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Abstract

We study the use of trading strategies and their profitability in ex-
perimental asset markets with asymmetrically informed traders. We find
that insiders make most of their profits from trades which are initiated by
their limit orders — especially at the beginning of a period and when the
change in their fundamental information is large. The average informed
lose most with market orders and their losses are highest at the beginning
of a period when they can be exploited by insiders. Uninformed traders
act as liquidity providers. They place the highest number of limit orders

and end up with the market return.

JEL classification: G12, G14, D03.
Keywords: Asymmetric information, liquidity, trading strategies, limit

order markets, experiment.

1 Introduction

The importance of limit order markets as the major trading mechanism on
financial markets has increased enormously within the past decades.! Limit
orders are offers made at some time to trade a certain quantity of a certain
stock for a pre-specified price. Nevertheless “the economic interactions in limit
order markets are complex because the associated state and action spaces are
extremely large and because trading with limit orders is dynamic and generates

non-linear profits” (Parlour and Seppi, 2008, p. 2).

1See Parlour and Seppi (2008) for a recent survey on limit order markets. Limit order
markets are highly competitive, efficiently aggregate information and outperform other market
mechanisms (Glosten, 1994). Hollifield et al. (2006) estimate that the gains from trade in
LOM are 90 % of maximum possible gains-from-trade. Examples for limit order markets are:
Euronext (Brussels, Amsterdam, Paris), London Stock Exchange, Stockholm Stock Exchange,
Toronto Stock Exchange, and Archipelago Exchange. Examples for trading systems: INET,
ArcaEx, Reuters D2000-2.



One central question within this complex interaction environment concerns
the use of limit orders vs. market orders of asymmetrically informed traders who
face the following trade-off. Market orders offer immediate execution at higher
costs (e.g. bid-ask spread) whereas limit orders are executed at lower costs
but execution is not guaranteed. Early models by Copeland and Galai (1983),
Kyle (1985), Glosten and Milgrom (1985), and Glosten (1994) associate limit
orders with uninformed traders and market orders with informed traders.? This
assumption is questioned by more recent work. Chakravarty and Holden (1995)
conclude that informed traders prefer to use market orders but strategically
informed investors might use limit orders as insurance to bound the (random)
price at which their market orders will be traded. In the models of Harris (1998)
and Kaniel and Liu (2006) informed traders condition the use of limit vs. market
orders on the “life-span” of the information. They use market orders if the
information is short-lived and limit orders if information is persistent. Goettler
et al. (2008) distinguish between informed traders who know the fundamental
value of the stock and “uninformed” traders who know this information only
one period later. They find that informed traders submit the bulk of limit
orders to the market, and competition among informed traders results in private
information often being reflected in the limit order book.3

Anand et al. (2005) provide some empirical evidence. They use detailed order
and audit data from the NYSE and define institutional investors as informed
traders. Their results show that informed traders act as liquidity takers in the
first half of a trading day and become liquidity suppliers in the second half of
the day.* Their empirical results are supported by findings of Bloomfield et al.
(2005). They set up an experimental limit order market, which is populated
by informed traders and liquidity traders, who do not receive any information

but have to fulfill exogenous trading requirements. Their main finding is that

2Foucault (1999) investigates the choice between limit and market orders considering the
basic trade-off between execution risk (winner’s curse) and price advantages.

3Note that all models operate with two information levels.

4However, the categorization of institutional investors as informed traders (insiders) is
ambiguous. Jensen (1968), Fama (1991), Malkiel (2005) document below average performance
for this kind of investors. Thus, the value of their (superior) information is questionable.



informed traders are liquidity takers earlier in the market and liquidity suppliers
later. Following this strategy, informed traders reveal their information and
drive prices towards fundamental values. Liquidity traders, on the other hand,
provide liquidity at the beginning and use market orders towards the end to
meet their trading targets.’

In this paper we extend the research on trading strategies of asymmetrically
informed traders. Instead of distinguishing between informed and uninformed
traders, only we impose a cumulative information structure with five informa-
tion levels. With this approach we are able to investigate the trading behavior
and its economic consequences of traders who receive (slightly) outdated fun-
damental information. Additionally, there is one group of traders who do not
receive any information on the fundamental value of the asset. Based on the
literature we formulate two research questions. The first one concerns the trad-
ing strategies of traders conditional on their information level, the change in
their fundamental information, and time. Research question two addresses the
(fundamental) profits conditional on information level. Related to this we also
check whether profits depend on the magnitude of the change in fundamental
information and vary over time.

We find that insiders (I4) make most of their profits from trades which are
initiated by their limit orders. Their profits are highest at the beginning of a
period, particularly when the change in their fundamental information is large.
The group of average informed traders perform worst, as they lose most of
their money with market orders and do not gain money from trades which are
initiated by their limit orders. Especially the worst performing traders with
information level I1 often place market orders and hence lose a lot of money as
they have to pay the bid-ask-spread. Their losses are highest at the beginning
of a period when they are mainly exploited by the insiders. Uninformed traders

act as liquidity providers since they place the highest (lowest) number of limit

5Bloomfield et al. (2009) study differences in trading behavior between liquidity traders,
who do not possess information but have to fulfill trading requirements, and uninformed
traders, who do not posses information but have no trading requirements.



(market) orders. They make little losses from their market orders, small but
insignificant profits from their trades initiated by their limit orders and so end
up with approximately the market return.

The paper is structured as follows: Section 2 provides details on the market
model and the experimental implementation. Section 3 defines the research
questions and method. Section 4 presents the results, and Section 5 summarizes

and concludes the paper.

2 Model and Experimental Implementation

In each experimental market 10 traders interact in a continuous double auction
for 24 periods. They trade stocks of a virtual company for virtual money (Taler).

The markets investigated in this study are taken from Kirchler (2009).

2.1 Fundamental Value of the Asset

The fundamental value (FV) of the stock is a random walk process generated

by a geometric Brownian motion:
FVi, = FVi_1- (1+€k), (1)

where F'V), denotes the fundamental value of period k and ¢ is a normally dis-
tributed random variable with a mean of 0.5% and a standard deviation of 7.2%.
The initial FV is 40 Taler. Figure 1 shows the eight fundamental value process
realizations. Four are generated randomly, and for each its counterpart mirrored

at the dotted line - the unconditional expected value of F'V - is calculated.

2.2 Information System

Asymmetric information on the assets’” FV is implemented by an approach of
Hellwig (1982), which gives better informed traders a timing advantage in re-

ceiving information about the fundamental value of the stock. The idea be-



hind this information structure is that relevant fundamental information is first
known by insiders (I4) and then trickles down over time to the broad public
(I1). Moreover, uninformed traders I0 do not even collect this relatively old
information.

Hence, only the best informed traders (I14) know the fundamental value of
the current period k. Fundamental information provided to 14 in period k will
be available to I3 in period k+1, to 12 in period k42, etc. At the beginning of
each period k, I4 is provided with the current F'Vj, and the information level
I(i-1) receives the information I(i) had one period earlier. This procedure is
repeated for each period. As only 14 knows the true FV of the current period,
all other traders I(i), i=1,2,3, have a conditional expectation C'V;. Basically, all
informed traders receive the same information, but at different times. Traders
with information level I0 get no information at all, they do not form a conditional

expectation.

2.3 Market Architecture

Subjects trade in an (anonymous) continuous double auction market with open
order books, i.e. all orders, specifying price and quantity, are visible to all
subjects at the same time. Orders are being executed according to price and
then time priority. Market orders have priority over limit orders and are always
executed instantaneously. Any order size and the partial execution of limit
orders is possible. Shorting stocks and borrowing money are not allowed. The
stock does not pay any dividends, and no interest is paid on cash holdings.
There are no transaction costs.

Each market consists of 24 periods of 100 seconds each. Subject know that
the experiment will be randomly terminated between periods 20 and 30 to avoid
end-of-experiment effects. Taler and stock holdings are carried over from one

period to the next.



2.4 Ezxperimental Implementation

At the beginning of each session traders are briefed using written instructions,
which take about 25 minutes to go through.® Afterwards we run four trial
periods to allow subjects to become familiar with the trading screen and the
different order types. Then we conduct the main experiment, which lasts about
45 minutes. At the start of the experiment subjects are randomly assigned to
one of the information levels and remain at this level for the whole session. In all
markets each trader is initially endowed with 40 stocks and 1600 in cash. The
information structure is also public knowledge, i.e., traders know how many
information levels exist, how many traders are assigned to each information
level, and they know their own information level. At the end of the session all
stocks are bought back at the fundamental value FVg (i.e., the information of
the insider, I4) of the last period K. Thus, the final wealth of each trader j in

Taler, F'W; i, equals

FWj7K:(Sj,K*FVK)+Oj,K (2)

where S; k denotes the stock holdings of the final period K and Cj x equals
the cash holdings at the end of the experiment. The final wealth is converted
into EUR at the exchange rate of 1 EUR=175 Taler.

We conducted 8 markets in November and December 2006 at the University
of Innsbruck with a total of 80 business students. Most subjects already took
part in other experiments in economics, but none of them participated in more
than one of the markets in this experimental series. Each session lasted about
80 to 90 minutes, and the average earnings were around 19 EUR. The market

was programmed and conducted using z-Tree 3.0.6 (Fischbacher, 2007).

6The instructions are provided in Appendix A.



3 Research Questions and Method

Research question (RQ) 1 is concerned with trading strategies conditional on
information level, how these strategies evolve depending on changes in the fun-
damental information and over time. In RQ 2 we study profits of the subjects’
trading strategies and how they depend both on changes in their fundamental
information and over time. Both research questions have been investigated be-
fore, but using a rather crude distinction between only two groups of traders,
informed and uninformed (see e.g. Anand et al., 2005; Bloomfield et al., 2005,
2009; Kaniel and Liu, 2006; Goettler et al., 2008 for recent contributions). We
extend the literature by investigating these questions for five information levels.
A closer examination of previous studies in relation to the results presented here

is provided in Section 4.

3.1 RQ 1 - Order Choice and Trading Strategies
3.1.1 Order Choice

To give an overview of the order choices of the different information levels I
we run an OLS regression on information level dummies D; of the dependent
variables limit orders (LO), limit trades (LT, i.e. trades which are initiated by

limit orders), and market orders (MO) for subject j and market m (N=80).”

4
Ym; = Y BiDite (3)
=0

3.1.2 Defining Trading Strategies

We calculate the following three variables to identify trading strategies. SR
(submission rate) measures subject j's preference of posting limit orders com-
pared to her total activity (LO and MO) in period k of market m. It divides

the number of shares (volume) offered to trade (i.e. sum of LO) by the sum of

"We use OLS regression throughout the paper. We implement clustered standard error
procedure to allow for varying standard errors in markets m and information level ¢ therein.



the volumes of LO and MO.8 Values range from 0 (no LO posted) to 1 (no use

of MO).
SRoks = ST T @
TRy, = 2 MOk (6)

Z MOm)k}j + Z LTm)k,j '

ER (execution rate) measures the ratio of limit trades relative to total shares
offered as bids and asks (LO). This variable is a proxy for the effectiveness of
limit orders. The higher the value, the more effective and therefore the more
aggressively priced are limit orders.® The third variable, TR (taking rate), is a
measure for the willingness to take liquidity by using market orders. It divides
the number of shares traded via market orders by the total number of shares

traded, i.e. MO plus LT.19

3.1.3 Trading Strategies Conditional on the Change in the Funda-

mental Information

Contributions by Harris (1998), Bloomfield et al. (2005), and Kaniel and Liu
(2006) highlight that insiders condition their strategies on the value of their
fundamental information. To evaluate these findings with multiple information

levels we calculate the variable ACV,, ;.
ACVm,k,j = |1n(CVm7k,j/CVm7(k_1),j)| . (7)

ACVy, k5 is the continuously compounded absolute percentage difference be-

tween subject j’s fundamental information (CV) in period k of market m and

8 All variables throughout the paper are volume-weighted.

90ne might also interpret this variable as the probability of limit order execution.

10Computation of the submission-rate and the taking-rate are inspired by Bloomfield et al.
(2005). Execution rate is sometimes reported as fill rate.



the fundamental information that subject j received in period k — 1.
To analyze trading strategies conditional on changes in the CV of certain

information levels we run the following OLS regression.

4 4
Yok = ZﬂiDi+Z%‘Di*ACVm,k,j- (8)

1=0 i=1

Here, D; are binary dummies for 10-I4, and SR, ER, and TR serve as the
dependent variables Y., ; . In a first step we run the regression solely on
the first summand to analyze trading strategies across information levels. In a
second step we run the full specification to additionally investigate the reaction

of information levels on changes in their fundamental information.

3.1.4 Trading Strategies Conditional on Time

To study inter-period effects of trading strategies we subdivide each period of
the experiment into five equally spaced time intervals of 20 sec each and compute
SR, ER, and TR for each subject j and the corresponding time interval t. We
regress trading strategies variables on dummies for each information level D;

and additionally interact these dummies with two time variables.

4 4 4
Yjvt = Z 57«D74 + Z ’YZ(‘Dl * Dintcrvall) + Z 51 (DZ * trend). (9)

1=0 1=0 =0

The first variable Dipterval, controls for effects that are associated with the order
book building that mainly takes place in the first time interval. interval; is 1
for time interval 1 and zero otherwise. To capture patterns that consistently
change over time we include the variable trend which takes values from one to
five corresponding with time interval. interval; and trend are interacted with

information level dummy D; to separate effects for each information level.

10



3.2 RQ 2 - Profits
3.2.1 Defining Profits

To analyze the profitability of each trade ¢ we introduce the concept of “funda-
mental profit” (FP).!! FP compares the price of each individual transaction to

the fundamental value (FV) of the current period, which is known only by 14:

FPE;;‘,%W = In(FV,, 4/PRICE,, 4 1), (10)
FPyY v = I(PRICE k¢ /FVak)- (11)

Here, t stands for the #** transaction. FPI;;%’N (FPf,fl,l”t) is the continu-
ously compounded percentage difference between FV and the transaction price
(PRICE). A buy (sell) transaction yields a positive profit if the asset is bought

(sold) at a price below (above) FV.12

3.2.2 Profits Conditional on the Change in Fundamental Informa-

tion

Similar to Section 3.1 we first run OLS regressions for all transactions, for limit
trades, and market orders on information level dummies D; (first summand
in Equation 12). In a second step we investigate for each information level i
how FP is influenced by changes in the fundamental information (ACV). The

regression equation reads as follows:
4 4
Yokt = 3 BiDi+ Y vi(Di*x ACV, ). (12)
i=0 i=1
3.2.3 Profits Conditional on Time
To study the development of FP over time across information levels we run

OLS regressions interacting a set of information level dummies (D;) with time

interval dummies for each of the five time intervals (intervaly, 20 sec each). FP

I their analysis Bloomfield et al. (2005) use a similar concept. They define the profit of
a trade as the difference between the trading price and the true value of the security.
12FP is volume-weighted.

11



for all trades (Total), for LT, and MO serve as dependent variables Y,, k¢

4 5
Ym,k,t = Z Z B(5*i)+tDi * Dintervalt . (13)
=0 t=1

4 Results

4.1 Core Results

Before going into more detail we briefly present the main results of this paper
in Table 1. The insiders (I4) make most of their profits from limit trades (LT).
They have a high execution rate (ER) although they submit relatively few limit
orders (LO). Their profits are highest at the beginning of a period and when

their ACV is large due to their informational advantage.
Table 1 about here

In contrast, average informed traders perform worst. They lose most of their
money from market orders (MO) and do not gain money from LT. Especially the
worst performing traders with I1 have the highest taking rate (TR) indicating
that they often place MO’s and hence lose a lot of money as they pay the bid-ask-
spread. Their losses are highest (especially with their MO’s) at the beginning
of a period when they are exploited by the insiders. Furthermore, there is no
clear pattern observable when it comes to profit changes conditional on their
ACV.

10 act as liquidity providers since their submission rate (SR) is highest and
their TR is lowest. Although their SR is highest across the information levels,
uninformed traders only rank third in ER. They make little losses from their
MOQO’s, small but insignificant profits from LT and so end up with approximately
the market return.

More detailed results regarding each research question are presented in the

following sections.

12



4.2 RQ 1a - Order Choice and Trading Strategies
4.2.1 Order Choice

Columns 1-4 of Table 2 show that uninformed traders (I0) are the most ac-
tive market participants. They provide significantly more liquidity than other
information levels with their LOs (I1 p=0.024; 12 p=0.046; 14 p=0.085, Wald
coefficient test). One reason may be that they simply cannot condition their
trading behavior on information about the CV which limits their profit poten-
tial to exploiting the bid-ask spread. 10 also generate significantly more trades
via LT than I1 (p=0.045) and 12 (I2 p=0.068, Wald coefficient test) and it is the
only trader group for which LT exceeds MO. In contrast traders with I1 and 12
trade cautiously, exhibiting the lowest numbers of LO, LT, and MO compared
to other information levels. Insiders (I4) rank second regarding LT and first
regarding MO. They are actively participating and provide as well as consume
liquidity. The latter result supports the findings of Harris (1998), Bloomfield

et al. (2005), Kaniel and Liu (2006), and Goettler et al. (2008).

Table 2 about here

4.2.2 Trading Strategies

Table 2 reports the results on trading strategies in columns SR 1, ER 1 and
TR 1. Regarding SR uninformed traders rank first (I1 p=0.005; I3 p=0.026;
14 p=0.012, Wald coefficient test) confirming their strong focus on providing
liquidity to the market. Consequently uninformed traders rank lowest with
respect to their TR. The opposite picture emerges for insiders. I4 show the
lowest SR but place aggressive limit orders that are well priced and so their ER
is highest at 29.4%. Not surprisingly, they also exhibit one of the highest values
for TR, indicating that insiders feel a need to make trades immediately at some
time during the market. In contrast, traders at I1 and I2 have low ERs indicating
that their orders are badly priced and do not result in many transactions. In

addition I1 turn out to have the highest TR with the disadvantage of paying

13



the bid-ask spread.

4.2.3 Order Strategies Conditional on the Change in the Fundamen-

tal Information

Results for SR, ER, and TR conditional on changes in the fundamental value
are reported in Table 2, columns SR 2, ER 2, and TR 2. When focussing on
traders’ reactions towards fundamental information changes, we find that it is
especially the insiders who condition their trading strategies on their funda-
mental information. When the information change is large and hence the profit
potential is high, insiders significantly increase their TR to cash in their in-
formational advantage and consequently decrease their SR (see the coefficient
values of A CV 14 ). While reducing limit orders, however, their execution rate
(although insignificantly) increases, indicating that the aggressiveness of their
limit orders is higher than for small information changes. This result supports
the finding of Bloomfield et al. (2005) that insiders imply time dependent order
strategies where they switch from MO to LO depending on the profit potential
of their fundamental information. Subjects with outdated information hardly
do so, since most of the §;(D; * ACV,, i ;)-coefficients for SR, ER, and TR of

I1 and I2 are insignificant.

4.2.4 Trading Strategies Conditional on Time

In the literature there is strong support for time dependencies in order strategies

of heterogeneously informed traders.'?
Table 3 about here

The results for the use of trading strategies over time are presented in Table
3. When focussing on ER, one can see that insiders generate by far the highest

average execution rate of 42.9%. Except for low execution in interval 1, their

13See e.g. Harris (1998); Kaniel and Liu (2006); Goettler et al. (2008) for theoretical sup-
port, Bloomfield et al. (2005) for experimental support and Anand et al. (2005) for empirical
evidence.

14



execution rate remains at that level. TR of the insiders, after a peak at the
initial interval, significantly increases over the course of the period. This result
partly contradicts findings of Bloomfield et al. (2005); Anand et al. (2005) but
may be explained by the insiders trying to exploit the ultimate parts of their
informational advantage as quickly as possible with MO’s. Average informed
traders act more aggressively in the course of a period and hence increase their

ER.

4.3 RQ 2 - Profits

Table 4 about here

On aggregate (see column Total 1 of Table 4) 10, I1, and I2 earn negative
returns, with I1 losing most, which is statistically and economically significant.
10, the liquidity providers in the experiment, earn slightly negative returns and
are able to outperform I1 and 12 (I1 p=0,005; 12 p=0,539; Wald coefficient test).
13 earn marginally positive returns and 14 earn statistically significantly positive
returns with respect to the market average.!'* Decomposing total FP into profits
generated by limit trades (column LT 1) and market orders (column MO 1)
reveals that limit trades are on average more profitable than market orders
as traders pay the bid-ask spread for immediacy in the latter. LT are highly
profitable for the insiders, who earn 4.8% per share transacted. Market orders
are highly unprofitable for I0-I12 and are responsible for the overall negative
returns for these traders. More surprisingly, I3 and I4 earn only marginally

positive returns with this order type on average.
Table 5 about here

In Table 5 we explore the origins of traders’ profits. To do so we split up
the volume-weighted sum of FP of LTs (upper panel) and MOs (lower panel)

by information level ¢ (columns). Positive (negative) numbers indicate that the

MHuber (2007) and Huber et al. (2008) report similar results, showing that the average
informed traders may earn below-average market returns while uninformed traders end up
earning approximately the market return.

15



information levels in the columns gained positive (negative) FPs from trades
with the information levels in the rows. Insiders earn profits from their LTs at
the expense of all other information levels (see column I4 in the upper panel).
These profits are highest when uninformed traders and traders with I1 and I2
pick up the insiders’ LOs. Average informed traders also lose money to better
informed traders (I3 and I4), with their LTs indicating that their limit orders
are very badly priced. Furthermore, I1 and I2 consistently lose money to all
other information levels, especially to insiders, when posting MOs (see columns
I1 and 12 in the lower panel). The uninformed traders gain profits from LTs

mainly at the expense of I1 and heavily lose to insiders with their MOs.

4.3.1 Profits Conditional on the Change in the Fundamental Infor-

mation

Including changes in CV in the regression of Table 4 reveals that 14 gain from
LT when their information change is large, and they even make an average profit
of 1.8% per trade (see column LT 2). Traders at I3 face significantly negative
returns for all transactions (Total 2), LT (LT 2) and MO (MO 2). Only when
their information indicates large changes in the CV are they able to compensate

these losses with high returns. There is no clear pattern for I1 and I2.

4.3.2 Profits Conditional on Time

Focusing on total profits (Total) over time we find that I0-12 mainly lose money
in the first three intervals of a period, while especially 14 start earning significant
profits (see Table 6). Returns of I0 are higher than those of I1 and 12 during these
intervals. These results indicate that the insiders mainly profit at the expense
of I1 and I2 at the beginning of a period by exploiting their informational
advantage. Furthermore, only insiders are able to generate significantly positive
returns up to interval 4 with their LTs, but at a decreasing magnitude. Market
orders are less profitable, and even insiders manage to earn significantly positive

returns via MO only in the first interval.

16



Table 6 about here

5 Conclusion

In this paper we investigated trading strategies of asymmetrically informed
traders. To extend the line of prior research we did not restrict ourselves to
two information levels (informed and uninformed traders) but imposed a richer,
cumulative information structure with five information levels. This allows us to
investigate the behavior of average informed traders who get (slightly) outdated
fundamental information.

We find that insiders make most of their profits from trades which are trig-
gered by their limit orders. Their profits are highest at the beginning of a period
and/or when the change in their fundamental information is large. The average
informed traders perform worst, as they lose most of their money with market
orders and do not gain money from trades which are initiated by their limit or-
ders. Especially the worst performing traders at I1 often place MO’s and hence
lose a lot of money as they have to pay the bid-ask-spread. Their losses are
highest (especially those from their MO’s) at the beginning of a period when
they are prone to being exploited by the insiders. 10 act as liquidity providers
since they place the highest (lowest) number of limit (market) orders. They
make little losses from their market orders, small but insignificant profits from
their trades initiated by limit orders, and so end up with approximately the
market return.

In prior studies with two information levels the informed traders exploited
the uninformed liquidity providers due to their informational advantage (e.g.,
Bloomfield et al., 2005, 2009). We find that once average informed traders
are added, the formerly exploited uninformed traders underperform the market
only slightly and instead the average-informed traders perform worst. Especially
when submitting market orders they are easily exploited by the insiders due to

the latter’s informational advantage.
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Tables

Table 1: Core results: ordinal rankings of order choice (limit orders (LO), limit
trades (LT), market orders (MO)), trading strategies (submission rate (SR),
execution rate (ER), taking rate (TR)), and profits for information level i. 14
(I0) stands for the information level of the insiders (uninformed). “+”7 (“-7)
indicates significantly positive (negative) values — at least at the 5%-level.

Order choice Trading strategies Profits
LO LT MO SR ER TR Total LT MO
10 1 1 4 1 3 5 -
I1 5 5 5 4 5 1 - -
12 4 4 3 2 4 4 -
I3 2 3 2 3 2 3
14 3 2 1 5 1 2 + +
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Table 3: Trading strategies conditional on time. SR, ER, and TR are provided
for each information level conditional on time interval within a trading period.
interval; is 1 for time interval 1 and zero otherwise. To capture patterns that
consistently change over time, trend is included which takes values from one to
five corresponding with time interval. *, ** and *** denote the 10%, 5% and

the 1% significance levels.

SR ER TR
10 mean 0.807*x%x 0.214x%x 0.488xxx
(0.060) (0.070) (0.073)
interval 1 0.124x% —0.154%x% —0.064
(0.063) (0.060) (0.089)
trend —0.013 0.058x%:% —0.018
(0.014) (0.026) (0.015)
I1 mean 0.796%xx 0.187 %% 0.491 %%
(0.074) (0.060) (0.081)
interval 1 0.026 —0.067 —0.073
(0.029) (0.089) (0.077)
trend —0.060x%* 0.064%%x 0.029x%
(0.023) (0.023) (0.015)
12 mean 0.833 %% 0.232x%% 0.310%%%
(0.070) (0.087) (0.086)
interval 1 —0.039 —0.108 0.104
(0.088) (0.118) (0.076)
trend —0.040 0.056%% 0.034
(0.030) (0.025) (0.026)
13 mean 0.710%xx 0.237x% 0.548%%x
(0.062) (0.088) (0.093)
interval 1 0.113*%*xx —0.146 —0.110%
(0.041) (0.090) (0.060)
trend —0.016 0.072x%% —0.018
(0.010) (0.027) (0.012)
14 mean 0.800%* 0.429%%% 0.360%%%
(0.074) (0.144) (0.066)
interval 1 0.029 —0.278xx%* 0.148x%
(0.039) (0.102) (0.080)
trend —0.052x%% 0.017 0.0465%%x
(0.014) (0.043) (0.014)
N 400 400 400
R? 0.87 0.62 0.70
F 177.55 30.03 19.08
P 0.000 0.000 0.000
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Table 4: Aggregate return analysis. Volume-weighted profits for limit and mar-
ket orders for each information level. *, ** and *** denote the 10%, 5% and the
1% significance levels. A CV indicates the change in the conditional estimation
of the fundamental value of information level i.

Total 1 Total 2 LT1 LT 2 MO 1 MO 2
10 —0.005 —0.004 0.007 0.006 —0.023%x —0.021 %%
(0.004) (0.005) (0.007) (0.007) (0.008) (0.008)
11 —0.021%xx —0.018xx —0.004 0.005 —0.035%x%% —0.038x:xx
(0.004) (0.007) (0.009) (0.012) (0.010) (0.011)
12 —0.010 —0.004 0.006 0.004 —0.023%%x —0.013
(0.008) (0.008) (0.011) (0.011) (0.007) (0.008)
13 0.003 —0.024x%x 0.004 —0.029x%x 0.003 —0.020%
(0.007) (0.008) (0.012) (0.014) (0.005) (0.011)
14 0.024%%x 0.016 0.048 %% 0.018 0.003 0.002
(0.009) (0.012) (0.007) (0.012) (0.010) (0.012)
A CV 11 —0.020 —0.125 0.076
(0.079) (0.114) (0.082)
A CV 12 —0.077 0.043 —0.145%%x
(0.062) (0.122) (0.046)
A CV I3 0.437*%x 0.496%% 0.378x%
(0.149) (0.189) (0.188)
A CV 14 0.090 0.441 %% —0.024
(0.131) (0.140) (0.042)
N 18230 17032* 9115 8516* 9115 8516*
R2 0.02 0.02 0.04 0.06 0.03 0.04
F 8.86 6.52 11.02 7.96 6.08 4.92
P 0.000 0.000 0.000 0.000 0.000 0.000

2 Period 1 of each market is excluded from the analysis as subjects receive no information on the
CV in period 0.
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Table 5: Who gains from whom? Cumulative volume-weighted profits (FP) for
limit trades (upper panel) and market orders (lower panel) of information level
i (columns). Positive (negative) numbers in the upper (lower) panel indicate
that the information levels in the columns gained positive (negative) FPs from
their LTs (MOs) with the information levels in the rows.

LT 10 I1 12 13 14

10 2.28 —0.66 6.55 1.55 27.86
I1 18.64 4.93 9.71 2.43 19.43
12 3.80 5.47 0.11 9.90 20.28
I3 —7.75 —4.75 —3.20 —4.03 13.73
14 0.34 —10.74 —4.90 —2.61 12.07
MO 10 I1 12 13 14

10 —2.28 —18.64 —3.80 7.75 —0.34
I1 0.66 —4.93 —5.47 4.75 10.74
12 —6.55 -9.71 -0.11 3.20 4.90
13 —1.55 —2.43 -9.90 4.03 2.61
14 —27.86 —19.43 —20.28 —13.73 —12.07
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Table 6: Volume-weighted profits conditional on information level and time
interval within a period in total, for LT and MO. *, ** and *** denote the 10%,
5% and the 1% significance levels. Standard errors are omitted.

IN interval Total LT MO

10 1 —0.017 —0.013 —0.021
2 —0.019%xx 0.000 —0.044 %%
3 —0.013 —0.001 —0.028
4 0.01 2% 0.021 %% —0.008
5 0.014 0.021 0.001

11 1 —0.046%%x —0.021 —0.0665%x%
2 —0.032xx%:% —0.034 %% —0.0305%x*3%
3 —0.006 0.012 —0.024%x
4 —0.012 0.020 —0.033x%x
5 —0.018xx* —0.002 —0.030

12 1 —0.037xx% —0.045% —0.032x%
2 0.003 0.009 —0.003
3 —0.017% 0.013 —0.038xx%*
4 —0.010 0.009 —0.027 %%
5 0.012 0.033 —0.010

13 1 0.023 0.019 0.028
2 0.001 —0.006 0.006
3 0.004 0.006 0.003
4 —0.000 0.004 —0.005
5 —0.005 —0.001 —0.009

14 1 0.055%%x 0.067 %% 0.045%%
2 0.036%%x 0.043%%% 0.027
3 0.025 0.068%%x —0.021
4 0.007 0.030%%x —0.013
5 —0.006 0.023 —0.024

N 18230 9115 9115

R? 0.04 0.07 0.06

F 8.36 21.37 12.59

P 0.000 0.000 0.000
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Figure 1: Fundamental value paths, F'V, as a function of period for the eight
markets. Four are generated randomly, and for each its counterpart mirrored
at the dotted line - the unconditional expected value of F'V - is calculated.
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Appendix

Appendix A: Experimental Instructions

We welcome you to this experimental session and ask you to refrain from talking

to each other for the duration of the experiment

Background of the experiment

This experiment consists of a market in which ten traders trade the shares of a

fictitious company for 20-30 consecutive periods (months).

Market procedure

The market is characterized by an asymmetric information structure. The best
informed (I4) receive all relevant information on the company. The second
best informed (I3) receive the same information one period later. This process
continues until the worst informed, I1, receive the information, who have an
informational disadvantage of 3 periods compared to the insiders.

Trading will occur with a double auction market mechanism. The price of
the shares is determined by your and the other traders’ actions in the market.
You are free to submit as many bids and asks (in the range of 10 to 200 with

up to two decimal places) as you wish.

Total wealth

Your wealth is the sum of your money balance and the market value of your
shares (the number of shares you hold multiplied with the current price). Your
wealth will change during a period as the market price changes, even if you do

not trade; the most recent trading price will be used to value your shares.

Fundamental value and CV

All relevant information on the future development of the company are included
in the variable ” fundamental value”, which stands for the fundamentally justified
valuation of the company at any time. The fundamental value starts at 40 and
will change randomly each period. The random change each period is +0.5%

with a standard deviation of 7.2%. Examples:

e The probability of the fundamental value increasing by more than 14.9%
= 2.3%

e The probability of the fundamental value decreasing by more than 13.9%
= 2.3%
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e The probability for the fundamental value increasing by more than 7.7%
=16%

e The probability for the fundamental value decreasing decrease by more
than 6.7% =16%.

The fundamental value is especially relevant at the end of the experiment,
since all shares will be bought back by the experimenter from you at that time at
this value. Each period you (as well as every other participant with exception of
10) receive an estimate (CV) of the fundamental value. Traders with information
level 4 (I4) get the most up-to-date information, i.e. the fundamental value
of the stock in the current period. Traders with information level 3 receive
the same information with one period delay. Traders with information level 2
get the same information as 14, just two periods later. Finally, investors with
information level I1 receive the same fundamental information as I4 with three
periods delay. As mentioned before, traders with 10 don’t get any information

on the fundamentals of the company.

70
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B |
AQ == = -1
1

Value, V; Conditional value, CV
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Figure E1: Example of a realization of fundamental value/CV as a function of
information level

The following table gives a brief overview on the number of traders per
information level and their initial endowments:
At the end of each period a history screen will give a short summary on your

endowments, past prices and trading activity on the market.
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Information level  Stocks Money No. traders Lag to fundamental value

10 40 1,600 2 no information
11 40 1,600 2 3
12 40 1,600 2 2
13 40 1,600 2 1
14 40 1,600 2 0

Table E1: Overview of initial endowments and traders per information level.

Your

of the fundamental Your current holdings of shares, money Your own sales and purchases in
value given your and the resulting wealth (stocks*current the current period
information level price + money)

7

L
‘own sales | _quantity | [ purchases | _auantity. X
3500 T 800 T SuBMIT BID:
stocks 43 39.00 1 4200 2 Here you can submit your
41.00 2 ;ggg 3 bids to buy — you have to
14520
money i B specify the quantity a_nd the
wealth 31390 price at which you wish to
buy
your estimate 36.45
—— lastprice 3900 SUBMIT ASK:
You have to specify the price

e and the quantity to sell

6

All open BIDS
List of all bids by all traders.
Your own bids are in blue.
The bids are sorted from the
highest to the lowest. The
best (=highest) bid is always
on top and marked blue

\ All open ASKS

List of all asks by all traders.
Your asks are written in blue.
The asks are sorted from the

lowest to the highest. The
best (=lowest) ask is always
on top and marked blue

4

20

0 10 2 30 40 50 60 70 80 90100
time in sec.

auantiy \_‘ auantiy

SELL: You sell the BUY: You buy the

Current price of
the stock
quantity you entered at the quantity you entered at the
highest bid price. If your lowest ask price. If your
Chart for all th -
arCSI:,:mT;?;dm © quantity is greater than the quantity is greater than the
quantity associated with quantity associated with

the bid, the latter amount the ask, the latter amount
is transacted. is transacted.

Figure E2: Trading screen
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Your trading volume Total trading volume in
in the respective the respective period
period.

Figure E3: History screen

Some important details

e Each period lasts 100 seconds. The experiment will be terminated between

periods 20 and 30, with equal probability at each termination date.

e Final payment: At the end of the experiment you will be paid in EUR.
At this time all your stocks will be bought back at the fundamental value
(equal to the estimate of I4 in the final period). Your money will be added
to the value of your stocks and this amount will be converted into EUR at
the rate of 1 EUR = 175 Taler. So, at the end of the experiment only 14
are perfectly informed on the fundamental value of the stocks. The worse

your information level, the imprecise your estimate (CV) will be.

Example: If your final wealth is 3860 units of money you earn 3860/175
=22.10
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Appendix B: Additional material
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as a function of time for markets 1 to 8.
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