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ABSTRACT

The paper shows that in double auction markets withven information distribution that is
common knowledge, returns are a J-shaped funcfidreanformation known by different
investors. Huber proposed the trend reversal oféuearnings flow as the reason of
J-shaped function. But our paper asserts the p&ygical state of investor as the reason.
Functional magnetic resonance imaging (fMRI) sazr®ubjects in a simple game which
extracts the essence of double auction marketsumigiren information distribution
indicate that subjects with medium amounts of imfation use different brain areas
engendering different psychological states. Thepapgues that these patterns are
consistent with medium-informed investors usingatahing strategy rather than the
maximizing strategy of the least and best infornmegstors. The paper motivates an
accounting connection by remarking that finandatesment disclosure is mandated in most
developed stock markets.

Key Words: Efficient market hypothesis, Laboratory market, fMfRperiment,
Psychology bias, Matching Law
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I. Introduction

Providing investors with a significant amount o€seties investment-related
information in the form of accounting datavhich represent public information by nature
—is a basic securities market policy tool employedeveloped economies. Its aim is to
make securities investment-related information caminowledge among investors in
order to ensure transparency and fairness in tikehadeedless to say, the
macroeconomic objective of this measure is to ilovestors’ savings into the securities
market to finance private sector investment infénen of direct finance. From a
microeconomic perspective, it is aimed at suppgrtitility maximization behavior among
investors in the securities market, because inv@stdl use the information they acquire to
make appropriate and timely estimates and engaggecurities investment to earn a profit,
thereby maximizing the utilities derived from curtgeriod consumption and future
consumption.

The Efficient Market Hypothesis (hereinafter reéerto as the “EMH”) is well known
as a theory that supports government public pdbcyhe securities market which aims to
achieves above-mentioned micro- and macro- econpurjposes. Especially the
semi-strong form of EMH is important for governnisritnancial reporting policy. First
formulated by J.F. Muth [1961] and P. Samuelso§]l@luring the 1960s, the EMH was
applied to some economics topics by R.E. LucasTahdSargent [1981] and to finance

research in the 1970s by Eugene F. Fama [19Ffffial research findings showed

! The rational expectations hypothesis has beeactali the " efficient markets hypothesis
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favorable empirical corroboration of the EMH. Inrpeular the semi-strong form of EMH
was supported by many accounting researchers. iStiet research trend and result
supported that EMH especially the semi-strong fofreMH became the foundation of
government accounting policy. However, the lateQk9id the 1980s saw experimental
studies being used to verify the EMH (see Plott &adder 1982,1988), and the results of
empirical studies questioning the validity of thellE were published leading to
widespread debate on the pros and cons of theythBaring the 1990s, more studies
questioned the validity of the EMH in both the exipental and empirical fields
Moreover, the results of psychology investigatioegatively affected the process of
verifying the EMH (segiirshleife 2001) The existence of cognitive bias in securities
markets was pointed out, and findings cast doultherEMH. In an experimental paper, it
is pointed out that “the market pricing processlddie strongly affected by information
held by many participants, and such distortion téleven more significant if such
information is favorable (good news). Howeverhi twidely shared information is
unfavorable (bad news), the adjustment speed iasifast’ (see Yamaji and Gotoh,

2010)¢

and used quite extensively in financial market aesle (see Sheffrin, p.112).

2 On the information efficiency of securities maskajuestions havesobeen raised due

to the existence of anomalies using empirical aislysee Ball 1978, Ou and Penman 1989,
Fama and French 1993.

® Please refer to the following studies from thédfief experimental accounting: Lundholm
1991, Bloomfield and Libby 1996.

4 Assuming a market which does not incorporate tieré expectations, etc., of market

participants — which is less likely to be influedd®y psychological bias — it is clear that the
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Bringing together results on validation of the EMbtained through studies conducted
in the 1980s and the questions raised about the BivtHe results of psychology studies
and our experiments, one possible interpretatidhaspricing phenomena in the securities
market that demonstrate the informational efficieatthe market according to the EMH
should be considered specific cases that only app@aarkets with a special information
holding structure and rationally behaving marketipgants. In reality, investors are
capable of making decisions with a wider rangehairacteristics, underlining the need to
recognize this possibility through experimental antpirical studies. Some recent studies
have referred to one such class of investment idecmsaking with a wider range of
characteristics as the psychological class. Irige of behavioral economics or behavioral
finance, efforts have been made to explain investraetivities and market pricing
phenomena that appear irrational under the existagomics framework with the
assistance of results from psychology research

Research in this area has become more complexoM@@nomics and neuroscience
have also affected research on the decision-makimgesses of human beings. In
particular, the technology of functional magnetisanance imaging (later referred to as
fMRI) can gradually clarify which parts of the bmaare activated during economic decision

making (see Glimcher et al. 2009).

market pricing mechanism is significantly robustl &nlikely to see through misleading
information in a timely manner (see also Yamaji &uatoh 2010).

> Hirshleifer (2001) uses the term “irrational” isad from the viewpoint of constructivist
rationality referred by Smith (2008).



Our paper aims to distinguish between specificc#sa appear as informationally
efficient only in markets with a special informatibolding structure and specific cases that
appear as informationally inefficient in marketghwa special information holding structure.
Specifically the paper builds on past research asithg findings from laboratory and fMRI
experiments, points out the possibility that depegpdn the level of information investors
acquire in the securities market, they may notdomuy sell securities based on a generally
consistent and rational decision-making model,rbay modify their decision-making rules
in certain circumstances according to psycholodmetbrs and trade securities based on

such rules.

1. Development of Hypotheses

As can be seen from the discussion so far, we pahrattention to a series of studies
that aimed to clarify irrational investor behaviorsecurities markets, and subsequently
start by questioning and localizing the efficierdrket hypothesis, the theoretical pivot of
finance research until today. We also try to dgvelsearch aiming to clarify the
psychological aspects of investor behavior. Thropgiblic policy including government's
financial reporting policy, an increasing volumeimbrmation has been provided to
investors. However, questions have consistently las&ed as to whether such information
has always been beneficial to investors (see H2@@8, 2007, 2008a, 2008b). If we rely
on the aforementioned EMH, the additional inforrmatprovided to market participants is

likely to lead to an incremental increase in thggbts market participants receive from



trading. This view is also in line with conventibmasdom. Our laboratory experiment
findings are used to re-examine this issue; thatlether such phenomena can be verified,
or whether different types of phenomena based gohpdogical irrationality in the
decision-making processes of investors may be vbder

A naive argument goes like this: any increasefiormation reduces uncertainty,
thereby allowing for better prediction of investrhepportunities, leading to increased
gains. This explanation is not likely to conflicitivthe semi-strong form of the EMH. That
is, the acquisition of new information does nobvwalithe investor to achieve consistent
excess returns. However, in the case where newnnaftton is continuously obtained
without being disseminated to the market, the itovemay realize a one-off excess return.
Therefore, repetition of such behavior is likelyaltow the investor to consistently earn
high trading profits. Grossman and Stiglitz (19883%ert that under the strong form of the
EMH, which presupposes that prices reflect allinfation, the investor cannot
consistently earn a higher rate of return unlessheer luck. We can therefore formulate
two hypotheses regarding the level of informatibtamed and trading profit in the
securities market. The first hypothesis assumeddhiege is no relationship between the
level of information acquired and the return ackivand relies on the strong form of the
efficient market hypothesis (EMH1). The second hlgpsis assumes that having more
information means earning a higher return, an@sadn the semi-strong form of the
efficient market hypothesis (EMH2).

On the other hand, based on the time preferena®agpsuggested by Arrow (1971),

it may be considered possible to avert risk in advavithout any information through



portfolio choice behavior. In other words, an ineesvho has no information in the
securities market do investment randomly and cam th@ average market gain. Coupling
this with the fact that insiders are in an advaetag position due to having more
information and thereby earn an excess return uh@esemi-strong form of EMH, the real
issue becomes the source of the excess returndelayrteose with insider information. By
classifying the information holding structure ofnket participants into three categories,
i.e., the best informed investors (including insgjethe medium informed investors, and
investors with hardly any information, our conctusis that the source of excess return
gained by the best informed investors is the mednformed investors. of course the issue
becomes serious when trades in securities mar&et kind of zero-sum game structure. As
we shall see below, the issue keeps being impoetgeTt in non zero-sum game structure of
market trading.

The reasons securities investment trading occusach unequal information holding
circumstances are a topic with a long researclottyisThose without information will not
take part in the trading game, and will continugitportfolio/uninformed investment
behavior. At the same time, if the best informegestors and the medium informed
investors engage in a buy-sell game, the formerthedatter due to their informational
advantage. That is, the reason the medium infoimesstors want to trade with the best
informed investors under this structure is thatrtfeglium informed investors believe they
can obtain a kind of insider information througkithtrading with the best informed
investors and can use it to gain an extra retuoutih their trading with the least informed

investors. Kyle (1985), O’Hera (1995) and Spulld&909) assume that the medium



informed investors try to play a role as financreddiators in the securities markets. It is
possible that the medium informed investors caeaot high returns because they must
take many more factors surrounding securities niaiikéo consideration than the least
informed investors to dominate trading betweenwweclasses of informed investors. Such
an inference leads to the fact that the relatignbkiween the level of information acquired
and the return earned will be represented by apeshcurve, as shown in Figure 1. It is
quite possible to conceive of such a hypothesis.

In addition, if we rely on Simon (1957)’s boundadionality hypothesis, having too
much information may result in failure to processtsinformation, leading to the
possibility of an investor with excess informatiocurring a loss. This forms the basis of
the V-shaped hypothesis, which suggests that there significant difference between the
returns of the least informed investors and thdskebest informed investors, rather than
the latter gaining the highest return.

As described above, there is no unified/dominla@bry on the nexus between the
level of information obtained by investors and threturns in the securities market.
Specifically, as clarified and experimentally prdvey the series of studies conducted by
Huber (2007) (2008a), the J-curve possibility issidered to have upgraded the complexity

and gravity of this issue in the securities market.

Figure 1: Rate of return per information level based ofedént hypotheses



This paper is aimed at experimentally verifying gossibility that the provision of
information to the securities market, which is tla¢éegorical imperative for accounting,
may sometimes yield both the expected results aedpectedly variable results in other
circumstances depending upon information holdingcstire, as well as at reexamining the
possibility raised by Huber. Building on past resbgexperiments), there are two issues to
be addressed.

1) In an environment where investors’ inforraatlevels increase incrementally, it is
not possible to verify which of the above hypotlseisedominant without conducting an
experiment under more sophisticated conditionsrdier to show this is true, we conducted
an additional informational experiment. The resaftghe laboratory experiment would
statistically verify (or otherwise) two null hypabes:

Null hypothesis 1) There is no relationship between the level of infation acquired
and the return achieved (EMH1);
Null hypothesis 2) Having more information means earning a higharre(EMH2).

2) If the results of the laboratory experimghowed it was possible for each
investor’s return structure to be J-shaped, V-stiapeat least different from that
envisioned by the EMH, under circumstances wher@waestor’s information increases
incrementally, we would then conduct a neuro-sdiergxperiment on the brain using
fMRI (functional magnetic resonance imaging) togement the earlier laboratory
experiment results and interpret the findings fieodifferent perspective.

Null hypothesis 3) There is no difference between activated parth@brain under

different information holding structures.
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The rest of the paper is organized as follows.i8edll presents the design of our
laboratory experiment, in which we change some xgaatal conditions adopted in that
of Huber (2007, 2008), together with the resulect®n 1V outlines the design of the fMRI
experiment and examines the implications of thaltesThe fifth section offers a

concluding synopsis.

[11. Laboratory Experiment - Design and Results

This section is aimed at verifying the J-curve eifftey analyzing a repeat of Huber’s
laboratory experiment under an environment feaguimcremental increases in investors’

information levels, but with some different condris.

Laboratory investment experiment

Six subjects were each assigned a different Ievielfarmation to be used as a basis for
buying and selling stock in a fictitious computekNL-based market via a double aucfion
First, the setup of the market in which the expentwas conducted is explained in 1). The
information provided to the subjects is then désdiin 2), and the real monetary
remuneration the subjects received for their werdtiscussed in 3). Finally, the details of

the subjects are shown in 4).

® The rationale behind choosing six subjects wasaiify that the objective of the
experiment was to explore the relationship betwberinformation level and the return
achieved as a result of decisions made. It is alel@to have more than five participants,

but the number of participants need not necesdagillymited to six.
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The Market

Each of the six subjects individually bought anttisosingle stock based on the level
of information received. The market price was dateed by the six subjects only through
this information. The subjects were basically fi@enake an offer to the market at any
price. That is, their trades were executed thrdungit orders, and neither stop orders nor
market orders were allowed. Short selling was Howad either.

The duration of each trading period was one minitéhe end of each period, new
information was provided, and the next one minatend began. Each trade experiment
consisting of 15 to 25 consecutive periods wasdadne experiment treatment. The
subjects were not informed in advance of the nurob@ading periods within a single
treatment, but the treatment was terminated afigo 25 rounds. Subjects were not told
the duration of each trading period before the grpent. Sixteen treatments were
conducted.

I nformation

The six subjects received information on currert future dividends. However, each
subject was assigned a different level of inforomatthat is, the number of future periods
for which information was disclosed was differemt €éach subject. One subject knew only
the current dividend; the second subject knew thieehd for the current period and the
next period, and so on. The best informed subjeetkthe current dividend and five future
dividends. It should be noted that although allghibjects were informed that their

information had been differentiated into six pattefthis was common knowledge), they
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were not aware of the level of information heldtbg other participants, that is, who had
information up to which period.

At the end of a round, the information providectzh subject was adjusted by one
period. The subject who originally knew the curréividend and five future dividends now
possessed dividend information for four future pes, and he/she received new dividend
information for the fifth period in the future wiiiavas not yet known to the market. The
same went for all participants, from the investdiovonly knew the dividend for the current
period to the subject who knew the dividends farrfoeriods Extra-Figure 1 depicts an
example of the subject provided with information tharee periods.

Basically, four trends were used for the dividemiimation: an increasing trend, a
decreasing trend, a regularly cyclical trend, amdralom trend. The most important
difference between Huber's experiment and our é@xjeer is the trend pattern of provided
information. Huber pointed that the cause of lovpesformance of the middle informed
investors was the trend reversal of provided divetmmformation (Huber 2007, p.2550). So
we did not include the intentional trend reversattgrn of dividend information in provided
information patterns. Moreover the trend of thediwd information for each experiment
treatment was randomly determined. Each subjedoraty took turns as each of the four
types of information holders during the four expesnt treatments. Four kinds of dividend
information trends were used four times, resultm@6 experiment treatments being
conducted.

Remuneration

13



Each subject was endowed with 1,600 Frarasd 40 shares of stock before the
beginning of each period. At the end of each onautei period, interest was paid at the rate
of 5% for cash holdings, and dividends were pardstock held according to the dividend
information provided. For example, if the dividenébrmation provided for the current
period was seven Francs per stock, the subjece@@®0 Francs without participating in
the market, that is, the sum of 280 Francs (40eshaf stock times seven Francs) in
dividends and 80 Francs in interest (US$18@005). Therefore, the subjects aimed to earn
higher trading returns by participating in the nerand intelligently trading stock. The
interest rate over the course of each experimeatrirent was set below the dividend rate.

The return to each subject for each experirtreatment was determined by the sum
of the returns from trading, dividends paid aneiest earned. As the value of stock trading
was valued in Francs, the trading return was denated in Francs. The remuneration paid
to the subject at the end of the experiment was ipa¥en by applying an appropriate
Franc to Yen exchange rate | for each subject. In playing the game, each stbje
(investor) was assumed to maximize his/her remtioerféor each experiment treatment as
expressed in the following formula.

R.=vy (dei—l-ZrCi—i-ZPs—ZPp) (1)

R ; : remuneration of investor i;

v : Franc to Yen exchange rate;

r :interest rate;

" We used "Francs" as the money unit for the garstead of "Yen," the use of which is so

widespread that it would enable subjects to imatheaeal world.
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d : dividend rate;

x ; : number of shares of stock held by investor i atethe@ of each round;
P . : revenue from selling stock;

P : expenditure for buying stock;

: amount of cash held by investor i at the end oheaand.

The subjects were undergraduate students from Ryukyversity, Doshisha
University and Kyoto University which were locatedJapan. The experiment was
conducted at Ryukyu University in July 2009. Thstiactions given to the laboratory

experiment subjects are set ouAippendix 1.

L aboratory experiment results
The results of the laboratory experiment are dewd.

Table 1 reports the results of the 16 experimeattinents, in which the subjects
were rotated so they all experienced each infoondével at random. The six subjects’
return distribution is clustered into three groupise least informed group consisted of
subjects with one or two pieces of dividend infotima The medium informed group
comprised those with three or four pieces of dinttleaformation. Those with five or six

pieces of dividend information were in the besbinied group.

Table 1 The Relationship between the Quantity of Information and Profit Ranking
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Because our experiment did not unify the expertaarn of each experiment
treatment, we did not employ the real return datérancs to avoid overestimating the
income of subjects who achieved high returns byicéan experiment treatments with a
higher dividend trend. We therefore used the namedldata to verify the first two null
hypotheses listed at the end of Section II. In &&hlwe report the results of statistical tests
conducted by adopting analysis of variance andts taf three normalized averages of

returns adjusted by the Bonferroni method.

Table 2 the Results of Statistical Tests

By relaxing the level of statistical significan@ee can say that the return gained by the
medium informed investors is lower than that gaibgdhe other classes of investors.
Moreover, there is no significant difference betw#ee returns of the least informed
investors and those of the best informed invesidrs.relationship between the level of
information obtained and the return earned willé¢fi@e be represented not by a J-shaped
curve, but by the V-shaped curve shown in Figure 1.

The results of our experiment indicate the follogvin

1) The relationship between the information level prafit is not reflected in
the simple increasing function assumed by theiefftomarket hypothesis.
Investors with a low level of information gain datively high return,
medium level investors gain less, but beyond aagepgoint, the return

becomes higher as the information level increases;
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2)

3)

4)

Note that this is not the case where there is latioaship between the level of
information and the return. Statistically, the ratof the medium informed investors is
significantly lower than that of investors with f@ifent levels of information;
On the other hand, there is no statistically sigaiit difference between the return of
the least informed and that of the best informed.
Based on the results of 1), 2) and 3), we can trejdthypotheses 1) and 2)
listed in Section II.
Furthermore, an interesting finding of our expeminelates to the number of
transactions executed by subjects in the leastritédd, medium informed and best
informed categories. As Figure 2 shows, the nurob@ansactions executed by the
medium informed group throughout the experimerdttreents is significantly higher.
This finding is not similar to that reached in goas studies (Huber (2007), p.2553,
Huber (2008), p.101), and is an important outcorh&kwrequires careful

interpretation.

Figure 2 Relative Frequency of Number of Trading According to Information L evel

1)

Inter pretation of laboratory experiment results

Let us confirm the factual findings of our labomgtexperiment.

On the one hand, the results exhibited a relatipnshereby the return of the medium
informed was significantly lower than that inferreg the relationship between the

level of information and the return in the effidienarket hypothesis;
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2) On the other hand, there was no statistically figant difference between the return
of the least informed and that of the best informed

3) The return of the best informed was significantyér than the return theoretically
expected;

4) The medium informed engaged in a significantly kighumber of trades compared to
those in the other information levels.

The implications of these findings are as followshen the level of information
provided to investors continuously increases, itaamally assumed that the degree of risk
or uncertainty gradually declines and that the rretgained increases. However, the
experimental results indicate that as an investoeives sufficient information to become a
member of the medium informed group, he/she is snlgdthrust into an environment
featuring a different kind of risk or uncertaingnd therefore needs to engage in securities
transactions under a new decision-making principlherefore, in a V-shaped
return-information level relationship, the behawdithe medium informed does not fit the
decision-making pattern envisioned in current ecoicoand finance theory whereby
decisions are made based on a single decision-mgkixpected utility maximization)
function, adding the probability of the state ofura for continuous decision making. On
the contrary, it is possible that the medium infedimake specific decisions in a specific
psychological environment. We can say so becausemiied the trend reversal pattern of
dividend information in our experiment, contraryHaber's experiment.

In addition, the fact that the return of the bedgbimed is significantly lower than

expected is a sign that the best informed too agtezounter difficulties raised by bounded
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rationality to make rational decisions. The leasfbimed diligently continue making
rational decisions in securities markets so theyezan an average return.

In order to examine these conjectures concerniagetfect of investor's psychological
environment on the relationship between the leveinformation and the return, we

conduct an fMRI experiment and report the resulthe next section.

IV.fMRI Experiment

Significance of fMRI Experiment

Next, we conduct a simplified version of the aboeetioned laboratory experiment
using fMRI in order to provide corroborative eviderof our hypothesis that the major
factors contributing to the V-shaped return-infotima level relationship are the specific
psychological condition of the medium informed istggs and the decision-making rule
they follow. The essence of experiment depictetthénprevious section is naturally
followed by the fMRI experiment described in thecgon.

First, the procedure followed in the experimerdascribed in detail. The purpose of
the fMRI experiment is to provide supplementarymrpfor the results of the laboratory
experiment, showing that because each investoregith level of information faces a
particular psychological condition, he/she sometimmakes a rational decision, but makes
an irrational one in other cases. We trace thespdirthe investor's brain activated when

he/she makes a decision with a particular levahfoirmation.
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Section Il describes null hypothesis 3) to be verified gsine fMRI experiment. If this
null hypothesis is rejected, the alternative hype#s would be summarized as follows:

1) The best informed investors can make their aatiomal decisions without regard to
the behavior of others;

2) The medium informed investors must pay attenttodecision making among the
best informed investors. This means that they missihguish between the bids and asks of
the best informed investors and those of the leéstmed investors in the auction market
and utilize the investment behavior of the bestrimied:;

3) Because the least informed investors can refall the information provided by
other participants in the auction market, consgsthinvestors with a higher level of
information than their own, they do not encounker additional task the medium informed
investors must have.

We should find brain data verifying three altermatihypotheses. In particular
alternative hypothesis 2) should be best discussddtail.

The concept underlying this experiment is that whenedium informed investor
engages in a trade, the investor cannot distinguigther the bid-ask information he/she is
given has been provided by an investor who hagtaehilevel of information (the best
informed) or by an investor with a lower level oformation (the least informed). This is
why in the previous experiment we observed the pimamon whereby the medium
informed, when faced with such investment timingpexienced psychological confusion,
engaged in investment behavior that differed frbat expected by conventional

economics, and suffered from a low level of return.

20



Specifically, the uncertainty relating to the bgkapread faced by the medium
informed in the laboratory experiment describedvalie a specific type of uncertainty
which is not explained in ordinary economic thed@sgnerally speaking, conventional
economics and finance theory holds that an incrigases information level continually
reduces the risk associated with the investment@mwent, and leads to the continuation
of future securities trading. In such a case, #Egion-making structure may be expressed
by a single expected utility maximization functi&@@onversely, in our view, the medium
informed possess a non-continuous risk assessmestagnize a new uncertainty, forcing
them to adopt a non-continuous decision-making @gugr different from that employed by
those in the least informed or best informed grduy specific decision-making model
adopted by the medium informed will be tentativetgsented in a later section.

We first analyze brain activity patterns in spexparts of the brain among investors
with different levels of information in order toguide additional evidence that they are
forced to resort to a specific decision-making apgh. The following experiment is
conducted by using fMRI in order to replicate tlssence of the situation faced by the least

informed, medium informed and best informed investo securities market experiment.

Description of fMRI Experiment
We provide the visual stimulation depicted in Fg8rto the fMRI subjeffThe subject
who enters the fMRI scanner engages in a gameeasfsjng whether or not the average of

the values displayed on the screen is larger tivan (For more details, please see

8 Please refer to Appendix 2 for details on the skittion image.
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Appendix 2.) Each value displayed on the screensisgle-digit number chosen from six
values. One, three or five of these values ardaiisp on the screen at a time, and each
participant assumes what the remaining valuesogredge whether or not the average of
the values displayed on the screen is larger tivan The game is played by three
participants, so the fMRI subject is joined by tetbers. Each subject is assigned either
one, three or five values, and these numbers aptagied. Based on the displayed numbers,
the participants are asked to assess whether dheatverage of the original set of six
numbers is higher than five. The numbers in th@&six values are chosen so that the
average is not exactly five. A return is paid adoog to the number of correct answers
Each subject can see whether or not the assessmasmorrect through the screen display,

with the cumulative number of correct answers showthe bottom right-hand corner.

Figure 3: Concept of fMRI Experiment

In addition, the three participants can see thessssent results of the two other
participants, that is, higher than five (H) or lowk) than five, using a T account. If a dark
square W) appears on the left-hand (debit) side with thediveg ‘H’, it means someone
assumed the average was higher than five. If ieargon the right-hand (credit) side, it

means someone assumed the average was lowervibat §hould be noted that while

® In this section concerning the fMRI experiment, deenot discuss the returns of
investors because the returns of differently infednsubjects are not interlocked with each
other in a market. Our fMRI experiment is exclugnvamed at reproducing the

psychological conditions of differently informedvastors in simulated laboratory markets.
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each subject receives the assessment result bgfwafprmation, he/she cannot link the
assessment with the participant. That is, the stibgnnot tell which of the other two
participants made the assessment.

Needless to say, the subject who receives fiveegalapresents the best informed
investors, the subject receiving three values s the medium informed investors, and
the subject receiving one value represents the¢ ilf@smed investors. The subject who
receives five values can make a judgment (makeiaida) without any reference to the
assessments of the other two subjects becausesheMte best informed investor.
However, he/she is forced to calculate the avegagekly and promptly respond to the
guessing game.

We presume that the case reflecting the speciempimenon experienced by the
medium informed investor in the previous laboratexperiment is translated to the case
where the subject who receives three values ldhatshe assessments of the two other
participants are split between High and Low. Speiify, we envisage a situation where
the subject receives the information depicted enttp left-hand corner of Figure 3. We
expect that a subject encountering such a situatitime fMRI scanner results in specific
parts of the brain being activated.

The subject receiving one value representing tast ieformed investors can keep
making normal and rational decisions without anycpslogical dilemma.

The process for each game is as follows: the valoemation is displayed first (T = 0),
then from two seconds (T = 2) later, the informatim the other participants’ assessments

is shown until four seconds (T = 4), followed shoafterwards by the fMRI subject
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thinking before making the HL assessment. The figiitlject makes a decision by pushing
one of the two buttons with his/her finger. Immeeliga after the fMRI subject makes a
decision (i.e. when he/she pushes the buttonyéfiegame start§

We expect that specific areas of the brain arevatetdl for subjects in which activities
are not visible under other circumstances. If tregsas can be found, and if past studies
show that these areas are involved in making spetgtisions, it will represent evidence
corroborating the existence of the specific envinent, and thus the specific
decision-making circumstances, faced by differémdi& of informed investors in the
securities market.

We now continue describing the fMRI experiment.liéarwe explained a game that
takes only a few seconds per round in which paeicis guess the average of some values.
In practice, 36 guessing games on average arepiay@e experiment treatment. This
means that each subject experiences each of fbevilad) six situations six times.

S1) He/she is less informed, with the remaining twagreement;
S2) He/she is less informed, with the remaining $plit;

S3) He/she is medium informed, with the remairtimg in agreement;
S4) He/she is medium informed, with the remairtimg split;

S5) He/she is best informed, with the remaining imvagreement;

S6) He/she is best informed, with the remaining split.

9 The description uses the term “three subjectsthénactual experiment, the two subjects
other than the fMRI subject are not real people dbe substituted by subjects from a
sample extracted from records of past games. Tdrerghe fMRI subject actually plays

games with virtual subjects on a PC.
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We conduct six experiment treatments over approtain@5 minutes when the subject
plays the fMRI game. Therefore, six types of gaaresplayed 36 times, for a total of 216
rounds. During the first three experiment treatragtite games based on the above six
situations appear randomly during one experimeatttnent to give the subjects six
assessments each. In the last three experimetrih&ets, the six situations appear in the
above order in six rotations.

Needless to say, the brain activation image okthigect playing the game is captured

with fMRI to provide data for analysis.

Figure4. The Elapsed Time, fMRI Imaging of fMRI, Pictures Watched by

Subjects and Onset

We now describe the details of the fMRI brain inmggconditions using Figure 4. fMRI
scans of the brain are taken every three seconu®tiuce the 3D image of the brain. In
the case of our average-guessing game, it takasearage of around eight seconds to play
one round. Therefore, it takes approximately fivautes to complete 36 games comprising
one treatment. Since one set of brain images wyaed every three seconds,
approximately 100 sets of images will be creatediery experiment treatment, and
approximately 600 sets of images for six experintiezgtments. Not all of them will be
used, and only those taken at an appropriate mgef time) will be utilized. Onset time is

set at just after four seconds from the time theeayatarts.
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In order to synchronize the images and numerigalusations shown to the subject, we
use the PC software “Presentatitnto display the values and visual stimulationstu t
reflective screen inside the fMRI scanner. Fitst, numerical information appears on the
screen, and two seconds later, the HL assessniennation of the other participants is
displayed for two seconds. The assessment periddidsubject starts from the fourth
second (shown asx andp in Figure 4). The “onset”, the starting point foetcollection
of images, is inserted at the point in time whemndhsessment information of the two other
subjects appears on the screen in full. In othedsidhe onset is inserted at the point when
the subject makes his/her own HL decision. Thisbhme is used as the starting point,
and “Image created at the appropriate time” reiethe fMRI image generated at the point
closest to a certain number of seconds after floenmation appears in full, and is
recognized as the brain response of the decisiaterft or L) at that point.

In addition, the selected images are fed into SPls®ftware for analyzing fMRI
images, and following statistical processing, tteaa which were active in a statistically

significant manner are specified by the 3D coorigan the assigned 3D brain map.

1 software from Neurobehavioral Systems, Inc.

12 There is a tendency to consider the time the hugtgushed as the time the decision is
made. However, we recognize the time lag betweeml¢eision being made and the button
being pushed, so our onset time setting enablés edlect fMRI data within a certain time
span.

13 Software developed by Statistical Parametric Magpi
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The same fMRI experiment is implemented for 21 scitgj. The results for 16 of these
are used for the analysis, as the data for fivgestdboshow anomalies and are therefore

discarded.

Results of fMRI Experiment

We examine the brain responses of the 16 subjsotg the cases described above.
Because the case “4) medium informed investor thighother two participants split” is, of
course, the most important for our analysis, wa& 8how the results of the S4 case. The S5
and S6 cases will be shown subsequently. We deepott the results of S1 and S2, but we
mention these cases in the text. We employ the émeasplts presented by SPM8. The
statistically recognized parts activated with ajppiate masking satisfy the 0.001
significance level for the brain voxel and the Osignificance level for clustering.

The analysis of case S4 is conducted as follovespé#rts of the brain activated among
the medium informed should be analyzed when thegw@mnter the situation in which the
decisions of the two other subjects are split. Wsdfore produce a manipulated image
(S4-S3), because the uniqueness of the situatiaiving the medium informed with a
split decision between the two other subjects ceatuated by deducting the parts activated
in S3 from those activated in S4. As we have alyeagblained, S3 is the image data on
brain parts activated in a medium informed investben he/she faces a unanimous
decision by the two other subjects. Of coursentheaipulated image (S4-S3) is masked
with S3 at 0.05 because we must delete the effessgnificantly unactivated parts of S3.

The results of SPM8 over the case (S4-S3) are siowigure 5.
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Figure5: Active Areas of the Brain in Case ($4-S3)

The significantly activated areas of the brainhie above image can be described as
follows: visual cortex (V1, V2, V3, V4), anterioingulate cortex (ACGC) middle frontal
gyrus (MFG), inferior frontal gyrus (IFG), anteriorsula (Al), temporo-parietal junction
(TPJ), operculum (OPR)intraparietal sulcus (IPS). Judging from the datdl, hypothesis 3)
described in Section 1l is rejected. We can theeefay that the uniqueness of the brain
parts activated in a medium informed investor vaithplit decision between other investors
can be recognized at a statistically significaaele

As the next step, we show the results of cases18%6 in Figure 6. These cases are for
the best informed subject. We produce a manipulatghe (S5+S6) - (S1+S2) with
masking (S1+S2) at 0.05 to depict the uniquenedbefictivated brain parts of the best
informed subject. This analysis also enables usdognize which areas of the brain of the

best informed subject are uniquely activated in gamnson with the least informed subject.

Figure 6: Active Areas of the Brain in Case ((S5+S6) - (S1+S2))

Finally, we produce another manipulated image (2)+S(S5+S6) with masking

(S5+S6) at 0.05 to depict the uniqueness of thi lparts activated in the least informed

subject, but we cannot find any unique area obttae.
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Figure 7 summarizes the analytical results produtedverify the psychological

hypotheses listed in the top of this section.

Figure 7 Brain M echanism of Investment Decision Making in Economic and Social

Situations (T=4)

The left-hand side of Figure 7 indicates the intetgtion of special psychological
aspects of the medium informed investor’s decisi@aking with a split decision between
the two other investors. First, the full informatioeceived by the medium informed
investor stimulates his visual cortex (VC), andshe/watches the situation where he/she
has three values and the two other investors masglitadecision. This stimulation is
conveyed to two areas of the brain. One area id fgesocial processing of information,
and the other area is used for economic and rdtmroaessing of information. According
to the previous research (see Yamazaki [2002], Kert al [2007]), the right and left
inferior front gyrus (IFG) are activated to faalié the emotional evaluation of his/her own
information and induce anxiety over future posgibs. Further activation of the middle
frontal gyrus (MFG) is a sign of a reaction to umamty accruing from this additional
knowledge, and activation of the anterior insuld) (Aises the level of discomfort (such as
anxiety and feelings of anxiousness) arising from tincertainty (see Kirsten et al. [2005]).
Based on activation of the intraparietal sulcusSjIBnd the temporo-parietal junction (TPJ),
the subject socially recognizes the existence afosading others who are making

different decisions (see Young et al. 2007, Cam2089,). Finally, the anterior cingulate
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cortex (ACC) adjusts two kinds of results from tar@as: one is the rational and emotional
evaluation of the information the subject receivasd the other is recognition of the

existence of others making different decisions. Bobject can at last adjust his/her
response to the dilemma between emotion and réitignaredict the future return and the

others’ decisions, and reach his/her own final €leni (seeSanfey et al., 2003, Glimcher and

Rustichini 2004,Brown and Braver, 2005)

On the other hand, the unique brain areas of tis¢ ipéormed could be identified
without reference to the two other subjects. Thasethe visual cortex and the intraparietal
sulcus (IPS). These areas can be recognized even dadducting all the brain areas
activated in the least informed from all the braieas activated in the best informed. There
is no need to take the existence of the two othbéjests into account, nor is there any
anxiety over the best informed having five valudswever, the best informed must feel
pressured to take advantage of the large amoumfarimation available to gain a higher
return, though the least informed feels no suclsqune. Excessive activation of the
intraparietal sulcus (IPS) of the best informedéfae leads to his/her bounded rationality
(see Kirsten et al. 2005).

The findings of the analysis of our fMRI experimesfiow that in a market with least
informed and best informed investors, the mediurformed investors develop an
expectation of uncertainty or risk that is discontusly different from the other two
investors’ expectations when the offers from thieeotinvestors are split (i.e. they offer
different prices), resulting in a change in thescidion-making principle. This leads to a

reduced trading return for the medium informed stues.
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The best informed investors feel pressure to dotmittee market by taking advantage
of the large amount of information they have, aadnot afford to earn a relatively low
return. The least informed investors with the seslhreas of the brain activated continue
to make simple investment decisions. This leadeem earning an average return.

Figure 8 summarizes the essence of the facts estatllby the fMRI experiment.

Figure 8 Changesin Return Structure

New Hypothesis on I nvestment Decision M aking by Medium I nformed Investors

This paper is aimed at developing a hypotheticalisiten-making rule for medium
informed investors based on our laboratory and fMperimental results; the rule is
literally a hypothesis. In conventional economicgjestors engage in securities trading
with the aim of maximizing their return. Accordirig the efficient market hypothesis,
information is instantaneously disseminated to stwes who have not received it, and all
investors end up possessing the same level ofnraon. Under this premise, two cases
are possible and are depicted in Figure 1 as EMtdIEAMH2. The difference between the
two is whether it is possible to use the new infation to earn an excess return that is not
necessarily constant, even on only one occasiomweMer, it is not possible for medium
informed investors to earn the lowest return urtderEMH.

On the other hand, less informed investors who gesséittle or no information will
make their decisions based on portfolio theory urdeertain formulation, and as a result,

will earn the average market return. Therefore, gaene is actually played between

31



medium informed and best informed investors, legdinvictory for the latter and resulting

in the medium informed investors earning a belowkatlevel return. The results of our
fMRI experiment suggest a counterargument for &xplanation. Our fMRI experiment

resulted in a V-shaped rather than J-shaped rstoucture, indicating that only investors
holding an medium level of information engage imding based on a different

decision-making rule. We should remember that oyegment in laboratory did not

employ the trend reversal pattern of provided aivd information. So there must exist an
another important reason why the medium informe@stors suffer from relatively lower

returns. The aim of this section is to formulates tpecific trading rule as a hypothetical
reason.

We assume that the well informed and the leastnméd engage in normal investment
behavior, i.e., maximization of expected utilitysidg the same behavior principle, the
theoretical return structure will be the EMH1 oe tEBMHZ2, but the critical question is how
to interpret the decision-making rule of the mediwformed. Our assumption is that the
medium informed investor makes decisions usingntiagching law. In other words, when
executing auction trades, based on his/her infooma&and the information the others
possess, the medium informed is uncertain abouthehdid and ask prices are issued by
the least informed or by the best informed. Thaedgto the following assumptions. It is
possible that the medium informed may act so hefslmeearn a certain average return
under two states of nature, that is, act accortbnpe matching rule (see Sakai and Fukai
2008). The fact that the medium informed makesstment decisions in accordance with

the matching law leads to an increase in the nurobéris/her trades and a decrease in
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his/her return. In psychology, the matching lavtestahat the allocation rate of behavior is

equal to the reinforcement rate (R.J.Herrnstein/L9bhis is expressed by formula (2)

Ri/R=l1/I2 (2)
where R: number of trades on the bid side;
Re: number of trades on the ask side;
I'1: return on the bid side;
r2: return on the ask side.
Finally, only when each subject has taken the obtbe medium informed investor and
has been faced with such an information holdingcstire is the specific area of the brain

considered to have become active in order to chdregdecision-making rule.

V. Conclusion

In this paper, we first employ the results of aolabory experiment to confirm that the
dissemination of information, price fluctuationgahe distribution of returns in the
securities market do not follow the patterns emwvisd by the efficient market hypothesis.
We suggest that the cause of this discrepancyipdlsibility that in securities markets, an
increase in the information level leads to an iasesin uncertainty, thereby causing
changes in decision-making rules followed for sg@s investment due to the
maximization of expected utility under normal cdmatis, a normal phenomenon supported

by economics. Of course, if the investor receivesaradditional information to become
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the best informed, it is considered that he/shente\o the rule of maximizing expected
utility and engages in further securities transandi

The results of the fMRI neuroscientific experimpmvide evidence corroborating this
hypothesis. The fMRI experiment, which operateseutide same principle as the earlier
laboratory experiment but is a simplified form bé&tsame, inspires us with an
understanding that in securities markets, uncegtamong medium informed investors
increases, leading to activity in certain areathefbrain, which suggests the possibility that
a particular decision-making rule different fronatemployed in other securities
transactions is adopted.

We also suggest the hypothetical possibility thatrhedium informed investor may
have adopted the matching law consisting of praceifierent from the expected utility
maximization rule envisioned by conventional ecomsmt is assumed that this law
negatively affects the return gained by the mednfiormed investor.

Finally we should recommend that accounting paleyulators must pay attention to such
effect of investors' psychological change overitifiermationally inefficient pricing of

securities markets.
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Appendix 1: Instructionsfor Laboratory Experiment Subjects

You will play one type of game with six investossibjects) in which you buy and sell
one stock.

1) The six investors each have a diffenefarmation level: One trader knows the
dividend for the current period; the second trdahews the dividend for the current period
plus the dividend for the next period, and so dre 3ixth trader knows the dividend for the
current period plus the dividends for the figowing periods shown in Extra-Figure 1.

2) Each investor is endowed with 40 securgied 1600 Francs at the beginning of
the trading game.

3) The initial tentative price of the secuiigyl00 Francs. A risk-free interest rate of
5% is paid for cash holdings in each period. Trgdime per period is one minute. One
experiment consists of 15 to 25 consecutive peridde number of periods until
termination is decided by the subjects.

4) A certain dividend stream will be used througheach trading experiment treatment.
Each investor has the possibility of experiencimgfour types of information level during
four trading experiment treatments. For every expent treatment, the six investors are
ranked according to their Franc-denominated retlssg the Franc/Yen exchange rate,
the return is converted into Yen for actual paynarihe experiment retutf

5) The image on the PC screen display seenebinttestor (subject) during the game is

shown in Extra-Figure 2.

14 Based on the induced value theory by Smith (1971).

39



Suppose a subject has received dividend infoomé#or three periods by random
choice; the PC screen displayed will look like Bx@igure 2. The screen shows his/her
dividend information for period X, i.e., the diviue for the current period, the next period,
and the period after the next period. In the nexigal, period X+1, the information shifts
by one period. What used to be the dividend foe ‘filext period” now becomes that for the
current period, that for “the period after the npetiod” becomes that for the following
period, and new dividend information (7.0 Frangg)ears on the screen as the dividend for
the period after the next period. The subject wdoeives three periods of information will
see three pieces of dividend information on thesBx@en shown in Extra-Figure 2
throughout one experiment treatment to make investrdecisions and trade securities.
Trading is conducted in such conditions in ordecdmpare the earnings of the six subjects

(market participants).
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Extra-Figure 1: Information sStructur e of the mM ar ket

(Method for disclosure of dividend information)

Extra-Figure 2: Screen Image Viewed by the Subjects

Appendix 2: Instructionsfor fMRI Experiment Subjects
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Tablesand Figures

Table 1 Relationship between Quantity of Information and Profit Ranking

10

11

12

13

14

15

16

average

S.D.

Theresultsof 16 experiments(in Francs)

Least

informed

252050

271946

200714

249402

257086

192599

252872

247784

188785

245952

283350

192243

258172

262190

186146

247447

235262.8

32654.8

Medium
informed
242169
262459
186274
247263
263126
192380
252657
281682
174135
248259
224214
170996
239801
260770
190915
251794
231191.8

35701.0

Best
informed
256799
249274
190077
254498
263343
192575
246305
254329
213821
256566
253722
194472
246603
260790
200061
252050
234950.2

27519.3
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10

11

12

13

14

15

16

Least
informed
0.33530
1.38629
1.66161

-0.04918
-1.16565
0.02290
0.28513
-1.27541
-0.24658
-0.98968
1.99335
0.40668
1.86434
0.16538
-1.45457
-1.21824
0.10760
1.15359

normalized data

Medium
informed
-1.60142
0.15941
-1.20879
-0.15592
0.55197
-0.21144
-0.14377
1.93162
-1.29004
-0.45957
-1.99066
-0.95635
-1.56750
-1.31954
-0.34075
0.55685
-0.50287
1.01678

Best
informed
1.26613
-1.54570
-0.45282
0.20510
0.61368
0.18854
-0.14136
-0.65620
1.53663
1.44925
-0.00269
0.54967
-0.29684
1.15415
1.79533
0.66139
0.39527
0.91092



Table 2 Results of Statistical Tests

Class Observations __ Average Variance
Least informed 16 0.1076044 3307777
Medium informed 16 -0.5028687 1.0338526
Best informed 16 0.3952662 0.8297917
Classes t value P value
Least informed and medium informed 1.673309 205384
Least informed and best informed 0.788482 0.49464
Medium informed and best informed  2.461791 0.2162
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Figure 1: Rateof return per information level based on different hypotheses
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Figure 2 Relative Frequency of Number of Trades According to Information Level

Relative frequency

Information level
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Figure 3: Concept of FMRI Experiment

MRI pulse
every 3
seconds X
Lo s Presentation and use
creen
—'F displayed of SPM 8
inside MRI

T

5, 7,2, 4.8

-

Time

46



Figure4. Elapsed Time, fMRI Imaging, Pictures Watched by Subjects and Onset
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Figure5: Active Areas of the Brain in Case ($4-S3)
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Figure 6: Active Areas of the Brain in Case ((S5+S6) - (S1+S2))
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Figure7 Brain Mechanism of Investment Decision Making

in Economic and Social Situations (T=4)
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Extra-Figure 1: Information Structure of the M arket

(Method for disclosure of dividend information)
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Extra-Figure 2: Screen Image Viewed by the Subjects
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Appendix 2: Instructionsfor fMRI Experiment Subjects

1
3 a 7
=1
H L b o ST,
bz o £ omd
]
i
3 a 7
T=d
zoxmlbax «f
. comadt mzamazm
]
3
3 a4 7
T=azan=m ooy
Tormlbaz +f
. rr———
]

There are three participants in this game. At the sf the game (Display 1: T = 0) you are
looking at three (or 1 or 5) numerical value(sestdd from a set of six numbers. Next, as
additional information, the assessments of therdthe players are shown for two seconds
just after two seconds into the game (Display 2=:4). (The assessments of the two other
participants have been pre-installed in the compintehe above example, one player can
see five numbers and the other one number.) Thedub required to answer whether the

average of the six numbers is higher (H) or lovigttlgan five. The subject can answer by
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using one of two buttons (one button is for high #me other is for low). If the subject
answers correctly, the cumulative number of coraastwvers on his display is increased by

one (Display 3). A new game starts soon after iiegghis answer.
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