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The representative agent hypothesis is disputable on theoretical
grounds because it is inconsistent with obser\ed trading behavior and
the existence of spceiilative markets. In such markets, the represen-
tative agent h\']iothesis implies agents hold homogeneous expeeta-
tions. If this \\ere true, speculative markets would fail as only one
side of the market would he represented, cither demand or supply.
Nonetheless, the homogeneity assumption has been maintained in
the past to ensure tractability because of tbe dillkulty ol cxplieit ag-
gregation across heterogeneous expectations. In tbis article, we pres-
ent and apply an approach for analyzing heterogeneity in specific mar-
ket settings. '!<> do so. our approach specifies an underlying
distribution of expectations tbat is consistent witb beterogeneity
aeross expectations, lo demonstrate tbe utility ol tbe approaeb, we
present results from its application io a time series of commodity

The tiuthorN thdnk an anonymitus revk-wtT for fspecially liclpful tomments on a prtviiiiis dnifl.
'Correspondence author. Depiirtmoni of Agricultural FeonomiLs iind Rural Sociolo^, 20H-C
Armshy tluildinj;. Pennsylvania State University, University Park, Pennsylvania 1AK02; e-mail:
frechftlet'psu.edu

ncceivfd rehnuin 2000; U-c-fpted Aii^^iist 2000

m Darren L. Frechette is an Assistant Professor in the Department oj Agricultural
Ecoiiowlcs and Rural Sociology at Pennsylvania State Universit) in University Park,
Pennsylvania.

m Rohert D. Weaver is a Professor in the Department of Agricultural Economics and
Ihiml Sociology at Pennsylvania State University iu University Park, Pennsylvania.

The Journal of Futures Markets, Vol. 21, No. 5, 429-446 (2001)
•? 2001 by John Wiley & Sons, Inc.



430 Frechette and Weaver

futures prices. Results are consistent witb tbc conclusion tbat signifi-
cant beterogeneity in expectations exists in speculative futures mar-
kets. © 2001 Jobn Wiley & Scms, Ine.Jrl rut Mark 21:429-446, 2001

INTRODUCTION

Marshall's (1961) notion of a representative firm has permeated modern
economic thought. Despite criticisms and concerns (e.g., Hartley, 1996;
Kirman, 1992; Levy & Levy, 1996; Robbins, 1928; Sraffa, 1926; Young,
1928), the representative agent hypotbcsis has continued to be main-
tained. It renders a measure of elegance and simplicity to otherwise com-
plieated analytical models and establishes tractability in empirical appli-
cations. Although these advantages may be justifiable at some levels of
enquiry, the frequent maintenance of the hypothesis must not obscure
the itnportanee of evidence concerning its appropriateness.

A key implication of tbe representative agent hypothesis is homo-
geneous expectations of uncertain future prices. The alternative hypoth-
esis of heterogeneous expectations has historically been recognized as
valid. For example, the importance of heterogeneous expectations for the
existence of speculative markets has often heen noted (e.g., Grossman,
1977; Keynes, 1930). In this context, there is no incentive for trade if all
agents are identical with respect to information, endowments, and trading
strategies. The persistence and implications of heterogeneous expecta-
tions has also received some attention. For example, Black (1986) ex-
plored persistence, noting the role of differential capital rcser\es. Brock
and Hommes (1997), Cartapanis (1996). and Dufey and Kazemi (1991)
showed that persistence of heterogeneity can result in boom and bust
behavior under incomplete information.

Perhaps the mosl widely recognized incentive for trade is heteroge-
neous prior beliefs. Speculative traders disagree about the nature and
extent of market moves, taking hullish or bearish positions in opposition
to their counterparts. The source of disagreement is the variety of inter-
pretations possible for the same available information. Different traders
filter information differently and, consequently, form different expecta-
tions. Harrison and Kreps (1978), Varian (1985), De Long, Shleifer, Sum-
mers, and Waldman (1990), Harris and Raviv (1993), and Wang (1998)
showed that this sort of heterogeneity can lead to market behavior much
like that observed empirically.

At an empirical level, considerable evidence suggests that speculative
traders do not hold a homogeneous rational expectation (e.g.. Beach,
Fernandez, & Uri, 1995; Frankel & Froot, 1988, 1990; Uo, 1990; Levine,
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1993;L'Her&Suret, 1995; MaeDonald & Macmillan, 1994; MacDonald
& Marsh, 1996; Van-Floek, 1992). Furthermore, evidence of heteroge-
neity aeross agents follows from the persistence of different trading rules.
For example, the persistence of commodity pools trading in iutures mar-
kets using simple trading rules alongside traditional speculators atid hedg-
ers in commodity markets has been noted (Irwin, Krukemeyer, & Ziilauf,
1993; Irwin & Yoshimaru, 1999; Murphy, 1986). Events such as occurred
in the October 1987 equity market reminds us thai when expectations
converge toward homogeneity, a one-sided market emerges. Prices may
adjust precipitously if trade involves only atomistic agents that respond
to arbitrage incentives for only a buy or a sell, but not for both.

In response to these concerns, recent articles have eonsidered spec-
ifications incorporating heterogeneous expeetations. Chavas (1999) di-
vided agents into three categories based on how they form expectations
in the pork market: naive (79c), quasi-rational (73^), and rational (20/if).
Frechette (1999) divided agents into two groups in the copper market
(quasi-rational, 16%, and rational, 84%), the eorn market (quasi-rational,
3%, and rational, 97%), and the wheat market (quasi-rational, 1%, and
rational, 99%). Chavas assutned agents were risk neutral and concluded
tbat homogeneous expectatiotis arc not appropriate lor modeling the pork
market. I rechette assumed agents were risk averse and concluded that
homogeneous expeetations are appropriate for the corn and wheat mar-
kets but not for the copper market. Both authors indicated that further
research is needed on aggregation and the nature of price expectations.
Weaver and Zhang (1999) allowed lor a continuum of heterogeneity in
expectations and explored the implications of the extent of heterogeneity
for price level and volatility in speculative markets.

This article develops a framework for evaluating empirical evidence
of heterogeneous expectations in lutures markets and appbes it to esti-
mate the evolution of the distribution of heterogeneous agent-level ex-
pectations. The article differs from those of Chavas (1999) and Frechette
(1999) by classifying agents liy tbe direction of the bias in their expec-
tations, tbeir bullish or bearish sentiment, rather than by how they form
expectations. A sample of U.S. soybean futures prices is used to illustrate
the tjtility of this framework tor examining evidence of heterogeneity and
implementing a test oi the representative agent hypt)thesis. The homo-
geneous expectation implication of the representative agent hypothesis is
nested within the heterogeneous expectations model and is tested empir-
ically. Additional tests help characterize the nature and extent of hetero-
geneity in the market and how it affects the beha\ior oi prices.
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THEORETICAL FRAMEWORK

To motivate a means of empirically characterizing heterogeneity in ex-
pectations, consider the following competitive market model. For ho-
mogeneous expectations,

Current supply S, - S(pr-i. t> Z;, P) + r,; r, -- V{^\ G]') (I)

Current demand D, = Dip,, Z'/, a) + w,; w, ~~ W(^;*, < ) (2)

Current balance S, = D, (3)

where 'p^ is the current price, /7[*[_] is last period's expectation of the
current price, Z\ and Z^ are exogenous shifters that can include lagged
endogenous variahles, a and P are parameter vectors, and x\ and U'l are
stochastic shocks. S^ is net of storage. Given linear forms. Equations 1
to 3 imply a stochastic excess demand that implicitly defines the equilib-
rium price;

,,.• Zn «. 7.1 P) + u, ^ 0; H, - L/(PP a '̂) (4)

where «( = u\ — \\. This price function immediately suggests an empir-
ical approach for identifying the underlying homogeneous price expec-
tation. Given a time series of prices {pj and supposing stationarity such
that p, arc independent and identically distributed with mean jit and var-
iance 2 we have V observations available to estimate K parameters in
(a,P) and a" and p['_, ,.

A similar approach is motivated under rational expectations. Here,
in addition to homogeneity, the hypothesis may be written as follows:

vZ-\ = ^t iPt (5)

Again, where the market structure is linear, the expectation implicit in
Equation 4 defines the representative agent's rational expectation, and by
substitution into Equation 4, the equilibrium price is again related to the
underlying expectation. An examination of eitber homogeneity or ration-
ality ol the expectations based on this framework may be pursued, al-
though inferences in both cases remain conditional on the specification
of Equation 4. A weak test of rationality would focus on unbiasedness by
examining consistency with Equation 5.

Consider next an approach that specifies a clearly stated alternative
hypothesis that admits heterogeneous expectations. We note the ^th
agent's expectation pk.t.t-i. To establish a relationship between this ex-
pectation and the cash equilibrium price, we rely on the equilibrium con-
dition for each agent's arbitrage. That is. Equations 1 to 3 no longer
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provide a complete system for determination of p, and its relationship
with priee expectations. Under heterogeneous expectations, the arbitrage
equilihrium conditions (e.g.. Equation 4) no longer link current price to
expected prices. The implications of this specification can now be
assessed.

The relationship between an agent's expectation and the current
price can be established by consideration of the storage arbitrage entry
equilibrium condition. Suppose the agent is risk neutral with expected
profits determined as follows:

where C(/|, [) represents the cost of holding inventories f|̂ ,. Given thai
agent expectations are conditional on the agent's expectation of market-
wide storage, /I'*, the traditional zero profits entry equilibrium condition
would be achieved, estahlishing an equilihrium relationship across het-
erogeneous expectations and the market price. For example,

Pk...,-iKl^^ - P.-I - •\<̂ H/k.,) = 0 For all agents k - \ ... K (7)

Averaging over K agents and denoting market averages in bold, we find
that entry occurs until

pf, , - AC, - 0 (8)

We define the mean of agent expectations as the market-w ide expectation.
Thus, although agent-specific decisions establish heterogeneous ar-

bitrage equilihrium conditions based on Equation 6. competitive entr\
also establishes a relationship between what we label as the market-wide
expectation, pj', ,, and the current price, p^_^. Furthermore, Equations
7 and 8 define a useful equilibrium relationship between agent and mar-
ket-wide expectations:

Pk,u-i = Pu- i + AC(/,,) - AC, (9)

Defining the difference /\C(/|^,) - AC, as the idiosyncratic component
of individual average costs, 6̂ î ,, we establish an important link between
agent and market-wide expectations:

pL.t 1 = Pu 1 + ^'U (1**^

Now, to proceed toward an empirical examination of the distribution of
the heterogeneous expectation structure, recall that pJ, | was defined as
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the definite integral over the distribution of agent expectations, for ex-
ample, defining that distribution as/t(p,r) , with T representing an ap-
propriate vector of parameters. Then,

pf,{p,r)dp

implying

ri'-

fd ^) (11)

The advantage of Equation 1 1 is its empirical tractahility. Given a func-
tional specification for the density functions (t>{.), the time series distri-
bution of the mean idiosyncratic eomponent of average costs, and/((.),
the density funetion of agent-level expectations over agents, we illustrate
in the next seetion a fruitful approaeh that allows estimation of the un-
derlying parameters of these distributions.

EMPIRICAL APPLICATION

We have specified the existence of a eontinuum of traders with hetero-
geneous expectations. 1 rader k at time t expeets next period's futures priee
tobep[n^ |. The density of expectations across agents at timel is denoted
/,(.). The area to the left of/,(p) corresponds to the portion of agents who
expect the price to be less than p at time t + I. For a particular population
of traders, finite limits exist For the level of those expectations; for ex-
ample, {p_,p^), that define the support of/,(.)./,{p) is bounded hetween
zero and one for all p and (. Denoting /^ ' f,(p,r)dp as Ft, the number of
agents who expect price to be p at time ( + I is represented by the density
function/,(p)/F,. In our empirical application, we suppose time is mea-
sured in discrete units (days).

Specifically, let/,{p,F) be a mixture of two normal distrihutions:

where jij, and CTJ, are means and standard deviations of the individual
densities, respeetively, and a is a weighting parameter between zero and
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one. This distributional assumption cillows tor, but does not require, a
bimodal shape, corresponding to concentrated density reflecting the pres-
ence of both bulls and bears in the market. The mixture function/t(.) is
not a density Function itself unless a is 0 or I. This approach is similar
to one used by Cukierman and Wacbtel (1982) to study inflation expec-
tations. Any sort ot density function could be chosen for/(.). depending
on the modeling assumptions. Other distributions were considered, in-
cluding nonsymmetric distributions, but none seemed markedly superior
to Equation 1 2.

We would like to describe empirically the distribution of agent price
expectations for each time t. To do so, we adopt a parametric approach
and specify the following time series structure for the parameters of/(.)
in Equation 12. Eor example,

P-it ^ flio + «iiPf I + «/>^ (13)

0;, = /;;„ + kit; i - 1,2. (14)

These parameters could be specified in many different ways. Equations
13 and 14 were chosen to include some richness by allowing (iji and QJ,
to var\' but to keep computation time reasonabte. Additionat lags were
considered but were found to bave little additional explanatory'power over
the data. Conceivably, any variables from Zj* | and Zi [ could be included
in jj.;, and ajf On the basis of Equation I I, the reduced form tor price
comes from embedding these time series specifications into the distri-
bution and integrating them numerically. The time series parameters can
then be estimated with a nonlinear estimator, such as maximum likeli-
hood. The specification and approach allow the distributions to be de-
scribed for each time t and the convergence properties to be tested.

There are many ways to interpret this approach. If heterogeneity
exists, this methodology exposes and quantifies it, but it is possible that
something else entirely is driving the results. The density function may
be misspecified or may be describing an underlying price distribution
generated in another way. Regardless, this approach is the first attempt
to distill a pattern of heterogeneous price expectations from nothing but
price dynamics. The eost of performing market suneys (that may be un-
reliable anyway) makes this approach all the more valuable as a practical
alternative for quantifying market sentiment.

Soybean futures prices provide a natural and important case for em-
pirical study. Oilseeds are important in both domestic and global food
systems. They also trade in eash markets that are relatively undisturbed



436 Frechette and Weaver

by national government interventions. We iinaly/ed daily closing futures
prices (nominal) for the September 1997 futures contract for yellow #1
soybeans traded on the Chicago Board of Trade from Aujjust 27, 1996
through September 19. 1997 (270 obscr\ations). The data were pur-
chased from Prophet Information Services, Inc. hut are availahle to the
public in the Wall Street Journal.

Oil the basis of our specification, 12 parameters were estimated: six
fljj's, four fojj's, a, and y. To proceed, we developed estimates through
maximum likelihood. Estimates were found to be robust to starting val-
ues. Ihis application involves iteration over two steps: (a) integrating over
the specified distribution of expectations conditional on a vector of pa-
rameter values for a, h, and a and (h) estimating the parameter y that
determines the dispersion of the error in market-wide expectation. The
density functions could be specified any number of ways, depending on
the modeling assumptions, lixhaustive rohustness diagnostics and pre-
testing were not performed tor <l>(.|y). With the distribution function
<))(.|Y) of the error in expectation specified as i\(0, y"), the log likelihood
of our sample of prices is

15)

where {p ,p M is the support of f,(.).
EstiiTiation proceeds by the empirical choice of the support interval

(p ,p'). The choice of support is important for econometric identifica-
tion of the model. A wide interval such as (0, + 3c) would mean that
pt[_i equals ajJi^ -(- (1 — a))a,2t. leaving the model uiiidentified in the
parameter space. 1 he lack of identification under infinite support follows
intuitively from the definiti{)ii ot the market-wide expectation. Under this
specification, the gradient of the likelihood function with respect to a is
constant, and any value for pt't_ | can be reproduced hy the choice of a,
regardless of the remaiiiing parameter values. A finite support interval
implies the market-wide expectation pi'i_ | is approximated by a definite
integral, wbere the limits of integration are estimated empirically to be
consistent with observed data. Furthermore, the use of the finite support
renders a identifiable.

A side benefit is that estimation of the finite limits pro\ides estimates
of the bounds on ihe range of variation in agent expectations that are
consistent with observed price data. In themselves, these estimated
bounds are important evidence of heterogeneity in expectations. Where
expectations are homogeneous, the estimates of upper and lower limits
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TABLE I

P a r a n i L ' t c r E s t i m a t e s t o r h c | u a t i o n s ( 1 2 t o 1 5 )

Paraiiu'ter

a,D

a,u
a,,
3 ? i

a,.
3,p

b,o
^20

tJn
b,,
a

P-
P
y

EiiimaU'

0.08961
-0.1458

0.9922
1.0014

"0.001062
0.003254
1.724
6.537

-0,004838
- 0 02291

0.1736
18.57
18.93
8.143

Asynipiotic S£

1.028
0.4352
0.00058
6.005 X 10-5
0.002321
0.001941
0,251
1,072
0,000890
0.00385
0.1024
3.10
2.34

t Wiitiu

0.087
-0.335
1,702"
16,675'*
-0.458

1.676'
6.859"
6.097"

-5.434"
-5.955"

1.696*
6.110"
7.924*"

'95% statislical significance. "99% slatisticai significance.

would be equal. The support intenal is estimated parametrically by max-
imum likelihood simultaneously with the other 12 parameters.

In an efficient Futures market, the expectation of tomorrow's price
is todays price. For example, the market is efficient if flio = 0, «j| = 1,
and flj2 = 0. As shown in Table 1. the estimates for Ojo and a-^i are close
to zero, and the estimates for (/n differ only slightly from one. If every
participant s expectations were identical, hy^ = 0 lor all i and j . Howe\er,
the estimates lor h^^) are approximately 1.7 and 6.S cents per bushel.
Correspondingly, the estimates for h^\ also differ; they are — 0.0048 and
— 0.023. They are negative, implying that agents' price expectations be-
come less dispersed within each mode as expiration approaches, but ex-
pectations do not appear to converge fully. Tbe estimate of a is 0.17.
indicating tbat one side oi tbe market is weigbted five times more beavily
than tbe otber.

The density function changes shape and position e\ery day, based on
tbe previous day s data. TbLts, a series of daily frames is tbe best way to
describe the evolution of the expectation distribution over time. [ igure 1
displays seven daily frames equally spaced between Day 2 (tbe 2nd day
of trading) and Day 270 (the last day of trading). Fbc distribution initially
is closer to being symmetric and unimodal, but as time passes it becomes
bigbly skewed and peaked. Fate in the sample, tbe bullisb and bearish
groups become more bomogeneous. but a gap opens between tbcm.
Tbese groups may be likened to speculators and bedgers or to bulls and
bears. Tbc distinction between tbe groups is most e\ident ut expiration.
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FIGURE 1
Estimated distributions of heterogeneous cxpectiitions of the elt>sing price after ( days of trading.
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HYPOTHESIS TESTS

Inference is not necessarily straightforward for this model. The standard
methods to estimate the covariance matrix of the parameter estimates
cannot always he implemented because the domain of definition of the
parameters depends on the data, specifically causing a prohlem if CTJ, ap-
proaches «'ro for any value of t. If it does, the information matrix cannot
he estimated, and maximum likelihood estimation fails. Implementation
of numerical maximization algorithms must account for this possihility.

If maximum likelihood estimation succeeds, hypothesis testing can
proceed with Wald statistics and ( statistics. A Wald statistic was calcu-
lated for each hypothesis test and compared with the 10, 5, and \% sig-
nificance critical values for the appropriate chi-squared distrihution. The
results are summarized in Table II.

Ihere are four h\'pothesis tests to perform; a representative agent
test, a unimodai test, a martingale test, and a normal martingale test. The
tests indicate whether heterogeneity is present in the sample. The first of
these tests is the representative agent test.

The representative agent test determines whether the data could
have heen generated hy a single representative agent. Formally, the rep-
resentative agent test is

HQ: a = 0 and <72i — 0 versus Hi; a > 0 or a^i > 0

There are only three free parameters under these restrictions, so the num-
her of effective restrictions is 10. The Wald statistic for this test is enor-
mous (2.09 X 10'') compared with the 1% critical value for x^(lO), 23.21.
Therefore, the representative agent hypothesis is rejected at tbe 99% level
of confidence. This result provides statistical evidence that market par-
ticipants did not always share a common expectation of price.

The unimodal test determines whether the distrihution of expecta-
tions has distinct modes or humps. Formally, the unimodal hypothesis is

H(): ^it ^ 2̂1 versus / i , ; [i^ ^ la,,

There are 10 free parameters under this restriction, so the numher of
effective restrictions is three. The Wald statistic for tbis test is 3.63 X
10^, and the 1% critical value for X'̂ (3) is 1 1.34. Therefore, the unimodal
hypothesis can he rejected at the 99̂ i? level of confidence. This result
lends strong support to the hypothesis that there were distinct modes
corresponding to distinct groups of traders, such as hedgers and
speculators.

Another way to test the unimodal hypothesis is to examine the esti-
mates of |i|[ and CTj, without reference to their statistical properties. The
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Hypothesis

Representative agent
Unimodal
Martingale
Normal martingale

TABLE II

Hypothesis Test Results

Wuhl Statistic

2.09 X 10^
3.63 X 10^
2.82
9,04 X 10-'

Hesiilt

Rejected at 99% level
Rejected at 99% ievel
Not rejected
Rejected at 99% level

distinctness of the modes, in an economic sense, depends on the differ-
ence between the means of the modes and the spread of the modes. This
distinctness property can be quantified by calculation of the overlap area
of the two subdistributions. The overlap is the area under both subdis-
tributions and has a maximum value equal to max(a,l — a), ln this case,
a is 0.17, so the maximum overlap is 0.17. On Day 1, the overlap was
0.15.?. Midsample. on Day I-^5, the overlap was 0.050. At the end of the
sample, the overlap was effectively zero. The overlap is plotted in Figure
2 as a function of time. Figure 2 indicates that the modes diverged slowly
at first and then quickly as e.vpiry approached.

The martingale test determines whether the mean price expectation
is the current price:

//„: o;(l|i + (I - u)|i2i = Pi versus H,: a|i|, + (1 - a))i,, 7̂  p,

There are 10 free parameters under this restriction, so the number of
effective restrictions is three. The Wald statistic for this test is 2.82, the
5% critical value for X~{3) is 7.82, and the 10% critical value is 6.25.
Therefore, the martingale hypothesis cannot be rejected at either the 95%
level ol confidence or the 90% level. This rcsidt is evidence that prices
followed a martingale during the sample period.

A more restrictive test is the normal martingale test, which deter-
mines whether price expectations are distributed normally around the
current price with a fixed variance (a2t — cr2). The martingale hypothesis
was not rejected, so this test indicates whether the distribution ol expec-
tations cbanged over time or was nonnormal. I ormally, the normal mar-
tingale test is

^'o- 1̂21 ~ Pi' ^ii — ^2^ '*'ici a = 0 versus

H| : |ij, ^ p|, O2t ?̂  fT2' or tt 7̂  0

There are only three free parameters {(J^^ V ̂ ' ^"^ V ) under this restric-
tion, so the number of effective restrictions is 10. The Wald statistic is
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100 150 200 250

FIGURE 2
Ovcrhip \;il[i(.'s lor suhdistributions.

9.04 X l ( / \ and the I 7r critical value For x'( 10) is 23.21. Therefore, the
normal martingale test is rejected at the 99% level of eonf'idence. This
result is evidence that the distrihution of priee expectations around the
current jirice was not normal, verifying the pattern of changes indicated
by Figure I.

Another issue to consider is whether expectations converge o\er
time. The distrihution of expectations ought to narrow eonsiderahly as
information unfolds over the life ofthe futures contract. Figure 1 displays
the convergence properties of the estimated distributions of expectations,
but the qualitative results therein are ambiguous on this issue. Quanti-
tative measures of dispersion are therefore preferred, sueh as mean ab-
solute dispersion (MAD) and mean squared dispersion (MSD):

MAD, -

MSD, -

"• IP - Pt

r PI

P - V,

VI

f{p)dp

fipUp
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Figure 3 displays the pattern of dispersion under these two metrics. Both
are downward sloping, indicating that opinions gradually became less dis-
persed as information entered the market. Figure 1 indicates that opin-
ions did not converge totally, but it is not clear whether they converged
at all. Figure 3 indicates that two common nieasures of dispersion both
declined almost monotonicaliy as the contract neared expiration. Expec-
tations remained heterogeneous throughout, yet somewhat less disper-
sion was evident.

Overall, the results demonstrate that heterogeneous expectations
play a role in futures price dynamics. Ihc coincident existence of hedgers,
speculators, and commodity pools makes the market less homogeneous.
Prices may follow a martingale, but they do not act in accordance with
the representative agent h\'pothesis. Significant heterogeneity is evident
in the market. The representative agent hypothesis is disputable on theo-
retical grounds because it is not consistent with market trading and the
existence of the market place. It has been favored in the past because of
intractable aggregation problems associated with heterogeneity. Now; be-
cause of improved computing technology, those aggregation problems are
more tractable, and heterogeneous expectations may be considered a
more serious alternative for modeling commodity market dynamics. The
lack of agent-level data on traders' expectation formation processes re-
mains an obstacle to empirical work.

CONCEUSION

Homogeneous expectations and the representative agent hypothesis are
incompatible with what we know to be true about markets: that traders
have different visions of the future, take positions on opposite sides of
the market, and initiate speculative trade that determines observable
prices in contingent markets. Nonetheless, hypotheses of homogeneity
and representative agents have been maintained in the past for the sake
of convenience or because aggregating over heterogeneous agents is dif-
ficult. Overall, empirical validation of these hypotheses has been mixed,
and authors have recommended that better ways to incorporate betero-
geneity to economic models should be developed.

The major result of this article is that the distribution of heteroge-
neous price expectations is estimable and may be forecast over time. This
achievement was attained by the imposition ot a parametric structure on
the distribution of expectations. The structure we imposed was a mixture
of two normal distributions, representing bulls and bears in the market.
Structural flexibility could be improved by an increase in the number of
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MAD,

250

MSD,

t
(a)
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t
(b)

FIGURE 3
ol expectations over [imc: (a) mean absolute deviation and (I)) mean

squared deviation.
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distributions in the mixture, with distributions other than the normal, or
an increase in the number of e.xphinatory variables and parameters in the
model.

There were several limitations to the methodological approach. For
example, the expectations density function,/((.), can be interpreted as
evidence of heterogeneity or in another way. Transaction costs, nonlinear
dynamics, distributional assumptions, or some other model misspecifi-
cation could be affecting the empirical results. If so,/,(.) is just another
general specification for prices, and its parameters are not imbued with
any structural meaning. If, however, misspeciHcation has not tainted the
results, the parameters of the model have clear structural interpretations
consistent with heterogeneous expectations.

The model was applied to the U.S. soybean futures market as an
illustration. Several hypotheses were tested, including the representative
agent hypothesis and the hypothesis that bulls and bears are indistin-
guishable. The most important empirical result was that the representa-
tive agent hypothesis was rejected at the 95% level of confidence. Further
analysis confirmed the existence of distinct groups of bulls and bears that
diitered sufficiently in tbeir expectations to suggest substantial agent-
level incentives for trade. In addition to this economic significance, sta-
tistical significance of heterogeneity was also evident. This result indi-
cates that trading bebavior is not characterized by a unique homogeneous
expectation.

Indeed, these results were consistent with our priors; we would have
been surprised to find the opposite. Speculative agricultural markets have
existed for centuries, and anecdotal evidence abounds that traders dis-
agree. If they did not, markets could not function and would cease to
exist. The contribution of this article has been to verify and quantify this
age-old phenomenon.
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