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Abstract

In this paper, we study the choice of organizational form under
incomplete contracts. We identify an organizational form with a rule
of expost bargaining and compare four types of organization: hori-
zontal organizations (partnerships); common agencies; pyramidal hi-
erarchies; and vertical hierarchies. We show that if the human capital
investments of all members are complementary and essential to pro-
duction, the horizontal organization is chosen. If the investments of
two players including the owner are essential, then the common agency
may be optimal. If the pyramidal hierarchy can motivate subordinates
to invest, the pyramidal hierarchy is chosen. The vertical hierarchy
may be chosen if the owner can motivate a player who engages in firm-
specific investment by assigning him or her to the middle rank. We
also examine who should be assigned to the middle tier in the vertical
hierarchy.
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1 Introduction

The multilevel pyramidal hierarchy is widespread in large firms and many
researchers have explained the rationale for the hierarchical form. However,
there are other organizational forms in the real world. For example, it is well
known that law firms adopt the partnership (horizontal organization). There
are often two bosses (a common agency) in newly established firms. For ex-
ample, Yahoo! and Google were founded by two people. Soichiro Honda,
who was a founder of one of the biggest automobile companies, Honda, con-
centrated on the technology sector and his business partner, Takeo Fujisawa,
engaged in management. Furthermore, there are hierarchical organizations
that have a steep structure and those that have a flat structure.

Why are there various forms of organization in the real world? We focus
on the incentives to invest in human capital under incomplete contracts and
show that the characteristics of investments made by members determine the
optimal organizational form for the owner of the firm.

The return on human capital investment is divided among the members
of the organization following the investment because of the incompleteness
of the contract. The bargaining position of each member over the returns
from human capital investments differs between organizational forms. The
bargaining power of the owner depends on whether only one person owns the
firm, whether two people own the firm or whether all members collectively
own the firm. Workers in the higher hierarchical rank may have stronger
bargaining positions than workers in the lower ranks. The bargaining power
of a worker depends on whether he or she has subordinates. Therefore,
organizational structure can be regarded as an allocation of bargaining power.
We identify an organizational structure with a rule of intrafirm bargaining.

According to studies of social (organization) power, French and Raven
(1959) proposed five sources of power in an organization: (1) Legitimate
power; (2) Reward power; (3) Coercive power; (4) Expert power; and (5) Ref-
erence power. We focus on (1) and (4). Legitimate power is based on the
formal positions in organizations. Consider the army, or a bureaucratic hier-
archy, for example. A superior can command his or her subordinates about
what to do in the hierarchy. This means that the superior has greater formal
bargaining power over his or her subordinates. Expert power is based on
special knowledge or expertise in a given area. We suppose that each player
can gain expert power by making human capital investments. From this
viewpoint, we comment on how the relationship between legitimate power
and expert power affects the choice of organizational form.

We model the situation described above by considering an organization of
three players and by comparing four types of organizational form: the hori-



zontal organization, in which all members have equal authority; the common
agency, in which there are two bosses; the pyramidal hierarchy, in which there
is one boss and two subordinates of the same rank; and the vertical hierarchy,
in which there is one boss, one supervisor and one subordinate. We analyze
how the choice of organizational form determines the expost bargaining rule
and affects the incentive to undertake human capital investments. The bar-
gaining procedure is as follows: a player in the higher tier is able to make
a proposal before a player in the lower tier can. If there is more than one
player in the top rank, each is selected as the proposer with equal probability.
A player makes a take-it-or-leave-it offer to his or her subordinates. We call
a player who chooses the organizational form “player 1”7, who is assumed to
be in the top rank position. Therefore, player 1 is regarded as a principal in
our model.

We suppose that player 1 possesses the crucial asset. The choice of or-
ganizational form (structure) involves player 1 allowing players 2 and 3 to
access the asset (or player 1). The three choices are joint ownership, direct
access and indirect access. Therefore, our model is related to that of Rajan
and Zingales (1998, 2001), who analyze differential access to an agent with
a crucial asset as an organizational structure.!

We obtain the following results. If the investments of all members are
(perfectly) complementary and essential for production, the horizontal or-
ganization is chosen. If investments of two players, including player 1, are
essential and if the investment of another player is marketable, then a com-
mon agency arises in which the two players who make essential investments
are both bosses. If two subordinates intend to invest their human capital
in a pyramidal hierarchy, player 1 chooses this form. We examine a tier as-
signment problem in the vertical hierarchy when player 2 and player 3 are
asymmetric. In our model, a player assigned to the bottom rank only in-
vests if his or her investment is marketable. Because a player in the middle
rank has bargaining power because of his or her position, he or she has a
greater incentive to invest than does a player in the bottom rank. We show
that if only one player’s investment is marketable, the player who undertakes
firm-specific investment is assigned to the middle rank. If the investments
of both players are firm specific, the player whose investment increases the
firm’s value by more should be assigned to the middle rank. To complete
the analysis, we compare the vertical hierarchy with the pyramidal hierarchy.
The vertical hierarchy is only feasible when the owner can motivate a player
who undertakes firm-specific investment by assigning him or her to the mid-
dle rank. However, the wage increase is large relative to the benefit when the

!This access is the ability to use, or work with, a critical resource.



degree of firm specificity is small. Then, the owner chooses the pyramidal
hierarchy even though this does not persuade the player to invest.

Most closely related to our work is that of Hart and Moore (1990), who
examine how the ownership of assets affects human capital investments; they
also consider the boundary of the firm. To focus on the design of organiza-
tions, we do not consider the control structure for assets or the boundary of
the firm. These are points of difference with Hart and Moore (1990).

There are two other points of difference with Hart and Moore (1990).
First, expost bargaining in our model is based on a noncooperative approach.
Hart and Moore adopted the Shapley value as a solution concept to the bar-
gaining problem. Because they adopted a noncooperative approach to the
action decision problem, their solution concept is inconsistent. Adopting the
cooperative game approach is irrelevant because in some noncooperative bar-
gaining game models, the Shapley value is represented as a Nash equilibrium
outcome (see Gul, 1989, Hart and Mas-Colell, 1996, Hart and Moore, 1988
and Stole and Zwiebel, 1996). However, noncooperative bargaining games
that implement the Shapley value feature players that have equal positions
and are given equal treatment in the bargaining procedure.? Because the
bargaining procedure of an organization may depend on its organizational
structure, cooperative bargaining cannot reflect this. We consider intrafirm
bargaining, given the organizational structure. The organizational structure
affects the bargaining procedure and potential coalitional deviations in rene-
gotiations. Therefore, bargaining power is represented by the bargaining
procedure.

Second, Hart and Moore (1990) analyze the choice of the ownership and
control structure of assets to maximize the social surplus. We consider a
situation in which lump-sum transfers are not feasible ex ante and in which
the Coase Theorem cannot be applied to our model. Therefore, in our paper,
the organizational form is chosen to maximize the principal’s payoff. This is
because he or she has the right to select an organizational form. As Chandler
(1962) stated, “structure follows strategy”, we suppose that the principal
organizes the firm in a way that is consistent with incentives and bargaining
strategies.

Four noteworthy papers on organizational form are by Rajan and Zin-
gales (2001), Demange (2004), Hart and Moore (2005) and Choe and Ishiguro
(2005). Rajan and Zingales (2001) attempted to compare a vertical hierar-

2For example, each player is equally likely to be the proposer (as in Gul, 1989 and Hart
and Mas-Colell, 1986). Alternatively, all players are lined up in random order with each
ordering being equally likely, and each player makes a take-it-or-leave-it offer in that order
(as in Hart and Moore, 1988). Alternatively, each player is equally able to renegotiate (as
in Stole and Zwiebel, 1996).



chy and a horizontal hierarchy, focusing on the effects of specialization and
competition. They showed that steep hierarchies increase physical capital in-
vestment and that flat hierarchies promote human capital investments in the
organization. In their model, competition involves a player in the middle tier
setting up a new company with his or her subordinates and competing with
the original firm. Noting that many young, fast-growing firms are established
by people who replicated or modified an idea encountered in their previous
employment, they consider competition as one of the most important factors
affecting organizational structure. Competition is formally represented by
coalitional deviation in our model. Demange (2004) investigated organiza-
tional structure from the viewpoint of group stability and has shown that
the hierarchical structure achieves efficient coordination and is not blocked
by any subgroup consisting of a superior and his or her subordinates. She
called such a subgroup a “team”, and considered it as a unit of deviation that
has some autonomy and can make decisions. However, she adopted a cooper-
ative solution concept (the core), and ignored incentive problems associated
with human capital investment.

In this paper, we apply the concept of coalitional deviation, as used by
Rajan and Zingales (2001) and Demange (2004), to a noncooperative bar-
gaining game in which an organization’s return is allocated. The potential
for coalitional deviation depends on the organizational form.

Hart and Moore (2005) and Choe and Ishiguro (2005) wrote papers on
the allocation of authority in the organization. Hart and Moore (2005) re-
gard the design of hierarchies as determining the decision-making authority
and suppose that a hierarchy of authority over decisions can be contractually
specified ex ante. They explain why coordinators should be senior to special-
ists and why pyramidal hierarchies may be optimal. The delegation of au-
thority is ignored in our model. We focus instead on the relationship between
organizational forms and incentives to undertake human capital investment.
Choe and Ishiguro (2005) considered an organization that consists of a prin-
cipal and two agents and that implements two project. They compare three
types of organizational structure: centralization, under which the principal
has all the decision-making authority; decentralization, under which the prin-
cipal delegates authority to each agent; and (vertical) hierarchy, in which the
principal determines the project undertaken by the direct subordinate and,
in turn, the subordinate has authority over the project implemented by his or
her subordinate. They showed that the optimal authority structure depends
on the externalities (or coordination benefits) between the two projects and
on the incentive to invest in human capital. Their three-player organization
is similar to the one considered in our model. Choe and Ishiguro (2005) also
considered who should be in the middle tier of the hierarchy when two agents



are asymmetric in their abilities. However, expost bargaining is assumed to
be bilateral, and they apply a symmetric Nash bargaining solution.

The rest of the paper is organized as follows. In Section 2, we describe
the model. In Section 3, we study the bargaining procedure in each orga-
nization. In Section 4, we examine the incentive problem and the choice of
organizational form. Section 5 concludes the paper. Proofs of the theorems
and propositions are in the Appendix.

2 The Model

We consider an organization consisting of three risk-neutral players. The
set of players is denoted by N = {1,2,3}, and a coalition, S, of players is
a subset of N. There is an asset {a} that is essential for production. We
assume that player 1 owns this asset. In other words, player 1 owns the
organization. There are three periods, date 0, date 1 and date 2.

At date 0, an organizational form is selected by player 1. At date 1, each
player ¢ € N chooses their level of human capital investment e; € {0, 1}
noncooperatively. Human capital investment, e;, enables player ¢ to excel at
certain tasks and affects the firm’s value at date 2. For example, consider a
computer software company organized by three people. Each of them engages
in financing, marketing or programming. Human capital comprises the skills
and knowledge that must be acquired by each person to develop the new
software and sell it. If a person quits the firm, the firm cannot use his or
her human capital. At date 2, players negotiate over the allocation of the
return, and production occurs. At date 0, an organizational form is selected
by player 1. At date 1, each player ¢ € N chooses the level of human capital
investment e; € {0,1}.

We follow the incomplete contracting approach of Hart and Moore (1990).
We suppose that production and the allocation of the return at date 2 cannot
be included in a contract made at date 0 because of the complexities of
investment and because of transaction costs. Hence, the initial contract
specifies the organizational form only.

2.1 Organizational Forms

We study four kinds of organizational form: (i) the horizontal organization;
(i) the common agency; (iii) the pyramidal hierarchy; and (iv) the vertical
hierarchy. There are three tiers in the organization. It is assumed that player
1, who is the owner of the firm, is in the first tier. At date 0, player 1 assigns
players 2 and 3 to their tiers. Fach organizational form is characterized



by players’ tier assignment. We introduce the tier assignment function ¢ :
N — {1,2,3}. That is, (i) = k indicates that player i belongs to tier k. By
assumption, ¢(1) = 1. A player in tier k is subordinate to a player in tier k—1,
and a player in tier £ — 1 is superior to a player in tier k. Thus, each player’s
tier represents their rank in the organization. The triplet (¢(1),%(2),%(3))
determines the form of the organization uniquely. We assume that if ¢(i) = k
(> 2) for some i € N, then, for any tier m < k — 1, there exists a j € N
such that ¢(j) = m. This implies that every player except for the one in tier
1 has a direct superior in the organization.

(i) Horizontal organization

We specify the horizontal organization as (t(1),t(2),t(3)) = (1,1,1). All
players belong to tier 1 and are on the same level as each other. Figure
1 represents the horizontal organization. Each circle indicates a player in
the organization. The symbol ‘=’ between two players indicates that both
players are in the same tier and are on an equal footing. We use {i = j}
to indicate that players ¢ and j belong to the same tier. The horizontal
organization characterized by (¢(1),t(2),t(3)) = (1,1, 1) is denoted by g¢'.

(Figure 1)

(ii) Common agency

We refer to the organizational form characterized by either (¢(1),£(2), ¢(3))
(1,1,2) or (¢(1),¢(2),t(3)) = (1,2,1) as the common agency. Tier 1 con-
sists of two players and tier 2 contains the remaining players. A player
in tier 2 is subordinate to the two players in tier 1. The common agency,
(t(1),(2),t(3)) = (1,1,2), is illustrated in Figure 2. The symbol ‘=’ be-
tween two players represents the relationship between the superior and the
subordinate. In the figure, {(player i) — (player j)} indicates that player i
is superior to player j. We denote the organizational form characterized by

(#(1),4(2),1(3)) = (1,1,2) (or by (¢(1),#(2),(3)) = (1,2,1)) as g* (or ¢°).
(Figure 2)

(iii) Pyramidal hierarchy

The pyramidal hierarchy is represented by (t(1),%(2),t(3)) = (1,2,2).
Player 1 is in the top tier, and players 2 and 3 belong to the second tier.
In this organization, player 1 is a direct superior to players 2 and 3, and
players 2 and 3 are in the same position and have no subordinate. Figure 3
represents the pyramidal hierarchy, (¢(1),¢(2),¢(3)) = (1,2,2). The pyrami-
dal hierarchy is denoted by g*.



(Figure 3)

(iv) Vertical hierarchy
An organizational form such as (¢(1),%(2),¢(3)) = (1,2, 3) or (¢(1),#(2),(3)) =

(1,3,2) is a vertical hierarchy. In the vertical hierarchy, all players are to-
tally ordered. The vertical hierarchy can be denoted by {1 — 2 — 3} or
by {1 — 3 — 2}. In the organizational form implied by {1 — j — k},
player 1 is in the top tier (tier 1), player j is in the second tier (tier 2)
and player k is in the bottom tier (tier 3). Player 1 is a direct superior
to player j, and player j is a direct superior to player k. Figure 4 repre-
sents the vertical hierarchies characterized by (¢(1),%(2),¢(3)) = (1,2, 3) and
(t(1),£(2),£(3)) = (1,3,2). We denote (£(1),#(2),£(3)) = (1,2,3) by ¢° and
denote (#(1),%(2),(3)) = (1,3,2) by g°.

(Figure 4)

Denote by GV the set of the organizational structures that include all the
players. Thus, G = {g1,¢,...,96}. For player i and player j, the set G{/}
consists of {i — j}, {j — i} and {i = j}. In addition, G{"} = {(}. The
generic element in G°, S C N, is denoted by ¢°.

2.2 Human Capital Investment

Each player chooses a level of human capital investment, e; € {0,1}, at date
1. The cost of investment, ¢e;, to player ¢ is represented by e;. Each player has
a binary investment choice. That is, if e; = 1, player ¢ makes an investment
in human capital, but if e; = 0, player ¢+ makes no investment. The triplet of
investment levels of the players is denoted by e = (ey, €3, e3). The levels of
e1, €2 and ez are observed by all players at the end of date 1.

2.3 The Bargaining Situations

At date 2, production occurs and the return is realized. Before production
is conducted, there is bargaining over the return. We allow production by
subcoalitions of N at date 2. Coalition {4, j} between players i, j and the
singleton coalition {i} of player ¢ could realize a return, but the feasible
subcoalitions are limited by the organizational form. The possibility of pro-
duction by subcoalitions affects the determination of the payoff allocation
through negotiations. We assume that the selected organizational form and



the levels of human capital investment are observable by all players. The
returns that coalitions of players can achieve are commonly known by all
players. Thus, a multilateral bargaining process is conducted under com-
plete and symmetric information. Unlike Hart and Moore (1990), who used
the Shapley value in a cooperative game approach, we adopt a noncoopera-
tive game approach to this bargaining problem.

The return of the organization depends on the member, S, the organiza-
tional structure, ¢g°, and the level of investment by the member, e = (¢;);cs.
The return is denoted by v(g°, Sle®) for S C N.

However, if the return of the organization at date 2 depends on its orga-
nizational form, the choice of organizational form is affected by the expected
return. 3 In order to focus on the relationship between the incentives to un-
dertake human capital investment and the choice of organizational structure,
we assume that revenue is the same in all types of organizational structure
that contain the same members and have the same level of investment.

Assumption 1. The value of v(g°, S|e®) does not depend on g% € G°.
Let v(S|e®) = v(g*, S|e®).

Assumption 2. For any e = (e;, e;, €;), the function v satisfies the following
conditions:

v(N | (ei,¢5,ex)) = v({i, (e €5)) + v({k}er), and
v({i, 7} (eis €)) = v({itled) + v({7}les), for 4,5,k =1,2,3,

The above condition ensures the superadditivity of v.

Superadditivity means that if a coalition divides into partitions, the re-
turn achieved by the coalition is at least as great as the aggregate return
achieved by the coalitions producing separately. Hart and Moore (1990) also
assume superadditivity.

Assumption 3. For all S C N, v(S | (e;)ies) is increasing in e;.

Assumption 3 implies that human capital investment by any member of
the coalition enhances the return of the coalition. This means that each
human capital investment is beneficial to the members of the organization.

We make the following assumption about the marginal return on invest-
ments.

3For example, Radner (1992) and Bolton and Dewatripont (1994) focused on the infor-
mation process and communication costs. The organizational form is chosen to maximize
the expected return, taking into account informational problems.



Assumption 4. For every i,7 = 1,2,3, ¢ # j, the following is satisfied:

o(N(L, €M) — w(N (0, €M)
> v({4, 731, €)) = v({7, 731(0, ¢)))
> v({i}|1) = v({i}[0).

Assumption 4 states that there are increasing returns to scale in invest-
ment. The marginal return on investment increases with the size of the
coalition. This condition also implies that investments are complementary.

The net return for each coalition N = {1,2,3}, {i,7} and {i}, where
i,j =1,2,3 and 7 # j, is defined by:

f(N|(61762763)) - U(N| 61762763 Zew

F{i, 7} (eis e5)) = v({3, 73 (eir ¢5)) = (ez- +¢5),
F({i}]e) = v({itle:) — e

We make the following assumption about the net return.

Assumption 5. The net return for coalition N is maximized when (eq, e, e3) =
(1,1,1). In other words, f(INV |(1,1,1)) > f(IV | (e1,ez,e3)) forall (e, eq,€3) €
{0,1} x {0,1} x {0,1}. Moreover, f(N | (1,1,1)) > 0.

Together with Assumption 2 and Assumption 5, it follows that the social
surplus is maximized when all players make their human capital investments
under a grand coalition N. All five assumptions are maintained throughout
the paper.

2.4 Noncooperative Bargaining Games

The procedure for bargaining over the return at date 2 depends on the or-
ganizational form that is selected at date 0. The opportunity to propose
how the return is allocated and the potential for coalitional deviations are
different in each organizational form. Essentially, a player in a higher tier
has more bargaining power in allocating the return than does one in a lower
tier in the organizational form. For example, there is positional power over
the command system in an army hierarchy. Furthermore, our specification is
consistent with the notion of “structural holes” proposed by Burt (1992). A
structural hole is a joint node that connects an individual or group to other
groups. The individual who can span the hole has power. This is because
the individual can control the flow of information and the availability of the
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crucial asset. An individual in a higher tier is closer to the crucial asset and
has more bargaining power over bridging gaps. Rajan and Zingales’s (1998,
2001) notion of access represents a similar bargaining power structure.

We assume that the ordering of proposers is determined by ranks in the
hierarchy. A player in a higher tier can make a proposal before a player in a
lower tier can. This bargaining procedure implies that player 7 is in a stronger
position in negotiations than is player j. According to the principal agent
model, a superior makes a take-it-or-leave-it offer to his or her subordinates.
Thus, if player ¢ is superior to player j, that is, if ¢ — 7, then player ¢
makes a take-it-or-leave-it offer to player j. Because there is no informational
asymmetry between players in our model, player 7 extracts the entire net
surplus from player j.

On the other hand, players in the same tier have the same bargaining
power in negotiations over the return. To model this situation, we assume
that players in the same tier have the same opportunity to propose a coalition
and propose an allocation of the return. If players i and j are in tier 1 (i & j),
then players i and j each have a 50% chance of being selected as the proposer
in the bargaining procedure. If either player rejects the proposal, negotiations
go to the next round. A new randomly selected proposer is then chosen, and
the process is repeated. There is no first-mover advantage among players in
the same tier.

The possibility of coalitional deviations in the bargaining game also de-
pends on the selected organizational form. Under a coalitional deviation, a
coalition becomes independent of the existing organization and engages in
market competition with the remaining members of the organization. It is
assumed that a coalition consisting of players characterized by the relation
‘=’ can deviate from the organization in the bargaining process. Under coali-
tional deviation, if a superior decides to deviate, his or her subordinates have
no choice but to follow their superior. This assumption is consistent with
the assumption of competing teams made by Rajan and Zingales (2001). If a
manager in tier £ decides to compete in the n-tier vertical hierarchy modeled
by Rajan and Zingales, n — k subordinates follow the manager and produce
together as a team. Demange (2004) also considered coalitional deviations
to examine the stability of a hierarchical structure. In Demange’s model, a
team is considered as a unit of deviations, and a coalition T is a team if and
only if, for every 7 and j in T, either 7 is superior to j, j is superior to ¢ or a
common superior exists in 7" to both 7 and 7, and all players between the tier
containing ¢ and the tier containing j belong to T". Coalitional deviation in
our model is consistent with the concept of blocking by teams in Demange’s
model. However, in our model, the stability requirements are stronger than
those in Demange’s model. In Demange’s framework, in the two-tier pyra-
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midal hierarchy, only a grand coalition, /N, and singletons can deviate from
the organization. By contrast, we allow deviations by coalitions consisting
of player 1 and his or her subordinates.

We do not allow coalitional deviations by players characterized by the
relation ‘<’; that is, we do not consider the possibility of collusion by players
in the same tier. Demange also excluded coalitional deviations by players in
the same tier because she only allowed blocking by teams, and teams do not
consist of players who are in the same tier. Moreover, if we allow collusion
between players in the same tier, this may contradict the idea that a player in
a higher rank has more bargaining power than does a player in a lower rank.
For example, if player 2 can collude with player 3 in the pyramidal hierarchy,
players 2 and 3 might have more bargaining power than does player 1. In
the conclusion, we comment on the possibility that player 1 may do better if
there is collusion between players 2 and 3.

The rules of bargaining procedures can be summarized by the following
three principles.

1. Initially, a player in the highest tier can propose an allocation of the
return. Then, a player in the second highest tier can propose. A
superior player makes a take-it-or-leave-it offer to the subordinate.

2. If some players are in the same tier, each has an equal chance of being
selected as the proposer.

3. A player can form a coalition with his or her subordinates (but a player
cannot collude with a player in the same tier).

The bargaining procedure in each organizational form follows these three
rules. For a formal description, see points (i)—(iv) below.

(i) The bargaining procedure in the horizontal organization

A noncooperative bargaining game in the horizontal organization at date
2 runs as follows. At every round t = 1,2,..., one player is selected as
a proposer, with equal probability, from among all players. The selected
player i proposes either: (a) a coalition N and an allocation of the re-
turn v(N | e) for the members of N; or (b) a singleton coalition {i}. In
the latter case, the game terminates and the vector of returns (vy, ve, v3) of
(v({1}|e1),v({2}]e2), v({3}|es)) is realized; that is, player i gets the share
v({i}|e;). In the former case, all other players in N either accept or reject
the proposal sequentially. If all other players in N accept the proposal, the
agreed division of the return is enforced and the game ends. If some players
reject the proposal, the bargaining goes on to the next round and a new
proposer is randomly selected according to the same rules.

12



(ii) The bargaining procedure in the common agency

We focus on the organization g, in which players 1 and 2 belong to the
top tier and player 3 is in the second tier. For the common agency g3, we
interchange player 2 with player 3 in the following bargaining game.

At every round £ = 1,2,..., one player is selected as a proposer, with
equal probability, from among the players in the first tier. The selected
player i € {1, 2} proposes either: (a) a coalition N and a division of the return
v(N|(e1,e2,e3)); (b) a coalition S = {i,3} and a division of v({7,3}|(e;, e3))
for player i and player 3; or (c) a singleton coalition {i}. First, consider
(a). If all the other players in N accept the proposal, it is agreed upon and
enforced. The game ends. If some players reject the proposal, negotiations
continue to the next round and a new proposer is randomly selected from
the players in the first tier. Second, consider (b). Player i makes a take-
it-or-leave-it offer of an allocation of the return v({7,3}|(ey, e3)) to player 3.
If player 3 rejects the offer, the game ends with the allocation of the return
(v1,ve,v3) = (v({1}]e1), v({2}]e2), v({3}|es)). If player 3 accepts the offer, it
is enforced and the game terminates. Third, in case (c), the game ends with
the vector of returns (v, vo,v3) = (v({1}|e1), v({2}]e2), v({3}|e3)).

(iii) The bargaining procedure in the pyramidal hierarchy

Player 1 is chosen as the proposer with certainty. Player 1 proposes ei-
ther: (a) a coalition N and a division of the return v(N|(eq, ez, e3)); (b)
a coalition S = {1,j}, j = 2,3, and an allocation of v({1,j}|(e1,¢€;)) be-
tween player 1 and player j; or (c) a singleton coalition {1}. Under (a),
player 1 makes a take-it-or-leave-it offer to players 2 and 3. If either player
rejects the proposal, negotiations break down and the vector of returns
(v({1}|e1),v({2}|e2), v({3}|es)) is realized. If players 2 and 3 both accept
the offer, it is agreed upon and enforced. Under (b), player 1 makes a take-
it-or-leave-it offer to player j. If player j accepts the proposal, it is enforced
and the game ends. If player j rejects the proposal, at the breakdown of
negotiations, an allocation of the return of (v({1}|e1),v({2}|e2), v({3}|e3))
arises. When proposal (c) is made, the game ends with an allocation of the

return of (v({1}|e1),v({2}]e2),v({3}|es))-

(iv) The bargaining procedure in the vertical hierarchy

First, player 1 proposes either: (a) a coalition N; or (b) a singleton coali-
tion {1}. * Under (b), the return allocation (v, vo, v3) = (v({1}]e1), v({2}|e2), v({3}]e3))
is realized. Note that, under (a), player 1 makes a take-it-or-leave-it offer to

4The results of this paper are unaffected if player 1 has the additional options of forming
a coalition only with the player in the middle tier or with the player in the bottom tier
under Assumptions 1-5.
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player 2 relating to the sum of player 2 and player 3’s shares. If player 2
rejects the proposal, then player 2 chooses between: (i) a coalition {2, 3}; and
(ii) a singleton coalition {2}. Under (i), player 2 makes a take-it-or-leave-it
offer to player 3 relating to the allocation of v({2,3}|(es, e3)). Then, player
3 either accepts or rejects the proposal. If player 3 accepts the offer, it is
enforced. If player 3 rejects the offer, negotiations break down and the vector
of returns is reduced to (vy,ve,v3) = (v({1}|e1), v({2}]e2), v({3}]es)). Under
(ii), the return allocation (vq,ve,v3) = (v({1}|e1), v({2}|e2),v({3}|es)) is re-
alized and the game ends. If player 2 accepts the offer, then player 2 makes a
take-it-or-leave-it offer to player 3 relating to the allocation of the total share
proposed by player 1. If player 3 rejects the proposal, the allocation of the
return is (v({1}|e1),v({2}|e2),v({3}|es)). If player 3 accepts the proposal,
this is agreed upon and enforced.

Each player’s share of the return is as follows. When an allocation (v;);en
of the return is agreed upon in round ¢, the return of player i is 6'~'v;, where
0 is a discount factor such that 0 < ¢ < 1.

We apply a stationary subgame perfect equilibrium (SSPE) as the solu-
tion concept to the noncooperative bargaining games at date 2. An SSPE is
a subgame perfect equilibrium with the property that for every t =1,2,...,
the tth-round strategy of every player depends only on the set of all active
players at round ¢. It is well known that in a noncooperative multilateral
bargaining game (one with more than three players), there are multiple sub-
game perfect equilibria when the discount factor is close to unity. For this
reason, the concept of an SSPE is almost invariably used for noncooperative
multilateral bargaining models (see, for example, Chatterjee et al., 1993, Gul,
1989, Okada, 1996 and Ray and Vohra, 1999). Note that the stationarity of
the solution concept only applies to the noncooperative bargaining games in
the horizontal organization and the common agency; it is irrelevant to the
noncooperative bargaining games in the pyramidal and vertical hierarchies.

Throughout the paper, we focus on the limit point of the SSPE of each
bargaining game as ¢ approaches unity.

3 Equilibrium Strategies

Let us characterize the equilibrium strategies at each date. The solution
concept that we apply to the whole game, which takes place from date 0 to
date 2, is the subgame perfect equilibrium. The equilibrium strategies for
the whole game can be obtained by the backward induction procedure. All
proofs are presented in the Appendix.
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3.1 Bargaining Outcomes at Date 2

First, let us consider the noncooperative bargaining games at date 2. The
equilibrium bargaining strategies at date 2 under each organizational form
are given in Theorems 1-7.

Horizontal Organization: When the horizontal organization is selected
at date 0 and when the levels of investment for all players at date 1 are given
by e = (ey, e, €3), the equilibrium strategies in the bargaining game at date
2 are described by Theorems 1 and 2.

Theorem 1. If the discount factor § is close to unity and if the following
condition s satisfied:

v(Nle)/3 = v({1}|er), and

v(Nle)/3 = v({2}]e2), and (1)

v(Nle)/3 = v({3}es),
then, there exists an SSPE of the bargaining game in the horizontal orga-
nization. In the SSPE, every player i = 1,2,3 proposes a coalition N and
an allocation of the return (vi,ve,v3) = (v(Nle)/3,v(Nle)/3,v(N|e)/3)) at
round 1. Moreover, the proposal is accepted in the SSPE.

Note that the return is divided between all players equally in the horizon-
tal organization, which is independent of the contribution of each investment.

Theorem 2. If the discount factor 0 is close to unity and if condition (1) is
not satisfied, then there is no SSPE of the bargaining game in the horizontal
organization.

Common Agency: For the common agency, we obtain the following three
theorems.

Theorem 3. If the discount factor § is close to unity and if the following
conditions are satisfied:

(v(Nle) = v({3}]es)) = v({1,3}|(e1, e3)) — v({3}les), and
5 (v(Nle) —v({3}]es)) = v(12,3}[(e2, €3)) — v({3}]es), (2)

then, there exists an SSPE of the bargaining game in the common agency.

In the SSPE, a proposer i = 1,2 offers a coalition N and an allocation of
the return (v, va,v3) = ((v(Nle)—=v({3}]es))/2, (v(N]e)—v({3}|es))/2, v({3}]es))
at round 1. Moreover, the proposal is accepted in the SSPE.

el  a
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Theorem 4. If the discount factor ¢ is close to unity and if the following
condition s satisfied:

v({1,3}[(e1, e3)) >
o(Nle) ~ S0(23}(ex€5)) — 5o({2}]es) — S0 ({3} es), and
o(12,3}(e2,5)) > Q@
o(Nle) = S0({1,3}(e2,€3)) ~ go({1}er) — S0 ({3} es),

then, there exists an SSPE of the bargaining game in the common agency.

In the SSPE, player 1 proposes a coalition {1,3} and a vector of re-
turns of (vi,vs) = (v({1,3}|(e1,e3)) — v({3}|es),v({3}|e3)) at round 1. At
round 1, player 2 proposes a coalition {2,3} and a vector of returns of
(ve,v3) = (v({2,3}|(ea,€3))—v({3}|es), v({3}|es)). Moreover, these proposals
are accepted in the SSPE.

The expected equilibrium shares of the return in the above SSPE (The-
orem 4) are given by:

(1,3} (61, e3)) — v({3}es)) + o ({1} ]er),

=3
v = 5 (0({2,3}|(e2,e3)) — v({3}es)) + o ({2} es)
vt = u({3}]es).

The following theorem shows the nonexistence of an SSPE in the common
agency.

*
Uy

Theorem 5. If the discount factor § is close to unity and if conditions (2)
and (3) are not satisfied, then there is no SSPE of the bargaining game in
the common agency.

Pyramidal Hierarchy: Next, we consider the pyramidal hierarchy. In this
case, there always exists a subgame perfect equilibrium because the bargain-
ing game is a finite-length extensive-form game with complete information.
The stationarity of this equilibrium strategy is irrelevant. Moreover, each
player’s strategy in the subgame perfect equilibrium is uniquely determined
for any 6 when Assumptions 1-5 are satisfied.

Theorem 6. There exists a subgame perfect equilibrium of the bargaining
game in the pyramidal hierarchy. In the subgame perfect equilibrium, player
1 proposes a coalition N and an allocation of the return of (vy,vq,v3) =
(v(Nle) — v({2}]e2) — v({3}]es),v({2}|e2), v({3}|e3)). Moreover, players 2
and 3 accept the proposal in the subgame perfect equilibrium.
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Vertical Hierarchy: Now consider the bargaining game in the vertical
hierarchy. We obtain a unique subgame perfect equilibrium of the bargaining
game in the vertical hierarchy.

Theorem 7. There exists a subgame perfect equilibrium of the bargaining
game in the vertical hierarchy gs. In the subgame perfect equilibrium, player
1 proposes to player 2 a share in the return of v({2,3}|(e2,e3)). Player
2 accepts this proposal and then proposes to player 3 a division of the share
such that (vy,v3) = (v({2,3}|(e2, e3))—v({3}]es), v({3}|es)). Player 3 accepts
the proposal by player 2 in the subgame perfect equilibrium.

In the above subgame perfect equilibrium, the return of each player is
given by:

It is easy to prove the same theorem in the case of the vertical hierar-
chy g by replacing player 2 with player 3. In the subgame perfect equilib-
rium of the bargaining game in g, player 2 gets v({2}|es) and player 3 does

v({2,3}(e2, e3)) — v({2}e2).

Remark. Remark. (Comparisons with the Shapley value) Hart and
Moore (1990) adopt a cooperative game approach to the bargaining problem
of allocating a return by applying the Shapley value as a solution concept.
In our bargaining problem involving three players, the Shapley value of each
player is given by
1 1
Bi(e) =5 (v(Nle) = v({2,3}|(ez, €3))) + ¢ (v({1, 2}[(en, €2)) — v({2}e2))
1 1
+ 5 (0({1,3}(er, €3)) — v({3}]es)) + gu({1}]er),
1 1
By(e) =5 (v(Nle) = v({1,3}(e1, €3))) + ¢ (v({1, 2}[(er, €2)) — v({1}er))
1 1
+ 5 (U({2,3}(e2, €3)) — v({3}]es)) + gu({2}]e2),
1

Bs(e) =5 (v(Nle) = v({1,2}|(er, e2))) + é(v({la 3}(e1, es)) —v({1}ler))

+ 2 (0(12,3}(e2,e5)) — ({2} e2)) + 30({3) es)

In our noncooperative bargaining games for the common agency, the pyrami-
dal hierarchy and the vertical hierarchy, player k£ in the bottom tier gains only
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the stand-alone return v({k}|ex) in equilibrium. Therefore, for all organiza-
tional forms except the horizontal hierarchy, the equilibrium return allocation
differs from the Shapley value. If the three players are perfectly symmetrical
in terms of the contributions to the return, in which case v({1,2}|(e1, e2)) =
v({1,3}|(e1, €3)) = v({2,3}[(e2,€3)) and v({1}|e1) = v({2}]ez) = v({3}]es),
then the Shapley value reduces to the vector (v(N|e)/3,v(N|e)/3,v(Nle)/3).
Thus, only if all players are perfectly symmetrical and identical does the
Shapley value coincide with the equilibrium return vector for a noncooper-
ative bargaining game in the horizontal organization. However, in general,
these allocations differ.

3.2 Decisions about Human Capital Investment

At date 1, to maximize his or her expected payoff, each player decides whether
to invest. The expected SSPE return for player i (i = 1,2,3) at date 2 is
denoted by v/ (e1, €2, €3; gj), which is determined according to the bargaining
procedure at date 2 in organizational structure g;. We denote by e_; the
combination of the human capital investments of all players except player 4.

Definition 1. Given the organizational structure g;, the vector e* = (e}, €3, )
is an equilibrium pair of investments at date 1 if it satisfies, for all =1, 2, 3:

vi(er, e ;59;) — e > v (e, €5 9;) —e; foralle; € {0,1}

According to the equilibrium strategies pursued at dates 1 and 2, player
1 selects an organizational form g¢; to maximize his or her payoftf.

4 Main Results

4.1 Results on the Organizational Structure

In this section, we examine what kind of organization is chosen in relation
to the human capital investments of the players. Proofs of the propositions
are in the Appendix.

Definition 2. The human capital investments ey, eo, e3 are perfectly com-
plementary if they satisfy the following conditions. For all e = (e, e9,€3)
containing e; = 0:

v(Nle) =0, (4)
and, for all S C N such that S # N and for all (e;);cs,
v(S|(€i)ies) = 0. (5)
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Perfectly complementary investments imply that the human capital of
three players generate no value unless they are used together. Condition (4)
means that no return occurs at date 2 if any player does not make a human
capital investment. Condition (5) implies that even if (sub)coalitions are
formed, there would be no return in the coalition.

The following proposition characterizes situations in which the horizontal
form is selected.

Proposition 1. If the human capital investments ey, es, e3 are perfect com-
plementary, the horizontal organization is chosen in equilibrium.

It is optimal for player 1 to choose the horizontal form because the returns
to players 2 and 3 are not sufficient to invest in another organizational form,
and it is essential to induce players 2 and 3 to invest when human capital
investments are perfectly complementary.

The horizontal organization corresponds to partnerships, such as those in
accounting and law firms in the real world.® The knowledge and abilities of
workers are the most important inputs in these industries. Human capital
is not tradable. The perfect complementarity of human capital represents
these properties. The disadvantage of partnerships relates to the free-rider
problem. However, this problem does not arise when there is perfect com-
plementarity.

Hart and Moore (1990) obtained a similar result. They showed that two
assets should be owned or controlled jointly if they are only productive when
used together. Proposition 1 states that player 1 should give players 2 and
3 the same level of authority. The hierarchy structures that have a boss
and subordinates are not optimal when the investments of all members are
complementary and essential to the firm.

Proposition 1 is also consistent with the traditional investigation of Williamson
(1975). Williamson pointed out that collective organizations (nonhierarchi-
cal associations) may arise when indivisibilities of either physical assets or
informational types are substantial and when learning-by-doing emerges pre-
dictably. The perfect complementarity of human capital investments implies
that human capital investment by each player is essential to production and
that the accumulated human capital of players is indivisible. Moreover, in
our model, there is only one physical asset. Thus, the physical asset should
be owned and utilized by the group to provide all players with the incentive
to maximize joint profits.

Next, we consider the common agency. Many researchers have pointed
out that an organization with two bosses is not desirable from the point of

®Milgrom and Roberts (1992) study partnerships in detail.
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view of such factors as the information process (Bolton and Dewatripont,
2004, Radner, 1993), the delegation of authority under incomplete contracts
(Hart and Moore, 2005) and group stability (Demange, 2004). However,
in practice, one finds that subordinates are managed by two bosses. This
organizational structure is known as a matrix structure. The common agency
can be optimal in our model. We illustrate the conditions under which the
common agency is selected in equilibrium.

Definition 3. A human capital investment e; is marketable if player ¢ has
an incentive to make a human capital investment independently; that is,

v({i}[1) =1 = v({i}[0) - 0.

This condition implies that human capital is valuable in the market in
its own right. When investment is general, human capital is equally valuable
to other firms. Therefore, this condition is likely to be satisfied for general
investments.

Proposition 2. There exists an equilibrium in which the common agency
s chosen and in which the efficient level of human capital investment e* =
(1,1,1) is implemented.

In the proof of Proposition 2, we provide an example in which the human
capital investments of players 1 and 2, respectively, e¢; and ey, are perfect
complementary and in which the human capital investment of player 3, es,
is marketable. Problems in the matrix structure involve conflict and coor-
dination between bosses. In the example in Proposition 2, no value can be
generated if any one of the bosses does not invest. Therefore, there is no
conflict between bosses and the common agency can be optimal.

For example, player 1 concentrates on technical improvements and player
2 concentrates on management of the firm. Then, both types of human
capital investment are needed by the firm. To provide player 2 with an
incentive to invest, it is optimal for player 1 to give equal authority to player
2 and build a strong partnership. Honda, Google and Yahoo! are successful
examples of the common agency.

In our model, a subcoalition (subgroup) can be formed, as implied by
Theorem 4, if player 1 chooses the common agency at date 0. However, the
next proposition states that an organization of subcoalitions is dominated by
other organizational forms.

Proposition 3. A subcoalition cannot be formed in equilibrium.

Proposition 3 shows that division of the firm or the firm’s boundaries
does not matter in a game that incorporates superadditivity and excludes
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externalities. Player 1 cannot acquire any benefit from player 2 by forming
a subcoalition {1, 3}. Because the return is assumed to be superadditive and
increasing with scale, player 1 gets a larger payoff in the pyramidal hierarchy
than in a subcoalition {1,3} even if player 2 does not invest.

In what follows, we assume that player 1 has already acquired human
capital (e; = 1). Hence, we ignore the incentive problem of player 1.

Proposition 4. If players 2 and 3 invest in human capital in the pyramidal
hierarchy, player 1 chooses the pyramidal hierarchy at date 0.

Player 1 can acquire the entire surplus in the pyramidal hierarchy. How-
ever, the player in the middle tier has some bargaining power in the vertical
hierarchy. The common agency gives player 2 the same bargaining power as
player 1 and the horizontal organization equal bargaining power to all mem-
bers. Therefore, the optimal organizational form for player 1 is the pyramidal
hierarchy if player 1 can persuade players 2 and 3 to invest.

4.2 Results on Hierarchies

Let us consider the optimal tier assignment in the vertical hierarchy. If
players 2 and 3 are asymmetrical, which player should be assigned to the
middle tier? The solution to this problem depends on the marketability and
firm specificity of the players’ investments.

When both investments are marketable, Proposition 4 implies that the
vertical hierarchy is dominated by the pyramidal hierarchy from the view-
point of player 1. Therefore, we consider two cases: in the first, only one
investment is marketable; in the other, neither investment is marketable.

Suppose that the investment of player 2 is not marketable, but that of
player 3 is marketable, as follows:

v({2}1) —v({2}]0) <1 (6)
v({3}1) = v({3}]0) = 1 (7)

Proposition 5. Organization gs dominates the organization gg given the
satisfaction of conditions (6) and (7).

Because of the incompleteness of contracts, the returns on the invest-
ments of the players depend on the marketability of their human capital
investments and on the distribution of bargaining power. If investment is
sufficiently general and valuable in the market, players have an incentive to
invest voluntarily. However, if the investment is specific, the hold-up prob-
lem arises and player 1 can mitigate this problem to give player 2 a better
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bargaining position. The hierarchical structure, in which a player with a
marketable investment is relegated to the bottom tier whereas one with a
firm-specific investment is elevated to the middle tier, dominates the hierar-
chical structure, in which the players are assigned in the reverse order. For
example, the skills in which computer programmers have invested are highly
marketable, and these workers are typically assigned to the bottom rank.

Definition 4. A human capital investment e; is firm specific if it is not
marketable and satisfies the following condition:

v({1,4, 731, 1, €5)) — v({1,4,}(1,0,¢;))
> v({i; 731, €5)) = v({4; 731(0, €5)) (8)

is satisfied.

Condition (8) is the same as Assumption 4 except that it contains an
equality sign. Condition (8) implies that the marginal return of player i’s
investment is higher in the grand coalition than in the subcoalition that
excludes player 1.° The greater is the difference between the left-hand side
and the right-hand side of (8), the greater is the increase in e; because of
player 1’s participation. We refer to the ratio of the left- and right-hand
sides, A;(e;), as the degree of firm specificity.

Ai(e;) = v({1, 5,431, 1,e5)) — ({1, j}(1,0, ¢5))
o v({i, 731, e5)) — v({7, 7310, ;)

When A, (e;) is large, the investment of player ¢ is more specific in at the
margin.

Proposition 6. If the investments of players 2 and 3 are not marketable
and if the investment of player 2 contributes more to the firm’s return than
does that of player 3 in the following sense:

v(N(1,1,0)) = v(N|(1,0,1)), (9)
v({2,3}](1,0)) = v({2,3}((0,1)), (10)

then, the organization gs dominates the organization gg.

6The coalition that includes player 1 can utilize player 1’s human capital and the
physical asset. Therefore, this condition means that e; is relation specific to e; and to the
asset.
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If neither investment is marketable, then the player whose investment
contributes more to the firm’s value should be assigned to the upper tier.
By using the degree of firm specificity, conditions (9) and (10) imply that
Ay(0) > A3(0). Proposition 6 suggests that if the human capital investment
of player 2 is more firm specific than that of player 3, player 2 should be
assigned to the middle tier.

Propositions 5 and 6 determine which agents the owner should assign to
the middle tier in the hierarchical organization if the agents are asymmetric.
Choe and Ishiguro (2006) also addressed this problem. Choe and Ishiguro
showed that, if two agents have the same cost function, the agent whose
project is more likely to succeed and whose marginal probability of human
capital investment is higher should be in the middle tier. This is because this
agent can be better motivated through empowerment. Their result is similar
to ours in Proposition 6, although tier assignment in our model depends not
only on the firm’s revenue, but also on the market value of human capital
investment.

Next, we compare the vertical hierarchy g5 with the pyramidal hierar-
chy g4. Proposition 4 states that if the investments of players 2 and 3 are
marketable, player 1 prefers the pyramidal hierarchy to the vertical hier-
archy. Proposition 5 implies that if one of the investments is marketable,
the player with the marketable investment should be assigned to the bot-
tom tier. Hence, it is sufficient to compare the pyramidal hierarchy with a
vertical hierarchy when the investment of player 2, who is assigned to the
middle tier, is not marketable. Proposition 7 deals with the case in which
player 2 invests not in the pyramidal hierarchy, but in the vertical hierar-
chy (v({2,3}|(1,e3)) — v({2,3}|(0,e3)) > 1). Proposition 8 deals with the
case in which player 2 does not invest in either of the organizational types

(v({2,3}(1, €5)) — v({2,3}[(0,e3)) < 1).

Proposition 7. Assume that a player in the middle tier invests in the ver-
tical hierarchy, but does not invest in the pyramidal hierarchy. The vertical
hierarchy dominates the pyramidal hierarchy if and only if:

v(N[(1,1,e3)) = v(N|(1,0, e3))
= v({2,3}[(1, e3)) — v({2}]0) — v({3}es), (11)
where ez € {0,1}.

The intuition behind this result is straightforward. The benefit of the
vertical hierarchy is that the owner can motivate player 2 to undertake human
capital investment. The left-hand side of (11) represents the increase in
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the return on the investment of player 2. On the other hand, the vertical
hierarchy gives player 2 some bargaining power over the expost return. The
right-hand side of (11) represents the increase in the payment to player 2.
Player 1 prefers the vertical hierarchy to the pyramidal hierarchy if and only
if the investment of a player in the middle tier is not marketable and the
benefit of the vertical hierarchy outweighs its cost.

Assumption 2 implies that v({2, 3}|(1, e3))—v({2}|0)—v({3}]es) > v({2,3}|(1, e3))—
v({2,3}|(0,e3)). Assumption 4 implies that v(N|(1,1,e3)) —v(N|(1,0,e3)) >
v({2,3}|(1, e3))—v({2,3}|(0, e3)). Given the value of v({2,3}|(1,e3))—v({2,3}|(0,e3)),
if A;(e;) is large, then v(N|(1,1,e3)) — v(N|(1,0,e3)) is large. Thus, (11) is
satisfied when Aj(es) is sufficiently large. Therefore, Proposition 7 states
that the vertical hierarchy is preferred to the pyramidal hierarchy if the in-
vestment of the player assigned to the middle tier is sufficiently firm specific.

Our model suggests that a steeper hierarchy is adopted by organizations that
require firm-specific human capital investment.

When e; = 1, under the vertical hierarchy, the efficient outcome, e =
(1,1,1), is implemented. However, when e, is not sufficiently specific to sat-
isfy (11), player 1 prefers the pyramidal hierarchy even if he or she can mo-
tivate all subordinates to invest in the vertical hierarchy. Therefore, Propo-
sition 7 shows that organizations in which incentives are weak are possible.

Proposition 8. If a player in the middle tier does not invest in the vertical
hierarchy, the vertical hierarchy is dominated by the pyramidal hierarchy.

Propositions 7 and 8 imply that the vertical hierarchy can be optimal only
if the owner can motivate players to undertake firm-specific investments by
assigning them to the middle tier in the hierarchy. Steeper (vertical) hierar-
chies are more effective in inducing firm-specific human capital investments
by players in the upper tier than are flatter ones.

Finally in this section, we compare the vertical hierarchy and the common
agency from the point of view of player 2’s incentives. Player 1 can motivate
player 2 to invest in firm-specific human capital by choosing the vertical
hierarchy and then assigning a subordinate to player 2. Alternatively, player
1 chooses the common agency and provides player 2 with an equal bargaining
position. Is it better for player 1 to provide player 2 with a subordinate or
an equal bargaining position? The answer depends on incentives and costs.
If the below is satisfied, player 2 has a stronger incentive to invest in the
common agency than in the vertical hierarchy:

3 (VI L es)) = o(VI(1,0,e5))}
> ({2,3}(1,0)) — 0({2,3}0,€0))
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This condition holds when the degree of firm specificity is sufficiently high.
However, if the degree of firm specificity is high, costs are higher in the
common agency than in the vertical hierarchy. In the next subsection, we
use a numerical example to show which organization is best.

4.3 Numerical Example

In this section, we specify the return and use numerical calculations to deter-
mine which organization is best. We assume that the return on investment
is represented by, for i,7 =1,2,3,1 # j:

v(N|(eq, ez,€3)) = are1 + ages + azes + [rae1es + Pazeses + [arezer + yereqes,
v({7, j}H(ei €))) = qie; + aje; + Bijeie;,

v({i}lei) = aiei,

where o, 8;; and v > 0.
Suppose that the parameters satisfy condition (2).” The condition can
be expressed as:

are + Proeres + [1eser + yejeaes > aney + Paseses, (12)
agey + Praeres + Pageges + yereses > aner + Parezer. (13)

These imply that the grand coalition N is formed when player 1 chooses a
common agency.

In particular, when v > 0, o, 3;; = 0, the investments made by the three
players are perfectly complementary. From Proposition 1, the horizontal
organization is chosen. When oy = as = 0,3 > 0 and (o3 = (31 = 0,
Proposition 2 implies that the common agency is chosen. When asy > 1 and
agz > 0, the investments of players 2 and 3 are both marketable. Proposition
4 implies that the pyramidal hierarchy is chosen.

In what follows, we consider in detail the case in which ay; < 1 and
a3 > 1. In this case, player 3 chooses e3 = 1 in the pyramidal hierar-
chy, the vertical hierarchy and the common agency. Player 2 does not in-
vest in the pyramidal hierarchy. Player 2 invests in the vertical hierarchy if
v({2,3}[(1,1)) —v({2,3}](0,1)) > 1. Player 2 invests in the common agency
if o(N|(1,1,1)) —v(N|(1,0,1)) > 2. Therefore, which organization is optimal
for player 1 depends on player 2’s incentive and payment. The calculations
are in the Appendix. Figure 5 shows how the optimal organizational form

"If these conditions are not satisfied, Proposition 3 implies that the common agency is
not chosen.
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varies with the degree of specificity of e;. The region to the northwest of
the 45-degree line satisfies the assumption of increasing returns to scale in
investments. The figure shows that the horizontal hierarchy is not chosen
in this case. Because (11) is satisfied for this specialization, the pyramidal
hierarchy is chosen only when neither the vertical hierarchy nor the common
agency can induce player 2 to invest. If player 2 invests in the vertical hier-
archy, player 1 chooses this hierarchy whether or not e; = 1 is implemented
in the common agency. Player 1 prefers the vertical hierarchy when he or she
can induce player 2 to invest. This is because it costs more to give player 2
an equal bargaining position than it does to assign a subordinate to player 2.
The common agency dominates other organizational forms only when player
2 invests in the common agency but does not invest in the vertical hierar-
chy. Note that the degree of specificity is higher at points in the figure that
are further to the northwest. Thus, Figure 5 illustrates that the common
agency is chosen when the investment of player 2 is sufficiently specific to
deter player 2 from investing in the vertical hierarchy.

(Figure 5)

5 Conclusion

In this paper, we have examined how the choice of organizational forms
depends on the characteristics of human capital investments. We compared
four types of organization and showed that various organizational forms can
emerge.

In our model, the pyramidal hierarchy is selected under very restrictive
conditions. In the pyramidal hierarchy, it is particularly difficult to provide
incentives for players 2 and 3 (the subordinates) to invest. However, the
owner can use various instruments to provide incentives for employees in
practice. For example, tournaments and relative performance payments can
be used if subordinates engage in the same task.

Moreover, we excluded coalition formation among players of the same
rank. However, player 1 (the owner of the organization) might be better off
if there is collusion between players 2 and 3 in a pyramidal hierarchy. For ex-
ample, suppose that players 2 and 3 are symmetric and that both undertake
investments that are not marketable. Then, neither player would invest in a
pyramidal hierarchy unless there were collusion. If players 2 and 3 can form a
coalition in the pyramidal hierarchy, player 1 assigns v({2, 3}|(e2, e3)) to play-
ers 2 and 3, who share this equally. If v({2,3}|(1,1)) — v({2,3}|(0,1)) > 2,
both players make human capital investments. Under the vertical hierarchy
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and the common agency, no more than one player can be persuaded to invest.
For this reason, the pyramidal hierarchy with collusion may deliver the best
outcome for player 1.

We assumed that there are no externalities between coalitions. How-
ever, if there were externalities, a subcoalition may arise in the pyramidal
hierarchy when a player who does not invest is ejected from the organiza-
tion. Then, the owner may improve incentives by choosing the pyramidal
hierarchy. Maskin (2003) studies a bargaining model that incorporates an
externality between coalitions and in which there is a subcoalition. Further
research on externalities between coalitions is needed to clarify the design of
organizations.

Appendix

Proofs of Theorems in Section 3

Proof of Theorem 1.
We provide the following two lemmas in order to prove Theorem 1. The lemmas hold
for any discount factor 4.

Lemma 1. In every SSPE of the bargaining game in the horizontal organization where the
expected return vector of the players is (vi,v2,v3) and each player i proposes a coalition
S; on the equilibrium plays, every player i proposes a solution (S;,y*) of the mazimization
problem:

néax( v(S|(ej)jes) E () subject to y; > dv;,for all j € S,j #i. (A1)
Y
jES

The proposal (S;,y?) is accepted in the SSPE.

Proof. Let z' = (zi,z%,z%) be the expected equilibrium return vector when player i
becomes the proposer at round 1. Because each player is selected as a proposer with
probability 1/3 in the bargaining game under the horizontal organization, v; = Zizl x%/3
for i = 1,2,3. We denote m' by the maximum value of (A1). We will prove z¢ = m'.

Let us start to prove (zi < m'). Suppose that player i proposes (S,§) such that
§; > m'. Note that S is either N or {i} in the case of this bargaining game. Since m'
is the maximum value of (Al), §; < dv; for some j € S with j # 4. It is optimal for j
to reject i’s proposal because j’s continuation return is Jv; when he rejects the proposal.
Then, the game goes on to round 2. As a result, player 7 obtains the discount payoff dv;. It
is follow from the superadditivity of v that 23:1 mf < wv(N|e) for all k = 1,2, 3. Therefore,
v1 +v2 +vg < (2321 22:1 z%)/3 < v(Nle). Thus, the proposal with a coalition N and
the return vector (’Ul,Ug,Ug) is feasible. This implies that v; < m?. Because 6§ < 1, we

have dv; < v; S m' Player i gets only dv; even if he demands a return greater than m?.
This proves z¢ < m’
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Next, let us prove (z! > m?). Any solution (S,y) of the problem (A1) satisfies m® =
v(S|(ej)jes) — X jes,ji Yi» Where y; = dv;. For any € > 0, define z such that

— 7 _ 6 €
zi=m —¢&, zj= vj+|s|—_1.
If player i proposes (S, z), then it is accepted. Therefore, z! > z; = m’ —e. By taking ¢
small enough, we can obtain z¢ > m®. Then, we have zi = m/'.
Finally, since dv; < m?, player i proposes a coalition S; and the return vector (m?, (6v;)jes;,j#i)
at round 1. O

Lemma 2. There exists an SSPE of the bargaining game in the horizontal organization
where the expected return vector of players is (vi,vq,v3) and player 1, 2 and 8 propose a
coalition N on the plays of the equilibrium if and only if

(i) for every i such that i,j,k=1,2,3, i #j #k,

v(Nle) — dv; — dvg, > v({i}]es)- (A2)

(ii) the expected return vector (vy,vs,vs) satisfies

v = %(U(N|€) — dvg — du3) + §5v1,
1 2

vy = 5(U(N|€) — vy —dvs) + 551)2, (A3)
1 2

vy = 5(U(N|€) —dvy — Ovg) + 551)3.

Proof. (only-if). In the SSPE, the expected return vector is (vi,v2,v3) and all players
propose the grand coalition N. Player ¢ can propose either N or {i} when he becomes a
proposer. By appling Lemma 1 to the SSPE, we can obtain

v(Nle) — dv; — dug, > v({i}|e;) for i =1,2,3,i # j # k.
Every player i proposes the return allocation (z});en) such that
zi = v(Nle) — dv; — vy, mz = dvj, T} = ovg.

This proposal is accepted at round 1. Therefore, by the definition of the bargaining game
in the horizontal organization, the expected return vector (vy,v2,v3) is given by (A3).
(if). Consider the strategy combination such that, player ¢ proposes a coalition N and
the return vector (v(N|e) — dv; — dvg, dvj,dvy), and accepted any proposal y* for player i
if and only if y* > dv;. It is easy to see that the above strategy is a locally optimal choice
for every player under condition (i) and (ii) in Lemma 2. O

Proof of Thoerem 1. By Lemma, 2, the expected equilibrium return vector (v1, ve, v3) which
satisfies (A3) converges to (v(Nle)/3,v(N|e)/3,v(N|e)/3) as ¢ goes to 1. In addition, the
condition (i) in Lemma 2 becomes

v(Nle)/3 > v({1}ler), v(Nle)/3 = v({2}e2), v(N]e)/3 > v({3}]es).

These conditions are corresponding to (1) in Theorem 1. Lemma 2 (combining with
Lemma 1) implies that in the SSPE, player 1, 2 and 3 all propose at round 1 a coalition N
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and the return vector (v(Nle)/3,v(Nle)/3,v(N|e)/3) when ¢ is sufficiently close to one.
The proposal is accepted in the SSPE.

Proof of Theorem 2.

We can prove the following lemmas about the existence of an SSPE in the same way
as Lemma 2. We omit proofs of Lemma 3, 4 and 5.

Lemma 3. There exists an SSPE of the bargaining game in the horizontal organization
where the expected return vector of players is (vi,vj,vr) and player i and j propose a
coalition N and player k proposes a coalition {k} on the plays of the equilibrium if and
only if
(i)

v(Nle) — dv; — dvg, > v({i}|e;) forie N ={1,2,3},

v(Nle) — dv; — dv, > v({j}|e;) for j € N,

v({k}|er) > v(Nle) — dv; — dv;. for k € N.

(i) the expected return vector (v;,vj,vi,) satisfies

1 1 1
v; = 3 (v(Nle) — dv; — dvg,) + 55%’ + gv({i}|ei),
1 1 1 .
vi=3 (v(Nle) — dv; — dvy) + 300 + gv({JH@j),
1

2
v = gv({k}|ek) + gévk.

Lemma 4. There exists an SSPE of the bargaining game in the horizontal organization
where the expected return vector of players is (vi,v;,v) and player i proposes a coalition
N and player j and k propose a coalition {j} and a coalition {k} on the plays of the

equilibrium if and only if
(i) fori,j,k € N ={1,2,3} with i # j # k,
v(Nle) — dv; — dvr > v({i}|e;) and ,
v({j}le;) > v(Nle) — dv; — dvy, and ,
v({k}ew) > v(N]e) - do; — bv;.

(i) the expected return vector (vi,vj,vr) satisfies
V; =

(v(Vle) = do; = dus) + Zo({i}es),

v; =

Wl Wl

) 1
v({i}le;) + 30vj,
2 1
v = gv({k}|ek) + gévk.
Lemma 5. There exists an SSPE of the bargaining game in the horizontal organization
where the expected return vector of players is (vi,vj,vr) and player i,j and k propose a

singleton coalition {i}, {j} and {k} respectively on the plays of the equilibrium if and only
if
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(Z) fOT i)jak eEN= {1,2,3} with 1 75.] 75 k;’

v({i}|e;) > v(Nle) — dvj — dvy, and
v({j}e;) = v(Nle) = dv; — dvy, and ,
U({kHek) > U( | ) — ov; — (5Uj.

(i) the expected return vector (v;,vj,vi,) satisfies

vi = v({i}tles), vj = v({j}le;), vn = v({k}|er).

From condition (ii) in Lemma 3 (also, Lemma 4, Lemma 5), we can derive the expected
return vector of the players (v}, v3,v) as § goes to one. By substituting (v;,v3,v}) for
condition (i) in Lemma 3 (also, Lemma 4, Lemma 5), we can easily see that the condition
(i) contradicts the superadditivity of v as § — 1. This implies that there is no SSPE of
the bargaining game in the horizontal organization when the discount factor is close to
one. We complete the proof of Theorem 2.

Proof of Theorem 3.

In the common agency gs, player 1 and 2 belong to tier 1 and have an equal opportunity
(probability) to make a proposal in the bargaining game. We provide the following lemma.
The lemma is proved in the same way as in Lemma 2. Therefore, we abbreviate the proof
of Lemma 6

Lemma 6. There ezists an SSPE of the bargaining game in the common agency g» where

the expected return vector of the players is (vi,v2,v3) and player 1 and player 2 propose a
coalition N on the plays of the equilibrium if and only if

(i) for player 1,

v(NJe) = dus — bvy > v({1,3}H(ex, e3)) — dvy and,
v(Nle) — dvy — dvg > v({1}|e1),

and for player 2,

(Nle) — dv1 — dvg > v({2,3}|(e2, €3)) — dus and,
(Nle) — dvy — dvz > v({2}|e2).

(i) the expected return vector (vi,vs,vs) satisfies

(%
(%

1
(v(Nle) — dvg — dvs) + 561;1,

v =

Vg = —

N = DN =

(v(Nle) — dvy — dvs) + %61;2,
vz = v({3}]es).

As in Lemma 1, it can be shown that in the above SSPE, player 1 proposes at round
1 a coalition N and the return vector (v(N|e) — dvy — dvs, dve, Jvg) for player 1, 2 and 3,
and player 2 proposes at round 1 a coalition N and the return vector (dvy,v(N|e) — dvy —
dvs, 0vs). Moreover, these proposals always been accepted at round 1 in the SSPE.

30



If a discount factor § goes to one, the expected return vector (vy,vs,v3) in the SSPE
converges to (v, v}, v3) such that

DHES

(v(Nle) — v({3}es)),
vz = 5 (v(Nle) —v({3}es)),
vz = v({3}]es).

In addition, condition (i) in Lemma 6 is rewritten as

— N =

(v(Nle) —v({3}|es)) = v({L,3}[(e1, e3)) — v({3}]es),
(v(Ne) —v({3}es)) = v({2,3}(e1, e3)) — v({3}]es).

N — N~

Therefore, we can obtain Theorem 3 from Lemma 6 as 6 — 1.

Proof of Theorem 4.
We can provide the following lemma. We omit the proof of Lemma 7 because it can
be proved in the same way as in Lemma 2.

Lemma 7. There exists an SSPE of the bargaining game in the common agency g» where
the expected return vector of the players is (vi,v2,v3) and player 1 proposes a coalition
{1,3} and player 2 proposes a coalition {2,3} on the plays of the equilibrium if and only
if

(i) for player 1,

v({1,3}|(e1,e3)) — dvs > v(N|e) — dves — Jvs and,
v({1,3}|(e1,€3)) — dvs > v({1}]e1),
and for player 2,

v({2,3}|(e2,€3)) — vz > v(Nle) — dv1 — dvs and,
v({2,3}|(e2, €3)) — dvs > v({2}]e2).

(ii) the expected return vector (vi,vs,vs) satisfies

v =

(v({1,3}[(e1,€3)) — duvs) + %50({1}I61),

5 (W({2,3}(e2, €3)) — dvs) + %57)({2”62)7
vz = v({3}es).

If a discount factor d goes to one, the expected return vector of the players in the
SSPE converges to (vf,vs,v;) such that

v = 3 (L 3}(ex, ) — v({3Hes)) + go({1}en),
1

03 = 3 (0(42,3}(e2,€3)) ~ v({3}les)) + 2({2}]es),
o3 = v({3}es).

— N =

Vg =
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Then, the condition (i) in Lemma 7 becomes
v({1,3}|(e1, €3)) >
o(Nle) = 3o({2 3} |(e2,65)) — 5u({2}e2) — 30({3Hes), and
v({2,3}|(e2,€3)) >
1

1 1
v(Nle) = S0({1,3}(e2,e5)) — Fo({1Her) = 50({3}les),
as d is sufficiently close to one. This condition is same as (3) in Theorem 4. Thus, Lemma
7 implies Theorem 4 as § — 1.

Proof of Theorem 5.

In order to prove Theorem 5, we follow the same procedures as the proof in Theorem
2. We must provide several lemmas about the existence of an SSPE of the bargaining
game in the common agency. These lemmas gives a necessary and sufficient condition
for the existence of an SSPE as in Lemma 2. In the bargaining game for the common
agency g, the following SSPE should be considered except in Lemma 6 and 7: an SSPE
in which (i)player 1 proposes a coalition N and player 2 proposes a coalition {2,3} on the
plays of the equilibrium, (ii)player 1 proposes a coalition {1,3} and player 2 proposes a
coalition N, (iii)player 1 proposes a coalition N and player 2 proposes a singleton coalition
{2}, (iv)player 1 proposes a coalition {1} and player 2 proposes a coalition N, (v)player
1 proposes a coalition {1,3} and player 2 proposes a coalition {2}, (vi)player 1 proposes
a coalition {1} and player 2 proposes a coalition {2,3}, and (vii)player 1 and player 2
proposes a singleton coalition {1} and {2}. Corresponding to each SSPE, the lemma is
provided. Thus, seven lemmas would be provided. We does not describe these lemmas in
full detail, and we also omit the proof of the lemmas.

We can see that each necessary and sufficient condition for the existence of the SSPE
does not satisfied if a discount factor ¢ is sufficiently close to one under Assumption 1-5.
Then, Theorem 5 is obtained.

Proof of Theorem 6.

We can determine a subgame perfect equilibrium of the bargaining game by backward
induction procedures since the bargaining game in the pyramidal hierarchy is finite game
with perfect information. Let us start with the response strategies for player 2 and 3
in tier 2 of the organization. If player 2 reject an offer from player 1, then negotiations
break down and player 2 obtains the payoff of v({2}|e2). Therefore, player 2 accepts a
proposal y» such that yo» > v({2}|e2). Similarly, player 3 accepts a proposal y3 such that
y2 > v({3}|es). Taking into accounts of the response of player 2 and 3, player 1 makes
a take-it-or-leave-it offer of a division of the return v(N|e) among the players. If player
1 offers v({2}|es) for player 2 and v({3}|es) for player 3, then he obtains the return of
(v(Nle) — v({2}|e2) — v({3}|e3)). This return is the maximum return that player 1 can
obtain in an acceptable offer. Furthermore, if player 1 makes any offer that is rejected,
then he obtains at most v({1}|e1), which is less than v(N|e) —v({2}|e2) —v({3}|e3) by the
superadditivity of v. Hence, player 1 proposes at round 1 a coalition IV and an allocation of
(v}, 05, 03) = (v(Nle) —v({2}]e2) —v({3}]es), v({2}]e2), v({3}|e3)). Moreover, the proposal
is accepted at round 1.

Proof of Theorem 7.
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The equilibrium strategies of each player are derived by the backward induction pro-
cedure. If player 3 rejects an offer by player 2, player 3 obtains the return of v({3}|e3).
Therefore, player 3 accepts an offer y3 if and only if y3 > v({3}|es). In the vertical
hierarchy, player 2 has the alternative of deviating from the organization by coalition
{2,3}. If player 2 does so, player 2 obtains v({2,3}|(ez2,e3)) — v({3}|es) and player
3 obtains v({3}|es). This implies that player 2 accepts a return y, such that y, >
v({2,3}(e2,€5)) — v({3Hes). Since v({2,3}/(es,e5)) — v({3Hes) > v({2Hes) by super-
additivity of v, player 2 does not reject the return v({2, 3}|(ez, e3)) —v({3}|es). Therefore,
player 1 proposes a coalition N and offers v({2,3}|(e2,e3)) as a share of player 2 and
player 3. Then, player 2 accepts the proposal and offers v({3}|es) for player 3. This
offer is also accepted. In the equilibrium, the expected return of each player is given by

(vf,05,05) = (v(Nle) —v({2,3}(e2, e3)), v({2,3}[(e2, €3)) — v({3}]es), v({3}[es)).

Proofs of Propositions in Section 4

Proof of Proposition 1.
By Assumption 5, we have

3
o(N[(1,1,1)) > > e; = 3.

When the organizational structure is the horizontal organization, the allocation of re-
turn for player ¢ (i = 1,2,3) in the SSPE is v = w(Nle)/3 by Theorem 1. Since
v(N|(1,1,1))/3 = 1 > »(N|(0,1,1))/3 = 0, player 1 chooses e; = 1 at date 1. Since
player 2 and player 3 face the same incentive problem, there exists an equilibrium that all
players invest and a grand coalition is formed in the horizontal organization. The payoff
of player 1 in the horizontal organization becomes 7 = v(Nle)/3 —1 > 0.

Next, we consider the common agency. Because Theorem 3 holds when (e, es,e3)
is perfectly complementary, v = 0 by (5). Then, player 3 chooses e3 = 0. This makes
vi =wv; =0 and e; = e» = e3 = 0. Hence, the payoff of player 1 in the common agency
7 is zero; ¢ = 0.

In the pyramidal hierarchy, Theorem 6 implies that v5 = v3 = 0. Since player 2 and
3 make no investment, (e; = es = 0), it follows that v(N|(e1,0,0)) = 0 and player 1 also
does not invest; e; = 0. Hence, the payoff of player 1 in the pyramidal hierarchy is zero;
7¥ = 0. In the vertical hierarchy, we can obtain 7] = 0 by the same argument as in the
pyramidal hierarchy, where 7} is the payoff of player 1 in the vertical hierarchy.

Therefore, it is optimal for player 1 to choose the horizontal organization.

Proof of Proposition 2.

We give an example that satisfies Assumption 1-5 and holds Proposition 2. Assume
that v({1}/0) = v({2}|0) = v({3}|0).

We consider the case where only the investment of player 3 is marketable; v({3}|1) —
v({3}|0) > 1, and investments of player 1 and player 2 are not marketable. In addition, it
is assumed that

v({1}[1) = v({1}/0) = 0,and v({2}|1) = v({2}|0) = 0.

We assume that the firm’s value is equal to v({3}|es) if player 1 and 2 do not invest.
The additional return is generated only if the human capital investments of player 1 and
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player 2 would be together, that is,

v(N|(1,1,es)) > v(N[(1,0,e3)) = v(N|(0,1,e3)) = v({3}es), (B1)
v({1,3}|(e1, €3)) = v({2,3}[(e2, €3)) = v({3}]es)- (B2)

At first, we consider the incentive problem in the common agency go. Since the return of
player 3 is v({3}|es), player 3 chooses es = 1. Theorem 3 holds under conditions (B1) and
(B2). Then, the proposer offers a coalition N in equilibrium. Let us consider the case in
which the following conditions are satisfied:

SOOVI(L,1,1)) = o(3HD) = 3 (6(V]0,1,1)) — o({3HD) > 1,

SOOVI(L,1,1)) = o(3HD) = 5 (e(V](1,0,1)) — o({3H1) > L

= N

In this case, player 1 and player 2 make their human capital investments. From (B1),
both of conditions are reduced to (v(N|(1,1,1)) —v({3}|1))/2 > 1. Then, the equilibrium
payoff of player 1 when the common agency is selected is given by

T = %(U(NI(L 1,1)) —v({3}[1)) = 1> 0. (B3)

Since v({2}]|1) = 0, player 2 does not invest in the pyramidal hierarchy. Because v(N|(e1,0,1))—
v({2}|0) — v({3}|1) — e; = —ey, player 1 chooses e; = 0. Thus, the equilibrium payoff of
player 1 if she chooses the pyramidal hierarchy is 7 = v(N(0, 0, 1))—v({2}|0)—v({3}|1) =
0. Therefore, player 1 prefers the common agency to the pyramidal hierarchy.

Next consider the incentive for player 2 in the vertical hierarchy. Note that (v({2,3}|(1,1))—
v({3}1)) — (v({2,3}/(0,1)) — v({3}|1)) = 0 < 1. This implies that player 2 will choose
es = 0 at date 1. It is easy to see that player 1 also chooses e; = 0 if eo = 00
Thus, the equilibrium payoff of player 1 if she chooses the vertical hierarchy becomes
7} = v(N](0,0,1)) — v({2,3}/(0,1)) = 0, and, then, she prefers the common agency to
the vertical hierarchy.

Finally, the incentive constraint of investment for player 1 in the horizontal organiza-
tion is represented by

év(m(l,@,%)) 1 %U(N|(O,e2,63)). (B4)

If e, = 0, this condition (B4) is violated and player 1 does not invest, i.e., e = 0. If
e = 1, the condition (B4) becomes

5 (0101, 1,5) = v(3les)) > 1, (85)
where e3 € {0,1}. The payoff of player 1 in the case of e = (1,1,1) is
= %U(NKL 1,1)) - 1. (B6)
From (B3) and (B6), it follows that 70’ > 7 if v(N|(1,1,e3))/3 > v(3les). Ifv(N|(1,1,e3))/3 <
v({3}|e3), no SSPE exists in the horizontal organization by Theorem 2. The payoff of 7

in the case of e = (1,1,0) under the horizontal organization is always smaller than that in
the case of e = (1,1, 1).
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There exists no SSPE in which e = (0,0,1) is implemented because vf = v = v} =
v(N|(0,0,1))/3 < v({3}|1). When e = (0,0,0), #f = 0. Therefore, the horizontal
organization is dominated by the common agency with e = (1,1,1).

Proof of Proposition 3.

We shall show that the organization of a subcoalition in Theorem 4 is dominated by
the pyramidal hierarchy.

From Theorem 4 and Theorem 6, we can see that the incentive problem for player 3
is same in both the common agency and the pyramidal hierarchy. Player 1 invests in the
common agency if

1 1 1 1
So{1,3}(1,e3)) = 50({1,3H(0,e9)) + 5o({1HD) - 5o({LHO) > 1. (BY)
In the pyramidal hierarchy, player 1 invests if
v(N|(1,e2,e3)) — v(N](0,e2,e3)) > 1. (B8)

Assumption 4 implies that the left-hand side of (B8) is larger than that of (B7). Then,
there are three cases in which (i)player 1 invest in both organizations, (ii)player 1 does
not invest in both organizations and (iii)player 1 invests in the pyramidal hierarchy but
not in the common agency. In the cases of (i) and (ii), the level of e; is same in both
organizations. When player 1 chooses the same investment level, we can obtain that

7 7’ = o(Nl(er,e2,€5) ~ v({2}|es) — v({3} es)

— 5o({L3}(er,e5)) + 5u({3)es) — go({1}ler)
So(Nl(exse2,60)) + 3013 (er,0)) + 30({2Hex)

~ o({2}les) — ({3}es) — 5u({1,3}(ex,e5)) — go({L}]en)

1 1 1 1
So(Nl(er,e2,€)) = J0({1Her) = 50({2Hea) = 5v({3Hes) > 0

v

This implies that the payoff of player 1 in the pyramidal hierarchy is greater than that
in the common agency. In the case of e; = 0 in the common agency and e; = 1 in the
pyramidal hierarchy, we have

7P =7 = o(N|(L e, e0)) — v({2}le2) — v({3}les) — 1

— S(1,3}1(0,65)) + 20({3)es) — 50({1}]0)
> 0(N|(0,2,5)) + 1~ v({2}]es) — ({8}es) ~ 1

1 1 1
— S0({L3)0,e5)) + 3u({3}es) — 3o({1}0)
> Su(NI(0,e3,€3)) + 50({1,3}(0,e5)) + 3u({2}ea) — u({2} e
— ({3} les) — 50 ({1,330, e3)) + o ({3} es) — o ({1}10)

SONI0,e2,¢3)) — 2o({1}10) — Ju({2}]ea) — o ({3}les) > 0.
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This means that the payoff in the pyramidal hierarchy is greater than that in the common
agency. Therefore, the payoff for player 1 in forming a subcoalition under the common
agency is always smaller than that in the pyramidal hierarchy.

Proof of Proposition 4.
According to Theorem 6, if the pyramidal hierarchy is chosen, the equilibrium return
at date 2, given e = (eq, €2, €3), is represented by

vi(e) = v(Nle) —v({2}[e2) — v({3}]es),
vs(e) = v({2}]e2),
vz(e) = v({3}]es)-

Since both of player 2 and player 3 will choose to invest, the following conditions must be
satisfied:

v({2}1) —v({2}[0) > 1, (B9)
v({3}1) = v({3}/0) > 1. (B10)

The equilibrium payoff of player 1 in the pyramidal hierarchy is given by
1 (1,1,1) = v(N|(1,1,1)) = v({2}[1) — v({3}]1). (B11)

Next we consider the vertical hierarchy. From (B10), player 3 chooses e3 = 1. Since
v({2,3}](1,1))—v({2,3}](0,1)) > 1 (by Assumption 4), player 2 chooses e; = 1. Therefore,
the equilibrium payoff of player 1 in the vertical hierarchy is given by

7 (1,1,1) = v(N|(1,1,1) — v({2,3}|(1,1)). (B12)

By Assumption 2, we can obtain that 7F(1,1,1) > 7} (1,1,1).

Let us consider the horizontal organization. Since there is an SSPE in the horizontal
organization only if v(N|e)/3 > v({i}|e1) for i = 1,2, 3, it is enough to restrict to such the
case. Player 1 can get the maximum payoff at (e1,e2,e3) = (1,1,1). That is,

o(1,1,1) = »(N|(1,1,1))/3. (B13)

in the horizontal organization. Using the condition that v(Nle)/3 > v({i}|e;), i = 1,2, 3,
we can obtain that 7 (1,1,1) > #H(1,1,1).

Finally, we compare the common agency with the pyramidal hierarchy. From Propo-
sition 3, it is sufficient to show that the common agency in the case of Theorem 3 is
dominated by the pyramidal hierarchy. Since the incentive problem of player 3 is same in
both organizational forms, player 3 chooses e = 1 in the common agency. The payoff of
player 1 is maximized at e = (1,1,1) in the common agency. That is,

1
From the condition in Theorem 3, it follows that v(N|(1,1,1))/2 > v»({2,3}|(1,1) —
v({3}[1)/2. This implies that 7 (1,1,1) > 7% (1,1,1). Therefore, if (e2,e3) = (1,1)
can be implemented under the pyramidal hierarchy, then player 1 chooses the pyramidal

hierarchy at date 2.

Proof of Proposition 5.
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If conditions (6) and (7) are satisfied, e3 = 1 in g5 and ez = 0 in ge.
If v({2,3}](1,1)) — v({2,3}|(0,1)) > 1, then, e; = 1 in g5. Then, the payoff of player
1 in g5 is given by
v(N|(1,1,1)) —v({2,3}|(1,1)). (B15)

The payoff of player 1 in gg is
v(N(1,0,e3)) — v({2,3}](0, €3)), (B16)

where eg € {0,1}. Then, by Assumption 5, we obtain that (B15) > (B16).
If v({2,3}|(1,1)) — v({2,3}|(0,1)) < 1, then ex = 0 in g5. Therefore, the payoff of
player 1 in g5 is
v(N|(1,0,1)) — v({2,3}(0,1)). (B17)
The payoff of player 1 in g is given by (B16). If e3 = 1 in g¢0 then, we have that
(B17) = (B16). If e3 = 0 in gg, (B17) > (B16) by Assumption 5. Hence, g5 dominates
geU

Proof of Proposition 6.

Since e, and e3 are not marketable, a player in the bottom tier does not invest. Thus,
es3 = 0in g5 and e3 = 0 in gg.

Under Condition (10), a player in the middle tier of g5 and gs has a same incentive
to invest the human capital. If a player in the middle tier invest in either g5 and gg, the
payoff of player 1 in g5 is

v(N(1,1,0)) —v({2,3}|(1,0)), (B13)
and that in g is given by
v(N(1,0,1)) —v({2,3}/(0,1)). (B19)

From (9) and (10), it follows that (B18) > (B19).

If a player in the middle tier does not invest in either g5 and gg, the payoff of player
1 is same in g5 and g and that is given by v(N|(1,0,0)) — v({2, 3}|(0,0)). Hence, player
1 prefers g5 to gs.

Proof of Proposition 7.

If the investment of player 3 is marketable but that of player 2 is not marketable,
Proposition 5 implies the player 2 is superior to player 3 in equilibrium. Since the pair
of e = 0 and ez = 1 is implemented in the pyramidal hierarchy, the payoff of player 1 is
given by

i = v(N|(1,0,1)) - v(2/0) - v(3[1).
Since e2 = e3 = 1 in the vertical hierarchy, the payoff of player 1 is
" =v(N|(1,1,1)) = v({2,3}|(1,1)).
Hence, m/ > nf if and only if

v(N|(1,1,1)) = o(N|(1,0,1)) > v({2,3}[(1,1)) — v({2}|0) — v({3}|1),
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When both of investments are not marketable, the payoff of player 1 from the pyra-
midal hierarchy is represented by

= v(N|(1,0,0)) - v(2/0) - v(3]0),

because es = e3 = 0 in equilibrium. Since e; = 1 and e3 = 0 are implemented in the
vertical hierarchy, the payoff of player 1 is given by

m =v(N|(1,1,0)) - v({2,3}/(1,0)).
Therefore, 7} > #¥ if and only if
v(N[(1,1,0)) = o(N|(1,0,0)) > v({2,3}[(1,0)) = v({2}|0) — v({3}(0).
This completes the proof.

Proof of Proposition 8.

First, if both of the investments are marketable, Proposition 5 implies that the vertical
is dominated by the pyramidal hierarchy.

Next, if the investment of player 2 is not marketable and that of player 3 is marketable,
the payoff of player 1 is given by

m = v(N|(1,0,1)) —v(2|0) — v(3[1)
in the pyramidal hierarchy, and that in the vertical hierarchy is
m =v(N|(1,0,1)) - v({2,3}/(0,1)).

By Assumption 2, we can obtain that 7 > 7} .
Finally, if both of investments are not marketable, the payoff of player 1 is

w1 = v(N|(1,0,0)) —v(2|0) — v(3]0)
in the pyramidal hierarchy and that in the vertical hierarchy gs is given by
m = v(N|(1,0,0)) - v({2,3}/(0,0)).

By Assumption 2, we have 7f > 7}". Hence, the vertical hierarchy in which a player in
the middle tier does not invest is dominated by the pyramidal hierarchy.

Caluculations in Section 4.3

If as < 1, a3 > 1, player 3 chooses e3 = 1 in the pyramidal, vertical hierarchy and common
agency. Since e5 = 0 in the pyramidal hierarchy, the payoff of player 1 is

WP(]-)O: 1) =a; + 631- (C].)

If v({2,3}|(1,1)) — v({2,3}](0,1)) > 1, i.e., az + P23 > 1, player 2 chooses e; = 1 in the
vertical hierarchy. If v(N|(1,1,1)) —v(N|(1,0,1)) > 2, i.e., as + B12 + B2z + v > 2, player
2 chooses es =1 in the common agency. Thus there are four cases.

Case 1. (CKQ + ,823 Z 1 and s + 612 + 62’31 + Y Z 2)
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Player 2 chooses to invest in both organizations. Thus,
™ (1,1,1) = a1 + B2 + Ba1 + 7 (C2)
1
79 (1,1,1) = gl +az+ iz + Bas + fa1 + 7). (C3)

It follows from (C1) and (C2) that 7V (1,1,1) > 7¥(1,0,1). To form grand coalition in the
common agency, condition (12) must hold, but (12) implies that 7V (1,1,1) > 79 (1,1,1).
In the horizontal organization, it is ambiguous where player 2 and 3 invest or not. When
es = 1 and e3 = 1, player 1 gets the largest payoff in the horizontal organization. That is

1
(1,1,1) = g(al + s +az + Pi2 + Baz + B3 + 7). (C4)

By Theorem 2, one can obtain that 7¢(1,1,1) > 7/ (1,1,1). Hence, the vertical hierarchy
is chosen in this case.

Case 2. (a2 + f23 <1 and az + fi2+ 231 +7 > 2)

Player 2 chooses to invest in the common agency but not in the vertical hierarchy. Propo-
sition 8 implies that the vertical hierarchy is never chosen (7 (1,0,1) > 7V (1,0, 1)). Since
the payoff in the common agency and the horizontal organization is same as in the first
case, we have 7¢(1,1,1) > 7 (1,1,1). (13) implies that 7 (1,1,1) > 7#F(1,0,1). Hence,
the common agency is chosen in this case.

Case 3. (a2 + 23 > 1 and as + B2 + Baz +v < 2)

Player 2 chooses to invest in the vertical hierarchy but not in the common agency. From
(C1) and (C2), we have 7V (1,1,1) > 7P (1,0,1). Since 7“(1,0,1) = (1/2)(a1 + Bs1),
we can obtain that 7 (1,1,1) > 79(1,0,1). Player 2 chooses to invest in the horizontal
organization iff ais + 12 + Bazes + yes < 3, but this condition does not be satisfied in this
case. Thus, es = 0 in the horizontal organization. Player 3 chooses to invest iff (1/3)(as +
B31) > 1. If this condition does not satisfied and ez = 0, we have 7(1,0,0) = (1/3)a; <
v(1|1). Then, Theorem 2 implies that there is no SSPE in the horizontal organization.
Therefore, if there is an SSPE in the horizontal organization, (1/3)(as + 831) > 1 and
7H(1,0,1) > v(i|1) must be hold. But we can show that 7" (1,1,1) > 7/(1,0,1) by these
conditions. Hence, the vertical hierarchy is chosen in this case.

Case 4. (az + B23 <1 and as + B12 + faz +v < 2)

Player 2 doesnot invest in both organizational forms. We can get that 7p(1,0,1) >
7V (1,0,1) and 7F(1,0,1) > 79(1,0,1) immediately. By the same argument as in Case 3,
the condition which requires for an existence of an SSPE in the horizontal organization
impies that 7 (1,0,1) > 7#(1,0,1). Therefore the pyramidal hierarchy is chosen in this
case.
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Figure 1 Horizontal Organization
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Figure 5 (g < 0, a3 > 1)
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Region P: The pyramidal hierarchy is chosen.
Region V: The vertical hierarchy is chosen.
Region C: The common agency is chosen.
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