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In particular, it studies the role of communication and information revelation
in market interactions. In Chapter 2, we experimentally study the effect
of information about competitors’ actions on cartel stability and firms’
incentives to form cartels in Cournot markets. In Chapter 3, we study
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setting where we try to uncover the effect of an outside observer who
affects bidder’s payoffs, on the outcome of the auction.
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Chapter 1
Introduction
This thesis consists of three independent essays that use laboratory experiments to
address a number of industrial organization questions. Chapter 2 and Chapter 3 study
cartels in oligopoly markets and Chapter 4 focuses on signaling in auctions. The use of
laboratory experiments in economics is still controversial, especially in fields like
industrial organization. Main criticisms are based on the idea that subjects in the lab are
intrinsically different from actors than make decisions in real markets (especially on
the supply side). In addition, because experimental markets are simplifications of
natural markets, conclusions cannot be generalized to more complex settings. Plott
(1989) answers to these criticisms defending the usefulness of early experimental works
in industrial organization. He argues that experimental markets are “real” markets in
the sense that economic principles also apply there. Therefore, because theories are
expected to be general, they also should apply in the specific cases studied in laboratory
markets. In addition, many experimental studies using businessmen as subjects did not
find substantial differences in behavior compared to college students (the typical
subject pool in the lab).1
Laboratory experiments can be relevant for the study of industrial organization
in many ways.2 First, experiments can be constructed in such a way that “rules of the
1
2

See Dyer et al. (1989), DeJong et al. (1988) and Burns (1985)
See Holt (1995)

1

game” are fully controlled by the experimenter. Then experiments can shed light on
which behavioral assumptions are more likely to be followed by the parties in a market
and therefore which equilibrium is more likely to be reached. Second, experiments can
be useful to test theories and to give useful insights for policy making in situations in
which empirical data is not easily accessible, limited, and/or biased. This is the case,
for example, when studying cartel behavior. Collusive agreements where competitors
explicitly discuss price or quantity strategies are generally illegal. In consequence, firms
try to keep this collusive agreement secret, making empirical analysis problematic. All
experimental studies in this thesis give specific policy implications and can be seen as
illustrations of how experimental methods can be used as an extra tool for policy
making and antitrust policies.
This thesis studies the role of communication and information revelation in
market interactions. Chapters 2 and 3 focus on the question of how communication
between firms affects the way they compete in the market. By introducing
communication in our experimental markets, our analysis diverges from traditional
industrial organization conventions in two ways. First, in Chapter 2 we expect (and
find) different outcomes in markets with and without communication. This contrasts
with the standard model of collusion that does not distinguish between implicit and
explicit collusion so that its predictions do not depend on communication possibilities.
In Chapter 3, we introduce communication in such a way that firms individually can
decide whether or not to communicate with other firms in the same market, i.e., whether
they want to be part of a cartel. In this way, partial cartels can form endogenously,
which is precluded in traditional oligopoly models where cartels are assumed to be allinclusive.3
We study the effect of information revelation in market outcomes in Chapters 2
and 4. In Chapter 2, we analyze the impact of information about other firms’ actions
and outcomes on market prices in an oligopoly setting. In Chapter 4, we examine the
effect of revealing information about the outcome of an auction to an external party on
bidding behavior and auction revenue. We do so in a setting where the external party’s
estimates of bidders’ values influence bidders’ payoffs.
In the remainder of this introduction, we summarize the three core chapters of

3

Bos and Harrington (2010) is the first study where a model is developed allowing for endogenous
partial cartels in an infinite period game.

2

the thesis. In Chapter 2, we experimentally study the effect of information about
competitors’ actions on cartel stability and firms’ incentives to form cartels in Cournot
markets. The impact of publishing firm-specific data on competition has been subject
to a debate in the economics literature at least since Stigler’s (1964) work. Stigler argues
that market transparency facilitates collusion because firms are better able to monitor
other firms deviating from a collusive agreement. Empirical data is limited but confirms
this prediction (Albaek et al. 1997). In addition, antitrust authorities usually consider
that this kind of information has potentially anticompetitive consequences and therefore
the exchange of individualized information between firms is generally forbidden. In
contrast, recent experimental studies yield opposite conclusions: full disclosure of
individual data makes Cournot markets more competitive, not less, mainly because
firms tend to imitate the most profitable firm. In this chapter, we conjecture that the
effect of publishing firm-specific data may depend on the opportunities for firms to
collude explicitly i.e. to communicate. As in previous experiments, in our experiment,
markets become very competitive when individualized information is available and
participants cannot communicate. In contrast, when communication is possible, results
reverse: Markets become less competitive and cartels become more stable when
individualized information is available. We also observe that the extra profits that firms
obtain thanks to the possibility to communicate are higher when individualized
information is present, suggesting that firms have greater incentives to form cartels in
that situation. Summarizing, the publication of firm-specific data results in two
undesirable effects when communication is possible. First, it increases cartel stability
for the reasons put forward by Stigler (1964). Second, it increases firms’ incentives to
form cartels, not only because it stabilizes cartels but also because the market would
become more competitive otherwise.
In Chapter 3, we study both theoretically and experimentally the formation and
behavior of partial cartels. The formation of partial cartels is allowed in the theoretical
model developed in the chapter and in the experimental design in which the experiment
is based. The theoretical model is a variation of Bos and Harrington’s (2010) model
where firms are heterogeneous in terms of production capacities and where individual
cartel decisions are endogenized. The experimental study is based in the theoretical
model introducing the possibility of optional communication among subjects to
facilitate the formation of collusive agreements. The experiment has two main
objectives. The first goal is to examine whether partial cartels emerge in the lab at all,

3

and if so, which firms are part of it. The composition of the cartels formed is relevant
because it influences the stability of the collusive agreement and therefore has an impact
on market prices. The second aim of the experiment is to study the coordinated effects
of a merger. Theory predicts different effects on competition depending on whether
partial cartels or all-inclusive cartels are operating. The analysis developed in this
chapter illustrates how merger simulations in the lab can be seen as a useful tool for
competition authorities to back up merger decisions. The main results are that cartels
are typically not all-inclusive and that various types of partial cartels emerge. In
addition, we show that a merger analysis that is based on the assumption that only full
cartels will form produces misleading results. The merger imposed in the design
decreases market prices, especially in markets where firms joining communication
represent a considerable share of total market capacity. Therefore, we conclude that the
merger should not raise competitive concerns.
Chapter 4 consists of an experimental auction setting where we try to uncover
the effect of an outside observer who affects bidders’ payoffs, on the outcome of the
auction. We consider an independent private values setting in which a single object is
allocated in first-price sealed-bid (FP) or second-price sealed-bid (SP) auctions. The
valuation of all bidders is private information, but all bidders care to the same extent
about an outside observer’s estimation of their type. The outside observer sees the
auction outcome and uses this information to update his beliefs about the bidders’
values. We consider different information settings: the outside observer either sees the
identity and the payment of the winning bidder (i.e., the auction’s revenue) or he only
observes the identity of the winning bidder. We find that FP auctions where both the
winner and her payment are revealed to the outside observer yield the highest auction
revenue. In contrast, revealing the winner’s payment reduces the efficiency of the
auction: the good is allocated more efficiently in auctions where only the winner is
revealed.

4

Chapter 2
Firm-specific information and explicit collusion
in experimental oligopolies 4

2.1. Introduction
What is the impact of publishing firm-specific data on competition in oligopolistic
markets? This question has been subject to a lively debate in the economics literature.
The debate goes at least back to Stigler’s (1964) work. Stigler argues that market
transparency facilitates collusion because firms are better able to monitor other firms
deviating from a collusive agreement so that deviations can be punished more
effectively.5 Stigler’s reasoning found fertile ground in the literature and can still be
found in modern industrial organization textbooks. However, in the late 1990s, new
theoretical insights saw the light that would cast doubt on the universality of Stigler’s
results. In particular, Vega-Redondo (1997) analyzes imitation learning and bounded
rationality in homogeneous Cournot markets and derives the exact opposite result than
Stigler’s: Full disclosure of individual data makes Cournot markets more competitive,
not less, when firms imitate the most profitable firm.6
The empirical literature has not settled the debate. Albaek et al. (1997) find
4

This chapter is based in Gomez-Martinez et al. (2016). First, I would like to thank the co-authors Sander
Onderstal and Joep Sonnemans for their crucial contribution. In addition, we are grateful to Maria
Bigoni, David Cooper, David Kopanyi, Anita Kopanyi-Peuker, Hans-Theo Normann, Marco Ottaviani,
Jan Potters, Chris Snyder, and participants at the IIOC meeting in Boston, the EARIE meeting in Munich,
the Tinbergen Institute lunch seminar, and the ABEE conference in Amsterdam for helpful comments.
We also thank the financial support from the University of Amsterdam Research Priority Area in
Behavioral Economics.
5
6

See, e.g., Green and Porter (1984) for a formalization of the argument in a repeated-game model.
Schenk-Hoppé (2000) and Huck et al. (2000) generalize and extend Vega-Redondo’s (1997) model.
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support for Stigler’s argument by observing a 15-20% increase in prices within one
year following the Danish antitrust authority’s decision to publish firms’ prices in the
ready-mixed concrete market. In contrast, laboratory results are more in line with
Vega-Redondo’s results. Laboratory markets tend to become more competitive when
information about individual profits, quantities and prices is available than when only
aggregate information is available (Huck et al., 1999, 2000, Offerman et al., 2002, and
Altavilla et al., 2006).7 Imitation seems to be an important driving force: When
individualized information about conduct and profits of competitors is available,
participants tend to mimic the most successful firm, which is typically the firm
producing the largest quantity.8
The question of the impact of publishing firm-specific data on competition is
not only of academic interest. In December 1986, the European Commission decided
in the Fatty Acids case that information sharing between Unilever, Henkel, and
Oleofina violated Article 85(1) of the Treaty of Rome (now Article 101(1)). 9 Kühn
(2001) argues more in general that “[i]ndividualized information exchange about past
prices and quantities should […] be considered an anti-competitive agreement in the
sense of Art. 81(1) [now Art. 101(1)].” In contrast, regulators sometimes take an effort
to increase a market’s transparency. For example, since the 2007-2008 financial crisis,
financial regulators have imposed increasingly stringent transparency requirements for
financial service providers. While the reasons for increasing transparency may lie
outside the scope of competition between firms, they may have an effect on it, be it
positive or negative.
In this chapter, we take the position that the effect of publishing firm-specific
data may depend on the opportunities for firms to collude explicitly. The publication
of firm-specific data may result in two undesirable effects. First, it may increase cartel
stability for the reasons put forward by Stigler (1964). Second, it may increase firms’
incentives to form cartels, not only because it stabilizes cartels but also because the
market may become more competitive otherwise as Vega-Redondo (1997) has pointed
out. Existing experiments do not allow for identification of either effect. The reason is

7

See Potters (2009) for a review of laboratory experiments examining the effect of transparency on the
competitiveness of markets.
8
Information sharing could also dissolve demand or cost uncertainty, which could be beneficial for both
firms and consumers. See Kühn and Vives (1995) for an overview of this literature.
9
Commission decision 87/1/EEC [1987] OJ L 3/17 (Case IV/31.128). See Kühn and Vives (1995) and
Kühn (2001) for elaborate discussions of the case.
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that in these experiments participants were not allowed to communicate so that explicit
collusion was ruled out by construction. In other words, when participants wanted to
collude, they could do so only tacitly. However, tacit collusion is rarely observed in the
lab when oligopolies consist of three or more firms (Huck et al., 2004). The aim of our
chapter is to add to the debate by experimentally studying whether the effect of
publishing firm-specific data on competition may depend on whether or not firms have
the opportunity to form cartels.
In our experimental markets four identical firms chose quantities
simultaneously for 50 periods. We exploit a two-treatment design. In the individualized
information treatment, after each period, participants were informed about their own
price and profits, the aggregate quantity of the market, and the quantities and profits of
each of the other three firms. In the aggregate information treatment, participants only
received information about their own price and profits and the aggregate quantity
produced in the market. In both treatments, firms could not communicate for the first
25 periods. After that, a chat window was opened that enabled firms to communicate.
Communication was optional, with no content or time restrictions, and possible every
five periods.
We can summarize the results as follows. First, we found that communication
helped to coordinate on collusive outcomes in both information scenarios.10 Market
quantities dramatically decreased once firms could communicate, with most of the
groups producing exactly the symmetric collusive quantity in both treatments. In
addition, as in previous experimental studies, when communication was not allowed,
quantities were significantly higher when individualized information was present.
However, when communication was introduced, results reversed and quantities were
lower with individualized information. Variations in cartel stability drive this result.
When participants observed individualized information, members deviated less
frequently from a collusive agreement than when only aggregate information was
available.

10

It is broadly documented in the literature that communication helps participants cooperate in oligopoly
games and other dilemma games. See Crawford (1998) and Balliet (2010) for surveys of the literature.
Recent experimental studies on the effectiveness of communication in oligopoly games include
Daughety and Forsythe (1987), Waichman et al. (2014), and Normann et al. (2015) for Cournot games,
and Andersson and Wengström (2007), Cooper and Kühn (2014), and Fonseca and Normann (2012,
2014) for Bertrand games. A different strand of the experimental literature deals with the question how
players can credibly communicate private information (Dickhaut et al., 1995; Blume et al., 2001; Cai
and Wang, 2006; Wang et al., 2010; De Groot Ruiz et al., 2014).

7

To identify treatment effects regarding firms’ incentives to form cartels, we
follow Fonseca and Normann (2012) by measuring the gain from communication, i.e.,
the extra profits firms earn when communication is possible compared to the situation
where communication is not allowed. We observe that the gain from communication
is significantly higher in the individualized information treatment than in the aggregate
information treatment. This result suggests that publishing firm-specific data may
encourage firms to form cartels because the benefits of doing so are higher when
individualized

information

is

available,

while

the

costs

(probability

of

detection/punishment) would be the same in both information scenarios.
This chapter is organized as follows. The next section presents the experimental
design and protocol. In Section 2.3, we discuss the theoretical predictions. Section 2.4
contains the experimental results. Section 2.5 concludes.

2.2. Experimental design and protocol
All sessions consisted of oligopoly market games where four identical firms,
labeled 𝑖 = 1, … ,4, played a repeated differentiated Cournot game (fixed matching).
Each firm 𝑖 was represented by a participant who had to choose the firm’s quantity 𝑞𝑖
in each period. Marginal costs are constant and equal to 𝑐 > 0. Firm 𝑖 faced the
following inverse-demand function:
𝑃𝑖 = max {𝑎 − 𝑞𝑖 − 𝜃 ∑

𝑗≠𝑖

𝑞𝑗 , 0} , 𝑎 > 0, 𝜃 ∈ [0,1),

where 𝑎 and 𝜃 represent demand parameters that are constant across firms. Because
𝜃 ∈ [0,1), products are differentiated and therefore market prices need not be the same
(firms may charge different prices for their products). We used the following
parameters in the experiment:11

2

𝑎 = 150, 𝜃 = 3, and 𝑐 = 2.

11

Our demand is half the demand used in Huck et al. (2000), while the marginal costs are the same in
the two experiments.

8

We employed differentiated products rather than homogeneous ones for the
following reasons. First, under differentiated products, participants make strictly
positive profits in the imitation equilibrium in contrast to the homogeneous products
case. A zero-profit outcome could be relatively unattractive for participants so that it
may steer their behavior away from it. Second, the homogeneous-product Cournot
game has a large range of joint-profit maximizing outcomes (any outcome in which
total quantity equals the monopoly quantity) in contrast to the heterogeneous-products
game. We discuss the theoretical predictions in more detail in the next section.
All participants had full information about the demand and cost structure. In the
instructions, formulas were provided. In addition, examples helped participants to
understand how their own decisions and the quantities decided by the other firms
affected the price at which they would sell the product. Moreover, they had access to
an on-screen profit calculator in order to facilitate decision-making. The calculator
gave the profits they would obtain under any combination of their own quantity and
the total quantity produced by the other firms. The calculator was available at all times
and the participants could try as many quantity combinations as they wanted. In
contrast to related experiments such as Huck et al. (1999, 2000), the calculator did not
include a best-response button, because we feared that this would steer behavior.12
We employed two information treatments, which varied in the information
available to the participants about other firms’ actions and outcomes. In both
treatments, firms interacted for 50 periods in fixed groups. In each period, firms
simultaneously chose their quantities from the set of integers between 0 and 200. In the
aggregate information treatment (AGG), at the end of each period, participants were
only informed about their own selling price, their own profits, and the aggregate
quantity produced in the market in the current period. In the individualized information
treatment (IND), in addition to the information revealed in AGG, firms were informed
about the quantity decisions by each of the other three firms and their respective profits.
As a way of illustration of how information was provided to the participants, figure
2.A.1 in Appendix 2.A shows a screen shot for both treatments.

12

Requate and Waichman (2010) observe that a profit calculator does not yield different results than a
payoff table unless the profit calculator contains a best-response button.

9

Communication possibilities are varied within-subjects. Both AGG and IND
consisted of two parts of 25 periods each. In part 1, participants could not communicate
while in part 2 they could communicate with the other firms in the same market using
a chat window at the start of every five periods, i.e., in periods 26, 31, 36, 41, and 46.
Firms had access to the profit calculator during the chat. During part 1, we did not
inform the participants about the possibility to communicate in part 2. Our
communication protocol closely follows Fonseca and Normann (2012). There was no
time limit and the content was unrestricted13 for several reasons. First, cartels in real
life usually arise from unrestricted communication among firms (the only restriction is
that communication should be secret). In addition, restricting messages could have
induced experimenter demand effects. Finally, previous literature has found that open
communication is more effective in facilitating collusion in experimental markets than
restricted communication.14 In our experiment, communication was costless and there
was no risk to be discovered by an antitrust authority. This allows us to identify the
benefits of communication, which, in turn, is informative about what information
regime is more conducive to cartel formation in a setting where communication is
costly. All chat content and all operations made in the profit calculator were recorded.

Table 2.1: Experimental design
Information for firm 𝑖

Part 1 (25 periods)

Part 2 (25 periods)

AGG

𝑃𝑖 , ∑𝑗≠𝑖 𝑞𝑗 , 𝑞𝑖 , 𝜋𝑖

No communication

Free communication

IND

𝑃𝑖 , ∑𝑗≠𝑖 𝑞𝑗 , {𝑞𝑗 , 𝜋𝑗 }𝑗=1

No communication

Free communication

Treatment

4

Notes: 𝑃𝑗 (𝑞𝑗 ) [𝜋𝑗 ] represents firm 𝑗’s price (quantity) [profits], 𝑗 = 1, … ,4.

13

The usual restrictions were imposed: Participants were not allowed to use offensive language or to
reveal their identity.
14
Earlier experiments show that the set of messages that participants can use to communicate is quite
crucial for sustaining collusion in laboratory markets. Cooper and Kühn (2014) find that collusion is
persistent when rich communication between participants is possible, but not when only messages
referring to cheating or punishing are allowed. The recent literature on the effectiveness of anti-cartel
policy uses both non-restrictive communication (Apestaguia et al., 2006; Bigoni et al., 2014; Dijkstra et
al., 2014) and restrictive communication (Hinloopen and Soetevent, 2008; Bigoni et al., 2012, 2015;
Hinloopen and Onderstal, 2014).
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We did not include additional treatments where the parts of the experiment were
reversed. Fonseca and Normann (2012), in a similar oligopoly market experiment, did
not find order effects, i.e., the effect of communication for the competitiveness of
oligopoly markets is the same when communication is preceded by periods of no
communication than when this order is reversed. Table 2.1 summarizes the parts and
treatments of the experiment. Both printed and computerized instructions were
provided to the participants. A copy of the instructions for IND can be found in
Appendix 2.B. Before the experiment started, participants answered test questions to
make sure that they understood the demand function they faced and the information at
which they have access after each period. In addition, participants could try the profit
calculator before the experiment started.
We ran nine computerized experimental sessions, four sessions for AGG and
five sessions for IND, at the CREED laboratory, University of Amsterdam.15 The 144
participants were students from a variety of areas (approximately half of them having
a background in Business or Economics). Depending on the number of participants that
showed up, three to five groups (markets) of four people were formed in each session.
In total, 18 markets were formed in both AGG and IND. Each participant only
participated in one of the sessions. Participants were randomly allocated to different
computers so they could not infer which participants were in the same market. Sessions
lasted between 75 and 100 minutes. Payment consisted of a show-up fee of 7 euros
plus a payoff related to the total profits earned in the 50 periods. In particular, 5,000
experimental points were equivalent to 1 euro. Average earnings for participants,
including the show-up fee, were 21.99 euros.

2.3. Theoretical predictions
In this section, three predictions for the experimental Cournot game are described: the
one-shot Cournot-Nash equilibrium, the collusive benchmark, and the imitate-the-best
benchmark.

15

The program was written using PHP and mySQL.
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The Cournot game has a unique one-shot Cournot-Nash equilibrium where all
firms choose quantity

𝑞 𝐶𝑂𝑈𝑅𝑁𝑂𝑇 =

𝑎−𝑐
= 37. 16
2 + 3𝜃

Choosing this quantity in each period is also a subgame perfect Nash
equilibrium for the finitely repeated Cournot game. On the basis of the existing
experimental literature on four-firm oligopoly games,17 we expect this outcome when
communication among participants is not allowed and when a behavioral rule based on
imitation is not possible (this is the case when individualized information is not
presented to the individuals as in our treatment AGG).
Secondly, it is often observed in experiments that if the time horizon is long
enough, participants may behave as if the time horizon is infinite. Therefore another
possible theoretical benchmark prediction is a symmetric collusive outcome where
firms maximize their joint profits. If participants in the lab perfectly collude, the
individual quantity is:18

𝑞 𝐶𝑂𝐿𝐿𝑈𝑆𝐼𝑂𝑁 =

𝑎−𝑐
≈ 25.
2 + 6𝜃

On the basis of the current literature on four-firm oligopoly games, this scenario
is expected to arise only if firms can communicate.19 In addition, according to theory,
the stability of collusive agreements does not depend on whether or not individualized
information about other firms’ quantities is revealed. In our setting, firms can perfectly
deduce when another firm has deviated by observing the individual price or the total
quantity produced by the other firms. So, in contrast to Stigler’s (1964) and Green and
16

In Appendix 2.D, we show that the outcome remains unique if the strategy space is restricted to
integers only, as in the experiment.
17
See Huck et al. (2004) for an overview of this literature.
18
Quantities are rounded to the nearest integer as in the experiment participants can only enter integer
quantities. The joint-profit maximizing symmetric outcome is when all firms produce 25. However,
firms yield slightly higher total profits if one of them produces 24 and the others 25.
19
See Fonseca and Normann (2012).
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Porter’s (1984) setting, in our setting publishing individualized information should not
affect cartel stability.
Finally, the last benchmark prediction is based on individuals using an imitation
rule. If participants imitate the firm with the highest earnings (and make a mistake with
a small probability by randomizing uniformly over the quantity space), the prediction
for individual quantities is:20

𝑞 𝐼𝑀𝐼𝑇𝐴𝑇𝐼𝑂𝑁 =

3(𝑎 − 𝑐)
≈ 44.
6 + 6𝜃

Huck et al. (2000) show that the same outcome emerges in a Nash equilibrium if firms
are assumed to maximize relative profits rather than absolute profits.
Note that the imitation benchmark predicts more competitive market outcomes
than the Cournot-Nash equilibrium. As discussed in the introduction, the experimental
literature suggests that the imitation benchmark is a good predictor in environments
without communication where individualized information is provided, like in our IND
treatment.

2.4. Results
This section reports the experimental results. Statistical analyses employ nonparametric two-sided Mann-Whitney and Wilcoxon tests with groups (18 in both AGG
and IND) as independent observations. Section 2.4.1 describes the differences in
quantities produced between treatments and parts, i.e., how communication and the
availability of firm-specific information affect the competitiveness of the experimental
markets. Section 2.4.2 focuses on the stability of cartels formed when communication
is possible. Section 2.4.3 examines the effect of presenting individualized data on the
gain from communication.

20

The proof of this result can be found in Huck et al. (2000). In the discrete environment implemented
in the experiment, all choosing a quantity of 44 constitutes a Walrasian equilibrium and, hence, an
imitation equilibrium (see Vega-Redondo, 1997).
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2.4.1. Quantities
Figure 2.1 plots the evolution of average individual quantities per period and per
treatment. In the first part of the experiment, quantities are higher in IND than in AGG.
This difference increases over time, suggesting that participants tend to imitate the most
successful firm, which is usually the firm producing the highest output (an analysis of
the use of imitation and best-reply strategies in the no-communication part is included
in appendix 2.C).

Figure 2.1: Evolution of average individual quantities per treatment.
47
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As of period 26, the first period in which firms can communicate, we observe a
dramatic decrease in quantities produced in both treatments. In the following periods,
average quantities are reasonably stable over time. Only in the first periods and in the
last periods, quantities are somewhat higher.
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Table 2.2: Average individual quantities per treatment
IND

AGG

p-value (MannWhitney test)

Part 1, periods 6-20: No

39.17

36.24

communication

(1.75)

(2.14)

Part 2, periods 31-45:

25.98

26.50

Communication

(4.36)

(2.84)

p-value (Wilcoxon test)

<.001

<.001

<.001

.046

Notes: Standard deviations between brackets; p-values are from 2-sided tests.

In the remainder we focus on the periods 6-20 and 31-45 to exclude learning and endgame effects. Table 2.2 shows average individual quantities produced in a market over
all groups per treatment and per part.21 First, note that, when communication is not
possible, the average individual quantity in AGG is close to the one-shot Cournot-Nash
prediction (37). Moreover, the average quantity produced in IND is between the
Cournot-Nash outcome and the imitate-the-best benchmark (44). More importantly,
when communication is not possible, the average quantity produced is significantly
higher in IND than in AGG. This means that information about competitors’ actions
and profits makes markets more competitive when firms do not communicate. This is
in line with the previous experimental literature. Moreover, when communication is
not possible, firms do not manage to collude in either treatment: there is not a single
period in the first part of the experiment where the total quantity produced by a group
is close to the symmetric collusive total quantity of 100 (25 each firm). 22 So, we can
clearly reject the hypothesis that collusion is more stable when firms can observe
individual decisions of other firms in the same market when communication is not
possible. When communication is possible, two important effects become apparent.
First, the average quantity produced in the communication part is significantly lower
than in the no-communication part for both treatments. Non-restricted communication
turns out to be quite helpful for participants to coordinate on collusive outcomes.

Tables 2.C.1 in the Appendix 2.C present, for each group, average individual quantities over
periods 6-20 and 31-45 in each of the treatments and in both parts of the experiment.
22 The lowest total quantity produced in a group in a certain period of the no communication part
was 122.
21
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Second, the difference in quantities produced among treatments is reversed: now IND
is less competitive than AGG. This suggests that firm-specific data affects the
competitiveness of oligopoly markets in a different direction when firms communicate.
Summarizing, we find the following results:

Result 2.1: The average quantity is significantly lower in the communication part than
in the no-communication part for both treatments, meaning that communication helps
to coordinate on collusive outcomes in both information scenarios.

Result 2.2: If firms cannot communicate, the average quantity is significantly greater
in IND than in AGG. In contrast, if firms can communicate, the average quantity is
significantly greater in AGG than in IND.

Figures 2.2 and 2.3 further illustrate this result. Each line in the graph represents the
cumulative distribution function of the average individual quantity produced in each
treatment. Figure 2.2 refers to the periods 6-20, where communication is not possible.
Figure 2.3 refers to the periods 31-45, when communication among firms in the same
market is possible: in both treatments a production of 25 is most common,23 but in the
AGG treatment about 35% of the production are higher than 25, compared with less
than 10% in the IND treatment. Therefore, we can conclude that individualized
information about competitors’ actions and profits affects the competitiveness of
oligopoly markets in opposite directions depending on whether firms communicate or
not. Markets are more competitive when individualized information is available and
communication is not possible, but become very anticompetitive when communication
among firms is possible. In the next section this fact will be related to the stability of
collusive agreements formed in the second part of the experiment.

In one group, one firm produced 24 and the other three firms 25, which yields higher joint
profits than all producing 25 (see also footnote 13). This group only managed to coordinate on
this outcome once, in the very last period of the experiment.
23
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Figure 2.2: Cumulative distributions of average individual production in the first, nocommunication part of the experiment (periods 6-20)
1
0,9
0,8
0,7
0,6
AGG

0,5

IND

0,4
0,3
0,2

0,1
0
20

25

30

35

40

45

50

55

Figure 2.3 suggests that the likelihood of perfect collusion depends on the information
available to the firms in the same market. Collusion is defined to be ‘successful’ in a
period when the group production lies in the interval [96,104]. The average number of
periods (out of periods 31-45) with successful collusion is 13.7 in IND and 10.3 in
AGG, and this difference is statistically significant (Wilcoxon test, p=0.038). We can
state the third result as follows:

Result 2.3: With communication, we observe successful collusion in a greater number
of periods in IND than in AGG.
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Figure 2.3: Cumulative distributions of average individual production in the second,
communication part of the experiment (periods 31-45)
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2.4.2. Cartel stability
In the first part of the experiment, when communication among participants in the same
group is impossible, formal cartels are ruled out and only implicit collusion may arise.
However, we do not find successful collusion (group production in the interval
[96,104]) in any period. This is in line with previous experimental literature in
oligopoly markets that suggests that tacit collusion is very unlikely in experimental
markets with four firms (Huck et al., 2004).
In the second, communication, part of the experiment, cartel formation is possible.
We define a cartel to be formed when at least one of the following two events occur:
a) All participants in the same market explicitly agree in the chat to produce a
certain quantity. Usually this happens as follows. Someone suggests a certain
quantity that each firm should produce per period. Then participants discuss,
and finally all explicitly agree about the quantity suggested.
b) All played a certain quantity discussed in the chat for at least 3 consecutive
periods. It may be the case that one or more of the participants in the same
18

group did not say explicitly “ok” or “I agree” in the chat but implicitly agreed
with the strategy. If all the participants produce the quantity discussed in the
chat for 3 or more consecutive periods, the cartel is considered to be formed.
The previous section showed that successful collusion is more often observed in IND
than in AGG. This can be caused by more cartels formed in IND, or by the cartels in
IND to be more stable, or both. However, all groups in both treatments formed cartels
in the periods 31-45 with only two exceptions, one in IND (IND.3) and one in AGG
(AGG.2). This suggests that a difference in the stability of cartels is the driving force.
The stability of a cartel can be measured in several ways. When counting the
average number of individual deviations from the agreement per group, we find many
more deviations in AGG than in IND (3.35 versus 0.29, Mann-Whitney, 2-sided
p=0.040).24 The longest sequence of no deviations is on average 11.4 in AGG and 14.5
in IND (Mann-Whitney, 2-sided p=0.034). Figure 2.C.1 in Appendix 2.C illustrates the
difference in cartel stability between treatments.

Result 2.4: Collusion is more stable (i.e., fewer individual deviations from a cartel
agreement emerge) in IND than in AGG.

To conclude, cartels are more stable in IND than in AGG, explaining the difference in
quantities found in previous section. This result may arise because participants in IND
feel ashamed to deviate from the quantities agreed upon when other participants can
observe their individual decisions. This individual monitoring is not possible in AGG,
allowing participants to hide behind the aggregate quantities and making competitors
not able to distinguish who is the one cheating. The chats presented in Appendix 2.E
provide some anecdotal support for this intuition.25
Individuals may also be less likely to deviate in IND than in AGG because in
the former treatment, a very competitive outcome is imminent if the cartel breaks down.
24

This measure ignores the size of the deviations. An alternative measure, suggested by a referee, is to
calculate in each period the relative overproduction: (production – agreed production)/(agreed
production) and average this for each group. We find that in AGG the total production in a period is on
average 1.85% more than agreed upon, and in IND this is only 0.16%. The difference is statistically
significant (Mann-Whitney test, 2-sided p=0.033).
25
In AGG, in nine groups, when a firm deviated, participants tried to find out in the chat who did so.
Only in one case did the deviating participant admit that it was him or her who deviated, indicating
that participants indeed feel ashamed to be recognized as a cheater. In line with this, in one group in
IND (out of three where someone deviated), the deviating participant publicly apologized after the
other participants complained about his or her behavior.
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If this alternative explanation has any bite, also within treatments, we should find more
stable cartels in part 2 for groups that experienced a more competitive outcome in part
1. To check whether such patterns emerge in the data, we ran separate logit regressions
for both treatments to test whether the average group quantity in part 1 explains whether
or not there was a deviation in a group in part 2. While both regressions show the
expected negative sign for part-1 average quantity, the estimated coefficients are small
are far from statistically significant. Similar results emerge in various other regressions
that explain decisions in part 2 (regarding deviations, quantities, or profits) on various
outcomes in part 1 (regarding quantities or profits). All in all, the threat of competition
does not seem to be an important driving force behind the observed treatment effect.

2.4.3. Gain from communication
It is clear from previous sections that communication helped firms to coordinate on
collusive outcomes by reducing the total quantity produced in the market. This is
reflected in the profits that firms earned in each part of the experiment. Firms’ average
profits increased by about 39% when communication was possible. Average individual
profits during the first part of the experiment were 1263 experimental points per period
and in the second part 1762 experimental points per period. In addition, participants
clearly anticipated this fact. Almost all participants (138 of 144) that took part in the
experiment decided to access to the first chat window and participate in the
conversations. This suggests that participants anticipated the fact that communication
among firms in the same market may have a positive impact on their profits. This
positive influence of communication on profits earned by a firm is what Fonseca and
Normann (2012) called “gain from communication”.26 The gain from communication
is a measure for the incentives for firms to start illegal conversations. This section
compares the gain from communication in the two information scenarios.
Table 2.3 contains the average gain from communication per treatment, i.e. the
average extra profits that a participant earns per period in the communication stage
compared to the profits during the no communication stage. Table 2.3 shows that on
average, the extra profits that a participant earns when communicating in IND is almost
twice as large as the extra profits earned in AGG. This difference is statistically
26

In a follow-up experiment, Fonseca and Normann (2014) confirm that cartels are more likely to form
in four-firm oligopolies than in duopolies, consistent with the relative gain from communication in the
two markets.
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significant. As a consequence, the gain from communication is higher in IND than in
AGG. Observe that this result is mainly driven by the relative competitiveness in the
IND treatment without communication (although the cartels are also more stable in
IND than in AGG).

Table 2.3: Average gain from communication per period and per treatment.
p-value 2-sided

Per-period gain from
communication

IND

AGG

Mann-Whitney test

608

390

0.001

(259)

(175)

Notes: Periods 6-20 (no communication) and 31-45 (communication). Standard
deviations between brackets.

This result has important policy implications. Firms in markets where firmspecific data is accessible have stronger incentives to secretly talk and try to reach
collusive agreements. The reason is that the potential gains of these talks are higher
under this information scenario. Not only cartels would be more stable when
individualized information is available, as shown in the last section, but firms (ex ante)
know that potential collusive talks would have bigger benefits in that situation. As a
consequence, publishing individualized information may encourage firms to talk in
order to try to form cartels, because the benefits of doing so increase, but the costs
(probability of detection or punishment by an antitrust authority) remain the same.

4.5. Conclusion
The effect that firm-specific data have on the competitiveness of oligopoly markets is
still an open debate in the economic literature. In our experiment, we compared markets
where individualized data is available to participants (IND), with markets with only
aggregate data (AGG). In the first part of the experiment communication among firms
was not possible and, as in previous experiments, IND markets were more competitive
than AGG markets. In the second part of the experiment unrestricted communication
among participants in the same market was introduced. This reversed the results: IND
markets were less competitive than AGG markets. In particular, collusive agreements
were more stable in IND. This is surprising in that in both treatments, participants could
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find out that someone cheated because the aggregate quantity would increase. So,
theoretically, the likelihood of being caught cheating does not differ between
treatments.

However, anecdotal evidence obtained from the chats suggests that

participants feel ashamed to be identified as a cheater. This could explain why fewer
participants deviated in IND because only in that treatment, all competitors could
monitor individual quantity decisions. Still, further research is needed to find the actual
mechanism through which individualized information makes cartels more stable. We
also showed that the gain from communication is higher in the individualized treatment
compared to the aggregate treatment. This means that for a given cost of
communication, cartel formation is more likely when individualized information is
available. Summarizing, our results point to a perverse effect of publishing firmspecific data in the sense that more public information could both stabilize cartels and
encourage cartel formation.
Our results also suggest that it is in the firms’ interest to share firm-specific data
because it would allow them to form more stable collusive agreements. In this sense,
our observations are consistent with Potters’ (2009) conjecture that “[i]nformation
exchange is more likely to be a consequence of explicit collusion than to be a cause of
implicit collusion”. Viewed in this perspective, our findings support the European
Commission’s decision in the Fatty Acids case to declare the individual information
exchange between Unilever, Henkel, and Oleofina illegal. More generally, our findings
suggest that information exchange about firm-specific outputs and profits should be
discouraged (if not declared illegal in view of competition law) in markets where
explicit collusive behavior is likely to occur.
Moreover, our results indicate that regulators should be careful when increasing
market transparency because this could fuel cartel formation. For example, financial
regulators should keep in mind that more stringent transparency requirements for
financial service providers might increase cartel formation in the market as an
undesirable byproduct. If regulators do not want to harm competition, they should only
boost transparency in financial markets that are not very concentrated, i.e., where cartel
formation is unlikely.
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APPENDIX 2.A: Screenshots
Figure 2.A.1:
AGG

IND
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Appendix 2.B: Instructions
The experiment consists of two parts. Part 2 will be explained after we have finished
part 1.
The instructions are simple, and if you follow them carefully, you might earn a
considerable amount of money. What you earn depends on the decisions you make
and on the decisions of the others. You will be privately paid at the end of the
experiment.
We ask that you do not communicate with other people during the experiment. Please
refrain from verbally reacting to events that occur during the experiment. This is very
important.
Raise your hand when you have a question and one of the experimenters will come to
your table.

Part 1
In this experiment you represent a firm. The profits that your firm obtains during the
experiment determine the money that you will receive. In particular, each 5000
points that your firm earns will correspond to 1 euro for your pocket. In addition, you
will receive a show-up fee of 7 euros, independent of your performance in the
experiment.
There are in total 4 firms in the same market, with the codes A, B, C and D. The other
firms are represented by 3 other participants in the experiment. You will interact with
the same 3 other participants throught the whole experiment, but you will never
know their identity.
Part 1 consists of 25 periods. In every period you have to decide the quantity that
your firm produces.
The cost of producing a unit of that good is 2 points. Your profit will depend on the
number of units you decide to produce and on the price at which they are sold. It is
important to notice that the higher the quantity that firms decide to sell, the lower
the price they will get per unit. In particular, the price is given by the following
formula :

where Pyou is the price at which you sell your product and qyou is the quantity you have
decided to sell. Qothers is the sum of the quantities that the other 3 firms have decided
to produce. The price can never be lower than 0. The price of the other firms is
determined in the same way.
You can interpret this formula as follows. If you decide to increase your quantity by 10
units, your price will be also decrease by 10 points, but the price of the others will
decrease only by 10*2/3=6.67 points.
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It is also important to notice that there is not a unique market price. In other
words, the price at which each firm sells the product can be slightly different. This is
actually true in real world. Firms charge different prices for their brands even though
their products are similar.
Summarizing, the price will depend on the total production of all firms. More
production implies more units sold but at a lower price. Less production implies
fewer units sold but at a higher price.
The profits of your firm are the difference between the revenues you get from selling the
units produced and the cost of producing these units:

EXAMPLE 1
If you decide to produce 10 units, and each of the other 3 firms produces 15 units, the
price at which you will sell the product will be: P = 150 - 10 - 2/3*(45) = 110. Your
profits will be : Profits=110*10 - 2*10= 1080
EXAMPLE 2
If you decide to produce 40 units, and each of the other 3 firms produces 30 units, the
price at which you will sell the product will be: P = 150 - 40 - 2/3*(90) = 50. Your
profits will be : Profits=50*40 - 2*40= 1920
EXAMPLE 3
If you decide to produce 80 units, and each of the other 3 firms make the same decision,
the price will be 0. All firms will make a loss of 160.
During the experiment you will not need to make calculations by hand. In order to make
your decisions easier, we will provide you with an on-screen profit calculator that will
help you to choose the quantity produced every period. In this calculator you can
introduce arbitrary quantities and it will calculate your profits. That is, you introduce
your own quantity and the total quantity of the other 3 firms, and the calculator will give
you your profits for this quantity combinations. You will have the opportunity to try
the calculator before the experiment starts.

Information
Finally, after each period, when all firms in your market have made a decision, you will
obtain some information before going to the next period. In particular you will be told:






The price at which you sold the product.
Your profits.
The total quantity produced by the other 3 firms.
The individual quantities produced by the 3 other firms.
The (individual) profits for each of the 3 other firms.

Important notice : All firms in your market are exactly the same and all
participants are reading the same instructions as you.
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Profit Calculator
The use of the profit calculator is very simple.
1. You enter the total quantity that you think the other firms will produce (the sum
of the units produced by the other 3 firms).
2. You enter the quantity that you consider best to produce.
3. You click on the button "Calculate" and the calculator will show the profits you
will obtain if these quantities will indeed be produced.

26

APPENDIX 2.C: Additional data analysis
Table 2.C.1: Results by group
No
communicatio
n Periods 6-20

IND.1
IND.2
IND.3
IND.4
IND.5
IND.6
IND.7
IND.8
IND.9
IND.10
IND.11
IND.12
IND.13
IND.14
IND.15
IND.16
IND.17
IND.18
AGG.1
AGG.2
AGG.3
AGG.4
AGG.5
AGG.6
AGG.7
AGG.8
AGG.9
AGG.10
AGG.11
AGG.12
AGG.13
AGG.14
AGG.15
AGG.16
AGG.17
AGG.18
MannWhitney 2sided p-values

Communication
Periods 31-45

Average
individual
quantity

Average
individual
quantity

Number of
individual
deviations

38.42
36.08
41.47
36.67
37.60
39.20
40.70
38.47
37.48
39.92
40.28
41.80
40.57
39.07
38.58
42.30
38.13
38.40
32.28
36.60
38.25
33.17
33.67
36.22
36.93
35.60
37.57
32.83
34.97
38.38
39.27
36.53
38.82
36.18
36.47
38.67

25.00
25.00
43.35
25.35
25.00
25.02
25.00
25.00
25.00
25.45
25.00
25.00
25.00
25.00
25.00
23.33
25.00
25.00
30.67
34.68
22.50
25.00
26.27
25.00
25.83
28.17
25.00
25.58
30.00
25.00
25.00
25.00
25.00
25.05
27.85
25.42

0
0
NA27
3
0
1
0
0
0
1
0
0
0
0
0
0
0
0
4
NA
0
0
4
0
2
17
0
2
0
0
0
0
0
2
25
1

Longest
sequence of
periods
without
deviation
15
15
NA
10
15
13
15
15
15
13
15
15
15
15
15
15
15
15
13
NA
15
15
7
15
11
2
15
10
15
15
15
15
15
5
4
7

0.0004

0.0457

0.0400

0.0344

Gain from
communication
per period
591
416
-240
441
506
701
839
644
498
704
764
941
785
680
607
901
563
602
108
121
259
308
264
413
432
310
509
243
284
602
690
431
688
404
344
604
0.0009
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Two experimental groups (IND.3 and AGG.2) were not able to reach any kind of collusive
agreement in the periods 31-45. Therefore these groups are not included in the analysis of number of
deviations.
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Figure 2.C.1: Evolution of total quantity produced by each group in part 2 of the
experiment.28
IND
Group IND.1

Group IND.2

Group IND.3

150

150

250

100

100

150

50

50
26 30

40

50

50
26 30

Group IND.4

40

50

26 30

Group IND.5
150

150

100

100

100

50
26 30

40

50

50
26 30

Group IND.7

40

50

26 30

Group IND.8
150

150

150

100

100

40

50

26 30

Group IND.10

40

26 30

50

Group IND.11
150

150

100

100

100

50
26 30

Group IND.13

40

50

26 30

Group IND.14

150
100
26 30

40

150

150

100

100

Group IND.16

40

50

26 30

Group IND.17
150

150

100

100

100

50
26 30

40

50

40

50

Group IND.18

150

50

50

50
26 30

50

40

Group IND.15

50

50

50

50
26 30

40

40

Group IND.12

150

50

50

50

50
26 30

40

Group IND.9

250

50

50

Group IND.6

150

50

40

50
26 30

40

50

26 30

40

50

AGG

28

The scale of vertical axes is expanded in Group IND.3 and IND.7.
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Imitation and best reply in the no-communication part
In order to test whether participants indeed mimic the most successful firm in IND
instead of best replying, we follow the method of Huck et al. (2000) and calculate “hit
rates” that measure how close individual decisions are to the actions prescribed by the
imitate-the-best behavioral rule and myopic best reply behavior. Specifically, the hit
𝑇𝑖𝑡 −𝑎𝑖𝑡

rate ℎ𝑖𝑡 for individual 𝑖 in period 𝑡 is defined as ℎ𝑖𝑡 = |

𝑇𝑖𝑡

|, where 𝑇𝑖𝑡 is the ‘target’,

i.e., the prediction by a behavioral rule, and 𝑎𝑖𝑡 is the actual decision for individual 𝑖 in
period 𝑡. Table 2.C.2 shows the results for the No Communication part: in IND 48% of
the individual decisions are within the 10% neighborhood of the imitation target, while
only 39% of the decisions lie in the 10% neighborhood of the best reply target. In
addition, the average relative distance to the imitation target is 0.15, and top the bestreply target is 0.20. Both differences are significant at the 5% level using two-sided
Wilcoxon tests. This suggests that more participants use an imitation than a Best Reply
heuristic in IND when communication is not possible.
Table 2.C.2 also compares the hit rates between treatments in the No Communication
part, using Best reply as a target.29 It shows that in AGG the decisions are significant
more often in a 10% neighborhood of the Best Reply target, compared with IND. We
don’t find a significant difference in the average distance to the target.

Table 2.C.2: Hit rates using Imitation and Best Reply as targets in the No
Communication part (periods 2-25)
IND
Best
Reply

Imitation
Relative frequency of hits within
10% of target
Average absolute relative
distance to target

AGG
Best
Reply

47.80%
(16.99)

>**

39.35%
(19.80)

<***

58.39%
(21.47)

0.15
(0.05)

<**

0.20
(0.10)

>

0.19
(0.25)

Notes: Standard deviations between brackets.
***/**/* Significant at the 1%/5%/10% level (two-sided Mann-Whitney test)

29

By construction, imitation of individual behavior is not possible in AGG.
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APPENDIX 2.D: Cournot equilibrium uniqueness
In this appendix, we include a proof of the uniqueness of the Cournot equilibrium for
the parameters used in the experiment.
2

Proposition. If 𝑎 = 150, 𝜃 = 3, and 𝑐 = 2 and each firms’ action space is {0, 1, …,
200}, the Cournot game has a unique equilibrium in which all firms produce 37.
Proof. Without loss of generality, we may assume that 𝑞1 ≥ 𝑞2 ≥ 𝑞3 ≥ 𝑞4 . As the
monopoly quantity equals 74, each firm’s best response to the quantities produced by
the other firms is contained in the set {0, 1, 2, …, 74}. Provided that all firms restrict
their quantity to this set, firm 𝑖’s best response is given by
∑𝑗≠𝑖 𝑞𝑗
𝑞𝑖 = 74 − 𝑟𝑜𝑢𝑛𝑑 (
),
3
𝑖 = 1,2,3,4, where the operate 𝑟𝑜𝑢𝑛𝑑 rounds the number in brackets to the nearest
integer. We now show that 𝑞1 ≥ 37. Suppose, to the contrary, that 𝑞1 ≤ 36. Then 𝑞1 +
𝑞2 + 𝑞3 ≤ 36 × 3 = 108 as firm 1 produces the largest quantity by assumption.
However, firm 4’s best response equals 38, which establishes a contradiction.
Analogously,

it

can

be

shown

that

𝑞4 ≤ 37.

We proceed by showing that in equilibrium, 𝑞1 − 𝑞4 ≤ 1. Note that
𝑞2 + 𝑞3 + 𝑞4
1 𝑞2 + 𝑞3 + 𝑞4
𝑞1 = 74 − 𝑟𝑜𝑢𝑛𝑑 (
) ≤ 74 −
3
3
3
and
𝑞1 + 𝑞2 + 𝑞3
2 𝑞1 + 𝑞2 + 𝑞3
𝑞4 = 74 − 𝑟𝑜𝑢𝑛𝑑 (
) ≥ 73 −
.
3
3
3
As a consequence,
𝑞1 − 𝑞4 ≤

2 1
+ (𝑞 − 𝑞4 ),
3 3 1

which is equivalent to
𝑞1 − 𝑞4 ≤ 1.
Because 𝑞1 ≥ 37 and 𝑞4 ≤ 37, the equilibrium (𝑞1 , 𝑞2 , 𝑞3 , 𝑞4 ) must be in the
set

{(37,37,37,37), (38,37,37,37), (38,38,37,37), (38,38,38,37), (37,37,37,36),

(37,37,36,36), (37,36,36,36)}. It is readily verified that only the first element in the
set is a Nash equilibrium.
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APPENDIX 2.E: Chats
In this appendix, we present English translations of all chat conversations where at
least one participant complains about another participant deviating. Chats after period
30 are taken into account as well even though in our the data analysis, we ignore
periods 26–30.
IND. 4, after period 35
Firm D: What’s the fun of deviating to 33/30?
Firm D: Seriously, this makes so little sense
Firm D: You perhaps gain 10 cents
Firm C: Yes, I just wanted to check what would happen
Firm C: But I will choose 25 from now on
Firm B: Hey, do not deviate :P You earn about 1 extra cent and the rest suffers
Firm C: Yes, 25 is OK, sorry
Firm A: I agree

AGG.4, after period 30
Firm B: Shall we stick to 25?
Firm D: You are quite honest, nice :))
Firm A: This last move was not quite necessary
Firm D: It was, wasn’t it?
Firm A: Someone did 40
Firm C: Haha, last time someone did more
Firm C: Bad
Firm D: Was the quantity was up a bit only in the last round?
Firm C: I am in favor of 25!!!
Firm A: This is fun for once but after that you only have lower profits
Firm B: Then everyone should now do 25 again
Firm D: Yes, exactly
Firm D: Just 25
Firm C: Yes!
Firm B: OK
Firm A: OK, nice
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AGG.5, after period 30
Firm C: No more jokes!
Firm B: Yes, very funny indeed
Firm A: Hilarious all this
Firm D: It does not make sense to deviate from the optimum. We will be together for
too many rounds.
Firm C: Stupid
Firm A: I will give it another try
Firm A: Otherwise it is all for themselves
Firm D: Think for a bit

AGG.7, after period 35
Firm A: Someone is doing 40 all the time
Firm C: Who is free riding grr?
Firm D: Who was the one who produced more in period 34?
Firm B: We would do 25, would be not?
Firm A: In periods 32 and 34 someone produced more
Firm D: Yes, that is right
Firm C: A bit corny
Firm D: But I did just 25
Firm C: Me too
Firm D: Guys, agreed is agreed
Firm A: Me too
Firm B: This is funny because I did it too
Firm A: Haha, someone is cheating
Firm A: But the problem is
Firm C: No…
Firm A: that if someone continues doing this
Firm A: we end up at 37 again
Firm A: and the profits are much lower for all of us
Firm B: We just continue playing 25
Firm C: Yes, exactly
Firm B: Play fair
Firm A: Yes
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Firm B: I continue
Firm D: Exactly, play fair, okay?
Firm D: And, be careful what oyu type in
Firm D: oyu = you
Firm D: See you soon
Firm C: See you soon

AGG.8, after period 35
Firm A: No more 25?
Firm B: Did we not agree on 25?
Firm D: Let’s just stick to 25 because otherwise everyone loses
Firm B: Exactly

AGG.8, after period 40
Firm C: Do we continue playing 25?
Firm C: Or 30?
Firm B: 25 because there it is maximal
Firm D: Just 25. Let’s all stick to this
Firm A: 25 yields more for all, does it not?
Firm C: Okay

AGG.10, after period 35
Firm D: Sorry. One time, I typed too quickly. 35 by accident
Firm C: Sure
Firm D: In round 35 I think
Firm C: Haha
Firm A: How convenient that you did not do 15
Firm C: Really
Firm B: The same once again?
Firm A: Can happen
Firm C: All well. Continue with the production.
Firm D: Quite hypocritical: In the first period, someone typed in much more
Firm D: Sure
Firm D: See you soon
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Firm C: That is true

AGG.10, after period 45
Firm A: A bit unfortunate this
Firm D: I expected something like this to happen
Firm A: It was an accident
Firm A: Sorry guys
Firm D: I was also considering it. Last contact.
Firm D: Haha
Firm C: Yes?
Firm D: Joker
Firm D: Things will go bad now
Firm C: The last round will get out of hand
Firm D: Everyone will try to benefit and produce more
Firm D: Think of it, then we will make a loss
Firm C: It will get completely out of hand
Firm D: All of us
Firm D: I will stick to 25
Firm C: I will continue doing 25

AGG.15, after period 30
Firm D: Guys
Firm D: don’t deviate
Firm A: Someone cheated ay ay
Firm C: You’re right
Firm D: I get it's tempting but you just screw over the others
Firm D: If I see another time that it’s 100 for the other firms
Firm B: Wasn’t me
Firm D: I’m gonna deviate as well and it’s everyone for themselves again
Firm D: 25 is fair for everyone
Firm D: Just stick to it please
Firm B: Indeed

AGG. 16, after period 40
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Firm A: How many periods do we play?
Firm B: 25
Firm D: If you do 26 once, you win 4 eurocents
Firm D: Congratulations
Firm D: So, just stick to 25

AGG. 16, after period 45
Firm B: Easy money like this :)
Firm D: You hardly win by choosing 26
Firm D: Not even 1 eurocent
Firm A: I am a bon vivant
Firm A: No, I quite

AGG.17, after period 30
Firm D: Okay, there are greedy guys here :(
Firm A: How nice, such an agreement with you
Firm C: Come on
Firm D: I stuck to it
Firm A: Seriously, you do not gain form it
Firm C: Let’s try it again
Firm C: 25
Firm D: You do not gain from it, right
Firm A: Just do 25 all of you and grab the profits together instead of behaving like
this
Firm C: And if someone doesn’t do it I will make sure that we go negative
Firm D: As soon as someone deviates for the first time, all get greedy
Firm D: And all earn less
Firm C: The next round
Firm A: I will not behave greedily, I have stuck to AGG.18, after period 40
Firm B: Do not deviate
Firm D: Do not deviate: your profits are minal
Firm C: Indeed
Firm D: minimal
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Chapter 3
Partial Cartels and Mergers with Heterogeneous
Firms: Experimental Evidence30

3.1

Introduction

A usual assumption in the theory of collusion is that cartels are all-inclusive. In contrast,
most real-world collusive agreements do not include all firms that are active in the
relevant industry. A classical example is the worldwide citric acid cartel that operated
in the 1990s. It was formed by five firms and only encompassed around 60% of total
production (Harrington, 2006). In Europe, the famous industrial copper tubes cartel that
operated for 13 years (1988-2001) controlled only around 75% of the production. At
least two significant producers did not participate in this agreement (Harrington, 2006).
This gap between theory and real-world cases is recently approached in Bos and
Harrington (2010) (B&H in the remainder of this chapter) in a Bertrand-Edgeworth
setting. They develop an infinitely repeated price game where firms are heterogeneous
in terms of production capacities. They discard the all-inclusive cartel assumption and
instead endogenize individual firms’ cartel decisions introducing internal and external
stability as equilibrium refinement. They find that, for sufficiently patient firms, there
exists an equilibrium where the largest firms join the cartel agreement while the other
firms act as outsiders undercutting the collusive price.31 Even though this model is a

30

I am very grateful to Hans-Theo Normann, Sander Onderstal, Joep Sonnemans and participants at 4 th
Experimental Economics Conference in Guatemala, Competition and Bargaining workshop in Toulouse
and Bay Area Behavioral and Experimental Economics Workshop at Berkeley for helpful comments. I
also thank the financial support from University of Amsterdam Research Priority Area in Behavioral
Economics.
31
They show there exist a capacity 𝑘 ∗ such that any firm 𝑖 with 𝑘𝑖 > 𝑘 ∗ finds optimal to join the cartel
and any firm 𝑗 with 𝑘𝑗 < 𝑘 ∗ finds optimal not to join the cartel.
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big step ahead in fitting theory and reality, it has some limitations. As mentioned before,
there are real-world partial cartels where some of the largest firms decide not to form
part of the collusive agreement, which contradicts B&H’s predictions. In addition, in
their model, the cartel decision is an individual decision, not allowing for coalition
formation during negotiations.
This chapter studies both theoretically and experimentally the formation and
behavior of partial cartels. First, we build a theoretical model that is a variation of
B&H’s. Keeping the main spirit of B&H unchanged, the main novelty found in this
model is that multiple equilibria exist in which partial cartels can involve both big and
small firms. Second, the model is tested experimentally. This can help to shed light on
which of these equilbria (if any) is behaviorally most relevant, and therefore more likely
to arise in real world markets. In addition, we impose a redistribution of capacities
between treatments (keeping the aggregate market capacity unchanged). This allows us
to test what are the coordinated effects of a potential merger in industries where partial
cartels are likely to arise. Because cartels are usually formed secretly in practice,
availability of empirical data is limited. Therefore lab experiments, where the
environment is totally controlled by the experimenter, can be useful as a tool to help
policy makers to make antitrust decisions.32 In particular, this work can be seen as an
example of how experimental merger simulations can be used by antitrust authorities
for specific competition cases. Experimental oligopoly games can mimic particular
market structures and therefore provide clear policy implications for specific market
situations.
The theoretical background developed in this chapter combines features of
models by B&H and Compte et al. (2002). In particular, the general downward sloping
demand assumed in B&H is modified into a totally inelastic demand like in Compte et
al. (2002). This modification is introduced for two reasons. First, predictions include
also equilibria in which cartels are formed by both big and small firms. Second, this
demand assumption makes decisions easier for experimental participants compared to
the B&H setting. Our theory builds on Compte et al. (2002) in that it makes use of an
equilibrium refinement for external and internal stability of the cartels formed. The
imposition of this assumption reduces dramatically the number of partial cartels that

32

See Normann and Ricciuti (2009) and Normann (2006) for and extensive survey of experimental
papers that contribute to policy decisions in general and antitrust decisions in particular.
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can emerge in equilibrium.
Our experimental study has two main objectives. The first goal is examine
whether partial cartels emerge in the lab at all, and if so, which firms are part of it.
Previous experimental works usually preclude the formation of partial cartels. Some
papers restrict their analysis to duopolies, where collusive agreements are all-inclusive
by definition.33 For papers analyzing triopolies, a unanimity rule is commonly imposed
for cartels to establish, i.e., cartels only arise when all subjects in the same market agree
to join the collusive agreement.34 For papers studying explicit collusion in markets with
four or more firms, either a unanimity rule is used or communication is imposed to all
firms by design, making again partial cartel formation not possible.35 As far as we are
aware, only two experimental works allow for partial cartels in the lab. Hu et al. (2011)
study collusive behavior in auctions. Partial cartels could be formed in one of their
treatments, but the composition was imposed exogenously in that only a fixed subset of
the bidders was able to form a cartel. In fact, this partial cartel could only be established
when all bidders in the subset agreed on the formation of the cartel. Clemens and Rau
(2014) is the first experimental study allowing for endogenous partial cartel formation
in the lab. In contrast to their theoretical predictions, all cartels found were all-inclusive.
Subjects represented homogenous firms, creating serious coordination problems. In
addition, the potential emergence of partial cartels would cause a substantial asymmetry
in profits among subjects (outsiders would excessively profit from the formation of the
cartel). To circumvent both issues, we introduce heterogeneous production capacities
among firms, diminishing coordination and unfairness issues substantially.
The second aim of the experiment is to illustrate how an experimental
methodology could be applied to examine the coordinated effects of a merger. Because
theoretical predictions may be inconclusive, characterizing the empirically most likely
effects could be crucial for antitrust authorities when making merger decisions. In the
merger studied in our experiment, different and contradictory predictions can be derived
from the literature. Models with heterogeneous firms and endogenous cartel formation,
as B&H or the one developed in this study, predict less stable cartels after the merger,
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See, e.g., Potters et al. (2004), Offerman and Potters (2006), Andersson and Wengstrom (2007),
Hamaguchi et al. (2009), Buchheit and Feltovich (2011) and Bigoni et al. (2012).
34
See, e.g., Apesteguia and Dufwenberg (2007), Gillet et al. (2011), Hinloopen and Soetevent (2008),
and Hinloopen and Onderstal (2014).
35
See, e.g., Hamaguchi et al. (2009), Fonseca and Normann (2012), Fonseca and Normann (2014),
Gomez-Martinez et al. (2016),

39

making collusion less likely. On the other hand, models with heterogeneous firms that
assume all-inclusive cartels (e.g., Compte et al. (2002) and Vasconcelos (2005)) predict
no effect on the likelihood of collusion. Finally, a quick anti-competitive-effects
analysis based on concentration measures like the Herfindahl-Hirschman index would
suggest that there may be competition concerns. Therefore, our experimental design
(applied to a setting that resembles the relevant market(s) on which the merger takes
place) could help antitrust authorities to decide on which theoretical background they
should base their merger decision.
Previous laboratory experiments also analyze the impact of mergers on market
outcomes. The first and classic study in this area was David and Holt (1994). They
study the impact of two different capacity reallocations on market prices. The baseline
treatment has five sellers (three big and two small). In the second treatment, a capacity
reallocation is imposed keeping constant the number of sellers but having an impact on
the market power36 of big sellers.37 In the third treatment, a merger is imposed reducing
the number of sellers to three and again creating market power to big sellers. They find
that market power has a stronger effect on prices than the reduction of the number of
sellers. David and Wilson (2006) run an experiment in which they introduce synergies
that reduce the marginal cost of the merged firm. They observe that the negative effect
caused by the increase in market concentration is offset by the positive effect of the
synergy. Fonseca and Normann (2008) examine the relevance of unilateral and
coordinated effects caused by a merger. They find that, keeping the number of firms
constant, markets with symmetric structure are less competitive than more asymmetric
markets with higher concentration measures. They conclude that such data patterns are
more in line with coordinated effects than with unilateral effects. Finally, Davis (2002)
and Davis and Wilson (2005) analyze experimentally the Antitrust Logit Model (ALM),
a merger simulation model used by the US Department of Justice to make antitrust
decisions involving mergers.38 They find that ALM works quite well for nonproblematic mergers but has some limitations for mergers that constitute a serious threat
for competition.
The experimental protocol developed in this study consists of a between-subject
36

In the sense that they are able to charge a price higher than the competitive price and still sell their
products.
37
The merger imposed in our study does not induce market power. Competitive price is still Nash
Equilibrium for all firms after the merger.
38
See Werden and Froeb (1994) for details of ALM.
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design where subjects represent firms that are heterogeneous in production capacities.
Firms compete in prices for two parts of 15 rounds each. At the beginning of each part,
group composition and subjects’ roles are randomly determined. Subjects represent the
same firm and face the same competitors for the 15 rounds of each part (fixed
matching). Between parts, subjects are re-matched and firms’ roles are re-assigned.
Firms have to pick the price of their product every round. In addition, they have to
decide whether to be part of a cartel every five rounds. Subjects joining the cartel
agreement can communicate with other cartel members through a chat window before
making a price decision. Communication is costly and unrestricted with a time limit of
5 minutes. Distribution of firms’ capacities is varied between treatments. In the Baseline
Treatment, each market is formed by 6 firms (3 big firms and 3 small firms). In the
Merger Treatment, the redistribution of capacities simulates a merger between a big
and a small firm, resulting in a market of 5 firms (3 big firms and 2 small firms).
Our experimental results can be summarized as follows. When analyzing firms’
cartel decisions, we find that big firms join the cartel agreement more often than small
firms in the Baseline Treatment, which is qualitatively in line with the theoretical
prediction that partial cartels form involving only the big firms in the Baseline
Treatment. In the Merger Treatment, big firms do not join the cartel agreement more
frequently than small firms, which is, to some extent, consistent with the theoretical
prediction that cartel agreements involve both big and small firms in the Merger
Treatment. Comparing outcomes between treatments, we observe that market prices are
20% lower after the merger. Even though the difference is not statistically significant,
the analysis suggests that the merger should be cleared. If we focus our attention to
markets where firms that decide to communicate control enough capacity to form a
profitable cartel,39 we find a clear significant difference in market prices between
treatments: prices decrease more than 30% after the merger. Therefore the merger
increases competition mainly in markets where a cartel is in operation. This can be
explained by the stability of the cartels formed. In markets where an effective cartel
was reached, cartels lasted 8.9 rounds on average in the Baseline Treatment, but only
4.8 rounds in the Merger treatment.
The chapter is structured as follows. In the next section, we present the
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As will be shown later, in our setting, an explicit collusive agreement can only be reached if firms
joining communication represent at least 60% of total market capacity.
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theoretical model that we want to test in our experiment. Section 3.3 presents the
experimental design and protocol and provides some benchmark predictions and
experimental hypotheses. Section 3.4 discusses the experimental results. Section 3.5
concludes.

3.2. Theory
This section develops a model on which the experimental protocol is based and from
which several hypotheses are derived that we test in our experiment. Consider a market
with 𝑛 ≥ 2 firms, labelled 𝑖 = 1, … , 𝑛, competing in an infinitely repeated price game
with homogenous goods. Firms are heterogeneous in terms of production capacities.
Each firm is capacity constrained: Firm 𝑖 can produce at most 𝑘𝑖 units of the good per
period. Without loss of generality we assume 𝑘1 ≥ ⋯ ≥ 𝑘𝑛 . 𝐾 ≡ ∑𝑛𝑖=1 𝑘𝑖 is the
aggregate capacity in the market. Firms can perfectly monitor decisions and payoffs of
the other firms (the entire history is common knowledge) and they discount future
profits with a common discount factor 𝛿 ∈ [0,1). The set of feasible prices is assumed
to be discrete: firms choose their price from the set {0, 𝜀, 2𝜀, … , 𝑣 − 𝜀, 𝑣}, where 𝑣 is a
multiple of 𝜀 and 0 < 𝜀 < 𝑣.40
Firms have a common marginal cost 𝑐 = 𝑚𝜀 ≥ 0, where 𝑚 is an integer, and
face a totally inelastic demand that consists of 𝑀 consumers, each willing to buy one
unit of the good as long as the price does not exceed a common value 𝑣 > 𝑐. Consumers
start buying the product of the firm(s) that charge the lowest price until its (their)
capacities run out. Then, they start buying the products of the firm(s) with the next
lowest price, and so on, until all consumers buy the product. If the sum of the capacities
of all firms charging a common price is higher than the total demand they face, a
proportional rule related to their size is applied to allocate the firms’ demand. Formally,
let 𝐷𝑖 (𝑃𝑖 , 𝑃−𝑖 ) denote the demand faced by firm 𝑖 given its price 𝑃𝑖 and the vector of
prices of the other firms 𝑃−𝑖 , Ω(𝑝) ≡ {𝑗: 𝑃𝑗 = 𝑝} the set of firms charging a common
price 𝑝, and Φ(𝑝) ≡ {𝑗: 𝑃𝑗 < 𝑝} the set of firms charging a price lower than 𝑝. The
following assumption is made:
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Some of the results are characterized for a sufficiently small 𝜀. All results can be generalized for a
decision set of continuous prices.
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𝐼𝑓 0 < 𝑀 − ∑𝑗∈Φ(𝑃𝑖 ) 𝑘𝑗 < ∑𝑖∈Ω(𝑃𝑖 ) 𝑘𝑖 𝑡ℎ𝑒𝑛

A1:

𝐷𝑖 (𝑃𝑖 , 𝑃−𝑖 ) =

𝑀 − ∑𝑗∈Φ(𝑃𝑖 ) 𝑘𝑗
𝑘𝑖
∑𝑖∈Ω(𝑃𝑖 ) 𝑘𝑖

A1 is a proportional allocation rule broadly assumed in this type of models. 41
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Similarly to B&H, another two restrictive but plausible assumptions are made in order
to simplify the analysis:
A2: 𝑘1 < 𝑀
A3: ∑𝑗≠𝑖 𝑘𝑗 ≥ 𝑀 ∀𝑖

A2 ensures that any firm charging a strictly lower price than all other firms will produce
at capacity. A3 implies that marginal-cost pricing is a one-shot Nash Equilibrium.
Finally, let 𝑃Γ and 𝐾Γ = ∑𝑖∈Γ 𝑘𝑖 represent the price and the capacity controlled
by cartel Γ ⊆ {1, … , 𝑛} respectively. From now on, we only consider cartels having
𝐾Γ > 𝐾 − 𝑀. This condition ensures that cartel members are able to charge 𝑃Γ > 𝑐 + 𝜀
and still face a positive residual demand in equilibrium. Only under this condition,
cartel members can earn higher profits than in the one-shot Nash equilibrium.
Two equilibrium conditions are imposed for a potential collusive agreement: (1)
Incentive compatibility in the case of infinitely repeated interaction: any deviation from
the collusive agreement implies an infinite reversion to the one-shot Nash Equilibrium43
and (2) Internal and external stability as defined in B&H:

Definition 3.1a: A cartel Γ is internally stable if and only if:
(1 − 𝛿)𝑉𝑖 (𝑃Γ , Γ) > Π𝑖 (Γ − {𝑖}) ∀ 𝑖 ∈ Γ
41

Imagine several firms charge the same price without any collusive agreement and that their products
are evenly distributed in a certain location. It is clearly more likely that consumers find a product
produced by a big firm than produced by a small firm. A1 is more questionable when allocating the
demand among cartel members. Nevertheless, this way of sharing profits is widely used in practice in
cartel agreements. See Griffin (2001) and Röller and Steen (2006) for two famous cartel agreements
that used this rule.
42
This profit allocation can be seen as a fair bargaining equilibrium as argued in Rawls (1971).
43
Because of A3 and the discreteness of the decision set, there are two one-shot Nash equilibrium
prices: 𝑐 and 𝑐 + 𝜖. Only the latter price emerges as the outcome of a Nash equilibrium in
undominated strategies. All calculations are made assuming that 𝑐 + 𝜖 is the price in the case of
punishment.
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Definition 3.1b: A cartel Γ is externally stable if and only if:
Π𝑗 (Γ) ≥ (1 − 𝛿)𝑉𝑗 (𝑃Γ , Γ + {𝑗}) ∀ 𝑗 ∉ Γ
where 𝑉𝑖 (𝑃Γ , Γ) is the present discounted value for the profit stream of firm 𝑖 ∈ Γ,
Π𝑗 (Γ) is the profit in a single period of a firm 𝑗 ∉ Γ.44 Internal and external stability are
static equilibrium conditions. In every single period, all outsiders prefer not to be a
cartel member and all cartel members prefer to participate in the collusive agreement.
This condition restricts considerably the number of cartels considered as equilibrium.
An all-inclusive cartel and many partial cartels can be incentive compatible, but only a
small set of partial cartels is also both internally and externally stable.
The optimal pricing strategy for firms not belonging to the collusive agreement
is stated in Proposition 3.1. An important implication is stated in Corollary 3.1.45
Proposition 3.1: For any given cartel Γ charging price 𝑃Γ > 𝑐 + 𝜀 and controlling
capacity 𝐾Γ > 𝐾 − 𝑀, the unique best response for all firms 𝑗 ∉ Γ is to undercut the
cartel price, charging 𝑃Γ − 𝜀 in every period.
Corollary 3.1: For any cartel Γ, cartel members produce below capacity and non-cartel
members produce at capacity.

Therefore, no equilibria exists where non-cartel members charge the same or a higher
price than cartel members.
The optimal pricing strategy for cartel members is stated in Proposition 3.2.
Proposition 3.2: For 𝜀 ↓ 0, 𝑃Γ = 𝑣 uniquely maximizes joint profits of any cartel Γ
controlling capacity 𝐾Γ > 𝐾 − 𝑀.
This result is explained by the fact that the cartel agreements are equally stable for any
agreed price 𝑃Γ > 𝑐 + 𝜀, i.e. there is no trade-off between increasing cartel stability and
increasing cartel price and profits. This prediction differs from B&H but it is useful for
our experimental design: any cartel charging 𝑃Γ > 𝑐 + 𝜀 is equally stable but only
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Explicit mathematical definitions are found in Appendix 3.A
All proofs are in Appendix 3.A.
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charging 𝑃Γ = 𝑣 maximizes joint profits. 46
The next proposition states that any combination of firms facing a positive
residual demand can form an incentive compatible cartel for a sufficiently high common
discount factor.
Proposition 3.3: For any cartel Γ controlling 𝐾Γ > 𝐾 − 𝑀, there always exist a
𝛿𝑚𝑖𝑛 (Γ) ∈ (0,1) such that ∀ 𝛿 > 𝛿𝑚𝑖𝑛 (Γ) it is incentive compatible.
As said, to restrict the number of equilibria, external and internal stability is imposed.
The following propositions characterize the conditions that need to be satisfied for a
cartel to be internally and externally stable:
Proposition 3.4a: A cartel Γ is externally stable if and only if
𝐾−𝑀

𝜀 < 𝜀1 = (𝑣 − 𝑐) (𝐾

Γ +𝑘𝑗

) ∀ 𝑗 ∉ Γ.

Proposition 3.4b: A cartel Γ is internally stable if and only if
𝐾

𝐾 − 𝐾Γ + 𝑘𝑖 ≥ 𝑀 ∀ 𝑖 ∈ Γ for any 𝜀 < 𝜀2 = (𝑣 − 𝑐)(𝑀 − 𝐾 + 𝐾Γ ) 𝐾

Γ𝑀

.47

In words, for sufficiently small 𝜀, any cartel Γ is externally stable, meaning that any
outsider individually never finds it optimal to join a cartel in operation. The second part
of the results shows that cartels are only internally stable if no firm can leave the cartel
without implying that residual demand becomes 0 for the rest of the cartel members.

3.3 Experimental procedures, experimental design and hypotheses

3.3.1 Experimental procedures
Markets formed in each part of the experiment differ from the theoretical model
presented before in three aspects. First, for obvious technical reasons, the time horizon
becomes finite. Second, we introduce costly communication possibilities among
46

For 𝜀 > 0 the effect on stability is negligible

47

𝜀1 and 𝜀2 are not restrictive: the result holds for a sufficiently small 𝜀.
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firms.48 Finally, firms individually and simultaneously decide whether to join the cartel
agreement (the theoretical framework states which cartel compositions are equilibrium,
but do not specify how these agreements are reached).
Groups of six and five subjects (for the Baseline and Merger treatments
respectively) were formed at the beginning of each session. Therefore, markets are
formed by 6 firms in the Baseline Treatment and by 5 firms in the Merger Treatment.
Firms compete in prices. All firms have zero cost of production. Total capacity is 𝐾 =
270 in both treatments but only 𝑀 = 120 consumers are willing to buy the product at
a reservation price of 𝑣 = 10. Each participant representing a firm has to make two
decisions:
Decision 1: indicate whether she wants to join a cartel agreement by pushing a
“yes” or a “no” button. Subjects joining the cartel agreement can communicate with
other cartel members through a chat window before making a price decision. Cartel
decision is made every 5 rounds (before rounds 1,6 and 11). Communication is possible
only once after each cartel decision, it has a cost of 20 points, it is content free 49 50 51
and it has a time limit of 5 minutes.

Decision 2: Pick the price of their product. Price decision is made every round.
The participants could choose only integer prices from 0 to 10 (𝜀 = 1). Subjects are
free to choose any price independently of the cartel decision they made and
independently of the conversations emerged during the chat.
Subjects representing firms competed for two identical parts of 15 rounds each.52
Subjects face the same competitors and represent the same firm for the 15 rounds of
each part (fixed matching). Between parts, subjects from two different markets are rematched and their firms’ roles are re-assigned. Treatments only differed in the
distribution of firms’ capacities and in the number of firms competing in the same
48

Without communication, collusion is rarely found in the lab for markets formed by three or more
firms. See Huck et al. (2004).
49
Usual restrictions were mentioned to the subjects: no offensive language and not to reveal your
identity.
50
Non-restrictive communication was chosen because this form of communication is the most
effective to reach collusive agreements. See Cooper and Kuhn (2014).
51
This option is the best to increase the external validity of the experiment.
52
An ending probability is not included after period 15. Selten and Stoecker (1986) and Haan and
Schoonbeek (2009) show that, excluding ending effects and for a sufficiently long time horizon,
behaviour is the same in market games with and without ending probability.
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market. Participants only participated in one of the treatments (between-subject design).
The parameters used for each of the treatments satisfy assumptions A1-A3. A copy of
the instructions for the Baseline Treatment can be found in Appendix 3.E. In addition,
in order to be sure that subjects understood the rules of the game, they had to answer
some test questions before the experiment started. In order to make price decisions
easier, a profit calculator was available during the experiment for all subjects. They
could introduce any price combination for all firms in the market, and the calculator
would show the profits for each of the firms. In addition, they have full information
about past decisions and profits of all the firms in the market. 53
The experiment was conducted at the CREED experimental laboratory at the
University of Amsterdam. 11 computerized54 sessions were run, 6 for Baseline
Treatment and 5 for the Merger Treatment. In total, 176 subjects participated in the
experiment, forming 32 markets per treatment. Participants were Bachelor students
from a variety of areas, mainly from Business and/or Economics. Total earnings
consisted in a show up fee of 7 euros plus 1 euro for each 250 points earned during the
30 rounds of the experiment. Sessions lasted between 60 and 90 minutes and average
earnings were 18.91 euros.

3.3.2 Experimental design
The experimental design consists of two treatments: Baseline and Merger. Participants
only participated in one of the treatments (between-subject design). 6 firms compete in
the Baseline Treatment:


Firms 1,2 and 3 are large firms with production capacities per period of 𝑘1 =
80, 𝑘2 = 70 𝑎𝑛𝑑 𝑘3 = 60 respectively



Firms firms 4, 5, and 6 are small firms with production capacities per period of
𝑘4 = 𝑘5 = 𝑘6 = 20 respectively.

The Merger Treatment simulates a merger between firms 2 and 6. Therefore 5 firms
compete in prices:

53

In Appendix 3.C, three screenshots can be seen that illustrate how cartel decision was introduced to
subjects, how the chat window looked like and how past information is provided to the subjects.
54
The program was written using PHP and MySQL.
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3 big firms (firms I, II, and III) with respective capacities 𝑘𝐼 = 90, 𝑘𝐼𝐼 =
80 𝑎𝑛𝑑 𝑘𝐼𝐼𝐼 = 60



2 small firms (firms IV and V) with respective capacities 𝑘𝐼𝑉 = 𝑘𝑉 = 20.

Therefore, firm I can be seen as the firm resulting from the merge between firms 2 and
6 from the Baseline treatment. Firms II, III, IV and V can be seen as the pre-merger
firms 1,3,4 and 5 respectively. The procedures are exactly the same in both treatments
(only the distribution of capacities is varied).55

3.3.3 Benchmark predictions and experimental hypotheses.
In this section, we only consider cartels where joint-profits are maximized i.e. cartels
charging 𝑃Γ = 10 (any 𝑃Γ < 10 do not increase cartel stability and reduces cartel
profits). Three types of benchmark predictions for the experimental Bertrand game are
described.
1) One-shot Nash Equilibrium: 𝑷𝒋 = 𝟏 (for both treatments). When no
collusive agreement is successful in a certain market, prices converge to the
competitive price.
2) All-inclusive cartel: Γ{1,2,3,4,5,6} 𝑜𝑟 Γ{𝐼,𝐼𝐼,𝐼𝐼𝐼,𝐼𝑉,𝑉} ∶ 𝑃Γ = 10 ,
𝛿𝑚𝑖𝑛 ( Γ{1,2,3,4,5,6} ) = 𝛿𝑚𝑖𝑛 ( Γ{𝐼,𝐼𝐼,𝐼𝐼𝐼,𝐼𝑉,𝑉} ) = 0.56
Cartels formed by all firms are incentive compatible for the infinite period game
in both treatments when firms’ common discount factor is bigger than 0.56. In contrast,
this type of cartel agreement is not internally stable: (see proposition 4b):
𝐾 − 𝐾Γ + 𝑘𝑖 = 270 − 270 + 𝑘𝑖 < 120 = 𝑀 ∀ 𝑖 ∈ Γ because 𝑘𝑖 < 120 ∀ 𝑖 ∈ Γ .
All firms have strong incentives to individually leave the collusive agreement: the
cartel still faces a positive residual demand after any firm 𝑖 leaves the agreement.

3) Incentive compatible, internally and externally stable partial cartels:

55

Tables 3.B1 and 3.B2 in Appendix 3.B show all the parameters used in each treatment.
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a. For the Baseline Treatment:
i. Γ{1,2,3} ∶ 𝑃Γ = 10, 𝑃𝑗 = 9 ∀𝑗 ∉ Γ , 𝛿𝑚𝑖𝑛 ( Γ{1,2,3} ) = 0.71
All the big firms form this partial cartel. Small firms act as
outsiders undercutting the collusive price. This cartel is the one
that requires the lowest minimum discount factor to be incentive
compatible.
ii. Γ{1,2,𝑘} , Γ{1,3,𝑘} , Γ{2,3,𝑘,𝑙} : 𝑃Γ = 10, 𝑃𝑗 = 9 ∀𝑗 Γ ,
𝑘, 𝑙 𝑠𝑚𝑎𝑙𝑙 𝑓𝑖𝑟𝑚𝑠
𝛿𝑚𝑖𝑛 ( Γ{1,2,𝑘} ) = 𝛿𝑚𝑖𝑛 ( Γ{2,3,𝑘,𝑙} ) = 0.88 ,
𝛿𝑚𝑖𝑛 ( Γ{1,3,𝑘} ) = 0.94
Partial cartels formed by both big and small firms. 2 big firms
and either 1 or 2 small firms can be part of an internally and
externally stable cartel. They require a very high common
discount factor to be incentive compatible.

b. For the Merger Treatment:
i. Γ{𝐼,𝐼𝐼} ∶ 𝑃Γ = 10, 𝑃J = 9 ∀𝑗 ∉ Γ , 𝛿𝑚𝑖𝑛 ( Γ{𝐼,𝐼𝐼} ) = 0.88
Partial cartel formed by the two biggest firms. Firm III and small
firms act as outsiders. It requires a high common discount factor
to be incentive compatible.
ii. Γ{𝐼,𝐼𝐼𝐼,𝑘} , Γ{𝐼𝐼,𝐼𝐼𝐼,𝑘} , 𝑃Γ = 10, 𝑃J = 9 ∀𝑗 ∉ Γ , 𝑘 𝑠𝑚𝑎𝑙𝑙 𝑓𝑖𝑟𝑚
𝛿𝑚𝑖𝑛 ( Γ{𝐼,𝐼𝐼𝐼,𝑘} ) = 0.88 , 𝛿𝑚𝑖𝑛 ( Γ{𝐼𝐼,𝐼𝐼𝐼,𝑘} ) = 0.94
Partial cartel formed by two big firms and a small firm. It
requires a high common discount factor to be incentive
compatible.

From the benchmark predictions (and using minimum discount factor and internal and
external stability as criteria) some experimental hypotheses can be derived and will be
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tested in the lab:

Hypothesis 3.1: All-inclusive cartels do not form.

Because this type of collusive agreement is not internally stable, each firm individually
has strong incentives to leave the cartel agreement. In addition, due to the proportional
allocation rule, profits are very asymmetric under this agreement.56

Hypothesis 3.2: Partial cartels involving all the big firms will be found in the Baseline
Treatment.

This is the cartel agreement that is internally and externally stable with the lowest
minimum discount factor to be incentive compatible in the Baseline Treatment. In
addition, this agreement generates a symmetric distribution of profits.

Hypothesis 3.3: Partial cartels involving the two biggest firms and partial cartels
involving big and small firms will be found in the Merger Treatment.

There is no clear focal cartel agreement equilibrium in the Merger Treatment, so
different types of cartels may arise.

Hypothesis 3.4: Cartels will be more stable in the Baseline Treatment than in the
Merger Treatment. As a consequence, markets will become more competitive after the
merger.

In the Merger Treatment, all partial cartels in equilibrium generate a very asymmetric
distribution of profits. In addition, the minimum discount factor necessary for these
cartels to be incentive compatible is very high compared to the partial cartel agreement
involving all big firms in the Baseline Treatment. As a consequence, firms have strong
incentives to cheat on the collusive agreement in the Merger Treatment.

Hypothesis 3.5: Prices will converge to competitive prices in markets where cartel

56

Individual firms’ profits under each collusive agreement are described in Appendix 3.B.
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members control less than 60% of the production capacity.
For any cartel to face a positive residual demand it is necessary that 𝐾Γ > 𝐾 − 𝑀 =
150. In fact, in our setting, the smallest capacity combination that satisfies this
condition is 160. Therefore, it is not possible to reach a successful explicit collusive
agreement if the cartel does not control at least 60% of the market capacity.

3.4. Results
Concerning the statistical analysis, we have data from 64 markets: 32 per treatment.
Due to the structure of the experiment, where re-matching occurs in groups of 12 for
Baseline and groups of 10 for Merger, groups of 4 markets involve the same subjects
(two in part 1 and two in part 2) and therefore they are not independent. When doing
non-parametric tests, we use as a single observation the averaged measure from the 4
non-independent markets. Therefore we have 8 independent observations per treatment.
When doing parametric analysis, standard errors are clustered using the nonindependent markets as a single observation.
Section 3.4.1. studies the type of cartels that emerged in the lab. Section 3.4.2.
studies the effect of the simulated merger, comparing prices between treatments.
Section 3.4.3. focuses on markets where explicit collusion is feasible, introducing a new
variable that measures the share of aggregate capacity that joins communication.

3.4.1. Cartel composition: All-inclusive vs. partial cartels
Cartel participation and therefore cartel composition can be determined in two different
ways from the individual decisions made by subjects during the experiment. As
generally done by antitrust authorities in real-world markets, cartel participation can be
determined by firms’ individual communication decisions. A firm belongs to the cartel
agreement if it decides to communicate. Cartel participation can be also defined by the
price decisions made by firms. Firms charging a price equal to 10 and facing a positive
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residual demand57 can be considered as cartel members, while the rest of the firms can
be seen as outsiders. This definition can be justified from the theoretical model without
communication. When a group of firms charge a price of 10, any deviation from this
price in a single period affects the profits of the other firms in the cartel, and deviations
may be punished. On the other hand, firms charging a price lower than 10 do not affect
other firms’ profits when changing their price decision and therefore just maximize
their profits in every period.
The first experimental result states that, independently of the approach used to
measure cartel participation, all-inclusive cartels are very rarely found. In particular,
there is no single market where all firms choose a price of 10 for a single period. If
communication decisions are used as criterion, all firms decide to communicate in only
11 of the 192 communication decisions (3 communication decisions per market).
Result 3.1a: No all-inclusive cartels emerged if cartel participation is defined by price
decisions.
Result 3.1b: If cartel participation is defined by communication decisions, all-inclusive
cartels emerged just in 5,7% of the communication decisions. (3,1% and 8,3% for
Baseline and Merger respectively)
Therefore, it is evident from this result that in almost all markets, either no cartel or a
partial cartel emerged in the lab. Graphs representing the evolution of price decisions
per firm in each of the 64 experimental markets are found in Appendix 3.C. From this
graphs we can conclude that partial cartels emerged in 32 of the 64 experimental
markets (cartels consisting of at least two firms charging a price of 10 and facing a
positive demand while other firm(s) charging a lower price).58
Result 3.2: Cartel agreements (cartels consisting of at least two firms charging a price
of 10 and facing a positive demand) are found in half of the experimental markets. All
collusive agreements are partial cartels.
Result 3.2. confirms the first experimental hypotheses: endogenous partial cartels are
found in the lab. Figure 3.1 shows that cartel incidence does not vary across treatments.
57

Sets of firms charging a price of 10 and not facing a positive residual demand are not considered to
be a cartel.
58
Price structure for at least one round. The stability and length of the cartels will be studied in the
next section.
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The next natural question is to uncover the nature and composition of the partial cartels
formed. Cartel composition is relevant because can play a key role in the stability of
the cartels formed, as discussed later on. Even though cartel incidence does not vary
across treatments, cartel composition does. Cartels can be divided into two types
depending on the size of the firms that belong to the collusive agreement: cartels formed
only by big firms and cartels formed by both small and big firms. 59 Figure 3.2 shows
the distribution of cartel types between treatments using price decisions approach to
classify cartels. The distribution of cartel types is clearly different between treatments
(Fisher Test p-value=0.029). Cartels that emerged in the Baseline Treatment contain
mostly only big firms. Most of the cartels that emerged in the Merger Treatment include
both big and small firms. There are a considerable amount of cartels involving all big
firms in the Merger Treatment too. This type of cartel, according to theory, is not
internally stable, what may imply that internal stability is not always relevant
behaviorally. No cartel agreements with only the two biggest firms are found.
These results are confirmed by the communication decisions of big and small
firms. Figure 3.3a and Figure 3.3b show the likelihood of joining communication for
each firm type.60 In the Baseline Treatment, it is more likely that big firms join the cartel
agreement than small firms. Firms 1,2 and 3 join communication more often than small
firms (two-side Wilcoxon tests; p=0.06, p=0.01, and p=0.07 respectively). Wilcoxon
tests do not find significant differences when comparing big firms pairwise. On the
contrary, small firms do not join less often the cartel agreement in the Merger
Treatment.

Result 3.3a: Most of the partial cartels formed in the Baseline Treatment only involve
big firms.
Result 3.3b: Most of the partial cartels formed in the Merger Treatment involve both
big and small firms. We find also a considerable number of non-internally stable partial
cartels formed only by the three big firms.

Result 3.3a confirms hypothesis 3.2. Hypothesis 3.3 is only partially confirmed by

59

Small firms alone do not reach the minimum capacity necessary for a cartel to face a positive
residual demand.
60
Likelihood of firms 4,5,6 and firms IV, V are averaged.
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Result 3b. A considerable amount of not internal partial cartels involving all big firms
are also found in the Merger Treatment. This suggests that incentive compatibility with
a low minimum discount factor and a symmetric distribution of profits plays a more
important role behaviorally than the internal stability refinement.

Figure 3.1: Cartel incidence per treatment.

Figure 3.2: Cartel division using firms’ price decisions

* All cartels found here involve all big firms; these cartels are not internally
stable.
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Figure 3.3a: Likelihood of joining communication per firm type: Baseline Treatment
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68,75%
62,50%
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47.92%

50%
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Firms 1,2 and 3 (Big Firms)

Firms 4,5,6 (Small Firms)

Figure 3.3b: Likelihood of joining communication per firm type: Merger Treatment
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50%
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40%

30%
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3.4.2. Coordinated effects caused by the merger.
One of the goals of our analysis is to compare the degree of competitiveness/efficiency
before and after the merger. As a measure for competitiveness we use the average
selling price (average price decision weighted by the quantity sold by each of the firms).
This measure is an exact linear combination of alternative variables to determine market
competitiveness, like individual/aggregate profits or consumer surplus. The difference
in prices between treatments measures the coordinated effects of the merger imposed
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in the design. Figure 3.4 shows average selling price for each of the treatments. Price
decreases almost by one unit because of the merger, but this difference is not significant
(two sided Mann-Whitney U test p-value=0.11).

Result 3.4: The merger has no significant effect on the price.

Why is this difference not as big as second part of hypothesis 3.4 predicted? Two facts
can explain why the merger did not have an overall strong effect on market
competitiveness. First, subjects were not able to reach a collusive agreement in half of
the groups. An explicit collusive agreement is not easy to reach in our setting (firms
joining communication need to represent at least 60% of market capacity). As will be
shown in the next section, prices are not significantly different between treatments in
markets where no collusive agreement is reached. Only significant price differences are
found when enough firms join communication. Second, there are a considerable amount
of non-internally stable cartels involving all big firms in the Merger Treatment, which
is not predicted by the theoretical model.

Figure 3.4: Average selling price per treatment
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3.4.3. Cartel size and market prices.
In this section we explore the relation between the share of aggregate capacity joining
communication and the degree of competition. Markets can be distinguished in terms
of whether enough capacity joins communication to form an explicit collusive
agreement. Under the parameters used in the experiment, 60% of aggregate capacity
should join communication (𝐾Γ ≥ 160).61 If this threshold is not reached in a certain
communication decision stage, it is not possible to reach an explicit collusive
agreement. Using this division, prices are compared between treatments for each of
both cases. Figure 3.5 shows the results. First, average selling prices are clearly higher
in markets where enough capacity is reached to form a potential cartel (two-sided
Mann-Whitney U-test p=0.01 for both Baseline and Merger). This is in line with
hypothesis 3.5. Second, in markets where an explicit collusive agreement is not
possible, average selling prices do not significantly differ between treatments (twosided Mann-Whitney U-test p=0.65). In other words, the merger does not affect
competition in markets where no cartels are operating. Finally, if we compare average
selling prices in markets where enough capacity joins communication, average selling
price decreases significantly because of the merger (Mann –Whitney U test p=0.025).
This result is summarized below.

Result 3.5: Average selling price significantly decreases by 30% due to the merger in
markets where firms joining the cartel control at least 60% of the production capacity.

Result 3.5 suggests that the merger makes markets more competitive when a cartel is
in operation. Studying the stability of the cartels formed in each of the treatments can
serve as supporting evidence for this claim. Cartel stability is measured by the number
of rounds that all cartel members decide a price in accordance to the collusive
agreement (agreement explicitly reached during the chat or implicitly reached from a
certain round). Figure 3.6 shows that cartels are more stable in the Baseline Treatment.

61

Share of aggregate capacity is calculated using the average among the three communication
decisions in a market.
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On average, in markets where a cartel emerged, the collusive agreement worked as
agreed in 8.9 of the 15 rounds in the Baseline Treatment, but only in 4.8 rounds in the
Merger Treatment (Mann-Whitney U test p=0.015). This result confirms the first part
of hypothesis 3.4.

Result 3.6: Cartels are less stable after the merger.

Finally, the relation between capacity joining communication and market prices is
studied more in deep. Figure 3.7 shows that there exists a clear positive relation between
the share of capacity joining communication and average selling price in a certain
market. This effect may be different between treatments though. Consider the following
specification:
𝐴𝑆𝑃𝑖 = 𝛽0 + 𝛽1 𝑇𝑖 + 𝛽2 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖 + 𝜀𝑖

(1)

Where 𝐴𝑆𝑃𝑖 is the average selling price over the 15 rounds in group 𝑖, 𝑇𝑖 is a dummy
variable that takes value 1 for the Merger Treatment and 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖 is the average share
of market capacity that joins communication in group 𝑖. Specification (1) shows the
effect of the merger on average selling price controlling for the share of capacity joining
communication. First column in Table 3.1 shows the results. Given a certain share of
capacity, average selling price decreases by almost one unit due to the merger. This is
significant at 10% level.62
This last specification does not allow for different effects of the merger on prices
for different share of capacities. But in fact, this may be the case. Consider the
following specification:
𝐴𝑆𝑃𝑖 = 𝛽0 + 𝛽1 𝑇𝑖 + 𝛽2 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖 + 𝛽3 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖 ∗ 𝑇𝑖 + 𝜀𝑖

(3)

This specification is totally flexible in terms of slope and intercept for each of the
treatments. Specification (3) in Table 3.1 shows the results. 𝛽1 is not significantly
different from 0, meaning that the merger do not have any effect on prices when all

62

Similar result is found when controlling for a dummy variable that takes value 1 if enough capacity
joins communication. See specification (2) in Table 3.1.
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firms decide to not communicate. On the other hand, as capacity controlled by the cartel
increases, the effect of the merger becomes stronger. The effect of the merger is
maximized when the share of capacity controlled by the cartel reaches 1. This is
represented in Figure 3.8.

Finally, an alternative specification can be constructed that may better explain how
market prices depend on the cartel size and on the merger imposed in the design.
Consider the following specification:

𝑆𝑃𝑖 = 𝛽0 + 𝛽1 𝑇𝑖 + 𝛽2 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖 + 𝛽3 𝐾𝑖 + 𝛽4 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖 ∗ 𝐾𝑖 + 𝛽5 𝑇𝑖 ∗ 𝐾𝑖 + 𝜀𝑖

(4)

where 𝐾𝑖 is a dummy variable that takes value 1 if the capacity joining communication
reaches the minimum necessary to reach an explicit collusive agreement in group 𝑖.
Specification (4) in Table 3.1 shows the results. In groups where not enough capacity
joins communication (𝐾𝑖 = 0), neither the merger nor the capacity controlled by the
cartel affects prices. In contrast, when the threshold is reached (𝐾𝑖 = 1), price increases
when more capacity is controlled by the cartel (in both treatments). In addition, the
merger significantly reduces the price by 2.49 units. This result is graphically
represented in Figure 3.9. 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖 and 𝑇𝑖 do not have an effect when the capacity
controlled by the cartel does not reach the threshold. On the other hand, when firms
that form the cartel control enough capacity, the merger has a strong negative effect on
prices and capacity a positive effect on prices. The last results are summarized below.

Result 3.7a: The effect of the merger on market prices increases with cartel size: it has
no effect when no firms join communication, and it is maximized when the cartel
controls all the capacity.
Result 3.7b: The merger and the capacity joining communication do not affect market
prices when the capacity threshold is not reached. In contrast, the merger decreases
average selling price when enough firms join communication.
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Figure 3.5: Average selling price by capacity threshold and by treatment.

Figure 3.6: Number of rounds that the cartel works as agreed.
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Figure 3.7: ASP and average share of capacity joining communication

Table 3.1: Relation between average selling price, cartel size and the merger

Intercept
𝑇𝑖
𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖

𝐴𝑆𝑃𝑖 (1)
0.8721
(0.9307)
-0.9721*
(0.5131)
7.7453***
(1.4787)

𝐴𝑆𝑃𝑖 (2)
3.8512***
(0.9307)
-1.1196**
(0.5206)

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖
∗ 𝑇𝑖

𝐴𝑆𝑃𝑖 (3)
-0.8227
(0.9831)
1.6431
(1.4669)
11.0054***
(1.4750)
-4.9569**
(4.8370)

2.5783***
(0.6687)

𝐾𝑖
𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖
∗ 𝐾𝑖
𝑇𝑖 ∗ 𝐾𝑖
n

64

64

64

𝐴𝑆𝑃𝑖 (4)
1.4957
(1.5684)
-0.1630
(0.8129)
5.2526
(3.9492)

-7.0992***
(2.2367)
12.6316***
(4.2850)
-2.3175**
(0.9010)
64

Note: Robust standard errors in parenthesis.
*p<0.1 , **p<0.05 , *** p<0.01
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Figure 3.8: Relation between average selling price, cartel size and treatment

Figure 3.9: Relation between average selling price, cartel size and treatment

3.5. Conclusions
This chapter contributes to the literature that uses experimental methods for antitrust
and economic policy making. In particular, this work is the first experimental study
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systematically finding partial cartels in a setting in which the cartel size is endogenous.
This is policy relevant because the coordinated effects of mergers may depend crucially
on the kind of cartels that may operate in a market. Assuming that only all-inclusive
cartels may emerge, like in Compte et al. (2002), may lead to misleading results. In
contrast, in this work, predictions are derived from a variant of B&H’s model where
partial cartels may emerge endogenously. Our experimental results support the model
predictions in many ways. Stable partial cartels involving only the big firms are most
of the cartels found in the Baseline Treatment. Less stable partial cartels involving big
and small firms are found in the Merger Treatment. In contrast, some predictions are
not completely validated. The merger did not have a strong effect on market prices as
predicted by the model. This was in part due to the fact that a considerable number of
internally unstable cartels emerged in the Merger Treatment, which may put some doubt
on the behavioral relevance of the internal stability refinement. The merger did decrease
prices significantly in markets where the cartel controlled at least 60% of the production
capacity.
In conclusion, merger analysis focusing on concentration measures like the
Herfindahl-Hirschman index or on all-inclusive cartels alone (as Compte et al. (2002)
do for the Nestlé-Perrier case) may overlook important effects of a merger. An
experimental simulation of a merger case could reveal what theory is the most relevant
for the particular market in which the merging firms are active, so that the antitrust
authority could reach a better informed decision regarding the coordinated effects of a
merger.
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APPENDIX 3.A:
Proof Proposition 3.1:
Consider the following two cases:


𝐾Γ > 𝑀 :

Suppose𝑃Γ < 𝑣. Firm 𝑖 ∉ Γ will never charge 𝑃𝑖 > 𝑃Γ because 𝐷𝑖 (𝑃𝑖 , 𝑃−𝑖 ) = 0 and
therefore Π𝑖 = 0. If firm 𝑖 ∉ Γ charges 𝑃Γ will produce under capacity. If it charges
𝑃𝑖 < 𝑃Γ , it produces at capacity independently of what the prices of the other firms 𝑗 ∉
Γ are. This is because cartel Γ needs to satisfy: 𝐾Γ > 𝐾 − 𝑀 ⟶ 𝑀 − (𝐾 − 𝐾Γ ) >
0 ⟶ 𝑀 > (𝐾 − 𝐾Γ ). The total capacity of the outsiders is smaller than M so they can
sell all units. Because firm 𝑖 ∉ Γ is producing at capacity ∀ 𝑃𝑖 < 𝑃Γ , for a sufficiently
small 𝜀, the optimal price ∀𝑖 ∉ Γ is 𝑃Γ − 𝜀 . For 𝑃Γ = 𝑣 same proof without the case
𝑃𝑖 > 𝑃Γ .


𝐾Γ < 𝑀 :

Suppose 𝑃Γ < 𝑣 and that outsiders charge a price higher than 𝑃Γ . First, notice that under
this case, there are at least two outsiders. Suppose there is only one firm 𝑖 ∉ Γ. A3
implies ∑𝑗≠𝑖∉Γ 𝑘𝑗 = 𝐾Γ ≥ 𝑀 that contradicts 𝐾Γ < 𝑀. Therefore, under this situation,
outsiders compete a la Bertrand for a residual capacity 𝑀 − 𝐾Γ . Suppose all 𝑖 ∉ Γ
charge 𝑃𝑖 = 𝑣. They produce under capacity because 𝐾Γ + (𝐾 − 𝐾Γ ) > 𝑀. This is not
a Nash Equilibrium for outside firms because each firm 𝑖 ∉ Γ would obtain higher
profits deviating to price 𝑣 − 𝜀 for a sufficiently small 𝜀. To proof that, we have to
compare the demand faced by firm

𝑖 ∉ Γ charging 𝑃𝑖 = 𝑣, that is

demand charging 𝑃𝑖 = 𝑣 − 𝜀 that is min(𝑘𝑖 , 𝑀 − 𝐾Γ ).
implies K>M. Therefore

𝑀−𝐾Γ
𝐾−𝐾Γ

k i < 𝑘𝑖 . In addition,

when there are two or more outsiders. Therefore
conclude that

𝑀−𝐾Γ
𝐾−𝐾Γ

𝑀−𝐾Γ
𝐾−𝐾Γ
𝑘𝑖

𝐾−𝐾Γ
𝑀−𝐾Γ
𝐾−𝐾Γ

𝑀−𝐾Γ
𝐾−𝐾Γ

k i and the

< 1 because of A3 that

< 1 because 𝐾 − 𝐾Γ < 𝑘𝑖
k i < 𝑀 − 𝐾Γ . So we can

k i < min(𝑘𝑖 , 𝑀 − 𝐾Γ ). With the same reasoning, firms continue
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undercutting prices until they reach 𝑃𝑖 = 𝑃Γ + 𝜀. Again, this is not a Nash Equilibrium
for sufficiently small 𝜀 because firm 𝑖 ∉ Γ can charge 𝑃Γ − 2𝜀 and face demand 𝑘𝑖
(because 𝐾Γ > 𝐾 − 𝑀) compared to the demand faced when charging 𝑃𝑖 = 𝑃Γ + 𝜀, that
is

𝑀−𝐾Γ
𝐾−𝐾Γ

k i . A3 implies K>M and therefore 𝑘𝑖 >

𝑀−𝐾Γ
𝐾−𝐾Γ

𝑘𝑖 . Therefore firms never find

optimal to charge 𝑃𝑖 > 𝑃Γ . Finally, we have to prove that 𝑃𝑖 = 𝑃Γ for 𝑖 ∉ Γ is not a Nash
Equilibrium for any other price combinations of the other outsiders. Because firms
never charge 𝑃𝑖 > 𝑃Γ and K>M, charging 𝑃𝑖 = 𝑃Γ implies to produce under capacity.
In contrast, charging 𝑃𝑖 < 𝑃Γ implies to produce at capacity. Therefore it is optimal for
every 𝑖 ∉ Γ to charge 𝑃𝑖 = 𝑃Γ − 𝜀. They all produce at capacity because so no further
undercutting is necessary. For 𝑃Γ = 𝑣 same proof without the case 𝑃𝑖 > 𝑃Γ .

∎

Notice: Profits of outsiders given cartel Γ is: Π𝑗 (Γ) = (𝑃Γ − 𝜀 − 𝑐)𝑘𝑗 , ∀ 𝑗 ∉ Γ

Proof Proposition 3.2:
The problem of the cartel is to find the price 𝑃Γ that maximizes the infinite stream of
joint profits satisfying the ICC:
1
𝑀𝑎𝑥 𝑉(𝑝, Γ) ≡ (
) (𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ ))
1−𝛿
𝑠. 𝑡.
𝛿

𝑉𝑖 (𝑝, Γ) ≥ π∗𝑖,𝐶 + 1−𝛿 𝜀
1

𝑀𝑘𝑖
𝐾

, ∀𝑖 ∈ Γ

(ICC)

𝑘

where 𝑉𝑖 (𝑝, Γ) ≡ (1−𝛿) (𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ )) (𝐾 𝑖 ) and
Γ

π∗𝑖,𝐶
(𝑃Γ − 𝜀 − 𝑐)𝑘𝑖
={

𝑀𝑎𝑥 { (𝑃Γ − 𝜀 − 𝑐)

𝑀𝑘𝑖
, (𝑃Γ − 2𝜀 − 𝑐)𝑘𝑖 }
𝐾 − 𝐾Γ + 𝑘𝑖

𝑖𝑓

𝐾 − 𝐾Γ + 𝑘𝑖 ≤ 𝑀

𝑖𝑓

𝐾 − 𝐾Γ + 𝑘𝑖 > 𝑀

If 𝐾 − 𝐾Γ + 𝑘𝑖 ≤ 𝑀 , the ICC becomes:

(

1
𝑘𝑖
𝛿
𝑀𝑘𝑖
) (𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ )) ( ) ≥ (𝑃Γ − 𝜀 − 𝑐)𝑘𝑖 +
𝜀
⟺
1−𝛿
𝐾Γ
1−𝛿 𝐾
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𝑘𝑖
𝑀𝑘𝑖
(𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ )) ( ) ≥ (1 − 𝛿)(𝑃Γ − 𝜀 − 𝑐)𝑘𝑖 + 𝛿𝜀
𝐾Γ
𝐾
When 𝜀 ⟶ 0 the ICC becomes:

(𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ )) (

𝑘𝑖
) ≥ (1 − 𝛿)(𝑃Γ − 𝑐)𝑘𝑖 ⟺
𝐾Γ

((𝑀 − (𝐾 − 𝐾Γ )) (

𝛿≥

1
) ≥ (1 − 𝛿)
𝐾Γ

𝐾−𝑀
𝐾Γ

This last expression does not depend on 𝑃Γ .
∗
If 𝐾 − 𝐾Γ + 𝑘𝑖 > 𝑀 and for sufficiently small 𝜀 , π𝑖,𝐶
= (𝑃Γ − 2𝜀 − 𝑐)𝑘𝑖 . Hence, ICC

becomes:

(

1
𝑘𝑖
𝛿
𝑀𝑘𝑖
) (𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ )) ( ) ≥ (𝑃Γ − 2𝜀 − 𝑐)𝑘𝑖 +
𝜀
1−𝛿
𝐾Γ
1−𝛿 𝐾
(𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ )) (

𝑘𝑖
𝑀𝑘𝑖
) ≥ (1 − 𝛿)(𝑃Γ − 2𝜀 − 𝑐)𝑘𝑖 + 𝛿𝜀
𝐾Γ
𝐾

When 𝜀 ⟶ 0 the ICC becomes:

(𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ )) (

𝑘𝑖
) ≥ (1 − 𝛿)(𝑃Γ − 𝑐)𝑘𝑖 ⟺
𝐾Γ

((𝑀 − (𝐾 − 𝐾Γ )) (
𝛿≥

1
) ≥ (1 − 𝛿)
𝐾Γ

𝐾−𝑀
𝐾Γ

This last expression does not depend on 𝑃Γ .
Therefore for a sufficiently small 𝜀 the problem of the cartel becomes:
1
𝑀𝑎𝑥 𝑉(𝑝, Γ) ≡ (
) (𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ ))
1−𝛿
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𝑠. 𝑡.
𝛿≥

𝐾−𝑀
,
𝐾Γ

∀𝑖 ∈ Γ

Cartel stability does not depend on 𝑃Γ and therefore cartel profits are maximized when
𝑃Γ = 𝑣 ∎

Proof Proposition 3.3:

To proof proposition 3, we have to consider 3 cases:
1) If 𝐾 − 𝐾Γ + 𝑘𝑖 ≤ 𝑀 , the ICC becomes:

(

1
𝑘𝑖
𝛿
𝑀𝑘𝑖
) (𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ )) ( ) ≥ (𝑃Γ − 𝜀 − 𝑐)𝑘𝑖 +
𝜀
⟺
1−𝛿
𝐾Γ
1−𝛿 𝐾

𝛿𝜀

𝑀𝑘𝑖
𝑘𝑖
+ (1 − 𝛿)(𝑃Γ − 𝜀 − 𝑐)𝑘𝑖 − (𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ )) ( ) ≤ 0 ⟺
𝐾
𝐾Γ

𝛿𝑚𝑖𝑛 𝜀

𝑀
1
+ (1 − 𝛿𝑚𝑖𝑛 )(𝑃Γ − 𝜀 − 𝑐) − (𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ )) ( ) = 0
𝐾
𝐾Γ

Solving for 𝛿𝑚𝑖𝑛 we get:

𝐾 (𝑃Γ −𝑐)(𝐾−𝑀)−𝜖𝐾Γ

𝛿𝑚𝑖𝑛 = 𝐾

Γ

(𝑃Γ −𝑐)𝐾−𝜖(𝐾+𝑀)

When 𝜖 ⟶ 0, 𝛿𝑚𝑖𝑛 we already proved that : 𝛿𝑚𝑖𝑛 ⟶

0<

𝐾−𝑀
𝐾Γ

𝐾−𝑀
𝐾Γ

< 1 because A3 implies 𝐾 − 𝑀 > 0 and 𝐾 − 𝑀 < 𝐾Γ . Therefore we

already proved that when 𝜖 ⟶ 0, there exists a 𝛿𝑚𝑖𝑛 between 0 and 1. As 𝜀 becomes
bigger, 𝛿𝑚𝑖𝑛 decreases:
𝜕𝛿𝑚𝑖𝑛
𝐾(𝑃Γ − 𝑐)(𝐾 2 − 𝑀2 − 𝐾Γ2 )
=
<0
𝜕𝜀
𝐾Γ (𝑐𝐾 + 𝐾(𝜀 − 𝑃Γ ) + 𝑀𝜀)2
To proof that this expression is negative we only have to prove that 𝐾Γ2 > 𝐾 2 − 𝑀2 .
𝐾 − 𝐾Γ < 𝑀 ⟺ 𝐾Γ > 𝐾 − 𝑀 ⟺ 𝐾Γ2 > (𝐾 − 𝑀)2
In addition: 𝑓𝑜𝑟 𝐾 − 𝑀 > 0 , (𝐾 − 𝑀)2 < 𝐾 2 − 𝑀2
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Hence:(𝐾 − 𝑀)2 < 𝐾 2 − 𝑀2 < 𝐾Γ2

Therefore, 𝛿𝑚𝑖𝑛 decreases for bigger 𝜖 . It would become 0 when 𝜀 =

𝐾(𝑃Γ −𝑐)(𝐾−𝑀)
𝐾Γ

.

But this 𝜀 is not possible because 𝜀 < 𝑃Γ − 𝑐 . This is in contradiction with the fact
that

𝐾(𝐾−𝑀)
𝐾Γ

>1

2) 𝐾 − 𝐾Γ + 𝑘𝑖 > 𝑀 and π∗𝑖,𝐶 (𝑃Γ − 𝜀) < π∗𝑖,𝐶 (𝑃Γ − 2𝜀) . Under this scenario, the ICC
becomes:

1
𝑘𝑖
𝛿
𝑀𝑘𝑖
(
) (𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ )) ( ) ≥ (𝑃Γ − 2𝜀 − 𝑐)𝑘𝑖 +
𝜀
⟺
1−𝛿
𝐾Γ
1−𝛿 𝐾
𝛿𝜀

𝑀𝑘𝑖
𝑘𝑖
+ (1 − 𝛿)(𝑃Γ − 2𝜀 − 𝑐)𝑘𝑖 − (𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ )) ( ) ≤ 0 ⟺
𝐾
𝐾Γ

𝛿𝑚𝑖𝑛 𝜀

𝑀
1
+ (1 − 𝛿𝑚𝑖𝑛 )(𝑃Γ − 2𝜀 − 𝑐) − (𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ )) ( ) = 0
𝐾
𝐾Γ
𝐾 (𝑃Γ −𝑐)(𝐾−𝑀)−2𝜖𝐾Γ
Γ (𝑃Γ −𝑐)𝐾−𝜖(2𝐾+𝑀)

Solving for 𝛿𝑚𝑖𝑛 we get: 𝛿𝑚𝑖𝑛 = 𝐾

When 𝜖 ⟶ 0 we already showed that 𝛿𝑚𝑖𝑛 ⟶

As 𝜀 becomes bigger, 𝛿𝑚𝑖𝑛 decreases:

𝜕𝛿𝑚𝑖𝑛
𝜕𝜀

=

𝐾−𝑀
𝐾Γ

, again between 0 and 1.

𝐾(𝑃−𝑐)[2(𝐾2 −𝐾Γ2 )−𝑀(𝑀+𝐾)]
(𝐾𝐾Γ (𝑃−𝑐)−𝜀(2𝐾+𝑀))2

<0

We already showed that 2𝐾 2 − 2𝑀2 − 2𝐾Γ2 < 0 ⟹ 2𝐾 2 − 2𝐾Γ2 − 𝑀2 − 𝑀𝐾 < 0,
because 𝐾 > 𝑀. It would become 0 when 𝜀 =

𝐾(𝑃Γ −𝑐)(𝐾−𝑀)
2𝐾Γ

. But this 𝜀 is not possible

because (𝜀 < 𝑃Γ − 𝑐 . This is in contradiction with the fact that

𝐾(𝐾−𝑀)
2𝐾Γ

>1

∗
3) Finally, last case is when 𝐾 − 𝐾Γ + 𝑘𝑖 > 𝑀 and π∗𝑖,𝐶 (𝑃Γ − 𝜀) ≥ π𝑖,𝐶
(𝑃Γ − 2𝜀) .

Under this scenario, the ICC becomes:
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(

1
𝑘𝑖
) (𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ )) ( )
1−𝛿
𝐾Γ
≥ (𝑃Γ − 𝜀 − 𝑐)

𝑀𝑘𝑖
𝛿
𝑀𝑘𝑖
+
𝜀
𝐾 − 𝐾Γ + 𝑘𝑖 1 − 𝛿 𝐾

1
𝑀
𝑀
(𝑃Γ − 𝑐)((𝑀 − (𝐾 − 𝐾Γ )) ( ) ≥ (1 − 𝛿)(𝑃Γ − 𝜀 − 𝑐)
+ 𝛿𝜀 ⟺
𝐾Γ
𝐾 − 𝐾Γ + 𝑘𝑖
𝐾
𝛿𝜀
𝛿𝑚𝑖𝑛 𝜀

(𝑃Γ − 𝑐)(𝑀 − 𝐾 + 𝐾Γ )
𝑀
𝑀
+ (1 − 𝛿)(𝑃Γ − 𝜀 − 𝑐)
−
≤0⟺
𝐾
𝐾 − 𝐾Γ + 𝑘𝑖
𝐾Γ
(𝑃Γ − 𝑐)(𝑀 − 𝐾 + 𝐾Γ )
𝑀
𝑀
+ (1 − 𝛿𝑚𝑖𝑛 )(𝑃Γ − 𝜀 − 𝑐)
−
=0 ⟺
𝐾
𝐾 − 𝐾Γ + 𝑘𝑖
𝐾Γ

When 𝜖 ⟶ 0: 𝛿𝑚𝑖𝑛 ⟶ 1 −
0<

(𝑀−𝐾+𝐾Γ )
𝑀

(𝑀−𝐾+𝐾Γ )(𝐾−𝐾Γ +𝑘𝑖 )

, that is between 0 and 1 because

𝐾Γ 𝑀

< 1.

It is not easy to solve analytically for 𝛿𝑚𝑖𝑛 under this case. But we can apply the implicit
function theorem to find the sign of

𝜕𝛿𝑚𝑖𝑛
𝜕𝜀

. We get:

𝑀 𝜕𝛿𝑚𝑖𝑛
𝑀
𝜕𝛿𝑚𝑖𝑛
(𝑃Γ − 𝜀 − 𝑐) − 𝛿𝑚𝑖𝑛 ) = 0 ⟺
(
𝜀 + 𝛿𝑚𝑖𝑛 ) +
(1 +
𝐾
𝜕𝜀
𝐾 − 𝐾Γ + 𝑘𝑖
𝜕𝜀

𝜕𝛿𝑚𝑖𝑛 𝑀
𝑀
𝑀
𝑀
(𝑃Γ − 𝜀 − 𝑐)) = − −
( 𝜀+
(1 − 𝛿𝑚𝑖𝑛 )
𝜕𝜀
𝐾
𝐾 − 𝐾Γ + 𝑘𝑖
𝐾 𝐾 − 𝐾Γ + 𝑘𝑖

The LHS is positive while the RHS negative, so it is clear that

𝜕𝛿𝑚𝑖𝑛
𝜕𝜀

< 0. ∎

Proof Proposition 3.4a:
Π𝑗 (Γ) ≥ (1 − 𝛿)𝑉𝑗 (𝑃Γ , Γ + {j}) ∀ 𝑗 ∉ Γ can be written as :
(𝑣 − 𝑐 − 𝜀)𝑘𝑗 ≥ (𝑣 − 𝑐)(𝑀 − 𝐾 + 𝐾Γ + 𝑘𝑗 )
(𝑣 − 𝑐) (1 −

𝑀−𝐾+𝐾Γ +𝑘𝑗
𝐾Γ +𝑘𝑗

𝑘𝑗
∀𝑗 ∉Γ⟺
𝐾Γ + 𝑘𝑗
𝐾−𝑀

) ≥ 𝜀 ∀ 𝑗 ∉ Γ ⟺ 𝜀 ≤ (𝑣 − 𝑐) (𝐾

Γ +𝑘𝑗

) = 𝜀1 ∀ 𝑗 ∉ Γ ∎
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Proof Proposition 3.4b:

First, we prove that:
If 𝐾 − 𝐾Γ + 𝑘𝑖 ≥ 𝑀 ∀ 𝑖 ∈ Γ ⟹ (1 − 𝛿)𝑉𝑖 (𝑃Γ , Γ) > Π𝑖 (Γ − {𝑖}) ∀ 𝑖 ∈ Γ
The second part of the implication can be written as:

(𝑣 − 𝑐)(𝑀 − 𝐾 + 𝐾Γ )

𝑘𝑖
> Π𝑖 (Γ − {𝑖})
𝐾Γ

If 𝐾 − 𝐾Γ + 𝑘𝑖 ≥ 𝑀 there is no residual demand for the cartel Γ − {𝑖} , so the cartel
breaks down and therefore the price go to the one-shot Nash equilibrium prediction.
Therefore the second part of the implication becomes:

(𝑣 − 𝑐)(𝑀 − 𝐾 + 𝐾Γ )

𝑘𝑖
𝑀𝑘𝑖
𝐾
>𝜀
⟺ 𝜀 < (𝑣 − 𝑐)(𝑀 − 𝐾 + 𝐾Γ )
= 𝜀2
𝐾Γ
𝐾
𝐾Γ 𝑀

Therefore this is true for 𝜀 < 𝜀2 .
Now we prove by contradiction that:
If (1 − 𝛿)𝑉𝑖 (𝑃Γ , Γ) > Π𝑖 (Γ − {𝑖}) ∀ 𝑖 ∈ Γ ⟹ 𝐾 − 𝐾Γ + 𝑘𝑖 ≥ 𝑀 ∀ 𝑖 ∈ Γ
Suppose 𝐾 − 𝐾Γ + 𝑘𝑖 < 𝑀. The first part of the implication becomes

(𝑣 − 𝑐)(𝑀 − 𝐾 + 𝐾Γ )

(𝑣 − 𝑐) (

𝑘𝑖
> (𝑣 − 𝑐 − 𝜀)𝑘𝑖 ⟺
𝐾Γ

(𝑀 − 𝐾 + 𝐾Γ )
− 1) > −𝜀 ⟺
𝐾Γ

𝜀 > (𝑣 − 𝑐)

𝐾−𝑀
𝐾Γ
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and this is not possible because

𝐾−𝑀
𝐾Γ

> 1. So 𝐾 − 𝐾Γ + 𝑘𝑖 ≥ 𝑀 ∎
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APPENDIX 3.B:
Table 3.B1: Parameters used in the Baseline Treatment.

𝑀 = 120

𝑘1 = 80

𝑣 = 10

𝑘2 = 70

𝜀=1

𝑘3 = 60

𝑛=6

𝑘4 = 𝑘5 = 𝑘6 = 20

𝑐=0

𝐾 = 270

Table 3.B2: Parameters used in the Merger Treatment:
𝑀 = 120

𝑘𝐼 = 90

𝑣 = 10

𝑘𝐼𝐼 = 80

𝜀=1

𝑘𝐼𝐼𝐼 = 60

𝑛=5

𝑘𝐼𝑉 = 𝑘𝑉 = 20

𝑐=0

𝐾 = 270

PROFIT DISTRIBUTION

1) Stage Nash Equilibrium

- Baseline Treatment
Π1 = 35.56

Π2 = 31.11

Π3 = 26.67

Π4 = 8.89

Π5 = 8.89

Π6 = 8.89

ΠI = 40

ΠII = 35.56

ΠIII = 26.67

ΠIV = 8.89

ΠV = 8.89

- Merger Treatment:
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2) All-inclusive cartel:
-

Baseline Treatment
Π1 = 355.56

Π2 = 311.11

Π3 = 266.67

Π4 = 88.89

Π5 = 88.89

Π6 = 88.89

- Merger Treatment:
ΠI = 400

ΠIV = 88.89

ΠII = 355.6

ΠIII = 266.7

ΠV = 88.89

3) Incentive compatible, internally and externally stable partial cartels:
-

Baseline Treatment:

i) 𝚪{𝟏,𝟐,𝟑}:

ΠΓ,1 = 228.57

ΠΓ,2 = 200

ΠΓ,3 = 171.43

Π4 = 180

Π5 = 180

Π6 = 180
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ii) Γ{1,2,𝑘} , Γ{1,3,𝑘} , Γ{2,3,𝑘,𝑙} 𝑘, 𝑙 𝑠𝑚𝑎𝑙𝑙 𝑓𝑖𝑟𝑚𝑠

ΠΓ,1 = 94.12

ΠΓ,2 = 82.36

ΠΓ,k = 23.53

Π3 = 540

Πi = 180

Πj = 180

ΠΓ,1 = 50

ΠΓ,3 = 37.5

ΠΓ,k = 12.5

Π2 = 630

Πi = 180

Πj = 180

ΠΓ,2 = 82.36

ΠΓ,3 = 70.59

ΠΓ,k,l = 23.53

Π1 = 720

Πi = 180

-

Merger Treatment:

i) 𝚪{𝑰,𝑰𝑰 } :

ΠΓ,I = 105.88

ΠΓ,II = 94.11

ΠIII = 540

ΠIV = 180

ΠV = 180

ii) Γ{𝐼,𝐼𝐼𝐼,𝑘} , Γ{𝐼𝐼,𝐼𝐼𝐼,𝑘} 𝑘 𝑠𝑚𝑎𝑙𝑙 𝑓𝑖𝑟𝑚

ΠΓ,I = 50

ΠΓ,III = 37.5

ΠII = 630

Πi = 180

ΠΓ,k = 12.5
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ΠΓ,II = 50

ΠΓ,III = 37.5

ΠI = 630

Πi = 180

ΠΓ,k = 12.5
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APPENDIX 3.C:
Evolution Price decisions Part 1 Baseline Treatment
Groups where partial cartels emerged: 2,3,7,11,13,15

Evolution Price decisions Part 2 Baseline Treatment

dfssdf
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Evolution Price decisions Part 2 Baseline Treatment
Groups where partial cartels emerged: 1,2,3,4,8,9,10,11,12,15
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Evolution Price decisions Part 1 Merger
Treatment
Groups where partial cartels emerged:
6,7,12,13,15,16

Evolution Price decisions Part 2 Merger Treatment
Groups where partial cartels emerged:
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Evolution Price decisions Part 2 Merger Treatment
Groups where partial cartels emerged: 4,5,7,8,9,10,11,13,15,16
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APPENDIX 3.D:
3.B1. Screenshot: How cartel decision is introduced to subjects.

3.B2. Screenshot: Chat window.
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3.B3. Screen shot: How past information is introduced to the subjects.
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Appendix 3.E: Instructions for Baseline Treatment
Welcome to the experiment!

Introduction:
A summary of these instructions on paper will be handed out for use during the
experiment.
The experiment consists of 2 parts where you represent a firm in a market. Each part
has 15 rounds.
At the beginning of each part, you have to decide if you want to join a cartel. If you
decide to join, you will be able to talk to the other cartel members in your market.
You can reconsider your decision of joining or not the cartel every 5 rounds. Each time
you join the cartel has a cost of 20 points.
After that, you have to decide the price of your good every round.
The instructions are simple, and if you follow them carefully, you might earn a
considerable amount of money. What you earn depends on the decisions you make
and on the decisions of the others. In particular, each 250 points that your 2 firms earn
will correspond to 1 euro for your pocket. In addition, you will receive a show-up fee
of 7 euros, independent of your performance in the experiment. You will be privately
paid at the end of the experiment.
We ask that you do not communicate with other people during the experiment. Please
refrain from verbally reacting to events that occur during the experiment. This is very
important.
Raise your hand when you have a question and one of the experimenters will come to
your table.
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Different types of firms:
The experiment consists of 2 parts where you represent a firm in a market. Each part
has 15 rounds.
There are always 6 firms in the same market, with the codes 1, 2, 3, 4, 5 and 6. These
numbers have a meaning: they refer to the sizes of the firms. Firms 1, 2 and 3 are
LARGE FIRMS. Firms 4, 5 and 6 are SMALL FIRMS. The size of a firm is given
by the maximum number of units of the product that the firm can produce in one round
of the game. In other words, the size of the firm represents its production capacity.
The capacities of each of the firms are:
Capacity firm 1:

80

Capacity firm 4:

20

Capacity firm 2:

70

Capacity firm 5:

20

Capacity firm 3:

60

Capacity firm 6:

20

TOTAL capacity: 270

There are 3 large firms and 3 small firms. You will be randomly assigned to one of
these firms at the beginning of each of the 2 parts of the experiment</b>. Because
the selection is random, you may represent the same or a different firm in the two parts.
Within the 15 rounds of the first part of the experiment, you will interact with the
same 5 other participants. When the first part ends, you will randomly be
rematched with new participants for the 15 rounds of part 2.
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Decisions:
You have to take 2 decisions:
1) Decide whether to join a cartel with some of the other firms in your market.
This decision is made at the beginning of each part, but you can reconsider your
decision every 5 rounds. At the same time as you, all firms in your market decide
individually whether to join the cartel or not. The ones who decide to join the cartel
will have access to a chat window where they will be able to communicate with the
other cartel members. Communication therefore is possible every 5 rounds
(rounds 1, 6 and 11). Each time you communicate has a cost of 20 points. There is
time limit: cartel members can talk a maximum of 5 minutes per time. There are 2
content restrictions: you are not allowed to use offensive language and you are not
allowed to reveal your identity or your location in the room.
2) Decide on the PRICE at which you offer the product of your firm. You make
this decision in every round. You can only choose numbers from 0 to 10, not decimals.
A profit calculator will help you to make this decision. The demand that firms face and
the use of the profit calculator are explained later in the instructions.
Information about the outcomes:
After each round, you will obtain information about the other firms in your market. In
particular, you will be informed about:
-

Which firms decided to join the cartel and which firms decided not to join

-

The prices decided by each firm in your market in the previous round

-

The profits obtained by each firm in your market in the previous round.
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Payoffs:
The 6 firms in the market sell exactly the same good. Moreover, they have zero
production costs. Therefore, the profits of your firm are simply equal to the
number of products that you sell times the price you charge. Remember that firms
have a capacity constraint: large firms (1,2 and 3) cannot sell no more than 80, 70 or 60
units and small firms no more than 20
There are 120 consumers willing to buy the good. They are willing to pay at most
10 for the good. Each consumer only wants to buy at most one unit, no more.
Remember that total capacity in the market is 270. This is higher that the number of
consumers. Hence, not all firms can sell at their maximum capacity.

Consumers want to pay as little as possible for the good. Therefore, they will start
buying the products of the firm or firms that charge the lowest price. When the capacity
of this firm or these firms runs out, they will start buying the product from the firm with
the next smaller price, and so on, until the 120 consumers have bought the product. The
firms that are not able to sell any product would obtain a profit equal to zero in that
round.
If many firms (or all firms) decide to charge the same price, it may happen that the
total capacity of these firms is higher than the number of consumers. Therefore not all
the products at the same price can be sold. In that case, a proportional rule related to the
size of the firms is applied. If there are large and small firms charging the same price,
large firms would sell more goods than small firms. (See examples below)
To calculate your profits is not easy. That is why a profit calculator will be available
at all times during the experiment. The following examples can be also helpful to
understand how your profits will be calculated:
Example 1: Firms 1, 2 and 3 choose a price of 9. Firms 4, 5 and 6 pick a price of 7.
Small firms would produce at their maximum capacity, having each a profit of 7 * 20
= 140. Still 60 consumers want to buy the product. The sum of the capacities of the big
firms is 210, so they will sell under capacity. Firm 1 will sell ( 80 / 210 ) * 60 = 22,86
units and will obtain profits equal to 22,86 * 9 = 205,71. Firm 2 will sell ( 70 / 210 ) *
60 = 20 units with profits equal to 20 * 9 = 180. Firm 3 will sell ( 60 / 210 ) * 60 =
17,14 units with profits equal to 17,14 * 9 = 154,28. Profits of big firms are higher than
profits of small firms even when selling under capacity but at higher price.
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Example 2: Firms 1 and 3 decide to charge a price of 10. Firms 2, 4, 5 and 6 decide to
charge a price of 9. Because the total capacity of the latter firms is 130 (70 + 20 + 20 +
20), no consumers will want to buy the products of Firm 1 and 3. Therefore their profits
would be 0. The rest of the firms would have positive profits. Because Firm 2 is a large
firm, it would sell more products than Firms 4, 5 and 6 allowing it to have higher profits.
In particular, Firm 2 sells ( 70 / 130 ) * 120 = 64.62 units and obtain profits equal to
64.62 * 9 = 581.54. Small firms sell ( 20 / 130 ) * 120 = 18.46 units each with profits
equal to 18.46 * 9 = 166.15.

During the experiment you will not need to make calculations by hand. In order to make
your decisions easier, we will provide you with an on-screen profit calculator that will
help you to choose the price of your product every period
You will have the opportunity to try the profit calculator now, before the experiment
starts.
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Chapter 4
Signaling in Auctions: Experimental Evidence63
4.1. Introduction
In many auction settings, bidders care about how their performance in the auction is
interpreted by others. Market analysts can consider the performance of a firm in an
auction, winning or losing, as a signal of the firm’s management quality, financial
position or confidence in its technological edge on the competition. Signaling is also
documented to be an important motivation of bidders in charity and art auctions:
winning a Van Gogh painting comes with a great deal of prestige, whereas failing to
win a charity auction may leave some wondering about the losing bidder’s true financial
position or magnanimity.64
In such settings, signaling concerns constitute an additional component in a
bidder’s problem. If the uninformed outside parties have only information about the
auction outcome, rather than detailed information about individual behavior, then the
details of the auction format itself affect what kind of information about the individual
bidders’ behavior is observed by the uninformed outside parties. In this case, the auction
format determines the signaling incentives, which will in turn determine the equilibrium
bidding strategies and eventually the auctioneer’s revenue.

63

This is a joint work with Sander Onderstal, Olivier Bos and Tom Truyts.
Mandel (2009) distinguishes three main motives for buying art: investment, direct consumption and
signaling, and suggests that the two latter explain an old puzzle: why art systematically underperforms
as an investment compared to bonds and equity. Charities often raise funds by auctioning objects
provided to them by celebrities. A broad theoretical and empirical literature suggests that signaling and
status are important motives for contributions to charities. Glazer and Konrad (1996) and Harbaugh
(1998a,b) show that signaling is an important factor to explain patterns in donations to universities.
64
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In this chapter, we experimentally investigate the consequences of signaling
concerns on bids and auction revenue in two standard auction formats. We consider an
independent private values setting in which a single object is allocated in first-price
sealed-bid (FP) and second-price sealed-bid (SP) auctions. All bidders draw a valuation
of the object independently and according the same distribution. This valuation is
bidder’s private information, but all bidders care to the same extent about an outside
observer’s estimation of their private value. The outside observer sees the auction
outcome and uses this information to update her beliefs about the bidders’ values. In
order to disentangle the role of signaling concerns in these auctions, we consider
different information settings: the outside observer either sees the identity and the
payment of the winning bidder (i.e., the auction’s revenue) or she only observes the
identity of the winning bidder. We find that FP auctions, where the winner and her
payment are revealed to the outside observer, yield the highest auction revenue. In
particular, contrary to theoretical predictions, the FP auction provides higher revenue
than the SP auction when the winner’s identity and payment are revealed to the outside
observer. Some behavioral features can explain this. Some subjects in the lab seem to
dislike overbidding their value, what is always optimal in SP auctions in which an
outside observer affects the bidder’s payoffs. Furthermore, revealing the winner’s
payment improves the outside observer’s precision in her estimate of the bidders’ values
in FP auctions but not in SP auctions.65 We show that bidders bid more aggressively
when outside observer’ estimates are more precise. Risk aversion, consistent with
bidders’ behavior during the experiment, can also explain some of our findings. It is
well known that revenue equivalence (Vickrey, 1961) do not hold for risk averse
bidders. In particular, standard FP auctions yield to higher bids and revenues than
standard SP auctions. This may also be the case for auctions where an external party
affects bidders’ payoffs.66 Finally, we undertake an efficiency comparison between
auctions and information scenarios. We find that allocative efficiency of the auction
itself (average winners’ value) is higher when only the winner is revealed compared to
the case where the winner and her payment are revealed (for both FP and SP auctions).
In contrast, overall efficiency is higher when both the winner and her payment are
Revealing the winner’s payment provides different information to the outside observer in FP than in
SP auctions: she observes the second highest bid in the SP auction and the winner’s bid in the FP
auction.
66
Further theoretical analysis is needed to determine how risk aversion affects bids and revenues when
an external party affects bidders’ payoffs.
65
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revealed compared to the case where only the winner is revealed (for both FP and SP
auctions). This result is mainly driven by the increase in bidders’ external benefits
caused by higher value estimates from the outside observer in that case.
Various previous papers have analyzed signaling in auctions: Das Varma
(2003), Goeree (2003), Haile (2003), Katzman and Rhodes-Kropf (2008), Molnar and
Virag (2008), Liu (2012), Marinovic (2014), Giovanni and Makris (2014) and Bos and
Truyts (2014). Our experimental setting is based on Bos and Truyts (2014), who present
a theoretical analysis of signaling in auctions in which an outside observer sees the
identity and payment of the winning bidder, and in which all bidders care about this
outside observer’s estimate of their type. Bos and Truyts characterize the D1
equilibrium bidding functions in first-price, second-price, all-pay and English auctions
with signaling. They show that for risk-neutral bidders, the first-price auction is
dominated by the second-price auction in terms of expected revenue, but in turn
dominates the English auction. These findings partly corroborate earlier findings by
Giovanni and Makris (2014), who investigate four different information disclosure
policies (all bids revealed, no bids revealed, second highest bid revealed and highest
bid revealed) in the context of takeovers through auctions, with a post-auction job
market for managers. Interestingly, they elicit conditions which guarantee that an
auction’s expected revenue only depends on the information revealed to the outside
observer, and not on the auction design. Bos and Truyts (2014) show that some of those
conditions are easily violated, such that even if the same information is available to the
outside observer in the second-price auction and the English auction, the auction format
also matters for the ranking of the expected revenue.
As Turocy (2009) notes, signaling games are hard to play for humans. This may
explain the small number of experiments about signaling games. Moreover, most of
these experiments focus on equilibrium selection, given the usual equilibrium
multiplicity in signaling games (see Brandts and Holt, 1993; de Haan et al. 2011;
Drouvelis et. al 2012 ; Jeitschko and Normann, 2012). Auctions with signaling have
hardly been analyzed experimentally. To our knowledge, the only other experimental
paper on signaling in auctions so far is by Fonseca et al. (2016). Their analysis differs
in various respects from ours. Fonseca et al. consider a two-stage game: in the first
stage, two workers participate in a first-price auction, and in a second stage, two firms
play a first-price auction to recruit each of these workers. Fonseca et al. focus on four
different information disclosure policies. Their experiment confirms that signaling
89

leads to higher bids in the first-price auction and underlines the importance of the
information revealed. Our experiment differs from the above in several respects. First,
we investigate two auction formats (first-price and second-price auctions), rather than
four disclosure policies. Second, we consider only one auction stage per round to avoid
information and auction incentives being confounded. Third, we consider auctions with
three rather than two bidders, given the particularities of the latter in the present context
(see, e.g., Bos and Truyts (2014)).67 And fourth, given the equilibrium multiplicity of
signaling games and the crucial importance of the interaction between bidding
strategies and beliefs to come to an equilibrium, we choose to let subjects interact in
fixed groups, have them take turns to play the role of the outside observer in their group,
in order to foster the introspection needed to reach a perfect Bayesian equilibrium.
The remainder of this chapter is structured as follows. In Section 4.2, we
describe our experimental design and the protocol. In Section 4.3, we present the
theoretical results and the hypothesis tested. In Section 4.4, we present and analyze our
experimental findings. In subsection 4.4.1, the revenues of the auctions are compared
between the treatments. In subsection 4.4.2, bidding behavior analysis is provided.
Then, in subsection 4.4.3, we discuss how the outside observer’s estimate can explain
our findings. Finally, an efficiency comparison between auction formats and
information scenarios is undertaken in section 4.4.4. The last Section concludes. The
formal derivation of the theoretical results and the details of the experimental protocol
are provided in the Appendixes.

4.2. Experimental design and protocol
In all sessions, participants interacted in groups of four. In each of the 30 rounds of a
session, a fictitious good was auctioned in FP or SP. The four group members remained
in the same group throughout the session (no rematching). In each round, one group
member was randomly chosen by the computer to play the role of outside observer. The
remaining three group members were bidders in an auction. At the start of a round, each
bidder was privately informed about her value for the good. Both the bidders and the
outside observer were informed that all values were independently drawn from the
uniform distribution on the set {0,1,2,3,…,100}. For the sake of comparability between
67

Bos and Truyts (2014) show there is no separating equilibrium for the first and second-price auctions
with two bidders.
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treatments, we kept the value draws constant across treatments.
In the auction, each of the three bidders independently submitted a bid for the
fictitious good from the set {0,1,2,…,200}. The bidder with the highest bid gets the
good. In FP, the winner pays his own bid while in SP, the winner pays the second
highest bid. Ties were resolved randomly. The winning bidder obtained the difference
between her value and her payment. In the main treatments, the bidder payoffs
depended on both the outcome of the auction and the estimate of the outside observer.
Each bidder, win or lose, received half of the outside observer’s estimate of her value.
In control treatments, we let the bidders’ payments only depend on the auction outcome
and not on the outside observer’s estimate. The control treatments serve as a useful
benchmark when comparing results between auction types.
After the auction, the outside observer was asked to guess the values of each of
the three bidders after obtaining information about the outcome of the auction. In all
treatments, she was informed about which bidder won the auction. In some treatment,
she also obtained information about how much the winner paid. The payoffs of the
outside observer depended on the precision of her estimates. Once she had entered value
estimates for all bidders, the computer drew one of the three bidders’ estimates at
random. When the outside observer’s estimate for this bidder deviated 𝑥 points from
the actual value, her payoff was equal to 40 − 𝑥.
We employed a full 2x2x2 factorial design varying (between-subjects) the
auction type (FP and SP), the information about the auction outcome that is
communicated to the outside observer (with or without information about the winner’s
payment), and whether the bidders’ payoffs depend on the outside observer’s estimate.
Table 4.1 summarizes the resulting eight treatments of the experiment.
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Table 4.1: Experimental design

Treatment

Auction

Information to the outside

Do bidders’ payoffs depend

observer

on outside observer’s
estimate?

FPW

FP

The winner

Yes

FPWP

FP

The winner and her payment

Yes

SPW

SP

The winner

Yes

SPWP

SP

The winner and her payment

Yes

FPW control

FP

The winner

No

FPWP control

FP

The winner and her payment

No

SPW control

SP

The winner

No

SPWP control

SP

The winner and her payment

No

The experiment was computerized68 and run at the CREED laboratory of the
University of Amsterdam. Each treatment included seven groups of four participants.
All 224 participants took part in only one session. At the start of each session, we
randomly allocated participants over the computers so they could not infer which other
participants were in the same group. We provided computerized instructions to the
participants. The instructions for treatment FPWP are in Appendix 4.A.69 Before the
experiment started, participants answered test questions to make sure that they
understood the experimental protocol.70 Sessions lasted between 45 and 75 minutes.
Payment consisted of a show-up fee of 7 euros plus a payoff related to the total profits
earned in the 30 rounds. The exchange rate was 1 euro for 50 experimental points. On
average, participants earned 16.70 euros (including the show-up fee).

The program was written using PHP and mySQL.
The instructions of the other treatments are available from the authors upon request.
70 These questions are available from the authors upon request.
68
69
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4.3. Theoretical predictions
In this section, we describe the theoretical predictions. The analysis follows
straightforwardly from Bos and Truyts (2014). Like them, we restrict attention to riskneutral bidders and perfect Bayesian Nash equilibria that survive Banks and Sobel’s
(1987) D1 criterion. Table 4.2 contains equilibrium predictions for all treatments. In
Appendix B, we formally derive the equilibrium bidding strategies, presented in Table
4.2.

Table 4.2: Equilibrium predictions per treatment

Treatment

Auction

FPW

FP

FPWP

FP

SPW

SP

SPWP

SP

Information

to

the

outside observer
The winner
The winner and her
payment
The winner
The winner and her
payment

FPW control FP

The winner

FPWP

The winner and her

control

FP

payment

SPW control SP

The winner

SPWP

The winner and her

control

SP

payment

Equilibrium bids

Expected
revenue

2
𝐵(𝑣) ≈ 𝑣 + 22
3

𝑅 ≈ 72

𝐵(𝑣) = 𝑣

𝑅 = 75

𝐵(𝑣) ≈ 𝑣 + 22

𝑅 ≈ 72

𝐵(𝑣) =

𝑣
1
+ 62
2
2

𝑅 = 87

1
2

𝐵(𝑣) =

2
𝑣
3

𝑅 = 50

𝐵(𝑣) =

2
𝑣
3

𝑅 = 50

𝐵(𝑣) = 𝑣

𝑅 = 50

𝐵(𝑣) = 𝑣

𝑅 = 50

Notes: Equilibrium bids in the unique symmetric D1 equilibrium in the case of riskneutral players and bidder values 𝑣 being independently drawn from 𝑈[0,100].
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In all treatments, a unique strictly increasing and symmetric equilibrium bidding
curve exists. For the control treatments, the existence of the outside observer has no
effect on the bidders’ payoffs. Therefore, the predictions are standard and imply
revenue equivalence across treatments (see, e.g., Vickrey, 1961). If only the identity of
the winner is revealed to the outside observer, bidders’ payoffs when winning are
increased by half the difference between the outside observer’s value estimates for
winners and losers. Equilibrium bids are inflated by this number compared to the
control treatments. In Appendix 4.B, we show that a bidder’s value (and hence her
equilibrium bid) is increased by about 22. If the winner’s payment is also revealed, then
the bidders will also take into account how the outside observer updates her beliefs
about the bidders’ values in function of the observed payment. In equilibrium, the
winner’s value is exactly revealed to the outside observer in the first-price auction,
because the equilibrium bidding curve is strictly increasing. Therefore, the outside
observer will perfectly predict the winner’s value in the fully separating equilibrium of
the first-price auction. Moreover, bidders will take into account that when losing, the
outside observer estimates their value to be equal to half the winner’s value. In the firstprice auction, the winner’s payment reveals his own valuation in the fully separating
equilibrium. A low value bidder is better off in terms of the outside observer’s
equilibrium estimate by losing against a high value bidder. In the opposite, the
difference between winning and losing is large in terms of the outside observer’s
equilibrium estimate for high value bidders. As a result of this, the equilibrium bids of
low value bidders are lower and the equilibrium bids of high value bidders are higher
if the outside observer additionally sees the winner’s payment. In the second-price
auction, the winner’s payment reveals the valuation of the second highest bidder in the
fully separating equilibrium. The difference between winning and losing is (in terms of
the outside observer’s estimate) very large for a low value bidder. If he wins, he is
estimated to be the average between the second highest value and 100, and if he loses,
he is estimated to be ¾ of the second highest type. This leads a low value bidder to
submit a higher bid when the outside observer additionally knows the winner’s
payment.
The theoretical predictions regarding the auction’s revenue and bidding
behavior yield the following hypotheses that we will test using our experimental design:

94

Hypothesis 4.1 In FP, revealing both the winner and her payment to the outside
observer increases the average auction revenue compared to a setting where only the
auction winner is revealed.

Hypothesis 4.2 In SP, revealing both the winner and her payment to the outside
observer increases the average auction revenue compared to a setting where only the
auction winner is revealed.

Hypothesis 4.3 In the setting where both the winner and her payment are revealed to
the outside observer, the average auction revenue is higher in SP than in FP.

Hypothesis 4.4 In the setting where only the auction winner is revealed to the outside
observer, FP and SP yield the same revenue on average.

Hypothesis 4.5: In FP auctions, low (high) value bidders submit lower (higher) bids
when both the winner and her payment are revealed to the outside observer, compared
to a setting where only the auction winner is revealed.

Hypothesis 4.6: In SP auctions, low (high) value bidders submit higher (lower) bids
when both the winner and her payment are revealed to the outside observer, compared
to a setting where only the auction winner is revealed.

4.4. Results
In this section, we present our experimental results. We start in Section 4.4.1 by
comparing the auction revenue between treatments. In Section 4.4.2, bidding behavior
is analyzed. In Section 4.4.3, the outside observer’s estimates and their effect on bids
are discussed. Finally, in Section 4.4.4, an efficiency comparison between auctions is
performed. Concerning the statistical analysis, two-sided Mann-Whitney U tests are
employed in the case of non-parametric analyses, using groups as single observations.
In the parametric analyses, standard errors are clustered by group.
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4.4.1. Auction revenue
In this section we explore the effect that the type of auction and the information revealed
to the outside observer may have on the auction revenue. Figure 4.1 shows average
auction revenue for each of the treatments. First, we focus on the main treatments,
where outside observers’ estimates affect bidders’ payoffs. Figure 4.1 shows that FP
auctions where both the winner and her payment are communicated to the outside
observer yield the highest revenue on average. Average auction revenue is significantly
higher in FPWP than in the other non-control treatments (p=0.08, p=0.004, and p=0.04
for FPW, SPWP, and SPW respectively). This result is confirmed when doing a
parametric analysis where the highest valuation is included as a control variable (values
are the same across treatments). Dummies for the different treatments are included,
using FPWP as reference. Specification (1) in Table 4.1 shows the results. FPWP
generates the highest revenue for the auctioneer. In particular, in FP auctions, revealing
the winner payment increases the auction revenue, on average, by 7.10 units compared
to the case where only the winner is revealed. The increase in revenues is stronger when
comparing FPWP with both SP auctions. Figure 4.2 represents the results graphically.
Revenue estimation is higher for all highest values in the FPWP treatment.

Result 4.1: FP auctions where the winner and her payment are revealed to the outside
observer yield the highest revenue for the auctioneer.
Figure 4.1: Average Auctioneer’s revenue by treatment

96

Figure 4.2: Auctioneer’s revenue estimation for every winner’s value per treatment

Table 4.1: Auctioneer revenue per treatment controlled by the highest value

Intercept
HighestValue

Revenue
(1)
4.5851
(3.8180)
0.9471***
(0.0707)

FPWP
FPW
SPWP
SPW
n

-7.1048**
(2.2286)
-14.8618***
(2.9576)
-11.5476**
(3.8180)
840

Revenue
(2)
-2.5197
(5.3123)
0.9471***
(0.0707)
7.1048**
(2.2286)

-7.7571***
(2.0596)
-4.4427
(3.2664)
840

Revenue
(3)
-10.2767
(5.1255)
0.9471***
(0.0707)
14.8618***
(2.9576)
7.7571***
(2.0596)

3.3143
(2.4418)
840

Revenue
(4)
-6.9625
(5.9377)
0.9471***
(0.0707)
11.5476**
(3.8180)
4.4427
(3.2664)
-3.3143
(2.4418)

840

Note: Robust standard errors in parenthesis.
p<0.1 , **p<0.05 , *** p<0.01
(1) Reference FPWP, (2) Reference FPW, (3) Reference SPWP, (4) Reference SPW

This result confirms hypothesis 4.1. The FPWP treatment yields higher
revenues to the auctioneer than the FPW treatment. This means that, in FP auctions,
the auctioneer can increase her revenue by publishing the auction’s winning bid rather
than only the winner. In Section 4.4.3, a potential explanation for this result is

97

discussed: bids may be influenced by the outside observer’s precision to estimate
bidders’ values. In addition, bidders may also bid more aggressively as the average
difference between outside observer’s value estimates for winners and losers increases.
In contrast, Result 4.1 contradicts hypothesis 4.3. FP auctions yield higher revenues to
the auctioneer than SP auctions when the outside observer is informed about both the
winner and her payment (p=0.00). Again, outside observers’ precision and how bidders
respond to differences in value estimates for winners and losers may explain this result.
Subject’s risk aversion may be an additional potential explanation for this divergence
from the predictions. The analysis of bidding behavior in section 4.4.2 sheds more light
on this discrepancy from the predictions.
Comparing FP and SP auctions where only the winner is revealed, average
revenue is higher in FPW than SPW auctions but not significantly different (p=0.18).
The same result is shown in specification (2) of Table 4.1. Revenue is 4.44 points lower
in SPW but the difference is not significant. This result is stated below.

Result 4.2: When only the winner is revealed, FP and SP auctions do not differ
significantly in terms of average auction revenue.

This result is in line with hypothesis 4.4, and the observed average revenues are not far
from the theoretical predictions.
Finally, comparing SP auctions regarding the information revealed to the
outside observer, there are no significant differences between SPWP and SPW
treatments (p=0.41). The same result obtains in specification (3) in Table 4.1.

Result 4.3: In SP auctions, revealing both the winner and her payment do not increase
revenues for the auctioneer compared to the case where only the winner is revealed.

This result contradicts hypothesis 4.2. The availability of more information increases
auctioneer’s revenue in FP auctions but not in SP auctions. Bidding behavior will
explain this result. An additional driving force behind this result will be that the outside
observer precision to estimate bidders’ values is higher in FPWP compared to FPW
auctions, but not for SP auctions, as we will show in Section 4.4.3.
Finally, when comparing revenues between control treatments, evidence for
subjects’ risk aversion can be found. From theoretical and experimental literature, it is
98

known that standard FP auctions generate more revenues than standard SP auctions for
risk averse bidders.71,72 Using control treatments as standard auctions (where bidders
payoffs only depend on the outcome of the auction), we find that average revenues for
the auctioneer in FP controls are significantly higher than SP controls (p=0.00). 73 74
In conclusion, FP auctions where both the winner and her payment are revealed
to an outside observer yield the highest revenue for the auctioneer. In particular, we
conjecture several mechanisms that may drive this result. First, subjects may tend to
bid more aggressively when the outside observer precision in their estimates increases.
Second, the outside observer’s average difference between the winner and loser
estimates and how bidders react to this difference may vary across treatments. This
effect, in addition to subjects’ risk aversion in the lab, may explain the huge difference
in revenue between FPWP and SPWP. This will be further discussed in Section 4.4.3.

4.4.2. Bidding behavior
In this section, subjects’ bidding behavior is analyzed. First, we explore whether
bidding strategies change when outside observer influences bidders’ payoffs. Figure 4.3
and Figure 4.4 show average bids per treatment.

In FP auctions, when outside

observers’ estimates affect bidders’ payoffs, bidders bid more aggressively compared
to the treatments where their payoffs only depend on the outcome of the auction (p=0.00
and p=0.07 respectively). In SP auctions, compared to the controls, average bids are
higher in SPW but not in SPWP (p=0.06 and p=0.57, respectively) 75. If we focus on the
main treatments, when comparing the same type of auctions with different information
scenarios, in FP auctions, revealing the winner and her payment increases average bids
significantly compared to the case when only the winner is revealed (p=0.04). In
contrast, no differences in bids are found in SP auctions when information revealed to
the outside observer is modified (p=0.95).

This could be also the case for auctions where an outside observer affects bidders’ profits
See Krishna (2009, chapter 4) for the theoretical results and Cox, Roberson and Smith (1982) for the
experimental results.
73
Auctioneer’s revenues in FPWPcontrol and FPWcontrol do not differ (p=0.85) and are considered to
be observations from a common distribution. Same for SPWPcontrol and SPWcontrol.
74
Same result is found when doing parametric analysis controlling for the value of the winner and
including a dummy for SP auctions.
75
A potential explanation for the lack of differences between SPWP and SPWPcontrol is that in
SPWPcontrol we observed many instances of extreme overbidding compared to the weakly dominant
strategy of bidding value (see scatter plot for SPWPcontrol in Appendix 4.C).
71
72
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Figure 4.3 and Figure 4.4: Average bids in FP and SP auctions

More features about subjects’ bidding behavior can be characterized when
estimating the bidding functions for each auction type and each information scenario.
Table 4.2 estimates bidding functions in FP auctions, using FPWP and FPW as
references.76 If both the winner and her payment are revealed, bidders inflate their bids
by 8.17 points on average when the outside observer affects their payoffs. Bids are
increased by 5.94 points on average when the outside observer is only informed about
the winner. In addition, the increase in bids compared to the controls is constant for all
values of the bidder in both information scenarios (cross terms are not significantly
different from 0 in Table 4.2). In other words, more information communicated to the
outside observer increases bids by 2.24 points for any value of the winner.

76

Non-linear coefficients are not significant and they are not included in the specification.
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Table 4.2: Estimation FP bidding functions

Intercept
Value

Bid (1)

Bid (2)

8.4104**
(2.8823)
0.8273***
(0.0579)

6.2476*
(2.8823)
0.8048***
(0.0481)
2.1628*
(1.0733)
-6.0022**
(2.7355)

FPWP
FPWPcontrol
FPW
FPWcontrol

-8.1650*
(3.7658)
-2.1628*
(1.0733)
-8.1039**
(2.6659)

Value*FPWP
Value*FPWPcontrol
Value*FPW
Value*FPWcontrol
n

-0.0116
(0.0593)
-0.0224
(0.0444)
0.0217
(0.0569)

2518

-5.9411*
(2.6659)
0.0224
(0.0444)
0.0118
(0.0687)

0.04413
(0.0485)

2518

Note: Robust standard errors in parenthesis.
p<0.1 , **p<0.05 , *** p<0.01
(1) Reference treatment FPWP
(2) Reference treatment FPW

Although the presence of an outside observer influences bidding behavior in FP
auctions in the direction that theory predicts, substantial divergences from predictions
arise. Figure 4.5 compares the estimated bidding functions of the subjects during the
experiment with the bidding functions derived in the theoretical model. The first
discrepancy is that the increase in bids in FPW compared to the controls is clearly
weaker than what theory predicts. This can be explained by two empirical facts that
theory does not take into account. First, subjects bid more aggressively in the controls
than the equilibrium bidding strategy under risk neutral bidders. This is illustrated in
Appendix 4.C where, for each of the treatments, scatter plots for all bids placed and the
respective value of the bidder are represented. It is clear that in FPWPcontrol and
FPWcontrol most of the bids are above the predictions. In fact, overbidding is generally

101

observed in FP experimental auctions.77,78 The second empirical fact that explains a
weak overbidding in FPW compared to the control is that low value bidders in FPW do
not bid as high as theory predicts (high value bidders seem to bid according
predictions). This is illustrated in the scatter plot in Appendix 4.C related to FPW
treatment. A possible explanation is that a fraction of subjects in the lab dislike posting
bids higher than their values. In fact, in FPW auctions, optimal bidding for risk neutral
bidders is to bid above their value for any private value lower than 66. In contrast,
subjects in FPW when drawing a private value lower than 66, bid lower than their values
70% of the times. If we only take into account the 30% of the cases where subjects bid
higher than their value, the estimated bidding function for FPW is almost identical to
the theoretical prediction.79 These two facts imply that bidding functions in FPW and
FPWcontrol are steeper than predicted (due to lower bids for low value bidders in FPW
and due to more aggressive bidders in FPWcontrol). As a consequence the gap between
both bidding functions is reduced.
Another divergence from predictions is that bids in FPWP are inflated
(compared to the controls) by the same amount for any bidder type. This discrepancy
is, again, due to the fact that risk averse bidders bid more aggressively in FPWPcontrol.
In fact, bidders behave similar to predictions in FPWP treatment (see scatter plot for
FPWP in Appendix 4.C). Finally the last divergence from theory is that low value
bidders do not submit lower bids in FPWP than in FPW (see Figure 4.5), which
contradicts first part of hypothesis 4.5. This is explained by the fact that a remarkable
proportion of low value bidders in FPW dislike to bid above their value. Result 4.4
summarizes the main findings in bidding behavior for FP auctions.

Result 4.4: In FP auctions, compared the control treatments, bidders bid more
aggressively when the outside observer’s estimates affect their payoffs. The increase in
bids (compared to the control treatment) is stronger (for all bidders’ values) when both
the winner and her payment are revealed.
See Cox et al. (1988), Harrison (1989), Kagel (1995), Goeree et al. (2002) and Bajari and
Hortacsu (2003)
78 Equilibrium bidding function for risk averse bidders with CRRA utility functions is 𝐵(𝑣) =
2
𝑣 , where 𝜃 is the coefficient of risk aversion. Bidding function for FPWcontrol estimated in
3+𝜃
Table 2 is consistent with a 𝜃 = 0.65, that is similar to numbers found in other experimental FP
auctions where subjects risk aversion is estimated.
79 ̃ (𝑣)
𝐵
= 0.59𝑣 + 24 is the estimated bidding function excluding observations where 𝑣 < 66 and
𝑏 < 𝑣. This function is not significantly different from the theoretical prediction B(𝑣) = 2𝑣/3 + 22.
77
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Figure 4.5: Estimated FP Bidding functions vs. Theoretical Predictions
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Table 4.3 estimates bidding functions in SP auctions, using SPWP and SPW as
references. Figure 4.6 compares the estimated bidding functions of the subjects during
the experiment with the bidding functions derived in the theoretical model. As
previously mentioned, in average, bids do not increase significantly in SPWP when
outside observer affects bidder’s payoffs. Scatter plot for SPWP in Appendix 4.C helps
to understand why this is the case. Although low value bidders bid higher than in the
control (see table 4.3), they do not place bids as high as theory predicts. In fact, it is
reasonable that risk averse bidders drawing a low value are not willing to bid almost
62.5 points above her value. Even though high value bidders bid close to predictions in
SPWP, optimal overbidding with respect to the control is small for high values. These
two facts make average bids overall not to be higher in SPWP than in SPWPcontrol. In
SPW, when outside observer affects bidders payoffs, bidding behavior is qualitatively
similar to theoretical predictions, although overbidding is weaker than expected. In
particular, bidders place bids that are 9.08 points higher than in SPWcontrol, being this
increase constant for any value of the bidder. This is illustrated in the scatter plot for
SPW treatment in Appendix 4.C. Again, we conjecture that a fraction of subjects dislike
posting bids higher than their values. In SPW, optimal bidding for risk neutral bidders
is always to bid 22 points above their value. In contrast, in SPW auctions, subjects in
the lab only bid higher than their values 63% of the times. If we restrict the analysis to
bids that are higher than the bidders’ value, we find that bids are 23.86 points higher
than the own value, which is close to predictions.80 Finally bidding functions in SPWP
and SPW are compared. Even though average bids do not differ between both
treatments, bidding functions differ significantly. In particular, low value bidders place
higher bids in SPWP than in SPW (intercept is significantly higher in SPWP). This
result is reversed for high value bidders (bidding function is significantly steeper in
SPW). This finding confirms hypothesis 4.6. Results below summarize the main
findings in bidding behavior for SP auctions.

Result 4.5: In SP auctions where only the winner is revealed, compared the control
treatments, the average bid is significantly higher when the outside observer’s estimates

𝐵̃ (𝑣) = 0.99𝑣 + 24 is the estimation of the bidding function excluding observations where bidders
bid below or equal to her value. This function is not significantly different from B(𝑣) = 𝑣 + 22
80
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affect bidders’ payoffs. In particular, bidding function is increased in a constant way
for any value of the bidder.

Result 4.6: In SP auctions where both the winner and her payment are revealed,
average bid is not significantly higher when outside observer affects bidders’ payoffs.
This is explained by the fact that low value bidders do not increase their bids as much
as theory predicts.

Summarizing, bidders in FPWP auctions behave close to predictions. On the other hand,
all bidders in SPW and low value bidders in FPW and SPWP place, in average, lower
bids than expected. We conjecture that this is explained by the fact that a fraction of
bidders in the lab dislike to post a bid higher than her value. These results can be seen
as a first explanation of why revenue is maximized in FPWP treatment.

Table 4.3: Estimation SP bidding functions

Intercept
Value

Bid (1)

Bid (2)

19.5206***
(1.9790)
0.8745***
(0.0335)

11.3583***
(1.9790)
1.0532***
(0.05657)
8.1623**
(3.2216)
-3.2200
(4.8370)

SPWP
SPWPcontrol
SPW
SPWcontrol

-11.3827***
(2.4887)
-8.1623**
(3.2216)
-17.2409***
(1.8300)

Value*SPWP
Value*SPWPcontrol
Value*SPW
Value*SPWcontrol

n

0.2025**
(0.0823)
0.1787**
(0.0668)
0.1892**
(0.0743)

2518

-9.0786**
(2.9392)
0.1787**
(0.0668)
0.0238
(0.0559)

0.0105
(0.0971)

2518

Note: Robust standard errors in parenthesis.
p<0.1 , **p<0.05 , *** p<0.01
(1) Reference treatment SPWP
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Figure 4.6: Estimated SP Bidding functions vs. Theoretical Predictions
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4.4.3. Outside observer’s estimates and their effect on bids.
In this section we first analyze how the type of auction and the different information
provided to the outside observer influence her value estimates. 81Then we analyze how
these estimates affect bidding behavior. In particular, we conjecture two mechanisms
through which outside observer can affect bidding strategies. First, the difference in the
outside observers’ estimates for winners and losers may differ between treatments or
among groups and this may influence bidding behavior. Second, outside observer
precision to estimate bidders’ values may also have a significant impact on bids.
Figures in Appendix 4.D represent, for the different winners’ payments82, the
average estimates and the average values for winners, losers and the difference between
winners and losers in each of the main treatments. When outside observers are only
informed about the winner, her guesses cannot depend on the winner’s payment.
Therefore, in average, estimates for winners and losers are constant for any winner’s
payment in FPW and SPW treatments. In addition, in both types of auctions, average
estimates for winners are slightly lower than average actual values and average
estimates for losers are slightly higher than average actual values. In consequence, in
both FPW and SPW, the differences between the value of the winners and the value of
the losers are underestimated. In particular, in average, the estimated difference
between the value of the winner and the value of the loser is 20.63 and 23.62 for FPW
and SPW respectively. This difference does not significantly change between both
treatments (p=0.95). Therefore, bidders optimal bidding strategy (if they anticipate ex
ante this difference or they learn it from previous behavior of the outside observer) is
to inflate their bids by 10.32 points in FPW and by 11.81 points in SPW. In fact, bidders
inflate their bids with respect to the controls by 5.94 and 9.08 points in FPW and SPW
respectively (see table 4.2 and table 4.3 from previous section). Overbidding is weaker

81

It is socially efficient to overestimate the value. An overestimation of 1 point for winner and losers
costs the observer 1 point, but the other three players earn 0.5 point each more. Especially in fixed
groups, for 30 periods, this could be relevant. However, this social incentive is the same in all
treatments.
82

What external party observes in FPWP and SPWP.
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than optimal but close and consistent to predictions.
When the winner of the auction and her payment are revealed, outside observers
can adjust their estimates for winners and losers depending on the information received
about the winner’s payment (the highest bid in FPWP and the second highest bid in
SPWP). Figures in Appendix 4.D show that the estimates for the value of the winners
and the value of the losers increase with the winners’ payment in both FPWP and SPWP
treatments (p<0.02). Similarly to auctions where only the winner is revealed, outside
observers generally underestimate winners’ values and overestimate losers’ values. In
average, the estimated difference between the value of the winner and the value of the
loser is 23.21 and 18.42 for FPWP and SPWP respectively. Although the average
differences do not differ significantly between both treatments83, how this difference
change with respect to the winner’s payment does. Optimal difference in estimates
between winners and losers increases for higher winner’s payments in FPWP but the
optimal difference in estimates decreases in SPWP. When looking at actual differences
in outside observers’ estimates for winners and losers in Appendix 4.D, it is clear that
this difference increases in FPWP but seem to be constant in SPWP. The difference
significantly increases with respect to the winner’s payment in FPWP (p=0.02). On the
other hand, the difference between estimates for winners and losers do not change for
the different winner’s payments revealed in SPWP (p=0.95). Two conclusions from this
result can be drawn. First, huge underestimation of the difference in values between
winners and losers by the outside observer for low winners’ payments can be seen as
an additional explanation of why low value bidders in SPWP inflate their bids less than
expected. Second, it seems that revealing the winner’s payment in SP auctions do not
help the outside observers to increase the precision of their estimates. This fact will be
corroborated when analyzing how precision affect bidding behavior.
Finally, it is important to mention that bidders do not respond to variations in
outside observers’ differences in estimates between winners and losers. Bidders do not
bid more aggressively in groups where outside observers’ differences in estimates for
the winner compared to the losers is higher. In addition, differences in estimates
between winners and losers in previous rounds do not affect current bidding behavior.
This suggests that subjects anticipate ex ante how outside observer estimates may affect

Average difference in value estimation for winners and losers do not differ between the four
main treatments.
83
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their payoffs but do not adjust their bids during rounds. This may be the case because
subjects representing outside observers vary between rounds.

Result 4.7: Outside observer generally underestimate the value of the winners and
overestimate the value of the losers. In consequence, differences in values between
winners and losers is underestimated in all treatments.

Now an alternative mechanism through which outside observer can affect
bidding behavior is considered: the precision of her estimates. Figure 4.7 compares
average outside observer’s earnings for each type of auction and information scenario.
Table 4.4 shows that outside observer’s average earnings are significantly higher in the
FPWP auctions compared to FPW, SPWP and SPW. No significant differences in
outside observer’s earnings are found between the other three treatments. This means
that the outside observer has the highest accuracy in estimating bidders’ values in FP
auctions where both the winner and her payment are revealed. It seems that revealing
the winning payment helps outside observers in the lab to increase the precision in their
estimates in FP auctions but not in SP auctions. This could be the case because revealing
the winning payment gives different information to outside observers in FP auctions
than in SP auctions. The winning payment represents the own bid of the winner in FP
auctions but the second highest bid in SP auctions. It is likely that, for outside observers
in the lab, your own bid constitute a better signal for your own value than the second
highest bid (which belongs to another bidder). This difference in the precision of outside
observers’ estimates may be one of the factors that explain the differences in average
bids and auction revenues across treatments. Let’s consider the following variable:
𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦𝑖𝑗𝑡 = 1 −

|𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑖𝑗𝑡 − 𝑣𝑎𝑙𝑢𝑒𝑖𝑡 |
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𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦𝑖𝑗𝑡 measures the precision of outside observer 𝑗’s estimate bidder 𝑖’s value in
period 𝑡. This measure can take only values between 0 and 1. The precision of the
estimate increases as 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦𝑖𝑗𝑡 gets closer to 1. Table 4.5 presents the relation
between bids and the precision of the estimates for all the main treatments. Specification
(1) shows a clear correlation between bids and the precision of the estimates. More
importantly, specification (2) allows for difference in bids between treatments
controlling for the precision of the outside observer. The main result is that FPW
dummy loses its significance when controlling for the precision of the value estimate.
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Therefore, the difference in bids between FPWP and FPW treatments can be explained
by differences in the accuracy of outside observer’s estimates. Revealing the winner
payment in FP auctions increases outside observer’s precision to estimate bidders’
values and this make bidders to bid more aggressively. Finally, the lack of differences
in outside observer’s accuracy in SP auctions may explain that revealing the winner
payment in SP auctions do not have an effect on bids.
Result 4.8: The outside observer’s accuracy to estimate bidders’ value is the highest
in FP auctions where the winner and her payment are revealed. Differences in bids
between FPWP and FWP treatments can be mainly explained by differences in outside
observer’s precision to estimate bidders’ values.
Therefore we conclude that outside observer’s precision in her estimates explains why
average bids increase in FP auctions but not in SP auctions when the winner’s payment
is additionally revealed.

Figure 4.7: Average outside observer’s earnings per treatment
Average outside observer Earnings
20

18,09
13,92

15

14,83
13,14

10

5
FPWP

FPW

SPWP

SPW
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Table 4.4: Average outside observer’s earnings per treatment estimation

Intercept

Outside

Outside

Outside

Outside

Observer

Observer

Observer

Observer

earnings (1)

earnings (2)

earnings (3)

earnings (4)

18.0857***

13.8905***

15.8286***

13.2143***

(1.1742)

(1.3726)

(1.3613)

(1.0000)

4.1952**

2.2571**

4.8714**

(1.5725)

(0.7420)

(1.5105)

-4.1952**

-1.9381

0.6762

(1.5725)

(1.4768)

(1.8569)

FPWP

FPW

SPWP

SPW
n

-2.2571**

1.9381

2.6143

(0.7420)

(1.4768)

(1.6251)

-4.8714**

-0.6762

-2.6143

(1.5105)

(1.8569)

(1.6251)

840

840

840

840

Note: Robust standard errors in parenthesis.
p<0.1 , **p<0.05 , *** p<0.01
(1)

Reference FPWP, (2) Reference FPW, (3) Reference SPWP, (4) Reference SPW
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Table 4.5: Bids and outside observer’s precision in her estimates

Intercept

Accuracy

Bid (1)

Bid (2)

34.7591***

26.5468***

(3.3065)

(4.4090)

31.8970***

33.3214***

(5.1989)

(5.3753)

FPWP
-1.9449

FPW

(1.2109)
13.9651***

SPWP

(2.5028)
-16.6388***

SPW
n

(3.6191)
2518

2518

Note: Robust standard errors in parenthesis.
p<0.1 , **p<0.05 , *** p<0.01
(2) Reference treatment FPWP

4.4.4. Efficiency comparison between auctions
In this section, we undertake an efficiency analysis to determine which combination of
auction and information scenario yield the highest average aggregate payoffs for all
parties that participate in our setting. Efficiency comprises the sum of three terms:
3

1
𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑡 = 𝑉𝑎𝑙𝑢𝑒𝑊𝑖𝑛𝑛𝑒𝑟𝑡 + 𝐸𝑎𝑟𝑛𝑖𝑛𝑔𝑠𝑂𝑂𝑡 + ∑ 𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑖𝑡
2
𝑖=1

where 𝑉𝑎𝑙𝑢𝑒𝑊𝑖𝑛𝑛𝑒𝑟𝑡 is the value of the winner of the auction at period 𝑡,
𝐸𝑎𝑟𝑛𝑖𝑛𝑔𝑠𝑂𝑂𝑡 are the earning of the outside observer at period 𝑡 and 𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑖𝑡 is the
outside observer’s estimate of bidder 𝑖 at period 𝑡. 𝑉𝑎𝑙𝑢𝑒𝑊𝑖𝑛𝑛𝑒𝑟𝑡 measures the
auction’s efficiency is in terms of allocating the object. The second term measures the
payoffs of the outside observer. The last term measures the sum of the payoffs obtained
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by the three bidders through the estimates from the outside observer. Efficiency does
not depend on the auction’s revenue (it is just a monetary transaction between a bidder
and the auctioneer). Figure 4.10 compares the average value of each term and the
overall average efficiency between treatments. The average value of the winner in the
auction is the highest under FPW treatment (p=0.06, p=0.06 and p=0.08 with respect to
FPWP, SPWP and SPW respectively). The average value of the winner is not
significantly different among the other treatments. This means that, FP auctions where
only the winner is revealed is the most efficient environment to allocate the good to the
bidders. In other words, even though revealing the winner’s payment in FP auctions
increases average earnings for the auctioneer, it reduces the allocative efficiency of the
auction.

Result 4.9: FP auctions where only the winner is revealed is the setting where auctions
yield the highest allocative efficiency.

Outside observer precision and her earnings were previously analyzed. Outside
observer earnings are the highest in FPWP. Therefore, FP auctions where both the
winner and her payment are revealed are the most efficient environment for outside
parties not engaged in the auction. Finally, when analyzing the differences in the
benefits of bidders from outside observer estimates, we find that both FP and SP
auctions where both the winner and her payment are revealed increase their external
benefits (p=0.01 and p=0.06 with respect to FPW and SPW respectively). Therefore
revealing more information induces outside parties to increase their value estimates and
this produces an increase in average bidders’ external benefits. Finally, total average
efficiency in our setting is higher in FPWP and SPWP compared to FPW and SPW
(p=0.03). Therefore more information increases overall average efficiency in both FP
and SP auctions.

Result 4.10: For both FP and SP auctions, average overall efficiency is increased when
winner’s payment is additionally revealed. This result is mainly driven by the increase
in bidders’ external benefits caused by higher value estimates from the outside observer.

Figure 4.10: Efficiency comparison between treatments.
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4.5. Conclusions
Signaling in auctions is relevant in many economic situations (industrial organization,
finance, art and fundraising) and thus has recently been very well analyzed. Yet, this is
the first experimental study where two auction formats with different information
settings are investigated.84 In a signaling auction, bidders care about how an outside
observer estimates their private types. This chapter investigates bidding strategies and
revenues in the FP and the SP auctions in which an outside observer either sees the
identity and the payment of the winner or observes only the winner identity. The
theoretical results stem from Bos and Truyts (2014) and provide testable hypothesis.
Our main result contradicts the theoretical predictions: the FP auction yields to
higher revenue than the SP auction when the identity and the payment of the winner are
revealed to the outside observer. These results can be explained by the following

84

Fonseca et al. (2015) also experimentally investigate signaling in auctions, however they focus on
four information settings in a two-stage first-price auction.
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behavioral tendencies. Some subjects in the lab dislike overbidding their value, what is
always optimal in SP auctions in which outside observer affect the bidder’s payoffs.
Moreover, revealing the winning payment provides different information in both
auctions to the outside observer. In the FP auction, she can observe the winning bid and
provide a better precision in her estimate of the bidders’ types. That leads bidders to bid
more aggressively. In the opposite, revealing the winning payment in the SP auction
does not improve the outside observer’s precision in her estimate.
Finally, behavior in the control treatment suggests that many participants are
risk-averse, what may explain aggressive bidding and the higher revenue in the FP
auctions where the outside observer affects bidders’ payoffs. Signaling in auctions
theoretically improves the relative revenue performance of the SP auction while risk
aversion improves the relative revenue performance of the FP auction in our
experiment. To determine whether risk aversion is a strong driving force, we need new
theoretical analyses of signaling auctions with risk aversion.
Additionally, our experiment established interesting findings about efficiency.
The outside observer and the bidders benefit from revealing the winner’s payment. Yet,
while revealing the winner’s payments increases the average auctioneer payoffs, it
decreases the allocative efficiency in the FP auctions (the format with the highest
average winner’s values).
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Appendix 4.A: Instructions for treatment FPWP

WELCOME
You are about to participate in an economic experiment. The instructions are simple. If
you follow them carefully, you may make a substantial amount of money. Your
earnings will be paid to you in euros at the end of the experiment. This will be done
confidentially, one participant at a time.
Earnings in the experiment will be denoted by ‘francs’. At the end of the experiment,
francs will be exchanged for euros. The exchange rate is 1 euro for every 50 francs.
Your starting capital equals 350 francs (or 7 euros).
These instructions consist of seven pages like this. You may page back and forth by
using your mouse to click on ‘previous page’ or ‘next page’ at the bottom of your
screen. At the bottom of your screen, you will see the button ‘ready’. You can click this
when you have completely finished with all pages of the instructions.
AUCTION
In today’s experiment, you will participate in auctions. In these auctions, three bidders
bid to obtain a fictitious good. The bidders are observed by an outside observer. In the
remainder of these instructions we will explain the way in which the auction is
organized and the rules you must follow.
ROUNDS
Today’s experiment consists of 30 rounds. In each round, a fictitious good is auctioned.
In the experiment, you will be member of a group. This group consists of you and three
other participants. It is unknown to you and to the other participants who is in which
group. The four group members remain in the same group throughout the experiment.
Thus, you will meet the same three participants in each of the 30 rounds.
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In every round, one group member is randomly chosen by the computer to play the role
of outside observer. The remaining three group members are the bidders in the auction.
THE VALUE OF THE AUCTIONED GOOD
The value of the fictitious good will typically differ from one bidder to the next. To be
more precise, in every round, the computer will draw a new value for every bidder.
Values are drawn from the set {0,1,2,3,…,100}.
Note the following about the value for the objects:
1. The value for a bidder is determined independently of the values for the other
two bidders;
2. Any value in the set {0,1,2,3,…,100} is equally likely;
3. Each bidder only learns her own value, not the value of the other bidders;
4. The outside observer is not informed about the values of any of the three bidders.

THE AUCTION
In the auction, each of the three bidders independently submit a bid for the fictitious
good. Bids must be chosen from the set {0,1,2,…,200}. The bidder with the highest bid
gets the good and pays his bid. If two or three bidders submit the same (highest) bid,
the computer will randomly determine which one obtains the good.
THE OUTSIDE OBSERVER
After the auction, the participant playing the role of outside observer is asked to guess
the values of each of the three bidders. Before she does so, she obtains information
about the outcome of the auction. In particular, she is informed about which bidder
won the auction and how much the winner paid.
The payoffs of the outside observer depend on the precision of her estimates. Once she
has entered value estimates for all bidders, the computer draws one of the three bidders
at random. If the outside observer’s estimate for this bidder is exactly correct, she
obtains 40 points. The further her estimate is away from the actual value, the lower is
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her payoff. Specifically, if her estimate deviates 𝑥 points for the actual value, her payoff
is equal to 40 – 𝑥. In words: the outside observer loses one point for every unit her
estimate is further away from the actual value.
EARNINGS FOR THE BIDDERS
The payoffs for the bidders are dependent on both the outcome of the auction and the
estimate of the outside observer.

If a bidder does not win the object, his earnings in a round only depend on the value the
outside observer estimated this bidder to have:
(Earnings) = (The outside observer’s value estimate)/2
So, a bidder earns half a franc for every franc in the outside observer’s value estimate.
A bidder’s earnings do not depend on the outside observer’s estimated values for the
other two bidders.

If a bidder wins the object, his earnings in a round will depend on both his profits in the
auction and the outside observer’s value estimate:
(Earnings) = (Value for the good) – (Winning bid) + (The outside observer’s value
estimate)/2
Note that a bidder gets the same payoffs from the outside observer’s estimate, win or
lose.
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APPENDIX 4.B: Derivation of equilibrium bidding curves
In this appendix, we derive the equilibrium bidding curves. Consider a setting with
𝑛 ≥ 2 bidders, indexed 𝑖 = 1, … , 𝑛, bidding for a single, indivisible object. Bidders’
values for the object are i.i.d. according to a smooth distribution function 𝐹 on [0, 𝑣̅ ],
𝑣̅ > 0. The auction outcome is partly revealed to an outside observer. We assume that
a bidder’s payoffs are increased by 𝛾𝑣̃ (𝛾 > 0) if the outside observer’s estimate of
the bidder’s value equals 𝑣̃. For the analysis, we presume that bidders bid according to
the same, strictly increasing, bidding curves. In equilibrium, the outside observer
updates her beliefs about the bidders’ values accordingly.
The structure of this appendix is as follows. In sections B.1 and B.2, we derive
equilibrium bidding curves for settings in which the outside observer is informed
about who wins the auctions and how much the winner pays for the first-price sealedbid auction and the second-price sealed-bid auction respectively. In section B.3, we
consider the case where the outside observed only observes who wins the auction.

4.B.1 First-price sealed-bid auction winner payment
Assume that bidders bid according to a strictly increasing bidding curve 𝐵(𝑣). Now,
consider a bidder having value 𝑣 bidding as if his value were 𝑤 ∈ [0, 𝑣̅ ]. If the other
bidders stick to the equilibrium bidding curve, the bidder’s expected payoffs equal
𝑣̅

𝑢(𝑣, 𝑤) = 𝐹

(1)

(𝑤)(𝑣 − 𝐵(𝑤) + 𝛾𝑤) + 𝛾 ∫ 𝑉̃ (𝑥) 𝑑𝐹 (1) (𝑥),
𝑤

where 𝐹

(1)

denotes the distribution of the highest-order statistic of 𝑛 − 1 i.i.d. draws

from 𝐹. The first term on the RHS refers to the case that the bidder wins after which
the outside observer induces that the bidder’s value equals 𝑤. The second term is the
bidder’s payoff when losing the auction, where 𝑉̃ (𝑥) denotes the outside observer’s
optimal value estimate for losing bidders. The equilibrium FOC is given by
𝜕𝑢(𝑣, 𝑤)
|
= 𝑓 (1) (𝑣)(𝑣 − 𝐵(𝑣) + 𝛾𝑣) − 𝐹 (1) (𝑣)(𝐵′ (𝑣) − 𝛾) − 𝛾𝑉̃ (𝑣)𝑓 (1) (𝑣)
𝜕𝑤
𝑤=𝑣
=0
⇔ 𝑓 (1) (𝑣)(𝐵(𝑣) − 𝛾𝑣) + 𝐹 (1) (𝑣)(𝐵 ′ (𝑣) − 𝛾) = (𝑣 − 𝛾𝑉̃ (𝑣))𝑓 (1) (𝑣),
where 𝑓 (1) is the density function corresponding to 𝐹 (1) . Taking into account the
boundary condition 𝐵(𝑣) = 0, we find the following solution for the resulting
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differential equation:
𝑣
∫0 (𝑥 − 𝛾𝑉̃ (𝑥))𝑑𝐹 (1) (𝑥)
𝐵(𝑣) =
+ 𝛾𝑣.
𝐹 (1) (𝑣)

For the parameters used in the experiment (𝛾 = 1/2, 𝑛 = 3, 𝐹 = 𝑈[0,1]), we have
𝑉̃ (𝑥) = 𝑥/2 and 𝐹 (1) (𝑣) = 𝑣 2 from which it follows that 𝐵(𝑣) = 𝑣.

4.B.2 Second-price sealed-bid auction winner payment
The analysis for the second-price sealed-bid auction is analogous. Let 𝐹 (2) (𝑤|𝑥)
denote the distribution of the second highest value among the 𝑛 − 1 other bidders if a
bidder pretends to have value 𝑤 conditional on the highest value among the other
bidders being 𝑥. Moreover, we will let 𝑉(𝑥) represent the outside observer’s estimate
for the winner’s value conditional on the second-highest value being 𝑥. We then have:
𝑣̅

𝑤

𝑢(𝑣, 𝑤) = ∫ (𝑣 − 𝐵(𝑥) + 𝛾𝑉(𝑥)) 𝑑𝐹 (1) (𝑥) + 𝛾 ∫ 𝑣̃(𝑥|𝑤) 𝑑𝐹 (1) (𝑥).
0

where 𝑣̃(𝑥|𝑤) = 𝑤𝐹 (2) (𝑤|𝑥) +

𝑤
𝑥𝑦
∫𝑤 2 𝑑𝐹 (2) (𝑦|𝑥)

represents the expected value of the

outside observer’s value estimate of a bidder who bids as if having value 𝑤
conditional on the highest value among the 𝑛 − 1 other bidders being 𝑥. Notice that
𝑙𝑖𝑚𝑤↑𝑥 𝑣̃(𝑥|𝑤) = 𝑥.
The equilibrium FOC:
𝑣̅

(𝑣 − 𝐵(𝑣) + 𝛾𝑉(𝑣))𝑓 (1) (𝑣) − 𝛾𝑙𝑖𝑚𝑣↑𝑤 𝑣̃(𝑣|𝑤)𝑓 (1) (𝑣) + 𝛾 ∫
𝑣

𝜕𝑣̃(𝑥|𝑣) (1)
𝑑𝐹 (𝑥)
𝜕𝑤

=0⇔
𝑣̅

𝐵(𝑣) = (1 − 𝛾)𝑣 + 𝛾𝑉(𝑣) + 𝛾 ∫
𝑣

𝜕𝑣̃(𝑥|𝑣) (1)
𝑑𝐹 (𝑥)/𝑓 (1) (𝑣).
𝜕𝑤

For the parameters used in the experiment, 𝐵(𝑣) = 𝑣/2 + 5/8.

4.B.3 Winner-only, both auction types
The predictions for the winner-only treatments are straightforward: Bidders’
equilibrium bids are the standard equilibrium bids in a setting without outside
observer augmented with 𝛾 times the difference between the outside observer’s value
estimates for the winner and the losing bidders. When estimating a bidder’s value, the
outside observer minimizes w.r.t. 𝑤:
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𝑣̅

𝑣̅

𝑤

∫ |𝑤 − 𝑣|𝑑𝐺(𝑣) = ∫ (𝑤 − 𝑣)𝑑𝐺(𝑣) + ∫ (𝑣 − 𝑤)𝑑𝐺(𝑣),
0

0

𝑤

where 𝐺 is the outside observer’s belief, i.e., the distribution function of the bidder’s
value. The FOC:
𝑤

𝑣̅

∫ 𝑑𝐺(𝑣) − ∫ 𝑑𝐺(𝑣) = 0 ⇔ 2𝐺(𝑤) − 1 = 0.
0

𝑤

For the three-bidder case with values uniformly distributed on [0,100], 𝐺(𝑣) =
𝑣 3 /106 for the winning bidder under the assumption that bidders submit bids
according to the same strictly increasing bidding curve. This implies that the outside
3

observer’s best guess equals 𝑤 = 100/ √2 ≈ 79. W.r.t. the guesses for the losing
3𝑣

bidders, 𝐺(𝑣) = 200 − (𝑣 3 /2)/106 . The outside observer’s optimal guess is
approximately equal to 35. The difference between the estimates equals about 44,
which translate into bids inflated by 22.
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Appendix 4.C. Scatter plots per treatment: bids and respective values
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Appendix 4.D: Average outside observer’s estimates and average bidder’s values
for each winner’s payment
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Samenvatting (Summary in Dutch)
Deze scriptie bestaat uit drie individuele proefschriften waarin ik verslag doe van
laboratoriumexperimenten die ik heb uitgevoerd omtrent een aantal vragen over
industriële organisatie. Hoofdstuk 2 en 3 behandelen kartels in oligopoliemarkten en
hoofdstuk 4 richt zich op het bieden bij veilingen.
Laboratoriumexperimenten kunnen op vele manieren belangrijk zijn voor
onderzoek naar industriële organisatie.85 Ten eerste kunnen experimenten zodanig
geconstrueerd worden dat “de regels van het spel” volledig in handen zijn van degene
die het experiment uitvoert. In dat geval kunnen experimenten een licht werpen op
welke gedragingsveronderstellingen meer kans hebben om gevolgd te worden door
partijen in de markt en aldus, welke balans er waarschijnlijker eerder wordt bereikt.
Ten tweede kunnen experimenten van nut zijn om theorieën te testen en
bruikbare inzichten te geven voor beleidsvorming in situaties waarin empirische
gegevens moeilijk bereikbaar, beperkt of vertekend zijn. Dit is bijvoorbeeld het geval
wanneer men kartelvorming bestudeert. Kartels zijn doorgaans illegaal en zijn derhalve
bedrijven die hun geheime overeenkomsten verzwijgen. Alle experimentele studies in
deze scriptie tonen specifieke beleidsimplicaties en kunnen beschouwd worden als een
illustratie hoe experimentele methoden kunnen worden gebruikt als extra middel voor
beleidvorming en antitrustregels.
In hoofdstuk 2 doen we experimenteel onderzoek naar het effect van informatie
over acties van concurrenten en kartelstabiliteit en de beweegreden voor firma’s om
kartels te vormen in de Cournot markt. Zoals in eerdere experimenten worden de
markten ook in dit experiment zeer concurrerend wanneer geïndividualiseerde
gegevens beschikbaar zijn en de deelnemers niet kunnen communiceren. Wanneer
communicatie daarentegen wel mogelijk is krijgen we een tegenovergesteld resultaat:
Markten worden minder concurrerend en kartels worden stabieler wanneer
geïndividualiseerde informatie beschikbaar is.
Ook zien we dat de extra winsten die bedrijven genereren dankzij de mogelijkheid om
te communiceren, hoger zijn wanneer geïndividualiseerde gegevens beschikbaar zijn,
wat suggereert dat bedrijven in die situatie een sterkere beweegreden hebben om kartels
te vormen.
85

Kijk Holt (1995)
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In hoofdstuk 3 behandelen we zowel het theoretische als experimentele
onderzoek naar de formatie en de handelwijze van deelkartels. Het theoretische model
is een variatie op het Bos and Harrington’s (2010) model, waar bedrijven heterogeen
zijn met betrekking tot productiecapaciteit en waar individuele kartelbeslissingen van
binnenuit worden ontwikkeld. Het experimentele onderzoek is gebaseerd in het
theoretische model en presenteert de mogelijkheid tot optionele communicatie tussen
de betrokkenen om de vorming van geheime afspraken te bevorderen. Het experiment
heeft twee hoofddoelen. Het eerste is om te onderzoeken of deelkartels überhaupt in het
lab naar voren komen, en zo ja, welk bedrijven er dan deel van uit maken. De
samenstelling van de gevormde kartels is belangrijk omdat die invloed heeft op de
stabiliteit van de geheime overeenkomst en daarom impact heeft op de marktprijzen.
Het tweede doel van het experiment is om de gecoördineerde effecten van een fusie te
onderzoeken. De belangrijkste uitkomsten zijn dat kartels doorgaans niet alomvattend
zijn en dat er verschillende soorten deelkartels opduiken. Bovendien tonen wij aan dat
fusie analyse, gebaseerd op de veronderstelling van alleen volledige kartelformaties,
een misleidend resultaat oplevert. De opgelegde fusie in het ontwerp doet de
marktprijzen dalen, in het bijzonder daar waar bedrijven, die zich verenigen in
communicatie, een aanzienlijk deel van de markt vertegenwoordigen.
Hoofdstuk 4 bestaat uit een experimentele veiling, waarin we ons richten op het
blootleggen van het effect dat een externe waarnemer heeft op het resultaat van de
veiling, wanneer beslissingen van de externe waarnemer de afrekeningen van de bieders
beïnvloeden. We nemen een onafhankelijke particuliere waarde-setting waarin een
enkel object is toegewezen aan een blinde veiling of Vickrey veiling. De
waardebepaling van alle bieders betreft privé informatie, maar alle bieders vinden een
soortgelijke inschatting van een buitenstaander even belangrijk. De externe waarnemer
ziet de uitkomst van de veiling en gebruikt deze informatie om zijn mening over de
waarde van de bieders aan te passen. We hanteren verschillende informatie settings: de
externe waarnemer ziet ofwel de identiteit en de betaling van de winnende bieder (de
veilingomzet) ofwel kijkt hij alleen naar de identiteit van de winnende bieder. Wij zijn
van mening dat blinde veilingen, waar zowel de winnaar als de prijs worden
geopenbaard, aan de externe waarnemer, de hoogste veilingomzet halen. Daarentegen
doet het openbaren van de betaling van de winnaar de efficiëntie van de veiling dalen.
Het object wordt efficiënter toegewezen bij veilingen waar alleen de winnaar wordt
geopenbaard.
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Summary in English
This thesis consists of three independent essays that use laboratory experiments to
address a number of industrial organization questions. In particular, it studies the role
of communication and information revelation in market interactions. Chapters 2 and 3
focus on the question of how communication between firms affects the way they
compete in the market. By introducing communication in our experimental markets,
our analysis diverges from traditional industrial organization conventions in two ways.
First, in Chapter 2 we expect (and find) different outcomes in markets with and without
communication. This contrasts with the standard model of collusion that does not
distinguish between implicit and explicit collusion so that its predictions do not depend
on communication possibilities. In Chapter 3, we introduce communication in such a
way that firms individually can decide whether or not to communicate with other firms
in the same market, i.e., whether they want to be part of a cartel. In this way, partial
cartels can form endogenously, which is precluded in traditional oligopoly models
where cartels are assumed to be all-inclusive.
We study the effect of information revelation in market outcomes in Chapters 2
and 4. In Chapter 2, we analyze the impact of information about other firms’ actions
and outcomes on market prices in an oligopoly setting. In Chapter 4, we examine the
effect of revealing information about the outcome of an auction to an external party on
bidding behavior and auction revenue. We do so in a setting where the external party’s
estimates of bidders’ values influence bidders’ payoffs.
The three core chapters are summarized now. In Chapter 2, we experimentally
study the effect of information about competitors’ actions on cartel stability and firms’
incentives to form cartels in Cournot markets. The impact of publishing firm-specific
data on competition has been subject to a debate in the economics literature at least
since Stigler’s (1964) work. Stigler argues that market transparency facilitates collusion
because firms are better able to monitor other firms deviating from a collusive
agreement. Empirical data is limited but confirms this prediction (Albaek et al. 1997).
In addition, antitrust authorities usually consider that this kind of information has
potentially anticompetitive consequences and therefore the exchange of individualized
information between firms is generally forbidden. In contrast, recent experimental
studies yield opposite conclusions: full disclosure of individual data makes Cournot

132

markets more competitive, not less, mainly because firms tend to imitate the most
profitable firm. In this chapter, we conjecture that the effect of publishing firm-specific
data may depend on the opportunities for firms to collude explicitly i.e. to communicate.
As in previous experiments, in our experiment, markets become very competitive when
individualized information is available and participants cannot communicate. In
contrast, when communication is possible, results reverse: Markets become less
competitive and cartels become more stable when individualized information is
available. We also observe that the extra profits that firms obtain thanks to the
possibility to communicate are higher when individualized information is present,
suggesting that firms have greater incentives to form cartels in that situation.
Summarizing, the publication of firm-specific data results in two undesirable effects
when communication is possible. First, it increases cartel stability for the reasons put
forward by Stigler (1964). Second, it increases firms’ incentives to form cartels, not
only because it stabilizes cartels but also because the market would become more
competitive otherwise.
In Chapter 3, we study both theoretically and experimentally the formation and
behavior of partial cartels. The formation of partial cartels is allowed in the theoretical
model developed in the chapter and in the experimental design in which the experiment
is based. The theoretical model is a variation of Bos and Harrington’s (2010) model
where firms are heterogeneous in terms of production capacities and where individual
cartel decisions are endogenized. The experimental study is based in the theoretical
model introducing the possibility of optional communication among subjects to
facilitate the formation of collusive agreements. The experiment has two main
objectives. The first goal is to examine whether partial cartels emerge in the lab at all,
and if so, which firms are part of it. The composition of the cartels formed is relevant
because it influences the stability of the collusive agreement and therefore has an impact
on market prices. The second aim of the experiment is to study the coordinated effects
of a merger. Theory predicts different effects on competition depending on whether
partial cartels or all-inclusive cartels are operating. The analysis developed in this
chapter illustrates how merger simulations in the lab can be seen as a useful tool for
competition authorities to back up merger decisions. The main results are that cartels
are typically not all-inclusive and that various types of partial cartels emerge. In
addition, we show that a merger analysis that is based on the assumption that only full
cartels will form produces misleading results. The merger imposed in the design
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decreases market prices, especially in markets where firms joining communication
represent a considerable share of total market capacity. Therefore, we conclude that the
merger should not raise competitive concerns.
Chapter 4 consists of an experimental auction setting where we try to uncover
the effect of an outside observer who affects bidder’s payoffs, on the outcome of the
auction. We consider an independent private values setting in which a single object is
allocated in first-price sealed-bid (FP) or second-price sealed-bid (SP) auctions. The
valuation of all bidders is private information, but all bidders care to the same extent
about an outside observer’s estimation of their type. The outside observer sees the
auction outcome and uses this information to update his beliefs about the bidders’
values. We consider different information settings: the outside observer either sees the
identity and the payment of the winning bidder (i.e., the auction’s revenue) or he only
observes the identity of the winning bidder. We find that FP auctions where both the
winner and her payment are revealed to the outside observer yield the highest auction
revenue. In contrast, revealing the winner’s payment reduces the efficiency of the
auction: the good is allocated more efficiently in auctions where only the winner is
revealed.
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