Coordination in the Presence of Asset Markets

by Shimon Kogan and Anthony M. Kwasnica and Roberto A. Weber*
Web Appendix

I. Theoretical Analysis

Here, we present a theoretical analysis of the relationship between the market and the
coordination game in our experiments. This analysis motivates the predictions that we
present in the paper. As we describe in the main body, players participate in a two-stage
game consisting of an asset market followed by an order-statistic coordination game. The
values of the securities traded in the asset market depend upon the realization of the
output (order statistic) in the coordination game.

We assume that the aggregate endowment for each asset is the same, or Y ' | @y = k
for all m. Under this assumption, the market is a constant-sum game, and therefore the
efficiency properties of higher matched inputs is the same as it is in the original game.
However, different ex post portfolios can affect individual players’ incentives to select
particular input levels. It is straightforward that all pure-strategy Nash equilibria of
this game also involve identical input choices since the payoffs from the assets are only
affected by the output. With this in mind, the following proposition characterizes the set
of pure-strategy Nash equilibria of the market-modified coordination game.

PROPOSITION 1: Consider the market-modified payoffs for different order statistics
m;(e).

1) If mi(e), then the selection of input level e; = m for all i is a pure-strategy Nash
equilibrium if and only if asset portfolios are such that for all i and for all £ < m,
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(1) Tt — T < [
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2) If m;(e) with 1 < j < n, then the selection of input level e; = m for all i is a
pure-strategy Nash equilibrium for all asset portfolios.

PROOF:
Consider each part:

1) In order for e; = m for all ¢ to be a Nash equilibrium it must be that
Ti(m,m; x;) > 7 (0, m; 4)
for all £ # m. Consider £ > m, then we have
Ti(m,m;a;) = a+bm —em + Bapm;

and
T (l,m; ;) =a+bm — cl+ By,
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and obviously 7;(m, m;x;) > T;(¢,m;x;) for all ;. Now consider ¢ < m. Nash
equilibrium requires that

Ti(m,myx;) > Tl my )
at+bm—cm+ Bry,; > a+bl—cl+ Bxy
bm —cem+ Bxp; > bl —cl + Bxy;
Bxp; — BT < bm—cm —bl+cl

B(xei —Tmi) < (b—c)(m—1)
Tei —Tmi < {b;c} (m—2).

2) Suppose that all other players k # i are playing e, = m as described by the Nash
equilibrium, then for all 1 < j < n and all e; m;(e) = m or the order statistic is
invariant in the single player’s choice of input so player i’s payoff function is given
by:

(2) (e e =myx;) =a+bom — c|lm — e;| + Bam;

which is obviously maximized by ¢ selecting e; = m regardless of the asset allocation.

When output is determined by the minimum input j = 1, this proposition tells us
that the asset market can directly alter the incentives and equilibrium outcomes of the
game. When a particular player has enough of an asset that pays off under lower output
(relative to higher output assets), he or she has a weakly dominant strategy to play
the corresponding lower input, thus making the higher output equilibrium impossible to
support. Thus, the lowest input choice, e; = 1, by all players is the only Nash equilibrium
that exists for every possible asset portfolio. For higher output outcomes, the relative
payofl of the asset market (3) to the coordination game (b) determines the asset portfolios
that are consistent with Nash equilibrium of the market-modified game. However, when
the output is determined by any order statistic other than the minimum (j > 1), players’
asset holdings do not affect the set of pure-strategy Nash equilibria nor their efficiency
properties. Thus, any influence upon the outcome of the game produced by the asset
markets must come from the markets’ influence upon players’ beliefs about the play of
others or the addition of payoff asymmetries due to different asset holdings.

One factor that may significantly improve coordination on Pareto-efficient outcomes is
communication through prices and other market activity. Given that there is no generally
agreed upon model of asset market activity, and therefore no model of how such activity
influences coordination, we explore the relationship between market communication and
beliefs in our framework. We begin by positing a model that is consistent with the
stylized details of strategic uncertainty in the coordination game. Suppose that each
player has some beliefs about the output, m;(e), that will be observed, where p;(mle;)
indicates player i’s belief that m;(e) = m given her intended input choice of e;. The
usual interpretation of coordination failure arising due to strategic uncertainty in this
game is that each player recognizes that high output is the Pareto-dominant equilibrium,
but their beliefs about the choices of others players may make it rational for players to
select e; < M. Specifically, a player’s expected payoff from his or her input choice given
this strategic uncertainty is:

(3) Em(es,z:) = ) pi(mle;)Ti(e; x;).

ingE
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If players maximize their expected utility with respect to these preferences, then they
may decide to play input levels other than the Pareto-dominant equilibrium. Let p =
(11, -, ) be the set of beliefs for all agents. Then we say that e* = (ef,...,e’) is
an equilibrium given beliefs p if e maximizes (3) for all i. Players maximizing with
respect to these beliefs provide an explanation for inefficiency in coordination games. If
a player’s beliefs place sufficient likelihood on low input choices by other players, the
player will prefer low input and the resulting outcome may yield an output level below
the Pareto-optimal equilibrium.?

The market, like any communication device, may provide an opportunity for players
to refine their beliefs prior to playing the game. Let p,, be the market price for the
asset X, that pays 3 in the event that the output is m. Rational expectations equilib-
rium represents the conclusion of a market communication process whereby by players’
beliefs might be communicated and/or influenced by market prices. A rational expec-
tation equilibrium in this context must also entail second-stage input choices that are
consistent with expected payoff maximization given beliefs. We say that (z*,p*,e*) is a
rational expectations equilibrium if there exist beliefs p such that: z} and e maximizes

M *— * * .

Y o [i(mle;Ti(e*s x5) — pf,ama] for all 4.

If there are no restrictions on the set of allowable beliefs, there are many potential ratio-
nal expectations equilibria. As is typical in rational expectations type equilibria, we focus
on prices that reveal information to the agents. A rational expectations equilibrium is
revealing if the beliefs that support the equilibrium are given by p;(mle;) = pm/ Zévil Do
for all ¢, or beliefs are simply given by the observed normalized prices. Further, the equi-
librium is said to be fully revealing if there exists an output level m such that p,, = 0 so
pi(mle;) = 1 and for all £ # m, p; = 0 so p;(f|e;) = 0 for all 4. In the event of a fully
revealing equilibrium, all strategic uncertainty is resolved and the resulting input choices
must constitute a Nash equilibrium of the game. If markets are an effective communi-
cation tool for obtaining efficient coordination they should admit fully revealing rational
expectations equilibria that result in high output. The next proposition characterizes the
equilibria.

PROPOSITION 2: 1) Ifmy(e), then all fully revealing rational expectations equilibria
involve e =1 for all 1.

2) If m;(e) with 1 < j <mn, then ef =m for all i and form € {1,2,..., M} is a fully
revealing equilibrium.

PROOF:
Address each part in turn:

1) We need to show that e; = 1 is an equilibrium and any other matched effort level
cannot be an equilibrium.

a) To show that e; = 1 for all 7 is an equilibrium let e, = 1 for all k # ¢ and
note that mi(e) = 1,01(e) = 1, and d¢(e) = 0 for all £ # 1 and for all e;.

2There is also another potential source of inefficiency, which involves mismatched choices, or “wasted
input,” by players. Of course, via repeated interaction players will refine their beliefs to be consistent
with the observed history of play, resulting in convergence in beliefs and actions to a particular Nash
equilibrium. Vincent Crawford (1995) proposes a model that formally interacts learning dynamics with
strategic uncertainty in these kinds of games. Vincent Crawford and Bruno Broseta (1998) apply this
kind of model to the experiment of John B. Van Huyck, Raymond C. Battalio and Richard O. Beil
(1993).
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Given fully revealing prices and beliefs player i’s choice of input and assets
must maximize:

M

(4) mile,x) = a+bomi(e) —clma(e) — e + Z 0o(€)Bxe; — pexei
=1

(5) = a+by—clei—1)+ Bry — Py

(6) = a+by—ce;—c

which is obviously minimized at any selection of z; and e; = 1 so any allocation
such that e; = 1 for all ¢ can be supported as a fully revealing equilibrium.

b) To show that no higher output level can be achieved as a fully revealing equi-
librium suppose that one exists and find a contradiction. Suppose there exists
a fully revealing equilibrium with z* and ef = m > 1 for all i. Then e and
x; must joint maximize:

M

(M) wi(e®,x*) = a+bomi(e”) —clmi(e”) —ef| + Z de(€™)Bxy; — pexy;
{=1

9) = a+bym

Consider the alternative input for player ¢ of e; = 1 and any allocation such
that xg; — Tmi > %"(m — 1), then we have the following:

b
(10) Top — Tmi > Eo(m -1)
(11) B(Tei — Tmi) > bo(m —1)
(12) a+bo+ Brey — Bxms > a-+bym
(13) Tilei=1,e",,m,x",) > (e a")

or playing low input and buying sufficient excess amounts of the (free) as-
set provides greater utility than the proposed equilibrium. Thus we have a
contradiction.

2) To show that e; = m for all ¢ and for all m is an equilibrium let e, = m for all
k # i and note that m;(e) = m,d,,(e) = 1, and §,(e) = 0 for all £ # m and for
all e;. Given fully revealing prices and beliefs player ¢’s choice of input and assets
must maximize:

M

a+bom;(e) — clmj(e) —ei| + Z Se(e)Brei — peze;
=1

(15) = a+bym—clm—e;| + Bxmi — BTmi

(16) = a+bom—clm — e

(14) Ti(e, x)

which is obviously minimized at any selection of x; and e; = m so any allocation
such that e; = m for all ¢ can be supported as a fully revealing equilibrium.

In the minimum-input (j = 1) game, any player can unilaterally assure that the final
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output is 1 by selecting e; = 1, therefore the only prices that are consistent at both stages
of the game must price the low output at 3. If the price of the low output asset is lower
than § then any player can profit by buying units of the low output asset; once she has a
sufficient number of these low output assets it is a weakly dominant strategy to select the
low input level e; = 1. On the other hand, when j > 1, since the player cannot directly
influence the order statistic and hence the output, any price that resolves uncertainty
on a particular equilibrium output level can be consistent with equilibrium play in the
second-stage coordination game.

Let (z*,e*) be the portfolio and input choices from a fully revealing rational expecta-
tions equilibrium identified above. While these equilibria suggest the types of outcomes
that are consistent with both the information aggregation properties of the market and
the strategic interaction properties of the game, they do not account for the fact that the
information provided by the market might in reality be noisy or that some small “doubt”
regarding other players’ intended actions might still persist . We want to examine prop-
erties of these equilibria when players have some small doubt regarding the actual choices
of other group members. In particular, if m;(e*) = m then she believes there is an € < .5
probability that any individual independently selects either m + 1 or m — 1.3 Specifically
we define p(¢) to be the probability that any single individual selects input ¢, thus we
assume the following:

s = {§ 23
(17) pmsn) = {5 I
p(m) = 1—p(m—1)—p(m+1)

Given this belief structure, p;(m;le;) is generated by particular combinations of the
binomial distribution and characterized in Table I where u;(m/|e;) is obviously defined as
1—p;(m—1le;) — p;(m—+1|e;). Importantly, note that p;(m—1m) = p;(m—1jm+1) and
n— s o
n— ;) (Pm) & p(m + 1)) p(m—1)7~.
Similarly, p;(m+1jm) = p;(m+1m—1) and p;(m+1jm+1) = p;(m+ 1jm) + d2 where
S=(""

2 j—
beliefs and examine the conditions under which the previously identified allocations and
input choices that are fully revealing rational expectations remain rational expectations
equilibrium when players have doubt as described above.

pi(m—1m—1) = p;(m—1|m)+46; where é; =

i) (p(m) + p(m — 1))’ " p(m 4 1)"~7. We assume all subjects have the same

We can now define each agent’s expected payoffs given these beliefs to be given by

3We examine only single step jumps in input for analytic tractability. The qualitative nature of these
results should persist for more general types of beliefs.
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TABLE 1-—BELIEF STRUCTURE

7nj
e m—1 m+ 1

7 =)

m—1 Y ("F") Gimtatm+ 1)k pn -1 TITE ("2 1) elmy+pm—1))* p(mt 1y =R

W s _

mo| (R et ptma )R a1y IR TS (M) Gom) +p(m = 1)K p(m ey 1R
k=0 k=0
n—j—1 i1

mo 1 > ("R @+ pn+ )k pim—nTi=E ("2 1) e+ pm—1)F plmt 1y TR
k=0 k=0

E7(e;, x;) for the following three relevant input level choices:*

Em(m—1,2;) =

(18)pi(m — 1lm — 1) [a + bo(m — 1) + Bzim—1] + ps(m|m — 1) [a + bom — ¢ + B2im]
+pi(m+1m —1)[a+ bo(m + 1) — 2¢ + BTim1]

Em(m,x;) =

(19)p:(m — 1m) [a + bo(m — 1) — ¢ + B 1] + pra(mim) [a + bom + G
+pi(m +1|m) [a + bo(m + 1) — ¢ + BTin41]

Er(m+1,2;) =

(20)pi(m — 1lm + 1) [a + bo(m — 1) — 2¢ + Bxim—1] + pi(m|m + 1) [a + bom — ¢ + Bxin)]
Fpi(m 4+ 1m = 1) [a + bo(m + 1) + BT i 41]

It is clear that in the context of rational expectation equilibria defined earlier that each
player will select e;, x; to maximize E7(e;, z;) — Zé\il pexip subject to the player’s budget
constraints.®

If even one agent assigns some small amount of strategic uncertainty to the choices of
other players, and this uncertainty influences either market or game behavior to move the
group away from the particular equilibrium outcome of the game, then this equilibrium
is extremely fragile. Let (z*, e*,p*) be a fully revealing rational expectations equilibrium
where p}, = [ and 0 otherwise and e = m for all i. Then allow one player to have
a small amount of doubt in the form described above. We say that an equilibrium is
stable if for all e < € there exists an allocation «’ such that (2, e*, p*) remains a rational
expectations equilibrium given these new beliefs. In other words, as long as the amount
of doubt is sufficiently small, no player has an incentive to buy or sell assets such that
she now also wants to select a different input level. An equilibrium is unstable if for any
€ > 0 the individual profit maximizing choice of z; and e; entails e; # e;. The following
proposition characterizes the stability properties of these games:

PROPOSITION 3:  Let (x*,e*,p*) be a fully revealing rational expectations equilibrium
under m;(e). Then:

1) If j =1, then all fully revealing rational expectations equilibria are stable.

2) If 1 < j < n then any fully revealing rational expectations equilibrium is unstable.
Further,

a) If1<j< "7*1 then the agent with doubt will always select a mazximizing input
and allocation combination that involves lower input or e; = m — 1.

40ther input level choices are clearly dominated given the specification of beliefs we have used.
5Foor expositional ease we assume the budget constraint (or margin requirement) to be non-binding.
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b) If ”%r?’ < j < n, then the agent with doubt will always select a mazimizing
mput and allocation combination that involves higher input or e; = m + 1.

PROOF:
We begin by showing that any fully revealing rational expectations equilibrium is stable
when j = 1. Note that by the earlier proposition all fully revealing equilibria when j =1

involve ef =1 for all <. Given an allocation x*, the relevant expected payoffs are given
by:

x;) = a+by+ px]
; pi(1]2) [a + by — ¢+ By + pi(2[2) [a + 20 + Br},]

—~
N
»
)
3
—~
N
3
|

Player ¢ will prefer to select e; = 2 if and only if E7(2,z}) > E7(1,2}) which is only true
if

C
23 A(22) >
= S Y (A
or
c n—1
24 > .
(24) 6_<bo+c+ﬁ(x;‘2—x;‘1)>

Therefore let € be less that this value. Then for any e < € player i will prefer to play
the original input e; = 1 and further the marginal value of holding additional units of
Zo is zero and the marginal value of holding additional units of x; is 1 so the agent is
indifferent between the equilibrium asset allocation z} and any other allocation.

Next, we show that for 1 < j < n any fully revealing equilibrium is unstable. Let
1<j < "T_l We demonstrate that the equilibrium is unstable via the following two
steps. First, we show that for any e the agent prefers to buy units of x,, 1 regardless
of his current utility maximizing plan of action. Second, we show that if the agents
purchases enough x,,_1 he will eventually prefer to play e; = m — 1.

First, given that the market price of both z,,—1 and ,,41 is p,_; = p},, = 0, the agent
should buy (infinitely) many units of whichever asset, given his plan of action e; most
greatly increases his expected utility. Note that %jf) = p;(¢|k)p so it is sufficient to
show that p;(m — 11k) > p;(m + 1lk) for k € {m —1,m,m + 1}. If 1 < m < M, then
j< "7*1 obviously implies that j <n — j — 1 and we have that

(25) nfl <”;1>(1—e)ke”—1—’“ > 0

h=j

n—j—1 ) j—1 )

n— n1_ n— ne1_
(26)2 < i )(1—e)ke 1’“—2( i )(1—e)ke =k 5 0
k=0 k=0

(27) wim—1m+1) —pu(m+1m+1) > 0
(28) pwilm—1m+1) > p(m+1m+1)
Tt follows similarly that p;(m—1|m) > p;(m+1|m) and p;(m—1m—1) > p;(m+1jm—1).

S, S i~ - ), B8t A, D

wi(m — 1m + 1)B. Given that p;(m — 1lm — 1) > p;(m — 1m) = p;(m — 1m + 1) we
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know that eventually the expected payoff from playing e; = m — 1 will eventually surpass
that of either m or m + 1.

For "T*?’ < j < n, show similarly that playing e; = m + 1 will eventually be preferred.

The first part of the proposition confirms the intuition that low input choices under
the minimum order statistic output are indeed stable. This stems from the fact that, in
equilibrium, all allocations must be such that either the agent has a weakly dominant
strategy to play e; = 1, or, if not, then playing e; = 1 is still a Nash equilibrium.
Moreover, given that 1;(2[1) = 0 in the minimum-input game, the agent has no incentive
to purchase x5 assets unless he or she actually plans on playing e; = 2. This only happens
when there is sufficient doubt € > €.

The second part of the proposition demonstrates that for higher order statistics the
stability properties are quite different. Namely, any equilibrium is unstable to doubt as
we have defined it since there is always a greater marginal value of purchasing assets
associated with m — 1 or m + 1 than the zero prices on them. Since this marginal value
is non-decreasing, the agent’s demand is unbounded and she will always prefer some
alternative input choice. Further we show that the expected deviations associated with
low order statistics is always downward whereas the expected deviations associated with
high order statistics is always upward. But the bounds provided in the proposition are not
tight and there may exist j whereby the prediction of deviation is unclear. For example,
if 7 = 2 then we know that for n = 6 if there is doubt we would expect players to prefer
investment (and subsequent choice) in downward input from any equilibrium involving
matched input greater than 1. However, for n = 3, neither of the conditions are satisfied
and the effect of doubt is unclear. This is because at the median (as j = 2 is for n = 3)
the deviations by others needed to either raise or lower the level of output are symmetric.

We can also examine the impact of similar doubt under the Control treatment where
there is no market by forcing all trading portfolios z; = 0. For any combination of order-
statistic j and number of players n, there exists an € such that if all players are playing
some matched input level m then if € < € the player with doubt will continue to prefer
to play e; = m despite this doubt. However, if ¢ > € the player will prefer to play either
lower (e; = m — 1) input or higher (e; = m + 1) input. Table I contains a description
of the cutoffs for the variants observed in our experiments. Importantly, in all cases,
the amount of doubt that is needed to lead away from equilibrium is non-negligible. In
contrast, the previous proposition tells us that any level of doubt with j = 2 will result in
the player with doubt taking actions that will move the results away from the equilibrium
and most likely in favor of lower input/output combinations.

n=23 n==~0
j=1 le>.293 |e>.129
j=2 1€>.293 |e>.314

TABLE 2—F€ UNDER THE Control TREATMENT SUCH THAT IF € > € THE PLAYER WILL PREFER TO DEVIATE
FROM THE MATCHED EQUILIBRIUM STRATEGY OF e€; = m FOR ALL PLAYERS. THE ARROW INDICATES THE
DIRECTION OF DEVIATION BY THE PLAYER. WHEN THE DIRECTION OF DEVIATION IS NOT FEASIBLE (m =1
OR m = M) THE OTHER DIRECTION OF DEVIATION IS ONLY FAVORED FOR UNFEASIBLE € > .5.
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II. Experiment Instructions

Thank you for participating in today's experiment.

In amoment, the experimenter will hand each of you an envelope. Inside this envelope is a card with a number between 1 and 18. This is your participant
number for the experiment. This number is private and should not be shared with anyone.

Please enter your ID number before continuing

Please enter the number exactly as it appears on your card.
Check to make sure you entered the number correctly before confirming your choice.

IDNumber: [ ]

Please click "OK" when you are ready.
You will be asked to confirm your choice. Please make sure you
entered the number correctly.

General Informatiot

This is an experiment in decision making. Several funding sources have provided funds for this research. In today’s experiment you will participate in two activities: a group
decision task and a market trading fask. In addition to a $6 participation fee, you will be paid the money you accumulate from these two activiies, which will be described to you
in @ moment. Upon the completion of the experiment, your earnings will be added up and you will be paid privately, in cash. The exact amount you receive will be determined
during the experiment and will depend on your decisions and the decisions of others From this point forward all units of account will be in experimental dollars. At the end
of the experiment, experimental dollars will be converted to U.S. dollars at the rate of 10 experimental dollars for every 1 U.S. dollar.

If you have any questions during the experiment, please raise your hand and wait for an experimenter to come to you. Please do not talk, exclaim, o try to
communicate with other participants during the experiment. Participants intentionally violating the rules may be asked to leave the experiment and may not be paid

Please wait until the experimenter asks you to continue.
If you have a question, please raise your hand and wait for
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Group Decision Tasl

The experiment will have eight periods. In each period you will be in a group with either 2 or 5 other participants. That is, some of you will be in 3-person groups and others will be
in 6-person groups. Each of you will be in only one group. The other participants with whom you are grouped will be the same in all periods. You will never know the identty of
these participants. Since there are 18 participants in today's experiment, there will be four groups labeled A, B, C, and D. The A and C groups are 3-person groups and the B and
D groups are 6-person groups. You wil be nofified of your group assignment shortly.

In each period, every one of you will select a number. The available choices are 1,2, 3, and 4. You will each receive money based on your choice and the minimum choice of
everyone in your group. In a moment we will give you a detailed description of how your payment will be determined.

Are there any questions before we proceed?

Please wait until the experimenter asks you to continue.

I you have a question, please raise your hand v Continue

Your Payment from Group Decision Task:

In each period of the experiment, the computer willdisplay a table like the one shown below. The amounts shown in the table reflect the possible payments you might receive for
that period, based on your choice and the minimum choice in your group. That is, each number in the table corresponds to a payment (in experimental dollars) resulting from a
possible combination of your choice (row) and the minimum choice in your group (column). Note that some cells are blank because your choice can never be lower than the
minimum choice in your group.

Please take a moment o look over the table. Whenever you are making a choice, you will be able o see this table.

Are there any questions before we proceed?

Payoff Table

Minimum Acton Chosen n iy Group
4 3 2 1
4 2 & 2 s
3 - s " 10
e
2 = s 1 2
1 - - - "
Please wait until the experimenter asks you to continue.
If you have a question, please raise Continue
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Making a choice in a perio

Once the period starts, each of you will choose a number (1, 2, 3, or 4) by clicking on one of the buttons that will appear on the right of your screen. You may change your
choice as often as you like, but once you click on "OK" your choice for that period is final.

Note that when you are making your choice, you will not know the choices of the other people in your group. Also, remember that you will never know the identity of anyone else in
your group, meaning that all choices are confidential and that no one will ever know what choices you make.

Atthe end of each period, your screen will display your choice, the choices of others in your group, the minimum choice in your group, your payment for the current period, and
your accumulated payments through the current period

In addition, you will also be able to observe the choices made by participants in one other group. In every period, you will see the choices made by allthe people i this other
group. However, these choices will not influence your eamings from the group decision task (they may influence your earnings from the next task). You will see choices for the
same other group in all 8 periods.

Atthe end of the experiment, you will receive the sum of your payments for all eight periods. This will be paid to you privately and in cash, meaning that no one will ever know your
choices or how much money you made.

Please wait untilthe experimenter asks you to continue.
I you have a question, please raise your hand v Continue

Example Payoff Quiz (group decision task

Before we begin the experiment, we would like you to answer a few questions to make sure that everyone understands the task. Your answers should be based on the payment
table shown below. We will go through the answers to a sample problem before you do the rest of the quiz. Please raise your hand if you are having trouble answering any of the
questions.

Payoff Table
Minimum Action Chosen n iy Group
4 3 2 1
s 2 1 12 8
3 = ® " 0
e
2 - - 15 2
q - - - “
: Suppose 2and there are in your group. The other h Jand4 i

‘The minimum action chosen by any member of your group is __2

Your payoffis_16

Please wait until the experimenter asks you to continue.

11
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Payoff Table
Payoff Quiz
Winimum Acton Chosen iy Group
s 3 2 1
s 2 ® 2 o
3 - ® 1 o
e
2 B 1 3
1 = = = u

1) Suppose you choose action 1 and there are six members in your group. The other employees choose actions 2, 3, 3, 4, and 2 respectively.
‘The minimum action chosen by any member of your group is:

Your payoff:

2) Suppose you choose action 3 and there are three your group. The oth 3 respectively

The

imum action chosen by any member of your group i

Your payoff:

3)1 am grouped wit i periods of

4) My actions and payoffs will be confidential:

aall OB

Please click "Continue” when you are ready.
If you have a question, please raise your hand and walt for the experimenter.

Market Trading Task:

You will also participate in a market trading task where you will have the opportunity to buy and sell units of fictious assets. The precise value of each asset wil be unkown to you at
the time of trading.

There will be four assets available for trade by your group. Each unit of the assets you hold will eventually be worth either 1 or 0. The final value of each asset will be determined
by the MINIMUM ACTION CHOSEN by a group (possibly your own) in the decision making task that follows. For example, if the group's minimum action choice in the period is 2,
then the asset labeled MINIMUM = 2 will be worth 1 and all other assets wil be worth 0.

NOTE: The Final value of the assets MAY or MAY NOT be determined by the minimum action choice of your group. If the asset values are determined by another group's action
choices, you will observe their action choices in the group decision task and your action choice will have no influence on the final value of the assets you hold.

e

If you have a question, please raise your hand v o)
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Market Trading Task:

At the beginning of each market trading task, you will be assigned some units of each of the four different assets. The starting number of assets may vary from participant-to-
participant and period-to-period

You have also been given a loan’ of 20 experimental dollars in cash. You may use this cash to buy and sell units of the assets if you desire. However, at the end of the period, you
will be required to repay this loan out of your cash available balance.

You make money by buying and selling units of the assets. When you sel units, your cash balance increases. When you buy units, your cash balance decreases but you hold
more units of an asset that might be worth 1

After the group decision task, for each unit of the asset you hold that matches your group’s minimum choice, your cash balance will be increased by 1. For example, if the group's
minimum_action choice in a particular period is 3 and you hold 15 units of the MINIMUM = 3 asset, your cash balance would increase by 1 x 15 = 15. If you hold a NEGATIVE
quantity of the asset then your cash balance will decrease by that amount Your final payoff for the market trading task will be determined by your cash balance plus the payoff from
your assets MINUS the 20 experimental dolar loan.

Please wait untilthe experimenter asks you to continue.
I you have a question, please raise your hand v Continue

Example Payoff Quiz (market trading task

Before we begin the experiment, we would like you to answer a few questions to make sure that everyone understands the task. We will go through the answers to a sample
problem before you do the rest of the quiz. Please raise your hand if you are having trouble answering any of the questions.

Casn Avalabie 860
= 1 s
N =2 2
=3 5
N = 4 10

Sample Questi

: Suppose there are three members in the group. The group members choose actions 1, 3, and 4.

The mi

um action chosen by any member of the group is

The asset worth 1 experimental dollar is _ MINIU! .

Your payoff (minus loan repayment)is_16.60+5.20 =150 . Please wait until the experimenter asks you to continue.

.

13
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Market Payoff Quiz

iy Assets at the End of Tracing

Gash wviable 25
N = 1 10
i =2 2
=3 s
= o

Suppose thae ar § membars i the group. The roup 2,2,3,3, 4 and 2 respostiveh

) The minimum acton chosen b any mermber of he group (|
©
©

2) The asset worth 1 experimental dollar will be:

3 Your pay (minus loan repayment) will be: .

Please click "Continue” when you are ready.
If you have a question, please raise your hand and walt for the experimenter.

Market Trading Task:

In order to make money, you may want to buy and sel units of the assets. You may want to buy when you see that the price for the asset is lower than you think it should be, and
you may want to sell when the price for the asset is higher than you think it should be.

Each trading period wil last approximately 5 MINUTES During that time, you may trade as often as you like.You wil have the opportunity to conduct trades through a web-based
interface. You should have a sheet of paper that describes the mechanics of the four basic actions you can take in the market. In order to allow you to familiarize yourself with the
process of buying and selling, we will now complete a sample market trading activity. This is a good time to ask questions if you are confused about how to trade.

PLEASE WAIT FOR THE EXPERIMENTER TO PROVIDE YOU INSTRUCTIONS REGARDING THE SAMPLE MARKET

Please viait until the experimenter asks you to continue.
If you have a question, please raise your hand v Continue
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Subject# 4 H Period 1 out of 8

Your Group: B Market Group: A ‘

We are now ready to begin the period. The experiment will consist of 8 periods. In each period you will participate in the market trading task and
then the members of your group will chose an action in the group decision task.

Remember that after every period you will be told the choices made by everyone in your group. You will also find out the choices made by everyone
in another group. Your payment for the group decision task will depend only on the choices in your group.

You are in Group B which is a 6-person group and you wil also see the action choices of Group A which is a 3-person group.

Are there any questions before we proceed? If you have any questions, please raise your hand and wait for the experimenter. If there are no
questions, then we will begin the period.

Please click "Continue” when you are ready.

If you have a question, please raise your hand it for i i

Subject# 4 H Period 1 out of 8

Your Group: B Market Group: A ‘

We are now ready to begin the market trading task. In this period you will participate in a market where the final value of the assets being traded
depends upon the minimum action choice of Group A which is a 3-person group.

Note that this is not your own group so your group's final minimum action choice will not determine the final value of the assets.There are 9
participants in each market (one 3-person group and one 6-person group). In your market, Groups A and B are both participating.

Each market participant may have different starting amounts of the four assets. Everyone starts with the same cash loan. The table below describes
your starting asset amounts for this period.

Assets worth 1 facion choice s Statting Amount

Hinimum = 1 o
Hinimum =2 o
Hinimum =3 o
Hinimum = 4 2
Gash Loan 200

Please click "Continue” when you are ready.

If you have a question, please raise your hand r o)

15
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ITII. Trading Interface

Period 1 » Open Markets
+ | @ hup:/ /1 I d 1 ¢ | (@~ Googl

PSU Predict _rkets ADMIN MapMyRide Add to Wish List ESPN Amazon eBay Yahoo! News (850)v Apple AccuWeather ay Forecast ANGEL Homepage The Pacelin ycling Team Mac »

Period 1

Open Markets
Closed Markets UserID B
Future Markets Total Cash:

Cash Available:

Markets
Market 1: SECOND LOWEST = 1 (Group A) (Click Here to go to This Market) Closes: Mon Aug 24th, 2009 at 3:10pm)
My Assets: 2 (See Transactions ) Prices vs Time
Highest Ofer to Buy: 055 EErTEGshihgs] .00
Lowest Asking rice toSell: 080 .00
Last Trage: 0.55 (87242009 259265m)
Vighest Trade: 055 0.60
Lovest Trade: 056 o
Average Trade: 056 N
LEMA Total Contracts Traded: 2 0.20
Contracts Traded!in Last 24 Hours: 2
Current Server T 0.00
2009-8-24 15:02:04 Market 2: SECOND LOWEST = 2 (Group A) (Click Here to go to This Market) (Closes: Mon Aug 24th, 2009 at 3:10pm)|
My Assets: E ((See Transactions ) Prices vs Time
Highest Offer to Buy: 030 Units Price Cash Change Lo
Lowest Asking rice toSell: 070 SIS 50 0.0
Last Trade: 030 (87242009 30039m) Solg:1 03 030
Fighest Trade: 030 0.60
Lovest Trade: 025 o
Average Trade: 028 N
Total Contracts Traded: 3 X
Contracts Traded in Last 24 Hours: 3 oo
Market 3: SECOND LOWEST = 3 (Group A} (Click Here to go to This Market) . Closes: Mon Aug 24th, 2009 at 3:10pm
My Assets: 0 (See Transactions ) Prices vs Time
Highest Offer to Buy: 010 Units Price Cash Change 1.00
Lovest Asking rice toSell: 030 o0
Last Trade: wa
Vighest Trade: va 0.60
Lowest Trade: na i
Average Trade: oja
Total Contracts Traded: o 0.20
Contracts Traded in Last 24 Hours: 0
0.00
Market 4: SECOND L Closes: Mon Aug 24th, 2009 at 3:10pm|
My Assets: See Transactions Prices vs Time
Highest Offer to Buy: Units_Price_Cash Change Lo
Lawest Asking Price to Sell wa 0.80
Last Trade: nfa
ighest Trade: o 0.60
Lowest Trade: i oo
Average Trade: i
Total Contracts Traded: o 0.20
Contracts Traded in Last 24 Hours: 0
800 Period 1 » Market
[+ [ hup:/ /1 L.psu.edh 1 D-1 ¢ J(a- coogl )
PSU Predict...rkets ADMIN  MapMyRide Add to Wish List ESPN Amazon eBay Yahoo! News (850)v Apple ay Forecast  ANGEL Homepage The Pacelin...ycling Team .Mac »
Open Markets
Closed Markets
Future Markets SECOND LOWEST = 1 (Group A) n
Contact Admin
Calculator UserID !
Time Remaining 713
Total Cash: 2060
Cash Withheld for Offers: 000
Cash Withheld for Margins: 200
Cash Available in This Market: 16,50
You Have: 24 contract(s)
Jour Your Curent Asting Prices
pricss @ Expires
LEMA
Current Server Ti “Exgires - Time shown s the time according to the server
2009-8-24 15:02:
Last Trading Price 0.56 at 8/24/2009 2:59:26pm
Highest Trade 5 Prices vs Time
LowestTrade 056 100
Average Trade 055 oso b
Contracts Traded 2
o.60 |
The value of units be ceternined by task GROUP A participates i folowing thetrading period
0.0 [
Al units you hold inthis market wil be vorth:
020 b
1 experimental dolar i the second chosen s,
0.00
Current Order Book:
Offer Price to Asking Price A sellr has accepted a buyer' offer of 0.56 for 1 contracis).
Buyer Seller to Sell A sellr has accepted a buyer' offer of 056 for 1 contract().
056/cantract for 1 Yoo 078/contract for 2
contract(s) contract(s)
055/contract for 2 080/contractfor 1
contract(s) contract(s)
0.50/contract for 5 0.84/contract for 4 -
contrac(s) contracts) (See Al oFour Transactions in This Wirket )
- 050]contractfor 2 —_—
(SeLL at pest Market Order to puy ) (1%
(Please select how many contracts you want to trade) BUY at Best Market Order to Sell :
(Please select how many contracts you vant o trace)
Place/Modify Limi toBuy Place/Modify Limit Orders to Sell
All offers/asking prices are per contract!
Change a Current Offer Price: [ Make a New Offer i8] | Remove Order Change a Current Asking Price: [ Make a New Asking Price [$] | Remove Order
Offerto Buy At: per contract Offerto sell At: per contract J
For: || contracts For: || contracts
@ Does not expire. ® Does not expire.
O Expires: (1 Hour From = O Expires: (1 Hour From No 3
(Add Orderto muy) (Add Order rosel) L
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IV. Data Tables

TABLE 3—Group-Level Data - Experiment 1

Descriptors Period
Session Group Size Characteristics 1 2 3 4 5 6 7 8
111 3 Insider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Market-H 6 Outsider Output 2.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00
Expected Output 2.52 2.23 2.27 1.60
114 6 Insider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Market-H 3 Outsider Output 2.00 2.00 3.00 3.00 2.00 3.00 3.00 3.00
Expected Output 2.57 2.45 2.43 2.28 2.33 2.27
121 3 Insider Output 2.00 3.00 3.00 3.00 1.00 2.00 3.00 3.00
Market-H 6 Outsider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Expected Output 2.40 2.37 2.24
124 6 Insider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Market-H 3 Outsider Output 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Expected Output 2.62 2.25 2.34 2.53
131 3 Insider Output 4.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00
Market-H 6 Outsider Output 3.00 2.00 3.00 2.00 2.00 1.00 1.00 1.00
Expected Output 2.53 2.34 2.49 2.43 2.02 1.86
134 6 Insider Output 2.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Market-H 3 Outsider Output 2.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00
Expected Output 2.42 2.39 1.61 1.47 1.54 1.25
141 3 Insider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Market-H 6 Outsider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Expected Output 1.69 1.69 1.66 1.08 1.36
144 6 Insider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Market-H 3 Outsider Output 2.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Expected Output 1.59 1.22
151 3 Insider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Market-H 6 Outsider Output 4.00 3.00 1.00 1.00 1.00 1.00 1.00 1.00
Expected Output 2.07 1.36 1.35 1.11 1.07
154 6 Insider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Market-H 3 Outsider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Expected Output 2.10 2.08 1.60 1.60
161 3 Insider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Market-H 6 Outsider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Expected Output 2.36 2.04 1.90 1.52 1.58 2.00 1.69
164 6 Insider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Market-H 3 Outsider Output 1.00 2.00 1.00 1.00 2.00 2.00 1.00 1.00
Expected Output 2.38 1.69
211 3 Insider Output 3.00 3.00 3.00 3.00 2.00 3.00 4.00 4.00
Market-L 6 Outsider Output 2.00 1.00 2.00 2.00 2.00 2.00 2.00 2.00
Expected Output 2.40 2.44 2.52 2.63 2.57 2.50 2.47 2.63
221 3 Insider Output 3.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Market-L 6 Outsider Output 2.00 1.00 2.00 2.00 2.00 2.00 2.00 2.00
Expected Output 2.58 2.46 2.58 2.79 2.69 2.60 2.66 2.70
234 6 Insider Output 2.00 2.00 2.00 2.00 2.00 2.00 1.00 2.00
Market-L 3 Outsider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Expected Output 2.44 2.30 2.20 2.01 2.02 1.78
244 6 Insider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Market-L 3 Outsider Output 1.00 2.00 1.00 1.00 2.00 2.00 1.00 1.00
Expected Output 2.09 2.09 2.23 1.58 1.19 1.12
251 3 Insider Output 1.00 2.00 2.00 1.00 3.00 2.00 3.00 2.00
Market-L 6 Outsider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Expected Output 2.79 2.47 2.74 2.73
254 6 Insider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Market-L 3 Outsider Output 2.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Expected Output 2.28 2.39 2.31 1.70
261 3 Insider Output 2.00 1.00 1.00 1.00 1.00 2.00 2.00 1.00
Market-L 6 Outsider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Expected Output 2.26 2.40 1.73 1.68 1.67 1.74 1.57
274 6 Insider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Market-L 3 Outsider Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Expected Output 2.35 1.76 1.70 1.76 2.26 1.54
11 3 Group 1 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Control 6 Group 2 3.00 3.00 3.00 1.00 2.00 2.00 1.00 1.00
13 3 Group 1 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Control 6 Group 2 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
21 3 Group 1 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Control 6 Group 2 3.00 3.00 2.00 1.00 1.00 1.00 1.00 1.00
23 3 Group 1 1.00 2.00 3.00 3.00 3.00 3.00 3.00 3.00
Control 6 Group 2 3.00 2.00 2.00 3.00 3.00 3.00 3.00 3.00
31 3 Group 1 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Control 6 Group 2 3.00 4.00 4.00 4.00 4.00 4.00 4.00 1.00
33 3 Group 1 3.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Control 6 Group 2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
41 3 Group 1 2.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Control 6 Group 2 3.00 4.00 3.00 3.00 3.00 3.00 3.00 3.00
43 3 Group 1 3.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Control 6 Group 2 1.00 1.00 2.00 2.00 2.00 2.00 1.00 1.00

17
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TABLE 4—Group-Level Data - Experiment 2

Descriptors Period
Session Group Size  Characteristics 1 2 3 4 5 6 7 8
090423_1340-1 3 Insider Output 3.00  2.00 2.00 3.00 3.00 3.00 3.00 3.00
Market-L 6 Outsider Output 2.00 2.00 1.00 2.00 2.00 2.00 2.00  2.00
Expected Output | 2.27  2.27 2.13  2.32 2.21 2.42  2.91
090423.1340.4 6 Insider Output 4.00  4.00 4.00 4.00 4.00 4.00 4.00  4.00
Market-L 3 Outsider Output 3.00  4.00 4.00  4.00 4.00  4.00 4.00  4.00
Expected Output | 2.90  2.72 2.09 2.98 292 3.64  3.41
09042412231 3 Insider Output 2.00 4.00 3.00 4.00 2.00 3.00 3.00  3.00
Market-L 6 Outsider Output 2.00 3.00 3.00 3.00 3.00 3.00 3.00 2.00
Expected Output | 2.30  2.23  2.73  3.08 2.63 255 2.70  2.87
090424.1223.4 6 Insider Output 3.00 3.00 3.00 3.00 3.00 3.00 3.00 2.00
Market-L 3 Outsider Output 4.00  4.00 4.00 4.00 4.00 4.00 4.00  3.00
Expected Output | 2.25  2.43  2.50 2.67  2.53  2.55  2.71 2.62
090427_1559_1 3 Insider Output 3.00 4.00 3.00 4.00 3.00 3.00 4.00  3.00
Market-L 6 Outsider Output 2.00 2.00 2.00 2.00 2.00 2.00 2.00  2.00
Expected Output | 2.26  2.36  2.53  2.45  2.55  2.47  2.48  2.58
090427_1559.4 6 Insider Output 2.00 2.00 3.00 3.00 3.00 3.00 2.00  2.00
Market-L 3 Outsider Output 3.00 1.00 2.00 2.00 2.00 3.00 2.00  2.00
Expected Output | 2.42  2.46  2.50 243  2.47 256  2.69  2.54
090428_1326_1 3 Insider Output 4.00 3.00 4.00 4.00 4.00 4.00 4.00  4.00
Market-L 6 Outsider Output 4.00  4.00 4.00 4.00 4.00 4.00 4.00  4.00
Expected Output | 2.33  2.73  2.85  2.61 2.71  3.08  3.21 2.93
090428.1326_4 6 Insider Output 2.00 3.00 3.00 3.00 3.00 2.00 3.00 2.00
Market-L 3 Outsider Output 4.00 3.00 4.00 3.00 3.00 4.00 4.00  4.00
Expected Output | 2.61  2.80  2.82  2.61 2.75  2.61 2.53  2.70
090413.1131.1 3 Group 1 4.00  4.00 4.00 4.00 4.00 4.00 4.00  4.00
Control 6 Group 2 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
090413.1131.3 3 Group 1 4.00  4.00 4.00  4.00 4.00 4.00 4.00  4.00
Control 6 Group 2 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
090414_1409_1 3 Group 1 4.00  4.00 4.00 4.00 4.00 4.00 4.00  4.00
Control 6 Group 2 3.00 3.00 3.00 4.00 4.00 4.00 4.00  4.00
090414.1409-3 3 Group 1 4.00  4.00 4.00 4.00 4.00 4.00 4.00  4.00
Control 6 Group 2 3.00 3.00 4.00 4.00 4.00 4.00 4.00  4.00
090430-1432_1 3 Group 1 4.00 3.00 3.00 3.00 4.00 4.00 4.00  4.00
Control 6 Group 2 3.00  4.00 4.00  4.00 4.00 4.00  4.00  4.00
090430-1432.3 3 Group 1 3.00  4.00 4.00 4.00 4.00 4.00 4.00  4.00
Control 6 Group 2 4.00  4.00 4.00  4.00 4.00 4.00 4.00  4.00
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