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Abstract

Is it in the interest of a firm to disclose information on its technology or cost structure?

Should another firm take such information into account in its market decisions? In

what kind of industry should we expect firms to exchange information on their costs?

How does it affect the firms' initial choice of technology? These are the questions that

are addressed below. The crucial difference with previous work on this problem—Fried

(1984), Gal-Or (1986), Li (1985) and Shapiro (1986)—is that a firm's cost structure,

instead of being exogenously given, results from a strategic decision. This leads to

radically different predictions.



1 Introduction

The analysis presented in this paper deals with the interfirm exchange of private infor-

mation on technology choice and cost structures. The model focuses on the extreme

case where the firms have complete control over their cost structures. This situation

might correspond to a mature industry in which the firms can choose between a few

well known production processes, each process leading to a different cost structure

(e.g., a different ratio of fixed and variable costs). Previous work on the disclosure of

cost information—e.g., Fried (1984), Gal-Or (1986), Li (1985) and Shapiro (1986)—

focuses on the opposite case: in that literature, the firms don't have any control over

their costs. This might correspond to a new industry in which nothing is known about

production processes.

The interplay between technology choice and information disclosure is empha-

sized. In the work of Fried (1984), Gal-Or (1986), Li (1985), and Shapiro (1986),

this interaction does not play a role: A firm's cost curve, instead of resulting from

a strategic decision, is given exogenously from a probability distribution. Thus, a

firm's cost is (probabilistically) the same whether or not the firms have agreed to

share cost information. In this paper, the firms choose different cost structures de-

pending on their competitor's ability to observe—which in turn depends on the firms

disclosure policies. When the competitor is not able to observe, a firm simply chooses

the most efficient technology for the quantity that it is going to produce. When the

competitor is able to observe, however, the firm recognizes the strategic impact of its

technological choice on the competitor's market behavior. Depending on the nature

of the market competition, the firm may decide to increase or decrease its investment

in order to make its competitor less aggressive on the market. This is one of the

central themes in the strategic precommitment literature—e.g., Brander and Spencer

(1983), Bulow et al (1985), Dixit (1980), Fudenberg and Tirole (1984), Kreps and

Scheinkman (1983), and Spence (1977).

In some industries, technology choices (and hence, cost structures) are intrinsically

observable. For example, it seems reasonable to assume that, in the airline industry,

the number of planes and their type, as well as the location and capacity of the ground

facilities, are observable by competitors. In many industries however, technology is



not so visible: the observability of a firm's cost structure depends in large part on the

firms' voluntary disclosure of information. The object of this paper is to endogenize

the observability of the firms' cost structures for those industries in which technology

is not intrinsically visible. The analysis considers the disclosure of verifiable infor-

mation. In this context, verifiable information corresponds to the disclosure of hard

evidence about the physical design of the production process and its implementation

(e.g., the number of machines, their size and brandname). Accounting information

can also constitute evidence, to the extent that it can be audited and made available

to the competitor.

One remark is in order. It concerns the disclosure of proprietary technological

information. A firm discloses information on its technology to make its competitor

less aggressive on the market. However, proprietary information on the firm's tech-

nology may allow the competitor eventually to improve its own technology—which

would make it more aggressive on the market. The tradeoff is not clear. Evidence on

the exchange of proprietary technological information is documented by von Hippel

(1987). This situation is not considered here. We study the disclosure of information

about strategic decisions (e.g., the amount invested in cost-reducing R&D); the dis-

closure of proprietary technological information implies the existence of some element

of exogenous information (e.g., the random outcome of a firm's R&D effort).

The analysis of the exchange of information between firms has important antitrust

implications. Antitrust authorities have long been worried about its meaning and wel-

fare implications. A general discussion of these issues can be found in Scherer (1980)

and Vives (1990). There is a vast literature that models the activities of trade associ-

ations and firms' incentives for the dissemination of their private information. Besides

the four papers mentioned above (by Fried, Gal-Or, Li and Shapiro) that study the

exchange of cost information, there are papers on the exchange of information about

demand conditions; e.g., Clarke (1983), Gal-Or (1985), Novshek and Sonnenschein

(1982), Ponssard (1979), Vives (1984), and Vives (1990). The literature stresses the

importance of the type of market competition (prices or quantities; collusion or com-

petition) and the nature of the information to be transmitted (information about

demand conditions or cost structures and, in the latter case, whether or not costs are

correlated). This paper is a contribution to that literature. It points to the effect
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that the exchange of information about cost structures has on the firms' initial choice

of processes and technologies.

The general structure of the problem analyzed in this paper is as follows: In

period one, the firms decide whether or not they will disclose verifiable information

on their cost structure. In period two, the firms simultaneously select a technology (a

cost structure). Firms are not able to observe their competitor's choice unless their

competitor had decided to disclose. Finally, in period three, the firms make market

decisions (prices or quantities). This situation is to be contrasted with the situation

considered by Fried (1984), Gal-Or (1986), Li (1985), and Shapiro (1986) where, in

period two, the firms privately observe their exogenously given cost structure.

Shapiro (1986) considers the case in which the firms can cooperatively agree on a

common disclosure policy. He finds that when the last period market competition is

modeled as a Cournot duopoly, the firms do agree to exchange information on their

costs. The present model leads to the reverse prediction: it is in the interest of the

firms not to exchange information. Gal-Or (1986) considers the case in which the firms

unilaterally commit to their disclosure policy. For the case of Cournot competition,

she finds that full disclosure is a dominating strategy. Thus, the firms can achieve

non-cooperatively the same outcome as in Shapiro's model. For the case of Bertrand

competition, she finds that no disclosure is a dominating strategy; the firms are better

of when information is not revealed. In the model presented in this paper, disclosure

will also be shown to be dominating for the case of Cournot competition. However,

disclosure makes the firms worse off than if cooperative agreements (not to disclose

information) can be enforced. Thus, in this paper, the disclosure game has the payoff

structure of a prisoner's dilemma. For the case of Bertrand competition, depending

on the value of the problem parameters it can be dominating to disclose or not to

disclose; however, the firms are always better of when information is disclosed.

More generally, this paper can be viewed as a game theoretic study on the disclo-

sure of endogenous information—i.e., information on the actions of the players. It is

to be contrasted with the extensive literature that deals with the disclosure of exoge-

nous information—i.e., information on the state of the world. In that literature, the

analysis of the exchange of cost and demand information between firms (references

3



above) is concerned with ex ante incentives for disclosure (i.e., situations in which the

firms commit to disclosure before privately observing the actual value of their cost).

Ex post incentives for the disclosure of exogenous information are studied by Gross-

man (1981), Milgrom (1981), Milgrom and Roberts (1986), and Okuno-Fujiwara et

al (1990). The present analysis deals with the disclosure of verifiable endogenous

information. The exchange of cost information between firms is emphasized, but the

approach has general applicability.1

The remainder of the paper is organized as follows: The model, notation and

assumptions are introduced in Section 2. Some useful results on the last two stages

of the game (technology choice and market competition) are established. Sections 3

analyzes the firms' incentives for information disclosure. The outcome of the disclo-

sure game critically depends on whether the market competition exhibits strategic

substitutes or strategic complements. The paper is concluded, in Section 4, with a

general discussion of the difference between the strategic disclosure of exogenous and

endogenous information.

'There is a related literature on the (payoff irrelevant) communication of unverifiable information

(e.g., Crawford and Sobel, 1982). It is argued in de Groote (1990) that the disclosure of unverifi-

able information does not affect the outcome of a game when the revealed information is entirely

endogenous.

4



2 Model and preliminary results

The following three stage duopoly model is considered: The firms are indexed by

i or j. In stage one, the firms simultaneously decide whether or not to disclose

perfect and verifiable information about their second-period technology choice. In

stage two, the firms simultaneously select a technology k, in the set of technologies

C R. If firm i has decided, in stage one, to disclose information, then firm j

observes k,; otherwise is not observable by firm j. Finally, in stage three, the firms

simultaneously select market decisions, x, E C R (e.g., price or quantity). The

payoff function is denoted by ir,(x„xj ,k7 ); disclosure is performed at no cost. Let

i,(x) , k,) = arg maxyEx, ir,(y,xj ,ks ); for fixed kit and k2i i t and 12 represent the usual

reaction functions of the market subgame.

The analysis is restricted to pure strategies. The equilibrium concept is (roughly)

that of sequential equilibrium (Kreps and Wilson, 1982), or Bayesian perfect equilib-

rium (Fudenberg and Tirole, 1991), which requires the explicit consideration of the

players' beliefs.' Since there is no asymmetry of information ex ante, and since the

players are restricted to pure strategies, their beliefs (whenever Bayes' rule applies)

consist of single values; e.g., if player i does not observe kl in equilibrium, the only

consistent belief about kj (on the equilibrium path) is that kj equals the equilibrium

value k; with probability 1. In what follows, I will abuse terminology by saying that

player i's belief about player j's technology is given by some kj.

In order to study the firms' incentive for disclosure, we need to capture the effect

that changes in the second-period technology choice have on the third-period mar-

2 It is interesting to note that, even though there is no asymmetry of information ex ante, the

concept of subgame perfection is not strong enough to rule out unintuitive outcomes. To see this,

consider the two-stage technology and market subgame where observability is exogenously specified.

When both firms are observed, the set of sequential equilibria coincide with the set of subgame perfect

equilibria; when both firms are not observed, sequential equilibria coincide with Nash equilibria.

However, when one of the firms is observed and the other is not, the game does not include any proper

subgame. Hence, the set of subgame perfect equilibria coincides with the set of Nash equilibria. In

those equilibria, the firm that is observing can threaten to do something drastic on the market, unless

the other chooses a particular technology. Such equilibria are ruled out by sequential rationality;

however, they are not ruled out by subgame perfection.
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ket subgame. If the market subgame exhibits multiple (pure strategy) equilibria, we

need to select one particular market equilibrium for each possible value of k and k,.

Let X; (Ici , 15) denote the (selected) pure strategy equilibrium in the market subgame

when ki and k; are observed by both firms. Whether technology is observed or not,

firms have correct equilibrium beliefs about the technology choice of their competi-

tor. Thus, the market stage decisions are always in equilibrium for the equilibrium

technology choices; i.e., if k: and k, denote the equilibrium technology decisions,

the equilibrium market decisions are given by .X7 (k7 , k,) and X;(k; , k7) respectively.

When technology is observed by both firms, then X; (k;, k,) gives firm's i equilibrium

decision in any market subgame; i.e., it applies off the equilibrium path as well. Let

k,) ri (X: (k,, k,), X; (k, , k,), k) denote the firm's i payoff as a function of the

technology choice (k, k,) when the market decisions (x i , x,) are in equilibrium.

The solution to the above three stage duopoly model is analyzed in Section 3.

The remainder of this section introduces some further notation and assumptions,

and establishes some useful properties of the two-stage subgame corresponding to

periods two and three of the overall game. In that subgame, the observability of a

firm's technology is exogenously specified. Different versions of the subgame are to be

distinguished depending on whether or not firms are able to observe their competitor's

technology.

When technology is observed by both firms, the equilibrium payoff in the market

subgame, for any (k„ k,), is given by II; (k;, k„). For any k„, firm i's best-response in

the technology stage is given by

K, (k,) arg max (1, U.

Kp is called the technology best-response when observed. Next, consider the case

where player's i technology is not observable. Let

Kr (k;) {lc; E	 : 3 x, E	 x; E X, such that

(ki , x i , x ;) solves max	 k) and max rj	 si,

K[ is called the technology best-response when not-observed. Note that strictly

speaking, K:P is an optimization concept, whereas Kv is an equilibrium concept.
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A few observations are in order. First, note that k 1 E Kly (k2) implies that the

market decisions satisfy S i = k2) and X2 = X2(k2 , k 1 ). When one of the firms

is not observing, it is rational for the other firm to minimize its cost. Let i t (x s , x,) =

arg max/ E . or, (s„ x, , 1) denote the cost-minimizing technology choice as a function of

the market decisions (x„ x,); k1 E Kr (k2) implies that k1 E	 (ki k2), X;(k2, k1)).

Finally, by construction, if kl E K°(k2) and Pi' E K; (k2 ), then 111'(/4, k2)

k2).

For a given specification of observability, the firms' choice of technology in a

sequential equilibrium are given by a fixed point of the relevant technology best-

responses. For example, when firm 1 is observed and firm 2 is not, the technology

choices le; and k2 must satisfy ki E K°(k2) and lc; E KZ(4). This is stated formally,

for this special case, in the following lemma; the argument for the other cases is

identical. A proof, which requires the explicit consideration of beliefs, is given in

Appendix A.

LEMMA 1: (first-stage best responses)

If firm's 1 technology is observed by firm 2 and firm's 2 technology is not observed

by firm I, then a pair of technologies kl E IC I , k2 E k 2 can be part of a sequential

equilibrium if and only if (k1 , k2 ) is a solution to lc,. E Kf(k2 ) and k2 E

In order to proceed with the analysis we need to impose further structure on the

market subgame. Typically, one would impose some structure on the payoff function,

77" either based on a specific functional form, or based on differentiability, concavity

and/or supermodularity assumptions. Since this paper focuses on the interaction be-

tween the first two stages of the game (information disclosure and technology choice),

it is natural to make assumptions on the third stage equilibrium instead. The as-

sumptions that follow are standard properties of duopoly models that can be shown

to hold under a variety of assumptions. In particular, it can be checked, from the

equilibrium payoffs derived by Singh and Vives (1984), that the assumptions hold for

both price and quantity competition in case of differentiated products with a linear

demand. The assumptions also hold for differentiable payoffs under standard assump-

tions on the second derivatives, as posed for example by Brander and Spencer (1983),

Bulow et al (1985) and Fudenberg and Tirole (1984).
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ASSUMPTION 1: r i is nonincreasing in x, for all i.

This first assumption is essentially a notational convention. For example, in case of

price competition, a decrease in price should hurt the competitor; thus, in order to

satisfy assumption 1, we have to assume that x2 is minus the price.

DEFINITION: When is nonincreasing in x, for all ki E = 1,2, we say that the

market subgame exhibits strategic substitutes; when 1, is nondecreasing in x2 for all

kt , i = 1,2 we say that the market subgame exhibits strategic complements.

This terminology is introduced by Bulow, Geanakoplos, and Klemperer (1985) as a

property of the cross-partial derivative of the payoff function. Fudenberg and Tirole

(1984) make direct reference to the monotonicity of the reaction functions. In this

paper, the importance of the distinction between strategic substitutes and strate-

gic complements stems from the following well-known comparative statics property

(posed here as an assumption).

ASSUMPTION 2: X7(ki ,k) is nondecreasing in When the market game exhibits

strategic substitutes, X7 is nonincreasing in ki ; in case of strategic complements the

reverse holds.

Intuitively, the first part of the assumption implies that the set of technologies is

ordered so that an increase in k, can be interpreted as a decrease in marginal cost.

Hence, an increase in k induces a more aggressive behavior on the market (increase in

x,). If the market subgame exhibits strategic substitutes, the increase in x, induces in

turn a decrease in x„ which, after adjustment of the equilibrium, yields an increase in

X: and a decrease in X. In case of strategic complements, the increase in x, induces

an increase in x, and, after adjustment of the equilibrium, an increase in X;. For

differentiable payoffs, this property can be shown to hold for locally stable equilibria

under a number of standard assumptions (see Bulow et al, 1985). It also holds for the

largest and the smallest pure strategy equilibria in supermodular games (see Milgrom

and Roberts, 1990). Finally, it can be shown to hold under very general assumptions

if the selection of equilibria for different values of (k 1 , k2 ) is performed by iterated

play (see Lippman et al, 1987; Sobel, 1988).
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ASSUMPTION 3: In the symmetric case, the equilibrium market decision X:(k,k) is

non-decreasing in k.

Assumption 3 could be called dominance of own effect: It says that in the symmetric

case (i.e., k, = k, = k), the own technology decision has the determinant effect on

the own equilibrium market decision.

ASSUMPTION 4: The second-stage equilibrium profit 117(ki , kJ ) is quasi-concave in ki

and decreasing in ki.

The first part of assumption 4 implies that given the technology of the competitor k„

the profit of firm i is lower, the further its technology choice is from the best-response

ki = °(k„). The second part says that firm's i equilibrium profit on the market

decreases when the competitor invests more (chooses a larger k,) in technology.

The last assumption concerns the technology best-responses. To simplify the

notation, it is assumed that the sets KC/ and KP are singletons; the unique element

is denoted by the set itself.

ASSUMPTION 5: I and Kp are continuous and non-increasing for i = 1, 2.

The continuity assumption is purely technical (see the proofs of Propositions 1 and 2 in

Section 3). The assumption that the technology reactions are non-increasing deserves

further comment. From an economic point of view, it amounts to the assumption that

the firms' technology investments are strategic substitutes. Thus, the best-response

to an increase in investment by the competitor is a decrease in investment. This

property depends on the equilibrium payoff of the market subgame, II7(k„ k3 ). When

the payoff is twice diffentiable, a sufficient condition is given by 82 11:/0k,Ok, < 0.

This property holds for both price and quantity competition in case of a linear demand

and constant marginal costs.

The section closes with two lemmas that show how and why the firms strategically

increase or decrease their investment in technology when costs are observable by the

competitor. Proofs are given in Appendix A.
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LEMMA 2: (deviation with respect to the "best-response when not-observed")

If the market stage of the game exhibits strategic substitutes, then for any we

must have KNk,) < I0k.,); if the market stage of the game exhibits strategic

complements, then the reverse inequality holds.

The economic intuition behind Lemma 2 is straightforward: When technology is

observable, a firm deviates from ICI in order to induce a less aggressive market

behavior by its competitor (equilibrium choice of a lower x3 ). By assumption 2, this

is achieved by an increase in k, in case of strategic substitutes, and by a decrease in

case of strategic complements.

LEMMA 3: (comparison of equilibrium profits: symmetric case)

If the market game exhibits strategic substitutes, then for symmetric equilibria, the

firms are better off when technology is not observable. If the market game exhibits

strategic complements, then for symmetric equilibria, the firms are better off when

technology is observable.

The economic intuition behind Lemma 3 is also straightforward. First note that the

duopolists would be better off if they could cooperatively agree to act less aggressively

on the market. In case of strategic substitutes, observability induces both firms to

overinvest in technology, which (by assumption 3) induces them both to act more

aggressively on the market, thereby generating lower equilibrium profits. In case of

strategic complements, on the other hand, observability yields underinvestements in

technology, a less aggressive market behavior by both firms, and higher equilibrium

profits.3

3The reason why this lemma is restricted to the case of symmetric equilibria is that it is possible—

for large levels of asymmetry—to construct examples in which one firm invests less in the observable

case while the other invests more. This anomaly is discussed in details, and a numerical example is

given, in de Groote (1991).
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3 Incentives for disclosure

This section considers the firms' disclosure policy and its impact on their choice of

technology. For a fixed choice of technology by its competitor, a firm always wants

to disclose its (strategically chosen) technology. Indeed, by committing to disclosure,

the firm operates on K° instead of If ; as discussed in Section 2, II7(K?(kj ), k3 ) >

` (10, k,). A firm's first-stage commitment to disclosure has one additional ef-

fect which complicates the analysis substantially: the commitment influences the com-

petitor's second-stage choice of a technology. The effect of the competitor's change

in technology depends on whether the market subgame exhibits strategic substitutes

or strategic complements.

Fixing the disclosure decisions leads to a two stage subgame where the observabil-

ity of the technology decision is given exogenously. Four cases have to be considered

according to whose technology is observed and whose is not. Let and 7r 13 V denote

the equilibrium payoff of firm i in the two stage subgame where both technologies

are observed and not-observed respectively. The equilibrium payoff when firm's 1

technology is observed, and firm's 2 is not, is denoted by .7r. The payoff when firm's

2 technology is observed, and firm's 1 is not, is denoted by 4.

Disclose Don't

Disclose 7r?

ro

irii

Don't ir?

7.2
2

ark'1

Table 1: the first-stage disclosure game

With this notation, the payoff structure of the first-stage disclosure game is given

in reduced form in Table 1: firm 1 chooses a row, and firm 2 chooses a column. The

analysis of this game critically depends on the relative values of 7r1, r1, 7,1) , and ark,

which in turn depend on whether the market stage of the game exhibits strategic

substitutes or strategic complements.
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3.1 Strategic substitutes

We first consider the case of strategic substitutes in the market subgame. With a

linear demand, and when the products are (conventional) substitutes, this corresponds

to the case of quantity competition. Since the market subgame exhibits strategic

substitutes, we know, by Lemma 2, that the firms overinvest in stage one; i.e., the

technology best-responses satisfy K '̂(k,) < K?(k3).

PROPOSITION 1: (firm's 1 equilibrium profit: quantity competition)

When the first and the second stage of the game exhibit strategic substitutes, we have
<	 <	 and	 < 7rN < 71.1

/ 	 1 - 1	 1 	 1 •

PROOF: Let k.;, k?, and denote firm's i equilibrium technology choices in

the four different cases. By Lemma 1, the equilibrium technology choices must be

at the intersection of the relevant technology best responses. For example, we have

k? = KNk3) and 4( k? ) . Starting from (14, k3 ) , and repetitively applying the

best-response mapping (IfN, K2, we generate a non-decreasing sequence of k i 's, and

a non-increasing sequence of k 2 's; by compactness of K i and 1C 2 , and by continuity of

KN and Iq 1 , the sequence converges to (kP'',141). Thus, we have k? < v , and k2 >

By assumption 4, this implies ir? = 1-1;(k?, q) < 1-11(k?, k21) < 111(q1 ,	 =

By similar arguments, we can show 7N < 7 1 and 2 < ° <1 - 1 	 -	 — ri •

COROLLARY:

When the market subgame exhibits strategic substitutes, it is a dominating strategy

to disclose.

The corollary follows directly from Proposition 1 by inspection of the payoff struc-

ture of the game, as given in Table 1. The result is in accordance with the economic

intuition: We know that disclosure is desirable for a fixed choice of technology by

the competitor—this induces the competitor to act less aggressively on the market.

The precommitment to disclose has the additional effect of changing the competitor's

choice of a technology. Since the competitor's first-stage reaction (either 	 or if:7V
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according to whether the competitor is disclosing or not) is nonincreasing, by choos-

ing to disclose, and hence by choosing to operate on If;) > K,N instead of Kv , the

firm makes it in the interest of its competitor to invest less (choose a smaller kl).

This makes the competitor even less aggressive on the market. Thus, disclosure is a

dominating strategy.

The disclosure game has the structure of the prisoner's dilemma: Each firm wants

to disclose in order to influence its competitor; both firms end up overinvesting, which

makes them more aggressive on the market and moves them further away from the

joint profit maximization solution (Lemma 3). This result is to be contrasted with the

results of Gal-Or (1986) and Shapiro (1986): In their model, it is also a dominating

strategy to disclose information, but this makes the firms better off in equilibrium.

3.2 Strategic complements

We next consider the case of strategic complements in the market subgame. With

a linear demand, and when the products are (conventional) substitutes, this corre-

sponds to the case of price competition. Since the market stage exhibits strategic

complements, we know, by Lemma 2, that the firms underinvest in stage one; i.e., the

technology best responses satisfy KNk2 ) > link) ). In this case the commitment to

disclose has ambiguous implications. On the one hand, for a fixed choice of technol-

ogy by its competitor, it is in the interest of the firm to underinvest, and to disclose

that information, in order to make its competitor less aggressive on the market. On

the other hand, since the competitor's first-stage reaction is decreasing, this makes it

in the interest of the competitor to invest more, and hence, to be more aggressive on

the market. The tradeoff is not clear.

PRPOPOSITION 2: (firm's 1 equilibrium profit: price competition)

When the first stage exhibits strategic substitutes and the second stage exhibits strate-

gic complements, we have 7r? >

PROOF: Using the same technique as in lemma 4, we can establish that /4 < k?,

and kl > k?. Then, by assumption 4, we have 7rl = II;(kl,k1) < 11;(kl,k?) <

13



k?)

It is not possible, in general, to establish a relation between .44 and RI. Even with

a linear demand and technologies that exhibit constant marginal costs, it is possible to

construct examples where, depending on the value of the parameters, it is dominating

to disclose or not to disclose. The first case corresponds to 74 > ir? > 7rP T > 7r1, while

the second case corresponds to 7r? > 7r? > ni > 'xi'''. Note that, by Lemma 3, we

always have ir? > iriv , and, by Proposition 2, ir? > Irk. Thus, since the firms are

better off when they both disclose (Lemma 3), there are cases where the disclosure

game has the structure of a prisoner's dilemma. In Gal-Or (1986), it is a dominating

strategy not to disclose, and the firms are better off than if they were to disclose.
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4 Conclusion

This section concludes with a discussion of the essential differences between incentives

for the disclosure of endogenous and exogenous (verifiable) information. The main

results are summarized in Table 2: The first row compares the firms' equilibrium

payoffs, in the symmetric case, when both firms are observed and when they are not.

The next two rows tell whether the firms should be expected to disclose information in

equilibrium. Two situations are distinguished according to whether disclosure policies

are fixed before or after the choice of technologies. The case discussed above, where

the disclosure policy is committed to before the start of the technology/market game,

leads to the analysis of the firms ex ante incentives for communication. The difference

between the results presented in this paper and the results of Fried (1984), Gal-Or

(1986), Li (1985), and Shapiro (1986) has been discussed extensively in Sections 1

and 3. In both cases, incentives for disclosure depend on whether the third-stage

market subgame exhibits strategic substitutes or strategic complements.

Exogenous cost Endogenous cost.

Strat Subst Strat Compl Strat Subst Strat Compl

Payoff when

observed Better Worse Worse Better

Ex ante

disclosure YES NO YES

Parameter

dependent

Ex post

disclosure YES YES YES YES

Table 2: comparison of exogenous and endogenous information

Ex post disclosure corresponds to a different three stage game: in period one the

firms choose (or observe) their technologies, in period two they decide whether or not

to diclose information, and in period three they compete on the market. In that case,

the distinction between strategic substitutes and complements does not play a role.
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A firm's ex post incentive for disclosure critically depends on its competitor's

beliefs when the firm fails to disclose. For the case of exogenous information, this

yields full disclosure in equilibrium—Grossman (1981), Milgrom (1981), Milgrom and

Roberts (1986), and Okuno-Fujiwara et al. (1990). The argument is now classical:

A firm discloses if by doing so it induces a more favorable decision on the part of

its competitor than the decision induced by the competitor's beliefs had the firm not

disclosed. When the firm does not disclose, the competitor assumes the worse (from

the point of view of the firm); i.e., assumes that the firm's technology is the one that

would induce the most aggressive market behavior on the part of the competitor.

Such beliefs imply that it is always in the interest of the firm to disclose.

The analysis of the ex post disclosure of endogenous information is formally differ-

ent, but the intuition is similar: a firm deviates from cost-minimization and discloses

that information in order to make its competitor less aggressive on the market. When

the firm does not disclose, the competitor assumes that the firm did not deviate from

cost minimization, and hence does not adopt a less aggressive market behavior. This

leads to full disclosure in equilibrium. This intuitive argument is formalized in Ap-

pendix B.

As a final remark, it is worth noting that, for the case of endogenous information,

the disclosure of imperfect information does not affect the outcome of the game.

Indeed, when a firm observes a noisy signal of its competitor's technology—with no

moving support—it does not revise its (correct) prior belief: the firm always believes

that the competitor's technology is whatever it is supposed to be in equilibrium,

with probability one. Therefore, a firm cannot, by deviating from cost-minimization,

change its competitor's (correct) beliefs, and hence, cannot make its competitor less

aggressive on the market.4

'This is to be contrasted with the principal-agent literature in which imperfect signals about the

agent's action do play a role (Holstiina, 1979). As in the above reasoning, the observation of the

signal does not change the principal's (correct) beliefs about the agent's action. Yet, an imperfect

monitor plays a role because the principal can commit to take its observation into account in the

agent's compensation. In the present model, no such commitments are possible.
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Appendix A: Proofs of Lemmas 1-3

PROOF OF LEMMA 1:

We show that the above condition is equivalent to sequential rationality for both the
technology and the market stages. Let k; and k; denote the equilibrium technology
choices. In the market stage, firm l's decision is a function of its own technology only
(it does not observe firm's 2 technology), whereas firm's 2 decision is a function of
both technologies. Let 2 1 (k1 ) and 2 (k2 , k1 ) denote the firms' market decisions.

Fix k2 to k:, and look at the sequential rationality of firm's 1 choice of technology.
Firm 1 solves

max ir2 (1 2 (k2 ), k1 ), x2( k2, k1), k1)

For k2 = k;‘, sequential rationality in the market stage is equivalent to i i (k) =-
X1*(k1 , k2") (firm 1 always believes that k 2 = k;), and 2 (k;, ki ) = X2* (k; , ki ). Firm's
1 technology choice becomes

	

max ri(Xi( ki, k;), X; ( k;,	 ki) = max1-11(k1, k:)*

By definition, the last expression is equivalent to lc; E K? (k;).

Next, fix k1 to , and look at the sequential rationality of firm's 2 choice of technology.
Firm 2 solves

	

max r2 (i 2 (k2 ,	 X" 2 (k1), k 2 ) .
k2

Sequential rationality in the market stage is equivalent to

i l (k;) E argmaxr1(i2(k2,K),ki),

i2( k2,	 E arg max 71-2 (i i ( kDI k2)•
I2

By definition, the last three equations are equivalent to k; E K2 (k1).

PROOF OF LEMMA 2:

[Lemma 2 is taken from de Groote (1991); a proof is included here for the sake of
completeness.]

Consider the case of strategic substitutes in the market stage of the game. Take any
k3 and let k, = (k3 ), x, = X: (ks , k3 ), x3 = X; (k3 , k,). Take any k: < (k3).
The proof is by contradiction: by picking k: firm i is worse off than by sticking to kt;

hence the best-response to k; in the two-stage game (when technology is observed)

19



is at least ki = K tly (ki ). Let x: = X;(14, k,) and	 = X; (Pi , ki ). By Assumption 2,
ki > ic: implies x i < x; and thus by Assumption 1

i (x:,	 k;) < r	 ,

By construction, (xi , ki ) is the best-response to (x i ,ki) We get

(x:, x 14) < ar i (xi , x j , ki)•

A similar argument applies in case of strategic complements.

PROOF OF LEMMA 3:

Subscripts are dropped. Let (k', x') be any symmetric equilibrium when technology
is not observable, let (k", x") be any symmetric equilibrium when technology is ob-
servable, and let r i and ir" be the corresponding equilibrium profits.

We first show that when the market stage of the game exhibits strategic substitutes,
we have k' < k", and when the market stage of the game exhibits strategic comple-
ments, we have k' > k". The proof is given for the case of strategic substitutes; the
line of argument is identical for the case of strategic complements. By Lemma 1, we
have k' = (V) and k" K° (k"). Suppose, a contrario, that k' > k". By Lemma 2,
and since the first-stage reaction, K°, is non-increasing, this yields a contradiction:

k' = K v (k l ) < K° (k 1 ) < K° (k") = k"

We next show that, for strategic substitutes in the market stage of the game, >
By assumption 3, k' < k" implies x' < x". By assumption 1 we then have (subscripts
are added for clarity)

	

ar" = ari	, x 1", k:') < ari (xi", x3' ,

Since (k:, x:) is the best-response to x; we next get

, x 13 , k;') < ri (x:,	 k;) = ar',

which completes the proof for strategic substitutes.

Finally, we show that, for strategic complements in the market stage of the game,
< r". Since k" < k', we have, by Assumption 4

	

7C 1 =	 ei) <	 (k, k3").

Then, since when technology is observable 	 is the best-response to k"; ,

(k:, k7) < 117(k:',	 r",

which completes the proof.
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Appendix B: Ex post incentives for disclosure

I proceed by making a (quite general) assumptions that can be loosely paraphrased:
observation matters.

ASSUMPTION: (observation matters)

For all kj E kJ , K°(k3 ) and Kfl(kj ) are disjoint, for i, j = 1,2 and i j.

Note that a firm is always weakly better off when the competitor is able to observe.
The assumption rules out the situation where the firm's choice of technology is the
same whether or not the competitor is able to observe. This could happen, for exam-
ple, if the set of technologies contains only a few discrete points that are too distant
from each other to justify a strategic deviation from cost-minimization in case of ob-
servability. Thus, under the above assumption, for any fixed technology choice by its
competitor, a firm's best-response is different when the competitor is able to observe
and when it is not. The assumption also implies that, for a fixed technology choice by
the competitor, a firm is always strictly better off if the competitor is able to observe.

LEMMA: (ex post incentives for disclosure)

In the game where disclosure policies cannot be committed to ex ante, firms always
disclose in equilibrium.

PROOF: Fix the strategy of firm 2 to its equilibrium strategy; the equilibrium is
denoted by (k; , , v7, x:). The proof is by contradiction: Suppose that, in equilibrium,
firm 1 is not disclosing. By Lemma 1, we must have = (kn, x; = (k;, k;), and
x; = X; (k; k;). The rest of the proof consists of showing that the above equilibrium
cannot be sequentially rational with consistent beliefs.

Suppose that 1 deviates to 14 E K10 (k2) and discloses. That deviation cannot change
firm's 1 (consistent) belief that k2 = k;' if she doesn't observe; if she observes then,
since firm's 2 strategy is kept fixed, she sees k2. Firm's 2 prior belief about k1 is
given by k;, but after observation, its belief changes to /4. Thus, the market subgame
equilibrium has to be xi = X;(ki,k;) and x'2 = X;(k;', kD. By the above assumption,
firm l's payoff II;(/4, k;) is strictly greater than 11;(4,V2 )—a contradiction.	 I
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