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Abstract

We design and analyze experimental versions of monetary overlapping gen-
erations economies under alternative policy regimes. Economies with a con-
stant level of real deficit financed through seignorage, economies in which the
level of deficit is adapted in order to follow a monetary policy with a target
rate of inflation, and economies with preannounced changes in deficit levels are
reported here. We also examine the behavior of an economy with no stationary
competitive equilibrium. Qur time series are compared to rational expectations
equilibrium paths and to adaptive learning dynamics.




1 Introduction

Agents’ expectations about future outcomes, about future prices for example,
affect their current decisions which, in turn, affect future outcomes. That
is, there 1s a mapping from beliefs, 3¢, to realizations 8 = T(3°). The ra-
tional expectations hypothesis imposes the consistency condition that agents’
expectations must be fulfilled in equilibrium; i.e., requires that beliefs, 5,
satisfy the fixed point condition §* = T(3*). Our comprehension of economic
phenomena have been greatly enhanced by the development, estimation, and
calibration of rational expectations equilibrium (REE) models. However, the
impact of this “revolution” on the design of economic policies has been lim-
ited, probably because in many economic regimes the REE models fail to
provide a specific policy prescription. This happens when the RE models
have multiple equilibria and the optimal policy varies across these equil:bria.
Many monetary and financial models (with an incomplete financial struc-
ture) share this feature~the set of fixed points of the T'(-) map is large, even
a continuum.

There are other shortcomings of the REE models. First, these models
are mute about behavior outside equilibrium, saying little about what to
expect if we observe time series that do not correspond to any recognizable
equilib:rjum process. Second, since expectations are assumed to be fulfilled,
the process of expectations formation and coordination is also left undefined.
As a corollary of this simplification, the complezity of a particular market
structure or policy 1s not taken into account either.

Learning models have been proposed as a way to overcome some of these

shortcomings. The general idea is that if agents’ beliefs depend on past

observed outcomes (i.e., Of = ¢(...,Bc-1)), then there is a dependence of




current outcomes on past outcomes. That is, 8, = T(#(...,Be-1)). The dy-
namics of the composite map, T - ¢, defines which stationary equilibria are
stable. Thus a stability requirement may narrow the set of equilibria. Fur-
thermore, outcome paths are well-defined even outside equilibrium, provided
that agents’ learning and choice rules are well defined. Finally, if learning
and/or choice rules are affected by the institutional environment (trading
rules, etc.), then institutional changes may have nontrivial real effects.

Most learning and evolutionary models, however, take as starting point
specific learning or forecasting rules and assume costless maximizing behavior
as agents’ choice rule. Even if some models allow for some generality in the
definition of the forecasting map, ¢(-) (see Grandmont and Laroque[1991],
and Evans and Honkapohja [1992]), the stability results usually are based
on the existence of a representative agent whose fc -ecasting rule satisfies
certain parametric restrictions (see Marimon and McGrattan [1993] for an
overview of a more general treatment in the context of repeated strategic
games). Unfortunately, how agents learn in an economic environment is
poorly understood.

QOur approach is to generate data by conducting laboratory economic
experiments with a view to help address the above questions. More precisely:
are the experimental data consistent with the REE dynamics? If not, are
" they consistent with the REE at least in the long run? If the answer to
either of these questions is affirmative, do we observe a selection among
the set of RE equilibria? If we do, does this selection correspond to the
selection achieved with adaptive learning rules? Can we explain the behavior
of our subjects by means of simple adaptive learning rules? In asking these
questions our work parallels some recent experimental work on learning in

games (see, for example van Huyck et al. {1990] ). In contrast with repeated




play of strategic games, our models are dynamic and therefore there is a
well-defined characterization of dynamic equilibria.

In Marimon and Sunder [1993] we attempted an initial answer to these
questions. We examined a monetary regime characterized by a constant level
of deficit financed through seignorage. In summary, our experimental data
are not consistent with non-stationary REE, but show a tendency to cluster
around one of the two steady state REEs (the low inflation steady state).
That is, there is a selection of the long-run steady state consistent with a
large class of adaptive learning algorithms. However, our data also show
more randomness and some biases which can not be explained on the basis
of learning models that use simple forecasting rules with optimal savings
decisions. Section 3 below introduces the OLG model of hyperinflation as
a benchmark regime and summarizes some of our experimental results for
these economies.

In Marimon, Spear and Sunder [1993] we studied these questions for an
economy where there can be REE with fluctuations determined by extrin-
sic sources of uncertainty or “sunspots.” More specifically, we posed the
question of whether sunspot equilibria could emerge in an experimental lab-
oratory. That these equilibria could be learned, and therefore could not be
eliminated, had been shown by Woodford [1990] and others. We have shown
that emergence of sunspot equilibria is unlikely (we have never observed them
in laboratory) unless sunspot “shocks” are correlated with real shocks and
agents learn to predict economic fluctuations while in a “real shock” regime.
That is, even after the real source of uncertainty disappears, agents behavior
may show enough persistency as to sustain the sunspot fluctuations.

In this paper, we follow the same line of inquiry, but attend to some

important issues that were left unaddressed. Do we observe the same patterns




in different monetary regimes? Can agents learn through policy changes?
Is the persistency or inertia observed in other laboratory economies strong
enough to generate path dependencies that cannot be explained well by the
standard REE models? In particular, we study three new regimes, each one
focuses on one of these questions.

First, since we had already observed behavior consistent with adaptive
learning, we examine a monetary regime where fiscal policy adapts to mone-
tary policy so as to achieve a given inflation target. The policy is such that
if all agents shared the same beliefs about a constant rate of inflation, say,

(4
Tt

= 7,41 = B, then the inflation target, 7*, is achieved in one period, i.e.,
7, = w*. Given this adaptive government policy, nonstationary REE paths
tend toward the autarkic solution with no value of money and zero deficit.
This framework generalizes the stationary environment with zero deficit and
zero inflation as target. We observe a tendency to converge towards the tar-
get rate of inflation, but at a slower rate and supporting higher deficits than
with simple adaptive forecasting scheies (which only under certain param-
eter restrictions converge in some of our economies). We discuss this regime
in Section 4.

Second, in the constant deficit regime, we have observed inflation rates
clustering around the REE steady state with low inflation. This has been
called “the classical” steady state since a decrease of the public deficit fi-
nanced through seignorage reduces inflation. The transitional dynamics of
an announcement of a change in fiscal policy around the classical steady
state are not characterized by a nonstationary REE path; even when there
are no credibility problems. In Section 5 we analyze economies in which a
pre-announced change of regime (in general, a one time change in govern-

ment expenditures) occurs. Again our time series are more consistent with




adaptive behavior, although they are relatively volatile. Even with adaptive
behavior, the question remains whether agents should learn to anticipate an-
nounced changes. We do not detect such anticipation, and more experimental
work is needed in this direction.

Finally, in Section 6 we further study the persistency issue. In particular,
we study an economy that generated fairly stationary data resembling other
experimental economies; yet this economy has no stationary equilibrium! Our
experimental data are more parsimonious than the paths suggested by the
REE or the adaptive learning theory. On the other hand, our experimental
data also show more local randomness than these theories predict for such a
deterministic environment.

Before presenting our results, Section 2 describes how we modeled this
overlapping generations environment in our laboratory.

In particular, part of our research has been to develop and study an ex-
perimental framework for analyzing dynamic macroeconomic models. The
major design problems are: to give human subjects the opportunity to learn
from past experience and yet be “faithful” to the theoretical model; to define
rules for terminating the laboratory economy without distorting the charac-
terization of equilibria of the infinite horizon model; to define appropriate
market rules; to design experiments and collect data as to be able to study
individual learning rules and to distinguish between learning to forecast and
learning to solve intertemporal optimization problems. With this in mind we
have also used computer assisted decision-making to create “smart” markets
(see, Marimon, Spear and Sunder [1993]). In summary, with our laboratory
model we can study not only the relationship between alternative monetary
policies and aggregate variables such as inflation, but also how individual

agent’s behavior is affected by-and determines the effects of- alternative
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policy regimes and money-market mechanisms.

2 Design of the Experimental Environment

We study experimental versions of the Overlapping Generations (OLG) model
with generations that live for two periods (except the first generation that
only lives for one period), where endowments and preferences are such that
agents have an incentive to save, and money is the only financial asset avail-
able to save. Alternative monetary regimes differ only in the government’s
monetary policy. Changes in the level of deficit financed through seignorage
1s the only instrument that can be used to implement the different policies
considered here. This, of course, 1s a fairly restrictive choice of policy in-
struments, but we wanted to keep changes between alternative regimes to a
minimum and the analysis simple.

While the OLG model is well known and relatively simple, its implemen-
tation in an experimental environment can be fairly complex. In this section,
we discuss some of the implementation problems and our solutions to them.

First, the OLG model requires a large number of participants since at
each point in time markets must be competitive and each agent lives for only
two periods. This not only creates the problem of requiring an infeasible
number of subjects for thé experiments, but also neglects the fact that it
takes repeated experience in the same setting for human subjects to learn
the setting they are operating in. Second, like other competitive equilibrium
models, the OLG model also abstracts away from the specific trading mech-
anisms used to execute transactions. Experiments require us to be explicit
about the trading rules. Third, models assume that agents decide optimally

and costlessly. In the laboratory we have the option to study how agents




make their choices or have computer assisted decisions. When agents make
savings decisions, they may take into account the endogenous uncertainty
present in our laboratory setting. Finally, the overlapping generations model
is an infinite period model, yet all laboratory economies must come to an
end. Whenever the laboratory economies are terminated, rules of termina-
tion can not only alter the behavior in the final period of the economy but

also the set of its equilibria.

2.1 Experimental Environment

Twentyfive experimental economies, numbered chronologically for reference
in this paper, have been conducted in twelve sessions.? A fixed number of
subjects (N) participate in each session. Subjects know the approximate
duration of the session but not of a particular economy. For each period
of an economy, agents are assigned specific roles: n subjects act as young
consumers, n as old consumers, and the remaining (N — 2n > n) await their
turn as interested onlookers in the market. At the beginning of each period n
of the (N — 2n) players who are outside in the previous period are randomly
selected to enter the market. Each player is informed whether he/she enters
the market or stays out. Once an agent enters as a young consumer, he/she
stays the next period as an old consumer and must spend the following period
outside the marl\(ef.

! units) when young

Consumers receive a higher endowment of chips (w
and they may offer to sell some or all of these chips to the old consumers.
Young consumers carry the francs (label for units of fiat money in laboratory)
they receive in exchange for the chips to their old age in the next period.

Old consumers add the chips they buy to their endowment of chips w?(<

w!). The number of chips held at the end of the young period, ¢!, and at the




end of the old period, ¢?, a constant and known conversion rate k, and the
individual discount rate S, determine the dollar amount & - {log ¢! + S, log ¢?|
earned by the subject when he/she leaves the market at the end of the old
period. This dollar amount 1s accumulated and the total is paid to subjects
at the end of the experiment.

We have a fixed number of subjects in any given experimental session.
A subset that is randomly selected enters the market in each period and
remains in the market for two consecutive periods. When subjects re-enter
the market as young in a subsequent generation they cannot use dollars from
this account; they re-enter as new subjects. The total number of subjects (N)
is chosen to be sufficiently large (N > 3n) to ensure that each subject sits
out for a random number of periods (> 1) between leaving and re-entering
the economy. In other words, our subjects live several “lives” over the many
periods of a particular economy. Assets cannot be carried from one “life” to

the next but memory and experience obviously are.

2.2 Subjects’ Experience with the Setting

Our experimental OLG model is more like an OLG model in which parents
are not allowed to bequest assets to their children, but they may pass on
their experience. Marimon and Sunder {1993, Lemma 1] prove that this
repeat entry into the experimental economy does not cause a departure from
the OLG model; agents behave competitively within each generation as long

as there are no further opportunities for strategic behavior.




2.3 Trading Rules

OLG models are silent on the mechanism used to exchange chips and fiat
money between the young and the old. Lim, Prescott and Sunder (1986)
started out using single-unit double auction with the provision that the last
transaction of an old subject in any period could be for a fractional unit to
enable him or her to use up all the cash for consumption. This mechanism was
awkward, slow, and error prone, with many old subjects carrying money to
their “graves.” Cash balances left in the hands of the old caused unintended
variations in the supply of money in the experimental economy.

In the economies reported here, discreet unit double auction mechanism
has been replaced by a new mechanism. The young are asked to submit a
supply schedule consisting of a reservation price for each integer quantity
1,2=0,1, ..., w'. A continuous supply schedule is computed for each indi-
vidual by linear interpolation. Individual supply functions of the young are
added to calculate the market supply function.

All the cash balance in the hands of the old is used to construct a hyper-
bolic chip demand function. In addition, it is common knowledge that the
experimenter buys D = n - d chips every period at the market clearing price
and that, therefore, the amount of money (francs) in circulation grows. This
.. experimenter or “government” demand for chips is added to the demand of
the old to arrive at the market demand function.

The computer calculated the market clearing price as the point of inter-
section between these supply and demand functions. This price is annognced
and the resulting allocations are communicated to the subjects each period.

The history of prices 1s also displayed on the computer screen.




2.4 Endogenous Uncertainty and Optimal Savings

Although the model under study is deterministic, agents’ errors and devia-
tions, and the fact that there is a reduced number of agents per generation
(as to be able to properly apply the Law of the Large Numbers) introduces
randomness in our experimental model. In analyzing our data, we take into
account possible “deviations” which are, in fact, closer to the solution of a
stochastic version of the OLG model. An alternative approach is to solicit
price and/or inflation forecasts and let the computer use this information to
optimally solve the individual savings problem. We have used this alternative

approach in Marimon, Spear and Sunder [1993].

2.5 The Terminal Condition

The OLG model has an infinite horizon and, in a strict sense, cannot be
cast in an experimental environment (see Aliprantis and Plott (1992) for
implementation of a finite period special case). The experimenter’s choice
of a procedure to terminate the economy may affect the set of equilibria.
We use a procedure introduced by Lim, Prescott and Sunder (1986). During
the experiment, players outside the market play a forecasting game: At the
beginning of each period, they are asked to forecast the market-clearing price
_for the period; the player(s) whose prediction turns out to be the best ex-
post receive(s) a prize (in dollars) that is added to their dollar accounts. The
winning forecast is announced and displayed on all computer screens at the
end of each period.

Without any previous announcement, and after forecasts for the period
(T + 1) have been submitted, the experimenter declares that the period just
ended (T') is the last period of the economy. It is then that the forecasting
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game plays a role. Money (franc) holdings of agents who entered the economy
in period T are converted into chips using the average of predicted market
prices for period T + 1 by outside-market participants. This procedure for
ending the game is announced and explained to subjects at the outset as part
of the instructions.

Since this forecasting game is not a feature of the OLG economy, one
may ask if its use in laboratory introduces an important distortion of the
OLG model. Marimon and Sunder (1993) show the equivalence (of the set
of equilibria) between the standard OLG model and the anonymous game
played between agents of different generations and an outside group of fore-
casters. In summary, we should be alert to the strategic possibilities open
to our subjects. Our laboratory implementation may depart from the OLG
model only if subjects in a generation depart from competitive behavior and
consider the effect of their own actions on the market price. we can scrutinize

the individual data to identify such departures.

3 A Constant Deficit Regime

We study a version of Cagan’s model of hyperinflation {1956]. An economy
with an OLG structure in which fiat money is the only financial asset and the
-.government finances a fixed level of deficit through seignorage. This model
has been previously studied, among others, by Sargent and Wallace [1987].
Each generation has n agents and generations born after period zero live
for two periods. An agent i of generation t, t=1,..., has a two-period endow-
ment of a unique perishable good (w; ;, w? ;) = (&', w?), W' > w? > 0, and his
preferences over consumption are represented by u,(c}, ¢?) = In(c')+B; In(c?)

where the superscript denotes the period in the agent’s life. An agent : of

11




the initial generation that exits in Period 1 only lives for one period, and is

endowed with wy ; = w? of the consumption good. He also has an endowment

of flat money of hg and his preferences are represented by wu,(co) = In(co).
Given a sequence of consumption good prices {p;}2,, an agent 1 of gen-

eration t,t > 1, solves the problem,

max Inc; + Binc?

s.t. pe(c; —wh) + pepar(cd —w?) < 0.

Let me41 = peyy/pe, and 7§, = E,_1m4y (i.e., expectation at the beginning

of period t about the rate of inflation between periods ¢t and ¢t + 1). If w! — w?

1s large enough, the agent’s supply in the first period of his life is
s = (Bt — mE )1+ )
The per capita aggregate supply is
50 = aw! — 7, (1)

where

31’—‘

= 2 208/ + 8)),
1

Z(l +8,)7

b4 =1

and v =

Let h; be the per capita money supply in period ¢t. The government finances
a constant per capita level of deficit d through seigniorage, and, therefore,

the supply of money follows the process
he = heoy + pid,
or my=m /T +d, (2)
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where m; = h,/p, 1s the per capita money supply in real terms.

The equilibrium condition is
My = Sy (3)

Equations (1)—(3) define the equilibrium restrictions of the model. They can

be integrated into the equilibrium map

&(ng,,, 5, m) =0, (4a)
c_b
le, m,—c— Te =0. (4b)
Te

where b = % and ¢ = b — a—i—,. Stationary solutions satisfy T'(7,#, ) = 0

and if (¢ +1)% > 4b, there are two stationary solutions (7%, 7). Given that,
for 7 #£ b, 33T(-) = (wf — b)/(m)? # 0, by the Implicit Function Theorem

we have

Te — ¢(7r:+l) W:) = 0) (50’)
b—nf

where ¢(my,,, 7;) = Z——*;r% (5b)
t+1

Equation (5) describes the equilibrium dynamics of the economy, actual in-
flation as a function of expected inflation for the current and the following
period. More in general, if H is the set of all possible infinite histories of
inflation rates, there is a map from beliefs to realizations, T : H v~ H. That
is, assuming there is a representative agent with beliefs {7{}iZ5°, then the re-
alized inflation path is given by {m }!Z% = T({7r:}:Z5°). Equation (5) shows
" that the T'(:) map has a relatively simple structure. We can close the equi-
librium condition by postulating the rational ezpectations hypathesis. That
is, a fixed point of T"

Te = W:, (6)

13




Then rational expectations equilibrium paths, for =, € (0, b), 1.e., fixed point

of T, are given by the difference equation

Ter = R(m), (7a)

b
le, 7w =(c+1)— — (76)

ur’

If 7o € (%, #%), then the nonstationary equilibrium path {m,}, satisfies
me — 7w exponentially. Figure 1 shows the R(-) map and an arbitrary

nonstationary equilibrium path.
[Insert Figure 1 here]

As can be seen from (7), the two steady-state rates of inflation move in
opposite directions when a parameter such as the real deficit d is changed.
The low inflation steady state 7%, known as the classical equilibrium, de-
creases with a decrease in deficit. On the other hand, such a decrease raises
the level of the high inflation steady state, 7.

Even if the theoretical model postulates that under rational expectations
hypothesis there is a continuum of nonstationary REE paths that reach ©#
in the long-run, it does not predict which equilibria are more likely to be

observed.

3.1 Experimental Results

Table 1 shows some important features of the 25 overlapping generations
economies conducted in 12 separate sessions. Gross inflation rates, per capita
sale of chips and dollar earnings predicted by the Low ISS and High ISS equi-
libria, and by constant consumption behavior of agents in these economies

are shown in Table 2.
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Further details about the design and rationale of these economies are
discussed 1n the following section along with the results. A summary of pro-
cedures and instructions for subjects used in one of the economies (Economy
3) is enclosed as Appendix I to this paper. Instructions used in all other
economies were variations on this basic form. Complete details are available

from the authors on request.

[Insert Tables 1 and 2)

Imrohoroglu [1993] econometrically estimated the above equilibrium model
for the German interwars hyperinflation. He inferred that the German econ-
omy followed a nonstationary REE path towards the high inflation steady
state, 7. Under this steady state (n¥), increased deficit is the appropriate
prescription for reducing inflation.

We examined the same model in an experimental environment. Figure 2
summarizes the data from nine economies.? Qur results are in striking con-
trast to the results of the econometric studies because we observed no signs
of nonstationary REE paths in the data. We did observe nonstationary paths
but they tend toward-or somewhat below-the Low ISS, 7. For example, in
Economies 9B and 9C, the High ISS is 224 percent and the Low ISS is 116
percent. Figure 3 shows two nonstationary paths (solid squares) converging

from below towards the Low ISS.
[Insert Figures 2 and 3 here]

Given the initial price, P;, the indeterminacy problem disappears because
there is a unique REE path through P, (at time 1). Figure 3 also shows the
theoretical REE path (marked by x) when agents coordinate their beliefs
consistently with P; and the rational expectations hypothesis.

How does one explain the difference between the results of econometric

15




studies of the German hyperinflation and our experiments? Is the behavior
of our subjects (students at the University of Minnesota and at Carnegie
Mellon University) very different from the behavior of Germans before the
war? We do not believe that there are errors in either the econometric work,
or in our own experiments. Nor do we believe the source of differences to be
cultural.

There is a crucial difference between the work of the econometrician and
of the experimenter. In testing a rational expectations equilibrium model the
econometrician imposes equilibrium restrictions to estimate the parameters
of the model.

In contrast, the experimenter knows the parameters of the model and
does not impose equilibrium restrictions.® In the model of inflation studied
here, if one imposes RE equilibrium restrictions on nonstationary data with
well defined stationary asymptotic properties, one is left with only one class
of equilibrium processes-the nonstationary REE paths converging to =f. If
one were to perform the same econometric exercise on (possibly longer time
series) generated by our Economy 9, it too might estimate a different model
with 7 ~ 116 percent. Alternatively, an econometrician could estimate an
adaptive model for which adaptive paths converge to the Low ISS, and the
(longer) time series generated by our Economy 9 we would also arrive at a
new model with 7% ~ 116 percent.* The experimenter is not subject to this
estimation problem, and it is in this sense that our data can shed some light
on which equilibria are most frequently observed.

As discussed in Marimon and Sunder [1993] the data seem to be con-
sistent with adaptive learning models for which inflation paths with initial
conditions in the region (0,74) converge to m~. Nevertheless, we tend to ob-

serve randomness and certain tendency of the young agents to oversupply the

16




consumption good. These features do not appear in learning models where
agents automatically solve their maximization problems. Learning to make
good predictions seems to come faster than learning to submit competitive

supplies.

4 Economies with a Targeted Rate of Infla-
tion

We consider now a regime where the monetary policy defines a level of in-
flation as its target and the fiscal policy adapts to this target. We preserve
the OLG structure of the previous section. More precisely, given an infaltion
target 7*, at the beginning of each period the government determines the

level of per capita government expenditures for the period according to

™ —-1h -1
d = (——)=
™ Pt—1
That is, if 7* = ==! and recalling that per capita real balances at t are
) = g P P

denoted by s,, then the fiscal policy follows the rule:
dt = T.Sg_l (8)

We can substitute (8) in (2), and solve the equilibrium system (1), (2}, (3)

-and (8).as we did in the previous section. Provided that 7¢ # b, we also obtain

that current inflation as a function of expected inflation for the current and

the next period. That is,

_ ¢(7ff+1) 7e) =0, (9a)
e € b —
where ¢(7,,, 77) = LA (m§ t— mirt) o0
- t+1 t
* b _ Tr:

(9¢)

or $(miyy, m)=m7 (b—mg) — m*(mgy, —mg)
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Equation (9) characterizes the T map between expected and realized inflation
paths. The fixed points of this map, i.e., the rational expectations equilibria,

are characterized by the following difference equation:

(L=res) = b(re=r") + (1= (re = ))(1 = 1) (10)

where (1 — r)™! = m,. Equation (10) can be written as my; = Q(m,). It
has two stationary solutions given by m¢ = 7* and 7, = b, (b = aw'/yw?).
Figure 4 shows the Q(:) map. The stationary solution 7* = b corresponds
to the autarkic solution s, = 0. That is, nonstationary rational expectations
paths tend to a long-run equilibrium in which money has no value. As we
have said, this model is a general version of the stationary environment with

zero deficit (i.e,, 7* = 1).
[Insert Figure 4 here]

The study of this particular adaptive policy has been inspired by the ex-
perimental results from economies with constant inflation. Agents’ behavior
in such economies is consistent with adaptive learning. The adaptive policy
studied here has the following property. Suppose all agents believe infla-
tion will take some constant value (not necessarily the target value) in the

following two periods. That is, agents form their expectations according to

Ty = Moyy = s. (11)

Then (2) and (8) result in
Ty =", (12)

That is, if Z(-) maps the current expected rate of inflation into the current

realized inflation, then

Z(B)=m". (13)
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It is a constant map. In other words, if agents coordinate their beliefs in
a particular inflation rate (3, then the realized inflation rate is the target
inflation #*. It is in this sense that the government follows an adaptive
economic policy.

We can consider instead that agents forecast inflation rates using a first-

order adaptive scheme. That is,
Ten = T + e(meoy — 77). (14)

Notice that we take into account that agents know m,_;, but not 7,, when they
have to forecast m,;;. This general adaptive scheme encompasses includes
many specific learning algorithms. Least squares learning takes this form
with o, converging to zero at the rate of 1/t if agents forecast inflation rates,
and a4 converging to a constant, a € (0,1), if agents forecast prices. Now,

by (9), we obtain,
Tepr = M + (@, mi_y) — ). (15)

We can study the local stability of the above difference equation around

the steady state 7*. Let #f = nf — «*, then we have,

Tip = (1—ou)fy +

a; 17r'

mr (R = T,) }
(b= (Fiq + 7)) — = (7F — 7(0)
Linearizing this difference equation system at the steady state 7* we obtain

Mo _ (1 - ) + at%}f —01%1?'372 L
(8 1 0

As we can see, the stability properties depend on the parameter b = :—;,

the target inflation rate 7n*, and, possibly, the adaptive parameter ay.
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We design four economies (7TA, 9A, 12A and 12B) with the above gov-
ernment policy (which is publicly known) with two purposes in mind. First,
we wish to study whether the findings described in Section 3 extend to this
class of economies, and, second, to give our subjects experience with specified
inflation levels.®

Figures 5 and 6 show the inflation patterns and evolution of deficits for the
experimental economies. Figure 5 also shows the REE path characterized by
equation (10) and passing through the first realized inflation rate, 7, and an
adaptive path characterized by equation (15) with arbitrary initial values.®
Our experimental economies clearly differ from the REE nonstationary paths
and show mor volatility than simple adaptive learning algorithms. Although
inflation rates tend toward the prespecified targets, deficit levels -shown in
Figure 6- are larger than the predicted by simple adaptive dynamics. Part
of this bias may be due to the fact that our experimental cconomies is not a
“representative agent” deterministic economy. That is, there is endogenous
uncertainty due to the iteraction of a relatively small number of agents who
submit savings schedules. In contrast, in the law of motion described by
equation (15) there is no uncertainty: point expectations generate competi-
tive supplies which determine realized inflation rates which, in turn, are used
to form adaptive expectations. In a stochastic environmnet with a unique
asset, savings also play an insurance role, therefore the presence of uncer-
tainty results in higher savings and since, under the fiscal policy considered
here, deficits are proportional to past savings, it follows that deficits should

also be higher as a result of uncertainty.

[Insert Figures 5 and 6 here]
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5 Policy Changes: Adaptation and Antici-
pation

The results of the preceding sections provide a strong empirical argument
in favor of “classical” prescriptions. In particular, in the constant deficit
environment of Section 2, as long as the economy settles around the Low
ISS, a reduction in the government deficit will lower the stationary level of
inflation. But to analyze policy changes we must carry out such changes
and/or describe the paths from an old regime to a new regime of, say, lower
deficit.

We can expand the analysis of Section 2 to incorporate changes in govern-
ment policies. Here we are mainly interested in changes that are announced
in advance and that, for the sake of simplicity, occur only once in an econ-
omy. Under the rational expectations hypothesis some form of anticipation
should be observed along an equilibrium path that takes into account the
announced changes. In Appendix II we analyze REE paths with announced
changes. In particular, it is possible to describe the nonstationary paths that
converge to the high ISS of the after-the-change economy. From Section 2
(see also Appendix II), there is no REE path describing a transition between
the before- and after-the-change low ISSs. That is, a “classical” policy pre-
scrAiptio‘h based on a deficit reduction cannot be thought of as a prescription
for following a given equilibrium path. Nevertheless, even if agents follow
adaptive learning rules (hence, converge to the Low ISS), it is possible that
they may also learn to anticipate the effect of well defined~and previously
experienced-policy changes.

We designed several economies for which there was an announcement of

a single change in regime (except for Economy 4, the change was simply
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a change in government deficit; in Economy 4 w' was also changed). This
change was always announced in period zero (except in Economy 2 the an-
nouncement was made at the end of period 13). For Economies 2 and 4 our
aim was twofold: to study behavior under announced policy changes; and to
expose our subjects—in case they behave adaptively-to some critical inflation
values. In particular, the change in Economy 4 is designed so “before-the-
change Low ISS” was equal to the “after-the-change High ISS.” Figure 7
shows the inflation patterns of Economies 2 and 4. In both economies, we
observe a change in the behavior of prices (inflation) and quantities (vol-
ume of trade) before and after the change of regime. The more experienced
subjects of Economy 4 seemed to react faster to the change. (There is no
clear evidence that the decrease in volume of trade in period 7 is due to
an anticipation effect. In contrast, it seems that the less experienced sub-
jects of Economy 2 found themselves “oversupplying” when prices suddenly

increased following the increase in deficit.)
[Insert Figure 7 here]

Sessions 8 and 11 yielded a sequence of four economies each, labeled 8A,
B, C and D, and 11A, B, C and D respectively. In each economy there is
a once-only change in the level of deficit that is announced in period zero.
There are two possible levels of per capita deficit (0.1 and 1.3) and in every
sequence the deficit at the beginning (before the change) of a new economy
is the same as the deficit at the end (after the change) of the preceding econ-
omy. With this stationary formulation of announcements and changes we .
tried to capture possible learning patterns, especially whether agents learn
to anticipate changes. Given the “short life span” of the generations, the an-

ticipation effect can only be detected one period before the deficit changes.
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Except that when there is a change from high to low deficit (i.e., an increase
in the High ISS) there might not be a monetary rational expectations equi-
librium that converges to the ex-post High ISS. In particular, the entering
generation before the change that foresees a high enough inflation prefers not
to sell any chips.

Figure 8a shows the behavior of inflation in these economies and compares
the observed data with the REE path that, starting at the observed initial
price, converges to the ex-post High ISS (when this equilibrium path exists).
The LSQ path from the observed initial path that adapts to the change once
it has taken place is shown in Figure 8b, along with the Low ISS and the
data.

[Insert Figures 8a and 8b here]

Unfortunately, a design that requires a sequence of economies within an
experimental session results in relatively short individual economies. While
we observe substantial changes, and in particular, ex-post adaptatiorn of in-
flation rates, the data seem relatively volatile. The economies are too short,
even for the LSQ paths to reach the corresponding stationary levels. Inflation
patterns are qualitatively consistent with adaptive behavior-such as LSQ on
prices. Nevertheless, the evolution of volume of trade, a good place to ob-
- serve anticipation effects, is fairly erratic and only at the end of the se_quence

does Economy 11 show a fairly consistent adaptive behavior in Figure 9.
(Insert Figure 9 here|

Figure 10 shows subjects’ predictions of inflation rates (they were only
asked about the next period prices). The predictions rapidly adapt to changes

and are fairly close to the ex-post observations.

[Insert Figure 10 here]
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6 Parsimonious Behavior in an Inflationary
Environment

Figure 11 shows the inflation paths of two realizations for two different
economies (Economies 9B and C and 10A and B). These are the type of
data that an econometrician confronts (often with longer time series). Al
though inflation rates in Economy 10B are somewhat more volatile, it will
be difficult to reject the null hypothesis that both pairs of realizations come
from fairly similar economies. There is, however, a fundamental difference
between them. While Economies 9B and C have a sustainable level of deficit
(hence two stationary REE, see Table 2), the level of deficit in Economies
10A and B (d = 1.5) is not sustainable at any stationary REE (i.e., there is
no stationary equilibrium in these economies). With no stationary equilibria,
both the REE paths and the LSQ paths, are unstable. Nevertheless, as can

be seen in Figure 11, observed data are fairly parsimonious.
[Insert Figure 11 here]

It is interesting to compare Figure 12b for Economy 10A and B with Fig-
ure 12a for Economy 9B and C. In the latter, around the low inflation steady
state, the experimental data show more variability than the deterministic-
. convergent. L§Q process. In contrast, in economies with no stationary state,
it is the experimental data that show more stationarity. It is as if our ex-
perimental economies, with the accumulation of mismatched expectations
and errors in individual optimizations, enjoy ergodicity properties which are
not present in the simple difference equation models (REE and LSQ). Note
that in Economy 10 inflation rates tend to cluster between the constant con-

sumption inflation rate (67 percent) and what would have been the unique
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stationary equilibrium at the maximum sustainable level of deficit (i.e., 165
percent at d = 1.354). It is not clear, however, whether the inflationary
process would remain in this region if the economy were to last for many
more periods. Evans and Ramey [1992] have suggested that the type of per-
sistence shown 1n this data may be consistent with a model where it is costly

for agents to revise their expectations.
[Insert Figure 12 here]
Universitat Pompeu Fabra, University of Minnesota, CPER and NBER

and

Carnegie Mellon University.
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APPENDIX 1
A Brief Description of Experiment

These experiments were conducted on student subjects at the University
of Minnesota and Carnegie Mellon University. Economies 1-4 were conducted
manually, with computer assistance to determine market clearing price and
allocations; all other economies were conducted on a network of computers
with each student seated at a terminal to receive information on video screen
and to enter his/her decisions through the keyboard.

N > 3n subjects were recruited for each session. Of these, n subjects
each played the role of “young” and “old” generations respectively, while
the remaining N — 2n > n subjects waited as interested onlookers. At the
beginning of each period, n subjects were randomly picked from this waiting
pool to enter before the subjects exiting in the previous period were added
to the waiting

pool. This process ensured that every subject had to wait a random

number of periods (minimum 1) betwcen exiting the economy and reentering

it as young again.

After reading and explaining the instructions (instructions for Economy
1 follow this narrative), the subjects participated in four periods of a trial
economy. Fiat money was labeled “francs” and the consumption good was
labeled “chips.” The number of chips “consumed” were converted into U.S.
dollars at the end of exit period of each subject. Total dollars accumulated
in this manner were paid to subjects at the end of the session. Most sessions
lasted for about three hours, and subjects took home 25-30 dollars on average
from each session.

All onlookers were asked to predict the market clearing price (francs per
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chip) at the beginning of each period. Entering subjects received an en-
dowment of w! chips and no francs and were asked to specify a seven or
eight point supply function for chips. Computer constructed a market sup-
ply function from the individual supplies of the young, a market demand
function from the money balances of the old and the real deficit of the
government, computed the market clearing price and allocations, and dis-
tributed this information. Most accurate predictor of market clearing price
received a one or two dollar prize each period. When experimenter termi-
nated an economy without advance warning, franc balances were converted
into chips at the average predicted price for the next (unplayed) period.

Instructions

This is an experiment in decision-making. Various research foundations have
provided funds for this research. The instructions are simple, and if you fol-
low them carefully and make good decisions, you might earn a considerable
amount of money which will be paid to you in cash.

In this experiment, we are going to have a market in which you may buy
and sell chips in a sequence of market periods. Attached to these instructions
you will find sheets labeled Information and Record Sheet, Selling Offer Sheet
and Market Price Prediction Sheet which help you record your decisions and
-determine their value to you.

The type of currency used in this market 1s francs. The only use of this
currency is to buy and sell chips. It has no other use. The money you
take home with is in dollars. The procedures for determining the number of
dollars you take home with you is explained later in these instructions.

You will participate in the market for two consecutive periods at a time.

Let us call the first of these periods your entry period (because you begin
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your participation then) and the second of these periods your exit period
(because you end your participation in the market). Different individuals
may have different entry and exit periods and the experimenter will inform
you about when you will enter and exit the market. You may be asked to
enter and exit more than once depending on the number of periods for which
the market is operated.

At the beginning of your entry period, you will receive 7 chips from the
experimenter and at the beginning of your exit period you will receive 1 chip.
In your entry period, you may keep these chips or sell chips to others. In
your exit period, you can buy more chips from others but you cannot sell.
Buying and selling of chips will occur in francs according to the rules to be
explained later.

The product of the number of chips you hold at the end of trading each
period determines the amount of money you earn for that pair of entry-exit
periods. The experimenter will calculate the square root of the product and
multiply it by $1.25 to calculate the amount of dollars you earn. Thus,
suppose you hold 5 chips at the end of your entry period and 3.5 chips at
the end of your exit period. The product of these two numbers is 5 x 3.5 =
17.5. The square root of 17.5 is 4.18 which is multiplied by $1.25 to yield

- $5.22 as your earning in these two periods. Note that the higher the product
of the numbers of chips held by you at the end of entry and exit periods, the
higher is the profit you earn. Also note that if you hold zero chips at the end
of either period, your profits will be zero because the product of zero with
any other finite number is zero. All chips are returned to the experimenter
at the end of each period.

The first period of the market will be an entry period for some of you

(as described above). For some of you, however, this first period itself will
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be an exit period and you will receive the exit period endowment of 1 chip
at the beginning of this period. In addition, each of you for whom the first
period is an exit period will receive 10 francs from the experimenter at the
beginning of this period. You have to use all these francs to buy chips during
the exit period because the francs you hold at the end of an exit period are
worthless; they cannot be converted into dollars directly.

When you sell chips, your holding of chips decreases and your holding
of francs increases by the amount of the price of the chips. Similarly, when
you buy chips, your holding of chips increases and your holding of francs
vanishes. At the end of each period, all your chips on hand are used up to
earn profits in dollars and thus returned to the experimenter. The francs
you have on hand at the end of the entry period are carried over to the exit
period and used to buy chips in this latter period.

All outside-market players participate in the market directly. At the be-
ginning of each period, each outsider-market player predicts the market price
of the period. The average of the predicted price will be used to convert the
francs held by the entry-period players to chips at the end of the experiment.
A $2.00 prize will be given to the player whose prediction is the closest to
the actual market price. If there is a tie, the prize will be split.

- Trading and Recording Rules

(1) All entry-period players are sellers and all exit-period players are
buyers.

(2) Every exit-period player must pay all his francs to entry-period players
in exchange for chips at a market price determined below.

(3) At the beginning of each period, every entry-period player must state
the following prices on the Selling Offer Sheet and submit it to the exper-

imenter. If the prices you submit are not nondecreasing in the number of
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chips offered, we shall make them so.

Price below which you don’t want to sell any chips. francs/chip:
Price at which you are willing to sell up to 1 chip_francs/chip:
Price at which you are willing to sell up to 2 chips_francs/chip:
Price at which you are willing to sell up to 3 chips_francs/chip:
Price at which you are willing to sell up to 4 chips_francs/chip:
Price at which you are willing to sell up to § chips_francs/chip:
Price at which you are willing to sell up to 6 chips_francs/chip:

Price at which you are willing to sell up to 7 chips_francs/chip:

(4) The experimenter collects the Selling Offer Sheets from all entry-
period players and buys 2 chips for himself each period. After considering
the amount of francs available from the exit-period r'ayers, offers made by
the entry-period players and his own need for 2 chips each period, ne com-
putes and announces the market clearing price. Exit-period players and the
experimenter pay this price for each chip they buy. Each entry-period player
will be informed of the number of chips he/she has been able to sell at the
market price, and each exit-period player will be told of the number of chips
that he/she has been able to buy with his/her francs on hand.

Note that if you {entry-period player) do not specify a price for zero chip,
up to one chip of yours ‘may be sold at zero francs. If you do not want to
sell more than a specified number of chips under any circumstances, specify
a very high price. This is the only way you have of not wanting to sell. The
actual number of chips you sell will almost always be in fractions, depending
on the market clearing price. The way the market clearing mechanism works,
if you are willing to sell, say two units at unit price x and 3 units at unit

price y, you may end up selling, say 2.4 units at a price between x and y.
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(5) At the beginning of each period, each outside-market player writes
down a predicted market price on the Market Price Prediction Sheet which
is collected by the experimenter. At the end of each period, the experimenter
announces average predicted market price and the winner(s) -the outside-
market players whose prediction was the closest to the actual market price.
This player records $2.00 prize on the Market Price Prediction Sheet. But,
when there is more than one winner, the prize is split. All other outside-
market players record $0 prize on the sheet.

(6) After the transaction information is received from the experimenter,
each entry-period player computes the chips remaining on hand and the
francs received from sale and records them on the Information and Record
Sheet.

(7) Each exit-period player records the number of chips purchased on
the Information and Record Sheet. Then the experimenter computes the
product of the number of chips held by each exit-period player at the end of
entry and exit periods respectively, takes the square root of the product and
multiplies by $1.25. This amount is the profit of the exit-period player who
records this profit on the Information and Record Sheet. At the conclusion
of the experiment, the experimenter will pay each player the total amount of

.- profits made.

(8) The francs received by the entry-period players in the entry period
will be used to buy chips in the exit period which follows immediately. So,
carry your francs on hand forward to the exit period by entering them in the
column Beginning-Francs on Hand on the Information and Record Sheet.

(9) At the end of the experiment, francs held by all entry-period players
are converted into chips using the average of predicted market prices by

outside-market players.
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(10) At the end of the experiment, add up the profit column of your
Information and Record Sheet. The experimenter will pay you this amount

of money.
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APPENDIX II
Rational Expectations Paths with Announced Changes

In Economies 4, 8ABCD, and 11ABCD changes in parameters were an-
nounced several periods before they took effect. As a reference, we analyze
the set of rational expectations equilibria when changes are announced in
advance. The notation is as in Section 3. Recall that the evolution of prices

and money holdings is given by

pe = b 'piy1 + cche,  and (16)

he = he_y + depe. (17)

If there are no changes in endowments, b, = b and ¢; = ¢, then equation
(16) takes the form

pe = c(1 — b L) TRy + k(b)* (18)

where L is the lag operator and k is a constant. That 1s,

Pt = ¢ Z b-nh¢+n + k(b)t (19)

n=0

If the level of deficit is also unchanged, then equation (17) takes the form

pe=d (1= L)k, (20)

Combining (19) with k = 0 and (20) we obtain the equilibrium equation for

money holdings,

(1450 —~dc)hy — b hyyy —hey =0 (21)
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where h_; is given. To obtain stationary solutions we must solve the quadratic

equation

b2L7 =1+ (1 + b~ bdc)L — L2k, = 0. (22)

Suppose now that at the end of period 7' — 7 it is announced that a new
set of parameters, e.g., a new level of deficit, will describe the economy from
period T on, and that no further changes will take place.

If 7 < T thenforn =20,...,T — 7 — 1, the economy can be considered
an economy where there are no changes in parameters, assuming that agents
believe this to be the case. This may not be an adequate assumption if
agents have experienced unexpected announcements in the past. Without
loss of generality we take 7 = T'; that is, announcements are made 1n period
zero.” Denote by b = ©'/@?,¢ = 2/&!, and d the unacrlying parareters at
t=0,...,7 — 1, and b, ¢, and d, the corresponding parameters at ¢t 2> 7.

For t > T, equation {21) describes the evolution of money balances. For
t < T, we see from (16) that

T-1-t

pe=0T" pr+e Y b hen, (23)

n=0
and substituting (19) we can express p, as
- oo T-1-¢ _
Dy = (b)“(T“) -c Z b "hrin + ¢ Z b " hyyn. (24)
n=0 n=0

Let R = c Y5 o b "hTyn, then substituting (24) in (17) we obtain

T-1-¢
(1 —de)hy — hey —de > b "hyyn —db(T79 . R =0, (25)
n=1

and, similarly,
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N _ T-1-(t41) N
(1 —d&)heyr —he—de Y b hyyypn —db™ T D R =0 (26)

n=1

Multiplying (26) by ™! and subtracting from (25) results in

(14567 —dé)he — b heyy — hey = 0. (27)

Notice that for t = T — 1 (25) takes the form

(1 —dé)hgoy — hy_g —dcb™ - S b "hryn = 0, (28)

n=0

and for t = T, (16) and (17) give

(1 —dc)hr — hry —dc 3 b hrsn = 0. (29)

n=1

Now multiplying (29) by b~! and subtracting from (28) results in

(145 —dé)hr_y — (b1 4+ (d — d)eb™Dhy — hr_2 — (d — d)cb™.  (30)

That is, a sequence of per capita money holdings {h:}{2, defines a rational ez-
. pectations equilibrium with iritial money holdings h_, when there is a change
of parameters from (L:JI,L:JZ,d.) to (w',w?,d), at period T and announced at
the beginning of period zero, if it satisfies:

Fort > T,

ht+1 - ahg + bhg_l = 0, (31)

fort=0,...,7 -2
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ht+1 - &hi + Z)hl-—l = 0, (32)

(1 - ¢ Ad)hr — &hr_y + bhr_3 — c¢- Ad Y b "hryn = 0, (33)
n=1
and hg., = h_;, where b = :, a=1+%- 2, (similarly for b and a) and
Ad = (d —d).
By repeatedly substituting (31) into (33) we can express (33) in terms of

ht,hr_1, h7_2. Notice that

D bhry; = (34)
7=0
Z Z ( m )(_1)(m+r)‘b~mar_
m=1 T
CE R (2

m=0r=maz{0,m~(n-1-m)}

or
Zb_th+]‘ = (35)
=0 '
h —h - m -1 (m+r)_b—m. r
T T-1) Z E - (-1) a +
m=1r=maz{0,m—(n-1-m}}

2m —n

br 35 xlm — (n - m) 2 0) ( m ) (~1)m-mpmainn _ hy

where x{m — (n) > 0} is one if m — (n —m) > 0 and 1t 1s zero otherwise.
Provided that (35) has a well defined limit as n — oo, we can write

2?0:0 b_th+1 - AhT_l, that iS,
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(1 —c-Ad(l+ A))hr — (& —c- AdB)hr_y + bhr_, = 0. (36)

Gven an equilibrium path for t > T, for example one of constant infla-
tion, (36) and (32) characterize the “anticipated reaction” to the announced
changes. Of particular interest, given our empirical results, is whether there
are equilibrium paths with constant inflation for t = 0,..., T —1 that converge
to a new level of constant inflation after the change has taken place.

An inmediate cosequence is that if Ad > 0, as in many of our experi-
mental economies, and there is path of constant inflation fort =0,...,7 - 1
corresponding to the lower root of (32) then there is no converging path after
T. More generally, (36) shows that if, for t = 0,...,T — 1,hy = 7* - hq then
hr # 7Tho whenever Ad # 0. For example, in Economy 4 even if 2.00 is the
lower root of (31) and the higher root of (32) there is no equilibrium path of

constant inflation through the change in parameters.
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Notes

¢ A part of the experimental data presented here (Economies 1 and 2) was
first reported in “Rational Expectations vs. Adaptive Behavior in a Hyper-
inflationary World: Experimental Evidence,” Center for Economic Research,
University of Minnesota, Disc. Paper No. 247, July 1988. Most of this
work has been incorporated here. Financial support for this work from the
Graduate School of the University of Minnesota, the National Science Foun-
dation (SES-8912552), Ministry of Education of Spain, and Richard M. and
Margaret Cyert Family Funds is gratefully acknowledged.

b We wish to thank those who commented on our work, specially Javier
Diaz-Giménez, Jean Michael Grandmont, Robert Lucas, Albert Marcet, Rob
Porter, Ed Prescott, Thomas Sargent, Neil Wallace, Michael Woodford and
two anonymous referees. We also wish to thank Vijay Rajan for develop-
ing the software for the computerized experimental environment and Jackie
Cuccaro and Dhananjay Gode for their research assistance.

! Thirteen of these economies from seven sessions (numbered 1, 3, 5, 6,
7,9, and 12) were reported in Marimon and Sunder {1993} under consecutive
numbering 1 through 7.

* We have normalized inflation rates using the transformation #, = (7, —
L) {(## — 7L). The S{B) and R(B) maps are obtained from the normalized
values of Economy 6. Table 1 summarizes the description of the experimental
economies.

3 It is not our intention to make a sweeping argument about the superi-
ority of one method over the other. Each has its strengths and weaknesses.

4 As Marcet and Sargent {1989] have pointed out, the asymptotic prop-

erties of these models make their estimation a nontrivial exercise.
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® It is always an issue whether subjects use their past experience when
they are “born” (“reborn”), in an experimental economy, e.g., whether U.S.
students might behave differently than Argentinian students. Target inflation
experiments provided the subjects with “common experience” around some
critical inflation values (see Table 2).

6 Economies 7TA and 9A are locally stable, around #*, for all values of
a, while Economies 12A and 12B are locally stable if, either a < 0.5 or a,
decreases fast enough. For the adapted paths simulated in Figure 5 and 6
we have taken the following values: Economies 7TA and 9A a = 0.5,7; =
100, 7§ = 80; Economies 12A and 12B a = 0.2, 7§ = 220, 77 = 180.

7 Only in Economy 2 t < T, but it seems reasonable to assume that agents

believed that such announcement had zero probability.
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Table 1
Design of Experimental Overlapping Generations Economies
(See enclosed notes for explanation)

Economy No. of Subjects Prior Endowment Govt. Deficit Periods Discou:r ©
No . in Economy and Experience Chips Money Per Capita Rate
Generation Young Old
(N,n) wl w? hg d T B8
1 (14,4) None 7 1 10 0.5 1-19 1
2 (13.4) Economy 1 7 1 10 0.25 1-17 1
1.25 18-33 1
3 (12,3) 3 inexperienced 7 1 3.722 1.25 1-17 1
9 from Econ. 1 or 2
4 (12,3) Econ. 3 7 1 3. 722 1.25 1-7 1
3 1 0.25 8-20
5 (10,3) None 7 1 10 0.42 1-31 1
BA (14,4) 2 from Econ. § 7 1 0.5 0.975 1-20 0.6,0 8,
1.7,1.7
12 None
6B (14 ,4) Econ. 6A 7 1 1 0.8975 1-8 0.6,0.6,
1.7,1.7
7A (7,2) Econ. 5 or 6 6 1 1 (1/3)hy _1/Pp-1 1-12 0.6,1.0
7B (12,3) 7 from 7A 6 1 1 1 -28 0.6,1.0,. ~

5 Inexperienced

8A,C (12,3) Econ. 5,6 or 7 7 1 1 1.3 1-6 1
0.1 >6

8B,D (12,3) Econ_. 5,6 or 7 and 8A 7 1 1 0.1 1-6 1
1.3 >6

SA (8,2) 7 Experienced 7 1 1 0.355hy.1/pe-1 1-19 1

1 None

9B (15,4) 8 Econ. 9A 7 1 0.1 1.3 1-14 1

9C 7 None 7 1 0.1 1.3 1-17 1

10A (13,4) 7 Experienced 7 1 0.1 1.5 1-19 1

10B 6 None 7 1 0.1 1.5 1-15 1

11A,C (12,3) Experienced 7 1 1 1.3 1-6 1
0.1 >6

11B,D (12,3) Experienced 7 1 1 0.1 1-6 1
1.3 >6

12A (14,4) Experienced 6 1 1 (2/3)hc-1/pt.-l 1-14 1

12B (14 ,4) Econ. 12A 6 1 6.225 (2/3)hy_1/pp-q 1-6 1

12C (14 ,4) Econ. 12A,B 6 1 1 1 1-18 1




Econ.

Econ.

Econ.

Econ.

7A:

8ARBRCD:

9A:

11ABCD:

12A:

12B:

Notes to Table 1

At the end of period 13, experimenter announced a change in deficit
d from 0.25 to 1.25 to become effective at the beginning of period
18, and that no further changes will occur until the end.

At the outset of this economy, subjects were informed that there
will be no parameter changes between the beginning and termination

At the outset of this economy, experimenter announced that a change
in w! from 7 to 3, and a change in d from 1.25 to 0.25 will be
effective beginning period 8, and that there will be no further
parameter changes until termination. Low ISS inflation rate before
the change was equal to the high ISS inflation rate after the
change.

One of the four possible values of B, (0.6, 0.6, 1.667, 1.667) was
randomly assigned to the four members of each generation. While the
discount rate was random for each individual, it was the same for
every generation.

Per capita real deficit was adjusted each period using formula

d, = h._,(rx+-1)/n*p,,, where h, is per capita money supply in period
t and n* is the target rate of inflation. a* was set equal to 1.5,
the same as constant consumption rate of inflation in Economy 7B
with d=1. In Economy 7A, first period deficit was set d;=l.

In Economies 8A and 8C, real deficit was 1.3 per capita during the
first 6 periods and was lowered to 0.1 beginning period 7. - The
planned change in deficit was announced at the beginning.

In Economies 8B and 8C, the real deficit was 0.1 during the first 6
periods and was raised to 1.3 beginning period 7. The planned
change was announced at the beginning.

This economy was similar to 7A except that the target inflation rate
#* was 1.55--same as the constant consumption inflation in Economnies
9B and C. First period deficit in 9A was d;=1.3.

Repeat of Economies 8A,B,C and D respectively.

This economy is similar to 7A and 9A except that the target rate of
inflation »* was equal to the High 1SS rate of 3.00. First period
deficit in 12A was d;=1.

This economy is effectively a continuation of 12A. Hy; in this
economy was set to one millionth of the value of h;, in economy 12A.
Also, initial deficit d was set to 1.115 on the basis of price and
money supply in the final period of 12A.




Table 2

Stationary Equilibria of Experimental Economics

Constant

Economy Low ISS High ISS Consumption
No. Period n S u n S u n S u
1 (1-19) 1.21 2.90 3.73 5.79 0.60 2.66 1.18 3.25 3.75
2 (1-17)** 1.09 2.95 3.87 6.41 0.30 2.65 1.09 3.13 3.88

(18-33) 2.00 2.50 3.18 3.50 1.75 2.81 1.53 3.63 3.38
3 (1-17) 2.00 2.50 3.18 3.50 1.75 2.81 1.53 3.63 3.38
4 (1-7)%%x 2.00 2.50 3.18 3,50 1.75 2.81 1.53 3.63 3.38

(8-20) 1.50 0.75 1.84 2.00 0.50 1.77 1.29 1.13 1.88
5 1.17 2.92 1.78 6.00 0.50 0.015 1.15 3.21 1.80
6A&B 1.56¢ 2.72 1.91 4,49 1.25 0.40 1.39 3.49 1.95
TAX --- --- --- --- --- --- 1.50 3.00 2.57
7B 2.00 2.00 1.97 3.00 1.50 0.99 1.5 3.00 2.52
BA&C(1 -6)** 2.16 2.42 1.64 3.24 1.88 0.73 1.55 3.65 2.36
8B&D(>6) **
8B&D(1-6)** 1.035 2.98 4.01 6.77 0.12 0.00 1.034 3.05 4.01
BA&C (>6)** .
GA* .- --- - - ~-- --- --- 1.55 31.65 2.36
9B&C 2.16 2.42 1.63 3.24 1.88 0.72 1.55 3.65 2.36
10A Nonexistence Nonexistence 1.67 3.75 1.76
11A&C(1-6)** 2.16 2.42 1.64 3.24 1.88 0.73 1.55 3.65 2.36
11B&D(>6) **
TIB&D(1-6)** 1.035 2.98 4.01 6.77 0.12 0.00 1.034 3.05 4.01
11A&C(>6)**
12A&B* --- --- --- 3.00 1.50 0.94 --- - -
12C 2.00 2.00 2.30 3.00 1.50 0.94 1.5 3.00 3.24

* Economies 7A and 9A targeted the inflation rate corresponding to the
constant consumption inflation associated with the deficit level used in
period 1 (d;) Economies 12A and B targeted a® associated with d,.

** Deficit levels (d,) in Economies 8A&C and 11A&C were changed from 1.3 to
0.1 in period 7. 1In Economies 8B&D and 11B and D, the switch was from 0.1
to 1.3.
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Figure 5

Inflation Paths in Target Economies 7A, 9A, 12A and 12B
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Figure 6

Deficit Paths in Target Economies 7A, 9A, 12A and 12B

Economy 7A Economy 9A

1.4 1.3

13

24 1.2
4 S
3 1.9 b 114
) O
! 1 51 N
ool :
; 0.81 P; 0.91
E 071 g o.el
’ 061 w

0.54 07

A N AR R S B TR S TR T (M IS IR

PERIOD PERIOD
E— ACTUAL — ADAPTIVE PATU [-—- ACTUAL — ADAPTIVE PATH‘I
Economy 12A Economy 12B
22 1.5
_ 2] — 14
5 o
] S
| 8 @139
J o
161 3
) T 121
: 1.4 é
' a
. I 1.9
1 21 o
l Ly
[«N 14

N

B+—r + ——r ————y r y——r v v v 09 v v + v >
083 3 5 7 a 11 3 1 3 5

PERIOOD PERIOD

[-— ACTUAL — ADAPTIVE PATT] F—- ACTUAL — ADAPTIVE PATH—I




SCmMCEr~NT LM BPEMOO

PEACENT LM LM OO

Figure 7a

NFLATION

ECONCMIY 2

600

-

LR IR R

NNL. TYYYVy
448844

L1 o e o S mt oo S S0 DS SLSLEN UAEREN SRAR NLAASY ELERS ERALER SLAREN
[ 3 6 ] 12 15 B 2 W ¥

PERCDS

A [N § . ¢ HXRSS X REPNM

Figure 7c¢

INFLATION

ECONCMY 4

280
%0 4
M0 4
0
m-q
150
160
140
120 4
100 4
© A
% 1
w<

20 4

o 0 ¢ 0 ¢ ¢ 0

¢ ¢ ¢ 4 0 0 0 0 00 0 0 O

T 1T 7T 1T T 17T 11T 17 T1rTrT

T 0112 1516 17 18 19 202

PCRCD
0 Al LA o K

25

NUMBESR QF Crimn

NMUMBEM OF CHiFma

Figure 7b

YOLUME OF TRADE

{CONOMY 2
1}
17 4 "
16 ’ X/ﬂ»“
15 o
14 4 Bg-8g84
U-\
‘ZJOOOOO Ph bbb
1 4
10 4 f IR RN NRNY
9-4
3
7 00000000008
54
I3 I R B £ s S A
44
34
21
;;j"" ...... )
04
] 3 § 9 2 15 ® un u oy
PLRODS
A LAY B 0 HOHIES [}
Figure 74
CCONOMY 4
12 —_
11 4
W 4
44
s 4
PO
14
$ 4
¢ 0 0 0 0 0 0
5 4
4 4 5 o
- c
3 :
D A A R
2-
6 6 ¢ 0 0 6 6 0 0 0 04
U 2 S e Somn S Hts Sun G G B Gt S S S S S e T ¢
OV 23 45 8T YIRSy
PORI00
0 Au + WSS ¢ HH




T

HIVd 39 X SSI HOIH o SSI MO0 + IVNLOY O
SQ0I¥3d

\.v_:mmmo_mﬁueo_hveﬂﬁoemﬁFﬂfu_.mﬁqFﬁl:wmwmomo

.

»__»__»__h__;»r.hb».H____._TF_.__,»__b—r._»__r_nh_—Lp\r__—_L___,.F_»»_—»_-P_PL\_rp_rh____r__L,._»___n OOPI

4%~4J'4.
,N_ mﬁ — 00!

— 00¢

— 00¢

26

— O0Y

dold3d ¥3d IN3IO¥3d

— 006G

X0
- 009

) : 00,
L1 NV 8 S3INONQO3 .

NOILV 14N

eq 2an8711




Hlvd 0OS7 5 SS| MO + NOILVIANI TvNLDV O
SQOI¥3d

Ly LLILB S oL v LOLZL ¥ LECLOL L ¥ LELOL L ¥ Lyl 8 62 6 9 ¢ 0
__r>~>»_.>#~FFrFPLL;, ! _h_-_»>_u._~._»>_~__.__»_h___.___-_—.—..~___._——b__—h>_—_._——__n__»_.»—-»_». O@'

— Ov—

a
o

0

— 0O¢

— OV

— 09
— 08
— 00!

1

T
T
T
T

— 0C1|

aold¥d3d d3d 1N3OH3d
27

— OVl

— 091

— 081

0 — 00¢

O — 0¢¢

0124

Lt ONV 8 S3IWONOD3

NOILV 14N

qg 2In814




Hlvd 057 o SS MO +
SQ01¥3d

L v L1118 G 20LL v LOLL Y LELOL L ¥ LELOL L ¥ Lyl 8 G 26 9 ¢ 0

VNLOV

O

T»‘_>>H.»\_LL__>-»~>_~.-——>_-r_~p__-_»~—>~F__~»»m____»—-_-Phpwmw»~»,m.»-whw»»_____>_->___—_—_FL»Fpr

L1 ANV 8 S3IWONOO3

40vdL 40 AWNTOA

6 2andyg

Ol

!

SdiHO 40 J3I9WNN

28



_ﬁ d3dd NVIN —— SSI MO1T + IVALOY m m
SA0I¥3d
LY LLLIB8GZO0LLY IOLL Y ISRILY 'SOLLY IVYUIRSZ69C0
Pl v e Pt b L ety _F:::_:::F_:::_: [l F:::::.:C u:::_:wx Oml
|| = m HOMI
-L aln r- IJ“uﬂPI . Au —ul o
e 4 ﬁ/ _:: Y 0l &
- - - los Q
- - - % omf0S %
: HON M &
HHHHHHH- - lti.;O: mm
- -og1 2
- O
m HOme )
T | D -0/ 1
ﬁo_;j:empz Vil adsg ﬁuw 88 <wm©m_
S | ] - -

L1 ONV 8 SIWONOD3
NOILV 14N

01 2an813



PCACCNT PCm PEmOD

Figure lla Figure 1llb
INFLATION
PRICE LEVEL (MONEY/CHiP)
[CONONY 98¢ /
b y TCONDMY 98¢
X0 4 12 4
10 4 " A ‘
1&{ 10 4 2
i
140 : 9 4
Y 2
12 4 H 24 ,
[
100 : 71 ’
5 6 4
%0 ) /
<
¢ 54
8 A 2
HEE
w-
5-
X 4
24
¢ ¥ ‘
-0 TTT T T T Y T T T T T T T T T T VY T T Y T I TTTY [} 1 T
0123458 789100121304 12345678 91011121314151617 0‘73‘5;,:;;"”'“'“‘":;;I;:;;;‘;"’ 1‘\ g
. PERATLS
PEROD PR
Figure llc
INFLATION Figure 11d
ECONOMY 10
10
iy PRICE LEVEL (MONEY/CHIP)
iy \ FONOMY 10A8 ‘
180 ’
17 A 9 ;
150 4 i
1% 4
8 190 4 § 4
¢ w0 . 1
¢ 10+ 9 54 !
TR € i
Y ¢ |
10 4 . /
S ‘4
9 0
]
V] 0 g
¢ .
[ Y N 1 3
% 4 :
J
3 ! -
40 H
¥ 4
14
2 A
10 4
0 TYIT T 1T rrryrrrrrrrrryiTyrTry ey T ryyaT 0 QJ
01234567 89101121I3141516171819 1234567 89101112131418
-1 TTI T T T T T Y rrIrryrrrrrrrqrvryqrryryryT T

PROD

30

012345678 910111213141518171819

F234587880n5us

PO




NP ATION (te1)

INFLATION PATTERNS AND LSQ PATHS

[ONWY B
28
"l
u.
2r
PARS
2.
19k
181
17
16+
15k
14F
13
12+
nr
s
09+
08+
07+
06
0_5 b WD N SO U N SN U WS V51 U O N S O U U S S O
05 07 09 11 3 15 17 19 21 23 28
NFLTON (1)
& NLATEN  x |0PAM
INFLATION PATTERNS AND LSQ PATHS
. FCONONY 108
4
3
2+
1k
{ J 1 1 H
0 2 4
INFLATION (1)

Figure 12a

Figure 12b

31

IR ATION (L= V)

~ (v

N L T S A T M T N e 7 R S i Rt L e " et e s P A A e < < 4 SR

N ATION PATTERNS AND LSQ PATHS

£CONNY IC

S

0S5k

NG AT A e A e e

1 1 t L )
0 ! 2
4 NL PITEN X (0 PAH




10.

11.

RECENT WORKING PAPERS

Albert Marcet and Ramon Marimon
Communication, Commitment and Growth. (June 1991)
[Published in Journal of Economic Theory Vol. 58, no. 2, (December 1992)]

Antoni Bosch

Economies of Scale, Location, Age and Sex Discrimination in Household
Demand. (June 1991)

[Published in European Economic Review 35, (1991) 1589-1595]

Albert Satorra

Asymptotic Robust Inferences in the Analysis of Mean and Covariance Structures.
(June 1991)

[Published in Sociological Methodology (1992), pp. 249-278, P.V. Marsden Edt.
Basil Blackwell: Oxford & Cambridge, MA]

Javier Andrés and Jaume Garcia
Wage Determination in the Spanish Industry. (June 1991)

Albert Marcet
Solving Non-Linear Stochastic Models by Parameterizing Expectations: An
Application to Asset Pricing with Production. (July 1991)

Albert Marcet

Simulation Analysis of Dynamic Stochastic Models: Applications to Theory and
Estimation. (November 1991)

[Forthcoming in Advances in Econometrics invited symposia of the Sixth World
Congress of the Econometric Society (Eds. JJ. Laffont i C.A. Sims). Cambridge
University Press]

Xavier Calsamiglia and Alan Kirman

A Unique Informationally Efficient and Decentralized Mechanism with Fair
Outcomes. (November 1991)

[Forthcoming in Econometrical

Albert Satorra

The Variance Matrix of Sample Second-order Moments in Multivariate Linear
Relations. (January 1992)

[Published in Statistics & Probability Letters Vol. 15, no. 1, (1992), pp. 63-69]

Teresa Garcia-Mil2 and Therese J. McGuire

Industrial Mix as a Factor in the Growth and Variability of States’Economies.
(January 1992)

[Forthcoming in Regional Science and Urban Economics]

Walter Garcia-Fontes and Hugo Hopenhayn
Entry Restrictions and the Determination of Quality. (February 1992)

Guillem Lépez and Adam Robert Wagstaff
Indicadores de Eficiencia en el Sector Hospitalario. (March 1992)
[Published in Moneda y Crédito Vol. 196]




12.

13.

14.

15.

16.

Special

17.

18.

Daniel Serra and Charles ReVelle

The PQ-Median Problem: Location and Districting of Hierarchical Facilities. Part
1 (April 1992)

[Published in Location Science, Vol. 1, no. 1 (1993)]

Daniel Serra and Charles ReVelle

The PQ-Median Problem: Location and Districting of Hierarchical Facilities. Part
II: Heuristic Solution Methods. (April 1992)

[Forthcoming in Location Science]

Juan Pablo Nicolini
Ruling out Speculative Hyperinflations: a Game Theoretic Approach. (April 1992)

Albert Marcet and Thomas J. Sargent

Speed of Convergence of Recursive Least Squares Learning with ARMA
Perceptions. (May 1992)

{Forthcoming in Learning and Rationality in Economics]

Albert Satorra

Multi-Sample Analysis of Moment-Structures: Asymptotic Validity of Inferences
Based on Second-Order Moments. (June 1992)

[Forthcoming in Sratistical Modelling and Latent Variables Elsevier, North
Holland. K.Haagen, D.J.Bartholomew and M. Deistler (eds.)]

issue  Vernon L. Smith
Experimental Methods in Economics. (June 1992)

Albert Marcet and David A. Marshall
Convergence of Approximate Model Solutions to Rational Expectation Equilibria
Using the Method of Parameterized Expectations.

M. Antdnia Monés, Rafael Salas and Eva Ventura
Consumption, Real after Tax Interest Rates and Income Innovations. A Panel

. Data Analysis. (December 1992)

19.

20.

21.

22,

Hugo A. Hopenhayn and Ingrid M. Werner
Information, Liquidity and Asset Trading in a Random Matching Game.
(February 1993)

Daniel Serra
The Coherent Covering Location Problem. (February 1993)

Ramon Marimon, Stephen E. Spear and Shyam Sunder
Expectationally-driven Market Volatility: An Experimental Study. (March 1993)
[Forthcoming in Journal of Economic Theory)

Giorgia Giovannetti, Albert Marcet and Ramon Marimon

Growth, Capital Flows and Enforcement Constaints: The Case of Africa.
(March 1993)

[Published in European Economic Review 37, pp. 418-425 (1993)]




23.

24,

25.

26.

27.

28.

29.

30.

31.

33.

34,

35.

Ramon Marimon

Adaptive Learning, Evolutionary Dynamics and Equilibrium Selection in
Games. (March 1993)

{Published in European Economic Review 37 (1993)]

Ramon Marimon and Ellen McGrattan

On Adaptive Learning in Strategic Games. (March 1993)

[Forthcoming in A. Kirman and M. Salmon eds."Learning and Rationality in
Economics"” Basil Blackwell]

Ramon Marimon and Shyam Sunder

Indeterminacy of Equilibria in a Hyperinflationary World: Experimental
Evidence. (March 1993)

[Forthcoming in Econometrical

Jaume Garcia and Jos¢ M. Labeaga
A Cross-Section Model with Zeros: an Application to the Demand for
Tobacco. (March 1993)

Xavier Freixas
Short Term Credit Versus Account Receivable Financing. (March 1993)

Massimo Motta and George Norman

Does Economic Integration cause Foreign Direct Investment?
(March 1993)

[Published in Working Paper University of Edinburgh 1993:1]

Jeffrey Prisbrey

An Experimental Analysis of Two-Person Reciprocity Games.
(February 1993)

[Published in Social Science Working Paper 787 (November 1992)]

Hugo A. Hopenhayn and Maria E. Muniagurria
Policy Variability and Economic Growth. (February 1993)

Eva Ventura Colera
A Note on Measurement Error and Euler Equations: an Alternative to
Log-Linear Approximations. (March 1993)

Rafael Crespf i Cladera
Protecciones Anti-Opa y Concentracién de la Propiedad: el Poder de Voto.
(March 1993)

Hugo A. Hopenhayn
The Shakeout. (April 1993)

Walter Garcia-Fontes
Price Competition in Segmented Industries. (April 1993)

Albert Satorra i Brucart
On the Asymptotic Optimality of Alternative Minimum-Distance Estimators in
Linear Latent-Variable Models. (February 1993)




37.

Teresa Garcia-Mila, Therese J. McGuire and Robert H. Porter

The Effect of Public Capital in State-Level Production Functions Reconsidered.
(February 1993)

Ramon Marimon and Shyam Sunder

Expectations and Learning Under Alternative Monetary Regimes: an Experimental
Approach. (May 1993)







