Microeconomic Systems as an Experimental Science

By VERNON L. SMITH*

Study nature, not books...
Louis Agassiz

After studying economics for six
years I have reached the conclusion
that there is no difference between dis-
covery and creation...

[Graffiti by an unknown student]

The experimental literature contains only
a few attempts to articulate a “theory” of
laboratory experiments in economics (Charles
Plott, 1979; Louis Wilde, 1980; my articles,
1976a, pp. 43-44, 46-47; 1976b; 1980). It is
appropriate for this effort to have been mod-
est, since it has been more important for
experimentalists to present a rich variety of
examples of their work than abstract ex-
planations of why one might perform experi-
ments. Wilde’s contribution provides an in-
tegration and extension of the earlier papers,
and brings a fresh perspective and coherence
that invites further examination. This seems
to be the time and place to attempt a more
complete description of the methodology and
function of experiments in microeconomics.

The formal study of information systems
in resource allocation theory (Leonid
Hurwicz, 1960) and the laboratory experi-
mental study of resource allocation under
alternative forms of market organization
(Sidney Siegel and Lawrence Fouraker, 1960,
Fouraker and Siegel, 1963; my 1962, 1964
articles) had coincident beginnings and, in
important respects, have undergone similar,
if mostly independent, intellectual develop-
ments. The similarity of intellectual develop-
ment in these two new endeavors is repre-
sented by the increasing focus upon the role
of institutions in defining the information

*University of Arizona. I am grateful to the National
Science Foundation for research support, and for many
significant encounters over the years which have helped
to shape my thinking about experimental microecon-
omy. Although any list is bound to omit some key
sources of inspiration, in addition to the many authors
cited in the references, I particularly want to mention
Sidney Siegel, Jim Friedman, Charlie Plott, Martin
Shubik, and Arlie Williams.
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and incentive structure within which eco-
nomic outcomes are determined. While the
(new)? welfare economics (Stanley Reiter
1977) was articulating a formal structure for
the design and evaluation of allocation
mechanisms (institutions) as economic vari-
ables (Hurwicz, 1973), experimentalists were
comparing the performance of experimental
economies in which the rules of information
transfer and of contract appeared as treat-
ment variables (Plott and myself, 1978; my
1964, 1976a articles). Since it is not possible
to design a laboratory resource allocation
experiment without designing an institution
in all its detail, it was foreordained by the
nature of the questions asked, that the work
of experimentalists would parallel that of the
(new)? welfare economics.'

In the sequel, the definition of a microeco-
nomic system will be developed. Then the
laboratory market or resource allocation ex-
periment will be developed and discussed as
an example of a microeconomic system. This
framework will be used to provide a taxon-
omy for laboratory experimentation which
allows the methods, objectives and results of
such experiments to be interpreted and per-
haps extended.” An important message of
the paper which has been emphasized before
(Plott, 1979, p. 141; my 1976b article, p.
275), but was articulated more satisfactorily
by Wilde (1980), is that laboratory micro-
economies are real live economic systems,
which are certainly richer, behaviorally, than

'Experimental microeconomics includes the study of
individual choice behavior. For an excellent description
of the methodology and some of the results from the
experimental study of human and animal choice behav-
ior, see the survey by John Kagel and Raymond Battalio
(1980).

2Nothing in this paper will be very helpful to anyone
desiring to learn the important techniques and me-
chanics of conducting experiments. For explanations of
experimental procedures, it will be necessary to consult
the references. But learning to run experiments is like
learning to play the piano—at some point you have to
start practicing. The classic model of good experimental
technique is still to be found in Fouraker and Siegel
(1963).
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the systems parameterized in our theories.
Consequently, it is important to economic
science for theorists to be less own-literature
oriented, to take seriously the data and disci-
plinary function of laboratory experiments,
and even to take seriously their own theories
as potential generators of testable hypothe-
ses. Since ““ the discovery of new facts is open
to any blockhead with patience and manual
dexterity and acute senses” (attributed to Sir
William Hamilton in N. R. Hanson, 1971,
p- 23), it is equally important that ex-
perimentalists take seriously the collective
professional task of integrating theory, ex-
perimental design, and observation.

I. Microeconomic System Theory
A. Defining a Microeconomic System

In defining a microeconomic system two
distinct component elements will be identi-
fied: an environment and an institution.

1. The Environment

The environment consists of a list of
N economic agents {1,...,N}, a list of
K +1 commodities (including resources)
{0,1,...,K}, and certain characteristics of
each agent i, such as the agent’s utility func-
tion u’, technology (knowledge) endowment
T', and a commodity endowment vector «'.
Hence, the ith agent is characterized by the
vector e’ =(u', T', ') whose components are
assumed to be defined on the K +1 dimen-
sional commodity space R¥*!. Hence, a mi-
croeconomic environment is defined by the
collection of characteristics e =(e',...,e").
This specification defines the environment as
a set of initial circumstances that cannot be
altered by the agents or the institutions within
which they interact. The reader should ap-
preciate that by appropriate interpretation
this definition does not rule out learning,
that is, changes in preferences and /or tech-
nology. But if learning is to be part of the
economic process, then one must specify
agent preferences and technology in terms of
learning (or sampling or discovery) activities.
In this case the fixed environment would
specify the limitations and search opportuni-
ties for altering tastes and knowledge in an
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economy with changeable tastes and re-
sources. It should be noted that, in an experi-
mental environment, e will include some
circumstances that cannot be altered by the
agents because they are control variables
fixed by the experimenter—a matter to which
I will return later.

A subtle but important feature of the en-
vironment deserves emphasis: the superscript
i on the characteristic of each agent / means
that the initiating circumstances in an eco-
nomic environment are in their nature private.
Tastes, knowledge, and skill endowments are
quintessentially private: I like, I know, I
work, and I make.?

2. The Institution

The above is no less true in societies with
weak than in those with strong private prop-
erty right systems. Whether private tastes
matter little or are sovereign; whether or not
an idea can be patented, copyrighted, or
trademarked as alienable private property;
and to what extent one has a property right
in the fruits of one’s “own” labor; these are
all matters of the institution which is itself
public in administration. It is the institution
which specifies that soliciting for the purpose
of prostitution is punishable by fines and
imprisonment; that smoking in the hallway
is to be allowed; that forms of indentured
labor are prohibited (except in professional
sports); that patents expire after seventeen
years; that Ohm’s law is not patentable; that
price discrimination is illegal (except in the
Treasury bill auction); that trespassers will
be prosecuted; and that no one has the right
to obstruct free use of the air by airlines
above private land (except that, at one time,
alcoholic beverages were not to be served in
flights over Kansas).

It is the institution that defines the rules of
private property under which agents may
communicate and exchange or transform
commodities for the purpose of modifying

3This does not mean that an individual’s environmen-
tal state is autonomous and uninfluenced by others; it
means merely that individual skills, knowledge, and
willingness to work and buy are not publicly observable
—only their consequences are observable.
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initial endowments in accordance with
private tastes and knowledge. Since all com-
modity exchange and commodity transfor-
mation must be preceded by interagent com-
munication, property rights in messages are as
important as property rights in commodities or
ideas. Thus if stealing can lead to the charge
of robbery or burglary, saying “your money
or your life” can lead to the charge of at-
tempted robbery. The institution defines the
rights of private property which include the
right to speak or not speak (you can’t say
“one hundred” at an auction unless you
mean to bid $100), the right to demand
payment or delivery, and the right to exclude
others from use, that is, to “own.” The in-
stitution specifies:

a. A language M=(M',...,M") con-
sisting of messages m = (m',...,m"), where
m' is an element of M, the set of messages
that can be sent by agent i. A message might
be a bid, an offer, or an acceptance. The
allowable messages M’ for i need not be
identical to M’ for j. Thus buyers may tender
written bids at an auction, while the seller
may have the right to offer or not offer an
item for sale, but may not be allowed to bid
on his own item or announce a reservation
price.

b. A set H=(h'(m),...,h"(m)) of allo-
cation rules for each i. The rule h'(m) states
the final commodity allocation to each i as a
function of the messages sent by all agents.
Since there may be an exchange of messages
which precedes the allocation, m may refer to
the final allocation-determining message.

c. A set C=(c'(m),...,c¥(m)) of cost
imputation rules. The rule c'(m) states the
payment to be made by each agent in
numeraire units (money) as a function of the
messages sent by all agents. Note that C is
redundant in that it could be included in the
definition of H, but it will be convenient in
many applications (as when there are no
income effects) to distinguish between com-
modity allocations by H and payment impu-
tations by C.

d. A set G=(g'(ty,t, T),...,
g™M(ty,t,T)) of adjustment process rules. In
general, these rules consist of a starting rule
g'(ty,.,.) specifying the time or conditions
under which the exchange of messages shall
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begin, a transition rule (or rules) g'(.,t,.)
governing the sequencing and exchange of
messages, and a stopping rule g'(.,., T) under
which the exchange of messages is terminated
(and allocations are to begin).* For example,
an English or progressive auction begins with
an announcement by the auctioneer identify-
ing the item to be offered for sale and calling
for bids. The starting rule might also allow
the seller to specify a reservation price. The
transition rule requires any new bid to be
higher than the previous standing bid. The
stopping rule requires that no new overbid is
obtained in response to a call from the
auctioneer (for example, three calls for a
“final” bid). In an unstructured bilateral
negotiation, there is a starting “rule” in that
bargaining cannot begin until there is a first
bid or offer, and stops with an acceptance.
Disputes concerning the negotiation process,
and its outcome, are settled under the com-
mon law of contracts.

Each agent i’s property rights in communi-
cation and in exchange are defined by I'=
(M, hi(m), c'(m), g'(ty, 1, T)), which speci-
fies the messages that i has the right to send;
the starting, transition, and stopping rules
which govern these communication rights;
and finally the right to claim commodities or
payments in accordance with the outcome
rules that apply to messages. A microeco-
nomic institution is defined by the collection
of all these individual property right char-
acteristics I =(I',...,IV).

It should be noted that none of the above
rules of an institution need be formal as in a
body of written law. A rule can be simply a
tradition as, for example, in the Eskimo polar
bear hunting party in which the upper half
of the bear’s skin, prized for its long mane
hairs, was awarded to the individual hunter
who (at great personal risk) was the first to
fix his spear in the dangerous prey (Peter
Freuchen, 1961, p. 53.)

4Note that the arguments of g'(¢,,7,T) are public
“goods” or characteristics, i.e., the rules governing com-
munication are common to all participating agents.
Hence, when comparing the performance of alternative
institutions, we are comparing alternative common out-
come states.
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3. A Microeconomic System

A microeconomic environment together
with a microeconomic institution defines a
microeconomic system, S = (e, I).

B. Agent Behavior

1. Outcome Behavior

A microeconomy is closed by the behav-
ioral actions (choices) of agents in the mes-
sage set M. In the static description of an
economy we are concerned only with the
final outcome choices in M. Thus agent i’s
outcome behavior is defined by a function
B'(e' |I) which yields the allocation-
determining message m' sent by agent i with
characteristic e’, given the property rights of
all agents defined by I. The conditional-on-/
notation in B' is intended to denote that the
behavior function 8‘ depends upon I, that is,
is a member of a class indexed by I. The
mapping B' may represent a single message
transmission as in a sealed-bid auction, or it
may constitute the final result of an ex-
change of messages in an iterative process
such as a negotiation session in the London
gold bullion market which stops to yield
transactions only when there is agreement
(unanimity) (H. G. Jarecki, 1976). Note that
the B' functions generate the message-send-
ing behavior of agents, which need not be
based on preference maximization. The latter
is a theory (hypothesis) about behavior that
could be false.

The branches of the triangle diagram in
Figure 1 (compare Stanley Reiter, 1977) il-
lustrate the conceptual process in which,
given the institution, the message m’ depends
on agent characteristics e’, and the messages
sent by all i in turn determine, via the in-
stitution, the outcomes

Ki(m)=h][B"(e'|I),...,8(e"|1)]
and c’(m):c’[,B'(e']I),...,BN(eN|I)].

The import of all this is that agents do not
choose direct commodity allocations. Agents
choose messages, and institutions determine
allocations via the rules that carry messages
into allocations. There is a social process that
culminates in exchanges. Every country auc-
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FIGURE 1. A MICROECONOMIC SYSTEM

tion has its own rules and procedures of sale.
The New York Stock Exchange specifies the
admissible form in which orders to buy or
sell shares may be tendered to its broker
members by investors—*“at the market,”
limit price, “stop” orders, etc.—and also
specifies a detailed list of auction rules
governing communication and exchange at
each trading post.” Within the applicable
procedural rules, all markets involve “do-
it-yourself” (Robert Clower and Axel
Leijonhufvud, 1975) exchange.

2. Response Behavior

In the dynamic or process description of
an economy we are concerned with, the ex-
change of messages in M that precedes the
final allocation-determining messages. Agent
i’s response behavior is defined generically
by a function f’ in the equation (compare
Reiter, 1977)

mi(t) = fi(m(r—1)]e', 1),

SIn retail markets, sellers post offer prices, buyers
respond by saying “I'll take it,” but the result need not
constitute an exchange as when the retailer has a
stockout, or the chair is returned to the store after the
customer finds that it does not match the living room
rug. Institutions vary in the richness and composition of
the message space. In stock and commodity markets, the
items exchanged are simply defined and well stan-
dardized, but the message space is rich in the condi-
tional bid, offer, and acceptance messages that can be
sent. In retail markets, commodities are heterogeneous
and rich in qualitative dimensions, which may help to
explain why a price negotiation institution is not used.
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which gives i’s message response m'(t), at
sequence point ¢, to earlier messages m(t —1)
by all agents. This response behavior might
follow an optimal decision rule, a “rule of
thumb,” be random, or simply inexplicable.
The starting rule triggers the first iteration of
f!, with subsequent messages given by f'
under the transition rules in I. The process
stops with m'=m'(T) when the stopping
rule in 7 is actuated.

C. System Performance

Theorists view the framework we have been
describing as one within which alternative
resource allocation mechanisms can be
evaluated. The traditional performance crite-
rion is Pareto optimality, that is, the relation
between outcomes in X (Figure 1) and micro-
economic environments “should” be identi-
cal to the one provided by the Pareto corre-
spondence criterion (P in Figure 1). Since
utility functions and production possibility
sets (technologies) are not observable, the
evaluation of outcomes in X in terms of the
Pareto criterion only has meaning in terms of
the Pareto implications of a particular set of
assumptions about preferences, technology,
agent behavior, and institutions. Thus if cer-
tain standard conditions on the environment
are satisfied, such as continuity and convex-
ity, and if institutions and agent behavior
correspond to those of the competitive mech-
anism, then the classical welfare theorems
establish that the Pareto criterion is satisfied.
In this literature, a mechanism can be defined
as a formal theory or model of agent equi-
librium behavior within some institution.
Thus, in the competitive mechanism, agents
maximize utility and profits given prices, and
the “institution” (which is unspecified in the
sense defined above) is assumed to produce
market-clearing prices. An adjustment mecha-
nism can be defined as a formal dynamic
theory of a trading process for economic
agents within some institution as defined
above. Examples are the greed process
(Hurwicz, 1960) and a stochastic trading pro-
cess described by Hurwicz, Roy Radner, and
Reiter (1975). In the latter, agents choose
offers according to a fixed-probability distri-
bution on the set of feasible trades for which
utility will not be decreased. These offers are
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transmitted to a center where the institu-
tional rules convert those offers which are
compatible into binding contracts. The pro-
cess is then iterated based on the commodity
holdings prevailing after this transitional ex-
change. This process yields probabilistic con-
vergence satisfying the Pareto criterion.

An important concept in the evaluation of
a microeconomic system is that of incentive
compatibility. In general, an institution’s
rules are incentive compatible if the informa-
tion and incentive conditions that it provides
individual agents are compatible with (i.e.,
support) the attainment of socially preferred
outcomes such as Pareto optimality (P.0.).
Specifically, in the theoretical literature, an
allocation mechanism is incentive compatible
if it yields Nash equilibria that are P.O. This
means that the rules specified in the institu-
tion in conjunction with the maximizing be-
havior of agents yields a choice of messages
which constitute a Nash equilibrium whose
outcomes are P.O.

A point which should be emphasized, be-
cause it bears on the relationship between
laboratory experiments and the model of
Figure 1, is the following. The mapping
RB'(e'|I),....BN(eN|I)]: e—»m—x', is
generated by any microeconomy, particularly
an experimental microeconomy, provided
that we have a methodology for systemati-
cally varying the elements of E (and also I, if
institutions as variables are to be studied)
and observing the consequent elements in M
and X. This is important because there may
not exist in all contexts (or in any) a satisfac-
tory theory or hypothesis allowing derivation
of the B’ functions. If we can experiment,
then we are not bound to study only theoreti-
cal systems that carry F into X. Experiments
permit stable patterns of behavior in relation
to institutions to be identified and to moti-
vate more explicit theories.

I1. The Microeconomic Experiment

With the above background it is now pos-
sible to attempt to say something coherent
about the role of the laboratory experiment
in the study of microeconomic sysems. Al-
though the concepts in the (new)? welfare
economics have been used primarily to ex-
plicate a class of exercises in normative the-
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ory, my particular version of it in the schema
of Figure 1 has been developed for the pur-
pose of defining exercises in measurement,
hypothesis testing, and the comparative per-
formance of institutions.

A. Field Observations and the Possibility
of a Microeconomic Science

1. What is Observable?

It will be useful as a starting point to ask
which of the elements that compose the
schema of Figure 1 are observable (in princi-
ple) in the field. Among the observable ele-
ments of an economy are (i) the list of
agents, (ii) the list of physical commodities
and resources, (iii) the physical commodity
and resource endowments of individual
agents, (iv) the language and property right
characteristics of institutions, and (v) out-
comes. What is not observable are (vi) pref-
erence orderings, (vii) technological (knowl-
edge, human capital) endowments, and (viii)
agent message behavior B'(e’ |I), i=
1,2,...,N. These last elements are not ob-
servable because they are not only private,
but to a degree unrecorded. Willingness to
buy (preferences) and willingness to produce
(technology and preferences) can at best only
be inferred from agent point actions in the
message space. Often we cannot even ob-
serve point messages, for example, we may
know allocations and prices, but not all bids.
In any case, we cannot observe the message
behavior functions because we cannot ob-
serve (and vary) preferences.

As already noted, by making assumptions
about preferences, technology, and behavior,
we can “test” the logical consistency of such
assumptions with the Pareto criterion. The
empirical content of the assumptions, such
as the monotonicity and convexity of prefer-
ences, tend to reflect idealizations, if not
caricaturizations, of our introspective per-
sonal experience as economic agents.® But
logical completeness laid upon a base of
casual introspective “observations” cannot
be sufficient to give us an understanding of

®In this regard, it has not been clear that being an
economic agent has had any advantages in the scientific
study of economic behavior.
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the processes we would like to study. There
is a vast difference between coherent conjec-
ture (theory) and “true” (i.e., nonfalsified)
knowledge of an observed process. If out-
comes should turn out to be P.O. in the
presence of certain institutions, we would
like to know if we have predicted this prop-
erty for the right reasons. If outcomes are
not P.O, then it would be scientifically irre-
sponsible not to be curious as to which part(s)
of our theory is wrong and how to modify it.

2. What Would We Like to Know?

In terms of the schema of Figure 1 we
would like to know enough about the eco-
nomic environment, and about agent behav-
ior in the presence of alternative institutions,
to be able to classify institutions according
to the mapping they provide from environ-
ments into outcomes. Are some institutions
dependable producers of P.O. allocations? If
so, how robust are these results with respect
to changes in the environment? Do some
institutions perform well for only certain
classes of environments? If an institution
performs well, are all its property right rules
essential to this performance or are some
redundant? Are some rules redundant for
most environments, but become important
under contingency conditions that involve
unlikely changes in the environment?’ These
are just the tip of the great iceberg of ques-
tions that one would like to pose with some
prospect of obtaining answers that are repli-
cable, and (ultimately) insightful due to their
theoretical coherence.

3. Learning by “Listening to the Radio Play”

Econometrics is and has been the mainstay
of our attempts to fashion tools that enable
us to learn what we would like to know.
These tools have been developed primarily
on the premises that (i) economics is a non-
experimental, or under certain limited cir-

"For example, there are discretionary contingency
conditions under which trading in a particular security
is suspended for a time on the New York Stock Ex-
change, while on the Chicago Board of Trade, trading in
a commodity is closed for the remainder of the day if
price rises or falls from the previous day’s close by a
specified amount.



