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Abstract

Intertemporal cooperation typically involves players taking turns as the active participant undertaking
a particular task. A laboratory experiment is used to determine if subjects can cooperate on a turn
taking outcome using a multiperiod signaling device. The primary �nding is that the signals sent are for
a particular type of turn taking equilibrium but that groups of four still have a di¢ cult time coordinating
actions. Some groups of two and three are able to use the signaling device to achieve intertemporal
cooperation.

1 Introduction

In many games, such as the Prisoner�s Dilemma or stag hunt, individuals can raise payo¤s by choosing to
cooperate on a non-stage game equilibrium outcome or the Pareto e¢ cient equilibrium of multiple equilibria.
This cooperation, however, occurs within-period in that all players are better o¤ in the current period by
cooperating than they would be by choosing not to cooperate. Unlike within-period cooperation, intertem-
poral cooperation requires individuals to view the repeated game as a whole in order to increase payo¤s
and typically requires that some individuals forgo earnings in the current period so that they may receive a
higher payo¤ in future periods as well as a higher total payo¤.
A turn-taking strategy (TTS) is a strategy in which players take turns as the active participant under-

taking a particular task. Turn-taking is a pattern that is present in many aspects of life. An early study
of turn-taking in conversation is provided by Sacks, Scheglo¤, and Je¤erson (1974).1 Mitchell and Silver
(1990) show how turn-taking is more apt to arise under cooperative goal settings rather than individual goal
settings. Colman and Browning (2009) show how turn-taking may have evolved without the use of language
as an aid. Kaplan and Ru­ e (2005) also provide examples of personal exchange in which players take turns,
including drivers merging from two lanes into one and siblings alternating who sits in the front seat of a
car. In an impersonal exchange or market setting, this alternating may mean that �rms take turns being
the active participant in the market. Consider the following story:

Je¤rey Katzenberg, a Dream-Works co-founder, who is also a friend of Mr. (Harvey) Wein-
stein, said in an interview today that he had breakfast with Mr. Weinstein last week in New
York to discuss their respective movies�release dates and joked that they settled their di¤erences
after the two ate wa­ es, and later �stayed up late telling manly stories.�
All kidding aside, he agreed that the decision was based more on economics than breakfast

food and bonding. �He and I had many conversations about why releasing the movies on the
same day was in none of our interests,�Mr. Katzenberg said. �It was an uncomfortable situation
as both companies have a big investment in Leo DiCaprio.�
Laura Holson, New York Times, pg. C1, October 11, 2002

�I would like to thank Craig Depken, Mark Isaac, Tim Salmon, and Larry White, as well as seminar participants of Florida
State University�s experimental economics seminar and George Mason University�s ICES Lecture Series, for helpful comments.
Funding for the experiments was provided by the John and Hallie Quinn scholarship (Florida State University), IFREE (George
Mason University), and UNC Charlotte�s Belk College of Business. I claim responsibility for any remaining errors.

1A review of techniques for studying the organization of conversation, including turn-taking, can be found in Roulston
(2006).
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The quotation above is in relation to two Leonardo DiCaprio �lms, Gangs of New York and Catch Me
if You Can. Both were scheduled to open on Christmas Day 2002. In the end, Mr. Weinstein altered
his release date and Miramax chose to release Gangs of New York just �ve days earlier, on December 20th.
Perhaps the most famous example of a TTS in the industrial organization literature is the �phases of the
moon�bid rotation scheme employed in the electrical switchgear industry in the middle of the 20th century.
According to Scherer (1970), this scheme involved:

...dividing the United States into four quadrants, assigning four sellers to each quadrant, and
letting the sellers in a quadrant rotate their bids. A �phases of the moon�system was used to
allocate low-bidding privileges in the high voltage switchgear �eld, with a new seller assuming
low-bidder priority every two weeks pgs. 159-161

While both examples show overt discussion, it is possible that business practices, such as announcing
product release dates, could serve as a means of facilitating coordination of this type.2 Note that there is
a distinct di¤erence between a verbal discussion and a signaling device such as announcing product release
dates. With a verbal discussion one can convey both the strategy and the rationale for that strategy; with
a non-verbal signal, one can only convey the strategy and hope that the rationale is inferred by others. The
focus in the current study will be to use an economic experiment to determine if participants can use a
multiperiod signaling device, similar to nonbinding announcements of product releases, to facilitate the use
of a TTS. The experiment is formulated as a choice between two options, entering and remaining out, with
per period payo¤s determined by the entry decision and how many other participants entered that period.
Note that the only method to increase pro�t is through intertemporal cooperation, which gives the TTS its
best chance at occurring as within-period methods of cooperation are removed.
In addition to providing an experimental test of the conditions necessary for the use of a turn-taking

outcome (TTO) to arise, this paper also extends the literature on how signaling devices a¤ect the possibility
of cooperative (or collusive) outcomes. Prior experiments, discussed in more detail in section 2, show that
one period ahead pre-play signaling can lead to more cooperative outcomes when the actions taken lead
to cooperation within the current period. Other experiments allow face-to-face or interface-to-interface
communication, which is typically required to achieve intertemporal cooperation. Whether this is due to
the ability to signal the intertemporal strategy or to the ability to convey the rationale of the strategy is an
open question. The introduction of a multiperiod signaling mechanism in the current study allows subjects
to communicate intertemporal strategies during each period of play. The focus of the study is only on the
signaling aspect of communication, not the conveyance of rationale aspect.
Group size, payo¤s to entering the market, and the ability to signal are varied in the experiment. Con-

sistent with prior experimental research, the results show that two player groups are able to coordinate fairly
well from the beginning of the experiment as long as the opportunity cost to miscoordination is low, mixed
results for three player groups, and little coordination among four player groups. Also, holding group size
constant, more coordination occurs in the treatments with lower opportunity costs of coordination attempts.
When the signaling device is not available, there is less coordination in the groups. When groups are able
to coordinate, they coordinate in a speci�c manner by alternating entry in a set sequence. The use of the
multiperiod signaling device varies in a similar manner, with more usage the lower the number of players in
a group as well as the lower the opportunity cost of coordination attempts. There are some instances among
two and three subject groups where groups were not able to coordinate at the beginning of the session but
were able to use the signaling device to overcome their miscoordination.
Section 2 discusses prior results from single-shot and repeated game coordination experiments as well

as repeated game market experiments. A brief overview of theoretical support for the TTO is presented in
section 3 and the experimental design is presented in section 4. Section 5 presents aggregate results of the
experiment as well as econometric results at the individual and group level. Section 6 concludes.

2 Prior Experimental Research

There is a wealth of literature on the e¤ects of communication and pre-play signaling in games which require
within-period cooperation, such as in stag hunt games or the Prisoner�s Dilemma, as well as the e¤ects of

2See Grether and Plott (1984) for early experimental work on the ability of advance notice of price changes to foster collusion.
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communication in market experiments. Cooper, et al. (1992) use one-way and two-way communication in an
attempt to alleviate coordination problems in simple and cooperative coordination games. They �nd that
while one-way communication alleviates the coordination problem in the simple coordination game, two-way
communication removes nearly all coordination failures. However, in the cooperative coordination game,
which includes a dominated strategy, they �nd that one-way communication shifts the bulk of play from a
low payo¤ equilibrium to a higher payo¤ equilibrium, but that two-way communication causes a mixture of
play among the equilibria.
In a minimum e¤ort game with no communication, Van Huyck, Battalio, and Beil (1990) observe that

subjects do not coordinate on the high e¤ort strategy despite the fact that their incentives are aligned to
do so. Furthermore, play converges towards the minimum e¤ort level within four periods. Van Huyck,
Battalio, and Beil (1991) run experiments using a median e¤ort game, and �nd that subjects are also unable
to fully coordinate on equilibrium strategies. Blume and Ortmann (2007) add pre-play communication
to the minimum and median e¤ort games in Van Huyck, et al. (1990) and Van Huyck, et al. (1991) by
allowing subjects to send a non-binding signal of their intended play next period. They �nd that allowing
the signals greatly facilitates coordination, even for groups greater than size 2. Du¤y and Feltovich (2002)
examine the impact of history of play and pre-play communication in the prisoner�s dilemma, stag hunt, and
chicken games. They �nd that adding either a history of play or pre-play signaling increases the amount of
coordination, although the history of play performs better than pre-play communication in games such as the
prisoner�s dilemma, where players have con�icting interests. These papers show that cheap talk signaling
can induce more coordination by subjects. However, the type of cooperation in most of these experiments
is fundamentally di¤erent than when subjects can only increase total payo¤ by forgoing a higher payo¤ in
the current period.
A number of studies have examined behavior in environments in which a TTO may be a viable equilibrium

in the repeated game. Cooper, et al. (1989) study one-way and two-way communication in single shot
Battle of the Sexes games. The pre-play communication allows subjects to send a signal of which action
they will take, but is not free-form. They �nd that one-way communication is the most e¢ cient means of
coordination but that two-way coordination still increases coordination, more so when multiple rounds of
two-way coordination are allowed. Du¤y and Hopkins (2005) study the market entry game of Selten and
Guth (1982) in which there are N subjects who must decide to enter a market or not each period, and there
is a capacity c < N such that if the number of entrants is greater than c the entrants earn less than those who
do not enter. Setting N = 6 and holding c constant throughout 100 periods of their experiment, they �nd
that the number of entrants is close to c each period, though the identity of the entrants changes throughout
the session. In a full information treatment in which subjects can see the decisions of all subjects in their
group they �nd some subjects always entering and some always staying out. They note that no groups were
able to coordinate on the joint pro�t-maximizing level of pro�ts, which is a turn-taking outcome.
Studies closer to the current one include Dickhaut, et al. (2002) and Kaplan and Ru­ e (2005). In

Dickhaut, et al. (2002), a pair of subjects play a Shapley game, which has only a mixed strategy Nash
equilibrium to the stage game. However, the payo¤s to the mixed strategy Nash equilibrium are much lower
than those that can be obtained if the subjects coordinate intertemporally. The authors �nd that allowing
interface-to-interface communication via chat room greatly increases intertemporal coordination for subjects.
Kaplan and Ru­ e (2005) focus on an entry game where subjects receive a private value draw each round
and propose that subjects may use either a cuto¤ strategy or an alternating strategy. The cuto¤ strategy
occurs when subjects enter only when the private value is greater than some threshold while the alternating
strategy is akin to the TTS. Using 2-subject groups they �nd that when the percentage di¤erence between
the upper and lower bound of the value distribution is large subjects use the cuto¤ strategy but that when
the percentage di¤erence is small subjects use an alternating strategy.
Sibly, Tisdell, and Evans (2015), and Bjedov, Madies, and Villeval (2016) focus speci�cally on how

communication a¤ects turn-taking behavior. Sibly, Tisdell, and Evans (2015) focus on behavior in three
�nitely repeated games that use cheap talk communication. They �nd that turn-taking arises in both an
allocation game (in which turn-taking is one of multiple equilibria) and in a dominant strategy equilibrium
game (in which it is not). Free-form cheap talk communication reduces behavior consistent with competitive
preferences in the dominant strategy equilibrium game and fosters turn-taking. Bjedov, Madies, and Villeval
(2016) investigate behavior in a two-stage coordination game with asymmetric payo¤s. In their setting, turn-
taking may resolve the con�ict that arises from the asymmetric payo¤ structure and allow players to earn
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maximum payo¤s. Treatments with one-way and two-way free-form communication are conducted. A the
beginning of the communication sessions, about 80%-85% of the groups are taking turns and by the end of
those sessions between 90%-98% of groups are taking turns. In contrast, only about 50% of the groups in
the treatment without communication begin by turn-taking, and only 70% are taking turns at the end of the
treatment. Thus, communication enables turn-taking to develop more quickly, and helps sustain turn-taking
throughout the session.
In market experiments, instances of group behavior consistent with the TTO occur at least as early as

Fouraker and Siegel (1963). In one of their quantity choice experiments, two subjects settle on a TTO where
they alternate producing 25 units and 8 units each round. This occurs without any discussion on the part
of the subjects. Instances such as these are scattered throughout market experiments, particularly when
subjects are allowed free-form communication. In the Davis and Holt (1998) posted-o¤er environment with
secret discounts, a group of subjects discusses possible collusive strategies and settle on a TTO despite the
fact that increasing marginal costs of production cause the TTO to provide lower payo¤s than other collusive
strategies. In the posted-o¤er environment of Isaac, Ramey, and Williams (1984), one group settles on a
rotation scheme where one of the four sellers will remain inactive each period, allowing each of the other
three sellers to sell one unit of the good.
There are also TTO results in the auction literature. Using sealed bid auctions, Isaac and Walker

(1985) and Davis and Wilson (2002) provide evidence that some groups will attempt to form a TTO when
allowed to communicate, even if such TTO formation is ine¢ cient. Kwasnica and Sherstyuk (2007) study
collusion in multiple unit auctions with complementarities and �nd a result similar to the TTO. When
complementarities were large, bidders would take turns submitting the minimum bid in each round to avoid
competing away the complementarity.
These prior experiments show the prevalence of intertemporal cooperation in both stylized normal form

games and market experiments. In addition, anecdotal evidence, such as that about the two Leonardo
DiCaprio �lms mentioned in the introduction, suggests that this type of cooperation is not con�ned to the
laboratory. Given the abundance of situations in which turn-taking outcomes may occur, further study is
needed to determine which outcomes are chosen and what devices are needed to coordinate upon a particular
outcome.

3 De�ning the Turn Taking Outcome

Simply stated, the TTO occurs when players take turns as the active party undertaking a particular task.3

However, there are many di¤erent manners in which players could choose to take turns. The most basic
among these is that players take turns in a set order and then once all players have taken a turn the �rst
player takes another turn. A 3-player example would be 1, 2, 3, 1, 2, 3, etc. Call this the alternating
sequential entry (ASE) outcome. Another possible TTO would have participants take turns in a set order
and after all participants have entered once they then enter in reverse order. A 3-player example would be
1, 2, 3, 3, 2, 1, 1, 2, 3, etc. There are more elaborate outcomes where one participant might enter for a few
consecutive periods and then others follow suit by entering in the next set of periods. A 3-player example
would be 1, 1, 2, 2, 3, 3, 1, 1, etc.
In an in�nitely repeated game, all of these TTOs can be supported as subgame perfect Nash equilibria

provided that the discount rate is high enough. Suppose there are k players. Let �mi;t be the payo¤ to a
single player i being the active participant at time t and �ki;t be the payo¤ to each player i if all k players are
active at time t. Let �di;t be the payo¤ if a player deviates from the TTO, which occurs if a player is active
during a time period in which it is another player�s turn to be active. Assume �mi;t > �

k
i;t, �

d
i;t > �

k
i;t, and

leave the relationship between �di;t and �
m
i;t unspeci�ed. Should a deviation be observed, all players choose

to be active each period (Nash reversion) for the remaining time periods. Let � 2 [0; 1) be the discount
rate. For all TTS outcomes where participants have an equal (or potentially in�nite) number of turns, it
can be established that a discount rate �� 2 [0; 1) exists for each TTO such that the particular TTO can be

3Lau and Mui (2008) derive conditions under which turn taking increases welfare in Battle of the Sexes games. Leo (2017)
takes a mechanism design approach to analyze turn-taking behavior, with possible swaps of turns.
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supported as a subgame perfect Nash equilibrium as long as:

�mi;t � k�ki;t 8 i 2 (1; 2; :::; k) (1)

Proposition 1 If equation (1) is satis�ed for all players, then a discount rate �� 2 [0; 1) exists for each turn
taking outcome such that the particular set of strategies leading to each turn taking outcome is a subgame
perfect Nash equilibrium.

Proof. For speci�c payo¤s and turn-taking sequences, as in the experiment, one can appeal to a Folk
Theorem argument. More generally, the Limit of Means criterion (see Aumann and Shapley, 1994 and
Osborne and Rubinstein, 1994) is not sensitive to a change in payo¤ in a single period nor the position of
when �mi;t is received and can be used to establish the existence of a �

� 2 [0; 1).
While it is an open question as to which TTO individuals would choose to coordinate their actions, prior

experimental research discussed in section 2 shows that the ASE rotation strategy is the most commonly
used in laboratory experiments. This choice is in spite of the fact that a rotation system which reverses
the order every round (call this a �reversal rotation�) leads to a more equitable distribution of payo¤s when
payo¤s are discounted.4 Note that there is no particular TTO which is preferred by all players because all
players prefer the particular TTO in which they receive payo¤s �rst relative to other TTOs. For instance,
player 1 in a 2-subject TTO will always prefer a TTO which follows the 1,2,1,2 pattern to the one which
follows 1,2,2,1 while player 2 prefers the opposite. The parameters used in the experiment permit many types
of turn taking outcomes; a further discussion of the viability of each type is discussed after the experimental
payo¤s are presented in section 4.
The focus thus far has been on a group of k individuals forming a full group TTO. Depending on the

number of participants and the payo¤ structure it may be possible that n < k individuals form an n-person
TTO. Suppose one individual, for whatever reason, chooses to be active every round. The remaining k� 1
individuals could then form a k � 1 person TTO, as long as equation 1 is satis�ed for the group of k � 1
individuals. While this will lead to a less equitable division of payo¤s as the person who is not part of the
rotation will receive a higher payo¤, it is still possible that these reduced participation TTOs form as the
members of the rotation will be better o¤ than if they had not formed the TTO.
There are many possible equilibria in the repeated game described, leading to a question of which equi-

librium will arise. Further, the game requires sophistication beyond that of typical cooperation in games
in that cooperation must occur intertemporally and by individuals choosing di¤erent actions. Thus, con-
sider how a cheap talk signaling game may aid the individuals in coordinating on a particular equilibrium.
Because cooperation can only occur intertemporally, allowing a single period signal will be less likely to
help than allowing a multiple-period signal that can convey the speci�c form of turn-taking a participant is
considering.
Without signaling individuals can only condition their coordination attempts on how play has unfolded

up to a point in time and hope the other group members will do the same. Also, there is no ability to
communicate desired future play to other group members. Unless the individuals randomly coordinate on
a particular equilibrium at the beginning of time, it will take longer for a stable TTO to develop without
signaling than with signaling. Also, the signals sent can con�rm that the actions taken by other participants
are purposeful; without the signals a participant might believe that those individuals choosing to be inactive
are irrational or are making decisions randomly.5

4 Experimental Design

The experiment is designed to determine if multiperiod signaling, without free-form communication, can
enable turn taking outcomes. The experiment is a choice experiment where subjects choose either �A�
(meaning enter the market) or �B� (meaning to stay out of the market) during a period. Payo¤s are

4 In many fantasy sports drafts this type of rotation system, called a snake draft, is used to equalize the distribution of talent
across teams. Brams and Taylor (1999) discuss balanced alternation, which is similar to this type of rotation system, though
slightly more complex.

5Even with the signals participants may believe others are not acting purposefully but the signals, along with the actual
play, would provide other players with both a plan of action as well as the follow up on that plan.
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1 entrant 2 entrants 3 entrants 4 entrants Stay Out
4N, 3N, 2N 3600 1600 900 576 100
4E 3150 1150 450 126 100
3E 2900 900 200 � 100
2E 2200 200 � � 100

Table 1: Payo¤s to entrants, in ECUs, under various treatments.

structured such that the Nash equilibrium of the stage game is for all subjects to enter the market. Subjects
participated in �xed groups for the duration of the session.
In some treatments each subject is able to send nonbinding signals to all subjects in the group. These

nonbinding signals are binary, with a 1 corresponding to choosing option A and a 0 corresponding to choosing
option B. Signaling decisions are made simultaneously and prior to any subject making a choice of A or B
for the period. Once all subjects have submitted their signals they are displayed to all group members while
they make their entry decision for that period..
These signals could be sent for the upcoming 10 periods. Thus, in period 1 subjects can send signals for

periods 1-10; in period 2, subjects can send signals for periods 2-11; etc. Note that the default is that all
signals are set to 0, so that a subject must deliberately change the signal if he wishes to convey a message of
choosing A for a particular period. As an aid to subjects who might desire to be consistent in their signal
sending, the signal they sent in the prior period for each of the following periods is recorded on the screen
for them. Thus, in period 2, the signals sent in period 1 for periods 2-10 are presented on the screen for the
subjects.
In addition, subjects always had a history of entry decisions for their group members displayed on the

screen, regardless of whether it was the signal sending stage or the entry decision stage. The history of entry
decisions is included to provide a further aid to subjects in achieving the joint pro�t maximizing outcome.
Given that cooperation must occur intertemporally, a history of which players entered and when they entered
is a useful aid to help minimize errors.
There are two principal treatment variables, creating six possible treatment cells. The �rst variable is

the number of subjects in a group, with either 2, 3, or 4 subjects in each group. The second variable is the
payo¤ to the subjects. In the no entry cost treatments, payo¤s are based upon the pro�t from a k-player
Cournot model with linear demand, where k is the number of players who enter each period. Note that
payo¤s are denominated in Experimental Currency Units (ECUs). In the entry cost treatments, a �xed
amount is subtracted each period a player chooses to enter. The entry costs are set at 450, 700, and 1400
ECUs. The entry costs are set so that when all players in a group enter the opportunity cost of staying out
is very low (either 100 or 26 ECUs). If a subject chose NOT to enter the market in a particular period then
he receives 100 ECUs regardless of the decisions of the other subjects.6

Table 1 shows the payo¤s in ECUs to those subjects who enter the market under the various treatments.
The treatments are referred to as 4N, 3N, 2N, 4E, 3E and 2E where the number stands for the number of
subjects in a group while the letter N corresponds to the treatment with no entry costs and E corresponds
to the treatment with entry costs. In addition, control sessions without the signals are conducted using
the payo¤s from the entry cost treatments. These sessions are labeled 2E-NoSignal, 3E-NoSignal, and
4E-NoSignal.
In total, 5 groups completed the 2E, 2N, 3N, and 4E-NoSignal sessions; 4 groups completed the 3E, 4E,

3E-NoSignal, and 4E-NoSignal sessions; and 6 groups completed the 4N session. A �fth session of subjects
in the 4E treatment terminated after 14 periods due to hardware problems; this group is not included in the
data analysis that follows. The exchange rate was 5000 ECUs for US$1 for the no entry cost treatments and
4000 ECUs for US$1 for the entry cost treatments.

4.1 Experimental Procedures

The experiment was programmed and conducted with the software z-Tree, described in Fischbacher (2007).
Subjects were seated at visually isolated computer terminals and were randomly and anonymously placed

6The choice of 100 ECUs instead of 0 ECUs re�ects a general opportunity cost for participating in the experiment.
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3-subj 2-subj Full entry
4N 600 500 576
4E 450 275 126
3N � 850 900
3E � 500 200

Table 2: ECU payo¤s per period for reduced participation TTOs

into groups of 2, 3 or 4 depending on the treatment. Subjects knew the total number of members in their
group and were told that while the other members of their group would remain anonymous, they would
remain the same throughout the duration of the experiment. They were also told that the experiment
would last at least 80 periods, and that after 80 periods there was an 85% continuation probability after
each additional period. This randomly determined endpoint provides the stimulus to ensure that subjects
do not view the game as one with a �xed endpoint. Initial sessions were run using undergraduates at
Florida State University, and subsequent sessions used undergraduates from George Mason University and
UNC Charlotte. Average cash payouts were $22 for a 30-120 minute experiment.

4.2 Predictions and hypotheses

Payo¤s are structured such that full group turn taking is an equilibrium for all treatments. Yet there are
multiple TTOs that could arise in this setting and theory provides little guidance as to which will arise.
However, prior experimental results suggest that if a TTO occurs it will be the one using the ASE rotation.
Comparing a reversal rotation with that of ASE rotation, given the experimental payo¤s, the highest discount
rates for any player in a particular group size and for a particular payo¤ structure occur when using the
reversal rotation. While there is some di¤erence, note that there is not much di¤erence between the discount
rates holding group size and payo¤ structure constant. Another factor as to why ASE rotation may be more
prevalent is that it involves the smallest repeated sequence of numbers. In a 3-person group ASE rotation
would require repetition of a sequence of three numbers (123,123,123), while other types of TTOs would
require more than three. Reversal rotation requires repetition of a sequence of six numbers in a 3-person
group (123321,123321).7 The �rst hypothesis is:
Hypothesis 1: If players settle on a TTO, it will be the one using the ASE rotation.
The tendencies of individual participants may make full group turn taking di¢ cult. Thus, subsets of the

groups may form reduced participation TTOs. However, it is not always pro�table for reduced participation
TTOs to form in equilibrium, particularly in the no entry cost treatments. Table 2 shows the average payo¤s
per period in ECUs if subjects play the stated reduced participation TTO, assuming the subjects not playing
the TTO are always entering. In the no entry costs sessions, reduced participation TTOs are unlikely as the
only reduced participation TTO more pro�table than the minimum guaranteed amount from entering is a
3-subject TTO in the 4N session. Even in that treatment, average per period pro�t is only 24 ECUs greater
from participating in the 3-subject TTO than the minimum per period pro�t from always entering. In the
entry cost treatments, reduced participation TTOs are more likely to form as they all yield at least double
the minimum pro�t one could receive from always entering. The second hypothesis is:
Hypothesis 2: Cooperation will be higher in the entry cost treatments as it is possible to form reduced

participation TTOs if full group TTO formation fails. Additionally, the opportunity cost of choosing to not
enter is reduced in the entry cost treatments.
While theoretical models assume perfectly rational players can coordinate on an equilibrium from the

beginning of the game, prior experimental research suggests that achieving a TTO will become more di¢ cult
as the number of players in the game increases. The third hypothesis is:
Hypothesis 3: Cooperation and TTOs will be more prevalent in treatments with smaller numbers of

participants, all else equal.
Additionally, achieving any TTO can be a di¢ cult task. Face-to-face or interface-to-interface communi-

cation would certainly help players reach this outcome, but the goal is to determine which players recognize

7Note that this is true of all other patterns, not just reversal rotation. The goal is to state reasons why ASE rotation might
be used more frequently and reversal rotation is simply used as an example for other TTOs that could form.
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Session 1-entrant 2-entrants 3-entrants 4-entrants 0-entrants CEI
4N 0:4 7:4 28:1 64 :1 0:0 14:3
4E 0:9 14:8 57 :1 27:2 0:0 29:3
4E-NoSignal 0:7 6:0 36:6 56 :7 0:0 16:6
3N 15:2 30:7 53 :4 � 0:7 29:7
3E 11:2 60 :4 28:1 � 0:3 47:3
3E-NoSignal 8:7 33:9 56 :0 � 1:5 15:3
2N 15:6 83 :0 � � 1:4 7:2
2E 57 :7 41:1 � � 1:2 67:4
2E-NoSignal 51 :6 46:7 � � 1:7 51:4

Table 3: Percentage of times each session achieved a particular number of entrants

how to achieve higher payo¤s through intertemporal coordination and whether or not they can communi-
cate their goals through the use of communication that is not free-form. In an industry setting, one might
view this as �rms pre-announcing non-binding release dates for products, as in the story in the introduction
concerning the two movies. Thus, the incorporation of multiperiod signaling yields a fourth hypothesis:
Hypothesis 4: Cooperation and TTOs will be more prevalent in treatments with signaling. Further,

ASE signaling will increase as the barriers to coordination decrease, and this increase in ASE signaling will
lead to more ASE outcomes.
Taken together, these hypotheses suggest that the groups which should be best at coordinating on a

TTO are the two subject groups that are allowed to signal and have the entry cost payo¤ structure. The
groups which should be worst would be the four subject groups without entry costs and without the ability
to signal.

5 Results

The results of the experiment focus on entry decisions and signaling behavior. First, aggregate and group
level data on entry decisions and signaling decisions are presented. Following this discussion is an analysis of
how signals impact entry decisions. The initial empirical investigation details how individual entry decisions
are a¤ected by signaling decisions and control variables of the experiment. A second analysis of the data
details how group entry is a¤ected by the behavior of the group members. Overall, turn taking strategies are
more likely to be used in the entry cost treatments, as the number of subjects decreases, and when signaling
is present in 3 and 4 subject groups.

5.1 Aggregate Entry Results

Table 3 shows the percentage of outcomes for each number of entrants that is achieved in each session.
The last column of table 3 provides the Cooperative E¤ectiveness Index (CEI). Because the payo¤s di¤er
between sessions, a straightforward comparison of the total payo¤s received by each group throughout the
session would inherently favor those sessions without the entry costs. Let �M , �K , and �A denote the total
pro�t each group would have received in the experiment if there had been only one entrant, the total pro�t
each group would have received in the experiment if all the subjects in a group entered each period, and
the total pro�t actually received by each group throughout the entire experiment, respectively. The CEI is

then (
�A��K)
(�M��K) � 100. This standardization allows more accurate comparisons as to how well the subjects

performed in capturing the cooperative (or monopoly) pro�ts throughout the experiment.
Table 3 shows that a substantial number of periods resulted in less than full entry in all treatments.

The italicized number in each row shows the modal market structure. In all sessions without the entry
cost, the modal number of entrants is the stage game Nash Equilibrium outcome where all players enter
each period, while in all sessions with the entry cost the modal number of entrants involves one less entrant
than full entry. The 3E-NoSignal and 4E-NoSignal sessions are similar to the 3N and 4N sessions, while the
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2E-NoSignal are similar to the 2E sessions. These results suggest that the signaling mechanism does foster
additional cooperative e¤orts in group sizes of three and four.
In general, the data in table 3 show that as the barriers to forming a TTO decrease more subjects choose

to exit the market. Holding the number of participants in a group constant, less entry occurred in the
entry costs treatments than in the treatments without entry costs. Also, the CEI shows that subjects in
the entry costs treatments were able to obtain a larger portion of the monopoly pro�ts than those in the no
entry cost treatments. Using group level CEI measures for the entire session, Mann-Whitney U-tests show
that the 2E and 4E treatments had statistically signi�cantly higher CEIs than their respective 2N and 4N
counterparts, while the 3E and 3N treatments did not.8 Comparing group level CEIs for the entire session
for the treatments with signals and entry costs to those without signals, the 4E and 3E treatments have
statistically higher CEIs than their counterparts without signals, while there is no di¤erence between the 2E
and 2E-NoSignal treatments.9

Within the entry costs treatments, the lower the number of participants in a group the more the monopoly
outcome was achieved, and the less the full entry outcome was achieved. Results for the no entry cost
treatments are not as monotonic, as the participants in the 2N session did not play the TTS because the
opportunity cost to playing the TTS was high (3700 ECUs every two periods for playing the TTS, 3200 for
playing the stage game NE). Except for the 2N treatments, the aggregate data support Hypotheses 2, 3,
and 4, that more cooperation occurs as the number of subjects decreases, the opportunity cost to entering
decreases, and when signaling is allowed.

5.2 Signal Usage

The signals that the subjects sent can be used to determine the degree to which they attempt to communicate
a TTS with other members of the group. There are 1024 distinct signaling strings that can be sent and at
most 89 periods in a session, so most of the signal combinations will not be sent by each subject. However,
several signaling strings can be identi�ed as consistent with suggesting TTS behavior. In particular, the
focus is on those which suggest the ASE outcome.
The ASE signaling combinations are complex. For instance, a subject participating in a 4N or 4E session

may send any of the following sequences of binary signals in an attempt to communicate desire to participate
in a 4-subject ASE outcome: 1000100010, 0001000100, 0010001000, and 0100010001. The number of times
that the subject sent any one of those signals is counted as an attempt to signal a 4-subject ASE outcome.
For a 3-subject ASE outcome the strings 1001001001, 0100100100, and 0010010010 are counted while for a
2-subject ASE outcome the strings 1010101010 and 0101010101 are counted. While these signaling strings
do not capture all of the attempts at coordination, they do capture attempts to signal the ASE strategy as
it is de�ned in Section 4.
Figure 1 shows the percentage of ASE signaling strings sent under the various treatment conditions. In

all treatments the modal ASE signaling string corresponds to a full participation ASE outcome for that
treatment. Also, more ASE signals are sent in the 4E and 2E treatments than in the corresponding 4N and
2N treatments (18.1% to 8.9% for the 4E and 4N treatments, 50.6% to 2.2% for the 2E and 2N treatments).
For the group size of 3, slightly more ASE signals were sent in the 3N treatments than in the 3E treatments
(35.1% to 30.5%), primarily because of the one 3N group that achieved full ASE coordination by the middle of
the treatment. Also, as the number of subjects in a group decreases, the number of ASE signals increases.
These results provide partial support for Hypothesis 4, as more ASE signals are sent in the entry cost
treatments as the number of participants in the group are held constant. They also provide support for
Hypothesis 1, as the signals sent correspond with the ASE outcome, suggesting that it is the particular TTO
on which subjects focused.
If subjects are not submitting ASE signals, which other signals are they submitting? Perhaps there is

a lack of coordination on a particular TTO due to the fact that subjects are attempting to coordinate on
di¤erent equilibria. In addition to the ASE signals, there are three other signaling strings that are commonly
sent. One is the default signaling string of all zeros, one is a signaling string of one in the �rst period and
zeros in the remaining periods, and the other is a signaling string of all ones. Figure 2 shows the percentage
of each of these strings by session. Looking at these strings shows how subjects who are not engaged in

8The p-values for one-tailed Mann Whitney U tests for the 2, 3, and 4 subject groups are 0.014, 0.206, and 0.086 respectively.
9The p-values for one-tailed Mann Whitney U-tests are 0.208, 0.038, and 0.036 for the group sizes of 2, 3, and 4 respectively.
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Figure 1: Percentage of ASE signals sent by treatment.
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Figure 2: Percentage of commonly sent non-ASE signals by session.

11



Treatment Group %Entry CEI Std. Dev. %ASE %Truth
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd

1 71 79 �3 43 7425 12374 0 0 96 93
2 95 100 �10 0 4950 0 3 1 58 51

2N 3 71 96 18 8 42073 2475 15 0 51 13
4 95 99 10 3 4950 2475 0 0 54 31
5 98 100 5 0 0 0 3 3 93 89

1 90 99 15 3 5940 1485 19 5 66 45
2 50 50 100 100 0 0 99 100 100 100

2E 3 50 50 100 100 0 0 100 100 100 99
4 84 91 22 18 7425 1485 1 4 70 69
5 80 56 35 82 2970 1485 36 46 51 68

1 75 81 39 27 2970 7425 � � � �
2E-NoSignal 2 50 49 100 97 0 1485 � � � �

3 59 50 77 100 1485 0 � � � �
4 83 88 30 20 0 0 � � � �
5 93 98 15 5 2969 2969 � � � �
6 60 50 80 100 47518 59397 � � � �
7 84 95 27 10 16334 5940 � � � �
8 89 86 12 28 1485 16334 � � � �
9 55 49 90 97 2970 1485 � � � �
10 74 81 42 38 10394 22274 � � � �

Table 4: Selected results for the 2-subject groups by half session

ASE signaling are using the signaling device. Note that there is a higher percentage of each of these types
of signals in the 4N treatment than in the 4E treatment. For the 3N and 3E treatments the percentages
are similar, while the 2E session has more of all types except the string of all ones. Figure 2 is inversely
related with Figure 1 in that these commonly sent non-ASE signals tend to be sent more often as group size
increases and in the no-entry cost treatments.
Figures 1 and 2 show that the bulk of the signals sent are either the ASE signals or one of the three

aforementioned signaling strings. Taken together, the nine ASE signaling strings and the three additional
signaling strings account for about 45% of the strings sent in the 2N session, 60% of the strings in the 4E
session, 70% of the strings in the 4N, 3N, and 3E sessions, and 98% of the strings in the 2E session. The
most common signaling strings not present in Figures 1 and 2 tend to be either abbreviated strings of the
all ones string or abbreviated two-subject ASE strings. Based upon this information, the subjects appear
to be using the signaling device to either signal an ASE outcome, to provide only a signal of behavior for
the upcoming period, or to send no signal at all. There is no evidence that subjects are sending signals for
turn taking outcomes other than the ASE outcome. Thus, it is unlikely that it was confusion upon which
TTO to coordinate, but either lack of recognition of how intertemporal cooperation could increase payo¤s
or aversion to losing some current period payo¤ if the ASE was not followed.

5.3 Results by group

Thus far the results have focused on results at the treatment level. Tables 4-6 provide information on
individual groups for periods 1-40 (1st half) and periods 41-80 (2nd half). The columns for %Entry show
the percentage of periods in which subjects in the group entered, so that 100% indicates that all subjects
entered in every period during that half of the session. The columns for CEI show the CEI achieved over
that half of the session, while those for Std. Dev. show the intra-group standard deviation of payo¤s for
each half of the session. Finally, the columns for %ASE and %Truth refer to signals sent �%ASE to the
percentage of ASE signals sent and %Truth to the percentage of truthful signals. To measure truthfulness,
the last signal sent for a period is used as the indicator of intent and if the subject�s entry decision for that
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Treatment Group %Entry CEI Std. Dev. %ASE %Truth
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd

1 52 43 56 87 2021 5635 70 97 79 89
2 77 98 37 4 9751 1500 53 38 58 30

3N 3 97 98 5 3 3464 1732 11 12 53 32
4 69 82 40 29 14309 4770 28 9 65 63
5 86 79 23 33 11057 12662 6 26 53 60

1 66 76 48 37 14929 7893 32 23 63 65
3E 2 83 81 26 30 7114 9384 9 1 51 38

3 72 68 44 51 13001 11491 47 62 65 73
4 64 66 55 52 1514 1890 46 28 82 88

1 71 75 41 34 9625 6252 � � � �
2 73 81 34 29 6897 6548 � � � �
3 71 66 37 44 5769 10096 � � � �
4 88 98 18 3 4670 924 � � � �

3E-NoSignal 5 58 55 61 52 5200 3495 � � � �
6 97 98 5 3 2227 924 � � � �
7 90 91 15 14 2838 4406 � � � �
8 83 84 26 25 8240 6990 � � � �
9 79 67 32 52 7031 9238 � � � �
10 98 100 3 0 924 0 � � � �

Table 5: Selected results for the 3-subject groups by half session

%Entry CEI Std. Dev. %ASE %Truth
Treatment Group 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd

1 94 95 7 6 3090 3200 23 38 55 54
2 96 100 5 0 800 0 4 4 56 43
3 99 100 2 0 462 0 1 1 29 25

4N 4 85 73 19 35 5237 8395 2 9 53 76
5 73 74 35 34 8267 9867 31 48 61 73
6 89 88 14 16 3484 5282 21 9 44 23

1 79 83 28 23 5860 4131 46 34 49 37
4E 2 81 82 25 23 4025 5075 22 27 60 71

3 72 86 37 19 7947 3029 25 12 70 67
4 65 72 47 37 10097 5738 41 12 33 30

1 86 98 18 3 3252 808 � � � �
2 88 97 15 4 1838 875 � � � �
3 91 99 12 1 1468 175 � � � �

4E-NoSignal 4 91 91 11 11 1050 2223 � � � �
5 87 81 17 24 2530 3435 � � � �
6 84 74 20 33 3675 7433 � � � �
7 70 75 40 33 4481 4249 � � � �
8 91 93 11 10 1471 2494 � � � �

Table 6: Selected results for the 4-subject groups by half session
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period matches the signal it is considered truthful.10

As the data from tables 4-6 show, the most successful groups at playing the TTS were in the 2E sessions �
2 of the 5 groups played the TTS from the �rst period, while a third group settled on the TTS about halfway
through their session. We can determine this result, in part, by looking at the CEI and the intra-group
standard deviation of payo¤s. Groups 2 and 3 in the 2E session had CEIs of 100 for both halves of the
session and the standard deviation of payo¤s was 0. The only possible method for achieving these two
results is if a single subject entered each period and the subjects entered an equal amount of times. There is
a dramatic increase in CEI from the �rst half of the session to the second for group 5 of the 2E session, and
the standard deviation of payo¤s dropped, again suggesting the subjects are settling on a TTO. As table 4
shows, the signaling device may or may not have played much of a role in two subject groups forming a TTO
as groups 2 and 3 in the 2E-NoSignal sessions also formed successful TTOs. It seems clear that the entry
costs facilitated TTO formation in the two subject groups as entry rates for the 2N sessions were above 95%
for all but group 1.
Results for the three subject groups are not as clear as those in the two subject groups. Group 1 is the

only group in treatment 3N to ever achieve a CEI above 40% for either half of the session. The TTO for
that group is fairly stable for the latter part of the �rst half of the session and the beginning of the second
half of the session but begins to break down near the 70th period. Also, group 3 in the 3E session reached
a fairly stable reduced TTO. One participant entered every single period, and around period 20 the other
two participants coordinated their entry decisions to alternate entry. At �rst, one subject enters every third
period while the other enters in the other two out of three periods, while around period 60 those two subjects
adjust behavior and simply alternate entry every period as in a two subject session.
Those groups which saw their CEI increase from the �rst half of the session to the second typically saw an

increase in the percentage of ASE signals from the �rst half of the session to the second. The opposite is also
generally true �groups which saw a decrease in CEI across halves tended to also see a decrease in the number
of ASE signals sent. The 3E-NoSignal sessions typically show a decline in CEI across halves of the session,
and one of the groups is almost at full entry for all periods in the second half. By looking at half sessions it
appears that groups which begin with a high percentage of entry (85%-90%) will be unable to coordinate on
a TTO while those which begin the session with a lower rate of entry have a chance at cooperation. Thus,
part of the determinant of whether or not a TTO forms is likely due to the characteristics of the individuals
in the group. Group 1 in the 3N session is evidence of this behavior as they were able to achieve a fairly
stable TTO despite being in the no entry cost treatments. It is unlikely that the group would have formed
the TTO without the signals as a large percentage of signals sent by the group are ASE signals and they
also have a high percentage of truthful signaling.
In the 4-subject groups there is little coordination, though there is more in the 4E groups than in the

4E-NoSignal and 4N groups. In the 4E-NoSignal and 4N groups there are groups in which subjects are
choosing to always (or nearly always) enter in the second half of the session. Group 4 of the 4N treatment
is the only group in the treatment which saw an increase in CEI in the second half of the session, but this
result is due to a single subject who stopped entering for a long period of time and not due to increased
alternation. In the 4E-NoSignal treatments there were few attempts by subjects to play any TTO as all but
one half of one group had the percentage of entry greater than or equal to 85%. As in groups of size two
and three, ASE signaling tends to be negatively correlated with entry. Those groups which sent few ASE
signals had a large percentage of entry, while those that sent more had less entry.

5.4 Analyzing Individual Entry Decisions

The prior sections provide information on aggregate entry behavior and aggregate signal sending behavior.
What follows links the impact of signals, both a player�s own signal as well as those of the group, to individual
entry decisions. A random e¤ects logit model is estimated with entry at time t as the dependent variable.
Independent variables include a player�s signal at time t for the current period (equal to 1 if the subject
intends to enter, 0 otherwise), the period number, the sum of a group j�s signals at time t, the sum of a
group j�s entry decisions at time t� 1, and a treatment dummy (labeled EntryTreatment) equal to 1 if the
treatment is an entry cost treatment and 0 otherwise. In addition, the treatment dummy is interacted with

10For many periods there are multiple signals sent. For instance, there will be ten signals sent for the decision in period 10,
one in each period from 1-10. Only the last one sent is used to determine truthfulness.
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2-subject groups 3-subject groups 4-subject groups
Coe¤. Marg. E¤. Coe¤. Marg. E¤. Coe¤. Marg. E¤.

Signal 4.19��� 0.218��� 3.942��� 0.377��� 3.182��� 0.099���

Period 0.042��� 0.001�� 0.012��� 0.001�� 0.002 0.000
Total signals (t) -0.375 -0.012 -0.685��� -0.061��� -0.213� -0.006
Total entry (t-1) 0.0074 0.000 0.878��� 0.078��� 0.887��� 0.026���

EntryTreatment -2.97�� -0.122 1.553� 0.135 1.174 0.032
EntryTreatment*signal 3.53��� 0.067�� -0.522 -0.053 0.332 0.009
EntryTreatment*period -0.041��� -0.001�� -0.011� -0.001� 0.017��� 0.0005��

EntryTreatment*signals (t) -1.20�� -0.037� -0.026 -0.002 -0.027 -0.001
EntryTreatment*entry (t-1) 1.98��� 0.061�� -0.708��� -0.063�� -0.915��� -0.027��

Table 7: Random e¤ects logit estimation for individual entry decisions by group.

the other independent variables. The unit of observation for the random e¤ect is the individual in this
analysis. Formally, the model estimated is:

Pr (enterit = 1) = f

0BB@
signalit + periodit +

X
j
signalj;t +

X
j
entryj;t�1 + EntryTreatmenti+

signalit � EntryTreatmenti + periodit � EntryTreatmenti +X
j
signalj;t � EntryTreatmenti +

X
j
entryj;t�1 � EntryTreatmenti + "it

1CCA
(2)

Table 7 shows the estimates of equation (2) as well as the marginal e¤ects for each variable. Separate
models were estimated for each group size. Comparing the 2N groups to the 2E groups, there is a large
di¤erence in the impact of the individual�s signal for that time period as there is a 6.7 percentage point
increase in the probability of entry when an individual signals that he will intend to enter. Thus a signal of
enter in the 2E session is more likely to lead to the individual entering than in the 2N session. Also, there
is a positive increase in entry over time in the 2N treatment that is o¤set in the 2E treatment, suggesting
that there may have been early attempts at coordination in the 2N sessions that were abandoned as time
passed. The number of entry signals sent by the group members for period t had an insigni�cant e¤ect in
the 2N treatment but a negative e¤ect in the 2E treatment, meaning that the more entry signals sent as
a group led to lower individual entry in the 2E session. Total entry at time t � 1 was also insigni�cant
in the 2N treatment, but had a positive e¤ect in the 2E treatment. Thus, it appears that participants
in the 2E treatment responded to entry in the prior period by increasing entry in the subsequent period.
Finally, even controlling for these other factors, there is a 12.2 percentage point decrease in entry simply
from participating in the 2E treatment.
There is little di¤erence between the 3N and 3E treatments. A signal of enter is still the biggest

determinant of entry, with a signal equal to 1 leading to a 37.7 percentage point increase in entry. Note that
the interaction term of signal sent and treatment is insigni�cant so there is no signi�cant di¤erence between
the 3N and 3E treatments regarding the signal sent. There is a very small positive time e¤ect on entry in
the 3N treatment, suggesting some additional entry as time passes, but that small e¤ect is o¤set in the 3E
treatment. As in the 2 subject treatments, a larger total number of group signals lead to less entry at the
individual level, regardless of treatment. The more entry there is at time t � 1 leads to an increase in the
probability of entry at time t in the 3N treatment, but again that e¤ect is almost entirely o¤set in the 3E
treatment. Controlling for these factors there is no statistically signi�cant e¤ect of the treatment itself on
the probability of entry.
Comparing the 4N and 4E treatments, the largest di¤erence between the two treatments stems from how

entry at time t�1 a¤ects entry at time t. In the 4E treatment, entry at time t�1 has little impact on entry
at time t, so that the subjects in the 4E treatment are not in�uenced by prior period entry,11 while in the
4N treatment there is a 2.6 percentage point increase in entry at time t. The e¤ect of the period is di¤erent
in the 4 subject group treatments than from treatments with less subjects �as more time passes participants
in the 4E treatment are more likely to increase entry than decrease it. This result may occur because there

11This is likely due to the persistent play of the 4-subject ASE strategy by some subjects despite little recognition or reciprocity
by others.
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are few individuals in the 4 subject treatments who are actively playing a TTS, leading to other participants
who might have been willing to play a TTS to abandon their attempts and choose the stage game Nash
strategy. An individual�s current period signal of enter leads to a 10% increase in entry, but there is no
signi�cant di¤erence between the treatments. Once again there is a statistically signi�cant negative e¤ect
of the number of total entry signals sent at time t, though this e¤ect is economically insigni�cant. Finally,
controlling for these factors there is little di¤erence remaining between the treatments.
Overall Table 7 documents important di¤erences in individual entry behavior between treatments holding

group size constant. While there are some similarities across the 2 and 3 subject groups and the 3 and 4
subject groups, there are few variables that have similar signi�cant directional impacts across group sizes.
Only the current period signal has the same e¤ect across group sizes, though the impact diminishes as the
number of subjects increases. This result suggests that more subjects in the 2 subject group were truthfully
revealing their upcoming entry decision, which is consistent with the data in tables 4-6. This behavior is
also consistent with Table 3 and Figure 2 as about 40% of the subjects in treatment 4N sent a signaling
string of all zeros while 64% of the periods in treatment 4N had full entry. Thus, truth telling in signal
sending may also impact the formation of a TTO.

5.5 Linking entry to ASE signals

A �nal question to address is whether or not the sending of ASE signals a¤ected entry behavior at the
aggregate level and at the individual group level. To address the question about aggregate behavior, the
impact of each type of ASE signal on aggregate entry at the group level is estimated. Given that aggregate
entry per period is an integer between 0 and 4, random e¤ects Poisson regression is used.12 To determine
the impact of ASE signals on aggregate entry the number of 2, 3, and 4-subject ASE signals are counted for
each period for each group. This count of ASE signals is then used as an explanatory variable in determining
aggregate entry for the group in the period. Because more ASE signals suggest a greater recognition of
the ASE strategy by the group, there should be a negative relationship between the amount of ASE signals
and aggregate entry. Given that total entry at time t � 1 is signi�cant in the individual entry results it is
included in addition to the number of ASE signals.
The model estimated is:

Entryj;t = ASE2j;t +ASE3j;t +ASE4j;t + Entryj;t�1 + Periodj;t + "j;t (3)

where Entryj;t is a count of the number of entrants in period t for group j, ASE2j;t, ASE3j;t, and ASE4j;t
are counts of two, three, and four-subject ASE signals sent at time t by group j, Entryj;t�1 is the number
of entrants in group j at time t � 1, Period is the period of the session in which group j submitted their
decisions, and "j;t is the random e¤ects error term at the group level. Only ASE signals for the ASE
outcomes that involve a number of players less than or equal to the number of players in a group are
included in the estimation, as very few signals were sent for ASE outcomes larger than the group size. Note
that treatment di¤erences are individually and jointly insigni�cant and as such those variables are dropped
from the analysis. The cumulative number of each type of ASE signal sent within each group was initially
included as an explanatory variable, in case there was a cumulative e¤ect from repeated observation of ASE
signals, but was dropped either because it caused instability in the convergence process or because it was
insigni�cant.
Table 8 shows that an increase in ASE signaling leads to a decrease in total group entry regardless of

group size. In all group sizes, there is a statistically signi�cant negative e¤ect of full group ASE signals sent
on entry. In 2 subject groups, each additional 2 subject ASE signal sent decreases the amount of entry by
0.36 individuals. In 3 subject groups each 3 subject ASE signal sent decreases entry by .30 and in 4 subject
groups each additional 4 subject ASE signal sent decreases the number of entrants by 0.25. The largest
e¤ect is in groups of size 2, suggesting that it is in this environment that the ASE signals have the most
impact. The number of 3-subject ASE signals also had a negative and signi�cant e¤ect in 4-subject groups,
and this impact is larger than that of 4-subject ASE signals. It may be that the ASE pattern becomes
clearer with 3-subject ASE signals as three full rotations can always be seen with 3-subject ASE signals.

12The Poisson model is chosen instead of the negative binomial because the negative binomial requires overdispersion in the
data, which is not present.
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2-subject groups 3-subject groups 4-subject groups
Coe¤. Marg. E¤. Coe¤. Marg. E¤. Coe¤. Marg. E¤.

2-subject ASE -0.231��� -0.363��� -0.077 -0.173 -0.037 -0.125
3-subject ASE -0.132��� -0.295��� -0.146� -0.491�

4-subject ASE -0.074��� -0.250���

total entry (t-1) 0.168� 0.264� 0.116 0.259 0.077� 0.260�

period 0.001 0.001 0.001 0.002 0.001 0.002

Table 8: Results from a random e¤ects Poisson regression with number of entrants for a group in a period
as the dependent variable.

Whether these e¤ects are due to learning on the part of other individuals after seeing ASE signals or the
fact that certain individuals sent ASE signals as well as played an ASE strategy is di¢ cult to determine.
However, the econometric results are consistent with the results across half sessions from tables 4-6. What
is clear is that less entry occurs as more ASE signals are sent.

6 Conclusion

The primary goal of the study is to determine how a multiperiod signaling device can serve as an aid in
intertemporal cooperation. For groups larger than a size of two, the signaling device provides some bene�t in
that entry decreases and payo¤s increase. For groups of size two, for which coordination should be quite easy
even without the device, there may still be some bene�t in that subjects can coordinate quicker. Previous
studies have shown that intertemporal cooperation tends to arise when subjects are allowed free-form verbal
or written communication, but is less frequent when one-period ahead signaling is used. This is particularly
the case when more than two subjects are involved. The experiments in this study provide evidence that
free-form communication may still be necessary to educate those subjects who fail to grasp the underlying
dynamics of intertemporal cooperation from the signals sent, but that some groups of subjects are capable
of using a simple multiperiod signaling device to coordinate their actions.
A secondary result is the pattern of alternation upon which the subjects coordinate. The signals sent

show recognition of a particular type of intertemporal cooperation in which the subjects enter sequentially
and retain that order throughout the session. Few signals are sent for other types of coordination, so the
fact that the TTO does not arise in some sessions is not due to miscoordination on which equilibrium to
play. While this result may not be surprising, it is important as it documents how subjects think about
cooperating intertemporally.
The broader implication of the study is that coordination may occur when a simple multiperiod signaling

mechanism such as pre-announcement of product release dates exists. Given that anonymously paired,
unexperienced subjects can recognize the possibility of bene�cial coordination, and at times coordinate their
actions, it is likely that experienced individuals familiar with one another could use a similar device to
coordinate actions. Whether or not this coordination of actions is detrimental to social welfare is unclear,
but such possibilities should be examined closely.
There are various extensions that could be pursued to supplement the results. One is to incorporate

costly signaling in the experiment. Given that signal sending is costless in the current experiment, it may be
that the mixture of signals from those who understand how to cooperate intertemporally with those who do
not hinders cooperative e¤orts. Costly signaling can be done by either requiring that subjects who wish to
send signals pay some �xed amount per signal, such as taking out an advertisement to announce a product
release, or by making it costly to deviate from signals sent, particularly when the time period for which the
signals are sent is close to the current time period. Also, if the entry cost increased with amount of times
entry occurred, re�ecting either oversaturation of the current product or increased di¢ culty in coming up
with a new product.
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Appendix A. Instructions for the Experiment

This appendix includes a sample of the instruction script that subjects were read in the experiment. This
particular script is the one used on May 26th, 2004.

Script for AZ 5/26/04 Experiment

Thank you for participating in today�s experiment. I will read aloud from this script to ensure that all
sessions of this experiment receive the same information. However, if you have any questions please do not
hesitate to ask myself or one of the other experimenters. At this time I ask that you refrain from talking
to any of the other subjects. If you violate this rule then the experimenter reserves the right to remove you
from the experiment and you will receive only your $7 show-up fee.

How are groups determined?

In today�s experiment the computer has randomly placed subjects into 3 groups of 4. Your decisions
and those of the members of your group will determine your payo¤. The exact method in which your payo¤
will be determined will be described momentarily. It is important to note that although the members of
the groups will remain anonymous, the other subjects in your group will remain the same THROUGHOUT
THE EXPERIMENT.

How are payo¤s determined?

At this point in time it should be noted that all currency amounts will be denoted in a �ctitious currency,
called Experimental Currency Units (or ECUs). ECUs will be exchanged at the rate of 50 ECUs = $0.01, or
50 ECUs = 1 penny. Thus, 5000 ECUs = $1. The only number that is not transformed is your $7 show-up
fee, which remains �xed at $7 US dollars.
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Stages

There are 3 stages in this experiment. The three stages are called:
1. Message sending
2. Choice
3. Payo¤ display
Although the �Choice�stage is the 2nd stage in the actual experiment I will discuss it �rst as the choice

stage determines your payo¤ for a period.
Please turn your attention to your computer screen now, but do not hit any buttons at this time. In the

center of the �choice�stage it has your subject ID number for your group. You will retain this identi�cation
(P1, P2, or P3) throughout the experiment. Also, your overall subject number is noted, but you can disregard
this number �it is essentially there for my bene�t as I walk around. Also note that the current period and
the remaining time for the particular stage are indicated in a header along the top of the screen.
Upper-left
The upper-left corner of the �Choice�stage contains two buttons, A and B (although in the demo only B

is a button �in the actual experiment both A and B are buttons). In today�s experiment you will be asked
to decide between choosing option A and choosing option B in the �Choice�stage of each period. You make
this choice by pressing the button in the upper left corner of your screen that corresponds to the choice you
wish to make for the current period. You will have 30 seconds to make this decision. Once you have made
your choice you will be asked to wait patiently until all other subjects have made their choices. This ensures
that all groups proceed at the same pace so that one group does not end up �nishing the experiment prior to
another group. Your choice, as well as the choices made by the other members of your group, will determine
your payo¤ for that period.
Lower-left
Your payo¤ is a function of how many members of the group choose option A and how many choose

option B. The table in the lower left corner of your computer screen shows your payo¤ schedule based on
your choice and the choices of the other members of your group. You should note that ALL members of
your group (as well as all members of the experiment) see the SAME payo¤ schedule. The payo¤s will NOT
change throughout the course of the experiment. Please recall that all payo¤s are denoted in ECUs and that
5000 ECUs = $1. Note that any time you choose option B you receive 100 ECUs, regardless of what your
fellow group members chose. Your payo¤ table shows that if only 1 subject in your 4-subject group chooses
option A within a particular period then ONLY that subject will receive 3600 ECUs for that period. If
exactly 2 subjects in your group choose option A within a particular period then EACH subject who chose
option A will receive 1600 ECUs for that period. If exactly 3 subjects in your group chose option A then
EACH subject who chose option A will receive 900 ECUs for that period. This is how your decisions and
your group member�s decisions determine your payo¤.
Note that when you make a choice of A or B it is ONLY for the CURRENT period, and you may change

from choice A to choice B as frequently or infrequently as you like from period to period.
Upper-right
The box in the upper right-hand corner of the �choice�screen is the �history of play�box. As of right

now, the box contains a header row with Period, P1, MesP1, P2, MesP2, P3, and MesP3. Period corresponds
to the period in which the decision was made and the columns beneath P1, P2, and P3 correspond to the
decisions actually made by that speci�c subject in your group for that period. As an example, if P1 chooses
A in period 1, when you see the choice screen in period 2 you will see the number one, �1�, appear in the
cell of the history box that corresponds to column P1 and Period 1. If P1 chose B in period 1, then the
number zero, �0�, will appear in the cell of the history box that corresponds to column P1 and Period 1. It
is important to remember that A = 1 and B = 0 throughout the experiment. In the demo it is period 1 and
it is as if all the players chose B in period 0. You will be able to observe the decisions made by every member
of your group for every completed period of the experiment. Again, note that you will only be able to see
their decisions in the periods following the current period (you will only be able to see period 1 decisions
once we have moved to period 2, you will see period 1 and period 2 decisions when we have moved to period
3, etc.). Eventually a scroll bar will appear that will allow you to scroll up and down the history box �when
this occurs you will initially see the most recent periods of play at the bottom of the box, and then you may
scroll up to view the prior periods of play.
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The MesP1, MesP2, and MesP3 columns will be explained after I explain the �messages sent�box in the
lower right corner of the screen.
Lower-right
Finally, the lower right-hand corner of your screen is the �Messages Sent�box. In this experiment you

will be able to send binary (0 or 1) messages to your fellow group members. These messages are able to be
sent 10 periods in advance for each message �I will explain how the messages are sent momentarily. Note
that the messages sent box contains the labels period, P1, P2, and P3. Each cell in the messages sent box
corresponds to the most recent message sent by that player for that period. For example, if a 0 appears in the
messages sent box corresponding to period 4 and subject P3, this means that subject P3 has sent a message
that he or she INTENDS to choose B in period 4. If a 1 appears in the messages sent box corresponding to
period 4 and subject P2, this means that subject P2 has sent a message that he or she INTENDS to choose
A in period 4. It is important to note that these messages are non-binding, which is why I stressed the word
INTENDS �thus neither you nor the other subjects in your group have to follow the messages sent.
Again, you will see messages for the next 10 periods, including the current period (the message sending

screen, to be described shortly, actually comes �rst in the experiment). Also, your payo¤ does NOT depend
on the messages that you have sent, nor does it depend on the messages the other members of the group
have sent. Your payo¤ ONLY depends on the actual choices of A and B made by the group members during
each period.
Finally, return to the history box. When you see MesP1 this shows the message that was sent IMMEDI-

ATELY prior to the actual choice made by that player. As an example, consider period 10. There will be
10 period 10 messages (one for each period from 1-10) that will be sent by each subject prior to the actual
choice of A or B for period 10. The message that appears in the history box corresponds to the period 10
message for period 10. That is, if player 1 chooses to send a message of A (or 1) for period 10 prior to
making his actual choice for period 10, then when the choice screen appears for period 11 that message of
1 will be recorded under MesP1 for period 10, regardless of the messages sent by player P1 for period 10 in
periods 1-9.
Note that you will have 25 seconds to reach a decision in the choice stage �if you do not reach a decision

within 25 seconds a red �please reach a decision�will �ash in the upper-right corner of your screen (it should
be �ashing now). Although you will never be forced o¤ of the screen, it is asked that you make your decisions
in a timely manner so that we can �nish all of the intended periods. Throughout the �rst few periods of the
experiment I will allow some excess time as you familiarize yourself with the interface, but after 5-10 periods
I will ask that you try to adhere to the 25 second clock.
To exit the choice stage, simply click on the button that corresponds to the actual decision that you wish

to make for the current period, A or B. In the demo only B is a button �in the real experiment both A and
B are buttons. If you have no questions about the choice stage please click on B now to move to the next
screen. Note that you will not receive any payment for the choice made in this demo.

Message sending stage

PRIOR to entering the choice stage you will see the �Message Sending Screen�. In this stage you have
the ability to send messages about the option you plan on choosing in each of the next 10 periods of the
experiment. Again, the top of the screen contains a header with the current period as well as a countdown
clock.
The �rst column contains the labels for each row: Period, Choose A, Choose B, Current Choice, and Last

Round. The row for �period�corresponds to the period for which you are sending a message. The rows for
�Choose A�and �Choose B�will contain buttons in the actual experiment (although they are only boxes
now), that will allow you to send a message of A or B for the upcoming periods. Pressing the button that
corresponds to Period 1 and Choose A will change the number in the �current choice�row under period 1 to
a 1, and pressing B will change the number back to a 0. Remember, a 1 corresponds to a message that you
INTEND to choose option A in a particular period, while a 0 corresponds to a message that you INTEND to
choose option B in a particular period. It is important to note that when a new period begins the �Current
Choice�will always reset to all zeroes.
Is everyone clear on how to send messages for the upcoming 10 periods?
The row corresponding to �last round� shows the message that you sent last round for that period.

Suppose that it is period 1 and you sent a message of 1 for periods 2 and 9. When the period 2 message
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sending screen appears, the period labels at the top will shift one spot to the left (so that period 1 is now
where period 0 is), as period 0 drops o¤ and period 10 appears. The �Last round� row will also shift, so
that if you wish to send the same messages that you sent the previous period you merely need to look below
the column to see which message you sent for the last period �you do NOT need to keep track of which
periods you sent which messages in, as the software does that for you. Thus, if you sent a message of 1 for
periods 1 and 9 you would see a 1 in the �rst and next to last �last round�columns in period 2, rather than
the second and last columns. You WILL need to change your messages from zeroes to ones IF you wish to
send the same message for each period. Also note that the cell for �last round�under Mes10 will always be
a zero, as you will never have sent a message for that period before.
When you have �nished making your message selections you can submit your messages by pressing the

�Submit�button in the lower right-hand corner of your screen. You will NOT be allowed to change your
messages once you have pressed the submit button, but you are allowed to change messages prior to pressing
the submit button. When you submit your messages you will see the �Waiting Screen�, which asks you to
wait patiently until all subjects in the experiment have �nished submitting their messages. Again, note that
these messages are non-binding and that they do NOT a¤ect your payo¤s in any way.
There is a 45 second countdown clock in the upper right-hand corner of your screen. Once 45 seconds

have passed, a message will �ash in red asking you to please reach a decision. Although the program will not
force you to the next stage, it is asked that you make your message sending decisions in a timely manner so
that we can �nish all of the intended periods for this session. Again, due to the complexity of the interface
I will allow a little excess time during the �rst few periods.
The last piece of information is the history of play box. It is identical to the history of play box in the

choice stage except that it only contains the actual decisions by the subjects in your group.
If you have no questions about the message sending screen, please hit the submit button to exit the stage

now.

Payo¤ display screen

The payo¤ display screen simply shows your payo¤ for the just completed period as well as your total
payo¤ from all the previous periods, including the one just completed. Both the current payo¤ and the
total payo¤ are denominated in ECUs. You can leave this screen by pressing the OK button in the lower
right-hand corner. The timer is set for 7 seconds for this screen �you will exit the screen if 7 seconds elapses.

Length of the experiment

The experiment is intended to run for at least 80 periods. After the 80th period there is an 85% chance
that the experiment will continue for an additional period. This endpoint has been previously determined
by a random number generator and has been embedded into the software.

Questionnaire

Once the experiment �nishes you will be asked to �ll in your �rst and last name for record keeping. This
facilitates the payment process for me. Once you have input your name press the �OK�button and please
wait patiently until your name is called.
Are there any questions?

Appendix B. Experiment Screen Shots

22



Message Sending Screen

Message Sending Screen.
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Choice Screen

Choice screen.
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