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Abstract: When an upstream monopolist supplies several competing downstream firms, it
may fail to monopolize the market because of opportunistic behavior towards the downstream
firms. We analyze this well-known commitment problem in an experiment where we extend
previous research by allowing for communication. In one treatment, the upstream firm can
bilaterally talk to either of two downstream firms. In a second treatment, all three firms talk
together. We find that the treatment with bilateral communication leads to fewer rejections
of offers and higher joint profits than a baseline treatment without communication, but
output is still above the monopoly benchmark. Only the treatment where all three firms can
communicate leads to complete monopolization. Such communication effectively works as a
vertical restraint and should be regarding as potentially anticompetitive.
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1. Introduction

When an upstream monopolist supplies several competing downstream firms, it may fail to
monopolize the market because the upstream firm will behave opportunistically towards the
downstream firms. Ideally, the upstream firm wants to restrict output at the monopoly level,
but the contracts the monopolist offers suffer from a commitment problem': when dealing
with a downstream firm, the monopolist has an incentive to opportunistically negotiate
with another downstream firm. These negotiations will disadvantage the first competitor
but improve joint profits of the monopolist and the second downstream firm. If this kind
of opportunistic behavior is anticipated by the downstream firms, the market will not be
monopolized, despite an uncontested upstream monopoly.

Whereas the commitment problem has significant policy implications (Rey and Tirole
2007), caveat is that its relevance depends on players’ beliefs as different beliefs suggest
different conclusions (see McAfee and Schwartz 1994, and Rey and Vergé 2004). The com-
mitment problem occurs when contracting between firms is secret. So there is imperfect
information and downstream firms need to form beliefs about the contracts their rival will
be offered. For some beliefs (passive and wary?), downstream opportunism arises while for
others (symmetric beliefs) it does not. In other words, depending on beliefs, the same model
predicts monopolization of the market in the second case but not in the first. Hence, it is an
open question whether the commitment problem is relevant from a theoretical perspective.

Experiments seem well suited to investigate the commitment problem. Experiments are
helpful here because they can (behaviorally) select between the different solutions the theory
offers equilibrium. As the theory is bland (beliefs cannot be rationalized), experiments can
help to assess the significance of the commitment problem.

Existing experimental evidence suggests that the problem of downstream opportunism
is severe. Martin, Normann and Snyder (2001) (henceforth MNS) analyze markets with one
upstream firm who offered non-linear tariffs to two downstream firms. When contracts were

secret, markets were rarely monopolized and firms (jointly) earned only about 70 percent

'Hart and Tirole (1990), O’Brien and Shaffer (1992) and McAfee and Schwartz (1994) were among the
first to highlight this commitment problem.
2See the discussion below. In our context, passive and wary beliefs lead to the same outcomes.



of maximum industry profits. By contrast, markets were regularly monopolized when the
upstream monopoly was vertically integrated with a downstream firm or when contracts
were public, as predicted by theory. The experiments thus support the theory in that the
commitment problem is genuine.

Having said that, two aspects of the MNS data are difficult to reconcile with existing
theory. First, the markets with secret contracts did not converge to monopoly, but they did
not fully approach the duopoly solution predicted by passive or wary beliefs either. MNS
extend the theory to allow downstream firms to have heterogeneous (rather than purely
passive or symmetric) out-of-equilibrium beliefs. This extension can largely rationalize the
data in MNS, among other things because rejections occur in equilibrium (see below). A
second unpredicted aspect of the data are bargaining frictions: downstream firms sometimes
rejected profitable offers. Such rejections are well known in bargaining experiments. In
MNS’s treatment with public contracts, this caused efficiency losses such that joint profits
were lower than with vertical integration. In any event, the two discrepancies unpredicted
by the (standard) theory suggest further investigation.

In this paper, we extend the experimental work of MNS by allowing for communication
between players. Our experiments involve one upstream firm, two downstream firms and
secret contracts, as in MNS” SECRAN treatment. Interactions are essentially one-shot in
the experiments due to a random matching scheme, so both the theory with passive/wary
beliefs and the previous experimental results suggest the commitment problem will occur.
We employ two treatments with communication, in addition to a baseline treatment without
communication. In the communication treatments, players can engage in unconstrained chat
using a messenger-like tool. In the first treatment, the upstream firm can bilaterally talk to
either downstream firm, but the downstream firms cannot observe what the upstream firm
and the rival communicate. In the second treatment, all three firms talk together: there is
no secrecy, whatever a firm posts will be visible to the other two players in the market.

While communication is cheap talk in our experiments, we expect it to have an impact
exactly, specifically with respect to the above-mentioned two aspects underemphasized by
the theory. First, communication may clarify which beliefs downstream firms hold. We will

argue that, with bilateral communication, downstream firms have little incentive to lie about



their beliefs. As a result, we expect better informed upstream firms to offer contracts that
are more likely to be accepted by the downstream firms. Put differently, we hypothesize
that there will still be heterogeneous beliefs but the upstream firm faces less uncertainty
about them with bilateral chat. When all three players can talk together, communication
can possibly affect beliefs. There may be downstream firms for whom the thought of beliefs
mentioned by others never occurred to them. Likewise, an upstream firm may attempt
to talk downstream firms into maintaining beliefs suitable for joint monopolization. If so,
markets may converge to monopoly. For both treatments, we expect the data to reject the
cheap talk null hypothesis.

A third hypothesis is that communication is likely to reduce bargaining frictions. In pre-
vious bargaining experiments, communication often leads to high frequencies of agreement
whereas bargaining frictions (rejections) commonly occur in treatments without communi-
cation (see Roth 1995). In our case, the downstream firms can inform the monopolist about
the share of the surplus they expect. As a result, unexpected rejections of offers would be
reduced.

We believe introducing communication to this class of games is interesting from a policy
perspective. Communication between vertically related firms is presumably the rule rather
than the exception in the field. So it appears relevant to analyze this possibility in the lab.
At least bilateral talk between upstream and downstream firms should not violate antitrust
laws, however, when the communication not only involves vertically but also horizontally
related firms, this would raise antitrust suspicion. Whether such communication has the
potential to restrain competition has so far not been investigated.

We also trust that allowing for communication in a vertical structure is a novel and
interesting contribution to the experimental literature. The number of research papers on
communication in experimental economics is rising (see the literature survey in the next
section), but vertical structures have largely not been investigated. While bargaining ex-
periments with communication have been analyzed before, we are not aware of such an
experiment where play is subject to a bargaining externality.

Our results are as follows. First, our treatment with bilateral communication between

the upstream and downstream firms leads to higher accept rates and higher joint profits,



but the average output on the market (the accepted quantities) are just as high as in the
baseline treatment without communication, that is, above the monopoly benchmark. This
result suggests that the commitment problem is substantial and cannot be overcome by this
form of communication. Second, the treatment in which all three firms can communicate
does indeed lead to full monopolization. Bargaining frictions are much reduced (as in the
first treatment with bilateral communication) but downstream firms obtain a higher share
of the joint profits. From a policy perspective, such communication effectively works as a

vertical restraint and should be regarding as potentially anticompetitive.

2. Related Literature

We review the mostly closely related experimental papers. The main contributions to the
theory (Hart and Tirole 1990, O’Brien and Shaffer 1992, McAfee and Schwartz 1994, Rey
and Vergé 2004, Rey and Tirole 2004) have been highlighted already in the introduction.
For more recent theory papers on the commitment problem, see Avenel (2012) or Rey and

Caprice (2012).

2.1. Experiments with vertically related markets

Vertically related markets have been studied in experiments in a few research papers. Mason
and Phillips (2000) investigate a bilateral Cournot duopoly when there is a large competitive
market that also demands the input from the upstream firms. Durham (2000) and Badasyan
et al. (2009) compare vertically integrated and nonintegrated monopolies and analyze if the
vertical merger mitigates the double marginalization problem. In Normann (2012), the
market structure is a bilateral duopoly. He investigates whether a vertical merger have a
“raising rivals’ cost” effect. MNS (described in detail in this paper) analyze the commitment
problem arising in vertically related markets. In this paper, we investigate whether the

commitment problem is mitigated by communication.



2.2. Experiments with communication

The experimental literature on the effects of communication is large and we confine ourselves
to a few relevant areas. Generally communication is many experiments is cheap talk because
it has no binding effect. The effects of such cheap talk communication differ depending on
the type of game which is played.

Farrell and Rabin (1996) compare the effects of cheap talk on coordination games with
games in which there is a conflict of interests. In coordination games, there is a great benefit
of cheap talk because it may lead to efficient outcomes. Believing in the messages from
one player to another is an equilibrium in this case (however, it is not unique). Charness
(2000) finds evidence in an experiment in favor of this theory: “results show impressive
coordination”. See also Crawford (1998) for a survey. There are some similarities between
coordination games and our vertically related markets: there can be coordination failures
when offers made by the upstream firms do not match the beliefs of the downstream firms.

Whereas coordination games seem to be a good example where cheap talk leads to higher
efficiency, the case of games of conflicting interests with communication are more compli-
cated. Rational players will generally ignore any agreements to cooperate since it is their
best response. However, there is experimental evidence for an improvement of cooperation
in dilemma games when communication is possible (see Dawes et al. 1977, Isaac et al. 1984,
Isaac and Walker 1988, Balliet 2010). Whereas the firms in our game could be said to be in
a dilemma situation (best responding prevents monopolization for certain beliefs), decision
making is more complex: no firm can unilaterally “defect” (or “cooperate”, for that mat-
ter); instead, coordination on certain outputs (corresponding to a “defect” choice) between
upstream and downstream firms is required.

Communication can also help in achieving superior outcomes in trust games (Charness
and Dufwenberg 2006, Charness and Dufwenberg 2010). Our vertically related markets
also involve a situation of trust: a downstream firm need to trust any promises about joint
monopolization the upstream firm may make. Whereas in a typical two-player trust game the
first mover needs to trust the second mover (for example to return money), it is the second
movers (a downstream firm) who needs to trust the first movers (the upstream firm) in our

case. Any promises made by the upstream monopolist are not about own future actions but



regard a simultaneously made offer to the other downstream firm (who is a trustor at the
same time). Even though we have an element of a trustee-tustor relationship in our game,
the parallels to standard trust games are perhaps not overly strong.

Perhaps foremost, our experiment is a bargaining game with externalities (and with com-
munication). While the upstream firms make take-it-or-leave it offers, these offers can be
intensively discussed upfront. Roth (1995) reports results from such bargaining experiments.
With face-to-face communication, he reports near-perfect efficiency rates. One study Roth
summarizes is by Radner and Schotter (1989) who run various experiments with a sealed-bid
bargaining mechanism. Buyer values and seller costs are private knowledge in their experi-
ment. They report that face-to-face communication leads to 99% efficient trades. Roth also
reports on an experiment where a fixed sum of money is to be divided and subjects only very
rarely fail to agree how to split the money with face-to-face communication. In experiments
with unrestricted types messages (Roth and Murningham 1982), lower levels of efficiency
occur but these levels are still higher than in standard (no communication) variants. Our
experiments will involve unrestricted typed messages but not face-to-face communication.
We hence expect improved but imperfect efficiency rates due to communication. More recent

bargaining experiments with similar results include Brosig et al. (2004) and Zultan (2012).

2.3. Exclusive dealing

The literature on exclusive dealing is related because it concerns a similar case of sequential
bargaining with externalities between players. Contracts may be secret there, too. A typical
setting involves an incumbent seller, a (more efficient) entrant and, say, two buyers with
independent demand. Because of fixed costs, the entrant needs to have both buyers signing
up with him for entry to be profitable. The question is whether buyers manage to coordinate
such that entry occurs. Rasmusen, Ramseyer and Wiley (1991) and Segal and Whinston
(2000) show that the incumbent may need only one buyer to sign an exclusive contract
to deter entry. Landeo and Spier (2009) report experimental evidence on this issue and
employ treatments with and without communication between buyers. They find that, with
no-discrimination clauses, communication between buyers reduces the likelihood of exclusion

substantially. This is not the case when discrimination is possible. Landeo and Spier (2009)



mainly focus on public offers but, for a subset of treatments, they also make the comparison
to secret offers. They find that they significantly reduce the likelihood of exclusion. In
Landeo and Spier (2009), the coordination problem is between the buyers. In our game,

upstream and downstream firm need to coordinate on offers that match beliefs.?

3. Theoretical Framework

3.1. Model

Consider a simplified version of the model due to Rey and Tirole (2007).> The market
has a vertical structure shown in Figure 1, with a monopoly upstream firm, U, and two
downstream firms, D;, ¢ = 1,2. The upstream firm produces an intermediate product at
zero cost. The downstream firms transform this product on a one-for-one basis, also at zero
cost, into a final good sold to consumers. Consumers have inverse demand P(Q) for this
homogeneous final good.b

The timing is as follows. First, U offers contracts (x;, T;) to each D; specifying a quantity
x; and fixed tariff 7;. Second, the D; simultaneously decide whether to accept (a; = 1) or
reject (a; = 0) the their contract offers. The rest of the game proceeds deterministically from

those decisions. Each D; produces ¢; = a;x; resulting in total output @) = ¢; + ¢o. Profits

3In a related paper, Smith (2010) finds that exclusion is more difficult for the incumbent when he needs
a larger fraction of buyers to accept a contract and when buyers are allowed to communicate with each
other. Another related experiment is by Boone, Miiller and Suetens (2014). They find that exclusion rates
in the sequential regimes are significantly higher than in the non-discriminatory regime and the simultaneous
discriminatory regimes.

4Communication has recently found further interesting applications in industrial organization. Anderson
and Wengstrom (2007) analyze costly communication in Bertrand duopoly. They find that prices are higher
and collusion is more stable when communication is costly. Fonseca and Normann (2012) investigate Bertrand
oligopolies with and without communication. Specifically, they analyze how the gain from communication
is affected by the number of firms (ranging from two to eight). Cooper and Kiithn (2013) study conditional
cooperation: a simple cooperation game is followed by a coordination game, so the threat of coordinating
on a payoff-inferior equilibrium in stage two is credible. They analyze what type of communication is most
effective in achieving cooperation in this setup.

®Rey and Tirole (2007) is itself a simplified version of a number of earlier papers including Hart and
Tirole (1990) and McAfee and Schwartz (1994). We modify Rey and Tirole (2007) in three ways. First,
contracts here specify a single bundle at a fixed tariff rather than a tariff function. Second, downstream firms
here make a simple accept/reject decision rather than choosing some continuous quantity. Third, upstream
marginal cost is set to ¢ = 0 to simplify the analysis and reflect experimental conditions to follow.

6 Assume P(Q) has properties ensuring that the Cournot game formed by compressing the vertical struc-
ture in Figure 1 into a single level is well behaved. In particular, the resulting profit functions are strictly
quasiconcave and actions are strategic substitutes. A sufficient condition is P'(Q) + P"(Q)Q < 0 for all Q.



are a11y + aoTs for U and P(Q)q; — a;T; for D;.

To set some benchmarks, let Q™ = argmax, P(Q)Q be the monopoly quantity for this
market and II"™ = P(Q™)Q™ be monopoly profit. Let ¢¢ be a firm’s equilibrium quantity
from Cournot competition between two firms in a market in which the vertical structure from

Figure 1 were compressed into a single level. That is, defining the best-response function
BR(q) = argmax P(q + q)q,
q
q¢° is the fixed point ¢° = BR(¢°). Let ¢ = P(2¢°)¢° be a firm’s Cournot profit.

3.2. Commitment problem

Suppose first that contracts are public, meaning that each D; can see the contract offered to
its rival. In this case, U can extract the whole monopoly profit in equilibrium. For example,
there exists a symmetric equilibrium in which U offers the contract (Q™/2,II"™/2) to each
D;, and both accept. To see this is an equilibrium, note U has no incentive to deviate since
it cannot earn more than the monopoly profit. The D; earn zero profit whether or not they
accept so have no strict incentive to deviate.

Now suppose that contracts are secret, meaning that D; cannot see the contract offered
to its rival. The outcome in which U offers (Q™/2,1I"/2) to each D; may no longer be
an equilibrium. U may not be able to commit to supplying just half the monopoly output
to each D;. Instead, it may prefer to deviate to a higher output, for example, the best
response to half the monopoly output BR(Q™/2), which could increase the joint profits of
the contracting pair at the expense of the other downstream firm. Whether D; would accept
this deviating offer depends on its posterior beliefs about its rival’s contract offer following

a deviation, the issue discussed next.

3.3. Equilibria with secret contracts

Secret contracts transforms the model into a dynamic game of imperfect information. The
relevant solution concept in such games perfect Bayesian equilibrium, requiring strategies to

be best responses at every node given posterior beliefs and requiring posterior beliefs to be



formed using Bayes rule along the equilibrium path. Bayes rule does not pin down beliefs
off the equilibrium path, in particular D,’s updated beliefs about its rival’s secret contract
after D; receives a deviating offer. Different assumptions about out-of-equilibrium beliefs
give rise to different perfect Bayesian equilibria.

One assumption, called symmetric beliefs, is that D, believes its rival receives the same
deviating contract. Under such beliefs; U can obtain the same monopoly outcome as it
did with public contracts, i.e., having both D; accept contract offers (Q™/2,11"™/2). To see
that this is an equilibrium, note that if U deviates to some quantity x¢ in its contract offer,
D; would be unwilling to pay a fixed tariff greater than P(2z%)z¢,” which is obviously no
greater than the fixed fee I1™/2 that U charged in the equilibrium contract. By rendering
deviation unprofitable for U, symmetric beliefs effectively preserve U’s ability to commit to
the monopoly outcome.

Another assumption, called passive beliefs, is that after receiving a deviating offer, D;
continues to believe its rival receives the equilibrium contract. In this case, there will always
exist a strictly profitable deviation unless equilibrium firm quantity ¢* is best response to
itself, i.e., ¢* = BR(q"*). But as we saw above, the Cournot output ¢° is the unique quantity
satisfying this equation. U can extract at most the Cournot duopoly profit from each firm
with fixed tariff 7¢. Hence the equilibrium contract offer is (¢¢, 7¢), which both D; accept.

Another assumption, introduced by McAfee and Schwartz (1994), called wary beliefs, is
that after receiving a deviating offer D, believes its rival receives and accepts a contract
that is the best response to this deviation. In the present context in which downstream
firms essentially engage in Cournot competition, wary beliefs turn out to select the same
perfect Bayesian equilibrium as passive beliefs.® In most of the rest of the paper, for brevity,
statements that apply equally to wary and passive beliefs will just mention passive beliefs.

Because neither the monopoly outcome predicted when all downstream firms have sym-
metric beliefs nor the Cournot outcome predicted when they all have passive beliefs fit their

experimental results well, Martin, Normann, and Snyder (2001) proposed a model of het-

"This assumes D; also believes its rival accepts the deviating contract. If one or both downstream firms
rejects the deviating contract, deviation would be certainly less profitable than the equilibrium (Q™ /2,11 /2)
contracts to each.

8Rey and Vergé (2004) show that wary and passive beliefs lead to different equilibrium outcomes if
downstream firms engage in Bertrand competition.



erogeneous beliefs. They assume that each D; is an independent draw from a population
in which a fraction s € [0,1] hold symmetric beliefs and 1 — s hold passive beliefs. The
population distribution is common knowledge, but the realized beliefs for the D; are private
information. The authors show that there exists a threshold s, the value of which depends on
the experimental parameters, such that for s € (0, §) the extremal perfect Bayesian equilib-
rium (i.e., the one yielding the highest profit to U) involves U offering the Cournot duopoly
output, ¢¢, as with passive beliefs. However, the fixed tariff is higher, T; > 7¢, inducing D;
to respond with an acceptance probability strictly less than one. The heterogeneous-beliefs
model could rationalize the modal contract offers observed in the experiment, of the form

(¢, T;) with T; > m°, as well as the observed acceptance rates.

4. Experimental Design

We build on the experimental design of Martin, Normann, and Snyder (2001), which is
essentially an experimental implementation of the model of Rey and Tirole (2007) discussed
in the previous section. We will maintain their baseline treatment—called SECRAN because
it involves secret contracts with randomly re-matched players—as our baseline treatment
with no communication here. We will then introduce treatments allowing for different forms
of communication.

The market, shown in Figure 1, involves three subjects, one playing the role of the
upstream firm (called a manufacturer in the experiment) and two playing the role of down-
stream firms (called retailers in the experiment). The upstream player moves first, making
a take-it-or-leave-it offer (x;,T;) to each D;, where x; had to be an integer in [0, 10] and T;
had to be an integer in [0, 120]. After observing its own contract only, D; chooses whether
to accept (a; = 1) or reject it (a; = 0). These decisions result in each D; supplying ¢; = a;x;
to the final-good market, for a total supply of @ = ¢1 + ¢2. Market price P(Q) is calculated
from the discrete demand function in Figure 2A. All firms produce at zero cost. Thus profits
are my = a11y + axTs for U and np; = P(Q)q; — a;T; for D;. Let mp = mp1 + mpe denote
total downstream profit and Il = 7y 4+ mp denote market profit. Figure 2B graphs the profit

function in the experiment; it is concave, achieving a maximum of II"™ = 100 at an output

10



of Q™ = 2.

Participants were randomly assigned to their roles (U or D;), which they played each
round for the entire course of the session. We recruited 15-21 subjects for each session,
allowing us to form 5-7 markets. Each session consisted of 15 rounds of game play. As in
SECRAN, the three subjects constituting a market were randomly re-matched before every
round to minimize effects of repeated interaction. (Experimenter effects aside, observations
may be dependent within sessions but should be independent across sessions because new
subjects were recruited for each session.) After each round, each D; was told the profit it
earned that period; U was told his profit and the profits of the two downstream firms with
whom he was matched in that round. All these design features were explained to subjects
in the instructions.

We conducted three different treatments, summarized in Table 1. Our baseline treatment
replicates the SECRAN treatment from Martin, Normann, and Snyder (2001). To compare
the communication element with other treatments, in particular that there is no commu-
nication involved, we relabel this treatment No Chat. The other two treatments, Bilateral
Chat and All Chat, introduced the possibility of communication using an instant-messaging
technology via a chat window. In Bilateral Chat, U could engage in bilateral communication
with each D;. D; and Dy could not communicate with each other, and D, could not observe
U’s communications with his competitor. U had separate chat windows for each D; on its
screen; each D; had only one chat window on its screen through which it communicated
to U. In All Chat, U, Dy, and Dy could freely communicate with each other. Whatever a
player posted into its chat window is displayed to all three players in the market (including
the player himself). It was not possible to exclude one of the players and engage in bilateral
chat.

Every round of Bilateral Chat and All Chat included a communication stage prior to
U’s making its contract offer. Except for threats outside the lab or messages containing
information that could be used identify subjects, which were forbidden, the content of the
chat was unrestricted. In Bilateral Chat, subjects had 90 seconds to chat during the first
five periods, reduced to one minute for the last ten periods. In All Chat, the communication

stage lasted 60 seconds in all 15 periods. Subjects could not leave the chat stage before

11



the time expired. The design of Bilateral Chat and No Chat were otherwise identical to No
Chat.

Subjects were invited using the ORSEE system (Greiner 2004). Upon arrival in the
lab, each was assigned to a cubicle. After all subjects had arrived, we provided them with
instructions, reproduced in the appendix. The instructions were the same in all treatments
except for a short section about the chat stage added in the communication treatments. After
reading the instructions, subjects were allowed to ask questions privately in their cubicles.
Subjects were then informed about their role in the experiment (U or D) and the experiment
proceeded.

It is possible for downstream firms to earn a negative payoff in a round of the experiment.
To offset this possibility as well to provide a payment for showing up, subjects playing the
D role received an initial endowment of 200 ECU (experimental currency units). Subjects
playing the U role received an initial endowment of 60 ECU. At the end of the experiment,
participants were paid in euros, exchanged at a rate of one euro for each 40 ECU. Participants
earned an average of about 14 euros each.

All sessions were run at DICElab of the University of Duesseldorf between November
2013 and May 2014. We ran 12 total sessions, four for each of the three treatments. Each

session lasted for about one hour. In total, 216 subjects participated.

5. Hypotheses

We start with two market benchmarks, monopoly and Cournot duopoly. The joint-profit
maximizing solution is a quantity of two, yielding industry profits of 100. With symmetric
beliefs the monopoly outcome is expected to emerge, with each D; supplying one unit.
The Cournot outcome predicted under the assumptions of passive/wary beliefs has both
downstream firms accepting two units. Hence, there is a total quantity of four and a joint
profit of 72 for the Cournot outcome.

As for our No Chat treatment, we expect the same results as those in MNS’s SECRAN
treatment. That is, the market will rarely be monopolized, quantities offered will be in

excess of the monopoly output, and offers are regularly rejected—as suggested by the model

12



with heterogeneous beliefs.

How will communication affect outcomes in the experiments? As players might simply
regard the chat as cheap talk, they might disregard it entirely. The PBE would be unaffected
by cheap talk. Hence, the null hypothesis is that the possibility to communicate in Bilateral
Chat and All Chat has no impact on market outcomes.

Moving away from the null, we do expect communication to change results. As noted
in our literature survey, efficiency rates in bargaining games with communication can be
rather high (Roth, 1995). Assuming this holds, for our setup, two questions arise: how do
firms manage to bargain efficiently here? And second: can they manage to overcome the
commitment problem through communication?

In Bilateral Chat we hypothesize that D; may honestly indicate to U what kind of belief
they hold. In fact, they will have an incentive to tell the truth about their beliefs. Suppose D,
actually has passive beliefs and would thus accept (2,36), expecting a non-negative profit
from this contract. Claiming to have symmetric beliefs (and given U believes the claim)
would induce U to offer (1,50) to D;. Since D;’s true belief is passive, it believes Dy will
be offered and accept o = 2, so D; would make a loss by accepting (1,50). Thus, a passive
D; will not pretend to have symmetric beliefs. Now consider the case when D; actually has
symmetric beliefs. Whatever the (x1,77) contract D; is being offered, it believes that Dj
gets the same offer. D; expects a non-negative profit from the contract (1,50) and would
thus accept it. Pretending to have passive beliefs would U induce to make the offer (2, 36).
The expected profit is also zero (because of symmetric beliefs) here for D; but the surplus
(which can possibly be divided) is even smaller. Hence, a D; with symmetric beliefs would
not lie either.”

Will the U firms not try to convince the D firms to accept (1, 50) offers in Bilateral Chat?

They might attempt to do so, but because communication is bilateral only, this is unlikely

9Tf, contrary to the above assumption, a symmetric believer (D, say) thinks that the other retailer (Dy)
will receive (and accept) the offer (1,50) even if D; pretends to have passive beliefs, it looks at first sight
that D; might gain from communicating false beliefs. If these offers were accepted, Q = 3 units would be
on the market, D7 would earn 230 — 36 = 24 which is strictly better than the (zero) payoff from accepting
(1,50) (D2 would make a loss of 30 — 50 = —20 in this case). Such reasoning would, however, be naive as
Dy either holds symmetric beliefs and reasons (and communicates) the same way, with the result that both
retailers accept (2,36) and make zero profits. Alternatively, Dy is actually a passive believer in the first
place in which case he will also accept (2,36) (and not lie about his beliefs).
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to work out. D; will distrust chat content suggesting joint monopolization because it realizes
that once it agrees to accept (1, 50) in the chat, U will agree on (2,7}) with D;. This is the
heart of the commitment problem.

What we hence expect in Bilateral Chat is improved coordination but no monopoliza-
tion: given the heterogeneity of beliefs, U now better knows what the D firms believe and
can design appropriate offers. While the above model with heterogeneous beliefs involved
rejections of contracts in equilibrium, rejection rates should be lower with communication,
leading to higher industry profits. However, we expect the heterogeneity of beliefs persists,
including players with passive beliefs. Thus, we do not expect commitment problem itself to

be resolved and we maintain no hypothesis as to how Bilateral Chat should affect outputs.

Hypothesis 1. Acceptance rates and industry profits will be higher Bilateral Chat than in
No Chat.

In the All Chat treatment, a similarly improved coordination due to the revelation of
beliefs might occur but, beyond that, a change of beliefs now seems possible. Firstly, there
may be some downstream firms for whom the thought of the other set of beliefs never
occurred to them. So some learning or revising of beliefs may kick in when D; learns about
Dj’s beliefs. In addition, U firms may now attempt to convince downstream firms about
symmetric beliefs and joint monopolization of the market. A chief reason for this is that the
channel for secret communication with one D; only is closed, as opposed to Bilateral Chat.
In the chat, promises about offers will inevitably be symmetric and therefore conducive to

monopolization.

Hypothesis 2. Market output will be lower, and acceptance rates and industry profits will
be higher in All Chat than in Bilateral Chat and No Chat.

Finally, we expect a bargaining effect in All Chat and Bilateral Chat. The D firms may
not only communicate the expectation about the quantity offered to the rival, they may also
indicate a maximum willingness to pay for a certain bundle of units. Such demands may be
credible when subjects have other-regarding preferences, but they may also be exaggerated
for strategic reasons and hence not be credible from a theory point of view. In any event,

we know from previous experiments (Roth, 1995; Zultan, 2012) that they can have an effect.
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Since players will know (or learn) the size of pie they bargain about, our hypothesis is that
D firms can obtain a larger share of the pie.

Hypothesis 3. The share of industry profits obtained by the downstream firm will be higher
All Chat and Bilateral Chat compared to No Chat.

6. Results

6.1. Preliminaries

This section reports our main experimental findings. Though each session ran for 15 rounds,
to reduce noise from play by subjects still unfamiliar with the experiment, for most of the
analysis we restrict attention to the last 10 rounds. The results are indeed stronger using just
the last ten rounds but do not qualitatively change if we use all 15 rounds. Comparing early-
to late-round play does yield some interesting insights, but we will defer that comparison
until Section 6.7.

Table 2 provides summary statistics for the main experimental variables. The first row
can be used to compare our baseline treatment here, No Chat, to the SECRAN baseline from
Martin, Normann, and Snyder (2001). Comparing these treatments provides a consistency
check because their designs are identical; they only differ in being run a decade apart with
different subjects. Total offered quantity, X = x1 + xo, averaged 3.44 in SECRAN, similar
to the 3.63 in No Chat. The averages for total accepted quantity () = ¢ + ¢» are also
quite similar—2.47 in SECRAN versus 2.54 in No Chat—as are the averages for industry
profit [I—69.9 in SECRAN versus 70.2 in No Chat. Upstream firms earned somewhat higher
profit my in SECRAN (mean 53.0) compared to No Chat (mean 45.3). Besides providing
additional confidence in the stability of Martin, Normann, and Snyder’s (2001) main results,
the remarkable consistency between SECRAN and No Chat suggests that No Chat is a good

baseline for comparing treatments with communication.

6.2. Offered output

We begin by analyzing the contract offers observed in the experiment, starting with total

offered output, X = x; + x5. This single variable captures whether U is able to solve the
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commitment problem, allowing it to restrict offered output to the monopoly level, X = 2,
or “burns” profit by supplying more, for example the Cournot output X = 4. Table 2 shows
that the mean of X is highest in No Chat, 3.63, falling to 2.80 in Bilateral Chat, falling
further to 2.18 in All Chat, close to the monopoly output. These results are consistent
with more communication facilitating commitment and monopolization. Figure 3 provides
a more disaggregated picture, showing the means of the four individual sessions run for each
treatment. The filled circles in Panel A represent session means for X. The group of means
fall together from No Chat to Bilateral Chat to All Chat, providing confidence that decline
toward the monopoly level is not due to an outlying session.

Table 3 provides formal statistical tests of the differences among the means across ses-
sions. The first column regresses X on an exhaustive set of treatment indicators, suppressing
the constant. This specification allows us to recover the means from Table 2 as the coeffi-
cients on the indicators; the advantage of the regression is that the supplied standard errors
allow statistical tests of the differences between the means. We compute White (1980)
heteroskedasticity-robust standard errors that are also clustered by session, allowing for de-
pendence among observations arising from the same set of interacting subjects. The bottom
part of the table reports differences between all combinations of coefficients on the treatment
indicators, providing the appropriate standard errors for these differences. The differences
are statistically significant at better than the 1% level as well as being economically sub-
stantial. The fall in the mean of X from No Chat to Bilateral Chat of 0.81 represents 40%
of the gap between the monopoly and Cournot market output. The fall from Bilateral Chat
to All Chat of 0.63 brings the offered quantity very close to the monopoly level of X = 2.

Figure 4 provides a histogram for X for the various treatments in Panel A. The white
bars for No Chat show a mode at X = 4 and considerable additional mass on yet higher
offers. Moving from the white to the grey bars, representing Bilateral Chat observations
shifts the mass of the distribution from these high levels to the lower levels X = 2 and
X =3, and X = 2 becomes the mode. Moving to the black bars for All Chat piles almost
all the mass in the monopoly (X = 2) bin.

Table 4 can be used to test for the statistical significance of these shifts in the histogram.

The first column is a linear probability model regressing a 0-1 indicator for whether X = 2 on
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an exhaustive set of treatment indicators, again suppressing the constant. This specification
allows us to recover the relative frequency of the monopoly outcome (graphically, the height
of the bars in Figure 4A in the X = 2 bin) directly from the coefficients on the treatment
indicators. The supplied standard errors, heteroskedasticity robust and clustered at the
session level, allow statistical tests of the difference across treatments, which are reported
in the lower part of the table. All Chat is 34 percentage points more likely to generate
monopoly offers than Bilateral Chat, a difference significant at the 1% level. Bilateral Chat
is 23 percentage points more likely to generate monopoly offers than No Chat, a difference
significant at the 10% level. The next column regresses an indicator for the event X > 4,
i.e., that the offers total to at least the Cournot output. All Chat is 19 percentage points
less likely than Bilateral Chat to have offers this high, and Bilateral Chat is 31 percentage
points less likely than No Chat to have offers this high, both differences significant at the
5% level. We conclude that reducing the intensity of communication entailed by moving
from All Chat to Bilateral Chat, and then from Bilateral Chat to No Chat, results in each

instance in a statistically significant shift in the mass from the monopoly bin to the right.

6.3. Tariffs

We next turn to the other variable in the contract, the fixed tariff T;. Because it is a pure
transfer between parties, this variable provides a clean picture of how communication affects
the division of surplus in the experiment. The mean reported in Table 2 is similar in No Chat
and Bilateral Chat, slightly above 30 in each case, but much lower in All Chat, 22.5. Table 3
shows that the means in No Chat and Bilateral Chat are not significantly different from each
other, but the mean in All Chat is significantly lower than the others at the 1% level. The
scatter plots of session-level means in Figure 3B tells a similar story. These results hint that
the introduction of bilateral communication does not affect how negotiating parties divide
surplus but multilateral communication among all parties does, allowing the downstream
firms to extract a greater share.

We cannot make definitive inferences from the raw means of T;, however, because x; varies
systematically across treatments as well, as we saw, and this variation in z; can pollute the

inference. To understand why, consider the contracts (1,30) and (2,30). While they specify
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the same fixed tariff of 30, if D; has symmetric beliefs, the first contract is more generous,
providing him with a profit of 20 compared to 6 for the second contract.!® To purge these
quantity effects, the third column of Table 3 includes fixed effects for each different integer
value of x; in the regression of 7; on the treatment indicators. The conclusions from the raw
means remain unchanged: No Chat and Bilateral Chat involve similar tariffs, but the tariff
in All Chat is significantly lower.

The result that Bilateral Chat does not result in tariff reduction relative to No Chat
seems at odds with previous experimental work showing that introducing communication
in the ultimatum game led to more generous splits for the responder. Here the responder
(downstream firm) does benefit from communication, not from a bigger slice of a fixed pie,
but from a fixed slice of a larger pie due to monopolization of the market. This allows U to

be more generous to D; without having to offer a lower T;.

6.4. Acceptance behavior

Having analyzed upstream behavior, we next turn to downstream behavior, embodied in the
acceptance decision a;. Based on results from previous experiments we expect communication
to improves acceptance rates. The means of a; in Table 2 bear these expectations out. The
acceptance rate rises from 72% in No Chat to 85% in Bilateral Chat to 92% in All Chat,
remarkably high in an experimental setting. Table 3 shows that these increases are significant
at the 10% level or better in both cases. Figure 3C shows this same pattern holds in the
session-level means.

The raw means of a; provide evidence on how equilibrium acceptance rates vary com-
munication conditional on equilibrium contracts. The fifth column of Table 3 sheds light
on how acceptance rates vary with communication holding constant the contract offer. This
column regresses a; on the treatment indicators controlling for the contract’s terms in a semi-
parametric way by including fixed effects for each integer value of z;, a linear and squared
term in 7;, and the interaction between 7T} and the fixed effects for z;. Given that we omit-

ted the fixed effect for x; = 1 to avoid multicolinearity, the coefficients on the treatment

10With passive beliefs, the computation is less clear because the generosity of a contract depends on
whether it is an equilibrium or out-of-equilibrium offer.
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indicators can be interpreted as the acceptance rates of a contract offering one unit for free;
note that all three are not statistically significantly different from 1 for this.

Controlling for contract offer reduces the gap between the No Chat and Bilateral Chat
acceptance rates and reverses the sign on the difference between Bilateral Chat and All Chat.
The reason the acceptance rates are so high in All Chat is not that open communication
somehow makes the D; more receptive to offers but because U offers more generous contracts,

involving more profitable output levels and lower tariffs.

6.5. Market Output

The rest of the variables for which provide summary statistics in Table 2 are deterministic
functions of subjects’ actions in the experiment. Still they deserve some study because
these would be the observables in a non-experimental market. The means for market output
Q) = q1 + q + 2 show the same pattern in Table 2 as X, falling from 2.54 in No Chat to 2.37
in Bilateral Chat to 1.98 in All Chat. The statistical tests in Table 3 show that the 0.19 drop
from Bilateral Chat to All Chat is statistically significant, but the 0.16 drop from No Chat
to Bilateral Chat is not.

These relatively small changes in the mean of () belie much more dramatic changes to
the overall distribution, shown in Figure 4B. Moving from No Chat to Bilateral Chat to All
Chat, the distribution is increasingly concentrated from above and below on the mode at the
monopoly outcome. The concentration from above is inherited from the effect of commu-
nication on the concentration of offers on the monopoly (X = 2). The concentration from
below is inherited from the increase in the raw acceptance rate with better communication,
reducing the mass in the () = 0 and () = 1 bins, which, except for one case out of 720, never
arise unless there has been a rejection. Looking at the coefficient differences in the sixth
column of Table 4, the monopoly outcome (@ = 2) is 18 percentage points more likely in
Bilateral Chat than No Chat and 31 percentage points more likely in All Chat than Bilateral
Chat, both significant at at least the 5% level.

Thus, more communication leads to more monopolization. All Chat is conducive to
monopolization not just in a relative sense (i.e., relative to the other treatments) but in an

absolute sense, attaining the monopoly outcome in a remarkable 81% of the observations.

19



Thus, free communication facilitates nearly complete monopolization whether measured in

terms of offered or actual quantity.

6.6. Profits

Although profits are determined by the variables already studies, further analysis of profits
will let us put a monetary value on the differences across treatments uncovered so far. First
consider industry profit, II. Table 2 shows that the mean rises from 70.3 to 84.3 to 92.4
ECU. Table 3 shows that the increase in the mean of II from No Chat to Bilateral Chat of
8.1 ECU and from Bilateral Chat to All Chat of 14.1 ECU are statistically significant at
the 1% level. These profit increases are the direct consequence of the concentration of the
distribution of @ on the bin () = 2) that maximizes industry profits. Mean profit in All
Chat, 92.4 ECU, is remarkably close to the monopoly profit of 100.

Moving to the allocation of profit across industry levels, we have seen that the move
from No Chat to Bilateral Chat resulted in a slight fall in 7; and a moderate increase in the
acceptance rate. These two forces combine to increase the mean of 7y slightly from 45.3 to
49.9 ECU, although Table 3 shows this 4.6 ECU increase is not significant. The large fall
in T; from the other treatments to All Chat does not offset the increase in acceptance rate
for U. The mean of 7y is significantly lower in All Chat than either No Chat or Bilateral
Chat. Therefore, while more communication benefits the industry as a whole by allowing it
to increasingly monopolize the market, the firm that one might think would be in the best
position (because it has no competitors and makes contract offers) to appropriate this benefit
does not. Introducing communication has at best a small effect but at worst a measurably
harmful effect on U. Apparently, U’s take-it-or-leave-it bargaining power is eroded faster
than its commitment power is increased. Thus, while a meeting in the proverbial “smoke-
filled room” would benefit the industry as a whole, U would veto such a meeting.

Downstream firms obviously benefit from more communication because this increases
industry profits but reduces their tariffs. Table 2 confirms this intuition, showing an increase
in the mean of wp from 25.0 in No Chat to 34.5 ECU in Bilateral Chat, and a further increase
to 51.6 ECU in All Chat. Downstream profit is so high in All Chat that they are obtaining
a majority of the profit.
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6.7. Within-session trends

The analysis so far was conducted on a subsample of the data excluding the first five rounds
to focus on subjects’ play after they were familiar with the experiment. The sign and the
significance of all the results discussed so far are preserved if instead we use all 15 rounds.
However, it is worth briefly analyzing the full sample because some interesting trends are
revealed.

To uncover these trends, Table 5 repeats the regressions from Table 3 but using the full
sample and allowing for different treatment effects in the initial period (rounds 1-5) and
the last period (rounds 6-15). We do this by including interactions between the treatment
indicators and indicators for the initial period (rounds 1-5) and the last period (rounds
6-15). For example, No Chaly, is the interaction between the No Chat indicator and an
indicator for rounds 1-5, and No Chat, is the interaction between No Chat and an indicator
for rounds 6-15. The bottom of the table reports the change in the treatment indicator
across the two periods along with the appropriate standard error, allowing an assessment of
the significance in of the change. For space considerations, we only report one regression for
each variable, the one with just treatment indicators and no additional controls.

The results show a fairly distinct pattern. No Chat shows few significant changes over
time. By contrast, almost all the variables have significant changes, many at the 1% level,
for the treatments with communication. What this pattern reveals is that subjects played
fairly consistently over the rounds in No Chat but took several rounds to settle down to how
they eventually played in the communication treatments. Apparently subjects needed more
time to understand the value of communication and perhaps build trust in the promises
made by their bargaining partner. The differences between No Chat and the communication
treatments are already apparent in the initial period (we do not report the differences for
space considerations), but they are moderate at that point. As play progresses into the later
rounds, the communication treatments diverge from No Chat and increasingly reveal the
distinctive monopolization and bargaining effects we have been highlighting. Subjects in the
communication treatments are better able to monopolize the market in the later rounds,
shown by a significant decline in X and (). This monopolization leads to a significant rise in

industry profit I1. U is more generous with the D; over time, leading to significant reductions
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in T}, significant reductions in 7y, and significant increases in 7p.

This analysis of within-session trends suggests that our main findings are representative
of play by experienced agents and thus should not be expected to disappear over time in
real markets. Play in the simple treatment without communication settles down almost
immediately to long-run averages. Play in the treatments with communication takes time
to settle down, perhaps because the environment is more complex, perhaps because subjects

need time to develop trust in trading partners cheap talk.

7. Analysis of Chat Content

Why does cheap talk hardly reduce output in Bilateral Chat but lead to complete monopo-
lization in All Chat? To answer the question, we analyze the content of the chat, employing
formal content analysis (see, for example, Charness and Dufwenberg 2006) as well as repro-

ducing quotes from chats (Kimborough, et al. 2012).

7.1. Bilateral Chat

In our first piece of formal content analysis we will try to determine whether the chat con-
tained meaningful information about the contracts that would be offered that round. The
relatively high acceptance rates is consistent with players using chat to reach an agreement
which U honored. However, the acceptance rate could have increased through other mecha-
nisms including the possibility that chat, while containing no information about the contract,
established a rapport between players that increased acceptance rates.

Following Houser and Xiao (2012), we asked two coders to independently analyze the chat
content of the Bilateral Chat. Specifically, their task was to read the chat in a given round
of play in a given market and guess the vector (z1, T}, z3, T») that would most likely result
from the chat. If they thought that no plausible guess could be made, they were supposed to
enter “n.a.” instead of a number. The sequence of markets and rounds were randomized such
that the coders could not follow patterns involving certain subjects over time. The coders
could not see the offers actually made, only the chat content. They had read the instructions

up front and were aware of the communication structure in Bilateral Chat. Coders analyzed
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one complete session of Bilateral Chat and five random periods from the remaining sessions
of that treatment. The coding was incentivized: five chats were randomly selected and the
coders paid for the number of guesses that agreed.

The agreement between the two coders was remarkably high. Across all the chats in
Bilateral Chat, the fraction in which coders agreed ranged between 85% and 92% across the
four elements of the contract vector. Cohen’s kappa, which reflects the marginal improve-
ment over chance agreement, regarded as a conservative measure of coder agreement, ranges
between k = 0.83 and x = 0.89. We conclude that coders strongly agree on how to code the
data.

Are the coders able to predict offers from the chat content? Yes. Table 6 focuses on the
the difference between each coder’s guess and the actual offered quantity z;. Coders’ guesses
are correct (i.e., 0 difference) in a combined 561/680 = 83% of cases in which a numerical
guess was made. Only in a combined 20 chats did coders not find informative statements.
Including these “n.a.” responses, coders’ guesses still are correct in 80% of the cases. A
similar picture emerges when we look at the tariffs offered. Hence, the content of chat is
meaningful even to outside observers.

The result that the coded chat accurately predicts offers made is remarkable and leads us
to strongly reject the null hypothesis that chat is meaningless babble. We will thus inquire
further into how subjects use this meaningful chat to facilitate contracting.

The hypothesis in Bilateral Chat was that subjects may better coordinate and avoid
rejections. We specifically hypothesized that the improved coordination may result from
the D; truthfully communicating their beliefs. Of course we should not expect experimental

by AN

subjects to use formal theoretical terms (“symmetric,” “passive”) to express their beliefs.
However, indirect evidence on beliefs is sometimes available when the D; has an opportunity
to express a preferences among several potential contracts in the chat.

The following example excerpted from an actual chat in the experiment is consistent with

the downstream firm’s having passive beliefs. Recall upstream firms are called “manufactur-

ers” and downstream “retailers” in the experiment.
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Retailer: 2 for 207
Manufacturer: can be done

Retailer: that is good

barely :)
Manufacturer: hopefully or wait how about 1 for 20 = 30 for you
Retailer: no 2 for 20

With symmetric beliefs, the (1, 20) offer would have been better than (2,20) and would have
indeed yielded the retailer an expected profit of 30 as the manufacturer suggests. With
passive beliefs, on the other hand, (1,20) yields the retailer an expected profit of only 10
while (2,20) yields 16. The fact that the retailer asked for (2,20) is consistent with his or
her having passive beliefs.

The following example is consistent with the retailer’s having symmetric beliefs.

Manufacturer: 2 for 257
Retailer: 1 for 20
Manufacturer: agreed

With both passive and symmetric beliefs, the (2,25) offer yields the retailer a profit of 11.
With symmetric beliefs, the (1,20) offer is better, yielding an expected profit of 30; whereas
with passive beliefs, the expected profit would be 10 and the retailer would have chosen
(2,25) instead.

Moving to the manufacturer, subjects in this role sometimes make explicit statements
about what rivals are offered in chat with retailers. Sometimes this is an attempt to bolster
the retailer’s belief in symmetry. For example, retailers occasionally asks about a rival’s
offer, to which the manufacturer responds (honestly or not) “the same.” The manufacturer
occasionally mentions symmetry without prompting: “I will offer you and the other retailer
1 unit at a price of 30. That is, you have a guaranteed profit of 20 (or even 30).” In this
particular round, the manufacturer was honestly trying to establish the monopoly solution
with both retailers.

In some cases, the manufacturer does the opposite, trying to persuade retailers about
the asymmetry rather than the symmetry of the offer. For example, in the following chat
excerpt, the manufacturer attempts to convince each retailer that he or she will become the

monopolist at the expense of the other retailer.
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Manufacturer: 2 units for 65 ECU, special offer just for you?
Retailer 1: OK.

Manufacturer: 2 units for 60 ECU, special offer just for you?

Retailer 2: Yes. The other retailer gets nothing.
Manufacturer: Good.
Retailer 2: Stick to it!

Interestingly, while the manufacturer’s statements are misleading, they are not lies, strictly
speaking. The offers are “special” in the sense of specifying different fixed tariffs. (This may
explain the odd choice of offering 65 ECU in one and 60 in the other: perhaps this technicality
is enough to dispel the manufacturer’s psychic costs of lying.) Of course the statements are
misleading since a reasonable interpretation of “special” is that the offer is the only one to
include a positive quantity. Retailer 2 attempts to confirm this interpretation, receiving the
seemingly reassuring but in fact ambiguous response, “good.”!!

To sum up, the analysis of the chat content in the Bilateral Chat treatment suggests
three conclusions. First, the content is highly meaningful, explaining the high agreement
rates. Second, statements by downstream firms sometimes provide evidence of their out-of-
equilibrium beliefs, in some cases evidence of passive beliefs and in other cases of symmetric
beliefs. Third, some upstream firms use chat to resolve the commitment problem by per-
suading downstream firms to have more symmetric beliefs; other upstream firms use the

secrecy of contracts to deceive downstream firms.

7.2. All Chat

Turning to All Chat, note up front that the content analysis conducted for Bilateral Chat
would not be as compelling for this treatment. In nearly 90% of the All Chat observations,
U offers x; = 1 to each D;. It is unlikely that the chat would state otherwise, making the
coders’ task essentially too easy. We can still look at the content of the chat to understand
why All Chat results in monopolized markets and why downstream firms gain a larger share
of industry profits.

The fact that all three players chat together in All Chat can have a range of effects.

First, it seems unlikely to result in asymmetric offers. For example, if U suggested contracts

Note further in this example that the acceptance of the offers is not supported by symmetric, passive,
or wary beliefs. For discussion of possible beliefs other than these, see Eguia et al. (2014).
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involving one unit each but different tariffs, the disadvantaged downstream firm would likely
request the same reduced tariff. Second, it seems likely to strengthen U’s commitment to
the monopoly outcome. Because bilateral communication is impossible, downstream firms
can see whether side deals are being cut, which may serve to effectively eliminate such side
deals involving increased output. In addition, multilateral communication may introduce
other social-psychological effects. For example, Fay et al. (2000) suggest that the nature
of communication can fundamentally change when the group increases from two to three:
rather than addressing an individual, now communication becomes more of a public address.

Contract offers in All Chat are highly symmetric, considerably more so than the other
treatments. In 92% of all quantity offers in All Chat, x; = x5, whereas this is only true in 70%
of quantity offers in No Chat and 66% of quantity offers in Bilateral Chat. Similar results
hold comparing the symmetry of the fixed tariffs across treatments. These comparisons are
statistically significant in both probit regressions and Mann-Whitney U tests.

As a result, we overwhelmingly observe (1, T))-(1, T') offers discussed in the chat and, in
turn, in the decision stage.

The text of the chats provide further evidence of symmetry and monopolization in All
Chat. The first round of any session is a particularly useful to analyze because subjects’
chat is independent of the web of interactions they will have as the experiment progresses.
We find that of the 24 groups that formed markets in the first round of an All Chat session,
17 made clear statements about symmetry or joint maximization. In Bilateral Chat, such
statements were made by only 9 of 24 groups in the first round, significantly fewer than in All
Chat according to a two-tailed Fisher exact test (p = 0.041). Indeed, the very first statement
made by any subject in All Chat was a retailer asking a manufacturer, “How much will you
offer to both of us?” Furthermore, manufacturers often make statements like “one unit for
20 to either retailer” and often use the words “we” and “our” as in, for example, “Our best
position is in the market are two units with a turnover of 100.”

One could counter that all this is still cheap talk and, with contracts being secret, U
players have little incentive to stick to the promises made in that chat. Once the chat is
over, the commitment problem and the incentive to deviate from the agreed-upon offers

would still be present according to this argument. Note, however, how difficult it would be
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for U to deviate from the promises made in the chat. Suppose that, following a (1, T") and
(1, T') promise in the chat, actual offers are (1, 77) and (2, 7). Both a D, with initially
passive and symmetric believers will conjecture that D; also obtained and offer with two
units and U cannot talk any more to convince Dy otherwise. As a result, U would need to
request T < T', so the deviation (from the chat promise) does not pay. On top of that, Dy
might now be puzzled and distrust the deviation offer, possible resulting in a rejection. Of
course, theory still maintains that a D; with passive beliefs should reject the (1, T') offer,
but D; can also follow the reasoning that a deviation offer to Dy is unlikely to occur and
hence accept (1, T). Effectively, the symmetric promises made in the chat serve to establish

symmetric beliefs held by the D firms, accordingly, monopolization of the market follows.

8. Conclusion

The commitment problem arising when an upstream monopolist supplies several downstream
firms (Hart and Tirole, 1900; Rey and Tirole, 2007) is a challenging issue. The firms can
jointly earn monopoly rents but, when downstream firms hold the “wrong” beliefs, firms will
fail to do so. On top of that, beliefs may be heterogeneous in the field or the laboratory
which may cause upstream firms to offer contracts that are rejected with positive probability
in equilibrium, implying inefficiencies. Finally, bargaining frictions may occur, suggesting
further rejections and smaller industry profits.

We run an experiment on this problem building on previous work by Martin, Normann
and Snyder (2001) and introducing cheap talk to this framework. First, we allow for bilateral
communication between the upstream firm and the downstream firms, each downstream firm
in a separate channel (this form of communication would naturally occur in negotiations the
field). Second, all firms in the industry can chat. We compare these treatment involving
communication to one without chat.

We find support for the hypothesis that communication results in higher profits and lower
rejections rates. How firms communicate is important, though. Bilateral communication im-
proves joint payoffs even though aggregate output is not lower than without communication.

When all firms in the industry talk, this effectively leads to a monopolization of the mar-
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ket. This monopolization comes at a cost for the upstream firm, though: downstream firms
bargain tougher in this variant, so the upstream firms’ profit does not increase.

The conclusion from this is that antitrust policy should be suspicious about communi-
cation also in vertically related industries—at least in markets prone to the commitment
problem. The problem is not so much that downstream firms engage in explicit horizontal
collude here (in fact, they cannot in this model). Neither do they use the upstream firms to
establish a hub-and-spoke cartel. Rather, upstream firms manage to overcome the commit-
ment problem with this form of communication. Put differently, the effect of communication
is not so much that of a cartel, but more resembling a vertical restraint that causes anti-
competitive effects. This negative effect is similar to those resulting from vertical mergers,
public contracts or non-discrimination clauses.

Unrestricted communication in particular seems to erode its take-it-or-leave-it bargaining
power enough that it would prefer no communication to a meeting among all the firms in the
proverbially “smoke-filled room.” Thus U would Meetings in among firms in a vertical market
may be less cause for antitrust concern This may mitigate any antitrust concern about the
anticompetitive Antitrust officials Thus communication in a vertical market raises antitrust

concerns, its increased power to commit to the mmcommitment the increased profits from
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Table 1: Treatment Specifications

No Chat Bilateral Chat All Chat
Communication None U with Dy, U with Do All three jointly
Number of subjects 75 69 72
Number of sessions 4 4 4

Table 2: Summary Statistics for Experimental Results

Treatment X T; a; Q II U (95)

No Chat 3.62 32.9 0.72 2.54 70.3 45.3 25.0
N =250 (1.45) (10.5) (0.45) (1.52) (32.4) (22.9) (32.3)
Bilateral Chat 2.80 30.4 0.85 2.37 84.3 49.9 34.5
N =230 (1.12) (13.2) (0.36) (1.10) (23.1) (18.9) (23.2)
All Chat 2.18 22.5 0.92 1.98 92.4 40.8 51.6
N =240 (0.58) (5.8) (0.27) (0.64) (19.4) (12.0) (16.4)
Combined 2.88 28.7 0.83 2.30 82.2 45.3 36.9
N =720 (1.26) (11.2) (0.38) (1.17) (27.3) (18.9) (27.3)

Notes: Entries are means; standard deviations reported in parentheses. Sample excludes the first five rounds
of each session. Number of observations for the market-level variables (X, Q, II, 7y, 7p) listed below row
heading. Firm-level variables (T; and a;) have twice as many observations, one for each of two firms.
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Table 4: Regressions Examining Shifts in Quantity Histograms

Offered quantity Market quantity
X =2 X >4 Q=2 Q>4
Regressors
No Chat 0.30%** 0.56*** 0.32%** 0.32%**
(0.08) (0.08) (0.05) (0.08)
Bilateral Chat 0.53*** 0.25%** 0.50*** 0.17%**
(0.09) (0.07) (0.06) (0.05)
All Chat 0.88%** 0.06*** 0.81%** 0.03**
(0.02) (0.02) (0.02) (0.01)
Observations 1,080 1,080 1,080 1,080
R? 0.17 0.13 0.13 0.06
Coefficient differences
Bilateral Chat— 0.23* —0.31** 0.18** —0.14
No Chat (0.12) (0.11) (0.08) (0.10)
All Chat— 0.34*** —0.19** 0.31%** —0.14**
Bilateral Chat (0.09) (0.07) (0.07) (0.05)
All Chat— 0.58*** —0.50*** 0.49** —0.28***
No Chat (0.08) (0.08) (0.05) (0.09)

Notes: Each column is an ordinary least squares regression in which the dependent variable is a 0-1 indicator
for the event in the column heading. Regression thus interpreted as linear probability model. Omitted
treatment is No Chat. Sample excludes the first five rounds of each session. White (1980) heteroskedasticity-
robust standard errors clustered at session level reported in parentheses. Significantly different from 0 in a
two-tailed test at the *10% level, **5% level, ***1% level.
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Table 5: Trends in Treatment Effects

Dependent variable

X T; a; Q II U D
Regressors
No Chaty 3.80*** 38.2%%* 0.66*** 2.33%** 64.4*** 45.5%** 19.0%**
(0.31) (3.1) (0.01) (0.19) (4.1) (3.0) (2.3)
No Chaty 3.62%** 32.9%** 0.72%** 2.54** 70.3%** 45.3%** 25.0%**
(0.15) (0.4) (0.02) (0.19) (1.3) (1.7) (2.7)
Bilateral Chaty 3.32%** 33.5%** 0.84*** 2.72%** 78.9%** 53.5%** 25.4%**
(0.25) (2.2) (0.04) (0.16) (3.4) (2.6) (2.9)
Bilateral Chaty 2.80*** 30.47** 0.85%** 2.37%** 84.3*** 49.9%** 34.5%**
(0.17) (2.3) (0.04) (0.12) (2.4) (2.7) (2.1)
All Chaty 2.86** 30.0*** 0.83*** 2.20*** 83.7*** 45,7 37.9%**
(0.25) (2.3) (0.22) (0.10) (2.2) (3.0) (3.5)
All Chaty 2.18%** 22.5%** 0.92%** 1.98*** 92.4*** 40.8%** 51.6%**
(0.03) (0.8) (0.00) (0.03) (0.5) (1.0) (1.4)
Observations 1,080 2,160 2,160 1,080 1,080 1,080 1,080
R? 0.14 0.13 0.05 0.03 0.11 0.04 0.15
Coefficient differences
No Chat;— —0.18 -5.3 0.07*** 0.20%** 5.8 -0.2 6.0
No Chaty (0.19) (3.0) (0.02) (0.05) (4.0) (4.6) (3.8)
Bilateral Chaty— —0.52*** —3.1%** 0.01 —0.35*** 5.5 —3.6™* 9.1%**
Bilateral Chaty (0.13) (0.4) (0.01) (0.11) (1.4) (1.6) (0.4)
All Chat,— —0.68*** —7.5%** 0.09***  —0.22* 8.8%** —4.9* 13.7%%*
All Chaty (0.27) (0.9) (0.02) (0.12) (1.8) (2.6) (2.4)

Notes: Each column is an ordinary least squares regression. Subscripts denote interactions with period
indicators, e.g., No Chatly is the interaction between No Chat and the initial period consisting of rounds 1-5
and No Chat; is the interaction between No Chat and the end period consisting of rounds 6-15. Exhaustive
set of treatment indicators included as regressors and constant omitted. Sample includes all 15 rounds. None
of the regressions include additional controls for regressors. White (1980) heteroskedasticity-robust standard
errors clustered at session level reported in parentheses. Significantly different from 0 in a two-tailed test at
the *10% level, **5% level, ***1% level.
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Table 6: Differences Between Coders’” Guess and Offered Quantity z;.

-3 or 3 or

less -2 -1 0 1 more n.a. Total
Coder 1 4 29 282 18 1 7 350
Coder 2 1 7 28 279 21 1 13 350
Total 5 12 57 561 39 2 20 700

36



Appendix: Instructions

Welcome to our experiment! In the next hour you will make decisions at a computer. One
thing is important right from the start: please be quiet during the entire experiment and
please do not talk to your neighbors. The experiment runs over 10 periods. Before the first
period starts, the use of the computer will be explained in detail in a trial round.

In the experiment we will use a fictitious currency called ECU. In the beginning you will
get a starting capital in ECU. During the experiment you can earn some real money, but
losses are also possible. Should it happen that some participant loses the entire starting
capital and that this participant has a negative total profit for more than three periods, we
have to stop the experiment.

After the last period, you will be paid 1 euro for every 40 ECU you earned during the
experiment. Concerning the payment, there is strict anonymity with respect to the other
participants as well as with respect to us. We will record no data in connection with your
name.

What is the experiment about? The experiment is about decision making in a market with
one manufacturer and two retailers. Some of you will make decisions for a manufacturer,
others for a retailer. You will be a manufacturer or a retailer for all 10 periods of the
experiment. Consumers in the market are simulated by the computer program. You will be
told whether you are a manufacturer or a retailer during the trial period. Currently, you are
all reading the same instructions.

Note that in every period the manufacturer-retailer groups change. You do not know
which retailer or manufacturer you will meet.

What are you supposed to do as a manufacturer or retailer? A manufacturer has to
decide how many units of the product he wants to sell at which price to the two retailers.
This decision has the form of an offer to the retailers: each retailer is offered a specified
quantity of the product at a specified total price. The manufacturer may also decide not to
offer the product to one or both retailers.

If a retailer receives an offer, he has to decide either to accept the offer or to reject it. If

he accepts the offer, he receives the number of units of the product specified in the offer and
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has to pay the total price. If he rejects the offer, he does not receive the product and does
pay anything to the manufacturer.

What price do retailers get for the product in their stores? The market price paid by
the consumers is determined by the computer program in the following way. The market
price per unit depends on the total quantity supplied together by both retailers. Here the
following relationship between the quantity supplied and the market price holds.

Total quantity Market price
1 60
2 50
3 30
4 18
5
6

5

or more 0

The table reads as follows. In the left column, one finds the total quantity of the product
supplied by both retailers. For each total quantity there is exactly one market price. Take
an example: Suppose retailer 1 received 2 units from the manufacturer and retailer received
1 unit. As the total number of units is 3, the market price per unit is 30 ECU.

Retailers’ revenues are the number of units supplied (i.e., bought from the manufacturer)
multiplied by the market price. In the example, retailer 1 has revenues of 2 x 30 ECU = 60
ECU, while retailer 1 has revenues of 1 x 30 ECU = 30 ECU.

Retailers’ stores are run without cost. The profit of a retailer is thus the revenues minus
the payment to the manufacturer.

Suppose that, in the example, retailer 2 agreed to pay 35 ECU for the 1 unit he received.
Then he would actually make a loss of 5 ECU. If he agreed to pay only 5 ECU, a profit of
25 ECU would result.

Also the manufacturer produces without cost. The manufacturer’s profit is thus simply
the payments of the two retailers.

Each retailer knows only his own offer but not the offer of the other retailer. Each retailer
is told his own profit at the end of each period. The manufacturer is told whether or not the
retailers accepted the offers at the end of each period. The manufacturer is informed about

his own profit and the profit of the two retailers at the end of each period.
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Appendix: Supporting Exhibits (Not for Publication)

Table Al: Summary Statistics for Experimental Results, All Rounds

Treatment X T; a; Q II U D

No Chat 3.68 34.7 0.70 2.47 68.3 45.3 23.0
N =375 (1.88) (13.1) (0.46) (1.19) (33.7) (24.7) (32.1)
Bilateral Chat 2.98 31.4 0.85 2.49 82.5 51.1 31.4
N = 345 (1.29) (14.3) (0.36) (1.19) (24.6) (20.2) (28.0)
All Chat 2.41 25.0 0.89 2.05 89.5 42.5 47.1
N = 360 (1.01) (10.1) (0.31) (0.82) (22.4) (15.5) (20.3)
Combined 3.03 30.4 0.81 2.34 79.9 46.2 33.7
N = 1,080 (1.54) (13.2) (0.39) (1.28) (28.9) (20.8) (29.1)

Notes: Sample includes all 15 rounds each session. Otherwise analogous to Table 2.
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Table A3: Regressions Examining Shifts in Quantity Histograms, All Rounds

Offered quantity

Market quantity

X =2 X >4 Q=2 Q>4
Regressors
No Chat 0.30*** 0.54*** 0.30*** 0.29***
(0.06) (0.06) (0.04) (0.07)
Bilateral Chat 0.48*** 0.30*** 0.47*** 0.21%**
(0.10) (0.07) (0.07) (0.05)
All Chat 0.79*** 0.13*** 0.73*** 0.07**
(0.02) (0.02) (0.02) (0.01)
Observations 1,080 1,080 1,080 1,080
R? 0.17 0.13 0.13 0.06
Coefficient differences
Bilateral Chat— 0.18 —0.23** 0.17* —0.08
No Chat (0.12) (0.09) (0.08) (0.09)
All Chat— 0.32%** —0.17** 0.26*** —0.14**
Bilateral Chat (0.10) (0.07) (0.07) (0.05)
All Chat— 0.50*** —0.41*** 0.43** —0.22%**
No Chat (0.07) (0.06) (0.05) (0.04)

Notes: Sample includes all 15 rounds each session. Otherwise analogous to Table 4. See notes to that table.
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