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Abstract

Allocating appointment slots is presented as a new application for market design. Online
booking systems are commonly used by public authorities to allocate appointments for visa
interviews, driver’s licenses, passport renewals, etc. We document that black markets for
appointments have developed in many parts of the world. Scalpers book the appointments
that are offered for free and sell the slots to appointment seekers. We model the existing
first-come-first-served booking system and propose an alternative batch system. The batch
system collects applications for slots over a certain time period and then randomly allocates
slots to applicants. The theory predicts and lab experiments confirm that scalpers profitably
book and sell slots under the current system with sufficiently high demand, but that they are
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not active in the proposed batch system. We discuss practical issues for the implementation
of the batch system and its applicability to other markets with scalping.
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JEL classification: C92, D47
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1 Introduction

Allocation problems where money is not used to coordinate supply and demand have gained the
attention of economists in recent decades. Well-known examples include the assignment of seats
at schools and universities. A related problem involves scheduling appointments at public offices.
Such appointments are provided for free and are necessary to access many essential public services,
such as obtaining a visa or a driver’s license, or renewing a passport. Lately, many authorities
have introduced online booking systems that allow appointment seekers to book in advance and
to avoid queues. Typically, these online booking systems are based on first-come-first-served rules:
an authority offers time slots on a website, and appointment seekers visiting the website can pick
any available (not previously booked) slot.

Such online systems based on first-come-first-served rules are vulnerable to scalping. Scalpers
are firms that book slots and sell them to appointment seekers. Typically, scalpers use software,
or bots, to track the system and book slots immediately after they appear. Thus, the firms have
a technological advantage when it comes to booking speed compared to appointment seekers. A
black market for appointment slots implies that the political objective of providing equal access to
the public service, independent of income, may be violated. Moreover, it can be argued that firms
acting as intermediaries profit undeservedly from public services.1

The vulnerability of the booking system originates from the fact that once slots become avail-
able, they can be booked on a first-come-first-served basis. Scalpers book any open slots with
fake names or the names of their customers and sell them. For appointments booked under fake
names, scalpers first cancel and then immediately book the slots under the names of their cus-
tomers. This re-booking of canceled slots bypasses the barrier imposed by the ID verification of
the booking system. Thus, while it might seem that ID verification would prevent scalping, the
scalper’s advantage of speed in the first-come-first-serve system effectively circumvents it.

A number of prominent cases have surfaced recently where appointment slots at public offices
were sold on the market. The introduction of an online booking system for appointments with
the Irish Naturalisation and Immigration Service Center in Dublin led to scalping and a collapse
of the system (Pollak, 2018). Bots have also been used by scalpers to book all the slots at the
Préfectures in France where foreigners need to obtain their residence permit. Thus, appointment
seekers cannot obtain slots directly but instead must buy them from the scalpers (Pascual and
Corentin, 2019). Fees of up to $500 USD were paid to scalpers to get an appointment for a visa
interview at the German consulates in Beirut, Tehran, and Shanghai.2

1One feature of scalping is that it can help to serve the buyers with the highest valuations. However, we are not
looking for a solution that maximizes the sum of the valuations of appointment seekers who are served. Instead, we
propose a system that guarantees equal access, is ex-ante fair by relying on randomization, and is efficient in the
sense that no slots are wasted.

2See Maxwill (2015). After the events received press coverage, we were contacted by the German Foreign Office
to consider the problem. This was the starting point of our work. An increase in the demand for appointments
played a crucial role in 2014 in Beirut where many Syrian refugees tried to get a visa. The German consulates
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Similar problems have been documented for appointments to obtain a driver’s license at the
Department of Motor Vehicles in some states in the US (Cabanatuan, 2018). In Berlin, appoint-
ment slots at public offices were offered for money on a private website (Beitzer, 2015). In both
instances, policymakers have tried to take legal action, but without success.

Appointments at public hospitals in China can be booked online, and the cost of service has
to be paid at the moment of booking. Scalpers sell these appointments at prestigious hospitals for
up to 50 times their face value (Wong, 2016; Wanli, 2016). Thus, scalping can also be profitable
when people pay for appointments if the price is not determined by supply and demand.

The allocation of appointment slots shares some similarities with – but also differs from –
ticket markets for sporting events and concerts as well as air travel tickets. The organizers of
sporting events and concerts often set prices below the market-clearing price out of fairness or
image concerns, and thus face the challenge of resale markets and scalping. In contrast to these
markets, the appointment slots have IDs attached to them, and scalping occurs despite this feature.
We will show how our proposed booking system for appointments that are free of charge relates
to but differs from solutions proposed for event ticketing (Bhave and Budish, 2017; Leslie and
Sorensen, 2014; Courty, 2019). Airline tickets for which scalping is not observed have IDs attached
to them and are allocated through a first-come-first-served system. However, speed does not
matter, since tickets are made available before the full demand is realized, and airlines do not
make canceled tickets available for new customers at the old price.

We first study a typical online system for scheduling appointments. We present a model of the
first-come-first-served (“immediate”) system where slots can be booked instantaneously, and solve
for an equilibrium in this system. We demonstrate that in equilibrium scalpers can profitably
book and sell slots to appointment seekers under reasonable parameters of the first-come-first-
served system.

We propose an alternative system that collects applications in real time, and randomly allocates
the slots among applicants (“batch” system). The system works as follows: A set of slots (batch)
is offered, and applications are collected over a certain time period, e.g., for one day. At the end
of the day, all slots in the batch are allocated to the appointment seekers. Thus, the allocation is
in batches, not immediate as in the first-come-first-served system. In the case of excess demand,
a lottery decides who gets a slot. If a slot is canceled, this slot is added to the batch in the next
allocation period, e.g., the following day. Thus, the scalper cannot transfer the slot from the fake
name to the customer by way of cancellations and re-bookings.

We show that under reasonable parameter restrictions, the scalper not entering the market is
the unique equilibrium outcome of the batch system. The intuition for this result is that, keeping

observed that open slots were almost immediately taken and that there was a high proportion of no-shows for
the booked appointments. The German Foreign Office implemented a number of changes, such as delaying the
re-opening of slots after their cancellation, increasing the number of slots, outsourcing the services to private firms,
and allocating some slots via email. However, scalpers are still active. See also “Privatsache Visavergabe” in: Die
tageszeitung (taz), October 18, 2017.
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the booking behavior of the scalper fixed, a seeker has the same probability of getting a slot when
buying from the scalper as when applying directly. Flooding the market with fake applications
increases the probability that the scalper will receive many slots, but he cannot make sure that he
gets slots for his clients, and he cannot transfer slots to the names of the clients. Thus, given the
booking choice of the scalper, the seekers will always prefer to apply directly if the price for the
scalper’s service is positive.

The batch system has two important features relative to the immediate system: first, it elimi-
nates the importance of speed, and second, it prevents the possibility of transferring the identity
of the slots booked under fake names to the names of the clients through cancellations and re-
bookings. Both features are necessary to avoid scalping. To see this, consider two alternative
systems where only one of the two features holds, respectively. First, if the scalper is faster than
the seekers but cannot transfer the identity of slots, he can still profitably operate in the market if
seekers ask the scalper to book slots on their behalf (as in our experiment and in the case of train
tickets in India discussed in section 4.3.3). Second, in a batch system where speed does not matter
but bookings do not require identification, the scalper can flood the market with fake applications,
is virtually guaranteed to receive all slots under fake names, and can sell the slots to seekers in a
secondary market. This holds true for some ticket markets for sporting events and concerts (as
discussed in section 4.3.1).

The first feature of the batch system, namely eliminating the relevance of speed, parallels the
proposal by Budish et al. (2015) to replace continuous-time trading at financial exchanges with
frequent batch auctions. Similar to Budish et al. (2015), we show that an allocation system where
speed determines the priorities creates an advantage for the scalper. In our setup, however, there is
an additional drawback to speed: it makes ID verifications irrelevant, which is novel. While batch
auctions transform competition on speed into competition on price, the batch booking system
transforms competition on speed into equal access via lotteries. For equal access via lotteries to be
effective, ID checks are needed–these checks are not necessary when an auction is used to eliminate
scalping.

Based on a parameterized version of the model, we conducted a set of lab experiments. We find
that the scalpers’ choices in the experiment are in line with the theoretical predictions: scalpers
only persistently and profitably enter the market in the immediate system when demand is high,
i.e., when there are enough appointment seekers to cover the scalper’s costs. Furthermore, in line
with the theory, the experiments show that the proposed batch system does not allow the scalpers
to make a profit, and that market entry is rare. Finally, the batch system leads to higher average
welfare for the seekers than the immediate system, as predicted.

For the actual implementation of the proposed batch system, certain features of the design are
crucial. We discuss these practicalities such as the length of the time interval in which applications
for a batch of slots are possible in section 4. We also discuss possible alternative measures to fight
scalping and show that they do not preclude scalping under the first-come-first-served system or
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have other undesirable features. Finally, we discuss a range of other markets with scalping, such
as train tickets, limited edition sneakers, and tickets for sporting events, and consider the potential
usefulness of the batch system in these cases. The main takeaway is that the applicability of the
batch system depends on whether identity checks can be implemented or not.

Related literature. The importance of speed in high-frequency trading has led to enormous
investments in fast data connections around the world. This feature relates our contribution to a
proposal for the re-design of financial exchanges by Budish et al. (2015), as discussed above.3

Our paper speaks to the literature on the sale and re-sale of tickets for sporting events, concerts,
popular restaurants, etc. Marketing tools introduced by the organizers of sporting events have
blurred the difference between primary and secondary markets (for a survey see Courty, 2017).
Courty (2019) proposes a centralized ticket exchange where fans can return tickets that are then
randomly allocated to other fans.

Often, economists take the development of secondary markets as evidence of underpricing by
the original seller and therefore suggest increasing prices or running auction-like mechanisms to
prevent secondary market sellers from profiting. Auctions can be used for ticket sales to reduce
arbitrage profits, as in Bhave and Budish (2017). Alternatively, random allocations of tickets
priced below the market-clearing rate are used, for instance, for the soccer World Cup final, for
Wimbledon, and for some baseball games in the MLB. More generally, Chakravarty and Kaplan
(2013) show that lotteries can be an optimal allocation rule when no payments are collected.

Speed can be decisive in online auctions where sniping aims at minimizing the time between the
bid and the end of the auction. While sniping can be addressed by endogenous or unknown auction
closing times (Roth and Ockenfels, 2002; Ockenfels and Roth, 2006; Ariely et al., 2005; Malaga
et al., 2010), the scalping of appointments cannot be prevented by keeping the exact time of the
release of new slots unknown. The software monitoring the booking websites all but guarantees
that the scalper will get every available slot.

When there is no possibility of monetary transfers, the assignment of appointment slots is a
house allocation problem studied in the matching literature (Shapley and Scarf, 1974; Hylland and
Zeckhauser, 1979; Abdulkadiroğlu and Sönmez, 1998).4 The existing models cannot analyze the
emergence of black markets, and we therefore present a new model. Finally, this paper is part of
a growing experimental literature on matching markets surveyed by Roth 2016 and Hakimov and
Kübler 2020, as well as experimental work on the role of market intermediaries for corruption and
collusion, as in Cason (2000) and Drugov et al. (2014).

3Relatedly, batch and serial processing of offers in decentralized labor markets are studied by Roth and Xing
(1997), where batch processing helps to overcome congestion and thus improves market outcomes.

4Experiments on house allocation and random serial dictatorship haven been conducted by Chen and Sönmez
(2002), Guillen and Kesten (2012), and Hugh-Jones et al. (2014).

6



2 The Model

We build a simple model of appointment allocation in the presence of scalpers, focusing on how
design choices can reduce the profitability of scalping. The proofs of all results are in Appendix A.

There are n (appointment) seekers, indexed by i ∈ {1, . . . , n}, who need a service from a
central authority. The central authority meets the seekers face-to-face to provide the service, and
offers m (appointment) slots. The m slots can be obtained by any agent, not only the seekers.
We represent non-appointment-seeking agents by one firm, called the scalper.5

A booking system operated by a central authority is a procedure to allocate m slots to
applicants. A system accepts applications with applicant IDs. ID checks are performed during
the appointment, that is, the correct name and passport number have to be in the system. A
seeker can submit at most one application for a slot with her ID, as the booking system can detect
multiple entries of the same name. We assume that the scalper can costlessly create fake IDs that
do not refer to any existing appointment seekers. He has to replace them with the IDs of seekers
in order to sell the slots. The central authority cannot distinguish true seekers from fake seekers
based on the application for a slot.

Each seeker i has a value of vi of obtaining an appointment for any of the m slots. This value
is the seeker’s private information and is called her type. Each vi is independently and identically
distributed along some interval [v, v] according to the commonly known distribution function F

where v > 0. We normalize the value of getting no slot to zero, and assume that F has a continuous
density f ≡ F ′ with full support.

There is a (black) market for scalping in which the scalper can enter or remain inactive. The
entry cost is c > 0.6 If the scalper decides to enter the market, he can submit as many applications
to the booking system as he wants, up to Q. Here, Q represents the capacity constraint of the
scalper to create fake applications. For analytical simplicity, we assume that Q is sufficiently large
so that Q > n. In the market the scalper sets the monopoly price for the service of procuring a
slot for a seeker. We denote by p the price paid by a seeker to the scalper. We assume that the set
of feasible prices is a compact set included in the set of positive numbers, denoted by P ⊆ R++.

Seekers observe the price and decide whether to buy a slot from the scalper or not. Under any
booking system, if the scalper successfully secures a slot for a seeker, the seeker obtains the slot.
If not, the scalper reimburses the seeker for the price she has paid. How slots are booked depends
on which system is in place.

Each seeker i’s payoff depends on her valuation and the price, as well as whether she obtains
5We refer to the scalper by the male personal pronoun and to a seeker by the female personal pronoun.
6We assume that the cost is fixed, and can be interpreted as an investment in the technology, i.e., the program-

ming of bots that search for and book slots. In our model, the game lasts for one period. In reality, the scalper
might be active for many periods if the cost for the scalping technology was paid once. However, the booking
systems include captchas and other security features and are constantly updated. Thus, scalpers have to regularly
invest in the software. Scalpers may also have to pay wages to persons who sell slots to customers, which is another
source of costs accruing in every period.
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a slot:

seeker i’s payoff =


vi if she obtains a slot directly,

vi − p if she buys a slot at price p from the scalper,

0 if she does not obtain a slot.

The scalper obtains no utility from an appointment slot, but can profit from selling slots to the
seekers. His payoff from selling m′ ∈ {0, . . . ,m} slots to the seekers is

scalper’s payoff =

m′p− c if he sells m′ slots to seekers,

0 if he is not active.

We assume that the seekers and the scalper are risk neutral.
Under any system, a seeker can either apply for a slot directly or buy the service of the scalper,

not both. The former is called a direct applicant, while the latter is called a buyer. Let nb be
the number of buyers, and nd be the number of direct applicants, such that nb + nd = n. The
number of applications by the scalper is denoted by ns where ns ≤ Q, and s is the number of slots
secured by the scalper where s ≤ ns. The likelihood that the scalper gets s slots and the likelihood
of a direct applicant getting a slot depends on the booking system in place.

The timeline of the game under any booking system is summarized in Figure 1. Panel A shows
the sequence of actions in case the scalper enters the market while panel B shows the sequence in
case he does not. The timing of the game is as follows.

• In t = 0, seekers learn their valuations privately.

• In t = 1, the scalper chooses whether to enter the market or not, which is observable. If
he enters, the scalper sets the price for a slot that is observable, and the game continues at
t = 2 (panel A of Figure 1). If the scalper does not enter the market, the game continues at
t = 3 (panel B of Figure 1).

• In t = 2, if the scalper has entered the market, the seekers simultaneously decide whether
to buy a slot from the scalper or apply for slots directly through the booking system. The
number of buyers is observable for the scalper.

• In t = 3, if the scalper has entered the market, he chooses the number of applications ns up
to capacity Q for the booking system. Those seekers who did not buy the scalper’s service
apply directly to the booking system. The number of such seekers is denoted by nd. If the
scalper did not enter, all seekers apply for slots directly, and thus nd = n and ns = s = 0.

• In t = 4, the booking system is run and payoffs are realized.
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Figure 1: The timeline of the game

The order of moves regarding the booking of slots by the scalper and the buying decisions of seekers
is not crucial for our main results, and we discuss the consequences of changing the order for each
booking system in what follows.

The strategy of the scalper determines whether he enters the market and at which price he
offers the slots. It also determines the number of his applications for each combination of price p
and number of buyers nb. Every seeker observes the scalper’s decision regarding entry and price,
and then decides whether to buy from the scalper or to apply for a slot directly.

We will solve for a symmetric Bayesian Nash equilibrium, or a symmetric equilibrium in which
all seekers use a symmetric strategy, i.e., a strategy that depends only on types and prices, not on
the names of seekers.

2.1 Immediate booking system

The immediate system models a first-come-first-served online booking system. In such a system,
an application is only observable for the designer if it results in the booking of a slot. Thus,
the maximum number of observable applications is m, i.e., ns + nd ≤ m.7 The scalper has a
technological advantage over the seekers in the sense that he can secure himself any number of
slots up to the total supply with the help of bots, s = ns ≤ m. Importantly, the scalper can

7This does not preclude a situation of excess demand. However, seekers who do not get a slot directly or through
the scalper cannot be observed.
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transfer these slots to seekers who must pay for his service. This is possible by canceling the slot
with the fake ID and then immediately re-booking it under the name of the seeker.8

For the sake of simplicity, we model the possibility of cancellations and re-bookings by having
the scalper book the slots after he knows the demand of seekers (including their IDs). This
modeling assumption makes cancellations and re-bookings unnecessary since the scalper knows
which seekers are buying from him in a given period. At the same time, unlike in the real world
when seekers observe that there is no possibility of getting a slot except through the scalper,
under our modeling assumption appointment seekers need to decide whether to buy or not before
observing the scalper’s actions. Hence, they have to anticipate that the scalper will book all the
slots.9

After the scalper has made his bookings, all remaining slots are assigned to the direct applicants
if there are enough slots available. Otherwise, the remaining slots are randomly assigned to them.
More formally, the assignment is determined as follows: if the number of buyers is smaller than
or equal to the number of slots secured by the scalper, i.e., nb ≤ s, each buyer will get a slot for
sure and (s− nb) slots lead to no-shows; otherwise (if nb > s), s slots are randomly distributed to
nb buyers such that each gets a slot with probability s

nb
. The residual supply of m − ns slots is

distributed randomly among the direct applicants. Thus, each direct applicant gets a slot with a
probability of m−ns

nd
. Any remaining open slots are freely disposed of.

Proposition 1 (Equilibrium in the immediate system). Let p∗ be the price that maximizes the
profit of the scalper Π(p). In the immediate booking system, there exists a symmetric equilibrium
where on the equilibrium path the following occurs.10

1. If Π(p∗) ≥ 0, the scalper enters the market, sets price p∗, and makes m applications. More-
over, each seeker follows the symmetric strategy in which a type above p∗ buys the service
from the scalper, and a type below p∗ applies directly and receives a slot with zero probability.

2. If Π(p∗) < 0, the scalper does not enter the market, and all seekers apply directly.

In the equilibrium of the immediate system, the scalper enters the market if the entry cost is
not too high. If the scalper enters, he will book all slots. Then, the only possibility for seekers to
get a slot is to buy it from the scalper.

8Note that even if the canceled slots are freed up with a delay, a policy that has been adopted by the German
consulates to deter scalping, the scalper will be faster than the seekers in booking them once they appear in the
system. Moreover, the scalper knows for sure that the slot will be offered at some point, early enough for re-booking,
since otherwise the canceled slot is wasted.

9When the order of moves is reversed (i.e., the scalper books first, and the seekers then observe the remaining
slots and decide whether to buy or not), it is equally straightforward for a scalper to make a profit. This does not
require scalpers to be able to cancel and re-book slots under different names, as shown by the example in section
4.3.3.

10The scalper’s profit is given as

Π(p) =

{∑m
k=0

(
n
k

)
Fn−k(p)(1− F (p))kpk − c if m ≥ n,(∑m

k=0

(
n
k

)
Fn−k(p)(1− F (p))kpk +

∑n
k=m+1

(
n
k

)
Fn−k(p)(1− F (p))kpm− c

)
if m < n.

10



Example. Consider a market with 20 seekers competing for 15 slots. The valuations of the seekers
are uniformly distributed on the interval [10,100]. The entry cost is 100. In equilibrium, the scalper
enters the market with the profit-maximizing price of 51 where prices are restricted to be integers.
All seekers with valuations above 51 buy his service. The scalper books all 15 slots with an expected
profit of 454. The expected number of slots sold is 10.9, which implies that, on average, 4.1 slots
remain unassigned, leading to no-shows despite excess demand.

While the overall welfare of the booking system is not our main interest, we can distinguish
three effects of scalping on welfare in the immediate system: (i) The entry cost for the scalper
creates a deadweight loss. (ii) If there are more seekers than slots, the presence of the scalper may
improve the allocative efficiency. The reason is that without the scalper, the slots are allocated
randomly to seekers, irrespective of their valuation. If the scalper is active, only seekers with a
high valuation will obtain slots. (iii) The price charged by the scalper creates inefficiencies due to
slots being wasted if there are fewer seekers with a valuation above the price than available slots.

2.2 Batch booking system

We propose the batch booking system as an alternative to the immediate system. Under the
batch system, the central authority collects and pools applications with IDs during a certain time
interval. At the end of the interval, the m slots are allocated randomly to the applicants. The
number of applications is not constrained by the supply of slots, since the allocation of slots takes
place after the period of collecting applications. The batch system eliminates the importance of
speed, since the random allocation gives every applicant the same chance independent of when she
applied within the given time interval. Thus, the scalper has no technological advantage relative
to the seeker, except that he can submit Q applications, while seekers can submit only one. All
canceled slots are allocated in the next or later batches.

Although the allocation of slots in the batch system takes place over a time interval, modeling
the dimension of time would complicate the analysis with little additional insight. For simplicity, we
model the batch system as a static assignment. The assignment by the batch system is determined
in one of the following two cases:

1. The total number of applications does not exceed the number of slots, i.e., nd +ns ≤ m. The
scalper obtains a slot for each of his applications, ns = s ≤ m. Also, each direct applicant
gets a slot. If nb ≤ ns, nb slots go to the buyers, and the remaining slots of the scalper
(ns− nb) are assigned to fake IDs and lead to no-shows. If nb > ns, the s slots are randomly
assigned to the nb buyers such that each gets a slot with probability ns

nb
.

2. The total number of applications exceeds the number of slots, i.e., nd +ns > m. The m slots
are randomly allocated to applicants with real or fake IDs. Each buyer, fake ID, and direct
applicant get a slot with probability m

nd+ns
.
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In the immediate system, the scalper can secure up to m slots for the buyers, which allows him
to preempt the direct applicants completely. By contrast, in the batch system the scalper cannot
secure slots for the buyers with certainty. While he is almost certain to get the full supply of slots
by submitting a large number of applications with both fake and real IDs, he cannot transfer slots
with fake IDs to the buyers because canceled slots are re-allocated only in the next period where
the scalper would again face competition from seekers who apply directly. Thus, submitting more
applications than nb reduces the likelihood that he can get slots for his clients, while submitting
fewer applications than nb reduces his profit. We conclude that the scalper makes nb applications
when observing nb(≥ 0) buyers.

Another characteristic of the batch system is that given such optimal behavior of the scalper,
a seeker has the same probability of getting a slot from buying as from applying directly.11 Thus,
since buying a slot is costly for the seeker, she always prefers to apply directly. The main properties
of the batch system are summarized in Proposition 2.

Proposition 2 (Equilibrium in the batch system). In the batch booking system, there exists a
symmetric equilibrium where the scalper does not enter the market on the equilibrium path .

In particular, the scalper not being active is a unique equilibrium outcome if R < c, where R is
an upper bound of the expected revenue, defined as follows:

R =
n∑

k=1

(
n

k

)(
2n− k − 1

2n− 1

)2n−k−1(
k

2n− 1

)k
max{n− 1,m}

n
kv.

Just as in the immediate system, the order of moves is not crucial for this result. In the batch
system, the seekers and the scalper essentially move simultaneously.

The condition of uniqueness of the equilibrium outcome is rather mild and likely to be satisfied
in many settings. Figure A.1 in Appendix A.3 presents the graph of the function R depending
on n for v = 1. The revenues of the scalper never exceed 0.55. Thus, whenever the entry cost
of the scalper is higher than 55% of the highest valuation, not entering the market is the unique
equilibrium outcome.

When R > c, there may exist another equilibrium under the batch system in which the scalper
enters the market by threatening to flood the market with applications in the case of zero buyers.
We describe it in Proposition 3 in Appendix A.2. The risk posed by this equilibrium to the
authority fighting scalping is limited, since only a few seekers with high valuations buy from the
scalper while most seekers receive a slot through direct applications. This is in contrast to the
equilibrium under the immediate system where seekers can only get a slot through the scalper if
he is active. Moreover, we believe that it is difficult for the scalper’s threat to flood the market to

11See Lemma 4 in Appendix A for the scalper’s behavior. To see the equal probabilities of a seeker, say, for the
excess demand case (m < n), let n̂b and n̂d be the number of buyers among the other seekers. If she applies directly,
the probability is m

(n̂d+1)+n̂b
; if she buys, it is m

n̂d+(n̂b+1) . See Lemma 5 in Appendix A for a complete analysis.
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be effective. Since all applications are accepted in the batch system, the seekers can always apply
for slots, and even if they do not get a slot in one batch, they can try again in the next. Thus,
they cannot observe the scalper’s activity. This is in contrast with the immediate system where
the seekers observe that no slots can be booked, and therefore seek the scalper’s service.

Example. Consider again a market with 20 seekers competing for 15 slots, the valuations of the
seekers uniformly distributed on the interval [10,100], and the entry cost of 100. The unique
equilibrium outcome prescribes that the scalper does not enter the market. To see this, note that
the condition for a unique equilibrium is satisfied with c = 100 > 0.55 · 100 = 0.55v.

3 Experiment

We conducted an experiment that serves as a testbed of the proposed batch system. We also
study the immediate system to understand the conditions under which scalpers can profitably
enter the market. The experiment allows us to compare the observed strategies and outcomes to
the equilibrium predictions in a tightly controlled environment.

3.1 Treatments and procedures

There are four slots to be allocated in every round, m = 4. Of the five seekers in each market,
three are active in every round, while the other two are active in only half of the rounds, thus n = 3

or n = 5 depending on the round. This design allows us to vary the demand for slots between
rounds.

At the beginning of each round, every participant is informed about her valuation v for a slot,
drawn from the uniform distribution over the interval between 50 and 100. Each participant has
an ID, which is assigned anew in every round to ensure anonymity of the feedback across rounds.
The ID allows us to identify seekers and assign slots to them. Every seeker can receive at most
one slot per round. There is one scalper in every round who can enter the market. The scalper
has a value of zero for the slots, but he can book slots and sell them to the seekers.

The slots are allocated through either the immediate or the batch system. Each round consists
of two steps. Step 1 is the same for both booking systems while step 2 differs between them.

In step 1, at the beginning of each round the participants are informed of the booking system
that is in place as well as of the number of active seekers in the round (three or five). Each seeker’s
valuation for a slot is drawn randomly from the interval [50, 100]. Each seeker is informed of her
own valuation, but the scalper does not know the valuations. The scalper decides whether to enter
the market or not. Entering the market entails a fixed cost of 150 points for the scalper, c = 150.
If the scalper enters, he sets the price p that is paid by the seeker if the scalper provides a slot.
The scalper has a choice between the following prices: 15, 20, 25, ... 75, 80, or 85. Each seeker
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decides whether she wants to pay for the scalper’s service at the price or whether she wants to
apply directly, i.e., without the scalper.

Step 2 differs between the two booking systems.
Immediate system. In step 2, when the scalper enters the market, he learns how many

seekers have bought his service. He can book as many slots as he wants for free. If the scalper
sold a slot to a seeker in step 1, the system assigns him a slot for the ID of this seeker.

Batch system. In step 2, if the scalper is active in the market (that is, he entered the market
in step 1 at a cost of 150 points), the scalper learns how many seekers bought his service. He can
then submit as many applications for slots as he wants for free. The scalper enters the IDs of the
seekers who decided to apply through him in step 1.12

We implemented a 2x2 within-subjects design by varying the demand and the booking system.
Before each block of five rounds, the booking system (immediate or batch) and the demand for
appointments (three or five seekers) are announced. Both dimensions remain constant for five
rounds. We refer to the treatments with the immediate booking system with five and three seekers
as Im5 and Im3, and the treatments with the batch booking system with five and three seekers as
Batch5 and Batch3. The five-round block design allows the scalper to develop a reputation, and
the seekers to adjust to the behavior of the scalper and of the other seekers. By changing the ID
of the seekers in every round, we attempt to capture the situation where new seekers enter the
market in every round while the scalper remains active in multiple periods. Overall, each session
of the experiment consisted of 40 independent decisions, i.e., 40 rounds.

Table C.1 in the Appendix presents the order of treatments by rounds. Each treatment was
implemented twice, such that we can look at mature behavior in the second block of five rounds
after subjects have already experienced all four treatments. The order of the treatments was chosen
so as to first allow scalpers to make a profit in the immediate system with five seekers (see the
equilibrium predictions below). Then, the treatments follow where the scalper should make no
profit by entering the market. This allows us to study our main research question, namely whether
a change in the booking system from immediate to batch will reduce the amount of scalping.

Payoffs. Each seeker has an endowment of 220 points at the beginning of each five-round
block. Within the course of the five rounds of a block, points are added to and deducted from this
endowment. If active, a seeker earns her valuation minus the price if she receives a slot through the
scalper. If the seeker receives a slot without the scalper, she simply earns her valuation without
paying anything. If the seeker does not receive a slot, either with or without the scalper, her payoff
is zero in this round, and her endowment is unchanged. Every seeker who is not active in a block
of five rounds with low demand receives the equilibrium payoff of the active seekers in this round.
This limits potential differences between subjects that are due to income effects.

The scalper has an endowment of 750 points at the beginning of each five-round block, and
12The details of the immediate and batch system implemented in the experiments can be found in Appendix C.2.

14



points are added and deducted to this endowment over the course of the five rounds. If the scalper
enters the market, he pays 150 points, and he receives the price times the number of slots sold.
Note that the 750-point endowment allows the scalper to enter the market in every round, even if
he does not sell any slots. Thus, we chose a budget that does not constrain the scalper’s choices.
If the scalper decides not to enter the market in one of the rounds, his endowment is unchanged
in this round.

After every round, all participants received feedback about the allocation of slots: a slot can
be vacant, allocated to a seeker directly, allocated to a seeker through the scalper, or allocated to
a fake ID.

At the end of the experiment, one block was randomly drawn and the final earnings of this
block were paid out in euros. The exchange rate was 1 point = 2 cents. The experiment lasted,
on average, around 100 minutes, and the average payoff was EUR 14.73, including a show-up fee
of EUR 5.

The experimental sessions were run at the WZB TU lab at the Technical University Berlin.
We recruited subjects from our pool with the help of ORSEE by Greiner (2015). The experiments
were programmed in z-Tree (Fischbacher, 2007). We conducted 10 sessions, with 24 subjects each.
Thus, we end up with 40 independent matching groups.

At the beginning of the experiment, printed instructions were given to the subjects (see Ap-
pendix C). Participants were informed that the experiment was about the study of decision-
making, and their payoff depended on their decisions and the decisions of other participants. The
instructions explained the details of the experiment and were identical for all subjects. Questions
were asked and answered in private. After reading the instructions, all subjects participated in a
quiz to make sure they understood the main features of the experiment.

3.2 Predictions

The four treatments differ with respect to the predicted entry of the scalper, the predicted price of
a slot, and the number of slots sold. This results in different profits for the scalper and payoffs for
the seekers.13 The only treatment where the equilibrium predicts positive expected profits for the
scalper is Im5, where the scalper chooses the profit-maximizing price of 60, leading to less than
four slots being allocated in equilibrium. In Im3, the scalper can at most break even in equilibrium
due to the lower demand. He charges a price of 50 to guarantee that all three seekers are willing
to buy a slot which just covers the entry cost of 150. In Batch3 and Batch5, the scalper does not
enter the market in equilibrium.

We use the stage-game predictions, although subjects play the game for five rounds changing
the ID numbers of the seekers between rounds to capture that scalpers are longer-lived than seekers.
The repetition can generate multiple equilibria, but playing the stage game Nash equilibrium in

13Table C.2 in Appendix C presents a summary of the equilibrium predictions of the stage game by treatments.
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every round is a Nash equilibrium of the repeated game.

3.3 Experimental Results

The main questions addressed by the experiment are whether scalping is profitable and scalpers
enter the market. We also summarize the main findings regarding the seekers’ choices. All results
reported are significant at the 5%-level if not stated otherwise. For all results, we focus on the
second block (i.e., the last five rounds) of each treatment .

The batch system was designed to remove the incentives of scalpers to enter the market, book
slots, and sell them to the seekers. We therefore begin by investigating the entry decisions of
scalpers across treatments. The left panel of Figure 2 shows the average proportions of scalpers
entering the market in the second block of each treatment. The highest proportion of scalpers
in the market is observed in Im5, amounting to 79%, on average, for the last five rounds of the
treatment. This is qualitatively in line with the equilibrium prediction, according to which scalpers
enter the market. In the equilibrium with low demand (Im3), the scalpers are indifferent between
entering and not entering the market as the expected profit is zero. We observe, on average, 47% of
scalpers deciding to enter the market. This proportion is significantly lower than in Im5. For the
treatments with the batch system, the equilibrium predicts that scalpers do not enter the market,
independent of whether demand is high or low. We find that 20.5% of scalpers enter in Batch5
and 7.5% in Batch3 in the last five rounds of the treatment. This is significantly lower than in
Im5 and Im3.14

We sum up the findings as follows:
Result 1 (Market entry). The proportion of scalpers entering the market is highest in Im5,
followed by Im3, while entry is lowest in Batch5 and Batch3.
Are the scalpers’ entry decisions optimal? To answer this question, we turn to the analysis of the
scalpers’ profits. The right panel of Figure 2 shows the average profits conditional on entering the
market for each treatment. Only treatment Im5 leads to positive average profits for the active
scalpers both in theory and in the data. However, the realized profits are lower than predicted:
equilibrium profits are 70.34 while average profits are 22.8, with 36.5 in the last round of the
treatment. Similarly, in Im3 profits are lower than the predicted equilibrium profits of zero.
Turning to the profits of the scalpers in the batch system, the scalpers do not enter the market
in equilibrium, and thus equilibrium profits are zero. As shown by Figure 2, we observe negative
profits, conditional on entering the market.

Regarding the booking decisions of scalpers, in Im5 and Im3 scalpers booked the entire supply
of four slots in 91% and 87% of cases, respectively, after entering the market. This behavior is

14All pairwise comparisons of the proportion of scalpers entering the market in the last five rounds of each
treatment show significant differences (p<0.01). For the tests, we use the p-values for the coefficient of the dummy
of interest in the probit regression on the dummy for entering the market. Standard errors are clustered at the level
of matching groups and the sample is restricted to the treatments that are relevant to the test.
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Figure 2: Proportion of scalpers entering the market (left) and average profits (right)
Notes: Grey bars represent 95% confidence intervals. High demand stands for five seekers (Im5 and Batch5) while

low demand for three seekers (Im3 and Batch3). The figure is based on all decisions in the second block.

close to the equilibrium prediction of 100%. In Batch5 and Batch3, the scalpers do not enter the
market in 89% and 66% of all cases, respectively, as predicted in equilibrium, and therefore do not
make any booking decisions. Conditional on out-of-equilibrium entry in the batch system, scalpers
try to block the system by submitting 10 or more applications in 33% and 30% of cases in Batch5
and Batch3, respectively. This points to the attempts of scalpers to block the market, but it is not
profitable.

The main findings can be summarized as
Result 2 (Profits and booking decisions of scalpers). Scalpers earn positive profits only
in Im5. In the immediate system, in almost 90% of cases after equilibrium entry, the scalpers
book all four slots, which is the equilibrium booking strategy. In the batch system, the majority of
scalpers do not enter the market, as predicted in equilibrium, and therefore do not take any booking
decisions.

Appointment seekers

We next study the welfare of seekers and the total number of slots allocated to them. For detailed
analyses of the seekers’ behavior, we refer the reader to Appendix C.5. First, we consider the
seekers’ decisions to buy the service from the scalper. Then, we study the welfare of appointment
seekers and the total number of slots allocated.

Figure 3 shows the average payoffs of seekers by treatments. As predicted, the batch system
leads to significantly higher payoffs for seekers than the immediate system, and seekers fare worst
in Im5. All pairwise comparisons of treatments with different booking systems with the same
demand yield significant differences (p<0.01).15

15The p-values are computed for the coefficients of the dummies of interest in an OLS regression of the seekers’
payoffs; standard errors are clustered at the level of matching groups, and the sample is restricted to treatments of
interest for the test.
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Figure 3: Average payoffs of seekers
Notes: Gray bars represent 95% confidence intervals. High demand stands for five seekers (Im5 and Batch5) while

low demand for three seekers (Im3 and Batch3). The figure is based on the second block.

Regarding absolute levels, the observed average payoffs of seekers are 55 and 73 in Batch3 and
Batch5, compared to the prediction of 60 and 75 respectively. Thus, in the batch system the payoffs
of the seekers are slightly below the equilibrium payoffs. In Im3 and Im5, the observed payoffs of
the seekers are higher than in equilibrium, namely 30 instead of 15 in Im5 and 51 instead of 25 in
Im3. These deviations from the equilibrium are due to excessive entry of scalpers in treatments
with the batch system, and too little entry in the immediate system.

Summing up, Result 3 states that in line with the equilibrium predictions, a designer who cares
about the utility of seekers should implement the batch system:

Result 3 (Payoffs of appointment seekers). The average payoffs of appointment seekers are
higher in the batch than in the immediate system for a given demand.

A potential source of welfare loss are slots that are wasted due to scalping. We compare the
number of slots allocated to seekers by treatments. With high demand, the proportion of slots
allocated to seekers is almost identical in both booking systems at around 90%. With low demand,
it is significantly higher in the batch system than in the immediate system. For further details
on the allocation of slots, see section C.7.1, and for details on the valuations of the seekers who
receive a slot see section C.7.2, both in the Appendix.

4 Practical challenges, alternative solutions, and other mar-

kets with scalping

In this section, we discuss design features of the batch system that are not part of the model but
are important for its implementation. Moreover, we discuss alternative solutions for the problem
of scalping under first-come-first-served booking systems and the applicability of the batch system
to other markets with scalping.
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4.1 Practicalities of the batch system

The theoretical model shows that the batch system makes scalping unprofitable, and the experi-
ments support this prediction. To make the batch system work as predicted, however, the designer
has to carefully choose some additional design parameters. Our model is static and therefore ag-
nostic about essential details that can influence the practical success of the batch system. We have
abstracted from the seekers’ preferences over slots, including the issue of when these preferences
arise.

4.1.1 Length of the time interval of each batch

The designer faces a tradeoff when choosing the time interval of a batch:

• Seekers need to have enough time to apply for slots. Sufficiently long time intervals ensure
that the scalper cannot book all the slots offered with certainty, e.g., because seekers do not
notice that a new batch is available. Thus, sufficiently long time intervals ensure that the
scalper faces competition from seekers’ direct applications for every batch. For instance, long
time intervals prevent the scalper from flooding the market with applications for fake IDs
for one batch and using a later batch with no competition from seekers to cancel these slots
booked for fake IDs and transfer them to their clients’ IDs. Note that in the extreme case
when the length of the interval is very short, the batch system is essentially equivalent to
the immediate system.

• Seekers want to learn as soon as possible whether they received a slot or not, and when the
appointment will take place. Short time intervals during which applications are collected
guarantee this while long time intervals mean that uncertainty regarding the allocation of
slots is resolved only after a considerable period of time. Moreover, long time intervals can
make it impossible to reallocate canceled slots when the appointments take place before the
end of the next allocation procedure. This can lead to welfare losses.

What is the right length of the time interval for a batch? The answer will depend on the context.
In many cases, it seems reasonable to start with a one-day time interval. It is long enough to
make regular monitoring of the system by the seekers not too costly and short enough for seekers
to learn about the outcome relatively quickly and make plans.

We suggest monitoring the system of one-day time intervals and looking for signs of scalping.
If the designer observes a high volatility of the probability to obtain a slot, the time interval should
be extended to give seekers a better chance of applying. However, if the probability of receiving a
slot is constant between batches, the designer may shorten the interval to increase the convenience
of the system for the seekers.

As a complementary measure, to make the batch system more convenient for seekers and less
likely to be profitable for scalpers, the designer can provide the seekers with the option of automatic
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re-applications for the next batch if their previous application was unsuccessful. If a seeker opts
for this, her application will remain in the system until she receives a slot. This can help to ensure
that there are direct applications for every batch, thereby decreasing the opportunity for scalpers
to book slots. Depending on the exact context, this could also be the default choice for all seekers.
In this case, the length of the time period of each batch is not essential, since there is one set
of seekers for all batches. This set would change over time with arrivals of new applicants and
departures of those who received a slot. The only design choice would then be the frequency in
which batches are allocated to best accommodate the seekers’ needs, but this choice would not
affect the profitability of scalping.

4.1.2 Time at which canceled slots become available for re-booking

The model does not specify the exact timing of when canceled slots should re-appear in the system.
To avoid the potential welfare loss of slots that are not used, the designer should make the canceled
slots available immediately after their cancellation in the next batch. Slots that are canceled late,
namely after the last batch was allocated before the appointment, will be wasted, however. It
is crucial to commit to not allocating them in the last moment, since this would re-introduce an
advantage of speed and incentives for scalping.

4.1.3 Accommodation of preferences over slots

In our theoretical analysis, we abstract from the fact that seekers might have preferences over
specific slots. The immediate booking system makes it convenient to choose among slots. The
batch system can also accommodate preferences if seekers submit rank-order lists of the different
slots with their application. Instead of a random lottery assigning the slots, the random serial
dictatorship mechanism can be employed. A lottery then determines the priority of applicants,
such that the first person in the order receives her highest-ranked slot, the second in the order
receives the highest-ranked slots among those that are still available, and so on.

4.1.4 Time interval between the date of the slot and the first possibility to book the
slot

One important feature of every booking system is how long in advance the slots can be booked. A
short time interval between the batch being offered and the date of the slots helps those seekers
who realize their demand for appointments on short notice. The benefit of a long time interval
is that there are many batches in which slots can be re-allocated in the case of cancellations. In
our model, we assume that seekers know their demand for slots when booking becomes possible,
but this is unrealistic when slots are offered very far in the future. For example, if there is excess
demand for slots and slots are allocated three months in advance, this would require seekers to
make long-term plans, and short-term needs could not be accommodated. Also, seekers might
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have an incentive to apply for a slot despite being uncertain whether they will need it. This
can lead to welfare losses when such seekers frequently cancel a slot or do not show up. For
these reasons, it can be useful to bundle slots arriving soon and slots arriving in the future in the
batches to accommodate the different needs. Note that the choice of the time interval does not
affect the potential vulnerability of the batch system for scalping but should be chosen to best
accommodate the needs of the seekers in the relevant context. For instance, slots at consulates
can often be booked three months in advance, since the trips for which the visa are required are
usually planned in advance. On the other hand, table reservations in restaurants are often made
available on short notice.

4.2 Alternative solutions

One possible alternative to fight scalping is to require a booking deposit, i.e., a small payment
which is refunded when an applicant shows up at her appointment. We have modeled this policy
and characterize the equilibria under the two booking systems with a deposit in Appendix B in
propositions 4 and 5. While this policy restricts the set of parameters where scalping is profitable
in equilibrium in the immediate system, it does not preclude scalping with an excess demand
for slots. In the batch system, the scalper’s non-entry is the unique equilibrium outcome for all
parameter values. Thus, the introduction of a deposit does not solve the problem of scalping in
the first-come-first-served system, but makes scalping even less profitable in the batch system.

A second possible remedy is the introduction of a cancellation fee. In the immediate system,
when the slots are first booked under fake names and then rebooked under clients’ names, the
cancellation fee is incurred at the moment of rebooking. Thus, from a modeling perspective,
the cancellation fee is equivalent to a deposit, and propositions 4 and 5 hold (see Appendix B).
Moreover, the scalper can operate in the immediate system without making use of cancellations, as
demonstrated by our experiment and the case of train tickets in India (see section 4.3.3). Under the
batch system, a cancellation fee does not affect the equilibrium, since there are no cancellations.
This is due to the inability of the scalper to transfer canceled slots to other applicants.

A third possible solution is to provide canceled slots to seekers forming a physical line instead
of making the slots available online. This can prevent the immediate re-booking of canceled slots
by the scalper under the names of his customers. But note again that scalping in the immediate
system does not require cancellations and re-bookings, as in the Indian Taktal train ticketing
scheme. Even when re-bookings are necessary for profitable scalping, allowing for lines at the
public office defeats the purpose of using an online booking system. Lines in front of public offices
essentially create another first-come-first-served system.

Another potential solution is tighter control of the booking process itself, e.g., by introducing
ex-post verification of the allocation to cancel suspicious applications such as multiple applications
made within a second, or by requiring pre-registration as a “verified user.” These measures are
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often observed on sport ticket platforms. While the measures may render scalping slightly more
complicated, the scalper still has the advantage of speed relative to the seekers. Thus, some
seekers with a high valuation may prefer to pay the scalper and provide him with the registration
information for a higher chance of getting a slot relative to applying directly (see again the example
of train tickets in section 4.3.3).

Finally, a simple wait list could be employed instead of the first-come-first-served system.
Seekers put their name on a wait list or in a virtual queue and are assigned a slot once it is their
turn. Applicants will be on the wait list for some time and will only be assigned a slot once
they have moved up on the list. Typically, the slot assignment happens shortly before the actual
appointment, and not far in advance. This is due to the possibility of cancellations that need to
be accommodated. If a seeker cancels her slot, all seekers on the wait list are moved upwards.
This uncertainty regarding the exact date and time of obtaining a slot can be a disadvantage when
seekers have to travel a considerable distance for their appointments. Moreover, a wait-list system
can suffer from appointment seekers hoarding slots where people put their names on the wait list
even if they do not need an appointment but expect that this need may arise in the future. Finally,
it is not clear whether the scalper can make profits in equilibrium. While the speed of bookings
does not matter since the wait list is always open, the scalper could offer to shorten the waiting
time for seekers by cancelling appointments with fake IDs that he put on the wait list before. We
leave a rigorous analysis of wait lists for future research.16

Increasing the supply of slots has been suggested as another remedy for scalping. However,
our model shows that scalping can be profitable without excess demand. It is enough that the
number of seekers and their valuations are sufficient to cover the scalper’s costs. Another problem
is that the true demand is not easy to gauge in the immediate system, since applicants who do not
receive a slot are not observed. It is an advantage of the batch system that the market designer
can observe the entire demand for slots, and can adjust the supply if possible.

We believe that our proposed solution is simple and straightforward to implement. While
the small delay (e.g., one day) before finding out the result of an application can carry a cost,
the costs of alternative systems seem much higher. Most importantly, unlike all alternative solu-
tions discussed above, the batch system, just as the immediate system, features online bookings,
appointments scheduled at a predetermined time with no physical lines, and no payments.

4.3 Other markets with scalping

In this subsection, we discuss other markets that are prone to scalping. We also consider whether
our solution is suitable for these markets.

16An example is the wait list for apartments in Stockholm where the waiting time has reached 20 years,
and newborn children are put on the wait list by their parents well before they need housing. See
http://www.bbc.com/capital/story/20160517-this-is-one-city-where-youll-never-find-a-home. Last accessed on July
15, 2019.

22



4.3.1 Tickets for major sporting events (Olympic Games, Soccer World Cup etc.)

Sporting events and concerts have been the object of scalpers for a long time. Tickets for such
events are often sold out within the first minutes of being on sale, and are offered on the black
market for a higher price shortly after. Using bots to buy large numbers of tickets is profitable
because prices are set below the market-clearing price.17 Artists and ticket platforms make at-
tempts to fight scalping, e.g., by offering tickets to official fans only, but the estimated profit of
the resale business is eight billion dollars per year in the US alone (Green, 2015). Governments
have even introduced anti-scalping legislation: the Better Online Tickets Sales Act, also known as
the BOTS act, was passed by the US Congress in 2016. It outlaws using bots or other technology
for obtaining tickets via online systems to resell them on the secondary market. However, for the
allocation of tickets for the 2018World Cup, FIFA collected applications for tickets for each match
and category, and in the case of overdemand for a specific match and price category, a lottery de-
cided who received the tickets. Scalping was still observed, since people without a matching ticket
and fan ID were allowed to enter the stadium. Without ID verification, the scalper’s strategy of
buying many tickets with fake IDs is successful, since he pays less than the market price and sells
the tickets without any constraints later on.

ID verifications are not costly in the case of appointments at public offices, but they can be much
harder to implement for sporting events and concerts. While organizers of such events commonly
state that ID verification will be used, in reality they tend to shy away from imposing it. ID
checks require additional personnel at the entrance of stadiums, though this has become easier due
to scanners and related technologies.18 Another barrier to ID verification is the desire to fill the
stadium, since this is important for the success of the event, and also for broadcast revenues. One
can observe scalpers and people leaving messages on Internet forums trying to convince buyers
that there will be no ID verifications required. A potential solution could be to check the IDs of
a small number of people at random and to commit to refusing entry to those whose ID does not
match their ticket. The effectiveness of such a system depends on many parameters, and we leave
its exploration for future research.

To sum up, the evidence from large-scale sporting events demonstrates that the batch system
is not successful without ID verification, which is in line with our theory.

4.3.2 Limited editions of sneakers and other consumer goods

Some producers offer limited editions of certain goods below the market-clearing price to a subset
of customers. Prominent examples are sneakers and streetwear.19 Some brands managed to build

17For an analysis of these markets, see Courty (2017) and Leslie and Sorensen (2014). Courty (2019) studies the
design of re-sale platforms with ID verification as a potential solution to scalping.

18At the 2018 World Cup, the tickets had a name and each spectator had to have a fan ID. At the entrance to
the stadium the consistency of the documents was checked, but it was inconsequential.

19Another example is the sale of luxury bags– for instance, the Birkin Bag by Hermès. Despite being released
in 1984, it is still overdemanded with a waiting time of several months. These bags can only be bought through
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a fan base using these limited releases. This is the business model of Supreme, which specializes
in various kinds of streetwear items and was established in New York in 1994. Supreme regularly
offers new limited-edition items, leading to long queues and a secondary market that appears
almost immediately after the goods have become available. The goods offered in such “drops”
often become collectibles. Some of the limited-edition items are sold online, and scalpers dominate
these sales (Fowler, 2018).

Drops in online shops are analogous to the immediate system in that speed determines who
gets the goods. Some companies, however, use preregistration and random draws for their releases.
For instance, one of the most successful limited editions by Adidas, the Yeezy Boost sneakers
collection in collaboration with Kanye West, used both online shops and lotteries. For some
releases, Adidas also uses a virtual queue to fight scalping. Nike fights bots by allocating its limited
release sneakers through its own SNKRS App, creating a short time window where customers can
enter a lottery for a pair of sneakers (Wolf, 2018). These solutions are similar to the batch
system. Our theory, however, casts doubt on the success of these lotteries, since bots can submit
many applications and thereby ensure a high chance of getting the underpriced items. Adidas
introduced additional barriers against bots, namely the restriction of one purchase per IP address
and credit card, but these measures can also hurt regular customers (Alvarez, 2016). Note that
such technical restrictions are not feasible and not necessary for the batch system that we propose
for the allocation of appointments.

Firms that offer limited-release sales could increase the supply to match demand. However,
they benefit from the limited availability of their collections since it helps them to create a fan base
and a certain hype around the products. Thus, the firms may be less opposed to scalping than they
claim. Nevertheless, they are concerned about the perceived fairness of how the limited-release
items are allocated. If fairness concerns are sufficiently important, the proposed batch system may
be useful, since it is likely to be perceived as fairer than online drops flooded by bots.

4.3.3 Train tickets in India

The market for train tickets in India suffers from scalping despite ID verification. On the day
before departure, Indian railways offers tickets for overdemanded trains on short notice, under the
so-called Taktal reservation scheme. This scheme was introduced to fight scalpers, and to make
journeys on overdemanded routes possible without planning far ahead. The price under the Taktal
ticket system is 10% to 30% higher than the normal fare.20 The supply of Taktal tickets is lower
than the demand for such tickets, and scalpers use bots to buy tickets under the names of their
clients. Tickets are typically sold out within four to five seconds, such that people who want to
buy a ticket without the scalper do not have a chance of obtaining one. The scalpers can book

so-called sales associates that require customers to have a long history of purchases from Hermès (Sherman, 2015).
20http://www.indianrailways.gov.in/railwayboard/uploads/directorate/traffic_comm/CC-

2019/Tatkal_Scheme_02082019.pdf. Last accessed on November 25, 2019.
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tickets under the true names of their clients since clients know that they need the help of the
scalpers (so-called travel agencies) to get tickets. The service fee to the agency is often higher
than the price of the ticket (Sundaram, 2019). This is an example of a booking system where even
without the possibility to re-book canceled slots or tickets, the advantage of speed makes scalping
profitable. Officials have tried to prevent scalpers by tracking suspicious IDs and payments, with
limited success. Our proposed batch system is directly applicable to this market.

4.3.4 Restaurant reservations

A related problem concerns scalpers booking tables in popular restaurants under fake names.
Scalpers offer the tables on a website, and customers who pay for the reservation learn the fake
name under which the reservation was made. The restaurants often do not receive any of the fees
paid to the scalpers, and they run the risk of tables not being taken. Note that under the current
first-come-first-served system, the checking of IDs by the restaurant would not solve the problem,
since scalpers could still re-book the canceled slots with the real name of the customers. Under
the proposed batch system, scalping would no longer be possible. However, restaurants are not
necessarily concerned about the way their tables are allocated, and might even have a preference
for those clients with the highest willingness to pay for a table.

5 Conclusion

This paper considers a novel application for market design, namely the allocation of appointment
slots with online booking systems. With the help of a model and an experiment, we explain the
presence of scalpers in first-come-first-served online booking systems around the world. We also
show that the proposed batch system makes scalping unprofitable. Our paper presents a simple
solution for an important problem that has surfaced recently with online booking systems. We do
not claim that it is the unique solution, but it is feasible and technologically simple to implement.
More broadly, we believe that taking into account the incentives of third parties – such as scalpers
– to interfere with matching markets opens up novel and important research questions.
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Appendix

A Main Proofs

In the following, we provide the proofs of the main results of the paper, namely propositions 1
and 2. We also state and prove Proposition 3, which describes an additional equilibrium of the
batch system. Note that an equilibrium with any belief off the equilibrium path is a weakly perfect
Bayesian equilibrium in this game. This is because the scalper sets the price before learning how
many seekers are looking to buy from him, and thus his booking decision is unaffected by his belief
about the seekers’ types. We focus on symmetric equilibria in which every seeker uses a symmetric
strategy. We say that a symmetric strategy has the cutoff v̂(p) if a type lower than the cutoff
directly applies and a type higher than the cutoff buys from the scalper.

Lemma 1. Consider the immediate system or the batch system. Suppose that the scalper enters
the market with price p. We consider the decision of a seeker with type v regarding whether to
apply directly or buy. Given that all other seekers follow the symmetric strategy β, let D and B be
the probabilities of a seeker getting a slot from a direct application and from buying. Moreover, let
E(D; v) = Dv an E(B; v) = B(v − p) be the expected payoff of a type v from a direct application
and from buying. Then, the symmetric strategy β is optimal for a seeker if and only if it has the
cutoff v̂(p). In particular, the cutoff v̂(p) satisfies

1. v̂(p) = v when D < B and E(D, v)− E(B, v) ≤ 0;

2. v̂(p) satisfies E(D, v̂(p)) = E(B, v̂(p)) when D < B and E(D, v)− E(B, v) > 0 > E(D, v)−
E(B, v);

3. v̂(p) = v when D < B and E(D, v)− E(B, v) ≥ 0;

4. v̂(p) = v when D ≥ B.

Proof. Case 1: D < B and E(D, v) − E(B, v) = −(B −D)v + Bp ≤ 0. Then, for any v ∈ (v, v],
E(D; v) − E(B; v) = −(B − D)v + Bp < −(B − D)v + Bp ≤ 0. Hence, the optimality of the
symmetric strategy implies v̂(p) = v. Moreover, it follows from the above inequality that the
symmetric strategy with the cutoff v̂(p) = v is optimal.
Case 2: D < B and E(D, v) − E(B, v) > 0 > E(D, v) − E(B, v). Then, the function E(D; v) −
E(B; v) = −(B −D)v + Bp is strictly decreasing, and is positive at v = v and negative at v = v.
Thus, there is a unique v∗ ∈ (v, v) such that E(D; v∗) − E(B; v∗) = 0. Moreover, for v ∈ [v, v∗),
E(D; v)− E(B; v) > 0; for v ∈ (v∗, v], E(D; v)− E(B; v) < 0. Thus, we have the cutoff v̂(p) = v∗.
It is straightforward to see that the symmetric strategy with the cutoff v∗ is optimal.
Case 3: D < B and E(D, v) − E(B, v) = −(B − D)v + p ≥ 0. Then, for any v ∈ [v, v),
E(D; v) − E(B; v) = −(B − D)v + Bp > −(B − D)v + Bp ≥ 0. Hence, the optimality of the
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symmetric strategy implies v̂(p) = v. Moreover, it follows from the above inequality that the
symmetric strategy with the cutoff v̂(p) = v is optimal.
Case 4: D ≥ B. Then, for any v, E(D; v)−E(B; v) = (D−B)v +Bp > 0. Hence, the optimality
of the symmetric strategy implies v̂(p) = v. Moreover, it follows from the above inequality that
the symmetric strategy with the cutoff v̂(p) = v is optimal.

A.1 Proof of Proposition 1: Equilibrium of the immediate system

We show that the following strategy profile is an equilibrium in the immediate system: (i) Scalper’s
application: When the scalpers enters the market with a price p, and nb seekers buy the service,
the number of applications by the scalper is ns(p, nb) = m; (ii) Scalper’s pricing: the scalper sets
the price p∗ to maximize the profit Π as in footnote 10; (iii) Scalper’s entry: If Π(p∗) ≥ 0, the
scalper enters the market. Otherwise, he does not; (iv) Each seeker follows the symmetric strategy
with the following cutoff v̂(p)

v̂(p) =


v if p < v,

p if v < p < v,

v if v < p.

(1)

The first claim is that the scalper’s application stated above is optimal.

Lemma 2. Consider the immediate system. Suppose that the scalper enters the market with price
p, and nb seekers buy the service. Then, the number of applications by the scalper, ns(p, nb) = m,
is optimal.

Proof. Let ns be a number of applications by the scalper. Note that by definition, 0 ≤ ns ≤ m. We
calculate the profit π(ns; p, nb) in the two cases. If m ≤ nb, then the profit is π(ns; p, nb) = pns− c.
On the other hand, if nb < m, then the profit is

π(ns; p, nb) =

pns − c if 0 ≤ ns ≤ nb,

pnb − c if nb < ns ≤ m.

Thus, in any case, ns = m is optimal.

The next claim is that the seeker’s behavior stated above is optimal.

Lemma 3. Consider the immediate system. Suppose that the scalper enters the market with price
p and makes m applications for each nb. Suppose that all seekers follow a symmetric strategy β.
The symmetric strategy β is optimal for a seeker if and only if the cutoff v̂(p) is given by (1).

Proof. Suppose that the symmetric strategy β is optimal. Then, by Lemma 1, it has the cutoff
v̂(p). Denote v̂ = v̂(p). We consider the decision of a seeker of any type v. She knows her own
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valuation v and faces (n− 1) other seekers following strategy β. Then, denote by D(v̂) and B(v̂)

the probabilities of her getting a slot from a direct application and from buying when the cutoff is
v̂. Since the scalper’s number of applications is n(p, nb) = m for each nb, we have D(v̂) = 0 and

B(v̂) =


∑m−1

k=0

(
n−1
k

)
F n−1−k(v̂)(1− F (v̂))k +

∑n−1
k=m

(
n−1
k

)
m
k+1

F n−1−k(v̂)(1− F (v̂))k if m < n

1 if m ≥ n,

where B(v) = m
n
for m < n; B(v) = 1 for m ≥ n; and B(v) = 1. Note D(v̂) < B(v̂) for any v̂.

Case 1: p < v. Then E(D, v)− E(B, v) = −B(v̂)(v − p) < 0. Then, by Lemma 1-(1), v̂ = v.
Case 2: v < p < v. Then E(D, v) − E(B, v) = −B(v̂)(v − p) > 0 and E(D, v) − E(B, v) =

−B(v̂)(v − p) < 0. Thus, by Lemma 1-(2), v̂ satisfies E(D, v̂)−E(B, v̂) = −B(v̂)(v̂ − p) = 0, i.e.,
v̂ = p.
Case 3: v < p. Then E(D, v)− E(B, v) = −B(v̂)(v − p) > 0. Then, by Lemma 1-(3), v̂ = v.

Therefore, Lemma 3 follows from Lemma 1.

Proof of Proposition 1. Given the scalper’s application and the seeker’s behavior as stated
above, we can calculate the profit in the following two cases.
Case 1: m ≥ n. If p ≤ v, Π(p) = pn− c; if p > v, Π(p) = −c; if v ≤ p ≤ v, then

Π(p) =
n∑

k=0

(
n

k

)
F n−k(p)(1− F (p))kpk − c.

Case 2: m < n. If p ≤ v, Π(p) = pm− c; if p > v, Π(p) = −c; if v ≤ p ≤ v, then

Π(p) =
m∑
k=0

(
n

k

)
F n−k(p)(1− F (p))kpk +

n∑
k=m+1

(
n

k

)
F n−k(p)(1− F (p))kpm− c.

Since Π is continuous, and Π(p) ≤ Π(v) for p ≤ v and Π(p) < 0 for p > v, we can formulate as
in footnote 10 where the existence of price p∗ is guaranteed as it maximizes the continuous function
on the compact set [v, v].

Therefore, together with lemmas 2 and 3, the strategy profile stated in the beginning is an
equilibrium. 2

A.2 Proof of Proposition 2: Equilibria of the batch system

Consider the batch system. We need several lemmas.

Lemma 4. Consider the batch system. Suppose that the scalper enters the market with price p, and
nb seekers buy the service. Then, the number of applications by the scalper, ns(p, nb), is optimal if

31



and only if

ns(p, nb) =

any integer in [0, Q] if nb = 0,

nb if nb > 0.
(2)

Proof. Suppose that ns(p, nb) is optimal for the scalper.
Case 1: nb = 0. Then the scalper cannot sell any slot and thus the profit is π(ns, p, nb) = −c for
any ns ≥ 0. Thus, ns(p, nb) ∈ [0, Q].
Case 2-(a): nb > 0 and m < n. Note that as nb + nd = n < Q, we have m− nd < nb, and nb < Q.
Then we can calculate the profit as follows.

π(ns, p, nb) =


pns − c if 0 ≤ ns ≤ m− nd,

p m
ns+nd

ns − c if m− nd ≤ ns ≤ nb,

p m
ns+nd

nb − c if nb ≤ ns ≤ Q.

Thus, the profit π(ns, p, nb) is strictly increasing in ns ∈ [0, nb] and strictly decreasing in
ns ∈ [nb, Q]. Thus, ns(p, nb) = nb.
Case 2-(b): nb > 0 and n ≤ m. Note that as n = nb+nd, we have nb ≤ m−nd. If 0 ≤ ns ≤ m−nd,
then ns + nd ≤ m and thus the scalper is certain to get all of his slots. If m− nd ≤ ns, the scalper
gets a slot with probability m

ns+nd
. Thus, we have the profit:

π(ns, p, nb) =


pns − c if 0 ≤ ns ≤ nb,

pnb − c if nb ≤ ns ≤ m− nd,

p m
ns+nd

nb − c if m− nd ≤ ns ≤ Q.

Thus, the profit π(ns, p, nb) is strictly increasing in ns ∈ [0, nb] and strictly decreasing in
ns ∈ [nb, Q]. Therefore, ns(p, nb) = nb.

Conversely, it follows from the above analysis that the number of applications, ns(p, nb), satis-
fying (2) is optimal for the scalper.

Lemma 5. Consider the batch system. Suppose that the scalper enters the market with price p
and all seekers follow a symmetric strategy β. The symmetric strategy β is optimal for a seeker if
and only if the cutoff v̂(p) satisfies the following.

1. When the number of applications by the scalper is ns(p, nb) = nb for each nb, we have v̂(p) = v.

2. Suppose that the number of applications by the scalper is ns(p, nb) = Q for nb = 0; and
ns(p, nb) = nb for each nb > 0.

(a) If min
{

1, m
n

}
p <

(
min{1, m

n
} − m

n+Q

)
v, then v̂(p) is a unique solution in (v, v) to the

equation −
(

min
{

1, m
n

}
− m

n+Q

)
xF n−1(x) + min

{
1, m

n

}
p = 0.

32



(b) If min
{

1, m
n

}
p ≥

(
min{1, m

n
} − m

n+Q

)
v, then v̂(p) = v, i.e., all types apply directly.

Proof. Suppose that the symmetric strategy β is optimal. Then, by Lemma 1, it has the cutoff
v̂(p). We consider the decision of a seeker of any type v. She knows her valuation v and faces
(n− 1) other seekers. Denote v̂ = v̂(p). Let B(v̂) and D(v̂) be the probabilities of a seeker getting
a slot from buying and from applying directly, respectively.
Part (1). Denote by n̂b and n̂d the number of buyers and direct applicants among the (n−1) other
seekers, respectively. Note that n̂b + n̂d + 1 = n.
Case 1: n ≤ m. Then, suppose that the seeker applies directly. The number of direct applications
is (n̂d + 1) = n− n̂b, while the scalper’s number of applications is n̂b by our assumption. Thus, the
total number of applications is (n− n̂b) + n̂b = n ≤ m. Hence, the seeker gets a slot for sure and
gets the utility of v. On the other hand, suppose that the seeker buys the service from the scalper.
In this case the number of direct applications is n̂d, while the scalper’s number of applications
is n̂b + 1 by our assumption. Thus, the total number of applications is n̂d + (n̂b + 1) = n ≤ m.
Hence, she gets a slot for certain and gets the utility of (v − p). Therefore, the direct application
is optimal for her, i.e., v̂ = v.
Case 2: n > m. If the seeker makes the direct application, the probability of getting a slot is

m
(n̂d+1)+n̂b

= m
n
, and thus her expected utility is m

n
v. On the other hand, if she buys, the probability

of getting a slot is m
n̂d+(n̂b+1)

= m
n

and thus her expected utility is m
n
v − p. Thus, the direct

application is optimal for her, i.e., v̂ = v.
Conversely, by Lemma 1, we can verify that the symmetric strategy with this cutoff is optimal.

Part (2). We first find v̂. Suppose that she buys. There is then at least one buyer and thus the
scalper makes nb applications for any nb ≥ 1. Thus

B(v̂) =

1 if n ≤ m,

m
n

if n > m.

On the other hand, we have

D(v̂) =

F n−1(v̂) m
n+Q

+ (1− F n−1(v̂)) if n ≤ m,

F n−1(v̂) m
n+Q

+ (1− F n−1(v̂)) m
n

if n > m.

Note that B(v̂) ≥ D(v̂). Let

g(v̂) = E(D, v̂)− E(B, v̂) = D(v̂)v̂ −B(v̂)(v̂ − p)

= −
(

min
{

1,
m

n

}
− m

n+Q

)
F n−1(v̂)v̂ + min

{
1,
m

n

}
p.
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Then g is strictly decreasing, g(v) = min
{

1, m
m

}
> 0, and

g(v) = −
(

min
{

1,
m

n

}
− m

n+ ns(p, 0)

)
v + min

{
1,
m

n

}
p.

Case 1: min
{

1, m
n

}
p <

(
min{1, m

n
} − m

n+Q

)
v. Then g(v) < 0. Moreover, since g(v) > 0 and g

is strictly decreasing, there is a candidate type, v∗ ∈ (v, v) such that to g(v∗) = 0. Moreover,
g(v) > 0 > g(v), i.e., E(D, v) − E(B, v) > 0 > E(D, v) − E(B, v). Thus, by Lemma 1-(2), the
cutoff is v̂ = v∗.
Case 2: min

{
1, m

n

}
p ≥

(
min{1, m

n
} − m

n+Q

)
v. Then g(v) ≥ 0. Consider v as a candidate of v̂.

Then D(v) = m
n+Q

< B(v) = min{1, m
n
}, and g(v) = E(D, v) − E(B, v) ≥ 0. Thus, by Lemma

1-(3), the cutoff is v̂ = v.
Conversely, by Lemma 1, the symmetric strategy with the cutoff in each of the above is optimal.

Proof of the first half of Proposition 2. It is sufficient to show that the following strategy
profile is an equilibrium: (1) the scalper does not enter the market; (2) the scalper makes nb

applications for each price p and each number nb of buyers; (3) every seeker applies directly.
By Lemma 4, the scalper’s number of applications, nb, is optimal for any p and nb. Given this,

by Lemma 5-(1), for any p and nb, it is optimal for any seeker to apply directly. Then the scalper’s
profit is −c if he enters the market, and 0 if he does not. If he enters, since no seeker buys the
service from the scalper, any price is optimal. Therefore, it is an equilibrium.

Proof of the second half of Proposition 2. Suppose on the contrary that there is a symmetric
equilibrium on whose outcome path the scalper enters the market with some price p. Then, since
Π(p) ≥ 0, there are some types who buy the service. Thus, by Lemma 5-2(a), there is a type
v̂ ∈ (v, v) such that

−
(

min
{

1,
m

n

}
− m

n+Q

)
v̂F n−1(v̂) + min

{
1,
m

n

}
p = 0. (3)

This equation implies
p < vF n−1(v̂). (4)

Since v̂ ∈ (v, v), for each nb > 0, there is a positive probability of the event in which nb

seekers buy on the equilibrium path. For each such event, the scalper makes nb applications on
the equilibrium path by Lemma 4. Thus, we can calculate the expected revenue, R(p), as follows.

R(p) =


∑n

k=1

(
n
k

)
Fn−k(v̂)(1− F (v̂))kpk if n ≤ m,∑m

k=1

(
n
k

)
Fn−k(v̂)(1− F (v̂))k m

n pk +
∑n

k=m+1

(
n
k

)
Fn−k(v̂)(1− F (v̂))k m

n pm if n > m.
(5)
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Thus

R(p) ≤
n∑

k=1

(
n

k

)
Fn−k(v̂)(1− F (v̂))k

m

n
kp <

n∑
k=1

(
n

k

)
F 2n−k−1(v̂)(1− F (v̂))k

m

n
kv (6)

where the first inequality follows from (5) and the second follows from (4). We use the next claim.

Claim 1. Let Sk(x) = x2n−k−1(1 − x)k be the real-valued function on [0, 1]. There is a unique
element x∗ = 2n−k−1

2n−1 ∈ (0, 1) that maximizes Sk.

Proof of Claim 1. It is sufficient to show that x∗ is a unique local maximizer of Sk, since the value
of Sk is larger than that of Sk at the boundary points 0 and 1, i.e., Sk(x∗) > 0 = Sk(0) = Sk(1).
Thus, we need to show that S ′k(x∗) = 0 and S ′′k (x∗) < 0.

First, we have S ′k(x) = (2n− k − 1)x2n−k−2(1− x)k − k(1− x)k−1x2n−k−1 = 0. Thus (2n− k −
1)(1− x)− kx = 0. Thus,

x∗ =
2n− k − 1

2n− 1
. (7)

Note that since 1 ≤ k ≤ n, we have x∗ ∈ (0, 1) and is a unique element that satisfies S ′k(x∗) = 0.
It remains to be shown that S ′′(x∗) < 0.

S ′′k (x) = (2n−k−1)(2n−k−2)x2n−k−3(1−x)k−2k(2n−k−1)(1−x)k−1x2n−k−2+k(k−1)(1−x)k−2x2n−k−1

Divide it by x2n−k−3(1− x)k−2 > 0.

S ′′k (x)

x2n−k−3(1− x)k−2
= (2n− k − 1)(2n− k − 2)(1− x)2 − 2k(2n− k − 1)(1− x)x+ k(k − 1)x2

= (2n− k − 1)(1− x)((2n− k − 2)(1− x)− 2kx) + k(k − 1)x2

Then inserting x∗ = 2n−k−1
2n−1 , we get

S ′′k (x∗)

(x∗)2n−k−3(1− x∗)k−2
= −k(2n− k − 1)

2n− 1
< 0.

Since (x∗)2n−k−3(1− x∗)k−2 > 0, we get S ′′k (x∗) < 0. This completes the proof of Claim 1.

Thus, by (6) and Claim 1,

R(p) ≤
n∑

k=1

(
n

k

)(
2n− k − 1

2n− 1

)2n−k−1( k

2n− 1

)k m

n
kv (∵ (6) and Claim 1)

≤
n∑

k=1

(
n

k

)(
2n− k − 1

2n− 1

)2n−k−1( k

2n− 1

)k max{n− 1,m}
n

kv (∵ m < n)

Thus, the right-hand side of the last inequality is R in Proposition 2. Therefore, by our
assumption, Π(p) ≤ R − c < 0. Hence, on the equilibrium path, the scalper should not enter the
market. This is a contradiction. 2
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Proposition 3. Under the batch booking system, the following is a symmetric equilibrium:

1. Scalper’s application: When the scalper enters the market with a price p and nb seekers buy
the service, the scalper’s number of applications is ns(p, nb) = Q applications for nb = 0, and
ns(p, nb) = nb for nb > 0.

2. Each seeker follows the symmetric strategy β according to Lemma 5-(2) for any p.

3. Scalper’s pricing and entry: Let p∗ be the price that maximizes the following profit Π(p) in
the compact set {p ∈ P | min

{
1, m

n

}
p ≤

(
min{1, m

n
} − m

n+Q

)
v}.

Π(p) =


∑m

k=1

(
n
k

)
F n−k(v̂(p))(1− F (v̂(p)))kkp− c if n ≤ m,∑m

k=1

(
n
k

)
F n−k(v̂(p))(1− F (v̂(p)))k)m

n
kp

+
∑n

k=m+1

(
n
k

)
F n−k(v̂(p))(1− F (v̂(p)))k)m

n
mp− c if n > m.

(8)

When Π(p∗) ≥ 0, the scalper enters the market with price p∗. Otherwise, he does not enter
the market.

Proof of Proposition 3. We verify that the strategy profile specified in the proposition is an
equilibrium. By Lemma 4, the scalper’s application is optimal for the scalper. Moreover, by
Lemma 5-(2), the seeker’s behavior is optimal for a seeker. Finally, we consider the scalper’s
pricing and entry. When the scalper enters the market, given the behavior shown above, the profit
Π(p) of the scalper in setting price p is as follows: If min

{
1, m

n

}
p ≥

(
min{1, m

n
} − m

n+Q

)
v, then

Π(p) = −c. If min
{

1, m
n

}
p <

(
min{1, m

n
} − m

n+Q

)
v, then Π(p) is given as (8). Note that Π(p) is

continuous on the compact set {p ∈ P | min
{

1, m
n

}
p ≤

(
min{1, m

n
} − m

n+Q

)
v}, there is a price,

denoted by p∗, that maximizes Π in the compact set. If Π(p∗) ≥ 0, the scalper enters the market.
Otherwise, he does not. Therefore, the strategy profile stated above is an equilibrium. �

A.3 On the upper bound R of the scalper’s revenue

Figure A.1 presents a graph of the upper bound of the revenues of the scalper for the case of excess
demand and v̄ = 1. In the case of excess demand the upper bound R depends only on n. Note
that the relationship between the revenues and the entry cost determines whether non-entry of the
scalper is the unique equilibrium outcome of the batch system. It is evident from the graph that
the function is bounded from above and cannot exceed 0.55v̄. Thus, whenever the cost of entry is
higher than 0.55v̄, the batch system has a unique equilibrium outcome where the scalper does not
enter the market.
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Figure A.1: Upper bound of revenues of scalper in the batch system given v̄ = 1, depending on n
in the case of excess demand

B Robustness to Booking Deposits (for online appendix)

We study the robustness of the equilibria of the two booking systems to the introduction of
a booking deposit. A booking deposit is often suggested as a remedy to fight scalping in the
immediate system. It has to be paid when a slot is assigned and is reimbursed at the time of the
appointment. We model the deposit as a cost ε > 0 that the scalper has to pay for each slot that
is assigned to a fake ID. The reason is that a deposit only creates a real cost when a booked slot
is not used, e.g., when bookings are made under fake names. Thus, the slots sold by the scalper
and the slots that are booked directly by the seekers do not come with a cost since the deposit is
returned. We therefore ignore these payments in the model.21

B.1 The immediate system with a booking deposit

The model of the immediate system captures the possibility to cancel and re-book slots with the
help of the simplifying assumption that appointment seekers buy from the scalper before he makes
the bookings. This shortcut renders booking deposits toothless, since it is exactly the cancellations
and re-bookings that are costly under the policy of booking deposits. In this section, we therefore
consider the case where all slots are first booked under fake names and are then sold to the clients.22

For each slot, the scalper has to pay the deposit ε > 0, which will be lost once the slot is re-booked
21Strictly speaking, seekers pay ε at the moment of being assigned a slot directly, or pay p + ε when booking

through the scalper, and they receive this deposit of ε back at the moment of the appointment. Importantly, ε is
only requested from those who are assigned a slot, not from all applicants.

22Note that this represents the worst case for the scalper when a booking deposit has to be paid. We bias the
modeling of the deposit against the scalper in the immediate system, to show that scalping can still be profitable.
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on the name of a client. This case is extreme in the sense that deposits have the strongest possible
effect on scalpers. While the payoff function of seekers remains unchanged, we have

the scalper’s payoff
in the immediate system

=


m′p− nsε− c if he sells m′ slots to seekers

and makes ns bookings,

0 if he is not active.

As shown in Proposition 1, in the equilibrium without a booking deposit, the scalper can be
active even when there is no excess demand, that is, when m ≥ n. By booking all available
slots independent of the number of buyers, the scalper can ensure that the probability for an
appointment seeker to obtain a slot is zero if she does not buy from the scalper. With a booking
deposit ε > 0, blocking slots without having a buyer for them is no longer credible, as this cost has
to be paid after customers had the opportunity to buy. Thus, the scalper will not block more slots
than the number of buyers. Since the appointment seekers no longer believe that the scalper will
block all slots and because there are more slots than appointment seekers, the appointment seekers
expect to receive a slot with certainty, regardless of whether they buy or apply directly. Hence,
they prefer to apply directly for any positive price charged by the scalper. Thus, the equilibrium
of Proposition 1 is not robust to the introduction of a deposit in the absence of excess demand.

With excess demand, that is, m < n, the scalper can profitably offer his service. The reason
is that he can increase a seeker’s probability of receiving a slot compared to the seeker applying
directly. The higher the excess demand, the higher the increase in the probability of a seeker
receiving a slot through the scalper. If the price of the scalper’s service is below the expected
benefit from the increased probability of receiving the slot, the seekers are willing to pay for his
service.

Proposition 4 (Immediate system with booking deposit). Consider the immediate booking system
with booking deposit ε > 0.

1. In the case of excess supply (m ≥ n), there exists a unique equilibrium outcome where the
scalper does not enter the market.

2. In the case of excess demand (m < n),

(a) if v ≤
(
1− m

n

)
v, there are market parameters, such that the scalper enters the market

in a symmetric equilibrium;

(b) otherwise, when mv < c, there is a unique symmetric equilibrium outcome where the
scalper does not enter the market.

The conditions under which scalping is robust to the booking deposit are excess demand and
a condition regarding the support of the valuations, v ≤

(
1− m

n

)
v. This condition states that the
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larger the support of the distribution of valuations, the more likely the scalper can make positive
profits. A seeker’s application decision depends on the increase in the probability of receiving a
slot by applying through the scalper and the difference between her valuation and the price. The
larger the support of the valuations, the larger the expected difference between the valuation and
the price. The larger the excess demand, the less demanding the condition regarding the support
of the seekers’ valuations. This is because even with a small difference between a seeker’s valuation
and the price, the scalper can offer a higher increase in the probability of receiving the slot when
excess demand is higher.

Example. Again, consider a market with 20 seekers competing for 15 slots where the valuations of
the seekers are uniformly distributed on the interval [10,100] and the scalper can enter the market
for an entry cost of 100. Now the authority requests a booking deposit of 2, which is reimbursed
at the time of the appointment. In equilibrium with excess demand, the scalper enters the market
and sets the profit-maximizing price of 28. All seekers with valuations above 35.5 buy his service.
(To see this, consider a seeker with a valuation of 36. Given the cutoff of 35.5, her chance of
receiving a slot is 21% if she applies directly and 97% if she buys the scalper’s service. This
increase in probability makes it profitable to pay for the scalper’s service, since 0.21 ·36 < 0.97 ·8.)
In equilibrium, the expected profit of the scalper is 259, and the expected number of slots sold is
around 14. Thus, direct applicants only have a small chance of getting a slot. Overall, the booking
deposit eliminates the deadweight loss of unassigned slots but does not preclude the scalper from
being active in the market.

Just as in the model without a booking deposit, our setup regarding the order of moves is
disadvantageous from the scalper’s perspective. In particular, the relevance of excess demand
depends on the order of moves. If the scalper books slots before the appointment seekers can buy
his services, then blocking slots can be credible even with a deposit fee. Blocking slots before the
seekers arrive allows the scalper to affect the seekers’ behavior. Thus, even slots that will not be
sold can increase the scalper’s profit because they raise the appointment seekers’ demand for slots.
The necessity of excess demand to make the market entry of the scalper optimal in the presence
of an arbitrarily small deposit of ε, is driven by the modeling choice of a one-period interaction
and the order of moves. Thus, scalping in the immediate system is profitable in equilibrium even
under conditions that are worse than those typically encountered in reality.

Overall, we find that the equilibrium where the scalper profitably enters the market is robust
to the introduction of a booking deposit for a set of parameters.

B.2 The batch system with a booking deposit

In the batch system, the scalper has to pay the deposit for every successful fake application. Thus,
he has to pay the deposit for every application in excess of the number of buyers, and he can no
longer costlessly flood the market with fake applications.
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While the payoff function of seekers remains unchanged, we have

the scalper’s payoff
in the batch system

=


m′p− (n′ −m′)ε− c if he sells m′ slots to seekers

and receives in total n′ slots,

0 if he is not active.

The consequence of a booking deposit in the batch system is that the strategy of flooding the
market in the case of no buyers is no longer credible, since flooding the market is costly. Thus, the
booking deposit for applications means that the scalper will no longer decide to flood the system
on the equilibrium path. This is the intuition behind the following proposition:

Proposition 5 (Batch system with booking deposit). Under the batch booking system with a
booking deposit ε > 0, there is a unique equilibrium outcome where the scalper does not enter the
market.

Thus, when the deposit is introduced, the scalper does not enter the market in any equilibrium,
i.e., the black market disappears. Moreover, the scalper not entering the market is robust against
booking deposits.

Example. Again, consider a market with 20 seekers competing for 15 slots where the valuations of
the seekers are uniformly distributed on the interval [10,100], and the scalper can enter the market
for an entry cost of 100. The authority requests a booking deposit of 2, which is reimbursed at the
time of the appointment. According to proposition 5, the scalper not entering the market is the
unique equilibrium outcome. Consider, for example, that the scalper enters the market. Whenever
he sets a positive price, seekers prefer to apply directly, as they have the same probability of getting
the slot as when they apply through the scalper, because in all cases the scalper will submit as
many applications as the number of buyers (even if it is zero), since submitting fake applications
is costly for the scalper. Thus, the scalper will have zero buyers, and will incur a loss of 100.

B.3 Proofs

Note that Lemma 1 still holds when booking deposits are in place.

B.3.1 Proof of Proposition 4: Equilibrium of the immediate system

We extend Lemma 2 for the number of applications by the scalper as follows.

Lemma 6. Consider the immediate system with a booking deposit ε > 0. Suppose that the scalper
enters the market with price p > ε and nb seekers buy the service. Then, the number of applications
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by the scalper, ns(p, nb), is optimal if and only if

ns(p, nb) =

nb if nb < m,

m if m ≤ nb.
(9)

Proof. Suppose that ns(p, nb) is optimal. Denote the number of applications by the scalper by
ns, and the profit from ns applications by π(ns; p, nb). Note that by definition, 0 ≤ ns ≤ m. We
calculate the profit π(ns; p, nb) in the two cases.
Case 1: nb < m. Then the profit can be calculated as

π(ns; p, nb) =

pns − εns − c if 0 ≤ ns ≤ nb,

pnb − εns − c if nb < ns ≤ m.

Thus, we have ns(p, nb) = nb.
Case 2: m ≤ nb. Then the profit can be calculated as π(ns; p, nb) = pns − εns − c. Thus,
ns(p, nb) = m.

Conversely, it follows from the above analysis that the number of applications, ns(p, nb), satis-
fying (9) is optimal for the scalper.

We extend Lemma 3 for seekers’ behavior as follows.

Lemma 7. Consider the immediate system with a booking deposit ε > 0. Suppose that the scalper
enters the market with price p, and all seekers follow the symmetric strategy β. The symmetric
strategy β is optimal for a seeker if and only if the cutoff v̂(p) satisfies the following.

1. With excess demand (m < n) the number of applications by the scalper is n(p, nb) = nb for
each nb ≤ m, and nb(p, nb) = m for m > nb.

(a) If v <
(
1− m

n

)
v,

v̂(p) =


v if p < v,

some v̂ ∈ (v, v) if v < p <
(
1− m

n

)
v,

v if
(
1− m

n

)
v < p.

(b) If
(
1− m

n

)
v < v

v̂(p) =

v if p ≤
(
1− m

n

)
v,

v if
(
1− m

n

)
v ≤ p.

2. With excess supply (n ≤ m) the number of applications by the scalper is ns(p, nb) = nb for
each nb, and we have v̂(p) = v.
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Proof. Suppose that the symmetric strategy β is optimal. Then, by Lemma 1, it has the cutoff
v̂(p). Denote v̂ = v̂(p). We consider the decision of a seeker of any type v. She knows her own
valuation v and faces (n− 1) other seekers following strategy β. Then, denote by D(v̂) and B(v̂)

the probabilities of her getting a slot from a direct application and from buying when the cutoff is
v̂(p).
Part (1). With excess demand (m < n), the number of applications by the scalper is n(p, nb) = nb

for each nb ≤ m, and nb(p, nb) = m for m > nb. We have

B(v̂) =


∑m−1

k=0

(
n−1
k

)
F n−1−k(v̂)(1− F (v̂))k +

∑n−1
k=m

(
n−1
k

)
m
k+1

F n−1−k(v̂)(1− F (v̂))k if m < n

1 if m ≥ n,

where B(v) = m
n
for m < n; B(v) = 1 for m ≥ n; and B(v) = 1.

D(v̂) =
m−1∑
k=0

(
n− 1

k

)
m− k
n− k

F n−1−k(v̂)(1− F (v̂))k.

where D(v) = 0 and D(v) = m
n
. Note that D(v̂) < B(v̂).

Part 1-(a). Suppose v <
(
1− m

n

)
v, and suppose that β is optimal for a seeker.

Case 1: p < v. Then E(D, v)− E(B, v) = −B(v̂)(v − p) < 0. Thus, by Lemma 1-(1), v̂ = v.
Case 2: v < p <

(
1− m

n

)
v. We first find v̂. Let g(v̂, p) = E(D, v̂)−E(B, v̂) = D(v̂)v̂−B(v̂)(v̂−p).

Note that g(v, p) = −m
n

(v − p) > 0 and g(v, p) = −
(
1− m

n

)
v + p < 0. Since g is a continuous

function, there is a candidate type v∗ ∈ (v, v) such that g(v∗, p) = 0.
Then E(D, v)− E(B, v) = D(v∗)v − B(v∗)(v − p) > 0 and E(D, v∗)− E(B, v∗) = g(v∗, p) = 0.

Thus, since the function E(D, v)− E(B, v) = −(B(v̂)−D(v̂))v + B(v̂)p is strictly decreasing, we
have E(D, v)− E(B, v) < 0. Therefore, by Lemma 1-(2), the cutoff is v̂ = v∗.
Case 3:

(
1− m

n

)
v < p. Consider v∗ = v as a candidate of v̂. Then D(v̂) = m

n
< B(v̂) = 1. Thus

E(D, v)− E(B, v) = m
n
v − (v − p) > 0. Then, by Lemma 1-(3), the cutoff is v̂ = v∗ = v.

Conversely, by Lemma 1, the symmetric strategy with the cutoff in each of the above is optimal.
Part 1-(b). Suppose

(
1− m

n

)
v ≤ v. Suppose that β is optimal for a seeker.

Case 1: p <
(
1− m

n

)
v. Consider v as a candidate of v̂. Then E(D, v) − E(B, v) = D(v)v −

B(v)(v − p) = −m
n

(v − p) < 0. Thus, by Lemma 1-(1), the cutoff is v̂ = v.
Case 2:

(
1− m

n

)
v < p. Consider v as a candidate of v̂. Then E(D, v) − E(B, v) = D(v)v −

B(v)(v − p) = m
n
v − (v − p) = p− (1− m

n
)v > 0. Thus, by Lemma 1-(3), the cutoff is v̂ = v.

Conversely, by Lemma 1, the symmetric strategy with the cutoff in each of the above is optimal.
Part (2). Under the excess supply with n ≤ m, the scalper’s number of applications is ns(p, nb) =

nb for each nb. Consider v as a candidate of v̂. Then D(v) = B(v) = 1. Thus E(D, v)−E(B, v) =

v − (v − p) = p > 0. Thus, by Lemma 1-(3), the cutoff is v̂ = v. Conversely, by Lemma 1, the
symmetric strategy with this cutoff is optimal.
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Lemma 8. In the immediate system, the following strategy profile is a symmetric equilibrium.

1. Scalper’s application: When the scalper enters the market with a price p and nb seekers buy
the service, the scalper makes ns(p, nb) applications according to Lemma 6.

2. Scalper’s pricing: When the scalper enters the market, he sets the price p∗ that maximizes
the profit

Π(p) =
n∑

k=0

(
n

k

)
F n−k(v̂(p))(1− F (v̂(p)))k (p− ε)ns(p, k)− c.

3. Scalper’s entry: If Π(p∗) ≥ 0, the scalper enters the market. Otherwise, he does not.

4. Each seeker follows the symmetric strategy with the cutoff type v̂(p) according to Lemma 3.

Proof. This is straightforward.

Proof of Proposition 4-(1). Note that this proposition is for m ≥ n. For the proof, we specify
the strategies as required by Lemma 8. For the scalper’s application, as in Lemma 6, since we
always have nb ≤ m (due to the assumption of n ≤ m), the scalper makes nb applications for any
number of buyers, nb. By Lemma 7-(2), all seekers apply directly for any price p. Thus the profit
Π(p) = −c for any price p and thus Π(p∗) < 0 where p∗ is a maximizing price. Thus, the scalper
does not enter the market. Hence, by Lemma 8, these strategies constitute an equilibrium.

To show the uniqueness of symmetric equilibrium outcomes, suppose that there is another
symmetric equilibrium such that on its equilibrium path the scalper enters the market with some
price p. Note that the scalper enters the market and a seeker uses a symmetric strategy. Thus,
there is some set of types with a positive measure in which each type in the set buys the service.
Then, since type vi is independent, there is a positive probability for each event that any number
of seekers will buy the service. Thus, by Lemma 6, since nb ≤ m due to our assumption of n ≤ m,
the scalper makes nb applications for any number of buyers, nb. Then, on the equilibrium path,
all seekers apply directly by Lemma 7-(2), and thus the profit of the scalper is negative, and he
does not enter the market. This is a contradiction. �

Proof of Proposition 4-(2). Part (a) follows from the example right after Proposition 4. For
Part (b), note that this proposition is for m < n, ε > 0, and v >

(
1− m

n

)
v. For the proof, we

specify the strategies as in Lemma 8. For the scalper’s application, as in Lemma 6, the scalper
makes nb applications when nb (≤ m) seekers buy and makesm applications when nb (> m) seekers
buy. By Lemma 7-(1b), when p ≤

(
1− m

n

)
v, all seekers buy the service; when

(
1− m

n

)
v < p,

all seekers make direct applications. To show that these strategies and the scalper being inactive
constitute an equilibrium, by Lemma 8, it is sufficient to check whether the scalper makes a loss.
Now the profit is
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Π(p) =

(p− ε)m− c if p ≤
(
1− m

n

)
v,

−c if p >
(
1− m

n

)
v.

Thus, Π(p) is increasing up to
(
1− m

n

)
v, and then becomes constant with −c. And

Π
((

1− m

n

)
v
)

=
(

1− m

n

)
vm− εm− c

< mv − εm− c
(
∵
(

1− m

n

)
v < v

)
< 0 (∵ mv < c)

Hence, Π(p∗) < 0. Thus, the scalper does not enter the market.
To show the uniqueness of symmetric equilibrium outcomes, suppose that there is another

equilibrium such that on its equilibrium path, the scalper enters the market with some price p.
Thus, there is some set of types with a positive measure, and each type in the set buys the service.
Then, since type vi is drawn independently, there is a positive probability that any number of
seekers buy the service. Thus, by Lemma 6, for any number of buyers, nb, the scalper makes nb

applications for nb ≤ m, and makes m applications for m ≤ nb. Then, following the discussion
in the previous paragraph, we can show that Π(p) < 0. Thus, the scalper should not enter the
market in the equilibrium, a contradiction. �

B.3.2 Proof of Proposition 5: Equilibrium of the batch system

We extend Lemma 4 regarding the number of applications by the scalper as follows.

Lemma 9. Consider the batch system with a booking deposit. Suppose that the scalper enters the
market with price p > ε and nb seekers buy the service. Then the number of applications by the
scalper, ns(p, nb), is optimal if and only if ns(p, nb) = nb.

Proof. Suppose that ns(p, nb) is optimal for the scalper.
Case 1: m < n. Note that as nb + nd = n < Q, we have m− nd < nb, and nb < Q. Then we can
calculate the profit as follows:

π(ns, p, nb) =


pns − c if 0 ≤ ns ≤ m− nd,

p m
ns+nd

ns − c if m− nd ≤ ns ≤ nb,

p m
ns+nd

nb − ε m
ns+nd

(ns − nb)− c if nb ≤ ns ≤ Q.

Thus, the profit π(ns, p, nb) is continuous in ns, strictly increasing in ns ∈ [0, nb], and strictly
decreasing in ns ∈ [nb, Q]. Therefore, ns(p, nb) = nb.
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Case 2: n ≤ m. Note that as n = nb + nd, we have nb ≤ m − nd. If 0 ≤ ns ≤ m − nd, then
ns + nd ≤ m and thus the scalper gets all of his slots for sure. If m− nd ≤ ns, the scalper gets a
slot with probability m

ns+nd
. Thus, the scalper’s profit is

π(ns, p, nb) =


pns − c if 0 ≤ ns ≤ nb,

pnb − ε(ns − nb)− c if nb ≤ ns ≤ m− nd,

p m
ns+nd

nb − ε m
ns+nd

(ns − nb)− c if m− nd ≤ ns ≤ Q.

The profit π(ns, p, nb) is continuous in ns, strictly increasing in ns ∈ [0, nb], and strictly de-
creasing in ns ∈ [nb, Q]. Thus, ns(p, nb) = nb.

Conversely, it follows from the above analysis that the number of applications, ns(p, nb) = nb

is optimal for the scalper.

Note that Lemma 5 still holds when booking deposits are required.

Proof of Proposition 5. It is sufficient to show that the following strategy profile is an equi-
librium: (i) the scalper does not enter the market; (ii) the scalper makes nb applications for each
price p and each number nb of buyers; (iii) every seeker applies directly. By Lemma 9, the scalper’s
number of applications, nb, is optimal for any p and nb. Given this, by Lemma 5-(1), for any p and
nb, it is optimal for any seeker to apply directly. Then the scalper’s profit is −c if he enters the
market and 0 if he does not. In case he enters, since no seeker buys the service from the scalper,
any price is optimal. Therefore, it is an equilibrium.

To show the uniqueness of equilibrium outcomes, suppose on the contrary that there is a
symmetric equilibrium where on the equilibrium path, the scalper enters the market. Note that
the scalper makes a nonnegative profit, and seekers use a symmetric strategy. Thus, there exists a
set of types with a positive measure in which each type in the set buys the service. Then, since types
are drawn independently, there is a positive probability for each event with any number of seekers,
including zero, buying the service. Then, by Lemma 9, the scalper makes nb applications for any
number nb of buyers. Thus, by Lemma 5-(1), every seeker applies directly in any event. Thus, the
scalper makes a negative profit of −c and does not enter the market. This is a contradiction. �

C The Experiment(for online appendix)

C.1 Instructions

Welcome to this experiment about decision-making. You and the other participants in the exper-
iment will be asked to make a number of decisions. In this situation, you can earn money that
will be paid out to you in cash at the end of the experiment. How much you will earn depends on
the decisions that you and the other participants make. These instructions describe the situation
in which you have to make a decision in detail. Note that the instructions are identical for all

45



participants in the experiment. It is very important that you read the instructions carefully so
that you understand the decision-making problem well. If you have any questions, please let us
know by raising your hand. We will then answer your questions individually. Please do not, under
any circumstances, ask your questions aloud. You are also not permitted to give information of
any kind to other participants. Please do not speak to other participants at any time throughout
this experiment. Whenever you have a question, please raise your hand and we will come to you
in order to help you. If you break these rules, we may have to terminate the experiment. Once
everyone has read the instructions and there are no further questions, we will conduct a short
quiz where each of you will complete some tasks on your own. Afterwards, we will come to you
and check your answers, and solve any remaining problems. The only purpose of the quiz is to
ensure that you thoroughly understand the crucial details of the decision-making problem. Your
anonymity and the anonymity of the other participants will be guaranteed throughout the entire
experiment. You will neither learn about the identity of the other participants, nor will they learn
about your identity.

General description

This experiment is about booking an appointment at a public office. The 24 participants in the
room are grouped into four groups of six persons each. Each of these groups consists of five
participants taking up the roles as appointment seekers and of one participant acting as a service
firm. Three out of five appointment seekers need an appointment in every block whereas the other
two only in every second block. This means that there will be blocks in which three participants
seek an appointment and others with five appointment seekers. Your role is randomly determined
at the beginning of the experiment and will be fixed for the entire experiment. Your group
consisting of five appointment seekers and one firm will also be the same for the entire experiment.
The experiment consists of 40 independent decisions, i.e., 40 rounds, each of which represents an
appointment allocation process. To receive a time slot, an ID number has to be provided, and this
cannot be changed after the slot has been assigned. Each appointment seeker obtains a unique ID.
This ID is changed every round for the purpose of anonymity and is assigned automatically. There
are two alternative booking systems–System A and System B. In each system four appointments
are provided in total, and there will be either three or five appointment seekers. Prior to every
block consisting of five rounds, the number of appointment-seekers and the booking system (A or
B) will be announced. These two properties remain the same throughout the five rounds.

Each round consists of two steps. Step 1 is the same for both booking systems while step 2
differs between them.

In step 1, each appointment seeker’s valuation for a slot is determined randomly and will be
a natural number between (and including) 50 and 100. Thus, each number has an equal chance of
being drawn. Each appointment seeker is only informed about his own valuation, and the service
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firm does not know any of the valuations drawn. The service firm decides whether it wants to
enter the market. This means the service firm decides whether to participate in the appointment
allocation process or not. Entering the market costs the service firm 150 points. The firm also
determines the price for a slot that has to be paid by appointment seekers if the slot is provided.
The service firm has a choice between the following prices: 15, 20, 25,. . . .,75, 80, or 85 points.
Appointment seekers decide whether they want to pay for the firm’s service at the price asked by
the firm or whether they want to apply without the firm. Remember that if the firm does not
provide a slot to the appointment seeker, the appointment seeker does not have to pay the price.

Step 2 differs between the two booking systems.
System A:
In step 2, if the firm is active in the market (that is, it entered the market in step 1 at a cost

of 150 points), it can book as many slots as it wants for free. If the firm has sold a slot to an
appointment seeker in step 1, it assigns a slot to the seeker by providing the ID. The firm can also
book more slots than it has sold in step 1 by entering fictitious IDs. To book more slots, the firm
only has to indicate the number of additional slots. The computer will then generate the number
of fictitious IDs needed. Slots with fake IDs are blocked and cannot be used by appointment
seekers. If the firm does not book all available slots, the remaining slots are randomly allocated
to the appointment seekers who have applied without the firm in step 1. Appointment seekers do
not have to take any decision in the second step, and only receive a slot or not.

System B:
In step 2, appointment seekers and the service firm do not book the slots themselves, but have

to apply for the slots. Each appointment seeker can apply for one slot by using the ID. If the firm
is active in the market (that is, it entered the market in step 1 at the cost of 150 points), it can
submit as many applications as it wants for free. The firm enters the IDs of appointment seekers
who decided to apply through the firm in step 1. Each ID can be entered in the system only once.
Firms can also enter fake IDs. To apply for more slots, the firm needs to indicate the number of
additional slots needed. The number of applications can be greater than the number of available
slots. The computer will generate and insert the fictitious IDs according to the number of slots
indicated by the firm. The allocation of slots is determined randomly in the following way: all
applications of the firm and of appointment seekers who decided to apply directly are put into an
urn. Then, one by one, applications are randomly drawn from the urn to fill all the slots. Note
that if a firm receives a slot for a fake ID, the firm cannot sell it to the appointment seekers.

Payoffs

Each appointment seeker has an endowment of 220 points at the beginning of each five-round
block. Within a block, points are added and deducted to this endowment in the course of the
five rounds. Thus, the appointment seeker earns her valuation (the randomly drawn number
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between 50 and 100) minus the price asked by the firm if he receives a slot through the firm. If
the appointment seeker receives a slot without the firm, the appointment seeker simply earns his
valuation, without paying anything. If the appointment seeker does not receive a slot, either with
or without the firm, he earns nothing in this round.

Example: An appointment seeker has 210 points at the beginning of the round and his
valuation for a slot is 75. The service firm decides to participate and sets a price of 60 for a slot.
If the appointment seeker decides to apply through the firm and the application is successful, his
payoff at the end of the round is 210+75-60=225. If the appointment seeker decides to apply
directly, without the help of service firm, and receives the slot, then his account at the end of the
round is 210+75=285. If the appointment seeker applies through the firm or directly and does not
receive a slot or decides not to apply for a slot, his account at the end of the round is 210.

The service firm has an endowment of 750 points at the beginning of each block of five
rounds, and points are added and deducted to this endowment in the course of the five rounds. If
the firm enters the market, it has to pay the cost of 150 points and it receives the price times the
number of slots sold to applicants. If the firm decides not to enter the market, it does not earn
anything in this round.

Example: A service firm has 750 points at the beginning of a round, and there are four
available slots at the public office. The service firm decides to participate and offers a slot at the
price of 70. If three appointment seekers decide to apply through the firm and the firm is able to
provide slots to them, the firm’s account at the end of the round is (750-150+3*70)=350. If one
appointment seeker decides to apply through the firm and the firm is able to provide a slot, the
firm’s account at the end of the round is 750-150+1*70=670. If no appointment seeker decides to
apply through the firm, the firm’s account at the end of the round is 750-150=600.

In total there will be 40 rounds, consisting of eight blocks of five rounds each. At the end of
the experiment, one randomly chosen block will be paid out. The exchange rate is 1 point = 1.5
Euro Cent.

C.2 Experimental implementation of booking systems

Immediate system. In step 2, when the scalper enters the market, he learns how many appoint-
ment seekers have bought his service. He can book as many slots as he wants for free. If the
scalper sold a slot to a seeker in step 1, the system assigns him a slot for that seeker’s ID. This
is implemented automatically in the experiment, i.e., if a seeker buys the service of the scalper,
her ID is automatically used for one of the slots booked by the scalper (if the scalper booked
any slots). If there are more seekers who bought the service than the number of slots booked by
the scalper, it is randomly determined who receives a slot. The scalper can also book more slots
than he has sold in step 1 by entering fake IDs. The fake IDs are created by the computer if the
scalper decides to book more slots than the number of buyers. The number of booked slots cannot
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exceed the total supply. In the experiment, slots with fake IDs are blocked and cannot be taken
by appointment seekers. If the scalper does not book all available slots, the remaining slots are
randomly distributed among appointment seekers who have applied for slots directly, without the
scalper, in step 1. Appointment seekers do not have to take any decision in the second step, and
only receive a slot or not.

Batch system. In step 2, if the scalper is active in the market (that is, he entered the market
in step 1 at a cost of 150 points), the scalper learns how many seekers bought his service. He
can then submit as many applications for slots as he wants for free. The scalper enters the IDs
of the seekers who decided to apply through him in step 1. Similar to the immediate system, this
is automatically implemented in the experiment, i.e., if a seeker buys the service of the scalper,
her ID is automatically used for one of the applications if the scalper submitted applications for
slots. If there are more seekers who bought the service than the number of applications submitted
by the scalper, the system randomly determines whose IDs to use. Each ID can be entered into
the system once. The scalper can also enter fake IDs. The maximum number of applications is
10,000,000. The allocation of slots is determined randomly in the following way: all applications
of the scalper and the applications of the seekers who decided to apply directly are put into an
(imaginary) urn. Then, one by one, four applications are randomly drawn from the urn to fill the
slots. Note that if the scalper receives a slot for a fake ID, he cannot sell it to the seekers.

C.3 Sequence of experimental treatments

Round Block System Demand (n) Treatment

1-5 1
Immediate

High (5) Im5
6-10 2 Low (3) Im3
11-15 3

Batch
High (5) Batch5

16-20 4 Low (3) Batch3
21-25 5

Immediate
High (5) Im5

26-30 6 Low( 3) Im3
31-35 7

Batch
High (5) Batch5

36-40 8 Low (3) Batch3

Table C.1: Characteristics and sequence of treatments in each session
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C.4 Equilibrium predictions

Treatment Im5 Im3 Batch5 Batch3
Entry by scalper yes indifferent no no
Price after entry (p) 60 50 40 45
# of slots booked 4 4 # of buyers (nb); # of buyers (nb);
by scalper (a) indiff. if nb=0 indiff. if nb=0
Expected # of slots sold 3.67 0 [3.00] 0 0
Expected profit 70.34 0 [0] 0 0of scalper
Expected payoff 14.68 (18.35) 25.00 60 (75) 75of seekers

Notes: The predictions refer to one round. The numbers for the immediate system are calculated based on
Proposition 1, while the numbers for the batch system are calculated based on Proposition 2. The numbers in
square brackets denote the continuation equilibrium after the scalper enters the market, calculated based on
Proposition 3. The equilibrium payoff of seekers in Im3 is calculated given entry of the scalper in case of
indifference. The numbers in parentheses refer to the normalized payoffs of appointment seekers where payoffs in
Im5 and Batch5 are divided by 0.8 to make them comparable to payoffs in Im3 and Batch3.

Table C.2: Equilibrium predictions

C.5 Experimental results: market entry by the scalper over time

As shown by Figure C.1, market entry in Im5 and Im3 is relatively stable over the rounds. In
Batch5, market entry decreases between blocks (from 29 to six out of 40 scalpers in the first
versus the last round), and the decrease sets in within the first block. Since the first block of
Batch5 is preceded by Im5 and Im3 where entry is (weakly) profitable, the decline in entry within
the first block of Batch5 reflects the adjustment of scalpers to the batch system where entry is
unprofitable. In Batch3, which follows after Batch5, we do not observe a similar decrease due to
the small proportion of scalpers entering the market in the initial rounds in the first place.
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Figure C.1: Proportion of scalpers entering the market by treatments
Notes: Rounds 1-5 form the first block of a given treatment, while rounds 6-10 form the second block. The black

vertical line separates the first and the second block.

C.6 Experimental results: appointment seekers’ decisions to buy from

the scalper

To analyze the purchase decisions of appointment seekers, we run regression analyses. Table C.3
presents probit regressions of the dummy for buying from the scalper. The sample is restricted to
those rounds in which the scalper is active in the market. We find that over time appointment
seekers become more likely to buy slots from the scalper in Im5 and less likely in Batch5. The higher
an appointment seeker’s valuation and the lower the price, the more likely it is the appointment
seeker will buy from the scalper (except in Batch3 due to the small sample size caused by the
infrequent entry of scalpers). If the scalper books all slots in the immediate system, seekers are
more likely in the following round to buy the service from the scalper. This does not hold in
the batch system: Blocking the system by booking at least 10 slots in the batch system is not
correlated with more seekers buying the service from the scalper in the following round. Thus, the
seekers understand that the scalpers’ attempts to threaten them in the batch system are empty
while they learn to buy from the scalper in the immediate system.

C.7 Experimental results: welfare

C.7.1 Allocation of slots

Figure C.2 presents the proportion of slots allocated to appointment seekers by treatments. It
includes both the slots assigned through the scalper and the slots that the appointment seekers
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(1) (2) (3) (4)
Im5 Im3 Batch5 Batch3

Time played .02** -.00 -.02* -.02
(.01) (.01) (.01) (.02)

Valuation for a slot .02*** .02*** .01*** .01*
(.00) (.00) (.00) (.00)

Price of service -.02*** -.02*** -.01*** -.00
(.00) (.00) (.00) (.00)

Scalper booked all slots (Im) .33*** .24*** -.02 .11
or blocked in previous round (Def) (.06) (.08) (.07) (.17)
Observations 1440 510 540 117
No. of clusters 39 31 28 10
log(likelihood) -641.35 -249.12 -293.86 -59.11

Standard errors in parentheses, * p < 0.10, ** p < 0.05, *** p < 0.01

Notes: “Scalper books all slots” or “blocked in previous round” is a lagged
dummy for booking all four slots in the immediate system and submitting
more than 10 applications in the batch system. Based on data from the second block.

Table C.3: Purchase decisions of appointment seekers

received directly. Note that if all three seekers receive a slot in Im3 and Batch3, we count this as
100% of slots being allocated.

In the treatments with excess demand, Im5 and Batch5, around 90% of slots are allocated to
seekers. In Im5, the 10% unfilled slots are explained by some appointment seekers refusing to buy
the service, while the unfilled slots in Batch5 are due to some scalpers entering the market and
blocking the system.

In the treatments with an excess supply of slots, Batch3 leads to a higher proportion of slots
allocated in the last five rounds than Im3 (p<0.01).23 In Im3, around 15–20% of the slots are not
filled (excluding slots that are in excess of demand) due to scalpers entering the market and setting
a price higher than in equilibrium, together with the seekers’ tendency to refuse to buy slots if the
difference between price and valuation is low. In Batch3, we observe a loss of around 5% of slots
in the last block of the treatment, which is explained by the irrational choice of some scalpers to
enter the market despite losses and to block the system with fake applications.

C.7.2 Who gets a slot?

For the sake of completeness, we also show which seekers get a slot under the two booking systems.
First, we define for each seeker in each round an ordinal rank based on her valuation of a slot
compared to the other active seekers. Thus, the seeker with the highest valuation in a given round

23The p-values refer to the coefficient of the treatment dummy in a probit regression of the proportion of slots
allocated to appointment seekers on this dummy. Standard errors are clustered at the level of matching groups,
and the sample is restricted to the treatments of interest for the test.

52



Figure C.2: Proportion of slots that were allocated
Notes: Gray bars represent 95% confidence intervals. High demand stands for five seekers (Im5 and Batch5) while

low demand for three seekers (Im3 and Batch3). The figure is based on all decisions in the second block.

receives an ordinal rank of one, the seeker with the second highest valuation receives a rank of
two, and so on.24 Thus, in Im5 and Batch5 we have ranks from one to five, and in Im3 and Batch3
ranks from one to three.

Table C.4 presents the average ranks based on the valuation of a slot of all seekers receiving a
slot by treatments. We partition the sample with respect to the total number of seekers assigned
in a round. Comparing Im5 and Batch5, the average rank of seekers who are assigned a slot is
lower in Im5 than in Batch5, that is, seekers who value the slots more highly in relative terms
receive a slot in Im5 compared to Batch5. The difference is not significant in rounds with one
seeker receiving a slot (p=0.17) but it is significant for rounds with two, three, and four seekers
receiving a slot (p<0.01). As for the difference between Im3 and Batch3, the difference goes in the
same direction, and is significant for the rounds where one seeker is assigned (p=0.01). Thus, the
presence of scalpers and their pricing decisions have the expected effect: in the immediate system,
seekers with higher evaluations receive slots more often than in the batch system.

24If seekers have equal valuations, they are assigned the average of two ranks. For instance, if two seekers have
the highest valuation in a round, they are both assigned a rank of 1.5.
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Rounds with Im5 Im3 Batch5 Batch3
... one seeker receiving a slot
Average rank of assigned seekers 1.68 1.37 2.37 1.88
Number of rounds 28 43 16 13
... two seekers receiving a slot
Average rank of assigned seekers 2.10 1.70 3.07 1.84
Number of rounds 54 64 31 14
... three seekers receiving a slot
Average rank of assigned seekers 2.41 2.00 3.03 2.00
Number of rounds 68 273 31 360
... four seekers receiving a slot
Average rank of assigned seekers 2.88 3.01
Number of rounds 224 292
Note: The table displays the average rank based on the valuations of the
seekers who obtain a slot. Only data from the second block are used.

Table C.4: Average ranks of seekers who received a slot
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