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ABSTRACT

In this paper we consider the implications of heterogeneity in
information processing abilities for macroeconomic models that exhibit what we
refer to as synergism. Synergism is the same concept that has received much
attention in the recent macro literature under the heading of either Keynesian
coordination problems, positive trading externalities, or strategic
complementarities. The paper is concerned with the following question. When
agents vary in terms of their ability to form expectations, is it the agents
who form expectations in a "sophisticated" manner who have a disproportionately
large effect on macroeconomic equilibrium, or is it the "naive" who are
disproportionately important? We find that if macroeconomic interaction
exhibits synergism, then it is the naive agents who have a disproportionate
impact on equilibrium. Further, we show that this disproportionate impact can
be helpful in explaining significant hump shaped persistence in response to

one period macroeconomic shocks.



I. Introduction

A critical issue in the modeling of economic behavior is how well can
agents process information. The standard approach is to assume that agents
are "rational," or equivalently, that agents have unlimited abilities to
process information. This has led to a recurring controversy, however,
because as has been pointed out by many previous authors, real world agents
are obviously limited in these abilities. Recent refinements to the concept
of rationality have brought this conflict into even sharper focus. That is,
rationality no longer simply implies that behavior is determined by the
maximization of a well ordered function. Rather, it now typically implies the
expected utility hypothesis of behavior under uncertainty, and the rational
expectations hypothesis for the formation of expectations.™’

As a result of the above described controversy, several alternatives to
the rationality assumption have been suggested over time. A prominent example
is the concept of satisficing developed by Simon and his followers.3 More
recently, however, work in this area has shifted in a new direction. A number
of authors have investigated the idea that agents tend to be heterogeneous
in terms of information processing abilities (see e.g., Conlisk (1980),
Akerlof and Yellen (1985a,b), Haltiwanger and Waldman (1985), and Russell and
Thaler (1985)). 1In particular, these authors have looked at models where one
group of agents processes information in a very sophisticated manner, while
others are much more limited in their capabilities. In the present paper we
draw upon our own earlier work in this area which was concerned with this type
of heterogeneity in the context of the formation of expectations, and consider

.the implications of this approach for macroeconomic behavior.

In our earlier paper we considered a world in which a proportion of the



population satisfies a rational expectations assumption, i.e., the
sophisticated agents, while the agents termed "naive" exhibit incorrect
expectations. The focus of the analysis was, given a world in which both
sophisticated and naive agents are present, under what situations will the
sophisticated have a disproportionately large effect on equilibrium, and under
what situations will it be the naive who are disproportionately important.
What we found to be crucial in answering this question was the manner in which
the agents interact. In particular, consider a world which exhibits what we
will refer to as synergism. By synergism we mean that the higher is the total
number of agents who choose a particular behavior, the higher is the return to
agent i1 choosing that behavior. One of the main conclusions of our analysis
was, given a world which exhibits synergism, it is the naive agents who are
disproportionately important. That is, the equilibrium more closely resembles
what occurs when all agents are naive than would be suggested by the relative
number of sophisticated and naive agents in the population. One might
conclude, therefore, that since naive agents are disproportionately important
in a world which exhibits synergism, in such a world the practice of assuming
all agents have rational expectations is not well justified.4’5

The above result should be of special interest to macroeconomists in that
synergism is the same concept that has recently received much attention in the
macro literature under the heading of either Keynesian coordination problems,
positive trading externalities, or strategic complementarities. Examples of
papers which deal with what we refer to as synergism include Diamond (1982),
Bryant (1983), Heller (1983), Howitt (1985), Cooper (1985), and Cooper and
John (1985). These papers introduce synergism in a number of different ways.

For example, Diamond introduces synergism by employing a search process in



conjunction with positive trading externalities, while Heller depends on
demand linkages in a multisector model. Three basic results have come out of
this body of literature. First, the presence of synergism can result in an
economy being characterized by multiple equilibria, where it is sometimes
possible to pareto rank the various equilibria. Second, from a societal
standpoint equilibria tend to be characterized by too low a level of aggregate
activity. Third, synergism causes an economy to be characterized by
multipliers very similar to those contained in old style Keynesian analysis.

We find the above results very interesting. However, we feel that
synergism has macroeconomic implications beyond those identified above.
Consider the following.

Aggregate activity is typically characterized by serially correlated
movements in output that fit the pattern of what we will refer to as hump
shaped persistence.6 By hump shaped persistence we mean that output tends to
decline sharply in the initial stages of a business cycle slump, and then
gradually returns to normal in the latter stages.7 As we all know, however,
this poses a problem for macroeconomists in that simple rational expectations
models do not yield serially correlated movements in output.8 The profession
has responded to this problem by embedding a variety of imperfections and
rigidities into rational expectations models. For example, staggered
long-term contracts appear in Taylor (1980), lags in the production process
are introduced in Kydland and Prescott (1982), uncertainty with Bayesian
learning appears in Frydman and Phelps (1983), while Darby, Haltiwanger and
Plant (1985) rely on inventory and search dynamics. We feel the above
explanations may very well play a role, however, the possibility that the

macro economy exhibits synergism suggests another factor may be important.



Our earlier work tells us that a rational expectations assumption is not well
justified in a world which exhibits synmergism. Hence, there is a suggestion
that persistence may be related to the presence of synergism in combination
with the idea that agents tend to vary in terms of their ability to process
information. And in fact, as we will demonstrate in this paper, once one
introduces both properties into a macroeconomic model, then an alternative
explanation for persistence does arise.

Consider a macroeconomic model with synergism, where there are two types
of agents. Sophisticated agents have unlimited abilities to process
information and thus satisfy a rational expectations assumption, while naive
agents are limited in their abilities, and hence satisfy an adaptive
expectations assumption. Such a model will in general exhibit three important
characteristics. The first is that, because of the presence of at least some
agents with adaptive expectations, the economy will be consistent with what we
have referred to as hump shaped persistence. That is, even in simple models
the response to a one time shock will typically involve a slow movement back
to steady state behavior, rather than the immediate return which would occur
if all agents were sophisticated. The second characteristic is that the
amount of persistence generated will be related to the degree of synergism in
the environment. In particular, increasing the degree of synergism increases
the amount of persistence.

While the above two results are of interest, by themselves they do not
demonstrate the importance of synergism in the explanation of persistence.

The first characteristic states that the economy will display the desired type
of persistence, but it does not guarantee that the persistence generated will

be significant. The second property states that persistence increases as



synergism increases, but similarly it does not rule out the possibility that
even high degrees of synergism may yield low levels of persistence. The
interesting question therefore is, how much persistence will such an economy
display? The surprising answer is that it will display a relatively large
amount. That is, the third characteristic states that at least for the first
few periods after a shock, the naive agents are disproportionately important,
i.e., the deviation from steady state behavior will be more than that
suggested by the relative number of sophisticated and naive agents in the
population. Or in summary, significant persistence can be explained by the
presence of synergism as long as one allows "some" agents in the population to
have adaptive expectations.

To understand why naive agents are disproportionately important for at
least the first few periods of the adjustment process, consider the following.
After a one time shock, the adaptive nature of the expectations of the naive
causes the naive to only slowly revert back to steady state behavior.
Sophisticated agents, on the other hand, anticipate that naive agents will
behave in this way and, because of the synergism, compensate by having their
behavior being biased in a manner similar to the bias of the naive. The
result is that aggregate private production is farther from steady state
behavior than if one simply considered the direct actions of the naive. Or
overall, naive agents are disproportionately important for at least the first
few periods, because sophisticated agents anticipate the bias of the naive and,
due to synergism, compensate in a manner which tends to reinforce this bias.

In this paper we demonstrate the above argument in the context of a
number of the synergistic macroeconomic models which have already appeared in

the literature. The outline for the paper follows. Sections II and III



present and analyze a dynamic version of one of the models analyzed in Diamond
(1982). Section IV considers a variant of the static models contained in
Heller (1985) and Cooper (1985). Section V considers a standard IS-IM model,
where synergism is incorporated in a manner similar to Howitt (1985). Section
VI presents some concluding remarks. Note that, since Sections IV and V
consider static models, in those sections it is not possible to explicitly
consider the issue of persistence. What we do in those sections instead is
consider the static analogue to the persistence question, i.e., how large is
the one period effect of a shock. In particular, both Sections IV and V

concentrate on the size of the effect of anticipated money shocks.

IT. Model 1: Synergism through Trading Externalities

As indicated earlier, the model presented in this section is a variant of
one of the models presented in Diamond (see pp. 886-87). Following Diamond we
make no distinction between workers and firms. Rather, there is a continuum
of agents who in each period must decide whether or not to undertake a
production project. If in period t agent i decides to undertake a project,
then he produces y units of output at a cost ci,t’ where ci,t-atbi' The
heterogeneity in costs across agents captured by the term bi can be thought
of either as heterogeneity in "reservation wages," or just variance in costs
across projects. The latter interpretation simply means that, prior to
deciding whether or not to produce, each agent i draws a production project
from the distribution of projects. The distribution of bi's in the population
is described by a density function h(.) which is positive over the interval

[0,), and equals zero elsewhere. The term a, is a common cost parameter

shared by all agents in the population. Shifts in a_ are simply economy wide



cost shocks, which might, for example, be caused by shifts in input prices.

The key restriction on behavior is that each individual cannot consume
what he himself produces, but must rather trade his own output for that which
is produced by others. This assumption reflects the advantage that
specialized production and trade have over self-sufficiency. Further, storage
is not possible, so that if in a particular period an individual is unable to
trade his output, then the output is simply wasted.

Let Yt be period t’'s aggregate private production and Gt be government
output in period t, where government output is financed by lump sum taxes.
The probability of an agent making a trade in period t is denoted P.; where
pt-p(Yt+Gt) and p’>0. The assumption p’'>0 captures the trading externality or
the idea that the world exhibits synergism, i.e., more traders raises the like-
lihood of any individual trader being able to successfully complete a trade.

Agents are assumed to be risk neutral. Hence, in period t agent i

will (will not) undertake a production project if
(1) E y(e
Py i,t’

is agent i's expectation concerning the probability of successfully

where p? ¢

completing a trade in period t. There are two types of agents in the
population. A proportion q of the population is sophisticated while a
proportion (l-q) is naive, where the distribution of sophisticated and naive
agents in the population is independent of the distribution of bi's in the
population. Sophisticated agents have unlimited abilities to form
expectations, and thus their expectation formation process satisfies a rational
expectations assumption.9 On the other hand, naive agents are limited in
their ability to form expectations, and they are thus assumed to satisfy a

simple adaptive expectations assumption, i.e., for each naive agent i
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Finally, we want to abstract away from the possibility that, because of
the synergism present, the model may display multiple steady state equilibria.

We thus assume
, 2
(3) ) (Yt+Gt)(y /at)h(p(Yt+Gt)y/at)<1 for all Yt’ °t>0'

That is, we impose an upper bound on the degree of synergism present which is

actually the lower bound necessary for Diamond’'s multiple equilibria result.

IIT. Analysis of Model 1

The focus of the analysis concerns how the interaction of synergism and
limited rationality can help explain why an economy might exhibit hump shaped
persistence. The outline for the section is as follows. First, we consider
how, starting from a steady state, the economy adjusts to a one time change in
either government output or a given the two polar assumptions concerning the
expectations formation process, i.e., all agents are sophisticated (q=1) and
all agents are naive (q=0). Second, we consider the case where the economy
consists of a mix of sophisticated and naive agents (0<q<l), and compare the
qualitative nature of the adjustment process in this case to the two polar
cases previously considered. Third, we consider the effect of varying the
degree of synergism in the heterogeneous case. Fourth, we again compare the
heterogeneous case to the two polar cases previously considered, but this time
rather than being qualitative in nature, the comparison is in terms of the

amount of persistence generated in the three cases.



It should be clear that the steady state value for Y is independent of
the value for q. Given this, let YZ(a,G) be the steady state value for Y
when o ~a in every period and Gt-G in every period. The manner in which a
enters the model guarantees 8Yz/aa<0, while the synergistic nature of the
model guarantees 6Y2/6G>0. Additionally, (3) guarantees 8Y2/3G<1.

We will first consider how the economy adjusts to a one time shock given
that all agents are naive. Below when we state that in period k the economy
experiences a one time shock to either a or G, we formally mean the following.
In period k-1 the economy is in a steady state where a=a and G=G. Further,
in period k there is a change in either a or G, while at-& and Gt-é for all

t>k. Note, all proofs are relegated to an Appendix.

Proposition 1: Suppose that in period k the economy experiences a one time
shock to either @ or G. If g=0 and it is a cost shock, then i) through iv)

are satisfied, where w=k+l.

i) Yk>(<)Yz<&,é) if Yz(ak,ck)>(<)yz(&,é)
ii) Yk+1<(>)Yk+2<(>)...YW if Yz(ak,ck)>(<)yz(&,é)
iii) sz(s)yw+l>(<)yw+2>(<)... if Yz(ak,ck)>(<)Yz(&,é)

iv) ¥im Yk+j—Yz(a,G)
J—m
If g=0 and it is a government shock, then ii) through iv) are correct while

v) Yk=YZ(&,é).

Proposition 1 states that, if all agents have adaptive expectations, then
the adjustment to a one time shock will display the following characteristics.
First, in the period of the shock there will be a change in aggregate private
production if it is a cost shock, and no change if it is a government shock.

Second, this will be followed by a divergence from the steady state value for
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Y, where this divergence may at first follow an increasing trajectory, but it
eventually decreases with time and then disappears in the limit. Or overall,
if all agents are naive, then the adjustment to a one time shock is consistent
with the notion of hump shaped persistence.

We can now consider the adjustment process when all agents are
sophisticated. For this case we need to distinguish between two different
types of shocks. On the one hand, the shock could be anticipated. This means
that sophisticated agents have knowledge of the one time change in either e« or
G prior to its actual occurrence, and that the sophisticated agents adjust
their production decisions accordingly. Formally this translates into the
assumption that if an anticipated shock occurs in period k, then p?,k-p(Yk+Gk)'
On the other hand, the shock could be unanticipated. This means that agents
have no knowledge of the one time change prior to its occurrence. The
translation here is that if an unanticipated shock occurs in period k, then

p? K equals the previous steady state value for p.ll’12

Proposition 2: Suppose that in period k the economy experiences a one time
shock to either a or G. If q=1 and the shock is anticipated, then
i) Yk-YZ(ak,Gk)
ii) Y -Y,(a,6) for all t>k.
If q=1 and the shock is an unanticipated cost shock, then ii) holds while
iii) Yk>(<)YZ(a,G) if ak<(>)a.
If gq=1 and the shock is an unanticipated government shock, then

iv) Yt-YZ(&,é) for all t=k.
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Proposition 2 tells us the following about the adjustment process when
all agents are sophisticated. First, if the shock is either an anticipated
shock or a cost shock, then there is an immediate adjustment to aggregate
private production followed by private production immediately returning to the
original steady state position. Second, if the shock is an unanticipated
government shock, then there is simply no movement in private production. Or
overall, if all agents are sophisticated, then the adjustment to a one time
shock is inconsistent with the notion of hump shaped persistence.

The next step is to consider what occurs when there is a mix of
sophisticated and naive agents. Notice that in dealing with this case below
we retain the distinction concerning whether or not the shock is anticipated.
This is because, in describing the adjustment process when both types of
agents are present, it is still necessary to know whether the sophisticated

agents have prior knowledge concerning the one time change in either a or G.13

Proposition 3: Suppose that in period k the economy experiences a one time
shock to either @ or G. If 0<q<l and the shock is anticipated, then i)

through iv) are satisfied, where wzk+l.

i) Yk>(<)YZ(&,é) if Yz(ak,ck)>(<)yz(&,é)
ii) Yk+1<(>)Yk+2<(>)...Yw if Yz(ak,ck)>(<)yzga,é)
iii) Yg;(s)yw+1>(<)yw+2>(<)... if Yz(ak,ck)>(<)yz(&,é)

| iv) 1lim Yk+j—YZ(a,G)
->Q0

If 0<g<l and the shock is an unanticipated cost shock, then i) through iv) are

still correct. If 0<q<l and the shock is an unanticipated government shock,

then ii) through iv) are still correct while

v) Yk-YZ(&,é).
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Proposition 3 states that, if there is a mix of sophisticated and naive
agents, then the qualitative nature of the adjustment process is closer to the
pure naive case than to the pure sophisticated case. We can see this clearly
by comparing the three propositions. Given a cost shock or an unanticipated
government shock, a comparison of Propositions 1 and 3 indicates that the
qualitative nature of the adjustment process with a mix of agents is exactly
the same as when all agents are naive. On the other hand, with an anticipated
government shock the results are only slightly more ambiguous. For the period
in which the shock occurs, the adjustment process with a mix of agents more
closely resembles4what occurs wﬁeﬁ all agents are sophisticated in that
aggregate private production exhibits some movement. However, for all later
periods the adjustment process more closely resembles the pure naive case.
That is, aggregate private production only slowly returns back to the original
steady state as in the pure naive case, rather than the immediate return which
characterized the pure sophisticated case.

To this point the reader may not have found the results particularly
surprising. The only thing that can cause links between the periods in this
model is expectations. Given this, suppose all agents are sophisticated. It
is clear that anticipated shocks will simply cause Yt to track along the path
defined by the steady state values, while unanticipated shocks will cause a
one period deviation from this path and then an immediate return. On the
other hand, suppose there are some naive agents. A shock causes P, to
deviate from its original steady state value. Further, given the adaptive
nature of at least some of the agents’ expectations, this results in
persistence as these expectations only slowly adjust back to the original

steady state value.
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We now turn to more interesting questions which concern the amount of
persistence generated given that both sophisticated and naive agents are
present. The first issue we address is, how is the amount of persistence
affected by an increase in the degree of synergism? To answer this question
we define what will be referred to as an increasing synergistic transformation

” * * » » 2 3 I3
of p(.). Suppose p(x )=p(x ). Then p(.) is an increasing synergistic
R e *
transformation of p(.) if p(x)>(<)p(x) whenever x>(<)x . In other words, an

increasing synergistic transformation involves a rotation of p(.) around some

fixed point.

Proposition 4: Suppose that in period k the economy experiences a one time
shock to either a or G. If 0<q<l, then an increasing synergistic trans-
formation of p(.) which leaves YZ(&,é) unchanged will cause IYt-YZ(&,é)I\to
increase for every t>k. In addition, if the shock is anticipated, then

|Yk-YZ(a,G)| also increases.

Proposition 4 states that increasing the degree of synergism increases
the persistence generated. That is, for every period after a shock occurs, an
increase in synergism causes an increase in the deviation from steady state
behavior.

Although an interesting result, Proposition 4 does not rule out the
possibility that even high degrees ofrsynergism may yield low levels of
persistence. To get more directly at the issue of how much persistence is
generated, we will now address the following question. When both types of
agents are present in the economy, does one of the groups tend to be
disproportionately important? We know that when everyone is sophisticated

there is no persistence, while when everyone is naive there is persistence.
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Further, simulations of the model suggest that the persistence generated when
everyone is naive can be quite significant. Hence, if the answer to the above
question is that the naive agents tend to be disproportionately important,
then we will have strong evidence that the presence of synergism in
combination with limited rationaltity can be an important factor in the
generation of persistence.

We address the above question in two steps. First, we derive an analytic
result concerning the first period following the shock. We then present some
simulations which provide further information concerning this issue. Note,
below Yi (Yﬁ) denotes aggregate private production in period t when all agents

are sophisticated (naive), i.e., gq=1 (q=0).

Proposition 5: Suppose that in period k the economy experiences a one time

. S S
shock to either a or G. If 0O<q<l and Y§+1<(>)Yk+1’ then Yk+l<(>)qYk+1
+(1-q)Yy,,. Or equivalently, |¥,, -Y,(&& [>(1-0)]y,;-¥,.6)].

Proposition 5 tells us that, when both sophisticated and naive agents are
present, the naive agents are disproportionately important the first period
after the shock occurs. That is, in this first period, the deviation from
steady state behavior is larger than would be suggested by the relative number
of sophisticated and naive agents in the population.

Analytic characterization of later periods is difficult. Hence, to gain
insight into disproportionality more than one period after the shock, we have
run simulations of the model under various parameter values. A description of
the specification used for our simulations follows. We let h(.) be uniform
over the interval [0,1], where h(bi)-200 if Osbisl. Further, y=1, while the

§'s satisfy a geometrically declining weight distribution which is truncated
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after four periods.

The probability of an agent making a trade is assumed to be a linear
function, i.e., p(Y+G)-p0+p1(Y+G), where the parameter Py represents the
degree of synergism. To guarantee uniqueness we only consider values for
p1<1/200. Remember that our upper bound on the degree of synergism is the
lower bound necessary for Diamond’s multiple equilibria result.

There are a number of ways in which we try to be roughly consistent with
the stylized facts. First, the ratio of government spending to total
aggregate activity is kept between 20 and 30 percent. Second, a survey of
empirical autoregressive models of price expectations indicates that a weight
on the first lagged quarter of between .3 and .6 is reasonable.14 While our
agents are not forming price expectations, these same magnitudes seem sensible
in our context as well. Thus, for our simulations we allow 61 to take on the
values .3 and .6.

We will consider both the impact of a one period unanticipated cost shock
in period k, and a one period unanticipated fiscal policy shock in period k.15
The steady state value for G is set at 40, while the steady state value for
the cost parameter a is set at 1. The one period cost shock is captured by
allowing a to rise to 1.1 in period k, while at-l for all t>k. The one
period fiscal policy shock is captured by allowing G to fall to 30 in period Kk,
while Gt-40 for all t>k.

Table 1 reports simulation results for the unanticipated cost shock,
while Table 2 reports results for the fiscal policy shock. In these tables we
list four measures of private sector output: (1) YS — the pure sophisticated

case; (2) YN — the pure naive case; (3) Y — actual private sector output; and

(4) YC — the convex combination of the two polar cases, i.e., qYS+(1-q)YN.
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Comparing Y and YC is obviously the appropriate comparison for evidence
concerning disproportionality. In our simulations we allow three parameters
to vary. First, as indicated earlier, we allow 61 to take on the values .3
and .6. Second, we allow the proportion of sophisticated agents to vary
between the values .6 and .8. Third, by varying the parameter py we consider
two different degrees of synergism. Note, however, when we vary p, we
simultaneously vary Py such that the steady state value for private sector
output always remains at 100. By varying synergism in this way we match
exactly the manner in which synergism was varied in Proposition 4.

Some of the ¥esu1ts reported in the tables are illustrated in Figures
1-3., Figure 1 depicts the consequences of a cost shock when the degree of
synergism is relatively high, 80% of the population is sophisticated and
61-.6. It shows\that in this case naive agents are disproportionately
important for several periods after the shock occurs, and that the magnitude
of this disproportionality can be quite large. Further, Table 1 indicates
that this basic description is unchanged either if 60% of the population is
sophisticated, or if 61-.3. Taken together these results tell us that
synergism can lead to significant "hump shaped" persistence from an absolute
standpoint, and a significant disproportionality effect for sevéral periods
after a shock occurs. Figure 2 depicts what happens if the degree of
synergism is reduced. As should be expected from Proposition 4, decreasing
the degree of synergism reduces the quantity of persistence generated. More
importantly, however, there also seems to be a reduction in the amount of
disproportionality. That is, a decrease in synergism seems to result in the

naive agents being disproportionately important for less periods, and for the

magnitude of this disproportionality to be smaller. Nevertheless, even with a
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relatively small degree of synergism, the naive are disproportionately
important for the first few periods which follow the shock.

Figure 3 depicts the consequences of a government shock when the degree
of synergism is relatively high, 80% of the population is sophisticated, and
61-.3. In addition to our results concerning disproportionality, we now have
that the deviation from steady state behavior initially grows with time, and
then after this initial growth the economy slowly reverts back to the steady
state, Further, Table 2 indicates that this pattern holds as long as 61—.3.
Or overall, in addition to the results concerning disproportionality, we also
have that under some specifications this model is consistent with the stylized
fact that the peak effect of a shock actually occurs a number of periods after
the shock takes place.

We can now consider the intuition for our results concerning
disproportionality. After a one time shock, the adaptive nature of the
expectations of the naive causes the naive to only slowly revert back to
steady state behavior. Sophisticated agents, on the other hand, anticipate
this behavior and, because of the synergism, compensate by having their
behavior being biased in a manner similar to the bias of the naive. The
result is that aggregate private production is farther from steady state
behavior than if one simply considered the deviation caused by the direct
actions of the naive. This factor is present in all the periods which follow
a shock, and it works in the direction of having the naive agents be
disproportionately important.

In this dynamic setting, however, not only do the sophisticated react to
the behavior of the naive, but the naive react to the behavior of the

sophisticated (albeit with a lag). To understand the implications of this
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latter factor, begin with a situation where all agents are naive, and consider
how naive behavior is changed by the introduction of sophisticated agents.
Suppose a shock occurs in period k. In any period t, t>k, sophisticated
behavior will not be as far from steady state behavior as is the behavior
exhibited by the naive. In turn, because the naive have adaptive
expectations, in period t+l this will result in a change in the behavior of
the naive such that aggregate private production moves toward steady state
behavior. Hence, there exists a second factor in the adjustment process, and
this factor works in the direction of having the sophisticated agents be
disproportionately important. .

The second factor grows in importance the further in time one is from the
initial shock, while, as we stated earlier, the first factor is present in all
the periods which follow a shock. The result is that, as is evidenced by the
simulations, the naive agents are disproportionately important at least for
the first few periods after the shock occurs, while the sophisticated agents
may be disproportionately important in later periods.

The above discussion also allows us to intuitively understand
Proposition 4. We know that, after a one time shock, sophisticated agents
anticipate the bias of the naive, and then respond in a manner which reinforces
this bias. In addition, the higher is the degree of synergism, the greater
will be the response. The result is then that the amount of persistence
generated in response to a one time shock is positivély related to the degree
of synergism present -in the economy.

A final word concerns the idea that in the above discussion we have
stressed the importance of synergism. Given this, one might want to know how

the results of the analysis would change if we were to instead assume that the
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world exhibits what we have previously referred to as congestion (see

footnote 4), i.e., p’<0. We have considered this alternative specification
and derived the following. On the one hand, if all agents are sophisticated,
then there is no qualitative effect on how the economy adjusts to a one time
shock. That is, for anticipated shocks Yt will still track along the path
defined by the steady state values, while unanticipated shocks will still
cause a one period deviation from this path and then an immediate return. The
other results, however, do not follow through to this case. First, the type
of persistence generated when some or all of the agents are naive is much
different under cbngestion than under synergism. For example, consider the
special case of our model wherein, when forming expectations, naive agents
place all the weight on what occurred in the previous period, i.e., 61-1.
Given the presence of naive agents, a one time shock with congestion will now
cause aggregate private production to alternate between being above and then
below the original steady state value, rather than the hump shaped persistence
generated under synergism. Second, given congestion, a mix of agents will
result in the sophisticated agents being disproportionately important in all
periods. That is, in response to a one time shock, the deviation from steady
state behavior would in egch period be smaller than that suggested by the
relative number of sophisticated and naive agents in the population.

Or overall, synergism serves three important and complementary roles in
this model. First, it causes the model to exhibit the desired type of
persistence. Second, it means that after a shock occurs, this persistence
will be disproportionately large at least for the first few periods of the
adjustment process. Third, from Proposition 4 we also know that an increase

in synergism increases the amount of persistence generated.
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IV. Model 2; Synergism through Demand Linkages

We now investigate a model wherein synergism arises because of demand
linkages across sectors. The specific model considered is a variant of Heller
(1984) and Cooper (1985). In our economy there are two consumption goods, two
types of firms, and two types of workers. Firms in sector 1 (2) produce only
good 1 (2), and use only type 1 (2) labor. On the other hand, type 1 (2)
workers and the owners of type 1 (2) firms — hereafter referred to simply as
firms — only desire good 2 (1). This specification is intended to capture
the idea that agents are specialists in production, but generalists in
consumption. Further, similar to Cooper (1985) we introduce a non-produced
good into this simple economy. In particular, each agent is endowed with m
units of money, where money is the numeraire, and real balances enter
explicitly into each agent’s utility funct:ion.16

In each sector there are F firms. Each firm has a linear production
technology, which, for simplicity, converts labor into output on a one-for-one

basis. Hence, the profits of firm i in sector j are given by
4 n, .=(p,-w ,
“) 1,57F; j)yi.J

where P, is the price of sector j output, Wj is the sector j wage, and Y i

is the firm's output. Firm i in sector j spends its total income, IIi j+ﬁ, on

the output of the other sector and on real balances. The utility function for

firm i in sector j is given by17

a l-a
5 U. [od . (m P ) ):
(5) ey %@m/p
where U, is strictly increasing and concave and 0<a<l. 1In (5) ¢y j is the
firm’'s consumption of the other sector’s output, while mi/P-j is the firm’'s

holding of real balances. (5) yields that the firm’'s demands are given by



- 21 -

(6a) ci’j-(a/P_j)(Hi’j+m)
and
(6b) my=(1-a) (M s+m).

In each sector there are also T workers. Every worker is endowed with
one unit of leisure time and m units of money. Worker t in sector j has a

utility function given by

a l-a
7 Vile, %m/p )7 %d k),

where Vj is strictly increasing and concave. dt-l(O) if the worker is (is not)
employed. Hence, kt can be loosely interpreted as the worker’s disutility
for working. Within a sector workers differ only in terms of this disutility.
Specifically, in each sector the distribution of kt's is described by a
density function h(.) which is assumed to be uniform over the interval [0,K].
If a worker in sector j is employed, then he receives the wage Wj.
Thus, the worker’s total income equals Wj+ﬁ if he decides to work, while it
simply equals m if he decides not to. It is assumed that workers make their
labor supply decisions before the market price of the other sector’s output is
revealed. Further, the expectation for P-j held by worker t in sector j is
denoted as PE,-j' It is easily demonstrated that the worker will choose to
work if kt<a*(wj/PE,_j), where a'=1/(a®(1-a)!™®). Additionally, (7) yields

that the worker’'s demands are given by

(8a) ct’-j-(a/P_j)(Wjdt+ﬁ)
and
-(8b) mt-(l-a)(Wjdt+m).
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Firms are assumed to behave as Cournot-Nash competitors within each
sector, while across sectors both prices and quantities are taken as fixed.
That is, firm i in sector j takes as given P-j’ Y-j’ and Y-i,j’ where Y_j is
the total production in the other sector and Y-i,j is the total production of
the other F-1 firms in sector j. Hence, the firm faces a residual demand

curve given by

(9) Pj-R'j/(yij+Y'i,j)’

where R_. is the total amount spent on sector j goods by sector -j agents.

Further, the preferences described above yield
10 R .=(T+F)am+aP .Y .
(10) -3 (T+F) -5Y-3

The firm also faces a residual supply curve of labor, which depends upon
the ability of workers in forming price expectations. As before, a proportion
q of workers is assumed to be sophisticated, while a proportion (1l-q) is

assumed to be naive. Sophisticated workers have rational expectations, and

since we will only deal with anticipated money shocks this implies Pg -j-P-j'
On the other hand, naive workers are assumed to all have the same incorrect

expectations given exogenously by PE _j-P. One interpretation for these

exogenous expectations is that naive agents in actuality have adaptive
expectations, where because we are dealing with a static framework, this
translates into expectations being given exogenously. The above yields that

the residual supply curve of labor is given by
* -
11 W= Y . K/T P D)+((1-q)/P)).
(11) j (yij+ _1’j)a /T((q/ _J) ((1-q)/P))

Finally, using (11) we can derive the first order condition for each firm's
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choice of output, i.e.,
12 P.-W.+y..(8P,/8y,.-dW,/8y..)=0.
(12) f Jle( J/y1J J/le)

The above concludes the setup of the model. In the following we will
restrict attention to the symmetric Nash equilibrium of the model. Let Y
denote aggregate private production, while YS (YN) denotes aggregate private
production for the special case where all agents are sophisticated (naive),

i.e, gq=1 (gq=0). Analysis of the above model yields

(13a) Y5=2(T/aK) ((F-1) /(F+1)),

(13b) Y=v5 (PV/B), where P =2am(T+F)/(1-a)¥",
and

(13c) Y-Ys(q+(l-q)(P/P)), where P=2am(T+F)/(l-a)Y.

(13a) states that if all agents are sophisticated, then production is
independent of the nominal price level. Hence, an anticipated change in the
nominal money supply will have no effect on>aggregate private production.
Note, by an anticipated change in the nominal money supply we simply mean one
which is known by sophisticated agents prior to firms making production
decisions and workers making labor supply decisions. On the other hand, (13b)
and (13c¢) consider the cases where there are at least some naive workers. The
conclusion here is that when naive workers o§erestimate (underestimate) the
nominal price level, aggrégate private production is less than (greater than)
the pure sophisticated case. Hence, even anticipated money is not neutral
when g<1.

Summarizing the above, we have that anticipated money is neutral in the

pure sophisticated case, and non-neutral when either all agents are naive or
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there is a mix of sophisticated and naive agents. In other wcrds, just as in
the previous section, qualitatively the equilibrium with a mix of agents more
closely resembles the pure naive case than the pure sophisticated case.
Similar to what was true earlier, however, the more interesting question is
what is the magnitude of the non-neutrality when there is a mix of agents? 1In
particular, is it the sophisticated agents or the naive agents who are

disproportionately important? We address this issue in Proposition 6.18

Proposition 6: Suppose 0<q<l and initial conditions are such that Y-YS=YN.
Call this initial value for Y, Y°. An anticipated change in the nominal

. . YN S : : S YN
money supply which results in Y <(>)Y , will also result in Y<(>)qY +(l-q)Y .

Or equivalently, the result will be that |Y-Y°|>(1-q)|YN-Y°|.

Proposition 6 tells us that, when both sophisticated and naive agents are
present, the naive agents are disproportionately important. That is, an
anticipated change in the nominal money supply will result in a greater change
in aggregate real activity than would be suggested by the relative number of
sophisticated and naive agents in the population. The intuition for
Proposition 6 is similar to that given for the previous model. The naive
agents are fooled by the money shock, and this results in some real output
effects. In turn, sophisticated agents anticipate this behavior and, because
of the synergistic nature of the model, respond in a manner which reinforces
the behavior of the naive. The result then being that naive agents are
disproportionately important.

Notice that if we allowed a more dynamic analysis as in Section III, then
a second factor would become important. That is, the presence of

sophisticated agents would over time lessen the impact the shock has on the
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behavior of the naive agents. Our conjecture is that in such a dynamic
setting the outcome of the competing forces would be very similar to the
result in the previous section. That is, the naive agents would tend to be
disproportionately important in the first few periods which follow a shock,
while in later periods the sophisticated agents may be disproportionately
important.

Finally, the results of this section suggest a way of distinguishing
between our explanation for persistence and other recent explanations (see
Section I). A primary empirical puzzle faced by macroeconomists is that, in
conflict with the:predictions of a simple rational expectations analysis,
evidence indicates that even relatively well anticipated changes in the money
supply seem to have significant real effects. Most of the other recent
explanations for persistence have difficulty explaining this evidence. On the
other hand, the analysis in this section suggests that if one moves away from
the rational expectations assumption by allowing just some agents in the
population to have adaptive expectations, then this empirical evidence is no
longer so puzzling. Hence, the fact that even relatively well anticipated
changes in the money supply seem to have significant real effects provides

. 1
support for our explanation of persistence.

V. Model 3: Synergism in a Textbook Macroeconomic Model

We now consider the impact of explicitly introducing synergism and
heterogeneity in information processing abilities into a standard textbook
macroeconomic model. The manner in which we introduce synergism is taken from
Howitt (1985).

Consider a typical aggregate macroeconomic model. Following Howitt
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(1985) we assume that suppliers of output face transactions costs of selling
output which depend on the aggregate level of economic activity. 1In
particular, synergism is captured by assuming that an increase in aggregate
activity decreases transactions costs per unit sold. The aggregate production
function is given by F(N,K), where N is labor input and K is the capital stock
(assumed fixed for the horizon under consideration). Transactions costs are
incorporated by assuming that for producers to sell Y they must produce
Y(1+0(Y)), where synergism implies a'<0.20 With Y the aggregate level of
output that is sold, we have Y(l4+0(Y))=F(N,K). Further, suppliers of output
have an expectation about the aggregate level of activity, which because of

transactions costs influences their individual decisions. Formally, this

translates into labor demand for a typical firm being given by
(14) n%ndqu/p, Y8y, and/a(u/py<0, and/avt>o0,

where W/P is the real wage and YE is the expected level of aggregate
activity. The influence of synergism can be seen in (14) by the fact that
and/aYE>O. Note that this formulation for labor demand is identical to
that given in Howitt.

The rest of the macroeconomic model is similar to a standard textbook
model, e.g., Gordon (1984) or Darby and Melvin (1986), with the exception
being that we allow for heterogeneity in the expectations formation process.

The model is given by
(15) A(Y,i,G,t)=Y, 0<8A/3Y<1l, 8A/8i<0, 3A/8G>0, 3A/3t<0,
(1e) M/P=L(i,Y), 8L/8i<0, 8L/3Y>0,

(a7 NE-qn /e, ECY| 1))+ (1-Nqu/e, Ty, an%/avEs0, andyacu/py<o,
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(18) N3=qN® (W/E(P|1))+(1-qQ)N°(W/B), N°'>0,
(19) no-NS,

and

(20) Y(1+o (Y)=F(N,K),

where E is the expectation operator, A is the aggregate expenditure function,
L is the demand for real balances, Nd is the aggregate demand for labor, N®
is the aggregate supply of labor, i is the interest rate, G is the real level
of government spending, t is a parameter embodying ta#es, M is the nominal
money supply, q is the proportion of both producers and workers that are
sophisticated, I is the information set of the sophisticated (which includes
all parameters including q), P is the expectation of the price level by the
naive, and Y is the expectation of the output level by the naive.

As indicated earlier, other than the role played by transactions costs,
the difference between this model and a standard textbook model is that we
allow for heterogeneity in the expectations formation process. In particular,
producers form expectations on the aggregate output level while workers form
expectations on the aggregate price level, where for each type of agent the
sophisticated have rational expectations and the naive have arbitrarily given
exogenous expectations. Further, as previously, one interpretation of these
exogenous expectations is that the naive agents in actuality have adaptive
expectations, which in this static model translates into expectations being
given exogenously.

In the model of (15)-(20), it is easy to demonstrate that if q=1, then an
anticipated change in the nominal money supply will have no real effects. By

an anticipated change in the nominal money supply we again simply mean one
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which is known by sophisticated agents prior to firms making production
decisions and workers making labor supply decisions. In contrast, for gq=0 an
anticipated change in the nominal money supply will have real effects since
the expectations of the naive do not take into account current information.
Thus far we have characterized what is already well known in the
macroeconomics literature. That is, in a flexible price IS-LM type model,
anticipated money shocks will have no real effects under rational
expectations, while under adaptive expectations such shocks will have real
effects. What is of interest is the nature of the effect such a shock will
have when agents are heterogeneous in their ability to form expectations. The
following propositions address this issue. Note, below YS denotes the
aggregate output level when g=1, YN denotes the aggregate output level when

q=0, and dM denotes anticipated changes in the nominal money supply.

Proposition 7: Suppose 0<q<l and initial conditions are such that P=E(P/I) and
?—E(Y/I), which in turn implies Y-YS-YN. Call this initial value for Y, Yo,
and the initial value for M, M°. An increasing synergistic transformation of

. 22
to increase.

o(.) which leaves a(Yo) unchanged will cause ay o
M=M

dM

Proposition 8: Suppose 0<q<l and initial conditions are such that ?-E(PII) and

S
?=E(Y|I), which in turn implies Y-YS-YN. Then g% >qg§— M-M°+(1-q)g§§

M=M° M=M°

Propositions 7 and 8 tell us the following about the effect of an
anticipated money shock when there is a mix of agents. First, an increase in
synergism increases the effect of such a shock (Proposition 7). Second, the
effect of such a shock is larger than that suggested by the relative number of

sophisticated and naive agents in the population, i.e., naive agents are
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disproportionately important (Proposition 8). The intuition for these results
is similar to that given for the other models in this paper. The money shock
causes naive agents to make mistakes, and this results in real changes in
aggregate activity. Further, sophisticated agents anticipate this behavior
and, because of the synergistic nature of the model, respond in a manner which
reinforces the bias of the naive. The result then being that naive agents are
disproportionately important. In addition, since sophisticated agents respond
more the higher is the degree of synergism, there is a positive relationship

between the degree of synergism and the effect of an anticipated money shock.

VI. Conclusion

There is a rapidly growing body of work in the macroeconomics literature
which investigates the role of synergism. Our own earlier work, however,
suggests that when synergism is present in an environment, results are very
sensitive to a relaxation of the rational expectations assumption. Hence, in
the present paper we have considered a number of these synergistic
macroeconomic models under the more realistic assumption that agents are
heterogeneous in terms of their ability to process information.

In our analysis we assumed there were two types of agents. Sophisticated
agents have unlimited abilities to process information and thus satisfy a
rational expectations assumption, while naive agents are limited in these
abilities and hence satisfy an adaptive expectations assumption. What our
analysis uncovered was that synergism in combination with this type of
heterogeneity provides an alternative explanation for the existence of
persistence. That is, models with these two properties will in general exhibit

three important characteristics. The first is that, because of the presence
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of at least some agents with adaptive expectations, aggregate activity will
respond to shocks in a manner consistent with observed hump shaped persistence.
Second, the amount of persistence generated will be positively related to the
degree of synergism in the environment. Third and most importantly, at least
for the first few periods which follow a shock, the naive agents are
disproportionately important. That is, the deviation from steady state
behavior will be more than that suggested by the relative number of
sophisticated and naive agents in the population. Or in summary, significant
persistence can be explained by the presence of synergism as long as one
allows just "some" agents in the populatign to have adaptive expectations.

In closing we will briefly consider the relationship between our results
on synergism and persistence, and the existing literature’s focus on synergism
and multiple equilibria (see e.g., Diamond (1982), Heller (1984), and Howitt
(1985)). One way to integrate these results may be along the lines of
Leijonhufvud’s (1981) corridor hypothesis. Leijonhufvud argues that there is
a locally unique high output, or full employment equilibrium, towards which
the economy moves when it is within the "corridor," while if the economy moves
outside the corridor behavior becomes quite erratic. Our results could thus
be interpreted as expiﬁining what happens when shocks are relatively small, or
in other words, what happens when the economy is within the corridor. The
interpretation is that near the full employment equilibrium the degree of
synergism is relatively small, and hence locally the full employment
equilibrium is unique. This, in turn, implies the following. First, if the
economy experiences a small shock, then it will return to the original
equilibrium. Second, as stressed in the present paper, this return will be

characterized by significant persistence as long as just some agents in the
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population have adaptive expectations.

On the other hand, the multiple equilibria results of Diamond, Heller,
and Howitt provide one possibility for what occurs when the econoﬁy moves
outside the corridor. The interpretation here is that substantially below the
full employment equilibrium the degree of synergism becomes relatively large,
with the result being the existence of additional "low" employment equilibria.
Hence, if the economy experiences a relatively large shock which moves it
outside the corridor, then the economy won’t necessarily move back to its
originalyposition.

This discussion suggests tﬁat the results concerning multiple equilibria
may be better suited to explain cataclysmic economic episodes like the Great
Depression. In contrast, our analysis with relatively less synergism may be
better suited to explain the type of aggregate output fluctuations which have
characterized the post WWII era in the United States. Of course, this
discussion is only speculative at the present moment. Nevertheless, taken
together, our results and those in the existing literature provide substantial
evidence for the importance of synergism in the understanding of macroeconomic

behavior.
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Appendix

Proof of Proposition 1l: Consider first the case of a change in a. Given that
expectations for p, are fixed, this will alter the critical value for bi in
the opposite direction. This proves i). Now consider period k+l. Because
the realized value for P, was different than the steady state value and
because agents have adaptive expectations, there will again be a change in the
critical value for bi which is in the direction opposite of the change in a.
In turn, using the same argument recursively we get that for all future
periods the critical value for bi will be biased in this same manner.
Further, equation (3) guarantees that the deviation from steady state behavior
may at first be increasing, but eventually it will be decreasing and then it
will disappear in the limit. This proves ii) through iv).

For a government shock the argument works the same, except that in period
k there is no change in the critical value for bi’ but rather simply the

realized value for Py is different than the steady state value.

Proof of Proposition 2: Given that the only thing linking the periods is
expectations, and given our assumption that, for every period after a shock
occurs, agents know that a and G have returned to their original steady state
values (see footnote 9), it is clear that ii) must hold for all cases. Now
suppose that the shock is anticipated. Aggregate private production must
immediately adjust to the new steady state value. Hence, i). Suppose the
shock is an unanticipated cost shock. Aggregate private production won't
immediately adjust to the new steady state value, but because there will be a

change in the critical value for bi’ there will be some change in aggregate
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private production. This proves iii). Finally, suppose the shock is an

unanticipated government shock. There will now be no change in the critical

value for bi' Hence, iv).

Proof of Proposition 3: For either type of unanticipated shock the logic
works the same as in the proof of Proposition 1, except now only a subset of
agents have adaptive expectations. Note, because p’'>0 the sophisticated
always have their behavior being bigsed in a manner similar to the naive, with
the result being that the deviation from steady state behavior is always in
the same direction as in Proposition 1.

Consider now an anticipated cost shock. The only difference in period k
between Propositions 1 and 3 is that the sophisticated agents correctly adjust
their expectations for Py - This, however, only reinforces the previously
identified movement of the critical value for bi’ and hence, i) is correct.

In turn, the rest of the proposition for this case follows from the proof of
Proposition 1. Consider now an anticipated government shock. Qualitatively
this works just like an anticipated cost shock, because sophisticated agents
again correctly adjust their expectations for Py and this causes a movement
in the critical value for bi for these agents.

Proof of Proposition 4: Let §t be the transformed value for Yt following the
increasing synergistic transformation from p to ;. Consider first the case
where the shock in period k is such that Yz(ak,Gk)<YZ(&,é). Our proof is by
induction. Suppose that for each period j, j<t, stYj. We will now show that

for any period t, t>k, Yt<Yt' Since the shock occurred in period k, we know

at-& and Gt-é. Hence, (1) implies
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- - E -
p(Y +G)y/a P.y/a
(A1) Yt-qfo yh(b,)db, +(1-q) . yh(b,)db,
and
A A - - AE -
~ P AG)y/a P.y/c
(A2) Yt-qjo yh(b,)db, +(1-q) . yh(b,)db, .

Since Yst for all j<t, (2) and the definition of an increasing synergistic

J
transformation yields PEtSpE' Let ?t be defined by (A3).

. 4G)y/e ppy/a
(A3) Yt-qI

yh(b,)db_ +(1-q)

. . yh(b,)db,

A

Since pESPE, we have ?tht. Let F(X) and F(X) be defined by (A4) and (A5).

p(X+G)y/a pyy/a
(A4) F(X)-X-qj yh(bi)dbi-(l-q)J yh(bi)dbi
0 0
N p(x+8)y/a pLy/a
(A5) F(X)-X'QI yh(bi)dbi-(l‘Q)f yh(b,)db,
0 0

Equation (3) yields F’>0 and F'>0. Given (Al) and (A3), this in turn implies
F(X)20 if X2, and F(X)20 if X2¥,. By definition YZ(&,é)-§Z(&,é). Further,
1 pEmpBup(¥,(3,8)+6), then (AL)-(A3) imply Y ~Y ¥ -Y,(4,6). Hence, if
pE—;E—p(YZ(&,é)+é), (A4) and (AS5) imply F(YZ(&,é))-ﬁ(YZ(&,é))-o. Since

8F/ap =3F/dp,, this implies F(Y,(&,&))=F(Y,(a,8)) for all values of py.
Combining this with the definition of an increasing synergistic transformation

yields

(A6) ?(X)EF(X) if XZYZ(&,é).
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Now suppose that Ytht. Since YZ(ak,Gk)<Yz(a,G), Proposition 3 implies

Y <Y, (a,,G Given (A6), this implies ?(Yt)>F(Yt). Since F(Y,)-0, F'>0 and

K-
?tht, this implies ?(?t)>0 which is a contradiction. Hence, ?t<Yt.

A

Combining this with ?tagt’ we now have Yt<Yt‘ That is, we have established
that for a shock in period k such that Yz(ak,Gk)<Yz(&,é), if stYj for j<t
(where t>k), then §t<Yt.

Now consider t=k+l. For j<k, we have ; -Yj-YZ(&'é)' Suppose the shock

3

is unanticipated. We then have

p(¥,(a,8)+8)y/ay PLy/oy
(A7) k-qjo yh(bi)dbi+(1-q) . yh(bi)dbi
and
r o (Y, (a,6)+8)y /ey PY/%,
(A8) Yk-qj yh(b,)db +(1- q)I yh(bi)dbi.

0

Since YZ(&,é)-YZ(&,é), we know p(YZ(&,é)+é)-p(Yz(&,é)+é). Further, since the

economy is in a steady state for each period j, j<k, it must be that pi-pi.
Hence, for an unanticipated shock, (A7) and (A8) imply Yk-Yk Using arguments

similar to those above, it can also be demonstrated that Yk<Yk for an

anticipated shock. Hence, YksYk Further, combining this with the result
contained in the previous paragraph yields Yt<Yt for all t>k. Finally, the

argument follows similarly if the shock is such that Yz(ak,Gk)>YZ(&,é).

Proof of Proposition 5: Suppose first that Yﬂ+1<Yi+1, and that there exists
- YN EN ,L_E .
a q, denoted q, such that Yk+1 k+1+(1 q) E Let pk+1(pk+1) be the naive

agents' expectation of the probability of making a trade when q=0 (q=q).
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(1) and (2) imply

S -
s Ip(Yk+1+G)

(A9) Y- . yh(b,)db =Y,

oV y/a

k+1
(A10) Y§+1-Io yh(b,)db,,
and

p(Y, .+G)y/a oL .y/a
k+1 k+1Y

(A11) ol qjo yh(b,)db, +(1- O . yh(b,)db,,
Qhere
(A12) pk+1 1p(YN+Gk)+(1 5 )Y
and
(A13) pk+1 5p(Y, 4G )+(1-6)Y, .

Propositions 1-3 tell us that, if the shock in period k is an unanticipated
shock, then Yi-Yz-Yk. For an anticipated shock the propositions state that,

if Y§<(>)YN, then Yk<(>)Yﬂ. Since we are considering the case Yﬂ+1<Yk+1’
(A9)-(A13) imply YiSYE, and hence, Y <YN (Al12) and (Al3) now imply pk+15p£fl.
Given pﬁ§12p§+1, (A9)-(All), and Yk+1 k+1+(1 q)Y§+1, the above yields
+é)>p(Y +G). Since p’>0, this in turn implies Y, ,1>Y,. Yet, since

Py

pk+15pk+1<p(Y +G), (A9), (All) and (3) yield Y k 1° This yields a

. S
contradiction. Hence, if 0<q<l and YE+1<Yk+1’ then Yk+1<qu+1+(1-q)Ylli+1

The other cases follow similarly.

Proof of Proposition 6: (13a)-(13c) imply

(Al4) Y-qY°- (1-q) ¥ =Y (1-q) (20m(T+F) /B(1- a))(—-;ﬁ
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Utilizing (13a)-(13c) again, if YS>YN, then YS>Y>YN, and hence (Al4) implies
Y<qYS+(l-q)YN. Similarly, if YS<YN, then YS<Y<YN, and (Al4) now yields

Y>qYS+(1-q)YN.

Proof of Proposition 7: Since the increasing synergistic transformation of
0(.) leaves a(Yo) unchanged, it is clear that at the initial conditions the
transformation has no effect on the equilibrium values for Y, i, N, W and P.
Further, since labor demand for profit maximizing firms is governed by
F'/(1+a(YE))-W/P{ where F'=3F/3dN, we have that aNd/aYE-a'/(1+a(Y))F". Hence,
at these initial conditions the increasing synergistic transformation causes
laNd/aYEI to increase. Taking the total differential of the model, applying

Cramer’s rule and evaluating the derivatives at M=M" yields

(A15) X ~(aa/81)F" (1-q) (3N%/8 (W/)) (8N° /0 (W/R))W/P2/a,

where

(Al6) A=(l+a(Y)+Ya')(-aA/Bi)(L/P)(aNS/a(W/P)-aNd/a(W/P))
+F'[(aNd/a(W/P))(aNs/a(W/P))(W/P3)[(1-aA/aY)PaL/ai+(aA/ai)P8L/8Y](l-q)

+q(aa/31) (aN%/avEy (L/P) (ax5 /8 (u/p) ] .

At the initial conditions the only terms in (Al5) which change in response to
the increasing synergistic transformation are o' and aNd/aYE. Hence, (Al5)
and the assumptions on the derivatives imply that the increasing synergistic
transformation causes g% to decrease.

Proof of Proposition 8: Taking the total differential of the model, applying

Cramer’'s rule, and evaluating the derivatives at M=M° yields

ay®

A1) oo v =(1-q) (3A/31)F’ (8N%/8 (W/P)) (aNS /8 (W/P)) (W/P>) /8N
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and

dy d S 3
(A18) o =(1-q) (8A/31)F' (3N /3(W/P)) (8N"/3(W/P))(W/P7) /A,
where

(419)  AN=(1+0(Y)+Yo") (-aA/81)L(8N° /8 (W/P) -aN%/8 (W/P) ) /P

+F' [ (3NS/8(W/P)) (aN° /8 (W/P)) (W/B>) ((1- (3A/8Y))PAL/31+(8A/31)PAL/3Y) ]
and
(420)  a=aNeqF’ [(3a/81) (aN%/8YE) (L/RYaN® /.y

-(3Nd/a(W/P))(aNs/a(W/P)(W/P3)((1-aA/aY)PaL/ai+(aA/ai)PaL/aY)].
The assumptions on the derivatives, in particular, aNd/aYE>0, imply A<AN.

S ‘..’N
. dy _ 4y d
Given this, (Al9) and (A20) yield o >qa§ +(1-q)aﬁ .
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Footnotes

1We are not suggesting that agents who have limited capacities to
process information are not rational under some broad definition of the term,
but rather that they are not rational under the literature’s definition of the
term "rationality.” Note, this limited ability to process information is
sometimes referred to as bounded rationality. However, because of its
frequent association with the related concept termed satisficing, we will
refrain from using the term bounded rationality in this paper.

2Evidence for the idea that real world agents are limited in their
abilities to process information abounds in the literature of both cognitive
psychologists and experimental economists. See, for example, Kahneman,
Slovic, and Tversky (1982).

3References to the work of Simon and his followers include Simon (1959),
Cyert and March (1963), Williamson (1975), and Nelson and Winter (1982). See
also Radner (1975) for explicit modeling of Simon’s ideas.

In our earlier work we also considered what occurs when the environment
displays congestion, i.e., the higher is the total number of agents who choose
a particular behavior, the lower is the return to agent i choosing that
behavior. The result here was that sophisticated agents are disproportionately
important. That is, the equilibrium more closely resembles what occurs when
all agents are sophisticated than would be suggested by the relative number of
sophisticated and naive agents in the population. Hence, the conclusion one
might draw here is that, since sophisticated agents are disproportionately
important in a world which exhibits congestion, in such a world the practice
of assuming all agents have rational expectations is relatively well justified.

5One might be interested in how our results on disproportionality relate
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to the results of Akerlof and Yellen. Akerlof and Yellen also consider an
environment where there are two types of agents — one type being similar to
our sophisticated and the other type being similar to our naive. They show
that in many interesting environments, if the naive make mistakes which are
second order small in terms of the cost to the individual, there can still be
a first order effect on the resulting equilibrium. Our results suggest when
this first order effect is likely to be more significant. In particular, this
first order effect is likely to be more significant when naive agents are
disproportionately important, i.e., when the environment exhibits synergism.

6See Zarnowitz (1985) for a survey of the empirical evidence.

7Note that in using the term hump shaped persistence some authors add the
restriction that the peak effect of a shock actually occurs a number of periods
after the shock takes place. We will demonstrate that our model can yield hump
shaped persistence of this latter type, however, this more restrictive type of
hump shaped persistence is not a general characteristic of the model.

8See Poole (1976) for a discussion of this point.

9When we say that agents have rational expectations we mean they know
the structure of the economy including the value of q.
10We do not explicitly consider how the naive agents determine the §'s.
Note that since the information set for the sophisticated agents includes
current policy and cost information (except for unanticipated shocks), even
for optimal choices of §'s, the use of equation (2) to form expectations will
typically lead to the naive having biased expectations. This is because the
naive do not take into account relevant current information.

11For an unanticipated cost shock, the interpretation is that each
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sophisticated agent observes his own value for ci,t’ but does not realize that
the economy has experienced an economy-wide shock.
12For both anticipated and unanticipated shocks we also assume that, for
every period after the shock occurs, sophisticated agents know that a and G
have returned to their original steady state values. That is, for every
period t, t>k, pg’t-p(Yt+Gt).

13Remember that we are not arguing that sophisticated and naive agents
necessarily have different information sets. Rather, the crucial difference
between sophisticated and naive agents lies in their respective abilities to
process information.
14See, for example, Mullineaux (1980).

15We run simulations of unanticipated shocks because this is the worst
case from the standpoint of persistence and disproportionality. That is, it
is easy to demonstrate that, for any period t, t>k, moving from an
unanticipated shock to an anticipated shock will always cause the deviation
from steady state behavior to increase. In turn, this causes the number of
periods for which our disproportionality result holds to never decrease.
16Heller (1984) and Cooper and John (1985) demonstrate multiple
equilibria results in a model similar to the one which follows. As in Cooper
(1985), by introducing a non-produced good into our model we eliminate the
possibility of multiple equilibria. Note that, Cooper suggested that his
non-produced good, called m, might be thought of as money. However, in his
model utility depended on the consumption of m, not on real balances. Since
we want to enter money into the utility function because of the transactions

services it renders, we use the standard convention of entering real rather

than nominal balances into the utility function.
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17The demand for real balances is written in terms of the price level

associated with the goods the agent is buying. However, since we only
‘consider symmetric Nash equilibria in which Pj-P_j, this is not at all
critical to the results.

18As in Section III, one might also be interested in the effect of
varying the degree of synergism. Unfortunately, because of the manner in

which synergism enters the model, i.e., demand linkages across sectors, we

have not found a tractable way to vary synergism.
19One of the other explanations for persistence mentioned in Section I,
i.e., Taylor (1980), is consistent with anticipated money shocks having real
effects. To be precise, therefore, evidence that anticipated money is
non-neutral is not helpful for distinguishing between our explanation for
persistence and that of Taylor.

20As in Section II, to guarantee a unique solution an upper bound on

the degree of synergism is required. In this case the condition is

l+o(Y)+o' (Y)Y>0 for all Y.

21 . .
Note that we assume the same proportion of producers and workers is

naive. Making this proportion the same for both producers and workers is not
necessary for the results which follow. Rather, all that is required is that
some firms be naive and some workers be naive. The precise meaning of
disproportionality becomes complicated if the proportions differ across
workers and firms, but the basic result will remain unchanged, i.e., the naive
will be disproportionately important.

22An increasing synergistic transformation of o(.) is defined along the

A

lines of a similar transformation in Section III. Specifically, o(.) is an

A

increasing synergistic transformation of o(.) if o' (Y)<o'(Y) for all Y.
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