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Industrial organization in thelaboratory

Theories of industrial organization (IO) are tested in the laboratory amafenore often. The
example we consider throughout the paper is oligopoly theory, specifically, the Candnhot

the Stackelberg model of duopolistic quantity competition with homogeneous products. These
models have often been subjected to tests: participants were told thatpiressemned firms

and received profits according to their chosen quantities. However, testimgory in the
laboratory requires that the experimental design falls into the domain of the.thiéery
domain of mainstream 10 is market behaviour of large (i.e., multi-agent}.fifhe basic
hypothesis is that these firms maximize profits. This hypothesis cannot be tested in
experiments where single agents are told that they represent firms. Foritvtesid be
necessary to assume that multi-agent groups and single agents show the same behaviour. This
assumption is inconsistent with all current theories of individual behaviounamanoreover,

been falsified in many experiments. It follows that many alleged experimestsldkelO
models are irrelevant to mainstream [O. This raises the question of whetbeant
laboratory tests are possible at all. The answer is positive if one considers thetirgefirm

that relate organizational behaviour to the internal structure ofirtine lfke Alchian and
Demsetz’s (1972) contractual view of the firm.

Keywords: industrial organization; oligopoly theory; behavioural econgmaiosratory
experiments; theory of the firm; homo oeconomicus

1 Introduction

Industrial organization (10) is one of the areas in economics where experimental methods have been
applied first (see Plott 1982; Roth 1995, pp. 13-19). Nevertheless, modern 10 developed quite
independently of experimental economics (cf. Holt 1995, pp. 352-355). Specialized 10 journals
typically did not publish experimental work. This is not surprising. Early experiments in IO were
concerned with market organization and individual behaviour in oligopolistic settings. In contrast,
modern IO is basically concerned with the structure and behaviour of firms (see, e.g., Tirole 1988,
p. 3; Scherer and Ross 1990, p. 1). It is not obvious how experimental methods may be brought to
bear on these issues. After all, whatever individual agents may do in markets or in oligopoly games,
the (typically, quite large) organizations taking centre stage in modern IO (see, e.g., $6&9jro

p. 330; Scherer and Ross 1990, p. 199) may act quite differently. We refer to this problem as the
“problem of organizational behaviour”.

However, the explosive development of experimental economics has changed the situation.
Industrial economists increasingly begin to take note of experimental economics. This does not
mean, unfortunately, that they are facing up to the problem of organizational behaviour.

In a recent special issue of the International Journal of Industrial Organization devoted to
experiments in 10, Normann and Ruffle (2011, p. 1) point out the advantages of experimental
methods in IO. In their opinion, experimental control of the decision environment “makes possible
ceteris paribus comparisons” that “permit clear-cut interpretations of causality”, while “[w]ith field
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data causality remains elusive and one is left with mere correlations.” This “advantage [of
experimental methods] is particularly salient @dxperiments” where these methods “allow us to
address questions that are otherwise outside the purview of empirical research due to the
unobservability of the underlying cost and demand parameters or the outcome variable, namely, the
firm’s behavior.” With a view on the debate of the relative merits of laboratory and field
experiments, they argue that experiments in IO are “largely immune to many of the criticisms

launched at laboratory methods in the social sciences”. They believe that “framing is ordinarily not

an issue in [IO] experiments” because “experimental market results are robust to the context in

which the decision is imbedded”. And then comes what we think is a crucial point: “[fJurthermore,

while experiments on individual choice and social preferences have been shown to be sensitive to
moral considerations and the degree of anonymity of laboratory subjects’ decisions, these
considerations are typically orthogonal to any experiment in industrial organization.”

In this paper, we are not concerned with the advantages of controlled experiments over other
kinds of empirical tests. On this point, we largely agree with Norman and Ruffle. What is
problematic in their position is the assumption that experiments studying individual decision
making allow u to observe firms’ behaviour and to draw conclusions about its causes. On the one
hand, they argue that framing is not an issue in 10 experiments. On the other hand, they view
participants’ “moral consideration’s as “orthogonal” to IO experiments—although the only
difference between, say, a simple Cournbiopoly experiment and a prisoners’ dilemma
experiment is that the duopoly experiment frames decisions as decisions of firms. In a nutshell: we
are led to believe that framing in IO experiments is ineffective except that it removes the problem of
patticipants’ “moral consideratioris(or, more generally, of participants’ other-regarding, or social,
preferences).

This questionable argument results from amneswlved methodological problem, namely,
the problem of organizational behaviour. Experimental industrial economists wish to contribute to
the mainstream of modern IO but their claim that they observe firms’ behaviour in laboratory
experiments is, to put it mildly, dubious. What they bring into the lab is the theory of single-agent
firms (like Hotelling’s ice cream vendors), not a theory of the kind of firm that has been studied in
empirical 10 on the basis of field data (see, e.g., Schmalensee 1989; Sutton 2007). The latter kind of
firm is, typically, a qite large organization. It is plausible that framing and social preferences play
very different roles in organizational behaviour on the one hand and individual behaviour on the
other. This difference cannot be studied by framing individual decision making as organizational

decision making.



The problem is not the problem of external validity, which we consider as a red herring, here
and elsewhere. The problem of external validity, put into the present context, turns on the question
of whether (or when, or in which respect) one is allowed to generalize observations of individual
decision making in the laboratory to organizational decision making on markets outside the
laboratory. The solution to this problem is quite simple. Everybody is allowed to generalize as
much as he wants. However, since all generalizations go beyond the observations that gave rise to
them, the generalizations should be put to the test. How can this be accomplished? This is the
guestion we are concerned with in this paper. The answer does not at all depend on where the
theory under test has come frdm.

Rather than thinking about the justification of generalizations, we argue that solving the
problem of organizational behaviour requires that we first answer the question of what shall be
tested. If experiments in 1O aim at contributing to a field concerned with organizational behaviour,
the focus of experimental work must change. Testing a theory in the laboratory requires that the
experimental design falls within the domain of the theory; then, and only then, the experiment is a
test of the theor§.To put it more concisely: testing a theory by an experiment requires (i that
prediction follows deductively from the theory (possibly extended by auxiliary hypotheses) and a
description of tkb experimental design, and (ii) that the experimental design makes it possible to
check the prediction by observatid®nce we know what shall be tested, we can think about how

to test it.

! External validity is one of the quality criteria for judging experimethtst have been proposed originally in
psychology (see Campbell 1957; Campbell and Stanley 1963). Theofdesternal validity is connected to an
inductivist view of science, according to which generalizations can e oroless justified. This inductivist view,
however, is untenable and has, at least in the natural sciences, beendrépldbe idea that science works by
unjustified speculation and generalization followed by severe testinglém tor weed out false hypotheses (see Popper
1959; Musgrave 1993). Accordingly, external-validity considerati@ve tbeen heavily criticized for a long time from
the theory-testing perspective (see, most notably, Gadenne 1976rtlwed sources discussed by Shadish, Cook and
Campbell 2002, ch. 14). In experimental economics, the theorpgedgw has for a long time been prevalent; only
recently, with the new popularity of field studies and increasing concerns about the “artificiality” of the laboratory
environment, external-validity considerations have seriously enterecetiaedon the methodology of experimental
economics (see Schram 2005). Our considerations in this paper areobabedheory-testing view. Nevertheless, one
concern typically discussed under the heading of external validity isvalisofrom the theory-testing perspective (see
Gadenne 2011). It would not be a good idea to develop economic thelgryith reference to experiments with
student participants. The reason is not, however, that studentsdiffghfrom other groups-any group might differ
from any other. The reason is that we already know, fromydagrexperience and, increasingly, from experimental
work (see, e.g., Murnighan and Saxon 1998), that students’ social behaviour differs from other groups’ social behavior.
It is, of course, always possible to falsify a general theory ofvi@han an experiment with student participants.
However, if the theory survived such a test, this would naduficient for accepting it as empirically confirmed or
corroborated. Acceptance presupposes severe testing, and given that we know students’ social behaviour to differ from
that of other groups, severe testing requires that we look more widglgtémtial falsifications.
? See also Cubitt (2005); Bardsley et al. (2010), pp946ome authors write of “legitimate” or “valid” tests, implying
that there exist “illegitimate” or “invalid” tests. This makes no sense from a theory-testing point of view. An experiment
provides a test of a theory (in conjunction with auxiliary hypothesesyif if and only if conditions (i) and (ii) below
are satisfied; otherwise, the experiments is not a test, not even an illegitirmatalid test.
% Thus, the wording of Schram’s remark (2005, p. 229) that experimental tests require an auxiliary hypothesis stating
that the theory is applicable to the experimental design is misleading. Suakiléaryahypothesis would be a meta-
4



The paper is organized as follows. In section 2, we begin with the methodological question
of what the theories of modern 10 are about and how they are related to the purported experimental
tests.Section 3 illustrates section 2’s discussion by relating it to oligopoly theory as a typical 10
theory. Specifically, we consider the Cournot and the Stackelberg model because both models are
workhorses in 10 and have often been implemented in the laboratory. Section 3 also discusses these
experiments and the specific auxiliary hypothesis that must be introduced in order to interpret these
experiments as tests of 10 theories. We show that the auxiliary hypothesis must be considered as
falsified, which implies that the experiments provide no tests of 10 theories. Based on the
methodological arguments of section 3, section 4 proposes an alternative approach to testing 10
theories. We invoke institutional considerations along the linaldfian and Demsetz’s (1972)
contractual view of the firm and suggest an experimental approach to 10 theories. The final section

concludes with a summary and discussion.

2 Industrial organization and thetheory of thefirm

In principle, neoclassical economics is based on methodological individualism, that is, the
requirement that, roughly, all social phenomena should be explained in terms of the actions of
individuals (see, e.g., Kincaid 1998)n practice, neither the theory of competitive markets nor the
neoclassical theory of the firm conforms to this requiremépecifically, the neoclassical theory
of the firm assumes that firms maximize profits on the basis of a given technology but ignores the
guestion of how individuals within the firm coordinate their actions in order to achieve profit
maximization®

There are, of course, single-agent firms like ice cream vendors. If the neoclassical theory of
the firm applies to all firms, it also applies to single-agent firms. Any experiment testing the theory
of single-agent firms is therefoeetest of the neoclassical theory of the firm: if this theory fails for

single-agent firms, it is false.

hypothesis about theory and design; it must be false if the theoryuisllamot applicable; and it cannot lead to
predictions that do not already follow from the theory. Instead, the whelwetical system, theory and auxiliary
hypotheses (if any), must be applicable (and not just said to be applizatiie)design, that is, it must be possible to
deduce a prediction from the theory, the auxiliary hypotheses, and a desarfitie design. It is purely a question of
logic, not of the theorist’s willingness to test, whether a given theoretical system is applicable to a given design.

* For a review and a discussion of different meanings of the term “methodological individualism”, see Hodgson (2007).

® The theory of competitive markets cannot explain how the market-clearicgy gmerges from individual actions
because it assumes that all market participants are price takers (see also Morger®tern 19

® See, e.g., Nadiri (1982). Of course, given the wide-spread commitmenethodological individualism in economics,
the fact that the neoclassical theory of the firm lacks an individudtiais was seen as problematic. Alchian (1950)
tried to bridge the gap between individual and organizational behaviounvbiing an evolutionary argument.
Friedman (1953) introduced his as-if reasoning as a kind of mdtyickl panacea. In contrast, Vining (1956, pp. 10-
11) discusses firm behaviour as a result of management’s choice of an organizational structure that is believed to lead to

a good performance; this seems to be broadly consistent with thegamsmpf the modern theoretical IO literature.
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Can we bring single-agent firms into the laboratory? Can we bring multi-agent firms into the
laboratory? How, exactly, does a firm differ from a single agent or some multi-agent gitoeip?
neoclassical theory of the firm provides no answers. It only says what a firm does: it maximizes
profits on the basis of a production technology, and if it is a price taker, it does so by choosing input
and output quantities. The theory does not say how to recognize a firm. One way to resolve this
problem in a systematic way is to turn to extensions of neoclassical economics that make the theory
of the firm (more) consistent with methodological individualisffihis extension is institutional
economics. Its neoclassical version retains the homo oeconotdi@lisnodel and combines it with
game theory in order to derive predictions of behaviour in non-market settings. For the purposes of
this paper, it suffices to identify game theory with the assumption of rational expectations (if
necessary, also in those parts of the game tree that are not reached in equffitiinder theHO
model, we understand, roughly, the hypothesis that people are perfectly rational and purely egoistic
and materialistic. ThelO model together with game theory is a very general theory (T) that can be
applied to derive predictions for many specific circumstances or environments (see figure 1). It is
well known thafT predicts profit maximization by individuals or groups for some environments but

not for others.

Figure 1: deductivetree

General theory (T)
HO model plus game theory

A 2 2 L 2 L 4
Theory of the firm 1 (T,) Theory of the firm 2 (T,) Theory of the firm 3 (T;) Theory of the firm 4 (T,)
if <single agent> and if <single agent>and if <many agents> and if <many agents> and
<environment 1>, then <environment 2>, then <environment 3>, then <environment 4>, then
profit maximization no profit maximization profit maximization no profit maximization

The different theories of the firm follow deductively from tH® model by applying the model to specific
institutional environments where a single agent or several agents tagesctihat result in profit-maximizing
behaviour or not. In such a deductive tree, falsifications go up butowat: df T, is falsified, T is also
falsified, but T is not. See Albert (1996, pp. 464-466) for a general discussitatstication and tree-like
deductive relations.

If the HO model were well-tested and well-corroborated, the situation in IO would be

relatively straightforward. Like meteorologists, who can rely on well-corroborated physical

7 Perfect consistency with methodological individualism is not a reasonablegisen the complexity of large
organizations. Theories connecting organizational structure with market behaffieua reasonable compromise
between representative-agent approaches on the one hand and (infeasittiensediieconomics to psychology on the
other hand. This compromise is, for instance, exemplified by Elinor Ostrom’s (1990) approach to governance of a
commons.

® «“Rational expectations” in a non-stochastic setting means “perfect foresight”. In a stochastic setting, it means using the
true probabilities conditional on one’s own observations. In game theory, the two hypotheses of HO behaviour and
rational expectations also cover those part of the game tree not reached in equilibrium
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theories, researchers in 10 would have to find out in which environments agents make choices and
derive the consequences. As meteorology shows, this may be a difficult task even when the basic
laws are known. Two problems are involved: the empirical problem of improving the descriptive
part of complex models, and the theoretical problem of finding the implications of the basic laws
when applied to such a description. The predictive performance of the models must be evaluated
and turned into a programme of further improving the descriptive parts. In meteorology, laboratory
experiments play a relatively small role in this programme. Instead, simulations become very
important because it is impossible to derive predictions from these complex models by analytic
methods.

Alas, the situation in economics is very different. H® model must be considered as
falsified, not least due to experimental work. The logical and methodological consequences of this
fact are often overlooked.

Consider, for instance, the behaviour of a single-agent responder in an ultimatum
experiment framed as a situation of unilateral price-setting by the proposer. Let us call the
environment of the respondé&nvironment 1 (see figure 1). The general theoryHQ model plus
game theory), applied to environment 1, implies that the responder maximizes his monetary payoff
The responder can be viewed as a single-agent firm. Thus, we can deduce a theoffyrrof the
called T;, from T: if a single agent acts in environment 1, he maximizes his profit. This simple
theory of the firm has been falsified experimentally (Hoffman et al. 1994). It follows by deductive
logic that T is falsified because T must be false;ifsIfalse. Moreover, since the responder needs
to form no expectations, the failure of T is usually blamed on the HO model.

However, even if th&lO model must be considered as falsified, it does not follow that any
of the other theories of the firm that can be derived from it can be considered as falsified. Even if
the HO model were false, any specific deductive consequence of it might be true. Thus, it ynay ver
well be true that single agents maximize profits in s@erevironment 2, and, of course, groups
composed of many agents may maximize profits or not, just asH@emodel predicts.A
falsification of theHO model implies that all the different theories of the firm, which before could
have been viewed as deductive consequences of a general theory, become isolated, safto speak:
the HO model is true, all its deductive consequences must be true; buHOtmeodel is false, any
proper subset of its consequences can be true or false.

Let us apply this argument to the situation in 10. Many experiments falsifif@henodel.

Some of these experiments can even be viewed as falsifications of simple theories of single-agent
firms, theories that predict profit maximization. Nevertheless, the theory of the profit-maximizing

firm is alive and kicking in 10. From a naive point of view, this may be viewed as the often
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lamented fact that economists fail to take falsifications seriously (in this vein, see Blaug 1980).
However, as explained above, such a view would involve a logical mistake. It does not follow from
these experiments that the neoclassical theory of the firm as a theory of organizationaubehav
must be considered as falsified. In fact, in many environments, other general theories of behaviour
contradicting theHO model might predict profit maximization by groups, even in situations where
theHO model would not predict profit maximization.

Consider the following four-player game. Each player1, 2,3,4 chooses a nonnegative
variableL; called effort. Players act simultaneously. Efforts determine auput f,(L,, L,) and
xg = fg(Ls, Ly) according to neoclassical production functiofisfz. The output price is
determined according to an inverse demand fungtian + xz). Players receive fixed shares of the
revenue they generateith their team partner. Players’ material payoffs are equal to their revenue
share minus their costs, which are increasing in effort. Thus, each two-player team forms a firm that
produces an output and competes in a standard Cournot duopoly against another firm. Each player
bears the costs of his own effort but shares the revenue with his colleague, implying that each firm
faces an internal team production probfem.

It is easy to see that the neoclassid@l assumption that players rationally maximize their
own material payoffs does not lead to profit maximization by teams or firms. Under this
motivational assumption, the team production problem induces free-riding and leads to firm outputs
that are lower than those of profit-maximizing firms. If, alternatively, both firms solve their internal
cooperation problemisy invoking “moral considerations”, profit maximization results, which leads
to the standard Cournot-Nash equilibrium. Obviously, the team production problem, if unsolved,
reduces efforts in comparison to the standard model of profit maximiz&tion.

Thus, depending on the motivational assumptions, a theory of the firm that takes account of
the firms internal organization may predict profit maximization or not. Specifically, demonstrating
that participants in laboratory experiments are able to overcome cooperation problems, like the
problem of team production, falsifies thED model but not the hypothesis that multi-agent firms

maximize profits. Quite to the contrary: in some environments (like the four-player game

° Here is a simple specification with explicit solutions. Production functiang,ék,, L,) = L3°LY® andfy(Ls, L,) =
L3°L55. The inverse demand functionis= a — b(x, + xz). The material payoff of playeis= 1,2 ism; = p x4/2 —

¢ L; and the material payoff of playets= 3,4 ism; = p x5/2 — ¢ L;, where0 < ¢ < a. With free-riding, the unique
Nash equilibrium in which both firms serve the markeL;is= a;—:c,i =1,2,3,4. Internal cooperation leads to the
standard Cournot-Nash equilibrium with = %,i = 1,2,3,4. With internal cooperation and collusion between the

firms, the solution id,; = Za_:c,i =1,2,3,4. If a = 10 c, free-riding leads to collusion.

% Of course, a reduction in outputs may improve the situation for giysaf it brings them closer to the collusive

solution. Depending on the specification, the equilibrium outcome achieviedibiyee-riding homines oeconomici

may be higher than, lower than, or equal to the collusive optimitnati®ns where players profit from solving their
team production problems are possible.
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considered above)the solution of internal cooperation problems is a precondition of profit
maximization. Of course, finding the solution to the combined problems of internal cooperation and
profit maximization is difficult for real people, who are boundedly rational at best. In addition to the
motivational aspects, we have to take cognitive limitations into account. Since difficult optimization
problems may be solved better by a cooperatgagnt(see Davis 1992 for a review of selected
examples on group decision making), the consideration of cognitive aspects creates further
possibilities for theories that predict profit maximization by teams but not by single agents.

To summarize: organizational behaviour depends on three elements, napealy;
motivations, agents’ cognitive abilities, and the rules of the game. It is not impossible, and, given
what we know about human behaviour, not even implausible that well-designed organizations
maximize profits- or at least come clego profit maximization- while single agents do not.

In consequence, experimental research on single-agent decision making in market-like
environments cannot test a theory that assumes profit maximizationltofagrent firms. Whether
firms maximize profits or not depends on how they solve their internal problems of cooperation. Of
course, nothing in the argument presented here is new or surprising. What is surprising is the fact
that experimental 10 seems to ignore this problem. Currently, there are two kinds of experimental
|O: one is concerned with market behaviour of the (single-agent) firm, the other is concerned with
internal organization of the firm. What is mainly missing are experiments connecting tHeé awd
a clear idea of what should be tested.

What, then, can and shall be tested if one wishes to contribute to a theory of multi-agent
firms? If it is admitted that experimental economics has falsifiedH@emodel, and with it the
assumption that individuals maximize profits, the domain of the neoclassical theory of the firm has
to be restricted. Only in a restricted form, the themag be upheld. Restricting it to multi-agent
firms is one reasonable possibility. And this restricted theory cannot be tested in experiments where
firms are represented by single individuals.

The alternative is to consider theories of the firm that focus on the link between
organizational structure and market behaviour. This link takes centre stage in modern 10 theory
(see, e.g., Holmstrom and Tirole 1989), which incorporates the early insights from Berle and

Means’ (1932, pp. 352-357) “New Concept of the Corporation”, later developments like Alchian

! See Sauermann and Selten (1959) and subsequent work by Seltery¢tREL0, pp. 449-450) for early exceptions,
and Kirstein and Kirstein (2007) and Raab and Schipper (2009) femtrenes. See also Engel (2010) for a useful but
quite terse survey of the empirical literature on the behavioural differbet&een individuals and corporate actors (or,
as we say, teams). Engel refers to many results where teams behave Imergvith the HO model than individuals,
both cognitively and motivationally. However, there are also many resutsptiint in the opposite direction.
Importantly, and as emphasized by Engel, the internal organization of temttessmHowever, most of the literature
surveyed by Engel bears no immediate relation to mainstream IO, altalogst all of it may have some relevance.
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and Demsetz’s (1972) contractual view of the firm, an@Villiamson’s (1975 transaction cost
approach.

If one wishes to retain the assumption that firms maximize profits, it must be assumed that
organizational structure transforms individual utility maximization (or individual boundedly
rational behaviour) within the firm into profit maximization on the market. However, the number of
theoretical studies that examine the interrelation between organizational structure and oligopolistic
market behaviour is currently small (cf. Kirstein and Kirstein 2007, gp). Nevertheless, there is
a clear-cut role for experimental economics in such a context, namely, to test hypotheses on the link
between organizational structure and profit maximization (or other kinds of firm behaviour, if the
assumption of profit maximization by firms cannot be retained).

The advantage of experimental economics is that it can test basic hypotheses in this area.
One obvious question concerns the relation between cooperation in a team and collusion on the
market. lr instance, does internal cooperation come at the cost of cooperation with other groups?
Other questions concern the relation between delegation and hierarchy within the firm and
behaviour on markets (see Berninghaus et al. 2009, Kirstein and Kirstein 2007, or Fehr and Falk
1999 on experimental labour mats). In all these contexts, agents’ social preferences will most
likely affect internal cooperation and, in this way, behaviour on markets. For this reason, agents’

“moral considerations” are not orthogonal to the problems of interest in 10; rather, they are in the

centre of interest, as in other areas of experimental economics.

3 Testing oligopoly theory in thelaboratory

3.1 Oligopoly games

In many areas of applied 10, economists consider the output decisions of a small number of
competing firms under the assumption of market-clearing prices. The defining characteristics of an
oligopoly are that a firm’s market behaviour does not only affect its own profit but also affects the

profits of the other firms in the market, and that all firms are aware of this interdependence.

The two benchmark models of oligopoly thedity,be found in every IO textbook, are the
Cournot and the Stackelberg model of oligopolistic quantity competition with homogeneous
products. In the Cournot model, firms act simultaneously; in the Stackelberg model, firms move
sequentially. If there are only two firms in the market, these models are referred to as “the Cournot
and the Stackelberg model of duopolistic quantity competition with homogeneous products”.
Subsequently, we solely comtmte on these two models, to which we refer as “the Cournot
model” or “the Stackelberg model”, respectively. These are also the models that are most often

implemented in the laboratory.
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Let us shortly review both models. There are two firms, A and B, which produce
homogeneous products, meaning that, in the eyes of the conseassit of output is as good as
any other, no matter who produced it. In the Cournot model, firms decide simultaneously (that is,
not knowing the other firm’s decision) how much to produce. In the Stackelberg model, firms
decide sequentially, that is, one firm moves first (leads) and the otherkfiowing the leader’s
decision, moves second (followshus, the follower reacts to the leader’s decision. In both models,
the total output is then sold at a uniform market clearing price, that is, at a price just low enough so
that consumers want to buy all units of output. Firms’ profits are equal to their revenues minus their
production costs.

The theoretical predictions of neoclassical theory for the situations described above result
from two independent hypotheses: first, firms maximize profits, and, second, firms have rational
expectations or beliefs. In the Cournot model, equilibrium means Nash equilibrium: each firm
correctly amicipates the other firm’s choice and plays the profit-maximizing answer (or one of the
profit-maximizing answers if there are several). In the Stackelberg model, equilibrium means
subgame-perfect Nash equilibrium: the second-moving firm maximizes its profits given the first
moving firm’s choice, and the first mover correctly anticipates the second mover’s reactions to all
possible choices and maximizes profits in the light of these anticipations. These equilibria, called
Cournot and Stackelberg equilibria, respectively, exist under quite general conditions (see also
Novshek 1985). Under less general conditions, these equilibria are unique (see also Long and
Soubeyran 2000). In case of linear demand and linear cost functions, unique Cournot and
Stackelberg equilibria, and equilibrium outputs of both firms are positive if the costs of producing
the first unit of output are not too high.

This description specifies the five elements of a game: (1) the playegday@y’ action
possibilities, that is, the order of mowasl players’ possibilities for action when they move, (3) the
probability distributions over exogenous event) the players’ beliefs, and (5) the players’
motivations (in traditional game theory described by utilities and the assumption of utility
maximization) and cognitive abilities (unlimited in traditional game thedfBlements (1,2,3) are
often referred to as the “game form”. Specifically, (1) players are the two firms, (3) exogenous

events are absent in the basic versions of the models considered4hgrieyers’ beliefs are

12 The five elements are adapted from Fudenberg andeTirsix (1991, pp. 77-82). We generalize by replacing
players’ payoffs by players’ motivations and cognitive abilities. This generalized version also covers behavioural
extensions of game theory. Moreover, we have replaced players’ knowledge by players’ beliefs. Some of the beliefs of
players are observational (they can observe some actions); other beliefs are expectations about