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ABSTRACT

The effects of endogenously generated information on decision
making is studied within three economic institutions. A non-market
institution, (voluntary contributions for the provision of a public
good), and a market institution, (sealed bid auctions), which both
have been extensively studied as non dynamic institutions were used
to examine the effects of dynamically generated information. A
third institution, the double auction, which has been studied as a
dynamic institution, was used to develop prototype methodology for
the simulation and estimation of decision strategies with dynamic
environments.

Experimental results are presented showing the effects of
allowing real time revisions of voluntary contributions for the
provision of a public good. Four public good payoff functions are
examined, each of which generates specific equilibria. Evidence of
increased provision of the public good is demonstrated for: i) the
case in which revisions are limited to increases and a provision
point exists, and also ii) the case in which there is a high initial
marginal return from the public good.

An experimental investigation of sequential first and second
price sealed bid auctions is conducted examining the effects of

known capacity constraints on bidding behavior. Results are
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presented and compared to a Nash equilibrium model developed by
Robert Weber. These naturally occurring inter-auction limitations
are shown to significantly affect revenue generation capabilities of
sealed bid auctions. Bidding and price behavior is presented and is
found to be inconsistent with the model.

A methodology is proposed as a means for attempting to identify
and estimate strategies utilized by participants within dynamic
institutions. The methodology was used on the double auction.
Computer automata are used to examine the contracting behavior of a
variety of decision rules. Simulations of the decision model are run
using parameters common to past experiments. The resulting
contracts are compared to corresponding experiment contracts and are
found to follow similar patterns. Two double auction experiments,
each with ten subjects were used to generate actual contracting
data. The parameters of the proposed decision model are estimated

from data on the individual decisions of the subjects.
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Chapter 1
Introduction

The majority of theoretical and empirical work in
microeconomics has focused on single period models. Many naturally
occurring institutions Jjustify this focus in that participants make
a single decision within the institution or'in that the institution
only exists for a single allocation decision. In addition, the
tractability of single period models has made these efforts the
obvious starting point for the analysis of economic decision making.
The applicability of these models to environments in which
information changes dynamically within the institution has, in most
cases, yet to be explored.

The single period model typically assumes that a transaction is
performed once. Any information that is developed about other
participants in that institution is of no use since the transaction
is never repeated. If the transaction is repeated with the same

participants it is frequently the case that the single period model
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is no longer applicable. In fact, Ledyard [1985] has demonstrated
that any undominated strategy can be Jjustified as a Bayes-Nash
equilibri;lm given a specific set of beliefs on the part of the
participants. The manner in which participants develop specific
strategies in dynamic institutions has not been determined and is
the subject of this research.

These dynamic institutions can be divided into two categories
based on the manner in which the information environment changes.
In one, the parameters remain the same from decision to decision.
In this first environment, decisions by participants affect other
participants’ behavior only through reputation. This has been a
common focus of experimental economics. Parameters are established
for a specific environment, subjects are allowed to then make
decisions in that institution, results are revealed, and then the
process is repeated some number of times.

In the other category of environment, each decision by a
participant has the potential of affecting the environmental
parameters facing the other participants. The most common
experimental market example of this is the double auction. In the
double auction, each time a trade occurs, the supply and demand
array facing the traders changes. The research in this document
focuses on this second category of economic decision environment.

Naturally occurring examples where the distinction between the

dynamic and single period models are apparent are frequent. This
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research focuses on three of these. The first, voluntary
contributions is a commonly used mechanism for funding a public
good. In many cases this is done through a single request for
support with little or no information provided about the level of
funding raised previously. This represents the single period or
sealed bid model of voluntary contribution public good provision.
This model has been studied extensively.

A natural question that arises with respect to the voluntary
contributions mechanism (VCM) is what the effect might be of
changing the mechanism to a real time process rather than a process
that uses a single decision for each provision. Clearly, real time
voluntary contribution processes are frequently used. Many
fundraising activities announce a time ©period within which
contributions will be collected. During this time period the total
contribution level is posted or announced, and frequently updated.
The PBS quarterly fund drives, for example, regularly announce the
current level of contributions and maintain a highly visible display
showing the totals. Community Chest and United Way community fund
drives also prominently display their updated totals throughout the
community. This updating process may be significant in the
effectiveness of the fundraising activities. It certainly
incorporates some of the information features that appear to be

important in previous research. Recently, for example, Palfrey and
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Rosenthal [1988] have shown that even a nonbinding announcement of
intent to contribute can affect the level of provision. This paper
reports on experiments which are performed to examined the extent to
which the real time environment makes a difference in the VCM.

The second institution that is studied in this research is the
sealed bid auction. Naturally occurring examples of this are
common. Procurement decisions are frequently made using sealed bid
auctions and they are also used for the awarding of contracts and
the sale of objects. A common circumstance is that of a single
auction where a number of participants would bid, the award takes
place, and the process ends. This single period process has been
modeled and numerous experiments have been conducted to generate
data to evaluate the models.

It is not uncommon, however, for there to be interconnections
between auctions. The actions of participants in one auction may
affect their, or other participant's, decisions in subsequent
auctions. Firms bidding for a government contract, developers
bidding for a parcel of land, or art collectors bidding for a
painting, all face an auction market where the success of the
winning bidder may limit that bidder’s ability to participate in
subsequent similar auctions. Contractors may experience capacity
limitations and purchasers may have resource limitations. In either
situation, successful bidders may be effectively removed from the

pool of bidders for some significant period of time.
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This impact of one auction on another may affect the
desirability of the sealed bid auction as an allocation mechanism.
Typically, a monopolist or monopsonist offers a commodity or
contract through an auction to an unrestricted number of bidders in
an attempt to capture as much of the available surplus as possible.
The existence of asymmetric information with respect to the bidder
valuations generates the demand for the auction institution.
Otherwise, the organizer of the auction could simply post a price.
The sealed bid auctions appear to work well for revenue generation
in this context. If the pool of bidders is large compared to the
total number of auctions, the capacity or resource limitations of
successful bidders may not affect bidding behavior in subsequent
auctions.

However, if the other side of the market is relatively small,
the existence of an oligopsony or oligopoly may cause the removal of
one bidder to have a significant affect on the behavior of other
bidders. This inter-period effect may significantly impact the
revenue generating capabilities of sealed bid auctions. This
research investigates bidding behavior in such sequential auctions
where a monopolist is offering to sell objects to oligopsonists with
capacity constraints.

The third institution studied in this research is the double

auction. The double auction (DA) is a common institution used
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extensively in naturally occurring markets such as securities
trading. In this institution buyers submit bids to buy and sellers
submit offers to sell. Each can accept, respectively, the lowest
outstanding offer or the highgst outstanding bid at any point in the
trading period. Acceptance constitutes a contract. Bids and offers
may then be resubmitted according to the given priority rules. The
process continues until the trading period is over. Since buyers
and sellers have fixed capacities to buy and sell within each
period, a contract between a buyer and seller changes the remaining
supply and demand curves and thus changes the potential market.

Of the three institutions studied in this research, the double
auction is the only one that has been previously studied as a
dynamic institution. Extensive experimental analysis of this
institution has generated a substantial number of stylized facts
about subject trading behavior. Experiments have been conducted to
ascertain the effects of the design of the supply and demand basis,
the number of bidders, the number of traders, time for trading as
well as other parameters. The results have shown the DA to be
highly efficient and flexible under a wide variety of parameters.

There has been an ongoing interest in modeling trader behavior
within this institution and recently Palmer and Rust [1988] have
proposed a tournament of computerized models. They review the
literature to date and discuss the few models that have been

proposed. It is not clear however, how well these models would
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actually perform in a double auction. In order to attempt to
understand the performance of such models and to generate more
effort in the development of double auction models they have
proposed a tournament of double auction models in the spirit of the
prisoner’s dilemma model tournament held by Axelrod [1987] in which
the tit for tat model proposed by Rappaport was the most successful
model.
Dissertation Overview

This dissertation examines three economic institutions in which
individual decisions endogenously change the information position of
other participants. Two institutions are chosen that have well
defined single period models. One, a market institution, is the
sealed bid auction where both :first and second price pricing
mechanisms were studied. The other, a non market institution, is
the provision of a public good through voluntary contributions. The
third institution that is examined, the double auction, has not been
successfully modeled as a single period institution and, generally,
has only been viewed as a dynamic institution. It is examined here
in an attempt to develop a methodology for analyzing dynamic
decision behavior. In order to generate decision data, these
institutions are investigated using experimental economics
methodology.

Chapter two examines the provision of public goods using payoff

functions which have been chosen to be consistent with previous
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experimental research. However, unlike previous research, subjects
are given a time period during which they can adjust their
contributions based upon their observations of the total level of
contributions of other subjects. This means that as each individual
changes his of her own level of contributions to the public good in
real time all participants can observe that change as it
occurs.

Within this real time framework, four separate payoff
treatments are considered: i) a uniform marginal return, ii) a
provision point, iii) a high initial return to investment and iv) a
low initial return to investment. Data are obtained from two
contributions treatments where, in one case, the subjects can only
increase their contributions to the public good and in the other,
they can both increase and decrease their contributions.

In Chapter three the standard ,first price and second price
sealed bid auction institutions are modified to generate a dynamic
environment by announcing a sequence of auctions during which
bidders have capacity constraints. This means that not only is a
successful bidder prohibited.'from participating in the remaining
auctions of the sequence but the remaining bidders are facing less
competition in each subsequent period. In order to examine the
effect of these cross-auction constraints on bidding behavior,
experiments are run where independent private values and common

knowledge of the number of bidders are comparable to previous
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experiments. Both first-price and second-price auctions were
conducted with three, four and five period sequences.

Single period models exist to describe subject behavior for
both the provision of public goods through voluntary contributions
and for sealed bid auctions. However, in the case of public goods,
models do not exist that explain behavior in these dynanmic
environments. Robert Weber [1983] has developed a Nash equilibrium
model of bidder behavior for the type of sequential auction
information environment discussed here but results are presented
that demonstrate that it does not capture the behavior that is
observed.

In chapter four a third dynamic institution is examined. In
order to attempt to develop a new methodology with which dynamic
decision rules for institutions like those discussed above can be
estimated, data from the double auction was used. The double
auction was chosen since it is the most heavily studied dynamic
experimental institution and, as a result, there exists a
substantial body of knowledge about it’s properties.

It was not necessary to generate new data for the purpose of
this research. Data from experiments designed by James Cox and
Ronald QOaxaca was used for this analysis. Their experimental data
was chosen because of their design which permitted the underlying
supply and demand framework to shift in each period. The resulting

data provide an opportunity to investigate the manner in which
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subjects respond to the institution when they have no prior
knowledge concerning the supply and demand framework.

A simulation technique is used to explore the trades that would
take place under various decision rules. Buyers and sellers with
identical parameters to those in the Cox/0Oaxaca experiments are
simulated by computer and are allowed to trade using a variety of
different trading rules. These trading rules are varied until
trades made by simulated traders begin to match characteristics of
the observed trades in the experiments. The most successful trading
rule, =a model that uses experience to wupdate expectations on
reservation income levels and allows traders to discount reservation
levels at different rates, is then compared to the actual trades of
individuals. Maximum likelihood estimation is used to estimate the
parameters of the model for each subject in two of the experiments.
This technique is proposed as a methodology for identifying the
specific strategies used by participants within a dynamic
institution.

Previous Work
A. Provision of a Public Good Through Voluntary Contributions

The funding of public goods has been the subject of a great
deal of experimental research over the past several years. The
voluntary contributions mechanism (VCM), in particular, has been

studied extensively to attempt to understand the subtleties of a
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mechanism that 1is responsible for numerous naturally-occurring
examples of public good funding.

Isaac and Walker [1987] recently reviewed much of the
experimental work to date and concluded that experimental evidence
exists to support both a conclusion that the VCM fails to provide
optimal levels of the public good and the conclusion that it can
occasionally provide a substantially efficient level. They then
resolve the seeming contradiction by demonstrating that much of the
success of the VCM is strongly dependent upon both the specific
parameters of the institution and the manner in which information is
disseminated.

This previous work examining the funding of public goods
through the mechanism of voluntary contributions emphasized decision
analysis within an environment where the subjects had no information
about other subjects’ decisions during the current period. The
subjects in each of the experiments were asked to distribute their
investment choices between a group investment exchange and an
individual investment exchange. After their decisions were made,
the contributions of all subjects were computed and the
corresponding profits were revealed. Similar studies by Kim and
Walker [1984], Marwell and Ames [1980], Andreoni [1986] and others
have all been based on a single decision per period. This
experimental process generated a multi-period game for sequentially

funding the same, or identical, public goods.
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A consistent feature of the results of these studies is that
participants engage in strategic behavior in the form of free
riding. The free riding increases over time, and as mentioned above,
certain institutional parameters affect the degree of free riding.

A related but distinct area of investigation [e.g. Smith 1980]
uses a multi-period decision process to fund a public good. In each
period information is generated that feeds back to the participants
to Dbetter aide them in making their public good funding
decision. This process is used to generate information concerning
the funding of the public good but only actually funds the public
good after a pre-identified number of periods or after a stopping
rule is nmet. This process, in an iterative manner, allows
information to be transferred to the participants during the
decision process much like the real time process. The whole process
then may be repeated. This type of process can result in reduced
free riding.

B. Sealed Bid Auctions

The bidding behavior of subjects in sealed bid auctions has
been the focus of extensive research that has incorporated
experimental analysis, field studies and theoretical modeling. A
review of the recent literature can be found in McAfee and McMillan
[1987] and Roth [1982]. Both first and second price sealed bid
auctions have been modeled. The experiments that have been

performed have found the majority of the data consistent with the
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models [e.g. Cox, Roberson and Smith and Cox, Smith and Walker]. In
virtually all of this work, the decisions are viewedvin the theory
as single decisions, or as independent trials within the same
institution.

A common assumption, used in most of the work on the theory of
first and second price sealed bid auctions, is that the number of
bidders is not affected by bidding behavior in previous auctions.
Yet, in real world environments, it is common for successes or
losses in previous auctions to affect the number of bidders in
subsequent auctions. Weber [1985] recognized this and proposed a
theory for the sequential auction with risk neutral bidders for each
pricing rule.

C. Double Auction

The double auction has been the subject of numerous
experimental studies attempting to wunderstand more about an
institution that is used so frequently and for such highly visible
purposes (see the surveys by Smith, 1982 and Plott, 1982). It is
the type of trading institution used by the New York Stock Exchange.
These studies have explored the effect of differing support
structures and parameters on subject’s bidding and contracting
behavior.

Throughout all these studies the overwhelming result is that
regardless of the structure of the supply and demand arrays, or the

number of subjects beyond monopoly, the double auction converges to
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the market equilibrium. Furthermore, the ratio of the actual
surplus earned by participants to the theoretical available profit
(efficiency) tends to be near one. This result holds despite the
fact that traders in this institution typically know only their own
redemption values and have no information prior to trading about the
market equilibrium price or quantity.

In the terminology of game theory, the double auction is a
continuous time game of incomplete information. To date it has not
been modeled in a way to identify a theoretical Nash equilibrium.
Robert Wilson (1984, 1985) has examined a simplified version of the
double auction in a static environment and established necessary
conditions for Nash equilibrium strategies. Dan Friedman (1984) has
also attempted to develop a game theoretic model of the double
auction but most work has typically focused on the possibility of
outcomes that are inconsistent with the competitive equilibrium.
Specifically they show that with incomplete information the traders
can act strategically to attempt to exercise influence on supply and
demand. These approaches generally indicate that the competitive
equilibrium would only be obtained as the number of traders becomes
very large.

These results are clearly inconsistent with the observed
experimental data. Competitive equilibrium solutions are regularly
obtained with only a few traders on each side of the market. The

difficulty of dealing with such a complex strategy space has
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generated interest in alternative means for examining the double
auction. Easley and Ledyard (1986) have developed a learning model
for trading in the double auction which eventually converges even
with few traders. Although this model does provide an algorithm for
explaining trading behavior similar to what 1is observed in
experiments, it may not be the optimal algorithm either from the
viewpoint of being the most efficient or as the best model of human

decision making.
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Chapter 2
REAL TIME VOLUNTARY CONTRiBUTIONS

This chapter reports on a series of thirty-two experiments that
were run to examine the performance of the voluntary contributions
mechanism when real time adjustments were allowed. The experimental
design incorporated experiments that used parameters identical to
those that have been used previously in certain discrete choice
experiments, so that the effects of the real time environment could
be isolated (see for example Isaac, Walker and Thomas [1984]).

Five treatments were examined in order to attempt to capture
some of the common features of naturally-occurring, real time
voluntary contribution mechanisms. These included four different
payoff functions from the quantity of the public good provided (a
linear payoff, a linear payoff with provision point, an implicit
provision point and a piecewise linear payoff with steep initial
slope) and a treatment allowing either increases and decreases to
the public good or only increases.

The linear payoff has the property that the benefit of the

public good to the whole group exceeds the cost at all levels of
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provision, but the slope is such that the marginal benefit is less
than the marginal cost for any individual. There are several
aspects associated with the concept of a provision point that have
been discussed in the literature. One aspect 1is that many
fundraising activities identify both a goal and what can be obtained
if that goal is met (such as the construction of some facility)
where a major investment must occur before the public good can
exist. Without the significant initial investment the public good
cannot and will not be provided. This is similar to the provision
point of previous research (for example, Isaac, Schmidtz and Walker
[1988]). This type of provision point generates a discontinuity in
the public good payoff.

An earlier view of a provision point that was discussed by
Olson [1971] is that a provision point is the point at which the
group benefit from the public good exceeds the public cost. This
definition allows for provision of the public good even at levels
where the cost to the group exceeds the benefit. While the view
that the public good only exists when the group benefit exceeds the
group cost is a special case of this, there is no reason to assume
that the two views would generate the same type of behavior. This
view, allowing provision of the public good at all levels of
contribution, is referred to as an implicit provision point in this

paper and is similar to the discrete version used by Marwell and
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Ames [1979]. Provision points are utilized in eight of the
thirty-two experiments in this study and implicit provision points
are used in four.

Another aspect of naturally-occurring, real-time VCM’s is that
pledges, rather than actual contributions are sometimes collected.
This offers the opportunity for participants to modify their
contributions by failing to honor their pledges or by only partially
meeting their obligations. Although there was no formal attempt to
capture the pledge aspect of the process in this series of
experiments, a simplified version of pledging is incorporated in
eight experiments. Subjects were allowed to increase or decrease
their contributions during the real time portion with only the final
contribution level being binding. This allowed costless signaling
throughout the period .

It may be the case that public goods exist that are
sufficiently valuable to some individuals that they would be willing
to fund at least a 1limited quantity of the public good by
themselves. Such cases have been discussed in Olson [1971], in
Frohlich, Hunt, Oppenheimer and Wagner [1975] and Brookshire,
Coursey, and Redington [1983]. This situation is examined by
providing a level of benefit from the public good that any subject
would prefer to no investment in the group exchange. This is

accomplished by using a payoff function that consists of two linear
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segments. The benefit to the group exceeds the cost to the group at
all levels of provision but in addition, for 1low levels of
provision, the marginal benefit to any individual exceeds their
marginal cost.

The five treatments are therefore: (i) the type of adjustments
allowed to the group exchange, (ii) the existence of a provision
point, (iii) a payoff that induces an implicit provision point, (iv)
a payoff that provides high benefits at low levels of investment,

and (v) the linear payoff used in previous experiments.

Experimental Design

The thirty-two experiments were run as sixteen two-experiment
pairs. The order of each pair was alternated. The parameters used
in twenty-four of the experiments were identical to those described
in Isaac, Schmidtz and Walker. The sole change was the introduction
of an opportunity to adjust investments in a real time environment.
The remaining eight experiments incorporated modified group payoff
functions which are described below. All subjects were
undergraduate volunteers recruited from economics courses at the
University of Arizona. All had been 1in previous economics
experiments utilizing the PLATO computer. The same four subjects

were used for both experiments in each pair.
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Table 2.1

Real Time Voluntary Contribution

Information Environment

Private Information

Subject’'s own endowment
Subject’s own earnings
Subject’s current investments

and potential payoffs

Croup Information

Total group endowment
Return from group exchange
Number of Periods (10)
Number of subjects
Group payoff possibilities
Time Remaining in period
Current total investment
in group exchange and

potential payoffs



Real Time Voluntary Contribution

TABLE 2.2

Experimental Parameters

Experiment Subjects Total

Tokens
rt;4;02 4 248
rt;4;03 4 248
rt;4;04 4 248
rt; 4;05 4 248
rt;4;06 4 248
rt;4;07 4 248
rt;4;08 4 248
rt;4;09 4 248
rt;4; 10 4 248
rt;4;11 4 248
rt;4;12 4 248
rt;4;13 4 248
rt;4;14 4 248
rt;4;15 4 248
rt;4;16 4 248
rt;4;17 4 248

I - Increase Only

Individual
Tokens

62

62

62

62

62

62

62

62

62

62

62

62

62

62

62

62

ID - Increase or Decrease

IP - Implicit Provision Point (Increase Only)
NZI - Single Nash (Increase Only)

All experiments were ten periods

Sequence

I1/1D

ID/1

1/1D

ID/1

ID/1

1/1D

ID/1

1/1D

I/NZ1

NZI/1

I/NZI

NZI/1

IP/1

1/1P

IP/1

1/1P

Provision
Point

No

No

No

No

108

108

108

108
108/N. A.
N.A./108
108/N. A.
N.A./108
(108)/N. A.
N.A./(108)
(108)/N. A.

N.A./(108)
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Table 2.1 summarizes the private and group information
available during the experiment. The design for the experiments is
shown in Table 2.2. Twelve experiments were run with a linear
payoff function and no provision point. Eight of these only allowed
the group investment to increase, while the remaining four allowed
both increases and decreases.

Twelve additional experiments were run using an announced
provision point of 108 tokens. Eight of these only allowed
increases of investments in the group exchange while four allowed
both increases and decreases. Two additional sets of four
experiments were run using different group payoff functions. One
set of four utilized an implicit provision point payoff function and
the other set of four had a payoff function that provided a high
benefit at low levels of provision. All eight of these experiments
allowed only increases to the group exchange. In all experiments
each subject had an allocation of 62 tokens for a total of 248 since
each experiment used 4 subjects.

The four different group payoff functions that were used are
shown graphically in Figure 2.1, Consistent with previous
experiments, a linear payoff function was used for twelve of the
experiments. The payoff was 1.2 times the total group exchange

investment, so the marginal return for any subject for investing in
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the group exchange was 0.3. The payoff from both exchanges to the

individual was therefore,
4

P, =62 - x, + lz2 E: X, (2.1)
i i 4 i
i=1

Clearly, each individual had a single period dominant strategy to
invest zero in the group exchange.
A provision point of 108 was used in twelve of the experiments.
The return from the group exchange for investments of 108 or larger
was again the linear function of 1.2 times the total group
investment. The return from the group exchange when the provision
point was not met was zero. Nash equilibria exist both at 0 and at
108. The equilibrium at 108 consists of any combination of four
numbers between 0 and 32 that total 108.

Four experiments used the two-part, piecewise-linear function,

.. 4.1Zxi ,ostisz;o .29
1.2Zxi +164,40<in

Thus, the return to subject i from both exchanges was the amount
received from the private exchange (62—x1), plus one fourth of the

total return from the group exchange or,

G

i i 4 (2.3)
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The derivative of the individual payoff function is,

aT, .025,0sti<40
i . (2.4)

ax. -7 ,40<Zx.
1 1

Therefore, each individual would prefer that the total of all
investments in the group exchange be at least 40. If the total is
below forty any individual can make themselves strictly better off
by investing enough tokens in the group exchange to increase the
total to forty. They would increase their total profit by .025
cents for every token invested. If the total is above forty, each
individual would be strictly better off for every token they remove
from the group exchange (if this were permitted) until the total was
reduced to forty. For every token they removed they would increase
their profit by .3 cents. Thus a single period Nash equilibrium
exists at 40. The equilibrium is not unique since any combination
of four investments that add to 40 is an equilibrium. None of these
is Pareto superior to any other combination.

Four additional experiments were conducted using the following

payoff function for the group exchange.
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300
R 1+———1303,0<zxi<144
G = zx. (2.5)
1
1.2.Zxi ,14452xi
The derivative of the individual payoff function is,
3 3,-2
_q 4 -800(130) 1+ 130
AT, 4 Zx. Zx.< 144
—1i 4[{"] J J
axi J (2.86)
-7, ZXJ> 144

This payoff function generates an implicit provision point of
108 and a final slope and maximum payoff consistent with the linear
functions. The individual payoff function is shown in Figure 2.1.
The value of the upper term in equation 2.6 ranges from a low of -1
to a2 maximum of -.5. Therefore, over the full range of possible
total group investments, the marginal return to any individual for
an investment in the group exchange is negative. Thus, at any level
of group 1investment by other participants, an investment by
individual i into the group exchange will make i strictly worse

off. In other words, it is a dominant strategy to invest nothing in
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the group exchange.

The above discussion of optimal strategies is for the single
period analysis. Once it is known by participants that the process
will be repeated, the anticipated effect of any contribution they
make in the current period on other participant’s contributions in
future periods must be considered. Ledyard [1985] has shown that
any feasible play by a subject in a multi-period game can be
supported as a Nash response to specific assumptions on other
participants’ expected plays. Axelrod [1980] has studied how these
strategies evolve over sequential plays of the prisoner’s dilemma
and has found that a simple strategy of simply following the lead of
the other player is the most successful.

In any case, since any level of contribution can be supported
as a Nash response it becomes increasingly important to observe
which strategies are adopted. Designing the payoff function based
on single period strategies allows, at least, a baseline for the
analysis of the observed behavior. If the observed behavior is in
anyway consistent with the single period model this should provide a
basis from which to develop a dynamic theory of voluntary provision
of public goods.

In all treatments, the group optimum was 248. The ranges of
the individual payoffs for different treatments per period are shown
in Table 2.3. Each experiment was.run as one of a set of two

experiments. Subjects were told that the experiment they were
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participating in would last 10 periods. At the end of the first
experiment, subjects were informed that the experiment was over and
that they would begin a second experiment, where everything would be
exactly the same as the first experiment except for either the
allowable adjustments to their investment in the group exchange or
the change to the group payoff, whichever was applicable. If the
ad justment option were to change they would then be told that in the
second experiment they would be able to either only increase, or to
increase or decrease their investment in the group exchange during
the real time period depending on which treatment had been used in
the first experiment.

The experiments were run using the PLATO computer system. In
order to maintain conformity with previous VCM studies, the program
on the PLATO computer, written by James M. Walker, which has been
used for the previous studies, was modified to allow for the real
time adjustments. This permitted the identical instructions to be
used with the addition of two pages describing the real time
adjustment process.

The instructions explained to the subjects that they would be
endowed with a specific number of tokens at the beginning of each
period. They were first asked to invest the tokens in either an
individual exchange for which they would receive a return of $.01
per token, or into a group exchange where the return depended on the

total number of tokens invested by all subjects. It was explained



Linear
Payoff Funct
No Prov Pt

Linear
Payof'f Funct
with Prov Pt

Piecewise
Linear
Payoff Funct

Implicit
Prov Pt
Payoff Funct

Table 2.3

Payoff Ranges for Each Period

Max Possible Min Possible Payoff at

Payoff Payoff Group Optimum
(100%)
#1.18 .19 .75
#$1.18 .00 .75
#1.47 .48 1.04
#$1.18 .08 .75

41
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that the return from the group exchange accrued equally to all
subjects and did not depend on the source of the investment. Each
subject had the opportunity to review the group investment payoff
table between periods.

The process by which investments were made is as follows: a)
Each subject was requested to input his or her investment in the
group exchange and in the individual exchange. b) After all
investments were made, the real time screen shown in Figure 2.2
appeared. This screen displayed the investments made by the subject
to the individual exchange and to the group exchange, the total
investments to the group exchange by all subjects, the time
remaining in the period, and the payoff that would occur if all
investments were to remain at the current levels. c¢) Each period
lasted 180 seconds. During a period, the subjects were able to
change their investments at any time by pressing a specific key and
imputing their new choices. All changes were continuously updated
on all screens. d) At the end of the period, the subjects were
informed of their earnings for the period and were given an
opportunity to review their profits to that point, the group

investment payoff table, and a short summary of the instructions.
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Table 2.4 Final Investments
Experiment
Period rt;4;02 rt;4;03 rt;4;04 rt;4;05 rt;4;06 rt;4;07 rt;4;08 rt;4;09

1 52. 4% 35.1 40.7%* 25.0 79.0 51.2* 28.2 81.0*%
2 44, 0% 17.7 23.4* 11.3 47.8 54.4% 39.1 79. 8%
3 33.1*% 38.3 45. 6% 5.6 52.0 47.6% 5.2 5il.e6*
4 35.9* 3.2 14.9* 5.6 39.9 52.0* 10.9 67.3*
5 16.6* 6.5 6.5* 3.2 54.0 48. 0% 2.8 54.8%
B 13.3* 9.7 5,2% 2.4 54.0 44.4*% 25.0 53.2*
7 35.9* 6.9 29.4* 75.0 39.5 16.1* 60.1 46. 4*
8 11.3* 2.0 16.5* 16.9 54.8 29.4* 39.5 59.3*
9 6.9% 0.8 11.3* 10.5 52.4 49.6* 12.1 4. 0%
10 5.2*% 0.0 11.3* 1.6 50.0 5.6* 5.6 56.9*
11 12.1 14.9* 8.9 10.1* 46.8* 26.6 33.5* 50.8
12 11.3 12.1* 22.6 6.5%  46.0% 12.1 10.5* 4.4
13 1.8 2.4% 10.5 3.2*% 47.8* 20.6 0.0* 4.0
14 17.7 33. 1% 8.1 5.6* 48.4* 6.1 62. 1* 0.8
15 3.2 13.3* 0.0 14.9*% 44.8% 37.1 24.2% 37.9
16 20.2 11.7* 8.1 4.8% 41.9% 27.8 1.6* 31.5
17 1.8 18. 1* 27.8 0.8* 60.9* 25.0 0.0* 0.0
18 2.0 22.2* 8.3 66.1* 54.0% 0.0 0.0* 0.0
19 0.4 23.8* 7.3 7.7* B53.2*% 28.2 1.6* 0.0
20 3.2 12.5* 8.1 8.1* 54.4% 14.9 45.6* 0.0

Period rt;4;10 rt;4;11 rt;4;12 rt;4;13 rt;4;14 rt;4;15 rt;4;16 rt;4;17

1 76.2* 45, 2* 34. 3% 43.6* 36.3* 39.5*% 76.2* 100.0*
2 58. 5% 50.0* 43.5* 53.2*¥ 35.9* 25.8* 40.7* 63.7*
3 76.6* 29. 4* 53. 2% 44.4%  27.4* 32.3* 33.1* 36. 3%
4 75. 4* 26. 2% 43.5* 40.7* 8. 9* 30.6% 16.5* 41.1*
5 61.7* 22.6* 35. 1% 32.3% 54.4* 3.2% 4.8% 20.6*
6 52.8* 16. 5* 58.9* 16.9* 13.3* 0.0* 32.7% 22.2%
7 46.0* 14, 1* 46.8* 16.5*% 25.0* 19.4* 29.8* 18. 5%
8 53.2* 31.5* 42, 3* 17.3* 52.4* 0.8% 1.6* 13. 3*
9 59.7* 11.3* 52.0* 24.6* 6.9* 0.0* g. 3% 8. 5%
10 50. 0* 9.7* 15.3* 19. 4% 0.0* 0.0* 0.0* 33.9%
11 B65.7* 29. 8* 27.8* 35.1*  41.1* 7.3* 37.9* 58. 1%
12 58.5% 8. 1% 29.4* 12.5%  32.3* 0.0% 27.4* 32.3*
13 58. 9% 0.0* 24.2* 0.8* 10.5* 0.0* 0. 4% 7.7%
14 62.5* 16. 1* 42, 3* 10.9* 15.7* 0.0* 22.2% 75. 4*
15 54. 0% 0.0* 33.1* 0.0* 29.0* 0.0* 0.0* 50. 0*
16 52. 4* 0.0* 18.1* 0.4* 17.7* 0.0* 0.0* 0.4*
17 B1.7* 0.0* 20.6* 0.0* 22.6% 0.0* 35.5*% 29.0*
18 64.9* 0.0* 14.5* 0.0* 4.0* 0.0* 35. 1% 0.0*
18 50.0* 0.0* 16. 1* 0.0* 0.0* 50.0* 0.0* 14, 5%
20 40, 7% 0.0* 16.9* 0.0* 26.6* 100.0* 0.0* 75.0*

* Indicates Increase Only Restriction
- 43.5% is the provision point level
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Table 2.5
Mean Percent Provision
(Median)
Increase Only Increase or Decrease
No Provision 20. 24% 11.53%
Point (15.70) (8.10)
Provision 34.76% 26.98%
Point (44, 40) (26.60)
Implicit Prov 25.12% N. A.
Point (14.50)
Single Nash 34.61% N. A.

(29. 40)



Table 2.6
Mann-Whitney U Test

K‘

Pairwise Comparison of Mean Provision

Incr Only Incr/Decr Incr Only Incr/Decr Incr Only Incr Only

Linear Linear Prov Pt Prov Pt Impl PP Singl Nash
Incr Only

Linear - -2.91 3.52 1.853 0.08 4.23

Incr/Decr
Linear 2.91 - 3.74 3.06 1.43 5.96

Incr Only
Prov Pt -3.52 -3.74 - ~1.57 -2.08 -0.03

Incr/Decr
Prov Pt -1.53 -3.06 1.57 - 0.82 1.82

Incr Only
Impl PP -0.08 -1.43 2.08 -0.82 - 2.52

Incr Only
Singl Nash -4.,23 -5.96 0.03 -1.82 -2.52 -

Reject Null Hypothesis of equal means if |z[>1.96 « = .05 level

cs



Table 2.7
Bonferroni Test

Pairwise Difference in Mean Provision

Incr Only Incr/Decr Incr Only Incr/Decr Incr Only Incr Only
Linear Linear Prov Pt  Prov Pt Impl PP Singl Nash
Incr Only

Linear - 8.71 -14.49* -6.75 -4.89 -14.36*

Incr/Decr
Linear -8.71 - -23.20* -15. 46* -13.59 -23.06*

Incr Only
Prov Pt 14.49* 23. 20* - 7.74 9.61 0.14

Incr/Decr
Prov Pt 6.75 15. 46* -7.74 - 1.87 -7.61

Incr Only
Impl PP 4.89 13.59 -9.61 -1.87 - -9.47

Incr Only
Singl Nash 14.36* 23.06* -0.04 7.61 9.47 -

* indicates that the differences are significant at the 0.385
confidence level using the Bonferroni (Dunn) t tests

£S
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Results

The final investments in the group exchange at the end of each
period for all of the experiments are shown in Table 2.4. The mean
values across experiments for each treatment are shown graphically
in Figures 2.3 through 2.8. Examples of the intra-period
ad justments that occurred are shown in Figures 2.9 and 2.10.
Additional examples of the intra-period adjustments are provided in
the Appendix.

Summary statistics showing the mean percent provision for each
treatment, both for the whole treatment and the last five periods,
and the number of periods in which the provision point was obtained,
are presented in Table 2.5. Tables 2.6 and 2.7 provides statistical
information with which to evaluate the relative mean levels of

provision across treatments.

Mode of Adjustment

As can be seen in the Appendix, the ability to both increase
and decrease the investment in the group exchange allowed subjects
to fully explore the potential payoff possibilities and resulted in
a very quick movement to free riding behavior when there was no
provision point. During these periods, consistent willingness to

invest was signaled until shortly before the end of the period when



55

there was a major shift to free-riding. Some of the few periods
where the investments remained high may have actually been the
result of subjects trying to signal too long since in many cases the
subjects were attempting to change their investments as time ran
out. In one case (rt;4;04 period 17) a subject was attempting to
remove all of his tokens from the group exchange, but 1in his
excitement, turned off his computer terminal instead.

With the provision point, the ability to decrease the
investment appeared to be used in three ways. One pattern was that
after attempting to induce others to invest, and having little or no
success, the subject moved to zero. Another pattern was generated
when the provision point was exceeded. Then subjects attempted to
reduce their investment in the group to improve their own portfolio
without dropping the total below the provision point. Sometimes
this worked, but during other periods several subjects attempted
this strategy just as time ran out, causing the group investment to
fall just below the provision point.

The third pattern occurred when one subject had a significant
portion of the 108, presumably in an attempt to induce others to
invest more. As time ran out, such a subject would typically
transfer all of his or her investment out of the group exchange.
The decision facing such a subject is as follows. If the subject
has invested x > 32 tokens in the group exchange and the total T is

such that .3T < x then the subject, knowing that time is almost
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over, will be better off removing all tokens from the group
exchange.

With both payoff treatments (linear and provision point), the
ability to adjust the group investment in both directions resulted

in substantially lower investments.
Provision Point

The provision point generates multiple Nash equilibria, one at
O and several at 108. The equilibria at 108 are Pareto preferred to
the one at zero. The multiple equilibria at the group investment
level of 108 can consist of any combination of four individual
investments between 0 and 32 that total 108. No one combination
dominates all others, since each subject would prefer to invest zero
and the see the other three subjects invest 108 or more. In
previous research examining the non-real-time environment, the focus
was on subjects choosing between the strategies based on their
expectations of other subjects’ behavior. In this experiment,
subjects were able to risk less by entering a period at a low
investment level and then increasing their investments in accordance
with the behavior of other subjects. During each period, a subject
could find herself at a point where the group was within 32 tokens
of the provision point at 108, and provided she had sufficient
tokens to complete the difference, would be able to increase her

earnings if she invested the necessary amount.
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This type of behavior is generally what was observed. If
during the period, the investments in the group exchange began to
climb, the total tended to move slowly toward the provision point in
small increments. Since it was in each subject’s interest for the
rest of the group to make up any remaining difference, the process
became one of waiting as long as possible without allowing the
momentum to stop. Frequently, if a subject felt that he had invested
more than his share and was unwilling to invest further until
additional investments were made by others, he would re-enter the
same values. This caused the other terminals to beep as though a
new investment had been made. This signaling was evidently an
attempt to communicate to the others that it was someone else’s turn
to make an investment. This signaling strategy was discovered in
virtually every experiment with a provision point when only
increases were allowed.

As can be seen in Figure 2.6, the provision point induces
larger investments in the group exchange. Comparisons of the mean
provision are shown in Table 2.6. If total investments of less that
10 are considered consistent with the zero Nash point, then the zero
Nash equilibrium was obtained in 22 of the 80 periods. In the
remaining 58 periods, the provision point was reached in 44 periods.
Of the 14 periods that did not reach the provision point, only 1 was

within 10 tokens of the provision point.
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Although the mean contribution is higher with a provision point
than without one, it is possible to have a higher mean and still
achieve less efficiency. If the total earnings in each period are
compared to the earnings that would be achieved if the provision
point were exactly obtained a measure of relative efficiency can be
calculated. Using this measure, the provision point, allowing only
increases, generated a 92.7% efficiency and the provision point
allowing both increases and decreases had a 82.4% efficiency. In
comparison, the efficiency of the six experiments of Isaac, Schmidtz
and Walker using the same provision point was 86.7% and the

efficiency of contributing zero in all periods is 92.0%.

Implicit Provision Point

The implicit provision point payoff function was designed to
simulate the provision point case using a continuous function that
did not have the characteristic of the high marginal return near the
provision point. As can be seen in Figure 2.1 there was no Jjump
in the payoff function at the provision point. The 1individual
marginal return increases substantially as investments increase
toward the provision point and reaches a maximum of approximately .5
at an investment of 104 tokens. Previous work in the discrete
choice environment [Isaac and Walker] would imply that this payoff

function would make initial small investments less likely to be
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increased due to the very low marginal return. After a certain
level is reached however, their results would imply that there would
be more inducement to continue investing than there would be in the
linear payoff case up to approximately 144 tokens.

The average investments in each period are shown in Figure 2.7.
They are generally consistent with the linear payoff treatment
although, in two of the four experiments, the investments increased

significantly at the end of the experiment.

Single Nash Equilibrium

The piecewise linear function shown in Figure 2.1 has an
initial slope of 4.1 and then changes to 1.2 at 40. This generates
a small positive marginal benefit for any individual subject who
invests in the group exchange when the total in the exchange is less
than 40. Although the equilibrium point is at 40 (16%) compared to
108 (43.5%) with the provision point, the average investments in
each period are very similar across the two treatments.

The individual payoff incentives are such that each subject
would be willing to invest up to 40 if everyone else were investing
zero. At the same time, however, each subject would have preferred
to 1invest zero while the others made the investments. These
incentives suggested that investment behavior might have been

similar to the behavior in the provision point experiments where
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investments started low and then inched up to the equilibrium point.
This did not prove to be the case.

In the thirty-six periods where the equilibrium point of 40 was
met or exceeded, the increases typically moved quickly past 40. The
average final investment over all 40 periods was 77 (31%), and on
average an investment level of forty was obtained by the fourth

sequential change within the period.

Overview

Table 2.6 compares the mean investment over all periods for
each of the six treatments with the mean of each of the other
treatments using the non-parametric Mann-Whitney U test. The
results of a corresponding Bonferroni test are shown as well in
Table 2.7. This analysis tends to group the treatments into three
categories of performance. The single Nash and the provision point
when only increases were allowed 1induced nearly 1identical
investments on average. The other treatments generated
approximately the same averages, with the exception of the linear
payoff treatment when both increases and decreases were allowed,
which generated the smallest investments..

Although the level of provision may be greater in the real time
environment than in the sealed bid environment, the results still

have much the same character as the results obtained in the
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Isaac/Walker series of sealed bid experiments. In each set of
experiments, subjects tended to display a specific character. For
example, some groups tended to be more willing to contribute and
others more strongly oriented toward free-riding.

A possible explanation for this phenomenon is that participants
have a prior tendency to play one of a limited number of strategies.
For example, a portion of the subject population might be inclined
to play an altruistic strategy and thus be inclined to contribute to
the public good while another segment might only wish to free ride.
A third and perhaps largest segment might play a "tit for tat"”
strategy and follow the lead of the group. Even with only this
limited number of strategies it 1is possible to conceive of
substantially different results depending on the group of four
subjects chosen from the population.

If the free riding strategy is more common than the altruistic
strategy one would expect the average level of provision to increase
up to the value representing the true population mix of strategies
as the number of subjects is increased and the marginal return is
held constant. Also, since the existence of a free riding strategy
would not be able to drive the "tit for tat" strategies down, one
would not expect the contributions to decay across periods. These
speculations are consistent with the early results from a new line
of research involving large numbers of participants being conducted

by Isaac and Walker.
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Identification and quantification of indigenous strategies
within the population will be the focus of future research by the
author. Automata will be used to replicate specific strategies by
others and the strategy adopted by the player will be observed in
response to these pre-set automated strategies. It is hoped that
such experiments will be able to classify the strategies adopted by
subjects and to determine the percentage of the population that
adopts each strategy. Nash responses to such combinations of
strategies will be derived and compared to experimental data with

subjects of comparable strategy mixes.
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Chapter 3
SEQUENTIAL SEALED BID AUCTIONS

Numerous studies have been conducted examining the bidding
behavior of participants in sealed bid auctions. Both first and
second price pricing mechanisms have been used. A common feature of
these studies is that auction participants have independently drawn
private valuations and the results of one auction do not affect the
valuations for the next auction. The research discussed in this
chapter reports on a series of experiments that induce
interrelationships across auctions.

Over a pre-announced sequence of auctions, each bidder only has
a capacity to purchase a single item rather than being able to
purchase at least one item in each auction as in past experiments.
The sequence of auctions is announced and as each auction takes
place the winner of the auction is unable to compete in any

subsequent auction of the sequence. Since the number of
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participants is common knowledge as is the number of auctions in the
sequence, each participant 1is aware that there will be less
competition in each subsequent auction of the sequence.
Single Period Model

Since the winning of any single auction of the sequence does
not necessarily provide any information concerning the valuations of
the losing bidders, each auction could be viewed in terms of the
single period model with varying, but commonly known, numbers of
bidders. From this perspective the optimal bid function for each
period of the discriminative sequential auctions assuming constant

relative risk aversion would be;

Nt—l
b. = —— v, (3.1)
Lt N 14,
t i
where b, is the bid of subject i in period t, N, is the number of

i,t t

bidders participating in that auction, ry is participant i's risk
aversion parameter, and vy is participant i’s individual valuation
for the object (see Cox, Roberson and Smith). For the competitive
auction, the optimal bid in each period, viewing each as a separate
auction, would be to bid value.

Bidding behavior consistent with the above models would imply
that price would decay over the auctions starting at the expected
value of the second order statistic for the competitive auction and

slightly above that value for the discriminative auction with risk
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averse bidders. The prices would decrease across successive periods
in accordance with the expected values of the corresponding order
statistics.

Bids in accordance with this model would also imply that in the
competitive auction bids would be constant across sequential
auctions but would decrease across auctions in the discriminative
auction. Furthermore, the sequence of the winning bidders should
correspond exactly to their values in the competitive auction with
the high value bidders winning first. In the discriminative
auction, risk preferences could cause the order to deviate from an
exact relationship but would still predict a general correlation
between high values and early wins assuming risk neutral or risk
averse bidders.

Sequential Risk Neutral Model

Weber [1983] demonstrated that for any k-object, n-bidder,
independent private value auction with risk neutral bidders, there
is a unique symmetric Nash equilibrium for sequential auctions where
one of the k objects is sold in each auction, and each buyer only
has capacity to purchase a single unit. He has indicated that this
equilibrium bidding strategy generates revenue to the seller equal
to the number of auctions times the expected value of the k+1St

order statistic. He then proposed the following theorem:



66

"Let bi(x) be the bid of the bidder with value x in the
independent, private values first price sealed bid auction in
period £ of the sequence. Correspondingly bi(x) would be the
bid in the second price auction. Let X(l)z x(é)z....zx(n) be
the order statistics of the n bidders and Yl""Yn—l be the
order statistics of the n-1 other bidders from the
perspective of any one of the bidders.

Then let;

(@) bly(x) = ELY, |Y<x<y, 1 = EIX

-1 (k+1
1,...k and let bF = (bz,....,bi). Then (bF,....,b

y1X(g=x] for & =

Fy

is the unique symmetric equilibrium of the

sequential first price auction.

S _ _ _ _ _
(b) bE(X) = E[Yk|Y2—x] = E[X(k+1)|x(£+1)_X] for & =

S
1"

is the unique symmetric equilibrium of the

1,...k and let b° = (b .,bi). Then (b>,..... b2)

sequential second-price auction."

The bidding behavior implied by this theorem is that in each
period of the discriminative auction every bidder assumes that their
value is the highest valuation of all participants. Each person
then bids the expected value of the k+1st highest value with the
assumption that their value is the highest. After the first period,
the remaining bidders assume that their value was not the highest

but was the second highest and is therefore, now the highest
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remaining valuation. They then bid the expected value of the k+1‘St
highest value assuming that their value was the second highest
overall. This process continues in the same manner for each auction
of the sequence.

Since each person’'s estimate of the k+1$t highest value will
increase as they change their assumption concerning the relative
order of their own valuation, this theorem implies that each bidder
will bid at or below the k+1St order statistic for the first bid of
the sequence, and then increase his or her bid each period. In the
first price auction, on average, the Eth highest value bidder would
bid the expected value of the k+1St order statistic in the Bth
period so that the winning bid in each period is the expected value
of the k+1St order statistic. The highest value bidder wins the
first auction, the second highest value bidder wins the second
auction, and this continues consecutively through the sequence.

In the second price auction, this theorem also implies that the
highest value bidder would win the first auction by bidding the
expected value of the k+1st order statistic, the second highest
value bidder would win the second auction, and again the auctions
would be won in order. The winning bid in each case would be
approximately the expected value of the k+1St order statistic

assuming that their values are the second highest value in each

auction.



68

Weber then proved that the prices, on average over replications
of the sequences, would be constant during the sequences. This

theory thus generates the following testable implications;

a) Prices are stable over the sequences of auctions.

b) Trades should go to high value bidders first and then
to consecutively lower value bidders.

c) Sellers revenue should be approximately k°E[X(k+1)]

d) The price for any sequence should be approximately

E[ ]

X(k+1)

e) Bids in both the first and second price auction should be

at or below E[X ]

(k+1)

The value of the predicted bid is then,

8898

~

b=E [X,qy) = z Ki Bepg (%) (3.2)
i=1

for values in the range [0,999], where £k+1 is the distribution
function of the k+1St order statistic. Thus the expected winning

price can be written

899 N-k-1 Kk

o b= SV N (i
P=b=EI[X,,,I -lzl i e £ (1) FO) (1-F(1))

= (3.3)
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Weber indicates that the bid in the last period should be the
expected value of the second highest order statistic of those that
remain, given that the value of the highest order statistic is Vi
In the next to last period the bid would be the expected value of
the third highest order statistic given that the highest order
stastic is vy- This means that the difference in bids in the last
two periods using Weber’s formulation would be;

T T-1

bl - bl b = prxt_xT

LA ) ™ (3.4)

T-1, T-1_
] - EIX(5)1X(1)=v;]

The density functions for the two highest order statistics are

given by,
N-1
f (v)= nf(v)F(v) (3.5)
*(a)
N-2
£ (v)= ___QL_T_ F(VIF(v)" "(1-F(v)) (3.8)
X (b) (n-2)!

where X(a)z X Therefore, since the Jjoint density of any two

(b)’
order statistics is given by, [Hogg and Craig pg. 160],

k!
(b-1)! (a=b-1)! (k-a)!

g(va,vb)= (3.7)

a-b-1

x [F(vb)]b_l[F(va)—F(vb)] [1-F(va)]k_af(va)f(vb)
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where k is the number of bidders in that particular auction, the

appropriate Jjoint density functions for the last two periods are;

(v ) N-T-1 2

T N-T =~ 1

g (VN—T+1’VN—T) =(N—T)(N-T+1)[“"—_ ] l———] (3.8)
(v =v)

T-1

g (VN'T+2’ VN_T) = (N-T+2)}(N-T+1)(N-T)

(v -v) N-T-1 v -v V., =V 2
[ N-T = ] l N-T+2 ~  YN-T * ” 1 ] (3.9)

The marginal density function of the highest remaining order

statistic in the last period is given by;

V.
gT (v v )= 1gT(v v ) dv (3.10)
v N-T+1’ 'N-T N-T+1’ "N-T N-T )
N-T+1 v

I
<
[
)
<
T
-
!
I<
S -
T
0
-
o))
<

1 )2[ 2
(N—T)(N—T+1)[ - ] [
o

- \A

<

V. -v N-T
- [ l — ] (N"T"’l) (3.11)
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Similarly, the marginal density function of the third highest order

statistic in the next to last period is;

(N=T) (N-T+1) (N=T+2)

( v - v )2

Therefore, the conditional density function for the second highest

order statistic in the last period is;

gT(v v =v,) =
N-T "N-T+1 i

0 elsewhere
(3.13)

and the conditional density function for the third highest order

statistic in the next to last period is;

T_1(v | v =
& N-T' YN-T+2~ Vi

N-T-1
-v) (vi—v

+1

(N-T) (N-T+1) (v N-T’ Y=V TSVN-T+2=Y

N-T
(v, - x)N—T
i

0 elsewhere
(3.14)
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The expected value of the second highest valuation given that the
highest is vy in the last period is given by,

i
IX(a)=vi] = J vbg(vblva=vi)dvb (3.15)

V. N-Tp =
i Vo ¥ V-V
or Elvy plVyere ™) = | Y-t oy |

(3.18)
integrating yields,

(N—T)(vi—z)

El v, ]

VN—TlvN—T+1= ; + v (3.17)

N-T+1

which is the Weber expected bid in the last period. This is
equivalent to the standard risk neutral Vickrey model. In a similar
manner the expected bid in the next to last period can be

calculated. It is given as;

V.

i
E[VN—TIVN—T+2=vi] = J

i (vi—z)

Vyop(N-T) (N-T+1)
N-T+1
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Integrating yields;

(N-T) (v, -v)
] = : *
N-T+2

E[ | (3.19)

I<

YN-T' VN-T+27 Vi

The difference in bids in the last two periods for a subject with

valuation v, can therefore be expressed as;

(vi—z)(N-T) (3.20)

(N-T+2) (N-T+1)

Weber’s model for risk neutral bidders therefore implies that
the bid in the final period of a sequence will be the Vickrey risk
neutral bid and that the bids will increase to that amount for each

subject over the auctions of the sequence.

Sequential Risk Averse Model
If risk preferences are incorporated into the analysis, an
alternate model can be developed as follows.
Assume that:
v, = the induced value of the object for subject i
t = the sequential period of a sequence

b, = the bid of subject i in period t

(b, %)
1

[l U o

G

the subjective probability for subject i of

winning in period t with bid b§
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T = max number of periods (auctions) in a sequence
N = Number of subjects
r.= coefficient representing the risk preferences

of subject i, r.e (0,1]
ui(bg) = the utility of subject i for winning

bid b;. Assume it can be represented as;
t t "1

u, (b)) = (v,-b,)

i 71 i 7i

In the last period of a sequence, the optimization problem

facing each remaining bidder in the discriminative auction is

r.
max (vi—bz) !
T

b,
i

T
Gp(b;) (3.21)

where there are N-T+1 remaining bidders. Differentiating gives the

first order condition,

r.-1 r
T, i T T, i, T, _
ri(vi-bi) GT(bi) + (vi_bi) GT(bi) =0 (3.22)

or, solving for the optimal bid gives,

riGT(bz)
b, = v, - — T (3.23)
GT(bi)

which is the standard single period result and which can be shown
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to generate the Nash equilibrium bid function 3.1. [Cox, Roberson
and Smith]

Therefore, the optimal bid function for a bidder with
preferences represented by the constant relative risk averse model
in the last period of a discriminative auction sequence is the same
as iIn a single period auction with a corresponding number of
bidders. Now, look at the optimization problem facing bidders in
the previous period,

(bT—l)](v.—b?)riG (b)) (3.24)
i i’ T 71

) ' (bf"l) + [1-G

T-1 T-1

where [1-G
T-1
i

T—1(b§—1)] is the probability of losing in period T-1 with

bid b and where there are N-T+2 remaining bidders.
Differentiating the expected utility function for period T-1 of the

sequence and equating to zero gives the following first order

condition;
-1, 07t T-1 -1.7y T-1
—ry(vy-b, ) Groq(by 7) + (v;=b, ) GT—l(bi )
' T-1 1.5 T
~Gp_y (b; ) (v;=b,) “G(b;)=0 (3.25)

Solving for the optimal bid in the next to last period

therefore gives the optimal bid function,
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i T
GT(bi)
)rl—l

r
T
) (vi—bi)

(3.28)
) (v.-b'.r_1
1 1

Notice that the first two terms on the right hand side are
similar to the standard, single period bid function with N-T+2
bidders although the the bid function, is clearly different.

Using a similar approach, the optimal bid two periods before

the final period would be,

T-2
_ r.G. (b, %)
bl 2=y - t-2 1 (3.27)
i i G (bT—2)
T-2" 71
r r r
-1,71 T-1 .71, . T 7,71 T-1 T
_ [(Vi b, ) GT—l(bi ) + (vi-bi) GT(bi) - (vi—bi) GT—1(bi )GT(bi)]
r.-1
T-2, 1
(vi-bi )

Which again is similar in structure in the first two terms to the
corresponding single period bid.

To see the manner in which bids change across periods for any
individual, look at the relative sizes of the bids in the last two

periods,
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T-1 T T,,2
by - b b=r | S ) GplBy) o, ry {0 (3.28)
‘ Tl T T T T-1 T1,r,-1
I T O I S Ok Y OO S S L

If it is assumed that bids in any period are monotonically
increasing in value in each period of the sequence and that bidders
are risk neutral and, since the values are drawn with replacement,
the subjective cumulative distribution of the bids can be expressed
as the distribution function of the corresponding order statistic of
the supporting valuations. Therefore, in the last auction there
will be N-T+1 remaining subjects and thus, in order for a specific
subject to win, N-T other subjects must have values below theirs.

The distribution function for this occurrence is given simply by,

) (3.29)

£= Fj= (N-T) (=) () (3.30)

Calculating the corresponding risk neutral bid functions for the

last two periods and looking at their difference gives;
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N-T
(v,-v) 1 1 (v,-v)
b'{—bg_1= ke _ R Raé (3.31)
(v ~v) N-T+1 N-T (v ~v)

This difference is positive for high values and is negative for low
values indicating that the final bid is greater than the previous
bid only for higher value bidders. This indicates that the bid
function is flatter in the next to last period than the risk neutral
bid function in the last period. Lower value bids lie above the
last period bid function and higher value bids lie below it.

The difference shown in 3.31 is clearly different than the
corresponding difference, equation 3.20, derived from the Weber
model. The source of the difference comes from the nature of the
models. Weber’s model provides an optimal sequential model when the
sequence of auctions is one of many such sequences played with the
same or equivalent players. This second model provides an optimal
bidding response when the sequence of auctions will only be played
once with any group of subjects. This can be seen by considering
the last period of a sequence of the competitive auction. It is
well known that it is a dominant strategy to bid value in such an
auction, however in the Weber model it 1is optimal to bid
considerably below value. This can only be optimal if the penalty
paid for not bidding value in the last period is the cost of
ensuring that others continue to follow the Weber bidding scheme in

future plays of the sequence.
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This model gives much the same testable implications as does
the Weber model. Since bids are assumed to be increasing functions
of value, on average the auctions will be won by the highest value
bidder first and then move progressively down the values. Each
bidder will increase their bids in subsequent auctions and the price
Wwill be determined by the pairing on the specific ordered bid
function and the corresponding value.

Also notice that since the Tth valued subject will on average
win the last auction, the vi for the bid function will be the Tth
order statistic. Therefore the expected bid will be slightly below
the expected value of the Tthorder statistic. In the previous
period there would be two terms subtracted from the T+1St order
statistic so that the standard single period risk averse bid would
be further reduced.

The second price bid function can be seen to deviate from the
single period model in a similar fashion. If k is the highest bid
of any opponent of bidder i in the final period then the expected
utility to i of a bid bi is

b)

T _ 1

v

T
ui(vi—k)dGi(k) (3.32)
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differentiating gives,

T ,
dU; (03) (v, -bD)G. T(b) (3.33)
T 1 1 1 1 1
b,

Equating this to zero for the first order condition gives the
standard single period result that bidding value is the optimal
strategy for the final period.

In the next to last period the expected utility would be,

- bT
i
T-1 T T-1
ui(vi—k)dGi (k) + [:T'l{Jv ui(vi—'()r)dGi(z')}dG.1 (o)
i —

(3.34)

Differentiating (3.34) gives,

T

. ) 8

i o T-1,.T-1,, T-1 T T-1

T = ui(vi bi )Gi (bi )+ Ui(bi) JV dGi (o)
b

(3.35)

Lyg ™1 T=1(pI-1
1 1

- L T- T-1 T,
= u, (v;-b, (b; ) + U, (b)[-G; )1 (3.38)

Equating this to zero gives the result that the optimal bid will be
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chosen so that,

u, (v,-b; 1) = U, (b)) (3.37)

Therefore, in the next to last period, each individual will
choose their bid so that the utility difference between their bid
and their value would equzl the expected utility they would obtain
in the last period. This would of course mean that the minimum
utility that they would receive would be equal to their expected
utility in the last period.

Two periods before the last period the expected utility is

given as follows,

T-2

T-2 ! T-2 T-1
Ui(bi ) = J ui(v.l—ar)dGi (y) + Jv Ui(bi ) dGi (o) (3.38)
bl 2
1

so that again, the optimal bid would be such that the utility
generated from a winning bid in the T-2nd period would be at least
as great as the expected utility in the next to last period.

Weber’s model again predicts that the bid in each period would
be the expected value of the N—Tth order statistic under the
assumption that each individual assumes that their value is the
highest remaining valuation. This implies that even in the last

period bidders would not bid value. In the next to last period the
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person with the second highest remaining value would bid the
expected value of the third highest remaining value assuming that
their value was the highest. The difference between the models is,
as before, due to the assumption of multiple plays of the sequence
in the Weber model.

These results all depend on bidders assuming that bids are
approximately an increasing function of value in each period (in the
risk averse case close valuations could result in reorderings). The
behavior of subjects in the experiments that were run Iis
substantially inconsistent with that assumption. High value bidders
routinely bid very low bids or even zero until the last periods of
the sequence attempting to capture maximum surplus in the final
periods. If this behavior is a consistent strategy that persists in
future experiments, a Nash response to such strategies will need to

be developed in order to adequately model this institution.

Experimental Design

Six experiments were conducted using two designs. The designs
are summarized in Table 3.1. The experiments were run on the PLATO
computer system and used University of Arizona undergraduate
students recruited from economics classes. The students were
experienced in PLATO experiments although not in this specific

institution. In order to maintain consistency with the previous
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Table 3.1 Experimental Design

Periods Sequence A Periods Sequence B
1-12 Standard Sealed Bid 1-12 Standard Sealed Bid
13-24 4 per Seq removal 13-24 4 per Seq removal
25-39 3 per Seq removal 25-44 5 per Seq removal
Experiment Sequence Pricing Rule
1 A Competitive
2 B Competitive
3 A Competitive
4 B Competitive
5 A Discriminative

B8 B Discriminative
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first and second price sealed bid auctions that were run on PLATO,
the program written by James Walker, that was used for many of the
sealed bid auction experiments, was modified to incorporate the
capacity constraints.

Subjects were given the identical instructions used in previous
first and second price sealed bid auction experiments. A copy of
the instructions are included in the Appendix. Following the
instructions, they completed twelve periods of a standard sealed bid
auction using the appropriate price rule for the discriminative or
competitive auction. This allowed subjects the opportunity to
become familiar with bidding strategies for the standard sealed bid
auction institution and to experience winning an auction at least a
couple of times.

In these first twelve auctions, subjects were told that they
were bidding for a fictitious object with a resale value known only
to themselves. The resale values for each individual were drawn
with equal probabilities from values over the range [0,$9.99]. This
density function and range was known to each of the subjects. They
also knew the number of other subjects who were bidding as well as
their own resale value before they made a bid. Between periods,
each subject was given summary information describing whether or not
he or she had been successful, the value of the winning bid and the
price paid. The price paid was the first rejected bid in the

competitive auction and the accepted bid in the discriminative
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auction. Therefore, in the discriminative auction, only one other
bid is revealed to the remaining subjects, the successful bid,
while, in the competitive auction, two are revealed including one
from a future competitor in the next auction.

There were six subjects in the experiments. Each auction was
for one item. Following the initial twelve periods, an announcement
was made describing the new rules. The announcement is shown
following the instructions in the Appendix. In both designs the
subjects then went through three sequences of four periods each.
During each sequence, subjects’ resale values remained constant.
However, since they had a capacity to purchase only one unit, if
they were the successful bidder in one of the four periods they were
removed from the remaining periods in the sequence. Even though
they were no longer permitted to bid for the remaining periods of
the sequence, successful bidders were still presented with the
summary information at the end of each period.

After the four-period sequences, another announcement was made
that explained that the number of periods in each sequence would
change. In one of the two designs, subjects then went through five
sequences of three periods each, while in the other design, they
went through four five-period sequences.

As with the initial twelve periods, the subjects knew their own
resale values before they bid during the sequential auctions and

were aware that the values would not change during the auctions in
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the sequence. They were also presented with summary information
between periods that showed the winning bid and the price the

winning bidder paid.

Results

Prior to running sequential auctions twelve auctions were run
as standard single period sealed bid auctions. The bidding behavior
in these auctions was consistent with previous single period sealed
bid auctions. In the discriminative auction bids were generally
between the risk neutral bid and value with some zero bids and over
value bidding at the lower values. In the competitive auction the
majority of bids were near value with some bidding over value.

Four competitive auction experiments and two discriminative
auction experiments have been run. This has generated a total of
ten three-period sequences, twelve four-period sequences and eight
five-period sequences for the competitive auction and half as many
of each sequence for the discriminative auction. Table 3.2 lists
the summary information for each experiment. Table 3.3 summarizes
the data for each sequence. Composite graphs of all bids relative
to value for each treatment are shown in the Appendix. Price and
bid behavior is shown in Tables 3.4 through 3.6 for the competitive
auctions and in Tables 3.7 through 3.9 for the discriminative
auctions. Price behavior is also shown graphically in Figures 3.10

to 3.15.
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Table 3.2 Experimental Results

Competitive Sealed Bid

Exper No. of Periods Sum of Average of Num of Num of Num of

Bids (value-bid) (value-bid) bid>val bid=val bid<val
1 72 1-12 -2.17 -0.030 23 5 44
1 54 13-24 55.52 1.028 5 <] 40
1 75 25-39 65. 88 0.878 12 18 45
2 72 1-12 10.52 0.146 12 23 37
2 54 13-24 64.28 1.190 13 17 24
2 80 25-44 179.59 2.245 8 21 51
3 72 1-12 -66.58 -0.925 30 16 26
3 54 13-24 2.43 0.045 11 20 23
3 75 25-33 50.28 0.670 10 30 35
4 72 1-12 0.34 0.005 24 22 26
4 54 13-24 46.71 0.865 13 13 28
4 80 25-44 215.92 2.67 5 16 59

Discriminative Sealed Bid

5 72 1-12 40.47 0.562
5 54 13-24 79.78 1.477
5 75 25-39 126.10 1.680
B 72 1-12 75.09 1.043
6 54 13-24 90. 53 1.676

6 80 25-44 207.78 2.597
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1

3
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Table 3.3 - Summary by Treatment
Competitive Auction

Number of Average of Number of Number of Number of
Observations (value-bid) bid>value bid=value bid<value

288 ~0.20 89 66 133
150 0.77 22 48 80
216 0.78 42 59 115
160 2. 47 13 37 110

Discriminative Auction

144 0.80
75 1.68
108 1.58
80 2.60



Table 3.4 Price Behavior

Three Period Sequence Competitive Auctions

3 Period Sequences 1

Exp # Seq #

1

1

1 2
1 3
1 4
1 5
1 MEAN
3 1
3 2
3 3
3 4
3 5
3 MEAN
TOTAL MEAN

5.00
(8.03)

4.19
(7.50)

6.50
(7.11)

8.25
(9.10)

8.75
(9.00)

6.54
(8.15)

8.45
(8.99)

6.12
(7.10)

7.20
(8.00)

9.25
(9.99)

6.34
(6.91)

7.47
(8.20)

7.00
(8.17)

2

.00
.71)

.10
.19)

.82
.00)

.18
.50)

.96
.56)

.21
.79)

.00
.75)

.10
.12)

.12
.50)

.00
.18)

.58
.32)

. 56
.37)

.89
.08)

3

7.
(9.

84
99)

.25
. 10)

.82
.64)

.40
.18)

.00
.96)

.46
.77)

.69
.05)

.17
.62)

.11
.98)

.63
.25)

.58
.08)

.04
.40)

.75
.09)

Prices are shown on
top and the
corresponding bids
are shown in
parentheses

89
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As can be seen from the graphs, the mean of the prices appears
to be stable over the sequences in only one of the treatments (three
period discriminative). However, the hypothesis that the mean of
the first period prices was the same as the last period mean cannot
be rejected at the 95% confidence level for either of the two three
period treatments. In all of the other treatments, the price
decayed from the beginning of the sequence to the end. The
hypothesis that the first period mean price is the same as the last
period mean price can be rejected at least at the 85% confidence
level. This price behavior is inconsistent with the Weber model.

Across all experiments for each treatment the average price
decreased by 18% for three period competitive, 58% for four period
competitive, 72% for five period competitive, 2% for three period
discriminative, 42% for four period discriminative and 70% for five
period discriminative.

As mentioned above, in the two three-period treatments, the
hypothesis of constant price cannot be rejected. However, the

hypothesis that the price is equal to E[X( ] can be rejected at

k+1)
least at the 95% confidence level, in every period of the three
period sequences. Table 3.12 shows the t statistics for the means
test evaluating whether or not the mean price of each period is

different from E[X As can be seen, a hypothesis of equality

(k+1)

can be rejected in at least two periods of each sequence length

treatment.
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If bidders are behaving in accordance with the Weber model,
they would tend to bid below the expected value of the k+1St order
statistic in all periods of the sequence. This would be expected

for bidders with values below E[X ] since that would be the only

(k+1)
way they could obtain any profit but would not necessarily be
anticipated of bidders whose values are above this level. The five
period sequences generated bids most consistent with the model. In
the competitive experiments 62% of the bids from bidders with values
over the expected value of the order statistic were below the
expected mean value. This increased to 83% in the discriminative
auction. In the four period sequences, the number of bidders with

values above E[X ] that bid below that value was 14% in the

(k+1)
competitive auctions and 33% in the discriminative. For the three
period sequences the percentages were 17% for the competitive
auctions and 37% for the discriminative auctions.

As can be seen in the figures in the Appendix, bidding was
generally not at value in the competitive auctions. Most bids were
substantially below value. In the discriminative auctions the
bidding was typically below the single period risk neutral model of
((N-1)/N)*value. High value bidders deviated the most from this as
can be seen in Figures 3.7 to 3.9. Bids then tended to increase
over successive sequences but many were still below the risk neutral

model even in the last period. This was particularly pronounced

with the five period sequence.
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Tables 3.10 and 3.11 show the number of times the values of any
particular relative ranking win in a particular period of the
sequential auctions. The correlation between higher value bidders
winning the early auctions 1is strongest with the three period
sequences and it decreases as the sequences get longer. In fact,
there appeared to be a common strategy among high value bidders to
intentionally not win the first auctions of the five period
sequences. This type of behavior is inconsistent with both the
Weber model and the single period model.

With the three period sequence treatment, there was more
behavior consistent with bidding value in the competitive auction,
and bidding slightly below value in the discriminative auction.
Such behavior, of course, would guarantee total correspondence
between the rank of the value and the order in which the auctions
are won. The four period sequence contained a mixture of behaviors,
with some of the higher value bidders attempting to behave
strategically and intentionally lose early, while others bid at or
near value. With the five period sequence, however, there were
many more bids consistent with high value bidders attempting to
remove themselves from contention for early auctions. This behavior
is not consistent with the equilibrium bidding strategy proposed by
Weber nor with the single period bidding model.

The hypothesis that the seller’s revenue was drawn from a

normal distribution with mean equal to k-E[X ] was rejected at

(k+1)
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no less than the 95% confidence level in all treatments except for
the two five period sequences. Both five-period treatments

generated total revenue consistent with k-E[X ] but accomplished

(k+1)
this by creating too little revenue, as compared to the Weber model,
in the early auctions and too much revenue in the later auctions.

The other three treatments generated substantially less revenue than

is consistent with the model.

Overview

The observed bidding behavior of subjects in the sequential
auctions was inconsistent with the Weber model, the risk averse
model and the single period model. This inconsistency was not just
one of the accuracy of the predictions, but the models were
substantially different in the pattern over time of the bidding
behavior they predicted compared to the actual bidding behavior.
The attempts to behave strategically across auctions were common and
must be incorporated into future theory.

A primary question that must be addressed in future
experimental work is to determine whether or not these strategies
that are observed are simply the result of inexperience or, after
sufficient experience within the institution, would these strategies
be abandoned in favor of strategies consistent with one of the above
models. This question is proposed to be examined both by allowing

subjects to receive increasing levels of experience within the
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institution and by utilizing automata to emulate the above
strategies. Players will then respond to all other players when the
computerized other players are playing in accordance with one of the
above models. If alternate strategies by subjects still persist, an
approach similar to that discussed in the previous chapter will be
pursued. An attempt will be made to define a set of strategies that
partition the population. Combinations of these strategies would
then be expected to replicate the bid behavior that has been
recorded.

Another line of research to be pursued is to examine alternate
institutions for the allocation of resources/contracts under the
circumstances examined in this research. When a sequence of
auctions is run where bidders have capacity constraints the sealed
bid auction no longer functions to capture the surplus. This can be
seen by comparing the average per period surplus for the single
period auctions with the average per period surplus obtained in the
sequential auctions. For the competitive pricing rule, the single
period auctions generated an average of 7.27 compared to 3.86 over
all sequential auctions. 1If only the first period of the sequential
auctions is averaged, since only in the first period are there the
same number of bidders as in the single period auctions, the average
is 5.56. For the discriminative auctions the average over the
single period auctions is 8.02. Over all periods of sequential

auctions the average is 3.80 and across the first periods of the
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sequences it is 5.14. Other institutions need to be examined to
determine whether they might better be able to capture the available

surplus under these conditions.



Table 3.5 Price Behavior
Four Period Sequence Competitive Auctions

Exp # Seq #

1

1

MEAN

MEAN

Sequence Periods

1

.50
.62)

.00
.00)

.10
.63)

.87
.42)

.56
.00)

.45
.76)

.00
.00)

.67
.92)

5.
(8.

2

55
50)

.00
.00)

.00
.22)

.52
.91)

.60
.96)

.00
.44)

.68
.08)

.43
.49)

3.
. 50)

3

60

.26
.01)

.28
.21)

.05
.24)

.61
.01)

.12
.32)

.75
.00)

.16
.44)

3.
(4.

2.
.23)

4

55
46)

50

.75
.70)

.93
.46)

.94
.99)

.00
.12)

.21
L77)

.38
.B63)

Bids are in
Parentheses

96



Table 3.5 Price Behavior

Four Period Sequence Competitive Auctions

Exp # Seq #

3 1
3 2
3 3
3 MEAN
4 1
4 2
4 3
4 Mean

(Continued)

Sequence Periods

1

.50
.99)

.89
.99)

.55
.74)

.98
.24)

.00
.00)

.00
.30)

.99
.49)

.33
.26)

8.
.39)

2

98

.21
. 89)

.58
.35)

.92
.54)

.00
.43)

.50
.00)

.00
.59)

.17
.01)

1.
.99)

3

06

.60
.21)

.57
.99)

.08
.06)

.99
.00)

.98
.00)

.53
.22)

.17
.07)

.03
.20)

.08
.50)

.57
.23)

.75
.64)

.31
.17)

.89
.99)

.23
.01)

.81
.72)

97



Five Period Sequence Competitive Auctions

5 Period Sequences

Exp # Seq #

2 1
2 2
2 3
2 4
2 MEAN
4 1
4 2
4 3
4 4
4 MEAN
TOTAL MEAN

Table 3.6 Price Behavior

.32
.02)

.14
.98)

.66
.00)

.00
.14)

.53
.79)

.00
.95)

.50
.00)

.00
.16)

.50
.71)

.25
.46)

.39
. 12)

.86
.00)

.57
.32)

.60
.70)
.11
.50)

.54
.63)

.00
.75)

.00
.00)

.91
.00)

.50
.66)

.85
. 10)

.69
.87)

.32
.01)

.08
.11)

.60
.66)

.30
.12)

.83
.23)

.47
.99)

.75
.51)

.B0
LT7)

.40
.50)

.56
.94)

.18
.09)

.24
.30)

.00
.07)

.17
.60)

.50
.28)

.23
.586)

.50
.60)

.30
.90)

.60
.00)

.50
. 50)

.48
.00)

.85
.78)

.24
.50)

.17
.00)

.17
.75)

.64
.00)

.81
.56)

.50
.79)

.30
.75)

.00
.01)

.31
.81)

.53
.34)

.87
.95)

g8



Table 3.7 Price Behavior

Three Period Sequence Discriminative Auctions

3 Period Sequences 1 2 3

Exp # Seq #

5 1 5.7 5.81 B.36
5 2 5.79 4.78 4.73
5 3 5.27 5.50 6.00
5 4 6.00 5.02 5.12
5 5 §.26 4.87 5.30
5 MEAN 5.61 5.20 5.50

Table 3.8 Price Behavior

Four Period Sequence Discriminative

4 Period Sequences 1 2 3
5 1 7.01 4.01 3.30 3.
5 2 3.00 3.10 3.14 3.
5 3 6.01 4.7 4.86 3.
5 MEAN 5,38 3.95 3.73 3.
6 1 7.7 7.00 6B6.00 5.
6 2 7.00 6.70 6.01 2.
6 3 5.00 2.50 2.81 2.
6 MEAN 6.58 5.40 4.87 3.

TOTAL MEAN 5.96 4.68 4.30 3.

Auctions

4

34

21

50

35

75

56

31

54

45

99



Table 3.9 Price Behavior
Five Period Sequence Discriminative

5 Period Sequences

6 1 2.50 2.00 1.10 0.
6 2 3.26 2.00 1.50 1.
5] 3 2.50 1.50 1.00 O.
6 4 5.00 1.00 1.00 1.

6 MEAN 3.31 1.63 1.18 0.

Auctions
83 0.850
11 1.10
91 0.90
00 1.51
g6 1.00

100



Table 3.10 Relationship Between Relative Order

Periods

and Sequence of Winning

Competitive Auctions

Rank of Value

2 3
2 0
7 1
1 6
5 1
5] 0
0 6
0 5]
4 1
3 2
1 1
0 3
0 1

4

of

Values

101
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Table 3.11 Relationship Between Relative Order of Values
and Sequence of Winning

Discriminative Auctions

Rank of Value

Periods 1 2 3 4 5 6
1 2 1 2 0 0 0
2 2 1 2 0 0] 0
3 1 2 0 2 0 0]
1 2 3 1 0 0 0
2 2 1 3 0 0 0
3 2 1 2 1 0 0]
4 0 1 0 ) 0 0
1 0 3 0 1 0 0]
2 2 0 0] 0 2 0
3 1 1 1 1 0 0]
4 0 0 2 1 1 0
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Table 3.12 Test of Mean Period Price Different From E[X ]

(k+1)
(t statistics)

Competitive Auctions

Period
1 2 3 4 5
3 Period Sequence 5.12 2.22 2.02
4 Period Sequence 7.45 3.24 1.49 0.26
5 Period Sequence 1.74 0.51 0.66 2.33 3.11

Discriminative Auctions

Period
1 2 3 4 5
3 Period Sequence 8.89 4.64 4.11
4 Period Sequence 4,39 2.42 2.39%9 1.19

5 Period Sequence 3.19 0.82 2.35 7.77 2.03
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Chapter 4

MODELING STRATEGIC CHOICE: THE DOUBLE AUCTION

The vast majority of work in the analysis of bidding strategies
has been associated with single period sealed bid type models. The
double auction does not really have a single period sealed bid
counterpart. The closest mechanisms might be a call market or a
split price sealed bid/offer. Neither, however captures the same
information environment that exists in the double auction nor is the
pricing rule at all the same. Some attempts have been made to model
the double auction. Ledyard and Easley [1986] have developed a
“rule of thumb" type of learning model for decision making within
the institution. Friedman [1984] has also developed a more game
theoretic model.

As with most dynamic institutions, one of the difficulties in
developing a theoretic model that describes observed behavior is
that the optimal strategy by any individual may depend not only on
the strategies used by others but also on any errors or deviations

from their strategies that individuals might make. Because the
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double auction and many other institutions are not institutions of
perfect information any action by another individual may be an
optimal action given their underlying information and strategy or it
may be a mistake. And, of course, any given mistake could be an
optimal response given a different set of underlying private
information.

In order to develop a theory to explain the decision behavior
of subjects in any institution it therefore becomes important to
understand decisions by any single participant as a baysian response
to all decisions that other subjects may make, not solely
participants’ responses to optimal decisions on the part of others.
One method to achieve this may be to attempt to estimate best fit
decision rules as a first step guide to understanding the behavior
exhibited. This research proposes one methodology for identifying
and estimating such decision rules which is then used to estimate
decision rules for the double auction.

The methodology consists of two parts. First, candidates for
decision rules are identified based upon standard optimizing
rationales. These rules are used by simulated traders and the
resulting trades are compared with observed actual trading data from
experiments. When a trading rule is identified that generates
trades analogous to those observed in experiments it 1is then
estimated using econometric techniques with the decision data

generated from the experiments.
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The experimental data was generated using the double auction
commodity auction. In an experimental double auction commodity
auction, values are induced for a fictitious object by assigning
costs to each item within a seller’s inventory and specific resale
values for any item a buyer can purchase. Subjects are allowed to
trade over a sequence of periods. During a given period, a
subject’'s information set is typically limited to the value of his
or her units, standing quotes, past contract prices and the
remaining time within the period. Buyers maximize profits by
attempting to purchase units as far below their resale value as
possible while sellers try to sell as far above their costs as they
can. The analysis in this paper is limited to markets where single
units are traded in each contract. Subjects may have multiple units
with distinct values within each period but only one is traded at a
time.

The model, described below, which was evaluated with this
methodology, assumes that subjects enter an experiment with prior
expectations on the minimum amount of profit ni that they are likely
to make on any trade. Subjects may also have prior expectations

about the probable maximum profit n?ax

that they can make. These
expectations could be based on past experience or based on nature of
the market (e.g. they are usually told the maximum they can

bid/offer and knowledge of resale values or costs would allow

subjects to infer profit ranges). If vy represents the unit resale
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value or cost, the profit to buyer i of purchasing the unit at price
pi would be 1ti=v.1—p.1 and the profit to seller i would be ni=pi-vi.
The buyers would therefore, tend to make bids or accept offers in

the range [vi—ni, vi—n?ax] and sellers would tend to make offers or

max
<]

accept bids in the range [vi+ni, Vit

As time progresses during the period, several occurrences may
cause the limits to be reassessed. Trades may occur at prices that
exceed the expected profit, causing expectations to Iincrease.
Excessive expectations of profit may lead to few or no trades. In
both cases, as the time remaining in the period decreases, subjects
may choose to discount the profit they would be willing to accept to
take advantage of trades that would be unavailable to them should
the market period end.

This combination of revising expectations of profit from
trades, and discounting the expectation as time progresses within
the period, is the basis for the trading model explored in this
paper. The following section describes the computer simulation and
econometric techniques used to examine this model. The final
section presents the results of these studies and summarizes the

performance of this model.

Methodology
The methodology for the development and analysis of the

decision model consists of three procedures. Initially experiments
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were run to generate data identifying the types of contracts that
were made and that were refused as well as the bids and offers that
were made. Then, using the same underlying supply and demand arrays
as were used in the experiments, various trading rules were explored
by allowing computer automata to contract under these rules. Based
on observed trades, two decision rules that emulated actual trades
most successfully were identified and were then estimated from the
experimental decision data using standard econometric techniques.
Experiments

In order to evaluate the decisions actually made by subjects in
the double auction environment, data was collected from two
experiments. The experimental institution used was the computerized
PLATO double auction program developed by Arlington Williams and
Vernon Smith. Each experiment had ten subjects, (five buyers and
five sellers) and each subject had a capacity of five units. Both
experiments were run for twelve periods and each period lasted 360
seconds.

In each period, the supply and demand curves {(subjects values)
were shifted. The shifting supply and demand curves imply a
different equilibrium price and quantity in each period. The range
of equilibrium prices for the twenty-four periods was [3.40,6.60]
and the range of equilibrium quantities was [9,23]. The specific
values for each period are enumerated in Tables 4.3 and 4.4. This

supply and demand parameterization was developed by James Cox and
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Ronald Oaxaca and was chosen since it presents a challenging
environment for the double auction. Experimental double auctions
with static supply and demand curves typically converge to
competitive prices and quantities and achieve full efficiencies
within a few periods. Under a static environment virtually all
contracts are at the equilibrium price. Simulating and estimating
behavior in a shifting environment was felt to provide a more
strenuous test of decision models.

All subjects in the experiments were University of Arizona
undergraduate economics students who had been trained in the double
auction during a series of separate experiments designed solely to
provide them with experience in the dou™le auction when supply and
demand shifted each period. The average payment to each subject in
the two experiments was $20.75 with a low payment of $14.50 and a
high of $28.50.

As can be seen in the supply and demand arrays shown in figures
4.1 to 4.4, unit valuations varied uniformly by twenty cent
increments. This created equal but oppositely signed slopes for the
supply and demand curves thus, generating equal buyer and seller
surplus. The five units of each subject were evenly dispersed along
the appropriate curve with the order randomly determined in each
period. The supply and demand curves intersected in such a manner
to ensure a unique equilibrium price, and although there was not a

unique equilibrium quantity, a commission of 20 cents was paid for
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each trade in an attempt to induce trade of the marginal unit.

The two experiments discussed above were chosen randomly from a
series of 25 similar experiments run as part of another research
program. The contracts made in these two experiments appeared to be
consistent with the contracts observed in the other experiments of
the series.

Simulation by Computer Automata

Although the number of potential trading rules is infinite, an
attempt was made to identify a number of "rule of thumb" rules that
could be Jjustified with standard profit optimizing behavior
arguments. Just as the number of potential rules is large, the
number of potential combinations of rules with five buyers and five
sellers is even larger. Therefore, for each simulation, only one
trading rule was used for all buyer and seller automata. Even
though each used the same trading rule the parameters of the rule
were unique to each trader. Clearly, any trading rule that would be
successful in the general trading environment would necessarily need
to be successful against traders similar to themselves.

In order to explore the behavior of this model, a computer
program was written that simulated the decisions buyers and sellers
would make based on the proposed model using randomly generated
initial parameters for each individual automaton thus simulating a
computerized double auction market. The unit valuations that were

used were identical to those used in the actual experiments. The
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program began by randomly selecting the parameters for each of the
computerized agents. Generation of bids and offers was done by
initially allowing the offers to begin at the highest buyer value
and bids at the lowest seller value.

After each contract, a buyer was randomly chosen to submit a
bid 50% below the immediate past contract price and a seller was
randomly chosen to submit an offer 50% above the contract price, as
long as those bids and offers were consistent with the corresponding
buyer’s or seller’s decision function. If the bid or offer was
inconsistent with their decision equation, another subject was
randomly chosen. Bids were then allowed to randomly climb, and
offers to randomly fall, with different buyers and sellers being
randomly chosen to submit the bids and offers. Bids and offers were
always checked to ensure they were consistent with the decision
model.

A clock was used to define the period. During each period,
buyers and sellers were randomly chosen and allowed to either accept
the current bid/offer or reject it, according to their parameters.
This process continued until the time expired. As each contract was
made, the corresponding successful buyer and seller replaced the
previous value for the unit contracted with the new new unit value.
The program was structured so that at each point in time there were
four possible routines that could potentially run; a buyer could

react to the outstanding offer, a seller could react to the
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outstanding bid, a buyer could make a bid, or a seller could make an
offer. Each had an equal and independent probability of occurring.
The probabilities were set sufficiently low so that although it was
possible that more than one process occurred at a time, it was
unlikely.

Each proposed model was run at least twice using different
random numbers with both experiments’ supply and demand arrays. The
resulting contracts these simulated buyers and sellers made were
then compared to stylized facts observed in past double auction
experiments. If the contracts made were consistent with
experimental data, then the model was retained and otherwise it was
abandoned. Retained models were modified to attempt to improve
their performance and then retried. This process continued until
two models were identified that performed the best and were able to
capture most if not all of the features of trades observed in actual
experiments.

In order to evaluate the performance of these two models, each
was compared against the following stylized facts that are
associated with the experimental double auction. These performance
measures are described below.

Efficiency - The double auction generally has high
efficiencies. They usually start in the eighties and quickly move
to the upper nineties by the third or fourth period. In the static

environment the efficiencies generally reach 100 percent after two
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or three periods and even in the dynamic environment efficiencies
above 95% are common.

Hysteresis - When the supply and demand curves are shifted,
subjects tend to approach the equilibrium price from the side where
the previous equilibrium price existed. If no shift occurs, most
contracts are eventually made at the equilibrium price.

Offer Auctions/Bid Auctions - Offer Auctions and bid auctions
can be viewed as special cases of the double auction where only
bids or only offers are allowed to be announced. In offer auction
experiments, the contracts tend to be made above the equilibrium
price and then gradually decay to the equilibrium price. 1In the bid
auction institution, the contracts approach the equilibrium price
from below [Smith, 19786].

A simulation was run applying each model to each experiment.
The same random numbers were used for all simulations. The
contracts that occurred in the simulations are discussed in the
results section.

Estimation of Model Parameters

Data from the two double auction experiments was used to
compute econometric estimates of the parameters of the generalized
model for each of twenty subjects. The estimates were based on the
decisions that subjects made at each point during the experiments.

At each moment during a period, subjects have three available

choices. They can submit an offer or bid which indicates a



123

willingness to contract at that price. They can accept a bid or
offer and actually complete a contract at that price. Or, they can
take no action. For the purposes of the estimations, not taking an
action was considered to be equivalent to taking the action of
rejecting the current bid or offer at that specific time. This
assumption, although necessary for the estimation process, induces
additional error into the estimations. It is frequently the case in
double auction experiments that numerous subjects attempt to take
specific actions at the same time but only one action can actually
occur. For example, if the standing offer is acceptable to three
buyers only the first one to indicate their willingness to buy will
actually complete the contract. The other two will be blocked and
although they were, in fact, willing to buy the data will be
interpreted as though they were not.

Data from the experiments is recorded in such a manner that
each time a bid or offer is made or accepted the action is tagged
with the time of the action and the number of the trader taking the
action. The number of observations for each subject ranged from 800
to over 1000. A probit analysis was used to estimate the
parameters of the generalized decision equation based on the

decisions that were made by each of the twenty subjects.
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Results

Nearly 100 different decision rules were tried 1in the
simulation phase of this research. Most of them were unstable in
that although trades were 1initially consistent with the
characteristics of experimental contracts they gradually diverged
over the periods. The divergence typically continued until either
virtually all the trades were made near the unit valuations of some
of the traders or the number of trades decreased substantially so
that only a few trades were made each period. Of the remaining
rules that were not unstable, most were unable to adjust well to the
dynamic nature of the shifting supply and demand arrays. Trades
would typically appear reasonable in one period only to perform
poorly in a following period.

As a result of this process two different but similar decision
equations were identified to be utilized for the remaining analysis.
In one, the decision to buy or sell was dependent on a pre-selected,
randomly chosen reservation profit level. If, during any subsequent
trades, a profit was made in excess of the current reservation
profit, then the previous reservation profit was replaced with the
new, larger value. In this manner the reservation profit was always
the maximum profit of any past trades. Within the period, the
reservation profit level was allowed to be discounted exponentially.

The functional form for the decision was;
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i
decision = * (4.1)
i

where Ht represents the profit that would be made on the trade at
the standing bid or offer at time t, H: represents the maximum
profit expectation of trader i, and where ki is the discount factor
for trader i and was randomly chosen independently for each trader
in the simulations.

The other decision rule also allowed the reservation profit
level to vary over time as new information was obtained.
Specifically, the reservation profit level H: was the average of the

initial expectation of profit M and the actual profits made in all

contracts. The functional form for the decision then becomes;

~

yes if T_ - {"*Z “c} (k) L

decision = m+1 (4.2)

~

no if Ht - {“+Z IIc} e—(t/ki) <0
m+1

where m 1is total number of contracts made by any computerized
individual.

Visually, the trades in the simulations look much like those of
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the actual experiments. The experimental trades are shown in
figures 4.3 and 4.4 and some sample periods of the simulations are
shown in the figures in the Appendix. The efficiencies for the two
simulations and the experiments are all high. The mean efficiencies
over all 24 periods have the relative ranking effavg>effmax>effexp
although the hypothesis that they are all equal cannot be rejected
at the 95% level. The means and standard deviations are shown in
Table 4.5, as well as the average deviation of both the mean and the
final price from the equilibrium price. In the case of the mean
price, the deviation from equilibrium is greatest for the model
using the mean of past profits. The experiment has the next largest

deviation and the model using the maximum profit is closest. That

is,

z (Eavg—Pe) > Z (Fexp—Pe) > Z (Fmax—Pe)

With respect to the final prices, the experiment has the
smallest deviation from equilibrium, the maximum profit model has
the next smallest deviation and the mean profit model had the

greatest deviation. Thus,

z (P:vg—Pe) > z (Prf\ax_Pe) > z (P:xp-Pe)

The hysteresis effect was not particularly pronounced in these
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two experiments. With the hysteresis effect, it would be expected
that the mean would fall between the closing price of the current
period and the closing price of the last period. Out of a total of
twenty-two period changes, this pattern was observed thirteen times
during the experiment, ten times in the simulation using the maximum
value, and nine times in the simulation using the mean.

Offer and bid auction simulations were run with the same
parameters as used above for each of the two experimental designs.
Prices did tend to approach from the appropriate side, and as with
actual experiments, occasional trades occurred away from this trend.

Since the two decision models that performed the best were
similar in structure, a generalized version of the model was used
for the initial econometric estimates. The decision data from the
two double auction experiments was used and the equation was
estimated for each of the twenty subjects.

The form of the estimated equation for each individual was

D =B, * By *+ Bye
where D is one if a bid or offer is made or accepted by the subject
and zero otherwise, Ht is the profit that would be made at time t if
a contract is made, and k is a parameter representing the rate at

which they discounted their potential profit. The effect of k is to

vary the rate at which the profit expectation is decayed during the
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period.

The values of the estimated coefficients are shown in Tables
4.1 and 4.2. To estimate k, the probit analysis was sequentially
performed as k was 1iterated over positive values to obtain the
maximum value of the log of the likelihood function. The iteration
process was stopped when the maximum * .01 was found. In every case
the log of the likelihood function changed smoothly over the entire
range of the iteration (1 to 800). A high value of k causes the
e(_t/k) term to decrease only slightly as time increases during the
period. Therefore, a high value of k corresponds to a subject who
did not decay his or her reservation profit substantially during the
period.

The results of the probit estimations are shown in Tables 4.1
and 4.2. As can be seen, virtually all of the coefficients are of
consistent signs and magnitudes. The t-statistic shown below each
coefficient indicates a high degree of significance for each
estimated coefficient. The values of k for each estimation process
were found to cause the log of the likelihood function to change
smoothly over the range of values. In every case, a maximum was
clearly obtained.

These estimates are consistent with the simulation models,
although in this first stage of estimation the model estimated is
not exactly the same. A single value is estimated for the profit

expectation rather than permitting it to wvary through the
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experiment.

Overview

As was discussed in the two previous chapters, players may be
using a combination of strategies within these dynamic institutions.
In attempting to deduce these strategies it will often be difficult
to separate reasonable potential strategies simply from observing
the data. The use of automata as a methodology to evaluate the
characteristics of these strategies, or combinations of strategies,
will likely be a highly useful tool. The methodology can be used,
as in this chapter, where the trading pattern of alternative
strategies can be evaluated or, as discussed in the two previous
chapters, the automata can be used to pursue specific strategies
interactively with human subjects to identify the adopted strategy

of the subject.
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Table 4.1 Estimated Parameters of Subjects in Experiment 1

Subject

Seller 1

Seller 2

Seller 3

Seller 4

Seller S

Buyer 1

Buyer 2

Buyer 3

Buyer 4

Buyer S

Ro

-1.19
<14.2>

-1.20
<14.79>

-0.800
<7.46>

-1.078
<10. 82>

-0.982
<8. 58>

By

0.436
<7.51>

0.416
<9. 41>

0.480
<10. 50>

0.552
<9.45>

0.268
<7.08>

0.915
<13. 14>

0.426
<10.94>

0.761
<10. 31>

0.730
<10.68>

0.528
<8.29>

By

-0.979
<3.08>

-2.800
<18.88>

-1.324
<4.24>

-2.533
<6.90>

-1.416
<5.04>

-4.403
<17.37>

-2.208
<18. 43>

-4. 405
<14.48>

-3.81
<16.52>

-1.696
<4.65>

k

45

290

35

100

105

150

275

235

195

100

-1n(L)

262.

284,

237.

287.

296.

207.

349.

282.

257.

270.

63

45

83

30

16

03

73

83

83

37

130
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Table 4.2 Estimated Parameters of Subjects in Experiment 2

Subject

Seller 1

Seller 2

Seller 3

Seller 4

Seller 5

Buyer 1

Buyer 2

Buyer 3

Buyer 4

Buyer 5

Bo

-0.919
<8.52>

-0.928
<8.64>

-1.156
<12.50>

-1.126
<11.11>

-1.069
<10.33>

2.084
<8.57>

-0. 848
<6.32>

-0.823
<B. 35>

-0.983
<8. 45>

By

0.602
<8.09>

0.243
<5.51>

0.762
<9.863>

0.525
<8.26>

0.385
<B. 28>

0.492
<8.47>

1.224
<10.89>

1.474
<11.08>

1.258
<10. 00>

0.713
<8.857>

B, k
-2.576 70
<5.98>
-2.164 245
<17.36>
-2.730 65
<6.34>
-1.614 45
<4. 30>
-1.424 68
<4.07>
-0.908 70
<2.97>
-6. 441 360
<9. 25>
-3.031 70
<B6.37>
-3.748 65
<6.71>
-2.417 55
<5.38>

-1n(L)

216.

281.

214.

221.

231.

218.

201.

144,

163.

176.

29

30

66

68

50

77

95

74

19

50

131
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Table 4.3 Experiment 1: Actual and Monte Carlo Results

1 2 3 4 5] 6 7 8 g 10 11 12

Equilibrium

Price 4.60 3.80 4.60 3.40 6.00 4.80 5.40 4.20 5.60 4.80 5.40 6.60
Quantity 23 15 19 13 18 22 11 17 16 24 17 17
Experiment

Closing

Price 4.76 4.00 4.80 3.40 6.00 4.80 5.50 4.00 5.80 4.80 5.60 6.60

Mean Price 5.09 3.76 4.20 3.02 5.37 4.77 5.13 4.01 5.08 4.66 4.86 5.55
Quantity 24 16 20 13 18 23 12 18 17 24 18 17
Efficiency 99.2 99.1 98.5 100. 92.5 99.4 98.2 98.9 98.3 100. 99.3 100.
Simulation

Max

Closing
Price 4.38 3.17 4.47 3.51 6.45 4.70 4,90 3.74 5.48 5.39 4.87 6.71

Mean Price 4.03 3.94 4.45 3.43 5.96 4.36 5.52 4.07 5.61 4.73 5.35 6.62
Quantity 21 15 19 12 17 20 10 15 14 23 15 16
Efficiency 98.8 100. 99.1 97.4 99.0 99.6 100. 99.3 98.8 100. 99.3 99.6
Simulation

Mean

Closing 4.31 3.60 4.46 3.52 5.98 4.58 5.45 4.37 5.56 4.79 4.87 6.84
Price

Mean Price 4.03 3.94 4.45 3.43 5.96 4.36 5.52 4.08 5.61 4.73 5.35 6.62
Quantity 23 15 20 14 17 21 11 15 15 24 16 16

.Efficiency 99.2 100. 99.4 98.1 99.2 100. 100. 99.3 100. 100. 89.6 99.6
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Table 4.4 Experiment 2: Actual and Monte Carlo Results

1 2 3 4 5 6 7 8 g 10 11 12

Equilibrium

Price 4.40 4.20 3.80 5.00 4.80 6.20 6.40 6.20 5.00 4.60 5.40 5.80
Quantity 22 9 17 g 14 11 18 11 17 15 18 17
Experiment

Closing

Price 4,40 4.25 3.90 4.60 5.00 6.20 6.20 6.45 5.00 4.65 5.40 5.80
Mean Price 4.56 3.79 4.27 4.39 4.68 5.56 5.86 5.95 5.24 4.76 5.17 5.67
Quantity 22 9 18 8 15 11 19 12 17 16 15 17
Efficiency 100. 100. 98.2 91.7 98.9 100. 99.4 98.2 100. 99.1 99.5 100.
Simulation

Max

Closing

Price 4.42 4.38 3.56 4.78 4.61 6.14 6.10 5.99 5.16 5.06 5.39 5.54
Mean Price 3.58 4.11 3.36 5.04 4.32 6.03 6.05 6.47 4.79 4.78 5.30 5.60
Quantity 21 9 15 g 14 10 16 10 15 15 14 15
Efficiency 998.8 100. 89.3 98.6 98.4 100. 99.3 100. 99.3 100. $88.0 99.3
Simulation

Mean

Closing

Price 4.35 3.97 3.67 4.85 4.73 6.17 6.38 6.02 5.03 4.18 5.11 5.75
Mean Price 3.34 3.96 2.96 4.59 4.08 5.50 5.00 5.25 3.99 3.99 4.42 4.70
Quantity 21 9 15 9 14 10 17 10 16 15 15 18
Efficiency 99.8 100. 99.3 98.6 98.4 100. 99.7 100. 99.3 100. 100. $99.3
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Table 4.5 Comparison of Actual and Simulated Data

Number of Times
Q>Q
Q=Q
Q<Q
Efficiency
Mean

S.D.

Experiment

13

10

98.68

2.13

-.23

.02

Simulated (MAX) Simulated (AVG)

0 2
6 9
18 13
99.33 99. 53
0.64 0.55
-.14 -.86
-.08 -.10
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Period 1: P,-a.u. Qq=23 azf6Sia: 10/83/07

PP,
4,48
.08
3,88
.28
2,08
2.48
2.8
1.68
1,28
508
g.48

-8.48
-6.08
-1.28
-1.68
-2.289

Period 3: Pge4.68, Qqel9 " . az#sSie: 18/85/87 Period 41 Pged.4f, Qu=13 azfés;e:

S

Period 61 Pge4.08, Q=22 az#ss;a: 10/85/87 Period 51 Pge6.88, Q=18 azfésier

Persod 2: Pgaed.88, Qqel5 azf6Sia: 18/85/87

18/83/87

18/85/87

Fig. 4.1 Supply Demand Arrays Periods 1-6
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Pariod 71 PgeS. 48, Qqel1 azg6s e 14/85/97 Period 0t Pgu4.28, Qu=17 az@és e: t8/85/07

trirtrrrtrbr bbbttt

Q
-2, 4 j
os “o . £ 0
Period 91 P,e5.60, Qgels  az8sSie: 18/85/87 Period 181 Pged.08, Qge24  axféSia: 18/85/87

Period 11: Poes. 48, Qgut? az#éSie: 18/85/07 Period 12: Pge6.68, Qqei? azféS;e: (8/53/87

Fig. 4.2 Suppiy Demand Arrays Periods 7-12
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Period 1: Pged. 48, Qge22 az#?S;e: 11/11/07 Period 21 Pg=4.28, Q.9 az873;er 11/11/87
£
= Q °
4
o - D
Period 3: Pg=1.08, Qg7 azf7%:e: 11/11/87 Period 4 Pg=5.88, Qg9 az§75iae: Li/11/07
-1
......... . Q Q
o}
Period 5i Pge4.88, Qgei4 azf?Sie: 11/11/87 Period 61 Pye8.28, Qquell az§?51e: 11/11/87
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Period 7: Pue6.48, Qa0 azf7%;e: 11/11/87 Period 01 P,«6.28, Qq=1t az8751e: 11/11/,87

Period 91 Pae5.08, Qqe1? az#75;e1 11/11/07 Period 181 Pgedq,68, Qq=13 exg7%ia: L1/81/07

trivirrtrtrtr et i bbbt

ax§7%5ie: 11/11/87

Period 11: Pges.48, Qo185 az87%5ie: 11/11/87 Period 12; Pge5.88, Qge17

r. S

Fig. 4.4 Supply Demand Arrays Periods 7-12



Period 1: P e4.68, Q=23 azféS;e: 18/85/87
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Period 2: P_=3.88, Q=15 az§6S;e: 18/95/87

-Shift Nexts pr, -Shift Backs pi, -Helps rescale, -Back+ index.
e Bs B2 BS B3 B2 BS BiI B5 B4 B3 B1 B4 B4 B2 B1 B3
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Chapter 5

SUMMARY AND CONCLUSIONS

Two institutions have been examined utilizing the methodology
of experimental economics where endogenously generated information
within the institution has a significant impact on the decisions
made by participants. Both in the provision of a public good
through voluntary contributions and in consecutive, interrelated
sealed bid auctions the behavior of subjects was significantly
different than corresponding previously studied institutions where
the endogenously generated information was not utilized.

Public Goods

The real time environment appears to make a difference in
several aspects of the VCM mechanism for the provision of public
goods. These experiments suggest that when subjects are given the

opportunity to 1invest only small increments at a time less
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free-riding occurs. They can risk a small amount and then, based on
their observations of other subject’s behavior make a decision on
whether or not to risk more. With the increasgwbnly design, the
real time environment does not exhibit the rapid decay in
contributions to the group exchange that exist in the discrete
choice environment.

The existence of a provision point further emphasizes the
difference the real time environment makes. Isaac, Schmidtz and
Walker using identical parameters but without real time adjustments,
reported that with a provision point of 108, only one experiment out
of six achieved the provision point after the fourth period. With
the real time environment, the provision point was reached at least
once after the fourth period in 8 out of 12 of the ten-period
experiments.

The opportunity to both increase and decrease the investment
clearly led to less provision than the increase only option. This
enforcement of not being permitted to back out of the previously
announced level of investment addresses the assurance problem
discussed in Isaac, Schmidtz and Walker. Yet, there still appears
to be a need for an initial trigger to activate the investments.

The importance of a trigger mechanism becomes even more evident
when the performance in the single Nash design is examined. The

equilibrium point in that design was only about one third that of

the provision point design, yet it generated virtually the same
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average provision levels, The major difference appeared to be in
the investment behavior induced by the two designs. The provision
point generated a need for assurance at each 1level as the
investments grew, while the positive Nash design generated a
momentum that carried the total investments beyond the equilibrium
point. This offers a rationale as to why some fund drives use a
widely promoted pre-drive among affluent known contributors.
Although the provision point induced larger investments, the
implicit provision point design did not. Despite the facts that a)
both payoffs were the same for high levels of investment, b) the
cost exceeded the benefit to the group at investments below 108 and,
c) for a significant portion of the range of investment below 108
both payoffs were at or near zero, the investment behavior was not
similar. Absence of the high marginal return to investment in the
range Jjust below the provision point appeared to make a major
difference in the result. This seems to imply that a fundraising
activity for a public good would do better to announce a single high
level of public good for the provision point and to not provide
anything if that level is not achieved than it would be to provide
whatever level is possible with the funds generated. Although a
money back treatment was not run for the real time environment,
Jjudging from the available efficiency data this result seems to
apply to both the total amount of funds raised and to total social

efficiency as well.
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This result initially appears to be contrary to the results of
Isaac, Schmidtz and Walker when they used the money-back design. In
that experiment they repeated their provision point designs with a
guarantee that if the provision point were not met, the subjects
would receive a full refund of their investment in the group
exchange. They found that this generated higher levels of group
investment. However, that is not a provision point institution in
the sense discussed in this paper. With both the standard provision
point and the implicit provision point, the opportunity exists for
the cost of the public good to exceed the benefit. This possibility
does not exist with the money back provision of Isaac, Schmidtz and
Walker. In pilot experiments, when Isaac, Schmidtz and Walker
allowed for the possibility of the cost of the public good to exceed
the benefit, the increased provision ceased to exist.

The major difference with the real time environment is that
with certain payoffs, an intra-period position can arise where the
marginal return from contributing to the public good is greater than
the marginal cost for each subject. In the real time experiments
this occurred only with the provision point and single Nash designs.

In conclusion, the real time environment does generate
increased levels of investment in the public good under certain
environments. Certain institutional parameters such as the
provision point and substantial initial returns are significant in

this process. The possibility of sequentially reassessing the level
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of provision of the public good, evidently provides a level of
assurance that is important.
Sealed Bid Auctions

With respect to the sequential seazied bid auctions, again the
existence of the dynamically generated information appears to have a
major impact on the performance of the institution. A number of
experiments have been run examining bidder behavior in sequential
sealed bid auctions where buyers have capacity constraints. Bidder
behavior was examined and compared to a Nash bidding model proposed
by Robert Weber. In general, bidding behavior was inconsistent with
the model. The model predicts that buyers will increase their bids
in each period of the sequence, from a bid below the expected value
of the order statistic of the first losing bidder, up to the value
of that order statistic at the period of the sequence corresponding
to the relative ranking of the buyer’s value. This behavior would
result in relatively constant prices across periods.

The bidding behavior evidenced in the experiments showed that
bidders bid above the predicted value in the shorter sequences.
Bidders tended to bid below the predicted value in the longer
sequences. There was also a tendency in the longer sequences for
high value bidders to attempt to act strategically by trying to win
only in the final periods. This bidding behavior resulted in prices
that decreased over the sequences.

Although the number of experiments is limited at this time,
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there is a clear indication that a Nash equilibrium strategy as
proposed may not be the appropriate model for this institution. Even
the inclusion of risk aversion on the part of bidders is
insufficient to fully explain the observed bidding behavior since so
many of the bids, even in the 1last period, could only be
characterized within the framework of these models as being risk
preferring. Once expectations of alternate strategies are
incorporated into the theory a Nash response strategy will likely
demonstrate the rationale supporting such bidding behavior.

These experiments demonstrate that the revenue-producing
capabilities of the sealed bid auction can be significantly affected
when there are commonly known capacity constraints, and a commonly
known number of bidders. The degree to which this result will
maintain when uncertainty exists concerning the number of bidders,
or when there 1is uncertainty with respect to the number of
sequential auctions, will be only be determined with additional
research.

Methodology

Models of decision behavior in both the voluntary contributions
experiments and in the sequential bidding experiments must
incorporate the wide range of strategies that have been observed in
this research. This may prove to be quite difficult using standard
approaches. If, however, there are a finite number of different

specific strategies being played in these games that correspond to
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different types of players, models of optimal strategies for each
category of player could be identified.

As a first approach to this problem a methodology was proposed
té attempt to identify specific strategies within a commonly known
dynamic institution, the double auction. Models of decision making
within this institution were simulated with computerized automata
and the corresponding trades compared to the actual trades of
experiments. Successful decision rules were then identified and
estimated by econometric techniques.

The most successful model, a profit based decision rule was
examined in both a simulated and experimental double auction market.
Randomly shifted parameters provided a challenging environment for
model performance. In this environment the model achieved high
efficiencies with price and quantity patterns that are very similar
to those of actual trades. The adjustment of expectations within
the simulation allows trades to be within reasonable ranges and yet
maintains the variation that is commonly observed. The intra-period
decay of acceptable profits allows trades to converge toward the
equilibrium, while the differential decay rates allow occasional
trades of extra marginal units. The estimates of the model
parameters indicate a consistency between the model used for
simulations and the observed decision data.

A model of decision behavior in the double auction that assumes

expectations on profits from trades that are updated as additional



150

trades occur and that are decayed as available time for trades
decreases captures much of the nature of trades within that
institution. Differences between individual traders can be
characterized in terms of their expectations of profits from trade
and the rapidity with which they decay their profit expectations
intra period.

Finally, the single period work that has been done previously
is not sufficient to categorize behavior within institutions when
endogenously generated information exists that may affect the
strategies of other participants. This endogenous information can
and does have a significant impact on the decisions within the
institutions. In fact, the Jjustification for using certain
institutions may be called in to question under circumstances
similar to those presented in this research. New methodologies for
understanding subject behavior within these institutions must be
developed in order to devise new models to better predict subject

behavior.
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APPENDIX A

Experimental Instructions
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REAL TIME VOLUNTARY CONTRIBUTIONS
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You are one person in a group of 4.
Each of you will be given an investment
account with a specific number of tokens in

it. All tokens must be invested to turn them
into income.

HOW TO INVEST:

There are two ways you can earn money by
investing your tokens. Press -NEXT- to
find out more about them.



1. The INDIVIDUAL
EXCHANGE

For each token you
invest in the inidvidual
exchange you get:

1 Cents per token.

Press NEXT to continue.
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1. The INDIVIDUAL
EXCHANGE

For each token yvou
invest in the inidvidual
exchange vou get:

1 Cents per token.

For example:

If you invest 55

tokens in the individual
exchange, you earn:

$ g.565.

Press NEXT to continue.
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1. The INDIVIDUAL
EXCHANGE

For each token you
invest in-the inidvidual
exchange you get:

1 Cents per token.

For example:

If you invest 55

tokens in the individual
exchange, you earn:

$ P.55.

If you invest 148
tokens in the individual
exchange, you earn:

$ 1.48.

Press NEXT to continue.
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2. The GROUP EXCHANGE

The return on your invest-
ment in the group exchange
is not so easily
determined.

Your earnings depend upon
the total investment in
the group exchange (your
invested tokens plus all
of the other tokens
invested by the other

people in your group).

Press NEXT to find out
more about the group
exchange; press BACK to
review the previous
instructions.
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Rules of the Group Exchange

You and 3 other people are members of a group.

When you invest in the group exchange, how much
money you get back depends on what YOU do and also on
how much the other group members invest.

The more the GROUP invests, the more you all get
from the GROUP exchange. )

In your group, each person has an investment account
with a specific number of tokens in it.

The group as a whole has 248 tokens.

YOU have 62 tokens .

When you invest in the group exchange, the tokens
Yyou invest are no longer yours. THEY BECOME THE
PROPERTY OF THE GROUP!

Press NEXT.



The money that the invested tokens earn is ‘also
the property of the group. This money is divided
up at the end of the periocd. Each person gets an
equal share out of every group dollar.

IT DOES NOT MATTER WHO INVESTS THE TOKENS IN THE
GROUP EXCHANGE. Every dollar is divided up this
way.

Press NEXT.
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For example:

If you put no tokens in the group exchange, but
the other members invest enough to earn $1.24,
you earn 25 cents from the group exchange.

If the others invest no tokens in fthe group
exchange, but you put in enough for the group
to earn $1.88, you still earn 25 cents
from the group exchange.

REMEMBER - how much you and the other group members
earn depends on how much all of you together put
into the group exchange.

Press -NEXT- to see the Payoff Table for the Group Exchange
-BACK- to Review
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Example:

Suppose that the members of your group together invest
a total of 168 tokens in the group exchange.

Look in the table at the line begimming with the number
of tokens closest to this total. The appropriate
values are underlined. (Press DATA to view the

table.) :



Tokens invested

in the GROUP Total money earned How much
exchange by all by money
group members THE GROUP YOU EARRN
$ $
g g.88 g.98
16 g.19 g.85
32 g.38 g.18
48 a.58 g.14
64 g.77 g.19
88 B.96 g.24
96 1.15 g.29
112 1.34 g.34
128 1.54 g.38
144 1.73 g.43
168 1.92 g.48
176 2.11 g.53
192 2.38 g.58
288~ 2.59 g.62
224 2.69 g.67
248 2.88 g.72
248 3.88 g.75

Look to the underlined values.

Press NEXT when you are finished.
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You saw from the table that the group gets $ 1.92.
from the exchange. Every group member gets $ g.48.

from the exchange.

You would receive $ .48 from the group exchangs.
WHETHER OR NOT YOU DEPOSIT ANY OF YOUR TOKENS IN THE
EXCHANGE !

Press NEXT to continue; press shift-BACK to review
group investment; press BACK to review the table.
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Tips On Investing

When you invest, you can divide your teokens in any way
you want. That is, you can:

a. put all of them into the group exchange

b. put all of them into the individual exchange

c. put some of them inte the group exchange and
some of them into the individual exchange.

Press NEXT to continue.
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UPDATING INVESTMENTS

Each trial will last 3 minutes. A counter showing
the remaining number of seconds left in the period
will be in the center of your screen.

During the three minutes, you will be able to change
your investments until you are satisfied or until
time runs out.

Your earnings for each period are determined based
on the amount of tokens you have invested in the
individual exchange and in the group exchange

at the end of the periocd. ..... In other words,
earnings are only computed at the end of the triall!

The profits you make are stored at the end of each

trial and your total earnings from-all trials will
be paid to you at the end of the experiment.

Press NEXT to continue



IMPORTANT NOTICE!

During the 3 minute period you may only increase
vour initial contribution to the group exchange.
You cannot decrease it!!

PRESS NEXT TO CONTINUE
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Comparing Group and Individual

The

The

EXCHANGE

individual exchange gives you a sure return.
Also, you have a chance to earn money from the
group exchange if any members invest in it.

group exchange gives you a chance to make more

from your tokens invested. But, the earnings from the
Group Exchange will depend on the investment decision
of all participants.

NOTE: Your individual decision on how much you
invest in the private exchange and in the
group exchange is not known by the other
participants. Only information on total
group investment is given to each person.

Do not press NEXT until you are ready to enter
the experiment. Once you preas NEXT you will

not be able to review the instructions. Press
BACK to review the instructions in reverse order;
press shift-BACK to review the instructions in
their entirety; press NEXT only if you understand
all of the .inatructions.




ARE YOU SURE?

You will not be able to return to the instructions
after leaving this page. If there is any doubt
in your mind press BACK.

Once you press NEXT there is no turning back.

Press NEXT only if you fully understand the
instructions. '
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SEQUENTIAL SEALED BID AUCTIONS



This is an experiment in the economics
of market decision making. The National
Science Foundation has provided funds for
conducting this research. The instructions
are simple, and if you follow them care-
fully and make good deciaions you may earn
a considerable amount of money.

Press -NEXT- for Instructions
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INSTRUCT IONS

Before you make any market decisions in this
experiment, you will be given a starting capital
credit balance of $1.80. Any profit earned by you
in the experiment will be added to your starting
capital, and any losses incurred by you will be
subtracted from your starting capital. At the end
of the experiment your net balance will be
calculated and paid to you in real money.

For example, if you make market decisions in
the experiment that earn you profits of say $5.35,
yvou will be paid $ 6.35. But, if you make market
decisions that earn losses, these losses will be
subtracted from your starting capital. If your
losses exceed your starting capital, you will be
paid nothing at the end of the experiment.

Press -NEXT- to Continue
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In this experiment we will create a market in
which you will act as buyers in a sequence of
trading periods. Before trading begins an
announcement is made indicating the quantity of
the commodity that is for sale.

In each period, your task is to attempt to buy
units of the commodity by submitting bids for it
along with the other buyers in the experiment.
Each wunit that you are able to purchase is then
resold by you at a price whose determination will
be explained to you shortly. The procedure for
datermining whether a bid is accepted, and the
price that is paid for an accepted bid will be
explained later.

If one of your bids is not accepted then your
profit for that bid is zero. If one of your bids
is accepted, you make a profit equal to the
difference between your selling price and your
purchase price. If this difference is negative it
represents a loss. It is possible for all of your
bids to be accepted, or only part of your bids to
be accepted.

Press -NEXT- to Continue
Press -BACK- to Review
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Before you can start making market decisions in
the experiment, you still need to know:

1) For all accepted bids, how the resale price
of the unit is determined.

2) How it is determined whether your bid is
accepted.

3 If a bid is accepted, what price you will
have to pay for the unit you bid on.

4) Finally, how many bids you are able to make
and how you make these bids in the market.

Instructions and examples explaining each of the
above four items will new be given.

Press -NEXT- to Continue
Press -BACK-~ to Raview
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Detarmining the Remsale Value of a
Purchased Unit

For all bids that are accepted, the resale
value (price) of each unit is determined by a
randem drawing from the 1808 numbers that come in
$.81 increments and fall in the range of $ §.99 to

$ 9.99. In other words the resale value will be
drawn at random from the values of $ 9.9849,
$9.01,9 F.92,040..,% 9.98,8 9.99.

Each of these prices is equally likely to be
drawn in each market period. Since there are 1988
prices, this means there is a 1/188F chance that any
one price will be drawn in any given market
period.

For example, if $8.93 is drawn in one period,
this has no effect on the 11888 chance that $7.83
will be drawn in any later market period.

The resale value for each period will be drawn
independently for each buyer and can therefore be
di fferent for each buyer. For Example, if your
resale value for Period(l) is $ 9.79 then the resale
values for the other buyers could possibly equal
$ 9.79 in Period(i) but they could just as easily
be any other value between $ 7.89 and $ 9.99.

You will be given yvour resale value bafore you
make your bids.You will not know the resale values
of the other buyers in the market.

Press -NEXT- to Continue
Pre=s -BACK- to Review



Acceptance of a Bid and the Price Paid for a Unit

Whether a bid is accepted and the price that
would be paid for an accepted bid is determined
as follous:

Suppose X units are offered for sale at the
beginning of a market period. Also, suppose for
this example that each bidder can submit only two
bids. Each bid specifies a price for a single
unit of the commodity. The bid prices must be in
dollars and cents for example $ 9.74,$4.96, or
$g.92. The bids from all buyers will then be
collectad by "Plato” and then be arranged in
descending order from the highast to the lowest.
With X units offered for sale, the first X of
these bids (starting with the highest) will be
accepted, and the remaining will be rejected. In
the case of ties at the lowest of the accepted
bida, random rnumbers will be used to determine
which of the accepted bids will be accepted.

Preasas -NEXT- to Continue
Press -BACK- to Review
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Once "Plato" orders the bids from highest to
lowest and determines which bids will be
accepted, the highest accepted bid and the
lowast accepted bid will be shown to each buyer,
"Plato" will alse signal to each player which of
his bids were accepted.

Each accepted bid will represent the purchase
of one unit of the commodity at a purchase price
aqual to the buyers bid price for that unit.
Therefore, the greater your bid price the smaller
is your profit on that bid if the bid is
accepted. But, the greater your bid the more
likely it will be accepted.

You must weigh these considerations carefully
in deciding upon each bid price to be submitted.
A bid price of $7.88 is acceptable and is
essaentially equivalent to not entering a bid or
"standing pat”.

Press -NEXT- for an Example Problem
Press -BACK- to Review
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Tokena invested

in the GROUP Total money earned How much
exchange by all by money

group members THE GROUP YOU EARN
$ $

) g.88 g.88

16 g.19 9.85

32 g.38 g.18

48 g.s8 g.14

64 g.77 g.19

88 g.396 .24

96 1.15 g.29

112 1.34 g.34

128 1.54 #.38

144 1.73 g.43

168 1.92 g.48

176 2.11 g.53

192 2.38 g.58

238 2.58 g.62

224 2.69 g.67

248 2.88 g.72

248 ) 9.75

Press NEXT when you are finished.
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transactions

The following graph and numerical example

example, X=8 (there are

sale).

8

illustrate the previous instructions on market

for one market period. In this

units offered for

There are 5 buyers and each buyer is

allowed to bid for two units. After all bids are

made,

shown, where:
Py= $1.75 represents the highest bid
lowest bid
lowest bid accepted
highest rejected bid

Price

PH=$1 .75

PH=$ﬁ. 54

PRasg. 45
PL=%g.23

P = $8.23 represents the
Pq= $8.54 represents the
PR= $8.45 represents the

Accepted Bids are

Filled at the Supply

Price Bid

|

they are arranged in descending order as

178

Array of Bids

¢9)
(2)
(3
(4)
(5)

(6).

€))
(8)

Rejected Bids (9)
(1)

t 2 3 4 5 6 7 8

Press -NEXT- to Continue

9

19

Press -BACK- to Review

Quantity

$1.75
$1.66
$1.47
$1.25
$1.02
$1.02
$g.95
$0.54
$0.45
$9.23



Array of Bids

(0
(2)
(3
(4)
()
(6)
)
(8)
(9)
(19

an experiment.

NUMERICAL EXAMPLE

$1.75
$1.66
$1.47
$1.25
$1.02
$1.082
$4.95
$0.54
$8. 45
$9.23

In

Current Standing - Buyer X

Profit Period !
Previous Profits
Starting Capital
Current Balance

$0.18
$g.089
$1.00
$1.18

Results (Period () - Buyer X

Unitl Unit2
Bid $1.75 $1.25
Accepted Yes Yes
Price Paid $1.75 $1.25
Resale Price $1.55 $1.55
Profit -$7.28 $7.39

this example, we are looking at
imaginary player @Buyer X), in the first period of
For this experiment, there were 5
buyers each having 2 bids. There were eight units
of the commodity for sale and for the example the
starting capital was $1.88. The bid of $7.54 was
the eighth highest bid, and therefore the last
bid accepted.

Press -NEXT- to Continue the Example

Press -BACK- to Review
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(n
(2)
(3)
(4
(5)
(6)
7
(8)
(9
(§¥))

NUMERICAL EXAMPLE

Array of Bids

$1.75
$1.66
$1.47
$1.25
$1.082
$1.92
$8.95
$0.54
$0. 45
$g.23

From the table labeled
Buyer X ), we see that Buyer X made bids of $1.75
and $1.25. Since both bids were higher than the
highest rejected bid of $8.45 they were both
accepted. Buyer X therefore pays a price of $!.75
for unit one and $1.25 for the second unit of the
commodity,

Current Standing - Buyer X

Profit Period 1
Previous Profits
Starting Capital
Current Balance

$7.19
$7.088
$1.008
$1.19

Results (Period 1) - Buyer X

Unit! Unit2
Bid $1.75 $1.25
Accepted Yes Yes
Price Paid . $1.75 $1.25
Resale Price $1.55 $1.55
Profit -$7.28 $g.39

( Results (Period 1) -

Press -NEXT- to Continue the Example

-BACK- to Review
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(1)
(2)
(3
(4)
(%)
(6)
)
(8)
(9)
(18)

Now asaume the drawing for the resale price yields a
price of $1.55 . For Pariod !, Buyer X incurs a profit
of $1.55-%1.75=-$g.28 for unit | and a profit of $1.55-

NUMERICAL EXAMPLE

Array of Bids

$1.75
$1.66
$1.47
$1.25
$1.82
$1.92
$0.95
$0.54
$g. 45
$0.23

$1.25=%$9.39
equal -$0.20+$0.30=34.149.

Current Standing - Buyer X

Profit Period 1
Previous Profits
Starting Capital
Current Balance

$9.18
$6.908
$1.00
$1.18

Results (Period 1) - Buyer X

Unit! Unit2
Bid $1.75 $1.25
Accepted Yes Yas
Price Paid $1.75 $1.25
Resale Price $1.55 $1.55
Profit -$g.28 $08.38

for unit 2. His net profits

for Pariocd 1

Press ~NEXT- to Continue the Example

Press -BACK- to Review
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Array of

¢9)
(2)
(3)
(4
(s)
(6)
o))
(8)
(9)
(12

$1
$1

$1
$1
$1
3
$g

NUMERICAL EXAMPLE

Bids
.75
.66
$1.
.25
.82
.82
.95
.54
$4.
$4.

47

45
23

Current Standing - Buyer X

Profit Periocd 1
Previous Profit
Starting Capita
Current Balance

s
l

$g.18
$0.08
$1.908
$1.18

Results (Period

1) - Buyer X

Unit! Unit2
Bid $1.75 $1.25
Acceptead Yes Yes
Price Paid $1.75 $1.25
Resale Price $1.55 $1.55
Profit -$7,.24 $g.38
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The table labeled ( Current Standings - Buyer X ) shows

the current money standings for Buyer X. Since this is the
first period, he has no previous profits. Therefore, his

- current balance equals $8.18 (profit for Period 1)

(starting capital)

Press -NEXT- for an Example in which YOU Participate

= $1.14.

Praess -BACK- to Review



MARKET PERIOD ILLUSTRATION

In this example, you will be given the =ame type
of information wyou will receive in the experiment,
except you will be told what bids to make (this is for
illustrative purposes) .

Market Information

Number of units offered a 7
Number of Buyers a 4
Number of Bids Per Buyer = 3
Resale Price Maximum a $2.95
Resale Price Minimum = $1,59
Starting Capital a $2,09

The information above is what you would be given

before entering the experiment, except the actual numbers

may vary. You now know how many units will be offered
for sale, the number of buyers in the market and the
number of bids each buyer can make.

Press -NEXT- to Continue
Press -BACK- to Review
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MARKET PERIOD ILLUSTRATION

In this example, you will be given the same type
of information you will receive in the experiment,
except you will be told what bids to make (this is for
illustrative purposes).

Market Information

Number of units offered = 7
Number of Buyers = 4

Number of Bids Per Buyer 3

Resale Price Maximum a $2.95
Resale Price Minimum x $1.53
Starting Capital a $2.092

You also know that if ore of your bids is accepted,
the price at which you can sell the unit will be drawn
at random from the numbers: $2.95, $2.94, $2.93, $2.92
$2.91, ....,$1.53.%1.52,%1.51,%1.54.

Press -NEXT- to Continue
Press -BACK- to Reaview
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This example is just like the experiment in
which you will participate, except for:
(1) the numbers may be different from what
they will be in the experiment.
(2). you are asked to make the following bids:
Unit 1a2$1.95, Unit 22%$1.88, Unit 3=$8.73

In each market period you will be given tables,
as shown below, for entering your bids.

Typa Bid 1: Type Bid 2: Type bid 3:

After all bids are made, you will be shown
the market results of your bids. During the
experiment, there will also be a data sheet
available at all times with summary information.

Prass -NEXT- to enter Market Period(Triall)
Press -BACK- to Review
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EXAMPLE MARKET PERIOD
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MARKET PERIOD (TRIAL1)

(Remember to bid: Unit12$1.95, Unit2=$1.89, Unit3=%$0.73)
Resale Value Pariod(Triall) = $2.95

After entering each bid press -NEXT-

Type Bid 1: | Type Bid 2: Type Bid 3:
1.95 ok 1.88 ok .73 ok

Press -DATA- to see Data Summary Sheet

Press -NEXT- to see Market Results
Press -BACK- to Review
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Data Summary Page

Market Information

Number of Units Offered a 7
Number of Buyers 2 4
Number of Bids Per Buyer = 3
Maximum Resala Price = $2.95
Minimum Resale Price = $1.58
Starting Capital a $2.88

This Information is Available During the Experiment
By Just Pressing -DATA-

Press -BACK-
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Results - Market Period (Triall)

Current Standing - Buyer 1

Profit Periocd(Triallp $9.35
Previocus Profits $09.99
Starting Capital $2.98
Current Balance $2.35

Bid Information
Highest Accepted Bid = $2.63
Lowest Accepted Bid = $1.45

Resuylts (Trial Period) - Buyer 1

Unit! Unit2 Unit3
Bid $1.95 | $1.89 | $0.73
Accepted Yes Yas No
Resale Price $2.85 | $2.95 | $2.05
Price Paid $1.95 | $1.80 | $0.09
Profit $0.190 | $9.25 | $0.908

Press -NEXT- for Explanation of Tables
Press -BACK- to Review



Results
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_ Market Period(Triall)

Current Standing - Buyer 1

Profit Period(Triall) $s.35
Previous Profits $8.20
Starting Capital $2.09
Current Balance $2.35

Bid Information

Highest Rccepted Bid = $2,.63
Lowest Accepted Bid

= $1.45

Results (Trial Period) - Buyer |

Unitl Unit2 Unit3
Bid $1.95 | $1.80 | $0.73
RAccepted Yes Yes No
Resale Price | $2.85 | $2.85 | $2.05
Price Paid $1.95 | $1.80 | $9.99
Profit $F.19 | $8.25 | $7.80

Summary of Period(Triall)

1) Highest accepted bid was $2.63 and the lowest

accepted bid was $1,45.

2) Your two Highest bids were accepted.

Press -NEXT- to Continue
Press -BACK- to Review



Results - Market Period (Triall)

Current Standing - Buyer 1

Profit Period(Triall) $8.35
Previous Profits $0.00
Starting Capital $2.99
Current Balance $2.35

Bid Information
Highest Accepted Bid = $2.63
Lowest Accepted Bid = $1.45

Results (Trial Period) - Buyer 1

Unit! Unit2 Unit3
Bid $1.95 | $1.89 | $8.73
Acceptead Yes Yas No
Resale Price $2.805 { $2.985 | $2.05
Price Paid $1.95 | £1.80 | $7.900
Profit $0.190 | $8.25 | $09.00

Summary -Continued-
3) The random drawing for resale price yielded $2.85.
4) You paid $1.95 for Unit! and $1.88 for Unit2,.
5) Profit on Unit! was $2.085-$1.95=$0.18, and on Unit2
profit was $2.85-%$1,80=%$0.25.

Press -NEXT- to Continue
Press -BACK- to Review
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Results
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- Market Period(Triall)

Current Standing - Buyer 1

Profit Period(Triall) $g.35
Praviocus Profits $9.09
Starting Capital $2.008
Current Balance $2.35

Bid Information

Highest Accepted Bid = $2.63

Lowest Accepted Bid = $1.45
Results (Trial Period) -~ Buyer |
Unit! Unit2 Unit3
Bid $1.95 | $1.89 | $8.73
Accepted Yes Yes No
Resale Price $2.95 | $2.085 | $2.85
Price Paid $1.95 | $1.80 | $9.89
Profit $8.19 | $@3.25 | $8.48

7) If this were not an example, your current balance would

Summary -Continued-
6) Total profit for Period(Triall)

be $2,.90+38.38=$2.35.

= $7.35.

Press -NEXT- to Continue
Press -BACK- to Review



Example 2

This is the final example before entering the
experiment, You will face the same the market
situation as in the previous example, except now
vou are asked to make the following bids:

Unit! Bid=$2.35, Unit2 Bid=$1.808, Unit3 Bid=$g.92

Press -NEXT- to enter Market Period(Trial2)
Press -DATA- to see Data Summary Sheet
Press -BACK- to Review previous example
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MARKET PERIOD (TRIALZ2)

(Remembear: Unitl Bid=$2.35, Unit2 Bid=$1.88, Unit3 Bid=%$8.92)
Resale Value Pericd(Trial2) $1.65

After entering each bid Press -NEXT-

Type Bid t: Type Bid 2: Type Bid 3:
2.35 ok 1.89 ok g.92 ok

Press -DATA- to see Data Summary Sheet
Praess -NEXT- to see results of Market Period(Trial2)
Press -BACK- to Review
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Results - Market Period (Trial?2)

Current Standing - Buver 1

Profit Period(Trial2)| $8.35
Previocus Profits $7.35
Starting Capital $2.09
Current Balance $2.78

Highest Accepted Bid = $2.52
Lowest Accepted Bid = $1.75

Results - Period(Trial2) - Buyer 1!
Unitl {Unit2 |Unit3
Bid $2.35 | $1.89 | $8.92
Accepted Yes Yes No
Resale Price | $2.25 | $2.25 | $0.949
Price Paid $2.35 | $1.80 | $9.99
Profit -$7. 10| $0.45 $9.00

Press -NEXT- for Explanation of Tables
Press -BACK- to Review
Press -DATA- for Data Summary Page



Results - Ma
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rket Period (Tri1al?2)

Current Standing - Buyer 1

Profit Period(Trial2)
Pravious Profits
Starting Capital

$9.35
$9.35
$2.008

Current Balance

$2.78

Highest Accepted Bid

Lowest Accepted Bid = $1.75

a $2.52

Results - Period(Trial2) - Buyer |

Resale Price | $2.25
Price Paid $2.35
Profit -$g.10

Unitl |Unit2 | Unit3
Bid $2.35 | $1.80 | $8.92
Accepted Yes Yes No

$2.25 | $0.99
$1.80 | $0.990
$g.45| $8.98

Summary

1) Highest accepted bi
bid was $1.75.

2) Your two highest bi

of Pariod(Trial2)
d was $2.52 and the lowest accepted

ds were accepted.

Press -NEXT- to Continue Summary
Press -BACK- to Review
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Results - Market Period (Tri1al2)

Current Standing - Buver 1

Profit Period(Trial2)| $4.35
Previocus Profits $@.35
Starting Capital $2.99
Current Balance $2.79

Highest Accepted Bid = $2.52
Lowest Accepted Bid = $1.75

Results - Period(Trial2) - Buyver |

Profit

Resale Price | $2.25
Price Paid $2.35

Unit!l | Unit2 | Unit3
Bid $2.35 | $1.89 | 37.92
Accepted Yes Yes No

-$54, 19

$2.25 | $0.84
$1.80 | $9.88
$9. 45| $9.40

Summary

3) The random drawing
of $2.25.
4) You paid $2.35 for

~-Continued-
for the resale price yielded a price

Unitl and $1.88 for unit 2.

Prass -NEXT- to Continue Summary
Preas -BACK- to Review
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Results - Market Period(Trial?2)

Current Standing - Buyer 1

Profit Period(Trial2)| $8.35
Previous Profits $9.35
Starting Capital $2.309
Current Balance $2.78

Highest Accepted Bid = $2,.52
Lowest Accepted Bid = $1.75

Results - Period (Trial2) - Buyer 1

Resale Price | $2.25
Price Paid $2.35
Profit ~-$7.19

Unit! | Unit2 | Unit3
Bid $2.35 | $1.80 | $9.92
Accepted Yes Yes No

$2.25 | $9.80
$1.89 | $9.99
$9.45 $9.98

5) Profit on Uniti1a-$6.19 and profit on Unit2=$0. 45.
6) Total Profit for Period(Trial2) =$#.35.

7) Profit from Period(Triall) =$g.35.

8) Current Balance (for example purposes) =$2.78.

Summary -Continued-

Press -NEXT- to Enter Experiment

Press -BACK- to Raview
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Experiment Market Parameters

Number of Units Offered = |
Number of Buyers = 6
Number of Bids Per Buyer = 1
Maximum Re=ale Price = $ 9.99
Minimum Resmale Price = $8.80
Starting Capital = $1.00

The information above describes the market
in which you will be participating. If you
have any questions concerning how the market
operates please raise your hand or Press
-HELP- for a Summary. If you enter the market
you will not be able to go back for a
review,

Press -NEXT- to Enter the Experiment
Press -BACK-~ to review previous material
Press -HELP- for a Summary



NOTICE

Change in Procedures

The instructions,which you just completed,
explained that profit on any accepted bid
would be computed as:

Profit = Resale Price-Bid
For the purpose of this experiment we are
going to alter the method of computing
profits in the following manner:
In the auctions which follow, your CASH
profits (cash to be paid to you at the end
of the experiment) are related to your

PLATO profits by the following rule:

CASH profits in cents= #.68x(Platoc Cents)

Prass -NEXT~ for more explanation
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The table below shows the conversion of
PLATO cents into CASH cents.

PLATO Profits

cents

g
19
29
38
48
58
68
78
88

99 =

. 198
208
3849
494
508

$
8.88
g.18
g.28
g.38
g.48
.58
a.68
g.78
g.88
g.98
1.98
2.0808
3.98
4.08
5.00

CASH Profits
cents $
g = 2.88
6 = g.086
12 = g.12
18 = g.18
24 = g.24
38 = 8.39
36 = g.36
42 = g.42
48 = J.48
54 = B.54
68 = B.68
128 = 1.29
189 = 1.848
249 = 2.48

300 =

3.88

This table gives only examples. During the
experiment you can ask PLATO to convert PLATO
profits into CASH profits by pressing LAB.

Press -LAB- to see how this is done
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Conversions

CASH profits in centsa
1.89

.88 + g.68x(PLATO cents)

Enter PLATO cents to be converted to CASH cents
(use no decimals)
(1imit=9999)

36 ok

Conversion: PLATO cents = 36 cents
CASH cents = 21.6 cents

Press -LAB- to do another conversion
Press -NEXT- to begin the Experiment
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APPENDIX B

SUPPLEMENTAL GRAPHS
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SUPPLEMENTAL GRAPHS: VOLUNTARY CONTRIBUTIONS

INTRA-PERIOD ADJUSTMENTS
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SUPPLEMENTAL GRAPHS: SEQUENTIAL AUCTIONS
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SUPPLEMENTAL GRAPHS: DOUBLE AUCTION
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