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Abstract: We study the effect of communication in an experimental game where cooperation is
consistent with equilibrium play if players share an understanding that cheating will be
punished. Consistent with communication acting as a coordinating device, credible pre-play
threats to punish cheating are the most effective message to facilitate collusion. Promises to
collude also improve cooperation. Credible threats do not occur in a treatment with a limited
message space that permits threats of punishment. Contrary to some theoretical predictions,
renegotiation possibilities facilitate collusion.
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1. Introduction

“The Finns will respect the Spanish dominance in Spain if ENCE really increase their pricesin
other countries. If Fincell learn about prices below US $360 also in the future, they will
reconsider their policy asto salesin Spain!”

The preceding quote is from a document found in the European Woodpulp case (Decision
85/202/EEC, 1985, published in OJ L85/1). Finncell, the joint sales organization for Finnish
producers, promises to abide by a collusive agreement if ENCE, the leading Spanish producer of
wood pulp, does so as well, but threatens to punish ENCE in the future if it departs from the
agreement. Communications containing explicit threats and promises of this sort are understood
to be at the heart of illegal cartel activities. The per-se prohibitions on price fixing under the
Sherman Act in the US and Article 101 of the Treaty of Rome in the EU are effectively
prohibitions on such conversations, and enforcement focuses on discovering evidence of
communication and explicit agreements. Despite this emphasis by anti-trust authorities,
incriminating communication commonly occurs within cartels, asiswell documented in case and
field evidence (e.g. Genesove and Mullin, 2001). The frequency of inter-firm communication
about collusion in the face of large fines suggests that it must be a valuable tool for establishing
collusive outcomes. However, it is not well understood why thisis the case and what needs to be
said to make collusion successful.

Price collusion between firms is just one example where repeated interaction makes
cooperation consistent with equilibrium play, even though agents have incentives to behave non-
cooperatively in the short run. A common element across such cases is that cooperation can be
enforced in equilibrium by the threat to switch from cooperative behavior to non-cooperative
behavior after a deviation is observed. We frame our discussion in terms of price collusion, but
our insights about the role of communication in improving cooperation are applicable to other
cases where cooperative equilibria have this structure. This includes examples where cooperation
is socially desirable such as implicit contracting, team production, and the provision of local
public goods.

This intuition has been formalized in the theory of infinitely repeated games (Abreu, 1988;
Abreu, Pearce, Stacchetti, 1990). The theory does not model communication, but implies that
collusion relies on firms solving a coordination problem: cooperation can only be supported if
players know that deviations will be punished by switching from a high payoff to a low payoff
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continuation equilibrium. The literature typically assumes that coordination on the necessary
contingent strategies is easily achieved. However, experimental evidence from related
coordination games shows that subjects often fail to reach a Pareto optimal equilibrium in the
absence of an explicit coordination device (Van Huyck, Battalio, and Beil, 1990).
Communication dramatically increases the likelihood of coordination on an efficient equilibrium
(Cooper, De Jong, Forsythe, Ross, 1992; Blume and Ortmann, 2007; Brandts and Cooper, 2007).
Coordination on a collusive equilibrium is far more complex, requiring agreements not just on a
single action but on entire contingent plans. It is not obvious that communication can be as
effective a coordination device in such settings.

At the same time experimental evidence suggests that communication may have a role
beyond coordination, since it can lead to more cooperative outcomes in one-shot (or finitely
repeated) games where cooperation is not an equilibrium outcome (e.g. Dawes, MacTavish, and
Shaklee, 1977; Isaac and Walker, 1988; Cason and Mui, 2009; Charness and Dufwenberg, 2006).
There are many explanations why communication makes subjects more willing to cooperate in
the absence of monetary incentives, including increased group identity, aversion to lying (or guilt
aversion, which is dlightly different)’, and improved understanding of the mutual benefits of
cooperation. If communication primarily improves colluson through such channels, the
mechanism of rewards and punishment in the continuation game may be unnecessary to sustain
cooperative outcomes. Such a finding would reduce the practical relevance of the theory of
repeated games which explains cooperation as an equilibrium phenomenon that relies on this
mechanism.

We explore these different explanations for how communication might foster collusion
through a series of experiments that vary the type of communication available. Subjects play a
sequence of two period collusion games with random rematching between games. Collusion
(mutual choice of a high price) can be supported in the first period as part of a subgame perfect
equilibrium, but only if deviations are punished by play of a Pareto inferior equilibrium in the

second period. The two period collusion game therefore captures the main strategic features of

! These concepts are closely related to results from the psychology literature finding that communication allows
players to make promises which are binding due to strong norms, both internal and social, against violating
commitments (Kerr and Kaufman-Gilliland, 1994).



infinitely repeated collusion games while avoiding a number of methodological problems
occurring for experiments on communication in indefinitely repeated games.

In an initial phase without communication, first period play quickly collapses to the non-
cooperative equilibrium.? Communication is then added for the second phase of the experiment.
If communication is limited to pre-game statements of intent to collude in Period 1 with no
possibility of specifying a punishment scheme for deviations, an initial increase in collusion is
followed by a collapse back to the non-cooperative equilibrium. This is in line with results
reported by Holt and Davis (1990). Adding the possibility of specifying a punishment scheme
without otherwise expanding the message space does not improve matters, as play still collapses
back to the non-cooperative equilibrium. When a rich pre-game message space is used —
subjects have access to a chat window and can send and receive unlimited messages — there is
again an initial burst of collusive behavior followed by gradua deterioration. Unlike the
treatments with limited message spaces, this decline slows and is eventually reversed in the pre-
game chat treatment. By the end of the experiment, collusive behavior returns to its initial high
levels. When renegotiation is allowed by adding chat between periods of the game, collusion is
even more common and never exhibits a decline. This contradicts the unambiguous theoretical
prediction for the game we implement: renegotiation should eliminate all collusion by making it
impossible to credibly commit to punish cheating.

Detailed analysis of the chat content identifies two channels by which communication leads
to persistent collusion in the treatment with pre-play chat: credible threats and promises.
Subjects who either send or receive credible threats (i.e. athreat of punishment that, if believed,
makes it incentive compatible to abide by a collusive agreement) that non-collusive play will be
punished are significantly less likely to cheat on collusive agreements. The effect is large.
Sending a credible threat is estimated to lower the probability of cheating by 40% and receiving
acredible threat lowers the probability of cheating by 26%. Credible threats are by far the most
effective type of communication for bolstering collusion in the treatment with pre-play

communication. Underlying the effectiveness of credible threats are changes in the incentive to

2 The payoffsin our game are designed to make it likely that collusion will fail in the absence of communication, but
this is not a universal feature of collusion games. Dal Bo and Frechette (2011) study which features of the payoff
table make collusion likely.



collude: Generally we observe higher payoffs for cheating on a collusive agreement than
complying with it, but this reverses when a credible threat is sent or received.

The powerful effect of credible threats supports the role of communication as a coordination
device to achieve a collusive equilibrium consistent with the standard theory. If collusion was
observed but such punishment was rarely mentioned or if it played a smaler role in fostering
collusion than other types of communication, this would have been a cause for skepticism about
the theory itself. Our result complements earlier experimental work on collusion by Dal Bo
(2005) which demonstrated that collusive play is more likely when players operate “under the
shadow of the future.” We show that the “shadow of the future” becomes much more important
when explicit threats of punishment can be made.

Given the importance of credible threats in the pre-play chat treatment, it is surprising that
collusion is so low in the treatment with a limited message space that alows for threats of
punishment. The messages sent in this treatment indicate that the problem is not a failure to
threaten punishment, but instead a failure to specify sufficiently harsh punishments for cheating
to be unprofitable. Limited message treatments are therefore not a good substitute for more
natural conversations that take place with open chat. Limited message treatments may miss the
types of messages that actually matter, and the available messages are used differently than they
would be in anatural conversation.

The second channel through which communication boosts collusion in the treatment with
pre-play chat is promises of trustworthy behavior. Sending promises of trustworthy behavior is
associated with a significant decrease in cheating by the sender on collusive agreements. The
marginal effect is less than half of the effect of sending a credible threat, reducing cheating by
19%. On the surface this lines up with the results of Charness and Dufwenberg (2006), as well
as the psychology literature (see Kerr and Kaufman-Gilliland, 1994, for a summary) finding that
promises increase cooperation. However, in our setting neither an aversion to lying nor guilt
aversion is necessary to explain the self-commitment effect of promises. subjects who send
explicit promises face sufficiently strong punishment for cheating that collusion becomes
incentive compatible. Surprisingly, this self-commitment is not valuable to the subject sending
the promise since it does not reduce cheating by the individual receiving the promise.

In the treatment allowing for renegotiation, the second period chat provides a clear

explanation why collusion is more successful than in any other treatment. Consistent with



renegotiation theory, players try to avoid administering a punishment following cheating and
these attempts have some success. As a result, average monetary punishments after deviations
from collusive agreements are the weakest of al communication treatments. However, this is
counteracted by a second important effect of alowing chat between the two periods of the game:
individuals who are cheated can reproach those who cheated them. They seize upon this
opportunity with high frequency and great enthusiasm. The availability of an inexpensive and
effective form of punishment in the treatment with renegotiation provides a good explanation for
the high and stable levels of collusion achieved in this treatment.’

The paper is organized as follows. In section 2 we discuss collusion theory and the theory of

communication in games. Section 3 describes the experimental design in detail. In section 4 we
present the experimental results. We first analyze the benchmark behavior when there is no
communication possible and then look at the short and long run treatment effects of various
communication treatments. We then go into more detail on the content analysis of the pre-play
chat treatment and the renegotiation treatment. Section 5 concludes the paper and discusses the
relationship between our work and field studies of communication and collusion.
2. Communication and the Theory of Collusion: The standard theoretical approach to price
collusion is quite ssimple conceptually: collusion can be supported at a price greater than the
competitive price if the short-run gain from undercutting is less than the long run losses induced
by future punishment involving a switch from collusive to competitive behavior. What is critical
for the argument is that both the promise of future collusion as a reward for past collusive
behavior and the threat of future competitive behavior as a punishment for a past deviation are
credible in the sense that they involve equilibrium play. A credible threat therefore requires a
coordinated switch between different equilibria of the continuation game. A central question in
our study is how communication helps players coordinate on the contingent play necessary for a
collusive equilibrium. This section develops predictions on what kind of communication we
should observe if cheap talk can be used as a coordination device in collusion games.

To fix ideas we discuss the specific two-period game employed in our experiments. The

following two matrices show the row player’s payoffs for Period 1 and Period 2 respectively.

% Thisis similar to the effect of non-pecuniary punishments (disapproval points) in public goods games (Masclet,
Noussair, Tucker, and Villeval, 2003). The effect here is more persistent, possibly due to the richer set of verbal
punishments available. Likewise, Xiao and Houser (2005) find that the possibility of verbal punishment reduces
rejection rates in ultimatum games.



The payoff structure is symmetric, and the row player’s payoff for actions (i,j) equal the column

player’s payoffs for action (j,i).

Period 1 Period 2
Low Medium High Low Medium High
Low 15 54 54 Low 30 56 56
Medium -24 45 114 Medium 4 90 96
High -24 -24 60 High 4 4 120

The Period 1 stage game can be interpreted as a standard Bertrand game in which firms have
a choice between 3 possible prices and have a sunk cost of 24. The unique Nash equilibrium of
the Period 1 stage game played inisolation is (L,L). The Period 2 stage game is derived from the
continuation profits of an infinitely repeated version of the Period 1 stage game with discounting,
as described in Appendix C. This results in a coordination game in which there are three pure
strategy equilibria, (L,L), (M,M), and (H,H). These equilibria are Pareto ranked with (H,H) being
the Pareto dominant equilibrium.

We refer to the full two-period game as the Two Period Bertrand Game (TPBG). The
necessary incentive conditions are satisfied so that (L,L), (M,M), or (H,H) can all be sustained in
the first period of a subgame perfect equilibrium if players play (L,L) in Period 2 after any
deviation in Period 1 and (H,H) otherwise. Asymmetric Period 1 outcomes (H,L) and (M,L)
(and their permutations) can also be sustained in this way but not (H,M).* All collusive
equilibria of the TPBG, defined as equilibria that yield an outcome other than (L,L) for Period 1,
require that players use the first period outcome as a coordination device for play in the second
period. This captures the essential structure of all theories of collusion based on infinitely
repeated games (Abreu 1988, Abreu, Pearce, and Stacchetti, 1990) or finitely repeated games
(Benoit and Krishna, 1985).

For pre-play communication to have a systematic impact on outcomes, players must take
messages to have meaning. But players cannot believe just any message because opponents may

have an incentive to lie in order to induce favorable behavior. We assume that two features of

* Note that (H,H) can only be sustained in period 1 if (L,L) is played in Period 2 after a deviation and (H,H)
otherwise. All other Period 1 subgame perfect equilibria can also be sustained by playing (L,L) after adeviation and
(M,M) otherwise in Period 2. The only Period 1 outcome that can be sustained by playing (M,M) after a deviation
and (H,H) otherwiseis (M,M) in Period 1.



communication are necessary for credible communication. First, a message is credible if each
player has an incentive to do what he proposes as long as he expects the proposal to be believed
by the other player.> Second, a pair of proposals from two different players should be considered
credible only if the proposals are compatible. These two conditions are equivalent to requiring
agreement on a Nash equilibrium of the game. Since all Nash equilibria in the TPBG that
support Period 1 prices above L involve contingent play in Period 2 (i.e. play in Period 2 varies
depending on the Period 1 outcome), these assumptions about credibility predict that
communication can facilitate collusion only if messages specifying contingent strategies are
available and used. Going further, only messages that threaten to punish cheating with play of
Low in Period 2 provide credible support for a proposal to play (H,H) in Period 1.

If communication is used as a coordination device prior to Period 1, we should also expect
subjects to go further and coordinate on an equilibrium whenever they can communicate. This
raises the issue of renegotiation prior to Period 2. Renegotiation theory is built on the assumption
that players will use an unspecified coordination device to achieve a Pareto undominated
continuation equilibrium after any history of play.® Suppose players in the TPBG can
communicate and hence coordinate before both periods. Since continuation equilibria in the
TPBG are Pareto ranked, the intuition underlying renegotiation theory implies players will agree
on and play (H,H) in Period 2 regardless of the Period 1 outcome. Messages prior to Period 1
that specify a different equilibrium for Period 2 should therefore be ignored because rational
individuals will anticipate the impact of renegotiation prior to Period 2. It follows that messages
prior to Period 1 cannot credibly specify a contingent strategy for Period 2. No collusion should
therefore occur in Period 1 of the TPBG if we allow for communication as a coordination device
between Period 1 and Period 2 play.

It is not a universal property of collusion games that allowing renegotiation eliminates the

possibility to collude. This occurs in the TPBG because the equilibria of the Period 2 game can

® This condition corresponds to the concept of “self-commitment” in Aumann (1990). Aumann also requires that
messages are “self-signaling”: the sender only wants the message to be believed if he is telling the truth. This
condition is much more controversial. As Farrell and Rabin (1996) point out, this condition leads to unlikely
predictions about the effectiveness of communication in stag-hunt games and cannot be satisfied in collusion games.
® See Bernheim, Peleg, and Whinston (1987), Bernheim and Ray (1989), and Benoit and Krishna (1993) for finitely
repeated games and Van Damme (1989), Farrell and Maskin (1989), and Abreu, Pearce, Stacchetti (1993) for
supergames. The assumption that a Pareto undominated equilibrium will be chosen is not generally accepted in the
cheap talk literature for cases, unlike the TPBG, where equilibria cannot be Pareto ranked since thereisaconflict of
interest in these cases (Farrell and Rabin 1996).



be Pareto ranked. The scope for collusion under renegotiation is significantly wider when there
are multiple asymmetric continuation equilibria that cannot be Pareto ranked. The TPBG is
designed to make the predicted effect of renegotiation as stark as possible, yielding a clean test
of the main idea underlying all models of renegotiation: the ability to renegotiate will eliminate
the use of Pareto dominated continuation equilibria and therefore limit the outcomes that can be
supported as equilibriain the full game.

Several other features of the TPBG are designed to make the results easier to interpret. The
equilibrium (M,M) is risk dominant (Harsanyi and Selten, 1988) in the second period game. This
makes it relatively likely that M will be chosen in the absence of an explicit coordination device.
If, in contrast, (H,H) were both Pareto and Risk dominant, H would be a natural default choicein
period 2. Players could then easily coordinate on (H,H) without an explicit coordination device
and it would be more difficult to identify the effect of communication as a coordination device
when renegotiation is allowed. Making (M,M) risk dominant also helps to identify contingent
behavior. Since collusion at (H,H) in period 1 can only be supported by a switch from (H,H) to
(L,L) in period 2, more effective communication should move period 2 play away from (M,M) to
the extremes. Note that (L,L) in period 2 is unlikely to occur due to coordination failure rather
than a conscious decision to punish cheating because it is both Pareto and Risk dominated.

More generally, the TPBG provides strong incentives in the sense that collusion a H is
highly beneficial, strong punishments are needed to maintain collusion in equilibrium, and the
loss from cheating and being punished in equilibrium is large. The payoff from play of (H,H) is
33% larger in each period than the payoff from play of (M,M), collusion at H in Period 1 can
only be supported as an equilibrium outcome via reversion to (L,L) in Period 2 which reduces
payoffs by 75% compared to play of (H,H), and the payoff from colluding at (H,H) in both
periods is 25% greater than the payoff from defection to M in Period 1 followed by reversion to
(L,L) in Period 2 (180 vs. 144). Subjects are given strong incentives to reach and abide by
collusive agreements, but the punishment called for by the equilibrium is sufficiently harsh for
both playersthat it is unlikely to be undertaken lightly.

3. Experimental Design
A. General Design: Subjects play twenty rounds of the TPBG in all treatments. A “round”
refers to an entire play of the TPBG while a “period” refers to one of the two games played

within asingle round of the TPBG. Subjects are randomly matched with a new opponent in each



round. Sessions are sufficiently large (minimum of twenty subjects) that it is unlikely that there
are repeated game effects between rounds.

For the first ten rounds in al treatments subjects play the TPBG without any
communication. This is sufficient for subjects to understand the experimental interface, payoff
tables, and main strategic issues in the TPBG before attempting to master use of communication.
Having ten rounds of play before introducing communication also allows play to converge to the
one shot Nash equilibrium in the first period, making the task facing subjects in Rounds 11 - 20
more challenging. Treatments vary by the type of communication available in Rounds 11 — 20.
B. Use of the TPBG: By using the TPBG our design differs from earlier work on collusion that
used indefinitely repeated games as proxies for supergames (e.g. Roth and Murnighan, 1978; dal
Bo 2005; dal Bo and Frechette 2011; Duffy and Ochs, 2009). The simplicity of a two period
game has significant methodological advantages for a study that focuses on communication and
learning. The most important is speed of play and learning. Subjects go through a lengthy
learning process, and our conclusions would differ substantialy if this process lacked adequate
time to converge. Generating the requisite experience is non-trivial since chat slows down play
significantly and we limited ourselves to two hour sessions, including instructions, to avoid
subject fatigue. The TPBG is sufficiently ssmple that most sessions were completed within two
hours, even with chat, and play largely stabilized by the end of Round 20. Another advantage
provided by the TPBG's simplicity is that we can make sharp theoretical predictions, as
described in Section 2, about what type of proposals for play of (H,H) in Period 1 are credible
and what equilibria are renegotiation proof. Finally, using a relatively simple game helps with
the statistical evaluation of the outcomes. Analyzing the content of messages is a daunting task
even when the number of types of relevant messages that can be sent is small. If we expand the
strategy space, and by extension increase the number of relevant message types, the analysis
quickly becomes intractable.

Thisis not to say that use of the TPBG as a proxy for a supergame is riskless. Our main
concern follows from the fact that a collusive equilibrium depends on players behavior changing
in Period 2 based on the outcome of Period 1. This requires subjects to see a connection between
the two periods of the TPBG. Because the TPBG uses different games for the two periods, it is
plausible that subjects will have more difficulty seeing the connection between periods than in an

indefinitely repeated game where the payoff matrix is fixed. However, as documented below,



we observe no shortage of contingent play in the four treatments with communication and
nothing in the data suggests that alack of contingent play drives our qualitative results.’

In a follow-up study, we replicated results from the TPBG with a three period version of
the game (stage game, stage game discounted, and coordination game). If contingent play is
suppressed in the TPBG because the relationship between Periods 1 and 2 is not obvious to
subjects, this should matter less in the three period game and cooperation should be higher.
Instead, we find that the change to alonger game has no impact on Period 1 play. This gives us
greater confidence that the results of our experiment are not sensitive to the number of periodsin
the game.

C. The Communication Treatments. We compare play in five communication treatments. No
Communication, Period 1 Limited Communication, Period 1 Limited Communication with
Contingencies, Pre-play Chat, and Renegotiation. The following subsection describes each of
these treatments. Recall that subjects play twenty rounds of the TPBG in al treatments. A
“round” refers to an entire play of the two period game while a “period” refers to one of the two
stage games played within a single round of the TPBG. For the first ten roundsin all treatments
subjects play the TPBG without any communication, so treatments only vary the type of
communication that is possible in Rounds 11 - 20. All treatments have a pause following Round
10 while new instructions are read.

1) No Communication (N Treatment): The rules for Rounds 11 — 20 are identical to those in
Rounds 1 — 10, with no communication between players. The N treatment is included as a
control to exclude the possibility that collusion in Round 11 is caused by a restart effect. In the
pause following Round 10 it is announced that the games for Rounds 11 — 20 will use the same
rules asfor Rounds 1 — 10.

2) Period 1 Limited Communication (P1 Treatment): The Pl treatment gives subjects the
opportunity to send a message prior to the beginning of Period 1. The message space is limited
to suggesting actions for Period 1. Specifically, subjects are given the prompt, “I think we

" See Frechette and Y uksel (2013) for a comparison of four different methods of implementing supergames in the
laboratory, including our method and random termination. Levels of Period 1 cooperation are similar across all four
methods, with our method finishing in the middle of the pack. Unlike our data, they observe relatively little
contingent play in the final period (i.e. the coordination game). While there are a number of differences between the
studies, we suspect that the differing results reflect differences in how the payoff tables were constructed for the
coordination game. Recall that the Period 2 table was constructed with (M,M) as the risk dominant equilibrium to
make it more likely that contingent behavior could be detected.
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should choose the following in Period 1.” They are asked to choose between “Low”, “Medium”,
“High”, or “No Response” for both “My Choice” and “Your Choice.” Messages are chosen
simultaneously and each player is shown both parts of both players messages at the same time
as choices are made for Period 1. The feedback at the end of Period 1 reiterates the messages as
well as reporting the outcome for Period 1. Subjects cannot send any messages about their intent
for Period 2.

3) Period 1 Limited Communication with Contingencies (P1C Treatment): In addition to
specifying what actions should be chosen for Period 1, subjects in the P1C treatment also
indicate what actions should be chosen for Period 2 subject to the outcome for Period 1. The set
of possible messages about Period 2 is limited: subjects are prompted “[i]f we choose the
preceding [i.e. the actions the subject has specified should be chosen for Period 1] in Period 1, |
think we should choose the following in Period 2" and “[i]f we DO NOT choose the preceding
[i.e. the actions the subject has specified should be chosen for Period 1] in Period 1, | think we
should choose the following in Period 2.” Limiting the message space simplifies the problem
facing subjects while still making it possible to send a credible message that supports collusion
in Period 1. Subjects are shown both players’ messages, in full, at the same time as choices are
made for Period 1. The messages are displayed again as part of the feedback for Period 1.

4) Pre-Play Chat (PChat Treatment): At the heart of our experimental design are the two chat
treatments. Starting in Round 11, the PChat treatment allows players to communicate using the
chat option in version 3.1 of z-tree (Fischbacher, 2007). This is very similar to using an IM
program. Continuous back-and-forth communication is possible until one of the players makes a
decision for the period. Subjects are given no guidance on how the chat should be used or what
they might say, although it isfairly obvious that it is meant for discussing the game.

5) Renegotiation (RChat Treatment): Communication before Period 1 occurs in the RChat
treatment in exactly the same way as in the PChat treatment. The RChat treatment differs from
the PChat treatment by also allowing communication through a chat window after first period
actions are observed and before second period actions are chosen, making renegotiation possible.
Initial Hypotheses: Our initial hypotheses for Period 1 play are derived from the discussion of
communication and collusion in Section 2. While it is possible to achieve tacit collusion in an
experimental colluson game without communication, the TPBG is designed to make this
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unlikely in the N treatment.® The limited message space available in the P1 treatment makes it
impossible to reach a credible agreement to collude in Period 1. We therefore did not expect
long term collusion in this treatment. Consistent with earlier results of Holt and Davis (1990),
we expected an initial increase in collusion when communication was introduced since it takes
some time to learn whether messages calling for Period 1 collusion are credible. The P1C
treatment allows for credible agreements to collude, so higher and more stable collusion was
expected than in the P1 treatment. For the same reason, the PChat treatment was also expected
to yield higher and more persistent collusion than the P1 treatment. The rich communication
available in the PChat treatment provides more scope for behavioral factors such as trust and
guilt to have an effect, so we anticipated higher and more stable collusion in the PChat treatment
than in the P1C treatment.” The intuition underlying theories of renegotiation predicts that
allowing chat between Periods 1 and 2 should undermine collusion in Period 1 and lead to
coordination on H in Period 2. We therefore expected to see less collusion in the RChat
treatment than in the PChat treatment.

Table 1: Summary of Treatments

N Pl P1C PChat RChat
Number of Sessions 3 3 3 3 3
Number of Subjects 64 68 74 64 76
First Period Limited Messages u a
Contingent Messages about Period 2 u
First Period Chat u U
First and Second Period Chat u

E. Procedures. The experiments were conducted at Case Western Reserve University using
subjects recruited via emails sent to all undergraduates. Sessions were run in a computerized

laboratory using z-Tree (Fischbacher, 2007), and took between 1% and 2 hours. Average

8 Collusion at H is not risk-dominant. Dal Bo and Frechette (2011) find that making collusion at H risk-dominant is
necessary but not sufficient to guarantee successful collusion, so we did not expect collusion at H in the absence of
communication.

® Charness and Dufwenberg (2010) compare rich and limited communication in a one-shot trust game and find that
rich messages makes subjects more trusting and somewhat more trustworthy. Our game is different because
cooperation is consistent with equilibrium and messages about contingent strategies have an important role to play.
Aswill be seen, our results are both stronger and have a different interpretation. Rather than revolving around
differencesin what can be said in the two treatments, the the P1C and PChat treatments differ in the usage of a
common set of messages.
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earnings were dlightly more than twenty dollars, including a six dollar show-up fee. Subjects
were paid their total earnings from all twenty rounds of the TPBG. Payoffs were denominated in
experimental currency units (ECUs), converted to dollars at a rate of 130 ECUs equal $1. Table
1 summarizes the number of subjects and sessions for each treatment. There are three sessions
for each treatment with at least twenty subjects per session.

The instructions (see Appendix E online) were read to the subjects, and were also shown on
the subjects computer screens. Several times the payoff tables were projected on an overhead
screen for examples, making the payoffs common knowledge. The matching for this experiment
is relatively complex (fixed matching within a round, random re-matching between rounds), so
this point was emphasized. Following the instructions, subjects took a quiz testing their ability
to read the payoff tables and their understanding of the instructions.

The experimental materials are framed using abstract language. For example, the materials
do not refer to prices. Subjects choose between “A”, “B”, and “C” in Period 1 and between “D”,
“E”, and “F’ in Period 2, with the three labels in each period corresponding to low, medium, and
high prices. Theterms*“Low”, “Medium”, and “High” (or L, M, and H) are used throughout this
paper to ease exposition, but these are not the labels seen by subjects.

Subjects knew they would be playing a total of twenty rounds of the TPBG. They aso
knew that the first ten rounds would be played without communication and followed by a pause
for additional instructions. The possibility of communication was introduced at this intermediate
point. To maintain parallelism there was a pause prior to the 11" round in the N treatment to
announce that none of the rules would change.

In the P1 and P1C treatments, the instructions prior to round 11 described in detail what
messages could be sent, including the option to send “no response’, but provided no guidance
about why any particular message should be sent. We stressed that the messages are cheap talk.

Subjects in the two chat treatments received extensive instructions, largely focused on the
mechanics of using the chat program. The instructions gave the subjects no guidance on what
types of messages should be sent other than (i) requesting that they not identify themselves and
(i) asking them to avoid offensive language. These instructions also stressed that the messages
are cheap talk with no direct effect on payoffs.

Subjects had printed copies of the payoff tables for both periods available whenever they

made a decision. When choosing a price for either period, the interface showed subjects any
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messages or chat from either player for the current period as well as a summary of outcomes
(prices and payoffs) for all previous rounds. The interface automatically showed the summary
for the three most recent rounds with a scroll bar that could be used to see earlier rounds. When
choosing a price in Period 2, subjects could see the prices and payoffs for both playersin Period
1, but could not see any communication from Period 1. At the end of each period subjects
received a summary of the prices chosen by both players as well as both players’ payoffs for the
period. Period 2 feedback also included the sum of payoffs across both periods for both players.

The interface (with one exception) did not include identifying information about a subjects
opponent to limit the possibility of repeated game effects across rounds. To make it possible for
subjects to tell whether a message had been sent by themselves or their opponent, messages in
the chat window were tagged with a randomly generated ten digit “chat id”. At the time these
sessions were run, we were unable to generate new chat ids across rounds or to use non-
identifying tags. Subjects were not allowed to have any writing implements during the
experiment to prevent them from writing down the other players’ chat ids, and it seems unlikely
that they remembered long random numbers across multiple rounds. With one exception, the
content of the chat contains no evidence that subjects knew when they had played an opponent
previously.’® In follow-up experiments at FSU we have run sessions with both a “chat id” and
non-identifiable tags (“mine” and “other”). The type of tag has no discernable effect on
messages or behavior.

Sessions were automatically ended at the two hour mark to avoid subject fatigue (this was
not announced to subjects in advance). Due to this rule, one session of the RChat treatment only
had sixteen rounds and another only had eighteen rounds.

4. Results: Collusion inthe TPBG isdefined in terms of Period 1 play. Any discussion of
collusion in the results section refers to Period 1 choices. Our analysis of Period 2 choices
focuses on how these depend on Period 1 outcomes, a central point of interest for understanding
the relationship between communication and collusion. See Appendix D online for tables and
figures giving frequencies of al actionsin both periods for al rounds, broken down by
treatment.

19 One subject in the RChat treatment tried to pass on the identity of a subject who had cheated him to two other
subjects (he didn’t exactly remember the chat ID of the offending party, but came close). None of our conclusions
change if the affected observations are dropped.
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A. Behavior in Rounds 1 -10: Initially modest levels of collusion collapse over ten rounds
without communication. In Round 1, 44% of the subjects choose Low in Period 1 compared
with only 12% choosing High. By Round 10, play converges to the Nash equilibrium for the
Period 1 game with 86% of subjects choosing Low for Period 1 and only 4% choosing High.
There is no statistically significant difference between treatments for the first ten rounds.
Underlying the collapse of collusion in Rounds 1 — 10 are poor incentives to collude. In Round 1
the average payoffs for the entire round (i.e. the sum of payoffs for Periods 1 and 2) following
Period 1 choices of High, Medium, and Low are 34, 82, and 98 ECUs respectively. Subjects
earn almost three times as much if Low is chosen in Period 1 rather than High. Similarly bad
incentives exist throughout Rounds 1 — 10.

Period 2 choices are more diffuse than Period 1 choices, but by Round 10 a clear mode has

emerged at Medium with 53% of all Period 2 choices. Period 2 choices are positively and
significantly correlated with Period 1 choices. This effect strengthens over time, but is never
sufficiently large to prevent Low from being the profit maximizing choice for Period 1. The
dependence of Period 2 behavior on Period 1 outcomes suggests that the type (but not the
magnitude) of contingent behavior needed for tacit collusion is present in the data before
communication becomes available.
B. Pricesin Rounds 11 — 20: Figure 1 plots the frequency of High being played in Period 1
across Rounds 1 — 20 for each treatment. Prior to the introduction of communication in Round
11, play of high isinfrequent in al five treatments and has largely vanished by Round 10. For
the N treatment, there is no discernible restart as play continues the pattern from Rounds 1 — 10
with steady movement toward 100% play of Low in Period 1. In contrast, al four
communication treatments show a large initial increase in collusion as choice of High rises in
Round 11 when communication becomes available. After thisinitial burst the evolution of play
through Rounds 11 — 20 strongly differs across the four communication treatments.

In the two limited message space treatments, P1 and P1C, an initial increase in collusion is
followed by a steady collapse. The P1 treatment shows the least initial increase in collusion of
the communication treatments. Medium rather than High is the modal choice in Round 11. Use
of High dies out over time, aimost disappearing by round 20, and use of Medium drops steadily
as well. Play converges toward the non-cooperative outcome. The P1C treatment does little

better, in spite of the availability of contingent messages. The initia increase in use of High is
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somewhat stronger than in P1, with High being the clear modal strategy in Round 11, but a
similar collapse follows. Period 1 play has not converged by Round 20, but with choice of High
having become quite rare (12%) and a mode of choosing Low (51%) having emerged, it is clear
where things are headed.

Figure 1. Play of Highin Period 1
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The initial spike in play of High is much stronger in both chat treatments than in either
limited message space treatment. In Round 11, the modal Period 1 choice is High for both PChat
and RChat with play of Low being amost non-existent (5% in both treatments). The subsequent
dynamics differ between the two chat treatments. In the PChat treatment use of High falls
sharply until Round 17, similar to the declines observed in the P1 and P1C treatments. Unlike
the limited message space treatments this decline reverses in Rounds 17 — 20. Round 20 choices
are largely indistinguishable from those made for Round 11 with 72% of the subjects choosing
High. Thereisaclear trend towards collusion in the long run.

In the RChat treatment, no decline in collusion is observed. The distribution of Period 1

actions is essentially constant over Rounds 11 — 20. The small shifts upward in Rounds 17 and
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19 are artifacts driven by RChat sessions ending in different rounds. If we break the data down

by session, little change is observed over Rounds 11 — 20.

Table 2: Ordered Probit Modelsfor Treatment Effects

Comparison with No Communication Differences between Treatments
Variable Estimate Standard Error Variable Estimate Standard Error
P1 13147 191 P1—N 1314 191
P1C 1.707 193 P1C-P1 0.393" 119
PChat 2.651 .200 PChat — P1C 0.944 122
RChat 3.250 211 RChat — PChat 599 140
Pseudo R? 276 R? 276

Notes: Standard errors have been corrected for clustering at the individual level. ***, ** and * indicate
statistical significance at the 1%, 5%, and 10% levels respectively.

Table 2 reports the results of regressions providing statistical evidence of treatment effects
in Rounds 11 — 20. These are ordered probit models based on all observations from Rounds 11 —
20. The standard errors are corrected for clustering at the individual subject level. The
dependent variable is the Period 1 choice with High coded as 2, Medium coded as 1, and Low
coded as 0. The independent variables are treatment dummies, with the N treatment as the base.
The right panel reformulates this regression to measure differences between treatments. In all
cases the treatment effect and differences between treatments are significant at the 1% level.
Appendix A reports a more sophisticated version of this analysis. Controls are included for
behavior in Rounds 1 — 10, and data is broken down into two round chunks so that time trends
can be discussed. We find that the differences between treatments are statistically significant for
(almost) al of the two round chunks. We also examine changes within treatments over time,
confirming that Period 1 prices decline and then rebound significantly in the PChat treatment.
The dip and recovery in the PChat treatment are unlikely to have occurred by chance.

C. Content Analysis: The results of the P1 and P1C treatments show that the possibility of
communicating intent to collude, even if backed with the possibility of sending Period 2
messages contingent on Period 1 outcomes, is insufficient to generate stable collusion.
Something contained in the rich exchanges of the chat treatments must lead to high rates of
collusion. To systematically study how the content of chat affects play we quantified content by

coding al of the dialogues. The goa was to be as comprehensive as possible, including a
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category for any type of message that might conceivably be relevant for play of the game, rather
than only coding categories we thought likely, ex ante, to be important in generating collusion.

See Appendix B for afull list of categories.

Table3
Use of Period 1 Messagesin Chat Treatments
M Description % Observed % Observed .
g PChat RChat
Period 1 Proposal: Both Play Medium 21.1% 8.1% 0.802
Period 1 Proposal: Both Play High 88.9% 97.5% 0.812
Period 2 Proposal: Both Play High 93.6% 54.1% 0.847
Disagreement with Most Recent Proposal 10.9% 4.0% 0.343
Agreement with Most Recent Proposal 79.4% 79.1% 0.840
Implicit Threat to Punish Cheating in Period 2 5.8% 6.5% 0.532
Explicit Threat to Punish Cheating with Low in Period 2 14.1% 1.7% 0.755
Agreement with Proposed Punishment (All Punishments) 10.8% 2.3% 0.451
Request for Proposals 71.7% 11.8% 0.721
Appeal to Mutual Benefits 29.7% 15.7% 0.587
Reference to Safety or Risk of Strategies 7.5% 2.5% 0.397
Specific Reference to Payoff Table 16.9% 9.6% 0.6%4
Promises of Trustworthy Behavior 11.1% 8.6% 0.624
Expression of Distrust 11.1% 3.6% 0.448
Appeal for Trustworthy Behavior 15.3% 6.8% 0.460
Self-Report Having Been Cheated in Earlier Rounds 16.9% 10.8% 0.812
Use of Period 2 Messages in RChat Treatment
M Description % Observed % Observed .
J Per. 1, Callusion || Per. 1, Cheated
Pasitive Feedback Following Cooperation 28.3% 2.3% 0.731
Apology for Cheating --- 47.7% 0.778
Rationalizing Cheating --- 44.7% 0.671
Admonition for Cheating/Lying --- 56.8% 0.623
Period 2 Proposal: Both Play High 90.1% 89.4% 0.792
Agreement with Most Recent Proposal 67.5% 39.4% 0.473
Appeal to Mutual Benefits 1.7% 26.5% 0.366

Two research assistants independently coded all messages. No effort was made to force
agreement among coders and the coders were not informed about any hypotheses to be tested.
Coding was binary with amessage coded asa 1 if it was deemed to contain the relevant category
of content and zero otherwise. We had no requirement on the number of codes for a message —a

coder could check as many or few categories as he deemed appropriate.
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Table 3 summarizes the frequency of the most common categories, defined as any category
that was coded in at least 5% of the dialogues (averaging across coders). The measure of
frequency reported in Table 3 is the percentage of dialogues where the category was coded. For
messages prior to Period 2 from the RChat treatment, observations are broken down by whether
both players colluded in Period 1 (both choose High) or one player cheated (deviated from an
agreement to choose High). Observations where both players cheated are not included. The
final column of each panel shows ¢, a common measure of inter-coder agreement (Cohen, 1960).
The «’s generally show substantial agreement between the coders, especially since the number of
possible codes was large and no attempt was made to force agreement between coders.

Subjects aimost always engaged in communication relevant to the game. Period 1 prices

were proposed in 618 of 622 dialogues, and only one dialogue lacked substantive discussion of
how the game would be played. The content of the dialogues differed substantially between the
PChat and RChat treatments, and there was generally more substantive conversation prior to
Period 1 in the PChat treatment. Since subjects both behave differently in the two chat
treatments and communicate differently, we do not pool data from the two chat treatments in the
content analysis.
i. Agreementsand Cheating: In all four communication treatments we can identify agreements
between the players on what price to set in Period 1. For the P1 and P1C treatments, we define
the players as having come to an agreement if their messages prior to Period 1 suggest the same
Period 1 prices. In the PChat and RChat treatments, the players are defined as having an
agreement if aproposal for Period 1 pricesis made by one player and then accepted by the other.

The left panel of Figure 2 shows the percentage of pairs agreeing to play High in Period 1,
broken down by round and treatment. Pairs almost always reach an agreement on Period 1 prices
in the PChat (98% reach agreement) and RChat treatments (100% reach agreement), but often do
not reach agreements in the P1 (51% reach agreement) and P1C treatments (55% reach
agreements). It isrelatively hard to reach an agreement in the limited message space treatments
since subjects cannot revise proposals when their initial proposals do not agree. Subject to
reaching an agreement, players in all treatments with communication overwhelmingly agree on
choosing High in Period 1 (92% in P1, 97% in P1C, 85% in PChat, and 94% in RChat).

We define cheating as choosing Low or Medium in Period 1 following an agreement to

choose High in Period 1. The right panel of Figure 2 shows the frequency of cheating broken
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down by round and treatment. The probability of cheating in the P1 and P1C treatments is
substantial even in early rounds and rises over time. The high frequency of cheating indicates
that the cause of declining collusion in the P1 and P1C treatments is not a failure to reach
agreements on play of High in Period 1. Even if al pairs reached collusive agreements, it is

unlikely that collusion could survive such pervasive cheating.

Figure2: Agreementsand Cheating
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For the chat treatments, cheating follows a matching pattern to that observed for play of
High in Figure 1. Cheating in the PChat treatment is initially only slightly higher than in the
RChat treatment, but rises steadily to a peak in Round 17. It then declines back to amost its
initial level. Cheating in the RChat treatment islow and steady throughoui.

The standard theory of collusion suggests that the decision to cheat on an agreement to
collude is driven by whether cheating is likely to be punished. Can we then explain the low
levels of cheating in the two chat treatments by relatively high likelihood of punishment?

Define unilateral cheating as the case where one player cheats on an agreement to choose
High in Period 1 while the other player does not. Unilateral cheating is frequently punished in
Rounds 11 — 20 of al four treatments with communication. Punishment for unilateral cheating is
relatively strong in the two treatments with limited message spaces. In the P1 treatment, the
proportion of non-cheaters (subjects who do not cheat on an agreement to choose High) choosing

High in Period 2 drops from 90% when no cheating occurs to 9% when the opponent cheats. In
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the P1C treatment this proportion goes from 99% to 33%. Punishment is weaker in the two chat
treatments. The proportion of non-cheaters that choose High in Period 2 changes from 97% to
45% when their opponent cheats in the PChat and from to 100% and 65% in the RChat
treatment. Punishment of cheating is significantly weaker in the RChat treatment than in the
PChat treatment, consistent with the theory of renegotiation, and the difference between
treatments grows over time.'* Differing frequencies of punishment do not explain the relatively
low levels of cheating in the two chat treatments or the low level of cheating in the RChat
treatment relative to the PChat treatment.

Of course, the frequency of punishment is not the only factor determining incentives to
cheat, as the payoff from cheating depend both on whether unilateral cheating will be punished
and the likelihood that the other player will cheat. There are strong incentives to cheat in P1 and
P1C because of frequent cheating by others. This becomes obvious when comparing total
payoffs for the round (summing over both periods) when a subject cheats on a collusive
agreement with the total payoffs when he does not cheat. In the P1 and P1C treatments, the
average increases in total payoff from cheating are 19 and 26 ECUs respectively in Rounds 11 —
12, increasing to 36 and 43 ECUs for Rounds 19 — 20. Asapoint of comparison, a subject gains
54 ECUs by cheating on a collusive agreement if the other player does not cheat and Period 2
actions are unaffected.

The incentives to cheat in the PChat treatment are initially large, primarily because of the
relatively low threat of punishment. The average increase in total payoff from cheating on an
agreement is 31 ECUs in Rounds 11 — 12. Over time the incentive to cheat shrinks to an average
of 12 ECUs in Rounds 19 — 20. This reflects both an increase in punishment and a decreasing
threat over Rounds 17 — 20 of being cheated. The incentives to cheat are in line with the initial
decrease in collusion, but do not fully explain why collusion recovers in later rounds since
cheating continues to pay (albeit, by less). The opposite trend on the incentives to cheat emerges
in the RChat treatment. The average gain from cheating is only 10 ECUs over Rounds 11 — 12,
but it jumps to 35 ECUs for Rounds 15 — 16 (the last two rounds before the first session ended).

™ In Rounds 16 - 20 unilateral cheating lowers the proportion of Period 2 choices of High by non-cheaters from
98% to 39% in PChat versus a change from 100% to 75% in RChat. Punishment is significantly more likely in
PChat at the 5% level for Rounds 11 — 20 and the 1% level for Rounds 16 — 20 based on the results of ordered probit
regressions controlling for round effects and individual effects. Thisis based on 99 observations for PChat and 65
observations for RChat.
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There is little danger of getting cheated in the RChat treatment, but punishment is sufficiently
weak in the later rounds that compliance with a collusive agreement is not incentive compatible.
Nonetheless, collusion remains stable.

The analysis of cheating and punishment leaves us with a pair of puzzling observations. In
neither chat treatment are the average gains from cheating negative at any point, yet both
treatments show high levels of collusion. Likewise, the incentives to cheat are stronger in the
long run for the RChat treatment than the PChat treatment, yet this is the treatment with the
highest and most stable levels of collusion. These observations only make sense if something in
the message content counteracts the generally poor incentives to honor collusive agreements.

We therefore turn to the effects of specific types of messages.

Figure 3: Frequency of Chat Categories Over Time
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ii. Threats and Promises. An agreement to play High is only credible if accompanied by a
threat that failure to cooperate in Period 1 will be punished by play of Low. Our coding scheme
distinguishes between two different types of threats to punish cheating, explicit and implicit. An
explicit threat of punishment refers to cases where subjects specifically state that failure to
collude will lead to use of Low rather than High in Period 2. An implicit threat of punishment
refers to cases where a subject threatened to punish non-collusion but did not specify what
strategy would be used in Period 2. The left panel of Figure 3 shows the frequency of explicit
and implicit threats (averaged across the two coders) in the two chat treatments.

22



The use of threats rises over time in both treatments. The frequency of threats is always
higher in the PChat treatment than in the RChat treatment, and most threats are explicit in the
PChat treatment while most threats in the RChat treatment are implicit.*

The theories of collusion and cheap talk make threats of punishment a natural focus for our
analysis of chat content, but the psychology and economics literatures both suggest that promises
could play an important role in increasing cooperation (Kerr and Kaufman-Gilliland, 1994,
Charness and Dufwenberg, 2006). Communication can also reinforce group identity and norms
of maximizing joint benefits (Dawes, Orbell, and van de Kragt, 1988), providing yet another
possible explanation for decreased cheating in the last few rounds of the PChat treatment.

Three common coding categories relate to these alternative explanations for the positive
effect of chat: promises of trustworthy behavior,™® appeals for trustworthy behavior by the other
player, and appeals to the mutual benefits of collusion. The right panel of Figure 3 shows the
percentage of dialogues (averaged across coders) in the PChat and RChat treatment where these
three categories were observed. In both treatments, appeals to the mutual benefits of collusion
are consistently more common than either promises of trustworthy behavior, appeals for
trustworthy behavior, or explicit threats. In the PChat treatment, coding of requests for and
promises of trustworthy behavior become more common over time, but these categories remain
rare throughout the RChat treatments. Appeals to the mutual benefits of collusion also drop off
sharply over time in the RChat treatment.

It is non-trivial to sort out the effects of the different message categories. A naive approach
is to compare the level of cheating in observations where a message category is coded with the
frequency of cheating when the category is not coded. In the PChat treatment, for example, the
likelihood of cheating is lower when either an explicit threat is observed (10% with vs. 35%
without) or, to a lesser extent, an appeal to the mutual benefits of collusion (25% with vs. 34%
without). Unfortunately, these observations do not necessarily capture a causal relationship
between the categories in question and cheating. At the very least we need to distinguish
between whether a subject sent or received the message in question. Causal statements only

12 The difference in frequency of threats (explicit or implicit) between the PChat and RChat treatments is significant
at the 5% level in Rounds 16 — 20. For explicit threats, the difference is significant at the 10% level for Rounds 11 —
15 and at the 1% level for Rounds 16 — 20. These statements are based on ordered probits with round dummies (not
interacted with the treatment dummy) as controls and standard errors corrected for clustering at the subject level.

13 This category also includes messages where subjects indicate that they should be trusted (e.g. “uve just gotta trust
me” and “well, just trust me”).
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make sense in the latter case. Even after accounting for this, a major problem remains because
most dialogues include many codes, including codes that we have not thus far discussed. Since
the coding of categoriesis often correlated, comparisons of cheating with and without a category
being coded may reflect a failure to control for the effects of other types of messages. To
address these issues we turn to regression analysis.

Table 4 reports the results for regressions in which the dependent variable is a dummy for
whether the subject cheated on an agreement. Observations where an agreement was not reached
(1% of the dataset) are dropped. Cheating is a binary variable, so the regressions use a probit
specification. Standard errors (in parentheses) are corrected for clustering at the subject level.
We report both parameter estimates (before the slash) and marginal effects (after the slash) for
each variable.

The independent variables of primary interest measure whether a comment from a specific
category was received or sent by the individual in the dialogue prior to Period 1. These variables
are averages across the two coders and therefore have three possible values. O, ¥2, and 1. With a
few exceptions, the regressions incorporate al categories that were coded in at least 5% of
dialogues.** As additional controls, the regressions include dummies for the agreed upon price,
the current round, the subject’s average Period 1 price in Rounds 1 — 10, and the average Period
1 price of their opponent in Rounds 1 — 10. The subject’s own history of cooperation in Rounds
1 — 10 provides a control for unobserved individual effects beyond the correction for clustering.
The inclusion of the opponent’s history of cooperation in Rounds 1 — 10 controls for a potential
source of omitted variable bias. The opponent’s history cannot have a direct effect on decisions
to cheat, since subjects do not know their opponent’s history, but individuals who are inherently

more cooperative may also communicate in subtly different ways not captured by the coding.
[Insert Table 4 here, currently found after bibliography]

Omitted variable bias can aso arise due to the interactive nature of dialogues. There is
correlation between the types of messages that are sent and the types that are received. This can
make it appear that receipt of a message causes cooperative action, when the effect is actually

driven by arelated message the subject sent. Including controls for sent messages eliminates this

14 Because we include dummies for the agreed upon price as independent variables, we do not include the messages
proposing prices to avoid colinearity. Likewise, the category for agreeing to a punishment schemeis highly
correlated with sending athreat, and is excluded to avoid colinearity.
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bias as the impact of sent messages is directly accounted for. As it turns out, none of our
conclusions about the effects of receiving messages change with controls for sent messages.

The parameter estimates for the sent messages should be interpreted as identifying
associations rather than causal relationships with cheating. Because a strategy for sending
messages and choosing prices could be jointly determined prior to the beginning of around, it is
impossible to identify a causal relationship between them.

The regression was run separately on the PChat and RChat data. The parameter estimates
for the agreement dummies, round dummies, and controls for Period 1 prices in Rounds 1 — 10
are not of direct interest and are not reported in Table 4 to save space. Looking at the effect of
received messages in the PChat data, only explicit threats have a significant effect on the
likelihood of cheating. The margina effect is large, with an estimated 26% reduction in the
probability of cheating. Receiving an appeal to the mutual benefits of collusion, a promise of
trustworthy behavior, or an appeal for trustworthy behavior all fail to have a significant effect on
the likelihood of cheating. The PChat regression shows that explicit threats are by far the type
of message whose receipt has the strongest effect on collusion in Period 1. In the appendix we
explore awide variety of aternative specifications and find that this result is quite robust.

Turning to sent messages, subjects who send explicit threats cheat significantly less. The
marginal effect is large, with an estimated 40% reduction in cheating. Subjects who promise to
be trustworthy are also significantly less likely to cheat on an agreement. The marginal effect is
large at 19%, but less than half of the marginal effect of sending an explicit threat.

The RChat regression shows that Period 1 communication has a somewhat different impact
in the RChat treatment than in the PChat Treatment. Receiving an implicit threat significantly
reduces cheating, while receiving an explicit threat has no significant effect. The estimated
marginal effect from receiving an implicit threat in the RChat treatment is about the same as the
margina effect of an explicit threat in the PChat treatment (25% vs. 26%). Receiving an
expression of distrust significantly increases cheating. This makes sense, but should be
interpreted cautiously given the rarity of such comments.

Sending either an implicit or explicit threat has a significant negative effect on cheating.
Sending a promise of trustworthy behavior once again has a strong negative effect on cheating.
There is a positive effect on cheating from sending a message referring to the safety or risk of
strategies, but thisis only weakly significant.
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Threats do not explain the initial jJump in collusion for the PChat treatment. When a subject
receives an explicit threat in Rounds 11 — 12 of the PChat treatment (the first two rounds with
communication), the subject never cheats on a collusive agreement. This sounds impressive, but
there are only four such observations. The importance of threats emerges over time as this type
of comment becomes more frequent, providing an explanation for why collusion returns to its
initial levels rather than collapsing as in P1 and P1C. Similar comments apply to the RChat
treatment. Implicit threats have the expected effect on cheating in Rounds 11 — 12, but are too
rare to explain theinitial high levels of collusion.

Econometric analysis like that reported in Table 4 fails to find a relationship between either

appeals to mutual benefits or promises of trustworthy behavior and cheating in Rounds 11 — 12
of the PChat treatment. Collusion in these early rounds is primarily driven by whether an
agreement to collude is reached. The larger initial jump in collusion rates for the PChat
treatment, as compared to P1C, is largely explained by the higher frequency of collusive
agreements in early rounds.
iii. Chat and the Incentivesto Cheat: We now can resolve the puzzles that subjects in the chat
treatments cheat less than expected given the weak incentives to collude and that collusion
rebounds in the last periods of the PChat treatment. The key insight is that what matters to
subjectsis not the average incentive to cheat, but instead the incentive to cheat given the specific
messages they have sent and received.

Figure 4: Gainsfrom Cheating and Chat
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For each case where we found a statistically significant reduction of cheating from sending
and/or receiving a type of message, Figure 4 displays the relationship between sending and/or
receiving this type of message and the incentives to cheat. A message is categorized as including
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a category if this was coded by either coder. Datais only included from observations where the
subjects agreed to play High in Period 1. The average total payoffs for the entire round are
plotted conditional on whether or not the player cheated on the agreement. Hollow bars indicate
cells with less than five observations. Two cells had no observations and therefore are missing.
As apoint of comparison we aso plot the corresponding average total payoff for all observations
with agreements to play High in Period 1.

Types of communication that reduce cheating generally reduce the incentives to cheat. The
cumulative effect of messages associated with significantly lower cheating on the incentives to
cheat is large. In the PChat treatment, subjects who receive an explicit threat, send an explicit
threat, or send a promise to not cheat significantly lower their average payoff by cheating on a
collusive agreement (¢ = -27.7 ECUs, t = 2.27, p < .05) compared to a significant average gain
from cheating otherwise (+ = 23.5 ECUs, t = 3.18, p <.01). In line with these incentives, there
is only a 14% chance of cheating by subjects who receive an explicit threat, send an explicit
threat, or send a promise as compared with 36% otherwise. Over time the likelihood of effective
messages strongly increases, creating the conditions for areturn to collusion.

We cannot say much about what happens following cheating in the RChat treatment due to a
paucity of observations. Subjects who do not receive an explicit threat, send an implicit or
explicit threat, or send a promise of trustworthy behavior significantly increase their payoffs by
cheating (¢+ = 19.0 ECUs, t = 294, p < .01). There is no significant effect from cheating for
subjects who do receive or send such messages, but this says little since there are only three
observations with cheating in this subset.

iv. P1C vs. PChat: In the PChat treatment, explicit threats play a central role in fostering
collusion. Threats to punish cheating with Period 2 play of Low are also available in the P1C
treatment, yet collusion shows no sign of recovering over time in this treatment. The reason is
not obvious. It should be easier for subjects to learn to use threats of punishment in the P1C
treatment, since the design suggests the possibility of contingent strategies to the subjects and
there are no other types of messages to distract them. Indeed, explicit threats of punishment for
deviating from a collusive agreement are more common in the P1C treatment (24% of pairs) than
in the PChat treatment (18% of pairs). The cause of lower collusion in P1C aso does not seem to
be that the single round of communication makes it more difficult to come to an agreement than

in PChat. In follow up experiments where subjects could take multiple sequential turns sending
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messages, agreement rates were much higher than in the original P1C treatment but collusion
was no more frequent (Cooper and Kiihn, 2013). The difference between the P1C and PChat
treatments could be purely an effect of the differing mediums of communication (see Brosig,
Ockenfels, and Weimann, 2003), but the specifics of communication in the two treatments
suggest otherwise.

The P1C and PChat treatments differ in the types of explicit punishments proposed. In the
PChat treatment, all messages coded as explicit threats call for play of Low in Period 2 if the
other player cheats. Subjects never threaten to punish cheating with play of Medium. In contrast,
90% of explicit threats in the P1C treatment call for cheating to be punished with play of
Medium in Period 2. Subjects in the P1C treatment therefore almost never use threats which
would make collusion incentive compatible. For subjects who receive an explicit threat, the
average loss from cheating on an agreement is negligible (0.3 ECUs). Not surprisingly given
these weak incentives, receiving an explicit threat makes subjects in the P1C treatment no more
likely to abide by a collusive agreement: 65% of subjects receiving explicit threats cheat on
collusive agreements versus 56% for al others. Unlike the PChat treatment, explicit threats are
ineffective in the P1C treatment, subjects abandon their use, and collusion vanishes over time.

Communication is fundamentally different when subjects participate in a natura

conversation rather than using a limited message space. Thisis not just because more types of
messages are available and these can be combined and sequenced in more ways. Our subjects
use the available messages | ess effectively with a limited message space than when messages are
embedded within the natural environment of a conversation.
v. The Effect of Renegotiation: Effective messages prior to Period 1 improve the local
incentives to collude, but these improved incentives do not provide a satisfactory explanation for
consistently high collusion in the RChat treatment. Effective messages are uncommon until the
later rounds but collusion is high and stable throughout. Moreover, cheating is rare (16%) even
when effective messages are not present. It is also puzzling that implicit threats are effective in
the RChat treatment given that they are not in the PChat treatment and the theory of cheap talk
gives no reason why non-specific threats should be useful.

The obvious difference between the PChat and RChat treatments is the addition of a
communication phase between the Period 1 and 2 decisions. Consistent with the theory of

renegotiation, attempts at renegotiation following unilateral cheating are frequent and reasonably
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successful. For games with unilateral cheating on collusive agreements, mutual play of High in
Period 2 is suggested by at least one of the subjects in 89% of the Period 2 dialogues. When
such suggestions occur, 64% of the pairs successfully coordinate on mutual play of High in
Period 2. This compares to 14% of pairs coordinating on mutual play of High in Period 2 for the
(admittedly infrequent) cases where play of High is not suggested. Successful renegotiation
causes the financial consequences of cheating to be weak in the RChat treatment, creating strong
incentivesto cheat in Period 1

A critical point missing from the theory of renegotiation is that communication after a
deviation allows cheated subjects to engage in verbal punishments. Negative verbal responses to
cheating are quite common in our data. In cases of unilateral cheating on a collusive agreement,
73% of the subjects who were cheated admonished the other player for cheating and/or lying.
The messages were often quite harsh (and ignored the instructions to avoid cursing). Examples
include “good job, [expletive deleted],” “you are a bad person . . . i hope someone [expletive
deleted] you over as well”, and (our favorite) “you know, they shoot you for that in Texas.”
Messages of this type are best interpreted as non-pecuniary punishments in the spirit of Masclet
et al. (2003). Verbal punishment provides a cheap way to punish cheating.”® If subjects dislike
being told off, we would expect less cheating than when only conventional punishment
(choosing Low in Period 2) is possible.

While the subjects who admonish cheating presumably believe they are punishing the
recipients, the recipients may not care. There is a sharp difference in behavior between those
subjects who never received an admonishment and those who ever received an admonishment.
For convenience, we label these groups as “non-cheaters’ and “cheaters.” Most of the subjects
(56/76) are non-cheaters. Non-cheaters only cheat on 2% of collusive agreements and frequently
use verbal punishment, admonishing cheating/lying in 80% of observations where they followed
a collusive agreement and their opponent cheated. We cannot provide direct evidence that non-
cheaters dislike receiving verba punishment since they do not discuss the matter and, by
definition, never receive verbal punishment. However, their own frequent use of verbal

punishment suggests they think receiving verbal punishment is bad. The effectiveness of

1> \/erbal punishment is often combined with conventional punishment. Subjects who were cheated and sent a
verbal punishment were also more likely to engage in conventional punishment: 42% of subjects who were cheated
and admonished their opponents chose a price other than High, compared with only 22% of subjects who were
cheated and did not admonish their opponent.

29



implicit threats, which may be seen as threats of non-pecuniary punishment, and the low usage of
explicit threats can also be seen as indirect evidence that receiving verba punishments is
considered bad.

Cheaters, in contrast, cheat on 49% of collusive agreements, with the probability of cheating
remaining stable over time. In 80% of the observations in which cheaters cheat, they are
admonished. If they disliked getting admonished, we would expect them to cheat less following
an admonishment. Instead, the rate of cheating by cheaters who have previously been
admonished rises dightly to 52%. When cheaters do not cheat but get cheated by their
opponents, they are far less likely to admonish (42%) than non-cheaters.

Our population thus appears to consist of two types with relatively stable (if very different)

behavior. Stable cooperation occurs in the RChat treatment because the vast majority of our
subjects were non-cheaters who use verbal punishment and presumably fear receiving it. We can
make an educated guess that non-cheaters do not cheat, in spite of poor monetary incentives, to
avoid verbal punishment. Cheaters do not seem to be inhibited by verbal punishment, but there
are too few of them to destabilize the social norm of cooperation.
5. Conclusions: The primary purpose of our experiment was to study how communication
facilitates the development of stable collusion. Our results indicate that allowing subjects to
communicate an intent to collude is insufficient to generate persistent collusion even if subjects
can send contingent messages calling for punishment of cheating, but allowing a rich message
space leads to persistent collusion. As suggested by theory, the use of explicit threats to punish
deviation from collusive agreements is the most effective type of message for promoting
collusion when only pre-game communication is allowed. Collusion is also promoted by
sending a message promising trustworthy behavior. In sessions where renegotiation is allowed,
high levels of collusion occur contrary to standard theories of renegotiation. While attempts at
renegotiation occur and are reasonably successful, as predicted by theory, the effect of
renegotiation is reversed by the impact of verbal punishment of cheating which provides an
inexpensive and easily understood means of supporting collusion. Pre-play use of implicit
threats is quite effective in the renegotiation treatment, presumably because implicit threats raise
the specter that cheating will be met by verba punishment.

In our experiments, monetary incentives combine with behavioral factors to explain

collusive behavior. In the PChat treatment, explicit threats cannot explain the initial increase in
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collusion (indeed no type of message beyond agreements to collude explains the high rates of
collusion in early rounds), but play a central role in the persistence of collusion. Sending
promises of trustworthy behavior leads to reduced cheating, in line with the results of Charness
and Dufwenberg (2006). A plausible explanation for this result is that subjects either would feel
guilty about breaking a promise or letting down their opponent (lie aversion and guilt aversion to
use current jargon). However, as can be seen in Figure 4, lying about trustworthy behavior is
financially punished in the PChat treatment (in the very small number of observations where it
occurs). Leaving aside subtle psychological factors like guilt aversion, subjects may have a
straight-forward pecuniary reason not to renege on promises. Neither receiving a promise of
trustworthy behavior nor an appeal to mutual payoffs has a significant effect on the likelihood of
cheating. We therefore have little direct evidence that communication is successfully building
trust between opponents or reducing social distance.

The most surprising result of our paper is that renegotiation facilitates collusion even though
the basic logic of renegotiation theory finds support in the data. A natural question to ask is
whether a result that relies so heavily on emotional reactions from subjects extends to other
settings, particularly decisions made in a corporate setting. We suspect that this depends on
several factors. First, our result depends on the frequency of two distinct typesin our population,
non-cheaters and cheaters. There is no reason to assume, ex ante, that the mix of typesis fixed
across populations and is especially likely to vary in corporate settings where strong selection
processes arein play. Thus, although we expect the same basic forces and types of individuals to
be present in most populations, they need not balance in such a way that cooperation is higher
with renegotiation. Second, differences between settings can occur due to the differing socia
context. As an example, most people would agree that lying isimmoral, but do not feel that this
rule applies when they are playing poker. If subjects perceive corporate settings as calling for a
different set of social norms than an abstract |aboratory setting, they may not view cheating on a
verbal agreement as unethical behavior that merits an angry response. This would obviously
affect our results. Finally, almost all business decisions are made in a group context and within
an organizational hierarchy. Individuals in these settings may feel more responsible to other
people within their corporation than to a person in another firm and hence be less sensitive to
being admonished for cheating.
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More generally, caution is aways needed when generalizing results with a specific
population and specific stimuli (payoffs, experimental materials, physical location, etc.).
Additional research is needed examining how much our results change as the experimental
environment and population change. Thisisamajor component of our ongoing research.

Our paper raises methodological issues concerning the study of communication in games.
Studying communication with a limited message space is appealing because of the tight control
and ease of analysis it provides, but our results point to problems with this methodology. One
concern is that a limited message space may inadvertently exclude critical types of messages.
[llustrating this point, we ran a follow-up experiment that modified the P1C treatment to allow
for renegotiation: each player is allowed to send a message about their intended action for Period
2 after the outcome for Period 1 has been observed. This has little effect, neither increasing nor
decreasing collusion relative to P1C. Even stronger, Andersson and Wengstrom (2010) find
lower cooperation with renegotiation in a similar experiment with limited message spaces.
These results obviously differ from our findings in the PChat and RChat treatments. A plausible
cause for this difference, especially in our follow-up study where the population and games are
held fixed, is the unavailability of verbal punishments in the limited message space experiments.
Comparing the P1C and PChat treatments illustrates a more subtle problem — using a limited
message space may limit subjects’ ability to effectively use a given message space. Threats of
punishment with Low are available in both treatments but only used in PChat. The preceding
observations suggest that using a limited message space to study how communication affects
cooperation risks missing important features of how communication functions in the more
natural context of a conversation.

We view our work as a complement to field work studying the transcripts of communication
between colluding firms (e.g. Genesove and Mullin 2001). Field data on communication and
collusion comes from firms that were sufficiently successful at colluding to warrant prosecution
and sufficiently indiscrete (or possibly unlucky) to get caught, but in the lab we observe the full
population, including firms who try to collude and fail. The controlled environment of the lab
also alows us to manipulate what types of communication are available to our subjects, for
example turning the ability to renegotiate on or off. Players in the field are presumably fairly
experienced at the game being played, but in the lab we get to see the learning process as
subjects gain experience by playing the game repeatedly. Lab experiments cannot match the
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verisimilitude of field data, but the richness of the data and the ability to study non-naturally
occurring communication structures make them a vauable tool for understanding the
relationship between communication and collusion.

On abroad level our results highlight the importance of making a sharp distinction between
explicit and tacit collusion in anti-trust policy as suggested by Whinston (2006). It is possible to
achieve tacit collusion in the lab, but direct communication makes collusion easier. More
importantly, our experiments point to the types of communication that should be of particular
concern in anti-trust enforcement. Calls for collusion in isolation may not be terribly effective.

What truly mattersislaying out a punishment for failure to stick to a collusive agreement.
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Appendix: One of the central conclusions of our paper isthat the effect of explicit threatsis far
greater than any other type of message in the PChat treatment. Thisrelies on the results of the
PChat regression from Table 4. Table 5 reports regressions testing the robustness this resuilt.

The dataset for these regressions, unless otherwise stated, is all observations from the PChat
treatment where the subjects reached an agreement. The dependent variable is adummy for
whether a player cheated on their agreement. We report parameter estimates, not marginal
effects. Table5 only reports the critical estimate, the effect of receiving an explicit threat, but
full copies of the regression output are contained in the online appendices.

Model 1 repeats the PChat regression from Table 4. In the text we note that the effect of
including controls for sent messages on the estimated effects of received messagesis minimal
(indicating there is little omitted variable bias). This point is confirmed by Model 2 which
removes the controls for sent messages. The parameter estimate for receiving an explicit threat
isslightly reduced, but remains easily significant at the 1% level, and the marginal effect is
slightly reduced to 25% in Model 2 as opposed to 26% in Model 1. While not shown here, the
effect on the other estimates for received messages is also minimal. We believe including the
sent messages is the right choice, especially since the resulting estimates are interesting in their
own right, but our conclusions vis-a-vis received messages are robust to whether or not controls
for sent messages are included.

Another reason the results of Model 1 might not be robust is uncontrolled individual effects.
Model 1 includes multiple features designed to control for individual effects: standard errors are
corrected for clustering at the individual level and controls are included for the player’s behavior
in Rounds 1 — 10 and their opponent’ s behavior in Rounds 1 — 10. Going even further, we can
include fixed effectsin the regression to control for individual effects. Doing thiswithin the
framework of a probit is problematic because many subjects either never or always cheat, so we
move to alinear probability model to avoid dropping large numbers of observations. Model 3
includes fixed effects for the subject making choices and Model 4 also contains fixed effects for
their opponents. In both cases the standard errors are corrected for clustering at the subject level,
correcting for the heteroskedasticity associated with use of alinear probability model. Model 3
drops the control for the player’s behavior in Rounds 1 — 10 since it is collinear with the fixed
effect, and Model 4 drops the control for the opponent’ s behavior in Rounds 1 — 10 for the same

reason. For both Model 3 and Model 4, receiving an explicit threat significantly reduces the



likelihood of cheating. In both cases the estimated marginal effect of receiving an explicit threat
issimilar to the 26% estimated for Model 1. Adding fixed effects does not affect our primary
conclusion that explicit threats are by far the most important type of message in determining
whether players will cheat on a collusive agreement.

A final concern for Model 1 isthat the received messages are endogenous — to be precise,
the recelved messages may be correlated with the error term. The most obvious sources of such
correlation are failure to control for individual effects or the effect of sent messages. We hope
that at this point it is apparent that these are unlikely to cause the estimated effect of receiving an
explicit threat. However, it never hurts to be extra careful. The only channel through which a
subject can affect the messages he receives is the messages he sends, since no other interaction
between subjects occurs prior to Period 1, but a cautious reader could argue that messages
contain nuances that our coding cannot capture so that controlling for commonly coded sent
messages is not sufficient. It can also be argued that because sent messages are potentially
endogenous, the estimates for received messages will be biased. Given that the results for
Models 1 and 2 are quite similar, thisis unlikely, but only an instrumental variables approach can
adequately address concerns about endogeneity. Model 5 therefore presents an “all of the
above” approach to establishing whether there is a causal relationship between cheating and
receiving explicit threats. Thisisatwo-stage least squares model. Asinstruments for the
received messages we use the messages sent by the opponent in the previous round, the messages
received by the opponent in the previous round, and the opponent’ s outcome in the previous
round. We drop any observations where the same subjects were matched for the previous round,
S0 a subject’ s opponent’ s actions and outcomes from the previous round should be uncorrelated
with the subject’s current error term. All Round 11 observations are dropped since there are no
previous round messages to use as instruments. To control for individual effects, fixed effects
areincluded for a subject and his opponent. Once again thisisalinear probability model. No
controls are included for sent messages since these are endogenous.

Model 5 once again yields the result that receiving an explicit threat has a statistically
significant effect on reducing cheating. While this effect is only significant at the 10% level,
explicit threats are the only category of received message with any significant effect. We do not
think that the instrumental variables approach taken by Model 5 is the best way to study the data.
A large percentage of the datais discarded, agreat deal of power islost through the use of
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instruments, and the magnitude of the parameter for explicit threatsisimplausible. Nonetheless,

we feel that it is worthwhile showing that going the extra step of instrumenting for received

messages does not affect our main conclusion: there is a causal relationship between receiving an

explicit threat and cheating on collusive agreements.

Table 5: Alternative Regressions on Effect of Explicit Threatsin PChat

Model 1 Model 2 Model 3 Model 4 Model 5
Subject Fixed Effects u u u
Opponent Fixed Effects u u
IV G
# Observations 626 626 626 626 525
. . Linear Linear Linear
Model Type Probit Probit | o obability | Probability | Probability
Received -.808"" 767 -220 =292 -.602"
Explicit Threat (.310) (.295) (.064) (.084) (.360)

Note: Three (***), two (**), and one (*) stars indicate statistical significance at the 1%, 5%, and

10% respectively.
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Appendices A —E Arelntended for Online
Publication Only

Appendix A: Details of the Econometric Analysis

A.1: Treatment Effects: To confirm the statistical significance of our treatment effects, Table A.1
shows the results of two regressions. For both regressions, the dataset consists of all individual
choices from Rounds 11 — 20. The dependent variable is the Period 1 choice. Given that the
available choices are naturally ordered categories, we use an ordered probit specification (0 =
Low, 1 = Medium, 2 = High). Estimating an ordered probit model requires fitting bins that map
the latent variable in outcomes. The cut points between the bins for different categories are not
reported since these are not of direct interest. All standard errors are corrected for clustering at
the subject level.*
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The two models are designed to answer different questions about the data. Model 1 looks
for differences between treatments. The equation being estimated for the latent variable is
shown above as (A1). The dependent variable is the Period 1 price for subject i in Round t (Py).
To control for changes over time, rounds have been broken down into five categories: category 1
(RdCat = 1) is Rounds 11 and 12, category 2 (RdCat = 2) is Rounds 13 and 14, etc. Use of a
non-linear specification for time is necessary given the non-monotonic time trend in the Pchat
treatment.’” The variables drgca are dummies for the five round categories. The variables dp;,

dric, dpcha, @nd drcha @re dummies for the P1, P1C, PChat, and RChat treatments respectively.

18 Our conclusions are robust to clustering at the session level or fitting a mixed effects model (random effects at the
subject level nested within random effects at the session level).

7 Using categories containing two rounds rather than round dummies makes reporting results more manageable by
reducing the number of parameters and does not affect the conclusions.
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The interactions between dummies are stacked so we get an estimate of the difference between
pairs of treatments in each round category. For example, ¢; estimates the difference between the
P1 and N treatments in round category 1 (Rounds 11 — 12), * ; estimates the difference between
the P1 and P1C treatments in round category 1, ¢ estimates the difference between the PChat
and P1C treatments in round category 1, and ¢, estimates the difference between the PChat and
RChat treatments in round category 1. The variables Ave Perl; and Ave Per2; give the average
Period 1 and Period 2 prices respectively for subject i from Rounds 1 — 10. These averages are
calculated setting O = Low, 1 = Medium, and 2 = High. These variables are included to better
capture the individual effectsin the data.

The results of Model 1 (the model studying differences between treatments) strongly
support the existence of treatment effects on Period 1 choices. With one exception, al of the
pairwise comparisons of treatments for a two round block are statistically significant at least at
the 5% level and generally at the 1% level.®® The sole exception is that the initial difference
(Rounds 11 — 12) between the PChat and RChat treatments is not statistically significant. The
control for average Period 1 price in Rounds 1 — 10 is statistically significant, consistent with the
existence of strong individual effectsin the data. Thereis no statistically significant relationship
between Period 2 pricesin Rounds 1 — 10 and Period 1 pricesin Rounds 11 — 20.

5 5
o]

5
R=a+ @ (Drcalucatn)* @ (Trcabicade)t @ (V rcabkocalec)
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(A2) . .
+ a (hRdCaIdeCaIdPChat ) + a (anCathdCathChaI ) +j AVE_ I:)er:l'| + gAver — Per 2i + elt
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Model 2 looks for changes within treatments over time. The most important question this
model addresses is whether the dip and recovery in Period 1 prices for the PChat treatment is
statistically significant. The equation being estimated is shown in (A2). The dependent variable
has not changed from Model 1, and Ave Perl; and Ave Per2; are defined asin Model 1. The
variables dy, dp1, dric, dpcha, @nd drcha are dummies for the N, P1, P1C, PChat, and RChat
treatments respectively. The primary change from Model 1 comes in how the round category

dummies are defined, reflecting Model 2's goal of studying changes over time rather than

18 Within around category, this also holds for the pairwise comparisons that are not explicitly madein Model 1
since the treatments have been stacked from lowest to highest Period 1 prices.
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differences between treatments. The variable ¢rgcy IS @ dummy for all observation from that
round category and subsequent rounds. Thus, ¢; isadummy for Rounds 11 — 20, ¢, is a dummy
for Rounds 13 — 20, *3 isadummy for Rounds 15 — 20, and so forth. The dummies are set up to
estimate the difference in Period 1 play between two consecutive round categories for the same
treatment. For example, ; estimates the difference between round category 1 of P1 treatment
and the base (round category 1 of the N treatment), *, estimates the difference between round
category 1 (Rounds 11 — 12) and round category 2 (Rounds 13 — 14) for the P1 treatment, 3
estimates the difference between round category 2 (Rounds 13 — 20) and round category 3
(Rounds 15 — 16) for the P1 treatment, and so on. The ¢, ¢, and ¢ parameters measure
equivalent differences for the P1C, PChat, and RChat treatments.

Looking at the results for Model 2, studying changes over time, the most important issue is
whether the u-turn in the PChat treatment is statistically significant. The decline between round
categories 1 (Rounds 11 — 12) and 2 (Rounds 13 — 14) is statistically significant at the 5% level
and there are smaller (and not statistically significant) declines between round categories 2 and 3
and round categories 3 and 4. The difference between round category 1 (Rounds 11 — 12) and
round category 4 (Rounds 17 — 18) is statistically significant at the 1% level.® The downward
trend then reverses, as the increase between round categories 4 (Rounds 17 — 18) and 5 (Rounds
19 — 20) is statistically significant at the 1% level. Both the initial decline in Period 1 prices for
the PChat treatment and the following recovery are statisticaly significant changes. If we
compare Period 1 prices for round categories 1 and 5 in the PChat treatment, the difference is not
statistically significant.?’ By the end of the experiment, Period 1 prices in the PChat treatment
have returned to the levels reached immediately following the introduction of communication.
Turning to the other treatments, decreases in Period 1 prices are statistically significant at the 5%
level in all round categories for the P1 and P1C treatments. Thus, even though Model 1 indicates
there remain significant differences between the N, P1, and P1C treatments for Rounds 19 and
20, we fedl confident in stating that play has not converged in the P1 and P1C treatments and

hence these differences would probably not persist if the experiment ran for more rounds. The

19 We use avariant on Model 2 to estimate the change between round categories 1 and 4 for the PChat treatment.
The parameter estimate for the difference is -.496 with a standard error of .149.

% Using avariant on Model 2 to estimate the difference between round categories 1 and 5 for the PChat treatment,
the parameter estimate for the difference is .026 with a standard error of .148.
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RChat treatment shows aweak increase in Period 1 prices. If we compare Period 1 prices for the
round categories 1 and 5, the difference is statistically significant at the 10% level

A.2: Effect of Message Types. Equation A3 shows the full specification estimated in Table 3 of
the main text, with Cheat;; giving the latent variable, where i indexes subjects and t indexes
rounds. Received;“® is the variable for subject i receiving a message coded under category “Cat”
in Round t and Sent;“® is the variable for subject i sending a message coded under category
“Cat” in Round t. The variables dyiedium and diow are dummies for agreements to play Medium or
Low, respectively, in Period 1. Agreement to play High is the excluded category. The variables
denoted (droung) @re dummies for each round, with the dummy for Round 11 as the excluded
category. The subject’s average Period 1 price in Rounds 1 — 10 is given by Ave Perl; and the
average Period 1 price in Rounds 1 — 10 of their opponent in Round t is given by
Ave_Opponent_Perl;;.

10

Cheatit =a+ é (bRounddRound)+ é (rCatReCdV itCat +SCat$‘]di?aI)
(A3) Round=2 Catl

included categories

+ Ay 1 D, +J Ave_Perl + gAve_Opponent _ Perl, +e,

Table A.2 shows the full version of Table 5 from the appendix in the published text. Table A.3
isthe equivalent table for the RChat treatment.
(Insert Tables A.2 and A.3 here)

% The parameter estimate for this difference is .495 with a standard error of .267.
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Appendix B: Full List of Codes
This appendix shows the original list of codes that was given to the coders. Notesin square

brackets discuss interpretations of the codes and changes that were made after the coding process

had started.
Period 1 Codes

1. Proposal of Action
a. Proposed Action period 1
i. BothA
ii. BothB
iii. BothC
b. Proposed Action period 2
i. D
i. E
iii. F
2. Response to Proposal
a. Disagreement
b. Weak Agreement
c. Clear Agreement
[We initially hoped to distinguish the intensity of agreement with proposals. We abandoned
thiswhen it became clear that there was no valid way to make this distinction. Thefinal version
of the coding combined 2b and 2c into a single category for agreement.]
3. Proposed Threats
a. Nonspecific Threat
b. Concrete Threat with Medium
c. Concrete Threat with Low
d. Mutual Threat
e. Explicitly non-contingent
4. Response to Proposed Threats

a. Disagreement
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b. Weak Agreement
c. Strong Agreement
d. Extension to Mutua Threat
e. Request for explanation
[Categories 4b, 4c, and 4d were combined into a single category asit proved too difficult to
distinguish between the varying degrees of agreement.]
5. Request for Proposals
6. Explanation
a. Inreference to own proposal
. In reference to other’s proposal
In reference to own proposed threat
. In reference to other’ s proposed threat
Appeal to mutual benefits
Appeal to “fairness’
. Discussion of incentive to cheat
. Safety or risk
i. Specific reference to payoff table

- Qo O T

o0 Q

J. Explanation of contingencies
7. Cheating
a. Weak Cheating
b. Clear Cheating
c. Strong Chesating
[Thiswas not a coding category per se. To help usidentify interesting dialogues, we asked
the coders to keep track of cases where they thought somebody had cheated on an agreement,
with subcategories for the intensity of cheating. Thisis not the variable used to measure
cheating in the analysis contained in the main text. See the main text for a description of how
cheating was measured.]
8. Boredom
9. Trust and Fairness
a. Indicating that you should be trusted
b. Indicating that you trust the other person
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Indicating that you do not trust the other person
. Appeal for mutual trust
Appeal for trustworthy behavior

- o o O

Appeal to fairness

10. Past Play

Reporting about having been cheated

. Self-reporting about past own behavior
Judgmental comments about others' behavior
. Agreement about judgmental comments
Sympathy

- 0 o 0 T o

Inaccurate reporting

Period 2 Codes

11. Comments on Previous Period

Positive feedback after first period cooperation

. Positive feedback after both deviate first period
Apology for cheating

. Suggesting to cheat in future rounds to make up for loss
Rationalizing cheating

Clarifying whether deviation was deliberate or accident

- 0 o 0 T o

. Admonition for cheating

(o]

h. Admonition for lying
[Categories 11g and 11h are not well distinguished, so we have combined them into asingle
category for purposes of analysis.]

12. Proposal of Action (period 2)
abDbD
b. E
c. F

13. Response to Proposal

a. Disagreement
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b. Weak Agreement
c. Clear Agreement
d. Mutual Statement of Same Action
[Categories 13b, 13c, and 13d were combined into asingle category asit proved too
difficult to distinguish between the varying degrees of agreement.]

14. Promise not to liein period 2
15. Request for Proposals
16. Explanation

In reference to own proposal

. In reference to other’s proposal

Appeal to mutual benefits

. Pointing out that there are no cheating incentivesin period 2
Appeal to “fairness’

Appeal that past play does not matter

Statement that punishment results from first period behavior

- ®0 o 0 T o

> @

. Absence of reasons for punishments
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Appendix C: Derivation of the TPBG from an Infinite Horizon Game

The game played in the first period is based on a standard model from oligopoly theory, a
symmetric Bertrand duopoly with homogeneous goods. The game is simplified by only allowing
three prices: Low (L), Medium (M), and High (H). Let *' be industry profits if demand is served
at pricei, and assume " > oM > ¢t >0and ¢t > «M/2 > «M/4. The following matrix (with player
1's strategies being the rows and player 2's strategies the columns) shows the payoffs for the
Period 1 game:

Player 1 payoffs L M H

o L L

(y AR
M 0 2 p

H 0 0 =2

The unique Nash equilibrium of the game shown in (C1) is (L,L). In a typical collusion
game we would model the competition between firms as an infinite repetition of the stage game
shown in (1), with future payoffs discounted by the discount factor <. Such an infinite horizon
game would yield a continuation game with an infinite number of strategies. To reduce the
strategy space while still capturing the essential features of the infinitely repeated game, we
instead use the pay-off matrix shown in (C2) for the continuation game, where s ' = (+/(1 — *))*(
+'/2) and  is the discount factor. The rows are player 1's strategies and the columns are player

2's strategies.
player 1 payoffs L M H
2 L PY dp*+P'] dlp‘+P"]
M P " pM dp" +P"]
H aP "t Pt p"

Given the definition of ', the payoff matrix in (C2) has three equilibria, in each of which
the players choose the same strategy. These equilibria are Pareto ranked with (H,H) being the
Pareto dominant equilibrium.

The second period game is derived from the matrix of continuation profits of the infinitely
repeated version of (Cl) when players are restricted to symmetric stationary equilibrium

strategies in which players play the same pair of symmetric actions forever. In the infinite
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horizon version of (C1) the optimal punishment is to revert to play of (L,L) forever. Hence, the
worst equilibrium in (C2) corresponds to the optimal punishment of the infinite horizon game.
The payoffs on the diagona of (C2) then correspond to the discounted payoffs from the three
strongly symmetric stationary equilibria that can be sustained with a threat to revert to the
optimal punishment equilibrium. The off-diagonal payoffs give the discounted payoffs following
a deviation in the second period (i.e. the first period of the continuation game) followed by the
most severe punishment equilibrium: If a player is cheated and therefore has a higher price than
the other player, he earns zero payoffs in the first period of the continuation game and «"/2
thereafter. If aplayer deviates and undercuts a symmetric equilibrium at price H (M), he receives
the industry profit «™ (+M) in the first period of the continuation game and then «-/2 forever. The
payoff matrix in (C2) can therefore be interpreted as a reduced form of the infinite horizon game
when attention is restricted to the symmetric optimal punishment equilibria. This is the set of
equilibriathat is often analyzed in applications of collusion theory in industrial organization.

We assume that the incentive conditions are satisfied so that {(L,L),(L,L)},
{(M,M),(M,M)}, and {(H,H),(H,H)} are subgame perfect equilibrium outcomes of the TPBG if
players play (L,L) in the second period after any deviation in the first. Colluding at either M or
H in Period 1 is therefore feasible, allowing us to detect whether communication leads to full
collusion or not.

The two stage game used in the experiments is obtained by setting «- = 78, «™ = 138, «" =
168, « = 2/3, and subtracting a fixed cost of 24 from all payoffsin every period.
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