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1. Introduction
Non-bindingcommunicationpr cheap talk, has been assoeivith theresolutionof
coordinationfailuresandsocialdilemmas in both laboratorgnd field experirants (see
Cooper, et al., 1992, and Clark, Kay, anft@e 2000; Isaac and sker, 1991, Ostrom
andWalker, 1991,0strom,GardnerandWalker, 1994, and Cardenas, Ahn, and Ostrom,
2003). In simple coordination gas) canmunications expectedo reducethe
uncertaintyof whatotherplayersarelikely to do andhencefacilitate coordinationin the
better equilibriumIn social dilemma gaes, thereasonsvhy communicatiorworksare
still unclear. Perhaps communication results in anincreasedenseof groupidentity, an
enhancement of normative orientations toward cooperation, or a neca$gto avoid (seek)
verbal reprimand (approval) when promises of cooperation are violateduffilled).

In this paper we use asimple neoclassical growth model with multiple equilibria
to investigate the ethanisnby which nonbinding communicationesults in lower
equilibrium resource extraction. We use a growth model because it provides an adequate

dynamc framework for modelingextractionof a naturalresouce with threshold



externalities. One gpecific example is fisheries. Consider a case in which the available
stockof fish deterninesits regeneratiomate.|f fishing or extractionis suchthatthe stock
doesnot surpasshethresholdevel, thentheregeneration rate is lowerheh renders a
lower equilibrium. In the lower equilibrium, agentsattainalower overallresourcestock
andconsumptionin contrastwhenextractionis suchthatenoughfish stockis left to
passthethreshold a higherregeneratiomateis achievedThis resultsin abetter
equilibrium(higherresourcestockandconsunption). Thus, there are two steadystates,
one of which is optimal .*

Therearetwo innovativeaspectsn this paper. First, we model the extraction of a
natural renewable resource using a coordination game environment rather than the typical
prisonersO demma environment. Second, we use a dynaia setup to see the effects of
communication on equilibriuraelection. Vith very few exceptions, most experimental
papers on communication and coordination henayzedstaticganmes. With adynamc
setup, we make the decision eavimentmuch morerealistic.

We implement comnainication by allowingsubjects to send unrestricted messages
to each other in real time before any extraction decisions are made. By analyzing the
content of the messages, we are interested in discoveringthe circunstancesinderwhich
communication works. Thus, our study atpsio answerthefollowing questionWhat
OkindO of communication camrehate strategic uncertainty in a dynamnic environment?

This paperis organizedn thefollowing manner.In section®2 and3 we discuss
the experimental design and procedures; in section 4 we presenandanalyzetheresults.
Section 5 provides conclusions and brief poliecomnendatonsbasedn the resultsof

our investigation.

! The model was also studied by Lei and Noussair (2003) and Capraet al. (2005) in different contexts.



2. Experimental Design

Our design is based on Capra, et al.Os (20083e authors add instifonsPrulesthat
governsubjects©hoicesbto the basicRamsey-Cass-Koopmins (RCK)neoclassical
growth model with aresource externality.” Capra, et al. (2005) use three institutionsin
their paper.communicationyoting anda hybrid treatment in which subjectsvere
allowedto comnunicateandvote.In this paperwe discusghe proceduregandtheresults
from the communication treatment. We dso study aspects of the data not included in

previous works.

2.1. Theoretical framework

In the neoclassical growth model a representative agent maximizes his lifetime utility

given byl (1%&* U (C,) subjectto the reource constraint given by the following
t#0

expression(, %K ., ( AF(K,)¥%(@1$ ')K,. Where U is the utility of consuption, G, a
time t. Technology is given by AF(Kand K; is capital stock (the apunt of the
resource). The parameters & and * representhediscountanddepreciatiorrates,
respectivelyln our resotce exraction environment,K would represenarenewable
resource such as fish.itW such a perishébdresourcethereis 100% depreciation (i.€.,
equals 1).

Multiple steady states result from athreshold externality. This is implemented by

letting the paramter A take different valuedepending on the ayunt of he resource that

2 Lei and Noussair (2002) were the first to implement the RCK model in the lab.



is available after consumption. If the resource stock is higher #h athreshold level, K ,
then the @lue if A is A. In contras, if K is lower than the tfesholdK , then A is equal to
A wich) A . To implement infinite horizons in thelab, we usedarandomendingrule.
At anygiven period,the probability of cortinuation was 0.80, which is siyalert to
having a value of the discount parame&&equal to 0.25.

For the paramter values described ifable1 andundertheassunption thatthe
markets are competitive, it is possible to derive the equilibrium levels of the resource
consunption, C*, andtheresourcestock,K*. In our experinents, when the threshold
was surpassed;,, =70 andk ,, =45 andC, =16 and K, =9 when the threshold was not

surpassed.

Table 1: Paramters of the mdel

U(Ct) — 40@[ $ 2Ct2 % =7.88if K<31

=16.77 if K+31
FK) =K & =025
K =31 =1

t

2.2. Communication

In our experiments, subjects were allowed to send unrestricted messages to each other in
real time in a @hat-roomOenvironment before making trading and consumption
decisions. There are advantages and disadvantages of using this form of communication
vis-~-vise-mail or face-to-face. Clearly, e-mail is not as effective as a chat-room because
conmunicationis notin realtime; thereis a lag betweenthetime the messagds
composed and sent and the time it is received and read. On the other hand, a chat-room

environment is not as realistic and QiynamicOas face-to-face communication. When

% For amore detailed derivation of the steady states please refer to Lei and Noussair (2002 and 2003).



people can talk and see each other, they can use body expressions and voice intonations
to their conversation that add content to their messages. However, these body and tone
messages may be hard for the experimenter to interpret and even notice. In a chat-room
environment, the experimenter has a less ambiguous way to record and interpret
messages. We believe that the benefits from the added control in the computersetyp
outweigh the costs incurred from sacrificing reality. In addition, there is some evidence
that real time computer communication (chat room) is as effective as face-to-face
communication. For example, Rocco (1996) shows that both communication methods are

equally effective at resolving socia dilemmas.

3. Experimental procedures

We organized atotal of 6 sessions; three sessions (sessions 1, 2, and 3) were conducted at
Emory University and three sessions (sessions 4, 5, and 6) were conducted at Caltech. In
each session, five subjects participated in the experiment. The sessions lasted no more
than three hours and earnings ranged from $11.56 to $44.24. Because of the random
ending rule, each session consisted of several horizons.OA horizon represents a lifetime.
A lifetime consists of one or more periods.” The table below shows the number of
horizons and periods for each session.

Table 2: Number of periods per horizon

Session Horizon (periods)
1 H1(7), H2(7)
2 H1(8), H2(1), H3(3), H4(5), H5(2)
3 H1(3), H2(7), H3(6), H4(4)

* Subjects were recruited to participate in a 3-hour session. If a horizon did not end by the end of the third
hour, subjects were told that they could continue the experiment on another day or be paid for the decisions
made by other subjects who would finish their horizon. Subjects were also told that new horizons started
only if at least 30 minutes were left before the end of the session. In no session was it necessary to continue
a horizon on another date.



4 H1(6), H2(1), H3(1), H4(2), H5(4)
5 H1(3), H2(4), H3(1), H4(3), H5(6)
6 H1(11), H2(2), H3(5), H4(2)

At the beginning of each session, subjects sat in their computer terminals. After
the instructions were read aloud, subjects participated in a three-period practice exercise
that did not count towards their earnings. In each horizon, each subject was endowed with
5 units of the resource and 10,000 experimental tokens (called Y en). Thus, the initial
conditions were such that the threshold level of the resource was not surpassed (i.e., there
was atotal of 25 units of the resource at the beginning of each horizon).

In each of our sessions, five subjects participated in multiple periods and in each
period they faced atwo-stage decision problem (stage 1 and stage 2), plusa
communication stage that preceded all decisions. In the communication stage, before
stage 1 of the experiment, the computer displayed a chat room screen, where participants
could chat with each other in real time. Subjects were given 180 minutesto chat, but in
all sessions, communication lasted less then 2 minutes.

In stage 1, participants traded units of the resource in a call market; trading
determined the amount of the resource available to each of them in the current period.
When the call market opened, subjects were asked to submit their demand schedul es by
specifying the quantity and price of each unit of the resource (see schedules attached to
the instructions in the Appendix). The aggregate demand was then derived by adding
each subject@ individual demand. The market price of the resource was determined by
the interaction between the aggregate demand and the aggregate supply. The later was
fixed (perfectly inelastic) at a quantity equal to the aggregate amount of the resource. For

each unit bought in the market, an amount equal to the market price was subtracted from



theinitial endowment of tokens. For each unit sold, the subject made an amount equal to
themarket price.

In our experiments, subjects were heterogeneous and differed in their valuation of
the resource and in their individual production functions. Because they were not identical,
they benefited from trading in the market. Their differing production functions and the
aggregate production function are show in Figure 1. The individual demand schedules
can be found in the Appendix. Notice that the production functions were lower when the
threshold level of the resource was not attained. The last panel of Figure 1 shows the
aggregate production function and the kink generated by the resource externality.

Figure 1: Production functions
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In stage 2, each subject decided on how many of the resource (fish, for example)

to extract or consume, and on how many units to save for future extraction. Subjects



derived utility, which later is trandated into earnings, from the extraction or consumption
of the resource. However, if too many units were consumed in a given period, and the
threshold level of the resource was not surpassed, the resource could not grow at a pace
that would make all better off in the future (i.e., consume more). Thus, our decision task
captured the tradeoff between current and future consumption (short-run vs. long-run)
that is often faced when making natural resource exploitation decisions.

Once the stage 2 decisions were made, the computer calculated the amount of the
resoure left overto determine whetherthethreshold level of the resource was surpassed.
The resource left over then was mapped by the production function into units available
for the next period. This process was repeated in each period until the random end of the

horizon.

4. Results

In Lei and Noussair (2003) and Capra et al., (2005) an economy deposed of
institutions (e.g., No communication) unambiguously converges to the OnferiorO
equilibrium. This renders lower earnings for all participants in the economy.

In our experiment, where subjects are allowed to communicate freely in a chat-
room environment, the results are mixed. Figure 2 shows the average amount of the
resource in each horizon for all six sessions. In the firsthorizon (H1) of thefirst sessim,
for example, there were seven periods. Weighting each period equally, the average
resource amount remaining after consumption was 10.14 units; just above the low

equilibrium level of 9 units. In this horizon, the threshold was not surpassed. In contrast,

® To facilitate decision-making, we provided subjects with an option to simulate different consumption
choicesandse= how thesechoiceswould affect their earnings.



in the second horizon (H2), the average amount of the resource across periods |eft after

consumption was 71.29 units. Thisamount is higher than the threshold (31 units), and

higher than the high equilibrium level of 45 units.
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Figure 2: Average resource amount (all sessions)
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From the above figure we observe that in sessions 1 and 2, coordination was

partially successful because the threshold level of the resource was surpassed in some,

but not in all horizons. In sessions 3 and 4 subjects were unable to coordinate their

actions as to restrict extraction. Averaging across periods, in none of the horizons were

they able to pass the threshold. In contrast, in sessions 5 and 6, subjects successfully

restrained consumption in all horizons. This divergent pattern of the datatells us that

communication does not resolve strategic uncertainty unambiguously. Just the existence

of an ingtitution that allows subjects to communicate may be a necessary condition, but is

clearly not a sufficient condition for successful coordination.

There are two reasons for why communication may Gail.O 1) Thereis no

awareness or expression of awareness for the need to coordinate actions. That is, no

subject brings up thisissue in their conversation. 2) Thereis no common knowledge of



awareness, that is, subjects do not know that a/l know that too much extraction isworse
for al. By looking at the chat transcripts, we hope to determine whether these two
conditions or additional ones are sufficient conditions for successful coordination. The

next subsection reports the analysis of the transcripts.

4.1. Analysis of the chat transcripts

The basic requirement for communication to work is that people exchange information
relevant to the coordination problem or that they share knowledge. In our setup, subjects
face atrade-off: consume today or save for tomorrow. However, saving only makes sense
when enough people save enough of the resource. Thus, when chatting, it isimportant
that subjects express through rel evant messages the need to coordinate actions so as to
restrain extraction and make sure that they pass the threshold. In our experiments,there
were two sessions where coordination failed: sessions 3 and 4, but they failed for
different reasons.

In session 3, there was little evidence of awareness and of expression of
awareness. Figure 3 below shows a graph of the resource stock in session 3 that was | eft-
over after extraction. There were four horizons in this session; each horizon is separated
in the figure by a space. Each marker represents the stock of the resource available in that
period. The numbers above the marker represent the number of people whose messages
contained language related to extraction, consumption, coordination or anything related
to the coordination problem in that period (i.e., relevant messages). The line represents

the threshold level of the resource.
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All except two sentences from the transcripts in session 3 excluded relevant
messages. Most subjectsin this session were either unaware of the coordination problem
or unwilling to express awareness. There were only two instances where neOsubject
expressed awareness of the problem and attempted to exchange information. This
happened in periods 7 and 3 of the second and last horizons, respectively. Thisis what
the CawareOsubject said®:

- H2,t7, subject 3 said “K just keep getting smaller in the economy”,

- HA4,t3, hesad: “man...don’t consume all your K...got to save some.”
Clearly, the messages were not followed-up with any relevant action or comment.

Figures 3 and 4: Resourae stock and number of subjects
with relevant messagesin each period and horizon
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The reasons for why communication failed in session 4 are quite different. Asin
session 3, in none of the periods of session 4 were subjects able to pass the threshold (see
Figure 4). This happened despite the fact thatthere were two GawareOsubjects who
immediately expressed awareness. One of these subjects also took upon himself to
aggressively convince others of the benefits from restraining extraction. For example, in
the first horizon of this session, out of 84 messages sent by all subjectsin seven periods,

52 (62%) were sent by player 2. However, his messages had aweak echo. Only player 4

® We added quotation marks and italics.
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followed up. Player 4 was responsible for 23 (27%) of the messages. Thus, two players
were responsible for 89% of the messages. Only 9 messages (11%) were sent by players
1, 3 and 5 altogether. Player 1 said: GiihiQ QoodQ and @kO

In this case, we can argue that coordination failed because of the lack of common
knowledge of awareness. Indeed, awareness of the benefits from cooperation is not
enough; subjects must know that others know. Thus, successful coordination should
require that most players express their agreement with the proposal to restrain extraction
or keep the resource above the threshold level. By communicating their agreement
through relevant messages, awareness becomes common knowledge and strategic
uncertainty should be reduced.

Are awareness and common knowledge of awareness sufficient conditions for
eliminating strategic uncertainty in our environment?

Figure 6 shows the stock of the resource in session 2. In the first horizon of this
session, there was little relevant content in the messages sent by the subjects. The horizon
converged to the low equilibrium because communication failed, as expected. In the third
horizon, there was an attempted to coordinate. In the first period of this horizon, one
subject expressed awareness and proposed lowering extraction; two other subjects
expressed agreement to this proposal by sending relevant messages. The subjects were
successful at passing the threshold, but their communication later collapsed, which
resulted in more extraction. Thus, awareness and agreement were not enough to sustain

coordination!
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Figures 5 and 6: Resoure stock and number of subjects
with relevant messagesin each period and horizon
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In contrast, although communication in the first horizon of session 1 failed
(Figure 5), subjects were able to restrain extraction in all periods of the second horizon.
In the second horizon subjects not only expressed awareness and agreed on a proposed
strategy, they also acknowledged that the strategy worked. We have included below an
excerpt of the communication that shows the kinds of messages that imply
acknowledgment (i.e., positive feedback). This conversation followed successful
coordination in the first period of the second horizon (H2, t1).

(t2, subject 4)> SEE!

(t2, subject 3) >good work

(t2, subject 2) >wannado it again?

(t2, subject 3) >let's let it keep growing

Again, the positive feedback acknowledging the benefits from coordinating
actions, in addition to awareness and agreement, seems to have been responsible for
making communication successful in the second horizon of session 1. However, if
acknowledgment were important for successful coordination, we should observe asimilar

pattern in the sessions where communication worked. Figures 7 and 8 show the resource

stocks in each period and horizon of session 5 and 6, respectively.
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Figures 7 and 8: Resoure stock and number of subjects
with relevant messagesin each period and horizon
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In sessions 5 and 6, subjects were able to maintain the average resource above the
threshold in all of the horizons. In these sessions the three ingredients. awareness,
agreement to coordinate, and acknowledgement of the benefits of coordination were
present. In horizon 1 of session 5, for example, the sequence of messages was the
following: In thefirst period, subjects exchanged information about the benefits of
coordinating actions, but the resource did not pass the threshold, then in the second
period, subject 4 said: Qunm looks like we didn't get above 30 this time againOThe rest of
the period 2@ conversation is shown below:

(t2, subject 3)>nowhere near

(t2, subject 3)>did we at least increase total K?

(t2, subject 4)>def. for the first round of aset (we'll probably do this again), should try to
keep and not consume more than one or two

(t2, subject 4)>barely..

(t2, subject 5)>yes, by 1

(t2, subject 3)>so next round we try to keep?

(t2, subject 5)>yes, lets see if we can trust another

(t2, subject 2)>don't consume the k

(t2, subject 5)>all keep

(t2, subject 4)>well it's round two, probabilistically not nearly as good as round 1
(t2, subject 5)>nonsense, its already round 2

(t2, subject 5)>thisis markov

(t2, subject 4)>but yeah, keeping lots is a good strategy

14



Notice that most subjects also express agreement with the proposal not to
consume too much; only subject 1 did not express his agreement in period 2; however, in
period 1, this subject did not dissent when player 3 advised to keepthe resource high and
asked: ho dissent?OFinally, in the third period of the horizon, players expressed
satisfaction with the results. For example, subject 5 said GwesomeOand Q think we
know what we should do by nowOThis is acknowledgement of success or positive
feedback. A amilar pattern of messages was observed in session 6. After successful
coordination in the first period of the first horizon, subject 4 said rayQ Gawesome guysQ
subject 1 said Gvow,Oand other subjects also expressed similar messages.

An interesting issue here is that once subjects surpassed the threshold for a couple
of periods, they did not need to continue sending messages where consumption
information was included. Below is an excerpt of the deterioration of communication.
This explains the many zeroes above Figures 7 and 8 in the last horizons.

(t1, subject 5)>I think we know what we should do by now
(t1, subject 1)>yep

(t1, subject 4)>right.

(t1, subject 2)>yes

(t1, subject 3)>wake me up when it sarts

(t1, subject 3)>drill = consume 1?

(t1, subject 3)>whee

(t1, subject 4)>sure

(t1, subject 5)>right

(t2, subject 3)>zzz

To test our hypothesisthat positive feedback matters, we use arandom effects
regression to estimate the effects of communication on the resource stock. Our dependent
variable is the total resource stock in period t. The independent variables are 1) the total

resource in the previous period (t-1), 2) thetotd number of messagesin period t, 3) the
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number of subjects with relevant messagesin period t, 4) the number of subjects with
relevant messages in the previous period (t-1), and 5) the number of positive feedback
messages in period t’. The third and fourth variables capture awareness and agreement.
The regression pools all sessions within atreatment and allows horizon-specific and
session-specific disturbances. Each session and each horizon is assumed to have a
random effect.

Table 3 shows the results of the regression. The total number of messages had a
negative impact on the level of resource stock. This may have happened because, once
subjects establish effective ways of coordination, they tend to stop sending relevant
messages. The number of subjects who sent messages related to coordination (i.e.,
language that contains messages of extraction, consumption, coordination or anything
related to the coordination problem in that period) has positive effects on resource stock.
However, the number of subjects who sent relevant messages in the previous period does
not significantly affect the level of resource stock. Thisimplies that coordination efforts
need to be repeated at |east until successful coordination is consolidated. Finaly,
expressions of approval or positive feedback have positive effects on the resource stock.

Table 3: Random-effects GLS estnation of the Effect of
Communication on Resource Stock Level

Independent variables R*=0.90

;Setf'fqgg? Std Error p>[t|
Previous K 0.99 0.04 0.00
Total Messages -0.31 0.14 0.02
Relevant Messages 2.08 0.57 0.00
Relevant Messages in Previous Period 0.81 0.53 0.12
Positive Feedback 2.83 0.78 0.00
Constant 0.90 1.58 0.95

Note: Dependent variable is resource stock level.

" The positive feedback messages expressed in period t referred to choices made in the previous period(s).
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It is easy to see why awareness and agreement (common knowledge of
awareness) are important in reducing strategic uncertainty; however, why is
acknowledgement that the strategy worked important to prevent coordination failure? We
believe that subjects respond to both financial and non-financial incentives. Positive
feedback in the form of acknowledging that they did well seemsto be an important
motivator for subjects. Economists have recently realized that verbal reprimands or
sanctions matter. Masclet, et a. (2003), for instance, show that subjects respond to non-
monetary punishment in the form of expressions of disapproval in voluntary contribution
games. Similarly, it islikely that subjects would respond to verba (non-monetary) reward

or acknowledgement that they are doing the right thing in a coordination game.

5. Conclusion
In this paper, we present results from an experiment that captures important features of
renewable resource extraction. Our framework differs from othersGin that we adopt a
dynamic coordination game environment, in which the amount of the resourcein
equilibrium depends on the ability of subjects to coordinate choices and reduce
extraction. We study communication under this framework to determine under what
conditions communication improves outcomes. In our experiment, we use a chat room
environment, in which subjects are allowed to send unrestricted messagesin real time
before making decisions.

We observe that in two of the six sessions we organized, subjectsfailed to
coordinde their actions to regrict extradion. In these sessions, choices converged to a

low equilibrium (i.e., high resource extraction). By contrast, in two other sessions,
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subjects were perfectly successful in avoiding the bad equilibrium. In the remainder
sessions, the results were mixed. These conflicting results provided us with the
motivation to study the chat transcripts to better understand the kind of communication is
necessary and sufficient for successful coordination. We determine that there are three
ingredients for successful coordination in our dynamic coordination environment. First is
the expression of awareness of the benefits from reducing extraction and surpassing the
threshold level of the resource. Second is the common knowledge of awareness that
arises when the subjects express agreement to reduce extraction (i.e., send relevant
messages). The third ingredient is acknowledgement of successes. This last ingredient,
unlike the previous ones, isless obvious (at leastto econonists) at reducing strategic
uncertainty in coordination games. But, verbal rewards seem to matter in our dynamic
environment.

If communication is considered a policy alternative to help people resolve
coordination problems, we suggest that communication be structured so that the three
ingredients be satisfied. Indeed, a key lesson from our investigation, which is consistent
with the findings in static coordination games (see Chaudhuri, Schotter, and Sopher,
2001), isthat the existence of communication alone cannot resolve coordination

problems. The CkindOof communication matters.
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Appendix

The rest of the paper containsthe instr uctions of the experiment for the benefit of
thereviewers. Thismaterial isnot intended for publication.

INSTRUCTIONS FOR EXPERIMENT

1. General Instructions

This is an experiment in the economics of decision-making. The instructions are smple
and if you follow them carefully and make good decisions, you might earn a considerable
amount of money, which will be paid to you in cash at the end of the experiment. The
amount of payment you receive depends partly on your decisions, partly on the decisions
of others, and partly on chance. The currency usedin the marketis Yen. All tradingwill
be in terms of the Yen. The cash payment to you at the end of the experiment will be in
USdollars. The conversion rateis Yento 1l USdollar.

Once the experiment has started, no one is alowed to tak to anybody other than the
experimenter. Anyone who violates this rule will lose his or her right to participate in this
experiment. In addition to your earnings from the activity in the experiment, you will
receive aE E payment for your participation.

2. Basic Concepts

The experiment will consist of a sequence of periods. At the beginning of each period,
you will begin with a Cash Endowment of Yen. You will also be given

units of a good called K on a one-time basis at the beginning of the first period of the
experiment.

In each period, there will be an open market. You will use this market to buy and sell
units of K. Buying units of K reduces your cash by the amount of Yen that you pay for
your purchases, whereas selling increases the cash you have by the amount that you
receive for your sales. Thus, selling and buying K determines in part the earnings you
make in each period.

In addition, you will have a chance to choose how many units of K to consume How
much of K you consume during a period will also in part determine your earnings for the
period. The K you do not consume can grow and can be sold or consumed in future
periods.

Your earnings in a period are equal to the amount of cash you have after buying
and/or selling K minus the cashyou beganthe period with, plus the earnings you
receive from the consumption of K. A detailed explanation of how to buy, sell and
consume units of K isgiven later on in these instructions.
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Each period is divided into stages. In stage 1, you can buy and sell units of K. In stage 2,
you decide how much to consume. In stage 3, the K you have is converted to a different
guantity of K that you begin the next period with.

3. Stagel: Buying and Selling Units of K

The picture shown below is a copy of the first screen that you will see during Stage 1 of
each period of the experiment. At the top of the screen you can find the Period number,
the Total Earnings you have in Yen and the Remaining Time in seconds that you have to
complete Stage 1. Below this information, you will find the number of Units of K You
Hold, indicating the number of K that you currently have. Y ou will also find the Units of
K in the Economy, which is the total K that all five players currently have. You will also
see the Cash Endowment for the period, indicating how much cash you currently have
available for transactions.

3.1 Sending in Limit Prices to the Market

Y ou will use this screen to indicate the number of units of K you want to trade. You do so
using the spaces Units of K and Limit Price. Under Units of K, you must enter a series of
numbers in an increasing manner. The numbers will appearin the large window on the
left portion of the screen. Type in a 1 for the first row, a 2 for the second row, a 3 for
third row, etcE Enter as many numbers as the most units of K that you are willing to
hold. The minimum quantity of units you can list is equal to the number of K you
currently hold, the maximum quantity of units you canlist is equalto the nunber of units
in the economy.

In the Limit Price field you must enter a limit price for each unit you list. The role of
[imit prices will be explained shortly. Each unit number must be accompanied by a limit
price for the unit. The limit price will also appear in the large window on the left portion
of the screen. Enter the limit price next to its corresponding unit. For example, if you
enter 500 next to unit 1, it means that your limit price for the first unit is 500. If you enter
alimit price of 450 next to the 2™ unit, it means that your limit price for the second unit
is 450, and so on.

The limit price for each additional unit must be less or equal to the previous one. For
example, if you list alimit price of 123 Yen for the first unit, the second unit@ limit price
must be equal or less than 123 Yen; similarly, the third unit® price must be less or equal
to the second unit@ price. All prices must be greater than zero. After entering a unit
number and its corresponding limit price, you must click on Update; you will see your
choices recorded in the column entitled List of your choices. At any time you can modify
your choice. Y ou can also select the keys Erase all choices, which clears all of your limit
prices,Erase last choice, which will remove the limit price for the highest numbered unit,
and Repeat, which will enter an identical price for the next unit. Once you are satisfied
with your decision, you can send your limit prices to the market by clicking on Validate.
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Stage 1 Period 1 Total earnings o] Yen Remaining Time 166 seconds

Units of K you hold K in the Economy

T e e e S t
RlSiERy | [30 EE [1oo0o

List of your cheoices Unit of K Limit Price

I | I Repeat |
TS | Erase last chuicel

Enter a number for K and for its limit price, starting with K =1, K =2,
and so on... You can modify any choice in any time.

You can update your cholices by clicking on 'Update’ or by pressing
on "Return’ after entering a number.

K must be between 30 and 99 and the limit prices must be greater than 0 and
decreasing (neot strictly).

After updating all your choices, validate by clicking on 'Validate'.

Validate

3.2 Finding how much you buy or sell

Whether you will buy or sell units and how much you buy or sell depends on how your
limit price corrparesto others@mit prices and how many units are in the economy.
After all playershave enteredall of ther limit pricesandvalidated them, the prices tha
al players have sent in are ranked together from the highest to the lowest. Thosewho
enterthe highestpriceswill possesshe unitsin the economy after stage 1. For example,
suppose that there are ten units in the economy. Those that send in the ten highest limit
prices will then receive the ten units in the economy.

Often, the people who send in the highest limit prices will not be those who currently
have the units. In that case, the people with the highes$ limit prices autonatically
purchase them from the people who currently have the units. Congder the following
example. There are five players. Players 1, 2, and 3 each currently have one unit of K and
players 4 and 5 do not have any units of K. Thus there are three units of K in the
economy. Suppose that player 1 sends in a limit price of 500 for one unit of K. Player 2
sends in a limit price of 400 for one unit. Player 3 sends in a limit price of 600 for her
first unit and 550 for her second unit. Player 4 sendsin a bid of 630 for one unit. Player 5
sendsin alimit price of 400 for one unit. In this example, player 3 receives two units and
player 4 receives one unit of the total of three units of K that exist in the economy. This
means that players 1 and 2 each sell one unit (they each had one before and will not have
any after the market process) and players 3 and 4 each purchase one unit (player 3 had
one aready before the market process and player 4 did not have any).

As is clear from the above example, you are more likely to buy units for which the limit
price is high and you are more likely to sell units for which the limit price is low
compared to othersQlimit prices. Of course, at the time you choose your prices, you will
not know what other players are doing. Y ou must send in a number of limit prices that is
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at leag asgreatasthe number of units of K you currently have. To purchase units, you
must send in more than that number.

3.3 The price paid for purchases and sales

When you are required to sell a unit you receive some cash from the sale, increasing your
earnings. Likewise, when you purchase units you are required to spend cash to obtain the
units, decreasing your earnings. The price at which participants buy and sell their units,
which we will refer to asthemarket price,is determined in the following manner.

When the limit prices are ranked from highest to lowest, we take the limit price that is
ranked in the spot corresponding to the number of units of K in the economy. This price
is caled the market price. For example, for the limit prices desciibed in the lag
subsection and three units in the economy, the third highest limit price suomitted overall,
the 550 player 3 sent in, becomes the market price. The market price is a per-unit price,
so that if for example an individual buys five units, she pays five times the market price.

4. ConsumingUnits of K

In each period, after stage 1 is completed, all players enter stage 2. Below you will find a
picture of the screen you see in Stage 2. At the top of the screen you will see the current
Period, your Total Earnings in Yen for the experiment so far and the Remaining Time you
haveto conpletethis stage in seconds. The data from Stage 1 and the results from trading
are also on this screen. On your screen, you will see Units of K at starting, which
indicates the number of units you started the period with, the Units of K in the Economy,
and your Cash Endowment. The screen also displays the Market Price, the price at which
people bought and sold units in stage 1, K bought/sold on your part in stage 1, Cash
transferred by you in stage 1 and Cash after trading, indicating how much cash you
currently have.

Stage 2 Period 1 Total earnings o Yen Remaining Time 168 secohnds

Units of K at Kinthe Beginning cash . Cash Cash after
starting conomy  endowment MarketPrice HaSult transferred trading

E m;
History | Results in stage 1 : 12 39 10000 | 1 |3 | 3 | 10003

Your limit prices e e e
{for K=1, K=2 and so on...} = |

All players’ limit prices  [(1.1,42(2.1 5503110041 .2505.1 30(6.1 4%(7 .1 SX(8.1.1%(9.1 20010,1,3%011.1 4% (12,1 5% (13.1.123014,1 250151 3N016.1 4%(17.1.5
(for each K, its price and its < 5
proposer)

You are player 1

Simulator u F—— U FKath
) . . . . . nits of K at beginning Units of K at beginning
Units of K Units Converted Units Remaining Earning from units 37 e (il fiF [ A of next period if K in

Currently to as K convertedte C S ignom v<31  econom v > 30

° | I A S—
Simulate |

Your final choice alidate

Enter the ber of units ted o C, you can use the simulator for seeing
the possibles outputs.

The number of K you convert must be less than or equal to the units of K you
currently have (=9 ).
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Below thesecolumms, you will seearow calledYour Limit Prices summarizing the prices
that you listed in Stage 1 for each unit; starting with the limit price you sent in for your
first unit, followed by the limit price for the second, etc. A star separates these prices. The
second row shows All Player’s Limit Prices. These are the prices that everyone in the
market listed in Stage 1 for each of their units. The numbers are read in the following
way. The parentheses indicate (the rank of the limit price, the limit price enteged, the
player who submitted the unit). They are displayed in order from the highest limit price to
the lowest.

In this Stage, you need to choose how many of the units of K you currently have that you
want to consume. Consuming a unit increases your earnings but removes the K you
consume from your inventory and from the economy. How consumption affects your
earnings in Yen for the period can be determined using your Redemption Value Sheet
which you received at the beginning of the experiment.

4.1 RedemptionValue Sheetand Consumption

The Redemption Vaue Sheet attached to these instructions shows the value in Yen from
consuming units of K. The first column labeled Units of K consumed numbersthe units
from 1 through 28. The column labeled Unit Value indicates the additional amount of
Y en you receive from consuming the unit indicated in the same row in the first column.
The column Total Value shows the total amount of Yen you receive for consuming the
guantity shown in the corresponding row in the first column. Notice that if more than 20
units of K are consumed, the value is the same as for 20 units, indicating that there is no
additional value from consuming more than 20 units. The computer calculates your
earnings in Yen automatically; you will see the number on the Stage 2 screen shown
above once you validate your choice by clicking on Validate.

You can use the table entitled Simulator to help you make your decisions. On this table,
you could see how your decision of how many units of K to consume will affect your
earnings from consumption in Yen and the remaining K you have for next period. In the
first field, you will find your Units of K Currently. In the second field, labeled Units
Converted to C (C stands for consumption), you can type the number of units of K that
you want to consume for the period. You must choose a number that is greater than or
equal to 0 and less that or equal to number of units of K that you currently hold. After
you make your decision, the remaining K will be recorded under Units of Remaining K.
Under Earnings from Units Converted to C you will see the value in Y en resulting from
your consumption of K. Finaly, the Screen also shows the Units of K remaining at the
beginning of next period if the economy wide K isless than 31 and if the economy wide
K is greater than 30. The importance of the threshold level of K in the economy is
explained in section 5. You can type different hypothetical amounts under Units
Converted to C and click on Simulate to see how much K you would have next period
and what your earnings would be if you chose that level of consumption. Once you make
afina decision, type your decision where it says Your Final Choice and press Validate.
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5. Production

The remaining K, that is, the amount of K that remains after you make your consumption
decison, can be carriedoverto the next period. ThisK will beautonatically convertedto
possibly more K. The amount that it is converted into is based on your Production
Schedule Thus, the amount of K you will have at the beginning of next period depends
on the remaining K you have after consuming at the end of the current period and on your
Production Schedule.

5.1 Production Schedule

The Production Schedule consists of two parts. When the total amount of K that the
whole group has at the end of each period is lesshanor equal to 30, that iswhentheK in
the Economy (that is the total Remaining K for all five people) is less than or equal to 30,
use the left-hand-side of the Production Schedule to determine the amount of K that will
be available to you at the beginning of next period. When the total remaining K in the
economy exceeds 30, then you should use the right-hand-side of the schedule. In
determining which side of the schedule is used, the total Remaining K is measured after
consumption and before it grows at the beginning of the next period.

Under the column labeled Remaining K you will find the number of units of K you have
remaining after your consumption decision. The number next to it in the column labeled
K at Market Open Next Period is the amount of good K that will available to you at the
beginning of next period. The calculation for determining how many units of K you have
in the next period is done automatically by the computer.

6. Summary of Period Earnings

At the end of each period, the screen you see, entitled Final Results for Period will
display a summary of the activity in the period. It will indicate your earningsin Yen for
the period and your total earnings in the experiment thus far. Remember that earnings for
the period in Yen are given by the cash endowment remaining after trading, minus your
cash endowment at the beginning of the period, plus your earnings from consumption.
Thatis:

Earnings for a period in Yen = cashendowmentremaining after trading B
cash endowment at the beginning of the period + period earnings from
consumption

7. Ending the Experiment

The period in which the experiment ends is determined in the following way. Before the
experiment began, the experimenter rolled a 10-sideddie a series of timesto deternine
how long the experiment would continue. If the die came up with number 1 or 2 on the
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first roll, then the gane will end after the first period and there are no more die rolls.
Otherwise, if the die roll resulted in a number from 3 to 10, the experiment will go on to
the next period, and the die is rolled again. If the die came up 1 or 2 on the second rall,
the experiment will end after period 2. In other words, in any given period, there is a
fixed 20 percent chance (the odds are 2 in 10) that the experiment ends right after the
current period. There is always a 80 percent chance that there will be at least one more
period after the current one.

However, the experiment will be restarted if it ends with more than half an hour
remaining during the time for which you have been recruited. If it is restarted, you will
again begin with the same number of units that you started with in period 1. On the other
hand, if the experiment is till in progress at the end of the time for which you have been
recruited, the experiment will be continued on another afternoon or evening. The
experimenter will run another session, in which the beginning holding of K for each
individual will bethe sane astheendof thecurrentsessionY ou arefreeto partiapatein
the continuation of the session with the same ID number, picking up from where you left
off today. If you choose not to continue on with the session at a later date, another
participart will be reauited to take your place. The earnings of the participant filling
your place will also be given to you for the remainder of the life of the current series of
periods.

8. The History Screen

During stage 1 or stage 2, you can click on the button labeled History and you can access
a history of your choices and of market activity for each past period. The information you
can access includes the amount of K you held, the amount of K in the economy, your
limit prices, the market price, the amount of K traded, the cash you have after trading,
your earnings from consumption, the K remaining after your consumption, your period
earnings, and your cumulative earnings

9. Communication with Other Subjects

Before stage one, you will have an opportunity to communicate with other participants.
You will see a screen in which there will be a field entitled Your Message. You are free
to type in any messages you would like concerning the experiment, and all other subjects
will be able to read them on their screens. They can also type in messages that you will
be able to read.
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REDEMPTION VALUE SHEET (Tables were merged into one to save space)

Subject 1 Subject 2 Subject 3

Unitsof K | Unit | Total | Unitsof K | Unit | Total | Unitsof K | Unit Total
Consumed | Value | Value | Consumed | Value | Value | Consumed | Value | Vaue
1 380 380 1 384 | 384 1 388 388
2 360 740 2 364 | 748 2 368 756
3 340 1080 |3 344 1092 | 3 348 1104
4 320 1400 | 4 324 1416 |4 328 1432
5 300 1700 |5 304 1720 |5 308 1740
6 280 1980 | 6 284 | 2004 |6 288 2028
7 260 2240 |7 264 | 2268 |7 268 2296
8 240 2480 | 8 244 | 2512 |8 248 2544
9 220 2700 |9 224 | 2736 |9 228 2772
10 200 2900 | 10 204 | 2940 | 10 208 2980
11 180 3080 |11 184 |3124 |11 188 3168
12 160 3240 | 12 164 |3288 |12 168 3336
13 140 3380 | 13 144 | 3432 |13 148 3484
14 120 3500 | 14 124 | 3556 |14 128 3612
15 100 3600 | 15 104 | 3660 |15 108 3720
16 80 3680 | 16 84 3744 | 16 88 3808
17 60 3740 | 17 64 3808 | 17 68 3876
18 40 3780 | 18 44 3852 | 18 48 3924
19 20 3800 | 19 24 3876 | 19 28 3952
20 0 3800 | 20 4 3880 | 20 8 3960
21 0 3800 |21 0 3880 | 21 0 3960
22 0 3800 | 22 0 3880 | 22 0 3960
23 0 3800 | 23 0 3880 | 23 0 3960
24 0 3800 |24 0 3880 | 24 0 3960
25 0 3800 | 25 0 3880 | 25 0 3960
26 0 3800 | 26 0 3880 | 26 0 3960
27 0 3800 | 27 0 3880 | 27 0 3960
28 0 3800 | 28 0 3880 | 28 0 3960
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REDEMPTION VALUE SHEET (Tables were merged into one to save space)

Subject 4 Subject 5

Unitsof K | Unit Total Unitsof K | Unit Total
Consumed | Value | Value | Consumed | Vaue Value
1 392 392 1 396 396
2 372 764 2 376 772
3 352 1116 3 356 1128
4 332 1448 4 336 1464
5 312 1760 5 316 1780
6 292 2052 6 296 2076
7 272 2324 7 276 2352
8 252 2576 8 256 2608
9 232 2808 9 236 2844
10 212 3020 10 216 3060
11 192 3212 11 196 3256
12 172 3384 12 176 3432
13 152 3536 13 156 3588
14 132 3668 14 136 3724
15 112 3780 15 116 3840
16 92 3872 16 96 3936
17 72 3944 17 76 4012
18 52 3996 18 56 4068
19 32 4028 19 36 4104
20 12 4040 20 26 4120
21 0 4040 21 0 4120
22 0 4040 22 0 4120
23 0 4040 23 0 4120
24 0 4040 24 0 4120
25 0 4040 25 0 4120
26 0 4040 26 0 4120
27 0 4040 27 0 4120
28 0 4040 28 0 4120
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