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Abstract

When working with micro data on consumer demand, there are many different situations where decisions
involve only discrete choices. In this context, conditions under which an underlying rational preference
structure exists are derived. Moreover, by introducing flexibility into the model, it is possible to identify
nonrationat behavior in the sample.
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1 Introduction

When working with micro data on consumer demand, there are many different situations where _
decisions involve both cortinuous and discrete choices. In particular, in many different situations
decisions are taken sequentially, in two steps. While in the first step the decision is discrete, in the second
step it can be either discrete or continuous. When the consumer decides which brand to select of a
particular good, his choice is discrete, as the consumer prefers to select only one brand at any time.
However, after the brand is selected, the choice regards the mumber of units he will choose to buy.
Therefore, the choice is now continuous. In contrast, there are cases in which the second cho_ice decision
is discrete as well, For mslanoe when the choice is over different brands of an indivisible durable good,
the second choice is also discrete. Other examples of purely qualitative choices can be found on
transportation mode choice literature, as well as on the demand for environinental quality literature.
Discrete/Discrete choice models are particularly well suited for dealing with (hose issues.

Given the nature of the problem, once the first step choice is made, utility only depends on the
price of the cho.sen alternative, and does not depend on (he prices of the remaining ones. This fact

. determines a very particular structure for the uncenditional indirect utility function, that is, piecewise
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differentiable. The conditional indirect utility functions arc the crucial building blocks for the
unconditional indirect one.

It is well established that a utility theoretic framework can be used to develop statistical models
suitable for the analysis of discfcte choices. The purpose of this paper is twofold. First, testable conditions
for the existence of an underlying rational preference structure are derived, in this particular context.
Second, it is shown how a flexible enough spéciﬁcal.ion allows the rescarcher to identify nonrational
individual behavior in the sample.

li is shown in Proposition 1 that if each of the conditional indirect utility functions is well
behaved, given the maximizing behavior of the consumers, the unconditional function is well behaved too.
Therefore, in order to test for the existence of an underlying rational preference structure, one only needs
to focus on each conditional indirect utility function. It also shown in Proposition 2 that the conditions to
be tested are greatly simplified in this context, since the conditional indirect utility functions are defined
in the real line. In particular, monotonicity with respect to prices is a necessary and sufficient condition
for the existence of a well-behaved unconditional indirect utility function.

When the error terms enter additively, the existence of a well-behaved indirect utility function is
either globally rejected or not rejected. In conﬁasl to the additive error specification’s results,’ by allowing
flexibility, in particular, considering the Random Coefficients Model, it is shown that it can be the case
that for some observations, that is, for some individuals, a well-behaved indirect utility function exists,
while for others it does not. Instead of assuming a priori rational in_djvidual choice behavior, a way to

identify nonrational behavior in the sampie is provided.

2 The Discrete/Discrete Random Utility Model

Followﬁng Hanemann (1982, 1984), in the Budget-Constrained Random Utility Qualitative
Choice Model the consumer is assumed o maximize utility #(,) = u(x,q,z, £) defined over x=(x,,
X2,..., Xa}, and z, where x; represents the quantity of good j, for j=1,....n, and z is the numeraire.

Moreover, the utility function depends also on attributes of the x’s, denoted by g=(q,, q,..., G.). The



vty function is assumed to satisfy weak complementarity, X, = 0 -> (9u/ 3 q) = 0, for j=1,..,n, that is,
th.: attributes of a good do not matter unless that good is actually cpnsnnm qu the individual consumer
&=(gy,-.., s.,).is a set of fixed constants {or functions), but for the researcher it is 5 set qf randorm variables
wi.thlsomc joint ¢.d.f. F, (&1,..., &) which induces a distribution on u(.) . | |

FocuSing on the burely q_ualitalive_ utiity maxinﬁzi.ng cﬁoice case, that is, assuming that the
quanﬁties of the x;'s are fixed, the coﬁsponding unooﬁ_ditional consumer’s problem can be stated as
follows: |

Max u(x,q,z.&)
{x.2}

s.t

Spx, +z=y

P _

xx; =0, Viz]

x; =%, or 0, j=1,..n

x; 20, z20.
| Assuming that the consumer has s?lected good j, hi§ utility conditional on uus decision will be
_qenbu:d by #,(.). It follows ﬁ.ai |
if.. =u(0,...0,x,,...0,q,,....9,.V pjx),s) u (xj,qj,z g), forj=1,..
The mmltmg condmonal ordinary demand functions are given by x,() ¥, and
z—z(pj,q_,,y,e) y- ij?J Theoorrespondlngcondluoml mduectuulllyﬁmcuonls
7,(4,,y - p,%; €)=, (x,,q,,z(p,, q;:V:6).6)

where (¥,(.)...., ¥,{(.) ) represent the conditional indirect utility functions. Each V.(). for j=1,....n, is

" increasing in (y_— P;X;).

! See Hanemann (1982, 1984).




The discrete choice can be represented by a set of binary vatued indices &,,...,5, , where S,=1
if 5>0, and §, =0 if x;=0. The choice can be expressed in terms of the conditiona! indirect utility functions

as follows:

Lif vi@;, y-pX.¢) 2 V@, y-pX.e) Vi

é.(p.q.y €)= .
1 (P..5.£) {0 otherwise

is a Bernoulli random variable with mean E {F, } =m, givenby

7, =Pr{v,{q,,y-p%;,6)2 %y PEE) Vit
which can be expressed in terms of the joint c.d.f. of the (n-1) differences of the random terms.

By establishing the relationship between the unconditional utility maximization problem and the
conditional one, the unconditional indirect utility function is obtained as follows.:

V() =¥(p.q..6) = Max {V,(g,,y ~ P.%,.8).. . V. (4., Y ~ P,%,,6))

where V (.}, j=1....n, represents the utility derived conditional on the choice of alternative j, Therefore,
V(p,q,y,¢€ ) is the utility attained by the individual maximizing consumer when confronted with the
choice set (p,. q, ¥). This is a known number for the consumer but for the researcher it is a random variable

with a c.d f obtainable from the assumed distribution for the random terms, F..

3 Testing for Rationality

In the previous section, the general structure of a random wtility pure discrete choice mode! was

~ described. As it is shown below, the conditional indirect utility functions ¥, (). for j=1,....n, are the

crucial building blocks for the unconditionat indirect utility function.

3.1 Basic Results

Proposition 1: Given that each ¥V (q,,y — P;X;,€), for all j=1,..n, Is a conditional indirect utility

JSunction, and that



V() =V(p,q,y.6) =Max {V,(q,.y - P.%,,6),....¥,(4,,Y — P.%,, )}
then, V() is also an indirect utility function. -
Proof: If ¥(_)is an indirect utility function, then it is (i) continuous at all p >>0, y>0, (ii} nonincreasing
in p and nondecreasing in vy, (iii) qua_si-convcx in p, that is, |
vV Ap+(-A)p'.q,y,8) = Maﬁ {V(g,y— pX,&),v(q,y - P'X,£)} .forl all j=1,...,|.i.
and 0<i<l, and (iv) homogeneous of degree zero in (p, y).
(i) Since each of the vV (q,,y — p,X,,£), for all j-—‘l,.f.,n, is continuous so it is V(). TI_“S
follows from the continuity of the composite of continuous funciions.
(ii) By definition, |
W(p.g,y.€) = Max {9,(4,,Y ~ Pr%,,6)r-- Y0 (40, Y ~ P, %, 6)}
Given (i), as v,{(4;.y — p;X,,£)is nonincreasing in p; and nondecreasing in y, for all j=1....n, the
properties of the Max operator allow us {0 extend these results to the unconditional indirect ntil.ity
| function V{(p,q,y,&) .
{iii} Since each Vj(qj,y—pjfj,‘é), for all j=1,....n, is quasi-convex in p, so it is
v(p.q.y.€).
(iv) As ﬁj(qj,y—pjfj,g) is homogenegous of degree zero in (p, y)., for atl j=i,...,n, by
inspection the result follows, that is, V(p, g, ¥, & ) is homogeneous of degree zero in (p, ). [
By Pro;@ition 1 checking on the pf0penies of each conditional indirect utility function, that is,
on cach Vj(qj,y - pjfj.,s), for all j=1.....n, is enough. However, for this particular case, the results

are greatly simplified, as stated in Proposition 2.

iy Proposition 2: As the conditional indirect utility functions are deﬁnéd in the real line, and given

Propasition 1, a necessary and sufficient condition for V(p,q,y,€ ) to be an indirect utility function is

that:



2V.(q,,y-P,X;.£)

7 £0, for aﬂj=!,..,.,n.

i

Proﬁf: As the conditional indirect utility functions are defined in the real line, if they are
monotonic in the respective price, then, they are quasi-oonvéx (and quasi-concave). As, by Proposition 1
~ they are homogeneous of degrbc zere in price and income, then monotonicity in the respecuve prices is a
sufficient condition for each conditional function to be an-indirect utility function. On the other hand,
given Proposition 1, if each conditional indircgl utility function is well-behaved, then it is nonincreasing

in prices. (1

3.2 Flexible Functional Forms

Typically, the majority of the empirical studies have postulated a linear function for each

conditional indirect utility function v, (.) .? and an additive error term ¢;, as follows:

P¥;
Y

‘Tj(qj!y_pjfj’gj)=hj(qj)_ajlog( )+8j

In this case, the simplest and most common assumptions are that either the errors are Weibull
distributed, resulting in a logit model, or normal distributed, resulting in a probit model.

For X, =1, it follows from Proposition 2 that the corresponding condition to be tested in this

case 1s:
OV (q,.y-p,% &) 0w —-a; <0
2 p, . P
. a,
& —=20, j=1,...n
pj

Thus, the conditions required are limited to the sign of o;, which has to be nonnegative. If this is

the case, the data supports the existence of a well-behaved indirect utility function for the whole sample.

? See Braden and Kolstad (1991).



More flexible random utility models ¢as ke genested, LIOIgES] cur.s.. by (D allwing ke
random ciemenls to enter the conditional mdirect ghilily Nactias il dfesat \r‘t]:i,' and (i1 allavhg
variability in the parameters (Random Coefficients Medd).

Focusing only on (i), consider the case in which fiere is pamnete: vasaiior anaorg isd viduals,
that is, a Random Coefficients Model sp.eciﬁczlim On¢ pasi bl¢ SHKE of prianeer hatexogreity has
been viewed in the iiterature as due to stochastic vadafier. In (ks Case, the panacter «; for j=1, . 1, is
not constant across individuals.

Letting o; represent the panuneler .for mdividaal | and s |, be corespeading indnidnal

conditional indirect utility function is as fellows

_ _ P
v.;,'(qu 'S e P;x;‘,gj) = h.rj (Qy) - k]g( y )"’ &,
For X, =1, it follows from Proposition ! tha( the coadition (o be tested in this more flcd bl

case is the following:

7902 PFE) g TS g
Jp, 2
a; ) o
o— x40, 1=1,..,n,1=1,..,mn

|
Therefore, with a more flexible farm for the cond tiony indirect utility fixxciipn it caa be de exe
that for some observations, that is, for some individwals, 5 wd Fhelaved fxciipnevd s, shike fo-ctheis

does not, depending on the sign of o;. Thus, nonral omal bclawio'r caa beidensified inthe saxgie.

4 Conclusions

| One of the goals of applied demand amalysis iy .lo zke welfare evakmtipns £51 policy purpokes.
Wher_l making these welfare evaluations based a te data bl the resoarcder relies an the
neoclassical theory of preferences. In this context, the quest ion to be addreseed is howr ta iegi inate the Lse

of the data in order to have welfare significarce. Foousig on the case of distrett chaice dama, the

? 1t is easy to derive similar conditions for case (i).



+ conditions under which an underlying rational preference exists are derived. These conditions are shown
1o be greatly simplified in this case. Moreover, by introducing flexibility into the mddeL a way to identify
nonrational behavior in the sample is provided. This is ‘n contrast with previous work in the literature, as,

typically, rational behavior is assumed a priori.
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