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Abstract

We conduct a series of experiments that simulate trading in financial markets and which allows
us to identify the different effects that subjects’ risk attitudes and belief updating rules have on the
information content of the order flow. We find that there are very few risk-neutral subjects and
that subjects displaying risk aversion or risk-loving tend to ignore private information when their
prior beliefs on the asset fundamentals are strong. Consequently, private information struggles
penetrating trading prices. We find evidence of non-Bayesian belief updating (confirmation bias
and under-confidence). This reduces (improves) market efficiency when subjects’ prior beliefs are

weak (strong).
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1 Introduction

This paper presents the results of a series of experiments that aim to measure how and to what
extent investors’ demand is affected by their private information regarding assets fundamentals.
More specifically, we analyze how the information content of the flow of trades varies in relation to
the intrinsic uncertainty regarding the fundamental value of the asset, and the strength of common
prior beliefs on this fundamental. Since market ability to generate informational efficient prices
essentially depends on the sensitivity of investors’ demand to their private information, subjects’
behavior in our experiment can be translated into implications regarding market informational
efficiency. We find that the market is likely to fail aggregating private information when market
prior beliefs are strong and/or when all private information cannot resolve uncertainty regarding
the fundamentals. Our experiment protocol allows to disentangle the effects on trading decisions
due to a subject’s risk attitudes from those coming from the subject’s bias in belief updating. Our
data suggest that informational inefficiency is due to the virtual absence of risk neutral behavior
but is mitigated by the presence of confirmation bias in the way subjects update their beliefs.
Consider the case of a trader who decides on the position to take on a financial asset and who
observes a price reflecting public prior belief on the asset fundamentals. Any additional private
information the trader may have will be construed to determine his or her posterior belief on the
cash flows that the asset will generate. Since the seminal paper by Glosten and Milgrom (1985), it
is well known that if both privately informed traders and market makers are risk-neutral Bayesian
investors, then the position taken by an informed trader will reflect the sign of his or her private
information. Namely, the trader will buy after receiving favorable private information on the asset
perspective, and decide to sell if the private information is unfavorable. As a result prices will
eventually assimilate all information dispersed in the economy. Outside the risk-neutral world,
however, hedging risk matters and the direction of a trade does not necessarily correspond to the
sign of the trader’s private information. When market makers and traders differ in risk aversion,
trades do not necessarily disclose private information and informational efficiency fails (see for
instance Décamps and Lovo, 2006a,b). For example, a buy order from an informed trader needs
not reflect positive information. This suggests that the information content of a trade depends on
the trader’s risk attitude and, more generally, on the decision process underlying the trader’s choice.
Since the seminal paper by Anderson and Holt (1997), in most of the informational cascade
and market efficiency experimental literature the analysis of subjects behavior is based on the
assumption that subjects are risk-neutral. Quite to the contrary, in this paper we conduct a series of
experiments that allows to directly relate risk attitude, prior public beliefs and bias in interpretation

of private information, to the information content of trades. This is possible thanks to four key



features in our experimental design.

1. In order to detect non-Bayesian belief updating, we carried out our experiment in two differ-
ent formats so that subjects had to solve equivalent problems that involved various degrees
of reasoning. In the format we denote Market Experiment (ME henceforth), subjects chose
the quantity of a risky asset that they want to trade in a given market. When making their
trading decisions, subjects had access to public and private information on the fundamental
value of the asset. Public information consisted of the ex ante distribution of the asset value,
corresponded to the “market prior belief” and was reflected in the asset trading price. Private
information consisted of a private signal correlated with the true value of the asset. Subjects
were asked to declare their preferred position (buy, sell, no-trade) for different levels of prior
beliefs. In the format we denote Lottery Experiment (LE henceforth), subjects were asked
to choose from among a series of different lotteries where the distribution function of pay-
offs was explicitly stated. More precisely, subjects chose the preferred lotteries in different
menus, each menu corresponding to one of the different levels of market prior belief in the
ME. Each menu consisted of three lotteries reflecting the distribution function of portfolio
payoffs resulting from the three trading choices available in a ME round (i.e., buy, sell and
no-trade). In other words, lotteries in LE were determined so that a Bayesian subject would
have faced the exact same decision problem in both formats and therefore would have made
in ME the same choice as in LE. A subject’ choices in LE provides a measure of his or her
risk attitude. The comparison of a subject’s choices in the two formats enables us to detect

deviations from the expected-utility or Bayesian-updating paradigms.

2. In both formats the information content of the order flow is directly observable. More pre-
cisely, by using a “strategy method”, we observe subjects choices in all potential realizations
of the private signals and for different levels of prior beliefs. In doing this, we identify
situations where subjects did ignore their private information and took the same action irre-

spectively of the sign of their information.

3. In our main treatment, the liquidation value of the asset comprised two components: one
that can be learned by aggregating all private information, and an additional shock on which
subjects had no private information.! This set-up allows us to measure the effects of intrinsic
risk on informational efficiency and in addition provides a further test for the hypothesis of

risk-neutrality.

4. Subjects did not interact, thus lack of common knowledge of participants’ rationality cannot

!The latter component reflects the fact that real world investors are aware that future shocks might affect a stock’s value
even if no private or public information about the sign of these shocks is available at the time of their investment.



explain deviation from what the theory predicts.

Overall, the LE was designed so that a risk neutral subject would always choose the same two
lotteries: those corresponding to buying after having positive private information and to selling
after having negative information. The experiment results clearly reject the risk neutrality hypoth-
esis. We find that the behavior of about two-thirds of the subjects in LE is compatible with CARA
and/or CRR utility functions, with subjects’ risk attitude ranging from a high degree of risk aver-
sion to risk-loving. No subject can be classified as close to risk neutral. Taking into account risk
attitude allows to explain subjects decision to abstain from trading, a behavior that is regularly
observed in experimental literature, but which is hard to explain for a risk neutral subject. The
absence of risk neutrality has clear implications on how the order flow information content varies
with the strength of market prior beliefs. We find that the stronger the prior beliefs regarding the
actual asset fundamental value, the smaller the proportion of subjects who made use of private
information to determine the direction of their trade. Thus, the information impounded in the order
flow shrinks when the market has a strong prior belief on what the asset value is. We find that the
presence of a non-learnable shock on the asset fundamentals further deterred subjects from using
private information. This further reduces market ability to assimilate information on the learn-
able component of the asset value. These observations are broadly consistent with the theoretical
prediction of Décamps and Lovo (2006a,b): when the market is sufficiently convinced about a
stock prospect (positive or negative), information dispersed in the economy cannot be integrated in
trading prices.

Subjects’ behavior in ME is different from the one we observe in LE. More precisely, in com-
parison with LE, for strong prior belief the ME presents an increase of strategies that consist of
following the private signal when this confirms the prior belief, and of no-trading when the private
signal and prior beliefs challenge each other. For weak prior belief, we observe an increase of no
trading decisions, no matter what the private signal is. Also, herd behavior is more frequent in ME
than for LE. After running a control experiment we find that the different “framing” of the two
formats can explain the increase of herd behavior but not the other differences between the two
formats. Starting from the utility function implied by a subject behavior in LE, we can measure the
bias in belief updating that is implied by the subject’s behavior in ME. We find evidence of con-
firmation bias for strong public belief and underconfidence bias for weak public belief. That is, in
ME, for strong public belief, subjects tend to overweight (underweight) the information content of
a private signal when this confirms (contradicts) prior beliefs while for weak public belief, subjects
tend to underweight their private signal.

For each of the subjects, we observe the contingent trading strategy in LE and ME, for dif-



ferent levels of prior public belief and different realizations of the private signal. Thus, while in
our experiment subjects did not trade sequentially, we can simulate an arbitrary large number of
sequential trading histories where the behavior of virtual traders reflects the actual behavior of the
pool of subjects in our experiment. These simulations generate sequences of trading prices that we
use to measure market informational efficiency in a more direct way. We find that the virtual ab-
sence of risk neutral behavior significantly slows down the convergence of price to fundamentals.
In ME, the information content of the order flow is lower than in LE when public prior belief is
weak, while it is higher than in LE for stronger public beliefs. Thus, the effect of non-Bayesian
updating is to improve information efficiency when the market is clearly bullish or clearly bearish,
but to reduce efficiency when the market has no precise orientation.

Our paper is related to the experimental literature on information cascade and particularly to
Anderson and Holt (1997), Huck and Oechssler (2000), Kiibler and Weizsiicker (2004), Celen and
Kariv (2004), Cipriani and Guarino (2005), Drehman et al. (2005), Alevy et al. (2007), Goeree et al.
(2007). Similarly to our work, these papers studied subjects that had to take an investment deci-
sions after receiving some private but partial information about the fundamentals. Differently from
our experiment, their subjects traded sequentially. As a result, their subjects’ choices could have
been affected by the way subjects interpreted the investment choices previously made by other sub-
jects. In some of these papers, the underlying assumption is that subjects are risk-neutral. Thus,
deviations from the risk-neutral rational behavior are identified with lack of Bayesian behavior,
when interpreting private signals, and/or lack of common knowledge about subjects’ rationality,
when interpreting other subjects’ choices. In our experiment subjects do not interact whatsoever so
that beliefs about other subjects’ behavior/rationality play no role. Furthermore, in LE there is no
private signal to be interpreted, so the observed difference from the risk-neutral rational behavior
contradicts the risk-neutrality premise whereas, for two third of the subjects, it is consistent with
either risk averse or risk loving rational behavior. The comparison of LE and ME then allows to
insulate the effect of non-Bayesian interpretation of private signal from the effect of risk attitude.
Thus, our paper is related to the literature on improper Bayesian updating of prior beliefs (see
for instance Grether, 1992, Holt and Smith, 2009, among many others). In particular our exper-
iment pins down situations where non-Bayesian individuals do not pose informative orders and
therefore do not impact market prices. This result makes echo to Asparouhova et al. (2010) who
highlight that individuals who suspect that they do not update correctly are induced to hold more
balanced portfolios. More generally, our work is related to the experimental papers in decision
theory such as Abdellaoui (2000), Kilka and Weber (2001), Abdellaoui et al. (2005), Abdellaoui

et al. (2007). Similarly to our paper these experiments allow the elicitation of subjects’ utility



functions and individual probability weights. However, while our data interpretation is based on
the expected utility paradigm, these papers take a broader decision theory perspective that encom-
passes expected utility as a special case. Furthermore, whereas our experiment was designed to
have a better understanding of subjects behavior in a Glosten and Milgrom (1985) style economy,
their experiment are explicitly designed to recover subject preference.

The remainder of the paper is organized as follows. Section 2 presents the theoretical setting,
and its implication on agents’ behavior. Section 3 presents the experimental design. Section 4

presents the results of the experiment.

2 Theoretical framework

In this section we first describe the theoretical setting borrowed from Décamps and Lovo (2006a).

Second, we illustrate the main predictions of the model with some numerical examples.

2.1 The model structure

We consider a discrete time sequential trade model a la Glosten and Milgrom (1985): a single
asset is exchanged for money among market makers and traders. We denote with v = V + ¢ the
fundamental value of the asset, where V and € are independently distributed. The random variable
1% represents a realized shock on which market participants are asymmetrically informed. The
random variable € represents other shocks on fundamentals (for example, future shocks) whose
realization is unknown to everyone. We assume that V takes value in {V,V}, where V. < V and
¢ takes value in {—¢, +-¢} with P = ¢) = P(V = V) = 5. Each trader observes a conditionally
independent and identically distributed private signal s with possible values [ and h. We assume
P(1|V) = P(h|V) = p, with p € (1/2,1) that implies that private signals are partially informative
regarding V, but provide no information regarding €.

Time is discrete. At any period ¢ a trader enters the market facing a unique opportunity to
buy or sell one unit of the risky asset at the trading prices posted by market makers. We denote
with H; the history of trades (past quantities and prices) up to date t — 1. All agents observe
H;. We denote m; = P (V|H,) the public belief at time ¢, whereas m; = P (V|H,, s) denotes a
trader’s belief at time ¢ given a private signal s € {I, h}. Namely, 7' = m > m; and

= 7t (1-p) 5 < . Note that, because private signal precision is bounded, the closer the

e (1—p)+(1—m¢)
prior 7z is to 1 (or to 0) the smaller the change in belief |7{ — 7| induced by the private signal will
be. For this reason we adopt the following convention. We say that a prior belief 7 is strong when

| — 0.5] is large. Also, we call a public belief 7, that is larger than 0.5 a positive prior, and a



public belief 7, that is lower than 0.5 a negative prior.

The demand of a trader with utility function w is:

Q* (P, m, 8) := arg Qe?iai},%),l}]E [u(m+ 20+ (0 — P(Q))Q) |H, 5], D

where P;(.) : { — 1,0,1} — R is the pricing schedule proposed by market makers. We assume
u’ positive and continuous but we impose no restriction on ”. Thus, our analysis takes risk-
neutrality, risk-aversion and risk-loving into consideration. The variables m and z represent the
trader’s initial monetary wealth and his or her initial inventory in the risky asset, respectively.
Risk-neutral market makers compete to fill the trader’s order without knowing the trader’s

signal and price the asset efficiently:

P(Q) := E[0|Hy, Q* (P, 7, 8) = Q). )

All agents are Bayesian. An equilibrium is a situation where equations (1) and (2) are met
at any time ¢. Private information enters prices when market makers can construe it from trading
decisions. However, if a trader’s demand is invariable with his or her private signal, nothing can be

inferred from his or her order. Formally,

Definition 1 A trader’s order is said to be non-informative when it is not affected by the trader’s

private signal, i.e., Q*(Py, m¢, h) = Q*(Py, my, 1).

The larger the percentage of traders submitting non-informative orders, the smaller the flow of
information that can be incorporated into the asset price.

Avery and Zemsky (1998) show that when informed traders are risk-neutral, the order flow
provides a constant stream of information. In this instance, the order flow will never stop providing
information and the trading price eventually converges to V2 Décamps and Lovo (2006a,b) show
that if market makers and traders differ in their risk aversion, and if the agents’ set of actions is
discrete,® then as soon as the past history of trade provides sufficiently strong, but not complete,
information regarding the realization of V, the equilibrium is unique and such that all traders
submit non-informative orders. This implies that price will stay bounded away from the realization

of V.* While we refer to Avery and Zemsky (1998) and Décamps and Lovo (2006a,b) for the

2The same feature applies in Glosten and Milgrom (1985) and Easley and O’Hara (1992)

3If agents were able to trade a continuum of quantities, risk aversion alone would not be enough to generate market
inefficiency. See for instance Glosten (1989) and Vives (1995).

*In other words, heterogeneity of agents and the fact that Var[f/ | H¢] remains larger than a positive threshold leads to
what Smith and Sgrensen (2000) call confounded learning, i.e. a situation where history offers no decisive lesson for anyone
and full social learning is never reached.



formal proof of these statements, in the following section we will illustrate these findings with a

numerical example that reflects the set up of our experiment.

2.2 An illustration of the behavior of a Bayesian expected utility maximizer

Consider the following parameters’ values V = 4, V =12, ¢ = 4 and p = 0.65. In this instance
the fundamental value of the asset can take three values, i.e., v € {0,8,16}. In this illustration
and throughout the paper, we will assume that agents can buy and sell at a price set at the expected
asset value, conditional on the public information available at time ¢, i.e., P(Q) = E[0|H,].>
There are two ingredients that can generate non-informative orders: First the absence of risk
neutrality and, second, the fact that when prior beliefs are strong, private signals affect posterior
beliefs just slightly. To see this point consider the following numerical example where prior belief
is prior belief of m, = P (V|H;) = 0.9930 corresponding to a trading price of P, = E[0|H,] =
11.94 and consider a Bayesian expected utility maximizer endowed with £ = 0 amount of the
risky asset and m = 12 units of money. The problem that a trader of this type faces can be
represented as a choice in a menu of lotteries described in tables 1, 2 and 3. The entries in the
tables report the possible payoffs resulting from the three possible trading decisions and the three
possible realizations of the fundamental value v, i.e., traded quantity x (v — trading price)+12.

Tables 1, 2 and 3 differ only in the probabilities of obtaining the payoffs in each column.

Table 1: Lotteries when no private signal is received

A trader receiving no private signal has to choose between one of the three possible actions reported in this
table’s rows. Each action corresponds to a lotterie with three possible outcomes.

P(o =0) =0.35% P(0 =8) =50.00% P(v=16)=49.65% Expected value

Sell order 23.94 15.94 7.94 12
No trade 12.00 12.00 12.00 12
Buy order 0.06 8.06 16.06 12

Table 1 represents the problem faced by a trader who received no private signal. By definition, a
risk-averse trader will prefer the certain payment 12 to the other two lotteries. That is to say, “No
trade” is the strictly preferred action. For a risk-loving either selling or buying is strictly preferred
to the other two alternatives, whereas a risk-neutral trader will be perfectly indifferent with regard
to the three actions.

Now consider the same trader, but suppose that he or she received a private signal s with

>This pricing convention is simpler than the one predicted by the theory where buy and sell orders are not necessarily
executed at the same price. This is the pricing rule adopted in our experiment. By fixing the price at E[¢|H,] for buy and
sell orders, we increase the trader’s expected profit from speculation and this reduces the incentive to adopt non-informative
orders. In other words, this pricing rule should bias the results of our experiment in favor of market efficiency.



precision p = 0.65. Will the private signal affect the trader’s order? Probabilities in tables 2 and 3
are obtained by the Bayesian updating of the public belief 7; = 0.9930 following private signal [

and h, respectively. Thus, tables 2 and 3 represent the choices available to a trader who received a

private signal [ and h, respectively.

Table 2: Lotteries when a signal [ is received

A trader receiving a private signal [ has to choose between one of the three possible actions reported in this
table’s rows. Each action corresponds to a lotterie with three possible outcomes.

P(7 = 0) = 0.65%

P( = 8) = 50.00%

P(7 = 16) = 49.35%

Expected value

Sell order 23.94 15.94 7.94 12.05
No trade 12.00 12.00 12.00 12.00
Buy order 0.06 8.06 16.06 11.95

Table 3: Lotteries when a signal h is received

A trader receiving a private signal h has to choose between one of the three possible actions reported in this
table’s rows. Each action corresponds to a lotterie with three possible outcomes.

P(7 = 0) = 0.19%

P( = 8) = 50.00%

P(7 = 16) = 49.81%

Expected value

Sell order 23.94 15.94 7.94 11.97
No trade 12.00 12.00 12.00 12.00
Buy order 0.06 8.06 16.06 12.03

It is clear from the expected value column that a risk-neutral trader will prefer to sell when
s = l and to buy when s = h. In contrast, far a sufficiently risk-averse or risk-loving agent the
preferred action will be the same as in the case where he or she has no private information. Hence, a
trader who is either sufficiently risk averse or sufficiently risk-loving will submit a non-informative
order.

The impact that risk attitude and prior belief has on trading strategies is further analyzed in
Table 5 for CRR and CARA utility functions. This table presents the optimal contingent trading
strategies for different levels of risk attitude and different levels of public belief 7. For any given
level of 7 and risk aversion, we identify a contingent trading strategy with two letters indicating
the action chosen for signal [ and h, respectively. Namely S, N, and B stand for sell order, no-
trade and buy order, respectively.® The first column of Table 5 reports the different level of signal
imbalance g defined as the difference between the number of positive and negative private signals
that the market has inferred from previous trades. There is a one-to-one mapping between signal
imbalance g and public belief 7. Positive priors correspond to g > 0, negative priors correspond

to g < 0 and strong priors correspond to |g| close to 8. For the sake of clarity, in some tables we

SFor example, strategy N-B corresponds to no-trade when receiving signal [ and buy order when receiving signal h.



report the results by class of signal imbalance, defined as follows:

Class of signal imbalance  Strength of belief

g € [—8,-5] Strong negative belief
g € [—4,-1] Weak negative belief
g=20 Neutral belief

g € [+1,+4] Weak positive belief
g € [+5,+8] Strong positive belief

Several comments are in order. First, traders strategies are symmetric with respect to |g|. For
example, if a trader contingent strategy is S-N for a given level of g, then it will be N-B for signal
imbalance —g.” Second, sufficiently risk-averse traders (y > 0.078 and o < —0.85 in Table 5)
always choose strategy N-N, whatever the public belief. Third, strategy S-B is optimal for all the
levels of public prior belief we considered only when the trader risk attitude is sufficiently close
to risk-neutrality. This strategy is also optimal for traders with intermediate levels of risk aversion
(or risk-loving) but only when public belief is weak (i.e., |g| small). However, as soon as public
prior belief is sufficiently strong (i.e., |g| large), these traders will submit non-informative orders.
More precisely, risk-averse traders will prefer not to trade and will ignore their private signal. Risk-
loving traders (i.e. ¥ < —0.25 and o > 4.7 in Table 5) will choose to buy when the prior is strong
and negative (g close to —8) and to sell when the prior is strong and positive (g close to 8), but in
both cases they will ignore their private signal.

These remarks have a number of empirical implications at the individual level as well as at the

aggregate level.

Implication 1 An expected utility maximizer contingent trading strategy is symmetric with respect

to |g|.

Implication 2 By observing an expected utility maximizer contingent trading strategy for different
levels of prior belief m, one can estimate the trader’s risk attitude. In particular, a risk-neutral

trader will choose strategy S-B for all levels of .

Implication 3 In an economy composed of Bayesian traders that are expected-utility maximizers
but differ in their risk attitude, the stronger the public belief, the higher the frequency of non-

informative orders and the lower the order flow information content.

"In fact, the maximization problem faced by an agent with prior 7 and private signal [ (k) is symmetric to the maximization
problem corresponding to prior 1 — 7 and private signal h (resp. ). The symmetry simply requires switching sell orders into
buy orders.



It is interesting to link non-informative strategies with what the herding literature classifies as
herding or contrarian behavior.® A trader engages in herd (contrarian) behavior if, for example, a
sufficiently positive a priori induces him or her to buy (resp. sell) the asset independently of the

realization of the private signal. Formally,

Definition 2 A subject engages in herd behavior if there exist T > 0.5 (1" < 0.5) such that the

subject adopts strategy B-B (resp. S-S) when my > 7* (resp. ¢ < 7).

Definition 3 A subject engages in contrarian behavior if there exist 7™ > 0.5 (7* < 0.5) such

that the subject adopts strategy S-S (resp. B-B) for all my > 7* (resp. m < 7).

Table 5 suggests that contrarian behavior should be related to risk-loving attitude, while herd

behavior is not consistent with CARA or CRR utility functions and Bayesian updating.

Implication 4 In an economy composed of Bayesian traders that are expected-utility maximizers,

contrarian behavior arises in the presence of risk-loving traders but herd behavior is not observed.

2.3 Testing Bayesian updating rule

In the previous section, we assumed Bayesian updating to illustrate how subjects’ contingent trad-
ing strategies are affected by their risk attitude. However subjects need not update beliefs using
Bayes rule. In this case, a subject’s actual behavior for a given risk attitude will differ from the
one described above. In order to separate the effect of risk attitude from the effect of non-Bayesian
updating, each subject participated to two formats of the experiment: the Lottery Experiment (LE)
and the Market Experiment (ME). Both formats reproduce the decision problem of a trader in the
economy described in Section 2.1. However, in LE questions are stated in the same form as in the
menu of lotteries in tables 2 and 3. By explicitly providing subjects with the distribution function
of payoffs, we ensure that the belief updating rule plays no role in their decision. In ME, subjects
are first informed of the prior 7 and of the accuracy of their private signal and then asked to declare
their preferred trading position contingent to the realization of the private signal. In other words,
while in LE posterior probability is explicitly provided, in ME subjects have all elements necessary
to derive posterior probability. The two formats are designed so that a rational Bayesian expected

utility maximizer would find them perfectly equivalent.

Implication 5 The behavior of a Bayesian expected-utility maximizer in ME is the same as in LE.

8The literature on rational herding starts with the seminal papers by Bikhchandani and Hirshleifer (1992), Welch (1992)
and Banerjee (1992). Herding with endogenous prices has been recently studied in a series of papers, including Avery and
Zemsky (1998), Lee (1998), Chari and Kehoe (2004), Décamps and Lovo (2006a,b). See, for instance, Hirshleifer and Teoh
(2003) for a survey on herd behavior in capital markets and Chamley (2004) for an extensive study on rational herding.

10



3 Experiment Design

We performed our experiment under two different —but in some ways equivalent— formats: ME
and LE. Each subject participated in both formats.” Our main treatment matches the theoreti-
cal setup described in Section 2.1 where the random variables V and ¢ take value in {4,12} and
{—4,4}, respectively. We also conducted two control treatments: the Simplified Market Experi-
ment (SME henceforth) and the No-Unlearnable Risk treatment (NUR treatment henceforth) that
will be detailed in sections 4.2.1 and 4.3, respectively. Below is a detailed description of the Market

Experiment (ME), the Lottery Experiment (LE), the subjects’ payoff and the implementation.

Market Experiment The Market Experiment consisted of a series of 17 questions or “rounds”.
In a given round 7 each subject was asked whether he or she wanted to buy, to sell or not to trade
a given risky asset, that we will denote asset 7. As described in Section 2, the fundamental value
of asset 7 is a random variable 7, = V, + ¢ with V, € {4,12} and € € {—4,4}. The trading
price for asset 7 was fixed at P, = 7,12 + (1 — 7, )4. Both 7, and P, were made known to the
subjects in round 7 (see a screen shot in Figure 7). Moreover, in each round each subject received
a private signal § € {h,l} with precision p = 0.65. Before being informed of the private signal
realization and after observing 7 and P, each subject was asked to declare his or her desired trade
conditional on receiving private signals h or [. The only difference among the rounds was provided
by the probability 7, and the corresponding trading price P.. For the 17 assets, the variables
7, were determined so that they reflected the public belief corresponding to a 17 different signal

unbalance g varying from —8 to +8.10 1!

Lottery Experiment The Lottery Experiment, LE, is designed so that a rational Bayesian
subject would find it perfectly equivalent to ME: subjects were asked exactly the same questions in
exactly the same order but with a different formulation. Instead of asking the subjects the position
they would take on a given financial asset, they were asked to choose one item in a menu of lotteries.
Three possible outcomes and the corresponding probabilities were specified for each lottery in the
menu. Similarly to the example of Table 2 and Table 3, each lottery in a menu corresponded to the
random net gain obtained from selling, no-trade and buying one unit of asset 7 given the private
signal s. In order to match the strategy method implemented in ME, each subject was offered

two menus at each stage and asked to choose one lottery in each menu (see Figure 8). The only

LE preceded or followed ME, depending on the cohort. The order in which subjects participated in the two formats had
no qualitative effect on the behavior observed. Hence, our results refer to the aggregate data across cohorts.

1%0nly from —7 to 47 for subjects in cohorts 1 and 2, that is, 15 assets.

"1See for example Table 5 for a correspondence between the numbering of the asset and the corresponding 7, and g.
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difference between the two menus proposed in a given round was in the probabilities attached
to each payoff. This reflected the different impact that a signal [ and A would have on a subject
(Bayesian) posterior probabilities. LE consisted of 17 payoff-relevant rounds, each one comprising
two menus.'2 Overall, each subject had to choose 34 lotteries in 34 menus. The relation between
the two formats of the experiment was never mentioned to the subjects, nor was the fact that the

two experiments were equivalent from the perspective of a Bayesian rational subject.

Implementation The experiment was carried out at HEC Paris and Toulouse University. We
recruited 227 subjects from undergraduate finance classes. The subjects had no previous experi-
ence in financial market experiments. Between 10 and 43 subjects participated in each session
as decision makers. The main treatment involved 134 subjects (5 cohorts) while the two control
treatments concerned 93 subjects (2 cohorts for the NUR treatment and 3 cohorts for SME). At
the beginning of a session, we gave written instruction which were also read aloud by an experi-
ment administrator. Then two trial sub-sessions, each involving the trade of three assets, were run.
Each of the trial sessions reproduced the trading mechanism in the two formats of the experiment.
After the trial sub-sessions and before the first payoff-relevant sub-session, subjects answered a
questionnaire that tested their level of understanding of the rules of the experiment. Administrators
answered all the subjects’ questions regarding the rules of the game up until the distribution of the
questionnaire. After this, subjects were not allowed to ask additional questions and administrators
ensured that no form of communication among the subjects took place. Throughout the experi-
ment participants were unable to observe each other’s screens. Each experiment lasted about an
hour and a half. An average of €19.87 was paid to each subject. Subjects were also rewarded
with bonus points enabling them to raise their marks in the Financial Markets course.'*> Subjects’
payoffs were determined on the basis of the gain on one round only, both for the market experiment
and the lottery experiment. These rounds were randomly selected at the end of the experiment.!'*
We discarded from our dataset the decisions of 5 subjects who gave more than 3 wrong answers
out of the 14 questions in the questionnaire, as we considered these subjects had not understood
the main rules of the experiment. The final number of observations was 4,132 for 130 subjects in
the main treatment, 1,428 for 42 subjects in the NUR treatment and 850 for 50 subjects in the SME

treatment.

"2Only 15 rounds for cohorts 1 and 2.

3This device is standard in the literature (see for instance Camerer and Hogarth, 1999; Williams, 2008; Biais et al., 2005)
and allow to incentivize participants in their experiments without distorting their risk attitude.

14See the experiment instructions for a precise description of the algorithm determining a subject’s payoffs.
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4 Experimental Results

4.1 Lottery Experiment

In LE, probabilities attached to each possible event are explicitly provided. Thus, for this format an
expected utility maximizer’s decision depends only on the shape of his or her utility function and
not on the way he or she interprets public and private information. As a consequence, LE provides
a simple framework for judging whether the subjects’ behavior can be explained by the expected
utility assumption. This format also allows us to measure subjects’ risk attitude.

Before proceeding with the detailed analysis of the data, we will focus on the main results of
the Lottery Experiment for the main treatment. First, we find that none of the participants can be
considered as risk neutral subjects. Second, the observed impact of risk attitude and prior belief
on trading strategies fits the theoretical properties summarized in Table 5. This is highlighted in
Figure 1 page 15, which provides a general overview of the distribution of subjects’ strategies
in LE as a function of different levels g of signal imbalance. We observe a symmetry of the
contingent orders with respect to |g|. There is a peak of strategies S-B for g = 0. The proportion
of strategies N-N increases with |g|. Strategies B-B decrease with g while strategies S-S increase
with g. We observe a peak of strategies N-B for weakly negative priors (that is g € [—4, —1]) and,
symmetrically, a peak of strategy S-N for weak positive priors. The fraction of non-informative
strategies (i.e., sum of N-N, B-B and S-S) as a function of g displays a U-shape. That is, the
information content of the order flow decreases when prior beliefs are strong. We now turn to the

detailed analysis.

4.1.1 Symmetry of choices

As we pointed out in Section 2, the decision problem a subject faces for a given level of public
belief 7 is the same as the one he or she faces when public belief is 1 — 7. For each subject we
compute a “symmetry score” by comparing the preferred lottery for a given prior 7 with the one
chosen for prior 1 — 7. The score gives us the proportion of a subject’s choices that respects the
symmetry rule.!> Thus, the closer the score is to 1, the more the subject’s behavior is compatible
with rationality. The median symmetry score is 0.81 with 75% of subjects having scored higher
than 0.57.'® Overall, these data suggest that the subjects’ behavior is consistent with Implication

1 and does not contradict this basic test of rationality. Nevertheless, there is a small fraction of

SPrecisely, for each subject we count 0.5 each time the conditional decision is symmetric for public beliefs 7 and 1 — .
The symmetry score of a subject is then obtained by dividing this count by the count corresponding to a fully symmetric
strategy profile.

16The cumulative distribution of the symmetry score is given in Figure 10.
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subjects (8.46%) that clearly behaves inconsistently and displays a symmetry score of less than

0.33.

4.1.2 Risk attitude

In order to infer subjects’ risk attitude, we compare each subject’s actual behavior in LE with the
behaviors predicted by CARA and CRR utility functions for different levels of risk aversion. Each
subject is then assigned the utility function (CARA or CRR) and a risk aversion parameter that
more accurately matches the subject’s observed behavior.!” After that we assign a matching score
to each subject between the observed behavior and closest theoretical behavior. The closer the
matching score is to 1 the better the subject’s behavior can be explained with a CARA or a CRR
utility function. For 63.85% of the subjects we found a utility function that explains at least 75%
of the subjects’ choices.'3

The distribution of risk aversion is reported in Table 6 for CARA and CRR utility functions.
Subjects displaying a strong enough risk aversion to induce N-N in at least 75% of the situa-
tions represent 31.54% of the population. The percentage of risk-loving subjects is 11.54%, while
20.77% of the subjects display intermediate levels of risk aversion. The remaining 36.15% has a
matching score below 0.75. Surprisingly none of the participants in the main treatment come close

to behaving in a risk neutral way. This finding is in sharp contradiction with the assumption that

the subjects are risk neutral.

4.1.3 Informative orders and public information

In order to understand whether and how the strength of prior belief affects the information content
of the order flow, we study how the proportion of subjects using non-informative orders (corre-
sponding to strategies N-N, S-S, and B-B) changes with the signal imbalance.

Table 7 reports the frequency of informative trades by strength of belief. In LE, we observe that
the percentage of informative orders decreases with the strength of belief. That is, the proportion
of non-informative orders is a U-shaped function of the strength of belief. In other words, subjects

tend to ignore their private information more often when the public information is sufficiently

"For each subject, the matching score is computed as follows. Let us start with the CARA function. A given value of
the risk parameter of a CARA utility function implies a certain theoretical behavior, i.e. a set of conditional decisions, one
for each level of signal imbalance. For each of these theoretical decisions, we compute a matching score with the observed
behavior, by counting 0.5 for each side of the conditional decision that matches the observed behavior, and dividing this
count by the number of signal imbalances. The score is thus a number between 0 (no matches) and 1 (perfect match). The
theoretical behavior with the highest score gives us the aversion CARA utility function parameter assigned to the subject. We
then repeat this procedure for a CRR utility function, and obtain the aversion parameter for this class of function. Finally, the
subject’s highest overall matching score determines an aversion parameter and a class of function (CARA or CRR) that best

reflect his behavior.
"8The cumulative distribution of the matching score is given in Figure 11.

14



100%

80%
—— Other
60% ——= SN
N-B
Emm S B
40% B-B
C— N-N
20%
0%

[-8,-5] [-4,-1] 0 [+1, +4] [+5, +8]

Figure 1: Distribution of subjects’ strategies in Lottery Experiment (main treatment)

strong. Namely, informative orders represent 52.31% of all trades for neutral prior belief and
this percentage falls to 16.29% and 20.54% for strong negative and strong positive prior belief,
respectively. This is consistent with Implication 3 on market informational efficiency: the flow of

information decreases with the strength of public belief.

4.1.4 Herding and contrarian behavior

Figure 1 displays the proportion of each strategy, by class of belief.!” Corresponding percentages
are reported in Table 8.

Strategies S-S (B-B) are related to contrarian behavior when they occur for positive (negative)
priors. We observe both buy and sell contrarian behavior. The frequency of strategies S-S for
neutral priors is 7.69%, and is much higher for strong positive priors (20.31%). Similarly, the
frequency of strategies B-B rises from 2.31% for neutral priors, to 14.96% for strong negative
priors. According to Implication 4, contrarian behavior can be attributed to the fraction of subjects
that are risk-loving. It is important to stress that because of the specific design of our experiment
the presence of contrarian behavior cannot be ascribed to the lack of common knowledge of agents’
rationality but should be linked directly to the subjects’ risk attitude.

Strategies S-S (B-B) are related to herd behavior when they are associated with negative (pos-
itive) priors. While our theory gives no justification for herding strategies, a small fraction of the
subjects engaged nevertheless in herd behavior. In particular, sell herding (S-S for strong negative

prior belief) amounts to 6.03% and buy herding (B-B for strong positive prior belief) to 8.04%.

"“Strategy “Other” includes B-N, B-S, and N-S.
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Figure 2: Distribution of subjects’ strategies in Market Experiment (main treatment)

4.2 Market Experiment

Implication 5 of the theory suggests that subjects will choose exactly the same conditional strate-
gies in LE and in ME. This prediction is clearly rejected by our data. Overall, subjects’ answers are
the same for the LE and the ME only in 42.64% of the observations. For only 27.69% of subjects,
the answers in LE and ME were identical in at least 75% of the questions. In most of these cases
subjects preferred strategy N-N for all levels of prior belief in both formats. More specifically, for
every level of signal imbalance g we run a Bhapkar test of marginal homogeneity and rejects at the
1% significance level the hypothesis that the format (LE or ME) has no effect on the frequency of
conditional decisions.?’ Figure 2 and the corresponding Table 10, summarize the distribution of
the subjects’ strategies.

The only common pattern with LE is the symmetry of the subjects’ choices. The rest of the
observations differ. First, contrarian trades (B-B for negative priors and S-S for positive priors)
tend to disappear in the ME. Second, strategies consisting in following the signal whenever this
confirms the public history, and in not trading otherwise (i.e. S-N for negative priors and N-B
for positive priors) are more frequent in ME than in LE. Third, for strong (resp. neutral) priors,
strategies N-N are less frequent (resp. more frequent) in ME than in LE. Fourth, the frequency of
strategies S-B increases in ME.2! Fifth, herd behavior increases in ME.

The effect of the ME format on the order flow information content is ambiguous. As illustrated

in Table 7, informative strategies rise from 28.17% of all choices in LE to 42.35% in ME. In

2For a presentation of tests of marginal homogeneity, we refer to Davis and Holt (1993) and Agresti (2002).
2With the exception of g = 0.
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comparison with LE, the frequency of informative strategies in ME increases for strong belief,
but decreases for neutral belief. This suggests that when public information is weak, the order
flow information content is lower in ME compared to LE. However, for strong prior belief in
ME, private information will be better signaled through subjects’ strategies. As a result, the non-
informative contingent strategies N-N, B-B and S-S as a function of beliefs display a humped shape

as illustrated in Figure 2.

4.2.1 Non-Bayesian updating or framing effect?

There are at least two possible explanations for the discordance in observed behaviors in the two
formats. First, subjects may behave inconsistently because of the difference in the framing of
LE and ME. For instance, while there is no direct reference to financial markets in the way LE
is presented, in ME subjects are asked to take trading decision in financial assets. This framing
could trigger heuristic behaviors in ME that are absent in LE.?> Another possible explanation for
the difference in the subjects’ behavior in the two formats is that in LE probabilities are explicitly
provided, while in ME subjects have to interpret public and private information when forming their
decision. Subjects who do not conform to Bayes rule could behave differently in ME and LE.

To test for the framing hypothesis, we ran a control format that we called Simplified Market
Experiment (SME). This format takes the frame of the ME with the difference that subjects do not
have to interpret private and public information. Namely, subjects had the opportunity to trade a
financial asset at a given price, similarly to ME. However, instead of providing subjects with prior
belief and private signals, we directly supplied them with the posterior probability that vV =12
These probabilities were computed as follows. For a given asset 7, we took into account the
prior belief corresponding to the proposed trading price and updated this belief —using Bayes rule—
following either a signal [ or a signal h. Figure 9 shows the screen layout presented to subjects.
Also, for this format, the predicted behavior of a Bayesian expected utility maximizer is identical
to the one in LE or ME.

Results for this experiment are reported in Figure 3 and Table 12. Overall, the subjects’ be-
havior in SME is closer to the one we observed in LE than to the one we observed in ME. In
particular, the order flow information content decreases as the prior belief becomes stronger, simi-
larly to what happens in LE. Also, strategies S-B (N-N) are more (resp. less) frequent for a neutral
prior, as observed in LE. In one respect, however, behavior in SME is closer to that in ME than

in LE: herd behavior is more frequent in SME than in LE. Taken as a whole, SME suggests that,

22Some examples of heuristic behavior: buying (selling) when the prior belief is strong and positive (resp. negative);
always trading according to the signal; buying when the price is low and selling when the price is high, etc.
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Figure 3: Distribution of subjects’ strategies in Simplified Market Experiment

with the exception of the insurgence of herd behavior, the framing has little impact on the subjects’
trading decisions.

In order to analyze the hypothesis of non-Bayesian updating, we proceed as follows. We focus
on the 83 subjects for which there exists a CARA or a CRR utility function that explains at least
75% of their choices in the LE of the main treatment. Given a subject ¢ matching utility function, a
level of g and a private signal s, we look for the set of posterior beliefs that generates the subject’s
behavior in ME for that g and that s. Within this set of posterior beliefs, we focus on the one
closest to the Bayesian posterior belief and we denote it 7;(g, s). Repeating the process for both
realizations of the private signals in all levels of g, we can correlate a subject ¢ with a point-wise
function 7;(g, s) mapping prior belief g € {—8,—7,..., 47,48} and private signals s € {l,h}
into posterior beliefs. We define subject ¢’s “Bayesian-score” as the fraction of the 34 posterior
beliefs 7;(g, s) that equal the corresponding Bayesian posterior beliefs. We will say that a subject
is non-Bayesian if his or her Bayesian-score is lower than 0.75. According to this definition, 29 of
the 83 subjects considered for this analysis are non-Bayesian. Figure 4 represents the average bias
in posterior beliefs for subjects that are non-Bayesian.?

For relatively strong public belief (g > 2 and g < —2), we find that on average non-Bayesian
subjects display confirmation bias and tend to interpret private signals in a way that either confirms
prior belief or does not challenge it. Namely Figure 4 shows that, when g > 2 (¢ < —2), subjects’

behaviors in ME can be explained with posterior beliefs that are higher (lower) than posteriors

ZFor some subjects, the CARA and CRR utility functions explain the behavior in LE equally well. In these cases, the
utility function used to determine 7;(g, s) is the one minimizing the average bias on posterior beliefs.
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Figure 4: Bias in belief updating rule

derived using the Bayes rule. As an illustration, consider a sufficiently positive public belief, i.e.
g > 2. The impact of a signal high is reinforced by the public belief and traders are more inclined to
buy when they receive a signal of this type. In addition, the impact of a signal low is compensated
by the positive public belief. It follows that subjects receiving a signal low are more inclined not to
trade or even to buy. Consequently, contrarian behaviors disappear, herding behaviors appear and
we observe a larger proportion of N-B strategies than in LE. The argument is symmetric for strong
negative prior beliefs.

Interestingly, for public belief g between —1 and 1, the analysis differs. In that case, we find
evidence of underconfidence, namely that subjects undervalue their private signal. As shown in
Figure 4, for a prior belief of around 0.5, the behavior of subjects with signal low (high) in ME can
be explained by posterior beliefs that are higher (lower) than posteriors derived using the Bayes
rule. Underweighting the private signal creates a sort of additional uncertainty that leads to a peak

of N-N contingent orders.

4.3 Effect of intrinsic uncertainty

We now describe the results of the NUR treatment in which the intrinsic risk component € is absent,
ie, V=4V =12¢=0. By comparing it with our main treatment, we seek to better understand
the effect that a non-learnable risky component € has on the information content of the order flow.

The main features concerning the distribution of subjects’ strategies obtained in the experi-
ments are the same as in the main treatment, on the whole. In particular, non-informative contin-
gent strategies as a function of beliefs display a U-shape in LE and a humped shape in ME. Figure 5
and 6 synthesize these observations. There are, however, two noticeable differences between the

two treatments. First, the frequency of informative orders for a strong negative and strong positive
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Figure 5: Distribution of subjects’ strategies in Lottery Experiment (NUR treatment)
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prior belief is higher for the NUR treatment. For strong negative priors, informative orders in LE
rise from the 16.29% of the main treatment to 34.52%, and for strong positive priors, from 20.54%
to 36.31%.2* Thus, the absence of the non-learnable component ¢ increases subjects’ sensitivity
to private information. In other words, the flow of information decreases with the level of intrinsic
uncertainty regarding the fundamental value of the asset. Second, in LE, the frequency of herd
behavior is more marked in the NUR treatment than in the main treatment.”> Specifically, sell
herding (S-S for strong negative prior belief) in the NUR treatment amounts to 13.69% and buy
herding (B-B for strong positive prior belief) to 12.50%. In the main treatment, these percentages
fall to 6.04% and 8.04%. A possible explanation could be the subjects’ tendency to round the
probabilities of the lotteries and/or to ignore events whose probability is sufficiently small. In the
control treatment, the event V = V is considered by traders with strong beliefs as virtually sure
when |g| is large. Hence, independently of the realization of the private signal, subjects will buy
(sell) when their belief is sufficiently positive (resp. negative). This phenomenon is mitigated in
the main treatment where the additional uncertainty on € makes any trade intrinsically risky even
when V is virtually known. Section 4.4, devoted to the market informational efficiency, will go

into the analysis of the effect of intrinsic uncertainty in greater detail.

4.4 Market Informational Efficiency and ex-post Decisions

In the previous section we have shown that, in LE, the proportion of non-informative orders is a
U-shaped function of the signal imbalance, indicating that the information flow decreases as prior
beliefs become stronger. Subjects’ behavior in ME displays the opposite pattern, with the percent-
age of non-informative orders decreasing with the strength of public belief. In this section we try
to measure the actual impact of these figures on the price dynamics and on market information
efficiency. Within a sequential trade framework, market informational efficiency can be measured
by the evolution of the pricing error defined as the difference between the actual price and the
full information price, i.e., the price that would prevail had market makers directly observed past
traders’ private information. In our experiment, however, we do not observe trading histories as
the subjects did not trade sequentially. Nevertheless, we can simulate an arbitrary large number
of virtual trading histories and measure the average pricing error for histories of different lengths.
To do this, we exploit our observations of contingent trading strategies at different levels of public

belief. In order to generate virtual trading histories, we assume that virtual subjects randomly come

24See Table 7.
BSee tables 8 and 9.
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to the market to trade once and behave as the real subjects did in the actual experiment.?® As in
our experiment, trading prices always reflect prior objective probabilities, our simulations reflect
situations where for any given past history of traders, subjects believe that the asset is correctly
priced by market makers. After each trading round, public belief and price are updated in a way
that reflects the assumptions of the theory in Section 2. Namely, the price updating rule is based on
the hypothesis that market makers and traders do not know the identity of past traders. However,
they have a correct estimation of the average behavior of the population of traders. That is, for any
given level of public beliefs, market makers know the frequency with which each trading strategy
is adopted by traders. These frequencies are those observed in the experiment and are summarized
in tables 8 to 11.27 After observing a given action, the public belief and the trading price will
change according to the Bayesian probability that the order comes from someone who received a
signal [ or a signal h.?

We simulated about 5,000 trading histories per treatment and format, with each trading history
covering a maximum of 20 trading rounds. Figure 12 reports the evolution of the average pricing
error in the main treatment. The pricing error in ME is consistently higher when compared to that of
LE. After 20 trades, the average (median) pricing error is 30% (25.14%) in LE and 34% (34.6%) in
ME. Figure 14 reports the distribution of pricing errors at the 20th round of trade. For LE (ME) in
the main treatment, we find that in 14.52% (13.94%) of histories the pricing error is less than 10%,
while in 8.34% (8.68%) of histories the pricing error is higher than 70%, suggesting that in both
formats information cascades in the “wrong direction” are not unusual. Figures 13 and 15 report
the evolution of the average pricing error in the NUR treatment. The absence of the additional risk
€ improves the information content of the order flow leading to an average (median) pricing error at
the 20th round of 24.4% (14.57%) and 22% (16.92%) in LE and ME, respectively. In comparison
with the main treatment, the average pricing error and the frequency of wrong cascades are lower.
Interestingly, while simulations based on subjects’ behavior in LE provide more efficient prices in
the short run, ME generates more efficient prices in the long run. Overall, our simulations suggest
that market information efficiency is reduced in the presence of additional risk regarding the asset

fundamentals and that this phenomenon is amplified by non-Bayesian behavior, at least in the short

2%We used the following algorithm to generate a virtual trading history. At the beginning of the trading history the value
of V is randomly determined according to ]P’(V =V) = % and the initial public belief is fixed at m9 = 0.5. First, in
each trading round, one among the nine possible trading strategies is randomly selected in a way that reflects the empirical
frequencies observed in the experiments. Note that these frequencies change with the level of public belief, as well as with
the treatment and format used for the simulation. Second, a private signal is randomly determined so that it is consistent with
probability 65%. The virtual trader’s order is the one corresponding to the trading strategy and private signal determined in
the previous two steps. Finally, the public belief is updated and a new virtual trading round starts.

2t is worth noting that these frequencies take into account all the traders including the 36.15% of subjects for whom we
cannot assign a utility function.

ZFor the simulation, this new belief is approximated to the closest point on the grid of belief used for the experiment.
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run.

Our simulations allows to generate statistics on ex-post trades that can be directly compared
with the finding in sequential trading experiments such as Cipriani and Guarino (2005) (CG) and
Drehman et al. (2005) (DOR). The closest treatments are our ME NUR treatment and the flexible
price treatments in CG and DOR. When comparing the distribution of our simulated ex-post trades
with those reported by CG and DOR, two differences are striking. First, we find that no-trade
decisions represent about 60% of ex post decision whereas in CG and DOR they range between
22% and 25%. Second, trading opposite to the signal is virtually absent in our simulation while
it represents between 13% to 17% of trading decisions in CG and DOR. These differences can be
due to the fact that uncertainty about other subjects’ strategies matters in their sequential trading
treatment but it does not in our framework. Also, the difference in pricing rules adopted in theirs
and ours experiments might play a role. While in our experiment prices always reflects objective
probability on the asset fundamentals, this relation is generally not satisfied for the prices proposed
in CG and DOR that tend to over react to the order flow.?® This might have induced subjects to sell
after a large increase in the asset and to buy after a fall in price. Such a mispricing can generate

trades opposite to the subject’s private signal as well as reduce no-trade decisions.

5 Conclusion

In this paper, we report results of an experiment that simulates trading in the financial market. We
adopted two formats for our experiment: the Lottery Experiment and the Market Experiment. This
allowed us to unambiguously measure the information content of the order flow and to disentangle
the impact that risk attitude and non-Bayesian updating have on it. We show that many of the
so called “irrational” behaviors are not so if one takes into account subjects’ risk attitude. The
design of LE enabled us to measure subjects’ risk attitude. We found that CARA and CRR utility
functions can explain the behavior of about two-third of the subjects in LE. While no subject has
a risk neutral behavior, about half of the subject display risk aversion and subjects displaying risk-
loving represent about one-ninth of the population. These risk attitudes have the effect of reducing
the information content of the order flow when market participants have strong prior beliefs on
the asset fundamentals. Contrary to what is predicted by the theory, subjects behaved differently
in ME and LE. This discrepancy can be ascribed to non-Bayesian belief updating and to a lesser

degree to framing effects. More specifically, by considering that subjects’ utility functions are

*The price updating rule in CG and DOR systematically interprets a buy decision, a sell decision and a no-trade decision
into signal h, signal [ and no-signals, respectively. However the proportion of subject behaviors that is consistent with such
behavior in CG and DOR is at most 65%.
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consistent with their behaviors in LE, we find that confirmation bias and underconfidence seems to
fit the subjects’ behavior in ME. The effect of non-Bayesian belief updating on market efficiency
is ambiguous. Non-Bayesian updating reduces (improves) the information flow when the subject’s

prior belief is weak (strong).
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Table 4: Cohorts and participants in the experiment

For each cohort in our experiment, this table reports the treatment we ran on this co-
hort, along with the number of subjets. The last column report the number of subjects
who have been discarded, having given more than 3 wrong answers in a questionnaire.

Cohort # Treatment Order # subjects # discarded

1 Main LE-ME 43 2
2 Main LE-ME 32 1
3 NUR LE-ME 16 0
4 NUR ME-LE 26 0
5 Main ME-LE 18 1
6 Main ME-LE 21 0
7 Main ME-LE 20 0
8 SME - 10 0
9 SME - 21 0
10 SME - 20 1
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Table 5: Optimal strategies for an investor with CRR and CARA utility

ReE))

CRR: U(z) = =) a<—08 | a=-025| —0.03d<a<47 | a=483 a=2591
CARA: U(x)=—ye " | v>0.078 | v=0.02 | —0.25<~v<0.003 | v=-0.26 | y=-0.32
g ™
-8 0.002 N,N N,N S.B B.B B.B
-7 0.013 N,N N,N S.B B.B B.B
—6 0.023 N,N N,N S,B B.B B.B
-5 0.043 N,N N,B S.B S.B B.B
—4 0.078 N,N S,B S.B S.B B.B
-3 0.135 N,N S,B S.B S.B B.B
-2 0.225 N,N S,B S.B S.B S.B
-1 0.350 N,N S,B S.B S.B S.B
0 0.500 N,N S.B S,B S,B S.B
+1 0.650 N,N S.B S.B S.B S,B
+2 0.765 N,N S,.B S.B S.B S.B
+3 0.865 N,N S,B S.B S.B S,S
+4 0.922 N,N S.B S.B S.B S,S
+5 0.957 N,N S,N S,B S,B S.S
+6 0.977 N,N N,N S.B S.S S.S
+7 0.987 N,N N,N S.B S.S S.S
+8 0.998 N,N N,N S.B S,S S.S
Table 6: Subject’s risk attitude
CARA CRR Number % Average
U(z) = —ye 7* U(z) = % of matching
subjects score
High risk averse v > 0.078 a < —0.85 41 31.54 97.47
Medium risk averse  0.005 < v < 0.078 —0.85 < a < —0.065 27 20.77 87.62
Close to risk neutral —0.25 < v < 0.005 —0.065 < a < 4.7 0 0.00 —
Risk-loving v < —0.25 a>4.7 15 11.54 89.82
Not classed 47 36.15 61.44
All 130 100.00 81.52

Table 7: Informative orders (in %) in the main treatment and in the NUR control treatments

Main treatment: NUR treatment:

Signal imbalance g ME LE ME LE
g € [-8,—5] 41.29 16.29 69.64 34.52
g€ [—4,—1] 40.96 33.08 74.40 51.79
g=20 26.15 5231 3571 54.76
g € [+1,+4] 46.35 34.04 76.79 55.36
g € [+5,+8] 45.09 20.54 68.45 36.31
All 42.35 28.17 70.17 45.10
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Table 8: Conditional decisions (in %) in the Lottery Experiment (main treatment)

Signal imbalanceg B-B B-N B-S N-B N-N N-S S-B S-N S-S
g € [-8,-5] 1496 045 1.12 513 6272 134 446 379 6.03
g € [—4,—1] 1635 1.15 0.77 19.23 4654 096 6.15 481 4.04
g=20 231 0.00 0.00 538 37.69 0.00 3692 10.00 7.69
g € [+1, +4] 2.88 038 058 423 44.04 058 942 18.85 19.04
g € [+5,+8] 8.04 022 0.67 491 51.12 156 491 826 20.31
Table 9: Conditional decisions (in %) in the Lottery Experiment (NUR treatment)
Signal imbalanceg B-B B-N B-S N-B N-N N-S S-B S-N S-S
g € [-8,—5] 28.57 1.19 0.00 595 2321 0.00 4.17 2321 13.69
g € [—4,—1] 5.36 0.00 0.00 16.67 3690 0.00 9.52 2560 595
g=20 0.00 0.00 0.00 9.52 4524 0.00 33.33 11.90 0.00
g € [+1, +4] 595 0.00 000 2440 3333 179 9.52 19.64 5.36
g € [+5,+8] 1250 0.60 0.00 23.81 26.19 238 1.19 8.33 25.00
Table 10: Conditional decisions (in %) in the Market Experiment (main treatment)
Signal imbalanceg B-B B-N B-S N-B N-N N-S S-B S-N S-S
g € [-8,—5] 1.56 223 246 871 4442 156 13.62 12.72 12.72
g €[4, —1] 1.54 154 346 981 5212 135 12.69 12.12 5.38
g=20 1.54 000 154 385 6923 3.08 16.15 154 3.08
g € [+1,+4] 423 0.77 096 21.35 4635 250 14.62 6.15 3.08
g € [+5,+8] 1295 045 1.12 18.75 3795 3.79 11.61 938 4.02
Table 11: Conditional decisions (in %) in the Market Experiment (NUR treatment)
Signal imbalanceg B-B B-N B-S N-B N-N N-S S-B S-N S-S
g € [-8,—5] 0.60 0.00 0.00 1190 13.69 1.79 6.55 49.40 16.07
g € [—4,—1] 0.00 0.00 0.00 6.55 2440 238 1548 50.00 1.19
g=20 0.00 0.00 0.00 476 64.29 0.00 3095 0.00 0.00
g € [+1, +4] 3.57 0.00 0.00 5298 19.64 0.00 1726 6.55 0.00
g € [+5,+8] 13.10 0.60 0.00 50.60 1845 0.00 536 1190 0.00
Table 12: Conditional decisions (in %) in the SME treatment
Signal imbalanceg B-B B-N B-S N-B N-N N-S S-B S-N S-S
g € [-8,—5] 13.00 450 2,50 850 36.00 1.50 7.00 6.00 21.00
g€ [—4,—1] 20.00 250 1.00 19.00 24.50 3.00 15.50 10.50 4.00
g=20 4.00 6.00 2.00 20.00 22.00 2.00 32.00 6.00 6.00
g € [+1, +4] 7.00 0.00 150 20.50 22.00 3.00 20.50 18.50 7.00
g € [+5,+8] 22.00 2.00 4.50 21.00 26.00 1.50 1250 550 5.00

29



—Asset 3117

The asset is "high' with probability 97.6% and 'low' with probability 2.4%. The proposed price is:
11.8

Select a decision for each signal, then click on OK:

O Sell the asset O Sell the asset
) Do nething ) Do nothing
() Buy the asseat ) Buy the asset

Figure 7: Screen layout in a Market Experiment (main treatment)

— Question 317

Select your preferred lcttery in Table 1, your preferred lcttery in Table 2, then click on OK :

—Table 1 —Table 2

O O
Payment 12.0 Payment 12.0

O
@]

Probakbility 2.2% 50.0% 47.8% Probability 0.6% 50.0% 49.4%

Payment 23.8 15.8 7.8 Payment 23.8 15.8 7.8

O
@]

Probability 2.2% 50.0% 47.8% Probability 0.6% 50.0% 49.4%

Payment 0.2 8.2 16.2 Payment 0.2 8.2 16.2

Figure 8: Screen layout in a Lottery Experiment (main treatment)




—Asset 3117

The proposed price is:
11.8

[1] What would be your decision if the asset were 'high' with probability 95.7%7

O Sell the asset
Do nething
() Buy the asset

[2] What would be your decision if the asset were 'high' with probability 98.7%7

O Sell the asset
ODo nothing
) Buy the asset

Figure 9: Screen layout in a Simplified Market Experiment
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Figure 10: Cumulative distribution of the symmetry score (main treatment)
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Figure 11: Cumulative distribution of the matching score (main treatment)
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Figure 12: Evolution of the pricing error in the main treatment
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Figure 13: Evolution of the pricing error in the NUR treatment
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Figure 14: Distribution of pricing error at the 20th round in the main treatment

33



Frequency in %

0-5 T T T T T T T T T T T T T T T T T T

03

02

01

123456 .7.8.911112131415161718
Pricing error

Figure 15: Distribution of pricing error at the 20th round in the NUR treatment
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