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Abstract

In this paper, I characterize neutral mechanisms for the provision of a public
good. I show that neutral mechanisms form a reasonable set of predictions for
mechanism selection in public goods problems: Such predictions are sufficiently
sharp, robust to a perturbation of the information structure at the time of se-
lection, and invulnerable to the possibility of information leakage during the
selection process. I also illustrate that neutral mechanisms have the desirable
properties of both efficiency and equity, and can be conveniently computed by
the tractable set of conditions. These results are shown to have interesting im-
plications for the analysis of ex ante and interim incentive efficient mechanisms
for public goods problems.
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1 Introduction

In the classic public goods problem, agents must decide whether or not to produce a
public good and how to divide the cost of production. This paper considers incomplete
information settings where the agents themselves may agree on some decision rule or
mechanism to help them make decisions. Which mechanisms should we expect to be
selected and used by the agents? That is, what would be considered a reasonable set
of predictions for mechanism selection that has a strong predictive power as well as
desirable properties?

If the agents can choose a mechanism before learning their private information,
then they would agree on a mechanism that is ex ante incentive efficient.! Selecting
an ex ante incentive efficient mechanism is appropriate for maximizing the probability
of the public good being produced in situations where it appears to be worth more
than it costs ex ante. If the mechanism is selected after the agents learn their private
information, then chosen mechanisms would be, minimally, interim incentive efficient
(Holmstrém and Myerson, 1983). Any selection from among the set of those mech-
anisms is reasonable when the only concern is achieving Pareto efficiency for public
good provision.

In this paper, I am concerned with neutral mechanisms using a concept proposed
by Myerson (1984b). Roughly speaking, a mechanism is neutral if it is incentive effi-
cient and virtually equitable in terms of players’ virtual preferences that incorporate
what they would have wanted if they were of different types. While focusing on ex
ante or interim incentive efficient mechanisms may be deemed appropriate on their

own merits, my goal of this paper is to illustrate that characterizing neutral mecha-

'In this case, it is also assumed that agents cannot commit themselves ex ante to participate hon-
estly and obediently in the chosen mechanism after they observe their private information (Holm-
strom and Myerson, 1983).



nisms for public good provision is more theoretically appealing and reasonable from
efficiency and equity standpoints.

My formal analysis begins by setting up a two-person Bayesian bargaining problem
to represent public good environments with incomplete information.? In this problem,
two players can jointly choose among possible decisions about whether a discrete
public good should be produced, and if so, how much each player should pay for
producing it. A player’s type is a complete description of his private information
about his valuation for the public good, and each player has beliefs over the other
player’s possible types.?

A mechanism for this problem chooses the decision as a function of the players’
independently and confidentially reported types. By the revelation principle, atten-
tion should be restricted mechanisms that are feasible in the sense that the players
are willing to participate and to reveal their types honestly in the mechanism. I as-
sume that the players are able to negotiate with each other for which mechanism to
implement among all feasible mechanisms.

Given the set of feasible mechanisms, the concept of Pareto efficiency is clearly
a minimal requirement for defining reasonable selections by the players. An ex ante
(resp. interim) incentive efficient mechanism incorporates efficient aggregation of
players’ ex ante (resp. interim) preferences over feasible mechanisms. Further, the
concept of neutral optimum can be considered a reasonable requirement for fair bar-
gaining solutions when the properties of both efficiency and equity are concerned. A
useful characterization of neutral mechanisms is also provided in the context of public
goods problem.

I first show that ex ante incentive efficient mechanisms are not robust to a pertur-

2T restrict attention to two players; this substantially simplifies the exposition while conveying
all the main insights.
3For exposition, I use male pronouns for a player.



bation of the ex ante informational structure at the time of mechanism selection. To
show this, I consider a perturbed setting where the players are not absolutely certain
that nobody has any private information at the time when they meet initially to select
a mechanism. I call this stage of mechanism selection almost ex ante, which indicates
informational environments in between the ex ante and interim ones.* When the se-
lection is made at the almost ex ante stage, the set of incentive efficient mechanisms
should consist of those feasible mechanisms that incorporate efficient aggregation of
both interim and ex ante preferences. I find that this set coincides with the set of
interim incentive efficient mechanisms and thus is a superset of the set of ex ante
incentive efficient mechanisms. Therefore, the focus on an ex ante incentive efficient
mechanism as the most reasonable mechanism for players to choose is valid only when
there is absolutely no doubt that all players do not know their types at the selection
stage. If any doubt exists, then reasonable selections must be defined on a larger set
of interim incentive efficient mechanisms.

I then discuss two possible cautions in focusing on the set of interim incentive
efficient mechanisms as a reasonable set of predictions. First, the set of interim
incentive efficient mechanisms can be quite large, so characterizing this set generates
indefinite predictions of public good mechanisms that may arise. Second, selecting
a particular interim incentive efficient mechanism is vulnerable to the possibility of
information leakage, which will be discussed in detail in Section 3.2.

These results call for some other solution criterion to delimit reasonable predic-
tions of mechanisms that are sufficiently sharp, robust to alternative specifications of
the information structures at the time of mechanism selection, and invulnerable to

the issue of information leakage from the selection of the mechanism. The neutral

41 thank Roger Myerson for suggesting this term. The probability of being informed can be any
value between zero and one, so the almost ex ante stage can be alternatively called an almost interim
stage.



mechanism not only satisfies those desiderata but also has the desirable properties
of both efficiency and equity. That is, it achieves an efficient and equitable balance
between different preferences of alternative types of players, and hence is inscrutable.
Thus, I find the application of neutral mechanisms to public goods problems to be
a theoretically and intuitively more appealing way to represent reasonable choices of

public good mechanisms that may actually arise in practice.

1.1 Related literature

This paper connects with three lines of research. First, the most closely related liter-
ature is a series of papers by Ledyard and Palfrey (1994, 1999, 2002, 2007). Ledyard
and Palfrey (1994, 1999) fully characterize interim incentive efficient mechanisms for
the provision of public goods in Bayesian environments; Ledyard and Palfrey (2002)
compare the performance of simple voting rules with that of interim incentive efficient
public good mechanisms; and Ledyard and Palfrey (2007) provide a more general
framework to study the properties of interim efficient mechanisms for the class of
linear independent environments.®

In terms of the model and applications, my paper shares several common features
with their paper. Ledyard and Palfrey (1994) consider a simple case with two types
and a 0-1 public good decision; likewise, I work with finite type sets and a 0-1 public
good decision. In the models of Ledyard and Palfrey (1999, 2002) with a continuum of
types, the individuals decide on a level of a public good; but with the linear production
technology, the optimal level of the public good will always be either 0 or 1, so this
is essentially equivalent to making a 0-1 public good decision. The key difference

is that my analysis makes use of the relatively stronger concept of neutral optimum

°See also Gresik (1996) and Wilson (1985) who explore interim incentive mechanisms for sealed-
bid trading problems.



developed by Myerson (1984b). In this sense, this paper complements theirs by taking
one step further and characterizing the set of neutral mechanisms in a Bayesian public
good environment.

In a broader sense, this paper contributes to the literature on bargaining solu-
tion concepts and mechanism design problems for Bayesian environments. Harsanyi
and Selten (1972) first explored the question of how to define reasonable bargaining
solutions in games with incomplete information. Other attempts were made in the
seminal works by Myerson (1983, 1984a,b) as well as in Maskin and Tirole (1990,
1992).° Several other authors have addressed the issue of information leakage in
mechanism selection games and/or the robustness or stability of mechanisms (e.g.,
Celik and Peters, 2011; Cramton and Palfrey, 1995; Crawford, 1985; Holmstrom and
Myerson, 1983; Laffont and Martimort, 2000; and Lagunoff, 1995; Liu et al., 2014;
Pomatto, 2019, among many others).

The aforementioned papers share the assumption that the individuals already
have their private information when the game begins. This paper considers a richer
framework that allows the state of individuals’ information at the mechanism selection
stage to be different from that at the implementation stage. The exercise delivers the
conclusion that ex ante solutions are sensitive to the specification of what information
individuals possess at the time of bargaining, whereas the concept of neutral optimum
is robust to a perturbation of information specification as well as to a possibility of

information leakage.” This paper solidifies the justification for applying such concept

6Myerson (1983) proposes solutions for the problem of mechanism selection by an informed prin-
cipal who has all of the negotiating ability. This problem is further analyzed as a noncooperative
game by Maskin and Tirole (1990, 1992) for the cases of private and common values. Balkenborg
and Makris (2015) make connections between Myerson (1983) and Maskin and Tirole (1992).

TKim (2017) characterizes the sets of interim incentive efficient mechanisms and of neutral mech-
anisms for a class of examples. While the present paper does not directly tackle information leakage
issues, it implicitly considers the possibility of information leakage when selecting among interim
incentive efficient mechanisms. de Clippel and Minelli (2004) provide characterizations of neutral
solutions under the additional assumption of verifiable types at the implementation stage.



to many bargaining situations with incomplete information. The applications may
encompass pretrial negotiations, labor and employment disputes, selling or hiring
situations, international conflicts, and bargaining in over-the-counter markets.®

Finally, this paper contributes to the conflict literature on institutional design
(e.g., Bester and Warneryd, 2006; Hoérner, Morelli and Squintani, 2015; Kydd, 2003;
Meirowitz et al., 2017, and others). The literature has addressed several critical ques-
tions about the effectiveness of institutions in preventing conflicts. When comparing
the performance of different institutions, it may seem natural to focus on institutions
that minimize the ex ante likelihood of conflict. Invoking such measure is valid for
situations where a conflict-minimizing institution is the only one that would naturally
arise, or such an institution is imposed exogenously. But if disputing parties them-
selves are able to choose among many institutions, a conflict-minimizing institution
might not be chosen. The selection of an institution would depend crucially on the
information structure at the time of selection. Hence, this paper extends the study
of conflict and institutional design by suggesting that the informational environment
faced by disputing parties at the time they select an institution should inform which
performance measure to use for evaluating institutions.

The remainder of the paper is organized as follows. Section 2 outlines the model
of public goods problems, summarizes the definition of ex ante and interim incentive
efficiency, and provides the characterization of neutral mechanisms. Section 3 presents
the main results on ex ante and interim incentive efficient mechanisms, and discusses
the advantage of using neutral mechanisms as well as offering the implications for the

analysis of ex ante and interim mechanism selections. Section 4 concludes.

8See, e.g., Kim (2017, 2019).



2 The model

2.1 Setup

There are two players who must decide whether or not to produce 1 unit of a discrete
public good and how to divide the production cost that is equal to K. Each player has
private information about its type, and has prior beliefs about the other player’s type.
Each type represents a player’s valuation for the public good. Players cannot verify
any claims that the other player might make about her type, and the two players do
not expect to make any further joint decision in the future.

The public goods problem described above can be formulated as a Bayesian bar-
gaining problem & la Myerson (1984b).° The set of feasible collective decisions (or
bargaining outcomes) is D = {(q,y1,%2)|0 < ¢ < 1,11 + yo = K,y; € R Vi}, where,
for each (q,y1,y2) € D, q represents the probability that the public good is produced
and y; represents player i’s share of the cost. Let y = (y1,y2) denote the profile of
cost shares. For each player ¢, T; is the set of possible types t; for player i. For
simplicity, I assume that the players’ types are independent random variables. Player
—i believes that the probability of player ¢ being of type ¢; € T; is p;(t;) such that
> ier Pi(ti) = 1. As a regularity condition, I assume that all types have positive
probability, so p;(t;) > 0 for all ¢ and all ¢;. Let T' = T; x Ty denote the set of all
possible type combinations ¢ = (t1, ;). For mathematical convenience, 7" is assumed
to be a finite set.

Let u; denote player i’s utility function from D x T into R, such that u; ((¢,v),?)

is the payoff which player i would get if (¢,y) € D were chosen and if ¢ were the

9The concept of Bayesian bargaining problem was proposed by Harsanyi (1967-8) and further
analyzed for the fixed-threats case by Harsanyi and Selten (1972) and Myerson (1979, 1984b). The
present paper also considers the fixed-threats case.



vector of players’ types. Let d* = (q,y) = (0, 0) represent the decision not to produce
the public good, which is the natural conflict outcome for this problem because no
production occurs if the players cannot agree on the division of the cost. Under this

formulation, the utility functions are defined by the formula

2.2 Feasible and efficient mechanisms

By the revelation principle, I can set up the bargaining problem as a direct-revelation
mechanism, without loss of generality. That is, the players do not have to agree on a
specific decision; instead they may agree on some mechanism.

Because of the linearity of the utility functions, I can restrict attention to de-
terministic mechanisms, mapping from 7T to D, without loss of generality. So let
(Q(-),Y(+) = (Q(),Y1(:), Ya(:)) be a mechanism for determining the decision as a
function of the players’ reported types, where @Q(t) is the probability that the public
good is produced and each Y;(t) is the expected share of the production cost to be
made by player i if ¢ is the profile of reported types. This mechanism must sat-
isfy 0 < Q(t) < 1 and Yi(t) + Y2(t) = Q(t)K for all t € T. If Q(¢t) > 0, then
Pi(t) = Y;(t)/Q(t) represents player i’s expected payment per unit of the public good
produced when the profile of reported types is t. If Q(t) = 0, any cost payment need
not be specified because the public good would not be produced.

The interim expected utility to type t; of player i, given that both players report

their types honestly, if (Q,Y") is implemented is

Ui(Q,Y|t:) =t Z P—i(t_)Q(t—i, t;) — Z poi(t_s)Yi(t_i, t;).

€T t_;eT_;



The implementation of a mechanism is restricted by two constraints of incentive
compatibility and individual rationality. If player i’s type were t; but he reports some
other type s;, while the other player remains honest, then the expected utility to

player 7 is

US(Q,Y, silt;) =t Z poi(t—)Q(t—i, si) — Z poi(t—i)Yi(t i, s:).
t€T t_;€T_;
A mechanism (Q,Y) is interim incentive compatible if and only if U;(Q,Y|t;) >
U (Q,Y, s;|t;) for all 4, for all ¢; € T;, and for all s; € T;.

The conflict outcome d* will occur if the players disagree, and each player has the
right to refuse public good production. So no type of any player should expect to do
worse under the mechanism, given that both players report their types honestly, than
in the conflict outcome. So a mechanism (@, Y) is interim individually rational if and
only if U;(@,Y|t;) > 0 for all 7 and for all ¢; € T;. Then a mechanism is defined to be
feasible for the players in this public goods problem if and only if it is both incentive
compatible and individually rational. By the revelation principle, there is no loss of
generality in focusing on feasible mechanisms.

Given the set of feasible mechanisms, the concept of Pareto efficiency can be ap-
plied to identify the entire set of efficient mechanisms among which the players would
reasonably choose from. If the mechanism is selected by the players with asymmetric
information, then the proper concept of Pareto efficiency is interim incentive efficiency.
A mechanism (Q,Y) is interim incentive efficient (IIE) if and only if (Q,Y") is feasible
and there does not exist another feasible mechanism (¢’, Y”’) such that all types of all
players would prefer (@', Y") over (Q,Y), that is, U;(Q', Y'|t;) > U;(Q,Y|t;), for all i
and for all ¢; with at least one strict inequality. If the mechanism can be selected be-

fore the players learn their private information, then the concept of ex ante incentive

10



efficiency should be applied. A mechanism (Q,Y') is ex ante incentive efficient if and
only if (Q),Y) is feasible and there does not exist another feasible mechanism (Q’,Y”)
such that all players would prefer (Q',Y”) over (Q,Y) before learning their private
types, that is, >, cp pi(t)Ui(Q', Y |ti) > Y2, cp Di(t)Ui(Q, Y|t:), for all 4, with at

least one strict inequality.

2.3 Neutral mechanisms: characterization

Myerson (1984b) developed a generalization of the Nash bargaining solution for Bayesian
bargaining problems, called the neutral bargaining solution. This solution concept is
axiomatically defined: A neutral bargaining solution is any mechanism such that it is
contained in every solution correspondence that satisfies the probability-invariance,
extension, and random-dictatorship axioms. Scrutinizing all of the axioms is not the
primary goal of the present paper; so without loss of comprehension of the solution
concept, I focus only on the random-dictatorship axiom. This axiom provides the key
logic in understanding the neutral bargaining solution, which is stated below in the

context of our public good problem.

Axiom 1 (Random dictatorship) If there exist two interim incentive efficient
mechanisms (Q',Y) and (Q* Y?) such that Us(Q',Y|ts) = 0, for all ty € Ty,
and Uy (Q* Y2|ty) = 0, for all t; € Ty; and if the mechanism (Q™,Y™) defined by
Q"(t) = 0.5Q (t) + 0.5Q*(t) and Y™(t) = 0.5Y(t) + 0.5Y2(t), for all t € T, is

interim incentive efficient, then (Q™,Y™) is a neutral public good mechanism.

The hypotheses of Axiom 1 are satisfied for public good problems in which there
is a clear mechanism (or public good decision) that each player should demand if he
could have all of the bargaining power. In the terminology of Myerson (1983, 1984b),

(Q',Y?) and (Q?% Y?) in Axiom 1 are strongly optimal decisions for players 1 and 2

11



respectively; that is, each of the two mechanisms is the most reasonable solution for
the player if he could dictatorially choose the mechanism. For such problems, if the
50-50 randomization between the two best mechanisms is incentive efficient, then it
is a neutral mechanism.

When the hypotheses of Axiom 1 are satisfied for a given public good problem,
then the neutral mechanism is easy to compute. But those hypotheses may be restric-
tive for many public good problems. In such cases, one can appeal to the following
well-known result that gives a complete characterization of neutral mechanisms as

the solutions to a constrained optimization problem, stated below without proof.

Lemma 1 (Myerson (1984b)) A mechanism (Q,Y) is neutral for a public good

problem defined in this paper if and only if, for each positive number €, there exist vec-

tors A = ((Ai(ti))tiETi)ie{l,Q}’ o= (ai(si‘ti))ie{1,2},sieTi,tieTi’ and w = (wi(ti))ie{lz},tieﬂ
such that A\;(t;) > 0 and a;(s;|t;) > 0, Vi € {1,2}, Vs; € T;, Vt; € T;;

(()\i(m + Z ai(silt:) wi(ts) — Z ai(ti|5i)wi(3i>) /pi(ti)

s;€T; s:€T; (1)
j ’ 7ta )‘7 .
= Y p(t) max % ((g.9) &), Vie {1,2),V € To;
. (a.y)€D | 2
—i€T—; je{1,2}

where

Uz’((Qa y)> b A, Oz)

= (()\z(tl) + Z o (silt:))ui((q, ), t) — Z a;(tilsi)ui((q, ), (t—hsi)))/Pi(ti)

s, €T; S; €Ty

(3)

This lemma offers the tractable set of conditions for computing neutral public

good mechanisms. A neutral mechanism can be characterized as an incentive-feasible
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mechanism that is not only interim incentive efficient in terms of actual utility payoffs
but also both efficient and equitable in terms of transferable virtual-utility payoffs;
where a virtual-utility payoff v; is defined in eq. (3) by taking into account the
shadow price of the incentive constraints. So each v; exaggerates the difference from
the types that want to pretend to be player i’s type. Conditions (1) and (2) establish
that the neutral mechanism maximizes the sum of the players’ transferable virtual-
utility payoffs and allocates the total transferable payoff equally among the players
in every state of types; and it gives each player a real expected utility that is at least
as large as the limit of virtually equitable allocations for each type, where a virtually
equitable allocation w; balances out conflicting goals of different possible types of

player i.

3 Why neutral mechanisms?

In this section, I show that neutral mechanisms are both predictively and prescrip-
tively appealing from efficiency and equity standpoints for the production of public
goods, although ex ante or interim incentive efficient mechanisms may be deemed

desirable on their own merits.

3.1 Ex ante efficient mechanisms

In many practical settings, not producing the public good can be inefficient in the
sense that it leads to social welfare reduction. In terms of the model specification,
such problems have utilities that satisfy » . u;((¢,y),t) > 0, V¢t € T. In this class
of public good problems, the mechanism that minimizes the chance of no production

appears to be a natural choice that the players can agree on.
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Proposition 1  For the class of public goods problems in which the provision of the
public good is ex ante efficient, the mechanism that minimizes the ex ante probability

of no production is equivalent to the ex ante incentive efficient mechanism.

Proof. In my setting, the ex ante probability of no provision under mechanism (@, Y)
is Y er P(0)(1 = Q(t)), where p(t) = >, pi(t;). Player i’s ex ante expected utility can
be written as Y, p(t) (£:Q(¢)—Y;(t)). Then the optimization problem of maximizing
the ex ante expected utility differs from that of minimizing the ex ante probability of

no provision only by a positive linear transformation. O]

For the ex ante incentive efficient mechanism to be a reasonable prediction that the
players would use to help them make public goods decisions, the implied assumption
should be that the mechanism is selected at the ex ante stage to be implemented
at the interim stage, or that the mechanism is chosen and enforced by an external
planner whose goal is to minimize the ex ante probability of no production. That
is, invoking the ex ante incentive efficient mechanism relies on the strong assumption
that the players must be able to commit themselves to the chosen mechanism ex ante.

While this assumption may be valid in some practical settings, there exists another
conceptual issue in assuming that players retreat behind the veil of ignorance to
choose a mechanism. What if the players are no longer truly ignorant at the time
when they meet to agree on a mechanism? Would they still select an ex ante incentive
efficient mechanism? The ex ante incentive efficient mechanism may be sensitive to
the assumption that the players are absolutely certain that nobody has any private
information.

To investigate this, I consider a perturbation of the ex ante information structure
at the mechanism selection stage. At the moment when players meet initially to decide

on a mechanism, each player has already received his private information ¢; with some
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probability, independently of the other player. 1 say that mechanism selection is at
the almost ex ante stage. Formally, I assume that at the almost ex ante stage of
mechanism selection each player has probability ¢ € (0, 1) of having learned his type,
and a complementary probability, 1 — ¢, of still waiting to learn his type. Then for
any t; € T;, ep;(t;) is the probability that player i already knows his type and the
type is ;, and (1 —€)p;(t;) is the probability that player ¢ does not know his type but
is expected to be of type t;, as would be assessed by player —i. This paper’s results
do not depend on the assumption of type-independent probability of being informed,
which is only for simplicity.!°

Implementation of the selected mechanism takes place at the standard interim
stage, when every player has received his private information (but does not know
the other’s information). The players cannot pre-commit themselves to report their
types honestly and not to force the conflict outcome in implementing the selected
mechanism after every player has learned his type. Therefore, players should choose
among the set of available mechanisms that are subject to the feasibility constraints,
as is assumed in Myerson’s works. I assume that all feasible mechanisms for a given
public good problem are available to players at the selection stage.

In this perturbed setting, the public good mechanism that is expected to arise
would be, minimally, incentive efficient in the appropriate sense. The proper concept
of efficiency must be based on the players’ evaluations of the anticipated effects of
feasible mechanisms. How a player should evaluate a mechanism depends crucially

on what information, if any, he possesses at the time of mechanism selection. In

0For example, let &;(t;) denote the conditional probability that player i will be informed of his
type if he were of type ¢;, for each t; of player i. Then ¢;(¢;)p;(t;) is the probability that player
—i would assign to the event that player ¢ is informed and is type ¢;, and (1 — &;(¢;))pi(¢;) is the
probability that player —i would assign to the event that player ¢ is uninformed but will be type
t;. Note that the marginal probabilities of player i being informed and uninformed are respectively
Zti g;(ti)p:i(t;) and 1 — Eti g;(t;)pi(t;). All of the results would hold under this specification.

15



my setting, each player may or may not have learned his private information at the
almost ex ante stage of selection. For a player who has received private information
about his type, mechanisms are evaluated according to his interim preferences. For
a player who does not possess any private information, mechanisms are evaluated
according his ex ante preferences. The efficient choice of a mechanism at the almost
ex ante stage must then be characterized based on all levels of possible interim and

ex ante expected utilities for players.

Definition 1. A mechanism (Q,Y) is almost ex ante incentive efficient (AAIE)
if and only if (Q,Y) is feasible and there does not exist another feasible mech-
anism (Q',Y’) such that U;(Q",Y'|t;) > U;(Q,Y|t;), for all ¢ and for all ¢;, and
Yo, Pit)UNQ Y [ti) > 32, cp pi(t)Ui(Q, Y|t:), for all i, with at least one strict

inequality.

The almost ex ante notion of incentive efficiency in Definition 1 is a version of
Pareto efficiency concepts on the set of feasible mechanisms, the taxonomy for which
is developed by Holmstrém and Myerson (1983). They let A% denote the set of
mechanisms that are interim incentive efficient (IIE). I similarly denote the set of
AAIE mechanisms by A% ,, which delimits the set of mechanisms that the players
could reasonably consider at the almost ex ante stage of mechanism selection. The
following equivalence result entails a complete characterization of the set of AAIE

mechanisms.'!

Theorem 1 The notion of almost ex ante incentive efficiency is equivalent to the

_ *

notion of interim incentive efficiency: A%, = A7.

Proof. Relative to the interim notion of incentive efficiency, Definition 1 has an ad-

ditional inequality to be satisfied for mechanism (@’,Y”) to dominate mechanism

' The equivalence holds true on any set of classically feasible mechanisms, not just on the set of
incentive feasible ones.

16



(Q,Y) with respect to uninformed player i’s expected utility. For any given mecha-
nism, for each ¢, uninformed player ¢’s expected utility is simply a weighted average
of his interim utilities of all possible types. So U;(p/'|t;) > U;(ul|t;), Vt;, Vi implies

This result can be justified simply by an intuitive reasoning without making re-
course to technical proofs. At the almost ex ante stage, each player privately knows
his type with probability € € (0,1). An uninformed player knows that he has yet to
learn his type, and his opponent would assign probability 1 —¢ to this event. Whether
a player has observed private information about his type or not is also private infor-
mation for the player. That is, there are effectively |T;|+ 1 number of privately known
types of player ¢ at the time of mechanism selection: the t; type for all t; € T; and
the “uninformed” type. But it is common knowledge that at the implementation
stage every player will exactly know his type ¢;. Because any player’s expected utility
in implementing a mechanism depends on the players’ true types, player —i would
assign probability ep;(t;) + (1 — €)p;(t;) = pi(t;) to the event that ¢; is the true type
of player 7, regardless of whether player i is informed or not at the selection stage.
Thus, the almost ex ante stage becomes essentially identical to the interim stage with
an “extended” type set where players have the same probabilistic beliefs over ¢;-types
as they would have at the usual interim stage.

Holmstrom and Myerson (1983) show that ex ante incentive efficiency implies
interim incentive efficiency. With A’ denoting the set of ex ante incentive efficient

mechanisms, Theorem 1 has an immediate corollary.

Corollary 1  Ez ante incentive efficiency implies almost ex ante incentive efficiency:

A4 C Ay
The equivalence result and the corollary hold for any € € (0,1). The case of e =0
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corresponds to situations where the mechanism selection is made ez ante, before any
player’s type is specified. In this case, Holmstrém and Myerson (1983) suggest that
the efficient choice of a mechanism will be from among the set A%. If there were
some chance that a player may have learned his type at the time of selection, even if
that chance were vanishingly small, the set of incentive efficient mechanisms that are
implementable and reasonable for the players to choose would be enlarged.
Although the demonstration of the results and the underlying intuition are quite
simple, their economic significance is large. When the public good appears to be worth
more than it costs, the ex ante incentive efficiency seems to be a desirable property
that a public good mechanism should have from the perspective of a planner that is
interested in minimizing the ex ante probability of production never occurring. In
fact, an ex ante incentive efficient mechanism is interim incentive efficient; so from
the perspective of players who themselves are choosing a mechanism that is to be
implemented ex interim, the ex ante incentive efficient mechanism can be considered
a reasonable selection. However, it is vulnerable to any perturbation of the ex ante
informational structure at the mechanism selection stage. This result destroys the
validity of ex ante incentive efficient mechanisms as the only reasonable choices for
the players, and makes the interim notion of incentive efficiency the relevant solution

concept.

3.2 Interim efficient mechanisms

Then what would be the reasonable mechanisms that one might expect to actually
arise for the production of public goods and are insensitive to variations in the infor-
mation structure? The simplest natural answer to this question is the whole set of

interim incentive efficient mechanisms.
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When the mechanism selection is made ex interim, the choice of a mechanism can
be determined by an incomplete information bargaining solution (e.g., Harsanyi and
Selten 1972; Myerson 1983, 1984b) applied to the set of mechanisms. Crawford (1985)
shows one specification of the rules for bargaining over mechanisms that makes any
ITE mechanism attainable when mechanism selection takes place at the interim stage.
So as a minimal requirement, the players should be expected to choose from among
the set Aj. Even if there is some chance that a player may not have learned his type
at the time of selection, by Theorem 1, the players would still choose from the set Aj.
That is, the set of IIE mechanisms is a set of mechanisms, which the players would
reasonably consider, that is robust to any perturbation of the interim informational
structure.

But one drawback of characterizing IIE mechanisms is that it identifies too large
a set of attainable mechanisms in many settings. Hence, the consideration of the set
of IIE mechanisms may not give practical or compelling predictions for public goods
problems.

More importantly, when focusing on the set of ITE mechanisms, there is one evident
informational issue that implicitly arises during the mechanism selection process. The
feasible mechanism that is best for each player depends on whether he is informed or
not, as well as on his type if he is informed. Therefore, when the players are discussing
which mechanism to implement, demanding a particular IIE (or AAIE) mechanism
might convey information about the player’s type; even an uninformed player might
be incorrectly identified as being of a certain type by his demand. In that case,
the proposed mechanism may no longer be incentive compatible, or the players may
refuse to participate. Hence, whether a player is informed or not and no matter what
an informed player’s type is, each player should maintain an inscrutable facade in

the mechanism selection process (see Myerson (1983) for the inscrutability principle).
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To do so, each player must make some sort of equitable compromise between what
she really wants and what she might have wanted if her type had been different,
due to the conflicting incentives of different types of the player. Even if a player is
uninformed of his true type, he must also express an equitable compromise between
all of his possible types.

We must then use an appropriate solution concept that captures the idea of this
inscrutable intertype compromise, as well as to refine a possibly large set of IIE
mechanisms and get a stronger prediction of public good mechanisms that one might
expect to reasonably arise as an outcome of our public good problem. Fortunately,
Myerson’s neutral bargaining solution resolves both the multiplicity and informational

issues that arise when using the concept of interim incentive efficiency.

3.3 Neutral mechanisms: implications

The previous results and discussions highlight several advantages of using neutral
mechanisms rather than ex ante or interim incentive efficient mechanisms for the
provision of the public good.

First, because neutral optimum by definition implies interim incentive efficiency,
neutral mechanisms are also robust to alternative specifications of the information
structure at the time of mechanism selection, as are interim incentive mechanisms;?

whereas ex ante incentive efficient mechanisms are not robust.

12Note that the neutral bargaining solution Myerson (1984b) is defined for a class of problems
where the information structures are the same at the selection stage as at the implementation stage.
If the information structure at the selection stage is perturbed such that there is some chance that a
player may not have learned his type, player ¢ who is possibly uninformed can be treated as a player
who is informed of being the “uninformed” type. Such uninformed-type player has probability p;(;)
of being type t; for each t; € T;; so this player’s deliberation of equitable intertype compromise
subsumes t;-player’s intertype compromise deliberation for every t; € T;. Therefore, the neutral
bargaining solution’s prescription should be the same for the perturbed settings as for the fully
interim settings.
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Second, unlike interim incentive efficient mechanisms, neutral mechanisms do not
carry the issue of information leakage during the process of mechanism selection or
bargaining. The player’s demand of a neutral mechanism is accepted as independent
of the player’s type. The need for this inscrutability concern is taken care of by
balancing out conflicting goals of different types, which is captured by the conditions
in Lemma 1.

Further, relative to the concept of interim incentive efficiency, the concept of
neutral optimum gives a stronger prediction of which mechanism should reasonably
be chosen. While the set of interim incentive efficient mechanisms may be large, the
neutral mechanism is essentially unique if Axiom 1 is satisfied. There is no general
uniqueness theorem, but the neutral mechanism is shown to be unique for many class
of symmetric problems given in Kim (2017, 2019) and Myerson (19846, 1985, 1991).

Lastly, neutral mechanisms have the desirable properties of efficiency and equity
that should be satisfied by a fair and reasonable bargaining solution. These properties,
which incorporate the inscrutable intertype compromise concern, are demonstrated
by the axioms that the neutral bargaining solution should satisfy or by the condition
for virtual-equity in Lemma 1.

These features deliver important implications for the analysis of mechanism selec-
tion problems.

If ex ante mechanism selection is to be applied to real situations, then players must
be absolutely certain that no one is informed of any relevant private information at
the stage of mechanism selection. The ex ante incentive efficient mechanism is not
robust to adding some uncertainty that some player may be informed of his type; and
so it will lose its validity as a reasonable prediction when there is some possibility,
even a very small one, that players are not truly ex ante with regard to their private

information. Moreover, the players often seek the assistance of a mutually agreed-
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upon mechanism to help reduce the risk of public good production never occurring
that arises precisely because of information asymmetries. Thus, it is more plausible
to assume that the players already have their private information at the time they
make a decision about which mechanism to use.'3

When mechanism selection takes place at the interim stage, and if the only con-
cern is achieving Pareto efficiency, the players should be expected to reasonably choose
from among the set of interim incentive efficient mechanisms. If achieving the prop-
erty of fairness is also part of the concern, a neutral mechanism can be considered
as a reasonable selection; such selection may not be an ex ante incentive efficient
mechanism that would have been chosen had players selected at the ex ante stage.

Another set of implications concern the ex ante criterion that is used to evalu-
ate the performance of mechanisms. The proper performance or welfare criterion to
evaluate the selected mechanism depends on what information players possess at the
time of selection. In terms of the ex ante measures, my result asserts that the almost
ex ante solution may maximize neither the ex ante probability of provision nor the
ex ante expected gains of the players. On one hand, the ex ante measures should be
irrelevant when it comes to evaluating the performance of the interim (or almost ex
ante) choice of mechanism. On the other hand, the result implies that when evaluat-
ing the performance of different mechanisms, it is important to distinguish between
situations in which players are allowed to choose their mechanism and those in which
they are not; also important is to carefully identify the informational environment
that players face when they select a mechanism. Otherwise, ex ante efficiency can
be seriously misleading as a welfare measure of the chosen mechanism even if un-

certainty about whether players are informed or not is vanishingly small. Also, to

13Even if some player may still be waiting to learn his type at the time of selection, the interim
incentive efficiency and neutral optimum concepts’ prescriptions remain unchanged.
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evaluate the mechanism’s performance in terms of the ex ante probability of provision
may understate the usefulness of the chosen mechanism. The selection of an interim
incentive efficient or neutral mechanism may not maximize the ex ante probability of
provision, yet it is Pareto efficient and will improve upon unmediated communication

or no communication.

4 Conclusion

There is no generally accepted interim bargaining solution concept in the literature,
but many bargaining situations take place under incomplete information such as
mechanism selection problems for public goods environments. This paper provides a
more solid grounding for the relevance of mechanism selection at the interim stage
to actual public good problems and of Myerson’s concept of neutral optimum to the
process of mechanism selection in such problems.

The analysis of ex ante mechanism selection crucially depends on players having
absolutely no doubt that all players are ignorant of their types. If that doubt exists,
the players may play on each other’s doubt. Hence, the result under the assumption
of ex ante selection stage is not robust to a perturbation of the information structure
at the selection stage. Further, the set of interim incentive efficient mechanisms can
be large, generating infinite predictions of public good mechanisms; and any choice
from that set is vulnerable to the possibility of information leakage. These results
justify that neutral mechanisms are theoretically appealing and easy to use from a
practical perspective in applications to public goods provision. They are computed
by the tractable set of conditions with interpretations that are insightful, essentially

admitting a unique prediction of which mechanism would reasonably arise.
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