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ABSTRACT

The conditions under which stockholders will be unanimous in the choice
of their firm's plan for the production of goods are well-known: no techno-
logical externalities, a competitive market in the production of goods, and
spanning of the marginal returns of the production process by existing securi-
ties in the marketplace. However, not well-known are the conditions which
give stockholder unanimity over the amount of information that the firm should
produce. It is shown here that even if the conditions giving unanimity in the
production of goods are satisfied, the additional conditions of homogeneous
beliefs and risk neutral behavior are necessary to achieve unanimity in the

production of information.



INTRODUCTION

The conditions under which stockholders will be unanimous in the choice
of their firm's plan for the production of goods are well-known: no techno-
logical externalities, a competitive market in the production of goods, and
spanning of the marginal returns of the production process by existing secur-
ities in the marketp]ace.1 However, not well-known are the conditions which
give stockholder unanimity over the amount of information that the firm should
produce. Describing these necessary and sufficient conditions is the purpose
of this paper.

It is shown that the conditions assuring unanimity over the firm's pro-
duction plan for goods are not enough to guarantee stockholder unanimity in
the production of information. In addition to these, the following conditions
are necessary and sufficient: (a) homogeneous beliefs, (b) risk neutral
behavior, and, if the information produced is also released, (c) an absence of
external effects of the information on other firms' values. The first two of
these very restrictive conditions arise, in Tlarge part, because, by its very
nature, information causes agents' implicit prices for state contingent con-
sumption to change; the assumption of competitive markets in the production of
goods, crucial in achieving unanimity in the production of goods, cannot
extend to the production of information.2 These more restrictive conditions
are necessary to assure that the changing prices do not differentially affect
the agents. The last of these three conditions, analogous to the requirement
of no technological externalities, is needed to assure that the actions of one
firm do not effect the values of other firms.

Since the necessary and sufficient conditions are so stringent, rarely,

if ever, will stockholders agree on the amount of information that the firm



should produce; unlike in the production of goods, management will not have a
guideline as to how much to invest in information. This Teaves the theory of
the firm incomplete.

Previous work in the area of information production was conducted by
Omberg [4] who examined the case where the information produced is also pub-
1icly revealed. He concluded that all stockholders will be unanimous that the
information production decision should be made so as to maximize firm value.
However, 1in obtaining his result he makes the simplifying assumption that
beliefs are affected by the production of information in a way that, in es-
sence, eliminates the differential impact of the information on agents' implic-
it prices. By assuming away the basic problem with information production,
its effect on prices, Omberg is not able to properly distinguish between the
necessary and sufficient conditions giving unanimity in the production of
goods and the more restrictive ones which give unanimity in the production of
information. This is in contrast to the approach in this paper.

The plan of this work is as follows. In Section I the economic setting
is described. A review of the conditions giving unanimity in the production
of goods is presented in Section II. This is followed in Section III by a
derivation of the necessary and sufficient conditions for unanimity in the

production of information. A summary and conclusions section ends the paper.

I. THE ECONOMY

Consider a one-good two-date economy with the date 0 state known and with
uncertainty as to which of S possible date 1 states will occur. Each agent
maximizes his expected utility where the objects of choice are units of current
consumption and shares in firms. There are enough firms so that there is a

complete market. The standard perfect competition assumption is made so that



agents beljeve that shareholding decisions do not affect state contingent
prices in the economy and that decisions on the production of goods do not
affect either state contingent prices nor agents' implicit prices for state
contingent consumption.

There is a manager for each firm, executing the production plan chosen by
stockholders. The manager can also invest some of the firm's resources in
information collection at date 0, before consumption and production decisions
have been made. Investing Ij in information by firm j results in a signal
that state r will occur, where prob(state r is signalled/true state is s)
=AJ (1)), with Ai;(lj) > 0, ,\‘Z:(Ij) <0 for r=s and A‘J;;(IJ.) <0, ;\g:(xj) > 0
for r#s. Given this information, each agent i appropriately revises his prior
subjective probability for the occurrence of each state s, n;, according to

Bayes' r‘u]e.3
II. A REVIEW OF THE CONDITIONS FOR UNANIMITY IN THE PRODUCTION OF GOODS

In order to understand why the conditions producing unanimity over infor-
mation production are so restrictive, it is useful to review why the assump-
tions of no technological externalities, competitive markets, and spanning are
all that are necessary for unanimity in the production of goods. Consider a
specific firm j. Assume that the manager of firm j has already decided to
invest Ij in information.4 If state r is signalled and publicly released,

agent i will solve the problem:
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maximize E(Uir) = wi(cor) s ns/r yi(csr) (1)
i
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subject to: Cor ¥ itikrvkr o +k§§1kr(vkr okr) t P(er Yojr IJ) (2)

¢! =5t g Vs (3
k
where:

n;/r = agent i's subjective probability for the occurrence of state s given

signal r;
C;r = initial consumption of agent i given signal r;
E; = injtial consumption endowment of agent i;
C;r = consumption of agent i in state s given signal r;
tikr = fractional shareholding of agent i in firm k given signal r;
£1k = fractional shareholding endowment of agent i in firm k;
Qokpr = input into firm k's production process given signal r;
Dy = output of firm k in state s given signal r;
Viep = price of firm k given signal r;

i j . . . .
wi(cor) and yi(csr) are assumed to be increasing, concave functions of their

respective arguments.

Substituting (2) and (3) into the objective function (1) gives:

maximize E(Uir) = wi(c + 3t, k(vkr— okr) + tij(vjr-QOJr-I ) - 2 t1kr kr)
{t. .3 k#j k
ikr
t2 ns/r Y (Zt1kr skr) (4)

S

This yields the first order condition for shares in firm j which can be written

as:
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_ i ayi(csr)/acsr
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S awi(cor)/acor

(5)

qur

That is, in equilibrium each agent purchases shares up until the point where

his marginal valuation of the firm's outputs is equal to the price of the firm
i
sr
i
or

i
(ni ayi(csr)/ac
s/

> is agent i's implicit price for state s comsumption, that
r i
awi(cor)/ac

is, his marginal rate of substitution of state s for data 0 consumption.)
Given that firm j has a production function of the form fj(qu’“"

qu) = qoj and that agent i optimally chooses his shareholdings given the

firm's production plan, the effect of an increase in qur {keeping qnjr’
n#s, fixed) on his utility is:

i i i
aE(Uir) ) awi(cor) [(E ) av.r it aqo'r . ni ayi(csr)/acsr
aqur acor our aqur 1Jvaqur ijr “s/r awi(c;r)/ac;r

(6)
avkr
assuming that 5 = 0, k#j, that is, that there are no technological external-
sjr v,
ities. Given perfect competition, 5alr— can be written as (using equation (5)):
sjr
i i
iiiz_ = % (Csp)/0Csy for each i (7)
30 5y s/r ow (ci )/aci
J itTor or

The change in the value of the firm comes solely from an increase in the level
of its outputs; implicit prices remain fixed. Further, from the assumption of
spanning, (7) is identical for all agents and is equal to the market price of

state s contingent consumption. Using (7), (6) becomes:

;

aE(Uir) _ awi(cor) _ 8v.r ) aqo’r

dq T d tij [aq aq ] (8)
sjr dc sjr sjr

or



The terms involving tijr cancel out. The effect of an increase in output on

the cost to the agent of buying the tijr shares, -t.. __jf_, (which, in equi-
librium, is equal to the agent's marginal valuation of his share of the firm's
additional output) is just offset by the marginal value to the agent of the addi-

i

.i
ayi(csr)/acsr

tional future consumption now provided by the shares,t.. n > :
ijr Ts/r i i
ow.{(c_ )/dc
i*Tor or
The effect on the agent's utility of an increase in output therefore comes
solely from its effect on the value of the agent's endowment in shares, or,
equivalently, on the value of the agent's initial wealth. A1l agents who hold

a positive endowment are unanimous that g i p should be increased as long as
J IV . aq
Jr .
aqur aqur
A1l agree that the objective function of the firm should be the maximization

okr s 0.

initial wealth is increased as a result; that is, as long as

of its net market value, er - qojr'

This is just the familiar Fisher separation theorem under uncertainty.
With state contingent consumption prices remaining fixed (because of the
perfect competition assumption), each agent benefits, through an expansion of
his opportunity set, from any action by the firm which increases his initial
wealth.

There is one case where the assumption of competition in the production
of goods is not needed for unanimity -- when each agent's endowment of shares
in the firm is equg] to his optimal holdings in the firm, that is, when Eijztijr'
The exact form of 5542, the change in the value of the firm with respect to an
increase in one outpaz, can then be left unspecified. As seen from (6) the

V.
term involving I drops out from the derivative of utility; what remains is:

aqur
i i j
aE(Uir) - 8wi(cor) (T (ni ayi(csr)/acsr _ aqojr)] (9)
aq_ . i ijiis/r j i dq_ .
sjr acor awi(cor)/acor sjr

By the spanning assumption (9) is of the same sign for all shareholders

with positive endowments. There is again unanimity. However, in this case it



is a local unanimity. All agree on the optimal direction of change for qur'
The result does not hold for large movements from the starting production plan
since the optimal shareholding level will also move away from the endowment
level. Utility will then again be sensitive to the form of ZZJF— .
sjr

III. THE INFORMATION PRODUCTION DECISION

Consider now the decision of the manager of firm j as to how much infor-
mation to produce. Denote by E(U:r(lj)) the maximum expected utility of
agent i given that I. is invested in information, signal r 1is obtained and
publicly released and all agents act optimally. Taking expectations over r
gives:

* _ i *
ELLEQU; (1)1 = 2 pp EQU;, (1)) (10)

where p; is agent i's subjective probability that state r will be signaHed.5

Er[E(U:r(Ij))] is the agent's maximum expected utility given that Ij has been
invested in information.

Agents will be unanimous in their choice of Ij only if (10) is maximized
at the same value of Ij for each agent. The following proposition character-
izes the conditions assuring this:
Proposition: For arbitrary shareholding endowments, {Eik}’ and information
production function, Ais(lj), necessary and sufficient conditions for informa-
tion production unanimity are that (a) all agents have homogeneous beliefs,
(b) all agents be risk neutral with identical rates of time preference, and
(c) the production of information not affect the value of any firm other
than j.
Proof: See the appendix.

To understand the need for these conditions, consider the effect on

agent i's utility of a small increase in Ij:



* * *
9E [E(U. )] ap ; W (c ) vV an
r ir i*~or e kr _z s/r
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or
(11)

where an asterisk represents the optimal value of the variable given that
state r has been signa]]ed.6 (The functional notation, indicating the vari-
ables' dependence on Ij’ has been suppressed.)

Increased information production affects the agent's utility in two ways:
first, it changes the probability of occurrence of each signal r and thereby
the probability of attaining the associated utility level E(U?r); and second,
given signal r, it changes the agent's perception of the probability that each
state s will occur and, through this, changes the market price of each firm.
Consider this last effect. By changing each agent's subjective probabilities
an increase in the amount of information produced affects implicit prices; the
assumption of perfect competition does not hold with respect to the production
of information. This brings in an additional complication not faced in the
production of goods, making it more difficult to achieve unanimity. Mathe-
matically the result of these changing prices on utility, given signal r, can

be written as:

" .
W, (c ) v on!

i*“or R kr s/r

o L0yt dsr - T 2 ar v Chlgy) (12)
acor K J s J K

There are two related effects. First, the change in all agents' implicit
prices causes a change in the price of each firm (or, equivalently, a change
in agents' marginal valuation of the firm's outputs) and thereby a change in
each agent's cost of purchasing his shares in the firm. This effect on util-
ity is represented by the first term in (12). Second, the change in implicit
prices causes each agent to revise the valuation of his entire (as opposed to

marginal) share of each firm's output. This effect is represented by the



second term in (12). Unless the effect on price of the change in all agents'
marginal valuation of each firm's outputs is exactly offset by the change in
each agent i's average valuation of his share of each firm's output, the
changing prices will differentially impact agents; this would lead to a lack
of unanimity over the amount of information to produce. These two effects
will offset each other if there are homogeneous beliefs (so that the change in
all agents' marginal valuation of each firm's outputs is equal to agent i's
change 1in marginal valuation alone) and if agent i is risk neutral (so that
marginal valuation of output equals average valuation of output). Further, as
a technical point, the rate of time preference embodied in the utility func-
tions must be the same for all agents; otherwise equilibrium will fail to
exist with those having low rates of time preference buying infinite amounts
of a risk free security and those having high rates of time preference selling
short infinite amounts.

If these conditions exist, then, the net effect on utility of the price
vX

changes, given signal r, is equal to Zfik 5TEE' The additional requirement
dvX k j
that alkr = 0, k#j, ensures that this sum will be of the same sign for all of

firm j's shareholders. It eliminates the externality effect of the informa-
tion production activity of firm j, which, if present, could cause a breakdown
in unanimity similar to that caused by technological externalities in the
production of goods.

Given these conditions (11) simplifies to:

9E_[E(U% )] op. gy
B § Pro e - % i o
31 bl aT, O 7 Gge T 1Pt I e (pr - D) (13)
J rJ r j
9E (v¥ - g*. - 1.)
- r'jr ojr 7
tist 5T ] (14)



10

where Er(vgr—q;jr-lj) is the expected net market value of the firm, after
information costs. All stockholders gain utility from an increase in Ij as
long as the change in the net market value of the firm is positive; in other
words, as long as their expected net wealth (after information costs) in-
creases. This is an intuitive result since all stockholders are risk neutral.

Unlike in the production of goods, the necessary and sufficient condi-
tions for information production unanimity do not change if it is assumed, a
priori, that shareholding endowments equal final shareholdings. Without any
prior restrictions on endowments, it has been shown that risk neutrality,
homogeneous beiiefs, and no externalities are necessary and sufficient to
produce wunanimity. But these conditions imply that endowments and final
shareholdings will be equal (since there will be no trading in the market-
place). Assuming, a priori, that they are equal therefore cannot change the
necessary and sufficient conditions.

These results were derived under the assumption that any information
produced is also released. It will now be demonstrated that the conditions
under which there is unanimity remain very restrictive even if it is assumed
that the information is not publicly released. Note, first, that in order for
the choice of production plan by the manager of firm j not to reveal his
information, the manager must not announce, and stockholders must not be able
to discern, the plan. For this to be possible, the manager must raise the
same amount of funds, qoj’ for input regardless of the signal he receives.
Given signal r he will then invest qojr in the production process, with the

remaining q_. - g

0j ojr going into a riskless investment. In this context, then,

agent i solves the problem:
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maximize Er[E(Uir)] = W, (c ) + i p é ns/r 2 (Csr) (15)
Tt
. . i _ i I - -
subject to: ¢, * itikvk S +k§t k(v k) + tij(vj qoj Ij) (16)
sr _ki t1kqskr * tij[qur * R(qoj-qojr)] vr (17)

where R = 1 + the riskfree rate of interest.

The difference between this problem and that represented by equations
(1) - (3) 1is that the agent chooses the same initial consumption and share-
holding level for each signal that the manager receives and that the value of
each firm is constant across signals.

This problem yields the first order condition for shares which can be

written as follows:

ayi(c )/acsr[

vi=Izp.n, * R(Qy 57055, (18)
rs

q_.

r awi(co)/ac0 sJr oJr

Given that the manager of the firm now holds inside information useful for the
production decision, choice of the optimal plan for the production of goods
becomes more difficult. Only under certain circumstances will stockholders be
unanimous on how the manager should use his inside information in choosing the
production plan, given that they do not have access to that information when
making their consumption-investment decisions.7 Fortunately, the necessary
and sufficient conditions for achieving unanimity in information production in
this context, homogeneous beliefs and risk neutral behavior (see the discus-
sion below), are also sufficient to guarantee unanimity in the production of
goods. A1l stockholders will agree that it is optima] for the manager to

(q

choose q_. , {q } so as to maximize _EZE__EJE_ q.. , where E

ojr sjr ojr s/r‘(q i) 18

sjr
the expected value of the output given signal r.
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Given that shareholdings and the plan for the production of goods are
chosen optimally, the effect on the agent's maximum utility of an increase in
Ij is given by:

.i

*
9E,[E(U; )1 2py

.i
I—=—23In y.[ 2 t% g% + t¥.(g*. + R(g_.-g*. )]
an N an S s/r 7i K# ] ik7skr  T13 7sjir oj ‘ojr
-i*
; awi(c0 ) _ avﬁ _

+3p [ —=— [2 (t, -t% ) ==~ -t..]

N 5¢! K ik “ik an 1]

0

s sl [ 5t q% + th.(q*. +R(q,-q*; )11° (19)

5 31 Y 5 ik%skr’ “ij'9sjr 9; %jr

(19) is almost identical to (11), the major difference being that wi(c;*)
and {vﬁ} do not depend on r. As can be verified, the necessary and sufficient
conditions for information production unanimity in this setting remain very
similar to those presented before, specifically, homogeneous beliefs and risk
neutral behavior, with the same rate of time preference, exhibited by all
agents.

The conditions for unanimity remain restrictive, even though the informa-
tion is not released, because perfect competition with respect to information
production is still lacking. Agents continue to change their implicit prices
conditional on a given signal as the amount of information produced increases.
Even though the information is not revealed, each agent knows what his revised
probabilities would be given each signal and given the amount invested in
information. As the amount of information produced increases, these probabili-

ties change, and consequently so do the agents' implicit prices.
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It is no Tonger necessary, however, to explicitly assume that information
production by firm j not affect the values of the other firms. Because the
information is not being revealed, the managers of the other firms will not be

able to use it to revise their firms' production plans. {q_, .} and YBp will

skr
be constant over r for each firm k#j. The values of these firms will remain

constant with respect to the amount of information produced by firm j.

IV. SUMMARY AND CONCLUSIONS

Whether or not the information is released, the conditions under which
there is unanimity over the amount of information that the firm should produce
are very restrictive compared to those under which there is unanimity in the
production of goods. The difference arises because the basic nature of in-
formation is such that it causes investors' valuation of firm output, and
therefore the equilibrium value of the firm, to change. This violates the
assumption of perfect competition, necessary to assure unanimity in the pro-
duction of goods. Without restrictive conditions, these price changes differ-
entially affect agents, resulting in a lack of unanimity.

Because the conditions guaranteeing unanimity ar so restrictive, they
would rarely, if ever, be expected to hold in the economy. Unless sidepay-
ments are made among stockho]ders,9 there will not be agreement on the optimal
amount of investment in information. There will be no guideline for the
manager to follow 1in choosing the investment level. If sidepayments were
possible, however, the manager would continue to produce more information as
long as those stockholders gaining utility would be willing to adequately
compensate those stockholders losing utility. Whether mechanisms for imple-
menting such a payment system are feasible and of sufficiently low cost to be

justified is an open question.
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V. APPENDIX
Proof of Proposition:

Differentiating Er[E(U?r(Ij))] with respect to Ij gives:

* i
aEr[E(Uir)] 8p

_r v - Iy x _ - -
al. 81 [w](c * Zt1k(vkr‘ qokr) * t1J(VJr qOJr I Zt1kr‘ kr)
J k#j k
* § ns/r Y; (Z ikr skr)]
* X
j 8w1(cor) Myr - ans/
tEp [Z(t1k 1kr)aI B tij] * 2 o, ¥ (2t 05k, ]
r " ac! k Jj k
or
(A1)

where an asterisk represents the optimal value of the variable given that
state r has been signalled. (The functional notation, indicating the vari-

ables' dependence on Ij’ has been suppressed.)

V¥
To prove sufficiency note first that with homogeneous beliefs 5T " can be
J
written as:
* 1‘* -i*
avk 8ns/r ayi(c )/ac X
q for each i (A2)
8I. ~ oI, Sw (c )/ac skr
J i i or
ans/lr‘
This follows because, first, 5T, is equal for all agents, and second,
J

8yi(c )/8cs*

i r

s/r

combined with the assumption of a comp1ete market (so that n =
% 8w1.(cor)/8cOr
ay.(c )/ac

L f: is equal for each agent.
8wi(c )/ac

is the same for all agents),
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With risk neutrality agent i's utility function can be written as:

_ i i i
ECU; ) = Cor T E Ms/rCsr (A3)
(ai, the agent's subjective rate of time preference, must be identical over

all agents, or equilibrium will fail to exist.)

Using (A2) and (A3), (Al) simplifies to:

* 3 *
8E [E(U; )] ap,. L S T LS e Mir - )
—— = 3 — [3t. (v, .-q +t. (v, -q . -I)]+z2p (St, = -t..
an " an k#ka kr “okr it gr Tojr 7j MR ik 3l. 1]
(A4)

Finally, with the value of each firm k#j being unaffected by the information

*

X
production of firm j (so that Vir and Qoip are independent of r) (A4) becomes:

b3 3 *
aE [E(U' )] 8p1 % * . 8\/.
e irds ros _x i - jr _
BT 2 T ti3Vir % 13 * 2 Py tij(alj D (AS5)

This is of the same sign for all agents long in the risky security. All
agents will then agree on the sign of the effect on utility of an increase in
Ij and therefore will agree on the optimal Ij' This compietes the sufficiency

part of the proof.
To prove necessity for arbitrary {iik} and Aﬂs(Ij) note first that to

achieve unanimity (Al) must equal zero for all agents at the same level of Ij'

This implies that the terms involving t for each k, must separately equal

ik’

zero at that level and that those not involving any Ei must be zero for all

k
Tevels of Ij‘ Otherwise the {Eik} could be chosen (keeping initial wealth and

thereby all other variables unchanged) so as to ensure that (Al) was not zero
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for all agents at the same level of Ij' Further, unless there are homogeneous

BV* 87{1' o i
beliefs AjI(I ) can be varied, changing _kr __s/r ¥i,s and —Eﬁ Yi, and {E. }
> rstTj ’ an > 9l ’ al., ’ ik

can be chosen, keeping everything else the same, to have (Al) not be zero for
all agents at the same Tevel of Ij'
Solving for the utility function satisfying the above requirements gives:
- j i
E(Uir) = Cop * A s M /p C (A6)

1 sr
S

representing risk neutrality. (Again, a; must be equal over all agents to

assure that equilibrium will exist.) Given this, (Al) becomes:

1.
8E [E(U* )] ap

=5 _T ¥ X _a% Y- 1 X - ok
an i 81j Eijtik (Vir qokr) tij (er Yjr Ij)]
; _ avﬁr _ av*r
+3p! [=t, + 3. (=20 -1)] (A7)
r T K#] ik BIj ij an

Finally, given arbitrary {Eik} (A7) can only be guaranteed to be zero for
all agents at the same Ij if the value of each firm k#j is unaffected by the
information production of firm j (so that Vﬁr and qgkr are independent of r).

This completes the necessity part of the proof.
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FOOTNOTES

These are the conditions for ex-ante unanimity, where each agent's final
shareholding level is allowed to differ from his endowment shareholding
level. See Leland (2).
Making the assumption that implicit prices remain fixed with respect to
the production of information would trivialize information production.
In particular it would make it useless for the productibn of goods; with
implicit prices fixed, each firm's optimal production plan for goods
would remain‘unaffected by the production of information.
Specifically:

i _ Ais(lj)";

/v = 2 3 i
§ Ars(Ij)ns

where: ";/r = agent i's posterior subjective probability for the occurrence

4.

of state s given that state r has been signhalled.
For simplicity it is assumed that only firm j invests in information.

-i =

Pr

J i
§ Ars(Ij)ns

Note that no terms involving derivatives of decisions variables, {tikr’
qskr}’ appear in (11). This is because, for each value of Ij’ they are
chosen optimally. By the Implicit Function Theorem, the effect on util-
ity of a change in these variables, as a result of an infinitesimal
change in the parameter Ij’ is zero.

For further discussion of the use of inside information for the produc-

tion decision, see Leland [3] and Trueman [5].
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This equation is derived by substituting (16) and (17) into (15), differ-
entiating, and remembering that all terms involving derivatives of de-
cision variables are zero by the Implicit Function Theorem.

These would be similar to those suggested by Grossman and Hart (1) to

resolve the problem of a lack of unanimity in the production of goods.
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