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Information Use and Transference among
Legally Separated Share Markets—An
Experimental Approach
Li Qi* and Jack Ochs{
Several countries have adopted legally separated share markets (LSSM), where local firms
market separate claims to the same dividend flow to domestic and foreign investors who cannot
arbitrage across LSSM. We designed a laboratory experiment to test whether the inside
information in one LSSM is reflected in the prices of both markets. We find that insider
information does transfer across markets. The extent of this transfer depends upon whether the
location of insiders is publicly known, how close prices in the informed market get to the full
information equilibrium, and how much the price variance is in this market. We also observe
insiders’ behavior and performance under different market conditions. Efforts by insiders to
manipulate the market increase when their location is unknown to the public. On average such
efforts pay off to the whole group of insiders but not to the initiator of these manipulative
transactions.
JEL Classification: C92, G12, G14

1. Introduction
Foreign share ownership restrictions have been a common practice at different times in
almost all emerging capital markets.1 They come in various forms to protect domestic
industries while serving the purpose of attracting foreign capital. Several countries with
emerging capital markets have adopted legally separated share markets (LSSM), in which local
firms can market separate claims to the same underlying dividend flow to two distinct sets of
investors: domestic shareholders who can buy ‘‘A’’ shares with domestic currency and foreign
* Department of Economics, Agnes Scott College, 141 E. College Avenue, Decatur, GA 30030 USA; E-mail
lqi@agnesscott.edu; corresponding author.
{ Department of Economics, University of Pittsburgh, 230 S. Bouquet Street, Pittsburgh, PA 15260 USA; E-mail
jochs@pitt.edu.
The authors gratefully acknowledge financial support provided by the University of Pittsburgh and Agnes Scott
College. The authors would like to thank Jim Cox, John Duffy, Urs Fischbacher, Charles Plott, Lucy Ackert, Lise
Versterlund, and two anonymous referees for helpful suggestions and comments. All remaining errors are those of the
authors. The authors thank Dr. Fischbacher for providing the Z-Tree software, which was used to implement this
experiment. The authors also thank the University of Pittsburgh and the Experimental Economics CENter (EXCEN) at
the Andrew Young School of Policy Studies at Georgia State University for use of their experimental laboratory. Dr. Qi
would also like to thank Dr. Gunduz Caginalp for allowing her to participate in an early experiment he designed in
which subjects could see trading activity in two related markets but could only participate in one of those markets.
Received September 2007; accepted September 2008.
1
For example, the Restrictions Act of 1939 significantly limited foreign shareholdings in Finnish companies. The law
differentiated between restricted shares, which only Finns were permitted to own, and nonrestricted shares, which were
available to foreigners. Stock markets in the Philippines and Mexico, as well as many other countries, have various
restrictions on foreign share ownership at different times.
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investors who can only buy ‘‘B’’ shares with foreign currency. For example, in China, local
firms issue A shares to Chinese citizens who can only trade A shares with Chinese currency,
yuan2; firms can also issue B shares to foreign investors who can only trade B shares with U.S.
currency.3 A and B shares carry the same economic and voting rights.
The efficient market hypothesis (EMH) would predict that the prices of both assets,
though having segmented trading markets, should reflect the best available information if the
markets are efficient. Thus, even if we presume that one market has more information about
the asset (for example, local traders may have more information), the price of the asset in the
other market should reflect that information as well. There is some indirect empirical evidence
of information transference among the segmented markets. Previous studies have documented
the covariance in the price movement of Chinese A and B shares (Chakaravarty, Sarkar, and
Wu 1998; Chui and Kwok 1998; Kim and Shin 2000), even though the prices of these two
shares diverge.4
While there are good theoretical reasons to believe that shares traded in LSSM need not
have the same price level in equilibrium, what remains to be understood is whether information
from one market can be transferred across to the other segmented market (whether EMH
would prevail even in LSSM) and what factors affect this transference process and its
underlying impacts on market outcomes.
Some individuals may have better information about the determinants of dividend flows
that can be generated by a given enterprise than others. Initially uninformed traders have an
incentive to attempt to glean this information from price movements in asset claims to these
dividends. Informed traders, or ‘‘insiders,’’ in turn have an incentive to take advantage of their
information before uninformed traders are able to infer what the insiders already know. The
EMH implies that in equilibrium the market prices for these assets will eventually reflect the
best available information, regardless of where that information initially resides or how insiders
behave. The hypothesis is silent with regard to how those with inside information fare relative
to initially less well-informed traders as the trading process unfolds. Our objectives in the
research described are threefold: First, we wish to test whether the inside information possessed
by some traders in one LSSM is reflected in the equilibrium prices of both asset markets. This
puts the EMH to a more stringent test than previous studies of a single asset market. Second,
we wish to observe how insiders behave and what profits they secure from their informational
advantage under different market conditions. Third, we wish to see how the presence of insiders
affects the behavior of outsiders.

2

3

4

Since February 19, 2001, Chinese investors who already had a foreign currency savings account were also allowed to
trade B shares. Most countries with LSSM design in their capital markets relax restrictions on foreign share ownership
gradually. Our study is based on the initial forms and features of LSSM, where there is still strict separation between
domestic and foreign investors.
B shares listed on the Shanghai stock exchanges are traded with U.S. currency while H shares listed in the other stock
exchange in China—Shenzhen Stock Exchanges—are traded with Hong Kong dollars.
As an empirical fact, prices of A and B shares diverge. This would provide arbitrage opportunities if there were no legal
restrictions of the trading of these assets. Because these markets are legally separated, traders in these different markets
have different portfolios. The capital asset pricing model (CAPM) implies the price of any one share depends not only
upon its own dividend flow but also upon the characteristics of the dividend flows of other assets that individuals may
purchase (Lintner 1965). Because foreign investors and domestic investors have distinct sets of assets from which they
can compose their portfolios, the CAPM model does not imply that two sets of traders who participate in market
environments with different market portfolios will price the same assets identically.
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Foreshadowing our results, we find that inside information, which is available only to
some participants in one market, does transfer to the other market and influence prices in both
markets. The extent of this transfer depends upon whether the location of insiders is publicly
known, how close the market price in the market with informed traders gets to the full
information revealing equilibrium, and what the variance in transaction prices is within market
A (that is, the quality and clarity of signals sent out by the market with insiders). We also find
that insiders’ behavior and performance is significantly affected by the public’s knowledge of
the location of insiders. Efforts by insiders to manipulate the market increase dramatically
when the location of insiders is unknown to the public. On average, such efforts pay off to the
whole group of insiders but not to the initiator of these manipulative transactions. The
behavior of uninformed traders also responds to the knowledge that some traders have inside
information.
We discuss the related literature in section 2 and present the design of the experiment and
the hypotheses we wish to test in section 3. We present the the experimental results and analysis
in section 4 and summarize our conclusions and future research plans in section 5.

2. Literature Review and Research Motivation
Previous experimental studies with regard to information transmission in a single market
(that is, a single group of traders) have focused on two types of situations: one where insiders
hold perfect knowledge of what the state will be, and one where no individual knows exactly
what the true state is, but if private information is aggregated, the true state will be revealed.
In both of these settings there is a basic setup: There is one asset whose dividend flow is
state dependent, and the other is a trading currency that pays a dividend independent of state.
The difference in the private value of the state-dependent dividend to different experimental
subjects serves as the criterion to separate subjects into different types of investors.
Previous studies show that, in general, insider information is reflected in market prices;
although, this is not always observed. For example, in the case of perfect insider information,
information revelation for one-period assets could be observed in the experiment of Plott and
Sunder (1982), with dividend payments dependent on three states and three trader types, who
differed only with regard to the payoff associated with each of the possible states.
In the case of partial private insider information, information aggregation is observed, but it
does not happen all the time. Plott and Sunder (1988) study markets where traders had different
information, and the information structure was collectively complete; that is, traders’ collective
information completely identified each trader’s payoff. They demonstrate that a complete set of
Arrow-Debreu securities help to aggregate information. Forsythe and Lundholm (1990) examine
the extent to which markets actually aggregate and transmit information. They find that trading
experience and common knowledge of dividends are jointly sufficient to achieve rational
expectation equilibrium but that neither is a sufficient condition by itself.
But information aggregation does not work well in complicated environments. Studies
extending the possible number of states governing dividend payoffs (for example, O’Brien and
Srivastava 1991) and the number of securities simultaneously traded fail to observe information
aggregation. Moreover, recent studies also show the possibility of an ‘‘information trap’’—a
sort of equilibrium in which information existing in the market does not become revealed in
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prices (Noeth et al. 1999). These efforts are designed to test the limits of the market information
aggregation. Most of the extensions have been in the direction of reaching more complicated
environments, such as the number of possible states and securities.
However, the process and impact of information revelation (or aggregation) across
segmented markets have not been studied. Will the power of simple environments, in which
information transmission has been proved to exist, also support information transmission
across separated markets that represent the same dividend flow? If so, what does this mean to
asset pricing in those markets? The market structure inspired by the LSSM phenomenon
provides a good opportunity to study insider behavior and its direct impacts on the market
outcomes. Existing literature on market microstructure looks at how different trading rules
affect the ability of traders who could act strategically to actually influence market prices.5 We
do not use various trading rules and market structures as treatment variables. Rather, we
investigate the information revelation process and insider behavior across segmented markets
under a fixed set of trading rules.
We extend the testing of market efficiency and information revelation to a new dimension
by studying the flow of information and its impact across segmented markets. While most of
the existing experimental studies on asset markets focus on aggregate market outcomes, our
study also probes insiders’ pricing strategies and portfolio choices.

3. Experimental Design
The Environment
We recruited subjects from the undergraduate student population at the University of
Pittsburgh and Georgia State University for a computerized double auction asset market.6 No
experienced subjects were used, and no subjects participate in more than one session. There are
12 subjects for each session, and they are divided into 2 groups of 6 subjects each: one is the
domestic player group and the other is the foreign player group (we avoid using the terms
domestic versus foreign in our instructions; subjects know only group 1 versus group 2).
Members of each group may trade among themselves but cannot trade with members of the
other group. Trading takes place through a computer interface. Subjects can observe trading
activity in both markets, but can only trade in the market to which they have been assigned.
Figure 1 is a replica of the trading screen seen by a subject.
In this experiment, each group has two assets: One asset pays a state-dependent dividend,
and the other is a trading currency that pays a dividend independent of state. Each subject
starts with 10 units of stocks (either A or B, depending on the group to which they belong) and
3500 units of trading currency. Each asset pays its dividend at the end of each trading period
and has a one-period life. At the end of a market period, the assets have no redemption value.
The stochastic process generating the state at the end of each trading period is public
5

6

For example, Schnitzlein (1996) studies the differences in the performance of call and continuous auctions in the
presence of insider trading in laboratory asset markets. For a survey on this literature, see Biais, Glosten, and Spatt
(2004).
The computer program we used is Z-Tree. The authors would like to thank Dr. Urs Fischbacher for providing the
software.
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Figure 1. Trading Screen

knowledge, as are the state-dependent dividends paid by each asset. Each subject is also
assigned to be either type X or Y investors, who are distinguished by the different payoffs
received for the realized state. Each group has three type X investors and three type Y investors.
It is common knowledge that the distribution of the number and the types of subjects is the
same in both groups. Therefore, the full revealing equilibrium will be the same in both groups.
Table 1 shows the stochastic process and the payoffs paid for assets A and B, and the
trading currency for different types of traders in both groups. If no subjects have any
knowledge regarding which state will prevail at the end of a trading period when dividends are
declared (other than the general probability information given in Table 1), the expected payoff
to an X-type investor from one unit of either asset A or B is 162.5 francs. The expected payoff
to a Y-type investor is 100 francs. Therefore, in the equilibrium (assuming risk neutrality), final
trading prices should fall between 100 and 162.5 francs, and type X should hold all the assets at

Table 1. Dividends and Payoff Information

h1 5 probability of
state I observed: 0.5
h2 5 probability of
state II observed: 0.5

Dividends of A and B
(in Francs) for Type X

Dividends of A and B
(in Francs) for Type Y

Return on Money (in Francs)
for Both Type X and Y

300

150

1

25

50

1
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the end of a trading period, while type Y should hold no stocks at all. We will refer to this as
prior information equilibrium. This is our first treatment, where there are no insiders.
In treatment 2, all three type X investors in market A are given the full knowledge of
which state will prevail at the beginning of a trading period; that is, they are the insiders in
market A. These insiders will receive the message ‘‘The state for the next trading period will be
I, and the dividend payoff for you for each asset will be 300 francs’’ for state I. The insiders’
message reveals the same type of information for the period that will be state II. The location of
insiders in Treatment 2 is not publicly known. All subjects understand that there is a set of
insiders in one of the markets (either in A or B) and that the subjects chosen to be insiders will
remain insiders for the whole session. But noninsiders do not know which market has insiders.
Subjects are not told that all insiders are of a certain type or that a certain type is constituted
entirely of insiders.
In this case, we can expect that market prices in both market A and B will reveal the true
state that prevails if the market is efficient and if there is sufficient information transference
from insiders to noninsiders in market A, as well as information transference across the
markets. We will refer to this as full-revealing equilibrium, where type X investors should hold
all the stocks (A or B) when state I occurs, while type Y should hold all the stocks (A or B)
when state II occurs. These equilibrium stock holdings generate the maximum possible
dividend earnings. In addition, the presence of insiders in market A makes it natural to presume
that information is likely to flow from market A to market B, so the transaction prices for asset
B track those for asset A, and asset A prices should reach the equilibrium price earlier than
prices for asset B.
The third treatment differs from the second treatment only in that the location of insiders
is publicly known, and every subject understands that all the insiders are located in market A.
Table 2 shows all the experimental sessions we conducted for this study and the specific
design, as well as the theoretical equilibrium prediction, for each session.
In all treatments, the market operates as follows: It is a computerized double auction market
in which any subject can place an order to buy or sell one unit of an asset at a time. The sale offers
submitted are ranked in descending order so that any subject can easily locate the best sale offer in
the market (see Figure 1). Similarly, offers to purchase are ranked in ascending order. A
transaction is completed when anyone points to an open offer on the screen and accepts it. A
buyer can only accept an offer if he has enough trading currency for the asking price. No short
sales are allowed. There is no market maker either. Subjects understand that once an offer is
submitted, it remains open until it is accepted or until the end of a trading period, which lasts
three minutes. In addition, subjects are not allowed to trade with themselves.
Following the standard approach accepted for inducing preferences, our subjects will
maximize the following dollar redemption form (as introduced in Plott and Sunder 1982):
"
#
X
X
t
t
it
it
t
Ri ~ ci di ðhÞxi z
Ps {
Pp z Ci ,
s

di ðhÞ w 0,

p

ci w 0, xti w 0,

where
Rti 5 dollar earnings of individual i in period t,
xti 5 asset units held by individual i at the end of period t, which is the sum of initial
endowment of assets plus purchases less sales in period t,

3
3
3
3
3

3

3

3a

3a

3a

3

3a

3a

3a

3

3

3

1

2

2

2

Aug. 28, 2006

Aug. 30, 2006

Sep. 18, 2006

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

University of
Pittsburgh
University of
Pittsburgh
University of
Pittsburgh
University of
Pittsburgh
University of
Pittsburgh
University of
Pittsburgh
University of
Pittsburgh
Georgia
State
University
Georgia
State
University
Georgia
State
University

Location

15

16

18

15

17

17

17

14

14

15

No. of
Trading
Period

Predicted Equilibrium

Full revealing

Full revealing

Full revealing

State I: 300
State II: 50

State I: 300
State II: 50

State I: 300
State II: 50

State I: 300
State II: 50
Full revealing
State I: 300
State II: 50
Full revealing
State I: 300
State II: 50
Full revealing
State I: 300
State II: 50
Prior information 100–162.5

Full revealing

I: X
II: Y
I: X
II: Y
I: X
II: Y
I: X
II: Y

State I: X
State II: Y

State I: X
State II: Y

State I: X
State II: Y

State
State
State
State
State
State
State
State
X

State I: X
State II: Y
X

Price (in Francs) Stock Holding

State I: 300
State II: 50
Prior information 100–162.5

Full revealing

Equilibrium Model

The location of insiders and the figure indicates the number of insiders (that is, all type X subjects are insiders in those sessions).

3

3a

2

Mar. 25, 2004
Morning
Mar. 25, 2004
Night
May 26, 2004
Afternoon
May 26, 2004
Night
May 27, 2004

a

3

1

Mar. 19, 2004

3

3

3a

Type Y

Type X

Type Y

Type X

3

3

Treatment

Mar. 18, 2004

Session Date

No. of Subjects in
Market B

No. of Subjects in
Market A

Table 2. Sessions and Experimental Design
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di(h) 5 dividend paid in francs for individual i and expressed as a function of the state of
nature h,
Ss Pits 5 revenue from sales of assets during period t,
Sp Pitp 5 cost of assets purchased during period t,
h M V 5 possible states of nature,
Cit 5 initial endowment of cash in francs, and
ci 5 conversion rate of francs into dollars.
The foregoing dividend and payoff table and dollar redemption formula is public
knowledge before trading takes place.
In summary, the expected full revealing rational equilibrium asset prices and asset
holdings are as follows:
When state I occurs, the price for asset A (B) is 300, and type X will hold asset A (B).
When state II occurs, the price for asset A (B) is 50, and type Y will hold asset A (B).
However, in the rational equilibrium without insider information (that is, when no
subjects have perfect knowledge about the true state of the current trading period), the prior
information equilibrium asset prices and asset holdings are as follows:
No matter which state occurs, the price for asset A (B) is between 100 and 162.5 francs,
and type X will hold asset A (B).

Research Hypotheses and Treatment Variables
The hypotheses studied in this experiment are related to the notion that people trading in
LSSM tend to read information from the price movements in one market as a relevant
assessment of the fundamental factors of the asset they are trading in the other market.
Therefore, the treatment variables involve the distribution of private information and
knowledge of that distribution.
There are two treatment variables. The first is the existence of subjects with insider
information. If any traders have private information, this information is released to selected
subjects at the beginning of a trading period. In our experiment, when inside information is
released, it is only type X investors in market A who are informed of the true state. We restrict
inside information to only type X investors in only one market (market A) because it allows us
to have a clean comparison of the effect of having inside information versus not having inside
information. The second treatment variable is whether there is common knowledge regarding
the existence and market location of insiders.
In the baseline treatment (Treatment 1), it is common knowledge that no one knows which
state will prevail until the end of a trading period, when dividends are declared. That is, there
are no traders with inside information. Under this condition, the prior information rational
expectation equilibrium price (assuming risk neutrality) for asset A (or B) is between 100 and
162.5 francs (0.5 3 300 + 0.5 3 25).
In the second treatment (Treatment 2), there are a set of insider traders in market A (the
three type X investors). It is common knowledge that there are insiders, but their identities and
the market in which they can participate is known only to the individuals who are provided
with the inside information.
In the third treatment (Treatment 3), the existence of insiders and their location is
common knowledge, but their identities remain private knowledge.
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Our hypotheses are as follows:
Hypothesis 1: When no insiders are present, the final trading price is independent of the
state and in the (prior information rational expectation equilibrium) range between 100 and
162.5 francs (assuming risk neutrality). When insiders are present, the final trading price is
dependent on state (300 in state I and 50 in state II) and is the same across markets (A and B).
Hypothesis 2: The end-of-trading-period distribution of assets is efficient in both markets,
regardless of the presence or absence of insiders. When there are no insiders, all stocks are held
by type X traders. When there are insiders and the state is I, all stocks are held by type X
traders, while when the state is II all stocks are held by type Y traders.
Hypothesis 3: When there are insiders, transaction prices for asset A will reach the
equilibrium price earlier than transaction prices for asset B if information flows from market A
(where insiders are) to market B.
The first two hypotheses are implications of the EMH, which speaks to the properties of
equilibrium. The third hypothesis relates to the use of price movements as transmitters of
information. The following three hypotheses relate to the behavior of informed traders, who
possess inside information, and uninformed traders.
Hypothesis 4: Insiders will earn more than the investors of the same type without the
insider information (noninsiders that are type X) in the same treatment.
Hypothesis 5: Insider profits are unrelated to whether insiders’ location is publicly known.
Hypothesis 6: Common knowledge that there are some traders with inside information will
lead uninformed traders to refrain from trade until the activity of insiders reveals their
information.

4. Experimental Results
Table 3 reports the basic descriptive data for each experimental session. We present
trading data and earnings data (in both francs and U.S. dollars) from the seventh period until
the last period for each session because the trends become clearer in the second half of each
session as subjects gain more experience.7 Unless indicated, all analysis discussed here uses data
from the second half of each session. We separate data for state I and state II for Treatments 2
and 3 because the equilibrium price and stock holdings are different for the two states. The
average end-of-period prices are calculated using the prices of the last three transactions before
a period ends, then averaged over all periods for a session. We take trading volume figures of
each period and average them the same way as the average end-of-period price data to report
treatment average. Earnings of the six subjects in each market (A or B)—including both type X
and type Y investors—are averaged for all subjects for all periods in each session, then for all
sessions in each treatment, to obtain the per-subject, per-period treatment average. The pattern
of asset holdings is presented and discussed in the section on hypothesis 2.
7

The total number of periods for each session is presented in Table 2. The mean comparison statistical tests show that
we cannot reject the hypothesis that end-of-period average prices in market B are the same in state I periods as those in
state II periods for the first six periods of all sessions in Treatments 2 and 3. This demonstrates within-session learning
that eventually leads to clearer pricing trends after period 6. We also performed the same regression analysis such as the
ones introduced in Table 7 with data including all periods and with period dummies. However, we find no significant
changes in estimated coefficients.

3

2

1

4

4

2

No. of
Sessions

1
2
1
2
1
2

(11)
(6)
(24)
(15)
(27)
(15)

State (No. of
Obs.)

100–162.6
100–162.6
300.00
50.00
300.00
50.00

Full-Revealing
Equilibrium Price

133.06
133.11
213.86
49.24
269.64
38.47

Average End-ofPeriod Price (A)

Prices (in francs) are calculated using the last three transactions in each period.

Treatment

Table 3. Experimental Results for All Treatments (after Period 6)

107.24
105.28
105.36
104.24
264.93
64.53

Average End-ofPeriod Price (B)

33.72
36.33
45.69
56.51
32.25
31.46

Trading
Volume (A)

46.37
41.17
53.69
45.83
37.09
33.61

Trading
Volume (B)

6292.92
3822.92
6425.37
4401.89
6219.96
4170.33

($1.52)
($0.96)
($1.61)
($1.10)
($1.55)
($1.04)

Average
Earnings (A)

6075.84
3811.12
5913.69
4231.79
6136.13
4074.22

($1.52)
($0.95)
($1.48)
($1.06)
($1.53)
($1.02)

Average
Earnings (B)
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Some trends are worth noting before we introduce formal statistical tests later in this
section. As Table 3 indicates, asset prices in state I and state II (in both market A and
market B) are close to each other for Treatment 1, as expected for the case of priorinformation equilibrium absence of inside information. The earnings in state II are lower
because the dividend payoffs for both types of investors are lower in state II compared with
state I.
In both Treatments 2 and 3 the average transaction price at the end of the trading periods
is quite different in state I than in state II in market A, where the insiders are located. This
reflects significant information transference from insiders (type X) to outsiders (type Y) in
market A. In Treatment 3, a treatment in which the market location of the insiders is common
knowledge, the difference in average transaction prices in the two states in market B is similar
to that in market A. This reflects a large degree of information transference across these
markets in the common knowledge condition. However, in Treatment 2, where the location of
the insiders is not common knowledge, the difference in the average end-of-trading-period
prices between state I and state II in market B is much smaller than in market A, indicating a
much smaller degree of information transfer across the markets in this treatment than in
Treatment 3.
The subsections below analyze the experimental data in detail to test each hypothesis.

Hypothesis 1
Hypothesis 1 states that when no insiders are present, the final trading price is independent
of the state and is the same across markets. When insiders are present, the final trading price is
dependent on the state and is the same across markets.
In other words, prices in markets A and B converge to the prior-information rational
expectation equilibrium in Treatment 1, while prices in markets A and B converge to the fullrevealing equilibrium in Treatments 2 and 3.
The mean prices reported in Table 4 are calculated using the average end-of-period
transaction prices (last three transactions) of each session. The last two columns in Table 4
report the mean comparison test results for the prices of state I and state II in each treatment.
The null hypotheses are that trading prices are independent of state (in Treatment 1). If the
market is efficient and inside information is transferred from insiders to noninsiders in the same
market, and even across the market (in Treatments 2 and 3), trading prices will converge to fullrevealing equilibrium, which depends on state. The mean comparison tests show that the
trading prices in state I have the same mean as trading prices in state II for Treatment 1, as
predicted by prior-information equilibrium. However, for Treatment 3, the tests reject the null
that prices are the same for state I and state II in both markets, indicating that information
transference occurred not only within market A but also across markets. Treatment 2 only
experienced partial information transference because the mean test cannot reject the null
hypothesis that prices in state I are the same as prices in state II in market B. This suggests that
information fails to transfer across markets when the location of insiders is NOT publicly
known.
If prices are different for state I and state II, did they reach the full-revealing equilibrium
under the assumption of market efficiency? Table 5 reports test results on this question. None
of these average end-of-period prices reaches the exact level of 300 (for state I) or 50 francs (for
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Table 4. Hypothesis 1—Statistical Tests on the Independence of End-of-Period Trading Prices
and State
Market A

Treatment

Mean Prices
in State I
(A1)

T1 (obs) 133.06 (11)

Market B

Mean Prices
in State II
(A2)

Mean Prices
in State I
(B1)

Mean Prices
in State II
(B2)

133.11 (6)

107.24 (11)

105.28 (6)

T2 (obs) 213.86 (24)

49.24 (15) 105.36 (24)

T3 (obs) 269.64 (27)

38.47 (15) 264.93 (27)

Market A

Market B

Mean Test
Result

Mean Test
Result

Null:A1 5 A2

t 5 20.01
Accept the
null
104.24 (15) t*** 5 7.55
Reject the
null
64.53 (15) t*** 5 29.14
Reject the
null

Null:B1 5 B2

t 5 0.17
Accept the null
t 5 0.06
Accept the null
t*** 5 6.37
Reject the null

We also ran all the tests presented in this table using the period average price (instead of the average price of the
last three transactions in each period.) The results remain the same. Prices are in francs.
*** p , 0.01.

state II), except for market B in Treatment 3 and market A during state II periods in Treatment
2. Table 5 provides additional evidence to support the conclusion that information was
successfully transferred from market A to market B in Treatment 3.
If information is transferred from insiders to others as efficiently across markets as it is
within markets, there should be no difference between the average of the state-dependent
end-of-trading-period prices in markets A and B. Table 6 presents tests of this hypothesis.
In three of the four cases this hypothesis is rejected. Information is not transferred as
effectively across markets as within the market where the insiders are located when the
location of insiders is not common knowledge. When the location of the insiders is common
knowledge, it is ambiguous as to whether participants in market B could infer the true state
as effectively as could participants in market A. In Treatment 3, the final prices in market A
and market B for state I periods have the same mean, and in both markets there is a great
difference between the mean of the end-of-period transaction prices in states I and II,
indicating significant information transference both within and between markets. However,
there is a significant difference across markets in the mean end-of-period transaction prices
in state II.
As is evident from Figures 2 and 3 there are periods when end-of-period prices in market B
did not track the full information-revealing equilibrium prices when insiders were present in
market A. There are two types of situations when information failed to transfer. The first is
when the transaction prices in market A did not come close to the full information-revealing
equilibrium prices. Therefore, even when the end-of-period transaction prices in market B
closely tracked those in market A, as in many periods in the August 28, 2006 session (see
Figure 2), there was little information actually revealed by transactions in market A to
uninformed traders in either market.
Figure 4 illustrates the second type of failure of information transfer. In this market
period the end-of-period prices in market A were quite close to the full information-revealing
equilibrium price, but the transaction prices in market B did not track the prices in market A.

213.86 (24)

269.64 (27)

2 (obs)

3 (obs)

38.47 (15)

49.24 (15)

Mean Prices in
State II (A2)

264.93 (27)

105.36 (24)

Mean Prices in
State I (B1)

64.53 (15)

104.24 (15)

Mean Prices in
State II (B2)

Market B

t 5 20.11
Accept the null
t*** 5 25.03
Reject the null

Null: A2 5 50

Null: A1 5 300

t*** 5 24.18
Reject the null
t*** 5 23.99
Reject the null

Mean Test Result

Mean Test Result

Market A

t*** 5 223.12
Reject the null
t 5 21.24
Accept the null

Null: B1 5 300

Mean Test Result

t*** 5 3.44
Reject the null
t 5 1.07
Accept the null

Null: B2 5 50

Mean Test Result

Market B

We also ran all the tests presented in this table using the period average price (instead of the average price of the last three transactions in each period). The results remain the same,
except that the state II period average prices in market A in Treatment 3 converged to the full-revealing equilibrium price of 50 francs. But the state I period average price in market B in
Treatment 3 failed to converge to the full-revealing equilibrium price of 300 francs. This shows that prices in market B are closer to the equilibrium price toward the end of trading periods as
information transmission progresses. The Wilcoxon signed-rank test using these data generated the same results.
*** p , 0.01.

Mean Prices in
State I (A1)

Treatment

Market A

Table 5. Hypothesis 1—Statistical Tests on End-of-Period Trading Prices in Treatments 2 and 3 Converging to Full-Revealing Equilibrium
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Table 6. Hypothesis 1—Statistical Tests on the Equality of End-of-Period Trading Prices in
Markets A and B for Treatments 2 and 3
Market A

Market B

Treatment

Mean Prices in
State I (A1)

Mean Prices in
State II (A2)

Mean Prices in
State I (B1)

Mean Prices in
State II (B2)

2 (obs)

213.86 (24)

49.24 (15)

105.36 (24)

104.24 (15)

3 (obs)

269.64 (27)

38.47 (15)

264.93 (27)

64.53 (15)

Mean Test Result
Null:
A1 5 B1

Null:
A2 5 B2

t*** 5 4.92 t*** 5 23.4
Reject the Reject the
null
null
t 5 0.17
t* 5 21.92
Accept the Reject the
null
null

We also ran all the tests presented in this table using the period average price (instead of the average price of the
last three transactions in each period). The results remain the same, except that the state I period average prices in
market A do not have the same mean as those in market B in Treatment 3. This shows that prices in market B are much
closer to those in market A toward the end of trading periods as information transmission progresses. Prices are in
francs.
*** p , 0.01.

While the final trading prices in market A were close to the full information equilibrium price,
their trend in market A prices over the entire period is unclear.
This makes it more difficult for market B traders to interpret the information. The clarity
of the information in the transaction prices in market A depends upon the variance in the
transaction prices in that market during a market period. The greater the variance in
transaction prices, the greater is the ‘‘noise’’ in the transmission of information about the true
state from market A, where insiders are active, to market B. This is reflected in the regression
reported in the following discussion.
In this regression, the dependent variable, D_avgB, is the deviation of the average price of
the last three transactions in market B in a market period from the full-revealing information
equilibrium price. The independent variable, D_avgA, is constructed in the same way for
market A. The independent variable, Std.Deviation, is the standard deviation of A market

Figure 2. Average End-of-Period Transaction Prices for Treatment 2
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Figure 3. Average End-of-Period Transaction Prices for Treatment 3

transaction prices from the time trend of prices in that period.8 We ran a random effects model
with each experimental session as the cross-section units and each period in each session as the
time units to define our panel data. As the regression shows in Table 7, the closer the end-of-period
transaction prices are to the full information equilibrium price in market A, the closer the end-ofperiod transaction prices are to the full information equilibrium price in market B. More
specifically, a 1-point deviation in market A prices from the equilibrium will cause the market B
prices to deviate from the equilibrium by 0.66 points. Also, a 1-point increase in the variance of

8

We ran a linear regression for each market period using market A prices as the dependent variable and the time of these
transactions as the independent variable to form a time trend line. We then use the standard deviation (SD) of the error
term from each of these regressions as the independent variable for the regressions in Table 7. The SD of the error term
captures the variance in the trend of market A prices.

Figure 4. Nonclear Trends in Market A Causing Market B to Fail to Infer the Correct State
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Table 7. Random Effect Panel Data Estimation Results on Factors That Affect
Information Transference
Dependent Variable: D_avgB
Variable

C
D_avgA
Std.Deviation
Treatment 2_dummy
No. of observations
Adjusted R2
Prob (F-statistic)

Model 1

Model 2

53.52*** (17.42)
0.66*** (0.16)
0.30** (0.13)

58.46** (30.34)
0.58*** (0.16)
0.26** (0.13)
36.76* (20.57)
81
0.26
0.00

81
0.22
0.00

* p , 0.1.
** p , 0.05.
*** p , 0.01.

market A prices from its trend within the market A period will push the market B prices away from the
equilibrium by 0.30 points. In Model 2, we included the Treatment 2 dummy variable to control the
treatment effects. Treatment 2 (where the location of insiders is unknown) significantly increases the
deviation of the market B prices from the equilibrium by 36.76 points on average. The knowledge of
the location of insiders does seem to have an impact on the degree of information transference.

Hypothesis 2
Hypothesis 2 states that the end-of-trading-period distribution of assets is efficient in both
markets, regardless of the presence or absence of insiders. When there are no insiders, all stocks
are held by type X traders. When there are insiders and the state is I, all stocks are held by type
X traders, while when the state is II all stocks are held by type Y traders.
Table 8 lists the end-of-period asset distribution for sessions under each treatment and the
equilibrium predictions. In the base treatment without insiders, there is no difference in the
efficiency of markets A and B, as expected. Moreover, there is no difference in the final asset
holdings between type X and type Y investors in state I versus state II. In the presence of
insiders for Treatments 2 and 3, according to EMH, both markets should attain the same
equilibrium because price movements in both markets are observable to all participants. But
our data suggest that the efficiency in market A (with insiders) is greater than market B,
regardless of whether the location of insiders is publicly known. Final asset holdings are much
closer to the full-revealing equilibrium in the market with inside information.
Having the common knowledge of the insiders’ location did slightly improve the efficiency
measure for market B in Treatment 3 in state I, compared with Treatment 2. However, while
market prices in market B often reflect information transfer, the process of this transfer does
not allow market B to achieve nearly as high a degree of efficiency of share allocation as occurs
in the market where insiders are active.

Hypothesis 3
Hypothesis 3 suggests that when there are insiders, transaction prices for asset A will reach
the equilibrium price earlier than transaction prices for asset B if information flows from
market A (where insiders are) to market B.
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Table 8. End-of-Period Asset Holding
Market A
Session

State I

Market B
State II

State I

State II

Treatment 1
Prior information
equilibrium prediction
May 27, 04
Mar 19, 04
Avg.

3X
60
47
40
44***

3Y
0
13
20
17***

3X
60
48
39
44***

3Y
0
12
21
16***

3X
60
47
39
43***

3Y
0
13
21
17***

3X
3Y
60
0
47
13
44
16
46*** 15***

Treatment 2
Full-revealing
equilibrium prediction
Mar 25, 04 AM
Aug 28, 06
Aug 30, 06
Sep 18, 06
Avg.

3X
60
48
55
51
56
53

3Y
0
12
5
9
4
7***

3X
0
13
29
9
13
16***

3Y
60
47
31
51
47
44***

3X
60
44
47
36
19
37***

3Y
0
16
13
24
41
23***

3X
3Y
0
60
28
32
45
15
40
20
30
30
36*** 24***

Treatment 3
Full-revealing
equilibrium prediction
Mar 18, 04
Mar 25, 04 night
May 26, 04 PM
May 26, 04 night
Avg.

3X
60
58
46
55
56
54

3Y
0
2
14
5
4
6***

3X
0
6
4
11
13
9***

3Y
60
54
56
49
47
51**

3X
60
55
53
32
41
45***

3Y
0
5
7
28
19
15***

3X
3Y
0
60
33
27
24
37
22
38
27
33
27*** 34***

We use chi-square tests to examine the goodness-of-fit of the observed frequencies (of the end-of-period asset
holdings for each period) to the expected frequencies (equilibrium end-of-period asset holdings). These tests show that
although the actual asset holdings moved to the direction of the equilibrium level, none reached the exact equilibrium
level, except for the holdings of type X investors in state I periods in Treatments 2 and 3. However, chi-square tests for
each session in this table rejected the null hypothesis that the actual asset holdings of either type of investors were the
same as the initial endowment (where every subject gets 10 shares of either A or B).
** p , 0.05.
*** p , 0.01.

We construct a price interval for the equilibrium price level (x) for each trading period
(that is, pick an e to form [x 2 e, x + e]), and locate the real time (T: TA for market A and TB for
market B) in each trading period when any transaction price for asset A (or B) falls into that
interval.9 In our analysis, we locate T as the number of seconds left before the end of a trading
period when that particular transaction occurred.
Hypothesis 3 implies that for most periods we observe, TA should be greater than TB—
indicating that the market A price reaches the interval earlier than the market B price. The same
conjecture and hypothesis can be applied for Treatment 2; although, information transference
is more difficult, as discussed earlier.
The results presented in Table 9 support hypothesis 3. The probability that TA is greater
than TB (that is, the proportion of 1s is higher than 0.5) is statistically significant for both
9

The interval for state I is 150 to 300 and the interval for state II 45 to 55. We have to increase the value of e for state I
because transaction prices for most periods never reach the equilibrium price level 300 for state I. If we narrow the
interval, there won’t be any transaction price that falls into the interval. We extended the intervals so that they are
closer to the real average transaction prices.
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Treatments 2 and 3, providing further evidence that information does flow from one market to
the other, in addition to the price trends we observed in Figures 2 and 3.

Hypothesis 4
Do the insiders take advantage of the inside information to increase their own earnings?
To answer this question, we compare the earnings of the informed type in market A with the
earnings of the same type in market B in Figure 5, that is, comparing the earnings of type X
subjects (the insiders in market A) with those of type X subjects in market B. In each of the
graphs in Figure 5, the darker line represents the earnings of insiders, while the lighter shade
line represents the earnings of noninsiders.
Interestingly, Figure 5 shows that insiders do not have much earning advantage at all for
Treatment 3. In fact, in Treatment 3, insiders actually earn less on average than the X-type
noninsiders in market B.10 However, in Treatment 2, insiders earn more than noninsiders in
market B for most periods in most sessions. Evidently, when the location of insiders is common
knowledge, the increased effectiveness of the transmission of information both within market A
and to market B limits the earnings advantage of insiders.
The different earning performances of insiders in Treatments 2 and 3 also highlight the
point that holding equilibrium portfolios (the criterion that is often used to measure market
efficiency) does not guarantee higher payoffs. In other words, in addition to the factor of final
portfolio compositions of assets, how traders arrive at the equilibrium portfolio holdings also
affects their final earnings. In the section on hypothesis 2 we discovered that the efficiency levels
in Treatment 3 are generally higher than those in Treatment 2. But this high efficiency does not
yield more final earnings for insiders in Treatment 3. This is possible if insiders in Treatment 3
do not have as many pricing advantages as those insiders in Treatment 2, even though they hold
more efficient portfolios.

Hypothesis 5
Hypothesis 5 states that insider profits are unrelated to whether an insider’s location is
publicly known. Our discussion in the section above on hypothesis 4 already reveals that insider
earnings are different for Treatments 2 and 3. Contrary to hypothesis 5, whether the location of
insiders is publicly known or not does have an impact on market outcome in some dimensions.
Table 10 reports the performance of insiders and noninsiders in Treatments 2 and 3. It is
clear that the main earning advantage of insiders in Treatment 2 compared with those in
Treatment 3 is the end-of-period cash holdings, which pay interest and reflect the prices and
nature of trade they made within that period. Insiders in Treatments 2 and 3 earn almost the
same amount of dividends overall (although insiders in Treatment 2 don’t hold the predicted
portfolios in many periods, as discussed later). This implies that insiders in Treatment 2 either
sell assets at a much higher price than those in Treatment 3, or buy assets at a much lower price.
In Table 11, we list the average transaction prices of the trades that involve insiders and
their dividend and total earnings. We separate these reports for the periods where insiders are
supposed to buy more assets from those periods where insiders are supposed to sell to achieve
10

In the first two sessions for Treatment 3, it seems that insiders tend to do a little better for state II than noninsiders.
But this phenomenon is not prevalent for the other three sessions.

Obs.

63

66

Treatment

2

3

151.2

153.71

TA (No. of Seconds
Left before End
of Period)

Table 9. Test Results on TA and TB

139.39

123.91

0.77

0.59

TB (No. of Seconds
Mean Difference between
Left before End TA & TB (if TA . TB , Then
of Period)
Diff 5 1, Otherwise 0)

0.5

0.5

H0

p . 0.5

p . 0.5

HA

Pr. (Z . z) 5 0.08
Reject null and
accept alternative
Pr. (Z . z) 5 0.00
Reject null and
accept alternative

Hypothesis Statistics

[0.65, 0.86]

[0.47, 0.71]

95% Confidence
Interval
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Figure 5. Earnings of Subjects 1–3 vs. Subjects 7–9
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Table 10. Panel A: Insiders’ Earnings in Treatments 2 and 3. Panel B: Noninsiders’ Earnings in
Treatments 2 and 3
A
Avg. End-of-Period Cash

Avg. Dividend Earnings

Avg. Total Earnings

3180.69
2708.36

2840.76
2873.86

5991.01 ($1.50)
5582.22 ($1.40)

Avg. End-of-Period Cash

Avg. Dividend Earnings

Avg. Total Earnings

Treatment 2
Treatment 3
B

Treatment 2
Treatment 3

3819.307
4279.826

517.1958
557.4627

4336.503 ($1.08)
4837.289 ($1.21)

Prices are in francs.

the highest efficiency based on the prediction of our model (see section 3). Although insiders’
selling prices of the assets in Treatment 2 and 3 are similar, the buying prices paid by insiders to
acquire the assets in Treatment 2 are significantly lower than those paid by insiders in
Treatment 3. Thus, whether the location of insiders is publicly known or not does have an
impact on the pricing advantages for insiders.
Table 11 also reveals that insiders in Treatment 2 do not hold the positions predicted by
our model in section 3 as closely as do the insiders in Treatment 3. When insiders are supposed
to buy as many assets as possible (as long as the price is below 300 francs), insiders in
Treatment 2 do not get as many dividend earnings as those in Treatment 3, indicating that they
do not hold as many assets as those in Treatment 3. Similarly, when insiders are supposed to
sell, insiders in Treatment 2 did not sell as many of their assets as did those in Treatment 3.
This interesting phenomenon revealed by Table 11 is that in Treatment 2, when the state
was II and informed traders should have been selling assets, they tended instead to end up with
larger asset holdings at the end of these trading periods than their initial endowments. This is
reflected in the fact that insiders’ total average dividend earnings in state II was 793.13, which
exceeds the 750 in total dividends per period they would have received if they simply held on to
their initial endowments of 10 shares per person. A possible explanation as to why insiders
bought more assets (even at prices higher than 50 francs) is to attempt to manipulate the market
and raise prices for the asset that insiders would like to sell in the end. A higher sales price
would contribute to their final earnings when they sell the assets toward the end of a selling
period. Such an attempt to manipulate the market bears risks in the event that the insiders
could not successfully affect the market’s belief on the ‘‘wrong’’ state and could not find enough
time to sell off all the assets acquired by the end of a trading period.
We analyze this behavior further and study its payoffs for all the insiders as a group and
for the individual insider who initiated this type of manipulative behavior in the section below,
followed by a section that examines the noninsiders’ behavior in response to the knowledge that
there are insiders in the market.

Insider Behavior: How Do Insiders Capitalize on the Inside Information?
A manipulative trade is made at a loss by the manipulator in the hope that she will be able
to make larger profits on future trades. We regard a transaction by insiders selling at a price
below the equilibrium price (300 francs) in state I as a manipulative trade (because insiders are

4711.74
5337.14

63.07
60.18

691.40
804.69

310.14
94.68

X
X

Avg. Weighted
Manipulation

Buying Periods (State II)

Avg. Buying Avg. Dividend
Prices
Earnings

146.32
239.58

Avg. Weighted
Manipulation

Buying Periods (State I)

Avg. Buying Avg. Dividend
Prices
Earnings

Prices are in francs.

Treatment 2
Treatment 3

B

Treatment 2
Treatment 3

A

3878.48 ($0.97)
3947.52 ($0.99)

Avg. Total Earnings

7350 ($1.84)
7017.78 ($1.75)

Avg. Total Earnings

793.13
92.74

141.05
238.04

348.44
331.43

Avg. Selling Avg. Dividend
Prices
Earnings

61.13
59.56

Avg. Selling Avg. Dividend
Prices
Earnings

X
X

Avg. Weighted
Manipulation

Selling Periods (State I)

152.87
51.52

Avg. Weighted
Manipulation

Selling Periods (State II)

Table 11. Panel A: Transaction Prices and Earnings of Insiders. Panel B: Transaction Prices and Earnings of Noninsiders.

4780.21 ($1.20)
5650.79 ($1.41)

Avg. Total Earnings

4588.18 ($1.15)
3961.43 ($0.99)

Avg. Total Earnings
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Table 12. Manipulation and Buying Prices for Insiders
Dependent Variable: AVGP
Variable

C
INSIDERM
OTHERM
TREAT2
No. of observations
R2
Adjusted R2
SE of regression
F-statistic
Prob(F-statistic)

Coefficient

Std. Error

256.55***
20.022***
20.036***
283.45***
196
0.88
0.88
62.36
481.44
0.000

3.81
0.01
0.004
7.63

*** p , 0.01.

supposed to buy stocks in state I). Similarly, a trade where an insider buys at a price above the
equilibrium price in state II (50 francs) is also a manipulative trade.
We describe the manipulative behavior with a weighted quantitative measure. We
calculate the absolute difference between the manipulative transaction price and the
equilibrium price and add all these price gaps for all the manipulative transactions that
involve a particular insider in a trading period. We refer to this figure as the ‘‘weighted
manipulation’’ from that particular insider. If one views a manipulative transaction as an
‘‘investment’’ that has risks and also has potential payoffs, then this weighted measure describes
the size of the investment.
Table 11 reports the average weighted manipulation by the three insiders for Treatments 2
and 3. It demonstrates that the manipulation from insiders in Treatment 2 in general is about
three times the size of that in Treatment 3. Whether the public knows the location of insiders
significantly affects insiders’ trading strategies and activities.
Table 12 shows the impacts of manipulation on average buying prices for insiders for the
periods where insiders are supposed to buy as many assets as possible, provided the price is
lower than 300 francs. In this pooled regression, we investigate whether the size of one’s own
manipulation (variable name: INSIDERM), and the size of manipulation by other insiders in
Table 13. Manipulation and Selling Prices for Insiders
Dependent Variable: AVGP
Variable

C
INSIDERM
OTHERM
TREAT2
No. of observations
R2
Adjusted R2
SE of regression
F-statistic
Prob(F-statistic)
* p , 0.1.
*** p , 0.01.

Coefficient

SE

50.901***
0.061***
0.067***
24.12*
180
0.81
0.81
28.13
252.99
0.00

1.24
0.02
0.01
2.14
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Table 14. Insider Total Earnings and Manipulation
Dependent Variable: Total Earnings
Variable

C
own_m
others_m
own_dividend
treat2_dummy
No. of observation
F(4, 380)
Prob . F
R2
Adj R2
Root mean standard error

Coefficient

SE

3792.112***
0.0029**
0.2626***
0.6122***
384.2882***
385
618.60
0.0000
0.8669
0.8655
729.57

64.01
0.10
0.07
0.01
76.22

* p , 0.1.
** p , 0.05.
*** p , 0.01.

the same trading period (variable name: OTHERM), will lower the buying prices paid by this
insider. We also add the dummy variable of Treatment 2. Table 12 shows that in terms of
pricing advantages, an insider not only benefits from his own manipulation, but also benefits
from the other insiders’ manipulation as well. Because the average manipulation is 310.14
francs for all buying periods in Treatment 2 (reported in Table 11), this would mean that on
average the buying prices paid by insiders are lowered by 310.14* (0.02 + 0.03) 5 15.51 francs
(0.02 from one’s own manipulation, plus 0.03 from others’ manipulation). Insiders also get
significantly lower buying prices in Treatment 2 than in Treatment 3. This additional advantage
is likely to come from the overall much higher frequency and size of manipulation in Treatment
2, which seems to be more effective in ‘‘fooling’’ the noninsiders to believe in the wrong state
and move the prices even further to the insiders’ advantage.
Table 13 shows the same effect for selling periods. Insiders enjoy higher selling prices when
they initiate more manipulation. Manipulation from other insiders also raises the selling prices
by a similar magnitude.
Overall, Tables 12 and 13 suggest that manipulation efforts (whether they are one’s own
efforts or the efforts made by other insiders in the same period) do move prices to the
advantage of insiders.
The previous section shows that, in general, as a group more manipulation moves prices
toward the direction that benefits insiders. We will now move our analysis from the level of the
insider group to the level of individual insiders.
Interestingly, we find that the individuals who were engaged in more manipulative trades did
not achieve higher earnings compared with other insiders involved in fewer manipulative trades.
The regressions in Table 14 show that there is little benefit from one’s own manipulation efforts
(variablename:OWN_M)onone’stotalearnings(asthedependentvariableintheregression).However,
insiders will benefit greatly from other insiders’ manipulation in the same trading period (variable name:
OTHERS_M). The size of this benefit is almost half of the size of the earnings made from one’s own
dividend earnings (variable name: OWN_DIVIDEND). Free riding on others’ manipulation pays off.
Indeed, there is more evidence of free riding. We find that only 60% of all manipulative trades
made in Treatments 2 and 3 are between insiders and noninsiders. The other 40% are within the
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insider group, which benefit insiders who did not initiate these manipulative offers, and also fail to
move market prices to the direction attempted by insiders who initiated such transactions.
This phenomenon among insiders’ risky manipulative behavior with the initiator bearing
all costs but all insiders sharing the benefits echoes the classic scenario of cooperative games in
game theory. Obviously if all insiders engage in more manipulation to successfully influence the
market, then all insiders will be better off, as shown in Treatment 2. But such commitments to
cooperation are vulnerable if free riding is possible.

Hypothesis 6: Earnings and Behavior of Noninsiders (Type Y Investors) in Market A
Hypothesis 6 relates to the effect of the knowledge of insiders on the dynamics of behavior of
uninformed traders. Because noninsiders understand that there are insiders in the market, and
also understand that they are not the ones with the inside information, does this information
disadvantage prevent them from entering the market or otherwise affect their behavior? To
answer this question, we focus on reporting activities in market A, where the insiders are located.
The design of our experiment allows us to predict precisely the rational actions of a
noninsider for both states I and II. When there is no inside information and every subject
understands that no one possesses inside information (Treatment 1), no risk-neutral trader will
offer to sell at less than 100 francs, and only X-type traders will offer to buy at prices above 100
francs. The maximum prior information price an X-type will be willing to pay is 162.5 francs.
Therefore, when there is no inside information, no one can expect to have an offer to buy at less
than 100 francs accepted, nor expect to have an offer to sell above 162.5 francs accepted.
In Treatment 3 it is common knowledge that there are insiders located in market A. As
long as the lowest ask price is greater than 100 francs, but no greater than 162.5 francs, no
information is released. Because in our design all insiders are X types and all X types in market
A are insiders, as long as the lowest ask is above 100 francs but below 162.5 francs, no Y type in
market A has any incentive to make a bid. Furthermore, assuming that there is no
manipulation by insiders as long as the lowest ask price in that market is above 100 francs when
the true state is II, there shouldn’t be any bid prices. The absence of bids will drive down the ask
price. Once the lowest ask price falls below 100 francs, the uninformed traders can infer that the
true state is II and that the equilibrium is 50 francs.
Conversely, in market A, when the true state is I, there will be both bids and asks at prices
above 100 francs because informed type X players have an incentive to buy at any price below
300 francs when they know the true state is I (again, assuming that there is no manipulation by
insiders). However, because only informed players have an incentive to place bids for more than
100 francs when the true state is I, uninformed players who observe bids of more than 100
francs can infer that the true state is I. Having made this inference, players will make bids and
asks that should jump into the range of 150–300 francs.
In market B there are no insiders. Therefore, there may initially be both bids and asks in the
range of 100–162.5 francs. However, once bids and asks in market A go into the informationrevealing range, they should also fall in the similar range previously discussed for market A.
This logic holds for Treatment 2 as well, where it is common knowledge that there are
insiders, but the market in which they are located is not commonly known. The insiders are, in
fact, type X traders in market A. Uninformed traders in market A are type Y traders.
Uninformed traders will only bid at prices less than 100 francs and ask at prices above 100
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francs. Therefore, given our design, when the true state is II, there will not be any bids at more
than 100 francs. This will drive down the ask price in market A below 100 francs when the true
state is II. This event signifies to those who were uninformed that the true state must be II, and
the bid and ask prices should fall into the range of 25–50 francs.
Conversely, when the true state is I there will be both bids and asks above 100 francs in
market A because informed X types have an incentive to bid above 100 francs in this state.
However, because it is not common knowledge that the insiders are in market A, no
information is released until bids rise above 162.5 francs. This event signifies that the true state
is I, and the bids and asks will then fall into the range of 162.5–300 francs.
The previous analysis leads us to report trading and submitting offer activities for
noninsiders before and after inside information is released, that is, for periods that are state I,
before and after a buying offer first hits a price above 100 francs for Treatment 3 (above 162.5
francs for Treatment 2), for periods that are state II, before and after a selling offer that first falls
below 100 francs (for both Treatments 2 and 3). These offers carry important information to
noninsiders. The inside information starts to be released to the market the moment such offers are
submitted. If noninsiders are inferring states based on prices in market A, then we would expect
most of their activities to sell (for state I) and to buy (for state II) occur after these signals.
Table 15 reports the average number of offers per period submitted by uninformed traders in
market A and the mean of these offers when there was common knowledge of the existence of
insiders. In Treatment 3 it was common knowledge that the insiders were in market A. In
Treatment 2 the location of the insiders was not common knowledge. Once an offer is submitted,
the initiator has to ‘‘honor’’ that offer until it is accepted or until the end of a trading period.
Submitted offers reflect the willingness of a subject to trade11 at the specified price.
As expected, Table 15 shows that most of the noninsiders did not act until the market
released the inside information, that is, type Y traders barely submitted any offers to sell in
state I before the price signal, and these traders barely submitted any offers to buy in state II
before the price signal. This is true for both treatments.
Table 15 also presents the insiders’ action, including the ‘‘correct’’ actions to buy for state I
and sell for state II, and the weighted manipulation data we used for Table 14. These data confirm
our discussions earlier that the much higher manipulation level in Treatment 2 drives down insiders’
average bids to purchase (from 241.08 to 149.3 for state I) and raises insiders’ average selling offers
(from 59.07 to 71.69 for state II). Furthermore, the open offers submitted by uninformed traders (to
which they must remain committed) provide plenty of opportunities for insiders to take advantage
of their informational advantage. Why information disadvantage does not trigger reluctance to
enter the market when the location of insiders is known remains an open question.

5. Conclusions
We implemented an experiment to study the effect of information use and transference on
asset pricing and portfolio composition between legally separated stock markets. Our results show
that insider information, which is available only to some participants in one market, does influence
11

If a subject accepts a selling offer posted by another subject that results in her buying one share of stock A, this counts
as a buying offer for the first subject in Table 15.
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Table 15. Behavior of Insiders (Type X) and Noninsiders (Type Y) in Market A
Type Y
State I

Avg. No. of
Asks Before

Type X

Avg. No. of
Avg. No. of
Mean Asks After Mean
Bids
Mean

Avg. No.
of Bids

Mean

Total Weighted
Manipulation

Sessions
3_1
3_2
3_3
3_4
T3 avg

0.3
0.0
0.0
0.3
0.2

72.5
NA
NA
100.0
86.3

30.5
27.0
34.7
30.7
30.6

246.8
274.5
291.2
265.8
269.6

4.3
16.4
9.4
4.6
8.7

182.3
265.9
236.8
123.7
202.2

48.33
35.00
30.71
31.43
36.37

200.52
247.18
271.81
244.80
241.08

934.25
167
107.11
0
302.09

Sessions
2_1
2_2
2_3
2_4
T2 avg

2.6
1.3
0.0
4.7
2.1

61.4
91.8
NA
88.7
80.6

44.7
44.5
27.0
17.8
33.5

104.8
267.1
284.4
211.6
217.0

24.3
25.0
16.6
11.5
19.3

131.2
283.3
259.5
140.1
203.5

55.14
39.00
39.80
50.17
46.03

78.39
161.82
228.59
128.40
149.30

1322.89
396.38
81.14
1802.13
900.64

State II

Avg. No. of
Bids Before

Mean

Avg. No.
of Asks

Mean

Total Weighted
Manipulation

3_1
3_2
3_3
3_4
T3 avg
2_1
2_2
2_3
2_4
T2 avg

0.0
0.5
0.0
0.0
0.1
1.0
.75
0.0
0.0
0.3

NA
200.0
NA
NA
200.0
157.5
162.5
NA
NA
NA

34.00
39.50
34.00
24
32.88
38.8
38
39.67
40.33
39.20

56.45
101.19
23.97
54.66
59.07
85.09
76.18
66.32
59.15
71.69

16.14
173
0
12.5
50.41
317.37
20.13
109.86
16.14
115.86

Avg. No. of
Avg. No. of
Bids After Mean
Asks
Mean

28.7
37.3
39.8
30.8
34.1
37. 8
82.25
39.3
47.3
43.3

50.7
75.3
34.5
35.2
48.9
89.26
52.77
38.2
38.9
38.6

4.3
21.0
28.8
9.5
15.9
40.8
49.75
8.0
31.3
19.7

150.2
88.4
60.2
433.6
183.1
75.42
67.86
55.2
131.0
93.1

prices in both markets. Experimental participants in the market without insider information are
able to eventually infer the right state. However, this does not allow them to achieve nearly as
efficient an allocation as is achieved in the market where insiders actively participate. This provides
a much more strenuous test of EMH compared with previous studies of one single asset market
only. This study also provides theoretical support for the conjectures made by empirical studies on
explaining price co-movements of assets traded in segmented stock markets. The conjecture claims
that the co-movements are induced when one group of traders has more information, and the other
would watch the price dynamics of the informed group to infer the information.
We have discovered that the quality and clarity of signals sent out by the market with insider
information directly affects the ability of the other market to infer the true state. Specifically, the
closer the price in the market with the informed traders is to the full information equilibrium
price, the greater the likelihood that the price in the other market will move in the same direction.
In addition, the smaller the variance in transaction prices in the market with the inside traders, the
more likely that the price in the other market will be near the full information equilibrium.
We also find that whether the location of insiders is publicly known or not does play an
important role in affecting market outcomes, as well as insiders’ behavior and performance.
Insiders’ manipulation efforts increase by three times when the location of insiders is unknown
to the public. Such overall high levels of manipulative trades pay off to the whole group of
insiders. However, the possibility of free riding punishes the initiator of manipulative trades to
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bear all the costs of manipulation, but allows all insiders to share the benefits of manipulation.
Thus manipulation does not pay off to the initiator, a classic scenario of cooperative games.
Uninformed traders also respond to the knowledge that some traders have insider information
by refraining from trade until the activity of insiders reveals their information.

Appendix: Experimental Instructions (Handed out to Subjects Prior to an Experimental
Session)
INSTRUCTIONS
We are about to begin an asset market experiment where you can trade assets using experimental currency. The
experiment is conducted in a computerized electronic market. We will describe to you how this market works and your
interface with it.
Please raise your hand and talk to the experimenter if you don’t see the following screen on your computer:

Trading Screen:
The left upper corner of the screen shows you the current trading period and the total number of trading periods
we are going to play today. The right upper corner shows the remaining seconds of the current trading period. In today’s
experiment, each trading period is 3 minutes.
The bottom of the screen displays your subject ID and the current currency you have in your portfolio.
The rest of the screen is divided into two horizontal boxes, each for one specific asset.

There are two assets—A and B in today’s experiment. On the left of each box, you will see the number of units of
each asset in your portfolio. The above window indicates that you have 1 unit of asset B in your portfolio right now. (The
next column is where you type to submit offers to sell asset B, right next to it is the column of existing offers submitted to
the market to sell asset B. The middle column is the trading price for asset B. The next column on the right is the existing
offers submitted to the market to buy asset B. The last column on the very right of the screen is where you work to
submit offers to buy asset B.)
To place an offer to sell an asset, go to that asset’s box and type the price you want to sell in the cell under the label
‘‘Offer to Sell Stock x.’’ Click the button ‘‘Submit offer to Sell Stock x’’ to send your offer. Please note that you won’t be
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able to delete an offer after you submit it, so make sure the price you typed in is correct before you hit the submit offer
button. Your offer will be posted in the column of ‘‘Offers to Sell Stock x,’’ which is to the right of the column where you
submitted your offer. You can only trade one unit at a time; therefore there is no need to specify the quantity of assets in
your offers. Note that once you submit an offer either to buy or sell an asset, you are committed to that offer until either
someone accepts the offer, or if no one accepts your offer, till the end of the current trading period.
Follow the same steps to place an offer to buy an asset; the columns to submit buying offers and the columns to
show to all the subjects the current submitted buying offers are laid symmetrically to the right of the box for each asset.
The offers to sell assets are displayed in the descending order of the submitted prices while the offers to buy assets
are displayed in the ascending order of the submitted prices.
Accepting an offer results in a trade. If you would like to accept any of the offers (either to buy or sell an asset)
submitted to the market, click the red button.
Note that accepting an offer from the column of ‘‘Offers to Sell Stock x’’ means that you are buying that stock from
the subject who submitted the offer, while accepting an offer from the column of ‘‘Offers to Buy Stock x’’ means that you
are selling that stock to the subject who submitted the offer at the specified price. After the transaction, the corresponding
units of asset you traded and the currency left in your portfolio will be updated and the trading price will be posted in the
middle column of ‘‘Trading Price for Asset x.’’ Meanwhile, the offer will be eliminated from the column of existing offers.
There are a few restrictions regarding submitting offers and accepting offers to engage in trade.
First, every subject is only allowed to trade one of the two kinds of assets. There are two groups of players: The
first group is allowed to trade only asset A; the second group is allowed to trade only asset B. You can tell from the initial
endowment of assets in your portfolio which group you belong to. If you are in the first group, you have units of asset A,
but zero units of asset B. Because of the division of two groups, you cannot post any offers or trade the other two assets
of the other group. If you attempt to do so, you will get an error message informing you that you are not allowed to trade
that particular asset. However, you can view information on the offers and transactions of all two assets from your screen
regardless of which group you belong to.
Second, you are also not allowed to trade with yourself, meaning that you cannot accept offers submitted by
yourself. If you do so, an error message will appear.
Third, no short-sell is allowed, which means that if you don’t have enough units of an asset, you can’t send out an
offer to sell that many units. Similarly, you can’t place a buy order if you don’t have enough money left in your account.
An error message will show up to inform you of the situation.
Now let’s take a 2 period trading practice.
Summary Screen:
At the end of each trading period, a summary screen will pop up.
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On this screen, you will see the following information:
Trading currency held in your portfolio at the end of the current trading period.
Dividends for both assets A&B and number of units of each asset held in your portfolio for the current period.
Total dividends you earned from the assets held in the current trading period.
Interest earned on trading currency held in your portfolio for the current trading period.
Total income in francs in your portfolio for the current trading period.
Dollars earned for the current trading period.
Accumulative dollars earned so far in the experiment.
The experimenter will also announce a public report of the average transaction price for all assets A&B after the
end of each trading period.
You will be asked to record some of the above information on a record sheet provided to you at the end of this
trading period. After you are ready, click the ‘‘Please Wait’’ button to wait for all the other subjects to be ready to
continue to the next trading period.
Now let’s talk about the experiment you are about to participate in a few minutes.
There are altogether two assets in our experiment: A & B, which will generate dividends at the end of each trading
period. The trading currency, money, will also generate interest returns.
Note that each asset only ‘‘lives’’ for one trading period. That is, your portfolio composition won’t be carried over
to the next trading period. In the beginning of each trading period, your endowment, including both the assets and units
of trading currency, will return to the initial endowment. That is, each subject will have 10 units of assets (either A or B
depending on which group you are in) and 3500 units of trading currency to begin for every trading period. The only
information that will carry over is your accumulative earnings in dollars.
At the end of each trading period, there will be a dividend paid to each unit of the assets you have in your portfolio.
The dividend of each asset paid to you is determined by which state occurred at the end of the 3-minute trading period and by
which type of trader you are. There are two possible states: state I and state II. A random number drawn will determine
which state will occur. The probability of state I (II) observed is 50%. There are two types of traders in each group. Half of
the traders in each group are type X, while the other half are type Y. The dividend information is shown below:
1)
2)
3)
4)
5)
6)
7)

Table A1.
Dividend for A and B

J1 5 50% probability
of state 1 observed.
J2 5 50% probability
of state 2 observed.

For Type X (in Francs)

For Type Y (in Francs)

Return on Money (in Francs)

300

150

1

25

50

1

Note: Asset A and B always have the exact same dividend at the end of each trading period.
The dividend is measured in francs, not money (the trading currency).
The conversion from the game to your real dollar payment is like this:
Money (what you use to trade) and assets in your portfolio
Q
dividend and interest earned in francs
Q
converted to dollars
Your goal is to maximize the number of dollars you can earn from each period!!! We will go over some example to see
how this works.
In our experiment today, the conversion between points and dollars for each trading period is: Dollars Earned =
0.00025* (francs).
Treatment variables during the Experiment:
During the experiment, the experimenter may choose to introduce insider information to some subjects. The insider
information is the private information given to selected subjects, and it informs those subjects before the beginning of the next
trading period about the true state that will be observed at the end of the next trading period. If some subjects receive such
information, there will be a public announcement to all the subjects that some traders now begin to have insider information. The
experimenter may also choose to tell all of the subjects the location (e.g., which group) of the subjects with insider information.
Summary of Important Points
Before we start our practice trading game, let me remind you of the important points:
1)
You will find from your screen that you can only participate in one of the two markets: either A or B. But you can
always view information about both markets, including the one you can’t participate in.
2)
Assets A and B always have the same dividend payoff for every trading period.
3)
Don’t forget the dividend information on assets and the one-franc return on trading currency:
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Table A2.
Dividend for A and B

J1 5 50% probability
of state 1 observed.
J2 5 50% probability
of state 2 observed.
4)
5)
6)

For Type X (in Francs)

For Type Y (in Francs)

Return on Money (in Francs)

300

150

1

25

50

1

You are paid not by the francs you earn from each trading period, but by the number of U.S. dollars converted
from the francs you earn.
Your portfolio composition of assets and trading currency won’t carry over to the next trading period.
At the end of each 3-minute trading period, record your dividend francs, portfolio composition, and the earnings
in terms of dollars on the record sheet given to you.
During the experiment, the experimenter might choose to introduce insider information to certain subjects.
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