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CHAPTER I

INTRODUCTION

The Purpose of This Study

The purpose of this study is to investigate the
existence of an inverse relationship between publiic and
private information in a laboratory experiment.
Verrecchia (1982b) derived an analytical theory which
predicts the effects of changes in disclosure policies on
private information production and stock prices. The
testable implications of this theory are important to
accountants interested in determining the effects of their
disclosure policies and economists interested in obtaining
a better understanding of the role of information in the
economy, and therefore warrant empirical investigation.

Pitfalls exist in measuring a disclosure's effects.
Gonedes questioned the extent to which one can employ a
ceteris parjbus argument when determining the effect of
additional public disclosure. Gonedes argued that
additional public disclosure may affect the supply of and
demand for private sources of information to the extent
public and private information are substitute or

complementary economic goods. Moreover, disclosure has a
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2
direct effect on price as well as an indirect effect
through induced changes in the demand for private
information. Without understanding the relationship
between public and private information, drawing inferences
from empirical results becomes tenuous. For example, one
cannot infer that the market reacts to a particular
disclosure pronouncement, because the price reaction may
be due to a shift in the economic costs of information
production. Conversely, the absence of a price reaction
does not imply the disclosure had no information content,
since it is possible that the additional public disclosure
mcrowded out"l an equal amount of private information,
resulting in a null net effect.

Gonedes (1980 447) analyzed the interaction between
private and public information and felt this was an
important area for future research, as he expresses below:

The determinants of the interactions between

private and public information-production

decisions constitutes a subject for future work-

-work that involves departing from the lines of

attack usually found in both theoretical and

empirical studies of disclosure rules,

information-groduction, and capital market
equilibrium.

‘What is suggested is that public information may
crowd out private information production in much the same
way as government spending crowds out private investment
in J. R. Hicks's (1937) macroeconomic IS/IM framework
(see Modigliani and Ando(1976)).

25. 3. Gonedes, "Public Disclosure Rules, Private
Information-Procduction Decisions, and Capital Market
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3

Instead of the more common market-based accounting
research (MBAR) approach, this study employs an
experimental-market approach. The laboratory approach
permits the manipulation of variables and minimizes the
effect of extraneous factors which might confound the
results. Further justification for this choice is found
in the Method of Investigation section of this chapter and
in the next chapter.

In an experimental market, subjects assess the value
of shares based on information they obtain. The sources
of information are conceptualized as three mutually
exclusive components: price, public information, and
private information. Specifically, this research
investigates the effect of changes in the level of public
information on three dependent variables: (1) the amount
paid for private information:; (2) the precision of private
information acquired; and (3) the amount of information
conveyed by price.

One motivation for empirical work on the relationship
between public and private information (hereinafter simply
called "the relationship") is the unresolved nature of
this relationship. Public and private information can be
categorized as substituce, complementary, or independent

economic goods. Intuitive arguments can be made for the

Equilibrium," Journal of Accounting Research, Autumn 1980:
470.
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existence of each of these three categories or a
combination of the three. The fcllowing four examples
demonstrate that intuition does not provide a basis for
clear policy direction and that empirical evidence is
necessary to resolve the ambiguity.

(1) When empirical researchers assume ceteris paribus
in investigating the effects of disclosure regulation of
stock price, public and private information are assumed
implicitly to be independent.

(2) In fact, complementarity may exist. For example,
suppose a trader receives a publicly disclosed piece of
erroneous information. As suggested by the theory of
Tversky and Kahneman (1982), the trader may anchor on this
initial information and. upon.regeipt of new information,
adjust his or her prior beliefs insufficiently.
Consequently, the trader will require more information to
value accurately the stock than if the erroneous
information had never been received. 1In other words, the
trader must purchase additional information to overcome
the dissonance of rejecting his initial valuation.3

(3) On the other hand, public and private information
may be substitute economic goods. Gonedes (1976) argues
that several sources of information compete with

accounting numbers. First, industry-wide or economy-wide

Even if this holds at the individual level, it may
not be true for the market as a whole.
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5
factors? partially explain a firm's performance.
Alternative scurces for this information include
industrial production reports, reports on industrial
prices, reports on government policies, and forecasts
issued by trade associations. Additional sources of
information which may compete with accounting information
include statements made by corporate officials regarding
their firm's operations, releases issued by brokerage
firms, releases issued by market-newsletter services, the
contents of filings with the Securities Exchange
Commission {which include more than accounting numberss)

and, more generally, all results of information production

“Economy-wide information can be private. If King
Fahd of Saudi Arabia knows that his country's oil
production will increase, then he has material nonpublic
information which may effect the American economy.

SThe Securities and Exchange Commission requires a
considerable amount of qualitative reporting. Below are
examples of disclosures required by the SEC which are not
found in the annual reports. These disclosures may
provide information useful in valuing the firm, and hence
are an alternative source of information. The 10-K
includes: (1) a description of the business, (2) security
ownership of management, (3) directors and executive
officers of the registrant, (4) management remuneration
and transactions. The 8-K includes: (1) changes in
control of registrant, (2) changes in registrant's
independent accountant, and (3) resignations of
registrant's directors after certain disagreements with
management.

A person seeking to acquire over five percent of
another company must disclose: (1) their background; (2)
the source of the funds for the acquisition; (3) the
purpose of the acquisition; (4) the number of shares
owned; and (5) any relevant contracts, arrangements, or
understandings between this person and the company
(Seic'ler and Carmichael 1981).
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6
undertaken by investors {Gonedes 1976). In the spirit of

Gonedes's work, Verrecchia derived mathematically the
result that the amount of costly private information
acquired is a nonincreasing function of the level of
public information.®

(4) A likely possikility is that the relationship is
a hybrid of the three categories. The relationship may be
nonlinear; if so, public and private information may be
substitutes in certain ranges and situations but
complements in others.

These differing viewpoints on the relationship
between public and private information, and the need by
accounting policy makers to better understand this

relationship, suggest a need for empirical evidence.

The Potential Benefits of this Study
The following benefits should arise from this

research: (1) This study provides evidence concerning the
indirect and direct effects of financial disclosure.
Evidence is necessary to confirm or reject the
hypothesized effects promoted by those attempting to
influence financial disclosure policy. Varying the levels
of excgenously specified public information provides

insight about the extent to which public information

°The assumpticns underlying this derivation are
presented in Chapter 4.
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"crowds out™ private information. (2) Since several
variabies are determined endogenously, it is possible to
analyze interactions as well as main effects. This
dynamic setting provides additional insights not
cbtainable using the partial equilibrium or comparative
static analysis. (3) It provides evidence relating to
Hirshleifer's (1971) analytical result that there may
exist plentiful private incentives to generate information
despite the fact that the information yields no benefit to
society. (4) By providing complete and accurate
documentaticn of all relevant events, the computer permits
detailed analysis of the relationship between individual
behavior and market aggregate behavior. This empirical
evidence provides a better understanding of the factors
that traders include in their decision models, a trader's
motivations for trading, and the personal characteristics
of those subjects more inclined to trade. (5) Empirical
research investigating the relationship between public and
private information serves two broad purposes: first, it
provides evidence to validate the analytical theories
proposed or to indicate that they are inapplicable in this
market context; and second, it may provide a groundwork
for the construction of new theories.

Though this study provides only a first step toward
an understanding of the relationship in question, the

implications for accounting policymakers would be
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considerable if the relationship were determined to be
one of complementarity, substitution, or independence. If
public and private information were perfect substitutes,
mandating disclosure could not be justified on the grounds
that it promoted capital market efficiency, since
increased disclcosure would "crowd out" an equal amount of
information from private sources yielding a null net
effect. On the other hand, mandating disclosure may be
justified if public information production is more cost
effective than private information production.
Unfortunately, knowledge of the relatienship is
insufficient to provide clear policy directives.
Divergent viewpoints would still result from differences
in the way people specify both the "users"™ of accounting
data and the "environment®" in which preparers and users of
accounting data are thought to behave.’ Despite the
ambiquity and pessimism regarding policy direction,
knowledge of the relationship in question méy be useful in
eliminating erroneous arguments and assertions that might

be used to affect current policy decisions.

The Method of Investigation
Though several analytical models have depicted the

relationship between public and private information, few

‘American Accounting Association, "Statement of
Theory and Theory Acceptance," Committee on Concepts and
Standards for External Reporting, 1977.
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empirical studies directly address this issue. This
dearth of empirical studies may be due in part to our
inabiiity to manipulate variables and control for
confounding factors in an actual market setting.
Therefore, this study investigates the question in a
laboratory setting, which provides more control, and
thereby increases the ability to isolate the variables'
effects.

To be eligible to participate in the experiment,
students had to be juniors or seniors in accounting or
finance enrolled in the 1987 Spring Semester at The
Florida State University. Sixty students volunteered and
were trained in the use of the computer trading mechanism
(See Appendices A & B). The subject pool was divided intec
three groups; each group returning on a different day
(i.e. Monday, Wednesday, and Friday). The sixty students
chose which of three groups they wished to join. Of the
subjects choosing a particular day, the first eleven to
arrive were allowed to participate. Each of the three
subject groups were exposed to the three treatments (i.e.
the three levels of public information) and traded in 24
twelve-minute markets. 1In each experimental market there
were ten traders exchanging shares and one insider selling
informaticn via the computer. Differences in subject

groups, the dates the markets were held, and the order of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



10

market presentation are treated as nuisance variables in

the analysis.

Verrecchia's analysis (1982a, 1982b) provides a basis
for the three primary hypotheses of this study:

(H1) The demand fo.- private information is inversely
related to the amount of information conveved by
price.

(H2) The overall level of traders'’ informedness® is
positively correlated with the level of public
information.

(H3) The demand for private information is inversely
related to the level of public information.

These hypotheses are not equally important to this
study. Hypothesis three is the central focus of the
study, whereas hypothesis two concerns the broalder
question, "What are the effects of disclosure policies?".
Hypothesis one provides evidence on the interaction among
the three sources of information and renders the results
of the other two hypotheses tests more interpretable.

Additional tests of volume, convergence, and sources
of traders' profits should serve as a diagnostic check on
the nature and validity of the experimental markets in

this study.9

°The overall level of traders' informedness is guaged
by measuring the distance between the actual price and the
rational expectation equilibrium price. This measure is
defined in Chapter four.

SThe following two examples illustrate why this is
the case.

(1) Failure of markets to converge toward the
rational expectation equilibrium would imply that the
markets are not able to disseminate and aggregate
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Chapter II justifies the choice of a computerized
experimental market approach. Chapter III discusses
insider trading activities, relevant laws, and litigation,
as these bear on the design of the information market in
this study. Chapter IV briefly describes the relevant
propositions of Verrecchia's analytical theory and
presents the hypotheses tested. The results of these
tests and their interpretation are discussed in Chapter V,
and Chapter VI cont2ins a summary and recommends potential

extensions of this research.

information. Such a result would be anomalous relative to
prior research in actual market and experimental market
settings and would cast doubt on the generalizability of
the design.

(2) One benefit from identifying the sources of
traders' profits is to learn if a trading strategy exists
which can consistently earn above average returns. Such a
test provides evidence of the efficiency of these
experimental markets relative to actual markets and hence
bears on their representativeness.
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CHAPTER II

METHODS JUSTIFICATION

Choice of an Experimental Market Approach

What follows is a justification for the use of the
experimental market and its viability in addressing
financial accounting questions, particularly disclosure
requlation questions. This chapter includes the
disadvantages of studying regulatory questions in an
actual market, the advantages of an experimental market,
the advantages and disadvantages of a computerized market,
a brief review of previous research employing this method
on related topics, and finally, 1limitations of

experimental markets.

Limitations of Emnirical Research in Actual Markets
Although many significant findings have resulted from
empirical studies of actual markets, such an approach
would not be feasible here because of the inability to
introduce and control important variables and negate the
effects of nuisance variables. This inability greatly
limits the scope and variety of hypotheses that can be

tested and hinders exact identification of the factors

12
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driving the results. Other problems that would be

encountered when investigating the relationship of public
and private information in an actual market setting
include measurement error, scaling, self-selection bias,
model identification, and distributional problems. These

problems are discussed individually below.

Measurement Error. Measurement error can occur in
the independent or dependent variables. If a dependent
variable cannot be measured because of data collection
difficulties or because it is inherently unmeasurable, a
proxy variable must be used in its stead (Kennedy 1986).
Residual returns represent such a proxy. The market's
expectation, needed to compute residual returns, is
generally based on a return generating model (e. g.
market model). To the extent the model is misspecified
or the maintained hypothesis is invalid, measurement
error results whichk is reflected in the disturbance
terms.

Measurement error in the independent variable, known
as errors in variables, can create serious econometric
problems, as is shown in this quote from Kennedy (1986
113):

Replacing one regressor by its incorrectly measured

counterpart creates a new disturbance term, which

involves the measurement error embodied in the new

regressor. Because this measurement error appears
in both the new regressor and the new disturbance
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term, this new estimating equation has a disturbance

that is contemporaneously correlated with a

regressor; thus the ordinary least squares estimator

is biased even asymptotically.

Accounting numbers such as earnings are measured
with error. The independent variable in many empirical
studies, expected earnings, may contain additional

measurement error due to misspecification of the

expectation model.

Scaling. Abnormal returns are summed as though they
are of equal interval measurement; however, evidence
exists that returns are not identically distributed.
Roseff and Kinney (1976) and Morgan (1976) have obtained
evidence on the heterosscedasticity of security returns.
Further, Blume (1975) has found that the relative risk of
securities charnges over time. Interval measurements are
not equal unless the model incorporates parameters
dealing with these assumption violations. Scaling is
also a consideration when standardizing residuals.
Classical statistics such as the r, t, and F, assume
egual intervals; consequently, where scaling is not
strictly interval, care must be taken when interpretating

results.1

1F. N. Rerlinger, Foundations of Behavioral
Research. New York: Holt, 1986, 402.
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Self-Selection Bias. In quasi-experimental
research, of which market based accounting research
studies are examples, treatment levels are not randomly
assigned to subjects. This poses a threat to internal
validity, "if the effect may be due to the difference
between the kinds of people in one experimental group as
opposed to another® (Cook and Campbell 1979 53).2 For
example, in studying the effects of an accounting method
change (e. g. FIFO to LIFO) one wants to observe the
effect of the switch on the firm's value. However, if
firms switch to LIFO and incur the consequent decrease in
earnings only during periods of unusually good earnings,
then higher than average performance is not a result of
the switch but the cause for selection and therefore a

characteristic of the sample.

Mode entification. Nonlaboratory research in
financial reporting generally cannot manipulate
experimental variables. Consequently, more reliance is
placed on theories and models for experimental control.3
Many empirical studies maintain a joint hypothesis (i.e.

informational efficiency and the descriptive wvalidity of

“R. Ball, and G. Foster, "Corperate FPinancial
Reporting: A Methodological Review of Empirical
Research,™ Journal of Accounting Research, supplement
1982, 180.

3Ball and Foster (1982): 177.
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the capital asset pricing model (CAPM)). The CAPM has

been criticized on both conceptual and empirical grounds
(Roll 1977).4 Choice of an index for the market
portfolio is problematic and the heteroscedasticity of
returns and changes in relative risk over time, make
proper risk adjustment difficult. Also, the parameter
values refer to ex ante magnitudes, whereas ex post data
are used for estimation and testing.5 Several anomolies
are inconsistent with the validity of the joint
hypotheses; these include: the size effect (Banz 1981),
the dividend effect (Litzenberger and Ramaswamy 1979),
the P/E effect (Basu 1977) and a January effect (Roll
1982). Although parameters can be incorporated into the
model to handle these anomolies, the possibility of an
omitted variable is always present in quasi-experimental
research. Such specification error tends to bias the

coefficients of the remaining independent variables.

Distributjonal Problems. The CAPM is based on a

mean-variance framework in which investors base their
portfolio decisions solely on the mean and variance of

portfolio returns. For this to be the case, returns must

%B. Lev, and J. Ohlson. "Market-Based Empirical
Research in Accounting: Review, Interpretation, and
Extensions,"™ Journal of Accounting Research 20 (1982):
287.

56. Foster, Financial Statement Analysis, Englewood
Cliff, New Jersey: Prentice Hall, 1978: 248.
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be distributed multivariate normal or one must assume
that investors have quadratic utility functions.
Researchers generally have assumed normality; but this
cannot be the case, because the largest negative return
is negative 100%.5 Empirical evidence indicates that the
distribution of returns is slightly leptokurtic and is
slightly skewed to the right (Fama 1976). To the extent
returns are not jointly normal, a CAPM assumption is
violated, and the effects of the violation must be
considered when interpreting results.

Binder (1985) has noted three additional
methodological problems in performing event studies on
regulatory issues: inability to specify the event date
accurately, inconsistent impact of regulation over all
sampled firms, and event date clustering. These are

discussed below.

Inability to Specify the Event Date Correctly. The

formulation and promulgation of an accounting disclosure
requlation is a process which takes place over time.
Consequently, expectations of market participants may
change over time rather than on a single event date. As
an example, Ziebart and Kim (1987) list several of the

possible event dates leading to the promulgation of SFAS

ST. Copeland and J. F. Weston, Financial Theory and
Corporate Policy, Reading, Massachusetts: Addison Wesley
1983: 201.
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No. 52 as shown in figure 2-1. Other potential event
dates include: the issuvance of SFAS No. 52 in 1981, the
effective date of the statement, management's
announcement of foreign currency valuation figures,
annual report issuance, cr the SEC report filing. Brown
and Warner (1980) simulate the effects of imprecise
dating on the change in expectations and find that it

greatly decreases the power of event studies.’

Inconsistent Impact of Requlation Over all Sampled

Firms. An accounting disclosure may effect firms in
different industries differently. Moreover, firms in the
same industry may be affected differently.® Binder
(1985) states that, "when there is asymmetry (in the
positions of industry members), the usual tests of
significance of average or cumulative average returns
will often falsely reject the hypothesis that reguiation

has an effect."

’F. J. Binder, "Measuring the Effects of Regulation
with Stock Price Data,"™ Rand Journal of Economics,
Summer 1985: 168.

8See Posner (1974) and Stigler (1974) for a
discussion of the divergent interests of large and small
firms in the same industry. Also, Lev (1979) notes the
impact on small firms of the FAS No. 19 proposal to
mandate exclusively the "successful efforts™ method for
unsuccessful oil and gas exploration.
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FIGURE 2-1

POSSIBLE EVENT DATES OF SFAS NO. 52

Potential
Event Date Event

December 31, 1974 Exposure draft of SFAS No. 8

October 6, 1975 SFAS No. 8 issued

April 29, 1976 FASB votes not to reconsider
SFAS No. 8
1 April 19, 1977 FASB announces its interest

in research regarding foreign
currancy translation

2 July 8, 1877 FASB announces it will
sponsor research regarding
foreign currency translation

3 November 10, 1977 FASB proposes a technical
change in SFAS No. 8
4 June 2, 1978 FASB solicits comments
regarding a change in SFAS
No.8
S January 18, 1979 FASB announces results of its
sponsored research
6 January 31, 1979 FASB votes to reconsider
SFAS No. 8
7 April 1, 1980 Wall Street Journal reports

the tentative changes

8 August 28, 1980 FASB releases an exposure
draft of SFAS No. 52
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Event Date Clustering. Since disclosure policies

tend to affect firms in the same industry during the
samecalendar time periods, abnormal returns may be due to
the disclosure or to some other industry-specific shock.
Clustering, the sumultaneous spacing of events, and its
implication are discussed by Brown and Warner (1980 232):

The general impact of clustering is to lower the
number of securities whose month ‘0' behavior is
independent. The month '0' dependence is important
for two reasons. First, if performance measures
such as the deviation from historical mean returns
or market model residuals are positively correlated
across securities in caiendar time, then such
clustering will increase the variance of the
performance measures and hence lower the power of
the tests. Secondly, the month '0' dependence in
security-specific performance measures must
explicitly be taken intoc account in testing the null
hypothesis of no abnormal performance. Otherwise,
even in the absence of abnormal performance, the
null hypothesis will be rejected too frequently if
security~-specific performance measures are
positively correlated.

Advantages of an Experimental Market
Though the obstacles to an actual market study are

high, the primary motivation for studying the
relationship between public and private information in a
controlled laboratory environment rests on its many
advantages. Vernon Smith (1976 274) describes the
advantages of experimental economics in the following
passages:

First, the results of laboratory studies can serve

as a rigorous empirical pretest of economic theory
prior to the use of field data tests. Second, the
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results of experiments can be directly relevant to
the study and interpretation of field data.
Laboratory experience suggests that all of the
ckaracteristics of "real world" behavior that we
consider to be of primitive importance--such as
self-interest, motivation, interdependent tastes,
risk aversion, subjective transactions cost, costly
information and so on--arise naturalliy, indeed
inevitably, in experimental settings. The
laboratory becomes a place where real people earn
real money for making real decisions about abstract
claims that are just as "real™ as a share of General
Motors.

Since this research investigates the effects of
public information on the amount and precision of private
information demanded, it is essential that the
experimental design have high internal validity so that
the effects of changes in public information can be
isolated. Structuring the laboratory market to insure
that high internal validity exists also allows for the
replication of the experimental environment while
minimizing the effects of extraneous factors which might
confound the results. This replication permits the
refinement of the model without overfitting the model to
the same data. Gonedes (1980 447) indicates the
importance of controls in the following passage which
speaks of induced changes in the demand for private
information resulting from changes in publicly available
information:

Designing experiments that incorporate adequate

controls for these induced changes is another
obvious area for future work--one that seems
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particularly important for conducting studies (on

the relationship between disclosure rules and

private information production decisions).

Laboratory research allows direct observation of the
activities of the individual as well as the market.®
This may allow more comprehensive tests than those
performed on aggregate results.10
Another important advantace of an experizental

market approach is that it permits the study of
interactions among variables of interest. For example,
theory indicates that demand for private information will
be nonincreasing as the level of public information
increases. When both precision acquired and the amount
paid for a given level of precision are determined
endogenocusly in a dynamic market setting, they may
interact. How the two components of demand, price and
quantity will be affected cannot be determined
analytically without knowledge of the relative magnitude
of competing effects. Testing for such interactions in

an actual market would involve the problems mentioned

above.

R. Isaac, "Laboratory Experimental Economics as a
Tool in Public Policy Analysis," The Social Science
Journal July 1983: 48-49.

10g, King, "Effects of Changes in the Level of
Public Disclosure on the Acquisition of Private
Information: An Experimental Markets Investigation,™
Dissertation, University of Arizona, 1986: 17.
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Advantages and Disadvantages of a Computerized Market

All traders in the experiment have their own
computer terminals and are not in face-to-face contact
with other traders. Automating the market yields
several benefits. First, data are collected quickly and
easily and retained in the computer's memory for later
analysis and accounting purposes. Second, automation
eliminates any variance between markets caused by the
experimenter's personal handling of bids and asks.

Third, computerized data records are more accurate,
complete, and analyzable than records resulting from
noncomputerized procedures. Fourth, trades are processed
more efficiently and subjects receive immediate feedback
on their financial position. Last, by facilitating the
collection, retention, and analysis of information, the
computer saves a considerable number of labor-hours.11

Automating the market may affect its stability and
trading efficiency through the elimination of face-to-
face interaction between buyers and sellers.12 Though
possibly an advantage of computerized markets, this

difference may affect the ability to generalize from

tiMany of these advantages of computerizing auction
markets are discussed in Williams (1980).

125, w. wilxi zs, "Computerized Double-Auction
Markets: Some 1Initial Experimental Results,"™ Journal of
Business. Vol. 53 (1980): 236.
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computerized experimental markets to noncomputerized
markets.

The computerized application used in this experiment
is not without disadvantages. Although the computer was
programmed to reject all nonnumeric characters, some
typing mistakes were not rejected but were accepted as
valid bids or asks.l3 once accepted, the bid or ask
could not be recalled. The amount entered in error was
typically far away from contemporary trading prices and
hence was easily identified and eliminated from the

data.l4

Previous Research in Experimental Economics
Considerable research has accumulated that employs a

laboratory approach to the study of economic markets.
Siegel and Fouraker (1960) were the first to use this
approach to study the allocation of resources under

alternative market institutions. Experimentalists, using

i3The following is an example of a typing mistake
that would be accepted as a valid bid or ask. If a
subject bids 370 one space to the left of the appropriate
fields on the screen, only the last two digits register
and the computer records the bid as 700. Such
unintentional mistakes were easily identified an
eliminated from the data set.

l4the context was important in judging whether a
transaction price was intentional or unintentional and
hence, whether it was considered an error or an unwise
judgment. The time elapsed in the market, the amount of
information disseminated, the stability of the market,
and the nature of the error (see note 13), were all
important factors in making this judgment.
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welfare economics theory, compared the performance of
experimental economies in which the rules of information
transfer and of contract appeared as treatment variables
(Plott and Smith 1978; Smith 1964, 1976).1° From these
studies evolved a new vein of research studying the
dissemination (Forsythe, Palfrzsy, and Plott 1982; Plott
and Sunder 1982) and aggregation of information (Plott
and Sunder 1984) as well as the nature of equilibriums
and the factors affecting convergence to equilibrium
(Plott and Sunder 1982).

Sunder's (1924) study is similar to this one in that
it includes both asset and information markets. He
determined that predictions of fully revealing rational
expectations equilibrium were relatively accurate for
both asset and information markets.l® He also
investigated two types of information markets; one in
which the price of information was fixed and another
where the supply of information was fixed. His resuits
suggest that when the supply is fixed, the price of

information declines to zero. When the price is fixed,

15v. smith, "Experimental Economic Systems,"™ The
American Economic Review, December 1982: 923.

16, fully revealing rational expectation market is
one in which the equilibrium price reveals to all traders
all of the information of the traders taken together
(Verrecchia 1982b 20).
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no equilibrium obtains and both asset and information
markets exhibit instability.

Copeland and Friedman (1986) tested the effects of
sequential information arrival on asset prices in an
computerized experimental market study. The evidence
supports the fully revealing rational expectations
hypothesis. The findings also suggest that two effects
occur when information is released simultaneously rather
than sequentially: (1) trading volume is lower and (2)
the allocation of shares among traders at the end of the
market is closer to that expected had all traders known
the final state. Notably, the study employed a Latin
Square fractional factorial design.

The use of a computer network to facilitate
commun;cation among traders in an experimental market is
a relatively recent innovation. Williams (1980),
Williams and Smith (1984), Smith, Suchanek, and Williams
(1985), Copeland and Friedman (1986), and King (1986) are
examples of computerized experimental market studies.l7

Particularly relevant to the current study is the
work by King (1986), who tested two of Verrecchia's

propositions in an experimental market.1® His results

1/A summary of most of the experimental market
articles cited above is summarized in King (1986).

13King does not perform a test of the relationship

between the overall informedness price on private
information as is performed in this study because his
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suggests that private information acquisition decreases
significantly in markets with higher levels of public
information. Also, contract price variances were
significantly greater in markets with lower levels of
public information. A major difference between King's
study and this one lies in the handling of private
information. King exogenously specified the price of
private information and offered it for sale prior to the
market opening, only. The present study allows traders
to learn from price behavior and public information
befcre deciding upon the amount of private information to
acquire. Since bcth price behavior and private
information consumption are determined endogenously,
indirect as well as direct effects can be studied. The
importance of studying indirect effects is given below.
Gonedes fostered interest in the relationship
between public and private information by questioning a
ceteris parjbus assumption in empirical studies
investigating the effect of additional disclosure. He
suggested that, in addition to a direct effect on price,
additional disclosure might affect price indirectly
through changes in the amount of private information

produced and consumed. Purther, to fully understand a

market design does not allow the informedness of price to
affect the consumption of private information.
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disclosure's effect, one must consider both the direct
and indirect effects.

Similarly, investigating the effect of additional
disclosure on private information might entail indirect
effects as well as a direct effect. For example,
additional disclosure might affect the overall
informedness of traders and hence the information
conveyed by price. The information conveyed by price, in
turn, might affect the amount of private information
acquired. Indeed, these relationships have been
demonstrated analytically by Verrecchia (1982a, 1982b).
Another indirect effect might occur if the private
information acquired by one trader, once impounded in the
stock price, might affect the consumption of private
information by another trader. The benefit of this
design is that it allows such indirect effects to occur
if they do in fact exist.

The ability to test empirically thbe direct and
indirect effects of public disclosure on private
information, is the primary benefit of the market design
used in this experiment. Beyond this benefit, this
design also provides a test of Verrecchia's theory if one
accepts Priedman's (1953) viewpoint. Friedman argues
that the goal of theory is to provide valid and

meaningful predictions, that is, predictions about real
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world phenomena that form a basis for policy decision. 1%
The fruitfulness of a theory is evaluated based on the
accuracy of predictions, the width of generalizability,
and the number of lines of research it suggests. This
study emphasizes realism at the cost of violating some of
the assumptions of Verrecchia's model. It tests the
width of application of the theory by going beyond the
abstract and artificial realm in which the proof was
derived.

Another strength of this study is that the
experimental design allows statistical inferences tc be
drawn. Much experimental economics research has relied
on descriptive statistics or simple t-tests of means. 20
Often, graphical comparisons replace statistical tests.
Two of the factors which have limited the ability to make
statistical inferences are small sample sizes and few
experimental controls. For example, Sunder (1984)
obtained thirteen or fewer observations on each market
type and did not control for variation due to experience,
crder of presentation of markets, or distinctive
characteristics of the subject group (i.e. trading

ability, wealth, age, work experience). The following

13criticism of Friedman's viewpoint is found in
Christenson (1983).

20Refer to Schwartz (1986) for a taxonomy cf the
statistical tests and descriptive statistics used in
experimental markot studies.
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steps have been taken to overcome these limitations in
this study: first, the pilot study results provided a
basis for computing the necessary samplie size to allow
statistical inferences. Second; a Latin Square design
controls for three nuisance factors: the order of market
presentation, the day on which the markets took place,
and potential differences in the behavior of the three
subject groups. A further control involves the
measurement of the distinctive characteristics of the
subject~-groups through the post-experimental

questionnaire and risk aversion tests.

Limitations to the Use of Laboratory Experiments

Issac (1983) discusses three circumstances in which
laboratory experiments may not be useful. The first
limitation concerns the complexity of the problem. It
may be difficult or unwise to attempt to operationalize a
complex environment or institution in the laboratory.

The emphasis on realism in this study necessitated a
more complex environment than the majority of
experimental market studies. This complexity in turn
necessitated additional programming and subject training
time. However, after sufficient training, subjects
(juniors and seniors in accounting and finance) were able
to understand and operate the trading mechanism. The

complexity limitation ruled out the modeiing of
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transaction costs, broker's commissions, short sales,
queued bids and asks, and taxes.

A second limitation involves the difficulty of
modelirg the evolution of institutions. The structure of
the experiment may not allow for endogenous alterations
of institutions by the participants themselves in a
manner parallel to the evolutionary discipline of the
market place. This limitation may have implications for
experimental research on regulatory issues.?1 However,
the exogenously determined public information system is
consistent with the propositions set forth by Verrecchia.

A third limitation involves qualitative versus
quantitative prediction. Laboratory experiments are well
suited to determine the advantages of a particular
institution or to compare altermnative insti;utions. on
the other hand, they are not well suited for estimating
parameters or generalizing quantitative results to a real
world setting. Por example; one qualitative prediction
of this study is that different market structures may
result in different levels of costly private inquiry.

The magnitude of the effect for any particular market
structufé, on the other hand, is a quantitative

prediction with little generalizability.

<lRing (1986) makes this point.
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CHAPTER III

INSIDER TRADING

Ratjonale for the Design of the Information Market

In designing the information market, emphasis was
placed on retaining as many of the parameters of
Verrecchia's analysis as practicable since the predictions
of his propositions form a basis for the hypotheses
tested. A conflicting objective was the desire for
realism and the ability to study the direct and indirect
affects of public information on price and private
infermation. 1In Verrecchia's comparative static analysis,
price is determined by the precision of private
information traders' previously acquire. Rather than sell
all information before share trading began, the design in
this study allows price behavior to affect private
information consumption and vice versa. This required the
existence of an information market running concurrently
with the security market.

Unfortunately, little theoretical or empirical
research exists on the nature of private information and

how it is disseminated. Consequently, support for the

32
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realism of certain aspects of the design is obtained from
current court cases and news reports of insider trading.
Though insider information is a subset of private
information, insider trading cases are used since they
provide well-documented readily available accounts.
Private information is defined here as an information set
possessed by a trader in one economy, which if added to
the information sets of all traders in an otherwise
identical economy, would produce a different equilibrium.
This definitien includes insider information and non-firm
information sources. All information socurces which are
availiable to all traders such as annual reports,
newspapers, and government reports are considered public
and hence are not encompassed by this definition. Many
sources of private information are advanced by the popular
literature such as preferred customer lists of major
stockbrokers, Granville letters, Value Line Investor
Survey, and integration of public information in such a
way as to create a new piece of private information (i.e.
Mosaic theory). To the extent these sources fit the
definition of private information given above, they are
reflected in the information market design in this
experiment.

Realism is a subjective concept as are the judgments
made in design choice. The purpose of this chapter is not

to demonstrate the correctness so much as the plausibility
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of the information market design. What follows is a brief
description of that design, the premises upon which it is

based, and finally, the support for those premises.

Premise One

The modeling of an information market is based on the
premise that private information exists which is not fully
reflected in the stock price and that this information is
sometimes communicated to others for consideration that
increases the source's utility. This premise is supported
by showing that:

Premise one: Insider trading is widespread and

material

Premise Two

The information market design allows the information
broker (IB) to select up to five traders with whom he will
offer his information for sale. The information is
Private in that traders are not aware that other traders
have been solicited and only the bidder and the IB know of
any bids on information. Traders currently in the
information market are aware that information has been
sold, but they do not know to whom or for how much the
information was sold. The IB is not allowed to solicit

all traders at one time because of the following premise:
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Premise two: Because of laws against insider
trading, insiders will be conservative
and limit the number of people they
solicit to buy their information and
will not let others know of their
activities.

The proportion of trading on major exchanges
attributable to insiders as compared to other active
traders is an unresolved question and no attempt is made
to resolve it here. This proportion may be high on
takeover stocks as suggested by the empirical evidence of
Keown and Pinkerton (1981) but is assumed low in general.
Though limiting the IB to one ciient contact for each
market might be deemed most realistic, this option was not
practicable. Allowing the IB to solicit up to five
traders at one time and granting him the option of
soliciting a new group of five traders at any time during
the market, promotes information aggregation and the
convergence of price to an equilibrium. Based on the
pilot study, achieving equilibrium in a shorter period ci
time significantly reduces the cost of the experiment.
Allowing the IB to solicit such a large proportion of the
traders (i.e. 50% at one time; 100% over the course of the

market), is a limitation of this study and the results

must be interpreted in light of this limitation.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



36

Premise Three

The design allows the IB to offer four qualities of
information for sale at prices he specifies. The ability
to sell information is based on the premise that
information has value. That this value is a function of
time is relevant in interpreting the experimental results.
The design choice of four information types was molded by
two competing objectives and several practical
constraints. These objectives are the need for realism
versus the desire to know the shape of the demand curve
for private information. Since the purpose of this
chapter is to support the realism of the information
market design by citing real world examples, the topics of
demand curve mapping and practical constraints are
postponed until the next chapter. A design with four
types of information is realistic because some insiders do
possess more than one piece of information and some pieces
of private information are more valuable than others.
Pormally stated, the design is supported by:

Premise three: Insider information is wvaluable, and
its value is a function of time. Some
types of inside information are more
valuable than others.

One benefit of this study is to provide evidence on

the effect of private information on the market and on the

distribution of profits among traders. 1in particular,
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evidence is obtained on Hirshleifer's assertion that there
can be private incentives to generate information despite
the fact that the information yields no benefits to
society. A discussion of the issues of insider trading
serves several purposes. First, Hirshleifer's analytical
result bears on the issue of insider trading regulation
and the implications of the related test results are best
understood in light of these issues. Second, given the
ongoing revolution in insider trading laws, a simple
description of the current legal environment would be
obsoclete within a year. For this reason, the following
section provides a brief discussion of insider trading

issues before developing support for the above premises.

Insider Trading Issues

The debate on the need for insider trading laws
hinges on a tradeoff between efficiency and equity. On
one hand, by promoting fair and honest markets which
represent a safe haven for investors dollars, investment
is encouraged and stock prices increase.l on the other
hand, by encouraging the search for and production of
information, stocks will be more accurately priced and a

more efficient allocation of resources will result.2%3

iWwall Street Journal, "Nervous Markets Sag Amid
Insider Scandal,™ 19 December 1986: 34.

2New York Times, "Takeover Stocks Decline Sharply,"
17 November 1986: 1 of Business section.
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Arguments for Insider Trading Regulaticns

Proponents of regulation are also concerned that
managers might delay the reslease of information so as to
have more time to trade based on it. This also presents a
moral hazard for management as they can profit from their
firm's failure.

Tne efficiency argument also is questioned. For
example, John Olsen, an attorney who headed an American
Bar Association task force on insider trading observes:

People such as Mr. Boesky and Mr. Levine profit the
more they keep the information tc themselves. If
they are quiet and careful enough, they can
accumulate quite a substantial position in a stock
without running up the price or otherwise attracting
notice.

This observation is consistent with the empirical
evidence of Jaffe (1974), Finnerty (1976) and Keown and
Pinkerton (1981) which indicated markets do not aggregate
all information and insiders are able to "beat the market"
on a risk adjusted basis.?>

The primary argument for further regulation is based

on issues of ethics, integrity, and public trust. The SEC

SIndiana lLaw Journal, "“Access, Efficiency, and
Fairness in Dirks v. SEC,"™ Vol. 60:535, 1985.

4wall street Journal, "Disputes Arise over Value of
Laws on Insider Trading,"™ 17 November 1986: 1.

5o, Copeland and J. F. Weston, Financial Theory and
Corporate Policy, 2d ed., Addison Wesley Publishing Co.,
1983: 333,603.
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Acts of 1933 and 1934 were created for the purpose of

restoring the public confidence in the stock market. As
an example, the 1934 Act calls for "fair dealing" six
times and calls for a "fair and orderly market™ twice, and
cites protection of investors as its dominant goal.6 To
accomplish this goal, the enactment of new laws may be
necessary to adapt to a changing environment, proponents

would argue.

Arguments Against Insider Trading Laws

Manne (1966), an economist and lawyer, is a chief
proponent of the view that insider trading should not be
prohibited. Manne contends that compensating insiders for
entrepreneurial information search activity promotes the
dissemination of more information to the market. This in
turn promotes more accurate pricing of securities and
therefore a more efficient allocation of resources in the
economy. He further argues that insider trading reduces
stock price volatility and therefore risk by eliminating
some of the sharp price jumps which occur when public
information is disclosed.

Manne also questions the equity or desirability of
generating an equal distribution of profits and the

ability of laws to achieve such a distribution. The

°New Law Journal, "Insider Dealing in the United
States-III: The De-regulation Issue," 14 February 1986:
150-151.
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argument that insider trading will damage investors trust
and cause them to withdraw from the market is countered by
pointing to the vibrant securities trading observed in
overseas stock exchanges where governmental sanctions
against insider trading are unknown. ’

The trend, however, is toward increasing legislation
prohibiting insider trading, and several bills currently
being considered by Congress witness to that trend.® The

current law and a historical perspective on insider

trading regulation is provided in the next section.

Support for Premise One: Prevalence of Insider Trading
The first premise supported is that illegal insider

trading is widespread and material. In the past year, the
SEC charged Levine, Boesky, Siegel, and Vaskevitch with
making illegal profits of $12.6, $100, $9, and $4 million
in profits, respectively, from illegal trading on inside
information. These four cases did not occur in isolation
as the SEC has brought 139 other actions alleging insider
trading since the beginning of the 1980 fiscal year.

These actions may represent only a small fraction of the

total offenses. Richard Phillips, the head of the ABA

'Wall Street Journal, "SEC Vigilant on Insider
Trading--but Is It Within Law?: Too Strict a Crackdown
Will Harm Markets," 28 May 1986: 34.

8New York Times, "Securities Group Seeks Disclosure
Rule Change," 25 March 1987.
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panel on securities regulation indicates that SEC analysts
are reviewing only 1% of the flood of 13-d reports on
significant stock purchases.9

An SEC enforcement official estimated that only 15%
to 20% of the investigations are successful because of an
inability to show a connection between the investor and
the use of the inside information. In essence, the SEC
must prove what he knew, when he knew it, and how he found
ocut.10 This is difficult because the information is
usually transferred orally and the evidence is all
circumstantial.

Agency officials say the staff shortage regularly
forces them to pass up promising cases. The New York
Stock Exchange refers fifty documented cases a year of
insider trading and the NASD and other exchanges more tkan
100; but last fiscal year the SEC could bring only twenty
cases.11&12

The evidence supporting the premise of widespread and

material insider trading is not limited to actual and

“Wall Street Journal, "Inundated Agency: Busy SEC
Must Let Many Cases, Filings Go Uninvestigated,™ 16
December 1985: 1.

10ya11 street Journal, "Trying Task: For SEC,
Developing Insider Trading Cases is Frustrating Work,"™ 2
July 1986: 1.

11'.-JSJ, "Inundated Agency,"™ 16 December 1985: 1.
12Though the number of suits brought is low, the

proportion of cases that end in convictions or consents to
disgorge illegal profits is high.
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potential cases but is also supported by empirical
research. Keown et al. (1985) performed and empirical
study of the abnormal returns of companies identified by
the SEC in the Antoniu-Newman insider trading case. The
trading activity in advance of the merger announcement of
these firms was compared with all firms making such
announcements. They overlaid the two plots of the
standardized cumulative average residuals and concluded
that the securities in the Antoniu-Newman cases were
typical of all merger target stocks. This leaves only two
conclusicns: either there is considerable insider trading
in the master sample or the Antoniu-Newman group
represents an insignificant portion of the insider trading

13 In either case the

on the identified securities.

conclusion indicates widespread, material insider trading.
The purpose of the above is to demonstrate that

private sources of information do exist, are significant,

and are widespread.

Support for Premise Two: Information Disseminates
Narrowly

The second premise supported is that insiders will
tend to sell their information to one or a small number of

people because of potential penalties. Some of the more

L13A. J. Reown, and others, "Recent SEC Prosecution
and Insider Trading on Forthcoming Merger Announcements,”™
Journal of Business Research 13 (1985): 329-338.
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important penalties for trading on material nonpublic
information include disbarment, heavy fines, imprisonment
and disgrace. The purpcse of the following discussion on
insider trading laws is to note the illegality and
associated risks. A brief discussion of the existing laws

is provided below:

Since the adoption of the Securities Exchange Act of
1934 and the promulgation of Rule 10b-5 thereunder in
1942, the SEC has utilized these provisions to remedy
unlawful trading and tipping by persons in a variety
of positions of trust and confidence who have
illegally transmitted or used material nonpublic
information. In some cases, Section 17(a) of the
Securites Act of 1833, and more recently Section

14 (e) of the 1934 Act and Rule 14e-3 thereunder, have
been used as well. 1In addition, the Insider Trading
Sanction Act (ITSA) authorizes the SEC to seek a
civil penalty of up to three times the profit gained
or the loss avoided against either persons who trade
on inside information or communicate inside
information to others who then trade.l?*

The common law interpretation and application of Rule
10b-5 has evolved over time. The roots of the common law
originated in Strong v. Repide (1909)15 which advised all
holders of inside information to "disclose or abstain®.

In the seminal case of SEC v. Texas Gulf Sulphur (1969)16,

1%Lynch, G. and M. Missal, "Recent Civil and Criminal
Prosecutions of Insider Trading Violations,"™ January 1987:
1. (obtained from the SEC).

15strong v. Repide, 213 U.S. 419, 1909.
16securities Exchange Commission v. Texas Gulf

Sulphur, 401 F. 24 833 (24 Cir. 1968) (en banc), cert.
denied, 394 U.S. 976 (1969).
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the court articulated a broad "disclose or abstain" rule
commenting as follows:
The Rule 10b-5 is based in policy on the justifiable
expectation of the securities marketplace that all

investors trading on impersonal exchanges have
relatively equal access to material information...

This interpretation was narrowed in the case of
Chjarella v. United States (1980)17. The court held that
Chiarella, who obtained information while working as a
mark-up man for a financial printer, did not have a duty
to disclose under Rule 10(b) or 10(b)-5 for mere
possession of material nonpublic information.

An important case dealing with a tippee was that of
Dirks v. SEC (1983)18. Dirks, an investment analyst,
received a tip from Secrest, an officer of Equity Funding,
concerning that company's pending financial problems.
Dirks transmitted the information to his clients. Since
Secrest was exposing fraud without pecuniary gain, the
court held he was not breaching a fiduciary duty, and that
hence Dirks had assumed no fiduciary duty either.

The court determined in the case of United States v.

Newman (1983)19 that Newman was liable under Rule 10b-5

+/Chiarella v. United States, 445 U.S. 222 (1980).

18pirks v. Securities and Exchange Commission, 103 S.
ct. 3255 (1983).

19gnited States v. Newmar, 664 F. 2d iz (2d Cir.
1981), cert. denied 104 S. C. 193 (1983).
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for having misappropriated confidential, proprietary
information and broken a fiduciary duty with his employer.

In addition to Rule 10b-5 and the common law,
important new enforcement tools such as ITSA and the SEC's
own Rule 1l4e-3, each allowing for trebie damages,
increases the breadth and bite of the SEC's power against
insider trading.

The following portrays some of the more serious
consequences and lucrative profits resulting from insider
trading. This demonstrates why an insider has an
incentive to sell information yet is conservative in the
number of traders he solicits.

In the case of SEC v. Fox, Ball, Randal and Fleece
(1984),20 four executives of Texas Instruments, Inc.
purchased put options the day before an announcement of
declining home computer sales and related problems. The
stock dropped 38 3/4 in one day and they netted $750,000.
The action against them was dismissed on the grounds that
they had not purchased the options based on material
nonpublic information.

Ivan Boesky, who received information from Dennis
Levine, allegedly violated Sections 10b and 14e of the

1934 Act. He agreed to pay a $100 million civil penalty

<Ysecurities Exchange Commission v. Joseph Fox, David
Ball, Patricia Randall, and Carl Fleece, Civil Action No.
CA5-84-172 (N. D. Tex. filed October 1, 1984).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



46

and has a lifetime bar from working in any registered
securities firm.

levine pled guilty to one ccunt of securities fraud,
two counts of tax evasion, and one count of perjury. He
was given a two year prison sentence ard a $362,000 fine
and has agreed to return $11.6 million of illegal profits.

Clearly, not only is insider trading illegal but the
profits and penalties are great. Given the potential risk
of being caught, it is reasonable to hypothesize that the
insider would contact only a few traders. The following
are examples that depict the epidemic fashion in which
information spreads and the small networks that develop.

levine, former managing director of Drexel Burnham
Lambert, Inc. passed information on to Boesky, a risk
arbitrager. Boesky in turn allegedly passed information
to Martin Siegel, head of mergers and acquisitions at
Kidder Peabody & Co. who allegedly passed on information
to R. Freeman, R. Wigton, and T. Tabor.

In ancther case, Michael David, an associate of a New
York law firm, allegedly passed information about upcoming
takeovers to A. Solomon, R. Salsbury, M. Shapirc, and D.
Silverman. All have pled guilty.

Lynch and Missal (1987), director and senior counsel
for the SEC, cite the facts of the 43 cases most recently

litigated. A review of these 43 cases disclosed that
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insider networks did not exceed seven traders and were
generally five or fewer.

For the above reasons, the design of the information
market in this study does not allow the insider to solicit
all ten traders at one time. Though soliciting ten
traders was ruled out on the basis of premise two, the
premise is not intended to justify the IB ability to
solicit up to five traders at once as that design decision

was based on practical considerations.

Support for Premise Three: The Value of Inside
Information

The third premise supported is that inside
information has value and that this value is a function of
time. Further, some pieces of inside information are more
valuable than others. The amounts of the settlements in
the insider trading cases attests to the value of inside
information. The original source of information doces not,
however, always accept money in exchange for information.
A review of insider litigation indicates that insiders are
not a homogeneous group. Those earning illegal trading
profits in excess of one million generally hold
respectable positions in the investment community. Their
incentive for giving or receiving information is generally
monetary, though information is sometimes exchanged for

information. For example, Boesky paid Levine $2.4 million
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for information?!

and $3 million to Jefferies for
"parking® stock. Sokolow, former vice president of
mergers and acquisitions at Shearson Lehman Brothers,
Inc., sold inside information for $120,000 and purchased
information from Brown for $3O,000.22

In contrast, those caught earning less than
$1,000,000 in profits tended not only to be traditional
insiders (i.e. executives), their friends and relatives,
but also law firm typists and librarians, accountants,
attorneys, bank officers, a psychiatrist and a financial
reporter.23 The incentive for transferring information in
these cases was less likely to be money:; but in the major
cases, those having the greatest impact on the market,
insiders receive money for their information or receive
valuable information in exchange.

Empirical evidence indicating that the strong form of
market efficiency is not descriptively valid, also
suggests that inside information has value. Strong form
efficiency implies that all information including inside

information is fully and instantaneously reflected in the

stock price. Pinkerton and Keown (1981) provide empirical

<1G. Lynch and M. Missal, "Recent Civil and Criminal
Prosecutions of Insider Trading Violation,"™ January 1987:
1.

22G. Lynch and M. Missal, 1587: 15.

23Lynch and Missal, 4-5.
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evidence that substantial insider trading begins one monthk
before the announcement and the activity is heightened in
the 5-11 days preceding. However, only one half of the
total market reaction takes place prior to the
announcement. There is also a significant increase in
trading volume in the three prior weeks.24&25

Not only is information cf value but its value is a
function of time. This portion of the premise is
supported next.

The cumulative average residual (CAR) plots of
Pinkerton et al. (1985) show that the value of information
is a function of time. The CAR's gradually begin
increasing thirty days prior to the merger announcement;
hence, a trader's trading profits diminish the closer he
purchases to the announcement date.

Congress, the SEC and the Securities Industry
Association (SIA) also appreciate the crucial role time
plays in the value of information. The Williams Act of
1968, as amended, requires the bidder to notify the SEC

within ten days after acquiring five percent of a

<%An alternative explanation of these results is that
private information may have a lower probability
assessment prior to public release and therefore public
information may constitute new information. This implies
that inside information may be fully impounded and that
price reaction on the announcement date may be due to new
information.

25y, E. Copeland and J. Weston, Financial Theory and
Corporate Policy. 2d ed., Addison Wesley, 1983: 603-604.
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company's shares. The SEC Chairman John Shad has asked
that the ten day "window" be reduced to two days.26 In
order to "insure greater and quicker disclosure," the SIA
has asked that the bidder disclose his actions beforehand,
as soon as it becomes his intent to cross the five percent
limit.27
. The premise that information's value is a function of
time is useful in interpreting the results of this study.
The implication of this premise is that the demand for
private information will decrease during each twelve
minute experimental market. Morecver, that decrease in
demand must be reflected in the price paid for information
or in the precision (i.e. quantity) of information
demanded. This premise provides a useful benchmark with

whick to evaluate the validity and generalizability of the

test results.

“SRobert England, "Profits Without Honor," in
Insight: the Washington Times, 23 March 1987: 8-1l.

27New York Times, "Securities Group Seeks Disclosure
Rule Change,"™ 25 March 1987.
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CHAPTER IV

RESEARCH METHODS

This chapter presents the research methods employed
to achieve the research objectives of this study. The
primary objective is to investigate the relationship
between public and private information. Subsidiary
research questions involve the relationship among all
three sources of information: public, private, and price.
The design of the experimental market used to test these
questions is first described along with the
characteristics of the sample. The following section
discusses the experimental design and the application of
the Latin Square fractional factorial multivariate
analysis of variance. The third section explains the
purpose and implications of the pilot study. The final
section depicts the design, assumptions, and parameter
specifications of Verrecchia's analysis, since his
propositions provides a basis for the hypotheses tested.
A formal statement of those hypotheses follows. 1In
summary, this chapter encapsulates the research methods

applied in this study in the following sections: market

51
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design and sample selecticn, experimental design, 1s

pilot study, and hypotheses.

Market Design and Sample Selection

It is impractical to test the relationship between
public and private information in a manual or
noncomputerized market because of two requirements: share
trading activity must be communicated gquickly to all
traders, which suggests the need for close physical
proximity; whereas, private information trading activity
must be secret, which suggests the need for physical
separation. To resolve this problem, FORTRAN and COMPASS
programs were written to allow subjects to buy and sell
shares and information via Control Data's Cyber computers.
Trading activity was accomplished by writing to and
reading from a direct access file. Every second each
terminal read from the file to obtain updated information
(e.g. high bid and low ask). When a subject entered a bid
or ask, the file was locked so that no other trader could
access it. While locked, the file was rewritten to
incorporate the new bid or ask. Private information
remained private by placing constraints on record access.

Sixty volunteers were recruited from upper level
accounting and finance classes at The Flcrida State
University. Two needs dictated the training of sixty

subjects. First, the subject pool was divided into three
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groups; each group returning on a separate night (i.e.
Monday, Wednesday, and Friday). The pool was divided into
three to allow an assessment of the between-subject-group
variance and to balance a Latin Square which has three
treatments. Second, subject absenteeism necessitated a
pool of twenty subjects in each group to ensure that
eleven were present each night.

Based on the pilot study, eleven subjects in each
market were deemed optimal. During the pilot study and
other pretests, the number of subjects in each market
varied permitting a comparison of the effects of subject
number on the essential characteristics of the market.
With as few as five well-trained subjects, the markets
converged to near the rational expectation equilibrium.
Though some bad decisions were made, on the whole,
subjects appeared to act in an economically rational
fashion. Also, as the number of subjects increased, the
competition for the computer resource slowed the
computer's response time. This limited the number of
subjects in any market. Markets with eleven subjects
exhibited adequate response time and manifested the
essential characteristics of a market.

Subjects were promised $4 an hour on average, with
their actual payoff a function of their performance
relative to other traders in the same market. 1In

addition, each experienced subject received a $5 bonus
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each of the four days for their continued participation.
Including the bonus, subjects' actual wages averaged $7.50
an hourl, which is significantly above students' wages
from alternative employment opportunities in Tallahassee.
The wage was set so as to motivate subjects to trade in an
economicaily rational fashion. All traders had the same
payoff structure; hence, only one trader type existed.

All subjects participated in a 2 1/2 hour training
session in which they spent one hour reading the
instruction booklet (see Appendices A and B), hearing oral
instructions on the mechanics of trading by computer, and
completing the risk-taking section of the Jackson
Personality Inventory Test.? Subjects practiced trading
via the computer for the remaining 1 1/2 hours. The
first night each subject group met was also devoted to
trading practice. Consequently, each subject :eceive@ an

additional 2 1/2 hours experience under actual market

iThe higher actual payout occurred for two reasons:
first, the length of time between markets was less than
anticipated and it decreased as the experiment progressed
due to efficiencies in recording payoffs and in
synchronizing trader entry into the market. Since the
amount distributed in each market was held constant at
$18, subjects' average wage per hour increased. Second,
subjects received an additional bonus for completing the
post-experiment questionnaire and supplemental risk-taking
test.

2The actual questions are not presented because of
copyright laws. Copies are available from Research
Psychologists Press, Inc., P. O. Box 984, Port Huron,
Michigan 48060 by any member of the American Psychological
Association.
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conditions, their payoffs being determined by their
trading.

The experiment was conducted in an undergraduate
computer lab which contains twelve terminals in one room.
This room was reserved during the experiment and the
computer lab aide kept disturbances to a minimum.

Two policies were implemented midway through the
experimenit. Subjects were told they would lose one half
of their earnings for a market if they talked. Also,
subijects received error logs (see Appendix C) and were
asked to record any computer problems and typing errors.
These logs facilitated the analysis of the market data.

No attempt was made to induce a particular utility
function on traders. By allowing both price and private
information tc be determined endogenously, it becomes
impossible, even with an assumption of risk neutrality, to
determined the expected utility of private information
during the market. This precludes the derivation of
demand functions and calculation of experimental
equilibria. Though not controlled, subjects' attitudes
toward risk were measured by administering the Jackson
Personality Inventory Test (JPI) to assess subjects'
attitudes toward risk. Measuring risk serves severail
purpecses: first, it aids in interpreting differences in
test results between subject groups. Second, it is

important in assessing the generalizability of the test
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results and the replicability of the study. Concern about
the JPI's applicability to this particular task led to the
construction of a supplemental risk-taking scale. This
supplemental test more directly tested subjects' aversion
to economic risk at different wealth levels. Subjects
took this supplemental test (see Appendix D) and a
questionnaire (see Appendix E and F) after completing the
experiment. Subjects completed a post-experimental
gquestionnaire and thereby provided information about their
trading cognitions, motivations, and personal descriptive

data.

Security Market

An institutional framework definas the rules of
private property under which agents may communicate and
exchange or transform commodities, modifying initial
endowments in accordance with private tastes and
knowledge.3 The insticutional framework established in
this experiment employs a double-auction market where all
ten traders are free at any time to offer to buy or sell
one share at a designated price. Only one bid and offer
are outstanding at any time. Sellers may accept any bid,

and buyers may ask any price. Traders' and insider's

y. smith, "Experimental Economic Systems," The
American Economic Review, December 1982: 924-925.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



57
instructions and rules on trading are found in Appendix A
and B, respectively.

The eleventh subject in each market, the insider, is
excluded from security trading and hence is not called a
trader. This exclusion serves two purposes: first, it
allows the insider to focus on his important role as
information disseminator, and second, it reduces the
between-market variance that would result were the insider
to trade in some markets and disseminate information in
others.

Each market represents a single period and is twelve
minutes long. The decision to run the markets for twelve
minutes was based on the pilot study in which markets
lasted fifteen minutes. Convergence to near equilibrium
occurred before the ninth minute in almost all markets and
subjects commented that the markets could be shortened.
For these reasons, the duration was reduced to twelve
minutes for the experiment.

All subjects were iﬁformed of the market's opening
and closing and received five-minute and one-minute
warnings prior to the market's close. Subject received
warnings so that no one would be disadvantaged by there
inability to see the wall clock. Shares traded in one
market had no value in future markets. All shares paid an

identical dividend to the holder at the end of the
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period.4 All shares are issued by the same company and
the dividend paid at the end of the period equals the
return of the company.

Before the market opens, each trader is endowed with
ten shares and five thousand francs and is aware that the
other nine traders have identical initial endowments.
These initial endowments were mzde large enough not to be
constraining. Since only these shares can be traded, the

total supply of shares is fixed at one hundred. >

“Smith, Suchanek, and Williams (1986 33) provide
empirical evidence that inducing different private
dividend values on different traders is not a necessary
condition for the observance of trade. They found that an
identical dividend structure cenerated exchanges.

Rather than think of shares as company shares, an
alternative representation is to think of shares as
subdivisions of the market portfolio and to think of
francs as risk-free assets. Subjects kalance their
portfolios between risky and risk-free assets (i.e. moving
along the capital market line to the point of
indifference) and at the end of the periocd, receive a
dividend equal to the return on the market portfolio.
Since the market portfolio is the same for everyone, the
dividends are equal.

SThe number of shares are fixed and are known by all
traders as in actual markets. The justification for not
varying the supply of shares is presented below in the
Hypotheses section.

Distributing the one hundred shares equally among the
traders, diminishes the likelihood that the constraint
will be binding on any subject in any market. The
occurences of traders selling all ten shares were few as
suggested by Figures 5-5 and 5-6 which indicate an average
trading volume of 4.7 per trader. This average includes
the purchase of shares and the sale of shares previously
purchased which would not result in the trader being
closer to the the binding constaint.
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Figure 4-1 shows the first security market screen that
traders see. In addition to their franc and share
portfolios, they may receive public information in the
screen's lower right hand corner. The top row of the
screen displays the spread whereas row three indicates the
prices of the prior eight transactions. As the market
progresses, the trader receives constant updates in these
fields, of other traders' bids and asks. Traders desiring
to enter a bid or ask press the return key to enter input
mode and then enter the number on row two. Pressing the
return key again executes the order. Once a transaction
takes place, the computer performs three tasks: (1) the
buyer's and seller's portfolios are updated, (2) all
traders are informed of the transaction price, and (3) the
bid and ask fields in rows one and two are reset to 0 and
999 respectively where 999 is the highest number possible.
Backorders are not maintained;® in fact, if a bid or ask
does not dominate

the current high bid or low ask then it is ignored

(i.e. a bid-ask reduction rule).7 Besides the absence of

°Smith and William (1983) found that rank queuing
stabilizes contract prices. Such queuing was not
implemented in this experiment because it would require
that subjects overcome additional complexity.

7smith and William (1983) found the bid-ask spread
reduction rule performs well in double auction
experimental markets. The bid-ask reduction rule
corresponds to rules 71 and 72 of the New York Stock
Exchange (Smith and Williams 1983 311).
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FIGURE 4-1

TUCKER'S SECURITY MARKET

HIGHEST BUYER'S LOWEST SELLING
PRICE IS $ PRICE IS $
YOU'LL BUY AT $ YOU'LL SELL AT $

PAST TRANSACTIONS

YOU CURRENTLY HAVE: FREE INFORMATION:
SHARES AND STANDARD DEVIATION
FRANCS ESTIMATE OF DIVIDEND

PRESS: RETURN TC EXECUTE

F2 + RETURN TO PARTICIPATE IN INFORMATION
MARKET

F4 + RETURN TO REFRESH SCREEN

F6 + RETURN TO QUIT
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queuing, the market also omits short sales, commissions,

and taxes, in the interest of reduced complexity.

FIGURE 4-2

Trader's Pavoff Display

No. of Shares X Dividend (5 X 400) 2900
Francs on Hand 7500
Total Francs 9500
Less Fixed Charge - 7500
Remaining Francs 2000
Conversion Rate X .001
Cash Payoff $2.00

At the market close, traders press the F6 key to display
their paycffs (see Figure 4-2). Traders are assigned a

dollar redemption function of the following form:

Rp = (X * Dy + (5000 + ZSy - TPy - ZIy) - FCRiCy

Where
Ry = dollar earnings in market m,

Xp = the number of shares held at the end of market
m ( 2 0 because short sales will be
prohibited) is the sum of initial endowment
of ten shares plus shares purchased less
shares sold,

conversion rate of francs into dollars which
equals $18/ZRp,

FC, = fixed cost in francs for market m which is
equal to the worst trader's total francs,
that is, (Xp*Dp +(5000+ZS,-ZPp-ZIn)),

m
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D = dividend rate per share in francs in market m,

IS, = revenue from sales of shares in market m,
ZPp = cost of shares purchased in market m,

5000 = initial endowment of francs,
I, = cost in francs of a particular piece of
information purchased in market m.

Trades may result from differences in subjects' risk-
preferences or differences in expectations brought about
by differences in traders' information sets. The
inevitability of heterogeneous infcrmation sets is
discussed in the next section, Information Generator.

As long as a trader's utility is an increasing
function of money, he would prefer a larger R,. A
subtracted fixed charge increases the differences in
traders' performances, thereby increasing the rewards for
good decisions and the penalties for bad ones. Since the
fixed charge represents the worst player's total francs,
the worst player in each market always receives a zero
payoff. The experimenter recorded the payoffs for each
trader for each market and paid the subjects their profits

and a five dollar bonus at the end of the day.

Market for Information
Information Generator. Information about a share's
end-of-market return represents samples from a normal

distribution. The computer's random-number generator
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generates these samples. Only an initial “seed" is
specified by the experimenter. The mean of this
distribution is also randomly generated from a uniform
distribution ranging from integer values 200 to 800. This
range reduces the possibility of dividend information
being negative or over three digits long. The normal
distribution from which all observations are drawn has a
standard deviation of eighty. Eighty was chosen so that
subjects could distinguish the precision of the different
pieces of information.8 Every piece of information,
whether public or private, is shown as an average of the
sample observations and has a corresponding standard
deviation to indicate its precision. Heterogeneous
information sets result even though traders may buy
information of the same quality (e.g. an average of three
observations from the population), since the sample means

are based on different observations.

Public Informatjon. For the purposes of this study,

public information is defined as financial news which is
available to all traders and has not yet been fully
reflected in the stock price. Once this news is reflected
in the share price, it becomes subsumed in the information

source called price. All subjects obtain public

SBased on the pilot, subjects distinguish easily
pieces of information with standard deviation twenty and
eighty.
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information prior to the market's opening. This
information appears in the lower right hand corner of
traders' screens (see Figure 4-1) and in the middle of the
insider's screen (see Figure 4-3). Two numbers are given:
the estimate of the dividend which is a sample mean, and
the sample mean's associated standard deviation or
precision. Though the insider Goes not trade in
securities, knowledge of the level of public information
may provide an indicator of the demand for private
information and hence affect the insider's pricing.

Three levels of precision are investigated as shown
in Figure 4-6. Manipulation of the level of public
disclosure required at least two levels. The addition of
a third level, the no public information case, serves two
purposes: first, it provides a benchmark with which to
evaluate the other two levels; and second, three points
provides some indication of any nonlinearity in the
relationship between public and private informa*tion. The
three levels are described below.

At the lowest level, traders receive no public
information. Since no information is available to any
trader, the beginning level of precision is zero. At the
second and third levels, traders all receive four and
sixteen samples from the company's return distribution,
respectively. This implies that the corresponding

standard deviations of these estimates are forty and
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twenty. Based on the pilot study, the quality difference

of forty and twenty is easily discerned by subjects. As
the number of samples increases, the sample mean converges
to the population mean. Further, since it is the mean
security return that traders are predicting, the precision
of their estimate increases with the sample size.
Consequently, the third level has greater precision than
the second level.

Private Information. Private information is defined
as financial news which is not available to all traders
and has not been fully reflected in the share price. All
markets studied in this experiment include both asset and
information markets. As witn public information, private
information is represented by samples drawn from the
company's return distribution. The insider offers four
qualities of information for sale, each with a different
level of precision. Pour types of information are sold so
as to obtain a rough curve of the demand for information.
Ooffering fewer than four types of information would not
allow even a rough mapping of the demand curve for
information. Offering more than four types, on the other
hand, was rejected for three reasons: first, the insider
would spend more time pricing than selling; second,

insider trading cases generally involve only one or at
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FIGURE 4-3

INSIDER'S INFORMATION MARKET SCREEN

STANDARD DEVIATION 80 40 30 20

YOU'LL SELL FCR

HIGHEST BUYER'S PRICE

SELECT TRADERS TRADERS' BIDS

ho b ol

PUBLIC INFORMATION:
STANDARD DEVIATION 20

ESTIMATE OF DIVIDEND 312

YOU CURRENTLY HAVE 0 Francs

PRESS: RETURN TO EXECUTE
F4 + RETURN TO REFRESH SCREEN

F6 + RETURN TO QUIT
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most a few pieces of information:; and third, pilot
evidence indicated that subjects buy only the best quality
of information.? Information types one through four are
obtained by drawing samples of one, four, seven, and
sixteen, respectively. This implies a corresponding
standard deviation of these estimates of eighty, forty,
thirty, and twenty.

The insider has no initial endowment but has an
unlimited amount of information to sell. Since the
insider is excluded from trading in shares, he has no need
for an initial endowment, and the absence of francs

provides ar incentive to sell. The insider views the

7Insiders were asked why they did not price the
information so that they would sell an equal quantity of
all four information types. They felt traders had little
demand for information of lower quality for three reasons:
first, the insider allowed traders to bid on the
information for only about three minutes before soliciting
a new group of traders; consequently, traders did not have
time to acquire four pieces of the poorest gquality
information so as to have the equivalent precision of one
piece of the best quality information. Second, acquiring
information required effort and patience as well as time.
A valid bid might be processed slowly or eliminated, since
the file became locked whenever another trader placed a
bid or ask on a share or any type of information. Third,
spending time purchasing several pieces of less precise
information had an opportunity cost, since the trader had
less time to use the information in the security market.
Faced with the lower demand for less precise information,
the insiders decided not to lower their prices as the time
spent haggling, processing, and consummating the
transaction might result in lost sales of the more
lucrative, best-quality information. One insider felt it
was worthwhile for psychological reasons to set the prices
high on lower quality information so that the price of the
best quality information would appear to be a better
value.
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information market screen display (see Figure 4-3), sets
the asking prices in row two, and selects the traders with
whom to sell information in the lower left hand box.
Traders receive a message notifying them of the insider's
intentions. and, by pressing key F2, they can view the
trader's information market screen (see Figure 4-4).
Though the other traders do not receive this message, they
are aware that an insider exists who is attempting to sell
as much information as possible at the highest price
possiblelo: consequently, as time passes, they will
suspect some other traders are informed.

The four columns on the right of Figure 4-4 represent
the four types of information for sale, with their
precisions displayed in row one. Row two displays the
insider's asking prices. After entering input mode, a
trader enters a bid in row three. Though only one piece
of information of a given type can be purchased at one
time, bids can be placed on all four types of information.
These bids also appear on the insider's screen across from
the traders terminal number (see Figure 4-3). An
information transaction results in: (1) portfolio
readjustments for the insider and trader, (2) resetting of

bid and ask prices for that information type to 0 and 999

+1It is not argued that the information broker's (IB)
motivation to sell as much information as possible is
descriptively valid. However, IB's do attempt to maximize
their expected utility ana this design allows them to
achieve that objective.
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on the screens of all viewing the information markst, and
(3) the trader purchasing the information receiving the
dividend estimate in the appropriate column of the
"information acquired™ section (see Figure 4-4). A trader
can ignore the insider‘®s solicitation or terminate
necotiations at any time. Similarly, the insider can
terminate negotiations with any or all of the selected
traders and choose new clients at any time. The voluntary
nature of all negotiations in this market is considered
representative of many large markets.

At the end of the market, the insider presses F6 to
view the payoff display (Figure 4-5). The insider is
assigned a dollar redemption function of the following

form:

Ry = (TISy = FCp)*0.01 + $1
Where
R, = dollar earnings in market =,

ISy = francs received from selling a piece of
information in market m

fixed charge deducted in market m; based on the
pilot study data. Computed by subtracting
eighty francs from the average information
sales of markets having the same level of
public information as market n,

FCp

0.01 = conversion rate of francs into dollars, in
essence, a penny for a franc.
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FIGURE 4-4

TRADER'S INFORMATION MARKET SCREEN

STANDARD DEVIATION

INFORMATION SELLS FOR

YOU'RE BUYING AT

INFORMATION
ACQUIRED

YOU CURRENTLY HAVE:

SHARES

LEEEEEEE T 1
IRRRRRI I

FRANCS

PRESS: RETURN TO EXECUTE
F1 + RETURN TO GO TO SECURITIES MARKET
F4 + RETURN TO REFRESH SCREEN

F6 + RETURN TO QUIT
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FIGURE 4-5

INSIDER'S PAYOFF SCREEN

Total Sales in Francs 400
+#inus Fixed Charge 250
Net Francs 150
Conversion Rate 0.0

Cash Profits $1.50
Plus Minumum Wage $i.00
Total Cash Payoff $2.50

The pilot study suggested@ that the insider could sell
a certain amount of information in any market with little
effort. Consequently, paying the insider for such minimum
performance provides little motivation. For this reason,
a fixed charge is deducted from the insider's total
francs. On the other hand, the insider's consistent
performance is critical to this study; consequently, a
minimum one-dollar payoff is guaranteed to reduce the

possibility of apathetic or dysfunctional behavior.

Noise in the Economy
A noisy rational expectations economy is one in which
an equilibrium results in some aggregation of individuals'

information without revealing all of it 11 Though this

11, E. Verrechia, "The Use of Mathematical Models in
Financial Accounting,™ Journal of Accounting Research
supplement 1982: 21.
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market design is fully revealing in the limit, for
practical purposes, price never fully reflects all
information in any market and hence is considered noisy.
Price is unlikely to achieve immediately a rational
expectation equilibrium. Traders, in an attempt to
surmise a share's true value, must speculate about several
factors unknown to them: (1) dividend estimates are
generated stochastically by the computer, (2) the number
and identity of traders purchasing information, the amount
and quality of information purchased, and the timing of

12

information purchases~“ are determined endogenously, and

(3) the ability of other traders to process correctly the
information they purchase is unknown. The one noise
factor controlled in this experiment is the level of
dispersion in the shares's return distribution.
Operatioralizing noise in this manner is consistent with
Beaver's (1981 160) interpretation:

Consider each individual contazining a "small®™ amount
¢f knowledge and a considerable amount of
idiosyncratic behavior. This can be modeled as each
individual receiving a garbled signal from an
information system that provides an ungarbled signal
disguised by a "noise"™ component. The garbling is so
large that any inspection of that individual's
behavior provides little indication that such an
individual is contributing to the efficiency of the
market with respect to the ungarbled information

12Jennings and Barry (1984) demonstrate analytically
that the final equilibrium price may depend on the order
in which individual investors react to the release of new
data.
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system. Moreover, assume that this is true for every
individual who comprises the market. However, the
idiosyncratic behavior, by definition, is essentially
uncorrelated among individuals. As a result,
security price, which can be viewed as a “consensus"
across investors, is effectively able to diversify
away the large idiosyncratic component, such that
only the knowledge (i.e. the ungarbled signal)
persists in terms of explaining the security price.
The proposed depiction of noise alsoc appeals to
Markowitz Diversification Theory. Subjects receive
samples from the underlying distribution and these samples
contain a small amount of knowledge and an idiosyncratic
component (randomness). As the number of samples
increases and as the number of traders that possess this
information increases, the idiosyncratic component is
diversified away and the price begins to vary as though
all traders knew the unobservable distribution of returns
for the security. ’

Hence, given an infinite number of samples, noise is
eliminated and price fully reveals the mean of the
distribution in every market. However, when the sample is
finite, price will not converge to the mean but to the

rational expectation equilibrium13, that is the

equilibrium which occurs when all available information is

+>The operationalized definition of a rational
expectation equilibrium (REE) is found in this chapter
under subsection Hypothesis 1 as variable Dj,. The REE is
an average of the sample means. Sample means generally do
not equal the mean of the distribution due to sampling
error. Therefore, when there are only a finite number of
sample means the REE and mean will generally differ.
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fully reflected in price. This tends not to happen during
the first three quarters of the market due to the
continual arrival of new information, which creates a
constant state of disequilibrium. The pilot study data
suggests that two effects occur in the final minutes:
first, information sales decrease since traders find they
can not recoup their information costs or the opportunity
cost of the time spent in information acquisition. The
resulting absence of information shocks allows the market
price to stabilize. Second, tradz=rs place more weight on
the price signal than on newly acquired information
possibly assuming that price already partially reflects
several pieces of information. These effects jointly
increase price stability and convergence tc the rational
expectations equilibrium. To reiterate, the structure of
the market is fully revealing; however. the number of
uncertainties that traders face generate sufficient
disturbance in the price signal, that for practical
purposes, these markets represent a noisy rational

expectation economy.

Experimental Design

Since the design must allow an evaluation of the
treatment effects on three dependent variables, a
multivariate analysis of variance (MANOVA) was chosen.

Besides being the most efficient way of obtaining
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univariate results on the hypotheses cf interest, the
multivariate analysis provides a joint test of all these
hypotheses taken together. In addition, the within cells
correlation matrix generated by the MANOVA is useful in
assessing the extent to which the dependent variables
measure the same phenomena and in describing the nature of
the relations among the variables. The statistical model

is formulated below:

Y(i)°nkjm =pu+a, + Bk + Sj + ¢ + @Bnx + asnj + ePpp *
ﬁakj + Bdyny * 5¢jm + e'nkjm

Where

y(i) i?gfcates the ith dependent variable where
)4 = the natural log c¢f the amount spent on
private information
y(z) = precision of private information
acquired
y(3) = the natural log of the informedness of
price

. indicates an average of observations

@, represents the nth level of public disclosure
(three levels)

By represents the k™ order of market presentation
(six levels)

Sj represents the jth day on which the market took
place (four days)

¢n represents the mth subject group (threse groups)

p4 = the mean of the regression
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The three levels of public information (see Figure 4-
6) represent the three treatments to be applied yielding
three different market structures. Each of the three
subject groups are exposed to all three market structures
and participate in twenty four, twelve-minute markets.
Three nuisance variables are anticipated: (1) the order in
which the markets are presented, (2) the date on which the
markets take place, and (3) differences in the three
subject groups. A Latin Square design is used to deal
with these sources of unwanted variation. Though an
orthogonal full factorial design is preferred, budgetary
constraints led to the use of a one-third fractional
factorial design.l4 In this design, order is confounded
with the three-way interaction of the other three
variables. The experimenter finds no a priori reason why
this three-way interaction would be significant and the
use of only three treatment levels increases the
likelihood that the interaction is insignificant.15 The

Latin Squares used are shown in Figure 4-6.

+%A full factorial design would add two months and
ten thousand dollars to the experiment. Costs estimated
during that two months include: six hundred man/hours of
subject time, sixty hours of computer room use, extensive
use of computer time and resources, and the experimenter's
time. The significant time commitment required of
students would make it more difficult to recruit, retain,
and motivate them.

15z, E. Kirk, Experimental Design: Procedures for

the Behavioral Sciences, Monterey, California: Brooks/Cole
Publishing Company, 1982: 665.
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Pilot Study
Before conducting the experiment, a pilot study was

run to estimate the variances within treatments and to
uncover deficiencies in the experimental design, in the
construction of the experimental instrument, or in the
assumptions made.l® one insight gained from the pilot was
that the exogenously specified precisions of levels one
and two were not sufficiently different. The standara
deviations of 20 and 28 corresponding to these levels did
not result in a statistically significant difference in
the amount spent on private information given the sample
size of twelve. The difference in these standard
deviations was increased to 20 and 40 in the experiment.
The pilot also provided the opportunity to assess
subjects' ability to understand the computer controls and
their facility in trading via the computer. It also was
useful in estimating the variances within treatments.
These estimates allowed the calculaticn cf the reguired
sample size for the experiment using the following

formula17:

I8The premises assumed to be true were presented in
chapter III.

175, Welkowitz, R. B. Ewen, and J. Cohen,
Introductory Statistics for the Behavioral Sciences, New
York: Academic Press, 1976: 203-206.
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2 &
N =
(X3 - X3)3 /0
Where

N = the required sample size

é = a function of t%e significance criteria (a)
and power (1-3),1

X; = the mean amount spent on private information
foismarkets with level of public information
1,

o2 = the mean squared error of the disturbance

term.

The means of X4 and X, differed by 300 in the pilot.
Therefore, by correctly specifying X,, the difference
between X, and X,, and between X, and X,, was expected to
be 150. The pilot data generated a mean squared error of
25,000. Setting the alpha and beta at 0.05, the required
sample size is twenty-four replications at each of the
three levels; hence, seventy-two markets in all. Adding
additional observations for conservatism was deemed
unnecessary because the mean squared error of the pilot

was based on a simple t-test, whereas the mean squared

I8the value for § is obtained from Table I of
Welkowitz, Ewen, and Cohen (1976 310)

19x1 = C(y'(l)lal) which is defined in the Hypothesis
3 section of this chapter.
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FIGURE 4-6

THE 3x3 LATIN SQUARES DESIGN

LEVELS OF
PUBLIC INFORMATION
SUBJECT

GROUP MARKETS
1 2 3 4 5 [
DAY ONE One 2 0 1 o 1 2
Two 1l 2 0 2 0 1l
Three 0 1 2 1 2 (o]
DAY TWO One 2 0 1 1 2 0
Two 0 i 2 2 0 1
Three 1 2 0 (o] 1 2
DAY THREE One 1 0 2 2 1 0
Two 2 1 0 0 2 1
Three 0 2 1 1 0 2
DAY FOUR One 0 2 1 1] 1 2
Two 1 o 2 1 2 (o}
Three 2 1 0 2 o 1

Where

0, 1, and 2 represent the level of public information
in the market defined as follows:

Level O: no costless public disclosure given before
the market commences,

Level 1: a dividend estimate with an associated
standard deviation of 40 is given before
the market commences, and

Level 2: a dividend estimate with an associated

standard deviation of 20 is given before
the market commences.
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error of the experiment is net of nuisance variation
through the power of the more sophisticated Latin Square

design.

H eses
Verrecchia's Propositions

The three most important hypotheses described in this
section are based upon the following three propositions of
Verrecchia's:

Proposition One: The amount of traders' costly private
information acquisition is nonincreasing as the amount of
public information increases (Verrecchia 1982b 35).
Proposition Twc: The overall level of traders!'
informedness is nondecreasing as the amount of public
information increases (Verrecchia 1982b 36).

Proposition Three: The amount of information a trader
acquires is a nonincreasing function of the amount of
information conveyed by price (hereinafter called the
"informedness of price"). (Verrecchia 1982a 1424).

Given the importance of these propositions to this
study, a brief description of Verrecchia's analysis and
assumptions are provided.

Verrecchia authored two articles demonstrating
relationships among economic variables using comparative
static analysis. The first paper (Verrecchia 1982b)
relates two variables: public disclosure levels and the
acquisition of costly private information, whereas the

second paper (Verrecchia 1982a) relates four variables:

the informedness of price, ncise in the economy, the cost
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of acquiring information, and the risk aversion of traders
taken as a group. In both papers, Verrecchia frames the
analysis in a noisy rational expectation economy. In such
an economy, “an individual trader uses observable
endogenous variables, such as prices, as pieces of
information in addition to his privately collected
information ... [and thus] benefits from the information
collected by others without believing that his own is
superfluous®™ (Verrecchia 1982b 21).

The market Verrecchia models has the following
discrete sequencing of events:

1. Traders receive endowments

2. Public disclosure of information

3. Private information purchased

4. Trading occurs

5. Portfolios consumed
After receiving costless public disclosure at time two,
each trader can acquire costly private information which
he receives in the fourth period. Also in the fourth
period, traders obtain additional information by observing
price which aggregates and partially reveals the total
amount of information observed by all traders.

In this framework, traders' objective is to maximize
their expected utilities by deciding the amount of private
information to purchase. They base this decision on the

cost/precision relationship of private information, the

precision of public information, and the precision
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‘expectad to be obtained and which is obtained in
equilibrium by observing price.

The assumptions and some parameter specifications
used by Verrecchia are as follows:

1. Two assets exist in the economy, one risky and one
risk-free.

2. Both assets pay off in a single consumption good.

3. All random variables follow a multivariate normal
distribution.
4. T traders exist, all with negative exponential

utility functions.

5. The cost of acquiring a given level of precision is
a strictly increasing convex function.

6. Two stochastic variables generate uncertainty: the
return and supply of the risky assets.

7. The informedness of price is the additional
precision each trader gains by conditioning his or her
beliefs on price.

8. A trader's total level of informedness is based on
the precision of his or her posterior beliefs, which in
turn are based upon prior beliefs, the public disclosure,
the private information signal, and price.

Verrecchia noted that assumptions three, four, and
five are not necessary for the existence of an equilibrium
but are required for tractable analysis. Assumptions one,
two, and three are met in this study. Assumption four is
relaxed in order to evaluate the robustness of the theory
to a more realistic environment where private information

consumption is affected not only by expected price

behavior but also by current and past price behavior. The
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risk aversion of subjects is measured but is not
manipulated. Assumption five implies that the cost-
precision relationship is constant, whereas it is
determined endogenously in the proposed experiment.
Assumption six is implemented only partially as there is
no attempt to vary the supply of risky assets. Varying
supply would have little effect in this experiment because
of two factors: first, the institutional constraint that
only one share can be traded at a time; and second, the
short duration of the market. Consequently, the noise in
the economy is due primarily to uncertainty regarding the
share's end of market return. Since the price signal is
not fully revealing during most of the twelve minute
market, the market reflects the two main implications of a
noisy rational expectations economy: traders learn from
observing price, yet have economic incentives to acquire
private information.

Number seven's definition is operationalized with
some modification for the following reason. In
Verrecchia's analysis, price is observed after obtain.in~
public and private information, whereas in this design,
the observation of price may precede the consumption of
private information. Parameter seven is operationalized
as (-y(3)), which is defined below.

To obtain the overall informedness of all traders,

number eight's definition must be operationalized. 1In
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Verrecchia's analysis, the precision traders obtain is

objectively measureable and their posterior beliefs can be
calculated. In this study, the overall informedness of
traders is measured based on trading behavior for reasons

provided in the following section.

Hypothesis 1

An important benefit expected from increasing the
level of public information is that the overall level of
traders' informedness will also increase. Verrecchia
defines trader's informedness as a set of posterior
beiiefs based on prior beliefs, public information,
private information, and price. Difficulties arise in
measuring a subject's subjective posterior beliefs. One
approach is to measure the precision that traders receive.
Though objective measures can be obtained, this approach
was rejected based on empirical evidence that subjects do

20 ang are

not revise their beliefs in a bayesian fashion
prone to heuristic biases (Kahneman, Slovic, and Tversky
1982). The alternative approach taken in this study is to
measure trading behavicr as an indicator of traders'
belief revision. Based on this study and previous

experimental market research testing the rational

expectation equilibrium hypothesis, price tends to reflect

<YJ. Berg and J. Dickhaut, "Doctoral Consortium:
Questions and Preliminary Answers on Experimental
Economics," August 1986: 28.
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the information sets of traders. The negation of the
convergence measure y(3) used to operationalize the
informedness of price is also used as a surrogate for the
overall informedness of traders. This measure is similar
to that used by Williams and Smith (1984) and is defined

below.
Define [(Apy | @) - Dpy] as follows:

Where

Apy = the price of the tth share transaction of
market m.

@y = the 1th jevel of public disclosure

Dpt = the rational expectation equilibrium at the
time share transacticn t tock place in
market m.

The rational expectation equilibrium is based on the
information currently available to all traders. Since the
amount of information increases with each sale of private
information, the rational expectation equilibrium also
changes. The moving average formula for its computation

is defined below:

T

'2 Esti * Preci

1=0

D. =
m
t T

2z Prec:

i=0 .
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Where

Est; = the ith estimate of the dividend,

Prec; = the precision of the ith estimate of the
dividend. Precision is defined as the
square root of the sum of the number of
samples underlying the estimate,

T = the sum of the number of dividend estimates
obtained by all traders prior to share
transaction t.

The traders' uninformedness measure defined below as

Hy is essentially a variance between the actual price and
the rational expectation equilibrium for a market with a
given level of public information. In markets which
converge to equilibrium more quickly, Hp will tend to be

smallier. Define the traders' uninformedness measure Hp

as:

Q

T [« @y) = Dpel?
B - ta Ant | @1) - Dpe
Q

Where
Q = the total volume of share transactions during
market m.
The following hypotheses are tested to determine whether
the overall informedness of traders is an nondecreasing
function of the level of public disclosure. Rejection of

the null at a = 0.05 provides support for the maintained

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



87

hypothesis. These parameters represent the convergence of

markets with a given level of public information.

Hl.lo: I(2]eg) > I(aje,)

Hil.20: I(2}a,) > I(2]ay)

The altermative hypotheses can be written as:

Hl.la: I(2le,y) < I(2]|a,)
Hl.2a: 1(2a,) < I(2la,)
Where

I(2]ey) = E (T(-y3)|ey))

M
I(y'(3)|al) = mzl I(Hlal)m

M

y(3) = logey'(3) = the natural log of the
uninformedness of price,

I(H|a )pm = the uninformedness of traders, Hp
%defined above), given a market with level
of public information 1,

M = 24, the number of markets in the experiment
with level of public information 1.

The hypotheses will be tested using contrasts
coefficients of the level of public disclosure, a,, when

estimating y(3) using the following model:

y(3).nkjm =g + an + 6j + ¢m + a¢nm + 6¢jm + G.nkjm
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The coefficients and contrasts are computed as follows:

Level 0 - Level 1 =y(3) ... - 3G, .

Level 1 = Level 2 = §(3)2.., - §(3)3._.

3 4 3 2 _
ssie = £ = = = (¢v3)njmi - yC)lnjm.):
n=1 j=1 m=1 i=1

MSE = SSWG/36

Contrast Coefficient = ¥i{3)n... = v(3)n+l...
SQRT (MSE (((1)*/24) + ((=1):/24)))

Where (n = 1 for Hl.1 and n = 2 for H1l.2)

Hypothesis 2

The second hypothesis is based on Verrecchia's
proposition three, which predicts that the demand for
costly private information is a nonincreasing function of
the informedness of price. If traders éemand a given
level of precision (inverse of the variance) ané the
precision gained from observing price increases, then one
would expect a decrease in the demand for costly private
information, ceteris parijbus. Informedness of price is
operationalized as Hj. In Verrecchia's analysis the cost
function for private information is constant;
consequently, any decrease in demand results in a decrease
in the precision acquired privately. However, in this
market design, the insider sets prices in respomnse to
demand; therefore, a decrease in demand may be reflected
in total information sales but not in the amount of

precision acquired. 1In fact, evidence from the pilot
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study suggested this was the case. For this reason, tests
are made of both dependent variables: the amount paid for
and precision acquired of private information.

The following hypotheses test whether the amount
spent on private information is a nonincreasing function

of the informedness of price:
H2.lo: & > 0

versus the alternative hypothesis:

IA
(o]

H2.la: ®

Where
¥ =E (8),

= the estimated s%o?e coeffic%g t of the
following model, vy 1) = u - By + €,

y(l) = the natural log of the amount spent on
private information,

—y(3) = the natural log of the informedness of
price.
In an additional test of the association between the
amount spent on private information and the informedness
of price, Pearson correlation coefficients were ccmputed

for each three minute interval during the market.
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H2.20 Py >0 H2.30 p, >0 H2.40 p; > 0

H2.50 Py > O

versus the alternative hypotheses:

H2.2a p; <0 H2.32 p, <0 H2.4a p3 <0
H2.5a p, <0
Where

P; = E (pj)

pP; = the correlation coefficient between e amount

spent on private informa?§?n y(l and the
informedness of price -y in time
interval 1i.

The following hypotheses test whethz: the precision
of private information acquired is a nonincreasing

function of informedness of price.
H2.60: e > 0
The alternative hypothesis may be stated as follows:

H2.6a: e < 0

Where
e =E (B),
foilgggnestimated s}g?ezcoeffic%g?t of the
g model, vy u - By + €,
y(z) = the precision of private information

acquired,

-y(3) = the natural log of the informedness of
price. .
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In an additional test of the association between the
precision of private information acquired y(z) and the
informedness of price -y(3), Pearson correlation
coefficients were computed for each three minute interval

during the market.

H2.70 ppy > O H2.80 ppy > 0O H2.90 Pp3 > O

H2.100 PPy > 0

versus the alternative aypotheses:

H2.7a PPy < 0 H2.8a pp, < O H2.9a pp; < O
H2.10a pp, < O
Where

pP; = E (p;)

p; = the correlation coefficient between the

* precision of private informa%%?n y(z) and

the informedness of price - in time
interval 1i.
Hypothesis 3
The third hypothesis is based on Verrecchia's
proposition one which states that demand for private
information is a nonincreasing function of the level of
public information available. Sub-hypotheses within this
broader question test the effect of changing the level of
public information on the two components of the demand for
private information: the price paid for a given level of

precision and the quantity of precision acquired.
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Gonedes (1980) pointed out that public information

has both a direct effect on share price and an indirect
effect on the production and consumption of private
information. Empirical testing of this indirect effect
provides evidence to confirm or deny its existence and
should provide a groundwork for similar testing on the
trading activity of major stock exchanges.

The following hypotheses test whether the amcunt paid
for private information is a nonincreasing function of the
level of public information. The statistics compared are
averages of the amount paid for private information in ail
markets having a given level of public information. Based
or: the predictions of Verrecchia's analysis, when less
precision is obtained from puklic information, demand for
private information stays the same or increases:
consequently, rejection of the null at a = 0.05 supports

the maintained hypothesis.

H3.lo0: C(T|aq) > c(r|ayq)

H3.20: C(T|eaq) > C(T|ay)

The alternmative hypotheses can be written as:

IA

H3.1a: C(T|aq) C(Tjay)

H3.2a: C(T|ay)

A

C(T|a,)
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Where

c(Tley) = E (c(y P |ay)

M
ey M ay) = £ ey Mlepy
m=1

M

y(l) = 1°geyu(1)

C(y'(l)lal)m = the average amount spent on
private information in market m with level
of public information 1,

M = 24, the number of markets in the experiment
with level of public information 1.

The hypotheses will be tested using contrasts
coefficients of the level of public disclesure, a,, when

estimating y(l) using the following model:

Y(1)°nkjm =p+ a, + Sj + ¢p + @dpp + 6¢jm + e'nkjm

The coefficients and contrasts are computed as follows:
- = o(1 i s §
Level O Level 1 = y( )1... y( )2...

Level 1 = Level 2 = y(1) -y

2-.. 30..

3 4 3 2 _
sswe= = £ = = (¢Vnini - v nijm.):
n=1 j=1 m=1 i=1

MSE = SSWG/36

Contrast Coefficient = v(l)n... - v(A)n+l...
SQRT (MSE (((1)%*/24) + ((-1)%/24)))

Where (n = 1 for H3.1 and n = 2 for H3.2)

The following hypotheses test whether the precision

of nrivate information acquired is a nonincreasing

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



94

function of the level of public information. The
statistics compared are averages of the precision of
private information acquired in all markets having a given
level of public information. Based on the predictions of
Verrecchia's analysis, when less precision is obtained
from public information, demand for precision from private
information increases; consequently, rejection of the null

at a = 0.05 supports the maintained hypothesis.

H3.30: S (R|ag) > S(R|a;)

H3.40: S(R|a,) > S(Rjay)

The alternative hypotheses can be written as:

H3.3a: S(R|ag) < S(R|ay)
H3.4a: S(R|a,) < S(R|e,)
Where
S(Rley) = E (5(y(2)|ay)
M
s(y(?|e;) = z s(y(® ey
m=1
M
S(y(l)lal)m = the precision of private

information acquired in market m with level
of public information 1,

M = 24, the number of markets in the experiment
with level of public information 1.

The hypotheses will be tested using contrasts
coefficients of the level of public disclosure, a,, when

estimating y(z) using the following model:
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Y(z).nkjm = u + an + Sj -+ ¢m + Q¢nm + 5¢jm + eonkjm
The coefficients and contrasts are computed as follows:

Level 0 - Level 1 =y(2) ... - 5(2) |

Level 1 = Level 2 = y(z)z... - y(2)3...
3 4 3 2

ssw6= = T = =2 (vy@njmi - 7(2njm.)?
n=1 j=1 m=1 i=1

MSE = SSWG/36

Contrast Coefficient = y(2)n... - y(2)n+l...
SQRT (MSE (((1)*/24) + ((-1)%/24)))

Where (n = 1 for H3.3 and n = 2 fcr H3.4)

Hypothesis 4

Tests of volume provide evidence of the effect of
asymmetric information on trading21 and on the consistency
of results between the pilot study and the experiment.
Consistency of resuits on the dynamics of the market
increases the ability to generalize these findings to
other markets of the same type.

Many factors may cause a change in volume. Investors
may trade because of changes in the risk of their
portfolio or upon receipt of new information, to name only
two possible causes. Hypothesis four asserts that trading
volume is a function of time. Volume may increase as the

market progresses for three reasons. First, the

“lror more discussion of the effects of information
asymmetry on volume, see Morse (1980) and Lundhoim (1986).
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informedness of price is lowest earliest in the market;
consequently, there will be greater uncertainty earlier
in the market and traders may be more cautious. Second,
to reduce the uncertainty, traders may spend more time on
irformation acquisition earlier in the market. This
reduces the time available for security trades. Third,
traders realize that other traders are informed and thus
will not want to trade against someone with superior
information. Until they receive more information through
price or through the insider, their trading is inhibited.
Hypothesis four, which tests whether share trading
volume is a function of time, is formally stated as

follows:
The alternative is stated as follows:
H4.2a: V; <V, < V3 <V,

Where

Vs =E (v

i i)

Vs

i the av%gage number of shares traded during the
i

three minute interval of all markets
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CHAPTER V

EMPIRICAL RESULTS

Bypotheses Test Results

Introductjon

This chapter presents the descriptive and inferential
statistical resuléé and interpretation of the data
analyses. Statistical and experimental design issues are
addressed wherever they provide additional insights. Also
presented are the implication, limitations, and
conclusions of these tests and findings.

The first two sections present the results of
hypothesis test three which tests the impact of public
information on private information. The major finding is
that changes in the level of public disclosure affect the
amount spent for, but not the precision acquired of,
private information. Section three presents the test
results of hypothesis one which tests the effect of public
information on the informedness of price. Consistent
with Verrecchia's theory, the findings indicate that the
informedness of price is a nondecreasing function of the

level of public information. Section four presents the

97
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results of hypothesis test two which tests the effect of

the informedness of price on private information
consumption. These findings are consistent with
Verrecchia's proposition that the amount spent on private
information is inversely related to the overall
informedness of traders. However, the inverse
relationship did not hold for the precision of private
information. Section five presents the results of
hypothesis test four which suggests that trading volume
increases as the market progresses. The second part of
this chapter, Other Tests, describes the other tests
performed. Section six describes the exploratory research
investigating the factors affecting traders' payoffs and
that bear on Hirshleifer's theory. Traders who did not
purchase private information earned more on average than
those who did. The final sections present the cross
tabulation results of the Risk Taking portion of the
Jackson Personality Inventory Test, the supplemental
economic risk aversion test, and the post-experimental

questionnaire.

Hypotheses 3.1 and 3.2: Data Analysis
The statistical model defined in the Experimental

Design section of chapter IV is used to test hypotheses
3.1, 3.2, 3.3, 3.4, 1.1 and 1.2 and is repeated here for

the reader's convenience:
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Y(l)°nkjm =p+a, + By + sj + ¢y t 2B t aanj + adpn +
Bskj + Boynm + 5¢jm + €-nkim
Where y(i) i?dicates the ith dependent variable where
y( = the natural log of the amount spent on

private information
y(z) = the precision of private information

acquired
y(3) = the natural log of the uninformedness of
price measure
. indicates an average of observations

a, represents the ntl jevel of public disclosure
(three levels)

Bk represents the kth order of market presentation
(six levels)

Sj represents the jth day on which the market took
place (four days)

¢, represents the mth subject group (three groups)

i = the mean of the regression

The MANOVA procedure of the Statistical Package for
the Social Sciences (SPSS) was employed on the transformed
data.l The first run included all of the main effects:

Level = the level of public disclosure

Sequence = the order in which the markets were
presented

Day = the date on which the markets occurred

Group = the subject group

iTests for assumption violations which led to these
transformations are discussed later in the chapter.
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and all potentially significant seccnd crder interactions.
The main effect for and interactions involving Sequence
were not statistically significant for any of the
dependent variables, hence all variables inveolving the
nuisance variable Sequence were dropped from the model
along with other insignificant interactions.? The results
of the Multivariate tests of significance for the reduced
model are presented in Table S-1.

A comparison is made between the statistics actual
value and the theoretical distribution based on q, ny, and
n, to derive the F-statistic.>

One purpose of running a multivariate design was to
take into consideration the correlation between the
dependent variables. The within cells correlation matrix
is useful in assessing the extent to which the variables

measure similar phenomena and in describing the nature of

the variables' relationships.4 Two surrogates were used

2The reduced model was used for two reasons: first,
the larger number of degrees of freedom in the error term
would increase the power of the test. However, the
results of the full and reduced model differed only
slightly and none of the conclusions were changed. Second,
the presentation highlights the important factors.

3¢c. Hadlai Hull and Norman H. Nie, SPSS Update 7-9:
New Procdeures and Facilities for Releases 7-9, New York:
McGraw-Hill Book Company, 1981: 33.

47 cell represents a certain Group-Day-Level
combination and in each cell there are two observations.
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TABLE 5-1

Multivariate Tests of Significance

Significance of F-Statistic
Pillai's| Hotelling's]| Wilks' |Roy's Root

Variable Criterjon Trace Lambda Criterion
level a .00000001; .00000001 .0000001 .00000001
Group ¢ -10705 «12774 .11695 .28446
Day é .06528 .01827 .03534 .00878
Ievel by

Group a¢ .02201 .00762 .01312 .00829
Group by

Day [r-1) . 0000008 . 0000001 -0000002 .00011

MANOVA Model:

Y(l)‘njm = +ap + 85 ey +adyy + Spsp + €.psn

~- Distribucion|
Depends Upon

Varjable S M N| Where
Ievel <« 2 1] 25 S = min (p,q)
Group ¢ 2 0 25 M= (|n, - q| - 1)/2
Day é 3 =-1/2 25 N=(n,-qg-1)/2
level by p = number of ind. var.

Group a¢ 3 o 25 g = number of dependent var.
Group by ny = degrees of freedom of

Day @6 3 1 25 hypothesis

n, = error degrees of
freedom

Each of the multivariate tests are based on
statistics which are functions of the eigenvalues of the
matrix Shse'l. Sy, represents the sum of squares and
cross products (SSCP) of the hypothesis and S, is the SSCP
of the error.

Pillai's Criterion = 2(g93/(1+g3))

Hotelling's Trace = Zgj

Wilks' Lambda = <(1/1+9;)

Roy's Largest Root Criterion = g1/ (1+g,) where g; is
the largest elgenvalue.
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to measure private information acquisition: amount spent
and precision acquired. As expected these surrogates are
related as the results in Table 5-2 suggest (p(y(l),y(z))
= .694). The uninformedness of price measure, y(3),
evidenced no apparent correlation with the other dependent

variables.>

TABLE 5-2

Multivariate Within Cells Correlations with Standard
Deviations on the Diagonal

“Amount “Precision vninformedness
Spent v(1) Acquired y(2) o ic 3
y(1) .18334
y(2) .69484 1.07223
y(3) . 03083 -.03252 1.49098

Tests were conducted to determine whether the
assumptions of the classical linear regression model were

violated. These tests are reported below.

Tests for Assumption Violations

Heteroskedasticity. Fmploying a univariate model,
Y'(l)njm' =p + ap + 8j + ¢p + enjm°' the amount spent on

private information, y'(l), was regressed on the level of

°Test results of the multivariate contrasts indicate
the difference between level zero and level one and
between level one and level two are both significant at «
< .001.
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public disclosure and other nuisance factors. The
descriptive statistics presented in Table 5-3 indicates
that the standard deviation increases proportionally with
increases in the mean. This suggests the need for a

logarithmic transformation of the dependent variable.

TABLE 5-3

Statistics on the Amount Spent on Private Information at
Each Level of Public Information

Tevel N Mean (rrancs) Std. Dev.
0 24 701.1 170.4
1 24 405.5 101.8
2 24 295.6 68.6
Where

Level 0 represents no public information,

Level 1 markets provide subjects with an estimate of
the dividend with an associated standard
deviation of 40,

Level 2 markets provide subjects with an estimate of
the dividend with an associated standard
deviation of 20,

N = the number of markets.

Plots of the residuals against the predicted values
before and after the logarithmic transformation are

presented in Plots 5-1 and 5-2.
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Normality of Residuals. Normal scores plots of the
residuals for untransformed model y'(l)njm. =4+ ey + sj

T ¢p t enjm" and the transformed model, y(l)n-

jm- T BT

a, + Sj + ¢p + €pyp-s are presented in Plots 5-1 and 5-2.
Plot 5-1 exhibits slight nonnormality as evidenced by the
flattening out of the top of the curve. This suggests
leptokurtosis in the right tail. Plot 5-2 does not
evidence the same right skewness.

Autocorrelation. The two anticipated sources of
potential autocorrelation: (1) the days of the experiment
and (2) the order in which the markets are presented; are
included in the model as independent variables. The
Durbin-Watson statistic for the untransformed and
transformed models were 1.88 and 1.65, respectively. The
null hypothesis of no serial correlation should be
accepted if 4, < DW < 2. The one percent significance
point for 4, for a model with three regressors is 1.546.5
Consequently, the null hypothesis is not rejected for

either the transformed and untransformed models.

°The value of 1.546 was obtained from the Savin-White
Table B-5 of Johnston (1985). This is the value fcr
when there are seventy-two observations and three
explanatory variables.
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Test Results of Hypotheses 3.1 and 3.2
The reduced model and the univariate portion of the
MANOVA results pertaining to dependent variable y(l), are

presented in Table 5-4.

TABLE 5-4

Analysis of Variance
Univariate Results for the Dependent Variable, y(l), Which
Represents the Amount Spent on Private Information

Bffect DF| ss MS F Sig. of F
Level «a 2| 8.042 | 4.021] 117.295| .00000C
Day 5 3 .663 .221 €.442| .00083
Group ¢ 2 .075 .037 1.091| .34327
Group X Day oé 6| 1.231 .205 5.983| .00008
Level X Group a¢| 4 .584 .146 4.259] .00456
Error € 54 1.851 .034

R = .90 Adj. R = .85

ANOVA Hodel:l

€-nim
3 — —
sse = 24 sy ... -FD .. )
n=1
4 — ——
Sss§ = 18 z(y(l).j.. -y e
3=1
3 — —
sse = 24 s(yM.. . -FD ...
m=1
5 3 G ~(1) (1)
Ss =62 z (y eime = Y cte. = Y come +
s =1 m=1 im J my(l),.,.)z
> 2 ) (1) (1)
Ss., =8 =T =T (Y eme = Y e =mylHi oL+
s n=1 m=1 nm n vy
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3 4 3 2

sse = £ F T = (vWMpgpi-s -epn-68,5-0g-
n=1 j=1 m=1 i=1

Q¢Inm - 6¢ljm)z

, indicates the parameter is estimated

Ievel = the level of public disclosure
Day = the date on which the markets occurred
Group = the subject group

The mean amounts spent on private information for
each level of public information differed signficantly (p
< .00001); however, testing hypotheses H3.1, and H3.2,
required contrasts of coefficients.

If Verrecchia's proposition holds in this market
context, the private information purchased at levels zero
and one should be greater than or equal to the amount
spent at levels one and two, respectively. Consequently,
the difference in the coefficients between level zero and
one and between level one and two should be nonnegative.
As the results presented in Table 5-5 indicate, the
coefficient contrasts were positive and significant at a =
0.05 (p < 00001); thus, the null hypotheses, H3.1, and

H3.2_., are rejected in favor of the alternative hypotheses

o
H3.1a and H3.2,

(See following page for Table 5-5)
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TABLE 5-5

Contrasts of the Level Coefficients Which Predict the
Amount Spent on Private Information

CoefT. contrast Cogff. Std. TIr. T—UaIue ig. O

Ievel 0 - Level 1| .5043 .0529 9.528 |p <.00001
Level] 1 - Teve]l 2! .3064 -0529 5.788 Ip <.00001

Level 0 = y(M1... -3 .
Level 1 = y(Ma .. - F(1) ..
Level 2 = y(L3. .. - 5(1) |
Level 0 - Level 1 = y(D1... - (D)o, |

Level 1 ~ Level z = y(a, ., - ()3 |
3 4 3 2
ssiec= 3 = = = (yVnjnmi -y Pnjm.):
n=1 j=1 m=1 i=1
MSE = MSWG = SSWG/36

Contrast Coefficients = v(1)n... = v(iin+l...
SQRT(MSE (((1)*/24) + ((-1)%/24)))

Where (n = 1,2)
The results reported above assume that all factors
are fixed. Technically, the classification of subject-

groups factor as random or fixed is ambiguous.7

‘A random factor's levels are sampled randomly from
the population of levels. Subjects were not selected
randomly from all junior and senior accounting and finance
majors at the Florida State University, rather they
volunteered. Though the experimenter did not insure
random assignment in this experiment, no reason exists to
believe that a systematic bias occurred in the selection
of subjects or in their assignment to subject-groups;
consequentliy, subject-groups can be assumed random. Since
the classification of the subject-group as a random or
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Consequently, supplementary tests of hypotheses 3.1 and

3.2 were run assuming subject-group is a random factor.
Despite this more stringent test, the overall F-test for
difference in means was still significant (p = .002).
Contrast data on H3.1, (C(T|ag) > C(T'|eq)) and H3.2,

(¢(T|ay) > C(T|ay)) are shown below:

TABLE 5-6
Contrasts of the Level Coefficients Which Fredict the

Amount Spent on Private Information
Subject-Group is Assumed to be a Random Factor

Coeff. Tontrast TCoeff. | Std. Err. | T-Value

Level 0 - Level 1 |.5043 .1307 3.857 .00839
Level 1 - Tevel 2 |.3064 -1307 2.343 -05758
Level 0 = §(1)1... -y, ...
Level 1 = (1) ,... - 3 ...
level 2 = y(M ... - (1) ..

- = (1 - o(1
Level 0 Level 1 = y( )1°" y( )2...
T - = o(1 - o(1
Ievel 1 Level 2 = y( )2... y( )3...

4 3
= 1 (1 1

SSgroup X Day = 6j§1 mfl(Y( )njmi - y¢ )'j“ -yl )“m‘

+ Y(l)n"i)z

MScroup X Day = SSgroup x Day
6

fixed factor is ambiguous, results based on both
assumptions are presented.
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Contrast Coefficients = v(lin... = v(1)n+l...
SORT (MSayp (((1)7/24)%( (1) /24)))

wWhere (n = 1,2)

Based on the results presented in Table 5-6, H3.1, is
rejected at 2 = 0.05 (p = .00839); whereas, H3.2, cannot
be rejected at a = 0.05 (p = .05758). The more stringent
test weakened the significance of the findings; however,
the overall F-test was still highly significant and the
signs of both contrast coefficients were as predicted by
theory. Therefore, the results again support Verrecchia's
proposition that the amount spent on private information
is a nonincreasing function of the level of public
disclosure. While the fixed factor results can be
generalized only to the subjects in the experiment, the
random factor results can be generalized to the student
population from which the sample was drawn.

The date on which the markets were conducted also
affected the amount spent on private information in a
statistically significant way (p = .00083). The mean
amount spent for each day suggests the upward trend as

shown in Table 5-7:

(Sce following page for Table 5-7)
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TABLE 5-7

Mean Amount Spent on Private Information

Day
1 2 3 4

413.39 420.44 459.50 527.311

Given the results, reported later in the Other Tests
section of this chapter, that uninformed traders earned
considerably more on average than those purchasing
infcrmation, the opposite result would be expected. 1In
other words, if purchasing information is unwise on
average, then through time subjects should extinguish this
behavior. Two possible explanations why information sales
increased as the experiment progressed are: (1) the
insiders became more proficient in setting prices and
marketing their information, and (2) traders became more
facile and comfortable with the mechanics of entering the
information market and bidding; consequently, their desire
to purchase information may not have increased, but only
their ability to obtain it.

The profiles of the significant interactions, Group
by Day and lLevel by Group, are illustrated in Figures 5-1
and 5-2. The simple effects were analyzed to better
understand the source of this interaction and to assess
the potential impact of the interaction upon the

interpretation of the main effects.
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Group by Day. The statistical models used to test

the simple effects of the Group by Day interaction are as

follows:
Y(l)'njm =B +oag + 85+ 8oy + Seop + Sd3p + Sdup + €opip
y(l)‘njm =B+ @y + g+ 8@5y + Spyp + 643 + €onjp

The simple effects, Group by Day(3), Group by Day(2),
Day by Group(3), and Day by Group(l), were significant i
explaining variation in y(l). These simple effects are
explained to a large extent by the poor sales performance
by Group three's insider on day two and Group one's
insider on day three as depicted in Figure 5-1. ©On day
two, Group three's insider complained of temporary
computer communication problems which the experimenter
observed. Also, this insider was relatively
inexperienced® and had a pricing structure lower than
those of other insiders on day two. Traders complained
that the insider was soliciting them for too brief a time
to allow them to enter the information market and bid.
The unusually low performance of Group one's insider on
day three has no apparent explanation other than random

flucuation.

®Group three's insider did not participate in the
pilot study and hence had no experience as a trader or as
an insider. Prior to the experiment, the other insiders
had experienced both of these roles.
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In general, the significant Group by Day

interactions can be attributed to the unigue mix of
traders, insider, and computer processing speed and
reliability on a given night, than on any systematic trend
or cause.

Level by Group Interactjon. The statistical model
used to test the simple effects of the Level by Group

interaction is as follows:

y(l)‘njm =B +ay + 85+ op tagyy + adpy; + Pz + €.pgp

The lLevel by Group interaction was driven by one
simple effect, Group by Level(l) which was significant in
explaining variation in y(l). As Figure 5-2 illustrates,
Group two's information sales at level one exceeded that
of the other two subject groups. Relative to the other
insiders, Group two's insider was more aggressive in his
pricing and apparently demand was sufficient at level one
to command these higher prices.

This interaction was not anticipated, and as it seems
driven by one group's performance on one level of public

information, no conclusions are warranted.

Hypotheses 3.3 and 3.4: Data Analysis

Tests of Assumption Violation
The following model, y(z)njmi =p+ap + 5j + ¢y +

€njmir wWas employed to regress the precision of private
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information acquired on the level of public information
and other nuisance variables. The precision is defined
as the square root of the sum of the samples upon which
the information is based.? Descriptive statistics of y(z)
at different levels of public information are presented in
Table 5-8.

No evidence of heteroskedasticity was observed, hence
the data were not transformed. One reason a
transformation may not be required is that the square root
was taken in computing the precision. Normal score plots
of the residuals suggested that they were distributed

normally.

Test Results of Hypotheses 3.3 and 3.4

After the preliminary run to discard insignificant
variables and interactions, the reduced model was run
producing the results in Table 5-9.

These results suggest that the precision of private
information acquired did not tend to decrease as the level
cf public disclosure increased. The only variable
achieving significance is the Group by Day interaction.
Analysis of the simple effects indicate that Group by

Day (1), Group by Day (2) and Group by Day(4) were

For example, if two pieces of information were
distributed during the market, one based on four samples
from the distribution and one based on sixteen, then the
precision acquired is the square root of twenty.
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