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Abstract

In this paper we investigate the emergence of turn taking in three finitely repeated
games: (i) an allocation game, (ii) a low conflict dominant strategy equilibrium (DSE)
game and (iii) a high conflict DSE game in an experimental setting. The experiments
are run with and without cheap talk communication between participants. In order to
develop experimental conjectures and interpret results we develop a theoretical analy-
sis which incorporates the presence of three types of participant: (i) cooperative, (ii)
competitive and (iii) self seeking. Based on our theoretical analysis we hypothesize that
turn taking may be exhibited experimentally in all three of the games we study when
some participants have cooperative preferences. We find experimentally that turn tak-
ing emerges in all treatments, and its incidence is qualitatively similar in the allocation
and DSE games. While cheap talk increased the rate of cooperative behavior and elim-
inated competitive behaviour, it had at most a small effect on self seeking behavior.
The degree of conflict also had a small effect on the prevalence of turn taking. We
observed, using a repeated matching experiment for the high conflict DSE games, that
a large majority of participants’ behavior can be attributed to one of the three types.
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1 Introduction

Turn taking is a phenomenon observed in a great many daily activities. It arises sponta-
neously in many social contexts, and is a common method by which cooperation is expressed
between individuals. For instance, friends may alternate in paying for meals or coffee drinks.
Couples may take turns in domestic duties such as cooking a meal or cleaning. (Indeed, a
failure to take turns is often a source of conflict.) In a commercial context, fishermen may
take turns in utilising a preferred location. However, while it is known that turn taking can
be an equilibrium to certain repeated games (specifically coordination games), the economics
literature has paid relatively little attention to this issue.

In this paper we present the results of a series of economic experiments designed to
investigate whether, and under what circumstances, turn taking emerges. In particular, we
investigate the emergence of turn taking in three finitely repeated games: (i) an allocation
game,! (ii) a low conflict dominant strategy equilibrium (DSE) game and (iii) a high conflict
DSE game. (Conflict in the DSE games refers to differences in the payoffs when players
adopt asymmetric strategies.) We explore the behaviour of participants in these games with
and without the opportunity for them to engage in cheap talk.

These games are of particular interest when investigating the emergence of turn taking.
Intuition suggests turn taking may be an aspect of play, though this intuition is not readily
supported by standard game theory. In the allocation game it is well known that there
are multiple equilibria, so it is unclear which of the many equilibria in the finitely repeated
allocation game would be selected by experimental participants (though participants have
been observed to play strategies that are close to that predicted by mixed strategy Nash
equilibrium in coordination games, see Cooper et. al., 1993 and Straub, 1995). Nonetheless,
as turn taking intuitively seems natural way to play the finitely repeated game, it may
constitute a focal equilibria.

In DSE games there is a unique Nash equilibrium in payoffs which does not admit turn
taking. However, it is now well established that experimentally observed behavior is often at
variance with such standard predictions (i.e. Nash equilibrium in payoffs) in finitely repeated
prisoners dilemma and public goods games. This inconsistency is commonly attributed to
socially orientated preferences (Camerer, 2003). In particular, there are many examples
where participants exhibit behavior consistent with cooperative preferences (Andreoni and
Miller, 1992; Cooper et. al., 1996; Brosig, 2002?). We are motivated to look for turn
taking in the DSE game because it represents a common form of cooperation which can
achieve the efficient outcome. Indeed we show theoretically that participants who exhibit
cooperative preferences would view a DSE game in payoffs as an allocation game in utilities

'Kuzmics et al. (2014) define an allocation game as involving two issues: a coordination issue and a
competition issue.

2Brosig (2002) finds that cooperative behavior in the prisoner’s dilemma is best thought of as a response
to cooperative preferences than altruism.



(under appropriately controlled parametrizations). This suggests that if there are sufficient
participants who exhibit cooperative preferences, we should observe turn taking occurring
experimentally.

Not all participants would be expected to exhibit cooperative preferences. The literature
suggests that some participants exhibit self seeking preferences, i.e. be payoff maximisers
as predicted by standard theory. Furthermore, the economics and psychology literature has
identified that some individuals may alternatively exhibit behavior associated with com-
petitive preferences (Knigh and Dubro, 1984; Charness and Grosskopf, 2001; Charness and
Rabin, 2002). Therefore we might expect some participants to view the both the allocation
and DSE games as a competition: their goal being to ’beat’ the other participant by adopting
strategies designed to force an outcome more advantages to themselves than their opponent.

In light of previous findings we expect all three types of preference to coexist in our
the participant population (Knigh and Dubro, 1984; Murphy, et. al., 2011). In order to
develop experimental conjectures and interpret results we develop a theoretical analysis
which incorporates the presence of these three types. In this analysis cooperative types
would wish to turn take in all rounds of a DSE game, including the final round. Following
the analysis by Kreps et. al. (1982) we show how it may be in the interest of self seeking
participants’ to mimic cooperators until the final round of a DSE game, then defect in
order to maximise their pay-off. In this way we can experimentally distinguish between
cooperative and self seeking behavior. We show that competitive players should resist turn
taking in both DSE and allocation games. In the allocation game, we identify an equilibrium
in which self seeking players mimic competitive types. Our theoretical analysis suggests that
in the allocation game: (i) cooperators turn take while competitive types don’t, and (ii)
self seekers may randomise between turn taking and not. In this way there might be a
qualitatively similarity in the incidence of turn taking across both games. However the
equilibria are, of course, quantitatively different in both games, so the quantitative incidence
of turn taking may differ across both games.

Motivated by our theoretical analysis, we hypothesize that turn taking will be exhibited
by some participants in all three games. As noted above, this hypothesis is not predicted by
standard game theory. We find that this is indeed the case, with turn taking emerging in all
treatments. Its incidence is similar in allocation and DSE games. Furthermore, we find that
cheap talk increases the rate of cooperative behavior and eliminates competitive behavior in
the DSE game. Nevertheless, the presence of cheap talk has a small effect on self seeking
behavior. By comparing the high and low conflict DSE games, we observe that increases in
the degree of conflict leads to a small, statistically insignificant, reduction in the prevalence
of turn taking. We also observe, using a repeated matching experiment for the high conflict
DSE games, that a large majority of participants behavior can be attributed to one of the
three types.

There is limited theoretical literature on the emergence of turn taking. Bhaskar (2000)
considers the emergence of turn taking in finitely repeated symmetric coordination game with



no communication between players. He shows that an efficient symmetric Nash equilibrium
occurs when players to randomise their strategy until coordination occurs, then adopt turn
taking until the game ends. He calls this set of strategies the "Egalitarian convention’. Lau
and Mui (2008) extend Bhaskar’s results in the case of an infinitely repeated allocation game,
and show the expected time taken to reach a turn taking equilibrium increases with the degree
of conflict between the players (measured as the ratio of the payoffs in the PSNE). Lau and
Mui (2011) show that a turn taking equilibrium may exist for certain classes of infinitely
repeated dominant strategy games (such as a common pool resource games), and that the
expected time taken to reach a turn taking equilibrium increases with the degree of conflict
between the players.

Kuzmics et al. (2014) provide a theoretical analysis of rational play in allocation games.
They show that a focal point equilibrium in these games will be both efficient and simple,
and that equilibria involving turn taking behavior (or a rotation scheme as they describe
it) satisfies their criteria. They find in their experiments that 93% of observations in a 2
person allocation game results in turn taking. Although this is a higher fraction than we
find in our allocation game experiment without cheap talk, it is notable that turn taking is
not universally played in either experiments.

There is limited amount of experimental literature on turn taking. Kaplan and Ruffle
(2011) had participants play a repeated two-player, binary-choice game in which both players
had private information as to their type. In their experimental framework turn taking was
one of two ways for participants to cooperate. They found differences in the behaviour
(i.e. whether to turn take or not) is related to private information. If participant’s types
were similar, turn taking was more likely. There are a number of differences between our
study and that of Kaplan and Ruffle. A key difference is that Kaplan and Ruffle provided
their subjects with private information, whereas we do not. Further, we specifically consider
symmetric games. This allows us to isolate the differences in behavior of our participants
and study in particular their endogenous characteristics, such as preferences.

Cason et al. (2013) found that turn taking emerges experimentally in an indefinitely
repeated common pool resource game. They showed that learning can be important in
determining the incidence of turn taking. In particular, they found that prior experience
with turn taking increases the chance turn taking, and that experienced participants are
more likely to teach inexperienced participants how to undertake turn taking. Fonseca and
Normann (2012) conducted a series of experiments which investigated explicit tacit collusion
between Bertrand oligopolists. In some of these experiments turn taking was detected, even
though (in contrast to our experiment and those cited above) there was no incentive for
turn taking in the game. This suggests (particularly in the light of our study) that some
participants are gaining utility from the cooperation required for turn taking.

In section 2 we provide some theoretical analysis that allow us to develop our experimental
conjectures and interpret our experimental results. The experiment is described in section
3. Conjectures about the behavior of participants in the experiment are presented in section



3.2. Section 4 presents the results of the experiment. Section 5 concludes the paper.

2 Theoretical Considerations

2.1 Overview

This paper is concerned with a finitely repeated game, where the duration is common knowl-
edge. A general form of the stage game we consider is shown in Table 1.

Table 1: Game G,

T S
T zZ,7 aX,(1—-—a)X
S|1(1-a)X,aX 0,0

We assume that X > 27 >0 and 0.5 < o < 1. The parameter a measures the degree of
conflict in the game. Notice that restricting Z < (1 — @)X in game G; yields an allocation
game with two pure strategy Nash Equilibrium and a single Mixed Strategy. Whenever
(1 —a)X < Z, then game Gy has a Dominant Strategy Equilibrium (DSE) corresponding
to (T, T). We refer to this game as a Dominant Strategy Equilibrium game. 3

Any combination of equilibrium strategies in each of the stage games of the allocation
game represents an equilibrium in the finitely repeated game. In contrast, there is a unique
DSE (and thus pure strategy NE) in pay-offs both in the stage and finitely repeated DSE
game. Although turn taking is efficient, it is not supported by rational play in the finitely
repeated game. However Lau and Mui (2011) show (using folk theorem arguments) that a
turn taking equilibrium may exist for the infinitely repeated DSE game, and the expected
time taken to reach a turn taking equilibrium increases with the degree of conflict between
the players.

We aim to determine whether, and to what extent, turn taking could occur in the finitely
repeated DSE game. We expect turn taking to occur because, we hypothesise, some par-
ticipants have ’socially-oriented preferences’. Intuitively turn taking can be an equilibrium
outcome in the finitely repeated DSE game because cooperative types view DSE game in
pay-offs as an allocation game in utilities. To explore this further we propose participants
are one of three types: (i) self seeking, (ii) cooperative and (iii) competitive. We now provide
a formal definition of these types.

Self seeking players care only about their monetary payoffs. Hence their utility is taken
to be simply u® = 7;

3The games in which Z < (1 — o)X are called the accommodating case by Lau and Mui (2012), while
they call the games in which Z > (1 — &)X the mutual-tough case.



Cooperative players gain utility from acting with others to achieve a common goal. In
the finitely repeated version of game (G; the co-operative goal in each round is to maximise
joint pay-offs through turn taking. A cooperative player will receive additional utility B > 0
in each round by taking such a cooperative action. Cooperation must be expected to be
mutual. A cooperative players receive zero utility from cooperation in rounds they expect

their partner to act non-cooperatively. Thus the utility of a cooperative player, u°, is given
by:

u’ =

(1)

where ; are player i’s payoffs and B > 0 is the utility player 7 receives from cooperation.

™+ B if ¢ plays cooperatively
e if 7 plays non-cooperatively

By contrast, competitive players value the difference between their own pay-off and that
of the other player in each round. We assume a player has a receives disuitlity in a round,
F > 0, when their pay-off is lower in that round than that of their partner. For simplicity,
we abstract from the possibility that a player may receive additional utility when their
payoft is greater than that of their partner in a given round. Hence we assume the utility of
competitive players is given by:

(2)

It is additionally assumed that B and F' are sufficiently large, to ensure that cooperative

u =

m m — F ifﬂ'i<7l'j
T if?Tz'>7Tj

participants play cooperatively, and that competitive participants play competitively. Specif-
ically:

Assumption 1. B> 7 —(1—-a)X =B and F > X = F*

Assumption 1 ensures that the utility from cooperation, and the disutility from competition,
dominate the pay-offs for the respective types in each round in both the allocation and DSE
games.

2.2 The DSE game with turn taking

We begin our analysis of the DSE game by considering play in the final period

Proposition 1. In the final round of the DSE game: (i) T is the dominant strategy for
competitive, self seeking players and cooperative players whose turn it is to play T in the
final round, and (i) S is the dominant strategy for cooperative players whose turn it is to
play S in the final round.

Proof of proposition 1. Consider the final round. For either self seekers or competitive types
T is the dominant strategy. For cooperative players who played S in the previous (penulti-
mate) period, cooperative play means they play 7" in the final period. If cooperative players
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played T in the penultimate period, it will be their turn to play S in the final round. They
will play S in the final period.

(1-a)X+B>Z (3)

or B > B*. In other words, cooperative players continue turn taking into the final period
provided the gain from cooperation outweighs the material pay-off. This is the case under
assumption 1, and thus cooperative players will play S in the final round if it is their turn.

O

Proposition 1 identifies the play of each type. It is important to note that the strategy
adopted by participants is independent of their beliefs of the type of other players.

In games with cheap talk, it is conceivable that linguistic clues in participants’ commu-
nications to one another may signal their type. For this reason, and because it is useful in
understanding the implications of having three participant types, we first consider the case
in which type is public information.

Lemma 1. Suppose participant type is public information and assumption 1 holds. An
equilibrium strategy in the DSE game in rounds [1, ..., R-1] for each player type is as follows:

1. Competitive participants play T irrespective of their partner’s type
2. Self seeking participants play:

(a) T when facing a competitive or another self seeking partner

(b) turn taking when facing a cooperative partner
3. Cooperative participants play:

(a) T when facing a competitive partner

(b) turn taking when facing a self seeking or cooperative partner

Playing T" in each round is a dominant strategy for competitive participant, so they play
T irrespective of the type of their partner. When self seekers are matched together, the
equilibrium requires both to play T as predicted by standard theory. Cooperative players
gain utility simply by cooperating (i.e. turn taking) so will turn take up to the last period.
Consequently self seekers will turn take up until the penultimate round when matched with
cooperative players.

From proposition 1 and lemma 1 we have established:

Proposition 2. Suppose participant type is public information and assumption 1 holds. It
s an equilibrium strategy for each player to adopt the strategies identified in lemma 1 for
rounds [1,...R-1] and the dominant strategy identified in proposition 1 in the final round.

7



Note that the equilibrium described by proposition 2 is not unique. For instance, an
equilibrium with no-cooperation (in which all cooperative types believe cooperation will
not occur) is possible. Nonetheless, proposition 2 establishes that turn taking can be an
equilibrium strategy for some participants in the finitely repeated DSE game when there are
3 types of participant.

Proposition 2 could be applied to experimental DSE games with cheap talk, if it is
assumed that a participant’s communication signalled their type. However in games without
cheap talk, it is necessary to model an individual’s type as private information. To this end,
denote the probability that a player of type j believes their partner is a cooperator in round
7 as M. Then:

Proposition 3. Consider the DSE game in which participant type is private information and
assumption 1 holds. Then the following are requirements for a perfect Bayesian equilibrium
that involves turn taking to exist:

1. Competitive participants play (T, T) in all rounds

2. Cooperative participants continue turn taking in rounds r > I when there is a sufficient
history of turn taking from period I. In particular, a cooperative player will play S in
the final round following a sufficient history of turn taking from period I.

3. Self seeking participants would only turn take in rounds r € [I, R — 1] provided their
partner exhibits an uninterrupted history of turn taking from period I and:

Z—-(1-a)X X — Z] + [2Z — X]

S :1_ EA* 4
R_1>—aX—Z WX — 7 R—1 (4)

where pertod I is the round in which turn taking is initiated

Proposition 3 provides useful insight (in the form of the conditions necessary for turn
taking to occur when there is a large but finite number of rounds) which are be used as the
basis for our experimental conjectures. For instance, T' in each round is a dominant strategy
for competitive players, irrespective of the type of their partner. Thus, as in the case where
type is public information, competitive players would be expected to play T in all rounds.

A self seeking participant’s action depends on their belief of their partner’s type. For
example, if the self seeking player is certain their partner is either self seeking or competitive
they will play T in each round. To engage, and then continue, with turn taking, a self
interested play must have a sufficient belief they are matched with a cooperative player. The
partner’s type may be signalled by their history of play. To be cooperative, it is necessary
that their partner exhibit uninterrupted turn taking, as this action maximises a cooperative
player’s utility. If their partner was to deviate from turn taking, this would signal that they
are self seeking. In this case the logic of backward induction, as summarised by lemma 1,
means turn taking is not an equilibrium.



Cooperative types will engage in turn taking whenever they view their actions as cooper-
ative. Thus they will engage in turn taking with those types who are also willing to engage
in turn taking, i.e. self seeking and other cooperative types.

Proposition 3 does not indicate how turn taking might be initiated, and thus does not
identify equilibrium outcomes. When type is private information, a participant’s strategy
choice, in particular their initial strategy choice, sends a signal to their partner regarding
their type. This may influence their partner’s strategy choice in subsequent rounds. Thus a
comprehensive analysis of the prefect Bayesian Equilibria of the game, when participant type
is private information and R is large, is of such complexity as to be beyond the scope of this
paper.* However, while a theoretical analysis of how turn taking is initiated in equilibrium
seems intractable in the DSE game with a large number of rounds, it is possible to find and
analyse a perfect Bayesian equilibrium involving turn taking when the number of rounds
is sufficiently small. This case is shows turn taking is an equilibrium outcome in the DSE
game, and proves sufficient to identify behavioural conjectures for our experimental study.

Appendix B analyses a 3-round DSE game. To further simplify the analysis of this
game, we assume only cooperative and self seeking types are present in the population. We
consider two ways in which turn taking is initiated. First, it is shown in appendix B.1 that
a separating equilibrium can exist in which cooperative types play S and self seeking types
play T in the first round. Turn taking occurs when self seeking types meet cooperative types,
and they both coordinate in subsequent rounds. It is necessary that the cooperative types
are a sufficiently large proportion of the population for this strategy to be an equilibrium.
If cooperative types were too small a proportion of the population, a self seeking type could
gain by playing S in round 1, effectively signalling they are cooperative when they are not.
In this equilibrium the fraction of participants that engage in turn taking is:

1—(1=2)7 (5)

where A is the proportion of the population that are cooperative. That is, all participants
undertake a turn taking type strategy except those self seekers who are matched with other
self seekers.

It is shown in Appendix B.2 that another equilibrium involving turn taking can exist in
a three round game, one in which cooperative types play S in round 1 and self interested
types randomise in round 1. This 'semi-pooling’ equilibrium results in turn taking when
cooperative types are matched with each other and when a self seeking type is matched with
a cooperative type. However, turn taking can also result when two self seeks are matched:
specifically when a self seeker who plays 7' in round 1 is matched with a self seeker who
plays S in round 1. In effect, the latter is initially mimicking the actions of a cooperative
player. This behaviour parallels the equilibrium strategy identified by Kreps et al. (1982).

4See the comments of Kreps et. al. (1982) regrading the technical difficulties associated with the simpler
case of cooperation in the finitely repeated prisoners’ dilemma.



They show, in the context of the finitely repeated prisoners’ dilemma, that self interested
types may gain by acting as if they are a cooperative type, and cooperate to induce beneficial
cooperation from their partner. However, from proposition 1, this participant will be revealed
as being self interest in the final round if it is that player’s turn to play S. A self interested
participant would defect from turn taking and play 7" under these circumstances. A player
who plays S in the final period must be an cooperator.

The semi pooling equilibrium requires that the proportion of cooperative types not be
too small (otherwise a self seeker will not turn take in round 2). It also requires that the
proportion of cooperative types in the population not be too large, otherwise a self seeker
would adopt S as a pure strategy in round 1. In this equilibrium the fraction of participants
who undertake turn taking is:

L=pi(1=A)? (6)

where p; is the probability that a self seeker plays T in round 1. That is, all participants
undertake a turn taking type strategy except those self seekers who play 7" and are matched
with other self seekers who plays 7.

The faction of self seeking types which end up turn taking in the semi pooling equilibrium
is higher than the fraction who turn take in the separating equilibrium. In neither case do
all self seeking types undertake turn taking.

Finally, an increase in the degree of conflict, a;, may affect p;. It is shown in Appendix
B.2 that an increase in the degree of conflict in the DSE game would increase the frequency
with which self seeking participants initially play 7" in the semi pooling equilibrium. By (6),
this would decrease the prevalence of turn taking.

2.3 The allocation game with turn taking

We now turn our attention to the allocation game. It is straightforward to show the following
equilibrium proposition in the allocation game, with public information of types:

Proposition 4. Suppose participant type is public information and assumption 1 holds. An
equilibrium strategy in the allocation game is as follows:

1. Competitive participants play T irrespective of their partner’s type
2. Self seeking participants play:

(a) S when facing a competitive partner

(b) turn taking when facing a cooperative partner or another self seeking partner
3. Cooperative participants play:

(a) S when facing a competitive partner
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(b) turn taking when facing a self seeking or cooperative partner

When both participants are either self seeking or cooperative, there a multiple Nash equilib-
rium. Proposition 4 indicates that one of these, arguably the focal equilibrium, involves turn
taking. In contrast, when one participant is competitive, the Nash equilibrium is unique as,
under assumption 1, playing 7" in each round yields a higher utility to the competitive player
than turn taking. In addition, when the competitive player’s partner is either self seeking or
cooperative, the competitive player receives a monetary pay-off double that they would be
receive if they adopted a turn taking strategy.

We now consider play when participant type is private. Intuitively, as with the DSE
game, it will make no difference to the strategy of competitive types whether their type is
public or private information. Similarly, cooperative players will also undertake turn taking
when type is private information, provided their partner has acted cooperatively, because
there is a sufficient history of turn taking.

However, in the allocation game with private information, self seeking players have the
option of mimicking competitive players. This option to mimic a competitive type only
remains available to self seekers if they have no history of playing S, otherwise their actions
would have signalled that they are not competitive. To this extent playing S in the first round
signals that a player is not competitive, and thus reduces the strategic options available to self
seekers. These arguments suggest that self seeks may choose not turn take in the allocation
game, even if facing a cooperative player.

To assess this possibility it is necessary to consider how, and if, turn taking is initiated
in equilibrium play. However, as noted above, a theoretical analysis of this possibility seems
intractable when there are a large number of rounds. However, in appendix C we find
perfect Bayesian equilibrium in a two round allocation game, which will be sufficient to
provide our behavioural conjectures for our experiment. To further simplify this analysis,
only competitive and self seeking types are assumed present in the population.

Two equilibria are described in Appendix C. First, it is shown in Appendix C.1 that a
‘mimicking’ equilibrium can exist - in which self seeking types randomise in the first round.
When two self seekers are matched in round 1, if one plays 7" and the other plays .S, this play
is repeated in round 2. In this equilibrium turn taking does not exist. Second, it is shown
in Appendix C.2 that a turn taking equilibrium also exists, again in which self seeking types
randomise in round 1. If these types coordinate in round one (i.e. one plays 7" and the other
S) then they switch strategies (i.e. turn take) in the second round. In this equilibrium the
fraction of participants that engage in turn taking is:

L—p=pi(l—p)=(1-pH)1-n (7)
Note we are treating those matched self seeking players who play S in round 1 as turn takers,

as if there were more rounds their strategy would result in turn taking (as both revealed
they are self seeking rather than competitive).

11



3 The Experiment

3.1 Experimental design

Experiments were carried out at the University’s experimental economics laboratory using
specialized experimental software between May 2012 and October 2014. Participants were
recruited from the University’s student population through a web-based recruitment system.
On arrival at the experiment, each participant was randomly assigned to a computer, pro-
vided with a set of instructions and asked to complete a quiz to ensure they understood
the experiment. The instructions and quiz provided to each of the participants in one of
the treatments is provided in Appendix ??7. Once participants answered all the questions
correctly, they received a password enabling them to access the experiment.

3.1.1 Single matching experiment

The single matching experiments involved sixteen pairs of participants played 30 rounds
of one of the three stage games shown in Table 2. In treatment 1 participants played the
allocation game, in treatment 2 they played the low conflict DSE game, and in treatment 3
they played the high conflict DSE game. Matching of participants was done randomly. Each
treatment was conducted with and without cheap talk.

Treatment 1 is conducted to identify the strategic behavior of players in a finitely repeated
coordination game. As noted above the game has many Nash equilibria, consisting of the
Nash equilibria in each stage game. The mixed strategy Nash equilibrium of the stage game
used in treatment 1 requires player to play T with a probability of 2/3. The expected
payoff to player adopting the mixed strategy Nash equilibrium is 200. If players coordinate
immediately on turn taking in the first period their payoff is 450.

Table 2: Stage Games

Allocation game Low confict DSE game High Conflict DSE game
T S T S T S
T[] 0,0 [ 20,10 T [ 11,11 20, 10 T [ 11,11 29,1
S | 10,20 0,0 S | 10,20 0,0 S| 1,29 0,0

3.1.2 Repeated matching experiment

Each repeated matching treatment consisted of four sessions with 8 participants. Within
each session participants were sequentially randomly matched (without replacement) with
each other 5 times. In each of the matchings the participants played 14 rounds of the high

12



conflict DSE game shown in table 2. Two treatments, with and without cheap talk, were
conducted. Each treatment had sixteen pairs of participants.

In designing the repeated matching experiment, we were constrained by the maximum
time available for sessions of 2 hours. We restricted the rounds per match to 14, as we judged
this the minimum number of rounds required for turn taking to become well established.
Given 14 rounds per match, the number of matches were at 5 capped by time constraints.
We decided to use the high conflict version of the DSE game to highlight, in participants
minds, the strategic considerations they face.

3.2 Behavioral Conjectures

We develop a number of conjectures of the outcome of our experiment based on the theoretical
discussion above. First, we have argued that social preferences transform the DSE game
into an allocation game for competitive players and consequently, the DSE game may have
equilibria involving turn taking. Hence:

Conjecture 1. Turn taking is observed in all treatments.

The presence of turn taking in the coordination game is to be expected in light of the
arguments presented Bhaskar (2000) and Lau amd Mui (2008). However, the presence of
turn taking in the DSE game suggests that player either have, or believe other players have,
cooperative preferences.

Utilising the above theory, we can identify the presence of each of the participant types
in each of the DSE game treatments in the following way:

e An observation contains a cooperative participants if one participant plays S in the
final round.®

e An observation contains a self-seeker if after a period of turn taking the participant
plays T" when it it their turn to play S, and continues to do so until the game ends.

e An observation contains a competitive participant if the participant resists adopting
turn taking.

If the population contains each of these three types, then the following conjecture will

hold:

Conjecture 2. Behaviour consistent with the presence of cooperative, self seeking and com-
petitive types is observed in all treatments.

5Both participants would be cooperative if they both played S in the final round, though this is never
observed.

13



We ran each treatment with and without cheap talk. In the allocation game the introduc-
tion of cheap talk allowed for coordination between the players. Cheap talk, in the absence
of social preferences, should not change the play in the DSE games. However, Meier’s (2007)
survey of experimental evidence suggests pro sociality is increased by the presence of cheap
talk. Thus we would expect cheap to increase the proportion of cooperators (relative to no
cheap talk) and thus observe more turn taking in both the DSE and allocation games. Thus
we conjecture:

Conjecture 3. The presence of cheap-talk increases the incidence turn taking in both the
allocation and DSE games.

As shown above, it is in the interests of self seeking players to mimic the play of coop-
erators up until the final round, and it is an equilibrium strategy for at least some to do
so. Thus we expect the proportion of participants who turn take to be less than or equal
to the sum of proportions of matches between participants who are both either competitors
or self seekers (equivalently less than 1 minus matches involving self seekers). In the allo-
cation game, however, it is in the interest of self seekers to mimic the play of competitors,
and as such this may be an equilibrium strategy. Again we would expect the proportion of
participants who turn take to be less than or equal to the matches between participants who
are both either competitors or self seekers. Note that in the both the allocation and DSE
games there exist equilibria which do not involve turn taking. In light of these results it is
natural to ask whether we see qualitatively similar strategies adopted in the allocation and
DSE games. We thus propose the following conjecture:

Conjecture 4. The frequency of turn taking in the allocation game is equal to that in the
DSE game

We noted that changing the degree of conflict may affect the incidence of turn taking in
the DSE game, because it reduces the frequency in which pairs of self seekers undertake turn
taking in semi-pooling perfect Bayesian equilibrium. Thus we make the following conjecture:

Conjecture 5. An increase in the degree of conflict in the DSE game reduces the incidence
of turn-taking.

In perfect Bayesian equilibria of the three round DSE and two round allocation games
(analysed in Appendices B and C), self seeking types and competitive types are the only ones
to play T in the initial round, and self seeking types play S in the initial round. We might
expect therefore that those who defect from turn taking in the final round predominately
play T in the initial round, while those who do not defect predominately play S. Thus we
conjecture:

Conjecture 6. Those participants who defect from turn taking in the final round play T in
the first round. Those participants who do not defect from turn taking in the final round play
S in the first round.
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We now consider the issue of learning. Cason, Lau and Mui (2013) show that some
participants, being taught by other participants, can learn to turn take in an indefinitely
repeated game. Thus, in the single matching game it might be argued that players adopt
turn taking only because they do not understand or capable of undertaking the backward
induction necessary to realise turn taking is not subgame perfect in pay-offs. We adopt the
following;:

Conjecture 7. In the repeated matching game, the prevalence of turn taking increases and
the prevalence of cooperative play diminishes as the number of matches increases.

This conjecture is premised on the assumption that each participant is one of three types.
If this is the case, we should observe individual participants playing as predicted for their

type.

Conjecture 8. In the repeated matching game, each participants plays each of their 5
matches in accordance with the behavior predicted by one of the three types.

There is a potential conflict arising from conjectures 7 and 8. For instance, a self seeking
player may only learn to defect from turn taking in the final round after observing this play
in another player. Such a player may initially appear to be cooperative, but later revealed
to be self seeking.

4 Results and Analysis

The strategies and payoffs of the players in each round of each treatment in shown in graphi-
cally in Appendix D. This data is summarised in Table 3 for the single matching treatments
and in table 4 for the repeated matching treatments.

First consider the single matching treatments. We assume turn taking has been observed
if there are 4 strategy switches in a row, as that has a probability of occurring of 1 per cent
under the MSNE in the allocation game. Table 3 captures some of the important features
of turning taking revealed in the single matching experiments. The first column in Table 3
shows the number of observations in each treatment which exhibit turn taking. The second
column gives the number of observations in which, once turn taking has commenced, turn
taking experiences an interruption prior to the end of the treatment. The fourth column
gives the number of interruptions to turn taking occurring in the treatment. The fifth column
indicates the number of interruptions to turn taking that advantages one player. The sixth
column shows the number of observations in each treatment in which one player plays S
and the other player plays 7" in the final round. The final column indicates the number of
observations in which player who have been turn taking defect to (7',7) in the last or second
to last round.

The data in Table 3 yields:
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Table 4: Repeated matching

TRN TRC
Match 1 2 3 4 5 1 2 3 4 5
Turn taking gr A A 104 100 16 16 16 16 16
TT final T AT B g 14 14 13 15 12
Defect final 2 4 2 5 6 2 2 3 1 4
Advantageous deviation 2 0 1 5 0 1 0 0 4 2
Disadvantageous deviation 0 0 0 0 0 o 0 1 1 2

* significantly difference at o = 0.05 ** significantly difference at o = 0.01

Significance levels determined using the two samples proportion t-test

Observation 1. (i) Turn taking is observed in all treatments. Once started, turn taking
continues uninterrupted in 70 per cent of turn taking observations in T1N, in 64 per cent of
turn taking observations in T2N, and 89 percent of turn taking observations in TSN. Turn
taking is not observed in 38 per cent of observations in T1N, in 31 per cent of observations
in T2N, and 44 percent of observations in TSN

This observation is consistent with conjecture 1.

There are deviations from turn taking once it is established in both the allocation and
DSE games. Deviating from turn taking in the DSE game advantages a player whose turn
it is to play S, while disadvantages a play whose turn it is to play T. Deviating from turn
taking disadvantages both players. The interruptions to turn taking might either be due to
(i) participants making an error in whose turn it was (ii) participants trying to gain an edge
over the turn taking strategy. In the allocation game, once turn taking is initiated, unilateral
deviation would lead to loss, and thus would be expected to be an error. However in the DSE
game, a unilateral deviation in which a participant plays 7" rather than S could increase the
participant’s payoff if turn taking resumes. On the other hand, it would be expected that
when a player plays S rather than 7', that the deviation from turn taking is an error.

The proportion of observed deviations does not vary significantly across or within treat-
ments, in particular across T2N, T2C and T3C. In these treatments advantageous deviations
dominate. We observed only one deviation in T3N, which is not advantageous (so presum-
ably a mistake). The players in the chat treatments typically framed their deviations from
turn taking as a mistake. Given that the total number of deviations in Treatment 1 is not
significantly different to those in T2N, T2C and T3C, and virtually all deviations in Treat-
ment 1 are disadvantageous, this explanation is plausible. On the other hand, frequency of
advantageous deviations in T2N, T2C and T3C, suggests some of players are attempting to
gain an edge over their partners.

Turn taking does not always come about through a process of coordination using ran-
domisation. For example, in some instances (T2N: players 3 and 4, and players 7 and 8 in
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group 2) it appears one player initiates turn taking (by consecutively playing 7" and S) and
waits for their partner to coordinate with them.

Of the no-cheap talk observations where turn taking did not occur, one or both players
adopted T at least 75 percent of the time. Some participants (T2N: group 2 player 1, group
4 player 2 T3N: group 3 player 4, group 4 players 7 and 8) played T' throughout the whole
experimental session. Note that this result could not be due to a coordination failure when
cheap talk is not available. By playing the Egalitarian convention, the probability that
people repeatedly play the DSE and do not coordinate for 30 rounds is vanishingly small.

Turn taking is not exhibited in all observations. Let us say (by analogy to the definition
of turn taking) that players coordinate on the DSE in the repeated game if the DSE is played
in four consecutive stage games. With these definitions it is possible for players to exhibit
both turn taking and coordinate on the DSE at different stages during the game. However
this combination is not observed in our data. In fact once turn taking is established, apart
from brief deviations, it continued until either the last or penultimate round. This makes
the division between observations with or no turn taking stark, suggesting participants differ
qualitatively in type.

From Table 3 we find that:

Observation 2. (i) Turn taking continued to the last round in 36.4 per cent of observations
in treatment T2N and 55.6 per cent of observations in treatment T3N. Turn taking continued
to the final round in §1.25 per cent of observations in T2C and in 62.5 per cent of observations
in T3C. (ii) Defections from turn taking in either the last or penultimate round occurred in
37.5 per cent of observations in treatments T2N and in 12.5 per cent of observations in T3N.
Defections from turn taking in either the last or penultimate round occurred in 12.5 per cent
of observations in T2C and in 25 per cent of observations in T3C.

Observation 2(i) is behaviorally consistent with the presence of cooperative types in all
treatments, while observation 2(ii) is behaviorally consistent with the presence of self seek-
ing types. Observation 1, taken in conjunction with Observation 2(i), indicates behavior
consistent with the presence of competitive types in treatments without cheap talk. Taken
together these observations are consistent with conjecture 2, except that competitive behav-
ior is not observed in the chat treatments of the DSE game (T2C and T3C). Furthermore:

Observation 3. Cheap talk increases the prevalence of turn taking.

Cheap talk significantly increased the occurrence of turn taking. As shown in Table 3, the
proportion of observed turn taking with communication (T.C) is significantly higher than
the proportion without communication (T.N) in all treatments. As noted earlier, in T2C
and T3C turn taking occurred in all cases compared to 11/16 and 9/16 of the observations
respectively without communication. The proportion of observed turn taking at the end is
also significantly greater with cheap talk compared to no communication across all treatments
(p < 0.05). This finding is consistent with conjecture 3.
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Without cheap talk a minority of observations in the DSE games involved participants
exhibiting cooperative behavior. However, cheap talk substantially increased the instances
of cooperative behavior to the point where it is exhibited by a majority of the observations.

It could be that some pairs simply did not learn to take turns, and that apparent compet-
itive behavior is due to ignorance (Cason et. al., 2013 show how participants can learn turn
taking from one another). The fact that participants readily coordinated on turn taking in
the cheap talk treatments might suggest this. However, in all but one of the no-cheap-talk
observations that settled into the DSE, there was some early attempt by one participant to
initiate turn taking by alternating their strategy. It appears therefore that the failure to
initiate turn taking was because some participants resisted adopting turn taking in the DSE
game treatments with no cheap talk.

In one observation in T1C, one player (player 2, group 6) made an undisguised attempt
to force the pure strategy Nash equilibrium that advantages themselves, in effect indicating
to their partner that they would play T no matter what. Such a player, in effect, cast
themselves as a competitive player. It can be seen that the player carried out this threat for
some time, though eventually relented. In both chat and no chat at least one player tried to
force the PSNE that advantaged them.

There is a significant reduction in the proportion of turn takers who defected in the final
round from T2N to T2C. However, the equivalent change in Treatment 3 is not significant.
Indeed, although cheap talk decreases defectors as a proportion of the population in T2N, it
increases defectors as a proportion of the population in T3N. Nonetheless, neither of these
changes in defectors (as a proportion of the population) are significant (p=0.07 and p=0.23
respectively). Thus, the proportion of observations in each treatment in which self seeking
behavior was exhibited does not vary significantly across treatments. This suggests that
cheap talk has the effect of causing those who would be competitive in treatments without
cheap talk to be cooperative when they can engage in cheap talk. This is consistent with
cheap talk influencing only the behavior of those with social preferences, leaving self seeking
behavior unchanged.

The fact that defection occurred overwhelmingly in the last period of the DSE game
treatments suggests that self seekers were relatively confident they were playing a cooperator.
The inequality (4) in proposition 3 provides the precise condition for self seekers to turn
take in the penultimate period. From (4) the critical proportion of turn takers who are
cooperators, AJ, is A = 1/9 in T2 and A! = 5/9 in T3. From table 3 the proportion
of observations in which turn takers are cooperators can be estimated as A% ; = 4/11 in
T2N and A%,_; = 10/18 in T3N . The proportions are higher in the respective cheap talk
treatments. Thus condition 4 would appear to be satisfied in all DSE game treatments, it is
rational for self seekers to turn take in these treatments. The data in Table 3 also yields:

Observation 4. The incidence of turn taking in the allocation game is not significantly
different the incidence in the DSE game.
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This observation is consistent with conjecture 4. While we found no significant difference
in the proportion turn taking across the different games (N : x? = 0.533,p = 0.3829;C :
X2 =0.2.04,p = 0.18), in games with cheap talk, turn taking occurred in all observations in
each of the DSE games while turn taking did not occur in 1/16 of the observations of the
allocation game. Note the degree of conflict is the same in T1 as in T2 and TN, while it is
higher in T3. The higher conflict in T3 may have the effect of reducing the incidence of turn
taking in T3N.

Observation 5. An increase in the degree of conflict is associated with only a small reduction
in the incidence of turn taking when there is no cheap talk.

We found no statistically significant difference in the incidence of turn taking across
treatments (p > 0.05) and so support for assumption 1 rather than conjecture 5. The degree
of conflict did not influence the prevalence of turn taking when there is cheap talk, suggesting
that more severe changes in the degree of conflict may be necessary to produce a behavioural
change.

Note the increase in conflict is associated with an increase in turn taking in the final
period. The proportion of groups turn taking at the end is found to be significantly greater
with cheap talk in all treatments (p < 0.05). However, there was no significant difference in
the proportion defecting in the last round between or within treatments (p > 0.05). Cheap
talk, while improving the proportion turn taking at the end, did not improve the proportion
of groups defecting in the last round.

Turn taking was less prevalent in the DSE game without cheap talk when the conflict
was higher. This observation is consistent with conjecture 5. Note that this effect is not
particularly strong, and the increased conflict did not affect the prevalence of turn taking in
the treatments with cheap talk. Note also that turn taking was more likely to be maintained
when conflict is higher. One explanation of this finding is that players were more careful to
strictly maintain turn taking when the costs of deviating from it are higher.

Observation 6. (i) Of the 17 observations of defection in the DSE treatments, 11 involved
the participant playing T in the round turn taking was initiated. (ii) Of the 29 observations
of non-defection in the final round of the DSE treatment, 25 involved the participant playing
T in the round turn taking was initiated.

Recall that the optimal turn taking strategy for a self seekers is to play 7" in round 1,
and defect in round 30. This happened in 9 out of the 11 rounds in which defectors played T’
in the initial round. Of the 6 observations in which defectors in the final round did not play
T in the round in which turn taking was initiated, 2 of them encouraged turn taking early
in the game by alternating strategy. In this way they might be seen to mimic cooperators
in accordance with observation 6(i) and consistent with conjecture 6.

Observation 6(ii) does not appear to consistent with conjecture 6 as only 4 out of the 29
observations conforming with it. Of the 25 inconsistent observations, 20 were in cheap talk
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treatments. Additionally, 18 of the 29 involved turn taking in every round. Of these 18, 15
are in the cheap talk treatments. One explanation of this finding is that, in a cheap talk
game, a cooperative player who suspects their partner is self seeking might have played 7T in
the initial round to ensure cooperation from their partner in all rounds, especially the final
rounds. A similar argument might also be applied to remaining 5 observations in cheap talk
treatments that were inconsistent with conjecture 6(ii) in which there is interruption to turn
taking or delay in initiating turn taking.

There were 5 observations in treatments T2N and T3N which were not consistent with
6(ii). In these cases the cooperative participants may have been trying to enforce cooperation
in the final round (as suggested for the cheap talk treatment) or they may have adopted a
mixed strategy.

We now turn to consider the repeated matching treatments. The summary results pre-
sented in Table 4, suggest that the conclusions derived from the single matching treatments
also apply to the repeated matching treatments. Furthermore the data in Table 4 yields:

Observation 7. In TRN, there is a small increase in the prevalence of turn taking as the
number of matches increases. There is also a small increase in the number of final period
defectors, and a small decrease in turn taking persisting into the final period.

This observations suggests that some learning on how to turn take, and how to defect in
the final round, may have occurred. However, the changes observed over the rounds is not
statistically significant. Some further insight is found by looking at individual’s behavior in
the repeated matching treatments:

Observation 8. A large proportion of participants play to type.

Observation 8 is established by reference to the repeated matching graphs in appendix
D. Individuals are referred to by the identifier IJ, where I € {1,...,8} is the group they
belong to and J € {1,...,8} is their player number in their group. First consider TRN
(I € {1,...,4}). Three participants (31,32, 48) in TRN defected in the last round of 3 or
more of the matches. None of these participants played S in the final round of any of their
matches. However, in all matches, two of the three played S either before their partners
first played S or in the same round as their partner first played S. This could be viewed as
encouraging their partners into turn taking, and is consistent with the behaviour of a self
seeker mimicking a cooperator. One player (13) defected in the final round twice (match B
and E). However this participant also played S in the final rounds twice (match A and C).
The defection in these cases could be interpreted as ’evening the score’ for the reluctance of
participant 13’s partners to initial reluctance to undertake turn taking. Seven participants
(11, 21, 22, 33 42,43,47) defected in only one match in the final round. Four of these did
not play S in the final round of any other matching. Three participant who defected once
also played S one or more times. One of the three (33) seems to be 'reciprocating’ an earlier
advantageous defection by their partner, while another (22) seems to be responding to the

21



initial resistance of the partner to coordinate on turn taking. One player (42) seemed to
adopted the defection strategy in the final round. In total seven participants in TRN (11,
21,31,32,43,47,48) behaved in a manner consistent with them being self seekers.

Six participants in TRN (12, 17, 23, 27, 28, 36) did not engage with turn taking, thus
behaved in a manner consistent with being competitive types.

Thirteen participants (14, 15, 18, 24, 25, 26, 34, 35, 37, 41. 44, 45, 46) played S in at
least one final round of their 5 matches, and did not defect in the final round of any match.
Indeed once participant (41) played S in the final round of all of their 5 matches. This
behviour is consistent with them being cooperative type.

Of the remaining 7 participants in TRN, four exhibited both self seeking and cooperative
behaviors (13,22,33,42). This could be due to learning self seeking behavior through experi-
ence, though two of these participants played S in the final round after defecting in the final
round in a previous match (13, 33). Further the mixture of behaviours may be explained
in terms of the specifics of the interaction between participants, such as that of player 13
discussed above.

Two players engaged in turn taking in at least one match but did not either play S in
the final period or defect in the final period (16,38). It is not therefore possible to classify
the behavior of these players.

Now consider TCN (I € {5, ...,8}). Two participants (67,75) in TRC defected in the last
round of 4 or more of the matches. None of these participants played S in the final round
of any of their matches. However, in all matches, both played S in a round before, or in the
same round, as their partner first played S. Three participants (71, 76, 83) defected in only
one match in the final round. One of these (76) did not play S in the final round of any
other matching. The remaining two who defected once also played S in one or more earlier
matches. In total three participants in TRC (67,75, 76) behaved in a manner consistent with
being self seekers in all matches, while two (71,83) seem to have learned to behave as self
seekers.

There were no participants in TRC who do not engage with turn taking. Thus there is
no evidence of competitive play in the cheap talk treatment.

Nine participants in TRC (52, 53, 64, 66, 67, 74, 75, 76, 88) did not play S in the final
round, and six of these (52, 53, 64, 66, 74, 88) did not defect in the final round either. It is
thus not possible to classify these 6 players, though it is possible they are cooperative types
who ensure cooperation in the final round by playing 7" in the initial round.

The remaining 21 played S at least once in the final round and did not defect. Their
behaviour is consistent with that of a cooperative type. One participant (51) played S in
the final round of all of their 5 matches.

Table 5 summaries the above identification of player types made for both the chat and
no chat treatments of the repeated matching treatment, and the p values for their difference
using a two samples proportion t-test. The introduction of chat significantly reduces the
number of participants identified as competitive, while it increases the number of participants
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Table 5: Number of types identified in repeated matching experiments

No Chat | Chat | p value
Competitive 6 0 0.006*
Self seeking 7 5 0.26
Cooperative 13 21 0.02*
Not classified 6 6 0.5

*Significant at the 0.05 level.

identified as cooperative. The number of participants identified as self seeking and the
number not classified does not change significantly with the introduction of cheap talk.

5 Discussion

This paper presents evidence on the behavior of individuals who played the finitely repeated
allocation and DSE games. The key finding from our experiments is that turn taking arises in
the finitely repeated versions of both the allocation and DSE games. Turn taking is frequently
undertaken by participants in the allocation game, though there are multiple Nash equilibria
in payoffs. Similarly, turn taking is frequently undertaken by participants in the DSE game,
though it is not an equilibrium strategy in pay-offs. Indeed we found no statistical difference
between the frequency in which turn taking was conducted in the allocation and DSE games.

Using the theory analysis we have presented, we show the observed behaviour of partic-
ipants is consistent with the presence in our experiment of three behavioural types: coop-
erative, competitive and self seeking types.® Three experimental findings suggest that some
participants (around 40% without cheap talk and 65% with cheap talk) behave in a manner
consistent with cooperative preferences. First, the presence of turn taking is suggestive of
cooperative preferences, as cooperative preference transform the DSE game in payoffs to a
coordination game in utilities. Second, the observation that some player continue turn taking
into the last round is consistent with cooperative preferences. This is because the benefit
of continued cooperation (i.e. turn taking) to these participants outweighs the financial
disadvantages to them of continuing turn taking. Third, previous findings suggest that the
introduction of cheap talk is likely to reinforce pro-social preferences, of which cooperative
preferences could be thought of as an example.

6Note our experiment is not designed to directly observe cooperative and competitive preferences per se,
but the behavior associated with them. Indeed, in the context of altruism, Andreoni et al (2008) noted that
“we only know when we don’t see it”.
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We observed that some participants (approximately 20%) in DSE treatments without
cheap talk behaved in a manner consistent with competitive preferences. However, com-
petitive play vanished in our DSE game treatments with the introduction of cheap talk.
The decline in competitive behaviour with the introduction of cheap talk was approximately
the same as the increase in cooperative behavior with the introduction of cheap talk. This
suggests that both those exhibiting cooperative and competitive behaviors have socially ori-
entated preferences, but the social context (cheap talk vs no communication) determines
how these preferences are expressed in some participants.

The findings from the DSE game treatments also point to the presence of self seekers pref-
erences (around 20% with cheap talk and 16% with cheap talk): these are participants who
found it rational to mimic cooperators by adopting turn taking to the final or penultimate
round. The introduction of cheap talk only slightly reduced the proportion of participants
using this strategy, though not significantly. This suggests these participants, while aware
that some other participants respond to social influences, were relatively insensitive to social
influence themselves. The proportion of self seeking behaviour decreased as a proportion
of the population, though not significantly, with the introduction of cheap talk. This sug-
gests the proportion of the population who does not have socially orientated is not strongly
affected by this change in social context.

We found it difficult to classify the remaining participants (approximately 20% of the no
communication treatments). These participants exhibited both self seeking and cooperative
behavior. In these case participants may either have been acting reciprocally (which is not
modelled in our theory) or learning by doing which behaviors best suited their preferences.

Overall, due to the apparent heterogeneity of preferences, there is no single interpretation
of play in the finitely repeated allocation and DSE game. This is particularly true of the
DSE game without cheap talk, where behavior varied markedly from the (unique) Nash
equilibrium in payoffs. The incorporation of cheap into the DSE game appears to have
resulted in competitive behavior being largely replaced by cooperative behavior. So cheap
talk reduced the heterogeneity in behaviour, thereby reducing the complexity of observed
behaviours in the finitely repeated DSE game.
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Appendices

A Mathematical Proofs

A.1 Proof of lemma 1

Proof of lemma 1. Straightforward application of backward induction utilising proposition 1
shows that when either competitive or self seeking types are matched with other competitive
or self seeking types, the only equilibrium set of strategies given assumption 1 is (7, 7).

Now consider matchings involving one or more cooperative types. Turn taking which
extends to the final round will require one of the partners to play S in the penultimate
round. We now consider whether this is optimal play when each of the three player types is
matched with a cooperative player.

A self seeking player would play S in the penultimate round if they are partnered with a
cooperative player,and it is their turn to play S, as their payoff from continuing turn taking
exceeds playing 7' in the final two rounds, i.e. X > 27.

A cooperative player would play S in the penultimate round if they are partnered with
another cooperative player, and it is their turn to play S, as their utility from turn taking
in the final two rounds exceeds playing 7" in the final two rounds. X + 2B > 27.

Now consider the self seeker’s strategy in round R —n. First suppose n is odd. If the self
seeking player were to play S, then under turn taking they play 7" in the last period. Then
the player would play S in this period (continue turn taking), rather than end turn taking,
if:

(n+1)X
2
or X — 27 > 0. Suppose n is even. Then self seekers play S if:

> (n+1)Z2 (8)

%+Z>(n+1)Z (9)

or X — 27 > 0. Thus self seeking players would continue turn taking in all rounds.
Now consider the cooperator’s strategy in round R — n. If n is even then a cooperative
play will S in period R —n and then will continue turn taking up to the last period (in which

they play S) as:
X
%+(1—a)X+(n+1)B>(n+1)Z (10)

Similarly if n is odd a cooperative player will S in period R — n and then will continue
turn taking up to the last period (in which they play T') as:

%—l—(n—kl)B > (n+1)Z (11)
[

27



A.2 Proof of proposition 3

Proof of proposition 3. 1. Clearly self seeking and cooperative players would only consider
playing S in the penultimate round if it was believed that there is a sufficient probability
their partner would play S in the final round, i.e. is competitive. First consider the case of a
competitive player. This player’s gains greater utility from playing S (7) in the penultimate
round if:

(1—a)X — F+ A" aX + (1 -\ )Z > (<)2Z (12)

Thus, by assumption 1, a competitive player would play 7" in the penultimate round if:

F>1-a)X+ A\t 0X —(14+ X2 )Z=F5_,. (13)

Observe that F};_; < F*, so that under assumption 1 competitive players always play 7'
in the penultimate round.

Consider round R — n, where n > 2. We now show a competitive player will choose T" in
round R — n if they choose T in all rounds following R — n 4+ 1. Under this assumption, a
competitive player would choose T if:

l-—a) X -—F+ N aX+ (1= )Z+(R-r—-1)Z<(R—1r)Z (14)

or:

Fl—a)X + A0 aX — (1+ N )72 > F* (15)

Thus, under assumption 1, competitive players choose T in each round.

2. If there is a sufficient history turn taking, a cooperative player will treat playing S in
the penultimate round and 7T in the final round, if it is their turn to do so, as a cooperative
act. In this case the cooperative player will play S in round R — 1 and 7" in round R (as
opposed to T in both rounds)provided:

(1-a)X+B+ Ao aX+(1-X31)Z2+B>2Z (16)

or:

B> B~ (17~ (1-a)X] - Np[oX — Z]) = Bi,y (17)

Note that B* > Bj},_;, so under assumption 17 the cooperative participant plays S in the
penultimate period when it their turn to do so.

Consider round R — n, where n > 2.If n is even then a cooperative play will S in period
R — n and then will continue turn taking up to the last period (in which they play S),while
cooperation continues, and when B > Bj. If n is odd a cooperative player will S in period
R — n and then will continue turn taking up to the last period (in which they play 7).
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3. Turn taking will require one of the partners to play S in the penultimate round. We
now consider whether this is optimal play for each of the three player types.
A self seeking player would play S in the penultimate round if:

(1-a)X + 250X +(1=X;_)Z >2Z (18)
or:
v >Z—(1—a)X_1_[aX—Z]—i—[QZ—X]:XF (19)
Rl aX -2 aX -7 R

Hence A\j,_; € (0,1). Note that turn taking must therefore be uninterrupted in all rounds
r > I otherwise the self seeking player could infer that their partner was not cooperative.

Now consider the self seeking strategy in round R —n. Suppose there is an uninterrupted
history of rounds I < r < R — n. First suppose n is odd. If the self seeking player were
to play S, then under turn taking they play 7" in the last period. Suppose if turn taking
continues that 4 holds. Then, as no new information available to the self seeking play during
rounds [r,..R — 1], then A5,_, = A;_;. Under these conditions the self seeking participant
would play S in round R — n as:

W) + (=) X+ 250X + (1 =2A4)Z2 > (n+1)Z (20)

or:

Z-(1-a)X —=HX -27)
DY: 2 =\ 21
R-n = aX — 7 R—n ( )
Now \j_,, < Aj_q, so if (4) holds, self seeking player would be willing to continue turn

taking.

Suppose n is even. If (4) holds, both self seekers and cooperative types play S in the
penultimate round. Thus a self seeker will play S in round R — n if it is their turn to do so
if:

%+Z>(n—|—1)2 (22)
n(X —27) > —27 (23)

The self seeking player will play S if there is an uninterrupted history of turn taking from
round /. Then a self seeking player would be willing to continue turn taking in all rounds
up to the final round.

O
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B A three round DSE game

Three rounds is required to illustrate the properties of two important perfect Bayesian equi-
librium in a finitely repeated DSE game with more than one type. For this illustration it is
useful to assume there are only self seeking and cooperative type players (i.e. = 0).

B.1 A separating equilibrium

Define the following set of strategies and beliefs of participants in the three round DSE
game:.

Strategy and Belief set 3S: In round 1 self seekers play T" and cooperative participants play
S, and all participants believe the probability their partner is cooperative is A (corresponding
with the proportion of cooperative types in the population). Then:

e if the outcome in round 1 is (7, 7)) then both (self seeking) participants play 7 in the
subsequent two round, and believe with probability 1 that their partner is self seeking.

e if the outcome in round 1 is (7, S) then play is (S,7) in round 2 and (7, S) in round
3. Participant 1 believes their partner is cooperative and participant 2 believes their
partner is self seeking

e if the outcome in round 1 is (5,.S) then both cooperative types randomise to achieve
coordination for turn taking in round 2, and randomise again in round 3 if coordination
is not achieved in round 2. In rounds 2 and 3 both participants believe with probability
1 that their partner is cooperative.

Then:

Proposition 5. Strategy and Belief set 35 is a perfect Bayesian equilibrium if X is sufficiently
close to 1.

Observe that proposition 5 shows that set of strategies 3S represents a separating equilibrium
as participants signal their type in round 1. Its proof is as follows:

Proof of proposition 5. Proposition 1 applies to the pay in the final round (round 3) of the
three round DSE game. Observe that strategy and belief set 3S satisfies Proposition 1.

Now consider the conditions under which strategy 3S is an equilibrium strategy for each
type. First, it has been assumed that actions of cooperative types in strategy 3S is viewed
as cooperative play by cooperative type participants, so deviating from it will lower their
utility. Thus it represents an equilibrium strategy for them.

We now consider the conditions under which self seeking types to have no incentive to
deviate from strategy 3S. The payoff from conforming to the above strategy is:

AX +aX +3(1—\)Z (24)
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If the self seeking player deviates by playing S in round, and 7" in the final two round,
the expected payoff is:

(1=NX+Z+AVE (25)

where VT is the expected payoff from playing against a randomising type cooperative
type. Note that, assuming cooperative types play 7" with probability 1; in round i, VI =

(1 = taths)aX + (1 + ¢hotfs) Z
The self seeking player does not deviate from the equilibrium in round 1 provided:

AX +aX +3(1-NZ>(1-NX+Z+A\VE (26)
or

X —-27
A > =\ 27
X-2Z4+(14+a)X -VE B (27)
As (1+a)X > VE then 0 < A\* < 1. Hence self seeking players do not have an incentive
to deviate provided A is sufficiently large.

Thus Strategy and Belief set 3S is an equilibrium strategy and belief profile if A > \*. [

B.2 A semi-pooling equilibrium

Define the following set of strategies and beliefs for participants in the three round DSE
game:

Strategy and belief set 3P: In round 1 cooperative participants play S and self seek-
ers play T with a probability p; , and all participants believe the probability their partner
is cooperative is A (corresponding with the proportion of cooperative types in the popula-
tion).Then:

e if the outcome in round 1 is (7,7T") then both (self seeking) players play 7" in the
subsequent two round, and believe with probability 1 that their partner is self seeking
in these rounds.

e if the outcome in round 1 is (7, 5). Participant 1 (who must be self seeking) plays S in
round 2 and 7" in round 3. If participant 2 is self seeking they play 7" in rounds 2 and
3. If player 2 is cooperative they play 7" in round 2 and S in round 3. Participant 2
believes their partner is self seeking with probability 1 in rounds 2 and 3. Participant
1 believes there is a probability Arg that their partner is cooperative in rounds 2 and
3.

e if the outcome in round 1 is (5,5) then a cooperative type randomises in round 2,
playing 7" with probability 1. In round 3 the cooperative type (i) takes their turn if

31



coordination is achieved in round 2 or (ii) plays 7" in round 3 if coordination is not
achieved in round 2. Self seeking types play T in rounds 2 and 3. Both participants
believes there is a probability Ags that their partner is cooperative in round 2. In round
3 a participant believes and Agg7 that their partner is cooperative with probability Aggr
they played T' in round 2 and are certain their partner is cooperative if they played S

in round 2.
Then:
Proposition 6. Strategy and belief set 3P forms a perfect Bayesian equilibrium if X < X <
Ay where:
2X =37 +¢a(aX — Z)
= 2
A % 97 (28)
and:
Ars = Ags = A (29)
where:

(T M) X — (14 Mpo)Z
L= TN X —32) (30)

An increase in « increases py.

Observe that proposition 6 shows that set of strategies 3P represents a semi pooling equilib-
rium as only self seeking types play T in round 1 but both types of participants play S in
round 1. Hence only seek seekers playing T unambiguously signal their type 1.

Note that it is necessary that A5 < 0.5 if this equilibrium identified in proposition 6 is to
exist, however this need not be the case.

Proof of proposition 6. Note that the self seeking player who mimics a cooperative player
in round 1, and who is paired with a self seeking player who does not mimic a cooperative
player, will achieve a payoff from that strategy of X 4 Z from that strategy as opposed to
37 if they had played the Nash equilibrium.

Again, it is assumed that the actions adopted by cooperative types in strategy 3P is
viewed as cooperative by cooperative type participants, so deviating from it will lower their
utility.

We now turn to identify whether the play in strategy 3P is optimal of self seeking players.
First observe that it is necessary that (4) holds if a self seeking participant is to play S in
the second round as required by the above strategy. Hence it is necessary that A > A} to
hold if strategy 3P is to be an equilibrium strategy.

The expected pay-off for the self serving types from playing 7" in round 1 is:

AMX +aX)+pi3(1=NZ+ (1 —p)(1=N(X+2) (31)
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If the self seeking player plays S in round 1, their expected pay-off is:

i1 =X+ 2) + (1 = p)(1 = X)2Z + A[(1 = o)X + (1 +¢2)Z] (32)

The self seeking player is indifferent between playing 7" and S in round 1:

MX+aX)+p13(1=N)Z+(1—p1) (1= (X+2Z) = p1(1=N)(X+2Z)+(1—p1) (1 =N)2Z4+X((1—1p2)aX +(1+1s).

(33)
or:
14+ A X —(1+XMpn)Z
Py = (1+ Ahrar) (14 Atpg) (34)
(I1-=XN)(2X —-32)
Note that p; > 0. We require that p; < 1 for the pooling equilibrium, i.e:
2X —-37 X—-7Z

A< FualaX =2) _ . (35)

X —-27

This establishes that strategy and belief set 3P forms a semi-pooling perfect Bayesian
equilibrium if A5 < XA < A},.

Partial differentiation of (34) with respect to a shows that p; is increasing in a. Note

this conclusion assumes 1) is independent of «, which is reasonable if B is sufficiently large

relative to monetary payoffs for cooperative types.
O

C A two round allocation game

Two rounds is sufficient to illustrate the key properties of two important perfect Bayesian
equilibrium in a finitely repeated allocation game with more than one type. At initial node,
Ny, participants are assumed to know the true distribution of types in the population. In
the second round, the participants will be at one of the four possible nodes: Ny, where
E=T,S.

For this illustration it is useful to assume there are only self seeking and competitive type
players (i.e. A =0).

C.1 An equilibrium in which self seeking types mimic competitive
types

Define the following set of strategies and beliefs:
Strategy and belief set 2M: In round 1 cooperative players play S and self seekers play T
with a probability p;, and all participants believe the probability their partner is competitive
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is p (corresponding with the proportion of cooperative types in the population). Then in
round 2:

e at node Npr then self seeking players randomise and competitive types play 7', and
both participants believe with probability pprr that their partner is competitive.

e at node Nrg Participant 1 (who is either self seeking or competitive) plays 7" and
participant 2 (who is self seeking) plays S. Participant 1 believe participant 2 is
competitive with probability 1, while participant 2 believes particiapnt 1 is competitive
with probability prg.

e at node Ngr Participant 1 (who is self seeking) plays S and participant 2 (who is either
self seeking or competitive) plays 7. Participant 2 believe participant 1 is competi-
tive with probability 1, while participant 1 believes particiapnt 2 is competitive with
probability prg.

e at node Ngg Both participants (who are self seeking) randomise, and both participants
believe their partner is self seeking with probability 1.

Then:

Proposition 7. Strategy 2M is a perfect Bayesian equilibrium in the two round allocation

game if:
a?(1+ a)
h A Za(l=a)) (36)
and:
- o M
Wrr = prs = (=) (37)
where:
P = M(l _a>(Q_2)+(1_M)a<1+Q) (38)

2(1 = p)(1 —a(l —a))

Proposition 7 shows that strategy 2M is a semi pooling equilibrium, as only self seeking
types play S in round 1 but both types of participants play T in round 1. Its proof is as
follows.

Proof of proposition 7. Playing T' at all nodes maximises the utility of competitive types, so
they have no incentive to deviate from the actions detailed in strategy 2M.

It remains to show that strategy 2M is an equilibrium one for self seeking types. First
consider the self seeking types choice of strategy at node Npr. Let grr be the probability the
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self seeking type’s partner plays 7. In order for the self seeking participant to be indifferent
between playing 7" and S it is necessary that ¢rr = «a. Note that, at node Npp, the
probability that the partner is competitive is given by (37). Consequently the probability
that the self seeking participant plays 7" at node Npr, prr is given implicitly by:

_ ptprre(l —p)

qrr = (39)
w4 (pr(1—p))
or:
a(p+pi(l—p) —p

prr = 40
(1= ) o)

Note prr < 1. However to ensure that prr > 0 we require that:
a(p+pi(l—p) >p (41)

That is, it is optimal to randomise at node Npr only if competitive types are a sufficiently
small fraction of the population.

Now consider the self seeking types choice of strategy at node Nrg. In this case the
partner (who must be self seeking) will play S. Thus it is optimal for the self seeking player
to play T'.

The expected payoff from playing 7" in round 1 is therefore:

(14 p1(1 = p))a(l = a) X + (1 = py)(1 — p)2aX (42)

Now consider the self seeking participants pay-off from playing .S in round 1. At the node
Ngr the partner could be either self seeking or competitive. However playing S signals that
the participant is self seeking. So the partner will play 7" in round 2 and it is optimal for
the participant to play S.

At the node Ngg the partner is self seeking, and will randomise, playing 7" with probability
a. The expected payoff is (1 — a)aX

The expected payoff from playing S in round 1 is:

(b +p1(1—p)2(1 = )X + (1 =p)(1 = p)a(l —a)X (43)

Hence the self seeking participant is indifferent between 7" and S in round 1 if:

(1tp1(1=p))(1=a) X+(1=p1)(1=p)20X = (ptp1(1—p))2(1—a) X+(1—p1) (1-p)a(l—a) X
(44)
Which yields (38). It is readily shown from (38) that 0 < p; < 1. Hence strategy 2M is
a perfect Bayesian equilibrium provided (41) holds,that is provided 36 holds.
O
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C.2 An equilibrium in which self seeking types turn take

Define the following set of strategies and beliefs:

Strategy and belief set 2T: In round 1 competitive players play T" and self seekers play T’
with a probability p;, and all participants believe the probability their partner is competitive
is p (corresponding with the proportion of cooperative types in the population). Then in
round 2:

e at node Npr then self seeking players randomise and competitive types play 7', and
both participants believe with probability pprr that their partner is competitive.

e at node Npg Participant 1 plays S if self seeking and plays T if competitive, and
participant 2 (who is self seeking) plays 7. Participant 1 believe participant 2 is
competitive with probability 1, while participant 2 believes particiapnt 1 is competitive
with probability prg.Participant 2 believe participant 1 is competitive with probability
1, while participant 1 believes particiapnt 2 is competitive with probability urg.

e at node Ngr Participant 1 (who is self seeking) plays T and participant 2 plays S if
self seeking and plays T if competitive.

e at node Ngg Both participants (who are self seeking) randomise , and both participants
believe their partner is self seeking with probability 1.

Then:

Proposition 8. Strateqy 2T is a perfect Bayesian equilibrium in the two round allocation
game if p < /2 and:

1
Hr = RS = (T — ) )
where:
1—2u
Sl 4
b1 21— 1) (46)

Proposition 8 shows that strategy 2T is a semi pooling equilibrium, as only self seeking types
play S in round 1 but both types of participants play 7" in round 1. Its proof is as follows.

Proof of proposition 8. Again it is optimal for competitive players to play 7" at each node.
We now consider w show that strategy 2T is an equilibrium one for self seeking types.
First consider the self seeking types choice of strategy at node Npp. Let grr be the
probability the self seeking type’s partner plays 7. In order for the self seeking participant
to be indifferent between playing 7" and S it is necessary that ¢rr = a. Note that, at node
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Nrr, the probability that the partner is competitive is given by (37). Consequently the
probability that the self seeking participant plays T" at node Npr, prr is given implicitly by:

e+ prr(pi(l—p))

qrr = A7
it (i1 10) o
or:
a(p+pi(l—p)—p
prT = (48)
(pr(1 — )

Note prr < 1. However to ensure that prr > 0 we require that:

a(p+pi(1—p)>p (49)

That is, it is optimal to randomise at node Npr only if competitive types are a sufficiently
small fraction of the population.

Now consider the self seeking types choice of strategy at node Nrg. In this case the
partner (who must be self seeking) will play 7. Thus it is optimal for the self seeking player
to play S.

The expected payoff from playing 7" in round 1 is therefore:

(h+pi(1 = p))a(l —a)X + (1 —p)(1 — )X (50)

Now consider the self seeking participants pay-off from playing S in round 1. At the node
Ngr the partner could be either self seeking or competitive. However playing S signals that
the participant is self seeking. So the partner will play S in round 2 and it is optimal for the
participant to play 7'

At the node Ngg the partner is self seeking, and will randomise, playing 7" with probability
a. The expected payoff is (1 — a)aX

The expected payoff from playing .S in round 1 is:

(b+p(1=p) X+ (1 =p)I—pa(l—a)X (51)

Hence the self seeking participant is indifferent between 1" and S in round 1 if:

(ptp1(1=p))a(l-a) X +(1=p)(1=p) X = (u+p1(1-p)) X +(1—p1)(1-p)a(l-a) X (52)

which yields (46). Substituting (46) into (49) shows we require u < «/2 for strategy and
belief set 2T is to be a perfect Bayesian equilibrium. ]
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Treatment (Decision) 1

Decision 1: Chat - Group 6, Players 1 & 2

Decision 1: Chat - Group 6, Players 3 & 4

Round Number

Round Number

Player1 Player2 Player3 Player4
25 3 25 3
20 2 20 2
£ 15 2 § £ 15 2§
o @ o (73
& 2 & 2
510 aAa 12 & 10 18
5 1 5 1
0 0 0 +—+—r—7—r 7 +rrrrrr 77T+ 777777 rT+rr 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 1: Chat - Group 6, Players 5 & 6 Decision 1: Chat - Group 6, Players 7 & 8
Player5 Player 6 Player7 Player 8
25 3 25 3
20 2 20 2
£ 15 2 § 215 2§
s z s 2
& 10 12 510 13
5 1 5 1
oOo+r—r—rrrrrrrrrrrrrrrrrrrrrrrrrr— 0 0 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 1: Chat - Group 7, Players 1 & 2 Decision 1: Chat - Group 7, Players 3 & 4
Player1 Player2 Player3 Player4
25 3 25 3
20 2 20 2
£ 15 2 § £ 15 2 §
S (] S ]
= S z S
& 10 18 510 18
5 1 5 1
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 1: Chat - Group 7, Players 5 & 6 Decision 1: Chat - Group 7, Players 7 & 8
Player5 Player 6 Player7 Player8
25 3 25 3
20 2 2
£ 15 2 8 2 8
S ke 2
& 10 18 18
5 1 5 1
oOo+r—r—rrr+rrrrrrrrrrrrrrrrrrrrrrr— 0 0 +—+—r——rr—7r 7T rrrrrrrr T T+ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29




Treatment (Decision) 1

Decision 1: Chat - Group 8, Players 1 & 2

Decision 1: Chat - Group 8, Players 3 & 4

Round Number

Round Number

Player1 Player2 Player3 Player4
25 3 25 3
20 2 20 2
£ 15 2 § £ 15 2 §
s 2 s 2
810 12 & 10 13
5 1 5 1
{0 e e e s e s s e e e e e e e e {01 e e s e s s s e e e e e e e e e N
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 1: Chat - Group 8, Players 5 & 6 Decision 1: Chat - Group 8, Players 7 & 8
Player5 Player6 Player7 Player8
25 3 25 3
20 2 20 2
£15 2 5 £ 15 2§
o [} o )
z S H S
& 10 12 510 1 8
5 1 5 1
0 +——— T+ T T+ 0 0 +—+—T+—— T T T T+ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29




Treatment (Decision) 2

Decision 2: No Chat - Group 1A, Players 1 & 2

Decision 2: No Chat - Group 1A, Players 3 & 4

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Round Number

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Round Number

Player1 Player2 Player3 Player4
25 3 25 3
20 2 20 A A A 2
215 2§ £15 2 8
o @ o (7]
& 2 & 2
& 10 18 £ 10 13
5 1 5 1
o+r—r—7—r—"—"——" T+ 0 0 +r———""r— T ——r T+ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 2: No Chat - Group 1B, Players 1 & 2 Decision 2: No Chat - Group 1B, Players 3 & 4
Player 1 Player2 Player3 Player4
25 3 25 3
20 2 20 2
£15 2 8 £ 15 2 5
g 2 s
510 18 510 18
5 1 5 1
oO+r—rrrrrrrrrrrrrrrrrrrorrrrorrrrr+ 0 0 +—r+—rrr—rrrrrrrrrrrr+r T T T rrrrrrr—+ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 2: No Chat - Group 2, Players 1 & 2 Decision 2: No Chat - Group 2, Players 3 & 4
Player 1 Player2 Player3 Player4
25 3 25 3
20 2 20 2
£ 15 2 § £ 15 2 §
3 2 s
S 10 AAMAAAAAAAAAAAAAAAAAAAAAAAAAr 1 2 S 10 1 2
5 1 5 1
oO+r—r—rrrrrrrrrrrrrrrrrrorrrrorrrrr+ 0 [0 ) e s e s s s e s e B e e e e e e N 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 2: No Chat - Group 2, Players 5 & 6 Decision 2: No Chat - Group 2, Players 7 & 8
Player5 Player6 Player7 Player8
25 3 25 3
20 2 20 2
£ 15 2 § £15 2 §
s - s -
&£ 10 12 510 18
5 1 5 1
[ e e o e o e B L B e e R LI B e e e e e e ) o +r—-t—"+—+———+ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 2: No Chat - Group 3, Players 1 & 2 Decision 2: No Chat - Group 3, Players 3 & 4
Player 1 Player2 Player3 Player4
25 3 25 3
20 2 20 2
£ 15 2§ £15 2§
] ] S ]
F 10 18 g 10 18
o =] o a
5 1 5 1
0 +—r+—rrrrrrrrrrrrrrrrrr T+t 0 [0 o o e e LA o s e s e e e 0




Treatment (Decision) 2

Decision 2: No Chat - Group 3, Players 5 & 6

Decision 2: No Chat - Group 3, Players 7 & 8

Player5 Player6 Player7 Player8
25 3 25 3
2 20 2
2§ £ 15 2 5
ks g
18 510 18
1 5 1
o+tr—r—1"—1-—"—+—+—"—"—"7————+0 0 +r——"—r—"r T T+ T+ T+ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 2: No Chat - Group 4, Players 1 & 2 Decision 2: No Chat - Group 4, Players 3 & 4
Player 1 Player2 Player3 Player4
25 3 25 3
20 2 20 2
£15 2 5 £ 15 2 §
g 3 3 -
£ 10 |& A AR AAEARAARAAARAAAAARRAAAAER 1 8 510 12
5 1 5 1
P +r——7—r—"—"—— T+ 0 P+ ++ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 2: No Chat - Group 4, Players 5 & 6 Decision 2: No Chat - Group 4, Players 7 & 8
Player5 Player 6 Player7 Player8
25 3 25 3
20 2 20 2
£ 15 2 § £15 2 §
S 2 s -
810 18 S0 18
5 1 5 1
[0 o o e e ML e o e e e e e e e e e 0] [ g o e e o e L e e e e e e e e e N0}
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 2: Chat - Group 5, Players 1 & 2 Decision 2: Chat - Group 5, Players 3 & 4
Player 1 Player2 Player3 Player4
25 3 25 3
20 2 20 2
£1s 2 5 £15 2 8
o @ I<} (7]
g 2 g 2
510 12 g0 12
5 1 5 1
o +r—r—7—r—"—T— T+ 0 0o +r——T—"r— T T+ T+ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 2: Chat - Group 5, Players 5 & 6 Decision 2: Chat- Group 5, Players 7 & 8
Player5 Player6 Player7 Player8
25 3 25 3
2 2
2 § 2 5
2 2
S S
1 2 1 8
5 1 1
0 +—r—r—rrrrrrrrrrr T+t 0 0 +—r—rrrrrrr T T+t 0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Round Number

9 11 13 15 17 19 21 23 25 27 29
Round Number




Treatment (Decision) 2

Decision 2: Chat - Group 6, Players 1 & 2

Decision 2: Chat - Group 6, Players 3 & 4

Player1 Player2 Player3 Player4
25 3 25 3
2 20 2
2 § £ 15 2 8
Kl s 2
18 £ 10 18
5 1 5 1
OtrrTrrrrrrrrrrrrrrrrrrorrrrrrrrT1+t 0 0O+rrTrrr T rrrrrrrrrrrrrrrrTrTrrrrrr+ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 2: Chat - Group 6, Players 5 & 6 Decision 2: Chat - Group 6, Players 7 & 8
Player5 Player6 Player7 Player8
25 3 25 3
20 2 20 2
€15 2 Zg €15 2 :é
F10 18 F10 13
5 1 5 1
[ L S s S S s s S S B B S e s e s [ e L s e e s s e s e S B L ¢
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 2: Chat - Group 7, Players 1 & 2 Decision 2: Chat - Group 7, Players 3 & 4
Player 1 Player2 Player3 Player4
25 3 25 3
20 2 20 2
€15 2 :g €15 2 :g
F10 18 F10 13
5 1 5 1
0+ T rrrrrrrrrrrrrrrrrrrrrrr+ 0 Of+trTrrrrrrrrrrrrrrrrrrrrrrrrorrr+ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 2: Chat - Group 7, Players 5 & 6 Decision 2: Chat - Group 7, Players 7 & 8
Player5 Player6 Player 7 Player8
25 3 25 3
2 20 2
18 IR Y .Yy v.y.y.y.y.yy.y.v.y.y 18
5 1 5 1
Of+rTrrrrrrrrrrrrrrrrrrrrrrrrrrorT1+t 0 [ L I e e e s s S B S S S S e ¢
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Round Number

Round Number




Treatment (Decision) 2

Decision 2: Chat - Group 8, Players 1 & 2

Decision 2: Chat - Group 8, Players 3 & 4

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Round Number

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Round Number

Player1 Player2 Player 3 Player4

25 3 25 3

20 2 2
£ 15 2 5 2 8
S 2 3
S 10 18 18

5 1 5 1

0O+rrTrrrrrrrrrrrrrrrrrrTrrrTrTrTrTTrt 0 O+r—rrrrrrrrrrrrrrrorrr oo rrrrrrrr+ 0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 2: Chat - Group 8, Players 5 & 6 Decision 1: Chat - Group 8, Players 7 & 8
Player5 Player 6 Player 7 Player8

25 3 25 3

2 2
2 § 2 8
-3 @
S S
1 8 1 2

5 1 5 1

Oo+r—rrrrrrrrrrrrrrrrrrrrrorrrrrr—+ 0 [0 ] s e e e s e e e e e e e e e N )




Treatment (Decision) 3

Decision 3: No Chat - Group 1, Players 1 & 2

Decision 3: No Chat - Group 1, Players 3 & 4

Player 1 Player2 Player3 Player4
30 3 30 3
25 2 25 2
£ 20 2 5 £ 20 2 .5
%15 | 4 -2 %15 1 2
< 10 1y * & <10 8
0o +——rrr+rr—rrrrrrrrrrrrrrrr -+ 0 0 T+ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 3: No Chat - Group 1, Players 5 & 6 Decision 3: No Chat - Group 1, Players 7 & 8
Player5 Player6 Player7 Player8
30 r3 30 3
25 2 25 2
g% 2 § g2 2 §
& Jalalaiabiastaiatbiati st sl fatialiatiaialha 2 &0 8
o +r———""""" T+ T+ 0 0 L e e e e e L e o o e e e e N
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 3: No Chat - Group 2, Players 1 & 2 Decision 3: No Chat - Group 2, Players 3 & 4
Player 1 Player2 Player 3 Player4
30 3 30 3
25 2 25 2
£ 15 2
> o > =3
€ 10 \ 18 € 19 18
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T 0 0 T T T T T T T T T T T T 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 3: No Chat - Group 2, Players 5 & 6 Decision 3: No Chat - Group 2, Players 7 & 8
Player5 Player6 Player7 Player8
30 r3 30 r3
25 2 25 2
% 20 2 5 t: 20 5 é
(7]

g 1§ g aldalalalalallal ol dalfalfatfatfal 1+
210 a 210 a
0 e T T T T T T T T T T T T T T T T T T T T T T T T T T 0 0 e e e e T e e o e o e e e e S e 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 3: No Chat - Group 3, Players 1 & 2 Decision 3: No Chat - Group 3, Players 3 & 4

Player 1 Player2 Player3 Player4
30 3 30 r3
25 2 25 Lo
g falhahakfahalefals -+ 8 1| & L1 g
2 10 a e 10 -]
5 1 5 rt
o +t——r—r—r—rrr—rrrrrrrrrrrrrrrrrrrrr+t 0 0 e e e L LI e e e e e e e e e s 0]

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number

5 7 9 11 13 15 17 19 21 23 25 27 29

Round Number




Treatment (Decision) 3

Decision 3: No Chat - Group 3, Players 5 & 6

Decision 3: No Chat - Group 3, Players 7 & 8

Player5 Player6 Player7 Player8
30 r3 30 4 r3
25 Lo 25 4 L2
> L ‘S > 1 ‘S
<10 Al Al — 18 < 10 | 18
5 [t 5 I P
0 +r—"r—— T+ 0 0 +—r——rrr+rrrrrr—rrrrrrrrrrrrr+—rr+ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 3: No Chat - Group 4, Players 1 & 2 Decision 3: No Chat - Group 4, Players 3 & 4
Player 1 Player2 Player3 Player4
30 3 30 r3
25 2 25 L2
%ig 2 8 %20 b2 §
2 15 2
> S > S
&0 Jala 18 & Salaniaiiabisai sl iatiatalaifal F18
0 +r————r"rrr—rrrrr T+ T+ 0 o+ 1+ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 3: No Chat - Group 4, Players 5 & 6 Decision 3: No Chat - Group 4, Players 7 & 8
Player5 Player 6 Player7 Player8
30 3 30 r3
25 2 25 Lo
K 20 2 5 £ 20 Ly .5
215 3 9 15 K]
& | sl \u | \/ & F
& 18 & AAAANANNANNANNNNNNAANANNANAANAN 1 8
5 1 5 F1
O+rrrrrrrrrTrTrTrTrTT T I T+ 0 O+rrrrrrrrrrrrrrrrrTrr T T+t 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 3: Chat - Group 5, Players 1 & 2 Decision 3: Chat - Group 5, Players 3 & 4
Player 1 Player2 Player3 Player4
30 r3 30 3
25 Lo 25 2
& 20 Ly 'g £ 20 2 .5
g 1 g1 A 1%
&1 Al st st fal st falalal Sl aliapiataa & & 1o -Aaabialatabra VA PN B N T N Y &
0o +r——rrrrrrrrrrrrrrrrrrrrrrr+rr+ 0 0o +—rrr+rrrrr+—rrrrrrrrrrr+rr+—r—+ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 3: Chat - Group 5, Players 5 & 6 Decision 3: Chat- Group 5, Players 7 & 8
Player5 Player6 Player7 Player8
30 3 30 4 3
25 2 25 Ly
& 20 2 .g £ 20 Loy .5
PTG 2 Qv 4 a0 0 e A B 8
0 +—r—rrrrrrrrrrrr T+t 0 0 +r—rrrrrrrrrrrr T+t 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Round Number

Round Number




Treatment (Decision) 3

Decision 3: Chat - Group 6, Players 1 & 2

Decision 3: Chat - Group 6, Players 3 & 4

Player1 Player2 Player3 Player4
30 3 30 r3
25 2 25 2
a 15 2
> o > o
< 10 ta < 10 18
o+rrrrrrrrrrrrrrrrrrrrrrrrrrrrTt 0 o +r———r—r—rr—r T+ T+ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 3: Chat - Group 6, Players 5 & 6 Decision 3: Chat - Group 6, Players 7 & 8
Player5 Player6 Player7 Player8
30 3 30 1 3
25 2 25 2
> S > 1 ‘S
g 10 A Ia A AV I A A AN ) -1 g g 10 Japiaiaiaiaty \ \ \ \/ \ o A\ yalha 1 g
0 +r———r—"rr "+ T+ rrrr T+ 0 0o +r—r——rrr+r T+ rr+rrr+rrr+r 0
1 3 5 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 3: Chat - Group 7, Players 1 & 2 Decision 3: Chat - Group 7, Players 3 & 4
Player 1 Player 2 Player3 Player4
30 3 30 3
25 2 25 A 2
> K=} > S
PP T v a8 P 0 A 0 18 & 1o 1aalaliakisle sl ialalaf \alia 18
5 1 5 1
o +r—r——— T+ T+ 0 O+rrrrrrrrr T rTTrTrrrrrrrrrrrrrT T+ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 3: Chat - Group 7, Players 5 & 6 Decision 3: Chat - Group 7, Players 7 & 8
Player5 Player6 Player 7 Player8
30 3 30 3
25 2 25 2
% 20 2 5 3:: 20 A 5 AE
15 a 15 k2
> o > =
& 10 -AHAY wiahal Al | A iaay 1 3 & 10 4 1 8
5 1 5 - I 1
O+Tr T TTr T T T T T T T T T T T T T T T T T T T T T T T T T 0 0 rrrrrrrrrrrrrrrrrrrrrrrrrrrr++ 0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number




Treatment (Decision) 3

Decision 3: Chat - Group 8, Players 1 & 2

Decision 3: Chat - Group 8, Players 3 & 4

Player1 Player2 Player 3 Player4
30 3 30 r3
25 2 25 2
% 20 ) é % 20 2 .g
215 k- 215 8
s 10 18 & 10 Apfaiial A, 18
Oo+rrrrrrrrrTrrTrrTrTrTTT T T T T T T T T T 0 O+r—rTrrrrrrrrrrrrrr T T T 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Round Number Round Number
Decision 3: Chat - Group 8, Players 5 & 6 Decision 3: Chat - Group 8, Players 7 & 8
Player5 Player 6 Player 7 Player8
30 3 30 3
25 A A 2 25 2
15 ‘S > S
& 10 {1 Ay Y P\ | {1 AW 1 8 s 10 AAY A |l AVIALY V A 1 3
5 1 5 1
O+rrrrrrrrrrr T T T TS T T T T e T T 0 Ot+rrrrrrrrrrrrrrrrrrrrrrrrrrrT T+ 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Round Number

Round Number




Repeated matching: first match (A)

Match A: No Chat - Group 1, Players 1 & 2

Match A: No Chat - Group 1, Players 3 &4

5 6 7 8 9
Round Number

1 2 3 4 10 11 12 13 14

6 7 8 9 10 11 12 13 14

Round Number

4 s

= Player 1 Player 2 = Player 3 Player 4
30 30
2 20 H 2 20 H
§ 3| %
H S H S
al0{& &8 &8 8 2383838 808Bd83 8 ¢C22» 8 a 10 8
0 L T T T T T L T T T T T 0 + T T —T T T T T T T T t
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Round Number Round Number
Match A: No Chat - Group 1, Players 5 & 6 Match A: No Chat - Group 1, Players 7 & 8
== Player 5 Player 6 = Player 7 Player 8
30 30
£ 20 8 $£20 14 8
° ] ° ]
E ) 5 )
a 10 & a 10 A/u " 8 8 8 83 83 83 8 > & & 2 A
0 t o+ " T7T—7T—7—7T—T7
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Round Number Round Number
Match A: No Chat - Group 2, Players 1 & 2 Match A: No Chat - Group 2, Players 3 & 4
= Player 1 Player 2 == Player 3 Player 4
30 30
£ 20 $ £ 20 8
1] ] o ]
g 3 g i
al0 & &8 &8 8 3 3 3 > 2 & al0 & &8 &8 8 38 3 3 >t 2 &
0 — T o+ 7777771
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Round Number Round Number
Match A: No Chat - Group 2, Players 5 & 6 Match A: No Chat - Group 2, Players 7 & 8
== Player 5 Player 6 = Player 7 Player 8
30 30
g 20 5 gn /s 5
S - S -
o P o f1)
a 10 a a 10 A /AN A WA W A W A W A W A WY A WY AN AN AY a
0 t O+ 7T"7TT—7T—7—7T—T7
12 3 4 5 6 7 8 9 10 11 12 13 14 12 3 4 5 6 7 8 9 10 11 12 13 14
Round Number Round Number
Match A: No Chat - Group 3, Players 1 & 2 Match A: No Chat - Group 3, Players 3 &4
e Player 1 Player2 = Player 3 Player 4
30 30
£ 20 8 g 20 $
g k- g -
& 10 2 & 10 8
0 — T T —————1 0 T — T — T t




Repeated matching: first match (A)

Match A: No Chat - Group 3, Players 5 & 6

Match A: No Chat - Group 3, Players 7 & 8

= Player 5 Player 6 = Player 7 Player 8
30 3 30 3
£ 20 A 2 _5 £20 1A A2 _5
° ] ] ]
H S H S
a l0 1 &8 A\A/u =~ & s sz 218 a 10 A A A1 &
0 + L T T T T T L T T T T =0 0 + T T —T T T T T T T T =0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Round Number Round Number
Match A: No Chat - Group 4, Players 1 & 2 Match A: No Chat - Group 4, Players 3 & 4
= Player 1 Player 2 = Player 3 Player 4
30 3 30 3
£ 20 2 § $£20 14 AF2§
° ] ° ]
E ) 5 )
a 10 18 a 10 | A At 18
0 + =0 T T T —T T T — T T T T =0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Round Number Round Number
Match A: No Chat - Group 4, Players 5 & 6 Match A: No Chat - Group 4, Players 7 & 8
e Player 5 Player 6 e Player 7 Player 8
30 3 30 3
g20 2§ || g2 2 8
S 3 S 3
£ 10 18 £ 10 18
0+ =0 0 ++F—r———————+ 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Round Number Round Number
Match A: Chat - Group 5, Players 1 & 2 Match A: Chat - Group 5, Players 3 &4
== Player 1 Player 2 = Player 3 Player 4
30 3 30 3
£ 20 2 § £ 20 AF2§
S g 2 2
© [} © 7
a 10 1a a 10 A A-1ga
0 + =0 T —T T —T T T — T T T T =0
12 3 4 5 6 7 8 9 10 11 12 13 14 12 3 4 5 6 7 8 9 10 11 12 13 14
Round Number Round Number
Match A: Chat - Group 5, Players 5 & 6 Match A: Chat - Group 5, Players 7 & 8
e Player 5 Player 6 e Player 7 Player 8
30 30 3
£20 1A AF 2 .g £ 20 2 .5
1] ] o ]
& ) & )
a 10 | A At 14 a 10 18
t — T T T T T — T T T T 1 0 -+ T T —T T T — T T T T =0
12 3 4 5 6 7 8 9 10 11 12 13 14 12 3 4 5 6 7 8 9 10 11 12 13 14

Round Number

Round Number




Repeated matching: first match (A)

Match A: Chat - Group 6, Players 1 & 2

Match A: Chat - Group 6, Players 3 & 4

3 4 5 6 7 8 9 10 11 12 13 14
Round Number

= Player 1 Player 2 = Player 3 Player 4
30 30
$£20 1A AF2 8 £ 20 5
° ] ] ]
H S H S
&10 1 At 18 €10 a
T T T T T T T T T T T T T 0 T —T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 2 3 4 5 6 7 8 9 10 11 12 13 14
Round Number Round Number
Match A: Chat - Group 6, Players 5 & 6 Match A: Chat - Group 6, Players 7 & 8
== Player 5 Player 6 = Player 7 Player 8
30 3 30
g 2 25 || g 5
S 2 S 2
£ 10 18 & 10 a
(O =0 0 t
1 2 3 4 5 6 7 8 9 10 11 12 13 14 2 3 4 5 6 7 8 9 10 11 12 13 14
Round Number Round Number
Match A: Chat - Group 7, Players 1 & 2 Match A: Chat - Group 7, Players 3 & 4
= Player 1 Player 2 == Player 3 Player 4
30 3 30
£ 20 2§ £ 20 8
S 3 S 3
£ 10 18 & 10 a
0+ =0 0 — Tt
1 2 3 4 5 6 7 8 9 10 11 12 13 14 2 3 4 5 6 7 8 9 10 11 12 13 14
Round Number Round Number
Match A: Chat - Group 7, Players 5 & 6 Match A: Chat - Group 7, Players 7 & 8
== Player 5 Player 6 = Player 7 Player 8
30 3 30
3:: 20 2 .§ :::: 20 .§
ES k] 3 k]
& 10 18 & 10 8
0 =0 0 t

2

3 4 5 6 7 8 9 10 11 12 13 14
Round Number




Repeated matching: first match (A)

Match A: Chat - Group 8, Players 1 & 2

Match A: Chat - Group 8, Players 3 &4

3 4 5 6 7 8 9 10 11 12 13 14
Round Number

3 4 5 6 7 8 9 10 11 12 13 14
Round Number

= Player 1 Player 2 = Player 3 Player 4
30 30
$£20 14 AF2 8 £ 20 5
° ] ] ]
H S H S
& 10 {4 A a1 8 & 10 8
T L T T T T T T T T T T T 0 T —T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 2 3 4 5 6 7 8 9 10 11 12 13 14
Round Number Round Number
Match A: Chat - Group 8, Players 5 & 6 Match A: Chat - Group 8, Players 7 & 8
== Player 5 Player 6 = Player 7 Player 8
30 3 30
g2 25 || g 5
S 2 S 2
£ 10 18 & 10 a
(O =0 0 t




Repeated matching: second match (B)

Match B: No Chat - Group 1, Players 1 & 3

= Player 1

Player3

Match B: No Chat - Group 1, Players 2 & 8

e Player 2

Player8

6 7 8 9 10 11 12
Round Number

13 14

8 9 10 11 12
Round Number

13 14

30 30
2 20 5 2 20 H
§ g %
H S H S
a 10 a al0 {8585 &8 8 8 8 8 8 8 8 8 & & 2 a
0 T T T T T —T T T T T T 0 T T T T T L T T T T T T t
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Repeated matching: second match (B)
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Repeated matching: second match (B)

Match B: Chat - Group 6, Players 1 & 3

Match B: Chat - Group 6, Players 2 & 8
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Repeated matching: second match (B)

Match B: Chat - Group 8, Players 1 & 3

Match B: Chat - Group 8, Players 2 & 8
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Repeated matching: Third match (C)

Match C: No Chat - Group 1, Players 1 & 4

Match C: No Chat - Group 1, Players 2 & 7

6 7 8 9 10 11 12
Round Number

13 14

12 3 4 5 6 7 8 9 10 11 12 13 14

Round Number

e Player 1 Player 4 ——— Player 2 Player7
30 30 3
$£20 14 AF2§ £ 20 2 §
1] ] ] ]
H S H S
a 10 A a1 8 C10{85 T X533 2r18
0 + T T T T T —T T T T T T T T 0 + T T T T T L T T T T T T =0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Round Number Round Number
Match C: No Chat - Group 1, Players 3 & 5 Match C: No Chat - Group 1, Players 6 & 8
= Player 3 Player5 = Player 6 Player8
30 3 30 3
£ 20 2§ || g 2 §
S 2 S 2
£ 10 18 £ 10 18
0+ -0 (O =0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Round Number Round Number
Match C: No Chat - Group 2, Players 1 & 4 Match C: No Chat - Group 2, Players 2 & 7
= Player 1 Player 4 e Player 2 Player7
30 3 30 3
g20 2§ || g 2§
1] ] o ]
B S B S
al0{& &8 8 8 Z 3 d d & ar1 3 a 10 &8 8 83 3 23 838383 2ar1 3
0 +—T———————7—7—7—7—1—1—1—+ 0 0+ —————————+ 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 5 6 7 8 9 10 11 12 13 14
Round Number Round Number
Match C: No Chat - Group 2, Players 3 & 5 Match C: No Chat - Group 2, Players 6 & 8
= Player 3 Player5 = Player 6 Player8
30 3 30 3
£ 20 A 2 § £ 20 2 §
& 10 A/A 58 8 &8 &8 X & 2 s 2r18 < 10 5 &8 &8 &8 X 8 & X 2148
0 + T T T T T L T T T T T T =0 0 + T T L T T T T T T =0
12 3 4 5 6 7 8 9 10 11 12 13 14 5 6 7 8 9 10 11 12 13 14
Round Number Round Number
Match C: No Chat - Group 3, Players 1 & 4 Match C: No Chat - Group 3, Players 2 & 7
e Player 1 Player 4 e Player 2 Player7
30 3 30 3
g 20 25 | g 2 8
1] ] o ]
& ) & )
a 10 18 a 10 | A a1 &
0 + T T T T T T T T T T T =0 T T T T T T T T T T T T T =0




Repeated matching: Third match (C)

Match C: No Chat - Group 3, Players 3 & 5

Match C: No Chat - Group 3, Players 6 & 8
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Repeated matching: Third match (C)

Match C: Chat - Group 6, Players 1 & 4 Match C: Chat - Group 6, Players 2 & 7
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Repeated matching: Third match (C)

Match C: Chat - Group 8, Players 1 & 4
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Repeated matching: Fourth match (D)

Match D: No Chat - Group 1, Players 1 & 5
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Repeated matching: Fourth match (D)
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Repeated matching: Fourth match (D)
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Repeated matching: Fourth match (D)

Match D: Chat - Group 8, Players 1 & 5
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Repeated Matching: Fifth match (E)
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Repeated Matching: Fifth match (E)
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Repeated Matching: Fifth match (E)
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Repeated Matching: Fifth match (E)

Match E: Chat - Group 8, Players 1 & 6
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Instruction File

About this Experiment

If you follow the instructions and make sound decisions based on the information you are provided
with, you may earn money that will be paid to you in cash at the end of the session.

What to do:

1. Read through the instructions carefully.

2. After reading the instructions, you will be taken to a short quiz that will test your
comprehension of the instructions.

3. Correctly answering ALL of the quiz questions will give you a unique password that you
can use to login to the experiment.

Overview of this experiment

This experiment is concerned with the way people make decisions.

To begin:
e You can choose between two options.
e You are paired with another player.
e Your payoff depends on your choice and that of your paired player.
e There will be a number of independent rounds.

Experimental Rules

You are being paid to participate in this experiment. Failure to comply with these rules will result in
the forfeiture of earnings from this session and you will not be allowed to participate in future
sessions.

1. Talking is not permitted during the experiment: You must not share any information with
others during the experiment

2. Only the experiment windows are permitted to be open during the experiment: You are
not permitted to operate other software such as email or internet during the experiment

3. You may ask questions of the instructor during the experiment

Instructors can answer questions about procedures but cannot provide you with advice about
decisions or trading. You must make decisions and develop strategies by yourself.



At the Start

Once you have successfully completed the quiz, you will be taken the login screen where you will
enter your Player Number (provided to you by the instructor) and Password (obtained when you
successfully complete the quiz).

‘Welcome to Double Auction - Multiple Unit - Real-Time Trading v.90 beta

The Experiment.

Trader Id: [ INEEEEEEE

Password: [ NEEEEEEEN
Login

Once you have entered your Player Number and Password you will see the following screen:

TESS ver-0.90 (The Experimental Systems Software)
Session: 40 Period: 1 Trader: 1 Time Rem: ¢

Decision Table

By clicking on the “information” tab you can access information about your choices. You can choose
from the following menu selections:

e Decision Table This table provides you with information on the payoffs from each set of
decisions you and your partner make.

Decision Table

Clicking on the “DECISION TABLE” information tab will show you the payments that you and your
paired player receive as a result of the decisions you and your paired player make in each round.
The payments are measured in experimental dollars. Each experimental dollar is worth AUD $0.06.

You will be assigned the role of either player A or B for the duration of the experiment. Your
decision will be to choose either option Al or A2 if you are player A, or option B1 or B2 if you are
player B. The payment in the particular round to player B is the first number in each cell in the
decision table and the payment to player A is the second number in each cell.



Decision Table: Session: 40 Player: A

Total player's incame $10

&l a2
Bl 0,0 20,10
BZ 10,20 0,0
Round Your Decision Their Decision Payoff

EXAMPLES ONLY:

Example 1:
If Player A chooses A2 and Player B chooses B1 then Player A earns 10 experimental dollars and
Player B earns 20 experimental dollars.

Example 2:
If Player A chooses Al and Player B chooses B1 then Player A earns O experimental dollars and

Player B earns 0 experimental dollars.

Procedure

Step 1 — Making a decision

For each round in the experiment, you will be asked to enter a decision. In order to make a decision,
you must enter an appropriate value in the decision box. Enter a value of “1” for decision #1 (Al or
B1 depending on your role) or a value of “2” for decision #2 (A2 or B2 depending on your role). You
will have 30 seconds to make a decision.

TESS ver-0.90 (The Experimental Systems Software)
Session: 131 Period: 7 Trader: 2 Time Rem: 50

Decision Box

@ Please enter a Decision Value:

[

Ok

Step 2 — Review decisions and income earnings

On the conclusion of the decision period, your decision table will be updated with a summary of
your decision, the decision of your paired player and your payment for that round.



Step 3 - Repeat of Steps 1-2

Thirty (30) rounds with the procedure described above will be conducted. EACH ROUND IS
INDEPENDENT. Decisions are only valid in the current round. The decision table will be the same in
each round.

Step 4 - Conclusion of experiment

IMPORTANT: At the conclusion of the experiment you will be paid in cash the sum of the
income you earned each round in addition to the turn up fee of AUD $10.

Before you start the quiz

You are being paid to participate in this experiment. Failure to comply with these rules will result in
the forfeiture of earnings from this session and you will not be allowed to participate in future
sessions.

1. Talking is not permitted during the experiment: You must not share any information with
others during the experiment

2. Only the experiment windows are permitted to be open during the experiment: You are not
permitted to operate other software such as email or internet during the experiment

3. You may ask questions of the instructor during the experiment

Instructors can answer questions about procedures but cannot provide you with advice about
decisions or trading. You must make decisions and develop strategies by yourself.

Now that you have read the instructions — please click on the quiz located on your desktop.



When all of your answers are correct, you will receive your password for the experiment.

The quiz uses the following decision table
Decision Table: Session: 40 Player: A

Total player's incame $10

Al Az
Bl 0.0 20,10
B2 10,20 0.0
Round Your Decision Their Decision Payoff
Question 1 Which of the following is true:

A. The player assigned role A can choose between B1 and B2 as they see fit.
B. The player assigned role A must choose A2.
C. The player assigned role B can choose B1 or B2 as they see fit.

Your answer:

Question 2 Which of the following is true:
A. The player assigned role A must choose Al if they chose Al in the previous round.
B. The player assigned role A must choose A2 if they chose Al in the previous round.
C. The player assigned role B can choose B1 or B2 as they see fit, irrespective of what action they chose in the previous round.

Your answer:



Question 3 If the player assigned role A chooses Al in the 7" round and the player assigned role B chooses B2 in the 7™ round then:
A. the payment from the decision period in the 7th round is:
(i). 20 experimental dollars to player A,
(ii). 10 experimental dollars to player B.
B. the payment from the decision period in the 7th round is:
(i). 20 experimental dollars to player B,
(ii). 10 experimental dollars to player A.
C. the payment from the decision period in the 7th round is:
(i). 0 experimental dollars to player B,
(ii). 0 experimental dollars to player A.

Your answer:

Question 4 If the player assigned role A chooses A2 in the 15" round and the player assigned role B chooses B2 in the 15" round then:
A. the payment from the decision period in the 15th round is:
(i). 20 experimental dollars to player A,
(ii). 10 experimental dollars to player B.
B. the payment from the decision period in the 15th round is:
(i). 20 experimental dollars to player B,
(ii). 10 experimental dollars to player A.
C. the payment from the decision period in the 15th round is:
(i). 0 experimental dollars to player B,
(ii). 0 experimental dollars to player A.

Your answer:

Question 5 The experiment consists of:
A. 15 rounds, each with an identical decision table.
B. 30 rounds, each with an identical decision table.
C. 30 rounds, each with differing decision tables.

Your answer: :



[when you have all the answers correct, the session manager will give you a unique password

IOnce you have your password, click on the experimental icon on your desktop




TASMANIAN SCHOOL OF BUSINESS AND ECONOMICS
WORKING PAPER SERIES

2014-14 VAR(MA), What is it Good For? More Bad News for Reduced-form Estimation and Inference, Wenying
Yao, Timothy Kam and Farshid Vahid

2014-13 OPEC and non-OPEC oil production and the global economy, Ronald Ratti and Joaquin Vespignani
2014-12 Identifying Periods of Financial Stress in Asian Currencies: The Role of High Frequency Financial Market
Data, Mardi Dungey, Marius Matei and Sirimon Treepongkaruna

2014-11 The impact of post-IPO changes in corporate governance mechanisms on firm performance: evidence
from young Australian firms, Biplob Chowdhury, Mardi Dungey and Thu Phuong Pham

2014-10 Contagion and Banking Crisis - International Evidence for 2007-2009 , Mardi Dungey and Dinesh Gaju-
rel
2014-09 VAR Modelling in the Presence of China's Rise: An Application to the Taiwanese Economy. Mardi Dun-

gey, Tugrul Vehbi and Charlton Martin

2014-08 How Many Stocks are Enough for Diversifying Canadian Institutional Portfolios? Vitali Alexeev and Fran-
cis Tapon

2014-07 Forecasting with EC-VARMA Models, George Athanasopoulos, Don Poskitt, Farshid Vahid, Wenying Yao

2014-06 Canadian Monetary Policy Analysis using a Structural VARMA Model, Mala Raghavan, George Athana-

sopoulos, Param Silvapulle

2014-05 The sectorial impact of commodity price shocks in Australia, S. Knop and Joaquin Vespignani

2014-04 Should ASEAN-5 monetary policymakers act pre-emptively against stock market bubbles? Mala
Raghavan and Mardi Dungey

2014-03 Mortgage Choice Determinants: The Role of Risk and Bank Regulation, Mardi Dungey, Firmin Doko
Tchatoka, Graeme Wells, Maria B. Yanotti

2014-02 Concurrent momentum and contrarian strategies in the Australian stock market, Minh Phuong Doan, Vi-
tali Alexeev, Robert Brooks

2014-01 A Review of the Australian Mortgage Market, Maria B. Yanotti

UNIVERSITY of
TASMANIA

AUSTRALIA




