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The Effect of Informedness 

and Consensus on Price 

and Volume Behavior 

Robert W. Holthausen and Robert E. Verrecchia 
University of Pennsylvania 

ABSTRACT: This paper presents a partially revealing rational expectations 
model of competitive trading to identify two effects of information releases; 
an informedness effect and a consensus effect. The informedness effect 
measures the extent to which agents become more knowledgeable, and the 
consensus effect measures the extent of agreement among agents at the 
time of an information release. We demonstrate that informedness and 
consensus generally occur jointly when information is disseminated, and 
that unexpected price changes and trading volume are each influenced by 
both informedness and consensus. Thus, interpretations of unexpected 
price changes and volume associated with information releases are con- 
ceptually similar. Since informedness and consensus each affect both the 
variance of price changes and volume, our paper provides an economic 
rationale for examining both price and volume effects at the time of infor- 
mation releases. 

MPIRICAL researchers have traditionally used unexpected price changes to 
measure the information content of public disclosures of information (e.g., 
Beaver 1968; Atiase 1985). An announcement is said to contain informa- 

tion if it alters investors' beliefs about the value of an asset (e.g., Beaver 1981, 
117). Research in accounting indicates that the variance of unexpected price 
changes increases at the time of earnings announcements and that unexpected 
price changes are positively correlated with the unexpected component of earn- 
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ings announcements. Researchers generally agree that unexpected price 
changes imply that an announcement contains information, that is, that it alters 
investors' beliefs. 

In empirical studies, trading volume has also been used as a measure of in- 
formation content with a number of researchers explicitly interpreting it as a 
measure of the extent of agreement or consensus among agents induced by the 
information. ' The evidence clearly indicates that trading volume increases at the 
time of earnings announcements and that trading volume is positively correlated 
with the absolute value of the unexpected component of earnings announce- 
ments. Unlike price changes, researchers have been reluctant to draw strong in- 
ferences regarding the interpretation of volume reactions. For example, consider 
the discussion of Beaver's (1968) paper on observed volume at the time of earn- 
ings announcements contained in Watts and Zimmerman (1986, 64): 

While Beaver interprets an increase in the volume of trading as evidence of infor- 
mation, there is a problem with this interpretation. Conceptually, information 
could be conveyed to the market and prices could change by large amounts with- 
out a single transaction (trade).... On the other hand, there could be substantial 
trading (e.g., due solely to portfolio rearrangement) without any information re- 
lease. The problem is the lack of an economic theory of volume. Consequently, as 
Beaver recognizes, his volume measure of information is ad hoc. 

In this paper, we identify two effects of information: an informedness effect 
and a consensus effect. The informedness effect measures the degree to which 
agents become more knowledgeable, and the consensus effect measures the ex- 
tent of agreement among agents at the time of an information release. We 
demonstrate that informedness and consensus effects generally occur jointly 
when information is disseminated, and that price changes and trading volume 
are each influenced by both informedness and consensus. Thus, interpretations 
of price changes and volume associated with information releases are 
conceptually similar. As such, the paper demonstrates that studies of unex- 
pected price changes or volume are equally relevant means of assessing informa- 
tion "content" assuming that information content is defined as the extent to 
which an information signal alters investors' beliefs. Moreover, interpretations of 
volume as solely a measure of consensus appear incomplete since both informed- 
ness and consensus influence the behavior of volume and price. 

With respect to price changes, we show that an increase in informedness re- 
sults in an increase in the variance of price changes.2 It is also the case that an in- 
crease in consensus results in an increase in the variance of price changes. Since 
information typically evidences simultaneous informedness and consensus 
effects, unexpected price changes are influenced by both phenomena. Conse- 
quently, whether the variance of unexpected price changes shifts upward or 
downward depends upon both the direction of the change in informedness and 

I Beaver (1968), Morse (1981) Bamber (1987), and Jain (1988) discuss volume as a measure of con- 
sensus. Verrecchia (1981) discusses the difficulties associated with interpreting volume reactions to 
information releases and concludes that no unambiguous inferences can be drawn about consensus 
when a volume reaction is observed. 

2 In this paper, unexpected change in price is examined, that is, how the realization of price devi- 
ates from its expectation. For convenience in exposition, we adopt the convention that the expressions 
''unexpected price changes" and "price changes" are equivalent. 
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consensus (which determines whether the effects on the variance of price 
changes are reinforcing or countervailing), and which effect dominates in a par- 
ticular informational setting if the effects are countervailing. Trading volume 
operates in a similar fashion to unexpected price changes. An increase in in- 
formedness results in an increase in trading volume, however, an increase in 
consensus results in a decrease in trading volume. Once again, trading volume is 
influenced by both informedness and consensus effects. Thus, trading volume 
may shift upward or downward depending upon whether shifts in informedness 
and consensus are reinforcing or countervailing, and if countervailing, which 
effect dominates. 

To facilitate discussion, we introduce a partially revealing rational expecta- 
tions model of competitive trading, in which many agents exchange a single 
risky asset and a single riskless asset over one period. At the start of the period, 
agents have homogeneous expectations with respect to the value of the risky 
asset. Exchange is motivated by agents receiving information about the liquidat- 
ing value of the risky asset. Investors' interpretation of that information contains 
a noise term which is common across agents and an agent-specific idiosyncratic 
noise term. Information is modeled in this way to help assess the extent to which 
heterogeneous interpretations of a public information release result in price and 
volume reactions.3 In this model, agents learn something about other investors' 
beliefs through the price aggregation process, but they do not learn everything. 
Hence, investors have heterogeneous expectations after the information is re- 
leased. 

A number of papers have examined the behavior of price changes or volume 
or both in a rational expectations context (e.g., Pfleiderer 1984; Varian 1985; 
Grundy and McNichols 1988; Holthausen and Verrecchia 1988; Kim and Ver- 
recchia 1989).4 One way to characterize broadly these papers is that they develop 
models that assume a variety of economic environments that lead to changes in 
price, trading volume, or both. Then, they consider how the various determi- 
nants of their models influence price changes and/or volume. The orientation of 
our work is somewhat different in that it concerns portraying and understanding 
informedness and consensus as primitive economic notions. How informedness 
and consensus affect unexpected price changes and volume is also shown and 
this links our work to what others have done. We are aware of no studies that pro- 
vide a rigorous characterization of informedness and consensus, and their inter- 
relation in a general economic setting.- 

3 There is evidence in the accounting literature to suggest that accounting earnings are interpreted 
heterogeneously. What is relevant is not that each investor sees the same earnings per share figure, for 
example. but that investors reach varying conclusions about the revised value of the firm after an earn- 
ings announcement. Evidence in Morse et al. (1987) indicates that the variance of analysts' earnings 
forecasts for the subsequent year increases when the current year's earnings are announced. More- 
over, this increased dispersion in analysts' forecasts is larger, the further announced earnings are from 
the consensus belief. This evidence is consistent with the notion that investors' assessments of the im- 
plications of earnings releases for the value of the firm are heterogeneous. 

I Thesc papers are based on the rational expectations paradigm. Other papers which assume dif- 
ferent market processes include among others, Kyle (1985), Diamond and Verrecchia (1987). Karpoff 
(1986), and Admati and Pfleiderer (1988). See Karpoff (1987) for a review of theoretical and empirical 
work which explores the relation between volume and price changes. 

I Our model only considers how information alters investors' beliefs and, in turn, how price and 
volume are affected. We abstract from trading which arises because of liquidity considerations, port- 
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This paper proceeds as follows. Section I describes a market process with 
many diversely informed agents, a single risky asset, and a single riskless asset 
over one period of trade. Further, we construct a partially revealing rational ex- 
pectations equilibrium in this market where information is introduced, and trad- 
ing arises, during the period. Section II defines measures of informedness and 
consensus and characterizes the variance of the unexpected change in price and 
trading volume in terms of informedness and consensus. We discuss how in- 
formedness and consensus affect the variance of the unexpected change in price 
and trading volume in Section III and concluding remarks are contained in Sec- 
tion IV. 

I. Partially Revealing Rational Expectations Equilibria 

Description of the Market 

This section describes a partially revealing, rational expectations model of 
competitive trading. The model is intended to be as basic and generic as possible, 
specifically to capture those universal elements of the variety of rational expecta- 
tions trading models that are variations on this theme.6 

The market is comprised of a continuum of diversely informed and optimally 
motivated agents, each indexed by as [0, 11. At the beginning of the period, mar- 
ket participants are endowed with risky and riskless assets. The aggregate sup- 
ply of risky assets is unknown, and uncertainty about the effect of its behavior on 
prices represents the noise in the economy. Within the period two events occur. 
First, each agent receives a signal about the liquidating value of the risky asset. 
Second, agents exchange assets on the basis of their information. This exchange 
of assets implies an equilibrium price p for the risky asset. When the period con- 
cludes, the risky and riskless assets are liquidated, and agents and traders con- 
sume their holdings of each. 

The risky and riskless assets pay off in the economy's single consumption 
good. The risky asset is represented by the random variable U, which has a nor- 
mal distribution with mean m and variance v. Realizations of U are represented 
by u (i.e., the tilde is used to distinguish a random variable from its realization). 
The riskless asset is a numeraire commodity, one unit of which returns one unit 
of the single consumption good when assets are liquidated, independent of when 
the riskless asset is acquired (i.e., discounting is ignored). 

Let the parameters Da, and Ba represent agent a's holdings of the risky and 
riskless assets, respectively, at the end of the period, where Doa and Boa are the 
agent's endowments of these assets. Each agent has a utility function for an 
amount w of the single consumption good characterized by - exp (- w / r). For 
this (negative) exponential utility function each agent exhibits constant absolute 

folio rebalancing, or tax effects. Admati and Pfleiderer (1988) develop a theory of strategic behavior 
on the part of liquidity traders and informed traders which is consistent with recent findings concern- 
ing patterns of volume and price variability within the day. 

6 Models very similar in spirit to the one here include, for example. those by Hellwig (1980), 
Verrecchia (1982), and Admati (1985). 
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risk-tolerance of r.7 The objective of each agent is to maximize his or her expected 
utility of consumption when the market terminates at the end of the period: that 
is, Ea [ - exp (- r1 tDaJ! +Ba J)], where Ea.[1] is agent a's expectation operator based 
on his or her information when he or she trades. An agent's ability to trade, 
however, is constrained by his or her endowment. That is: 

Dap+ Ba=Doap+ Boa. 

Information 

At the beginning of the period, agents believe that El has a normal distribu- 
tion with mean m and variance v. The realization U = u is the liquidating dividend 
of the risky asset and, thus, can be thought of as the risky asset's true, economic 
cash flow. The parameter v is the variance of that cash flow. During the period 
each agent receives an information signal and interprets what the information 
signal ga implies about the liquidating value U, such that each investor's interpre- 
tation of the signal is given by: 

Ha =El + V +Fa v 

where i7 is a common noise term that has a normal distribution with mean zero 
and variance n, and Fa is an idiosyncratic noise term that has a normal distribu- 
tion with mean zero and variance s. The random variables U, 71, and Fa are each 
independent of one another. Furthermore, the idiosyncratic noise terms Fa are 
independent across agents: that is, E [(a ] = 0 for all a k.8 

This particular form for the information release is chosen because we focus 
on the effects of heterogeneous interpretations of a public information release on 
prices and volume.9 Evidence suggests that while investors all observe the same 
reported earnings, their interpretations of those earnings for the value of the firm 
are not homogeneous. In this environment, each agent observes the same public 
signal (e.g., an earnings announcement) but each agent's interpretation of what 
the signal implies about the value of the liquidating dividend varies because of 
the agent-specific noise term. With respect to an earnings announcement, this is 
akin to all agents observing the same reported earnings per share figure, and 
then determining the implication of the reported earnings for the value of the 
firm. What is relevant is not the earnings number per se, but the implications of 
the earnings release for the value of the firm. Moreover, the earnings signal per se 
does not contain a direct statement about the value of the firm which is known by 
all agents prior to their idiosyncratic assessment. As such, investors do not ob- 
serve the common and idiosyncratic components of noise separately. 

Definition of an Equilibrium 

We suggest a model of the market process that operates in the following 

' Without loss of generality, the results of this analysis are easily extended to the case in which 
agents have different levels of risk tolerance ra. 

8 Indjejikian (1988), Lundholm (1988), and Pfleiderer (1984), among others, also model informa- 
tion with both a common and idiosyncratic component of noise. 

9 It is also appropriate to interpret the information signal as private information. However, because 
we are primarily interested in heterogeneous interpretations of a public information signal, the text 
does not explicitly recognize the private information interpretation. 
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stylized fashion. Each period, agents submit demand orders to an auctioneer. 
The total per capita supply of risky assets is represented by z, where z is inde- 
pendent of all other random events, and has mean zo and variance t. Therefore, 
when agents submit their demand orders to the auctioneer, they condition their 
beliefs on their individual signals, Pa, and price, p. Then, the auctioneer deter- 
mines the market clearing price p such that agents' total per capita demand for 
the risky asset equals the realization of total per capita supply, z. Before defining 
an equilibrium, we add one more convention concerning the independent ran- 
dom variables Ta. As the idiosyncratic noise terms are aggregated by price across 
a continuum of agents, they converge almost surely to their common mean of 
zero, provided their variance is uniformly bounded. The effect of this convention 
is that when prices aggregate information, 

ada = i+i 

almost surely. 10 A straightforward interpretation of this result is that as the num- 
ber of agents becomes large, their idiosyncratic components of noise average 
to zero through the price aggregation process. This convention permits the 
following definition of an equilibrium. 

Definition: An equilibrium with a continuum of agents is a price p and an 
allocation function Da(ja,p), Ba(.ap), ae[0,1] such that: 

(i) p is (fl+ V,) measurable; 
(ii) (Da(D.a,p),Ba(Da,p))earg max tD,,p+Ba=Doap+Boa. 

E -exp -r (Dl+Ba)) BJ)a pJ; and 

(iii) Da(Da,p)da=z almost surely. 

These statements jointly imply that price is a measurable function of the liqui- 
dating dividend of the risky asset plus noise and per capita supply, each agent 
maximizes his or her expected utility subject to his or her budget constraint, and 
markets clear (i.e., aggregate demand equals aggregate supply). 

Characterization of an Equilibrium 

When prices are of the form p = a + 3( ui +71) -y2, the covariance matrix that 
describes the relation between U, Da, and p is given by: 

a [v v fAv 

Ha v v+n+s 3(v+n) 

P /V 3(v+n) 02(v+n)+72t 

10 We assume sufficient mathematical regularity to allow for this convention. For a more detailed 
discussion, see Hellwig (1980) or Admati (1985). 
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Therefore, 

E[i I Ya=yaP=pj = m +(g, h)( ya-m,p-E[fJ)' 
and, 

0'- =Var [ UI = v-(g, h)(v, Ov)', 

where the vector (g, h) is as defined by: 

(g,h)=(v,fflv) jv+n+s 3(v+n) 

[(v+n) 32(v+n)+,y2t 

This follows from standard formulae for determining a conditional expectation 
when (fi,Ya,p) have a tri-variate normal distribution. It is well-known that a fea- 
ture of the (negative) exponential utility function is that agent a's demand is 
given by: 

Da=rO(E[flI a=yap=p1-P)- (1) 

The market-clearing condition equilibrating demand with supply requires: 

Dada =z almost surely. (2) 

Thus, substituting in the expression for Da given in equation (1) into equation (2), 
and rearranging terms, yields as the price for the risky asset: 

p=(rO[l -hDJW(rOm+ jrgO(ya-m)da-rhOE[fiJ -z). (3) 

But noting that the idiosyncratic terms Ea disappear through the aggregation 
process (by convention), and the fact that E 1ij =m-(rO)-0zo (which obtains by 
taking the expectation of both sides of eq. 111) the expression for price simplifies 
to: 

p=a+(u+n) -,yz, 

where a, A, and My are given by a=(1-3)m+(-y-[rOP-1)zo, -=g(1-h)-', and 
-= (r 0 1 - h )) , respectively. For this representation of prices to be internally 
consistent (i.e., "rational"), (i/,y) must equal rag, which implies that it solves 
the equation ( 3/y)3sn+(s+n)(U/'y)t-rt=O. There exists a unique (O3/-y) which 
solves this equation, and this solution constitutes the equilibrium. This charac- 
terization of an equilibrium is summarized in the following lemma. 

Lemma 1: When prices are of the form: 

then a, 1, and 'y are defined by the relations: 

a =(1 -13) m+(,y- I rO 1-')zo, 
13=g(l-hW-Y, and 
-y =(rO tl -h j)-', 
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where: 
-1 

(g,h)=(v,13v) v+n+s f(v+n) 

0(v+n) 32( v+n) +y2t J 
and: 

0-1=VarLuLI yap] =v-gv-hfhv, 

and the ratio of f to 'y solves the equation: 

(3/'y)3sn +(s + n)(0 /'y) t - rt=0. 

Proof: See the discussion above. 

The straightforward representation of prices outlined in Lemma 1 is possible 
because the inherent linearity of the problem is preserved through the assump- 
tions that prices are linear, random outcomes are normally distributed, agents 
have constant absolute risk tolerance, etc. In effect, price is the (appropriately 
weighted) sum of the aggregate information revealed during the period, ii+V 
(where the idiosyncratic noise terms Za average to zero since information is aggre- 
gated across agents), and random noise, z. 

II. A Representation of Unexpected Price Changes and Volume 

Measures of Informedness and Consensus 

The ultimate objective in this section is to represent the variance of unex- 
pected price changes and trading volume in terms of concepts of informedness 
and consensus (as well as other parameters of the model). But an intermediate 
step is to first introduce and define measures of informedness and consensus, 
and then (in Lemmas 2 and 5 below) show how they will be used. 

To begin, note that agent a's expectation of end-of-period economic earnings, 
il = u, conditional on observing agent-specific information and price is: 

E [ al I a,=p=pI =m+(g, h)( ya-m,p-E[pi)', 

where (g, h) are defined in Lemma 1. Let the random variable xa represent agent 
a's residual error in his or her expectations and define it by: 

The variable xa can be thought of as an unconditional, or ex ante, measure of the 
difference between the realized outcome of economic earnings and agent a's 
expectation of that outcome conditional upon agent-specific information and 
price. For example, xa has a normal distribution with mean zero and second mo- 
ment of: 

E[k2l =Var[u l y,,,p] =v-(g, h)(v,Ov)19. 

The mean zero suggests that agents anticipate no difference between the realiza- 
tion of economic earnings and their expectations of that realization. The second 
moment around this difference is equal to the variance of economic earnings 
conditional on observing agent-specific information and price. 



Holthausen and Verrecchia-Informedness and Consensus 199 

We define the informedness of each agent, and represent it by 0, as 
o=(E[xk ])-1. This is identical to the definition of 0 used in Lemma 1. As such, 
agent a's level of informedness is characterized by the precision (i.e., the inverse 
of variance) of his or her beliefs conditional on observing the information and 
price. As 0 increases (decreases), agent a has more (less) precise information 
about the asset (holding everything else constant). To avoid limiting cases, we 
adopt the convention that 0 is positive and finite. 

The consensus effect measures the extent of agreement across agents' 
beliefs. We define the consensus between agentsj and k, and represent it by p, 
as: 

P=- ~~~=0E[RjX~kJ. (E [kj2] E [k]1/ E[x - 

In effect, the degree of consensus between two agents is governed by the covari- 
ance between their residual errors, i.e., x; and xk. For example, as agents' infor- 
mation sources become more (less) common, the covariance between x and xk 

increases (decreases). By construction, p is bounded between 0 and 1. To avoid 
limiting cases, we assume that p is positive and (strictly) less than one. 

Characterization of Unexpected Price Changes in Terms of Informedness 
and Consensus 

Let the random variable A represent the unexpected change in the price of 
the risky asset: that is A =p -E [pJ. Our concern is with the variance of A condi- 
tional on holding noise constant. 

Lemma 2: The variance of the unexpected change in price, A, conditional on 
the per capita supply of risky assets, is given by: 

Var[A Z1=z= =v- 0'(2 - p) - r2(1 -p)2t-'. 

Proof: See the Appendix. 

The price of the risky asset is an aggregator across agents' demands, beliefs, per 
capita supply, etc. As such, it also aggregates the exogenous noise in the econ- 
omy. The rationale for holding constant the noise implicit in the uncertain per 
capita supply of risky assets, 2 = z, is to isolate that part of the variance of the un- 
expected change in price that is independent of noise. This allows a cleaner rep- 
resentation of the variance of the unexpected change in price which results from 
the release of information. 

Characterization of Volume in Terms of Informedness and Consensus 

In addition to prices, researchers commonly examine trading volume to 
assess the market's behavior. In particular, volume is thought to measure the 
extent of disagreement among market agents. Let the random variable 1T repre- 
sent the trading volume of informed agents. Variable ; is equal to one-half the 
absolute value of each agent's net demand aggregated across all agents. In the 
notation of our model, trading volume is defined by: 

(J12) |ItD.(Ya,p) -Do. Ida, 
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where Da(Pafp)-D Da is the random variable that characterizes agent a's net 
demand. Agent a's net demand, Da( Da,i) -D1a, has a normal distribution with 
mean ita=zo-DOa and variance a2, which we calculate below in Lemma 5. 

A volume statistic that parallels our treatment of the variance of the unex- 
pected change in price is expected trading volume, E[i]. The variance of 
unexpected price changes at the time of information releases is used to charac- 
terize the effects of changes in informedness and consensus on unexpected price 
changes. Since price effects can be positive or negative, the variance is a more in- 
formative characterization for our purposes than, say, the mean. Trading volume 
results from the absolute value of net demand. Consequently, it is sufficient to 
understand how expected trading volume behaves when informedness and 
consensus shift, as opposed to, say, the variance or second moment of trading 
volume. 

Some properties of the expected value of ; are outlined in the following two 
lemmas. 

Lemma 3: Let f(x;t la, u2) and F(x;pta, u2) represent the density and cumula- 
tive density functions, respectively, of a normally distributed random 
variable with mean S and variance a2 evaluated at x. Expected trading 
volume, x, is given by: 

E [ ] = j I u'f (0; 11a, U J )-aF(O;Aa, a')I da, 

where ita=z-DOa is agent a's expected net demand, and a2 is the vari- 
ance of his or her net demand. 

Proof: It is a simple exercise to show that the expected absolute value of a 
random variable that has a normal distribution with mean A and vari- 
ance ' is: 

2 [ uf(0; i, a') - 
IF(0; 1, ') + 1. 

This implies, for the case of net demand, that: 

E[ |Da(Dap)-DOa I 1 2[uf (0; Ala, uJ2)- /aF(O;/Aa, O2)] +a 

Recalling that JA,,da=O since per capita supply of the risky asset must 
equal per capita endowment, aggregating the above over all agents yields 
the expression for E [i ] given above. Q.E.D. 

Note that expected trading volume is an increasing function of the standard 
deviation of agents' net demand, a. Consequently, to understand how informa- 
tion affects volume, it is sufficient to examine the behavior of a2, since changes in 
u2 imply an identical change in expected trading volume. Thus, the following 
lemma. 

Lemma 4: Expected trading volume is an increasing function of the standard 
deviation (and similarly the variance) of agents' net demand. 

Proof: From the proof to Lemma 3, the expected absolute value of a random 
variable that has a normal distribution with mean l and variance U2 is: 

2[ o2f(0; MU, U2)-1iF(0; 1, a2)] +A. 
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Differentiating this expression with respect to a yields: 

ora+ (t / O/a)]y(O; A, or') - G/ or3) 
00 

[(x-_ ) 2 _,2 If (X; A, or2)d 

Note, however, that the last expression integrates to: 

0 

_(t2 _XtIj(X; , a2) = -(a / a)f(0; , a2). 

Substituting into the above yields: 

[or+ (u2/ O)_(u2/Or)jf(0; A4, Or2) =Orf(O; A, Or2) >o. 

This implies that the expected absolute value of the net demand of each 
agent is an increasing function of a. Thus, expected trading volume (i.e., 
the expected net demand integrated across all agents) is also an increas- 
ing function. Q.E.D. 

By virtue of Lemma 4, it is sufficient to examine the behavior of the standard 
deviation of agents' net demand and, thereby, ignore both prior beliefs and 
endowments in understanding the effects of informedness and consensus on ex- 
pected trading volume."I Therefore, it only remains to represent the variance of 
agents' net demand in terms of informedness and consensus as in our final 
lemma. 

Lemma 5: The variance of agents' net demand is given by: 

a 2=r20(1- p)+ V. 

Proof: See the Appendix. 

In summary, the expression for the variance of the unexpected change in 
price, given in Lemma 2, and the expression for the variance of agents' net de- 
mand, represented in Lemma 5, will form the basis for determining the effects of 
informedness and consensus on price changes and volume.'2 

" It should be emphasized that it is sufficient to examine the behavior of a2 provided that agents are 
comparably informed (i.e., the variance of their idiosyncratic noise terms, cf, is identical for all agents). 
When agents are not comparably informed, it is still the case that each agent's expected net demand is 
a monotonic function of the standard deviation of his net demand. However, it is not necessarily the 
case that the standard deviation of all agents' net demands move in the same direction (i.e., for some 
agents their U2's might fall, whereas for some other agents their g2's might increase). Since the u2's are 
not moving in parallel, expected trading volume (i.e., the expected net demand integrated across all 
agents) is not necessarily moving in one direction versus another. 

12 Note that we controlled for noise (by conditioning over it) in computing the variance of the 
change in price, but found this unnecessary when dealing with the variance of net demand. This differ- 
ence in approach arises because price aggregates across all features of the economy and, thereby, is 
influenced significantly by noise. In contrast, an individual agent's net demand, while affected by 
noise, is not affected as directly. Consequently, the device of demonstrating a monotonic relation be- 
tween the variance of net demand and expected trading volume (i.e., Lemmas 3 and 4) makes condi- 
tioning over noise unnecessary. 
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III. The Influence of Informedness and Consensus on Price Changes 
and Volume 

To demonstrate that both informedness and consensus influence the vari- 
ance of unexpected price changes, consider the effect of each holding the other 
constant. To elaborate briefly on this issue, imagine that all the exogenous 
parameters in the model are held fixed except n and s. Then an increase in in- 
formedness, holding consensus constant, is tantamount to n and s shifting such 
that agents' informedness increases while consensus between agents remains 
fixed. Similarly, an increase in consensus holding informedness constant is 
tantamount to n and s shifting such that agents' consensus increases while their 
informedness stays fixed.13 

Using the definitions of informedness and consensus outlined in the previous 
section, we offer the following results. 

Proposition 1: As agents' informedness about the risky asset increases hold- 
ing the consensus among them constant, the variance of the unexpected 
change in price increases: that is, as 0 increases holding p fixed, Var I A .] 
increases. 

Proof: From Lemma 2, 

d Var[ZI] =0-2(2-p)>? 
dO 

since (by convention) 0 >0 and p < 1. Q.E.D. 

13 In the former case, the way to determine explicitly how n and s shift is to propose the following 
two simultaneous equations, 

-= 1 and - =0, 
dO dO 

using expressions for 0 and p offered in the Appendix, and then solve for: 

dn ds 
and 

dO dO 

as two unknowns. In the latter case, 

dn ds 
- and - 

dp dp 
are solved for as two unknowns in the two simultaneous equations: 

do dp 
-=0 and -=1 
dp dp 

once again using definitions of 0 and p. Because the number of unknowns equals the number of (simul- 
taneous) equations, the solutions to: 

dn ds dn ds 

dO dO dp dp 
are unique and well defined. Therefore, with no loss of generality, we assume that n and s shift 
appropriately to ensure increases in informedness holding consensus constant, and vice versa, without 
explicitly detailing these solutions. Of course, there is no reason to require that the other exogenous 
parameters, e.g., v, r, t, remain fixed. The only problem here is that there are more unknowns than 
(simultaneous) equations and, thus, these relations are not unique. Our point is that one need not re- 
strict changes in informedness and consensus to changes in n and s alone. 
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Essentially, Proposition 1 states that as the informedness about the risky 
asset increases, the realization of price is likely to be farther from its expectation. 
This is because, given a fixed set of beliefs, agents' demands increase as they be- 
come more knowledgeable. Consequently, this increased demand pushes prices 
further away from their expected value. 

The next result concerns the consensus effect. 

Proposition 2: As the consensus among agents about the risky asset in- 
creases holding their informedness constant, the variance of the 
unexpected change in price increases: that is, as p increases holding 0 
fixed, Var [ I *1 increases. 

Proof: From Lemma 2, 

d Var[z 1 -0-'+2r2(1 -p)t-1>O, 
dp 

since (by convention) 0>0 and p < 1. Q.E.D. 

Essentially, Proposition 2 establishes that as the consensus across agents' 
beliefs increases due to a change in the mix of common and idiosyncratic com- 
ponents of information, the more variable is price (and, hence, unexpected price 
changes). This is because as agents' residual errors become more correlated, 
there is less uncertainty resolved through the market aggregation process. Thus, 
price at the end of the period is more variable because of this decreased resolution 
of uncertainty. 

The results involving volume are equivalent to those involving unexpected 
price changes, except for the fact that trading volume decreases as consensus 
increases holding informedness constant. The reason trading volume increases 
as informedness shifts upward is that, ceteris paribus, agents' demands become 
more extreme as agents become more knowledgeable. Consequently, trading 
volume will increase. The reason trading volume decreases as consensus shifts 
upward is that, ceteris paribus, increased consensus implies less diversity of 
opinion among agents. Consequently, trading volume will decline. This intuition 
is formalized below. 

Proposition 3: As agents' informedness about the risky asset increases hold- 
ing the consensus among them constant, expected trading volume in- 
creases: that is, as 0 increases holding p fixed, E [l] increases. 

Proof: From Lemmas 3 and 4, it is sufficient to examine the behavior of the 
variance of net demand. But from the definition of the variance, 

da =r (1-p)>?. 
dO 

since by convention p < 1. Q.E.D. 

Proposition 4: As the consensus among agents about the risky asset in- 
creases holding their informedness constant, expected trading volume 
decreases: that is, as p increases holding 0 fixed, E [b71 decreases. 
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Proof: Using the definition of the variance of net demand, 

d = -r20<0, 
dp 

since by convention 0 > 0. Q.E.D. 

The Simultaneous Influence of Information on Informedness and Consensus 

It is important to emphasize that when information is disseminated or ac- 
quired, the variances of the common and idiosyncratic components of agents' 
information affect the level of informedness and the degree of consensus simul- 
taneously. For example, consider an increase in the variance of the common 
component, n. As the variance of n increases, informedness tends to be reduced 
because the greater noise in agents' information makes them less knowledge- 
able. Simultaneously, increased n is likely to increase the consensus across 
agents because their signals are more conditionally dependent. Thus, a shift in n 
affects both informedness and consensus. Since an increase in n works to de- 
crease informedness and increase consensus, the effect of increased n on the 
variance of unexpected price changes is ambiguous, whereas it is likely to de- 
crease trading volume unambiguously. 

Similar effects are observed for a shift in the variance of the idiosyncratic 
component, s. As the variance of s increases, informedness is likely to be reduced 
because of the greater noise in agents' information, and consensus is likely to be 
decreased because agents' signals are less conditionally dependent. An increase 
in s works to decrease informedness and decrease consensus, which is likely to 
lead to an unambiguous decline in the variance of unexpected price changes, 
whereas the effect on trading volume is ambiguous. Except for very special cases, 
simultaneous shifts in the variances of n and s result in similar concurrent shifts 
in informedness and consensus. 

Thus, information releases simultaneously affect both price changes and 
trading volume through informedness and consensus. It would be rare to observe 
an informedness effect absent a consensus effect, or a consensus effect absent an 
informedness effect. Since price changes and volume are both affected by simul- 
taneous changes in informedness and consensus at the time of an information 
release, interpretations of price changes or volume are conceptually similar. 

IV. Conclusion 

The major results of this paper are as follows. First, we suggest that informa- 
tion manifests both informedness and consensus effects simultaneously. Second, 
we show that informedness and consensus each affect both the variance of unex- 
pected price changes and trading volume. Hence, interpretations of the variance 
of price changes and interpretations of volume reactions are conceptually sim- 
ilar. Thus, both price and volume studies are equally relevant means of assessing 
the information content of an earnings announcement. Third, we indicate ex- 
actly how changes in informedness and changes in consensus affect the variance 
of unexpected price changes and trading volume. More specifically, we show that 
an increase in informedness results in an increase in the variance of unexpected 
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price changes and an increase in trading volume. An increase in consensus re- 
sults in an increase in the variance of price changes and a decrease in trading 
volume. 

Our model helps to interpret existing empirical evidence. Consider, for exam- 
ple, the effect of an earnings announcement on price changes and trading vol- 
ume. The empirical literature indicates that both the variance of price changes 
and trading volume increase at the time of an earnings announcement (see, e.g., 
Beaver 1968). If one defines information content as the ability of an information 
signal to alter investors' beliefs, evidence on volume reactions is as relevant for 
assessing information content as evidence on unexpected price changes. Thus, 
the reluctance of some authors to interpret volume reactions as evidence of infor- 
mation content seems unfounded. 

While empiricists have not generally studied the extent to which price 
changes and volume represent shifts in informedness and consensus, we suggest 
that by considering price changes and volume in combination, empiricists could 
learn something about the relative amounts of informedness and consensus. The 
discussion of informedness and consensus implies that the variance of price 
changes and trading volume tend to be positively related when the informedness 
effect dominates the consensus effect, and tend to be negatively related when the 
consensus effect dominates the informedness effect. 

Since informedness and consensus each affect both the variance of price 
changes and volume, we provide an economic rationale for examining both price 
and volume effects at the time of information releases. Moreover, viewed within 
the framework of the model, it is not a surprise that the empirical literature has 
documented an increase in the variance of price changes and an increase in trad- 
ing volume at the time of information releases (such as accounting earnings an- 
nouncements): both of those findings are consistent with accounting earnings 
containing information. 

Appendix 

Proof of Lemma 2 

The change in price is defined by: 

It is a straightforward exercise to show that the variance of a conditional on 
Z=z is: 

Var[ZIZ=zJ =02(v+n). (Al) 

The majority of the work involves representing ( and n in terms of informedness 
and consensus to complete the expression. In the case of (, note that by definition 
0-1 = v -gv- Ohv, and (using the expressions for 3 and -y in Lemma 1) g = (3/ r 0 y) 
and h = 1 - (r 0 ey) These expressions imply: 

0EV=v-gv-0hv, 
=v-(Uv/rO-y)-fBv(l-IrO-y]-l), and 
=v-Ov. (A2) 
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Manipulating equation (A2) yields: 

f= 1 -(vO)-1. (A3) 

Representing n is considerably more difficult. First, note that by definition, 

p=OE[kjkkl 
=O(1,gh) v-v -O3v (1,g,h)' 

-uV v+n ,0(v +n) 

-O3v 0(v+n) 01(v+n)+,lt (A4) 

If, into equation (A4), one substitutes the following expressions for 0, g, and h 
(which are implied by the equilibrium outlined in Lemma 1): 

0-1= v(s[nt0/3y 12+t]+nt) 
s([v+n][f3/'y]2+t) +(v+n)t 

h = VS(3/-y)7y1 , and 
s([v+n][ 3/'y]2+t) +(v+n)t 

tv 

g=s([v+nl [,0/- I2+ t) + (v +n) t 

then equation (A4) reduces to: 

p~l- 0-1t2s (A5) 
(s[nt3/y y2+tj ++nt)2 

Let k=s(n [3/py ] 2 + t) +nt. Note that: 

,yOh=s(0/y) srgO srt 

k - k =k2 

which implies: 

t2s 
Ol t=r lt-yh. (A6) 

k2 

Substituting equation (A6) in equation (A5) yields p = 1- r1 tyh, or: 

yh=rt-' (1-p ). (A7) 

Alternatively, if one substitutes the relation 0-' = v -gv - fhv into equation (A4) 
then it reduces to: 

p=vt10'+nO(1-V'0-1)2+Ot(yh)2, and 
-v'0O-1+nO(1-v-1(-I)2+Or2t-'(I-p)2 (A8) 

using the fact that -yh=rtU(1 - p) from equation (A7). Equation (A8), in turn, im- 
plies: 
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Finally, substituting the expression for a determined in equation (A3) and n 
determined in equation (A9) into equation (Al) yields: 

Var[Aj1 .] =f32(v+n)=v-EY1(2-p) -r2(l -p)2t t. 

We point out that this result and, thus, Propositions 1 and 2 that rely on it, can be 
extended to the case of signals with idiosyncratic noise terms with different vari- 
ances: that is, Sa? #Sb for all agents a and b. Q.E.D. 

Proof of Lemma 5 

By definition, net demand is defined by: 

Da-Doa=rO(E[u | yap]-p) -DDad 
=rO(m+(g,h)(ya-m,p-E[pI)'-p)-Dea, 
=rO(g(ya-m)-(l-h)(p-E[p])+m-E[p])-DOa, and 
=rO(g(U+r +Ea-m)-(1-h)(a +f(u+-q) -'yz-E[p]) 

+m-E[p])-Dear (AlO) 

Note, however, that ,3=g(l-h)1 and Py=(r0[l-h])-', which implies that equa- 
tion (A10) can be rewritten as: 

Da-DOa=rOgEa+Z -Do. 

Consequently, the variance of Da-DOa is: 

u2=E[(rOga+)2J, 
=(rOg )2s+v. 

Note, however, that: 

(rOg)2s= r2t2s =r20(l-P), 

(s[nU3/,y12+tJ +nt)2 

using the expression developed for p in equation (A5). Thus, a2 reduces to: 

a2=r20(l -p)+v. 
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