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Abstract

Lorem ipsum dolor sit amet, consectetuer adipiscing elit. Etiam lobortis facilisis sem.
Nullam nec mi et neque pharetra sollicitudin. Praesent imperdiet mi nec ante. Donec
ullamcorper, felis non sodales commodo, lectus velit ultrices augue, a dignissim nibh
lectus placerat pede. Vivamus nunc nunc, molestie ut, ultricies vel, semper in, velit. Ut
porttitor. Praesent in sapien. Lorem ipsum dolor sit amet, consectetuer adipiscing elit.
Duis fringilla tristique neque. Sed interdum libero ut metus. Pellentesque placerat. Nam
rutrum augue a leo. Morbi sed elit sit amet ante lobortis sollicitudin. Praesent blandit
blandit mauris. Praesent lectus tellus, aliquet aliquam, luctus a, egestas a, turpis. Mauris
lacinia lorem sit amet ipsum. Nunc quis urna dictum turpis accumsan semper.

1 Introduction
Over the last decades, governments have pushed towards increasing competition in the pro-
vision of public services (Armstrong & Sappington, 2006).1 In those cases of limited autho-
rization schemes, arising as a result of natural or technical limitations of capacity, public
authorities must apply a selection procedure to potential candidates that provides full guar-
antees of impartiality and transparency including, in particular, adequate publicity about
the launch, conduct and completion of the procedure (Van Ommeren, 2004; Wolswinkel,
Van Ommeren, & Den Ouden, 2019; Adriaanse, Van Ommeren, Den Ouden, & Wolswinkel,
2016).2 Authorities granting licenses to operate on a market have a variety of methods at their
disposal. In recent years, auctions have been a more popular method than beauty contests
(Börgers & Van Damme, 2004). Gas stations, airport slots, phone numbers, CO2 Emission
Permits and telecommunication frequencies have been put up for bid, mostly using some

∗Corresponding author. Tel.: +31 20 5982662 . E-mail address: m.coerts@vu.nl
1Historically, public services were either provided by government itself, or licensed through administrative

decision (McMillan, 1994). In the context of spectrum rights in the United States, for example, interested
parties would file an application with the Federal Communications Commission, which later was replaced by
a lottery, assigning licenses at random (Kwerel & Williams, 1993; McMillan, 1994).

2Art. 12(1) Services Directive. The same link between transparency and impartiality had already been
emphasised by the Court of Justice of the European Union in Telaustria, supra n. 17, para. 61.
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variant of the open ascending auction. In contrast to other procurement alternatives (i.e., ad-
ministrative processes, lotteries and first-come-first-served principles), competitive tendering
of government services through the use of auctions provides a set of advantages, and hence
has received a lot of attention in recent years (Amaral, Saussier, & Yvrande-Billon, 2009;
Hawkins, 2020). Most importantly, auctions can achieve efficiency by assigning the operating
rights to the party that values these rights most, potentially generating extra government
revenue (McMillan, 1995). The case for using auctions to sell licenses has usually been based
on the arguments that an auction is an efficient procedure (i.e., quick, transparent, not very
susceptible to lobbying, and reasonably proof to legal action) that produces an efficient
outcome (McMillan, 1994).

Efficiency for the government is not always equivalent to the licenses ending up in the
hands of those that value them most. The government may instead sell the licenses having
the consumer welfare in mind. An auction does not always ensure the consumer welfare and
additional conditions on licenses are incorporated by design to obtain an outcome promoting
the public interest (Rey & Salant, 2017). To ensure that the successful parties provide the
services that come with the license adequately and satisfactorily in the light of consumer
welfare, governments therefore often attach performance obligations to the bid in question.
This means that license holders will have to comply with concrete implementation obligations
when they become commercially active within a certain period of time. This is beneficial for
the public interest as the licenses are being used in an economically efficient way. After the
auctions for mobile network frequencies, for example, the new license holders are obliged to
actually perform the licensed activity in the Netherlands, to avoid the emergence of zombie
licenses.3 They will have to invest in order to become commercially active, and they must
build a network within a certain period of time. The right to execute the license in a way that
suits the business case of the private parties is being converted into an obligation to invest
in what the government considers important from the perspective of the public interest. If
private parties fail to comply, they can face penalties or risking that their license is being
withdrawn. In this way, the government decides that and in which way private parties are
investing in public interests.

Competitive tendering of services has received attention in recent years both in the public
debate (Evans, 2019; Gryta & Flint, 2017, both in press) and the academic discourse (i.e.
Amaral et al., 2009; Lin, Chang, Chang, & Zheng, 2020; McMillan, 1995; Wolswinkel, 2013;
Van Ommeren, 2004), as well as with policymakers (Federal communications Commissions
’Auctions of Upper Microwave Flexible Use License for Next Generation Wireless Services;
Notice and Filing Requirements, Minimum Opening Bids, Upfront Payments, and Other
Procedures for Auctions 101 (28 GHz) and 102 (24 GHz)’,4 MDW-rapport ‘Veilen en andere
allocatiemechanismen’, Parliamentary papers 2001/02, 24 036, nr. 254; rapport ’Onafhankelijk
Adviescollege Toekomstbeleid Radio: Naar een toekomstbestendig beleid voor commerciële
radio’ (Keijzer, 2020)5 and European Commission, EU Emissions Trading System (EU ETS).6
Despite the trend towards the use of auctions for government tendering, we only know little
about the effects of implementation requirements. Our study responds to this knowledge gap
by presenting results from an incentivized laboratory experiment on performance obligations

3Auction reglement.
4https://www.fcc.gov/document/fcc-establishes-procedures-first-5g-spectrum-auctions-0.
5Source: https://www.rijksoverheid.nl/documenten/kamerstukken/2020/10/05/aanbieding-advies

-verdeling-frequentieruimte-commerciele-radio
6The auctioning of allowances is governed by the Commission Regulation (EU) No 1031/2010 of 12

November 2010 on the timing, administration and other aspects of auctioning of greenhouse gas emission
allowances pursuant to Directive 2003/87/EC of the European Parliament and of the Council establishing
a system for greenhouse gas emission allowances trading within the Union, see also https://ec.europa.eu/
clima/policies/ets/auctioning_en.
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in single-winner and multi-winner auctions. A set of articles already sought to differentiate
multi-unit from single-unit auctions, and identify unique characteristics (see, for example,
Wilson, 1979 ;Ausubel, Cramton, Pycia, Rostek, and Weretka, 2014). However, no study
before tried to test the effects of performance obligations on the bidding behaviour of single-
unit vis-à-vis multi-unit auctions. A few studies have focused on auctions where winning
firms get licenses to operate in an aftermarket (Janssen & Karamychev, 2009; Offerman &
Potters, 2000; Janssen & Karamychev, 2009), but these were not focused on the impact of
performance obligations either. The main question in the current experiment will be if the
implementation of a performance obligation affects the price paid for a license. Based on
previous experimental results, we expect the effect of a performance obligation in the bidding
procedure to differ significantly depending on market structure. We predict larger differences
in the single-unit auctions than in the multi-unit auctions because of (lack of) competition
in the market.

Our article is structured as follows. Section 2 presents the experimental design. Next,
Section 3 characterises the theory and hypotheses of auctions and performance obligations,
based on previous auction experiments. Subsequently, Section 4 examines the outcome of
standard auction formats used in these settings. We proceed in Section 5 by discussing the
impact of using performance obligations to promote consumer welfare. Finally, Section 6
concludes.

2 Experimental Design
We present an experiment designed to investigate the effect of performance obligations in the
context of market access auctions for both a single (i.g., public transport in France, England
or any other country) or multiple firms (such as telecommunications and radio frequencies) in
a 2×2 design. For this, we employ principles from the affiliated private value (APV) auctions
design, as in Kagel, Harstad, and Levin (1987) and Milgrom and Weber (1982), to design
a market with affiliated private production costs. In contrast to the seminal independent
private value (IPV) and the pure common value (CV) paradigms, the APV relaxes a set
of strong assumptions required for the IPV and the CV approach, respectively. Under IPV,
each individual bidder knows her private value for the object, but others do not have this
information at all. Instead, they only know their own valuation, which is independent of
anybody else’s valuation. Empirically, this appears to be a very strong assumption.7 The
CV approach assumes that the auctioned object is valued at exactly the same rate for all
bidders, but this rate is unknown to all bidders, who are only endowed with private estimates
of this common rate. This complete homogeneity in the valuation of the auctioned object
is an equally strong assumption, empirically. Instead, IPV does incorporate differences in
individual preferences, and does assume that the independence of these private valuations is
unrealistic (see Li, Perrigne, & Vuong, 2002).

Figure 1 provides an overview of our treatments, which we will explain in detail in the
remainder of this section. In each session, participants submit bids in an auction for market
access, which only a subset of all participants can get. The treatments vary in whether one
or two participants gain access to the market, and whether or not there exists a minimum
production threshold. In the experiment, participants play for tokens (denoted as ¤), which
will be converted into individual earnings at a rate of €0.1 for 1 token, in the end.

7For a standard equipment contract the bidders can usually accurately anticipate their own costs to
determine the best offer (Klein, 1998). For many concessions and licenses, however, bidders may need to value
the right to the concession or license, which depends not just on their own skill, but also on factors affecting
all bidders, such as consumers’ willingness to pay and regulators’ future behaviour.
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One License Multiple Licenses

Single FreeNo Performance Obligation Multiple Free
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Figure 1: Overview of the 2× 2 design varying the number of licenses to be won, on the one
hand, and whether or not winning a license comes with a performance obligation
or not, on the other hand

2.1 Single Free Auction

We start by explaining the procedure for the Single Free Auction, before zooming in on the
other treatments and how they differ from this benchmark. The experiment is structured
such that we first run 15 rounds of the bidding Phase 1 of the game in partner matching.
Then, one of the rounds will be selected at random to be payment relevant, and the winner
of this round proceeds to production Phase 2. Both phases will be explained in detail in what
follows.

Phase 1: Bidding Phase

Participants interact in groups of three (partner matching). Each participant receives 100
tokens at the start of each round, which s/he can use for bidding in the auction. Using a
second-price, sealed-bid procedure, three (3) participants bid for one (1) access permit to
a market.8 The bidding procedure in this treatment is close to the Second-Price Private
Information Condition in Kagel et al. (1987). When bidding for market access, participants
are informed of the individual production cost ci, the inverse demand function for Single
Auctions, pS (xi), and the bandwidth from which the noise parameter εi is drawn, all of which
will be explained in what follows.

Phase 2: Production Phase

After the bidding phase, one round will be selected at random to be payment-relevant. Par-
ticipants who did not win the auction in this round receive their 100 tokens, which will be
added to their individual earnings. This means that participants earn 100 tokens in case they
do not win the auction.

The participant who has won the auction in the payment relevant round proceeds to the
production phase to produce and sell units in the market subject to the following inverse
demand function:

pS (xi) = 21− xi, (1)

which translates into a decreasing price per unit, depending on the total number of units in
the market, as outlined in Table 1.

In each auction round, individual marginal production cost (ci) is determined in a two
step procedure. For legibility, we omit time indices. First, an uneven random number (c0)
is drawn from a uniform distribution on [c, c] = [5, 13]. This means only five numbers can

8Cox, Roberson, and Smith (1982)’s results indicate that between N = 3 and N = 6 participants, bidders
switch towards non-cooperative bidding behavior.
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Table 1: Single Auctions – Inverse Demand Function Represented in Table Format

Units Produced Price per Unit
xi pS (xi)

5 ¤16
10 ¤11
15 ¤6
20 ¤1

be drawn, being 5, 7, 9, 11 or 13. Next, private values c1 . . . c3 are drawn at random from a
uniform distribution around c0, such that

ci = c0 + εi

and εi drawn from [ε, ε] = [−2, 2]. In other words, in each round, each player i has private
individual marginal production cost ci, which is comprised of a general marginal production
cost component c0 drawn between 5 and 13, and a noise parameter εi, which is drawn between
-2 and 2. Hence, the individual market production cost ci lies between 3 and 15. Participants
learn their private value or ci and hence, have perfect information about their personal
valuation of the market when placing a bid. In addition, players know the bandwidth from
which εi is drawn (i.e. [−2, 2]). The value of c0 and the individual marginal production cost
of other players c−i, by contrast, are not disclosed to the participants. When all 15 rounds
have passed, participants will be informed about the rounds they have won and how much
other bidders were bidding. In other words, no information will be shared during the bidding
rounds.

We allow non-negative bids up to a precision of one decimal point. Ties will be broken
by a randomization device (i.e., coin toss). Let bi,k be the bid of player i, ordered by the size
of the bid from highest (k = 1) to lowest (k = 6). Earnings for the highest bidder then are

πi = 100 + pS (xi) · xi − ci · xi − bj,2 (2)

with i, j ∈ I and i 6= j. This is the token endowment of 100 from the bidding phase,
plus the player’s revenue from production, minus the production cost, minus the bid of the
second-highest bidder. All other players earn 100 from the auction round.

2.2 Multiple Free Auction

The Multiple Free Auction proceeds as the Single Free Auction, with the exceptions outlined
in this subsection. Most importantly, groups are now larger, with six participants. As before,
they will interact for 15 auction rounds in partner matching.

Phase 1: Bidding Phase

The two treatments differ in that instead of one winner, as in the Single Free Auction, we
now have six (6) participants and two (2) winners per auction round. Again, each participant
receives an endowment of 100 tokens, which she can use to place bids. Participants cast
their individual bids in the same way as in the Single Free Auction, subject to the same
information set: i.e., knowing her/his individual marginal production cost ci, the bandwidth
from which the noise parameter εi is drawn, and the inverse demand function for Multiple
Auctions pM (xi, xj). To accommodate for the higher number of winners, the market for the
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production phase in the Multiple Auctions is scaled upwards by a factor of two: i.e., twice as
much production can be realized.

In contrast to the Single Free Auction, two bidders will be selected as auction winners
and receive access to the market. In a multi-unit ‘Vickrey auction’, the two highest bids
are accepted at the price of the third bid. This pricing rule is a direct generalization of the
one-unit Vickrey-rule. This way, in both the Single Auctions and the Multiple Auctions, the
auction procedure selects k winners who have placed the highest bid at a price of the k + 1
bidder. As before, after 15 iterations of the bidding phase, one round will be selected randomly
as payment-relevant. The winners of this particular round will be notified of winning this
auction and proceed to the production phase.

Phase 2: Production Phase

Equivalent to the Single Free Auction, one round will be selected as payoff-relevant and
the winners from this auction round will proceed towards the production phase. Individual
marginal production cost ci with i ∈ {1, . . . , 6} will have been determined each round from
c0 and εi as in the Single Free Auction. The winning participants proceed to the Phase 2 to
produce and sell units in the market subject to the following inverse demand function on a
duopoly market that is twice as large as in the single-item auction:

pM (xi, xj) = 21− 0.5 (xi + xj) (3)

Accordingly, the market price is a decreasing function of both i’s and j’s output. When
entering the production Phase 2, winners also receive information about the other market
participant’s individual marginal cost c−i. The price per unit, pM (xi, xj), will be as in Table 2.
Accordingly, firms now face a coordination problem in that each of the two producers who
have gained access to the market individually determine their production xi, while the price
per unit depends on the sum of their joint production x = ∑2

i=1 xi. Let bl,k be the bid of
player l, ordered by the size of the bid from highest (k = 1) to lowest (k = 6), with i, j, k ∈ I
and i 6= j 6= k. Earnings for each market participant then are determined by the endowment,
plus the revenue from the market, minus the production cost, minus the cost for market
access. Formally:

πi = 100 +
pM (xi,xj)︷ ︸︸ ︷

(21− 0.5 (xi + xj)) ·xi − ci · xi − bl,3 (4)

Table 2: Multiple Auctions - Inverse Demand Function in Table Format

Units Produced Price per Unit
xi + xj pM (xi, xj)

5 ¤18.5
10 ¤16
15 ¤13.5
20 ¤11
25 ¤8.5
30 ¤6
35 ¤3.5
40 ¤1
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2.3 Single Obligation Auction

The Single Obligation Auction proceeds as the Single Free Auction, with the addition of a
performance obligation for the winning party. Hence, all parameters are equivalent between
these two treatments (see Subsection 2.1), with the exception of what is outlined in the
following.

Phase 1: Bidding Phase

Each participant receives an endowment of 100 tokens and places a bid for market access.
When placing a bid, participants know their individual marginal production cost ci and the
inverse demand function pS (xi), which are both determined as described in Subsection 2.1.
Participants also know the performance obligation xSO at this stage, which has been de-
termined at the point that maximises consumer surplus. When admitted to the production
phase, participants have to produce at least xSO.

Phase 2: Production Phase

This phase proceeds as in the Single Free Auction with the exception that the participant
who has won access to the market cannot produce less than the performance obligation xSO.
The participant may, however, decide to produce more than x, subject to her or his individual
marginal production cost ci and the inverse demand function pS (xi).

2.4 Multiple Obligation Auction

The Multiple Obligation Auction is a combination of the Multiple Free and the Single Obliga-
tion Auctions. All parameters remain equivalent, except now there will be multiple winners
(i.e., two) per bidding round, and a performance obligation applies for all winners. Also here,
the performance obligation xMO, will be determined at the point that maximises consumer
surplus. Each producer will have to contribute at least 50% of this output level, irrespective
of the other’s output level, such that xMO

i = 0.5 · xMO. A player’s production exceeding xMO
i

does not compensate for the other player’s performance obligation. Each player independently
has to fulfil the performance obligation.

3 Theory and Hypotheses
The market we employ in our experiment extends the standard symmetric linear quantity-
setting monopoly/duopoly for homogeneous products towards one with a minimum output
level established by a principal. We start our analysis by looking at the Single Free Action.
First, we determine the level of output, which informs the bidding strategy based on the
player’s valuation for market access. We will then turn to the Multiple Free Auction, again
first focusing on the level of output before discussing bidding strategies based on the val-
uation for market access. We conclude by discussing both the Single Obligation and the
Multiple Obligation Action in the same order of analysis. We will conclude this Section 3 with
Hypotheses grounded in the established behavioural predictions.

3.1 Single Free Auction – Valuation of Market Access and Bidding Strate-
gies

When entering the market, the monopolist determines her or his output, motivated by the
profit function (Equation 2) derived from the inverse demand function and the cost function,
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as described in Subsection 2.1. Depending on the individual marginal production cost ci for
the auction winner of the payment-relevant round, profit is maximised at a level of output
equal to

xSF
i = 21− ci

2 . (5)

Milgrom and Weber (1982) show for an n-price Vickrey auction (like, for example, the
second price auction) that a player’s optimal strategy is to bid her or his true valuation
for the good. This is true, independent of the bidder’s risk preferences, the number of rival
bidders, initial wealth levels, or other bidders’ strategies. Lusk and Shogren (2007) provide
an intuitive illustration of the underlying dynamics, leading to this theorem: “If a bidder
submits a bid greater than his value, he runs the risk that the second highest bid will exceed
his value, which would cause him to lose money; if he submits a bid less than his value,
he runs the risk that someone could outbid him, causing him to miss out on a profitable
opportunity. Over- and under-bidding one’s value runs the risk of either paying too much or
missing out on a good deal, which drives the bidder toward simply bidding his true value.”
Accordingly, players would bid their true valuation for market access at a level of

bSF
i = 1

4 (21− ci)2 . (6)

We provide a formal derivation of this result in Appendix A.1.

3.2 Multiple Free Auction – Valuation of Market Access and Bidding
Strategies

When compared to the Single Free Auction, two auction winners gain access to the market
now, competing in a duopoly – a textbook case of Cournot quantity competition between two
sellers. Under this duopolistic competition, each market participant i and j independently
maximises expected earnings (Equation 4) at an output of

xMF
i = 2 (21− 2ci + cj)

3 (7)

and
xMF

j = 2 (21 + ci − 2cj)
3 . (8)

In particular, the player with lower individual marginal production cost produces more.
The difference between both players’ production levels are determined by

xi − xj = 2 (cj − ci) , (9)

which is the expected earnings for both players, being twice the difference between their
individual marginal production costs.

Concerning the bidding strategy, the argument from Subsection 3.1 applies to demonstrate
that a player’s optimal strategy is to bid her or his true valuation for market access. As
indicated in the equilibrium predictions in Equations 7 and 8, the valuation now depends
both on the own marginal production cost, and the cost of the other winner. As individual
marginal production cost is distributed around c0 for all players, this true mean constitutes
the expected value both for her own and for other players’ marginal production cost. Hence,
in expectation we have E (c0) = E (c−i) = ci.

This allows us to determine the valuation for market access at a level of
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bMF
i = 2

9 (21− ci)2 . (10)

We provide a formal derivation of these results in Appendix A.2.
Under collusive behaviour (i.e., both producers behave as one (large) monopolist), the two

market participants would jointly produce twice the amount of output and realize individual
earnings at the same value as the monopolist in the Single Free Auction, if both produce the
same collusive output. Hence, if both producers in the Multiple Free Auction collude and
share their earnings equally, their individual profit would equal that of the monopolist in
the Single Free Auction. Consequently, a player expecting to enter a market under collusion
should submit the same bid as a player in the Single Free Auction (Equation 6), making the
two baseline treatments very similar to each other.

3.3 Single Obligation Auction – Valuation of Market Access and Bidding
Strategies

In both the Single Obligation Auction and the Multiple Obligation Auction, there is a manda-
tory minimum production level x associated with granting entry into the market. The output
in the production phase may not be lower than this quantity. We assume that this minimum
quantity is set by the government which is concerned with consumer welfare. In this standard
market, consumer surplus is maximized at a point in which the marginal production cost
is equal to the inverse demand function, as illustrated in Figure 2.9 To minimise market
distortions while safeguarding consumer surplus, government sets x at the highest possible
threshold for marginal production cost c0 + ε, which is c0 + 2 under the calibrations of our
experiment. At this point, all firms are able to produce the required output at non-negative
profits. Figure 2 illustrates the market situation with or without minimum production re-
quirements at a hypothetical cost level of ci = c0 + ε = 10. Higher cost levels would shift up
the horizontal curve c0 + εi, reducing output quantity and increasing price in the process.
Inversely, lower cost levels would shift down the horizontal curve c0 + εi, increase output
quantity and reduce price.
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Figure 2: The Market Situation without and with minimum production at a hypothetical
level of c0 + εi = 10. CS is Consumer Surplus, DWL is Deadweight Loss, π is
Monopolist Profit; and MR is Marginal Revenue.

9Our results are robust as to the alternative assumption that government be concerned with overall welfare
instead. In this market, maximizing consumer surplus is equivalent to maximizing total welfare.
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In Appendix A.3 we show that consumer surplus will be maximised at a minimum pro-
duction level x of

xSO = 21− c0 − ε. (11)

Note that under the conditions of this market, xSO is always binding (see Appendix A.3
for the formal derivation). Hence, players bid their true valuation for market access at an
output of xSO, which is

bSO
i = (c0 + ε− ci) (21− c0 − ε) . (12)

In Appendix A.3 we provide formal derivations for these results.

3.4 Multiple Obligation Auction – Valuation of Market Access and Bid-
ding Strategies

This treatment combines elements from both the Multiple Free Auction and Single Obligation
Auction in that there will be multiple (i.e., two) producers on the market who will both face
minimum production requirements. We present formal derivations for all results presented
in this subsection in Appendix A.4. Government sets the minimum production level x to
maximize consumer surplus. To simplify, and as the government does not know the producers’
individual cost functions, each producer has to contribute to the minimum production level
at the same rate, meaning that every producer has to produce at least half of the minimum
production number in our duopoly setting. Hence, xMO

i = xMO
j = 0.5 · xMO. Accordingly,

the minimum production level for each agent i and j in the market remains unchanged with
respect to the Single Obligation Auction at a level of

xMO
i = xMO

j = 21− c0 − ε. (13)

Both players have to produce at least the minimum production level together. Equivalent
to the Multiple Free Auction, output and bidding under collusion in the Multiple Obligation
Auction equates to an amount of two times the output and bid from the Single Obligation
Auction. This means that both players can each realize individual earnings at the same level
as a producer in the Single Obligation Auction if both producers collude and behave as one
(large) monopolist.

When entering the production phase, both producers learn the individual cost function
of the other producer c−i. The minimum production level is also in this treatment always
binding. This means that producer i will not produce more than the minimum production.
The minimal production costs of one player is depending on the production costs of the
other players, the uniform marginal production costs and the noise parameter around the
production costs. In Figure 8, we provide a graphical intuition of the levels of ci and cj

that show that the minimum production is binding for a duopolist when we set the general
marginal production cost component c0 between 5 and 13.10

As argued before, players will bid their true valuation for market access. As in the
Multiple Free Auction, players know that E (c0) = ci: i.e., that c0 will asymptotically be at
the same level as their own marginal production cost. Equivalently, other players’ individual
cost function is in expectation at E (c−i) = c0, which implies E (c−i) = ci. Intuitively, a
duopolist’s bid will be equal to that in the Single Obligation Auction. The bidding strategy
derives the same as in equation 12.

10Figure 8 employs εi and εj instead of ci and cj , which slightly alters the interpretation of the graph. While
{ci, cj} refer to the absolute marginal production cost for player {i, j}, {εi, εj} refer to the difference between
respectively i’s and j’s marginal production cost with c0. Formally, εi = ci − c0 (equivalent for j).
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Figure 3: Overview of bids for each treatment.

3.5 Hypotheses

We have established predictions for equilibrium bids for all treatments, as summarized in
Figure 3. The Single Free Auction allows the producer to operate on the market as monopolist
without competition or a mandatory lower threshold to the production output imposed by
the principal. In the Multiple Free Auction, we introduce a second producer to the market,
transforming the market from monopolistic output market to duopolistic quantity compe-
tition. Alternatively, the Single Obligation Auction exposes the monopolist to a minimum
output level, introduced by the principal to maximize consumer surplus. Lastly, the Multiple
Obligation Auction combines both features, such that players find themselves in a duopolistic
quantity competition while being confronted with a minimum output level. The 2× 2 char-
acter of our experimental design allows us to to isolate each effect and test the hypotheses
that we formulate in this subsection (see also Figure 1).

We start by discussing the effect from introducing a second producer in the market,
corresponding to the arrow indicated as “1” in Figure 1. In Figure 4, we present visual
representations for the difference in equilibrium output and equilibrium bid levels between
the treatments. For the equilibrium output (Figure 4a), this is a function of player i’s marginal
production cost ci on the horizontal axis, the other producer’s marginal cost cj in the third
axis, and the difference in output between the two treatments ∆x on the vertical axis. For
the equilibrium bidding behaviour (Figure 4b, a two-dimensional representation suffices with
i’s marginal production cost on the x-axis and the difference in bids ∆b on the y axis.

The figures illustrate that for the equilibrium output, our results predict no strict treatment
difference, yet ∆x is increasing in ci, ceteris paribus. By contrast, the fact that the market
will have to be shared with another competitor will translate to higher bids in the Single Free
Auction for all realizations of ci. This difference in bidding is always positive, yet especially
pronounced for lower levels of individual marginal production cost.

Hypothesis 1a xSF
i − xMF

i increases with individual marginal cost ci when controlling for
cj .

Hypothesis 1b Participants place higher bids in the Single Free Auction than in the Multiple
Free Auction. This difference corresponds negatively with the individual marginal cost
ci.

11



(a) Difference in equilibrium output as a function of own
individual marginal production cost ci and the other pro-
ducer’s marginal production cost cj .

(b) Difference in equilibrium bid as a function of individual
marginal production cost ci. Vertical lines at ci = 3 and
ci = 18 indicate the upper and lower bound for ci under
the configuration of our experiment.

Figure 4: Visual representation of the differences in output and bidding levels for the Single
Free and Multiple Free Auctions.
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Next, we consider the effect from introducing a minimum production level, which cor-
responds to the arrow indicated as “2” in Figure 1. We have argued that the minimum
production level introduced at an output that maximizes consumer surplus will have a bind-
ing character for the monopolist. As such, introducing a minimum output level increases
output. Conversely, the monopolist values access to the market at a lower level. Figure 5
presents visual representations of the difference in equilibrium output and equilibrium bid
levels as a function of player i’s marginal production cost ci on the horizontal axis and the
general production cost component c0 on the third axis. The figure intuitively illustrates how
the equilibrium output for the Single Free Auction xSF

i is below the equilibrium output for
the Single Obligation Auction xSO

i for all cost levels (Figure 5a). Consequently, this picture
presents itself inverted for the valuation for market access, in which for all cost levels, the
equilibrium bid in the Single Free Auction bSF

i is above the bid in the Single Obligation
Auction bSO

i (Figure 5b). Ceteris paribus, this difference is more pronounced for lower levels
of c0.

Hypothesis 2a Output in the Single Free Auction will be lower than in the Single Obligation
Auction. This difference decreases with individual marginal production cost ci.

Hypothesis 2b Players will place higher bids in the Single Free Auction, as compared to
the Single Obligation Auction.

Third, consider the combination of both a duopolistic market and a minimum production
obligation in the Multiple Obligation Auction. In Subsection 3.4, we have shown that the
equilibrium output and equilibrium bid will be equal to the Single Obligation Auction. This
comparison corresponds to the arrow indicated as “3” in Figure 1.

Hypothesis 3 Output and bids in the Multiple Obligation Auction will be equal to those
in the Single Obligation Auction.

Comparing the Multiple Obligation and the Multiple Free Auction is represented concep-
tually by the arrow indicated as “4” in Figure 1. In Figure 6 we illustrate the treatment
differences for equilibrium output and bids. Sub-figure 6a shows that for most realisations of
c0 and ci, output in the Multiple Free Auction will be lower than in the Multiple Obligation
Auction. Consequently, Sub-figure 6b depicts that for most realisations of the cost parame-
ters, players place higher bids in the Multiple Free Auction than in the Multiple Obligation
Auction.

Hypothesis 4a Output in the Multiple Obligation Auction will be larger equal the output
in the Multiple Free Auction. This difference increases with ci and decreases with cj .

Hypothesis 4b Players will place higher bids in the Multiple Free Auction, as compared to
the Multiple Obligation Auction.

There are good reasons to believe that firms are not risk-neutral and, in fact, that firms
differ in their risk attitudes. Janssen and Karamychev (2007) identify a risk attitude effect and
show that the least risk-averse firm has the highest certainty equivalent for the aftermarket
game and, therefore, will win the license in any standard auction format. As a Multiple item
Auctions brings in more competition, more dependency and therefore more insecurities in
comparison to the Single item Auctions, we assume that:

Hypothesis 5 The risk attitude shows a negative effect on the bidding in the Multiple item
Auctions, as compared to the bidding in the Single item Auctions.

13



(a) Difference in equilibrium output as a function of individ-
ual marginal production cost ci and the general compo-
nent c0.

(b) Difference in equilibrium bid as a function of individual
marginal production cost ci and the general component
c0.

Figure 5: Visual representation of the differences in output and bidding levels for the Single
Free and Single Obligation Auctions.
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xi
MF - xi

MO

(a) Difference in equilibrium output as a function of individ-
ual marginal production cost ci and the general compo-
nent c0.

bi
MF - bi

SO

Zero

(b) Difference in equilibrium bid as a function of individual
marginal production cost ci and the general component
c0.

Figure 6: Visual representation of the differences in output and bidding levels for the Multiple
Free and Multiple Obligation Auctions.
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Several theorists have argued that two general motivational systems underlie behavior.
A behavioral approach system (BAS) is believed to regulate appetitive motives, in which
the goal is to move toward something desired. A behavioral avoidance (or inhibition) system
(BIS) is said to regulate aversive motives, in which the goal is to move away from something
unpleasant. It is hypothesised, therefore, that BIS-reactivity can explain some of the variance
in individual responses in the bidding and production phases.

4 Conclusions
The government often intervenes within markets with authorization schemes. Because most
of these licenses are scarce, distribution in means of an auction is common. These auctions are
very important for the government and for private parties, giving access to the market and
permission to produce certain products that are important from the perspective of the public
interest. We have analyzed auctions where the winning firms get licenses to operate in an
aftermarket, the production phase, and play an oligopoly or a monopoly game of production
and demand. A performance obligation can be a burden for a firm after obtaining a license,
as it is not necessarily profitable for the firm to fully produce the obliged minimum, the
latter being imposed to maximize the consumer surplus. Firms differ in their production
costs and their risk attitude. Profits in the marketplace are always uncertain as there is
uncertainty concerning future demand and/or future cost. A performance obligation adds
to this uncertainty that private parties simply have to produce more, irrespective of profit
consequences. Does this aspect make private parties bid less in an auction with performance
obligation? As the impact of imposing a performance obligation was not tested before through
experiments, the objective of this article was to contribute towards filling this knowledge gap
by designing an experiment to simulate bidding behaviour and auction performance for four
formats: single free, single obligation, multiple free and multiple obligation Vickrey auctions.

The experiment shows that a performance obligation has an effect on the willingness to pay
for a license. We find that Nash equilibrium predictions are consistent with the directional
changes in our treatments; subjects consistently lower their bidding, according to theory.
Therefore, we can conclude that the willingness to pay is significantly lower in the single
obligation auctions than in the single free auctions. We also find evidence that the individual
costs of subjects does influence their willingness to pay for a license. When these costs are
high, subjects are willing to pay less. When a performance obligation is active, subjects are
willing to pay even less, depending on the type of market. Here we see that the performance
obligation has more effect in the single-item auctions than in the multiple-item auctions, as
subjects are then expected to bid less, being less interested in obtaining the license. Thus,
the results provide clear theoretical predictions for bidding behaviour under these auctions.

This experiment will provide new insights regarding questions that cannot find responses in
theoretical analysis. Moreover, our design reflects a distribution instrument for the government
that can be used to generate bidding strategies and assess the performance of different auction
formats for different types of bidding populations. Future research will be necessary to learn
more in depth about the effect of performance obligations. There are many other kinds of entry
auctions where performance obligations are being implemented, such as first-price auctions,
no-sealed bidding auctions, descending price auctions or clock auctions with multiple bidding
rounds. All these auctions have their own characteristics with their own pro’s and cons. Also,
when we look at the performance obligation, there are many ways to implement performance
obligations. In the current study’s experiment, we set the performance obligation equal to
the consumer surplus. However, the government has a certain range in how she wants to
higher or lower the obligations to perform a license. Future research can provide answers
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to questions as to what happens when the performance obligation is highered or lowered in
certain markets. And what happens when an auction fails when nobody wants to perform
the license anymore because the obligations are too high? Simulations of auctions reflecting
different kinds of markets where some kind of performance obligation is being used, can be
an important policy research and decision-support tool.

A Mathematical Appendix

A.1 Single Free Auction

Level of Output A player’s valuation for market access equals her or his expected earnings
from the production Phase 2 of the game. Total earnings in this experiment are determined by
the endowment plus the revenue from the production phase, minus the cost from producing,
minus the bid of the second-highest bidder. We formalize this in Equation 2 as

πi = 100 + pS (xi) · xi − ci · xi − bj,2. (2)

Substituting pS (xi) = 21−xi from Equation 1 and optimizing with respect to xi delivers
the optimal level of output:

xSF
i = 21− ci

2 (5)

Bidding Strategy Lusk and Shogren (2007) and Milgrom and Weber (1982) show that in
this type of Vickrey auction, bidding the true valuation is a player’s optimal strategy, irre-
spective of risk preferences, number of other bidders, wealth levels, or other players’ strategies.
Accordingly, player i places a bid bi equal to her or his expected return from entering the
market, which is (

21− xSF
i − ci

)
xSF

i = bi. (14)

Substituting Equation 5 into Equation 14 delivers

bSF
i = 1

4 (21− ci)2 . (6)

A.2 Multiple Free Auction

Level of Output under Collusion We now have two players, i and j, on a market that
is twice as large as the market in Subsection A.1. We first find the output if both players
collude: i.e., if both players behave as if they were one (large) monopolist. We show that
earnings in this case are exactly double the amount as in the Single Free Auction, which
means that under an equal sharing rule, both players could realize the same earnings as in
the Single Free Auction if they collude.

For simplicity, we assume that ci = cj , denoted simply as c for the rest of this paragraph.11

Let x = xi + xj . A (large) monopolist maximizes joint earnings at

π = 200 +
pM (xi,xj)︷ ︸︸ ︷

(21− 0.5x) ·x− c · x− 2 · bl,3. (15)
11Ciarreta and Gutiérrez-Hita (2012) discuss collusive behavior under cost asymmetries in a quantity

competition market. Our purpose here is to simply demonstrate that the market of the Multiple Free Auction
can generate earnings for both players that are equivalent to those of the market at the Single Free Auction,
if players behave as one (large) monopolist.
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Optimising with respect to x delivers the optimal output at

xSC = 21− c, (16)

which is exactly twice the output from the market in the Single Free Auction (cf. Equa-
tion 5).

Bidding under Collusion For a player expecting to enter a market under collusion, market
access would be determined by (

21− xSC

2 − c
)
xSC

2 = bi. (17)

Substituting the output under collusion from Equation 16 delivers

bSC
i =

(21− ci

2

)2
, (18)

which is exactly equal to the value for market access as monopolist in the Single Free
Auction (cf. Equation 6).

Level of Output under Duopolistic Competition Both players independently set
quantities that will have influence on each others’ earnings. Both players have individual
marginal production cost ci and cj , which may or may not be equal. Their earnings are
determined by the endowment, the revenue and cost from production, and the cost for market
access. The latter is determined by the third highest bid submitted. Let bl,k be the bid of
player l, ordered by the size of the bid from highest (k = 1) to lowest (k = 6). Note that
i, j, k ∈ I and i 6= j 6= k. Accordingly, each player can realize earnings from the market as
follows:

πi = 100 +
pM (xi,xj)︷ ︸︸ ︷

(21− 0.5 (xi + xj)) ·xi − ci · xi − bl,3 (4)

For players i and j, the best response functions then derive at

xi + 1
2xj = 21− ci (19)

and
1
2xi + xj = 21− cj , (20)

which solve for

xMF
i = 2 (21− 2ci + cj)

3 (7)

and
xMF

j = 2 (21 + ci − 2cj)
3 . (8)

The player with lower individual marginal production cost produces more, in equilibrium,
than the player with the higher cost. The difference between the production levels for the
two players is determined by

xi − xj = 2 (cj − ci) , (9)

which is simply twice the difference between their individual marginal production costs.
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Bidding Strategy under Duopolistic Competition Bidding their true valuation for
market access (as argued for above), players take into account both their own production
cost and the expected production cost of the other winner. Accordingly, a player will bid

(21− 0.5 (xi + xj)− ci)xi = bi. (21)

Note that E (ci) = c0 + εi with E (εi) = 0, which is true for all i ∈ I. Accordingly, when
assessing the value for market access, a player will assume E (c−i) = ci ∀ − i ∈ I. Using this
information and substituting Equations 7 and 8, a player bids

bMF
i = 2

9 (21− ci)2 . (10)

A.3 Single Obligation Auction

.

Minimum Production Level Government sets the minimum production at the level of
pS (x) = c0 + ε. Let xSO be the minimum production in a given round (we omit time indices
for legibility), we employ the inverse demand function from Equation 1 to find

xSO = 21− c0 − ε. (11)

Level of Output As argued above, the monopolist maximizes earnings at an output of xSF

(Equation 5), which decreases in ci, as illustrated in Figure 2a. To investigate the conditions
for which the output obligation is binding we are interested in the conditions for xSF ≥ xSO.
Using Equations 5 and 11 and substituting ci = c0 + εi, we have:

21− (c0 + εi)
2 ≥ 21− c0 − ε

This solves for:

c0 ≥ 21 + εi − 2ε (22)

As εi ∈ [−2, 2], even if εi = −2, c0 would need to be at least 15. For c0 is drawn from
a uniform distribution on [c, c] = [5, 15], we can conclude that xSO is always binding. A
monopolist entering the market will not produce more than xSO, but cannot go below xSO.
Figure 7 provides a visual representation, and the interactive graphic available at the project’s
Wolfram Cloud extends this to explore the robustness of our equilibrium towards other values
of εi and ε.

Bidding Strategy Players bid their true valuation for market access for an output of xSO,
which is

bSO
i =

(
21− xSO − ci

)
xSO. (23)

Substituting xSO by Equation 11, we show that players bid

bSO
i = (c0 + ε− ci) (21− c0 − ε) . (12)
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Figure 7: Equilibrium output xi for a monopolist (dashed line) and for the minimum pro-
duction level (solid line) for different levels of c0. We let εi = −2 and ε = 2.
Vertical dotted lines at c0 = 5 and c0 = 15 indicate the upper and lower bound
for c0 under the configuration of our experiment.

A.4 Multiple Obligation Auction

Minimum Production Level Similar to the Single Obligation Auction, the minimum
production level xMO will be at pM (x) = c0 + ε, i.e. the point that maximizes consumer
surplus. We denote xMO for the output of the entire market, with xMO

i and xMO
j the respec-

tive minimum production levels for producers i and j. We assume both producers have to
contribute to the minimum production level at the same rate, irrespective of their individ-
ual marginal production function. Hence, xMO

i = xMO
j = 0.5 · xMO. Employing the inverse

demand function from Equation 3 we find the minimum production level for both producers
at

xMO = 42− 2 (c0 + ε) , (24)

which translates into individual minimum production levels of respectively

xMO
i = xMO

j = 21− c0 − ε. (13)

For each player, this delivers the same level of minimum output as in the Single Obligation
Auction (cf. Equation 11).

Collusion – Level of Output and Bidding Strategy . We demonstrate behaviour
if both producers collude and behave as one (large) monopolist by combining steps from
Appendices A.2 and A.3. Note that equivalent to the Single Obligation Auction, also here
the minimum production level will be binding, as Equation 22 and its interpretation also
apply to the case of collusion in this treatment. A player expecting to enter a market with
collusion values market access at(

21− 0.5xMO
i − 0.5xMO

j − ci

)
xMO

i = bi. (25)

As xMO
i = xMO

j , we can simplify this to

bi =
(
21− xMO

i − ci

)
xMO

i . (26)

Substituting Equation 13 delivers the individual bid for a player expecting to enter a
collusive market at
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bMC
i = (c0 + ε− ci) (21− c0 − ε) , (27)

which is identical to the bid for the Single Obligation Auction.

Level of Output under Duopolistic Competition As discussed above, duopolists com-
pete in a Cournot competition, producing at a level of xi and xj as described in Equations 7
and 8, which is decreasing in own marginal production cost and increasing in the other player’s
marginal production cost.

To show whether or not the minimum production level is binding, we are again interested
in the case when individual production would be higher than the minimum production level,
i.e. when xMF

i ≥ xMO
i (equivalent for j). Plugging Equations 7 and 13, substituting ci = c0+εi

and cj = c0 + εj :

2 (21− c0 − 2εi + εj)
3 ≥ 21− c0 − ε

We can describe the conditions for xi not being binding as

c0 ≥ 21 + 4εi − 2εj − 3ε. (28)

As Figure 8 illustrates, xi is binding if εi is large relative to εj and c0, i.e. when the yellow
plane is higher than the blue plane in the figure. If two duopolists compete, the minimum
production level is binding sometimes, and sometimes it is not, depending on the realisations
of ci and cj . This constitutes a contrast to the Single Obligation Auction and the Multiple
Obligation Auction under collusion, in which the minimum production level always is binding.
In the project’s Wolfram Cloud we provide interactive two-dimensional and three-dimensional
graphs to visually explore the effects from the noise level ε.

Accordingly, a duopolist’s production level will depend on own production cost ci, the
other producer’s cost cj , and c0, characterised by

xMO
i =

{
21− c0 − ε if ci ≥ 1

4 (−21 + 2cj + 3c0 + 3ε)
2(21−2ci+cj)

3 otherwise.
(??)

In other words, a duopolist’s output xMO
i will be max

{
xMF

i , xMO
i

}
.

Bidding Strategy under Duopolistic Competition Similar to Appendix A.2, players
will bid their true valuation for market access under the expectation that others’ cost functions
are asymptotically equal to own cost, i.e. E (c−i) = ci and the fact that both εi and εj are
symmetrically distributed around zero with E (εi) = E (εj) = 0. Using Equation 28, one can
show that in this case, the minimum production level will not be binding for ci ≥ 21 − 3ε.
Applying this to the profit function (Equation 6) and substituting Equations 12 and 10:

bi =
{2

9 (21− ci)2 if ci ≥ 21− 3ε
(c0 + ε− ci) (21− c0 − ε) otherwise.

(??)

In other words, players bid the valuation for market access pursuant to the minimum
production level xi, unless their individual marginal production cost are particularly high.
Under the calibrations of our experiment, this would be the case if ci ≥ 15. For higher
levels of individual marginal production cost, players bid the valuation for a duopolistic free
production level as in the Multiple Free Auction.
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(a) εi = −2

(b) εi = 0

(c) εi = 2

Figure 8: 3D Graphics of the output xi (y-axis) contingent on c0 (x-axis) and εj (z-axis)
for various levels of εi. The yellow area depicts the output for the Minimum
Production Level xi, the blue area represents the unconstrained output for a
duopolist, as in the Multiple Free Auction.
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B Treatment Differences

B.1 Single Free compared to Multiple Free Auction
We start by discussing treatment differences in terms of equilibrium output. Figure 4a
illustrates that for most realisations of ci and cj , xSF

i is lower than xMF
i . This area can be

represented by the inequality

21− ci

2 ≤ 2 (21− 2ci + cj)
3 ,

which simplifies to

ci ≤
1
5 (21 + 4cj) . (29)

Let f (ci) = 21−ci
2 − 2(21−2ci+cj)

3 . Then, f ′ (ci) = 5
6 , so xSF

i − xMF
i increases with ci.

Further, Figure 4b illustrates that equilibrium bids in the Single Free Auction are higher
than those in the Multiple Free Auction. Formally:

f (ci) = 1
4 (21− ci)2 − 2

9 (21− ci)2 ≥ 0,

which is always true for ci ∈ IR. Also, f ′ (ci) = 1
18 (−21 + ci), which is negative for ci ≤ 21.

In other words, under the calibrations of this experiment, the equilibrium prediction for the
difference in bids between the Single Free and the Multiple Free Auction is smaller, the higher
the individual marginal production cost ci.

B.2 Single Free compared to Single Obligation Auction
Pursuant to Figure 5a, we first discuss the treatment differences in output. Plugging ε = 2,
the area in the graph illustrates the inequality

21− ci

2 ≤ 19− c0

subject to c0 ∈ [ci − 2, ci + 2] .

This is true for

c0 ≤ 15 for ci ∈ [c0 − 2, c0 + 2] . (30)

For f (ci) = 21−ci
2 −19−c0, f ′ (ci) = −1

2 , so the treatment difference in output is reducing
with ci.

Figure 5b depicts the difference in equilibrium bids between the two treatments. Formally:

f (ci) = 1
4 (21− ci)2 − (c0 + ε− ci) (21− c0 − ε) ≥ 0,

which is true for c0 ∈ IR if c0 − 2 ≤ ci ≤ c0 + 2.
To do: Formal derivation of hypotheses 4a and 4b. We have argued for them graphically,

but for completeness sake we would need a formal derivation too, like for the other treatments
in this Appendix.
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