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Abstract

In auctions an outside seller offers a commodity for sale and collects
the revenue which is achieved. In fair division games the object is owned
by the group of bidders. Consequently the auction’s revenue is equally
distributed among all bidders. In our experiment participants face four
auction types (first versus scond price - auction versus fair division game)
repeteadly. Due to the strategy method (one bids before learning one’s
private value) we can investigate the slope and curvature of individual
bid functions, the evidence for risk aversion, the comparative statics with
respect to the game type, the price expectations, and the efficiency rates.

JEL classification: D44, C91

Keywords: Auctions, Fair Division Games, Bid Function

*This paper is part of the EU-TMR Research Network ENDEAR. Support from the
Deutsche Forschungsgemeinschaft (SFB 373, Quantifikation und Simulation Skonomischer
Prozesse) is also gratefully acknowledged. We thank Veronika Grimm for helpful comments.

Institute for Economic Theory III, Humboldt-University of Berlin, Spandauer Str.1, D-
10178 Berlin, Germany, e-mail: {gueth, ivanova, mkoenig,strobel}@wiwi.hu-berlin.de. Part
of this research was done while K&nigstein was visiting the Institute for Empirical Economics
at the University of Ziirich.



1 Introduction

Auctions and fair division games are two kinds of bidding mechanisms by which
an object may be allocated among a group of bidders. In an auction, the object
is offered for sale by an outside agent (the seller) who collects the revenue him-
self. Auctions are widely used to solve allocation problems. Some well-known
examples are the “Aalsmeer (Dutch) Flower Auction”, art auctions at Christie’s
or Sotheby’s, or online auctions on the internet (see e.g. http://www.ebay.com).

In a fair division game, the object is collectively owned by the bidders. Ac-
cordingly, the revenue that is raised gets equally distributed among the bidders.
Fair division games may be less familiar, but there are examples like conflict
settlements in case of inheritance, divorce, or the termination of a joint venture.
For instance, in the latter case usually only the former business partners are
interested in buying the firm (e.g. due to private information about the future
value of the enterprise). Consequently, these are often the only bidders, who,
at the same time, (collectively) own the firm and will split the selling price.!

Within this paper we investigate auctions and fair division games within
a laboratory experiment in which subjects submit sealed bids. The reselling
values are independently and identically distributed. Furthermore, we study
these bidding mechanisms under two different price rules: the first price rule,
i.e., the selling price of the object is equal to the highest bid, and the second
price rule, i.e., the selling price is equal to the second-highest bid.

We think it is important to empirically investigate bidding behavior within
these games, since actual behavior might differ substantially from what is usually
assumed in auction theory. Theoretical models should consider the restrictions
that are imposed by actual bidding behavior. This might also have tremendous
implications for social welfare and the revenue that is raised in the different types
of games. For instance, given risk neutral equilibrium bidding as proposed in
many theoretical models, the first price auction and the second price auction
are payofl equivalent (see e.g. Wolfstetter, 1996). So, a risk neutral seller has
no reason to prefer one or the other type of auction. However, empirically, there
could be a substantial difference in the expected selling price that is induced via
choosing an auction type. So, a seller might very well have a strong preference
for one or the other mechanism. If bidding mechanisms differ in the social
welfare they generate, this can be important e.g. for the government or other
public authorities (see e.g. Cox, Roberson, and Smith, 1982). For a discussion
of these questions and some evidence from previous laboratory experiments see
the survey by Kagel (1995).

While experiments usually follow the “single bid approach” — i.e., each
subject submits a single bid for a single, previously drawn reselling value — we
employ the “bid function approach”; each subject submits a complete vector
of bids (bid function) for each possible reselling value, which is subsequently
drawn.? Specifically, we ask subjects in the experiment to develop bid functions

lFair division games are related to the so called Hahn-Noll zero-revenue auctions, see
Franciosi, Isaac, Pingry, and Reynolds (1993) for an experiemental study.
2For other experiments in which subjects had to submit bid functions see Selten and Buchta



Fair Division

Price Rule Auction
Game
price = highest bid Al F1
price = 2nd highest bid A2 F2

Table 1: The four game types.

for the four different types of games, the first (respectively second) price auction
and the first (resprectively second) price fair division game. A bid function spec-
ifies a bid for each of 11 possible private reselling values. After the bid functions
have been submitted a reselling value is drawn randomly and independently for
each subject and the game outcome is determined.

Compared to collecting single bids the “bid function approach” offers more
information on individual bidding; we observe the bids for each reselling value.
Also, submitting a bid function might induce more consistent bidding. For
instance, if a subject plans to submit a monotonic bid function, but finds one
of its bids (for some reselling value) being unreasonable, it may reconsider and
readjust not only that very bid but the entire bid function. This might reduce
inconsistencies and thus the noise in the data.

The paper here focusses on the comparative statics and the shape of bid func-
tions as well as on prices and efficiency of the auction types.® It is structured as
follows: Section 2 describes the experimental games and their theoretical bench-
mark solutions. Furthermore we inform about the experimental procedures and
payments to subjects. In section 3 we investigate the structure of individual bid
functions. Sections 4 and 5 compare differences in price and efficiency between
the four game types. Section 6 concludes.

2 Auctions and Fair Division Games

2.1 Games and Theoretical Solutions

Experimental economics as well as auction theory distinguishes open and sealed-
bid auctions. We will focus here on sealed bid—experiments in which a single
object is to be allocated and for which each potential buyer has an independent
private value. We investigate four different allocation rules which we refer to as
game types (see table 1): First Price Auction (A1), Second Price Auction (A2),
First Price Fair Division Game (F1) and Second Price Fair Division Game
(F2).

Comparing bidding behavior under the first—price rule with bidding under
the second-price rule is a familiar topic in experimental studies.* Fair division

(1998) as well as Giith (1998).

3In a companion paper (Gtith, Ivanova, Konigstein and Strobel, 1999) we investigate the
adaptation processes and learning aspects of bidding behavior.

4See the survey by Kagel (1995).



Fair Division

Price Auction
Game
bf (v;) = 22t b} (vi) = 17
2
highest bid E(p*) =224 E(p) = <ﬁ)
B (mi(vi) = T+ E(mf(vi) = 5 + A
b} (vi) = v, b} (vi) = Jqvi + o4
. . * n— * n?
2nd highest bid [ (p*) = 222 E(p') =5

E(mi(v) =2 E(m() =%+ 5

Table 2: Bid function b} (v;), expected price E(p*), and expected payofls of the
equilibrium for risk neutral bidders and the four game types.

games differ from auctions in that the price at which the object is sold is dis-
tributed among all bidders. In auctions the price is earned by an outside agent,
the seller. While the use of auctions to solve allocation problems is common,
fair division games may be less familiar. For instance, allocating inheritance is a
real life situation which resembles a fair division game. The object is collectively
owned by the heirs who, in many cases, are the only bidders. Similar problems
result when a joint venture is terminated.

Let v; be a bidder’s private value for the object to be sold, and suppose v;
is drawn for each player ¢ = 1,...,n independently from a uniform distribution
on the unit interval. If all bidders are risk neutral, the equilibrium bid function
b (v;), expected equilibrium price E(p*) and expected equilibrium payoff E(7})
are as shown in table 2. For a derivation of these results see Giith and van
Damme (1986).

2.2 Experimental Games and Procedures

In our experiment the private values ¥; did not vary continuously, but were
drawn from the set

V = {50, 60, ..., 150}

with all values ©; € V being equally likely. These values are denoted in a
fictitious currency ECU (experimental currency unit) at which subjects could
resell the object to the experimenter. Subjects could choose bids b; as follows:

b; € {0,1,...,200} .

For ease of comparison of the empirical bids i)i and values U; with the theoretical
solution given above all our analysis will be done for normalized bids b; and



values v;:

0; — 50
(o =
100
b; — 50
b, = —— .
100

Accordingly the space of possible values is V = {0,0.1,...,1}. When we refer
to the theoretical benchmark case as described in table 2, we essentially neglect
the discreteness of V.

Within a session each subject participated in 36 consecutive games of the
four different types. Nine subjects formed a session group. In each of the 36
periods they were randomly partitioned into three groups of three bidders. The
number of bidders involved in each game (n = 3) was commonly known, but not
their identity. All subjects in all sessions played the same sequence of games.
Within periods ¢ = 1 to 3 they played Al-games, within ¢ = 4 to 6 they played
A2, in t = 7 to 9 the game type was F2 and in £ = 9 to 12 it was F1. This
comprised the first block of 12 games. Then they played block 2 (periods 13 to
24) and 3 (periods 25 to 36) in the same sequence as block 1.

Most participants were students of economics or business administration of
Humboldt—University. They had been invited by leaflets to participate in an ex-
periment anounced to last about three hours, and sessions actually took about
that long. After entering the laboratory they were placed at isolated computer
terminals. Communication among participants was not allowed during the ses-
sion. While reading the instructions (see the appendix) they could privately ask
for clarification or require help in handling the PC.

In each game they had to submit a complete bidding strategy (bid vector)
bi(v;). Thus, they had to enter a bid for each of the 11 values v; € V. The actual
value v} was drawn thereafter. Payments were determined according to the game
rules and using the submitted bidding strategies.® Subjects were informed on
the screen about v}, whether or not they were buyer, about the price p at which
the object was sold and about their own payoff ; in that game. Then the next
game followed.

So, each game type applied nine times. In the fi st of these nine games the

id sc een was lan and each s ect had to ente a ecto of ids one fo
each








































Bid (normalized)

Bid (normalized)

12

1.0

0.8

0.6 - ~

0.4 -

0.2 -

0.0 T

Reselling Value (normalized)

1.2

1.0

0.8 -

0.6

0.4 4

0.2 o

.p0

-0.2

Reselling Value (normalized)

—A1

—--F2

----F1

—A1

— - -F2

----F1



Buippig anfea-aniL

80 1
60
0
20 A
[

100
4

wnoo

Normalized Bid

Buippig anjeA-aniL

TR AN T SR AT A AN AN A A S AAASAAN S

AN

140

120
100
80

unod

60

40

20

Normalized Bid



Buippig
aneA-aniL

aNd

100

80

60
40

unod

Normalized Bid

Buippig anfeA-aniL

80

60

40
20

unod

Normalized Bid



154

15 A
_
P
)
P
=z
Z
z
0 1
-0,5
15 A
P “
3992
~ - -
0 1
0,5
Auction Type
A1
T T T T T T T A2

> =
//////
0 = 1
-0,5 4
15
_~65%
// ///
=
0 = 1
-0,5 4
120
100 1
S 807
<
c
[}
(&)
o
[}
o
® 60
2
ks
>
€
>
O 40
20 7
0 —_—
35 47 49 52 54



Cumulative percentage

Cumulative percentage

120

100 1

80 7

60

40

20 7

FDG Type

F2

F1

100

80 1

60 1

40 7

20 1

efficiency rates

Auction Type

A1



Cumulative percentage

100 7

(

/

/
80 1
60 1 /

/
/
/
40 7
/
/
FDG Type
20 Y, R
e
o~ F2
, —
_—
0 e . . . . F1
.64 75 .79 .82 .85 88 .91 .94 97 1.00

efficiency rates



