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Chapter 1

Introduction

1.1 Motivation and research questions

Affirmative actions in auctions have received more and mtssn#on in business practice, in
particular in public-sector procurement (Rothkopf eJt alo20 In auctions with affirmative
actions, certain classes of competitors are given ex@mviantages in competitions. Such

classes include economically disadvantaged competitersess effective competitors, which
are given advantages in form of special terms of paymentmpemsations. Examples of eco-
nomically disadvantaged competitors in the context ofieess$ practice are small businesses
or businesses owned by minorities or women. These busmessemostly favored by dif-
ferent forms of subsidies, discounts, or special paymeértts. rationale for these affirmative
actions stems at a first glance from non-economic aspectsi-diaaorimination, notions of
fairness, and populism. At a second glance, economic aspppear to be more relevant, as
affirmative actions may increase auction revenue or deem@asurement cosgt (Rothkopf et al.
@). A successful implementation of an auction with disas is observed in the Federal
Communications Commission (FCC) in the regional narrowbandicauof radio spectrum
rights in 1994‘(Ayres and Cramton 1996). In this specific aunctthe FCC has granted busi-
nesses owned by economically disadvantaged competitadsimg credit of 40 percent. This

affirmative action increased the government’s revenue bperzent. That is, giving bid-
ding preferences to weak (economically disadvantaged)gogican increase auction revenues
by inducing more competitive and aggressive bidding bejraw advantaged bidders. This
behavior is also observed in procurement auctions, in waftihmative actions are used to
subsidize minorities and decrease the cost of governmentiggment. Supportive evidence
is derived from a laboratory experiment on procurementianstin which a price-preference
auction is employe&i (Corns and Scho‘tter 1999).
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In offering discounts in auctions to certain classes of ceiibqrs, it is presumed that eco-
nomically disadvantaged or advantaged bidders can befiéerih advance. That means that
for example, in the procurement sector, detailed knowlexfgedustry conditions and busi-
ness partners is needed to identify the designated comsetiit whom an explicit advantage
will be given. However, in general such knowledge about thetian participants or the dif-
ferent classes of competitors and the participant’s ecambackground is difficult to derive
in advance.

Surprisingly, discounts as affirmative actions are alscenlesl in Internet auctions for
consumer-to-consumer businesses, where the discourttgé/ea explicitly to a certain class
of economically disadvantaged competitors.

Regarding the Amazon Internet marketplace, Amazon offeraffamative action subsi-
dizing a single bidder on its auction platform in additionthe offered selling mechanisms.
Basically, a seller on Amazon can sell an item by initiating aanducting an English auction
with proxy bidding. Additionally, the featurrst bidder discountllows the seller to add a
first bidder discount of 10 percent to her auction when cotidgdt. The first bidder discount
is a discount the high bidder receives at the end of the auotiathe closing current price of
the auction if having submitted the first valid bid. A winnibgider who has not submitted the
first bid purchases the item at the price equal to the finakpsfahe auction. The affirmative
action of the discount is displayed in the auction by a synshging10% OFF 1st Bidderas
long as no bid has been entered. Upon submission of the firdtlud, the discount symbol
is deleted and the discount is no longer available for sules®dpidders.

In the case of the Amazon first bidder discount auction, ther®ing fact is that the
discount is not given explicitly to a particular bidder; stassigned by random to a bidder —
the visitor of the Amazon auction platform being aware of liseed auction and the first
to submit a valid bid. That is, no class of economically disadaged bidders (inefficient
bidders) is detected in advance and explicitly given thealist. It is even more astonishing
that Amazon announces the following information to seltersts auction sitg:

"For our Auctions customers, the First Bidder Discount@% OFF 1st Bidder
is an excellent way to entice bidders to bid early, and to keepidding. We've
found that sellers who take advantage of the First Bidder @ust sell at a rate
15 percent higher than average.”

This assumes that assigning the discount to an economariigntaged or economically dis-
advantaged bidder is not decisive for the seller. When cdimdpan auction, on average a

1See
http://www.amazon.com/exec/obidos/tg/browse/-/1B81B04-8669052-8371101#first-bidder-discount.
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seller can extract an additional revenue by adding a firstdsidiscount to the auction.

An interesting question that accompanies the two pricihgstes and Amazon’s statement
is how the ex-ante expected revenues of both institutiohs ptire auction and the first bidder
discount auction — are related. Moreover, the questioresiiisthe statement above holds,
meaning whether on average a seller can extract an additmrenue by offering a discount
when conducting an auction. This would also answer the guesthy some sellers decide in
favor of the pricing scheme of a pure auction where the pay@guals the final price of the
auction, while other sellers offer the discounted priciolgesne.

In general, the desire is to find explanations for the re$egrestions concerning the
impact of a discount on bidding behavior and auction outnas well as to contrast the
respective results of the discount auction format to a beack auction format. Therefore,
in this study a game theoretic model of an auction with distqdiscount auction, DA) is
developed and a laboratory experiment employing the DA abdrehmark auction is con-
ducted. Regarding bidding behavior, the aim of this work iartewer the following research

guestions:

e \When comparing the strategic behavior of bidders in the DA¢a¢spective behavior in
the benchmark auction, do bidders in the respective auftiomats behave differently?

e When focussing solely on the DA, do bidders with discount kehdifferently than
bidders without discount?

Additionally, this study deepens understanding on how tiseadint affects the auction
outcome, in particular the auction revenue:

¢ By introducing a discount, how does this discount affect thetian outcome, i.e. the
seller’'s revenue, the winning bidder’s payoff, and the alosurplus?

e Does an additional discount pay for the seller when condgain auction?

e When focussing on bidders’ characteristics and distingngshetween the case of sym-
metric bidders and the case of asymmetric bidders: In whasle can the seller extract
an additional revenue and raise her revenue?

e To what extent does the seller’s revenue in the DA depend evhtom the discount is
assigned: (i) an economically advantaged bidder or (iij)@nemically disadvantaged
bidder?
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Firstly, in the game theoretic model, the seller’'s expecee@nue, the winning bidder’s ex-
pected payoff and the expected welfare (social surplus§aoeilated. Secondly, human bid-
ding behavior in a particular scenario of the DA is invesighin the laboratory experiment.
Finally, the findings of the theoretical analysis are coragawith the results of the laboratory
experiment.

1.2 Methodological approach

Designing electronic markets has become an important igsugectronic commerce. Un-
like traditional markets, electronic markets are suppbli electronic media; they must be
consciously designed since they are strongly affected éyethnical infrastructure.

So far, there is little knowledge which institutions aretahile for certain situations or how
the outcome of an electronic market should be measured ahabéed. Furthermore, Q‘oth
M) points out, the practical design of an electronickeiahnas to deal with complexities,
mainly in the economic environment itself, as well as thdipi@ants’ strategic behavior. In
designing the institutional rules, one aims at achievinggoe effects as well as efficiency of
the market. At the same time, the strategic behavior of tle@gand their reactions have to
be predicted since they strongly influence the outcome. Mewanticipating the agents’ be-
havior is a difficult task. Dealing with such complexitiesjugres more than simply attention
to the institutional rules of a market. Additional approasland tools from other disciplines
are needed to supplement traditional methods. For examyerimental and computational
economics are supplementary approaches that help in tadeéirsy complexities and show
how to deal with them. In this context, market engineeringui®es on a holistic and theoret-

ically founded approach towards the design and operatiaieatronic markets (Weinhardt
et al. 2003). In particular, the main objective in marketiaegring is to solve the design
problem, or to consciously design electronic markets addsign existing electronic markets
Neuman% 2004).

Within this body of research, the market engineering apgraa applied to the analysis

and evaluation of a particular market institution with acdisnt mechanism, i.e. the DA mar-
ket institution. The evaluation of the DA follows a two-stapproach: first, a game theoretic
model is developed to calculate equilibrium bidding styas and the resulting auction out-
comes; and second, a laboratory experiment is conductethtgzze human bidding behavior
in the DA. The theoretical findings are compared to the expental results. In other words,
the study addresses the evaluation problem of marketutietis by anaxiomatic approach
and arexperimental approacheumanHu 2064).
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The analysis of the DA market institution by means of gamerhand experimental eco-
nomics gives valuable advice concerning the design andawepnent of auction mechanisms
with discounts in a specific auction environment.

1.3 Overview and structure

This study is divided into two parts. In the theoretical @agame theoretic model of a market
institution with a discount mechanism, denoted as DA, isttgped. As benchmark of the
DA the second-price sealed-bid auction is chosen. The separt presents a laboratory
experiment in which human bidding behavior in the DA and gspective benchmark auction
are investigated. Both the game theoretic model as well asxperimental analysis assume
an independent private values auction model. The structutieis study is outlined in the
following and illustrated in Figure 1.1.

Chapter 1
Introduction

Chapter 2 . . .
Electronic Markets and Market Engineering

Theoretical Part Experimental Part

Chapter 3 Chapter 4
Experiment on

Discount Auctions

Theoretical Model of the
Discount Market Institution

|

Chapter 5

Experimental Results

Chapter 6
Conclusion

Figure 1.1: Structural overview of the study

Chapter 2 introduces the concept of market engineering anddas insights concerning
the implementation of electronic markets. Firstly, a maikecharacterized as a microeco-
nomic system consisting of two distinct components: (i) erket environment and (ii) the
market institution. Secondly, a review on negotiations andtions is presented — they are
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mostly understood as price-discovery mechanisms for markgtutions and regarded as the
dominating coordination mechanism in traditional markdtsirdly, the microeconomic sys-

tem is extended to electronic markets. Electronic markatspeise a technical infrastructure
component since they are supported by electronic medichelcantext of market engineer-
ing, methods for designing and analyzing electronic magleey. methods from game theory,
mechanism design, and experimental economics, are sugedarrinally, market engineer-

ing as a structured, systematic and theoretically founggutcach towards the design and
operation of electronic markets is presented.

In Chapter 3 the DA and the benchmark second-price auctioaralyzed under the as-
sumptions of an independent private values auction modék model of the DA market
institution is developed and insights into the discount Ina@ism are given. Furthermore,
dominant strategies in equilibrium are identified in the @Adesignated bidder — a bidder to
whom the discount is assigned — submits a bid slightly ab@rediuation. That is, he submits
a bid equal to; times his valuationd € [0, 1) denotes the discount). Bidders without dis-
count submit their valuations truthfully. In addition, tBé& and the benchmark second-price
auction are analyzed under two different assumptions; firdtlers are assumed to be sym-
metric, meaning that bidders are characterized by the s@tddtion function of valuations;
and second, bidders are assumed to be asymmetric, meaaitjdtiers are distinguished into
two groups — a group of weak bidders and a group of strong sdeleharacterized by differ-
ent distribution functions of valuations. The expectedcountes of the DA and the respective
expected outcomes in the benchmark auction are calculattd@npared in the symmetric
case as well as in the asymmetric case, i.e. the sellerstgesvenue, the winning bidder’s
expected payoff, and the expected welfare.

Chapter 4 describes the details of the laboratory experimenhe DA. The experiment
design and its design parameters are introduced. Basithdlydesign follows a between
subjects design. All experimental sessions are set up amalicted by the meet2trade system
and the connected meet2trade Experimental System (MES8|tidwaklly, the four treatments
isolated from the observed experimental data are descrilgedhe treatments of the DA in
the symmetric case, the second-price auction in the synowease, the DA in the asymmetric
case, and the second-price auction in the asymmetric. Ragaleb statistical analysis of the
experimental data, the deployed statistical tests andrégppcified level of significance are
briefly introduced.

Chapter 5 presents the statistical analysis of the expetahdata. The analysis focuses
on the behavior of human bidders as well as on the outcomég @fiictions conducted in the
different settings, i.e. the auction revenue, the winniiaglér's payoff, and the social surplus;
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and finally on the auction revenue in the two symmetric anddaygmmetric treatments. The
experimental results of the DA and the benchmark auctiorrangrasted and discussed with
respect to the research questions.

Chapter 6 reviews this body of research and summarizes its findings. Limitations of
this study are discussed and future research directiorsuggested.

In literature, auctions with discounts, or more genergligken auctions with affirmative
actions, have been only rarely discussed so far. Both, thear@and experimental studies
of auctions with discounts are scarce. By bridging this dlaig,tudy contributes to existing
research and also supplements interesting research sifipecta market engineering perspec-
tive.






Chapter 2

Electronic Markets and Market
Engineering

The main emphasis of this chapter is to create a consistenin@ogy and common under-
standing underlying the research field of electronic market their conscious design. More-
over, a structured approach for the design, developmentirapémentation of electronic
markets is suggested. The following sections introducebtdsec terminology and concepts
from economic literature used throughout the remaindehisfliook. Section 2|1 introduces
the term 'market’ and presents a framework which defines &ahdry environmental and
institutional rules. In particular, negotiations and a@ars are considered as an example of
market institutions of practical importance. In sectio Both institutions are discussed and
definitions from negotiation research and auction theagypagsented. Section 2.3 extends the
market framework to electronic markets focussing on thgppert by information technolo-
gies. An overview of methods from game theory, mechanisrigdeékeory and experimental
economics for the design and analysis of electronic markeisen in section 2/4. Distinct as-
pects of market engineering as a holistic approach for tiuetsired design, development and
implementation of electronic markets are presented in@e2t5. Later on, this section intro-
duces computer-aided market engineering, which emplays to assist market engineers in
the design, development and testing of electronic markets.

This specific groundwork is necessary to create a commonnelogy for understanding
the theoretical model and experimental investigationgamesd in this work.
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2.1 Markets and institutions

Markets play a central role in the economy. They facilitdte exchange of information,
goods, services, and payments. Moreover, they create eton@lue for buyers, sellers,
market intermediaries, and for society at large (Bakos 1988nodern economies, exchange
means trading tangible goods, services, and rights in isutiosh for money@@&. The
involved transaction partners, e.g. buyers and selleeg@onomous: they decide with whom
they want to interact and whether they want to buy or gell 08dh1997). More generally,
supply and demand are represented by subjects or orgamabgéntities who participate in
the transaction process to fulfill their needs. In the follayy subjects and organizational
entities are defined axconomic agents

Definition 2.1.1 Economic Agent
An economic agehis an organizational or individual entity participating iin economy

When considering the exchange and interaction activitiésden agents, the main task lies
in the coordination of the agents’ activiti@n%?ﬁ’eﬁalizes that agents, having private
information and striving for their own gains, are more s@stel in allocating their resources
than a central entity is. The outcome is produced in a deglered way without any explicit
agreement between the acting agents. The process is naiani& and the agents’ aims are
not coordinated: the process even works while agents hdydooivate information ("invisible
hand process"). Based on the human selfish and greedy motingqrocess explains the
competition in a market which tends to benefit the societywhale.

Markets represent one organizational form for coordimgpgoconomic activitie@se
\M). A market can be regarded as a coordinated price-paselganism where price move-
ments direct production. These price movements refer taessaf transactions on the market.
Building on Coase’s basic insight, Williamson (1975) suggésb basic organizational forms
for coordinating the flow of objects through adjacent stepthe value-added chain: mar-
kets and hierarchieg (Malone et‘al. 19%])1 addition to the two polar organizational forms,
networks are suggested as an intermediated form of cod:imﬁr%l 1990).

Focussing on the termmarkef a market is the location where an institutional framework
is provided which allows buyers and sellers to announce thgiing and selling intentions,
exchange information, negotiate about the object and thditons of the transaction, and

LIn the followingagentwill be used synonym teconomic agentHuman agents and software agents will be

distinguished where it is necessary.
2An object is either a tangible, an intangible good or a righa service. Input, output, resource, goods, and

services are examples of objects.
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complete a contractual agreement for an exchange of goatiseamices in an most efficient
manner (Schmid and Lindemahn 1998). In essence, marketstheae main functions: (i)
matching buyers and sellers, (ii) facilitating the exchad objects, and (iii) providing an
institutional framework that enables the efficient funoiig of the market(é;ikos 1998).
Price discovery plays a central role within the matching wjdys and sellers: the prices at
which demand and supply clear and trade occurs are det&irlﬁm(om&. The exchange
of objects between sellers and buyers is referred to asdrton ‘(Williamsoﬁ\ 1975).

Definition 2.1.2 Market

A market is the location (physical or virtual) where a tranBag between buyers and sellers
is facilitated and where the activities of buyers and sel@esgoverned by price and compe-
tition.

Historically, in ancient Greece around 600 B.C. the "agora" arkat place was an eco-
nomic association in the center of the polis — it was the $@rid economic center of the
town. During the twelfth century the term market entered&hglish language. Later, in the
eighteenth century the term market was separated from agahgsd social place, comprising
the activities buying and sellinmmwoy Thesewvdtotis comply with an institutional
framework, which defines the rules and the process of theaegeh

The problem of designing an efficient economic system is exsigkd bmm&,
based on the observations that information and knowledgesaciety is dispersed among
economic agents and can of course be contradictory. Thdigue$iow to ensure the best
use of resources and how to utilize private information isvaered by his understanding of
the price systen{. Hayek understands the price system asmauwaigation network in which
information from one part of the market is transmitted totaea Prices are used as signals
that can act to coordinate the separate actions of the egoagents. Thus, prices can be seen
as "carrier of all that the individual need know about otharsj of the social and physical
constraints on all the activities underlying those pricﬂ&Tth%B).

Another key function of an economic system is to support eg@rdecisions determining
the flow of resourcesﬁp (Hurwicz 1973). The resource allocat@chanism should guide the
agents towards actions which are at least feasible or evea afficient. The difficulty lies
in designing the rules of the mechanism such that certaipgsties are achieved and agents
behave in the desired way. Thus, agents should have an ive¢atfollow these rules and
not to depart from compatible behavior patterns (Hur\ivicﬁl)é ‘Reiter ‘(1977) considers an
economic system as a "kind of machine" which determines theatlon of resources among

3In mechanism design theory such mechanisms have the pyagda¢ing incentive-compatible.
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agents (the output of the machine) on the basis of availadiie of an economy (the input
of the machine). He presents a formal structure for the desigl evaluation of allocation
mechanisms, which are also callecbnomic variables

Based on these works,?TLiF(ZOOB) presents the frameworladéen(microeconomic) sys-
tems theory for analyzing market processes. This framewonisists of two distinct compo-
nents: (i) the market environment and (ii) the market ingtih. The environment describes
the set of all individual circumstances in a market that canbe changed or influenced by
the agents. Examples are individual preferences or claarsiits of the agents, commodity
endowments, or technology endowments. Moreover, someeointividual circumstances
are private in nature, meaning that they are not known plybkor instance, such individual
circumstances are individual taste, information, knogksdr individual skills.

Definition 2.1.3 Market Environment

Given a list ofn economic agents € N = {1,...,n}, alist of K + 1 commodities: €
{0,1,..., K'}. Agenti’s characteristics such as the utility functiaf, technology endowment
T;, and a commodity endowmentare defined over & + 1 dimensional commodity spaces
REFL A market environment (synonym: microeconomic envirotymer= (e, ..., e,) is
defined by the collection of characteristics= (u;, T;, w;) of economic agentse {1,...,n}.

The rules under which agents communicate and exchangenafimm and property rights of
commodities are defined by the institution. It specifies gmource allocation mechanism.
According tci Smith‘ (1982 aAd 20‘03) the market institutiodeéined as follows:

Definition 2.1.4 Market Institution

A market institution (microeconomic institution, institin) defines (i) the language of the
market, (ii) the rules that govern the exchange of messagégia) the rules that define the
conditions under which messages lead to allocation and pri¢given a list of. economic
agentsi € N = {1,...,n}, the market institution comprises:

() Alanguage or message spaté = M; x ... x M, which consists of messages
m = (mq,...,m,)and wheren; € M, is a message which can be sent by agent

(i) AsetG = (g1(to,t,T),...,ga(to,t,T)) of adjustment process rules, where for each
agent; the adjustment rule; (¢, t, T") consists of
- ¢i(to, -, -) as a starting rule, determining the start of the messageangé,
- ¢i(-,t,-) as atransition rule, governing the sequence and exchangesfages,

- gi(-,-,T) as a stopping rule, specifying the termination of the messaghange
and the start of the allocation.
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(i) AsetH = (hy(m),...,h,(m)) of allocation rules withh; : M — X andh;(m) =
x; specifying the final allocation to each agenbased on the messages sent by all
agents.m is the final message determining the allocation and the set of all possible
outcomes of agerit

(iv) AsetC = (¢1(m),...,c,(m)) of costimputation rules where the rulgm) determines
the payment to be made by ageias a function of the messages sent by all agents.

A market institution/ = (Iy,...,1I,) is defined by the collection of the individual property
right characteristicd; of agenti with I, = (M;, h;(m), c;(m), g:(to,t,T)). Each agent’s
property right/; specifies the messages, the commodities being allocatdw tagent, the
agent’s payment, and the rules governing the process of #ssage exchange. Examples of
such messages are bids, offers, counteroffers or accestanc

With the above specified definitions the market system carebeeat! as:

Definition 2.1.5 Market System
A market system§ (microeconomic system) is the tupel consisting of the ni@am@ronment
e and the market institutiodh with S' = (e, I).

In a market system, agents’ behavior is motivated by theiividual circumstances, pref-
erences, and objectives. Moreover, it is strongly relabeithé underlying institutional rules.
Note that the agents’ characteristics are inherently fgivaonly their consequences, i.e. their
messages, are observable. Agents exchange messagest#ssid @rcumstances. The bid-
ding language and the rules of the market are known to eaaebid advance. Thus, the
behavioral actions of agents can be expressed by a funatiimed on the agents’ economic
environments and the institution.

Definition 2.1.6 Agent Behavior

Given a list of NV agentsi € N = {1,...,n}. Agent'si outcome behavior is defined by a
functionb;(e;| I). Behaviorb; is a mapping from the agent’s environment conditional on
the institution/ into the set of messagés,.

Note that the functioh;(e;| I) is equal to the message sent by agent The institution which
determines the outcome (resource allocation and pricés)sied on the agents’ messages.
The operation of a market is regarded as the process comptise pathway from the
economic environment to agent behavior, to the instituiod finally to the outcome. In
essence, two central components should be mentioned: Retsaare defined by rules that
select, process and order messages of agents and (ii) dgemtgrivate information about
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Economic Environment:
agent preferences, cost,
resources, knowledge

Performance Measure:
efficiency, price volatility,
stability

Outcome:
allocations, prices

A

Institution:
language of market,
rules of communication
and of contract,
procedural structure

Agent Choice Behavior: |4
based on dispersed
private information given
the institution

Figure 2.1: Components of a microeconomic sys{em (émith 003

their personal circumstancmith 2003). Figure 2.%tilates the components of a market
and shows how these components are related.

The presented market system framework allows the compeodifferent environments
while using the same institution. It also allows for keepthg environment constant while
changing the institution. As the rules of the market affacentives, institutions influence the
observable behavior of agents and thus the outcomes th#it ,Ml).

2.2 Negotiations and auctions as market institutions

In economic theory, negotiations are mostly understoodrigeiscovery mechanisms for

market institutions such as auctions. They are the dommigatoordination mechanism in

traditional market§ (Strdb@%). Negotiations appaararious forms and situations and
have been influenced by ethical, cultural and social cirtantes. Moreover, negotiations
are widely analyzed from different research areas and petigsps such as computer science,
economic sciences and management, information systemslleass law and social sciences.

All these research disciplines address specific aspectegttiation situations. Economics

and management science concentrate on the constructiomadifmodels and procedures of
negotiations, rational strategies and outcomes influebgdshrgaining theory, game theory,

auction theory, and negotiation analysis (Bichler (Qt al.3)00legotiation media and systems
as well as software platforms for bidding and auctioningtaeefocus of computer science

and information systems. These systems are conceptuakdhmn the results from studies in
economic and social sciences.

The change and development in information technology habled new ways of negoti-
ations. The technology supports negotiations at nearlgyestage: at the stage of information
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exchange, matching, comparison of data, decision supforiléese new possibilities have

led to the emergence of innovative negotiation protocokaniples range from combinatorial

auctions to multi-attribute auctions, as well as automatggbtiations among software agents.
Focussing on these developments, the difference betwegniatons and auctions seems to
diminish and the questions arises whether negotiationawas®ons, i.e. "Are all e-commerce

negotiations auctions’.*" (Kersten et al. 2000).

2.2.1 Negotiations

The meaning and definition of the term negotiation is notreted. Generally, a negotiation
can be defined as the "key decision-making approach useddio ceasensus whenever a per-
son, organization or another entity cannot achieve its gogdterally” kBichIer et al‘. 2063).
But as negotiations have been the focus of research in maeyatit disciplines, the context
in which the term negotiation is used or the definition of thet itself can vary. In game
theory, bargaining is a synonym for negotiati}gn (Strma Bargaining situations are
competitive situations where two or more agents who haverdifit information negotiate the
terms of possible cooperatior%s (Harsanyi 1§g7)ecision and negotiation analysis focuses
on the negotiation process. Negotiation analysis seeksvelap useful advice to involved

parties and aims at situations that are not fully specifieztivance.

In general, there are many reasons why negotiations take:plh) they create something
new that neither party could do on his or her own, or (2) thesplge a problem or dispute
between the partiels (Lewicki et }al. 1999). Thus, negotistiare begun in order to come to

an agreement that would not be found without negotiatiorat the involved parties expect
to come to a better agreement than by merely accepting fi)fedsstr('jb 3). However,

negotiations are a vehicle for agents to communicate anéfominpromise reaching mutually
beneficial agreemenﬂs (Fatima eﬂ al. 21004).

In essence, the activity of negotiation can be characibyea set of common core prop-
erties (Strdbgl ZOOé; Strechr 2001). A negotiation is armamication and decision-making

process in which two or more parties are searching for aisoldb a problem which may

4In game theory, bargaining situations are analyzed as nopesative zero sum games (Aggarwal and
Duponﬂ 2001).

5The formal theory of bargaining defines a "bargaining situdtas a situation in which (i) agents have
the possibility of concluding a mutually beneficial agreain€ii) there is a conflict of interests about which
agreement to conclude, and (iii) no agreement may be impaseahy individual without his approval (Carraro
etal. 2005)‘. Harsan)}i (19d*a, 1967b, End 1967c) models gikgmtions as a game with incomplete information,
meaning that at the beginning of the game some players havenplete information about what other players
know or believe (MyersMM).
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involve a conflict of interest. Since the solution cannot éached through unilateral action
and each party is not willing to accept what the counter partyoluntarily offering, parties
have to negotiate. The search for a solution as well as theides made are based on indi-
vidual preferable solutions of each party. Note that pardiee mutually dependent by finding
a consensus. With these properties the term negotiatidreafp a wide range of situations
from simple bargaining to complex auction mechanisms.

The following definition of negotiation is given ﬂDV Bichler &t (2003):

Definition 2.2.1 Negotiation
Negotiation is an iterative communication and decision- mglprocess between two or more
agents who

(i) cannot achieve their objectives through unilateralians,

(i) exchange information comprising offers, countereddfand arguments,
(iii) deal with interdependent tasks, and
(iv) search for a consensus which is a compromise decision.

The way offers, counter-offers, and messages are exchdrgge@en the parties is gov-
erned by communication rules. The result of the negotiatgaif can be either a compromise
or a disagreement. If all agents are willing to accept thegromise and transact it according
to its specifications, then the negotiation is complete.

The characteristic of a negotiation strongly depends ompé#mges’ positions in the nego-
tiation. Parties can be (i) more competitive and claim vauéi) more open to create value
dKersten et al. 2000). Idistributive negotiations each party engaged in the negotiation pro-
cess strives to achieve the best possible settlement forsiilges. The interest in the other
party is only insofar that the other party affects the aakmeent of its own objectives. That is,
one party can only gain at the other party’'s expense, and &t} hides its objectives and
preferences, revealing them only indirectly through tme@ssages. Imtegrativenegotia-
tions new issues and options are added to the set of fealitrleadives during the negotiation
process. Thus the dimension of the negotiation changegse e two key characteristics of
integrative negotiations: Firstly, integrative negatias aim at the creation of value during
the process. Secondly, parties are not selfish in integratgotiations. They focus on needs
and interests and not positions, exchange relevant intowmand ideas, and are interested in
learning and restructuring the problém (Kersten ét al. ﬂu@@icki et aIH 199b).

The process a negotiation follows is characterized by thesrdefining thenegotiation
arenaandagendaas well as permissible decision-making and communicatativities. The
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arena is the place where the negotiator communicates ardjimela specifies the negotiation
framework, including the specifications of the issues todmgotiated and the format in which
they are presented.

The negotiation protocolncludes the rules and thus specifies possible actionsyaiie
messages and offers as well as their sequences and timingoiw, it defines mechanisms
that select alternatives during the negotiation processsteucting offers and making con-
cessions. According to Bichler et al. (2003), negotiatiomsdastinguished by three different
levels of structuringunstructuregsemi-structuredandstructurednegotiations.

1. Unstructured negotiationslo not follow any rules that limit the exchange of offers,
counter-offers, or messages between the parties.

2. Semi-structured negotiatioprotocols leave some flexibility in decision-making and
message exchange by the parties. The activities of theepaatie not fully defined
by the protocol.

3. Structured negotiationdefine all possible activities of the parties including tligicision-
making and information exchange.

Face-to-face negotiations are mostly considered to beugatsted negotiations as there
are no explicitly defined rules to follow. Auctions are stiwed negotiations. In essence,
they are resource allocation mechanisms based on the gelodmessages about a single
issue, the price of a single well-defined object. Combinatiohunstructured and structured
negotiations can be viewed as semi-structured negotgtibor example, first an auction is
used to identify potential parties, and second, a bilatezgbtiation is used to find a bilateral
agreement in a face-to-face negotiation with the identifiadies.

In general, negotiations involve cooperation in order tate value. The objects being
negotiated are not well-defined and the intention withinghazess is to define the object and
specify the issues in order to obtain a common definition.

2.2.2 Auctions

Auctions are market institutions of practical importaficEhey are considered as an important
vehicle in conducting market transactions and have beea sisee antiquity for selling a
variety of objects| Art objects, antiques, agricultural produce, houses,letee been sold by

5The word "auction” [latin:augerg means to increase or augment. In the oldest auction foreEtiglish

auctiongm&pﬂ pay for the single-item object au@ibis successively raised by the auctioneer.
’See Shubik (1983) for an historical sketch of auctions.
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auctions for centuries. Nowadays, auctions are used tousbrgdhuge volume of economic
transactions. For example, governments use auctions ltoigigls to use electromagnetic
spectrums for telecommunication and natural resourcds asitimber rights or off-shore oil
licences, or to sell permits for energy, pollution, and s@ort.

The range of objects being sold in auctions has been greatigased by e-commerce.
In the private sector, Internet auction web-sites are usexlt all kinds of consumer goods
dLucking-ReiIe)} 2000). In the business sector, procurememtesses are supported by com-
petitive bidding processes where participants competéhirright to sell their products or
services (Krish;l 2002).
In an auction, participant®idderg submitbidsthat represent their demand or supply function
dMoIdovanu and Jehilel 2003). Bids can be interpreted asduaifracts, indicating the amount
of money the bidder is willing to pay for a single-item objéot combination of items) he
may get (Nisan 2000).

Definition 2.2.2 Bid
Bids are messages with which agents express their resourageetgnts and elicit informa-
tion or give price signals within the auction.

The bid structure defines the flexibility with which agenta express their requirements and
preferences (Kalagnanam and Pa}kes 2003). It is definedhwiith auction rules. Standard
auction rules support bids allowing the specification of@r price and quantity.

The auction rules determine the way in which resources éweadéd and the winner is
determined, as well as the price at which the auction matkatgand trade occurs (Wolfstet-
ter@@. Auctions represent a specific set of institutioni@s. These rules determine what
bids can be submitted and define how these bids are aggregatett allocations and prices
dMoIdovanu and Jehiial 200§). McAfee and McMillan (1987) defan auction as follows:

Definition 2.2.3 Auction
"An auction is a market institution with an explicit set ofealdetermining resource allocation
and prices on the basis of bids from the market participdnts.

Thus, auctions are bidding mechaniénihe bids are the only input — there is no need for
additional input.

For most practical applications, the institutional ruleasmbe relatively simple: they
should be independent of the specific environment as welleaprivate information which is
not available to the seller (Moldovanu and Jehiel 2003). ddit#on, the rules of an auction

8The termdynamic pricings often used as a term for all kinds of auctidns (MiIgHom 2000
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are given to the bidders in advance and are not changed oa@aition has begun (Ehrhart
and Ott 2003). A salient feature of auctions is that "theyiteiidormation, in the form of
bids, from potential buyers regarding their willingnespay and the outcome — that is, who
wins what and pays how much — is determined solely on the basig received information”
dKrishna 2002). Thus, auctions are universal, i.e. they "lmaysed to sell any good" (Kr-
ishn% 2002). For example, a car can be auctioned under theersées as a painting. Another
feature of auctions is that they are anonymous — the idestitf the bidders do not affect the
outcome of the auctiorg (Krishna 2002).

The performance of different auction formats under exptionsideration of strategic and
behavioral aspects is the main question that guides auittemry toward a good and proper
design of auction rules. The achievement of an allocatifieiefit outcome — the item is
awarded to the bidder who values it the most — is the main goaliction theory. From the
perspective of the society as a whole, allocative efficida@ne goal to achieve in designing
the auction rule$. Another goal in an auction is the maximization of revenuehim auction.
This performance criteria is especially considered by #lkeis— she desires to receive as
much revenue as possible for the auctioned good. Addiligriakre are several other goals
that justify the use and implementation of auctions in patér instances. In the following

the most relevant auction goals are summarized (cf. for pk@atn | Krishna 2002; Moldovanu
and Jehiell 20093; Wolfstet&r 1396):

- Allocative efficiency The outcome of an allocation is allocative efficient if treigl
welfare is maximized. This is the case when the object is d@dato the bidder with the
highest valuation.

- Revenue-maximizatiorSelling the object at the possible price and gaining as much
revenue as possible is a potential seller’s desired goal.pébtion among bidders has
a clear positive affect on this goal.

- Information aggregation and revelatioBidders elicit information by submitting bids
during the auction. These bids are based on the privateniafioon of the bidders. The
resulting prices reflect the aggregated information dutiegauction process.

- Valuation and price discoveryn many situations, the value of an object at the time of an
auction is unknown. Signals that are related to the trueevafuhe object are privately

9Economic or allocative efficiency means "the maximizatibthe (possibly weighted) sum of consumer and
producer surplus') (Jehiel and Moldove{nu j001). It is meacbum terms of total monetary surplus, the social
welfare. Social welfare is the sum of bidders’ and the bldeta’ monetary surpluses.
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known. If these signals are publicly known, they would &ffdse value attached to the
object by a particular bidder. Thus, during an auction psedadders can learn their
valuation from the signals of rival bidders and adjust thailuation.

- Transparency and fairnes€€ommon auction forms have the virtue of simplicity: the
rules are precise, fixed in advance, applied equally to atigggants, and transparent.
This transparency limits possible bidder corruption, usithn or dishonesty in the auc-
tion process, thus making auctions more fair.

- Speed of saleThe speed of sale is important for perishable goods suckladlowers
or vegetables.

These goals are only a few examples mentioned within theegbaof auction design. Auction
goals can be manifold and the goals themselves can corttestib other. The achievement
of a single goal strongly depends on the environment andhgtautional rules as well as on
the behavior of the participants.

In an auction, only rarely does a seller have incompletamétion about the buyers’ valu-
ations in advance. The difficulty a seller faces is in findiqiaing scheme that performs well
under incomplete information and finds the revenue-maximgiprice of an object (Wolfstet-
ter‘ 1996). If the seller knew the buyers and their valuesh#d to the object being sold, the
seller could offer the object to the bidder with the highedtie at or just below the amount the
bidder is willing to pay. The value each bidder assigns toahject is the maximum amount
he is willing to pay for that object.

In a private valuesituation this value is known only to the bidder himself. Shalue is
private information; no bidder has information about thiuga of the rivals bidders and in-
formation about the other bidders’ values would not afféet private valuation of a bidder
assigned to an object. Private value situations are siustivhere paintings, stamps or an-
tique furniture are auctioned — bidders assign differehiesto the object derived from the
consumption or the usage of this object. The paradigsyofmetric independent private val-
ues (SIPVhassumes that each bidder’s valuation of an object is indbpely drawn from an
identical distribution (iid)‘(Myers% 198&; Riley and Sarhamm‘ 1981). Each bidder observes
his own valuation and has no information about the opposestiuation except for the dis-
tribution from which it is drawn. The SIPV model with risk-meal agents is a model which
makes assumptions allowing a thorough analysis of auctibassumes (Wolfstettler 1999):

- single-unit auction a single indivisible object (a single-item) is offered &ale to one
of several bidders;
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private valuesthe value for the object is only known to the bidder himself;

symmetryall bidders are indistinguishable;

independence, symmetry, continuibpnknown valuations are independent and identi-
cally distributed (iid) and continuous random variable;

- risk neutrality. bidders are risk neutral.

In acommon valusituation, the value of an object is the same to each biddeariknown
to all bidders at the time of bidding. Bidders may have es@sabout the value of the object
but the object’s true value is only observed after the andtias taken place. Common value
models are used in situations where the value of an objeetigadi from a market price that is
unknown at the time of the auction and determined throughmlating. An example is given
by the auction of land with an unknown amount of oil undergwbu The final value of the
land is determined by future oil sales. Based on signals @vgddave different information in
the form of e.g. geological tests or expert’s estimate)ughmut the bidding process, bidders
learn the object’s value and adapt their valuations througkthe bidding process. Note that
in a private value model signals would not affect a bidderiggte value.

A key characteristic of the bidding process in auctions widmmon value components is
thewinner’s curse Since the object for sale is the same to all bidders anduts\talue un-
known during the auction, bidders have only estimates obtject’s true value. For example,
when bidders submit bids on their estimates, then the biddkithe most optimistic estimate
will win the auction. But if the high bidder overestimates thee value of the object, then the
winner suffers a loss. This is denoted as the winner’s cufséof example t& Krishna 2002;
‘WolfstetteM 199%).

Generally, one distinguishes between oral (outcry, opad)veritten (sealed, sealed-bid,
closed) auctions. In open auctions bidders make offers andter-offers which are visible to
all bidders. In written auctions bidders most often subnstrale bid which is not revealed
to the other bidders. The most common auction forms in whisimgle-item object is being
offered for sale are the following four: (i) tenglishauction, (ii) theDutchauction, (iii) the
first-price sealed-bid auction, and tisecond-pricesealed-bid auction.

(i) English auction In the English auction (also called the open, oral, or Esfigéiuction or
ascending-bid auction) the price gradually increasescayly in small increments, as
long as there are at least two interested bidders. By raibegtice, bidders drop out
of the auction in succession. The auction stops when onlggesbidder is interested;
that bidder then wins the auction. The item is awarded to itiéep and the amount to
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(ii)

(iii)

(iv)

pay equals the price at which the auction stopped, that ipribe at which the second-
to-last bidder dropped out. In variants of the English awrtihe sale is conducted by
an auctioneer who calls out the prices while raising them.

Dutch auction In the Dutch auction (also called descending-bid auctibutch clock
auction) the price is gradually lowered by small incremgsiisrting at a high price. The
price is lowered until a bidder accepts the current pricee &hction then stops and
the item is awarded to that bidder at that price. The pricetathvthe auction starts is
chosen high enough such that no bidder is interested in gukimitem at that price. In
variants of the Dutch auction, the auction is conducted bganioneer calling out the
prices or using a mechanical device, or a clock. The clodstdown the price until a
bidder accepts the current price indicated by the clock.

first-price sealed-bid auctionin the first-price sealed-bid auction, bidders indepen-
dently submit a single bid without seeing others’ bids, bidders submit bids in sealed
envelopes. The bidder with the highest submitted bid wiesatiction and the item is
awarded to him at the bid price.

second-price sealed-bid auctiorin the second-price sealed-bid auction (also called
Vickrey auction) bidders submit sealed bids not visible® dther bidders. The item is
awarded to the highest bidder, the bidder with the highdstnsited bid, and the bidder
pays the second highest bid.

The English and Dutch auctions are open auctions, while teiedrice and second-price
auctions are sealed-bid auctions. Furthermore, the twowolg relations hold: Firstly, the
Dutch auction and the first-price sealed-bid auction aredatrategically equivalenand the
bidder’s bidding functions are exactly the same in both ianst KrishnA 2002; KIempeAer
’;04). Secondly, when taking private values into consiimrathe English auction and the
second-price sealed-bid auction are equivalent. In bathians, submitting the true value is
optimal for bidders independent of whatever other players \With a common value com-
ponent the information available would be relevant for tigdbrs — they would learn their
valuation and condition their behavii)r (Kriana 2d02; Kpmrer 2004).

The auction formats considered so far are single-sidedanst.e. there is one seller and
multiple buyers (forward auction) or there is one buyer andtiple sellers (reverse aucti%.

0pouble-sided auctions (or double auctions) are settings miltiple buyers and sellers submitting bids
simultaneously. The two main institutions for double-sigeictions are the continuous double auction (CDA)
and the call auction (call marke‘t) (Kalagnanam and P&rkes)zo
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In a forward auction, buyers submit bids to the seller, magiiat the seller is the bid-taker,
whereas in the reverse auction sellers submit bids to therbmeaning that the buyer is the
bid-taker. The following classification scheme of singldesl forward auctions presented in
Figure 2.2 distinguishes the standard auction types acmpta the following criteria: (i) open
vs. sealed-bid and (ii) ascending-bid vs. descending\arnan et al. 2001).

sealed-bid open

descending-bid ascending-bid

first-price and
second-price Dutch auction English auction

sealed-bid auction

Figure 2.2: Classification scheme of the standard singledsadiction types

An equally important criterion for the classification of &ioas is the type of object, and
more specifically the structure of bids. Traditionally, nseconomic theory distinguishes
between homogeneous and heterogeneous goods. In the costamoiard auction formats
for single-sided auctions presented above, it is assunedttie object being auctioned is
a single-item, single-unit and single-attribute objectr Ehe actual design of an advanced
auction institution, one needs to consider generalizatairthe considered object — the rules
depend on different dimensions of the object being tridemhﬂBi et al‘. ZOOZB,b). The auction
types deployed are determined by the issues of the objgatu(tiple homogenous objects are
auctioned in multi-unit auctionis (Vickréy 1961; Kalagnamand Parkes 2003), (ii) multiple
heterogenous objects are auctioned in multi-item aucﬂdeWrieS and Vohra 2003; Pekec
and Rothkopf 2003), and (iii) objects with multiple attribatin addition to the attribute "price"
are auctioned in multi-attribute auctiov%s (Bicﬁller 2601laga1anam and Par%s 2&)03).

The efficient allocation of resources is common to all adearamuction mechanisms. One
major factor influencing the complexity of this task is bigpresentation. Bid representa-
tion has not been an issue in auction research until now. "Mlaigorate bid representation
schemes enable higher expressiveness and flexibility iregotiation at the expense of in-
creased complexity of bid evaluatim%" (Bichler et‘al. 2002Bbr example, offers in multi-
attribute auctions are presented as sets of attributeevadirs, whereas combinatorial bids
allow bids on packages of objects. The bidding languageifsg®the bids which are pro-
vided and is defined in the following.
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Definition 2.2.4 Bidding Language
The bidding language specifies the bid space, i.e. the bidshwdain be expressed within an
auction.

In essence, the bidding language specifies the syntax anghsiemfor bids and determines
which bids can be expressed and how efficiently (N‘sain200(h)l.|s, a bidding language
should be (i) expressive, i.e. able to express any desirgdvef bids, and (ii) simple enough
to understand and work with as well as simple in handling tleeation. The bidding lan-
guage is closely related to the auction format and thus tetheture of the objects being
auctioned‘(KaIagnanam and Pa}kes 2003). However, from guat@ational perspective, the
winner determination problem, formulated as an optimarapiroblem, can become computa-
tionally complex depending on the market and bid structlifeus, by specifying the auction
institution, the choices made for the bidding structure rhaye an impact on the desirable
economic and computational properties (Kalagnanam aridaé@()OS).

2.2.3 Computerization of negotiations and auctions

Information technologies provide the means to transpéostimation over space and time; they
have established a universal service for representing amincinicating information. Elec-
tronic commerce has highly benefited from advances in indbion technologies: it uses the
Internet for purchasing and selling goods and servicefydinag service and support after the
sale ‘(Kauffman and Waldén 2001). Hence, the Internet is aumefbr business transactions.
The rapid development of these technologies has affecéadisin of negotiations and tradi-
tional auctions — innovative negotiation protocols andiaadnstitutions based on new tech-
nological possibilities have been applied to complex nagjon situations. In particular, elec-

tronic negotiations take advantage of this technologicadjgess. Their processes are fully or
partially conducted using electronic media, e.g. negotiadupport systems, decision support
systems, knowledge based systems, and systems for conationisupport. As electronic
media provide the basis for information processing aaisiatnd communication activities,
they enable negotiators to communicate and coordinateabtvities via electronic channels.
These electronic channels have to be thoroughly desigree@|aped and introduced into a
functioning system. In traditional negotiations the medineed not be specifically designed
to help the negotiators and support the communication geode this case, a medium is the
platform where transactions are coordinated through dgesractions (Strébel 2003; Strobel
and Weinhardt 2003). Theedia reference modéMRM) presents a framework for the def-
inition of a medium‘(Lechner and Schn%id ZObO; Schmid and heHI’l999). It is described
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by a channel, transporting information, a language emplaygommunication and an orga-
nization describing the roles of the agents and the protdebhing all allowed interaction
activities.

Definition 2.2.5 Medium

A medium facilitates transactions through (1) a channetesysto process and communicate
information over space and time, (2) a logical space whicleeines the syntax and the
semantics of the information, and (3) an organization whiekaidibes the agents’ behavior
(their roles) and the interaction among the agents (prot)ad:lélose et alt 2000).

According to the definition of mediu#n, Bichler et al. (2003Jide e-negotiation medias
"information systems comprising electronic channels that@ss and transport data among
the participants involved in a negotiation and provide #fpten where transactions are coordi-
nated through agent interaction. They implement the rdlesmmunication in a negotiation
protocol." The e-negotiation protocol is a model of the &l@uc negotiation process, govern-
ing all the rules concerning the process, permissible iiesy their sequencing and timing as
well as information exchange. An electronic negotiatiselitcan be defined as a negotiation
where the interaction and information exchange occurs ketr®nic media iBichIer et al.
‘2003; Kerster 200%; Strc‘jdel 2003):

Definition 2.2.6 Electronic Negotiation
Electronic negotiation (e-negotiation) is the negotiatjorocess that is fully or partially con-
ducted with the use of electronic media.

Electronic negotiation processes can be considered framerspectives: (1) informa-
tion processing and (2) interaction and communicationveiets Kerste@S). The first
perspective focuses on the construction, implementatiwhuse of models and systems to
process information; the second perspective is relatel@ttrenic media. The processing and
storage of information and production of knowledge is eedlbly the use of electronic media.
Moreover, all communication is performed with electronilig{tal) channels that transport
data. Thus, in electronic negotiations the design of thetielric medium and the relationship
to other related components gain importance. The electrmedium has to be constructed
for the specific purpose of facilitating the communicatictiaties.

When considering electronic auctions, these can be definada®ns which use elec-
tronic media for the exchange of bids.
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Definition 2.2.7 Electronic Auction
An electronic auction (e-auction) is an auction which isyudr partially conducted with the
use of electronic media.

The processes which are supported by electronic media famgethe design and creation
of an electronic auction to the bidding process, the winregemination as well as the de-
termination of prices. The use of electronic media enablesermomplex bidding processes,
allowing bids over multiple, homo- or heterogenous objeatsl even bids on single or multi-
ple qualitative issues. In the case of multiple qualitaisgies, the measured utility indicates
preferences over combinations of issues instead of pridesse innovative auction protocols
extend the capabilities of standard auction protocols #od @ealing with common negotia-
tion situations.

Through electronic media, bidders have access to auctimhsan submit their bids from
nearly every location. Participation occurs independénh® location: bidders do not have
to meet at a certain place (or a certain time), thereby atigvei large group of bidders and
potential buyers to be reached (Ehrhart angl Ott 2003). Téestronic auctions are no longer
constrained to physical locations. Furthermore, they aeerflexible concerning duration or
timing of bids ‘(Lucking-ReiIeyL/ 2000).

An example of electronic auctions are online auctions tisatthe Internet as electronic
medium. When considering for example the consumer-to-cnasu(JCZdﬂ sector, the most
common and popular auction listings in the Internet areretfdy eBa@, Amazo& or Ya-
hoo**. These companies have announced their own auction plaforrauction-listing ser-
vices which provide various trading mechanisms for seltfieg or used items from consumer
to consumer. Auction sites sort their auction listings btegaries such as "Collectibles”,
"Electronic&Computers”, "Books", etc. and even subcategorieb as "Stamps", "Coins",
or "Toys" under the "Collectibles" category. A seller can gagéploy an auction and assign
it to one of the auction listings in a selected (sub)categ8garch engines and hierarchies of
auction listings make it convenient for bidders to find tresris they are looking for. Addi-
tionally, the auction listings help the seller to reach gdagroup of bidders or enter into new
markets.

The eBay auction, the Amazon auction and the Yahoo! auctigoil@nthe same proxy
bidding mechanism, i.e. an English auction with proxy-imdd Differences can be observed

The participants in an auction are private sellers and tsyuyghich is what is meant by the expression
consumer-to-consumer (Ehrhart and‘Ott 2003).

125ee http://www.ebay.com.

13See http://www.amazon.com.

14see http://www.yahoo.com.
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particularly in the list of bid increments, the ending ruéeswell as particular auction features
such as Amazon’s First Bidder Discount or Take-it price, oryéBBuy-it-now feature. The-
oretical and empirical evidence concerning bidder behiaaal strategies in online auctions
have been presented by e.g. Ariely et ’aTéOOZ), Ockenf&:lsl%otﬁ (2002), and Ockenfels
and Roth‘(2006). In auctions with a hard close a great actofithidding at the very last
moment before the auction ends is observed. That is, bidd&esn from bidding as long as
there is time for rival bidders to react, thus avoiding a mddvar which might raise the final
transaction pricé. Ockenfels and R&th (ﬂOOG) analyze supimgreffects: in the eBay auction
with hard close, the frequency of late bidding is higher careg to the soft close auction on
Amazon?®

Lucking-ReiIey‘(ZOOOi, Guptaand BapILIa (2002), and Ehrharin(2003), for example,
review auction mechanisms that are generally used for bssitransactions on the Internet.
The auction mechanisms range from the standard auction tg@elvanced auction types such
as multi-unit auctions, multi-item auctions (combinaabauctions), multi-attribute auctions
or reverse auctions. These advanced auction types areardegifsactions in the business-to-
business (B2B) sector. Moreover, auctions have been compapatsted price mechanisms
for the sale of identical items or name-your-price mechasisboth of which are used for
selling via Interne@

A key factor of auctions using information technologies ise"{potential for achieving
higher efficiency" than traditional auctions (Gupta and Bapf802). Electronic auctions im-
prove efficiency in two ways (Milgro@oy (i) electroniaaions enable bidders to dis-
cover prices for (unique or rare) objects quickly and at lmstcand (ii) electronic auctions
may respond more quickly to changes in supply and demand.et#mwelectronic auctions
have also their limitations: the inability to see the objalaysically, the objects are described

BIn their strategic mode\l, Ockenfels and Rclth (2{006) give xeamwle of an equilibrium strategy in eBay
auctions with private values. Moreover, in the strategicdeiahere are other equilibriums yielding even higher

expected payoffs than the equilibrium presenteb by Ockeafed Roth (cﬁ. Seife}t 20b6).
6Auctions as competitive bidding procedures are dynamicimi mechanisms, meaning that the price of

an item emerges dynamically throughout the negotiatiortgs®. Traders of both sides (demand and supply)
compete against each other by bidding on the item. Posted prechanisms are static mechanisms that price
out items in advance and do not provide a competitive bidgirmgedure. Posted price mechanisms offer the
item at a fixed price, the posted price or take-it-or-ledverice: the seller posts offer prices for the item and
the buyers respond by taking or leaving the item at the arcenliprice mm&. In name-your-price
mechanisms consumers are asked to set the price for the gingl dffered. If the named price matches or
exceeds the price set by the seller, the named price is attaptl the transaction is completed. Otherwise, the
consumer’s price is rejected. Such a mechanism is alsadcadierse pricing: agents are asked to name their

price without an explicitly available reference pant (MB).
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on-line by electronic images or text descriptions, and thesility of fraud, e.g. no trans-
action of object and payment, shill bidding or coIIusion\(lm}‘ZOOS: Luckinq-ReiIeLv 2000;
Turban 1997}

Therefore, researchers have recently started to modettaspférust and reputation in auc-
tion mechanisms (c‘f. Brar%t 2d03: Rolli eﬁ‘al. 2b06). For bbthyers and sellers, reputation
mechanisms in the form of feedback and rating systems haedmveloped.

Electronic auctions have proliferated on the Interneteeigly for use in business trans-
actions; their usability for complex interactions has @ased and they are more suited for
traditional negotiation situations. But, as WurAnan (20Q4jes, "the successful deployment
and operation of an online auction system requires knovdedgnechanism design, system
architecture, and successful Internet business practices

2.2.4 Comparison of negotiations and auctions

The question "Are all e-commerce negotiations auctions®'amswered with "no" by Kersten
etal. kZOOb). The authors argue that electronic auctioma@important vehicle in conducting
business transactions and can be viewed as negotiationsit Big same time they state that
"there is more to negotiation than can be addressed withitiogwicameworks" (Kersten et al.
2000).

Traditionally, negotiations are applied to situations vee creation of an object’s value
by competition or cooperation is the major objective. Theipi@ants negotiate about a single
issue or multiple issues of one or more well, partially, bdéfined objects. Moreover, negoti-
ations occur between parties and are either (i) bilatarpmlti-bilateral, or (iii) multilateral
negotiationg® For example, multi-bilateral negotiations are common igiibess.

Auctions play a major role in situations where the detertmamaof value is the main
objective. Traditionally, auctions are resource allamatnd price discovery mechanisms for
standardized and well-defined objects. The determinatigmice is solely based on the bids
submitted by the bidders during the bidding process — thermoiother input. Hence, the

17shill bids are "false-name bids" by a buyer with a false itgntn situations (such as Internet auctions)
where the auctioneer cannot completely determine theitdenbf bidders, bidders can profit by submitting
additional bids under false identities (Ausubel and MingﬁOOZ). In most cases of collusion, buyers form
coalitions such as bidding rings whose members agree natltagainst or outbid each other. They avoid the

auction or place phantom bids.
18A bilateral negotiation means that two parties who compati¥a cooperate in order to achieve a compro-

mise are involved. Multi-bilateral is defined as one partyidtaneously engaged in multiple negotiations with
selected counterparts. Multilateral involves more thao parties engaged in the process (Bichler et al. 2003;

Strobel 2003).
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rules of the auctions are defined a priori and known to eacticgent; during the auction
the rules are fixed. In most traditional auctions, the objedie auctioned is a single-item,
single-attribute and homogenous object, and the standantiba types of single-sided and
double-sided auctions focus on a single issue of the oljeetprice.

Auction theory interprets negotiations as price-discpveechanisms for markets. More-
over, through the use of auctions in electronic commerceguaion-centric perspective on
negotiations is created such that every structured me nge used in negotiations is
regarded as an auction (cf. for example to Beam and Sege ‘mzl;oucef et ail‘ 2000;
Wurman et al. 2001; Bartolini et AI. 2005). In electronic coence, business transactions

deal with complex objects and entailing circumstances sisahterpersonal dynamics, social
factors, cultural backgrounds etl:. (Kersten ek al. booo)e dse of information technologies
enables the trading of complex objects such as multi-itenfi+attribute or multi-unit ob-
jects, applying innovative auction protocols. These mok® have extended the capabilities
of traditional auctions to handle negotiation situatiombe difference between auctions and
negotiations begins to diminish with the presence of two oranssues. Nevertheless, differ-
ent types of negotiation protocols are needed to accounhédevelopments in information
technologies, their implications for the negotiation e themselves, as well as personal
relationships and social factors. "The presence of two oenssues begins to blur the differ-
ence between auctions and negotiations.] while auctions can be viewed as negotiations,
there is more to negotiation than can be addressed withiadbBon framework” (Kersten
et al. 2000).

In Table 2.1 characteristics of traditional auctions, itiadal negotiations and electronic
auctions are compared. The characteristics correspond.tthe participants, the objects and
their issues, the communication process, the informatiainange as well as the protocol
dBichIer et aIJ 2003). However, by moving traditional negtibns and auctions online, both
converge towards each other.

2.3 Electronic markets

The recent development in information technologies ins@dahe number and functionality
of information systems that involve organizations. Basrctions that are common to inter-
organizational information systems are (1) input funcsitmat accept input data from outside
the system, (2) storage functions that retain input dataetnetve stored data, (3) processing
functions that calculate and manipulate the input and dtda¢a in other ways, and (4) output
functions that produce processing results for use outhgleytstem. Such inter-organizational
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Characteristics of negotiations and auctions

Characteristic

Traditional Auction

Traditional Negotiation

Electronic Auction

Number of participants multi-bilateral, single or| bilateral, multilateral or multi-bilateral, single or
double-sided multi-bilateral;  arbitrary double-sided
number of sides
Participation open or restricted restricted open, restricted or rule-

defined

Consensus required

bid-taker and selected bid
der

selected or for all partici-
pants

selected participants

Number of objects

single, homogenous

single or multiple, homo-
or heterogenous

single or multiple, homo-
or heterogenous

Number of issues single single or multiple single

Issues structure well-defined well-defined, partially de- well-defined
fined, or ill-defined

Offer space fixed may be unknown and fixed
modified

Exchange and knowledge of offersyes yes yes

and concession-making

Logrolling (conditional conces- no yes yes

sions)

Knowledge of offers and conces
sions

- public or private

private (rarely public)

public or private

Exchange of opinions, argument
threats

5, N0

yes

no

Interdependence between bid-taker and bid1 full interdependence ex- between bid-taker and bid-
ders (single-sided) or bet cept multi-bilateral negoti- ders (single-sided) or be-
tween but not within sides| ations tween but not within sides
(double-sided) (double-sided)

Protocol a priori defined, explicit| well-defined or partially a priori defined, explicit

and fixed

defined; explicit or im-
plicit

and fixed

Competition versus cooperation

competition among bid-
ders on at least one of the
possibly two sides; coop-
eration prohibited

competition or coopera-
tion among the agents

competition among bid-

ders on at least one of pos-
sibly the two sides; coop-

eration prohibited

Process control

defined a priori

ill-defined, modifiable by
participants

defined a priori

Table 2.1: Characteristics of negotiations and auct#onshQBicet aIH 200‘3)
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information systems (I0S) are used to characterize eIeictmarkets‘(Bako‘s 1991). Bakos
describes electronic markets as "inter-organizationarimétion systems that allow buyers
and vendors to exchange information about prices and ptadfecings.” The definition given
in ‘Levecq and Weble (2002) states that "electronic marketbased on technology and are
highly automated, providing different types of servicesifwestors.” Common to these defi-
nitions is that an electronic market carries out a market véthnical aids to fulfil the needs
of buyers, sellers and other information carriers concgymnformation dissemination and
transaction. Electronic markets support the transactiongsses mentioned above, enabling
multiple buyers and sellers to interact, and provide aoddil services and tools. A transac-
tion is considered as the exchange of objects between salhel buyers. In particular, the
ownership of objects is transferred from one agent to ama@hd vice versa{ (StrdbMOS).
Thus, the goal of a transaction is to initiate, arrange amgjdete an agreement for an efficient
exchange of objects. Hence, the number of agents engagedainsaction is limited and the
number of interaction processes between the agents con@spo a finite number.

Definition 2.3.1 Transaction
A transaction is the exchange of objects between two agenta.trimsaction the property
rights of objects are transferred between the engaged aé@nt'sbel and Weinhar%lt 20b3).

An electronic medium which facilitates the transaction bjegts between agents constitutes
an electronic market (Strc’jﬂ)el 20&)3; Strobel and Weinﬂmdéz The electronic market al-
lows the agents to exchange information, goods, servitesaecording to pre-specified rules
or protocols. The main functions are the same as those of keingr) matching buyers and
sellers, (i) facilitating the exchange of objects, ang firoviding an institutional framework
that enables the efficient functioning of the market (Bakd8)9A key characteristic of elec-
tronic media and thus of electronic markets is that theyradependent of time and space, as
well as being ubiquitous and available glob:ﬁlly (Schmid ta'rnnﬂemanl#u 1998). Furthermore,
both human and software agents have access to electrorket®iand can participate in the
transaction. The market institution defines the coordamathechanism for the exchange of
objects as well as the information and communication pceésereby, the distinct phases of
the electronic transaction are supported by electronicianaad therefore electronic market
services.

Definition 2.3.2 Electronic Market
An electronic market is a market that uses electronic mealidrbnsaction. The phases of
transaction are fully or partially supported by electromedia.
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A transaction can be grouped into logical sub-processessé Bub-processes form the phases
of a transaction‘. Schmid and Lindemann (1998) and Schiﬁ%li@lentify four interaction
phases of an electronic transaction: (i) kmowledge phasdii) the information phasg(iii)
theagreement phaseand (iv) thesettlement phas@ased on the knowledge and information
received in each phase, agents choose different actions.

() Intheknowledge phasagents gather information about the characteristics obliect
and the profiles of engaged agents, as well as trade corliéind juridical aspects.
Based on their knowledge, agents advertise their willingnesnteract about an object
to a target group of potential transaction partn’?(St 3).

(i) Intheintention phasagents specify their intention to buy or sell based on timeivid-
ual supply and demand function. For instance, agents subaeiitoffers.

(i) In the agreement phasthe terms and conditions of the transaction are negotiated.
successful negotiation results in a consensus or mutuaeagnt, leading to a d@l.
A legal-binding contract, determines the conditions of ¢tbasensus and the involved
parties and manifests the agreenvént.

(iv) Inthesettlement phaghe agreed-upon contract is executed according to the tiomsli
determined including all processes (e.g. exchange of gandsnoney) and negotiated
services (e.g. delivery services, warranties).

The agreement process represents the complete agentiitteria the intention and agree-
ment phases. The agreement is based on the bids (offers anttcoffers) submitted by the
agents; the bids are the interface between the intentionhendgreement phase. The agree-
ment process follows the implemented protocol — this cdreeibe a negotiation or an auction
protocol. In both cases the goal is to achieve a mutual aggereand execute the contract
made. Note that an agreement can also be reached withoubtati rocess, e.g. if agents
merely accept the bids of their counterparts (Strobel anthNegedt 2003).

Both, traditional and electronic markets, use media to itatdl transactions deploying
negotiation or auction protocols. The facilitation of infeation exchange, the negotiation
about an object, the finding of an agreement, the settlenfemttransaction, and lastly the
economic exchange are major purposes and benefits of manketh are independent of the

underlying mediun4 (Strecﬁ r 2004).

19A deal is the result of a mutual agreement among agents faxtieange of objectg (StrOH;el 2003).
20The legal aspects and conditions of a deal are fixed in a ain#kacontract is the legal basis for the deal and

specifies the conditions, the involved parties, the objéttterest, and the rights and responsibilities of contract

partners (Schmid 19b9).
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2.4 Methods for the design and analysis of electronic mar-
kets

Game theory, the theory of mechanism design, and exper&ineabnomics are basic eco-
nomic methodologies used to design and analyze electromikats. Most research in game
theory focuses on the interaction of groups or rational egdfrom an economic perspective,
"game theory is the part of economics that deals with the flse game that define market
operations" (Roth 1999). In particular, market instituaan be modeled by methods from
game theory, e.g. auctions can be described as games watimjhete information. Closely
connected to game theory is mechanism design theory. Whiarme theory the rules of the
ame are taken as given, the "rules of a game" in mechanisgriésiory should be designed
jLevine 2006). Mechanism design regards the consequeficifevent rule types: Firstly,
assumptions concerning agents’ preferences, behavidrinésrmation are made, secondly,
the mechanism allowing agent strategies to produce outsasngesigned. The mechanism
should thereby fulfill desirable economic properties andex® a desired outcome. The stan-
dard approach to mechanism design is to formulate the desaiiem as an analytical opti-
mization problem subject to the assumptions made. By intiodutherevelation principle
mechanism design is reduced to the optimizatiomoéntive-compatible direahechanisms.
Nevertheless, there is no guarantee that the mechanisgndasiblem will be solved or that
the desired properties will be achieved. Mechanism designfail due to e.g. problem dif-
ficulty or computational consideratior%s (Kalagnanam amliﬁZOOb). Therefore, methods
for testing and evaluating the designed mechanism are segesExperimental methodolo-

gies are one example for testing theoretical predictiomsthe robustness of mechanisms to
unmodeled human behavior. In particular, laboratory @rpemts with human subjects allow

for the control of carefully designed variables, the obaton of predicted behavior and the

outcome for the designed mechanism.

2.4.1 Game theory

Game Theory forms the basis for various areas of research,aaumechanism design theory,
auction theory, experimental economics, negotiationyamaktc. In essence, game theory is a
formal way of analyzing interaction between rational agemho behave strategicafly.One
way to describe a game is by listing the agents participatirige game, the possible choices

2IA rational agent chooses his best action to play in a game. Note thatithefaa rational agent is to
maximize his payoff.
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(called actions, strategijag) available to each agent afekaected) utility of each agent which
agents strive to maximize.

Definition 2.4.1 Game
A gamel’ = (N, X, u) is defined by

(i) asetofN = {1,...,n} agents,

(ii) the strategy spac& = >; x ... x X,, whereX; is the strategy space for each agent
1€ N,and

(ii) the payoffs of all agents : ¥ — R", u = u(s) = (uy(s),...,u,(s)), where agent’s
payoff functions is given hy; : ¥ — R withu;(s) = w;(s;, s_;) for each strategy-profile
s=1(81,...,8,) € X.

The strategy choices of all agents except agesdenoted withs _; = (s1,..., 8,1, Sit1,.-.,5n) €
Y._; whereX_; is the strategy space of all agents but agefh a game the agents’ decisions
determine the outcome, and players having preferencestweutcome strive to maximize
their payoff. In particular, as an agent’s payoff is influeddy the strategies of the other
agents as well as by his own strategy, agents do well in giredieach other’s actions.

Definition 2.4.2 Dominant Strategy

Given agamé' = (N, >, u). Agenti's, i € N strategys; € 3; is called a dominant strategy
of agent: if and only if strategy; is the best response to any strategy profile € >_; the
other agents may play:

*

ui<3i ) S*i)

v

Ui(Si, S,Z’) Vsi S Ei, S_; € E,i

ds_; € X wi(sh,si) > wi(siys—;) Vs; # 85,8 €%

One property of a dominant strategy is that it maximizes tenés payoff no matter what
the strategies of other agents are (Fudenberg and Hl'iro[é)lgte that in mechanism design
literature, a dominant strategy is formulated in a weakesse Strategy! is a dominant

strategy if it (weakly) maximizes the agent’s expecteditytilor all possible strategies of

other agentsy; (s}, s—;) > w;(s;, s—;) forall s¥ # s;,s_; € ¥_; (Jackson 2003; Parkes 2001).
A solution concept to a game is given by an equilibrium, astyacombination consisting

of a best strategy for each player. Solution concepts coeningt outcome of the game (the

22In general, more than one decision maker exists in a game ¢alked player); if there is only one decision
maker, the game becomes a decision problem.
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payoffs) with self-interested agents. The most well-kn@stution concept is the Nash equi-
librium, a profile of strategies such that each agent’s exgsats a best response to the other
players’ strategies. A stronger solution concept is thalidgum in dominant strategies. It
is a strategy combination consisting of each player’s damtirstrategy and thus makes no
assumptions about the available information agents mag abwut each other. Beliefs about
the rational behavior of other agents in selecting one’s etvategy are not required. The
following definitions are according ko Fudenberg and Ti(d/@91):

Definition 2.4.3 Nash Equilibrium and Equilibrium in Dominant Strategies
Given agamé' = (N, X, u). A strategy profiles™ = (s7,...,s’) € ¥ is called

(i) a Nash equilibrium if and only ifi; (s}, s*;) > u;(s;, s*;) Vs, € ;Vie N

(i) an equilibrium in dominant strategies if and onlysif is a dominant strategyi € N

A third solution concept is thBayesian-Naskquilibrium. It is a Nash equilibrium in a game
of incomplete informatioﬁ In a game with incomplete information at least one agent is
uncertain about the other agents’ types. These types ar@information only known by
the agents themselves. Every agent has some beliefs alsotytpis of agents given by a
probability distribution of the agent types. This may algodxpressed by nature’s move right
at the beginning, choosing the agents’ types with a certaibability. Thus, every agent has
incomplete information about the agents types, i.e. ttaegjies of the agents as functions of
their types, information partition and agents’ payoff ftians.

In an Bayesian-Nash equilibrium, every agent selects aeglydab maximize its expected
payoff in equilibrium given the expected utility-maxinmgj strategies of other agents. In equi-
librium, agent’s strategy is a best response to the distribution overegjias of other agents,
given distributional information about the types of othgeats.

In game theory, two leading frameworks are distinguishé&gl:cooperativegame theory
and (2)non-cooperativggame theory. Cooperative game theory analyzes optimaégtest
for agents and assumes that agreements between them cadd®amsacooperative behavior

23In game theory the following information concepts are digtiished: Information isommon knowledgéit
is known to all players and each player knows that all of thevk that all of them know, and so on. Information
is completaf nature does not move first or her initial move is observdiylall agents. It isncompletdf nature
moves first and her move is not observed by at least one agemgdme wittperfectinformation each player has
knowledge about previous actions and thus knows at whigedie is in the game. No moves are simultaneous
and even nature’s moves are observable. Incomplete infamianpliesimperfectinformation. Note thahature
in a game is considered a non-person player which choosessett a certain point in the game with a certain
probability.
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may be enforced. A cooperative game is a competition betwealitions of players rather
than between individual players. Non-cooperative gamerthievolves games in which play-
ers can cooperate, but any cooperation must be self-enforce

Within the non-cooperative literature, normal form ganm&at(c) and extensive form games
(dynamic) are distinguished. Focussing on games wotipleteinformation, a game in nor-
mal form is also called a game in strategic form. In particudgents choose their actions
simultaneously and their payoff functions are common keolge. An extensive form game
models dynamic situations and analyzes the dynamics of & gaAngame in extensive form
specifies the complete sequence of actions played by eanh ageeach agent’s path through
the tree, the complete list of agents’ payoffs, and the ak@linformation at each node in the
tree.

Auctions are examples of games with incomplete informatidhe rules of the auction
fix the rules of the games — they are common knowledge to théebéd Auctions can be
described as an extensive form game where the rules of themauthe number of sellers
and buyers, the bidders’ types as well as any choices byendatermine the extensive form
dWiIson‘ 1991). The rules as well as the bidding process neterthe available information to
each bidder. If all information is common knowledge, thestypf the bidders, the information
partition as well as the bidders’ payoff can be specifiedniagure’s moves can be observed by
all bidders. However, in principle, the types of the bidderg. their preferences, characteris-
tics, endowments, are rarely known by other bidders. Thustj@ns are studied as extensive
games under the constraint that nature chooses an assigoftgpes for bidders that is not
observable by all agents —information is incomplete. Fangxe, a static single-item auction
might be described by a game tree with simultaneous move# bidders, corresponding to
a normal form representation. The number of bidders miglttdmemon knowledge, whereas
the valuations of the bidders assigned to the item are privbrmation. The actions of the
bidders are bid functions based on their valuations.

2.4.2 Theory of mechanism design

The design of mechanisms may be described as studying tlymadsnstitutional rules under
the assumption that each agent behaves according to his @alngile having only private
information. Consumers have information about their resyepreferences, producers about
their technologies, and resource holders about the ressursccording t$ Hurwi(H (2973)
mechanisms should guide the agents towards actions whechtdeast feasible and should
have certain desired properties such as allocative eftigiehe main difficulty lies in the
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proper integration of information and incentives: ageragehdifferent beliefs which reflect
differences in their information and may not reveal thairetvaluations. Mechanisms need
to employ incentives or enforcement schemes such thatsagkate their private information
Hurwicz 1973). Mechanisms that apply such concepts atedialcentive-compatible
In essence, a mechanism is a set of rules that governs ageratcition (Milgrom&

The design of the institutional rules through which the agarteract can have a profound im-
pact on the results of that interaction (Jacmson 2003). @recrules of the mechanism and the
designer’s objective have all been specified, the desigr@ies a solution concept to predict
the outcome and evaluates that outcom(J (cf. Milgrom 2004tz 1987). In a mechanism,
each agent has a message (strategy, action) space, andabmewf the mechanism results
as a function of the messages chosen.

Definition 2.4.4 Mechanism

Given a list ofn agentsi € N = {1,...,n}. A mechanism\/ = (¥,...,%,,9(:)) Is
composed of two elements: the defined set of messages, antpahfaoctiong(-) such that
the mechanism

(i) defines for each agemta family of messages (actions) available with actiors; € ¥;,

(i) provides the outcomeg: ¥, x ... x X, — O with g(s) = g(s1, ..., s,) for the strategy
profiles = (s1,...,8,).

This definition of a mechanism is based on Par’;s(ﬂg‘bl).

Focussing on auctions as mechanisms, the message spamsatiedboutcome is the allo-
cation determining who gets the object, and the paymentpéeifies how much each bidder
pays — it is a function of the submitted bids.

The main objective of mechanism theory is to have a systertatk at the design of insti-
tutions and how these affect the outcomes of interac iockMS). Mechanism design
focuses on the institutional design under certain objestand considers the consequences of
different rule typeg (Bichlgr 2001). The basic assumptioedizat (i) agents behave strategi-
cally and (ii) agents base their behavior and decisions @in piivate information at hand. An
ideal mechanism provides agents with a dominant stratedyraplements a solution to the
allocation problent? The solution of the allocation problem, also called windetermination

24For similar definitions of a mechanism please refér to Nisrahl%onen‘ (2001) &)r Jacks%n (2003). Nisan and
Ronen (200‘1) define a mechanism as a tupel of the output umgti) and ann-tupel of paymentsps, . .., p,)

where the mechanism provides each agent with a paymentp;(s1,...,s,), 7 € N.
25A dominant strategy maximizes the agent’s expected ytikihyatever the strategies of other agents are.
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problem, is achieved through an algorithmic approach,radeteng the winner and the out-
comes.

A mechanism design problem consists of two components:I¢fagitnmic output and the
specification of the agent’s private objectiwt/e (Nisan andthtEZ\OO@{;I.]e The output specifica-
tion is a function called theocial choice functiorf, which selects the optimal outcome given
the agents’ types. Each agenE N has some private input (its typ8) € ©,. Everything
outside its type is common knowledge. The functijpn ©; x ... x ©,, — O chooses an
outcomef(0) = o € O. That is, the output specificatiohmaps a set of allowed outcomes
o € O to each type vectdt = (64, ..., 6,). The mechanism design problem involves design-
ing a mechanisnd/, so that individuals interacting through the mechanisnehagentives to
choose messages as a function of their private typtat leads to socially desired outcomes
o € O (cf. ‘Nisan and Roné‘n 20b1: Jackson 2003). Agents choosestinaiegies to maxi-
mize their own selfish utilities, which can be influenced byrmpants to be made. Thus, the
mechanism needs to ensure that the agent’s utilities arpatiote with the institutional rules.

In other words, the mechanism design problem involves implging "rules of a game" to
implement the solution to the social choice function desphe agent’s self-intereit (Parkes
%%1). Given a mechanism with the output functipna mechanism implements a social
choice functionf(0) if the computed outcome is a solution to the social choice function:

0= g(s(0)) = f(0).

In general, the number of possible mechanisms, which faonei@allow multiple rounds
of interaction or complex resource allocation, is very éargrinciples are necessary in order
to restrict the mechanisms to a smaller or particular setemftranisms and simplify the search
for best mechanisms. Thievelation principlestates that any mechanism can be transformed
into an equivalenincentive-compatible direct-revelation mechantbiat implements the same
social choice function (Jackson 2003). To explain this@ple the termgirect mechanism
andincentive-compatible mechanidrave to be clarified: In a direct (direct-revelation) mech-
anism each agent is asked simultaneously to report his tfjpe. only action available to
the agents is to make claims about their types. An incemrapatible mechanism is a di-
rect mechanism where each agent truthfully reports his. typeentive compatibility implies
that agents, behaving selfishly, choose to report theiapivnformation truthfully out of
their own self-interest. The revelation principle allove ttransfer of results established in
the space of direct mechanisms to all mechanisms. An exaofiaa incentive-compatible
direct-revelation mechanism for the single-item allomaiis the second-price sealed-bid auc-
tion (Vickrey auction). Actually, the Vickrey auction issérategy-proofmechanism, meaning
that truth telling is the most profitable strategy for eaclragno matter what the other agents’
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strategies are. Neither bidding above or below the trueat@aln of the object benefits the
agent?®

One of the most prominent mechanisms in mechanism theoheisd-called Vickrey-
Clarke-Groves (VCG), pivotal, or Groves mechanisms (\ﬁd‘d@ﬁﬂ Grovég 1973) for prob-
lems in which agents have quasi-linear utiligésﬁroves mechanisms are efficient and strategy-
proof. In fact, the Groves family of mechanisms are the ordghanisms that are allocatively
efficient and strategy-proof amongst all direct-revelativechanisms. A special type of VCG
mechanism is the Generalized Vickrey Auction (GVA), whiadndtes the application of the
VCG mechanism to combinatorial allocation problems (Vigki®61; VariaA 199§3. The
implementation of the GVA is a sealed-bid combinatorialtennc Nevertheless, Groves mech-
anisms have a few bad computational properties: (i) ageuast report complete information
about their preferences to the mechanism and (ii) the opaitian problem is solved centrally
based on the submitted preferences. Note that in combiabttomains these burdens are
difficult to overcome.

To summarize, mechanism design theory discusses seveérges of mechanisms.
These properties are helpful for designing market mechais he following lists the most
desirable properties of mechanisms (Parkes 2001):

(i) Allocative efficiencyAn efficient allocation of resources maximizes the sum diviidl-
ual profits.

(i) Strategy-proofnes#chieving an allocative efficient allocation of the resoes requires
that all agents truthfully report their valuations. Theedirmechanism should thus in-
duce incentive compatibility, i.e. all agents report th@ieferences truthfully in equi-
librium. In the optimal case, truth telling is a dominaniaségy, since the agents have
no incentive to untruthfully report their preferences iderto increase their individual
utility. In this case, the direct mechanism is strategyejpro

(i) Individual rationality: Another requirement is that the agents voluntarily joia thech-
anism. This in turn requires that the profit the agents ddrom participation is greater

26A strategy-proof mechanism is also called a dominantegsaincentive-compatible mechanisﬁ(ﬂrkes
2001). Itis a direct-revelation mechanism where truthelation is a dominant strategy equilibrium.

2"Common assumptions in mechanism theory are that agentssireeutral and have quasi-linear utility
functions M@Ol). Each agéatpreferences are given by a valuation functig(9;, z). Its quasi-linear
utility will be w; = u;(0;,0) = v;(0;, ) — p;, where outcome defines a choice from a discrete choice set and

a paymenp; by the agent. This is the utility the agent aims to maximize.
28The Generalized Vickrey Auction (GVA) is a generalizatidrite Vickrey auction involving more complex

problems, e.g. combinatorial allocation problems (Vadaa5).
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or equal to that from non-participation, since the agentsldvotherwise decide to opt
out.

(iv) Budget balanceA mechanism is said to be strictly budget-balanced if thewam of
prices sum up to zero over all agents. In this case funds atteeneemoved from the
system nor is the system subsidized from outside. Striagéulolalance is an important
property since the resource allocation can be performed abst. In case the mecha-
nism runs a deficit, the agents running a deficit have to bediabd. Such a situation
cannot be sustained for an extended time period.

(v) Computational tractability Computational tractability considers the complexity offco
puting the outcome of a mechanism from the agents’ stregegith an increasing size
in bids, the allocation problem can become very demandihgs Tcomputational con-
straints may delimit the design of the proper mechanism.

The theory of mechanism design provides a theoretical toolbr the design of institu-
tions in yielding desired properties or a desired outcomechanism design uses methods
from economics and game theory to design the rules of inierator economic transaction.
In particular, mechanism design theory "bridge[s] the gajveen theoretic microeconomic
implications and practical applicability” (Neumﬂnn 2004)

2.4.3 Experimental economics

Experimental economics provides methods to test gamedtieonodels and observe behav-
ior in a controlled environment. Experimental methods hbgen used in many research
disciplines, ranging from physics and chemistry to psyefgland economics. In economics
the introduction of experimental methods was motivated Hgoties concerning industrial
organization and market performanl:ei(P’Ftl%Z). In essethe methodology of experi-
mental economics is twofold: first, to motivate behaviorahdratory economic environments
whose equilibrium properties are known to the experimeoteatesigner, and second, to use
the experimental observations to test predictive hypeheerived from one or more formal
or informal models of these equilibrium properties (Smi@i®2). To be more precise, from a
formal point of view, experiments are used to test theorye #sted theory consists of a set
of axioms or assumptions and definitions, and the logicatlkesions that follow from them
dFriedmann and SundLer 1994). The aim is to test whether #aryths formally valid and
internally consistent and if conclusions are provable ftbmassumptions. The methodologi-
cal ideal of experimentalists is to derive a testable hypsithfrom a well-specified theory, to
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implement experiments with a specific design and contezeigpecific auxiliary hypotheses
,SLith@Z). However, the primary purpose of scientificegkpents is to find regularities
in the observed data or behavior within various environsantd see which theories best fit
these regularities. To test theoretical models, econsmisip the model in a laboratory exper-
iment that captures the essence of the relevant theorynTdgping requires the experimenter
to design institutional details, i.e. the degree of infotiova provided in the instructions, the

way information is presented, whether valuations are iaduo the subjects, the communi-
cation allowed between subjects, etc. Such institutiortdits are important to design since
they might affect the result of the experiment. For instaesp@eriments are applied in order
to analyze market mechanisms such as auctions and onestbangaining situations, to bet-
ter understand and improve the features of market mechanisna to test newly-designed
market mechanisms before introducing them as operatingatsar

In essence, experimental work "[...] includes experimeatsghed to test the predictions
of well-articulated formal theories and observe unpreiategularities in a controlled envi-
ronment that allows these observations to be unambigudusispreted in relation to theory”
dKaaeI and Roﬂh 1995). Controlled environment means thattperementer has complete in-
formation about the economic data and that the institutinries as well as the informational
conditions are under the experimenter’s control. Only ectibje aspects of agents, such as
agent’s risk attitude, cannot be controlled.

Experiments are based on the principle of varying indepeingsiables while holding all
other influences constant. The objective then is to meabereftect of the variation of the
variables. Important variables are controlled, that i$ they are held constant at a convenient
level. Such variables are also calkegiatmentvariables. By varying all treatment variables in-
dependently, the clearest possible evidence on theirtsffeobtained (Friedmann and Sunder
1994). Focussing on experimental economics and laboraéspurce allocation experiments,

the market institution appears as treatment variable vihdenarket environment is kept con-
stant ‘(Smitﬂ 2003)‘. Smi‘tl% (2003) introduces microeconosyiatem theory as a conceptual
framework in conducting market experiments. The marksttut®n is controlled by impos-

ing and enforcing institutional rules on the experimentdjscts; the market environment, i.e.
the agents’ characteristics, knowledge endowments, asdage behavior cannot be observed
and thus cannot be directly controlled. Therefore, ineestschemes in the form of a mone-
tary reward structure are imposed on the agents to coneol characteristics. In particular,
in order to achieve control over the agents’ charactessdind thereby achieve a controlled
environment, the reward function must satisfy the condgiof non-satiation (monotonicity),
saliency, dominance and privamith 2003).
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One natural question in experimental theory is whethergabple results from experiments
are transferable to field data, or data which is derived frehad fbbservations. It is a question
of whether the general principle of induction is appliedxperimental research: observed be-
havioral regularities will persist in new situations asdas the relevant underlying conditions
remain substantially unchangéd (Friedmann and Sljnde})lwépositions about behavior
and performance of institutions that have been tested inlas@atory microeconomy also
apply to other (laboratory) microeconomies where simitarditions are found (parallelism).

In laboratory experiments scientific data is achieved tghoaontrolled processes that
should be replicable by other experimentalists. The istaredata replicability stems from
the desire to answer the question "Do you see what | see?"{SiB&7). This question
confers on three aspects which should be fulfilled for expents that other experimenters
successfully replicate. Experimenters should be ablegoodrice the result of the original
experiment, i.e. the observations made, the way the oldelata is interpreted, and the con-
clusions drawn should be the same. Documentation stanttatave been developed to
enhance the replicability of experiments comprise foureatp (i) subjects, i.e. the scripts
(instructions) handed out to subjects that supply desoriptof players, their action choices,
and the possible payoffs, (ii) the laboratory environmerd, copies of the deployed software
and descriptions of hardware used, (iii) raw data, e.g.epf all valid data received in the
experiment, and (iv) data processing, e.g. keeping readrsigecific procedures used for data
analysis‘(Friedmann and Sunder 1994).

Replicability and control are two major means which suppoetdattempt to reduce errors in
the common knowledge of economic processes.

Nowadays, experiments are widely used in game theory, feyaard e-commerce. Par-
ticularly in the field of e-commerce, the experimental aselpf an electronic market is only
possible if the electronic market institution is implemashin a running information system.
Such an information system is often represented by a woekaiottotype which helps in con-
ducting laboratory experiments. However, in dealing witese unsolved questions, labora-
tory experiments provide the best way to test a theory antbexthe effects of variables that

are difficult to observe, measure or control without expental analysis.
|

|
Roth M) states that bringing together the knowledgeeaming practical questions on
market systems, the appropriate design of mechanismsit@ farmation such as auctions,
etc. is the most demanding task in the long run. Experimeglsih learning about economic
environments as a function of size and complexity as welhasabustness of these environ-
ments, and in understanding which kind of environmentditat2 which kind of learning.
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2.5 Market engineering and computer-aided market engi-
neering

"Markets evolve, but they are also designed" (ﬁoth h999). d>asy electronic markets has
become an important issue for electronic commg’ddnlike traditional markets, electronic
markets are supported by electronic media; they must becmrsdy designed since they are
limited by the technical infrastructure.

Although there are many scientific approaches for analyaimd)designing market insti-
tutions, a solid engineering practice for electronic megke essential. An understanding and
deep knowledge of various research disciplines such aetos, computer science and ju-
risprudence is necessary as these disciplines are at tetstatly involved in the creation,
design, evaluation and introduction of electronic marK&sth 1999). So far, there is lit-
tle knowledge on which institutions are suitable for certsituations or how the outcome
of an electronic market should be measured and evaluatedhéfuonore, amtm%)
points out, the practical design of electronic markets badetal with complexities, mainly
of the economic environment itself, and the participantsategic behavior. Dealing with
such complexities requires more than simply attention éoitistitutional rules of a market.
Furthermore, additional methods and tools from other gis@s are needed to supplement
traditional approaches. For example, experimental ancpotetional economics are supple-
mentary theories that help in understanding complexitiessdnow how to deal with them.

Economic design has become an engineering task VariarJ)zamﬁre and more, an
economist is regarded as an "engineg(g oth ZBE)LZ; Vﬁgn)zmd has extensive knowl-
edge and a solid foundation in theory and methodology. "Excusts are increasingly called
out to give advice about how to design new economic instihgi (Roth 2002), as in the case
of auctioning telecommunication spectrum licences in tite U

The approach of market engineering and computer-aidedanarigineering presented in
the next sections is mainly based on contributioﬁus of Wertltret al. (2003), NeumanLﬁ (2d04),
‘Holtmann et al.‘ (20&2) and HoItmaAn (2004).

2.5.1 Market engineering

Market designers face a multitude of unsolved issues wieitggehing electronic markets. The
main objective of designing (traditional or electronic)nkes is to improve market efficiency.

2Market design or mechanism design is related to the designaskets and its rules; it is a sub-field of
the design of economics. In essence, the design of econamigises designing and maintaining economic

institutions (Rotﬂ; 2002).
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For example, markets need to be designed to maximize thiakét’s revenue, send the right
price signals, mitigate collusive behavior, provide psecnd accurate information to all par-
ticipants, or reduce entry barriers (Babin e‘t al. 2001). €h#gectives are achieved through
() the specification of the problem’s structure, the precasd further requirements, (ii) the
specification of the institutional rules and feasible atés, as well as their sequencing and
timing, (iii) the reasoning, whether the institutional dgsand information exchange satisfy
the required properties and whether the form and contentfofmation exchange has to be
redefined‘ (Bichler et ail. 2003).

From an implementation point of view, an electronic markeshguarantee efficient and
reliable communication, provide safe and trustworthy exgjes, ensure the correctness and
reproducibility of market decisions, and provide efficienimputation of market decisions,
among other aspecﬂs (Babin et‘al. 2001). Thus the person wedops and programs an
electronic medium for a particular environment requirescpge specifications to design and
implement this system. The software engineer use traditgoftware engineering methods to
design and implement an information system. Moreover, é@irements have to be clearly
defined such that the software engineer has a clear undéirggaof the goals of the system,
the functionalities, as well as the processes that have ¢oriteedded.

In general, the development and implementation of infoiomagystems follows the soft-
ware engineering approach that is based on two princigleises mathematical results to de-
sign and construct systems, and behavioral results thatrdete the needs and requirements
of the users® Software engineering makes use of methods, concepts, dadigrocedures
such as prototyping, rapid application development, anelablrientation to create, build and
deploy systems. Thereby, software engineering followsoggss comprising three phases:
() definition phase, (ii) development phase and (iii) manance phase (Pressr%an ﬁ001). In
the definition phase, the basic requirements of the systendefined. These requirements
encompass the specification of the problem, what the systemd do and which solution
the system would benefit from, the identification of usergjuieements, the identification
of information to be processed and activities to be supppdad procedures to produce an
outcome. The development phase includes the design andnmeptation of the procedures
and functionalities to which the requirements are mappedhé design phase, an answer to
the question "how the system is doing it" is given. The systentesigned from a high level
to a more detailed level, meaning that the problem strustare broken down into compo-
nents to which solutions can be applied. The result is a cetm@oftware code or program

30The objective of the engineering approach is to find solstiorpractical problems in a systematic way with
fundamental knowledge of mathematical and natural scize%hl and Beiﬂz 1984).
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which has to be evaluated, tested and integrated in orderrod system. Additionally, in the
maintenance phase the product is deployed and launchedjigeaating system.

Electronic markets are markets which use electronic memtiardnsaction. In essence,
electronic markets are information systems that procedd¢ransport data, and provide com-
munication for agent interaction. Thus, "designing eleutronarkets is consequently also
a software engineering tasIL" (Holtmann et al. 2002). Theremging of electronic markets
requires extensive knowledge of economics and computenses: the institutional rules of
the electronic market must be implemented in an informadimiem and result in a function-
ing system, such that several economic desiderata araexttaAs the relationship between
institutional rules, agent behavior and market outcomearsllly known, electronic markets
require conscious design. The design of market institst&mfts from a pure science to en-
gineering — market engineerin (Weinhardt e{ al. ﬁZOOS). gimpose of market engineering
is "to develop economically founded approaches and meth@tsstipport the designers in
facing the difficulties associated with the design probleéMéumanH 2004). Market engi-
neering is a structured, systematic and theoreticallydedrapproach towards the design and
operation of electronic markets: (1) the design is diretb@dards the definition of all institu-
tional rules and creation of an electronic market as weltsadeployment; (2) the operation
is directed towards the maintenance of an electronic makeiperating system, and (3) the
theoretical foundation is directed towards a deep undwigig and knowledge of electronic
markets (Weinhardt et &I. 2dd3: Neumann 2004). The ingiiat rules of an electronic mar-
ket comprise not only rules concerning the microstructumarket institution) but also the
IT-infrastructure as well as the business structbre (Hattmet ai. ZOOﬁ; HoItmaHn 2d04).
The market structure (institutional rules) is a combinatd these three perspectives which
exist independently.

The main objective in market engineering is to solve thegitegroblem, or to consciously
design electronic markets. While designing the institiglonles, the market engineer wants
to achieve a certain effect and economic performance of #rkenh At the same time, the mar-
ket engineer has to predict the strategic behavior of thatagend their reactions since they
strongly influence the outcome. But the anticipation of agjénture behavior is a very diffi-
culty task. To overcome these burdens, market engineeuggests a discursive approach: to
break down the complex design problem in smaller, less cexqmioblems that can be solved
or computed. In general, discursive methods are formagdesethods which specify strate-
gies for solving design problems and derive reproducibte@msistent solutions (Neumann
\&04:‘ Schnizler et al. 2005). Later on, market engineeungstfrom "the abstract to the con-
crete” (NeumaAn 2004). In this context, abstraction meataaing the essential features
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without including unnecessary details or redundant infiiom. Thus the market engineer
can concentrate on what to design instead of how to désiqkiMd Webe‘r 2005).

The following definition of market engineering as well as tharket engineering process
with its phases is given l£y NeumaAm (2b04):

Definition 2.5.1 Market Engineering
"Market engineering is the engineering design of all insittioal rules of an electronic mar-
ket

The market engineering process is generally structured &@roblem-oriented perspec-
tive such that, first, requirements of a problem with scfenéind theoretically founded meth-
ods are identified, and second, a concept is created thatdpeoa solution to the problem
and a desired outcome. For example, behavioral and cogmitodels are used to determine
the market participants’ needs and requirements, and edonuodels are applied to design
the institutional rules. Moreover, the process is based rohlem-oriented, abstract-to-the-

concrete approach. The two core activities of market emging, the design and the operation
of electronic markets, define the phases of the proEess (i%ooh):

(i) Environmental analysisRequirements and constraints of the object to be desigred ar
identified in the environmental analysis phase. The enumamtal analysis concerns
the definition of relevant markets, the identification of amising market segment, as
well as the evaluation of the target market segments. Aaldtly, the requirements
of the new market mechanism are deduced. For instance yeewgmts concerning the
environment are the number of agents, their charactegiatid endowments, as well as
the resources to be traded.

(i) Design and implementationThe design phase consists of three sub-phases: (1) the
conceptual design phase, (2) the embodiment design phagd3nthe detail design
phase. In the design phases, the market mechanism is coaltgpiesigned, abstracted
to a resource allocation mechanism and a payment functiapped into an auction
or negotiation protocol, and refined by modelling implenagioh details of the elec-
tronic market as a system. In the implementation phasensigutional rules are fully
implemented as a software code and running informatioresyst

(i) Testing The functioning of the electronic market as well as its perfance are tested in
the testing phase. Before introducing the electronic matketsystem has to go through
functionality tests as well as economic and computatiordiogpmance tests, meaning
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that the quality of the information system and service astett For example, eco-
nomic tests are done in laboratory experiments, numerigallations or agent-based
simulations. Later on, pilot tests are done.

(iv) Introduction In the introduction phase, the electronic market which sascessfully
tested rolls out and is launched as an operating electroaikeh

The market engineering process is covered by feedback leapany phase of the process a
decision is to be made whether to proceed with the next stagerepeat the prior one. The
decision is based on the quality of the output derived at @hese and whether this output
should be improved. The output of a phase is the input of tleselio follow. Figure 2.3
presents the market engineering process with its four ghesmrding ti) Neuman% (2004).

Operating Electronic Market ‘

= =

Introduction |

Tested Electronic Market ‘

= =

Testing |

Preliminary Electronic Market ‘

Design and Implementation |

Upgrade and improve

IENNRNNN

Specification of the Requirements ‘

= =

Environmental Analysis |

Formalizing of the new market service
objectives and strategy

Figure 2.3: The market engineering process (Neumann 2004)

The market mechanism is fully designed and implementedard#ésign and implementa-
tion phase: the institutional rules are conceptually desigand further elaborated. They are
broken down into independent components. The basic conmp®aee first designed on an ab-
stract level and second on a concrete level. In particllarconceptual design phase and the
(Neumaan 20b4).
Both design phases build the bridge between environmenédysia and software engineer-

embodiment design phase focus on the "original design ofntéutions”

ing; the conceptual design phase is more closely relatduetevironmental analysis, while
the embodiment design is related more closely to softwagierring. The transformation
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of the designed institutions into a functioning informat®ystem is subject to the implemen-
tation phase. A more detailed description, particularlyhef conceptual design phase and the
embodiment design phase, can be found in Neumann (2004).

The market engineering process with its four phases suggesystematic approach to
the design problem. The design of the trading rules is styorgjated to the agent behavior
which affects the outcome. To achieve a desired outcome rketengineer faces the task of
predicting the agents’ behavior. Depending on the desitnaglihg rules, the market engineer
may give incentives to the agents and thereby incite themadifiedt their behavior. The
main difficulty that comes along with the conceptual and edinipent design is the limited
availability of methods, tools or techniques supporting finases of the market engineering
process‘ (NeumaAn 2d04). Nonetheless, the market engiegé@ires methods and tools that
help him to conceptualize and implement electronic margeiskly and thoroughly.

2.5.2 Computer-aided market engineering

The basic idea of computer-aided market engineering is tonaate the market engineering

rocess and provide tools that support phases of the mangetezring proces£ (Neum%mn
EOL(M). Computer-aided market engineering closes the gapebata structured design of
electronic markets and the absence of methods, tools annitees to support the market en-
gineer. It offers a toolbox for the market engineer to easespeed up the design process, as
well as to ensure a high level of quality of the design proemskthereby the designed product.
The tools are phase-specific tools supporting the requimésme each phase of the process.
In Neumann et al. (2005) the authors recommend a computedanarket engineering work-
bench (CAME workbench) that considers the automation of #sgth and implementation
phase. In particular, the workbench encompass the threplsages of the design phase: (1)
conceptual design, (2) embodiment design, and (3) detaigdeand implementation. The
central component of the CAME workbench is the core servechvprovides various trading
rules on auctions and allows a configuration of the tradidgs@ The trading rules of an
instantiated electronic market are provided within theecand can be easily designed and
’mWred through a market description language, the Maviagleling Languagemib
2006).

(ii.1) Conceptual designin the conceptual design phase, the CAME workbench focuses o

3INeumann et al. (20@5) recommend the tool workbench CAME fopmscious design of auction-based
electronic markets. The CAME workbench supports all degigases of the market engineering process: to
design the appropriate auction rules and to implement thésg such that an auction can be directly instantiated
and run in the auction platform.



2.5. MARKET ENGINEERING AND COMPUTER-AIDED MARKET ENGINEERG 49

the design and configuration of the core functionalitiesroebectronic market. Com-
mon market structures, particularly auction structuresijdentified and described on an
abstract level. The conceptual design thereby follows amatric design: each phase
of the market or transaction process is defined by a numbearainpeters that deter-
mine the activities of the phases. In essence, each panaraptesents a set of trading
rules. The abstract description of the trading rules doéswtude the flow of informa-
tion. The process which depends on the trading rules is agdboh the next phase, the
embodiment design phase.

(i.2) Embodiment desigriin the embodiment design phase, the CAME workbench supports
the market engineer by means of a Market Modeling Languabe.Market Modeling
Language refines the parametric description of the tradileg into a computer readable
language. The Market Modeling Language itself does notywed software code; in-
stead, the trading rules are mapped into an XML schema-ibasgdage. The language
applies the idea of identifying common auction structured defining a single generic
auction process. Note that this generic process deschledsatsic process common to
most auctions on an abstract Ie\l'el (Makio GM al. JZOO4).

(ii.3) Detail design and implementation the detail design phase, the parameters of the Mar-
ket Modeling Language are transformed into the genericgg®to describe a concrete
auction. Additionally, the refined description represdritg a detailed XML schema-
based description is mapped into a software code. Runniagtifiware code deploys
an instance of an auction with the defined trading rules.

The CAME workbench is coupled with an experimental tool andhaukation tool, both of
which support the testing of the deployed electronic mafWétinhardt et JI‘ 2005). The
experimental tool allows for setting up game theoretic expents for the evaluation of human
behavior and its impact on electronic market outcome. Thegded trading rules of the
deployed electronic markets are evaluated in laboratopgments and can be tested to see
if the designed electronic market achieves the desirecbmgc Running simulations within
the workbench is another way to study market behavior anéhthesnce of the institutional
and environmental rules on the market outcomé. In Weinledralt m}S) the authors suggest
an agent-based runtime simulation for the testing of edeatrmarkets: modeling individual
strategies within software agents offers a new way of amadyelectronic markets.

CAME is an approach to automate the process of designing@héctmarkets in a sys-
tematic and structured manner by offering tools to the ntagkgineer and can be defined as
follows (Neumann et eul. 2005):
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Definition 2.5.2 Computer-Aided Market Engineering

Computer-aided market engineering (CAME) is the automatgaerring of electronic mar-
kets. CAME is a tool workbench that supports phases of the marigneering process,
ranging from the design to the introduction phase.

So far, auction platforms such as the Michigan Internet Bn&ot kWurman et ai. 19&8),
the Global Electronic Markek (Reich and Ben-SHauI i998), teea®ic Negotiation Platform
dBenvoucef et AI‘ 20&)0) or the meet2trade platform (Weirihatdalt@é) have been de-
veloped as tools for market engineers to create, configutdest auctions. However, these
prototypes do not give the market engineer advice in desigthie rules — there is still a lack
of decision support. A decision support system is suggdstatie CAME workbench which
assists the market engineer in choosing the appropriatkemstructure within the design
phase. Depending on the environment, the decision supygstdra proposes the market en-
gineer trading rules in order to achieve a desired goal oketavutcome. Underlying this
decision support system is a knowledge database in whiclkdge concerning rules and

their effects on outcome is stored. The rules are simplymeeendations for the market
engineer to give him advice in designing the rules.

The emergence of strategic analysis of electronic markétsthve help of game theory
and experimental economics has contributed to the edtaidist of market design. More-
over, tools are provided that investigate the relative ichyd different market rules on the
outcome. In the future, more advanced tools are needed imilmatimg to the emergence
of more structured electronic markets and thus advanciegeakearch discipline of market
engineering.



Chapter 3

Theoretical Model of the Discount
Auction

3.1 Motivation

Amazonﬁ offers sellers the possibility of selling items via the miet — it is an online market-
place where a large number of sellers and buyers are invaiviedding consumer goods. In
essence, Amazon is an online auction market where tradeadeicted by electronic auc-
tions% The auctions are initiated by the sellers and intereste@rdsuyompete in the auctions
by entering bids for the item. The exchange as well as theigdlydelivery of the items for
money is arranged between buyers and sellers. Amazonatsslas an intermediary in these
trades. Its revenue comes from the auctions’ fixed listirgafied the completion fee based on
the transaction values of the auctions.

All auctions on Amazon are sorted and listed by categorigtssameb pages . Each auction
is listed for a predefined time period lasting 2, 3, 5, 7, 8,®,111, 12, 13, or 14 days during
which interested bidders are invited to submit their bids.afiction starts at a minimum price
r, the postedeserve pri&é, set by the seller. Bidders then enter their maximum bids sethe

1See http://www.amazon.de or http://www.amazon.com.
°The basic selling mechanism on Amazon is an auction. In @dgitAmazon offers sellers the op-

portunity to add several features and listing options. Fonae detailed description of these features see

http://www.amazon.com/exec/obidos/tg/browse/-/1B8IRf=br bxR c 1 2/103-0209819-9166267.
3Setting a reserve price means reserving the right to nateeilem below a predetermined price. The reserve

price is a minimum bidding level. By setting a reserve pricsgller excludes bidders with valuations below the
reserve price from the auctidn (Kriana 2d02; Bajari andt&kmul 2003). On Amazon the posted reserve price is
calledminimum bidand is revealed to all bidders. In addition, when setting mimmim bid, sellers on Amazon

may also specify a secret (or hidden) reserve price. The atwfuhe secret reserve price is not revealed to the
bidders; bidders only know that a secret reserve price exidbte that Amazon calls the secret reserve price

51
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bids cannot be below the reserve price. A bidder’'s maximuindalso called hiseservation
price. At any time during the auction, the na[f‘ma‘ the highest bidderas well as theurrent
price are publicly revealed on the auction site. Moreover, Amazamds e-mail to the high-
est bidder confirming his top position in the auction, as \aslto the former highest bidder
informing him of his displacement. The highest bidder is bidder who has submitted the
highest reservation price up to that time in the auction. olfon only a single bid has been
placed, the current price equals the reserve price. If twmane bids have been placed, the
current price is the minimum of the highest reservationgpand the second highest reserva-
tion price plus a giverbid incremer@ When two or more bidders have submitted the same
highest reservation price, a tie occurs. The tie-breakifgystates that the bidder who has sub-
mitted his bid first is the highest bidder and the currentgisequal to these bids. The amount
of the bid increment depends on the current price and thusgesadynamically throughout
the auction. On the German Amazon auction sites the bid nmen¢ ranges from 0.05 euros
for low current prices between 0.01 euros and 0.99 euros@d0Curos for current prices at
or above 5,000.00 euros. On Amazon’s US platform the bicement ranges from 0.05 US
dollars to 100.00 US dollars. The amount of the current pstep and the bid increment are
identical for both auction platforms, i.e. Amazon’s Gernzenad US auction platforms — only
differing in the currency. The detailed list of bid increnteiis given in Section All in the
Appendix A. All bids must exceed the current price by at léhstbid increment. Bids below
the current price plus the bid increment are invalid and tmesrejected. At the end of the
auction, the item is awarded to the bidder who is the highielstdp at that time. The current
price at the end of the auction is the closing current pricenat price of the auction.

On Amazon, a seller who initiates an auction of an item carosadetween two payment
policies: first, the seller can decide to conduct the desdrdwction, where at the end of the
auction the highest bidder wins the auction and the priceatoip the closing current price,
or the final price of the auction. Second, the seller can conalu auction with dirst bidder
discount A first bidder discount is a discount the high bidder receatthe end of the auction
on the closing current price if he has submitted the firsidvald in the auction. That is, two
conditions must hold for a bidder in order to receive thealisd: (i) the bidder has to submit

simply reserve priceand the posted reserve pricgnimum bid
4Bidders in the auction often have pseudonyms as their (use®s. The username can be a fictive name

which is used to log onto the platform.
SThere is one exception: if the current high bidder submitsvareservation price above his actual reservation

price, the current price does not change, although the nupftmibmitted bids increases by one. The current
price however is raised to the increment above the secorfiestigeservation price, if the current high bid
was below the second highest reservation price plus onermamt and the highest bidder submits a new valid
reservation price.
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the first valid bid in the auction, and (ii) the bidder has tbrsit the highest reservation price
in the auction. If both conditions hold, the highest biddeceives a discount on the final
price of the auction. That is, the payment equals the digeaufinal price of the auction.
If the highest bidder in the auction has not submitted the¢ ¥atid bid, i.e. condition (i) is
hurt, than, the highest bidder will not receive the discamd must pay the final price of the
auction. On Amazon the first bidder discount equalpercent.

Besides the description of the item being sold, the name os$dlier, the current price,
the number of bids already placed and the ending time of theasuare publicly revealed to
the bidders. Whether a first bidder discount is offered in astiani is indicated to all bidders
only at the beginning of an auction: as long as no bid has betmezl, the availability of the
discount is indicated by a symbol saying’% OFF 1st Bidder With the submission of the
first valid bid, the discount is assigned to this bidder. Tyralsol is deleted and the discount is
no longer available for subsequent bidders. The first biddieformed about his top position
in the auction, the auction’s current price, as well as abexgiving the discount. Subsequent
bidders are not informed about the discount in the auctiorcthvis already assigned to the
first bidder. Those bidders do not know whether a first bidagralint was initially offered.

An interesting question that develops with the two pricichesmes is when and why a
rational seller decides for one or the other scheme — théngrcheme of a pure auction,
where the payment equals the final price of the auction; odibeounted pricing scheme,
where the price to pay either equals the discounted finag mfithe auction or the final price,
depending on whether the winning bidder has entered thdidstr not. In an auction, sellers
intend to sell their items at a price as high a price as passaid thus maximize their revenues.
Thus, each seller would prefer to sell her item via a first erdiiscount auction if this auction
format generates higher revenues than a pure auction. Theiftg example shows that this,
may be the case, but does not hold in general.

Example 3.1.1 Suppose two bidders, bidder 1 and bidder 2, participate inra pmazon
auction. Bidder 1 has a private valuation of 30 euros of thm,itand bidder 2 a private
valuation of 26 euros. The seller sets the reserve price {0 25 euros; thus the bidding
increment equal$ euro. In the pure auction, both bidders enter their reservatrices equal
to their valuations of the item. Bidder 1 is the highest bidaled the auction ends at the final
price of26 euros + 1 euro = 27 euros. This is the seller’'s revenue.

Now consider the case where the seller offers her item inabiidsler discount auction with
a discount of 10%. First, suppose that bidder 1 places thebfitsn the auction. Thus, the
first bidder discount is assigned to bidder 1. At the end oflhetion, bidder 1 is the highest
bidder and receives a discount of 10% on the final price of 2@seaf the auction. Thus the
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seller’s revenue ends up at 24.30 euros, which is less thiue ipure auction.

Suppose that bidder 2 places the first bid in the auction. Dtieetfirst bidder discount which
is assigned to bidder 2, bidder 2 can enter a reservatioa ghiove his valuation — he submits
a bid ofﬁ% euros = 28.89 euros. Still, bidder 2 does not outbid biddéxghin, bidder 1
is the high bidder and the final price of the auctior2#s89 euros + 1 euro = 29.89 euros.
Hence, the seller’s revenue is higher than in the pure auctio

Example 3.1.1 shows that there are cases in which a selleratsmthe revenue by adding
a first bidder discount to the pure auction format. Howeuegye are also cases where the
discount does not pay — the seller’s revenue remains the sam@ven lower than in a pure
auction. Thus the question arises how the ex-ante expestedues of both institutions — the
pure auction and the first bidder discount auction — areeg@latn particular the following
guestions are addressed:

e Does it pay for the seller to offer a discount when conducéinguction?
e Under what conditions does the discount pay?

The subsequent sections focus on distinct aspects of thedmauction. Its two pricing
schemes are analyzed in more detail and the questions medtaiove are answered.

3.2 Amazon auction

The objective of this section is to gain insight into the amrtimechanisms of the pure Ama-
zon auction and the Amazon first bidder discount auction. din lauction institutions the

bidding mechanism is the same — the only difference is th@ngischeme. Regarding the
bidding process, the pure Amazon auction has similariidmth, the English auction and the
second-price sealed-bid auction. First, like the Englisttian, the pure Amazon auction is
an iterative and open auction. Throughout the auction mxdadders are allowed to submit
more than one bid — the number of bids per bidder is unlimifgee current price increases
successively as long as there are are two or more intereisigerb, and the current price in the
auction is publicly announced at all times to the biddersdBrd drop out of the auction if the

current price exceeds the bidders’ reservation priceselftis only a single interested bidder
left in the auction, the incremental bidding ends. Secosdndhe second-price sealed-bid
auction, bidders submit their reservation prices sealednit visible for the other bidders.

The difference lies in the required bid increment and the thaycurrent price is determined.
If it is assumed, that the bid increment is very small suchith@an be neglected and further,
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that each bidder is allowed to submit at most one bid, the\thazon auction is equivalent

to a second-price sealed-bid auction. Note that in a sepaind-auction with private values,

the bidders’ dominant strategy is to bid their respective waluation. Thus, the high-value
bidder will win the second-price sealed-bid auction andphee to pay is the second highest
valuation. But in the pure Amazon auction, in general, thd fanige is higher than the sec-

ond highest bid — the reason for this is that the final pricdh@nAmazon auction equals the
minimum of the second highest reservation price plus inergmrand the highest reservation
price. Nevertheless, the Amazon auction is referred to aghardic variant of the second-

price sealed-bid auctio% (Bajari and Horta%cu 2003).

On its auction site Amazon describes the bidding procedubgdders as foIIow@:

"Your automatic proxy: How bidding works

1. Each time you enter a bid your automatic proxy goes to vumr&cbuﬁ Your
proxy lets you set an upper bidding limit — that’s your maximhbid — while
keeping your actual bids as low as possible. (Your maximupniigte — we
don't disclose it to anyone.)

2. If another party beats your initial bid, the proxy raisesiybid by one sin-
gle increment more than the challenging bid. This pattemtinges until
another bidder exceeds your maximum bid, or until you winahetion."

This bidding technique, where a bidder’s reservation pisagsed by proxy to subsequently
place bids on behalf of the bidder, is also calpgdxy bidding the automatic bidding proxy
submits the bids up to the reservation price to become thelhidger at any point during the
auction. That is, the proxy only submits a bid if its curreighhbid was outbid by a rival’'s
bidding proxy while keeping the bid price as low as possible.

In auctions with fixed ending timeddrd clos@, a phenomenon calleshiping can be
observed: many bids are submitted in the closing minutesaorgls of the auction (Ockenfels
and Roth 2002). In order to undergo such sniping effects, Aamaffers a so-calledoft close
ending in addition to the fixed endiﬁ‘gThat is, the auction is automatically extended by ten
minutes whenever a bid is submitted within the last ten neéiswif the auction. The auction is
terminated if no valid bid is entered within the last ten ntewu
The example below illustrates a pure auction as it is offereémazon’s auction site.

6See http://www.amazon.com/exec/obidos/tg/browse?852/104-8669052-8371101.
’On the Amazon auction sites the automatic proxy is calieClick
8Amazon also calls this soft close endiBging, Going, Gone
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Example 3.2.1 A seller conducts an auction on the Amazon platform in ordesell an item.
The setN = {1,2} denotes the set of bidders each having a private valuatidheoitem:
bidder 1 is willing to pay up t@0 euros for the item and bidder 2 up28 euros. The auction
starts at a reserve price of= 25 euros with an Amazon bidding incrementloéuro; the
auction has a fixed ending time. Suppose that both biddees #mir reservation prices —
their valuations. In the pure Amazon auction, bidder 1 exiereuros, thereby becoming the
current highest bidder at the reserve price of 25 euros. Bi&likethe second to place a bid of
at least 25 euros + 1 euro = 26 euros. Bidder 2 enters his réiserypaice of28 euros. Thus,
the current price is increased to 28 euros + 1 euro = 29 eutbharauction ends at this price.
Bidder 1 is the highest bidder and receives a payofoéuros— 29 euros= 1 euro, which is
equal to the difference of his valuation and payment.

However, bidder 1 can do better. First let w.l.o.g. biddewuBrsit a bid of 28 euros. The
current price, then, is the reserve price of 25 euros. Nowdid enters a reservation price
of 28.10 euros. The current price is raised to 28.10 euroshwikialso the final price of the
auction. Bidder 1's payoff is 1.90 euros.

Suppose to the contrary, that bidder 1 is the first to submésarvation price of 28 euros.
Again, the current price is the reserve price. Bidder 2 erftesrseservation price of 28 euros.
Since both bidders have submitted the same reservatios rite occurs. Bidder 1, who was
the first to submit his bid, is the highest bidder and the fim@lgps 28 euros. Thus, bidder 1's
payoff equal® euros.

In the following, the focus is set on Amazon’s first bidderodignt auctions, i.e. auctions with
an additional first bidder discount feature. Sellers findftlilowing information about the
first bidder discount on the Amazon auction &te:

"First Bidder Discount

For our Auctions customers, the First Bidder Discourdi0% OFF 1st Bidder
is an excellent way to entice bidders to bid early, and to la@epidding. We've
found that sellers who take advantage of the First Bidderddistsell at a rate 15
percent higher than average.

By offering something special to the first bidder — 10 percéhif they win the
auction — you encourage people who visit your auction to bithe first oppor-
tunity. Confident in the knowledge that they’ll get a bettac@ithan subsequent
bidders, first bidders are likely to keep topping competiitts b

9See http://www.amazon.com/exec/obidos/tg/browsed1360/104-8669052-8371101#first-bidder-
discount.
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You can offer this powerful incentive whenever you like drgsted? Consider:

e It attracts bidders. First Bidder Discount auctions are highlighted with
eye-catching icons. When bidders spot these icons, theywithotivated
to act fast and capture the advantage over all competitors.

e It’s effortless. Amazon.com handles the accounting. We’'ll track the bidding
and calculate the final amount due to you (final bid less 10guetyd the first
bidder wins.

When you make a sale, we’ll assess the completion fee baséeé actiual closing
price — the discounted amount — not on the "high bid". You'll fthe "Closing
fee adjustment” on your invoice.

Please note: if you offer a First Bidder Discount and you distala Take-It
Price”, first bidders receive no discount on the Take-It Price."

The discount is assigned to the bidder who (i) has submitteditst valid bid in the auction
and (ii) has entered the highest reservation price amongdalers. In essence, the first bidder
discount states the following:

A bidder receives the first bidder discount if and only if theder is the first and
highest bidder in the auction.

If both conditions hold, the highest bidder in the auctioreiees a discount of 10 percent on
the final price of the auction.

As noted above, Amazon gives two main reasons for offeriegdiecount. On their web
page, Amazon claims that first, the discount encouragestsdd submit a bid at the first
opportunity, and second, first bidders are likely to keepitiogp competing bids. Moreover,
Amazon states that sellers who offer a first bidder discounheir auction will on average
raise their revenues by 15 percent.

The question which arises from the perspective of the sell@hether on average the first
bidder discount will pay for him when conducting an auctidhat is, is the expected auction
revenue in an auction with discount greater than the respeexpected auction revenue in
a standard auction? As already shown in Example 3.1.1 thereases where the discount

Amazon offers different selling mechanisms. Besides uaimguction, the seller may sell her item via a
Take-It Price, i.e. the seller offers the item at a fixed ort@dgprice. Bidders respond to the offer by taking or
leaving the item at the announced price. Further on, an@uctn be combined with a Take-It Price: bidders
can decide to take the item immediately or participate irahetion. As long as the current price of the auction
remains under the Take-It Price, the Take-It Price doesffexttdhe auction.
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feature positively affects the seller’'s revenue as wellaa®s where the discount feature does
not pay for the seller but even yields a lower revenue.

From the buyer’s perspective, the question arises why abgltbuld submit a first bid and
take the first bidder discount. On its auction sites Amazatudlees the first bidder discount
to the bidders as fO||OV\J§Z

"First Bidder Discount

The First Bidder Discount icon means savings for bidders.olf'ne the first to
bid on an item, you lock in a 10% discount from the seller if yan the auction.

There’s no catch. The seller is offering this discount toeattan early bid — and
it usually works. No wonder, because as the first bidder, yoon a substantial
advantage over rival bidders. You can leave yourself roomidcan extra 10%
higher, or just enjoy the winning discount. By pouncing ontauns early, you
assure yourself an opportunity to win at a better price thaur yivals.

There’s nothing to it — just bid as you ordinarily would. Ifyydid first and go on
to win the auction, you’'ll pay 10% less than your winning b{elease note that
if the seller is offering a Take-It Price, the First Bidder €osint does not apply to
the Take-It Price.)"

In essence, Amazon gives two reasons why bidders shouldathlentage of the first bidder
discount feature: first, winning bidders with the discoletaive a greater gain than without
the discount, because they receive a 10 percent discounedimal price (if the final prices are
equal in both cases). Second, first bidders have an advamtageval bidders and can use the
10 percent discount to enter a higher maximum reservatice.pindeed, first bidders benefit
from the discount feature by submitting higher reservafiooes. The discount enables first
bidders to add an additional premium to the original redemarice: the original reservation
price can be multiplied with a factor ‘?HT% ~ 1.11£2 Submitting a higher reservation price
increases the probability of winning the auction. Yet thecdunt ensures that the first bidder
pays at most his true reservation price.

The following example shows the rules of an auction with thet bidder discount feature
from a bidder’s perspective.

11See http://www.amazon.com/exec/obidos/tg/browse7882/ref=br_bx_c_1 1/104-8669052-8371101.
120n its auction site Amazon states, that a first bidder candbidxtra 10% higher". In fact, a first bidder can

submit a bid ofﬁo% ~ 1.11 times his original reservation price due to the discourdt ih approximately 11

percent above the reservation price.
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Example 3.2.2 (Extension of the Example 3.2.1) Consider an Amazon auctiibim & first
bidder discounti = 10%. The discount is offered to the highest bidder at the end ef th
auction if he has placed the first valid bid. Both bidders pgréite in the auction, bidder 1
with a private valuation of 30 euros of the item and bidder ghvai private valuation of 28
euros. Suppose that bidders enter their valuations asvetger prices without discount. If
the first bidder discount is available, two cases can bengjgished: (1) bidder 1 is the first to
place a bid and (2) bidder 2 is the first bidder. In case (1)driddwith the highest reservation
price receives a discount on the closing current price a¢titeof the auction. His payment

is the discounted final price of the auction28feuros:p = (1 — 0.1) 29 euros= 26.10 euros.
Bidder 1's payoff increases frofineuro t03.90 euros. In case (2), bidder 2 is the first to place
a bid. Because of the discount, bidder 2 can raise his origasarvation price and submit a
bid up to%m 28 euros= 31.11 euros, which is above his valuation of the item. By émger
the reservation price ¢f1.11 euros, bidder 2 outbids bidder 1. At the end of the auction the
closing price is30 euros+ 1 euro= 31 euros. Bidder 2 is the highest bidder; the price he has
to pay is the discounted final price. Bidder 2 p&ys- 0.1) 31 euros= 27.90 euros and his
payoff is0.10 euros.

The first bidder can raise his reservation price due to theodist and increase the proba-
bility of winning the auction. However, the first bidder dismt is available to a bidder only
in two cases:

(i) That bidder is the first bidder being aware of the auctiod available discount having
a valuation of the item greater than or equal to the discalrgserve pricev > (1 —
d)r > 0 with discountd = 10% and reserve price > 0.

(i) Other interested bidders who become aware of the anittave a valuation of the item
below the discounted reserve price, that is (1 — d)r with valuationv > 0, discount
d = 10% and posted reserve price> 0.

Consider a bidder to which thE0% OFF 1st biddesymbol is indicated. This bidder has
to ask and answer the following questionghento bid andwhatto bid. Whento bid asks
for the timing of bids. Suppose that bidding immediately needirectly placing a bid once
the discount is available. Thus, a bidder can increase gmaf reservation price, i.e. his
valuation, and bid up te times his valuation. Not bidding directly and placing a kitef in
the auction means running the risk of not receiving the distand reducing the probability of
winning the auction. A rival bidder might place his bid anédrdby benefit from the assigned
discount. Thus, for a bidder interested in the item whichuistianed in a first bidder discount
auction, submitting the first bid is an optimal action.
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Consider the following situation: two bidders, biddeand bidder;, participate in a first
bidder discount auction offered by Amazon. Both bidders Ipaivate valuations;, v; > r+s
of the item withv; < v;, reserve pricer > 0 and bid increment > 0. The duration of the
auction is limited: it starts at= 0 and ends at = 7. First, suppose that bidders the first
to be aware of the auction and immediately submits the fistbih a reservation price of
b; € [r,1v;] att € [0,T] while the bid historyh, is empty™* The discount is assigned to
bidderi, and the current pricg; is set to the reserve pricg; = r. Thus, if bidder; does not
enter the auction, biddeérwins the auction and pays the discounted final price. His fbaso
v; — (1 = d)r > 0with v; > (1 — d)r. If bidder j enters the auction &t > ¢, ¢’ € [0,7] and
submits a bidb; € [p; + s, v;] with b; < b;, bidder:’s gain will be lowered. His gain is at most
v; — (1 — d)py With py = min{b; + s, b;}.

Second, suppose that biddetoes not bid immediately. Instead, biddevaits and bidder
J submits his bid int € [0, 7. Then the discount is assigned to biddeMNow, bidderi can
react only ifv; > r+s. Assume that bidderenters a bid ob; € [r+s, v;]. Int’ > t the bidder
with the highest submitted reservation price is the provial highest bidder, and the current
price is denoted by,,. Suppose further that biddéis the highest bidder at timéat a current
price ofpy = min{b; +s, b;}. If no further bids are entered, the auction terminatesatfthal
price and bidder’s payoff isv; — py. This is the highest payoff biddeéican achieve. In fact,
bidderi’s payoff is less than the payoff achieved with the first biddiscount. Particularly
whenever the bid history is an empty set at any paittie best action for a bidder is to submit
a bid immediately withb; € [r, fldvi] and take the discount.

Whatto bid in the first bidder discount auction, e.g. which actiorplay, depends on
multiple factors such as the rival bidders’ valuations & ifem or the bid history:; at time
t. A bidder may play at time € [0, 7] any bidb;, € R, with b, > max{r,p; + s}. More
specifically, at any time in the auction, bidders can choose between the followingre&t

- If the discount is still available at € [0,7] with h, = 0, thensubmit a bidwith

bi S [Ta ﬁvz]
- Choose one of the following actions at any time (0, 7'] with h; # 0:
(i) If bidder i is the first bidder and ifrldvi > p; + s, thensubmit a bidb; with
b; € [pi + s, fldvi].

(i) If bidder i is not the first bidder and it; > p; + s, thensubmit a bidb; with
bi € [pe + s, v4).

13The bid historyh; lists all bids submitted up to timee [0, T. At the very beginning of the auction the bid
history is emptyh; = () for t = 0.
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Based on the Amazon auction and its first bidder discount featie following sections
present a formal model of an auction with a discount in a peivalues setting. Moreover,
the Amazon auction format with its proxy bidding procedur& increment, reserve price
and fixed ending rule are substituted by a standard secooelggaled-bid auction. Thus, the
minimum bid increment as well as the reserve price are negled he auction is a one-shot
auction and bidders are allowed to enter only a single bidce# teservation prices.

3.3 Preliminary steps

3.3.1 Basic assumptions

Throughout the following sections, the discount auctiomkaginstitution is introduced and
its theoretical foundation is laid out. In fact, the auctism second-price auction augmented
with a discount, where a single indivisible item is offered $ale. For the analysis of this
auction, anindependent private values (IP¥gtting with risk neutral bidders is assumed (cf.
Section 2.2.2):

- Bidders have private valuations.

- Bidders’ valuations are independent and identically disted (iid). All valuations are
considered as continuous random variables.

- Bidders are risk neutral.

Assuming also symmetry between bidders, the IPV is extetaitee SIPV auction model.
The symmetry condition says:

- Bidders are symmetric or indistinguishable; all bidders elmaracterized by the same
probability distribution function from which their valuahs are drawn.

It is further assumed that the payment is a function of bidsme@land each bidder has
sufficient resources to pay the seller up to his valuatiorb{riget constraints).

Within an SIPV setting with risk neutral bidders, the reverguivalence theorem holds:
all auctions that award the item to the high value bidder aad ko the same bidder participa-
tion are revenue equivalent (cf. for example to Krishna 2002
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3.3.2 The discount mechanism

Assume now that a second-price auction is augmented witttauaint. The idea of this auction
is that exactly one seller is randomly selected and assiguégtount. This bidder is called the
designatecbidder:® The bidding procedures in both auctions, the second-pricéan and
the second-price auction with discount, are the same. @glptticing policies are different. In
the second-price auction with discount, the pricing po$itates the following: if the winning
bidder is not the designated bidder, then the price to payedihal price of the auction, or
the second highest bid. If the designated bidder wins thé@ayahen the payment is the
discounted final price of the auction. In essence, the digcstates:

(i) Exactly one bidder, thdesignatedidder, is randomly selected.

(i) The discount is assigned only to the designated bidéfeand only if the designated
bidder is the highest bidder in the auction, the discounli@ppnd the designated bidder
acquires the item at the discounted final price.

(iii) If the designated bidder does not win the auction, ttrenwinning bidder purchases the
item at the final price of the auction.

The rules presented above differ slightly from Amazon’s brdder discount feature. First,
the discount is assigned to exactly one bidder, indeperafevitether or not this bidder is the
first to bid. The timing of bids does not play a decisive rol®lotaining the discount. In par-
ticular, bidding immediately in order to ensure the disdpas is the case in the Amazon first
bidder discount auction, is not necessary. Second, onaBdbeunt is assigned to a bidder, the
bidder cannot reject the discount. In the Amazon first bidlilrount auction, bidders are free
in deciding whether to submit the first bid and receive the lhidder discount, or alternatively
not to enter the first bid and wait. Nevertheless, throughttoeiauction the designated bidder
is in an advantageous position: he can enter a bid slightlyahis valuation, i.e. submit a bid
equal to;* times his valuation with discounte [0, 1), but in case of winning the auction he
pays at most a price equal to his valuation.

The definition of the discount auction or DA market institutiin an IPV setting with risk
neutral bidders is as follows:

MDesignated bidders" is an official term of the Federal Gomeent and was used for example in the FCC
auction as a term for subsidized biddérs (Rothkopf Et al3200
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Definition 3.3.1 DA market Institution

In anauction with discount (discount auction, DA), a seller offers a single indivisiliiem to

n (n € N) participating bidders. The seller augments the auctiowaitiscount d € [0, 1)E
There is no reserve price. Exactly one of thearticipating bidders is randomly selected. This
bidder is called thalesignated bidder. If the designated bidder wins the auction, the discount
is realized on the second highest bid, the final pficé the auction, and the designated bidder
pays(1 — d)p. If a rival bidder (unequal to the designated bidder) is thighest bidder, then
the price to pay is the second highest bid, i.e. the final psioéthe auction.

Note that the corresponding auction to the DA with no dis¢asithe second-price (sealed-
bid) auction.

Although the DA market institution is based on the auctiorchamism of a second-price
auction, the strategic behavior in a DA is slightly differethe weakly dominant strategy of
bidders who are not selected to receive the discount is tarbildfully. On the contrary, the
designated bidder submits a bid-gf; times his valuation due to the discount (cf. Proposition
3.3.1). Note that the equilibrium strategies in a seconcepruction and the defined DA are
independent with respect to the bidders’ risk attitudes.

Let N = {1,...,n} be a set of risk neutral bidders participating in an auction, either
the DA or the corresponding second-price auction, wheraglesindivisible item is offered
for sale. Each of the bidders participating in the auction has a private valueatio: € N of
the item. Bids entered throughout the auction are based ovathations. Let:; denote the
utility (von Neumann-Morgenstern) of biddee N, which in the case of risk neutral bidders
is linear and therefore equal to thayoff r;. If bidderi wins the auction his payoff;, which
derives from patrticipation in the auction, depends on higatéeonv; as well as on his rivals’
bidsb;,j € N\ {i}.

In a second-price auction, the payaff of winning bidder: is =; = v; — p with p =
max;en (i} b; being the price the high bidderas to pay for the item. Should that bidder
not be the winning bidder in the second-price auction, theflaequals zeror; = 0. The
bidder’s payoffr; is given by the following equation:

Vie N (3.1)

S V; — MaXje N\ {i} bj, if bl > maXjenN\{i} bj
' 0, if bz < maXjen\{i} bj

%n case ofd = 1 a rational designated bidder bids independent of his valuation, wins the auction, and
purchases the item at a price @f Thus, a discount off = 1 is neglected in the further analysis. When the
discount equals zeral = 0, the DA is a second-price auction: the price to pay is the rs#doghest bid,
independent of whether or not the highest bidder is the dasigl bidder.
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Should two or more bidders have submitted the same higheést &i the highest bid and
second highest bid are equal ald= max;cn\ () b;, the item goes to each of these bidders
with equal probability. The winning bidder’s payoff is edit@the difference of his valuation
and the price to pay, i.e. the second-highest bid; the lgdsas a payoff of zero.

In the DA, the payoffs are slightly different. As in the sedeprice auction the final price
of the DA is the second highest bid, i¢= max;cn\ () b;. However, should the designated
bidderz € N purchase the item, the price to pay is the discounted fineémf the auction
(1 =d)p = (1 — d)max,en gy b;,d € [0,1) and the designated bidder receives a payoff of
m = v;— (1—d)p. All other bidders receive a payoff of zero. Should a bidderN \ {7}, who
is not the designated bidder, win the auction, the price yoigp#he final price of the auction.
His payoff equalsr; = v; — p and all other bidders have a payoff of zero. More specifically
a bidderi’s payoff in the DA, in which biddei € N is selected as the designated bidder, is
defined by

V; — (1 — d) maX;e N\ {i} bj, if b; > maX;e N\ {i} bj andi =1
T = V; — MaXjenN\{i} bj, if bz > maXj;en\{i} bj ands: 7é 7 (32)
0, if b; < maX;en\{i} bj

Again, should two or more bidders have submitted the santeeigid, the item goes to each
of these bidders with equal probability. The winning bidsi@ayoff is the difference of his
valuation and the second highest bidA 7) or respectively the discounted second highest bid
(¢ = 7); the loosing bidder has a payoff of zero.

In a second-price auction the bidding behavior is straggithrd: bidding the private val-
uation is a weakly dominant strategy. Since a discount i®ddd a second-price auction,
the strategies differ slightly from the weakly dominanagtgy in a second-price auction. As
already mentioned, the designated bidder is in an advamtiag®osition: he bidg, = v; with

. 1

T 14
By bidding ; the designated bidder pays at most his valuatidior the item when being the
highest bidder in the DA. Should the second highest bid ettpediighest bid;, the designated
bidder pays the discounted second highest bid, i.e. hisatialu (1 — d)b; = (1 — d)v; =
(1-— d)fldvi = v;. Obviously, for the designated biddebidding 7; is a (weakly) dominant
strategy and for all other biddeys € N \ {2}, bidding truthfully is a (weakly) dominant
strategy.

Ch

Proposition 3.3.1 Considem bidders participating in a DA with discourdte [0, 1) where a
single item is offered for sale. Each biddee N values the item at;. It is then a weakly
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dominant strategy for the designated bidtter bidb; = 7; = —-v;, i € N and for all bidders

1-d
except biddei to bidb; = v;, j € N\ {i}.

Proof: Consider bidder 1 and suppose = max;cn\(1} b; is the highest competing
bid. Suppose bidder 1 is not the designated bidder, subignitbid ofb; = v,. Bidder

1 wins the auction it»; > p; gaining a payoff ofr; = v; — p; > 0 and does not win
if v; < p; with a payoff ofr; = 0. Note that in the case af, = p; a tie-breaking rule
decides to whom the item will be awarded. The item goes to eitie highest bidders
with equal probability. Thus, bidder 1 is indifferent betmewinning and losing the
auction.

Assume however that bidder 1 submits a hidhelow his valuationz; < vy. If z; > p;
bidder 1 wins and his profitis; — p;. If p; > v > z; orif v; > p; > z; bidder 1
does not win the auction; in both cases he loses the auctibravpayoff of zero. How-
ever, in the latter case( > p; > z) bidder 1 would have made a positive profit of
v — pp > 0 by biddingv, instead ofz;. If z; = p; a tie-breaking rule decides to whom
the item is awarded: (i) in the case that bidder 1 is the wigididder, his profit is
m = v; — p1 > 0; (i) in the case that bidder 1 does not win the auction, higffas
zero. In that case, bidding instead ofz; would have improved his profit from zero to
vy —p1 > 0. Thus, bidding less tham can never increase the payoff, whereas in some
cases the payoff may decrease. A similar argumentationstiwav bidding above the
valuationw; is not profitable. Thus, bidding the valuation is a weakly dominant
strategy for bidder 1, a non-designated bidder.

Assume that bidder 1 is the designated bidder who realizediitount on the second
highest bid in case of winning the auction. Agajn,is the highest competing bid.
Suppose, that bidder 1 submits a bidbpf= v; = ﬁvl, d € [0,1). Again, bidder

1 wins if 1Tldvl > p; and loses ifrldvl < p1. In the case of winning the auction,
the price to pay is the discounted second highest bid d)p, and bidder 1 receives a
payoff of m; = v; — (1 — d)p. In the case of loosing the auction the payoff of bidder 1
is zero. Again, in the case q{—dvl = p; atie-breaking rule decides to whom the item
is allocated. Bidder 1 is indifferent between winning andrigghe auction. The item
is assigned to each winning bidder with equal probability.

Assume now, however, that bidder 1 submits a bid,dfelowb; = 1T1dv1, de(0,1):

If z; > p; bidder 1 wins and receives a positive payoffuof- (1 — d)p;.

If —~v; > p1 > z bidder 1 loses with a zero payoff. Biddingv; would have
increased his profit from zero t9 — (1 — d)p; > 0, a positive payoff.

If p1 > 5501 > 2 bidder 1 loses with a payoff of 0. H, = p; a tie-breaking rule
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again decides to whom the item is purchased: (i) if bidderthesvinning bidder, then
his payoff isv; — (1 — d)p; > 0; (ii) if bidder 1 is not the winning bidder, then bidder

1 could do better by biddingi—dvl, which is abovep; and gaining a positive payoff.
However, bidding less tha;fﬁ—dvl can never increase the payoff of the designated bid-
der, while in some cases the payoff may decrease. A simgamaentation shows that
biddingz; > ﬁvl is not profitable. Thus, biddingi—dvl is a weakly dominant strat-
egy for the designated bidder. g.e.d.

Note that ford = 0 with fldv = v the second-price auction with discount mechanism is
equal to the corresponding second-price auction, andftiutidding is a weakly dominant
strategy.

The following analysis shows to what extent the discourgcf the bidders’ payoffs in the
DA (cf.m 2005). Suppose the valuationsi € N are independent drawings of a random
variableV'. The cumulative probability distribution function (cd§ given byF' : R — [0, 1].
Each bidder knows his realization and that bidders’ values are identical and independently
distributed according td'. Assume w.l.0.g. that bidder 1 has the highest valuatiorhef t
item, bidder 2 the second highest valuation, and biddéae 4" highest valuation € N):

v > vy > ... > > ... > v, > 0. Denote the designated bidder by bidder N. Let
z := (1 — d)v; and separate the satinto the two disjoint subset®¥ := {i € N|v; > z} and
N :={i € N|v; < z}. In equilibrium in the DA, the following two cases can thendistin-
guished:Case 1the designated biddéroutbids bidder 1i(c N) andCase 2the designated
bidder: places a bid below the bid of the high bidder E(N).

Caselie N
According to the assumption, the designated bidderN' submits a bid above:

. 1

Uy = levi Z U
Hence, ifi # 1, biddingy; means outbidding bidder 1 with the highest valuatip@nd pay-
ing a price equal td1 — d)v;. If bidder 1 is the designated bidder, then of course bidder 1
is the winning bidder purchasing the item at the discoungstisd highest bid, i.e. at a price
of (1 — d)ve. Shouldy; equalv; the tie-breaking rule is decisive: the item is awarded tdbot
bidders, biddet and bidderl, with equal probability. However, should the designatettibr
7 be the winning bidder, bidderpurchases the item for the price of the discounted second
highest bid:
() If bidder 1 ¢ = 1) is the highest bidder, then the second highest bid is egual. tBid-

der 1 receives a discount on the second highest bid and(paysl)v,. Bidder 1's payoff is
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m =v1 — (1 —d)vy > 0.

(i) If bidder 7, 2 # 1 is the highest bidder, then the second highest bid .isThe price to
pay is(1 — d)v; and bidder: gains a non-negative payoff af = v; — (1 — d)v; > 0, as
v; > z=(1—d)v.

Should a tie occur and the bid of the designated biddér#£ 1 is equal to the valuation, of
bidder 1, the tie-breaking rule holds and the respectivddrsireceive a payoff of zero.

Case2i:e N
The designated biddéicannot profitably outbid bidddr. Submitting a bid of;; according to
his dominant strategy is not sufficient to outbid bidder 1 ewmdthe auction:
~ 1
v = 1-4
Bidder 1 is the highest bidder in the DA, and the price to papérhaximum of the second
highest bid and the bid;: the price equalsnax{v,, 9;}. The high bidder receives a non-
negative payoff ofr;, = v; —max{wy, 7;} and the designated bidder has a payoff equal to zero.

V; < U1

Winning the DA by submitting the highest bid depends on tHaat#on of the bidders as
well as on the discount, i.e. the valuation of the designbtdderv;, the highest valuation,
assigned to bidder 1, and the level of the discount.

Lemma 3.3.1 In equilibrium a biddefi € N \ {1} with valuationu; has a positive payoff if
bidderi is the designated bidder, > 0 and the given discount € (0, 1) satisfies

d>1—ﬂ
U1

If bidder 1 is the designated bidder, he receives a positive payoféitiitecount satisfie$ > 0
orif d = 0 andv; > v,.

Proof: The designated biddér: € N\{1}, places a bid of; = —u; and bidder
1 a bid ofv,. To win the auctionp; > v; must be fulfilled. Asd > 1 — ;‘j—l &

v > (1=—dv, & 0 = ﬁvg > v; holds, bidderi is the highest bidder. Further, as
d>1-— ;’—1 assume an > O such thatl = 1 — jj—l + €. Then biddetr receives a payoff
of m =v— (1 —d)n :vi—(l—(l—g—i—i-e))vl =v; —v; +ev; > 0ase > 0and
v > 0.

Consider the case that bidder 1 is the designated bidderhathigghest valuation. Bid-
der 1 cannot be outbid by any other bidder. With> v, andd > 0 bidder 1's payoff is
equal tov; — (1 — d)vy > 0 or withv; > v, andd = 0 bidder 1's payoff iz — vy > 0.
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Note that in the case af, = v, andd = 0 the payoff of bidder 1 is equalto 0. g.e.d.

Remark 3.3.1 In equilibrium, a designated biddére N wins the auction and has a non-
negative payoff if the discount € [0, 1) satisfiesi > 1 — jj—l In the case of bidding; = v; a
tie occurs. The item is awarded to each highest bidder witialgayobability and the winning
bidder’s payoff is zero.

Lemma 3.3.1 defines threshold discount], with d, = 1 — jj—l . The designated biddér
i € N\ {1} with valuationu; receiving the discount, wins the auction only if the disaasn
greater than or equal to the threshold discatintConsider a discount below this threshold

discountd < d;. Then biddet cannot outbid the high value bidder @;:= - v; < ﬁvg =

1

1—(1—%)

V; = V1.

Regarding the seller’'s revenue, the following can be statiee:revenue of the seller is
positively affected only if the designated bidde£ 1 submits a bid above the second highest
valuation and below the highest valuation (&sese 2: b; € (v2,v1),7 # 1. The price to pay
for bidder 1 being the high value bidder in the auction egpaismax{vy, v;} = 0; > v, with

{]i < V1.

Lemma 3.3.2 In equilibrium the seller’s revenue in the DA compared to tbgpective rev-
enue in the corresponding second-price auction is incdeady if the designated bidder’s bid
0;, 7 € N\ {1}, satisfies the equation:

v < <v; & (1—=dvy<v<(l—d)uv

The discount! € [0, 1) satisfies the equation:

V3 (05
1—-2<d<1-—-=2
V2 (%1

with v; being the highest valuation amd the second highest valuation.

Proof: The designated biddér: # 1, receives the discount and bits= 1Tldvi- The
seller’'s revenue in the DA is greater than the respectiverme® in the corresponding
second-price auction only if the high value biddewins the auction and the price to
pay is greater than, (seeCase 2. As denoted irCase 2 the price to pay is equal to
max{ve,v;}. Only if vy < ¥; < vy the price the winning bidder 1 has to pay equals

v;, Which is greater tham,, the payment of the corresponding second-price auction.
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Thus, the seller’s revenue in the DA is greater than the c#isgerevenue in the corre-
sponding second-price auction. Moreoverpas: v; < vy, the following inequality is
derived immediately, < ;v < v & (1 - 2 <d)A(d<1— ). g.e.d.

Thus a bid from the designated bidder influences the auatveniue in the DA in comparison
to the auction revenue in the corresponding second-priceoauonly if o; > wvy: (i) in the
case ofy; > vy, the designated bidder wins the auction and pays the disedinghest value
v1: (1 — d)vy and (i) in the case of; > ©; > v,, bidder1 purchases the item a price of
which is above the second highest valuatign

In the following, from the seller’'s perspective, an intdreacorridor of discounts can be
defined, which ensures, that the bid of the designated biddas a positive impact on the
revenue of the seller. That ig; = 1 — i defines theminimum levebf that corridor and
di = 1— jj—l the maximum level The maximum level is equal to the threshold discogjnt
Each discount in theorridor d € (d,, d;) ensures that the designated bidtler N \ {1} with
valuationv; increases the seller’'s revenue in the DA compared to thecéisp revenue in the
corresponding second-price auction.

The following example illustrates the two cases mentioreul/a Case landCase 2 as
well as the discount threshold and the discount corridor.

Example 3.3.1First, assume that three risk neutral bidders are competiagsecond-price
auction with private values. Bidder 1 values the itemqat 30 euros, bidder 2 at, = 28
euros and bidder 3 at = 26 euros. The dominant strategy in a second-price auctionbglto
truthfully. Thus, the second-price auction ends at a finiglepof p = 28 euros and the item is
awarded to bidder 1, the high value bidder.

Assume now that the item is auctioned in the DA with a discafrf = 10%. The three
bidders with the given private valuations for the item paptate in the DA. If the discount
is assigned to bidder 1, bidder 1 places a bid,of= 33.33 euros; if bidder 2 is selected as
designated bidder, bidder 2 submits a bidoef= 31.11 euros; if bidder 3 is awarded the
discount, bidder 3 bidg; = 28.89 euros.

ConsiderCase landCase 2with the setsV = {v;,v,} andN = {v3}. That s, should either
bidder 1 or bidder 2 be awarded the discount, the winningdsitkithe designated bidder and
the price to pay is the discounted second highest bid. Ifdricdis awarded the discount,
bidder 3 cannot outbid the highest bidder.

Case 1 If bidder 1 is awarded the discount, bidder 1 b33s33 euros, wins the auction, and
pays the discounted second highest(ie 0.1)28 euros= 25.20 euros. If bidder 2 is selected
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as the designated bidder, bidder 2 places a bitl dfl euros and wins the auction. The price
to pay is the discounted second highest bid and eduals0.1)30 euros= 27 euros.

Case 2 If bidder 3 receives the discount, bidder 3 biths89 euros and thus cannot outbid
bidder 1. Bidder 1 wins the auction with a bid3teuros and pays = max{wvs, 03} = 28.89
euros.

Regarding the threshold discount, bidder 3 as the desigrmatedr wins the auction and
receives a positive payoff only if the discouhis greater than the threshold discouit=
1—= £ = 13.33% (Lemma 3.3.1). Moreover, in equilibrium a bid of bidder 3rieases
the revenue of the auctioneer only if if the discount is chdsethe bidding corridor of1 —
w1 — ) = (7.14%,13.33%). Thatis, if in the DA the discount is selected out of the

interval (7.14%, 13.33%), then the seller’s revenue in the DA is greater than the ctivee
revenue in the corresponding second-price auction.

In a second-price auction, an equilibrium in dominant sggtexists and the expected
revenue of the seller is equal to the expected value of thensaighest bid. Furthermore, it
is a well known result from auction theory that in an SIPVisettvith risk neutral bidders, the
revenue equivalence theordmlds: the four standard auctions, i.e. the ascendingedelétg,
first-price sealed-bid and second-price sealed-bid augteld the same expected revenue (cf.
for example t(£ Wolfstetti?r 199b; Krish%a 2002; Klempkere(DlEp When introducing bidding
credits in the form of aliscountto a second-price auction, the revenue equivalence theorem
does not apply. Consider the DA in an SIPV setting. A low valigglér with an assigned
discount is able to outbid the bidder with the highest vatumtwin the auction and purchase
the item due to the discount. Thus, it is no longer assurddltledtem is awarded to the high
value bidder. In particular, the DA and the second-pricdian@re neither revenue-equivalent
nor strategically-equivalent.

When dropping the symmetry assumption, bidders are chaizadeby different distri-
bution functions of valuations. From literature it is knowrat under these conditions, the
seller's revenue in a second-price auction strongly dep@mdthe types of the distribution
functions (cf\ Cantillon‘ (2065) or Maskin and Riley (2000)).

The DA and its corresponding second-price auction are nedlahd analyzed in the fol-
lowing sections: firstly in an SIPV setting (symmetric caaeyl secondly in an independent
private values setting, in which bidders draw their valoagifrom different distribution func-
tions (asymmetric case). In both cases bidders are assunbedisk neutral.

When considering the expected revenue of the seller, thenmajer conclusion from
this model is that in the symmetric case, the discount doépay for the seller, while in
the asymmetric case the discount may raise the seller'sceegheevenue. In addition, the
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bidders’ payoffs as well as the social welfare are of inter8® give greater insights into
the DA and deepen the understanding of how the discounttaffiee outcome, the following
guestions will be answered in both, the symmetric and thenasstric case from a theoretical
perspective:

e What is the expected outcome in the DA, i.e. the seller’s eguevenue, the expected
payoff of the designated bidder as well as a the expectedfipafya non-designated
bidder, and the expected social welfare?

e What is the expected outcome in the corresponding second-guiction, i.e. the seller’s
expected revenue, the winning bidder’s expected payoff,tha expected social wel-
fare?

e To what extend does the discount affect the seller's exge®ieenue in the DA com-
pared to the respective expected revenue in the corresppadcond-price auction?

e Focussing on bidders’ characteristics and distinguishetgveen the case of symmetric
bidders and the case of asymmetric bidders: In which casdheaseller extract an
additional revenue and raise her revenue?

The aim of the following sections is to present a formal madéhe DA and its corresponding
second-price auction as well as to address the questionsomet above.

3.4 Notation

Throughout this chapter it is assumed that a finite numbeidafdss participate in the DA and
its corresponding second-price auction in an IPV settingt X = {1,...,n} be the set of
bidders andh € N, n > 1 be the number of bidders. Bidders are assumed to be risk heutra
The number of bidders as well as their risk attitudes are comkmowledge. A bid of bidder
i € N which he submits in the auction is denoted iy At the time a bidder submits his
bid, he knows how much he values the item for which he is bgldiFurthermore, in the DA
d € [0,1) denotes the discount, which one randomly selected biddgaiged. Additionally,
dependent on the discount, the faciag R is defined bys = — > 1.

In the following, two cases are distinguished: first, sfyenmetric casevhere bidders are
of the same type and their valuations are independentlgildis¢éd according to the same cu-

mulative probability distribution functio#’; and second, thasymmetric casevhere bidders
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are of different types and their valuations are characdrizy two different cumulative prob-
ability distribution functionst,, and F.

1. In thesymmetric casehe valuations, ..., v, are realizations of independent random
draws of the random variablg with the cumulative probability distribution function
(cdf) F : R — [0, 1] which has the convex suppaM! C R . The corresponding
probability density function (pdf) is given bf(v), f : R — R, which is the derivative
of F'(v) with f(v) = F'(v).

Further, let, . .., v, € R ben independent draws from the random variableith the
probability distribution functior’(v). Then, then realizationsyy, .. ., v, can be sorted
and rearranged in decreasing ordenas > v > ... > v). Eachyy), k € N, is
defined as the realization of the random varidlg ,,, the kth order statistic. Théth
order statistid/y , assigns to each of therealization ofl” the kth highest valuey .
If the numbern of drawings is known in advance, then the distribution anaisig of
Vii),n andVyy) ,, is denoted by (y) ., f1),, aNdFio) ., f(2),» (cf. Appendix B.2).
Suppose that the bidders participate in a DA. There is exactly one designhtdder
in the DA. Let bidderi € N denote the designated bidder to whom the discount is
assigned. Bidderhas a valuation of; for the item; his weakly dominant strategy in the
DA isto bidb;, = v; = ﬁvg, d € [0,1). The bidy; is a realization of a random draw
of the random variabl&. F' : R — [0, 1] with the convex suppoi C R is the cdf of
Vandf : R — R, the respective pdff is defined byF'(v) = F(}v) Vv € R and its
associated pdf is given bf(v) = 1 f(v) Vv € R
More specificallyV’ is a linear transformation df: ¢ : R — R with t(v) = © = dv =

1

v defines the linear transformation function of the randonade V' (cf. also to

Appendix B.1).

2. In the asymmetric case, thebidders are divided into two groups: a grouprnefweak
bidders,m € N,n > m > 1, and a group ofi{ — m) strong bidders. Suppose w.l.0.g.
bidder 1,..., bidderm are the weak bidders in the auction and bidders- 1, ...,
biddersn are the strong bidders. L&t denote the set of the weak bidders atd
the set of the strong bidders withi = S U W and() = S N W. Each weak bidder
assigns a valuation;,i: € W to the item. The valuations, ..., v,, are realizations
of independent draws of the random variablg The distribution function o/, is
given by F,, : R — [0, 1] which has the convex suppo¥ and its respective positive
pdf is given byf,, : R — R,. The valuations,, 1, ..., v, of the high value bidders
are independently drawn from the random variddlevhich is distributed byF,. F; :
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R — [0, 1] with the convex suppos$ is the cdf ofV; and f; : R — R, its respective
pdf. However, the valuations of the weak and strong biddexsistributed by different
distribution functionsF,, and F, with F,, # F.

Further, letvy,...,v, € R bem independent draws from the random variali)eand

n — m independent draws df; with the probability distribution functiong’, (v) and
F,(v). Then, the vectofv (1) ,m, - - - , Vm).n,m) denotes the sorted and rearranged order of
then realizationsvy, ..., v, BY V(1) nm = V@) nm = - = V) nm- EACNUg) om, K €

N, is defined as the realization of the random variaklg .. ., the kth order statistic
which assigns to each of therealization ofV, andV; the kth highest valuey) ,, .
The distribution and density df) ,, ., andV(y) ..., are denoted b¥{y) ;. n, f(1),n,m and
Fo)nmr f2)nm-

Suppose that the: weak bidders and the — m strong bidders participate in the DA.
Then the designated biddee N may either belong to the group of weak bidders or the
group of strong bidders. Should the designated bidder beak Wiglder, then w.l.0.g.
the weak bidder is denoted by biddee . If the designated bidder is a high value
bidder, then w.l.0.g. the high value bidder is denoted bylbig € S. Independent
of whether the designated bidder is a low value bidder a high value biddej, the
designated bidder has a (weakly) dominant strategy in thellbA designated bidder to
whom a valuation of of the item is attached submits a bidiof= —v.

If the designated bidder is a low value bidder, his bjds a realization of a random
draw of the random variabl€,. The random variabl&, is distributed according to
F,, with the convex suppor?). More precisely, the random variablg, is a linear
transformation of the random variablg, with V,, = t(V,,) = 0V, = 5V, 6 € R,

§ = . F, : R — [0,1] is the cdf ofV,, defined byF,,(v) = F,(3v)Vv € R and

fw : R — R its respective pdf witlyf,,(v) = 1 f,(3v) Vv € R. Hence, the same holds in
the case, that the high value biddef S is the designated bidder to whom a valuation of
v; is assigned. His biél; = v; is a realization of a random draw of the random variable
V.. Again, the random variablg, is a linear transformation of the random variable
The cdf ofV; is denoted by, : R — [0, 1] with Fy(v) = F,(}v) Vv € R and the convex
supportS. Its respective pdf is given b : R — R with f(v) = 1 f,(3v) Vo € R.
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3.5 Second-price auction

3.5.1 Symmetric distribution functions

The corresponding auction to the DA is the second-price@ucin the second-price auction,
the high bidder wins the auction and the price to pay is thersgtighest bid. Recall, that
in the second-price auction in an IPV setting truthful bragdb;, = v;,7 € N is a weakly
dominant strategy. The bidder with the highest valuatiorcipases the item at the price of the
second highest valuation.

In the following, the second-price auction is analyzed inR\Ssetting with risk neutral
bidders. More precisely, (i) the expected revenue of thers€li) the expected payoff of the
winning bidder, and (iii) the expected social welfare in $eeond-price auction are calculated.
As the second-price auction is thoroughly studied in therditure, for example in Wilsé)n
deQi), Wolfstetter‘ (19§9$, Krishna (2002), or KIempe}éOQ4), this section only briefly
summarizes the most important results.

The price the high value bidder in a second-price auctios =g realization of a random
draw of the second order statistic. The price equalswhich denotes the second highest
valuation among the realizations, . .., v, of n independent draws of random variatife
(cf. Appendix B.2). As noted, random variableis distributed according to the distribution
function F'. The valuationy,), the second highest valuation, is an independent draw of the
second order statistig ) ,, with its distribution function

Foyn = nF""H(v) = (n = 1)F"(v) (3.3)
(Equation B.9 withk = 2) and its respective pdf) ,(v) = Fy ,(v) (Equation B.10 with

(
k=2)
fn(v) =n(n — 1) F"*(v) f(v)(1 - F(v)) (3.4)
With the equations above tleeller’'s expected revenuén a second-price auction (EA) can

easily be derived: the expected revenue is just the exparctatt the second highest value, or
the second order statistic, and is calculated by

BlReal = BVl = | vfaalo)do (3.5)

Further, fix a biddet € N and lety = max;cn ;3 v; be the highest bid among the— 1
rival bidders.y is a realization of a draw of the random variablewhich denotes the highest
value among the, — 1 remaining valuations except the valuation of the fixed bidderhe
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random variable”” = V{y,_; is distributed according to the distribution functidfy,,_,
with
Fayn-1(v) = F"(v) (3.6)

and its respective pdf
fayn-1(v) = (n = HF"*(v) f(v) (3.7)

Theexpected payoffr; of the winning bidder i € N is

Ermypn = / / (v = ) fpmaW)dyf(W)dv i€ N (3.8)

The expected social welfare in the second-price auctioalede expectation of the high-
est valuation, i.e. the expected value of the first ordeissi@{Appendix B.2). F{y), is the
distribution function of the first order statistic,,,, (Equation B.7) andf), is the corre-
sponding density function (Equation B.8)

Fuyn(v) = F"(v) and fay n(v) = nF" ' (v) f (v) (3.9)

Theexpected social welfaren the second-price auction calculates to

EWea) = Wil = [ ofwalo)do (3.10)

An alternative way to calculate the expected welfare is toutate the expected gains of all
auction participants — the expected revenue of the selleretisas the expected payoff of all
bidders.

E[WEA] = E[REA] -+ nEm,EA (311)

Note that in the equations above the subsckigt denotes the second-price auction.

Example 3.5.1 Suppose four risk neutral bidders participate in a secorm@uction in a
SIPV setting. Bidders have private valuatiansi € N = {1,...,4} which are realizations
of independent draws of random variable V' is distributed according to the exponential
distribution function/” : R — [0, 1] with

Fvy=1—e™ A>0
and the corresponding density functipn R — R, with

f(v) = e
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For\ = ﬁ the expected value of equalsE[V] = % = 100. The seller's expected revenue,
the bidder’s expected payoff and the expected welfare aredalculated and result as follows.

The seller has an expected revenue of
E[Rga] = 108.33
and each bidder has an expected payoff of
Emipa=25 i=1,...,4

(cf. Equation 3.5 and Equation 3.8). The expected welfarthénsecond-price auction is
calculated by Equation 3.10 and equals

E[Wpg4] = 208.33

For A\ = 11% the seller's expected revenue, the expected payoff of aebiddd the expected

welfare equal
E[Rpa] = 162.50, FEmipa=3750(i=1,...,4) and E[Wga] = 312.50

This example is calculated with Maple 9.5, a programmingirenment for mathematical
problem-solvin

3.5.2 Asymmetric distribution functions

In this section, the corresponding second-price auctiadhebDA is analyzed in an asymmetric
IPV environment with risk neutral bidders. In contrast te BIPV setting, the symmetry
assumption is dropped, such that bidders are charactdayzéifferent probability distribution
functions of valuations. The aim is to calculate the sdlexpected revenue, the bidder’s
expected payoff as well as the expected welfare in the quoreng second-price auction
under the given conditions.

Assume an independent private values setting. Supposi neutral bidders participate
in a second-price auctionM = {1,...,n}). In particular, there are: weak bidders (low
value bidders) with private valuations, . . . , v,, of the item being auctioned. Each valuation
v;, i € W is a realization of an independent draw of the random vagighldistributed by
F,(v). The valuations,, 1, ..., v, of then — m strong bidders (high value bidders) of the
item are realizations of — m independent random draws of the random varidfleith the
distribution functionF(v).

16See http://www.maplesoft.com.
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As noted(v(1)nm; - - - Vn)n,m) 1S the ordered vector of the valuationsi € W, of them
weak bidders and the valuations j € S, of then — m strong biddersy ) ,, ., andw(y)
are the realizations of the random variablgs ,, ,,, andV(s) ,, ..., i.€. the first and second order
statistic. F{;) »,,, denotes the distribution function of ti¢h order statistid/) ,,. ., and fx) n.m
its corresponding density function. Note that the densitycfion f;) .. ., is the derivative of
the distribution functionfy, ,, ..., k € V.

As the seller’'s expected revenue is the expectation of tbenskorder statistic, the distri-
bution functionfy) ,, ., as well as the density functiofy, .., have to be calculated:(,) ,, .,
defines the probability of the event thidy, ,,,, < v. In fact, this is equal to the event that
() all n independent random draws ©f, andV; are less than or equal tg or (i) m — 1
independent random draws f, are less than or equal t¢ one random draw of,, is greater
thanv, and alln — m random draws of/; are less than or equal tg or (iii) all m random
draws ofV,, are less than or equal t9n — m — 1 random draws of/; are less than or equal
to v, and one random draw d&f; is greater tham. There aren different ways in which (ii)
can occur ana. — m ways in which (iii) can occur. So, the distribution functiofithe second
order statistic equals

Fynm(v) = FJ ) F7" () +mEy~ (v) (1= Fu(v) F7 7" (0) (3.12)
+n —m)E (o) F7 7" v) (1= Fy(v))
= mE; () E!T () + (n—m)E (o) FT ()
—(n = DEM ) F™(v)

and the associated density function is

feymm(v) = m(m—1)F2(v) fu(v) F} ™" (v) (3.13)
+m(n —m)Fy = (0)F 7" (0) fi(v)

+(n —m)mEy () fu (V) FT 7 (v)

+(n —m)(n —m — F} () F'7"7(0) fo(v)

—(n = D)mE} (v) fu(0) F " (v)

—(n—1)(n —m)E7 () F7™" " (v) fo(v)

Using Equation 3.13 the expected value of the second higladsation yields theseller’'s
expected revenuen a second-price auction in which bidders’ valuations &r& acterized by
asymmetric distribution functions.

B[R, = E[Vigymm] = / o F iy (0)7d0 (3.14)
0
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Note that the superscripis indicates the asymmetries among the distribution funetiamnd
the subscripEA denotes the second-price auction. The expected revente sttler is just
the sum of the ex-ante (prior to knowing their valuationg)exted payments of the bidders.

To calculate the bidder's expected payoff, the ex-ante @epepayment of a particular
bidder in the auction is determined. Recall, that in case ahimg the second-price auction
the high biddet’s payoff ist; = v; — y,7 € N, wherey denotes the final price in the auction,
l.e.y = max;en () bj. In case of biddet loosing the auction, his payoff equals zero. Thus,
to determine the expected payment of the high bidder, thieelsigvalue among the — 1
remaining bidders has to be determined. If a weak bidder thi@suction, the final price is
determined by the bids of the — 1 remaining weak bidders and all— m strong bidders.
If a strong bidder is the high bidder in the auction, the payneguals the highest valuation
of all m weak bidders andh — m — 1 remaining strong bidders. In both casgs,which
denotes the final price in the auction, is a realization ofaoan draw of the random variable
Y = V)1, 7 € {m — 1, m}. The distribution function o¥” is obtained by

Fayn-1,(v) = Fr(v)F""(v) (3.15)
with
m — 1, if the high bidder is a weak bidder
r =
m, if the high bidder is a strong bidder
The associated density function is

fym-1(v) = rEH (0) fo(0) FY 77 ) + (0 — 1 = D F () F' 777 fo(v) (3.16)

Now, the expected payoff of a bidder can be written as follows
Theexpected payoff of a weak bidderequals

TiwEA = / / v =Y) fyn-1m-1y)dyfu(v)dv i€ W (3.17)
with
fym-rm-1(y) = (m = D)FS(y) fu(y) FT ™" (y) + (n = m)F~ () F2 " foly)
Theexpected payoff of a strong biddeiis calculated by
e EA / / V=Y fym1my)dyfs(v)dv j€S (3.18)
with

fym-rm(y) = mE; ™ (W) () 2" (y) + (0= m = DEN () Y2 fi(y)
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Note that in the equations above subscriphdicates Weak and subscript names trond'.
Again, superscripts denotes the asymmetric case and subséripthe second-price auction.

The expected welfare in the auction is the expectation ofiteeorder statistid/y) ,, -
The event thal/,) ,, ., < v is equal to the event that alk independent random draws from
V., (distributed byF;,) are belowv and that alln — m independent random draws from
(distributed byF;) are belowwv. Thus, the distribution function of the first order statisti
Vi1)nm €quals

Fynm(v) = FI (0) 27" (0) (3.19)

The associated probability density function is the denreadf ;) ,, .,(v) and obtained by

fymm(®) = mFy (0) fo(0)F]7"(0) + (n = m) ) (0) 2777 (0) fo(v) (3.20)
= Fy () F N 0) (mfu(0) Fo(v) + (n = m) fo(v) Fu(v))

As theexpected welfares just the expectation of the highest valuation the expbatelfare
calculates to

E[ng&] = E[‘/(l),n,m] = / Uf(l),n,m(v)dv (321)
0

Consider, that the expected welfare equals the expecteduewd all players in the auction —
the expected revenue of the seller and the expected revehaks bidders. So, the expected
welfare in the second-price auction with weak bidders and. — m strong bidders can be
rewritten as

EWgL] = E[REA] + mET, pa+ (n—m)E7S g (3.22)

2

Example 3.5.2 Suppose four risk neutral bidders participate in a seco@uction under
the conditions of the IPV. Further, it is supposed, that eiddare asymmetric, i.e. bidders’
valuations are distributed according to two different mbsttion functions. Bidders 1, 2 and
3 are weak bidders with valuations, which are drawn from #r&lom variablé/, with the
distribution functiont, : R — [0, 1],

F,(v)=1—e™" X\, >0

The valuations of bidder 4, the strong bidder, are drawirfgguedom variablé/,, which is
distributed byF; : R — [0, 1] with

F(v)=1—e™" X\ >0

Let\, = 155 and\, = 5. Then, the expected value of a weak biddeE (¥, = AL =100

and the expected value of the strong bidder eqials] = - = 200.
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The associated density function to the distribution fueti, (v) is given byf, : R — R,
fe(v) = Xe ™ N\, >0, k = w, s.
Under the above assumptions, the seller in the second-guicton has an expected revenue
of

E[R%,] = 129.05

The expected payoff of a weak bidder = 1,2, 3, is denoted byr; -, and of the strong
bidder by Ew{, 4 with

Bri 5,y =1810 i=1,....3 and BErf ., =91.43

The expected welfare in the second-price auction is eitieestim of the expected revenue of
all participants in the auction, or the expected value offitls¢ order statistic and equals

E[Wes,] = 274.76

Increasing solely the expected value of the weak bidders 0V, = 100 (A, = ﬁ) to
E[V,] =150 (A, = ﬁ) while keeping the expected value of the strong bidder @amsthen

the following expectations are derived:
E[R%,) = 174.87, E[Wg,] = 341.49

Eni sy =3338i=1,...,3 and Er ,, = 66.49

3.6 Discount auction

3.6.1 Symmetric distribution functions

Consider the DA market institution as defined in Definition. Bid the SIPV setting with risk
neutral bidders. In the following the expected outcomefhienDA, i.e. the seller's expected
revenue, the bidder’s expected payoff and the expectedweedire analyzed.

Supposen bidders compete in the DA for an item offered for sale. Bidd®escharac-
terized by the same probability distribution function ofuations. That is, each valuation
v; of bidder: € N of the item being auctioned is a realizations of an indepenhdeaw of
random variablé/. As noted, bidders’ valuations are independent and idalhtidistributed
according to the distribution functioR'. Suppose further that the designated bidder who is
granted the discount is denoted by N. Recall that in the DA each bidder has a weakly
dominant strategy (Section 3.3.2, Proposition 3.3.1):dixsignated bidder submits a bid of

by = v = v with § = = andd € [0,1); all rival biddersi € N \ {i} submit their
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values truthful and bid; = v;. As already noted, the bids of the designated bidders are
realizations of a random draw of random variablevhich is distributed according t&8' with
F(v) = F(3v).

Before calculating the expected outcomes in the DA, remettegrin principle in the DA

two cases are to distinguish:

Case I The designated biddémwins the DA.
Case II: Abidderi € N \ {i} is the high bidder in the DA.

In the following, the two cases are explained more precisely

Case I Consider the case that the designated bidder N wins the auction with a bid of
b; = 6v;. His payoffism = v; — sy = v; — (1 — d)y with § = 1, d € [0, 1) and payment

y being the highest bid among the— 1 rival bidders’ bids:y = max;en ;3 v;. Y denotes
the highest valuation among the- 1 rival bidders’ valuations and is distributed according to
G 1)m-1(y) with

Guyma(y) = F*H(y) (3.23)

Case Il: Consider the case that a non-designated bidderV, : £ i is the high bidder in the
auction. The payoff of that bidder equals= v; — y. The paymeny is the highest bid of the
n — 2 rival bidders’ valuations, to whom the discount is not aseiy and of the designated
bidder’s bid:y = max{max;cn (53 vj, 0v;: }. Thatis the price at which biddépurchases the
item. Y is distributed according t6'(1) ,,—»(y) with

Guyn-2(y) = F"2 (W) F(y) = P (y) F(5y) (3.24)

To be more general, fix one bidder. The final pricevhich is the highest bid of the
remainingn — 1 bidders is a realization of a draw of random variableThe random variable
Y is distributed according to the distribution functiofy . (y),r = n — 1,n — 2 with

- 1
Guyrly) = Fr(y)F" 7 (y) = Fr(y) F 77 (<) (3.25)
with
n — 1, if the high bidder is the designated bidder
r =
n — 2, if the high bidder is a non-designated bidder

Forr = n — 1, G),-1(y) is the distribution function of the first order statistic whi
assigns to each realization of the- 1 independent draws of random varialethe highest
value, that isCase L Forr = n — 2, G(1),,—2(y) is the distribution function of the first order
statistic which assigns to the— 2 independent draws of random variableand a single draw
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of the random variabl& the highest value, that Base II. The associated density function is
given by
gny) = rFT W ETT () + (n—r = DE () F" () fy)  (3.26)
1 1 1.1
= PP ) (HF G + (-7 = DFO G

withr=n—1orr=n—2.

Expected revenue of the seller

The expected revenue of the seller is just the sum of the &x{@nior to bidders knowing
their valuations) expected payments of the bidders. Thhesek-ante expected payment of
a particular bidde¥é € N with valuationv; in a DA is to be derived. In the following, first,
the ex-ante expected payment of the designated biddealculatedCase | and second, the
ex-ante expected payment of a bidder+# 7 is determinedCase II.

Case I Consider the case that the designated bidderV is the winning bidder. The ex-ante
expected payment of the designated biddere N is obtained by

Bl = [ [ Svowaninfoyio 327)

=[] 5v- 1>F“<y>f<y>dy§f<§v>dv

_ / / " L )P 2(g) f(y)dyf (o)

Case lI: Consider the case, that a biddee N \ {i} wins the DA. The ex-antexpected
payment of a non-designated biddei € N \ {i} is obtained by

BlPoal = [ [ vownali)dnso)ie (3.28)
= [ [ o= s r G + P G dur o

The expected revenue of the selleis the sum of the ex-ante expected payment of the
designated bidder andn — 1 times the ex-ante expected payment of a biddér # 1),
obtained by

ElRpal = E[P,pal+ (n—1)E[P,pal (3.29)

61}
- / / sy(n = DF"(y) f(y)dyf (v)dv
rn= / / 2)F" "y )f(y)F(%y)+F"—2(y)%f(%y) dy f(v)dv
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Expected payoff of a bidder

As the payoff functions are separable in money, they araliribe expected payoff of a bidder
is derived by

Expected Payoff = Expected [Valuation - Payment]
= Expected [Valuation] - Expected [Payment]

To calculate the expected payoff of a bidder the two caSase landCase Il mentioned
above, are again distinguished:

Case I Consider the case that the designated bidder/N wins the auction. Thexpected
payoff of the designated bidder: € N is calculated by

Fron = [ [ (v 3) swm i (3:30)
= [ (o= o) - s

Case II: Consider the case that a non-designated biddeN, i # 7 is the high bidder in the
auction. Theexpected payoff of a non-designated bidder € N \ {i} is obtained by

Emipa = /0°° /0 (v =) gym—2(y)dy f (v)dv (3.31)
= [ [ - |e-2rwsrGe + 5G| diroa

Bringing both cases together, thepected payoff of all biddersis the sum of the individ-
ual expected payoffs and can be written as

Erpa = Emipa+ (n—1)Em; pa (3.32)

Expected welfare

The expected welfare is the expected value of the higheseyak. the first order statistic.
To calculate the expected welfare, the following two casesgain distinguished: in the first
case the designated bidder is the winning bidder in the @udthat isCase |, and in the sec-

ond case, it is not the designated bidder who wins the aydhanisCase II.



84 CHAPTER 3. THEORETICAL MODEL OF THE DISCOUNT AUCTION

Case I Consider the case that the designated bidderV wins the DA. Then, the expected
welfare is given by

E[Wipa] = /O T 0Gay (50) f(0)dv = /0 P (00) f(v)dv (3.33)

Case lI: Consider the case that a non-designated bidderV \ {i} wins the DA. Then, the
expected welfare is calculated by

1

EW,; pa) = /000 VG (1yn—2(v) f(v)dv = /000 UFn_2(U)F(5U)f(U>dU (3.34)

The expected welfare of the DAis the sum of the expected welfare derived from both
casesE[W; pal in Case land(n — 1) timesE[W; p4] in Case Il, and can be written as

EWpal = E[Wipal + (n - 1)E[W;pa] (3.35)

= /000 vF" 7 (6v) f(v)dv + (n — 1) /000 UFn_z(U)F(%U)f(U)dU

_ /0 e (F"l(év) +(n— 1)F"2(U)F(§U)) F(v)dv

Remark 3.6.1 The expected welfare is the sum of the expected revenues pibgers, i.e.
the expected revenue of the seller, the expected payofeafésignated bidder amd- 1 tines
the expected payoff of a non-designated bidders.eXpected welfare of the DAs obtained
with Equations 3.29 and 3.32, and equals

E[Wpa] = E[Rpa]l + Empa (3.36)
= (E[P,pal + Emipa)+ (n — 1)(E[Ppal + Emipa)

Note that the expected welfare can be separated into tws: gast, £[V; pa] = E[P;pal +
Em; pa is the designated bidder’s expected payment and expecyedf pathe case that the
designated bidder wins the auctioBase l), and secondE[W; pa| = E[P; pa] + Em;pa is
the expected payment and expected payoff of a non-desdjbatder: in the case that bidder
7 wins the auctionCase II).

Example 3.6.1 Assume a SIPV setting with risk neutral bidders. A selletiateés a DA and
offers a single-item to four bidders for sale. Bidders’ véiloras are private and independently
drawn from the random variablé, which is distributed according to the exponential dist¥ib
tion function. The exponential distribution function isfided by 7' : R — [0, 1],

Fv)=1—¢e?  A>0
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and the associated pdfis given py R — R,
fw) = e

Suppose bidder 1 is the designated bidder, to whom the dise®@assigned. Then, the bids
of bidder 1 are distributed according fo: R — [0, 1],

§ =1 >1,d €0,1), and\ > 0 with density/ : R — R,

flo) = 2f(z0) = phe b

Bidder 1, being the designated bidder, submits a bid aboveahistion due to the discount;
bidder 2, bidder 3 and bidder 4 submit their valuations fulb

Let £[V] = 100 with A = %5 and the discount be equaldo= 10%, i.e.d = .

Then, the expected revenue of the seller is calculated batitnu3.29 and computes to

E[Rpa] = 108.10

The expected payoff of the designated bidder (bidder 1) hacckpected payoff of a non-
designated bidder (bidder 2, bidder 3, and bidder 4) can begpuated by Equations 3.30 and
3.31 and are

Emipa=2792 and Empa=24.02 i=234

The expected welfare is obtained by Equation 3.35 and equals
E[Wpa] = 208.11

For a discount of 20% and = ﬁ the seller's expected revenue, the bidders’ expected

payoffs and the expected welfare are given by
E[Rpa) =107.29, Em pa=3133, Empa=2289, i =234 and E[Wpa]=207.29

All calculations are performed by Maple 9.5.

3.6.2 Asymmetric distribution functions

The scope of this section is to analyze the DA in an indepenpi@rate values setting with
risk neutral bidders. Bidders are of different types and att@rized by different probability
distribution functions of valuations. More precisely baid are either of the typeeakand
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their valuations are independently drawn from the randorralée V,,,, which is distributed
according to the distribution functioh,(v), or bidders are of the typgtrongand their valu-
ations are independently drawn from the random vari&h)aevhich is distributed according
to the distribution functiorfs(v). There aren weak and ¢ — m) strong bidders. Denote the
set of weak bidders b}#” and the set of strong bidders By In the DA, a single bidder to
whom the discount is assigned is randomly selected. Thatidésignated bidder. In the case
that the designated bidder is of type weak, the designatitebwill be denoted by € W;

in the case that the designated bidder is a strong biddedetignated bidder will be denoted
by 7 € S. To determine the expected outcomes in the DA, i.e. therse#igpected revenue,
the expected payment and the expected payoff of a bidderkhasthe expected welfare, the
following cases are distinguished:

e The designated biddére 17/, a weak bidder, wins the auction and pays the discounted
final price of the DA.

e The designated bidder € S, a strong bidder, is the high bidder in the auction and
receives a discount on the final price of the DA.

e A weak bidderi € W \ {7}, who is not the designated bidder, wins the auction and
acquires the item at a price equal to the final price of the DA.

e A strong bidderj € S\ {j}, who is not the designated bidder, wins the auction and
purchases the item at the final price of the DA.

Assume biddei € N is the winning bidder. Then, the final price of the DAyis= maxc n i) b
The price at which the item is purchased by the high biddeeither the final price or the
discounted final pricey = (1 —d)y with § = 5 andd € [0, 1) depending on whether or not
the designated bidder is the high bidder. L.etenote the highest bid among the- 1 bids of

all bidders, except biddér Theny can be interpreted as a random draw of a random variable
Y which is distributed according to a distribution functidn.the following the two cases are
distinguished:

Case I the designated bidder is a weak bidder and

Case ll: the designated bidder is a strong bidder.

To be more precise each case is distinguished in three sgaad for each subcase the dis-
tribution function of the random variabl€ is determined. The associated probability density
function is simply the derivative of the distribution furast.
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Case I the designated bidder is a weak bidder
Assume a weak biddere IV is the designated bidder, who is randomly selected to receiv
the discount.

(a) Consider the case that the designated bidden}” wins the auction with a bid afv;.
Bidder: purchases the item at the discounted final price of the aruc§iy>: (1 —d)y.
His payoff is equal tor; = v; — 1y = v; — (1 — d)y. The final pricey = maxyen\ (i} v,
or the second highest bid, is a realization of a draw of thd@anvariableY’, which is
the first order statistic of» — 1 random variable¥,, andn — m random variable¥’.
Y is distributed according to the distribution function

G(l),mfl,nfm,w (y) - FIT_I(y)an_m(y) (337)

(b) Consider the case that a weak biddee W \ {i}, who is not the designated bid-
der, wins the auction. The price to pay for the item equals: maxycn\ (i) b =
max{maxen\ (i} Vk, 0v; }. The weak bidder’s payoff is; = v; — y. The final pricey
can be interpreted as a draw of a random variablevhich is the first order statistic of
random variabld’,,, m — 2 random variable¥,, andn — m random variable¥,. Y is
distributed according to the distribution function

G(l),mflnfm,w(y) = F$_2(y)Fg_m(y)F’w(y) (3.38)

(c) Consider the case that a strong bidgdes S wins the auction. The final price of the
auction isy = maxgen ;3 be = max{maxgen ;) Uk, 0v;} and he gains a payoff of
7; = v; —y. y is a random draw of the random varialife the first order statistic of
random variablé/,,, m — 1 random variable¥,, andn — m — 1 random variable¥..
The distribution function of” is given by

Giym—tp—m—1w(y) = 0 y) FI=" " (y) Fu(y) (3.39)

Summarizing the three casgg to (c) mentioned above, in which the designated bidder is
a weak bidder, thep, is a realization of a draw of the random variabledistributed according
to

G(l),mfrfl,nfmfu,w (y) = F;n—r—l(y>F8n—m—u(y)Fv;+u(y) (340)
with 7, u € {0,1} A 0 <r+u <1. Thatis,
@ r=0Au=0, if the high bidder is the designated weak bidder

(b) r=1Au=0, if the high bidder is a weak bidder, but the designated bidder
) r=0ANu=1, if the high bidder is a strong bidder
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The corresponding density function is the derivativeCqf ,,,—r 1 n—m—uw(y) and ob-
tained by

g(l),m—’r‘—l,n—m—u,w<y> - (m - r—- 1)F$*T*2(y)fw (y)FsTLimiu(y)F;Jru(y) (341)
(1 —m—w) Fy T ) FE T ) fo(w) Fo T ()
H(r +u) Fy T ) T ) L fu(y)

Consider in the following the case, that the designated bigdda strong bidder, who is
granted the discount. As i@ase Isimilar subcases can be distinguished.

Case II: the designated bidder is a strong bidder
Assume the discount is randomly assigned to a strong biglderS, being the designated
bidder.

(a) Consider the case that the designated bigdemns the auction with a bid ofv;. He
purchases the item at the discounted final price of the auc%ip = (1 —d)y. The
strong designated bidder has a payoffrof= v; — %y = v; — (1 — d)y. The final
pricey = maxen\ (5 Uk, OF the second-highest bid, is a realization of a random dfaw
the random variabl&”, which is the first order statistic of, random variable$,, and
n —m — 1 random variable¥,. The distribution function ot is defined by

G(l),m,n—m—l,s (y) = Fﬁ(y)ngmil(y) (3.42)

(b) Consider the case that a strong bidder S\ {7}, who is not the designated bidder, wins
the auction. The price to pay is the final price of the DA andesi = maxicn ;) bx =
max{maxen\(j;} Uk, 0v;}. The strong bidder’s payoff is; = v; — y. y is a realization
of a random draw of a random variable which can be interpreted as the first order
statistic ofm random variable¥,,, n — m — 2 random variable¥; and random variable
V,. The distribution function o¥” is defined by

Gymm—m—2sy) = Fo(y)F7"2(y) Fy(y) (3.43)

(c) Consider the case that a weak bidder I/ wins the auction. The final price of the DA
atwhich bidder acquires the item equajs= maxyen\ (i} b = max{maxyen fij} Uk, 0V;}-
The weak bidder gains a payoff of = v; — y. The final pricey is a realization of the
random variablé” which denotes the first order statisticrof— 1 random variable¥,,

n —m — 1 random variable¥, and random variabl&,. The distribution function of the
first order statistid” is given by

Gymtn-m-15(y) = Fo' () E2 "M (y) Fuly) (3.44)
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Referring to the three subcag@$ to (c) above in which the designated bidder is a strong
bidder, then the distribution function of the random valkeaty can be more generalized and
calculates to

Gym—ra-m-u-1s(y) = Fi () E" T () T (y) (3.45)
with r,uw € {0,1} A 0 <r+wu < 1. Thatis,

@ r=0Au=0, if the high bidder is the designated strong bidder
(b)) r=0ANu=1, if the high bidder is a strong bidder, but the designateddyidd
) r=1ANu=0, if the high bidder is a weak bidder

The associated density function is the derivative of th&idigtion function and given by

g(l),mfr,nfmfufl,S(y) = (m— T)qun_r_l(y)fw(y)Fg_m_u_l(y)ﬁg—i_u(y) (3.46)
Hn—m—u—1)F; () Fr 2 () fo () FL ()
Hr +w) Fp () Fr ) FT 7 () f(y)

With the above given distribution functions, EquationsO3ahd 3.45, and its respective
density functions, Equations 3/41 and 3.46, first a biddexsante) expected payment as well
as the seller’s expected revenue, second the expected pagdfidder, and third the expected
welfare of the DA are calculated.

Expected revenue of the seller

The expected revenue of the seller in the DA is just the surheék-ante expected payments
of all bidders. To calculate the ex-ante expected paymdritsedidders, the two cas€ase

| andCase Il with its three subcas€a) to (c) are considered. First, with Equations 3.41 and
3.46 the bidders’ expected payments in the six subcaseslatdated, and second, the seller’'s
expected revenue is derived.

Case I the designated bidder is a weak bidder
(a) The ex-anteexpected payment of the designated bidder € W, a weak bidder, is
obtained by

o0 v 1 -
E[Pi(,liz,DA] = /0 /0gyg(l),m1,nm,w(y)dyfw(v)dv (3.47)

Y | 1 1
- - o o)y~ fu(=0)d
/0 /[) 6yg(1),m 1,n m,w(y) yéfw(év) v
v 1

= / / _yg(l),mfl,nfm,w(y)dyfw<v)dv
0 0 5
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(b) The ex-antexpected payment of a non-designated bidderc 17\ {i}, a weak bidder,
is derived by

'LwDA / / Ygay)m—2,,n— mw( )dyfw< ) (348)
(c) The ex-anteexpected payment of a non-designated biddei € S, a strong bidder, is
given by

]wDA / / Yga),m—1,n—m— lw( )dyfs( ) (349)

Under the assumption that a weak biddes 1V is the designated bidder, tlseller's
expected revenuas just the sum of ex-ante expected payments of all bidddtseimuction.

B[Ry pal = B[P pal + (m = 1)E[P pal + (n —m) B[P}, pAl (3.50)

Superscripts indicates the asymmetries among bidders, subserigepicts, that the desig-
nated bidder in the auction is a weak bidder, &hdl denotes the auction format. In particular,
in case that a weak bidder is the designated bidder, the’saigected revenue is the sum of
the expected payment of the designated biddedl” ((a) with Equation 3.47)m — 1 times
the expected payment of a weak bidder, but not the desigbatddr (b) with Equation 3.48)
andn — m times the expected payment of a strong bidderwith Equation 3.49).

Case lI: the designated bidder is a strong bidder
(a) The ex-anteexpected payment of the designated bidder € .S, a strong bidder, equals

[ee] ’Ul ~
PP = [ [ 5090 maemssdf0)e (351)

S | 1.1
- /(; /0 gyg(l),m,nfmfl,S(y)dygfs(gv)dv

) ov
1
- / / _yg(l),m,n—m—l,s(y)dyfs<v)dv
0 0 5

(b) The ex-antexpected payment of a non-designated bidder € S\ {j}, a strong bidder,
is
]sDA / / Yga),mmn—m— 25( )dyfs( ) (352)

(c) The ex-anteexpected payment of a non-designated bidder € W, a weak bidder, is
obtained by

E[Pi?sS,DA] :/ / yg(l),m—l,n—m—l,s(y)dyfw(v)dv (3.53)
0 0

Under the assumption that a strong biddeg S is the designated bidder, tlseller's
expected revenuas the sum of the expected payments of all individual bidders can be
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written as
B[Rl = EIP}S pal + (n—m — 1) E[P]S pa] + mE[P p 4] (3.54)

Note that superscripts indicates the asymmetries among bidders preferences;riuthsin-
dicates the case of a strong designated bidder, and sufBctifhe chosen auction institution.
The equation above presents the equation of the selleriscéag revenue under the assump-
tion that a strong bidder obtains the discount. Thus, tHersekxpected revenue is the sum
of the expected payment of the designated strong bigders ((a) with Equation 3.51), the

n —m — 1 times the expected payment of a strong bidder, but not thigrkted bidder(p)
with Equation 3.52), andh times the expected payment of a weak bidde) With Equation
3.53).

The seller’'s expected revenue in the DA with bidders charasd by asymmetric distri-
bution functions of valuations is the sum of the expectedmayts of all individual bidders in
case, that a weak bidder is the designated biddasé Iwith Equation 3.50) and in case, that
a strong bidder is the designated biddg8age Il with Equation 3.54). Both partial expected
revenues have to be weighted with the probability, thateeithweak bidder is randomly se-
lected to receive the discount, that happens with a prababfl *, or that a strong bidder is
randomly selected as the designated bidder, that happéma wrobability of*—.

Theseller's expected revenuén the DA with asymmetric bidders is

n—m

as m as as
E[Rp,] = EE[ w.pAl T B[RS 4] (3.55)

Expected payoff of a bidder

The following turns to the expected payoff of a bidder p@vating in the DA with asymme-
tries among bidders. The expected payoff or equivalent tpeated payoff a bidder e N
achieves from a DA depends on his type, either being of tykwe of type strong, on being
a designated bidder to whom the discount is assigned, orahiation and the rival bidders’
valuations as well as on the assigned distribution funstafrvaluations.

As the payoff functions are separable in money, they araltibe expected payoff of a bidder
is derived by

Expected Payoff = Expected [Valuation - Payment]
= Expected [Valuation] - Expected [Payment]
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To calculate the expected payoff of a bidder the two casesiom=d aboveCase landCase
Il with its subcasega) to (c) and the given distribution functions, Equations 3.40 amib 3.
with its respective density functions, Equations 3.41/ad® 3are distinguished.

Case I the designated bidder is a weak bidder
(a) Theexpected payoff of the designated bidder € 1V, a weak bidder, is given by

ov
70 4 = / / (0~ $)000 o1 (9)d o () (3.56)

(b) Theexpected payoff of a non-designated bidder € W \ {i}, a weak bidder, equals

Bty = / / (0 — )90 (9)dy () (357)
0 0

(c) Theexpected payoff of a non-designated biddey € S, a strong bidder, is obtained by

Eﬂ-]qjv,DA - / / (U - y)Q(l),m—l,n—m—l,w(y)dyf5<v)dv (3-58)
0 0

Under the assumption, that a weak bidder is the designatiel@bthe expected payoff of
all bidders equals the sum of the expected payoff of the dasigl weak bidder € W ((a)
with Equation 3.56)m — 1 times the expected payoff of a weak bidder 1V \ {i}, but the
designated bidde(lf) with Equation 3.57), and — m times the expected payoff of a strong
bidder; € S ((c) with Equation 3.58).

Emypa = Eniypa+ (m—1Em, pa+ (n—m)ET, pa (3.59)

Case II: the designated bidder is a strong bidder
(a) Theexpected payoff of the designated biddej € S, a strong bidder, is derived by

jsDA—/ /Mv—— )90y« (1) dy fo(v)dv (3.60)

(b) Theexpected payoff of a non-designated biddef € S\ {j}, a strong bidder, calculates
to

SDA / / v—=Y g(l ),m,n—m— 29( )dyfs( ) (361)
(c) Theexpected payoff of a non-designated biddeir € W, a weak bidder, is determined
by
EWZ?,DA = / / (v— y)g(l),mfl,nfmfl,s(y)dyfw(U)dU (3.62)
0 0

Under the assumption that a strong bidder is the designadielérh the expected payoff
of all bidders equals the sum of the expected payoff of thegdased biddep € S ((a) with
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Equation 3.60)» — m — 1 times the expected payoff of a strong bidgee S \ {7}, but
the designated bidder((b) with Equation 3.61), aneh times the expected payoff of a weak
bidder: € W ((c) with Equation 3.62).

Enipa = E75ipa+ (n—m —1)E7{] py +mET pa (3.63)

The sum of the expected payoff of all bidders in the DA is the sum of the bidders’
expected payoffs under the assumption that a weak biddéeiddsignated biddeCése |
with Equation 3.59), and the sum of the bidders’ expecteafieyinder the assumption that
a strong bidder is the designated biddgage 1l with Equation 3.63).

n —

77(11)814 = E7Tw DA + E7TS DA (364)

As the group of the weak bidders consistsnofbidders, the probability that a weak bidder
is the designated bidder i5 (Case )) and as the group of strong bidders consist.ef m
bidders, the probability that a strong bidder is the des&phhidder equals—= (Case ).

Focussing on the expected payoff of a weak bidder or a straidgeh the following can
be derived.

Remark 3.6.2
The expected payoff of a weak bidder; € W \ {i}, who is not the designated bidderis
given with Equation 3.57 and Equation 3.62 by

as
Emipa= " Eﬂ-z‘,w,DA + EW@ 5,DA

Theexpected payoff of a strong bidder; € S\ {j}, who is not the designated bidderis
obtained with Equation 3.58 and Equation 3.61 and calcdilaye

n—m

m
as
EW]DA EETFJ’LUDA—'— ETFJSDA

Expected welfare

The expected welfare equals the expectation of the higlaést among all valuations assigned
to then bidders. In the following the expected welfare is calcudatgain for the already men-
tioned two caseg;ase landCase Il with its subcases and Equations 3.40 and 3.45.

Case I the designated bidder is a weak bidder
(a) In the case that the designated bidder|V, a weak bidder, wins the auction, the expected
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welfare is given by

E[ i?z;,DA] = / vG(l),m—l,n—m,w(6U)fw(v)dv (365)
0

_ /O O ($0) I 60) fu(v)do

(b) In the case that a weak biddere W \ {i} wins the auction, the expected welfare is
determined by

E[ i(,li;,DA] - A UG(I),m—Q,n—m,w(U)fw(v)dv (366)
= [ R R RGO )
0

(c) In the case that a strong biddee S wins the auction, the expected welfare is equal to

EWe ] = /0 VGt t.(0) f (0) (3.67)

_ /0 Oovp,gl—l(v)Fg—m—l(v)Fw(ﬁv)fs(wdv

In the case thahe designated bidder is a weak biddef € W, the expected welfards
obtained by

EWyipal = E[Wi pal + (m = 1) E[W pal + (n—m)EW 4l (3.68)

Case II: the designated bidder is a strong bidder
(a) In the case that the designated bid@er S, a strong bidder, wins the auction, the expected
welfare is obtained by

EWe ] = / VG 1) mnm1.4(00) fo(0)d (3.69)

_ /0 O ET (§0) Frm (50) f (v)do

(b) In the case that a strong biddgre S \ {7}, who is not the designated bidder, wins the
auction, the expected welfare is calculated by

EWe ] = /0 Gty momm.s(0) o0} (3.70)

_ /O °°Upy(v)Fg—m—Q(v)Fs(%v)fs(v)dv
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(c) In the case that a weak biddee W wins the auction, the expected welfare is

E[ iC,LSS,DA] = /0 UG(I),m—l,n—m—l,s(U)fw(U)dv (371)
= [ R RGO )

In the case that strong bidder ) € S is the designated bidder, the expected welfans
obtained by

EWHal = EWIS pal + (n—m = )E[W/S 4] + mE[W 4] (3.72)

Js

As Case | appears with a probability of and Case Il with a probability of =, the
expected welfare in the asymmetric cases

m n—m

EIWE] = 2Bl +

EWibal (3.73)

Remark 3.6.3 The expected welfare of the DA with asymmetries among bgldguals the
sum of the seller’s expected revenue and the expected pafyadftbidders. With the equations
above the expected welfare of the DA in the asymmetric casdeavritten as

EWr4] = E[RG4 + Enpa (3.74)

m n—m
= g(E[ v pal + ET@pa) + (E[RepAl + ET8pa)

Note that the expected welfare is divided in two paf$tV ®, ] = E[R pa] + Emyipa
is the expected welfare in case that the designated bidde@misak bidder Case |) and
EWhal = E[RE, 4] + ETe 4 is the expected welfare in case, that the designated bidder i
a strong bidderQase II).

Example 3.6.2 Consider the DA market institution in an independent privatiies setting
with risk neutral bidders. The discount which is assignethtdesignated bidder i€%.
Bidder 1, bidder 2, and bidder 3 are weak bidders and biddea4isong bidder. That is, the
valuations of the four bidders of the single-item being @&tein the DA for sale, are distributed
according to different distribution functions. The weallders’ valuations are distributed ac-
cording to F,,(v) = 1 — e *? )\, > 0 and the strong bidder’s valuations are distributed
according toFy(v) = 1 — e—As” As > 0. Each weak bidder has an expected valuation of
EV,] = ﬁ = 100 with \,, = 100 and the strong bidder, bidder 4, has an expected valuation
of E[V.] = - = 200 with A, =

200
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The seller’s expected revenue of the auction and the exgpectkbare equals for = 4 and
m=3

E[R%,] =128.84 E[WE,] = 274.52

The expected payoff of a weak designated bidder and a wedkbate given by
Erfs pa =2054 By, =1733 i€ W\ {i}
and the expected payoff of a strong designated bidder andragdbidder are equal to

En® 0 =97.91 BErf,, =88.64 jeS\{j}

J Js

Changing the expected value of all weak bidders and replabien by (i) E[V,,] = 1
(\w = 1) and (i) E[V,,] = 150 (A, = 755) while holding the expected value of the strong
bidder constant, the seller's expected revenue changese(g to 1.83X,, = 1) and in case
(ii) to 174.52 Q, = =5)-

The computation of the numbers was performed by Maple 9.5.

3.7 Comparison of the second-price auction and the discount
auction

3.7.1 Symmetric distribution functions

The scope of this section is to compare the DA and its corredipg second-price auction
under the conditions of the SIPV model with risk neutral leidd In particular, the expected
outcomes of the DA are related to the expected outcomes skttend-price auction, i.e. the
seller's expected revenue and the expected payoff of amithdil bidder. Note, in Section
3.5.1 and in Section 3.6.1 a detailed analysis of the relspegtiction outcomes in the SIPV
setting is presented.
By contrasting the theoretical models of the DA and the segwit auction in the sym-

metric case, the following research questions mentiondterintroductory chapter are ad-
dressed:

¢ By introducing a discount, how does this discount affect thetian outcomes, i.e. the
seller’'s revenue, the winning bidder’s payoff, and the alowelfare?

e Does the discount pay for the seller when conducting an @ueti
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To answer the questions above, the theoretical findingstbfdnaction formats are compared,
leading to the following central results: First, it is provehat in the symmetric case, the
seller’'s expected revenue obtained in a DA is less than aaldéqithe seller’'s expected rev-
enue in the corresponding second-price auction. That derhe symmetry assumption, the
seller cannot extract an additional revenue by offeringsaalint (with respect to the expected
revenues). Second, the expected payoff of a bidder in thesD#ompared to the expected
payoff of that bidder in the second-price auction. Distiisging between the expected payoff
of a designated bidder and the expected payoff of a non-dasd bidder, then the major
result is, that (i) for the designated bidder the DA yieldsighbr expected payoff than the
second-price auction, and that (ii)for a non-designatelddyi the expected payoff in the DA
is lower than the expected payoff in the corresponding squite auction.

The following proposition summarises the central resudtscerning the expected auction
revenues in the DA and the second-price auction.

Proposition 3.7.1 If the discount is positive and lower than d,€ (0, 1), then the seller’s
expected revenue in the DA is lower than the seller’'s expeeenue in the corresponding
second-price auction.

E[RDA} < E[REA] (375)

If the discount is zeral = 0, then the seller’s expected revenue in the DA is equal to the
seller's expected revenue in the corresponding secoreg-ptiction.

Proof: cf. Theorem C.1.1 in Appendix C.1. g.e.d.

Now, the expected payoff of an individual biddes N in both auction formats is consid-
ered. Inthe DA, the expected payoff of the designated bitldeN and the expected payoff of
anon-designated biddée N \ {2} are distinguished. In the following both expected payoffs
are related to the respective expected payoff in the cavreipg second-price auction. The
following holds:

Proposition 3.7.2

(i) If the discount in the DA is positive and lower thand,c (0, 1), then the expected
payoff of the designated bidder= N in the DA is greater than the expected payoff of
bidderz in the corresponding second-price auction.

E7T27DA > E’/T@EA (376)
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(i) If the discount in the DA is positive and lower than d,€ (0, 1), then the expected
payoff of a bidderi € N \ {i}, but the designated bidder, in the DA is lower than the
expected payoff of bidderin the corresponding second-price auction.

Eﬂ'@DA < EWi,EA VieN \ {i} (377)

(i) Ifthe discountin the DA is zerd = 0, then biddei’s expected payoff derived in the DA
equals biddei’s expected payoff in the corresponding second price auctie V).

Proof: ad (i): Consider the expected payoff of the designated biddethe DA de-
fined by Equation 3.30 and a givén= - > 1 andd € (0, 1).

B = [ [ (- 3) 0= 0F @ ras
_ /OOO /0 (v - %y) (n = 1)F"2(y) f(y)dy f(v)dv
. / * / " ( - %y) (n — V) F"2(y) f(y)dyf (v)dv

The second ternfi;™ ff” m (v —3y) (n—1)F"2(y) f(y)dy f(v)dv > 0 is greater than
or equal to zero. Moreover, the following holds:

Brioa = [ [ (o v) 0= D s
> [T =i = D s

= Emiga

with d € (0,1) and1 > 3 > 0.
ad (ii): Consider the expected payoff of the bidder N \ {7} in the DA given by
Equation 3.31

R 1 1.1
Emipa = /0 /0 (v—y) {(n —2)F" () f(W)F(5y) + F"‘Q(y)gf(gy)} dy f(v)dv
and in the corresponding second-price auction accordikgjtmtion 3.8
Em; = e — —1)Fn2 d d
men = [ ] @=nn = )P fdus )

The following has to be proven

Brioa = [ [ @ |- 2 rwrGe + 5G] e

< / ) / (0 — y)(n — V)F"2(y) f(y)dy ()

= Emiga
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Note, the term(v — y) appears on both sides in the equation above and can therefore
be neglected. Note, that withe (0,1),0 < 3 < 1, and withF(5y) < F(y)Vy € R

and F'(3y) < F(y)Vy € (a,0b) (Equations B.2 and B\3) as well as witf (3y) <
f(y)Vy € Rand;f(3y) < f(y)Vy € (a,6b) (Equations B.5 and B.6) as denoted in
Appendix B.1 the inequality holds.

ad (iii): Ford = 0, § is set tol. The auction format of the DA and the auction format
of the corresponding second-price auction are identicakedver, the bids of the des-
ighated biddef are random draws of the random variable= V which is distributed
according toF = F. Thus, the bidders’ expected payoffs in both auction fosnaae
equal. g.e.d.

Example 3.7.1 Consider again the DA and its corresponding second-pridgoaLio the SIPV
setting. Suppose four risk neutral bidders participaté@&@A or in the second-price auction.
The discount offered to the designated bidder(i%. The valuations of the four bidders are
distributed according to the exponential distributiondiion: bidders’ expected valuations
are given byE[V] = 1. The bidders’ expected values are all equak{d’] = 1 for A = 1.
Respectively the bidders’ values are all varied stepwisg[t6] = = for A = &, or E[V] =

50

s for X = o5, or E[V] = 5 for A = &5, or E[V] = 555 for A = 5, or finally to

BlV] = 55 for A = #.

With the given bidders’ expected values the second-pricé@uand the DA are compared
in case of symmetric bidders. The expected welfé@i(z4], E[Wpa4l), the seller's expected
revenue E[Rpal, E[Rpal), and the expected payoff of a biddérr; pa, Em; pa, Em; pa) are
indicated in Table 3.1. In the DA the expected payoff of a giesied bidder is displayed by
Em; pa and the expected payoff of a bidder who is not the designatetebby E'; p 4.

The central results of Proposition 3.7.1 and Propositi@r23are confirmed and illustrated
in Table 3.1. With symmetric bidders, the seller's expeawanue in the DA is lower than
the seller's expected revenue in the second-price auatioa fliscount ofl = 10% and the
different expected valueB[V]: E[Wga] > E[Wpa]. That is, the discount does not pay for
the seller. Referring to the bidder’s expected payoff, tha aeTable 3.1 confirm, that a bidder
with an assigned discount yields a higher expected payafferDA than in the second-price
auction, while for a non-designated bidder the reverseshdlth; p4 > Em; pa, ¢ = @ and
Emipa > Emipa, i # 1.

Moreover, Figures 3.1 — 3.3 present the graphs of the expheottfare, the seller's ex-
pected revenue, and the bidders’ expected payoffs in thengyrit case, plotted over the
discount. The functions depend solely on the discaurt [0, 1) — all other parameters are
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Symmetric case: comparison of

second-price auction and discount auction

2"d-price auction DA with d = 10%

X | ElWga] | E[Rga] | Eniga || EWpa] | E[Rpa] | Emipa | Emipa

1 2.083 1.083 0.250 2.081 1.081 0.279 0.240

% 104.167| 54.167| 12.500|| 104.053| 54.051| 13.960| 12.013

1—(1)0 208.333| 108.333| 25.000| 208.106| 108.106| 27.921| 24.026

Flo 312.500| 162.500| 37.500| 312.159| 162.159| 41.882| 36.039

ﬁ 395.833| 205.833| 47.500| 395.402| 205.402| 53.050| 45.650

2—(1)0 416.667| 216.667| 50.000|| 416.213| 216.213| 55.843| 48.053

Table 3.1: Expected values in the discount auction and inctreesponding second-price
auction with symmetric bidders (case: four bidders)

hold constant. The expected value of all bidders is séf[i6] = 100 (A = 1(1)—0). The graphs
illustrate the central results of Proposition 3.7.1 andpBsition 3.7.2. In Figure 3.3 the ex-
pected payoff of a bidder in the second-price auction is teghby Eni_ E'A, the expected
payoff of a bidder, but the designated bidder, in the DAHay D A, and the expected payoff
of the designated bidder biyrd_D A. Interestingly to note is, that the expected welfare of the
DA is always lower than the expected welfare of the secomke@uction and with increasing

discount the expected welfare of the DA decreases (cf. EigLr).
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Expected Welfare for lambda=1/100
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Figure 3.1: Expected welfare in the second-price auctiehiathe DA in the symmetric case

Expected Revenue for lambda=1/100
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Figure 3.2: Seller's expected revenue in the second-pucéan and in the DA in the sym-
metric case
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Bidder's Expected Payoff for lambda=1/100
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Figure 3.3: Bidder’s expected payoff in the second-pricdian@nd in the DA in the sym-
metric case

3.7.2 Asymmetric distribution functions

The comparison of the DA and its corresponding second-piiicéion under the assumptions
of the IPV model and risk neutral bidders is more complicatethe asymmetric case than
in the symmetric case. Recall, that in the symmetric casegahgarison of both models is
directly derived and it is shown for example, that the s&llekpected revenue in the DA is
lower than the seller's expected revenue in the correspgnsiecond-price auction (Section
3.7.1). In the asymmetric case, such generalizations &reuttito derive. A comparison of
the seller’s expected revenue as well as the expected peharifindividual bidder between the
two auction formats is more complex. For instance, whetherstller's expected revenue in
the DA is greater than, lower than or equal to the seller'seigd revenue in the corresponding
second-price auction strongly depends on the nature ofdldefs’ heterogeneity, the assigned
probability distribution functions, the number of strongdaweak bidders in the auction, as
well as on the level of the discount. Under different assuomgtthe seller’'s expected revenue
in the DA may be higher or lower than the seller’s expectedmee in a second-price auction.

The following example presents a case where the sellersat@g revenue in the DA is
greater than the seller’'s expected revenue in the secooel-guiction.
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Example 3.7.2 Assume an IPV setting with risk neutral bidders. A selleedfa single,
indivisible item for sale in a second-price auction. In tleeand-price auction two bidders
compete for the item: a strong bidder and a weak bidder. TlaéWwielder is denoted by eak
and the strong bidder denoted Byrong. The bidders’ valuations are uniformly distributed
according to different distribution functions. The weallder’'s valuations are drawings of the
random variabld/,, with the supporfa,b], 0 < a < b, a,b € R and distributed according to
F,,; the strong bidder’s valuations are drawings of the randariableV; with supportfe, f],

0 <e< f, e, f € R and distributed according tB;J?7 The drawn valuations are private
information but their distribution function is common knledge. The valuation for the item
attached to the weak bidder is denotedihy the valuation assigned to the strong bidder by
vs. For the support of both distribution functions the follogicondition is assumed:

ob < e

with d € (0,1) andd = fld > 1, i.e. the intersection of the supports is empty. Thus, the
valuation of the strong bidder always dominates the vaduadif the weak bidder.

With the existence of dominant strategies in the secontkpaiuction, the auction revenue
in the second-price auction always equals the valuation of the weak bidder. Moreover,
the seller's expected revenue is the expected valuationeosecond highest valuation in the

second-price auction (EA), i.e. the expected valuatiomefweak bidder

EIRg) = BV = [ vfulo)ds = 50+ a)

Consider now the DA. Suppose, that the above assumptions Additionally, suppose the
discount offered in the DA is positivé € (0,1). In the DA one bidder is randomly selected,
called the designated bidder. That bidder receives theodigc Recall that in the DA an
equilibrium in dominant strategies exist: the designateltidr bidsov; with § = ﬁ >
1,7 = w V i = s, whereas the rival bidder submits his valuation truthfullyre bids of the
designated bidder, either the bidd&eak(i = w) or the bidderStrong(i = s), are drawings
of the random variabl&; distributed byE, i =w V i = s. Now, the following two cases can

be distinguished:

1The uniform distribution function on an intervial, b] with a, b € R anda < b is given by

0, r<a
F(z) = =2, a<x<b . The density function is the derivative of the uniform distition function on
1, b<ux

L a<zr<b

,b] and is given b = b
. ’ ) {0, others
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1. Theweakbidder is the designated bidder:
the weak bidder bidsv,, = ﬁvw. Bidder Weak can not outbid the strong bidder,
who places a bid of,. The strong bidder wins and purchases the item at a priée, of
Thus, under the assumption, that a weak bidder is the deasdyhédder, the expected
revenue is the expectation of the Idid, of the weak bidder (the second highest bid) in
the auction.

E[Rypal = El6Vu] = E[VL]
= Lilb+a)

2. Thestrongbidder is the designated bidder:
the weak bidder places a bid of, according to his dominant strategy. As the weak
bidder can not bid outbid either the bid, nor the valuation of bidde®Btrong bidder
Strongwins the auction. The item is awarded to the strong biddehatdiscounted
second highest bid, i.e. the discounted valuation of thekvedder: sv,, = (1 — d)uv,,.
Under the assumption, that the strong bidder receives siwedit in the DA, the seller’'s
expected revenue is the expectation of the discountedti@huaf the weak bidder.

1 1
B[Ry pa] = E[SVw]_SE[Vw}
11

As both case may appear with equal probability%ofhe seller’'s expected revenue in the DA
is equal to

BRG] = LE[RE,,0+ 1m] szA1=1(1a<b+a>+11<b+a>)

2 2\2 26

(%(bJra)) (5+ %) - %E[Vw] (52;1)

It is assumed, that > 0, such thaty > 1 and‘s%rl > 2 holds. Now, the following inequality
is derived immediately

N~ N~

Bl = 3ol (5 ) > B - Bl

Based on the assumptioh < e, the introduction of a positive discount enhances the izlle
expected revenue. In particular, the seller's expectedmaw in the DA is higher than the
seller's expected revenue in the second-price auction.
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Assume that bidders valuations are uniformly distributadtee intervall0, 1] (weak bid-
der) and2, 3] (strong bidder) and the discount is setite- 0.1 anddb < e, i.e.d1 < 2 holds.
Then, the following is obtained immediately:
the seller's expected revenue in the second-price aucsidiik%,] = ; = 0.5. With a
discount ofd = 0.1, the seller has an expected revenu&@R?,] = 0.503 in the DA.

Assume now that the bidder’s valuations are uniformly disted on|0, 1] (weak bidder)
and on[10, 11] (strong bidder) and the discount is setite- 0.1,d = 0.2,d = 0.50rd = 0.75
respectively. Note, that the inequality < e, i.e. 61 < 10, must holt. Then, the seller's
expected revenue in the DA raises fraR};,] = 0.503 (d = 0.1) to E[R},] = 0.513
(d =0.2), E[R%,] = 0.625 (d = 0.5), or evenE[R%,] = 1.063 (d = 0.75).

Note that in case of different assumptions in the given exeynp. changing the condition
of db < e, the seller's expected revenue in the DA changes. Partiguthe result derived in
the example, that the seller's expected revenue in the DAcuts greater than the seller’s
expected revenue in the second-price auction may not readgdsold. In fact, the outcome
of the DA strongly depends on the nature of heterogeneityidddys’ preferences (Maskin
and Rile% 2000). As long as the valuatiop of the strong bidder is higher than the bid of
the designated weak biddév,,, i.e. v, > dv,, the auction is efficient. Thus, in the two
bidder case, the auction revenue achieved in the DA is grésea the achieved revenue in
the corresponding auction. In the case that the weak biddgrautbid the high value bidder
with év,, > v,, because ofb > e and the affirmative action of the discount, efficiency as well
as the seller’s revenue are reduced. However, the presexdeadple is a special case of two
bidders with asymmetric preferences.

So far, the analytical model of the DA (Section 3.6.2) anddatsesponding second-price
auction (Section 3.5.2) under the conditions of indepengivate values, risk neutral bidders,
and bidders characterized by asymmetric distributiontions of valuations are presented. In
both models the seller’s expected revenue, the expectaffdyan individual bidder as well
as the expectation about the auction welfare are derived.

As in the Example above, the focus is set now on a comparistothf auction models
in which bidders are characterized by different distribntfunctions of valuations. Assume
an IPV setting with risk neutral bidders in which the DA and ttorresponding second-price
auction are conducted. Assume further that four bidderse-strong bidder and three weak
bidders — participate in the auction, which is either cotedas a DA or a second-price
auction. Bidders are asymmetric and characterized by twerdiit distribution functions of
valuations. The shape of the distribution — here the expmaddanction — is the same, but the
expected values differ. Bidder 4 is the strong bidder and xjpeetation about his valuation
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Asymmetric case: comparison of expected values

in the second-price auction and in the DA

- 1
As = 700

2nd_price auction DA with d = 10% DA with d = 20%

>
g

EWgi] | BIREA | Eniga || EWEL | BIRBA] | Enpa || EWEA] | E[RBAl | EnEs

1 200.012 1.824| 198.188| 200.011 1.831| 198.181| 200.011 1.853 | 198.158

201.117| 17.472)| 183.645| 201.110| 17.516| 183.594| 201.085| 17.672| 183.413

222.949| 74.487| 148.462| 222.846| 74.471| 148.375| 222.475| 74.410| 148.066

274.762| 129.048| 145.714| 274.518| 128.844| 145.674| 273.644| 128.115| 145.529
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341.494| 174.870| 166.623| 341.133| 174.518| 166.615| 339.844| 173.260| 166.584

—
Ut
(e}

‘ -

401.145| 208.504| 192.641| 400.708| 208.068| 192.640|| 399.146| 206.506| 192.639

—
o
(=)

Table 3.2: Expected values in the discount auction and inctineesponding second-price
auction with asymmetric bidders (case: three weak biddeiae strong bidder)

is E[Vy] = % = 200. Bidder 1, bidder 2 and bidder 3 are all weak bidders with theesa
expected valuation of[V,,| = ﬁ First, for all weak bidders,,, is set to 1; then, stepwise,
A\ is varied to different levels for all weak bidders,( = 10, or A\, = 50, or \,, = 100,
or \, = 150, or A\, = 190) such that their expectations of the valuations changeenwthi
strong bidder’s expectation of his valuation is hold constaNow, the four bidders, three
weak bidders and a strong bidder, participate in the DA qoeetively in the corresponding
second-price auction. In the DA the discount is assumeddfiestevel ofd = 10% and second
at a level ofd = 20%.

Table 3.2 depicts the expected outcomes of the DA and thexdgmaice auction (EA), i.e.
the expected welfare, the seller’'s expected revenue, assviile sum of the expected payoffs
of all individual bidders.E[W ] resp. E[W | denotes the expected welfaig,R}’,| resp.
E[R% ] the seller's expected revenue, afid}’, resp. Ex%, the sum of the expected payoffs
of all bidders in the DA resp. in the corresponding secondepauction.

The main result derived from this comparison is ttiere are cases in which the dis-
count pays for the sellef meaning that the seller’'s expected revenue in the DA iggréaan
the seller’'s expected revenue in the second-price audtiorable 3.2, these cases are printed
bold. More precisely, under the conditions, that a singleng bidder and one or more weak
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bidders participate in the DA, and that the expected valubestrong bidder is much higher
than the expected values of the weak bidder, the sellersa®d revenue in the DA exceeds
the seller’s expected revenue in the corresponding sepood-auction. Thus, fok,, = 1 or

Ao = 75 and\, = 555 with a discount ofl = 10% andd = 20% the following holds:

E[RE,] < B[R]

A weak bidder can outbid the strong bidder only with smallgadoility, even in case of re-
ceiving the discount, which is similar to the case given imiEple 3.7.2. If the difference of
the expected values of the strong and the weak bidder is\getthaller, the probability of a
weak bidder to outbid the strong bidder raises. Additionafie probability of a weak bidder,
to whom the discount is assigned, to win the auction raises tlaus, the seller’s revenue is
decreased. FoX, = =, 75, 155+ 15 @and\, = 5 the expected revenue in the second-price
auction is higher than the expected revenue in the DA:

E[RE,] > E[Rp,]

Table 3.3 indicates the expected payoffs of the bidders th &octions. The expected payoff
of a bidder of type weak, indicated by subscnmptis given by Exf; -, resp. Ex{} 4 (the
payoff of a weak biddei except the designated biddek W \ {i}), and the expected payoff
of a strong bidder, indicated by subscripby E¢ ., resp. En?%, 4 (the payoff of a strong
bidderj, except the designated biddgr: S\ {j}). The expected payoff of a weak designated
bidder is given by'w}"; 1, , and the expected payoff of a strong designated biddéfAsy, ,, , .
The subscriptD A resp. E'A indicates the auction format, either a DA or the correspagdi
second-price auction (EA).



Asymmetric case: comparison of bidder’'s expected payoff

in the second-price auction and in the DA

- 1
As = 300

2nd_price auction DA with d = 10% DA with d = 20%

as as as as as as as as as as
Aw EWi,w,EA EWj,s,EA EWi,DA E%,w,DA EWj,DA EWj,s,DA Eﬂ-z‘,DA E”i,w,DA EWj,DA ETFj,s,DA

1 0.003| 198.178 0.003 0.004 | 194.842| 198.360 0.003 0.004 | 191.259| 198.541
% 0.287 | 182.784 0.273 0.336 | 179.413| 184.410 0.258 0.398 | 175.672| 186.056
% 5726 | 131.282 5.471 6.593 | 128.058| 136.517 5.181 7.656 | 124.271| 142.045
ﬁ 18.095 91.429| 17.333 20.541| 88.641 97.910| 16.457 23.467| 85.338| 105.042
ﬁ 33.377 66.494 || 32.032 37.528| 64.156 72.876| 30.471 42.419| 61.404 80.128
—= 46.610 52.811|| 44.783 52.118| 50.791 58.777| 42.655 58.552| 48.431 65.701

Table 3.3: Bidders’ expected payoffs in the discount auciod in the corresponding second-price auction with asymertatders
(case: three weak bidders and one strong bidder)
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3.8 Related work

In the literature, second-price auctions in a SIPV settiagehbeen thoroughly analyzed and
discussed. One important result is that within a SIPV sgttind risk neutral bidders, the

revenue equivalence theorem holds. If one of the assungptibtine SIPV setting or the risk

neutrality of bidders are dropped, the revenue equivalendenger holdg (Maskin and RiILey

2000).

One central assumption of the SIPV is the symmetry assumptidders are characterized
by the same probability distribution functions of valuasg i.e. their preference parameters
are drawn from the same probability distribution functiom particular, if bidders are of
the same type (their preference parameters are equal)wilidyave the same beliefs about
the rival bidders. However, this symmetry assumption idatéx in many real-life auction
environments. For example, in art auctions bidders’ temte&nown to be quite idiosyncratic.

Many results of the symmetric auction framework do not esttenasymmetric auctions.
There is limited literature dealing with asymmetries betweommonly known distribution
functions from which valuations are independently drawimedretical and experimental anal-
ysis of asymmetric auction models which focus on seconckesealed-bid auctions or first-
price sealed-bid auctions are presented for exampie by iMasid Riley (2000), Cantill&n
dzoo%)J Guth et aIJ (2005), Er Elbit{ar (2002).

Moreover, literature on affirmative actions in asymmettictions subsidizing a class of
bidders is rare. Often such classes include economicabdsdantaged, less effective bidders.
There are different forms of subsidizing such groups — aidges can be given in the form
of set-asides, discounts, bidding credits, or special myrterms‘(Rothkopf et aJI. 20‘03).

‘Ayres and Cramto% (1996) present an example from the Fedenmafr@aications Commission

(FCC) where 30 telecommunication spectrum licences werdoamect among asymmetric

bidders. In the auction, businesses owned by minoritiesoonen were subsidized, meaning
that they received a bidding credit of 40 percent. Milg‘r&)rﬁ((&) gives a more theoretical
example of an auction with asymmetric bidders and biddieglits. Both examples show that
with asymmetric bidders, bidding credits might pay for tleles and that auction revenue
can be increased. Such affirmative actions are also appliptbcurement auctions in which
contracts are auctioned. The policy of subsidizing inedfiticompetitors can lower project
costs and enhance cost effectivenfiss. Corns and Sl:hotﬁg) (A&esent an experiment on
price-preference auctions with asymmetric bidders and/ghat choosing the right degree of
price preference leads to cost effectiveness. The givempebes are useful in understanding
how bidding credits can positively affect the seller's estee revenue in auction models,
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where the symmetry assumption is dropped, and thus areg$troglated to the presented
study of the DA market institution.

3.8.1 Asymmetric auctions

In their modelt Maskin and Riley (2000) assume an indepenalérdte values auction model
with risk neutral bidders. The authors drop the symmetrym@mggion, such that the bidders’
valuations are distributed according to different probghdistribution functions. In essence,
the authors show that the revenue equivalence between ghebkd auction, the first-price
sealed-bid auction, and the open auction, an English au¢tiquivalent to a second-price
sealed-bid auction), is hurt. Furthermore, they show tiatévenue ranking of the first-price
sealed-bid auction and the second-price sealed-bid awa¢jpends on the kind of asymmetries
of bidders, i.e. on the nature of the bidders’ heterogen@ltgt is, under different assumptions
the seller's expected revenue in a first-price sealed-biti@umay be higher or lower than
in an open auction. Example 3.8.1 is derived from Maskin andvaQOO ) and presents
the case of two asymmetric bidders participating in a highéaniction (first-price sealed-bid
auction) and an open auction (second-price auction). Ihasva that the first-price auction
yields higher revenues than the second-price auction.

Example 3.8.1 Suppose that a strong bidder and a weak bidder participagefinst-price
sealed-bid auction with valuations uniformly distributaudifferent supports. The weak bid-
der’s valuation is uniformly distributed o, 1] and the strong bidder’s valuation ¢2 3].
Assume the weak bidder bids his valuatigh= v,, € [0, 1]. The best response of a strong
bidder in a first-price auction is to then bigd = 1. The strong buyer tries to maximize his
payoff while making sure to outbid the weaker bidder. In féte expected revenue from the
auction isl.

Turning to the second-price auction, the highest biddeswle auction since he can always
outbid the weak bidder. The price to pay is equal to the seduogldest bid; the expected
revenue equal§, the expected value of the weak bidder’s valuation.

In general, it can be stated that whenever the strong beldistribution function is such

that with a high probability, the strong bidder’s valuatisrmuch greater than the valuation
of a weak bidder (with a different distribution functionhet first-price auction will tend to

achieve a higher revenue. In a first-price auction the sthacder will enter a bid equal to the
maximum support of the weak bidder, whereas in the secoieg-puction, the strong bidder
will pay the expected value of the weak bidder’s valuatiamtHe literature this principle is

referred asGetty EﬁecﬂMaskin and Rileul ZOdO).
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Considering the strategic behavior of bidders with asymimpteferences, Maskin and Ri-
ley show quite generally thatrongbuyers prefer the second-price sealed-bid auction, wherea
weakbuyers prefer the first-price sealed-bid auction. Strongelaiare considered to be buy-
ers who are more likely to have a high valuation for the iterbg@uctioned.

Cantillon (2005) sheds more light on the impact of bidderghawmetries in the first-price
and second-price auction and analyzes how asymmetriad #ffe bidders’ behavior and in
turn the expected revenue as well as the profit. In order toeaddhese questions, a bench-
mark environment is defined: the distribution of valuati@amghis environment is the geo-

metric average of the distributions in the original envirenmt with asymmetric preferences
among the bidders. In the benchmark environment biddenrs thair valuations indepen-

dently from the same distribution function — the geometvierage of the distribution functions

in the asymmetric case. By construction of the distributiothe benchmark environment, the
expected value of the highest valuation among bidders isdh® as in the original auction.
The main result derived from this auction model is that theutuction of asymmetries lowers
the revenue in the first-price and second-price auctiongpeoad to the benchmark symmetric
auction format.

Recall the basic property of the benchmark auction (BA): #peeted value of the highest
valuation among bidders is the same as in the original asynmaeiction. With this property,
the question of how asymmetries affect the revenue of theauwhile keeping the welfare
constant can be extracted. In other words, the two auctigima@ments are compared for
which the potential social surplus, or the expected welfarthe same.

Cantillon considers an independent private values aucteimament.n bidders participate
in an auction (a second-price sealed-bid auction or a fiisesealed-bid auction), where a
single indivisible item is offered for sale. Each biddewaluation is independently distributed
according to the distribution functiofi with supportv;, 7;],i € N = {1,...,n}. Bidders are
asymmetric, ifF;(v) # F;(v), fori,j € Ni # j, and for a non-zero measure of valuations.
Given the distribution functiong’, . . ., F;,, their benchmark distribution function is denoted
by F for all v with

n

F(o) = (H E(v)>

F is the geometric average of the distributions in the origamironment and defined on the
supportmax;e v v;, mine v 7;]. Given the asymmetric distribution functioh$(v), 7 € N and
the geometric average distribution functiéiiv)Vi € N the seller’'s expected revenue in a
second-price sealed-bid auction, i.e. the expected vdltisecsecond order statistic, can be
derived. In the second-price auction with symmetric biddére distribution function of the
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second order statistic of the configuratian . . ., F') is given by
Foyns(v) = nF" tv) — (n — 1) F™(v)

(subscripts denotes the symmetric case) and the distribution functioth@® second order
statistic in the asymmetric case of the configuratiéh . . ., F},) by

Fornate) =3~ (4= F) [ 50)) + TT 0
i=1 jF#i i=1
(subscriptasdenotes the asymmetric case). With the given distributioctions of the second
order statistic in both casés, Cantillon proves thaf ,, .s(v) — F(2),s(v) > 0 for all v with
some strict inequality.

F(Q)m,s(v) < F(2)7n7as(v) po Prob(V(g)yw > ) > Prob(V(g)’n’aS > v) Yo

means that the distribution of the second order statisttbenbenchmark environment first-
order stochastically dominates the distribution in thenassetric auction (there are more "high
values"i.li8 Then the expected revenud R;| of the second-price auction in the symmetric
case (the benchmark auction) is greater than the expeatedueFE[R,| in the asymmetric
auction:

E[R,] > B[R]

Additionally, consider two asymmetric second-price sedlel auctions, where in one
auction bidders are considered more asymmetric than intﬂmr.gCantilloJ'l shows that the
more asymmetric the configuration, the lower the expectesihnge. However, Cantillon gives
a detailed analysis of a second-price auction in the asynowatse and proves that asymme-
tries hurt revenue (compared to the defined benchmark emaeat). Moreover, the analysis
is extended to the first-price sealed-bid auction. Herefélsalt that asymmetries also hurt
auction revenue is derived for three classes of distribatiasymmetries.

Guth et al.‘(2005) present a laboratory experiment on fiise@nd second-price auctions
in an independent private values auction environment. Bgldaluations are independently

drawn from distinct but commonly known distribution furarts, meaning that bidders are
asymmetric. In particula}. Guth et JI. (2005) conducted gmeeament in which either the
weak or strong type was randomly assigned to a subject, andcts played both auctions,

18A random variable X first-order stochastically dominateSf the random variable Y, iProb(X > z) >
Prob(Y > z)Vz. This is written in the formF'(z) < G(z)Vz with F' andG being the distribution functions
of X andY. If X first-order stochastically dominatés then the following holdsE[X] > E[Y] dWoIfstetter

1999, ch. 4.3).



3.8. RELATED WORK 113

a first-price and a second-price auction, with a randomlyseh@artner of the opposite type.
Moreover, bidders were given the chance to select the autdionat before and after they
were informed about their own valuations. In particulathe experiment bidders had to de-
termine a price they were willing to pay for the right to dietéhe auction format (first-price
or second-price auction).

Bidders’ valuations were independently drawn from uniforistrébution functions: the weak
bidders’ valuations were uniformly distributed on the mrt [50, 150], while the strong bid-
ders’ valuations were uniformly distributed on the intéri, 200].

In the experiment each subject was either of the weak or gtiype and participated in
an auction with a bidder of the opposite type. Each experiates@ssion was divided into
three phases. In the first phase, six first-price auctioneveld by six second-price auctions
were conducted. Bidders’ valuations were drawn in each roafoke the bids were made. In
the second phase sixteen bidding rounds were conductedcinad the sixteen rounds, the
auction mechanism was chosen as follows: first, the two b&dokethe auction were asked
to state their maximum willingness to pay for the dictatgrsfor the auction mechanism.
Second, one of the two bidders was randomly selected tateitta auction mechanism. The
selected bidder’s determined price for the dictatorship then compared to a random number
between|0, 30]. If the bidder’s price was greater or equal to the selectedam number,
then that bidder determined the auction rule. In all otheesathe auction mechanism was
randomly selected by flipping a coin. The selected auctiochaeism was subsequently
played as in the first phase. The third phase was conductét astond phase, except that
this time bidders knew their valuations before any decisias made. The experiment was
conducted in eight sessions — seven sessions with 14 partisi and one session with 12
participants.

Summarizing the main resuI{s. Guth et al. (2005) observe(tharices achieved in the
first-price auction are higher than prices achieved in treos@-price auction; (i) in the
second-price auction bidders bid close to their valuati@m (iii) strong bidders tend to
pay more for the dictatorship of the auction rule.

Another experimental approach on bidding behavior in asgirimauctions has been
taken by EIbittar‘(ZOOZ). In his experiment on first-pricet@ans in an independent private
values environment, the impact of revealing informatioonwilbidding behavior as well the
seller’'s revenue and the efficiency of the auction is evalllafwo bidders participated in a
first-price sealed-bid auction in which a single item wagt for sale. The bidders decided
what to bid under two different information conditions. hetsymmetric condition, bidders
had no information about the rank order of the valuationsththasymmetric condition, the
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two bidders were informed about the rank order, i.e. whetthey were a high value or low
value bidder respectively, but not about the size of difieeein valuations. By revealing the
rankings of the valuations, the ex-ante symmetric aucteromes asymmetric. In essence,
this experiment is based on a theoretical modél of Landsbhepal. ‘(200‘1), where bidders
draw their valuations from the same distribution function the ranking of these valuations is
common knowledge. The aim of the experiment is to confirm amatlate the key predictions
derived from the theoretical model: (i) under the asymmeatandition, the low value bidder
will bid more aggressively than the high value bidder; (ider the asymmetric condition,
bidders will bid more aggressively than under the symmeimiadition; and (iii) the seller’s
expected revenue is higher when rankings of valuationsrateawn.

The experiment was designed to measure the informationdhgiaevealing valuation
rankings on bidding behavior in the first-price sealed-hidt@an. Therefore, a dual-market
consisting of two phases was employed. In the first phasdebsdsubmitted a bid under the
symmetric condition based on their assigned valuation.hénsecond phase, bidders were
asked to submit a bid again based on their assigned valu@han of the first phase) and
under the information of being a high or low value bidder. eiftards, by flipping a coin, it
was determined which of the two markets was selected tordaterthe allocation, the highest
bidder and the price to pay.

Within the experiment, two bidders were randomly select&éd warticipated in both phases
of the dual-market process. The bidders’ valuations wenelomly drawn from the same
commonly-known uniform distribution function. Additiolia the bidders’ positions as high
or low value bidders were randomly determined.

Overall four sessions were conducted. In each session tedpef a single-auction market
were followed by twenty periods of a dual-auction marketribgi the initial period, bidders
remained in their positions as high or low value bidderswia of the four sessions, the single-
auction market was conducted under symmetric conditiodsuader asymmetric conditions
in two sessions. Eighteen subjects participated in sessierand 20 subjects in sessions two
to four.

The main results derived from the experiment according battak @) are as follows:
as expected, the low value bidder bid more aggressivelyedine ranking order of valua-
tions was revealed. Contrary to the expectation, reveafif@gmation about the ranking of
valuations might not produce higher revenues.
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3.8.2 Asymmetric auctions with bidding credits

An interesting fact was observed in the regional narrowkauntion of the Federal Commu-
nications Commission (FCC) in 199L1 (Ayres and CrarHton h996). HGE offered thirty
regional narrowband licences for sale. These licences sa@cein a simultaneous multiple-
round auction, also called a simultaneous ascending aru@ramtoﬁ 2004; Milgrorjn 2004).
The simultaneous ascending auction is similar to the iadit English auction, in which a
group of items with strong interdependencies is sold. Tghowt the auction, bidding is con-
ducted in rounds. All licences are on block at the same tingbgohders can bid on any of the
items in each round. The bidding process continues unttlibglhas stopped on all licences
and no bidder is willing to raise the price on a single licenaa a single round passes in
which no new bid on any item was submitted. The auction thels @nth the highest bidder
on each licence as the winning bidder, paying the price eiguiails high bid. To assure that
the auction ends in a reasonable amount of time, minimumnacments are specified and
adjusted within the bidding process. During the auctiorhdadder is fully informed about
the bidders’ identities, and after each auction round tlehistory, high bids, and identities
of the highest bidders are announced. In the focused speetngtion, the FCC has granted
businesses owned by minorities and women, or so-calledjui®d bidders, bidding cred-
its of 40 percent. The affirmative action increased the gowent’s revenue by 12 percent.

‘Ayres and Cramtoﬁ (1996) analyze this specific auction andtfiatigivingbidding prefer-
encesto weak bidders, i.e. subsidizing weak bidders, who havestosxpected valuations,
can increase auction revenues. Strong bidders are forded toore aggressively and to com-
pete with weak bidders. Thus, introducing bidding prefeesncan enhance on the one hand
intragroup competition and on the other haimtergroupcompetition. For example, bidding
preferences such as set-asides that reduce the quantigynsf available to strong bidders may
cause them to bid more aggressively (intragroup compejitsubsidizing policies enhancing
economic-disadvantaged bidders, e.g. by bidding crediy, put these bidders in a challeng-
ing position competing with the strong bidders (intragraappetition). Further, according
to Ayres and Cramton (1996), bidding preferences are likelgrthance revenue only if the
following conditions hold: (i) there is insufficient comt&in among the high value bidders;
and (ii) the seller is able to identify stable classes of eooic-advantaged and economic-
disadvantaged bidders, i.e. bidders with high valuatiorladders with low valuations. In
the latter case, the difficulty for the seller lies in the mstiion of the expected difference of
at least the two groups of strong and weak bidders in ordefemwtify the subsidy policy and
the level of the subsidy to enhance revenue. Note that salmgichigh-value bidders will in
general lead to reduced competition and to lower expectezhues. However, the difficulty
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lies in meeting the two conditions. Regarding real world eung, it can be observed that few
sellers introduce a reserve price, i.e. a minimum biddinglleabove their valuations. By this
sellers subsidize themselves as a weak bidder to increeseus The following example is
taken from Ayres and Cramto‘n (1996).

Example 3.8.2 Assume that four bidders participate in a simultaneous imulind auction
where two licences are auctioned. Remember the simultameoltisround auction is similar
to a traditional English auction and that the two licencesaarctioned simultaneously. In any
round, a bidder may bid on any of the licences, and switchatgyeen licences is allowed. The
auction ends if all licences can be allocated and no onesrthiegrevailing bid on any licence.
Each bidder is interested in one single licence. The bidde¥ggrouped in two groups — a
group of high value bidders and a group of low value biddetk wie following reservation
prices: two strong bidderStrong, , Strong, with valuationss; = 110 ands; = 90, and two
weak bidderdVeak;, Weaks willing to bid up tow; = 60 andw, = 40 respectively. These
valuations are independently drawn from distinct but comijpknown distribution functions.
If the increment within the auction is neglected, then thiese expected revenue equals
120. In each auction, the strong bidders have to outbid the weldebs, dropping out at an
announced price df0. Since the number of offered licences is equal to the numbsirang
bidders, there is no need for the strong bidders to compeieaach other, only with the weak
bidders within the auction. Taking this as benchmark, setes or bidding credits offered to
the group of weak bidders are considered in the following.

Set-Asides can create I ntragroup Competition

Consider one licence to be set aside. The set-aside licetedésauctioned only among the
weak bidders. Weak biddé# cak; purchases the licence at a price4of the valuation of
Weak,. The remaining licence is to be auctioned among the strasidelos with a revenue of
90, paid by the strong biddeftrong;. Thus, setting aside one licence raises the government’s
expected revenue by to 130. In this case, intra-group competition among the strongdisl

is increased, raising the governmental revenugstbat the cost of reduced efficiency. One
licence is purchased by a weak bidder instead of a high vatigeb

Bidding Credits can create Set-Asides

Consider a bidding credit of 50 percent to weak bidders, nease of winning the auction,
bidders receive a credit of 50 percent on the winning bid. u&is credit weak bidders can
raise their bids up ta; = 120 andw, = 80. Thus, the strong bidd&ftrong; and the weak
bidderiWeak, each win a licence with a winning bid 66. The revenue of the seller would be
135: the strong bidder has to pay the winning bid6fand the weak bidder, receiving a credit
of 50 percent on the winning bid, has to p&y Note that the strong biddéttrong, competes
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with the bidderiWeak; to win the licence. Introducing a bidding credit of 50 perficenses
the revenue of the seller froi20 in the benchmark auction 35 in this auction. At the same
time the bidding credit leads to inefficiency by allowing theak bidde#V eak, to win instead

of the higher value bidde$trong,. Note that the bidding credit achieves higher revenues than
the set-asides due to the fact that strong bidders must demié weak bidders in order to
win a licence.

Bidding Credits can create | ntergroup Competition

Assume now that the bidding credit of 50 percent is caliltadethe level allowing the weak
bidderWWeak, to bid up to an epsilon below the valuation of bidd&rong,, i.€.11+€ = sy =

90 with ¢ > 0,e¢ — 0. By this, a maximum at inter-group competition is achieveading

to a maximum achievable seller revenue witl). Assume that the credit is calibrated to 25
percent. With a bidding credit of 25 percent bidd&eak; would bidw, = 80. The strong
bidders would win the auction with a winning bid 86. The total auction revenue would
be 160, achieved by an inter-group bidding competition. Note thaing the weak bidders a
credit 0f33.33% would force the strong bidders to bid and thus result in a total revenue of
180. At the same time efficiency is kept — the licences are @s¢hio the high value bidders.

Milgrom 42004) presents several tactics used in auctionsdease participation. Such
tactics are mentioned above: set-asides and bidding sredlit encourage bidders to enter an
auction. Another tactic which is not focussed upon in theedssion is to allow losing bidders
to earn some profits, e.g. such as in the so-called premiuﬁDaJMilgrom 2004). Further

‘Milgrom‘ 2004) gives a special example of an auction in wracsingle-item is offered to a
strong and a weak bidder for sale. In the auction, the weadebits granted a bidding credit
and thus, encouraged to enter the auction. Then, it appgbatghe seller’'s expected revenue
is raised: the seller’s expected revenue with bidding tseslgreater than the seller’s expected
revenue without bidding credits.

According td Rothkopf et al\ (20b3), subsidizing a class ohpetitors believed to be at
an economic disadvantage in an auction is a widespreadqeagarticularly in public-sector
procurement. Reasons for such policies stem from thougbist ailon-economic aspects such
as fairness, anti-discrimination, populism etc. Additithy it is widely presumed that a pref-
erential treatment "is costly for the bid taker and econottyigaefficient” (Rothkopf et al.
%). That this presumption is not necessarily correch@sve for example by an experi-
mental evaluation of an auction model with an affirmativacacsubsidizing a class of dis-
advantaged competitors i)y Corns and Schcltter (1999). Mewfsmlly, Corns and Schot{er
conducted a laboratory experiment in which a price-prefegeauction is employed: high-cost
minority firms are given preferential treatment in the avirgf contracts in such a way that
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these firms can win the auction without having submitted dkeekt bid. One prediction from
theory is that if the initiator of the auction has accuratempinformation about the distribu-
tion of the firms’ costs, then a price preference can be dateshwhich will be cost effective.
In their experimerJt Corns and Schotﬂer (1‘999) demonstrateiniprocurement auctions, af-
firmative actions can be used to subsidize minorities andedse the cost of government
procurement. In particular, price preferences make hagt-irms look like low-cost firms
and thus increase competition. Low-cost firms tend to bidenaggressively and closer to
their cost. At the same time, high-cost firms face less cortnpefind bid less aggressively.

The experiment performed by Corns and Scther (1999) wasa@lst-forward imple-
mentation of a price-preference auction in an independardtp values auction environment:
a procurement auction was employed using the auction mesrhaof a reverse first-price
sealed-bid auction with an additional preference rule. preference rule states that after
having collected all bids in the auction round, the bids efltw-cost bidders are increased by
a given percentage. In particular, the bids of the low-calddrs are adjusted by multiplying
each bid by one plus the amount of the preference, wheredsdb®f the high-cost bidders
remain unchanged. Afterwards, the contract is awardecetértin with the lowest comparison
bid at the price of its submitted bid. By these means, the &dprst procedure affects only the
winner determination but not the payoff of the winning firmhélpreference rule has mainly
two effects: first, all bids are made comparable for the psepaf winner determination; and
second, high-cost firms are given a bidding advantage inubgam for purchasing the con-
tract.

In the laboratory experiment students participated in 2flian rounds. In each auction round,
a single contract was auctioned in a price-preference@ueatnong a fixed number of firms
represented by students. Each firm was either of type A — adoghbidder — or of type
B — a low-cost bidder. The costs of the type A bidders wereannify distributed on the in-
terval [110, 220] while the costs of type B bidders were uniformly distributedthe interval
(100, 200]. In each price-preference auction two type A bidders coatpagainst four type B
bidders for the contract. Before the auction round starteslpidders’ costs were randomly
drawn and assigned to the bidders. Each bidder knew his ope) tyow many bidders of
each type participated in the auction, his own private ¢@std the distributions of the costs
presented to all bidders. Based on their given costs, biddetdo submit one sealed bid in
the auction. After each bidder had submitted his bid, thenetirof the auction, the price to
pay as well as the type of the winning bidder was announcee palyoff the winner received
in each auction was equal to the difference between the $tdahtiid and the winner’s cost.
Before the first auction round started, the types — type A o §p- were randomly assigned
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to the bidders. Two high-cost bidders and four low-cost brddormed one group and com-
peted against each other in all auction rounds. At the endl ocdands subjects were paid a
show-up fee and the sum of their payoffs earned in all thedsyohayed.

Overall in the experiment, four treatments were conductedeach treatment five bidding
groups participated with a total of 30 bidders. The treatsidiifered in the definition of the
preference rule: a O-percent, 5-percent, 10-percent asnkficent preference for Type A was
given, meaning that the bids from type B bidders were adjudepending on the degree of
the price-preference percentage. The bidder with the lbeaaparison bid won the auction
at the price of his submitted bid.

The lowest average price achieved in all treatments wasi®percent treatment — this rule
outperforms those in which no preference as well as a 10epéer 15-percent preference
was given. Moreover, bidders bid more aggressively, oreclasthe cost, as the auction pro-
ceeded. In general, the laboratory experiment showed thatffiamative action in the form of
the price-preference rule favors disadvantaged biddeasliig to a higher, more aggressive
competition and cost effectiveness.






Chapter 4

An Experiment on Discount Auctions

4.1 Motivation and research questions

The interest in auctions with discounts brings up the desifend explanations to the ques-
tions "Why does a seller offer a discount in an auction?" and "Qenidentify cases where
the discount may pay for the seller?”. In response to thesstigus, the theoretical model
of the DA market institution was developed. One explanatenved from the theoretical
analysis of the DA model is that asymmetries between bidcnsbe a driver for discounts
in auctions. Asymmetries between bidders means that sdiiffer in their nature as well
as their preference structures and do not have the saméshadiecerning rival bidders. In
particular, asymmetries can be observed in real-worldi@u&nvironments such as art auc-
tions — bidders’ tastes are known to be quite idiosyncratibidders have different budget
constraints. Offering discounts to economically disadaged bidders may increase com-
petition in an auction and thus raise the seller’s revenuereMyenerally, the asymmetries
between bidders and the nature of their heterogeneity niigla driver for a seller to offer
such an affirmative action in an auction. Whether such an atfive action pays for the seller
strongly depends on the kind of action, the degree of sucltonaand the strategic impact
on bidders’ decisions and bidding behavior.

The theoretical analysis of the DA is carried out under véryrgy artificial assumptions.
Participants are assumed to be rational and risk-neutaa iIndependent private values auc-
tion environment. The main findings of the theoretical asiaglgan be summarized as follows:

1. In the DA the designated bidder submits a bid above hisat@in and all other bidders
submit their valuations truthfully (Proposition 3.3.1).

2. If bidders are symmetric the discount does not pay for ¢lers(Proposition 3.7.1)

121
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3. If bidders are asymmetric the discount might pay for thkesespecially if one strong
bidder competes with one or more weak bidders (e.g. Exampl2 and Table 3.2).

Because of the restrictive assumptions made and the conypteExhe theoretical model in
the asymmetric case, some unresolved questions still aken comparing the findings to
real-world auction environments, it can be stated thatiualitis of practical relevance such as
risk aversion, risk lovingness, impatience, or uncernjairdve not been modeled in the DA.
When focussing on Internet auctions, these different detgucan be observed and thus are
of practical relevance: some bidders consider bidding a®fugambling and are often risk-
loving, whereas other bidders are uncertain about thein@imations throughout the bidding
process, adapting their valuations throughout the auchtmreover, some assumptions made
such as the rationality assumption are sometimes hurt Invedd settings. Thus, a seller
initiating an Internet auction in order to sell an item notyomas to anticipate different types
of bidders interested in purchasing the offered item anut theéding strategies when choos-
ing the right selling mechanism; she must also face irrafitsehavior. Anticipation of the
different bidders’ characteristics, prediction of imgaeh the bidding behavior in the selected
selling mechanism, as well as predictions of effects on theti@n outcome are difficult to
derive.

Generally, the question arises if a theoretical model céficgntly explain the behavior
of the seller and bidders in a real-world discount auctiohatTis, can we infer real-world
discount auctions from the DA? Can we transfer theoreticadliotions derived from the DA
directly to reality?

For the DA the following issues are fundamental:

1. The DA model is based on the assumptions that bidders beh#ionally. However,
from real-world auctions it is known that bidders do not a/dehave rationally as
theoretically assumed.

2. The rules of the DA are similar to those of real-world disgbauctions but not ex-
actly the same. For instance, when taking an Amazon firstbidgcount auction into
consideration, bidders may behave differently in thatiandhan in the DA.

Unfortunately, the DA model makes very strong artificiallaeptions and thus limits the
bidders and the seller in their decisions. Such limitatiaresnecessary since real-world auc-
tions are not that easy to model. Besides the limitationserbiiders’ attitudes, the auction
mechanism of the DA idealizes and eases the rules of redthaactions. Recall that in the
Amazon first bidder discount auction, a bidder receives theodint by submitting the first
valid bid. Thus, when becoming aware of the auction and tladable first bidder discount,
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bidding immediately is essential for receiving the disdourhis aspect of the Amazon first
bidder discount auction is relaxed in the DA and eased byraéténg the designated bidder
in advance: one bidder is randomly selected before the DiAssaad the discount assigned to
that bidder. Moreover, in the Amazon auction the number dfieis and their arrival time is
not commonly known in advance. In the DA, the number of bidgerticipating is fixed and
commonly known to all bidders in advance.

To shed more light on the discount and explain bidding badrarithe DA, a laboratory ex-
periment has been conducted. The goal of this experimeatagdiuate the bidders’ strategic
behavior and the impact of that bidding behavior on the anatevenue in a controlled envi-
ronment. Additionally, the experiment aims at validatihg theoretical predictions, guided
by the following key questions:

1. Is the predicted behavior of bidders in the DA consistaltt tihe observed behavior in
the experiment?

2. In the symmetric case, is a seller able to extract an aditirevenue by offering a
discount (contrary to the prediction)?

3. In the asymmetric case, can the expectation of a selleraide her revenue by offering
a discount — be confirmed?

Based on the theoretical predictions, the conducted expetigives deeper insights into
the discount’s impact on the strategic behavior of biddedsits effect on the auction revenue.
In the context of the market engineering approach, the #dteat and experimental findings of
the DA model may be used (i) to advise the seller in choosiegtibper auction mechanism
and (ii) to indicate to the seller that a discount should Beretl when knowing information
about the bidders’ characteristics.

4.2 Experimental design

The research questions require an experimental desigaltbatss a comparison of the DA to
the second-price auction in (i) the symmetric case andh@)asymmetric case. In principle,
both market institutions follow the rules of the underlyisgcond-price auction mechanism
and only differ in the existence of the discount — not in arlyeodesign parameter.

The experiment follows &etween subjectdesign; it focuses on the isolated effect of
levels of variables. The level of a treatment variable iy valried between single treatments
and across subjects but not within one trial. The experiaiet@sign describes the nature and
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number of variables focused upon in the experiment. Thabbainstitutional ruleshas two
levels:

e D: second-price auction

e D: DA market institution

The variablebidders’ characterizatiometermines the distribution functions of bidders’ valu-
ations and has two levels

e s (symmetric cage ex-ante identical probability distribution functions

¢ o (asymmetric cage ex-ante different probability distribution functions

For the selected variables, two different levels are chélsanproduce sharply different out-
comes. The variation of the single variable at differentlswvhile the other variable stays
constant leads to two different treatments. Overall, thétian of both variables results in
the four treatmentsDs, Da, Ds and Da. Figurel 4.1 presents a schematic view of the four
treatments.

2"d_price auction e °

V1: institutional rules

Ds Da
DA ° ®

symmetric asymmetric
V2: bidders’ characteristics

Figure 4.1: Schematic view of the treatments

Treatments with between subjects design

TreatmentsDs and Da present the pure second-price auction in case of symménéasment
Ds) and asymmetries (treatmebtz) among bidders. The variabiestitutional rulesis con-
stant. Treatment®s and Da focus on the DA (holdingnstitutional rulesconstant on the level
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Setting Institutional rules # Sessions
D 27d_price auction 3
D DA market institution 3

Table 4.1: Conducted settings in the experiment

DA). Bidders participating in the DA have valuations whicle aealizations of random draws
according to (i) the same distribution functios) Or (ii) two different distribution functions
().

The experiment is conducted in order to analyze strategidibbg behavior of bidders
and auction outcomes in the DA and the respective benchm&tioa, i.e. the second-price
auction, in the symmetric and asymmetric case. In the exygari, only thanstitutional rules
are varied across subjects; the difference in bidders’atedos is derived by rearranging and
regrouping the data. Thus, instead of conducting the f@atnents, twsettings- settingD
and settingD — are played in the experiment based on the same inducedivalsiécf. Table
4.1). Three sessions of the corresponding second-prid@atare conducted (setting) as
well as three sessions of the DA (settiny. Throughout the experiment, only the institutional
rules changed while all other parameters were kept on aaoinstvel and the environmental
parameters left unchanged. The settingonstitutes the benchmark case: auctions without a
discount, i.e. pure second-price auctions, are conducig@idding behavior in these auctions
is observed. In settingp, a discount is introduced by employing the DA —in each aucti@
discount is offered to a randomly selected bidder.

The sessions of both settings are conducted separatelyaahdebject participates only once
in the experiment.

To derive the data from all four treatments for a statistag@lysis, the observed data from
the experimental sessions are rearranged (cf. Section BV8)en regrouping the observed
data, the four different treatments indicated in Figureatel derived: (i) treatmenbs — the
second-price auction with symmetric bidders, (i) treatnBa — the second-price auction
with asymmetric bidders, (iii)ps — the DA with symmetric bidders, and (iV)a — the DA
with asymmetric bidders. That is, both treatment varialnssitutional rulesand bidders’
characterizationare artificially varied and combined in a computer simulatiased on the
observed data leading to the four treatments.

As benchmark auction, the second-price auction is useckisytmmetric and the asymmetric
case. The experimental design and the application of theupgg method on the observed
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data allows the isolated treatment effects to be derivedramstigated by pairwise compar-
ison of single treatments. In particular, the pairwise carigon of treatment®s and Ds

as well as treatment®a and Da isolates the effect of the discount mechanism. Comparing
treatmentsDs and Da as well as treatment®s and Da focuses on the effect of the change in
the bidders’ characterization, i.e. switching from symmestamong bidders to asymmetries.
It should be noted that since the scope of this study invdlvesnalysis of the auction mech-
anisms, in particular of the discount mechanism, treateBrtand treatmenDs as well as
treatmentDa and treatmenDa are compared with respect to bidding behavior and auction
outcomes.

4.3 Design parameters

SettingsD and D are conducted in several sessions with 15 subjects eache &he three
sessions of setting, denoted byD1, ..., D3, and three sessions of settifi denoted by
D1,..., D3 (cf. Table 4.1). Thus, a total of 90 subjects participated.

Directly at the beginning of each session the 15 subjectgareped randomly into 5
groups with 3 subjects each. Each group participates insig@cutive auctions, also referred
to as (auction) rounds. The five groups remain unchangedghiout these six rounds. The
grouping is not revealed to the participants, and partidpaave no information about their
counterparts in an auction. Since the groups themselvem@ependent of each other, the
auctions within one round are independent of each other #s lveeach of the five groups,
participants are designated as player 1, player 2, and pkyelrhe names are randomly
assigned to each group member at the beginning of the firsdroblame assignments for
group members are not changed within the session. In easios&® auctions are conducted
overall by five groups playing 6 auction rounds each.

In each auction conducted, a virtual seller is employed énetkperimental software. The
item purchased in an auction is not a real item. A virtual ifigem object is offered to the
participants within an auction (i.e. one group in a singlena) and the item is awarded to
exactly one subject within this auctidrBefore an auction round, each participant is informed
about his maximum willingness to pay for the item, i.e. hitug#ion of that item. In each
round the 15 valuations assigned to the 15 subjects are mdpdelected betweefi00, 109]
(10 integer values, low values) andi6, 150] (5 integer values, high values). Each valuation
is an integer number and each value from the two intervalssggaed exactly once to the

1n fact, the item is awarded to at most one subject within agygarticipating in an auction. Should none of
the bidders submit a bid, none will be awarded the item.
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participants per round. In essence, each valuation of thell&tions is assigned exactly to
one participant per round; the 15 valuations are uniforngyrithuted over the 15 subjects per
round.? Participants are informed that the valuations are integenbers randomly drawn
from the interval[100, 150]. Information about the probability distribution functignot re-
vealed to the participants. In addition, each subject oalygrivate information about his own
valuation and no information about the other subjects’ atuns.

When giving information about the probability distributiumctions to the participants, the
low value participants immediately recognize that they mayer outbid the high value par-
ticipants in either the second-price auction or in the DA.f8oussing on the strategic impact
on bidders’ behavior, one has to ask the questions: How kelllbw value bidders behave?
Will they submit bids truthfully according to their dominiastrategies? Or will the low-value
bidders tend to behave irrationally and submit bids aboveetow their dominant strategies?
Thus, to prevent distortions and irrational behavior, atipgants from deviating from the
dominant strategies and performing poorly in the aucti@antigipants are not informed about
the probability distribution functions of the valuations.

The experiment is conducted using a fictive currency, dehloyeGE (Geldeinheiten), the
experimental currency unit. 1 GE is equivalent to 0.10 eurb0GE are worth 1 euro. Note
that in each round, participants are allowed to submit a btd/ben 0 GE and 999.99 GE- that
is, under and overbidding is allowed. In an auction round,ghrticipant to whom the item
is awarded has to pay the announced price for the item. Tmebgdween his valuation and
the paid price is credited on the participant’s experimesataount. Participants who are not
awarded the item receive a gain of zero and the total accalanbe is not changed.

The valuations induced to the participating subjects irheagction round are the same
for each session, meaning the same table of valuations ésinsdl sessions. This allows a
pairwise comparison of the strategies chosen by the paatits in settingD and settingD.
The table of valuations is represented by a(15)-matrix given in Table D.1 in Appendix D.

The benchmark settin employs the pure auction mechanism of a second-price auctio
with a reserve price of zero, whereas settiigemploys the discount auction mechanism
of the DA. In each of the three sessions played from setiighe discount is assigned to
participants with different assigned names: in all audiplayed in sessioP1 in each group,
the discount is assigned to the participant with number &jliauctions conducted in session
D2 in each group, player 2 is selected as designated bidderinagidl auctions of session
D3 the participant with number 3 is the designated bidder wittach group, receiving the

2As in each session in each round, the bidder’s valuationsigifermly distributed the conducted settings
reflect the symmetric case.
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discount. In each auction played in settifghe discount is set to 20%.

By construction, in each session in settifgl5 bids are observed per round; that is, in
all three sessions 45 bids are observed in a single round.h&3et45 bids, 15 bids stem
from strong bidders, each bidder with a high induced vatuatand 30 bids from weak bid-
ders, each bidder with a low induced valuation. In settingn each round each induced
valuation assigned to the subjects is played once by a desgiidder and two times by a
non-designated bidder. Here, in all three sessions thedbittee designated bidder and the
two non-designated bidders are based on the same assigoatora That is, in setting,
out of the 45 submitted bids per round, 15 bids are submityeteBignated bidders — 5 strong
designated bidders and 10 weak designated bidders — andS8byohon-designated bidders —
10 strong non-designated bidders and 20 weak non-desthhatders. Note that in all three
sessions, the group number and the name of the designatkst hitd the two non-designated
bidders are equal. To compare the bids made in all threeossssi the benchmark auction of
the pure second-price auction, settilgs conducted within three sessi(%]s.

Recall that a method to rearrange the data is used to genkeediaur treatment®s, Da,
Ds and Da out of the observed data of the settingsand D. More precisely, with the rear-
ranging method applied to the observed data, the symmetsieis derived by regrouping the
observed bids from the first round (or by regrouping the oleebids from all rounds). In
the symmetric case the fifteen valuations of the interMal8, 109] and[146, 150] are equally
distributed and assigned to the subjects in a single rouddaasingle session. The method
now reassigns the observed data derived in a particuladrotiall three sessions in such a
way that (i) bidders with low valuations and their respeetdids are always grouped and (ii)
bidders with high valuations and their respective bids &ways grouped. Rearranging the 45
observed data leads to 15 homogenous groups, each withatididers: 10 groups with weak
bidders and 5 groups with strong bidd@r's“.hus, a symmetric uniform distribution function
is artificially achieved. The asymmetric case is more complas in the symmetric case, a
differentiation is necessary between weak bidders witlyaed values derived from the inter-
val [100, 109] and strong bidders with assigned valuation derived fronirttezval [146, 150].
The 45 valuations derived from the three sessions of a pi#aticound are assigned randomly
to the 45 bidders — virtually 15 groups each with three bid@ee created under the condition
that in each group, one strong bidder competes with two wettdebs. Applying this method

3To receive the benchmark bids to the two bids of non-desighhidders in settind), based on the same

valuation in each round, it is sufficient to conduct two sessiof settingD.
4Setting D and settingD reflect the symmetric case indirectly; the symmetry effeattiengthened by rear-

ranging the data and regrouping the valuations and thectgpbids, creating homogenous groups of weak and
strong bidders.



4.3. DESIGN PARAMETERS 129

to the observed data, the observed bid of a strong value bisidieen recombined with the
observed bid of two weak bidders.

Rearranging the data has the advantage of being able toialtgyfigenerate the four treat-
ments. Moreover, this method reduces costs, since notealimrents have to be conducted
with experimental subjects in a laboratory.

Focussing on the bidding process and the auction rules ekmepayment rules in both
settings, the underlying mechanism is a second-price@uctihe second-price auction is
implemented internally in the experimental software ascasé-price sealed-bid auction and
explained to bidders as English proxy-auction. It is knovamf literature that in experimental
settings the second-price sealed-bid auction performgypaghereas bidders in an English
auction behave more closely to their dominant strategieseason for this is that the two
institutions create differences in feedback, such thaddaisl adopt and learn their dominant
strategies differentl;) (Harstad 2000). In both auctiomfats a bidder receives a negative
feedback and a negative gain when his bid and the seconeédiigid exceeds the bidder’s
valuation. However, in a second-price sealed-bid aucbaders might overbid, win, and still
make a gain, meaning that these bidders receive positigdb&es. This is the case when no
rival bid between the bidder’s overbid and his valuatioruisraitted. In an English auction this
is not possible; here overbidding occurs only when the gragreached a bidder’s valuation
and rival bidders remain in the auction. Thus, in a secomkmealed-bid auction, bidders
tend to deviate from their dominant strategies and subrmig &bove their valuations (cf. Kagel
and RotH 199@; HarstaLd 2000). To prevent this effect in theexent, the implemented
second-price auction is explained as an English proxyi@ucParticipants are informed when
entering a bidding limit that this limit is transmitted to mlding automata that bids on behalf
of the participants up to their respective bidding limit. iAs second-price sealed-bid auction
participants enter only one single bid which is only visibdethem. Other participants are
unaware of the amount of that bid. Hence, with these rulesEiiglish proxy-auction is
equivalent to the second-price auction.

Comparing the setting® and D, the experiment set-up is equal for both settings. In
particular, the design parameters are the same and saidtihggiffer in the auction institution
or more specifically in the offered discount. Table 4.2 aralftiilowing list summarize the
most important experiment parameters common to both gettin

e Model framework: independent private values auction emrirent with induced valu-
ations.

e Bidder valuations: 15 integer values taken from the intef@l, 109] and[146, 150] are
induced to the participants in each round. Each of the 1g@nteumbers is assigned to
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Experiment design parameters

sett. fsessions fbids/ fauctions/ frounds/ fauctions/ fgsubjects/ fsubjects/ tsubjects/

session  session session round treatm. session auction
D 3 90 30 6 5 45 15 3
D 3 90 30 6 5 45 15 3
fsessions tbids fauctions fsubjects
Total 6 540 150 90

sett.: setting.f: number of. treatm.:treatment

Table 4.2: Summary of the experiment set-up

exactly one participant per round.

e Auction institution: The bidding process is explained ag&aglish proxy-auction with a
reserve price of 0 GE and minimum bid increment of 0.01 GEerhlly a second-price
sealed-bid auction is implemented in the experimentahso#.

e Feasible bids: All bids between 0 GE and 999.99 GE (with upvtndigits) are feasible.
Each participant is allowed to submit at most one sealed éigqund.

4.4 Conducting the experiment

The experiment was conducted at the experimental labgrafdhe Institute of Information
Systems and Management at Universitat Karlsruhe (TH) fraenenberi4* to December
16", 2005. Participants were randomly selected from a databidkemore than 3,000 vol-
unteers. All participants were undergraduate or graduatkeats mostly from the School of
Economics and Business Engineering. Only a few subjectteshvo participate had previ-
ously participated in a negotiation or auction experimant] only a few participants were
experienced in negotiations or auctions. None of the stbarticipated repeatedly.

The experiment was conducted by computer with meet2traderenmeet2trade experi-
mental system (cf. Section 4.5). All decisions of the pgrtiats as well as answers to ques-
tionnaires were entered into a computer terminal.

Before entering the laboratory, participants had to rangiairw a letter from a sealed
envelope indicating a certain cabin seat assignment. Ilabwatory, the 15 visually isolated
cabins were labelled with letters from 'A’ to 'O’. Participts were seated at the computer
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terminal with the corresponding Ietgarln addition, all cabins were supplied with a pencil,
a calculator, the experimental instructi&a,sheet of paper, a feedback form, as well as a
contract. Participants had the opportunity to fill out thedieack form and give remarks on
the conducted experiment, the played auction mechaniswelisas the chosen strategies
in the auctions. After finishing the experiment and recgvoayment, participants had to
sign a contract and confirm their received payments. Theucisbns, the sheet of paper, the
feedback form as well as the contract was collected at thégtite experimenter. Throughout
the experiment, communication between the subjects waperonitted. They were only
allowed to privately ask the experimenter for clarificatidout not for advice.

After all subjects had been seated, the instructions weaikakoud to all participants. This
took approximately 15 minutes. Then, each participant bdidl but a questionnaire about the
rules of the experiment and the auction mechanism explamé#te instructions. The ques-
tionnaire was a screen-based questionnaire and all gentits had to answer the questions
correctly. Fourteen questions were asked in setfingnd 17 questions in setting. It took
the participants approximately 10 minutes to answer thetipres. After all participants had
filled out the questionnaire, the first auction round began.

All subjects played six consecutive auction rounds — thezeewo trial rounds. In each
auction round five independent auctions were conducteckataime time by different groups
of subjects. Recall that before the first round started thedatbggpants were randomly as-
signed to one of five groups. Each group consisted of threeastparticipating in the same
auction. The assignment of participants to groups was fixeddad not change throughout
the experiment. Furthermore, participants were numbem@d fL to 3 within each group,
serving as the participants’ name throughout the auctiahadinconsecutive auction rounds.
Before each auction round, participants were informed atheirt valuations of the item being
auctioned in the current round, as well as their actual exyggrtal account on the computer
screen. This screen had to be confirmed by each participéorebstarting the auction of the
current round.

Throughout the auction, the participant’s valuation ofitaen was displayed on the screen.
Based on his valuation, each bidder had to decide how muchdtéobithe item and type
the value of the bid in the bidding screen. By confirming thikigathe bid was submitted
and entered into the experimental software. Participagteived a notification of the bid
submission. Additionally, at the end of the auction, pgsaats received a notification of the
auction result displayed on the screen. Information abeirndithe winning bidder, the name

SPhotographs of the experimental laboratory and the sirajins can be found in Section D.6, Appendix D.
5The experiment was carried out in German. The originalirusions for all settings are provided in German

in Section D.5, Appendix D.
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of the winning bidder, the final price of the auction, and thiegto pay in case of being the
winning bidder was indicated on the screen.

In setting D subjects were also informed about whether they were theuiasd bidder by
displaying the information 'Discount: 20%’ or whether thegre a non-designated bidder by
indicating the information 'Discount: no Discount’ on the&lting screen. Concerning the
auction result, a designated bidder, being the winner iruati@n, was informed that the price
to pay for the item was a discounted price.

At the end of an auction round, participants were shown a coenscreen with information
about their payoff in the last round, the old experimentabant balance before that round, as
well as the new account balance. Moreover, the valuatioheoitém in the forthcoming round
was displayed. Again, participants had to confirm the infatron by clicking the 'Confirm’
button.

Playing the six consecutive auction rounds lasted abouti@Qtes. Within each auction round
the time for bid submission was limited to 2 minutes.

After the six auction rounds, participants were asked tafill a screen-based question-
naire containing 48 questions by entering the answers owldhguter. The questionnaire
comprised questions about the participants’ backgrourad;, behavior in conflict situations,
their attitudes concerning auction systems, as well astipmsson the system and user inter-
face design. It took the participants approximately 15 n@auio answer these questions.

At the end of the experiment, subjects remained seated @tcm@puter terminals and
were then called individually to be paid privately. The mstions, the sheet of paper, the
filled-out feedback form as well as the signed contract haoetgiven to the experimenter.
The signed contract contained confirmation of subject @a#tion in the experiment as well
as reception of payment for participation.

An experimental session lasted about one hour and ten rsintable 4.3 summarizes the
approximate duration of the different phases in an experaisession.

Overall, 6 sessions were performed with 15 participantathesession, three sessions of
setting D and three sessions of settiny The data of all conducted sessions are used for a
general analysis of bidding behavior.

Table 4.2 in Section 4.3 summarizes the parameters of tlstéoses Overall, 88 bids out
of 90 possible bids in sessianl and 89 bids out of 90 bids in sessidm® were observed.
In sessionD3 as well as sessionB1, . .., D3 all bidders transmitted their bigsA complete

"When conducting the experiment, subjects did not submit inidsther session of setting. In the first
session of setting) player 3 in group 2 did not submit his bid in round 1 and rounih2he second session of
settingD player 1 in group 5 did not transmit his bid in round 5. Readongiot submitting bids are manifold:
subjects might have thought too long about the amount to biteime was running out, or they did not submit
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Phases of experimental session Approximate duration
Reading instructions 15 min
Questionnaire on instruction: 10 min

14 questions in setting
17 questions in settingy

6 consecutive auction rounds 20 min

Questionnaire: 15 min
48 questions on background, system design, etc.

Payment of subjects 10 min
Total 1h 10min

Table 4.3: Phases of a conducted experimental session

listing of all experimental observations is provided in @t D.2, Appendix D.

In the experiment, a fictitious currency called 'Geldeinéei(GE)’ was used. The cash
rate of the GE earned by each subject was: 1 GE = 0.1 euro (0iELS Geuro). Subjects
received a show-up fee of 80 GE paid on their experimentaladc The average participant
earnings in the experiment were 13.29 euros. In seffirilje average payoff wal.83 euros
and 13.74 euros in setting. Bidders’ earnings in setting ranged from 3.90 to 19.40 euros
and from 8.00 to 25.59 euros in settihy In total, all participants received a positive payoff
and no participant went bankrupt — in settifgonly two participants suffered losses, whereas
in settingD none of the participants suffered a loss. In setfihthe two participants received
a payoff of 6.10 and 3.90 euros, that is, both payoffs weretdwan the show-up fee of 8.00
euros (80 GE).

4.5 Experimental system

The experiment was conducted with the meet2trade toolbowerkbench for CAME (Wein-
hardt et al. 2005). As described earlier (cf. Section 2,51 aim of CAME is to provide
users with a toolbox for conducting research on electrorackets. In particular, the tool-
box enables the market engineer to design and evaluatecgiecinarkets by simulations and
experiments in a structured manner.

a bid due to the client design, or they refused to submit aebd,
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meet2trade is a generic, flexible trading platform fadilitg easy creation and automa-
tion of auction-based markets. The platform is flexible ejfoto host markets from a large
variety of domains and support various market mechanismsth&more, the platform is
configurable regarding the user perspective: it meets teesusdividual trading needs and
supports users in selecting and configuring markets by adpitte client to their individual
preferences for these tasks. Beside its flexibility and condilgility, the most powerful advan-
tage is the facilitation of designing markets by a Market klitidg Language (MML). This
language was developed in order to describe electronicehpdeameters and enhance easy
development and creation of electronic aucti&ms (Makio W(ﬂibeH 2004). The innovative
trading concepts offered in this system — e.g. market cordtgan and platform flexibility —
offer a starting point for a vast area of economic researdie Meet2trade system delivers
not only the platform to host these concepts but also prevéd®olbox for their examination.
The tools offered by meet2trade consist of an experimegsaém (meet2trade Experimental
System, MES) and an agent-based simulation environmergrntAlgased Market Simulation
Environment, AMASE) (cﬁ. Kolitz and Weinharht 2066: Czerools 2005).

Essentially, the intention of MES is to conduct economicezkpents on electronic mar-
kets on the meet2trade system instead of deploying expetanstandard software. Thus,
MES and meet2trade are strongly interwoven — MES is integrat the underlying platform
using components of meet2tra¢he (Kolitz and Weinh‘ardt 20B@parding the conducted ex-
periment, the meet2trade market core was used to configdreraploy the institutional rules
of the DA and the corresponding second-price auction; eashi@n of the experiment was
configured, conducted and settled with the experimentéésys

The workbench meet2trade follows a client server architectvith a central server. The
server provides the running platform for all available nedskas well as the hosting of all data
(e.g. user data, account data, product information, pobtdata) and data preparation. The
clients connected to this central server display this dadgpaovide an interface for submission
of bids and displaying relevant information.

The meet2trade system is based on Java technology. The sese® the Enterprise Java
Beans (EJB) concept. EJB is a server side component archédotudistributed computing
developed by SUN Microsystems. meet2trade uses a JBossatppliserver and the MaxDB
database system for data storage.

The server follows a 3-tier architecture and therefore ist&1sf three layers: Theommu-
nication layerprepares data for client presentation, provides for comeation and admin-
istrates all connected clients; thasiness layeconsists of a core market environment called
ARTE (Auction Runtime Environment) where all auctions ane amd all bids are processed,;
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the database layeencapsulates all database access and therefore provides fogging of
all data as well as the management of user and depot datat-€dieser communication is car-
ried out through the Java Messaging Service (JMS), whickiges a reliable, queue-based
and asynchronous means of communication. All data excliblogsveen client and server is
encapsulated in the XML format.
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Figure 4.2: Administration tool of MES: design and configioa of a session

The experimental system is integrated into the meet2tréatéopm using central com-
ponents of the platform such as the created and configurekletsaiunning in the system,
the generic trading client running in an experimental modusl the database to store the
data. Moreover, the MES provides a graphical user inteythesadministration tool as exper-
imenter interface, for designing and configuring experiteers well as monitoring sessions
during run-time. With this tool the experimenter can desigd set up a session by specifying
the design parameters. Figure 4.2 shows the graphicalntseiaice of the administration tool
when designing a session. The session configuration isideddoy XML documents (the
description of the experiment, the trading clients, efthle XML documents are submitted to
a server and stored in the database. When conducting anmepeal session, the XML doc-
uments are read, analyzed and administrated by the cerpatimental control component.
Additionally, this component has various functions sucthascontrolling and monitoring of
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the experimental sessions, the loading of markets from ategdse, the control over the sub-
jects’ accounts, the collection and storage of the experiatelata in the database, as well as
the control and administration of the bidder clients. Tlyloaut a session the server sends in-
formation to the administration tool about the state of stubsd clients as well as the state of
the session. In a session the rounds played are called stagesach stage consisting of two

phases: a pre-stage phase and a trade phase. In the prefsaggeparticipants see a screen
with information such as their experimental account and thayoff gained in the previous

round. In the trade phase participants were shown the lddient and asked to enter their
bids.

ot
Runde 1

eeeeeeee

[4)]

Inre Spielermmmer ist: |
Inre Werschatzung fir das Gut
in dieser Ruade ist: 140

Figure 4.3: Generic bidder client — screen in the trade phase

After a session has been set up, the experimenter startesbms with the administra-
tion tool. With this tool the experimenter operates, castamd monitors the session. Each
participant has to log into the system. When all particip&atge logged in, the experimenter
receives a confirmation and the experimental system autcaigtsends an electronic ques-
tionnaire to all clients. After participants have succebgffilled out the questionnaire, the
experimenter is notified. Then, by clicking on a button, thst fauction round starts. In the
pre-stage phase of the auction round an information sceedisplayed — this screen has to
be confirmed by each participant. The trade phase then atadtparticipants see the bidding
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=lelx]

Vorherige Runde

Rundenergebnis:  44.00
Kontostand (alt):  $0.00
Kontostand (new): 134.00

Niichste Runde

Runde Nr. 2

Sie haben die Spielernummer: 1. Inre Werschatzung fitr das Gut in der nachsten Runde ist: 143

vvvvvvv

Figure 4.4: Information screen — screen in the pre-stagsepha

client. Throughout the trade phase, all collected datatared in the database. After a round
is finished participants are again shown the informatioeesty giving them all relevant in-
formation. When this screen is confirmed, the next trade péiasts — this process continues
until all rounds are conducted. After the final stage (aurctimund) information on the final
account balance is given to the participants and an optmunedtionnaire may be given to the
participants before ending the experiment. Both the biddorgen as well as the information
screen are illustrated in Figure 4.3 and Figure 4.4.

Throughout the experiment all data are stored in the dagabas data on starting and
ending stages, data collected from the questionnairesyeegived in each auction round, etc.

4.6 Statistical analysis of the experimental data

Throughout the experiment all observed data were colleatetistored to a database. Of
particular interest is the bidding behavior of the par@éeifs and the auction outcomes, i.e. the
seller’s revenue, the winning bidder’s payoff, and the aliirplus, of the conducted auctions.
Bidding behavior and auction outcomes are analyzed on tle¢ déthe conducted settings —
aggregated over all sessions within one setting. Additigrthe study focuses on the seller’s
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revenue (auction revenue) in the four treatments.

The data analysis is based on observations received frosessions. For each setting,
either settingD or settingD, three experimental sessions are available. In everycsefige
groups, each with three subjects, played six consecutivgosurounds under the same rules.
Overall the subjects submitted 537 bids from 540 possilale ini180 auctions (2 settings 3
sessions per setting 6 auction rounds per sessien5 auctions per auction rouAﬂ)n each
setting the individual auction outcomes of 90 auctions acerded.

Moreover, to receive the data for the four treatments, (glg@xperimental data from the
first round of all sessions as well as (ii) data from all sixnmdsi and sessions are considered.
Recall that no trial rounds were conducted in the experim@&hus, the observations from
the first round are not dependent on pre-rounds and not edfdnt learning effects — they
are independent. The 45 observations from the first roundttihg D, as well as the 45 ob-
served bids from settingp, are randomly rearranged or reordered. Here, rearrangeans
that subjects with induced valuations and bids are randoedgsigned to the groups: in the
symmetric setting homogenous groups of solely weak biddedssolely strong bidders are
virtually created; in the asymmetric case one strong bidslaiways virtually grouped with
two weak bidders. Rearranging the data of setfingrings up the treatmeniss andDa, and
by rearranging the data from settihgthe treatment®s and Da are virtually constructed. In
particular, in settingD and thus in treatmends and treatmenDa, the observations have to
be rearranged in such a way that exactly one observation esigmhted bidder is arranged
in each newly created group. Additionally, a complete esadion of all experimental data
is given by considering all observed bids. Based on the 279 inigettingD — with three
default-bids equal to 0 — the treatmei?s and Da are virtually created as described abéve.
The same applies to the 270 observations derived from gditieading to the treatmeni3s
and Da. As the experimental data includes learning effects overdlinds and bidders adapt
their behavior throughout the experiment, learning themaohant strategy, the bids from a
single bidder are not independent. In consideration of ¢fffisct, the data is used for the
comprehensive analysis of the single treatments. Overa#n considering data from the first
round, 15 groups — each with three players — are virtuallgteitfor each treatment, and when
considering data from all rounds, 90 groups — each with thl@gers — are constructed.

8In the first sessio1 player 3 in group 2 did not submit a bid in the first and secordian round. Also, in
sessionD2 player 1 in group 5 did not submit a bid in round 5. Thus, the benof observed bids was reduced

from 540 to 537. For further analysis, the non-submitted laick treated by default as 0.
®When rearranging the observed data from a single round, @risidered that each of the 15 valuations was

induced three times in the respective round — once in easliosed hus, by creating virtually new groups in that
round, only groups with mutual different valuations areateel.
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Various statistical tests are used to identify major charastics of the experimental re-
sults and measure differences between settings and tne@tiw@ncerning bidding behavior
and auction outcomes. All statistical computations arewtth the software package R —
A Language and Environment (Version R.2.0JO, R Developmemée Cl’ean4 20d6}9 On
the one hand, R is a programming language; on the other, isastavare tool for statistical
analysis. The statistical functions and methods providedRbare used for analysing ex-
perimental data. In particular, the functioslsapi r 0. t est (Shapiro-Wilk test)t . t est
(t-test),wi | cox. t est (Wilcoxon rank sum test and Wilcoxon signed-ranks tést),t est
(Kolmogorov-Smirnov test), anchi sq. t est (Chi-squared test) are used in the analysis.

For testing samples on normality tBéapiro-Wilk tests used when the true mean or true
variance of the population is unknown.

To measure differences in central tendency between twolsangpfferent test are offered:
thet-testand theWilcoxon rank sum tegalso referred to aslann-Whitney U te$t

The t-testinvestigates the difference between the means of two pbpoa it tests the
hypothesis that the difference between the population mefihne two samples is zero. How-
ever, the t-test assumes that the samples are drawn frormealtypdistributed population.

In case of distribution-free data, differences between itvd@pendent samples, i.e. the
two settings or the treatments, can be measured bwiloexon rank sum test he test pools
the two independent samples into one sample, ranks the diia whe pooled sample, and
computes a rank sum for each sample. Then it tests the nuwthggis that the rank sums are
equal and that there is no systematic difference betweesetingles.

In comparing samples which can be combined by matched paobserved data, both
independent, th&Vilcoxon matched-pairs signed-ranks test Wilcoxon signed-ranks test
can be used, generating more powerful results. The Wilcgigmed-ranks test calculates the
differences between the pairs, ranking them from smaltektrgest by absolute values. The
test investigates differences in central tendency: it edus test the null hypothesis that the
population median of the paired differences between thesamoples is zero.

Another test procedure to measure differences betweenrtdependent samples is the
Kolmogorov-Smirnov tesor two independent samples. THKelmogorov-Smirnov testves-
tigates differences between the distribution functionsaaf independent samples. meaning
the cumulative frequency distribution of two independearhples are compared. If, in fact,
the two samples are derived from the same population, tredi#tributions would be ex-
pected to be identical or rather similar to each other. Ifrat jpoint the difference between

10See http://cran.r-project.org.
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the two cumulative frequency distributions is significahen there is a great likelihood that
samples are derived from different populations.

Thechi-square goodness-of-fit tastused to test differences in proportions of count data.
It is also referred to as the chi-square test for a single &amphe procedure assigns each
observation of. observations derived from a single sample to oné o&tegories. The hy-
pothesis evaluates whether there is a difference betweenliberved frequencies of tle
categories and the expected frequencies. dhesquare test for x c tablesis an extension
of the chi-square goodness-of-fit test to two dimensiortalea The test procedure assumes
thatr independent random samples are taken from the same paputigiribution or fromr
identical population distribution and thatategories exist in each of thandependent sam-
ples. It then calculates the expected numbers in each e¢gtagd compares the result to the
observed number. Thehi-square test for homogenegyaluates whether or not thesamples
are homogenous with respect to the proportions of obsenatn each category. That is, the
procedure tests the null hypothesis, that there are naelifées in proportion of the observed
frequencies of the categories and their expected frequencies for all samplee ebserved
frequency of a cell is equal to the expected frequency ofdéspective cell.

When applying the statistical tests, the null hypothesesested on a significance level
of 5 percent ¢ = 0.05) for significance and on a level of 10 percent £ 0.1) for weak
significance. Exact probabilities are indicated by thalue.

A comprehensive discussion of parametric and nonparatesis for statistical analysis
can be found i#] Spiegél (1976) or She%lLin (2004).




Chapter 5
Experimental Results

This chapter presents the experimental results. Firsttaileld analysis of the bidding be-

havior in both settings is given in Section 5.1. Section 5e5pnts a descriptive overview of
the experimental results with respect to the auction ouésonin addition, a more detailed

discussion of the significance of the observed differencetata with respect to the auction
outcomes is presented. In section5.3 the focus is set omtidéreatments and a comparison
of the institutional rules in the symmetric and the asymioetases with respect to the auction
revenues. Section 5.4 summarizes the main findings. Allraxeatal results are listed in

Appendix D: the tables in Section D.2 list the observed bills,auction revenues, and the
bidders’ payoffs; the tables indicating the strategic mddehavior of subjects in each exper-
imental session are presented in Section D.3. Additiontdly auction revenues achieved in
the isolated treatments are listed in Section D.4.

5.1 Bidding behavior

One motivation for conducting the experiment was the reteguestion whether bidders,
depending on the institutional rules, behave as predictéiagory (Section 3.3.2, Proposition
3.3.1). More specifically, it is asked:

1. Do bidders in the second-price auction (settiigsubmit their valuations truthfully?

2. In the DA (settingD), do designated bidders submit bids above their valuabcoerd-
ing to their dominant strategy and all non-designated bgldabmit their valuations
truthfully?

3. Are there any (significant) differences between the Iigdiehavior observed in the
second-price auction (setting) and the DA (setting)?

141
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Figure 5.1: Bids in setting) and settingD

5.1.1 Observed bids

In order to answer these questions, bidders’ behavior ietperiment is analyzed in the fol-
lowing. Figure 5.1 and Figure 5.2 display graphs of submiitigs in settingD and setting
D. Recall that in setting) 267 bids are observed, with 270 bids in settidgin each setting,
three sessions with 6 rounds and 15 subjects were condudhd)first graph in Figure 5.1
indicates the bids observed in settilgand the conducted second-price auction. The plot
is based on 265 out of 267 data points; two data points arelatieg since they represent
outliersﬁ The dashed line in the graph indicates the dominant strategiyne second-price
auction, bidding truthfully is a dominant strategy. As thragh illustrates, bids are close to
the dominant strategy; that is, many bids are on the dashealfiin ane-surrounding of that
line. Additionally, more data points are plotted below tlaslded line than above — a general
tendency for underbidding can be observed. The second gnaigure 5.1 illustrates the
270 bids derived from the discount auction. Again, the dddimes indicate the theoretical
benchmark: (i) the upper dashed line indicates the domistaategy of designated bidders
and is the benchmark of bids with discount (ii) the lower dakline displays the behavior of
non-designated bidders in equilibrium and is the benchraikds without discount. Sim-
ilar to the first graph, many data points in the second graplori the dashed lines or in an

1The data point (104,250) indicating a bid of 250 based onwat@in of 104 (player 2 in group 4, round 4 in
sessionD1) is not plotted, nor is the data point (148,400) (player 2riougp 1, round 3 in sessiaR).
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Figure 5.2: Bids in setting — bids with and without discount

e-surrounding of the lines. It seems that there is a genendetecy towards underbidding. In
Figure 5.2 the bids observed in the discount auction (gefbinare plotted slightly differently
than presented in Figure 5.1 —in Figure 5.2 the first graplysdisplays the bids of the desig-
nated bidders (90 bids) and the second graph solely the bilde non-designated bidders (180
bids). From the first graph it can be concluded that many bielsabmitted close to or below
the dominant strategy. This also holds true for non-desegghbidders: they generally follow
their dominant strategy or submit bids close to the thecstbenchmark. However, it seems
that non-designated bidders have a higher tendency fobigkbng than designated bidders.
Non-designated bidders are more likely to submit a bid aloeeheoretical benchmark.

The observed bids plotted in Figures 5.1 and 5.2 can be suedaby indicating the
average bid of each setting, the average dominant strategyek as the average deviation
from the dominant strategy (Table 5.1). The average deviaimply calculates the average
mean of the differences between the observed bids and tpeatee dominant strategies
in a particular setting. Independent of the conductedrsgtiie. the employed institutional
rules, the average submitted bid is below the average themirbenchmark; in all settings
a trend towards underbidding is observed. Note that sefirgan be split into two mutual
different settings: sub-setting ;.. which considers only bids of designated bidders (bids with
discount, subscriptisc denotes 'discount’) and sub-settidig;.. which considers only bids
of non-designated bidders (bids without discount, supsdikc denotes 'no discount).
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Setting Mean dominant strategy Mean bid Mean deviation

D 119.00 115.40 -3.60
D 128.92 125.19 -3.73
Dyise 148.75 141.69 -7.06
D 119.00 116.95 -2.05

Table 5.1: Average bids in setting and settingD

Attention is drawn to the deviation of the bids from the doamnhstrategy measured on
average, i.e. the difference between the average bid anavrage dominant strategy. For
example, in the DA the average deviation (-3.73) from the idamt strategy is slightly higher
than in the second-price auction (-3.60). Furthermore)elal2 summarizes the mean, the
standard deviation, the median as well as the minimum andmem of all bids within a
particular setting. The values derived from theory as weth@se observed in the experiment
are indicated.

Setting Mean bid Std.dev Median Min Max

Theory
D 119 20.7 107 100 150
D 128.9 26.6 127.5 100 187.5
Dgise 148.8 20.8 133.8 125 187.5
D+ 119 20.7 107 100 150
Experiment
D 115.4 33.3 106.3 0 400
D 125.2 27.3 124.3 40 200

D gisc 141.7 26.6 133.0 80 200
116.9 23.6 107.4 40 170

Table 5.2: Setting) and settingD — summary of bids (theoretical benchmark and experiment)

In the following, it is interesting to analyze the questiohether the differences between
bids submitted in the different settings are significantuitively, it seems that the bids sub-
mitted in the discount auction are slightly higher than éhivsthe second-price auction. This
is due to the institutional rule of the discount, enablingigeated bidders in equilibrium to
bid above their valuations. Moreover, since rational biddellow the same dominant strat-
egy in settingD and settingD4—, the mean, the standard deviation, the median as well as the
minimum and maximum of all bids predicted from theory areadliable 5.2). Nevertheless,

a slight difference between the observed bids in the sepod-auction and the respective
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bids in the discount auction can be measured in the expetinerest differences in central
tendency between the (sub-)settings, the Wilcoxon sigaals test (WSR, matched-pairs) is
applied. The results of the WSR test procedure are summainzeablel 5.32 A pairwise
comparison of the settings yields that the differences mireétendency between the mutual
different settings are significant. An extraordinary résithat the effect of the discount rule
is so strong that when bids with discount (subsetting,.) are compared to bids without dis-
count (subsetting;.), a significant difference can be observed. In the DA the veskbids
with discount are significantly higher than the observed bidhout discount; in addition, the
observed bids of designated bidders in settih@re greater than those submitted in setting
D (WSR, one-sided, with-value < 0.001). Surprisingly, a significant difference is observed
when comparing the second-price auction bids to the bidsowttdiscount in the discount
auction (WSR, two-sideds-value < 0.00l)ﬂ In fact, a general tendency towards bids with-
out discount being higher than the bids in the second-pricgi@n can be observed. This is
astonishing, since bidders in the second-price auctidoviolhe same dominant strategy as
non-designated bidders in the discount auction. Thus, ¢h@tions of bids from dominant
strategy in the different settings must be analyzed monetighly.

Setting Wilcoxon signed-ranks test (matched-pairs) pretation i pairs

Dvs.D HypothesisH : by > bp bids in D are lower than 267
V = 5671.5, p-value< 0.001 bids inD

D vSs. Dy;se HypothesisHy : by > bp,, .. bids in D are lower than 90

V = 301, p-value< 0.001

Dvs. Dg— HypothesisHy, : bp = bp_

V' = 3590.5, p-value < 0.001

D-—Vs. Dy;sc HypotheSiSHO : bDm > deisc

disc

V =71,p-value< 0.001

bids with discount inD

bids in D differ from 177
bids without discount i

in D bids without discount are 90
lower than bids with discount

Table 5.3: SettingD and settingD — comparison of observed bids

When distinguishing the bids of designated bidders (setfipg.) from the bids of non-

2To compare the 180 bids without discount submitted in sitigeD— to the 90 bids with discount submit-
ted in sub-settind4; ;. by the Wilcoxon signed-ranks test (matched-pairs) proeedusingle bid with discount
is paired with the average of two bids without discount basethe same induced valuation in the same group

and round. Thus, the WSR is applied to 90 matched pairs.
3In fact, the bids submitted in the second-price auction anet than the respective bids without discount

in the second-price auction. This difference is signific@plying the WSR (matched-pairs, one-sided) to test
whether the null hypothesH : b, > bp,_ can be rejected results In = 3590.5, p-value < 0.001.
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designated bidders (settinG ), it can be observed that designated bidders deviate sig-
nificantly more from the theoretical benchmark (-7.06) tinan-designated bidders (-2.05).
Moreover, little difference between the bidding behavibnon-designated bidders in setting
D (-2.05) and that of bidders in settirg (-3.60) can be measured. Note that for both groups,
truthful bidding is the dominant strategy. Thus, it has talaeified whether the deviations of
bids from dominant strategies are significant as well as mdr@hese differences occur due to
noise caused by the additional discount rule.

5.1.2 Deviation of bids from dominant strategy

In this section the performance of bids in regards to the dantistrategy is measured. There-
fore, first the absolute and then the relative deviation dsldrom the respective dominant
strategy is calculated and categorized. Starting with teolate deviation of bids from the
dominant strategy, the differenge b, between a bid and the respective dominant stratégy

is classified in five categorigsTable@l presents the frequencies of differences belgrigin
one category: categofy-oo, —1) and category—1,0) measure the frequencies of underbid-
ding, category counts the number of bids equal to the theoretical benchmdrike category
(0, 1] and category1, oo) comprise the bids above the respective dominant strategythie
frequencies of overbidding. At the same time, catedery, 0) and category0, 1| indicate
bids close to the dominant strategy. That is, these categas well as categofyrepresent
the frequencies of bids which are close to or equal to the dantistrategy. Again, as in Table
5.1 the two settings — setting and settingD — as well as the two sub-settings — sub-setting
Dy and sub-settind)4;; — are distinguished, and for each (sub-)setting the frecjasrof
bids falling in one of the categories are indicated. In sgtfd and D the frequencies of bids
following the dominant strategy are approximately equiaé number of rational bids in set-
ting D (91 bids or 34.08%) is slightly lower than the number of naibbids in settingD (98
bids or 36.30%). Also, the number of bids close to the dontistrategy falling in category
[—1,0) and(0, 1] in settingD (67 bids or 25.09%) is slightly lower than in settiny(69 bids

or 25.56%). Focussing on the average bid of each bidderttimgeD 11 bidders on average
behave according to the dominant strategy, while in setfing bidders on average played
the dominant strategy. However, there are more bidders whmgted a bid below the dom-
inant strategy than above. In setting29 out of 45 bidders on average follow the strategy of

4In setting D the difference between a bitdand the theoretical benchmaskequalsh — v with v being the
induced valuation. In setting the dominant strategy of a designated bidder is todbid= v = v,
whereas for a non-designated bidder it is to submit his vi@na. Thus, for a designated bidder the difference

between bid and dominant strategy equalsov andb — v for a non-designated bidder.
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underbidding and only 5 bidders the strategy of overbiddingetting D the proportion of
bidders is very similar — out of 45 bidders, 30 bidders tendriderbid while only 6 bidders
overbid. These numbers address the first and second questiooh were presented at the
beginning of the section. The trend of underbidding obskmeFigure 5.1 and in Table 5.1
can be confirmed.

To test whether the differences between observed bids anthéoretical benchmark in
setting D and settingD are homogeneous with respect to the proportions of obsengain
each of the five categories, the chi-square test for homdtyeseapplied (Table 5.4). The
null hypothesis that in the underlying populations the daspepresent, all of the proportions
in the same category are equal, cannot be rejected (chres¢est for homogeneity with a
p-value equal to 0.501).

Setting Underbidding Dominant Strategy Overbidding Total
(—o0, —1) [~1,0) 0 (0,1] (1,00)
D 88 (32.96%) 49 (18.35%) 91 (34.08%) 18 (6.74%) 21 (7.87%) @BI0%)
D 73 (27.04%) 52 (19.26%) 98 (36.30%) 17 (6.30%) 30 (11.11%)0 RI00%)
Total 161 (29.98%) 101 (18.81%) 189 (35.20%) 35 (6.52%) 550%) 537 (100%)
x? =13.35 df =4 p-value = 0.501

Dgis. 37 (41.11%) 18 (20.00%) 24 (26.67%) 4 (4.44%) 7 (7.78%)  900YAD

36 (20.00%) 34 (18.89%) 74 (41.11%) 13 (7.22%) 23 (12.78%)0 (BI0%)

Total 73 (27.04%) 52 (19.26%) 98 (36.30%) 17 (6.30%) 30 (1%} 270 (100%)
¥? = 15.4631 df = 4 p-value= 0.004

Table 5.4: Setting) and settingD — deviation of bids from dominant strategy

In order to measure the deviations from the dominant styatethin settingD the observa-
tions of the sub-setting®,;,. and D4 are classified according to the five categories: the
differences between observed bids and the respective doinstrategies of designated bid-
ders and of non-designated bidders are assigned to one cédtibgories. It is surprising that
only 24 bids (26.67%) from designated bidders equal theigiieds from theory, whereas
74 bids (41.11%) from non-designated bidders are in acooswith the dominant strategy.
Moreover, on average only 1 designated bidder out of 15W@tbthe dominant strategy over
all rounds in setting), whereas 8 non-designated bidders (out of 30 non-desigjbadders)
on average submitted their valuations truthfully overalimds and thus followed the dominant
strategy. However, in both settings a trend towards unddihg is clearly visible: 61.11%
(55 bids) of all bids from designated bidders are below thmidant strategy, while 12.22%
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(11 bids) are above it. The same holds true for bids withostalint observed in setting:
38.89% (70 bids) of all bids without discount are below thgpextive valuation, while 20%
(36 bids) are above the respective valuation. That is, afgignt difference between the bids
of designated bidders and non-designated bidders in gditis apparent (chi-squared test for
homogeneity with a-value equal to 0.004) A direct comparison of bidders with and without
assigned discount leads to the conclusion that biddersdisttount show greater activity of
underbidding, whereas bidders without discount show gresttivity of overbidding.

The question arises whether this effect stems from thetuistnal rule of the discount,
meaning that for example bidders without discount constyosubmit higher bids, either to
increase their chances of winning the auction or to incréaserice the winning bidder must
pay in that auction. To gain a deeper insight into this obegeffect, the relative deviatiory
of a bid from the dominant strategy is introduced as a measure

b— by
Td = bd

whereb, is the dominant strategy based on the respective inducadtiah. In case of setting
D and sub-setting)z— b, equals the induced valuatianon which the submitted bid is
based; in case of setting,;., the subset of all bids in setting submitted by a designated
bidder,b; equals;v = szv = 1.25 v with discountd = 20%.

Figure 5.3 displays the frequencies of the relative demstiin percent of the bids: the
first graph plots the frequencies counted in settihgvhile the second plots the frequencies
derived from setting). For all bids, the relative deviatiary = %
categories are considered in the first step. In both graphs-txis denotes the eleven cate-
gories and thej-axis the relative deviation in percent. The eleven caiegarange from the
categorie§—oo, —0.9], (—0.9,-0.7],...,(-0.1,0.1],...,(0.7,0.9], (0.9, 0). Each category
has an interval size of 0.2. For example, taking the bids rvbsein the second-price auc-
tion, it is observed that 81.3% of all 267 submitted bids d&v(relative) from the dominant
strategy up tat 10%. More specifically, 81.3% of all bids in the second-pacetion have
a relative deviation from the dominant strategy rangingveen -10% and 10% (Figure 5.3,
graph 'SettingD’). Furthermore, it is observed that about 11% of the bidsdthisettings
fall in the category(—0.3, —0.1], meaning that the relative deviation of these bids from the

dominant strategies ranges from -30% to -10%.

is calculated and eleven

5In applying the chi-squared test for homogeneity to thedespies of observed bids in the second-price
auction (settingD) as well as to the respective frequencies of the observesdittiout discount (setting—),
the difference between both distributions is then signific@he chi-squared test resultsyifi = 10.6363, df = 2
andp-value =0.031. Thus, the observed behavior of bidders wsviire dominant strategy differs significantly
for both settings — setting and settingD—, although the dominant strategy is the same.
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Figure 5.3: Relative deviation of bids from dominant stratiEgsettingD and settingD

Testing the relative deviations in settifigand settingD on homogeneity, no significant
difference between the underlying population of the sampés be found.

Distinguishing the bids observed in settin— bids with and without an assigned dis-
count — it can in fact be observed that in the categerg.3, —0.1] (a relative deviation of
-30% to -10% from the dominant strategy) 22.2% of the bid$wiiscount are identified,
whereas only 5% of the bids without discount fall in this gatey (Figure 5.4). Hence, this
category reflects that designated bidders submit theiatials instead of submitting}—dv ac-

5The Wilcoxon signed-ranks test (WSR, matched-pairs) isiegb the distribution of the relative devia-
tions in the eleven categories. There is no indication ofjaicant difference in central tendency between the
distribution of the frequencies of relative deviationséttimig.D and the respective distribution of frequencies of
relative deviations in settingp (WSR, two-sided, with/ = 17.5,p-value = 0.618, n=270).
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cording to their dominant strategy. Reasons for the incrbasgvity from designated bidders
submitting their valuation instead of their dominant stggtare manifold: intuitively one rea-
son might be that designated bidders with an assigned diseoe not aware of this discount
and do not include it when calculating their dominant stygter it could be that calculating
the dominant strategy is too complex. For example, beingvaraof the discount might be
due to the screen design of the bidding screen employed iexjherimental system.

It is interesting to note that the frequencies of relativeia®ons between 10% and 30%
from the dominant strategy differ between the settingsbids without discount the frequency
in that category is higher than the frequency of bids withdigtount in the same category.
This fact is demonstrated in Figure 5.4.
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Figure 5.4: Relative deviation of bids from dominant strgtegsetting D — bids with and
without discount
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In particular, 2.8% of the bids without discount fall in thategory(0.1, 0.3] while none
of the bids with discount belong to that category. One cartlcaie that this effect is caused
by the discount: bidders without discount tend to overbid submit bids close tqﬁ—dv either
to increase their probability of winning the auction or ease the second-highest bid and
thereby the price the winning bidder must pay.

Figure 5.3 and Figure 5.4 strengthen the presumption teatifitount directly affects bid-
ding behavior: although at a first glance the difference betwthe bidding behavior in regard
to the dominant strategies in settiigyand settingD might be neglected, a more thorough
examination indicates a significant difference concermiiigling behavior (cf. Table 5.3 and
Table 5.4).

In the following the eleven categories indicated in Figlesand 5.4 are condensed into
five categories. The aggregated level of the relative dewiatof bids from the dominant
strategy in settingD and D measured by, = %% is summarized in Table 5.5. The five
categories representsurroundings of the dominant strategy (category ¢), the relative
deviation of -20% from the dominant strategy (categefy2 + ¢), the relative deviation of
25% from the dominant strategy (categargs + ¢), as well as two categories comprising all
negative and positive deviations from dominant strategi¢sds which have not been sorted
into one of the first three categories. In the following set to 0.1. For example, category
—0.24+¢ comprises all bids with a relative deviation of the dominstréitegy from a minimum
of -30% to a maximum of -10%. Thesurrounding of O is of particular interest: for example,
in the second-price auction a high frequency in this categ@expected, since bidders in
setting D have the dominant strategy to submit their valuation tulthf Additionally, in
settingD a high frequency of relative deviations close to -0.2 in a#dsgesignated bidders is
assumed, as some of these bidders have not included theidiseaalculating the dominant
strategy. Further, in settinG a high frequency of relative deviations close to +0.25 ireaafs
non-designated bidders is also assumed, as some of thesediaclude the discount assigned
to rival bidders in their strategic bidding behavior.

According to Table 5.5 217 (81.27%) bids submitted in theoedeprice auction (setting
D), 69 (76.67%) bids with discount (subsettifg;,.) and 160 (88.89%) bids without discount
(subsettingD4) fall in the category) =+ €. Furthermore, it is apparent that the frequency of
relative deviations in the categories 'underbidding’ isajer than in the categories 'overbid-
ding’. In particular, designated bidders show a high freapyeof submitting bids close to their
induced valuation instead of submitting a bid close to tdeiminant strategy (22.22%). The
frequency of this category is much higher compared to theews/e frequency of the same
category measured in settirg or sub-settingD;—. Moreover, overbidding in the discount



152 CHAPTER 5. EXPERIMENTAL RESULTS

auction is only observed for non-designated bidders: tteeied frequency of bids falling
into the category).25 + ¢ equals 1.67% and the frequency of bids falling into the categ
'others’ (above the dominant strategy) also equals 1.67%plying the chi-square test for
homogeneity indicates that the distribution functionshef tinderlying populations the sam-
ples represent are not equal for at least one category gciairs test for homogeneity with
x? = 24.9358 andp-value=0.001). The difference between the relative deviations belonging
to the five categories is significant.

Setting Underbidding Dominant Strategy Overbidding Total

others —0.2+¢ 0+e 0.25 +€¢ others
e=20.1
D 11 29 217 2 8 267
412% 10.86% 81.27% 0.75%  3.00% 100%
Dgise 1 20 69 0 0 90
1.11% 22.22% 76.67% 0.00% 0.00% 100%
e 5 9 160 3 3 180
2.78% 5.00% 88.89% 1.67% 1.67% 100%
2 = 24.9358 df =8 p-value=0.002

Table 5.5: Setting) and settingD — relative deviation of bids from dominant strategy

Recall that the induced valuations as well as the sequendmftbrsettings are identical.
Thus, the paired differences of the relative deviations/ben the settings can be considered.
In applying the Wilcoxon signed-ranks test (matched-paarshe data, significant differences
between the central tendency of the relative deviationsbeameasured. Table 5.6 displays
the results of the WSR. Significant differences between tlagivel deviations of bids from
the dominant strategy between two settings are measureedetsettingD and settingD
(two-sided, significant witp-value of 0.042), setting) and sub-settind);— (two-sided, sig-
nificant with p-value < 0.001) as well as sub-settiny_;- and sub-settind)y;,. (two-sided,
significant withp-value= 0.013). The following results can be summarized: (i) the relative
deviations of bids from dominant strategy in the secondepaiuction differ significantly from

"Because the chi-square test is not strong enough for thedreies given in Table 5.5 (some frequencies are
< 2), thep-value is simulated based af® replicates:y? = 24.9358, p-value=0.001. Furthermore, applying the
chi-square for homogeneity to the bids observed in seffipg. and D results inx*=21.3757 and a-value
< 0.001, simulation based oh0° replicates. Thus, the distribution functions of the ungiad populations are
not equal for at least one category. Comparing the distdbidtinctions of the bids in settings andD4_, the

null hypothesis cannot be rejected. The differences betwee frequencies are insignificant for all categories:
x? = 7.2072, p-value = 0.122 (simulated with0® replicates.)
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the respective relative deviations in the discount auciionthe difference between the rela-
tive deviations measured in the second-price auction amdetspective relative deviations in
the discount auctions are significant, whereby only nogailiated bids are considered; and
(iif) comparing the relative deviations of bids from dommatrategy in setting, the differ-
ence between relative deviations of bids with and withostalint is significant. In particular
conclusion (ii) is interesting, since bids in both settifgw the same dominant strategy.

Setting Wilcoxon signed-ranks test Interpretation f pairs

(matched-pairs)

Dvs.D HypothesisH : 745 = rap relative deviations from dominant strategies 267
V = 11021, p-value = 0.042 inD and inD differ
D vs. Dyise HypothesisHy : rap = Tap,,.. - 90

V' =1858.5p-value = 0.352

D vs. Do HypothesisHy : rap = rap, relative deviations from dominant strategies 180
V =3629.5p-value < 0.001 inD and inD-— differ

disc

Dg—-vs. Dy;sc  Hypothesist, : TdD — = TdDy.. relative deviations from dominant strategies 90
V = 2397, p-value=0.013 inD

and inDg; .. differ

disc

Table 5.6: SettingD and settingD — comparison of relative deviation of bids from dominant
strategy

Obviously, together with the results indicated in Table &l Table 5.5, bidders in the
second-price auction have a greater difficulty in playingitttdominant strategy than non-
designated bidders in the discount auction. Note that lsecthe discount is an additional
rule which causes the auction mechanism to become more egnifgds expected that bidders
in the discount auction are likely to have more problems ayiplg the dominant strategy. It
seems that now although complexity has increased, nogpuksid bidders in the discount
auction perform better than bidders in the pure second@iction. One explanation of this
phenomenon might be that non-designated bidders haverto tfore about their dominant
strategy due to the additional discount rule. In fact, tlseadunt rule does not affect the strate-
gic behavior in equilibrium of non-designated bidders (paned to the strategic behavior in
equilibrium in the second-price auction). However, theridrces non-designated bidders to
think harder about what to bid in the discount auction. Timaes-designated bidders perform
better than bidders in the pure second-price auction.
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5.1.3 Bidding behavior over auction rounds

The following discusses the bidding behavior of subjecteughout the conducted auction
rounds in the experiment. Therefore, learning effects dsageadaptations in bidding behav-
ior over rounds are analyzed. In this context, the follonaigiresses whether subjects learn
their dominant strategy throughout the conducted auctomas, how well they adapt their
bidding behavior towards the dominant strategy, and hottli@y learn. In order to shed light
on these issues, the average bid per round, the deviatitre @vierage bid from the theoreti-
cal benchmark over the six conducted auction rounds, asasdhe relative deviation of the
average bid per round from the theoretical benchmark afgzeth Figures 5.5 — 5.6 present
the average bids per round as well as the average deviatidadsofrom dominant strategies
per round observed in the played second-price auctiorir(geit) and the employed discount
auction (settingD). The graphs plotted in these figures present a dynamic @&rep on the
average bids and deviations over rounds, focussing onitepeffects of bidders over the six
auction rounds. Additionally, the data points plotted ie tiraphs are summarized in Table
5.7. Table 5.8 indicates the relative deviations ("dev.")haf average bids ("bids") from the
dominant strategy per round for each setting.

Round D D Djise Dy~
bid dev. bid dev. bid dev. bid dev.

10596 -12.37 11893 -9.99 137.38 -11.37 109.71 -9.29
107.74 -10.55 12458 -4.33 137.16 -11.59 118.30 -0.70
11951 051 126.40 -2.52 143.05 -5.70 118.08 -0.92
119.35 0.35 125.71 -3.21 14232 -6.43 117.41 -1.59
121.06 1.78 126.84 -2.08 143.62 -5.13 118.44 -0.56
118.19 -0.81 128.69 -0.23 146.61 -2.14 119.73 0.73
mean 11540 -3.60 125.19 -3.73 141.69 -7.06 116.95 -2.05

o OB~ WN PP

Table 5.7: Setting and settingD — average bid and average deviation of bids from dominant
strategy by rounds

In particular Table 5.8 addresses the questions how welhamdfast subjects learn and
adapt their behavior towards the dominant strategy througtine conducted auction rounds.
It is quite obvious that, independent of the setting and thredacted auction mechanism,
bidders have a general tendency to underbid in the first twods: this tendency is greater
in the first than in the second round. However, a general trewdrds underbidding cannot
be identified in the second-price auction. With an incregasinmber of rounds the bidding
behavior converges towards the predicted bidding behaaat on average, bidders are close
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to the dominant strategy. In the discount auction, the tfendnderbidding is apparent; even
here, a clear convergence of the average bids towards thmalohstrategy can be observed
(for an increasing number of conducted auction rounds).

Round D D Dise Dg—
rel. dev. rel. dev. rel. dev. rel. dev.
-10.39% -7.75% -7.64% -7.81%
-8.87% -3.36% -7.79% -0.59%
0.43% -1.95% -3.83% -0.77%
0.29% -2.49% -4.32% -1.34%
1.50% -1.61% -3.45% -0.47%
-0.68% -0.18% -1.44% 0.61%
mean -2.95% -2.89% -4.75% -1.73%

std. dev.  5.24% 260% 2.50%  3.05%

D O A W DN P

Table 5.8: SettingD and settingD — relative deviation of bids from dominant strategy by
rounds

From the literature and experimental investigations, knswn that in the second-price
(sealed-bid) auction, bidders tend to deviate from themid@ant strategies and submit bids
above their valuations (cf. Hars{ad ZObO; Kagel and ﬂ?oth L9%Bat is, overbidding is ob-
served in the second-price auction, whereas in the Englisham this happens only rarely.
Additionally, in comparing the performance of the secomidgauction to an English auction,
it is known that the second-price auction performs poorlg bidders in an English auction
behave closer to their dominant strategy. Recall, that tlienlying auction mechanism of
the second-price auction employed in the conducted expetimas explained to the exper-
imental subjects as an English-proxy auction (Chapter 4ti@@ed.3). As displayed in the
figures, subjects in the second-price auction (setff)dearn their dominant strategy faster
than subjects in the discount auction (settiny From rounds 3 to 6 the relative deviation
of bids from the dominant strategy in settig is close to the dominant strategy ranging
between -0.68% and 1.5%, whereas in setfihthe respective relative deviation ranges be-
tween—2.49% and—0.18%. In the very last round, bids submitted to the discount ancire
on average closer to the theoretical benchmark (-0.18%))tth@se submitted in the second-
price auction (-0.68%). In looking more closely at the behavior of subjects over osuim

8The Spearmean’s rank correlation coefficient of the obsediterences over the six rounds is positive in
settingD (cor = 0.81) as well as setting) (cor = 0.87). Thus, in both settings an upward trend towards the
dominant strategy can be measured. The same holds truedfowith and without discount in setting — the
correlation coefficient for bids with discount equats: = 0.93 and0.74 for bids without discount.
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the discount auction, it becomes apparent that non-desidgtédders behave close to the be-
havior predicted from theory over all rounds except in thstfiound: from rounds 2 to 6
non-designated bidders bid close to the dominant stratetgti¢e deviation between -1.34%
and 0.61%) with a tendency towards underbidding. Desighlaidders need more rounds to
adapt their behavior towards the theoretical benchmarKy-inrthe very last round is the av-
erage bid close to the dominant strategy (relative deviaife1.44%). In addition, designated
bidders have a general tendency towards underbidding.

To summarize these observations, in regards to biddingvimehaver the conducted auc-
tion rounds, it can be stated that bidders in the secondjpuction and non-designated bid-
ders in the discount auction adapt their behavior towardsittminant strategy much faster
than bidders with an assigned discount. Thus, it seemgthatstitutional rule of the discount
brings in noise such that designated bidders have moreutiiéis in adapting their behavior
and finding their dominant strategy.
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bids from dominant strategy per round
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5.2 Auction outcomes

5.2.1 Descriptive analysis of the average outcomes

In order to analyze the auction outcomes observed in thestiegt of the experiment, a de-
scriptive overview on the average outcomes is given in bettings — settingD and setting
D. More specifically, the seller's revenue (auction reventied average winning bidder’s
payoff and the average surplus of both settings derived fteory and observed in the ex-
periment are compared. Figures 5/7 — 5.8 illustrate the glagahically. All data are average
values over all conducted auction rounds, i.e. 90 auctioasanducted in each setting (90
auctions = 3 sessions 6 auction rounds per session5 auctions per auction round). Thus,
each average outcome is the average over 90 auction outcdreesll that in both auction
mechanisms, the second-price auction employed in seftingd the DA employed in setting
D, strategies in dominant equilibrium exist. For each auctie equilibrium outcome is cal-
culated based on the induced valuations to bidders paatiogin that auction, the auction
revenue, the winning bidder’s payoff and the social surpluelfare) are determined as well.
The equilibrium outcomes are derived from 90 conductedianstin each setting. In figures
5.7 4 5.8 the equilibrium outcomes are indicated by "Theoryiemrgas the average outcomes
observed in the experiment are indicated by "Experiment”.eNloat the settings reflect the
symmetric case, since bidders’ valuations are charaetkthby an ex-ante identical probability
distribution function. The valuations induced to biddergach session and auction round are
given in Appendix D, Table D.1.

In examining the average auction revenues, Figure 5.7 @yslthat the average rev-
enues achieved in the experimental settings are both bamwaredicted theoretical results. In
the case of the second-price auction (settid)g the average auction revenue decreases from
114.23 to 112.41, while in the DA (settingD) the average auction revenue decreases from
112.17 to 109.66. On average, both the revenues achieved in the discounbasiere below
the revenues achieved in the second-price auction, inyttesowell as in the experiment. The
lower revenues in both settings (compared to the theotdimachmark) are a direct result
of the bidding behavior of bidders in both settings — a gdrteradency of underbidding is
observed in both settings. This behavior was outlined iriGes.1.

Concerning the average winning bidder’s payoff depictedigufe/5.7 (b), the following
can be concluded: In the pure second-price auction (seftjpghe winning bidder’s payoff
in the experiment (24.17) is on average lower than in therdtamal benchmark (25.77). In
the discount auction, the opposite can be observed — herayétage winning bidder’s payoff
in the experiment (28.7) is above the winning bidder’s payoequilibrium (27.01). When
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Figure 5.7: SettingD and settingD — (a) average revenue of seller and (b) average winning
bidder’s payoff

taking a closer look at the average winning bidder’s payofffi@ved in the discount auction,
the average payoff can be distinguished in the average fpafyafdesignated bidder with the
assigned discount of 20% and the average payoff of a nowptkesid bidder. The results are
intuitive: winning bidders with an assigned discount aglikigher payoffs than bidders with-
out discount. More specifically, Figure 5.8 shows the follmywesults: based on the induced
valuations and the observed bids in the experiment, (i)tbesge payoff of designated bidders
(38.59) is greater than the average payoff of bidders witd@mecount (16.03), (ii) the average
payoff of designated bidders (38.59) is greater than theathaverage bidder payoff (28.7) in
setting D, and (iii) the average payoff of non-designated biddersO@)is below the overall
average bidder payoff (28.7). These relations also hoklfwuthe theoretical benchmark. In
comparing the average payoffs observed in the experimetimetdhose predicted in theory,
the average payoffs of the designated bidders (38.59) artyrequal to those in equilibrium
(38.79), whereas the average payoffs of non-designatelisd16.03) are greater than those
in equilibrium (14.09). Focussing on the conducted sessadrsettingD, it can be observed
from the data that only in sessidR the average payoff of a designated bidder is greater than
the average payoff achieved in the theoretical benchmdrkreas in session31 and D3 the
observed average payoff of the designated bidder is lovear tie respective average payoff
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Figure 5.8: Average winning bidder’s payoff in settihy

of the theoretical benchmark. The average payoff of thedesignated bidders dominates the
average payoff in equilibrium in all sessions.

Similar to settingD, the average auction revenue is about 6% below the theakbgach-
mark and the average winning bidder’s payoff is about 6% alibe theoretical benchmark,
meaning the average social surplus in the experiment aiheary are approximately the same
(Figure 5.9). The average social surplus observed in therarpnt is 138.35, while in theory
the average social surplus equals 139.18. In setfinhpe observed average social surplus
(136.58) is lower than the theoretical average social sar(l40). Note that for each auction,
the sum of auction revenue and winning bidder’s payoff issétthe social surplus.

Table 5.9 indicates the frequency of a designated and nsigitited bidder being the high
bidder in the discount auction. Again, the observationsftbe experiment are compared
to respective outcomes predicted from theory. Of the 90iagtconducted in setting, a
designated bidder was the winner 49 times (54.44%), whitenadesignated bidder purchased
the virtual object being auctioned 41 times (45.55%). Thieince between the benchmark
and the experimental setting occurred due to the fact thanéauction, a designated bidder
won the auction, although according to equilibrium stregegthat bidder was not the one to
win the auction. This was the case in sesdighin round 1, group 1: player 3 with a valuation
of 107 received a discount of 20% and submitted a bid of 12wB&h is below his dominant
strategy of 133.75. He outbid bidder 1, the bidder with thghkst valuation in that auction
who submitted a bid of 80 based on a induced valuation of 14%9yedl as bidder 2 with a
bid of 105 according to his dominant strategy. Thus, bidde@a8 the highest bidder in that
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Figure 5.9: Average social surplus in settifgand settingD
auction, receiving a discount on the second-highest bidd&fdnd a payoff equal to 23. In

all other sessions — sessién and sessio2 — the observed frequencies of designated and
non-designated winning bidders are equal to those pretiicien theory.

Distribution of winning bidders in settingp

Setting Theory Experiment

Designated Non-Designated Designated Non-Designated

D rel. 53.33% 46.67% 54.44% 45.55%
abs. 48 42 49 41

Table 5.9: Distribution of winning bidders in settirig

Table' 5.10 summarizes the information given in Figure 5.79- Bgain, for both settings
the experimental results are compared to the respectivised the theoretical benchmark.
For settingD the first row gives the average outcomes in equilibrium atiogrto the induced
valuations of the bidders in the experiment. Since thiseds#nchmark, the average outcomes
are equal to 100%. The second row indicates the experimesgalts in that setting and
presents the average outcomes as well as the relative pariice to the benchmark. Rows
four and five summarize the average outcomes for seffingw four indicates the benchmark
case and row five the observed outcomes. In seffiradl average outcomes derived from the
experiment are below the average outcomes derived frommthée average auction revenue
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decreases by 1.59%, the average payoff by 6.21%, and thed sagplus by 2.44%. In setting
D the observed average revenue decreases from the thelbaetitage revenue by 2.24%,
while the average social surplus decreases only by 0.6%y Delobserved average payoff
dominates the theoretical solution by 6.26%. This is dubéddct that non-designated bidders
profited more than predicted from the discount auction awdemsed their average payoff
by 13.77%. One explanation for this quite surprising fadhet designated bidders have a
general tendency to underbid: 61.11% submit bids below the@ninant strategy (cf. Table
5.4), while about 22.22% of designated bidders do not usdigm®unt and submit bids close
to their valuation (cf. Table 5.5). Thus, the probabilitynain-designated bidders winning the
auction increases, as well as the revenue of the non-deésdbhalders. Note that the revenue
achieved by the seller decreases.

Setting Description Revenue Payoff Surplus Payoff

Designated Non-Designated

D Theoretic solution (mean) 114.23 25.77 140 - -
with induced valuations 100% 100% 100% - -
Experimental results (mean) 112.41 24.17 136.58 - -

98.41% 93.79%  97.56% - -

D Theoretic solution (mean) 112.17 27.01  139.18 38.79 14.09
with induced valuations 100% 100% 100% 100% 100%
Experimental results (mean) 109.66 28.7 138.35 38.59 16.03

97.76%  106.26% 99.40% 99.48% 113.77%

Table 5.10: Setting> and settingD — auction outcomes (theoretical benchmark and experi-
ment)

Note that the social surplus in an auction is equal to the sbiauction revenue and the
winning bidder’s payoff in that auction. The social surplasat maximum when the auc-
tion is efficient. This is the case in equilibrium. Thus, f@éncy leads to a decrease in
social surplus. However, the auction revenue and the payoffbe lower or higher than in
theory. Regarding the social surplus and the efficiency oftheions in setting® and D,
the following is observed: in settindy, 73 (81.11%) auctions out of 90 (100%) auctions are
efficient, meaning that the bidder with the highest inducaldiation wins the auction. Sev-
enteen (18.89%) auctions are inefficient. In settin@1 out of 90 auctions are efficient and
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19 inefficient. From theory it is known that by adding a disgbto an auction, inefficiency
can be induced. In this case, adding a discount of 20% to ttmndeprice auction leads to
inefficiency. From the theoretical solution one can prethiat in settingD 18 out of 90 auc-
tions are inefficient due to the discount. In equilibrium Irfids the object is awarded to a
bidder not having the highest valuation; that is, the wigrbidder is a designated bidder who
submits a bid above his valuation due to the discount puncpdke object, although not the
bidder with the highest valuation. However, in the expent®d instead of 18 inefficient
auctions are observed. The increase in inefficiency is dtleetéact that as mentioned above,
a designated bidder won the auction in sesgi3n instead of player 1 from group 1 with the
highest induced valuation in that group. Player 1 with aaatn of 147 placed a bid equal to
80; he was outbid by the designated bidder (player 3) who gtdara bid of 127.20. Player
3 received a valuation of 107 in that round. Thus, the numlbeéh® predicted inefficient
auctions increased by 1 to 19 inefficient auctions obsenvélde experiment.

Bidders’ earnings in settingp and settingD

Setting/Session Av. Earning Min. Earning Max. Earning

in euros
D1 12.52 6.10 19.05
D2 13.08 3.90 19.40
D3 12.90 8.20 17.10
D 12.83 3.90 19.40
D1 13.28 8.20 22.44
D2 13.92 8.00 22.36
D3 14.02 8.00 25.59
D 13.74 8.00 25.59

Table 5.11: Setting and settingD — average bidders’ earnings in euros

The sum of all payoffs received by a bidder throughout theeexrpent, including the paid
show-up fee, was converted to euros at the end of the expatiike cash rate of 1 GE (GE
='Geldeinheiten’ used as experimental currency unit) waé @uro. The bidders’ earnings in
the experiment are summarized in Table 5.11. The averagaguayof all subjects was 13.29
euros. In the sessions of the discount auction the earnli3y84 euros, predicted from theory:
13.40 euros) are slightly higher on average than in the th@gkprice auction sessions (12.83
euros, predicted from theory: 13.15 euros). Although ndrieesubjects went bankrupt, two
suffered losses: in sessidnl player 2 in group 4 received a payment of 6.10 euros while in
sessionD?2 player 1 in group 2 earned 3.90 euros. Both payments are baeshow-up fee
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of 8.00 euros (80 GE), which were paid to the experimentabactdirectly at the beginning
of the experiment. A more detailed listing of all bidder'sr@ags can be found in Appendix
D, Table D.6.

5.2.2 Individual auction outcomes

Experimental results are based on six conducted sessighs3@iauctions in each session.
Overall, in settingD data from 90 conducted second-price auctions are recovdaitg in
setting D data from 90 conducted discount auctions are recorded.elfotlowing, for each
played auction, the auction reveni the winning bidder’s payoff® as well as the social
surplusV are displayed. Note that the social surplus (welfare) isasbtputhe sum of auction
revenue and winning bidder’s payoff’ = R + P. That is,V is the induced valuation of
the winning bidder to whom the virtual object of that auctismwarded. The winning bidder
pays a price of to the seller and receives a payoff Bf which is the difference between his
valuation and the price of the object. The individual auttatcomes are displayed in Tables
5.12 — 5.17. More specifically, Tables 5.12 — 5.14 displaydhomes from the second-
price auctions conducted in the sessions of setfingvhile Tables 5.15 & 5.17 present the
auction outcomes of the discount auctions derived from &ssiens of settind). In each
table, the auction outcomes of the 30 auctions conductegbartecular session are given: in
each round a single auction was conducted within each grQyerall, five groups played
Six consecutive auction rounds in each session. The 3-{Uple,V) indicates the auction
results which were derived from one of the five groups in ai@aler auction round. For each
of the five groups, the average results of that group areameli; meaning the minimum and
maximum outcome over all rounds. Within each session, tleeativaverage values as well
as the standard deviations of the results are displayede that the average values over all
sessions are indicated in Table 5.10.

As in the experiment in setting the discount mechanism was employed, with the winning
bidder in a DA being either a designated bidder, a bidder digbount, or a non-designated
bidder. In Tables 5.15- 5.17 individual auction outcomassed by designated bidders are
printed in bold. To illustrate an example, the individuatmme of group three in the first
round of sessiorD1 presented in Table 5.15 is illustrated: the 3-tupeX,V) is given by
(87.2058.80146). Player one, who is the designated bidder in that groups e auction
and purchases the object at a price of 87.20, that is, thenddughest discounted bid in that
auction. The payoff is equal to the difference between hiigateon of the item and the price
to pay:58.80 = 146 — 87.20. Because the winning bidder is the designated bidder, til&-t
is printed in bold.



Outcomes of auctions in sessidn

Round Group 1 Group 2 Group 3 Group 4 Group 5
R P \% R P \% R P \% R P \% R P \%
1 106.99 42.01 149 102.99 45.01 148 104 42 146 80 21 101 98.50.5051150
2 103.99 4.01 108 103.01 46.99 150 107 39 146 100 1 101 102 45 147
3 138 12 150 103.99 1.01 105 146 0 146 120 27 147 98 10 108
4 118 32 150 107.01 40.99 148 108 39 147 14599 -41.99 104 100 4949
5 149 -44 105 102.99 3.01 106 109 38 147 148 2 150 105 41 146
6 150 -2 148 107.01 41.99 149 108 39 147 102 7 109 100.50 45.506 14
mean  127.66 7.34 135 104.50 29.83 134.33 113.67 32.83 14656 11267 118.67 100.67 40.33 141
min 103.99 -44 105 102.99 1.01 105 104 0 146 80 -41.99 101 98 10 8 10
max 150 42.01 150 107.01 46.99 150 146 42 147 148 27 150 105 51880

overall mean V: 135.1
std. dev. V: 16.0

overall mean P: 22.6
std. dev. P: 18.1

overall mean R: 112.5
std. dev. R: 24.9

Table 5.12: SessioP1 — individual auction outcomes in the experiment

Outcomes of auctions in sessidr

Round Group 1 Group 2 Group 3 Group 4 Group 5
R P \% R P \% R P \% R P 1% R P \%
1 107 42 149 147.02 -44.02 103 109 37 146 98.10 2.90 101 85 65 150
2 105 3 108 102 47 149 109 37 146  100.90 47.10 148 100 2 102
3 150 -2 148 104 5 109 140 9 149 107 40 147 97 4 101
4 115 35 150 106.30 41.70 148 108 39 147 104.90 41.10 146 101.499.01 149
5 105 44 149 103 3 106 109 38 147  147.90 2.10 150 102 44 146

6 148.01  1.99 150 106.50 42.50 149 107.8 39.2 147 10190 7.1009 1 104 42 146

mean 121.67 20.67 14233 11147 1586 127.33 1138 33.2 1470.1211 23.38 1335 98.33 34 132.33
min 105 -2 108 102 -44.02 103 107.8 9 146 98.10 2.10 101 85 2 101
max 150 44 150 147.02 47 149 140 39.2 149 147.90 47.10 150 104 6550 1

99T

overall mean R: 111.08
std. dev. R: 15.5

overall mean P: 25.42
std. dev. P: 23.1

overall mean V5036.
std. dev. V: 17.5

Table 5.13: Sessio2 — individual auction outcomes in the experiment
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Outcomes of auctions in sessidIB

Round Group 1 Group 2 Group 3 Group 4 Group 5
R P |4 R P 14 R P 14 R P 14 R P 14
1 148.99 -41.99 107 146.50 1.50 148 109.01 36.99 146  90.01 9911. 102 99 51 150
2 95 13 108 143.05 5.95 149 109.01 36.99 146 101 47 148 95 52 147
3 136 12 148 105.01 3.99 109 146 3 149 107 40 147 97 4 101
4 105 45 150 107.14 40.86 148 108 39 147 104 42 146 120 29 149
5 104.99 44.01 149 104 2 106 109 38 147 130.70 19.30 150 111 3 6 14
6 147.99 2.01 150 115.76  33.24 149 108 39 147 102 7 109 104 42 146
mean 123 12.34 135.33 120.24 1459 134.83 11484 3216 147 .7900527.88 133.67 104.33 355 139.83
min 95 -41.99 107 104 1.50 106 108 3 146 90.01 7 102 95 4 101
max 148.99 45 150 146.50 40.86 149 146 39 149  130.70 47 150 120 52050
overall mean R: 113.64 overall mean P: 24.50 overall mean V1B38.
std. dev. R: 16.4 std. dev. P: 19.8 std. dev. V: 17.0
Table 5.14: Sessiof3 — individual auction outcomes in the experiment
Outcomes of auctions in sessian
Round Group 1 Group 2 Group 3 Group 4 Group 5
R P 14 R P 14 R P 14 R P 14 R P 14
1 85.60  63.40 149 147 1 148 87.20 58.80 146 88.8  13.20 102 120 30 150
2 82.40 25.60 108 119.20 30.80 150 87.20 58.80 146120 28 148 133 14 147
3 148 2 150 87.20 17.80 105 119.20 26.80 146 145 2 147 86.4 16.60 103
4 128.75 21.25 150 123.67 24.33 148 120 27 14785.6 60.40 146 1255 23.50 149
5 131.26 17.74 149 84 22 106 101 46 147 148 2 150 1335 12.50 146
6 120 28 148 13291 16.09 149 13499 12.01 147 81.6 27.40 109 83.2 62.80 146
mean 116 26.33 142.33 115.66 18.67 134.33 108.27 38.23 146Bl.51 22.17 133.67 113.6 26.57 140.17
min 82.40 2 108 84 1 105 87.20 12.01 146 81.6 2 102 83.2 12.50 103
max 148 63.40 150 147 30.80 150 13499 58.80 147 148  60.40

150 3.51362.80 150

overall mean R: 113.00
std. dev. R: 24.9

overall mean P: 26.39
std. dev. P: 18.1

overall mean V4039.
std. dev. V: 16.0

freq. discount: 46.66%

Table 5.15: SessioP1 — individual auction outcomes in the experiment
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Outcomes of auctions in sessidr?

Round Group 1 Group 2 Group 3 Group 4 Group 5
R P \%4 R P \%4 R P \%4 R P \%4 R p \%4
1 107 42 149 112 36 148 136.24 9.76 146 78.86 22.14 101 108 42 150
2 105 3 108 143 7 150 136.24 9.76 146 116 32 148 85.61 61.39 147
3 120 28 148 84 25 109 116.53 32.47 149 104 3 107 86.40  14.60 101
4 115.10 34.90 150 135 13 148 86.39 60.61 147 135 11 146 108.14  40.86 149
5 88.20  60.80 149 84.8 19.20 104 126.24 20.76 147 8586 64.14 150 85.81  60.19 146

6 12432 25.68 150

85.6 63.40 149 131.24 1576 147 87.19 1281 100 129.57 16.43 146

mean  109.94 3240 142.33
min 88.20 3 108
max 124.32  60.80 150

107.4 27.27 13467 12215 2485 1471.15 2418 125.33 100.59 39.25 139.83
84 7 104 86.39 9.76 146  78.86 3 100 85.61 14.60 101
143 63.40 150 136.24 60.61 149 135 64.14 0 15129.57 61.39 150

overall mean R: 108.25
std. dev. R: 19.6

overall mean V8B37.
std. dev. V: 16.8

overall mean P: 29.59 freq. discount: 56.67%
std. dev. P: 20.2

Table 5.16: SessioP2 — individual auction outcomes in the experiment
Outcomes of auctions in sessifr3
Round Group 1 Group 2 Group 3 Group 4 Group 5
R P 1% R P 1% R P 1% R P 1% R P 1%

1 84 23 107 100.42 46.58 147 130 16 146 80.80 25.20 106 80 70 150

2 85.61 18.39 104 120 29 149 131.25 1475 146 126.25 21.75 148 127.50 19.50 147
3 117.60 32.40 150 84 20 104 146 3 149 84.80 62.20 147 80.80 27.20 108
4 8720 6280 150 8572 6228 148 125 22 147 13125 1475 146 8256 66.44 149

5 125 24 149 84.94 18.06 103 97.04 49.96 147 119.62 28.38 14812750 1850 146

6 147.51 2.49 150 125 24 149 100.72 46.28 147 87.20 14.80 102 126.25 19.75 146

mean 107.82 27.18 135
min 84 2.49 104
max 14751 62.80 150

100.01 33.32 133.33 121.67 25.33 147 .9910427.85 132.83 104.10 36.90 141
84 18.06 103 97.04 3 146  80.80 14.75 102 80 18.508 1
125 62.28 149 146 49.96 149 131.25 62.20 8 14127.50 70 150

overall mean R: 107.72
std. dev. R: 22.4

overall mean V8B37.
std. dev. V: 17.1

overall mean P: 30.11 freq. discount: 60%
std. dev. P: 19.7

Table 5.17:

Sessiof3 — individual auction outcomes in the experiment

89T
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In Tables 5.15 + 5.17 the frequency of designated bidderghbeinning bidders in each
single session is indicated ligeq. discount. For example, in sessioR1 this frequency is
equal to 46.66% (cf. Table 5.15). The distribution of wirmnibidders being designated or
non-designated bidders over all sessions of seffing displayed in Table 5.9.

The empirical distributions of the individual auction ooiees presented in Tables 5.12 —
5.17 are discussed in the following. The empirical distiitns of the auction revenues, the
winning bidder’s payoff and the social surplus in settidgind D give deeper insight into the
differences between both settings and the effects of ttmdid mechanism. They allow a
direct comparison between both settings. The empiric#dibiigions of the auction revenues
are displayed in Figure 5.10, the distributions of the pigjiofFigure 5.11 and the distributions
of the surplus in Figure 5.12. In each figure, the graphs atdithe empirical distributions
of the second-price auction (settifig) and the discount auction (settirg): the first graphs
plots the empirical distributions based on the equilibrmutcomes ("Theory’), and the second
graph the respective empirical distributions based onxpermental data (Experiment’).

To explain the empirical distributions of the auction rewenfirstly the theoretical bench-
mark of both settings and secondly the experimental resfil®th settings are discussed.
The predicted distributions of the revenues are displayélé first graph in Figure 5.10. Itis
shown that for revenues below 105 and revenues between H3B4&the distribution of the
revenues of the discount auction is greater than the ragpelistribution of the second-price
auction; for revenues between 105 and 133 and iasurrounding of 149, the distribution of
the revenues in settinf are above the respective curve of setting However, there is no
indication of the central tendency of the revenues in sgtfirand D. Recall that the induced
valuations ranged between [100,109] and [146,150]. Basdtease valuations the revenues
in the second-price auction (settifig) range between (i) 102 and 109 as well as (ii) 146 and
149. Thus, in case (i) a weak bidder determines the paymeheaotinning bidder by his bid,
whereas in case (ii) a strong bidder, being the second-kidghéder, determines the price to
pay for the object. In the discount auction (settiny the auction revenues are slightly dif-
ferent since they are directly affected by the discount. &/gpecifically, one of the following
cases might appear in each discount auction: (i) the pripayas not affected by the discount
since the winning bidder as well as the second-highest batgeboth non-designated bidders;
(i) the price to pay is determined by a designated bidderd#ie second-highest bidder; and
(iii) the price to pay is the second-highest discounted bidesthe winning bidder is the des-
ignated bidder. Thus, there is a wider range of realized@ucevenues in settingy than in
settingD. From theory it can be predicted that in the discount augctiotion revenues range
from 81.60 to 87.20, 116.80 to 136.25 and 146 to 149. Overaéiquilibrium the empirical
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distribution of the revenue from the discount auction isgolbsn 27 different measured values,
whereas the distribution of the second-price auction iethas 11 different measured values.
Regarding the conducted experiment, the distribution fanstare similar in shape to
those predicted from theory. For low auction revenues asasgefor high auction revenues,
the distribution of auction revenues in settihgis below the respective curve in settiriy
for auction revenues between 105 and 136, the distributichebauction revenues in set-
ting D lies upon the respective distribution function of settifg In fact, the difference
between the revenues in both settings is significant (Kobnoe@mirnov test: significant with
p-value< 0.001, cf. Table 5.19). Nevertheless, a central tendency towadiscount signifi-
cantly lowering or raising the revenues in the two focusstings cannot be concluded.
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Figure 5.10: Empirical distribution of auction revenueséttingD and settingD — theoretical
benchmark and experiment

Similar observations can be made with respect to the winhidder’s payoff. No indi-
cation concerning the central tendency of the bidder’s fiagcsetting D and D is given.
Figure 5.11 displays the empirical distributions of the gfajor both settings (i) in the case
of the theoretical benchmark and (ii) in the case of the erpental results. The shape of the
distribution function of the payoffs is similar to those bktauction revenue — only the order
has been reversed. For small and high payoffs, the distriibof the payoffs in setting lies
upon the distribution of the payoffs in settiigy while for payoffs between approximately 20
and 40 the distribution of the payoffs in settingis greater than the respective distribution of
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Figure 5.11: Empirical distribution of winning bidder’s yuf in setting D and settingD —
theoretical benchmark and experiment

settingD (this holds for the predictions from theory as well as thesgipental results). The
difference between the curves is significant as indicatélble 5.20 (Kolmogorov-Smirnov
test: significant withp-value= 0.003).

When comparing the empirical distributions of the sociapus in settingsD and D, no
significant differences in central tendency can be obserVéére is only a small difference
between the two curves, both in theory and in the experimiens. notable that when com-
paring the empirical distributions of the social surplusha experiment with those predicted
from theory, the distributions show a reverse order. Inldzpium, the distribution of the sur-
plus in settingD is greater than or equal to the respective distribution ttirgeD, while in
the experiment, the distribution of the surplus in settings equal to or below the respective
curve of settingD (with the exception of a single point in that curve). Thatiistheory it
is predicted that the discount lowers the welfare, whilehia €xperiment it is observed that
the discount increases the welfare (with respect to theaneelif the benchmark second-price
auction).

Regarding the differences between the auction outcomegprddrom theory and those
resulting from the experiment, the main results are inéitaind discussed in Section 5.2.1 (cf.
Table 5.10). In the following the differences between predns from theory and observations
in the experiment are explained in more detail. The diffeesnare measured by means of
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Figure 5.12: Empirical distribution of the social surplassettingD and settingD — theoreti-
cal benchmark and experiment

statistical analysis to determine whether indication$wispect to the central tendency of
the differences between theory and experiment for botlngstare significant. Table 5.18
displays the differences between outcomes in equilibrintha@served outcomes. The mean,
the standard deviation, the median as well as the minimummamdmum of the differences
between the theoretical benchmark and the experimentdisese displayed for both settings
(settingD and settingD): the differences are measured with respect to the auaticenues,
the winning bidder’s payoff and the social surplus.

Applying the Wilcoxon signed-ranks test (WSR, matched-paodest for differences in
the central tendencies between the equilibrium outcomdstan observed outcomes in the
experiment, the following holds true (cf. Table 5.10): Comipg the outcomes in settingy
derived from theory with those derived from the experiméme, differences are statistically
(weak) significant. The auction revenues predicted frororhare significantly greater than
the respective observed outcomes (WSR, one-sided, sigrifigdml” = 1707 andp-value
< 0.001), the payoffs received in equilibrium are below the respegbayoffs derived from
the experiment (WSR, one-sided, weak significant Witk 975 andp-value = 0.083), and
the predicted social surpluses are above the respectiptusas observed in the experiment
(WSR, one-sided, significant witii = 171 andp-value < 0.001). Similar observations are
made for settind): the auction revenues predicted from theory are greatarthi@arespective;
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in the experiment observed, revenues (WSR, one-sided, sgmifivith}” = 1190.5 andp-
value = 0.005) and the payoffs calculated in theory are belmvrespective experimental
results (WSR, one-sided, significant with = 573, p-value = 0.015). Only the measured
differences between theory and experimental results egpect to the social surplus in the
case of the DA are not significant — the null hypothesis thatstirpluses in equilibrium are
above the respective surpluses in the experiment cannefdxsed (one-sided, no significant
difference in central tendencyt” = 5, p-value = 0.211). Recall that in Section 5.2.1 the
average individual auction outcomes in the two settingseweaphically displayed in Figures
5.7 45.9. The WSR test partially confirms the significance ffedéinces between theory and
experiment for both settings and the respective auctiocooogs.

It is found that the standard deviations between differsngeauction revenue, winning
bidder’s payoff as well as the social surplus in settihgre greater than the respective standard
deviations of differences in settirg (cf. Table 5.18). However, it was expected that whenever
there is a difference between predicted and observed oetatime differences between the
theoretical benchmark and experimental observationddlb@higher in the discount auction
than in the second-price auction.

Deviation of experimental results from results of theoretical benchmark

settingD settingD

outcomes mean std.dev. median min  max mean std.dev. median min max

revenues 1.8 12.8 0.01 -44.0 -470 25 10.6 0.0 -33.6 49.8
payoff 1.6 20.1 0.0 -46.0 88.0 -1.7 8.8 0.0 -35.3 33.6
social surplus 3.4 111 0.0 0.0 47.0 0.8 6.2 0.0 -8.0 420

Table 5.18: SettingD and settingD — comparison of equilibrium auction outcomes and ob-
served auction outcomes

The following focuses on a comparison of the auction revemu¢he conducted auctions
in setting D and settingD for different cases. That is, the auction revenues, the winn
bidder’s payoff and the social surplus are compared by mehstatistical analysis. Tables
5.19 — 5.21 summarize the results of the statistical aralgsicating the mean, the standard
deviation, the median, the minimum and maximum of the olextdata derived from setting
D and D, as well as the differences in central tendency between dte skts from settings
D and D. Depending on the distribution of the outcomes to be conthatiéferent tests are
applied for measuring significant differences between tita dets: the t-test, the Wilcoxon
singed-ranks test (WSR, matched-pairs), and the Kolmogamavm8yv test (KS) (cf. Section
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@)Q The observed data used as database for the statisticabmsnafhg obtained from dif-
ferent rounds or groups in each setting. More specificdily,data sets are derived from the
following cases: (i) the <1 auction round, (ii) the 8 auction round, (iii) the average auc-
tion outcomes per group, (iv) the average auction outcoreesqund, and (v) the auction
outcomes over all rounds and groups. In case (i) only obdettaga from the first round are
considered. Since there are no trial rounds, the data aep&mdient. Overall, as in each ses-
sion in the first round, five auctions were played with 15 ghivbservations (3 sessions per
setting x 5 auctions per round and per session) — 15 obsemsadierived from settingy and

15 observations derived from setting— and then compared, i.e. 15 matched-pairs. The same
holds for case (ii): in the analysis, 15 matched pairs of thetian outcomes derived from the
6" round are compared. Because the observations are derivadHelast auction round,
learning effects cannot be excluded from the observed dzdae (iii) and case (iv) focus on
average auction outcomes; that is, in case (iii) the avesaggon outcomes of a single group
over all rounds (15 observations per setting) and in cagehl{& average auction outcomes
over all groups per round (18 observations per setting) mag/aed. Considering the individ-
ual auction outcomes in each round and session, 90 obsersaterived from setting are
compared to 90 observations derived from setfin{case (v)).

Table[ 5.19 presents the results of the statistical anabfstee data derived from each
setting observed in the experiment for each case with réspehe auction revenue. When
applying the t-test or the WSR from case (i) to case (iv) in ptdemeasure differences in
central tendency between the revenues of both setting&ltbeing is derived: the null hy-
pothesis that the auction revenues in the second-pricéoaudts) are equal to the auction
revenues in the discount auctioRR{) cannot be rejected. In testing difference between the
distribution ¥z ) of the revenues in settin® and the respective distributio%,,) in set-
ting D, both significantly differ from each other (KS, significanithvp-value < 0.001, cf.
Figure[5.10). Although the average revenues in the discauction are below the average
revenues in the second-price auction (case (i) to casedng).cannot conclude that the dis-
count significantly hurts auction revenue. A significanfeténce in central tendency cannot
be concluded. Nevertheless, the difference between thbdison functions of the auction
revenues obtained in the second-price and derived fromisicewht auction is significant.

9All data are tested for normality with the Shapiro-Wilk tegthen the null hypothesis that the data follows
a normal distribution is rejected (on a significance leveb glercent), then the t-test is not applied. Instead, the
Wilcoxon (matched-pairs) signed-ranks test or the Kolnmogeésmirnov test is used to measure difference in
central tendency or between the different distributiorcfions. The Kolmogorov-Smirnov test is applied in case
the difference scores of the matched-pairs is not symmiettive median of the population of difference scores

(Sheskin 2004).
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Auction revenues in setting and SettingD

Setting Mean Std.dev. Median Min  Max # pairs

(i) auction revenues in 1st auction round
D 108.8 21.8 104.0 80.0 149.0 15
D 103.1 22.2 100.4 789 147.0 15

Dvs.D Hy:Rp= Rp, WSR:V = 59, p-value = 0.706

(i) auction revenues in 6th auction round

D 114.2 18.2 107.0 100.5 150.0 15
D 113.2 22.8 1243 816 1475 15
Dvs.D Hy:Rp= Rp, WSR:V = 59, p-value= 0.978

(iif) average auction revenues per groups

D 112.4 8.6 113.7 98.3 127.7 15
D 109.7 7.1 108.3 100.0 122.2 15
Dvs.D Hy: Rp = Rp, t-test:t = 1.080, df = 14, p-value = 0.298

(iv) average auction revenues per rounds
D 112.4 6.7 113.4 985 122.8 18
D 109.7 7.9 110.7 94.18 119.6 18

Dvs.D Hy: Rp = Rp, t-test (paired)t = 1.115, df = 17, p-value = 0.280

(v) individual auction revenues
D 112.4 17.5 112.4 80.0 150.0 90
D 109.7 22.0 1156 789 148.0 90

Dvs.D Hy: Fr, = Fg,, KS:D =0.356, p-value < 0.001

KS:Kolmogorov-Smirnov Test. WSR: Wilcoxon singed-ranks tet (matched-pairs, two-sided).

Table 5.19: Setting and settingD — comparison of auction revenues

In the experiment, the payoffs of the winning bidders reegifrom each auction were
recorded and stored in the database. What can be observedhieaata is that in all cases,
the average payoff in the discount auction is equal to ortgre¢aan the average payoff in
the second-price auction, indicated in Table 5.20. Thitestant is true for the payoffs —
denoted byP; and P, —to be compared between both settings for the first auctiondathe
sixth auction round, the average payoffs per groups, theageepayoffs over all groups per
round, as well as all observed payoffs. However, a signifidéference in central tendency
between the payoffs of both settings can only be observedsa ¢v). The average payoffs
per round obtained in the second-price auction differ wealkdnificant from those observed
in the discount auction (t-test, weak significance wialue= 0.062).
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When comparing all payoffs and measuring differences betwee distribution {'»,) of
the payoffs in setting) and the respective distributior’, ) in setting D, the difference is
then significant (KS, significant with-value= 0.003). This indicates a great likelihood that
the winning bidder’s payoff from both settings is drawn frdifferent populations.

Winning bidder’s payoff in settind) and settingD

Setting Mean Std.dev. Median Min Max # pairs

(i) payoff in 1st auction round
D 24.3 32.7 37 -44 65 15
D 33.3 20.4 30 1 70 15

Dvs.D Hy: Pp= Pp, WSR:V =45, p-value = 0.660

(i) payoff in 6th auction round
D 25.8 18.9 39 -2 455 15
D 25.8 18.0 19.7 25 634 15

Dvs.D Hy: Pp= Pp, WSR:V = 63, p-value = 0.890

(iii) average payoffs per groups

D 24.2 11.4 27.9 2.7 403 15
D 28.7 6.0 27.2 18.7 39.3 15
Dvs.D Hy: Pp = Pp, t-test:t = -1.563,df = 14,p-value = 0.140

(iv) average payoffs per rounds

D 24.2 10.2 26.26 8 40.8 18
D 28.7 8.4 29.11 13 457 18
Dvs.D Hy: Pp = Pp, ttest:it =-2,df = 17,p-value = 0.062

(v) winning bidder’s payoff

D 24.2 23.4 37 -44 65 90
D 28.7 18.9 24 1 70 90
Dvs.D Hy: Fp, = Fp,,KS: D =0.267,p-value = 0.003

KS:Kolmogorov-Smirnov Test. WSR: Wilcoxon singed-ranks tet (matched-pairs, two-sided).
Table 5.20: Setting) and settingD — comparison of winning bidder’s payoff

From theory it is predicted that in equilibrium the averageial surplus in the second-
price auction is greater than the average social surplugeigiiscount auction. This does not
hold in general for the observed data in the experiment. Bdipg on the specific case (e.g.,
the social surplus in the first round (case (i)) or all soaiaptises (case (v)), the average social
surplusVj observed in the second-price auction is either higher oetdivan the respective
average social surplug, in the discount auction (cf. Table 5.21).
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Social surplus in setting and settingD

Setting Mean Std.dev. Median Min  Max # pairs

(i) social surplus in 1st auction round
D 133.1 22.2 146 101 150 15
D 136.3 20.3 147 101 150 15

Dvs.D Hy:Vp=Vp, WSR:V = 1.5,p-value = 0.269

(ii) social surplus in 6th auction round

D 140.1 16.1 147 109 150 15
D 139 18.4 147 100 150 15
Dvs.D Hy:Vp=Vp, WSRYV = 3, p-value = 0.371

(i) average social surplus per groups

D 136.6 7.7 135.0 118.7 147 15

D 138.4 6.2 139.8 125.3 147 15
Dvs.D Hy:Vp = Vp, t-test:t = -1.2674df = 14,p-value = 0.226

(iv) average social surplus per rounds
D 136.6 6.1 139.2 129.8 148 18
D 138.4 6.3 138.9 122.8 148 18

Dvs.D Hy:Vp=Vp, WSR:V=46.5,p-value = 0.460

(v) social surplus
D 136.6 19.1 147 101 150 90
D 138.4 18.1 147 100 150 90

Dvs.D Hy:Vp=Vp, WSR:V =90,p-value = 0.588

WSR: Wilcoxon signed-ranks test (matched-pairs,two-sidd).
Table 5.21: Setting and settingD — comparison of social surplus

In measuring the central tendency between differenceseofvtb samples — the data ob-
served in setting) and the respective data observed in setfingin none of the cases are the
differences between the average social surplus in sefitiagd the respective one in settiny
significant. The null hypotheses that the social surpluttirgy D is equal to that in setting
D (WSR, matched-pairs, applied in case (i), case (ii), casediw] case (v)) can be rejected,;
the p-value exceeds the weak significance levetof 0.1. Also, in case (iii) applying the
t-test (p-value of 0.113) brings out no significant results: the dasu@pluses observed in the
different groups in setting do not significantly differ from the respective social sus#s
observed in setting.
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Payoff of designated and non-designated winning bidde&etting D

Setting Mean Std.dev. Median Min Max # pairs

average payoff per round

D 28.7 8.4 29.1 13.0 45.65 18
Dyise 38.6 13.8 36.9 20.4 63.84 18
D vs. Dy Hy: Pp > Pp,,,., t-test (paired)t = -4.578,df = 17,p-value < 0.001

average payoff per round

D 28.7 8.4 29.1 13.0 45.65 18
o 16.0 8.3 17.24 0 31.3 18
Dvs. Dy Hy: Pp < Pp___, t-test (paired)t = -6.184,df = 17,p-value < 0.001

disc

average payoff per round

v 16.0 8.3 17.24 0 31.3 18
Dygise 38.6 13.8 36.9 20.4 63.84 18
Doz Vs Dyise  Ho: Pp,_ < Pp,,.., t-test (paired)t = 7.201,df = 17,p-value < 0.001

disc

Table 5.22: Settind),;,. and settingD ;- — comparison of winning bidder’s payoff

In the following attention is drawn solely to the winning det’s payoff in settingD (cf.
Table 5.22). When comparing the average payoffs per rounderdiscount auction to the
respective payoffs of designated bidders and then to theageepayoffs of non-designated
bidders per round in the discount auction, the followingttés observed: the average payoff
of a designated bidder in settidgis significantly greater than the average payoff of a winning
bidder in settingD (t-test withp-value < 0.001). This is quite obvious, since a designated
winning bidder receives an additional premium due to theadiat and thus can increase his
payoff. The null hypothesis that the average payoff of aéidd the discount auction is lower
than the average payoff of a non-designated bidder canéetee| The difference between the
average payoffs is significant (t-test: significant withialue< 0.001). The same holds when
comparing the average payoffs of non-designated biddehetoespective average payoffs of
designated bidders; the average payoff of non-designatietts is significantly below the
average payoff of designated bidders (t-test: significatit wvalue< 0.001).
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5.3 Auction revenues in the symmetric and asymmetric case

Having analyzed the outcomes of the auctions in the preseasons, i.e. the auction revenue,
the winning bidder’s payoff, and the social surplus in setfd and settingD, the focus is now
set solely on the auction revenues in the different treatsneRecall that in Section 4.1 the
following research questions based on the theoreticalfgwdin Chapter 3 were inspired:

1. In the symmetric case, is a seller able to extract an axditirevenue by offering a
discount (contrary to the prediction)?

2. In the asymmetric case, can the expectation of a selleraide her revenue by offering
a discount — be confirmed?

Thus, the question of interest focuses on the single trease the symmetric case — treat-
mentDs and treatmenDs — and the single treatments in the asymmetric case — treaiinen
and treatmenDa (cf. Section 4.2). To isolate the different treatments, liltks observed in
the experimental sessions have to be rearranged and kslortbe first step, only data from
the very first round of all sessions are considered sincetbleservations are independent of
each other. In the second step, the analysis is extendedlamdlected data (observed bids)
throughout the conducted auction rounds are considereslmitivation for this step is to in-
clude more data in the analysis in order to receive more figgnit results. Note that this step
includes some cost — the cost of losing independence. Then@i®ns are not independent
since the 540 data points stem from 90 bidders. Thus, thgsisahcluding data from rounds
two to six should be interpreted cautiously.

The four treatment®s, Ds, Da and Da are isolated by rearranging the data received in
the conducted sessions of either settingr settingD. More specifically, consider a particular
round: the 45 bids observed in that round, either in the thessions of setting or in the
respective sessions of settihg are rearranged: (i) In the symmetric case, 15 homogeneous
groups of either solely weak or strong bidders are random@gited, each group consisting of
three bidders? Thus in each round, ten weak groups and five strong groupsedeged. (i)

In the asymmetric case, 15 heterogeneous groups are yrtuaated by random: each group
consists of one strong bidder and two weak bidders. (iijhtteatments of the second-price
auction — treatmenDs and treatmenDa — bids solely derived from the particular auction

10A weak bidder is a bidder with an induced low valuation, treatan integer value betwedh00, 109].
Analogously, a strong bidder is a bidder with a high inducaldation — an integer value drawn from the interval
(146, 150] (cf. Section 4.8).
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round in all the three conducted sessions of setfingre consider@ (iv) TreatmentsDs

and Da are virtually created by regrouping the bids observed inréispective auction round
from the three sessions in settiny Note that in a single auction round over all sessions in
settingD, the discount was assigned to a bidder 15 times. That is,fabeal5 observed bids
per round, 15 bids are based on a discount and 30 are withmctuﬁ@

Rearranging the bids allows us to virtually create new grodpseach group a second-
price auction and a discount auction are virtually condiitteased on the observed bids. In
the following sections, the obtained auction revenues & i symmetries — treatments
and treatmenbDs — as well as the auction revenues in case of asymmetriestmgatDa and
treatmentDa — are analyzed.

5.3.1 TreatmentDs and treatment Ds

To begin of the analysis, Table 5.23 displays the auctioamees of treatmenbs and treat-
mentDs achieved in the first round. That is, the average, the stdrdianation, the median,
the minimum, and the maximum of the revenues of the condumtietions — 15 conducted
second-price auctions in treatmedt and 15 conducted discount auctions in treatm@gt
with a discount of 20% — are summarized. The observed bidghnre regrouped and used
to virtually conduct these auctions, are derived from th& fiound: observations of setting
D are used to determine the auction revenues in treatmermind observations of setting

to determine the respective revenues in treatnigntcf. Table D.13 for Round 1, Appendix
D.4). Furthermore, the auction revenues of the following tvases are contrasted: (i) the
revenues based on the experimental observations (Expetipand (ii) the equilibrium rev-
enues as predicted from theory (‘'Theory’). According tol€h23, the discount appears to
lower the auction revenue. Focussing on the revenues achiethe experiment, the average
revenue decreases from 111.1 to 97.3 by introducing theulc This difference is equal to
a decrease of 12.42% due to the discount and the strategiwibelof bidders (with a gen-
eral tendency of underbidding, cf. Section|5.1). Theondjmts that the discount effects the
revenue in such a way that the average revenue in the firstirdecreases by 18.98% when
introducing a discount (cf. Table 5.23, row 'Theory’).

"in a single round from settingy, each integer value betweg0, 109] and[146, 150] is induced three times.
Thus, out of the 45 observed bids per round, 30 bids are basatloced low valuations (weak bids) while 15

are based on high induced valuations (strong bids)
2By construction, out of the 15 bids with discount, 10 bidsweak bids with discount and 5 bids are strong

bids with discount. Moreover, out of the 30 bids without disit, 20 bids are weak bids and 10 are strong bids.
That is, each integer value betwd@f0, 109] and[146, 150] is played once with discount and two times without
discount.
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The theoretical benchmark 'Theory’ refers to the equilibrirevenue of an auction when
bidders follow their dominant strategy. When comparing tkeeeimental results to those
predicted from theory, the average revenue in the secaod-pauction in the experiment de-
creases from the predicted average revenue of 119.1 (1@0#4¢ bbserved average revenue
of 111.1 (93.28%) by 6.72%, whereas the average auctiomuevan the discount auction
is slightly higher than the predicted average auction regerthe average revenue increases
from the predicted average revenue of 96.5 (100%) to therebdaverage revenue of 97.3
(100.82%).

Description Treatment Mean Std.dev. Median Min Max

Revenue
Experiment Ds 111.1 22.4 105 80 148
Ds 97.3 16.4 96 78.9 125.2
Theory Ds 119.1 21.2 96 102 149
Ds 96.5 16.6 86.40 81.6 120

Table 5.23: Treatmen®s and treatmenDs — auction revenues from round 1 (experiment and
theoretical benchmark)

In addition, the Wilcoxon signed-ranks test (WSR, matcheadspane-sided) is applied to
investigate differences in central tendency between trerwees in treatmentSs andDs. The
test is used to evaluate the null hypothesis that the papuolatedian of the paired differences
of the auction revenues in the two samples of treatnignaind treatmenDs is below zero.
Table 5.24 lists the results of the WSR for each conductedauciund.

Experiment Theory

Round Rp, Rps p-value \% pairs Rp, Rps p-value \% pairs

111.1 97.3 0.001586 100 15 119.1 96.5 0.000361 120 15
1125 99.9 0.017670 97 15 1189 96.6 0.000361 120 15
116.8 98.5 0.000031 120 15 1189 96.6 0.000361 120 15
118.0 99.6 0.000092 118 15 119.1 96.2 0.000361 120 15
119.0 98.7 0.000031 120 15 119.3 96.7 0.000031 120 15
118.8 99.5 0.000427 114 15 1189 96.3 0.000361 120 15

O OB~ WN PP

Total 116.0 98.9 4.652e-14 3824 90 119.0 96.5 <22e-16 4099 9

Wilcoxon signed-ranks test (matched-pairs) with Hypothes Hy : Rp, < Rps

Table 5.24: TreatmenDs and treatmentDs — auction revenues from round 1 to round 6
(experiment and theoretical benchmark)
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The test shows that a significant difference between thaéauotvenues from the second-
price auction and the respective auction revenues of treoulig auction in the symmetric
case can be identified: in each round the auction revenuesaifitentDs are significantly
greater than the respective auction revenues in treatientMore specifically, the WSR
shows that in the first round, thevalue is equal to 0.002(=100), in round 2 the-value is
equal to 0.02Y=97) and in all consecutive rounds thevalue is below 0.001 > 114).

The central result of this analysis is that the discount duzspay for the seller: the
revenues of the seller in treatmef, the discount auction, are significantly lower than the
respective revenues in treatmens, the second-price auction. This result is also predicted
from theory; in equilibrium, offering the discount hurtsvemue (significant differences in
each round with a-value < 0.001).

Auction Revenue Comparison of Auction Revenues
Symmetric Case - Experiment Symmetric Case - Experiment
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Figure 5.13: Treatmenbs and treatmenDs — development of auction revenues from round
1 to round 6 (experiment)

The development of the average auction revenues duringtimse of the experiment and
the conducted auction rounds is illustrated in Figure 5ric Iﬁgurm@ Figure 5.13 de-
picts the development of the average auction revenues begeotnds for the second-price
and discount auctions based on the experimental obsemgat®raph 5.13 (a) illustrates the
average auction revenues over the rounds and graph 5.1B{b}ie results, i.e. the-value,

13The database of Figure 5.13 and Figure 5.14 is listed in T2, in Appendix D.4.
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Auction Revenue Comparison of Auction Revenues
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Figure 5.14: Treatmenbs and treatmenDs — development of auction revenues from round
1 to round 6 (theoretical benchmark)

derived from the WSR, indicating the significance of the ddfere in central tendency be-
tween the auction revenues of the second-price and dis@uations. Similar results are
illustrated in Figure 5.14 focussing on the equilibriumeawues predicted from theory, when
bidders behave according to their dominant strategy.

Finally, Table 5.25 depicts the differences between thesmeeauction revenues predicted
from theory and the respective observed average auctie@mues in the experiment for both
treatments — treatmerds and treatmenDs — in each round: (i) columns 2-5 list the aver-
age revenues of the second-price auction in equilibriumelsag from the experiment and
measures the difference between both average revenuedutelend relative difference); (ii)
columns 6-9 indicate the respective results of the discauntion — the average revenues in
equilibrium, the observed average revenues, and the dbsoid relative differences between
both. In treatmenDs it is observed that in each round the average auction revienegui-
librium is greater than the respective average revenugatem the experiment. Moreover, in
treatmentDs, the average auction revenue observed in the first rounts staa level above
the equilibrium revenue; with an increasing number of cateld auction rounds, the observed
average auction revenue converges toward the predictedge/auction revenue. This effect
results from the general tendency of bidders towards umiidiriy, that is, to submit bids
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below their dominant strategy which then lowers the aclilewyenues in the experiment.
However, throughout the course of the experiment biddensleéheir dominant strategy and
adapt their behavior. In the treatment of the discount ancthe relation between predicted
and observed average auction outcome is the opposite: #nage/revenue observed in the
experiment is greater than the predicted average reverhis.hdlds for all rounds. Thus, in
treatmentDs the respective average auction revenue starts at a levallikeé equilibrium
revenue, and throughout the conducted auction revenuesmebtowards the average revenue
in equilibrium can be observed. In particular, over all rdsinthe average auction revenue is
below the average revenue in equilibrium. Naturally thieefis also a direct result of the
general tendency to underbid observed in setfinthroughout the course of the experiment.
In setting D, however, bidders with discount deviated from the domirsrgtegy such that
the probability to win the auction increased for bidderdwmit discount, leading at the same
time to higher revenues.

Rp, Deviation Rps Deviation
Round Theo. Exp. abs. rel. Theo. Exp. abs. rel.

1 119.1 1111 801 6.73% 965 973 -0.82 -0.85%
118.9 1125 6.39 538% 96.6 99.9 -3.35 -3.47%
118.9 116.8 2.10 1.77% 96.6 98,5 -1.89 -1.96%
119.1 118.0 1.05 0.88% 96.2 99.6 -3.37 -3.50%
119.3 119.0 0.31 0.26% 96.7 98.7 -2.05 -2.12%

6 118.9 118.8 0.13 0.11% 96.3 99.5 -3.18 -3.30%
mean 119.0 116.0 3.0 252% 965 989 -2.44 -253%

g b~ W N

Table 5.25: Treatmenbs and treatmenfDs — average deviation of auction revenues from
theory in round 1 to round 6

Figure 5.15 displays the difference between the averagmuevin equilibrium and the ob-
served average revenue per round. In addition, the Spe&maak correlation coefficientor
of the observed differences versus the round number isatetic This coefficient is negative
for both auction formats — thus, there is an downward trendimFntuition a general tendency
towards the average revenue in equilibrium with an increpaumber of conducted auction
rounds was expected for both auction formats. In fact, dverconsecutive rounds, in treat-
mentDs the average revenue appears to converge towards the avevagee in equilibrium,
whereas in treatmeri®s such a trend is not observed.

So far the auction revenues in treatméntand the respective ones in treatméntbased
on the 45 bids observed in each conducted auction roundtifgé? and of settingD have
been analyzed. Moreover, the focus was placed on the dewelupof the average auction
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Figure 5.15: Treatmenbs and treatmenDs — average deviation of auction revenues from
theoretical benchmark in round 1 to round 6

revenues over the course of the experiment — significancéf@arahce between the observed
average revenues and the predicted average revenues imoeachwas measured. In the
analysis, the available data of each auction round, i.e45h&bserved bids from either setting
D or settingD, were fully exhausted. In each round, 15 groups were vigticakated: each
group consists of three bidders (bidders with their inducaltiations and their submitted
bids). In each group a second-price auction and a discoetibawas conducted. That is, for
each auction format (i) five auctions with solely strong leidd(high value bidders) and (ii)
ten auctions with solely weak bidders (low value biddersjenertually conducted, leading to
the auction revenues of treatmet and treatmenDs. Moreover, in case of treatmets,
out of the 15 conducted auctions per round, the discount wasded five times to a strong
bidder and ten times to a weak bidder.

In the following, '#strong’ denotes the number of strong bidders agdveak’ the num-
ber of weak bidders to whom the discount is assigned. Noteithe@ach group solely one
bidder is chosen as designated bidder to whom the discoasisigned. The proportion of
#strong to #weak is denoted by = %. So far, the proportiop was held constantly to
5/10 = 1/2. In the following analysis, the proportion is cgad and the impact on the auction
revenues in treatmeris and treatmenDs will be measured.
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In the first step, the number of strong designated bidderslgdonstantly to 5 while the
number of weak designated bidders increases from 0 to 1@eirs¢cond step, the number
of weak designated bidders is held constantly to 10 whilentin@ber of strong designated
bidders decreases from 4 to 0. In the first stgpdecreases from 5/0 to 5/10. ##5/0 the
discount auction is conducted five times, each time with agnsisting of strong bidders,
and within each group a strong bidder is awarded the discdumd average revenue over the
5 conducted auctions is calculated. The number of groupsichna weak bidder is chosen as
designated bidder is increased successively from 1 to Hipgwoint 5/10 the average revenue
over 15 conducted discount auctions is calculated. In thergkstepy decreases from 4/10
to 0/10. Forg=4/10 the discount auction is conducted 14 times: four timiés solely strong
groups in which a strong bidder is selected as designatelghidnd ten times with only weak
groups in which a weak bidder is selected as designated biddgin, the average auction
revenue over the 14 auction revenues is calculated. The ewuofbgroups with a strong
designated bidder successively decreases from 4 to Otingsin pointgq :onoﬂ Note that
the constellation of the groups for conducting the discaudtion by varying; is the same
constellation of groups for conducting the second-pricgtian. This means that for eagh
the induced valuations to the bidders within the groupslaesame for both treatments — for
the virtually conducted discount auction and the virtuatynducted second-price auction.

Figure 5.16 and Figure 5.17 display the average auctiomtmsof the discount auction
by varying ¢ and also display the respective average auction revenuttge afecond-price
auctiorE The z-axis indicates the proportiop varying from 5/0 to 5/10 and then varying
from 4/10 to 0/10; altogether, there are ¢6alues. Figure 5.16 displays the average auction
revenues based on the experimental results (graph (a)) latelthe p-value derived from
the application of the WSR, testing the null hypotheses whetieerevenues in the second-
price auction are lower than or equal to the revenues in theodnt auction. The graphical
representation is helpful for a direct comparison of thenexes in treatmerids and treatment
Ds in dependence af. Figure 5.16 (a) shows that the curve of the average auatvenues
in the discount auction lies below the curve of the averagtti@u revenues of the second-
price auction. This suggests that the discount lowers tentee of the seller, independent of

n point ¢=5/10 the number of groups with a weak designated biddericethigh as the number of groups
with a strong designated bidder (cf. Table 5.24). In thisecadl observed data from a single auction round
are exhausted. In all other cases, not all observationtabl@ifrom the particular round are fully used in the

analysis.
15The average auction revenues in treatmestand treatmenDs are calculated for different proportions of

g. The experimental as well as the equilibrium revenues ofitseround are listed in Tablés D.15 and D.16,
Appendix D.4.
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Figure 5.16: Treatmenbs and treatmenDs — development of auction revenues in round 1
for different proportiong (experiment)

the proportiong. In fact, the difference is (weakly) significant: the reveawf the discount
auction are (weakly) significantly lower than the revenudseved in the second-price auction
(WSR, one-sidedy-value < 0.08). Figure 5.16 (b) plots the results of the WSR.diffierence
between the revenues of the second-price auction and theatase revenues of the discount
auctions is weakly significant for all proportiogsForg below 5/3 the revenues of the second-
price auction are significantly higher than the respectxenues of the discount auctg‘h.
This result indicates that, for the case at hand, the digdouts revenue whenever bidders are
symmetric and indistinguishable. Even when changing tbpgtion of strong designated and
weak designated bidders, the major result is not affecteglrdvenues achieved in treatment
Ds are below the revenues achieved in treatmeat The difference between the revenues
strongly depends on the assigned discount. Note that in @s&, @ discount of 20% was
awarded and the average revenue of the discount auction/i$%4elow the average revenue
of the second-price auction (cf. Table 5.24, row 'Total’).

Similar observations can be made with respect to the equifiboutcomes. In Figure
5.17 the equilibrium outcomes (graph (a)) as well as theltesf the WSR (graph (b)) are
displayed. Graphs (a) and (b) indicate that when biddersnsehccording to their domi-

8Note that forg = 5/10 the results have already been discussed and presentedénbT2d, round 1.



188 CHAPTER 5. EXPERIMENTAL RESULTS
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Figure 5.17: Treatmenbs and treatmenDs — development of auction revenues in round 1
for different proportiong (theoretical benchmark)

nant strategy, significance for the difference between tic@n revenues of the second-price
auction and the respective revenues of the discount aLjutimaaseE

When considering the observed bids in all conducted auationds, the number of groups
and virtually conducted auctions increases from 15 gromos1l® conducted auctions to 90
groups and 90 conducted auctions. That is, in treatmbanthe second-price auction is virtu-
ally conducted 90 times based on the observations, andatinesntDs, the discount auction
is virtually conducted 90 times. With the increasing numiifiegroups, the number of propor-
tion also increases#strong ranges between 0 and 30, that is, the discount can be assigned
at most 30 times to a strong bidder; agidbeak ranges between 0 and 60, that is, at most 60
groups exist in which the discount is assigned to a weak biddaus, the proportion ranges
from ¢=30/0 to¢=30/60 and then from=29/60 toq=0/60. Overall, 91 proportions have to
be considered. Note that in poigt30/60 all bids observed in the experiment are fully ex-
hausted. Figure 5.18 presents the graphs of the auctionuesechieved in the experiment
and the equilibrium auction revenues.

As displayed in Figure 5.18 the curve of the auction revermu@gatmentDs lies below
the curve of the auction revenues in treatm&st In fact, testing the difference in auction

YFor ¢ = 5/10 the results have already been listed in Table 5.24, round 1.
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revenues of both treatments with the WSR shows that the éifter is significant, with a-
value < 0.00E Again, the difference between the achieved average regentieeatment s
and treatmenDs strongly depends on the amount of the discount. In equilibyithe average
revenue of treatmends is 18.91% below the average revenue of treatnienfcf. Table 5.24,
row ‘Total’).
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150 150

140 140

130 130
o ) 119.01
$ 120+ 116.02 2 1207
[ [
> >
(0] [0
& 1104 & 1104

100+ 98.92 100 96.48

90 4 90 |

80 80

T T T T T T T T T T T T T T T T T T T T
300 30/10 3020 3(0y30 30/40 30’50 30y60 20/60 10/60 0/60 300 30/10 30/20 3(y30 30/40 30/50 30/60 20/60 10/60 0/60
Groups with discount - strong/weak Groups with discount - strong/weak
(a) (b)

Figure 5.18: Treatmenbs and treatmenDs — development of auction revenues from round
1 to round 6 for different proportiong(experiment and theoretical benchmark)

18The average auction revenues in treatmesiand treatmenDs are calculated for the different proportions
of ¢g. The experimental revenues as well as the equilibrium texeiof all conducted auction rounds are listed in
Tables D.17 and D.18, Appendix D.4.
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5.3.2 TreatmentDa and treatment Da

After the analysis of the symmetric case, this section prtsgbe results of the (virtually) con-
ducted second-price auctions and the respective discaatibas under asymmetries. That is,
the auction revenues of the conducted auctions in treatmernd treatmenba are investi-
gated and compared. Furthermore, as in the symmetric ¢esauttion results based on the
observed bids in the experiment as well as the auction sesuéiquilibrium are analyzed.

In order to derive the auction revenues from the experinhatdgta for each conducted
round, the 45 observations (the observed bids) from seffirand the 45 observations from
setting D are randomly rearranged. For each round, this results inrdgpg in treatment
Da and 15 groups in treatmeita, each group consisting of three bidders: one strong bidder
and two weak bidders with the respective observations. ¢ gaoup a second-price auc-
tion is conducted, based on the observations of seffingnd a discount auction is virtually
conducted, based on the observations of setfindgfable 5.26 summarizes the results of the
15 conducted auctions derived in the very first auction raanabth treatments — treatment
Da and treatmenDa. More specifically, the experimental results as well as #sailts in
equilibrium are listed: the mean, the standard deviatibe,nhedian, the minimum, and the
maximum over the 15 conducted second-price auctions antiZtwnducted discount auc-
tions in the very first round (cf. Table D.14 for Round 1, Appierid.4).

Description Treatment Mean Std.dev. Median Min Max

Revenue
Experiment Da 103.8 145 103 85 149
Da 104.1 22.4 107 64.0 140
Theory Da 106.8 1.8 107 104 109
Da 115.6 22.3 1275 83.2 136.6

Table 5.26: Treatmenba and treatmenba — auction revenues from round 1

Table 5.26 shows that in the first round conducted, the aeeragenue of 103.8 achieved in
the second-price auction is lower than the average revehli@4ol in the discount auction.
Even when comparing the median of the 15 auction revenuestim duction formats, the
same result is achieved: the median (103) of the 15 reverfudb® cecond-price auction is
below the median (107) of the 15 revenues of the discouniaucT his suggests that there
is a difference in central tendency between the auctionntee® achieved in the different
treatments. In fact, the difference in central tendencgsgnificant for the first round. When
applying the Wilcoxon signed-ranks test (matched-pains;sided), a short WSR reveals that
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the null hypothesis cannot be rejected with-galue of 0.402 and” equal to 55 (cf. Table
5.27). In equilibrium, the average revenue of 106.8 (andntieelian of 107) over the 15
conducted second-price auctions is lower than the respeatierage revenue of 115.6 (and
the median of 127.5) of the 15 conducted discount auctiohs.dlfference in central tendency
is significant (WSR, matched-pairs, one-sided wittialue = 0.047 and” = 30), meaning
that in equilibrium the discount pays for the seller (cf. [&ah.27).

Comparing the experimental results and the results prebifoten theory, it then appears
that in both treatments the average revenues are below #rage/revenues predicted from
theory. In treatmenDa the average revenue in the experiment is 2.81% below thegeer
predicted revenue, while in treatmebiz the average revenue in the experiment is almost
10% (9.95%) below the predicted average revenue. In bodttinients, these differences can
be explained by the fact that in both settings of the condlietgperiment, bidders tend to
underbid. The effect of underbidding was even higher inirsgtD than in settingD (cf.
Section 5.1). However, when focussing on the experimeesllts of the average auction
revenues achieved in the first round, the extraordinanjtristhat the average revenue derived
in the discount auction is higher than the average reverugved in the second-price auction.

Experiment Theory

Round Rp, Rp. p-value 1% pairs Rp, Rpa p-value % pairs

103.8 104.1 0.402 55 15 106.8 115.6 0.047 30.0 15
103.8 115.8 0.021 24 15 106.6 1155 0.024 25.0 15
105.6 109.6 0.281 49 15 107.0 115.6 0.050 30.5 15
110.6 111.6 0.445 57 15 106.2 1154 0.025 25.0 15
110.3 111.2 0.423 56 15 107.0 115.6 0.084 35.0 15
106.4 116.0 0.036 28 15 106.0 154 0.007 16.0 15

o oA WN B

Total 106.8 1114 0.012 14825 90 106.6 1155 1.500e-06 588690

Wilcoxon signed-ranks test (matched-pairs) with Hypothes Hy : Rp, > Rpa

Table 5.27: Treatmenba and treatmenbDa — auction revenues from round 1 to round 6

Table/5.27 shows the development of the auction revenuasatnientDa and treatment
Da throughout the course of the experiment and lists the aeeragenues of both auction
formats. Furthermore, the respective average revenueglihbgium achieved in each round
are indicated. The following experimental results arergg#@ng: (i) in each round the average
revenue in treatmena is lower than the average revenue in treatmieat (ii) the difference
in revenues is significant only in round two and round six; @éiydin total, when comparing
all 90 revenues from treatmema and treatmeniDa, the difference is significant. When
applying the WSR (matched-pairs, one-sided), then therdififee in round two between the
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revenues of the two auction formats is significant, with-ealue equal to 0.021 and=24;

in round six the WSR (matched-pairs, one-sided) results prvalue of 0.036 and/=36.
Consequently, the discount auction achieves higher regahaa the second-price auction in
case of asymmetries. When comparing the revenues in roundndaound six as well as
comparing all revenues over all rounds, significant diffiees in central tendency between
the observed average revenues in treatmenand treatmenba are observed.

Similar observations are made with respect to the auctimmiges in equilibrium as shown
in Table 5.27. Indeed, the average revenue in treatiens higher than the average revenue
achieved in treatmenba in each round. Furthermore, as the statistic analysis shthes
difference for each round is (weakly) significant: In all nais with the exception of round
five, the WSR (matched-pairs, one-sided) results javalue below the significance level of
0.05; only in round five is thg-value below the weak significance level of 0.1.
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Figure 5.19: Treatmenba and treatmenDa — development of auction revenues from round
1 to round 6 (experiment)

To illustrate the development of the auction revenues timout the course of the experi-
ment, the average revenues as well as the results of the WS3Bh@udepairs, one-sided), i.e.
the p-value, are plotted against the auction rounds. Figure Blu€rates in graph (a) the
curves of the average auction revenues of treatmenand the curve of the respective rev-
enues of treatmena over the rounds, and in graph (b) the curve of thealue, indicating
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Figure 5.20: Treatmenba and treatmenDa — development of auction revenues from round
1 to round 6 (theoretical benchmark)

the significance of the difference in central tendency fahaaund. Analogously, in equilib-
rium the respective curves are plotted and indicated inrEi§u20. As can be easily seen, the
curves are more smooth in equilibrium, without any distoréi. That is, the absolute differ-
ence between the average revenues of both treatments taetgesn 8.5 and 9.5, whereas in
the experiment the absolute difference ranges betweem@.42 It is interesting that in the
last round of the experiment, bidders submit bids close toliegum such that the revenues
achieved in the single treatments are close to equilibricfirSection 5.1.3).

In fact, when measuring the absolute (for short 'abs.’) aldtive (for short 'rel.’) de-
viations of the achieved revenues from the respective t@&im equilibrium, the absolute
(relative) deviation in the last round in treatménd is on average equal to -0.37 (-0.35%) and
-0.62 (-0.54%) in treatmen®a. When looking more closely at the absolute deviation, Table
5.28 reveals that in treatmef: the equilibrium average revenue starts above the experimen
tal average revenue with a negative trend over the first founds; over the last two rounds
a positive trend is identified. Thus, in treatmént, from round one to round four the aver-
age auction revenues derived in the experiment are belowne#ipective average revenues in
equilibrium. Recall that especially in the first rounds of teeducted second-price auction, a
high frequency of underbidding was identified, while thrbagt the course of the experiment,
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learning effects were identified. In round six the deviai®below zero, meaning that in the
very last round the average revenue of the second-pricéauatthe experiment is below
the respective average revenue in equilibrium. The Spedsmank correlation coefficient is
negative:cor = —0.7 (treatmentDa).

Rp, Deviation Rpa Deviation
Round Theo. Exp. abs. rel. Theo. Exp. abs. rel.

1 106.8 103.8 2.97 2.78% 1156 104.1 11.44 9.90%
106.6 103.8 2.74 257% 1155 1158 -0.32 -0.28%
107.0 105.6 138 1.29% 1156 109.6 6.07 5.25%
106.2 1106 -4.42 -416% 1154 1116 382 3.31%
107.0 1103 -3.26 -3.05% 1156 111.2 445 3.85%

6 106.0 106.4 -0.37 -0.35% 1154 116.0 -0.62 -0.54%
mean 106.6 106.8 -0.16 -0.15% 1155 1114 441 3.58%

g b~ W N

Table 5.28: Treatmenba and treatmenDa — average deviation of auction revenues from
theory in round 1 to round 6

The curve of the absolute deviations over the six rounds laadarrelation coefficient in
treatmentDa are displayed in Figure 5.21 (a). In analogy, Figure 5.21stigws the devel-
opment of the absolute deviation over rounds in the casesafrtrentDa. In the first, third,
fourth and fifth rounds the average auction revenue in dayuulin is above the experimental
average auction revenue of the respective round. In rowmolgnd six, the opposite is ob-
served: in both rounds, the average auction revenue denvbd experiment is slightly higher
than the average auction revenue in equilibrium. The Spa@smank correlation coefficient
is equal to -0.56 as indicated in Figure 5.21 (b).

As in the symmetric case discussed in the previous sechiemroportion of groups with a
strong designated bidder and groups with a weak designatddrwill be varied in treatment
Da as well. Recall that from the 45 observed bids in a particidand in settingD, 15 bids
are obtained from designated bidders — 5 bids are submigtstttng designated bidders and
10 bids are submitted by weak designated bidders — while @9 diie obtained from non-
designated bidders — 10 bids care made by strong biddersCabid& are submitted by weak
bidders. The bids with the respective induced valuatioesg@arranged and new groups are
created; regarding groups of bidders who submit these bats) group comprises a strong
bidder and two weak bidders. This results in at most 5 groupisanstrong designated bidder
and 10 groups with a weak designated bidder. When focussirgpamticular auction round
in treatmentDa, 15 groups are randomly created, each group conductingcaudis auction.
The same grouping was then used for conducting the fiftegqecéige auctions in treatment
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Figure 5.21: Treatmenba and treatmenDa — average deviation of auction revenues from
theoretical benchmark in round 1 to round 6

Da for that particular round. The only difference is that thetaans conducted in treatment
Da are based solely on observations from setfihgvhile the auctions conducted in treatment
Da are solely based on the observed bids in settingn the analysis so far, the data obtained
in each round from either setting or settingD were fully exhausted; in each round 15 groups
were virtually created.

In the following, the proportion of groups with strong desaged bidders and groups with
weak designated bidders in the case of treatmenwill be varied. So far this proportion was
equal to 5/10=1/2 for each round, particularly for the ficatmd, meaning 5 groups with strong
designated bidders and 10 groups with weak designatedrsideere createdq = %
defines this proportion with#strong’ being the number of groups with a strong designated
bidder, and #weak’ being the number of groups with a weak designated bidderealch
group one bidder at most is selected to whom the discounsigrasd. In subsequent steps, the
proportion is changed, and a discount and second-pricéatfor the received constellation
of groups will be conducted. For each proportion and eachgrthe achieved revenues for
both auctions are calculated; the average auction reveranelth groups for the played auction

format is also measured.

Varying #weak in a first step from 0 to 10 while holdingstrong constant at 5, and then
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reducing#strong in a second step from 4 to 0 while holdiggweak constant at the level
10, results in the following data points fer 5/0,5/1,5/2,...,5/10,4/10,3/10,...,0/10.
Overall, 16 data points are calculated. For example, intg@®, five groups are randomly
created (each group with one strong bidder and two weak tsitda treatmeniDa a discount
auction is conducted in each group and the discount awacdadtrong designated bidder in
each group. In each discount auction, the strong bidder thimsuction in equilibrium and
pays the price for the discounted second-highest bid, wisidubmitted by a weak bidder.
The revenues as well as the average revenues achievedtmdrg@)a are measured. Then,
five second-price auctions are conducted with the same gretlese results are measured as
well. In the case of the second-price auction, the stronddids the high bidder, purchasing
the object at the price of the second-highest bid submityea Wweak bidder. Increasing now
the number of groups with a weak designated bidder from O trais@s the overall number
of groups from 5 to 15. The proportiandecreases from 5/0=Inf. (Infinity’) to 5/10=1/2.
Point¢=5/10 is equal to the case indicated in Table 5.27. The nuwfigroups with a weak
designated bidder is twice as high as the number of grougsanéttrong designated bidder.
Reducing the numbet#£strong’ from 5 to O while the numbe#weak is constantly held at
10 results in the proportiojn=0/10=0, that is, the point in which the discount is only assit)
to weak bidders in each of the ten heterogeneous groups.

Focussing solely on the first auction round in treatméntsand Da and now varying
the proportion ofg, the auction revenues in both treatments can be calculatedaichg.
Additionally, the average revenues achieved over all gspup. the average revenue of the
conducted discount auctions and the average revenue obtiteicted second-price auctions,
are calculated for each Then the revenues of treatment: are contrasted to the revenues
of treatmentDa for eachq: the WSR (matched-pairs, two-sided) is applied to test idiffees
in central tendency between the revenues in treatmarand treatmenba. Figure 5.22 and
Figure! 5.23 illustrate the experimental results as welhasresults in equilibrium based on
the data of the first conducted auction round. In both figuyesph (a) displays the average
auction revenue of the second-price auction and the dis@uation overg, while graph (b)
plots the results of the applied WSR (matched-pairs, tweebidi.e. thep-value, showing
significance in the difference in central tendency betwéenrévenues of the second-price
auction and the respective revenues of the discount adm'cafachqﬁ’

The graphical representation allows a direct comparisahefevenues in treatmenta

19The experimental revenues as well as the revenues in eduitifrom the first round achieved in treatment
Da and treatmenDaq are listed in Table D.19, Appendix D.4. Furthermore, theage auction revenues received
in the first round from treatmer®a and treatmenDq are calculated for different proportions @{Table D.20,
Appendix Appendix D.4).
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Figure 5.22: TreatmenDa and treatmenba — development of auction revenues in the round
1 for different proportiong (experiment)

and treatmenDa dependent or. Figure 5.22 shows that for ajl >5/10 the average auc-
tion revenue of the discount auction is below the averagg@aurevenue of the second-price
auction. That is, for each >5/10, the discount on average does not pay for the seller. In
particular, assigning the discount solely to strong bidderd not weak bidderg (=5/0) at
most lowers the average revenue in the discount auction amdpo the second-price auction.
Increasing the number of groups in which the discount is deto weak bidders increases
the average revenue of the discount auction. Note that inadbe of the second-price auction,
it is predicted that the high value bidder, i.e. the strordglbr, wins the auction and pays the
price of the second-highest bid submitted by a weak biddieusTthe achieved average rev-
enue in the second-price auction is almost constant (equheétfirst order statistic of integer
values [100,109]). Deviations from the predicted valuelad# 106.6 stem from noise in bid-
ding behavior; in addition, a tendency to underbid was alegkem the second-price auction.
However, measuring significance shows that the differen@=ntral tendency is not signifi-
cant; only forq =5/0 is the difference weakly significant (cf. Figure 5.22) (I} is interesting
that when the number of weak bidders with an assigned diséoareases (and the number
of strong bidders with an assigned discount decreasesytlie of the discount auction rises:
for ¢ < 5/10 the curve lies above the respective curve of the seconé-priction. That is,
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Asymmetric Case - Auction Revenue Asymmetric Case - Comparison of Auction Revenues
Theory: 1. round Theory: 1. round
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Figure 5.23: Treatmenba and treatmenDa — development of auction revenues in round 1
for different proportiong (theoretical benchmark)

awarding the discount more often to weak bidders or econdisadvantaged people than to
strong bidders results in the discount paying. This is dxalee case illustrated here. Particu-
larly in ¢ =0/10, the difference between the revenues of both treatmemteakly significant.
Note that the average auction revenues as well as the réshé SR as depicted in Figure
5.22 and Figure 5.23 far =5/10 have already been indicated in Table 5.27.

In equilibrium, the average auction revenue achieved fohgaoportiong in the first
round in treatmenDa is approximately 106.8 (cf. Figure 5.23 and Table 5.27).i&into the
experiment, a general trend towards underbidding is obsemith the curve of the average
revenues of treatmeri?a above the respective curve based on the experimental aliesrs.
In the case of the discount auction, the curve of the aucegwenues for treatmera in
equilibrium shows a stronger upward trend than the respgectirve based on the experi-
mental observation. Additionally, the difference betwédenrevenues in the discount auction
and those derived in the second-price auction is maximigedhie proportiong; =5/0 and
g =0/10. In contrast to the revenues based in the experimentlitterence is now significant
(WSR, matched-pairs, two-sided) fgr<4/10 and weakly significant fay =5/0 andq <5/9.
This indicates that under asymmetries the discount mightqahe seller, particularly when
the discount is assigned to weak bidders.
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In the following analysis of treatmer?a and Da, all observations derived from all con-
ducted auction rounds for settirig and settingD are included. To isolate the treatmeiita
andDa, the 45 bids of setting) and the 45 bids derived from settifigin each round are ran-
domly recombined: for each round 15 groups (each with thiegens) are randomly created,
each consisting of bids submitted by a strong bidder and teakvbidders. Overall, this re-
sults in 90 created groups for each treatment (15 groupsopedrx 6 auction rounds). More
specifically, in treatmenDs the second-price auction is virtually conducted 90 timegeo
per group, based on the observations of setfingvhile in treatmeniDs the discount auction
is conducted 90 times based on the observations deriveddetting D. By construction, in
setting D the submitted 270 bids can be divided into 180 bids withostalint and 90 bids
with discount; of the 90 bids with discount, 30 bids are sutediby strong designated bidders
and 60 bids by weak designated bidders. Thus, the propartoam range at most from 30/0
to 30/60 and 29/60 to 0/60. Overall, in treatmémi 91 different proportions are regarded
and the respective revenues for the virtually created graug calculated for each proportion.
Table/ D.21 in Appendix D/4 lists all the results for the diéfat groups in treatmenba as
well as for treatmenDa with the same grouping. The curves of the average aucti@ntes
in treatmentDa and treatmenDa for eachq are plotted in Figure 5.24 and in Figure 5.25
(cf. Table D.22 in Appendix D.4). In Figure 5.24 the curves plotted based on the exper-
imental observations, while in Figure 525 the respectiveves are predicted from theory.
Both figures confirm the results derived from the first auctiomnd: awarding the discount
to strong bidders does not pay for the seller; assigning ismodnt to weak bidders instead
increases the revenue of the seller. In particular, asatelitin Figure 5.24, when applying
the WSR (matched-pairs, two-sided) the difference in cetdralency between the revenues
of treatmentDa and treatmenDa is significant forg>30/11 and fory<30/54; in equilibrium
significant difference between the auction revenues of ttettiment is measured for>30/8
andq <30/35.

For this particular case, the study shows that under asyri@sgethe discount raises the
revenue of the seller significantly when the discount is dedrto weak bidders; when the
discount is awarded to strong bidders, the discount huwentee.
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1.0
130 0.8
120
006
3 111.37 F]
T 110 g
§ &
106.76 0.4+
100
0.2
90
T significance level
80 0.0+ 0.02312153
T T T T T T T T T T T T T T T T T T T T
300 30/10 3020 3030 30/40 30/50 30/60 20/60 10/60 0/60 300 30/10 3020 30/30 3040 30/50 30/60 20/60 1060 0/60

Groups with discount - strong/weak

(@)

Groups with discount - strong/weak

(b)

Figure 5.24: Treatmenba and treatmenbDa — development of auction revenues from round
1 to round 6 for different proportiong(experiment)
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Figure 5.25: Treatmenba and treatmenbDa — development of auction revenues from round
1 to round 6 for different proportiong(theoretical benchmark)



5.4. SUMMARY OF THE EXPERIMENTAL RESULTS 201

5.4 Summary of the experimental results

The analysis of the experimental results was guided by relsemestions outlined in Section
4.1:

e Is the predicted behavior of bidders in the DA consistenhwhie observed behavior in
the conducted experiment?

¢ In the symmetric case, is a seller able to extract an additicevenue by offering a
discount (contrary to the prediction)?

¢ In the asymmetric case, can the expectation of a seller +4e ha&r revenue by offering
a discount — be confirmed?

In order to address these questions, first the observed bititha bidding behavior over the
course of the experiment were analyzed. In particular,a®ns from dominant bidding strat-
egy and learning effects over rounds were investigatedhBtmore, the auction outcomes of
the conducted experimental settings — settih@nd settingD — were analyzed. Addition-
ally, a comparative overview of the experimental findingstfee isolated treatments in the
symmetric case — treatments and treatmenDs — as well as for the isolated treatments in
the asymmetric case — treatmdmt and treatmenDa — was given. The analysis of the auc-
tion revenues in the particular treatments was directedrndsvthe last two research questions
mentioned above.

Concerning the bidding behavior observed in the experinhestsions, the analysis pre-
sented in Section 5.1 shows that in the conducted auctiokiets tend to underbid — a general
tendency for bidding below the dominant strategy is obser¥ée frequency of underbidding
is higher in the case of the discount auction than the respeeitequency in the second-price
auction. In setting) particularly, significant differences in the deviation loétdominant strat-
egy between bidders with discount and bidders without dists observed. Bidders without
discount more often submit bids closer to their dominasttsgy. In particular, two behavioral
patterns were analyzed: More than 22% of the bidders witrsaigaed discount do not make
use of the discount. Instead of submitting bids slightly\ebtheir valuations close to the
dominant strategy, these bidders submit bids close to tadiiation and deviate about -20%
from their dominant strategy. In contrast, only a few biddeithout discount use the discount
to submit higher bids — less than 2% of bidders without distsubmit bids about 25% above
their dominant strategy, i.e. above their valuation.

Comparing the bids submitted in settifgwith those submitted in setting, the anal-
ysis shows that the bids submitted in the discount auctiensanificantly higher than the
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respective bids in the second-price auction. This is of ®due to the effect of the discount,
which allows designated bidders to submit higher bids. Nbeéess, the additional discount
raises the complexity of the rules, such that bidders wiicalint have more difficulties in
calculating their dominant strategy.

A surprising result is derived when comparing the bids stieain settingD and the bids
without discount submitted in setting. Here a significant difference in the bidding behavior
is measured. Recall that the dominant strategy for biddesstiingD, bidders in the second-
price auction, and for bidders in settirg,;.., bidders without discount in the DA, is the
same. Moreover, the bids submitted in the second-priceauate significantly lower than
the bids without discount in the discount auction. Indeeadérs without discount in setting
D perform better, or closer to the dominant strategy, thaddriglin settingD. This contradicts
the expectation that bidders in settihyg in particular bidders without discount, should have
more difficulties in finding their dominant strategies duehe additional complexity of the
discount rule.

Focussing on the development of bidding behavior througtiwaicourse of the experi-
ment, the study shows that bidders adapt their strategiavb@htowards the dominant strat-
egy. In the second-price auction and in the discount auctogeneral trend towards the
dominant strategy is observed. However, in setfihdidders with an assigned discount need
more rounds to learn, whereas bidders without discount seketly one round to bid close to
their dominant strategy.

Furthermore, the two settings — settihgand settingD — are experimentally investigated
with respect to the auction outcomes, i.e. the auction te¥gihe winning bidder’s payoff, and
the social surplus. When studying the experimental dataetkfrom settingD and setting
D, the following major results (cf. Section 5.2) are foundisltpredicted from theory that
introducing the discount leads to a loss of efficiency. Thathe social surplus in the discount
auction is below the social surplus of the second-priceiauictn addition, it is predicted in
equilibrium that in setting), the number of inefficient auctions are higher due to theadist
Analyzing the experimental data reveals that the predistimannot be confirmed in general;
the social surplus in the discount auction is higher tharsteal surplus in the second-price
auction. The difference between the measured social suipleettingD and settingD is
not significant. Nevertheless, as predicted in setfihnghe number of inefficient auctions is
higher than the number of inefficient auctions in setting

Comparing the winning bidder’s payoff from both settings thain finding is that the
discount increases the payoff, a fact which is also predifriam theory. It is interesting to
note that the average payoff in settifgs below the average payoff in equilibrium, while the
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overall payoff in settingD is above the respective average payoff in equilibrium.i@aerly

in setting D, the discount lowers the payoff of designated bidders wiailging the payoff of
non-designated bidders (compared to the respective payeéuilibrium). A more thorough
analysis of the winning bidder’s payoff reveals that therdase of the designated bidder’s
payoff is much lower than the increase of the non-designbigdier's payoff. The increase
of the non-designated bidder’s payoff is a direct resulhefbidding behavior of designated
bidders who do not use the discount to submit higher bids lansl increase the probability
of winning the auction. In general, significance in differerbetween the payoffs derived in
both settings cannot be measured. When solely comparingyéhnage payoffs per round and
the cumulative distribution functions of the payoffs inhgettings, significance in difference
is revealed.

Despite the social surplus and payoff, the analysis focosdise revenue of the seller. The
study finds that the observed revenues are lower than theueseredicted from theory. This
effectis caused by the general tendency for underbiddibgtin settings. A further analysis of
the observed auction revenues confirms the predictions tinewry, namely that the discount
lowers the revenue of the seller: the average revenue inifitewht auction is lower than
the average revenue in the second-price auction. Howéwenresult is not significant when
solely considering the auction revenues from the first rouhd sixth round, the average
revenues per round, the average revenues per group, orsaih@al auction revenues. When
solely comparing the cumulative distribution functionstioé revenues in both settings, the
difference between both distribution functions turns oubé significant.

Based on the conducted two settings, four treatments atailycreated by reordering the
observed bids: treatments functions as benchmark to treatmém¢ with symmetric bidders;
analogously in the asymmetric case, treatmiemtorresponds as benchmark to treatment
(cf. Section 5.3). Both treatments — treatmént and treatmenfDa — employ the second-
price auction, while treatmens and treatmenDa both employ the DA. The study of the
four treatments includes a comparative analysis with m@sfzethe auction revenues. The
extraordinary result of this study is that in the symmetase; the discount does not pay for
the seller, whereas in the asymmetric case the discourgares the seller’s revenue.

To be more precise, the revenues of the seller in treatiberatre significantly lower than
the respective revenues in treatmént. This not only holds for the revenues derived in the
first round but even more for the revenues achieved in eactiuoted auction round. Addi-
tionally, in analyzing the development of the revenues tercourse of the experiment, the
study shows that in treatments the average revenue converges towards the average revenue
in equilibrium, whereas in treatmeiils such a trend is not observed. It is interesting that
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in treatmentDs, the average revenues derived from the experiment per rawnibwer than
the respective average revenues predicted from theoryedtnmentDs it is the reverse case,
where the experimental average revenues per round are HigorEspective average revenues
predicted from theory.

Furthermore, in varying the proportion of the number of gr®in which a strong bidder
is awarded the discount and the number of groups in which ib®odnt is assigned to a
weak bidder, the study shows that for all proportions, tivemees in treatmenbds are below
the revenues in treatmemts, with this difference being significant. In addition, whéret
number of strong groups decreases while the number of weldkets increases, the revenues —
the average revenues in treatmént and the respective average revenues in treatment
decrease.

The comparative analysis of the treatments in the asymoreztse shows the central result
that under asymmetries, the seller raises her revenue éyragfa discount. The average rev-
enue achieved in the discount auction is higher than theageerevenue in the second-price
auction for each of the conducted rounds. At the same tineestiindy reveals that the differ-
ence with respect to the seller’s revenue is significant dtelg two out of the six conducted
auction rounds. Nevertheless, when comparing all vigualhyed auctions, significance is
measured. An analysis of the development of the auctiomrmein treatmenba and Da
throughout the course of the experiment shows that the vegeim both treatments are very
close to the revenues predicted from theory, especiallgarvery last round.

Additionally, varying the proportion of the number of graupith a strong designated
bidder and the number of groups with a weak designated hidlden the central result of
the study is that whenever the discount is assigned solealyraag bidders, the discount does
not pay for the seller. In contrast, when awarding the disatd®o an increasing number of
weak bidders or solely to weak bidders, then the discousesaihe revenue of the seller. In
particular, depending on the proportion of strong desigghand weak designated bidders, the
seller can raise her revenue from the discount auction atteveevenue of the benchmark
second-price auction. Significant difference with resgedhe auction revenues are solely
measured when considering all experimental data. As thdy steveals, the difference is
significant when the number of strong designated biddefzastanore than three times higher
than the number of weak designated bidders, or when the numhleeak designated bidders
is approximately more than two times higher than the numbstrong designated bidders.

In the first case, the seller suffers a loss by offering a distowhile in the second case,
the seller can extract an additional revenue by introduttiegdiscount.



Chapter 6
Conclusion

The Internet marketplace Amazon offers sellers the pdigibd sell objects via an English
proxy-auction on its auction platform. Additionally, aleglcan add dirst bidder discounof
10 percent when conducting an auction. In an auction, thiebiidgler discount is assigned to
the bidder who submits the first valid bid. If that bidder withe auction, then the winning
bidder purchases the object at the discounted final prickeshtiction. In all other cases, the
winner pays the final price of the auction.

On the Amazon auction platform the first bidder discount spldiyed by a symbol saying
10% OFF 1st Bidder This symbol is visible as long as no bid has been entered.nUpo
submission of the first valid bid, the discount symbol is tedle The discount is no longer
available for subsequent bidders, and subsequent bidaerotainformed about the discount
assigned to the first bidder in the auction. Those biddersatatistinguish whether they are
participating in a standard auction or a first bidder dis¢@uation.

What can be observed is that some participants sell theictsbjarough the standard
Amazon auction, while other sellers use the first bidderalist feature and add the first
bidder discount to their auction. Thus, the question are&se$o why some sellers add the
first bidder discount to their auction while others do notwthbe ex-ante expected revenues
of both institutions — the pure auction and the first biddecdunt auction — are related, as
well as how the first bidder discount mechanism affects bigithehavior. To shed more light
on the effect of the discount mechanism, a model of a discauction (DA) was developed
which simplifies the first bidder discount mechanism empdoye the Amazon platform.

The DA basically follows the auction mechanism of the seepride sealed-bid auction,
which is equivalent to the English-proxy auction. In the Déaetly one bidder out af bidders
is randomly selected as the designated bidder, i.e. thebtddvhom the discount is assigned.
If the designated bidder wins the auction, the price to p#lyasliscounted second-highest bid;

205
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in all other cases the high bidder purchases the object atrite of the second-highest bid.

The scope of the present study was to analyze the discourftamisen and its effect on
auction outcome from a market engineering perspectivstlfia game theoretic model of the
DA was developed to predict the strategic behavior of bisld8econdly, since the underlying
rules of the DA strongly influence the bidding behavior aneréfiore the auction outcome,
a laboratory experiment with human subjects employing tAdrDa controlled environment
was conducted. The impact of the discount mechanism on ttteme was measured based
on the experimental results.

6.1 Summary and review of the work

The interest in auctions with discounts brings up the desifend explanations for research
guestions concerning the impact of the discount on biddetgalior and auction outcomes.
First, regarding the bidding behavior the primary conttidou of this study was to shed light
on the following questions:

¢ When comparing the strategic behavior of bidders in the DAéorespective behavior
in the benchmark second-price auction, can significan¢wdifices in bidding behavior
be observed?

e When focussing solely on the DA institution, do bidders witbcdunt behave signifi-
cantly different from bidders without discount?

Second, this study offered deeper insights into how theodistaffects the auction outcomes,
in particular the auction revenue, thereby addressingdal@ifing research questions:

e When comparing the seller's revenue in the DA to the respedeller’'s revenue in
the benchmark second-price auction, can a seller raiseelrenue by introducing a
discount?

e When focussing on bidders’ characteristics and distingngshetween the case of sym-
metric bidders and the case of asymmetric bidders: In whisle can the seller extract
an additional revenue and raise her revenue?

e To what extent does the seller’s revenue in the DA depend evhtom the discount is
assigned: (i) an economically advantaged bidder (strotdds) or (i) an economically
disadvantaged bidder (weak bidder)?
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In the context of the market engineering approach, the #teat and experimental findings
of the DA model may be used to advise the seller to choose tpepauction mechanism and
indicate that the seller should offer a discount when sherfasmation about the bidders’
characteristics.

The present study was done in several steps reflected bylibwifay structure.

Chapter 1 set the overall research context and motivate@#earch questions mentioned
above. Driven by these questions the introductory chapi#imed the methodological ap-
proach of this study: to investigate the theoretical modé¢he DA market institution based
on the independent private values auction model, to coralledboratory experiment and to
contrast the theoretical findings with the experimentallites

Chapter 2 introduced the market engineering approach, mg#me structured, systematic
and theoretically founded approach towards the design pedation of electronic markets.
In particular, the main objective in market engineeringoisolve the design problem — the
conscious design of electronic markets. As the design otitfterlying trading rules is one
part of the market engineering approach, methods from gaewy, mechanism design as
well as experimental economics for designing and analyelagtronic markets were briefly
presented in that chapter. Furthermore, the given overwi@symeant to review basic concepts
and create a common terminology used throughout this study.

Chapter 3 presented the theoretical part of this study. Mttt by the example of the
Amazon Internet marketplace and the rule of the first bidésradint auction, the DA market
institution in an independent private values auction modet developed. The theoretical
analysis showed, that dominant strategies in equilibrixiste Moreover, the DA market
institution and the benchmark second-price auction weadyaad for two cases: firstly, the
symmetric case, when bidders are (ex-ante) symmetric, img#rat bidders are characterized
by the same distribution function of valuations, and setgnd the asymmetric case, when
bidders are (ex-ante) asymmetric and characterized by tifereht distribution functions
of valuations. For both cases, the seller’'s expected reetme winning bidder’'s expected
payoff, and the expected welfare (social surplus) of the Dékat institution as well as of
the benchmark second-price auction were calculated. Tjpeotxd outcomes of both auction
formats were contrasted and compared in both cases — theetyimoase and the asymmetric
case.

Chapter 4 described the experimental design and the set-ilfe @onducted laboratory
experiment. The conducted settings of the two auction nréshes — the benchmark second-
price auction and the DA — as well as the four treatments —wloeatuction mechanisms in
the symmetric case as well as the asymmetric case — werenprds& he implementation of
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the two settings with the experimental system meet2tradeMieS, as well as the execution
of the single sessions were described. Additional, to aealnd evaluate the experimental
observations, the basic test procedures of the statistinzdysis were briefly introduced.

Chapter 5 presented the statistical analysis of the expatahdata and discussed the
experimental results. The analysis thereby followed tkeaech questions posed in the intro-
duction. First, the strategic behavior of bidders in the DA #éhe second-price auction were
contrasted. Particular interest was taken in the analy$iealeviations of bids from dominant
strategies from a static perspective as well as a dynamsgppetive, i.e. over the conducted
auction rounds. Additionally, it was analyzed whether b&bral patterns, different from the
predicted behavior in equilibrium, could be detected. &d¢ca comparative overview of the
auction outcomes derived in the settings was given. Diffegs in central tendency between
the auction outcomes in the two different settings wereyeea with respect to the seller’s
revenue, the winning bidder’'s payoff and the social surpldsother focus was set on the
analysis of the four virtually created treatments basecherobserved data. Within the sym-
metric as well as the asymmetric cases, the benchmark sgrmedauction and the DA with
respect to the auction revenues were contrasted.

In summary, the present study investigated the DA and thenskprice auction under
symmetries and asymmetries theoretically and by meansaifa@atory experiment. In both
approaches the independent private values model was adsume

In the theoretical portion of the study, the DA market ingtdn was developed, and it
was shown that dominant strategies in equilibrium exist.rédwger, bidders participating in
the DA were distinguished to be first symmetric and secondhasstric. In both cases, the
seller's expected revenue, the winning bidder's expeceaib, and the expected welfare
were calculated and compared to the respective expectadsvderived in the second-price
auction. The main findings can be summarized as follows:

1. In equilibrium, the designated bidder in the DA submitscadibove his valuationfed
times his valuationd € [0, 1) denotes the discount) and all other bidders submit their
valuations truthfully.

2. If bidders are symmetric, the seller cannot gain fromroffg an additional revenue
when conducting an auction.

3. If bidders are asymmetric, the seller might extract antextal revenue by offering a
discount when conducting an auction. This is especiallyctse, if one strong bidder
competes with one or more weak bidders and if the differeeteden weak and strong
bidders concerning their asymmetries is very strong.
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In the second part of the study, a computer-based laboraiggriment with human sub-
jects was presented. In the conducted experiment, humadmpgiehavior in the DA and the
second-price auction was investigated. In the DA the disteas set to 20 percent. Concern-
ing bidding behavior the presented experimental resutis/ghat:

1. In both auction formats bidders have a general tendenegrtts underbidding, i.e. bid-
ding below their dominant strategy.

2. The bids in the DA are significantly higher than the bidsi@ $econd-price auction.

3. In particular, the bids without discount in the DA are siigantly higher than the bids
in the second-price auction, although in equilibrium bigd®llow the same dominant
strategy. In addition, the bids without discount in the D& submitted closer to the
dominant strategy than the respective bids in the secoied-puction. However, this
result is not significant.

4. Throughout the course of the experiment, designatecebsdalith an assigned discount
in the DA have difficulties in adapting their behavior towste dominant strategy. In
contrast, bidders without discount in the DA and biddershie $econd-price auction
need only a few rounds to adapt their behavior and submitdase to the dominant
strategy.

In summarizing the results derived from the analysis of the ¥irtually created treatments —
the second-price auction under symmetries, the DA undenstnes, the second-price auc-
tion under asymmetries, and the DA under asymmetries — b@aséute experimental results,
the study shows that:

1. Under symmetries, the seller can not extract an extrantevéy offering a discount
when conducting the auction. That is, on average, the sehevenue in the DA is
lower than the seller’s revenue in the second-price aucfidre differences in central
tendency with respect to the revenues are significant.

2. Under asymmetries, the seller gains from offering an tawdil discount in the con-
ducted auction. The average auction revenues achieve@ iDAhare higher than the
respective average revenues in the second-price auctiomever, the differences in
central tendency are not significant.

Additionally, in the symmetric and asymmetric case the propn of strong and weak des-
ignated bidders was varied. In other words, the study shaweshat extent the revenue
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achieved in the DA and the respective second-price aucgpemds on to whom the discount
is assigned: either to solely strong bidders (and no wealkeg], to solely weak bidders (and
no strong bidders), or to strong and weak bidders with aicgpt@portion. When bidders are
symmetric, the proportion of strong designated and wealgdated bidders does not influ-
ence the main result, so that offering a discount in an anclaes not pay for the seller. When
bidders are asymmetric, then the proportion of strong deségl and weak designated bidders
is decisive — it has a strong impact on the seller’s reventieiDA. In particular, awarding the
discount solely to strong bidders does not pay for the sefleontrast, in offering a discount
in the DA and assigning the discount mostly to weak biddés,seller can extract an extra
revenue.

6.2 Limitations of the present work

The presented theoretical and experimental study is doderwery strong and artificial as-
sumptions. Both the theoretical model of the DA and the cotetli@aboratory experiment are
based on the independent private values auction model. ddereparticipants are assumed
to be rational and risk neutral. When comparing the model®dA with its assumptions to
real-world auction formats and environments such as Ietexactions, it can be stated that at-
titudes of practical relevance such as risk aversion, agigness, impatience, or uncertainty
have not been modeled in the DA. In particular, the assumjotiprivate values does not hold:
bidders often do not know their distribution function of wations, and often the value of an
object is derived from a market price that is unknown at thneetof the auction. Such auctions
clearly include a common-value component. Moreover, sossaraptions made, such as the
rationality assumption, are sometimes hurt in real-woeltisgs.

In comparing the auction model of the DA to the Amazon firsteiddiscount auction, the
model of the DA is limited. Firstly, the DA does not accounttioe effect of the "first bidder".
In the DA the discount is assigned to a single, randomly sedelsidder and not to the bidder
who has submitted the first valid bid in that auction. Pgrtaits are aware of the existence
of the discount being assigned to a randomly selected peatit In the Amazon first bidder
discount auction, only the first bidder to whom the discosrdssigned or bidders who have
observed the auction before the first bid was submitted h&eemation about the discount.
Secondly, the number of participants in the DA is set to a fimachber which is publicly
known. In Internet auctions, the number of participantsoisfixed — as long as the auction is
listed and conducted, participants aware of the auction paatycipate in that auction. Note
that in the conducted experiment the number of participaatsset to three in each auction.
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Another limitation of the present experimental study is ¢keé&ction of the valuations in-
duced to the bidders. In the experiment, the induced valnstivere selected in advance, cov-
ering the integer value§100, 101, ...,109} and {146, 147,...,150}. Since each value was
assigned to exactly one participant per round in each sgedsie fifteen integer values were
uniformly distributed. By construction, symmetry and asyatry were indirectly included
in the laboratory examination and were isolated from thedooted settings afterwards. In
the symmetric case, homogeneous groups were virtuallyezteparticipants with low valu-
ations were grouped together, as well as participants wvigth Yaluations. In contrast, in the
asymmetric case heterogeneous groups with one high vaitieipant and two low value par-
ticipants were created. However, this construction lichitee presented experimental study to
one particular case.

In the theoretical model, the discount was not limited to digalar amount — moreover,
the discount was selected to be greater than or equal to nerdower than one. In the
laboratory the discount was set at the level of 20 percerngriactical reasons, allowing for an
easy calculation of the dominant strategy for designateéddss; in equilibrium they submitted
a bid of 25 percent above their valuation. Neverthelese@alby in the asymmetric case the
size of the discount has strong impacts on the auction owspthus the experimental study
presented a limited example of the DA.

6.3 Future work

The main objective in market engineering is to solve thegtegroblem, that is to consciously
design electronic markets. In the present study, the marigheering approach was applied
to market institutions combining auctions with discourfeellowing the market engineering
process, a game theoretic model of the DA was developed atdaded by means of experi-
mental economics.

However, as the limitations discussed in the previous @egoint out, these findings con-
tribute only partially to solving the design problem. To dee understanding and knowledge
of the market engineer concerning auctions with discoubtpader analysis of auctions with
discounts by means of game theory, experimental economanopjrical studies, as well as
computer or agent-based simulations is necessary.

Future work may consider distinct aspects as an extensitiregiresented game theoretic
model and the laboratory experiment. Firstly, in Internatteons, the assumption that the
number of participants is fixed and publicly known in advadoes not hold. In fact, bidders
arrive randomly at the auction platform and even enter ttedi auctions randomly. To ex-
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tend the game theoretic model, the arrival and participatiobidders in auctions has to be
modelled by a stochastic process.

Secondly, the game theoretic model can be extended so thairé precisely reflects
the Amazon first bidder discount auction. The model shoulisicier the time process of
bidding and assign the discount to the bidder submittingiteevalid bid. It is presumed that
the number of bidders is not fixed in advance and bidders meagoraly enter the auction.
Additionally, when the discount is already assigned to th& fidder, subsequent bidders
should not be aware of the discount, meaning bidders witliea &rival time at the auction
have no knowledge about the existence of the discount inahetion. The extension to
the first bidder discount would explicitly account for theniing of bids, forcing bidders to
submit an early bid or signal of their valuations. Early silgnof a bidder’s valuation are
interesting in common-value auction models or when biddealuations are affiliated — it
would be interesting to analyze an extension of these models

Thirdly, it would be interesting to analyze a variant of thstfbidder discount. Instead of
assigning the discount to the first bidder, the discountatbel attached to the first bid itself.
In other words, similar to the first bidder discount mechamithe bidder who has submitted
the first valid bid is awarded the discount. Now, if the fird I8 the winning bid, the bidder
purchases the object at the discounted final price of theajdn all other cases the winning
bidder pays the final price. This first bid mechanism promatesh stronger an early first
bid, and the time process of bidding becomes more decisiare,Hnore complex first bid
mechanisms could be conceived and should be analyzed tivatlyeand by experiments,
e.g. mechanisms in which several discounts in decreasaey are attached to early bids, in
particular to the first bid, second bid, third bid, etc. Thearly bids as signals of bidders’
valuations are promoted, which are of interest in commdunevaettings.

Fourthly, as pointed out in the previous section, a paricuistance of the DA was em-
ployed in the laboratory experiment: the number of paréinig was set to three, the discount
was set at the level of 20 percent, and the uniformly distebunduced valuations were lim-
ited to the set of 15 integer values per round and sessiogingufrom[100, 109] and[146, 150]
in each round. Depending on the research questions and deelying game theoretic model,
the number of participants could be modelled by a stochpsbicess throughout the course of
the experiment. Additionally, depending on the underlyimayket institution and the selected
scenario, the distribution function of bidder’s valuatio@eds to be refined. From an experi-
mental perspective, either uniform or normal distributionctions are suggested, as they are
easy for participants to understand. Moreover, the parmet the distribution functions,
i.e. the kind of asymmetries, and the level of the discouneha be selected carefully, as
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they have a strong impact on the auction outcomes. Pantigiteauctions with discount, the
interplay between bidders’ asymmetries (kind of asymrasjrand the level of the discount is
decisive.

Finally, auctions with discounts become more and more aglein business practice, in
particular in the public-procurement sector. As Rothko;a‘le&ZOOB) state, affirmative actions
in auctions have become a widespread practice particutapyblic-sector procurement. A

prominent example was given by the FCC in the regional naramalauction of radio spec-
trum auctions in 19941 (Ayres and Cramkon 1‘996). Businesses@twminorities and women
were subsidized by a 40 percent bidding credit, leading tmarease of 12 percent in gov-
ernment revenue. Additionally, there is evidence that gowental agencies in the US use

more and more minority price preferences in their procurﬁrpEDgramJ (Corns and Schokter
’?99). So far, theoretical research and experimentalesudvestigating price preferences in
procurement auctions are limited: Research in this fieldrisxample presented by Ayres and
Cramton‘(1996i, Corns and Schotﬂer (ﬂ999), and Rothkopf éﬁ@ﬂl?()‘ Ayres and Cramtbn
(1996) present the case of the FCC auction, Corns and Scht@@9)investigate a procure-
ment auction with price preferences by means of a laboraqogriment, an‘d Rothkopf et al.
;01%) analyze a common-value model with asymmetric b&ldera procurement setting.
Overall, these studies show that a policy of subsidizingneadcally disadvantaged (inef-
ficient) competitors can lower project costs and raise govental revenues. Nevertheless,

further research in this field is necessary in order to aehg&eecomprehensive understanding
of subsidizing policies from a market engineering perdgpect
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Appendix A

Amazon Auction

A.1 Bidincrements in the Amazon auction

Amazon’s Germa%and U% auction platforms use bid increments that depend on theicurr

price in the auction. As the current price changes dynaiygittaloughout the auction also the

bid increment changes. Table A.1 indicates the curreneprand the related bid increments
used by Amazon.

Bid increments of Amazon’s auction platforms

Amazon’s German auction platform Amazon’s US auction platform

current price bid increment current price bid increment
in euros in euros in US dollars in US dollars
0.01-0.99 0.05 0.01-0.99 0.05
1.00-9.99 0.25 1.00-9.99 0.25
10.00 — 24.99 0.50 10.00 — 24.99 0.50
25.00-99.99 1.00 25.00 —99.99 1.00
100.00 — 249.99 2.50 100.00 —249.99 2.50
250.00 —499.99 5.00 250.00 — 499.99 5.00
500.00 —999.99 10.00 500.00 —999.99 10.00
1,000.00 — 2,499.99 25.00 1,000.00 —2,499.99 25.00
2,500.00 —4,999.99 50.00 2,500.00 —4,999.99 50.00
5,000.00 and up 100.00 5,000.00 and up 100.00

Table A.1: Bid increments from Amazon’s German and US augtiatforms

1See http:/iwww.amazon.de .
2See http://www.amazon.com .
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Appendix B

Linear transformation and order statistics

In the following basic concepts and terminology concerdingar transformation of random
variables and order statistics are presented. A more ddtaylerview on these topics is given
in for examplel Wolfstetter (1999), Balakrishnan and Fiao (hd%nold et al. (1992), and

David (1981).

B.1 Linear transformation

Let X be a random variable with the probability distribution ftion /' : R — [0, 1] and
the respective probability density functigh: R — R, with f(z) = F'(z). Let X be a
linear transformation ofX. The linear transformation of the random varialdeis defined
by X = #(6,X) = 6X,5 € R,6 # 0. M In general, linear transformations atestribution-
preserving meaning thatX is a random variable with a distribution of the same formXas
F : R — [0, 1] is the probability distribution function ok andf : R — R, its corresponding
probability density function. Furthe¥t C R is the convex support of with elements:, b €
M, a = inf(M), b = sup(M) with a < b, such thatF'(z) = 0Vz < a, F(z) = 1Vz > b,
andF(z) € (0,1)Vx € (a,b). Additionally, due to the linear transformatiofi, C R defines
the convex support of: for each element € S the following holds:Vs € S 3m € M :
s = t(m) = ém. Now, the relation of both distribution functions=and ¥ — can be described
as follows:

Proposition B.1.1 X and X are two random variables with the associated distributiome+
tions F' with convex supportM and F* with convex supportS. The random variabl& is

LA linear transformatiort of a random variable X has the following forthX) = aX + b = Y wherea and
b are real numbers, and+# 0. Y = a X + b is a again a random variable.
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derived from a linear transformation of the random varia¥levith the linear transformation
X =X andé > 1,6 € R. Then, forF andF the following holds:

(i)

F(x) = F(%x) [ or equivalentlyF(6z) = F(z)] Vz e R (B.1)

(i)
F(z)> F(z) VzeR (B.2)

(ii)
F(x) > F(z) VY€ (a,ob) (B.3)

Proof: ad (i): With the definition of the cdf” and /' as well as the linear transforma-
tion the following equation is obvious:

- ~ 1 1
F(z) = Prob(X < x) = Prob(0X < x) = Prob(X < Sa;) = F(ga;) Ve e R

and thus Equation B.1 holds. The alternative formulation gfidion B.1 can be di-
rectly derived withy = 1z or equivalentlysy = 2: F(z) = F(0y) = F(y) = F(}a).
ad (ii): With Equation B.1 the following holds:

~ 6>1 <
F(z) = F(62) > F(z)Vz €R
Because 06X > X, f(.) € R, ff‘” f(t)dt > 0¥z € R, andd > 1 Equation B.2 is
proven.
ad (iii): The cdfF is defined on the convex suppovt with

0, r<a
Flz) = / fOdt=1{ €(0,1), =€ (ab)
o 1 x>0b

Y

FurthermoreF (z) > F(z) = F(3z)Vz € R. With the definition ofF” on the convex
supportM andF'(z) > F(3z) Va € R itis to show, thatF(z) > F(5z)Vz € (a, 0b)
or [*_f(t)dt > [3* f(t)dtVx € (a,6b). As the integral?, f(t)dt > 0Va € (a, 00)
the Equation (B.3) holds. g.e.d.
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Focussing on the relation between the probability densitgtion 7’ (z) = f(z) of X and
the respective probability density functidti(z) = f(z), then the following can be stated:

Proposition B.1.2 Let X be a random variable with the cumulative probability dizition
functionF' : R — [0, 1] and the probability density functiofi: R — R. Further, let random
variable X be a linear transformation of random varialewith ¢(X) = 6X = X, § > 1.
Then, the probability density functiofi: R — R, of the cumulative probability distribution
function £ : R — [0, 1] of the random variablé& is given by

flx) = %f(%x) Vr e R (B.4)

Proof: For the cumulative probability distribution function &f and the cumulative

probability distribution function ofY the following equation holds'(z) = F(iz).

Differentiation of both sides with respecttaresults in

d - d [* = :
TF@ =5 [ Foa = fe
and d 1 1 .d 1 1 .1
! GV = IGR g GE) = G Ve eR

g.e.d.

Proposition B.1.3 With the given relation of the probability density functifandf, as well
as with F and F’ being the distribution functions, as defined above, &nd 1 the following
holds:

0)

flz) < flz) VreR (B.5)

(ii)

f(z) < f(x) Yz € (a,od) (B.6)

Proof: ad(i): Assumef(x) > f(x) holds for allz € R. Integrate both functions

on the interval(—oo, z) with = € R, then the following is derived:/” f)dt >

[¥_ f(t)dtVz € R. This is equivalent td”(z) > F(z)Vz € R. Obviously, this is in
contradiction to Equation B.Z'(z) < F(z) Yz € R. Thus, the assumption is rejected
and the contrary holds.

ad(ii): Assumef(z) > f(x) holds for allz € (a,db). With a similar argumentation

as in the given proof of (i) as well as Equation Bi3z) < F(z)Vz € (a,db) the
assumption can be rejected and the contrary holds. g.e.d.
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B.2 Order statistics

Letzy,...,z, € R ben independent draws from a random varialllewith the probability
distribution functionF'(z) with convex supportM C R and with the respective probability
density functionf(z) = F’(z). Let N be a finite set ol numbers withNV = {1,... n}.
Then, then realizationsr, . . ., 7, can be sorted and rearranged in decreasing ordey s
T@) > ... > xm). Eachzgy, k € N, is defined as the realization of the random variable
X(r)n, the kth order statistic. Théth order statisticX;,,, assigns to each realization of
the n random draws of{" the kth highest valuer;). Altogether, there are order statistics
Xyms - Xn)n-

The distribution functiont;, ,, with density f;, , determines the probability of the event
that X;),, < z. More precisely, X, < z means, that théth smallest observation is not
greater tham, or equivalently that at least— (k — 1) observations are below or equalt@nd
at mostk — 1 observations are above ParticularlyX ;) , and X, ,, are the random variables
of the highest and second-highest realizations,, andz ), with the distribution functions
Fliyn, Fl2),, and the respective probability density functiofys ., f(2),». In particular,F{y),,
is the distribution of the first order statisti,) ,, denoting the probability of the event that
Xayn < 2,z € R, which is equal to the event, that all realizations ofithadependent draws
are belowz: z; < zVie N (cf.‘Krishnal 2002‘: Wolfstetter 1999):

Foyn(z) = F*(2) (B.7)
The associated probability density function is

fayn(x) = nF" (z) f(x) (B.8)

To be more general the distribution of thh order statisticX () ,, is defined by

Fugn(z) = 2( " ) Fi(a) (1 - Fa))’ (B.9)

: n—7j
7=0
The probability density functiory, . (z) is the derivative of the distribution function
Fliy () with Fp  (x) = fn(z). One possibility to obtain the derivative is to differen-
tiate Equation B.9 with respect to x. An alternative formiglatis given in the following:
n!
The two expectations of theth order statisticY () ,, are given by

fl@)F () (1 - F(x))* (B.10)

+00 +oo
E[X(k)yn] = / :L’f(k)m(x)dx and VGT[X(k)7n] = / (ZL’ — E[X(k)m])Qf(k)’n(fL‘)de‘

- - (B.11)
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Theoretical model of the DA

C.1 Expected revenues in the symmetric case

Assume a SIPV setting with risk neutral bidders. Assuméhtrrithat a seller offers a single
indivisible item in the DA for sale. Each biddér N has a valuation of the item; all valua-
tions are realizations of independent draws of the sameranvariablel” which is distributed
according taF'. The associated density function is denoted bFurther let the random vari-
ableV denote the linear transformation 6fwith V = 6V, § = ;- andd € [0,1). F’ denotes
the distribution function of” with F(v) = F(3v) andf(v) = %f(— ) its respective density
function.

Proposition C.1.1 If the discount is positive and smaller thandle (0, 1), then the seller’s
expected revenue in the DA is lower than the seller’'s expeeenue in the corresponding
second-price auction.

E[Rpa) < E|Rpa] (C.1)

If the discount is zeral = 0, then the seller’s expected revenue in the DA is equal to the
seller's expected revenue in the corresponding secoreg-priction.

Proof: The seller’'s expected revenue in the second-price audigivén by Equation
3.5

E[Rpa| = /Ooov [n(n—1)F" ) f(v) —n(n—1)F" ' (v) f(v)] dv

and in the discount auction by Equation 3.29
ElRpa] = / | 5ot = 0E ) fdn )
-1 [ / 2 y) () F(y) + P2 (0) 7 ()| duf (v)do
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To prove the inequality’[Rp4] < E[Rga| the following has to be shown:
ElRpal = / /‘ (n— 1) F"2(y) f(y)dy f (v)do
1) / / DF" () [ () F(y) + E™(0) ) dyf ()
<f 1

/ /} (n— 1) F"2(y) () dy f (v)do

- 1) / [ ol =28 P ) + P20 s dus )
= [ [ ato - vur sdns e

= / [nyF"1 dv—// nE" Hy)dy f(v
0

= / nvF”1 dv—/ /nF"1 Ydy f(v
0

D[t PR 0) - - P 0 0)]
= /OOO Uf(2),n(v)dv
= E[Rg4|

The equality (1) has to be proven; the validity of this equats shown in several steps.

/ nvF™ Y dv—/ /nF” Yy)dy f(v
0

@ /OOOU [n(n —1)F" () f(v) = n(n—1)F"(v) f(v)] dv

Step 1:

First, integral [;° [’ nF""!(y)dy f(v)dv on the left side of the equation is analyzed
more thoroughly. By changing the integral parts and sultstgiuthe integral borders
the following is derived:

[ [ oo = [T wre] m o

- / " P P (y)dy
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Step 2:
Furthermore focussing on the first term in the last equatfdstep 1f0°° nF" 1 (y)dy
and replacing, by v, then, the following holds

/000 nF" Hv)dv = [nvF"‘l(U)]go - /000 n(n — DoF" () f(v)dv

Now, the second term of the last equation of Step 1 is coreszit;l%QO nF"(y)dy and
again,y is replaced by:

/OOO nF"(v)dv = [noF"(v)]5 - /000 n*vF" 1 (v) f(v)dv

Bringing both together this results in
/ nF" Yv) = nF"(v)dv = [nvF"’l(v)}So - / n(n — DvF" () f(v)
0 0

— [nvF"(v)]g" + /000 n*vF" () f(v)dv

= [P ()] = [ F" )]y

- / n(n — D)vF"2(v) f(v)dv + / n*vF"(v) f(v)dv
0 0
= 0— / n(n — DvF" () f(v)dv + / n*vF" () f(v)dv
0 0
Step 3:
With Step 1 and Step 2 the following holds

E[Rpa] < /Ooo nvF™ () f(v)dv — /000 /Ov nEF" N y)dy f(v)dv
= /000 nvF™H(v) f(v)dv + /00 n(n — DoF"2(v) f(v)dv

0

- /000 n*vF" 1 (v) f(v)dv
= /000 n(1 —n)vF" (v)f(v)dv + /Ooon(n — DoF"2(v) f(v)dv
_ AMMn—UMm2@ﬁ@M1—F@»m

= F[Rga|

Assume the discount to be zero. Then the expected revenuseicoad-price auction

is equal to the expected revenue in the DARg4| = E[Rpa]. With d = 0 and

o= Tld = 1 the equation is derived immediately. Moreover, the expkmeenues are

the same, as both auction mechanisms are identical. g.e.d.






Appendix D

Experimental approach

D.1 Design parameters

R.: round. P1: player (bidder) with number 1. P2: player (bijldvith number 2. P3: player
(bidder) with number 3.

Induced valuations in the experiment

R. Group 1 Group 2 Group 3 Group 4 Group 5
P1 P2 P3 P1 P2 P3 P1L P2 P3 P1 P2 P3 P1 P2 P3
1 149 105 107 103 148 147 146 109 104 102 101 106 108 100 150
2 108 100 104 150 106 149 146 109 105 103 148 101 107 147 102
3 102 148 150 105 109 104 146 149 100 106 107 147 103 101 108
4 103 109 150 107 106 148 108 147 100 146 104 105 101 102 149
5 105 149 100 106 104 103 109 101 147 108 150 148 107 146 102
6 148 150 103 107 149 106 108 105 147 109 100 102 146 104 101
Discount D1 D2 D3 D1 D2 D3 D1 D2 D3 D1 D2 D3 D1 D2 D3
in Session

Table D.1: Induced valuations and assignment of discoorttgdders in the experiment

227



228 APPENDIX D. EXPERIMENTAL APPROACH

D.2 Experimental observations

Set.:Setting. S.:session. R.: round. P1: player (biddah) mimber 1. P2: player (bidder)
with number 2. P3: player (bidder) with number 3. NA: not &dalie. A1: auction conducted

withing group 1. A2: auction conducted within group 2. A3caon conducted within group

3. A4: auction conducted within group 4. A5: auction conédctvithin group 5. In each

round a single auction is conducted within each group. Tinusach auction round 5 auctions
are played simultaneously. Av.: Average earnings of p@dits in a single session.



Bids in settingD and settingD

Set. S. R. Group 1 Group 2 Group 3 Group 4 Group 5
P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2
D 1 1 112.37 25 106.99 102.99 120.00 NA 146 90 104.00 1.00 101 80 859 90 128.0
D 1 2 108.00 90 103.99 149.99 103.01 NA 146 107 105.00 10.01 100 01 1 102.0 132 85.0
D 1 3 106.27 138 149.99 105.01 100.01 103.99 146 146 100.00 110.0120 147 98.0 91 104.5
D 1 4 118.00 109 149.99 107.01 104.50 14799 108 146 100.00 9945.250 0 100.0 96 147.5
D 1 5 203.67 149 99.99 106.01 102.01 102,99 109 100 147.00 4907.950 148 105.0 141 101.5
D 1 6 165.45 150 102.99 107.01 145.10 105.99 108 105 147.01 9908.100 102 141.0 100 100.5
D 2 1 148.99 105 107 150.0 110.0 147.02 135.0 109 90.0 98.1 101 .5 9085 50.00 142.2
D 2 2 108.00 105 104 102.0 90.3 149.00 139.9 109 95.0 100.9 148 0.11089 100.00 100.1
D 2 3 102.00 400 150 103.1 105.9 104.00 140.0 149 90.0 106.5 107 4691 97 100.00 92.1
D 2 4 103.00 115 150 106.3 101.0 148.00 108.0 147 100.0 146.0 1041049 94 101.99 125.2
D 2 5 105.00 190 100 106.8 101.0 103.00 109.0 101 111.0 109.1 150147.9 NA 146.00 102.0
D 2 6 148.01 152 103 106.5 146.1 106.00 107.8 105 110.1 110.1 1001019 138 104.00 101.0
D 3 1 148.99 105 150 103.00 148 146.50 146 109.01 104 101.00 190.080.0 25 99 145
D 3 2 107.99 95 75 143.05 106 148.90 146 109.01 105 101.00 130.83.0 70 147 95
D 3 3 101.99 140 136 105.01 109 103.99 146 149.01 100 105.00 0a07.121.7 97 101 96
D 3 4 102.99 105 140 107.14 106 14799 108 147.01 100 145.00 0a04.101.1 120 102 150
D 3 5 104.99 147 89 112.49 104 102.99 109 101.01 147 107.50 @50.030.7 111 146 110
D 3 6 147.99 150 110 115.76 149 105.99 108 105.01 147 108.99 0000.102.0 135 104 101
D 1 1 186.25 104.99 107.00 80.00 147.99 147.00 180.00 109 70 140100 111 120.0 93.44 150
D 1 2 135.01 100.00 103.00 149.33 106.00 149.00 180.00 109 75 0 12 147 111 133.0 147.00 102
D 1 3 102.09 148.00 149.00 120.00 109.00 104.01 180.00 149 98 5 14 106 147 128.0 101.00 108
D 1 4 128.75 109.00 149.00 123.67 106.00 149.00 100.00 147 120 00 2 103 107 1255 102.00 149
D 1 5 131.26 149.00 99.90 130.83 104.00 105.00 99.00 101 150 135149 148 133.5 146.00 102
D 1 6 185.01 150.00 102.99 132,91 149.00 110.00 134.99 105 150 40 1 99 102 182.0 104.00 101
D 2 1 156.45 105.00 107.00 103 154 140 145.66 136.24 100.00 798.5125 45 107.52 108.00 150
D 2 2 118.80 105.00 104.00 150 125 143 145.66 136.24 101.01 298.6155 145 107.01 153.76 102
D 2 3 112.20 156.10 150.00 105 135 100 145.66 186.24 95.01 102.833 130 103.06 109.07 108
D 2 4 113.30 115.10 149.99 107 135 144 107.99 183.74 95.01 342.635 50 100.99 108.14 149
D 2 5 110.25 156.11 100.00 106 136 103 108.99 126.24 142.50 3307.180 104 107.26  180.18 102

continued on next page
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continued from previous page

Set. S. R. Group 1 Group 2 Group 3 Group 4 Group 5
P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2

D 2 6 155.40 160.11 103.00 107 187 106 107.99 131.24 147.11 9908.125 92 146.02 129.57 101
D 3 1 80.00 105 127.20 100.00 125,53 150.0 146 120.00 130.00 10180.03 132.00 40.0 100 187.00
D 3 2 107.01 100 130.00 150.00 89.79 150.0 146 110.00 131.25 102145.03 126.25 88.0 147 127.50
D 3 3 101.50 147 187.50 105.00 89.99 120.0 146 170.00 125.00 106105.03 183.75 100.0 101 135.00
D 3 4 102.50 109 187.50 107.15 90.91 150.1 110 147.01 125.00 146103.53 131.25 103.2 102 186.00
D 3 5 104.50 149 125.00 106.17 10051 125.0 110 121.30 183.758 10 149.53 185.00 113.0 146 127.50
D 3 6 14751 150 128.75 108.00 14391 125.0 110 12590 183.759 10 100.00 127.50 146.0 104 126.25

Table D.2: SettingD and settingD — observed bids in the experiment
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Results of the conducted auctions of settidgnd settingD

Set. S. R. Auction revenue in Winning player in
Al A2 A3 A4 A5 Al A2 A3 A4 A5
D 1 1 10699 10299 104 80 98.5 1 2 1 2 3
D 1 2 10399 10301 107 100 102 1 1 1 3 2
D 1 3 138 103.99 146 120 98 3 1 1 3 3
D 1 4 118 107.01 108 14599 100 3 3 2 2 3
D 1 5 149 102.99 109 148 105 1 1 3 2 2
D 1 6 150 107.01 108 102 100 1 2 3 1 1
D 2 1 107 147.02 109 98.1 85 1 1 1 2 3
D 2 2 105 102 109 100.9 100 1 3 1 2 3
D 2 3 150 104 140 107 97 2 2 2 3 2
D 2 4 115 106.3 108 104.9 101.99 3 3 2 1 3
D 2 5 105 103 109 147.9 102 2 1 3 2 2
D 2 6 14801 1065 107.8 101.9 104 2 2 3 1 1
D 3 1 14899 1465 109.01  90.01 99 3 2 1 1 3
D 3 2 9 143.05  109.01 101 95 1 3 1 2 2
D 3 3 136 105.01 146 107 97 2 2 2 3 2
D 3 4 105 107.14 108 104 120 3 3 2 1 3
D 3 5 10499 104 109 130.7 111 2 1 3 2 2
D 3 6 14799 11576 108 102 104 2 2 3 1 1
D 1 1 856 147 87.2 88.8 120 1 2 1 1 3
D 1 2 824 119.2 87.2 120 133 1 1 1 2 2
D 1 3 148 87.2 119.2 145 864 3 1 1 3 1
D 1 4 12875 12367 120 85.6 1255 3 3 2 1 3
D 1 5 13126 84 101 148 1335 2 1 3 2 2
D 1 6 120 13291 13499 816 83.2 1 2 3 1 1
D 2 1 107 112 136.24  78.856 108 1 2 1 2 3
D 2 2 105 143 136.24 116 85.608 1 1 1 2 2
D 2 3 120 84 116.528 104 86.4 2 2 2 2 2
D 2 4 1151 135 86.392 135 108.14 3 3 2 1 3
D 2 5 882 84.8 126.24 85864  85.808 2 2 3 2 2
D 2 6 12432 856 131.24  87.192 12957 2 2 3 2 1
D 3 1 84 100.424 130 80.8 80 3 3 1 3 3
D 3 2 85608 120 131.25 12625 1275 3 3 1 2 2
D 3 3 1176 84 146 84.8 80.8 3 3 2 3 3
D 3 4 872 85.72 125 13125 8256 3 3 2 1 3
D 3 5 125 84.936  97.04 119.624 1275 2 3 3 3 2
D 3 6 14751 125 100.72 872 126.25 2 2 3 3 1

Table D.3: SettingD and settingD — individual auction revenues



Bidders’ payoffs in settingd and settingD

Set. S. R. Group 1 Group 2 Group 3 Group 4 Group 5
P1 P2 P3 P1 P2 P3 P1 P2

D 1 1 4201 O 0 0 4501 O 42 0 0 0 21 0 0 0 51.5
D 1 2 4.01 0 46.99 0 0 39 0 0 0 0 1 0 45 0

D 1 3 0 0 12 1.01 0 0 0 0 0 0 0 27 0 0 10

D 1 4 0 0 32 0 0 4099 O 39 0 0 -41.99 0 0 0 49
D 1 5 -44 0 0 3.01 0 0 0 0 38 0 2 0 0 41 0

D 1 6 -2 0 0 0 4199 O 0 0 39 7 0 0 455 0 0

D 2 1 42 0 0 -44.02 O 0 37 0 0 0 2.9 0 0 0 65
D 2 2 3 0 0 0 0 47 37 0 0 0 47.1 0 0 0 2

D 2 3 0 -2 0 0 5 0 0 9 0 0 0 40 0 4 0

D 2 4 0 0 35 0 0 41.7 0 39 0 411 0 0 0 0 47.01
D 2 5 0 44 0 3 0 0 0 0 38 0 21 0 0 44 0

D 2 6 0 1.99 0 0 42.5 0 0 0 39.2 7.1 0 0 42 0 0

D 3 1 0 0 4199 O 1.50 0 36.99 O 0 1199 0 0 0 0 51
D 3 2 13 0 0 0 0 5.95 36.99 O 0 0 a7 0 0 52 0

D 3 3 0 12 0 0 3.99 0 0 3 0 0 0 40 0 4 0

D 3 4 0 0 45 0 0 40.86 O 39 0 42 0 0 0 0 29
D 3 5 0 4401 O 2 0 0 0 0 38 0 19.3 0 0 35 0

D 3 6 0 2.01 0 0 3324 O 0 0 39 7 0 0 42 0 0

D 1 1 63.4 0 0 0 1 0 58.8 0 0 13.2 0 0 0 0 30
D 1 2 25.6 0 0 30.8 0 0 58.8 0 0 0 28 0 0 14 0

D 1 3 0 0 2 17.8 0 0 26.8 0 0 0 0 2 166 O 0

D 1 4 0 0 21.25 0 0 2433 0 27 0 60.4 0 0 0 0 23.5
D 1 5 0 1774 0 22 0 0 0 0 46 0 2 0 0 12.5 0

D 1 6 28 0 0 0 16.09 O 0 0 12.01 274 0 0 62.8 O 0

D 2 1 42 0 0 0 36 0 9.76 0 0 0 22.144 0 0 0 42
D 2 2 3 0 0 7 0 0 9.76 0 0 0 32 0 0 61.392 O

D 2 3 0 28 0 0 25 0 0 32472 0 0 3 0 0 14.6 0

D 2 4 0 0 34.9 0 0 13 0 60.608 0 11 0 0 0 0 40.86
D 2 5 0 60.80 O 0 19.2 0 0 0 2076 O 64.136 O 0 60.192 O

continued on next page
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continued from previous page

Set. S. R. Group 1 Group 2 Group 3 Group 4 Group 5
P1 P2 P3 P1 P2 P3 P1L P2 P3 P1 P2 P3 P1L P2 P3
D 2 6 0 2568 0 0 634 0 0 0 1576 O 12.808 0 16.43 0 0
D 3 1 0 O 23 0 o0 46576 16 0 o0 0 0 25.2 0 0 70
D 3 2 0 O 18392 0 0 29 1475 0 O 0 2175 0 0 195 0
D 3 3 0 O 324 0 0 20 0 3 0 0 0 62.2 0 0 27.20
D 3 4 0 O 628 0 0 62.280 0 2 0 1475 0 0 0 0 66.44
D 3 5 0 24 0 0 o 18.064 0 0 4996 0 0 28376 0 185 0
D 3 6 0 249 O 0 24 0 0 0 4628 0 0 14.8 1975 0 0

Table D.4: SettingD and settingD — bidders’ payoffs by rounds
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Bidders’ aggregated payoffs in settidgjand settingD

Set. S. R. Group 1 Group 2 Group 3 Group 4 Group 5

P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3
D 1 1 12201 80 80 80 125.01 80 122 80 80 80 101 80 80 80 1315
D 1 2 12602 80 80 126.99 12501 80 161 80 80 80 101 81 80 125 1315
D 1 3 12602 80 92 128 12501 80 161 80 80 80 101 108 80 125 1415
D 1 4 12602 80 124 128 125.01 120.99 161 119 80 80 59.01 108 80 125 190.5
D 1 5 802 80 124 131.01 125.01 120.99 161 119 118 80 61.01 108 80166 1905
D 1 6 8002 80 124 131.01 167 12099 161 119 157 87 61.01 108 12466 1905
D 2 1 122 80 80 3598 80 80 117 80 80 80 82.9 80 80 80 145
D 2 2 125 80 80 3598 80 127 154 80 80 80 130 80 80 80 147
D 2 3 125 78 80 3598 85 127 154 89 80 80 130 120 80 84 147
D 2 4 125 78 115 3598 85 168.7 154 128 80 1211 130 120 80 84 194.01
D 2 5 125 122 115 3898 85 168.7 154 128 118 1211 1321 120 80 128 94.01
D 2 6 125 123.99 115 3898 1275 1687 154 128 157.2 1282 132120 1122 128 194.01
D 3 1 80 80 38.01 80 8150 80 116.99 80 80 91.99 80 80 80 80 131
D 3 2 93 80 3801 80 8150 8595 15398 80 80 91.99 127 80 80 132 131
D 3 3 93 92 38.01 80 85.49 8595 15398 83 80 91.99 127 120 80 136 1 13
D 3 4 93 92 83.01 80 85.49  126.81 153.98 122 80 133.99 127 120 80 6 13 160
b 3 5 93 136.01 83.01 82 85.49  126.81 153.98 122 118 133.99 1463120 80 171 160
D 3 6 93 138.02 83.01 82 118.73 126.81 153.98 122 157 140.99 3146.120 122 171 160
D 1 1 1434 80 80 80 81 80 1388 80 80 93.2 80 80 80 80 110
D 1 2 169 80 80 1108 81 80 1976 80 80 93.2 108 80 80 9 110
D 1 3 169 80 82 1286 81 80 2244 80 80 93.2 108 82 966 94 110
D 1 4 169 80 103.25 1286 81 104.33 2244 107 80 153.6 108 82 9664 9 1335
D 1 5 169 97.74  103.25 1506 81 104.33 2244 107 126 1536 110 826.6 9 106.5 1335
D 1 6 197 97.74  103.25 1506  97.09  104.33 2244 107 13801 181 0 11 82 159.4 106.5 1335
D 2 1 122 80 80 80 116 80 89.76 80 80 80 102.144 80 80 80 122
D 2 2 125 80 80 87 116 80 99.52 80 80 80 134.144 80 80 141.392 122
D 2 3 125 108 80 87 141 80 99.52  112.472 80 80 137.144 80 80 155.9822
D 2 4 125 108 1149 87 141 93 99.52  173.080 80 91 137.144 80 80  99K5. 162.86
D 2 5 125 168.80 1149 87 160.2 93 99.52  173.080 100.76 91 01.280 80 216.184 162.86

continued on next page
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continued from previous page

Set. S. R. Group 1 Group 2 Group 3 Group 4 Group 5
P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3

D 2 6 125 19448 1149 87 2236 93 99.52  173.080 11652 91 24.080 96.43 216.184 162.86
D 3 1 80 8 103 80 80 126.576 96 80 80 80 80 105.2 80 80 150
D 3 2 8 8 121392 80 80 155576  110.75 80 80 80 10175  105.2 80 5 99 150

D 3 3 8 8 153792 80 80 175576 11075 83 80 80 10175 167.4 80 .5 99 177.20
D 3 4 8 8 216592 80 80 237.856 110.75 105 80 9475 10175  167.480 99.5 243.64
D 3 5 8 104 216592 80 80 255.920 110.75 105 129.96 94.75 101.7895.776 80 118 243.64
D 3 6 8 10649 216592 80 104 255920 110.75 105 176.24 94.751.790 210576 99.75 118 243.64

Table D.5: SettingD and settingD — bidders’ aggregated payoffs by rounds
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Bidders’ earnings (in euros) in settidg and settingD

Set. S. Group 1 Group 2 Group 3 Group 4 Group 5
Av. P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3

D 1 1252 800 800 12.40 13.10 16.70 12.10 16.10 11.90 1570 870 6.10 10.8686 1P6.60 19.05
D 2 13.08 1250 1240 1150 3.90 12.75 16.87 1540 12.80 15.72 12.82 13.210 12®0 12.80 19.40
D 3 1290 930 13.80 830 820 11.87 12.68 1540 1220 1570 14.10 14.63 120 117.10 16.00
D 1 1328 19.70 9.77 10.32 15.06 9.71 1043 2244 10.70 13.80 18.10 11.00 8.8M®4 110.65 13.35
D 2 1392 1250 1945 1149 870 2236 930 995 1731 1165 9.10 2141 8.00 @6H2 16.29
D 3 1402 8.00 10.65 21.66 8.00 10.40 2559 11.08 10.50 17.62 9.48 10.18 219% 9A1.80 24.36

Table D.6: SettingD and settingD — bidders’ earnings in euros
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D.3. BEHAVIOR OF BIDDERS 237

D.3 Behavior of bidders

R: round. P1: player (bidder) with number 1. P2: player (bijleeth number 2. P3: player
(bidder) with number 3. NA: not availableb: bids submitted to the auctionw: induced
valuation. Tupelb, v) of a player indicates the submitted Biaf that player which is based
on the induced valuation. Tupel (b, v) indicates the bid-valuation tuple of a designated
bidder to whom a discount is assigned. In settldglayers received a discount 20% — (i)

in sessionD1 the discount was assigned to player 1, (ii) in sesgiahto player 2 and (iii) in
sessionD3 to player 3.



Bidding behavior in sessiov1

Group 1 Group 2 Group 3
P1 P2 P3 P1 P2 P3 P1 P2 P3

b v b v b v b v b v b v b v b v b v
1 112.37 149 25 105 106.99 107 102.99 103 120 148 NA 147 146 146 0 9 109 104 104
2 108 108 90 100 103.99 104 149.99 150 103.01 106 NA 149 146 146 07 1 109 105 105
3 106.27 102 138 148 149.99 150 105.01 105 100.01 109 103.994 10 146 146 146 149 100 100
4 118 103 109 109 149.99 150 107.01 107 10450 106 14799 148 8 10 108 146 147 100 100
5 203.67 105 149 149 99.99 100 106.01 106 102.01 104 102.99 103109 109 100 101 147 147
6 165.45 148 150 150 102.99 103 107.01 107 14510 149 105.99 10 108 108 105 105 147.01 147
mean 135.63 119.17 110.17 126.83 118.99 119 113 130 112.44 .33120115.24 126.17 127.17 127.17 115.67 120 117.17 117.17
R Group 4 Group 5

P1 P2 P3 P1 P2 P3

b v b v b v b v b v v
1 1.00 102 101 101 80 106 98.5 108 90 100 128.0 150
2 10.01 103 100 148 101 101 102.0 107 132 147 85.0 102
3 10.01 106 120 107 147 147 98.0 103 91 101 104.5 108
4 14599 146 250 104 0 105 100.0 101 96 102 147.5 149
5 107.99 108 150 150 148 148 105.0 107 141 146 101.5 102
6 108.99 109 100 100 102 102 141.0 146 100 104 100.5 101
mean 64 112.33 136.83 118.33 96.33 118.17 107.42 112 108.3%.6711 111.17 118.67

Table D.7: Bidders’ strategies in sessibri

8€¢

HOVOdddV TVLNINIHIdX3 A XIANIddVY



Bidding behavior in sessio?2

R Group 1 Group 2 Group 3
P1 P2 P3 P1 P2 P3 P1 P2 P3

b v b v b v b v b v b v b v b v b v
1 148.99 149 105 105 107 107 150 103 110 148 147.02 147 135 146 9 109 90 104
2 108 108 105 100 104 104 102 150 90.30 106 149 149 139.90 146 10 95 105
3 102 102 400 148 150 150 103.10 105 105.90 109 104 104 140 146 9 149 90 100
4 103 103 115 109 150 150 106.30 107 101 106 148 148 108 108 1477 100 100
5 105 105 190 149 100 100 106.80 106 101 104 103 103 109 109 101 1M1 147
6 148.01 148 152 150 103 103 106.50 107 146.10 149 106 106 07.808 105 105 110.10 147
mean 119.17 119.17 177.83 126.83 119 119 112.45 113 109.05.33120126.17 126.17 123.28 127.17 120 120 99.35 117.17
R Group 4 Group 5

P1 P2 P3 P1 P2 P3

b v b v b v b v b v b v
1 98.10 102 101 101 90.50 106 85 108 50 100 142.20 150
2 100.90 103 148 148 100.10 101 89 107 100 147 100.10 102
3 106.50 106 107 107 146.90 147 97 103 100 101 92.10 108
4 146 146 104 104 104.90 105 94 101 10199 102 125.20 149
5 109.10 108 150 150 14790 148 NA 107 146 146 102 102
6 110.10 109 100 100 101.90 102 138 146 104 104 101 101
mean 111.78 112.33 118.33 118.33 115.37 118.17 100.60 112 .33100116.67 110.43 118.67

Table D.8: Bidders’ strategies in sessibr2
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Bidding behavior in sessio3

117.17

Group 1 Group 2 Group 3
P1 P2 P3 P1 P2 P3 P1 P2 P3

b v b v b v b v b v b v b b b v
1 148.99 149 105 105 150 107 103 103 148 148 146.50 147 146 146 9.010 109 104 104
2 107.99 108 95 100 75 104 143.05 150 106 106 14890 149 146 146 09.01 109 105 105
3 101.99 102 140 148 136 150 105.01 105 109 109 103.99 104 146 14 149.01 149 100 100
4 102.99 103 105 109 140 150 107.14 107 106 106 14799 148 108 10 147.01 147 100 100
5 104.99 105 147 149 89 100 112.49 106 104 104 102.99 103 109 109101.01 101 147 147
6 147.99 148 150 150 110 103 115.76 107 149 149 105.99 106 108 8 10 105.01 105 147 147
mean 119.16 119.17 123.67 126.83 116.67 119 11441 113 120B3%.33 126.06 126.17 127.17 127.17 120.01 120 117.17
R Group 4 Group 5

P1 P2 P3 P1 P2 P3

b v b v b v b v b v b v
1 101 102 90.01 101 80 106 25 108 99 100 145 150
2 101 103 130.01 148 83 101 70 107 147 147 95 102
3 105 106 107 107 121.70 147 97 103 101 101 96 108
4 145 146 104 104 101.10 105 120 101 102 102 150 149
5 107.50 108 150 150 130.70 148 111 107 146 146 110 102
6 108.99 109 100 100 102 102 135 146 104 104 101 101
mean 11142 11233 113,50 118.33 103.08 118.17 93 112 116.56.6711 116.17 118.67

Table D.9: Bidders’ strategies in sessibr3
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Bidding behavior in sessiov1

R Group 1 Group 2 Group 3
P1 P2 P3 P1 P2 P3 P1 P2 P3

b v b v b v b v b v b v b v b v b v
1 186.25 149 10499 105 107 107 80 103 147.99 148 147 147 180 146 109 109 70 104
2 135.01 108 100 100 103 104 149.33 150 106 106 149 149 180 146 109 109 75 105
3 102.09 102 148 148 149 150 120 105 109 109 104.01 104 180 146 149 149 98 100
4 128.75 103 109 109 149 150 123.67 107 106 106 149 148 100 108 147 147 120 100
5 131.26 105 149 149 99.90 100 130.83 106 104 104 105 103 99 109 101 101 150 147
6 185.01 148 150 150 102.99 103 13291 107 149 149 110 106 13499 108 105 105 150 147
mean 144.73 119.17 126.83 126.83 118.48 119 122,79 113 120.33 120.33 127.33 126.17 145.66 127.17 120 120 1105 117.17
R Group 4 Group 5

P1 P2 P3 P1 P2 P3

b v b v b v b v b v b v
1 140 102 100 101 111 106 120 108 93.44 100 150 150
2 120 103 147 148 111 101 133 107 147 147 102 102
3 145 106 106 107 147 147 128 103 101 101 108 108
4 200 146 103 104 107 105 1255 101 102 102 149 149
5 135 108 149 150 148 148 1335 107 146 146 102 102
6 140 109 99 100 102 102 182 146 104 104 101 101
mean 146.67 112.33 117.33 118.33 121 118.17 137 112 115,57 116.67 118.67 118.67

Table D.10: Bidders’ strategies in sessibr
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Bidding behavior in sessio2

R Group 1 Group 2 Group 3
P1 P2 P3 P1 P2 P3 P1 P2 P3

b v b v b v b v b v b v b v b v b v
1 156.45 149 105 105 107 107 103 103 154 148 140 147 145.66 146 136.24 109 100 104
2 118.80 108 105 100 104 104 150 150 125 106 143 149 145.66 146 136.24 109 101.01 105
3 112.20 102 156.10 148 150 150 105 105 135 109 100 104 145.66 146 186.24 149 95.01 100
4 113.30 103 115.10 109 149.99 150 107 107 135 106 144 148 107.99 108 183.74 147 95.01 100
5 110.25 105 156.11 149 100 100 106 106 136 104 103 103 108.99 109 126.24 101 14250 147
6 155.40 148 160.11 150 103 103 107 107 187 149 106 106 107.99 108 131.24 105 147.11 147
mean 127.73 119.17 132.90 126.83 119 119 113 113 145.33 120.33 122.67 126.17 126.99 127.17149.99 120 113.44 117.17
R Group 4 Group 5

P1 P2 P3 P1 P2 P3

b v b v b v b v b v b v
1 98.57 102 125 101 45 106 107.52 108 108 100 150 150
2 98.62 103 155 148 145 101 107.01 107 153.76 147 102 102
3 102.87 106 133 107 130 147 103.06 103 109.07 101 108 108
4 142.63 146 135 104 50 105 100.99 101 108.14 102 149 149
5 107.33 108 180 150 104 148 107.26 107 180.18 146 102 102
6 108.99 109 125 100 92 102 146.02 146 129.57 104 101 101
mean 109.83 112.33 142.17 118.33 94.33 118.17 11198 112 131.45 116.67 118.67 118.67

Table D.11: Bidders’ strategies in sessib2
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Bidding behavior in sessio3

Group 1 Group 2 Group 3
P1 P2 P3 P1 P2 P3 P1 P2 P3

b v b v b v b v b v b v b v b v b v
1 80 149 105 105 127.20 107 100 103 12553 148 150 147 146 146 120 109 130 104
2 107.01 108 100 100 130 104 150 150 89.79 106 150 149 146 146 110 109 131.25 105
3 101.50 102 147 148 187.50 150 105 105 89.99 109 120 104 146 146 170 149 125 100
4 102.50 103 109 109 187.50 150 107.15 107 90.91 106 150.10 148 110 108 147.01 147 125 100
5 104.50 105 149 149 125 100 106.17 106 100.51 104 125 103 110 109 121.30 101 183.75 147
6 14751 148 150 150 128.75 103 108 107 14391 149 125 106 110 108 125,90 105 183.75 147
mean 107.17 119.17 126.67 126.83147.66 119 112.72 113 106.77 120.33 136.68 126.17 128 127.17 132.37 120 146.46 117.17
R Group 4 Group 5

P1 P2 P3 P1 P2 P3

b v b v b v b v b v b v
1 101 102 80.03 101 132 106 40 108 100 100 187 150
2 102 103 145.03 148 126.25 101 88 107 147 147 127.50 102
3 106 106 105.03 107 183.75 147 100 103 101 101 135 108
4 146 146 103.53 104 131.25 105 103.20 101 102 102 186 149
5 108 108 149.53 150 185 148 113 107 146 146 12750 102
6 109 109 100 100 127.50 102 146 146 104 104 126.25 101
mean 112 112.33 113.86 118.33147.62 118.17 98.37 112 116.67 116.67 148.21 118.67

Table D.12: Bidders’ strategies in sessibr3
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244 APPENDIX D. EXPERIMENTAL APPROACH

D.4 Auction revenues in the treatments

Notation: No.: number.v;: valuation of biddet. b;: bid submitted by biddei. Pi: Player

i.1 = 1,2,3. Rp,: auction revenue in treatmeifs. Rp,: auction revenue in treatment
Ds. Rp,: auction revenue in treatmefa. Rp,: auction revenue in treatmefa. Exp.:
Experiment. Theo.: Theory#strong: number of groups in which the discount is assigned
to a strong bidder#weak: number of groups in which the discount is assigned to a weak
bidder.q: £°"9 proportion of#strong and#weak. p-value: p-value of the Wilcoxon

#weak
signed-ranks test (matched-pair$): result of the Wilcoxon singed-ranks test.



Auction revenues in treatmeif?s and treatmenD's by rounds

TreatmentDs TreatmentDs
Valuations Bids inDs Rp, Discount Bids inDs Rps
Round Group vy w2 w3 b, bs bs Exp. Theo. P1 P2 P3 by by bs Exp. Theo.
1 1 105 107 103 25.00 106.99 102.99 102.99 105 1 0 0 105.00 @071@3.00 105.00 85.6
1 2 109 104 102 90.00 104.00 1.00 90.00 104 1 0 0 136.24 70.005798.78.86 83.2
1 3 101 106 108 101.00 80.00 98.50 98.50 106 1 0 0 12500 111.@y.52 88.80 86.4
1 4 100 105 107 90.00 105.00 107.00 105.00 105 1 0 0 108.00 9041®7.00 85.60 85.6
1 5 103 109 104 150.00 109.00 90.00 109.00 104 1 0 0 80.00 10910®.00 100.00 87.2
1 6 102 101 106 98.10 101.00 90.50 98.10 102 1 0 0 140.00 100.00.004 80.00 84.8
1 7 108 100 105 85.00 50.00 105.00 85.00 105 1 0 0 120.00 93.445.000 84.00 84.0
1 8 107 103 109 150.00 103.00 109.01 109.01 107 1 0 0 127.20 0@00120.00 96.00 87.2
1 9 104 102 101 104.00 101.00 90.01 101.00 102 1 0 0 130.00 @0180.03 80.80 81.6
1 10 106 108 100 80.00 25.00 99.00 80.00 106 1 0 0 132.00 40.000.000 80.00 86.4
1 11 149 148 147 112.37 120.00 0.00 112.37 148 1 0 0 186.25 947197.00 118.39 1184
1 12 146 150 149 146.00 128.00 148.99 146.00 149 1 0 0 180.00.0a50156.45 125.16 120.0
1 13 148 147 146 110.00 147.02 135.00 135.00 147 1 0 0 154.00.0040145.66 116.53 117.6
1 14 150 149 148 142.20 148.99 148.00 148.00 149 1 0 0 187.000080.125.53 100.42 119.2
1 15 147 146 150 146.50 146.00 145.00 146.00 147 1 0 0 150.00.0a46150.00 120.00 120.0
2 1 108 100 104 108.00 90.00 103.99 103.99 104 1 0 0 13501 @Q001@3.00 8240 832
2 2 106 109 105 103.01 107.00 105.00 105.00 106 1 0 0 125.00 0@09.75.00 87.20 87.2
2 3 103 101 107 10.01 101.00 102.00 101.00 103 1 0 0 120.00 Q111@7.01 88.80 85.6
2 4 102 108 100 85.00 108.00 105.00 105.00 102 1 0 0 12750 @181®0.00 95.04 86.4
2 5 104 106 109 104.00 90.30 109.00 104.00 106 1 0 0 130.00 @06110.00 88.00 87.2
2 6 105 103 101 95.00 100.90 100.10 100.10 103 1 0 0 131.25 98852.00 131.25 824
2 7 107 102 108 89.00 100.10 107.99 100.10 107 1 0 0 133.00 a021@7.01 85.61 86.4

continued on next page
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continued from previous page

TreatmentDs TreatmentDs
Valuations Bids inDs Rp, Discount Bids inDs Rps
Round Group w4 Vo v3 by bo bs Exp. Theo. P1 P2 P3 b, b, bs Exp. Theo.
2 8 100 104 106 95.00 75.00 106.00 95.00 104 1 0 0 105.00 104.08.798 83.20 84.8
2 9 109 105 103 109.01 105.00 101.00 105.00 105 1 0 0 136.24 0101102.00 81.60 84.0
2 10 101 107 102 83.00 70.00 95.00 83.00 102 1 0 0 126.25 88.002.000 81.60 85.6
2 11 150 149 146 149.99 0.00 146.00 146.00 149 1 0 0 149.33 (A491@5.66 119.20 119.2
2 12 148 147 150 100.00 132.00 102.00 102.00 148 1 0 0 155.00.047150.00 120.00 120.0
2 13 149 146 148 149.00 139.90 148.00 148.00 148 1 0 0 150.00.0a46147.00 117.60 1184
2 14 147 150 149 100.00 143.05 148.90 143.05 149 1 0 0 153.76.0a50143.00 120.00 120.0
2 15 146 148 147 146.00 130.01 147.00 146.00 147 1 0 0 180.00.0345147.00 117.60 1184
3 1 102 105 109 106.27 105.01 100.01 105.01 105 1 0 0 102.09 0005109.00 105.00 87.2
3 2 104 100 106 103.99 100.00 10.01 100.00 104 1 0 0 120.00 98.002.87 82.30 84.8
3 3 107 103 101 120.00 98.00 91.00 98.00 103 1 0 0 133.00 103.@4.0a 82.45 82.4
3 4 108 102 105 10450 102.00 103.10 103.10 105 1 0 0 135.00 2012105.00 89.76 84.0
3 5 109 104 100 105.90 104.00 90.00 104.00 104 1 0 0 135.00 10495.01 83.20 83.2
3 6 106 107 103 106.50 107.00 97.00 106.50 106 1 0 0 145.00 0061@0.00 84.80 85.6
3 7 101 108 102 100.00 92.10 101.99 100.00 102 1 0 0 109.07 @081m1.50 86.40 86.4
3 8 105 109 104 105.01 109.00 103.99 105.01 105 1 0 0 120.00 989.200.00 80.00 87.2
3 9 100 106 107 100.00 105.00 107.00 105.00 106 1 0 0 125.00 0006105.03 84.80 85.6
3 10 103 101 108 97.00 101.00 96.00 97.00 103 1 0 0 128.00 1011@8.00 86.40 86.4
3 11 148 150 146 138.00 149.99 146.00 146.00 148 1 0 0 156.10.0a49145.66 119.20 120.0
3 12 149 147 148 146.00 147.00 400.00 147.00 148 1 0 0 186.24.0047148.00 118.40 118.4
3 13 150 146 149 150.00 140.00 149.00 149.00 149 1 0 0 187.50.046149.00 119.20 119.2
3 14 147 148 150 146.90 140.00 136.00 140.00 148 1 0 0 183.75.047150.00 120.00 120.0
3 15 146 149 147 146.00 149.01 121.70 146.00 147 1 0 0 180.00.0a70130.00 136.00 119.2
4 1 103 109 107 118.00 109.00 107.01 109.00 107 1 0 0 128.75 0@09107.00 87.20 87.2
4 2 106 108 100 10450 108.00 100.00 104.50 106 1 0 0 135.00 9907120.00 96.00 86.4
4 3 104 105 101 250.00 0.00 100.00 100.00 104 1 0 0 135.00 10710@.99 85.60 84.0

continued on next page
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continued from previous page

TreatmentDs TreatmentDs
Valuations Bids inDs Rp, Discount Bids inDs Rps
Round Group w4 Vo v3 by bo bs Exp. Theo. P1 P2 P3 b, b, bs Exp. Theo.
4 4 102 103 109 96.00 103.00 115.00 103.00 103 108.14 @131®9.00 109.00 87.2

107 106 108 106.30 101.00 108.00 106.30 107
100 104 105 100.00 104.00 104.90 104.00 104

5 123.67 0006110.00 88.00 86.4
6

7 101 102 103 94.00 101.99 102.99 101.99 102

8

9

125.00 0@0350.00 8240 84.0
12550 @002102.50 82.00 82.4
115.10 130790.91 85.72 85.6
100.00 195.003.53 100.00 83.2
131.25.2003102.00 82.56 81.6
187.50.0049147.00 119.20 1184
200.00.0@49149.00 119.20 120.0
150.10.01147142.63 117.60 117.6
186.00.9949144.00 119.99 120.0
183.74.0046149.00 119.20 119.2

109 107 106 105.00 107.14 106.00 106.00 107

108 100 104 108.00 100.00 104.00 104.00 104
10 105 101 102 101.10 120.00 102.00 102.00 102
11 150 148 147 149.99 147.99 146.00 14799 148
12 146 149 150 14599 147.50 150.00 147.50 149
13 148 147 146 148.00 147.00 146.00 147.00 147
14 149 150 148 125.20 140.00 147.99 140.00 149
15 147 146 149 147.01 145.00 150.00 147.01 147

o o1 o1 o1 o1 o1 ot oot ot oo o ol DMMNDAADMNDMMPMAEDMMNAEDMDMAS

P PR P R RPRRPPRRRRRPRRRRRRRRPRPRREPR
O O 0O 0O O O OO 0O 00000 o000 OO OO OOoO o o
O O 0O 0O 0O O OO 0O 00000 OO0 OO OO OOoO Oo o

1 105 100 106 203.67 99.99 106.01 106.01 105 131.26 99.8206.00 84.80 84.8
2 104 103 109 102.01 102.99 109.00 102.99 104 136.00 0@05108.99 87.19 87.2
3 101 108 107 100.00 107.99 105.00 105.00 107 126.24 3307107.26 85.86 86.4
4 102 105 100 101.50 105.00 100.00 101.50 102 127.50 2310100.00 88.20 84.0
5 106 104 103 106.80 101.00 103.00 103.00 104 130.83 0004103.00 83.20 83.2
6 109 101 108 109.00 101.00 109.10 109.00 108 99.00 @a0118.00 101.00 86.4
7 107 102 105 0.00 102.00 104.99 102.00 105 133.50 10210@&.50 83.60 84.0
8 100 106 104 89.00 112.49 104.00 104.00 104 125.00 17061D0.51 84.94 84.8
9 103 109 101 102.99 109.00 101.01 102.99 103 125.00 0@10121.30 97.04 87.2
10 108 107 102 107.50 111.00 110.00 110.00 107 135.00.0013102.00 90.40 85.6
11 149 147 150 149.00 147.00 150.00 149.00 149 156.11.0a50149.00 120.00 120.0
12 148 146 149 148.00 141.00 190.00 148.00 148 185.00.0@46149.00 119.20 119.2
13 147 150 148 111.00 150.00 147.90 14790 148 183.75.5349148.00 119.62 120.0
14 146 149 147 146.00 147.00 147.00 147.00 147 180.18.0049142.50 119.20 119.2

continued on next page
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continued from previous page

TreatmentDs TreatmentDs
Valuations Bids inDs Rp, Discount Bids inDs Rps
Round Group wv; Vo v3 by bo bs Exp. Theo. P1 P2 P3 b; bo b3 Exp. Theo.
5 15 150 148 146 150.00 130.70 146.00 146.00 148 1 0 0 180.00.004146.00 116.80 118.4
6 1 103 107 106 102.99 107.01 105.99 105.99 106 1 0 0 128.75 0a07110.00 88.00 85.6
6 2 108 105 109 108.00 105.00 108.99 108.00 108 1 0 0 134.99 0005108.99 87.19 87.2
6 3 100 102 104 100.00 102.00 100.00 100.00 102 1 0 0 125.00 0@02104.00 83.20 83.2
6 4 101 103 107 100.50 103.00 106.50 103.00 103 1 0 0 126.25 9902108.00 86.40 85.6
6 5 106 108 105 106.00 107.80 105.00 106.00 106 1 0 0 125.00 990712590 125.00 86.4
6 6 109 100 102 110.10 100.00 101.90 101.90 102 1 0 0 140.00 099.82.00 79.20 81.6
6 7 104 101 103 104.00 101.00 110.00 104.00 103 1 0 0 129.57 0001103.00 82.40 82.4
6 8 107 106 108 115.76 105.99 108.00 108.00 107 1 0 0 132.91 0a06110.00 88.00 86.4
6 9 105 109 100 105.01 108.99 100.00 105.01 105 1 0 0 131.24 0a09100.00 87.20 87.2
6 10 102 104 101 102.00 104.00 101.00 102.00 102 1 0 0 127.50.0004101.00 83.20 83.2
6 11 148 150 149 165.45 150.00 145.10 150.00 149 1 0 0 185.01.0a50149.00 120.00 120.0
6 12 147 146 148 147.01 141.00 148.01 147.01 147 1 0 0 183.75.0246155.40 124.32 118.4
6 13 150 149 147 152.00 146.10 110.10 146.10 149 1 0 0 160.11.9143150.00 120.00 119.2
6 14 146 148 150 138.00 147.99 150.00 147.99 148 1 0 0 182.00.51147150.00 120.00 120.0
6 15 149 147 146 149.00 147.00 135.00 147.00 147 1 0 0 187.00.11147146.00 117.69 117.6
mean 116.0 119.01 98.92 96.5

Table D.13: Treatmenbs and treatmenD's — auction revenues by rounds

8v¢

HOVOdddV TVLNINIHIdX3 A XIANIddV



Auction revenues in treatmei?a and treatmenDa by rounds

TreatmentDa TreatmentDa
Valuations Bids inDa Rp, Discount Bids inDa Rpa
Round Group vy wve w3 by bo bs Exp. Theo. P1 P2 P3 by bs bs Exp. Theo.

1 1 149 105 107 112.37 25.00 106.99 106.99 107 0O 1 0 156.45 QQ051@7.00 107.00 131.25
1 2 148 103 109 120.00 102.99 90.00 102.99 109 0O 1 0 14799 80.009.00 109.00 128.75
1 3 147 104 102 147.02 104.00 1.00 104.00 104 0 1 0 147.00 1309857 130.00 130.00
1 4 146 101 106 146.00 101.00 80.00 101.00 106 0 1 0 14566 (25101.00 125.00 126.25
1 5 150 108 100 128.00 98.50 90.00 98.50 108 0O 1 0 150.00 120.08449 120.00 135.00
1 6 149 105 107 148.99 105.00 107.00 107.00 107 0O O 1 80.00 904127.20 83.99 133.75
1 7 148 103 109 110.00 150.00 109.00 110.00 109 0 0 1 12553 0003136.24 100.42 136.25
1 8 147 104 102 0.00 90.00 98.10 90.00 104 0O O 1 140.00 70.00 0@40140.00 127.50
1 9 146 101 106 135.00 101.00 90.50 101.00 106 0O O 1 146.00 (Q00132.00 132.00 132.50
1 10 150 108 100 142.20 85.00 50.00 85.00 108 0 0 1 150.00 1071%8.00 108.00 125.00
1 11 149 105 107 148.99 105.00 150.00 148.99 107 1 0 0 186.25.0005107.00 85.60 85.60
1 12 148 103 109 148.00 103.00 109.01 109.01 109 1 0 0 154.00.0000120.00 96.00 87.20
1 13 147 104 102 146.50 104.00 101.00 104.00 104 1 0 0 150.00.0000101.00 80.80 83.20
1 14 146 101 106 146.00 90.01 80.00 90.01 106 1 0 0 180.00 80.03.004 64.02 84.80

1 15 150 108 100 145.00 25.00 99.00 99.00 108 1 0 0 187.00 40.000.00 80.00 86.40

2 1 150 108 100 149.99 108.00 90.00 108.00 108 0O 1 0 150.00 1351@0.00 135.01 135.00
2 2 149 104 106 0.00 103.99 103.01 103.01 106 0 1 0 149.00 13010®.00 130.00 130.00
2 3 146 109 105 146.00 107.00 105.00 107.00 109 0 1 0 145.66 2436.75.00 136.24 136.25
2 4 148 103 101 100.00 10.01 101.00 100.00 103 0O 1 0 147.00 Q201a1.00 120.00 128.75
2 5 147 107 102 132.00 102.00 85.00 102.00 107 0O 1 0 147.00 (Q331@2.00 133.00 133.75
2 6 150 108 100 102.00 108.00 105.00 105.00 108 0O O 1 150.00 8018105.00 118.80 125.00
2 7 149 104 106 149.00 104.00 90.30 104.00 106 0O O 1 143.00 (Q03125.00 125.00 132.50

continued on next page
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continued from previous page

TreatmentDa TreatmentDa
Valuations Bids inDa Rp, Discount Bids inDa Rpa
Round Group w4 Vo v3 by bo bs Exp. Theo. P1 P2 P3 b; bo bs Exp. Theo.
2 8 146 109 105 139.90 109.00 95.00 109.00 109 0 0 1 146.00 A09131.25 131.25 131.25
2 9 148 103 101 148.00 100.90 100.10 100.90 103 0 0 1 145.03 298826.25 126.25 126.25
2 10 147 107 102 100.00 89.00 100.10 100.00 107 0 0 1 147.00 0107127.50 127.50 127.50
2 11 150 108 100 143.05 107.99 95.00 107.99 108 1 0 0 149.33 0107100.00 85.61 86.40
2 12 149 104 106 148.90 75.00 106.00 106.00 106 1 0 0 150.00 0@04.89.79 83.20 84.80
2 13 146 109 105 146.00 109.01 105.00 109.01 109 1 0 0 180.00.0a10101.01 88.00 87.20
2 14 148 103 101 130.01 101.00 83.00 101.00 103 1 0 0 155.00 0@02145.00 116.00 82.40
2 15 147 107 102 147.00 70.00 95.00 95.00 107 1 0 0 153.76 88.002.00 81.60 85.60
3 1 148 102 105 138.00 106.27 105.01 106.27 105 0 1 0 148.00 0902105.00 105.00 127.50
3 2 150 109 104 14999 100.01 103.99 103.99 109 0 1 0 149.00 0@35104.01 135.00 136.25
3 3 146 100 106 146.00 100.00 10.01 100.00 106 0 1 0 145.66 (0251@2.87 125.00 125.00
3 4 149 107 103 146.00 120.00 98.00 120.00 107 0 1 0 149.00 (0331@3.06 133.00 133.75
3 5 147 101 108 147.00 91.00 104.50 104.50 108 0 1 0 147.00 7091@8.00 109.07 126.25
3 6 148 102 105 400.00 102.00 103.10 103.10 105 0 0 1 147.00 212120.00 120.00 131.25
3 7 150 109 104 150.00 105.90 104.00 105.90 109 0 0 1 150.00 0a09120.00 120.00 130.00
3 8 146 100 106 140.00 90.00 106.50 106.50 106 0 0 1 146.00 98045.00 145.00 132.50
3 9 149 107 103 149.00 107.00 97.00 107.00 107 0 0 1 170.00 A06128.00 128.00 128.75
3 10 147 101 108 146.90 100.00 92.10 100.00 108 0 0 1 130.00 0@01135.00 104.00 135.00
3 11 148 102 105 140.00 101.99 105.01 105.01 105 1 0 0 156.10.5001105.00 84.00 84.00
3 12 150 109 104 136.00 109.00 103.99 109.00 109 1 0 0 187.509989.100.00 80.00 87.20
3 13 146 100 106 146.00 100.00 105.00 105.00 106 1 0 0 180.000195.106.00 84.80 84.80
3 14 149 107 103 149.01 107.00 97.00 107.00 107 1 0 0 186.24 0305100.00 84.02 85.60
3 15 147 101 108 121.70 101.00 96.00 101.00 108 1 0 0 183.75 0001108.00 86.40 86.40
4 1 150 103 109 149.99 118.00 109.00 118.00 109 0 1 0 149.00 7928109.00 128.75 128.75
4 2 148 107 106 147.99 107.01 10450 107.01 107 0 1 0 149.00 67423106.00 123.67 133.75
4 3 147 108 100 146.00 108.00 100.00 108.00 108 0 1 0 147.00 0000120.00 120.00 135.00
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continued from previous page

TreatmentDa TreatmentDa
Valuations Bids inDa Rp, Discount Bids inDa Rpa
Round Group w4 Vo v3 by bo bs Exp. Theo. P1 P2 P3 b; bo bs Exp. Theo.
4 4 146 104 105 145.99 250.00 0.00 145.99 105 0 1 0 142.63 135107.00 135.00 130.00
4 5 149 101 102 14750 100.00 96.00 100.00 102 0 1 0 149.00 025192.00 12550 126.25
4 6 150 103 109 150.00 103.00 115.00 115.00 109 0 0 1 149.99 3013115.10 115.10 136.25
4 7 148 107 106 148.00 106.30 101.00 106.30 107 0 0 1 144.00 0A07135.00 135.00 132.50
4 8 147 108 100 147.00 108.00 100.00 108.00 108 0 0 1 147.01 9907125.00 125.00 125.00
4 9 146 104 105 146.00 104.00 104.90 104.90 105 0 0 1 146.00 003131.25 131.25 131.25
4 10 149 101 102 125.20 94.00 101.99 101.99 102 0 0 1 149.00 9900108.14 108.14 127.50
4 11 150 103 109 140.00 102.99 105.00 105.00 109 1 0 0 187.50.5002109.00 87.20 87.20
4 12 148 107 106 14799 107.14 106.00 107.14 107 1 0 0 150.10.130790.91 85.72 85.60
4 13 147 108 100 147.01 108.00 100.00 108.00 108 1 0 0 183.74.001095.01 88.00 86.40
4 14 146 104 105 145.00 104.00 101.10 104.00 105 1 0 0 200.00.530350.00 82.82 84.00
4 15 149 101 102 150.00 120.00 102.00 120.00 102 1 0 0 186.00.203102.00 82.56 81.60
5 1 149 105 100 149.00 203.67 99.99 149.00 105 0 1 0 149.00 A43129.90 131.26 131.25
5 2 147 106 104 147.00 106.01 102.01 106.01 106 0 1 0 150.00 8330104.00 130.83 132.50
5 3 150 103 109 150.00 102.99 109.00 109.00 109 0 1 0 149.00 0@25108.99 125.00 128.75
5 4 148 101 108 148.00 100.00 107.99 107.99 108 0 1 0 148.00 2426107.33 126.24 126.25
5 5 146 107 102 141.00 105.00 101.50 105.00 107 0 1 0 146.00 5033102.00 133.50 133.75
5 6 149 105 100 190.00 105.00 100.00 105.00 105 0 0 1 149.00 2510125.00 125.00 125.00
5 7 147 106 104 111.00 106.80 101.00 106.80 106 0 0 1 142.50 0a06136.00 136.00 130.00
5 8 150 103 109 150.00 103.00 109.00 109.00 109 0 0 1 149.53 000599.00 105.00 136.25
5 9 148 101 108 14790 101.00 109.10 109.10 108 0 0 1 104.00 0A01135.00 83.20 135.00
5 10 146 107 102 146.00 0.00 102.00 102.00 107 0 0 1 146.00 40712750 127.50 127.50
5 11 149 105 100 147.00 10499 89.00 104.99 105 1 0 0 156.11 5004100.00 83.60 84.00
5 12 147 106 104 147.00 112.49 104.00 112.49 106 1 0 0 183.75.17106100.51 84.93 84.80
5 13 150 103 109 150.00 102.99 109.00 109.00 109 1 0 0 180.00.003110.00 88.00 87.20
5 14 148 101 108 130.70 101.01 107.50 107.50 108 1 0 0 185.00.3021108.00 97.04 86.40
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TreatmentDa TreatmentDa
Valuations Bids inDa Rp, Discount Bids inDa Rpa
Round Group w4 Vo v3 by bo bs Exp. Theo. P1 P2 P3 b; bo bs Exp. Theo.
5 15 146 107 102 146.00 111.00 110.00 111.00 107 1 0 0 180.18.0A13102.00 90.40 85.60
6 1 148 103 107 165.45 102.99 107.01 107.01 107 0 1 0 155.40 7328107.00 128.75 128.75
6 2 150 106 108 150.00 105.99 108.00 108.00 108 0 1 0 150.00 0@25107.99 125.00 132.50
6 3 149 105 109 145.10 105.00 108.99 108.99 109 0 1 0 149.00 2431108.99 131.24 131.25
6 4 147 100 102 147.01 100.00 102.00 102.00 102 0 1 0 150.00 0@25102.00 125.00 125.00
6 5 146 104 101 141.00 100.00 100.50 100.50 104 0 1 0 146.02 5129101.00 129.57 130.00
6 6 148 103 107 148.01 103.00 106.50 106.50 107 0 0 1 147.51 9902132.91 132.91 133.75
6 7 150 106 108 152.00 106.00 107.80 107.80 108 0 0 1 150.00 0a10134.99 13499 135.00
6 8 149 105 109 146.10 105.00 110.10 110.10 109 0 0 1 143.91 0005140.00 140.00 136.25
6 9 147 100 102 110.10 100.00 101.90 101.90 102 0 0 1 147.11 099.027.50 127.50 127.50
6 10 146 104 101 138.00 104.00 101.00 104.00 104 0 0 1 146.00.004126.25 126.25 126.25
6 11 148 103 107 14799 110.00 115.76 115.76 107 1 0 0 185.01.0003108.00 86.40 85.60
6 12 150 106 108 150.00 105.99 108.00 108.00 108 1 0 0 160.11.006110.00 88.00 86.40
6 13 149 105 109 149.00 105.01 108.99 108.99 109 1 0 0 187.00.925109.00 100.72 87.20
6 14 147 100 102 147.00 100.00 102.00 102.00 102 1 0 0 183.75.0@0092.00 80.00 81.60
6 15 146 104 101 135.00 104.00 101.00 104.00 104 1 0 0 182.00.0004101.00 83.20 83.20
mean 106.8 106.6 111.37 115.51

Table D.14: TreatmenbDa and treatmenDa — auction revenues by rounds
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Auction revenues in treatmeids and treatmenD's: round 1

TreatmentDs TreatmentDs
Valuations Bids inDs Rp, Discount Bids inDs Rps
No. Round Group vy 1wy w3 b, bs bs Exp. Theo. P1 P2 P3 by by bs Exp. Theo.
1 1 13 148 147 146 110.00 147.02 135.00 135.00 147 1 0 0 154.00.004 145.66 116.53 117.6
2 1 14 150 149 148 142.20 148.99 148.00 148.00 149 1 0 0 187.000080125.53 100.42 119.2
3 1 15 147 146 150 146.50 146.00 145.00 146.00 147 1 0 0 150.06.004 150.00 120.00 120.0
4 1 11 149 148 147 112.37 120.00 0.00 112.37 148 1 0 0 186.25 9947147.00 118.39 1184
5 1 12 146 150 149 146.00 128.00 148.99 146.00 149 1 0 0 180.00.0a5 156.45 125.16 120.0
6 1 1 105 107 103 25.00 106.99 102.99 102.99 105 1 0 O 105.00 0@07103.00 105.00 85.6
7 1 4 100 105 107 90.00 105.00 107.00 105.00 105 1 0 O 108.00 9904107.00 85.60 85.6
8 1 6 102 101 106 98.10 101.00 90.50 98.10 102 1 0 0 140.00 1004m.00 80.00 84.8
9 1 9 104 102 101 104.00 101.00 90.01 101.00 102 1 0 0 130.00 000180.03 80.80 81.6
10 1 3 101 106 108 101.00 80.00 98.50 98.50 106 1 0 0 12500 @Q111@7.52 88.80 86.4
11 1 2 109 104 102 90.00 104.00 1.00 90.00 104 1 0 0 136.24 70.08.579 78.86 83.2
12 1 7 108 100 105 85.00 50.00 105.00 85.00 105 1 0 0 120.00 934@5.00 84.00 84.0
13 1 8 107 103 109 150.00 103.00 109.01 109.01 107 1 0 0 127.20.000 120.00 96.00 87.2
14 1 10 106 108 100 80.00 25.00 99.00 80.00 106 1 0 0 13200 40000.00 80.00 86.4
15 1 5 103 109 104 150.00 109.00 90.00 109.00 104 1 0 O 80.00 0009100.00 100.00 87.2
mean 111.1  119.0 97.3 96.5

Table D.15: Treatmenbs and treatmenD s — auction revenues from round 1
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Comparison of auction revenues in treatmEnt and treatmenD's: round 1

Experiment Theory
No. #pairs #strong #weak g Rp, Rps p-value V Rp, Rps p-value V
1 5 5 0 Inf 137.47 116.10 0.0620 14 148.00 119.04 0.031250
2 6 5 1 50 131.73 114.25 0.0780 18 140.83 113.47 0.015625
3 7 5 2 25 12791 11016 0.0390 25 135.71 109.49 0.011127
4 8 5 3 1.7 124.18 106.39 0.0200 33 131.50 106.40 0.007074
5 9 5 4 1.2 12161 103.54 0.0100 42 128.22 103.64 0.004545
6 10 5 5 1.0 119.30 102.07 0.0050 52 126.00 101.92 0.002945
7 11 5 6 0.8 116.63 99.96 0.0020 63 124.00 100.22 0.001920
8 12 5 7 0.7 11400 98.63 0.0020 73 12242 98.87 0.001258
9 13 5 8 0.6 113.61 9843 0.0010 86 121.23 97.97 0.000828
10 14 5 9 0.6 111.21 97.11 0.0030 86 120.14 97.14 0.000545
11 15 5 10 0.5 111.06 97.30 0.0020 100 119.07 96.48 0.00036D
12 14 4 10 0.4 109.36 9593 0.0026 86 117.07 94.97 0.000545
13 13 3 10 0.3 106.38 9559 0.0043 73 114.62 93.11 0.000825
14 12 2 10 0.2 103.08 9355 0.0072 61 111.92 90.87 0.001253
15 11 1 10 0.1 102.24 91.29 0.0054 53 108.64 88.36 0.001911
16 10 0 10 0.0 9786 87.91 0.0089 43 104.60 85.20 0.002929
mean 1155 100.5 123.4 99.8

Wilcoxon signed-ranks test (matched-pairs) with Hypothels Hy : R, < Rps

Table D.16: TreatmenDs and treatmenD s — comparison of auction revenues from round 1
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Auction revenues in treatmeids and treatmenD's: round 1 to round 6

TreatmentDs TreatmentDs
Valuations Bids inDs Rp, Discount Bids inDs Rps

No. Round Group vy 1wy v3 b, by bs Exp. Theo. P1 P2 P3 by bo bs Exp. Theo.

1 5 14 146 149 147 146.00 147.00 147.00 147.00 147 1 0 0 180.18.004 14250 119.20 119.2
2 3 11 148 150 146 138.00 149.99 146.00 146.00 148 1 0 0 156.1@.004 145.66 119.20 120.0
3 3 14 147 148 150 146.90 140.00 136.00 140.00 148 1 0 0 183.79.0a4 150.00 120.00 120.0
4 3 15 146 149 147 146.00 149.01 121.70 146.00 147 1 0 0 180.00.0a7 130.00 136.00 119.2
5 3 12 149 147 148 146.00 147.00 400.00 147.00 148 1 0 0 186.24.004 148.00 118.40 118.4
6 2 14 147 150 149 100.00 143.05 148.90 143.05 149 1 0 0 153.76.0a5 143.00 120.00 120.0
7 1 11 149 148 147 112.37 120.00 0.00 112.37 148 1 0 0 186.259947147.00 118.39 1184
8 6 14 146 148 150 138.00 147.99 150.00 147.99 148 1 0 0 182.0¢.514 150.00 120.00 120.0
9 4 14 149 150 148 125.20 140.00 147.99 140.00 149 1 0 0 186.00.994 144.00 119.99 120.0
10 1 14 150 149 148 142.20 148.99 148.00 148.00 149 1 0 0 187.00008 125.53 100.42 119.2
11 4 15 147 146 149 147.01 145.00 150.00 147.01 147 1 0 0 183.46.0@ 149.00 119.20 119.2
12 1 13 148 147 146 110.00 147.02 135.00 135.00 147 1 0 0 154.@60.00 14566 116.52 117.6
13 5 11 149 147 150 149.00 147.00 150.00 149.00 149 1 0 0 156.5D.00 149.00 120.00 120.0
14 6 15 149 147 146 149.00 147.00 135.00 147.00 147 1 0 0 187.@40.11 146.00 117.68 117.6
15 5 13 147 150 148 111.00 150.00 147.90 147.90 148 1 0 0 183.49.53 148.00 119.62 120.0
16 5 15 150 148 146 150.00 130.70 146.00 146.00 148 1 0 O 180.0a.00 146.00 116.80 1184
17 3 13 150 146 149 150.00 140.00 149.00 149.00 149 1 0 0 187.3®.00 149.00 119.20 119.2
18 1 12 146 150 149 146.00 128.00 148.99 146.00 149 1 0 0 180.60.00 156.45 125.16 120.0
19 6 13 150 149 147 152.00 146.10 110.10 146.10 149 1 0 0 160.1B.91 150.00 120.00 119.2
20 2 12 148 147 150 100.00 132.00 102.00 102.00 148 1 0 0 155.@¢.0a 150.00 120.00 120.0
21 2 11 150 149 146 149.99 0.00 146.00 146.00 149 1 0 0 149.33.0049145.66 119.20 119.2
22 6 11 148 150 149 165.45 150.00 145.10 150.00 149 1 0 0 1856D.0@ 149.00 120.00 120.0

continued on next page
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continued from previous page

TreatmentDs TreatmentDs
Valuations Bids inDs Rp, Discount Bids inDs Rps
No. Round Group w; Vo v3 by b, b3 Exp. Theo. P1 P2 P3 b, bo bs Exp. Theo.
23 2 15 146 148 147 146.00 130.01 147.00 146.00 147 1 0 0 180.@3.03 147.00 117.60 1184
24 4 12 146 149 150 145.99 14750 150.00 147.50 149 1 0 0 200.0@.0@ 149.00 119.20 120.0
25 6 12 147 146 148 147.01 141.00 148.01 147.01 147 1 0 0 183.7%.02 155.40 124.32 118.4
26 2 13 149 146 148 149.00 139.90 148.00 148.00 148 1 0 0 150.@®.00 147.00 117.60 1184
27 4 13 148 147 146 148.00 147.00 146.00 147.00 147 1 0 0 150.10.0nm. 142.63 117.61 117.6
28 1 15 147 146 150 146.50 146.00 145.00 146.00 147 1 0 0 150.0®.0a 150.00 120.00 120.0
29 4 11 150 148 147 149.99 147.99 146.00 147.99 148 1 0 0 187.8@.0a 147.00 119.20 1184
30 5 12 148 146 149 148.00 141.00 190.00 148.00 148 1 0 0 185.@®.00 149.00 119.20 119.2
31 3 2 104 100 106 103.99 100.00 10.01 100.00 104 1 0 0 120.000098.102.87 82.30 84.8
32 4 7 101 102 103 94.00 101.99 102.99 101.99 102 1 0 0 125.50.0002102.50 82.00 82.4
33 2 4 102 108 100 85.00 108.00 105.00 105.00 102 1 0 0 127.50.8018100.00 95.04 86.4
34 6 3 100 102 104 100.00 102.00 100.00 100.00 102 1 0 0 125.0@.000 104.00 83.20 83.2
35 6 10 102 104 101 102.00 104.00 101.00 102.00 102 1 0 0 127.%4.00 101.00 83.20 83.2
36 2 6 105 103 101 95.00 100.90 100.10 100.10 103 1 0 0 131.256298.145.00 131.25 824
37 3 1 102 105 109 106.27 105.01 100.01 105.01 105 1 0 0 102.0%.000 109.00 105.00 87.2
38 3 3 107 103 101 120.00 98.00 91.00 98.00 103 1 0 0 133.00 4031m1.00 82.45 82.4
39 5 4 102 105 100 101.50 105.00 100.00 101.50 102 1 0 0 127.50.231 100.00 88.20 84.0
40 2 10 101 107 102 83.00 70.00 95.00 83.00 102 1 0 0 126.25 88.002.00 81.60 85.6
41 6 1 103 107 106 10299 107.01 105.99 105.99 106 1 0 0 128.75.000 110.00 88.00 85.6
42 4 3 104 105 101 250.00 0.00 100.00 100.00 104 1 0 0 135.00 0@07100.99 85.60 84.0
43 6 9 105 109 100 105.01 108.99 100.00 105.01 105 1 0 0 131.249.000 100.00 87.20 87.2
44 6 7 104 101 103 104.00 101.00 110.00 104.00 103 1 0 0 129.57.000 103.00 82.40 82.4
45 3 10 103 101 108 97.00 101.00 96.00 97.00 103 1 0 0 128.00 0a01108.00 86.40 86.4
46 2 7 107 102 108 89.00 100.10 107.99 100.10 107 1 0 0 133.00.002107.01 85.60 86.4
47 5 7 107 102 105 0.00 102.00 104.99 102.00 105 1 0 0 133.50 0002104.50 83.60 84.0
48 3 8 105 109 104 105.01 109.00 103.99 105.01 105 1 0 0 120.009989100.00 80.00 87.2

continued on next page
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continued from previous page

TreatmentDs TreatmentDs
Valuations Bids inDs Rp, Discount Bids inDs Rps
No. Round Group w; Vo v3 by b, b3 Exp. Theo. P1 P2 P3 b, bo bs Exp. Theo.
49 5 6 109 101 108 109.00 101.00 109.10 109.00 108 1 0 0 99.00 .001108.00 101.00 86.4
50 3 5 109 104 100 105.90 104.00 90.00 104.00 104 1 0 0 135.00.0110495.01 83.20 83.2
51 6 5 106 108 105 106.00 107.80 105.00 106.00 106 1 0 0 125.00.990 125.90 125.00 86.4
52 4 1 103 109 107 118.00 109.00 107.01 109.00 107 1 0 0 128.79.000 107.00 87.20 87.2
53 1 5 103 109 104 150.00 109.00 90.00 109.00 104 1 0 0 80.00 0@09100.00 100.00 87.2
54 6 8 107 106 108 115.76 105.99 108.00 108.00 107 1 0 0 132.96.000 110.00 88.00 86.4
55 5 2 104 103 109 102.01 102.99 109.00 102.99 104 1 0 0 136.06.000 108.99 87.19 87.2
56 6 6 109 100 102 110.10 100.00 101.90 101.90 102 1 0 0 140.000099 92.00 79.20 81.6
57 3 9 100 106 107 100.00 105.00 107.00 105.00 106 1 0 0 125.06.000 105.03 84.80 85.6
58 1 4 100 105 107 90.00 105.00 107.00 105.00 105 1 0 0 108.00.9904107.00 85.60 85.6
59 1 7 108 100 105 85.00 50.00 105.00 85.00 105 1 0 0 120.00 93.1@5.00 84.00 84.0
60 3 7 101 108 102 100.00 92.10 101.99 100.00 102 1 0 0 109.07.008101.50 86.40 86.4
61 5 9 103 109 101 102.99 109.00 101.01 102.99 103 1 0 0 125.00.01 121.30 97.04 87.2
62 2 9 109 105 103 109.01 105.00 101.00 105.00 105 1 0 0 136.24.0110 102.00 81.60 84.0
63 4 5 107 106 108 106.30 101.00 108.00 106.30 107 1 0 0 123.65.000 110.00 88.00 86.4
64 5 3 101 108 107 100.00 107.99 105.00 105.00 107 1 0 0 126.24.330 107.26 85.86 86.4
65 2 5 104 106 109 104.00 90.30 109.00 104.00 106 1 0 0 130.00.006110.00 88.00 87.2
66 4 4 102 103 109 96.00 103.00 115.00 103.00 103 1 0 0 108.14.3013109.00 109.00 87.2
67 1 6 102 101 106 98.10 101.00 90.50 98.10 102 1 0 0 140.00 @A0045.00 80.00 84.8
68 4 10 105 101 102 101.10 120.00 102.00 102.00 102 1 0 0 131.28.2a 102.00 82.56 81.6
69 3 6 106 107 103 106.50 107.00 97.00 106.50 106 1 0 0 145.00.0006100.00 84.80 85.6
70 4 6 100 104 105 100.00 104.00 104.90 104.00 104 1 0 0 125.03.000 50.00 82.40 84.0
71 4 8 109 107 106 105.00 107.14 106.00 106.00 107 1 0 0 115.10.130 90.91 85.72 85.6
72 6 4 101 103 107 100.50 103.00 106.50 103.00 103 1 0 0 126.22.990 108.00 86.40 85.6
73 5 1 105 100 106 203.67 99.99 106.01 106.01 105 1 0 0 131.269099.106.00 84.80 84.8
74 5 5 106 104 103 106.80 101.00 103.00 103.00 104 1 0 0 130.83.000 103.00 83.20 83.2
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continued from previous page

TreatmentDs TreatmentDs
Valuations Bids inDs Rp, Discount Bids inDs Rps

No. Round Group wvy Vo V3 b, bo bs Exp. Theo. P1 P2 P3 b, b, b3 Exp. Theo.
75 4 9 108 100 104 108.00 100.00 104.00 104.00 104 1 0 0 100.000195103.53 100.00 83.2
76 1 1 105 107 103 25.00 106.99 102.99 102.99 105 1 0 0 105.00.0007103.00 105.00 85.6
77 2 1 108 100 104 108.00 90.00 103.99 103.99 104 1 0 0 135.01.0000103.00 82.40 83.2
78 1 2 109 104 102 90.00 104.00 1.00 90.00 104 1 0 0 136.24 70.08.579 78.86 83.2
79 2 3 103 101 107 10.01 101.00 102.00 101.00 103 1 0 0 120.00.0a11107.01 88.80 85.6
80 2 2 106 109 105 103.01 107.00 105.00 105.00 106 1 0 0 125.0.000 75.00 87.20 87.2
81 3 4 108 102 105 10450 102.00 103.10 103.10 105 1 0 0 135.0@.241 105.00 89.76 84.0
82 6 2 108 105 109 108.00 105.00 108.99 108.00 108 1 0 0 134.9%.000 108.99 87.19 87.2
83 5 10 108 107 102 107.50 111.00 110.00 110.00 107 1 0 0 135.03.0a 102.00 90.40 85.6
84 1 8 107 103 109 150.00 103.00 109.01 109.012 107 1 0 0 127.20.000 120.00 96.00 87.2
85 1 10 106 108 100 80.00 25.00 99.00 80.00 106 1 0 0 132.00 40.000.00 80.00 86.4
86 2 8 100 104 106 95.00 75.00 106.00 95.00 104 1 0 0 105.00 004.89.79 83.20 84.8
87 1 3 101 106 108 101.00 80.00 98.50 98.50 106 1 0 0 125.00 (G111@7.52 88.80 86.4
88 1 9 104 102 101 104.00 101.00 90.01 101.00 102 1 0 0 130.00.000180.03 80.80 81.6
89 4 2 106 108 100 104.50 108.00 100.00 104.50 106 1 0 0 135.00.990 120.00 96.00 86.4
90 5 8 100 106 104 89.00 112.49 104.00 104.00 104 1 0 0 125.00.17106100.51 84.94 84.8
mean 116.0 119.0 98.9 96.5

Table D.17: Treatmenbs and treatmenD s — auction revenues from round 1 to round 6
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Comparison of auction revenues in treatmgnt and treatmenD's: round 1 to round 6

Experiment Theory
Number #pairs #strong #weak ¢ Rp, Rps p-value 1% Rp, Rps p-value 1%

1 30 30 0 Inf  143.53 119.32 1.367994e-06 461 148.03 119.170283Fe-07 465
2 31 30 1 30.0 142.13 118.13 1.005697e-06 491 146.61 118.0836@35e-07 496
3 32 30 2 15.0 140.87 117.00 6.698179e-07 523 145.22 116.9960B06e-07 528
4 33 30 3 10.0 139.79 116.34 4.893267e-07 555 143.91 116.0887231e-07 561
5 34 30 4 7.5 138.62 115.36 3.559663e-07 588 142.68 115.0624353e-07 595
6 35 30 5 6.0 13757 114.44 2.368491e-07 623 14151 114.1538478e-07 630
7 36 30 6 5.0 136.53 11491 2.509495e-06 624 140.44 113.2709800e-08 666
8 37 30 7 43 135.68 114.64 1.951621e-06 658 139.49 112.5612F31e-08 703
9 38 30 8 3.8 134.68 113.79 1.404615e-06 694 138.53 111.77799%08e-08 741
10 39 30 9 3.3 133.83 113.14 1.008395e-06 731 137.59 111.0636241e-08 780
11 40 30 10 3.0 13256 112.35 7.725285e-07 768 136.70 110.4292257e-08 820
12 41 30 11 2.7 13191 111.76 5.512699e-07 807 135.95 109.8218480e-08 861
13 42 30 12 25 131.16 111.13 3.926303e-07 847 135.19 109.2085%26e-09 903
14 43 30 13 2.3 130.55 110.58 2.791458e-07 888 134.49 108.683337e-09 946
15 44 30 14 2.1 129.94 109.94 1.863359e-07 931 133.77 108.0928%1e-09 990
16 45 30 15 2.0 12921 109.41 1.322267e-07 974 133.09 107.6805@B3e-09 1035
17 46 30 16 1.9 128,58 108.90 9.368914e-08 1018 132.52 10711B69955e-09 1081
18 47 30 17 1.8 128.01 108.36 6.256965e-08 1064 131.94 10616804764e-09 1128
19 48 30 18 1.7 12753 107.77 4.182339%e-08 1111 131.38 10682595790e-10 1176
20 49 30 19 1.6 127.16 107.63 2.958208e-08 1158 130.90 10558880587e-10 1225
21 50 30 20 15 126.69 107.14 1.978641e-08 1207 130.36 10533800440e-10 1275
22 51 30 21 1.4 126.29 107.49 3.814016e-08 1237 129.88 10520287954e-10 1326
23 52 30 22 14 12595 107.10 2.511167e-08 1288 129.44 10416862948e-10 1378

continued on next page
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continued from previous page

Experiment Theory
Number #pairs #strong # weak g Rp, Rps p-value 1% Rp, Rps p-value 1%
24 53 30 23 1.3 125.63 106.97 1.830745e-08 1338 128.96 10413301107e-10 1431
25 54 30 24 1.2 12531 106.61 1.206242e-08 1391 128.56 10480168466e-11 1485
26 55 30 25 1.2 12490 106.26 8.772079e-09 1443 128.11 1035/466059e-11 1540
27 56 30 26 1.2 12449 105.78 5.785545e-09 1498 127.64 10333193277e-11 1596
28 57 30 27 1.1 12415 105.41 3.820058e-09 1554 127.26 10320884577e-11 1653
29 58 30 28 1.1 123.82 105.07 2.524994e-09 1611 126.88 10217062168e-11 1711
30 59 30 29 1.0 123.16 104.71 1.916574e-09 1666 126.51 10213201394e-11 1770
31 60 30 30 1.0 122.78 104.41 1.386216e-09 1723 126.10 10281291781e-12 1830
32 61 30 31 1.0 12245 104.29 1.046155e-09 1780 125.72 10133837086e-12 1891
33 62 30 32 0.9 122.17 103.92 6.908190e-10 1841 125.39 10136809397e-12 1953
34 63 30 33 0.9 121.92 103.67 4.766780e-10 1902 125.10 10123593148e-12 2016
35 64 30 34 0.9 121.65 103.39 3.152060e-10 1965 124.81 10111764144e-12 2080
36 65 30 35 0.9 121.38 103.15 2.268110e-10 2027 124.52 10019R03482e-12 2145
37 66 30 36 0.8 121.10 103.24 2.084370e-10 2084 124.20 10086212320e-13 2211
38 67 30 37 0.8 120.76 102.89 1.431510e-10 2149 123.87 10054605520e-13 2278
39 68 30 38 0.8 120.48 102.59 9.446900e-11 2216 123.54 10031823610e-13 2346
40 69 30 39 0.8 120.28 102.34 6.240100e-11 2284 123.29 99.9606&00e-13 2415
41 70 30 40 0.8 120.05 102.05 4.125200e-11 2353 123.01 99.7479@690e-13 2485
42 71 30 41 0.7 119.85 101.82 2.729700e-11 2423 122.79 99.5£215@90e-13 2556
43 72 30 42 0.7 119.62 101.61 1.950300e-11 2492 12251 99.3804%00e-14 2628
44 73 30 43 0.7 119.43 101.38 1.291500e-11 2564 122.27 99.1%573H0e-14 2701
45 74 30 44 0.7 119.21 101.13 8.560000e-12 2637 122.03 98.9B74W0e-14 2775
46 75 30 45 0.7 119.01 101.12 6.571000e-12 2707 121.79 98.7542300e-14 2850
47 76 30 46 0.7 118.79 101.17 5.806000e-12 2774 121.57 98.5809700e-14 2926
48 77 30 47 0.6 118.60 100.92 3.838000e-12 2850 121.34 98.3232300e-14 3003
49 78 30 48 0.6 118.24 100.64 2.724000e-12 2925 121.12 98.1838@00e-15 3081

continued on next page
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continued from previous page

Experiment Theory
Number #pairs #strong #weak ¢ Rp, Rps p-value 1% Rpy, Rps p-value |4
50 79 30 49 0.6 118.02 100.49 1.931000e-12 3001 120.89 97.9973@0e-15 3160
51 80 30 50 0.6 117.85 100.33 1.368000e-12 3078 120.70 97.8886(00e-15 3240
52 81 30 51 0.6 117.67 100.19 9.690000e-13 3156 120.51 97.6865@0e-15 3321
53 82 30 52 0.6 11755 100.04 6.410000e-13 3237 120.35 97.5876000e-15 3403
54 83 30 53 0.6 117.46 99.92 4.240000e-13 3319 120.19 97.4221000e-15 3486
55 84 30 54 0.6 117.36 99.87 3.000000e-13 3400 120.04 97.3880@00e-16 3570
56 85 30 55 0.5 116.92 99.64 3.000000e-13 3400 119.87 97.1350@00e-16 3655
57 86 30 56 0.5 116.67 99.45 2.120000e-13 3482 119.69 97.0240@00e-16 3741
58 87 30 57 0.5 116.46 99.33 1.500000e-13 3565 119.53 96.9920@00e-16 3828
59 88 30 58 0.5 116.28 99.12 9.900000e-14 3651 119.33 96.7320@00e-16 3916
60 89 30 59 0.5 116.15 99.08 7.000000e-14 3736 119.18 96.6110000e-16 4005
61 90 30 60 0.5 116.02 98.92 4.700000e-14 3824 119.01 96.4810000e-16 4095
62 89 29 60 0.5 11567 98.70 7.000000e-14 3736 118.70 96.2210000e-16 4005
63 88 28 60 0.5 11532 98.46 1.060000e-13 3649 118.36 95.9820@00e-16 3916
64 87 27 60 0.5 115.04 98.22 1.600000e-13 3563 118.02 95.6820@0e-16 3828
65 86 26 60 0.4 11468 97.78 2.260000e-13 3480 117.69 95.4040@00e-16 3741
66 85 25 60 0.4 11430 97.53 3.420000e-13 3396 117.33 95.1850@00e-16 3655
67 84 24 60 0.4 11396 97.27 5.180000e-13 3313 116.95 94.8480@00e-16 3570
68 83 23 60 0.4 11398 97.01 5.610000e-13 3241 116.58 94.5821000e-15 3486
69 82 22 60 0.4 11356 96.73 8.460000e-13 3160 116.20 94.2476000e-15 3403
70 81 21 60 0.3 113.24 96.44 1.278000e-12 3080 115.79 93.9865@00e-15 3321
71 80 20 60 0.3 112.80 96.39 2.000000e-12 3000 115.38 93.6886@00e-15 3240
72 79 19 60 0.3 112.37 96.11 3.026000e-12 2922 114.97 93.2973@00e-15 3160
73 78 18 60 0.3 112.08 95.84 4.423000e-12 2846 114.56 92.9238@00e-15 3081
74 77 17 60 0.3 111.60 9553 6.701000e-12 2770 114.12 92.6232300e-14 3003
75 76 16 60 0.3 111.13 95.24 1.016100e-11 2695 113.68 92.2809700e-14 2926
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continued from previous page

Experiment Theory
Number #pairs #strong #weak ¢ Rp, Rps p-value 1% R5. Rps p-value 1%
76 75 15 60 0.2 110.64 9491 1.542200e-11 2621 113.23 91.9842200e-14 2850
77 74 14 60 0.2 110.16 94.62 2.342800e-11 2548 112.76 91.5863&00e-14 2775
78 73 13 60 0.2 109.63 94.28 3.562400e-11 2476 112.26 91.1862H00e-14 2701
79 72 12 60 0.2 109.13 93.85 5.422200e-11 2405 111.75 90.7904800e-14 2628
80 71 11 60 0.2 108.61 93.48 8.261200e-11 2335 111.23 90.3215@90e-13 2556
81 70 10 60 0.2 108.70 93.10 3.444400e-11 2299 110.70 89.9780800e-13 2485
82 69 9 60 0.1 108.16 92.73 5.175700e-11 2231 110.14 89.5407216e-13 2415
83 68 8 60 0.1 107.55 92.32 7.783100e-11 2164 109.57 89.0920238e-13 2346
84 67 7 60 0.1 106.97 91.95 1.171340e-10 2098 109.01 88.6696G3De-13 2278
85 66 6 60 0.1 106.36 91.53 1.764290e-10 2033 108.41 88.1899@0De-13 2211
86 65 5 60 0.1 105.73 91.03 2.659650e-10 1969 107.82 87.720115Pe-12 2145
87 64 4 60 0.1 105.07 90.62 4.012950e-10 1906 107.19 87.246025Be-12 2080
88 63 3 60 0.1 104.41 90.19 6.060390e-10 1844 106.56 86.76794892e-12 2016
89 62 2 60 0.0 103.74 89.71 9.161170e-10 1783 105.90 86.228030Be-12 1953
90 61 1 60 0.0 103.01 89.22 1.386216e-09 1723 105.21 85.6940568e-12 1891
91 60 0 60 0.0 102.26 88.72 2.099702e-09 1664 104.50 85.1321331e-12 1830
mean 120.2 102.1 123.1  99.7

Wilcoxon signed-ranks test (matched-pairs) with Hypothes Hy : R, < Rps

Table D.18: TreatmenDs and treatmenD s — comparison of auction revenues from round 1 to round 6
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Auction revenues in treatmeia and treatmenDa: round 1

TreatmentDa TreatmentDa
Valuations Bids inDa Rp, Discount Bids inDa Rpa

No. Round Group vy 1wz w3 b, bs bs Exp. Theo. P1 P2 P3 by by bs Exp. Theo.
1 1 13 147 104 102 146.50 104.00 101.00 104.00 104 1 0 0 150.00.000 101.00 80.800 83.20
2 1 14 146 101 106 146.00 90.01 80.00 90.01 106 1 0 0 180.00 80.@3.00 64.024 84.80
3 1 12 148 103 109 148.00 103.00 109.01 109.01 109 1 0 0 154.00.000 120.00 96.000 87.20
4 1 11 149 105 107 148.99 105.00 150.00 148.99 107 1 0 0 186.25.000 107.00 85.600 85.60
5 1 15 150 108 100 145.00 25.00 99.00 99.00 108 1 0 0 187.00 40.000.00 80.000 86.40
6 1 8 147 104 102 0.00 90.00 98.10 90.00 104 0O O 1 140.00 70.00 .0@40140.000 127.50
7 1 5 150 108 100 128.00 9850 90.00 98.50 108 0O 1 0 150.00 1208844 120.000 135.00
8 1 10 150 108 100 142.20 85.00 50.00 85.00 108 0 O 1 150.00 2071®8.00 108.000 125.00
9 1 3 147 104 102 147.02 104.00 1.00 104.00 104 0 1 0 147.00 (3088.57 130.000 130.00
10 1 6 149 105 107 148.99 105.00 107.00 107.00 107 0O O 1 80.00.9904127.20 83.992 133.75
11 1 2 148 103 109 120.00 102.99 90.00 102.99 109 0 1 0 147.990080.109.00 109.000 128.75
12 1 1 149 105 107 11237 25.00 106.99 106.99 107 0 1 0 156.45.0005107.00 107.000 131.25
13 1 4 146 101 106 146.00 101.00 80.00 101.00 106 0O 1 0 145.66.0025111.00 125.000 126.25
14 1 7 148 103 109 110.00 150.00 109.00 110.00 109 0 0 1 125.53.000 136.24 100.424 136.25
15 1 9 146 101 106 135.00 101.00 90.50 101.00 106 0 O 1 146.00.0000132.00 132.000 132.50

mean 103.8 106.8 104.1 115.6

Table D.19: Treatmenba and treatmenDa — auction revenues from round 1
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Comparison of auction revenues in treatmEnt and treatmenDa: round 1

Experiment Theory

No. #pairs #strong #weak g Rp, Rp, p-value V Rp, Rp, p-value V
1 5 5 0 Inf 110.20 81.28 0.0620 15 106.80 85.44 0.0620
2 6 5 1 5.0 106.83 91.07 0.3130 16 106.33 92.45 0.4380
3 7 5 2 25 10564 95.20 0.4690 19 106.57 98.53 0.9370
4 8 5 3 1.7 103.06 96.80 0.6410 22 106.75 101.84 0.8440
5 9 5 4 1.2 103.17 100.49 1.0000 23 106.44 104.97 0.8200
6 10 5 5 1.0 10355 98.84 0.7700 31 106.50 107.84 0.4920
7 11 5 6 0.8 103.50 99.77 0.7650 37 106.73 109.75 0.5200
8 12 5 7 0.7 103.79 100.37 0.7910 43 106.75 111.54 0.3010
9 13 5 8 0.6 103.58 102.26 1.0000 45 106.69 112.67 0.3050
10 14 5 9 0.6 104.03 102.13 0.9520 54 106.86 114.35 0.1730
11 15 5 10 0.5 103.83 104.12 0.8040 55 106.80 115.56 0.0950
12 14 4 10 0.4 103.82 105.79 0.6257 44 107.00 117.88 0.0580
13 13 3 10 0.3 104.88 109.00 0.4143 33 107.08 120.42 0.0327
14 12 2 10 0.2 10454 110.08 0.3394 26 106.92 123.19 0.0161
15 11 1 10 0.1 10050 112.31 0.1016 14 106.91 126.60 0.0068
16 10 0 10 0.0 100.65 11554 0.0645 9 106.80 130.62 0.0020

mean 104.1 101.6 106.7 110.9

Wilcoxon signed-ranks test (matched-pairs) with Hypothes Hy : R, > Rpa

15
15
15
20
20
20
25
25
30
30
30
22
15

9
4
0

Table D.20: TreatmenbDa and treatmenDa — comparison of auction revenues from round 1
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Auction Revenues in Treatmefa and TreatmenDa: Round 1 to Round 6

TreatmentDa TreatmentDa
Valuations Bids inDa Rp, Discount Bids inDa Rpa
No. Round Group vy 1w v3 b, by bs Exp. Theo. P1 P2 P3 by bo bs Exp. Theo.
1 5 13 150 103 109 150.00 102.99 109.00 109.00 109 1 0 0 180.08.000 110.00 88.00 87.20
2 2 14 148 103 101 130.01 101.00 83.00 101.00 103 1 0 0 155.00.0002145.00 116.00 82.40
3 2 13 146 109 105 146.00 109.01 105.00 109.01 109 1 0 0 180.00.0a1 101.01 88.00 87.20
4 5 11 149 105 100 147.00 104.99 89.00 104.99 105 1 0 0 156.11.5004100.00 83.60 84.00
5 2 11 150 108 100 143.05 107.99 95.00 107.99 108 1 0 0 149.33.0107100.00 85.61 86.40
6 1 15 150 108 100 145.00 25.00 99.00 99.00 108 1 0 0 187.00 40.000.00 80.00 86.40
7 6 14 147 100 102 147.00 100.00 102.00 102.00 102 1 0 0 183.79.000 92.00 80.00 81.60
8 3 14 149 107 103 149.01 107.00 97.00 107.00 107 1 0 0 186.24.0305100.00 84.02 85.60
9 5 15 146 107 102 146.00 111.00 110.00 111.00 107 1 0 0 180.18.0a1 102.00 90.40 85.60
10 1 11 149 105 107 148.99 105.00 150.00 148.99 107 1 0 0 186.95.00 107.00 85.60 85.60
11 4 11 150 103 109 140.00 102.99 105.00 105.00 109 1 0 0 187.8@25a 109.00 87.20 87.20
12 5 12 147 106 104 147.00 112.49 104.00 112.49 106 1 0 0 183.16.171 10051 84.94 84.80
13 1 12 148 103 109 148.00 103.00 109.01 109.01 109 1 0 0 154.00.00 120.00 96.00 87.20
14 2 12 149 104 106 148.90 75.00 106.00 106.00 106 1 0 0 150.0@4.000 89.79 83.20 84.80
15 6 13 149 105 109 149.00 105.01 108.99 108.99 109 1 0 0 187.25.9a 109.00 100.72 87.20
16 4 12 148 107 106 147.99 107.14 106.00 107.14 107 1 0 0 150.00.13 9091 8572 85.60
17 1 13 147 104 102 146.50 104.00 101.00 104.00 104 1 0 0 150.00.00 101.00 80.80 83.20
18 3 15 147 101 108 121.70 101.00 96.00 101.00 108 1 0 0 183.73.000 108.00 86.40 86.40
19 4 15 149 101 102 150.00 120.00 102.00 120.00 102 1 0 0 186.03.2a 102.00 8256 81.60
20 6 12 150 106 108 150.00 105.99 108.00 108.00 108 1 0 0 160.06.00 110.00 88.00 86.40
21 6 11 148 103 107 147.99 110.00 115.76 115.76 107 1 0 0 185.0B.00 108.00 86.40 85.60
22 4 13 147 108 100 147.01 108.00 100.00 108.00 108 1 0 0 183.74.0a 9501 88.00 86.40

continued on next page
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continued from previous page

TreatmentDa TreatmentDa
Valuations Bids inDa Rp, Discount Bids inDa Rpa

No. Round Group wv; Vo V3 by b, bs Exp. Theo. P1 P2 P3 b, bo bs Exp. Theo.

23 1 14 146 101 106 146.00 90.01 80.00 90.01 106 1 0 0 180.00 380.@5.00 64.02 84.80

24 3 11 148 102 105 140.00 101.99 105.01 105.01 105 1 0 0 156.00.5Q 105.00 84.00 84.00
25 6 15 146 104 101 135.00 104.00 101.00 104.00 104 1 0 0 182.04.00 101.00 83.20 83.20
26 5 14 148 101 108 130.70 101.01 107.50 107.50 108 1 0 0 185.@22.3a 108.00 97.04 86.40
27 3 13 146 100 106 146.00 100.00 105.00 105.00 106 1 0 0 180.09.019 106.00 84.80 84.80
28 4 14 146 104 105 145.00 104.00 101.10 104.00 105 1 0 0 200.03.53 50.00 82.82 84.00
29 3 12 150 109 104 136.00 109.00 103.99 109.00 109 1 0 0 187.5998 100.00 80.00 87.20
30 2 15 147 107 102 147.00 70.00 95.00 95.00 107 1 0 0 153.76 088.002.00 81.60 85.60
31 3 6 148 102 105 400.00 102.00 103.10 103.10 105 0 0 1 147.0@.2d1 120.00 120.00 131.25
32 2 5 147 107 102 132.00 102.00 85.00 102.00 107 0 1 0 147.00.0a33102.00 133.00 133.75
33 5 2 147 106 104 147.00 106.01 102.01 106.01 106 0 1 0 150.00.833 104.00 130.83 132.50
34 2 9 148 103 101 148.00 100.90 100.10 100.90 103 0 0 1 145.036298126.25 126.25 126.25
35 4 9 146 104 105 146.00 104.00 104.90 104.90 105 0 0 1 146.03.000 131.25 131.25 131.25
36 5 6 149 105 100 190.00 105.00 100.00 105.00 105 0 0 1 149.00.231 125.00 125.00 125.00
37 4 3 147 108 100 146.00 108.00 100.00 108.00 108 0 1 0 147.00.000 120.00 120.00 135.00
38 3 9 149 107 103 149.00 107.00 97.00 107.00 107 0 0 1 170.00.006128.00 128.00 128.75
39 6 1 148 103 107 165.45 102,99 107.01 107.01 107 0 1 0 155.4@.792 107.00 128.75 128.75
40 1 3 147 104 102 147.02 104.00 1.00 104.00 104 0 1 0 147.00 0@3098.57 130.00 130.00
41 2 1 150 108 100 14999 108.00 90.00 108.00 108 0 1 0 150.00.0135100.00 135.01 135.00
42 2 10 147 107 102 100.00 89.00 100.10 100.00 107 0 0 1 147.00.010 127.50 127.50 127.50
43 4 4 146 104 105 14599 250.00 0.00 14599 105 0 1 0 142.63 0@35107.00 135.00 130.00
44 4 1 150 103 109 14999 118.00 109.00 118.00 109 0 1 0 149.08.792 109.00 128.75 128.75
45 4 8 147 108 100 147.00 108.00 100.00 108.00 108 0 0 1 147.07.990 125.00 125.00 125.00
46 4 2 148 107 106 14799 107.01 104.50 107.01 107 0 1 0 149.08.6712 106.00 123.67 133.75
47 5 7 147 106 104 111.00 106.80 101.00 106.80 106 0 0 1 14256.000 136.00 136.00 130.00
48 5 10 146 107 102 146.00 0.00 102.00 102.00 107 0 0 1 146.00.2407127.50 127.50 127.50

continued on next page
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continued from previous page

TreatmentDa TreatmentDa
Valuations Bids inDa Rp, Discount Bids inDa Rpa

No. Round Group wv; Vo V3 by b, bs Exp. Theo. P1 P2 P3 b, bo bs Exp. Theo.

49 3 5 147 101 108 147.00 91.00 104.50 104.50 108 0 1 0 147.00.0109108.00 109.07 126.25
50 4 6 150 103 109 150.00 103.00 115.00 115.00 109 0 0 1 149.99.3d1 115.10 115.10 136.25
51 4 5 149 101 102 14750 100.00 96.00 100.00 102 0 1 0 149.00.5025102.00 125.50 126.25
52 6 9 147 100 102 110.10 100.00 101.90 101.90 102 0 0 1 147.110099127.50 127.50 127.50
53 6 10 146 104 101 138.00 104.00 101.00 104.00 104 0 0 1 146.084.00 126.25 126.25 126.25
54 3 7 150 109 104 150.00 105.90 104.00 105.90 109 0 0 1 150.00.000 120.00 120.00 130.00
55 1 1 149 105 107 112.37 25.00 106.99 106.99 107 0 1 0 156.45.0005107.00 107.00 131.25
56 6 5 146 104 101 141.00 100.00 100.50 100.50 104 0 1 0 146.03.5712 101.00 129.57 130.00
57 6 7 150 106 108 152.00 106.00 107.80 107.80 108 0 0 1 150.00.001 134.99 134.99 135.00
58 1 5 150 108 100 128.00 98.50 90.00 98.50 108 0 1 0 150.00 a2093.44 120.00 135.00
59 1 10 150 108 100 142.20 85.00 50.00 85.00 108 0 0 1 150.00 5207108.00 108.00 125.00
60 1 2 148 103 109 120.00 102.99 90.00 102.99 109 0 1 0 147.990080.109.00 109.00 128.75
61 1 4 146 101 106 146.00 101.00 80.00 101.00 106 0 1 0 145.66.025111.00 125.00 126.25
62 1 6 149 105 107 148.99 105.00 107.00 107.00 107 0 0 1 80.00 .9904127.20 83.99 133.75
63 1 8 147 104 102 0.00 90.00 98.10 90.00 104 0 0 1 140.00 70.000.004 140.00 127.50
64 6 2 150 106 108 150.00 105.99 108.00 108.00 108 0 1 0 150.06.002 107.99 125.00 132.50
65 1 7 148 103 109 110.00 150.00 109.00 110.00 109 0 0 1 125.53.000 136.24 100.42 136.25
66 5 5 146 107 102 141.00 105.00 101.50 105.00 107 0 1 0 146.03.503 102.00 133.50 133.75
67 6 4 147 100 102 147.01 100.00 102.00 102.00 102 0 1 0 150.06.002 102.00 125.00 125.00
68 6 8 149 105 109 146.10 105.00 110.10 110.10 109 0 0 1 143.95.000 140.00 140.00 136.25
69 5 8 150 103 109 150.00 103.00 109.00 109.00 109 0 0 1 149.53%.000 99.00 105.00 136.25
70 5 9 148 101 108 14790 101.00 109.10 109.10 108 0 0 1 104.00.0a0 135.00 83.20 135.00
71 2 2 149 104 106 0.00 103.99 103.01 103.01 106 0 1 0 149.00 0@30106.00 130.00 130.00
72 2 6 150 108 100 102.00 108.00 105.00 105.00 108 0 0 1 150.08.81 105.00 118.80 125.00
73 3 4 149 107 103 146.00 120.00 98.00 120.00 107 0 1 0 149.00.0a33103.06 133.00 133.75
74 5 4 148 101 108 148.00 100.00 107.99 107.99 108 0 1 0 148.06.242 107.33 126.24 126.25
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continued from previous page

TreatmentDa TreatmentDa
Valuations Bids inDa Rp, Discount Bids inDa Rpa
No. Round Group wvy Vo V3 by bo bs Exp. Theo. P1 P2 P3 b, b, b3 Exp. Theo.
75 3 8 146 100 106 140.00 90.00 106.50 106.50 106 0 0 1 146.000098145.00 145.00 132.50
76 1 9 146 101 106 135.00 101.00 90.50 101.00 106 0 0 1 146.00.000132.00 132.00 132.50
77 3 3 146 100 106 146.00 100.00 10.01 100.00 106 0 1 0 145.66.0025102.87 125.00 125.00
78 4 10 149 101 102 125.20 94.00 101.99 101.99 102 0 0 1 149.00.990 108.14 108.14 127.50
79 6 3 149 105 109 145.10 105.00 108.99 108.99 109 0 1 0 149.00.243 108.99 131.24 131.25
80 5 3 150 103 109 150.00 102.99 109.00 109.00 109 0 1 0 149.06.0Q2 108.99 125.00 128.75
81 3 2 150 109 104 149.99 100.01 103.99 103.99 109 0 1 0 149.06.003 104.01 135.00 136.25
82 3 10 147 101 108 146.90 100.00 92.10 100.00 108 0 0 1 130.00.040 135.00 104.00 135.00
83 2 4 148 103 101 100.00 10.01 101.00 100.00 103 0 1 0 147.00.0020111.00 120.00 128.75
84 2 8 146 109 105 139.90 109.00 95.00 109.00 109 0 0 1 146.00.009131.25 131.25 131.25
85 6 6 148 103 107 148.01 103.00 106.50 106.50 107 0 0 1 147.52.990 13291 13291 133.75
86 2 3 146 109 105 146.00 107.00 105.00 107.00 109 0 1 0 145.66.243 75.00 136.24 136.25
87 4 7 148 107 106 148.00 106.30 101.00 106.30 107 0 0 1 144.00.000 135.00 135.00 132.50
88 5 1 149 105 100 149.00 203.67 99.99 149.00 105 0 1 0 149.00.263199.90 131.26 131.25
89 2 7 149 104 106 149.00 104.00 90.30 104.00 106 0 0 1 143.00.0A03125.00 125.00 132.50
90 3 1 148 102 105 138.00 106.27 105.01 106.27 105 0 1 0 148.0@.090 105.00 105.00 127.50
mean 106.8 106.6 111.4 115.5

Table D.21: Treatmenba and treatmenDa — auction revenues from round 1 to round 6
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Comparison of auction revenues in treatmBnt and treatmenDa: round 1 to round 6

Experiment Theory

No. #pairs #strong #weak ¢ Rp, Rbpa p-value 14 Ry, Rpa p-value |4

1 30 30 0 Inf  107.50 86.29 0.00000334 459.0 106.60 85.28 O0@DEL13 465.0
2 31 30 1 30.0 107.35 87.38 0.00000431 483.0 106.55 86.76 00209023 465.0
3 32 30 2 15.0 107.19 88.80 0.00003735 485.0 106.56 88.23 0D/MB321 465.0
4 33 30 3 10.0 107.15 90.08 0.00017515 491.0 106.55 89.57 09319525 465.0
5 34 30 4 75 106.97 91.14 0.00066814 497.0 106.44 90.65 DIO0F¥85 465.0
6 35 30 5 6.0 106.91 92.29 0.00225201 502.0 106.40 91.81 D3YPRI5 465.0
7 36 30 6 5.0 106.86 93.19 0.00290720 523.0 106.36 92.73 2056498 495.0
8 37 30 7 43 106.89 93.92 0.00281456 550.0 106.41 93.88 638032 495.0
9 38 30 8 3.8 106.89 94.82 0.00457657 566.5 106.42 94.79 932315 501.0
10 39 30 9 3.3 106.89 95.69 0.00906017 577.5 106.44 95.66 343B2005 507.0
11 40 30 10 3.0 106.82 96.54 0.02077439 582.5 106.38 96.5293@815243 507.0
12 41 30 11 2.7 106.85 97.48 0.04254893 587.5 106.41 97.46240735177 507.0
13 42 30 12 25 106.69 98.20 0.07894035 5925 106.43 98.1898Dr50507 535.0
14 43 30 13 23 107.60 99.05 0.07197657 622.5 106.40 98.9257P091995 535.0
15 44 30 14 2.1 107.84 99.73 0.07045532 650.5 106.45 99.59 168284515 565.0
16 45 30 15 2.0 107.84 100.29 0.07729755 674.5 106.49 100.18842998800 595.0
17 46 30 16 1.9 107.82 100.80 0.08528288 698.5 106.50 100.89548413330 595.0
18 47 30 17 1.8 107.80 101.55 0.14710966 701.5 106.49 101.571466660261 595.0
19 48 30 18 1.7 107.68 102.09 0.22224621 707.5 106.50 102.08232307365 623.0
20 49 30 19 1.6 107.61 102.23 0.21553660 737.5 106.53 102.5@904811492 653.0
21 50 30 20 1.5 107.76 102.49 0.21124721 767.5 106.58 103.28841854394 653.0
22 51 30 21 14 107.61 102.94 0.30248408 773.5 106.49 103.6928@947980 653.0
23 52 30 22 1.4 10750 103.41 0.41241438 779.5 106.40 104.13468113818 653.0

continued on next page
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continued from previous page

Experiment Theory

No. #pairs #strong #weak ¢ Ry, Rpq p-value 1% Ry, Rpa p-value \%4

24 53 30 23 1.3 107.43 103.84 0.51523983 789.5 106.36 104.55828610199 653.0
25 54 30 24 1.2 107.41 104.14 0.53812518 814.5 106.41 105.0272®400940 676.5
26 55 30 25 1.2 107.40 104.19 0.53523698 844.5 106.42 105.48358909831 676.5
27 56 30 26 1.2 107.27 104.65 0.68937103 847.5 106.38 105.93238693150 676.5
28 57 30 27 1.1 107.28 105.18 0.83944112 8525 106.40 106.42346657093 676.5
29 58 30 28 1.1 107.13 105.43 0.95369356 863.5 106.43 106.98661414975 676.5
30 59 30 29 1.0 106.76 105.48 0.91584077 870.5 106.46 107.24788742980 706.5
31 60 30 30 1.0 106.69 105.54 0.91791147 900.5 106.50 107.60898646003 736.5
32 61 30 31 1.0 106.60 105.85 0.78213096 906.5 106.49 107.9099%883183 766.5
33 62 30 32 0.9 106.61 10550 0.88017978 954.5 106.50 108.32417004419 766.5
34 63 30 33 0.9 106.34 106.05 0.72183704 9555 106.46 108.63988147917 766.5
35 64 30 34 0.9 106.37 106.35 0.69315908 980.5 106.48 109.00671833321 766.5
36 65 30 35 0.9 106.43 106.25 0.71683148 1016.5 106.52 10904@458015789 766.5
37 66 30 36 0.8 106.40 106.67 0.58933229 1020.5 106.53 10907/0305241978 766.5
38 67 30 37 0.8 106.34 106.94 0.49199066 1028.5 106.46 11000200916927 766.5
39 68 30 38 0.8 106.39 107.43 0.38556493 1030.5 106.50 110040130750452 766.5
40 69 30 39 0.8 106.43 107.39 0.39753159 1065.5 106.54 1100/G084213803 766.5
41 70 30 40 0.8 106.47 107.05 0.49167655 11245 106.56 11101@053734462 766.5
42 71 30 41 0.7 106.42 107.37 0.39642050 1129.5 106.55 1110034005653 766.5
43 72 30 42 0.7 106.40 107.53 0.37828995 1156.5 106.57 111(06B037047798 796.5
44 73 30 43 0.7 106.59 107.88 0.36580277 1185.5 106.58 111m8B8023347188 796.5
45 74 30 44 0.7 106.61 108.13 0.34167410 1210.5 106.59 112000025228984 826.5
46 75 30 45 0.7 106.61 108.62 0.26068386 1211.5 106.59 112036015840978 826.5
47 76 30 46 0.7 106.53 108.93 0.19733468 1213.5 106.58 112060009882119 826.5
48 77 30 47 0.6 106.45 109.13 0.15437341 1220.5 106.57 1120/6010624484 856.5
49 78 30 48 0.6 106.39 109.12 0.15357768 1253.5 106.51 112096006607478 856.5

continued on next page
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continued from previous page

Experiment Theory

No. #pairs #strong #weak ¢ Ry, Rpq p-value 1% Ry, Rpa p-value \%4

50 79 30 49 0.6 106.42 109.40 0.12489127 1265.5 106.54 113010004087326 856.5
51 80 30 50 0.6 106.45 109.60 0.11567140 1291.5 106.58 1130004369806 886.5
52 81 30 51 0.6 106.42 109.91 0.08441779 1293.5 106.60 113060002695779 886.5
53 82 30 52 0.6 106.35 109.84 0.08380862 1327.0 106.62 113M0B001655510 886.5
54 83 30 53 0.6 106.27 109.96 0.07474243 1350.0 106.58 114010001012937 886.5
55 84 30 54 0.6 106.30 110.21 0.05952467 1362.0 106.61 1140000617542 886.5
56 85 30 55 0.5 106.30 110.48 0.04383612 1367.0 106.61 114(06@000375205 886.5
57 86 30 56 0.5 106.31 110.78 0.03131527 1370.0 106.64 1140/6000227329 886.5
58 87 30 57 0.5 106.31 111.06 0.02240563 1374.0 106.64 11500000137432 886.5
59 88 30 58 0.5 106.80 111.29 0.02699861 1426.0 106.62 115018000082905 886.5
60 89 30 59 0.5 106.77 111.44 0.02255094 14445 106.62 115038000049916 886.5
61 90 30 60 0.5 106.76 111.37 0.02312153 1482.5 106.60 11506A000030009 886.5
62 89 29 60 0.5 106.74 111.63 0.01833971 1425.5 106.57 11508B000020010 840.5
63 88 28 60 0.5 106.80 111.58 0.02024356 1399.5 106.61 1160000014088 798.5
64 87 27 60 0.5 106.77 111.85 0.01584319 1343.5 106.59 11606@000009263 754.5
65 86 26 60 0.4 106.80 112.18 0.01228027 1288.5 106.60 116M0Q000006388 714.0
66 85 25 60 0.4 106.78 112.50 0.00884062 1229.5 106.59 1178000004337 674.0
67 84 24 60 0.4 106.87 112.88 0.00706505 1180.5 106.57 117066000002930 635.0
68 83 23 60 0.4 106.93 113.28 0.00516140 1126.5 106.63 11808000002120 600.0
69 82 22 60 0.4 106.93 113.64 0.00355887 1070.5 106.62 1188000001423 563.0
70 81 21 60 0.3 106.88 113.92 0.00268565 1022.5 106.62 118MBB000000951 527.0
71 80 20 60 0.3 106.36 114.28 0.00114611 9415 106.61 119.3000@000633 492.0
72 79 19 60 0.3 106.37 114.62 0.00087416 898.5 106.58 119.7000@000397 456.0
73 78 18 60 0.3 106.29 115.00 0.00040942 830.5 106.59 120.1600@000262 423.0
74 77 17 60 0.3 106.26 115.25 0.00034733 796.5 106.56 120.5800@000163 389.0
75 76 16 60 0.3 106.26 115.67 0.00020965 746.5 106.57 121.0800@000107 358.0

continued on next page
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continued from previous page

Experiment Theory

No. #pairs #strong #weak ¢ Rp, Rpa p-value 1% Rp, Rpq p-value \%4

76 75 15 60 0.2 106.23 115.87 0.00018886 717.5 106.53 121.5000@000065 326.0
77 74 14 60 0.2 106.21 116.27 0.00012378 674.5 106.53 121.9900@000043 297.0
78 73 13 60 0.2 106.24 116.76 0.00006802 625.5 106.56 122.5200@000029 270.0
79 72 12 60 0.2 106.32 117.18 0.00005462 594.5 106.54 123.0200@000019 243.0
80 71 11 60 0.2 106.12 117.67 0.00001598 524.5 106.61 123.6000@000014 220.0
81 70 10 60 0.2 106.10 118.09 0.00001035 488.5 106.59 124.1400@000009 195.0
82 69 9 60 0.1 105.96 118.55 0.00000289 4245 106.58 124.60000000006 171.0
83 68 8 60 0.1 105.93 119.00 0.00000177 390.5 106.56 125.2600@000004 148.0
84 67 7 60 0.1 106.16 119.82 0.00000062 340.5 106.57 125.8600@000003 126.0
85 66 6 60 0.1 106.18 120.37 0.00000033 305.5 106.59 126.5000@000002 105.5
86 65 5 60 0.1 106.22 120.94 0.00000018 273.5 106.63 127.16000000001 86.5
87 64 4 60 0.1 106.20 121.31 0.00000016 255.5 106.61 127.8000@000001 67.5
88 63 3 60 0.1 106.21 121.89 0.00000009 225.5 106.62 128.4800B00e-11  49.5
89 62 2 60 0.0 106.25 122.52 0.00000004 194.5 106.65 129.2000@00e-11  33.0
90 61 1 60 0.0 106.21 123.22 0.00000001 141.5 106.61 129.8900@00e-11  15.0
91 60 0 60 0.0 106.39 123.91 0.00000001 1245 106.60 130.6200@00e-11 0.0

mean 106.7 107.9 106.5 111.0

Wilcoxon signed-ranks test (matched-pairs) with Hypothels Hy : R, > Rpa

Table D.22: TreatmenDa and treatmenDa — comparison of auction revenues from round 1 to round 6
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D.5. EXPERIMENTAL INSTRUCTIONS 273

D.5 Experimental instructions

Participants of the experiment were recruited at Univat&tarisruhe (TH). It was to secure,
that all subjects may understand the experimental rulesavbed misunderstandings and
misinterpretations of the instructions, the rules, thestjoenaires and the computer screens
by the subjects, the experiment was conducted in Germaningtrections of the experiment
as presented to the participants in both settings, sefiingnd settingD, are given in the
following.



Anleitung

Einfiihrung

Sie nehmen an einem Experiment teil, in dem Entscheidungsverhalten untersucht wird. Sie
kénnen bei diesem Experiment Geld verdienen. Wie viel Sie verdienen, hiingt sowohl von Thren
Entscheidungen als auch von den Entscheidungen der anderen Teilnehmer ab. Diese Anleitung
erldutert Thnen, wie Sie durch eigene Entscheidungen einen Geldbetrag verdienen kénnen, der
Thnen nach dem Experiment in bar ausbezahlt wird. Lesen Sie daher die folgenden Absitze
genau durch.

In diesem Experiment wird in Geldeinheiten (GE) gerechnet. Im Anschluss an das Experi-
ment erhalten Sie fiir jede erspielte GE 10 Euro-Cent, d. h. fiir jeweils 10 GE einen Euro. Das
Experimentsystem fiihrt fiir Sie ein Konto, auf dem Thre Gewinne und Verluste wihrend des
Experminents verrechnet werden. Als Anfangsausstattung erhalten Sie einen Geldbetrag von
80 GE, der Ihnen auf Threm Konto gutgeschrieben wird. Am Ende des Experiments wird der
Endbetrag auf Threm Konto in Euro umgerechnet und an Sie ausbezahlt. Falls Sie Verluste ma-
chen, so werden diese Verluste von Ihrer Anfangsausstattung abgezogen. Sollten Thre Verluste
grofler sein als Thre Anfangsausstattung zuziiglich Threr Gewinne, d. h. Thr Kontostand ist zum
Ende des Experiments negativ, so erhalten Sie null Euro. Folglich kénnen Sie Geld verdienen,
aber kein Geld verlieren.

Jeder Teilnehmer trifft seine Entscheidungen isoliert von den anderen Teilnehmern an einem
Computerterminal. Kommunikation zwischen den Teilnehmern ist nicht erlaubt. Wir bitten Sie
auferdem, die Computer nur zur Eingabe Ihrer Entscheidungen und zur Beantwortung der
Fragen am Bildschirm zu benutzen. Bitte verwenden Sie hierfiir die vorgesehenen Bildschirm-
formulare und starten oder beenden Sie eigenmiichtig keine Programme und éindern Sie keine

Einstellungen.

Aufgabe

Im Experiment stehen Sie folgender Entscheidungssituation gegeniiber: Sie nehmen als Bieter
nacheinander an sechs Auktionen (Runden) teil. In jeder dieser Auktionsrunden wird jeweils
genau ein Gut versteigert. Dieses Gut kann von genau einem Bieter (Teilnchmer) erworben
werden. Weiterhin bekommen Sie mitgeteilt, wie viele Geldeinheiten Thnen das Gut in dieser
Auktionsrunde wert ist. Falls Sie den Zuschlag erhalten, bekommen Sie diesen Wert auf Threm
Konto gutgeschrieben. Gleichzeitig miissen Sie aber auch einen Preis fiir das Gut bezahlen;
dieser wird von IThrem Konto abgezogen. Ihr Ertrag ist folglich die Differenz zwischen dem Wert
des Gutes und dem dafiir gezahlten Preis. Erhalten Sie den Zuschlag nicht, ist Thr Ertrag null.

Im Verlauf des Experiments nehmen Sie an genau sechs solchen Auktionsrunden teil.

In jeder Auktionsrunde bilden Sie zusammen mit zwei weiteren Teilnehmern eine Dreier-
gruppe. Die Zusammensetzung der Gruppen wird zu Beginn ausgelost und éndert sich wihrend
des Experiments nicht, d. h. die Mitbieter in Threr Gruppe sind von Runde zu Runde dieselben.
Innerhalb einer Gruppe sind die Spieler mit den Spielernummern 1, 2 und 3 bezeichnet. Ihre
Spielernummer wurde Ihnen zufillig zugelost und éndert sich im Verlauf des Experiments nicht.
Thre Gruppe ist vollkommen unabhiingig von den anderen Gruppen im Raum und es gibt keine
Interaktion zwischen den Gruppen.

Sobald eine Versteigerung zu Ende ist, erfahren Sie sowohl die Spielernummer desjenigen
Bieters, der in Threr Gruppe den Zuschlag erhalten hat, als auch den Endpreis der Auktion.

Ablauf einer Auktionsrunde
Im Einzelnen liuft eine Auktionsrunde wie folgt ab:

1. Vor Beginn der Auktionsrunde wird Thnen vom System mitgeteilt, wie viele Geldeinheiten
Thnen das Gut in dieser Runde wert ist. Dieser Wert wird im Folgenden auch als Thre
» Wertschétzung® bezeichnet. Die Wertschétzungen des Gutes sind zuféllig und wurden vor
dem Experiment fiir alle Spieler einzeln ausgelost. Die ausgelosten Werte sind ganzzahlige
Werte zwischen 100 und 150.

Bitte beachten Sie: Sie kennen jeweils nur die eigene Wertschiitzung fiir das Gut. Die
Wertschétzungen der anderen Spieler fiir das Gut kennen Sie nicht.

)

. Zu Anfang werden Thnen Ihre Spielernummer, Thre Wertschiitzung fiir das Gut in der
Auktionsrunde und Thr Kontostand angezeigt. Bitte bestitigen Sie diese Anzeige durch

Klicken des ,,Confirm“-Knopfes am unteren Bildschirmrand.

Thre Spielernummer sowie Thre Wertschitzung wird Thnen auch weiterhin wihrend der
Auktion angezeigt.

w

. Anschlieiend werden Sie von dem Experimentsystem aufgefordert, genau einen Wert
in die Bildschirmmaske einzutragen. Dieser Wert wird als Ihre ,Bietgrenze“ bezeichnet.
Bitte tragen Sie in das entsprechende Feld Ihr Maximalgebot ein. Ihr Maximalgebot ist
der Betrag, bis zu dem Sie an einer Versteigerung des Gutes teilnehmen méchten.

Bitte bestiitigen Sie die Abgabe Ihres Maximalgebotes durch Klicken des , Abschicken®-
Knopfes in der Bildschirmmaske.

Sie miissen Thr Maximalgebot innerhalb von 2 Minuten abgeben. Nach Ablauf dieser Zeit
konnen keine Gebote mehr abgegeben werden — das Gut wird dann unter den Bietern
Threr Gruppe versteigert.

In diesem Experiment nehmen Sie nicht selber an der Versteigerung teil. Statt dessen bietet
ein in das System eingebauter Bietautomat automatisch fiir Sie. Der Bietautomat zieht

Figure D.1: Experimental instruction of settidg (pp. 1-2)
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sich aus der Versteigerung zuriick, sobald der Preis in der Versteigerung IThr Maximalgebot
(Bietgrenze) iibersteigt.

Bitte beachten Sie: Als Gebote sind alle Betriige zwischen 0 GE und 999.99 GE mit bis
zu zwei Nachkommastellen zuléssig, wobei die Nachkommastellen durch einen Punkt ,,.*

zu separieren sind.

. Ein in das System eingebauter Versteigerer iiberpriift nun fiir jeden Preis, wie viele Bieter

noch an der Versteigerung teilnehmen. Der Versteigerer beginnt mit einem Preis von
0 GE und bietet das Gut den Bietautomaten an. Solange noch mindestens zwei Bieter —
vertreten jeweils durch ihren Bietautomaten — an der Versteigerung teilnehmen, wird der
Preis um 0.01 GE erhéht. Die Versteigerung endet, sobald nur noch ein Bieter iibrig bleibt.
Dieser Bieter erhiilt den Zuschlag in der Versteigerung, d. h. der Hochstbieter gewinnt die
Versteigerung.

Den Preis, den der Hochstbieter fiir das Gut zu zahlen hat, ist der Endpreis der Versteige-
rung: Der Endpreis einer Versteigerung ist der hochste Betrag, bei dem noch mindestens
zwei Bieter an der Versteigerung teilgenommen haben. Scheiden die letzten beiden (oder
mehr) Bieter bei demselben Betrag aus der Versteigerung aus, so entscheidet das Los,
welcher der Bieter den Zuschlag erhilt. In diesem Fall ist der Endpreis der Versteigerung
genau die hchste Bietgrenze, bei der die letzten Bieter gerade noch bereit waren zu bieten.

Das Ergebnis der Auktion, d. h. der Endpreis der Auktion sowie die Spielernummer des
Bieters, der den Zuschlag in der Versteigerung erhalten hat, werden Ihnen in dem Fenster

am unteren Bildschirmrand angezeigt.

Beispiele:

a) Angenommen, die drei Bieter einer Gruppe beauftragen das System fiir sie bis zu einem
Mazi cbot von 138 GE (Bieter 1) bzw. 113 GE (Bieter 2) bzw. 145 GE (B
der Versteigerung teil: h Der Bietaut: t von Bieter 2 steigt aus der Versteige-
rung aus, sobald der Preis 113 GE iibersteigt. Steigt der Preis iber 138 GE, steigt auch
Bieter 1 aus der Versteigerung aus. Folglich erhilt Bieter 3 den Zuschlag und der Endpreis
der Versteigerung ist 138 GE.

an

b) Lauten die Mazimalgebote der drei Bieter 138 GE (Bieter 1) bzw. 113 GE (Bieter 2)
bzw. 138 GE (Bieter 3), d. h. Bieter 1 und Bicter 3 haben dasselbe Mazimalgebot (Biet-
grenze) in die Bildschirmmaske eingegeben, so steigen die Bietautomaten von Bieter 1 und
Bieter 3 gleichzeitig aus der Versteigerung aus. Das System lost, ob Bieter 1 oder Bieter 3
den Zuschlag erhdlt. Der Endpreis der Versteigerung ist 138 GE.

Derjenige Bieter, der in einer Versteigerung den Zuschlag erhiilt, bekommt auf seinem
Konto die Differenz zwischen seiner Wertschiitzung und dem Preis, den er fiir das Gut

bezahlt, gutgeschrieben. Ist der zu zahlende Preis hoher als seine Wertschitzung, so wird

dieser Betrag von seinem Kontostand abgezogen. Diejenigen Bieter, die den Zuschlag nicht

bekommen, erzielen einen Ertrag von null.

Beispiele:

Angenommen, Bieter 3 erhilt den Zuschlag und der Endpreis, den Bieter 3 zu zahlen hat,
ist 138 GE. Bieter 3 erzielt einen Ertrag, der sich aus seiner Wertschitzung und dem zu
zahlenden Preis berechnet. Dieser Betrag wird Bieter 3 auf seinem Konto verbucht.

(a) Angenommen, Bieter 3 hat eine Wertschiitzung von 148 GE. Dann erzielt er 3
einen positiven Ertrag in Hohe von 148 GE - 138 GE = 10 GE. Dieser Betrag wird Bieter
3 auf seinem Konto gutgeschrieben.

(b) Angenommen, Bieter 3 hat eine Wertschitzung von 128 GE. Dann erzielt Bieter 3
einen Ertrag in Héhe von 128 GE - 138 GE = -10 GE, d. h. der Betrag von 10 GE wird

Eine Auktionsrunde dauert 3 Minuten. Ist die Auktionsrunde beendet, wird IThnen der er-
zielte Ertrag in der eben gespielten Runde, der Kontostand der vorherigen Runde, sowie der
aktuelle Kontostand insgesamt angezeigt. Bestétigen Sie bitte diesen Bildschirm erneut mit
dem ,,Confirm*“-Knopf am unteren Bildschirmrand. Die niichste Auktionsrunde wird gestartet,
sobald alle Teilnehmer den ,,Confirm“-Knopf bestétigt haben.

Fragebogen

Im Anschluss an die gespielten Auktionsrunden werden Ihnen noch einige Fragen zum Experi-
ment und zu dem Experimentsystem an Threm Bildschirm gestellt.

Bitte bleiben Sie nach Beantwortung des Fragebogens an Ihrem Platz sitzen und unterlassen
Sie jede Form von Kommunikation mit anderen Teilnehmern. Auf Ihrem Platz finden Sie ein
Formular , Erklirung des Vertragnehmers“. Bitte fiillen Sie den oberen Teil des Formulars aus.
Die genaue Auszahlung im unteren Teil wird vom Experimentleiter ausgefiillt. Sie werden an-
schlieBend einzeln nach Threm Sitzplatzbuchstaben zur Auszahlung aufgerufen. Bitte verlassen
Sie dann leise den Raum. Alle Unterlagen, die IThnen fiir das Experiment ausgeteilt wurden,
nehmen Sie bitte mit und geben diese bei der Auszahlung wieder ab. Dies gilt insbesondere fiir
die , Erklirung des Vertragnehmers® und Ihren Sitzplatzbuchstaben.

... und noch eine Bemerkung zum Schluss

Sollten Sie wihrend des Experiments eine Frage haben, bleiben Sie bitte ruhig an Ihrem Platz
sitzen und geben Sie dem Experimentleiter durch Handzeichen ein Signal. Warten Sie bitte, bis
der Experimentleiter an Ihrem Platz ist, und stellen Sie Ihre Frage so leise wie moglich.

Bevor das Experiment beginnt, werden Thnen an Threm Bildschirm zunéchst einige Fragen
zu den Regeln dieses Experiments gestellt. Geben Sie bitte die jeweiligen Antworten an Ihrem

Computer ein.

Figure D.2: Experimental instruction of settidg (pp. 3—4)
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Anleitung

Einfiihrung

Sie nehmen an einem Experiment teil, in dem Entscheidungsverhalten untersucht wird. Sie
kénnen bei diesem Experiment Geld verdienen. Wie viel Sie verdienen, hiingt sowohl von Thren
Entscheidungen als auch von den Entscheidungen der anderen Teilnehmer ab. Diese Anleitung
erldutert Thnen, wie Sie durch eigene Entscheidungen einen Geldbetrag verdienen kénnen, der
Thnen nach dem Experiment in bar ausbezahlt wird. Lesen Sie daher die folgenden Absitze
genau durch.

In diesem Experiment wird in Geldeinheiten (GE) gerechnet. Im Anschluss an das Experi-
ment erhalten Sie fiir jede erspielte GE 10 Euro-Cent, d. h. fiir jeweils 10 GE einen Euro. Das
Experimentsystem fiihrt fiir Sie ein Konto, auf dem Thre Gewinne und Verluste wihrend des
Experminents verrechnet werden. Als Anfangsausstattung erhalten Sie einen Geldbetrag von
80 GE, der Ihnen auf Threm Konto gutgeschrieben wird. Am Ende des Experiments wird der
Endbetrag auf Threm Konto in Euro umgerechnet und an Sie ausbezahlt. Falls Sie Verluste ma-
chen, so werden diese Verluste von Ihrer Anfangsausstattung abgezogen. Sollten Thre Verluste
grofler sein als Thre Anfangsausstattung zuziiglich Threr Gewinne, d. h. Thr Kontostand ist zum
Ende des Experiments negativ, so erhalten Sie null Euro. Folglich kénnen Sie Geld verdienen,
aber kein Geld verlieren.

Jeder Teilnehmer trifft seine Entscheidungen isoliert von den anderen Teilnehmern an einem
Computerterminal. Kommunikation zwischen den Teilnehmern ist nicht erlaubt. Wir bitten Sie
auferdem, die Computer nur zur Eingabe Ihrer Entscheidungen und zur Beantwortung der
Fragen am Bildschirm zu benutzen. Bitte verwenden Sie hierfiir die vorgesehenen Bildschirm-
formulare und starten oder beenden Sie eigenmiichtig keine Programme und éindern Sie keine

Einstellungen.

Aufgabe

Im Experiment stehen Sie folgender Entscheidungssituation gegeniiber: Sie nehmen als Bieter
nacheinander an sechs Auktionen (Runden) teil. In jeder dieser Auktionsrunden wird jeweils
genau ein Gut versteigert. Dieses Gut kann von genau einem Bieter (Teilnchmer) erworben
werden. Weiterhin bekommen Sie mitgeteilt, wie viele Geldeinheiten Thnen das Gut in dieser
Auktionsrunde wert ist. Falls Sie den Zuschlag erhalten, bekommen Sie diesen Wert auf Threm
Konto gutgeschrieben. Gleichzeitig miissen Sie aber auch einen Preis fiir das Gut bezahlen;
dieser wird von IThrem Konto abgezogen. Ihr Ertrag ist folglich die Differenz zwischen dem Wert
des Gutes und dem dafiir gezahlten Preis. Erhalten Sie den Zuschlag nicht, ist Thr Ertrag null.

Im Verlauf des Experiments nehmen Sie an genau sechs solchen Auktionsrunden teil.

In jeder Auktionsrunde bilden Sie zusammen mit zwei weiteren Teilnehmern eine Dreier-
gruppe. Die Zusammensetzung der Gruppen wird zu Beginn ausgelost und éndert sich wihrend
des Experiments nicht, d. h. die Mitbieter in Threr Gruppe sind von Runde zu Runde dieselben.
Innerhalb einer Gruppe sind die Spieler mit den Spielernummern 1, 2 und 3 bezeichnet. Ihre
Spielernummer wurde Ihnen zufillig zugelost und éndert sich im Verlauf des Experiments nicht.
Thre Gruppe ist vollkommen unabhiingig von den anderen Gruppen im Raum und es gibt keine
Interaktion zwischen den Gruppen.

Zu Beginn der ersten Auktionsrunde wird vom System in jeder Gruppe genau ein Spieler
ausgelost, dem in jeder der 6 Auktionsrunden ein Rabatt (,,Discount*) zugewiesen wird. Der
ausgewiihlte Bicter erhiilt einen Rabatt in Hohe von 20% — dieser wird dem ausgewiihlten
Bieter in der Versteigerung durch den Text ,Discount 20%* in der Bildschirmmaske, im Feld
»Auktionsparameter”, angezeigt. Der Rabatt wird dem ausgewiihlten Bieter auf den Endpreis
der Versteigerung gewiihrt, wenn er den Zuschlag in der Versteigerung erhilt. Allen anderen
Bietern, die keinen Rabatt erhalten, wird dies durch den Text ,kein Discount* in der Bild-
schirmmaske angezeigt.

Sobald eine Auktionsrunde zu Ende ist, erfahren Sie sowohl die Spielernummer desjenigen
Bieters, der in Ihrer Gruppe den Zuschlag erhalten hat, als auch den Endpreis der Auktion.
Falls Sie der ausgewihlte Bieter sind, dem der Rabatt zugelost wurde, und den Zuschlag in

einer Auktionsrunde erhalten, so wird Ihnen dies am Ende der Auktion ebenfalls angezeigt.

Ablauf einer Auktionsrunde
Im Einzelnen liuft eine Auktionsrunde wie folgt ab:

1. Vor Beginn der Auktionsrunde wird Ihnen vom System mitgeteilt, wie viele Geldeinheiten
Ihnen das Gut in dieser Runde wert ist. Dieser Wert wird im Folgenden auch als Thre
» Wertschiitzung® bezeichnet. Die Wertschiitzungen des Gutes sind zufiillig und wurden vor
dem Experiment fiir alle Spieler einzeln ausgelost. Die ausgelosten Werte sind ganzzahlige
Werte zwischen 100 und 150.

Bitte beachten Sie: Sie kennen jeweils nur die eigene Wertschitzung fiir das Gut. Die
Wertschiitzungen der anderen Spieler fiir das Gut kennen Sie nicht.

o

. Zu Anfang werden Ihnen Thre Spielernummer, Thre Wertschitzung fiir das Gut in der
Auktionsrunde und Ihr Kontostand angezeigt. Bitte bestitigen Sie diese Anzeige durch
Klicken des ,,Confirm“-Knopfes am unteren Bildschirmrand.

Ihre Spielernummer sowie IThre Wertschiitzung wird Thnen auch weiterhin withrend der
Auktion angezeigt.

w

. AnschlieBend werden Sie von dem System aufgefordert, genau einen Wert in die Bild-
schirmmaske einzutragen. Dieser Wert wird als Thre ,, Bietgrenze® bezeichnet. Bitte tragen

Figure D.3: Experimental instruction of settidg (pp. 1-2)
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Sie in das entsprechende Feld Ihr Maximalgebot ein. Ihr Maximalgebot ist der Betrag, bis

zu dem Sie an einer Versteigerung des Gutes teilnehmen méchten.

Bitte bestitigen Sie die Abgabe Thres Maximalgebotes durch Klicken des ,,Abschicken®-
Knopfes in der Bildschirmmaske.

Sie miissen Thr Maximalgebot innerhalb von 2 Minuten abgeben. Nach Ablauf dieser Zeit
konnen keine Gebote mehr abgegeben werden — das Gut wird dann unter den Bietern
Threr Gruppe versteigert.

In diesem Experiment nehmen Sie nicht selber an der Versteigerung teil. Statt dessen bietet
ein in das System eingebauter Bietautomat automatisch fiir Sie. Der Bietautomat zieht
sich aus der Versteigerung zuriick, sobald der Preis in der Versteigerung Ihr Maximalgebot
(Bietgrenze) iibersteigt.

Bitte beachten Sie: Als Gebote sind alle Betriige zwischen 0 GE und 999.99 GE mit bis

zu zwei Nachkommastellen zuléssig, wobei die Nachkommastellen durch einen Punkt ,,.¢

zu separieren sind.

. Ein in das System eingebauter Versteigerer iiberpriift nun fiir jeden Preis, wie viele Bieter

noch an der Versteigerung teilnehmen. Der Versteigerer beginnt mit einem Preis von
0 GE und bietet das Gut den Bietautomaten an. Solange noch mindestens zwei Bieter —
vertreten jeweils durch ihren Bietautomaten — an der Versteigerung teilnehmen, wird der
Preis um 0.01 GE erhoht. Die Versteigerung endet, sobald nur noch ein Bieter iibrig bleibt.
Dieser Bieter erhiilt den Zuschlag in der Versteigerung, d. h. der Héchstbieter gewinnt die
Versteigerung.

Der Endpreis einer Versteigerung ist der hiochste Betrag, bei dem noch mindestens zwei
Bieter an der Versteigerung teilgenommen haben. Scheiden die letzten beiden (oder mehr)
Bieter bei demselben Betrag aus der Versteigerung aus, so entscheidet das Los, welcher
der Bieter den Zuschlag erhilt. In diesem Fall ist der Endpreis der Versteigerung genau
die hochste Bietgrenze, bei der die letzten Bieter gerade noch bereit waren zu bieten.

Ist ein Bieter, dem nicht der Rabatt zugelost wurde, Hochstbieter in der Auktion, so ist
der Preis, den dieser fiir das Gut zu zahlen hat, der Endpreis der Versteigerung. Erhilt
der ausgewiihlte Bieter, dem der Rabatt zugelost wurde, den Zuschlag, so wird ihm ein
Rabatt von 20% auf den Endpreis gewihrt: Der Preis, den der ausgewihlte Bieter zu
zahlen hat, ist der Endpreis der Versteigerung abziiglich des Rabatts von 20%.

Das Ergebnis der Auktion, d. h. der Endpreis der Auktion sowie die Spielernummer des
Bieters, der den Zuschlag in der Versteigerung erhalten hat, werden Ihnen in dem Fenster
am unteren Bildschirmrand angezeigt. Gewinnt ein ausgewihlter Bieter die Versteigerung,
so wird nur diesem Spieler zusiitzlich der Preis, den er fiir das Gut zu zahlen hat, angezeigt.

Beispiele:

a) Angenommen, Bieter 1 ist der Bieter, dem der Rabatt von 20% zugelost wurde. Die
drei Bieter einer Gruppe beauftragen das System fiir sie bis zu einem Mazimalgebot (Biet-
grenze) von 138 GE (Bieter 1) bzw. 113 GE (Bieter 2) bzw. 145 GE (Bieter 3) an der
Versteigerung teil. h Der Bi t von Bieter 2 steigt aus der Versteigerung
aus, sobald der Preis 113 GE iibersteigt. Steigt der Preis iber 138 GE, steigt auch Bie-
ter 1 aus der Versteigerung aus. Folglich erhilt Bieter 3 den Zuschlag und der Endpreis
der Versteigerung ist 138 GE. Der Preis, den Bieter 3, dem kein Rabatt zugelost wurde,
fiir das Gut bezahlt, ist gleich dem Endpreis von 138 GE.

Wiire andererseits Bieter 3 der Rabatt zugesprochen worden, so hitte Bieter 3 einen Preis
in Héhe des Endpreises abziiglich des Rabatts fiir das Gut zu zahlen, d. h. den Preis von
138 GE - 20%*138 GE = 110.4 GE.

b) Angenommen, Bieter 3 wurde der Rabatt von 20% zugelost. Lauten die Mazimalgebote
der drei Bieter 138 GE (Bieter 1) bzw. 113 GE (Bieter 2) bzw. 138 GE (Bieter 3), d. h.
Bieter 1 und Bieter 3 haben dasselbe Mazximalgebot in die Bildschirmmaske eingegeben,
so steigen die Bietautomaten von Bieter 1 und Bieter 3 gleichzeitig aus der Versteigerung
aus. Der Endpreis der Versteigerung ist 138 GE. Das System lost, ob Bieter 1 oder Bieter 3
den Zuschlag erhilt:

Erhilt Bieter 1 den Zuschlag, dann ist der Preis, den Bieter 1 zahlt, gleich dem Endpreis
von 138 GE; erhilt Bieter 3 den Zuschlag, dann wird Bieter 3 der Rabatt auf den Endpreis
gewihrt und er zahlt einen Preis von 138 GE - 20%*138 GE = 110.4 GE fiir das Gut.

Derjenige Bieter, der in einer Versteigerung den Zuschlag erhilt, bekommt auf seinem
Konto die Differenz zwischen seiner Wertschiitzung und dem Preis, den er fiir das Gut
bezahlt, gutgeschrieben. Ist der zu zahlende Preis héher als seine Wertschiitzung, so wird
dieser Betrag von seinem Kontostand abgezogen. Diejenigen Bieter, die den Zuschlag nicht
bekommen, erzielen einen Ertrag von null.

Beispiele:

Angenommen, Bieter 3 erhilt den Zuschlag und der Preis, den Bieter 3 zu zahlen hat,
ist 138 GE. Bieter 3 erzielt einen Ertrag, der sich aus seiner Wertschitzung und dem zu
zahlenden Preis be

net.

(a) Angenommen, Bicter 3 hat eine Wertschiitzung von 148 GE. Dann erzielt Bieter 3
einen positiven Ertrag in Hohe von 148 GE - 138 GE = 10 GE. Dieser Betrag wird Bieter
3 auf seinem Konto gutgesch
(b) Angenommen, Bieter 3 hat eine Wertschitzung von 128 GE. Dann erzielt Bieter 3
einen Ertrag in Héhe von 128 GE - 138 GE = -10 GE, d. h. der Betrag von 10 GE wird
ihm von seinem Kontostand abgezogen.

ieben.

Eine Auktionsrunde dauert 3 Minuten. Ist die Auktionsrunde beendet, wird Ihnen der er-
zielte Ertrag in der eben gespielten Runde, der Kontostand der vorherigen Runde, sowie der
aktuelle Kontostand insgesamt angezeigt. Bestitigen Sie bitte diesen Bildschirm erneut mit

Figure D.4: Experimental instruction of settiig (pp. 3—4)
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dem ,,Confirm“-Knopf am unteren Bildschirmrand. Die niichste Auktionsrunde wird gestartet,
sobald alle Teilnehmer den ,,Confirm“-Knopf bestiétigt haben.

Fragebogen

Im Anschluss an die gespielten Auktionsrunden werden Thnen noch einige Fragen zum Experi-
ment und zu dem Experimentsystem an Ihrem Bildschirm gestellt.

Bitte bleiben Sie nach Beantwortung des Fragebogens an Threm Platz sitzen und unterlassen
Sie jede Form von Kommunikation mit anderen Teilnehmern. Auf Threm Platz finden Sie ein
Formular , Erklirung des Vertragnehmers“. Bitte fiillen Sie den oberen Teil des Formulars aus.
Die genaue Auszahlung im unteren Teil wird vom Experimentleiter ausgefiillt. Sie werden an-
schlieBend einzeln nach Threm Sitzplatzbuchstaben zur Auszahlung aufgerufen. Bitte verlassen
Sie dann leise den Raum. Alle Unterlagen, die Thnen fiir das Experiment ausgeteilt wurden,
nehmen Sie bitte mit und geben diese bei der Auszahlung wieder ab. Dies gilt insbesondere fiir

die , Erklirung des Vertragnehmers® und IThren Sitzplatzbuchstaben.

... und noch eine Bemerkung zum Schluss

Sollten Sie withrend des Experiments eine Frage haben, bleiben Sie bitte ruhig an Threm Platz

si

zen und geben Sie dem Experimentleiter durch Handzeichen ein Signal. Warten Sie bitte, bis
der Experimentleiter an Threm Platz ist, und stellen Sie Thre Frage so leise wie moglich.

Bevor das Experiment beginnt, werden Ihnen an Ihrem Bildschirm zunichst einige Fragen
zu den Regeln dieses Experiments gestellt. Geben Sie bitte die jeweiligen Antworten an Ihrem

Computer ein.

Figure D.5: Experimental instruction of settidg (p. 5)
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D.6 Experimental laboratory

Figure D.6: Experimental laboratory — photography 1
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Figure D.7: Experimental laboratory — photography 2

Figure D.8: Experimental laboratory — photography 3
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