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Behavioral Biases and Informational Inefficiency in an
Agent-Based Financial Market
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Abstract

The role of competitive markets as efficient aggregators of decentralized information is a fundamental
problem in economic theory. This paper studies the informational efficiency of a market with a single
traded asset, in which agents expectation formation about future price has two kinds of deviations
from rationality. First, traders have adaptive expectations, i.e. they give more importance to the past
price than a rational agent. Second, the agents are subject to the confirmatory bias, i.e. they tend to
discard new information that substantially differs from their priors. Taken separately, each deviation
worsens the informational efficiency of the market. However, for some ranges of parameters, when the
two biases are combined, they tend to mitigate each other effect (thus increasing the informational
efficiency). We also study the robustness of these findings to alternative specifications concerning
market participation, entry of new agents, and the amount of liquidity that agents hold.

1 Introduction

The power of competitive markets as efficient aggregators of decentralized information is a fundamen-
tal problem in economic theory. HAYEK (1945) first formulated the hypothesis of in- formational effi-
ciency of competitive markets. Further research analyzed this hypothesis in the case of centralized
(GROSSMAN, 1976; WILSON, 1977; MILGROM, 1981) and decentralized markets (WOLINSKY, 1990;
BLOUIN & SERRANO, 2001; DUFFIE & MANSO, 2007). Virtually all contributions assume that econom-
ic agents are fully rational. However, recent literature in experimental financial markets (e.g. HARUvY
et al., 2007) finds that the traders price expectations deviate strongly from the rational-expectations
assumption.

In this and the companion paper (ALDASHEYV et al., 2011) we study the performance (as an information
aggregator) of a competitive market in which agents’ expectation about the future price of the traded
asset can have two kinds of deviations from full rationality. First, traders have adaptive expectations,
i.e. they give more importance to the past realized price of the asset than the fully rational agent
would. Second, the agents are subject to the so-called confirmatory (or confirmation) bias: they tend to
discard the new information that substantially differs from their priors. The common sense intuition
indicates that systematic deviations from rationality hurt the efficiency of competitive markets, as they
map, Vvia biased trading actions of agents, into equilibrium prices that do not correctly reflect the fun-
damental value of the traded asset. Moreover, a larger extent of such deviation should imply less mar-
ket efficiency. However, we find a surprising result that while, taken separately, each of the deviations
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from rationality worsens the informational efficiency of the market, for some ranges of parameters the
two biases combined tend to mitigate each other effect (thus increasing the informational efficiency).
In this paper we study the robustness of the main findings of ALDASHEV et al. (2011) to alternative
specifications of the model concerning market participation (all agents versus only the agents that
revise their expectations), entry of new agents (replacement by agents with the same initial price ex-
pectation versus ones with a randomly® drawn initial expectations), and the amount of liquidity that
agents hold (finite, i.e. some exit occurs, versus infinite, i.e. no exit).

2 The baseline model

In ALDASHEYV et al. (2011) authors presented a model aimed at unraveling some of the price formation
mechanisms in a market where agents incorporate private information from peers and public infor-
mation. In the present work we analyze and discuss some of the working assumptions made there and
we propose new research directions. For the sake of completeness we hereby recall the main character-
istics of the model, addressing the interested reader to the referenced paper for further details.

Let us thus consider a market, where time evolves in discrete steps (hereby denoted by integer values t
=0, 1,...) to mimic the opening and closure of the real market periods, and that is composed by N
participants - agents - each one endowed with an initial liquidity L, > 0. During each period, agents
can trade the single asset of this market at a price (normalized to belong to the interval [0, 1]) that will
be denoted by Py in period t. This price, which is public information, is initially fixed to some level P,*
that can differ from the fundamental value of the asset, in this way we want to simulate the post IPO
(Initial Public Offering) phase of the market dynamics.

Every agent i can place an order to buy or short sell 1 unit of the asset, on the basis of her expectation
about the price for period t, hereby denoted by P°' .We assume that initially on average,
agents have unbiased information about its fundamental value (more specifically the initial price ex-
pectations of the agents is drawn from a uniform distribution in the [0, 1] interval and therefore the
fundamental value of the asset is actually 1/2).

The process of expectations’ formation is the main theoretical contribution of this paper as it departs
from the standard rational-expectation benchmark and allows to model multiple types of deviations
from rationality in a simple, yet quite general, way. More precisely, we introduce two biases in the
agents’ expectation formation. First, agents are allowed to influence each others through social inter-
actions with confirmatory bias, i.e. agents exchange information about prices, but they tend to disre-
gard price information that differs to much from their own (calling ¢ the mind openness of the agents,
the strength of this bias is measured by 1 — ). Second, agents give weight a to the, publicly known,
past market prices (adaptiveness).

Finally, each agent weights both contributions to get her next period expectation, more precisely, if
agent i interacts with agent j then:
Pe,i
. ot _ _ . .
Rl =aR +(L-a){ P + P*) it |Re — PR
2

> o otherweise )

% In all instances in which we need to generate a pseudo-random number we use the Mathworks Matlab 2010a
random number generator which, according to MOLER (1995) has a period of 2'**° calculated using a subtrac-
tion with borrow generator enhanced with the use of Xor to further improve the qualities of the sequence gen-
erated. Given the relatively small size of random number calls in our simulations (with respect to the period of
the random number generator) the selection or a particular generator does not change the results.

* We fix Po = 0:9 throughout the simulations as the initial value of the price is irrelevant for the dynamic evolu-
tion, as long as it differs from the fundamental value.
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During each period, only a fraction y € (0, 1) of the N agents update their price expectation, while the
rest keep their own previous expectations.

Once the agent has got her price expectation, she decides to participate or not to the market. and if to
be a buyer or a seller. Considering that placing an order implies a small fixed but positive transaction
cost ¢, agent i will participate to the market according to its expected next-period gain, |P%l - Pt\—c>0

t+1

i.e. if She will participate on the buyer P°' > P side if or onthe seller sideif R <P
At the end of the period, each agent learns the price P; at which the trade has been settled and the prof-
its/loss she realizes.

The market mechanism, which sets the price, Py, at each period, is similar to the Walrasian auctioneer,
hence the market is centralized. More precisely an hypothetical price R': , solution of the equation
ns(x) = ns(x) - the price that, almost, equates the number of buyers and sellers at price x - is calculat-
ed®. Starting from this value, the possible presence of disequilibrium requires a correction. The real
market price Pt+1 will move in the direction to eliminate excessof demand or supply:

Pt+1 = ﬂ(Pt)P:rl + (1_ﬂ(Pt))Pt (2)

but existing disequilibrium will not disappear instantly: indeed in Eq. 2 the speed of price adjustment
depends on the size of the excess demand or excess supply relative to the size of the population, i.e

B(%)=[ng (x) = ns (x)/ N

Once the price has been set, each agent participating in the market, places an order, then the number of
exchanges that occurs is min{nB (Pt), nS (Pt)}. Finally each seller i updates her liquidity by

Liti+1 = L'[ + Pt — C while each buyer by Litj+1 = |_[J — |:>t —C

If, as a result of this procedure, agent’s liquidity dries up to zero, then that agent leaves the market and
she is substituted by another agent with liquidity Ly, and with same next-period price expectation that
she initially had.

In ALDASHEV et al. (2011) authors analyzed in details the model, with particular attention to the mar-
ket inefficiency, namely the long-run deviation of Pt from the fundamental value, as function of the
key parameters: a, ¢ and vy. In the present paper, we propose some interesting extensions to the original
model, with the aim of testing the robustness of the results and still answering to the questions: Does
the market price Pt converge to the fundamental value of the asset? If not, how large is the market
inefficiency, namely the long-run deviation of P; from the fundamental value?

Moreover, we are interested in understanding:

» What happen to the market inefficiency, and to other key variables, when only the agents
allowed to update their expectations do participate to the market?

» How the previous results of Aldashev et al. (2011) are modified, if, whenever an agent
leaves the market because her liquidity is negative, a new agent is introduced, whose
price expectation is randomly chosen and therefore uncorrelated with the previous one?

» What happens when the main source of noise, namely the substitution of agents, is elimi-
nated?

3 The Results

The non-linearity of the interaction between agents in presence of multiple biases makes com- prehen-
sive analytical results beyond reach, in particular when market participants are both adaptive (a > 0)
and socially interacting (¢ > 0). The interested reader can find a detailed analytical treatment of the
cases where agents assume extreme behaviors, i.e. a ~ 0,0~ 1,6 ~ 0 and 6 ~ 1, in ALDASHEV et al.

5 . . . . .
Whenever there are several solutions to this equation, P, will denote their average
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(2011). Thus main analysis’ tool will hereby constituted by numerical simulations. The simulations
realized for this paper have been performed in Matworks Matlab R2010a the code used is available
from the authors upon request. The cost of a trading transaction is throughout fixed to ¢ = 0.005. We let
each simulation, to run until the market price converged to an almost steady state, namely when the
difference between the market prices in periods t and t + 1 is smaller than the threshold 10~°. When not
otherwise specified, each agent receives initially a relatively low liquidity, Ly = 10, in such a way there
is the possibility that the strategy of an agent will lead to exhaustion of her liquidity. Finally, to obtain
significant statistics, for each pair of values, (a, o) the market simulations is repeated 100 times®.

All the relevant variables have been studied as a function of the weight of the adaptive component in
the price expectations of traders o and of the degree of confirmatory bias 1 — o (both variables are
studied in the whole range [0, 1] in steps of 1077). Figure 1 reports the informational inefficiency of
the market for the cases in which the fraction of agents that revise their expectations in every period is
vy =0.2, 0.5 and 1, respectively (Panels A, B, and C where not otherwise stated). Lighter colors indi-
cate lower level of market inefficiency, while darker ones indicate higher inefficiency. Figure 2 shows
the average number of traders that exit the market as their liquidity hits the zero boundary. Figure 3
shows the standard deviation of price expectations of the agents when the market price reaches the
steady state. Finally Figure 4 shows, for the case of y = 0.2, the average liquidity owned by the agents
at the end of the simulation (Panel A) together with the time needed to stabilize the market (Panel B)
and the number of trades realized in the final period of the simulation (Panel C).

PANEL A PAMEL B PANEL G

onfirmatory tias (1-a

Figure 1. Market inefficiency as a function of the adaptive component (a) and the confirmatory
bias (1 - 0). Panel A: y = 0.2, Panel B: y = 0.5 and Panel C: y = 1.0. Parameters are:
initial price P, = 0.9, initial liquidity L, = 10, newcoming agents have the same initial price
expectation of the leaving ones.

PANEL A PANELB PANELC
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Figure 2: Average rate of exiting agents as a function of the adaptive component (a) and
the confirmatory bias (1 — g). Panel A: y = 0.2, Panel B: y = 0.5 and Panel C: y = 1.0. Pa-
rameters are: initial price P, = 0.9, initial liquidity L, = 10, newcoming agents have the same
initial price expectation of the leaving ones.

® The variability of the results of single simulations is not a significant issue, a the study of the standard devia-
tions shows (data not reported) that the variance is one order of magnitude smaller than the variation in the da-
ta that we observe.
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From the analysis of the results reported in these Figures 1 to 4, follows the following proposition:

PANEL B PANELC
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Figure 3: Panel A: Standard deviation of price expectation at convergence as a function of
the adaptive component (a) and the confirmatory bias (1- o). Panel B: distribution of the
price expectations at steady state for a = 0.01 and 1 -0 = 0.9. Panel C: distribution of the
price expectations at steady state for a= 0.01 and 1-0 = 0.5. Parameters are: initial price P,
= 0.9, initial liquidity Lo = 10, y = 0.2, newcoming agents have the same initial price expec-
tation of the leaving ones
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Figure 4: Average liquidity (Panel A) at convergence, time of convergence (Panel B) and
number of exchanges at steady state (Panel C) as a function of the adaptive component (a)
and the confirmatory bias (1- 0). 'Y = 0.2. Parameters are: initial price Py = 0.9, initial liquidi-
ty Lo = 10, newcoming agents have the same initial price expectation of the leaving ones.

Proposition 1

1. The market inefficiency can be non-monotonic in the weight of the adaptive component.
This trend is stronger the lower is the fraction of agents that revise their price expectations
in each period;

2. The slope of the relationship of market inefficiency in the degree of confirmatory bias (1-
o) can be of opposite sign at different values of the weight of the adaptive component (o).

3. Market inefficiency can be non-monotonic in the degree of confirmatory bias (1- 0);

4. The value of o: at which the non-monotonicity of the market inefficiency with respect to the
confirmatory bias appears gets smaller as y increases;

5. The average liquidity is larger for parameters values giving rise to higher-than-expected
inefficiency.
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Since the results of Prop. 1.1 to 1.4 are widely analyzed in ALDASHEV et al. (2011) only a brief sum-
mary of the discussion on them is proposed here before proceeding with the dissertation of our new
results. The non-monotonicity with respect too: can be observed fixing the value of 1-c, and moving
horizontally from the left point corresponding to a. = 0, to the right a = 1 in Figure 1. The market inef-
ficiency first decreases and then increases- at least for some values of . Let us observe that, for large
values of a the market inefficiency is strong, this can be explained by the fact that traders give very
high weight to past prices when forming their expectations, so the initial price becomes very im-
portant. As a declines (assuming no effective social interaction, i.e. 1- o ~ 1), the traders give less
weight to the past prices and more weight to their expectations of the previous period . There are here
two inter-related processes in action namely the upward drift of price expectations of initially low-
expectation agents and the downward pressure on the market price converge. Their combination lead
the market price to converge not very far from the fundamental value. But when o value declines even
more, market inefficiency rises again since the first process gets much slower than the second one.
This leads low-expectation agents to adopt a strategy resulting in persistent negative profits, and even-
tually to exit the market (see the top-left corner of Figure 2). This substitution of agents is sufficient to
soften the downward move in the market price, resulting in higher-than-expected market inefficiency.
Weakening the confirmatory bias (i.e. increasing the value of c) the channel that leads to the exit of
low expectation traders softens down, as there is now an additional mechanism that creates an upward
pressure on the expectations of those traders: the integration of information that comes from their
peers. However also the relationship between market inefficiency and confirmatory bias is non-
monotone. As we move from the point at the bottom (1 - o = 0) upwards, the average deviation of the
long-run market price from the fundamental value first decreases and then increases, this behaviors,
summarized in Prop. 1.3 can be explained as follow: as a trader becomes more open minded, she starts
to integrate at least some of the information about the fundamentals contained in the price expectations
of another trader leading to lower inefficiency in the market, but when the agents becomes very open-
minded (and the weight of history is not too small), this openness induce them to ’excessively’ inte-
grate the early upward drift into the expectations, leading to higher inefficiency. Furthermore, compar-
ing across different levels of vy it is possible to retrieve the result of Prop. 1.4: as the fraction of agents
that can update their expectations in each period (y) increases, the area of non-monotonicity becomes
smaller. This happens because the possibility to exchange information (higher y) and the effective
willingness to integrate the information coming from other traders (higher o) act in a complementary
fashion: if the possibilities to exchange information are limited, the openness of mind do not soften
down the exit channel significantly.

The area in which the market inefficiency is higher than expected presents also an higher average level
of liquidity per agent at the steady state meaning that, on average, the agents grow richer during the
simulation (see Figure 4, panel A). This is the result of the combination of two effects.

On the one side the time required by the market price to reach the steady state is higher (see panel B of
Figure 4) when agents have low o and high (1 — o) since the agents update their expectations relative-
ly slow. On the other side due to the large degree of confirmatory bias many interactions are rejected.
This implies that agent with low initial expectation move upward slowly and, persistently underesti-
mating the market price, effectively distribute their liquiflity to the agents that where initialized nearer
to the initial price. After some time this strategy dries up their liquidity and they are excluded from the
market. However, these agents are substituted by other with the same initial price expectations
( PSS substitution) so the more time it takes to achieve equilibrium, the more the agents initially near
to the market price get richer. This effect disappears when the agents give more weight to history
(since the expectations of all the agents move too fast also causing a bigger inefficiency), or when the
degree of confirmatory bias (1 — o) is lower (the expectations move in the direction of the market
prices but, provided that the agents do not give much weight to history, the inefficiency is reduced by
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the mean preserving nature of social interaction as modeled here). This phenomenon is observed in all
variations of this original model presented in this paper’ and it is summarized in Prop. 1.5.

It is clear, from the above discussions, that the noise introduced by the exiting agents is a powerful
mechanism, that alone explains a large part of the non-linear behavior of the model. To support this
claim we report in Figure 5, the results of simulation with y = 0.2 and the initial liquidity arbitrarily
large (Lo = ©0), in this way we prevent agent from reaching the zero-liquidity boundary and thus to
leave the market. We can observe that market inefficiency (in panel A) is almost perfectly monotonic,
growing with a and, to a lesser measure, with (1 — ©). The non-linear effects giving rise to non-
monotone behaviors disappeared. The standard deviation of the expectations (Figure 5, Panel B) still
increases in the area in which there was non-monotonicity. This happens because the social dynamics,
as described below, still divide the agents in multiple clusters of opinions. This division in groups
means that some group of agents will subsidize the others but, since agents are infinitely rich, this do
not have consequences on the market efficiency (no agent is ever substituted). Let us finally notice
that the elimination of the noise given by the substitution of the agents does not have any significant
effect on the time of convergence of the model (see Figure 5, Panel C in comparison with Figure 4,
Panel B).
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Figure 5. Market inefficiency (Panel A), standard deviation of the price expectations at
steady state (Panel B) and time of convergence (Panel C) as a function of the adap-
tive component (a) and the confirmatory bias (1 -o 1= 0.2. The initial price is Po = 0.9
and initial liquidity arbitrarily large Lo = oo,

Let us now briefly comment on the used hypotheses. The first concerns the expectations of the new-
coming agents introduced when some of the old leaves because its liquidity has reached negative val-
ues. Up to now, we assumed that the new agent has the same initial expectation of the exiting agent,
namely they are strongly correlated. While this can be a reasonable assumption, for instance when the
traders comes from the same company (or the same household), one cannot always assume such per-
fect correlation, we thus relax this assumption by allowing new entrants to have initial expectations
uniformly randomly distributed, hence completely uncorrelated with that of exiting agents (for short
random substitution in the following).

The second assumption is about the agents' expectation update and the possibility to trade in the mar-
ket. Up to now, we assumed that a fraction 1of agent is able to update their expectations but every-
body parti-cipate to the market. While it is clearly possible that someone trade without new infor-
mation, it is more realistic to assume that only people able to gather new information will take the risk
of buying and selling stocks, and therefore will contribute to the formation of the market price.

" Data for not reported results are available upon request to the authors.

197



3.1 Uncorrelated substitution of failed agents

The aim of this section is to study the market inefficiency under the hypothesis of random sub-
stitution, results are reported in Figures 6 to 9.
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Figure 6: Market inefficiency as a function of the adaptive component (a) and the confirmato-
ry bias (1 —o) Panel A: y= 0.2, Panel B: y= 0.5 and Panel C: y = 1.0. Parameters are: initial
price Py = 0.9, initial liquidity L, = 10, newcoming agents have the uncorrelated initial price
expectation with respect to the leaving ones.

Under this assumption, some of the previous results are confirmed: there is still non mono- tonicity
with respect to weight of the adaptive component a, a behavior that is even more marked in this case,
and the area of non-monotonicity still becomes smaller as the proportion of agents that update their
expectations increases. However, the market inefficiency as a function of the degree of confirmatory
bias is now monotone. Hence summing up:

Proposition 2
When there is no correlation in the expectations of the agent exiting and entering the market:
1. Results of Propositions 1.1, 1.2 and 1.5 are confirmed;
2. Market inefficiency is monotone in the degree of confirmatory bias (1 - o), therefore
Propositions 1.3 and 1.4 do not hold;

3. The market price reaches the steady state while trade opportunities still exists (market
shows allocative inefficiency too).
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Figure 7: Average rate of exiting agents as a function of the adaptive component (a) and the
confirmatory bias (1- o). Panel A: y = 0.2, Panel B: y= 0.5 and Panel C: y = 1.0. Parameters
are: initial price Py = 0.9, initial liquidity L, = 10, newcoming agents have the uncorrelated
initial price expectation with respect to the leaving ones.
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Figure 8: Panel A: standard deviation of price expectation at convergence as a function of
the adaptive component (a) and the confirmatory bias (1- g). Panel B: distribution of the price
expectations at the steady state for a = 0.01 and 1 - - = 0.9. In both panels y = 0.2. Parame-
ters are: initial price Po = 0.9, initial liquidity Lo = 10, newcoming agents have the uncorrelat-
ed initial price expectation with respect to the leaving ones.

In Proposition 1.3 the non-monotonicity was emerging as a result of the 'over-integration' of the initial
upward drift from the agents. The mechanism of random substitution implies that the agents with ini-
tial low expectation are much more likely to exit the market than those with high initial expectations
and therefore, in the long run, there will be proportionally more of the latter than of the former, the
market price will therefore stabilize around a value farther away from the fundamental value than in
the PS' substitution case. Interestingly the random substitution induces a sort of natural selection of

the agents, selecting those who begin nearer to the IPO price of the asset. Moreover, as for every evo-
lutionary mechanism in a stable environment , the longer is the simulation the stronger will be its ef-
fect .

Figures 9 (Panel B) and 4 (Panel C), shows the average number of trades actions in the period in
which the model reach the steady state. In the areas characterized by non-monotonicity there is still
activity on the market (as summarized in Proposition 2.3). The reason for which the price stabilizes
while there is still trade is the following: in this area agents are, almost purely, social agents, that give
very little importance to historical price, and that interact through the bounded confidence mechanism
that has been described. It has been shown by WEISBUCH et al. (2002) that in an opinion dynamics as
this one, the number of cluster formed by the agents in the long run varies as the integer part of .
This means that agents will tend to form multiple clusters when o is small. Inside each cluster there is
consensus on the market price, while persistent differences will remain among agents belonging to
different clusters. The substitution mechanism employed is not neutral to the strength of this phenom-
ena. If P’ substitution' mechanism is used then, since the agents don't move far from their original

ideas about the price before eventually exit the market the new agents substituting them will not have
initial expectations significantly different from the one of those who just exit and will therefore end up
in the same cluster as them (as can be seen from Figure 3, Panel B). At the opposite with the Random
substitution' the division in clusters will tend to disappear as a result of the evolutive selection that
characterize this mechanism (see Figure 8 Panel B). Finally, let us notice that the division in cluster
also disappears when the degree of confirmatory bias is reduced (see Figure3, Panel C)
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Figure 9: Average time of convergence (Panel A) and number of trades at the steady state
(Panel B) as a function of the adaptive component (a) and the confirmatory bias (1- o) y=
0.2. Parameters are: initial price Po = 0.9, initial liquidity Lo = 10, newcoming agents have the

uncorrelated initial price expectation with respect to the leaving ones.

3.2 Only active agents can trade

Due to the technological level of the exchange procedures employed in modern markets, everyone can
set an order, thus we can suppose that also agents, unable for some practical reasons to get informed,
can participate to the trade. Practically, anyway, this is not very realistic: no trader would decide to
buy or sell assets without having acquired (or at least tried given time constraints that he has) as much
information as possible on the asset is going to trade. Thus more realistically we assume that only
those agents i hat have the opportunity to update their expectation, a fraction yof the total, do partici-
pate in the market and therefore contribute to the formation of the market price.

From Figure 10, that reports the market inefficiency follows this proposition:

Proposition 3
When only active agents participate to the process of formation of the market price:

1. Propositions 1.1 (first part), 1.2,1.3 and 1.5 hold.

2. The tendency of the market inefficiency to be non-monotonic in a is stronger, the higher is
the fraction of agents that revise their price expectations in each period.

3. The weight of the adaptive component at which the hon-monotonicity of the market ineffi-
ciency in the degree of confirmatory bias appears remains unchanged when the fraction of
agents that revise their expectations increases

4. Levels of market inefficiency are higher that in the case of Proposition 1.
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Figure 10: Market inefficiency as a function of the adaptive component (a) and the confirma-
tory bias (1 - o) Panel A: y= 0.2, Panel B: y= 0.5 and Panel C: y= 1.0. Parameters are: initial
price Py = 0.9, initial liquidity Lo = 10, newcoming agents have the same initial price expecta-
tion of the leaving ones; only active agents contribute to the formation of the market price.
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The difference between Prop. 1.1 (second part) and Prop. 3.2 is the most important one. The
relationship between 1, the fraction of agents allowed to update their expectations each step,
and the strength of the non-linearities in a and o is reversed. While for y= 0.2 is almost invis-
ible, increasing the value of this parameter the area becomes more well defined. This de-
pends on the sensibility of the market price to the expectations of the agents, that influence it.
When vy is small only a few, randomly selected, agents trade and therefore the market price
will be more sensible to their choices. To understand why the non-monotonicity in the top-
left part of Figure 10 (Panel A), almost disappears, remember that the population of the agent
begin the simulation uniformly distributed. A random selection on such a sample will there-
fore tend to select agents from 0 to 1 more or less uniformly; when this is associated with the
slow movement of expectations that characterize the area of non-monotonicity (low weight
of history and high confirmatory bias) the consequence is that the price of the asset moves
rapidly near the its fundamental value. Consistently, Figure 11 shows that more agents leave
the market when v is increased.

At the opposite the weight of the adaptive component in the expectations (o) at which the non-
monotonicity of the market inefficiency in the degree of confirmatory bias appears remains unchanged
regardless to y. To understand why this happen remember that the non-monotonicity in the degree of
confirmatory bias appears, in the baseline model, when the upward drift of the expectations of the low-
expectation agents becomes too slow with respect to the downward movement of the market price and
that both these mechanisms are influenced by the proportion of active agents each step (y). In the present
case, at the contrary, the market price become more sensible when vy is low but this do not influence sig-
nificantly the movement of expectations (which depends only on o and o, both small in the area interest-
ed by the phenomenon), the two effects actually completely offset each other leading to the result of
Prop. 3.3.

Observing Figure 10, in comparison with Figure 1, it is clear that while the baseline model
presents values higher than 0.16 (to which we have rescaled all the images in order to make
them comparable) only for high values of a now, with the exception of the area of non-
monotonicity, the levels of inefficiency (given some a, ¢ and y) are generally higher. The
reason for this is that when more agents participate to a market there is an higher volume of
potential trade, which in turns leads to more efficiency. Consistently comparing the Figure 2
and Figure 11 we can see that there are more agents exiting the market (proportionally to the
level of y) in the first figure than in the second, because we now have less interactions and
therefore less agents dry up their liquidity even in a larger number of steps.

Finally, looking at Figures 9 (Panel A) and Figure 12: when vy is small the simulations where
all the agent participate to the market price formation process takes much more time to con-
verge that the case in which only active people interact. The sensibility of the market price is
once again the main determinant of this behaviour. The market price is more sensible to the
expectations of the active agents if they are the only to participate in the formation of the
market price. The higher volatility of the prices implies shorter times of convergence associ-
ated with the higher levels of inefficiency already discussed.
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Figure 11: Average rate of exiting agents as a function of the adaptive component
confirmatory bias (1- o). Panel A: y= 0.2, Panel B: y= 0.5 and Panel C: y= 1.0. Parameters
are: initial price Py = 0.9, initial liquidity L, = 10, newcoming agents have the same initial price
expectation of the leaving ones; only active agents contribute to the formation of the market
price. The data have been normalized in order to control for the fact that more people partici-
pate to the market each turn (caeteris paribus) when vy is bigger.
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Figure 12: Average time of convergence as a function of the adaptive component (a) and the
confirmatory bias (1- o). Panel A: y= 0.2, Panel B: y= 0.5 and Panel C: y= 1.0. Parameters
are: initial price P = 0.9, initial liquidity L, = 10, newcoming agents have the same initial price
expectation of the leaving ones; only active agents contribute to the formation of the market
price.

4 Conclusions

This paper has analyzed the informational efficiency of a financial market in which the expectation
formation process of traders has two kinds of deviations from rationality (adaptive expectations and
confirmatory bias). Taken separately, each deviation worsens the informational efficiency of the mar-
ket; however, for some ranges of parameters, when the two biases are combined, they tend to mitigate
each other effect (thus increasing the informational efficiency). We have studied the robustness of
these findings to alternative specifications concerning market participation, entry of new agents, and
the amount of liquidity that agents hold. With a random substitution of traders that exit the market we
found that, while most of the predictions obtained in the previous case are confirmed, the non-
monotonicity in the degree of confirmatory bias disappears due to the emergence of a selective process
that favour the agents initially near the market price. In order to complete our analysis we then modi-
fied the model allowing only the price expectations of those agents that try to update their information
to participate to the mechanism of formation of the public market price. We discovered that, while all
the non-monotonic behaviors observed in the baseline model persists, we have a reversal in the effect
caused, on the market inefficiency, by the degree of participation in the market. The area in which the
informational inefficiency is higher than what it would be expected if we had a mono- tonic behavior
gets larger as the proportion of agents updating their expectations increases. Our findings integrate
those obtained in ALDASHEV et al. (2011) significantly extending the understanding of the conse-
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guences that the key assumptions of the model have on them. Indeed we show that multiple deviations
from rationality, under some assumptions and if present in the right mixes, can increase the informa-
tional efficiency of a market. This happens when the effect caused by the different biases tend to can-
cel each other out. The main limitations of our analysis are twofold. First, agents are homogeneous in
all aspects except the initial expectations about the market price. Second, the parameters of their de-
gree of confirmatory bias are fixed. Further analyses should verify the robustness of our findings to
relaxing these two assumptions. Another interesting direction for future work is experimental analysis
of market price dynamics that would use our model as blueprint.
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