different approaches to accelerate correction, and the impact of failure of different assumptions.

This Monte Carlo experiment is designed to test methods for investigating the impact of using
historical choices to construct the consideration set in choice models. The study is based on a logit
model with 1000 individuals and three explanatory variables, examining scenarios with 100 total
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alternatives and a consideration set of 10 alternatives. The variables are analyzed under both fixed
(X fixed) and variable (X variable) conditions, breaking the invariability assumption. The analysis
compares models considering all alternatives, the true model, and those with varying the number
of historical choices.

Results are evaluated through boxplots of estimator ratios derived from 100 experiments and
an assessment of the coverage of the consideration set. This approach aims to explore the
implications of using historical choice data on the performance and validity of choice models.
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Figure 1: Monte Carlo Analysis (X fixed, X Varia ble)

When the consideration set is replaced by the universal set (as in the All model or Homo
Economicus approach), the results demonstrate poor performance. Variance is notably reduced
with the historical-consideration model, but this reduction does not hold when explanatory
variables are variable. In scenarios where X is fixed, the model performs well even with as few as
5 historical choices, displaying large variance but no bias. However, when X is variable, the model
introduces a bias that diminishes with the historical-choices approach, but only if the coverage of
the consideration set closely approximates the true consideration set. This highlights the sensitivity
of the model to variable explanatory data and the importance of accurately capturing the true
consideration set.

4. Conclusion

The consideration set problem remains unresolved, but the historical approach demonstrates
concrete advantages. Under reasonable assumptions, the proxy set can be interpreted as a subset of
the true set, offering a transparent and interpretable framework by treating the problem as a special
case of alternative sampling. This approach is consistent with unlabeled alternatives and performs
well empirically in both simulated and real data scenarios. In the labeled case, the method works
effectively under the invariability assumption. Despite these strengths, challenges remain:
improving the solution when explanatory variables are variable and understanding the effects of
using cohorts in the analysis. Addressing these challenges will be crucial to advancing methods for
consideration set modeling.
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