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Economic Data, Conventions, and Replication
in Laboratory Asset Markets

Matthew J. Anderson and Eugene R. Blue

Data extracted from naturally occurring markets and other economic environments
often suffer from problems like data confounds and intercorrelations. We report re-
sults from a series of experimental markets that suggest some of the data problems can
be overcome by using experimental techniques. We use predetermined (videotaped)
draws to replicate results from prior research. This is contrary to the conventional
wisdom in the literature, which holds that draws should be “live.” Our results suggest
that the price and allocation behavior of markets can be replicated using predeter-
mined draws to initiate trading. Furthermore, the primary strength of the experimen-

tal method—control—is maintained.

Empirical economic analyses often include implicit
or explicit caveats about data problems. Data may be
unavailable, or it may be altered by various forces,
which renders tests and theories incomplete. Data
problems arise for many reasons, but problems often
start with the data extraction process. Data from natu-
rally occurring economic environments (such as mar-
kets) are often extracted at single points in time from
essentially dynamic systems. It may be unclear where
in a cycle or process a measurement was taken. Mea-
surements may also be taken from multiple systems or
locations, which may yield data with a laundry list of
problems.

For example, in many settings multiple variables
may be present simultaneously, making individual
variables difficult to disentangle and identify. This may
include variables not central to the question of interest.
Regardless of their importance, however, variables are
typically correlated and difficult to measure. Such
problems generally introduce noise and/or bias into the
analysis. The correlated omitted variable is the bane of
many economic analyses. Measurements may also ig-
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nore factors important for economic measurement,
such as inflation effects.

Statistical analysis may be significantly affected by
factors like these. For example, data correlations, be-
tween variables or over time with the same variable,
may result in a decreased ability to draw inferences
about outcomes or the nature of relationships among
variables. Analysis problems may be exacerbated be-
cause the relative number of observations, and the
number of variables under test, are likely to be reduced
where significant correlations exist.

Laboratory or experimental markets provide a
mechanism for mitigating some of these problems. In
particular, laboratory techniques provide analysts with
some control over the variables under test and over the
data extracted. We use experimental techniques to rep-
licate a set of results from the literature, while also ad-
dressing some of the concerns raised by the use of lab-
oratory techniques. We address issues from research
related to the invisible hand argument of Adam Smith.

In his original treatise, The Wealth of Nations,
Adam Smith makes perhaps the most well-known
claim in economic theory:

But it is only for the sake of profit that any man em-
ploys his capital...in the support of that industry of
which the produce is likely...of...greatest value....
He is in this led...by an invisible hand to promote an
end which was no part of his intention (Hirshleifer

[1976]).

Adam Smith implies that market participants are
motivated only by potential profit, and have no knowl-
edge of their real effect on the market. In seeking to
better themselves, market participants are somehow
led to make everyone better off.

Since Adam Smith’s time, there have been numer-
ous efforts to understand the role of individual actions
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(characteristics) on market prices and allocations, us-
ing factors such as participant market experience,
knowledge, and endowment (wealth) level, among oth-
ers. Such assessments are difficult in naturally occur-
ring markets, because observing individual traders is
problematic for many reasons, and costly. Further-
more, economic theory generally suggests that such
analyses are of limited importance regardless; the as-
sumption is that in most economic environments indi-
viduals® characteristics are similar to random noise.
The effects of such factors cancel each other out when
participants interact and actions are examined as out-
comes at the aggregate market level.

Consistent with Smith’s invisible hand observation,
economic theorists also argue that the structure of eco-
nomic environments like markets actually causes be-
havior that is in line with the theory. This outcome ob-
tains regardless of the intent, motivation, or actions of
individual traders. The argument again suggests that
individual characteristics can be safely ignored, and
that markets work in spite of individual idiosyncrasies.

Theory and Evidence

Substantial evidence supports the basic contention
of these arguments. For example, Jamal and Sunder
[1996]. using simulations, extend the work of Becker
[1962], who suggested that not all traders in a market
must be rational to observe theory-consistent prices
and allocations. Jamal and Sunder demonstrate that
markets populated by biased “statistical” traders in-
variably result in economic outcomes over time.

Nonetheless, the question of whether individual ac-
tions or attributes matter to market outcomes has not
been resolved. For example, human subjects (and mar-
kets) often have limited time horizons, and may not be
“consistently inconsistent™ (as is a computer simula-
tion). Experimental research techniques like laboratory
asset markets have been used to assess issues like the ef~
fect of individual bias on market prices and allocations.
Laboratory markets offer two factors of substantive im-
portance: control and replication (Friedman and Sunder
[1994]). Variables can be applied and measured withrel-
ative precision, and their effect on experimental partici-
pantbehavior (and on other variables) can be assessed.

A classic replication assumes that all critical fea-
tures of an experimental setting are held constant
across iterations (Keppel [1982, p. 75]). As stated by
Friedman and Sunder [1994], replication is central to
any experiment. Scientific inquiry depends upon repli-
cation to alter the content of the body of knowledge.

One of the issues related to replication is how to de-
termine the critical features of a given experimental set-
ting. Economic experimentalists use devices such as
bingo cages and computer algorithms to generate ran-
dom signals that initiate trading behavior in markets.
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According to Friedman and Sunder [1994], this ensures
that 1) the distribution of possible outcomes is what was
originally described to the subjects, and 2) they are able
to see and understand how procedures are carried out.
Subjects gain a sense of ownership and participation,
and any fears regarding deception by the experimenters
are removed (Friedman and Sunder [1994]).

Note that the use of bingo cages and computer algo-
rithms (live draws) makes it unlikely that the time or-
der and price structure of the experimental environ-
ment will be the same across sessions. However, these
features of the market environment are assumed to be
irrelevant to theoretical prices, allocations, and control.

Consistent with Friedman and Sunder, economic ex-
perimentalists have also been concerned about what
constitutes a potentially deceptive practice. For exam-
ple, Davis and Holt [1993] advise experimenters to
show [new] experimental subjects the cash with which
they will be paid in order to maintain control of the envi-
ronment and avoid any presumption of trickery (p. 61).
They say that “Many economists believe that deception
is highly undesirable in economics experiments...and
the results of [such] experiments should not be pub-
lished™ [1993, p. 24]. Davis and Holt also state that fail-
ure to follow prescribed procedures “pretty much ren-
ders results meaningless.”!

Friedman and Sunder [1994, p. 56] apply this line of
reasoning directly to failure to use the live draw con-
vention: “If a researcher presents a carefully chosen
predetermined sequence of numbers to subjects as a
randomly drawn series, the subjects have no way of
finding out, even ex post, that they have been lied
to....” Note that it is not necessary to present such a se-
quence as random, and it is not clear why subjects
might infer any deception.2

Nonetheless, consequences of the “live procedures”
convention include problems determining what fea-
tures are critical to results, and what costs are involved
in making such judgments. Note that one can interpret
the concerns about the nature of experimental features
as proof of the importance of individual features to out-
comes—even in market settings.

The use of live draws also potentially impacts con-
trol of other experimental factors. For example, differ-
ent experimental environments may result from errors
or simple alterations in procedures (Orne [1972]). We
next discuss the potential interplay between the use of
predetermined draws and other factors as an empirical
question, using results from an existing study and a set
of additional markets.

Evidence
Anderson and Sunder [1995] examine whether trad-

ing experience in a real market can transfer to a similar
laboratory environment. In many settings, experience
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in one area does not readily transfer to another, for ex-
ample, management success in one industry does not
guarantee success in another. Anderson and Sunder
compared the market price and allocation behavior for
two types of traders: experienced financial analysts
and MBA students. The financial analysts had jobs in
the investment community, and all had traded securi-
ties in real markets such as the New York Stock Ex-
change for themselves and clients. The MBA students
were finance majors at a large midwestern university.
All had recent economic and statistical training, and
were generally aware of investment and trading theo-
ries. Price and allocation behavior was compared
across several laboratory markets.

Market participants were assigned one of two trader
types, denoted I and 11, based on an endowment of cer-
tificates that paid state-dependent payoffs (two possi-
ble states). Type I traders would receive a maximum
payoff of 550 if state | occurred, and 50 if state 2 oc-
curred. Type II traders would receive 75 if state 1 oc-
curred, and 375 if state 2 occurred. Traders observed a
randomly drawn (with replacement) sample of five
balls, drawn from one of two hidden bingo cages, rep-
resenting the different states of nature—analogous to a
bull or bear market in a real context. The subjects were
required to infer the state of nature from the composi-
tion of the observed sample (much like real traders try
to infer the economic state of nature from variables
such as the index of leading indicators). Having ob-
served the sample and drawn an inference, subjects
then traded their state-dependent claims.

The payoffs and predicted prices, given a model for
predicting price, are shown in Table 1, panels A and B.

Table 1. Pavoffs and Predicted Prices

Both an optimal (Bayesian; Bay) and a heuristic (rep-
resentativeness; NBR) model were used to predict
price and allocation outcomes. The price prediction of
the representativeness model is simply the most ex-
treme price for each possible state given the signal.

Figure | shows examples of the relative deviation of
actual price from model predictions. Note that the be-
havior of the experienced traders was consistent with
the theoretical results, while the behavior of the MBA
students consistently deviated from theoretical predic-
tions. That is, the deviations from theoretical predic-
tions trended to zero for the experienced traders, but
not for the MBA students. The heuristic (NBR) model
predicted the students’ behavior very well, which is
consistent with prior studies (Camerer [1987]).

Anderson and Sunder’s [1995] results are effectively
an anomaly in the sense that many studies using human
subjects have failed to show positive transfer of market
experience. Forexample, Burns [ 1985] found that expe-
rienced wool traders did not outperform students in a
simulated natural wool market. Other studies in psy-
chology and elsewhere have suggested that experienced
businesspeople and others are just as susceptible to cer-
tain errors as the most naive students (see, for example,
Kahneman, Knetsch, and Thaler [1991]).

Using predetermined draws, we replicated two se-
quences of draws used to initiate the trading in Ander-
son and Sunder [1995]. We used only inexperienced
traders as subjects. For Sequence 1, Anderson and
Sunder reported relatively Bayesian (economic) price
outcomes. This sequence was relatively less likely to
occur given the particular probability structure. How-
ever, for Sequence 2, Anderson and Sunder reported

Panel A: Signal Sequences, Trader Types, and Market Payoffs for Realized States

Payoffs
Trader
Type/State X b
Type 1 550 50
Type 11 5 375

Panel B: Predicted Market Prices, State, and Trader Type Expected To Hold Certificates after Trading Given a Signal R[#]

Signal RO R1 R2 R3 R4 R5
Price - Bay 360 335 288 312 423 493
Trader - Bay 11 11 I 1 I I
E[State] - Bay Y ¥ Y X X X
Price - NBR 375 375 375 375 550 550
Trader - NBR I 11 IT 1T I 1
E[State] - NBR Y Y Y Y X X
Prob (SIR[#]) 0.94 0.87 0.71 0.52 0.75 0.89

Note: R =red: R[#] = the # of red balls in a sample. NBR: No base rate (representatives). Bay: Bayesian.
Sequences were as shown below, with R denoting the number of red balls in a given observed sample R[#].

One: R4 R2 R4 R3 R2R4 R3 R4 R3 R3 R4 RI R3.
Two: R2 R4 R3 R4 R4 R4 R1 RO RI R4 R4 R5.

Market traders were of two types, based on differing payoffs for state X or Y. Payoffs are expressed in fictional “francs.”
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FIGURE 1
Relative Bias Results

Market 1 (Professional)
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Note: Relative bias results from Anderson and Sunder [1995]. The pattern of changes with signals can be contrasted with results from our

replication (Figure 4).

representative, or too high, price outcomes given
Bayesian expectations. This sequence was relatively
more likely to be witnessed by traders. We ran two lab-
oratory market experiments for each sequence, for a to-
tal of four markets. We also compared the outcomes to
those reported by Anderson and Sunder [1995].

The sequences consisted of videotaped draws of a
sample of five balls, composed of different combinations
of red (R) and white (W) balls. Balls were drawn with re-
placement from one of two hidden bingo cages, repre-
senting potential states of nature (see Figure 2). We ex-
pected that the markets with differing sequences of draws
would lead to substantively different market prices.

Subjects

Subjects were either senior undergraduate or gradu-
ate students who had taken several courses in finance.
None had previously participated in a laboratory market
experiment, and almost all had no practical experience
buying, selling, or trading securities in a “real” market.
Subjects were paid from $20 to $60 for the three-hour ex-
perimental session, the same payoffs used by Anderson
and Sunder [1995]. Earnings related directly to what the
traders earned by buying and selling market “certificates.”

Experimental Procedures

Each experimental session began with a series
of exercises designed to familiarize subjects with the
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market procedures, and each trader was given two trad-
ing certificates per period. To initiate trading each
period, subjects were shown a videotape of the sample
draw of five balls used to infer cage “X ™ or “Y.” Each
market was conducted for twelve to thirteen five-min-
ute periods. All transactions were conducted using
“francs,” a fictional market currency.

At the end of the trading periods, subjects com-
pleted a debriefing exercise and questionnaire, and
were paid in cash based on their earnings. Expected
price outcomes under Bayes’ rule for each possible
sample draw are shown in Table I (assuming a random
sampling process). The event sequence is shown in
Figure 2.

Assessment of Prices and Error

We use prices and relative error as the primary mea-
sures to assess the replication of market outcomes (An-
derson and Sunder [1995]). We use a relative measure
because the extent to which market prices can deviate
from expectations within a period varies with the ob-
served signal.? We also report statistical correlation re-
sults and a measure of the degree to which the market
allocated goods efficiently.

Relative error (RE) is essentially percentage change.
It is defined as the deviation of the actual price from the
Bayesian expected price, divided by the difference be-
tween the Bayesian expected price and the maximum
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FIGURE 2
Event Sequence

Draw 1 ball

Cage B

20 balls
16 red
4 white

20 balls
12 red
8 white

Draw 5 balls, 1 at
a time, with replacement

Naote: The state of nature was determined in sequence. A numbered ball was first selected from cage A. Given the number of the selected
ball, a second bingo cage (B or C) was then selected and a sample of five balls drawn, one at a time, with replacement. This sample was used
to infer the state of nature, which was announced affer trading for the period.

possible price (liquidation value or positive error
ceiling):

RE =100([(F; — Ps)I/[(Py — P3)]) (n

where P, is the actual market price, Pg is the Bayesian
expected price conditional on the observed signal, and
Pys is the maximum payout to the trader type expected
to hold the asset at period end, given the observed sig-
nal. This metric equals zero if market prices conform
perfectly to Bayesian expectations. Its upper bound is a
function of market outcomes. A value of “1” suggests a
level of error of 100%. We use the mean actual price
for the last three trades of each period in this analysis
(Anderson and Sunder [1995]).

We also report market allocative efficiency (AE)
(Jamal and Sunder [1996]), defined as follows:

__[EVi | Sample]N, <+ EVy | Sample]Ny
Max|EVy EVy | [Ny + Ni

AE

(2)

where EV is expected value, N is the number of traders,
and Max denotes the maximum of the two possible div-
idend values for the trader types (/ and /1).

Results

Replication, Data Consistency, Prices,
and Relative Error Measures

Analysis centered around whether the observed
price and relative error outcomes were internally con-
sistent and replicated. Were the same results obtained
when a sequence was repeated (e.g., Sequence 1), and
did outcomes differ across the two sets of sequences?
Finally, we compared our outcomes to those reported
in Anderson and Sunder [1995]. Results for this analy-
sis are based on activity from period 5 to the end of the
market in each case (Friedman and Sunder [1994]).

Mean market prices are shown in Figure 3. Panel A
of Figure 3 depicts prices for Markets 1 and 1A, where
the traders observed Sequence 1. Panel B depicts
prices for Markets 2 and 2A, where the traders ob-
served Sequence 2. First, we assert that the markets
pass the “interocular trauma test (eyeball)” of Savage
(Friedman and Sunder [1994, p. 92]). Visually, sub-
jects in a given set of markets appear to be reacting to
“draws” in similar ways.

This conclusion is borne out by analysis of the mar-
ket prices. Prices in Markets 1 and 1A are not statisti-
cally different from each other (p = 0.83), and are
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FIGURE 3
Mean Market Transaction Prices for Each Period of Markets 1 and 1A (Sequence 1 Markets)
and Markets 2 and 2A (Sequence 2 Markets)
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Note: R(#) is the number of red balls in the observed sample of five balls.

highly correlated (»=0.78; p = 0.01). Furthermore, for
Markets 1 and 1A, the prices move in the same direc-
tion as those reported in Anderson and Sunder [1995],
and do not differ statistically (p > 0.15).

Similar results hold for Markets 2 and 2A. Market
prices across the two markets do not differ (p = 0.60),
and prices are highly correlated (r=0.83; p=0.01). As
with Markets 1 and 1A, the outcomes observed do not
differ statistically from those reported in Anderson and
Sunder [1995] (p > 0.28).

Prices from the two sequences (Markets 1 and 1A
versus Markets 2 and 2A) were significantly different
from each other (p = 0.059). In these markets, the price
outcomes of inexperienced traders mimic those of the
more experienced traders, as well as the inexperienced
traders of Anderson and Sunder [1995]. The results
suggest that the sequences of draws used to initiate
market activity matters.

Prices in Markets 2 and 2A tend to stabilize at levels
well above Bayesian expectations, consistent with the
behavior reported in Anderson and Sunder [1995] and
other studies (e.g., Camerer [1987]). Prices are rela-
tively more variable in Markets 1 and 1A than in Mar-
kets 2 and 2A.

Outcomes using the relative error measure (REM)
are depicted by market in Figure 4. The REM results
are similar to those obtained for prices: Subjects ap-
pear to respond to signals in a consistent fashion based
on correlation analysis. For Markets 1 and 1A (panel
A), r=0.88 (p =0.00); for Markets 2 and 2A (panel B),
r=0.67 (p=0.07).

The REM outcomes in Markets 1 and 1A are not
different from each other (p = 0.83), and are consistent
with the Anderson and Sunder [1995] results (p >
0.13). There is also no difference between Markets 2
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and 2A (p =0.79), and outcomes are again consistent
with Anderson and Sunder (p > 0.75). The REM out-
comes for Markets 1 and 1A do differ from those of
Markets 2 and 2A (p = 0.03).

Recall that the level of error in these graphs would
tend to zero to the extent that trading behavior is consis-
tent with Bayesian expectations. For Markets 1 and 1A,
the level of the REM outcomes often approaches zero
and is quite variable. In contrast, the level of the REM
outcomes of Markets 2 and 2A is relatively stable and
approaches “1” by the end of each market. Taken to-
gether, these price and relative error results suggest that
1) different behavior is occurring with the different se-
quences of draws, 2) behavioris replicated internally, and
3) behavior is consistent with the Anderson and Sunder
[1995] results. This suggests that the use of predeter-
mined draws of the samples used to generate market ac-
tivity does not by itself significantly alter market prices.

Market Efficiency

Figure 5 shows market allocative efficiency mea-
sures. Both sets of markets (panels A and B) are effi-
cient at a level consistent with the prior literature de-
spite the fact that the market prices are not consistent
with competitive outcomes (Smith [1994]). Ex post,
the “right” traders appear to hold the certificates traded
in the market, which implies that subjects did not
misperceive the underlying distribution and make
wrong state choices.

Conclusion

One of our primary objectives in this article was to
demonstrate the degree of control analysts could obtain
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FIGURE 4
Relative or Percentage Bias ([Actual Price-Predicted Price] / [Period’s Payoff—Predicted Price])
Each Period, Markets 1 and 1A (Sequence 1 Markets; Panel A) and Markets 2 and 2A
(Sequence 2 Markets; Panel B)

Relative Bias Seq 1
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Note: R[#] = red balls in the sample of five balls. NBR: No base rate; representativeness model Bayes: Bayesian model.

FIGURE 5
Market Allocative Efficiency by Periods for Markets 1 and 1A and Markets 2 and 2A
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Note: Measure reflects the extent to which predicted traders held the certificates at the end of trading. R(#) = the number of red balls in a

sample of five balls.

over data extraction by using experimental techniques.
We demonstrated that 1) behavior from an existing
study—Anderson and Sunder [1995]—could be repli-
cated, and 2) market behavior was not significantly af-
fected by the use of predetermined (videotaped) sig-
nals. Our analysis suggests that price and allocation
results are consistent. That is, within a given market en-
vironment with particular characteristics, results are

similar, and across differing market environments, re-
sults differ in a predictable fashion.

The results also support the conclusion that the use
of predetermined draws does not substantially alter ob-
served market behavior. Our data do not support the
idea that using predetermined draws causes subjects to
suspect deception, or to be confused about the nature of
the underlying distribution from which draws are
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made. Our results suggest that predetermined draws
can be used to control the nature and extent of experi-
ence given experimental subjects, and can thus im-
prove the replicability and consistency of results in lab-
oratory markets. This outcome substantially broadens
the possible scenarios for obtaining data in many fi-
nance and economic settings.
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Notes

1. Davis and Holt [1993] point out that some researchers even
avoid the use of computer algorithms to maintain “realism” in
their experiments.

2. Evidence suggests that deception, even when consciously
used, does not adversely affect experimental results. Bonetti
[1998] found no adverse effects in economic contexts. Korn
[1997] reviews similar findings in the psychology literature.

3. The dependence of price deviation from expectation on signals
is demonstrated by the following example (using market pa-
rameters given in Table 1). Given an R1 signal (one red ball ina
sample of five balls) in the markets, conditional on Bayesian
expectations and prior results suggesting that naive subjects
tend to trade at higher than optimal prices, the positive error
ceiling is 40 (375-335). However, given an R3 signal, the posi-
tive error ceiling is 238 (550-312). Thus, the absolute magni-
tude of price deviation may differ substantially as signals
change. Furthermore, the same absolute change in price, given
different signals, may suggest very different behavior on the
part of the trader(s). Ceiling effects are an issue.
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