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1. Introduction

The complexity and dynamics of the financial

acfc@scte. pt

problem under analysis, departing from the assumpti
that investors do not make use of any type of aié
or hedging strategies, and their investment detisare
geared to stocks (and in bonds only to minimize the
risk); the investment in other instruments, like
derivatives, is only considered in the case ofranst
link to stocks. It is important to note that theote of
this type of approach (game theory) is essentdlly to
its focus on the behavior and decisions of the gray
individually and in group. The impact of the dynami
and actions of players on the market where the game
played is also analyzed.

markets make this matter an extremely interesting Some features of investor behavior

subject for analysis. More specifically, the in@ed
instability of the markets, characterized by pesiauf
strong  speculation and by crashes,
macroeconomic and monetary stability. This rediiag

led in part to a rise in related studies and tloeeef
allowed many new hypotheses. Different proposale ha

Human beings have always been the direct or

affectimdirect focus of theories in the financial and iabc

sciences generally. Human behavior and its respecti
features have been a key element for the success of
several models, either from a micro or macro point

been made to shed light on the dynamics of the etarkview.

and its recent shape.

This has played a major role in the research into

This is the context in which we debate investorsfinancial markets. As can be seen in the first majo

behavior in extreme situations in the financial kedr It
is demonstrated that investors can develop codperat
attitudes in a speculative period (known as bubfdeds

studies on portfolio theory, made initially by Markitz
(1952) and later by Sharpe (1962) and Ross (19/i6),
definition and concretization of the investor's beior

to maintain a favorable position that brings abovevas key to the efficiency and explanatory capaoity

average benefits; in addition, their actions aagvéid in
more unstable situations i.e. prior to and everhat
exact moment of a crash.

these models.

However, the lack of accuracy demonstrated by
these models in several market situations opened th

Firstly, a methodological approach to the problemvay to new approaches which essentially focus en th
based on considerations about investors’ behaviatharacteristic features of the investor and hipeetve

notably cognitive and with intellectual limitatignss
presented. Then some characteristics implicit iagh
in uncertainty are defined.

This involves making a brief review of the intriosi
characteristics of extreme, but real,
specially on the market crashes of 1929 and 2000.

Finally, a game theory model is presented for th

events based
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decisions. This has provided new possibilities to
understand some events.

2.1.The Rationality postulate and
deficiencies in information processing

the

The rationality and consequently the processing
gnd use of information in the decision-making pesce
are topics that have always intrigued economic and
financial researchers. The association of the sitipa
of rationality to the economic man, made by several
theorists, has been used, across the years, ageafpb
assumption in the construction of several models.
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Following this idea, it is assumed that the agexst the functioning security market does not allow the
knowledge to make the best possible decisions én tipersistence of arbitrage opportunities becauseriiesu
existing environment and with the intrinsic limitats, are not mispriced over a long period of time (Boglie
supported by a well-organized and stable system af, 2009; Ross, 1976).

preferences, and in a context of perfect infornmtio

leading him to the best possible action (Simon5)95 Notwithstanding some other important models, it is

turn lastly to the Efficient Market Hypothesis (ENMH

It is therefore assumed that in a context of pérfetike the abovementioned assumptions, EMH assumes
information, the agent can process this informatiothe market to be efficient and that individuals are
correctly and thus make the right decisions; armational. Basically, a market is efficient if theaded
imperfect decision can be the result of an asynimetrassets reflect all the available information in igeg
information context. time, and if the price of the asset adjusts askiyias
ossible to the new information; this leads to rdran

postulate to be a vital assumption to several nsdieé g(l)kg)as the prices change unpredictably (Boefieal
Keynesian theory, for example, showed that goo%i '

predictive models can be constructed in a wayithadt 2.1.2. The behaviorists critique and alternative
based on this postulate (Blaug, 1992). As Arrow8{9 )

70) refers: t don’'t know any serious derivation about ~ Despite the huge advances brought by the

the currency demand based on rational Opt|m|zdt|0n abovementioned theories to the evolution of finahci
and economic theory, they tend to fail in several

Therefore, an in-depth analysis of this issue igjiyations because they are usually based on aatioem
made, starting with an overview of the orthodoxynajysis, which is concerned with the rational Sotu
financial theory, followed by the ideas of thefor the decision-making problem. This solution fesu
behaviorists, evolutionists and neuroeconomic 8&r fom the definition of the ideal decisions to apaoh,
The main objective is to provide an alternativgather than a descriptive analysis of the way irictvh

the utilitarian agent in the subsequent model @eriv Riepe, 1998).

later on.

However, despite the acclamation of the rationalit

) o ) ) One of the critiques made by behavioral finance is
2.1.1. The Financial vision of Rationality that almost all investors suffer from biases ofgjongnt
and decision-making, sometimes called cognitive

_Markownz (1952) was the f'rSt. to bring a well i||(leSi0nS. For this reason, the investor does rhabgs
designed approach for the selection of assets an

. ; : i process information correctly and tends to assuskes r
construction of an asset portfolio to the finantiegdory. . :
In his attempt to explain the allocation and sébecbf that d(.). not gcknov_vledge, this ]eads o incorrect
securities in a portfolio, he made a set of assiomgt probab|I|t_y dlstr|but|_ons anq Inconsistent and

. DR e L systematically suboptimal decisions (Boéieal, 2009;

notably the rationality principle. More specifioaliit is Kahneman and Riepe, 1998)
assumed that within a context of perfect informatioe ' '
investor maximizes (or should maximize) the Overconfidence is one such bias. When the
discounted expected returns, and diversifies (oulkh investor makes his own prediction, he often seterg
diversify) his funds among all the available seesi narrow confidence interval, thinking of specific
leading to a situation of maximum expected retutth@ quantities and anchoring too much in his own
mean-variance portfolio (Markowitz, 1952). prediction. Unfortunately, few people are able to
falibrate their predictions well and judgment esrare

Some years later, the Capital Asset Pricing I\/lodec’ommon Moreover, this phenomenon is expected in
known as CAPM, was developed in articles by William ' ' P P

. dynamic environments where the agent systematically
(Slhgasrep)e 1%?36;)0 d\za(l)?gcb;rggeorn %}262'&132?]3‘;?”;\6/'&35 ces different problems and cannot learn with past
the Ievél of risk and the expected return of argtaaed examples as quickly as other agents in more stable
) P S environments (De Bondt, 1998; Kahneman and Riepe,

on the following and subsequesquilibria. The set of

assumptions used is quite similar to what was d 1998). If the investor is rational, the environmexil
Pt ) q . Lm’. €9 pe indifferent to his decision, making it well ¢akted
Markowitz. All investors are rational mean-variance

optimizers; hence, if all investors are rationhgt will and I_ead|r]g to th? same or similar behavior to that
’ e Hlescnbed in financial models.

all analyze securities in the same way and shage t

same beliefs, which leads to homogeneous expeggatio  Optimism is another important bias that supports

(Bodieet al, 2009). the critique made by behavioral finance to the

rationality postulate. The agent tends to rely toach

gn his own beliefs and talents so that he exagestae

- L . uture outcome. Mixing optimism with overconfidence

(1976). Though similar 1o CAPM, it is more gendral will generate an overestimation of the knowledge

;he fzi?jre tg?t ?e Sseetcug;y :‘gtztig;: a:glgtee Sdcm\j\?it(:]ghtheacquired and an underestimation of the risks, teath
. . . X an illusion of control in most events (Kahneman and
macroeconomic, financial or business sect

environment. The main assumption is that a Weﬁl%epe, 1998; Shiller, 2000).

Another important asset pricing model is known a
the Arbitrage Pricing Theory (APT) by Stephen Ros
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While these two biases are a great constrainteo tlobject has a higher value in the individual’'s diecis
investor's decision-making process, the hindsiglas b criteria. This heuristic relies on low cognitiveildlp
can also play an important role because it encagragand is often systematic. The problem focuses offiattte
the agent to see the future as more predictable itha that the individual chooses the recognized object
really is, and this will heighten overconfidencétie because he has more information about it and acting
event had been predicted, many of the bad situmtioagainst the recognized object requires more cagniti
would have been avoided because almost everyoa#fort (Pachur and Hertwig, 2006; Vokt al 2006).
would have modified their actions (Shiller, 2000). Another heuristic that influences the decision-mgki
ocess is known as the adjustment and anchoring

Over-reacting to change events is another bias t Oces: Th hori ined ab
is closely linked to the overconfidence phenomdite euristic. The anchoring process was examined gbove
but in this particularly case it is associatedhe mental

investor believes that random moves are more Iikazly short cut of adjustment. In some uncertain situtiohe

occur than systematic ones, impelling him to percei . ! ) :
S ) agent estimates the final outcome, starting frogivan
patterns that do not exist; this indicates overictamice injtial value that is adjusted over time to yielktfinal

in judgments about uncertain events (Kahneman a8sult. Different initial or starting points obvisly yield

Riepe, 1998). different estimations that are biased toward th#aln

All four judgment biases are generated andalues, in a phenomena caused by the anchoring. Thi
amplified by certain types of anchor. In generalpple problem is catalyzed essentially by insufficient
tend to anchor too much because, when makimgdjustment and the existence of biases in the atrafu
ambiguous and complex decisions, they are infludncef events that are known as conjunctive (event$ tha
by the readily available information. Themust occur in conjugation with others, like a npléi
overconfidence and optimism biases may appear #tep plan); and disjunctive (events that are sstoks
situations where the investor uses gquantitativehars; at least one event is favorable) (Tversky and Katare
e.g. the most recently remembered price or theesear1974).
milestone to a major index. These anchors can tead
several judgment errors, creating an illusion preain.
On the other hand, moral anchors can be resporfsible Evolutionism is another approach that represents a

the hindsight bias because when the market is ngkferent way of analyzing the rationality postelafhe
working well, people tend to hold on to stories angppjication of Darwin’s theory of evolution to e@nic
a more predictable world than actually exists. Thgears, principally because some authors considenit
fragility of these anchors lies in the agent'sidiffty in  mechanic and biological to be applied to the dyrami

using them to think ahead to contingent future slens  of sciences that deal with social and economic lprob
(De Bondt, 1998; Shiller, 2000). (Aldrich et al, 2007).

Another limitation of the rational decision process Despite these critiques, nowadays evolutionism is

is due to the heuristics used. In the original Greegp, important theory that can give a valid alteneato
definition, adopted by Duncker (1945), heuristiert®s  he rationality postulate.

to find out or discover” and is used to describategies - o S
such as “looking around” and “inspecting the prafsle The critique of the rationality postulate implied i

A few years later, Simon (1955) defined heuristiss the orthodox financial and economic theory is dnetd
strategies that facilitate decisions. More recenthe in the most general and simplified way, by the theaf
term has evolved, especially in the decision-makintylayr (1988), known as paradigm of program-based

segment to denote strategies that help to find tand Pehavior.
discover correct answers to problems in the praisébi Mayr's theory essentially relies on the fact that a
area of decision (Goldstein and Gigerenzer, 2002). agent’s behavior can be seen and guided by programs

However, when dealing with optimizer behavior€ncoded to face different situations. These program
the use of heuristics to solve problems sometireadd allow the agent to foresee and face the conseqsefce
to judgment errors and inefficient final outcom@ie his potential choices in uncertain environmentseseh
representativeness heuristic is an example of this. Programs are constructed and mutated by a prodess o
uncertain situations, a judgment is made by lookihg learning and evolution, through which they become
familiar patterns and making an assumption that tH@ore adapted to the relevant characteristics oérgiv
future will resemble past patterns. In these casesp Problems and environments. This process tends to
without a sufficient consideration about these gvatt, €liminate and replace inadequate programs with new
probabilites can be forgotten which results irPrograms with different characteristics and knowked
overconfidence. Individuals dealing with uncertairin order to make decision-making more accurate.sThu
environments such as financial markets may use tH}ograms tend to be more adapted to the different
short-cut and make decision mistakes (Shiller, 200@roblems and are a product of the agents’ evoludiuh
Tversky and Kahneman, 1974). In addition, recogniti learning (Mayr, 1988; Vanberg, 2004).

heuristic _reﬂects a lack of information process_lngthe The implication of this theory to this discussion
agent. It is used when the agent faces a choioeebet |gjies on the possibility for specific actions te bot

two or more objects. In these situations, the knowpiional (from an optimizer way of thinking), evéfn

2.1.3. Evolutionism approach
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programs are well adapted to the particular prokdech frustration which generally lead to bad or inefficf
environment. It is allowed trough this theory thedecisions. Notwithstanding, their general inteltige,
possibility of the existence of a systematic actdon logic reasoning and knowledge is unaffected (Kognig
observed behaviors that can be considered asomedti et al, 2007).

and that are classified as anomalies (Vanberg,)2004 This profile of a VMPC (Ventromedial Prefrontal

2.1.4. The role of emotions and theCortex) patient can be explained by Damasio’s Smmat
neuroeconomic analysis Marker (1994). In cases of decision-making which
require the evaluation of future consequences, the
The role of emotions in the decision-makingsomatic marker classifies the future action as good
process and questions related to the analysis b&d. The somatic state makes the decisions quanier
utilitarian rationality has received growing suppar more effective. Lesions to the Ventromedial Pretabn
recent years. Neuroeconomics is one field that h&3ortex cause the somatic signals guiding the adtion
devoted considerable effort to this area. One eftiain  fails. As a result, patients show indifference tsgible
points of research in neuroeconomics is the refatiduture consequences of their actions, and are artabl
between brain activity and the choice and decisiorsee beyond the present. (Butman and Allegri, 2001;
making process under uncertain conditions. TheateuDamasio, 1994)
reactions to some situations of choice can lead to
better understanding of how some decisions andracti
are taken.

According to some empirical studies by Bechetra
al (1994, 1996 and 1997), and Koen&sal (2007), the
main conclusion, is that VMPC patients have more

Damasio (1994) gives two examples that illustratatilitarian judgments and act more according to the
this problem. The first is that of Phineas Gage Vismd economic and financial doctrine of rationality altigh
in the mid 19 century in New England. He was amay not be the best strategy (because this behdoes
foreman working on the construction of a railro@th a not take into account the importance of emotionthin
given day, when he was trying to detonate a pile afecision-making process)n studies using card games,
rocks, an iron bar was projected into his faceeemg VMPC patients prefer to take risks and dangerous be
in the left side of his face and getting out by thp of without considering the future outcomes of theticars.
his head. Phineas did not die and was fully conscio In the study by Koeniget al (2007), VMPC patients
when he went to the hospital. Doctors today woul@iave no difficulty in taking decisions in more einogl
know that this was a lesion in the Ventromediaind stressful situations, which leads to more icieffit
Prefrontal Cortex and that the other important rbraidecisions/outcomes in a utilitarian way.
lobes were fully intact. Although he resumed normal

life two months later, but never more was the sarhe. . - . . )
balance between the intellectual and instinctivdesi important role in the decision-making process, ilegd

had been destroyed and he became unpredictable t(r)}égore efficient choices. It is known that uncofiad

indecisive, displayed few emotions, made countles tions - can Iegd to_irrational behawor._ Bl.lt the
! ; ! Rduction of emotions can lead to equal irratignall

plans for the future which were easily abandoned. ehavior (Damésio, 1994).

was no longer able to work as a foreman, but tineesa

problems arose when he did other jobs. He was anabl If emotions are responsible for irrational and

to make decisions that were coherent with higsational decisions, the individual is not fully iatal.

knowledge. He died years later from a pathologykmo But without emotions and with an increase in the

asstatus epilecpticus. utilitarian judgment, his decisions can be equally

. . . irrational and so the rationality postulate implied

Damas_los second example is f[ha.t of !E"'o.t Whomost of the models cannot be cgrrsct. P

had a brain tumor known as Meningioma; this was

surgically treated by removing frontal lobe tissué a 2.2.The dynamics of the investor behavior

lesion in the cortical region had damaged the o . o )

Ventromedial Prefrontal Cortex (the temporal, oitaip Arriving at this point, it is appropriate to anatyz

and pariental regions were intact, as were thelbadhe particularities of the investor in a dynamic

ganglions and thalamus). Nevertheless, he maded g&nvironment, highlighting and detailing the facttat

recovery but, like Phineas, was never the samenagafietermine his behavior in the market.

He rarely got angry, and rare were the situatiohsrw In investment dynamics, many decisions are made
he expressed emotions. This was caused by pooSccgnq this process is extremely intensive and demandi
to the social knowledge which is essential to morg is important to define the features that determihe

advanced reasoning. Some of the tests conductghcess to provide a profile of the investor. Trubyief
revealed he was unable to make an efficient detisiQaview over the preferences of the investor's

and sometimes no decision at all (Procrastination). preferences, the way he makes a choice and the

In these cases and others of lesions in thHéeterminants affecting the decision-making prowetis
Ventromedial Prefrontal Cortex, patients show€ made.

diminished emotional responsiveness and limitedasoc 2.2.1. The vision of orthodox financial theory
emotions, closely associated to moral values. ey

sometimes exhibit above average tolerance to aangr

It can be concluded that the emotional side plays a
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In financial theory, the investor’'s features aret pa Every investor will generally possess the market
of aggregated models that try to make a macmortfolio and will invest in a risk-free asset @nder to
explanation of market behavior; this implies defgpia respect the two fund separation), so the wealth beil
more general, and less precise, set of assumpfions allocated between the rf (risk free asset) and the
the investor. tangency portfolio. But because the investor ik-ris
averse, he will only invest in the risky asset i§ h

o n t’h|s context, the first assumption refers to .th%xpected return is higher than the rf (McDonald and
investor's preference to smooth his consumptmrg.

because of- (1) Time Consumption and the (2) Ris iegel, 1986). Then it will be respect mean-vamanc

Dimension. The first is based on the fact thato ' ance:

consumption is higher than the income in the egabrs Ha=Hy, and 9,<9y,

of active life, because of situations like purchgsia Asset a dominates asset b if or )
house or a car. However, during those times, sa\éng Ha>Wp and 9,<9y

ponstltutgd, that will be spent a}fter.retlrem.enkewhhe . Moreover, he will look for changes in the
income is zero and consumption is positive. Thé& ris

. : : composition of the portfolio in terms of the coatsbn;
dimension factor is based on the fact that theréuts this implies that the construction of the portfoliall

uncertain and that many states of nature can occ?gainly take securities that have a correlationeifueen

which n turn mal_<e_s it necessary to Ievel_ of -1;1[ into consideration (Bodiet al, 2009; Markowitz,
consumption so that it is not excessively concésdiran

potentially unfavorable periods (Danthine andl%z)'
Donaldson, 2005). It is assumed that a more risk-averse investor will

. - . allocate less wealth on the stock market; howetves,
Based on this, the process of decision-making can

be divided into situations of certainty and undetia ;sﬁerr}ﬁSrenS?(s)rdepends on the intrinsic utility function
While the assumption of rationality can be accejieal '

situation of certainty (with the appropriate resgions Also, according to the CAPM, all investors possess
because the choice depends on the framing of thiee market portfolio and will therefore be pleasdten
problem) with every investor having a completehe market goes up and sorrowful when it goes down;
preference relation and the property of transitiit a because they respect the law of decreasing marginal
continuous relation, this is more difficult to occin  utility. This implies that what really matters tdet
uncertain situations. In these situations (likettely), it investor is getting additional good payoffs in bad
is assumed that the preference relation is comple@ircumstances (of low market returns), which inntur
transitive and continuous, with an independence ohakes the investor less enthusiastic about addition
irrelevant alternatives. This last assumption ist ngayoffs in good times. It can therefore be conatlidheat
common ground because it depends, for exampléieon the investors like assets with low covariance wiih
way in which the problem is placed (framing); thidl  market (Bodieet al 2009).

be analyzed in more detail below (Danthine an . .
Donaldson, 2005; Huang and Litzenberger, 1988). %.2.2. An alternative based on Behavioral

o : o Economics and Finance
Another assumption is that the investor is risk-

averse, because he usually wants to avoid a faiblga (a) Hyperbolic Discounting

(when in an uncertain environment); his utility étion

is concave because, as the wealth increases, ititg ut Most decisions made by an investor involve a
from the additional consumption decreases (alsavkno trade-off between outcomes/choices that will have
as decreasing marginal utility). However, despite n effects on different periods; which in the real keds
being assumed directly in the portfolio theory,sthiimply that the investor has to decide between
degree of risk-aversion can be measured in two ways investment options that may be more valuable in the
in terms of absolute risk aversion (ARA), that isfuture than in the present. This relation is cagduin a
sensitivity to the amount and; b) relative risksmien conventional analysis by a discount function. Wttle
(RRA), i.e. sensitivity to the proportion of wealdt help of this instrument, it is possible to measthe
stake. Thus, it is assumed that an investor wily ptay  Utility obtained from a series of future consumptio
a fair game if there is a certainty equivalent, ii¢here situations, occurring at regular intervals, leadioghe

is an amount of money that is a certain equivaienhe calculation of a Discounted Utility Function.

investment that he could make (Holt and Laury, 3002 U=, F(d) u(c(t+d)) )

Assuming the above, the problem for the mvest%here F(d) is the discount functiont the time of

is to maximize the expected utility of his Wealthevaluation andc(t+d) the resources consumed at time
allocated in the possible investments. To do so, qu (t+a)

integrates mean-variance preferences so that wieza t

are investments with the same mean, he choosemthe Thus, the discount function is a declining function

with the smaller variance, and in the case of imests of delay and often given by a discount ratavhich is

with the same variance, he chooses the one with ttiee proportional change in the value Bfd) over a

larger mean (Markowitz, 1952). standard time period. It is also important to rtbeg the
decision maker is impatient and the rate of chamfge
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F(d) is the pure rate of time preference. In additfon, inconsistency, several anomalies, linked to thestzomt
rational decision makers, the rate in which monegiscount theory can be summarized:

should be discounted must equal their marginal ote
substitution between the present and the futuréhéo
market interest rate.

Delay effect if we elicit the present-value of a
delayed outcome or the future value of an
immediate outcome, then the longer the delay, the
Taking the following example: if we actually prefer larger the obtained value of the discounting factor
5€ in 3 months to 4€ in 2 months, then in 2 motithe (Read, 2003);
we will prefer the 5€ in 1 month to 4€ immediately
unless there is a sudden need for cash. However, th ) i
may not occur with certainty and can imply an of two outcomes is the mt_erval between them. S_o
inconsistent time preference. Taking the exampikesng discounting depends heavily on the length of this
by Ainslie (1975), Ainslie (1991) and Read (2003) |n_terval, in that longer mFervaIs lead to smaller
where we have a choice between two alternatives: a discount rates or larger discount functions (Read,
smaller-sooner (X) and a larger-later (Y); whileeth 2001);
larger-later alternative is preferred when both are \agnitude effect This means that the discount
substantially delayed, when smaller-sooner alter@at  rate is higher for smaller amounts (Green al,
becomes imminent it undergoes a rapid increase in 1997; Read, 2003; Shelley, 1993);
value and is briefly preferred. For example, theléen-
sooner reward can be the p|easure from a Cigaﬂeﬂe . Direction effect the discount rate obtained by
the larger-later reward might be good health. The increasing the delay of an outcome is greater than
prospect of good health is preferred when looking o that of reducing that same delay (Loewenstein,
week ahead, but the desire for the cigarette gfaster 1988; Read 2003);

than the desire for good health as time passes, font Sign effect The discount rate is lower for losses

what may be a very brief period, the cigarette is yn  for gains (Antonides and Wunderink, 2001;
preferred. Thaler, 1981);

This kind of situation makes it difficult for the |
agent to plan the future and stick to it, which
degenerates into procrastination. This example also
shows that the discount rate does not always change
proportionally to the value df(d) over a standard time
period like the one referred. Due to these time
inconsistencies, a hyperbolic discount function ban

Interval effect: The difference between the delays

Sequence effectsA sequence is a set of dated
outcomes all of which are expected to occur, such
as one's salary or mortgage payments. People
usually prefer constant or increasing sequences to
decreasing ones, even when the total amount in the
sequence is held constant (Chapman, 1996);

the best way to illustrate this type of behavidnstead (b) Prospect Theory
of exponential discount functions as assumed when t ) ) _
decision maker is a rational agent, because itiders For orthodox financial theory, the evaluation of

there may be a brief and temporary reversal iAutcomes and the decision-making process can be
preferences (Read, 2003).It can therefore be ¢mitl tanalyzed by taking the expected utility theory into
individuals do not always smooth their consumptiofonsideration. In this theory, it is assumed thaestors
because, at one point in time, the agent may revss attémpt to maximize the expected utility of thdioices

preferences (Steel and Konig, 2006). between risky options, giving weight to each outeom
according to their probability and choosing the ol
High Soend the highest weighted sum (Luce and Raiffa, 1952 |
- Spending

also assumed that the psychological value of mamey
N goods follows the rule of diminishing marginal ifyi)
Utility Preference reversal N which is represented by a concave utility function,
’ implying the presence of risk aversion (Levy, 1992)

= = Saving

Prospect Theory however posits a different way of
analyzing this problem. It is assumed that the tgyen
evaluate outcomes based on the deviations fromengi
reference point, instead of the level of net assets
Figure 1: Possibility of reversal of preferences (Steevalue. The real deal, however, is the identifioatiaf
and Kénig, 2006) this reference point. At the moment zero, it isalisu

assumed to be theatus quobut in some other cases it

Another point that is not consensual is thenay be the aspiration level or another point. Allie
consideration that money should be discounted @t tithis, the agent is not always risk-averse and vhiges
prevailing market rate (Thaler, 1981). In fact, peodo  depending on whether we are dealing with gains or
not apply the same rate to all decisions, beingeats losses (Kahneman and Tversky, 1979).
this rate highly domain dependent and even in the
domain context dependent from the choice context, .
(Chapman and Elstein, 1995). In addition to tim%

Future
2

Time

For example, an experiment by Kahneman and
sky (1979) gave the choice of a certain outcoifne
3000 vs. 80% chance of winning $ 4000 and 20%
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chance of winning nothing. 80% of the respondentsnown as the pseudocertainty effect (Levy, 199230A
chose the certain outcome. However, when dealily wichanges on probabilities near to 0 or 1 have atgrea
the same problem but in a negative frame, 92% ctmseimpact on preferences than comparable changesein th
gamble when there was 80% chance of losing $ 4000iddle probability range, leading to behaviors of
and 20% of losing nothing to a certain loss of 8@&0n  subproportionality (Tversky and Kahneman, 1986).

both cases the option with the lower expected valag .
chosen, which is incoherent with the expected tytili (c) Mental Accounting

theory and highlights the risk profiles. It suggesiat The mental accounting theory has proven to be a
|nd|V|(_3IuaI utility functions are concave for the rt_ia|_n partially effective and efficient approach, alonighathe

of gains and convex for the domain of losses; i rospect theory, to understand the behaviour ohtage
pattern known as the reflection effect to the ref€e anq particularly of investors. For Kahneman and

point. This implies that the sensitivity to changes Tyersky (1984), mental accounting is an outcomméa
assets decreases as one moves further in eitleetidir which specifies a set of elementary outcomes that a

from the reference point (Kahneman and Tversky9197¢y51uated jointly and the manner in which they are

Laury and Holt, 2000). combined; it is a reference outcome that is comsitle
valiia neutral or normal. It supports three important dead:
'y the prospect theory value function over gains asdds
is used in relation to a reference point; both gamal
loss functions display diminishing sensitivity; #te
initial reference point gtatus qud the agent is risk
> Gilooma averse (Thaler, 1999).

Losses Gains One of the main proposals of this theory is that

people behave according to the hedonic framing
proposition, i.e. they segregate gains and integrat
losses (because the respective functions are cersoal/
convex) and more specifically, integrate smallessts
Figure 2: Prospect Theory utility function (Kahnemanwith larger gains and segregate small gains fragela
and Tversky, 1979) losses (Thaler, 1985; Thaler, 1999). However, this
proposition can sometimes fail, principally for the
However, the previous example shows that thgtegration of losses, as Thaler and Johnson (1990)
propensity for risk depends on the way in which thehowed in their research. People sometimes thir it
problem is placed, i.e. the way it is framed. Fogood to integrate losses, which intuitively implteat it
example, in Kahneman (2002), to subjects were giveshould diminish the marginal impact and suggestsah

the hypothetical choice between programs to oukbeea prior loss makes them more sensitive to subsequent
disease which was expected to kill 600 people. I@n t|osses (Thaler, 1999).

first attempt: program A corresponded to 200 people , . .
saved while in program B there was a 1/3 chance tha Mental accounting therefore predicts that, if for
600 people would be saved (and no one die) anthat3 €Xa@mple, we buys stocks ap price, the investment will

no people would be saved. On a second attempitidlly be worth [s * p] and will fluctuate in
program A implied the death of 400 people and papgr accordance Wlth_ the evolution of stpcks on _the _mar_k
B corresponded to a chance of 1/3 of people naiglyi In fact,_ even _Wlth changes over time, which _|mpI|es
and a 2/3 probability of people dying. The resultdheoretical gains or losses, it only becomes azexl
showed that on the first attempt the majority of@n Or 10ss when this positian is sold. An account
respondents chose program A, which indicates rickill be opened witl{s * p] and will be closed with the

aversion. However, on the second attempt, program 'galized result, which can compensate or not fer th
was mainly chosen, which indicates risk-seekin itial investment. But because closing an accainrd

behavior. It can be concluded that on the firstrafit 0SS is painful to the investor, the predictionnoéntal

the possibility of certainly saving people was mor&ccounting is that investors will be reluctant @l s
attractive than a probability; on the other handgecuntles thgt have declined in value. If at aegiv
respondents were averse to accepting the certaith deoment the investor has a need for cash, he vaH &

of people and thus sought more risky alternativedS asset portfolio (which for example contains
(Kahneman, 2002). securities) and will sell those with a higher valban at

the time of purchase. However, this hypothesis
Allied to this context, there are two types of effe contradicts a rational analysis that postulates tha
that influence the decision-making process. Fitls& investor should sell the securities that were lotiram
certainty effect, which impels the individuals totheir initial value. However, the assumption made b
overweight outcomes which are certain relatively tenental accounting theory can be supported on the
outcomes that are merely probable. Also, thegxample of Odean (1998) that, using data from
overweight low probabilities and underweight modera transactions made by a big brokerage firm, had show
or high probabilities. The latter effect is morethat investors were more willing to sell one ofithe

pronounced. Therefore, extremely likely but underta stocks that had increased in value than one thdt ha
outcomes are often treated as if they were certlai®ijs decreased.
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Another particularity analyzed by mentalthe growth of a given sector or industry. The
accounting is that sometimes the investor suffesmf expectations and beliefs generated tend to be teatep
behaviour termed myopic loss aversion. This behavioby the group of investors, which helps prices rise
is analyzed in detail in the Equity Premium Puzafe quickly and vertically in some days (Galbraith, 495
Benartzi and Thaler (1995); it focuses on the dififee Kindlebergeret al, 2005; Sornette, 2003).
in the rate of return of equities and a safe invesit
like treasury bills, which historically has beerryéarge
(6% in the USA in the past 70 years) and whichltedu
in the appreciation of 1 dollar invested in equitie
almost 120 times the return from the dollar invedte
treasury bills. However, T-Bills was the primary It will be now present a brief review of some
destination for investment in these years. Thahistorical stock market crashes to introduce tlublem
explanation for this puzzle was that the investdoss analyzed with the Iterated Prisoner’s Dilemma.
aversion is strictly dependent on the frequencyhwit H . o
which he reset his reference point (or how often h OwWever, the following criteria were used to select
counts his money). The result was that people afaese historical events.

indifferent as to investing in stocks or T-Billstiiey +  First, these events took place in the United States
only evaluate changes in their portfolio every 13  America. Despite the globalization on the financial
months. So the investor can suffer from myopic loss markets, there are cultural, social and other
aversion because this myopic behaviour prevents him differences between investors in different coustrie

from using the best long term strategy and makes hi  and these can lead to singular behaviors and
think primarily about the present; which makes him  practices that could skew the analysis.

evaluate the composition of the portfolio with drea o
frequency. When the evaluation period is largee th* Second, these extreme events were primarily in the

attractiveness of stocks increases (Thaleml, 1997; stock market. Events that originated in other
Thaler, 1999). security markets were excluded.

3. The anatomy and history of Bubbles and * Third, these events were preceded by long periods
Crashes of speculation and formation of a bubble, followed

by very destructive crash. This explains why Black
Bubbles and Crashes are unique situations which Monday of 1987 is not in the list.

have been studied across the years. Economic and Two stock market crashes were chosen: The Great
financial theorists’ interest in this theme maydu® t0  crash of 1929 and the Dot-Com Crash of 2000. Both
the fact that almost all propositions about investoepresent an optimal context of Bubble and Crash,
rationality and then market rationality can be &tell. meeting the above criteria. Both have long periofis

Thus, in relation to the present article, a momisc  gpeculation and strong crashes. The expectatiods an

and improved investor profile can be constructédgis phehavior of investors were quite similar, despite t
this kind of situation because the efficient markejnqustry or sector that leaded these beliefs.

hypothesis loses its descriptive validity.

It can be concluded that the market's unstable
position will lead to a collapse and the piece of
information that trigged the reaction can be comsd
secondary (Sornette, 2003).

_ o ) The financial crisis of 2008 was not chosen,
According to the efficient market hypothesis, gecause it can be assumed that Financial Instissitio
crash occurs when a dramatic piece of informat®n g 4 commercial and investment banks and other
revealed. However, this approach can be considergfancial companies, created the speculative mosnent

reductive as the piece of information that triggetee g not investors. Moreover, this event originatethe
problem may be unknown; even when known, a periggg| estate market and not the stock market. Fintie
must have preceded the crash that created thesaeges effects of the crisis are still ongoing and it iffidult to
conditions. dissociate the subsequent effects from the reamssiv

In contrast with the market efficient hypothests, imacroeconomic landscape.
can be said that in these situations the market hg.sl.The Great Crash of 1929
entered an unstable phase so a small endogenous
disturbance is sometimes enough, to trigger a shock The 1920s could be called both a golden and a dark
(Sornette, 2003). The 1929 and 2000 crashes can &ge. With World War | at an end, everyone was
used to describe such unstable phase; in thess, year convinced that this would be a prosperous decade.
preview upward trend in stock prices never more wasdicators for economic growth and development were
seen, being replaced by an unstable and undetetmirimproving; consumption was growing at a fast pacel
fluctuation, with special emphasis on losses. the level of prices was stable

In fact, this situation is preceded by a rapid iise It was the time of the American dream which
market prices, known as a bubble, created by gmwirforesaw a better, richer and fuller for one andlalvas
interaction and cooperation between investors ¢that a vision of a social order in which everyone cowdédch
last for months and even years. Investors are ua@fa their maximum potential and break the barriershef t
the cooperation relations that result from a gdnerald social hierarchy (Adams, 1931).
belief in a new state of affairs, triggered prirhaiy
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However, in the late 1910s, the rich were becoming.1.2. From the prior years to the Great Crash —
richer more rapidly than the poor were becoming les Euphoria and Mania
poor. Because of this context, the financial andl re
estate markets provided the opportunity to get viith At the beginning of the 1920s, conditions were ripe
the minimum effort, thus fulfilling the Americanetm  for the expansion of the stock market. Despiteghed
and inverting the trend of the previous years (@dib, macroeconomic environment, stock prices were losv an
1954). This led to the great demand in the real estatdividends reasonable. Most companies were making
market across the USA, particularly in Florida andhigh profits and this seemed the prevailing tré®oime
should have been a forewarning of what would happesf these were new large-scale commercial and indlist
in 1929. enterprises that took advantage of innovative Eeee
aqnd technologies. They were able to capture eca®mi
of scale and scope which made their production
processes very efficient. Moreover, there was atgre
transformation in the utility sector in large phecause
of the rapid growth in the modern industrial entesgs.
In hindsight, high returns could not be sustained
gecause the markets were poorly developed and

investors on the stock market such as brokeragesfir companies held unbalance structures (Chandler, ;1977

investment banks and investment trusts. The creatio White, 1990).

a bubble was inevitable, the same for the following The greatest increase in the volume and prices of
crash (White, 1990). the stock market, particularly in the Dow Jones
Industrial Average, began in 1927. In previous gear
the stock market had flourished thanks to the gngwi

In the early 1920s, the first signs of speculativénterest of investors but prices were more voladirel
behavior and irrational illusion came from the restate the volume was relatively small. The slight growitil
market. The main boom was in residential housing925 was followed by a very volatile period in 196
(White, 1990). Between 1921 and 1925 constructiolf expectations of an unstable macroeconomic signar
grew at a rapid pace with housing prices and mgjdi Pefore returning to growth in 1927.

costs following the same trend. The boom was fubled  Thjs recovery was a product of a turnaround in the
good macroeconomic conditions as well as the désire ymacroeconomic expectations, fueled several reasons,
become a home owner so as fulfill the American tea yhich stood out the decrease in half percent made b
This environment led to a change in the profile ofhe Federal Reserve in the discount rate, which
investors with preference being given to short termpcreased the demand for Government Bonds.
profit as opposed to the constitution of savings. Commercial banks and some investors who held those

Florida is the most outstanding example of th&onds saw this as a good opportunity to sell amuster
boom in the real estate market. The standard afgiv their funds to the stock market (Galbraith, 1954).

and its transport system developed quickly and the At the start of 1928, stock prices started risingren
climate made it the perfect location for a spedwéat quickly. Just as with the real estate boom in thgye
wave in real estate. Investors were easily infleeinat 19205, investors only needed an excuse to believe i
the time and simply wanted an excuse to believe &mething and at this time they were convinced the
something. And that excuse and belief came from thgock market would bring them great wealth withdit
expectation that Florida would become a dream placgffort. with this it started a new “gold rush”, wistocks
full of opportunities and rich people enjoying teeal  4oing up 10 or 20 basis points a day, with thetytind

conditions. In addition to the formation of pOsHiv neyw technologies leading the gains (Galbraith, 1954
expectations, the real estate market began todsere

making real the expectations of the investor. Wiithe, There was a frenzied increase in the volume of
the price of land rose and land owners were sodfding. In June 1928, the volume surpassed thgiarno
making big profits. After some time, the reasonstfe mark of 5._000.000 stocks, rising further to over
investment on these lands started to disappeageedrd 6.000.000 in November (Galbraith, 1954). Also,
by the possibility of easy profits. The problemse®mn according to Galbraith (1954) and Allen (1931),ttha
the beginning of 1926, when the number of newear sealed the beginning of the speculative bubble
investors and houses began to fall. The subsequénere specifically in March.

decline in house prices was the beginning of a slow  Gjyen the context of the 1920s and especially after
crash; the Great Crash of 1929 that followed dasiied 1927, it became evident that those investors woakt

hopes of recovery (Galbraith, 1953; White, 2009). support and this provided a new market to explore.

The example of Florida reflects what happenefegulations of commercial banks from the"t@ntury
across the USA and demonstrates that Americans wektgited the provision of long-term loans; howevthis

driven by the desire for get-rich-quick investmentvas overcome by setting up wholly-owned securities
opportunities in the early 1920s. affiliates that were allowed to enter in all asgeat the

investment banking and brokerage business. On the

The problem to accomplish this desire was th
individuals simply believed that they were meanbé&o
richer, regardless of their intellectuality redinas, that
is, cognitive limitations based on limited ratiatyalknd
in the use of heuristics that could bias decisiisk-
taking and irrational decisions were the ordehefday.
An entire industry was born to provide services t

3.1.1. The premonition
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other hand, investors without enough capital tacpase Though high on October 15, the situation started to
a diversified portfolio of stocks saw a new induystf change on October 19. The news was that stocksrice
services develop, namely investment trusts. Newswayvere falling and the guarantee margins were rising,
of investing in the stock market also emerged e.gvhich meant that prices were getting so low thaytho
margin deposits and negotiation i.e. the buyerhwitlonger represented the guarantee on the loans. On
margin, contracted a loan to buy a given number d@ctober 21 the market was unstable but losses were
stocks which remained in the possession of thedsrokcovered at the end of the day. Then a normal idea
as a guaranty of the loan. The buyer benefited faosn  started to circulate: sell stocks and buy gold.{diteshe
value increase and with the same and fixed loaneval announcement by bankers that the market was fime, o
Whereas the investor was anxious to invest andfibeneOctober 23 there were continued losses and thisoed
from the constant increases in the market, thisl kih the pre-crash on October, 24 (Galbraith, 1954; &ten
service sent supplementary funds to the marke003).

(Galbraith, 1954; Somette, 2003; White, 1990). On that day, the volume of stocks traded reached
3.1.3. The year of 1929 and the Great Crash 12.900.000 and panic started to set in. Pricesestdo
) fall and most transactions were to sell stocks. The

The year of 1929 began with a lull on the marketyncertainty fueling the panic was only controlletl a
Despite the fact that, according with Galbraith34R midday when a group of bankers met to discuss what
the volume of stocks traded in January exceedegh and how to save the stock market. They decided t
5.000.000 in five days, in February, the decreasthé gather resources. But it was what the bankers tmld
UK reference rate slowed the rhythm of trading. Théhvestors and not the resources that stabilized the
first glimpse of what was to happen in October came market. The relieved investors started trading ragai
March that year. On 25th March stock prices fefida s to be part of the new wave of prices increasdsby
with the rate of broker loans increased to 14%; thgye end of the day the majority of the losses were
following day a wave of fear resulted in a volunfe ocompensated. The wave of confidence in bankers
8.000.000 stocks traded. Prices plummeted and bqigstored calm and everything was thought to be back
investors and brokers were panicking. The inter@® normal. It was now important not to miss the
on brokers’ loans reached 20% and telegrams beggpportunity to buy stocks that were cheaper thaer ev

arriving requesting the delivery of the guarantpatsits. (Galbraith, 1954; Sornette, 2003).

It was only Charles Mitchell’'s announcement that th ] ]

Federal Reserve was obliged to stop a possibléscris  Despite the restored levels of confidence, October
that brought this panic under control (Galbraith54). 28 started with losses and was a very difficult day
The power of information was doing its work. Also,the_ market. The volume was hlgh_ and most stocke wer
1929 would be characterized by the extreme flow d@lling. The Dow Jones Industrial Average dropped
information from the most diverse sources, trying talmost 40 points and the volume was very high. The

bring calm and confidence to the markets. bankers met again but unlike the previous meetiogy
the concern was how not to help the market without

Brokers’ loans indicate the degree of speculation gincreasing the wave of panic. But it was clear et
the market, and they were reaching high levelshiy t gay that this idea had not worked. The final Idsat t
time. However, the interest rate indexed to thes®s gay, known as Black Tuesday, was a little lowemtha
was more volatile than at other times. This dichtto the previous day but combined all the bad
demonstrates the conflict of expectations. On a@h characteristics of the previous days . The volurfie o
investors believed that the market would continoe ttrading hit a historic maximum of 16.410.000 stoaks!
rise. On the other, brokers were more uncertainif®Vh the Dow Jones Industrial Average dropped almost 30
1990). points. The main company stocks continued to fadl a

Market behavior was “normal” until August with stocks of trust funds were going to zero value hes t

days of trading seen as the last of the great 10 volume of brokers_’ loans was _decr_easing. The banker
despite this behavior, some macroeconomic indisatofVere held responsible for this situation and thip tieey
were telling a slightly different story. In Julyhe had promised before did not come that day. Panic an
industrial production index reached a peak and wefgd’ Set in (Galbraith, 1954; White, 1990 and 2004)
into decline the following months. The problem wadOVer the next days, there was some recovery and the
based on the fact that the stock market only feess real goal was to restore confidence among the nigadi
effects of this context with some delay, and onlyew actors on the market. Despite a brief recovery in

the investors and all the market becomes awar¢hef December, thisodid not happen. The ma’rgin calls
macroeconomic situation. But at this time, investordecreased by 25% and the volume of brokers’ lotsts a

were still confident (Galbraith, 1954). decreased. Some companies went bankrupt and trusts
funds were seen as a negative factor to the regover
In September and October the market started ecause their stocks were in steady decline ananbec

slow and Galbraith (1954) and Allen (1931) stateatt ynsellable by November (Allen, 1931; Galbraith, 495
September represented the end of the golden dayghite, 1990).

Nevertheless, investors’ expectations about thardut
were still quite optimistic in early October. 3.2.Dot-com bubble of 2000
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The 1990s was one of the most prosperous timesiinterest resulted in enormous P/E (price over egs)i
the USA economic and financial history. The goodialues and stock returns. The subsequent bubble
macroeconomic indicators, the bullish market, thgenerated by the expansion of dot-com companies and
launch of Internet and the advances in the teclgicdd later tech and bio-tech companies was essentially a
and biotechnological sectors made Americans beliewnsequence of investors’ and the population’s apdr
the future would be prosperous. different mindset in relation to previous decadis; in

. . the 1920s, they saw an opportunity to get rich it
Like the 1920s, these general conditions - eCONOMYL: =\ 1 effort (Shiller, 2000).

market and the emergence and development of a new
sector — generated expectations and beliefs sutiogin Also, this desire for investment and wealth was
a New Economy. However, unlike the 1920s when moseflected in cultural values. A successful business
investors were just discovering the possibilitidstte  person became much more revered than a brilliant
financial markets, especially the stock marketthe scientist or artist. The success cases in the dinhn
1990s much of the population was familiar with themarkets allied to the bullish trend increasinglyeshe
market and saw it as an inherent to the normanpression that investing in stocks was a quick easly
functioning of the economy. More specifically,way to get rich with little effort. But the markefs not
investors were more knowledgeable and were nahly driven by individual investors; the growth of
restricted to a particular class. It was just asmad to  pension plans and mutual funds were raising derfand
have an asset portfolio or invest in the stock mBds stocks, particularly in tech and dot-com stocks ohhi

to buy the groceries or pay the bills. It is therefno were growing at a frantic pace (Shiller, 2000).

surprise that the majority of the investors wereitexl

. L Just as in the 1920s, the stock market seemed to
about new, potentially lucrative investments.

offer general investor a world of opportunities ahdir

The investors’ appetite was precisely satisfiechwitexcessive optimism gradually made him neglect the
the emergence of two new sectors, namely intenm@t arisks and believe the market was more predictdide t
technological industries. They brought new scopthéo it really was (Liu and Song, 2001; Shiller, 2000hi,
market and, more importantly, new stocks. Soon, tH2004).

hope for a New Economy was built around thes . ) .
companies and, like the utility sector in the 19288y 5'2'2' The speculative wave: Evolution of the

fuelled the main channels of investment. Not Nasdag, web and tech companies and investor

surprisingly, this period of enthusiasm was folla\wey behavior

a speculative bubble.
The motives that triggered this situation must be

3.2.1. The rise of web companies and the investQfajyzed before the Nasdaq speculative bubble ean b
profile understood. Clearly this speculative wave cannot be
_explained simply by the behavior of web companies.

In the early 1990s, the US macroeconomigike on the 1920s, an analysis of the companiesl an

environment was unstable. According to the FE'_:?nvestors’ behaviors proves to be the most efficien
(Federal Reserve), the US economy was in recessigBproach.

and inflation and unemployment rates were rising.aA

result, the reaper capitaconsumption in 1991 was the  The speculative wave that was seen on the Nasdaq
lowest that decade. Composite Index in the late 1990s is mostly assedia

) o ) with the huge surge in IPO’s, the dramatic risevieb
The recovery began in 1992, coinciding with thompanies’ stock prices as well as the interest and
IPO (Initial Public Offer) of American Online, tifest  eypectations of the investors in this sector. Lkt at
big internet company. This act (IPO) becam@p example. The Nasdag Composite Index rose from
commonplace in the following years, taking place iy55 points at the beginning of 1995 to 5.000 points
well-known companies like Yahoo, Amazon or E-BaWjarch 2000, i.e. a valorization of 522%. The
(Liu and Song, 2001). speculative bubble can also be isolated and seéreat

However, following the American Online IPO, the€nd of 1998 and beginning of 1999 when the return
internet only appeared in the news again in Novembgates of the Nasdaq frequently reached values ef ov
1993. But at that time, very few people were awafre 10% (Liu and Song, 2001; Sornette, 2003).

this new industry and even fewer had access to it. Thjs evolution can be analyzed in two phases.
However, the computer and the possibility of a0C&SS Firstly until 1997, it was almost entirely explath@y
internet had such a powerful effect on people’®div ne rise of the sector and the expectations anigfbel
that it gradually acquired as much importance agenerated among investors that this was the settbe
television. The Worldwide web was even morgytyre. These expectations changed the naturabeafr
or site gave a sense of contributing to the colsrystocks and thus a dramatic rise in prices. Secomadtigr

economic growth (Shiller, 2000). 1998 in particular, the market and companies relacte
Investors’ interest in the potential and opportesit @nd responded to this situation (Shiller, 2000).
of the web triggered an exponential growth in IHQrs Companies that were already part of the index at

web companies, and with time this resulted thissampis time like Yahoo and e-Bay, were successful and
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improving their results, prices and market shard ar8.2.3. The year of 2000 and the Crdsh
were therefore giving investors the right and expeéc .
signs. This was the ideal environment for more In 2000, tech and dot-com stocks were still

companies to join the market, though in many caisesincreasing despi_te forecasts of a rise i_n the @sterate.
proved too soon. When all other indices were decreasing, on Jandary

] _ the Nasdaq rose to a record of more than 4.00Qo0in
This rush to the market by web and tech companies,

many of which had been operating for only a fewryea  But Nasdag'’s volatility and fragility of started be

or months, boosted offer and gave investors th@en on January 7 when Lucent Technologies, a maker
impression that the market was developing fastjmsi Of telephone equipment, warned about lower than
them to buy more and more stocks, often speculgtive €xpected profits and sales. After this announcement
bringing a wave of money into the market. Howevernvestors started the typical strategy of rotatiegy and
even though many of these new companies in the IP@d economy stocks in their portfolio. This gathere
process were not as strong as the stock pricectefle Pace and by April became more frenzied and was
their price was rising every day. In conclusiong thclosely linked with rising levels of myopic risk
illusion that was created of the sector and theketar aversion. However, the channeling of almost all
was unfounded. So why did these companies start tA@ailable money (such as dividend and tax gainspte

IPO process and why did they enter the market snzo €om and tech stocks continued as the falls in theket
) ) ) were seen as normal corrections.
The answer to both these questions lies with the

investor. Firstly, internet and tech stocks were But this time, some analysts were underestimating
irrationally overpriced. The recent performancetmfse investors’ strength and power, and continued teebel
companies on the market and the future growtfhat fundamentals were strongest than psychological
prospects combined with investors’ beliefs made esoninoods. Nevertheless, most financial analysts were
young companies precipitate entry into the market tavoiding dot-com stocks.

take advantage of these high prices. However, their noreover, the volume of short selling remained
stock prices reflected investors’ pellefs and exqéans high, with an average of 2.4 billion shares shqrthis
for the sector rather than their actual performanqﬁdicated a strong bearish mood among the aggeessiv

because these companies were too young and thgif,p of investors even though Nasdaq stocks rase 2
financial structure was unbalanced. In time theld®f o\on 3 digits.

the entire sector and index became overvalued ghl _ _ _ _
Song, 2001; Schultz and Zaman, 2000). Another curious circumstance was the increase in

_ the return rates of Nasdaq stocks despite rises in
A second explanation was the rush to grab markgkasury bonds yields (which went from 4,8% in 1898
share. In an industry with enormous potential, B® | g 305 in 2000), indicating the possible speculative
provides capital for a company to invest in man@ti effect, once the investors’ expectations, basedhen

and R&D even after losing money for several quarterysod past performance of stocks and in the expected
as well as the possibility to acquire other comgarind  high consumption on the sectors to which they give
improve market share. As a result, the increasthén support, were skewing their predictions.

market share brings economies of scale, implyimgeto _ . . _
costs and more efficient development; in the midate ~ The investment fever continued in February with
this improves the results of the company and iskst investors holding record credit in margin debt &ald is

price (Liu and Song, 2001; Schultz and Zaman, 2000) interesting to note that the last time there haghkmich
a high volume of credit in the hands of investo@sw

It can be concluded that the market changed mos‘ﬁfecisely in September 1987 - the month before lBlac
because of investors’ positive expectations foerimst Monday, 1987.

and tech companies, which tried to gain from this b

going to the market thus giving investors the irspien In March, just before the fall, Nasdag rose to a
of an expanding sector. It did not take long befitinek record of 5.000 points, up from 3.000 points justrf
prices ceased to be based on fundamentals, buteon fonths earlier.. However, greater returns bringreoss
beliefs of companies and investors; jointly, theysed increase in volatility, which ultimately increastée risk
stock prices to rise and this brought benefits athb and consequently the costs of margin debt.

parties. In March 10, Nasdaq reached the 5.000 point mark

However, the volume of short selling clearlyfor the last time. In the 3 following days, it regired
demonstrates that as the Nasdaq improved, ovargriciPoint drops, setting the index at 4.500 points fwn go-
and speculation increased. For example, an avevage called “correction days”.
firm in 2000 had almost 6 times as much of its fubl

Allied to these situations, the FED began to expres
float shorted (Hand, 2000).

concern about the over-speculation on the market,
indicating that these new economy companies weye to

! This point 2.3 was made essentially using news fteereconomy
and markets section of the New York Times and Nerk\Daily
News, from January to April
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dependent on the old economy and therefore a oisk significant explanatory efficiency must contain mor
the economy. than two individuals and, in this case, a finitet bu

indeterminate number of investors. Despite the

The anxiety and uncertainty started to sprea§ o : ; .
S ossibility of constructing a model with playergiag
significantly when on March, 20 the Nasdaq recorde ither individually or as different groups, it sen

its biggest historical percentage loss, though later ' . ! L
exceeded negatively on March 30. Even the motrt1e first alternative (N players acting individyall

optimistic investor began to question whether sach ecause joining individuals in groups can be comple

. . . given the need to access an enormous amount of
large number of corrections in such short periotié L : .
was normal? information in order to form groups with a higher

percentage of similarities.

The events of April confirmed that this was not a
period of correction or adqu_tment but the burstaof due to its lack of efficiency in situations in whic
ggglti)(la% gﬁ?;}ealll\,latsfzqutra\ji\;ﬂgrrl:‘flﬁla(\;\;s G;rsﬁoggm%b%ehaviors and actions tend to evolve over time iand
Nasdag was 24% higher than January, in April th gar sponse to the actions of adversaries. Therefare,

was onlv 12%. Almost immediately the marain debf@Me was created with T infinite periods of time.
y 0 y narg owever, the temporal horizon of the present gaiitie w
rates started to increase even more than in Mandh

: - comprehended between [0+d;T-d}0dimplying the
the cre’dlt lenders became more  suspicious abo alysis of a sub-game. This procedure was selected
Nasdaq’'s behavior and future. Also, the mutatiod an cause the objective is to focus on the specolaial
roll-over in the composition of individual portfol

became more common, particularly among naivcrash periods, which are only a fraction of theetiin
) ’ : E@ence, there are d periods of time before the dpton
investors who bought tech and dot-com stocks just_ . d and d iods after the crash. which imot
because they were rising. period an periods o plinzt
the game has a partial but not a final result, beedhe
Even for the more skeptical investor, the worst wagame itself will continuously evolve to other stasdter
confirmed on April 4. The market opened withthe end of the sub-game analyzed.
countless sell orders which rapidly led to an alma@i¥6
fall in the Nasdaq; and the volume for historiadards,
all of this on a day without any significant badwse
The market only recovered when the rumor that hed
funds were buying stocks and bringing liquiditythe
market began to circulate, but the panic was ajrea
installed. Fear was abated when the day closed2ly
down.

Moreover, a one period static model was discarded

The aim is also to analyze the appearance of both
cooperative and non cooperative behaviors as thega
matures, what excludes games that do not condiger t
%eossibly of an evolution in aggregate behaviors and
3ubsequent equilibriums. The context of informati®n
asymmetric and imperfect; it is perceived and used
gradually by the players, which does not implypriori
that they have advantage over the others. Thusdath

The market volatility was beginning to hit mostthis, the game is sequential because the invedtorot
investors who were losing capital and running ofit cact at the exactly same period of time, opening
cash to cover their losses. On the other hand, somessibilities for the application of strategiestthautate
aggressive investors saw this as a unique opptyttmi in response to other players’ actions.
buy stocks and to gain with the possible recupamnati
However, even the biggest tech and dot-com compani
were announcing losses and the commercial ban
began to refuse money to invest in dot-com stock
starting a run on convertible bonds.

Finally, it is assumed that the investor is notyful
ational; this implies that despite the prior olijee of
oﬁtimizing his results, his actions can lead him to
fefficient outcomes. Accordingly, the following ma
will not be based on a payoff function that expessthe

But the decline continued and by April 12 theresult of the game for the player, but on a functioat
Nasdag had already lost more than 25% since itk, peavill explain the incentive to cooperate and defect.
closing the day more than 7% down at 3.769 poitie - .

: Moreover, as investor preferences are not stalile an
lowest at close of day since January. Already full¥. id . iderablv in differei
aware of what was happening, on April 14 Nasda lgid, actions can vary considerably in differentié
' eriods, making preferences closer to a hyperbolic

recorded its biggest 1 day loss ever, down more th : . . .
10% to 3.321 points. The week closed with a 7 ddly f rgcgtr';; which considers the possibility of prefece

of 25%, the worst week in its history.
Given the abovementioned assumptions, an Iterated

The Nasdaq never again reached the IeVe'§risoner's Dilemma game (IPD) was selected and

witnessed in this period and it continued to fal & few : .
more months. In addition, the USA subsequently we plied to N players and for the given temporaizuwr

) : ; ) entioned, with non zero sum result, which indisate
into macroeconomic recession and innumerous tedh a ' ) :

) hat the benefits and incentives to cooperate ate n
dot-com companies went bankrupt.

necessarily the same for defecting.

4. An lterated Prisoners Dilemma approach In the basic form (for 2 players), the IPD assumes
This research addresses investor behavior in tf{gat €ach player can choose to cooperate or defet;
stock market in extreme situations of speculatiod a 98me can be repeated or iterated as many times as
crash. In this context, the game chosen to obtain"geded in a sequential fashion, implying that the
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strategies used can mutate according with eacteptay a) Dy>C,for0<x <N-1

previous action. It is important to note that thayprs

do not know the length of the game, thus invalitgtin b) Dxua>Dyand Guy > Ccfor 0=x<N-1
end behavior effect which may arise in super-games ¢) C,> (D,+C,.4)/2 for 0<x <N-1

ith finite ti iods (Selt d Stoecker, 1986 .
with finite time periods (Seften an oecker, 19 In a concrete model, they@ and By ywill be payoff

Thus, the game can be presented in the followinginctions that translate the incentive to actiorfs o
matrix form. cooperation and/or defection.

One of the important features of this model is the
possibility of mutation in the behavior and actionade
across the game (dealing only with pure alternajive

Table 1: Standard Payoff Matrix (canonical form) of and this can be expressed with resource to thegies

the IPD for 2 players used.
Cooperate Defect Nevertheless, players in the real world do not know
R T the actions taken by others in real time, and tliera
Cooperate R S delay that can be caused by innumerous factorscdden
Defect S P the investor only knows the adversary moves with a
etec T P period delay, improving his knowledge of the game

with time (memory), i.e. he will learn as the game
evolves. This learning ability is a very importdattor

In addition, the game will only be an IPD if theto avoid the possibility of superrational players.

following assumptions are respected: Moreover, even with the premise of learning andcagel
_ some mistakes can be made by the player because he
a) T>R>P>S; unable to process all the available information and
S+T therefore selects information using anchors and
b) R>— e ; )
2 heuristics; this can lead to judgment errors.

It is assumed that circumstantial cooperativgl
equilibriums may occur, but that these will not be
dominant and stable (Aumann, 1959). As the number o
iterations increase, a Nash Equilibrium can be hredc

.1.The application of the ITD to investor
behavior in extreme financial events

After contextualizing the model to be applied
?IPD), on the following pages it is defined the lplem
and the parameters of the model before analyzieg th

However, the 2 player form of the game igesults obtained.
conS|_der§d to_ be reductive pepause, when deahthy Wiy 1 1. Problem definition
real-life situations, more realistic results carobéained

with an N player game (Davét al, 1976). The above mentioned examples of financial crashes

It has been therefore selected the more usu%i 1929 and 2000 demonstrate that the investorsface

approach, namely an N player IPD, which implies thiwo distinct situations. First, the context of @splative
following:' ’ bubble whereupon the investor increased or maiedain

his positions in overvalued stocks, especially in

» Each player faces two choices: cooperation atompanies belonging to the new sector of the time
defection; (utility in the 1920s and dot-com and new technieg

in the late 1990s). At that time he was being drilbeth

y the desire to maximize profits and emotional

considerations like euphoria and mania. Also, despi

the short duration of the speculative bubble gdaadra

« The equilibriums achieved are not stable in som#ée returns and the volatility implied in the stecis
cases, principally in cases of cooperation (C). linked more to increasing demand by investors titan

other factors, thus suggesting a more determirtistitd

in these periods than others in which the randortk wa

prevails.

which is easier to achieve with 2 players.

* The defection (D) is a dominant pure strategy fo
each player and it will be better if he always c®o
that option;

Thus, the game can be presented as follows.

Table 2: Matrix presentation of the IPD for N players Secondly, there are crash situations and these have

a different profile. Unlike the bubble context, the

(o] -
(N:Og:;;(;(t)serators go Cl é C,N\,l investor tries to avoid losses at all cost. Howeteis
1 e -1 feature does not appear unexpectedly so the ti@msit
Defect Dy D .. D, .. D PP P y

made between speculation and crash is not sudden. |
the months before the crash in 1929 and 2000, &enar
As in the 2 player form, with N players the gamescenario compounded with more volatility and rising
will only be an IPD if the following conditions are but more unstable trend in prices was observedarit
achieved: be also assumed that some investors were staxing t
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have doubts about the real value of the stockhiéirt « Although a player can exit the game when he
portfolios by this time. However, initially the daftion defects, however that is not a dominant attitude
from these positions was made by a minority; most across all group members, i.e., when they defect,
investors started to sell their positions at themmaot of they can still be part of the game but with
the crash, thus decreasing the liquidity and irgirep investments in other assets, or they can even
the volatility on the market. observe and then enter again at a later time.

Given these two contexts, the problem to be applied (b) Time
to the IPD can be presented as follows: the invdsig
two choices, both on speculation and crash. He can This game considers an infinite time period T.
cooperate with the rest of the investors to maintae However, the game begins a few periods before the
speculative bubble and the rising trend, or hedefact beginning of the bubble and continues when this
and invest in other kind of assets, which meanshbka analysis ends, evolving in moettime periods. This
is not interested in maintaining the situation oflso implies that the model occurs in a sub-gainis; t
speculation. Thus, the players in the game cantfake does not represent a problem because, as argued by
following actions: Friedman (1991), a game that begins in a given time

period that does not coincide with the time perigd

* Cooperation (C) can be seen as a collaborationmay have all the same characteristics as a game and
between investors to maintain (even ifregjize the samequilibria.

unconsciously) the speculative bubble by investing _ _ _
or sustaining positions on stocks that are (c) Payoff or incentive function

lued; . .
overvalued, The payoff function in the IPD works as a

» Defection (D} logically this is the opposite mathematical translation of the incentive to coafeer
situation, i.e., the investor is not interested imrhus, there are two payoff functions: one for
maintaining the bubble and thus takes two possibooperation and another for defection. Howevertheei
actions: the investor does not want to invest ia thof them is static and stable, varying with the nembf
kind of stock, or he has these stocks but does noboperators, which also varies according to the
want to maintain his position and therefore sellstrategies used by each player.

them and does not support the trend. The payoff functions are denominateq &d D,

Defection can also result in the possibility ofand belong to a space set N of the number of
leaving the game or remaining but with positions irtooperators betweei®{1,2,...,N-1

diff t ts. . .
ierent assets (d) Information and strategies

4.1.2. The formalization of the game ] ) ] ) ,
The game is played in an imperfect information

(a) Players context in which it is assumed that players havenake
decisions at several moments without knowing adl th

The number of players in the game is indeterminaigame history or the adversaries’ choices (Fian@430

but is a finite set of dimension N. Also, for egulayer However, as the investor is not fully rational, ist
[ € N is a nonempty set;Af actions available that are jmplied that even decisions made in a perfect
pure: cooperation or defection. The players hawe thnformation context would not be supported by all
following characteristics: known information because of their cognitive

e They are not fully rational, acting more in Iinel'm'tat'ons'

with the Simon’s (1955) postulate of limited  |n addition, players’ actions are supported by the
rationality which implies that at some time in theyse of Tit-for-Tat strategy. However, because thmeg
game they may not optimize their actions; thigegins at0+d time periods, it is impossible to know
may lead to the maintenance of long periods akhen the first move of defection really happened.
cooperation; Nevertheless, it is important to say that playaketthe

«  They do not have monotonic preferences or 8h0|ces made by adversaries into considerationwhht

stable set of preferences, which means that the#d lag period which is not standard for all playérhis
is not a relation; on A. Instead they may have must be assumed because, without lagging, the game
hyperbolic preferences which allows for mutatiowvas on a short period stabilized on a Nash Equuiibr
in the preference set and reversal of a preferenéé defection (and therefore the preferences moricton
A over preference B in a given time periog T Also, they will not remember all the previous moves
) . ] from the lag period because of the amount of
+ The risk profile of the players/investors respectgformation, and it is therefore assumed that anfew

that they are not always risk averse. The degree

will depend on and vary according to whethe#.1.3. The model and results

they are dealing with gains or losses. N . :
y 9 g The initial problem investor’s face is to presetive

speculative bubble, maintaining their positions or
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investing in assets that are overvalued, which igspl Payoff
taking cooperative actions. However, as time ewlve
more investors will share similar investment dexisi
and this implies a stronger incentive to coopetizd® to
defect. But some investors realize the situatiom loe
unstable as the bubble matures, and see defedien a
more appealing incentive.

Given this problem, the following payoff functions :
can be applied, proposed by Seo, Cho and Yao (2000) N° of cooperators

C, = %xz —kfor0<x<N ©) Cooperation
D,=+v2x for0O<x <N 4)

Note that x expresses the number of cooperators figure 3: The evolution of the payoff result for
the game in each time period and k is an unknown Cooperation and Defection across a growing number o
variable that indicates the exogenous incentive toooperators
defection, which can include any type of informatio
(even a crucial piece that can trigger the cralshing Therefore, the game can be analyzed in two distinct
seized only by some players. However, they wilitstta  parts.
defect when this parameter k becomes too big, makin
the incentive to cooperate smaller than the respect
one to defect.

The first begins on the initial intersection point
described in Figure 4 as point (1). The k valuehét
time is small and investors are making use of &orit
Also, as referred, the players make use of a Fit-foTat strategy. As mentioned, the moment at which the
Tat strategy, which implies that the decisions maide game starts is not relevant to the present stutiys,T
take the actions taken by other players intéhe period starting at point (1) is linked to semnts of
consideration, but only a small number of moves anguphoria and mania, as seen in the 1929 and 2000
with temporal lag. bubbles, when an increasing number of investorsewer

investing in overvalued positions.
l=y,forallT (5)
The number of cooperators starts rising rapidly and

m=(w*T) =1 foralT, (6) this may be due to the desire to make gains witbkst

Therefore, based on the idea of Axelrod (1987), theelonging mostly to sectors of the new economy, as
equation (5) indicates the number of |ag perioda"n seen with the Utlllty sector in 1929 and dot-cond an
the time T period, and equation (6) provides atechnologies in 2000. Thus, as the existing codpesa
quantification of how many periods of information amaintain their positions, partially due to the &gy
player can remember prior to the lag, whese(a being used, new players begin cooperating so as to

constant) is the percentage of the fullness ofoperi enjoy the evident returns. The rising trend in
prior to the lag . cooperating players causes the speculative bulwble t

. grow, as does the incentive that sustains it.
However, the players will only remember the

moves made by some adversaries, mainly becausaiti ~ This scenario can be characterized as a minimal
context of incomplete information and the investogquilibrium of cooperation because the number of

cannot assimilate an unreal amount of information. ~ cooperators is bigger than that of defectors, el t
) ) ) growth of the incentive to cooperate is more aaczed
Thus, despite the natural dominance of defection, &han the one linked to defection. Hence, with the

shown in Figure 3, with a small k, as the number gf\aintenance of a low k, the number of cooperators
cooperators grows, the incentive to cooperate Willgntinues to rise to a point at which the equilibni
increase more quickly than to defect, thus implyamg | eaches its strongest position (point (2) on Figdiye
intersection between both incentives at a givemtpoi 1,5 the peak of the speculative bubble (or mihima
time in which cooperation thereafter becomes MOrgquilibrium of cooperation) in point (2) coincidesth
appealing. moments seen in the two events previously analyized.
the Great Crash of 1929, it refers to late 1928mihe
volume of stocks traded exceeded utopian markshédr
time of 5 and 6 million stocks. In the crash of @Dthis
is the moment when Nasdaq reached 5.000 points.

Thereafter, the equilibrium becomes more unstable.
In the events described, the markets became more
unstable and volatile after the peak, and investtasks
and states became more anxious and nervous. The
irregularity of the market can be seen as a redul
rising number of investors starting to defect. The
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explanation for this defection may reside in thugaof Nevertheless, this equilibrium will not be stalbde f
parameter k. This parameter contains pieces aflong period of time because investors do not tmave
information that indicate that the bubble is natbé rigid set of preferences, implying the inexisterufea
and that it is better to start leaving the posgitveld on Nash point of equilibrium. However, in future time
overvalued assets before a stressful drop in thlkgha periods the dominating equilibrium will evolve tther
However, this information is only perceived by someypes of state.

investors. Thus, some cease to cooperate and the

equilibrium becomes more volatile. @ ) S %@
A ALY : A

~_ A ~_ A
No of Players The minimal equilibrium of The minimal equilibrium of ‘L
cooperation becomes more strong cooperation becomes less strong and
Defection more instable /

— e
2) e

The minimal equilibrium of
defection becomes strongest and
dominates the previous

[§ Y ——— Cooperation

Figure 5: An illustrative diagram of transition between

Time T el
me the equilibriums of the game

As established in Figure 5, the problem has three
Figure 4: The evolution of the number of playerspha_s_es: The first |nvolve§ the gr(_)vvt_h_of the_ mirima
equilibrium of cooperation, coinciding with the

cooperating or defecting across time: (1) indicates . ) ) .
beginning of the minimal equilibrium of cooperation expansion of the speculation period. The seconibger

(2) Point in time at which the minimal equilibriugf 'S characterized by increasing instability on trerkats,
cooperation is strongest: (3) Beginning of the mial associated to more defective actions made by iakest

equilibrium of defection which will become strondmrt and making thg .equmbnum VOla.t'.le'. The fmal_p_nh
not stable as a solution of the game marks the transition between eqwhbnums and odm_rc
with the crash on the markets and implies the ehtic

This moment marks the beginning of the end of th&tefect dominates for most players.
period. As more players become aware of the_ket;epie 5. Concluding notes
of information, they start to see the cooperatiagqgff
diminishing at a faster pace than that of defectibis is This research aimed to address the behavior of
explained by the value of k, which is reducing thénvestors in extreme situations on the stock markia¢
incentive. There is a causality relation in whichremnk  main purpose was to shed light on some featurékeof
implies less cooperation and therefore a downwaidvestor profile in these situations so as to usided
trend in the cooperative incentive. actions taken individually and as a group.

As the players are using a Tit-For-Tat strateggyth Thus, to obtain a realistic investor profile in $Bo
start to realize some defective actions in somesrothsituations, the main features of the investor were
players and therefore also start also to replithé®r approached in a number of ways. First, the postudat
actions and choose defection; this implies a redesE rationality was analyzed and the existing literaton
preferences that had been relatively stable foorey | asset pricing and portfolio theory was set agathet
period of time (period coincident with speculationpis ideas of behaviorists and neuroscientists; theyficon
implies another intersection between the number difst that the economic agent is not fully ratignia¢ing
players cooperating and defecting. This intersaectill maybe closer to Simon’'s (1955) notion of limited
leads to moment (3) and can be associated to thationality and second, that feasible models ardriks
beginning of the crash. can be constructed which do not take pure ratignad
the central premise the. In addition to behavioral
As referred, the moment after the peak of th%c:onomics and finance, the evolutionism approach an

bubble is related to an environment of increasin .
i, . euroeconomics also seem to agree that the utlitar
volatility and anxiety among market agents. The enor : -
L . agent is not the most efficient way to address some
unstable variations of the market can be interprete roblems

more defective actions made by players. Hence, thE
game reaches a new equilibrium when more players ar The decision-making process is another key feature,
defecting than cooperating; this is a minimal dééec particularly with regard the investor's set of mehces.
equilibrium which coincides with the moments rethte If the options offered in the real world are
with the crash on the market. As more players defesystematically changing and the actual individuzd

the incentives decline but the incentive to coofgeradynamic and mutated set of preferences which may be
becomes smaller more quickly than to defect. Tthes, biased by the influence of limited rationality and
gain of stability in the equilibrium coincides withe information processing, then the process of deaisio
fall of the market, implying also domination ovéret making has to be more complex than shown and dkrive
previous one. by some theories. Considerations about the utility
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function and the set of preferences, the degreeshf
aversion or the process of accounting gains anskfos

by the economic agent become so complex that it is

difficult to resume all in simple axioms. Howevétr,
was showed that the complexity of the agent's fofi

[9] Axelrod, R. (1987), The evolution of strategies in
the lterated Prisoner's Dilemma, in L. Davis
(Ed.), Genetic Algorithms and Simulated
Annealing, Morgan Kaufmann, San Mateo, pp.
32-41

implies that new models, and the one analyzed is th [10]Bechara, A., A. Damasio, H. Damasio and S.W.

study, have to take this kind of consideration into

account.

Given the above, the model generated through th

Iterated Prisoner’s Dilemma gives rise to the higpsis
of the existence of minimal equilibriums of coopama

(in the speculative bubble event) and defection (at
previous moments and during the crash period), lwhic

are not stable because of players’ perceptionsegf k
information and their impact on the set of prefesm
However, it was found that there equilibriums play
successive role if the aim is to see the game walscde

and not as a sub-game. It should also be strebsed t
when individuals act as a group, they do not secur

cooperation, and self-interest is a key factor le t
decisions made. Nevertheless, investors’ motivation
the speculative bubble event can degenerate dudss

of cooperation, as commonly seen at times on corsmon
the
proposed hypothesis launched was corroborated oy th

tragedies in natural resources. In conclusion,

model used. However, the results can vary in i w
the type of event analyzed.
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