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Abstract

The efficient market hypothesis predicts that asset prices reflect all available information. A
seminal experiment reported that contingent claim markets could yield market outcomes consis-
tent with information aggregation when traders hold heterogeneous state-contingent values. How-
ever, a recent experiment found the rational expectation model outperformed the prior information
and maxi-min models in contingent claim markets when traders hold homogeneous values despite
the no trade equilibrium in that setting. But that same study failed to replicate the original result
calling into question when, if ever, prices reliably reflect the aggregate information of traders with
heterogeneous values. In this paper, we show contingent claim markets can robustly yield prices
consistent with the efficient market hypothesis when traders hold heterogeneous values in certain
circumstances. The key distinction between our environment and that of the previous studies is

that we consider trader values that are correlated and not too dissimilar.
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1 Introduction

Identifying conditions under which the efficient market hypothesis holds and prices reflect the
aggregated information of the traders remains a topic of debate in economics and finance.! Relying
on what became a canonical experimental design, Plott and Sunder (1988) demonstrate the potential
for information aggregation to be reflected in prices in certain circumstances including markets in
which traders hold heterogeneous values for state-contingent assets. However, Corgnet et al. (2022)
fail to replicate the Plott and Sunder (1988) results, but Corgnet et al. (2022) do report clear evidence
supporting the efficient market hypothesis in state-contingent markets with homogeneous traders. Our
paper examines information aggregation with state-contingent assets and heterogeneous traders in an
environment that falls between the two extremes examined previously. Specifically, in our setting the
heterogeneous trader values are positively correlated and similarly sized. Ultimately, we find strong
evidence in favor of the efficient market hypothesis.

While there have been numerous studies about information aggregation (e.g. Asparouhova,
Bossaerts, and Yang (2017), Page and Siemroth (2017), Choo, Kaplan, and Zultan (2019)), as high-
lighted in the extensive literature review by Corgnet et al. (2022), very few studies after Plott and
Sunder (1988) actually offered direct evidence for or against the rational expectations model, which
requires alternative hypotheses based on competing models of behavior. The two alternative models
considered by both Plott and Sunder (1988) and Corgnet et al. (2022) are the Prior Information (PI)
model and the Maxi-min (MM) model. The PI model assumes traders use Bayes’ rule to update their
beliefs about an asset’s expected value based on publicly available prior information and any private
information, but do not infer information from market prices. The MM model also assumes that
traders rely only on public and private information and do not infer information from market activity,
but differs from the PI model in that it assumes traders are only willing to purchase an asset if its
price is equal to or below the minimum possible value of the asset given the trader’s information. By
contrast, under the Rational Expectations (RE) model prices reflect the pooled information of all of
the traders.

In their seminal paper Plott and Sunder (1988) consider three distinct combinations of market
features (or “series” in their terminology). “Series A” markets are characterized by a single asset and
heterogeneous state-contingent values among traders. The evidence presented in Plott and Sunder
(1988) indicates the RE model is not a statically better predictor of market outcomes than the PI
or MM models for Series A markets. Plott and Sunder (1988) also consider two other series that

include features designed to facilitate information aggregation. “Series B” is similar to Series A, but

ISee for example Fama (1970, 1991, 2008), Shleifer (2000), Thaler (2005, 2015), and Shiller (2015).



involves state-contingent securities and “Series C” is similar to Series A, but involves homogeneous
state-contingent values. It is these two series for which Plott and Sunder (1988) do and Corgnet et al.
(2022) do not find evidence that market prices reflect aggregated trader information. That is, Plott and
Sunder (1988) find statistical evidence that the predictive power of the RE model outperforms both the
PI and MM models in Series B and Series C markets, while Corgnet et al. (2022) do not find statistical
evidence in favor of the RE model for either of these two series. Corgnet et al. (2022) subsequently
introduce “Series D” markets, which combine the state-contingent assets and homogeneous trader
values features of Series B and C markets, and it is in these markets where they find compelling
statistical evidence in favor of RE over the PI and MM models indicating successful information
aggregation.

The demonstrated potential of markets with state-contingent assets and homogeneous trader val-
ues to aggregate information is impressive, not only in the laboratory, but in practice as well, as these
features are standard in prediction markets.” However, this success is somewhat surprising in light
of the no trade prediction highlighted by Hirshleifer (1971) that arises when traders have homoge-
neous values, at least in the zero ex-post risk setting of Plott and Sunder (1988) and Corgnet et al.
(2022). In both of their experiments, there are three possible states of the world in which half of
the traders are informed of one state that will not be realized and the other half of the traders are
informed of the other state that will not be realized. Thus, no individual trader knows which state
will be realized, but the aggregate information of the traders perfectly identifies the realized state. In
such a setting, if the market aggregates information so that prices exactly reveal state-contingent asset
values, there is no incentive for anyone to trade.> By contrast, the heterogeneous values of Series B
markets provide an incentive to trade even when the realized state is identified as there remain direct
gains from exchange. Thus, one might expect heterogeneous asset values to encourage more trading
than homogeneous asset values and, thus, yield prices that reflect information aggregation.

We conjecture that the apparent superiority of Series D markets over Series B markets in terms of
facilitating information aggregation lies with the specific structure of the heterogeneous asset values
used in prior studies. In particular, the Series B experiments of Plott and Sunder (1988) and Corgnet
et al. (2022) are such that some traders have negatively correlated asset values across states, which
increases the difficulty of interpreting the market activity of other traders. With homogeneous asset

values, as in Series D, the interpretation of market activity is more straightforward. In this paper, we

%For discussions of the success of prediction markets in aggregating information see Pennock et al. (2001), Chen
and Plott (2002), Tetlock (2004), Giirkaynak and Wolfers (2006), Berg et al. (2008), Cowgill et al. (2009), Cowgill and
Zitzewitz (2015), and Atanasov et al. (2017).

3In naturally occurring prediction markets, aggregate information is unlikely to identify an outcome with certainty and
in such cases differential risk attitudes may provide a motive to trade.



consider the case of heterogeneous, but positively correlated, state-contingent asset values in what we
refer to as “Series B’.” These markets combine the incentive to trade of previous Series B markets
with the ease of inference of Series D markets. Ultimately, we find strong evidence that Series B’

markets yield prices consistent with the efficient market hypothesis.

2 Experimental Design

2.1 Market Environment and Predictions

The market structure in our Series B’ markets closely follows the Series B markets discussed
in Plott and Sunder (1988). As in their setting, our markets involve three types of traders: I, II, and
III. Each trader is endowed with money, referred to as francs, and state-contingent assets, termed
certificates. During the market, traders can buy and sell assets via a double auction. There are three
possible states: X, Y, and Z. s-Certificates pay the holder a dividend of O if the state is not s and pay
d? to a trader of type i if the state is s for s € {X,Y,Z} and i € {1, II, IIT}. Table 1 gives the parameter
values for the state-contingent dividend values for each trader type and is comparable to Table 1 in
Plott and Sunder (1988).

The distinction between Series B of Plott and Sunder (1988) and Series B’ lies with the relation-
ship of dividend values across trader types. In Series B of Plott and Sunder (1988), df¥ < d¥ < d?
and d3%, < d¥;; < d%,, but & > d¥; > d%. That is, while the dividend values of Types I and III
traders are perfectly positively correlated, the dividend values of Types I and II and Types II and III
are perfectly negatively correlated. By contrast, in our Series B/, dX < d¥ < dZ for all i. Thus, in our
market environment there is agreement across types as to which states are more valuable. Of course,
this agreement exists trivially in the homogeneous values of Series D in Corgnet et al. (2022), where
there was a single trader type with d5¥ < d¥ < d?.

Other aspects of our experimental markets closely follow Plott and Sunder (1988) and Corgnet
et al. (2022). Each state was equally likely to occur in each period and information was distributed so
that half of the traders of a given type received each of the possible pieces of information.* Further,
there are multiple traders of each type in the market and each trader’s endowment is sufficient to
purchase all outstanding certificates at the maximum price any trader would be willing to pay for

those certificates. This level of liquidity and the competition between traders of the same type is

“Tf, for example, the state was X, then half of the traders of each type were given a signal that the state was Not Y and
the other half were given a signal that the state was Not Z. We note that both Plott and Sunder (1988) and Corgnet et al.
(2022) consider markets with equiprobable and non-equiprobable states, but the results reported in those studies suggest
this distinction does not impact information aggregation.



theoretically sufficient for market prices to reflect the maximum value belief held by any trader. The
endowment was treated as a loan, which had to be repaid at the end of the market period.

The RE, PI, and MM models differ with regards to the beliefs that traders hold and, thus, the
prices that are predicted to prevail in the market. Under RE, information is pooled so that a trader of
Type 7 believes s-Certificates are worth d; when the state is s and are worth 0 otherwise. Thus, under
RE, the price of s-Certificates equals max;(d;) when the state is s and is 0 otherwise. By contrast,
under PI, traders use their private information to update their beliefs from the common uniform prior,
but do not use market information to update their beliefs. As such, there are always traders of Type ¢
who believe that s-Certificates are worth d; /2 and no traders of Type i who believe that s-Certificates
are worth more than d$ /2. Thus, under the prior information model, the price of s-Certificates equals
max;(d;/2) regardless of the actual state. Finally, under MM, traders value the asset at the minimum
amount that it could be worth to them given their private information. Since no trader’s private
information is sufficient to determine that a certificate has a positive value, under this model the price
of s-Certificates equals O regardless of the actual state. Table 2 summarizes the price predictions
under each model and the resulting asset allocations are given in Table 3. It is worth noting that the
rational expectations and maxi-min models only make different predictions for s-Certificates when
the state is in fact s and, thus, outcomes in the other markets cannot be used to distinguish between
the two models. By comparison, the prior information model makes predictions that differ from the

other models for all certificates.

2.2 Laboratory Procedures

Each of our eight sessions involved 12 subjects, who were randomly assigned to trader types such
that there were always four traders of each type. The 96 subjects were all undergraduate students at
The University of Alabama who had volunteered to participate in research studies at The Interactive
Decision Experiment (TIDE) Lab. While some subjects had participated in previous unrelated studies,
none had participated in any related studies. After providing informed consent, subjects were taken to
a classroom in the lab where they were provided with paper instructions. The instructions, available
in the Appendix and similar to those of Corgnet et al. (2022), were read aloud. Before each of
the 10 market periods began, each subject was provided with an “Information and Record Sheet.”
These sheets contained relevant subject-specific information and allowed the subject to track their
holdings of certificates and francs. After each period this sheet was checked by a researcher for the
correctness and collected. At the end of the session, subjects were paid in private based upon their

total experimental earnings and dismissed from the study.



While our experimental procedures closely follow previous studies in general, Table 4 highlights
the various differences among the studies. One notable difference is our use of software for presenting
market information during the double auction market. Our markets are hand-run with traders raising
paddles to be individually recognized by the auctioneer and announcing bids, offers, and acceptances
orally, just as in the previous studies. What differed is that rather than bids, asks, and acceptances
being written by hand on the board in the front of the room, this information was entered in real time
into a computer program by a researcher and concurrently displayed electronically on a screen at the
front of the room that was visible to all traders. Following Corgnet et al. (2022), the auctioneer who
called upon traders was unaware of the market predictions in order to avoid inadvertent influence on
behavior. Because a researcher did not need to physically move and write information on the board,
the duration of a decision period was reduced from 7 minutes to 5 minutes. The fact that trade volumes
are ultimately greater in our Series B’ markets than in previous Series B markets, the computerized
display and the reduced duration do not appear to be limiting the effectiveness of the market.

Other differences in our procedures from previous studies include dropping the use of a separate
clue sheet for providing signals. Instead, we included the signal directly on the “Information and
Record Sheet” for the period. Further, we did not conduct an extensive training on how to interpret
the clue sheet or the randomization process for drawing the state. Thus, to the degree that omitting
this training increased trader confusion then our results underestimate the ability of Series B’ markets
to aggregate information. The exchange rate from francs to dollars differed nominally from previous
studies, but was set so that the average real earnings would be comparable to previous studies. On
average, our subjects earned $25.64 in addition to a fixed participation payment of $10 for the two
hour session. Finally, the number of periods was reduced to 10. To the degree that experience helps
subject traders understand how to interpret the market activity of others, this design feature can be

considered to bias our results away from support for the efficient market hypothesis.

2.3 Hypotheses and Performance Criteria

Our main goal is to test whether markets with contingent claim assets in which traders have
heterogeneous values are consistent with information aggregation as predicted by the efficient market
hypothesis. Formally, we follow Plott and Sunder (1988) and Corgnet et al. (2022) in testing the
null hypothesis that the market data are no better described by the RE model than by another model
against the alternative hypothesis that the RE model better fits the observed data than the other model.
Separate tests are conducted to compare the RE model with both the PI and MM models. As in the

previous studies, the statistical analysis is based on Wilcoxon signed rank sum tests using data from



the periods in which a state occurred for the last time. For our markets this is period 8 (for State Z),
period 9 (for State Y), and period 10 (for State X). For each model comparison we rely upon all of
the performance criteria used by Plott and Sunder (1988) or Corgnet et al. (2022). Here we briefly
describe each criterion. The first five pertain to observed prices.

Criterion 1. Mean Absolute Deviation (MAD) is the average difference between the observed
prices and the price predicted to hold under a given model. This is perhaps the most common measure
of model performance:

MAD = average|pj;s — mys|, (D
7t,s

where j represents the j transaction, ¢ denotes a period, p;, . corresponds to the price of the ;™
transaction in period ¢ for security s, and m  is the predicted price for security s under model m in
period ¢, with m € [RE, PI, M M|. The lower the MAD, the better a model’s prediction fits the data.

Criterion 2. Total Absolute Deviation (TAD) is the total deviation between observed prices and
the price predicted to hold under a given model. Thus, TAD complements MAD, which could be

impacted by a few large deviations. The lower the value of TAD is, the better a model fits the data:

TAD = " |pjss — musl. 2)
jit,s
Criterion 3. Closing Absolute Deviation (CAD) is the deviation of the final transaction price in
a market from the the predicted price. To the extent that prices evolve over the trading horizon, the
closing price represents the final beliefs of the traders. The lower the value of the CAD is, the better
the model fits the data:

CAD = averagel|p; , — myl, )
t,s

where pj , is the final transaction price (or closing price) of asset s in period 7.

Criterion 4. Log Odds (LO) is computed by linearly regressing observed prices in a session
on the predicted prices for the given model and then recovering the log likelihood value under the
assumption of normally distributed error terms. LO measures a model’s goodness of fit and, thus, the
higher the value the better a model fits the data. Like MAD and TAD, LO only depends on the set of
prices that are observed in each market and each period. The final price based criterion is more akin
to CAD in that it depends on the price sequence.

Criterion 5. Percentage of Convergent Price Changes (PCPC) is computed as the ratio of con-
vergent price changes to the total number of price changes. The (j + 1) transaction in a market in a
period is considered a convergent price change if pj1¢s 7 Djrs and [pji1rs — Mes| < [Djis — M sl

The denominator of PCPC can be less than the number of transactions minus one Since p;y1,+s = Pj.t.s



is not considered a price change. The greater the percentage of convergent price changes, the better a
model is considered to fit the data.

Beyond price, each model makes predictions about which types of traders will purchase different
assets and how much each type of trader will earn given their private information. The final two
criteria concern the holdings of each trader. However, all three models under consideration are silent
as to how shares should be allocated among traders of the same type and with the same private
information. As in the Series B markets of Plott and Sunder (1988) and Corgnet et al. (2022), in our
markets exactly two of the twelve subjects have each of the six combinations of types and possible
pieces of private information.

Criterion 6. Allocation Flow Percentage (Flow) is the percentage of the available assets, net of
their own endowments, that the set of traders predicted to purchase the assets actually acquire. In
Series B or B’ markets, the MM model makes no prediction about which traders will acquire which
assets as all traders hold the identical belief that each asset’s value is zero. Thus, this criteria can only
be used to compare the RE and PI models. For those two models, the larger the flow, the better the
model’s fit with the observed data.

Criterion 7. Sum of Squared Profit Deviation (SSPD) is based on the squared difference between
the predicted average profit of a given trader type with a given piece of private information and the

actual average profit of such trader. This criteria is measured by the following equation:

“4)

7 2
SSPD = average (Z’ Zp ( Pbm, ’p’t) ) ;
t

12

where p € P represents the set of possible pieces of private information and II and 7 denote the
predicted and realized payoff for a given combination of 7 and p. While allocation flow only depends
on who purchases the assets and not the prices, the sum of squared profit deviations depends both
on who traded and the prices. The smaller the value of the sum of squared deviations, the better the

model’s fit.

3 Behavioral Results

This section closely follows both Plott and Sunder (1988) and Corgnet et al. (2022). We first
present Figures 1, 2, and 3. These figures show the chronological sequence of transaction prices for
all eight sessions over the ten market periods for Assets X, Y, and Z, respectively. The figures also
provide the predicted asset price for each model for each period given the realized state. While it

is difficult to follow the sequence of transaction prices in any specific session, what is quite clear



from the figures is that prices are concentrated near the rational expectations predictions each period,
especially in the later portions of each session.

To formally evaluate the degree to which the markets aggregate the disparate information held by
the traders, we rely upon the statistical analysis presented in Tables 5 and 6. For all seven criteria, the
data are better described by the RE model than the PI model and the difference is highly statistically
significant in each case. For the comparison between the RE and MM models, the analysis can only
be conducted using six of the criteria, as the MM model makes no prediction regarding who should
hold the assets. In five of the six possible comparisons between RE and MM, the data supports the
RE model and the statistical results are highly significant. This leads to our main finding:

Main Finding: When traders have heterogeneous, but positively correlated values, then state-
specific contingent claim securities facilitate information aggregation.

The only criterion over which RE does not outperform MM is the sum of squared profit devi-
ations. However, this calculation for the MM model assumes that on average each person will hold
an average number of shares. As can be seen in Table 6, the traders predicted to purchase shares
under RE are acquiring approximately 40% of the outstanding assets. That these traders are not able
to acquire all of the assets may explain why the RE model does not outperform the MM model in
terms of profit deviation. Figure 4 shows that trades occurred throughout the trading period and, thus,
it is possible that with a longer trading period even more of the assets would have been acquired by
the traders with the highest value as predicted by RE. Still, we observed on average almost 28 trades
per period and this is more than double the average trade volume observed by Corgnet et al. (2022)
in Series B markets and about four times the volume they observed in Series D markets despite their
periods having lasted two minutes longer.

While the evidence presented in Tables 5 and 6 is compelling, we calculate the Post-Study Prob-
ability (hereafter PSP), as suggested by Maniadis, Tufano, and List (2014), to help the reader assess

the probability of our declared research finding being true. The PSP is defined as follows:

(1—p)m

PP = Bt a(l )

&)

where 7 represents one’s prior belief of the probability of alternative hypothesis being true, « reflects
the Type I error rate, and 1-/3 reflects the statistical power of the test. Consistent with Corgnet et
al. (2022), we focus on MAD, as this is arguably the most common measure of performance among

the criteria we consider.” According to Table 5, the p-values for the Wilcoxon Signed Ranked Sum

SEach of the other criteria for which statistically significant evidence in favor of RE was found yield similar PSP values
to MAD.



Tests for both RE vs PI and RE vs MM are 0.01172. We first convert this p-value of 0.01172 into
the corresponding z-score of 2.27 and then use G*Power software (Faul et al., 2009), to derive § =
0.0000523 under the condition that o = 0.05 and a sample size = 8. Table 7 provides the resulting
PSPs under various priors one might hold. The PSP that the RE hypothesis outperforms the other
models is quite high unless one holds a very low prior. We also provide a more conservative approach
to calculating the PSP by assuming the actual effect size to be only % of the observed effect size. These
conservative values are also reported in Table 7 and again suggest that the evidence for information

aggregation in our setting is quite strong.

4 Conclusion

Seminal experiments by Plott and Sunder (1988) demonstrated that contingent claim markets
are capable of yielding outcomes consistent with the efficient market hypothesis. However, recent
research by Corgnet et al. (2022) has called into question the reliability of information aggregation
in such markets when the traders do not hold homogeneous values. While the results of Corgnet
et al. (2022) convincingly show that information aggregation is not robust for the specific value en-
vironments studied by Plott and Sunder (1988), the results of our experiments clearly reveal that
reliable information aggregation can arise when traders have heterogeneous values under certain cir-
cumstances.

The critical difference between our heterogeneous environment and that of Plott and Sunder
(1988) is that in our setting that trader values are positively correlated and not too dissimilar, but not
in their setting. This is a subtle, but critical distinction. First, it indicates that the domain of markets
over which the efficient market hypothesis holds is larger than what is identified by Corgnet et al.
(2022), albeit still smaller than the domain implied by Plott and Sunder (1988). Second, it suggests
that market designers should consider introducing correlated heterogeneity into the market to facilitate
information aggregation, as this encourages trading and eliminates the no trade equilibrium that arises
with homogeneous values. Of course, further research is necessary to more precisely identify the
boundary between heterogeneous value structures that are and are not likely to lead to outcomes

consistent with the efficient market hypothesis.
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Table 1: Market Parameters

Market  Trader = Number Initial Endowment Fixed  Exchange Dividends Probabilities

(Series) Type  of Traders Certificates Francs  Cost Rate X Y Z X Y Z
I 4 2 10,000 10,000 0.008 70 140 320 173 1/3 1/3

Series B’ II 4 2 10,000 10,000 0.008 80 150 300 1/3 13 173
11 4 2 10,000 10,000 0.008 90 170 330 1/3 1/3 1/3

Table 2: Price Predictions

True State
Market Model X Y 7
RE 90 0 0
X PI 45 45 45

MM 0 0 0
RE 0 170 O
Y PI 8 8 85
MM 0 0 0
RE 0 0 330
Z PI 165 165 165
MM 0 0 0

Table 3: Allocation Predictions

True State
Market Model x % 7
RE I - -
X PI I IIT (Not Z) [T (Not Y)
MM No predictions
RE - I -
Y PI IIT (Not Z) I 1T (Not X)
MM No predictions
RE - - I
Z PI IIT (Not Y) III (Not X) I
MM No predictions

Table entry identifies Trader Type (signal) of traders who should hold the certifi-
cate according to a given model.
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Table 6: Comparison of Non-Price Criteria Between Models

Market Flow SSPD
Series Session PI RE MM PI RE MM
1 3.57 25.00 No Prediction | 7508.94 21.90 9.68
2 7.14 33.33 No Prediction | 7488.75 362.05 359.18
3 7.74 66.67 No Prediction | 7406.33 15.70  14.25
B 4 3.57 2292 No Prediction | 7511.75 25.17 16.28
5 476 41.67 No Prediction | 7399.14 13.74  10.81
6 1.79 50.00 No Prediction | 7424.24 18.33 7.21
7 12.50 43.75 No Prediction | 7448.11 202.98 209.71
8 10.71 29.17 No Prediction | 7045.55 61.73  65.98
Wilcoxon Signed Ranked Sum Tests
RE vs PI 0.01172(RE) 0.01172(RE)
RE vs MM Undefined 0.2076(MM)

Table 7: Post-Study Probability MAD is Lower Under RE than PI or MM

Probability RE outperforms PI

Probability RE outperforms MM

Prior PSP  Conservative PSP Prior PSP  Conservative PSP
0.99 0.9995 0.9995 0.99 0.9995 0.9995
095 0.9974 0.9973 095 0.9974 0.9973
0.9 0.9945 0.9944 0.9 0.9945 0.9944
0.75 0.9836 0.9833 0.75 0.9836 0.9833
0.5 09524 0.9515 0.5 09524 0.9515
0.25 0.8696 0.8673 0.25 0.8696 0.8673
0.1 0.6896 0.6855 0.1 0.6896 0.6855
0.05 0.5128 0.5080 0.05 0.5128 0.5080
0.01 0.1681 0.1654 0.01 0.1681 0.1654

PSP is calculated assuming the true effect size equals the observed effect size while the
conservative PSP is calculated assuming the true effect size is % of the observed effect size.
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Appendix

The appendix consists of three parts. The first part is the instructions as read aloud to the traders.
The second part is an example Information and Record Sheet that is consistent with the example
given in the instructions. A subject was given an Information and Record Sheet at the start of
each period. The rows of those sheets were blank except for rows 0 and 21. The sheet also
showed the subject’s state contingent values, which did not change period to period, and the
subject’s private information, which did change period to period. The third part is the Profit
Sheet that each subject received.



Instructions

General. — This is an experiment in the economics of market decision making. The instructions
are simple, 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.

In this experiment we are going to simulate a market in which you and the other investors will buy
and sell certificates in a sequence of market periods. Attached to the instructions you will find a
sheet, labeled information and record sheet, which helps determine the value to you of any
decisions you might make. You are not to reveal this information to anyone. It is your own private
information.

The type of currency used in this market is francs. All trading and earnings will be in terms of
francs. Each franc is worth to you. Do not reveal this number to anyone. At the end of the
experiment your francs will be converted to dollars at this rate, and you will be paid in dollars.
Notice that the more francs you earn the more dollars you earn.

Specific Instructions

Your profits come from two sources-from collecting certificate earnings on all certificates you
hold at the end of the period and from buying and selling certificates. During each market period
you are free to purchase or sell as many certificates as you wish, provided you follow the rules
below. There are three types of certificates: x-certificate, y-certificate, and z-certificate. For each
certificate of a given type that you hold at the end of the period you will be given either the number
of francs listed on row 19 of your information and record sheet for that certificate type or 0. Note
that earnings may be different for different investors. The method by which one of the two numbers
for each certificate type is selected each period is explained later in these instructions. Compute
your total certificate earnings for a period by multiplying the earnings per certificate of a given
type by the number of certificates of that type held and then summing these three amounts. That
is, (number of x-certificates held) x (earnings per x-certificate) + (number of y-certificates held) x
(earnings per y-certificate) + (number of z-certificates held) x (earnings per z-certificate) = total
certificate earnings. Suppose, for example, that you hold five x-certificates at the end of period 1.
If for that period your earnings are francs per x-certificate (i.e., the number for x-certificates
fromrow 19is ) then your total x-certificate earnings in the period wouldbe5x =
francs. Suppose you hold 4 y-certificates and 3 z-certificates at the end of period 1. If for that
period your earnings are 0 francs per certificate for y-certificates and z-certificates then your total
y-certificate earnings in the period would be 4 x 0 = 0 francs and your total z-certificate earnings
in the period would be 3 x 0 = 0 francs. Your total certificate earningswouldbe ~ +0+0=__
francs. This number should be recorded on row 19 at the end of the period.



Sales from your certificate holdings increase your francs on hand by the amount of the sale price.
Similarly, purchases reduce your francs on hand by the amount of the purchase price. Thus you
can gain or lose money on the purchase and resale of certificates. At the end of each period all
your holdings are automatically sold to the experimenter at a price of 0. At the beginning of each
period you are provided with an initial holding of certificates. This is recorded on row 0 of the
period's information and record sheet. You may sell these if you wish or you may hold them. If
you hold a certificate, then you receive "earnings per certificate" at the end of the period.

In addition, at the beginning of each period you are provided with an initial amount of francs on
hand. This is also recorded on row 0 of each period's information and record sheet. You may keep
this if you wish or you may use it to purchase certificates.

Thus at the beginning of each period you are endowed with holdings of certificates and francs on
hand. You are free to buy and sell certificates as you wish according to the rules below. Your
francs on hand at the end of a period are determined by your initial amount of francs on hand,
earnings on certificate holdings at the end of the period, and by gains and losses from purchases
and sales of certificates. All francs on hand at the end of a period in excess of the initial amount of
francs are yours to keep. These are your profits for the period.

Information about Dividends

Whether the dividend you receive from the certificates of a given type you hold is the amount
shown on row 19 or 0 depends on the draw of an outcome from a bingo cage. Before the study
began, for each period, we drew a ball from a bingo cage containing thirty balls numbered one
through thirty. If the ball drawn was numbered one through ten, the outcome of the draw is called
x; if a ball numbered eleven through twenty was drawn, the outcome is called y; if a ball numbered
twenty-one through thirty was drawn, the outcome is called z.

If the outcome is x then x-certificates receive the x-dividend shown on row 19 while y-certificates
and z-certificates each earn 0. If the outcome is y then y-certificates receive the y-dividend shown
on row 19 while x-certificates and z-certificates each earn 0. If the outcome is z then z-certificates
receive the z-dividend shown on row 19 while x-certificates and y-certificates each earn 0. Each
period’s outcome will be announced at the end of each period.

As areminder, each period there is a 1/3 chance that the outcome is x; a 1/3 chance that the outcome
is y; and a 1/3 chance that the outcome is z.

At the beginning of each period, before trading starts, each investor will receive a clue at the top
of your information and record sheet. Do not reveal this clue to anyone.

If the outcome is x then there are two possible clues: not y and not z
If the outcome is y then there are two possible clues: not x and not z

If the outcome is z then there are two possible clues: not x and not y



Which of the two possible clues that you receive was determined randomly. The clues that other
investors receive are also determined randomly. But the clues are distributed in such a way that
exactly half of all investors receive one of the two possible clues and the other half receive the
other possible clue.

Trading and Recording Rules

1) All transactions are for one certificate of a given type at a time. After each of your sales or
purchases you must record the TRANSACTION PRICE in the appropriate column
depending on the nature of the transaction. The first transaction is recorded on row 1, and
succeeding transactions are recorded on subsequent rows.

2) After each transaction you must calculate and record your new holdings of certificates and
your new francs on hand. Your holdings of certificates of any type may go below zero.
Your francs on hand may never go below zero.

3) At the end of the period, record your total certificate earnings in the last column of row 19.
If you have negative certificate holdings of a type, you receive no dividends for that type,
and you must pay a penalty of 300 francs plus the highest transaction price for that type
during the period, for each certificate you are short. Compute your end of period totals on
row 20 by listing certificate holdings and adding total certificate earnings to your francs on
hand.

4) Atthe end of the period, subtract from your francs on hand the amount listed in row 21 and
enter this new amount on row 22. This is your profit for the market period and is yours to
keep. At the end of each market period, record this number on your profit sheet.

5) Atthe end of the experiment add up your total profit on your profit sheet and enter this sum
on row 22 of your profit sheet. To convert this number into dollars, multiply by the number
on row 23 and record the product on row 24. The experimenter will pay you this amount
of money.

Market organization. — The market for these certificates is organized as follows. The market will
be conducted in a series of periods. Each period lasts for five minutes. Anyone wishing to purchase
a certificate of a given type is free to raise his or her hand and make a verbal bid to buy one
certificate of a given type at a specified price, and anyone with certificates of the given type to sell
is free to accept or not accept the bid. Likewise, anyone wishing to sell a certificate of a given type
is free to raise his or her hand and make a verbal offer to sell one certificate of a given type at a
specified price. If a bid or offer is accepted, a binding contract has been closed for a single
certificate, and the contracting parties will record the transaction on their information and record
sheets. Any ties in bids or acceptance will be resolved by random choice. Except for the bids and
their acceptance, you are not to speak to any other subject. There are likely to be many bids that
are not accepted, but you are free to keep trying. You are free to make as much profit as you can.



Demonstration of Market
We will now go through a demonstration of how the market will work.
The auctioneer will announce the market is open.

Suppose that Trader 13 wants to offer to buy an X certificate at a price of 25. Trader 13 would
raise her paddle and the auctioneer would call on her saying something like “Trader 13.” Trader
13 would then respond with “Bid on X of 25.” The auctioneer will repeat the order: “Trader 13
Bid on X of 25.” This will be reflected on the screen. [The order is displayed on the screen.]

Now suppose that Trader 14 wants to offer to sell an X certificate at a price of 500. Trader 14
should raise his paddle. When the auctioneer calls on Trader 14, Trader 14 should announce “Ask
for X of 500.” The auctioneer will repeat “Trader 14 Ask for X of 500.” This will then be reflected
on the screen. [The order is displayed on the screen.]

This process will continue as long as someone wants to improve on the currently standing bid or
ask or accept the standing bid or ask. For example, Trader 13 may raise her paddle and after being
called state “Bid on X of 100.” The auctioneer will repeat “Trader 13 Bid on X of 100” and this
will be reflected on the screen by displacing the previous smaller bid of 25. [The order is displayed
on the screen.] Notice that you can improve upon your own bid or ask.

If Trader 15 is willing to sell X at 100, the current standing bid, Trader 15 can raise her paddle.
When called upon Trader 15 will state “Accept Bid on X of 100.” The auctioneer will repeat that
“Trader 15 Accepts Bid on X of 100.” At this point Trader 13 and 15 have traded a single X
certificate and this will be reflected on the screen which will display the corresponding buyer,
seller, and transaction price. [The transaction is displayed on the screen.]

Trader 13 will record on her Information and Record sheet that she purchased an X certificate by
writing the price in the Purchase column in the row corresponding to Transaction 1. She will then
update her Certificates on Hand and Francs on Hand. Similarly, Trader 15 will record on her
Information and Record sheet that she sold an X certificate by writing the price in the Sale column
in the row corresponding to Transaction 1. She will then update her Certificates on Hand and
Francs on Hand.

All the previous bids and asks in the market for X certificate will be removed, indicating that all
of the previous bids and asks for X certificates are no longer available. The auctioneer will then
invite new bids or asks.

Trader 13 may state an Ask for X of 600.
Trader 14 may state an Ask for Y of 542.
Trader 17 may state a Bid on Y of 35
Trader 16 may state a Bid on X of 33



Trader 16 may state a Bid on X of 40.
Trader 17 may state a Bid on Y of 60.
Trader 14 may state an Ask on X for 500.
Trader 15 may Accept the Bid on Y of 60.

At this point, the transaction of Y at 60 by Trader 15 and Trader 17 will be reflected on the screen.
Trader 17 would record the price of 60 under Purchase in the row for Transaction 1. Trader 17
would then update all of his Certificates on Hand and Francs on Hand. Notice that for Trader 15
this would be her second transaction, so she would record the Sale price on the row for Transaction
2 and then update the remainder of the row.

All the previous bids and asks in the market for Y certificates will be removed, indicating that all
of the previous bids and asks for Y are no longer available and the auctioneer will again invite new
bids or asks. Notice that the bids and asks for X are still available. This process continues until 5
minutes have passed at which point no more bids, asks, or acceptance can be made.

Suppose there are no more transactions involving Trader 15 in the market period. Also, suppose
that at the beginning of the period, Trader 15 was initially provided with 10 X certificates, 10 Y
certificates, 10 Z certificates, and 20,000 francs. Assume that Trader 15 earns 50 francs per X
certificate if the state is X, 100 francs per Y certificate if the state is Y, and 150 francs per Z
certificate if the state is Z. If the state is Y, given the fictitious values in this example, Trader 15
would complete their Information and Record Sheet as follows:

Total Certificate Earnings in Row 19 would be: 9* 0+ 9 * 100 + 10 * 0 = 900
Total Francs on Hand in Row 20 would be: 20,160 + 900 = 21,060
End of Period Net Profit in Row 22 would be: 21,060 — 20,000 = 1,060



Beginning of the
Year Holdings

x-Dividend: 50
y-Dividend: 100
z-Dividend: 150

INFORMATION AND RECORD SHEET

Period: 1 Clue: Not z Trader No. 15
Transaction Transaction Price Certificates on Hand Francs
Number Sale Purchase X y z On Hand
T
0 | 9|10 10 20,000
1 100 9 10 10 20,100
2 60 9 9 10 20,160
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Total Certificate Earnings =
19 Dividend Rate x 900
Certificates on Hand at the End of the Period
Total Francs on Hand at the
20 End of the Period 21,060
21 Less: Fixed Costs 20,000
22 End of Period Net Profit 1,060

Transfer this amount to your Profit Sheet

-«



PROFIT SHEET

Trader No.

Row Market Period Profit
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
11 11
12 12
13 13
14 14
15 15
16 16
17 17
18 18
19 19
20 20
21
22 Total profit (in francs)
23 Dollars per franc 0.008
24 Total dollars profit
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