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Abstract

This paper considers effective leadership selection in a simple two-person team produc-
tion model with heterogeneous agents. We demonstrate leadership success through synergy
by showing that the existence of synergy makes effort complementary, implying that the
leader devote more effort than the follower and that a team with a leader yields greater
production than a team without a leader. We also show that, to elicit greater team pro-
duction, a principal should appoint the agent with higher (lower) opportunity cost as the
leader (follower). Even if the agents’ opportunity costs are unobservable to the principal, the
principal can select a better leader by proposing a larger position allowance for the leader.
The results may explain why many organizations indeed favor leadership styles and why
real-world leaders receive higher compensation than followers.
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1 Introduction

The issue of leadership in teams is important for many organizations (e.g., firms, sports teams,
and universities). Most of these organizations favor leadership styles and pay higher compensa-
tion to leaders in their departments or business units. Various explanations exist for the essence
and benefits of leadership. In general, an effective team leader is one who succeeds in providing
guidance, instruction, and direction to the team and motivates the team members to use their
knowledge, skills, and influence. Hermalin (2012) notes that “the essences of leadership is the
ability to induce others to follow absent the power to compel or to provide formal contractual
incentives.”

In economic theory, especially game theory, there is a famous concept of a leader called
a Stackelberg leader. Although it may be thought that the concept of a Stackelberg leader
means simply a “first mover” in some sequential-move games, a Stackelberg leader in a model of
team production (or of private provision of public goods) can capture the following important
features of a real-world leader. First, the Stackelberg leader has the power and authority to
commit his/her workload. Second, by committing his/her workload, the Stackelberg leader can
indirectly control, influence, and even motivate the followers. Finally, the Stackelberg leader
must have an informational advantage against the followers because s/he is required to expect
the followers’ reactions in advance.

However, in the conventional economic theory of team production, the Stackelberg leader’s
equilibrium behavior is not consistent with the general image of leaders’ behavior. For example,
considering a leader-follower version of the private provision of public goods, Varian (1994) shows
that a Stackelberg leader can free ride on the follower’s effort and devote smaller effort than
the follower. In his model, a first-mover advantage exists due to the strategic substitutability
between the agents’ efforts. This result implies that agents want to be a Stackelberg leader, even
if lower payments are received. Varian (1994) also shows that a team with a leader (sequential-
move game) results in smaller team achievements than a team without a leader (simultaneous-
move game), indicating that the upper organizations of the team do not favor leadership style
in teams. These results contradict the above explanations for the benefits of leadership.

Constructing a simple team production model with heterogeneous agents, we reconsider the
benefits of leadership in teams and provide a theoretical rationale for why and when leadership
style is good for teams. An important feature of our model is the incorporation of a “synergy
effect” into a conventional team production model. In our study, synergy is defined as the
interaction of two or more agents to produce an effect greater than the sum of their individual
efforts. In addition, we assume that synergy is more likely to be exerted effectively when agents
make similar efforts in their team project.! We show that the existence of synergy effect is crucial
for leadership style to be effective.

Within the above framework of the model, we first consider the question of which team
structure, a team with a leader (which we call a Stackelberg team) or a team without a leader

(which we call a Nash team), is good for teams and for a principal (or upper management). If

Tt can be justified by, for example, positive motivational effects in teams that result from peer pressure.



the leadership style is shown to be better for the principal, we next consider which agent, an
agent with high opportunity costs or an agent with low opportunity costs, should be a leader.
Then, we consider a leadership selection problem: how a principal who has imperfect knowledge
of the agents’ type can construct an effective team structure. Finally, we ask how synergies
affect the efficiency of the team and the equilibrium compensation of agents.

We find that the existence of synergy makes agents’ efforts strategic complements, implying
that a leader devotes more than a follower. Without any compensation for the leader, each agent
wants to be a follower in order to enjoy the second-mover advantages. The principal, as well
as the agents, favors a Stackelberg team because such a team yields greater team production
than a Nash team does. Therefore, the principal has to provide an additional incentive to the
agents, depending on their position (leader or follower), to build an appropriate team structure.
In addition, the agent with higher opportunity costs should be the leader in order to produce
greater team achievements.

We also find that the principal, even if s/he does not exactly know each agent’s type, can
select a desirable leader with higher opportunity costs by offering the agents an additional
payment scheme contract in which some amount of the position allowance is redistributed from
the potential follower to the potential leader. As a result, the leader’s compensation is greater
than the follower’s, as is often the case in the real world. Furthermore, we find that the stronger
the synergy is, the more effort the leader devotes than the follower, and a greater position bonus
is required to compensate the leader’s greater effort. Thus, the wage gap between the leader
and the follower increases as the synergies become more prominent. These results reconcile the
property and behavior of a Stackelberg leader in team production theory with those of a leader
in reality.

We extend the basic model by incorporating some important aspects: endogenous labor
share, voluntary leadership, larger team, larger project, and heterogeneous skills. First, we
show that the optimal labor share for maximizing the principal’s payoff is increasing in synergies,
implying that the principal (manager) should set a higher labor share of the profits for their
agents (employees) when the synergies are large. Second, we consider a situation of endogenous
leadership in which agents voluntarily decide who should be the leader to investigate what
happens in the absence of a principal. We show that in a mixed strategy Nash equilibrium of
the endogenous leadership game, a desirable Stackelberg team is the least likely to be voluntarily
organized. This result suggests the importance of the principal’s role in selecting the leader.
Third, we consider a team that consists of more than two agents. We find that the optimal team
size and the equilibrium position allowance for the leader crucially depend on the degree of scale
synergy. Fourth, incorporating various profitabilities of a team project, we investigate the effect
of a larger project on the leader’s compensation. We find that the larger the project is, the
greater the position allowance the principal should provide for the leader. Finally, incorporating
heterogeneous skill in engaging team production, we confirm the robustness of our main result
that effective leadership comes from leaders with higher opportunity costs.

This study contributes to the literature in three important ways. First, it reconciles the

model prediction of Stackelberg leaders with real-world observations of leaders without imposing



additional assumptions, such as asymmetric information and psychological factors in teams. Our
simple model incorporating the synergy effect into the traditional model of team production
shows that (i) a leader exerts greaer effort than the follower(s) to leverage the synergy effect, (ii)
leadership style is beneficial to the team and upper management, (iii) a more successful leader
is one with high opportunity costs, and (iv) the leader’s compensation should be greater than
that of the follower(s). Second, this study briefly points out that the degree of synergy is crucial
for leadership style to be effective. Finally, by building a model in which the team leader is
appointed by a principal outside the team, who may not have information about the agents’
type, it provides a theoretical foundation on how a leader’s high rewards are rationalized and
how important it is for the leader to be selected by the principal.

This paper is organized as follows. Section 2 reviews the related literature. Section 3 presents
the basic structure of the model. Section 4 considers the benefits of leadership by comparing the
equilibria of Nash and Stackelberg games. Section 5 considers leadership selection by a principal
and characterizes the subgame-perfect Nash equilibrium of the full game. Section 6 considers

various extensions of the analysis, and Section 7 concludes the paper.

2 Related literature

The conventional team production model has qualitatively similar features with the standard
model of private provision of public goods, such as Bergstrom et al. (1986). As mentioned in the
Introduction, Varian (1994) considers a leader-follower structure and shows that a Stackelberg
leader free rides on a follower’s contribution; therefore, the leader-follower style produces less
than the Nash style. His results come from the strategic substitutability of agents’ effort: the
total is equal to the sum of the agents’ efforts, that is, there is no synergy in teams.? Romano
and Yilldrim (2001) and Kempf and Rota-Graziosi (2010) consider voluntary leadership in a
two-player public-good model by applying an endogenous timing game developed by Hamilton
and Slutsky (1990). They find that a leader-follower style can endogenously emerge when the
agents’ contributions exhibit strategic complementarity. Incorporating ‘conformity preferences’,
in which agents dislike effort differentials, into a two-player team production model, Huck and
Rey-Biel (2006) confirm that beneficial leadership can endogenously arise.® In contrast to these
studies, our study explicitly attributes the complementary team to the existence of synergy in

effort.* In addition, our study focuses on leadership selection by an outside coordinator (i.e., a

2 Andreoni (1998) considers increasing returns at low levels of provision of public good and shows that an
announcement of ‘leadership giving’” may be effective in eliciting greater contributions from the followers. The
property of increasing returns comes from a minimum threshold for the production of the public good. In our
study, team production exhibits increasing returns stemming from the existence of synergy in effort.

3For more theoretical and experimental studies on leadership that consider various psychological factors, see
Potters et al. (2005), Potters et al. (2007), Gachter et al. (2010), Arbak and Villeval (2013), and Amegashie
(2016).

“Vislie (1994) considers the optimal sharing rule in an extreme case in which efforts are strict complements in
team production. In contrast, our study considers a team production function in which the degree of complemen-

tarity varies depending on the degree of synergy.



principal) who can design a compensation system for the agents rather than leadership selection
by team members (i.e., agents).

Our study considers heterogeneous agents in terms of their opportunity costs for team pro-
duction. Some studies on the simultaneous-move game of the private provision of public goods
explicitly incorporate heterogeneous agents and provide interesting result on the strategic ad-
vantages of being less skilled, in which agents may have an incentive to remain unskilled (e.g.,
Buchholz and Konrad (1994, 1995), Thori (1996), Buchholz et al. (1998), and Hattori (2005)).
However, recent studies, such as Hattori and Yamada (2018) and Buchholz and Eichenseer
(2019), show that a leadership style may enhance team performance in the long run because
a leader never has the strategic advantage of being less skilled. Compared to these studies,
our study considers a complementary team in which no agent has such strategic advantages;
therefore, leadership style is beneficial even in the short run.

In the paper perhaps most closely related to ours, Bose et al. (2010) considers leader-follower
style in a team production model with (two) symmetric agents. They show that when contri-
butions are strategic complements, a principal (a manager) can enjoy the benefits of leadership
by paying less for the leader than the follower. As a result of lower compensation, the leader is
worse off than the follower, which implies that neither agent wants to be the leader. This result
comes from the assumption that the leadership role is determined by a principal who has perfect
information of the agents’ type. By contrast, in our study, the leadership role is determined by
a principal who does not know the agents’ type to satisfy the incentive constraint for each agent.
Because the complementarity in effort generates the first-mover disadvantage, higher payment
is required to encourage the agents to voluntarily step forward as a leader.

In the literature of organizational economics, path-breaking studies of Hermalin (1998) con-
sider a Stackelberg leader in team production who has privileged information about what a
team should do. He shows that the Stackelberg leader will make greater contributions to signal
the high value of the team project, i.e., the leader leads by example. Since then, a variety of
studies have focused on the informational aspect of the leadership role. For example, Vesterlund
(2003) and Andreoni (2006) provide a signaling explanation for leadership giving in charitable
fundraising. They find that the announcement of a contribution to a charity by a first giver
reveals the charity to be high quality to subsequent givers. Komai et al. (2007) consider a
signaling model of team production and show that restricting (or centralizing) information to
a leader can induce followers to work harder and improve efficiency.® The common feature of
these studies is asymmetric information between agents (i.e., leader(s) and follower(s)) within
a team. By contrast, our model explores a situation in which there is information asymmetry
between agents and a principal outside the team but no information asymmetry within a team.
This assumption simplifies the strategic relationship between agents and allows us to explicitly

analyze the process in which a superior (principal) selects leaders of subordinate teams.

SFor more studies focusing on the informational aspect of the leadership role, see Kobayashi and Suehiro
(2005), Zhou (2016), and Cato and Ishihara (2017).



3 The model

Consider two agents, 1 and 2, contributing to a team project. The achievement of the team

G= Y gita [] (1)

i€{1,2} 1e{1,2}

project, GG, is defined by

where g; represents agent i’s (i € {1,2}) effort on the team project and o > 0 represents the
degree of synergy. If a = 0, team achievements are given by the sum of the efforts, as in most of
the literature. In our setting of a > 0, assuming the sum of each agent’s effort to be fixed, the
more similar the efforts, the greater the total production that can be achieved. For example, if
g1 = 5 and go = 5, then G = 10 + 25«, which is strictly greater than G = 10 + 16« if g; = 2
and go = 8. This simple specification of the team production function captures the important
features of synergies and makes the analysis tractable. We also assume that the individual
efforts are not verifiable for the principal and, therefore, contracts cannot be written contingent
on them.%

Fach agent i’s payoff is defined by

B

where 3 € [0, 1] represents the labor (or wage) share, i.e., the fraction of joint profits from the
team project allocated equally to the agents (thus, each agent receives a [3/2 fraction of the
joint profits), and by represents a position allowance based on the agent’s role k = {L, F'} (L
stands for the position of a leader and F' for the position of a follower). The position allowance
by depends only on the agent’s role and is independent of their effort. The position allowances,
by, and bp, may take positive or negative values.”

In Eq. (2), ¢; represents agent i’s “opportunity cost” parameter; thus, the term ¢; g? represents
agent ¢’s total opportunity cost or sacrificed value of engaging in the team project, e.g., the
subjective value of leisure and the profits from engaging in an alternative project. Therefore,
a higher value of ¢; implies that agent ¢ has higher status (because leisure is more important)
or holds many other profitable jobs. Agents may have a different opportunity cost parameter
¢i, which is perfectly known for both agents. However, the principal (she) does not know each
agent’s opportunity cost parameter.

The principal does not directly engage in the team project and serves only as a coordinator
in choosing the team structure (Nash horizontal team or Stackelberg vertical team) and, if

necessary, appointing one agent as the leader. The principal allocates the g € (0, 1) fraction of

5There are two ways to interpret the nature of the synergy in our specification of the team production function.
One interpretation is that synergy captures the degree to which the whole is greater than the sum of the efforts
exerted by agents who perform the same task. Another interpretation is that synergy broadly captures the degree
of complementarity in efforts exerted by agents who share different tasks. For example, synergy includes a team
in sports where players play different roles, such as forward and defense players in soccer, a team of salespersons
and administrative staffs, and workers assembling different parts on a production line.

"Note that there is no need for the principal to pay this additional compensation to the agents when she

decides to organize a Nash (horizontal) team.



Nash team

Principal

Interim Stage:

Stackelberg agents’ role, b, , and

team

by are determined.

Figure 1: Game tree of leadership selection and team production

the team achievements equally to agents and the (1 — ) fraction to the principal herself. In
addition, she can pay the position allowances for the leader and the follower, b7, and bp, when
she decides to organize the agents into a Stackelberg team. Therefore, the principal’s problem

is to coordinate the team and design the compensation scheme to maximize her payoff:
Up=(1-p5)G—br—bp.

The game structure is illustrated in Figure 1. In the first stage, the principal chooses whether
to employ a leadership style. When she decides to organize a Nash team, the agents engage
in a simultaneous-move team production game in the subsequent stage without any position
allowances offered by the principal.® When she decides to organize a Stackelberg team, she
appoints one of the two agents as the leader of the team via an auction-like procedure and
proposes a position allowance scheme to the designated leader and the follower in the interim
stage. Then, given the agents’ roles and the determined position allowances, the agents engage

in a sequential-move team production game in the subsequent stage.

4 The benefits of leadership

In this section, we consider the benefits of leadership by comparing the second-stage equilibria

for Nash and (two types of) Stackelberg teams.

4.1 A team without a leader (Nash team)

In a team without a leader, each agent i simultaneously chooses her/his contribution, g;, to
maximize her/his payoff, U;, taking the other agent’s choice of g; (j # i) as given. Solving

the payoff maximization problem, we obtain the following reaction function from the first-order

81n the figure, the dotted loop represents the information set of agent 2, indicating that agents 1 and 2 play a

simultaneous-move team production game on a Nash team.



condition:

gi (g) = f (1+ag;). 3)

where the second-order condition is satisfied (—2¢; < 0). The reaction function shows that the
agents’ efforts are strategic complements (dg;/dg; > 0) for e > 0. Note that if « is zero, there
are no strategic interdependencies between agents.

The following assumption ensures the uniqueness and stability of the equilibrium:

Assumption 1 8cicy > o2
Solving the above reaction functions, we derive the equilibrium efforts as

B (aB + 4c))

giN = 16¢ic; — a2pB?

We denote the equilibrium value of this Nash team-production game by a subscript N. We find
that g1y < gan holds for ¢; > ¢, indicating that an agent with a greater opportunity cost
parameter devotes less effort than an agent with a smaller one.
The equilibrium team achievement, G, and equilibrium payoffs for agent i, U;n, can be
obtained by
B [160162 (4cq + 4co + 3a) — a363]
On = (16¢1co — a?2)? ’ )
B2 [32c1e2 (¢; + 2¢j + aff) — o252 (2¢; + af3)]

Un = . 5
N 2 (16¢1¢y — a232)? (%)

4.2 A team with a leader (Stackelberg team)

In a team with a leader, one agent acts as the first mover and chooses her/his contribution to
the team project first. The other agent acts as a second mover: the second mover observes
the decision of the first mover and then chooses her/his contribution. That is, we consider
the equilibrium in the Stackelberg team-production game. We denote the Stackelberg team-
production model by S. Each agent is indexed by ik (i € {1,2}, i # j, and k € {L, F'}), where
L denotes a leader and F' denotes a follower. By backward induction, we first solve agent jF’s
problem given agent iL’s contribution, g;;,. Agent jF'’s reaction function is the same as Eq.(3),
so agent ¢L chooses g;;, to maximize U;;, in anticipation of agent jF’s reaction. Solving the

problem, we derive the leader’s and follower’s contribution in the equilibrium as

B (2¢j + ap) B [2¢i + (1/2)af)]

=————> and gjp=
8cico — o232 J 8cico — o232

9iL

Result 1 For a >0, (i) gir. > gir > gin, (1) gir. > gjF if c1 = c2, (ii1) ag—c’f > ag%'

The first assertion indicates that an agent will exert more effort if he is in the leader position,
which is obvious from the strategic complementarity of agents’ effort. Assertion (ii) simply shows

that the leader devotes more effort than the follower if both agents have the same opportunity



cost parameter. Assertion (iii) states that the effect of synergy on the leader’s effort is greater
than the effect on the follower’s effort.

The equilibrium team achievement, Gg, can be obtained as

B [16c1es (1 + 2+ aB) — a?B (¢j + ap)]

(8cieg — a2B2)2

S =

Then, we obtain the equilibrium payoffs as

B2 (2¢; + ¢j + afB)
UiL = - ! 222 + bL,
16c1co — 20203

B% [8cica (2¢; + 4cj + 3aB) — B2 (3¢j + 2a))
4 (8cieq — a?f3?)

Result 2 Fora >0, U, < U;r if b = 0.

This result indicates that in the absence of position allowances, each agent wants to be a follower

(rather than a leader) in our complementary team model.

4.3 Nash versus Stackelberg teams

We consider the benefits of leadership for both the principal and the team as a whole. Because the
agents can have heterogeneous opportunity cost parameters, there are two types of Stackelberg
team. In the following, we describe a team in which agent 1 is a leader (follower) and agent 2
is a follower (leader) as a team LF (FL). Comparing the equilibrium team achievements under
the Nash and two Stackelberg teams (LF and FL), we obtain the following result:

Result 3 For a > 0, (Z) GLF > GFL > GN ifcl > co, (ii) GLF = GFL > GN ifcl = C2.

The results imply that the two Stackelberg teams produce more than the Nash team; therefore,
the principal favors the leadership style. Moreover, the principal should, if she can, select
the agent with higher opportunity cost as the leader because assigning the agent with a lower
opportunity cost as a follower increases the leader’s marginal benefits of effort, reduces the effort
gap between the leader and the follower compared to the opposite case, and enhances the synergy
effect.

Result 4 Fora > 0 andbg =0, (i) Uir > U;r, > Uiy Vi, (1i) Up(Grr) > Up(Grr) > Up(GnN)
ifcl > C9.

This result confirms that all the players (the principal and both agents) strictly prefer a Stackel-
berg team to a Nash team in the absence of any position allowances. The next section considers
the optimal choices of team structure and leader made by the principal.

For o > 0, it holds that

a?B3(c1 — e2)

>0 if e > e
(8creg — 04262)2 ! 2

Grr — Grp =



d(Grr — Grr)
d(c; — ¢2)

This result implies that the difference in team achievement between effective and ineffective

Result 5 For a > 0, > 0 holds if ¢c1 > co.

leadership styles is an increasing function of the difference in opportunity costs between agents.
Therefor, the principal’s choice of a leader is more important when the agents are more diverse.

Finally, when there is no synergy in a team project (i.e., « = 0), the equilibrium team
achievements and payoffs are both independent of the team structure because there is no strategic
interdependence between agents. In addition, the advantages of the leadership style increases as

the synergy effect increases. These results indicate that synergy is critical to effective leadership.

5 Effective leadership selection by a principal

This section considers the leadership selection by a principal. As shown in the last section, a
Stackelberg team with a leader who has higher opportunity cost is better for the principal, but
the problem is how she can select the appropriate leader by choosing b7, and bp, the position
allowances for the leader and the follower, without knowing the types of the agents.

We consider a simple procedure for selecting a leader: (i) The principal announces that
b amount of wages will be redistributed from a potential follower to a potential leader, i.e.,
b =b>0and by = —b < 0.9 (ii) The principal requests each agent i to simultaneously report
¢i € [0,00), which is the amount of compensation (that should be transferred from a follower)
required for agent i to become the leader on the promise that the agent who reports lower ¢ will
be selected as the leader. That is, if ¢1 < ¢, then agent 1 is selected as the leader and receives
¢1 from agent 2.1 This procedure is similar to open competitive bidding in procurement.

In the following, we derive the Nash equilibrium of the above auction-like procedure for
selecting a leader. First, agent 7’s minimum position allowance (transfer from the follower) that

is required for himself to be a leader, b;, should satisfy
UiL‘bL:Bi - UiF}bF:—Bi’

which yields the following:
z aB3{8cica + (2¢j + ¢;)aB}
‘ 8 (8creg — 01252)2 .

Then, we have by < by if ¢; > ¢y, which implies that an agent with higher opportunity cost is

willing to be a leader with a lower position allowance.
Now we have the following result regarding the equilibrium position allowance (transfer from

the follower to the leader) to select effective leadership. The proof is given in the Appendix.

Result 6 In our auction-like procedure for selecting a leader (and follower), b% = max|b;, b;]

and by, = —b} constitute the equilibrium position allowances for selecting effective leadership.

9This simplification implies a payoff-neutral position allowance for the principal, which enables us to focus on

the effect of the additional monetary incentives for agents’ roles.
107f their reported valuations are the same (¢ = ¢2), the principal should randomly select one agent as the

leader.

10



If ¢; > cg, in equilibrium, agent 1 reports a slightly lower value of by (i.e., ¢1 = max|[by, bo] — € =
by — €, with € > 0 small enough) and agent 2 reports any value equal to or greater than by (i.e.,
Pa € [52,00). Thus, the principal selects agent 1 as the leader and pays position allowances
b = by (ignoring €) and by = —by.!! In the following, we denote the subgame-perfect Nash
equilibrium values of the full game with an asterisk over the variable.

Two remarks concerning the procedure of effective leadership selection may be of interest.
First, we have assumed the position allowances to be simply a transfer from the follower to the
leader (i.e., neutral for the principal). The reason for this assumption is that if the principal pays
a reward only to the leader in order to select effective leadership, the principal cannot be better
off than under random leadership selection without any position allowances. Notably, effective
leadership selection is possible even when position allowances are not necessarily neutral for the
principal, as long as the gains for the principal from having effective leadership outweigh the
net payments to the agents (i.e., as long as (1 — 8)Grr — (1 — B)(Gprr + GLr)/2 > by, + b for
c1 > co). 2

Second, under the equilibrium levels of b7 and b}, an agent who has lower opportunity cost
is indifferent to being a leader or a follower while an agent who has higher opportunity cost
strictly prefers to be a leader. As a result, comparing the equilibrium payoffs for the leader with

those for the follower, we have

(c1 —2)B?
16c1co — 20232

UikL—UQ*FZ >0 for c1 > Ca,

which implies that the position allowance overcomes the first-mover disadvantage for the leader

shown in Result 2 and even allows the leader to be better off than the follower.
Because the rewards from the team achievement are the same for the leader and the follower,
the equilibrium wage gap between them is simply 2b7. Then, we have

db; B [(deica + B (2c1 + ¢2)) (8cica + 02B2) + 8cic2a? 2] <0
da 4(8cica — a282)? ’
2y B[(2cica + 2c107B%) (32c5 + 24c2a8 4 30° B7) + 2cics (168c2aB + 6102 B% + 64cica) + 3eaa* 5] >0
da? - 4 (8cica — a2ﬁ2)4 .
.\ dbt .y d2by
Result 7 (i) ;£ >0, (i) o > 0.

This result shows that the equilibrium wage premium for the leader is increasing and convex in
synergy. The result is intuitive. The stronger the synergy is, the greater the effort made by the

leader than the follower, as shown in Result 1-(iii). To give agents an incentive to be the leader,

"This procedure for leadership selection is obviously strategy proof, meaning that the dominant strategy of

each agent i is to report his true value of ¢; because there is no private information between agents.
12Tn the two-agent Stackelberg game of the private provision of public goods, Buchholz et al. (1997) show that

the follower may have an incentive to make monetary transfers to the leader to eliminate the leader’s free-riding
incentives. They also show that the monetary transfer generates a Pareto superior outcome that benefits both
agents. Although the mechanism is quite different, a redistribution of compensation from the follower to the
leader (i.e., a position allowance) enables a principal to organize a Pareto-superior Stackelberg team in our model

of team production with complementary inputs.

11



the principal should compensate the leader’s effort by increasing the position allowance for the
leader.

Finally, we investigate the effect of a marginal decrease in the follower’s opportunity cost
on the equilibrium wage gap between the leader and the follower. A decrease in the follower’s
opportunity cost may represent a situation in which the follower becomes more specialized in
the team project. We have already shown that when ¢; > c¢s, agent 2 will be the follower. Thus,
we have

dby aB? [a?’BS + 8craB (c2 + aB) + 32¢2 (2c2 + a,@)]
Cdey 8 (8¢1eg — a2ﬁ2)3

which indicates that a marginal decrease in the follower’s opportunity cost increases the equi-

> 0,

librium wage gap between the leader and the follower.

Result 8 For a > 0, LAY

dco

This result shows that the more specialized the follower is in the team project, the greater the
compensation of the leader and the larger the wage gap. Although the improvement of the
follower’s expertise increases the team output, it also increases the position allowance required
for the follower to being the leader. Therefore, the benefits are exploited more by the leader of
the team than by the follower.

6 Extensions

In this section, we consider some extensions of our basic model: endogenous labor share, volun-

tary leadership, larger team, larger project, and heterogeneous skills.

6.1 Optimal labor share for management

This subsection investigates the relationship between the optimal labor share for the principal
and the degree of synergy. The equilibrium payoff for the principal obtained in the previous
section is Up(«, B) = (1 — B)Grr(a, B) if ¢1 > cp. Thus, the optimal labor share (8] ) that

maximizes the principal’s payoff is given by the first-order condition:

oUp(a, B) 0GLr

—— L = G+ (1—-6jp)——— =0, 7
where the first term is the negative direct effect of decreased dividend and the second term is the
positive indirect effect of the agents’ improved motivations for the team project. The optimal

labor share 5} 5 is necessarily interior (5} € (0,1)) because

8le(Oév /8) ' _ 8C"VLF' >0 and aUP(a7 ﬂ)
8ﬁ B=0 aﬁ 8/8 B=1
Furthermore, if & = 0, then team achievement is a linear function of § (as in Eq. (6)), and it
holds that S(0GLr/0B) = Grr. Then, the above first-order condition can be written as

OUp(a, B)
op

=-Grr <O.

= (Bip) L GLr (1 —2Bp) =0,

a=0
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Figure 2: The labor share and the principal’s payoff under team LF

No synergies (left): ¢; = 3, ¢a = 2, a = 0; Large synergies (right): ¢; =3, =2, a=5

which reduces to the maximum /7 , = 1/2. We also find that ] , becomes greater than 1/2 for

a > 0 because

OGLr afB? (2ca + af) [646%02 + af (240102 - a2,6’2)]
B B (8cico — a232)?

holds for positive synergy. Now, we have the following result.

>0

Result 9 57, >1/2 for a > 0.

Fig. 2 illustrates the relationship between the principal’s payoff with effective leadership, Up,
and the labor share, 5. As shown in the left panel of the figure, the labor share that maximizes
the principal’s payoffs is 1/2 when there is no synergy. From the right panel of the figure, we
see that the stronger the synergy is, the larger the labor share the principal should choose. Note
that the principal cannot set the labor share at exactly the optimal level because, in our model
setting, she does not know the agents’ cost parameters.

The following result compares the optimal labor share under the desirable leadership style
(B} ) with that under a Nash team (S ).

Result 10 For o> 0, 875 > ON.

The proof is in the Appendix. The results show that the optimal labor share for a Stackelberg
team is greater than that for a Nash team.!® In the right panel of Fig. 2, the dotted curve
represents the principal’s payoff when a Nash team is organized. The optimal labor share in
the case of a Nash team Sy is lower than that in the case of a Stackelberg team. Therefore,
leadership style is beneficial for agents not only through the direct effects of increased compen-
sation from increased team achievement but also through the indirect effects of an increase in

the organization’s labor share.

13Intuitively, the result comes from the fact that the elasticity of team output with respect to labor incentives
(share) Ex = ‘r’g—ﬁk . & is greater under a team with leadership than under a team without leadership (i.e.,

Err > En).
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A1\A2 Leads Follows
Leads | UN,UY | Uir, Usp
Follows | Uir, Uy, | UY, UY

Table 1: Payoff matrix of endogenous timing in team production

6.2 Voluntary leadership

Here, we consider the case of voluntary leadership in which agents autonomously coordinate
their role (leader or follower) in the absence of an outside coordinator (principal). We apply the
endogenous timing game developed by Hamilton and Slutsky (1990) in which two agents non-
cooperatively choose their preference between moving early or late in team production stage.
If both agents choose to move early (strategy Leads) or to move late (strategy Follows), a
Nash (simultaneous-move) team production will take place. If one agent chooses Leads and the
other chooses Follows, a Stackelberg (sequential-move) team production will take place. Table
1 represents the normal form representation of the timing game.

From Result 4, each agent’s best responses are underlined in the payoff matrix. We imme-
diately find that two sequential-move situations (leadership styles) are Nash equilibria of the
voluntary leadership game.

Now, we derive the mixed strategy Nash equilibrium. Let P;; and P, = 1 — P;;, be the
probability that agent ¢ chooses Leads and Follows, respectively. The equilibrium probability

can be obtained as

ik Uir +Ujr, —2UjN~

After some manipulations, we have

* 2= (e ) a357 [128%0% +af(e1 + c2) (320102 _ a2ﬁ2)]
iL 5L = —\& — ¢ 8(80162 _ O[2IB2)3(166102 — 042,62)2 .

From Assumption 1, we obtain the following result:

Result 11 In the mized-strategy Nash equilibrium of the voluntary leadership game, Pf; < P5;
holds for c1 > co.

This result implies that the agent who has lower opportunity cost is more likely to choose Leads
than the agent who has higher one does.

In the numerical example of ¢; = 3,¢0 = 2,0 = 8,8 = 1/2, we have the mixed strategy
equilibrium as PJ; = 0.151 and P;; = 0.175. This indicates the probability for an effective
leadership to be formed is P}; - Py = 0.124, which is lower than the probability for an ineffective
leadership to be formed, P, - P5; = 0.149. In this case, even worse, the most ineffective Nash
team is formed for probability 0.727.

Next, to select one of the two Nash equilibria shown in Table 1, we apply the concept of risk
dominance formulated by Harsanyi and Selten (1988). The equilibrium {1,2} = {Leads, Follows}

14



risk dominates the equilibrium {1,2} = {Follows, Leads} if the former is associated with the

larger product of deviation losses {2: the condition is

Q= (Ui — Uin) (Uzr — Uan) — (Urr — Uin) (U2 — Uan) > 0.
After some manipulations, we have

Q_ a3’ [1280%0% + af (c1 + c2) (320102 — azﬁz)]
= (a-c) 8(8crea — a22)3(16¢1c2 — a?52)?

} >0 & ¢ >0

Result 12 A team with efficient leadership is the risk dominant Nash equilibrium of the volun-

tary leadership game.

Results 11 and 12 emphasizes the importance of a principal’s role in coordinating teams.
Result 11 shows that, in the absence of a principal, the efficient leadership team is the least
likely to be autonomously formed by the agents. Although Result 12 indicates the efficient
leadership team may be evolutionally stable and be voluntarily formed by the agents in the
long run, the important thing is that, even if a principal lacks information about the agents’

opportunity costs, she can induce the efficient outcome by constructing simple reward schemes.

6.3 Large team

Here, we consider teams of more than two agents to investigate the effect of team size on the
equilibrium values. We also show that the optimal team size that maximizes team performance
crucially depends on the magnitude of the synergies. Our results provide a theoretical rationale
of how team size is determined and why some leaders of larger teams receive higher rewards
than other leaders of smaller teams.

We modify some model assumptions to make the analysis tractable. First, we focus on the
situation of a Stackelberg team (a leader-follower situation) with n > 2 agents (one leader and
n — 1 followers), in which the n — 1 followers simultaneously decide their effort after the leader

first decides his effort. Second, we modify the team production function (Eq. (1)) as

n—1 n—1
G=gr+ Y gir+aln) (gL X ng> ;
=1 =1

where g7, and g;r represent, respectively, the leader’s and follower ¢’s efforts on the team project
and the function «(n) represents the degree of synergy, which is dependent on the team size.
The formulation of the team production function assumes that synergy arises between different
positions, i.e., between the leader and followers, and not among followers. The function «f(-)
captures the effect of the number of followers on the degree of synergy. The synergy function
is assumed to have o/ > 0, o’ < 0 and constant elasticity o4, = na/(n)/a(n) > 0. The
formulation simplifies the analysis, as shown later. Third, agents are assumed to have the same
opportunity costs, meaning that they differ only in their position, i.e., leading or following.
The payoffs of the leader and each follower i are given by
s

n

Ug, G—cg%—FbL and UingG—cg?F—FbiF,
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where g; and g;;, are, respectively, the leader’s and follower i’s efforts and b; and bp are,
respectively, the position allowances for the leader and each follower. As before, we assume that
the position allowances are neutral for the principal such that by, + > ;" Ly, ir = 0, implying
bir = —br/(n—1).

From the first-order conditions for follower ¢’s problem, we have the following reaction func-

tion for follower 7:
B[1+ a(n)gr]

— -3 =
9iF ir(gr) Som

I

which implies that there are no strategic interdependences among followers. The slope of the

reaction function has the following property

dRip _ a(n)B > >
W = 20n2 (Ua,n — 1) = 0 fOI' O'Oém = 1,

where 04, = na/(n)/a(n) is the elasticity of the synergy function with respect to the size of the
team, which we call the degree of scale synergy. If the synergy function is elastic (scale synergy is
strong), an increase in team size increases the slop of the followers’ reaction function. In the case
of constant synergy, as assumed in the basic model (i.e., 04, = 0 or zero scale synergy), a larger
team necessarily makes the followers’ reaction function flatter, which discourages contribution
by the followers.

The following assumption is made in this subsection only to ensure the uniqueness and

stability of the equilibrium.

Assumption 2 ¢ =2c¢2n? — (n — 1) (a(n))2 8%>0

From the first-order condition of the leader’s problem, we have the following equilibrium

efforts for the leader and followers:

Blen+ (n—1a(n)f] Blen+ (1/2)a(n)s]

g* = and g;k = )
- ¢ " ¢
which indicate that g7 > g% holds for all n > 2.
Then, we have
dg; g
dinL = _n7§2 [771 — N2 Ua,n]v (8)
dg; p
an = —W [773 — N4 O'a,n:| ) 9)

where

m = enfé + (n— 2)a(n)B 2en + a(n)8)] > 0,
= (0~ Da(B e+ 203 en + (- a(mB)] >0
m = a(m)fg + € + (n —2) (a(n)) 2] (2en + a(n)B) > 0,
m = a(m)B [ +2(n — a(m)B(2en + a(n)8)] > 0.

The signs of Egs. 8 and 9 depend on the magnitude of the scale synergy. If o, is zero (i.e.,

a(n) = const.), then an increase in team size necessarily decreases all agents’ efforts. However,
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if the scale synergy is somewhat strong, an increase in team size encourages all agents to devote

greater effort.

Result 13 dgj /dn < (>)0 and dg}p/dn < (>)0 for small (large) ooy .

Increasing team size has conflicting effects on agents’ incentives to exert effort. An increase
in the number of followers increases the followers’ total efforts and thus strengthens the synergy
effect, which incentivizes the leader to contribute more. However, increasing team size reduces
the reward from team achievement per agent, which discourages agents from contributing to the
team project.'4
One interesting question is how the size of the team affects the relative effort gap between

the leader and each follower. We have

4(5)  2a(m)fBet (20— Doan + o))

dn 2en + a(n)B)?

> 0,

which indicates that a leader of a larger team exerts more effort than the followers.

Result 14 d (g7 /g9/r) /dn > 0 for all n > 2.

The equilibrium team achievement Gg is given by

Co— Blen+2(n — 1)a(n)B] (2¢*n? + §)
5= 262 .

Then, we derive the equilibrium position allowances. Because the agents are symmetric,
except for their position, the equilibrium position allowance for a leader b7 can be determined
such that

UL|bL:b2 = UiF’bp:—b’i/(n—l)'
Solving the above equation, we have

c(n —1)(2n — 3)a(n)B2 [4en + (2n — 1)a(n)A]
4ng? ’

by = (10)

We have the following comparative static result.

Result 15 dbj /dn > (<) 0 for large (small) o4 pn and n > 3.

The proof is in the Appendix. The equilibrium position allowance for the leader is decreasing
(increasing) in team size if n > 3 and o, is small (large).
Finally, we derive the optimal team size that maximizes the equilibrium team achievement.
From the equilibrium values of g7 and g/, we have
dGy _ a(n)p?

“dn I3 [775 *Oamn — 776]

14This result is similar to that of McGinty (2014), who investigates the relationship between equilibrium ef-
fort and team size in a team production model with a CES production function. He shows that equilibrium
effort is increasing in team size and that effort levels are strategic complements when returns to scale dominate

substitutability. The return to scale in his study is similar to the scale synergy in our study.
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n5 = 2(n— 1) [en + (n — 1) Ba(n)] [8c*n® + (£ + 4¢?n?) Ba(n)] > 0,
ne = 16¢*n(n — 2) + 2¢3n3 (3—10n+ 4n2) a(n)B + e(n —1)n (a(n))® 8 Z 0,

It is shown that g = —2ca(2)?8% (8¢* — a(2)*8?) < 0 holds when n = 2 (the smallest possible
team), and 7 > 0 necessarily holds for n > 3. Therefore, dG%/dn > 0 holds when n = 2.
Then, consider the case of 0, = 0 (zero scale synergy). In this case, the optimal team size, n*,
that maximize G lies in n* € [2,3]. Thus, the smallest possible team (n = 2 or 3) is optimal,
ignoring integer constraints, when o, ,, is sufficiently small. Since 75 is necessarily positive, the

larger the value of o,y is, the larger the optimal team size n*.

Result 16 dn*/do,,, > 0.

The result is quite intuitive: a lager team is optimal for the principal when the scale synergy
is stronger. Interestingly, a locally optimal team size for maximizing team achievement exists
when o, 5, has an intermediate value.

Figure 4 confirms the results via numerical simulations for different degrees of scale synergy
(zero, weak, and strong scale synergies). As shown in Result 13, the left panels illustrate that
the leader’s and followers’ efforts are decreasing in team size for zero or weak scale synergy (the
cases of (i) and (ii)) but may be increasing for strong scale synergy (the case of (iii)). The right
panels illustrate the equilibrium position allowances for the leader, as shown in Result 15, where
b} has the maximum for n € (2,3) for zero or weak scale synergy and is increasing for strong
scale synergy. We can see from the three left and right panels that the position allowances for
the leader should be paid to fill the gap between the efforts of the leader and the follower.

The middle three panels in Figure 4 illustrate that the equilibrium team achievement is
decreasing and increasing in team size for zero and strong scale synergies, respectively, and has
an inverted U shape for weak scale synergy. In other words, the smallest (largest) possible team
is optimal for the principal when the scale synergy is small (large), and an optimal interior team
size exists (n* = 5.79 ~ 6 in this example) for weak scale synergy.

In summary, strong scale synergy increases the optimal team size, which also increases the

rewards for the leader by increasing the effort gap between the leader and the followers.

6.4 Leader on a larger project

Here, we consider how the profitability of a team project affects the compensation for a leader.
We extend the basic model by incorporating a profitability parameter X into the team production
function given in Eq. (1):
G=M\- Zgi-f-ozHgi ,
1€{1,2} 1€{1,2}
where A > 0 measures the profitability of the team project and A = 1 corresponds to the basic
model.

The introduction of the profitability of the team project does not change our results qualita-

tively, so we focus on the effect on the efforts and position allowance in subgame-perfect Nash
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Figure 4: Large team: The case for zero, weak, and strong scale synergies

equilibrium.
If ¢1 > c9, then a Stackelberg team under agent 1’s leadership is the desirable for the principal,
as in the basic case. In this case, the equilibrium efforts are given by

« _ BA(2c2+ap)) and e — B (2¢1 + (1/2)aSN)
giL = 8cieo — a2 B2)\2 J2r = cieo — a2fB2N2 7

where 8cicp — a232A? > 0 by assumption. The larger the project is, the more effort both agents
will put in. Then, the realteive effort gap between the leader and the follower, gi; /g3, has the

following property

giL
d(QEF) ___ 4o (2¢1 —¢2) >0
d\ (dey +apr)2 "t o

which indicates that the leader exerts more effort than the follower as the project is more

profitable.
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Second, the equilibrium position allowance for the leader and the follower are given by

aB3A3 [8cica(2e1 + c2)aBA]

b = and by = —b].
8 (8cicy — a232)2)?
Then, we have
@ _ 2¢1coa B3 N2 [24cico + afA (8c1 + 4ea + affN)] >0
dX (8cica — a232)2)° ’
d?v; B 2c1ca083\ [(80102 + oz2/32/\2) ((2c2 + aBA) (12¢1 + af) + deaaBN) + 320102042B2)\2} >0
dxz (8cica — a?32A2)4 '

Result 17 For a >0, (i) db} /d\ > 0, (ii) d*b} /dN\* > 0.

This result indicates that the leader on the twice profitable project will receive more than twice

the position allowance, which also increases the wage gap between the leader and the follower.

6.5 Heterogenous skill

In the basic model, the agents are assumed to be heterogeneous only in their opportunity costs.
However, in real-world situations of team work, heterogeneity in skill or productivity among
agents is also considered to be important for effective team management. This subsection incor-
porates heterogeneity in skill into the model and checks the robustness of the results obtained
in the main body.

The team production function of Eq. (1) is modified as

G= > rgita [[ mg
ie{1,2} ic{1,2}

where k; > 0 represents the skill parameter of agent 1.

The following result is worth noting.

Result 18 A Stackelberg team under agent i’s leadership yields greater team achievement than

a Stackelberg team under agent j’s leadership if

C; Kj
(2 (2
Cj H‘]

The result implies that, even if agent 1 has higher skills than agent 2 (i.e., k1 > K2), the
Stackelberg team under agent 1’s leadership is more effective than the Stackelberg team under
agent 2’s leadership as long as agent 1 has much higher opportunity cost. For example, when
k1 = 2 and kg = 1, the condition ¢; > 4¢y is sufficient for team LF' (with agent 1’s leadership)
to be the effective leadership style.

In general, leaders’ opportunity cost for certain team projects is higher than other members’
opportunity cost, which is considered to outweigh the leaders’ superiority in skills for the team
project. Therefore, out main result that agents with higher opportunity cost should be the

leader is also robust when we take heterogeneous skills into account.
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7 Concluding remarks

Leadership styles are widely believed to be important for effective team performance. This paper
finds that the existence of synergy is crucial for effective leadership. The existence of the synergy
makes the team member’s efforts complementary, which gives birth to eager leaders. We also
find that a principal who does not know the agents’ type, can select a good leader by proposing
an additional incentive for the leader’s position. As a result, the leader’s compensation will be
greater than that of the follower(s), and the equilibrium wage gap increases when the synergy
is more prominent, the project is more profitable, and the follower is more specialized.

Our simple model that incorporates synergy into the traditional model can successfully ra-
tionalize real-world observations as an equilibrium outcome: (i) leaders contribute more to team
projects than followers do; (ii) many organizations (e.g., firms, sports team, universities) adopt
a leadership style; (iii) the leaders of some teams are appointed by upper management and are
generally paid more than others when they lead a larger team or are on a larger project; (iv)
successful leaders are often involved in other profitable projects, meaning that they face higher
opportunity costs for engaging in a certain team project.

An important limitation of our study is that, although we address heterogeneous agents
on teams, we do not consider the problem of team formation. For example, consider a case
where two types of agents are divided into teams. In this case, it is meaningful to compare the
profitability between homogeneous teams consisting of agents of the same type and heterogenous
teams consisting of agents of different types. Such a comparison becomes more interesting when
taking into account additional issues, such as voluntary team formation among agents, the
optimal payment scheme for selecting effective leaders, and inter-team and intra-team synergy.
Another limitation is that our study assumes that there is no incomplete information between
a leader and followers (or equivalently, within a team). As examined in Hermalin (1998) and
Komai et al. (2007), it is also meaningful to consider information asymmetry between a leader
and followers under our team production function with synergy. These issues are worth exploring

in future research.

Appendix

Al. Proof for Result 6

Here, we prove Result 6 that characterizes the Nash equilibrium of the game, in which each
agent 7 is required to simultaneously report ¢; € [0,00) (the amount of compensation required
for agent ¢ to be a leader) to the principal and the principal selects the one who reports the
lowest values as a leader.

Without loss of generality, we consider a case of ¢; > c3. We already know by < by if ¢; > co.
Now we are looking at agent 2’s best response. Clearly, agent 2 never chooses the strategy
(report) of ¢ < by for ¢ < by because he necessarily worse off from being a leader when b < bs.
Therefore, agent 2’s best response against ¢ < by is any ¢ that satisfies ¢35 > by. For ¢1 > bo,

agent 2’s best response is to undercut it, i.e., ¢po = ¢1 — €, with sufficiently small e.
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Agent 1 knows that ¢9 < by is dominated strategy for agent 2, so his best response is to choose
1 = ¢ — €. Because agent 1 strictly prefer surely being a leader by choosing ¢ = by — € to
facing random assignment by choosing ¢1 = by = ¢, the only possible equilibrium is that agent
1 surely becomes a leader by reporting ¢1 = by — €. Thus, the equilibrium position allowances

are by = by and by = —by, ignoring e.

A2. Proof for Result 10

We compare the optimal labor share of the (desirable) Stackelberg team, 3}  with that of the
Nash team, Sy. From the first-order condition (Eq. 7), we have

-1
(1_BN):GN <68G'BN> EAN.

1
(1-BLr) =GLF (83517) =Arr,

Thus, we have
af® (s + o)

ANy —App =
32c1c2mi0 M1 + @262 (a2 + 17)]

>0,
where

n7 = 8cica — ?B? > 0 (from Assumption 1),

ng = a?p? [a464 + 16¢c1af (86% + 9ecsx3 + 204252) + 160? (326% + 56coa3 + 9a2ﬁ2)] > 0,

N9 = 2048¢3¢3 [8(c1 + c2)(2¢1 + af)(cz + aB) + o?B2(8¢1 + 3cp + 5a8)] >0,

o = 2(c1 + ¢2)(16¢1c0 + 304252) + af(48cico + aQBQ) >0,

N = 1280%02(01 + co 4+ 2a83) > 0,

no = 1601(301 + CQ) > 0.

This proves (1 — Bn) > (1 — B} ), which implies 8} p > Bn.
A3. The proof for Result 15

Differentiating Eq. (10) in n yields

dby ca(n)p?
dn — 4n2€3

[7713 *Oan — 7714] 5
where

s = 2(n — 1)(2n — 3) [(2cn + (20 — 1)a(n)B)¢

+(4en + (2n — 1) a(n)B) (2(n —1) (a(n))? B2> } > 0,
ma = 8c3n3(4n? — 15n + 12) + 2c¢2n?(8n® — 36n° + 44n — 15)a(n)p
+4en®(n —1)2 (a(n))® B2 + (4n® — 10n* + 9n — 3) (a(n))® B° 2 0.
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It can be shown that, the coefficient 114 becomes —(16¢+ 7a(2)3)(8¢2 — («(2))?82) < 0 if n = 2
(the smallest possible team), and it becomes positive for n > 3. Therefore, the equilibrium
position allowance for the leader is decreasing (increasing) in the team size if n > 3 and o4, is

small (large).
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