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dividend structure and state-selection odds, and would not account for current
information which is made publicly available, such as price signals in the market.

Traders’ expected values, defined statistically as the weighted average of
the possible dividends relative their probability of selection, serves as an
appropriate measure of their performance as it supports the PI model and semi-
strong form of the EMH as these values reflect only the public and private
information which has been directly given to a trader. For example, a trader given
the hint “Not X would be certain that the dividend for the round is either 240 or
490 guldens, which have probabilities of 45% and 20% of being selected from the
three possible states. The particular trader’s expected value, because state X has
been eliminated, is calculated as follows:

240 (.45/.65) + 490 (.20/.65) = 316.92 guldens
This trader, acting only on the information made publicly available and the hint
directly given him/her, should sell at prices above 316.92 guldens and buy at
prices below this value.

Hypothesis 1: Prices will converge to an equilibrium price explained
by one of the following models: the RE model, the PI Model, and the Naive
Model.

The Marginal Trader Hypothesis (MTH) explains market efficiency
through the actions of superior traders who capitalize on mispricings in the market
so as to maximize their own profits, and correct the price in the process. (Forsythe
et al. 1992) A market round within this study would be evidence in support of the
MTH if the traders given information hints as to the true state of nature, referred
to as imposed marginal traders, capitalized on their superior information and
exploited mispricings in the market as a means of earning profits and price
adjusted accordingly to a more accurate level. For example, a trader given the
hint “Not X,” can be certain that the true price should not be less than 240 as the
only two possible states after X has been eliminated pay 240 and 490 guldens; the
trader would buy any securities for sale at a price of less than 240 and the price in
the market adjusts accordingly. Inversely, a trader given the hint “Not Z,” can be
certain that the true price should not be more than 240 as the only two possible
states after Z has been eliminated pay 50 and 240 guldens and would accordingly
sell at all prices greater than 240. The price signals sent by the marginal traders
would presumably occur early in a market round, as those without information
wait for signals to be sent in the form of the early transaction prices and marginal
traders act on their information.

Hypothesis 1b: This convergence will be the result of marginal trader
activity, defined as signals sent by those traders given insider information
regarding the true state for the round.

One alternate way of defining marginal traders according to Forsythe et al.
(1992) is by their role in a given transaction, as either the trader responsible for
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posting an offer or the trader who accepts it; they define the former as the “price-
maker” and attribute this characteristic to marginal traders, who are more
knowledgeable of the true price and have the active role of setting appropriate
price level rather than accepting the current offer. Our results showed little
correlation between participants’ roles in transactions and their statuses as either
imposed marginal traders or uninformed traders. A second type of marginal
trader may accordingly be identified and referred to as an endogenous marginal
trader, defined as traders within these parameters who exploit mispricings in the
market and correct price level in the process but do so irrespective of their having
received insider information. These intuitive investors are defined within this
study by their performance in the Stage 1 Prediction Contest: an intelligent
participant acting on rationality and not emotionality would select State Y in each
round of Stage 1, as it has the highest probability of being selected regardless the
past rounds’ states. Such a participant would conceivably act according to the
values of their own expected outcome and be more attentive to price signals sent
in the market. These endogenous marginal traders can be evaluated as a
separately defined group as a means of satisfying an alternate definition of
marginal traders.

Hypothesis 2: Traders submitting Stage 1 predictions with greater
probabilities of being selected, identified as more intuitive than their
counterparts, will earn greater profits in Stage 2 of the experiment.

Plott and Sunder (1988) found that non-marginal trader earnings in later
rounds of the experiments were equal to the earnings of those who were given
information. They explain this through the behavior of the uninformed traders,
who wait for price signals to be sent by the marginal traders early in the market
round and are able to discern the true price as a result; this finding was evidence
in support of the RE Model.

Hypothesis 3: Uninformed trader earnings will equal the earnings of
informed traders in later rounds.
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Table 3: Model Predictions for Price Equilibrium

State Rational Expectations (RE) Model Naive Model Prior Information (PI) Model

Received Hint "Not Y" 210
X 50 223.5 Received Hint "Not Z" 156.9
Received No Hint 223.5
Received Hint "Not X" 316.9
Y 240 223.5 Received Hint "Not Z" 156.9
Received No Hint 223.5
Received Hint "Not X" 316.9
Z 490 223.5 Received Hint "Not Y" 210
Received No Hint 223.5
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Results

A good summary of the results is provided in Figures 2-4. The results for Session
1 were relatively insignificant. The eight rounds comprising Session 1 were
mostly inundated with noise-trading, marked by transactions sending false
signals, perhaps because traders had a poor understanding of market signals;
traders properly utilizing hints with regards to their expected value were unable to
communicate their information through price signals because others with hints
and those not given hints were consistently making bids and asks which were
inconsistent with their expected values based on the potential dividends and
relative odds. Table 4 shows the percentages of informed and uninformed traders
involved in the first three trades of each round. In Session 1, marginal traders
represented 54% of the traders involved in the first three trades of each round; the
trader population was composed of 50% marginal traders. While the induced
marginal traders were generally involved in the early transactions in a round
which would otherwise serve to send signals to the uninformed as to the true state
and therefore the correct price, these prices were almost exclusively below the
expected values for all traders, even those receiving the hint “Not Z” and certain
that the dividend was either 50 or 240 guldens. With marginal traders comprising
54% of those involved in the first three trades of each round, this means that 46%
of the traders involved in the early transactions received no information and had
no private information which needed to be communicated through the market; the
high levels of activity on the part of the uninformed likely contributed to the
failure of these markets at achieving RE equilibrium.

There was an apparent disconnect between traders understanding of
appropriate prices and their observation of realized dividends: after the second
round of Session 1 paid dividends of 490 guldens per certificate with the realized
state of Z, the first transaction in round three was for 50 guldens. While the
underlying cause of the underpricing is unclear, it seems likely to be a
combination of trader emotionality or risk-aversion and improper calculation of
expected values. Several traders consistently made outright violations such as
posting an asking price of 48 guldens for a security, whilst the least dividends the
security would yield them should they hold it was 50 guldens. Only one
transaction in the first five rounds of Session 1 exceeded 100 guldens, which was
less than half of the expected value for a trader not receiving a hint.

The average opening transaction within Session 1 rounds was 73.25
guldens and the average of the last transactions in the eight rounds was 93.875
guldens. Both are considerably below the expected value for the half of
participants who received no hint in a round and are even below the lowest
expected values of any trader. No rational trader acting on the body of publicly
available information and their own hints should have sold for a price of less than
their expected value, assuming that the true state could not be inferred from the
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market. In none of the transactions conducted in the first six rounds of Session 1
did the seller act in a manner accordant with his/her own expected values; in other
words, a rational trader would not have sold at any of the transaction prices in the
first six rounds because the price was below their expected value for the round’s
dividend. It is possible that this decision error would have been corrected by
some traders should the experiment have continued for a number of additional
rounds, though the majority of traders would have to adjust their behavior because
a proportion of traders continuing to sell at unreasonably low prices can only be
corrected by the intuitive or informed traders by buying at those prices. Failure to
adjust for the increase in demand at these prices on the part of some traders would
indefinitely restrict market prices from achieving efficient levels.

Table 4: Marginal Trader Representation in Early Transactions

Percentage of Induced Marginal Traders
Involved in the First Three Transactions

Session
Round 1 2 3 Average
1 67%  50% 50% 56%
2 33%  33% 50% 39%
3 50% 33% 17% 33%
4 50% 50% 17% 39%
5 67% 33% 67% 56%
6 83%  33% 33% 50%
7 33% 67% 17% 39%
8 50% 17% 17% 28%
Average 54%  40%  33% 42%

Sessions 2 and 3

Conversely, the results for Sessions 2 and 3 gave some insight into the validity of
the rational expectations model and the Marginal Trader Hypothesis. Markets in
both sessions, after the initial rounds were conducted and the participants became
familiar with the trading mechanism and dividend structure, converged to prices
near the expected value for traders not receiving any hints at 233 guldens; the
apparent price to which both markets converged was in fact closer to the median
dividend of 240 guldens for State Y. Two-thirds of the traders in these sessions
did not receive hints in a given round so this is not an unlikely outcome, though it
is not in direct accordance with our models.
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Figure 1: Session 1 Transaction Prices
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Figure 2: Session 2 Transaction Prices
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Figure 3: Session 3 Transaction Prices
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The introduction of insider information did little to shift prices from the
median dividend value after traders had settled there, despite signals being sent by
the imposed marginal traders reflecting the information which had been given to
them at the start of the round. There were price-correcting trends observed in
Session 2 when prices were driven down in rounds 1 and 2 when the state was X
and the dividend was 50, though the market struggled to adjust to the higher
rational expectations equilibrium price of 490 in rounds 4 and 8 when the state
was Z. Price levels in Session 3 were appropriately lower when the state was X in
rounds 1, 2 and 5 and the rational expectations equilibrium price and realized
dividend were 50, though the lack of discernible trends in price changes indicate
this may be the result of undervaluing the expected value with no information
introduced or the result of price signals sent by the imposed marginal traders not
being assimilated into the market amidst noise-trading. Transaction prices never
exceeded 230 in round 3 of Session 3 of Session 3, the only round in which Z was
the selected state and the realized dividends were 490 guldens.

Marginal traders were on the “winning” side, defined where a transaction
ultimately benefitted the trader once the round’s dividend was realized (a trader in
a round paying a 240 gulden dividend was defined as winning if he/she bought a
certificate in the round for less than 240 guldens or sold a certificate for more than
240 guldens, and vice versa; trades made at the exact price of the round’s
dividend were not counted), of 58.2% and 53.6% of their aggregate transactions
in Sessions 2 and 3, respectively; conversely, those traders not given hints were
defined as winning on 45.5% of their transactions in Session 2 and 48% of their
transactions in Session 3.

The average profits in Stage 2 of imposed marginal traders exceeded those
of their counterparts in five of the eight rounds in Session 2 and in four of the
eight rounds in Session 3. It was often the case that traders receiving one type of
hint profited based on the disparity between their expected value and the realized
dividend, while those receiving the opposite type of hint suffered losses for the
same reason. This is because traders acting solely on their own private
information (the hint they received) and the public information (dividend
structure) while failing to infer the private information of others through market
signals cannot be certain of the true state and must act only on their expected
value, which is not the efficient or correct price.
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Table 5: Correlation of Performance Factors for Session 2 Participants

Sage 1 Predictions

Transaction Activity Profits
Y-Guesses Avg. Probability Total No. No. "Price Making" % "Price Making" Sage 1 Sage?2
Sage 1 Predictions  Y-Guesses 1
Avg. Probability 0.974272469 1
Transaction Activity ~ Total No. -0.693068591 -0.670101145 1
No. "Price Making" -0.406711127 -0.391586699 0.912505873 1
%" Price Making" 0.146049919 0.109989925 0.516184258 0.808131606 1
Profits Sage 1 0.87530155 0.924028547 -0.840381095 -0.679507738 -0.263572605 1
Sage 2 -0.621851211 -0.554477289 0.637293332 0.643548808 0.297703581 -0.660595925 1
Table 6: Correlation of Performance Factors for Session 3 Participants
Sage 1 Predictions Transaction Activities Profits
Y-Guesses  Avg. Probability Total No. No. "Price Making" % "Price Making" Sage 1 Sagez
Sage 1 Predictions Y-Guesses 1
Avg. Probability 0.88006356 1
Transaction Activities  Total No. 0.190170695 0.250872191 1
No. "Price Making" 0.06453473 0.060404723 0.545557757 1
%" Price Making" -0.059498443 -0.148068603 -0.222360593 0.625166201 1
Profits Sage 1 0.218943511 0.270159575 0.588718904 0.48980509 0.068653505 1
Sage2 0.148452673 0.285907451 0.233730904 0.358251895 0.173749609 0.054759748 1
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Above, tables 2 and 3 show that there were few discernible correlations
among measurements of participant performance in both stages of Sessions 2 and
3. The average probability of a participant’s prediction in the Stage 1 contest is
unsurprisingly correlated to both the number of times they predicted the state to
be Y (which had the highest probability of selection) and their earnings in Stage
1.

Several measurements describing characteristics of activity levels and
market intelligence used to categorize marginal traders are shown in correlation to
trader profitability. The number of Y-guesses, identified above as a marker for
endogenous marginal traders in congruence with the definition of Forsythe et al.
(1992), was surprisingly not well correlated to earnings in the Stage 2 market in
Session 3 and was negatively correlated to the same measure in Session 2. This
finding can be explained, however, by the correlation between Stage 1 earnings
and Stage 2 profits, which was negative in Session 2 and near-zero in Session 3;
trader success in the prediction contest did not correspond to success in the
security markets, so the measurement of endogenous marginal traders by their
success in Stage 1 is either inappropriate or those classified as endogenous
marginal traders performed poorly in the markets.

A higher number of transactions per round made by a trader, another
identifier of marginal traders described by Forsythe et al. (1992), was positively
correlated to Stage 2 earnings; the correlation coefficient was 0.637 in Session 2
and 0.234 in Session 3. A higher number of “price-making” transactions was
likewise positively correlated to Stage 2 earnings in both Sessions 2 and 3, with
correlation coefficients of 0.643 in Session 2 and 0.358 in Session 3.

Marginal traders represented only 40% of those involved in the first three
transactions in Session 2, and 33% of those in Session 3. This means that 60%
and 67% of the traders involved in the early transactions of Sessions 2 and 3,
respectively, were acting without having received information.

Discussion

Session 1 notwithstanding, the traders in the experimental security markets of this
study were able to conform to prices near the expected value in later rounds;
Sessions 2 and 3 support Hypothesis 2, while Session 1 fails to support it.

Traders in all Sessions were unable to steer prices away from the median
dividend with different states despite the introduction of partial information.
Consequently, the markets failed to approach rational expectations equilibrium in
all rounds except those in which the state was Y and the corresponding dividend
was 240, though there is apparently no reason to infer that traders are not still
trading in the range of the expected value for those not given information of 223.5
and the median dividend of 240. This conclusion is supported by the last round of
Session 2: after trading at accurate levels for three consecutive rounds in which
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the state was Y and the dividend was 240, transaction prices remained in the same
range for the eighth round in which the State was Z and the dividend was 490.
This result is consistent with the Prior Information (PI) model: traders made
decisions based upon the information which they were given prior to beginning a
trading round and did not adjust their behavior based on newly revealed
information in the form of price signals. Similarly, the results in Sessions 2 and 3
are in line with the semi-strong form of the EMH: in equilibrium, the market price
was a reflection of all past and currently-available public information. The results
fail to support the strong form of the EMH, as the market price did not reflect
private information in addition to public.

The market price did not reflect the distributed information, as the traders
were unable to transmit and respond to signals in price formation. While the
imposed marginal traders in Sessions 2 and 3 were almost exclusively acting in
accordance with their own expected values, particularly in later rounds, these
indications that the market price was over or under the true price were not
identified as such and the following transactions apparently failed to incorporate
the information produced by the early trades. This occurred despite the fact that
imposed marginal traders were consistently involved in the early trades of each
round.

The failure of these markets to achieve an efficient equilibrium in
accordance with the RE model and strong form of the EMH is likely the result of
several contributing factors. Firstly, participants were undergraduate students
with minimal experience interacting in such a double-oral auction market; there
were significant struggles in the early rounds to explain the logistical operation of
the market to participants, and the experimenters refrained from explaining profit-
maximizing strategy and proper information inference to the participants in order
to avoid corrupting the results. This study struggled to replicate the success
observed by Plott and Sunder (1982, 1988), whose participants were recruited
from graduate school at the University of Chicago and the California Institute of
Technology, with less-sophisticated traders. Secondly, the excessive amount of
noise-trading by uninformed or irrationally behaving traders flooded the market
with false information so that even the most observant traders, the endogenous
marginal traders, were unable to infer accurate price signals. A third explanation
for the failure to achieve rational expectations equilibrium is a matter of market
design. The convergence in transaction prices to the true dividend value observed
by Plott and Sunder (1988) was strengthened in later rounds after the traders had
greater experience interacting in the market and observing price signals; the
markets in their study generally consisted of 14 rounds lasting seven minutes
each. At the time of their last transaction, subjects in their study had participated
in over an hour and a half of trading and seen 14 different state selections; our
markets combined for 40 minutes of trading with 8 different state selections. It is
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likely that greater accuracy would have been observed were the experiments
longer in duration, however this would conceivably be the result of imposed
marginal traders learning to maximize profits using their hints, rather than a shift
in general market behavior or a discernible change in the markets’ ability to relay
accurate information and have that information properly interpreted and acted
upon by all traders.

These results support the finding of Forsythe and Lundholm (1990) that
market efficiency is highly dependent on trader experience. The results seem to
explain the first half of the model for trader behavior with regards to information
assimilation formed in Forsythe and Lundholm (1990), which is that traders in an
experiment begin by acting only on the information they are directly given and
later learn to act on information they infer from the market. The shift to inferring
information from price movements in the market may have been observed in later
rounds should the experiment have been lengthened, though this is a speculative
deduction.

While the imposed marginal traders in Sessions 2 and 3 did largely act in
accordance with their hints and the corresponding changes in their expected
values, the signals which would have otherwise been sent by these decisions in
the market were lost amidst the excessive amount of noise-trading. It was
observed that traders receiving no information often participated in the first
transactions of the round, rather than wait to observe the actions of their co-
traders who were imparted with a hint. The Marginal Trader Hypothesis, while it
does account for noise-trading and irrational investors, cannot account for traders
behaving as if they do have information and sending excessive false signals into
the market; in this way the non-marginal traders are behaving as if they have
information and others in the market interpret their actions as if they were
founded on relevant information.

Trader familiarity with price moving behavior, presumably honed over a
longer series of rounds, appears to be a necessity for achieving efficient levels in
such a market experiment. A better Stage 1 training mechanism may be designed
to also train participants how to exploit mispricings in the market and how to infer
signals as to the true state based upon price movements in the market, as the Stage
1 training process used in this study and others in the past (Plott and Sunder 1982,
1988) serves only to teach traders how the states are selected and not how to
interpret the other intricacies of the Stage 2 security markets.

Restricting the number of certificates may have hindered an informed
trader’s ability to push price level down by selling their quantity of certificates if
he/she believes the market price to be too high; an increase in the number of
certificates allocated to traders each round would provide more liquidity and not
affect adjusted profits, which account for earnings on a set of untraded
certificates. Evidence supporting this as a potential retarding factor to achieving

Published by Digital Commons @ IWU, 2011

33



Undergraduate Economic Review, Vol. 7 [2011], Iss. 1, Art. 9

efficiency can be found in the results of Sessions 2 and 3. Four of six traders in
Session 2 sold all of their certificates at one point in time, with a total of six
occurrences reported; in four of these six times in which traders could no longer
sell certificates and therefore lower price levels, the constrained party was an
imposed marginal trader. Two of twelve traders sold all of their certificates in
Session 3, each doing so in only one round; in one of the two instances, the
constrained individual was a marginal trader. The number of participants in
Session 2 relative Session 3 likely explains the higher frequency of occurrences in
the former in which a trader was incapable of sending the signal that the market
price was too high based upon their information and inferences.

This study reveals one set of limits to traders conforming to accurate price
levels with the introduction of partial insider information. Our participants were
unable to create and respond to price signals in the market and accordingly price
levels failed to adjust to the realized states for each round. It is possible that there
was an insufficient amount of insider information distributed and the RE model’s
prediction was not met for this reason, and further research is merited as to the
required amount of information necessary to achieve RE equilibrium under such
conditions.

Conclusion

At a broad level, the results do not support the EMH or MTH, although there is
some positive evidence of both models. It is clear that in a market with
unsophisticated traders, a substantial amount of learning must take place in order
for the market to achieve efficient price levels, and that outcome may well never
be reached. These results are inconclusive as a means of evaluating the MTH as
an explanation for market efficiency, and there is a need for further research on
the topic. The study of experimental economics has established that markets can
function at rational expectations equilibrium, though the Marginal Trader
Hypothesis may be a more valid explanation if that price is achieved not as every
trader acts as if in possession of the collective market intelligence, but rather is
achieved as a smaller proportion of intelligent and active traders serve their own
interests by exploiting mispricings in the market and steer prices to RE
equilibrium levels in the process.
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Appendix A: Instruction Distributed to Participants for Stage 1 of the
Experiment

Welcome to the Experiment!

We are conducting an experiment that helps us understand how people make economic
decisions. Experimental economics is an important and interesting way for us to learn about how
people make economic decisions, but in order for these experiments to be successful we must
follow some simple yet very important rules.

e We will be using computers for the experiments. Please do not touch anything until you

are told to do so

e Please do not speak out loud

e Do not communicate with anyone in the room but the coordinator

e If you have a question, raise your hand and a coordinator will visit your station.

Experimental Overview:

This is an experiment in the economics of decision making. There will be two separate
experiment stages. The first will be a prediction game in which you will become familiar with a
random selection method for determining one of three possible states. In the second stage, we
will ask you to participate in a market for trading certificates. Instructions for both will be fully
explained to you when the time comes.

This experiment will last approximately one and a half hours; if you are unable or unwilling to
participate for the duration of the experiment, please raise your hand to notify the coordinator at
this time.

For your participation today, you will earn extra credit in Professor Blackwell’s class. In the
experiment, you will have the opportunity to earn a fiat (mock) currency, guldens. The more
guldens you earn in these experiments, the more extra credit you will receive in his class. You
should therefore try to earn as many guldens as possible and behave in the same manner you
would as if these were dollars in your pocket. Follow the rules, relax, and above all have fun!

Operation of Chat Window:

Your portal into the experiment will be a chat room which is opened in a browser window on the
screen in front of you. This will be defined as your station; you are not to leave your station
during a round. Please raise your hand to notify the coordinator if you need to be excused
between rounds, but these breaks will prolong the experiment for everyone involved and are
discouraged.

In the chat window, you will enter one of the appropriate entry options in the submission box at
the bottom of the window and hit “Enter.” These entry options will be explained for each stage,
and you must limit your submissions to these options. Do not exit the chat room for any reason
or engage in any activities other than submitting these entries to the general chat and recording
the appropriate notes on your record sheets.
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Operation of Excel Workbook

In addition to using the chat window to participate in the market, you will use Recording Sheets
in the form of Microsoft Excel worksheets to keep track of your actions. Specific instructions
will be given for using the Sheets in each stage. Note that you can only enter information into
cells which are highlighted yellow. All other information will be automatically calculated for
you, provided you properly enter information according to the instructions below.

Each of you has a student ID. This can be found in brackets at the top of the chat window. For
example, if your window reads “WebCT Chat—SpecCrs_MarginalStudent/Market Chat
[studental3],” your ID would be “A13.”

Instructions for Stage 1:

Each session, we will roll two ten-sided dice. One die has faces numbered 0-9, and the other has
ten sides reading 00, 10, 20, 30, 40, 50, 60, 70, 80, and 90. The two rolls will be added together
to derive a two digit number. Thus there are 100 possible numerical outcomes, each with an
equal probability of being selected. The range of these numbers is 00-99. The number rolled
determines a state, which can be either X, Y, or Z. If the rolled number is between 00 and 34,
the state will be X. If the rolled number is between 35 and 79, the state will be Y. And if the
rolled number is between 80 and 99, the state will be Z. A table describing this is given below:

Number Range Corresponding State

00-34 X
35-79 Y
80-99 Z

You have to predict the state of each roll before it is announced. Before each roll is made,
submit your prediction (either X, Y or Z) in the chat room window; you may only submit one
prediction per round. If you believe the state will be state X, for example, enter “X” in the chat
window and hit “Enter” on the keyboard. An example of a proper submission is given below:
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£ WEhCT Chat — 5

Qutput Interaction Box Users Logc
Al ==X -~ A2
AZ2 =x Z Al
Calvin Blackwell== True State: 7 Calvin Blac
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Enter your message below Send URL
it

Java Applet Window

In the screenshot above, student A1 predicted the state to be X and student A2 predicted the state
to be Z. The coordinator then reported the true state in the window. Both students must now
record their prediction and the actual state in their “Stage 1 Record Sheet.”

Each student’s proper entry is shown below:

@j Participant Workboobk.xlsx

State

{Enter an uppercase X, Y or Z)

i

A B
2
3 Trader ID:
4
5 |Round Prediction
]
7 11X
8 2

Earnings

0 Guldens
0 Guldens
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- MNEIME BOX
i3] Paltllrrp'crrTrer'thcck.xI:x

A B C F G t
2
3 Trader ID:
4
5 Round Prediction State Earnings
6 (Enter an uppercase X, Y or Z)
7 1{Z i 10 Guldens
8 2 0 Guldens

Notice that because student A2 correctly predicted the state, his/her earnings for Round 1
changed to 10 Guldens.

Record your prediction on the proper row of your Record Sheet by entering the corresponding
letter in the “Prediction” column. After each student has submitted their prediction, the state will
be announced. Record the true state on your Stage 1 Record Sheet in the “State” column. You
will be awarded 10 Guldens for each correct prediction and will not be penalized for an incorrect
prediction. We will do a number of rounds. At the end of the stage, your earnings will be given
to you at the bottom of the Record Sheet beside “Total earnings from Stage 1.”

Are there any questions? Let’s begin...
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Appendix B: Instructions Distributed to Participants for Stage 2 of the
Experiment

Instructions for Stage 2:

In this experiment, we are going to simulate a market in which you will be able to buy and sell
certificates in a sequence of market rounds. In your Excel Workbook, click on the tab “Stage 2”;
this is your Stage 2 Record Sheet. This sheet is to record your transactions for the second stage
and to help you determine the value of any decisions you may make.

The type of currency used in this experiment will be guldens. Like in Stage 1, your objective is
to earn as many guldens as possible in order to maximize the amount of extra credit you receive
in Dr. Blackwell’s class. All market prices and transactions will be in terms of guldens. At the
end of the experiment, you and the other students will be ranked in terms of earnings and each of
you will be given an amount of extra credit proportionate to your earnings. Those with higher
earnings will be compensated with more extra credit points and those with lower earnings will
receive less extra credit points. The more guldens you earn, the more extra credit points you
receive.

Your profits come from two sources: (i) from collecting certificates and receiving dividends on
those held at the end of the round and (ii) from buying and selling certificates. During each
market round, you are free to buy and sell as many certificates as you wish, provided you adhere
to the rules below. For each certificate you hold at the end of the round, you will be given one of
the three dividend amounts listed on your Dividend Sheet. Note that these amounts are
dependent on the randomly selected state; this process is explained further later in the
instructions.

Your total earnings for a round will be computed by multiplying the number of certificates held
by the amount paid per certificate given the realized state (either X, Y or Z). For example, if you
held three certificates and the realized state was X, which pays 50 guldens in dividends for each
certificate, your Total Earnings on Certificates for the round would be 150 guldens (3 certificates
x 50 guldens).

Sales from your certificate holdings increase your bank of guldens by the selling price.
Conversely, purchasing certificates decreases your guldens on hand by the purchase amount. In
this manner you can gain or lose guldens by purchasing and reselling certificates. At the end of
each round, all certificates are automatically sold to the experimenter at a price of 0, so that the
only value of a certificate at the end of a trading round is equal to the dividend paid.

At the beginning of each round, you are provided with 4 certificates and 10,000 guldens. Note
that you may keep the certificates for the entire round and you can earn at least the dividends
paid when a particular state is rolled. Similarly, you can retain your entire bank of guldens or
you may use it to buy certificates. You are free to buy and sell certificates as you wish, subject
to the rules below. Your guldens on hand at the end of a market round are determined by your
initial endowment of guldens, earnings paid on certificates you hold at the end of a round, and
any profits from buying and selling certificates during the market round.
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Information about Dividends:

Whether a certificate pays the X-dividend, Y-dividend, or Z-dividend is determined by the
experimenter at the beginning of each round by rolling two ten-sided dice. One die has ten sides
with the digits 0-9 and the other has ten sides reading 00, 10, 20, 30, 40, 50, 60, 70, 80, and 90.
The two numbers will be added together to derive a two-digit number; in this way there are 100
possible numerical outcomes (numbers 00-99), each with an equal probability of being rolled. If
the number rolled is between 00 and 34, then the state for the round will be X and certificates
will pay the X-dividend. If the number is between 35 and 79, the state for the round will be Y
and certificates will pay the Y-dividend. If the number is between 80 and 99, then the state for
the round will be Z and certificates will pay the Z dividend. This information is provided in the
table below.

Number Range Corresponding State Dividend Paid

00-34 X 50 Guldens
35-79 Y 240 Guldens
80-99 Z 490 Guldens

At the beginning of each market round, each student will receive a private message in the chat
room which will contain one of the following pieces of information: (i) Not X, (ii) Not Y, (iii)
Not Z, (iv) Blank. If your clue contains “Not X,” the true state which has been randomly chosen
for the round will not be X, leaving states Y and Z as the only possibilities. If your clue card
contains “Not Y” then you can be certain the state is not state Y, and the same is true for the clue
“Not Z.” A “Blank” message tells you no information about the state. In any given round there
may be a number of clues as to the true state and a number of blank clue messages; this includes
rounds in which only blank messages are distributed. You can only be certain that everyone
receives a message, and that between all and none of the students have been given a useful clue
message. Note that any information sent to you is private and it is in your best interest not to
share that information with anyone else, as they may have received different information or none
at all.

Trading and Recording Rules:

1. All transactions are for one certificate at a time. After making a trade, you must record
the transaction price on your Stage 2 Record Sheet under the appropriate column (be it
“Sell” or “Purchase,” depending on your role in the trade). The first transaction is
recorded on Row 1 and subsequent trades are to be recorded on the rows below.

2. You record the price in the appropriate cell, your new holdings of certificates and guldens
on hand will be automatically calculated for you and displayed in the same row in which
you enter the price. Note that your number of certificates and of guldens on hand may
never go below zero.

3. At the end of the market round, the state will be announced. Record the appropriate letter
in your Stage 2 Record Sheet beside “Selected State.”

4. Your Total Earnings for Round 1 will be displayed below the Market Round 1 table.
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5. Scroll down to the table for Market Round 2 and the experiment will be repeated.
Remember that you will receive a new piece of information about the dividends in a
private message in the chat window each round. Each round is independent, and
information given in one round may not be applicable for other rounds. For example, if
you receive the hint “Not X in Round 1, you can be certain the state in Round 1 is not
going to be X; the state in Round 2 or any other round may still be X (or Y or Z). The
market will be operated for a number of rounds.

Market Organization:

The market for these security certificates is organized as follows. The market will be conducted
for a series of sessions or rounds, each lasting five minutes. Anyone wishing to buy a certificate
may post a bid in the Chat Room to purchase one certificate at a specific price, and everyone is
free to accept the bid there by posting in the room. A student may make a bid to purchase one
certificate by posting “Bid amount” and another student may accept by posting “Sell at amount.”
The first student to post their acceptance enters into a contracted sale. The coordinator will
indicate when a trade has occurred and send a corresponding message: “Al to A3; amount.”

Both parties must then record the transaction price on their Stage 2 Record Sheet under the
appropriate column (either “Sale” or “Purchase,” depending on your role in the trade). Your
updated amounts of certificates and guldens on hand will be calculated and displayed in the same
row for that trade. Similarly, anyone wishing to sell one certificate by posting an asking price
may do so in the Chat Room by posting “Ask amount.” A student may agree to buy the
certificate at that price by posting “Buy at amount.”

You must adhere to a bid-ask improvement rule: any newly submitted bid to purchase a
certificate must be a higher offer than existing open bids, and conversely any newly submitted
asking price for selling a certificate must be lower than any existing offer. In other words, you
may not bid to buy a certificate for 150 guldens if there is an open offer in the market to buy a
certificate for 160 guldens. Likewise, you may not ask a price of 180 guldens to sell a certificate
when there is an open offer in the market to sell at 170 guldens.

With the exception of bids and their acceptance, you are not to talk or nonverbally communicate
with any other students. You are free to make as much profit as you can, keeping in mind that
your profit in guldens relative the other students will determine the amount of extra credit you
earn for class.
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[|£| WebCT Chat -- SpecCrs_MarginalTrader/Market Chat[A2 |7

Output Interaction Box

AZ == Bid 150 -
A1 == Ask 180

AZ == Bid 160

A3 == Ask 170

AZ == Bid 165

A3 == Sell at 165

Calvin Blackwell=> A3 to AZ2; 165

Enter your message below

|Ja'u'a Applet Window

In the above example, trader A2 begins the round by offering to buy one certificate for 150
guldens by posting “Bid 150 in the chat window. Trader Al counters the offer by asking for
180 guldens to sell one certificate. After trader A2 increases his bid to 160 guldens, trader A3
enters the market and she asks for 170 guldens to sell a certificate. Trader A2 increases his bid
to 165 guldens and trader A3 agrees to sell a certificate at this price by posting “Sell at 165.”
The moderator, Calvin Blackwell, officially verifies the sale, posting the seller (A3), the buyer
(A2) and the price (165). Notice that all traders adhered to the bid-ask improvement rule by only
posting improvements to the outstanding offers. Traders A2 and A3 must now make the
appropriate entries into their Stage 2 Record Sheet. Trader A3’s Record Sheet is shown below:
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F‘i] Participant Workbook.xlsx - = X
A B C F G H K 1

1 Stage 2 Record Sheet |
2 3
3 Trader ID: A3

4

5 Market Round: 1

6 Transaction No. Transaction Price  Certificates On Hand Guldens on Hand

7 Sale  Purchase

8 Beginning a4 10,000

9 1 165 3 10,165

10 2| 3 10,165

11 3 3 10,165

12 4 3 10,165

13 5 3 10,165

14 & 3 10,165

15 7 3 10,165

16 8 3 10,165

17 9 3 10,165

18 10 3 10,165

19 Selected State:

20 Dividends per Certificate 0

21 Total Earnings on Certificates 0

22 Ending Guldens on Hand 10,165

23 Total Earnings for Round 1 10,165

O Stage 1 | Stage 2 . Eamings Sheet %1 [ m | [

As the seller of the certificate, trader A3 enters the selling price of 165 guldens under “Sale” on
the row for Transaction No. 1. After entering the transaction price in the appropriate cell, the
amount of certificates and guldens on hand automatically change. Trader A3 has sold one of her
certificates, so her number of certificates on hand decreases from 4 to 3; likewise, the amount of
guldens on hand has increased in the amount of guldens the trader earned from the sale. The
appropriate recordings for trader A2 are depicted below:
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2] Participant Workbook.xlsx - B X
A B 5 F G H K

Stage 2 Record Sheet

1
2
3 Trader ID: A2
4
5 Market Round: 1
6 Transaction No. Transaction Price  Certificates On Hand Guldens on Hand
7 Sale  Purchase
8 Beginning a 10,000
9 1 165 5 9,835
10 2 5 9,835
11 3 5 9,835
12 4 5 9,835
13 5 5 9,835
14 o 3 9,835
15 7 5 9,835
16 8 5 9,835
17 9 5 9,835
18 10 5 9,835
19 Selected State:
20 Dividends per Certificate 0
21 Total Earnings on Certificates 0
22 Ending Guldens on Hand 9,835
23 Total Earnings for Round 1 9,835
.
WO Stage 1 | Stage 2 - Earnings Sheet -~ #1 o | I | [

As the buyer, trader A2 has appropriately entered the transaction price of 165 guldens under
“Purchase.” Accordingly, his number of certificates on hand has automatically increased to 5
and his amount of guldens on hand has decreased by the 165 guldens the trader paid for the
certificate.

For simplicity’s sake, we will assume that these were the only two trades in the round. The
randomly selected number was 81, which corresponds to a state of Z. Each trader must then
enter “Z” in the highlighted cell beside “Selected State” at the bottom of this round. Dividend
earnings and Total Earnings for Round 1 will be automatically calculated and displayed at the
bottom of the round’s table. Trader A3’s Stage 2 Record Sheet with the appropriate entries is
shown below, as it should appear at the end of the round:
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I_EI;] Participant Workbook.xlsx

A B C F 3

1 Stage 2 Record Sheet

2

3 |Trader ID: A3

4

5 Market Round: 1

6 |Transaction No. Transaction Price  Certificates On Hand Guldens on Hand

7 Sale  Purchase

8 Beginning, 4 10,000

9 1 165 3 10,165
10 2 3 10,165
11 3 3 10,165
12 4 3 10,165
13 5 3 10,165
14 6 3 10,165
15 7 3 10,165
16 8 3 10,165
17 9 3 10,165
18 10 3 10,165
19 Selected State:|Z

20 Dividends per Certificate 490

21 Total Earnings on Certificates 1470

22 Ending Guldens on Hand 10,165

23 Total Earnings for Round 1 11,635

|3A< ¥ M| Stage 1 | Stage 2 . Eamnings Sheet 2 Ij 11l

Trader A2’s completed sheet is shown below:
i3] Participant Workbookaxlsx
A B C F G

1 Stage 2 Record Sheet

2

3 Trader ID: A2

1

5 Market Round: 1

6 |Transaction No. Transaction Price  Certificates On Hand Guldens on Hand
7 Sale Purchase

8 Beginning 4 10,000
9 1 165 5 9,835
10 2 5 9,835
11 3 5 9,835
12 4 5 9,835
13 5 5 9,835
14 6 5 9,835
15 7 5 9,835
16 8 5 9,835
17 9 5 5,835
18 10 5 9,835
19 Selected State:|Z

20 Dividends per Certificate 430

21 Total Earnings on Certificates 2450

22 Ending Guldens on Hand 9,835

23 Total Earnings for Round 1 12,285

24
4 4 » M| Stage1 | Stage 2 . Earnings Sheet .~ ¥J

Are there any questions? Let’s begin...
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Appendix C: Recruitment Announcement

Students,

You have the opportunity to participate in an upcoming economics experiment; participants in
the experiment will be trading dividend-bearing assets in a computerized market as a means of
studying market behavior and trader decision making. For your participation, you will earn at
least one point extra credit added to your next test, and as many as five points, depending on
your performance in the markets. There are no negative consequences should you choose not to
participate. There are three sessions which will be operated:

Tuesday March 16, 3:30-5:00 pm
Thursday March 18, 3:30-5:00 pm
Friday March 19, 3:00-4:30 pm

If you are willing to participate, please email Dr. Blackwell at blackwellc @cofc.edu to confirm
your available times, and he will send you a confirmation email. Your participation is entirely
optional, but if you confirm one of the below times you will be expected to arrive on time and
remain for the duration of the experiment; this experiment will last approximately one and a half
hours.

Thank you for your interest.
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Appendix D: Consent Form

INFORMED CONSENT AGREEMENT TO PARTICIPATE IN RESEARCH

The following information describes the research study in which you are being asked to participate. Please read the
information carefully. Afterwards, you will be asked to sign if you agree to participate.

A.INVESTIGATORS: Calvin Blackwell and Clay McManus, Department of Economics & Finance, College of
Charleston.

B. PURPOSE: This study involves research. Its purpose is to examine markets and market performance.

C. EXPECTED DURATION: The length of time you are expected to participate in the study is one and a half hours.
D. PROCEDURES: We will be conducting two stages of the experiment; each will be preceded by 10-15 minute
explanation of the rules and procedures. You will be rewarded with extra credit in Dr. Blackwell’s class based upon
your decisions.

E. POSSIBLE DISCOMFORTS AND/OR RISKS: We know of no significant risks or discomforts associated with
this study.

F. POSSIBLE BENEFITS: Benefits that you may experience through participation in this study include a better
understanding of your own decision-making processes, as well as compensation in the form of extra credit in Dr.
Blackwell’s class for your time. There are no negative consequences should you choose not to participate; your grade
cannot be harmed, either by participating or not participating. Regardless your choice to participate and any choices
you make in the experiment, your grade will only be affected by an increase in the amount of extra credit earned, there
will be no other consequences affecting your grade or treatment in the class.

G. CONFIDENTIALITY: The results of your decisions will be kept entirely confidential. Only the aggregate results
(for example, the average decision made by all participants today) of this experiment will be published; no individual
identifying information will be released. As much as is possible, identifying information will be kept separate from data
collected during the experiment. The researchers will keep two databases — one with your name and extra credit earned;
and a second database with the records of your actions during the experiment. During and after the experiment you will
be identified only by your participant number. At no time will your name be linked to the record of your actions today.
Dr. Blackwell will not be shown the results of your decisions today until the end of the semester when he will allocate
the appropriate amount of extra credit; this will protect you against any possible discrimination in his class.

H. COMPENSATION: You will be given extra credit for both your participation and your decisions. These decisions
involve uncertainty, and so we cannot guarantee a particular amount; however, we can guarantee you will earn a
minimum of one point on your next test in Dr. Blackwell’s class, and you could earn up to five points. The better
decisions you make, the more extra credit you will earn. It is highly unlikely that more than half of you will earn all
five points.

I. VOLUNTARINESS: Your participation is completely voluntary. Refusal to participate in this study will not result
in any penalty or loss of benefits to which you are otherwise entitled. You may likewise discontinue participation in
the study at any time without penalty or loss of benefits.

J. CONTACT INFORMATION: Calvin Blackwell (843-953-7836) will gladly answer any questions you may have
concerning the purpose, procedures, and outcome of this project. You may also contact the College of Charleston
Institutional Review Board (IRB) through the Office of Research & Grants Administration (843-953-5673) to convey
any questions or concerns you may have about the rights of study participants. (The IRB is a college committee
concerned with the protection of human subjects in research.)

I have read and understand the information in this consent form and agree to participate in this study. Although the
investigator will make every effort to maintain confidentiality, I understand that research records must be made
available to the College's Institutional Review Board, if for any reason they should be requested. I will receive a copy
of this form after it has been read and signed.

Printed Name of Participant/Parent/Legal Guardian Date

Signature of Participant/Parent/Legal Guardian
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