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1. INTRODUCTION

In this paper, we examine the possibility of testing the
rational expectation hypothesis from simultaneous observations of
some variables y and of their expectations y*. Such a direct
 approach has been coﬁsidered By several authors (see the joint

references).

These authors study in general the formation of
inflationary expectations from the Livingstone series. The main
advantage of a direct approach is that it does not require an
a priori model connecting the variables to theirﬁexpectations H
therefore, the tests which will be introduced are model-free

(or non parametric, in the usual statistical terminology).

The test procedures are related to the kind of data
which are available ; in particular, a great number of observations

are obtained from tendency surveys and are qualitative.

The definition of the optimal prediction for qualitative
variables and the determination of the associated tests of the

R.E hypothesis constitute the major part of our contribution.

Since Muth [1961], an expectation is said to be rational
"if it is the same as the prediction of the theory". This optimal
prediction is usually defined as the best approximation of y based
upon an "information set" ZJ, in the sense of the minimum mean

squared error. In the sequel this optimal prediction will be denoted

by £ (y/3).

n . . . ; . *
The gquestion is : are the observed expectations y
compatible with the above rationality ? To answer this, we have to

test the null hypothesis :

=134 : y* =8 (v



This hypothesis and the associated test procedures will
be discussed for different kind of quantitative or gualitative
variables in the following sections ; more precisely, in section 2,
we consider the definition of the optimal prediction%iy/j). In
general, this prediction is not a conditional expectation (this
explains the notation §) : in particular, optimal prediction and
conditional expectation are not the same when the variables are
qualitative. This is due to the fact that y* have to satisfy some

constraints, for instance to only take the values O and 1.

Some testable characterizations of the hypothesis H are

given in section 3.

In section 4, we examine the associated test procedures.
The data are in general indexed by individual and/or by time. In
the case of serial data, the usual Studenf's test of a=1 in the
model : Yy, = a ys + u, cannot in general be used and we propose

another test procedure valid for individual as for serial data.

An usual underlying assumption is the joint stationarity
of the processes (y,y™ . We show that the proposed test procedure

is still valid without the stationarity of the means.



2. OPTIMAL PREDICTIONS

2a. Definition

Let us consider a set of knowledge (L, and a problem of
prediction of a K dimensional vector y = (yl,...ny. A set of
information % is a family of random variables with values on R
obtained from QL : a'=¢ ((L). The setwﬁ'can be interpreted as the
set of the possible predictions of y when the knowledge is Q..

The optimal prediction, denoted byxg(yAﬂ), is defined

as a solution of the optimization problem :

K

(1) Min  E [y-x 1% = §‘ E (yk-xk)2

xe?j =T

Such a solution exists and is easily obtained if the information set
ﬁ is of scme particular forms : for instance if ffis a closed vector
space (in the sense of the norm VE||. H )y, if J is a closed convex
set, or if g'only contains elements whichare indicator random
variables. As it will be seen, these partlcular forms are well

adapted to the different kinds of available data.

2b. Quantitative observations

The simplest case arises when the variable to be
predicted is qqantitative. In this case, it is usually assumed
that the information setff is a closed vector space of square
integrable random variables. The optimal pfediction of y is then
the brthogonal projection of y onff. It is characterized by the

orthogonality conditions :

(2) E ry - é(y/\’])]’fx =0 for all x ¢ ﬁ

Different forms may~Be considered for the information
set and are associated with different optimal predictions. To
cast some light on this point, let us assume that the variable

to be predicted is indexed Ey time : y = Yip1s and let us
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i
denote = St the information set at t.

(i) if Bt is the set of all square integrable functions
of present and lagged’values of y : Yer Yo qeecev the information
sets increase w1th time and the prediction of the theory is the

conditional expectatlon given Dt
. Y
(ii) If ﬂt is the set of linear combinations of L,yer

\ : . f 3 : (1)
Y¢_1---+ the optimal pred1ct10n‘f(yt+1/3t)
regression of Yiy1 OB Yo

is the linear

Yig--

(iii) If 3t is the set of linear combinations of
l,yt,yt_l;..yt_p, the information sets do not increase with time.
The information does not contain the observations with a lag
strictly greater than p : the order p may be seen as a measure
of the memory.

(iv) 3 may contain variables which are not past values
of y. An 1nterest1ng case occurs when J is the set of linear
combinations of Yy an t 1Yt the predlctlon of Ye taken at t=-1l. In

this case, the optimal prediction is of the following form :
€y, 1/9) =ay +b_ v
Y1/ de Y t-17t
It corresponds-to the adaptative scheme if:a+b =1, a > 0, b > 0.

In the case of simultaneous observations of actual and expected
values indexed by the time, we assume some regularity for the
sequence of the information sets. More prec1se1y, if U is some

set of variables indexed by t, can be deduced from j by the

t+1
shift of one unit in the index of these wvariables ; this condltlon

is in particular satisfied by the previous examples.



2c. R.E. hypothesis on the distributions [ Lucas (1972)]

The variable to be predicted is often qualitative. The
predictions for such a case depend upon the. constraints on the
answers. These answers can be probability distributions (in this
sectioh) or qualitative responses (in the next section). For
instance, the respondents may not be questloned about the value of
Yy ¢ R, but about the expected probabllity for thlS variable to
‘ take a value between ap_1 and ay where the 3y k=0...K, are

given values :

ag = -® <a; ... <a < a, = +e
The variables to be predicted are in fact the qualitative variables,
given by :

1 if y € B =[ ak—l’ak[

O otherwise

for k = l,..-'K.

K
Since kJ Ak = R, and Akf“Ag =@ for k # &, the random
k=1
K
variables zk's satisfy : E 2, = 1.

The eipectations'zﬁ (k=1,...K) of the variables
2. (k = 1...K) can be regarded as probabilities on the finite
set {1,...K} :
K
(4) o < z; < 1 for k=1,...K, and j;_ ZE = 1.
k=1



The formulation of the survey's gquestion imposes in this
case these constraints on the z;‘s. Therefore the information set
can only contain elements satisfying these constraints . By

analogy with the gquantitative case, it is natural to define 9 by

(5) V= {x = (xl,...xK)";xk € 3 ; O < Xy < 1l for k=l,...K
K
—

k=1
where J is a closed vector space of random variables on R, and is
such that jg#ﬁﬁ. This fofm foreﬂ simbly means that the respondent
has the same information éet 3 as for quantitative response on vy,
but that he must constrain his answer to satisfy (4).
N K
Since X € 9 for all k, and ZE: X, = 1, we notice
k=1

L d

that 1 ¢ 1.

~

The information set 3 is the intersection of a closed
vector space and of the simplex and is in particular a closed

' s s . . 2
convex set. Therefore, the minimization problem : Min B |z=x ||
}@I‘

has a solution.

g(Z/;‘}) = (E(zy/), ... € (z,/3)) vhich is a.s unique.

2d. Qualitative prediction

. * _

In the previous example, the prediction(zln--pﬁb does not
take its wvalues in the same set as the variable z = (zl,...zla which
is to be predicted. This latter constraint can be imposed to the

answer : this case is particularly important in practice.

In tendency surveys, for instance, the respondents: are
questioned about the expected direction of change for some economic

variables. They have to choose a single alternative among answers.
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of the following type : "the variable is eXpected to go up", "the
variable is expected to stay the same", "the variable is éxpected

to go down".

As in the previous section, the variables to be predicted

are qualitative ones :

lifyeAk
z=(z,,...2,) with z, = 1 (y) =
1 K k Ay O otherwise

K

where V)
k=1

Kk = R and Ak n Al = ¢ for k # 2

To the closed vector space representing the informatigon set for
quantitative response, we can associate the o-field 0(3) generated
by J. The information set | will be defined by :

(6) ) = {x=(x1,...xK); x, =1 . for k = 1,...K ; B, « o (1)

J By =R, B n B = 4 for k # 2}
k=1

Therefore, a possible answer is such that Xy = 1 for k = kO’
and x, = O otherwise. Such an answer corresponds to the choice of the

k
alternative ko.

In this context, we are now discussing the existence of an

)

optimal prediction.

Progertz 1

Let us denote By P[Ak/3]4 the conditional probability of
A, given o ().

* * * {
X = (xl,...xlg where

1 if P[Ak/"jl& Max

P(a./¥)
X, = j#k ]

{ O otherwise

. \ o x . ' . 2
is a solution of the minimization problem : Min E|| z-x||
%
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The optimal expectation behaviour consists in choosing the
alternative which has the greatest conditional probability. It has
been dmplicitly assumed that the maximum of the P[‘Aj/ai was not
attained for several different alternatives ; however, property 1l is

e (2)

easily modified in such a case

Proof of property 1

K
We have : E |lz-x|| 2 _ E ELCI, - I 12
k k
k=1
K
=201 - E 1 1, 1
. A B
=1 k k

K K
N _ . a
) E (nAk ]lBk)— B (B, JlBk/'.l))—
k=1 k=1
K.,
- G Py
- k
k=
K
= E EZ JlBk P(a, /ML
k=1
It is easily seen that the variable ZE: lB P[Agﬁﬁ is maximm if
=1
B, = {P(a,/3) >Max P(a,/f)}
k 3 S#k 3

Q.E.D.
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3. CHARACTERISATIONS OF HYPOTHESES H

3.2 A lemma :

Let us comsider the hypothesis H = (3% e¢1 : v =E (y/:j)}
where I is a family of information sets and y*is the observable

prediction of the variable vy.

.Lemma : If there exists a smallest elementﬁj(y*Y of I, containing

y*, the three following propositions are equivalent.

(1) 37 eI : v* =E tyP3)
(i1) E ||y = v*11% < E ||y - x|]? for all x «’5(y*)
(1i1) y" =€ [y/ * (v*)"

Proof :

(1) = (ii) sincegﬁ(y*) cjj, we have : E ||y - y*llz =
Min E ||y - %I % < ||y - x|| for all x &3 (y%)
% el]

(1i) (iii) :-Since E ||y - y*[[® < Min  E ||y - x||?

X e9j(y*)

and y* e’S(y*), we deduce that : y* =€[Y/"3(y*)]
(1ii) =(i): Take T= "y *)

3.b Duantitative response

As seen in section 2b, a natural family I° to be considered
in the quantitative case is the family of the closed vector spaces.

For expository convenience we assume that y is unidimensional

Property 2 :
- There exists ")« I, such that v o= E(y/*) if and only if :
Ely -y) vy =0

Proof :
The smallest closed vector space generated by y* is :
%3 (y") = {a v', A €¢R}, and the orthogonality condition E(y - y*)y*= o]



- 10 -

is necessary and sufficient for having y* = ?(y/‘ﬁ(y*)) Q.E.D.
Therefore, the characterisation simply leads to the
usual condition of orthogonality of the prediction y* with the

*
forecast error y - y .

3.c R.E. hypotheses on the distributions

The expectations are constralned to be probability dis-

tributions and a natural family I to consider is .

K
f;o= 3 =(35,=(xl'“"xk)"xke‘%;:oskaI’Zxk:x)
wherepj €I, k=1
Property 3 :
If the prediction z” of z = (zr,,z ) 1s such that

less sup zk-l for all k = 1,...K, the hypothesis H = Bi}el z =
giz/ﬁ)} is satisfied if and only if :

* * * * A _
E z, (zk - 2z,) B oz (zj - zj) for all j, k = 1,...K.
Proof :

(i) The smallest element of T, containing z" is the

closed vector space generated by the components zk, and then, it

is the set of all linear combinations of these components.

Therefore, the elements of%)(z*) are of the form-:
K

. - *
X = (xl,..., xK) with xj = E Ajk Zy s xjk ¢ |R.
=]
K

The constraints xj 2 0 for all j, E xj = 1, and

i=1

the assumption:ess. sup z; = 1 for all k, imply that for all j, k :
K

< . =
0 < Ajk 1l and E Ajk 1.

j=1
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Conversely, if these conditions on the A's are satisfied,
K K

K K K: K
_ * - \ * * s
= E Xjk 2% 2 0 and ->- xj , Z xjk 2y 2y jk
k=1 j=1 = k=1 k=1 j=1
K
*
= z z, = 1.
k=1

Therefore, _1;he set-fJ(z*) is given by

‘ K
.
= ) 5 ox, = g %y
x = {xg,000,%) x:,l = 5k 2k
¥ =1
K
\ with AijOand E )\jk=1for all j, k = 1...K
=1

{ii) From Lemma (3.a), we deduce that the hypothesis
H is satisfied if and only if. z*=¢(z/ﬂj(z*)), that is if the
x

N
= Z .

optimization problem Min E ||z - x| |2 has a solution x

xz‘gJ(z*)
This problem is :
K K
Min E E (z, -g A, 25)?
A J jk "k
j=1 k=1
( o< Ay S 1forall j, k = 1,..., K
K
s.t. {
Ajp = 1 k = 1,...,K
, d=l

- - t A . ) ¥4 .)

K
_>_ E (25 - Z Mk %k
k:k=j

2

Min S(A) =
A

j=1 k:k=j
s.t. -Osxjk51foralljzk
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Since the objective function is a convex function, the
first order Kiihn-Tiicker's conditions are necessary and sufficient,

z" corresponds to A° = (Agj =1, ng = 0 if j = k), and is solution
of the problem if and only if

B 1

9 ‘
——— S(A)i >0 for all j = k = 1,...K.
- Ak Ix =20

. * * ~ * _ *
or equivalently : E'zk (z, - z,) 2 L_zk (zj z3) for all
k, 3 =1,...K. Q.E.D
For instance, in the case of two alternatives, the
conditions are

E'z; (2 - z;) >0

EZ; (22 - Z;) > 0

3.d Qualitative expectations

In this case, z and z* are gualitative and the probability
distribution of {, zs can be summarized in a theoretical contingency
table (pjk), where pjk is the probability that zj = 1 and
zl = 1.

™
We consider the family I, of the information sets of the

Progertz 4 :

~
There exists 3 Ei; such that z = ?(z/ﬁ) if and only if
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for all k = 1,...K, p z Max p,
; ’ r Prx jek ik

Proof :
’ ~
From Lemma i3.al we know that ﬁ is satisfied if and only
if : 2" =L (z/% (z*)), where *3(2z*) is the smallest element of To
containing z”*. Using property 1, it is easily seen that the optimal
prediction % = ©(z/”3 (2*)) is such that, for all kx =1,...K with

*

z, = 1l :
~ . *
By =1 if P(z5 = 1/z, = 1) >.¥§x.p (zg, = 1/z, = 1)
l 2]
R; =0 if P(zy = 1/z; = 1) <.¥ax.P (z50= l/z; = 1)
J =23
(if there exist .several indices jl...jp such that
%* * ~ ~ R
P(zjl = l/zk =1) = ... = P(sz— 1/zk'= 1), (le,..., xjp) is any
permutation of (1,0..., 0)). b
Since for all j,k: P(zj = l/z; = 1) = jk these

5=1

%*
relations can be expressed in terms of pjk’ Finally Zy is an optimal

prediction if and only if :

for all k =1,..., K pkk 2 Max Piy Q.E.D.
»,jzk J

We can note that these rationality conditions are different
from the conditions which are intuitively to be supposed for having
more often right predictions; these conditions are:

P(z*

x = /z = 1) 2 Max P(z; =1/2z =1)

j=k
or equivalently : g 2 Max .
P kk P k3
j=k

The concept of rationality impljes the comparison of
the probabilities of a same column, and the idea of right predictions

implies the comparison of the probabilities of a same row.
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3.e Testing from qualitative observations the R.E. hypothesis

written for the latent quantitative variables

The qualitative variable to be predicted is often defi-
ned from a quantitative variable. In the simplest case, the pos-
sible answers arevgg yp" and "go down". The observable variable
is

1 ify >0

0O otherwise

where y denotes the modification of the latent quantitative varia-
ble.

In the previous sections, we have considered the RE
hypothesis on the qualitative variables z : % = 6(2/3).

Another rational prediction behaviour of the respondent
is to optimaly predict the latent variable by y,:§’(y/5) and to

1 if 9> 0

answer ; 2 =

0 otherwise

This hypothesis can be written as :

/I})={39jelo, z”

*
2

1 if 9= E(y/%) > o}
O otherwise

]

where 16 is the family of all closed vector spaces, The new
difficulty is that the quantitative variables are only known
through their signs and it is easily seen that the necéssary
and sufficient condition for the RE hypothesis to be satisfied :
E(y - §)9§-= 0O can not be written in terms of their qualitative
counterparts z and Z.

In such a case, it is necessary to transform in:some
way the qualitative data z and Z into quantitative ones.

. Bmony the various procedures introduced in the litera-
ture two are very often used. The first one consists in replacing
the observations "go up" and "go down" by scaling values. In the
second one, the quantitative variable associated to a set of
qualitative individual observations is the "balance" defined as
the difference between the number of responses "go up" and the

number of responses "go down".
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These conversion procedures can be easily criticize ,
but our aim in this section is to study the implication of the
R.E. hypothesis when these conversion procedures are considered
to be the right ones and to compare the associated constraints on
the probabilities with those obtained in the previous section 3.d.

In the sequel, we only condider the case of two alterna-

tives. We assume that the theoretical contingency table at time t

is :
(¢} 1
o) p p
00, t 0l,t
1 P P
10,t 11,t

(i) conversion by scaling technic [ANDERSON (1952) ]
{PESARAN-GULAMINT (1982)].
We assume that there exist a < O and B = O such that :

.
Yip = ¢ if Z;p F 0]
Yig = B if Zip = 1
1
* N * _
Yig = @ if z, = 0
* . * .
L Yig = B if Zip = 1

s * * . . .
The condition : E(yit - yit)yit = 0 is equivalent to :

or to : p Ol,t‘B - pio,t a =0



- 16 -

Therefore, the R.E. hypothesis can be written as :

{

p
A0t independent from t 1

P
o1,t

and is easily tested from the observed frequencies.
Independently from the simplicity of the conversion
procedure, which assumes the existence of the scaling values and
their time invariance, it is interesting to remark that the
expression of the R.E. hypothesis only depends upon the crossed
probabilities. Contrary to the case of qualitative predictions

considered in 3.4, the only important expectations from a statisti-

cal point of yiew are the erroneous ones.

(ii) Conversion by balance(6)

If the observed frequency table is (pij t) the balances,
’
defined as the difference between the proportion of 1 and the

proportion of O, are :

-~ - -

J By = P1o,e * P11,t ~ Poo,t ~ Poi,t

-~ -~ -~

t = Pol,t ¥ P11,¢ T Poo,t ~ Pio,t

The R.E. hypothesis written on the quantitative variables

B is : E;(Bt - B:) B; = O for all t, and is equivalent to :

Elp1o,t = Po1,¢) Plpo1,¢ ¥ Pr1,¢) - 1) =0

Asymptotically, when the sample size at time t tends to

infinity, this condition becomes :

(Po,t = Po1,¢ 20y ,¢ * Pry,e) - 1] =o

f

p
or equivalently : 1 —10,t

l 1
=1 or Po1,t t P11,¢ ~ 3
Po1,t J

With a completely different conversion method, we find
P
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, s . ; . P .
again a condition of time invariance of EQELE, as in the previous
subsection. 10,t

4. TESTS OF THE HYPOTHESIS H

Once the hypothesis H has been expressed in mathematical
terms, the test procedures are easily deduced. We only have to
test by classical approaches either equalities for the quantitative
case or inequalities for the qualitative ones. However we ywould like
to insist on two points.

On the one hand, the data are in general indexed by
individual and by time. In a first approach, they can be considered
as individual data or as serial data, and the treatment of the
disturbances heavily depends upon the kind of dimension which is
considered.

On the other hand, for serial data, if the predictions
are unbiased, the test procedures are valid without assuming the
joint stationarity of the processes (y, y*).

We will essentially discuss these two points for the
quantitative case. The test procedures obtained for this case are
easily transformed for treating the. qualitative cases(3), by using
classical general results on test of inequalities [see for instance
CHANT (1974), CHERNOFF (1954), NUSCH(1964), GOURIEROUX-HOLLY-MONFORT

(1982)].

4.a Test of the R.E. hypothesis from individual data

*
In this section, we consider panel data on y and y for

a given date t_ : (y., , yf ) for i = 1,..., n and we assume
o] 1t0 1tO
that the individual observations are i.i.d. rhe R.E. hypothesis at
the individual level is characterized by the condition :

E(y. S * = o.
(ylto yito)ylto ©

As it is well known, this conditions can be easily tested

by writing the linear model :

*

Yig = a yito tou i=1...n
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and by ﬁsing the classical student statistic associated with a = 1.
This test is valid for individual data since under the null the
disturbances u;, are uncorrelated with all the expectations
y;'to' i=1,..n2

As we shall see in the next section, this latter condition
is not general satisfied for serial data, and therefore, contrary
to the usual practice [TURNOVSKI (1970), FRIEDMAN (1980), BROWN-
MAITAL (1981), LEONARD (1982), PESARAN-GULAMINI (1982)], the student

statistic can no longer be used.

4.b Test of the R.E. hypothesis for serial data under the stationa-

rity assumption

The R.E. hypothesis can also be considered for the
n

n
(4) * * )
aggregate data P Yy T Yigr Yy = yit and is :
i=1 i=1
{ S)yr =0}
H = {¥t : E(yt - yt)yt =0

If we assume the joint stationarity of the process
{Ely, - y*)y* = 0} and a test
T t t'ft

(yt, y:), the hypothesis becomes : H

1
can be built from the empirical mean: — E (yt - y;)y:. Under the
T
T t=1
11, th "l;( Dys i ically (in T)
null, the statlstlc{g yt - yt)yt 1s asymptotically (in
t=1

normal with zero mean and with an asymptotic variance given by :

4+ o
' . *_ ok * *x -
Q=) v where : y(h) = E [(v, = YO vy Wepn = Yeun) Yeand
h=w=oo
This asymptotic variance is consistently estimated by
+o0 KT
replacing the infinite sum E by a finite one E and the expec-
h=~w h=-K

T

tations by the empirical means [see FULLER (1976)]. Therefore, the
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statistic £ defined by :

T
[Z (v, = vp)ve)?

=1
?-|h]

* * ( * *
-lhl Ye = Y)Yy eyppg - Ye+|h|)Ye+|n

k—-K

has asymptotically a xz(l) distribution.

If £ is greater than the upper a point Xo (l) of the
X (l) distribution, the R.E. hypothesis is rejected. It is not
rejected otherwise.

This test procedure is different from the usual one

which consists in writing the linear model :
*
Yy = a vy, +ug, t=1,...,T

and in testing the hypothesis H by the student statistic associated
with a = 1. This procedure is not in general valid in the serial
case ; in effect, under the null, the disturbance L e A is
uncorrelated with yz ; it may be uncorrelated with the past
expectations y ., J > 0 if the information sets are increasing
with tlme(s). Bu% it is in general correlated with the future
expectations y:+j, j > O therefore, the usual formula for the
variance of the OLS estimator of a, and the test based on the usual

student statistic &re not valid.

4.c Test of the R.E. hypothesis for serial data without assuming

the stationarity

The assumption of stationarity is rather strong. However,
it can be replaced by a weaker assumption, if the expectations are
unbiased : we assume that each of the processes Y and y; can be
decomposed into a deterministic part and a zero mean random sta-

tionary component :

Y f(t) + u
t=1,...T

g(t) + v

a
1
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where (ut, Vt) is jointly stationary, E u, = E v, 0.

(i) Let us first consider the test of unbiasedness :

M = (vt Eyt=E‘y:_}

Underfgf, the process Y, - y; =u, - vy is stationary and therefore

the hypothesis’}ﬂcan be easily tested from the empirical mean:

T
! E (yt - y:) using a procedure similar to that of section 4.5-.

T =1

(ii). If the hypothesis ﬁ@ is accepted after this prelimi-

nary test, we have :

Yy = f(t) + ug
t=l’oon,T
*

Ye f(t) + v

t

The test procedure developped in section 4.b and based on
the statistic £ is still valid in this case. This is a consequence

of the equality :

ly, - y:)y; = (u, - v £(t) + fu - v, )v,

and of the fact that the asymptotic results on the empirical means
can be generalized to the product of a stationary process by a

deterministic function [see Fuller (1676)1].
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FOOTNOTES
(1) The condition lg%}t is equivalent to the unbiasedness
of the expectations : E(y - y*) = 0. This condition is not necessare-

ly to be imposed for testing rationality.

The presence of a bias simply means that the constant
variables, that are the deterministic evolutions, do not belong to
j £ These variables are of course always observables, but it can
be difficult to take them into account if the transition between Yy
and the constants (for instance the trend and/or the saisonnality)

is unknown.

(2) In the more general case, an optimal prediction

* * . .
X = (xl,.. xK) is defined by :

1 4f P(Ak/i) > Max P(A./%)
jzk

for k =1,... K
O if P(A. /%) < Max P(Aj/ﬁ)

j=k

and if there exist several indices kl,...,kp such that :

P(A, /7)) = o= P(a; /9) > Max P(A./%),
; 3
1 P jzkl,..kp

*
(x; resr Xy ) is any permutation of (1, 0,.., 0).

(3) In the case of rational expectations on the distri-
butions, a supplementary assumption is necessary, which cannot be
tested : ess sup z; =1, for all k =1,... K, Since z; is observable
for a particulqr state of nature Wg this assumption can not be
verified from the observations. However the assumption that for
some state of nature (with non zero probability) the prediction is
equal to 1 is rather weak. Under this supplementary assumption,
Property 3 is applicable, and leads to test the inequalities.

* * * * .
E z (zp - z) % E zk(zj - Zj) for all j = k

(4) The rationality at an aggregate level may of course

be related to the rationality at an individual level.
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Let us assume that the variable to be predicted can be

decomposed into Yig = 34
and such that Eai = 0. Similarly we consider a decomposition of the

a, + bt’ where a; and bt are independent,

information set :?}it = %i +9St, where the individual and serial

information set are independent, such that l.eﬁt. Furthermore, we
assume that)'}t (resp.%i) gives no information on a; (resp. bt)°
We have :

n

n
1 1 1
* *
ot o § it T~ E (yit/Jit
i=1

[=5
U]
et

n
- }: [€(ay/5) +Emap]
n
i=1
. n
1
- - [ARE U RS AW N

|
U
Pt

Under the assumption of independence and equidistribution

of the individual components (ai,%&), we see that :

1
*
lim — y,_ =% (b, /7.)
n*4o n °© vt
1
lim - y, = b
n++© n t t
1 . . 1
and then : lim - Ve =§f (lim — Yt/ﬁt)
n+*+® n n*+« n

The individual rationality implies rational expectations
at the aggregate level.

(5) The R.E. hypothesis with increasing information sets
may be easily tested. In effect, this hypothesis :

H* F] < < *
33 e vl T,y -t v/
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-is characterized by the conditions :
vt . _ * * -
+ ¥ 20 E(y, yt)yt_j 0

Let us finally remark that if{jt is generated by the
present and past values of y, the covariance v(h),h#o }5
v(h) =e{ly,,, - yt+h) yt+h (v, - yt)ytJ = 0 and the usual Student
test is valid. However the assumption on the form Of)j cannot be

rigorously tested from the data.

(6) It is not in general considered that the balances
coincide with the latent aggregate quantitative variables.
However, the comparison of the B's with the quantitative observations
Y, obtained from other surveys often lead to consider that these
observations are almost linearly related.

If we assume that this relation Yy = @ Bt + b is also

valid for the expectation variables y; = a B; + b, it is easily seen

that the condition"_'-?E(yt - y:)y; = 0 with the unbiasedness

condition : E(yt - y;) = 0, is equivalent to : E(B - B} )B =0

and E(B - B ) = 0 that is to the same conditions expressed in terms
of B and B*
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