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1 Introduction

There is a widespread belief that professional traders tend to be overconfident about their
own relative ability and the accuracy of their beliefs (e.g., Statman et al. (2006), Menkhoff
et al. (2013)). If so, how would such overconfidence affect their personal performance in asset
markets? How would it affect the overall performance of financial markets? But perhaps
such overconfidence is a myth. At least since Alchian (1950), some economists have argued
that participants who deviate from rationality will suffer from lower payoffs, and they either
will learn to act more rationally or else will be displaced by more rational agents. Other
economists, such as De Long et al. (1990), Kyle and Wang (1997), and Benos (1998) have
argued the opposite, suggesting that overconfidence can thrive in financial markets. To what

extent do markets discipline traders and reduce their overconfidence?

To investigate such questions, we build a new laboratory asset market in which key variables
can be directly controlled and observed. Human participants in our laboratory sessions receive
private information and then trade an asset that pays a single state-contingent dividend. To
assess overconfidence (or underconfidence), we elicit traders’ beliefs about the state, the asset
value, and their relative profitability. We do so right after traders receive their private informa-
tion prior to trade, and again right after the asset market closes. Answers to our questions may
hinge on what traders know about the quality of others’ information, so we construct a variety
of environments in which traders’ private information has homogeneous precision, either high or
low, and also consider heterogeneous environments in which the precision distribution either is
explicitly announced or remains ambiguous. That ambiguous precision environment is our most
challenging and realistic. It might be especially conducive to overconfidence, since it provides

no objective reason for any trader to doubt the superiority of their personal information.

Before we can properly address our main questions regarding the reciprocal impacts of over-
confidence and trading, we first must answer preliminary questions about the coherence of our
overconfidence measures and about the informational efficiency of our markets. Regarding co-
herence, we find that overconfidence measurement via belief elicitation is highly correlated with
measurement via value elicitation but not with measurement via anticipated profit rank. This
finding reinforces the recent distinction between overprecision and overplacement, discussed
below. Regarding informational efficiency, we find that our markets do a good job of dissemi-
nating and aggregating private information despite a general tendency towards under-reacting
to aggregate information. Informational efficiency is enhanced by trader experience and by

ambiguous distributions of private signals.

Turning to our main questions, we find that the market impact of overconfidence depends
rather sensitively on the information environment. Market-wide overconfidence boosts informa-
tional efficiency in some of our unambiguous environments but not in our ambiguous precision
environment. At the individual level, we find that trader overconfidence boosts experienced

traders’ profits in the same unambiguous environments but impairs profits in the ambiguous



environment. We found some evidence that overconfidence leads traders to transact at less
favorable prices in some environments but were surprised to find no evidence that greater over-
confidence leads to more trades. As to the reverse impact, again to our surprise, we find no

systematic impact of market exposure on traders’ overconfidence.

Our experiment draws on and contributes to several strands of literature. Various existing
studies investigate the impact of overconfidence on market performance. Overconfidence can
affect asset prices and bubbles (e.g., Aragon and Roulund (2020), Michailova and Schmidt
(2016)), price volatility (e.g., Benos (1998), Odean (1998)), portfolio choices (e.g., Chen et al.
(2024), Cueva et al. (2019), Merkle (2017)), and trading volume (e.g., Yang and Zhu (2016),
Glaser and Weber (2007), Statman et al. (2006), Caballé and Sékovics (2003), Odean (1998)).
Laboratory as well as field experiments found increased trading volume arising from calibration-
based overconfidence (Deaves et al. (2009), Biais et al. (2005)), the better-than-average effect
(Glaser and Weber (2007)), and misperceived signal reliability (Fellner-Rohling and Kriigel
(2014)). Evidence is mixed on how overconfidence affects trading profits. Reduced profits are
reported in Barber et al. (2020), Odean (1998), Biais et al. (2005), but increased profits are
suggested in Inghelbrecht and Tedde (2024), Benos (1998), Kyle and Wang (1997). A few
recent papers (e.g., Bregu (2020), Meier and De Mello (2020), Ida and Okui (2020)) find that
overconfidence declines when participants are given feedback, but other papers (e.g., Banerjee
et al. (2023), Huffman et al. (2022), Murad and Starmer (2021), Banerjee et al. (2020), Hoffman

and Burks (2017)) find more persistent overconfidence.

Most existing literature on the topic neglects heterogeneous signal precision, although such
heterogeneity would seem to offer greater scope for overconfidence. Partial exceptions include
Lunawat (2021), who publicly announces the average of subjects’ pre-trading dividend fore-
cast. Kirchler and Maciejovsky (2002) vary the precision of the public signals and find that
participants are not generally prone to overconfidence. Barron and Qu (2014) include a high
asymmetry treatment in which only half of the traders receive private signals. Our experiment
seems to be the first to systematically examine the market impact of over- and underconfidence

given varying and possibly heterogeneous signal precision.

One of our market environments features an ambiguous signal precision distribution. The
most closely related previous literature includes Epstein and Schneider (2008), Bao et al. (2020),
and Bao et al. (2021), who examine individual belief-updating processes in ambiguous environ-
ments and find that bad signals that indicate the realized asset value is lower than the prior will
be treated as if they are more accurate (have smaller variance) than good signals that indicate
the opposite. At the aggregate level, some works find asset prices tend to be lower when the
fundamental value is ambiguous than when it is risky (e.g., Sarin and Weber (1993), Corgnet
et al. (2020)), and price volatility is significantly larger under ambiguous signals (e.g., Bao
et al. (2020)); however, Corgnet et al. (2013) find no significant differences in the control ver-
sus ambiguity treatments regarding prices, price volatility and trading volume for experienced

subjects. Yang and Zhu (2016) report that traders who think they have better than average



trading ability tend to trade more in the ambiguity treatment. Our paper contributes to this
growing literature by incorporating overconfidence in an ambiguous market environment. Note
that, unlike other treatments of ambiguity, the ambiguity in our environment concerns the pre-
cision distribution; traders still know the precision of their own private signal. This treatment
of ambiguity has two advantages. First, knowing their own signal’s precision allows traders to
form posterior beliefs with a clearly measurable degree of overconfidence (see below). Second,
we are able to hold constant across market environments the actual information distribution

and thus to avoid potential confounds.

A separate strand of literature is concerned with the measurement of overconfidence. Moore
and Healy (2008), Hilton et al. (2011), and Glaser et al. (2013) recognize four sorts of over-
confidence. (i) Overprecision refers to overestimating the precision of one’s judgment. (ii)
Overplacement, also known as the better-than-average effect, refers to an unrealistically high
estimate of one’s own rank or relative position. (iii) Overestimation refers to overestimating
the quality of one’s absolute performance. (iv) Overoptimism regarding societal risks. The dis-
cussion on connections and differences between different overconfidence is still ongoing. While
Glaser et al. (2013) finds stable individual differences in the degree of overconfidence in in-
terval estimates. Moore and Healy (2008) points out that task difficulties can impact agents’
overconfidence level, and overprecision appears to be more persistent than overplacement and
overestimating one’s absolute performance. One of our findings is consistent with Hilton et al.

(2011), who find that overplacement does not correlate with overprecision.

Among these different sorts of overconfidence, overprecision (i) is most commonly examined
in the economics and finance literature. Typically (e.g., in Meier and De Mello (2020), Glaser
et al. (2013), Biais et al. (2005)), the measurement task is to elicit a 90% confidence interval
for each of several numerical general knowledge questions (e.g., how long is the Nile river?); the
subject is deemed overconfident if significantly more than 10% of correct answers lie outside
those confidence intervals. However, there are disadvantages to this interval measure. According
to Cueva et al. (2019), this measure is difficult to incentivize, noisy at the individual level,
and sensitive to responders’ numeracy, general knowledge, and ability to conceptualize 90%
confidence intervals. In addition, Teigen and JOrgensen (2005) and Langnickel and Zeisberger
(2016) find the decision makers’ stated intervals and perceived confidence are unaffected by the

requested confidence level.

Therefore, instead of an interval measure, we shall use a direct measure of overprecision,
and deem a subject to be overconfident (resp. underconfident) to the extent that her elicited
probabilities or valuations reflect greater (resp. lesser) precision than her private information
actually has. Such direct measures have been used in relevant psychology literature at least since
Brehmer and Lindberg (1970), Ganzach (1993), Czaczkes and Ganzach (1996), and Ganzach
(1994), but are underutilized in the economics and finance literature (e.g., Grezo (2021), Meier
and De Mello (2020), Fellner-Rohling and Kriigel (2014), Fellner and Kriigel (2012)). We prefer

such measures because they capture what behaviorally inspired economic models refer to as



overconfidence (e.g., Daniel et al. (2001), Daniel et al. (1998), Kyle and Wang (1997), Odean
(1998), Benos (1998)), i.e., overestimating the precision of one’s own information. Also, such
measures connect directly to the asset market in which the subjects perform. We will also

employ a measure of overplacement bias that connects directly to our asset market.

A companion paper (Friedman and Wang (2024)) uses similar procedures to elicit traders’
beliefs and to assess their market impact. The present paper deals with homegrown overconfi-

dence, while the companion paper is concerned with induced polarized motivated beliefs.

The present paper unfolds as follows. Section 2 collects relevant standard theoretical mate-
rial. Section 3 lays out the laboratory procedures and experiment design, and lists the specific
hypotheses that we will test. Section 4 presents data summaries and hypothesis test results.
Section 5 concludes. Appendix A offers supplementary figures and tables and Appendix B is a

copy of instructions to laboratory subjects.

2 Theoretical Considerations

Consider a world with two equally likely states, {G, B}, and imperfect signals about the true
state. Low precision signals sy, are independent Bernoulli trials that indicate the true state with
probability ¢, € (0.5, 1), and high precision signals are similar but with probability ¢z € (¢, 1).
Bayes’ Theorem tells us that, after observing N, low precision signals of which L indicate state

G and Ny high precision signals of which H indicate G, the posterior probability of G is

qf - (L —qo)Netoqff - (1 — qg)Ve

j = ,
qb - (1 —qp)Ne=L gl (1 — q)Na—H + (1 —qp)E - g2 5 (1 —qu)H - gy

(1)

Figure 1 illustrates with an example used in the experiment. The left side presents sy,
in terms of two bags that each contain 5 balls. If the true state is G (resp. B) then the
decision maker sees only balls drawn randomly (with replacement) from the “Good bag” that
contains 3 black balls and 2 white balls (resp. from the “Bad bag” with 2 black balls and 3
white balls). The decision maker does not see the bag, only the balls drawn from it. Thus
qr, = % = 0.6 is the low precision signal accuracy, i.e., the probability that a black (resp.
white) ball correctly indicates state G (resp B). The right side of Figure 1 similarly illustrates
that the high precision signal sy has accuracy qg = 0.8. For example, consider two low precision
signals, so N, = 2, Ny = 0 in equation 1. The equation tells us that the posterior probability
of state G in this example is 8_'222:&4& ~ .692 =~ 70% if both balls are black (so L = 2), versus
about 30% if both balls are white or exactly 50% if one ball is black and the other is white.

Of course, human subjects can’t be expected to always implement equation (1) exactly.
Recall the first notion of overconfidence in the literature is that private information is treated

as if it were more precise than it actually is. To formalize that notion in our setting, note that
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Figure 1: Private Signals

increasing a given signal precision ¢ in (1) pushes the posterior probability further away from
the prior probability 0.5. Also, recall the signum function sgn(y) = +1if y > 0, =0 if y = 0,
and =-1 if y < 0. Suppose that a subject reports subjective probability p of state G when,
according to equation (1), the true probability is P. Our index of overconfidence is then defined
as

x = (p— P)sgn(P —0.5). (2)

That is, the report p is overconfident (x > 0) to the extent that it is further away than P
from the prior probability 0.5 of state G (thus reflecting a subjective precision greater than the
objective precision), and it is underconfident (z < 0) to the extent that it lies closer to 0.5 than
does the Bayesian posterior probability P (thus reflecting a lesser subjective precision). When
P = 0.5 (e.g., the signal realization is one black ball and one white ball and thus completely
uninformative), we deem any deviation to reflect overconfidence and set z = |p — 0.5]. (A
robustness check reported in Appendix A.18 shows that results are substantially unchanged
when we instead drop observations where P = 0.5.) When p and P lie on opposite sides of 0.5,
they can not be reconciled by any subjective precision level. It that case we redefine the report

as “confused” rather than underconfident.

We would like to measure subjects’ overconfidence x for both pre- and post-trading but,
unfortunately, it is impractical to do so. It turns out that in the vast majority of realizations,
the fully-aggregated probability P given all private signals is very close to either 0 or 1 (as in
Figure 6 below), and so leaves almost no room to detect overconfidence in post-trade elicited
beliefs. The analysis therefore focuses on traders’ pre-trade beliefs and overconfidence x. In

that case, P in equation (2) is the Bayesian posterior given an individual trader’s private signal.

2.1 Information Aggregation

An asset market is informationally efficient to the extent that it aggregates private information
into the asset price. For example, suppose that each unit of an asset pays dg = 300 in state
G and dg = 100 in state B. Suppose also that the state is revealed only after the market
closes, but that each trader receives private information before the market opens. Then the

market is informationally efficient to the extent that actual transactions prices converge to the



fully-aggregated or rational expectations price
V* = Pdg + (1 — P)dg = 100 + 200P, (3)

where P = the Bayesian posterior probability from equation (1) conditional on all private
signals, with N; = the total number of balls from low precision bags seen by any market
participant, L = the number of such balls that are black, and with Ny and H similarly defined

for high precision signals.

For example, suppose that (as in period 13 of Figure 6 below) there are four participants
who each receive two low precision (g, = 0.6) signals and 5 of those 8 signals indicate state G,
and four other participants who each receive two high precision signals (¢g = 0.8), of which 2
.1 5.0.43.0.82.0.26 "
indicate G. Then P = gagmosrssrtrsmoazog ~ 0.0087 = 1% and V* ~ 102. Although
low precision participants have mostly misleading information, in this example at least two of

the high precision participants see two white balls and so have pre-trade posterior probability
of G of % ~ 0.0588 ~ 6%. With full aggregation, those two (or possibly three) pieces of

high-quality private information far outweigh the misleading low precision information.

It is difficult to model the actual process by which self-interested asset market traders
might aggregate their private information (see Copeland and Friedman (1991) for an early
attempt), but the general idea is that offer prices and trade prices may reveal some of the market
participants’ private information to the other participants. As a practical matter, aggregation
will typically be less than complete, so it is useful to have measures of incomplete aggregation,
or informational inefficiency. Perhaps the most direct measures are in terms of deviations of
actual prices v from the true value V* given in equation (3). The mean absolute deviation (or,
alternatively, the root mean squared deviation) of v from V* is a natural inefficiency metric
that we will use in empirical work. We will also use an alternative metric proposed by Page
and Siemroth (2021). Their idea is to find the fraction A € [0, 1] of the actual number of private
signals (e.g., balls drawn from a bag) that would account for the observed precision of actual

prices; see Appendix A.10 for details on our implementation of \.

Signed deviations from V* can also be used as an index of overconfidence when traders’

asset valuations v are elicited instead of probabilities:
x=(v—V")sgn(V* —200). (4)

Similar to equation (2), the report v is over(under-)confident when = > 0 (r < 0). The
fully-aggregated price is again usually very close to one of the two end points, so again we
only compute z for pre-trade elicited valuations, where V* in equation (4) is the true value

conditional on an individual trader’s private signal.



2.2 Trading Strategies and Overconfidence

A market format defines how market participants (traders) can make offers to trade and how
those offers are processed to create actual trades (transactions). Our experiment will use the
format known as the continuous double auction (CDA), variants of which are used in most

modern financial markets; see e.g., Friedman and Rust (1993).

In a CDA, there is a known time interval (3 minutes in our experiment) in which the
market is open. During this time, each trader is free to submit (or cancel or replace) a publicly
observable limit order to buy (a bid) and to sell (an ask). In our experiment, a bid at limit price
y is an offer to buy a single asset unit at the lowest ask price currently in the order book, but
if all such prices exceed y, then the bid is placed in the order book. Likewise, an ask at limit
price z will execute immediately at the highest bid price in the current order book if it is at
least z, but if no such bids are present then the new ask enters the order book. The trader who
places a new order that executes immediately is called the (price) “taker” and the counterparty

(whose order was resting in the orderbook) is called the (market) “maker.”

For our asset market under any format, we can write trading profits as 7 = nd + R — C,
where n is the number of asset units held when trading closes, d is the dividend for the realized
true state, R is the revenue from selling asset units, and C' is the cost of all the units purchased
by a given trader. For the CDA format we can take a deeper look at the sources of trading
profits. Makers earn larger profits (via increasing R — C') to the extent that they (a) have
a larger positive spread, where spread = ask price minus bid price, and (b) attract greater
trading volume. Takers earn larger profits (via increasing the expected value of d — C' for asset
purchases and of R — d for asset sales) to the extent that they buy at prices below V* and sell

at prices above V*, and have larger such trading volume.

We will address several open questions concerning the connection between trader profit
and overconfidence. The highest volume takers might be those who are most confident about
their estimates of P and V*. But if excessive, such confidence might lead them to trade at
less favorable prices. Moreover, both makers and takers might be more active (and perhaps
less profitable) when they are more overconfident about their innate trading ability. Before
formulating testable hypotheses on these and other matters, we lay out the structure of our

laboratory experiment.

3 Experimental Design

3.1 Procedures

Each session follows the same timeline, illustrated in Figure 2. First the human subjects

receive instructions. Then they play the game for several periods, receive their payments, and



the session ends. Key details follow.

Repeat for multiple trading periods.

Session
Begins Y
| > =p mp -
Instruction Part 1: Part 2: Part 3: Part 4:
Pre-Trading Trading Post-Trading Feedback

| 1. Written Survey Survey

Instructions

| I— Elicit traders’ updated
— 2. Video Reveal private signals beliefs again after tradinq
and elicit traders’ beliefs by using the same three

— 3. FAQ (PPT) asking three questions. questions.

Figure 2: Session Timeline

Instructions. Each session begins with all subjects reading two instruction documents, one
that explains the game, and another that explains why truthtelling is a dominant strategy
in responding to the survey questions that they will answer. Appendices B.2, B.3, and B.4
include copies of these documents. Next, subjects watch a video that features animations of
the user interface. The experimenter then presents PowerPoint slides with answers to questions
frequently asked in pilot sessions, and subjects are encouraged to ask their own clarifying

questions. In post-experiment surveys, all subjects reported that they understood all tasks.

After instruction, subjects complete two unpaid practice periods and then 14 paid periods.

As the timeline indicates, each period has the following four parts.

Part 1: Pre-Trading Survey. Subjects see two balls drawn with replacement from an unseen
bag related to the true state, as detailed in Section 3.2 below. Then three survey questions
elicit traders’ beliefs about the probability of state G (Question 1, using the Karni (2009)
mechanism), about their valuation of an asset unit (Q2, using the BDM mechanism, cf. Becker
et al. (1964)), and about their relative trading profit in the current period (Q3, using the Barron
and Qu (2014) mechanism). The exact payment formulas for Q1-Q3 appear in Appendix B.4,
along with proof sketches that truth-telling is dominant.

Part 2: Trading. Each trader is endowed each period with two units of an asset that pays
the per-unit liquidating dividend of dg = 300 in state G and dg = 100 in equally likely
alternative state B. There is no cash budget constraint, i.e., traders have access to zero-interest
loans. In each period, 8 human subjects trade for 3 minutes in a continuous double auction
(CDA) market for this common value asset; see Figure 3 for a screenshot of the trading user
interface (UI). No short sales are allowed, and traders are not allowed to hold more than 8
asset units, i.e., half of market supply. As illustrated in Figure 3, current bids and asks, and
transaction price history, are public information seen by all market participants. Traders’ own
offers and transactions are colored green for buying and blue for selling. Transaction prices so

far are shown in chronological order with the most recent trades on top. The UI shows traders’



current holding of cash (including receipts from asset units sold minus cost of units bought) and
the asset. The right-hand side of the UI reminds the traders of the state-contingent dividends,
and their private signals. There is a large “Error Message” box at the bottom of the screen; it
alerts subjects when an order is rejected, e.g., an ask by a trader currently holding zero units.!
Asset units expire each period after paying a state-dependent liquidating dividend d; they do

not carry over into the next period.

images/Interface_screenshot.PNG

Figure 3: User Interface for Trading in Environment al.

Part 3: Post-Trading Survey. To learn how exposure to trading leads subjects to update
their beliefs, we conduct a post-trading survey. The same three questions — Q1, Q2 and Q3
as in Part 1— are asked again, but this time while the subject sees the transaction history. To
help them improve their trading strategies, subjects also see the color-coded transaction prices
sorted from highest to lowest, making transparent their success (or lack thereof) in buying low

and selling high.

Part 4: Feedback and Profit Calculation. After the post-trading survey page, traders
go to the feedback page, which shows the true state realized in the current period, and also
reminds traders of their final asset and cash holdings. The page then computes trading profit
as well as payments for responses to all the survey questions. As noted in the previous section,
trading profit is m = nd + R — C. Payments for survey question are scaled to roughly equalize
maximal payments across questions and so that their average over the 2 -3 = 6 questions is
about half of average trading profit. Let 7 be a subject’s average questionnaire payment in a
given period. Then their total payoff for that period is © + 7. Payoffs are summed over all 14
paid periods, and paid to the subject at the end of the session.?

3.2 Information Environments

Traders all face the same unknown state each period, but their private information is generated
differently in different environments. In Environment al., all traders receive independent low
precision signals and are so informed, as in Figure 3. Environment aH is the same except
that all signals are high precision, as in the right panel of Figure 1. Among the 14 periods in
Environment a sessions, half of the periods are randomly selected to be Environment al., and
the other half to be Environment aH.

In each of 14 periods in Environment b, half the traders are randomly selected to receive

!Error messages are also triggered by trying to accept one’s own offer and by trying to acquire more than 8
asset units.

2We adopt the common convention from market experiments of paying for all periods, and not just one
period selected randomly. That convention harmonizes with our risk-neutral theoretical predictions.



high precision signals while the other half receive low precision signals; each trader gets H
precision signals in 7 periods on average. The UI reminds them of that heterogeneity, and tells

them their own signal type, H or L.

Environment c is exactly the same as b, except that the Ul tells the trader nothing about
the precision of other traders’ private information other than that it may differ from their own.
Traders’ private signals are not labelled L or H, and therefore relative precision is unknown or
ambiguous in Environment c. Traders may tend to be more (less) overconfident if they know
that their own signal is more (less) precise than some other traders’; if so, that effect may

disappear when traders know nothing about the relative precision of their own signal.

3.3 Implementation Details

Twenty sessions were conducted online from May 2021 to June 2022. Using ORSEE (Greiner
(2015)), 112 human subjects were recruited from the LEEPS lab subject pool; they are predom-
inantly University of California, Santa Cruz undergraduates pursuing a variety of majors. Fach
session had 8 of these subjects facing a single information environment (a, b or ¢). Subjects in
“inexperienced” sessions had no prior experience with any of these environments nor with anal-
ogous environments featured in the companion paper (Friedman and Wang (2024)). Subjects
with above average performance in such a session were invited to participate in a subsequent

“experienced” session. Table 1 summarizes the entire set of sessions.

Table 1: Sessions Implementation

Environment | Number of Inexperienced Sessions | Number of Experienced Sessions
a ) 2
b 5 2
c 4 2

The software for running the sessions was built at LEEPS lab using the oTree platform (Chen
et al. (2016)). The sum of earnings (in points) in the 14 paid trading periods is converted to
US dollars at a pre-announced rate and paid to each participant, together with a $7 guaranteed
show-up fee (increased to $10 in the last few sessions, as the available subject pool shrank due
to a Covid upsurge.) Average payments were approximately $30 per subject for a two-hour

session.

3.4 Hypotheses to Test

Those laboratory procedures allow us to crystallize our general research questions into testable
hypotheses. We begin with preliminary hypotheses PH1 - PH2, which set the stage for our
main hypotheses MH1 - MH3.

PH1. Overconfidence is a consistent individual trait: the overconfidence indexes for each

subject’s pre-trade responses to Q1, Q2 and Q3 will be highly correlated, and the market
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environments do not have significant impact on the correlations.

Existing literature casts doubt on this hypothesis.® To test PH1, we will compute Pearson
correlations across individual subjects for their x values obtained from Q1 responses via equation
(2) and for those obtained from Q2 responses via equation (4). The overconfidence index
obtained from Q3 responses is x = actual rank - elicited expected rank. We hypothesize there
is no significant difference across market environments because the overconfidence indexes are
measured before subjects enter the markets. PH1 test results will inform the implementation

and interpretation of our main hypotheses tests regarding overconfidence and market behavior.

PH2. The post-trade deviations of traders’ elicited beliefs and valuations from their fully-
aggregated values P and V* will be substantially smaller than their pre-trade deviations, es-
pecially in environments where signals are more precise and precision is more homogeneous.

Post-trade deviations will generally be smaller among experienced subjects.

This hypothesis deals with another important preliminary issue — whether market participation
disseminates dispersed private information in different market environments — that will affect
the implementation and interpretation of the main hypotheses.* As suggested by the discussion
in Section 2.1, we expect dissemination to be better when traders know more about other
traders’ precision (which is clearest with homogeneous precision, as in Environment a) and
when they believe that other traders’ information is high precision. It is natural to conjecture
that experienced traders will be better at extracting information from market participation. To
testing this hypothesis we will regress the metrics introduced in Section 2.1 (absolute deviation

of asset price from V*, and Page and Siemroth (2021)’s \) on environment dummy variables.

MH1. The more overconfidence among traders, the greater will be the price overreaction to
aggregated information, especially in market environments with higher signal precision and

unambiguous precision distributions.

Our first main hypothesis concerns the impact of aggregate overconfidence on market price in
different environments. The idea is that more overconfident traders will tend more to overplay
their hands, and that will lead to price overreaction; see, for example, Aragon and Roulund
(2020) and Michailova and Schmidt (2016). We hypothesize there will be more overreaction in
unambiguous environments, which is consistent with previous literature (e.g., Sarin and Weber
(1993), Corgnet et al. (2020)). To test MH1, we will define price overreaction in a manner
parallel to equation (4), and regress it on mean overconfidence among market participants

interacted with environmental dummy variables, together with appropriate control variables.

3For example, Fan et al. (2021) finds a major gap between asset valuation (as in Q2) and elicitation of the
underlying probabilities (as in Q1). We noted earlier that recent literature distinguishes between overprecision
(as in Q1 and Q2) and overplacement (as in Q3).

4Barron and Qu (2014) suggests that signal precision distribution affects market efficiency. Their traders
have perfect information about the distribution, but traders in one of our market environments do not.
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MH2. Overconfidence and underconfidence will both impair traders’ overall profits in all
environments. More specifically, (a) overconfidence will enhance trading volume of both makers
and takers but (b) will impair their price favorability. (c) Takers on average will trade at less

favorable prices than makers.

MH?2 is concerned with the impact of individual traders’ overconfidence on their own profitabil-
ity. The general statement reflects the Alchian (1950) tradition that markets punish deviations
from full rationality, while the specifics reflect the distinctions mentioned in Section 2.2 concern-
ing the CDA market format. To test MH2, we will regress traders’ realized profits (or profit
components such as trading volume) on |z|, the absolute value of our overconfidence index,

interacted with environmental dummy variables, together with appropriate control variables.

MH3. Trading experience attenuates traders’ overplacement overconfidence (measured by

question 3) in all market environments.

Our final hypothesis pertains to reciprocal effect of trading experience on overconfidence, and
it reflects the other aspect of the Alchian tradition, that rationality is enhanced by market-level
punishment of irrationality. We would like to use subjects’ responses to all three questions but,
as explained in previous section, it is infeasible to obtain post-trade overconfidence indexes for
Q1 and Q2. Therefore, we shall test MH3 only on the Q3 overconfidence index.

4 Results

We begin with descriptive statistics and tests of the preliminary hypotheses (PH1 - PH3) in
Section 4.1. Tests of main hypotheses MH1 and MH2 are presented in Section 4.2, while tests
of MH3, the reciprocal impact of market experience on overconfidence, appear in Section 4.3.
The Appendix contains many of the tables and figures on which our numbered Results rely.
To streamline the presentation, this section includes only the most informative parts of the

empirical analysis.

4.1 Preliminaries

Using pre-trade survey responses in sessions with inexperienced subjects, Figure 4 plots the
cumulative distribution function (CDF) of the overconfidence index « for question 1. Neither
panel shows much difference across environments. It is reassuring to see that pre-trade beliefs
seem largely unaffected by the market environment that subjects will face later in the period

(and that they faced in earlier trading periods).

The right panel shows that traders with high precision signal are, roughly speaking, as likely

to be under- as over-confident. By contrast, the left panel shows rather little underconfidence
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Figure 4: Q1 Pretrade Over-/Under-confidence.

Note: Cumulative distribution functions of overconfidence index x for Survey Question 1 prior to trading. Left
panel is for subjects with low precision (L) signals, and right panel is for high precision (H) signals.

among traders receiving a low precision signal. Again, that is reassuring, since there is less
room for traders to exhibit underconfidence when the Bayesian posterior P is closer to 0.5.
Similar CDFs lead to similar conclusions for questions 2 and 3, and for experienced sessions, as

can be seen in Appendix A.2.

Keeping in mind those distributions of over (and under) confidence by treatment, we turn
now to the first preliminary hypothesis, PH1, that overconfidence is a consistent individual
trait. Table 2 shows correlations across traders between overconfidence measured in different
survey questions. It supports PH1 for Q1 and Q2; those correlations are often above 0.5 and
are all highly significant. This is reassuring since the underlying variables are linearly related
and both deal with overprecision.” On the other hand, correlations with responses to the
overplacement question, Q3, are all lower; the highest p13 or ps3 is less than the lowest pi9, and

most of the p3 and po3 are insignificant.

Result 1 (PH1) Across different market environments, pre-trade over- and under-confidence
revealed in Q1 (beliefs about the state) is highly correlated with that revealed in Q2 (asset

valuation), but neither is well correlated with that revealed in Q3 (rank in trading profit).

Our interpretation is that Q1 and Q2 reveal a consistent individual trait often referred
to as overprecision, but it seems only loosely tied to other aspects of overconfidence such as

overplacement.

This finding does not directly contradict Fan et al. (2021), since their finding of a gap between probability
judgements and valuation judgements is based on overconfidence levels rather than correlations. Appendices
A .4 and A.5 show that our L-precision data exhibit a gap in overconfidence levels similar to theirs.
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Table 2: Overconfidence Correlations

Inexperienced Sessions
\ All Envs \ Env-alL | Env-aH | Env-b | Env-c
Corr(QL,Q2) 0.52FFF  0.42FFF (.54%FF (.55%%F (.517%*
Corr(Q2,Q3) 0.00 -0.08 0.09 -0.05 0.04
Corr(QL,Q3)  0.05%  -0.04  0.11%*  -0.01  0.10%*
(Obs.) (1427) (247) (256) (509) (415)
Experienced Sessions
‘ All Envs ‘ Env-aL | Env-aH | Env-b | Env-c
Corr(Q1,Q2)  0.36***  0.37%** 0.43%F  0.27*** 0.46%*F*
Corr(Q2,Q3)  0.09%*  -0.11  0.15 0.06  0.21%%*
Corr(Q1,Q3) 0.07* 0.14 0.21°%* -0.01 0.04
(Obs.) (625) (103) (105) (203) (214)

Note: Corr(Qi,Qj) refers to the Pearson correlation between overconfidence index x for pre-trade question
i responses and that for the same subject’s pre-trade question j responses, 4,5 = 1,2,3. The number of
observations is shown in parentheses for each environment and subject experience level. For Q1 and Q2, some
responses are < 0.5(> 0.5) when the private signal is two black (white) balls. We dropped those observations
in this correlation analysis since the overconfidence index z is not defined in these cases. Asterisks *** ** *
respectively indicate p-values 0.01, 0.05, and 0.10.

We now turn to post-trade beliefs, and examine whether trading experience attenuates
signed deviations p — P of elicited probabilities p from fully-aggregated Bayesian posterior
probabilities P. The black solid (and dashed) lines in Figure 5 show the CDFs of such deviations
in inexperienced sessions for pre- (and post)-trade elicitation p. For comparative purposes,
the red dashed line shows deviations from P of individual traders’ pre-trade true Bayesian
posteriors (i.e., given only their personal pre-trade private signals). One gets the impression
that trading experience has little impact in the low precision environment al., but that it does
indeed attenuate both positive and negative belief errors in the other environments. Appendix
A.3 includes graphs for the other two questions and for experienced sessions, and they exhibit

similar patterns.

Table 3 provides more formal support for these impressions regarding Q1 and also reports
parallel results for Q2 and Q3. It collects p-values for the Wilcoxon signed rank test comparing
absolute deviations of pre- and post-trade elicited beliefs from P. Except for env-al., we can
clearly reject the null hypothesis that post-trade deviations are no smaller than pre-trade de-
viations. Rejection is especially emphatic for Q1 and Q2 for experienced subjects in the mixed

environments b and c.

Table 3: WSR. p-values for Pre- vs Post-Trade Absolute Belief Deviations

Inexperienced Sessions Experienced Sessions
Env-alL | Env-aH | Env-b | Env-c | Env-al | Env-aH | Env-b | Env-c
Q1| 0.143 0.002 | <0.001 | 0.011 | 0.274 0.273 | <0.001 | <0.001
Q2| 0.721 | <0.001 | <0.001 | 0.005 | 0.420 0.037 | <0.001 | <0.001
Q3| 0.343 0.261 0.010 | 0.039 | 0.180 0.023 0.044 | <0.001

14




Env-alL Env-aH Env-b

= =]
-— — 1
a0 o -
[} (o} |
w w s ol
S 5 = 4]
fam = = i
Eg @ *Eu'g o :
C " " !
- 2 8 | e
i i o ;
O3 O OZ iy
S sl ‘s 'fl"
i
== =2 =2 o
g = =i g e | )I
L] o lrJ
—*— Pre
--#%- Ppsi
= =
] ] | | |

Figure 5: Deviations of elicited beliefs (Q1) from fully-aggregated Bayes posteriors.

Result 2 (PH2) Deviations from fully-aggregated Bayesian beliefs and valuations are signifi-
cantly reduced after market participation when at least half the participants have high precision
signals, especially in environments b and c with experienced subjects. On the other hand, market

participation has little or no such impact when all participants have low precision signals.

We interpret this result as the market effectively aggregating and disseminating traders’

private information when overall precision is high, but dissemination seems less reliable when

most of the private information is imprecise.

The next several hypotheses deal, one way or another, with market prices. To provide
background and perspective, Figure 6 shows price dynamics in one illustrative session. In most
periods in that session, transaction prices tend to move away from the prior expectation of
200 towards the fully-aggregated expected asset value (the red dashed horizontal line, usually
near 300 or 100). Convergence failed in period 10, where the high precision signals were least
informative (5 of 8 balls were black). Similar tendencies can be observed to a greater or (more

often) lesser extent in the other 19 sessions; see appendices A.6 - A.9.

Appendix A.10 reports formal tests of price convergence within period, adapting the meth-
ods of Noussair et al. (1995) and of Page and Siemroth (2021). Key conclusions are as follows.

Result 3 Prices generally tend to move towards their fully aggregated value V* within each
trading period. This tendency is enhanced by subject experience, especially in the ambiguous

mixed environment c. It is impaired when all signals are low precision, as in environment al.

Subsequent analysis will therefore focus on the final transaction price in each period, denoted
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Figure 6: Transaction Prices in Env-b Inexperienced Session 2

Note: Connected black dots show sequences of transaction prices in each of the 14 periods of one session.
Horizontal axis labels show aggregate private information, e.g., 1.(4/8) H(2/8) means that 4 of the 8 balls seen
by Low precision traders were black, and 2 of 8 balls seen by High precision traders. Fully aggregated Bayes
expected asset values are plotted as red dashed lines.

v below.

4.2 Tests of Main Hypotheses

Recall that our first main hypothesis, MH1, predicts that, in some environments, market prices
will overreact more when traders as a whole are more overconfident. To test this hypothesis,
we form the dependent variable R = (v —V*)sgn(V* —200) where v is the final price in a given
trading period and V* is the fully aggregated price from equation (3) that period. A positive
value of R indicates over-reaction to either good news (V* > 200) or bad news (V* < 200), while
a negative value indicates under-reaction. The key explanatory variable is the average level
of overconfidence across traders. Controlling for environmental level effects with indicator (or
dummy) variables 1. for environments e = al,aH and b with e = ¢ as the baseline, we focus

on the interaction coefficients . in the regression

R = Bo + B + Bar@Lar + BarZlom + BTy + Pu,, Lar + Buyy Lo + Bi, Ls. (5)

Table 4 reports the results. The negative constant coefficients tell us that our markets gen-
erally under-react to information. The average level Z of overconfidence across traders has an
insignificant impact in the inexperienced sessions except possibly in the homogeneous low in-
formation environment al. and in the unambiguous mixed environment b, where overconfidence
tends to offset under-reaction, i.e., it pushes prices towards (or possibly beyond) V*, consistent
with MH1. That directional impact is much larger and highly significant in environment b in
experienced sessions. Surprisingly, in the ambiguous environment ¢ in those sessions, the impact
goes in the opposite direction, towards under-reaction; although the point estimate is closer to

zero it remains highly significant. Appendix A.11 reports similar results for overconfidence in
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Table 4: Coefficient Estimates for Equation (5)

Inexperienced Experienced

Be -100.9  (163.6) | -292.2***  (61.04)
BarL 536.1%  (262.4) 631.6 (860.8)
Barr 9.567 (176.0) | -141.2 (161.1)
B 457.6%  (219.4) | 957.7***  (99.54)
B, 18.31**  (6.941) 6.496 (15.28)
B,y 45.11%%%  (7.935) | -9.062 (7.342)
B, 7.033 (4.859) | -31.01%**  (0.446)
Constant  -86.21%** (4.245) | -28.53***  (0.0282)
Nobs 196 84

R-squared 0.282 0.124

Note: The dependent variable uses the last transaction price in a given period for v; Appendix A.11 reports
similar results using the average of the last two transaction prices. With 14 periods per session, and 5+5+4 =
14 (242+2 = 6) sessions with inexperienced (experienced) subjects, Nobs is 14x14=196 (14x6=84) for the left
(right) columns. Standard errors (in parentheses) are all clustered at the session level. *** indicates p<0.01,
** p<0.05, * p<0.10.

Q2 responses, albeit with lower significance levels. It also reports generally insignificant results

for Q3 overconfidence. To summarize, we have

Result 4 (MH1) Prices in our asset markets generally under-react to aggregate information.
Consistent with MH1, trader overconfidence offsets that effect in mixed precision environment

b with experienced subjects, but not in ambiguous environment c.

General underreaction is not surprising since the target V* is so often very close to an
endpoint, V' = 100 or 300. In retrospect, the sharp contrast between the unambiguous (b)
and ambiguous (c¢) mixed precision environments may arise from low-precision traders’ greater

reliance on observed market prices in the unambiguous environment.

We now turn to the question of how overconfidence affects individual traders’ market be-
havior. Here we focus on overconfidence revealed in Q2, on subjective asset valuation, since
it pertains most directly to trading strategies; see the Appendix A.12 for similar results using
Q1. We therefore use the overconfidence index z = (v — V*)sgn(V* — 200) from equation (4),
and estimate its impact on individual trading profit # = nd + R — C'. Since over- and under-
confidence do not necessarily have a symmetric impact, we break the sample into overconfident
(x > 0) vs underconfident (z < 0) traders and (to get consistent signs) we use the absolute

value of x in the following regression.

= Bo + Belx| + Bar|®|Lar, + Barr|x|Lam + Bolz|Ly + B, Lar + B,y Lan + Ba,Lp (6)

Table 5 reports the coefficient estimates (and robust standard errors). In the ambiguous
precision baseline treatment c, being overconfident tends to impair profits, quite significantly

so in experienced sessions. In that environment, being underconfident may boost profits in
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inexperienced sessions, but the effect size shrinks considerably and significance disappears in
experienced sessions. In homogeneous environment a, overconfidence boosts (and underconfi-
dence impairs) profits in low precision experienced periods; those effects are smaller and in-
significant in inexperienced sessions. Those impacts are inconsistent (and often insignificant) in
the high-precision homogeneous environment aH. In the unambiguous heterogeneous precision

environment b, overconfidence enhances profit, significantly so in experienced sessions.

Table 5: Coefficient Estimates for Equation (6)

Inexperienced Experienced

VARIABLES Over se Under se Over se Under se
5. -0.828  (1.085)  2.779*  (1.362) | -4.318*** (0.701) 0.772 (0.409)
Bar 0.773 (1.215)  -1.955  (3.974) | 2.869*** (0.707) -9.336** (2.457)
Bant 1736 (1.139) -3.591%F%  (1.562) | 1.907  (2.576) 1.011*  (0.470)
By 0.745 (1.614)  -0.156  (1.790) | 4.983**  (1.647) 3.712 (2.731)
B, 60.66 (46.99) 139.0 (116.5) -17.40 (23.71) 241.9**  (87.02)
B, 65.16 (43.35) 70.83 (57.23) | -133.9%% (50.15) -80.43*%* (20.46)
B, -31.57  (69.64) -71.37  (69.04) | -236.5%* (69.54) -191.8  (128.8)
Constant 410.0%**  (41.78) 316.5%** (46.94) | 527.6%**  (20.73) 462.9*** (10.40)
Observations 714 523 310 195

R-squared 0.020 0.066 0.091 0.100

Note: Coefficient estimates for the restricted sample of overconfident (resp. underconfident) traders are re-
ported in the columns labeled “Over” (resp. “Under”). All regressions cluster standard errors at the session
level. *** p<0.01, ** p<0.05, * p<0.1.

Result 5 (MH2) Overconfidence significantly boosts (resp. impairs) experienced traders’ prof-
its in environments b and aL (resp. c) but elsewhere has little impact on overall trader profits.
Underconfidence may impair trader profits in environment al, but elsewhere has inconsistent

and/or insignificant impact.

We now turn to the finer-grained predictions of MH2 concerning observable elements of a
trader’s performance: their trading volume, their tendency to buy low and sell high, and their

tendency to act as a market maker or taker. Contingency table 6 sets the stage for that analysis.

Table 6: Instances of Buy and Sell Volume

# of Sell:  # of Sell:  # of Sell:  # of Sell: | Sum of
0 1 2 More Obs.
# of Buy: 0 79 112 300 0 491
# of Buy: 1 99 105 128 110 442
# of Buy: 2 7 57 42 80 256
# of Buy: More 129 43 48 159 379
Sum of Obs. 384 317 518 349 1568

Note: Entries report the overall number of instances (in all environments) in which a trader buys and sells
specified numbers of units in a single period.

It shows that fairly often (in 300 of 1568 instances) a trader never buys and simply sells both
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her endowed shares. In about 20% of all instances the trader is an active market maker, selling
at least 2 shares and buying at least 2 shares, and in about 5% of instances the trader does
not trade at all. Appendix A.13 shows that the same general patterns are also seen in most

environments separately.

We shall now examine more carefully the 772 instances where a trader both buys and sells
in a single period. For those data, we run regression (7) below to study whether overconfidence
coincides with trade at less favorable prices. The dependent variable is GG, the “Sell-Buy-Gap”
defined as the average price at which a trader sold asset units in a given period minus the
average purchase price, i.e., their success in “buying low and selling high.” Control variables
include the pre-trade Q1 overconfidence index x together with the usual environment dummies.

Inferences again are based on the interactions of  with those dummies in the regression:

G = By + Bew + Barxlar + Banxlom + Byxly + Bu,, Loz + B,y Lam + B1,1s (7)

Table 7: Coefficient estimates for Sell-Buy-Gap, equation (7)

Inexperienced Experienced
VARIABLES  Maker se Taker se Maker se Taker se
Be 55.09 (32.66) -11.39  (17.17) 9.739 (18.67)  -33.16  (29.71)
Bar -143.2***  (38.33)  -36.58  (29.73) | -64.22  (36.30) -126.8** (35.39)
Ban -70.53*  (37.64) 1.873 (51.30) | -94.21%F*  (20.27) 109.1 (116.7)
B -23.50  (35.03) 2.887 (22.37) | -44.61 (33.62) -17.94  (35.54)
B, 3.526 (2.870)  -3.230  (4.311) | -34.33*** (7.073) -48.78** (16.85)
B,y -0.0671  (2.587) -12.28*F*F (3.806) | -33.97*** (3.728) -31.17**  (10.86)
b1, 12.54%%% (0.487) -18.78%%F (0.839) | -71.94%*** (1.289) 32.24*¢* (1.171)
Constant 17.67%%% (0.479) -12.06™%* (0.582) | 78.37*** (0.962) -41.43*** (0.728)
Observations 374 289 149 107
R-squared 0.077 0.065 0.257 0.143

Note: Regressions cluster standard errors at the session level. *** p<0.01, ** p<0.05, * p<0.1

Table 7 reports the regression results separately for makers (instances in which the trader
had both an accepted bid and an accepted ask) and takers (where a trader accepted both a
posted bid and a posted ask). The constant terms indicate that the effective bid/ask spread
is about 15 (~ [17.7 — (—12.1)]/2 in baseline inexperienced sessions and is considerably wider

6 There is some evidence that overconfidence seems to

(!) in baseline experienced sessions.
impair (or underconfidence seems to boost) both makers’ and takers’ pricing success in the
homogeneous information environments al. and makers’ in environment aH, but overconfidence
has no discernible pricing impact in the heterogeneous environments b and c. Parallel results

are reported in Appendix A.14 for x computed using Q2 responses.

Result 6 (MH2bc) Takers tend to trade at less favorable prices than makers. Overconfidence

may worsen makers’ transaction prices in the homogeneous environments al and aH, and

6Readers might wonder why the experienced maker and taker constant coefficients don’t approximately offset
each other. The discrepancy seems largely due to a single trader with x = —34 and a sell-buy-gap = -159.
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perhaps also takers’ in alL.

Trading volume is the other key component of makers’ profitability. To investigate, we run
similar regressions with dependent variable M = the number of a maker’s offers accepted in a

given period:
M=0y+pc-x+Bar-x - Lop+ Porr -2 Lo+ Bp-x- Ly + Ba,, Lo + B,y Lam + Ba,1s (8)

Table 8 reports the null results. Appendix A.15 reports parallel regressions for taker volume,

also with null results.”

Table 8: Coefficient Estimates for Maker Volume, equation (8)

Inexperienced Experienced
VARIABLES Q1 Q2 Q3 Q1 Q2 Q3
Be 0.0909 0.00290*  -0.00599 -2.342 -0.00478  -0.0997
(0.842)  (0.00141)  (0.0295) (1.516) (0.00774)  (0.0588)
BaL -0.267  -0.00923**  -0.0577 3.541* 0.00834 0.0647
(1.223)  (0.00419)  (0.0533) (1.612) (0.0101)  (0.0806)
Ban 0.538 0.000399  -0.101* 3.886 0.00505 0.0664
(0.975)  (0.00398)  (0.0500) (2.019) (0.00798)  (0.0612)
B -0.440 -0.00428  -0.0250 0.144 0.00594 0.0954
(1.309)  (0.00469) (0.0732) (1.589) (0.00796)  (0.0708)
B, 0.139 0.288** 0.153** | -0.731***  -0.903*%** -0.765%**
(0.0837) (0.107) (0.0634) | (0.0372) (0.109) (0.0263)
B, 0.223%%  0.285***  (0.202%FF | _0.447***  -0.565%F*  -0.465%**
(0.0808)  (0.0845)  (0.0782) | (0.0654) (0.110) (0.0198)
B, 1.478%**  1.560***  1.472%** | _0.160*** -0.129  -0.157%**
(0.0279)  (0.0172)  (0.0234) | (0.00294)  (0.0950)  (0.0189)
Constant 1.507#** 1. 47h%Fk ] ATHRRK | 1 556K 1.613%F*  1.550%**
(0.0224)  (0.0100)  (0.0221) | (0.000698) (0.0916)  (0.0189)
Observations 1,526 1,464 1,568 663 631 672
R-squared 0.095 0.104 0.099 0.109 0.100 0.102

Note: Columns headed “Q17, “Q2”, and “Q3” indicate that the explanatory variable x is elicited via survey
questions 1, 2, and 3, respectively. Standard errors in parentheses are clustered at the session level. *** p<0.01,
*% *

p<0.05, * p<0.1

Result 7 (MH2a) Overconfidence has little or no systematic effect on maker volume in our

experiments.

An interpretation of the last two Results is that overconfidence tends to impair makers’
profits in our homogeneous environments, mainly via a less favorable spread between accepted
bid and accepted ask prices. In other respects, overconfidence seems to have little systematic

impact on makers’ and takers’ profitability.

"While our data shows no significant impact of overplacement on trading volume, the result is consistent
with Glaser and Weber (2007) and Liu et al. (2022) in that overprecision does not predict excess trading.
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4.3 Does Overconfidence Survive Market Exposure?

Finally, we examine the reciprocal effect of market participation on traders’ overconfidence. Re-
call that it is infeasible to properly measure post-trade overconfidence for Q1 and Q2. Therefore
Figure 7 below, and the corresponding figure for experienced sessions in Appendix A.16, use

only Q3 responses. These figures suggest, and the Wilcoxon summed-rank tests reported in
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Figure 7: Pre vs Post-Trading Overconfidence (Question 3)

Note: More negative (resp. positive) entries in each panel indicate more under-(over-)confident traders.

Table A21 confirm, that the distribution of overconfidence is largely unaffected by market

participation.

Result 8 (MH3) Trading experience does not substantially attenuate traders’ overconfidence

(measured by question 3) in any of the environments we examined.

Although it contradicts the venerable tradition going back to Alchian (1950), this finding is
consistent with some previous literature, e.g., Huffman et al. (2022), Murad and Starmer (2021),

Banerjee et al. (2020), Hoffman and Burks (2017).

5 Conclusion

Our results can be summarized briefly. First, correlations indicate no substantial gap between

overconfidence in valuation and in assessing probabilities. However, consistent with the recent

distinction between overprecision and overplacement overconfidence, we find a substantial gap

between overconfidence in terms of profit rank and our other two overconfidence measures.
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Our second preliminary result adds a bit of nuance to previous research on information
dissemination and aggregation in asset markets. When at least half our traders receive high
precision signals prior to trade, their post-trade beliefs better reflect aggregate information,
despite the fact that the aggregate information is more precise in such cases and thus creates
a harder target to hit. On the other hand, market participation has little impact on beliefs
when the pre-trade private information has low precision. Likewise for information aggregation:
asset prices better reflect aggregate private information when at least half of it is high precision

(especially in the ambiguous precision environment c), but not when it is all low precision.

Our main results concern the impact of trader overconfidence on market outcomes, and vice
versa. In our asset markets, asset price generally under-reacts to aggregate information. An
increase in traders’ average overconfidence pushes asset price closer to its rational expectation
level in our unambiguously mixed precision environment, but not in our most challenging and
realistic environment with ambiguous mixed precision. At the individual level, we find that
trader overconfidence boosts experienced traders’ profits in the unambiguously mixed environ-
ment but impairs them in the ambiguous environment. Taken together, the last two results

suggest that overconfidence is more profitable when prices tend more towards overreaction.

We also conduct a finer-grained analysis of the sources of trader profitability. Makers (those
who post offers in the order book) tend to trade at more favorable prices than takers (those who
accept the posted orders). We find some evidence that overconfidence reduces the favorability
of makers’ transaction prices in our homogeneous environments, but no evidence that it impacts

makers’ trading volume.

As to the reverse impact, a bit to our surprise, we are unable to detect any systematic impact
of market exposure on traders’ overconfidence. This supports skeptics, such as De Long et al.
(1990), Kyle and Wang (1997), and Odean (1998) of the traditional Alchian (1950) argument.
Of course, in our laboratory market, traders are not reliably punished for irrational over (or
under) confidence. Given that, it is perhaps less surprising that market experience fails to

eliminate over (or under) confidence.

Our experiment is exploratory, but we hope that it will encourage future research on in-
teractions between trader overconfidence and asset market performance. Such work will help
sharpen theoretical understanding, and may also help financial market regulators who seek to

improve access and market performance.
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Appendix
A Supplementary Figures and Tables

A.1 Notes for Data Cleaning

e There are a few instances of misreported data. For example, there occasionally is no response
to some survey questions, typically because the subject spent too much time thinking about
their responses and didn’t realize that time had run out for the current page. Another sort
of misreport, also rare, is an out of range response, e.g., the subject accidentally reported a
probability of 120% for Q1. In such cases we used the midpoint of the admissible range (e.g., p
= 0.5) as the response for the pre-trade survey, and for the post-trade survey we used the answer

from the pre-trade survey.

e 4.90% (1.20%) of the observations from inexperienced (experienced) sessions are corrected as

above.

e We also considered simply omitting all such misreported observations. As one might expect, this

does not substantially alter the results.
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A.2 Overconfidence Across Environments

Here we collect analogues of Figure 4: empirical cumulative distribution functions of overconfidence

indices z for all three questions, by experience level.
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Note: Figure Al replicates figure 4 using elicited data of question 2 (top) and question 3 (bottom) from

inexperienced sessions. Similar to figure 4, the left (right) panel is the L-(H-)pren signal precision. Within each
panel, the farther away to the left (right), the more under-(over-)confident the trader is.
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Experienced Sessions
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A.3 Belief Errors Biases
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Experienced Sessions
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A.4 Level Of Confidence (Inexperienced Sessions)

The level of confidence is defined by the percentage deviations of traders’ elicited beliefs from Bayesian

P, from V*, and from “actual rankings”. For question 2 and question 3, we rescale the deviation by

dividing their z by the possible range of the answers, i.e., /200 for Q2 and z/8 for Q3. In this case, the

levels of all three questions fall into the same interval of [—0.5,0.5]. We compare the levels conditional

on different signal precision. The following two figures illustrate the pattern of inexperienced sessions.
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Overall, the level of over and underconfidence are stronger in Q3 than the other two questions.

When comparing Q1 and Q2 confidence levels, signal precision seems to have an effect. When traders
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hold L precision signals, traders are more overconfident in Q2 than Q1 (consistent with Fan et al.
(2021)), but exhibit similar level of underconfidence. However, the patterns are reversed when they
hold H precision signals. The patterns are similar in experienced sessions, which are shown in Appendix
AL,
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A.6 Transaction Prices, Env-a
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Note: Transaction Prices in black (gray) means this period is in environment aL. (aH).
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A.7

Transaction Prices, Env-b
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A.9 Transaction Prices, Experienced Sessions
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Figure A16: Transaction Prices Under Env-b (Two sessions)
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A.10 Price Convergence and information aggregation

Noussair et al. Method.

We adapt the methods of Noussair et al. (1995), and estimate equation (9) below. The dependent
variable y is the pricing error | — V™|, the absolute value of the deviation of actual price v from rational
expectations price (or Bayesian posterior expected asset value given all realized private information) V*
in equation 3. The explanatory variables include session-dependent transitory terms D;(1/t),® which
vanish asymptotically as the number of periods t gets large, and a session-independent permanent term
(t — 1)/t that converges to 1.0. Those terms are interacted with treatment dummies (1,7, Lop, 1,

and 1.), with Environment c taken as the baseline.

Yit _ZIBCLLZ‘D ]laL + Z/BGH’LD ]laH + Zﬁsz ]lb + Z/BClD ]l )+ ( )
9

—1 t 1 t 1 1
+ 5c( )+ Barlar(——) + Bar Lo (——) + ﬂb]lb( ) +u
Table Al: Regressions of Convergence
Inexperienced Experienced
VAR P-Error P-Error Spread P-Error P-Error Spread
(Last Price) (Last Two Prices) (Last Price) (Last Two Prices)
Be 86.07*** 83.89%*** 27.93%** 4.826 4.009 24 .22%%*
(17.74) (17.04) (6.377) (17.17) (17.67) (10.39)
Bar -14.10 -7.945 2.451 69.73%H* 76.93*** 33.81*
(28.50) (27.52) (11.86) |  (24.76) (25.12) (20.14)
Bur -50.33* -38.46 -16.92 38.59 60.12%* 15.79
(28.51) (28.03) (12.07) (27.14) (29.95) (18.54)
B -5.693 2.435 -3.184 55.92%* 56.65%* 10.02
(31.37) (29.89) (10.54) |  (28.72) (28.02) (14.55)
Obs. 196 196 195 84 84 84
R? 0.702 0.728 0.663 0.395 0.424 0.620

Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1

Table A1 shows our estimates for the permanent terms in equation (9), which are intended to pick
up what would happen when the empirical convergence process is complete. The “actual price” v in
the first column in the Table is the last transaction price each period, while in the second column v
is the average of the last two transaction prices. The third column replaces the dependent variable

pricing error by “Spread,” the difference between the last best ask and the last best bid.

The results may seem a bit surprising. In inexperienced sessions, the baseline environment c is
not at all conducive to convergence to the fully aggregated asset value (typically near 100 or 300); the
estimated price error is over 80 and highly significant, and the estimated spread of almost 28 is also
quite large and significant. Price errors on average are considerably less (by around 40 or 50, i.e., about

half as large) in the high precision treatment aH, but there is so much variability across sessions that

8Here D; is a session dummy variable. Equation 9 assumes 5 sessions for most treatments, as in the inexpe-
rienced data, but of course in the experienced data the sums are just ¢ = 1 to 2.
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the reduction is at best marginally significant. The other environments seem to have somewhat better
convergence than baseline but not significantly so. By contrast, convergence in experienced sessions is
remarkably good for baseline environment c: price errors are typically only about 5. Spread in env-c
decreases only slightly, however, relative to inexperienced sessions. Not surprisingly, price errors are
considerably larger in the other experienced treatments, and the difference is highly significant for al,,

the environment with least precise private information.
Page and Siemroth Method (Environment-a)

After rescaling the prices into the interval |0,1], the fully aggregated Bayes expected asset value is
simply the Bayesian posterior (P) of state G given the realized draws for all 8 subjects:
¢" - (1-g)" K
gf (L= g)N K 4 N K- (1—g)F
where Sy is the set of all available signals, thus N = 16. ¢ = 0.6(0.8) if the period is L-pren (H-pren)

period. K is the total number of realized black balls in each period.

P = Pr(G|Sy) =

The model from Page and Siemroth (2021), however, assumes the market can incorporate a subset of
the available signals into the prices. The observed prices are set as if the market incorporates a randomly
drawn (without replacement) subset S,, C Sy. Therefore, the observed prices only incorporate n < N
of all the signals and correspondingly &£ < K number of black balls:

¢ -(1—q""
¢" - (L—q)" k4 gn=F- (1 - g)*’
where, n = [AN] and A € [0,1] is the proportion of all available signals used and it is the main

P = Pr(G|Sy) =

parameter of interest. [x] is the ceiling function. In order to estimate A, the model assumes that the
observed prices (denoted as P, for trading periods m = 1,2, ..., M) are generated by:

¢ (1 I
qF - (1 — q)IANT=k 4 g[ANT=k . (1 — g)*’

where the stochastic deviation ¢, is assumed to be normal: €,, ~ N(0, 02), and o is also a parameter

Pp =P\ k) +en < en=P,—

(10)

to be estimated. Then the model assigns a probability of observing a specific market price P, given
(N E,o):

Pr(Py|\ ko) = ¢(%’”)/a - ¢(W)/a,

where ¢(x) is the standard normal density. Also, the probability of drawing a specific k given A is:

() (A7)

k
()

Now, given all the above components, the likelihood of observing market price P, given the model is

Pr(k|\) =

the probability of drawing an information subset with k black balls and an error term e€,, such that

P, = P(\, k) + €. Thus,

k=min{[AN],Km}
Pr(Pp|\, o) = > Pr(Pp|\ k, o) - Pr(k|\)
k=maz{0,[AN]—-N+K,,}
qk,(l_q [AN]—k

k {[AN],Km} (Pm qk.(1_q)rw1k+qrAN1k.(1_q)k> (Kk )([ZXN{(_IC)
¢ Jo - &
()

g
k=maz{0,[AN]-N+K,,}
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The objective of this estimation is to find (5\, &) that maximize the overall log-likelihood of observing

the prices (p1,p2, ..., par) in M trading periods:

M

(A\,6) = argmax Z InPr(Pp|\, o)
A€[0,1],0>0 m=1
Due to the ceiling function in n = [AN], A and o are not continuous, and therefore, A and o both

take values in the interval of [0, 1] in 0.01 steps, meaning that A € [0,1] N {0+ 0.01 - {};—0

slyeney

100, and

similarly for o.
Page and Siemroth Method (Environment-b and Environment-c)

The estimation of A in the other two environments are different because we have two signal precision
in the market. Bayesian posterior is the following:
0.652 . 0.4Ne =K . .8Kn . 0.2Nr —Kn

P =Pr(GlSy) = 5o 0.5 —F2 - 0.8Kn 0.2 K 1 0.6M—Kr - 0.4K: - 0.8V K - 0.9Fn

In each market, the total number of private signals are N = Ny + Ny = 16. We have N, = Ny =8
means both L-pren and H-pren provide 8 balls and K (Kp) refers to the number of black balls from
L-pren (H-pren). Like the original model, n = [AN] indicates the number of the private signals
incorporated into the price, which is a subset of N. But, in environment b and ¢, we need to figure out
how many of n is L-prcn and how many is H-pren. Since we have half traders receive L-pren and the
other half receive H-prcn, we assume n is splitted evenly between these two precisions. Therefore, we
have n = ny +nyg and ny, = nyg = [%N |. Therefore, we would have Bayes posterior given the subset
of signals equal to:

0.6%z . 0.4nL=FL . 0.8Fm . 0.2nH—kn

0.6%z - 0.4nL—kL . 0.8kH . 0.2na—kE 4 (.67~ kL . (.4kL . (.8nH—ku . (. 2ku
and the probability of observing the market price P, given the parameters is:
P, — P(\ ky, kH)>/a

g

P = Pr(GI\ ki, kn) =

Pr(Pu|\, ki, ki, 0) = qb(%m)/a = o(
Similar to the original model, we can find the upper and lower bound for k;, and k:
kr € [maz{0,ny — 8+ Kpm},min{nr, Kpm}|, and kg € [maxz{0,ng — 8 + Ky m}, min{ny, K m}|

The probability of drawing a specific k;, and kg given A is:

(e () (R (5 Ko
Pr(kp|\) = — EN]_kL ,and Pr(kg|\) = —— ENW_}CH
(raw) (1a7)

The modified version of the model looks like:

Pr(Pp|X,0) = >3 " Pr(Pn|X kp, ki, 0) - Pr(kg|A) - Pr(ku|\)

kg ki
P — By(\ ki, k
= ZZ¢>< " mf, . H)>/o - Pr(ky|A) - Pr(ky|A)
kg ki
Again, the objective is to find (;\, &) that maxmize the overall log-likelihood of observing the prices
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in M markets,

M
(\,6) = argmax InPr(Ppn|\, o)
AE[O,l],O’>O m=1

Table A2: Estimated A and v (Last Price)

In-experienced Experienced | Inexperienced Experienced
Data A A (0 (0
Env_aL 0.06 0.37 0.02 0.25
[0.00,0.25] [0.00,0.50] [-0.19,0.24| [-0.15,0.54|
Env_aH 0.12 0.25 0.72 0.68
[0.12,0.31] [0.12,0.34] [0.60,0.82] [0.43,0.89]
Env_b 0.12 0.25 0.48 0.52
[0.12,0.25] [0.12,0.37] [0.39,0.60] [0.29,0.77]
Env_c 0.12 0.25 0.34 0.73
[0.00,0.12] [0.12,0.50] [0.22,0.44] [0.55,0.91]

Note: This table replicates Table A3 using the very last transaction price in each period.

To check the robustness of these results, we examine alternative measures of information aggre-
gation. Recall the discussion in Section 2.1 of Page and Siemroth (2021)’s A. The same paper also
defines “price accuracy” as ¢ = min{l,(p — 0.5)/(P — 0.5)}, where (only in the current paragraph)
p and P are the actual price v and fully aggregated value V* rescaled from their natural range [100,
300] to the unit interval [0,1]. Thus this notion of price accuracy is in some ways reminiscent of our
overconfidence index x, but the minimum operator ensures that v cannot exceed 1, thereby treating
prices that overreact to information as if they reacted correctly. To estimate average accuracy v of the
(average of the last two rescaled) observed prices p,, in reaching fully aggregated rescaled prices P,

in period m =1, ..., M, one reports the fitted coefficient in the regression
Yin = (P — 0.5) + € (11)

where
min{py, — 0.5, P, — 0.5}, if P, > 0.5,

max{pm — 0.5, P,, — 0.5}, if P, < 0.5.

Y, =

Table A3 collects the results. Consistent with the previous table, it indicates that markets ag-
gregate information best in experienced sessions in environment ¢, and also quite well in aH, even in
inexperienced sessions. The A measure indicates that experienced sessions do better than inexperienced

sessions in all environments, and agrees that aggregation is worst in inexperienced al. sessions.
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Table A3: Estimated A and ¢ (Last Two Prices)

Inexperienced Experienced | Inexperienced Experienced
Data A A P Y
Env_al 0.06 0.25 0.05 0.24
[0.00,0.31] [0.00,0.50] [-0.16,0.22] [0.03,0.59]
Env_aH 0.12 0.25 0.69 0.64
[0.12,0.31] [0.12,0.37] [0.59,0.78] [0.34,0.88]
Env_b 0.12 0.12 0.47 0.5
[0.12,0.25] [0.12,0.37] [0.34,0.57] [0.30,0.69]
Env ¢ 0.12 0.25 0.35 0.72
[0.00,0.12] [0.18,0.50] [0.26,0.43] [0.52,0.88]

Note: The 95% confidence intervals below the estimated A and v are calculated via the non-parametric per-
centile bootstrap method, which resamples (with replacement) the market periods within each environment 100
times to determine the final confidence intervals. We also estimate A and ¢ using the last transaction price in
each period, the results are similar, please see table A2.
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A.11 Overconfidence on Market Prices

Table A4 replicates Table 4. The column titled “Last One” (“Last Two”) refers to the regression using
the very last price (the average of the last two prices). Table A5 and Table A6 replicate Table 4 using
x measured by Q2 and Q3.

Table A4: Coefficient Estimates for Equation (5), Question 1

Inexperienced Experienced
Last One Last Two Last One Last Two

B, -100.9 (163.6) -75.77 (168.5) | -292.2%**  (61.04)  -344.3**  (91.42)
Bal 536.1* (262.4) 430.8* (242.9) 631.6 (860.8) 508.0 (964.7)
Ban 9.567 (176.0) 0.467 (177.5) -141.2 (161.1) -10.19 (177.0)
By 457.6* (219.4) 376.4 (235.7) | 957.7***  (99.54)  1,035%**  (169.4)
B1,, 18.31**  (6.941) 17.06%*  (6.346) 6.496 (15.28) -1.752 (18.67)
B,y 45.11%%  (7.935)  39.27***  (6.953) -9.062 (7.342) -16.04 (9.379)
B, 7.033 (4.859) 6.973 (5.122) | -31.01%**  (0.446) -27.86***  (0.808)
Constant -86.21%%%  (4.245) -83.56***  (4.372) | -28.53***  (0.0282) -31.00*%** (0.0423)
Observations 196 196 84 84
R-squared 0.282 0.280 0.124 0.123

Table A5: Coefficient Estimates for Equation (5), Question 2

Inexperienced Experienced
Last One Last Two Last One Last Two

Be 0.196 (0.693) 0.0583 (0.625) | -0.521*%** (0.104) -0.731*** (0.0521)
Bl -0.0857  (0.898)  -0.0423  (0.776) 2.119* (0.954) 1.919 (1.233)
Ba -0.708 (0.754) -0.580 (0.675) | -0.907*  (0.371) -0.830 (0.534)
By 0.376 (1.156) 0.607 (1.033) | 2.638**  (0.681) 2.870** (0.808)
B1,, 23.38%F  (9.132) 21.48**  (7.679) -32.62 (21.73) -33.63 (24.24)
B,y 42.62***  (9.720) 36.10%**  (8.042) | -13.56*** (1.398) -24.36™** (3.364)
B, -1.212 (5.343) -0.897 (4.812) | -70.76*** (9.628) -70.46***  (11.46)
Constant -84.99%**  (4.944) -82.01%FF  (4.462) | -22.61*** (1.206) -22.67***  (0.605)
Observations 196 196 84 84
R-squared 0.255 0.264 0.174 0.179
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Table A6: Coefficient Estimates for Equation (5), Question 3

Inexperienced Experienced
Last One Last Two Last One Last Two

Be -10.81 (11.78) -8.367 (11.43) 10.07 (15.17) 10.58 (14.09)
Bar 25.33 (16.96) 24.77 (16.77) | -74.81** (24.74) -72.06™* (26.28)
Bon 12.33 (15.23) 7.668 (13.76) 44.34 (59.68)  68.92*%F  (21.33)
By 18.76 (16.09) 15.97 (16.02) -16.76 (41.96) -20.18 (36.53)
B1,, 30.25%%  (12.01)  25.98**  (11.05) 16.63 (12.80) 14.70* (7.134)
B,y 52.29%**  (10.34) 45.41***  (9.657) -6.786 (21.62) -25.29 (13.30)
B, 5.832 (8.928) 5.537 (8.668) | -31.17*** (5.072) -27.86*** (4.686)
Constant -91.70***  (8.837) -87.87FFF (8.570) | -31.90*** (4.876) -34.56*** (4.529)
Observations 196 196 84 84
R-squared 0.250 0.257 0.071 0.081

A.12 Overconfidence on Trading Profit

Table A7: Overconfidence on Trading Profit (x measured by Question 1)

Inexperienced Experienced

VARIABLES  Over (se) Under (se) Over (se) Under (se)
Be -215.7  (230.5) 215.5 (196.6) | -496.4*** (20.00)  -141.3  (197.3)
Bar 453.6  (490.7)  -480.5  (584.9) | -0.469  (219.5) -1,427FFF (197.3)
Barr -500.1  (381.7)  -190.8  (280.8) | -773.7  (599.2) 309.3 (363.7)
B -389.9  (319.3)  -156.9  (386.8) | 221.3**  (79.41) 45.38 (544.2)
B1,, 43.52 (54.65) 40.23 (62.45) | -15.06  (27.60) 188.1*%** (21.59)
B,y 109.6**  (44.91) -112.3*** (37.14) 68.75 (38.75)  -87.59*  (38.99)
B, 90.55%*  (33.79)  -54.79  (59.21) | 13.85* = (6.481) -28.95  (61.93)
Constant 376.6%FF (21.45) 449.5%*F*  (25.51) | 413.3***  (1.648) 459.9%**  (20.49)
Observations 652 513 234 237

R-squared 0.040 0.036 0.039 0.030

Note: This table replicates table 5 with = measured by survey question 1.
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A.13 Summary of Buys and Sells

Inexperienced Sessions

Table A8: Summary of Buys and Sells (Env-aL)

# of Sell:  # of Sell: ~ # of Sell:  # of Sell: | Sum of
0 1 2 More Obs.
# of Buy: 0 13 20 28 0 61
# of Buy: 1 27 32 34 21 114
# of Buy: 2 15 14 8 13 50
# of Buy: More 15 5t 10 25 55
Sum of Obs. 70 71 80 29
Table A9: Summary of Buys and Sells (Env-aH)
# of Sell:  # of Sell:  # of Sell: # of Sell: | Sum of
0 1 2 More Obs.
# of Buy: 0 11 19 48 0 78
# of Buy: 1 14 19 25 32 90
# of Buy: 2 12 10 15 12 49
# of Buy: More 23 11 10 19 63
Sum of Obs. 60 59 98 63
Table A10: Summary of Buys and Sells (Env-b)
# of Sell:  # of Sell:  # of Sell:  # of Sell: | Sum of
0 1 2 More Obs.
# of Buy: 0 31 35 124 0 190
# of Buy: 1 36 31 40 30 137
# of Buy: 2 34 18 12 38 102
# of Buy: More 52 13 13 53 131
Sum of Obs. 153 97 189 121
Table A1l: Summary of Buys and Sells (Env-c)
# of Sell:  # of Sell:  # of Sell: # of Sell: | Sum of
0 1 2 More Obs.
# of Buy: 0 24 38 100 0 162
# of Buy: 1 22 23 29 27 101
# of Buy: 2 16 15 7 17 55
# of Buy: More 39 14 15 62 130
Sum of Obs. 101 90 151 106
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Experienced Sessions

Table A12: Summary of Buys and Sells (All Envs)

# of Sell:  # of Sell:  # of Sell: # of Sell: | Sum of
0 1 2 More Obs.
# of Buy: 0 62 68 126 0 256
# of Buy: 1 63 48 36 38 185
# of Buy: 2 25 16 20 25 86
# of Buy: More 51 21 20 53 145
Sum of Obs. 201 153 202 116
Table A13: Summary of Buys and Sells (Env-al.)
# of Sell:  # of Sell:  # of Sell: # of Sell: | Sum of
0 1 2 More Obs
# of Buy: 0 18 16 13 0 47
# of Buy: 1 14 13 9 4 40
# of Buy: 2 8 2 1 4 15
# of Buy: More 5 3 0 2 10
Sum of Obs. 45 34 23 10
Table A14: Summary of Buys and Sells (Env-aH)
# of Sell:  # of Sell:  # of Sell:  # of Sell: | Sum of
0 1 2 More Obs.
# of Buy: 0 14 7 23 0 44
# of Buy: 1 14 5t 8 9 36
# of Buy: 2 6 2 2 3 13
# of Buy: More ) 6 ) 3 19
Sum of Obs. 39 20 38 15
Table A15: Summary of Buys and Sells (Env-b)
# of Sell:  # of Sell:  # of Sell: # of Sell: | Sum of
0 1 2 More Obs.
# of Buy: 0 15 22 40 0 7
# of Buy: 1 13 15 7 14 49
# of Buy: 2 7 4 6 12 29
# of Buy: More 13 8 10 38 69
Sum of Obs. 48 49 63 64
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Table A16: Summary of Buys and Sells (Env-c)

# of Sell:  # of Sell: # of Sell: # of Sell: | Sum of
0 1 2 More Obs.
# of Buy: 0 15 23 50 0 88
# of Buy: 1 22 15 12 11 60
# of Buy: 2 4 8 11 6 29
# of Buy: More 28 4 5 10 47
Sum of Obs. 69 50 78 27
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A.14 Overconfidence on Sell-Buy-Gap

Table A17: Overconfidence on Sell-Buy-Gap (Question 2)

Inexperienced Experienced
VARIABLES  Maker se Taker se Maker se Taker se
3. 0.0531  (0.0811) -0.220%  (0.120) | -0.0115  (0.0229) -0.250 (0.814)
Bar 0.283%*  (0.112)  -0.0996  (0.197) | 0.0465  (0.181)  0.221  (0.853)
Barr -0.145  (0.139)  0.109  (0.211) | -0.481%%* (0.0849) 0.257  (0.916)
By 0.0160  (0.0950)  0.162  (0.142) | -0.121  (0.0938) 0.146  (0.821)
Bi., 1911 (3.644)  -7.360  (5.601) | -37.67%%* (4.551) -66.32% (31.99)
Bi.. 1169 (2.579)  -17.83%%%  (4.485) | -38.99%%F  (0.571)  -59.08  (32.78)
Bi, 14.33%%%  (0.491)  -24.94%%% (2.996) | -69.10%**  (0.981)  20.10  (31.69)
Constant 15.68%%%  (0.191)  -6.262%  (2.952) | 76.72¥*¥* (0.0588) -25.18 (31.64)
Observations 362 266 144 105
R-squared 0.085 0.105 0.254 0.129
A.15 Overconfidence on Taker Volumes
Table A18: Overconfidence on Taker Volume
In-experienced Experienced
VARIABLES Q1 Q2 Q3 Q1 Q2 Q3
0, -0.655 0.00700 0.129 -0.0494 0.00685 0.108
(0.556)  (0.00453)  (0.174) (0.759) (0.00858)  (0.112)
Bar 0.354 -0.0103 0.00220 2.339 -0.00679 0.0147
(0.940)  (0.00587)  (0.177) (1.363) (0.0109) (0.158)
Bar 3.051%%*  _0.00231  -0.0272 1.281 -0.00410 0.143
(0.761)  (0.00468) (0.183) (2.007) (0.00874)  (0.112)
o 1.657**  -0.00511 -0.159 -1.682 -0.0135 -0.112
(0.660)  (0.00468)  (0.177) (2.997) (0.00909)  (0.113)
B, 0.204** 0.241%* 0.00415 | -0.504%** -0.373*%  -0.678%**
(0.0750) (0.121) (0.148) (0.0376) (0.174) (0.0567)
Bi,u 0.275%**%  (0.387*** 0.102 -0.301°%** -0.144  -0.505%***
(0.0741)  (0.0845) (0.147) (0.00344) (0.102) (0.0738)
b1, 1.430%*%*  1.253***  1.371%%* | 0.0441* 0.407**  -0.0901*
(0.0159)  (0.0324) (0.131) (0.0174) (0.110) (0.0359)
Constant 1.487**%*  1.455%**% 1 5R8*** | 1.373%F**  1.249%F* ] 492%**
(0.0148)  (0.0322) (0.131) | (0.000349)  (0.102) (0.0359)
Observations 1,526 1,464 1,568 663 631 672
R-squared 0.063 0.056 0.073 0.083 0.081 0.089
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A.17 Wilcoxon Signed-Rank (WSR) Test
Table A19: WSR Test on Confidence Levels
Inexperienced Sessions
Question 1 Question 2 Question 3 Question 3 (Posttrade)
L-sig | H-sig | L-sig | H-sig | L-sig | H-sig | L-sig H-sig
Hy : Env-a = Env-b | 0.0024 | 0.7746 | 0.3708 | 0.8372 | 0.0172 | 0.8431 | 0.0444 0.7162
Hy : Env-b = Env-c | 0.4668 | 0.0000 | 0.9722 | 0.0102 | 0.1019 | 0.1744 | 0.0615 0.0149
Hy : Env-a = Env-c | 0.0208 | 0.0001 | 0.4447 | 0.0142 | 0.6280 | 0.1456 | 0.9447 0.0087
Experienced Sessions
Question 1 Question 2 Question 3 Question 3 (Posttrade)
L-sig | H-sig | L-sig | H-sig | L-sig | H-sig | L-sig H-sig
Hy : Env-a = Env-b | 0.0003 | 0.7284 | 0.0056 | 0.0746 | 0.0603 | 0.9503 | 0.2217 0.5423
Hy : Env-b = Env-c | 0.1451 | 0.5232 | 0.0014 | 0.0487 | 0.6064 | 0.0813 | 0.6334 0.1847
Hy : Env-a = Env-c | 0.0165 | 0.8146 | 0.9740 | 0.8001 | 0.1593 | 0.0678 | 0.0593 0.0289
Note: This is the WSR test for figure 4 and figures in Appendix A1, and Appendix A2. The numbers in the
table are the p-values.

Table A20: WSR Test on Belief Errors Biases

Inexperienced Sessions
Env-alL | Env-aH | Env-b | Env-c
Question 1 | 0.3115 | 0.7009 | 0.4794 | 0.0036
Question 2 | 0.5846 | 0.3143 | 0.4132 | 0.7749
Question 3 | 0.3272 | 0.2747 | 0.0270 | 0.0202
Experienced Sessions
Env-alL | Env-aH | Env-b | Env-c
Question 1 | 0.0909 | 0.6234 | 0.9802 | 0.3022
Question 2 | 0.6002 | 0.9655 | 0.0903 | 0.4093
Question 3 | 0.9735 | 0.9734 | 0.1975 | 0.8672

Note: This is the WSR test for figure 5 and figures in Appendix A.3. Numbers in the table are the p-values.

Table A21: WSR Test on Confidence Levels Pre and Post Trading (Question 3 Only)

In-experienced Sessions

Env-a Env-b Env-c
L-sig | H-sig | L-sig | H-sig | L-sig | H-sig
Hy : Pre = Post | 0.3272 | 0.2747 | 0.0714 | 0.1744 | 0.1858 | 0.0489

Experienced Sessions

Env-a Env-b Env-c
L-sig | H-sig | L-sig | H-sig | L-sig | H-sig
Hy : Pre = Post | 0.9735 | 0.9734 | 0.2834 | 0.4662 | 0.8972 | 0.8722

Note: This is the WSR test for figure 7 and figures in Appendix A.16. The null hypothesis (Pre=Post) is that
traders’ overconfidence does not change significantly after trading in the market. Numbers in the table are the
p-values.
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A.18

Results Exclude Observations with Bayes Equal to 0.5.

Recall that our current definition of overconfidence says « is always categorized as overconfident and

take a positive value when P = 0.5. One of the obvious shortcomings of this definition is that this

does not allow underconfidence. This subsection presents relevant graphs and tables of z, excluding

observations that have P = 0.5. We denote these the results as “EXC.”

Figure A19 and A20 are measured x across environments excluding P = 0.5 cases. The systematic

patterns are the following: 1. Overall in inexperienced sessions, elicited beliefs in environment ¢ exhibit

more underconfident bias when traders hold H-prcn signals. 2. In experienced sessions, however, traders

who hold L-pren in homogeneous environment (environment a) are relatively more underconfident.

=
fi

% of Observations
04 06 08 10 0o 02 04 06 08

% of Observations

0.2

=
(=

i
| e —*— EnvalL
7 i -+- Envb
’_JJ & Env-c
| | |
0.5 -0.25 Bayes 0.25

0.5

-100

I
-50

[
Bayes

|
al

100

% of Observations

% of Observations

=
i

0.8

06

04

02

00

1.8

08

06

04

02

=
(=]

Env-aH
Env-b
Env-c

I
0.25

0.5

______________________________________________________________________

Env-aH
Erv-b
Env-c

-100

-50

Bayes

[
al

Figure A19: Q1 and Q2 Pretrade Over-/Under-confidence Inexperienced Sessions (EXC)

99

100



1.0

04 0.6 0.8

% of Observations

0.2

0.0

0.5 -0.25 Bayes

1.0

0.5

04 0.6 0.8

% of Observations

0.2

=
(=

-100 -50 Bayes

100

% of Observations

% of Observations

ol

0.8

06

04

0.2

1.8

08

06

04

02

=
(=]

—— Env-aH
7 -+- Envb
e Env-C
|
05 -0.25 Bayes 0.25 0.5
—+— Env-aH
7] -+- Env-b
& Env-c
|
-100 -50 Bayes 50 100

Figure A20: Q1 and Q2 Pretrade Over-/Under-confidence Experienced Sessions (EXC)

Table A22 has a similar pattern as Table 2, suggesting correlations of overconfidence are similar

with and without the P = 0.5 cases.
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Table A22: Overconfidence Correlations (EXC)

Inexperienced Sessions

‘ All Envs ‘ Env-alL | Env-aH | Env-b | Env-c

Corr(QL,Q2)  0.4TFFF  0.44FFF  (.34FFF (0 47FFF  ().33%%F
Corr(Q2,Q3)  0.03 002  -0.09  0.04 0.02
Corr(QL,Q3)  0.01 006  -0.07  0.01 0.03

(Obs.) (820)  (117)  (166)  (294)  (243)

Experienced Sessions

\ All Envs \ Env-aL | Env-aH | Env-b | Env-c

Corr(QL,Q2)  0.21FFF 0407 0.307%  0.13  0.28%%F
Corr(Q2,Q3)  0.10%  -021  -0.00  0.09  0.30%**
Corr(Q1,Q3)  0.02 0.17 004  -004  -0.04

(Obs.) 365) (1) (69)  (117) (128
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A.18.1 Overconfidence on Trading Profit

Table A23 replicates equation 6 but exclude P = 0.5 cases. Note that, before, we categorize = only
as overconfident when P = (0.5. Therefore, after dropping them, we only see changes in “Overconfi-
dent” columns. So the “underconfident” columns remain the same. The following table suggests that

excluding P = 0.5 cases does not have a significant impact on result 5.

Table A23: Coefficient Estimates for Equation (6) (EXC)

(1) (2) (3) (4) (5) (6) (7) (8)
VARIABLES Over se under se Over se Under se
5. -3.547FFF(0.970)  2.779%  (1.362) | -7.884*F*F  (1.466) 0.772 (0.409)
Bar -1.875 (2.276)  -1.955  (3.974) | 6.729%*  (1.826) -9.336™* (2.457)
Ban 9.408 (14.61) -3.591** (1.562) 6.149 (13.71)  1.011*  (0.470)
By 0.226 (2.614)  -0.156  (1.790) | 7.004***  (1.471) 3.712 (2.731)
B, 158.3*%*  (59.88) 139.0 (116.5) | -114.2*%* (35.57) 241.9** (87.02)
By, 2416  (119.1) 7083  (57.23) | -199.5  (127.3) -80.43%* (20.46)
B, -170.0%%*  (54.09)  -71.37  (69.04) | -294.8%** (27.78) -191.8  (128.8)
Constant 475.4%*%%  (18.75) 316.5%%F  (46.94) | 565.8*** (27.64) 462.9%** (10.40)
Observations 334 523 176 195
R-squared 0.067 0.066 0.172 0.100

Below, table A24 reports the same regression with z measured by Q1. The coefficients are mainly

insignificant.

Table A24: Coefficient Estimates for Equation (6) (z measured by Q1, EXC)

Inexperienced Experienced
VARIABLES Over se Under se Over se Under se
Be 625.4 (825.3) 215.5 (196.6) 1,973 (1,153) -141.3 (197.3)
Bar -289.0  (1,063) -480.5 (584.9) | -2,678%  (1,255) -1,427*** (197.3)
Bom -404.4  (2,469) -190.8 (280.8) | 4,776*** (1,158) 309.3 (363.7)
By -1,683  (1,000) -156.9 (386.8) -2,271 (1,153) 45.38 (544.2)
Ba,, 134.5 (85.99) 40.23 (62.45) 39.02 (47.56) 188.1*** (21.59)
B, 167.4 (152.5) -112.3*** (37.14) | -340.2*** (33.17)  -87.59*  (38.99)
B, 168.4**  (57.89) -54.79 (59.21) 65.31 (33.11) -28.95 (61.93)
Constant 283.8%**  (43.34) 449.5%**  (25.51) | 362.1%%F  (33.10) 459.9*%**  (20.49)
Observations 406 513 166 237
R-squared 0.037 0.036 0.038 0.030
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A.18.2 Overconfidence on Sell-Buy-Gap

The following table replicates regression 7. It turns out that, after dropping P = 0.5 observations,
the result is slightly different from result 6, and it supports the following: Takers tend to trade at
less favorable prices than do makers. Being more overconfident may improve (resp. worsen) traders’
transaction prices in ambiguous environment ¢ (resp. al and b), but the effect may be partially

reversed in environment aH.

Table A25: Overconfidence on Sell-Buy-Gap (EXC)

Inexperienced Experienced
VARIABLES  Maker se Taker se Maker se Taker se
Be 92.13 (59.45) 31.13 (36.85) 15.44 (38.99) 34.55 (128.5)
Bar, 187.5%F (66.11)  -104.4%F  (46.50) | -149.2%% (49.17)  -213.8  (128.5)
Bon -102.7  (83.96) 43.88 (43.09) -101.0 (78.65) 32.06 (128.5)
By -50.42  (73.53) -48.88 (41.83) -24.25 (43.29) -108.3 (138.9)
B, -5.226  (5.476) 0.847 (4.690) | -40.23*** (5.373) -136.8*** (9.340)
B,y -3.701  (5.496) -4.108 (4.889) | -33.23***  (3.899) -113.4*** (9.340)
By, 0.722%  (5.104) -19.20%%* (3.602) | -76.23*** (3.423) 1321  (10.35)
Constant 2L.94FFF  (4.771) -13.48%%% (2.767) | 81.23%%* (3.206) -22.80%  (9.340)
Observations 236 161 92 75
R-squared 0.113 0.121 0.305 0.190

Table A26 shows regression with  measured by Q2. The patterns are in general not significant

and not systematic.

Table A26: Overconfidence on Sell-Buy-Gap (Question 2) (EXC)

Inexperienced Experienced
VARIABLES  Maker se Taker se Maker se Taker se
Be -0.0597  (0.105) -0.232 (0.171) -0.141 (0.141) 0.234 (0.698)
Bal 0.0453  (0.199) -0.422 (0.345) 0.381 (0.579) 0.0603 (0.698)
Bamr -0.215  (0.274) 0.485* (0.258) | -0.528**  (0.154) -0.558 (0.698)
By 0.0268  (0.125) 0.0616 (0.247) | -0.00774  (0.141) -0.382 (0.719)
B1,, 4.184 (6.343)  6.553%F  (2.694) | -39.13*** (2.034) -147.7%FF  (12.38)
B,y -2.352  (8.307) 4.888 (7.640) | -41.96*** (5.097) -160.1*** (12.38)
B, 16.56%** (2.388) -19.70**  (6.547) | -74.85*** (1.023) 1.972 (12.40)
Constant 11.17%8% (1.965) -17.76*** (1.427) | 77.33%%%  (1.022) -4.796 (12.38)
Observations 224 138 87 73
R-squared 0.112 0.208 0.324 0.220
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A.18.3 Overconfidence On Trading Volume

The following table replicates equation 8, but excluding P = 0.5. The result is largely the same as

result 7.
Table A27: Overconfidence on Maker Volume (EXC)
Inexperienced Experienced
VARIABLES Q1 Q2 Q3 Q1 Q2 Q3
5. 0.850 0.00503  -0.00599 -4.028 -0.00575  -0.0997
(1.490)  (0.00291) (0.0295) (2.602) (0.0101)  (0.0588)
Bal, 0.283 -0.0139*  -0.0577 4.540 0.00137 0.0647
(1al..994) (0.00666) (0.0533) (2.639) (0.0102)  (0.0806)
Ban -0.124 0.000782  -0.101* 5.854* 0.0131 0.0664
(1.762)  (0.00436) (0.0500) (2.776) (0.0135)  (0.0612)
o -0.103 -0.00199  -0.0250 1.727 0.0134 0.0954
(2.505)  (0.00809) (0.0732) (2.610) (0.0101)  (0.0708)
B1,, 0.255 0.387***  (0.153** | -0.786*** -1.037*** -0.765***
(0.147) (0.103)  (0.0634) (0.137) (0.0212)  (0.0263)
B,y 0.161 0.326%*F*  0.292*%** | _0.399**  -0.590**  -0.465%**
(0.162) (0.107)  (0.0782) (0.111) (0.185) (0.0198)
B, 1.438%** 1. 511***  1.472%** | 0.0685 0.329%**  _0.157***
(0.216)  (0.203)  (0.0234) | (0.111)  (0.0227)  (0.0189)
Constant 1.584*** 1 58G***  1.487*** | 1.560***  1.757***  1.559%**
(0.121) (0.0499)  (0.0221) (0.111) (0.0202)  (0.0189)
Observations 919 857 1,568 403 371 672
R-squared 0.096 0.117 0.099 0.120 0.123 0.102
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Table A28 reports parallel results on taker volume. In general, the patterns are not systematic and

less significant.

Table A28: Overconfidence on Taker Volume (EXC)

In-experienced Experienced
VARIABLES Q1 Q2 Q3 Q1 Q2 Q3
Be -0.344  -0.000615 0.129 1.483*** 0.0137 0.108
(1.402)  (0.00321)  (0.174) (0.367) (0.0114) (0.112)
BaL -0.191 0.00262  0.00220 | 1.889***  _0.0183 0.0147
(1.487)  (0.00930)  (0.177) (0.424) (0.0136) (0.158)
Ban 4.022**  0.00739  -0.0272 -1.819 -0.0198 0.143
(1.673)  (0.00594)  (0.183) (1.429) (0.0114) (0.112)
o 2.325 0.00319 -0.159 -4.119 -0.0218 -0.112
(1.503)  (0.00539)  (0.177) (3.565) (0.0135) (0.113)
B, 0.668%*F*  0.638***  (0.00415 | -0.685*** -0.623*** _0.678***
(0.136) (0.124) (0.148) (0.160) (0.0462)  (0.0567)
B,y 0.737%**  (0.796%** 0.102 | -0.746%*F* -0.569*** -0.505%**
(0.172) (0.180) (0.147) (0.0457)  (0.0415)  (0.0738)
B, 1.835%**  1.403***  1.371%** | -0.328%* 0.0360 -0.0901°*
Constant 1.266%**  1.264%**  1.588%** | 1.556%*F*  1.401***  1.492%**
(0.114)  (0.0549) (0.131) (0.0156)  (0.0226)  (0.0359)
Observations 919 857 1,568 403 371 672
R-squared 0.066 0.045 0.073 0.133 0.130 0.089
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B Experiment Instructions and User Interface

B.1 User Interface

Pre Trading Survey

Time left to complete this page: 2:06

Low Precision Signal

Question 1: What do you think is the probability (out of 100) that the true state is 'G™? —

Prob=0.5

state: §

State:
Your answer: G
Dividend = 200

000 00
Your private signal

Question 2: What is the lowest price (between 100 and 300) at which you are willing

to sell your asset. 1 Black Balls and 1 White Balls.

Enter a number between 100 and 300. . Q

Question 3: Of the 8 traders (yourself included), what do you think your rank will be in
this period in terms of trading profit? (1 means top, 8 means bottom)

Please choose one of the following. :

Next

Figure A21: UI of Pre-Trading Survey

Note: In both environment-a and environment-b, we label each trader’s signal precision to remind them if their
signal precision is a "Low Precision Signal" or a "High Precision Signal" as in the above figure. However, in
environment-c, to avoid traders get a sense of how precise their private signals are relative to other traders, we
do not label their signal precision, all else stays the same on this Ul
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Results Summary

Time left to complete this page: 0:03

The true world state for this period is G

you own 2 shares at the end of the period.

Pre-Survey Payoffs  Post-Survey Payoffs Your payoff from trading: 670
Question 1: 300 Question 1: 300 Payoff from trading = Net Cash + Asset Value * Number of Hel
assets
) : 670 = 70 + 600
Question 2: 268 Question 2: 300
Question 3: 91 Question 3: 96

Total payoff for this period: 894

Total payoff for this period = payoff from trading + average of

The average payoff from survey questions:
payoffs from survey

(1/6)(300 + 268 + 91 + A0 + 300 + 96) = 224

894 = 670 + 224

Figure A22: UI of Performance Summary

Note: This is the UI of the "Results Summary" page, which is the last feedback page that summarizes all the
previous feedback pages.

The other feedback pages are the following. "Your Results" page shows the true state of this period
and traders’ final assets holdings. "Trading Result" shows traders their payoff from trading, "Survey
Result" shows their payoffs from answering each question and the average of the payoffs. "Total Payoff"
shows them the total experimental points they earned in this period. These individual feedback pages

are all summarized in figure A22 and therefore we do not repeat them in the appendix.
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B.2 Experiment Instructions

INSTRUCTIONS

Welcome! This is an experiment in the economics of decision-making. From now until the end of the
experiment, please turn off your cell phone and do not communicate with other participants. If you
pay close attention to the instructions and make good decisions, you can earn a significant sum of
money which will be paid in cash at the end of the session. If you have any questions, please do not
hesitate to let the experimenter know. We expect and appreciate your cooperation.

The Basic Idea.

You will trade an asset with other participants, using computerized trading screens. The value of the
asset depends on the state of the world. If the state is good (G) then the asset pays 300 points to you,
but it pays only 100 points if the state is bad (B). Before each trading period, the computer tosses a
fair coin, and assigns state G if the coin comes up heads or B if tails. That is, at the beginning of each
period there is a 50% likelihood for each state. All traders trade under the same state of the

world.

You will not know what the true state is but, as explained below, you will get a useful hint from
the computer in the form of a private signal. After receiving the private signal, you will be asked
how likely you now think that the true state is G. Then you will be able to trade with other
participants. Since they also get private signals that may differ from yours, the trading prices you
see may also provide hints about the true state and the asset value. After the trading period is over you
will be asked about your final beliefs about the true state in this period, based on both your private
signal and on other traders’ offers and trades. Then there will be feedback after the trading revealing
the true state of the world, showing your payoff from trading, payoff for providing your beliefs, and
the total payoff for this period.

FEach trading period lasts approximately 3 minutes. There will be between 12 and 18 trading periods
in today’s experiment. The total of all points you earn in all periods will be converted into US dollars

and paid to you in cash.

Private Signal

There are two types of private signals: Low precision signal (L-sig) and High precision signal (H-sig).

Low Precision Signal High Precision Signal

Prob=0.5

State: G

Dividend = 300

Prob=0.5 Prob=0.5

State: B State: G

Dividend = 100 Dividend = 300

Bags and balls—)...._j ) e 9000 QOO

"Good" bag A R_ "Bad" bag "Good" bag A

Figure 1

68

Prob=05

State: B

Divid



The left side of Figure 1 illustrates L-sig in terms of two bags that each contain 5 balls. If the true
state is G then the computer draws balls only from a “Good bag” that contains 3 black balls and 2
white balls. Similarly, if the true state is “B”, the computer will draw balls only from the “Bad bag”
that contains only 2 black balls plus 3 white balls. The computer will randomly draw two balls with
replacement from the bag corresponding to the true state and tell you the colors of those two balls.

That is your private signal.

If your private signal is two black balls, then you should conclude that G is more likely than 50%
because those two balls are more likely drawn from the “good bag”, which contains more black balls.
Likewise, if your private signal is 2 white balls then the true state is more likely to be “B”. If your
private signal is 1 black ball and 1 white ball, then the probability the true state is G might be a

number in between the previous two cases.

What do “low precision” and “high precision” mean? As shown in figure 1, H-sig has a higher
proportion of black balls in the “good bag” and a higher proportion of white balls in the “bad bag”.
This means the H-sig has higher precision. For example, two black balls from the H-sig are a stronger
indication that the true state is G than are two black balls from the L-sig. In half the periods of
today’s experiment, all traders get an L-sig and in the other periods all traders get an H-sig. You will

see each period whether L-sig or H-sig is used.

Pre-Trading Survey

Before each trading period, you will be asked three questions as shown in Figure 2. You will get extra
payment from doing this survey and the payment amount depends on your answers. To increase your
payment, you should think it over carefully and report accurately given your private signal which

is shown on the right-hand side of the page.

Question 1: What do you think is the probability (out of 100) that the true state is "G’?
Please enter a number that reflects your belief; if you think that, given your current private signal(s),

it is 65% likely the true state is Good, then type 65 into the answer box.

Question 2: What is the lowest price (between 100 and 300) at which you are willing to
sell your asset? You will soon have the opportunity to sell the asset and must decide on what price
to accept for each unit, given your beliefs about whether it will eventually pay 100 (if B) or 300 (if G).

Please type your lowest acceptable price into the answer box for this question.

Question 3: Of the 8 traders (yourself included), what do you think your rank will be
in this period in terms of trading profit? (1 means top, 8 means bottom) The computer
will rank all traders’ payoffs earned in the current trading from the highest (1st) to the lowest (8th).
Please guess how your own trading profits will compare to other participants’. For example, if you
guess that your trading profits will be the 2nd highest among the 8 traders, then select the number 2
and click "Next".

The payment for the survey is made in such a way that it is in your best interest to think carefully
and respond truthfully to each question. If you are curious about the details of the payment, please

see <Survey Question Procedure>.

How to trade
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Pre Trading Survey

Time left to complete this page: 0:29

Lowr Precision Signal

Question 1: What do you think is the probability (out of 100) that the true state is 'G'? e e
Your answer; State: state: B
Dividend = 300 Dividend = 100

009 e
Your private signal

Question 2: What is the lowest price (between 100 and 300) at which you are willing
to sell your asset.

Enter a number between 100 and 300. . O

1 Black Balls and 1 White Balls.

Question 3: Of the 8 traders (yourself included), what do you think your rank will be in
this period in terms of trading profit? (1 means top, 8 means bottom)

Please choose one of the following. :

Figure 2
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Figure 3 shows the computer screen for trading. The right-hand side reminds you of your signal type
and your private signal. There is a timer on the top counting down the time left. “Your Allocation”
box tells you your current cash holding and number of asset units; it will update whenever you trade.

You will start with two units of asset at the beginning of each trading period.

“Bids(Buy)” box shows the prices at which traders are offering to buy units of the asset and the
“Asks(Sell)” box shows the prices at which sellers are offering to sell units. Bids are ordered from high
to low since the highest bids are the most attractive offers to other traders. Likewise, asks are ordered
from low to high since the lowest is the most attractive offer to other traders. If two bids/asks have the
same price, the earlier offers will be displayed above the later ones. A bid/ask colored in green/blue
indicates your own offer. “ITrades” box in the middle shows the trading history in the market with the

most recent trades on the top. Your own purchases/sales are colored in green/blue.

Practice Period: 2
Time Remaining: 84 Seconds
Your Allocation

Your Cash flow: 20
Your Assets: 2

Bids (Buy) Trades Asks (Sell)
210 256 [ 230 |
280 | 356 | Liww Pracision Signal
Prob=g ok =0 %
[ 1w | | e | I stase sune: B
269 Diwidiand = 300 Dividard = 100

The computer drew two balls from the bag
that comesponds to the true state of the

world, The two balls are:

1 black ball and 1 white ball

All traders trade under the same state with
Enter Bid Enter Ask the same signal type.

Figure 3

You submit a bid (buy offer) by typing in your price in the “Bid Price” box and clicking the Enter Bid
button. Likewise, to offer to sell a unit, you type in the price in the “Ask Price” box and click Enter
Ask. You can place at most 1 bid and 1 ask at the same time. If you enter a new bid or ask, it will
replace your old offer. If your bid is higher than the best ask, then you will immediately buy a unit at

that best ask. Similarly, entering an ask below the best bid held by someone else amounts to accepting
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that best bid. You can also directly accept someone else’s bid or ask by double clicking on it, and then

clicking Accept in the pop-up window. You can buy at most 8 shares of assets.

It is more profitable to buy low and sell high. Check the trading window and see whether your
Green buy prices seem low, and your Blue sell prices seem high compared to the other prices (in white)
this period. The large “Error Message” box at the bottom of the trading screen will tell you if you

made some kinds of mistakes, such as trying to sell when you currently hold zero units of the asset.

How do you get paid for trading in the market?

The payoff from trading in each period will be net cash flow (i.e., receipts from asset units sold minus
cost of units bought), plus the payments on the assets you hold. For example, if you sold one unit
for 280 and then you bought a unit for 260, your net cash flow would be 280 - 260 = 20. Moreover,
since you started with 2 units of the asset, sold one unit and then bought one unit, your final asset
holding is 2 units. Then your final payoff from trading in this period equals to 20+2*300=620 if the
state turns out to be G, and 20+2*100=220 if the state is B.

Post-Trading Survey

After each trading period, there will be another survey page that asks you the same three questions
as in the pre-trading survey about your beliefs. The only difference between the post- and pre-trading
survey is that the post-trading survey reminds you of the trading history from the current period, and
that history might tell you something about what other traders’ private signals are. So taking that
history as well as your own private signal into account, you should update your beliefs before you

answer the questions.

In addition, the trading history in this post-trading survey is ordered from high to low. The computer
did this descending sorting for you to help you learn your trading strategy. If your buying prices
(green) are, on average, lower than your selling prices (blue), then it means you are making profit. If

it is the other way around, you need to adjust your trading strategy.

Feedback Page

After the post-trading survey page, you will see feedback pages similar to that shown below. These
pages reveal the true state of the world and remind you of your final asset holding. They also show
you the points you earned from answering survey questions and the payoff you earned from trading.
They also show the total payoff for this period, which is “payoff from trading” + “average payoff from
survey questions”. After this feedback page, all traders go on together to the next period.

You will play 12 to 18 trading periods. Your final payoff for participating in today’s session equals the
sum of the total payoffs from all periods. Your final payoff is converted from experimental points to
cash (US Dollars) at a rate announced at the beginning of the session, e.g., 1,000 experimental points
= $2.30 in cash.
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Results Summary

Time left to complete this page: 0:03

The true world state for this period is G

you own 2 shares at the end of the period.

Pre-Survey Payoffs  Post-Survey Payoffs

Question 1: 300 Question 1: 300
Question 2: 268 Question 2: 300
Question 3: 91 Question 3: 96

The average payoff from survey questions:

(1/6)(300 + 268 + 91 + A0 + 300 + 96) = 224
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Your payoff from trading: 670
Payoff from trading = Net Cash + Asset Value * Number of Held
assets
670 = 70 + 600

Total payoff for this period: 894

Total payoff for this period = payoff from trading + average of
payoffs from survey

894 = 670 + 224



B.3 Instructions for Other Treatments

All the instructions use the same format from the previous subsection and they only differ in the

following points:

e At the end of the paragraph where we explain the difference between “low precision” and “high
precision”, we explain how the private signals are distributed among traders. This part distin-

guishes the treatments.

— In the instructions of environment-a, we say “In half the periods of today’s experiment, all
traders get an L-sig and in the other periods all traders get an H-sig. You will see each

period whether L-sig or H-sig is used.”

— In the instructions of environment-b, we say “In all the periods of today’s experiment, half
of the traders (by random) get an L-sig and the other half traders will get an H-sig. You

will see each period whether you received a L-sig or a H-sig”

— In environment-c, we say “In all the periods of today’s experiment, you will know only your
own signal and its precision. Other traders may have higher or lower precision than you,
and their signals may differ — each trader gets fresh draws from either their own good bag
or own bad bag, and those bags might have different numbers of black and white balls than
your bags.” We also explain that the two signal precisions explained in the instructions are

two examples.

e In the instructions of environment-c, figure 2 and figure 3 do not label the signal precision. Also,
figure 3 needs to change the reminder message of how the private signals are distributed among

traders accordingly below the private signal.
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B.4 Survey Questions Procedure

Survey Questions Procedure

Question 1 (in both the pre and post trading survey): “What do you think is the probability (out of
100) that the true state is 'G’?”
How you will get paid: When you answer this question, you will be offered one unit of the asset. You

can earn the dividend from this asset or exchange it with another asset that will be described below.

e Enter what you believe the probability is that the true state of the trading asset is “G”. Let us
denote this probability as R.

o We will offer you another asset called the N-asset, which is worth 300 with probability Py and
100 with probability (1-Py). (The probability Py is determined randomly between 0 to 99.)

e If R > Py, you keep your trading asset and earn the dividend from the asset. (300 for G and
100 for B).

o If R < Py, you exchange your trading asset with us, thus hold the N-asset, and earn the dividend

from the N-asset.

Question 2 (in both the pre and post trading survey): “What is the lowest price (between 100 and 300)
at which you are willing to sell your asset.”
How you will get paid: When you answer this question, you will be offered one unit of the asset. You

can either earn the dividend from this asset or sell it back to us.

e You decide on the lowest price at which you are willing to sell your asset and enter that price

into the computer.

o We will offer you a price to buy the asset back from you. The price is a random number between
100 and 300.

e If the price you are willing to sell is higher than our purchase price, you will keep your asset and

earn that asset’s value.

e If the price you are willing to sell is lower than our purchase price, you will sell your asset to us

at the price we offered.

Question 3 (in both pre post trading surveys): “Of the 8 traders (yourself included), what do you think
your rank will be in this period in terms of trading profit? (1 means top, 8 means bottom)”

How you will get paid: Your payoff from answering this question is determined by the formula 100 —
(C — R)?. Where, C refers to the correct ranking of your payoff among all traders. R refers to your

guess, which you entered into the computer.

Your best strategy for answering the three questions is to truthfully report!

Here is why (we use question 2 as an example to explain):

> You think this asset is worth at least 200 to you, so 200 is the lowest price you would willing to sell.
This is your true belief. But you enter 250 into the box. You overstate your true belief.

> Then the computer will offer a price to buy, and that price is a random number between 100 and
300. Suppose the computer randomly chooses 240 to offer you for the asset.

> The computer cannot purchase the asset from you because 240 is lower than the lowest price you

would accept to sell (250). So you keep your asset.
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> This means you only earn 200; however, if you truthfully report, 200 into the computer, then the
computer would purchase that asset from you at the price of 240, so you would earn 240.

> Your earning is higher when you truthfully report.

The payment methods for question 1 and question 3 are designed in the same way,
which means there is no circumstance in which offering a probability /price/ranking not

equal to your true belief is to your advantage; it can only decrease your earnings.

After you finish reading the written instruction, we will show you a video to explain, visually, what

this game is about.
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