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Abstract
We study minimal conditions for competitive behavior with few agents. We adapt 
a price-quantity strategic market game to the indivisible commodity environment 
commonly used in double auction experiments, and show that all Nash equilibrium 
outcomes with active trading are competitive if and only if there are at least two 
buyers and two sellers willing to trade at every competitive price. Unlike previous 
formulations, this condition can be verified directly by checking the set of competi-
tive equilibria. In laboratory experiments, the condition we provide turns out to be 
enough to induce competitive results, and the Nash equilibrium appears to be a good 
approximation for market outcomes. Subjects, although possessing limited informa-
tion, are able to act as if complete information were available in the market.

Keywords Market game · Market experiment · Double auction · Perfect competition

JEL Classification D41 · D42 · C92

1 Introduction

Contrasting the conventional requirement of infinitely many traders for perfect com-
petition, laboratory experiments using the double auction mechanism observe the 
convergence to competitive equilibrium and attainment of full efficiency with as 
few as eight traders (Smith 1962, 1982). Theories on strategic market games, which 
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organize the market using a static double auction mechanism, have also verified the 
competitiveness of Nash equilibria outcomes with few traders in certain scenarios 
(Dubey 1982; Simon 1984; Benassy 1986, DSB hereafter). This paper reconciles the 
laboratory results with theories on strategic market games. We propose a strategic 
market game applicable to markets with indivisible commodities as in most double 
auction experiments, we derive conditions for the equivalence between Nash and 
competitive equilibrium that require as few as four traders, and we test the equiva-
lence in the laboratory.

In a strategic market game, buyers and sellers submit price-quantity pairs to a 
clearing house, which acts as a profit-maximizing middleman, and allocates trades 
accordingly. Like in a double auction, priorities are given to higher bids and lower 
asks in a strategic market game, inducing a price competition between traders. In 
line with Bertrand’s argument, DSB prove that having two active sellers and two 
active buyers in a Nash equilibrium is sufficient to make the outcome competitive in 
certain strategic market games.

This paper addresses a few differences between the settings of the aforementioned 
strategic market games and the double auction mechanism. Firstly, the divisibility 
of the commodities. Proofs in DSB rely on the divisibility of commodities; in a con-
ventional double auction market setting, there is an indivisible commodity for trade 
with divisible money. Analogous to what Mas-Colell (1977) finds when all but one 
commodities in the general equilibrium model become indivisible, we show that the 
“main results ...with divisible commodities and convex preferences remain valid” 
in the double auction setting. Unlike Mas-Colell (1977), we do not assume a con-
tinuum of traders.

The condition DSB provide is a sufficient one for the competitiveness of out-
comes from a Nash equilibrium, thus is not informative on the Nash equilibria 
where it is not met. We provide a necessary and sufficient condition for equivalence 
between the outcomes of the Nash equilibrium and the competitive equilibrium 
with indivisible commodities. Essentially, our condition requires that on each side 
of the market there are two inframarginal traders, in the sense that they are willing 
to trade at every competitive price.1 Unlike previous work, our condition relies on 
the characteristics of the set of competitive equilibria, and place no requirement on 
Nash equilibria other than the occurrence of trade. Notably, our equivalence result 
includes contestable markets, in which a single active seller sells in the market at the 
competitive price.2

Different from the common measures for market power such as residual demand 
elasticity or market concentration, the condition in DSB, which we show also holds 
in the indivisible setting, uses the minimum number of active traders as an indicator 
for the attainment of a competitive outcome. Our condition further differentiates the 
market structures that admit of monopolistic outcomes in the Nash equilibria and 

1 Our exact condition, spelled precisely in the statement of Theorem 3, is slightly weaker.
2 To prove our equivalence result, we first extend results from previous literature to our indivisible com-
modity setting in Theorems 1 and 2. The proof of Theorem 3 builds on those results and handles the 
additional contestable market case.
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the ones that do not. When our condition is not met, i.e. a market structure allows 
for exploitation of market power in the equilibrium, it does not rule out the possi-
bility of achieving a competitive outcome in a different equilibrium. Indeed, there 
always exists a Nash equilibrium with competitive outcome. Hence, when there is a 
monopoly in the market, whether the outcome is competitive can be a result of equi-
librium selection. This helps to explain the convergence to competitive outcomes in 
some monopolistic markets in Smith and Williams (1990). Our condition is general 
and met in double auction markets such as in Smith (1962, 1976, 1982), as well as 
the stress-tests that yield supportive evidence for the institution’s robust convergence 
to competitive outcomes [for example, duopoly markets, swastika design and box 
design in Smith and Williams (1990), and swastika design in Smith (1965) and Holt 
et  al. (1986)].3 Parallel to the asymptote competitiveness in Cournot competition, 
when traders’ reservation values are independently drawn from certain distributions, 
our condition is more likely to be met as the number of traders grows.4 While an 
exact model for the dynamic double auction institution remains absent, in our exper-
iment, we examine the effectiveness of our condition in providing reference for the 
double auction markets.5

Another important feature of the double auction is its demonstration of “the econ-
omy of knowledge with which it operates, or how little the individual participants 
need to know in order to be able to take the right action” (Hayek 1945,  p. 527). 
To resemble the limited information each trader possesses in real markets, double 
auction experiments provide traders with private information of their own values of 
the commodity. However, when incomplete information solution concepts such as 
Bayesian Nash equilibrium are used in another strand of models for the double auc-
tion, the k-double auction, the attainment of full efficiency requires infinitely many 
traders (for literature reviews, see Satterthwaite and Williams 1993; Zheng 2020). 
As suggested by previous results from the experiments, “although traders’ informa-
tion ...is far from complete, it is possible for them to learn to use the relevant ‘com-
plete information’ strategies” (Friedman and Ostroy 1995, p. 23).

To check whether the Nash equilibrium provides a good description of outcomes 
under the standard double auction settings, we run a laboratory experiment in which 
traders are informed about their own valuations but not about the valuations of 
other traders. We consider two market institutions: the clearing house institution, 
which is exactly the strategic market game we model, and a double auction follow-
ing the rules of Smith (1962). These two institutions are static/dynamic versions of 
each other—the clearing house institution is indeed a call market with a pay-as-bid 

3 An exception is the market-power-design in Holt et al. (1986), half of the markets had prices higher 
than the competitive level. Plott (1989) provides a discussion on this. Some experiments featuring ran-
dom reservation values also have markets in which our condition is met. For example, with probabil-
ity 0.5 a four-buyer–four-seller market in Cason and Friedman (1996) satisfies our condition. Efficiency 
level and value structure of individual markets were not reported in the paper, but the average efficiency 
in these eight-trader markets with inexperienced traders are rather high (88.4%).
4 We thank a referee for pointing this out.
5 Given that different market institutions have their specific characteristics, further assessment is needed 
before applying this condition to other settings.
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feature.6 The double auction institution is known to facilitate learning of the relevant 
information for traders when compared to call markets (see e.g. Smith 1982; Smith 
et al. 1982). Under the clearing house institution, we provide traders with feedback 
on the trading prices and quantities at the end of each round, to check whether this 
information is enough for them to learn to act as-if there is complete information in 
the market as Hayek hypothesized.

Each market in our experiment consists of two buyers and two sellers—the mini-
mal size allowing for the equivalence of Nash equilibrium and competitive equilib-
rium outcomes, and thus adequate for a stringent test. Under each institution, we 
consider two market environments: one in which the two buyers and the two sellers 
are inframarginal, so that all Nash equilibrium outcomes are competitive, and one 
in which the two buyers but only one of the sellers are inframarginal (i.e. there is 
monopoly power) so that some Nash equilibrium outcomes are non-competitive.

In the absence of monopoly power, the results from our experiment confirm the 
double auction institution’s convergence to competitive outcomes, though we have 
fewer traders than previous experiments.7 Efficiency under the clearing house insti-
tution remains below efficiency under the double auction, but seemingly converges 
over time, in line with the results obtained by Smith et al. (1982) and Friedman and 
Ostroy (1995) for larger numbers of traders. Under both institutions, trading prices 
lay mostly in the competitive range in the absence of monopoly power, consistent 
with equilibrium predictions.

When monopoly power exists, higher trading price, lower trading volume and an 
efficiency loss can be observed under the double auction compared to the environ-
ment without monopoly, as expected. Under the clearing house institution, trading 
volume is lower compared to the environment without monopoly, but the efficiency 
loss is not significant, and prices seem to converge to competitive levels over time. 
This surprising result may be either a consequence of the inability of the monopolist 
to gather enough information about the other side of the market to exploit monopoly 
power under the clearing house institution, or a consequence of coordination on a 
low-price outcome, which remains a Nash equilibrium outcome under monopolistic 
conditions. It is an interesting and open question whether the convergence to com-
petitive outcomes for the clearing house institution even in the presence of monop-
oly power is robust to learning with a longer horizon and to variations in the param-
eters describing the economy.

Gode and Sunder (1993) show the attainment of high efficiency when the dou-
ble auction market is populated by simulated zero-intelligence traders who submit 

6 In accordance with our strategic market game, the clearing house institution here applies a discrimina-
tory-price rule, although conventionally uniform-price is presumed. The essential feature of the institu-
tion is that it is a centralized market that collects orders and allocates trades in discrete time, in contrast 
to the continuous-time feature of the double auction institution. Our discriminatory price clearing house 
has precedents in the literature, for instance DSB and McAfee (1992), and resembles the old US Treas-
ury (one sided) primary auction used till 1992. We owe these references to a reviewer. For more exam-
ples of discriminatory-price auctions in practice, see Brenner et al. (2009) and Cason and Plott (1996).
7 See Fig. 9 for a comparison between efficiency in our experiment and others in the literature.

Downloaded from https://www.cambridge.org/core. 16 Mar 2025 at 08:00:13, subject to the Cambridge Core terms of use.

https://www.cambridge.org/core


82 C. Martinelli et al.

1 3

random non-loss-incurring bids and asks.8 Our model helps to complete the story 
by focusing on the factor they omitted, the strategic behavior in the market, and how 
it may lead to the competitive outcome in double auction with a small number of 
traders. The convergence to competitive price by budget-constrained zero-intelligent 
agents was helped by a “Marshallian path,” i.e. trading occurring first to those who 
have more to gain from trade (Gode and Sunder 1993; Brewer et al. 2002). Given 
the static nature of our clearing house institution, the Marshallian path cannot have 
an impact within a round. However, there may be a similar effect through learning 
across rounds. Low cost and high value units are more frequently traded.9 Based on 
previous transaction prices, traders may improve coordination and further narrow 
down the price range (Fig. 8).

In the competitive environment under the double auction institution, we observe 
the Marshallian path to hold better in earlier rounds, as corresponds to a phenom-
enon linked to market learning out of equilibrium. Under the double auction insti-
tution, Coasian dynamics would prevent the monopolist seller from selling to the 
highest valuation buyer at above competitive prices since a buyer would anticipate 
that the monopolist would be willing to lower the price afterwards to trade with the 
other buyer. We do find some evidence of the monopolist occasionally lowering 
the price to sell a second unit. However, trading volume remains on average below 
competitive levels, and estimated price asymptotes suggest higher than competitive 
prices in the monopolistic environment under the double auction.

In previous experimental work on market games, Duffy et  al. (2011) explore a 
quantity strategic market game with divisible commodities, where traders retain 
market power. They compare outcomes with two and with ten traders per side, 
and obtain higher efficiency and more coherence to competitive behavior if there 
are more traders. Dufwenberg and Gneezy (2000) also obtain—somewhat surpris-
ingly—a beneficial effect of the number of traders in an experiment on Bertrand 
competition, comparing outcomes with two, three, and four traders per side. We dif-
fer from both as we explore the boundary between competitive and noncompetitive 
environments.

This paper is also closely related to Friedman and Ostroy (1995), which com-
pares a strategic market game institution with double auction under various struc-
tural parameters with divisible commodities and larger number of traders, and draws 
a connection between DSB and results from double auction experiments. With the 
conditions we obtain for the equivalence of Nash and competitive equilibria out-
comes, we are able to carry out a stringent test on their as-if complete information 
theory in the lab.

The rest of the paper is organized as follows. Section 2 gives a formal description of 
the economy. Section 3 gives a detailed explanation of the strategic market mechanism. 

8 For literature reviews on this topic, see Duffy (2006) and Brewer (2008).
9 In the competitive markets, the average probability the lowest cost unit is traded in a round is 71.47%, 
compared to 28.53% for the second lowest cost unit; the highest value unit is traded 62.65% of the time, 
with the second highest unit traded 36.18% of the time. The probabilities in the monopoly markets are 
80.94%, 10%, 60%, 30% for the lowest cost, second lowest cost, highest value and second highest value 
units respectively.
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Section 4 contains the theorems of coincidence of Nash equilibrium and competitive 
equilibrium. Section  5 presents the experimental design and hypotheses. Section  6 
describes the results. Section 7 concludes. Proofs are collected in “Online Appendix 1”, 
and experimental instructions and quizzes are collected in “Online Appendix 2”.

2  The economy

We describe a general equilibrium model related to laboratory experiments. Our 
notation follows Friedman and Ostroy (1995). There are two goods, a divisible 
‘money’ and a traded good that can only be traded in indivisible units. Let I = B ∪ S 
be the set of individuals, classified as either buyers (B) or sellers (S). Each i ∈ I 
is defined by a vector (ri1,… , rik) , where rij indicates the reservation value for the 
jth unit of the traded good. The parameter k ≥ 1 indicates the maximum number of 
units of the traded good that an individual can buy or sell. For each i ∈ B , reserva-
tion values decrease with the quantity demanded: ri1 ≥ ⋯ ≥ rik ≥ 0 . For each i ∈ S , 
reservation values increase with the quantity supplied 0 ≤ ri1 ≤ ⋯ ≤ rik.

Each trader’s utility is given by

where qi ∈ Qi is the quantity of the good traded by i and mi ∈ ℜ are the money 
holdings of i. We let Qi = {0, 1,… , k} if i ∈ B and Qi = {0,−1,… ,−k} if i ∈ S , so 
that supply is described as negative demand. We assume that initial endowment of 
money of each individual is equal to 0; note that individuals are allowed negative 
money holdings.

Keeping fixed the sets of buyers and sellers and k, an economy r ∈ ℜ
k|I|
+  is 

described by a set of vectors of reservation values that are weakly decreasing for 
each buyer and weakly increasing for each seller, as described above. Given an 
economy r, an allocation (of the indivisible good) is a vector q = (qi) ∈ ×i∈IQi and 
an outcome is a vector (q, m) where q is an allocation and m ∈ ℜ|I|.

Denote by �(r) the set of competitive equilibria for an economy r. A competitive 
equilibrium (p, q) ∈ �(r) is a price p ∈ ℜ+ and an allocation q such that 

1. (utility maximization) for each i, ui(qi,−pqi) ≥ ui(q
�
i
,−pq�

i
) for all q�

i
∈ Qi.

2. (market clearance) 
∑

i∈I qi = 0 . By utility maximization, if (p, q) is a competitive 
equilibrium for economy r, then

– for every i ∈ B , either qi = 0 and ri1 ≤ p , or 0 < qi < k and riqi ≥ p ≥ ri,qi+1 , 
or qi = k and rik ≥ p.

– for every i ∈ S , either qi = 0 and ri1 ≥ p , or −k < qi < 0 and 
ri|qi| ≤ p ≤ ri,|qi|+1 , or qi = −k and rik ≤ p.

Note that (p, q) induces the outcome (q,m) = (q, (−pqi)).

ui(qi,mi) =

�
�i
∑�qi�

j=1
rij + mi if qi ≠ 0

mi if qi = 0
, with �i =

�
1 if i ∈ B

−1 if i ∈ S
,
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It is easy to prove that for any economy r, there is a competitive equilibrium. We can 
order the units that sellers can supply in ascending order according to their reservation 
values, and the units that buyers can demand in descending order according to their 
reservation values, to obtain the familiar supply and demand curves. Equilibrium prices 
and allocations can be obtained by the crossing of the supply and demand curves. As it 
is well-known for economies with quasi-linear preferences, the set of competitive allo-
cations is the set of solutions to the problem of maximizing social surplus, that is

where Q = {q ∶ qi ∈ Qi,
∑

i qi = 0} is the set of feasible allocations.
Trade is positive in every competitive equilibrium if and only if

As we will see, an important condition for the equivalence between competitive 
equilibrium outcomes and the outcomes of a strategic game is that there are at least 
two trading individuals on each side of the market.

Related works on price-quantity strategic market games feature divisible commodi-
ties under the usual assumptions of continuous, increasing marginal costs for each 
seller, and continuous, decreasing marginal utility of consumption for each buyer. Note 
that in economies with divisible units active traders compete “at the margin,” in the 
sense that in a competitive equilibrium the marginal utility of consumption and the 
marginal cost of production for the last unit are equated to the price for all active trad-
ers. Our results illustrate that competition at the margin is unnecessary for the equiva-
lence between competitive and strategic outcomes.

3  The strategic market game

Each individual submits a price-quantity offer (p̃i, q̃i) to the clearing house, where 
p̃i ≥ 0 and q̃i ∈ Qi . Intuitively, each individual offers to trade up to |q̃i| units of the 
traded good at the price p̃i . Denote the set of feasible offers for individual i by

Given an offer profile w ∈ W = ×i∈IWi , the set of feasible allocation vectors for the 
clearing house is

max
q∈Q

∑
i∈I

∑
0≤j≤|qi|

�irij,

min
i∈S

ri1 < max
i∈B

ri1. (A)

Wi = {(p̃i, q̃i) ∶ p̃i ≥ 0; q̃i ∈ Qi}.

(3.1)Y(w) = {(y1, ...yn): 0 ≤ yi ≤ q̃i, if i ∈ B;

(3.2)0 ≥ yi ≥ q̃i, if i ∈ S;

(3.3)
∑

i yi = 0;
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Note that Y(w) is a finite set. Conditions (3.1) and (3.2) guarantee that trade is vol-
untary, i.e. individuals do not end up trading more than what they offered. Condition 
(3.3) ensures that the market clears and the clearing house keeps no inventory. Con-
dition (3.4) conveys the assumption that the good is indivisible.

After the clearing house chooses an allocation y = (y1,… , yn) ∈ Y(w) , individual 
i receives yi units of the traded good and earns an amount of money equal to −p̃iyi . 
We assume that the clearing house allocates trade to maximize the arbitrage profit, ∑

i∈I yip̃i , as if the clearing house buys units from the sellers and sells them to buyers 
at the agents’ proposed prices. Thus, given an offer profile w, the resulting allocation 
y must satisfy

Intuitively, as in Dubey (1982), buying offers are ranked in a descending order by 
price while the quantities offered are accumulated to form the demand curve, and 

(3.4)yi ∈ ℤ}.

y ∈ Π(w) = {y ∈ Y(w) ∶
∑
i∈I

yip̃i ≥
∑
i∈I

y�
i
p̃i for all y

� ∈ Y(w)}.

Prices Offered

Quantity Offered

Clearing house’s profit

Selling offers

Buying offers

(a)

Prices Offered

Quantity Offered

Selling offers

Buying offers

A B

(b)

Selling offers

Buying offers

Selling offers

Buying offers

Prices Offered

Quantity Offeredq1 q2

(c)

Prices Offered

Quantity Offered0 q

(d)

Fig. 1  Arbitrage profit for the clearing house
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selling offers are ranked in an ascending order by price while the quantities offered 
are accumulated to form the supply curve. Since goods are traded at their proposed 
prices, the clearing house extracts the surplus between the supply and demand, as 
Fig. 1 illustrates. That is, the clearing house chooses a competitive equilibrium allo-
cation for a fictitious economy r̃ given by

and appropriates the revealed social surplus.
In scenario (a) of Fig. 1, Π(w) is a singleton set. To maximize the arbitrage profit, 

the clearing house would fulfill all demand and supply to the left of the dashed line. 
The dotted area is the profit for the clearing house, and the profit is positive in this 
case. In scenario (b), Π(w) contains two allocations if units A and B are offered by 
different sellers, depending on which of the two sellers is allowed to sell the last 
unit. In scenario (c), the clearing house gets the same profit allocating q1 or q2 > q1 
units. Similarly, in scenario (d), buying and selling q units gives the same profit for 
the clearing house as making no trade.

To make trade happen whenever possible, following Simon (1984), we assume 
that the clearing house chooses an allocation from the set

That is, the clearing house does not choose allocations that are ray-dominated. Then 
in scenario (c), q2 units will be bought and sold, and in scenario (d), q units will be 
traded. We still have two allocations in F(w) in scenario (b) if units A and B are 
offered by different sellers. We assume that the clearing house chooses randomly 
according to the distribution �w that gives probability 𝜇w(y) > 0 to each alloca-
tion y ∈ F(w) and probability �w(y) = 0 to every other allocation in Y(w) such that ∑

y∈F(w) �w(y) = 1 . Propositions 1–6 in the Online Appendix provide a characteriza-
tion on F(w).

Given this market mechanism, define an active trader given offer profile w as a 
trader that has positive probability to trade. In other words, agent i is an active trader 
given offer profile w if there exists y ∈ F(w) such that yi ≠ 0 . Furthermore, denote 
by AS(w) the set of active sellers, and AB(w) the set of active buyers given offer pro-
file w.

4  Nash equilibrium and competitive outcomes

Note that each offer profile w ∈ W induces a lottery over outcomes. Each outcome 
(y, (−p̃iyi)) is realized with probability 𝜇w(y) > 0 if y ∈ F(w) , and �w(y) = 0 if not. 
Given an offer profile w ∈ W , the expected utility for each trader is,

�rij =

⎧
⎪⎨⎪⎩

�pi if 1 ≤ j ≤ ��qi�
0 if ��qi� < j ≤ k and i ∈ B

+∞ if ��qi� < j ≤ k and i ∈ S

,

F(w) = {y ∈ Π(w) ∶ there is no � ∈ Π(w)

such that � ≠ y and |�i| ≥ |yi| for all i ∈ I}.
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A (pure strategy) Nash equilibrium for an economy r is an offer profile w∗ ∈ W such 
that for every i ∈ I,

As in other price-quantity strategic market games, every competitive equilibrium 
outcome can be reached with probability one by at least one Nash equilibrium offer 
profile, and all the positive probability outcomes of a Nash equilibrium are competi-
tive as long as in the Nash equilibrium there are at least two active traders on each 
side of the market.

Theorem  1 For every competitive equilibrium, there is a Nash equilibrium that 
induces the same outcome with probability one.

To prove the theorem, we consider an offer profile such that each agent offers 
the trading price and quantity she obtains in the competitive equilibrium, and 
show that such offer profile is a Nash equilibrium and yields exactly the same 
outcome as in the competitive equilibrium. Agents have no incentive to deviate 
from the proposed offer profile: since the quantity offered in the profile is util-
ity-maximizing given the competitive price, obtaining a different quantity at the 
same price does not increase the payoff for the individual; given other agents are 
offering the same price, increasing offer price as a seller or decreasing offer price 
as a buyer, regardless of the quantity offered, reduce the chance of trade to 0, and 
thus cannot be payoff-improving; decreasing offer price as a seller or increasing 
offer price as a buyer reduces the payoff for sure as the new price is less preferred 
to the competitive price, even at its corresponding utility-maximizing quantity.

As long as condition (A) is satisfied (which is, of course, the case of interest), 
there are Nash equilibria that induce noncompetitive allocations. For instance, 
any offer profile such that q̃i = 0 for all i, or such that mini∈S �pi > maxh∈B rh1 and 
maxi∈B �pi < minh∈S rh1 , is a Nash equilibrium. Those Nash equilibria result in no 
trade. We restrict our attention on Nash equilibria such that trade happens with 
positive probability, so that AS(w) and AB(w) are nonempty. We have

Theorem 2 In every Nash equilibrium with at least two active traders on each side, 
every positive probability outcome is competitive.

To prove Theorem  2, we first show that in any given Nash equilibrium, all 
active traders offer the same price. Then we show that in every allocation induced 
by a Nash profile, the quantity that an active trader is allocated is utility-maximiz-
ing given the Nash price. The intuition is that if an active buyer/seller does not 
get the utility-maximizing quantity at the Nash price, the buyer/seller can always 
obtain a more preferable quantity by offering a slightly higher/lower price.

Eui(w) =
∑

y∈F(w)

�w(y)ui(yi,−p̃iyi).

Eui(w
∗
i
,w∗

−i
) ≥ Eui(w

�
i
,w∗

−i
) for all w�

i
∈ Wi.
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Note that there is a gap between the statement of Theorem  2 and the no-trade 
examples preceding the statement of the theorem. Theorem 2 leaves open the pos-
sibility that there are Nash equilibria with active trading but with noncompetitive 
outcomes and in which there is only one active trader in at least one of the two sides 
of the market. In the proof of the theorem, we rely on two or more active sellers in 
order to show that there is no Nash equilibrium in which one seller produces less 
than the competitive allocation requires. Intuitively, these situations would corre-
spond to the single active seller behaving as a monopolist and charging a price above 
the competitive level. Similarly, there could be situations in which there is a single 
active buyer behaving as a monopsonist and charging a price below the competitive 
level. Finally, there could be situations in which there is a single active buyer and 
a single active seller, and competitive outcomes are not reached even if the price 
is competitive because of a coordination failure: both the buyer and the seller offer 
suboptimal quantities.

In what follows, we provide necessary and sufficient conditions for all the out-
comes of every Nash equilibrium with trade to be competitive. Define the buyers’ 
marginal value, vb , as the maximum of the lowest reservation value for buyers’ units 
traded in competitive equilibria, that is,

Similarly, define the sellers’ marginal value, vs , as the minimum of the highest res-
ervation value for sellers’ units traded in competitive equilibria, that is,

In economies such that (A) is satisfied, vb and vs are well-defined, since in 
every competitive equilibrium at least some i� ∈ S with the minimum cost (i.e. 
ri�1 = mini∈S ri1 ) must have qi′ < 0 , and at least some i�� ∈ B with the maximum 
reservation value (i.e. ri��1 = maxi∈B ri1 ) must have qi′′ > 0 . As shown in the Online 
Appendix, vb and vs are equal, respectively, to the lowest reservation value of buy-
ers’ traded unit(s) and the highest reservation value of sellers’ traded unit(s) in 
any competitive equilibrium with the smallest number of transactions. Moreover, 
if (A) is satisfied, we must have vb > vs , because if there is a competitive equilib-
rium such that both the marginal buyer and the marginal seller are indifferent (i.e. 
minqi>0

ri,qi = p = maxqi<0
ri,|qi| ), there is another competitive equilibrium in which 

one fewer unit is traded.
Denote by p and p the highest and lowest competitive price respectively. It is 

easy to check that

The first and third inequalities above follow from the fact that for every equilibrium 
(p, q) ∈ �(r) we must have maxqi<0

ri,|qi| ≤ p ≤ minqi>0
ri,qi.

We say that i ∈ B is an inframarginal buyer if ri1 ≥ vb . Similarly, we say that 
i ∈ S is an inframarginal seller if ri1 ≤ vs . Intuitively, an inframarginal trader is 
someone who is willing to trade at every competitive equilibrium price. Note that in 

vb = max
(p,q)∈𝜉(r)

min
qi>0

ri,qi .

vs = min
(p,q)∈𝜉(r)

max
qi<0

ri,|qi|.

vs ≤ p ≤ p ≤ vb.
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economies satisfying (A), there is at least one inframarginal trader on each side of 
the market, since every seller with the minimum cost and every buyer with the maxi-
mum reservation value is inframarginal.

We say that i ∈ B is a weakly inframarginal buyer if ri1 > vs and ri1 ≥ p . Simi-
larly, we say that i ∈ S is a weakly inframarginal seller if ri1 < vb and ri1 ≤ p . Intui-
tively, a weakly inframarginal trader is someone who would generate positive social 
surplus if matched in pairwise trade with an inframarginal trader on the other side of 
the market. Using vb > vs and vs ≤ p ≤ p ≤ vb , it is easy to check that, in economies 
satisfying (A), all inframarginal traders are also weakly inframarginal (justifying our 
nomenclature).

If an economy has competitive equilibria in which only one unit is traded, then all 
outcomes of every Nash equilibrium profile with trade are efficient.10 From here on, 
we focus on economies such that all competitive equilibria involve trading two or 
more units, which is a more demanding condition than (A).

We have

Theorem 3 In economies such that all competitive equilibria involve trading two or 
more units, every positive probability outcome from every Nash equilibrium with 
active trade is competitive if and only if there are at least two inframarginal traders 
on one side of the market, and at least two weakly inframarginal traders on the other 
side.

Intuitively, rivalry between two traders on the same side of the market who can 
exploit mutually advantageous trades with at least two traders on the other side of 
the market both eliminates monopoly and monopsony power and precludes coordi-
nation failures. In the coordination failure example proposed above, we have vs = 1 , 
vb = 3 , and all traders are weakly inframarginal but only one seller and one buyer 
are inframarginal.

The condition ri1 ≥ p for i ∈ B and ri1 ≤ p for i ∈ S to be a weakly inframarginal 
trader ensures that the trader has a value “close enough” to the competitive range, so 
that the trader weakly prefers to trade in the competitive equilibrium. Without this 
condition, there may be noncompetitive Nash equilibrium outcomes. Consider the 
economy S = {1, 2} , B = {3, 4} , k = 3 , and r11 = r21 = 1 , r12 = r13 = r22 = r23 = 4 , 
r31 = r32 = r33 = 3 , r41 = r42 = r43 = 1 . Seller 1, seller 2, and buyer 3 are inframar-
ginal traders, while buyer 4 satisfies one of the conditions to be weakly inframar-
ginal but not ri1 ≥ p . Here buyer 4 strictly prefers not to trade in the competitive 
equilibrium, and the range for Nash equilibrium prices is [2, 3], including prices that 
are not competitive.

10 The reason is that if one unit is traded in a given outcome induced by an equilibrium profile, both the 
active buyer and the active seller must be offering the same price. If any buyer has a reservation price 
higher than the Nash price and is not trading, the buyer can offer a price that is slightly higher and grab 
the trade, so that in equilibrium the buyer who trades must be the one with the highest reservation price. 
A similar argument applies on the supply side. (However, the trading price may not be competitive in the 
Nash equilibrium.)
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It is worth noticing that Theorem  3 includes the contestable market scenario 
(Baumol et al. 1982), in which there is only one active seller but all outcomes from 
Nash equilibria are competitive. An example is the economy S = {1, 2} , B = {3, 4} , 
k = 2 , and r11 = r12 = r21 = r22 = 2 , r31 = 4 , r41 = 3 , r32 = r42 = 1 . The competi-
tive equilibrium price is 2 in this economy, and two units are traded in every com-
petitive equilibrium. We have vb = 3 and vs = 2 for this economy, so all traders are 
inframarginal and the condition in Theorem 3 holds. One of the Nash equilibria in 
this economy is w = ((2,−2), (2, 0), (2, 1), (2, 1)) , in which seller 1 is the only active 
seller, but the outcome is competitive. The presence of seller 2, a non-active seller in 
the Nash equilibrium, brings enough competition to the market to make the outcome 
competitive.

5  Experimental design and hypotheses

5.1  Experimental design

We test the predictive ability of our market game model in laboratory experiments. 
We consider two markets with indivisible commodities. Each market has two buy-
ers B = {B1,B2} and two sellers S = {S1, S2} , and each trader can either buy or sell 
two units. We assign the first and third highest demand reservation values to one 
buyer, and the second and fourth to the other buyer. By assigning the units to sellers 
in different ways, we create a market that satisfies the condition in Theorem 3, and a 
market that does not. This design is similar to one implemented by Davis and Holt 
(1994).

In our competitive market, the two supply units that can be traded in competi-
tive equilibrium are assigned each to each one of the two sellers. Thus, as shown 
in the left part of Fig.  2, there are two inframarginal traders on each side of the 
market. By Theorem 3, the Nash equilibrium outcomes with trading of the strategic 
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Fig. 2  Competitive and monopolistic markets
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market mechanism coincide with competitive equilibrium outcomes. That is, both 
units with lowers costs should be traded, and the price should be in the competitive 
price range, $15–$19. Correspondingly, efficiency (as a percentage of the maximum 
possible surplus) should be 100%.

In our monopoly market, instead, the two low cost units are assigned to the 
same seller, as shown in the right part of Fig. 2. The set of Nash equilibrium out-
comes with trade includes the set of competitive equilibria just described, as well 
as monopolistic market equilibria in which only the unit with the lowest cost is 
traded, and the price is between $19 and $30. Efficiency of monopolistic equilibria 
is (32 − 2)∕(32 − 2 + 19 − 15) , that is approximately 88%.

In the experiment, we compare the performance of our strategic market mecha-
nism (Clearing House, or CH hereafter) with the continuous time double auction 
(Double Auction, or DA hereafter), in the two markets.

In the clearing house institution, each trader submits a price-quantity pair to the 
clearing house. The clearing house then decides trade by the rules described in 
Sect. 3, and reports the trader’s own transaction price and quantity, together with the 
price and quantity traded in the market. We let �w(y) = 1∕|F(w)| for all y ∈ F(w) in 
the experiment; that is, the clearing house assigns equal probability to all arbitrage-
maximizing allocations. When making decisions, traders are given their own values, 
but not other traders’ values or offers.

In the double auction institution, the traders buy/sell the good unit by unit, i.e. 
after a trader has traded his/her first unit, he/she can submit offers for the second 
unit. Valid offers are listed on the screen in real time as public information for all 
traders in the market. Bids are ranked from high to low, and asks are ranked from 
low to high. Each offer is a limit order for one unit. We implement the bid/ask 
improvement rule such that each offer has to reduce the bid-ask spread to be valid. 
A transaction happens automatically if a valid bid is no lower than a valid ask. In 
each transaction, a bid will always be matched with the highest-ranked ask, and an 
ask will be traded with the highest-ranked valid bid. In case of unequal bid and ask 
in a transaction, the trading price will be the price in the pair that was submitted 
later.11 The double auction institution follows a soft-close rule. A round ends if no 
new valid offer shows up in 20 seconds.

11 To make a transaction, a trader submits an offer that is tradable with a listed bid/ask. All offers are 
shown in real time, which implies that transactions respect time priority, i.e. a traded bid/ask is removed 
from the valid offer list once the first tradable offer is received, and no longer valid for later transactions. 
We let the transaction price be the price the accepting party submits, so traders indicate a real willing-
ness to transact in each offer. Otherwise a trader may try to accept a listing offer by submitting a price 
worse than he/she is willing to transact at, and ends up with an undesirable transaction when his/her offer 
arrives marginally later than another trader’s. This feature is not necessary, but the problem is negligible 
since a profit-seeking trader would refrain from submitting any price different from the desired listed 
offer, and consequently the transaction price would be the same as the listed offer.
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The experiment was conducted in the Interdisciplinary Center for Economic Sci-
ence (ICES) lab in George Mason University. In total, 240 subjects participated in 
the 18 sessions, and each session lasted for no more than 100 minutes.12 Each sub-
ject participated in only one treatment, playing the same role (B1, B2, S1 or S2) in 
the same market for 20 rounds. The final payoffs ranged from $5 to $36. The average 
payoff is $11.25 including a $5 show-up fee.

The experiment was computerized, and programmed in oTree (Chen et  al. 
2016).13 At the beginning of the session, the participants were seated at partitioned 
computer stations and allowed 10 minutes to read the instructions on their own. 
Then an experimenter read the instructions out loud to all participants. Afterward, 
a quiz was handed out, and the experiment began after each participant gave cor-
rect answers to all the questions in the quiz. Then the role a participant had in the 
experiment was revealed to him/her, and the participants were given a practice 
round before the formal rounds began. There were 20 formal rounds, one of which 
was randomly chosen for payment. After the 20 formal rounds, each participant was 
informed of the round chosen for payment and his/her own payoff. The payment was 
made privately.

5.2  Hypotheses

Our first set of empirical hypotheses correspond to treatment effects. Because the 
set of equilibria under monopolistic conditions includes inefficient outcomes with 
prices above competitive levels, we expect treatments with competitive markets 
to exhibit lower prices and higher efficiency, together with higher trading volume, 
higher surplus for buyers and lower surplus for sellers. And given the advantage of 
learning under the double auction institution, we expect treatments under the double 
auction institution to exhibit higher efficiency. 

 (H1) Under the double auction institution, prices and sellers’ total surplus are lower, 
and efficiency, trading volume and buyers’ total surplus are higher, in competi-
tive markets than in monopolistic markets.

 (H2) Under the clearing house institution, prices and sellers’ total surplus are lower, 
and efficiency, trading volume and buyers’ total surplus are higher, in competi-
tive markets than in monopolistic markets.

 (H3) In competitive markets, efficiency under the double auction institution is higher 
than under the clearing house institution.

 (H4) In monopolistic markets, efficiency under the double auction institution is 
higher than under the clearing house institution.

13 Our double auction program is adapted from Chapkovski and Kujansuu (2019).

12 For the CH competitive treatment, there were three sessions with 16 and one session with 20 partici-
pants; for the CH monopoly treatment, there were four sessions with 16 participants; for the DA com-
petitive treatment, there was one session with 8 and three sessions with 16 participants; and for the DA 
monopoly treatment, there were five sessions with 8 and one session with 12 participants.
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Our second set of empirical hypotheses correspond to the convergence to com-
petitive prices in the long run if the market has a competitive structure under both 
institutions. 

 (H5) Under the double auction institution, prices converge to the competitive range 
in competitive markets.

 (H6) Under the clearing house institution, prices converge to the competitive range 
in competitive markets.

6  Results

6.1  Treatment effects

6.1.1  Overview

Table 1 presents treatment effects using the last ten rounds.14 Efficiency is defined as 
the percentage of the maximum social surplus realized. Trading volume is defined 
as the number of units traded divided by two (the number of inframarginal units), in 
percentage. Buyers’ and sellers’ surplus are defined as percentage of the maximum 
possible social surplus. In agreement with H1, under the double auction institution, 
trading prices are lower, and efficiency, trading volume, and buyers’ surplus are sig-
nificantly higher in competitive markets than in monopolistic markets. Average sell-
ers’ surplus is higher in monopolistic markets but the difference is not significant. In 
agreement with H2, under the clearing house institution, trading volume and buyers’ 
surplus are significantly higher in competitive markets than in monopolistic markets. 
Differences in trading prices, efficiency, and sellers’ surplus are not significant. In 
agreement with H3, in competitive markets, efficiency, trading volume, buyers’ sur-
plus, and sellers’ surplus are higher under the double auction than under the clearing 
house institution. In agreement with H4, in monopolistic markets, efficiency, trad-
ing volume, and sellers’ surplus are higher under the double auction than under the 
clearing house institution. Average buyers’ surplus is higher under the double auc-
tion but the difference is not significant. Summing up, there is significant evidence 
in favor of H1 and H3, and some evidence in favor of H2 and H4.

6.1.2  Prices

Figure  3 shows average trading prices in each round in the four treatments. Two 
inferences can be drawn from it. First, average prices adjust over time and stay in 
the competitive price range in the second half of the experiment in all treatments 
(average trading prices range from $15.73 to $18.18). The learning process takes 

14 Since it may take some rounds for participants to learn about their markets, we focus on the second 
half of the experiment for statistics related to equilibrium prediction, and include the results from the first 
half of the experiment when studying participants’ learning behavior.
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longer under the clearing house institution: the average price starts low, and reaches 
the competitive range over time. The upward sloping trend is not as strong under 
the double auction institution: the average trading price starts within the competitive 
range. Second, compared to competitive markets, monopolistic markets bring forth 
a higher average trading price under the double auction institution, but not as clearly 
under the clearing house institution.
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Fig. 3  Average trading price
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6.1.3  Efficiency

Figure 4 plots the average efficiency in each round in the four treatments. Efficiency 
is defined as the percentage of the maximum social surplus realized. Similar to what 
is shown in Fig. 3, learning takes longer under the clearing house institution; hence, 
average efficiency under the clearing house institution presents a stronger upward 
trend over time. Under the clearing house institution, the average efficiencies start at 
levels lower than under the double auction institution, and remain statistically lower 
in the second half of the experiment. Nevertheless, we can observe from Fig. 4 that 
the upward trend of the efficiencies in clearing house treatments persist over time, 
and at the end of the experiment, the efficiency levels from the two institutions are 
close.

Compared to the clearing house institution, the dynamic feature of the double 
auction institution facilitates traders’ decision making in two ways. Firstly, decisions 
are more informed, as traders can bid/ask based on the offers they observed in real 
time. Under the clearing house institution, coordination on trading prices is more 
difficult since traders do not know how much traders on the other side of the mar-
ket would adjust at the same time. Secondly, offer adjustments are possible within 
a round. As long as the bid/ask improvement rule is respected, a trader can revise 
the price he/she submitted when it is not traded. Under the clearing house institu-
tion, the experimentation is more costly since each offer determines the payoff for a 
round. As a result, traders may adjust bids/asks more conservatively or not experi-
ment enough under the clearing house institution, and it takes more rounds for a 
market to settle in a steady state.
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Figure 5 shows the distribution of surplus/efficiency in the market, with surplus 
obtained by the supply side (in red) aligned to the bottom, and surplus obtained 
by the demand side (in blue) aligned to the top. The height of the box represents 
the maximum social surplus in the market, i.e. 100% of efficiency. One particular 
trend under the clearing house institution is the increasing surplus for both buyers 
and sellers over time, a sign that there is ongoing learning to coordinate on prices 
throughout the experiment. The decreasing profit for the clearing house in Fig. 5 and 
the increasing trading volume over time as shown in Fig. 6 in the next section also 
support the conclusion that there is increasing coordination under the clearing house 
institution over time. Under the double auction institution, while coordination on 
prices is easier and high efficiency is achieved in the early rounds, the distribution 
of the surplus fluctuates over time, likely a result from traders’ bargaining over time. 
The dynamic feature of the double auction institution facilitates learning, but also 
the exploitation of the monopoly power, as suggested by the lower efficiency and 
higher price when the market is monopolistic.

Under the clearing house institution, there is no significant difference between 
the trading price or efficiency in the two environments. As the markets still evolve 
until the end of the experiment, whether this indifference would persist in the long 
run remains an open question. However, the clearing house makes a higher profit 
when the market is monopolistic (an average of 8.08% in the last 10 rounds, com-
pared to 2.32% in competitive markets) while the trading volume is lower. This may 
be caused by monopolists trying to bargain hard as there is less competition in the 
market, which results in a lower trading volume and unwillingness to adjust offers, 
or traders adjusting offers more conservatively and leaving more money to the clear-
ing house as the chance for trade is lower in the monopolistic market. Since traders 
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under the clearing house institution can only learn about the market from previous 
transaction prices, the other inframarginal seller in the competitive market not only 
brings more competition on the supply side, but also provides additional results from 
his/her experimentation of offer prices over rounds, which are helpful for other trad-
ers’ learning. The higher price variance and lower trading volume in the monopolis-
tic market could be a result of some monopolists’ ability to exercise market power, 
while others need more experimentation to gather information on tradable prices 
given the absence of another inframarginal seller.

Inefficiency in the market can come from supramarginal trades or failed inframar-
ginal trades, which will be discussed in the Trading volume section.

6.1.4  Trading volume

In our setting, supramarginal trade occurs if a seller sells a unit with a cost of 30, or 
if a buyer buys a unit with a valuation of 4. In our experiment, in the last ten rounds, 
supramarginal trade occurred in 3 out of 199 trades in the CH Competitive treatment 
and in 4 out of 149 trades in the DA Monopoly treatment, and did not occur in other 
treatments. Thus, trading volume reflects inframarginal trading. Figure 6 and Table 1 
illustrate that in the second half of the experiment, under both institutions, there are 
fewer trades in the monopolistic markets than in the competitive markets. Under the 
double auction, lower trading in monopolistic markets explains the advantage of 
competitive markets in terms of social efficiency and corroborates our hypotheses 
H1 and H2. As Fig. 6 and Table 1 show, the clearing house institution results in less 
trade than the double auction institution, corroborating our hypotheses H3 and H4.

6.2  Convergence to competitive prices

Following Noussair et al. (1995), we estimate

for each treatment, where pit is the average price in market i at round t, Di is an indi-
cator for a specific market, which equals 1 if the market is i and 0 otherwise, � is the 
asymptote for the average price in the treatment, and �it is an error term. In using this 
statistical model, we assume that although each market has its own pattern of con-
vergence, there is a common asymptote by treatment.

pit = �1D1

1

t
+⋯ + �iDi

1

t
+⋯ + �

t − 1

t
+ �it

Table 2  Average price 
asymptote

Feasible generalized LS estimation with AR(1) correction

Treatment p̂
∗ 95% Confidence interval

CH competitive 16.12 [15.68, 16.57]
CH monopoly 16.02 [15.90, 16.14]
DA competitive 16.98 [16.65, 17.32]
DA monopoly 19.20 [18.51, 19.90]
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Table 2 lists the estimated � for each treatment. For competitive markets, the 95% 
confidence interval for long run prices is contained in the competitive price range 
under both the double auction and the clearing house institution, providing corrobo-
rating support for H5 and H6. For monopolistic markets, the 95% confidence inter-
val for long run prices is contained in the competitive price range for the clearing 
house institution but not for the double auction. In fact, the confidence intervals are 
nested under the clearing house institution but are disjoint under the double auction.

Figure 7 shows the distribution of trading prices in the last 10 rounds in different 
treatments. The DA Monopoly treatment has a heavy right tail outside of the com-
petitive price range but within the Nash equilibrium range for that environment. In 
the CH Monopoly treatment, instead, most of the trading price within the Nash equi-
librium range is also in the competitive price range. In both competitive treatments, 
trading prices cluster in the competitive price range.

Except for the DA Competitive treatment, all treatments have a heavy left tail. 
The heavy left tail may be due to slow learning, due to (i) lack of within-round feed-
back under the clearing house institution, and (ii) less experimentation about possi-
ble prices when there is only one rather than two inframarginal sellers. Prices below 
the competitive equilibrium level were also observed by Smith and Williams (1990) 
in two monopolistic markets, perhaps for a similar reason.

6.3  Price adjustments over time

This section considers the learning and price adjustment process under the two insti-
tutions. Since there is only one call in the sealed-bid market in each round under the 
clearing house institution, we check how bids and asks adjust over rounds. For the 
double auction institution, we are able to look at price adjustment within rounds as 
well.
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6.3.1  Clearing house institution

As reservation values are private information, the transaction price(s) provided at the 
end of each round serves as “a mechanism for communicating information”(Hayek 
1945,  p. 526) under the clearing house institution. Boxplots in Fig.  8 depict the 
quartiles of bids (in blue) and asks (in red) by player role over time. In both treat-
ments, bids and asks are more clustered in later rounds, except for asks from supra-
marginal sellers in monopolistic markets. This trend is more obvious for traders with 
advantageous reservation values, i.e. Buyer 1 (in deep blue) and Seller 1 (in deep 
red). Learning from the transaction prices in their own groups, inframarginal traders 
in these treatments adjust their offers toward the competitive range over time.

6.3.2  Marshallian path

Under the double auction institution, previous experimental work (Cason and Fried-
man 1996; Plott et al. 2013) points to a Marshallian path during price convergence 
to equilibrium levels, which helps to achieve efficient trading even if prices are out 
of equilibrium. In particular, the buyer with the highest value and the seller with 
the lowest cost have more advantage in the market and therefore are likely to trade 
first. Although the first trading price may be outside of equilibrium range, the next 
tradable price, bounded by the next highest value and lowest cost, is closer to the 
equilibrium. With transactions happening in this order, the trading prices exhibit a 
converging pattern toward the equilibrium.

We test the Spearman’s rank correlation between transaction order and surplus 
from trade, buyer’s value, and seller’s cost respectively for our competitive markets 
under the double auction institution. If the trades exhibit a Marshallian path, surplus 
from trade is higher, buyer’s value is higher, and seller’s cost is lower in the earlier 
transactions. The results from Table 3 are in line with this prediction, except that in 
the second half of the experiment, buyers might have learned enough about equi-
librium prices, and the effect of the Marshallian path is no longer significant for the 
buyer’s value.

6.3.3  Coasian dynamics

We consider the possibility of Coasian dynamics in DA monopoly treatment. The 
monopoly under the double auction institution in our experiment faces a problem 

Table 3  Spearman’s rank 
correlation coefficient ( � ) 
between transaction order and 
other variables

p values in parentheses

Surplus from trade Buyer’s value Seller’s cost

Rounds 1–10 − 0.39 − 0.20 0.36
(< .001) (.002) (< .001)

Rounds 11–20 − 0.25 − 0.10 0.23
(< .001) (.148) (< .001)
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similar to the durable goods monopoly in Coase (1972). After selling one unit at 
above competitive prices, it is in the monopolist seller’s best interest to lower the 
price and sell another unit. Expecting this, buyers may withhold purchases until 
the price is at a competitive level. Nonetheless, the seller could have extracted a 
higher profit if he/she committed to selling only one unit at a high enough price. A 
weak version of Coasian dynamics is that during the adjustment toward equilibrium, 
the monopolist should experiment by offering the second unit at a lower price and 
thus be able to sell two units. A stronger version of Coasian dynamics should imply 
selection of a competitive outcome under the double auction even under monopolis-
tic conditions.

The monopolist’s ability to exercise market power varies in double auction mar-
kets in laboratory experiments (Smith 1981; Smith and Williams 1990). Cason and 
Sharma (2001) find corroborating experimental evidence for Coasian dynamics in a 
two-period setting in which a monopoly sells durable goods to two buyers, each of 
whom has a privately known value for one unit. To see if Coasian dynamics is pre-
sent in our data, we check whether the second transaction price in a round is lower 
than the first, and whether the monopoly sells more than one unit. The MWW test 
of whether the second transaction price is lower has a p-value of .050, on the edge 
of rejecting the null hypothesis that trading prices are at the same level. The one-
sided Wilcoxon signed rank test for whether more than one unit is sold yields the 
p-value of .005, rejecting the null hypothesis that the trading volume is 50% in the 
DA monopolistic market. Therefore, there is some evidence of Coasian dynamics 
in our double auction experiments. The estimated price asymptote, however, is not 
competitive in DA monopolistic markets.

7  Conclusions

In this paper, we aim to fill a gap in the theoretical and experimental literature about 
markets with few participants and indivisible commodities. First, we provide a 
necessary and sufficient condition for the equivalence of Nash equilibria of price-
quantity strategic market games and competitive equilibrium outcomes. Second, 
we conduct market experiments in a competitive environment and in a monopolis-
tic environment. We consider two market institutions, the clearing house institution, 
following closely the rules of the market game, and a double auction, which has 
been known to be successful in inducing competitive outcomes and prices in the lab.

Our lab experiments involve the minimum number of traders using the double 
auction that we know of. Figure 9 compares the efficiency level in our double auc-
tion markets with a few double auction markets in previous studies (Smith et  al. 
1982; Smith 1982; Smith and Williams 1990; Kachelmeier and Shehata 1992; 
Friedman and Ostroy 1995; Kimbrough and Smyth 2018). Double auction markets 
conducted in previous studies are mostly used for testing the robustness of the mech-
anism, so disturbances may have been introduced during the session, and differ-
ent settings have been used in these studies. Efficiency in thicker markets is higher 
than in our four-trader market, although the difference is not large when markets are 
competitive.
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Under the clearing house institution, efficiency is below that under the double 
auction in our experimental competitive markets. We interpret the advantage of the 
double auction as a result of better opportunities for learning. Nevertheless, the effi-
ciency of the clearing house institution increases over time and gets closer to the 
double auction institution as traders in the market learn gradually. The approxima-
tion to competitive equilibrium outcomes is obtained without traders’ knowledge of 
others’ values under both institutions. Our results provide supportive evidence for 
the Hayek hypothesis (Hayek 1945; Smith 1982) in a limit setting with few trad-
ers: using appropriate institutions, markets can work with very limited information. 
Under the clearing house institution, the only information revealed to each trader 
other than their own value are transaction prices. This information appears to be suf-
ficient to achieve equilibrium outcomes, although it may need a few trial runs.

In our experimental monopolistic markets, buyers’ surplus and trading volume 
remains below that in our experimental competitive markets under both the dou-
ble auction and the clearing house institution. The loss of total surplus in monopo-
listic markets is significant under the double auction although not under the clear-
ing house institution. Tantalizingly, under the clearing house institution, prices are 
not on average higher in monopolistic than in competitive markets. Whether these 
observations about long-run prices can be generalized is left as an open question. 
Learning enough to behave as if possessing complete information is seemingly 
much harder in monopolistic than in competitive markets. Another note is that with 
the anonymity in the computerized experiment, the monopolies in our experiment 
are under less social pressure to share profit, compared to a hand-run session where 
bids and asks are cried out.
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The fixed group and fixed value setting in our experiment provides a constant 
environment for participants to learn about their markets. However, in a repeated 
game setting, a trader may play a hard bargainer and “teach” others what prices to 
offer, assuming some other traders would adjust according to what they have learned 
in the previous rounds.15 In our experiment, this behavior is hindered by various 
factors in different treatments. In a competitive market, the other trader on the same 
side could take over the market by offering a slightly less profitable price, and reduce 
the other side’s willingness to further improve on the price in the future rounds. In 
a monopolistic market, the ability to execute the monopoly power is constrained by 
the Coasian dynamics under the double auction institution, and a monopoly may 
not find out his/her market power or find it too costly to bargain due to the limited 
experimentation under the clearing house institution. The anonymity of offers in our 
experiment also makes it harder to tell how much each trader on the other side of 
the market learns, hence it is more difficult to implement a strategic teaching. Using 
randomly matched groups in each round may further reduce the advantage of strate-
gic teaching. When traders are randomly matched each round, they may carry their 
experience from previous groups to the new ones. Whether learning across groups 
changes the outcome remains to be explored. Using a random value setting may hur-
dle the strategic teaching behavior as well; other value structure, such as swastika 
demand and supply, could be used as another boundary test.
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