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This dissertation consists of two parts: experimental study and auction design. This
experimental study was conducted during August-September 2011 at the Faculty of
Economics, Chulalongkorn University, Bangkok, Thailand. It set an economic experiment
which consisted of four sessions and was voluntarily participated by seventy-nine
undergraduate students. There are two main studies from the experiment: the relationship
between perceived intention and positive reciprocity and prediction performance of a
reciprocity model proposed by Dufwenberg and Kirchsteiger (2004), or "DK model." Both
results are related to the positive-reciprocity behavior -- where a receiver who was given
kindness by a giver kindly returns.

In the first study, it presents theoretical relationship between cost of giving and
positive reciprocity. The analysis shows positive relationships between cost of giving and
reciprocity. Then, it presents experimental results which tested the relationship. The results
confirm this relationship.

In the second study, we test the DK model’s performance in predicting positive-
reciprocity decisions. A new approach to measure the model's performance was introduced.
The results show that the DK model has good performance. Furthermore, we compare the DK
model's performance with two alternative prediction methods: DG method and Personal-info
method. The results also show that the DK model still performed the best among them.

For the auction design, we theoretically propose auctions which are optimal to be
applied to an object with countervailing-positive externalities. The newly proposed auction is
called "take-or-give auction with second-price payment." Unlike the basic auction which lets
bidders compete for obtaining the object, the proposed auction lets bidders compete for their
desired allocation. It solves the free-rider problem and allocates the object efficiently.

Moreover, to increase the expected revenue the study proposes some extended
versions of the take-or-give auction. By introducing a set of revenue-enhancing rules which
include entry fee, no sale condition and pooling rule, the auction optimally maximizes the
revenue. It is the revenue-maximizing auction for an object with countervailing-positive
externalities.
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CHAPTER 1
INTRODUCTION

This dissertation consists of three essays organized into two parts: experimental study
(Part One, Chapters II-IV)and auction design (Part Two, Chapters V-VII). This chapter
briefly summarizes each essay. In the first essay, summarized in section 1.1., we aim to find
the relationship between the cost of giving, intention and positive reciprocity. The second
essay, which aims to measure the prediction performance of a model, is summarized in
section 1.2. Last, in section 1.3., we summarize the third essay which aims to propose good
auctions for an object with countervailing-positive externalities.

1.1. Cost of Giving, Intention and Positive
Reciprocity

This essay (in Chapter III) investigates the relationship between cost of giving,
intention and positive reciprocity. In the study, there are two parts: the first explores the
theoretical relationships among the factors — cost of giving, intention and positive reciprocity
— and, the second experimentally tests the theory. Theoretically, the study asserts that in a
positive-reciprocity situation where a receiver returns a giver favors, the cost of giving signals
the giver’s intention which makes the receiver more likely to positively reciprocate.
Experimentally, the study analyzes data at the individual level. The results support the theory.

To be more precise, positive reciprocity is the behavior whereby a receiver returns a
giver favors. For instance, when friends give us gifts, we return them gifts. Cost of giving
directly refers the cost for the giver to give the receiver favors. For example, in the gift-giving
situation the cost of giving is the cost of the gift. Last, intention refers to the purposes of an
agent’s actions. For example, the giver gives a gift since he wants to make the receiver happy,
or he gives the gift since he wants something in return.

Intention of the giver is one determinant of reciprocity which has more recently been
studied. Recent studies (e.g. McCabe, Rigdon and Smith (2003)) support a positive
relationship between intention and positive reciprocity. In addition, other determinants
include preferences, material benefits, fairness, expectations, competitiveness, agents’
relationship and information.

However, since previous literature has not specified how the receiver perceives the
giver’s intention, this study aims to fill this gap. More precisely, this study theoretically
asserts that the cost of giving signals the giver’s intention.



Following this, this study applies the theoretical results to design an experiment to
test the theory. This study analyzes data at the individual level in contrast to previous studies
that have analyzed data at the aggregate level. The results of the experiment support the
theory. Specifically, the study finds that a receiver who reciprocates when the cost of giving is
low will also reciprocate when the cost is high. In addition, a receiver is more likely to
reciprocate when the cost of giving is high.

Moreover, the results shed light into insights and implications. For instance, the
results explain why we perceive good intention much better on the part of friends with
expensive gifts than ones with cheap gifts; therefore, we are more likely to return gifts to
friends who gave us expensive gifts than to those who gave cheap ones.

1.2. Prediction Performance of DK Model

This study (in Chapter 1V) experimentally tests the prediction performance of DK
model proposed by Dufwenberg and Kirchsteiger (2004). The study designs an experiment
that collects data which can test the model’s performance at the individual level. Further to
this, the DK model’s performance is compared with other prediction methods. Results have
shown the DK model to have good performance. This study also contributes to the
development of design method and measurements at the individual level of the prediction
performance of a model. To the best of the author’s knowledge, within the field of economics,
this study is the first to have applied the method. Also, some interesting observations are
drawn and contribute to the existing body of knowledge.

The DK model is a famous reciprocity model validated for its explanatory power by
many studies (e.g. Falk and Fischbacher (2006) which proposed a reciprocity model extended
from the DK model). However, there have been not many studies that explore the prediction
performance of the model. Hence, this study fills this gap.

The DK model was selected for testing its prediction performance since, as already
mentioned, many studies have supported the model’s validity of explaining reciprocity.
Moreover, it is simple for application to predictive purposes. Also, the model is a belief-
endogenous model which beliefs of agent determine decisions; recent studies have supported
the theory that in reciprocity-related decisions beliefs play an important role (e.g. Dufwenberg
and Gneezy (2000)).

1.3. Auction Design for an Object with
Countervailing-Positive Externalities

This essay theoretically analyzes the equilibrium strategies of four auctions when
they are applied to the case of an object with countervailing-positive externalities, which is
one type of positive externality. Mainly, the analysis shows how each auction performs in



allocating the object and in generating expected revenue. The auctions which are analyzed
are: second-price sealed-bid auction(in Chapter VI) and three newly proposed auctions: take-
or-give auction with second-price payment (in Chapter V1), take-or-give auction with entry
fee and take-give-indifference auction with entry fee (both entry-fee auctions are presented in
Chapter VII).

For the second-price sealed-bid auction, the analysis shows that due to the positive-
externalities property of the object, some bidders intend to minimize their chances of
obtaining the object by not participating in the auction or participating with zero bid. This
implies that the auction does not provide proper incentives to these bidders. As a
consequence, the auction fails to allocate the object efficiently or to generate high revenue.

Therefore, this study proposes a new auction — the take-or-give auction with second-
price payment — to solve the problem of the sealed-bid auction. Analysis reveals that this new
auction can successfully fix the said issue. This auction makes efficient allocation and
generates higher revenue than sealed-bid auction.

Since, normally, we know that an efficient auction is not a revenue-maximizing
auction, the study extends the take-or-give auction to yield higher revenue by adding revenue-
enhancing rules (e.g. entry fee). Analysis shows that the revenue is increased when revenue-
enhancing rules are added, but that efficiency of allocation is decreased. Analysis also shows
that the take-give-indifference auction with entry fee is a revenue-maximizing auction for an
object with countervailing-positive externalities.



CHAPTER 11
REVIEWS ON ECONOMIC
EXPERIMENTS AND
RECIPROCITY

Suppose we hypothesize that a female receiver is given more favors than a male
receiver. Without gathering data from real life, we can abstractly design a situation from
which can gather data by recruiting subjects and asking them how many favors they will give
when their receivers are male and female. Hence, we can carry out an analysis to test the
hypothesis. Thus, this design is an "economic experiment."

Like in scientific experiments, to test hypotheses the economic experiment generates
data by manipulating reality; another method by which to study economics. While theoretical
and empirical studies (which are more traditional methods of economic study) are on opposite
extremities, the experiment is in between — being an observational study as empirical study
and being an abstract study as theoretical study. In the main, as discussed in Samuelson
(2004), the experiment study works together with theoretical study. Economists can apply
experiments to test theories as well as to provide some insights and further develop theories.

Samuelson (2004) provided a meaningful discussion on the strengths and weaknesses
of economic experiments and the linkage between theoretical and experimental studies to
reality. Therefore, a brief summary is provided as follows. Since economists study how in the
real world rational agents make decisions, make interactions, and make use of scarce
resources, to do so, they simplify the reality to a model. In an empirical study, economists
model how variables interact to each other by constructing, for instance, a regression model.
A theoretical study formulates how the agents rationalize their behaviors such as their
preferences, their utility functions, their possible decision spaces, and so forth. It also applies
models. In the experiment study, the experimental setting is also a model — it simplifies
reality. Hence, in economics all study methods apply models.

However, we may put the empirical study on the side of being closest to the real
world. By having more assumptions in a model, the model is simpler but further from the real
world. Hence, a theoretical study which applies only mathematical models (and with lots of
assumptions) is to be placed on the other side — furthest from the real world. The experimental
study is somewhere in between since it does not apply only mathematical models but also
applies, for instance, real humans, real interactions, and manipulated situations. Hence, it
studies economics with fewer assumptions than theoretical study but still with more
assumptions than empirical study. However, all study methods are not separable; they must
work together and contribute in sum to the knowledge of the real world.



The history of economic experiment may have begun long ago; however, it has
largely gone unrecorded.' Formally, Thurstone (1931) is considered as the great pioneer of
the economic experiment. In his work, subjects were asked to make hypothetical choices on
their preferences. However, since it applied a hypothetical-choice method, the study was
critically argued for its lack of validity. In Wallis and Friedman (1942), the main line of
argument was, "for a satisfactory experiment it is essential that the subject give actual
reactions to actual stimuli." According to this line of thought, the study mainly failed to
manipulate reality and failed to provide proper incentives to induce subjects’ real behavior.
(Later, Smith (1976) proposed induced-value theory to improve the specifications of the
incentive system in an experiment).

Kagel and Roth (1995) provided a good survey of economic experiments during the
period of 1930-1995. In that period, experiments were mainly applied to test economic
theories related to the prisoners’ dilemma game, public goods, reciprocity (or cooperative
behavior), bargaining behavior, market design, auction design and individual choice behavior.
Many interesting implications from experiments were discovered. For instance, in studying
reciprocity, like that found by Dresher and Flood (1950), it was found that subjects
reciprocated significantly and challenged the traditional self-interested model that predicts no
such reciprocity.

After about a century the economic experiment had proven its worth in studying
economics. In 2002, Nobel Prize laureate Vernon L. Smith was specifically awarded "for
having established laboratory experiments as a tool in empirical economic analysis, especially
in the study of alternative market mechanisms." In addition there were other laureates who
had applied experiments as tools in their study. For instance, in 2012, Alvin E. Roth was
awarded the Nobel Prize "for the theory of stable allocations and the practice of market
design."

Nowadays, the economic experiment has become widely accepted, having provided
many important insights and implications. One such instance is that many experiments have
provided evidence that the economic agent is not self-interested as traditional economics had
believed. Since then, economists have tried to propose new models through the application of
evidence from experiments (e.g. Fehr and Schmidt (1999)). Indeed, it has since been applied
to a diversity of fields in economics: behavioral economics (e.g. Bhirombhakdi and Potipiti
(2012B)), auctions (e.g. Kagel, Harstad and Levin (1987)), market design (e.g. Kagel and
Roth (2000)),neuroeconomics (e.g. Koenigs and Tranel (2007)), and so on.

The following section focuses on related issues to the studies (Chapters III and IV) in
this dissertation — experiments on reciprocity. First, it discusses how to design a good
experiment. Then, it reviews the related issues of reciprocity.

: In fact, there is evidence which Daniel and Nicholas Bernoulli applied to the economic

experiment in their study. However, this was done informally.



2.1. Designing a Good Experiment

In the words of Wallis and Friedman (1942), "for a satisfactory experiment it is
essential that the subject give actual reactions to actual stimuli." Many years have passed and
economists have learnt to design a good experiment through trial and error. A discussion on
how to design a good experiment follows in this section which lists the issues a researcher
should address when designing an experiment, namely realism, environment, incentive,
duration, repetition, understanding, instruction and conductor.’

1. Realism. This means that treatments must affect behaviors like in reality. In other
words, subjects should believe that the treatments are situations which have really happened
in their lives. As concerns the contexts of realism, there are two types of experiment: /ab and
field. An experiment may be designed as a lab experiment which is less realistic as data is
collected in a closed environment — that is, in an experiment room. For instance, subjects
gather in a lecture room where they provide data. In contrast, the field experiment allows
subjects to be exposed to other factors in an open environment — outside a room — such as
place, time, weather, etc. Obviously, a field experiment is more realistic but less controllable
and more likely to be confounded.

2. Environment. Especially in a lab experiment, the aspects of environment which
subjects are exposed to affects behaviors. For instance, telling subjects that they are playing
against their classmates and telling them that they are playing against an unknown individual
induce different responses. The following mostly concerns the environment:

a. Anonymity — This refers to the experiment keeping secret the identity of
each subject. This environment makes subjects neutral and independent of their opponents.
Even though most experiments satisfy this aspect of environment, some experiments
specifically aiming to explore the effects of identity are more relaxed about it.

b. Privacy — This means that subjects make decisions privately; to prevent
possible effects of exogenous factors while making the decisions (e.g., facial expressions
from adjacent subjects, anxiety, fear). Normally, like at voting table, screens or partitions are
applied.

3. Incentive. Smith (1976) elaborated in detail on this issue. To make subjects
truthfully express their behaviors, they must be induced by appropriate incentives. For
instance, using an Apple Store Gift Card (for purchasing items on the online Apple Store) is
appropriate only if subjects have iDevices such as iPhone or iPad. Hence, normally, money is
used as the medium of rewards.

The level of payment is also another important concern. Suppose our subjects are
CEOs from private companies but the payment is equal to that of a part-time officer, this may
not induce true behaviors. The appropriate level of payment needs to be set equal to the
subjects’ opportunity costs. Since we assume that each subject can work for income instead of
participating in an experiment, the opportunity cost is in the main equal to the income. For

Friedman and Sunder (1994) elaborated on how to design a good experiment.



instance, in 2011 a Thai law specified a minimum 20 baht/hour salary so, at the very least,
each subject should get a (expected) payment from an experiment equal to that rate.’

Moreover, arising from payment concerns, most researchers select subjects with low
opportunity costs but who still represent the population to some degree. University students
are subjects in most studies as they have low opportunity costs but enough potential to
represent the population.

4. Duration. An experiment that is too long is not good. Subjects are prone to
becoming exhausted and losing interest. Also, a lengthy experiment costs more than a shorter
one. However, an experimenter should not place time constraints while subjects are making
decisions, since doing so may affect behaviors.

5. Repetition. Collecting data from similar treatments (e.g. applying five trust games)
will generate a low quality of data from chronic nuisance (Friedman and Sunder, 1947, pp.
29-30). The following factors cause chronic nuisance:

a. Learning Effect — while making decisions in similar treatments, subjects
may learn or gather more information which affects behaviors.

b. Randomization — subjects are random in their decisions. A lengthy
experiment is the potential cause.

c. Dependent Decision — subjects make decisions dependently across
treatments. The cause of this behavior is that, rather than considering each treatment as one
situation, subjects consider all treatments together as one dynamic situation and try to make
decisions which maximize their expected rewards.

6. Understanding. With different levels of understanding of the situations they face
abstractly, subjects have different responses. Unless the study wants to introduce the level of
understanding as an independent variable, subjects should fully understand the situation. The
level of understanding includes knowing how payoffs are calculated.

Applying less sophisticated situations (e.g. a dictator game as one player makes a
decision or a trust game as two players make decisions), situations which subjects have
experienced recently and providing clear instructions including examples and practice
sessions can help subjects to understand the situations. Having some assistants while
experimenting to answer questions is possible but be aware that the answers may confound
the experiment. The assistants should be trained and monitored.

7. Instructions. Experiment instructions should be clear and convey the necessary
information for the experiment. Also, this is the tool which helps subjects understand the
situation in the experiment, and hence attempts to explain everything including payoff
calculation, rules, regulations and conduct. The real purpose of the experiment can be
concealed to avoid being confounded by the experimenter demand effects (Zizzo, 2010).
However, the researcher shouldn’t lie and should be aware of the results potentially being
confounded by the instructions.

3 In 2011, Thai law specified a 215 baht/day salary at a minimum rate for the Bangkok area.

Hence, assuming that 1 day is equal to 12 working hours, this equates to around 20 baht/hour at the
minimum rate.
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Figure 2.2-1 Prisoner’s Dilemma Game

Instructions are given as reading papers. Therefore, subjects can read at their own
convenience. However, the text should not be too long. Also, to make sure that every subject
receives symmetric information provided in the instructions, in the experiment the
instructions should be read to all subjects at the same time once.

8. Conductor. The experiment conductor — who mostly read the instructions and
conduct the experiment session from start to the end — can be different persons for each
session. At one extreme, the study may randomly select one subject to be the conductor for
each session. This is good when concerning the design of a double-blinded experiment.
However, each session can be confounded by the different characteristics of the conductors
(e.g. reading skill, tone of voice, appearance, identity, etc.).

On the other extreme, the experimenter conducts the experiment by himself. This is
good since the experimenter knows the best way of conducting the experiment. However, this
can be confounded by the experimenter demand effects.

Using trained staff to conduct the experiment is somewhere in the middle of the
above two mentioned choices. The staff should be well trained before handling the
experiment. Also, the experimenter should be able to monitor the conductor to observe any
possible confounds.

2.2. Review of Reciprocity

The history of reciprocity (or give-and-return behavior) studies most likely began in
1950 when Flood and Dresher ran an experiment by applying a game-theoretical approach.’
Later, Flood (1952) — following on from the previous study — proposed the famous prisoner’s
dilemma game.

The game involves two players (as prisoners) who simultaneously make decisions
and the outcome is determined by their decisions. Each prisoner makes a decision either to
confess his crime or to defect. For instance, as presented in Figure 2.2-1, if both defect each
prisoner gets three payoffs; if both confess each prisoner gets four payoffs; if one defects but
the other confesses, the defector gets five payoffs but the confessor gets two payoffs. The
game manipulates the dilemma whereby if a prisoner is a traditional self-interested type he
will always defect; but if he has other concerns he may confess. To be more precise, if
prisoner A is not a self-interested type but he concerns about social welfare, confession is the
dominant decision; since (C,D) (stands for confession from prisoner A and defection from
prisoner B) and (C,C) yield higher total payoffs (prisoner A’s payoffs + prisoner B’s payoffs)
than (D,D) or (D,C). Or, if he is an altruistic type, with high concern for his friendly
prisoner’s payoffs, confession is the dominant decision. Also, reciprocity — since prisoner A

¢ The study was conducted at the RAND Corporation.



believes (or trusts) that his friend will confess, he confesses; or else, if he believes that his
friend will defect, he defects — is another factor which has more recently proven the most
controversial. Significantly, the results from Dresher and Flood (1950) showed that subjects
acted as non-self-interested types.

Since then, many economists have addressed the problem of applying the traditional
self-interested model to reciprocity-related situations. Some studies have experimentally
found determinants of reciprocity, while others have theoretically proposed reciprocity
models. Also, apart form the prisoner’s dilemma game, some studies have applied other
games which capture the sense of reciprocity such as the sequential prisoner’s dilemma and
trust games. These games were designed to test specific hypotheses and have now become
well-known.

In the following section, we first discuss reciprocity games followed by determinants
of reciprocity. Finally, we discuss reciprocity models.

2.2.1. Reciprocity Games

In experimental studies of reciprocity, most have applied a game-theoretical method.

To be precise, a study designs an experiment which has many treatments introduced with
different levels of independent variables. The treatments are presented in forms like games
which let subjects make decisions in their roles and the decisions of all subjects determine the
final outcome. For instance, the prisoner’s dilemma game, as presented in Figure 2.2-1, is a
game treatment whereby two subjects make decisions and their decisions determine the final
outcome.

Apart from the prisoner’s dilemma game, there are other well-known reciprocity
games. Of them, we will go on to discuss sequential prisoner’s dilemma and trust games.

Sequential Prisoner’s Dilemma Game

The sequential prisoner’s dilemma game, as presented in Figure 2.2-2, is a game in
which two players sequentially make decisions; the first player moves first and then the
second player moves after observing the first player’s decision. The first player decides first
whether to defect (D) or to confess (C). After observing the first player’s decision, the second
player decides whether to defect or to confess. There are four possible outcomes: (D,D),
(D,C), (C,D) and (C,C). Each outcome determines the players’ payoffs. For instance, the
outcome (D,D) yields the first player and second player 3 and 3 payoffs respectively; the
outcome (D,C) yields them 5 and 2 payoffs respectively; and vice versa.

To test hypotheses on reciprocity, applying a sequential game is better than applying
a simultaneous game. In comparing the simultaneous version of prisoner’s dilemma (Figure
2.2-1) and its sequential version (Figure 2.2-2), the main difference is that in the sequential
version the second player responds according to the first player’s decision, but in the
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simultaneous version he decides based on his beliefs on the first player’s decision. The
sequential version can control the beliefs not to confound, and it can test other factors which
affect reciprocity.

Trust Game

The trust game is a sequential two-player game. As presented in Figure 2.2-3, the first
player decides whether to stop or to continue. If the game is stopped, each player yields 3
payoffs equally. If the game is continued, then the second player’s payoffs are increased
(since rather than getting 3 payoffs from stopping the game, he will get 5 or 4 payoffs
depending on his decision). After observing the first player’s decision, the second player
decides whether to take (which yields 2 payoffs for the first player and 5 payoffs for himself)
or to return (which yields 4 payoffs equally). Notice that the game can be viewed as a simpler
version of the sequential prisoner’s dilemma game. To be precise, continuing and returning
are equivalent to confessing and taking is equivalent to defecting, while stopping is equivalent
to defecting given the second player always defects.

Since the game is simpler than the sequential prisoner’s dilemma, it is more
convenient for introduction as a treatment in an experiment. Subjects have more
understanding about the process of the game. A trust-game experiment can directly focus on
reciprocal behavior (or returning in the game) and is less confounded by possible factors
related to the choice set. More specifically, in the sequential prisoner’s dilemma game its
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choice set induces four different outcomes, but in the trust game the choice set induces three
outcomes.

2.2.2. Determinants of Reciprocity

Reciprocity, or give-and-return behavior, has been the subject of much focus over

recent years. There are two types of reciprocity: positive and negative. Positive reciprocity is
a situation where a person kindly does something to another person and the second person
kindly reciprocates. For example, a man gives a woman a gift and she returns him a gift. On
the contrary, negative reciprocity is a situation where a person does something bad to another
person and the second person retaliates. For example, a man steps on someone’s foot and the
victim retaliates by punching him.

Besides challenges to the traditional theory of economics — which has no explanation
regarding reciprocity — reciprocity is an interesting interaction. In most situations, positive
reciprocity is a promising solution to achieve either the social or individual optimum. For
instance, in international trade, an agreement between countries represents a kind of positive
reciprocity. With the agreement, the overall economy is better than without it. In the case of
duopoly, cooperation between firms represents a kind of positive reciprocity. The cooperative
duopoly yields a higher total profit than a competitive one. The opposite — negative
reciprocity — can result in huge losses to society such as the extremes of war and retaliation.

To know how reciprocity — either positive or negative — occurs, many studies have
investigated the determinants of reciprocity. Some of the determinants are as follows:

- Altruism. "Altruism (or selflessness) is the principle or practice of concern for the
welfare of others."> Obviously, it is on the opposite side of the traditional self-interested
model in economics. The altruistic factor is the most basic determinant of reciprocity. It
simply explains that an agent positively reciprocates since he cares about others’ welfare. In a
more sophisticated version of the altruistic model, an agent may care for both himself and
others’ welfare. Rotemberg (2006) investigated the relationship between altruism and
reciprocity at the workplace and found there to be a significant relationship.

- Beliefs. Since Geankoplos et al. (1989) proposed the psychological game theory,
many studies have investigated the impact of beliefs on reciprocity and supported it (Csukds
et al., 2008; Falk et al., 2008; Stanca et al., 2009). For instance, in a simultaneous prisoner’s
dilemma each player’s decision depends on his beliefs; if he believes the other will confess,
he will confess; and vice versa. In a sequential game, the first player’s decision depends on
his beliefs regarding other decisions and induced outcome. Beliefs, as determinants to
reciprocity, have been expressed differently in each study. Dufwenberg and Kirchsteiger
(2004) proposed that an agent derives his equity point under his beliefs. While, for Falk and
Fischbacher (2006), beliefs are expressed as intention.

Wikipedia, accessed 02/02/13.<www.en.wikipedia.org>
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- Competition. In a competitive environment, an agent may want to get higher payoffs
than others since he wants to win. Fehr and Schmidt (1999) introduced the concerns of
competition in the form of advantage and disadvantage factors. To be precise, an agent
prefers an advantageous choice (which yields him higher payoffs than others) to a
disadvantageous one.

- Equity. In law, equity means "a system of natural justice allowing a fair judgment in
a situation which is not covered by the existing laws."® Here, in reciprocity, equity has a
similar meaning. That is, in a reciprocity-related situation, agents care about equity, a fair
judgment and a fair decision in the situation which there is no law directly specifying which
decision is a fair one.

Reciprocity, it is believed, happens because of the concern of fairness. Theoretically,
in economics, some studies proposed how an agent judges fairness. For instance, Fehr and
Schmidt (1999) proposed that the equal split (which means all players get the same payoffs) is
the equity point. Dufwenberg and Kirchsteiger (2004) proposed that the arithmetic mean
between the possible highest and lowest payoffs of each player is his equity point.

- Loss aversion. For instance, given the initial amount of money (let’s say $10), we
let subjects make decisions in two treatments: first, each subject makes a decision on how
much money to take and, second, we give a subject $10 and let him make decision on how
much he will throw away. The difference between both treatments is that in the first treatment
a subject makes a "decision to gain" and in the second treatment he makes a "decision to
lose." The treatments seem equivalent. However, loss aversion affects the second treatment
and yields different results. Loss aversion also affects reciprocity situations, this is supported
by the work of Bhirombhakdi and Potipiti (2012A).

- Relationship. Personal relationship is a determinant of reciprocity. It is very clear
that we care about our friends’ welfare more than that of strangers. Dufwenberg and
Kirchsteiger (2004) discussed this factor in their proposed model.

- Sensitivity. Sensitivity is introduced to allow each agent to have a different response
in the same situation. For instance, a highly sensitive altruist may reciprocate in any situation
while one with low sensitivity reciprocates only in certain situations. Rushton et al. (1981)
applied an agent’s personality to measure altruistic sensitivity. Also, an agent may be
concerned with more than one factor to different degrees of sensitivity. For instance, an agent
may be concerned with both equity and competition (Fehr and Schmidt, 1999).

- Uncertainty. Since an agent may be a risk-lover, risk-averse or risk-neutral type,
uncertainty affects his decision. For instance, in the trust game where stopping the game
yields a certain outcome but continuing the game yields an uncertain outcome (depends on
the second player’s decision), a risk-averse player may prefer stopping. (For example, see
Bird et al. (2002)).

Definition from Oxford Advanced Learner’s Dictionary, 7 ed.
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- Utilitarianism. According to the ethical philosopher Jeremy Bentham, "the greatest
happiness of the greatest number that is the measure of right and wrong." This is the central
concept of utilitarianism.” So, a utilitarian is mostly concerned about the total welfare of
society. This differs from altruism in which an altruist is concerned for the welfare of others,
not the total welfare. More precisely, a utilitarian always prefers the choice which maximizes
social welfare without concern for the distribution (Komter, 2007).

2.2.3. Reciprocity Models

As mentioned, some recent studies aimed to propose new reciprocity models which
fit the existing evidence. In this sub-section, we discuss the reciprocity models of Fehr and
Schmidt (1999), Rabin (1993), Falk and Fischbacher (2006), Dufwenberg and Kirchsteiger
(2004) and Battigalli and Dufwenberg (2007).

The model, here, means the utility function; a reciprocity model proposes how an
agent derives his utility, or payoffs, in a reciprocity-related situation. The proposed models
can be classified into two types: traditional (e.g. Fehr and Schmidt (1999)) and psychological
(e.g. Dufwenberg and Kirchsteiger (2004) and Battigalli and Dufwenberg (2007)). The
difference between both types of model is that beliefs (the expectations of other players’
decisions) endogenously determine a decision in the psychological models while they do not
in the traditional model (Geanakoplos, et al., 1989; Battigalli and Dufwenberg, 2009). In a
traditional model, an agent derives his utility from the ex-post outcome induced by the
strategy profile. In the psychological model, an agent derives his utility from both the ex-post
outcome and his beliefs of the ex-post outcome while playing the game (or interim
expectation on outcome).

Mathematically, for a player i, the traditional model maps from strategy profile Z to
utility:

vi: Z > R

For instance, in the self-interested model the function is v; = m;(z) where m; is the material
payoffs of player i and z € Z. In the altruistic model the function is ¥; = m;(2) + u;m;(2)
where p; = 0 is the altruistic parameter of player i. In the altruistic model, the second term is
his opponent’s material payoffs; it increases the player i’s utility which means he cares about
his opponent’s welfare. However, the altruistic parameter y; = 0 stands for the player’s
individual preferences, or sensitivity, on altruism (see section 2.2.2. for the discussion of
determinants of reciprocity e.g. altruism, individual preferences, sensitivity, etc.). Similarly,
Fehr and Schmidt (1999) proposed an interesting traditional-reciprocal model called the
"inequity aversion" model. This is as follows:

The quote is from his most famous work, "A Fragment on Government."
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( m(2); mi(2) = my(2)
v (z; a5, B;) = Jmi(z) - (mi(z) - mj(Z)) ; mi(z) > my(z)
(M@ = i (@)~ mi(@)) 5 mi@) < my(2)

where @; = 0 is the individual sensitivity parameter of advantage outcome (m; > m;) and
Bi = 0 is the individual sensitivity parameters of disadvantage outcome (m; < m;). The
model introduces two determinants: equity (which uses the equal split as equity point) and
preferences. In the model, when m;(z) # m;(z), the second term stands for disutility from
having inequity (or, as its name captures, inequity aversion). However, the player may have
different preferences in being an advantage (when m; >m;) and disadvantage (when
m; < m;) by having a; and f; as sensitivity respectively.

Differently, the psychological model maps from the strategy profile and beliefs B; to
utility:

ui:ZXBl- - R.

In a psychological model, an agent derives his utility from two parts: material m; and
psychological payoffs; or in this context, the psychological payoff is called "reciprocal"
payoff r; and we call the model "reciprocity model." With the additively separable
assumption, a reciprocity model is expressed as u; = m;(z) + r;(z, b;; p;) where b; € B; and
U; € R™ is the vector of reciprocal parameters. Mostly, the proposed models are different in
how they specify the reciprocal-payoff function.

For instance, Rabin’s (1993) and Dufwenberg and Kirchsteiger’s (2004) models
capture the sense of kindness (or unkindness) and reciprocity. The models similarly specify
their reciprocal-payoff functions as rX = @; * kindness giving * kindness perceving
where @; > 0 is the only parameter which, in this context, is called "kindness sensitivity." Or,
as another example, Falk and Fischbacher (2006) added intention in the kindness-reciprocity
model by specifying the reciprocal-payoff function as r/¥ = @; * &, * kindness giving *
kindness perceving where 0 < §; < 1 is the intention factor.



CHAPTER 111
COST OF GIVING, INTENTION
AND POSITIVE RECIPROCITY®

This chapter investigates the relationship between the cost of giving, intention and
positive reciprocity. The study comprises two parts: first, presenting the theoretical
relationship between the factors — cost of giving, intention and positive reciprocity — and,
second, experimentally testing the theory. Theoretically, the study explains that in a positive-
reciprocity situation where a receiver returns a giver favors, the cost of giving signals the
giver’s intention which makes the receiver more likely to positively reciprocate.
Experimentally, the study analyzes data at the individual level. The results support the theory.

Positive reciprocity is the behavior whereby a receiver returns a giver favors. It is an
interesting interaction for several reasons. First, in most situations, positive reciprocity is
economically important. The reciprocal (or give-and-return) outcome is better than a
competitive outcome. For example, in a duopoly market, a reciprocating duopoly yields a
higher total profit than a competitive duopoly. In the prisoner’s dilemma, a reciprocal
outcome is a Pareto optimum. Second, since much evidence has shown that, in reality,
reciprocity does happen but the traditional self-interested model cannot explain reciprocity,
this implies that economists should develop new models which can explain reciprocity.
Altruism, utilitarianism, kindness and reciprocity and inequity aversion are all examples of
the new reciprocity models.

"How does positive reciprocity occur?" is the important question. In economics,
many studies have investigated determinants of reciprocity,” e.g. preferences, material
benefits, fairness, expectations, competitiveness, agents’ relationship, information. The focus
of more recent studies — intention of the giver — is one such determinant (e.g. Stanca, Bruni
and Corazzini (2009)). Hence, it is of interest to investigate, in more depth, intention.

Previous studies on the giver’s intention and reciprocity showed that good, or
altruistic, intention enhances positive reciprocity (McCabe, Rigdon and Smith, 2003; Falk,
Fehr and Fischbacher, 2008; Stanca, Bruni and Corzzini, 2009). For instance, with your good
intention — to celebrate, to wish them luck, to make them happy — giving your friends gifts
induces return gifts from your friends. Or with good intention — to defend the country, to keep

§ This study was published as "Cost of Action, Perceived Intention, Positive Reciprocity and

Signaling Model," in the Journal of Business and Policy Research, Vol. 7, No. 3, September 2012
Special Issue, pp. 178-194.

? For examples, Bolle (1998), Fehr and Schmidt (1999), Fehr and Géchter (2000), Bolton and
Ockenfels (2000 and 2005), Charness and Rabin (2002), Falk et al. (2003 and 2008), Falk and
Fischbacher (2006), McCabe et al. (2003), Briilhart and Usunier (2004), Dufwenberg and Kirchsteiger
(2004), Cox and Deck (2005), Csukas et al. (2008), Stanca et al. (2009), Bhirombhakdi and Potipiti
(2012A and 2012B).
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the people secure in the country, to provide selfless service — military officers are rewarded
with medals, support and privileges in return.

However, in an interaction like gift giving and returning, how the receiver perceives
the giver’s intention is still an important question which previous studies do not explain.
Hence, this study fills the gap.

This study theoretically analyzes the relationship between the cost of giving, giver’s
altruistic intention and positive reciprocity by applying a signaling model. The theoretical
result supports the assertion that the cost of giving can signal the giver’s altruistic intention
and enhances positive reciprocity. Furthermore, this study designs an experiment to test the
theoretical relationship between the cost of giving and positive reciprocity. The results also
support the relationship.

Regarding implications, the finding explains why we give expensive gifts rather than
cheap ones. The givers give expensive gifts since the high cost of giving, or the high cost of
the gifts, is better to signal the givers’ altruistic intention than a cheap one. Also, the finding
explains why we are more likely to return favors to the high-cost givers than low-cost ones.

The following in this chapter starts with a review of intention and reciprocity (section
3.1.). Then, it presents the theoretical relationships between cost of giving, intention and
reciprocity (section 3.2.), presents the experimental results (section 3.3.) and, finally, draws
conclusions (section 3.4.).

3.1. Review of Intention and Reciprocity

Recent studies on kindness and reciprocity have discussed one new factor —
perception of the giver’s intention — that determines how a receiver returns kindness (or
unkindness) (Charness and Rabin, 2002; McCabe, Rigdon and Smith, 2003; Falk, Fehr and
Fischbacher, 2003, 2008; Dufwenberg and Kirchsteiger, 2004; Bolton and Ockenfels, 2005;
Cox and Deck, 2005; Falk and Fischbacher, 2006; Stanca, Bruni and Corzzini, 2009).10 For
instance, stepping on someone’s foot is more likely to induce a fight (as an unkind return) if
the victim perceives the doer’s unkind intention (such as the doer really wants to hurt him),
and vice versa for kind intention. In other words, the perception of the giver’s kind intention
induces the receiver’s kind reciprocity; and the perception of unkind intention induces unkind
reciprocity (Falk and Fischbacher, 2006).

McCabe et al. (2003), Falk et al. (2008) and Stanca et al. (2009) studied the
relationship between perception of giver’s intention and reciprocity. McCabe et al. (2003) and
Falk et al. (2008) had a similar hypothesis whereby the reciprocity rate when a giver can fully
control his decision (or intended decision) is higher than when a giver cannot fully do so (or

10 Stanca et al. (2009) defined a new factor named motivation, but, in the article’s model, the

motivation and perception of the giver’s intention are closely related. Hence, the effects of motivation
and the perception can be aggregated into only the perception.
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unintended decision). The studies applied random devices to manipulate the unintended
decision. More precisely, making a decision by applying a random device implies that the
giver has made an unintended decision.

The results supported the hypothesis of a positive relationship between the perception
of giver’s intention and reciprocity. However, the result is arguably confounded. In the
unintended-decision treatment, the interaction of a pair comprising a giver and receiver has a
third party involved. For instance, for Falk et al. (2008), instead of the real giver by himself,
the experimenter was the one who applied the device; the experimenter is the third party.
Also, the device, by itself, is concerned as the third party who determines the giver’s decision.

Stanca et al. (2009) hypothesized that the reciprocity rate when a giver has altruistic
intention is higher than when he has strategic (or non-altruistic) intention. The study designed
two treatments. One let the giver show strategic intention by providing them with all the
possible consequences from his action; for instance, the giver knows that if he gives the
receiver favors then the receiver may return favors. In contrast, the other treatment lets the
giver show altruistic intention by not providing the possible consequences of his action; for
instance, the giver may give the receiver favors without knowing that the receiver may return
favors. The results supported the hypothesis.

In this study, we question whether cost of giving can signal the giver’s altruistic
intention and can induce reciprocity. This study comprises two parts: first, presenting the
theoretical relationship between the factors and, second, experimentally testing the theory. In
the next section, we will address the theoretical relationship.

3.2. Theory of Cost of Giving, Intention and
Positive Reciprocity

In this section, we develop a model to show the relationship between cost of giving,
giver’s intention and positive reciprocity. The model shows that, in a positive-reciprocity
situation where a receiver returns a giver favors, the cost of giving signals the giver’s
intention and induces positive reciprocity.

As follows in this section, we will theoretically develop the relationship between cost
of giving, giver’s intention and positive reciprocity. To show this, first, we discuss the
positive-reciprocity trust game which is used in our analysis. Second, we discuss the agent’s
utility model. Last, we apply the presented game and model to develop the relationship
between cost of giving, giver’s intention and positive reciprocity.
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Figure 3.2-1 Positive-Reciprocity Trust Game.

3.2.1. Positive-Reciprocity Trust Game

In our analysis, we focus on the positive-reciprocity interaction. For instance, friends
give us gifts and we return them gifts. This situation is captured by the positive-reciprocity

trust game as presented in Figure 3.2.1.

In the game, the giver (as the first player) decides whether to stop (S) or trustfully
continue (C) the game. If he continues, he gives the receiver (as the second player) d
additional monetary payoffs, or money that the players get from the interaction, and his
payoffs are changed from a to c. Notice that the giver continuing is similar to the gift giving
wherebe the cost of giving is the difference between a and ¢ (Definition 3.2-1):

DEFINITION 3.2-1: Cost of givingis § = a — c.

The receiver, after observing the continuation of the giver, decides whether to
selfishly take (T) all additional payoffs (which yield him b + d monetary payoffs) or
reciprocally return (R) e payoffs (which yield the giver and himself c +e and b+d —e
payoffs respectively). Notice that the receiver’s reciprocity is similar to returning the giver a
gift.

Note that the payoff structure (a,b,c,d,e) of the game presents the monetary
payoffs, not the total payoffs, or utility, which the players derive and affect decisions. In the
next section, we discuss how a giver and a receiver derive their utility.

3.2.2. Utility Function
u(2,0,;0,) = m(2) + 0,0,m;(2). (32-1)

As mentioned, each agent will derive utility not equal to the monetary payoffs as
specified in the game. This section will discuss how an agent derives his utility. Equation
(3.2-1) presented the modified altruistic model which explains how an agent derives the
utility.

From the equation, agent i derives his utility from two parts: his monetary payoffs (in
the first term) and his altruistic payoffs (in the second term). His monetary payoffs m; are
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determined by the strategy profile z. The strategy profile z explains how the giver and the
receiver make decisions. According to the positive-reciprocity trust game, as presented in
Figure 3.2-1, we denote i,j € {1,2} and i # j as the index of the first (as giver) and second (as
receiver) players; z = (z;, z,) where z; € [0,1] is the probability of continuing the game (by
the giver) and z, € [0,1] is the probability of taking (by the receiver). For instance, if the
giver continues the game and the receiver does not reciprocate (z = (1,1)), the giver gets
monetary payoffs my = c and the receiver gets m; = b + d.

The altruistic parameter of agent i, @; = 0, is an individual characteristic, or zype. In
our context, we interpret it as his altruistic intention. It is the private information of agent i,
which agent j does not exactly know. Similarly, agent j has his intention @; which agent i
does not know. From the agent i’s perspective, he guesses agent j’s intention @\J >0
according to his perceptions. Similarly, agent j guesses agent i’s intention @, according to his
perceptions. Rationally, agent i guesses @\] by forming an expectation of agent j’s intention.

Hence, for convenience, we call the term @\] the expectation of agent j’s intention.

Notice that having a high value of agent i’s altruistic intention @; or expectation of
agent j’s altruistic intention @7 implies that agent i is concerned more about the monetary
payoffs of his partner, agent j, than his monetary payoffs. Also, if agent i does not have an
altruistic intention toward his partner (@; = 0) or perceives no altruistic intention from him
((/D; = 0) then agent i will act like a self-interested agent. That is, agent i will only be
concerned with his monetary payoffs.

3.3.3. The Relationship between Cost of Giving, Giver’s

Intention and Reciprocity

This section shows the relationship between cost of giving, giver’s intention and

positive reciprocity. As presented in Figure 3.2-2, the following analysis shows that: 1) the
cost of giving signals the giver’s intention, ii) since a receiver knows the cost, he can derive
the expectation of the giver’s intention, iii) the expectation of the giver’s intention induces
reciprocity. In other words, the more the cost of giving the more likely the receiver
reciprocates.

To show the relationship, we present in three sections. First, we investigate the
relationship between cost of giving and giver’s intention. Second, we investigate the
relationship between giver’s intention and expectation of giver’s intention. Last, we
investigate the relationship between the expectation of giver’s intention and reciprocity.

Cost of giving and giver’s intention
This section shows that cost of giving is the proxy of the giver’s intention. Consider
the previous example of gift giving, it is normal that we are more likely to return (or
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Figure 3.2-2 Positive Relationship Between Cost of Giving, Giver’s Intention, Expectation of Giver’s
Intention and Reciprocity.

Stop | Continue
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Stop | Continue
< » 0,

THigh Cost of Giving

Figure 3.2-3 Relationship between Cost of Giving, Critical Value, Giver’s Intention and Decision.

reciprocate) a giver who gave an expensive gift (or, in other words, who had a high cost of
giving) than one who gave a cheap gift — the cost of giving and positive reciprocity have
positive relationship. From the following formal analysis, we will also obtain the relationship.

Next, from the presented game (in Figure 3.2-1), we will analyze for the giver’s best
response function. From (3.2-1), we derive the giver (as the first player)’s utility function as
presented in (3.2-2),

U1 (2, 02; 01) = my(2) + 0,0,m,(2). (32-2)

Since the giver moves first, he simply takes the expectation of the receiver (as the second
player)’s intention @,as a constant; we normalize @, = 1. Then, we derive the giver’s best
response BR; as

0 (Stop) if ©1 < 1(6,2,)

BR1(22:01) = {Zl a= {1 (Continue) if @, = 1(6,2,) } (32-3)
.. . ¢ d—e(1-z3)
where critical value of intention 1(68, z,) = de(iozs) "
- 42

The giver's best response is contingent on his altruistic intention @; and cost of giving
6 (as defined in Definition 3.2-1) which is one component in the critical value of intention t.
The relationship between cost of giving, critical value of intention, the giver's intention and
his best response is presented in Figure 3.2-3. The critical value is increasing in the cost of
giving. Also, if the giver’s intention is higher than the critical value then he will continue the
game.

Notice that the presented relationship implies a positive relationship between the cost
of giving and the giver’s intention. As presented in Figure 3.2-2, since the critical value is
increasing in the cost of giving, the expectation of the giver’s intention given his continuing
decision is also increasing in the cost. In other words, we can say that the cost of giving
signals the giver’s intention (Proposition 3.2-1). Henceforth, we will use the cost of giving as
an interchangeable term for the giver’s altruistic intention.

PROPOSITION 3.2-1: Cost of giving signals the giver’s altruistic intention.
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Figure 3.2-4 Signaling Game of Trust.

Cost of giving and expectation of the giver’s intention

In this section, we develop the link between the cost of giving and expectation of the
giver’s intention. Intuitively, since the receiver knows the game structure, including knowing
the cost of giving, and can access the giver’s best response function as presented in (3.2-3),
the receiver knows the positive relationship between the cost and the giver’s intention."
Hence, it is rational to derive the expectation of the giver’s intention that positively relates
with the cost of giving. As follows in this section, we formally develop how the cost of giving
positively relates with the expectation of the giver’s intention (Proposition 3.2-2).

From the positive-reciprocity trust game (as presented in Figure 3.2-1), we change the
game to the signaling game of trust as presented in Figure 3.2-4. The difference between the
games is that in the signaling version the nature (as player N) randomly selects the altruistic
intention of the giver (as player 1, 1H and 1L represent givers with high and low altruistic
intention respectively) whom the receiver (as player 2) is faced with; and, since the intention
is the giver’s private information, the receiver cannot distinguish the giver’s intention after
observing his decision. Also, note that the payoff structure (a, b, ¢, d, e) specified in the game
is monetary payoffs, not the utility through which agents derive and determine decisions.

In this signaling game, since the receiver does not know the giver’s real intention, he
derives an expectation of the giver’s intention according to his perception. Since he knows the
giver’s decision, he utilizes this information as a signal to update the expectation of the
giver’s intention. Therefore, the expectation of the giver’s intention @, is derived as defined
in Definition 3.2-2:

DEFINITION 3.2-2: @, = E[@;]z,]."

" Since game theory has an intrinsic assumption that the form of each player’s utility function is

publicly known (but an individual parameter like type is still private information), everybody can
exploit this public knowledge and access each player’s best response function.

12 Similarly, if we consider how the giver perceives the receiver’s kindness intention, @, =
E[@,|z,]; the giver does not know z, hence he uses his expectation that z, = a. Applying @, =
E[@,|z, = a] instead of the normalization (which @, = 1) does not affect our analysis.
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Since, in the game, the receiver’s decision node is reached if the giver continues the
game the expectation of the giver’s intention is @, = E[@,|C]. As discussed in Proposition
3.2-1, E[@4|C] is increasing in the cost of giving, therefore the expectation of the giver’s
intention @, and the cost of giving has a positive relationship (Proposition 3.2-2).

PROPOSITION 3.2-2: The expectation of the giver’s intention increases in the cost of
giving.

Cost of giving and reciprocity
This section develops the link between cost of giving and reciprocity. To show it, we
consider the receiver whose utility function is

uy (2,015 0;) = my(2) + 0,0,m,(2). (3.2-4)

From the utility function, notice that when the expectation of the giver’s intention @
increases, the receiver’s altruistic payoffs (the second term) increases. As a consequence, the
receiver is more likely to return the giver monetary payoffs. In other words, the expectation of
the giver’s intention has a positive relationship with reciprocity. Since the cost of giving
positively relates with the expectation of the giver’s intention, the cost of giving also
positively relates with reciprocity (Proposition 3.2-3).

PROPOSITION 3.2-3: The receiver is more likely to reciprocate when the cost of giving is
increased.

3.3. Experiment Results

This section presents the experimental results which test the relationship between cost
of giving and positive reciprocity (Proposition 3.2-3)."* To test the proposition, we derive four
hypotheses: two hypotheses test the proposition at aggregate level and the other two
hypotheses test it at individual level.

H1: In treatments with equal cost of giving, reciprocity rates are equal.
H2: The reciprocity rate of treatment with low cost of giving (low-cost treatment) is lower
than that of the treatment with high cost of giving (high-cost treatment).

The first and second hypotheses (H1 and H2) test at aggregate level whether the
receiver is more likely to reciprocate when the cost of giving is increased, as stated in
Proposition 3.2-3. From the proposition, first, we expect that if receivers make decisions (to
take or to reciprocate) in two treatments whereby the giver has equal cost of giving then the
proportion of receivers who reciprocate, or the reciprocity rate, in both treatments should be
equal. Second, we expect that if receivers make one decision in a treatment with a low cost of

B Experiment protocol is provided in Appendix A.
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giving and another decision in a treatment with a high cost of giving, then the reciprocity rate
in the high-cost treatment should be higher than in the low-cost one.

H3: A subject who reciprocates in low-cost treatment will reciprocate in high-cost treatment.
H4: A subject who does not reciprocate in high-cost treatment will not reciprocate in low-
cost treatment.

However, since testing only H1 and H2 is not enough to support the proposition, we
additionally test another two hypotheses, H3 and H4, which test the proposition at individual
level. In fact, H3 and H4 are logically equivalent. However, as will be seen later in this
section, the measurements to test H3 and H4 are different.

To understand why H3 and H4 are necessary to validate the relationship, consider the
following illustration. Suppose we have three subjects, say Mr. A, B, and C and we have two
treatments with different levels of cost of giving — high and low. In the low-cost treatment
only Mr. A chooses to return (reciprocity rate is 33%) and in the high-cost one Mr. B and C
choose to return (reciprocity rate in 67%). The results support H2: the reciprocity rate of low-
cost treatment is lower than that of the high-cost one. However, the results do not support H3:
a subject who reciprocates in low-cost treatment will reciprocate in high-cost treatment.
Therefore, to validate the relationship, all four hypotheses should be supported by the results.

The following presents the results in four sections testing each hypothesis.

3.3.1. Testing H1

This section tests H1: in treatments with equal cost of giving, reciprocity rates are

equal. This section first presents and discusses the treatments with equal cost of giving.
Second, it statistically tests the hypothesis.

Treatments with equal cost of giving: HHT and LHT
To test H1, two treatments were designed: high-payoff high-cost treatment (HHT)
and low-payoff high-cost treatment (LHT). The treatments are presented in Table 3.3-1.

According to the positive-reciprocity trust game as presented in Figure 3.2-1, the
game has a material-payoffs structure (a, b, c,d,e). In the treatments HHT and LHT, they
have a = ¢ to make them equally have zero cost of giving. In other words, continuing the
game does not cost the giver; but it still gives the receiver additional material payoffs. To
control other confounds, the treatments have a = b, d = 300 and e = 100."* However, it is
unavoidable that the treatments are confounded by the different levels of stakes.

14 The treatments are controlled for the effects of initial endowments (by having a = b), of the

critical value of intention 7 (see (3.2-3)), of social welfare (see Charness and Rabin (2002)), of
advantage (see Fehr and Schmidt (1999)) and of loss aversion (see Bhirombhakdi and Potipiti
(2012A)).
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Table 3.3-1 Treatments with Equal Cost of Giving: HHT and LHT.

Cost of giving Stake

N
ame a b ¢ d € S=a—c (classified by a)

High-payoff and high-cost

100 | 100 | 100 | 300 | 100 0 High
treatment (HHT) '8
Low-payoff and high-cost
50 | 50 | 50 | 300 100 0 L
treatment (LHT) oW
03
0.281
go.ze—
B
o
0.221
0.2
1 2 3
Treatment 1=LLT, 2=HHT, 3=LHT
Figure 3.3-1 Reciprocity Rates of Treatments.
Result

The reciprocity rate of each treatment is presented in Figure 3.3-1. The reciprocity
rates of HHT and LHT are 27% and 29% respectively. (LLT is a low-cost treatment discussed
in the following section).

According to H1: in treatments with equal cost of giving reciprocity rates are
equal, we expect the rate of LHT and of HHT to be equal. To statistically test the hypothesis,
we apply a logistic regression model as presented in (3.3-1):

In (%) = Bo + B1Dix2 + &ij (33-1)
ik

where Y= 1 if the decision of i*" subject in k' treatment is returning R and = 0 otherwise

which i € {1,2,3,...,79} is the index of each subject; k € {2,3} are the indexes of treatment

where the 2™ and 3" treatments are HHT and LHT respectively. f3,, 8, are constant term and

coefficient. Dy, , = 1ifk = 2 and Dy , = 0 otherwise.

According to the hypothesis, in the model, we expect f; = 0 which means the
reciprocity rates in HHT and in LHT are equal. Table 3.3-2 shows the result which, at 0.1
level of significance, we accept that f; = 0. The result supports H1.
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Table 3.3-2 Results of Testing H1.

. Estimation Interpretation
Coefficient (p-value)* (0.1 level of significance)
—0.13 _
n = 158, McFadden R-squared = 0.001, Prob(LR statistic) = 0.722

* Two-tailed p-value

Table 3.3-3 Treatments with Low Cost and High Cost of Giving: LLT and LHT.

Cost of givi
Name al|b c d e ostotgtving Equal split
d=a-c
Low-payoff and low-cost Yes
1 1 -1
treatment (LLT) 501501 150 | 300 100 00 (with R choice)
Low-payoff and high-cost
1
treatment (LHT) 50 | 50 | 50 | 300 | 100 0 No

3.3.2. Testing H2

This section tests H2: the reciprocity rate of low-cost treatment is lower than of high-
cost treatment. First, it presents and discusses the treatments and then presents the result.

Treatments with low cost and high cost of giving: LLT and LHT

To test H2, two treatments were designed: one with a low cost of giving (LLT) and
the other with a high cost of giving (LHT). The treatments are presented in Table 3.3-3. LLT
has a negative cost of giving which is lower than zero. The negative cost means that
continuing the game always benefits the giver. Also, other possible confounds are controlled
by specifying a = b,d = 300 and e = 100.

The treatments still have one confound — the equal split — which is not controlled.
However, introducing the effect of equal split to the returning choice R in low-cost treatment
does not affect our analysis. To be precise, similar to that discussed in Fehr and Schmidt
(1999), inequity aversion behavior makes a subject prefer the choice of an equal split to the
choice of an unequal split. The effect of equal split is expected to increase reciprocity rate in
LLT. Since, in our test, we expect the reciprocity rate in LLT to be less than in LHT
according to the cost of giving, observing that the rate in LLT is less than in LHT implies that
the effect of cost induces stronger reciprocity than the effect of the choice of an equal split.

Result

According to H2: reciprocity rate of low-cost treatment is lower than that of high-cost
treatment, we expect the rate of LLT to be less than that of LHT. As presented in Figure 3.3-
1, the rate of LLT is 20% and that of LHT is 29% which is substantially different. To
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Table 3.3-4 Results of Testing H2.

. Estimation Interpretation
Coefficient (p-value)* (0.1 level of significance)
—0.48
ay (0.19) a,; <0
n = 158, McFadden R-squared = 0.009, Prob(LR statistic) = 0.196

* Two-tailed p-value

Table 3.3-5 Contingency Table Between LHT and LLT and Conditional Probability RR.

LLT ” i
Conditional probability of
returning in high-cost treatment given
RIT returning in low-cost treatment
(RR)*
R|14( 9 .59
LHT 87.5%
T 2|54 (0.16)

* Two-tailed p-value is provided in parenthesis."

statistically confirm the significance of the difference, we apply a logistic regression model as
presented in (3.3-2):

ln(lyly >=a0+a1Di]-,1+,uij (33-2)
~Y;
where Y;;= 1 if the decision of it" subject in jt" treatment is returning R and = 0 otherwise;
i €{1,2,3,...,79} is the index of each subject; j € {1,3} are the indexes of treatment where
the 1% and 3" treatments are LLT and LHT respectively. @, ; are constant term and
coefficient. D;j; = 1if j = 1 and D;;; = 0 otherwise.

According to the hypothesis, in the model, we expect a; < 0 which means the
reciprocity rate in LLT is less than that in LHT. Note that this is a one-sided hypothesis. Table
3.3-3 shows that from the result — at a 0.1 level of significance — we accept that a; < 0. The
result supports H2.

3.3.3. Testing H3

This section tests H3: a subject who reciprocates in low-cost treatment will

reciprocate in high-cost treatment. In other words, we expect 100% of subjects who
reciprocate (or choose returning R) in low-cost treatment will also reciprocate in high-cost
treatment. To test the hypothesis, we apply data from LLT and from LHT to construct a 2 by
2 contingency table as presented in Table 3.3-5. (To test H3 and H4, we apply a contingency
table as it is more appropriate and easier to understand the analyses than other methods like
regression).

1 The Wilcoxon signed-rank test was applied to test H3 and H4.
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Table 3.3-6 Contingency Table Between LHT and LLT and Conditional Probability TR.

LLT . i
Conditional probability of
return in high-cost treatment given
RI|T return in low-cost treatment
(TR)*
R|14( 9 0
LHT 96.4%
T2 |54 (0.16)

* Two-tailed p-value is provided in parenthesis.

To test the hypothesis, we developed a conditional probability RR to measure the
conditional probability of return in high-cost treatment given return in low-cost treatment.
According to the hypothesis, we expect RR to be 100%. Testing against the null hypothesis
that RR is equal to 100%, at a 5% level of significance, we accept that RR is equal to 100%.
The result supports H3. (Also note that this is a one-sided hypothesis).

3.3.4. Testing H4

This section tests H4: a subject who does not reciprocate in high-cost treatment will
not reciprocate in low-cost treatment. In other words, we expect 100% of subjects who do not

reciprocate (or choose taking T) in low-cost treatment to not reciprocate in high-cost
treatment. To test the hypothesis, we applied data from LLT and from LHT to construct a 2
by 2 contingency table as presented in Table 3.3-6.

To test the hypothesis, we developed a conditional probability TR to measure the
conditional probability of taking in low-cost treatment given taking in high-cost treatment.
According to the hypothesis, we expect TR to be 100%. Testing against the null hypothesis
that TR is equal to 100%, at 5% level of significance, we accept that RR equal to 100%. The
result supports H4. (Also note that this is a one-sided hypothesis).

3.4. Conclusions

This chapter presents the theoretical relationships between cost of giving, intention of
giver and positive reciprocity. The analysis shows a positive relationship among factors.
Then, it presents experimental results from testing the theoretical relationship. The results
strongly support the relationship.

Besides the contributions to theoretical and behavioral understanding, the results in
this study can be put into practice. For instance, since the cost of giving implies altruistic
intention and induces positive reciprocity, it provides an implication which is similar to
sacrificing — one who sacrifices himself (as a costly action) for the goodness of others will be
positively (and hugely) rewarded for his sacrifice with (for instance) fame, power, money,
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and social position as a hero! In other words, if you want to be rewarded for your action,
others must know that the action was costly and for the sake of their well-being.

For further study, a qualitative study, for example with interviews, is necessary to
deeply explore the relationship between the cost of giving, giver’s intention and positive
reciprocity. Moreover, up until this study, at least three aspects of intention have been
explored: ability to make a decision (McCabe et al., 2003; Falk et al., 2008), motivation
(Stanca et al., 2009), and cost of giving in this study; it is possible that another may arise with
a new aspect to be explored.



CHAPTER IV
PREDICTION PERFORMANCE
OF DK MODEL'®

Traditionally, economists model an agent as a self-interested type, or selfish model.
Much evidence from experimental studies showed that the selfish model does not explain
behavior in most interactions. For instance, in the dictator game where the dictator decides to
split the amount of money for himself and his follower. In the selfish model, the dictator
should take all the money. But in experiments, a 70-30 share was the most selected option
(Engel, 2011).

In the reciprocal situation, whereby a receiver returns a giver favors, the selfish
model also fails to explain why reciprocity happens. For instance, Dufwenberg and Gneezy
(2000) applied a lost wallet game in which the agent — who lost his wallet — decides how
much money he will return to the wallet finder. According to the selfish model, the agent
should not return the finder anything. However, the study found that the expectation of the
agent of how much money the finder would like in return determines his decision.

Since the failure of the selfish model, a bunch of studies have proposed new
reciprocity models which provided a better fit to evidence. Fehr and Schmidt (1999),
Dufwenberg and Kirchsteiger (2004) and Falk and Fischbacher (2006) are examples of
studies which proposed reciprocity models.

These reciprocity models show how an economic agent derives his utility in a
reciprocity-related interaction. For instance, the reciprocity model proposed by Dufwenberg
and Kirchsteiger (2004), or the DK model, explains that a receiver is more likely to
reciprocate positively if he perceives that the giver gave him kindness. In other words, the
perception of giver’s kindness affects the receiver’s utilities and decision.

When the existing literature tested their proposed models’ validity, they showed the
fitness of the models with existing data. For instance, Falk and Fischbacher (2006) collected
data from questionnaires to develop their reciprocity model. The fitness of the proposed
model with questionnaire data, together with data from other studies, appears to work well.
Also, the model is intuitively reasonable. However, it is still questionable whether the model
is still valid with new sets of data.

More precisely, we are questioning the model’s performance in predicting future
decisions. Besides the power to explain the past, the power to predict the future is another
important aspect of any model. To illustrate the issue, think about a model of which its

16 This study was accepted for publication as "Performance of a Reciprocity Model in Predicting

a Positive Reciprocity Decision," in a forthcoming issue of Chulalongkorn Economic Journal.
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parameters were estimated by fitting with existing data. The model may fail to fit with the
data in the future since the parameters that determine future data may not be the same that
determined the previous data.

This study aims to test the DK model’s prediction performance. The model was
selected for several reasons such as its simplicity (which is discussed further in section 4.1.).
In this study, we measured the DK model’s performance and compare it with other alternative
prediction methods as benchmarks.

In this chapter, we discuss the DK model in section 4.1. In section 4.2.,we
presenthow the DK model predicts decisions. In section 4.3., we detail how to design an
experiment which can test the DK model’s performance. In section 4.4.,we present the results.
Finally, the chapter ends with a conclusion.

4.1. The DK Model

This section provides a brief introduction to the DK model proposed by Dufwenberg
and Kirchsteiger (2004). (See Appendix A.2 for more details about the model).

The DK model is a reciprocity model that explains how an agent derives his utility,
which affects his decisions, in a reciprocity-related situation.'” Reciprocity models can be
classified into two types: traditional and psychological. First, a traditional reciprocity model
is a model which explains how an agent derives his utility from material payoffs, or monetary
payoffs and physical outcomes. The altruistic model, inequity aversion model, equity-
reciprocity-competition model are examples of traditional reciprocity models.'®

Second, the psychological reciprocity model explains how an agent derives his utility
from material payoffs and psychological payoffs as the payoffs from emotional experience in
the situation. For instance, the DK model proposed that an agent is more likely to reciprocate
if he perceives kindness (as a kind of psychological payoff) from his partner’s actions. In
another example, Battigalli and Dufwenberg (2007) proposed that the agent reciprocates to
avoid any feelings of guilt (as another kind of psychological payoft).

In this study, the DK model is selected since: i) it is a psychological reciprocity
model. A psychological model is more interesting since much evidence has supported
emotional experience as playing an important role in reciprocity (e.g. Dufwenberg and
Gneezy (2000)). ii) Comparison with other psychological reciprocity models, the DK model
has only one parameter — the reciprocity parameter — which makes the model the simplest to
be applied for predictions. More precisely, since a model can perform a prediction if we know
the model’s parameters from estimation, estimating one parameter is simpler than estimating
more than one parameter.

17
18

See section 2.2.3. for details on the reciprocity model.
See Fehr and Schmidt (1999) for the inequity-aversion model and Bolton and Ockenfels
(2000) for the equity-reciprocity-competition model.
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c ct+e
b+d b+d-e

Figure 4.2-1 Positive-Reciprocity Trust Game.

4.2. DK Model’s Prediction in Positive-
Reciprocity Trust Game

In this section, we apply the DK model to predicting reciprocity in the positive-
reciprocity trust game. The game, as presented in Figure 4.2-1, models a positive-reciprocity
situation; the giver (as the first player) gives the receiver (as the second player) favors and the
receiver returns the giver favors.

In the game, the giver decides whether to stop (S) or trustfully continue (C) the game.
If he continues, he gives the receiver d additional monetary payoffs and his monetary payoffs
are changed from a to c. The receiver, after observing the continuation of the giver, decides
whether to selfishly take (T) all additional monetary payoffs (which yields him b +d
monetary payoffs) or reciprocally return (R) e monetary payoffs, which is e < d. (which
yields the giver and himself ¢ + e and b + d — e monetary payoffs respectively). Also, note
that the payoff structure (a, b, ¢, d, e) specifies monetary payoffs, not the utility which agents
derive and though which determine decisions.

Next, to see how the DK model predicts the reciprocity of the receiver, we analyze
the receiver’s best response function in the positive-reciprocity trust game. (See Appendix
A.3 for the details of the derivation of the best response function). We simply follow the DK
model and get the best response function as presented in (4.2-1):

2
taking if 0 <0, <—

BR2 =

N o,

(42-1)

returning i =
gif 9, d—e
where @, > 0 is the receiver’s reciprocity parameter; d and e are specified in the payoffs of
the game as presented in Figure 4.2-1.

In the DK model, the reciprocity parameter represents how much an agent is
emotionally sensitive in a reciprocity-related situation. If he is sensitive, he is likely to make a
reciprocal return to givers. If he is not sensitive, he is likely not to. Notice that in the case that
the agent is absolutely not sensitive — his parameter is @, = 0 — it implies that he is the selfish
type and does not always return in any reciprocity-related situation.
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From (4.2-1), the DK model predicts that the receiver will reciprocally return the

giver if his reciprocity parameter is sufficiently high, @, > ﬁ. In contrast, he will choose
taking if his reciprocity parameter is low, 0 < @, < 2.19

From the game, as presented in Figure 4.2-1, d is the additional monetary payoff that
the giver gives the receiver from his continuing and e is the amount of monetary payoffs that
the receiver returns the giver. Notice that the receiver’s best response depends only on d and
e. Intuitively, the result shows that, given a receiver with some value of reciprocity parameter,
if the returned payoffs e are fixed the receiver is more likely to return when the additional
payoff d is increased. Also, if the additional payoff d is fixed, the receiver is less likely to
return when the returned payoffs are increased.

4.3. Experimental Design

In the previous sections, we introduced the DK model and its prediction in the
positive-reciprocity trust game. From (4.2-1), we can see that the DK model predicts that a
receiver who has a low reciprocity parameter, or type, will not reciprocate, and that a receiver
who has a high type will.

In this section, we discuss how to design an experiment to test the DK model’s
prediction performance. In brief, two scenarios of positive-reciprocity trust game were
designed which yield the same receiver’s best response function. Then the subject, in the
receiver role, made decisions in both scenarios. If the DK model makes a correct prediction,
the decisions in both scenarios must be identical; the subject must choose returning in both
scenarios or taking in both.

The design is explained in detail, as follows, in two sub-sections. First, a simple case
is applied to illustrate the design method. In the case, we apply a one-player game and
altruistic model. Then, in the second sub-section, we apply the cases which this study
concerns: those of the positive-reciprocity trust game and DK model.

Simple Illustration: One-Player Game and Altruistic Model

This section presents a simple case to illustrate how we design scenarios to test a
model’s prediction performance. Here, we apply the altruistic model and two one-player
games (as presented in Figure 4.3-1) as our scenarios.

The scenarios are different in how the monetary payoffs of each outcome are
specified. In each scenario, the first player as a dictator makes a decision that determines the

19 Notice that @, = 0 but, from (4.2-1), the interval @, € (X,Y) is missing. The missing interval

exists in the best response if we allow mixed strategy and belief spaces.
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Figure 4.3-1 One-Player Games in Simple Illustration

outcome. The dictator’s decision — either left (L) or right (R) — affects himself and his
follower (the second player).

In the illustration, we test the altruistic model’s prediction performance. That is, the
dictator’s altruistic utility function is u,(z4;6;) = my(z;) + 6;m,(z,) where z; € {L,R} is
the dictator’s decision, 8, = 0 is the altruistic parameter (or type) of the dictator, m, is the
dictator’s monetary payoffs and m, is the follower’s monetary payoffs.

Note that the game, as presented in Figure 4.3-1, specifies the monetary payoffs at
each outcome, but the dictator determines his decision according to his utility. If the dictator
chooses left, on left side of Figure 4.3-1, his monetary payoffs m;(L) =5 and his utility
uy(L; 1) = 5+ 10 * 6; which depends on his type.

Then, to see how the altruistic model predicts the dictator’s decision, we characterize
the dictator’s best response function. Consider the game on the left side of Figure 4.3-1. Since
his utility payoffs from choosing left is

ul(L, 91) — 5 + 10 = 91,
and, his utility payoffs from choosing right is
ul(R; 91) =10+ 5= 91,

the dictator’s best response is choosing left when u,(L; 8;) = u,(R; 6;) and choosing right
when u, (R; 6,) = u,(L; 61). Equation (4.3-1) presents the best response function.

Lif6,>1

Rif6, <1 *#3-1)

BR1 = {

Notice that the dictator’s decision depends on his type. If a dictator has high type

(681 = 1), he will choose left; if he has low type (6; < 1), he will choose right. Hence, to be
able to predict his decision, we must know his type.

We simply learn each subject’s (as the dictator role) type by letting him make a
decision in the left scenario. For instance, if a subject chooses left in the scenario it implies
that he has high type (6; = 1). We call this learning scenario conditional scenario.

Then, to test the model’s performance another equivalent scenario was designed for
the conditional scenario. In this design both scenarios are equivalent if the best response
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functions of scenarios are the same. For instance, the game on the right of Figure 4.3-1 is
equivalent to the game on the left.

To show this, we derive the dictator’s best response function of the game on the right.
Similarly, in the right game, the dictator derives uq(L; 8;) = 100 + 200 * 6, if he chooses
left and w4 (R; 6;) = 200 + 100 * 6 if he chooses right. Then, his best response is to choose
left if u;(L; 61) = u4(R; 6,) and to choose right if u;(R; 8,) = u;(L; 61). Hence, we derive
the dictator’s best response of the game on the right which is the same as on the game on the
left, as presented in (4.3-1). We call the game on the right a fested scenario. Since both
conditional and tested scenarios provide the same best response function of the dictator, if the
altruistic model is correct we expect each subject to make the same decisions in both
treatments. That is, we expect to see a subject who chooses left in a conditional scenario to
also choose left in a tested scenario; we expect to see a subject who chooses right in a
conditional scenario to also choose right in a tested scenario. Else, the model is incorrect if
the decisions are not the same.

To summarize, to make a model perform predictions we design a conditional scenario
that provides the same best response of a focused role as in the tested scenario. Hence, the
model implies that each subject in the focused role should have identical decisions in both
conditional and tested scenarios.

It is worth noting that this design can be applied to any model that has more than one
parameter. For instance, if a model has two parameters, the design applies two conditional
scenarios to learn the parameters.

However, the design has its weakness: 1) a model that is tested for its performance
must be explicitly specified, like the altruistic model (and the DK model). Hence, the model’s
functional form affects the performance. ii) Since we infer a future decision from a past
decision, the assumption of #ype-invariance across scenarios is required. iii) Repetition is
unavoidable since each subject makes at least two decisions (in conditional and tested
scenarios) in similar games. The repetition can generate unsatisfactory data quality.

Positive-Reciprocity Trust Game and DK Model

Now, we turn to focus of this study — the positive-reciprocity trust game and DK
model. This section presents how the designed scenarios as presented in Table 4.3-1 (see
positive-reciprocity trust game in Figure 4.2-1) can be applied to test the DK model’s
performance.

By applying the same concepts presented in the previous section, this study designed
six scenarios of positive-reciprocity trust game (as presented in Table 4.3-1) that have the
same best response of the receiver. Recall the best response function of receiver in (4.2-1):

taking if 0 < 9, < 2

BR, = Zd . The response depends on d and e. Notice that all designed

returning if @, = —
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Table 4.3-1 Conditional and Tested Scenarios of Positive-Reciprocity Trust Game.

Condls‘té(;?lzlr{Tested Number a b c p ,
io
Conditional 1 100 100 100 | 300 | 100
2 50 50 50 | 300 | 100
3 200 | 200 | 200 | 300 | 100
Tested 4 0 0 0 300 | 100
5 50 50 150 | 300 | 100
6 -200 | -600 | -200 | 300 | 100

scenarios have equal d = 300 and e = 100. Hence, the best response function is the same for
all scenarios.

The designed scenarios are different in how we specified the monetary-payoff
structure a, b and c. By varying the payoff structure, we can test how the DK model performs
when other exogenous factors are introduced. In the 1%-4™ scenarios, they have a = b = c.
But, the level of monetary payoffs is different. To be exact, the 4™ scenario has the lowest
payoffs, then 2™, 1% and 3" scenarios respectively. The 5™ scenario has a = b but a < c. The
difference between a and c represents the cost of continuing in the positive-reciprocity trust
game (for more details see Bhirombhakdi and Potipiti (2012A)). Hence, compared to the 1°-
4™ scenarios, the 5™ scenario has a different cost of continuing. Lastly, the 6 scenario is the
only one that has negative monetary payoffs. In other words, subjects make decisions to lose,
rather than decisions to gain in other scenarios. However, since d and e are positive, the
scenario still captures the essence of positive reciprocity.

To test the DK model’s performance, each subject (in the receiver role) makes a
decision in the first scenario as the conditional scenario. Then, we classify the subject into the
high-type group if he chooses to return (since choosing to return implies that his type is

greater than ﬁ); and we classify him into low-type group if he chooses to take (since

choosing to take implies that his type is in between zero to 2).

Then, we let the subject make another decision in five tested scenarios and compare
the decisions with his previous decision in the conditional scenario. If the DK model is
correct a high-type subject should choose to return in the tested scenario or a low-type subject
should choose to take in the tested scenario; otherwise, the model is incorrect.

4.4. Results

This section presents the results. The data of 79 subjects were collected from the
experiment (see the experiment protocol in Appendix A.l.). To test the DK model’s
performance, the data was analyzed in two sections: first, the DK model’s rate of correct
prediction, or accuracy rate; second, benchmarking of the DK model’s accuracy rate with
other alternative prediction methods.
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Table 4.4-1 2 by 2 Contingency Table of Conditional (1*') Scenario and Tested (2"%) Scenario.

Tested (2™)
Scenario Accuracy Rate
R T
Conditional (1*) | R | 16 5 |16+51
S . ~ 85%
cenario T| 7 51 79

Table 4.4-2 Accuracy Rate.

Tested scenario
2nd 3rd 4th Sth 6th
| Accuracy Rate | 85% | 82% | 81% | 81% | 75%

4.4.1. DK Model’s Rate of Correct Prediction (Accuracy Rate)

This section presents the results of testing the DK model’s rate of correct prediction,
or accuracy rate. The accuracy is analyzed in two sub-sections: first, we measure the
accuracy rate in predicting decisions in each tested scenario; second, we statistically test
whether the accuracy rate equals to 100% as predicted by the DK model (or not).

Measuring Accuracy Rate

To measure the accuracy rate in predicting decisions in each tested scenario, we
applied data from the conditional (1%) scenario and one tested scenario to construct a 2 by 2
contingency table. For instance, Table 4.4-1 shows how to measure the accuracy rate in
predicting decisions in the 2™ tested scenario.

In the table, from the data, the 79 subjects were classified into four categories
according to their decisions in conditional and tested scenarios. Sixteen subjects chose to
return in both scenarios, 51 subjects chose to take in both scenarios, 7 subjects chose to take
in the conditional scenario but to return in the tested scenario and 5 subjects chose to return in
the conditional scenario but take in the tested scenario.

According to the design, recall that the DK model predicts that each subject should
make the same decisions in both scenarios. In other words, the model predicts correctly if a
subject chooses to return in both scenarios or take in both.

Hence, we measured the accuracy rate by counting the percentage of subjects who
chose to return in both scenarios or take in both. From the table, 16 subjects chose return-

return and 51 subjects chose take-take from a total of 79 subjects. Hence, the accuracy was
16+51
—_— ~ [
o 85%.
Table 4.4-2 presents the accuracy rate in predicting decisions in each tested scenario.

The measurements show the accuracy was about 80% when predicting 2™-5™ scenarios, but
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Table 4.4-3 Results of Statistical Test of Accuracy.

Tested @ a1, ( I_l; __S?tISEC 0 Interpretation
scenario: (p- (p- R?* | n 070z ™ (at 0.05 level of
. and L
z in (4.4-1) value) value) _ significance)
Az = 1)
_ 0.24* 0.64** . o
z=2 (0.014) (0.000) 0.39 | 79 7.078 Accuracy rate is not 100%
_ 0.29** 0.58** . o
z=3 (0.005) (0.000) 0.31 | 79 8.616 Accuracy rate is not 100%
_ 0.05 0.71** . o
z=4 (0.315) (0.000) 0.40 | 79 9.505 Accuracy rate is not 100%
_ 0.48** 0.44** . o
z=5 (0.000) (0.000) 023 | 79 11.970 Accuracy rate is not 100%
_ 0.86 0.11 . o
z=6 (0.000) (0.185) 0.04 | 79 62.415 Accuracy rate is not 100%

P-value shows two-tailed p-value.
* Coefficient is significant at the 0.05 level (two-tailed).
** Coefficient is significant at the 0.01 level (two-tailed).

75% when predicting the 6™ scenario. According to the design, we expect that if the DK
model is perfectly correct then the accuracy rate should be 100%; since every subject should
choose only to return in both scenarios or to take in both. Even though the results show that
the accuracy is less than 100%, the results will be statistically confirmed in the following
section.

Statistical Test of Accuracy Rate

According to the design, we expect each subject to make the same decisions for both
conditional and tested scenarios. In other words, we expect the accuracy rate to be 100%. To
test whether the accuracy rate is significantly 100% or not, a linear probability regression
model is applied as presented in (4.4-1):

Tz = oz + a1,Tj1 + &2 44-1)

where Tj, = 1 if the subject jt" chooses to take T in the z* scenario and = 0 otherwise;
j €{1,2,3,...,79} is the index of each subject and z € {2,3,4,5,6} is the index of each tested

scenario; Tj; = 1 if the subject jt" chooses to take T in the conditional scenario and = 0

otherwise. @y, and @;, are constant and coefficient of the corresponding scenario z*"

the disturbance of the subject jt* in the corresponding scenario z".

. sz 1S

According to the (4.4-1) model, if the accuracy rate is 100%, we expect ay, = 0 and
@, = 1 for each zt" tested scenario. To test the hypothesis, we simply applied the F-test. The
results of regression (estimated by least squares method and White heteroskedasticity
consistent covariance) and F-test are presented in Table 4.4-3.

According to the (4.4-1) model, the F-test tests the null hypothesis in which ay, =0
and a;, = 1. At a 0.05 level of significance, the critical value of F-statistic, critical F(2,77), is




38

3.115. Since the calculated F-statistic from the test was greater than the critical F(2,77), we
rejected the null hypothesis. That is, the accuracy rate was not 100% statistically.

From the results, we can see that the DK model has an approximately 80% correct
prediction rate. This implies that the DK model is not perfect — there are some areas about
which the model fails to capture the behavior. In other words, there is room for improvement
in a new model to yield better performance than the DK model.

In addition to the accuracy rate, the next section compares the accuracy rate of the
DK model with other alternative prediction methods. In order to evaluate whether the
performance of the DK model is good or bad, benchmarking helps us in the evaluation.

Before ending this section, it is worth discussing the result of the accuracy of the 6"
scenario which was less than the accuracy of other scenarios. Notice that the accuracy of the
6" scenario was the only scenario with a negative-monetary-payoffs structure; while the
conditional and other tested scenarios have a positive-monetary-payoffs structure (see Table
4.3-1). The decision in the 6™ scenario creates loss to the subject’s monetary payoffs rather
than gain to the monetary payoffs in the other scenarios. However, the 6™ scenario still
captures the essence of positive reciprocity since d and e are positive. Recall that, according
to the design, we expected the decisions in the conditional and 6™ tested scenario. The result
that the accuracy of the 6™ scenario was lower than that of other scenarios implies that
inferring a subject’s decision in a negative-point-structure scenario (the 6" scenario) from his
decision in a positive-point-structure scenario (the conditional scenario) is not possible
through the DK model.

4 .4.2. Benchmarking with alternative prediction methods

In the previous section, we measured the accuracy rate of the DK model. Even though
the accuracy seems pretty high at 80%, we cannot conclude that the DK model has good

performance. To evaluate the goodness of the model performance, we need to benchmark its
accuracy rate with that of other alternative prediction methods.

In this section, we benchmark the DK model with three alternative prediction
methods: majority method, DG method and Personal-info method. These methods are selected
for benchmarking with the DK model since they are simpler to apply to prediction than to
apply the DK model. Hence, if the DK model performs well, we expect the DK model to
provide higher accuracy than the other methods provided.

Comparisons of the DK model were presented in three sub-sections, namely, with the
majority method, with the DG method and with the Personal-info method.

4.4.2.1. DK Model VS Majority Method
The majority method precisely predicts the subject’s decision by applying the major
proportion of the population. For instance, recall from Table 4.4-1 that in the conditional
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Table 4.4-4 Accuracy Rates from DK Model and Majority Method.

Tested scenario
2nd 3rd 4lh Sth 6lh
Accuracy from DK model 85% | 82% | 81% | 81% | 75%
Accuracy from Majority Method | 71% | 71% | 57% | 80% | 94%
Difference 14% | 11% | 24% | 1% | -19%

Table 4.4-5 Results of Comparing between DK Model and Majority Method.

Tested scenario: Aoy, a1y
z in (4.4-1) (p-value) | (p-value)

0.24* 0.64** .
z=2 (0.014) (0.000) 0.39 | 79 DK model is more accurate

0.29%* | 0.58%* )
z=3 (0.005) | (0.000) 0.31 | 79 | DK model is more accurate

0.05 0.71%* '
z=4 (0.315) | (0.000) 0.40 | 79 | DK model is more accurate
0.48%* 0.44** '
2=3 (0.000) | (0.000) 0.23 | 79 | DK model is more accurate
0.86%* 0.11 )
z=6 (0.000) | (0.185) 0.04 | 79 | DK model is not more accurate
P-value shows two-tailed p-value.

* Coefficient is significant at the 0.05 level (two-tailed).

** Coefficient is significant at the 0.01 level (two-tailed).

Interpretation

2
R n (at 0.05 level of significance)

scenario21 subjects chose returning and 58 subjects chose taking. In other words, the majority
chose taking at the proportion of % ~ 73%. The majority method predicts that a subject

chooses taking with 73% accuracy.

As mentioned, predicting decisions by applying the majority method is simpler than
applying the DK model. This is because the majority method requires no mathematical model
and requires no learning of each subject’s type.

Table 4.4-4 presents the results of accuracy rates from applying the DK model and
applying the majority method. Also, the table presents the difference between the DK model’s
accuracy rates and those of the majority method. The results show that the DK model predicts
more accurately than the majority method in the 2"-5" scenarios but less accurately in the 6
scenario.

To statistically test the difference of accuracy between the methods, we applied the
linear probability model (4.4-1) as presented in the previous section. We simply estimated the
parameters and did the t-test whether a4, = 0 or not. If the DK model predicts more
accurately than the majority method, we expect a4, # 0.

Table 4.4-5 presents the results from the t-test. Equivalently, the result of the t-test,
that has the null hypothesis which aq, = 0, is presented by the p-value of &;,. At a 0.05 level
of significance, if the p-value is equal or less than 0.05 then we reject the null hypothesis.

From the results, for the 2"-5" scenario, since the p-value of @&, of each scenario
was less than 0.05, we reject the null hypothesis at a 0.05 level of significance. In other
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words, the DK model predicts more accurately than the majority method. For the 6™ scenario
the p-value was 0.185, which is greater than 0.05, so we do not reject the null hypothesis. In
other words, this implies that the DK model predictsless accurately than the majority method.

Hence, we can conclude that the DK model has better performance than the majority
method when predicting across the 2"*-5" positive monetary-payoffs scenarios. However, in
predicting the negative monetary-payoffs scenario 6", the DK model performs less well than
the majority method since the majority method has very high accuracy at 94%.

4.4.2.2. DK Model VS DG Method

This section compares the performance of the DK model with that of the DG method.
The DG method predicts a subject’s decision in a tested scenario by applying his decision in a
dictator game, or DG. Equivalent to the conditional scenario, the dictator game is the game in
which we learn a subject’s reciprocity type.

The dictator game has one decision maker that affects the monetary payoffs of two
players. The decision maker, or the dictator, makes a decision as to how many of the
monetary payoffs he will take for himself from the total amount, while the other player, as the
dictator’s follower, takes what is leftover. In this experiment, the dictator split 200 total
monetary payoffs for himself and his anonymous follower. Also, only a non-negative integer
number was allowed for the split (from 0 to 200).The dictator’s decision is believed to be the
proxy of his reciprocity since the dictator game is the simplest game that represents the
interaction between economic agents concerned with social norms (including reciprocity),
fairness, altruism, and so on (Guala and Mittone, 2010). Intuitively, a dictator who takes most
of the share is believed to be a selfish individual concerned less about reciprocity. Also,
theoretically, we can show the relationship between the decision in a dictator game and the
reciprocity parameter in the DK model (see Appendix A.4).

Comparison of the performance between the DK model and DG method is now
presented in two sub-sections: how to measure the accuracy rate of the DG method and a
comparison of the accuracy rate of DG method with that of the DK model.

Measuring Accuracy Rate of DG Method

For each tested scenario, the process of measuring the accuracy rate involved four
steps. First, we randomly separated the data of 79 subjects into two groups: 39 subjects in the
first group and 40 subjects in the second group. Second, we estimated the linear probability
model by applying data from the first group. Third, we applied the estimated model to predict
the decisions of subjects in the second group. Last, we measured the accuracy rate by
comparing the real decisions and predicted decisions.

The linear probability model is presented in (4.4-2),

Tiy = Boz + B12DG; + iz (44-2)
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Table 4.4-6 Regression Results of DG Method.

Tested scenario: Boz B,

z in (4.4-3) (p-value) | (p-value)
_ 0.116 0.004**
z=2 0.593) | (0.003) | %1637
_ 0.118 0.004**
z=3 ©0.595) | (0.007) | 12|37
_ -0.251 0.005**
z=4 (0.226) | (0.000) 0.22] 39
_ 0.288 0.003*
z=5 ©0217) | ©.035 |%11]3°
_ 0.652%%* 0.002
z=6 ©0.016) | (0.318) | %0639
P-value shows two-tailed p-value.
NA means not available.
* Coefficient is significant at the 0.05 level (two-tailed).

** Coefficient is significant at the 0.01 level (two-tailed).

R? | n

where T;, = 1 if the subject i'" chooses taking T in the zt" scenario and = 0 otherwise;
i € {1,2,3,...,39} is the index of each subject in the first group;** z € {2,3,4,5,6} is the index
of each tested scenario. DG; is the monetary payoffs that the subject i*" kept for himself in the
dictator game. [y, and [3;, are constant and coefficient respectively. y;, is disturbance.

To measure the accuracy rate, we estimated (4.4-2)by applying data from the first
group. Table 4.4-6 presents the regression results. Then, we use the estimated coefficients to
find the fitted value of each subject’s decision in the second group. The fitted model is as
presented in (4.4-3),

Thz = Boz + P12.DGy, (4.4 -3)

where T, is the fitted value of each h'"™ subject in the z'" tested scenario;
h € {40,41,42,...,79} is the index of subjects in the second group. By, and f;, are the
estimated constant and coefficient. For instance, in the 2™ tested scenario, (4.4-3) is derived
as (4.4-4),

Thz = 0.116 + 0.004DG),. (44 —4)

From (4.4-4), we see that if a subject’s decision in the dictator game is to take 96
monetary payoffs for himself, his fitted value of decision in the 2™ tested scenario is a 0.5
chance of choosing to take.

Since the fitted value can be any real number but the predicted decision is a pure
strategy (either 0 or 1), we assign the predicted decision to be 1 if the fitted value is greater or
equal to 0.5; otherwise, the predicted decision is zero.

20 The number of observations in the first group was assigned to each subject randomly by:

assigning a random number which was drawn from a uniform distribution to each subject, ordering the
subjects according to the assigned random number and assigning the number of observations according
to the order.
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Table 4.4-8 Accuracy of DK Model and DG Method.

Tested scenario
2nd 3rd 4th Slh 6th
Accuracy of DK model | 85% | 82% | 81% | 81% | 75%
Accuracy of DG Method | 73% | 78% | 70% | 83% | 98%
Difference 12% 4% 11% | 2% | -23%

Therefore, the DG method (4.4-4) predicts that a subject will choose to take in the 2™
tested scenario (or the predicted decision is equal to 1) if he takes at least 96 monetary payoffs
in the dictator game; otherwise, a subject chooses to return.

Last, we measured the accuracy rate of DG method by comparing the predicted
decision and actual decision of subjects in the second group. For each tested scenario, we
constructed a 2 by 2 contingency table of predicted and actual decisions of subjects in the
second group; this process is similar to what we have done previously when measuring the
accuracy rate of the DK model (see 4.4.1.).

Comparison of DK Model and DG Method

By applying the same process to each tested scenario, we measured the accuracy rate
of the DG method. Table 4.4-8 presents the accuracy rates and compares them with of the DK
model. The results show that the DK model predicted more accurately than the DG method in
the 2"4-4™ scenarios, but less accurately in the 5™ and 6™ scenarios.

4.4.2.3. DK Model VS Personal-Info Method

In this section, we compare the performance of the DK model with that of the last
alternative method: the Personal-info method. Similar to the previous section, in this section,
first we measured the accuracy rate of the Personal-info method and then compared the
accuracy rate with that of the DK model.

Measuring the Accuracy Rate of the Personal-Info Method
The Personal-info method predicts a decision by applying the data of personal

information including IQ scores, personality, attitude and socio-economic factors.In
measuring accuracy, since in the experiment we collected many types of personal information
from the questionnaire, in the first step, we needed to select the factors.Then, we applied a
regression model determined by the selected factors to predict decisions and measured for
accuracy; these steps were similar to those carried out previously in the DG method.

Measuring accuracy involved five steps. First, we randomly separated subjects into
two groups: 39 subjects in the first group and 40 subjects in the second group. Second, for
each tested scenario we selected the best-fit factors. Third, we estimated a linear probability
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model by applying data from the first group. Fourth, we applied the estimated model to
predict the decisions of subjects in the second group. Last, we measured the accuracy rate by
comparing the actual decisions and predicted decisions.

n
Tiz =%Yoz T Zk_lykzxkiz + 791'2 (4’-4’ - 6)
Equation (4.4-6) presents the linear probability model of the Personal-info method;
T;, = 1 if the subject i*" chooses taking T in the z‘" scenario and = 0 otherwise; i €
{1,2,3,...,39} is the index of each subject in the first group; z € {2,3,4,5,6} is the index of

each tested scenario. x;;, where k € {1,2,3, ..., n} is the subject i*"’s selected factor in the zt"

scenario; n is the total number of selected factors. y,, and y;, are constant and coefficients of
the corresponding variables in the zt" scenario. 9;, is disturbance.

In the second step, we selected the best-fit factors by applying the correlation and
iterative drop-out method.”' Then, in the third step, we estimated the model, of which the
regression results are presented in Appendix A.5. (Since this study does not aim to explore
determinants that affect decisions, the results are not discussed in detail). For instance, in the
3" tested scenario, the result is presented in (4.4-7),

Ti3 = 0.80 — 0.58ENN7; + V;3 (44-7)

where ENN7; is equal to 1 if the i*" subject has Enneagram of Personality Type 7; otherwise,
it is equal to zero.

Then, in the fourth step, we applied the estimated model to predict the decisions of
subjects in the second group. Similar to what we did in the DG method, for instance, in the 3™
scenario we found the fitted value of decision by applying (4.4-8),

T,n3 = 0.80 — 0.58ENN7, (4.4 —8)

where T"p,h3 is the fitted value of the decision (equal to 1 means choosing taking) of the ht"
subject in the 3" tested scenario (we use subscript "p" to differentiate the value from the fitted
value from the DG method, Thz); h € {40,41,42, ...,79} is the index of subjects in the second
group. Then, if Tp‘h3 > 0.5 the model predicts that the subject will choose to take in the 3™
tested scenario; otherwise, he will choose to return.

In the last step, we measured the accuracy of the Personal-info method by comparing
the predicted decision with the actual decision. Similarly, we applied a 2 by 2 contingency
table to do the task.

2 The study selected the factors x; by: finding the Pearson product-moment correlation

coefficient between the decision in the tested scenario and the personal information, selecting the
factors that statistically showed correlation to the decision at 0.2 level of significance, regressing the
selected factors in the model, dropping one factor with the most statistically insignificant and re-
regressing the dropped-out model, repeating the dropping-out process until all factors in the model
showed their coefficients were statistically significant at a level of 0.05.
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Table 4.4-11 Accuracy of DK Model and Personal-Info Method.

Tested scenario

2nd 3rd 4th Slh 6th
Accuracy of DK model 85% | 82% | 81% | 81% | 75%
Accuracy of Personal-info method | 75% | 75% | 60% | 75% | 98%
Difference 10% | 7% | 21% | 14% | -23%

Comparison of DK Model and Personal-Info Method
Table 4.4-11 compares the accuracy rates of the DK model and Personal-info method.
As can be seen from the results, the DK model had a higher accuracy rate than the Personal-

info method for the 2™-5" tested scenarios but lower accuracy rate for the 6™ scenario.

4.5. Conclusions

This study tested the DK model’s performance in predicting positive-reciprocity
decisions. A new approach to measuring the model’s performance was introduced. In this
approach, a scenario was designed to discover each subject’s type and infer his future
decisions in other scenarios from his type. Using this approach, we can measure the correct
prediction rate, or accuracy rate, of the DK model. The results show that the model has an
approximate 80% accuracy rate.

Since only the accuracy rate of the DK model is not sufficient in evaluating the
goodness of the model, we further benchmarked the model’s performance with other
alternative prediction methods including the majority method, DG method and Personal-info
method. The results show that the DK model had higher accuracy than the other methods in
most scenarios. This implies that the DK model had good performance and that there was
some room for further development.

For further study, there are many possibilities that could be explored. The limitations
of the DK model could be explored in other scenarios. Other models’ performance could also
be investigated by applying our approach. Alternatively, the issues that are additionally
addressed in this study could be addressed, such as what we observed in the 6" scenario
whereby the DK model failed to accurately predict decisions across scenarios with positive
and negative monetary-payoff structures.



CHAPTER V
REVIEW OF AUCTION DESIGN
FOR AN OBJECT WITH
POSITIVE-EXTERNALITIES

In sell a masterpiece of fine art, the seller does not know its true value. She knows
that if somebody is not interested, they’ll place low value on it; while if somebody is
interested they’ll attach a high value to it. Suppose the seller sells the masterpiece at a fixed
price in a famous art gallery (since he knows that in the art gallery, there are only high-value
buyers). Doing so means there is a chance of the work not selling since buyers may visit the
gallery randomly. Even if we assume that all buyers visit at the same time, (suppose the price
is not too high) the seller can sell the masterpiece at that posted price which the obtainer may
be more willing to pay. Hence, to get the highest amount, the seller should increase the price a
little until there is only one last buyer who is willing to pay at the last posted price. This is a
kind of auction.

An auction is a mechanism by which a seller sells his object to get higher revenue
than selling at his vendor at a fixed price. One of the most important reasons behind an
auction yielding higher revenue than selling at a vendor is that the auction places buyers in a
competitive environment. Many potential buyers gather with different willingness to pay for
the object. The buyers compete with each other under the auction rules to win and obtain the
object. The winner is the buyer who offers (or bids) the highest payment. Since it is
competitive, the buyers bid aggressively and more closely to the amount they are truly willing

to pay.

This chapter first presents a broad picture of previous studies in auction design
theory. Then, since this study focuses on designing an auction for an object with
countervailing-positive externalities, the types of externalities in auctions are presented
followed by a review of recent literature on auction design for an object with externalities.

5.1. Auction Design Theory

In this internet age, opening an auction on a website like "eBay" is very convenient. It
simplifies the process in designing an auction in just a few steps:

1. Decide what object is to be sold.
2. Provide information about the object (e.g. general description, photos, condition).
3. Design your auction (including reservation price, duration, buyout option).
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4. Clarify other rules and regulations (including shipping and return policies).

In economics, auction design theory is a special topic in mechanism design theory
within the field of microeconomics related to asymmetric information. The main concepts of
mechanism design theory are to theoretically study how to design a mechanism which
produces specific outcomes the mechanism designer wants. For instance, in an auction, the
designer is the seller and he wants the bidders to bid according to their frue willingness to pay
(or value); hence he can sell the object to the bidder with the maximum willingness to pay.
Besides auction design theory, other special topics in the mechanism design theory include
contract design theory, voting system design, and organizational design.

An auction, theoretically, is a function from the bidders’ bids to each bidder’s
payment (or payment rule) and probability of obtaining the object (or allocation rule). For
instance, the first-price sealed-bid auction specifies that the highest-bid bidder pays his own
bid and obtains the object with one probability. Hence, each auction is different in how the
payment and allocation rules are defined. The following are some examples of common and
uncommon auctions.

Common Auctions:

- English Auction (a.k.a. open ascending price auction). In the auction, the seller sets
the initial lowest price and lets buyers (or bidders) offer (or bid) their willingness to pay
sequentially. Until there is no buyer offering a higher price, the highest-bid bidder pays his
bid and obtains the object.

- Dutch Auction (a.k.a. open descending price auction). The seller sets a very high
initial price and gradually decreases the price until it hits a buyer who is willing to pay.

- First-price sealed-bid auction. In this auction, all buyers (or bidders) simultaneously
and secretly submit bids. The highest-bid bidder pays the amount equal to his bid and obtains
the object.

- Second-price sealed-bid auction (a.k.a. Vickrey auction). All bidders
simultaneously and secretly submit bids. The highest-bid bidder pays the amount equal to the
second-highest bid (also called the second price) and obtains the object.

Uncommon Auctions:

- Lowest unique bid auction. Bidders secretly submit bids. Depending on the seller‘s
rules, bids may be submitted simultaneously once or may be submitted multiple times. The
winner is, when the auction is closed to accepting further bids, the bidder who submitted a
unique and lowest bid. He pays an amount equal to his bid and obtains the object.

- All-pay auction. All bidders simultaneously pay their own bids. The highest-bid
bidder obtains the object.

- Buyout auction. The seller sets a fixed price to sell the object and opens an auction
to accept bids within the duration. If nobody pays the fixed price, when the duration ends, the
highest-bid bidder pays his bid and obtains the object. If a bidder is willing to pay at the fixed
price, he canbuyout at the price before the duration ends.

Notice that each auction is different in their rules of allocation and payment. For instance, the
second-price sealed-bid auction lets the winner pay the second price while others let him pay
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his own bid. The lowest unique bid auction allocates the object to the bidder whose bid is
unique and lowest and he pays an amount equal to his bid while others allocate the object to
the highest-bid bidder. Besides this, the mechanism of submitting a bid can differ among
auctions. For instance, the sealed-bid-auction family lets bidders submit bids secretly while
the English auction is different. The lowest unique bid auction allows bidders to re-submit
bids, while the sealed-bid auction does not.

In economics, auction design follows similar steps as in eBay. However, economists
look at it theoretically and mathematically. Economists design auctions which serve some
specific purposes — not only for the highest revenue but also, sometimes, for the optimal
social-welfare solution. The economic process of auction design is:

1. Decide what object is to be sold. Theoretically, it means what properties the object
should have. It is a normal good, a good with negative externalities, a good with positive
externalities, and so forth. Also, it means how many pieces of object will be sold: only one
indivisible piece or many pieces. This step also links to how the bidders derive their utilities
from each possibility of outcomes.

2. Provide information about the object. Theoretically, information is provided to
bidders in three stages: ex-ante, interim and ex-post. Ex-ante means before the auction starts;
interim means while the auction is running; ex-post means after the auction ends. Like the
case of eBay, the auction designer should ex-ante provide all necessary information for the
object.

3. Design the auction and clarify other rules and regulations. Like in eBay, all rules
(including submitting bid mechanism, allocation, payment and other relevant rules) and
regulations should be announced ex-ante. While the auction is running, no further changes
can be made to those rules. Commitment to the rulesis the most important behavior of all
agents in any mechanism: in this context, the seller and bidders.

4. Predict the outcome and evaluate it. In studying auction design, the designer has
some objectives which he wants the auction to achieve. Mostly, an auction designer wants the
auction to either: i) yield the highest ex-ante expected revenue, or ii) allocate the object
efficiently (which means the one who values the most should obtain it). The designer
evaluates whether the auction achieves the objectives by predicting the most plausible
outcome from the auction. In economics, normally, we apply the concepts of equilibrium in
predicting things. Here, it is applied as well. The designer can characterize the equilibrium-
bidding strategy which is induced by the properties of object, information about the object
which bidders know and the auction’s rules and regulations.

Vickrey (1961) was the first to study auction design,”” and this work remains the most
famous in this field. He studied second-price sealed-bid auction and found that the auction
can induce truth-telling. Another famous study is that of Myerson (1981), who studied the
optimal (meaning revenue-maximizing in this context) auction for a normal (without special
properties such as externalities) and indivisible object. He found that the second-price sealed-
bid auction with reservation price is the most revenue-maximizing auction. His research also

2 William Vickrey received a Nobel Prize in 1996.

Roger Myerson received a Nobel Prize in 2007.
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generalized the revenue equivalence theorem which provides the condition that any two
auctions can yield the same ex-ante expected revenue. (e.g., the first-price and second-price
sealed-bid auctions yield the same expected revenue under some conditions).

There have been many studies carried out in the field of auction design theory. Each
of them is different in how they model the situation (recall numbers 1-3 in the process of
auction design as previously presented). Points which studies modeled differently are:

1. Object. Vickrey (1961) and Myerson (1981) modeled the auction for a normal and
indivisible object. Some studies explored a multi-object auction (e.g. Vickrey (1961)), while
others studied an object with externalities (e.g. Jehiel and Moldovanu (2000)).

2. Bidder’s utility function. Most studies have addressed risk-neutral, symmetric and
independent (one bidder does not relate to another) bidders (e.g. Vickrey (1961)). Myerson
(1981) allowed for asymmetry. Holt (1980) explored risk aversion and Matthews (1987)
explored constant absolute risk aversion, CARA. Milgrom and Weber (1983) explored
interdependent (one bidder is related to others) case. Additionally, some studies introduced
budget constraints to the model (e.g. Che and Gale (1998))

3. Number of bidders. The simple model applies two bidders (e.g. Jehiel and
Moldovanu (2000)), while the general model applies certain n bidders (e.g. Myerson (1981)).
Some studies have explored the effect of the uncertainty of a finite number of bidders.
Harstad, Kagel and Levin (1990) explored a case with risk-neutral bidders, while McAfee and
McMillan (1987) researched one with risk-averse bidders.

4. Auction. In studying auction design, there are two major classifications of auction:
direct and indirect auctions. Indirect auction — like the sealed-bid auctions (e.g. Vickrey
(1961) and Myerson (1981)), all-pay auction (e.g. Baye, Kovenock and de Vries (1993)),
buyout auction (e.g. Kirkegaard and Overgaard (2008)) — is an auction which asks bidders to
submit bids (their offered prices or willingness to pay). It is an auction that we have got most
used to since it is more practical than others. A direct auction is an auction which asks each
bidder’s type (type itself is not the willingness to pay but it determines the willingness to pay).
The direct auction is mostly applied when the study wants to characterize the optimal
(revenue-maximizing) mechanism. For instance, Myerson (1981) applied the direct auction.
Since asking about bidders’ types is abstract, unlike asking about their willingness to pay, the
direct auction is less practical when compared to an indirect auction.

5. Revenue-enhancing rules. Studies which aimed to find revenue-maximizing
auctions introduced additional revenue-enhancing rules to their auctions. Reservation-price
rule and entry-fee rule are the most common (e.g. Jehiel and Moldovanu (2000)). The
reservation-price rule lets the seller set the lowest price which only bids higher than the
reservation price being competitive for the object. The entry-fee rule lets the seller collect a
fixed payment from bidders who want to submit bids. For instance, an English auction with
an initial lowest price is imposed with a reservation-price rule. The lowest unique bid auction
is normally imposed with the entry-fee rule; hence, the main source of revenue comes from
collecting the fee, not from the bid. Besides common revenue-enhancing rules, other
uncommon rules have been introduced. For instance, a buy-out option was an uncommon rule
that has more recently gained in popularity.
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6. Others. Some studies introduced other concerns in their models. For instance,
Gupta and Lebrun (1999) allowed for resale.

5.2. Types of Externalities in Auctions

This section briefly reviews the types of externalities modeled in the recent literature
on auction design. First, let us consider two different illustrations: one presenting negative
externalities and the other positive externalities.

- Cost-Reduction Technology. Competitive firms compete for a new cost reduction
technology. Only one firm can obtain it. The firm which obtains the technology will take
more market share; while the others will lose it (Jehiel and Moldovanu, 2000). This
illustration shows the negative externalities from the obtainer to other non-obtainers.

- Airport. Adjacent towns compete for a new airport. They bear no costs concerning
the airport, only the bidding price that the towns must pay in this competition. The town
which obtains the airport will have an economic boom; while the others have spillover effects
from the boom. This illustration shows the positive externalities from the obtainers to other
non-obtainers.

As discussed in the previous illustrations, by how are the payoffs of the bidders who
do not obtain the object (the non-obtainers) we classify the external effects to: negative (when
the payoffs are negative) and positive (when the payoffs are positive). Table 5.2-1 presents
the payoffs of bidders i and j in each corresponding ex-post outcome — i obtains the object, j
obtains, or nobody obtains. It presents two cases: when the auctioned object has negative
externalities and when it has positive externalities.

From the table, in the case of the negative-externalities object, the obtainer gets
positive payoffs (= 10) but the non-obtainer gets negative payoffs (= -10). In the case of the
positive-externalities object, while the obtainer still gets positive payoffs (= 10), the non-
obtainer also gets positive payoffs (= 5). Also, in either case if no bidder obtains the object,
both players get zero payoff as status quo.

The external effects can be constant (like in Jehiel et al. (1996)). Graphically, Figure
5.2-1 presents the utility function for an object with constant externalities. On the left are the
constant negative externalities; hence, the utility of bidder i is constantly negative if j obtains
the object. On the right are the constant positive externalities; hence, the utility of bidder iis
constantly positive if j obtains the object.

However, the case of constant externalities is not likely to occur in reality. For
instance, when compared to a small shared-profit firm a big shared-profit firm not only gets
higher profit from being the obtainer but also puts more negative externalities on the non-
obtainers.
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Negative externality Positive externality
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Figure 5.2-1 Utility function for an Object with Constant Externalities.

Table 5.2-2 Illustration of Identity-Dependent Negative Externalities.

Ex-post outcome | Payoffs of player i
i obtains 10
j obtains -10
k obtains

no bidder obtains

utility of bidder i

A

i obtains

k obtains

j obtains

no bidder obtains _ YP®
> of i

Figure 5.2-2 Utility function for an Object with Identity-Dependent Negative Externalities.

Hence, later studies modeled the external effects to be inconstant depending on the
types of both obtainers and non-obtainers (which is called type-dependent externalities) or on
the identity of the obtainer (which is called identity-dependent externalities). More precisely,
like in Jehiel et al. (1996), the case of identity-dependent externalities is determined by who is
the obtainer. For instance, Table 5.2-2 numerically presents the payoffs of bidder i in each ex-
post outcome. In this auction, there are bidders 7, j and k. The identity of the obtainer causes
different negative effects to bidder i. Also, Figure 5.2-2 draws the utility function for an
object with identity-dependent (and constant) negative externalities. The negative effects
depend on the identity of obtainer. Obtainer j causes more negative effects than obtainer k.
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Regarding type-dependent externalities, the external effect is determined by the
bidders’ types (like in Jehiel and Moldovanu (2000)). Table 5.2-3 presents the payoffs of
bidder i in each ex-post outcome and his type. In this auction, each bidder may have a low or
high type. If j obtains the object, the negative effects depend on bidder i’s type and bidder j’s
type. For instance, if player i has a low type and player j obtains the object, player i gets -10
payoffs if player j has a low type or gets -20 payoffs if the player j has a high type — the
effects depend on his opponent’s type. Also, if player j obtains the object and has a low type,
player 7 gets -10 payoffs if he has low type or gets -5 payoffs if he has high type — the effects
depend on his type. Figure 5.2-3 presents the utility function for an object with type-
dependent negative externalities. Obtainer j causes negative effects according to his type and
non-obtainer i’s type.

This study, like in Chen and Potipiti (2010), focuses on the decreasing-type-
dependent positive externalities called "countervailing" positive externalities (see Figure 5.2-
4). The countervailing-positive-externalities case is more interesting than others since,
technically, i) the case "generates countervailing incentives for types in the reporting stage of
the mechanism." According to Chen and Potipiti (2010), "optimal mechanisms... typically
feature bunching even... to serve the following purposes: First, bunching arises in a set of
intermediate types... so as to address the conflict between individual rationality constraint and
minimization of information rents; Second... bunching also arises in regions where virtual
surplus in non-increasing so as to relax the incentive constraints of the buyers. Consequently,
in the optimal mechanism, the type with zero payoffs is typically an inferior type and each
buyer’s payoff is in general non-monotonic in types." ii) Since the type with zero payoffs (or
binding type) is interior, finding the type is another difficulty in the characterization of the
optimal auction.

Before we end this section, let us consider some illustrations which present the
countervailing-positive externalities:

- WTO Retaliation Rights. Chen and Potipiti (2010) provided an application for the
case of selling retaliation rights in the WTO. In this situation, there is one exporting country
who exports to other importing countries. The exporting country violates the WTO agreement
regarding another country. The violated country has the right to retaliate to the exporting
country. However, the violated country does not want to implement the retaliation by itself,
but wants to sell the rights to the importing countries; hence, the violated country is the seller
and the importing countries are potential buyers. The obtainer will implement the retaliation
which makes the world price of the exporting-importing good decrease. The non-obtainers
also indirectly benefit from this price reduction. However, when the non-obtainers’
government is concerned about the welfare distribution between consumers and producers,
which is captured by a political parameter as the relative weight between consumer and
producer surplus; the indirect benefits are less when the government weigh more to the
producer side.

- Airport. This can be another good example of the countervailing-positive-
externalities object. Think of two adjacent towns — A and B — competing for a new airport to
be built in one town. The government has a budget to build one airport in town A or B. The
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Figure 5.2-3 Utility Function for an Object with Type-Dependent Negative Externalities.
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Figure 5.2-4 Utility Function for an Object with Countervailing-Positive Externalities.

town bears no cost of building the airport but does bear the maintenance costs of tourist
attractions. Each town has its own number of tourist attractions which is exogenously given
by nature (e.g. by geography of the town). The number of attractions represents the town’s
type. In the airport town (the town which obtains the airport), there will be economic boom
with the more attractions the more profit (or payoffs) being gained (since the average revenue
per attraction is higher than the average maintenance cost) — the obtainer has increasing
payoffs in its type. In the non-airport town, since it is close to the airport town it will get
substantial revenue from the spillover effects of the economic boom. In other words, for any
type of non-airport town, the town always gets positive profit. Suppose that the economic
boom provides fixed lump-sum revenue for the non-airport town. The non-airport town gets
the highest profit when it has no attractions. Given that the average maintenance cost is
constant in the number of attractions, since the average revenue is decreasing in number, the
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profit is decreasing as well. Therefore, in this example the airport shows the countervailing-
positive-externalities property.**

5.3. Literature Review of Auction Design for an
Object with Externalities

As already mentioned, this study is interested in designing an optimal auction for an
object with countervailing-positive externalities; since this case is more interesting than other
cases as discussed in the previous section. This section reviews the recent literature on auction
design for an object with externalities. Jehiel, Moldovanu and Stacchetti (1996), Jehiel and
Moldovanu (2000), Bagwell, Mavroidis and Staiger (2007), Brocas (2007) and Chen and
Potipiti (2010) are all of interest here. Moreover, the work of Lewis and Sappington (1989) is
also related since this study deals with countervailing-positive externalities and
countervailing incentives.

Jehiel et al. (1996), Jehiel and Moldovanu (2000) and Brocas (2007) studied various
cases of negative externalities — a non-obtainer gets negative payoffs from the negative-effect
consumption of the obtainer. Jehiel et al. (1996) and Brocas (2007) both sought the revenue-
maximizing auction. In their optimal auctions, they provided two interesting discussions.
First, the optimal auction should have rules that pose threats to nonparticipating bidders to get
the lowest possible payoffs; as a consequence, all potential bidders will participate in the
auction and the seller will get a higher expected revenue. In the case of negative externalities,
the rule is to promise selling the object to some participating bidders; hence, a
nonparticipating bidder will always get negative payoff. Even in the case of a normal object —
without externalities — where the revenue-maximizing mechanism as shown in Myerson
(1981) is the second-price sealed bid auction with reservation price, the same rule that some
participating bidders always obtain the object applies; hence, nonparticipating bidders always
get the lowest possible payoff at zero payoff as status quo.

Second, in the case of negative externalities, the studies found that the seller can
extract non-obtainers’ surplus; in other words, in the optimal auction the non-obtainers pay
some of the amount. That is, since the non-obtainers have incentives to pay to prevent selling
the object being sold, the seller can extract surplus (from payment) from them. For instance, if
a bidder gets -6$ when being a non-obtainer and gets 0 payoff when nobody is the obtainer,
he is willing to pay up to 6$ to convince the seller to keep the object.

According to the Jehiel and Moldovanu (2000),in collecting payment from any non-
obtainer the rule is not credible. Hence, the study studied a standard auction with only a

2 We may mathematically express this as C(t) = ct (where C is the total cost, ¢ is the average

variable cost per unit of attractions and t is type, or the number of attractions), R,(t; P) = A + Pt
(where Ry is the total revenue of the airport town, A is the fixed revenue and P is the average
revenue per unit of attractions such that P > c¢) and Ry, = B (where Ry, is the total revenue of the
non-airport town and B is the lump-sum revenue from economic boom).
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Figure 5.2-1 Expected Payment and Allocation of the Optimal Mechanism. (i =1 obtains, j = j obtains, i&j =
each bidder has 0.5 chance of being obtainer).

reservation price and entry fee as its credible rules. However, the standard auction is not an
optimal auction.

Jehiel and Moldovanu (2000), Bagwell et al. (2007) and Chen and Potipiti (2010)
addressed the case of positive externalities. Jehiel and Moldovanu (2000) studied second-
price sealed bid auction and Bagwell et al. (2007) studied first-price sealed bid auction. They
found the same problem — the free-rider problem — occurred in the case of positive
externalities. This results in the seller getting less than expected revenue since some low-type
bidders avoid participating. There has been no study that has solved this problem.

Chen and Potipiti (2010) studied the optimal auction in the case of countervailing-
positive externalities under the direct-mechanism setting. It found the following points of
interest:

1) The optimal mechanism selects the binding type — the type which gets zero utility
(as status quo) from the mechanism. Unlike the case of the normal object where the binding
type is the lowest type, the binding type in the study is in between the lowest and highest
types (or interiortype). Figure 5.3-1 draws the expected payment (on the left) and allocation
(on the right) of the optimal mechanism in Chen and Potipiti (2010). On the left, the x-axis is
a bidder’s type and the y-axis is the expected payment. The type is the interval [g, f] of which

£, 2, ¢tPnd are its elements. On the right, the x-axis is bidder i’s type and y-axis is bidder ;’s
type; i =1 obtains, j = j obtains, i&j = each bidder has 0.5 chance of being the obtainer. In the
¢bind

figure, the binding type is which is interior.

ii) Some types around the binding type are bunched (or pooled) together with the
binding type. As presented in the figure, (f, ?) is the pooling region. Hence, a bidder with any
type in the region has the same expected payment. Also, in the case of the two bidders studied

in the study, if both bidders have types in the region, each bidder has 0.5 chance of being the
obtainer; this is the consequence of pooling characteristics.

iii) The optimal mechanism provides countervailing incentives.” As a consequence,
as presented in the figure, the expected payment is non-monotonic in type.

» Lewis and Sappington (1989) provided the following definition: "countervailing incentives

exist when the agent has an incentive to understate his private information for some of its
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iv) In the optimal mechanism, if payoffs of bidders are high enough, all types have
some expected payment and there is no chance of not selling (see Figure 5.3-1 on the right).
The results imply that bidders a/ways participate in the auction.

Moreover, like Chen and Potipiti (2010), Brocas (2007) also showed in the case of
negative externalities that under some circumstances the optimal auction provided
countervailing incentives by selecting the interior binding type and pooling its neighbors.
Lewis and Sappington (1989), who studied the principal-agent problem with existence of
externalities, found similar results.

Even though Chen and Potipiti (2010) successfully characterized the optimal auction
for an object with countervailing-positive externalities, since the study was conducted under
the direct-mechanism setting, the study did not show that what the practically implementable
auction should be. Hence, this study aims to extend from that study by proposing a practically
implementable auction for an object with countervailing-positive externalities.

To propose a practically implementable auction, a designer designs auction rules
(including submitting bid mechanism, allocation, payment and other relevant rules).
Typically, a designer may want an auction that creates either efficient allocation or
maximizing expected revenue. For instance, a designer (e.g. government) who wants to design
an auction with efficient allocation focuses on designing an auction in which the highest-type
bidder (who gets the highest utility from being the obtainer) always obtains the object with
there being no chance of not selling.*® Also, a designer (e.g. private firm) who wants to design
an auction with maximizing expected revenue (or the revenue-maximizing auction) focuses
on designing an auction that maximizes ex-ante expected revenue.

However, it is quite common that, in most cases, trade-off between efficient
allocation and maximizing expected revenue is necessary since both objectives cannot be
accomplished at the same time.”” As in the case of a normal object (without externalities), the
second-price sealed-bid auction is the efficient auction but the auction with reservation price
is the revenue-maximizing auction (Myerson, 1981). In the auction with reservation price,
some bidders of low type avoid participating; hence, this increases the chance of not selling
and it is an inefficient auction.

Hence, to design a revenue-maximizing auction, an efficient auction can be
developed by adding some revenue-enhancing rules. Like in the case of a normal object, the
reservation-price rule is added to the second-price sealed-bid auction.

realizations, and to overstate it for others." As a consequence, "the agent's rents generally increase
with the realization of his private information over some ranges, and decrease over other ranges."
26 Further assumptions are needed: i) a bidder's utility of being the obtainer when having the
lowest type is higher than the seller's utility of keeping the object and ii) the bidder's utility of being
the obtainer is increasing in his type. Since, in a common model, the object gives no utility to the
seller and the utility of being the obtainer is always positive, hence, the efficient allocation is carried
out when the highest-type bidder always obtains and there is no chance of not selling.

7 It is similar to that discussed in The Myerson-Satterthwaite Theorem.



56

The most common revenue-enhancing rules are the reservation-price rule and entry-
fee rule. As discussed in Jehiel and Moldovanu (2000), there are basic revenue-enhancing
rules in any auction which are credible and practical for implementation. However, to
optimally maximize expected revenue, Jehiel et al. (1996) asserted that some proper revenue-
enhancing rules (termed "threats" in the study) are necessary. In other words, only
reservation-price and entry-fee rules may not be sufficient. This was further supported by
Brocas (2007). The optimal rules, more precisely, will "leave a nonparticipating buyer with
the lowest possible level of utility," according to Jehiel et al. (1996).

For instance, in the case of a normal object, the lowest possible level of utility
happens when a bidder is a non-obtainer (and gets zero payoff as status quo). In the second-
price sealed-bid auction with reservation price, the reservation-price rule commits that the
seller always sells the object to some participating bidders. Hence, the rule always leaves zero
payoff to any nonparticipating bidder and the auction with the rule is the revenue-maximizing
auction.

Similarly, in the case of a negative-externalities object, the lowest utility occurs when
a bidder suffers from the negative effects. In other words, he suffers most from being a non-
obtainer. Like in Jehiel et al. (1996) and Brocas (2007), the revenue-maximizing auction
commits that the seller always allocates the object to some participating bidder and leaves the
negative effects to any nonparticipating bidder.

In the case of the positive-externalities object, a bidder suffers most from a no sell
outcome in the event. The optimal rule is most likely to commit no sale at all if somebody
avoids participating, otherwise referred to as "no sale condition." However, there has been no
study applying the no sale condition with an auction for an object with positive externalities.
Hence, it has just been conjecture.

In the case of externalities, as discussed in Brocas (2007), the entry-fee rule is
important in the revenue-maximizing auction. In the case of the normal object, the
reservation-price and entry-fee rules are equivalent and can result in a revenue-maximizing
auction.” However, in the case of externalities, both rules seem to be not equivalent.”’

A rule which provides countervailing incentives in the auction (or the countervailing-
incentive rule) seems to be necessary, under some circumstances, for the revenue-maximizing
auction for an object with externalities since some literature has found that their optimal
mechanisms provided countervailing incentives (Lewis and Sappington, 1989; Brocas, 2007;
Chen and Potipiti, 2010).

Lastly, as commonly observed in previous literature related to the countervailing-
incentive mechanism, the optimal mechanism has a set of interior types which are pooled
together with the binding type — or pooling types (Lewis and Sappington, 1989; Brocas, 2007,
Chen and Potipiti, 2010). It is considered another important property of the optimal

28 . . .
The equivalence directly comes from the revenue equivalence theorem.

Jehiel and Moldovanu (2000) showed that the reservation-price rule affected the equilibrium
bidding strategy while the entry-fee rule did not.

29
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mechanism. In this study, we refer to it as the "pooling rule." The rule has one important
revenue-enhancing effect — it can reduce the information rent, which means it increases the
revenue. Lewis and Sappington (1989) and Brocas (2007) further discussed the second effect.



CHAPTER VI
EFFICIENT AUCTION FOR AN
OBJECT WITH
COUNTERVAILING-POSITIVE
EXTERNALITIES

As presented by Jehiel and Moldovanu (2000) and Bagwell et al. (2007), when the
object has positive externalities the basic auction — which lets the highest-bid bidder obtain
the object and pay — the price fails to be optimal (neither for efficient allocation nor
maximizing revenue).

In this chapter, we present the failure of the second-price sealed-bid auction, which is
one of the most common basic auctions, when applied with the (countervailing-) positive
externalities object. Regarding the equilibrium strategy in the auction, we can see that the
second-price sealed-bid auction fails to allocate the object efficiently when some bidders are
low types.

Therefore, it is the main objective of this chapter to propose a new auction which
allocates the object efficiently. We propose the new auction called "take-or-give with second-
price payment." As concerns the equilibrium strategy in the new auction, it shows that the
new auction allocates the object efficiently.

We present this chapter in four sections. In section 6.1., we present the model. In
section 6.2., we analyze the equilibrium strategy of bidders in the second-price sealed-bid
auction to see how the auction fails to be optimal. In section 6.3., we analyze the equilibrium
strategy of bidders in the new proposed auction, take-or-give auction with second-price
payment, and show that it allocates the object efficiently. The last section provides the
conclusion.

6.1. Model

This study follows the same model as that analyzed in Chen and Potipiti (2010) for
the case of the countervailing-positive-externalities object. There are two risk neutral and
symmetric bidders. They compete in an auction for an indivisible object with countervailing
positive externalities. The object has no value for the seller.
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utility of bidder i
A

i obtains

j obtains

no obtainer
t type of i

Figure 6.1-1 Bidder’s Utility Function for Countervailing-Positive Externalities.

In our analysis, we denote i,j € N = {1,2} and i # j as the index of bidders. For any
bidder i, his type t; is randomly drawn from the type space T = [E, f] with distribution
function F and its associated density function f which f(t) > 0 forallt € T.

As presented in Figure 6.1-1, for the case of countervailing-positive externalities, the
bidder i’s utility is defined as increasing in his type if he obtains the object but decreasing in
his type if his opponent (bidder /) obtains the object; and bidder i gets zero utility if the seller
keeps the object, or there is no obtainer, as status quo. Also, the opponent (bidder j) ’s type
does not affect bidder i’s utility.

To be precise, if a bidder / with type t; € T obtains the object, he gets utility W;(t;) =
0. In the model, we assume that the rate of change of his utility with respect to his type is

l(tl)

constant @ which increases in his type ( ; > 0), but it does not depend on his

aw; (t)

opponent (bidder ;) ’s type ( = 0); so the bidder #’s utility function, W;(t;), is linear in

his type t; as presented in Flgure 6.1-1. Hence, if the bidder i with type t; obtains the object,
he gets utility W (t;) as,

Wi(ti) = Ai + aiti (61 — 1)

for all i € N where 4; is the fixed-effect positive utility and A; > a;t to satisfy W;(t;) =0
for any type.

Similarly, if the bidder i does not obtain the object but his opponent obtains it, the
bidder i gets positive utility from the positive externalities. Let L;(t;) = 0 be the bidder i’s
utility when his opponent obtains the object. As for countervailing-positive externalities, the
rate of change of the bidder i’s utility when his opponent obtains the object decreases in his

own type (—— L(tl) < 0) but does not depend on his opponent’s type (—— L(t‘) = 0). For

simplicity, we assume the rate of change to be constant; so we get the utility functlon L;(t;) to
be linear in t; as presented in Figure 6.1-1. Hence, if the bidder j with any type obtains the
object, the bidder i with type t; gets utility as,

Li(ti) = Bi - biti (61 - 2)
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for all i € N where b; > 0 is the constant rate of change of utility in this case; B; is the fixed-
effect positive utility. To satisfy that L;(¢;) = 0 for any type t;, we assume that B; > b;t.

Moreover, it is interesting that there is a type which the bidder i feels indifference
between toward between being the obtainer by himself or letting his opponent obtain the
object. More precisely, in the model, we assume that there is the type t' € T such that
W;(t") = L;(t"), as presented in Figure 6.1-1. To satisfy the case, we assume t < % <t.

In our study, we are interested in the case of two symmetric bidders. To be more
precise, the bidders are symmetrical when W;(t) = W;(t) and L;(t) = L;(t) for any type t. In
other words, from (6.1-1), a; = a; =a and A; = A; = A; and, from (6.1-2), similarly
b; = b; = b and B; = B; = B. To simplify the notations, we write (6.1-1) as W(t) = A + at
and (6.1-2) as L(t) = B — bt.

In summary, equation (6.1-3) shows the model and its assumptions are noted in
Assumption 6.1-1.

W(t;) = A+ at; if bidder i obtains
u;(t;) =< L(t;) = B — bt; if bidder j obtains; for Vi € N (6.1 -3)
0if no obtainer

B—-A

— <t
a+

ASSUMPTION 6.1-1: A > at, B > bt,a > 0,b > 0 and t <

6.2. Second-Price Sealed-Bid Auction for an
Object with Countervailing-Positive
Externalities

This section aims to characterize the symmetric-equilibrium strategy in the second-
price sealed bid auction for an object with countervailing-positive externalities. It starts with a
simple illustration applying the setting of two discrete types and perfect information. Then, in
sub-section 6.2.2., the continuous case as specified in our model is applied (in section 6.1.).

6.2.1. Simple Illustration with Discrete Case and Perfect
Information

The aim here is to characterize the symmetric-equilibrium strategy in the second-

price sealed-bid auction for an object with countervailing-positive externalities by applying a
simple illustration with discrete case and perfect information. The equilibrium strategy is
presented in Proposition 6.2-1. Consequently, we can see how the auction failure happens.
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Table 6.2-1 Illustration of the Payoffs of Two Discrete Types.

Type Payoffs when bl:/ing the obtainer | Payoffs when beir}lg the non-obtainer No obtainer
High
type W (tr) L(ty) 0
tp
Low
type w(t) L(t) 0
5]

In this simple case, there are two identical bidders (i and ;) and their types can be
either high type t; or low type t;. For a high-type bidder, he gets W (t,) payoff if he is the
obtainer and L(t,) payoff if the non-obtainer (which means that his opponent obtains the
object). Similarly, for a low-type bidder, he gets W (t;) and L(t;) payoff if the obtainer or
non-obtainer respectively. Also, if there is no obtainer, each bidder gets zero utility as status
quo. Table 6.2-1 presents the payoffs of this discrete case.

We assume that 0 < W(t;)) < W(tp,) and 0 < L(tp) <L(t;)) to capture the
countervailing-positive externalities. (Recall Figure 6.1-1 for more in-depth understanding).
We also assume that the high type is the part in which utility from being the obtainer is higher
than from being the non-obtainer, W (t;,) > L(t;). Additionally, the low type is the part in
which utility from being the non-obtainer is higher than from being the obtainer, W (t;) <
L(t;). The assumptions are summed up below in Assumption 6.2-1.

ASSUMPTION 6.2-1: 0 < W(tl) < W(th), 0< L(th) < L(tl), W(th) > L(th) and
W(t;) < L(ty).

In the situation, the bidders compete for an object (with countervailing-positive
externalities) in the second-price sealed-bid auction. The second-price sealed-bid auction is
processed in the following four steps:

1. Participation: Each bidder decides whether to participate in the auction or not.
2. Bid submission: A participating bidder submits a positive bid. A nonparticipating
bidder does not submit a bid.
3. Allocation: The seller allocates the object to the highest-bid bidder. If there is no
bid (since there are no participating bidders), the seller keeps the object.
4. Payment: The highest-bid bidder who obtains the object pays,
- equal to his opponent’s bid, or
- there is no payment if his opponent does not participate.

For simplicity, consider the case in which both bidders are identical. A bidder i with
type t; and a bidder j with type t; are identical when t; = t; = t. This assumption makes our

illustration a lot simpler but without loss of any important information.

We scope our interests in characterizing the symmetric-equilibrium strategy which
means that, in equilibrium, both players apply the identical strategy. According to the auction
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process, let a bidder i’s strategy be (p;, b;) which p; € {P, N} means that he participates
(p; = P) or does not participate (p; = N) in the auction and b; = 0 is his bid. Note that not
participating and participating with zero bid are different; a bidder who participates with zero
bid has some chance of obtaining the object, whereas a nonparticipating bidder has no chance.

The symmetric-equilibrium strategy in the second-price sealed-bid auction (p5, b5) is
presented in Proposition 6.2-1.

PROPOSITION 6.2-1: In the case of two discrete types and perfect information with two
identical bidders, symmetric-equilibrium strategy in second-price sealed-bid auction is that a
high-type bidder participates with W (ty,) — L(ty) bid, while a low-type bidder participates

with 2wt chance and bids zero.
W(tl)+L(tl)
P fort,
W(t;) — L(t ort
ps(t) = 2W (t;) L(t) - W(tl)Nfor " ,bS(0) :{ ( h)Ofo(rht)lf h

+
w(t,) + L(t;) W(t,) + L(t;)
Proof: See Appendix B.1.

In the equilibrium strategy, a high-type bidder always participates and submits a bid
that equates to his willingness to pay. The willingness to pay is the difference between the
first and second best alternatives — being the obtainer that yields utility W (t;,) and being the
non-obtainer that yields utility L(t); hence, the difference is W (t,) — L(t;). In the case of

the low type, in equilibrium a bidder with low type randomly participates in the auction with
2W(t)

w(e)+L(ty)

Zero.

chance and, if he participates, always submits the lowest possible bid, which is

If we consider the auction’s efficiency of allocation (the auction is efficient when the
highest-type bidder always obtains the object), the second-price sealed-bid auction is efficient
when applied to a high-type case, but is not efficient when applied to a low-type case. To be

L(t)-w(t)]?
ME(ZHEtg] ) that
there is no obtainer and the seller keeps the object. The result implies auction failure,
especially in the allocation aspect.

more specific, in the case of the low type, there is some chance (which is

As regards the revenue aspect, the auction also fails to maximize the seller’s expected
revenue. In the case of perfect information, it is easy to check whether an auction maximizes
the seller’s expected revenue or not by checking each bidder’s expected surplus left from
playing the equilibrium strategy in the auction. That is, an auction maximizes the seller’s
expected revenue when each bidder is left with zero surplus.

According to the equilibrium strategy, the expected surplus in the second-price
sealed-bid auction is not zero (as presented in Table 6.2-2). To derive it, according to the

equilibrium strategy, a high-type bidder has % chance of being the obtainer and gets W (t) —
(W(th) - L(th)) surplus; and he has the other % chance of being the non-obtainer and gets
L(ty,) surplus. Hence, a high-type bidder has % (W(th) + L(ty) — (W(th) — L(th))) = L(ty)
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2W ()

2
m) chance when he and his

as expected surplus. Similarly, a low-type bidder has (

2w (ty) )(L(fl)—W(tl)
W(t)+L(t)/ \W(e)+L(t)

opponent participate, ( ) chance when there is only one participant and

(L(tz)—W(tz)
W(t)+L(t)

obtainer and non-obtainer equally; if he participates but his opponent does not, he is the

2
) when there are no participants. If both participate, he has % chance of being the

obtainer and gets W (t;) payoff; if his opponent participates but he does not, he is the non-
obtainer and gets L(t;) payoff; if there is no participant, the seller keeps the object. Hence, a

, 2w \*1 2wty (L)-Www)
low-type bidder gets (m) > (W) + L)) + (W(t1)+L(tl)) (W(tl)+L(tl)) (W) +

LtD-W(ED\?  _ (_2W(t)
L(t)) + (—W(tz) I tz)) 0= (—W L (tz)) as expected surplus.

Also notice that, even if the auction induces a bidder of a high type to submit a bid
reflecting his willingness to pay, it cannot extract all of his surplus. As presented in the table,
a high-type bidder is left L(t;) surplus from the externalities. Hence, this implies that in the
revenue-maximizing auction some revenue-enhancing rules should be additionally
implemented to extract the surplus (in Chapter VII some auctions which can increase the
expected revenue are presented).

6.2.2. Continuous Case and Imperfect Information

To complete showing the symmetric-equilibrium strategy in the second-price sealed-

bid auction, this section applies the continuous case and imperfect information as presented in
the model (6.1-3). In the model, there are two risk-neutral and symmetric bidders whose types
are independently and randomly drawn from [E, f]. The type has distribution function F and
its associated density function f.

In the second-price sealed-bid auction, the symmetric-equilibrium strategy (p5, b%) is
presented in Proposition 6.2-2.

PROPOSITION 6.2-2: In the continuous case with imperfect information, the symmetric-
equilibrium strategy in a second-price sealed-bid auction is that a bidder with type t € [g, t)
does not participate. A bidder with type t € [t,t") participates with zero bid. A bidder with
type t € [t', ] participates with W (t) — L(t) bid.
25(0) = Nforte[%,f)’ S = 0 fort €[t t") )
P forte [t 7] W(t) — L(t) fort € [¢',7]
where t < t' and t solves
. | . . .
W (&) * F(f) + E(W(t) —L®)*(FH)-F®)=0. (62-1)
Proof: See Appendix B.2.

According to the proposition, Figure 6.2-1 presents the symmetric-equilibrium
strategy (on the left) and allocation (on the right) in a second-price sealed-bid auction. On the
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Table 6.2-2 Expected Surplus and Revenue in Second-Price Sealed-Bid Auction, Discrete Types and Perfect

Information.
. Second-Price
Type Realization Sealed-Bid Auction
Surplus L(ty)
High
| Revenue W(ty,) — L(ty)
Surol 2W (L)
urplus _
W) + L(t)
Low
b Revenue 0
bid type of j
A A
t
bid=W -L j
tl
i i&j
t i
no i
P type L type ofi
t t t t
{ @ @

N P
Figure 6.2-1 Symmetric-Equilibrium Strategy and Allocation in Second-Price Sealed-Bid Auction. (no =no
obtainer, i = i obtains, j = j obtains, i&]j = each bidder has 0.5 chance of being obtainer).
left, the y-axis is bid, the x-axis is type and the line under x-axis denotes participating (P) or
not participating (N) for each corresponding type. On the right, x- and y-axes are types of
both bidders (no = no obtainer, i =i obtains, j = j obtains, i&j = each bidder has 0.5 chance of
being the obtainer).

In the allocation by the equilibrium strategy (Figure 6.2-1 on the right), we see that
the auction fails to make an efficient allocation when some bidders have low types, which are
the types t lower than type t’ (¢ € [t,t")). Recall that type t’ is the type in which a bidder
feels indifference between being the obtainer and being the non-obtainer (W (t") = L(t")).
Hence, the type t € [g,t’) is the type in which a bidder prefers being the non-obtainer to
being the obtainer (L(t) > W (t)).

In the equilibrium strategy, for a bidder of low type, t € [g, t'), we can see that there
are two groups of strategy: the first group is t € [g, t) in which the strategy is not participating
and the second group is t € [£,t") in which the strategy is participating with zero bid.
Intuitively, since a bidder with low type t € [g, t") prefers being the non-obtainer to being the
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obtainer, he would like to maximize his opponent’s chance of being the obtainer; hence the
bidder is likely to avoid participating in the auction as observed in the first group t € [E, t).
However, since it is possible that his opponent will not participate in the auction, the bidder
should participate with the lowest possible bid, which is zero, to prevent an event where there
is no sale as observed in the second group. The critical type £ is the type which a bidder with
this type feels indifference between not participating and participating with zero bid.

Since the second-price sealed-bid auction does not provide proper incentives by
setting the rules in which the highest-bid bidder pays the price and obtains the object, the
auction cannot induce a low-type bidder, who does not want to obtain the object, to
participate with willingness to pay. Therefore, the low-type bidder causes auction failure. This
problem extends to any basic auction which has such rules, including first-price sealed-bid
auction as presented in Bagwell et al. (2007).

The next section presents a new auction which provides proper incentives to the low-
type bidder and fixes the aforementioned problem. This is called "take-or-give auction with
second-price payment."

6.3. Take-or-Give Auction with Second-Price
Payment

In the previous section, we presented the symmetric-equilibrium strategy in the
second-price sealed-bid auction for an object with countervailing-positive externalities. We
also looked at the auction failure of a bidder with low type t € [£,t") since the auction does
not provide proper incentives.

This section presents a new type of auction referred to as "take-or-give with second-
price payment." Differing from the basic auction, the new auction lets the highest-bid bidder
pay for his desired allocation. He can select either to take the object or to give it away to his
opponent.

This section begins with a simple illustration of the new auction by applying two
discrete types and perfect information. The illustration presents the allocation and payment
rules of the auction. Then, it characterizes the symmetric-equilibrium strategy (Proposition
6.3-1). In the equilibrium strategy, in the new auction all bidders participate with willingness
to pay. Lastly, sub-section 6.3.2. completes the analysis by characterizing the symmetric-
equilibrium strategy in the model of continuous types and imperfect information (Proposition
6.3-2). In the equilibrium strategy, it is also shown that the auction fixes the problem of low-
type bidder and creates efficient allocation (Corollary 6.3-1).
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6.3.1. Simple Illustration with Discrete Case and Perfect

Information

Since any basic auction fails to be optimal since it does not provide appropriate
incentives for bidders who have greater utility from being the non-obtainer than from being
the obtainer, L(t) > W (t), auction failure occurs. Hence, this study proposes a new auction

which can fix the problem by providing appropriate incentives — allowing the highest-bid
bidder to select for himself his desired allocation. In other words, instead of always obtaining
the object, the new auction lets the highest-bid bidder choose whether to take the object and
be the obtainer or to give the object to his opponent and be the non-obtainer. The new auction
is the "fake-or-give auction with second-price payment."

More precisely, the take-or-give auction with second-price payment proceeds
according to the four following steps:

1. Participation: Each bidder decides whether to participate in the auction or not.
2. Demand and Bid Submission: A participating bidder submits a doublet of demand
of allocation and bid. Demand can be take or give, while bid is any real number. A
nonparticipating bidder neither submits a demand nor a bid.
3. Allocation: The seller allocates the object as the highest-bid bidder’s demand. The
obtainer could be,
- the highest-bid bidder if he demands to take, or
- his opponent if the highest-bid bidder demands to give, or
- there is no obtainer if there is no participating bidder.
4. Payment: The highest-bid bidder pays,
- equal to his opponent’s bid when both bidders submit the same demand, or
- there is no payment if they submits a different demand or his opponent does
not participate.

The take-or-give auction allows each participating bidder to submit a doublet which
comprises a bid and the demand of allocation of the object. The demand can be either to take
and be the obtainer or to give his opponent the object (for free as a gift) and be a non-
obtainer.

Allocation is done as the highest-bid bidder’s demand; if he demands to take then he
obtains the object; if he demands to give then he gives his opponent the object. Note that he
gives it as a gift, gives it for free; the receiver pays nothing, obtains the object and voluntarily
decides whether to consume or not. Also, notice that optimally the receiver voluntarily
consumes the object and the giver gets positive externalities.”’

The payment is the second-price payment conditioned on their demands. More
precisely, if both bidders submit the same demand, the highest-bid bidder pays his opponent’s
bid as the second price. Or if both bidders submit different demands, they pay nothing (as a
zero reservation price conditioned on each demand).

30 The receiver voluntarily consumes the object since not consuming leaves him zero payoff

while consuming yields him W > 0.
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Table 6.3-1 Examples for Allocation and Payment Mechanisms in Take-or-Give Auction with Second-Price

Payment.
Scenario Strategies Allocation Payment
Both demand to take. . .
1 Bidder { bids 10S. Bidder i obtains. | Digqo  POY* Z)i
Bidder / bids 7S. J Pays Us.
Both demand to give. . .
2 Bidder 7 bids 10S. Bidder j obtains. | Dot {POYS (7)3
Bidder / bids 7$. J Pays ud.

Bidder i bids 10$ and demands to take.

Bidder j bids 7§ and demands to give. Bidder i obtains. | Both pay nothing.

Bidder i bids 10$ and demand to give.

Bidder / does not participate. Bidder j obtains. | Both pay nothing.

Table 6.3-1 presents four scenarios as examples for allocation and payment
mechanisms in take-or-give auction with second-price payment. In the 1* and 2™ scenario, if
the highest-bid bidder submits the same demand as his opponent’s, he pays the second price
and allocates the object as his demand. In the 3™ and 4™ scenarios, respectively, if the highest-
bid bidder submits a different demand as his opponent’s or his opponent does not participate,
he allocates the object as his demand without payment.

Notice that, as presented in the fourth scenario in Table 6.3-1, in the take-or-give
auction the seller can allocate the object to any nonparticipating bidders. This point is made in
Assumption 6.3-1,

ASSUMPTION 6.3-1: The seller can allocate the object to any nonparticipating bidder.

This assumption is different from other basic auction assumptions, which implicitly state that
the seller cannot allocate the object to any nonparticipating bidder. The assumption plays a
crucial role in our following results.

Next, we apply the case of two discrete types and perfect information (as presented in
Table 6.2-1) and analyze the symmetric-equilibrium strategy in the take-or-give auction with
second-price payment. In the auction, bidder i has strategy (p;, b;, d;) which p; € {P,N}
means that he participates (p; = P) or does not participate (p; = N) in the auction, b; € R is
his bid and d; € {take, give} is the demand to take (d; = take) or demand to give (d; =
give). Under the setting of two discrete types (as presented in the table) and perfect
information, in assuming identical bidders, each bidder is of an identical type: high type t; or
low type t;. The symmetric-equilibrium strategy in the take-or-give auction with second-price
payment (pT%, bT¢,dT%) is presented in Proposition 6.3-1.

PROPOSITION 6.3-1: In the case of two discrete types and perfect information with two
identical bidders, the symmetric-equilibrium strategy in a take-or-give auction with second-
price payment is that all bidders always participate. A high-type bidder submits a demand to
take and W (t) — L(ty) bid. A low-type bidder submits a demand to give and L(t;) — W (t;)
bid.
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W(ty) — L(ty) fort {take fort
TG _— TG _ h h h TG _ h
pr=pb _{L(tl)—W(tl) fort, A0 = give fort;
Proof: See Appendix B.3.

According to the equilibrium strategy, there is no problem with not participating nor
participating with zero bid. Recall that in the second-price sealed-bid auction when a bidder
has low type, we see this as causing auction failure. In the take-or-give auction, the problem is
fixed since the auction provides appropriate incentives to bidders of any types. Moreover,
there is no chance of not selling. Comparing this with the second-price sealed-bid auction in
which there is some chance of not selling, the take-or-give auction is more efficient.

Besides the increase in efficiency, the take-or-give auction also increases the expected
revenue. Table 6.3-2 presents the expected surplus and revenue from the auction compared
with the second-price sealed-bid auction (as presented in Table 6.2-2). When compared with
the second-price sealed-bid auction in which a low-type bidder does not participate or
participates with zero bid (Proposition 6.2-1), the new auction can extract payment from a

low-type bidder; hence, the expected surplus of a low-type bidder in the new auction W (t;) is
2W (ty)
w(E)+L(ty)
L(t;) — W(t;), is higher; in contrast, there is no difference in a high-type bidder’s strategy.
However, it is not a revenue-maximizing auction since the revenue-maximizing auction

less than from the sealed-bid auction and the expected revenue,

extracts all surplus in the perfect-information setting.

6.3.2. Continuous Case and Imperfect Information

As presented in the previous section, in the illustration of discrete types and perfect

information, the take-or-give auction with second-price payment fixes the problem of non-
participation or participating with zero bid. This section characterizes the symmetric-
equilibrium strategy in the auction by applying the continuous case with imperfect
information. The model is as presented in section 6.1. In the auction, the symmetric-
equilibrium strategy (p7¢, bT¢, d7%) is presented in Proposition 6.3-2.

PROPOSITION 6.3-2: In a continuous case with imperfect information, the symmetric-
equilibrium strategy in a take-or-give auction with second-price payment is that all bidders
participate. A bidder of type t € [t,t") submits a L(t) — W(t) bid and demand to give. A
bidder of type t € [t', f] submits a W (t) — L(t) bid and demand to take.
ST6 = p BTG (f) = {W(t) — L@ ifte |t 7] AT = {take if tet,1] |
L) -W@)iftett) give if t € [t,t)
Proof: See Appendix B.4.

According to the proposition, Figure 6.3-1 presents the symmetric-equilibrium
strategy (on the left) and allocation (on the right) in the take-or-give auction with second-
price payment. On the left, the y-axis is the bid, the x-axis is the type and the line under x-axis
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Table 6.3-2 Expected Surplus and Revenue in Take-or-Give Auction with Second-Price Payment and
Second-Price Sealed-Bid Auction in Discrete Types and Perfect Information.

. . . Second-Price
Type Realization | Take-or-Give Auction Sealed-Bid Auction
Surplus L(ty) L(ty)
High
th | Revenue W(ty) — L(ty) W (ty,) — L(ty)
2W(t)
Surplus w(t) _—
: w(e) + L(t)
Low
% | Revenue L(t) —W(t) 0
bid type of
y § y §
t

bid=L-W bid =W -L

- » type ——p type of i
ot t
give take

o —o o

Figure 6.3-1 Symmetric-Equilibrium Strategy and Allocation in Take-or-Give Auction with Second-Price
Payment. (i =i obtains, j = j obtains).

denotes the demand to take (take) or to give (give) for each corresponding type. On the right,
x- and y-axes are the types of both bidders. (i =1 obtains, j = j obtains).

The equilibrium strategy shows that all bidders participate with their willingness to
pay (L(t) —W(t) fort € [g, tYand W(t) — L(t) fort € [t',f]); recall that type t' is the type
in which a bidder feels indifference between being the obtainer or being the non-obtainer,
W(t") = L(t"). Hence, the problem of not participating and participating with zero bid is
fixed. For the type t’ in which a bidder participates with zero bid in the take-or-give auction,
is no longer the problem we mentioned; recall that the problem of participating with zero bid
occurs since a bidder wants to maximize his opponent’s chance of being the obtainer and to
prevent the event with no sale — this is not the case for the t'-type bidder in the take-or-give
auction.

Moreover, the auction is efficient (Corollary 6.3-1) since there is no chance of not
selling and the highest-type bidder always obtains the object (see Figure 6.3-1 on the right).

COROLLARY 6.3-1: The take-or-give auction with second-price payment is the efficient
auction for an object with countervailing-positive externalities.
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6.4. Conclusions

This chapter presented the auction failure of the second-price sealed-bid auction when
applied with an object with countervailing-positive externalities. The main cause of the failure
comes from a bidder of some low types who wants to maximize his opponent’s chance of
being the obtainer by not participating or participating with zero bid. As a consequence, the
sealed-bid auction fails to be optimal for either efficient allocation or maximizing revenue.

Therefore, in this chapter, we propose a new auction called the "fake-or-give auction
with second-price payment" which can fix the problem of inefficient allocation of the second-
price sealed-bid auction. Since the new auction lets each bidder compete for his desired
allocation, the new auction provides appropriate incentives for bidders of any type; hence,
there are no bidders intending to maximize the opponent’s chance of being the obtainer like in
the sealed-bid auction.

For a designer concerned with the efficiency of the allocation (e.g. government), the
take-or-give auction is the best choice. However, it needs to be noted that the seller and
bidders must commit to the rules of the new auction. As presented in Assumption 6.3-1, they
must ensure that the auction can collect payments from non-obtainers and that it is possible to
allocate the object to a nonparticipating bidder. To avoid the problem of commitments, the
seller should announce the rules prior to making participation decisions on bidders, and all
bidders should acknowledge them.



CHAPTER VII
TAKE-OR-GIVE AUCTION WITH
ENTRY FEE

In the previous chapter, we saw that the take-or-give auction creates efficient
allocation when applied to an object with countervailing-positive externalities (Corollary 6.3-
1), while the second-price sealed-bid auction fails to allocate the object efficiently (see
Section 6.2.). However, the take-or-give auction is not a revenue-maximizing auction.

Regarding the take-or-give auction not being a revenue-maximizing auction, recall
the results from the discrete case with perfect information (see section 6.3.). Normally, with
perfect information, at equilibrium a revenue-maximizing auction will extract all surplus from
a bidder of any type. As we track a bidder’s surplus left from playing the equilibrium strategy
(see Table 6.3-2), either a high- or low-type bidder is left with some surplus.

In this chapter, we propose some extended take-or-give auctions which yield higher
expected revenue than the simple take-or-give auction. To increase the revenue, we introduce
revenue-enhancing rules to the auction. First, in section 7.1., we introduce onlyentryfeesince
the entry fee can directly extract surplus from externalities and it is mostly applied in the case
of object with externalities. Second, in section 7.2., we introduce more complicated rules.
These include entry fee with a no sale condition (in which the auction is cancelled if any
potential bidder does not participate) and indifference demand(which allows bidders to
participate with a new type of demand — indifference demand). Section 7.3.compares the
expected revenue of each proposed auction and of the optimal auction in Chen and Potipiti
(2010). Lastly, a conclusion is provided.

7.1. Take-or-Give Auction with Entry Fee

This section aims to characterize the symmetric-equilibrium strategy in the take-or-
give auction with second-price payment and entryfee (Proposition 7.1-2). It begins the
analysis by presenting a simple illustration in the case of two discrete types and perfect
information. The section presents how payment and allocation rules of the auction with entry
fee are specified. Then, it analyzes the symmetric-equilibrium strategy and compares the
expected surplus of a bidder with other auctions. Then, in the second sub-section, it completes
the analysis by applying the continuous case (as presented in section 6.1.).
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7.1.1. Simple Illustration with Discrete Case and Perfect
Information

In this subsection, we begin the analysis by presenting a simple illustration of the case
of two discrete types and perfect information. How payment and allocation rules of the

auction with entry fee are specified is then presented. This is followed by analyses of the
symmetric-equilibrium strategy (Proposition 7.1-1) and comparisons of the expected surplus
of a bidder with other auctions (second-price sealed-bid auction and take-or-give auction
without entry fee presented in the previous chapter).

More precisely, we call the auction a "take-or-give auction with second-price
payment and entry fee." As in a basic auction, to participate and submit bid a participating
bidder must pay the entry fee as announced by the seller.The rule can increase the expected
revenue — or revenue-enhancing effect — but also increase the chance of not participating from
some bidders with low willingness to pay; hence, it decreases the efficiency of an auction. We
call this effect the "exclusion effect."

In the take-or-give auction with second-price payment and entry fee, the seller
announces a menu of entry fees (Egi,,e,Etake) in which a bidder pays Eg;ye = 0 if he
demands to give; or pays Eigzre = 0 if he demands to take. Notice that the entry fee in this
auction has two different entry fees according to the demand. This is different from the entry
fee in a basic auction with only one entry fee.

The take-or-give auction with second-price payment and entry fee proceeds as
follows:

The take-or-give auction with second-price payment and entry fee proceeds as
follows:

1. Participation: Each bidder decides whether to participate in the auction or not.

2. Demand and Bid Submission: A participating bidder submits a doublet of demand
of allocation and bid. Demand can be take or give. Also, a bid is any real number. A
nonparticipating bidder neither submits a demand nor a bid.

3. Allocation: The seller allocates the object as the highest-bid bidder’s demand. The
obtainer could be,

- the highest-bid bidder if he demands to take, or
- his opponent if the highest-bid bidder demands to give, or
- there is no obtainer if there is no participating bidder.

4. Payment: A participating bidder pays an entry fee according to his submitted
demand; he pays Eiqp, if his demand is taking and pays Eg;y, if it is giving. The highest-bid
bidder additionally pays,

- equal to his opponent’s bid when both bidders submit the same demand, or
- there is no additional payment if they submit different demands or his
opponent does not participate.
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Table 7.1-1 Examples for Allocation and Payment Mechanisms in Take-or-Give Auction with Second-Price
Payment and Entry Fee.

Scenario Strategies Allocation Payment
Both demand to take. Both pay E
1 Bidder i bids 108. Bidder i obtains. | p. 0 TP Brake:
Bidder j bids 7$. L 4150 pays /5.
Both demand to give.
2 Bidder i bids 108. Bidder / obtains. | d%"th,p?y Eg“"f‘7 g
Bidder ; bids 7$. 1ader 1 also pays /9.
Bidder i bids 10$ and demands to take. . . . Bidder i pays Eqye-
3 Bidder j bids 7$ and demands to give. Bidder i obtains. Bidder j pays Egjpe-
Bidder i bids 10$ and demand to give. . . . Bidder i pays Egjye.
4 Bidder j does not participate. Bidder / obtains. Bidder j pays nothing.
Table 7.1-2 Payoffs of Two Discrete Types Illustration.
Type Payoffs when bme/lng the obtainer | Payoffs when belrig the non-obtainer No obtainer
High
type W (tr) L(tp) 0
tp
Low
type w(t,) L(t)) 0
5]

To give some examples of the allocation and payment mechanisms, Table 7.1-1
presents four scenarios of the take-or-give auction with second-price payment and entry fee.
In the 1* and 2" scenarios, if the highest-bid bidder submits the same demand as his
opponent’s, they pay the corresponding fee and the highest-bid bidder pays second price; the
object is allocated according to his demand. In the 3™ and 4™ scenarios, respectively, if the
highest-bid bidder submits a different fee from his opponent’s or his opponent does not
participate, he pays only the fee; the object is allocated according to his demand.

The analysis here applies the same two discrete types (high type t; and low type t;)
as in the previous chapter (hence we can compare the results of this chapter with those of the
previous one). As presented in Table 7.1-2, a high-type bidder gets W (t;,) payoff if being the
obtainer and L(t,) payoff if being the non-obtainer (which means that his opponent obtains
the object). Similarly, a low-type bidder gets W (t;) and L(t;) payoff if being the obtainer and
non-obtainer respectively. Also, if there is no obtainer, each bidder gets zero utility as status
quo. We assume that 0 < W(t) <W(t,) and 0 < L(ty) <L(t;)) to capture the
countervailing-positive externalities (see Figure 6.1-1 for more in-depth understanding). We
also assume that the high type is the part in which utility from being the obtainer is higher
than from being the non-obtainer, W (t;) > L(t;). Additionally, the low type is the part in
which the utility from being the non-obtainer is higher than from being the obtainer, W (t;) <
L(t;). The assumptions are summed in Assumption 7.1-1.
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ASSUMPTION 7.1-1: 0 < W(t) < W(ty), 0<L(ty) <L(t), W(ty) >L(ty) and
W(t) < L(tp).

In this situation, there are two identical bidders (hence, bidder i is of the same type as
bidder j, t; = t; € {tp, t;}) competing for the object in the take-or-give auction with second-
price payment and entry fee under the condition of perfect information. The seller announces
(Egive,Etake) as the entry fee for demand to give and for demand to take, respectively.
Assume that, as in Assumption 7.1-2, the seller announces 0 < Eg; < W(t;) and 0 <
Etare < L(ty). As will be seen later, this assumption makes the seller extract surplus from
externalities without affecting bidding behavior.

ASSUMPTION 7.1-2: 0 < Egive < W(tl) and 0 < Etake < L(th)

In an auction with entry fee, bidder i submits his strategy (p;, b;, d;) which p; €
{P, N} means that he participates (p; = P) or does not participate (p; = N) in the auction,
b; € R is his bid and d; € {give, take} is the demand. The symmetric-equilibrium strategy

TGF }TGF
,b

in this auction, (p ,dT¢") is presented in Proposition 7.1-1.

PROPOSITION 7.1-1: In the case of two discrete types with perfect information, the
symmetric-equilibrium strategy in a take-or-give auction with second-price payment and

entry fee is that a high-type bidder participates with With)~Eake ponce with W(ty) — L(ty)

w(tn)
bid and demand to take. A low-type bidder participates with % chance with L(t;) —
L
W (t;) bid and demand to give.
W(ty) — E E
( h) takep + take NfOT th
pTGF — W (ty) W (ty)
L(tl) — Egive Egive '
P+ N fort
oy i

pTGF — {W(th) — L(tp) for ty dTOF (1) = {take fort,
L) - W) fort, ’ give fort,’
Proof: See Appendix B.5.

According to the equilibrium strategy, bidding behavior, including submitted bid and
demand, in the auction with entry is the same as in the auction without entry fee (see
Proposition 6.3-1). A high-type bidder submits W (t,) — L(t,) bid as his willingness to pay
and demand to take. A low-type bidder submits L(t;) — W (t;) bid as his willingness to pay
and demand to give.

As for the participation rate, since the exclusion effects of entry fees, a bidder
W(th)—Etake
w(tp)
the higher the entry fees, the lower the participation rates.

L tl)_Egive

randomly participates with for high type and ( o) for low type. Notice that
l

Next, to compare with other auctions, we derived the expected surplus and expected
revenue from the auction with entry fee. We measured the expected surplus and revenue at
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Table 7.1-3 Comparison of Expected Surplus and Expected Revenue in Take-or-Give Auction with Second-
Price Payment and Entry Fee, Take-or-Give Auction and Second-Price Sealed-Bid Auction. (Rank from left
to right: low to high for expected surplus and high to low for expected revenue).

Type Realization Tak‘&;i?lrl_g;‘{fy?;;zﬁon Take-or-Give Auction Sea?:(i-o];lidd-PArlilccetion
Surplus L(th)(ww(/t(ht) - L(tw) L(t) L(ty)
h
High 9 <W(th) - L(th)> .
Revenue %83 Lty W(ty) — L(tp) W (ty) — L(ty)
W(tz)(L(tz) - W(tz)) 2W(ty)
Surplus L@ W We) + L&)
Low ) <L(tz) - W(tz)) .
Revenue igg W) L(t;) — W(t;) 0

the highest possible entry fees, which the seller announces as Egj,e = W(t;) and Eggpe =
L(ty,); recall Assumption 7.1-2 in which we have upper boundaries of entry fees.

Table 7.1-3 compares the expected surplus and expected revenue in take-or-give
auction with second-price payment and entry fee, take-or-give auction and second-price
sealed-bid auction (see Table 6.3-2 for the take-or-give auction and second-price sealed-bid
auction). We ranked the expected surplus from low (left) to high (right) and ranked the
expected revenue from high (left) to low (right). The results show that having the entry fee
can increase the expected revenue. However, this is not a revenue-maximizing auction since
the revenue-maximizing auction should extract all surplus.

7.1.2. Continuous Case and Imperfect Information

Here, we complete the analysis by characterizing the symmetric-equilibrium strategy

in the take-or-give auction with second-price payment and entry fee in the model of
continuous types and imperfect information. By applying the formal model (as presented in
section 6.1.) in the take-or-give auction with entry fee, there are two risk-neutral and

symmetric bidders whose types are independently and randomly drawn from [E, f]. This type
has distribution function F and an associated density function f.

In the auction, the seller announces (Egiver Etake). Similar to the previous illustration,
we assume that the entry fees have upper boundaries: 0 < Egjpe < L(E) and 0 < Epgpe <
W(f) (in Assumption 7.1-4).

ASSUMPTION 7.1-4: 0 < Egjpe < L(t) and 0 < Eyge < W (2).
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The symmetric-equilibrium strategy (pT¢F,bT¢F, dT¢F) is presented in Proposition
7.1-2.

PROPOSITION 7.1-2: In a continuous case with imperfect information, the symmetric-
equilibrium strategy in a take-or-give auction with second-price payment and entry fee is that
a bidder with type t € (£,t) does not participate. A bidder with type t € [t,t| participates
with W(t) — L(t) bid and demand to take. A bidder with type t € [t, t| participates with
L(t) — W(t) bid and demand to give.
o W) - L@ if t € [i,7]
pToF () = {N YLe o) yrorgy =) -weifte s,
P otherwise A
any if t € (t,t)
take if t € [£,7]
d"¢F (t) = | giveif t € [t, ],
any if t € (t,t)
wheret <t <t' <t <tsuchthatt,t solves
[ Egive = L(1) * (F(£) — F(£))
Etake = W () * (F() — F(D)
and t' is defined where W (t") = L(t").
Proof: See Appendix B.6.

(71-1)

According to the proposition, Figure 7.1-1 presents the symmetric-equilibrium
strategy (on the left) and allocation (on the right) in the take-or-give auction with second-
price payment and entry fee. On the left, the y-axis is the bid, the x-axis is the type and the
line under the x-axis denotes the participation (P and N) and selected entry fee (give for Egjye
and take for E;4x.) of each corresponding type. On the right, the x- and y-axes are the types
of both bidders. (i =i obtains, j = j obtains, no = no obtainer).

The equilibrium strategy shows that the entry fee has exclusion effects which make a
bidder whose type is (£,t) not participate. As a bidder does in the auction without entry fee
(see Proposition 6.3-2), a bidder with type [f, f] participates with a W (t) — L(t) bid and
demand to take and a bidder with type [E, i‘] participates with a L(t) — W (t) bid and demand
to give.

Intuitively, like the entry fee in a basic auction, the entry fee in the take-or-give
auction results in some bidders with low willingness to pay (whose types are around t') who
avoid participating; recall that W (t) — L(t) and L(t) — W (t) are the willingness to pay of a
bidder with a demand to take and to give, respectively. More precisely, with the entry fee
Egives Etake > 0, there are types ¢ <t' and £ >t' which are indifferent between not
participating and participating on the giving and taking sides, respectively. The types in (£,t)
are excluded from the auction with (Egi,,e, Etake) entry fee.
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bid type of j
A A
t
bid=L-W bid =W - L o !
t
/ no
t
i
- — - type L—p type of i
tt t t t t

.L‘N—'L.

give ™ any “take

Figure 7.1-1 Symmetric-Equilibrium Strategy (on the left) and Allocation (on the right) in Take-or-Give
Auction with Second-Price Payment and Entry Fee. (i =i obtains, j = j obtains, no = no obtainer).

7.2. Take-Give-Indifference Auction with Entry
Fee

This section introduces more complicated rules to the take-or-give auction. These
include entry fee, no sale condition and indifference demand. With the no sale condition, the
seller cancels the auction if any potential bidder does not participate. With indifference
demand, the bidders have the new option of demand called "indifference demand"; they can
participate with a new indifference demand in which if all bidders submit an indifference
demand, the seller randomly allocates the object with equal chance to each bidder. This
auction is more specifically termed as a "take-give-indifference auction with entry fee."

In the take-give-indifference auction with entry fee, the seller announces
(Egive,Etake,Epool) in which a bidder with a taking demand pays E;;x.; a bidder with a
giving demand pays Eg;ye; a bidder with an indifference demand pays E,,,;. The auction

. 31
process is as follows:

1. Participation: Each bidder decides whether to participate in the auction or not. If
there is a non-participating bidder, the auction is cancelled.

2. Demand and Bid Submission: A participating bidder submits a doublet of demand
of allocation and bid. Demand can be take, give or indifference. Also, a bid is any real
number.

3. Allocation: If all bidders submit indifference demands, the object is randomly
allocated to each of the bidders with equal probability. Otherwise, the seller selects the
highest-bid bidder’s demand which is not an indifference demand and allocates the object
accordingly.

4. Payment: Each bidder pays an entry fee according to his submitted demands; he
pays Eiqke if his demand is taking, pays Eg;y, if it is giving and pays Ej; if it is

o The auction is similar to a two-part tariff. As in the traditional case of a two-part-tariff

amusement park where a consumer pays entry fee to enter the park and additionally pays a ticket to
ride a plaything, the auction lets a bidder pay E,,,,; to enter the auction and additionally pay a demand-
to-take ticket as E¢qxe — Epoor plus second-price payment (if the case is applicable), and vice versa for
a demand-to-give ticket.
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Expected payment type of j
A A
t
j
Z
/ i&j
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— » type —~ — L type ofi
£ ¢bind ¢ t

Figure 7.2-1 Expected Payment (on the left) and Allocation (on the right) of the Optimal Auction in Chen
and Potipiti (2010). (i = i obtains, j = j obtains, i&j = each bidder has 0.5 chance of being obtainer).

indifference. If both bidders submit the same taking or giving demand, the highest-bid bidder
additionally pays equal to his opponent’s bid. Otherwise, there is no additional payment.

The rules are introduced because of the following motivations: i) In the optimal
auction of Chen and Potipiti (2010) (see Figure 7.2-1 on the left), expected payment can be
separated into three parts: decreasing (on the left), constant (in the middle) and increasing (on
the right). When compared with the equilibrium strategy in the take-or-give auction with
entry fee (see Figure 7.1-1 on the left), the auction creates similar bid behavior (which
directly implies the expected payment). The only difference is in the middle part whereby in
the auction a bidder does not participate and pays nothing due to the exclusion effects. The
new rules try to recruit a bidder in the middle part to participate with a constant payment. ii)
In the optimal auction, when both bidders have types in the middle part, they have equal
chance to obtain the object (see Figure 7.2-1 on the right). When compared with the allocation
in the take-or-give auction with entry fee (see Figure 7.1-1 on the right), if both bidders have
types in the middle part the seller keeps the object. Having the indifference demand is
possible to induce the same outcome at the middle part as in the optimal auction. iii) As
discussed in Jehiel et al. (1996), the optimal rules should "leave a nonparticipating buyer with
the lowest possible level of utility"; the no sale condition leaves a non-participating bidder
with the lowest possible level of utility (which is zero) since the auction is canceled (see
section 5.2., Chapter V, for more discussion about the optimal auction of Chen and Potipiti
(2010)).

Table 7.2-1 presents seven scenarios as examples of the allocation and payment

mechanisms in the take-give-indifference auction with entry fee. In the 1¥-5"

are some bidders whose demands are taking or giving. The highest-bid bidder whose demand

scenarios, there

is taking or giving pays the fee and the object is allocated according to his demand. He pays
the second price if his opponent submits the same demand (in scenarios 1% and 2"). In the 6"
scenario, all bidders’ demands are indifference and, regardless of their bids, the object is
randomly allocated with equal probability and bidders pay only the fee. In the 7" scenario, the
auction is cancelled since some bidders do no participate, bidders pay nothing and the seller
keeps the object.

This section characterizes the symmetric-equilibrium strategy in the take-give-
indifference auction with entry fee (Proposition 7.2-1). Since it is too complicated to present
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Table 7.2-1 Examples of Allocation and Payment Mechanisms in the Take-Give-Indifference Auction with

Entry Fee.
Scenario Strategies Allocation Payment
Both demand to take. Both pay E¢gre-
1 Bidder i bids 10$. Bidder i obtains. Bidder i also pays
Bidder j bids 78. 78.
Both demand to give. Bidder / gives. BOth pay Egive-
2 Bidder i bids 10$. Bidder 7 obtains Bidder i also pays
Bidder / bids 7$. J ! 7$.
Bi -
Bidder i bids 10$ and demands to take. . . . idder i pays
3 . o . Bidder 7 obtains. Eiake-
Bidder j bids 7$ and demands to give. . .
Bidder j pays Eg;ye.
Bidder i pays
Bidder i bids 10$ and demands to take. . . . Eiake-
4 Bidder j bids 7$ and indifference demand. Bidder i obtains. Bidder j pays
Epool'
Bidder i pays
5 Bidder i bids 10$ and indifference demand. Bidder gives. E 'pay
Bidder j bids 7$ and demands to give. Bidder i obtains. . ‘pool:
Bidder j pays Eg;ye.
Both submit indifference demand. 0.5 chance to
6 Bidder i bids 10$. ‘ obtain Both pay Ej, ;.
Bidder j bids 7$. '
Bidder i bids 10$ and demand to give. . .
7 Bidder j does not participate. Nobody obtains. Both pay nothing.
bid type of
A A
t
bid=L-W bid=W -L
t**
./ i&j
t*
i
- - type p type of i
t* tmn prx t* pH* t
give T indiff ~take

Figure 7.2-2 Symmetric-Equilibrium Strategy and Allocation in the Take-Give-Indifference Auction with

Entry Fee. (i =1 obtains, j = j obtains, i&]j = each bidder has 0.5 chance of being obtainer).

the equilibrium strategy by applying a discrete case with perfect information, we characterize
the equilibrium strategy only for the case of continuous type with imperfect information.

Recall our model from section 6.1. In the model, there are two risk-neutral and

symmetric bidders whose types are independently and randomly drawn from [g, f]. The type

has distribution function F and an associated density function f.
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In the take-give-indifference auction with entry fee (Egive, Eiake Epool), we assume
that the entry fees are characterized by (7.2-1) in Assumption 7.2-1. (This assumption is a
sufficient condition for our following equilibrium).

ASSUMPTION 7.2-1: In the take-give-indifference auction with entry fee, the entry fees
(Egive, Etake Epool) announced by the seller are feasible if (7.2-1) is satisfied,

tminzF—l( b )
a+b

+*
t*

Epoot = ft t*W(t’"i")dF(tH f *%(W(tmin)+L(tmin))dF(t)+ ft :L(t'""”)dp(t)
-

1
Egive = Epoor + f E(L(t*) - W(t*))dF(t)
-

1 (7.2-1)
Etake = Epoot +f E(W(t**)—L(t**))dF(t)

A
i

-
f W(t*)dF(t) +J L(t")dF(t) = Egive
t tr

t

o
f W (t*)dF(t) +f L(t™)dF(t) = Etqpe
¢ .

for some t*,t™ such thatt < t* < t™" <t < t.

In the auction, bidder i has his strategy (p;, b;, d;) which p; € {P, N} means that he
participates (p; = P) or does not participate (p; = N) in the auction, b; € R is his bid and
d; € {give,take,indif ference} is the demand. The symmetric-equilibrium strategy
(pT¢I, b6, dT6T) is presented in Proposition 7.2-1.

PROPOSITION 7.2-1: In the continuous case and imperfect information, with the menu of
entry fees as specified in (7.2-1), the symmetric-equilibrium strategy in a take-give-
indifference auction with entry fee is that all bidders participate. A bidder with type t €
[t**,f] submits a W (t) — L(t) bid and demand to take. A bidder with type t € [g, t*] submits
a L(t) — W(t) bid and demand to give. A bidder with type t € (t*,t*") submits any bid with
indifference demand.
W(t) —L(t) if t € [t ] take if t € [t™, €]
pTet =P, b (1) = {L(t) —w@) ifte[tt] ,d™@) = { giveif t € [t,t7]
any if t € (t*,t™) indifference if t € (t*,t™)

Proof: See Appendix B.7.

According to the equilibrium strategy, Figure 7.2-2 presents the symmetric-
equilibrium strategy (on the left) and allocation (on the right) in the take-give-indifference
auction with entry fee. On the left, the y-axis is the bid, the x-axis is the type and the line
under the x-axis denotes the selected demand of each corresponding type. On the right, the x-
and y-axes are the types of both bidders.(i = i obtains, j = j obtains, i&j = each bidder has 0.5
chance of being the obtainer).

Notice that the auction yields similar expected payment and allocation to that of the
optimal auction of Chen and Potipiti (2010) (as presented in Figure 7.2-1). According to the
equilibrium strategy, the types are classified into three groups according to the submitted
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demand. That is, the indifference group (t*,t™) is in the middle region including t™™ and
some neighbors. They participate with indifference demands and any bids and pay constant
expected payments. The taking group [t**, f] is on the taking side (toward the highest type)
and participates with the demand to take and bid as their willingness to pay W (t) — L(t). A
bidder in the taking group pays increasing expected payment in type. Last, the giving group
[g, t*] is on the giving side (toward the lowest type) and participates with the demand to give
and bid as their willingness to pay L(t) — W (t). A bidder in the giving group pays decreasing
expected payment in type.

The type t™" is the binding type in this auction. The binding type gets zero surplus
as status quo; other non-binding types are left with positive surplus as information rent. For
type t*, a bidder with type t* feels indifference between submitting an indifference demand
and a giving demand with L(t*) — W (t*). Similarly, a bidder of type t** feels indifference
between submitting an indifference demand and a taking demand with W (t**) — L(t**) bid.

7.2.1. Take-Give-Indifference Auction with Single Entry Fee

From the previous analysis, we can see that, in terms of practicability, the

implementation of the take-give-indifference auction with entry fee (Egi,,e,Etake,Epool) is
quite complicated. In this section, we present a corollary with the auction having only a single
entry fee and which is far less complicated in its implementation.

Recall the Assumption 7.2-1 which characterizes the menu of entry fees
(Egive,Etake,Epool). The seller can announce a single entry fee such that Eg;pe = Ergre =
Ep
equilibrium strategy in the take-give-indifference auction with single entry fee

ool @S a consequence, the single entry fee also makes t* = t™" = t**. The symmetric-

(pTGIS, pTGIS qTGISY is a corollary of Proposition 7.2-1. The equilibrium strategy is as
follows:

COROLLARY 7.2-1: Suppose the seller announces a single entry fee such that Egiye =
Etake = Epoor and the entry fees are characterized by (7.2-1), all bidders participate. A
bidder with type t € [E, tmin] submits the demand to give and a L(t) — W (t) bid. A bidder
with type t € (tmi”, f] submits the demand to take and a W (t) — L(t) bid.
pTGIS = p pTGIS(¢) = {W(t) —L@® i'f te (tmin"z] ,dT6IS (1) = {ta.ke i'f te (tminfz] ’
L(t) —W() if t € [t c™"] give if t € [t,t™"]

Referring to the equilibrium strategy, we can see that the take-give-indifference
auction with single entry fee is the efficient auction (Corollary 7.2-2).

COROLLARY 7.2-2: The take-give-indifference auction with single entry fee is an efficient
auction.
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7.3. Revenue Comparison

Here, a comparison is presented of the expected revenue from each auction presented
in Chapter VI (including second-price sealed-bid auction and simple take-or-give auction with
second-price payment) and in Chapter VII (including take-or-give auction with entry fee and
take-give-indifference auction with entry fee). The previous sections of this chapter
characterized the symmetric-equilibrium strategies in the take-or-give auction with entry fee
(Proposition 7.1-2), in the take-give-indifference auction (Proposition 7.2-1) and in the take-
give-indifference auction with single entry fee (Corollary 7.2-1). The previous Chapter VI
also characterized the equilibrium strategies in the simple take-or-give auction (Proposition
6.3-2) and second-price sealed-bid auction (Proposition 6.2-2).

According to the equilibrium strategy of each auction, we can derive the expected
revenue. For the take-give-indifference auction with entry fee, from the equilibrium strategy
(Proposition 7.2-2), the seller gets the expected revenue as

sk

¢ £ t
ERTGI =2 % f [Egive + f (L(t) N W(t))dF(t)] dF(x) + f EPOOldF(x)
t x a

+ f t [Emke + f "W - L(t))dF(t)] dF (x) (73 -1)
. /

where, in the bracket, the first to third terms are the expected payment when a bidder has type
x €[t t*], x € (t"t™) and x € [t**,f] respectively; and the whole bracket is multiplied by
two since there are two bidders. The optimal revenue from the auction is obtained when the

seller designs the optimal menu of entry fees (Egive”, Ecare s Epoot”) by solving Problem 7.3-
1,

PROBLEM 7.3-1

max ERT!
EgiverEtakerEpool

s.t.
(7.2 = 1)

For the take-give-indifference auction with single entry fee, the equilibrium strategy
(Corollary 7.2-1) shows that the expected revenue is

tmin
ERTCIS = 2 [f [Egive + f
t X

t x
+ j . [Etake + f (w® —L(t))dF(t)] dF (x)
tmm tmm

tmln

(L) - W(t))dF(t)] dF(x)

(7.3 -2)

where the first and second terms are the expected payment when a bidder is of type x €
[g, tmi”] and x € (tmi”, f] respectively. In this auction, there is only one solution in the menu
such that Egjye = Etare = Epoor- Hence, there is no optimization problem to be solved.

For the take-or-give auction with entry fee, the equilibrium strategy (Proposition 7.1-
2) shows that the expected revenue is
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t t
ERTGF = 2 « Egive + f (L) - W(t))dF(t)] dF (x)

f [Emke (W(t) — L(t))dF(t)] dF (x) (7.3 -3)

where the first and second terms are the expected payment when a bidder is of type x € [g, i]
and x € ['t', f] respectively. In the auction, to get the highest revenue the seller designs the

optimal menu (Egive*, Etqke”) by solving the optimization Problem 7.3-2,

PROBLEM 7.3-2

max ERTGF
Egive:Etake

s.t.
(7.1-=1)

For the simple take-or-give auction, the equilibrium strategy (Proposition 6.3-2)
shows that the expected revenue is

t//rt’
ERTG = 2« U j (L(t) = W(©))dF(t) dF (x)

t rx
+j j (W(t) — L())dF (t) dF (x) (7.3 —4)
t' Jt!

where the first and second terms are the expected payment when a bidder is of type x € [g, t’]

and x € (t',t] respectively.

Lastly, for the second-price sealed-bid auction, the equilibrium strategy (Proposition
6.2-2) shows that the expected revenue is

ERS =2 % ftfx(W(t) — L())dF(t) dF (x). (7.3-5)
t’ Jt!

To compare the expected revenue of each auction proposed in this study with the
optimal revenue of the optimal auction in Chen and Potipiti (2010), we applied the same
example given in their work — the case of selling retaliation rights in the WTO. The numerical
example specifies the utility function, type interval and distribution function as presented in
(7.3-6),

t=1t=2F@t)=t—1
W(t) = 1+1
) = 96 ' 48
13 1 (7.3 -6)

L(t) = — — —
288 48

5

(o] _

ER 128

where ERY is the optimal revenue from the optimal auction in Chen and Potipiti (2010).
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Table 7.3-1 Comparison of Expected Revenue and Efficiency. (S = second-price sealed-bid auction, TG =
simple take-or-give auction, TGF = take-or-give auction with entry fee, TGIS = take-give-indifference auction
with single entry fee and TGI = take-give-indifference auction with entry fee).

Auction S TG | TGF | TGIS | TGI | Optimal Auction
1 1 2 11 5 5
Revenuve | — | — | — | —&— | — -
243 | 216 | 141 | 288 | 128 128
Efficient
(Yes/No) No | Yes | No Yes No No

We apply the example in (7.3-6) to the expected revenue of each auction as presented
in (7.3-1) to (7.3-5). The expected revenue and efficiency of each auction are presented in
Table 7.3-1. The table ranks the expected revenues from the lowest in the second-price
sealed-bid auctionto the highest in the optimal auction of Chen and Potipiti (2010). Notice
that i) when we change from a basic second-price sealed-bid auction to the simple take-or-
give auction, the problem of inefficient allocation is fixed and the revenue is increased. ii)
When the take-or-give auction is introduced with the entry fee, it yields higher revenue but is
inefficient due to the exclusion effects. iii) When the entry fee, no sale condition and
indifference demand are introduced, with a single entry fee the auction makes efficient
allocation and the revenue is increased. Comparison between efficient auctions (simple take-
or-give auction and take-give-indifference auction with single entry fee) reveals that the
auction with single entry fee yields higher revenue. iv) Lastly, in the take-give-indifference
auction with entry fee, when we allow for multi entry fees, the auction is inefficient but yields
revenue as the optimal level ERC.

Further to this, the take-give-indifference auction with entry fee is analytically proven
for its equivalence to the optimal auction of Chen and Potipiti (2010). The analysis shows that
the auction is equivalent to the optimal auction. Hence, it is a revenue-maximizing auction
(Proposition 7.3-1).

PROPOSITION 7.3-1: The take-give-indifference auction with entry fee is a revenue-
maximizing auction for an object with countervailing-positive externalities.
Proof: See Appendix B.8.

7.4. Conclusions

This chapter presents three extended take-or-give auctions with revenue-enhancing
rules. First, with entry fee Eg;ye and Eyqpe, the auction has exclusion effects on both demand-
to-take and demand-to-give sides. A bidder with low willingness to pay a bidder whose type
is around t’ (recall that t' is the type in which W (t") = L(t") hence the willingness to pay is
zero and is the lowest) does not participate in the auction with entry fee (Proposition 7.1-2).
The outcome of the auction is inefficient since if both bidders have types in the non-
participation interval (t,t) the seller keeps the object; if any bidder has a type outside the
interval, the highest-type bidder obtains it. Even though the auction is inefficient, having the
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fee yields higher revenue since the seller can extract more surplus from the externalities (see
Table 7.3-1).

Second, entry fee, no sale condition and indifference demand are introduced to the
take-or-give auction. This is referred to as the "fake-give-indifference auction with entry fee."
The no sale condition threatens a nonparticipating bidder since not participating means the
auction is canceled and leaves him zero utility. The indifference demand allows a bidder to
participate either in preventing the cancellation or taking some chance of being the obtainer.
Also, the entry fee directly extracts surplus from the externalities. With the menu of entry fee
(Egive,Etake,Epool) as specified in (7.2-1), the equilibrium strategy shows that a bidder's
behavior is classified into three groups: low-, middle- and high-type groups. With low-type
group, t € [t, t], a bidder submits a giving demand and a L(t) — W (t) bid; with middle-type
group, t € (&,t), a bidder submits an indifference demand and any bid; with the high-type
group, t € [f, f], a bidder submits a taking demand and a W (t) — L(t) bid. According to the
equilibrium strategy, the auction induces an outcome in which the seller always sells the
object. If both bidders are of the middle type, the object is randomly allocated with equal
chance. Otherwise, the highest-type bidder always obtains it. The auction is inefficient but
maximizes expected revenue (Proposition 7.3-1).

Since the take-give-indifference auction with entry fee is complicated in its
implementation, we present a special case of the auction in which the seller announces only a
single entry fee. This is referred to as the "take-give-indifference auction with single entry
fee." Even though the auction is not a revenue-maximizing auction, it yields higher revenue
than the take-or-give auction with entry fee. Also, it is an efficient auction and it yields higher
revenue than the simple take-or-give auction which is also an efficient auction.

For a seller concerned about the efficiency of allocation, this study proposes two
efficient auctions: the simple take-or-give auction and the take-give-indifference auction with
single entry fee. Even though the take-give-indifference auction with entry fee yields higher
revenue, it is less practical because of its sophisticated rules. For a seller concerned about
revenue (Table 7.3-1 compares the revenue from each auction), the level of revenue is
increased when more sophisticated rules are introduced into the auction. The seller must
trade-off between practicability and revenue.
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APPENDIX A

A.1. Experiment Protocol

This study recruited sixty-four economic and fifteen non-economic undergraduate
students (n=79). The subjects voluntarily participated in a four-session hand-run economic
experiment (one subject participated once) that was double-blindly conducted. The
experiment was organized during August and September 2011 at Chulalongkorn University,
Thailand. Subjects knew the experiment from printed and social-network distributed
announcements that provided necessary information especially session length, payment and
activities.

To make them concerned cost and benefit of the participation, session length (one and
a half hour) and minimum-maximum payment (100-400 baht) were informed in
announcements. Moreover, the announcements informed that activities would compose of
providing information in questionnaires and making decisions in various situations where the
payment was depended on each subject’s decisions and other subjects' decisions in the
experiment that had four sessions. On average, the experiment paid 33 baht/hour which is
higher than the minimum wage per hour.*?

The payment was divided into two parts: shown-up fee (50 baht) and payment from
decisions. The announcements informed that subjects would get paid within a month after the
experiment end, but did not inform the payment process; this is to avoid subjects who only
wanted the shown-up fee and unlikely to make decisions. Subjects knew the payment process
after all decisions had been made.

In each session, subjects did three types of tasks: providing information in
questionnaires, deciding in a dictator game, and deciding in eight trust games (which three
games are presented here and six games in Essay B). The experiment applies strategy method
that subjects contingently made decisions as both roles and in all games. Before making
decisions in trust games, subjects were required to answer some questions to help them
understand the game. To make them push more effort in understanding the game, a subject
who correctly answered all questions got paid. Staff checked each subject's answers, publicly
announced key of the questions and publicly answered some questions concerning the games
but did not answer questions that would affect subjects’ decision makings in the games.

This study introduced framing-effect-free and anonymous environment. By using
bias-free words like "situation" instead of "game", "person" instead of "player", "decision A"
instead of "stop", etc., framing-effect-free environment was introduced to make treatments
were -- neutral, a subject was not convinced that a treatment was either game or reciprocity-

related situation. Second, to prevent being confounded by changing decision according to

32 According to the Thai law, in year 2011, the minimum wage per day in Bangkok was 215 baht

which was equal to about 20 baht/hour (1 day = 12 work hours).
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opponents that, for instance, subject may likely to reciprocate friendly more than rivalry
opponent, anonymous environment was introduced by informing that each subject's
opponents would be randomly drawn from more than fifty participants in this experiment; no
one knew one's opponents, the opponents were -- anonymous.

Last, this study concerned another important theoretical assumption, independent
decisions between games. Eight trust games were separated into four sets (two games per set)
and inserted in an envelope. Staff handed the envelope over each subject, announced rules
and regulations, monitored subjects' behaviors, and warned them against violating the rules;
however, there was no punishment for any violation. The rules and regulations that were
announced is as following: draw only one set at a time, finish and return the current set to
your envelop before the next set are drawn and changing any decision in finished sets are
prohibited.

A.2. DK model and Derivation of (4.1-1) and
4.1-2)

w;(20, 2, Biji Bijio €6, €F 01) = mi(20,2)) + 0, * Gi (20, Biji €])  Pi(Biji Bijio €1)]
G = Ei[my] — ¢
P; = E;[m;] — ¢/

- (A.2-1)
g} = E (Emax,i [m]] < Emin,i [m]])

(A
g = 2 (Emax,i[mi] + Emin,i[mi])

The DK model is a psychological reciprocity model which was proposed by
Dufwenberg and Kirchsteiger (2004). Suppose there be two agents i and j -- one is the giver
and the other is the receiver -- as presented in (A.2-1), the model explains how the agent i
derives his utility u; in a reciprocity-related situation. The term m; is the material payoffs
which are determined by the decisions of both agents, or the strategy profile (ZL-, zj).

The second term @; - G; - P; is the relatively weighted psychological payoffs. The term
composes of i) the reciprocity parameter of it" agent ®; > 0 as the relative weight between
material and psychological payoffs (notice that if @; = 0 the agent is the pure self-interested
type), ii) kindness giving G; which means how much kindness the agent 7 (as the giver) gives
the receiver j and iii) kindness perceiving P; which means how much kindness the agent i (as
the receiver) perceives kindness from the giver j. (Notice that for each agent he plays both
roles as giver and receiver; this is the nature of reciprocity).

As mentioned, in a psychological model, beliefs of an agent play important roles in
determining decisions. In the DK model, each agent has two types of beliefs: f;; is the belief
of agent 7 on the agent j's decision and f;; is the belief of agent i on the agent j's beliefs on
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agent i's decision. Notice that, these beliefs affect the agent's psychological payoffs, which
derived from emotional experience.

Next, we will see how the DK model define measurement of the kindness giving and
kindness perceiving functions. To measure the kindness giving, by deriving from his beliefs
and decision, the giver i measures his kindness that he gives to receiver j by measuring the
difference between the expected material payoffs of the receiver j, E; [mj], and the equitable

payoffs of the receiver j, el. Notice that, both the expected and equitable payoffs are affected

by the beliefs of giver i; hence we apply E;[-] and &! to show that their values depend on giver
i's beliefs.

Given giver i's beliefs, if his decision makes receiver j get higher expected material
payoffs than the equitable payoffs, he gives kindness to receiver j. On the opposite, if his
decision makes receiver j get lower expected material payoffs than the equitable payoffs, he
gives unkindness to receiver j. To measure the kindness and unkindness giving in the DK
model, the equitable payoffs is the reference point which is similar to zero point on the real
line. Hence, if giver i gives kindness, Ei[mj] > ¢!, then G; > 0; otherwise, if he gives

unkindness, E; [mj] < sji, then G; < 0.

Giver i derives the receiver j's equitable payoffs eji from the arithmetic mean between
possible maximum and minimum of the receiver ;'s material payoffs under his beliefs
(Emax‘i[mj] and Emin,i[mj] respectively).

Similarly, to measure the kindness perceiving, by deriving from his beliefs, the
receiver i measures the difference between the expected material payoffs of himself, E;[m;],
and the equitable payoffs of himself, sl-i . Given receiver i's beliefs, if the giver j's decision
makes E;[m;] > sii then the giver gives receiver i kindness and the receiver perceives
kindness P; = 0; otherwise, if the decision makes E;[m;] < z—:l-i then the giver gives
unkindness and the receiver perceives unkindness P; < 0.

Notice that the reciprocal payoffs are derived by the interaction between kindness
giving and perceiving. Intuitively, if the agent perceives kindness then he is more likely to
return kindness. And, if the agent perceives unkindness then he is more likely to return
unkindness. By specifying the product operator as the interaction between kindness giving
and kindness perceiving, the DK model satisfies the intuition. Precisely, if the agent i
perceives kindness P; = 0 then it is optimal for him to return kindness; since returning
kindness makes G; = 0 and increases his utility (since G; * P; = 0). On the contrary, if the
agent i perceives unkindness P; < 0 then it is optimal for him to return unkindness; since
returning unkindness makes G; < 0 and increases the utility (since G; - P; = 0).
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A.3. Derivation of (4.2-1)

The following in this section, we derive the receiver's best response (4.2-1). Recall
the positive-reciprocity trust game as presented in Figure 4.2-1. Under the DK model in (A.2-
1), the receiver (as the second player) has his belief system (8,4, B212) Where B, € [0,1] is
the receiver's belief on the giver's probability of stopping the game and f,;, € [0,1] is the
receiver's belief on the giver's belief on the receiver's probability of choosing taking. To
derive the receiver's utility, also let z; € [0,1] be the giver (as the first player)'s probability of
stopping the game and ;,; € [0,1] be the giver's belief on the receiver's belief on the giver's
probability of stopping the game; and, let z, € [0,1] be the receiver's probability of choosing
taking and B, € [0,1] be the giver's belief on the receiver's probability of choosing taking.
We can derive

my=bz; + (1 —z)((b+d)z; + (1 —2z)(b+d —e))
Eymy] =afy + (1 — .321)(022 + (1 —2z)(c+ 9)) . (A.3-1)
Ey[my] = by + (1 = Bo1) (b + d)Baiz + (1 = Bayz) (b +d —€))

From the model, in the kindness-giving function, the equitable payoffs depend on
Epmax2[mq] and Ep,;p o[my] which are controllable by the receiver. To find Ejpq, 1[m,] and
Emin1lmy], the receiver chooses his decisions to maximize and minimize E,[m;]
respectively. Precisely, Epqy2[m] = Ex[my |20 € argmax,, E, [m,]] and vice versa for

Emin,z [m1] Hence, Z;nax =0 and Z;Ylln SAR

Similarly, in the kindness-perceiving function, the equitable payoffs depend on
Emax2[mz] and Ey i ,[m;] which are controllable by the giver. Hence, the receiver measures
Emax 2[m,] by believing that the giver chooses his decision to maximize E,[m,]. Precisely,

[

Emaxz2[ma] = Eo[m,| BT € argmaxg, Emaxo [m,]]. Hence, BYi%* =0. Vice versa for
Enmin2[ms], we get It = 1. Therefore, we can the receiver's utility function

wy = [b+d—(1—2z)e] + 0, [(% _ zz) e] E d-(1- [3212)e)]. (4.3 - 2)

From (4.1-1), the receiver derives his utility from two parts: material-payoff part
which is in the first blanket and psychological-payoff part which is in the second and third
blankets. Precisely, at the receiver's decision, if he chooses taking then he gets b + d material
payoffs (since in the game money or monetary payoffs defines the material payoffs, the term
monetary and material are interchangeable); if he chooses returning then he gets b +d — e
material payoffs. Therefore, we get the first blanket as the expectation on the receiver's
material payoffs that he get from choosing taking with probability z,.

The second blanket means how much kindness the receiver returns to the giver. This
represents, as called by the DK model, kindness giving. To measure kindness or unkindness,
the DK model proposed that there is a reference point which agent feels neutral: not neither
kindness nor unkindness. The point is called equitable point. The model simply proposed that
the equity point is the arithmetic mean between the highest and lowest possible material
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payoffs which can be induced. In this case, the receiver can choose taking which return zero
point or choose returning which return e points. Hence, the equitable point is %e. And, if the

receiver chooses returning then he gives the giver kindness which the second blanket shows
positive value. In the opposite, if the receiver chooses taking then he gives the giver
unkindness which the second blanket shows negative value. Hence, the model measures the
kindness giving as the expectation on difference of the returned points and the equitable point
given the receiver chooses taking with probability z,; we get the second blanket.

The third blanket means how much kindness the receiver perceives that the giver
gave him. This represents kindness perceiving. To measure the kindness perceiving, the
receiver derives it under his beliefs on the giver's beliefs. Precisely, the receiver believes that
the giver believes that he will choose taking and get b + d material payoffs then he will
compare the amount of payoffs he will get with an equitable point (which is not the same
point as in kindness giving); under his beliefs, if the receiver will get more than the equitable
point then he perceives kindness and derives positive value of the third blanket; and vice
versa. The equitable point is, similarly, measured by the arithmetic mean between the possible
highest and lowest points that the receiver can obtain under his beliefs. In this case, under his
belief B,1,, the possible lowest is b and the possible highest is b +d + (1 — f212)e.

Therefore, the equitable point is %(Zb +d + (1 — B212)e). Hence, at his decision node, the

receiver always perceives kindness (since e < d, %(d — (1 — B212)e) > 0 for any f512). This

is the feature of positive-reciprocity trust game where the giver's continuing always makes the
receiver be better. To derive the third blanket, given the receiver's belief [,1,, he gets
expectation on his material payoffs compared with the equitable point as f,1,(b +d) +

(1= PB1)(b+d—e) —%(Zb +d+(1=Byr)e) = %(d — (1 = Byyz)e) which is the third
blanket.

The model specifies that the receiver derives his reciprocal payoffs from the product
of kindness giving and kindness perceiving. This specification captures the essence of
reciprocity. Precisely, If the receiver perceives kindness which yields positive value of the
third blanket, then he prefers to reciprocally return the giver favors which yields positive
value of the second blanket and yields higher utility than choosing taking; since choosing
returning makes the reciprocal payoffs (or the product of kindness giving and perceiving) be
positive but choosing taking makes the payoffs be negative.

Next, we will characterize the receiver's best response by applying the equilibrium
condition of the DK model (for detail see sequential reciprocity equilibrium in Dufwenberg
and Kirchsteiger (2004)). The equilibrium conditions are as follows: i) decisions and beliefs
are consistent (e.g. z; = f51) and ii) the utility of in-equilibrium decision is weakly better
than of other decisions. Precisely, the receiver's decision and beliefs (z3, 851, B212) constitutes
the equilibrium if

P21 = 21, Z3 = P312, U2(21, 23|21, B212) = U2(21, 22|21, B212)-
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Since the receiver's decision node is active by the first player's continuing, we know
that in equilibrium of the second player z; = 5; = 0. Then, from (4.3-2), choose taking T is
the second player's best response if

u,(0,1]0,1) > u,(0,0/0,1)

®<2
2=4

and vice versa for choosing returning R be the best response. Hence, we derive (4.1-2).

A.4. Relationship between Decision in Dictator
Game and Reciprocity Parameter in DK Model

This section shows the relationship between the amount of points the dictator keeps
for himself and positive reciprocity in DK model. As mentioned, intuitively, we consider a
dictator who takes most of the total monetary payoffs for himself as being selfish and
equivalent to having low reciprocity parameter in the DK model. Therefore, we will show that
the dictator's decision of the amount of monetary payoffs for himself has negative relationship
with the reciprocity parameter in the DK model.

In the study, in the dictator game a dictator makes a decision z; € [0,200] and z; € I
to keep z; amount for himself. Theoretically, the dictator chooses z; that gives him the
highest utility. Precisely, according to the DK model, the dictator chooses z; that solves the
following optimization problem (Problem A.4-1),

PROBLEM A.4-1: max, u; =2y + @, (200 —2z; —¢) - (2z; — ¢)
where ¢ is the equitable payoffs that we assume the payoff be equal for both players (e.g. the
equitable payoffs are 100 monetary payoffs which is the half of the total amount).

Suppose z; be continuous (by mixed strategy). Let z{ solve Problem A.4-1, since € is
constant, then we get the first-order condition as,

ou,q
=1+ 0,(200 — 2z}) = 0.

a%'%=ﬂ

Then, re-arranging the previous equation can show the negative relationship between the
amount of monetary payoffs the dictator keeps for himself z; and the reciprocity parameter

33
9,.

0%u,

2
z
9zy z1=2]

33

Also, it satisfies the second-order condition at z;, =-20, <0.
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A.S. Regression Results of Personal-Info Method

This section presents the regression results of Personal-info method as presented in
(4.4-6). The results are presented in Table A.5-1. ENN7 and ENN9 are the Enneagram of
Personality type 7" and 9" respectively. SOCIAL is the agreement score (1-5) on personal
activity related to social interaction. AGE is the age of subject. MUS is one if the subject's
most favourite music type is not heavy metal, rock, pop, soundtrack, theme song, rap, hip hop
nor alternative; and it is zero otherwise. SIB is the number of total siblings in the subject's
family. PET is one if the subject had experience in raising any pet; and it is zero otherwise.
BHUD is one if the subject is Buddhism; it is zero otherwise. EATPAY is amount of money
the subject monthly pays on average. PENSION is amount of money the subject monthly pays
on accommodation. DUMVOLREL is one if in the previous year the subject had experienced
in being a volunteer on activity related to religious. SUBSIB is the order of subject among his

total siblings.
Table A.5-1 Regression Results of Personal-Info Method.

Scenario
Variable 7=2 73 7=4 7=5 7=6
Constant 4.55% 0.80%* 134+ 0.98%* 1245
(0.000) (0.000) (0.000) (0.000) (0.000)
20.66%* 20,585 2035 0.58%*
ENN7 (0.000) (0.000) (0.038) (0.000) -
ENNO 0.37* i \ ; ;
(0.014)
0.13%*
SOCIAL i = i (0,006 ;
0125
AGE (0.007) - p - -
0.42%%
MUS - : (0.006) - -
0247 0137
SIB (0.001) - - (0.000) -
031
PET ) ) (0.034) - -
20.63%
BHUD (0.038) - - - -
20.0001+*
EATPAY i i 0000) ; ;
6.73% 8.83x
PENSION 1075 - - 107 5% -
(0.001) (0.000)
DUMVOL _ _ 0.87%* ] ]
REL (0.000)
0.14%
SUBSIB i i i ] 0000
n 38 39 38 38 39
R? 0.67 0.27 0.46 0.60 0.35

P-value shows in the parentheses. * Coefficient is significant at the 0.05 level (two-tailed). ** Coefficient is
significant at the 0.01 level (two-tailed).
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A.6. Experiment Materials: Advertisements,
Instruction and Questionnaire

This section provides the experiment materials which include advertisements,
instruction and questionnaire (all are in Thai).

Find uson

18 Facebook

Join ourresearch
Earn R EW AR D!l

Chulalongkorn University
Thailand

Up coming events on this
24th, 31th Aug
1st, 6th Sep
4-6pm @CU
(Select one available day)
(Registration starts 3.30pm)

Figure A.4-1 Contact Card

This card (in size 2"x3") provides the information about social network on internet and dates
of each session of the experiment.
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WANTEDY

180 U.lan anuiasesAaas 34
Aavuasmdfiqauandfiunea
inHudseaunisaiviaa
arhifiiudy Aumsidudunile
Tuonuidosduuy

Economic Experiment

AURULH

W9 wa au oy s inele

uludn@adunan
Nilavinouysyan

frusardnnufangsu
Useunan 1-2 2. 16

ANLANUAYFAUONN LRV LALANLAY

AN & Like &MUl

Economic Experiment Club

atnwaa!!!
mMstinnuarlaiuainau

uvutudu unnfias
limnlaaslamafitvivgaiialy .

Thalland

Figure A.4-2 The 1°* Advertisement

This advertisement provides information about characteristics of subject who can participate
in this experiment.
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Economic
Experiment |

Economic Experiment tlugduvumsiiviayaificndunsdadula Tapdwasanunsallv
auinHulaviimsdedulalaofidndansd 19 delusauavaarunmisal AuinHuudarvituarla
Fuaruuuaran arunugrantuudaranumalaRgnd I iauasINMIdadulavag
AuiHumay wiaunmsdadulavasdiinhHuaudundnnahiuaig duadduitaniunisaliiu
gnIRaNNat1ls uarfiaaumsdadulatuynaarunsal aruuuarauzansnirlduan
uduas duulunasauunuanmsiiiHunisiiuiaya

AL RERE
ARILATEIUAIEI'LY

mafudaualunduuufl dasnismidaduladulussmumd uazaannanlavavdiingn
naviga msigounsalfianfiafusionin wialimaefoudidromininavdadulzadiols
i iidansdadulaflidusssmné dolu dafandrhu Licauedouassavaiifign
wigoudAedonl’ uardanarludwdasindiuiniealy Aoowaudn

ANANUAYFDUONNLAUILALANLAN
~ann !&Like all
Economic Experiment Club

) Experiment ?
fazidudele f

Experiment 4 3t1dvardsvana 2 ¥y, Tlumsdadulavaio

antumsal Tagfiianunisalfidnunauanauunuainnis Chulaloigkom University

aadulavasauautdier ufionsdadulavavaudasnu uasdl Thailand
nsnaudAnmfiamiau Nuiiveauuuudauoindie Sunseay

Amuuaraauuuudauanifinsuuuarany Taodladuin Cyber experimental space
Wudasaud? d@rge - goge Marladuldannmnindu da WRER SpaTaers e

future volunteers

Usvaunew 100 - 400 un

Hosted by nsaw fisudAn@ (18 U.an aaniasesaraas 3iv)

Figure A.4-3 The 2" Advertisement

This advertisement provides basic knowledge about economic experiment.



101

Where is thel '
PARTY.

Event date : Registration time :
We 24 Symay 15.30 - 16.00 wu.
Wa 31 &ymau Event time :

walwaus 1 Auensyu  16.00 - 17.30 wu.

39A15 6 Aueneu | Fanfuidingin 1 u
Location : viag 411 2u 4 AnasiAsH§AIEAT JWT

Reward : 100 - 400 un

Dress code : 7agnw

Pre-registration and more info :
Economic Experiment Club

w7 Like

Reservation by pre-registration.
Walk-in registration is possible. Chulsiongham Universay

Thaitand

Hosted by niaw AmudAné (1&a U.on auuanegaand 39 M)

Figure A.4-4 The 3" Advertisement

This advertisement provides dates of each session of the experiment and minimum-maximum
payment.
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These are the instruction which was distributed for participants before each session
would start. It explains general rules and regulations, period of the session, payments, etc. It
ends where a participant signs his consent.
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This instruction explains how to make decisions in the dictator game and how to
calculate the payment.
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This instruction explains how to make decisions in the each trust game and how to
calculate the payment. It ends where a participant answers some questions to check his
understanding; the correct answer earns payment.
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This is the IQ test which has 7 questions.
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This is the questionnaire which composes of three-question enneagram-personality
test, attitude test and socio-economics background.
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APPENDIX B

B.1. Proof of Proposition 6.2-1

The proof directly shows that playing the equilibrium strategy is better than playing
other out-of-equilibrium strategy. According to the equilibrium strategy, in the case of high
type realization, ty, playing the equilibrium strategy s(t,) = (p5(t4), b5(tn)) yields the
bidder i 0.5 probability that he pays W (t,) — L(t;) and obtains the object (which yields him
W (t,) payoff) and 0.5 probability that he pays nothing and his opponent obtains it (which
yields the bidder i L(ty,) payoff). Hence, the bidder i's expected utility is

ui,th(sis(th)|5]$(th)) = L(tp),

where s7 (t;) is the bidder i playing the high-type equilibrium strategy. Deviating to other
strategy (p;, b;) # s5(ty) is not better. To see this, not participating, participating with
b; = W(ty) — L(ty) (given bidder j strictly plays the equilibrium strategy) yields him L(t)
payoff. Hence, we finish showing that s%(t,) is the symmetric-equilibrium strategy for high
type realization.

Next, in the case of low type realization, t;, we show by similar arguments. Playing

2W(t) )2’

the equilibrium  strategy  s5(¢;) = (p5(t,), b5(t))) yields (W LD

( 2W(ty) )(L(fz)—W(tl)) (L(fl)—W(tl)
W(ED+L(E)/ \W(t)+L(ty) w(t)+L(t)

one bidder participates and nobody participates respectively. If both participate, the bidder i

2
) probability that both bidders participate, only

has 0.5 chance of paying nothing and being obtainer (which yields him W (t;) payoff) and 0.5
chance of paying nothing and his opponent being obtainer (which yields him L(t;) payoff). If
the bidder i participates but his opponent does not, he obtains the object without payment. If
his opponent participates but he does not, his opponent obtains it and he pays nothing. And, if
both do not participate, the seller keeps the object (which yields each bidder 0 payoff and
pays nothing). Hence, the bidder i's expected utility is

2W (t)

uge (57 (8D]s7 (1) = w(t) + L(t,)

2W(ty)
W(t)+L(ty)
W(t;), submitting b; >0 yields him W(t;) payoff which is worse; playing p; =

2W(ty) Ltp-w(t) . . 2W(t;)
(W(tl)+L(tl) + s) P+ (W(t1)+L(tl) e) N for some ¢ # 0 yields him DL’

finish showing that s5(¢;) is the symmetric-equilibrium strategy for low type realization. And
we finish the proof.

Deviating to other strategy (p;, b;) # s5(t;) is not better. To see this, since

Hence, we

Q.E.D.
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B.2. Proof of Proposition 6.2-2

To prove the proposition, we show that playing the equilibrium strategy is better than
deviating to other strategies. If both bidders play the equilibrium strategy, expected utility of
bidder i is derived into three piecewises: when the bidder has t; € [g, t), t; €[t t") and
t; € [¢',t]. When the bidder has t; € [t, ), he does not participate; hence, with 1 — F(f)
chance, his opponent participates and obtains the object (which yields the bidder i L(t;)
payoff). When the bidder has ¢; € [£,t"), he participates with zero bid; hence with F(%),
F(t") — F(f) and 1 — F(t") that his opponent does not participate (which yields the bidder i
W (t;) payoff), participates with zero bid (which yields the bidder i % (W (&) + L(t;)) payoft)
and participates with W (t;) — L(¢;) bid (which yields the bidder i L(t;) payoff) respectively.
Last, when the bidder has t; € [¢/,Z], he participates with W (t;) — L(¢;) bid; hence with
1—-F(t"), F(t;) — F(t') and 1 — F(t;) chance that he obtains the object without payment,
obtains it with W(tj) - L(tj) payment and his opponent obtains it, respectively. The bidder
i's expected utility is presented as follows:

u; (t;) = ui(ti' Sis(ti)|SJ$)

f LE)AE® fort; e [6D
t

t t'l t
= f W(ti)dF(t)+f E(W(ti)+L(ti))dF(t)+f L(t)dF(t) fort; € [f,t")
t 3 t!

t' t; t
J W (t)dF(t) +f (W(t) = W) + L(©)dF (t) +f L(t))dF(t) fort; € [t',t]
\/t t! t

where s} (t;) is the bidder i playing the equilibrium strategy of corresponding type.

Then, we check that deviating to other non-equilibrium strategy is weakly worse than
not deviating. According to the expected utility, we check three cases: deviation when
t; € [¢,£), when t; € [{,¢") and when t; € [t’,T]. If the deviation is weakly

Case I: deviation when t; € [t,T)
In this case, s;(t;) = (N,0). We check that when (p;, b;) # s} (t;) is not better.
Suppose p; = P, it is best to submit with bid b; = 0; hence, with F(), F(t") — F(f) and
1 — F(t") chance that his opponent does not participate (which yields the bidder i W (t;)
payoff), participates with zero bid (which yields the bidder i %(W(ti) + L(ti)) payoff) and
participates with positive bid (which yields the bidder i L(t;) payoff), respectively. Hence, the

expected utility is
o

t 1 t
u;(t;, (P,0)|s?) = j W (t)dF(t) + f E(W(ti)+L(ti))alF(t)+ f L(t)dF(t).
t t!

t
By comparing the utility get between in-equilibrium and out-of-equilibrium strategies,
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A (t) = u; (t) — uy(t, (P, 0)|(p7, b))

= [weparo - [ 3w - 1),
t E

dA'(t)
dt;
0. According to (6.2-1), A1 (£) = 0. Hence, we finish showing that Al(t;) > 0 for Vt; € [E, t)

and finish showing that (N, 0) is the equilibrium strategy when t; € [g, t).

Next, we need to show that A1(t;) > 0 for V¢; € [g, £). We know that A? (g) > 0 and <

Case 2: deviation when t; € [t,t')
In this case, s7(t;) = (P,0). Similarly, we check that when (p;, b;) # s; (t;) is not
better. Suppose b; # 0 and p; = P, he gets less than playing the equilibrium strategy.

Suppose p; = N, regardless of b;, he gets fft L(t;)dF (t). By comparing the expected utility,

t t/ 1
876 = i &) = st (V5| (1, 7) = [ WdF@ + | 5 (W&~ L) o).
t t

Next, we need to show that A%(t;) =0 for Vt; € [£,t'). We know that A%(t') > 0 and

2(¢. 4 . .
Md—g‘) > 0. According to (6.2-1), A%2() = 0. Hence, we finish showing that A2(t;) > 0 for

vt; € [£,t") and finish showing that (N, 0) is the equilibrium strategy when t; € [g, D).

Case 3: deviation when t; € [t',f]
In this case, s} (t;) = (P,W(tl-) oA L(ti)). Similarly, we check that when (p;, b;) #

s (t;) is not better. Suppose p; = N, regardless of b;, he gets fEtL(ti)dF (t) which is less
than playing the equilibrium strategy. Suppose b; = W (t;) — L(t;) and p; = P, he also gets
less than playing the equilibrium strategy. Hence, we finish the proof.

Q.E.D.

B.3. Proof of Proposition 6.3-1

The proof directly shows that playing the equilibrium strategy is better than playing
other out-of-equilibrium strategy. According to the equilibrium strategy, in the case of high
type realization, t;, playing the equilibrium strategy s7¢ (t,) = (pTG (tn), bTC (84, dTC (tp))
yields the bidder i 0.5 probability that he pays W (t;) — L(t;,) and obtains the object (which
yields him W (t;,) payoff) and 0.5 probability that he pays nothing and his opponent obtains it
(which yields the bidder i L(ty,) payoff). Hence, the bidder i's expected utility is

Uity (s7(tn) |S]'TG (tn)) = L(tp),

where s/ (ty,) is the bidder i playing the high-type equilibrium strategy. Deviating to other
strategy (p;, b;, d;) # sT¢(ty,) is not better. To see this, (given bidder j strictly plays the
equilibrium strategy) d; = give yields him at most L(t;) payoff which is not better; p; = N
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or b; # W(ty) — L(ty) also yields him at most L(t,) payoff. Hence, we finish showing that
sTG(ty,) is the symmetric-equilibrium strategy for high type realization.

By showing similar arguments, we can prove that (P,L(t;) — W (t;), give) is the
symmetric-equilibrium strategy for low type realization, t;. We finish the proof.

Q.E.D.

B.4. Proof of Proposition 6.3-2

To prove the proposition, we show that playing the equilibrium strategy is better than
deviating to other strategies. If both bidders play the equilibrium strategy, expected utility of
bidder i is derived into two piecewises: when the bidder has ¢; € [t,t") and ¢; € [t/,T]. When
the bidder has t; € [g, t"), he participates with L(t;) — W (t;) bid and demand to give; hence,
with F(t;), F(t') — F(t;) and 1 — F(t') chance that he receives (from his opponent) the
object without payment, gives it with L(tj) - W(tj) payment and gives it without payment
(since the opponent demands to take). Similarly, we can derive the expected utility when the
bidder has t; € [t’,f]. The bidder i's expected utility is presented as follows:

u; (t) = u(t;, s (t) |SJ-TG)
ti

t’ t
|( W (t,))dF(t) +j (L(t) = L(&) + W(D))dF(t) +f L(t))dF(t) fort; € [t,t")
t t; t!

t, ti E ’
U W (t;)dF(t) +f (W) —w(©) + L(©)dF(¢) +f L(t;)dF(t) fort; € [t 7]

t ¢! ti
where s/ (t;) = (pT¢,bT¢(¢;),d™(t;)) is the bidder i playing the equilibrium strategy of
corresponding type.

Then, we check that deviating to other non-equilibrium strategy is weakly worse than
not deviating. According to the expected utility, we check two cases: deviation when t; €
[g, t') and when t; € [t’,f].

Case I: deviation when t; € [t t")

In this case, s]%(t;) = (P,L(t;) — W(t;), give). We check that when (p;, b;, d;) #
sTG(t;) is not better. Suppose d; = take, it is best to submit with bid b; = 0; hence, by
comparing the expected utility

t,
A3 (t;) = ui(t) — uy(t;, (P, 0, take)|s]©) = f [L(t;) — W(t;) + W(t) — L(t)]dF (¢).
t;

Obviously, A3(¢;) = 0 for V¢; € [t,t').
Next, suppose b; # L(t;) — W(t;), he gets less expected utility than u;(t;). Last,

suppose p; = N, regardless of b; and d; he gets ftt W (t;)dF(t) +ftt, L(t))dF(t); by
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comparing the expected utility, the deviation yields less than u;(t;). Hence, we finish
showing the case.

Case 2: deviation when t; € [t',t]

In this case, s/ °(t;) = (P,W(t;) — L(t;), take). We check that when (p;, b;, d;) #
sTG(t,) is not better. Follow similar steps as in the previous case. The arguments show that it
is the equilibrium strategy. Hence, we finish the proof.

Q.E.D.

B.S. Proof of Proposition 7.1-1

The proof directly shows that playing the equilibrium strategy is better than playing
other out-of-equilibrium strategy. According to the equilibrium strategy, in the case of high

type realization, th, playing the equilibrium strategy yields
W(th)_Etake 2 W(th)_Etake Etake Etake : L : :
(—W ) ) ,2 ( W ) (W (th)) and (W (th)) chance of participating by both bidders,

participating by only one bidder and no participant. If both participate, the bidder i pays the
fee E¢qxe and has 0.5 chance of paying W (t;,) — L(t;) and being obtainer (which yields him
W (t;) payoff) and 0.5 chance of paying nothing and his opponent being obtainer (which
yields him L(ty,) payoff). If the bidder i participates but his opponent does not, he obtains the
object and pays only the fee E;,y.. If his opponent participates but he does not, his opponent
obtains it and he pays nothing. And, if both do not participate, the seller keeps the object
(which yields each bidder 0 payoff and pays nothing). Hence, the bidder i's expected utility is

L(th)(W(th) - Etake)
W (tr) '

uzth = ui,th (S;TGF(th)|S]TGF(th)) =

where s]F(t,) = (pT6F (tn), bTCF (ty,),dTF (t,)) is the bidder i playing the high-type
equilibrium strategy. Deviating to other strategy (p;, b;, d;) # s ¢F (t,) is not better. To see
this, (given bidder j strictly plays the equilibrium strategy) suppose d; = give then this out-
of-equilibrium strategy yields him

Lty) (Wt ~ Evake”)  EW(tn) = Erare) _ .

gy (0707 (R, D07 (), gve) 5] (En)) = Wtp? Wy

Suppose p; = (%_t:)mk‘” + s) P+ (fvt(Lt’;e) - s) N for any € # 0, it yields him uzth; suppose

b; # W (ty) — L(ty), it yields him u;,, . Hence, we finish showing that sTGF (t,) is the
symmetric-equilibrium strategy for high type realization.

L(tl)_Egive Egive _
o i VL

W (t;), give) is the symmetric-equilibrium strategy for low type realization, t;. We finish the

By showing similar arguments, we can prove that (

proof.
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Q.E.D.

B.6. Proof of Proposition 7.1-2

To prove the proposition, we show that playing the equilibrium strategy is better than

deviating to other strategies. If both bidders play the equilibrium strategy, expected utility of
bidder i is derived into three piecewises: when the bidder has t; € [t,i], t; € (¢,£) and

t; €

[£,Z]. When the bidder has ¢; € [¢t, ], he participates with L(¢;) — W (t;) bid and demand

to give; hence, he pays Egie. And, with F(t;), F(t) — F(t;) and 1— F(f) chance, he
receives (from his opponent) the object without payment, gives it with L(tj) - W(tj)

payment and gives it without payment (since the opponent demands to take). Similarly, we

can

derive the expected utility when the bidder has t; € (¢,t) and t; € [£,t]. The bidder i's

expected utility is presented as follows:

ui () = w(ty, {9 (¢D)]s]°F)

t

—Egipe + tiW(ti)dF(t) +ft(L(tl-) — L(t) + W())dF(t) +f_tL(tl-)dF(t) fort; € [t ]
t t; t
i T
f W (t;)dF(t) +f“ L(t;)dF(t) fott; € (t,t)
t t

t ti t
—Erake +f W (t;)dF(t) "'j.. (W(t;) =W (©) + L(t))dF(t) +f L(t))dF(t) for¢; € [i,7]
t t t

where s7F(t;) = (pT¢F (¢,), b7 (¢;),dTF (t;)) is the bidder i playing the equilibrium
strategy of corresponding type.

not
t; €

Then, we check that deviating to other non-equilibrium strategy is weakly worse than
deviating. According to the expected utility, we check three cases: deviation when

[g, f], when t; € (t,t) and when t; € [f, f].

Case 1: deviation when t; € (t,t)

In this case, s; ¢ (t;) = (N, 0,any). We check that when (p;, b;, d;) # s °F(¢t;) is

not better. Suppose p; = P and d; = give, it is best to submit with bid b; = 0; hence, by
comparing the expected utility

We

i
A4(ti) = u;(ti) - ui(ti: (P; Olgive)|SjTGF) = Egive _f L(t)dF(t)-
t

need to show that A*(t;) > 0 for Vt; € (t,£). According to (7.1-1), A*(t;) = 0 which

satisfies the condition. Next, suppose p; = P and d; = take, by following the similar steps,

we can show that it satisfies the condition. We finish the case.

)
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Case 2: deviation when t; € [t, t|

In this case, s; ¢F(t;) = (P, L(t;) — W(t,), give). We check that when (p;, b;, d;) #
sTGF(t;)) is not better. Suppose deviating to b; # L(t;) — W(t;), directly the strategy
(pTCF, b;, dTCF) is not better than s7F. Suppose p; = N, regardless of b; and d;, by
comparing the expected utility together with (7.1-1), we can show that the condition is
satisfied. Suppose d; = take, it is best to submit with b; = 0; hence, by comparing the
expected utility, we get

;
AS(t;) = u; (t) — w(t;, (P, 0O, take)|5jTGF) = Etake — Egive — f (W@ — L(@®))dF (D).

We need to show that A°(t;) = 0 for V¢; € [t, i]. According to (7.1-1), A(t;) > 0 which
satisfies the condition. Hence, we finish the case.

Case 3: deviation when t; € ['i‘, f]

In this case, s7%F(t;) = (P,W(t;)) —L(t;),give). We check that (p;,b;d;) #
sTGF(t;) is not better. Suppose deviating to b; #= W(t;) — L(t;), directly the strategy
(pTCF,b;, €T6F) is not better than s!F. Suppose p; = N, regardless of b; and d;, by
comparing the expected utility together with (7.1-1), we can show that the condition is
satisfied. Suppose d; = give, it is best to submit with b; = 0; hence, by comparing the
expected utility, we get

A6(ti) = u;(ti) - ui(tiv (P, O'ine)|SjTGF) — Egive — Etqre + ft(W(t) - L(E))dF(t)-
t

We need to show that A®(t;) >0 for Vt; € [£,t]. According to (7.1-1), A®(t;) > 0 which
satisfies the condition. Hence, we finish the case and finish proving the proposition.

Q.E.D.

B.7. Proof of Proposition 7.2-1

To prove the proposition, we show that playing the equilibrium strategy is better than
deviating to other strategies. If both bidders play the equilibrium strategy, expected utility of
bidder i is derived into three piecewises: when the bidder has ¢; € [E, t*], t; € (t*,t™) and
t; € [t**,f]. When the bidder has t; € [E,t*], he participates with L(t;) — W (t;) bid and
demand to give; hence, he pays Egj,.. And, with F(t;), F() — F(t;) and 1 — F(%) chance, he
respectively receives (from his opponent) the object without payment, gives it with L(tj) -
W(tj) payment and gives it without payment (since the opponent demands to take).
Similarly, we can derive the expected utility when the bidder has t; € (t*,t™) and ¢; €
[t**, E]. The bidder i's expected utility is presented as follows:
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u; () = wi(t, SiTGI(ti)|SJTGI)

( t (L(t) — L) + W())dF (t) + ftL(ti)dF(t) fort; € [t,t7]
i t
t* t" 1 t
={ —Epool +f W (t;)dF(t) +f E(W(ti) + L(t))dF (t) +f L(t))dF(t) fott; € (t*,t™)
t t*

sk

—Egive +f:iW(ti)dF(t) +ft

t:* t; t
\—Emke +f W(E)dF@) + | (W(e) —W () + L(©))dF (t) +f L(t;))dF(¢) fort; € [t*™,]

t** i
where , s7 (t;) = (pT%, bTCI(t;), dT¢! (t;)) is the bidder i playing the equilibrium strategy
of corresponding type.

Then, we check that deviating to other non-equilibrium strategy is weakly worse than
not deviating. According to the expected utility, we check three cases: deviation when
t; € (t*, ™), when t; € [¢t,t*] and when t; € [t ].

Case 1: deviation when t; € (t*,t")

In this case, s7¢/(¢t;) = (P,0,indifference). We check that when (p;,b;,d;) #
sTC1(t;) is not better. Suppose p; = N, regardless of b; and d;, according to the no sale
condition, the deviation yields 0 payoff; by comparing the expected utility, we get

A7 (t) = ui (t) — uy(t;, (N, by, d)[s] ")

£ 4
3 (W(t;) + L(t;))dF ()

*

= —Eppo1 + J;t*W(ti)dF(t) +ft

t
+ J; **L(ti)dF(t).

6A7(ti) _ l Kk
a—ti_ 2(a+b)(F(t )+

F(t*)) — b, we know that A7(¢;) is linear. According to (7.2-1), we can show that A7(t*) > 0
and A7 (t**) > 0. Hence, it implies that A7 (¢;) = 0 for Vt; € (t*, t**).

Suppose d; = take, it is best to submits with b; = 0; hence, by comparing the
expected utility, we get

We need to show that A7(t;) =0 for Vt; € (t*,¢t*). Since

t**
1

AB(t) = ui (t;) —w(e, (P, 0, take)lszGl) = Erake = Epoor + f > (L) — W(t;))dF (0).

t*

ANB(t;)
at;

We need to show that A%(t;) > 0 for Vt; € (t*,¢t*). Since < 0, we need A8(t**) > 0.

According to (7.2-1), A3(¢t*) = 0 and satisfies the condition.
Suppose d; = give, it is best to submits with b; = 0; hence, by comparing the
expected utility, we get

*k 1
A%(t) = ui(t;) — u(ty, (P, O,give)|SjTGI) = Egive = Epoor + f E(W(ti) — L(t;))dF(¢).
t*

(¢t
We need to show that A°(t;) > 0 for Vt; € (t*,t**). Since MG—SJ > 0, we need A°(t*) > 0.
According to (7.2-1), A%(t*) = 0 and satisfies the condition. Hence, we finish showing that

(P, 0,pool) is the equilibrium strategy when t; € (t*, t*").
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Case 2: deviation when t; € [t,t"]

In this case, s]%/(t) = (P,L(t) — W(t,), give). We check that when (p;, b;, d;) #
sTEI(t,) is not better. Suppose p; = N, regardless of b; and d;, according to the no sale
condition, the deviation yields 0 payoff; by comparing the expected utility, we get

AMO(t) = ui (t;) — w;(ts, (N, by, dy)|s] ")

t; t*
= —Egwe + | W(EDAF@®) + | (L(t) — L(t) + W(t))dF(t)

+ ftL(ti)dF(t).

10 (4.
We need to show that A1°(t;) > 0 for Vt; € |t, t*]. We know that 9 &) _ (a+b)(F(t;) —
= at;

aATO(t)
at;

abq). Since t; < t™" and according to (7.2-1), we know that < 0. Also, as a

sufficient condition in (7.2-1) - ftt*W(t*)dF(t) + [ L(t)dF (£) = Egppe - then AT(t;) =

0 for v¢; € [t, t].

Suppose d; = take, it is best to submits with b; = 0; hence, by comparing the
expected utility, we get

A () = ui (t;) — wi(t;, (P, 0, take)|s[ ")

= Etake 7 Egive + : (L(ti) " W(ti) - L(t) + W(t))dF(t)

t

-
+ f (L(t) = W(t))dF (o).
»

11,4,
We need to show that A (t;) > 0 for V¢; € [g, t*]. Since Ma—t(_t‘) < 0, we need A1(t*) > 0.
According to (7.2-1), we can show that A'1(¢*) > 0 which satisfies the condition.

Suppose d; = indif ference, regardless of b;, by comparing the expected utility we
get

AY2(t;) = u;j (t;) — u;(t;, (P, by, indif ference)|s[ ")

t*
= Epool — Egive + f (L(ti) - W(ti) —L(t) + W(t))dF(t)
ti
t** 1
+ f 2 (L(t;) — W(t;))dF(¢).
t*
aAlZ(ti)
at;
According to (7.2-1), we can show that A12(t*) = 0 which satisfies the condition. Hence, we
finish showing that (P, L(t;) — W (t;), give) is the equilibrium strategy when t; € [g, t*].

We need to show that A¥(t;) = 0 for V¢; € [t, t*]. Since < 0, we need A2(t*) > 0.

Case 3: deviation when t; € [t**,f]

In this case, s7%(t;) = (P,W(t;) — L(t;), take). We check that when (p;, b;, d;) #
sTEI(t;) is not better. Suppose p; = N, regardless of b; and d;, according to the no sale
condition, the deviation yields 0 payoff; by comparing the expected utility, we get
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AB() = ui(t) — ui(ti, (N, b;, di)|szG1)

- "
= —FEiqpe + f W (t)dF(t) + f (W) — W) + L())dF (t)

*%

t
+ f L(t;)dF(t).

i

We need to show that A'3(¢) =0 for Vt; € [¢*,t]. We know that

(a+

i

6A13(ti) _
5 =

b : min . a3 (t;)
b) (F(ti) - m). Since t; = t™" and according to (7.2-1), we know that —r 0. Also,

as a sufficient condition in (7.2-1) -- f:m W(t*)dF(t) + ft L(t™)dF(t) = Etqre - then

A3 (t;) = 0 for vt; € [t™,T].
Suppose d; = give, it is best to submits with b; = 0; hence, by comparing the
expected utility, we get
AM™(t;) = u; (t;) — w;(ty, (P, 0, give)|s ")
por

= Egive 7 Erage T J;* (W(ti) - L(ti))dF(t)

1 ti(W(ti) — L(t;) = W () + L(t))dF (t).

E**

14 w T Q: AT (ty)
We need to show that A (¢;) > 0 for V¢; € [t**,T]. Since ——=

at;
0. According to (7.2-1), we can show that A**(¢t*) > 0 which satisfies the condition.
Suppose d; = indif ference, regardless of b;, by comparing the expected utility we

> 0, we need AM*(t*) >

get
A5 () = u; (t;) = ui(t;, (P, by, indif ference)|s] ")

t** 1
= Lpool — Etake + f E(W(tl) - L(ti))dF(t)
t*
t
+ | (W) — L(&) — W(t) + L(t))dF (¢).
£**

A5 (¢)
at;
0. According to (7.2-1), we can show that A1®(t**) = 0 which satisfies the condition. Hence,
we finish showing that (P, W (t;) — L(t;), take) is the equilibrium strategy when t; € [g, t*].

We finish the proof of proposition.

We need to show that A'>(¢t;) > 0 for Vt; € [t**,f]. Since > 0, we need A (t*) >

Q.E.D.

B.8. Proof of Proposition 7.3-1

This section proves the take-give-indifference auction with entry fee is equivalent to
the optimal auction of Chen and Potipiti (2010). In other words, the auction is the revenue-
maximizing auction. To prove it, we show that the characterizations of the auction and of the
optimal auction are equivalent.
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In Chen and Potipiti (2010), its optimal auction is characterized by the following
optimization problem:

PROBLEM B.§8-1

max ER
xi,xj,Eui(E)

S.t.
x; + Xj <1 (F)
t t
Q(ty) = af xi(ti,tj)dF(t]-) - bf x5 (ts, t]-)dF(tj) is non decreasing inVt; € T (ND)
t t

Eu;(t;) = Eui(g) + jti[Q(z)]dz >0forVvt;eT (IR)
t
t*** - t
Eui(g) = —f [Q(2)]dz where t™* € argminf [0(2)]dz (BB)
t t t

where x; is the probability of being the obtainer of bidder i; Eu; is the expected utility of
bidder i.**

Intuitively, (F) specifies the feasible allocation which the sum of probability of
obtaining the object of each bidder is at most one; the sum is less than one when there is some
chance that the seller keeps the object. (ND) comes from the incentive-compatible constraint.
(IR) is the individual-rational constraint. And, (BB) selects the binding type t***.

In the take-give-indifference auction, as presented in Proposition 7.2-1, the
equilibrium strategy shows that the allocation is directly equivalent to (F) (see Figure 7.2-2 on
the right). The following here, we will show that (7.2-1) in Assumption 7.2-1 is equivalent to
(ND), (IR) and (BB).

First, in the take-give-indifference auction we can derive Q(t;) as follows:

(a+b)F(t;) — b fort; € [t t7]
Q(t;)) =< (a+b) <w> —b fort; € (t*,t™). (B.8—-1)
(a+b)F(t;) — b fort; € [t™,7]

To show that Q(t;) is non-decreasing in type, we derive the first-order derivative as follows:

(a+Db)*f(t;) fort; € [t t*]
0 fort; € (t*,t™)

a0Q(¢;) _ .
(a+Db)* f(t;) fort; € [t™, ]

at;

The first-order derivative of Q(t;) shows that Q(t;) is non-decreasing in type. Hence, the
auction has equivalent non-decreasing property as of the optimal auction.

* (BB) comes from Lemma 2 in Chen and Potipiti (2010).
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Second, (IR) specifies that in the optimal auction expected utility of any type is
weakly higher than zero. Recall that in the take-give-indifference auction the equilibrium
strategy is that a bidder with any type always participates. Since the no sale condition makes a
bidder get zero utility if he does not participate, the equilibrium strategy directly implies that
playing the equilibrium strategy (always participate) yields weakly higher utility than not
participating (which yields zero utility). Hence, the auction has equivalent individual-rational
property as of the optimal auction.

Last, for (BB) which selects the binding type in the optimal auction, it is equivalent to
tmin = p-1 (ﬁ) in (7.2-1) of the take-give-indifference auction. To show this, we show
that the characterization of the auction satisfies (BB). From the equilibrium strategy as

specified in Proposition 7.2-1, we derive the expected utility of the lowest type Eul-(g) as,

*

t
Eu(t) = —Egive + jt (L(e) = L&) + W(®)) aF (t) + LL(;)dF(t) (B.8 - 2)

where, according to (7.2-1), Egpe = W(t™™)F(t") +%(F(t**) —F(t") (W(tmin) -
W) + L(e™") + L(t*)) + L(¢™")(1 — F(¢*)). Then, we apply (B.9-1) to derive

[Q(2)]dz is

Hokok [
tmln

- f; [0(2)]dz. Assume that t™" = ¢t*** — f£

tmm

- [Q(2)]dz
. t*
= b(tmm — g) —(a+ b)f F(z)dz
t
1 .
T (a@+b)(F* + F)(t™n —¢*). (B.8—3)
We can show that (B.9-2) (which is on the left-hand side of (BB)) is equal to (B.9-3) (which
is on the right-hand side of (BB)). Hence, we finish showing that ™" = t*** as the binding

type of the optimal auction. We finish the proof.
Q.E.D.
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